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PHOTOLYSIS OF 19§,28-EPOXY-18a-OLEANAN-28-OL NITRITES:
FUNCTIONALIZATION OF 10f- AND 88-METHYL GROUPS*
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On photolysis, 19B,28-epoxy-18u-oleanan-2f3-ol nitrite (I) undergoes functionalization of the
108-methyl group (formation of oxime II) as well as of the rather distant 83-methyl group
(leading to oxime III). No products of attack at the 4B-methyl group have been found. The
2B-nitrosyloxy-3p-acetoxy derivative XX reacts similarly whereas its 2f-nitrosyloxy-3a-acetoxy
isomer XIII is photolyzed to give diol XI. Oximes II and III were converted into two series
of nitriles (@ and b) with various functional groups on the ring A. Structure of all compounds
was derived from their spectral data. Double radical transfer has been proposed for functionaliza-
tion of the 8f-methyl group (position 26).

Reactions based on short-distance radical transfer (the so-called directed functionali-
zations) are very useful in preparation of compounds with functionalities in positions
accessible by other methods only with difficulty. Such reactions are, for example,
the decomposition of haloamines, acyl azides, azidoformates, or hypohalites, re-
action of alcohols with lead tetraacetate, cyclopalladation 6f oximes and photolysis
of nitrites (Barton reaction)' ~°. Directed functionalizations proved to be useful
in the steroid chemistry and in several cases they were also used for introduction
of functional groups into usually unsubstituted positions in triterpenoids. Thus, for
example, position 12 in lupane derivatives was functionalized from position 20
(refs®7), position 13 from position 28 (refs®®), and positions 18 and 21 from position
29 (ref.'?). Starting from position 3, the 4a-methyl group in lupane’, lanostane'?,
and cycloartane!? derivatives was functionalized using various methods. In ursane
derivatives, the 10B-methyl group was functionalized'? from position 24, in lanostane
derivatives the 14a-methyl'* and in hopane derivatives the 14a- and 18a-methyl
groups!® from position 7o and in the latter compounds also the 8B-methyl group?®
from position 158. The 5B- and 9B-methyl groups in friedelane were functionalized
from position 3B in the hypoiodite reaction!®, the Barton reaction introduced
functionality into the 5B-methyl from position 3B in friedelane and shionane'’.

Our present paper describes the photolysis of several 2B-nitrosyloxy-19p,28-
-epoxy-18a-oleanane derivatives. As known from steroid chemistry, in photolysis

* Part LXXXV in the series Triterpenes; Part LXXXIV: Collect. Czech. Chem. Commun.
52, 2744 (1987).
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of axial nitrites the 1,3-syn-axial methyl groups are easily functionalized. Thus, for
example, in 2B- and 6B-nitrites the 10p-methyl group is functionalized!®'®, in 4,4-
-dimethyl steroidal 6B-nitrites the 4B- and 10B-methyl groups are attacked?® in
a ratio of about 1 : 4.

Since triterpenoids contain two axial methyl groups (48 and 10B) close to the
2B-nitrosyloxy group, it was of interest which of them will be attacked and how the
functionalization will be influenced by further substituents on the ring A. We studied
three derivatives of 19B,28-epoxy-18a-oleanane: 2f-nitrosyloxy derivative I, 2B-
-nitrosyloxy-3B-acetoxy derivative XX and 2B-nitrosyloxy-3a-acetoxy derivative XI1II.
They were prepared by reaction of the corresponding alcohols XV, XIX, and XII
(see refs*!-2?) with nitrosyl chloride in pyridine under conditions chosen according
to stability of the desired nitrite. Nitrite I was completely stable in the crystalline
state and did not decompose in chloroform solution even after several weeks, nitrite
XX was of limited stability in the crystalline state and in chloroform solution it
decomposed in several days; nitrite XJII decomposed in solution in several hours.

ONO

All the three nitrites were irradiated in benzene solution with a 125 W mercury
lamp for 30 min. After this time the reaction mixtures contained no starting nitrites.
Nitrite I afforded a mixture of oximes IT and /11, along with minor quantities of 2f-
-hydroxy derivative XV and 2-oxo derivative I1X. Proton NMR spectra of both
oximes exhibit six methyl signals, i.e. one less than in the starting nitrite I. The
singlets due to —CH=N protons in II (8 7-92) and III (6 7-76) show that the func-
tionalization took place at methyl groups bonded to quaternary carbon atoms.
In both cases, the chemical shift corresponds to E-aldoximes because signals of
Z-aldoximes occur?® in the region § 6:4—69.

The 3B-acetoxy nitrite XX was photolyzed to give a complex, unseparable mix-
ture of products, containing (according to thin-layer chromatography) 2B-hydroxy-
-3B-acetoxy derivative XIX, the isomeric 2B-acetoxy-3B-hydroxy compound XXI
arising by migration of the acetyl group in XIX (see ref.??), and several oximes.
The mixture was acetylated with hot acetic anhydride to give a mixture of diacetate
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XVIII and nitrile-diacetates VIIIa and VIIIb. At this stage it was possible to separate
compound XVIII; both nitriles were separated only after hydrolysis to diols VIla
and VIIb. The formation of two nitriles indicates that also in this case two different
methyl groups were functionalized.

[S——

R
Va, R'=R%=H V6, R'=R%= H X, R'=R'=CH
Va, R'=0H, R=H Ve, R'=0H, R:H Xa: R'=CN, R§’= CH,
Via, R'= OCOCH,; R= H Vi6, R'= OCOCH,; R*= H X6, R'=CH,; R’=CN
Vila, R'= R’= OH Vil R'= R’ OH ' ;
Villa, R'= R% OCOCH, villb, R'= R’ OCOCH,

Contrary to the nitrites I and XX, the 3a-acetoxy nitrite XIII underwent no
functionalization, affording the diol XI as the sole reaction product. The reason
may be either low stability of XIII in solution or a spatial arrangement different
from that of I and XX, caused by the 3a-axial functional group.

Z
Z.

XV, R'=R:=H

XV, R=O0H, R<H
XVI, R'= OCOCH,, R'= H
XVIl, R'= R’z OH
XV, R'= Rz OCOCH,

X!, R'= R%: H XIX, R'= OH; R’= OCOCH,
Xll, R'=H; R’= COCH, XX, R'= ONO; R’= OCOCH,
Xill, R'= NO; R’= COCH, XXI, R'= OCOCH,; R%= OH

The oximes II and I1I were convérted into 2B-acetoxynitriles VIa and VIb. Trans-
formation of the functionalities in position 2 gave 2B-hydroxynitriles Va and Vb,
2-oxonitriles Xa and Xb and deoxy derivatives IVa and IVb. These two series (@ and b)
of nitriles were supplemented by 2B,3B-disubstituted nitriles VII and VIII which
were assigned structure a or b by comparison of the following physical properties:
a) When chromatographed on silica gel, compounds a are somewhat more polar
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than their counterparts b; b) their melting points are lower by 20—50°C; ¢) in their
mass spectra the M — 71 ion (arising by fragmentation of the E-ring®*) is the most
abundant one whereas in spectra of compounds b this ion is less abundant than the
dominant molecular ion; d) their C=N stretching vibration is by 2—5 cm ™ higher;
¢)in the 'H NMR spectra (Table I) their H-28 (endo) signal is shifted about 0-10 ppm
upfield and the H-28 (exo) and H-19a signals are shifted slightly upfield (0-01 to
0-02 ppm).

Originally, we assumed that the attack takes place on the 4PB- and 10B-methyl
groups that are close to the 2B-nitrosyloxy group, and ascribed provisionally the
4B-cyano (24~nitri1es) and 10B-cyano (25-nitriles) structures to compounds of the
series a and b (or vice versa). However, interpretation of the spectral data en-
countered serious complications: E.g. in the "H NMR spectra of nitriles of the
series b only one methyl signal is markedly shifted downfield whereas (because of
magnetic anisotropy of the C=N group and also analogically to steroid com-
pounds®*>2¢) one should expect a downfield shift of two axial methyl signals (4p-
and 8B-methyl) by 0-25—0-35 ppm. For the 24-nitriles a similar shift of the 10B-
-methyl signal can be expected, together with a downfield shift of the 4a-methyl group
of about 0-4—0-6 ppm (by analogy with aliphatic compounds). Also, the assignment
of methyl signals in nitriles of the series b was difficult, as well as an explanation
of the downfield shift of the H-28 (endo) proton etc. Moreover, both 2-oxonitriles
Xa and Xb exhibit the same Cotton effect in the CD spectra (Ae + 1-2 at 299 nm),
somewhat different from that of the 2-oxo derivative IX with a methyl instead of
nitrile group (Ae + 2-2, see ref.??) which is not compatible with the symmetrical
arrangement of the 4B- and 10B-cyano groups relative to the carbonyl group.

On the other hand, all the spectral data can be plausibly interpreted if we assume
that compounds of series a contain a 10B-cyano group (25-nitriles) and derivatives b
are 8B-cyano derivatives (26-nitriles). For these structures the assignment of the
methyl proton signals makes no difficulties: The pertinent NMR data, together
with those for derivatives containing a methyl instead of carbonitrile group, are
given in Table I. The assignment is based on the known position?®:2° of methyl
signals in 19B,28-epoxy-18a-oleanane (XIV). The mean values of substituent effects
(Ad) on the chemical shift of methyl protons and the 19a- and 28-protons are given
in Table II. The values agree well and mostly the differences are not higher than
0-01 ppm. Somewhat higher differences, observed (footnote b in Table I1) for the
48- and 8B-methyl groups in the 25-nitriles with a 2-oxo or 2B-hydroxy group, may
be due to a slight skeletal deformation caused by an interaction between the spatially
close polar groups. No such agreement has been achieved if the 24-nitrile structure
was considered for either of the series a or b. Further, it should be noted that effects
of substituents in position 2 and 3 on the chemical shift of the 4a, 4B-, and 14a-
-methyl groups (Ad) is in accord with those found with 4,4-dimethyl steroids®® or
derivatives of 8-lanostene®! or steroids32.

Collection Czechoslovok Chem. Commun. {Vol. 53) (1988)



.
.

Sejbal, Klinot, Vystréil

122

"ZH 8 = (8T ‘87)r ‘s1Iqnop ,
‘s1913uts , {(wo /ZH 1) 9[eos papuedxd WOIJ PIUIRIQO 1M SHIYS [BOIWAYO ‘S)3[3uls q ‘{Jejudwiradxy pue JII S[qel 93s s[eusis 13yjo 104 ,

LL-€ 124% £5-€ 108-0 §76-0 €16-0 666-0 eel-1 1€0-1 L68-0 2(*HD0D0)-gEdT 1110:0.¢
6L-€ Sp-¢ $S-€ 66L-0 0£6-0 <160 §66-0 SLI-1 $66-0 $66-0 YHO)-ge de nAx
LL-€ b€ €6-€ 008-0 $€6-0 §56-0 L86-0 898-0 088-0 2501 0x0-Z XI
8L 1243 €6-¢ 86L-0 1€6-0 1€6-0 ¥86-0 $L0-1 $96-0 S16-0 fHD0D0-g7 INX
8L-¢ v-€ $S-€ 108-0 £€6-0 £€6-0 9L6-0 €01-1 9L6-0 v16-0 HO-97 AX
LL-E £p-€ €5-€ 008-0 626-0 626-0 786-0 058-0 008-0 058-0 — AIX
68-¢€ Ly-€ 6S-¢ 108-0 1¥6-0 1$6-0 - pLE1 SLO-1 L16-0 Y HD000)-9E ‘gt 1A
68-¢ Ly-¢ 96-¢ 108-0 1¥6-0 1¥6-0 - L6E-1 120-1 120-1 YHO)-ge‘dT qIIA
88-¢ Ly-€ §S-€ 008-0 $$6-0 €L6:0 - 660-1 €760 TLO-1 0x0-g (2.4
68-¢ 9-€ §S-€ 108-0 v6-0 v6-0 - LOE-1 900-1 v6-0 fHD0D0-92 qIA
68-¢ 9%-€ 96-¢ $08-0 $v6-0 $v6-0 — ove-1 920-1 $¥6-0 HO-97 A
68-¢ 9-€ 6s-€ 208-0 ¥v6-0 6-0 - $60-1 S$8-0 0.8-0 - qAI
8L-€ Sp-€ €5-¢ 66L-0 L£6-0 688-0 68C-1 - LTE 1 L£6-0 Y(*HD0D0)-g dT vIIIA
18-€ 9p-€ ps-€ v08-0  6£6:0 6880  T6TI - 89Z:1  6£0°1 {HO)-ge'dT [IA
6L-€ 9%-€ €6-€ 208-0 6£6-0 £€16-0 9L 1 - OLI-1 LSO-1 0x0-Z 15 ¢
6L-€ Sh-€ £6-€ 108-0 8%6-0 688-0 8LT-1 — 8LT-1 8%6-0 £ HD0D0-97 o[A
08-¢ Sp-€ pS-€ 008-0 6£6-0 688-0 S62C-1 — 61¢-1 6£6-0 HO-9T oA
8L-¢ Sp-€ ps-€ 86L-0 9€6-0 116-0 291 - 860-1 888-0 — DAI
Q0T ®0T opl g8 go1 214 op

(opus)  (o0x2) 61-H sjusNIISqNg  punodwo)
STH  8T-H HO

dnoi3 spunu oyim spunodwod SNOSo[eUE pue SI[LIIU-9Z ‘SALINU-GZ Ul SU0oId SWOS JO SIJIYS [edIWYD

131avy

53) (1988)

Collection Czechoslovak Chem. Commun. (Vol.



Triterpenes 123

Replacement of the 108-methyl by a carbonitrile group resulted in a downfield
shift of signals of both syn-axial methyl groups (4p, 8B) by about 0-30 ppm. The same
change in the position 88 leads to a shift of the 10B-methyl signal downfield by
0-23 ppm; the other signals are affected only little, except that of the 28 (endo)-proton
(downfield shift 0-11 ppm) which is close to the nitrile group in 26-nitriles (see also
formula XXIT). The H-28(exo) signal is less shifted. In the 25-nitriles toth the
protons on C-28 are influenced only negligibly. A similar situation also exists with
the corresponding oximes: compared with compound XV, the H-28(endo) signal
in the 26-oximino derivative III is shifted upfield by 0-09 ppm and the H-28(exo0)
one only by 0-06 ppm; for the 25-oximino derivative II these upfield shifts are
smaller (—0-03 and —0-01 ppm, respectively).

TABLE 11
Effect of substituents (Ad) on chemical shifts in the 'H NMR spectra

Signal® 10B-CN 8B-CN 2B-OH 28-OCOCHj; 2-oxo 28,3B-(OH), 2B,3B-(OCOCHS,),

40-CHj, 003 002 006 0-07 0-19° 0-15 0-05
4B-CH, 0-30° 004 019 017 0-08 0-18 0-23
108-CH, — 023 025 0-22 0-01 0-31 0-28
8B-CH, 0-29* — 0-01° 0-01 0-01 0-02 0-02
14a:CH; —0-03 002 —001  —0-01 002  —001 —0-01
20a-CH, 0-01 001 000 0-00 0-00 0-00 0-00
20b-CH,4 0-00 000 000 0-00 0-00 0-00 0-00
19a-H 0-00 002 001 0-00 0-00 0-01 0-00
28-H(exo)  0-01 003 000 0-00 0-01 0-01 0-01
28-H(endo) ~ 0-02 011 001 0-01 0-00 0-02 0-00

4 Positive Ad denotes a downfield shift; for CN Aé = & (compound with nitrile group) — d(com-
pound with methyl group), for other substituents Ad = J(substituted compound) — S(unsub-
stituted compound), mean Ad values are rounded to 0-01 ppm; unless stated otherwise (see foot-
note b), maximum difference from the mean value is 0-01 ppm. b One or two values differ from
the mean one by 0-02--0-04 ppm.
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In the 2-ketones the remote 8B-carbonitrile group practically does not alter the
chemical shifts of protons in positions 1 and 3 whereas the 10B-carbonitrile group
has a marked effect (see Table III). The 3a-H doublet in the 2B,3B-diacetoxy-26-
-nitrile VIIIb occurs at the same position (6 4-62) as that of the diacetate X VIII with
a methyl instead of carbonitrile group®?, in the 2B,3B-diacetoxy-25-nitrile VIIIa
this doublet is shifted slightly upfield (6 4-58). If some of the nitriles VIII had the
24-nitrile structure, the 3a-H signal should be shifted substantially downfield.

All the above-mentioned data confirm the suggested structures of the a and b
series of nitriles and the corresponding oximes. In accord with the assignment are
also the O—H stretching frequencies in the infrared spectra of 2f-hydroxy deriva-
tives (see Table IV). Hydrogen bond is present in the 25-substituted compounds but
not in the 26-substituted analogues: whereas IR spectrum of the 26-oxime III ex-
hibits bands of the free 2B-hydroxyl and of the free oxime group only, no free 2p-
-hydroxyl is present in the 25-oxime II; instead, its spectrum displays a broad band
at 3260 cm™! corresponding to a strong intramolecular bond®3® to nitrogen n-
-electrons in the (E)-25-oximino group. The weak band at 3 604 cm ™! in the spectrum
of 2B-hydroxy-25-nitrile Va can be ascribed®®7 to intramolecular hydrogen bond
of the hydroxyl to n-electrons of the C=N triple bond; no such band is present in the
spectrum of Vb. The relatively strong broad band at about 3 430 cm ™! in the spectra
of both the 25-nitriles Va and Vlla is evidently due to an intermolecular hydrogen
bond. Interestingly, these compounds associate in concentrations as low as 10~ 3mol.
. 171 whereas the corresponding 26-nitriles ¥b and VIIb do not form associates even
in concentrations one order of magnitude higher. The facile association in 2B-
-hydroxy-25-nitriles may be connected with the 1,3-syn-axial arrangement of the
functional groups (possible formation of cyclic dimers).

TasLE IT1
Chemical shifts and coupling constants of protons on the ring A in 2-ketones

6‘1
Compound  Position J(1L, ) J(3,3)
of CN H-1a H-18 H-3a H-3B
Ix?t — 1-93 2-42 226 217 12-6 139
Xb 26 1-94 2-44 =223 <£2:23° 130 d
Xa® 25 2-11 292 2:24 2-51 15-5 14-1

4 Obtained by analysis of AB systems; ? see ref.33, assignment based on the long-range coupling

between H-1o and 10B-CH; and between H-1B and H-3B; ¢ degenerate AB system, actual values
can be up to 0-03 higher or up to 0-03 lower; 4 value not determined; ¢ tentative assignment, sig-
nals may be interchanged.
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The functionalization of the rather distant 8B-methyl group in the photolysis
of 2B-nitrites I and XX is unusual. It can be explained by two consecutive 1,5-hydrogen
shifts between the 1,3-syn-axial groups: The first consists in H" radical transfer
from the 10B-methyl group to the oxygen radical generated by homolytic cleavage
of the 2[B-nitrite, the second is a transfer from the 8B-methyl group to the radical at
C-25 (see formula XXII). Finally, recombination with the NO* radical gives the
26-oximino group. Similar consecutive 1,5-transfers of an H° radical have been
observed in reactions of lead tetraacetate and iodine with some diterpenoid and
triterpenoid axial alcohols having an analogous 1,3-syn-axial arrangement of two
methyl groups and hydroxyl. However, contrary to photolysis of nitrites I and XX,
these hypoiodite reactions afford compounds functionalized simultaneously on both
the near and the distant axial methyl group, e.g. 7a-hopanol yields 7w,27-epoxy-28-
-iodohopane’®. Even with very small amounts of the reagent, no product functio-
nalized solely on the more distant methyl group has been observed!®. A comparison
of the photolysis of 2B-nitrites I and XX with the hypoiodite reaction of 15p-hopanol
and 2laH-hopan-5B-ol (see ref.!®) is also interesting. If the alkoxyl radical is gene-
rated in position 2B by photolysis of the nitrite, the second hydrogen transfer (from
C-26 to C-25) takes place whereas if it is generated in position 15B by hypoiodite
reaction'®, the second H- transfer (from C-25 to C-26) is not observed and the
reaction affords products of attack at the less distant methyl group (158,26-epoxy-
hopanes). On the other hand, hypoiodite reaction proceeded with double hydrogen
transfer even in cases where nitrite photolysis led only to attack of the nearer methyl
group, c.g. in isopimaran-8f-ol** or 3B-friedelanoi®-*7.

TaBLE IV
Infrared O—H stretching frequencies in 2B-hydroxy derivatives

y(OH), em™1
Compound® Substituents —— -
free bonded
xv 2B-OH 3622¢° —
11 2B-OH, 25-HON= -, 3592 ¢ 3260 m,b
111 2B-OH, 26-HON= 3620 m, 3 598 s¢ —
Va 2B-OH, 25-CN 3623s 3 604 sh,w, 3 440 m,b
Vb 28-OH, 26-CN 3624 —
xvi 28,3p-(OH), 3635s 3583s
VIla 2B,38-(OH),, 25-CN 3623s 3576s,3430mb
VIIb 2B,3B8-(OH),, 26-CN 3631s 3581s

4 Measured in tetrachloromethane on a Unicam SP 700 spectrometer, concentration 1—2.
. 1073 mol171; ¥ taken from ref.34; € oxime OH.
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The results of this work show that in the photolysis of triterpenoid 28-nitrites the
hydrogen is primarily transferred only from the 108-methyl but not from the 4f-
-methyl group. Products of functionalization in the 4B-position have not been detected
at all. This might indicate that the distance between the hydrogen atom of the 10f-
-methyl group and the 2B-oxygen atom is shorter than in the case of the 48-methyl
group.

The prepared 26-nitriles and the 26-oximino derivative belong to the small number
of the hitherto known 26-substituted triterpenoids of oleanane, ursane, hopane,
lupane or similar skeleton. Only recently®®, derivatives of 20(29)-lupen-26-oic acid
were isolated as the first natural triterpenoids with a substituent in position 26.

EXPERIMENTAL

Melting points were determined on a Kofler block and are uncorrected. Optical rotations were
measured on an automatic polarimeter ETL-NPL (Bendix—Ericsson) in chloroform (¢ 0:5—1-0),
accuracy +2°. Infrared spectra were recorded in chloroform on a PE 684 (Perkin—-Elmer) spectro-
meter. 'H NMR spectra were taken with a Tesla BS 487A instrument (80 MHz) in deuterio-
chloroform with hexamethyldisiloxane (HMDS) as internal standard. Chemical shifts are given
in the d-scale with tetramethylsilane (TMS) as reference (6(TMS) = S(HMDS) + 0-063). Mass
spectra were measured on a Varian MAT 311 spectrometer, ionizing electron energy 70 eV,
direct inlet temperature 130— 150°C. Identity of samples prepared by different procedures was
confirmed by thin-layer chromatography (TLC) and IR and 'H NMR spectra. TLC was done
on silica gel G (Merck), detection with 10% sulfuric acid and heating, or on Silufol foils (Kavalier,
Votice, Czechoslovakia), detection with 5% ethanolic phosphomolybdic acid and heating.
Column chromatography was performed on silica gel Silpearl (Kavalier, Votice). Analytical
samples were dried over phosphorus pentoxide under diminished pressure at 100°C. The starting
2B-hydroxy derivative XV was prepared by the described?! reduction of the 2-oxo derivative
1X, obtained according to ref.33. Monoacetates XII and XIX were prepared as described??2.
The photolyses were carried out with a 125 W mercury lamp RKW (Tesla).

The “‘usual work-up procedure’” means pouring the reaction mixture into water, taking the
products up in ether, successive washing the ethereal layer with water, saturated sodium hydrogen
carbonate solution, again with water, drying over sodium sulfate and evaporation of the solvents.

198,28-Epoxy-18a-oleanan-23-o0l Nitrite ()

Nitrosyl chloride was introduced at —20°C into a stirred solution of XV (0-8 g) in pyridine
(50 ml) until the orange colour persisted. The solution was warmed to room temperature and
water (20 ml) was added dropwise under stirring. The separated crystalline 7 (0-79 g; 93%() was
used directly in further reaction. An analytical sample was obtained by crystallization from
chloroform-methanol; m.p. 154—155°C (dec.), [«]p - 51°. IR spectrum: 1632 (ONO); 1031
(C—O0—C) em ™ 1. For C30H,gNO; (471-7) calculated: 76:39% C, 10-47% H, 2-97% N; found:
76:21% C, 10-43%, H, 2-83% N.

Photolysis of Nitrite J

Compound I (4 g) in benzene (100 ml) was irradiated in a Sial glass flask for 30 min with an
externally placed 125 W mercury lamp, nitrogen being introduced into the solution before and
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during the irradiation. The solvent was evaporated and the residue chromatographed on a column
of silica gel (100 g) in light petroleum—ether (15: 1), affording 0-21 g (6%) of IX, 0-38 g (10%)
of XV, 0-24 g (6%,) of amorphous (E)-198,28-epoxy-2B-hydroxy-18a-oleanane 25-aldoxime (II),
m.p. 263—266°C (sublimes at 210° as needles), [o], +-26°. IR spectrum: 3 585, 3229 (OH);
1033 (C—O0—C) em™ !, 'H NMR spectrum: 0-79s, 3 H (CH,); 0-89s, 3H (CHj); 0-94s,
12 H (4 X CH;); 2-86 bd, 1 H (H-1§, J = 15 Hz); 3-50s, 1 H (H-19q); 3-43d, 1 H and 3-75 d,
1 H (H,-28, /= 8 Hz); 410 m, 1 H (H-2a, Wy ,, = 14 Hz); 7925, 1 H (H-25). Mass spectrum,
mjz (%): 471 (M T, 19), 453 (56), 451 (28), 438 (35), 410 (37), 408 (23), 382 (100), 380 (84), 364
(35), 339 (33), 245 (28), 224 (58). For C3oH,4oNO; (471'7) calculated: 76:39%; C, 10-47%; H,
2:97% N; found: 76-42%; C, 10-63% H, 3-15% N.

Further elution with the same solvent mixture gave 2:6 g (65%) of II and III (1 : 1, according
to 1H NMR spectrum) and 0-21 g (5%) of (E)-19B,28-epoxy-2B-hydroxy-18a-oleanane 26-
-aldoxime (I1I), m.p. 278—280°C (chloroform-methanol), [«] +27°. IR spectrum: 3 583, 3 336
(OH); 1031 (C—O0—C)cm™!. 'H NMR spectrum: 0-80s, 3 H (CH3); 091s, 3H (CH,);
0-94s, 6 H (2 X CH,); 0:96s, 6 H (2 X CH,); 2:14bd, 1 H (/= 12 Hz); 3-56s, 1 H (H-190);
3-38d, 1H and 3-69d, 1 H (H,-28, /= 8 Hz); 4-05m, 1 H (H-2a, W,, = 15 Hz); 7-76s,
1 H (H-26). Mass spectrum, m/z (%): 471 (MY, 20), 453 (100), 451 (40), 382 (42), 380 (30), 300,
(22), 288 (23), 286 (26). For C3oH oNO; (471-7) calculated: 76:39%; C, 10-479; H, 2-97, N;
found: 76-51% C, 10-59% H, 3-28%, N.

198,28-Epoxy-18a-oleanane-28,3B-diol 3-Acetate, 2-Nitrite (XX)

Nitrosyl chloride was introduced at — 10°C into a solution of XIX (850 mg) in pyridine (15 ml)
until the orange colour persisted. After standing at — 10°C for 2 h, the mixture was poured on
ice, the product taken up in cther, the ethereal layer washed with dilute hydrochloric acid and
worked up in the usual manner. Crystallization from benzene-ethanol afforded 750 mg (83%;)
of XX, m.p. 205—208°C, [«]p +37°. IR spectrum: 1 731, 1 247 (OCOCH,); 1 680, 1 651 (ONO);
1030 (C—O0—C) em™ !, For C;3,HNO; (529-8) calculated: 72-55% C, 9-70%; H, 2647, N;
found: 72-36%; C, 9-81% H, 2-83% N. On standing in chloroform, the product decomposed to
give a mixture of XIX and XXI (according to TLC).

Photolysis of Nitrite XX

The compound XX (730 mg) was photolysed as described for I to give an unseparable mixture
of compounds (TLC). The mixture was refluxed with acetic anhydride (10 ml) for 10 min and
then the acetic anhydride was distilled off under reduced pressure. According to TLC, the residue
contained XVIII, VIIIa, and VIIIb. Attempted separation by crystallization from methanol
gave a 1 : 1 mixture of VIIla and VIIIb (1H NMR spectra), m.p. 287— 288°C. Thin-layer chroma-
tography of the mother liquors (15 g of silica gel, eluent light petroleum-ether 3 : 1) afforded
140 mg (18%) of XVIII, identical with the compound described in ref.22. The mixture of Viila
and VIIIb was unseparable by chromatography, and its composition did not alter by repeated
crystallizations. It was therefore hydrolyzed by boiling with 5% sodium hydroxide in ethanol
(30 ml) for 2 h, worked up as usual and chromatograrhed on a column of silica gel (50 g) in light
petroleum-ether (15:1). The elution gave: 210 mg (32%) of 1983,28-epoxy-28,3B-dihydroxy-
-18a-oleanane-26-nitrile (V1Ib), m.p. 327—329°C (chloroform-methanol), [a], + 51°. IR spec-
trum: 3 624, 3 583, 3 571, 3 400 (OH); 2 225 (CN); 1034 (C—O—C)cm ™ 1. For C30H,7NO;
(469-7) calculated: 76-71% C, 10-09% H, 2-98% N; found: 76-59% C, 9-85% H, 2-72%, N. Further
elution afforded 220 mg (34%() of 1983,28-epoxy-28,3B-dihydroxy-18a-oleanane-25-nitrile (VIla),
m.p. 310—320°C (dec.), (chloroform-methanol), [a]y - 55°. IR spectrum: 3 619, 3 576, 3 561,
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3400 (OH); 2228 (CN); 1032 (C—O—C)em ™!, 'H NMR spectrum: 2-66 m, 1 H (H-1&).
For C;,H,,NO, (469-7) calculated: 76:71%; C, 10-09% H, 2-98%; N; found: 76:65% C, 10-15% H
2:69% N

Acetylation of VIIb with acetic anhydride in pyridine (24 h), decomposition with ice and
hydrochloric acid, usual work-up and crystallization from acetone afforded 78%; of VIIIb, m.p.
328-—329°C (sublimes at about 300°C), []p +61°. IR spectrum: 2 226 (CN); 1737, 1 261 and
1255 (OCOCHj;); 1035 (C—0—C) cm~ 1. 'H NMR spectrum; 2:03s, 3 H and 2:05s, 3 H
(2 X OCOCH,); 2:09m, 1 H (H-1E); 462d, 1H, (H-3a,J = 3-4 Hz); 526m, 1 H (H-2q,
W, ;2 = 12 Hz). Mass spectrum, m/z (%(): 553 (M1, 100), 538 (16), 535 (15), 482 (69), 187 (42).
For C3,HsyNO;s (553-8) calculated: 73-749; C, 9-28%; H, 2:53% N; found: 73-85% C, 9-39% H,
2:68% N

Diol Vlla was acetylated in the same manner to give diacetate Villa in 82% yield, m.p. 292 to
293°C (methanol). [a]p <+ 87°. IR spectrum 2 231 (CN); 1738, 1253, and 1241 (OCOCH;);
1033 (C—O—C)cm™!. 'H NMR spectrum: 2:06s, 3H and 2-1ts, 3H (2 X OCOCH,);
261 m, 1 H (H-1&); 4-58 d, 1 H (H-3a, J/ = 3-4 Hz); 528 m, 1 H (H-2a, W1 5 == 10 Hz). Mass
spectrum, m/z (%): 553 (M+ 23), 523 (8), 494 (14), 482 (100), 422 (11), 380 (12), 273 (10), 245
(12). For C34H5{NOs (553-8) calculated: 73-74% C, 9-28% H, 2-53% N; found: 73-91% C,
9-43% H, 2:72% N

19B,28-Epoxy-18a-oleanane-2B,3a-diol 3-Acetate, 2-Nitrite (XIII) and Its Photolysis

Gaseous nitrosyl chloride was introduced at —20°C into a stirred solution of XII (150 mg) in
pyridine (10 ml) until the orange colour persisted. After standing at —20°C for 4 h, the solution
was poured on ice (5 g) and the separated product was collected on filter; yield 110 mg (80%)
of XIII which melted with decomposition at 112— 115°C, resolidified and melted again at 248 to
253°C; [«]p +62°. Crystalline XIII decomposed within several days, in chloroform solution
in several hours. It could not be crystallized from chloroform-methanol mixture. In all cases
the decomposition product was XI. Photolysis of freshly prepared XIII, performed as described
for I, led to a single product (TLC) which was isolated by crystallization from methanol in 83%
yield and identified as XI by comparison with an authentic sample27

198,28-Epoxy-2B-hydroxy-18a-oleanane-25-nitrile Acetate (VIa) and 198,28-Epoxy-2§-
-hydroxy-18a-oleanane-26-nitrile Acetate (V1Ib)

A mixture of II (100 mg) and acetic anhydride (1 ml) was refluxed for 30 min. Most of the acetic
anhydride was distilled off under reduced pressure and the residue was crystallized from chloro-
form-methanol to give 95 mg (90%) of Vla, m.p. 255—257°C (sublimes at 220°C from platelets
to form needles), [«]p -+ 58°. IR spectrum: 2 228 (CN); 1 730, 1 250 (OCOCH3); 1 034 (C—O0—C)
cm™'. TH NMR spectrum: 2:08 s, 3 H (OCOCH,); 2:57 m, 1 H (H-1§, W, , = 15 Hz); 5-08 m,
1 H (H-2a, W, 2= 16 Hz). Mass spectrum, m/z (%;): 495 M1, 51), 480 (6), 477 (5), 436 (12),
435 (13), 424 (100), 366 (13), 364 (18), 273 (11). For C3,H4oNO, (495:7) calculated: 77-53% C
9-96% H, 2-83% N; found: 77-38% C, 10-04°%; H, 2-77% N

A mixture of III (200 mg) and acetic anhydride (1 ml) was refluxed for 30 min. After cooling
to room temperature the reaction mixture afforded crystals of VIb (190 mg, 95%), m.p. 283 to
285°C, [«]p +54°. IR spectrum: 2 224 (CN); 1 728, 1257 (OCOCH,); 1035 (C—O0—C) cm ™!,
IH NMR spectrum: 2:02 s, 3 H (OCOCH;); 507 m, t H (H-2q, W1 , = 18 Hz). Mass spectrum,
mfz (%): 495 (M ™, 100), 480 (6), 477 (7), 435 (45), 424 (53), 405 (47) 300 (15). For C3,H gNO,
(495-7) calculated: 77-53% C, 9-96%; H, 2-83% N; found: 77-36% C, 10-16%, H, 2-96%; N.

Collection Czechoslovak Chem, Commun. (Vol. 53) (1988)



Triterpenes 129

19B,28-Epoxy-2f3-hydroxy-18a-oleanane-25-nitrile (Va) and
198,28-Epoxy-2f-hydroxy-18a-oleanane-26-nitrile (Vb)

A solution of sodium hydroxide (100 mg) in ethanol (5 ml) was added to a solution of Via
(200 mg) in benzene (5 ml). The mixture was refluxed for 3 h, poured into water, the benzene
layer was separated, the aqueous one was extracted with ether and the combined organic phases
were washed with dilute hydrochloric acid and processed as usual. Crystallization of the residue
from acetone furnished 165 mg (90%) of Va, m.p. 283—284°C (at 250°C change from needles
to prisms), [«]p +50°. IR spectrum: 3 607, 3 401 (OH); 2 227 (CN); 1032 (C—0—O) cm™L,
1H NMR spectrum: 2-41m, 1 H (H-1§, W1/2 = 15 Hz); 416 m, 1 H (H-2a, W= 16 Hz).
For C30H,,NO, (453-7) calculated: 79-42%; C, 10-44%; H, 3-09%; N; found: 79-28%; C, 10-:31%; H,
2-87% N.

Compound VIb was prepared from Vb in the same way; yield 95%, m.p. 318—320°C (dec.)
(sublimes at 250—300°C), [a]lp +57°. IR spectrum: 3 610 (OH); 2225 (CN); 1034 and 1007
(C—0—C) cm™ !, TH NMR spectrum: 2:04 m, 1 H (H-1€, W, ,, = 14 Hz); 406 m, 1 H (H-20,
Wi,2 = 19 Hz). For C30H ;NO, (453-7) caleulated: 79-42%; C, 10-44%, H, 3-097; N; found:
79-16% C, 10-31%, H, 3-28% N.

198,28-Epoxy-2-0x0-18a-oleanane-25-nitrile (Xa) and
198,28-Epoxy-2-0x0-18a-oleanane-26-nitrile (Xb)

Compound Va (100 mg) was added to a solution of sodium acetate (150 mg) and sodium di-
chromate (50 mg) in acetic acid (10 m!l). The suspension was stirred to homogeneity (3 h) and
set aside at room temperature overnight. Methanol (1 ml) was added and the mixture was worked
up in the usual manner. Crystallization of the residue from ethanol afforded 105 mg (87%) of Xa,
m.p. 316—318°C (at 300°C change from needles to platelets), [«¢] 4-69°. IR spectrum: 2 229
(CN); 1713 (CO); 1032 and 1005 (C—O—C)cm™ !, CD spectrum (dioxane): Amax 299 nm,
Ae +1:2. For C3oH,sNO, (451-7) calculated: 79-77% C, 10-049; H, 3-10%; N; found: 79:61; C,
10-21% H, 3-16% N.

Compound Vb was oxidized in the same manner. Crystallization from acetone afforded 95%
of Xb, m.p. 361—363°C (sublimes at about 280°C), [«]p + 56°. IR spectrum: 2 226 (CN); 1 703
(CO); 1035 and 1 007 (C—O—C) ecm™ 1, CD spectrum (dioxane): Amax 299 nm, Ag +1-2. For
Ciy0H4sNO, (451:7) calculated: 79-77%; C, 10-04%; H, 3-10% N; found: 79-99%; C, 9-88%; H,
3-21% N.

198,28-Epoxy-18a-oleanane-25-nitrile (IVa) and 19B,28-Epoxy-18a-oleanane-26-nitrile (1V5)

Compound Xa (50 mg) was heated to 150°C with a mixture of diethylene glycol (3 ml) and hydra-
zine hydrate (0-2 ml) until water vapours no longer escaped (about 40 min). After cooling and
addition of solid potassium hydroxide (100 mg), the mixture was heated to 210°C for 2 h, cooled
and poured into water. The separated product was collected on filter, dissolved in ether and the
ethereal solution was worked up in the usual manner. Crystallization from chloroform-methanol
gave 35 mg (73%) of IVa, m.p. 298—300°C (dec.) (sublimation from 220°C), {«jp +57°. IR
spectrum: 2225 (CN); 1032 and 1004 (C—O—C) em™ 1. 'H NMR spectrum: 2:24 m, 1 H
(H-1§, W1/2 = 14 Hz). For C;oH,,NO (437'7) calculated: 82-32%; C, 10-82% H, 3-209% N;
found: 82-04% C, 10-91%{ H, 3-33% N.

The same procedure was applied to Xb which was converted into IVb in 819 yield (after
crystallization from chloroform-acetone); m.p. 320—321°C (at about 270°C sublimes from
prisms to form platelets), [«]p, + 33°. IR spectrum: 2 223 (CN); 1 034 and 1 007 (C—O—C) cm ™ 1
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For C3oH,,;NO (437-7) calculated: 82:32%; C, 10-82%; H, 3-20% N; found: 82:47%; C, 10-69%, H,
3-23% N.

The authors are indebted to Dr S. Hilgard for recording the IR spectra, to Dr J. Protiva for
taking the mass spectra (both from our Department) and to Dr S. Vasi¢kovd, Institute of Organic
Chemistry and Biochemistry, Czechoslovak Academy of Sciences, Prague, for the CD spectral
measurements.
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