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OXIDATION RATES OF TRITERPENOID SECONDARY ALCOHOLS WITH
CHROMIC ACID*

M.R.NAIR**, S HILGARD, J.KLINOT, K. WAISSER*** and A.VYSTRCIL

Department of Organic Chemistry,
Charles University, 128 40 Prague 2

Received June 2nd, 1975

Oxidation rates with chromic acid were measured of alcohols /— VI derived from the skeletons
a, b, ¢ and d with a hydroxyl group in the position 1, 2, and 3, as well as of some additional
triterpenoid alcohols. The results are discussed in terms of the effect of steric factors of neigh-
bouring substituents and the effect of conformational transmission. Some of the derivatives
of 19,28-epoxy-18a~oleanane {(a) and lupane (b) were newly prepared.

In continuation of our studies of sterical relationships in ring A of triterpenoid
derivatives we measured the oxidation rates of hydroxy derivatives with chromic
acid; it is known that these rates reflect very sensitively the steric situation in the
neighbourhood of the oxidized hydroxyl group (for main references see'*?). In this
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'O’xidation Rates of Triterpenoid Secondary Alcohols 771

paper oxidation rates of axial and equatorial alcohols I—VI are compared, which
contain a hydroxy group on the A ring and which are derived from 19p,28-epoxy-
-180-oleanane (a) and lupane (b). In order to determine the effect of the methyl
groups in the position 4 the study was completed in the case of 3-hydroxy derivatives
v and VI by derivatives 19p,28-epoxy-24-nor-18a-oleanane (¢) and Su-cholestane
(d), and, for the sake of comparison, by some additional triterpenoid alcohols.

The preparation of 1- and 3-hydroxy derivatives Ia, IIa, Va and VIa in the 19f,28-
-epoxy-18a-oleanane series (a) and of 3-hydroxy derivatives Va and Vla in the 198,28~
-epoxy-24-nor-18x-oleanane series (c) has already been described in preceding pa-
pers® ™%, For further completion of this series of hydroxy derivatives we prepared
now both isomeric 198,28-epoxy-18a-oleanan-2-ols (IIla and IVa). As starting
material 2B-hydroxy-3a-bromo derivative VIla was used, as well as its formate Villa
and 2-oxo derivative Xa; the latter was prepared from bromohydrin Vila in the de-
scribed manner®. On reduction of ketone Xa with sodium in ethanol 2a-hydroxy
derivative I1la was obtained, while reduction with tritert-butoxylithium aluminum
hydride gave 2B-hydroxy derivative IVa, as could be expected in analogy with the
steroid series”. In both cases reduction took place very stereospecifically; according
to thin layer chromatography the second isomer is formed in trace amounts only.
Hydroxy derivatives I11a and I'Va were further characterized as acetates XIIa and
[Xa. In an attempt at the preparation of the 2B-isomer IVa directly from bromo-
hydrin VIIa by catalytic debromination with hydrogen in the presence of 5% palia-
dium on charcoal hydroxy derivative I'Va was obtained in a 17%; yield only; ketone
Xa was the main product (78%;). A similar course of catalytic debromination has also
been observed in analogous steroidal bromohydrins® and very probably, itis character-
istic just of 2B-hydroxy-3c-halogen derivatives. 2B-Hydroxy derivative IVa was
obtained from 2B-formyloxy-3a-bromo derivative VIIla on reaction with hydrogen
on palladium and subsequent alkaline hydrolysis in 45% yield. It is true that in this
case the formation of ketone Xa is suppressed (7%), but in addition to this hydro-
genolysis of the formate group also takes place under formation of derivative Xla
(43%).
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Vllia, R = CHO IXa, R = CH3CO

In the lupane series (b) isomeric 1- and 3-hydroxy derivatives Ib, I1b, Vb and VIb
have been described earlier® " !*; since we have prepared some of them by procedures

different from those in the literature cited, and since we found for some of them
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constants which do not agree with those published, we describe their preparation
and properties here shortly. 1x-Hydroxy derivative Ib was obtained by hydrogenation
of the unsaturated alcohol** XIIIb, and 1B-hydroxy derivative IIb by hydrogenation
of 2-lupen-1-one, according to”*', 3a-Hydroxy derivative Vb was prepared by reduc-
tion of 2a,30-epoxylupane® '" (XVIb) with lithium aluminum hydride, while the
3B-isomer VIb by hydrogenation of lupeol according to'?. The disagreement in melt-
ing points may be caused by polymorphy (in substances Vb and VIb), but in the
case of derivatives Ib and Vb optical rotation values also differ considerably from
those published®'°. However, our values agree with the differences of molecular
rotations between the series a and b. Hydroxy derivatives b, I1b and Vb were further
characterized as acetates XIVb, XVb and X VIIb, in which a good agreement of their
constants with the literature data was found so far as they have besen described.
The conformation of the acetoxyl group was further confirmed by the H-NMR
spectra of these acetates; in axial acetoxy derivatives XIVb and XVIIb the signal
of the methine proton in the CH—OCOCH; group appears as a narrow triplet
and the sum of the vicinal coupling constants is Y J = 5-5 Hz, while in the equatorial
acetoxy derivative X Vb the triplet is broad, with > J = 15 Hz.
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Ila, R = H XII1b b, R =H 1ib, R = H
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Kinetic measurements of the oxidation with chromic acid were carried out under
conditions similar to those used by Grimmer for the oxidation of steroidal alcohols??,
i.e. in 99:67% acetic acid, in the presence of N-methylmorpholine. Under its effect
the oxidations were slowed so that their half-times ranged from 6 to 60 minutes.
The rate constants of the 2nd order reaction are given in Table I,* and the courses
of these oxidations agreed with this order up to 80—90% conversion.

It is generally accepted!*2-1772° that the oxidation of secondary alcohols with
chromic acid takes place via the intermediate chromate ester and the rate determining
step is its decomposition, involving breaking of the bond to the carbinol hydrogen.

* Oxidation rates of alcohols la, Ila, Va and Via have also been measured in paperls,
but under different conditions; in the paper mentioned the values of absolute rate constanis were’
given incorrectly. In order to obtain correct values the tabulated data should be multiplied
by the factor 4-89 . 10°,
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Oxidation Rates of Triterpenoid Secondary Alcohols 773

The rate is the greater the more the hydroxyl group is hindered. In agreement with this
in all pairs of epimeric alcohols given in Table I the axial alcohol reacts more rapidly
than the equatorial one. In the case of Sa-cholestan-3-ols Vd and VId the ratio
of the reaction rates observed under our experimental conditions (kyq/kyis = 2:5)
is very close to the value obtained by Schreiber and Eschenmoser'” (3-0). From the
comparison of 3-hydroxy derivatives in the series a, ¢ and d it is evident that the
influence of the methyl groups in the position 4 is important. A gradual introduction
of the methyl groups in both epimers ¥ and VI leads to an increase in the reaction
rate (about 1-2—1-7 times for each methyl group). This increase is more pronounced
in equatorial alcohols VI than in axial alcohols V, so that with an increasing number
of methyl groups the ratio of the rates of the axial and the equatorial epimer (ky/ky;)
gradually decreases. Since the ratio of oxidation rates of epimeric alcohols may be
considered an approximate measure of their free energy difference (seel‘19 and the
references therein), it may indicate that with increasing substitution in the position
4 the energy difference between 3a and 3B-hydroxy derivatives gradually decreases.
From the comparison of isomeric |-, 2- and 3-hydroxy derivatives I — VI in the
triterpenoid series a it is evident that the 2a-isomer /11a having the least hindered
hydroxy group reacts most slowly; on the other hand, it is the 2p-isomer IVa which
of all the studied alcohols reacts fastest. The ratio of rates of the axial and the equato-
rial 2-epimer (kpy,[ki, ~ 13) is comparable with the rate for 5a-cholestan-2-ols
(kiva/kia ~ 15) from literature” in spite of the fact that in 2-derivative IVa two

TabrLe |
Reiative Oxidation Rates of Alcohois /— V[ with Chromic Acd

Rate constants?®

Derivative OH-group - N

12 b c d

{ Lo ax 10-1 528 - —

i B eq 4-89 3-40 - -

i 2 eq 1-46 — -

IV 2B ax 19:9 -

V 3a ax 3-84 3-57 3-21 2-50

VI 3B eq 2227 2.35% 1-69 1:00

“ Referred to Sx-cholestan-3B-ol VId; its absolute rate constant is 9-48 1mol™ ! min~ . ? The
following relative rate constants were observed for 3B-hydroxy derivatives VI derived from
138.28-epoxylupane (2:28), 198,28-epoxy-lupane (2-05), methy! ester of 28-lupanoic acid (2-12),
18x-0leanan-28.20B-olide (2:14), 2083,28-epoxy-18%,198H-ursane (2:39), 20B,28-epoxy-18«, 198 H-
-ursan-20-one (2:22).
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1,3-syn-axial interactions OH/CH; (with the 4B- and 10B-methyls in the chair
form), appear, while in Sa-cholestan-2p-ol IVd there is only a single such inter-
action (with the 10B-methyl group). For example Sa-pregnan-11B-ol which has two
syn-axial interactions OH/CHj reacts more than 64 times faster than its I la-epimer
and more than 900 times faster than 3B-hydroxy derivative VId (see’*'”). In com-
parison with these steroid alcohols the oxidation rate of triterpenic 2p-hydroxy
derivative I'Va is relatively low. Since according to our earlier results?' the A ring
of derivative IVa is partly in boat form (about 60% in non-polar solvents), it is pos-
sible that the decrease of the rate is caused by the fact that in the boat form the oxida-
tion rate is much lower than in the chair form; in the boat form the infavourable
interaction between the hydroxyl group and the methyl groups vanishes. A further
possibility is that due to the strong steric hindrance of the 2B-hydroxyl in the chair
form the rate of formation of the chromate ester decreases to such an extent that
it becomes the rate-determining step. This phenomenon has been observed in sterically
strongly hindered alcohols!®-2°, for example in triterpenoid 6B-hydroxy derivative’®,

In order to determine whether the long-range effects caused by structural changes
in more remote rings* will become evident we comprized in our study in addition
to derivatives of the a and b series, further triterpenoid derivatives. They were com-
pounds having in ring E or D an ether or lactone bridge or a carbonyl group, derived
from lupane, 18a-oleanane and 18c,19BH-ursane skeleton (see note? in Table I).
However, the oxidation rates of all these 3B-hydroxy derivatives VI differ negligibly;
neither in the case of 3u-isomers V' did we observe important differences between the
series ¢ and b. This indicates that the oxidation rate of the hydroxyl group in the
position 3 is very little sensitive to the effects of remote substituents. It is also
interesting that in the case of axial and equatorial 1-hydroxy derivatives [ and I
considerable differences in reactivity appear between the series a and b; both lu-
pan-1-ols Ib and IIb react more slowly than the corresponding derivatives of 198,28~
-epoxy-18ua-oleanane o and Ia (1-8 times and 1-5 times, respectively). These differen-
ces may be attributed to the conformational transmission effect’, having its origin
in the deformations of the triterpenoid skeleton, caused by structural changes in the
E ring. The higher sensitivity of 1-hydroxy derivatives toward long range effects
may be caused by the fact that deformations of rings A, B and C change the steric
situation in the neighbourhood of the hydroxyl groups more than in 3-hydroxy
derivatives; the hydroxyl groups on Cy, are in the vicinity of the rings B and C and
especially in the proximity of the 11-methylene group, while the hydroxyl groups
on C;, are oriented out of the molecule.

Finally, we also compared the oxidation rates of lupane derivatives XVIII - XX
which have a hydroxyl group in the side chain and differ in configuration at C_,,.
The rates of C,0, epimeric 30-nor-20-ols differ only very little, while 20R-epimers
react more rapidly (XVIII: 2-86, XIX: 2:52) than 20S-epimers (X VIII: 228, XIX:
2:16), similarly as in the case of pregnan-20-ols (see'?); this trend is still more pro-
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Oxidation Rates of Triterpenoid Secondary Alcohols 775

nounced during the oxidation of primary alcohols XX where oxidation up to acids
takes place (20R: 1-77; 20S: 0-80). The rate constants of oxidation of C,,, epimeric
30-nor-20-lupanol (X VIII, XIX) or 29-lupanol (XX) derivatives respectively, will be
discussed elsewhere in connection with the equilibration of these systems.

™

CH,R?

o

R

a

XVIb Vb, R = H xvir R' = R?*=H, R? = OH
XVIIh, R = CH,;CO  XIX, R! = CH,CO0, R?* = H, R*= OH
Xx, R! == R? == CH,;COO0, R? = CH,OH

I

EXPERIMENTAL

The melting points were measured on a Kofier block. Optical rotations were measured in chloro-
form (¢ 0-5—1-0) on an automatic polarimeter ETL-NPL (Bendix-Ericsson), with a 427 ac-
curacy. The infrared spectra were measured in chloroform on a UR-20 (Zeiss, Jena) spectro-
photometer. 'H-NMR spectra were measured at 100 MHz on a Varian HA-100 instrument
in deuteriochloroform, using tetramethylsilane as internal standard. Chemical shifts are given
in p.p.m. in d-scale. For column chromatography alumina (Reanal, activity II) was used, for thin-
-layer chromatography silica gel according to Stahl (type 60). Acetyl derivatives were prepared
with acetic anhydride in pyridine at room temperature. Samples for analysis and for kinetic
measurements were dried over phosphorus pentoxide at 100°C and 0-1—1 Torr for 8—24 hours.

Acetic acid used for kinetic measurements were purified by 24 hours’ boiling with 2% of chro-
mium trioxide and rectification on a column with 60 Tp. The water content was adjusted to 0-33%
on the basis of aquametric determination. N-Methylmorpholine was prepared by reductive
methylation of morpholine with formaldehyde according to?2. The product was rectified on
a column of 20 Tp and only the medium fraction of b.p. 115°C was collected. All samples of hydro-
xy derivatives used for kinetic measurements were crystallized from solvents free of hydroxyl
group (hexane, cyclohexane, light petroleum, ether or acetonitrile).

198,28-Epoxy-18«-oleanan-2«-ol (I/1a)

2-Oxo derivative Xa (150 mg, see®) was reduced with sodium (3-5 g) in ethanol (150 ml), by boiling
for 30 minutes. The mixture was diluted with water, acidified with dilute hydrochloric acid and
extracted with ether. The ethereal extract was washed with water and dried over sodium sulfate,
then filtered and evaporated. The residue contained according to thin-layer chromatography
a small amount of the 2B-isomer 7Va. Chromatography on alumina (15 g; elution with a benzene-
—ether mixture) and crystalization from chloroform-methanol gave 2a-hydroxy derivative Illa
(80 mg), m.p. 236—237-5°C. The analytical sample, prepared by preparative thin layer chromato-
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graphy on silica gel (elution with light petroleum-ether mixture (6 : 4) and crystallization
from chloroform-hexane had m.p. 238—239°C, [a], +-50°. IR spectrum: 3620, 3450 (OH),
1032 (COC) em ™ 1. For C3oHso0; (442:7) calculated: 81:39%; C, 11-38%; H: found: 81-39%; C,
11-58% H.

Acetyl derivarive Xlila had after crystallization from methanol and from hexane m.p. 205 to
207°C, [a]p 237 IR spectrum: 1729, 1265 (CH;COO), 1032 (COC) em” L. For C3,H;,0,
(484-7) calculated: 79-28%; C, 10-81%; H; found: 79-44°%, C, 11-11%, H.

198,28-Epoxy-18x-oleanan-23-ol (/Va)

A) Tri-tert-butoxylithium aluminum hydride (200 mg) was added to a solution of 2-oxo deriva-
tive Xa (140 mg) in ethyl acetate (50 ml) and the mixture was allowed to stand at room tempera-
ture for 24 hours. Water was then added followed by dilute hydrochloric acid. The organic
layer was washed with water and dried over sodium sulfate, and ethyl acetate was distilled off.
The residue which contained according to thin-layer chromatography traces of 2x-isomer Illa
was dissolved in benzene and the solution was filtered through alumina (5 gj. After crystalliza-
tion from benzene derivative /Va was obtained (90 mg), m.p. 266—268°C, [«], 4 80". IR spec-
trum: 3620, 3440 (OH), 1035(COC)cm”'. For Cy0Hs00, (442:7) calculated: 81-39%; C,
11-38% H; found: 81-13% C, 11-4190 H. After crystallization from chloroform-methanol the
acetyl derivative /Xa had m.p. 239—241°C, [a]p +65°. IR spectrum: 1732, 1264 (CH,COO),
1035 (COC)cm ™ '. For Cy,H5,0; (484:7) calculated: 79289, C, 10-81Y%; H; found: 79-41%; C,
11-07%; H.

B) 2B-Formyloxy-3a-bromo derivative VIla (360 mg, see®) was dissolved in boiling ethanol
(150 ml). After cooling of the solution to 20°C, 5% palladium on charcoal (0-40 g) and powdered
calcium carbonate (0-20 g) were added and the mixture was shaken under hydrogen for 28 hours.
Additional catalyst {0-40 g) and calcium carbonate (0-20 g) were added and the mixture was
shaken with hydrogen for another 15 hours. The solution was filtered, the filtrate was alkalized
with 1-5 g of potassium hydroxide and the mixture was allowed to stand at room temperature
for 16 hours. After dilution with water it was acidified with hydrochloric acid and extracted with
chloroform. The extract was washed with water and dried over sodium sulfate, Chloroform was
distilled off and the residue dissolved in benzene and chromatographed on alumina (30 g). Ben-
zene (100 ml) eluted 19(,28-epoxy-18x-oleanane (X/a, 120 mg), m.p. 232--233°C (chloroform-
~methanol), [a]y --50°. Identity with an authentic samp!c23 was proved by mixture melting
point determination. Further 50 ml of benzene eluted 2-oxoderivative Xa (20 mg) with m.p.
242--244°C (methanol), identical according to its IR spectrum and mixture melting point with
an authentic sampleé. Benzene-ether mixture 4: 1 (100 ml) eluted 2B-hydroxy derivative /Va
(130 mg), identical with the sample, described under 4) m.p. 268—270°C.

C) A solution of bromohydrin Vila (550 ml, see®) in ethanol (150 ml) was shaken under
hydrogen and in the presence of 5% palladium on charcoal (1 g) as catalyst and calcium carbonate
(0-5 g) for 27 hours. The solution was filtered and ethanol distilled off under reduced pressure.
Chromatography of the residue as under 4) gave gradually a non-polar fraction (10 mg), which
was not identified, then 2-oxo derivative Xa (360 mg), and finally 2f3-hydroxy derivative IVa
(80 mg). '

la-Lupanol (1b) .

2-Lupen-la-ol (X1{Ih, 60 mg, see”) and platinum dioxide (160 mg) in ether (50 ml) was shaken
under hydrogen for 4 hours. The catalyst was filtered off and ether was distilled off. Derivative I
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was obtained (50 mg), m.p. 215-—-216°C (chloroferm-methanol), [«]p —6°. Ref.® gives m.p.
212—1213°C, [#]p + 38", For C34H4,0 (426:7) calculated: 84-04%; C, 12-23% H; found: 83-85% C,
12-05% H. Acetyl derivative XIVbh had after crystallization from chloroform-methanol m.p.
193—196°C, [2]p +6°. IR spectrum: 1723, 1262, 1042 (CH;COO0) cm ™1, TH-NMR spectrum:
0:75. 0-84 (2 x CH3); 091 (2 x CH3); 094, 1:05 (2 > CH,); 0:75d (J= 6:9 Hz) and 0:84d
(J =7 Hz) (CH.(CHjy);): 2:09 (CH;COO); 473bt (LJ = 55 Hz, 1B-H). For C;,H 0,
(470-8) calculated: 81-64%;, C, 11-56%, H; found: 81-3827 C, 11-40%; H.

18-Lupanol (/16)

Hydrogenation of 2-lupen-1-one (250 mg) was carried out according to 1it.? in a mixture of acetic
acid and dioxane 1 :1 (120 ml) in the presence of platinum dioxide (200 mg). After chromatography
on alumina (30 g; elution with a mixture of benzene and light petroleum, and benzene-ether)
140 mg of derivative IIb, were obtained, m.p. 227—229°C (chloroform-methanol), [«]p —27°.
Lit.? gives m.p. 222—223°C, [a]p —29-5°.

Acetyl derivative XVb had m.p. 177—178°C (ether-cyclohexane-methanol), [«], —20°. Ref.”
gives m.p. 170°C, [2]p — 20°. IR spectrum: 1720, 1262, 1030 (CH,;COO) cm~ 1. 'H-NMR spec-
trum: 0-75, 0-82, 0-85, 0-92, 1-02, 104 (6 xx CH3); 0-75d (J - 69 Hz) and 0-83 d (J = 68 Hz)
(CH(CHj;),); 2:00 (CH;COO); 4:54 bt (£/ = 15 Hz, la-H).

3x-Lupanol (Vb)

A mixture of 2a,3%-epoxylupane (X ¥V/b, 150 mg; prepared according to ref.?), lithium aluminum
hydride (75 mg) and ether (30 ml) was refluxed for 3 hours, then poured into ethyl acetate,
washed with diluted hydrochloric acid and water and dried over sodium sulfate. The solvents
were distilled off and the residue chromatographed on a thin layer of silica gel (elution with
benzene-light petroleum 1 :1). Derivative Vb6 (100 mg) was obtained, m.p. 141—143°C and,
after solidification, 173-~176°C (ether—acetonitrile). M.p. depends on the heating rate: when
heating is slow the change of modification takes place without an observable melting and the
sample melts then at 174—176°C. [«]; —25°. Lit.!9 gives m.p. 160-5—163°C, [«]p —43°. For
C3oHs,0 (428-7) calculated: 84-04%7 C, 12:23%; H; found: 83-907; C, 12-017; H.

Acetyl derivative XVIIb had m.p. 146--149°C (ethyl acetate-methanol), [«], —46-5°. Lit.”
gives m.p. 145—147°C, [«]p —48:6° and —46-5°. IR spectrum: 1721, 1263, 1040 (CH;COO)
em” L TH-NMR spectrum: 0-76, 0-84 (2 < CHgy); 0-88 (2 > CH,); 099, 105 (2 < CHjy);
076 d (J = 6:9 Hz) and 0-84 d (J = 7 Hz) (CH(CH;),); 2:07 (CH;COQ), 462t (£J = 55 Hz;
3B-H).

3B-Lupanol (Vib)
Hydrogenation of lupeol in acetic acid in the presence of platinum dioxide (according to ref.12)
gave derivative VIb, m.p. 190—191°C, and after solidification, 206 —207°C (chloroform-ethanol),
[#]p — 15°. Lit.}2+13 gives m.p. 201 —202°C, [x];, —18°.

Kinetic Measurements

Approximately 0-5 mg of hydroxy derivative were weighed in a quartz cell of | em thickness
and dissolved in 0-5 ml of 99-67% acetic acid containing N-methylmorpholine (3 ul/ml). After
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heating of the cell in the aluminum block of the cell space of the Unicam SP-700 spectrophoto-
meter at 25°C the solution was additioned under stirring with 2 ml of equally temperated chro-
mium trioxide solution in 99-67% acetic acid containing about 0-3 mg of CrO;. The time de-
pendence of the absorbance of chromium trioxide at 28330 cm ™ ! was recorded. The second order
rate constants (k) were calculated using the equation

2:303 bla — x)
e O e
t{a—~ b) alb — x)

where 7 is time, a absorbance at the beginning of the reaction, b decrease in absorbance after
the end of the reaction, x decrease in absorbance at time ¢. During the oxidation of the hydroxyl
group a certain consumption of the oxidizing reagent takes place under the effect of side reactions
(oxidation of the substance under investigation apart from its hydroxy group, oxidation of the
solvent mixture). From the control experiments with analogous ketones under the same condi-
tions it followed that the rate of side reactions attains maximally 10%; of the oxidation rate of the
most difficulty oxidized hydroxyl group in the scries of the substances investigated. The time
dependence of the decrease in absorbance of chromium trioxide caused by parasitic oxidations
was substituted by a linear dependence, from which the corrections for the values # and x were
obtained. The rate constants given in Table I are average values obtained from at least three
measurements. Reproducibility of the results was - 5%.

Elemental analyses were carried out in the analytical laboratory of this Department under the
direction of Dr J. Zelinka. We thank Drv M. Budésinsky, Institute of Organic Chemistry and Bio-
chemistry, Czechoslovak Academy of Sciences, Prague, for the measurement of the 'H-NMR
spectra, and Dr J. Fajkos of the same Institute for kindly supplying the sample of So-cholestan-3x-ol.

' REFERENCES

. Eliel E. L., Allinger N. L., Angyal S. J., Morrison G. A.: Conformational Anulysis, p. 81, 271
and 345. Wiley, New York 1965,

.. Lee D. G., Raptis M.: Tetrahedron 29, 1481 (1973).

. Klinot J., Vystréil A.: This Journal 3/, 1079 (1966).

. Waisser K., Vystréil A.: This Journal 31, 3182 (1966).

. Klinot J., Hofej$i M., Budésinsky M., Vystréil A.: This Journal 40, 3712 (1975).

. Klinot J., Waisser K.., Streinz L., Vystréil A.: This Journal 35, 3610 (1970).

. Lablache-Combier A., Levisalles J.: Bull. Soc. Chim. Fr. 1964, 2236.

Clarke R. L., Daum S. J.: J. Org. Chem. 30, 3786 (1965).
9. Jeger O., Montavon M., Nowak R., Ruzicka L.: Helv. Chim. Acta 30, 1869 (1947).

10. Tursch B., Tursch E.: Bull. Soc. Chim. Belg. 70, 585 (1961).

11. McGinnis E. L., Meakins G. D., Price J. E., Styles M. C.: J. Chem. Soc. 1965, 4379.

12. Ruzicka L., Huyser H. W, Pfeiffer M., Seidel C. F.: Justus Liebigs Ann. Chem, 477,21 (1929).

13. Heilbron 1. M., Kenedy T., Spring F. S.: J. Chem. Soc. /938, 329.

14, Waisser K., Bud&sinsky M., Vitek A., Vystr&il A.: Thig Journal 37, 3652 (1972).

15. Grimmer G.: Justus Liebigs Ann. Chem. 636, 42 (1960).

16. Waisser K., Zelinka J., Vystr¢il A.: This Journal 33, 2485 (1968).

17. Schreiber J., Eschenmoser A.: Helv. Chim. Acta 38, 1529 (1955).

—_

NN AW

Collection Czechoslov. Chem. Commun. {Vol, 411 [1976]



Oxidation Rates of Triterpenoid Secondary Alcohols 779

18. Rocek J., Westheimer F. H., Eschenmoser A., Moldovanyi L., Schreiber J.: Helv. Chim.
Acta 45, 2554 (1962), ‘

19. Eliel E. L., Schroeter S. H., Brett T. J., Biros F. J., Richer J. C.: J. Amer. Chem. Soc. 88, 3327
(1966).

20. Baker R., Mason T. J.: J. Chem. Soc. B /977, 988.

21. Klinot J., Bud&insky M., Hilgard S., Vystr¢il A.: This Journal 39, 3741 (1974),

22, Clarke H. T., Gilespie H. B., Weishaus S. Z.: J. Amer. Chem. Soc. 55,4571 (1933).

23. Ruzicka L., Heineman S. D.: Helv. Chim. Acta 23, 1512 (1940),

Translated by Z. Prochazka.

Collection Czechoslov., Chem. Commun. [Vol. 41} [1976]



	19760770_Page_01.pdf
	19760770_Page_02.pdf
	19760770_Page_03.pdf
	19760770_Page_04.pdf
	19760770_Page_05.pdf
	19760770_Page_06.pdf
	19760770_Page_07.pdf
	19760770_Page_08.pdf
	19760770_Page_09.pdf
	19760770_Page_10.pdf

