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The reaction of 30-nor-19-lupene-313,28-diol (I) with bromine gives bromo ethcr III ; from the 
corresponding diacetate II dienc IX, unsat urated alcohol s VII and VIII a nd hyd roxy ketone Xl J 

were obtained as products of conversion of the primarily formed dibromo derivative VI, depending 
on the reaction conditions. The structure and configuration of unsaturated alcohols VII and V11 I 

at C(20) is based on I Hand 13 C NMR spec tra and the different course of their reaction with 
peracid. 

]n the large majority of presently known natural triterpenes of lupane series the side 
chain on C(19) has IX-configuration (19pH-series). Recently severallupane derivatives 
have been described in which the side chain has a less favourable p-configuration 
(19IXH-series)1 - 3. Our recently published synthesis of 19IXH compounds (for example 
19IXH-lupeol acetate and similar substances)4 is based on the addition of diborane to 
the exocycIic double bond in position] 9(20) in derivatives of 30-norlupane. Among 
other addition reactions which were investigated in connection with the preparation 
of 19IXH-Iupane compounds we mention in this paper the reaction of 30-nor-19-lupene 
derivatives 1 and II with bromine. The preparation of the starting compounds J 

and 11 is described in ref. 5. 

Reaction of dioll with bromine in acetic acid gave as the sole product bromo ether 
III which when acetylated afforded monoacetate IV The structure of compound JV 
follows from its 1 H NMR spectrum which displays signals characteristic of CH2-O
-group in the ether bridge of 19p,28-epoxy derivatives of lupane6 (doublet at 3·39 
and doublet of doublets at 4·00 ppm, J gcm = 7·3 Hz, Jl.r. = 2·8 Hz) and also signals 
of the CH 3- CHBr-group (quadruplet at 4·32 and a three-proton doublet at 1·68 ppm , 
J = 6·9 Hz). The formation of bromo ether III can be explained by assuming that 
the attack of bromine on the double bond takes place from the IX-side, similarly as the 
attack of peracids 5 and diborane\ and that the free hydroxyl group in the position 28 
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participates in the opening of the bro mo niuJll ion under fo rmation o f 19p.28-epoxide 

bridge. On the basis of thi s reaction course and the kn own ' E-configuration of the 

double bond in compound 1 configuration 20R can be proposed fo r compounds 1 IJ 
and 1 V. 

The reaction of diacetat e II with bromine or pyridinium bromide perbromide lead s 

to various products, in dependence on the reactio n medium. The primary product 

o f the addition, dibromo derivative VI , wa s obtained in the reaction o f diacetat e 11 

with pyridinium bromide per bromide in pyridine. In it s mass spectrum the molecular 

ion was not present , and the ion with the highest ma ss corresponded to a loss ofa mo

lecule of hydrogen bromide and ace tic aCid fro m the o riginal dibro mo deriva tive. 

Further, the main fragment s co rrespond to the fragm ent s fo und in the case of un

saturated alcohols VlI and 1111 1.The prcsCl;ce o f two bro mine atoms in compollJ1d Vi 

is indicated by the 13C NM R spectrum in which signal s o f S p 2 ca l ba ll atoms which 

would correspond to unsaturated l11 onobro ll1O derivative were no t found. In agree

ment with stlucture VI the signals of six quaterna ry carbon a toms (80'2; 47·0; 43-4; 

41'1; 37·8 and 37·2 ppm) were detected in the spectrum by a no ise o fT-re sonance 

decoupling experiment, of which the downfield signal (80'2 ppm) may be ass igned 

10 the C(1 9 ) atom, carrying the bromine atom. The seco nd carbon alOI11 (C( 20 )) 

carrying the bromine atom gives a do ublet at 59·5 ppm. In the 11-1 NMR spectrum 

in deuteriochloroform the sign a ls o f the CH 3 CI-IBr-group (1'99 (d) and 4· 63 (q) ppm , 

J = 6·7 Hz) are overlapped by 1he signals of the acetate methyls , 3C1.-hydrogen and 

28-methylene group. Their identification was carried out by double resonance, 

partially relaxed Fourier tran sform spectra and measurement in hexadeuteriobenzene 

and its mixture with deuteriochloroform. ]t is wo rth mentioning tha t according to 

the NMR spectra dibromo derivative VI is pure, i.e. a single iso mer was obtained 

of the four possible ; however, it cannot be decided on the basis of spectral data which 

are the configurations on C(J9) and C(2 0 )' 

Dibromo derivative VI is unstable , as evident from it s easy COllVCI sion to dienes 

and substitution derivatives of allylic type. Under thc effect of methanol dibromo 

derivative Vi gives ri se to the known 5 diene J X and a chro matographically inseparable 

mixture of methoxy derivatives V, isomeric at C(2 0) ' From the 1 H NMR spectrum of 

this mixture it is evident that both isomers differ in the chcmical shift s of the methoxyl 

group (3'16 and 3·2 1 ppm); one of the isomers has the hydrogens of the C(28)H 2-group 

almost equivalent , while in the second the chemical shift of both hydrogens differs 

by 0·12 ppm, similarly as in the case of isomeric a lcohols V1I and VllI. The reaction 

of dibromo derivative Vi with 'Water in PYI idine or dio xane gave diene [X and un

saturated alcohols VII and ViII, differing in configuration in the position 20 (for 

their structure and configuration see below) . 
During the reaction of diacetate 11 with bromine in anhydrous dioxane or ether an 

elimination of hydrogen bromide was observed. The mixture of products formed was 

cOllverted to a separable mixture of stable substances under the effect of water, 
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from which diene I X and hydroxy derivatives VlI and VIJJ were isolated. When using 
acetic acid as solvent in the reaction of diacetate J 1 with bromine, a mixture of uniden
tified dienes, unsaturated alcohols Vll and Vlll and an inseparable mixture of their 
20-0-acetyl derivatives was obtained. In the reaction of diacetate Ii in aqueous dioxane 
different compounds are formed than in anhydrous medium. Hydroxy ketone Xl V 
was isolated as the major product from the mixture of the products. Under these 
reaction conditions evidently various combinations of addition and elimination 
reactions, aJlylic substitution and oxidation take place. The structure of hydroxy 
ketone Xl V is based on its I R spectrum (unsaturated five-membered ketone, 1 680 
and 1615 cm - I

) and the J H NMR spectrum, containing the signals of the CH3-
--CH(OH)-- (1'385 (d) and 4·96 (q) ppm, J = 6·3 Hz) and two doublets of the 
C(22)H2 group (2'06 and 2·47 ppm, J = 19·0 Hz, for analogy see ref. S). Oxidation 
of hydroxy ketone XlV with chlOmium trioxide gave diketone XV, containing ac
cording its I R spectrum an unsaturated dicarbonyl system (1 705, 1 680, 1 615 cm- 1); 
in its J H NMR spectrum the singlet of the methyl keto group (2'36 ppm) and two 
doublets of the protons on C(22) (2'13 and 2·55 ppm, J = 19·0 Hz) are present. 

It is interesting that in none of the mentioned reactions of diacetate Ii with bromine 
could derivatives of type IV be found, containing ether bridges between C(19) and 
C(2S) which are formed in the reaction of diol I. Hence the acetoxy group in the posi
tion 28 does not participate in this case, even though in analogous reactions of the 
20(21)-double bond in 18cx,19pH-ursene derivatives the acetoxy group from position 
28 did participate 7 to a considerable extent (about 50%). 

In the 13C NMR spectra of both unsaturated alcohols VIi and VIiI the. signals of 
the carbon atoms of the tetrasubstituted double bond were located at 141 and 138 ppm 
and a doublet of C(20) at 64 ppm. The spectra of both isomers are practically the 
same, maximum differences in chemical shifts amount to about 0·4 ppm. The 
1 H NMR spectra confirm the presence of the CH3- CH(OH)- group and they are 
similar in both isomers; in contrast to saturated 20R and 20S 20-hydroxylupane deri
vatives8 the shifts of hydrogen atoms in the position 20 do not differ. The most signi
ficant difference between the isomers VIi and VIiI is in the signals of the C(28)H2--O
group: while the Isomer VIi gives a singlet (similarly as the u1lSubstituted derivative 
with the double bond in positionS 18(19)), in the isomer VIIi the hydrogen atoms of 
the C(28)H rgroup are non-equivalent and their chemical shifts diffet by 0·1 ppm. 

The unsaturated alcohol VI I when reacted with 3-chloroperoxybenzoic acid gives 
rise to epoxy alcohol X as the sole product, from the isomeric alcohol VIiI two epoxy 
alcohols, XIi and XlII , are formed in comparable amounts. Both epoxy alcohols X 
and XII give epoxy ketone XI on oxidation with chromium trioxide. The p-con
figuration of the epoxy group in derivatives X -XII follows both from the known9- 11 

preference of the p-attack of peracids on ] 8(19) double bond, and from the compari
son of the lH NMR spectra and optical rotations of epoxy alcohols XII and XIII. 
According to ref. 9 both doublets of the C(28)H2 group in 18p,19p-epoxylupane deri-
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v3t ives containing the 28-acetoxy group are shifted downfield ill compa ri son with 
18a,19a-epoxy derivatives; the chemical shift of the protons of the C( 2 H)H 2-group 
in epoxy alcohol XlJ (3'93 and 4·46 ppm) indicates the J8p,19p-configuration , while 
in epoxy alcohol X III (3-85 and 4·1 8 ppm) the J 8a. 19a-configuration of the epoxide 
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grou p. The molecula r rotation difference bet\Veen epoxy a lcohols X 111 and XlI 
(Mo(X III) - Mo(X 1I) = +95°) a lso corresponds, according to li1.4 to the p-confi
gurati on of the side chain on C( 19) in deriva tive X III aed to the a -configura tion in 
derivative XII. 

The ass ignment of the configuration on C(20) in umaturated alcohols VI I and VIII 
and in epoxy alcohols X, XII a nd Xlll has been carried out in the following three 
manners: 

a) According to earlier formulated rul es 8 for the mobility of isomeric 30-nor-20-
-hydroxy lupane derivatives in thin-l aye r chromatography it follows that the more 

polar iso mers VII and X have 20S configuration a nd the less po lar isomers VII I and 
X II the 20R co nfiguration. 

b) ]t is known 8
, that in the I H NMR spectra of 30-nor-20-hydroxylupane deriva 

tives which have the 19a -si de chain , the signal of C(2o)H is shifted upfield in the case 
of 20R-isomers, in comparison with the 20S-iso mers. This rul e a lso applies for sub

stances which have an oxygen ato m8 in position 19P ; its application onto ISP,19p

-epoxy alcohols X and XlI indica tes the 20R-configuration for compound X 11 
(quadruplet C(2o)H at 4·09 ppm) and the 20S-configuratlon o f compour,d X (quadru
plet a t 4·15 ppm). 

c) The same configuration on C(20) can be derived on the basis of the known geo
metry of the transition state in the epoxidation of unsa turated alcohols with peracids 

(see ref, 12 and the references therein). According to mo lecular m odels the confo r

ma tion VJl A of the side chain may be expected preferentially in the t.!yox idation of 

the 20S-isomer V11 where the complex of the hydroxy group with the peracid is 

oriented from the p-side. On the contrary, the hydroxy group of the 20R-isomer 

VIII (in conformation V11IA) should enhance the formation ofa-epoxide. The orien
tation of the side chain with the terminal methyl group in close proximity of the methy

lene group on C(12) ( V11B, VIJlB) is in both alcohols improbable. Hence, the pre

ferred geometry of the transition state (VIlA) in the 20S-isomer supports the 
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formation of ~-epoxide which is also formed on attack of peracids on JS(19)-un

saturated lupene derivatives without a hydroxyl on ('(10) (lefs9
-

1 1), while in the 20R

-i so mer it competes with thi s attack. The una mbiguo us form a tion of ~-epoxide X 
from 20S-isomer VI1 and the more complex course of epoxidation or the 20R-isomer 

V111 , during which both isomeric epoxides X 11 and X 111 were obtained, correspond 

to the mentioned tendencies. 

Thc iso meric unsaturated alcohols Jill and VII1 aho difrer in the react ion with cJuo

miulll trioxide or pyridillium chlorochromate. Oxidation of the 20S- isomer Jill gives 

epoxy ketone Xl as the only product , while the 20R-isomer VII 1 gives under the same 

conditions a mixturc of acid and neutral product s. Among the neutral products epoxy 

ketone Xl could be identified by thin-layer chromatography and dike tone XV was 

iso latcd. In this oxidation the chromate complex I J cnhanccd the epoxidation, in the 

20S-isomel in which the complex can assume a su itable orientation (VilA) for the 

attack of the double bond from the ~- s ide. III the case of the 20/~-isomer the course 

of the reaction is again more complex and allylic oxidation also takes place. For 

the comparison, in the lS-lupene derivatives without a 20-hydroxy group aJlylic 

oxidation takes place to the same extent as the epoxidation of the double bond s. 

EXPElHMENT AL 

The melting points were measured on a Koller block and they are not corrected. Optical 
rotations were measured in chloroform on an automatic polarimeter ETLjN PL (Bendix-Erics
son) with a ::1= 20 accuracy. The infrared spectra were measured in chloroform on a UR 20 
(Zeiss, .lena) spectrophotometcr. The N M R spec t ra were mea su red in deuteriochloroform, the 
che mical shifts are given in ppm <5-scale, using tetramethy l.,ilane as reference. The I H NMR 
spectra were measured on a Varian HA-IOO spectrometer (100 M Hz, internal reference tetramcthyl 
silane) and a Tesla I3S 487A (SO MHz, internal reference hexamethyldisiloxane). Fo r the identifi
cation of the signals the spectra were al so mea su red in mixture o f cieuteriochloroform and hexa
cieuteriobenzene, while for thc identificatio n of the - - C(20)H-- C1-13 group signal s, decoupling 
was used. The 13 C NMR spectra were measured on a I-X-oO (J EO L. 15 M Hz) spec trometer, ope
rating in FT-mode; chemical shifts were calculated from the digitally obtained differences of 
addresses; the multiplicity of the signal s was determined by mean s of sin gle frequency off reso
nance decoupling. or also noise off resonance decoupling. The number and the multiplicity of the 
signal s corresponds to the structure of the substances meas ured. The mass spectra were measured 
o n a Va rian MA T- 311 inst rument. The energy of the ionizing electrons was 70 eV and the ionizing 
electron current was J mA ; the temperature of the ion source was 200Q C and the temperature of 
the direct inlet system was 130-- 200°C. The identity of the sampl es prepared in different ways 
was checked by thin-layer chromatography on silica ge l according to Stahl and the infrared 
spectra. The analytical sa mples were dried over phosphorus pentoxide under reduced pressure 

at 100°C. 

Reaction of 30-nor-19(20)lupene-3,28-diol (1) with Bromine 

A so l ution of bromine (0'12 g) in acetic acid (3 ml) was added under stirring to a solution of lupe
nediol I (0'3 g) in acetic acid (10 ml) at 14°C. After 2 min water was added and the se parated pro-
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duct was filtered off under suction, dissolved in ether and the solution filtered through a layer of 
alumina. After evaporation of ether and crystallization from heptane (20R)-20-bromo-19!l.28-
-epoxy-30norlupan-3!l-01 (Ill; 0·25 g) was obtained. m.p. 204 - 208°C, [a]D - 19°. lR spectrum: 
3630, 1049, 1010, 990 em - I. For C 29 J-1 47 BrOz (507'6) calculated: f,8·f,1 /~ C, 9'33% H; found: 
f,8'93/~ C, 9'52% H. 

Acetate I V was prepared from hydroxy derivative III using a mixture of acetic anhydride and 
pyridine in a 1 : 1 ratio, at room temperature. After decomposition of the reaction mixture with 
water the product was extracted with ether, the ethcral solution was washed with water and filtered 
through a layer of al umina. Acetate IV had m.p. 247- 250°C (chloroform--hcptanc), [a]D _ 6°. 
IR spectrum: 1730, 1260, 1031, 1009,985 cm - I

. I J-I NMR spectrum (100 MHz): 0·85 (2 >. 
;< CJ-I3 ), 0'88; 0·93 and 1·02 (3 X CH 3); 1'68 d (J ~~ 6·9 Hz; C(20)CH 3 ), 2·03 (CH 3 COO), 
3'39 d and 4'00 dd (.lgcm 7'3 Hz, hr. = 2·8 Hz; C(Z8)H z), 4'32 q (.I = 6·9 Hz; C(ZO)H). 
4·49 III (C(3)H). For C3tH49Br03 (549'6) calculated: 67'74% C, 8'9f,~~ II; found: 67'94~{, C, 
9'03% H. 

Reaction of 3i3,28-Diacetoxy-30-nor-19(20)-lupene (If) with Pyridiniulll Bromide Perbromidc 

a) III pyridille: A solution of diacetate II (0·4 g) and pyridiniulll bromide perbromide (0'33 g) 
in pyridine (25 ml) was allowed to stand at room temperature for 70 h, then diluted with water 
a nd extracted with ether. The ethereal solution was washed with dilute sulfuric acid, water and 
dried over sodium sulfa te. Evaporation of ether gave 0'35 g of 3i3,28-diacetoxy-19C;,20c;-dibromo
-30-norlupane (VI), which was rapidly crystallized from a mixture of ether and methanol to give 
a product melting at 164 - 166°C (decomp.), [a ]D + 48°. IR spectrum: 1730, 12Wcm- I 

IHNMR spectrum (80 MHz): 0·85 (2 X CH3 ), 0'88,1'06 and 1·10 (3 X CH3), 1'99d (J =' 

== 6·7 Hz; CtZO )H3), 2·03 and 2'06 (2 X CH3COO), 4·42 d and 4·59 d (J = 11 Hz; C(Z8)H z) 
4·45m (C(3)H), 4'63 q (J =· 6·7 Hz; C(ZO)H). DC NMR spectrum : 171-0 and 171'3 (2 X C==· O), 
81·0 d (C(3»' 80·2 (C(19»' 62·5 t (C(28»' 59'5 d (C(20»' Mass spectrum, III/Z (%): 532 (0'2) , 
530 (0'2),510 (13), 450 (21), 437 (100), 390 (11). 377 (22). 187 (5). For C33H5ZBrz04 (672'ti) 
calculated: 58'89% C, 7'74% H; found: 60'07% C, 8'01% H. 

b) III dioxalle: A solution of pyridinium bromide perbromide (0'8 g) in pyridine (2 ml) was 
added to a solution of diacetate If (0'9 g) in anhydrous dioxane (25 ml) at room temperature and 
the mixture was stirred at the same temperature for 30 min. After pouring it into a sodium hydro
gen carbonate sol ution a precipitate was formed which was filtered off under suction, dissolved in 
ether and the ethereal extract was dried over sodium sulfate. The residue, which decomposed on 
thin-layer chromatography, was dissolved in dioxane (10 ml), water (3 ml) and solid sodium 
hydrogen carbonate (0'3 g) were added and the mixture was heated on a water bath for 15 min. 
The mixture was diluted with water and extracted with ether. After washing the extract with wa
ter and drying over sodium sulfate, the extract was evaporated and the residue (0'9 g) chromato
graphed on silica gel. Elution with benzene afforded diene IX (0'11 g), m.p. 208- 212°C, identical 
with an authentic specimenS, and then a mixture of unidentified substances (0'08 g). Benzene-ether 
4: I mixture eluted (20R)-3i3.28-diacetoxy-30-nor-18(19)-lupen-20-01 (VlII; 0·21 g). m.p. 199 to 
203°C (chloroform, heptane), [a]D + 25°. IR spectrum: 3620,1730. I 260cm- 1 . J H NMR 
spectrum (l00 MHz): 0·85 (2 X CH3), 0'91. 0·92 and 1'075 (3 X CH 3 ), 1·21 d (.I = 6·4 Hz: 
C(2o)CH 3), 1·56 (OH). 3·98d and 4'08d (.1= II'Hz; C(l8)H 2 ). 4·50m (C(3)H). 5'07q (J = 

6·4 Hz; C(20)H); after addition of trichloroacetyl isocyanate: 1'36 d (C(20)CH 3). 6·19 q 
(C(20)H). 8'30 bs (NH). 13C NMR spectrum: 171-3 and 171'0 (2 X C=O, 141·1 and 138·4 
(C= C), 80·8 d (C(3»)' 66'9 t (C(28»' 64'3 d (C(lO»' Mass spectrum. lI1/z (%): 528 (1\1+: 0·8). 
510 (8), 450 (26). 439 (55). 437 (50), 395 (10), 377 (29), 303 (14). 189 (l00). For C33Hs20S (528,7) 
calculated: 74'96% C, 9'91% H; found: 75'15% C, 10'09% H. Using the same eluent mixture the 
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mixture of both isomeric hydroxy derivatives JIll and 1'1/1 (O'} g) was elut ed tirst and then (20S)

-3~.28-diacetoxy-30-l1or-18(19)-1 upcn-20-01 () '1/ ; 0·14 g). m.p. :!32 -- 233°C (ch loroform. h.:ptanc). 
[7.J D + 6°. IR spectrum: 3620.1730. I 260cm - 1 IH NMR spectrum (100 MHz): 0·85 (2 >., 

" CH 3). 0'86. 0'91 and I-OS (3 c, C H3), 1· 29 d (.I , (d Hz; C(20)CH 3) 1·55 (OH; clisapp.:ars 
after addi tion of CD 3 COOD), 2·05 (2 ;-: CHJCOO). 4'06 s (C(2M)H 2 ). 4·50 m (C(3IH). 5·07 q 
(1 = 6·3Hz;C(20)H).13CNMR spcctrum: 171-4 a nd 171'0(2 X C= 0), 140-9 a nd 138 '3 (C", C). 

80'S d (C(3»' fi6'9 t (C(2 S)' 64·2 d (C(20) Ma ss spectrum, 111 /= (/;;): 528 (M +; I ), 510 (6). 450 
(15),439 (23), 437 (22), 377 (15), 303 (J 3), 189 (100). For C 33 H 5205 (528, 7) calculated: 74'9<i~-:; C. 
<)'9 1% H; found: 74'86~~ C. 10'11 % H. When anhydrous .:thcr was used imtcad of dioxane the 
sa me mixture of product~ was obtained under the gi ven react ion cond itions. 

Reaction of 3~,28-Diacetoxy - 30-nor-19(20) -llI pcnc (II) with Bromine 

a) III dioxalle: A solution of bromine (0·25 g) in dioxane (6 ml) was added to a mixture of diace
ta te II (0 '85 g) and sodium hydrogen carbonate (O·S g) in dioxane (60 ml ) and the mixture was 
stirred at room temperature for 2 h. After pouring into a sod ium hydrogen carbonate solution the 
precipitated substance was filtered 011' under sucti on, washed with water. dissolved in ether and 
the solution dried over sodium sulfate. After evaporation of the solvent the residue was ana lysed 
and found to con tain in addition to hydroxy derivatives VII and 1'111 also a considerable amount 
of nonpolar substances which decomposed on thin-la yer chromatog raphy. Therefore the mixture 
was converted using aqueous dioxane to a mixture capable of chromatography in the same manner 
as in the preceding case. Chromatography on silica ge l gave dicne IX (0 '2 g), m.p . 197- 20fioC. 
(20S)-hydroxy derivative VlI (0 ·1 5 g), m. p. 232 -- 233"C, and (20R)-hydroxy derivative V III 

(0'15 g). m.p. 198-202°C, all identical with authentic specimens, and 0'3 g of mixed fractions. 

b) In acelic acid: A solution of bromine (0'36 g) in acetic acid (3 ml) was added dropwise under 
~t ilTing to a solution of diacetate II (1'0 g) and sodium acetate (0'17 g) in acetic acid (70 ml). 
cooled at 14°C, After a further 3 minutes the mixture was poured into water and the formed 
precipitate filtered off under suction, washed with water, dissolved in chlo roform and the solution 
dried over sodium su lfate. By chromatography o f the re;iduc (1'1 g) o n ;ilica gel a mixture of 
dienes was obtained (0'58 g). in which diene IX predominated, according to TLC on argcnted 
si lica gel. Further. an inseparable mixture of acctylated alcohols VII and VIII (0 ' 30 g) was obtained 
by chromatography. JR spectrum: 1 730. I 260 cm - I . The (20 R)-alcchol VIII (0 '1 7 g) fo llowed . 
with m.p. 199 - 203°C, [(Y.]D -+ 26°. and thcn a mixture of (20R) and (20S i-hydroxy deri vatives VII 

and VIII (0'15 g) and finally the (20S)-isomcr VII (0' 18 g) m.p. 230 - 233"C, [(Y.]D -I- 7°, identical 
with the samples described above. 

c) In aqueous dioxane: A soluti on of bromine (0-08 g) in dioxane (8 ml ) was added at room 
temperature and und er stirring to a mixture of diaceta te II (0 '28 g) and sod ium hydrogen carbonate 
(0' 22 g) in dioxane (20 ml) and water (I ml). After 10 min stirrin g the mixture was poured into 
water. the precipitate was filtered off. washed with water, dissolved in ether and the solution was 
dried over sodium sulfate. A mixture of several substances (()'25 g) was obtained. which differed 
according to TLC from the products ob tained unc!er the conditions described above. Chromato
graphy on silica gel gave the major product of the mixture, hydroxy ketone XIV (0'05 g), m.p. 
249 - 252°C (ether, heptane ). [7.]D -I- 33°. JR spectrum: 3 520, I 730, 1 680, I filS. I 2eo cm - 1 • 

IH NMR spectrum (80 MHz): 0·85 (2 Y CH 3), 0'92, 0·99 and 1' 15 (3 X CH 3), j'385d (1 = 

= 6'3 Hz; C(2o)CH 3). 1'97 and 2·03 (2 X CH 3 COO), 2·0fi d and 2·47 d (J = 19 Hz; C(ZZ)H z), 
3'99 d and 4·43 d (J = II Hz; C(28)H z), 4·45 m (C(3)H), 4·% q (J = 6'3 Hz; (C(zo)H). Mass 
spectrum. m/z (%): 542 (M+; 10).464 (4). 449 (4), 439 (3). 263 (100). 261 (95), 235 (8). For 
C33HS006 (542'7) calculated: 73 '03% C. 9'29% H ; found: 72-88% C, 9'45% H. 
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Reaction of Dibromo Derivative VI 

a) With water ill pyridine: A so luti on of dibromo derivative VI (0'5 g) in a mixture of pyridine 
(70 m l) and water (30 ml) was refluxcd for 1 h. then diluted with water and the precipitated product 
fi ltered off under suction. After its dissolution in chloroform the solution was filtered through 
a layer of a lum ina. The residue (0'36 g) was chromatographed on 5ilica gel. to obtain diene IX 
(0'07 g). m.p. 20S - 212"c' (20R)-alcohol VIII (0 '12 g). m.p. 200 - 203°C, a mixture of (20R) and 
(20S)-isomers VlI and VIII «Hl3 g). and finally (20S)-alcohol VII (0,14 g). m.p. 232 - 233 °C; 
a ll the substances were identica l with the corresponding sa mples obtained by other proced ures. 

b) With /'Il ethallol: A solution of bromo derivative VI (0 '05 g) in methanol (5 ml) and sod ium 
hydrogen carbonate (0'05 g) wcre refluxed for 10 min. After evaporation of the solvent the product 
was chromatographed on silica gel. This gave cfiene IX (0'01 g). m.p. 206 - 21O°C, iden tica l with 
an authentic sample. and tllcn a mixture of methoxy derivatives V (0'03 g). IR spectrum: I 730. 
1 260. Ion. 1032 cm - I. I H NMR spectrum (80 MHz): 0 '84 (3 >< CH 3). 0·90 and 1'08 (2 x 
X (,H 3). 1·25 d (J =~ 6·5 Hz; (C(20)CH 3). 2'03 (2 X CH 3COO). 3·16 and 3·21 (CH 30). 4'04 s 
and 3'95 d and 4'07 d (1 = I I Hz; C(28)H 2 ). 4·50 m (C(3) H and C(20)I-I). Mass spectrum. III /Z 
(% ): 542 (M +; 5). 510 (30).469 (tOO). 450 (28). 437 (38),390 ( 10).377 (33). 

Reaction of (20S)-3B.28- Diacetoxy-30-nor-18( 19)-1 upen-20-ol (V I I) with 3-Chloroperbenzoic 
Acid 

A mixture of (20S)-al cohol VII (0' 1 I g), sodium hydrogen carbonate (0'14 g) and 3-chloroper
benzoic acid (0' 10 g) in dichloromethane (8 ml) was stirred at room temperature for 1·5 h, then 
shaken with I ml of a saturated sodium hydrogen su lfite and filtered through a layer of alumina 
with sodium hydrogen carbonate. After evaporation of the solvent under reduced pressure 
(20S)-3B.28-diacctoxy -1 8B.19B-epoxy -30-n orlupa n-20-01 (X; 0·1 g). m.p. 267 - 270°C (ether, 
heptane). [a ll) -1-25'5°. was obtained . IR spectrum: 3 610. I 730. I 260 cm - 1. I H NMR spect rum 
(100 MHz): 0'845 (2 X CH3). 0'895. 0'975 and 1·105 (3 x CH3). 1'325 d (1 = 6·4 HZ;C(20)CH 3). 
2'04 and 2'05 (2 x Cl13COO). 3·85d and 4·45d (.f = \0·5 Hz; C(28)H 2 ). 4'J5q (1 = 6·4 Hz; 
C(20)1-I). 4·48 rn (C(3)I-I). Mass spectr um. III /Z (%): 544 (M +; 7).484 (9). 281 (35).263 (85). 221 
(32).2 12 (25). 203 (52). 189 (100). For C33H5206 (544'7) ca lcu lated: 7275~~ C. 9'62% 1-1; found: 
7260% C, 9-68/~ H. 

Reaction of (20R)-3B ,28- Diacetoxy-30-nor-18(19)-lupen-20-01 (VIII) with 3-Chloroperbenzoic 
Acid 

A mixture of (20R)-a\cohol VIIl (0'1 I g). sodium hydrogen carbonate (0'15 g) and 3-chloroper
benzoic ac id (0' 10 g) in dichloromethane (9 ml) was stirred at room temperature for 2·5 h. After 
workin g up as in the preceding case the mixture of the products was separated by chromatography 
on alumina. Tile following products were eluted: epoxy ketone X I (0'01 g). m.p. 214-2I6°C, 
identical witll the preparation described later; (20R)-3B.28-diaeetoxy - I8B. J9B-epoxy-30-norlupan
-20-01 (XII; 0·06 g). m.p. 232 - 233°C (ether. heptane). [a ll) + 23'5°. IR spectrum: 3630. 1 730, 
1 260. 1090. I 038 em- I . .I H NMR spectrum (80 MHz): 0·85 (2 X CH3), 0'89, 1·11 and 
1·125 (3 X CH 3 ). 1'30 d (1 = 6'3 Hz; C(20)CH3). 2'03 and 2·04 (2 X CH3COO), 3'93 d and 
4·46 d (.I = I I Hz: C(28)H2). 4·10 q (J = 6'3 Hz; C(lO)H), 4·45 m (C( 3)H). Mass spectrum. III /Z 
(%): 544 (M +; 17), 484 ( I I). 439 (15). 281 (30). 263 (100). 22 I (30). 212 (30). 203 (57). 189 (87). 
For ('33H5206 (544,7) calculated: 72-75% C, 9'62% H; found: 72'49% C, 9'80% H . As a further 
component (20R)-3B.28-diacetoxy- J 8e<. I9e<-epoxy-30-noriupan-2-01 (XIII; 0'03 g) was eluted, m.p. 
216 - 2I7°e (ether. heptane). [al D + 40°. IR spectrum: 3630. 1 730. 1 260, I lOS. 1039 cm -1. 

lHNMR spectrum (80 MHz): 0·85 (2 x CH3).0·87, 1'06 and 1·11 (3 x CH3). 1·23d (1 = 
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= 0-5 Hz; C(20)CH3), 2-03 and 2-07 (2 ,; CH 3COO), 3-l!4 d and 4-18 d (1 = II Hz; C(28)H 2 ), 

4-11 q (1 = 6-5 Hz; C(2 0) H), 4-47m (C(3)H)- Mass spectrum, III/Z (%): 544 (M +; 8). 484 (6), 
281 (16), 263 (71), 221 (16),203 (46), 212 (15), 189 (100)_ For C33H s2 0 6 (544-7) calculated: 
72-75% C, 9-62% H; found: 72-53% C. 9-69% H _ 

3P,28-Diacetoxy-18P, 19P-epoxy-30-norlupan-20-onc (Xl) 

a) From (20R)-epoxy alcohol XII : Chromium trioxide ad so rbed on alumina (0-4 g) was added to 
a solution of (20R)-epoxy alcohol Xll (0-03 g) in 0-5 ml of benzene a nd the mixture was allowed 
to stand a t room temperature for 30 h_ Epoxy ket one Xl (0-03 g) was then eluted with ether, 
Ill _P_ 215 - 217°C (ether, heptane), [cx lo + 3°_ IR spcctrum: I 729, I 714, I 425, I 260, 1030 cm - I

_ 

I H NMR. spectrum (100 MHz): 0-84 (2 X CH 3), 0- 87, 0-955 <Ind 1-07 (3 X CH 3), 2-03 and 2-05 

(2 X CH3COO). 2-29 (C(20)CH3), 3-98 d and 4-37 d (1 ,~ II Hz; C(2 8)H 2), 4-45 m (C(3)H)
Mass spectrum, m/z (%): 542 (M +; 7), 482 (9), 292 (10), 279 (47) 261 (28),249 (II). 203 (47), 
201 (33), 189 (100)_ For C33H S006 (542-7) calculatcd: 73 -03% C. 9-29% H; found : 72-81 % C, 
,) -50% H _ 

b) From (20S)-epoxy alcohol X: A solution of (20S)-epoxy al cohol X (0-04 g) in acetic acid 
(5 ml) was allowed to stand with an excess of chromium trioxidc for 30 min at room tcmperature_ 
Methanol was added, followed by water and thc precipitated product was filtered of with suction_ 
After dissolution in chloroform the solution wa s filtered through a layer of alumina_ Epoxy ketone 
XI was obtained (0-04 g), m_p_ 214- 216°C, [cx1o + 4°, idcntical with the sample obtained under a)_ 

On oxidation of epoxy alcohol X under thc conditions given under a) the unreactcd starting mate
rial was rcgenerated_ 

C) From (20S)-alcohol VII: 0-02 g of (20S)-alcohol VII were oxidized under the conditions given 
under b)_ The epoxy ketone XI obtained (0-02 g), m_p_ 21O - 213°C and [cxl o + 4°, was identical 
with an authentic specimen_ 

Reaction of (20R)-3P,28-Diacetoxy-30-nor-18(19)-lupen -20-01 (VIII) with Chromium Trioxide 

A solution of (20R)-alcohol VIII (0-11 g) in acetic acid (10 ml) was allowed to stand with an exccss 
of chromium trioxide at room temperature for 10 min _ Aftcr addition of methanol and water the 
product was extracted with ether, the extract washed with sodium hydrogen carbonate solution and 
water and dried over sodium sulfate_ Chromatography on silica gel gave the following defined 
substances: epoxy ketone XI (0-01 g), an unidentified substance (0-02 g), m_p_ 292 - 296°C (ether, 
heptane), [cxl o + 60°, and diketone XV(O -Ol g), m_p_ 217 - 224°C, identical with the preparation 

described below_ 

3P,28-Diacetoxy-30-nor-18(19)-1 upene-20,21-dione (X V) 

A SOlution of hydroxy ketone XIV (0-02 g) in acetic acid (3 ml) was allowed to stand with an 
excess of chromium trioxide at room temperature for 15 min and thcn methanol and water were 
added to it. The precipitated product was extracted with ether and the extract washed with 
a sodium hydrogen carbonate solution and water and dried over sodium sulfate_ Crystallization 
from a mixture of ether and heptane gave diketone XV (0-015 g) , m_p_ 223 - 227°C, [cxl o - 23°_ 
IR spectrum: I 730, I 705, I 680, I 615, I 260 cm - I _ I H NMR spectrum (80 MHz): 0'85 (2 X 
X CH3), 0-905, 0-975 and 1-14 (3 X CH3), 2-03 (2 x CH3COO), 2-13 d and 2-55 d (J = 19 Hz; 

C(22)H 2), 2-36 (C(20)CH 3), 4-08 d and 4-43 d (J = II Hz; C(28)H 2), 4-45 m (C(3)H)- Mass 
spectrum, m/z (%): 540 (M+; 2), 277 (100), 263 (56), 223 (36), 217 (29),190 (79),189 (97). For 
C33H4S06 (540-7) calculated: 73 -30% C, 8'95% H ; found: 73-01 % C. 9-07% H _ 
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