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The participation of the C(28)-functional group on the 20a,21((- epoxy group reactions of 20-tara
xastene derivatives can be almost completely suppressed by benzoylating the 28-hydroxy group. 
Without this participation epoxy derivative VII isomerises in the presence of boron trifluoride 
etherate to 21-oxo derivative XV, while with hydrogen chloride, it affords chioro derivative XX. 

In communicationsl - 3 we have shown that the hydroxy group in the position 28 participates 
in the reaction of the double bond in derivatives of 20-taraxastene (1); in these reactions cyclic 
ethers are formed, i.e. either 20~,28- or 21 ~,28-epoxy derivatives. The first case l takes place 
during acid catalysed cyclis'ation of 28-hydroxy-20-taraxastene derivatives (1), while the second2 

on base catalysed Michael addition of the 28-hydroxy group to the conjugated system of nitrile II. 
A similar' participation of the C(28) oxygen function was also observed3 in the reactions of 20((,21((
epoxy derivatives III, where in acid medium 20~,28-epoxy-21((-hydroxy derivative IV, in alkaline 
medium a mixture of isomeric hydroxy ethers IV and V is formed. These cyclisations prevail 
to such an extent that it is impossible to isolate the product corresponding to the normal opening 
of the epoxide ring (i.e. without the participation of the group at C(28»' even when 28-hydroxy 
group is acetylated. 
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In this paper we wished to determine to what extent the 28-benzoyloxy group (in which 
the nucleophilicity of the oxygen atom is lower than in the acetyl group) would take 
part in the reaction of 20rt,21Cl:-epoxy group. The lower willingness of the 28-ben-
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zoyloxy group to particIpate was already manifest during the epoxidation of di
benzoate VI; with hydrogen pero'xide in acetic acid under the catalysis of traces 
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of a mineral acid only epoxy derivative VII was obtained, while the same reaction 
conditions give rise3 t~ hydroxy ether IX in the case of diacetate VIII. In alkaline 
medium dibenzoyl epoxide VII is opened in the same manner as diacetyl epoxide X, 
under formation of hydroxy derivatives XI and XII with a six-membered and a five
membered oxygen bridged heterocycle, which were separated and then characterised 
in the form of acetates XIII and XIV. Different reactivity of 28-0-acylated groups was 
manjfest in reactions with acids. Under the effect of boron trifluoride, i.e. under 
conditions when diacetyl epoxide X affords3 hydroxy ether IX, dibenzoyl epoxide VII 
gave 21-oxo derivative XV as the sole product. We formulate this oxo derivative 
as 200( H isomer with an equatorial 20~-methyl group, although according to the 
known course of the isomerisations of epoxy derivatives in the presence of boron 
trifluoride etherate4 - 6 , the isomer with the 200(-methyl group should be formed 
by rearrangement of the 21~ H. For the ~-configuration of the 20-methyl group the 
following facts are indicative: a) 21-0xodibenzoate XVhas an ORD curve identical 
with 21-oxodiacetate XVlprepared3 by oxidation of hydroxy derivative XVII. b) On 
reduction of 21-oxodibenzoate XV with lithium aluminum hydride triol XVIII 
was formed the triacetate of which was identical with the known3 triacetate XIX. 
Hence, it seems that the originally formed 20~ H, 21-oxo derivative is isomerised 
to 200( H isomer during the working up of the reaction mixture of epoxy derivative 
VII with boron trifluoride etherate. 

When dibenzoyl epoxide VII reacted with hydrogen chloride in anhydrous medium, 
only 17% of 21-oxo derivative XVwere obtained. The main product (45%) in this case 
was chloro derivative XX. Its structure was proposed on the basis of PMR spectra 
in which two AB systems of CH2-O and CH2-CI groups were found as well as 
the signal of an olefinic hydrogen (broad doublet, 5·75 p.p.m., J 1 = 7 Hz, J 2 ~ 1-2 
HZ) vicinal to a methylene group. The signal of one hydrogen of this methylene group 
was also found in the spectrum (doublet of doublets, 2·28 p.p.m., J gern = 17 Hz, 
J yic = 7 HZ); this signal we assign to the 22~ hydrogen on the basis of its J yic 

value. Chloro derivative XX changes to hydroxy derivative XXI on alumina. The 
substitution of the chlorine atom takes place completely and without an allylic 
rearrangement. The formed hydroxy derivative XXI has the same structural features 
(two AB systems of C(28)H2-O and C(30)H2-O groups, signals of an olefinic proton, 
and C(22)~ H) as chloro derivative XX according to its PMR spectrum. The structure 
XXI with a primary hydroxy group was proved by the preparation of this hydroxy 
derivative from aldehyde XXII on reduction with sodium borohydride. 

Reaction of epoxy derivative VII with hydrogen chloride gave further a mixture 
of polar products (30%) which differed only negligibly from each other on thin-layer 
chromatography. Repeated crystallisation of this mixture gave hydroxydibenzoate 
which gave chloro derivative XX with hydrogen chloride. Hence, it can be formulated 
as 21-hydroxy derivative XXIII. The isomeric 30-hydroxy derivative XXI does not 
change in the presence of hydrogen chloride under the given conditions. 210(-Hydroxy 
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derivative XXIII is evidently a primary product of isomerisation of epoxy derivative 
VII with hydrogen chloride and also an intermediary product of the formation 
of chloro derivative XX. In mother liquors after isolation of 21ct-hydroxy derivative 
XIII 30-hydroxy derivative XXI was found by thin-layer chromatography, accom
panied by traces of hydroxy ether XXIV. 

The same products as in the reaction with anhydrous hydrogen chloride were 
also formed from epoxy derivative VII under the influence of aqueous hydrochloric 
acid. In addition to oxo derivative XV and chI oro derivative XX polar compounds 
were also formed which in this case made up more than 50% of the mixture of pro
ducts. In addition to 30-hydroxy derivative XXI another component was isolated 
from this mixture in 13% yield, identified as a monobenzoate with a free hydroxy 
group. As a band at 1050 cm - \ characteristic of a six-membered oxygen-containing 
ring, was present in the IR spectrum of this compound, we assigned it structure XXIV 

(with a 21ct-hydroxy group and an oxygen bridge between C(28) and C(20)) on the 
basis of the analogy with the reactions of epoxy diacetate X3. This structure was also 
corroborated by the preparation of hydroxy ether XXI V from the known3 3~-hydroxy-
21-oxo derivative XXV by benzoylation and reduction of the oxobenzoate XXVI 
with sodium borohydride. 

From the experiments mentioned it follows that the benzoylation of 28-hydroxy 
group suffices to prevent its participation in the acid catalysed reactions of 20ct,21ct
epoxy group. The sole product formed by this participation, hydroxy ether XXIV, 
was obtained only in a low yield and only when the possibility of an acid catalysed 
hydrolysis of 28-benzoyloxy group could not be excluded. 

EXPERIMENTAL 

The melting points were determined on a Kofler block. Optical rotation was measured in 'chloroform 011 an automatic 
polarimeter ETL-NPL (Bendix Ericsson), with a ± 1-2% error. The infrared spectra were measured in 5-8% chloroform 
solutions in a model spectrometer ofUPT CSAV (Brno). The PMR spectra were measured in deuteriochloroform on a Va
rian HA-IOO apparatus at 100 MHz, using tetramethylsilane as the internal standard. ORD was measured on a spectro
p olarimeter Jasco ORD / UV-5 . For chromatography neutral alumina Reanal (act. II) and neutral silica gel (Spolana) 
were used. Samples for analysis were dried over phosphorus pentoxide at loooe and 2 Torr for 8-12 hours. 

3B,28-Dibenzoyloxy-20ex,21ex-epoxy-18ex, 19BH-ursane (VII) 

To a solution of heterobetulindibenzoate (VI; 0·37 g) in benzene (6·5 ml) a 30% solution of hydro
gen peroxide (6 ml) in acetic acid (39 ml) and a drop of sulfuric acid were added and the mixture 
was allowed to stand at room temperature for 30 hours. It was diluted with water and extracted 
with chloroform. The chloroform layer was washed with 5% sodium hydrogen carbonate and 
water and dried by filtration through a layer of alumina. After evaporation of the solvent di
benzoyl epoxide VII (0·29 g), m.p. 243- 244°C (chloroform- methanol), was isolated; [O:]D +30'5° 
(c 0·68). For C4~Hs80S (667·3) calculated: 79'24%C, 8·77% H; found: 78·92% C, 8·78% H. 
IR spectrum: 1717, 1608, 1588, 1282 cm -1 (C6 H sCOO). 

Alkaline hydrolysis: Epoxy derivative VII (0·13 g) wasrefluxed in a mixture of benzene (5 ml) 
and 5% sodium hydroxide in ethanol (5 ml) for 2 hours. After dilution with water the mixture was 
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extracted with chloroform and the extract was washed with water and dried by filtration through 
a layer of alumina. On' evaporation of the solvent a mixture of hydroxy derivatives Xl and XII 
(0·12 g) was obtained which was acetylated with acetic anhydride in pyridine (1: 1) at room 
temperature for 24 hours. The mixture was decomposed with water and the separated product 
(0·11 g) was filtered off and chromatographed on alumina (7 g). With benzene-ether 10: 1 
mixture diacetate XIII (0·03 g) was eluted, m.p. 282·5-283°C (chloroform-methanol), [0:1 0 
-23'5° (c 0·92), according to IR spectra identical with an authentic sample. With ether hydroxy
acetate XIV (0'08 g) was eluted, m.p. 340- 341°C (chloroform-methanol), according to IR 
spectra identical with an authentic sample. 

Reactions of Epoxy Derivative VII 

a) With boron trifluoride etherate. A solution of epoxy derivative VII (0'65 g) in benzene (30 ml) 
additioned with freshly distilled boron trifluoride etherate (3 ml) was allowed to stand at room 
temperature for 18 hours. The reaction mixture was decomposed with water and extracted with 
chloroform. The extract was washed with 5% sodium carbonate solution and water and dried over 
sodium sulfate. Oxo derivative XV was obtained (0·54 g), melting at 205 -~205 · 5°C (chloroform
methanol); [0:1 0 + 86'5° (c 0·93). For C44HssOs (667·3) calculated: 79'24~,{, C, 8·77% H; found: 
79'11% C, 8'65% H. IR spectrum: 1715, 1605, 1590, 1285 cm -1 (C6 H sCOO). ORD: (c 0,061, 
dioxane): [<1>1400 + 2100°, [<1>hso + 4300°, [<1>hzo +9700°, [<1>hlS + 10200°, [<1>h12 +9900°, 
[<1>hos + 10200°, [<1>lzS8 0°, [<1>lz71 - 3 600°, [<1>lzS8 0°. (ORD of diacetate XVI(c 0,022, dioxane): 
[<1>]400 + 840°, [<1>hso +2400°, [<1>hzo + 5600°, [<1>hlS + 6270°, [<1>hlO +6270°, [<1>lz90 0°, 
[<1>lz7 0 - 4200°, [<1>bs -3100°.) 

b) With anhydrous hydrogen chloride: Hydrogen chloride gas was introduced into a solu
tion of epoxy cterivative VII (0'17 g) in benzene (15 ml) at room temperature for 5 minutes. After 
another 5 minutes standing the mixture was poured into ice-cold water. The product was ex
tracted with ether and the extract was washed with 5% solution of sodium hydrogen carbonate 
and water and dried over sodium sulfate. After evaporation of the solvent the residue (0·17 g) 
was chromatographed on silica gel (17 g). CycIohexane-ether mixture (l00: 4) eluted chloro 
derivative XX (0'08 g), 47%), m.p. 196- 199°C (n-heptane); [0:1 0 + 20° (c 0,89). For C44Hs7CI04 
(685,3) calculated: 77·10% C, 8·38% H, 5·17% CI; found: 77-24% C, 8'55% H, 4'95% Cl. IR 
spectrum: 1715, 1605, 1587, 1280cm- 1 (C6 H sCOO). PMR spectrum: 0'93,1'015,1'04,1'12, 
1·13 (6 x. CH3), 2·28 (doublet of doublets, J gem = 17 Hz, Jvic = 7 Hz, C(22) PH), 4·08 and 4·68 
(two doublets, J = 11 Hz, C(Z8) Hz-O), 4·24 and 3·96 (two doublets, J = 11·5 Hz, C(30) H 2 CI), 
4·74 (multiplet, 3o:H), 5·75 (broad doublet, J1 = 7 Hz, Jz""'" 1-2 Hz, C(Zl)H), 7·25 - 7·65 and 
7·95- 8·15 p .p.m. (multiplets, aromatic H). 

With a mixture of cycIohexane- ether 9 : 1 oxo derivative XV (0·03 g, 17%) was eluted, m.p. 
201 - 203°, identical with the abo .... e mentioned preparation. CycIohexane-ether (2: 1) mixture 
eluted 0·05 g (29'5%) of a mixture which according to thin-layer chromatography on silica gel 
impregnated with silver nitrate contained hydroxy derivatives with slightly different RF values 
and also traces of hydroxy ether XXIV. Repeated crystallisation from a chloroform-methanol 
mixture gave hydroxy derivative XXIII, m.p. 257- 261°C; for C44Hs80S (666,9) calculated: 
79·24% C, 8·77% H; found: 79'40% C, 8·89% H. IR spectrum: . 3600 (OH), 1715, 1606, 1589, 
1285 (C6 H sCOO), 920 cm -1 (C=CHz). The mother liquors of this hydroxy derivative were 
dissolved in benzene and saturated with hydrogen chloride gas and then worked up as in the case 
of the isomerisation of epoxy derivative VII. Chloro derivative XX was obtained as the main 
product, accompanied by 30-hydroxy derivative XXI and a trace of hydroxy ether XXIV. Under 
the same conditions a sample of pure 21-hydroxy derivative XXIII gave a chromatographically 
pure chloro derivative XX, while the sample of pure 30-hydroxy derivative XXI remained unchan
ged. 

Collection Czechoslov. Chern. Cornmun. /Vol. 37/ (1972) 



Triterpenes. XXV. 1753 

c) With hydroch/ul'ic acid. To a solution of epoxy derivative VII (0·65 g) in chloroform (20 ml) 
and methanol (8 ml) 35% hydrochloric acid (2·5 ml) was added and the mixture was allowed to 
stand at room temperature for 24 hours. It was then diluted with water and extracted with chloro
form. The extract was washed with 5% sodium carbonate solution and water, and dried over 
sodium sulfate. The residue (0'58) was separated chromatographically on alumina (30 g). Light 
petroleum-ether mixture (9 :1) eluted oxo derivative XV (0' 1 g, 17%), m.p. 203- 205°C (chloro
form-methanol), which according to its IR spectrum was identical with the oxo derivative 
obtained by preceding reactions. A light petroleum-ether mixture (10·3) eluted 0·28 g (48%) 
of a mixture of hydroxy derivatives XXI and XXIlI and also pure hydroxy derivative XXI (0·05 g, 
8'5%), m.p. 229- 231°C (chloroform- methanol): [o:l D + 51 ° (c 0·66). For C44HSSOS (666·9) 
calculated: 79 ' 24~;'; C, 8·77% H; found: 79'08% C, 8·91 % H. IR spectrum: 1 715, 1606, 1588, 
1284 (C6 H sCOO), 3640cm- 1 (OH). PMR spectrum: 0'92,0'99,1'02,1'08 (6 X CH3), 2·18 
(doublet of doublets, 1gem = 16 Hz, 1vic = 7 Hz, C(22) ~H), 4·14 and 3·99 (two doublets, 
1,...., 12 Hz, C(30)H2-OH), 4·45 and 4·27 (two doublets, 1,...., 11 Hz, C(2S) H 2-O), 4·73 (multi
plet, 3o:H), 5·55 (broad doublet, 11 """ 7 Hz, 12 """ 1- 2 Hz, C(21)H), 7·25-7·65 and 7·90- 8·15 
p.p.m. (multiplets, aromatic H). The same solvent mixture also eluted hydroxy ether XXIV (0'08 g, 
13%); m.p. 288-289°C (chloroform-methanol); [o:l D + 38° (c 0'59). For C37H!i404 (563,7) 
calculated: 78·96% C, 9'67% H; found: 78'68% C, 9'45% H. IR spectrum: 3630 (OH), 1710, 
1610, 1594, 1285 (C6 H sCOO), 1050 cm -1 (six-membered ether ring). If silica gel was used 
for the separation of the products of this reaction (0'05 g), chloro derivative XX (0·02 g) was ob
tained, m.p. 188-192°C(n-heptane). Oxo derivative XV and hydroxy derivatives XXI and XXIV 
were also isolated, as in the case when alumina was employed. 

Reduction of 21-0xodibenzoate XV with Lithium Aluminium Hydride 

A mixture of oxo derivative XV (0·15 g) and lithium aluminium hydride (0,12) in ether (20 ml) 
was refluxed for 5 hours, then decomposed with water and dilute hydrochloric acid and extracted 
with ether. The extract was washed with water and dried over sodium sulfate. Weakly soluble 
triol XVIII (0·11 g) was obtained, m.p. 278- 280°C, which was acetylated with a mixture of ace
tic anhydride and pyridine (1 : 1) at room temperature. The triacetate XIX formed (0·08 g), 
m.p. 250-251°C (chloroform-methanol), [a1 D - 19° (c, 0·72), was identical with an authentic 
specimen (IR spectrum). 

3~,28-Dibenzoyloxy-30-hydroxy-18o:,19~H-urs-20-ene (XXI) 

a) Chiaro derivative XX (0·25 g) in benzene solution was adsorbed on alumina (5 g) and after 
24 hours standing the product formed was eluted with chloroform, m.p. 229-230°C (chloro
form- methanol), which according to its IR spectrum was identical with hydroxy derivative XXI 
obtained from epoxide VII. 

b) A solution of oxo derivative XXII (0·25 g) in chloroform (20 ml) and ethanol (10 m!) was 
shaken with sodium borohydride (0'1 g) at room temperature for 5 minutes. The reaction mix
ture was decomposed with water and acetic acid and the chloroform solution was washed with 
5% sodium carbonate and water, and dried over sodium sulfate. According to IR spectra the 
obtained hydroxy derivative XXI (0·18 g), m.p. 230-231°C, was identical with an authentic 
sample. 

3~-Benzoyloxy-21o:-hydroxy-20~,28-epoxy-18o:, 19~H -ursane (XXIV) 

a) Oxo derivative XXV (0'48 g) and benzoyl chloride (2 ml) in pyridine (20 ml) were 
mixed and allowed to stand at room temperature for 4 days. The reaction mixture was decom-
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posed with icecold wat,er and after 4 hours standing the product was extracted with chloroform. 
The extract was washed with a sodium hydroxide solution, 2M-HCI, and water, and then filtered 
through a layer of alumina. Derivative XXVI was obtained (0'39 g), m.p. 308- 308'5°C (chloro
form-methanol); [a lD +61 ° (c 0·82). For C37H5404 (562·7) calculated: 78 ·94% C, 9·35% H, 
found : 79·01% C, 9·08% H. IR spectrum: 1 732 (keto group), 1710, 1605,1589,1285 (C6H 5COO), 
1 050 cm -1 (six-membered cyclic ether). 

b) A solution of oxo derivative XXVI (0·25 g) in pyridine (11 ml) was heated on a water bath 
with sodium borohydride (0'1 g) for 30 minutes. The reaction mixture was allowed to stand 
for 3 days at room temperature. On addition of aqueous methanol the product crystallised out. 
The obtained hydroxy ether XXIV (0·18 g) had m.p. 288-289°C (chloroform-methanol); [alD 
+38° (c 0·62). According to its IR spectrum it was identical with the hydroxy ether obtained from 
epoxy derivative VII. 

Elemental analyses were carried out by Mrs J. Ceerdlovd and the IR spectra were measured 
by Mrs M. Podzimkovd of the analytical department of our laboratories~(head Dr J. Zelinka). 
For the measuremellt of the PMR spectra we thank Dr lvI. Budesinsky, Institute of Organic Che
mistry, and Biochemistry, Czechoslovak Academy of Sciences, Prague. For the measurement of 
o RD our thanks are due to Dr l. FriiS. 

REFERENCES 

1. Vystrcil A., Klinot J.: This Journal 24, 3273 (1959). 
2. Vystrcil A., Rihova E.: This Journal 29, 2377 (1964). 
3. Rihova E., Vystrcil A.: This Journal 31, 3163 (1966). 
4. Parker R. E., Isaacs N. S.: Chern. Rev. 59, 737 (1959). 
5. Allinger N. L., de Rooge M. A., Hermann R . B.: J. Org. Chern. 26,3626 (1961). 
6. Henbest H. B., Wrigley T. 1.: J. Chern. Soc. 1957, 4596. 

Translated by :to Prochazka. 

Collection Czechoslov. Chem. Commun. /Vol. 37/ (972) 




