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A&et-Being interested in the photochemical reactions which arc potentially applied in the biogenctic- 

type chemical derivations of natural products, the appropriate photochemical means have bcco sought to 

produce the I lz.l2a-cpoxy-l3j3,28-lactonc moiety in the olcananc skeleton. which is one of the unique 

functions of cuptclcogcnin (2). Photooxidation of olcaaolic acid (6~) in acidic medium has been undcr- 

taken and desired I Ia.IZacpoxy-olcanolic lactone (It) obtained. Erythrodiol (&) has been submittal 

to photooxidation and the I la,I2acpoxy-I3f3,28-oxidc moiety (Ma) introduced along with skeletal rc- 

arrangement affording the I Ia,lZa*poxy-taraxcrcnc derivative (25a). During photooxidation of &. it 

has been noticed that I IS-hydroxy-olcan-IZ-cnc derivatives (28, 42) arc fairly labile, allowing the trans- 

formation of dihydropriverogcnin A(lOa) into the thermodynamically less favored isomer priverogcnin 

B(9) 

BIOGENETIC-TYPE SYN-IHES IS’ has been a subject of deep interest and an increasing 
number of works aiming at total syntheses of natural products with this conception 
have been presented in the recent literature.2 On the other hand, a vast number of 
the photochemical reactions are being reported these days3 and it is an attractive 
problem to devise photochemical reactions capable of transforming natural products4 
from one to another along the biogenetic-type paths. 

We have been working on a biogenetic-type photochemical conversion of plant 
products and our attempts are presented in this and the following paper,’ where our 
work on the oleanane type triterpenoids have eventually accomplished the trans- 
formation of spergulagenic acid (1) to eupteleogenin (2). 

Eupteleogenin (2). a unique nor-triterpenoid characterized by an epoxy-lactone 
moiety and a terminal methylene function, was initially obtained from the antibiotic 
glycosides of the leaves of Euptelea polyandra Sieb. et Zucc. (Eupteleaceae) and its 
structure elucidated by Murata et al. on the basis of chemical evidence6 and the 
X-ray analysis.’ As one of the plausible biogenetic routes of eupteleogenin, we have 
assumed that introduction of these functions might occur at the later phase of 
biogenesis, for instance, after completion of the pentacyclic carbon skeleton. 

At the same time, on the other hand, Corey et aL8 presented a paper which dealt 
with the photooxidation of P_amyrin (3) resulting in the formation of 1 Ia,l2cz-epoxy- 
taraxerol (4) and they showed a hydroperoxide (5) to be a possible intermediate 
during the photooxidative transformation. 

On this basis employing a compound possessing a carboxylic function at C-17 
of the A’2-oleanene skeleton, e.g. oleanolic acid #a), for the Corey’s transformation, 
the I la,lZa-epoxy-13p,28-lactone moiety of eupteleogenin (2) would be introduced 
in a single step via a hypothetical intermediate (7) in which the carboxylic function 
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1: R’ = H, Rz = R’ = CO()H 
SprguJagenic acid 

3: R’ = H, Rz = RJ = ~~ 
6a: R’ = H, R’ = C()OH, R” r Me 
b: R’ = AC, R* = COOCH,. RJ u Me 

8a: R’ = H, R’ = CH,OH, R3 = Me 
b: R’ = AC, R’ = CH,OAc, RJ = ~~ 

2: cuptcleogenin 4: RI = H, R’ = Me 
2%: R’ = H, R’ = C&OH (=&._2) 

b: R’ = AC. Rz = CHIOAc 

5:R = Me 
26: R = CH,OH 

0 

I-j-r?’ 
,tt,+, Q 2 

g 91 

HO RO 
“.,, 

9: R’ = a--OH, R’ = OH, R’ = Me Ws:R=H 
priverogcnin B 

32: R” = z-OH, R’ = H. R” = CHO 
dihydropriverogcnin A 

b:R = AC 
33: R’ = a-OH, R’ = H, R’ = Me 

29: R’ = MC, R’ = &OH 
30: R’ = CH,OH. R’ = &-QH 
31: R’ = CHIOH. R” = Q-OH 

37s: R 4 H 
b:R=OH 
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at C-17 is participating. The assumption has been realized in the present paper. 
In addition, photooxidation of erythrodiol @a) has been performed and as an exten- 
sion of these studies, the partial synthesis of less stable priverogenin B (9)9 from 
isomeric dihydropriverogenin A (10a)9* lo is also described. 

Photooxidation of oleanolic acid’ ’ 
Irradiation of the acidified ethanolic solution of oleanolic acid (6a) for 80 hr with 

occasional shaking to effect aeration afforded a crude product, whose TLC disclosed 
the formation ofthree products (designated as O-l, O-2, and O-3 from top to bottom 
on TLC) together with oleanolic lactone (ll)* and unchanged starting material. 
Prep. TLC separation of the total mixture furnished @I (12a). O-2 (13). and O-3 
(14a) with the respective yields of &5”/,. trace amount, and lO’;0 and recovered 
oleanolic acid (26 v/J. 

The main product, O-3 (14a). was shown by elemental analysis and its mass spec- 
trum to have molecular formula, C30H4804. (one more oxygen than that of oleanolic 
acid). The IR spectrum of G3 shows the presence of OH (3530 cm-‘) and y-lactone 
(1741 cm-‘) functions, while the NMR spectrum of O-3 exhibits a one-proton broad 
singlet (W$ = 7 Hz) at 6.20 r ascribable to a carbinyl proton geminal to an axial 
OH function along with signals due to seven C-Me function and a one-proton 
triplet-like signal at 6.87 r characteristically assignable to C-3a-H. The NMR spec- 
trum discloses a newly formed OH function in @3, but lacks the signal due to the 
olelinic proton which was found in the starting material. These observations have 
led to the formulation of O-3 as l2a-hydroxy-oleanolic lactone (14.a) and the pre- 
sumption was verified by the direct comparison (m.m.p., TLC, and IR) of the mono- 
acetyl derivative of O-3 with 3-0-acetyl-IZa-hydroxy-oleanolic lactone (14b) which 
was prepared from 3-0-acetyl-oleanolic acid by Barton’s procedure.” 

The minor product, O-2 (13). was shown to possess an OH function by its IR 
absorption band at 35lOcm _ ’ but to lack the carbonyl function. Although it is 

assumed to be a decarboxylation product. further examination was not undertaken 
due to shortage of the material. 

The second main product, O-l (12a). possesses a molecular formula,C,,H,,O,, of 
one more oxygen and two less hydrogens compared with oleanolic acid. The mass 
spectrum of O-l exhibits the prominent fragment ion peaks at m/e 207 and m/e 189 
ascribable to the ions (i) and (ii) derived through the reverse Diels-Alder type frag- 
mentation,” which secure the preserved rings A and B of the starting compound in 
O-l. The IR spectrum of 0- 1 shows an absorption band of 870 cm-’ assignable to an 
epoxide ring I4 in addition to an OH (3536 cm _ ’ ) and y-lactone (I 77 I cm _ ’ ) absorp- 
tion bands. The presence of an epoxide ring in O-l is further substantiated by a two- 
proton singlet at 7.05 T (Wj = 3 Hz) in the NMR spectrum, which is favorably 
comparable with the corresponding signal (2H singlet at 7.08 T with W$ = 3 Hz) of 
eupteleogenin (2).6 The NMR spectrum also discloses the presence of seven C-Me 
functions and C-3a-H by a one-proton triplet-like signal at 6.82 T. The accumulated 
physical data have led us to assume the aimed structure (It) for O-l. It is noteworthy 
that the two protons on the epoxide ring are observed as a two-proton singlet in 
12a as in 2, since the pattern is distinct from that reported in the previous papers.’ 5p. c 

Correctness of 12a for O-l was shown by the following derivatives. Treatment ol 

l NOI isolated. but detected only on TLC by comparing wth the authentic sample, 
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O-1 with ethanolic I&SO, afforded 12-keto-oleanolic lactone (15), which was un- 
ambiguously procured from 14b by CrO, oxidation followed by deacetylation. It 
follows therefore that introduction of a unique epoxy-lactone function has now been 
achieved in a single step starting from the ordinary A’ 2- 170~COOH moiety.’ ’ 

Next, our attention was focused on the chemical behavior of the epoxy-lactone 
(IZa). In general, it has been approved that an epoxide ring is opened by LAH 
reduction in a rrans-diaxial manner and the epoxy-lactone (121) is expected to afford 
a 12ol-hydroxy derivative (16a), which is readily obtainable from 14a by reduction 
using the same reagent. However, none of two reduction products of 12a was found 
to be identical with 16a. The minor product (17a) was shown to possess a newly 
formed equatorial OH function through ring opening of the epoxide moiety since it 
was readily acetylated to give a triacetate (17b) whose NMR spectrum (Table I) 
exhibits a multiplet with broad half-band width (20 Hz)‘~’ at 4.50 T. The tetraol 
(17a) is formally equivalent to a reduction product formed via an equatorial ring 
opening of the epoxide ring.* The major reduction product is assigned 18a. The NMR 
spectrum of the triacetate (18b)exhibits a one-proton doublet at 746 T due to C-12a-H 
and a one-proton double doublet at 4.78 T assignable to C-I lp-H, and the small 

TABLE I* 

Mb 17b 18b 

Me Y 7 

AcO x 2 

-G&OAc 576. 5.56 

(2H. A& 11) 
\ 
,G,@-o- 6.37 

>,,,,flOAc 

,,,HOAc 
5.5 I 
(I H. t-like) 

Me x 7 
AcO x 3 

5.72 

(2H. s) 
- 

IH, m. W 2 = 20 

5.56 
(I H. 1-like) 

MC x 7 
AcO x 3 

6.10, 5.69 

(2H, A& I I) 
7.46 

(IH. d. @9) 

4.78 

(I H. d.d. 7.7 and 0.9) 

5.58 
(I H. t-like) 

l Measured at 60 MHz. The coupling constant (J value) and half-band width 
in all Tables arc given m Hz_ 

m the parentheses 

coupling constant (O-9 Hz) between both signals was confirmed by the decoupling 
experiment. Further reduction of 18a with LAH gave 17~. which also supports the 
formulation of 18a. 

As for the formation process of 18a, the following consideration would be attrac- 
tive. An oxygen function at C-13p in a probable intermediate (19) produced by initial 
reductive opening of the lactone moiety would have attacked the 12p side of the 
1 lcr,lZa-epoxide ring to result in the formation of 181, that is, in a manner of the 
epoxide migration.16 In order to achieve conclusive evidence on the structure, 
18b was prepared unambiguously from erythrodiol diacetate (8b). Thus, treatment of 

l The Wraol 1% is In fact consideral 10 be a secondary product derived from 1& as disclosed later. 
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8b with NBS/Pb(OAc), in dry C6H, afforded a triacetate (20). which possesses an 
I la-acetoxyl function.” The triacetate (20) in turn was subjected to epoxidation 
using m-chloroperbenzoic acid” to give an epoxy-acetate identical with 18b in all 
respects. 

In connection with the fact that the lla.l2a-epoxy-l3P,28-oxide moiety (2411) is 
unaffected by LAH reduction under the same reaction conditions as for 12a (aide 
infra), it has been presumed that the probable intermediate (19) would be an inevitable 
step to cause the epoxide ring opening of 12a under the condition employed. The 
driving force for the epoxide migration could be the formation of the more favored 
12,l3-epoxide structure (as in 18a) as compared with the 11.12-epoxide (as in 12a 
or 19) since the former is comparable to the more favored A”-oleanene while the 
latter to less favored A’ ‘-oleanene. 

For comparison purposes, reduction of 15 was pursued similarly as for lta. In 
this case, the 12ghydroxy derivative (21a) was found to have the lactone ring re- 
ductively opened, whereas in the Ih-hydroxy product (22a) the lactone ring was 
reduced only up to a lactol moiety as revealed by NMR examination of the acetyl 
derivatives (2lb, 22b, and 22c) (Table II). On further reduction with LAH, the lactol 
derivatives(22b + 224~) furnished 16a. 

-C,,,&- 

‘LHfiOR 

\ -C,,W’c 

Zlb 

MC x 1 

AcO x 3 

5.88. 5.39 
(2H. A& 11) 
4.99 

(IH, t-like) 

co. 5.5.. 

(IH) 

22b 22c 

MC x 7 Me x 7 

AcO x 2 AcO x 3 

4.05 404 
(IH. s) (lH.9 
6.21 5.19 

1 IH. br.s, W; = 7 1 1 IH. br.s. W: = 7 

5.52 5.52 
(I H, t-like) (I H. t-like) 

l Measured at 60 MHz. 

l * Coupling pattern is unclear due to the overlapping by the signals of -C,,,,HJOAc. 

Photooxidution of eryrhrodiol’9 
On photooxidation of erythrodiol @a), which possesses a I7P-CH,OH function 

in place of 17BCOOH found in oleanolic acid (6a). participation of the unshared 
electron pair of 17/3CH,OH is anticipated (oia 23) and formation of the I la,l2a- 
epoxy-13P,28-oxide moiety (as in 24a) is expected. Since several oleanane sapogenins 
having the 13g,28-oxide function have been elucidated recently, introduction of the 
oxide function starting from A ‘2-17P-CH20H seems to be of interest. 

Irradiation of erythrodiol for 100 hr as for oleanolic acid followed by prep. TLC 
separation afforded two products, designated as E-l (5.8%) and E-2 (5.4”/,), in 
addition to the recovered starting material (13.2 %). 

The IR spectrum of E-I (24a) shows the presence of an epoxide ring (870 cm - ‘)I4 
together with the OH absorption band at 3580cm- i. whereas the NMR spectrum 
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of E-l (Table III) offers evidences of the 1 Ia,l2arepoxide ring by a two-proton 
singlet at 7.12 r (W$ = 3 Hz) assignable to C-lip-H and C-IZB-H and of the 138,28- 
oxide ring by a two-proton AB quartet at 6.73 and 6.30 T (1 H each, J = 6 Hz) due to 

the methylene protons at C-28. 2o Furthermore, the NMR spectrum of the mono- 
acetate (24b) (IR : 1725 and 1240 cm _ ‘) obtained readily from E-l with Ac,O and 
pyridine also satisfies the assignment (Table 111). Therefore, the welcomed structure 
(24a) presumably derived through 23 has been promoted for E-l. The assignment 
was further corroborated by the quantitative conversion of 24b to 12b by RuO, 
oxidation.21 

I 24s: R = H (E-l) 

b: R = AC 

-12b 

25a: R = H (E-2) 

b:R = AC 

Ho& Rod 

t 
3Sa:R=H 

b:R = AC 

CHAJtT 3 
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The other product, E-2 (Zsa), was shown to possess an OH (35OOcm-‘), a double 
bond (1630cm-‘), and an epoxide ring (870cm _ ‘) (IR). Acetylation of E-2 with 
Ac,O and pyridine gave a diacetate (25b), whose NMR spectrum (Table III) exhibits 
a one-proton doublet at 7.30 T (J = 5 Hz) and a one-proton triplet at 6.98 T (J = 5 
Hz). These signals are assignable to two protons on the epoxide ring and the chemical 
shifts and the coupling pattern resemble those of the corresponding protons in 
I lr,lZa-epoxy-taraxerol (4).8 In addition, a one-proton multiplet at 4.62 T due to 
an olefinic proton at C-15 and a two-proton singlet at 6.36 T assigned to the methylene 
protons of I7P-CH,OAc together with a one-proton triplet-like signal at 5.56 T of 
C-3a-H are observed in the NMR spectrum of 25b. Referring to the observation on 
48 and anticipating another probable intermediate (26). these physical data have led 
to the reasonable formulation of 25a for E-2. 

248 244 25b 

MC x 7 

*O,, 
-CT, ,, A,,,,-- 7.12 

;i h ZH,s.Wi = 3 

6.73. 6.30 

(2H. ABq. 6) 

6.77 
(I H, t-like) 

=C,,,,H- -. 

MC x 7 
AcO Y I 

7.16 7.30 (IH, d. 5) 

2H. s, W ; = 3 

6.76. 6.32 

UH. Ah, 6) 

5.56 
(I H, t-like) 

Me x 7 
AcO x 2 

6.98 (I H, t, 5) 

6.36 
(2H. s) 

5.56 
(I H. t-like) 
4.62 

(IH. m) 

l Measured at 100 MHz. 

Since Corey et al.’ succeeded in the synthesis of 4 from B-amyrin (3) through an 
alternate process other than photooxidation, we have also attempted the synthesis 
of 24~ and 25a through a similar reaction path. Oxidation of methyl 3-O-acetyl- 
oleanolate (6b) with t-butyl chormate yielded an 1 I-keto compound (27). which was 
then submitted to LAH reduction to furnish a trio1 (28). The trio1 was quite unstable, 
so that without purification it was treated with H,O,-pTsOH in t-BuOH-CH2ClZ8 
immediately to yield 24a (MO/,) and 25a (13%). The unstable property of the trio1 
(u() has been utilized at a key step of the transformation of dihydropriverogenin A 
(10s) into priverogenin B (9) as described below. 

Transformation of dihydropriverogenin A to priverogenin B22 

Among the naturally occurring oleanane triterpenoids, several are known to have 
the A”-13B,28-oxide structure and some possess the 13P,28-oxide moiety without 
A’ ‘. Saikogenin E (29)20b* ‘, F (30)20c, and G (31)20b* ’ belong to the former, while the 
sapogenins of Primuluceous plants such as priverogenin B (9)9. cyclamiretin A (32).23 
and protoprimulagenin A (33)24 to the latter. All of them have been characterized as 
the genuine sapogenins and have been demonstrated to readily convert to the second- 
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ary sapogenins, for instance, during acid hydrolysis of the parent saponins. Therefore, 
the synthesis of these sapogenins is of considerable interest. 

As mentioned above, we have noticed the intermediary trio1 (28) to be rather 
unstable. For instance, heating the trio1 in MeOH afforded a new compound accom- 
panied by a small amount of the diene (34). the latter being disclosed by a character- 
istic heteroannular diene triplet with low intensity in the UV spectrum (A max nm (c): 
244 (269). 253 (302). 262 (109)). Two recrystallizations of the total product (MeOH) 
furnished a pure compound (350) which shows only end absorption in the UV 
spectrum. Acetylation of 35a in the usual manner gave a monoacetate (35h). The 
NMR spectra of 35a and 35h (Table IV) are comparable with that of saikogenin E 

(29) 2obSc thus supporting the respective formulations. Formation of 35a from u( 
appears to be initiated by a trace of acidic contamination in MeOH (via 36)* since 
it was found that the trio1 (t8) was fairly stable even in boiling MeOH treated with 
alkali beforehand. Under the stronger acidic conditions, 35a affords the diene (34) 
as was observed in saikogenins. It follows that the simple reaction path to introduce 
the A”-13’g,28-oxide moiety has become available.22 At the same time, Kubota 
and Hinoh” were also successful in the transformation of longispinogenin (37a) to 
saikogenin E (29) through an 1 1-hydroxy derivative (37h). 

TABLE IV* 

358 35b 

I 
--c,dL---o--c,,,,-- 

--C,,,,H=C,,z,H- 

;W’OR 

6.12.632 6.74. 6.3 I 
(2H. ABq. 7) (2H. ABq. 7) 

46F 4. I7 4.66.. 4.15 

(2H. ABq. 11) (2H. ABq. II) 
6.8 I 5.50 

(I H. t-like) (I H. r-hke) 

l Measured at 60 MHz. 

l * The signal is further split into a doublet with J = 3 Hz. 

Based on these observations, even the sapogenins of the A”-13B,28-oxide type 
which are regarded as the genuine forms would be suspected as if the secondary 
products presumably derived from the 1 1-hydroxy-A’2-17f3-CH,0H structure. A 
similar consideration has been paid by Cheung and Tiikes” for 2cz,3B,23-trihydroxy- 
urs-I I-en-13g,28-olide (38) which was isolated from Dryobalanops armutica resin. 
They assumed 38 to be formed secondarily from a precursor (39) during the isolation 
procedure. 

In order to develop the simple process of the synthesis of the A”-13B,28-oxide 
system, we have attempted the preparation of priverogenin B (9) starting from 
dihydroprivcrogenin A (IO@. 

It was shown by Kubota and Hinoh”’ that on catalytic hydrogenation in AcOH 
using Adam’s catalyst saikogenin E (29) suffers hydrogenolysis affording longi- 
spinogenin (37a). Therefore, in a search for the appropriate conditions for preferential 
hydrogenation of the double bond at C-l 1, 3% was treated under the various 

l MeOH used here showed a three-proton doublet at 6.64~ (.I = 24 Hz) and a collapsed one-proton 

quartet at 5.16~ (J = 24 Hz) in the NMR spectrum at 60 MHz. 
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conditions (H 2 : atmospheric pressure or 3 atm. ; catalyst : PtO,, 5 Y0 Pd-C or Raney 
Ni (W-7); solvent: AcOH, EtOH, dioxane, or EtOAc) and finally hydrogenation 
over Raney Ni in EtOH was found satisfactory. The oxide (35~1) furnished the desired 
saturated 13P,2%oxide (40) and erythrodiol (&I) in a ratio of 3 :2. The NMR spectrum 
of40 supports the formulation (Table V). 

TABLE V* 

40 43b 

Me x 7 

-C,*8&-o--C,,,,- 

--c,,,~I=C,,~~-- 

)C,,WR 

:G,W’H 

6.73, 6.24 

(2H. ABq. 7) 

6.77 

(1 H, t-like) 

\ 
,C,zzWAc 

Me x 7 

AcO x 2 

6.56 
(2H. s) 
4.62f 4. I 3 
(2H. ABq. 10.6) 
5.50 
(I H. t-like) 

5.12 
(1H.d. 5.1) 

5.03 

(lH.q.6) 

l Measured at 60 MHz. 
+ The slgnal IS further spilt with J = 2.6 Hz. 

438. R = H 
b:R = AC 

CHART 4 
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Next, the following transformation was undertaken. Oxidation of dihydro- 
priverogenin A tetraacetate (lob) using t-butyl chromate gave an 1 I-keto derivative 
(41). which was then submitted to LAH reduction affording a pentaol (42). Without 
further purification, the pentaol was treated in MeOH under reflux thus giving the 
A’ ‘-13/3,28-oxide (43r) accompanied by a small amount of the diene (44). The NMR 
data of the diacetyl derivative (43b) substantiates the formulation (Table V). Finally. 
catalytic hydrogenation of 43a over Raney Ni in EtOH afforded priverogenin B (9) 
in a good yield. The product due to hydrogenolysis (dihydropriverogenin A (10a)) 
was not detected in this case. 

Taking adv;jntage of the various information obtained here. the conversion of 
spergulagenic acid (1) into eupteleogenin (2) will be detailed in the followmg paper.’ 

EXPERIMENTAL 

The followmg mstrumcnts were usal for the physical data. m.p. (Yanaglmoto Micro-mclrlngpomt 

Apparatus; lshil High-mcltingpomt Apparatus, a capillary type; recorded uncorrected): optical rotation 

(Rex Photoelectric Polarlmctcr, measured at room tcmpcraturc with I = 1 dm ;md c = 1.0); IR spectra 

(Hitachi IR Spcctrophotomctcr EPI-SZI: UV spectra (Shimadzu UV Spcctrophotometcr MPS-SOL); 

NMR spectra (Hitachi H-60 or Varlan HA-100 NMR Spectrometer. m CDCI, and TMS as the internal 

standard). The chcmlcal shifts arc given in r values and couphng constants (J) arc in Hz.TLC. Silica gel 

D-5 (Camag) was used for TLC and detection by I “/, Ce (SO,), m 10% HISO,. For column chromato- 

graphy. shca gel (Merck. 0.05-02 mm) wac used 

f’hotooxldarion o/&ono/ic acid (68). A solution of& (2 g) in 95 ‘z EtOH (400 ml. adjusted pH 2 by cont. 

HCI) was put into Pyrex tubes (I x 20 cm) and Irradiated externally with a 500 W high pressure mercury 

lamp (Eikosha Co, model PIH 500) at room temp for 80 hr. The tubes were 7 cm from the lamp and shaken 

occaslonally. After evaporation of solvent. the product was subjectal to prep. TLC developing with 

CHCI,-MeOH-HCOOH(30ml: I ml:afcwdrops)toglvcO-I (12a.8.5”/,),0-2(12. trace).O-3(14a. IO:,) 

and recovered 6a (26%). 

A pure sample of I IzlZa-epoxy-olcanolic lactonc (12r) (O-I), m.p. 269-271.5”. was obtamcd by re- 

crystallization from MeOH as colorless needles; [x]n + 21” (CHCI,); v,,, (KBr): 3536, 1771. 870cm. ’ , 
NMR (100 MHz): 9.22 (3H), 9-@ (3H). 9.03 (6H). 9.00 (3H). 8.96 (3H). 8.92 (3H) (all s, totally seven Me’s), 

7.05 (2H. s. Wq = 3 Hz). 6.82 (IH, t-like); Mass spectrum m/e (“A): 470 (M ‘, 411 207 (i. 15). 189 (ii. 53.3). 

95(100)(Found:C.76.33; H.964.C H 0 rcquircsC.76.55;H,9.85%). JO .b . 
Acctylation of 12a (IO mg) with Ac,O (0 3 ml) and pyridinc (05 ml) overnight at room tcmp afforded a 

product (9 mg). which was crystallized from MeOH glvmg 3-O-acetyl I la.1 Za-epoxy-olcanohc lactonc (12b) 

as colorless needles m.p. > 300” ; [TX]~ + 43” (CHCI,); Y,, (KBr): 1772. 1725. 1240.872 cm-’ (y-lactonc. 

acetate. cpoxidc) (Found. C. 75.02: H. 9.61 C,zH,,,O, requires C. 74.96; H. 944 yO). 

O-2 (13) was purlficd by rccrystallizatlon from McOH to give colorless plates m.p. 251-25SL; v_ (KBr): 

3510,870cn1-~. 

Rccrystallizatlon from McOH gave a pure sample of l2a-hydroxy-olcanolic lactonc (141) = O-3) as 

colorless plates. m.p. 274 278”: [aID + 67” (CHCI,,): Y,,, (KBr). 3530. 1741 cm-‘: NMR (IO0 MHz): 

9.24 (3H). 9.12 (6H). 904 (9H). 8.88 (3H) (all s. totally seven MC’S). 6.84 (I H. 1-like), 6.20 (I H. br.s. Wq = 7 

Hz) (Found: C. 7613; H. 1@38. C30H4,,0. requires C. 76.22; H. 10.24’4). Treatment of I41 (30mg) with 

Ac,O (0.5 ml) and pyridmc (I.5 ml) at room tcmp gave a product which was crystallized from McOH and 

ldcnrificd by m.m.p.. IR. and TLC with authentic 3-0-acetyl-I 2a-hydroxy-olcanolic lactone (14b) preparai 

by Barton. ’ ’ 

Arld frcurmenr of IL gicing 15. A solution of It (17 mg) in 6N HISO, (3 ml)-E1OH (4 ml) mixture was 

refluxed for 40 mm on a water-bath. After coolmg the mixture was diluted with water, extracted with ether 

and treated as usual. Prep. TLC of the product with CHCI,-acetone-EtOH (95:5:0.5) affordal a carbonyl 

compound (4mg) which was recrystallized from MeOH and identified by m.m.p.. IR, and TLC with 

authentic I2-kcto-oleanolic lactonc (15) prepared as below. 

12-Kero-olecmolic lucrone (15). To a stirred solution of lib (2OOmg) m acetone (50ml). was added 

dropwisc CrO, (3 ml) (composition: CrO, 266 g. cont. HISO, 2.3 ml water 7.7 ml) at room temp and the 

mixture was kept stirnng for further 20 min and diluted with water. The white precipitate was collcctcd 
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and dried to gtvc 3-0-acetyl-12-kcto-olcanolic lactonc (173 mg). The acetate was then dtssolved in 5% 

NaOH-McOH (10 ml), rcfluxed for 10 min on a water-bath, diluted with water, and acidified with dil. 

HISO,. The keto-lactone (15) obtained as a white precipitate was collecttd dried, and crystallized from 

Me0H.m.p. 271-274”,(147 mg). 

LAH reduction oil IuJ2a-epoxy-ofeonolic locrone (121). To a solution of LAH (250 mg) in dry ether 

(30 ml). was added dropwtse a solution of IZa (120 mg) m dry THF (10 ml) and the total mixture refluxed 

for 3 hr. After cooling excess LAH was decomposed by addition of AcOEt and Na,SO, aq. The mixture 

was added to Na,SO, and the resulting clear orgamc layer was decanted. The residual inorganic portion 

was washed with ether and the combmed organic layers washed with water, dried (Na,SO,), and evaporated 

to dryness to furnish a mixture (cu. 100 mg) of 178 and l&. Acetylation with Ac,O (3 ml) and pyridiae 

(5 ml) in the usual manner gave a mixture of acetates (17b and Mb). separated by prep. TLC developing 

wtthC,H,-CHCI,(I :3)togtve 17br2t)mg).rnd 18bt65mg). 

Recrystalhzatton from MeOH-CH,CI, gave pure 3p.llx.28-trracetoxy-13)3-hydroxy-oleanane (17b). 

colorless plates, m.p. 264267; [x]u + 24” (CHCI,); v,, (CHCI,): 35OO(br), 1720cm-’ ; NMR (60 MHz): 

9.17 (3H). 9.14 (9H). 9.00 (3H). 8.85 (3H). 8.75 (3H) (all s. totally seven Me’s), 7.96. 7.94.7.80 (3H each. all s. 

three AcO’s). and the other signals as given in Table 1 (Found: C. 71.43; H, 1005. C,,H,,O, requires C. 

71.72:H,9.70:.,). 

A pure sample of 38.11 x.28-triacetoxy-128,138-epoxy-oleanane (18b) was obtained as colorless plates 

m.p. 27@273” by recrystallization with aq. MeOH; [x]u + 39” (CHCI,); v, (KBr): 1728. 1244cm.’ ; 
NMR (60 MHz): 9.20 t3H). 9.14 (6H). 9@6 (3H), 8.99 (3H), 8.85 (3H), 8.37 (3H) (all s. totally seven Me’s), 

7.93 (9H. s. three AcO’s). and the other signals as given in Table I (Found: C. 7166; H. 9.49. C,,H,,O, 

requiresC.71.96; H.940”/,). 

Reductton of 18b with LAH in dioxane (reflux for 3 hr) furnished 17a quantitatively. Nenher unchanged 

WJ nor I& was detected in the reactton product. 

LAH reducrlon oj 12a-hydroxy-oleanolic /acrone (Ma). To a solution of LAH (250mg) in dry dioxane 

(15 ml). was added dropwix a solution of 14a (100 mg) in dry dioxane (10 ml). The mtxture was then refluxed 

for 15 hr and treated simtlarly as for reductton of lh. Acetylatton of the product (16a. 72 mg) with Ac,O 

(2 ml)and pyridine(3 ml)gavea product (65 mg),crystallized from MeOHCH,Cl, togive 3)3,28-diacetoxy- 

12x.1 3j3-dihydroxy-oleanane (Mb) colorless needles m.p. 198-201”; [x]u + 43” (CHCI,); v,,,,, (KBr): 3460, 

1715(br). 125O(br)cm-‘; NMR (60 MHz):9~14(3H).9~12(6H),9Q9(6H).8~83(3H), 8~72(3H)(alls,totally 

seven Me’s). 7.95 (3H). 7.93 (3H) (both s. two AcO’s), and the other signals as given m Table I (Found: C, 

7299 ; H. 9.74. C,,H ,b06 requires C. 72.82 : H. 1006 %). 

Aceroxylorion of 3.28-dl-~eryl-eryrhrodlol (Sb). To a solution of 8b (200 mg) in dry C,H, (15 ml), 

were added NBS (I 20 mg) and Pb (OAc), (200 mg) and the mixture refluxed for 30 min and treated in the 

usual manner to yield I I z-acetoxy-3,28-di-0-acetyl-erythrodiol (20) (I 30 mg, amorphous); [a], - 16” 

(CHCI,): rm,, (CHCI,): 1735. 1242cm~‘;NMR(60MH~):9~13(12H).8~98(3H).8~94(3H).8~73(3H)(a11s. 

totally seven Me’s). X 01 (3H). 7.96 (6H) (all s thr cc‘ AcO’sl. 6 32.6.00 (2H. ABq.. J = 11. --i‘,,s&OAc~, 

5.53 (1 H, t-hke. >C,,&lOAc). 4.51483 (2H. m. ‘fi ,, ,$OAc and -C,,,fi=). (Found: C, 7077: H,960. 

C,,H,,O,.?H,O requires C. 70.70: H.966’;). 

Epoxidamn oj 20. To a sttrred solution of 20 (30 mg) in CH2Cl, (5 ml), was added dropwise a solutton 

of m-Cl-perbenxoic acid (35 mg) in CH,CI, (10 ml) and the mixture was stirred at 25” for 1 hr to yield a 

complex mixture (TLC). Prep. TLC separation developing with CHCI,-acetone (30: I) aNorded a pure 

product 3.1 mg) which was idcntitied with 18b by IR and TLC. 

L4H reductron o/ l2-&em-oleunolrc (UC ronr (15). To a solution of LAH (MO mg) in dry ether (30 ml), 

was added dropwise a solutton of IS (200 mg) in dry THF (IO ml) and the mixture was refluxed for 3 hr and 

treated in the usual manner yielding a mixture (152 mg) of 218 and 2Za. Acetylation with Ac,O (3 ml) and 

pyridme (5 ml) (overnight at room temp) gave a mixture of the acetates (150 mg), which was subjected to 

prep.TLC toafford 2lb(48 mg)and 22b(71 mg). 

Analytical sample of 38,128.28-hydroxy-oleanane (2lb) was obtained by recrystallization from MeOH, 

colorless needles. m.p. 219-221”: [I)~ + 38” (CHCI,): Y,, (CHCI,): 3550 (br), 1725. 1245cm-‘; NMR 

(60 MHz): 9,20(3H), 9.14 (6H). 9.10(6H), 8.89 (3H). 8.82 (3H)(all s. totally seven Me’s), 7.96 (6H). 7.92 (3H) 

both s. three AcO’s), and the other signals as given in Table 11 (Found: C. 71.58; H, 9.78. CJ6H,s0, re- 
quiraC,71.72;H,9.70%). 

Analytical sample of the lactoldiacetate (22b) was obtained by recrystalhzation from MeOH, colorleas 

plates. m.p. 208-21 I” : [xlD + 63” (CHCI,); Y,, (KBr): 3440 (br). 1720, 1250 cm-‘; NMR (60 MHz): 9.14 
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(6Hk9.1 I (3Hk9.08 (3H). 903(3H), 8.79(6H)(all s. totally seven Me’s), 7.96.7.94(3H each s, two AcO’s),and 

the other signals as given in Table II (Found: C. 72.94; H, 1@03. C H 0 rquires C. 73X)8; H. 9.74 I”,). J. 3. 6 
Ac~rylorion o/ Iactol-diacetafe (22b). Acetylation of 2241 (50 mg) with Ac,O (1 ml) and pyridine (2 ml) 

under rellux for 2 hr followed by the usual work up afforded a product (45 mg), which was crystallized from 

aq. MeOH to give the lactol-triacetate(2Zc) as colorless plates. m.p. 138141.5” ; [xlD + 109” (CHCI,); 

v,,(KBr): 1735, 124Ocm-‘; NMR (60 MHz): 9.12 (12H). 9.03 (3H). 8.81 (3H). 8.78 (3H) (all + totally 

seven Me’s), 7.95 (3H). 7.91 (6H) (both s. three A&I’s). and the other signals as given in Table II (Found: 

C.71~90;H,9-4l.C H 0 rquircsC,71.96;H.9400/,). J6 36 7 
LAH reduction of the lactol acetates (22h + c) under the same reaction condttion as for reduction of 

14a (dioxane. rcflux for I5 hr) furrushed 16a. 

Phofooxldaflon ojeryrhrodio/(&). Irradiation of& (2 g) in acidified 95 Y0 EtOH (400 ml) with occastonal 

aeration for ICI0 hr under the same reactton conditions as for olcanol~c acid (6a) alforded a mixture whose 

separatton was effected by prep. TLC dcvelopmg with CHCI,-AcOEt (5:l) to give E-l (2Aa. 5.82,). 

E-2 (2%. 5.4%). and recovered & (13.2:;). Rccrystalluatton from MeOH afforded a pure sample of 

Z&hydroxy-I 1~.121:;13B.28-d1epoxy-oleanane(24akcolorlessnccdlcs, m.p. 259-261”;(x], -4F(pyridme); 

v,,,,, (KBr): 3580.870cm- ‘; NMR (100 MHz):9~22(3H).9~08(3H~902(12H),8~94(3H)(alls.totallyscven 

Me’s), and the other stgnals as grvcn in Table Ill (Found: C. 78.58; H, 1080. C H 0 rcquucs C. 78.89; ,lJ *&I J 
I059 %j. 

Analyttcal sample of 28-hydroxy-I 1x,)2x-epoxy-taraxerol (2!5a) was obtamcd by recrystallization from 

McOH as colorless n6edlcs. m.p. 268-271” ; [xl0 -56” (pyridine); Y,, (KBr):3500,)630.870cm~‘(Found: 

C.78.85;H,l0.6l.C H 0 rquircsC.78~89;H.l0590/,). 30 4* , 
Accrrlafron o/Ur. The diepoxidc (2.48. 50 mg) was acerylatcd wnh Ac,O (W5 ml) and pyridine (I ml) 

and treated in the usual manner to grve a product (50 mgk whtch was crystalhmd from MeOH to give 

3@-acrtoxy-11x,12x :I 38,28-dicpoxy-oleanane (t4b)ascolorlcs.s needles. m.p. 275276”; [x]u - 36” (CHCI,); 

v,,(KBr): 1725. 1240,870cm“; NMR (IOOMHz): 9.17(6H),9.11 (3H).9-05(6H).900(3H),860(3H) 

(all s. totally seven Me’s), and the other signalsas given in Table III (Found: C, 76.86: H. 1004. C21H,o0, 

rqurraC.7706;H,1011D,0). 

Acerylur~on of 2%. Treatment of 2% (30 mg) with Ac,O (0.5 ml) and pyridinc (I ml) as usual yielded a 

product (29 mg). which was crystallized from McOH to give 28-acetoxy-I I sl2a-cpoxy-3-0-acetyl-taraxerol 

fub) as colorless needles. m.p. 256260”; [x]u -51” (CHCI,); I~~,, (KBr): 1730. 1245. 1635. 870cm ’ ; 
NMR (100 MHz): 9.16 (6Hk 9.13 (3H). 907 (3H). 9.01 (3H). 8.95 (3H), 8.93 (3H) (all s. totally seven Me’s), 

8.01 (6H. s. two AcO’s). and the other signals as given in Table III (Found: C. 7547; H, 9.56. C,,H,JO, 

requires C, 75.5 I : H. 9.69 7;). 

RuO, oxldurion o/24. RuO,-CCI, solution: To an ice-cooled suspension of RuO, (200 mg) in Ccl, 

(25 ml), was added aq. NalO, solution (NalO, 1.68 and water 25 ml) and the mtxture kept sttrring under 
me-cooling for one hr. The Ccl, layer was taken, filtered to remove black precipitates and was added agam 

with aq. NalO, solution (NalO, D5 g and water 25 ml) with stirring thus giving a yellow RuO,CCI, 

solution. 

Toa stirred solution ofub(49 mg)in Ccl, (IO ml). wasaddcd dropwiscat room tcmp theaforementioned 

RuO, -Ccl, solution (IO ml) and the total mixture stirred for further 2 hr. After addition of iso-PrOH to 

decompose excess RuO,, the black precipttate (RuO,) was removed by filtration. Evaporation of the 

solvent afforded a product a product (45 mg), whtch was crystallized from MeOH and Identified with 3-O- 

acctyl-I Iu_l2a-epoxy-olcanolic lactonc (12b) by m.m.p.. IR. and TLC. 

M&y/ 30aceryf-I I-keto-okanofare (27). To a stirred warm solution of methyl 3-0-acetyl-oleanolate 

(6b) (5 g) in dry Ccl, (80 ml), was added dropwix a mtxture of t-butyl chromate-CCI, solutton (80 ml),“~ 

AcOH (30 ml), and Ac,O (13 ml) and the mixture rcfluxed for 3 hr. After coolmg, the mixture was treated 

with aq. oxalic acid and then with crystals of oxalic acid to decompose excess t-butyl chromate, and 

extracted with Ccl,. The organic layer was treated in the usual way and evaporated to dryness. Rccrystal- 

lixatton of the product wtth MeOH gave 27 (4.1 g). m.p. 245-248” (colorless needles); Y,,, (CHCI,): 1718, 

1250(cstcr), 1649 (six-membered rmgenone)cm ‘. 

U/f reducrron of27. To a solution of LAH (300 mg) in dry ether (25 ml), was added a solution of 27 

(200 mg) in dry ether (IO ml) -C,H, (IO ml). and the total was rclluxcd for 4 hr. ARer cooling. the mixture 

was treated with MeOH. aq. IOy/, NaOH. extracted wtth ether and worked upas usual. Smce the product. 

1 I C-hydroxytrythrodiol (ts) (160 mg) wax fauly unstable, it was submitted to further reaction without 

purnication. 

H,O,-p-TsOH oxrdarion IJ/ Zs. To a stirred solutron t8 (I60 mg) tn CH,CI, (20 ml). was added dropwise 
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a solution of t-BuOH (8 ml) contaming p-TsOH (240 mg) and 307; H,Or (1 ml) at room tcmp and the total 
mixture allowed to stand overnight with stirring. After diluting with water, the mixture was extracted wtth 

CHICI, and the organic layer washed wtth water. aq. 5 % NaHCO,, and water success~vcly and treated as 

usual to give a product (143 mg). Silica gel (13 g) column chromatography of the product furnished 24a 

(68 mg) and 258 (22 mg). both of which were identified by m.m.p., IR and TLC with the compoupds above 

procured through photooxidation oferythrodiol @a). 

‘Tfeorm~nt ofzs with her MeOH. The trio1 (2% 200 mg) was dtssolved m hot MeOH and the solutton 

heated on a water-bath for a few min. After cooling. colorless needles ((40 mg) separated out and were 
~ollcctcd. Recrystallization twin afforded A’ ’ - I3/1.28-oxide dcrivatrvc (358. I24 mg) as colorless needles, 

mp. 225-226“; [xlo t 115” (CHCI,): v,,(CHCI,): 3440, l645cm-r; NMR (~OMHZ): 9.21 (3~). 9.11 

(3H). 9-09 (3H). 9-02 (9H). 890 (3H) (all S. totally seven Me’s). and the other signals as gtven in Table IV 

(Found:C.81.62;H. 1090.C,,H,,0,rquircsC.81~76;H, 10.98p~J. 

Acerrlarion o/3% The oxide @a. 50 mg) was treated with Ac,O (I ml) and pyridinc (2 ml) m the usual 
way to yield an acetate (48 mg). which was crystallized from MeOH to afford 35b as colorless needles, 

m.p. 221-223”; [x]u t 127 (CHCI,); v,, (CHCI,): 1719. 1256 cm-‘; NMR (60 MHz): 9.13 (9H). 9.05 

(6H). 9.03 (3H). 8.91 (3H) (all s, totally seven Me’s). 7.94 (3H. s. AcO), and other stgnals as given in Table 

IV (Found: C. 79.05; H. 10.14. C,rH,,O, requires C. 79.62; H. 1044”“). 

Carulpc Hgdrogenurion oj351. A solution of 3% (80 mg) in EtOH (IS ml) was hydrogenated over 

Raney Ni (W-7) (IO0 mg) at room tcmp for 12 hr. The product obtained after the usual work up was scp- 

aratcd by prep. TLC devclopmg with n-hcxanc- AcOEt (4: I) to alford 40 (40 mg) .md erythrodtol @a. 28 mg). 

Rccrystallizatton from MeOH gave a pure sample of 3f3-hydroxy-l3)3.28-epoxy-olcananc (40) of m.p. 

251 -25P; [x]u + 4P (CHCI,); v,,, (CHCI,): 3610, 3470 cm- ’ : NMR (60 MHz): 9.22 (3H). 9.12 (6H). 

909 (3HI 9.01 (6Hk 8.80 (3H) (all s, totally seven Me’s). and other stgnals as given in Table V (Found : C. 

81.58; H, 1144. C,,H,,,Oz requires C. 81.39; H. 11.380/b). 

Oxidarion of 3.16.22.28.rerroQaceryl-dihydropriuerogenm A (lob). To a stirred solutton of IOb (745 mg) 

tn dry Ccl, (25 ml). was added dropwisc a mixture of t-butyl chromate-Ccl_ solution (25 ml).rh AcOH 

(9 ml), and Ac,O (4 ml) and the mixture was refluxal for 2 hr and treated with aq. oxalic acid solution 

and then with crystals of oxalic actd to decompose excess t-butyl chromate. The mixture was extracted with 

Ccl. and the organic layer washed wtth water, aq. 5 y0 NaHCO,, and water successively and treated in the 

usual way. The dark brown crude product was purified by silica gel (35 g) column chromatography cluting 

with C,H,-CHCI, (I :I) to afford 41 (710 mg). Recrystallization from aq. EtOH gave pure 3.16,2228- 

tctra-0-acetyl-I I-kcto-dihydropriverogenin A (41) m.p. 225-227’ (colorless needles): [a], - 2’ (CHCI,); 

v,, (CHCI,): 1735. 1248 (acetate). 1657 (enone) cm ’ (Found: C, 69.23: H. 844. C,,H,,Op requires C. 

69.48 ; H. 8.59 “/.,. 

LAH reducrton oj’4ljollowed by rreormenr wirh her MeOH. To a solution of LAH (500 mg) in dry ether 

(20 ml), was added dropwise a solution of41 (300 mg) in dry ether (20 ml) and the total was retluxed for 3 hr. 

After cooling the mtxture was treated with MeOH and aq. IO “ie,, NaOH In the usual manner and extracted 

wnh ether. Work up gave unstable 1 Ii-hydroxy-dthydroprtverogcnm A (42.170 mgl Without purification. 

42 was treated with hot MeOH to give crystals, shown to be a mtxture of 43a and rl small quantity of 

the dtenc (44) (UV). Further recrystallization from MeOH afforded a pure sample of 43~ (83 mg. colorless 

needles) m.p. 255-257’; [z],, + 20” (CHCI,); vnuI (KBr): 3440 cm-’ (Found: C. 74.70; H. 1@3l. 

C,,H,,O,.fH,O requires C. 7473: H. lO.l7’/,). 

Acerylorron oj43a. Treatment of 438 (42 mg) with Ac,O (2 ml) and pyrtdine (3 ml) furnished the acetate 

(43b) colorless needles from MeOH, m.p. 259-260” ; [crlD + 29” (CHCl,); v,., (CHCI,): 3600. 3490. 1722. 

124!cm-‘: NM R (60 MHz): 9.14 (6H). 9.07 (3H). 8.99 (6H). 890 I?H). X.70 (!H) (all s. totnllv seven Me’s). 

7.95 (6H. S. two AcO’s). and the other stgnals as gtvcn m Table V (Found C. 72% H. 9.33. C,,H,& 

requires C. 73.38: H, 941 ‘:b). 

Carolyrlc hydrogenurron o/431. A solution of438 (26 mg) m EtOH (8 ml) was hydrogenated over Rancy 

NI (W-7) (70 mg) at room tcmp for 4 hr. After work up, the product was recrystallized from acetone-CCI, 

to gave crystals (IY mg). tdenttticd wnh prtverogenin B (9) by m.m.p.. IR. and TLC. 
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