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ene chloride and waa then recrystallized from acetone-hex- 
anel yielding 25.0 mg. of colorless platelets, m.p. 176-179'. 
This sample was wed for the determination of the optical 
rotation and of the ultraviolet absorption spectrum [a]: 
-20.5"; MY -71" (12.82 mg., LY -0.20'); 

e 15,970. 

Found: C, 72.80; H, 8.44. 
Anal. Calcd. for CnH& (844.18): C, 78.23: 11. X.l!I. 

243 mp, PHILADELPHIA 4, PA. 
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The allobetulin dehydration product, a-apoallobetulim, has been shown to be represented by structure IV. Initial support 
for this saqignment was obtained by oxidizing a-apoallobetulin to a diketone (VII). Direct oxidation of a-npoallobetuliii 
to diketone VI1 WBB unexpectedly achieved employing a modified osmium tetroxide-pyridine procedure. The same osid:t- 
tion product was prepared by ozonization of a-apoallobetulin and by lead tetraacetate oxidation of its glycol derivrttive 
(VI). Substantial evidence favoring the proposed endocyclic olefin (IV) formulation was provided by the f:wile isomcvh- 
tion of d-Apoallobetulin (111) to a-apoallobetulin. The ketone (VIII) obtaind following ozonization of ~ - : ~ ~ ~ o : i l l ~ ~ I ~ ~ t i i l i t i  
was sssigned an A/B cis-configuration on the basis of optical rotatory dispersion "xiiirelnrnts. 

Conversion of betulin (Ia) to the formate of an 
isomeric substance designated allobetulin (Ira), 
in the presence of hot 90-9574 formic acid, was 
reported by Schulee and Pieroh in 1922.3 Allo- 
betulin was subsequently found to readily lose 
one molecular equivalent of water, upon treatment 
with phosphorus pentachloride or pentoxide in 
chloroform solution, giving rise to a new compound 
termed apo-all~betulin.~ Several years later Dis- 
chendorfer and Juvan noted that apo-allobetulin 
could also be prepared by heating betulin with 
palladium-charcoal ?r with fuller's earth suspended 
in refluxing xylene.4 

A concise structural and mechanistic interpreta- 
tion of the interesting transformation of betulin to 
allobetulin was unavailable until 1951.5 More 
recently, Simonsen and Ross6 suggested that 
apo-allobctulin, now known as a-apoallobetulin,' 
might be represented by formulations 111 or IV. As 
a-apoallobetulin, if indeed represented by strue- 
ture 111, was needed as starting material for another 
investigation, i t  became necessary to determine 
exactly the position of unsaturation. 

The exocyclic olefin I11 appeared to most ac- 
curately represent a-apoallobetulin, as it is well 

(1) Consult G. R. Pettit, U. It. Chatak, B. Green, T. 
R. Kaaturi, and 1). M. Piatak, J. Org. Chem., 26,  1685 
(1961)  for the preceding contribution. 

(2) This investigation was supported by PHS Ilesmrch 
Grants CY-40i4(C1) and CY-4074(ClSl) from the N s t i o d  
Cancer Institute, Public Health Service. 

(9) H. Schulze and K. Pirroli, Ber., 55, 2332 (1!)22). 
(4) 0. Uischendorfer and H. Juvari, dfoilatsh., 56, 272 

(5)  G. S. Davy, T. G. Halsall, E. R. H. Jones, and 

(6) J. Simonsen and W. C. J. Ross, The Terpenes, Vol. 

(7) L. Ruzicka, H. Brungger, and E. L. Gustus, Helv. 

(1930). 

G .  D. Meakins, J .  Chem. Soc., 2702 (1051). 

IV, Cambridge University Press, New York, 1957, p. 305. 

Chim. d&, 15,634 (1933). 

known that reagents such as phosphorus pciitn- 
chloride favor this typc of Wagiler-1 henwin 
rearrangement Howvrr,  Ruzicka and 
colleagues were able to prow, for exainple, that 
fuller's earth dehydratioii of 18-isooleanolic ac.id 
lactone (v> in refluxing xylene solution yields thc 
endocyclic olefin analogous to IV, while dehydra- 
tion in petroleum ether solution with phosphorus 
pentachloride afforded the exocyclic i s ~ m c r . ~  

The most direct procedure for estnblishiiig or 
eliminating strnct.ure I11 for a-apoallo1)etuliii 
appeared to simply involve studying t,he reactioii 
of ozone with t.his suhtaiicc. Consrquriitly, a- 
apoallobetulin, prepared by fuller's earth dehydra- 
tion of betulin essentially as described by Dischen- 
dorfer,' was treated in chloroform solution at - 30' 
with excess ozone. Following zinc dust-acetic acid 
reduction of the ozonides, t'wo discrete products 
were isolated. The first suI)staii(~~, obtained by 
fractional recrystallization of the crude reduction 
product, was an oxidation product melting a t  240- 
242".1° Further recryst,allizatioii of the rcsidual 

( 8 )  For example, consult: (a) L. Ituzicka, ;If. Montiivoii, 
and 0. Jeger, Helu. Ch6n. d c t a ,  31, 819 (1948); ( b )  1). 13. It. 
Barton, J. S. Fii\wet.t, sild B. R. Thomas, .I. Chena. SOC., 
3147 (1051); ( r )  \\:. Vosvr, I). E. White, €1. Hrrissor, 0. 
Jeger, and I,. Itiixicka, Helv. Chint.  ilcla, 35, 830 (l!I52); 
(d)  I). H. R.  Barton and I<. H. Ovrrton, J. Chefti .  Sou., 
2GX!l (1055): and ( r )  L). H. R. I3arton :tnd R. C. C:OOkS(Jll, 
Quart. Rev., 10, 41 (1956). 

(9) I,. Riiairkn, .4. Iiudowski, J. Soryniiwrski, arid 0. 
Jeger, Helzi. Chztu.  Acta, 29, 210 (1946). An  iiitcwsting 
application of the fuller's earth drh>.dratioii rcvwtiori lins 
recently bewi tlrsrril)etl by I<. Sclisffiicsr, L. Citgliot i ,  D. 
Arigoni, and 0. Jegcr, Helu. Chint. .lc/a, 41, 152 (I!J58). 

(10) A stable ozonide structure ww excluded when this 
product (m.p. 240-243") proved to be unaffected by hydro- 
genation (in ethyl arctat.e solution during 12 hr.) over 5% 
palladium-barium carbona,te. Cj .  L. Ruzicka, E. Volli, and 
0. Jeger, Helu. Chim. Acta, 28, 1628 (1945). The structiire 
of this substance was not pursued further. 

~ _ _  
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mixture afforded a second pure compound, m.p. 
113-114'. The latter substance, on the basis of 
elemental analyses and infrared spectrum (Amx 
5.80 and 5.85 p )  appeared to  represent the diketone 
which could arise from endocyclic olefin IV. 

At  first, isolation of the higher melting (240- 
242 ") product suggested that a-apoallobetulin 
might actually be a mixture or that partial 
isomerization of the olefin might have occurred 
during ozonolysis. For this reason, it was con- 
sidered desirable to convert a-apoallobetulin to a 
gIycol" derivative (VI) and then further oxidize 
to the ketone. The modified osmium tetroxide- 
pyridme hydroxylation technique, recently de- 
scribed by Baran,'* was selected for preparation of 
the glycol. 

Allowing a-apoallobetulin to react with osmium 
tetroxide in pyridine solution, followed by treat- 
ment of the osmium intermediate in aqueous 
pyridine with sodium bisulfite,la yielded directly a 
nonhydroxylated ketone melting a t  113-114'. 
The product was identical with the diketone (VII) 
obtained by ozonization of a-apoallobetulin. That 
this hydroxylation procedure did in fact cause 
the direct oxidation of an olefin (IV) to a diketone 
(VII) was substantiated by the following experi- 
ments. The hydroxylation step was repeated using 
osmium tetroxide in benzene solution, and hydrogen 
sulfidels was used to cleave the osmate ester. Lead 
tetraacetate oxidation of the resulting glycol*4 
(VI, map. 230") gave a diketone identical with 
the product (VII) previously obtained from both 
ozonization and attempted hydroxylation of a- 
apoallobetulin. The endocyclic olefin structure IV 
was therefore tentatively assigned to a-apoallo- 
betulin. 
A suitable reaction sequence that would inter- 

relate allobetulin (IIb) and &-apoallobetulin seemed 
the most expeditious manner by which to con- 
clusively prove the structure of a-apoallobetulin. 
Reinvestigation of the phosphorus pentachloride 
dehydrationa of allobetulin was necessary, as the 
original conversion of this compound to a-apoallo- 
betulin could have included a double bond migra- 
tion (I11 + IV).15 

Betulin diacetate (Ib) was converted to allo- 
betulin in an ethanolic solution of dry hydrogen 

(11) A recent review of hydroxylation procedures has been 
prepared by F. D. Gunstone, Advances in Organic C h i s -  
try: Methods and Results, Vol. I, R. A. Raphael, E. C. 
Taylor, and H. Wynberg, eds., Interscience, New York, 
1960, p. 103. 

(12) J. S. Baran, J. Org. Chem., 25,257 (1960). 
(13) Cj., D. H. R. Barton and D. Elad, J. Chem. Soc., 

2085 (1956). 
(14) The a-cis-glycol isomer which would arise from 

attack by osmium tetroxide at the less hindered a-side of 
IV would be expected to represent the major hydroxylation 
product. For example, refer to the studies of 5. J. Angyal 
and R. J. Young, J. Am. Chem. Soc., 81, 5251 (1959), and 
J. A. Zderic, H. Carpio, and C. Djeraasi, J .  Org. Chem., 24, 
909 (1959). 

chloride16 and the product (IIb) dehydrated in 
benzene solution at 0' with phosphorus pentachlo- 
ride, The resulting olefin was apparently not the 
"apo-allobetulin" (m.p. 198-200') arising from 
the earlier study,' but instead, an isomeric sub- 
stance melting at 216-218". I n  order to conven- 
iently describe this new ole& (111) derived from 
allobetulin, the name 6-apoallobetulin is suggested.17 
Isomerization (111 3 IV) of 6-apoallobetulin in 
ethanol-carbon tetrachloride solution containing 
concentrated hydrochloric acid did indeed yield 
a-apoalIobetulin. Treating 6-apoallobetulin with 
excess ozone a t  -60" in methylene chloride solu- 
tion gave the expected cyclopentyl ketone deriva- 
tive VIII, m.p. 215-21G". 

In  order to determine whether the ozonolysis 
product (VIII) was an A/B cis or trans ketone,lB 
it was first subjected to treatment with sodium 
ethoxide in hot ethanol. Since unchanged starting 
material was recovered in almost quantitative 
yield, it appeared that compound VIII contained 
the stable A/B cis-configuration typical of the 
A-nor-&oxo steroids.19 Compelling support for 
the A/B as assignment was provided by optical 
rotatory dispersion measurements. The positive 
multiple Cotton effect curve exhibited by substance 
VI11 was analogous to the positive Cotton effect 
curves displayed by several A-nor-3-oxo steroids 
of known A/B cis stereochemistry.20?21 

Isomerization of 6-apoallobetulin to a-apoallo- 
betulin and oxidation of the latter substance to 
diketone VI1 clearly establishes that a-apoallo- 

(15) Several closely related examples are described by 
L. Rueicka, €I. Silbermann, and M. Furter, Helv. Chim. 
A&, 15, 482 (1932); and 11. Nowak, 0. Jeger, and L. 
Ruzicka, He&. Chim. A&, 3 2 ,  323 (1949). Consult also 
ref. Sb and 9, It ia interesting to note that A. C. Cope, 
D. Ambroa, E. Ciganek, C. F. Howell, and Z. Jacura, 
J. Am. Chem. Soc., 82, 1750 (1960) have reported an 
equilibrium constant of 1144 for the system 1-methylcycIo- 
pentene/methylenecyclopentane in acetic acid solution 
containing ptolueneaullonic acid. 

(16) This convenient procedure for the preparation of 
allobetulin WBB developed by Dr. U. R. Ghatak of this 
laboratory during a related study. 

(17) TWO other compounds isomeric with a-apoallo- 
betulin have already been designated 8- and 7-apoallo- 
betulin (ref. 7). 

(18) A number of A-nor $ketones, prepared by dehydra- 
tion of 3fl-hydroxy-5a-triterpenoids followed by an osmium 
tetroxide-lead tetraacetate oxidation sequence, have been 
assigned the A/B cis-configuration on the basis of their 
large positive [MID values: W. Klyne, J. Chem. SOC., 2927 
(1952). 

(19) The following references provide a summary of 
recent experiments pertinent to this conclusion: (a)  N. L. 
Allinger, R. B. Hermann, and C. Djerassi, J .  Org. Chem., 
25, 922 (1960); (b)  N. L. Allinger and J. L. Coke, J. Am. 
Chem. Soc., 82, 2553 (1960); (c) N. W. Atwater, J. Am. 
Chem. Soc., 82, 2847 (1960); (d) W. G. Dnuben, Bull. soc. 
chim. France, 1338 (1960). 

(20) The epimeric Sa-isomers usually give a negative 
Cotton effect curve. See ref. (19a) and C. Djeraasi, Optical 
Rolcltory Dispersion: A pplicutions to Organic Chemistry, 
McGraw Hill, New York, 1960, p. 97. 
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betulin is represented by the endocyclic olefin struc- 
ture IV. 

In  view of the novel oxidation of cu-apoallobetu- 
lin to diketone VII, using the modified osmium 
tetroxide-pyridine procedure, l2 it was of interest 
to determine the course of this reaction with the 
somewhat analogous olefin system of Gapoallo- 
betulin. However, glycol IX was the only well 
defined product isolated. 

Ia. H =  H IIa. R= CHO 
b.R=OCOCHj b. R = H  

IX 

-p 
IV 

I 

J 

VI1 

(21) While this study waa in progrese, J. F. Biellmann 
and G. Ourkon, B d .  8oc. ehim. Flunee, 348 (1960), re- 
ported several physical constante for the A/B trdm isomer 
of VI11 (m.p. 230'). More recently, we have received a 
sample of the A/B cis ketone (VIII) prepared in the same 
laboratory. The sample of compound VI11 prepared during 
t h i  investigation waa identical with the eubstance kindly 
provided by Proteasor G. Ourieeon. 

 EXPERIMENTAL^^ 

Bdulin diucetcrte (Ib). In a typical experiment, the bark 
of Betula papyrifera (white birch), collected in various 
sections of Northeastern Maine, was cut into shavings (495 
g.) and extracted with boiling benzene.*a Following removal 
of d v e n t ,  the straw colored crystalline residue weighed 
97 g. (20%).94 A 28.5-g. sample of the crude extract in 50 
ml. of acetic anhydride was heated a t  reflux for 2 hr. The 
product, which cryakallized from the reaction mixture upon 
cooling, was collected, washed with several small portions of 
cold ethanol, and dried. The resulting impure diacetate 
(22.5 9.) was chromatographed in petroleum elher (b.p. 
30-60") on activated alumina. Elution with the tiame sol- 
vent, followed by 1 : l  petroleum ether-benzene, gave 17 
g. of colorless crystalline betulin diacetate, m.p. 219- 
222'. Recrystallization from petroleum ether gave material 
melting at 220-222" (lit.,& m.p. 223-224'). 

a-ApoaZlobetuZin (IV). The following procedure is a modi- 
fication of the original method employed by Di~chendorfer.~ 
Fuller's earth (12 g. activated prior to use by heating a t  
300" for 2 hr. in vacuo) was added to a solution of betulin 
(Is, 25 g.), preparedlb from the diacetste derivative, in dry 
xylene (450 ml ) and the resulting mixture heated a t  reflux. 
After 3 hr. another 12 g. of activated fuller'a earth was added 
and heating at reflux, with separation of water (distilling 
trap), waa continued for a total of 6 hr. The hot mixture was 
filtered and the filtrate concentrated to a pale yellow residue 
in vacuo. Two recrystallizations from 9575 ethanol gave 
colorless needles; yield 12.5 g., m.p. 20+201", [a]? +81" 
(c, 1.23), Oit.,a~4 m.p. 198200" and 200-201", [ffID 

+74.70). 
A d .  Calcd. for CIoIlr~O: C, 84.84; H, 11.39; 0, 3.77. 

Found: C, 84.58; H, 11.02; 0, 4.36. 
Ozoniration of a-apoallobetulin (IV). A solution of a- 

apoallobetulin (3 g.) in 150 ml. of chloroform, cooled to -30", 
was treated with a stream of ozone in oxygen. After excess 
ozone (indicated by potassium iodide solution) was detected 
(a, 40 min.) the flow of ozone was stopped. Acetic acid 
(30 ml.) was added, and the solution stirred at 0" for 1 hr. 
with zinc dust (9 g.). Following filtration the solution was 
waehed successively with aqueous sodium bicarbonate and 
water. Removing the dry (sodium sulfate) solvent yielded 
a yellow gum which crystallized on trituration with metha- 
nol. Recrystallization from chloroform-methanol gave color- 
less needles (0.7 g.), m.p. 238-241'. Two additional recrys- 
tallizations from thP same solvent mixture gave an analytical 
sample melting a t  240-242', [a]: +6i.7" (c, 1.34). 

Anal. Found: C, 81.20; H, 10.85; 0, 7.98. Two other sam- 

(22) Melting points are uncorrected and were observed 
using open Kimble glass capillaries. Merck aluminum 
oxide, "suitable for chromatography," was employed in all 
the column adsorption chromatographic procedures. The 
infrared spectra were recorded by Dr. R. A. Hill and Mr. 
D. M. Piatak of this laboratory. RD measurements were 
determined in 0.1 dm. annealed quartz cells using the 
optical rotatory dispersion accessory (e = 79'44') for 
the Perkin-Elmer model 4000 A spectrophotometer. Several 
elemental analyses and all the optical rotation (chloroform 
solution) measurements were provided by Drs. Weiler and 
Straws, Oxford, England. Microanalyses were also pro- 
vided by Dr. A. Bernhardt, Mulheim, Germany. 

(23) A similar procedure haa been summarized by L. 
Ruzicka and 0. Mer, HeZu. Chim. Acta, 19, 506 (1936). 

(24) We wish to thank Dr. I. B. Douglaas, and M a r s .  
R. H. Young and T. M. Liu of this department for pro- 
viding part of the crude extract necwary for this study. 

(25) Betulin waa readily prepared by lithium aluminum 
hydride reduction of the corresponding diacetate in ether 
solution. However, saponification of the diacetate in aqueous 
methanol, using potassium hydroxide, waa a more con- 
venient procedure. 
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ples analyzed for: C, 79.92; H, 10.62; and C, 80.75; H, 
10.72. 

Concentrating the methanol washings afforded a second 
crop (0.8 g.) which crystallized from chloroform-methanol as 
colorless prisms (0.55 9.) and colorless needle8 (0.05 g,) 
melting at 238-241 ', Recrystallizing the product obtained in 
the form of prisms from chloroform-methanol gave 0.4 g. 
m.p. 108-110°. One additional recrystallization from the 
same solvent raised the melting point to 109-110,5". A pure 
specimen of dikelone VI1 was obtained in the form of plates 
following recrystallization from ethanol-water, m.p. 113- 
114', [ala. +35.2" (c, 1.32). 

Anal.  Calcd. for CaoHlaOa: C, 78.89; H, 10.57; 0, 10.51. 
Found: C, 78.60; H, 10.61; 0, 10.72. 

Osmium tetroxide oxidation of aapoallobetulin (IV). A 
solution composed of a-apoallobetulin (2.5 g.), osmium 
t,etroxide (1.53 g.) and pyridine (40 ml.) was stirred a t  room 
temperature for 2 hr. The solution, rapidly became warm 
and brown. After standing for ca. 20 hr. a t  room tempera- 
ture, the reaction mixture was diluted with a solution com- 
posed of sodium bisulfite (3.1 g.)? water (45 ml.), and pyridine 
(20 ml.)) and stirred for 20 min. The orange solution was 
extracted with chloroform and the combined extract was 
washed with dilute hydrochloric acid and water. Removal 
of solvent yielded a dark purple oil which waa dissolved in 
benzene and chromatographed on activated alumina (60 
g.). Elution with ether afforded oily frectbna (1.59 g. total) 
which crystallized on standing, and melted from 100-109". 
Recryihllization from methanol gave 0.58 g. of colorless 
plates, m.p. 109-11lo. A pure sample of diketone VI1 r e  
crystallized from the same solvent, m.p. 113-114". The 
product was found (mixture melting point and infrared 
spectral comparison) to be identical with the ketone (VII, 
m.p. 113-114') obtained by ozonization of a-apoallobetulin. 

Osmium tetroxide hydroxylation of a-apoallobetulin (IV). 
To a solution of a-apoallobetulin (1.6 9.) dissolved in dry 
benzene (75 ml,) was added, with stirring, a solution of os- 
mium tetroxide (1 g.) in benzene (25 ml.). After a 2-hr. 
period, stirring was stopped, and the brown mixture was 
allowed to remain a t  room temperature for 3 days. The dark 
brown solution was saturated with hydrogen sulfide and the 
resulting black precipitate was removed. Evaporation of 
the filtrate yielded a colorless gum, which solidified upon 
trituration with methanol. Colorless prisms (0.64 g.), m . ~ .  
223-227', were obtained by recrystallizing the product from 
methanol. Concentrating the methanol filtrate afforded 
0.57 g. of lower melting (210-215') material. An analytjcsl 
sample of glycol VI was obtained by recrystallizing the higher 
melting material from ethyl acetate-methanol. Tho color- 
less prisms melted at 230°, [nly +44.9", (c, l Z ) ,  A:,"; 
2.85 and 2.95 p. 

Anal. Calcd. for C3,,H&: C, 77.96; H, 11.00. Foiitrtl: C, 
78.46; H, 10.94. 

Repeated recrystallizatio~~ of the lower inrltiiig @10--215°~ 
fraction from ethyl acetate-inet,huriol afforded H . I I  :i.clditional 
qriitntity of pure (m.p. 230") glycol. 

Lead tetraacetate oxidation of the glycol (VI) f r i m  n-apoallo- 
belulin. Part (0.12 9.) of the glycol prepared ill the preceding 
experiment was dissolved in chloroforni (5 in1.)-glacial 
wetic acid (12 ml.) and treated with 0.16 g. of lead tetra- 
a.c*ot,ate. Following a 24-hr. period a t  room trmperature, 
the reaction mixture was successively dilut,ed with et8her, 
nashed with water, aqueous sodium carbonate, and again 
with water. 

The nonaqueous layer was dried over sodium sulfate and 
roncentrated to a yellow oil. A solution of the crude product 
in petroleum ether was chromatographed on activated alu- 
mina (5 g.). Elution with 1:3 petroleum ether-benzene gave 
a series of fractions (0.08 g. total) melting from 96-110'. 
The intermediate fractions (0.05 g,), m.p. 108-110', were 
combined and further purified by three recrystallizations 
from methanol. Mixture melting point determination and 
infrared spect,ral comparison (chloroform solution) of the 
resulting colorless plates, m.p. 110-113', with the diketone 

(VII, map. 113-114') obtained by ozonization of n-apoallo- 
betulin established that both were identical. 

Allobetulin (IIb).lO A saturated solution of dry hydrogen 
chloride in absolute ethanol (100 ml.) was added to a solu- 
tion of betulin diacetate (12 9.)  in chloroform (100 ml.). 
The resulting solution gradually darkened. After 5 days a t  
room temperature the solution was transferred to a con- 
tainer of crushed ice. Following separation, the aqueous layer 
was extracted with chloroform and the combined organic 
extract washed successively with water, sodium bicarbonate 
solution and water. Removal of dry (sodium sulfate) sol- 
vent yielded a dark residue which crystallized upon tritura- 
tion with ethyl acetate. Two recrystallizations from ethyl 
acetate gave almost colorless crystals (3.5 g.) melting at  
261-263' (lit.,a m.p. 260-261"). 

Passing a benzene solution of this material through a 
column of activated alumina gave a pure colorless specimen 
of allobetulin, without change in melting point, [ala. 

Anal. Calcd. for CSOH~OO~: C, 81.39; H, 11.38. Found: C, 
81.42; H, 11.41. 

The struct,ure of this substance was confirmed by mix- 
ture melting point determination and infrared spectral com- 
parison (chloroform solution) with an authentic specimen 
prepared from betulin diacetate according to the procedure 
descrihed by Vystrcrl and colleagues.** 

Phosphorus pentachloride dehydralion of allobetulin (1%) . 
A mixture composed of phosphorus pentachloride (0.75 g.) 
and a solution of allobetulin (1.1 9.) in dry benzene (200 
ml.) was cooled (0") and stirred for 2 hr. The reaction mix- 
ture was then diluted with ether and washed with water, 
aqueous sodium bicarbonate and again with water. After 
drying over sodium sulfate, the solvent was evaporated to a 
light brown oily residue which crystallized from chloroform- 
methanol as colorless plates (0.8 g,), map. 200-205'. Two 
recrystallizations from the same solvent mixture afforded 
a pure specimen of 6-apoallobetulin (IZZ) melting a t  216- 
218') [a]: +48.2", (c, 1.31). 

Anal .  Calcd. for CaoHtsO: C, 84.84; H, 11.39; 0, 3.77. 
Found: C, 84.85; H, 11.35; 0, 4.18. 

The mixture melting point of 6-apoallobetulin with a- 
apoallobetulin was 170-180'. Comparison of the infrared 
spectra (chloroform solution) jndicated minor differences. 

('onwarsion of 8-apoallobetulin (111) to a-apoallobetulin (IV). 
Concentrat'ed hydrochloric acid (4 ml.) was added to a 
solution of 8-apoallobetulin (0.1 g.) dissolved in ethanol 
(100 m1.)-carbon tetrachloride (8 ml.). The solution was 
heated at  reflux for 3 hr. and then concentrated to a. 
20 ml. in  vacuo, The remaining warm solution was diluted 
with water and the product (0.09 g.), m.p. 201°, which crys- 
tallized, was further purified by recrystallization from 
chloroform-methanol. The colorless needles displayed a 
melting point and a mixture melting point with a-apoallo- 
betulin of 210-21 1 '. Infrared spectral comparison (potas- 
sium bromide) of this compound with a-apoallobetulin 
confirmed that both substances were identical. 
Ozonization of Capoallobetulin (111). Reaction of 8-apoallo- 

betulin (0.76 g.) in methylene chloride (100 ml.) solution 
(cooled to -60') with ozone was carried out according to the 
procrdiirr described for the ozonization of a-apoallobetulin. 
The c-rude oily product crystallized from ohloroform-nietha- 
1101 BS rolorless needles (0.3 g.), n1.p. 160-200". Further 
purification was achieved as follows. A 1 : 1 petroletixn ether- 
bemene solution of the crystalline product was chroniato- 
graphed on 20 g. of activated alumina. Elution with t'he same 
solvent and recrystallization of the resulting material from 
ethanol led to 0.22 g. of pure ketons VI I I ;  m.p. 215-216" 
[ala" +151.6', (c, 1.22), A",: 5.78 p .  RD in dioxane (c, 
1.07), 24-25'; [a1400 +748", [a1323  +3430', [ a ] s i e  +2310', 
[a1512 +2981', [ C Y ] ~ O ~  +962' (shoulder), [cy]188 -252". 

+48.7", (C, 1.231, (lit.,s [ a ] D  t-48.3'). 

(26) A. Vystrcll, E.  StejskalovB-Vondraakova, and J. 
Cernj., Coll. Czechoslov. Chem. Cmmun., 24, 3279 (1959). 
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Anal.  Calcd. for CHH,~O~: C, 81.35; H, 10.62. Found: C, 
80.90; H, 10.62. 

The product (VIII) was found to be identical by mixture 
melting point and infrared spectral comparison (chloroform 
solution) with a sample provided by Professor G. Ourisson.2' 

The ketone (VIII, 0.10 g.) from 6-apoallobetulin was 
heated during 1.5 hr. in a refluxing solution prepared from 
ethanol ( 2 5  nil.) and sodium (1 g.). After cooling, and dilu- 
tion with dilute hydrochloric acid, starting material was 
recovered in almost quantit'ative yield. 

Os?nium tetroxide hydrozylat ia  of 8-apoallobetulin (111). 
Hydroxylation of 8-apoallobetulin (0.6 9.) with osmium 
tetroxide (0.37 g . )  in pyridine (10 ml.) solut,ion was ac- 
complished as dmribed previously for the direct oxidation 
of a-8poallobetulin to diketone VII. The crude dark purple 

oil was dissolved in 1 : 1 petroleum etherbenzene and chro- 
matographed on activated alumina (20 g.) .  Elution with 
chloroform, after first using a series of petroleum ether- 
benzene mixtures, benzene and ether respectively, gave a 
solid which recrystallized from methanol-water as almost 
colorless crystals; yield 0.2 g., map. 220-225". Another re- 
crystallization from the same solvent raised the melting 
point to 230-235" and yielded 0.16 g. A pure specimen wa8 
obtained from 95% ethanol as colorless plates, map. 242- 
244', [ala. +75.6", (c, 1.23), 

Anal.  Calcd. for CaoHfioOa: C, 78.55; H, 10.99. Found: C, 
2.85 and 2.98 p. 

78.29; H, 10.97. 
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The tosylate ( 2 )  of methyl 3a-hydroxy-lZ~-methoxy-9( 11)-cholenate reacts Kith chloride ion, rollidine, dimet,hyiform- 
amide and sodium niethoxide to give the corresponding 3p-chloro (3), Aa- (4), 3p-formoxy (15) and 34-methoxy (20) deriva- 
tives. Compounds 2, 3, and 4 are readily chlorinated in the 12-position with hydrogen chloride; under the same conditions 15 
loses the 3p-format,e group. The tosylate (9) of methyl 12a-acetoxy-3a-hydroxy-9( 11)-cholenate also was converted to the 
corresponding 3p-chloro (10) , A8 (11), and 3pformoxy (12) derivatives. Three compounds (3, 6, and 7) exhibit high activit?, 
in a seroflocculation reaction. 

Bile acid derivatives containing two active 
groups (halogen, ester, unsaturation) in the ring 
system have been shown to be active serofloccu- 
lants. Compounds containing three such active 
groups have not been examined, and methyl 
3a-hydroxy-12a-methoxy-9( 11)-cholenate seemed 
to be a convenient st,arting material for t'he syn- 
thesis of such a series. 

AS outlined in Fig. 1 ,  the key iiitelniediaie for 
the preparation of five of the desired derivat>ives 
was methyl 1%-methoxy-3 a-tosyloxy-0 (1 1) -chol- 
enate (2). It, was prepared by room temperature 
tosylation of 1 under standard coiiditious, IC h i t  
resisted our attempts at crystallization.2 The rc- 
action ai the tosylat,e 2 wit,h pyridinium chloride'" 
gave a crystalline YP-chloro derivatiT-c (3), and 
tiehydrotosylationld of 2 gave an oily dieiie (4).3 
Chlorination of compnii ids  2, 3 and 4 FoIIo~viiig the. 

( I )  (a)  F. C. C h u g  aud D. H. dprunt, J .  d t n .  Chrtti. Soc.,  
76, 3213 (1954); th) F. C. Charig ~t al., J .  .Im. ( ' hon .  Sor . ,  
79, 2161 (1957); (c )  F. C. Chang et al., ./. .it/&. f,'hetn. Soc., 
79, 2164 (1957): (d)  F. C. Chang et al., J .  Am.  Chem. Soc., 
79, 2167 (1957); (e) R. T. Blickenstaff and F. C. Charig, 
J .  Am. Chem. Soc., 80, 2726 (1958); ( f )  R. T. Blickenstaff 
and F. C. Chang, J .  Am. Chem. Sw., 81, 2835 (1959); (g) 
R. T. Blickenstaff, J .  Am. Chem. Soc., 82, 3673 (1960). 

( 2 )  The same compound had been obtained by Sarett [ J .  
Bzol. Chem., 162,591 (1946)l in the form of an oil. It was de- 
hydrotosylated to a diene which was not isolated, but waa 
hydrolyzed to the acid. The acid was hydrogenated to 12a- 
methoxy-Q(l1 )-cholenic acid. 

c02m3 

1 C7H7Sdi-w 'I 4 1  

Figurt- I 
~ . . 

(3)  Issidoridrs, E'ieser, and Pinser rweiitly I I H I T  reportcii 
[ J .  Ani. Cheni. Sm., 82, 2002(1960)] that dehytlrotosylatioii 
of niethyl Xa-tosvlox?-cholanate in refluxing Iutidine produces 
an  olefin mixture estimatrd to comprise 2 5 5  of the Az- and 
75% of the A3-isonier. Methyl 2-choleuate is cwidenced in t h c  
mixture by an infrared absorption baud at 15.05 p, which k 
in addition to the 14.70 p band of pure methyl 3-cholenate. 
Our dehydrotosylation products 4 and 1 1  exhibit a weak 
band at  14.85 p. An infrared curve of compound 4 determined 
on a Beckman IR5 contains only the single maximum below 
15 p, and an absorption minimum a t  15.05 p. We believe 
these produc,ts to be predominantly Aa and have so named 
them, but we cannot exclude the possibility of A* contami- 
nation. 


