@ ) TETRAHEDRON
h S

Tetrahedron 54 (1998) 6065-6078

Peracid Iinduced Oxidative Rearrangementis of Triterpenoids:
Products of New Skeleton from Bauerenyl Acetate
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Abstract: Treatment of bauerenyl acetate (2) with m-chloroperbenzoic acid at 4 °C yielded the migrated
products, viz. 7a-hydroxy-14,27-cycloisoursan-3p-yl acetate (9) and its 15o-hydroxy derivative (12)
belonging to a new skeleton, 7a-hydroxyisours-14-en-3B-yl acetate (10) and 14a,15c-epoxy-7o~
hydroxyisoursan-38-yl acetate (11), besides 7a,8a-epoxybaueran-3p-yl acetate (3), bauera-7,9(11)-dien-
38-yl acetate (4), bauera-6.8-dien-3f-yl acetate (5), 7o,8a-epoxybauer-9(11)-en-38-yl acetate (6),
7a,80,9a,1 1a-diepoxybaueran-38-yl acetate (7) and 8a,9a-epoxy-7a-hydroxybaueran-38-yl acetate (8).

The structures of all the rlndmmz were elucidated mmnlv on the basis of 2D NMR spectral analyses,

The 'H and "*C chemical shlfts of bauerenyl acetate (2) md its reaction products (3-1 2) were aSSIgnod
unambiguously. © 1998 Published by Elsevier Science Ltd. All rights reserved.

Recently we reported’ a number of products obtained by treatment of swertanone (1), a migrated
gammacerane triterpenoid, with m-chloroperbenzoic acid as well as with mineral acids and Lewis acids. In the
main rearranged product, the A’ double bond of 1 shifted to A'* position with simultaneous migration of C-14
methyl to C-8 through the carbonium ion at C-8 produced via opening of the 7a,8a-epoxide ring initially
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single compound could be obtained pure by repeated column chromatography over either neutral alumina or
silica gel. 'H NMR spectra of some of the chromatographic fractions showed very up-field signals at ~5 0.2
ppm assignable to cyclopropane methylene protons. This prompted us to undertake separation of the reaction
products by prep. HPLC, since no ursane or migrated ursane derivatives with a cyclopropane ring was so far
known in the literature. Though the separation of the individual compounds from the mixture of reaction
products was found to be very tough even in HPLC, we ultimately were able to isolate as many as ten new
compounds (3—12) by repeated prep. HPLC. Among them, two compounds 9 and 12 were found to possess

1e skeleton, and comnounds 10 and 11 were proved to be the members of isoursane

new 14,27-cycloisoursane skeleton, and compounds

ere proved to be the members
skeleton. For comparison, compounds 2 and 13 (deshydroxy derivative of 9) were also subjected to mineral
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acid rearrangement to get urs-13(18)-en- Jp—yl aceiate (/v /n) and a-amyrin aceé (4U ), and o-amyTin accuiie

(80 %) respectively. The structures of the reaction products were established by detailed analyses of their 2D
NMR spectra which also resulted in the unambiguous assignment of ‘H and C chemical shifts of all the
compounds. The results as well as the plausible mechanism of formation of the products have been discussed

herein.

0040-4020/98/$19.00 © 1998 Published by Elsevier Science Ltd. All rights reserved.
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Characterization of the products.

For characterization of the products, mainly 1D and 2D NMR spectroscopy were extensively used. The
multiplicity of each of the *C NMR signals of the compounds were deduced from the DEPT experiments. The
chemical shifts of the directly bonded 'H and *C were determined from 'H-">C COSY or HSQC spectra. The
two- and three-hond correlation nealm observed for the me-thvl nrotons and some methine and methvlene protons
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shown by heavy lines in structures 3a—13a in Fig. 1. The remaining carbon-carbon connectivities shown by
PY I l't vy ~o 2 Al o lyxy ___ 3 13/

broken lines couid be determined from the "H—"H COSY spectra. Thus the chemical shifts of 'H and ~“C of
the compounds summarized in Tables 1 and 2 could be assigned unambiguously.

Table 1. 'H chemical shifts*(5 ppm, CDCl,, 500 MHz) of bauerenyl acetate (2) and its reaction products (3—13)
Compd. H;23 Hy24 H25 H;26 H;-27/ H;28 H;29 Hy30 H3a H7 H6/  OAc

H,-27 H-11/
H-15
2 0929 0.847 0766 0994 0943 1.037 1.047d 09054 4.516ddd 5.412ddd 2.054
(7.0)  (5.8) (11.34.3) (4.0,3.03.0)
3 0.858 0932 0.854 1.004 1.067 1.026 1.040d 0916d 4.44idd 3.133dd 2.039
(6.7) (5.8) (11.9.4.0) (1.8,1.8)
4 0.862 0956 0931 0.89 0713 1.064 1.036d 0904d 4511dd 5433m 5217m 2.061
(6.7) (6.7) (11.0,4.3)
5 0932 0993 0760 1.025 0894 1.067 09954 0908d 4.550dd 6.088dd 5.690dd 2.062
(6.4) (6.1) (11.6,4.4)(10.0,2.9)(10.0,2.7)
6 0874 0909 0981 0960 1.032 1053 1.031d 09154 4487dd 3.292dd 5.705dd 2.043
(6.7) (6.7) (11.7,4.1) (1.5,1.5) (4.9,2.8)
7 0874 0915 1.054 1.028 1.133 1.035 1.027d 0911d 443%dd 3327dd 3.18%dd 2.029
(5.0) (5.8) (11.7,3.8) (1.8,1.8) (1.8,1.8)
8 0.843 0843 1050 1.071 1.130 1.041  0.965brs 0.891d 4.482dd 4.069d 2.043
(5.8) (11.6,4.3) (7.0)

9 0829 082! 0855 1.118 02274 0880 0923d 0.851d 4495dd 3781dd 2.012
(5.2) (5.8) (5.5 (11.6,4.9) (2.6,2.6)
0.860d
(5.2)

10 0.874 0.871 0923 1.112 0988  0.966 1020d 0974d 4.531dd 3962dd 5.630dd 2.042

(6.7) (6.5) (11.3,4.3) (2.8,2.8)(7.3,2.8)
11 0.847 0861 0.921 1022 1073 1.022 1.019d 0.891d 4.555dd 3.522dd 3.420dd 2.035
(7.0) (5.5) (11.4, 4.7 (3.0,3.0) (2.0,2.0)

12 0846 0859 0902 1.160 0.465d 09i0 0967d 0.880d 4.526dd 3.83idd 4.457dd 2.035
(6.4) (6.1) (5.5) (11.6,4.6)(2.9,2.9) (8.7,8.7)
1.060d
(6.4)

13 0840 0840 0881 1.139 0013d 0893 09384 0.870d 4.467dd 2.053
(5.5) 6.1) (5.8) (10.8, 4.7
0.650d
(5.5

*Figures in the parentheses are the coupling constants in Hz. Assignments were done on the basis of 2D NMR spectral analyses.
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Table 2. *C Chemical shiftsf(a, CDCl3, 125 MHz) of bauerenyl acetate (2) and its reaction products (3—13).

Cabon 27 3 4 5 6 7 8 9 10 11 12 13
1 3654 3704 3512 3266 3575 2748 3157 3765 3716 37.04 3748  38.06
2 2398 2381 2420 2413 2413 2288 2340 2344 2359 2342 2344 2353
3 8116  80.78 8094 8076 8048 7998 80.22  80.86 80.92  80.83 80.83  81.00
4 3777 3716 3785  37.26 37.02 3725 37.02  37.21 3719 3704 3721 3778
5 5057 4492  48.02 51.07 3993 3957 38.00  46.59 46.34 4542 46.74  55.79
6 24.21 22.80 23.62 124.42 2246  22.69 28.19  24.26 2348  24.89 25.01 18.01
7 11626 5372 117.30 124.79 51,99  53.00 63.81 72.88 7159 71.84 73.18 3835
8 145.47 64.04 14119 13473 62.24 62.57 73.08 41.02 4543 42.16 41.97 36.97
9 48.16 49.01 14461 13831 14294  62.88 70.67  43.53 4175 4185 4335  50.04

11 1683 1604 11430 2010 12481 5552 2013 1695 1673 1682 17.22 1760
12 3239 3147 3682 2875 3753 3343 2836 33.17 3234 3267 3233 3507
i3 3775 3 38.45 76 7 2373 3974 37.80 28.44  26.52

21 2922 29.05 29.17 29.63 29.07 29.06 29.19 30.93 28.63 28.50 3090  31.07
22 31.53 30.92 31.32 33.24 31.20 31.98 3266  41.87 37.95 3045 4174 4205

23 2752 27.67 27.52 27.59 27.80 27.17 28.36 27.60 27.65 27.74 27.59 27.86
24 15.80 16.94 16.35 17.69 17.22 16.84 16.62 16.62 16.70 16.92 16.53 16.43
25 13.04 14.43 20.61 13.84 23.76 19.42 17.13 15.68 15.28 15.58 15.52 16.11
26 23.67 19.17 20.30 22,74 17.90 25.24 19.96 18.39 26.96 23.59 19.70 17.96
27 22.67 21.30 17.03 15.69 25.15 19.05 15.69 13.00 19.32 18.81 12.12 13.28

28 3801 3762 3771 3827 3759 3799 3790 2811 3673 3651 2835  28.22
G2.1)

29 2565 2555 2509 2519 1781 1880 2547 1781 2668 2511 1764 1791

30 2255 2248 2244 2243 2242 2238 2246 2066 2237 2237 2061 2071

COCH, 21.34 2130 20130 2136 2136 2126 2127 2128 2131 2130 2130 2132

2 17062 1

._.
&

1.
1/

~J
<
o0
o0

1
1

~3

- 1m0
3 170.8

o]
O

81 17090 17

o
~J
<
o

170.

~I
[l

<
~}

COCH, 171.03 17085 170.99 171 j -

6.
 Chemical shifts were assigned to specific carbons on the basis of detailed analyses of 2D NMR viz. 'H-'H COSY, 'H-"C COSY,
HSQC, HMBC and NOESY spectra.
1 Correct assignments on the basis of 2D NMR spectral analyses. Values in the parentheses are the previous assignments' on the
basis of correlation with the reported data of other triterpenoids.



Fig. 1. Part structures (shown by heavy lines) derived from HMBC spectra

7a,8c-Epoxybar e;gg.gg.y! acetate (3). The high-resolution EIMS of the compound showed its

which is 16 mass units higher than that of bauerenyl
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1) and the sxgnals at 53.72 (d) and 64.04 (s) ppm in its ’C NMR specirum (Tabie 2) indicated the presence of a
trisubstituted epoxide ring in the molecule. The HMBC correlations of H-9 proton signal (3§ 1.77 ppm) with,
amongst others, the epoxide carbons C-8 (5 64.04 ppm) and C-7 (8 53.72 ppm), and those of the epoxide
proton signal (5 3.133 ppm) with C-6 (5 22.80 ppm) and C-5 (5 44.92 ppm) clearly suggested that the epoxide
ring must be located at C-7 and C-8 positions. Moreover, the up-field shift of the C-5 and C-15 signals of 3 by
~5 and ~6 ppm respectively compared to those of 2 (Table 2) indicated that the oxygen of the 7,8-epoxide is o-

oriented.
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Bauera-7,9(11)-dien-38-yl acetate (4). The EIMS of the compound showed M* at m/z 466
which is 2 mass units less than that of 2. While the '"H NMR spectrum (Table 1) of the compound displayed
two one-proton multiplets at § 5.217 and 5.433 ppm for two olefinic protons, the two singlets at § 141.19 and
144.61 ppm, and two doublets at § 114.30 and 117.30 ppm in its >C NMR spectrum (Table 2) indicated that
the compound contains two trisubstituted double bonds. That the two double bonds are conjugated and
heteroannular in nature was revealed by the UV absorption maximum at 238 nm. The location of the diene

system at A was established by the HMBC spectrum of the compound which showed correlations of the
vinyl protons, viz. H-7 with C-5, C-6, C-9 and C-14, and H-11 with C-§, C-10 and C-13 (¢f. 4a in Fig. 1)
Bauera-6,8-dien-3p-yl acetate (5). The EIMS of the compound exhibited the M* at m/z 466 as in
4. Iis '"H NMR spectrum (’F able 1) showed a pair of one-proton mutually coupled vinylic proton signals at §
o~~~ .Y 2B & PN Il\ﬂﬂlll I A T AN A NS ) i 8§ o a . #FNUY
D oYU ((l(l J=10. U 4./ HZ) and O.Us8% (a4, J=1U.U, L l'iZ) pPpm DOID of which were further COUPICG wadl

proton resonating at § 2.01 ppm ( —'H COSY) demonstrating the presence of a >CH-CH=CH- moiety in the

molecule. Its *C NMR spectrum (Table 2) exhibited, besides the signals for two vinylic CH carbons at §

124.42 and 124.79 ppm, two quaternary carbon signals at § 134.73 and 138.31 ppm indicating the presence of
a tetrasubstituted double bond also in the molecule.  That the two double bonds are conjugated and
homoannular in nature was evident from the UV absorption maximum at 274 nm. Finally the location of the
jugated diene system at A** was determined from the HMBC data of H,-25 and the vinyl protons H-6 and H-
orrelations with C-1, C-5, C-9 (8 138.31 ) and C-10, H-6 with C-8 (5§ 134.73 s),

;SQ-Epg;ybgu’g[ -9(11)-en-38-yl acetate (6). The high resolution EIMS of the compound
V¥ m/z 482.3786). Its 'H NMR spec
for a vinylic proton of a irisubstituied duumc bond at §
at § 3.292 ppm ascribed to the proton of a tnsubsututed epoxide ring, besides the signals for eight methyl
groups and a carbinyl proton (Table 1). The 3C NMR data (Table 2) also substantiated the presence of a
trisubstituted double bond (5 124.81 d and 142.94 s ppm) and a trisubstitued epoxide ring (5 51.99 d and 64.24
s ppm). While the three-bond correlation of H;-25 (5 0.981 ppm) with C-9 (5 142.94 ppm) observed in the
HMBC spectrum clearly demonstrated the location of the trisubstituted double bond at A’*" position, the two-
and three-bond cormrelations of the epoxide proton with C-6 (8 22.46 ppm) and C-5 (5 39.93 ppm) located the
epoxide ring at 7,8-position. On the other hand, the up-field shift of C-5 and C-15 resonance frequencies of 6
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by ~8 and ~5 ppm respectively compared to those of the diene 4 (Table 2) indicated that the oxygen of the
oA

puiud ti Iig i is a-oriented.

70,8a,90,11a-Diepoxybaueran-38-yl acetate (7). The high resolution EIMS showed the
compound to have a molecular formula C,,H;,0, (M*, m/z 498.3694). Neither 'H nor *C NMR spectrum
showed the presence of a double bond in the molecule. On the contrary, the presence of two trisubstituted
epoxide rings were indicated [8; 3.198 ppm (dd, J=1.8, 1.8 Hz) and 3.327 ppm (dd, J=1.8, 1.8 Hz); 8. 53.00
d, 55.52 d, 62.57 s and 62.88 s ppm]. The three-bond '"H-"°C correlations of H,-25 (5 1.054 ppm) and H,-26
(5 1.028 ppm) with C-9 (5 62.88 ppm) and C-8 (5 62.57 ppm) respectively in its HMBC spectrum suggested
that these two carbons (C-8 and C-9) form part of two epoxide rings. Moreover, the correlations of the two

il pald
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epoxide protons, viz. H-7 (5 3.327 ppm) with C-5 (5 39.57 ppm), C-6 (5 22.69 ppm) and C-8 (5 62.57 ppm),
and H-11 (3 3.189 ppm) with C-9 (3 62.88 ppm), C-12 (5 33.43 ppm) and C-13 (5 38.42 ppm) demonstrated
the location of the epoxide rings at 7,8 and 9,11 positions. Since C-5 and C-15 of 7 resonated very close to
those of 6 and C-1 (5 27.48 ppm) of 7 suffered strong up-field shift by ~8 ppm compared to that of 6, the
oxygens of both the epoxide rings must be «-oriented.

80,9a-Epoxy-7a-hydroxybaueran-3p-yl acetate (8). The high resolution EIMS of the
compound showed its molecular formula to be C3,Hs,04 (M™ m/z 500.3895). Its '"H NMR spectrum (Table 1)
indicated the presence of an axial secondary hydroxyl (8 4.069 d ppm) and an equatorial secondary acetoxyl (8
.482 dd ppm) groups. Its *C NMR spectrum revealed the presence of a tetrasubstituted epoxxde ring (5 70.67
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1
with H,-6 protons (8 1.38 and 1.50 ppm). The axial hydroxyl group was, therefore, locaied at C-7.
spectrum showed three-bond correlanons, amongst others, between H,-25 and C-9 (3 70.67 s ppm), and
between H,-26 and C-10 (8 73.08 s ppm) clearly demonstrating the location of the epoxide ring at 8,9
positions. That the epoxide oxygen is a-oriented was indicated by the up-field shift of the resonance frequency

of C-1 by ~5 ppm as against that of 2 (Table 2).

11K sl D

4,27-cycloisoursan-38-yl acetate (9).  The high resolution EIMS of the

.
cem“n,nm-mmf! showed its molecular f

indicated the presence of a cyclopropane ring and seven methyl groups of which five are tertiary and two

0, (M", m/z 484.3950). Its 'H NMR spectrum (Table 1)
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secondary. It was, therefore, evident that one of the teriiary methyl groups o '[‘)ducrcnyl acetaie (2) is invoived
in the formation of the cyclopropane ring in 9. The spectrum aliso indicated the presence of an axial secondary
hydroxy] group and an equatorial secondary acetoxyl group in the molecule. Although the *C NMR spectrum
of the compound (Table 2) fully corroborated the above observations, no clear idea was obtained regarding the
location of the cyclopropane ring in the molecule. However, the structure of the compound could be established
from its HMBC spectral analyses. Thus, two- and three-bond 'H-'*C correlation data summarized in Table 3
revealed the presence of the part structure as shown by heavy lines in 9a (Fig. 1). The correlations observed
for the cyclopropane methylene protons (H,-27) with C-8, C-12, C-13, C-14, C-15 and C-18 clearly

A2 s ARy ARAS pRRRARAD 22 WILIL =0, L.~1g;, 1), L71f%, L71J diit 710 il

demonstrated the attachment of the cyclopropane methylene group to C-13 and C-14. Again, the three-bond
JRY .37, T A e Lt e /TT N LM S nem Zen lant tha avia wrArmac ol aens
correlations of the hydroxymethine proton (H-7) with C-5 an ied that the axial hydroxyl group must

a
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be located at C-7. This contention was further supporte
resonance frequencies compared to those’ of o- or B-amyrins.

To-Hydroxyisours-14-en-3p-yi acetate (10). The high resolution EIMS o
showed its molecular formula to be C,,H;,0, (M", m/z 484.3930). The presence of a trisubstituted double
bond, an axial secondary hydroxyl group and an equatorial secondary acetoxyl group besides six tertiary methyl
and two secondary methyl groups were indicated from its 'H and ’C NMR spectra (Tables 1 and 2). The
characteristic splitting pattern of the vinylic proton signal as double doublet with /=7.3 and 2.8 Hz (cf. 'H NMR
spectrum of taraxerene’) led us to presume that the compound contains a A'* double bond. This was, in fact,

confirmed by the HMBC spectral data of the compound summarized in Table 4. It can be seen therein that H;-
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& rewn nltinle-haond carrelation
Oy ppm One-bond Multiple-bond correlation

correlation
8. ppm 8. ppm
0.829 (H,-23) 27.60 (C-23) 16.62 (C-24) 37.21 (C4) 46.59 (C-5) 80.86 (C-3)
0.821 (,-24) 16.62 (C-24) 27.60 (C-23) 37.21 (C-4) 46.59 (C-5) 80.86 (C-3)
N OLE LY N\ 1€ £O £ &N 2T LS O 1M 2T LL [ _1) A2 &2 7100 _ON AL €0 O_&N
V.00 ln3“u} 1IN0 (L) 24.I0 1Y) 2102 \~1) H2.20 \\~=7) IT (D)
1.118 (H;-26) 18.39 (C-26) 27.27 (C-14) 41.02 (C-8) 43.53 (C-9) 72.88 (C-7)
0.227d (H-27) 13.00 (C-27) 20.46 (C-15) 23.73 (C-13) 27.27 (C-14) 33.17(C-12)
41.02 (C-8) 52.49 (C-18)

0.880 (H,-28) 28.11 (C-28) 27.05(C-16) 3160 (C-17) 41 87 (C-22) 5249 (C-18)
0.923d (H,-29) 17.81 (C-29) 38.29 (C-20) 40.92 (C-19) 52.49 (C-18)
0.851d (H,-30) 20.66 (C-30) 30.93 (C-21) 38.29 (C-20) 40.92 (C-19)
4.495dd (H-3) 80.86 (C-3) 16.62 (C-24) 27.60 (C-23) 37.21 (C-4) 170.90 (OAc)
3.781dd (H-7) 72.88 (C-7) 43.53 (C-9 46.59 (C-5)
1.53 (H-15) 20.46 (C-15) 13.00 (C-27) 23.73 (C-13) 31.60 (C-17)
1.96 (H-15) 20.46 (C-15) 13.00 (C-27) 27.05 (C-16)

Table 4. One-bond (‘H-'*C COSY) and multiple bond (HMBC) 'H-'*C correlation data of 10.

&; ppm One-bond Multiple-bond correlation
correlation
8. ppm Sc ppm
0.874 (H,-23) 27.65 (C-23) 16.70 (C-24) 37.19 (C-4) 46.34 (C-5) 80.92 (C-3)
0.871 (H,-24) 16.70 (C-24) 27.65 (C-23) 37.19 (C-4) 46.34 (C-5) 80.92 (C-3)
0.923 (H;-25) 15.28 (C-25) 37.16 (C-1) 38.21 (C-10) 41.75 (C-9) 46.34 (C-5)
1.112 (H,-26) 26.96 (C-26) 4175 (C-9) 4543 (C-8) 71.95(C-7) 155.27 (C-14)
0.988 (H,-27) 19.32 (C-27) 3234 (C-12) 39.74 (C-13) 60.05 (C-18) 155.27 (C-14)
0.966 (H;-28) 36.73 (C-28) 33.58 (C-17) 37.95 (C-22) 40.26 (C-16) 60.05 (C-18)
1.029d (H,-29) 26.68 (C-29) 35.93 (C-20) 60.05 (C-18)
0.974d (H,-30) 22.37 (C-30) 28.63 (C-21) 35.83 (C-19)
3.962dd (H-7) 71.59 (C-7) 26.96 (C-26) 41.75 (C-9) 46.34 (C-5)
4.531dd (H-3) 80.92 (C-3) 16.70 (C-24) 23.59 (C-2) 27.65 (C-23) 37.19 (C4)
170.93 (OAc)
5.630dd (H-15) 118.19 (C-15) 19.32 (C-27) 26.96 (C-26) 33.58 (C-17) 39.74 (C-13)
45.43 (C-8)
1.80, 2.13 (H,-16)  40.26 (C-16) 33.58 (C-17) 36.73 (C-28) 37.95 (C-22) 60.05 (C-18)

118.19 (C-15)

155.27 (C-14)

26 proton signal exhibited correlations with C-7, C-8, C-9 and C-14 (8 155.27 ppm) and H;-27 proton signal
with C-12, C-13, C-14 and C-18, while H,-16 methylene proton signals showed correlations with C-14, C-15

(81

(5118. 22 and C-28 th

17 ppaii

19 ppm), C-17, C-18, C-22 and C-28 thereby unambiguously locating the trisubstituted double bond at



A" position. Furthermore, the correlations of H,-26 protons with C-7 (& 71.59 ppm) and those of H-7 proton
with C-5 and C-9 confirmed the lqcation of the axial hydroxyl group at C-7.

14a,15a-Epoxy-7a-hydroxyisoursan-33-yl acetate (11). The high resolution EIMS of the
compound showed its molecular formula to be C,H,,0, (M" m/z 500.3680). The presence of an axial
hydroxyl, an equatorial acetoxyl and a trisubstituted epoxide ring was evident from its 'H and *C NMR
spectra (Tables 1 and 2). Its HMBC spectrum clearly demonstrated the location of the epoxide ring at 14,15
positions and that of the axial hydroxyl group at C-7 (cf. part structure shown by heavy lines in 11a in Fig.
1). The orientation of the epoxide oxygen as o could be established from its NOESY spectrum which showed
NOE interactions: H-15B (epoxide proton) «->H-16B«>H,-28B«>H-18p.

70,150-Dihydroxy-14,27-cycloisoursan-3p-yl acetate (12). The high resolution EIMS of
the compound showed its molecular formula to be C,,H;,0, (M', m/z 500.3844) which is 32 mass units higher
than the starting compound 2. Its 'H NMR spectrum (Table 1) exhibited, besides two one-proton signals at 3
4.526 (dd, J=11.6, 4.6 Hz) and 3.831 (dd, /=2.9, 2.9 Hz) ppm attributable to two carbinyl protons of 3§-
acetoxy-7a-hydroxy triterpenoids (vide supra), an one-proton triplet-like double doublet at § 4.497 (J=8.7, 8.7
Hz) ppm indicating the nresence of one more hvdmxvl group in the molecule. The appearance of two muma]lv
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coupled doublets at § 0.465 and 1.060 (J—6 4 Hz) ppm and signals for five tertiary and two secondary methyl
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C NMR spectrum of the compound with that of 9 (Table 2) revealed that the compounds differ only with
respect to the substitution pattern in C/D ring system. The location of the additional hydroxyl group could,
however, be ascertained from the HMBC spectrum of 12. The 'H-"*C multiple-bond correlations obtained from
the HMBC spectrum of 12, summarized in Table 5 revealed that the double doublet at § 4.497 ppm is correlated
with the cyclopropane methylene carbon (C-27) and a cylcopropane quaternary carbon (C-14), besides another
methylene carbon (C-16) and a quaternary carbon (C-8) clearly demonstrating that the additional hydroxyl group
must be located at C-15. The cyclopropane methylene protons (H,-27) also showed, amongst others, a three-
bond correlation with C-15 (8 66.61 ppm) corroborating t

s

he assigned location of the additional hydroxyl group.
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Table 5. One-bond ('"H-'">C COSY) and multiple bond (HMBC) 'H-"°C correlation data of 12
8y ppm One-bond Multiple-bond correlation
correlation _
9¢ ppm ¢ ppm
0.859 (Hy-23) 27.59 (C-23) 16.53 (C-24) 37.21 (C-4) 46.74 (C-5) 80.83 (C-3)
0.846 (H,-24) 16.53 (C-24) 27.59 (C-23) 37.21(C4) 46.74 (C-5) 80.83 (C-3)
0.902 (H;-25) 15.53 (C-25) 37.48 (C-1) 38.04 (C-10) 43.35 (C-9) 46.74 (C-5)
1.160 (H,-26) 19.70 (C-27) 3225 (C-14) 41.97 (C-8) 43.35 (C-9) 73.18 (C-7)
0.465d, 1.06d 12,12 (C-27) 28.44 (C-13) 32.25 (C-14) 41,97 (C-8) 51.62(C-18)
H27) 66.61 (C-15)

0.910 (H,-28) 28.35 (C-28) 33.96 (C-17) 41.74 (C-22) 51.62 (C-18)
0.967d (H;-29) 17.64 (C-29) 38.20 (C-20) 40.36 (C-19) 51.62 (C-18)

8804 (H,-30) 20.61 (C-30) 30.90 (C-21) 38.20 (C-20)
4.526dd (H-3) 80.83 (C-3) 16.53 (C-24) 23.44 (C-2) 27.59 (C-23) 37.21(C-4)

170.88 (OAc)
3.831dd (H-7) 73.18 (C-7) 19.70 (C-26) 25.01 (C-6) 41.97 (C-8) 43.35 (C-9)
48.74 (C-3)

4.497dd (H-15) 66.61 (C-15) 12.12 (C-27) 32.25 (C-14) 38.44 (C-16) 41.97 (C-8)
0.728d (H-18) 51.62 (C-18) 28.44 (C-13) 32,25 (C-14) 33.96 (C-17) 38.44 (C-16)
0.96, 1.24 38.44 (C-16) 28.35 (C-28) 3225 (C-14) 33.96 (C-17) 41.74 (C-22)

(H,-16) 51.62 (C-18)
1.60, 1.86 3233 (C-12) 12.12 (C-27) 17.22 (C-11) 28.44 (C-13) 3225 (C-14)

H,12) 43.35(C-9) 51.62 (C-18)

Mechanism of formation of products.

A plausible mechanism for the formation of the products has been suggested as shown in scheme 1
which is self explanatory. However, it deserves special mention that in the formation of the 14,27-cyclo
derivatives (9 and 12), the elimination of a proton from the C-13 methyl group seems to be favoured over the

migration of the methy! group from C-13 to C-14 and subsequent elimination of a proton from C-12 in spite of
sl O o 2L o=y ctalla e d da it seloian afebtl AL aladaa nwn o smAdnetler avrntlalla e —giiwn
ihe fact that urs-12-ene skeieton is very siable and derivatives of this skeleion are abundantly available in nature.

cd

Though the reason for this behaviour is not immediately clear, a possible factor that may piay a very important
role is the weak acidity of the non-aqueous reaction medium containing organic acids. This was substantiated

(Scheme 2) by the following facts:

(i) Bauerenyl acetate (2) on treatment with dil. H,SO, (2N) did not yield any cyclopropane derivative.
On the contrary, it yielded only urs-13(18)-en-3p-yl acetate and a-amyrin acetate in a ratio 3.5 to 1.

(i) 70,8x-Epoxybauerenyl acetate (3) on treatment with 5% BF,-etherate in ether at 20 °C for one hour
gave 9 (40%) and 10 (20%).

(iii) On treatment of 13 with dil. H,SO, (2N), the cyclopropane ring opens up resulting in the formation
of only a-amyrin acetate (80%).
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type of cyciopropane derivatives were not encountered in the m-chloroperbenzoic acid reaction of swertanone
(1), a migrated gammacerane triterpenoid possessing B/C/D ring system identical with that of bauereny! acetate
(2), the cis configuration of the D/E ring juncture of 2 may also have some role to play in the formation of the
cyclopropane derivatives (9 and 12).
It is, therefore, likely that this type of migrated ursanes with cyclopropane ring will be isolated from
natural sources in future.

' AcO™ ~ AcO™ ‘x ~

K

Urs-13(18)-en-3P-yl acetate o-Amyrin acetate
AAAAAAA /\p 12~ H,80,
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Experimental

Melting points are uncorrected. UV spectra were recorded on JASCO Ubest-55 spectrophotometer. Low
resolution EIMS (JEOL JMS HX-110) and high resolution EIMS (JEOL JMS D-300) were obtained by a direct
inlet system at 30eV. 1“ B and 2D NMR spectra were taken on a 500 MHz instrument (JEQL. AL PHA 500)
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in CDCl; solution. HPLC was performed on a JASCO PU-980 instrument equipped with a JASCO RI1-930
detector. The following column and solvents were used for elution: Senshu PAK, ODS-3251-D (C,, reverse-
phase, 5 p, 8 mm x 250 mm), CH,CN-CHCI, (9 : 1); flow rate 2.2 mi/min.
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To an ice-cooied soiution of Z (0.3 g ) in memylene chioride (25 mil), m- (.morOperDenzmc acid (55%, 0.6
g) was added and the reaction mixture was kept in the refrigerator (4°C) for 48 hr. After evaporation of the
solvent under reduced pressure, the residue was directly subjected to chromatography over neutral alumina. On
elution with petroleum ether-chloroform (9 : 1), two fractions, viz. A (0.115 g) and B (0.180 g) were obtained.
Repeated prep. HPLC of each fraction yielded compounds 3-12 whose physical data are given below. 'H and
13C chemical shifts of the compounds are given in Table 1 and 2 respectively.
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Ta,8a-Epoxybaueran-3p-yi acetate (3): 62.0 mg (20.7 %); mp. 266-268 °C (acetone); HR-MS (EI)
calcd for C,,H,,0, (M*) 484.3916, found 484.3904; LR EI-MS m/z (intensity %): 484 (M*, 100), 469 (M'-
CH,, 21), 466 (M*-H,0, 30), 453 (M'-CH,-H,0, 4), 391 (14), 360 (11), 314 (10), 278 (6), 257 (10), 218
(11), 199 (10).

Bauera-7,9(11)-dien-3p-yl acetate (4): Retention time (Rt) 59.0; 6.7 mg (2.2 %); mp. 265-268 C
(acetone); A, (nm): 238; HR-MS (EI) calcd for C,,H,,0, (M") 466.3811, found 466.3809; LR EI-MS m/z :
466 (M*, 100), 451 (M'-CH;, 7), 406 (M'-AcOH, 6), 391 (30), 337 (10), 313 (14), 288 (6), 253 (20), 242
(14), 227 (19), 199 (16).

Bauera-6,8-dien-3p-yl acetate (5): Rt 46.4; 1.6 mg (0.5 %); mp. 237-238 °C (acetone); A, (nm):
274; HR-MS (EI) caled for C,,Hy,0, (M*) 466.3811, found 466.3810; LR EI-MS m/z : 466 (M*, 57), 451
(M*-CH;, 3), 406 (M™-AcOH, 7), 391 (M"-AcOH-CH,, 99), 337 (48), 311 (21), 285 (39), 274 (21), 227
(33), 225 (36), 218 (26).

70,8c-Epoxybauer-9(11)-en-33-yl acetate (6): 11.1 mg (3.7 %); mp. 249-251 °C (acetone); HR-
MS (EI) calcd for C,H 0, (M") 484.3916, found 482.3786; LR EI-MS m/z: 482 (M*, 100), 467 (M*-CH,,
23), 422 (M*-AcOH, 88), 407 (M*-AcOH-CH,, 70), 379 (19), 353 (8), 329 (18), 303 (25), 278 (72), 271
(22), 243 (18), 191 (28).
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T7a,8a.9a,11a-Diepoxybaueran-38-yl acetate (7): Rt 21.2; 8.6 mg (2.9 %), mp. >300 <
(acetone); HR-MS (EI) calcd for C;,H,0, (M*) 498.3709, found 498.3694; LR EI-MS m/z: 498 (M", 39), 483

{\‘+=l I 20) Aﬂn (M H N A7 ARS8 (M _ T O.CH Q')\ AR (M ArOOH 9N A2 (MY A~OHA_C 14\
VR =N\l &7), SOV VA "I, U7 ), SUJ VL ~HUsdig, J4), &30 UVl = AN, L&), 980 (vl ~ALUNISUEL,, 1Y),
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255 (42), 215 (36), 202 (54), 173 (66), 123 (100).
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H,O- CH3, 17), 368 (29), 358 (14), 329 (23), 327 (23), 305 (28) 274 (45), 255 (25), 236 (19)

Ta-Hydroxy-i4,27-cycioisoursan-33-yi acetate (9): Rt 35.4; 13.3 mg (4.4 %); mp. 288-285
(acetone); HR-MS (EI) calcd for C,,H;,0, (M") 484.3916, found 484.3950; LR EI-MS m/z: 484 (M*, 52), 469
(M"-CH,, 7), 466 (M"-H,0, 14), 453 (57), 451 (M"-H,0-CH,, 13), 391 (M"-AcOH-H,0, 14), 360 (9), 314
(10), 284 (9), 257 (100), 255 (23), 203 (12), 187 (26).

7a-Hydroxyisours-14-en-38-yl acetate (10): Rt 33.1; 3.0 mg (1.0 %); mp. 229-231 °C (acetone);
HR-MS (EI) calcd for C,,H,,0, (M*) 484.3916, found 484.3930; LR EI-MS m/z: 484 (M*,13), 469 (M'-CH,,
3), 466 (M*-H,0, 9), 453 (13), 451(M"-H,0-CH,, 5), 424 (M’- AcOH,2), 391 (M"-AcOH-H,0,4), 360 (100),
314 (74), 278 (43), 257 (29), 255 (10), 203 (7), 187 (12), 173 (19).

140,150-Epoxy-7a-hydroxyisouran-3p-yl acetate (11): Rt 27.4; 1.9 mg (0.6 %); mp. 234-237
°C (acetone); HR-MS (EI) calcd for C,,H,,0, (M*) 500.3865, found 500.3680; m/z: 500 (M",2), 482 (M"-H,0,
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100 ), 467 (M*-H,0-CH,,15), 422 (M"-AcOH-H,0, 5), 407 (M"-AcOH-H,0-CH,,6), 389 (4), 357 (8), 315

(5), 301 (16), 275 (20), 257 (26), 236 (15 ), 229 (9).

70,15a-Dihydroxy-14,27-cycloisoursan-38-yl acetate (12): Rt 22.3; 3.6 mg (1.2 %); mp. 292~
293 °C (acetone); HR-MS (EI) caicd for C,,H;,0, (M*) 500.3865, found 500.3844; LR EI-MS m/z 500 (M,
6), 482 (M'-H,0, 100), 467 (M*-H,0-CH,, 11), 422 (M*-AcOH-H,0, 5), 389 (M*-AcOH-CH,-H,0 x 2, 6),

368 (11), 357 (14), 301 (6), 285 (14), 257 (25), 233 (20), 207 (9), 189 (21).

14,27-Cycloisoursan-3p-yl acetate (13).

Compound 9 (20 mg) was oxidized with CrO,-pyridine complex and the product, 7-oxo-compound was
subjected to Wolff-Kishner reduction followed by acetylation to give compound 13 (7 mg). Mp. 266-268 C
(acetone); HR-MS (EI) caled for C,,H,,0, (M*) 468.3967, found 468.3967; LR EI-MS m/z: 468 (M", 100),
453 (M*-CH,, 24), 408 (M"-AcOH, 11), 393 (M*-AcOH-H,0, 17), 344 (54), 329 (29), 289 (67), 269 (27),
255 (23), 229 (45), 205 (42), 204 (42), 199 (50), 189 (29).

Treatment of 7a,8x-epoxybauerenyl acetate (3) with 5% BF;-etherate in ether.

To a solution of compound 3 (30 mg) in ether (19 ml), BF,-etherate (1 ml) was added. The solution was
ent at 20 °C for one hour in nitrogen atmosphere. Ice water was added into the reaction mixture and it was
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extracted with ether to afford the crystalline products which were separated on silica gel CC to give compound 4

¢! mg, 13 %), $ (12 mg, 40 %) and 19 (6.0 mg, 20 %). All the compounds were identical with those of the m-
o - I "" ‘.Y‘ F 2 2 B Y
cmoroperoenzolc acid reaction pI‘OClUCIS OI 4 ( H-INIVIK).
Acid induced rearrangement of 2.
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To a solution of compound 2 (5 mg) in benzene (2.47 ml), AcOH (7.00 ml) and HZSO4 (0.53 ml) wer
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added carefuily. The solution was kept under N, gas for 20 h at 20
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products were extracted with ether, washed with sat. NaHCO; solution and water. The product was
recrystallised from acetone to afford a crystalline product which showed broad single peak (R, 3.90, cholestane
as an internal reference whose retention time was set at 3.0 min.) on GC. The product was found to be a mixture
of a-amyrin acetate and urs-13(18)-en-3p-yl acetate ("H-NMR).

Acid induced rearrangement of 13.
Reaction of 13 (few mg) was carried out under the same condition as that of 2. Starting compound and
o-amyrin acetate were detected in the product by 'H-NMR.
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