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amide was crystallized from a benzene-heptane mixture;
yield 8.4 g., m.p. 192-195°.

The amide (7.9 g. in 100 ml. of anhydrous tetrahydrofuran)
was then treated with 8 g. of lithium aluminum hydride
in 100 ml. of ether as described in the general procedure.
The resulting A%-38-hydroxy-17-[(N-piperidino)-methyl] an-
drostene separated as a gel from methylene chloride-hexane.
After repeating this process several times there was obtained
6.7 g., m.p. 132-136°, [a]®»D —50.7° (CHCl;).

Anal. Caled. for CuH4ON: C, 80.80; H,
Found: C, 80.69; H, 11.51.

A solution of 1.5 g. of amine in 30 ml. of methyl iodide
was refluxed for one-half hour. Sixty ml. of ethanol then
was added and the methyl iodide was removed by distillation.
A small amount of insoluble material was filtered from the
hot solution, and the filtrate was concentrated until crys-
tallization began. From the cooled mixture there was ob-
tained 1.25 g. of the methiodide, m.p. 280-282° dec. Re-
crystallization from methanol raised the m.p. to 282-283°
dec., [a]®Dp —32.1° (ethanol).

Anal, Caled. for CyiHyuONI:
24.68.

11.12.

I, 24.71, Found: I,
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A8-33,22-Dihydroxybisnorcholene from the N-Methyl
Anilide of AS-338-Acetoxybisnorcholenic Acid by Lithium
Aluminum Hydride Reduction.—To a solution of 1.57 g. of
the N-methyl anilide of A%-38-acetoxybisnorcholenic acid in
240 ml. of anhydrous tetrahydrofuran was added 5.0 g. of
lithium aluminum hydride and the reaction mixture was re-
fluxed overnight. The excess reagent was decomposed in
the usual way and the precipitated alumina was removed by
filtration. The precipitate was leached with methylene
chloride and the extracts were combined with the filtrate.
The resulting solution was dried and concentrated. Addi-
tion of hexane induced crystallization. There resulted
0.95 g. of A%-3B,22-dihydroxybisnorcholene, m.p. 199-
200°, [a]®Dp —58.6° (CHCl,) [lit. m.p.® 196-205° (hemi-
hydrate), [«]®D —55.4° (CHCL)].

Anal. Caled. for CpeH3s0q: C, 79.46; H, 10.92. Found:
C, 79.04; H, 11.05.

The product was not basic (no precipitate in ethereal
hydrogen chloride), was free from nitrogen, and showed no
carbonyl bands in the infrared (strong hydroxyl absorption
was observed).

BroomrieLp, N. J.

[CONTRIBUTION FROM THE MEDICINAL CHEMICAL RESEARCH SECTION, LEDERLE LABORATORIES, RESEARCH DIVISION,
AMERICAN CyaNamip Co.]

Steroidal Cyclic Ketals. XVI.*

16-Hydroxylated Steroids.

II.> The Preparation

of 16-Keto- and 163-Hydroxyprogesterone

By SEYMOUR BERNSTEIN, MILTON HELLER AND STEPHEN M. STOLAR
RECEIVED JUNE 9, 1955

Chromic acid-pyridine oxidation of AS-pregnene-16a-0l-3,20-dione 3,20-bis-ethylene ketal (Ia) afforded the 16-one bis-

ketal Ila.
(13% yield) on mild acetylation.

In a recent publication? from this Laboratory
there was reported synthetic pathways to 16a-hy-
droxyprogesterone and related compounds via
ethylene ketal intermediates. The latter have
lent themseives to a number of interesting trans-
formations which elaborate further the chemistry
of the C-16 position. The results obtained form the
basis of this paper.

Chromic acid—pyridine oxidation?® of A%-pregnene-
16a-0l-3,20-dione 3,20-bis-ethylene ketal (Ia)? af-
forded in 809 vield the 16-one bis-ketal ITa, which
displayed in the infrared spectrum the expected 5-
membered ring carbonyl absorption at 1748 cm. ™.
The oxime IIb of the 16-one bis-ketal IIa also was
prepared and characterized. It was noted that the
infrared absorption spectrum of the oxime IIb
showed an abnormally weak absorption band in
the C=N region at 1670 cm.™.

Mild acid hydrolysis of the 16-one bis-ketal IIa
gave A-pregnene-3,16,20-trione (IV) in fairly good
yield. It appeared to exist mainly in an enol form
as shown by its complex infrared absorption spec-
trum (see Experimental) and by its ultraviolet ab-
sorption spectrum with bands at 240 and 285 mu.*

(1) Paper XV, W. S. Allen, S. Bernstein, M. Heller and R. Littell,
TaIS JoURNAL, T7, 4784 (1955).

(2) Paper I, S, Bernstein, M. Heller and S. M., Stolar, ¢bid., 76, 5674
(1954).

(3) G. 1. Poos, G. E. Arth, R, E. Beyler and L. H, Sarett, bid., 75,
422 (1953),

(4) The value 285 mu disagrees with that of 277 my recorded for the

same chromophore system by H. H. Inhoffen, F. Blomeyer and K.
Briickner, Ber., 87, 593 (1954).

Mild acid hydrolysis of IIa gave A*pregnene-3,16 20-trione (IV), which was converted into the 20-enol acetate V
Reduction of the 16-one bis-ketal ITa with lithium aluminum hydride resulted in the
168-0l bis-ketal IITa, which was hydrolyzed to A¢-pregnene-168-0l-3,20-dione (VIa).

Its acetate VIb also was prepared.

The expected bathochromic effect of the ultraviolet
absorption band in basic solution was observed
with a shift of the higher absorption band (285 mu)
to 308 mu. No shift of the absorption band was
noticed on dilution.? It was not possible to deter-
mine from the above physical data in which direc-
tion (or both) enolization might have taken place.
Acetylation under mild conditions, however, fur-
nished one of the two possible enol acetates after
purification by several crystallizations (perhaps
necessary for the separation of both enol acetates).
This new compound had an ultraviolet absorption
band at 242 my (e 26,400) (the ultraviolet absorp-
tion spectrum in basic solution reverted to that of
the free enol), Since the bands of the two chromo-
phores combined in the ultraviolet, no information
could be obtained from that source as to the di-
rection of enolization. Its infrared absorption
spectrum, however, clearly indicated the probable
structure. The spectrum in the carbonyl and
double bond regions was complex and had bands at
1755, 1725, 1679, 1652 and 1625 cm.~!. The band
at 1755 cm.~! could best be assigned to the enol
acetate grouping,® so that the band at 1725 cm. ™!
must be the result of the conjugated ketone,
AT 16-one (the A*3-ketone was, of course,
shown by the band at 1679 cm.™'). There-
fore, the enol acetate was assigned the structure
(3) L. Dorfman, Chem. Revs., 53, 47 (1953).

(6) R. N. Jones, P. Humphries, F. Herling and K. Dobriner, THIS
JoURrNAL, T4, 2820 (1952).
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Treatment of A’-pregnene-3,16,20-trione 3,20-
bis-ethylene ketal (IIa) with lithium aluminum
hydride produced a new alcohol bis-ketal in 859,
yield (only product isolated), which differed mark-
edly in melting point and infrared absorption spec-
trum from the 16«-0l-bis-ketal Ia and must, there-
fore, be the 163-ol bis-ketal IITa. The formation of
the latter suggests, thereby, a stereospecific rear
attack at this position with lithium aluminum hy-
dride.® Preparation of its acetate in the usual
manner gave I1Ib which also differed in all physical
details from the 16a-acetoxy compound Ib, and
gave with it a mixed melting point depression.

The 168-0l bis-ketal I11a in dilute methanolic sul-
furic acid was refluxed for three minutes to afford
the free alcohol, A*-pregnene-163-0l-3,20-dione
(VIa). Itis interesting to note that as in the case
of a 16a-hydroxyl group,? it was found possible to
hydrolyze the ketal groups under certain acidic
conditions and yet not eliminate the 168-hydroxyl
function which is attached to a carbon 8 to the 20-
carbonyl group, and, moreover, is in a frans rela-
tionship to the 17a-hydrogen.

Molecular rotational analysis has been employed
successfully in the past to support assignments of
configuration at the C-16 position.? Consequently,
the compounds described herein were submitted to
such an analysis in Table I.

(7) C. W. Marshall and T. F. Gallagher, Tais JoUrRNAL, T1, 2325
(1049), have prepared the same chromophoric system in All2).preg-
nene-3e,12¢,20-triol-16-one 3a,12a,20-triacetate which has an ultra-
vivlet absorption hand at 249 mpu (e 11,200).

{8) H. Hirschmann, F. B. Hirschmann and M. A. Daus, J. Bioi.
Chem., 178, 751 (1949), obtained solely the 168-hydroxyl configura-
tion upon redutetion of a steroid 16-one with platinum or Raney nickel
or aluminum isopropylate.  A. Bowers, T. G. Halsall and G. C. Sayer,
J. Chem. Soc., 3070 (1954), olstained a mixture of 16« and 168-hydroxyl
compounds usng lithinm alnminum hydride vn a triterpenoid, al-
though these anthors noted one case in which only a 163-hydroxyl
function was formed.

(2) (a) H. Hirschmann and F. B. Hirschmann, J. Biol. Chem., 184,
259 {1950); /Ly . K. Fukushima and T. F. Gallagher, THIS JoURNAL,
T3, 1463 (1051): () D). Pecloan, 7 Titux aad J. ried, /bid., T4, 2120
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[a] D- Mbp-
Conipound Ref. (CHCly) (CHCI3) 3
l\IDlﬁa—Ul{—lI
AdPreguene-3,20-dione 10 +200 4629
A*-Pregnette-16a-0l-3,20-
cione 2,9¢ =157 4-51Y — 110
AS-Preguene-3,20-dioue
3,20-bis-ethylene ketal 11 - 2y =116
AS-Pregnene-16«-0l-3,20-
dione 3,20-bis-ethyl-
ene ketal (Ia) 3 - 32 =135 - 19
Apl6a-OAc-H
A%.Pregnene-16a-0i-3,20-
dione 16-acetate 2,9¢  +102 +380 —244
As.Pregnene-16a-ol-3,20-
dione 16-acetate 3,20-
bis-ethylene ketal (Ib) - 84 =370 —954
N plé-one-1
At-Pregnete-3,16,20-
trione (IV) L1020 4535 — 204
Ad-Pregnene-3,16,20-
trione 3,2()-bis-ethvl-
ene ketal (1Ia) —-134 =610 =524

Mpl6-O-H
At-Pregnene-163-0l-3,20-

dione (VIa) 4192 4635 +6
Ab-Pregnene-163-0l-3,20-

dione 3,20-bis-ethyl-

ctie ketal (111a) — 27 =113 +3

Mp188-0Ac-11
At-Pregnene-163-ol-3,20-

dione 16-acetate (VID) +103 4384 —245
AS-Pregnenc-168-01-3,20-

dione 16-acetate 3,20-

bis-ethylene ketal

(HIb) ¥ n o 116

It may be seen from the table that the molecular
rotational differences due to 16a-hydroxyl and 16a-
acetoxyl groups are in the expected negative direc-
tions, although the A’-pregnene-16a-o0l-3,20-di-
one 3,20-bis-ethylene ketal (Ia) has a smaller
AMpD(—19) than expected from the average
(AMD=OH-H ry — G0 in alcohol) given by Fuku-
shima and Gallagher.® However, we have ex-
perienced a number of anomalous molecular rota-
tional differences from ethylene ketal derivatives in

(101 1. Ferulwlz, Ber., 6T, 2027 (19341,

1115 k. Antoancei, 8. Bernstein, R. Lenhord, K. 1. Sax and 1. 11
Williwars, J. Oz e, 1T, 136G (19521
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this Laboratory.’? The molecular rotational dif-
ference (AMplé-one-H _204 —524) of the 16-ketone
compounds (IV, IIa) are in the anticipated nega-
tive direction.’® The lower value for Apregnene-
3,16,20-trione (IV), perhaps, is due to the enol
formation already mentioned. The molecular ro-
tational differences of the 168-hydroxy compounds
(ITa and VIa) are in the expected positive direc-
tion, but of considerably smaller values than ob-
served in previous work (reference 10b recorded an
average AMDWIS-OH-H 140 in alcohol). While the
AMp for A’-pregnene-163-0l-3,20-dione 16-acetate
3,20-bis-ethylene ketal (IIIb) is of a reasonable
magnitude (reference 10b recorded A.J/p8-OAc-H
-+100 in alcohol), the free dione 16-acetate VIb fur-
nished a marked deviation with a AMDp —245. If
the data found for the 1683-substituted bis-ketals
(IIIa and IIIb) are discounted because of the pre-
viously mentioned abnormalities of these types of
compounds, the unexpected results with A*-preg-
nene-168-0l-3,20-dione (VIa) and its acetate VIb
may be explained conveniently on the basis of
“‘vicinal action’’ between the 178-acetyl side chain
and the 163-substituent.

Infrared absorption data have been reported in
the Experimental. The usual group absorption
bands have been indicated: hydroxyl (ca. 3500
cm. ), carbonyl (1755-1675 cm.—1), double bonds
(1660-1610 cm. "), acetate (1260~1170 cm.~ 1), and
one of the C-O stretching bands of the ketal group
(ca. 1100 cm.—1).

ADDED IN PROOF.—Since submission of this manuscript,
G. E. Arth, G. I. Poos and L. H. Sarett, Tuis JOURNAL, 77,
3834 (1953) (in particular, footnote 9 of that paper) have
clarified the difference between our results and those of In-
hoffent with respect to the ultraviolet absorption spectrum
of a 16,20-dione.

Acknowledgment.—We wish to thank Messrs.
Louis M. Brancone, Samuel S. Modes, John Heider
and Alex N. Prezioso for the analyses, and Messrs.
William Fulmor and George Morton and Miss Anne
Callaghan for the optical rotations and infrared
absorption spectra.

Experimental

Melting Points: All melting points are uncorrected, and
were determined with uncalibrated Anschiitz thermometers.
Optical Rotations: The solvent was chloroform. Absorp-
tion Spectra: The ultraviolet absorption spectra were de-
termined in absolute alcohol (unless otherwise noted) with
a Beckman spectrophotometer (model DU) or a Cary re-
cording spectrophotometer (model 11S). The infrared
absorption spectra (pressed potassium bromide) were de-
termined with a Perkin—-Elmer spectrophotometer (model
21). Petroleum Ether: The fraction used had a b.p. 60-70°
(Skellysolve B). AU evaporations were carried out under
reduced pressure.

Ab-Pregnene-16a-0l-3,20-dione 16-Acetate 3,20-Bis-ethyl-
ene Ketal (Ib).—A solution of 0.2 g. of the 16«-o0l bis-ketal
Ia in 2.5 ml. of pyridine and 1 ml. of acetic anhydride was
allowed to stand at room temperature for 68 hours, poured
into water, filtered and washed with water to give 0.18 g. of
solid. Three crystallizations from acetone—petroleum ether
vielded 0.12 g. of the acetate Ib, m.p. 249-251°;

VYmax

(12) R. Antonucei, S, Bernstein, M. Heller, R. Lenhard, R, Littell
and J. H. Williams, J. Chem. Soc., 18, 70 (1953); S. Bernstein, R.
Littell and J. H. Williams, ¢bid., 18, 1418 (1953).

(13) W. Klyne, J. Chem. Soc., 2016 (1952), and M. N. Huffman and
M. H. Lott, THis Journar, T8, 4327 (1933) (see also previous papers
Ly the latter investigators) have pointed out the large negative incre-
ment in optical rotation (AMp ca. — 450 to —500) conferred on n
steroid molecule Iy a 16-ketone,
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1730, 1260 and 1097 cm. %
—-370.

Anal. Caled. for CiHgOs (460.539): C, 70.40; H, 8.75.
Found: C, 70.22; H, 8.86.

Ad-Pregnene-3,16,20-trione 3,20-Bis-ethylene Ketal (IIa).
—To a solution of 0.12 g. of the 16a-0l bis-ketal Ta in 2 ml.
of pvridine was added a solution of 0.12 g. of chromic anhy-
dride in 4 ml. of pyridine. After standing 16 hours at room
temperature, the solution was added to water, filtered, and
the filtrate was extracted with ethyl acetate. The residue
from the filtration was boiled in ethyl acetate, filtered, and
the filtrate was combined with the previous extracts.
After treatment with Norite, the dried extract was evapo-
rated. Three crystallizations from methanol gave 0.05 g.
of the trione bis-ketal I1a, m.p. 211-215°; pmax 1748 and
1102 cm. 1, [a] %D —154° (¢ 0.799), [M]p —640.

Anal. Caled. for CosHisOg (416.54): C, 72.08; H, 8.71.
Found: C, 71.86; H, 9.00.

In another run 0.625 g. (80%) of Ila, m.p. 210.5-215°,
was obtained from 0.79 g. of 1a.

Ab-Pregnene-3,16,20-trione 3,20-Bis-ethylene Ketal 16-
Oxime (IIb).—To a solution of 0.15 g. of hydroxylamine hy-
drochloride and 0.3 g. of sodium acetate in 15 ml. of meth-
anol and 2 ml. of water was added 0.135 g. of the trione bis-
ketal ITa, and the mixture was refluxed for 10 minutes. The
resultant mixture was added to water and the solid was col-
lected to give 0.133 g., m.p. 239-249° dec. Three crystalli-
zations from methanol afforded 0.075 g. of the oxime IIb,
mn.p. 266.5-267.5° dec.; »max 3410, 1670 (weak) and 1098
cm. 7Y [a)®D —127 (¢ 0.503), [M]p — 530.

[e]®D —80° (¢ 1.094), [M]Dp

Anal. Caled. for CpHyNO; (431.55): C, 69.57; H,
8.64; N, 3.25. Found: C, 69.38; H, 8.41; X, 3.09.

In another run conducted as above except that the reflux-
ing period was 6 hours, 1.04 g. of 1Ih, m.p. 260.5-262.5°
dec., was obtained from 1 g. of Ila.

As-Pregnene-163-0l-3,20-dione 3,20-Bis-ethylene Ketal
(IIIa).—A solution of 0.201 g. of the trione bis-ketal Ila in
75 ml. of anhydrous ether was added dropwise over a period
of 15 minutes to a stirred mixture of 0.4 g. of lithium alumi-
num hydride in 40 ml. of absolute ether. After the mixture
was refluxed for 1.5 hours with stirring, it was cooled, water
was added cautiously, and the layers were separated. The
water layer was extracted with ether and ethyl acetate, and
the extract was dried and evaporated. Two crystalliza-
tions from acetone—petroleum ether furnished 0.083 g.
(419,) of the 168-ol bis-ketal IITa, m.p. 223.5-226.5°;
Ymax 3050 and 1097 cm. 71 [«]2D —27° (¢, 0.852], [M]D
- 113.

Anal. Caled. for CpsHys05 (418.55): C, 71.74; H, 9.15.
Found: C, 71.46; H, 9.21.

In another reduction with 0.98 g. of the ketone 1Ia after
decomposition of the complex with saturated sodium po-
tassium tartrate solution, the mixture was filtered and the
filtrate was extracted as above. The residue was boiled for
1 hour with ethyl acetate and filtered and the filtrate was
combined with the previous extract. Evaporation gave
0.743 g., m.p. 231.5-234°,* and 0.086 g., m.p. 224-227°
(85%), of IIla.

As-Pregnene-163-0l-3,20-dione 16-Acetate 3,20-Bis-ethyl-
ene Ketal (IIIb).—Acetylation of the 168-ol bis-ketal (IIIa.
0.1 g.) in pyridine (3 ml.) and acetic anhvdride (1 ml.) was
conducted in the usual manner at room temperature to give
().101 g. of solid, m.p. 216.5-220°. Three crystallizations
from acetone—petroleum ether yvielded 0.048 g. of the uce-
tate I1Ib, m.p. 260.5-261.5°; pmax 1740, 1252 and 1095
cm. 7! [a]p® £=0° (¢ 1.126), [M]p £0°.

Anal. Caled. for CyHyOg (460.59): C, 70.40; H, 8.75.
Found: C, 70.36; H, 8.95.

Admixture melting point of the acetates Ib and IIIb
showed non-identity, m.p. 222-226°.

A%-Pregnene-3,16,20-trione (IV).—A solution of the tri-
one bis-ketal (ITa, 0.3 g.) in acetone (50 1l.) was treated
with p-toluenesulfonic acid monohydrate (0.1 g.) and al-
lowed to stand 16 hours at room temperature. Sodium bi-
carbonate was added. The mixture was swirled a few min-
utes and filtered. The filtrate was evaporated at room
temperature. Two crystallizations of the residue from
dilute acetone gave 0.18 g. (769,) of the trione IV, m.p.
177.5-180°; Amax 240 mu (e 16,900) aud 285 mu (e 35,430);

(14) ‘This higler melting point was invarinbly reached on later ruus,
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AL KO inabs. EtOR 941 m (¢ 16,650) and 308 mu (e 20,100);
L’max 1760, 1682, 1655 and 1610 cm.™!; [a]2p +102° (¢
0.956), [ﬂl D +335

Anal. Caled. for CyHesOs (328.44):
Found: C, 76.43; H, 8.81.

A+17(20)-Pregnadiene-20-0l-3,16-dione 20-Acetate (V). —
A solution of 0.215 g. of the trione IV in 5 ml. of pvridine
and 3 ml. of acetic anhydride was allowed to stand 16 hours
at room temperature, poured into water, extracted with
ether and ethyl acetate, and the combined extracts were
treated with Norite and dried. Evaporation gave an oil.
Six crystallizations from dilute acetone afforded 0.032 g.
(13%) of the enol acetate V, m.p. 208-203.5°%; Amax 242 mp
(e 26,400); AL7 BOH inabs. EGOH 94) mp (e 16,400) and 308
mu (e 21 200) rymax 1735, 1725, 1679, 1652, 1625 and 1170
cm. 7L {a]“D —30° (¢ 0.531), [M]D —-112.

Anal. Caled. for CyHyO4 (370.47): C, 74.56; H, 8.16.
Found: C, 74.83; H, 8.36.

A*-Pregnene-163-0l-3,20-dione (VIa).—To a refluxing
mixture of 0.83 g. of the 168-0l bis-ketal 1ITa in 100 ml. of
methanol was added 6 ml. of 8% (v./v.) sulfuric acid. The
reaction was allowed to proceed for 3 minutes and then was

C, 76.79; H, 8.59.

Carr Djerassi, E. Farkas, L. H. Liv anp G. H. THoMAS
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added to ice-water. The mixture was filtered to give 0.54
g. of solid, m.p. 188-194.5°. Several crystallizations
from acetone—petroleum ether gave 0.245 g. of the 168-ol
dione VIa, m.p. 202-203°; Amax 240 mu (e 16,500); »maz.
3420, 1712, 1658 and 1615 cm.™!; [a]®p +192° (¢ 1.91),
[M]p +645.

Anal. Caled. for Cs/Hj30s (330.453):

Found: C, 76.06; H, 9.02.

A4-Pregnene-168-0l-3,20-dione 16-Acetate (VIb).—

solution of 272 mg. of VIa in 4 ml. of pyridine and 2 ml. of
acetic anhydride was allowed to stand at room temperature
for 16 hours, poured into ice-water, and filtered to give 264
mg. of crude acetate VIb, m.p. 185-193°. Several crys-
tallizations from acetone-petroleum ether wielded 110
mg. (36%) of VIb, m.p. 202-203°; Apnex 240 mu (e 17,100);
vmex 1745, 1721, 1680, 1625 and 1250 cm.™!; [a]®p 4-103°
(¢ 0.3), [M]p +384.

The analy tical sample was obtained necessarily by sub-
limation, otherwise the analytical results invariably indi-
cated solvation.

Anal. Caled. for CoyH:O, (372.49):
IFound: C, 74.19; I, 8.80.

PeaRrRl RIVER, NEW YORK

C, 76.32; H, 9.15.

C, 74.16; H, 8.66.

[CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY OF WAYNE UNIVERSITY]

Terpenoids. XVII.!

The Cactus Triterpenes Thurberogenin and Stellatogenin®

By CarL Djerasst, E. Farkas,? L. H. L1u? axDp G. H. THOMAS?
RECEIVED MARCH 5, 1955

Degradative evidence is presented on the basis of which it is suggested that the two cactus triterpenes thurberogenin and
stellatogenin possess structures XIIT and XLIII based on a betulinic acid skeleton.

In the first paper of this series* we described the
isolation from the cactus Lemaireocereus thurberi of
a new triterpene which was named ‘‘thurberogenin."’
The substance possessed the empirical formula
CsHay03, formed a monoacetate and in the infrared
exhibited a band at ca. 5.65 x4 which was assigned
to a five-membered lactone ring. Subsequently, an
investigation of Lemaireocereus stellatus® and other
cacti®® led to the isolation of another triterpene
lactone, “stellatogenin’ (C3HgiO,4) which could be
correlated® with thurberogenin. Since stellatogenin
is much more abundant as well as more widely dis-
tributed?® this has made available a sufficient supply
of these two triterpenes so that degradation studies
could be initiated and these form the subject of
the present paper. It should be noted that except
for the cactus triterpene dumortierigenin,” no tri-

(1) Paper XVI, C. Djerassi, . 4. Thomas and I{. Monsimer, Tiis
JourNar, T7, 3579 (1055).

(2) (a) We are indebted to the Division of Research Graunts of the
U. S, Public Health Service for generous financial assistance (Grant
No. G-3863) in support of this work. (b) Presented at the XIV In-
ternational Congress of Pure and Applied Chemistry, Ziirich, July 22,
1955,

(3) Postdocturate researels fellow at Wayne University.

(4) Paper I, C. Djerassi, 1,.. E. Geller and A. J. Lemin, Tais Joul-
~NaL, T8, 2254 (1953).

(3) Paper XI, C. Dijerassi, [,. H. Liu, E. Farkas, A. E. Lippman,
A J. Lemin, L. E. Geller, R. N. McDonald and B. J. Taylor, ibid., 77,
1200 (1950,

{6) To be published.

(7) Paper VI, C. Djerassi, E. Farkas, A, J. Lemin, J. C. Collins and
F. Walls, THiS JOURNAL, 76, 2869 (1954}, While a definite decision
cannot as yet be made whether the intact lactone ring is indeed present
in the plant glycosides or whether it is produced during the acid hy-
drolysis, i¢ svas shown in that paper that the lactone ring of dumortieri-
genin, thurberogenin and stellatogensn could not have Leen fornted in
the manmner recorded for the oleanolic acid — iso-oleanolic acid lactone

terpenes so far have been encountered in nature
which possess a lactone ring.

Reactions of the Double Bond.—Thurberogenin
gives essentially no color with tetranitromethane?
and does not show” any high terminal ultraviolet
absorption typical® of the 12-13 double bond of tri-
terpenes of the «- and B-amyrin series (I, II).
Nevertheless, the presence of a reactive double
bond could be demonstrated by several reactions:
(a) thurberogenin (X) can be hydrogenated with
platinum oxide in glacial acetic acid to a dihydro
derivative (XI); (b) thurberogenin can be oxidized
readily with perbenzoic acid to vield an epoxide
(XII)5; (c) selenium dioxide in acetic acid trans-
forms thurberogenin acetate into an «,8-unsatu-
rated aldehyde (XIV) (AELQH 222 my, log € 4.01)
which in turn can be hydrogenated with palladium
to a dihydroaldehyde (XV).

These reactions eliminate completely from coi-
sideration an a-(I) or 8-amyrin (II) skeleton, since
those triterpenes!® behave differently under such
conditions, but rather suggest that thurberogenin
belongs to the rare class of lupeol triterpenes of
which only three members are known!: lupeol
(NXXI11) travsformation (¢f. D. H. R. Barton and N. J.
Chemr. Suc., T8 (1052)).

(8) The earlier reported (ref. 4) light yellow color may have )hecn
«(ne to some contamination, possibly with oleanolic acid.

(9 T, C. Halsall, Chemistry & Industry, 867 (1831).

(10} For the sake of brevity, references ta the original literature
are not given wlen they apply to well-known reactions of pentacyeclic
triterpenes since these are summarized quite adequately in review
articles by O. Jeger (in I.. Zechmeister's ’Progress in the Chemistry
nf Organic Natural Products,”” Springer, Vienna, 1951, Vol. 7, p. 1)
and Ly D. H. R. Bartun (in E. H. Rodd, "*Chemistry of Carbon Cowm-
' Iilsevier Press, Houston, Texas, 1833, Vol. IIB, p. 726).
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