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Ati-The two D: A-friedo-olamane triterpenes kokzcylanol and kokzeylanonol isolated from the 
inner bark of Kokoonu zeyhicta have been characterized as 6&27dihydroxy-D: A-friodo-olcan-3-one and 
6&27dihydroxy-D: A-fricdo-olcan-3,21dionc, q~~tivcly, by the dcoxygcnation of their 27-acztoxy 
derivatives using lithium~thylcncdiamine reduction coupled with spaztroscopic and irradiation methods. 
Kokzcylanonol represents the first t&a-oxygenated D:A-fricdo-oleanane triterpent obtained from a 
nautral source. Signikancc of some of thest D:A-fiiaio-olcananes in the biosynthesis of quinonoid 
triterpenes in Glastraaae is discussed. 

Kokoona zeyhica Thwaites is a plant with reputed 
medicinal properties4 and having restricted distribu- 
tion in Sri Lanka and South India.5 Twelve 
D:A-friedo-oleanane triterpenes have been isolated 
from the hot hnzene extract of the inner stem bark 
of this plant’ and we have already reported the 
characterization of fi-iedelin (l), D: A-friedo-olean- 
3,2 1 dione (2), 2 1 cr -hydroxy-D : A-friedo-oleanJ-one 
(3): kokoonol (27-hydroxy-D: A-friedo-olean-3-one; 
4), kokoononol (27-hydroxy-D : A-f&do-olean-3,2 l- 
dione; S), k k o oondiol (2 I a,27dihydroxy-D: A- 
friedo-olean-3-one; 6),‘*’ zeylanol (@.I-hydroxy-D: A- 
friedo-olean-3-one; 7), zeylanonol (QY-hydroxy-D: A- 
friedo-olean-3,2 I-dione; 8), and ztylandiol (6fl,2 l/?- 
dihydroxy-D: A-frieda-olean-okan-3-one; 9).ls 

The present paper deals with the characterization 
of two novel 27-hydroxy-D : A-friedo-oleananes 
named kokzeylanol and kokzeylanonol from K, ze- 
ylanicu and establishment of their structures as 
6/?,27dihydroxy-D : A-friedo-oleaa-3-one (11) and 
6/?,27dihydroxy-D : A--friedo-olean-3,2 1 dione (12), 
respectively. Kokzeylanonol is the f!.rst example of a 
natural tetraoxygenated D: A-friedo-oleanane and is 
significant as polyoxygenated triterpenes are reported 
to exhibit antitumor activity.9 

RESULTS AND DlSCUSSlON 

The triterpene mixture obtained from the hot 
benzene extract of the inner stem bark of K. zeyiunicu 
has been separated into twelve constituent crystalline 
compounds by combined column and TLC.’ Charac- 
terization of nine of these D : A-friedo-oleanane trite- 
rpenes have been reported earlierc9 (see above). The 
two most polar compounds eluted from the columrr 
with 10% methanol in chloroform were found to have 
3,6,27-trioxy and 3,6,2 1,27-tetraoxy D : A-fried* 
oleanane systems’ and were named as kokzcylanol 
and kokzcylanonol, respectively. 

1: R’=(); R2= R’=Hs R’=Me 
2: R’=R’=Q R3=H2; R’=Me 
3: Rl=Q R2=H; R)=a-OH, 8-H; R’=Mc 
4: R’=Q R2= R3=H2; R4=CH20H 
5: R’=R’=O; R’=H,; R4=CH10H 
6: R’ = 0; R2 = H,; R3 = aaH, 8-H; R’= CH,OH 
7: R’ = 0; R2 = B-OH, a-H; Rf = H,; R’= Me 
8: R’ = R’ = 0; R’ = /?4lH, a-H; R’ = Me 
9: RI = 0; R2 = RJ = B-OH, a-H; R’= Me 

10: R’ = 0; R2 = /j-OAc, a-H; R’ = H,; R’= Me 
11: RI = 0; R2 = /?-OH, a-H; Rs = H,; R’ = CH20H 
12: RI = R3 = 0; R2 = B-OH, a-H; R’ = CH,OH 
13: RI = 0, R2 = #IQAc, a-H; R’ = H,; R’ = CH20Ac 
14: R’ = RJ = 0; R2 = /GoAc, a-H; R’ = CH,OAc 
Is: R’=R’=R’=H,; R’=CH,OH 
16: R’ = R2 = R’ = H,; R’ = CH,OC( = S)Ph 
17: R’ = R’ = R’ = H,; R’ = CH20CH2Ph 
18: R’ = R’ = R’ = H,; R’ = CH,OAc 
19: R1 = R’ = H2; RI = B-OH, a-H; R’ = CH20H 
20: R’ = R2 = 0; RS = H,; R’ = CHO 
21: R’=R’=OH, H; R’=H,; R’=CHO 
22: R’ = R2 = 0; RS = H,; R’ = Me 
23: R’ = R’ = jY4lH, a-H; R3 = 0, R’ = CH,OH 
24: R’ = Rz = B-H. a-H; R’ = 0, R’ = Me 

tDcdicatcd to Prof. Carl Djcrassi with great admiration 
for the appcarcnce of his one thousandth paper and in 
appreciation lo his contribution in the fields of tritcrpcnoids 
and steroids. 

The IR spectrum of kokzylanol, (&H%O,, m.p. 
274-276”, was indicative of the presence of hydroxyl 
(3490 cm - ‘) and carbonyl(l740 cm - ‘) functions. Ex- 
amination of the ‘H NMR spectrum revealed the 
presence of six tertiary CMe, one secondary CMe, 
two protons appearing as a broad singlet at 64.08 
assigned to a CEJOH on a quarternary carbon atom, 
and one proton appearing as a multiplet at 3.05 
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(W,, = 18 Hz) assignad to a CHOH in a ring system. 
Kokzeylanol, C&O,, m.p. 295-297”, had in its IR 
spectrum strong bands at 3490, 1722 and 1714 cm-i 
indicating the presence of hydroxy and carbonyl 
groups. In the ‘H NMR spectrum it had signals due 
to six tertiary CMc, one secondary CMc, two protons 
appearing as a broad singlet at S4.10 assigned to a 
C_H,OH on a quarternary carbon atom, and one 
proton appearing as a multiplet at 3.50 ( W,/2 = 18Hz) 
assigned to a CHOH in a ring system. On acctylation 
both LokzeylaZol (11) and kokzeylanonol (12) 
afforded their corresponding diacctates 13 and 14, 
respectively. The prochiral nature of the CI&OAc 
group in 13 and 14 was apparent from their ‘I-!%MR 
spectra where each proton of the CH, group ap 
peared as a doublet (J = 12Hx) (see Experimental). 

In order to relate kokzcylanol (11) and kok- 
zeylanoaol (12) to known D: A-friedoaleananes, a 
dcoxygenation method applicable to both primary 
and secondary alcohol functions was required. Pres- 
ence of 0x0 groups ruled out the possible use of 
conventional Huang-Minlon reduction.‘* 

Triphcnyltin hydride reduction previously em- 
ployed by us to deoxygenate 6fl-hydroxy and 
2 1 /l-h ydroxy-D : A-friedo-olcananes9 having a sec- 
ondary alcohol group, when attempted on the model 
compound, 27-thiobenzoyloxy-D: A-friedc+olcanane 
(W, afforded 27-benxyloxy-D: A-friedo-oleanane 
(17) and not the deoxygenated product (friedclan). 
However, reduction of the derived a&ate (18) by 
Barton’s recent procedure,” but employing lithium 
and ethylenediamine proved to be the method of 
choice as excmplificd by successful deoxygenation of 
several triterpene acetates bearing both primary and 
secondary alcohol functions (set Table I). 

As expected, lithiurn-ethylcnediamine reduction of 
27-acctoxy-D: A-fried0 oleananc (18) yielded the dc- 
oxygenation product, friedelan (65%). The product 
due to hydrolysis, 27bhydroxy-D: A-fried*oleananc 
(15) (30%) was also formed. When kokzeylanol di- 
acetate (13) was subjected to similar treatment, a 
mixture of products was obtainad. However, on 
oxidation (CrO,/pyridine), this mixture afforded fri- 
edlin (1) as the major product (64x), thus con&ming 
that kokzeylanol is a derivative of friedclin (see 
Scheme I). 

Lithium+thyltncdiamine reduction of kok- 
zeylanonol diacetatt (14) yielded a mixture of prod- 
ucts which on subsequent oxidation as above 
afforded D : A-friedo-olean-3,21dionc (2) as the ma- 
jor product (40%). Thus, kokzeylanonol should lo a 
derivative of 2. 

It remained then to locate positions of the hydroxyl 
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groups in kokxeylanol and kokzcylanonol. 
Huang-Minlon reduction of both natural products 
gave the same diol 19, CmHs202, m-p. 278-280”. 
Oxidation (CrOJpyridine) of kokzeylanol (11) 
yielded the diketo-aldchyde 20, m.p. 298-300”. So- 
dium borohydride reduction of #) gave a product, 
C&,,03, m.p. 266268”, whose spectral data indi- 
cated it to be a aldehydcdiol 21. Huang-Minlon 
reduction of this aldehydediol 21 followed by ox- 
idation afforded a diketone, m.p. 30&306”, which 
was identified as D: A-friedo-olean-3.6dione (22).* 
Thus, the secondary hydroxy function in kokzeylanol 
and kokzeylanonol should be with a /?-configuration 
( w,fl = 18Hz).* 

By analogy with kokoonol, the hydroxy methylenc 
group in both kokzeylanol and kokzeylanonol was 
placed at C-13. In order to co&=rn this, photolysis of 
the 21-keto group previously used by us in the 
structure elucidation of kokoonol and kokoononol’*7 
was employed. Sodium borohydride reduction of 
kokzeylanonol(l2) afforded 23, m.p. 336338”, pho- 
tolysis of which gave two products. IR, ‘H NMR and 
spin-spin decoupling cxperimcnts’J2 suggested the 
major (58%) product to bc 38,6&27-trihydroxy- 
E-seco-D : A-friedo-olcan- 19ene-2 1 -carboxaldehyde 
(2!5), m.p. 130-I 32”, and the minor (32%) product to 
be 3/3,6/?,27-trihydroxy-21,22-bisnor-E-seco-D: A- 
friedo-olean- 16,19diene (27), m-p. 98- 1 OW, formed 
due to a Norrish type II process on the major product 
25. Failure to detect the intermediate carboxaldehyde 
26 during the irradiation of 3/?,6/?dihydroxy-D:A- 
friedo-olean-2 1 -one (24) under identical conditions 
suggests a partial inhibition of Norrish type II pro- 
cess on 2S which may only be possible if the hydroxy- 
mcthylcnt group is present on C-13 avoiding the 
abstraction of the 16-H by the CHICHO gro~p.‘*~ 
Since Huang-Minlon reduction of both kokzeylanol 
(11) and kokzeylanonol (12) gave the same diol 19, 
kokzcylanol should also have the hydroxymcthylene 
function at C-l 3. 

Biosynthetic con.G&rations 
It is interesting to note that K. zeylanico contains 

a variety of oxygenated D:A-friedo-olcanane triter- 
penes, This may be attributed to the presence of 
oxidase enzyme(s) in this plant. The co-occurence of 
6fl-hydroxy-D : A-friedo-oleanancs, desmethyl ze- 
ylasterone (32), zeylasterone (33), cclastrol (30) and 
pristimerin (31)13 in K. zeyhica suggests the possible 
biosynthetic relationship bctwcen 6-oxo-D : A-friedo- 
oleananes (e.g. 6oxo-salaspermic acid (29)” type 
intermediate) and the quinonoid triterpenes peculiar 
to Celastraceous plants (Scheme 2). 

20 - 1V 21 v,lii 22 

t 
13-’ kokzeylanol(ll) L 19 A kokzeylenonol(12) 

I 

Ii 
iii 

Fricdelin (I) 2< 

Scheme 1. Reagents: i. AGO, pyridinc; ii. Li+X$JF& rcflux, 30 min; iii. CrO,, pyridine, 25°C; iv. 
NaBH,, [CH,OH],, 25”, 10 min; v. NH,NHz-H20 (98-1W/,), (CH,OHh, KOH, 1%160” for 3 h and 210” 

for 4 h, 
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Polpunomc acid 

30: R=H 
32: R=Y 

31: R=Mc 
32: R=Me 

Scheme 2. Possible biosynthetic relationship between 6-oxo-D:A-friodo-oleananes and quinonoid 
triterpenes in ctlastraccac. 

Table 1. Results of lithium ethylene&mine reduction of some triterpene acetatea 

Triterpent acetate ProduNs) % yield 

27-Aatoxy-D: A-friado-oleanane (18) 

GAatoxy-D : A-f&do-olean-3-one 
(zeylanol aatatc) (10) 

Kokzylanol diaatate (13) 
Kokzeylanonol dketate (14) 

friedelan 
27-hydroxy-D: A-friedo-oleanane (15) 
friedelin (1) 

fliedelin (1 r 
D : A-friedwkan-3,2 ldione (2y 

‘Product obtained after oxidation with CrQ-pyridine 

HO 

OH 

25: H=cw*OH 

26: R = Me 

EXPERIMENTAL 
General nwho&. hkps were determined on a Kofler hot- 
stage melting point apparatus and are uncormctod. IR 
spectra were determined in KBr discs with a Ptrkin-Elmer 
model 257 gmting spwtrophotometer. Nuclear magnetic 
resonana spectra were determined in deuteriochloroform, 
unless otherwise not& on a Varian T 60 A or FT-80 
spectrometer with tctramethylsilane as an internal standard. 
Mass spectra were obtained from University of Abe&en, 
Scotland, and microanalyses were performed by the CSIRO 

HO 

OH 

27: R = CH,OH 

28: R = Me 

M.icroan@tkal &via, Melbourne, Awtralia. Optical ro- 
tations were determined on a P&in-Elmer 241 automatic 
polarimeW. Thin-layer cbromatogfaphy ULC) was czuriad 
out on silica gel (E. Mar&) plates (0.1 mm), and visual- 
ization was efkctal with acid&d anisaldchyde spray. 
Preparativalpyer chromatography (PLC) was carried out 
on silica gel PF,, (Merck) plates (1.0 mm). Column 
chromatography was carried out on silica gel (-70 mesh, 
Merck). 

The plant material was collected from Kanneliya tin 
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forest, Sri Lanka and the authenticity of material was 
confirmed by Prof. S. Balasubramaniam, Dcpt of Botany, 
University of Peradcniya, Sri Lanka. Processing of plant 
material, isolation and physical data of kokzeylanol (11) 
and kokzeylanonol(12) have been reportal in Part I of this 
series.’ 

Rcerylufion of kokzeylanol (II). Acctylation of (11) 
(100 mg) with Ac,O (2 ml) in pyridine (5 ml), usual work 
up and crystallization yielded kokzeylanol &acetate (13) as 
white needles (95 mg, 87%); m.p. 25U-252”; [a&19.5’ 
(CHCI,); 1R (KBr) 1740, l722cn-‘; ‘H NMR (CDCI,) 6 
4.70 (IH, m, CHOAc, IV,,, = ISHz), 4.66 and 4.35 (ZH, dd, 
J = 13Hs CH,OAc), 2.06 and 2.03 (6H, s, 2 x OCOCH,), 
2.73-1.40 (CHJ and 1.30-0.80 (7 x Me). Found C, 75.30; 
H, 9.80. Calc for C,H,O,: C, 75.21: H, 10.04%. 

Ace?ylofion of kokzeylanonol (12). Acctylation of ke 
kzeylanonol (100 mg) with A%0 (2 ml) in pyridinc (5 ml) 
usual work up and crystallization from methanol affordal 
kokzeylanonol diacetatt (14) as white needles (95 mg, 90%); 
m-p. 270-272” [a]g + 64.5” (CHCI,); IR (KBr) 1740, 
l7lOcm- ‘; ‘H NMR (CDClJ 6 4.70 (IH, m, WI = l8Hz. 
CHOAc), 4.66 and 4.35 (2H. dd, J = 13Hz, CH,d?Ac), 2.06 
(3H, s, OCOCH,), 2.03 (3H, s, OCOCH,), 2.73-1.10 (CHJ 
and 1.30-0.80 (7 x Me). Found: C, 73.X!; H, 9.40. Calc for 
C,H,,O,: C, 73.33; H, 9.43%. 

Preparation of 27-hy&oxy -D : A -friedo -0leanan.e (15). A 
mixture of kokoononol (q (5C@mg), cthaac-1,2diol 
(15 ml), hydrazine hydrate (9!&lW/ 5 ml), and potassium 
hydroxide (500 mg) was healed under rcflux (I 6&l 70”) for 
4 hr. The condenser was removed and the solvent distillad 
off until the temperature rose to 210’. after which the 
condenser was replaced and the mixture refluxal for 4 h. 
The reaction mixture was coolad to room ttmp and worked 
up in the usual manner to obtain 15 as white needles 
(40Omg. 86%); m.p. 225-227”; [cxE + 9.0” (CHCI,); IR 
(KBr) 34Wcn-‘; ‘H NMR (CDCI,) 6 4.13 (2H, br, s, 
CH_,OH), 1.80-1.30 (CHJ and 1.20-0.83 (2lH, 7 x Me). 
Found: C, 84.30; H, 12.21. Cafe for C,&,O: C, 84.00; H, 
12.30%. 

Prepararion of 27-rhio&nzoyloxy-D : A -friedo-okmane 
(16). A mixture of NJdimcthyl benzamidc (150 mg) and 
phosgcnc (150 mg) in benztac (2 ml) was kept for I8 h with 
stirring under N,. The .solvcnt was cvaporatcd and the 
residue taken up in dichloromcthanc (3 ml) and added to a 
solution of 15 (250 mg) in THF (5 ml) with stirring. This was 
kept for 30 min and was converted into the thiobenzoale 16 
by the addition of pyridinc (0.25 ml) followed by the 
treatment with hydrogen sulphidc for IOmin. Usual work 
up gave rhe crude product which on purification by PLC 
(cluant-benzene) and recrystallization from methanol 
affordad pure 16 as yellow needles (2OOmg. 66%); m.p. 
196196”; [a]g + 56.0” (CHCI,); IR (KBr) 1235cm- ‘; ‘H 
NMR (CDCI,) 6 8X-8.06 and 7.53-7.30 (5H, m, ArH), 
5.00 (2H. s, CH,OZSPh), 2.00-1.30 (CHJ and 1.16-0~ 
(2lH. 7 x Me).Tound: C, 79.09; H, 9.80; S, 5.75. Calc for 
C,,H,O$: C, 78.90; H, 9.70; S, 5.70%. 

Triphenyltin hydride reduction of (16). 27- 
Triobcnzoyloxy-D: A-fricdo-oleanane (100 mg) in tolucne 
(8 ml) was added during I5 min to a solution of triphtnyltin 
hydride (100 mg) in tolucnc (7 ml) with rcfluxing under dry 
N,. After the disappearance of the yellow colour (2 h), the 
solvent was removed in uucuo and the residue was purified 
by TLC (eluanl: benzene) and recrystallized from methanol 
lo obtain 27-benzyloxy-D: A-fricdo-olcanane (17) as col- 
ourless crystals (68 mg, 76%); m.p. 115-I 16”; [a]g + 3.6” 
(CHCI,); IR (KBr) I 1 IO cm - ‘; ‘H NMR (Ccl,) 6 7.23 (5H, 
m, ArH), 4.40 (2H, br, s, PhCHZO), 3.70 (2H, br, s, 
CH+XH,Ph), 2.00-1.10 (CH3, l.(W_l.76 (ZIH, 7 x Me). 

Acidic cleavage of (17). A mixture of the above benzyl 
ether (30 mg), cone HCf (1 ml) and absolute ethanol (5 ml) 
was rcfluxcd for 24 h. The solvents were evaporated in uacuo 
and the product purified by TLC (eeluant : chloroform) and 
crystallized from methanol lo give 27-hydroxy- 

-D: A-fricd~lcananc (15; 12 mg, 52%); m.p. and mixed 
m.p. 225227”; identical with an authentic sample. 

Acefyfatiun of 27-hydboxy-D : A -friedoslemme (IS). 
Acctylation of 15 (125 mg) with A%0 (2 ml) in pyridint 
(5 ml) and usual work up and rtcrystallization from mcth- 
anol afforded 27-acetoxy-D: A-frialo-oleanane (18) as whitt 
noodles (115 mg, 82%); m.p. 163165”; [a]g + 9.2” (CHCI,); 
IR (KBr) 1738, l25Ocm- ‘; ‘H NMR (CDClJ 6 4.60,4&l 
(2H, dd, J = IOHz, CH,OAc), 2.06 (3H, s, OCoC_,), 
2.50-I .30 (CH& and 1.6bo.73 (21H, 7 x Me). 

Lifhium-ethylenedbmine reduction of (18). A mixturt of 
18 (IOOmg), anhydrous cthytcnadiamine (IO ml) and litb- 
ium (100 mg) was stirred under dry N, until blue colour 
appeared. After 20 min (TLC controt), the reaction mixture 
was cooled. excess lithium destroyed with t-butanol and 
worked up in the usual manner to yield a mixtwc of two 
products. This mixture was stparattd by PLC (tlu- 
ant:chloroform) lo give (in order of increasing polarity) 
friedelan (56mg. 65%); m.p. 24&247”, [a]; + 18.7” 
(CHCl,); identical with an authentic sample, and tht hydro- 
lysis product, 27-hydroxy-D: A-friodo-olcananc (IS) (26 mg, 
30”/,); identical with an authentic sample. 

Lirhium~rhylene&mine reduction of kokzeyhol cfji- 
acetate (13). 50 mg of 13 was rtductd with tthylcnaliamint 
(10 ml) and lithium (100 mg) as abovt to obtain a product 
mixture (40 mg) which was oxidized with CrO, (25 mg) in 
pyridine (5 ml) for 1 h. Usual work up and purification by 
PLC (eluanl:bcnzent) affordad fricdclin (1) (27 mg, 64%); 
m.p. 265”C, [a]g-22. I” (CHCI,); identical with an authentic 
Sample. 

Lithium-ethyb&amine reduction of kokzeylmwrtol &- 
ucetate (14). 50 mg of 14 was rtduczd with cthylenaiiaminc 
(IO ml) and lithium (100 mg) as above to obtain a product 
mixture (42 mg) which was oxidized with 00, (25 mg) in 
pyridinc (5 ml) for I h. Usual work up and ptication by 
PLC (cluant :chloroform) afforded D: A-fricdo-olcanan- 
3.21~0~~ (2) (16 mg, W/,); m.p. 248-250”; [a]:: + lI5.0” 
(CHCl,); identical with an authentic sample. 

Lithiurn-ethy&ne&mbe reduction of zeylanol acerate 
(10). Reduction of 50 mg of 10, followed by oxidation as 
abovt and purification by PLC (tluant :chloroform) 
afiordcd fricdelin (1; 26 mg, W/,); identical with an authcn- 
tic sample. 

Hung-Minion reduction of kokreylanol(11). A mixture 
of kobylanol (60 mg), chant-1,2diol (5 ml), hydrazint 
hydrate (100%; I ml), potassium hydroxide (100 mg) was 
rcfluxcd at 140” for 3 h. Then the solvent was distilled until 
Iht temperature rose to 210” and rcfluxal at this tcm- 
pcraturc for further 3 h. Usual work up and crystallization 
from methanol gave 6fl,27dihydroxy-D : A-fricdo-oleanant 
(19) as white needles (4Omg, 80%); m.p. 27&280”; 
[rg + 1.0” (CHCI,); IR (KBr) 3500-3480cm- ‘; ‘H NMR 
(CDCI,) 5 4.00 (2H, br, s, -C&OH), 3.43 (IH, m, 

= l8Hz, CHOH), 2.2g1.20 (CHJ and 1.3W.80 
(7: Me). Foun&C, 81.21; H, 11.78. Calc for C,,,H,,OI: C, 
81.00; H, 11.800/,. 

Hung-Minlon reduction of kokzeybwno1 (12). Roduc- 
tion of 12 (5Omg) with tthant-1,2diol (5 ml), hydrazinc 
hydrate (I WA; I ml) and potasium hydroxide (IO0 mg) at 
140” for 5 h and then at 210” for 6 h. following the above 
procedure and purification of the product by PLC (clu- 
ant:chloroform) afforded 6&27dihydroxy-D: A-fritdo- 
oltananc (19; 22mg, 48%), which was identical with the 
above obtained sample. 

CrO, oxidulion of kokzeyhol(l1). Kokztylanol(150 mg) 
in pyridinc (6 ml) was oxidized with 00, (100 mg). Usual 
work up and crystallization from mtthanol yielded 
D: A-fricdo-olcan-3,Q 17-trionc (20) as white ncecllcs 
(130 mg, 7TA); m.p. 298-300”; [a]g + 38.3” (CHC13; IR 
(KBr) 1722, I705 and 1695 cm - ‘; ‘H NMR (CDCI,) 6 10.40 
(IH. s, CHO). 2.96-1.20 (CHJ and 1.20486 (ZIH, 
7 x Mt). Fond: C, 79.32; H, IO. 17 Calc for C,H,O,: C, 
79.22; H, 10.22 %. 
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NaBH, redirction of D : A-friedo-alert-3,6,27-Irionc (20). 
D: A-friedo-olean-3,6,27-ttionc (100 mg) in methanol 
(IO ml) was reduced with NaBH, (30 m8) at 27°C for IO min. 
Usual work up and purification by PLC (cluant:5% meth- 
anol in chloroform) and recrystallization from methanol 
gave 3,ddihydroxy-D:A-f&do-olcan-2%one (21) as white 
plates (70 mg. 66X); m.p. 26&268”, [al: + a-3” (CHCl,); 
iR (KRr) 3S&&3j80, 170oorn-‘; ‘H NhiR (ClXl,j 6 lO.ti 
(IH. 5. CHO). 3.83 (IH. m. W,,, = $HL CHOH). 3.63 (IH. . 
m. w,,, = 18H2, CHOH),‘2.3&30 (CHJ and. 1.3ti.66 
(ZIH, 7 x Me). Found: C. 78.70; H, 11.10. Calc for 
C,H%O,: C, 78.53; H, ll.OO”~). 

Hung-Minlon reduction of 3,ddihy&oxy-D : A -friedo- 
olen+2%one (21). SOmg of 21 was sub&ted to 
HuangMinlon raluction as in the case of kokzeylanol (see 
above) to obtain 42mg of the crude product. This was 
oxidized with 0, (30 mg) in pyridinc (5 ml) and the crude 
product thus obtained was purified by PLC (clu- 
ant :chlorofotm) and reorystallired from chloroform-light 
petroleum giving D:A-l&Jo-olean-3,6dione (22) as white 
needles (12 mg, 28%); m.p. 304-306”; [afi + 32.0” (CHCI,); 
which was shown to be identical with an authentic sample. 

N&H, reduction of kokzeylanonol (12). Kokxeylanonol 
(200 mg) in methanol (IS ml) was reduced with NaBH, 
(60 mg) a~ 27”for 5 min. Usual work up and purification of 
the crude product by PLC (&ant: 10% methanol in cbloro- 
form) and recrystallization from chlorofoorm-light petro- 
leum gave 3&6/7.27-trihydroxy-D:A-friedo-olean-2l-onc 
(23) as white needles (165mg. 30%): m.p. 336338”; 
[a]; + 124.5” (CHCI,); IR (KBr) 3540-3380. l69Ocm-‘; ‘H 
NMR [CDCI,) 6 4.10 (2H, br. s. CH,OH). 3.73 (IH. m, 
IV,,, = 6Hq CHOH), 3.23 (IH. m. W,, = 18Hz, CHOH). 
2.8Gl.23 (Cm and 1.23-1.00 (2lH. 7 x Me). Found: C. 
75.75; H. 10.49. Calc for C,H,O,: C, 75.95; H, 10.55%. 

Phorolysis of 3B,6&27-rrihyakoxy-D : A-friedo-oletan- 
21-one (23). A solution of 23 (IO0 mg) in dry dioxane (20 ml) 
was retluxed for I8 h under N, whilst being irradiated with 
a high pressure Hg lamp (125 W). The solvent was cvapo- 
rated in uacuo and the product mixture separated by PLC 
(eluant:S% methanol in chloroform) to give (in order of 
increasing polarity) 3/3.6fJ,27-trihydroxy-2I,22-bisnor-E- 
seco-D: A-friedo-oleaa- 16. I9dione (27) (29 mg, 32%) and 
3&68.27 - trihydroxy - B - seco - D: A - fried0 - olean - 19 
- one - 2 I - carbaldehyde (25); 58 mg, 58%). 

For n. m.p. 98-100”. [a]g + 24.0” (CHCI,); IR (KBr) 
348&3400cm“; ‘H NMR (CDQ) d 5.52 (IH, m. olefinic 
H), 5.03 (‘H. two m separated by 10Hz. olefinic H), 3.86 
(2H. br. s, CH,OH). 3.70 (IH. m. W,, = 6Hz. CHOH). 3.30 
(lH,m, W,!rL 18Hz, CHGH). 2.73 (j-H, d, J = l-6H&ullylic 
H). 1.76. 1.56. I.50 (m each. d. J = 1Hz. allvlic Me). 
I.&l.36 (CHj and l.3m.86 (12H, 4 x Me). Gound: d; 
79.80: H. 10.96. Calc for C,H,O,: C, 80.00; H, 10.90%. 

For 25. m.p. 130-132”; [a$,‘+ 25.0” (CHCI,); IR (KBr) 
3450-3400. 1680 cm-‘: ‘H NMR (CDCI,) d 5.53 (IH. m. 
olefinic H); 5.03 (I H. two m separated by TOHz. o&tic H); 

3.80 (ZH, br. s, CH,OH). 3.70 (IH. m. W,,, = 6Hz. CHOH). 
3.30 (IH, m. f+‘,F= 18Hz. CHOH), 2.73’ylH. d. I =lOH;; 
CHCHO). 1.76. I.63 (6H.a. J = 1Hz. 2 x allvlic Me). 
l.@-l.30’(CHx)~and I.&&.88 (ISH, 5 ; Me).. <our&C: 
75.78; H, 10.59. Calc for GH,O,: C, 75.90: H. 10.60”/,. 
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