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CH.AJ?'T ER - I I 

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

of isohopane~moretane)(Section B) -~nd metpyl, Olean-12-en-

28-oates (Section C). 

Section A: Introduction:· 

Khastgir et a1
10 

have been able to prepare the three isomeric 
. . 12 

diols (2 o( , 31(-; 2 0(, 3 ~ -; 2 ~, 3~-) of Ll -oleanane out of the 

.four possible isomers, using diosphenol obtained by the autoxidation 

of~ -arayrone (See Chart IV, page 9~). 

In order to examine the generality of the interesting react-

ions encountered during the studies on autoxidation and the method 

- f th · f · · · A 
12 1 2 3 a· 1 h t o syn es~s o ~somer~c q -o eanene , - ~o s, we ave ex ended 

. . 
our studies in (A) Isohopane (moretane) series and (B) oleanolic 

acid series. The synthesis of the isomeric 2, 3 -diols in the oleano

lic acid series is described in Section C (page_ 160 of tbis thesis). 

Section B: §xnthesis of isomeric 2 ,3-diols of isohopane (moretane) 

1$ Synthesis of 2 o( , ~& -dihydroxy isohopane (moretane) 121 
. . 32 

Moretanone 112 obtained by the hydrogenation of moretenone 

was oxidised by passing oxygen through a suspension of ~ in dry 

tertiary butanol- contain~ng potassium.tertiary butoxide11,l2,13, 22 • 

One mole of oxygen was rapidly absorbed by the compowLd giving a 

0( -Cl.iketone derivative ll2_ m.p. 190-92° ( C( }D _ 40.00°. The compound 
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showed two spots on the chromatoplate indicating the presence of a 

mixture of two compounds. The compound~ showed positive·ferric 

chloride coloration. Its UV spectra exhibited maxima at 269 m)t ( f , 

5104). IR spectra showed peaks at 1100, 1645, 1670, 1715, 2960 and 

3560 cm-1 • These data were in complete agreement with the assign

ments shown in 113A and 113B 
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Acetylation of 113 with acetic anhydride and pyridine at room tem

perature gave the corresponding·acetate 114 as a viscous oil which 

could not be induced to crystallisation. The latter was found ·to be 
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a homogeneous compound as it showed a single round spot in TLC. The 

acetate showed an UV absorption at 71 max 236 m p.( E , 6514) •. These 

spectral data clearly established the structure 113B and 114 for the 

diosphenol and the diosphenol acetate respectively. Diosphen.ol ace

tate 114 on hydrogenation in presence of 10% palladium-on~charcoal 

qatalyst in ethanol solution _g;ave a product of m.p. 179-81°, (oC )D 

86.31°, 7tmax 276 IDf- (E- ,82). l~ spectrum of the compound was 

I 

.---.:::[_~1-tJ:.,.__-4) Ac);:t 1 
\\ 5 

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

and its configuration ase(. The proton at C-2 displayed a quartet 

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

·4.95 ppm characteristics for protonOC.-to a keto group (-C0-0-fi~). The 

low field signal, forming X part of an ABX system may be assigned to 

a methine proton oG-both to an acetoxy and a carbonyl group. The cou

pling constants (Jae = 8 Hz and Jaa = -12 Hz) suggest an axial confi

guration for this hydrogen38, 39 • The coupling constants indicated 

that it is predominately in a single conformation-probably chair 

conformation. 
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In this connection it is necessary to metnion that Lavie 

and co-wo·rkers during their studies on oxidat~on in euphol series 

claimed that hydrogenation o:f diosphenol acetate o:f dihydro Euphone 

11£_gave a product which was identical with 0-3 acetate~ i.e. a 

2-keto-3-acetoxy derivative. Migration o:f the acetoxy group :from 

0-2 to 0-3 position was proposed through the cyclic intermediate 
15 ' 

117 • Their results are contrary to the observat·ions reported in 

th fl. . 10 d 1 . . t . e 1 ~-amyrone ser~es ;-an a so our exper~ence ~n more anone ser~es 

where we obtained a 2 0( -acetoxy-3-keto compound UQ.~. In our case 1, 

2-addition o:f hydrogen takes place leading to a stable 2 0( -acetoxy-

3-keto compound. 

I l t; 
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In order to provide a reasonable explanation for the different 

behaviour shown by these compounds (dihydro euphone, ~-amyrone 

and moretanone) we have examined the ~ieding models of euphol, 

(3-amyrin and moretane derivatives. In the euphol series the pre

sence of a double bond in 8,9 position causes deformation50 and has. 

a modified chair conformation which confers additional strain in 

the molecule whereas in the~ -amyrin series as well as in moretane 

series (having .A/B chair-cha.ir con:formation) this strain is not 

present. lVlo st probably the 2 oc -acetoxy-3 keto-compound which presu

mably is formed at-first ·an hydrogenation of 116 isomerises to 118 

via 117 to release the additional strain in the molecule. Hence 2~

acetoxy moretanone has the structure l,15_ and the acetoxy gr-oup being 

at C-2 and its configuration as OC. •. 

Sodium borohydride reduction of 11§.. in dioxan solution 

buffered at pH-8 to reduce isomerisation gave the crystalline 2 oe..

aceto:x:y-3 (a-hydroxy compound 119, m.p. 199-200°, (oe. Yn 95.35. The 

latter on acetylation with pyridine and acetic anhydride afforded 

the 20C , 3 (3 -diacetate 120, m.p. 228-30°, ( oC. )D 50.60°, which on 

alkaline hydrolysis afforded the corresponding 2 ex:, 3 ~ -diol 121, 
'0 . 

m.p. 242~3°, (OC. )D 82 .. 86 • The diequatorial 2<X., 3~ -configuration 

of.the hydroxyl groups in the diol 121 was unequivocally confirmed 

by examination of the NMR spectra of the diol121 and its diaceta.te 

~· The NMR spectra of the diol ~ give rise to an unsymmetrical 



-134-

.J\cO 

115' OH-:kox;t] 
. l.;{t -

doublet near 2a90 and 3e2 ppm (Jaa = 10 Cps)a This unsymmetrical 

doublet arises due to coupling with 0-2 proton. The 10 eps coupling 

between the proton implies a trans diaxial arrangement of the 0-2 

and 0-3 proton
39

• The 0-2 proton is further coupled to methylene 

protons at 0-1 and the signal for this is discerned as a quartet 

of doublets centered at 3.~6 ppm (X part of an ABXY). A similar 

pattern of b -values have been observed for methyl crategolate and 

other triterpenoids with identical ring A
53

• The m~R spectrum of 

its diacetate 120 showed the s~ne pattern shifted to the lower field 

due to acetate group~ 

2., 2.Y.uihesi s of 2 c< , 3 o<. -dihY,droxy isohQ..E.ane (moretane )123: 

Diosphenol 113B on hydrogenation in presence of 10% palla

dium-on-charcoal catalyst in ethanol solution afforded 2 keto-more

tanol 122, map. 181-3°' (~ >n 29a41°' which 011. acetylation with 
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pyridine and acetic anhydride afforded- the corresponding acetate 
' 0 -. 0 

122A m.p. 264-7 , (<X )D 82.61 • NMR spectrum of t~e compound 122 

showed a broad peak at 3.88 ppm accounting for one proton asso_ciated 

vri th the hydroxyl group containing no neighbouring proton ( -00-C,E-
'' . - . ' 

OH-0-), broad peak at 3.44 ppm due to proton associated with the 
. I 

hydroxyl group (-CH-OH) which disappeared upon D20 exchange and 

tw·o AB type doublets at 2.42 and 2.55 ppm (JAB = 12 cps) accounting 

for two hydrogens (~Co-cg2). The corresponding acetate 122A in the 

HO 
-' 

-t 

._ 

J 
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1
. 

'-( '·-.c;r··· ·. 
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Nl\iffi spectrum had a sharp singlet at 4 4i 95 ppm ascribed to the c..:.3 

proton (-9H-OAe) and a broad doublet at 2.49 ppd 2.37 ppm for two 

protons adjacent to a carbonyl group (-CO-C~). 

lVIeerwein-Sondorff reduction of 2-keto moretanol 122 furnishe'd 

a crystalline solid which exhibited two distinct spots on chromato~ 

plate. Chromatography of the solid, first eluted a solid compound 

which after crystallisation· from methanol an.d chloroform mixture 
';;-

afforded a crystalline solid ·123.,_ m.p. ~50-51 °, ( oC. )D 9.37°, 

~ ·3420, 2960, 1450, 1370, 1350, 1042 cm-1 , in 92% yield. The 
max 

latter on acetylation with pyridine and acetic anhydride afforded 

an acetate~ m*P• 185-7°. The more polar solid obtained.from the 

chromatogram in about 5% yield had the m.p. 242-3° and was found to 

be identical. with 20C, 3 ~-diol 121, by m.m.p. and IR comparison. The 

stereochemistry of the hydroxyl groups in the diol has been assigned 

as. 2 ~, 3c(.as depicted in 123 on the basis of chemical and physical 

~evidenc(S:described below.---

~ -moretane 127 prepared by dehydration of epi-moretanol 

126_with phosphorouspxychloride and pyridine, was treated vdth osmi

um tetroxide in pyridine solvent and the product obtained after 

chromatography m~lted at 235-40° and showed two spots on chromate

plate. The separation of the two components could not be successfully 

accomplished by column chromatography. 
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> 
IH/ 

l ~b 
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However, careful fractional crystallisation of the mixture from -

chloroform methanol mixture afforded first a diol having m.p. 250-

510 (oC )D 9.83, as the maj~r component (87%). From the mother liquor 

a second diol, m.p. 261-3°, ( oc )D 23.68° was isolated as a minor 

product (8%). The latter compound has been identified as the 2 ~ , 

3 ~-diol ~ .. from its mQm.p. and IR comparison with B.}! sample of 

2 ~' 3(3-diol (described on page\~8). The major diol 250-51°, (oc.)D 

9.83° afforded a diacetate, m.p. 185-7°i) ~· The diol and the diace

tate were found to be identical with the diol and diacetate respecti

vely obtained by the Meerwein-Pondorff reduction of-2 keto-moretanol 

122 described above. Since osmylation can only afford two cis iso

mers, the diol 123 __ l.l.~ving m.p_. 250-51° and its diacetate lli,m.p. 

185-7° must have the 2 r;t_, 30C -configuration as depicted in formulas 

~ and 124 respectively. 

j 
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. J / 
NMR' spectrum of the diol 123 is in >u:±"te accord with the 2 OC, 

3CC-orientation of the hydroxyl groups. HMR of~ showed a narrow . 
do ... ~b L-e-t trw..- 3·1:-1.2.) 

multiplet at 3.~0 ppm associated vdth C-3 proton~(ma). The 0-2 pro-
c.:r"-<1-l'.ll+~ J :Yea.-3, .;t· 5 1-\z.) 

ton was discerned as a multiplet centered at 4. 05 ppm~ In the NlviR 

spectrum of its diacetate 124, the peak associated with C-3 x · a 

proton i.s shifted to the lower fields (doublet 4.63 ppm) and the C-2 
?Tl '!A.l ti..pLe..t 

proton give rise to a qy,artet at 5.32 ppm. All these are in good 
e. 

agreement with the ste:r;.ochemical assignments'~ and 124. 

The diol 123 on tr.eatment with acetone in presence of cata

. lytic amount of p-toluene sulfonic acid gave an a cetonide deri va

tive 125, m.p. 186-88°, (IX)D 19.04. 

I . . 
3. synthesis of 2@ ' 3 ~ -dihy:droxy isohopane (moretahe). ~= 

Diosphenol ~13B on sodium borohydride reduction gave a com-
o _, nujol ' 

poruld 128, m~P· 262~4o, (~)D 23.68 , ~max 3420, 2950,1460, 1275, 

1250 cm-1 • The latter on acetylation with acetic anhydride-pyridine 

113 B 

\-\0 

HO 

Me. 0 
"-../ c 

Me/ 'o 

}/Z s 

l (i: 11 3)~ C 0 , H t 
I A 9 -

130 
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. 0 . 0 
afforded a crystalline diacetate ~' m@p. 214-15 , (oC)D 31025 • 

HMR of 128 showed a tri'~lplet at 3 .. 2,3 ppm and a broad· unresolved mul

tiplet at about 4;.60 ppm which collapsed to a doublet (J = 3*6 ·Hz) 

and a multiplet (f..J = Jb Hz). respectively upon exchange of bydroxyl 
~~~~L~L · 

proton with n2o ... Thus the hydroxyl· group .at C-3 is aR-al (He,) and 

t'he one at C-2 is e~"».~~~-:_al (Hg). In the NMR spectra of the diace

tate 129 these signals were shifted downfield to 4.97 ppm (doublet, 

J = 3 Hz) and at about 5. 25 ppm (broad multiplet). 

Compound 128 on treatment with acetone in presence of cata-

lytic amount of p-toluene sulfonic acid gave an acetonide deri vat.i ve 

0 ( 0 lQ.Q..m.p. 239-41 , <X. )D 29~85 • 

Sodium borohydride reduction would be expected to furnish 

a 2 ex:, 30( -diol or 2 f.>, 3 (3 -diol or a mixture of 2oc, .3 ~-and 20C, 

3 (X';.diols. However, 2 ~ , 3 (3 -diol 1~8 could only be isolated which 

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

113 B 
[Hl -7[ .HDV J 

) 

~0 Ho ./ 
l~l 

I '3 i 

J 
1 .. 

··\ ... • 

7' \ :;( <6 -

J 
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1. \-\2.0 2 - \-\ coo_H 

A_. OH-

\33 

the intermediate ~· 

HO 

\!. 2 

4. ~thesis of 2 ~ , 3 OG-dih.vd.roxy isohopane (moretane )_ 132: 

The ster:Lcally most unstable 2 ~ , 3CX. -diol (axial-~ial) was 

prepared by the known method1 ' 2 ' 3 described in literature. The method 
2 . 

involved the oxidation of 'Ll -moretaue 127 with performic acid and 

subsequent hydrolysis of the ester with_ alkali ·solution. By follow

ing the above procedure a crystalline diol 132, m.p. 22i-4°, (OC)D 

2i.18° was obtained. IR spectrum of the diol 132 showed p~aks at 

/ 
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-1' 
3560, 2980, 1455 em •· Acetylation of the diol with acetic anhydride 

and pyridine ai'forded the crystalline 2 (3, 3oC-diacetate lM, m$p. 

145-7°, ( oe. >n 31®40. 

The 2 ~, 3CX: -stereochemistry of the diol has been assigned 

by analogy with previous work reported in the li terature10 ' 28 • The 

l~ spectrum of the ·diacetate 133, is whown in Fig. 4. 



--------------------------.----------------- ------------~ .. 

Fig. 4. NMR spectrum of 2 ~ , 3o{ -diacetate ~ 

0 
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EXPERIMENTAL 

Melting points are uncorrected •. The petroleum ether used 
0 

-throughout the investigation had b.p. 60-80. All optical rotations 
l 

were determined.in chloroform solution Wlless stated otherwise. NMR 

spe.ctra were determined on Varian A-60 and HA-100 spectrometers 

using chloroform-a solution containi~g tetramethyl-silane as refer

ence. The IR spectra were recorded in Perkin-Elmer 337 and 221 ·and 

Beckmann I.R. - 20 spectrophotometers. UV absorption spectra were 

taken in Ziess VSU-1 and UV Beclcmann DU-2 spectrophotometers in 95% 

ethanol solution unless otherwise stated. 

~re]aratipn of moretanone 112: 

Moretenone (3 gms) (obtained from the bark o:f Sapiffi 

Sebiferum.Roxb. by the method of Khastgir et al32 ) dissolved in ethyl 

acetate.(400 ml) was stirred in presence of 10% palladim-o~charcoal 

catalysts (300 mg) in an atmosphere o:f hydrogen till the absorption 

ceased. After working up in the usual manner it gave a solid (2.8 

gm). The latter on crystallisation· from chloroform· and methanol mix-
. 0 0 

ture gave crystals of 112, m.p. 190-92 (c<.)D 33, -which·was found 

to be identical with an authentic sample of moretanone (m.m.p. and 
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Autoxidation o:f isohopanone (moretanone )_1._12: Preparation o:f 

dio spheno 1 ll§_. 

Moretanone (2 gm) suspended in potassium-tertiary butoxide 

in tertiary butanol (prepared :from 6 gm o:f potassi}jm and 160 ml o":f 

tertiary butanol) was shaken in a ~tream o:f oxygen for three hours. 

The reaction mixture was diluted with water and then 6N hydrochloric 

acid was added till the solution was ~cidic. It was then. extracted 

with chloroform (150 ml), washed with water till neutral and the 

combined extract was dried.(Na2so4 ). On removal of~he solvent under 

reduced pressure, a yellowish gummy foam-was obtained (1.8 gm). The 

latter on crystallisation from acetone-methanol gave colorless cry

stals (1 ~), m.p. 190-2°, (oc )D 40.00°. It gave a positive ferric 

chloride test for diosphenol. TLC of the ~ompound showed two spots 

on chromatoplate (using benzene as solvent), an upper spo:b Rf = 0.76 

of slightly weaker intensity than the lower spot R:r = 0.73. These 

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

113.! and the diosphenol 113B. 

Found: . o, 81.62; . H, 10.56% 

Calculated for o3oH48o2 : o, 81,.81; H, 10.90% 

uv . '7\ 269 ffi!J- ( E.' 5104) • max. 

Acetylation of diosphenol.113 ~ Preparation of diosphenol acetat~ 114 

Diosphenol 113 (500 mg) was acetylated by treatment with . . 

acetic anhydride (10 ml) andpyridine (10 ml) overnight at room 

temperature. After working up in the usual manner a highly viscous 
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oil was obtained which could bat be crystallised. The compound 
-

showed a single spot. on a chromatoplate and did not give· any colo-

ration with ferric chloride solution. 

uv: 7\ 236 mJ.L ( E- , 6514) 
max 

Hydrogenation of dios.I?henol acetate _11_!: Preparation of 2oc -acetoxy: 

isohopanone (moretanon~)115 

To diosphenol acetate 11~ (200 mg) dissolved in absolute 

·ethan.ol was added 10% pa~ladium-on-charcoal catalyst (25 mg) and 
{l 

the mixture was shaken in an atmosphere of hydrogen till the absorp-

tion ceased.,The catalyst was removed by filtration and the solvent 

was distilled off under reduced nressure from the filtrate. A solid 
- ' . . __.c;· 

residue was obtained which after three crystallisation from methanol 1 

furnished a solid 115, m.p. 179-81°, (CX:)D 86.31°. )/ 

Found: O, 79.59~ H, 10.62% 

O, 79.33; H, 10~74% 

uv:. en max 276' m}A- ( f ' 82) 

IR: ~nujol 1720 (-0 =0), 3500 (-OH) cm-1 
max 

Preparation of 2 OC.-acetoxy-:-~@ -hydrox;y isohopane (moretane) ·1..19: 

Sodium borohydride reduction of 2 OC.-acetoxy isohopan?ne (moretanone) 

115: 

To 20C-acetoxy isohopanone ,;l.J...Q. (300 mg) dissolved in dry 

dioxan (25 ml) was added, with cooling a slurry of sodium borohydride 
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(300 mg) prepared in an NH4Cl - NH40H buffer (PH = 8, 4 ml). The 

mixture was stirred at room temperature for two hours. A portion of 

the solvent was remov.ed by distillation, cooled and acidified with 

dilute hydrochloric acid and extracted with ether. The ethereal layer 

was washe·d with water till neutral and dried (Na2so4 ). Removal of 

ether gave a solid residue (250 mg) which was chromatographed over a 

column of alumina (30 gm, deactivated with 1.2 ml of 10% aqueous 

acetic acid ) developed with petroleum ether., The residue was dissol-

ved in benzene, poured on the column and was eluted with following 

solvents. (Table I). 

Eluent 

Petroleum ether 

Petroleum ether: 
benzene (4:1) 

Petroleum ether: 
benzene (3:2) 

Table I 

Fractions 
50 ml each 

1-4 

. 5-7 

8-14 

Residue 

Oil solid small (15 mg) 

Solid (200 mg) 
m.p., 196-70 

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

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

llised from chlo~oform-methanol mixture. After two crystallisation 
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pure 2 c{-acetoxy-3 fl-hydro:x:y isopopane (moretane) 119,. m. p. 199-

2000, ( o( )D, 95 6>35 was obtained~ 

Found: C, 78.59; H, 11.01% 

C, 78.96; H, 11.18% 

Acetylation of ?_c(-acetoxy-3/3 -hydroxy isohopane ;!j.9:. Isolation of 

g_£( , 3,& -diacetate 120 ~ 

The solid.1. (200 mg) m":p0 199-200°, ~ was acetylated by 

heating with pyr_idine (2 ml) and acetic anhyaXide (5 ml) on a water 

bath for six hours. After working up in the usual manner it gave 

crystals of 2 Q( , 3 jj-diol diacetate 120, m. p. 228-30°, ( C( )D f/0 .. 60°. 

Found: C, 77.33; H, 10.76% 

·c, 77.27; H, 10.6% 

No UV absorption in the region 200-300 m~ 
· nujol -1 ( 2 ~, 

IR: '\)max 1750, 1480, 1465, 1355 em Fig. 1 

NMR (100 Mc/s): Peaks at 1.97, 2®03 (6H, 2-0-COC~), 4.65 

4 .. 82 ( 2H, H -C-OCOCH3) pf.,., · 

H;y:drolysis of 2o(, _ _3;S -diacetate_120: ~eparation of 2:(, :.ya
, dihydroxy isohopane (moretane) 121: 

To the above diacetate m®:p.· 228-30° (150 mg) in dioxan (40 ml) 

was added 10% sodium hydroxide solution (10 ml) and the mixture was 

heated under reflux for tbree. hours. The reaction mixture was cooled, 

diluted with water and then extracted with ether. The ethereal layer 

after washing with ~ater till neutral, was dried (Na2so4 ). The solvent 

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

llisations from methanol it afforded pure 2 J.._, 3 fo-dihyaroxy isohopane 
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(moretane) ill, m.:p. 240-42° (OC")D 82.86°.-

Found: C, 80.72; H, 11.35% 

C, 81.08; H, 11.70% 

UV : No absorption in the region 220-300 m~ 

IR : i) nujol 3350, ~960, 1460, 1360, 1030 cm-1 Fig. 3 
mu . · 

NMR (100 Mc/S): Peaks at 2.90, 3~2 (1H, doublet, H -c3-0H) 

3.76 (quartet: of a doublet g -C2-0H) ppm. 

2. treparation of 20C:, 3Ci\-dihydro::x:,y isohopane (moretane) 123: 

~@'ogenation of diosphenol. ill: Preuaration of 2 keto-moretanol 

·~:")<122. 
:-;_ . ..,··...__· 

Diosphenol 113 (200 mg) diss·olved in absolute ethanol (80 ml) 

was stirred in presence of 10% palladium-on-charcoal catalyst (25 mg) 

in an atmosphere of hydro~en till the absorption of hydrogen ceased. 

After working up in the usual manner and crystallisation from chloro-

form-methanol mixture it afforded a crystalline· solid, m.p 181-3~.:.), 
0 

( OC )D 29.41 • 

Found: 

Calculated for c30H5002 
?\ 278~~ E,. 78\l UV : max ., ' 

• • 

NMR (100 Mq~):·3.88 (broad, 

C, 81~02; H, 11.62% 

C, 81®44; H, 11$31% 

I 

-CO-CHOH -~), 3.44 (~road), 
- I 

' 



-148-

~cetylation of 2 keto-moretanol .122:Isolation of 2 keto-moretanyl 

acetate 122A: 

2 keto-moretanol (200 mg) was treated with acetic anhydride 

(5 ml) . and pyridine (5 m1) and the mixture was kept at room tempera-

ture overnight. After working up in the usual manner and crystalli-

sation from chloroform-methanol mixture it afforded a crystalline 
0 0 

solid 122A, m.p. 264-67 , (OC)D 82.61. 

Found: C, 79.62; H, ·10.36% 

C, 79.33; H, 10~74% 

NMR (100 Mcs): 4.95 (-C3H-0Ac), 2 .. 49, 2.37 (CG-tt~) ppm. 

Meerwein-Pondorff reduction of 2 keto-moretanol 12~: Isolation of 

2 o<., 3o<. -dihydroxy isohopane (moretane) 123 s 

A mixture of 2 keto-moretanol 122, .Al-isopropoxide ( 650 mg) 

in dry isopropanol (12.5 ml) was distilled slowly with the addition 

of isopropanol ~o maintain constant volume. After 5 hours the dis

tillate no longer contained acetone and the solution was cori.centra-

ted to a small volmne. The reaction mixtur~ was diluted with water 
' 

followed by 10% sulphuric acid solution (20 ml) and then extracted 

with ether. The product obtained after removal of the ether was 

dissolved in be1~ene (6 ml) and poured on a column of alumina, (25 

gm deactivated with 1 ml of 10% aqueous acetic acid) developed with 

petroleum etner. The following solvents were used for elution (Table 

II). 



~ 

Eluent 

Petroleum ether 

Petroleum ether: 
benzene (4:1) 

Petroleum ether: 
benzene ( 3 : 2 ) 

Petroleum ether: 
benzene (1:4) 

Benzene 

Benzene: elhher (4: ') 
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·_!able- II 

Fractions 
50 ml each 

1-3 

4-6 

7-9 

10-13 

14-15 

16-20 

Residue on 
evaporation 

Nil 

Nil 

lifil 

Solid m.p. 
(400 mg) 

Nil 

245-8° 

Solid (40 mg) 
m.p. 239-40° 

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

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

crystallisation from methanol afforded the crystalline 2 <X., 3ot

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

0 9.37 .. 

Found: C, 81.80; H, 11.6% 

C, 81.08; H, 11.7.0% 

UV : No absorption in the region 220-300 mfL 
IR : iJ 3420, 2960, 1450, 1370, 1350, 1040 cm-:-1 

max 

mffi (100 MC/S): Peaks at 3.~0 ("-:!dlci;~et, C-3,!!), 4.0, 4.1 
YT1 tJLL t p Let . 

(aouhl~t 1H,.·JI- c2- OH)f"""" · 
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The solids from fractions 16~20 (Table II) after crystallisation 

from methanol afforded a crystalline solid (28 ~g), m.p. 242-36
,. 

identical with the 20(, 3 ~ -dihydroxy isohopane (moretane) described 

earlier. 

Acetylation of 20(, 3oc -dih;vdroxy isohopane (moretanJe)123~- Prepara

tion of 2 o(, 3 o<..-diol diacetate 124: 

200 mg of the ? oc, 3 o<.. -diol 123 was treated wi tp. pyridine 

(5 mJ) and acetic anhydride (5 ml) and the mixture was heated on a 

water bath for four hours. After working up in the usual manner, it 

gave a solid which after crystallisation from cluoroform-metbanol 
0 mixture afforded ·the 2 ex. , 3 o<.-diacetate 124, m. p. 185-7 • 

! 

Found: C, 76.80; H, 10o40% 

C, 77.27; H, 10.60% 

uv: No absorption in the region 200-300 m}k 

IR: 1J max 1725, ·1430, 1360, 1340, 1240 cm-1 

NMR (100 MC/S): Peaks at 4. 63 (doublet C-3!! (e) 
' centred 

~eparation of acetonide derivative of 2 oC, 3oC-diol 123: 

To the diol 123 (100 mg) dissolved in dry acetone was added 

catalytic amount of p-toluene sulfonic a9id. The mixture was. shaken 

for 10 minutes and then kept'overni~to After usual work.up a solid 
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(86 mg) was obtained which after crystallisation from methanol 

afforded pure crystals of tne acetonide derivative 125, m.p. 186-

88 ° , ( C:X: ) D 19 • 04 ~ • 

Found: C, 81.~.8; H, 11.45% 

C,. 81.81; H, 11e57% 

~eparation of epi-moretanol:_ 126:. 

Epi-moretenol (2 gm) (isolated from the. bark of·Sapi~ 

sebiferum Roxb. by the method of Khastgir et al61 ), dissolved in 

ethyl acetate (350 ml) vvas stirred in presence of Adam's catalys-t 

(200 mg) in an atmosphere of hydrogen till the absorption eeased. 

After worl{ing up in the usual manner, it gave a solid which on cry-

stallisatiori ·from .chloroform-methanol gave crystals 126, m.p. 184-

60, (ot)D -2.30° identical with an authentic sample (m.m.p. and IR 

comparison). 

. 2 
Preparation of d -moretane .127: POC!3 .- Pyridine dehydration of 

epi-moretanol 126: 

To an ice cold solution of epi-moretanol 126 (600 mg) in 

pyridine (10 ml), phosphorous oxychloride ··~8 ml) was added and the 

mixture was kept overnight. It was then poured on crushed ice cau

tiously ruld extracted with ether. The·ether extract was washed with 

water and dried (Na2S04). On removal of the solvent a solid residue 
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(540 mg) was o_btained. The latter was dissolved in benzene (5 ml) 
. l 

and poured on a column of active alumina (30 gm) developed ·with 

petroleum ether. The following solvents were· used for elution. -

Eluent 

Petroleum ether 

Table- III 

------------------------------------~;--------------
Fractions 
50 ml. each 

1-3 

Residue on 
evaporation 

Solid (510 mg) 
m .. p. 158-60° 

Further elution with more polar sol vents did not afford any solid 

material. 

-------------------------------------------------------------~---------

The soli·d from fractions 1-3 (Table III) were combined and on cry-
2 

stallisation from chloroform-methanol mixture afforded d- moretane, 

127 m.p. 162-4°. 

Osmi1m tetroxide Oxidation of ~2 
-moretane 127: 

A solution of Ll 2 -moretane 127 (1.0 gm) and osmium tetroxide 

(650 mg) in pyridine (10 ml) and dry ether (5 ml) was stirred for 12 

hours at room temperature and then kept in the dark for eight days. 
"'Ye ')'O.O veJ... 

After this period the solvents were F-eduo-e-€1:- under reduced pressure 

and a black residue was obtained. It was dissolved in a mixture of 

benzene (25 ml) ~nd 95% ethanol (25 ml) and refluxed for six hours 

after the addition of a solution of mannitol (5.6 gm) and potassium 
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~ydroxide (5.6 gm) in ethanol (25 ml) and water (12.5 ml). The reac

tion mixture was diluted with water and extracted with ether. The 

organic layer was washed with water, dried (Na2so4) and evaporated to 

yield a crude solid (960 mg), which was chromatographed over a colu-

mn of alumina (50 gm, deactivated with 2 ml of 1,07b aq. acetic acid) 

developed with petroleum ether. The residue dissolved in benzene 

(8 ml) was poured on the column and eluted with the following·sol

vents. (Table IV) 

Table-IV 

Eluent Fractions Residue on 
50 ml each evaporation 

Petroleum ether . .1-3 Oil 

Petroleum ether: benzene (3:1) 4-6 Oil 

Petroleum ether: benzene (1:1) 7-9 Nil 

Petroleum ether: benzene (1:3) 10-11 Nil 

Benzene 13-14 Oil 

Benzene: ether (4:1) 15-22 Solid (500 mg) 
m.p., 235-40° 

Further elution \nth more polar solvents did not give any solid 

material. 
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The solid (500 mg) from fraction 15~22 •(Table IV) were com~ined and 

crystallised ·from chloroform-methanol to furnish a solid m.p. 236-

400. This solid showed two spots on a chromatoplate and could not be 

separated even after repeated column ·chromatography. However crysta

llisation from methanol at first deposited a homo~eneous solid (TLC) 

(460 mg), m .p. 250-51°, ( OC )D 9 .s3C: The IR. spectrum of this· solid 

was found to be identical with ~prepared by Meerwein-Pondorff 

reduction of·12~. 

From the mother liquor, a second diol m.p. 261-3°, ( aC-) 
D 

2~eB8° was isolated and was found to be identical with 2 ~ , 3 ~

dihydroxy-isohopane (moretane) 128 (m.m.p •. and IR comparison), des

cribed below Gi 

Preuaration of 2 (3, 3J3 -dihydroxy isohopane (moretane) .128: Sodium 

borohydride reduction of diosphenol ;]J..E_: 

To a solution of diosphenol113 (200 mg) in 100 ml of methanol, 

sodium borohydride (100 mg) was ad~ed and the mixture was stirred with 

a magnetic stirrer for one hour. The reaction mixture was concentra-

ted, diluted with ·water and then acidified with dilute hydrochloric 

acid (6 ml). It was then taken up in ether and washed with vvater until 

neutral and dried (l'ifa2so4 ). The solvent was removed. The solid resi

due (200 mg) was dissolved in benzene and was poured on ~ column of 

alumina (10 gm, deactivated with 0.4 ml of 10% aqueous acetic acid) 

developed with petroleum ether. The c~nomatogram was eluted with 

following solvents. (Table V) 



Eluent 

Petroleum ether 

Petroleum ether: 
benzene (3:1) 

Petroleum ether: 
benzene (1:1) 

Petroleum etherJ: 
benzene (1:3) 

Benzene 
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Table-V 

Fractions 
50 ml e~ch 

1-2 

3-4 

5-6 

7-8 

9-14. 

Residue on 
evaporation. 

Nil 

Nil 

Nil 

Nil 

Solids (180 mg) 
m.p. 255-8° 

Further elution with more polar solvents did not afford any solid 

material. 

---·---
The solid from fraction 9-14 (Table V) were collected and after 

crysta:llisation from chloroform-methanol mixture gave pure crystailine 

2 ~ , 3 {3 -dihyc1roxy isohopane (moretane), 128, I 0 ( oe.) m.p. 262-4 , 
D 

23.68°. 

FoWld~ c, 81.02; H, 11.20% 

Calculated for C30H5202 . c, 81.08, H, 11.70% • 

uv : No absorption in the region 200-300 m jJ-

IR : --2) 3410, 2945, 1455, 1380, 1350, 1040 cm-1 
max 
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~aration of 2 ~ , 3 ~ -diacetate .129: Acetylation of 2 ~, 3@ -diby,-.. 

droxy i~hopane (moretane) 128: 

200 mg of the 2 (3 , 3 P., -diol 128 was_ a cetylated by heating with 

pyridine (3 ml) and acetic anhydride (5 ml) on a water bath for 4 

hours. After working up in the usual manner it gave a solid which 

after several crystallisation from chloroform-methanol afforded pure 

diacetate 129, m.p. 214-5°, (oC. )D 31.,25~ 

( 

Found: C, 77.01; H, 10.31% 

C, 77.27; H, 10.60% 

uv: No absorption in the region 220-300 m~. 

IR: ~ 2960, 1225, 14B5, 1455, 1380, 1370, 1255 cm-1 • max 

Preparation of acetonide derivat~ve. 130 of 2 (i 2 3~ diol 128: 

100 mg of 2 ~, 3 (3 -diol b.?.§. was dissolved in dry acetone 

( 10 ml) and to this a few crystals of p-toluene sulfonic acid was 

added. The reaction mixture was shaken for a few minutes arid kept 

overnight. To this reaction mixture 5% sodium bicarbonate solution 

(2 ml) was added and a part of the solvent was removed by distilla

tion and then diluted vvi th water. The cloudy precipitate which appea-

red was extracted with ether. The ethereal layer after being washed 
I ' C 

with water till neutral was dried (Na2S04) .• The ether was then remo

ved and the solid residue after several crystallisations from chloro-

form-methanol mixture afforded the pure acetonide derivative 130, mep. 

239-41°, (oC)D 29.85°. 
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FoWld: C, 81050; H, 11.04% 

C, 81.81; H, 11~57% 

~reparation of 2@, 3oC -digydroxy isoho.J2,ane (moretane) _132 and its 

diacetate 133: 

2 
To a solution of LJ -mqretane 127 (200 mg) dissolved in hexane 

(10 ml) in-an erlenmeyer flask, was added formic acid (98-100%) 50 ml, 

water (4 ml) and hydrogen peroxide (30%, 0.5 ml) and the mixture was 

stirred for eight hours at 55-60°. The reaction mixture was then kept 

at room temperature for sixteen hours. The solvents were removed 

under reduced pressure and the residue was extracted with ethyl ace

tate.- The ethyl acetate layer was washed with water, dried (Na2so4 ) 

and the sol vent removed. To the residue· ( 170 mg) was added a 20% 

sodium hydroxide solution (20 ml) and the mixture was heated on a 

water bath for half an hour. The reaction mixture was then cooled, 

acidified with dilute hydrochloric acid and extracted with ether. The 

ethereal layer after being washed with water was dried (Na2so4 ) and 

the solvent removed. The residue (120 mg) was dissolved in benzene 

and poured on a column of alumina (15- gm, deactivated with 0.6 ml of 

10% aqu~ous acetic acid) developed vrith petroleum ether. The chroma

togram was eluted with the following solvents. (Table VI) 



,_..lll._ 

Eluent 

:Petrolemn ether 

Petroleum ether: 
benzene (3:1) 

Petroleum ether: 
benzene (1:1) 

Petroleum ether: 
benzene (1:3) 

Benzene 
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Table - VI ' 

Fractions 
50 ml each 

4-6 

7-10 

11-13 

Residue on 
evaporation 

Oil 

Nil 

Nil 

Nil 

14-18 Solid (50 mg) 
~-\'-219-21 ° 

Further elution with more polar solvents did not give any solid 

material. 

The solids (50 mg) from fractions 14-18 (Table VI) were· combined and 

after crystallisation from methanol afforded crystals of 2 f3, 3oC-

( . ) 0 ( . 0 dihydroxy isohopane moretane ~' m.p<!> 221-4 , o( )D :U.18 • 

Found: C, 80.71%; H, 11.73% 

C, 81@08; H, 11.70% 

uv: No absorption in the region 220-300 mfL• 

IR: ~ 3440, 2965, 1475, 1375, 1044, 1007 am-1 
max 

The e;::_bove diol ~' m.p. 221-4° on being treated with acetic·).J:1.hyd.ride 
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:pyridine in the usual manner gave crystalline 2 ~, 3o(- diol diacetate 

133, m.p .. 145-7°, ( 0( )D 31.40°. 

Found: C, 77.00; H, 10 .. 21% 

C, 77.27; H, 10.,60% 

uv: No absorption in ,the region 200-300,mfL• 
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~q!ion 0:. Synthesis of isomeric 2, 3-diols~ methyl Olean-12-en-

28-0ate. 

1. e..,ypthesis of methyl 2 oL 3o\.-dihydro:X:y-Olean-12-en-28-~ 13~: 
. . 0 0 . 

Methyl oleanonate ~ m.p. 182-4·, (o()D 89. pr~pared by Jones 

oxidation of methyl oleanolate
58 

134?was oxidised .by passing oxygen 

through a suspen·sion of ~ in dry t-butanol containing potassium 

tertiary butoxide11 ' 12' 13 ' 22 • -~bs.orption of one mole of oxygen led 
. . 0 0 

to a diketone derivative ~' m. p. 130-35 , ( c( )D 104 ± 4 • The compound 

showed two spots on a chromatoplate indicating the presence of two 

compounds. 

1~9 ·-
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( 
\l _,KBr 

This compound 136 showed UV absorption at 269.5 mp- E ,5700 1 , umax 

3420, 2960, 1730, 1670, 1650 cm-1 (Fig. 5) and it gave a positive 

ferric chloride coloration .. These data 'vvere in complete agreement 

with the assignments shovv.a. in 136A_ and 136B. 

Hydrogenation of diosphenol ~ in presence of 10% palladium

on-charcoal catalyst gave the ~orresponding reduced product 121, 
129 31

o (oC ) 1 o9o 1\ 270 mr-- ( f = 43), vmn~~ol- 3450 (-OH) 
m .. p. - ' D ' ·max ~ 

1710 (C = o), 1730 (-COOMef;-~ig .. §) It showed negative ferric chlo-

ride coloration. During this hydrogenation 1,4-addition of hydrogen 

took place giving the ketol 137 (TLO homogenous·). Acetylation of ill 

with acetic- anhydride and pyridine gave the corresponding acetate. 

138, m.p.; 182-4°, (oc )D 85°, 71max 275 mp- ( E: ,so), -v!.: 1725, 1740, 

1235 cm-1 , Fig. 7. Meerwein-Pondorff reduction of 137 furnished a 

crystalline soli-d 139 which exhibi~ed a single spo~ on c~homatoplate. 
Ohromatoiraphy of the solid gave ill m.p .. 286-7°, ( 0( )D 71°, £)max 

3340 ( -OH), 1725 ( -OOOMe) em - 1 • This compound 139 was found to be 

identical_ with methyl- 2 fK, 3!{-dihydroxy-olean-12-en-28-oate kindly 

supplied by H.T.Oheung (by m.m.p. and Oo-TLO). The ID\lll spectrum of the 

diol !£9 revealed that the 0-3 protpn give rise to a doublet (J, 
6 

3 Hz) and~3.4 due to vicinal coupling of equatorial and axial protons. 

The signal for 0-2H appeared as a double triplet at S 3.9 with splitt-

ings o·f 12 , 3 ancl 3Hz indi eating it as an axial proton with one 

axial-~~~al and.two axial-equatorial splittings. Thus 139 is the 
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2 o(, 30C-diol. Acetyl~tion of 139 with acetic anhydride-pyridine gave 

the diacetate 140 m .. p. 226-8° ( 0( )D · 95 .20~ This diacetate showed 

lower field m:m signals which were in· good agreement with the expect-

ed structure ~· 

The diol ~on treatment vdth acetone in presence of cataly-

tic amount of p-toluene sulfonic acid gave an. acetonide de.rivative 

0 .'' 141, m.p. 235-9 • " -. .1 

2. §..ynthesis of methyl 2j!, 3 ~-dih,yd.roJa-olean-12-e¥1-28-oate 142: 

Diosphenol 13_£ on sodium borohydride reduction in methanol 

solution gave a compow1.d 142, m.p. 269-72°, (c;()D 88 .. 88°(lit. 
4~' 37 , 29 b_:i 

J 
\-lO 

t'Ja8n~ ). ' 
t-\-o 

i3G 
iy3 ,_ 

0 . 0 0 8 0 0) m.p .. 258-60 , (o<.)D 97 ; m.p .. 258-62 , (o<.)D 5 , m.p. 258-61 ', no UV 
-1 

abosorption in the region 220-300 m~·,V max 3525, 3360, 1720 em • 
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Treatment of lli wj,t-h pyridine and acetic anhydride gave the diace-
0 · o , KBr ( · ) 

tate 143, m. p. 220-22 , ( o( )D 86.20 , '?J max 1745, 1720 C = 0 , 1258 

(0 - 0) cm-1 • Examination of the li!MR spectrmn~142 showed ~Fig. ·8) 

two unresolved multiplets, one at 3.15 ppm assigned to C-3H and the 

other at about 4.4 ppm (C-2H) in addition to the olefinic proton_at 

5 .15 ppm. Thus the hydroxyl group at C-3 is axial ( H9 ) and the one 

at C-2 is equatorial (Hal. In the I\ffiffi spectrum .of its diacetate Fi_g. 

9, these signals were sh:Lfted 'to a dolmfield to 4. 6 (J = 4Hz )ppm 

and about 5.4 (broad raul tiplet). The signals for the ester group show

ed a singlet at 3.65 and the acetate 2.06 (singlet 6H) ppm. The diol 

142 on treatment vrith acetone in presence of catalytic amount of p

toluene sulfonic acid gave an acetonide derivative ~44, sinterX~ at 
0 

75-80 • 

3. Synthesis of meth;yl -2o( , 30. -di,l:tydroxy-olean-12-ef1-28 ...2..lli 148: 

Diosphenol l96 on a acetylation with: a acetic anhydride-pyridine 
. 0 0 . . 

gave the corresponding acetate~ m.p* 168-70, (oC)D 93 'havlng 

?\ 237 mJ)-(E, 8500),t)nujol 1205, 1685, 1720, 1738 cm-1 ,fFi_g. 19.). 
· max max \-- . 

HYdrogenation of 145 with 10% palladium-on-charcoal catalyst gave a 

solid 146 m.p. 208-9°, (o( )D 52°, iJ max 122B, 173·0, 1750 cm-
1

• The 

H:x:rJ 
f-\ e..O 

] 
f=\e_Q 

A~c·-f\1. (\-\j . ) ) 

\?>G \ 4S" \4(, -
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ketoacetate ill on reduction with sodium-borohydride at pH 8 to 

reduce isomerisation in methrulol solution gave a solid ~ ffieP• 199-

2040, (0( )]) 27 * 9°. The latter 147 was directly hydrolysed by 10% 
I . 

sodium hydroxide solution to afford a solid !.1§. m.p. 220-22°, (OC )D 

36°~ This solid ~_was fow1d to be identical with an authentic sam

ple of methyl _2o(, 3~-dihydroxy-olean-12-en-28-oate (methyl cratego

late) by m.m.p. and Co - TLC. 

f\L.D 
'· 

ot+-
) 

146 \47 -
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