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Abstract - With a view to obtain new compounds bearing potential

applications in the biogenetic type synthesis of natural products,

acetylmethyl ursolic acid (1) was subjected to prolonged treatment

with H202/AcOH on boiling water bath. Several such products (2,3,

5 & 7) have thus been obtained. A new one-pot partial synthesis

of 15x-hydroxy Al?.analogues of pentacyclic triterpenes of amyrin

series has been achieved. !°®C-NMR spectral data of the major product

are also described.

INTRODUCTION
Oxidatiwve transformations(l_S) of pentacyclic triterpenes have attracted

the attention of various groups of workers for a long time from synthetic as
well as biological point of view. Several such reactions including photoche-
mical transformations(6) leading to biogenetic type total synthesls of natural
products have been reported providing a possibility of converting natural pro-

€))

ducts from one into another. One such reaction involved the action of hy-
drogen peroxide on ursolic acid acetate in hot glaclal acetic acid which affor-
ded three products. In the present working the effect of a prolonged treatment
of the same reagent on (1) was studied. The  reattion product after
separation through flash column chromatography furnished several interesting
products (2,3,4,5 & 7) apart from the llo,12c-epoxy lactone (6) generally en-
(2-4) (3) (6)

countered in peroxide, auto- and photochemical oxidation reactions.
The reaction furnishes a possible one-pot synthesis of 15ec-hydroxy compounds
from A!2%-pentacyclic triterpenes of amyrin series and a method of introducing

a carbonyl group at C-11, C-C double bond at C-15 and an ll-keto, 12,13-8 epoxy
moiety. The insertion of these functionalities shows the utilization of this

reaction in the synthesis of natural products.
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RESULTS AND DISCUSSION

The molecular formula (C33H5006; M+, 542.3637) of 2, the least polar com-
pound was obtained through the high resolution mass spectrum, which showed an
increment of 30 a.m.u. from that of 1 and incorporation of two more oxygen
atoms with the loss of two hydrogens. In the lH—NMR spectrum the signal of
H-12 of 1 was replaced by a singlet at & 3.67 suggesting an epoxy ring between
C-12 and C-13. This singlet showed that there must be a ketonic function at
C-11 which was also indicated by the IR band at 1705 cm-l. The steric require-
ments and the mechanism proposed in scheme 1 favour a B-epoxy ring between C-12
and C-13. These features were corroborated by significant fragments at m/z

277.1799 (fragment a), 263 (fragment b), 218 (a-COOCH,), 203 (a-COOCH,~CH.)

3
3COOH) in the mass spectrum. Thus it was arrived at
that 2 is methyl 3B-acetoxy-1ll-oxo-128,13R-epoxy-28-ocate. 1In the lH—NMR spec-

and 189 (fragment ¢ -CH

trum of 3 (C33H5005, vide HRMS) the H-12 signal was shifted to § 5.59 with
change of its multiplicity from triplet to a singlet showing that 3 is the
allylic oxidation product of 1. The rest of the lH—NMR features were same as
those of 1. The structure of 3 as methyl 3R-acetoxy-ll-oxo-1l2-ene-28-oate was
finally confirmed through fragments a-c (vide structure) described in the ex-
perimental. The 1H—NMR spectrum of B showed only one difference from that of

33i.e. the absence of the OCH, singlet at § 3.5, indicating the hydrolysis of

3
the methyl ester at C-17 during the reaction. The structure as 3B-acetoxy, 11-
oxo-12-ene-28-o0lc acid was supported by the molecular ion peak at 512.3501
(032Hu805)’ which showed the loss of a—CH2 moiety and the diagnostic fragments

a and b (vide structure).

Two possible pathways (schemes-1 & 2) can be suggested for the formation of
2 and 3. The first three steps (1 » 10) of scheme 1 follow from those reported
by Majumder et al (4). Nucleophilic attack of the C-13 hydroxyl group at C-12
(7

and opening of the 1lla,l2a-epoxide ring would give the more stable isomeric
hydroxy epoxide 11, the oxidation of which can afford ll-keto-12g,138-epoxide 2.

On the other hand, the opening of the epoxide ring of 10 with the migration
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of the C-11 proton to C-12 would result in the 1ll-keto derivative 12 (a similar

opening of the 12B8,138-epoxide gave 12-keto ursolic acid),(u) a

ehydration of
which may lead to 3. The epoxidation of 3 to 2 is not favoured, 3 being an a-
B~unsaturated ketone. Evidence of this came when 3 was recovered unchanged on

1ts attempted epoxidation with m.CPBA as well as H20
(8)

2/NaOH under varying reac-

tion conditions. On the other hand 13 may be the auto-oxidatlion product of

1 which after thermal decomposition to 13a leads to 2 and 3 through the attack

of singlet oxygen formed in situ from the acetlc acid and acetic acid anion(g’lm
as shown in scheme 2. Therefore, the same reaction was repeated under nitrogeﬂ
atmosphere employing the same reaction conditions in respect of reagents, temper

ture and time period which again afforded 2 and 3, and thus eliminated the possi

bility of auto-oxidation of 1 to 13 and favoured the mechanism shown in scheme-1

To our knowledge allylic oxidation product (3) has not been reported earlier

with peracids although such oxidations with H,0

272
(1) Thus the reaction provides an Interesting method for the

in the presence of oxidants suc!
as Cu are known.

preparation of 1ll-oxo derivatives.

The molecular ion peak of % was observed at m/z 528, the exact measurement

(528.3810) of which gave the molecular formula as C demonstrating the

3375205
incorporation of an oxygen atom in the acetylmethyl ursolate molecule, which was

identified as a hydroxyl function from its IR (3600 cm'l) and acetylation (Ac2o/

pyridine)to 5a (6§ 2.1, COCH § 4.k43d4, J=10,5Hz, H-15). The 1H-NMR spectrum

3!
showed a close similarity of § with 1, viz. the triplet of H-12 at § 5.22 (J=3.6

Hz), the dd of H-3 at 4.43 (J=10.68, 5.43 Hz), and the singlet of OCH3 and OCOCH
at 3.57 and 2.01 respectively. Apart from these it showed a signal at & 4.18

(12)

(1H 44, J=10.89, 5.64 Hz, H~158) attributable to the carbinylic proton. An

lon at m/z 278.1875 (Cl7H260 fragment a) resulting from the retro Diels Alder

3,
cleavages around ring C exhibited that the hydroxyl function is in ring D/E. The
fragment b at m/z 168.1158 (010H1602) further limited its possibility to ring E
and thus left only two possible positions i.e. either at C-15 or at C-16. An up-

field shift (6.56 ppr) of C-27 (& 17.04) in the 13C—NMR spectrum (table 2) of § acs
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compared to that of ursolic acid (§ 23.60) showed that the hydroxyl group is
at C-15 with an o-disposition (which is also evident from the coupling cons-
tants of H-15B8) and thus exerts a Y-gauche effect(13) on C-27. In the alter-
nate position (C-16) a similar effect would have been observed for C-22 which
is not noted in this case and C-22 appears at almost same chemical shift

(8 36.67) as in ursolic acid (8§ 36.7). These observations led to place the
hydroxyl group at C-15. Considering the oleanane-taraxane interconversion in

(14)

acidic conditions, a mechanism for the formation of 5 is proposed in

scheme 3.

Hydroxylation at an inactivated centre (i.e. C-15) of 1 to form 5 may be en-
visaged to go through the Alu-derivative (15) formed by acid catalysed rearrange-
mentglu) Its epoxidation to the unstable 1llha,15a-epoxide (16), subsequent acid
catalysed ring opening followed by migration of the methyl group from C-13 to
C-14 would form the 15a-hydroxy derivative (5) of the Alg—ursane skeleton

(scheme 3). A similar transformation(15’16)

of B-amyrin to l5o0~hydroxy B-amyrin
has been demonstrated earlier through several steps. The present reaction exemp-

iifies a one-pot synthesis of a 150-hydroxy derivative from Al2-analogues.

The molecular ion peak at 512.3501 (032Hu805)’ and other spectral data of 6
particularly the similarity of the chemical shifts and coupling constants of H-11,

(%)

H-12 with those reported revealed that 6 is 3p-acetoxy-lla, 12 a-epoxy-urs-138,

28-o01ide.

The exact measurement of the molecular ion peak (m/z 524,3527) of 7, the most
polar reaction product gave its molecular formula as C33Hh805 and the IR spectrum
showed carbonyl stretching at 1710 and 1690 cm—l. The salient features of the
lH—NMR spectrum were: a singlet at 6§ 5.59 for H-12 suggesting a keto group at
C-11; two AB doublets at & 4.18 and 4.13 with the same coupling constant of 10.23
Hz. These data along with the molecular formula indicated one more double bond in
the molecule. The ions at m/z 274.1568 (fragment a) and m/z 109.0944 ({ragment b)
conclusively decided the position of this double bond at C-15. The creation of
this double bond may be imagined through the dehydration of the hydroxyl group at

C-15 formed during the reaction as proposed in scheme 4,
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Scheme-4

The spectral data of one of the column fractions revealed the presence of
l2-keto derivatives analogous to the observation of Majumder et al(u). The
13C-NMR showed that it is a mixture of 13aeH~ and 138H-isomers (vide 6012, 210.8,

214.8 and 8,5, 51.7, 60.6)*7) put the limited quantity did not allow its puri-
fication.
Conclusions

i). Prolonged treatment of acetylmethyl ursoliec acid with H202/acetic acid
affords 15a-hydroxy acetylmethyl ursolic acid as the major product. ii). Forma-
tion of the 1lla,l2a-epoxy lactone (6) and the 1l2-keto derivative 1s in analogy

(1)

with the earlier reaction of ursolic acid acetate with the same reagent. i11).

Formation of 6 shows that lactonization is also possible with the 17-carbome-

thoxy group as noted by Pradhan et aZ(z)

with H202/Se02. iv). Allylic oxidation
with peracids is noted for the first time. v). Products 2,3,5 and 7 have not been
reported earlier either as natural or synthetic products, while U4 has earlier

been obtained through chromic acid oxidation.(18)

Experimental

IR and UV spectra were measured on JASCO IRA-I and Pye-Unicam sp~800 spectro-

meters respectively. Mass spectra were recorded on Finnigan MAT-112. Exact
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masses of various fragments were obtained through their peak matching and high

resolution mass spectrum. 1H and 13

C-NMR spectra were recorded in CDCl3 on a
Bruker AM 300 spectrometer operating at 300 MHz and 75 MHz respectively. The
chemical shifts are reported in § (ppm) and coupling constants in Hz. Assign-
ments of 13C-NMR chemical shifts are based on hetero-COSY and comparison with

similar compounds.(lg)

Flash column (model Eyela) was used with silica gel
(9385) as adsorbant and hexane and hexane: ethyl acetate, (gradually increasing
the ratio of ethyl acetate) as eluant. Purity of the products was checked on
t.l.c. plates using silica gel 60 PF254. Ursolic acid, isolated from the leaves
of Nerium oleander, was acetylated with pyridine and acetic anhydride and me-

thylated with diazomethane following usual procedures.

Acetylmethyl ursolic acid (500 mg) was dissolved in glacial acetic acid

(50 ml) and heated for 30 minutes on the boiling water bath. A mixture of gla-
cial acetic acid (20 ml) and H,0, (10 ml) was then added dropwise to the solu-
tion which was further heated for 33 hours. Working up of the reaction mixture
at this stage in the usual manner afforded the reaction product containing a
mixture of several compounds along with the unreacted starting material. The
separation of these was achieved through flash column chromatography when com-
pounds1-7 were obtained with the solvent system hexane:ethyl acetate with the
ratio noted in the parenthesis against each of these. 1 (9.75:0.25), 2-6

(9.50:0.50, eluted in the order of polarity and 7 (9.0:1.0).

Methyl 3B-acetoxy-ll-oxo-128,13R-epoxy-28-oate, (2). Amorphous powder. (4 mg)
Vpax(CHC1): 2900, 2850, 1705 by, 1640, 1250-1180 and 1025 em™t; Ay (MeOH):

202 nm; HRMS m/z = 542.3614 (C Og)s 514.3637 (C35Hg,0;, mt-coy, 277.1799

3350
(Cl7H2503, fragment a), 249 (fragment c¢), 263.1785 (020H23, fragment b-H),

218.1677 (015H220, fragment a—COOCH3), 203.1684 (011H23O3’ fragment a-COQCH
1

3-CH3),

189.1603 (Clqul’ fragment c—H—CH3COOH). H-NMR (table-1).

Methyl 3BR-acetoxy~ll-oxo-12-ene-28-oate, (3). Amorphous powder (5.2 mg)
VmaX(CHCl3): 2920, 2840, 1705 br. 1690 (sh), 1650, 1255-1190 and 1030 cm—l'

3
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Amax(MeOH): 202 nm; HRMS m/z = 526.3687 (C33H5005), 483, 3465 (C3lH47OM),

317.2134 (CZOH29O3’ fragment a), 277.1799 (C¢H,,0,, fragment b), 249.1835

(Cl6H25O2, fragment c), 218.1677 (015H220, fragment b—COOCH3), 203.1684

1

COCH) .

(fragment b-COOCH3), 189.1603 (clqul, fragment c¢-CH H-NMR (table-1).

3

3B-Acetoxy-1l-oxo-12-ene-28-oic acid, (4). Amorphous powder (15.0 mg).

Vnax(CHCLS): 3450-2610 br, 2910, 2850, 1705br, 1690(sh), 1650, 1250-1180 and

-1, . . -
1025 em” Amax(MeOH). 201 nm; EIMS m/z = 512.3501 (032H4805), 452.3290

+ 1
(C30Huu03, M —CH3COOH), 316.2038 (020H2803, fragment a). “H-NMR (table-1).

Methyl 3B-acetoxy-l2-ene-15a-hydroxy-28-ocate, (5). Amorphous powder

3

(57.0 mg). vmax(CHCl3): 3600, 2950-2850, 1710br, 1640 and 1260-1180 em™L;
+
Amax(MeOH). 203nm; HRMS m/z = 528.3810 (033H5205), 513.3582 (C32H4905, M —CH3),

+ +
469.3653 (c31nu9o3, M —COOCH3), 454, 3411 (C3OH460 M" -COOCH -CH3), 278.1875

3° 3

(Cl7H2603’ r.D.A. fragment a), 218.1678 (Cl5H220, fragment a-CH_COOH), 215.1704

3

(C),Hy305), 203.1786 (CigH,,, fragment a-CH,COOH-CH.), 201.1602 (C

3 150212
fragment a-COOCH.-H,0), 189.1622 (CyyH,,. 203-CHp), 168.1158 (CyH,c0,).

38-Acetoxy-1lo, l20-epoxy-urs-138,28-olide, (6). Yield 19.2 mg; vmaX(CHCI3):

1

2900-2825, 1755, 1710 and 1255-1180 cm ~; Amax(MeOH): 202.2 nm; EIMS m/z =

+ +
512.3501 (Cypf,g05), 496 (M¥-CHy-H), BH.3552 (C5H) g0y, M'-C0), 466.3446,
263.1647 (fragment a), 216, 203. 'H-NMR (table-1).

Methyl 3B-acetoxy-1ll-oxo-12,15-diene-28-oate, (7). Amorphous powder (9.0 mg

Vnax(CHC15): 2890, 2825, 1710br., 1690(sh), 1650, 1640, 1280-1180 and 1025

em™; A (MeOH): 227.4, 202.6 nm; HRMS m/z = 524.3527 (C,gH,g05), 465.3357

+
(C5yHy503, M'-COOCH3), 274.1568 (CygH503, T.D.A. fragment a), 145.0948

(C7H13O3), 215.1512 (Cl5H190, fragment a-COOCH3), 168 (fragment b), 109.0944

1

(C8Hl3’ fragment b—COOCH3). H-NMR (table-1).
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Table 1. 1H -NMR spectral data of 2-7.

H-9

H-18

O-Me
O-Ac

Me 29/30

3579

C o m p o u d s
2 3 4 S 6 7

4.52 ad 4.51 dd 4.45 dd 4.43 dd 4.53 ad 4.29 4d
J=9.98,5.94Hz J=9.96,6.27Hz J=11,82,5.37Hz J=10.68,5.43Hz J=9.57,5.73Hz J=10.07,4.47Hz
3.67 s 5.59 s 5.59 s 5.22 t 2.93d 5.59 s

J=3.66 Hz J=3.87Hz
2.30 s - - - - -
2.23 4 2.23 a 2.21 d 2.20 4 2.12 dad 2,30 4
J=11.52Hz J=11.52Hz J=11,20Hz J=11.43Hz J=12.93,5.70Hz J=10.44Hz
3.61 s 3.61 s 3.66 s 3.57 s - 3.60 s
2.02 s 2.02 s 2.02 s 2.01s 2.04 s 2.03 s
1.13 q 0.98 4@ 0.92 4 0.93 4 1.21 4 0.98 d
J=5,46Hz2 J=7.65Hz J=5.22Hz J=5.13Hz J=5.,79Hz J=5.16Hz
0.96 d 0.89 d 0.88 @ 0.84 4 0.98 4 0.93 4
J=5.7Hz J=5.6Hz J=6.9Hz =6, 3H2 J=5.22Hz J=5.25Hz
1.06 s 1.06 s 0.97 s 1.05 s 1.10 s 1.12 s
0.90 s 0.93 s 0.96 s 0.96 s 1.07 s 0.91 s
0.86 s 0.91 s 0.86 s 0.90 s 1.05 s 0.87 s
0.86 s 0.90 s 0.86 s 0.75 s 0.87 s 0.85 s
0.85 s 0.85 s 0.85 s 0.72 s 0.86 s 0.79 s
- - - 4.18 dd - 4.13 a

J=10.89,5.64Hz J=10.23Hz
-~ - - - 3.10 dd -

J=3.9,2. 16Hz

- — - - - 5.34 a

J=5.16Hz
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Table 2. I3C-NMR spectral data of §
_______ - _— [
Carbon I Carbon
c~1 38.67 c-16 28.06
c-2 27.27 c-17 48.13
c-3 79.07 c-18 52.94
C-4 38.77 Cc-19 39.09
c-5 55.28 c-20 38.91
c-6 18.20 c-21 30.69
c-7 33.01 c-22 36.67
c-8 39.69 c-23 28.16
c-9 47.61 Cc-24 15.45
C-10 37.01 c-25 15.63
c-11 23,33 C-26 16.93
c-12 125.64 c-27 17.04
c-13 138.23 c-28 178.12
Cc-14 42.03 Cc-29 15,27
C-15 80.48 Cc-30 21.19
E CO-CH,4 170.95
CO~CHy 21,25
OCH, 55.11
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