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chloroform, and 1:19 ethanol-chloroform cuts as a glass 
crystallizable by trituration with ether. The product (2 
g., m.p . 193 to 198°) was recrystallized from ethanol and 
melted from 202-204°, M26D +127.5° ; v S^ 1 ' 3630(m), 
3450(w) (broad), 1710(s), 1725(s), 1745 (shoulder) cm."1 . 
Anal. Calcd. for C23H32O6: C, 68.29; H, 7.97. Found: 
C, 68.15; H , 8.17. The yield from crystalline I X was 80%. 

16a, 17<*-Epoxy-2 l-acetoxy-aWopregnane-3,12,20-trione 
(XI).—Compound X (3 g.) in 30 ml. of pyridine was treated 
with a suspension of chromium trioxide prepared by sifting 
3 g. of chromium trioxide slowly into 30 ml. of pyridine at 
5°. The mixture was let stand overnight at 28°, was trans­
ferred to a separatory funnel with ether and water, and 
shaken with dilute hydrochloric acid and dilute sodium 
bisulfite until the chromium was reduced to a trivalent con­
dition. The ether layer then de-emulsified and could be 
separated cleanly. If an insufficient volume of ether was 
used crystals of the steroid collected a t the interface. The 
ether on concentration deposited 2.8 g. of the desired prod­
uct in a high state of purity. The analytical sample, four-
sided scales, melted from 270-272° with characteristic 
reddening of the melt, [a]25D +144° , broad infrared band 
1700 to 1745 cm."1 . Anal. Calcd. for C23H30O6: C, 68.83; 
H, 7.51. Found: C, 68.40; H, 7.61. 

21-Acetoxy-16a,17a-epoxy-4-pregnene-3,12,20-trione 
(XII).—A sample of XI (12.8 g.) dissolved in 167 ml. of 
carbon tetrachloride and 167 ml. of chloroform was brom-
inated at 25° for 1.25 hr.19 with 238.9 ml. of a carbon tetra­
chloride solution containing two molar equivalents of bro-

(19) There is reason to believe that a longer bromination time of ca. 
five hours is preferable and leads to a single product instead of the 
mixture obtained in this experiment. 

Some of the saturated members of the 20/?(20-
iso)-series could be prepared by Wolff-Kishner re­
duction of the corresponding 3-ketones. A more 
general procedure applicable to saturated and un­
saturated 20/3-desoxysapogenins involved formation 
of the desoxypseudosapogenin from the corre­
sponding 20a-series, followed by isomerization in 
methanol-acetic acid. 

In continuation of our previous studies of the 
steroidal sapogenin side chain, 4ab 'c 'd it was neces­
sary that we prepare and determine the physical 
properties of the various 20« ,25D- or 25L-3-desoxy-
sapogenins and their 20/3-analogs. Some of the 
compounds in the 20a-series were previously pre-

(1) A laboratory of the Eastern Utilization Research Branch, Agri­
cultural Research Service, United States Department of Agriculture. 
Article not copyrighted. 

(2) Paper XXXII I , E. S. Rothman and M. E. Wall, T H I S JOURNAL, 
78, 1744 (1956). 

(3) Presented in part at Fifth Meeting-in-miniature, Philadelphia 
Section, American Chemical Society, January 29, 1953. 

(4) (a) M. E. Wall, C. R. Eddy and S. Serota, T H I S JOURNAL, 76, 
2849 (1954); (b) M. E. Wall and S. Serota, ibid., 76, 2850 (1954); 
(c) M. E. Wall, S. Serota and C. R. Eddy, ibid., 77, 1230 (1955); (d) 
M. E. Wall, S. Serota and L. P . Wltnauer, ibid., 77, 3086 (1955). 

mine. The solvents were then evaporated in vacuo and the 
resulting frothy solid stirred and refiuxed overnight with 42 
g. of sodium iodide in 0.5 1. of dry acetone. Insolubles 
were filtered off and the filtrate was evaporated, taken up in 
ether-benzene-10% sodium bisulfite mixture and shaken 
for 20 min. The organic layer was separated, evaporated 
to dryness and taken up in 300 ml. of absolute ethanol. 
The solution was stirred 8 hr. with 20 g. of zinc dust, filtered, 
and again evaporated in vacuo. The crystalline residue was 
triturated with ether to give 9.5 g. of a light tan powder, 
m.p. 230-242°, H2 5D +169, x£a

e°H 237 mM, e 9,250, log e 
3.9, that proved to be a mixture of about equal parts of XI 
and X I I . The mixture was separated by chromatography 
on 130 g. of 100-mesh silicic acid in a short, thick column. 

The column was packed and the steroid placed on the ad­
sorbent in benzene; however, methylene chloride was used 
immediately thereafter. Washing with methylene chloride 
containing 0.5 ethanol eluted the saturated steroid, and 
methylene chloride containing 2 % ethanol eluted the a,&-
unsaturated ketone X I I , m.p . 256-260°, [a]%> +192° , 
X^l°3 237 mn, t 17,200, log e 4.24; »££'• 1622, 1675, 1713, 
1727, 1745 (shoulder) cm.- 1 . 
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pared by Marker and his co-workers.6a-b'c Their 
yields were low and the physical properties incom­
pletely presented. 

The primary intermediates for the preparation 
of 3-desoxysapogenins were the corresponding 3-
hydroxy analogs. Figure 1 outlines the methods 
used. Initially attempts were made to prepare 3-
halogen derivatives using phosphorus tri- and penta-
halides or thionyl chloride prior to reduction. 
This route was unsuccessful because of the attack 
of the reagents on the sapogenin side chain.6 De-
soxysarsasapogenin (I), desoxysmilagenin (II) and 
desoxytigogenin (III), were prepared by CrO3-
acetic acid oxidation of the corresponding 3/3-hy-
droxy analogs to give the 3-ketones. These were 
then reduced to the hydrocarbons by the Huang-
Minion7 modification of the Wolff-Kishner reduc­
tion. A preferable procedure involved preparation 

(5) (a) R. E. Marker and E. Rohrmann, ibid., 61, 846, 1284 (1939); 
(b) R. E. Marker and D. L. Turner, ibid., 63, 767 (1941); (c) R. E. 
Marker, et at., ibid., 69, 2167 (1947); cf. p. 2180. 

(6) For a similar example cf. C. Djerassi, H. J. Ringold and G. 
Rosenkranz, ibid., 73, 5513 (1951). 

(7) Huang-Minion, ibid., 71, 3301 (1949). 
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Steroidal Sapogenins. XXXIV. Preparation of 3-Desoxysapogenins (20a- and 
20,8-Series)2-3 

BY MONROE E. WALL AND SAMUEL SEROTA 

RECEIVED NOVEMBER 11, 1955 

Desoxysarsasapogenin (I) , desoxysmilagenin (II) and desoxytigogenin ( I I I ) were prepared by Wolff-Kishner reduction 
of the corresponding 3-ketones. Desoxyhecogenin (IV) was made by mild Clemmensen reduction of hecogenone. A 
preferable procedure applicable to all saturated members of the 20a-series involved LiAlH4 reduction of the corresponding 
3-tosylates. The unsaturated 20a-sapogenins, desoxydiosgenin (V) and desoxyyamogenin (VI), were prepared by convert­
ing the corresponding 3-tosylates to iodo derivatives which in turn were reduced with zinc-acetic acid. 
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of the 3-tosylates followed by LiAlH4 reduction8 in 
80-90% over-all yield. 

Fig. 1. 

Hecogenin was converted to 3-desoxyhecogenin 
(IV) by two routes: (a) CrO3 oxidation to the 
3,12-diketone, hecogenone, followed by selective re­
duction of the 3-ketone by mild Clemmensen treat­
ment60; (b) preferable was a method involving the 
usual tosylation and LiAlH4 reduction to give the 
12-hydroxydesoxyrockogenin followed by CrO3-
pyridine oxidation to give IV in 75% over-all 
yield. 

To prepare desoxydiosgenin (V) and desoxyyamo-
genin (VI), it was again necessary to prepare the 
3-tosylates. Lithium aluminum hydride reduc­
tion of diosgenyl tosylate gave a mixture consisting 
of minor proportions of V and the conjugated A8-6-
desoxydiosgenin (VII) along with the major prod­
uct 3,5-cyclodesoxydiosgenin (VIII). The assign­
ment of structure of VIII was based on analogy 
with the similar LiAlH4 reduction of cholesteryl 
tosylate, which gave in part 3,5-cyclocholestane.s 

Moreover, VIII gave correct C and H values; the 
infrared spectrum showed absence of hydroxyl and 
A6-unsaturation along with the typical "22a" 
( = 25D) "fingerprint" spectrum. Finally, the mo­
lecular rotation data were in excellent agreement 
with the assigned structure.9 

Treatment of diosgenyl tosylate in acetone solu­
tion with sodium iodide at reflux gave diosgenyl 
iodide and unreacted tosylate. The two could be 
easily separated due to the high solubility of the 
iodide. Treatment of the latter with zinc-acetic 
acid gave the desired compound V. Proof of struc­
ture was obtained by hydrogenation to the known 
desoxytigogenin; from the infrared spectrum, 
which showed absence of hydroxyl, presence of A6-
unsaturation and typical "22a" ( = 25D) bands; 
and from the optical rotation data which were in 
good agreement for a A5-bond.10 

The diene As'5-desoxydiosgenin (VII) was ob­
tained as the sole product on treatment of diosgenyl 
tosylate with sodium iodide in acetone at 100°. 
Proof of the structure was based on hydrogenation 
to the known desoxytigogenin, ultraviolet absorp-

(8) H. Schmid and P. Karrer, He(K. Chim. Ada, 32, 1371 (1949). 
(9) M D 3,5-cyclocholestane» — Mo cholesterol = +443; M D 3,5-

cyclodesoxydiosgenin — M D diosgenin =a +424. 
(10) D. H. R. Barton and W. Klyne, Chemistry and Industry, 755 

(1948), find Ae = — 298 for a 5,6-double bond. Our experimental value 
was —246. Barton and Klyne calculations for other locations of the 
double bond give greatly different values, thus ruling out any possi­
bility of bond migration during preparation Qf V. 

tion11 and optical rotation values.12 Desoxyyamo-
genin (VI) was prepared in the same manner as 
desoxydiosgenin. Structural proof was based on 
analogy with the previous preparation of V, proper 
C and H values, infrared spectrum showing absence 
of hydroxyl, presence of A6-unsaturation and typi­
cal "22b" (= 25L) "fingerprint" bands, and finally 
conversion of VI to V by prolonged refluxing with 
hydrochloric acid. 

The saturated 20-iso-3-desoxysapogenins were 
prepared by Wolff-Kishner reduction of the cor­
responding 20-iso-3-ketones.4c In this manner 20-
isodesoxysarsasapogenin (IX), 20-isodesoxysmila-
genin (X) and 20-isotigogenin (XI) were prepared. 
The yields were low, due probably to the instability 
of the 20-isosapogenin side chain.4d Structural 
proof for compounds IX, X and XI was based on 
proper C and H values, infrared spectrum showing 
absence of hydroxyl and typical 20/3,25D- or 20/3,25L-
bands,4c and conversion to the respective 20a-
desoxysapogenins on reflux with hydrochloric acid. 
Attempts to use the tosylation and LiAlH4 reduc­

tion sequence, which had been successful in the 
20a-series, failed. Thus 20-isotigogeninls on treat­
ment with tosyl chloride in pyridine at room tem­
perature followed by LiAlH4 reduction of the crude 
tosylates gave a crystalline compound which we 
have reason to believe was the hydrocarbon proto­
type of pseudotigogenin, i.e., 16,22-epoxy-20(22)-
cholestene (XII).1415 

An alternative procedure applicable to prepara­
tion of both saturated and unsaturated 20-isodes-
oxysapogenins involved preparation of the ap­
propriate 20a-desoxysapogenin. The latter was 
then converted to the 3-desoxypseudosapogenin 26 
acetate which on alkaline hydrolysis and treatment 
with methanol-acetic acid gave the corresponding 
20/3-desoxysapogenin. In this manner 20-isodes-
oxydiosgenin (XII) and 20-isodesoxyyamogenin 
(XIV) were prepared in 25% over-all yield. Struc­
ture proof of XII and XIV was established in the 
same manner as described above for the saturated 
compounds. 

Experimental 
Melting points were determined with a Kofler micro melt­

ing point apparatus, optical rotations were in CHCI3, unless 
otherwise stated, 4-dec. tube, concentration approximately 
8.33 mg. per ml., infrared spectra were obtained with a 
Perkin-Elmer model 21 instrument in CS2 solution, concen­
tration 10 g. per liter. 

3-Desoxysarsasapogenin (20a,22a,25L-Spirostane) (I).— 
Ten grams of sarsasapogenin were dissolved in 50 ml. of 
chloroform and the solution cooled to 15°. A solution of 

(11) Found for VII, X228, 234.5, 243, t!M.t 20,500. These values 
were in close agreement for A3,5-dienes from data compiled by L. 
Dorftnan, Chem. Revs., 63, 47 (1953). 

(12) Barton and Klyne10 gave —549. whereas Fieser and Fieser, 
"Natural Products Related to Phenanthrene," 3rd ed., Reinhold Publ. 
Corp., New York, N. Y., 1949, p. 210, gave - 3 6 3 as values for the 
molecular contribution of the A3,5-system. Our experimental value 
was - 3 7 9 . 

(13) M. E. Wall and H. A. Walens, T H I S JOURNAL, 77, 5661 (19.55). 
(14) The evidence for this structure was based on the infrared spec­

tra which showed absence of hydroxyl and of the complex spiroketal 
bands and presence of the typical pseudosapogenin A20<22>-bond at 
1687 cm. - 1 (Hayden, Smeltzer and Scheer, Anal. Chem., 26, 550 
(1954)), This structure was confirmed by a positive blue color test 
(Rothman, Wall and Cooper, T H I S JOURNAL, 78, 6325 (1953)). 

(15) Presumably 20-isotigogenin was converted to 16,22-epoxy-
20(22)-cholestene-3(3,26-diol 3,26-ditosylate which was then reduced 
to XI I (cf. Scheer, Kostic and Mosettig, ibid., 77, 641 (1955)). 
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5.0 g. of CrO2 in 30 ml. of 90% acetic acid was cooled to 15° 
and added dropwise to the sarsasapogenin solution with 
vigorous agitation. The temperature was allowed to rise 
to 25° and the oxidation mixture allowed to stand 1 hour. 
After dilution with water, the crude sarsasapogenone was 
extracted with chloroform , the solution dried over anhydrous 
sodium sulfate and the solvent evaporated. A small sample 
of sarsasapogenone was purified by crystallization from 
acetone and then ethyl acetate, as plates, m.p. 222-223° 
(Ht." m.p. 226°), [<*]%> - 7 0 ° , vm^ 1710 c m . - ' . 

The crude sarsasapogenone without further purification 
was taken up in a mixture of 80 ml. of diethylene glycol and 
500 ml. of ethanol to which were added 40 ml. of hydrazine 
hydrate and 8.0 g. of sodium hydroxide. The mixture was 
refluxed 0.5 hour and volatiles boiling under 190° removed. 
After addition of 80 ml. of diethylene glycol, the mixture 
was heated two hours at 190°. Benzene extraction followed 
by chromatography on Florisil gave 5.8 g. of product. 
Crystallization from ethyl acetate gave 4.5 g. (47% yield 
based on sarsasapogenin) of I , plates, m.p. 218-219° (lit.6a 

m.p. 214-216°), H2 3D - 7 3 ° . 
3-Desoxysmilagenin (20a,22a,25D-spirostane) (II) was 

prepared by oxidation of smilagenin as above to give smila-
genone as needles from acetone, m.p . 188° (lit.6a m.p. 
188.5°), H 2 S D - 6 0 ° , % , s 1715 cm.- 1 . Wolff-Kishner 
reduction gave I I , plates from methanol, m.p. 135-136° 
(lit.6" m.p. 140°), [«]2 5D - 7 1 ° . 

3-Desoxytigogenin (5a,20a,22a,25D-Spirostane) (III) .— 
Similar treatment of tigogenin gave tigogenone, m.p. 203-
205° ( l i t ." m.p . 202-205°), [<*]2SD - 5 3 ° . 5ma* 1712 cm."1 . 
Wolff-Kishner reduction gave I I I , plates from acetone, 
m.p . 174-175° ( l i t . 6 bm.p. 173°), M26D - 7 4 ° . 

3-Desoxyhecogenin (5a-20a,22a,25D-Spirostane-12-one 
(IV).—Similar oxidation of hecogenin gave hecogenone as 
plates from ether, m.p . 237-240° (lit.60 gives 237-240°), 
[a]25D + 1 . 5 ° , Km,i 1712 cm.""1. Clemmensen reduction 
of hecogenone as described by Marker, et al.,Sc gave desoxy-
hecogenin (35% yield from hecogenin) as plates from ace­
tone, m.p . 198-199° (lit.50 gives 196-198°), H2 5D + 0 . 5 ° , 
Pma* 1712 cm. - 1 . 

Preparation of Sapogenyl 3-Tosylates.—Although these 
intermediates were often used without extensive purifica­
tion, a number were isolated and their properties deter­
mined. The preparation of diosgenyl 3-tosylate was 
typical: 20 g. of diosgenin was dissolved in 50 ml. of re­
agent grade pyridine with warming. On cooling, 20.0 g. 
of />-toluenesulfonyl chloride was added with shaking 
until all solids were dissolved. After standing overnight 
a t room temperature, the tosyl chloride was decomposed 
by addition of water. The usual ether extraction,40 fol­
lowed by concentration and crystallization from ether, gave 
18.0 g. of diosgenyl tosylate, m.p. 166°, [a]25D - 9 8 ° , typical 
tosyl bands in infrared at 1252, 943, 813 and 668 cm."1 . 

Anal. Calcd. for C34H48SO6: C, 71.88; H, 8.51. Found: 
C, 71.70; H, 8.57. 

Similarly, hecogenyl tosylate was obtained as plates from 
acetone, m.p. 192-193°, H2 5D - 1 4 ° ; Pma* 1255, 948, 812, 
671 cm."1 . Anal. Calcd. for C34H48SO6: C, 69.84; H, 
8.27. Found: C, 69.43; H , 8.62. 

Tigogenyl tosylate was obtained as rectangles from ether, 
m.p. 173°, [a]25D - 5 8 ° , i w t 1255, 810, 670 cm."1 . Anal. 
Calcd. for C34H60SO5: C, 71.55; H, 8.83. Found: C, 71.44; 
H, 8.79. 

Sarsasapogenyl tosylate was obtained as plates from 
methanol, m.p. 139-140°, H2 5D - 5 5 ° ; ?ma* 1295, 1282, 
816, 685 cm. - 1 . Anal. Calcd. for C34H6oS06: C, 71.55; 
H, 8.83. Found: C, 71.58; H, 9.00. 

Yamogenyl tosylate was obtained as plates from ether, 
m.p. 167°, H2 6D - 1 0 9 ° . Anal. Calcd. for C34H48SO6: 
C, 71.88; H , 8.51. Found: C, 71.51; H, 8.55. 

Lithium Aluminum Hydride Reduction of Tosylates.—The 
reduction of the tosylates of the saturated sapogenins pro­
ceeded almost quantitatively to give the desired desoxysapo-
genins. In a typical experiment 2.0 g. of tigogenyl tosylate 
was dissolved in 150 ml. of dry ether. The ether solution 
was added dropwise to a refluxing suspension of 2.0 g. of 
LiAlH4 in 200 ml. of ether. Refluxing with vigorous stirring 

(16) R. E. Marker and E. Rohrmann, T H I S JOURNAL, 61, 943 
(1939). 

(17) R. E. Marker, T. Tsukamoto and D. L. Turner, ibid., 62, 2525 
(1940). 

was continued for 5 hours. After cautious decomposition 
with water, hydrochloric acid was added until two distinct, 
clear layers were obtained. The ether layer was dried and 
concentrated, yield 1.78 g. of desoxytigogenin, m.p. 170-
175°, infrared spectra identical to an authentic specimen. 

3-Desoxydiosgenin (5-20a,22a,25D-Spirostene) (V).— 
Five grams of diosgenyl tosylate was dissolved in 130 ml. of 
dry acetone to which was added 10,0 g. of sodium iodide. After 
refluxing 5 hours, the solution was diluted with water and 
given the usual ether work-up. The residue, after removal 
of solvent, was triturated with low boiling petroleum ether. 
The insoluble residue, 1.25 g., was unchanged tosylate. 
The filtrate was concentrated to dryness and the residue re-
fluxed with acetic acid (200 ml.) and 20 g. of zinc dust. 
Filtration, dilution of the filtrate with water and ether ex­
traction gave 2.0 g. of V. The analytical sample gave 
plates from ethanol, m.p. 194-195°, H2 5D - 1 3 6 ° ; the in­
frared spectrum showed typical 24D spectra, 979(s), 919(w), 
898(s) c m . - 1 and A6-unsaturation, 828 cm.- ' (w) . Anal. 
Calcd. for C27H42O2: C, 81.35; H, 10.62. Found: C, 
81.49; H, 10.72. 

Catalytic hydrogenation of V with PtO2 in ether containing 
5 % acetic acid at 3 atmospheres pressure for 5 hours gave 
desoxytigogenin, m.p. 172-174°. 

Desoxyyamogenin (5-20a,22a,25L-Spirostene) (VI).—VI 
was prepared from yamogenyl tosylate in the same manner 
as V, plates from methanol, m.p. 192°, [a]26D - 143°; infra­
red spectrum shows typical 25L-bands. Anal. Calcd. for 
C27H42O2: C, 81.35; H, 10.62. Found: C, 81.24; H, 
10.57. 

A3'5-Desoxydiosgenin (3,S-20a,22a,25D-Spirostadiene) 
(VII).—One gram of diosgenyl tosylate was dissolved in 40 
ml. of acetone with heating and 2.0 g. of sodium iodide 
added. The solution was heated in a sealed tube at 100° 
for 5 hours. Free iodine was present after the reaction. 
The acetone solution was poured into a 5 % aqueous sodium 
thiosulfate solution. After the usual ether work-up, 0.45 
g. of product, m.p. 155-160°, was obtained. On recrys-
tallization from acetone the product had m.p. 164°, [a]56D 
- 1 7 5 , Amax (methanol) 228, 234, 243 m û, log e234 4.33," in­
frared spectrum shows typical 25D-bands, 979(s), 917(w), 
895(s) and 863(w) cm."1 . Anal. Calcd. for C27H40O2: 
C, 81.76; H, 10.17. Found: C, 81.31; H, 10.03. Cata­
lytic hydrogenation of VII as described for V gave desoxy­
tigogenin. 

3,5-Cyclodesoxydiosgenin (3,5-Cyclo-20a,22a,25D-spiro-
stane) (VIII).—Lithium aluminum hydride reduction of 
6.0 g. of diosgenyl tosylate as described previously gave a 
product which after several crystallizations from methanol 
had a m.p . range 125-175°. Ultraviolet assay showed 
presence of ca. 3 % diene. Crystallization from ethyl ace­
tate gave 0.7 g. of desoxydiosgenin (V). From the soluble 
residues were obtained 3.5 g. of VIII as plates from ethyl 
acetate, m.p. 138-139°, H2 5D - 2 8 ° ; infrared spectrum 
shows absence of bands in 3600 and 838 c m . - 1 region (no 
OH or A6-unsaturation) and typical 25D-bands. Anal. 
Calcd. for C27H42O2: C, 81.35; H, 10.62. Found: C, 
81.41; H, 10.75. 

20-Isodesoxysarsasapogenin (20<3,22b,25L-Spirostane) 
(IX).—Wolff-Kishner reduction of 0.75 g. of 20-isosarsasa-
pogenone40 gave IX , 0.16 g., needles from methanol, m.p. 
131-132°, [a]25D dioxane + 4 3 ° ; infrared spectrum shows 
typical 200, 2oL-bands,40 985(s), 920(s). 905(s), 870(w) 
cm.-1 . Anal. Calcd. for C27H44O2: C, 80.94; H, 11.07. 
Found: C, 81.13; H, 11.33. Brief treatment of IX with 
refluxing methanolic hydrochloric acid gave desoxysarsasa-
pogenin. 

20-Isodesoxysmilagenin (20/3,22a,2SD-Spirostane) (X).— 
In a similar manner 0.25 g. of 20-isosmilagenone gave 
0.085 g., needles from methanol, m.p. 126-127°, H2 6D 
dioxane —58°, infrared spectrum shows typical 2 0 « , 2 5 D -
bands, 970(s), 922(s), 896(s), 785(w). Anal. Calcd. for 
C27H44O2: C, 80.94; H, 11.07. Found: C,80.78; H,11.17. 
Hydrochloric acid reflux of X gave desoxysmilagenin. 

20-Isodesoxytigogenin (5a-20/°,22a,25D-Spirostane) (XI). 
—XI was obtained as above, plates from methanol, m.p. 
155-160°, [a]25T> (dioxane) —54°, infrared spectrum 
showed typical 20/3,25D-bands similar to X. Hydrochloric 
acid reflux gave desoxytigogenin. 

16,22-Epoxy-20(22)-cholestene (XII).—Two grams of 20-
isotigogenin in pyridine solution was treated with tosyl 
chloride as described previously. After the usual ether 
work-up, LiAlH4 reduction gave a product with infrared 
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spectrum showing hydroxyl and tosylate bands absent and 
disappearance of characteristic spiroketal bands. A peak 
was present at 1686 cm.-1, characteristic of —C=C—O-
—C— linkages.18a'b 

20-Isodesoxydiosgenin (5-20)3,22a,2SD-Spirostene) (XIII). 
—A mixture of 2.5 g. desoxydiosgenin, 0.7 g. of pyridine hy­
drochloride and 12 ml. of acetic anhydride was refluxed for 
6 hours. Following the usual ether work-up, the residue was 
refluxed 0.5 hour in 10% methanolic potassium hydroxide 
to give pseudodesoxydiosgenin. The latter was taken up 
in methanol and an equal volume of glacial acetic acid was 
added. After standing overnight, the usual ether work-up 
gave 0.6 g. of XIII, plates from methanol, m.p. 160-163°, 
[a ]25D dioxane —110°; infrared spectrum similar to X and 
XI plus additional unsaturation peak at 835 cm.-1. Anal. 

(18) (a) H. Rosenkrantz and M. Gut, HeIv. Ckim. Acta, 36, 1000 
(19S3); (b) Hayden, et al., ref. 14. 

For a program underway in this Laboratory, it was 
necessary to have an inosamine4 (aminodeoxyinosi-
tol) with a single free hydroxyl group, i.e., with the 
amino group and four of the five hydroxyls blocked. 
The preparation of two such N-acetyltetra-O-ace-
tyl-wyo-inosamines-2 is described in the present 
communication. 

In paper I of this series,5 it was shown analytically 
t ha t when penta-O-acetyl-wyo-inosamine-2 hydro­
chloride (I) is t reated mildly with alkali, 0-*-N 
acetyl migration takes place. These observations 
were extended and three procedures were found 
which yielded, on a preparative scale, a mixture of 
products containing a free hydroxyl group. The 
procedures were: (1) allowing the hydrochloride 
to stand in aqueous solution a t room temperature 
for 24 hours after t i t rat ion to pH 8 with sodium hy­
droxide; (2) t rea tment of the free base, penta-O-
acetyl-wyo-inosamine-2 (II) , with aqueous pyri­
dine a t room temperature; and (3) t rea tment of 
the free base with water a t 90°. 

Two compounds were recovered from the mi­
gration mixtures by a simple solvent extraction. 
The elemental and functional group analyses of 
both compounds corresponded with those expected 
for an N-acetyltetra-O-acetylinosamine. They thus 
apparently differ only in the position of the free hy-

(1) Published with the approval of the Director of the Wisconsin 
Agricultural Experiment Station. This investigation was supported 
by a research grant (G-3707) from the National Institutes of Health. 
Public Health Service. 

(2) Paper II of this series: Helga Straube-Rieke, H. A. Lardy and 
L. Anderson, T H I S JOURNAL, 76, (394 (1953). 

(3) Wisconsin Alumni Research Foundation unassigned Fellow, 
1951-1953. 

(4) The system proposed by H. G, Fletcher, Jr., L. Anderson and 
H. A. Lardy, J. Org. Chem., 16, 1238 (1951), is used for naming and 
numbering the compounds described in this paper. 

(5) L. Anderson and H. A. Lardy, THIS JOURNAL, 72, 3141 (1950). 

Calcd. for C27H42O2: C, 81.35; H, 10.62. Found: C, 81.14; 
H, 10.64. Hydrochloric acid reflux of XIII gave desoxydi­
osgenin. 

20-Isodesoxyyamogenin (5-20/3,22b,25L-Spirostene) 
(XIV).—In the same manner as described under XIII, de-
soxyyamogenin was converted to XIV as plates from ace­
tone, m.p. 184-186°, [a]26D dioxane —12.3°, infrared spec­
trum similar to IX plus additional unsaturation peak at 838 
cm."1. Anal. Calcd. for C27H42O2: C, 81.35; H, 10.62. 
Found: C, 81.39; H, 10.70. Treatment of XIV with hy­
drochloric acid gave desoxyyamogenin. 
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droxyl. If only 0-*-N acetyl migration occurred, 
then only t ha t compound carrying the free hydroxyl 
ortho to the amino group should be formed. The 
meta and para isomers could result, however, from 
a sequence of reactions involving 0-»-0 acetyl mi­
gration. A direct migration could also take place 
from the para position if the molecule existed in the 
boat conformation. The chair form has been sug­
gested as the most stable conformation in the cy-
clohexane series,6'7 bu t it is clear, from the fact tha t 
scyllitolcarboxylic acid forms a 5-lactone,8 t ha t an 
inositol can be brought into the boat form. Mech­
anisms therefore probably exist which could oper­
ate to leave a hydroxyl open in any of the three po­
sitions relative to the amino group. There are thus 
actually three possible isomeric N-acetyltetra-O-
acetyl-wyo-inosamines-2—two DL-pairs and one 
meso form. These are shown in the chart (formu­
las I I I , IV and V). The compounds isolated pre­
sumably represent two of these three possibilities. 
For convenience, the higher melting product is 
designated isomer A, and the lower melting one iso­
mer B. 

All three of the procedures mentioned above gave 
the same mixture of migration products, in which 
the ratio of isomer A to isomer B was about 1:5. 
I t was found tha t when a sample of the free base I I 
is melted in a capillary, it quickly resolidifies, and 
then has a second melting point, identical with the 
melting point of migrated isomer A. This observa­
tion suggested tha t migration might be brought 
about by heating, and t ha t thermal migration might 
be used to prepare pure isomer A. Fur ther investi-

(6) S. J. Angyal and J. Mills, Revs. Pure and Appl. Chem. (Australia), 
2, 185 (1952). 

(7) H. D. Orloff, Chem. Revs., 64, 347 (1954). 
(8) Th. Posternak and D. Reymond, HeIv. Chim. Acta, 36, 1370 

(1953). 
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From penta-O-acetyl-wiyo-inosamine-2 two isomeric N-acetyltetra-O-acetyl derivatives have been obtained by acetyl 
migration under mildly alkaline conditions. A series of sulfonyl esters were prepared for use in the characterization of these 
compounds. One of the isomers (A) has been shown to carry its free hydroxyl ortho to the acetylamino group. The position 
of the free hydroxyl in the other isomer (B) was not established. 


