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I. HISTORICAL 



I. HISTORICAL 

In 1938 Ruzicka and Meldahlla attempted a partial synthesis of 

17-hydroxy-20-ketosteroids "by treatment of the ethynyl carbinol I 

with mercuric oxide and "boron trifluoride etherate in a mixture of 

acetic acid and acetic anhydride. This procedure was an adaptation 

o 
of the method of Hieuwland, which presumably involves addition of 

acetic acid to the triple "bond with intermediate formation of an enol- 

acetate derivative H. Hydrolysis of the enol-acetate function in 

the process of isolation furnished a diacetoxy ketone, for which struc¬ 

ture III was proposed. Saponification of the latter product gave 

ort 

III 
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a dihydroxy ketone, m.p. 275-277% which the Swiss investigators re¬ 

garded as 3f3,17p-dihydroxy-A5„pregnen-20-one (IV). The same product 

OH 

was obtained in poor yield by Stavely, ^ by direct hydration of I with 

mercuric sulfate and water at 120° in a sealed tube. However, evi¬ 

dence indicating that structure IV assigned to the dihydroxy ketone 

was incorrect was provided by the observations, (a) that reconversion 

into diacetate HI could not be accomplished, and (b) that treatment 

of the monoacetyl derivative of the dihydroxy ketone with phosphorus 

tribromide, followed by reductive elimination of halogen, furnished 

a product that could not be correlated with either of the known 17- 
c lb 

epimers of 3p-acetoxy-iAr-pregnen-20-one. 

Authentic 3(3,17p-dihydroxy-A^-pregnen-20-one (IV) was subsequent¬ 

ly prepared by Stave ly^ by the use of a modified hydration procedure, 

illustrated by the transformations I -> V •> VI -> IV, involving addi¬ 

tion of aniline followed by hydrolysis of the resulting vinyl amine- 

imine system.^ This substance melted at 174-176°, and furnished 
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OH OH OH 

IV 

diacetate III of Ruzieka on treatment with acetic anhydride and pyri- 

dine at 100°. Structure IV assigned to the new product was estab¬ 

lished unequivocally by oxidative cleavage of the ketol grouping with 

chromic acid (VII VIII), and by hydrogenation, followed by treat¬ 

ment with periodic acid (VII ■* IX ■> X), which reactions lead to the 

known products dehydroepiandrosterone acetate (VIII) and epiandro- 

sterone (X), respectively. Finally, it could be shown1' that 3p,17p- 

dihydroxy-A^ -pregnen-20 -one (IV) on treatment with alkali yields the 

same dihydroxy ketone, m.p. 275-277°# obtained previously by Ruzieka 

and Meldahl.^ On the basis of these results it was clear that iso¬ 

merization occurs in the base treatment of both III and IV. 
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7 
In the meantime Ruzicka and his collaborators' had extended their 

investigations to the 5*6-dihydro series (cf. XI) and had obtained in 

addition to the diacetoxy ketone XII an isomeric substance XIII, the 

structure of which was subsequently established by Shoppee and Prins 

(see below).* Compound XII on treatment with base undergoes changes 

* Compound XII is the substance referred to by Ruzicka, Gatzi and 
Reichstein (ref. 7) as "Diacetate IXb." The isomeric material (XIII) 
was designated "Diacetate IXa" by these authors. 
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oH 

CH* 

XI XII XIII 

analogous to those suffered hy III and furnishes a dihydroxy ketone 

for which structures XIV and XV have been considered. These formula- 

0 

XIV 

CHj OH 

tions are consistent with the fact that oxidation of the dihydroxy 

ketone (XEV or XV) with chromic acid affords, not the known androstan- 

3,17-dione, but a diketoacid (XVI or XVII) possessing the some number 

of carbon atoms as the starting material. 

A choice between XIV and XV was eventually made on the basis 

of selenium dehydrogenation of the dihydroxy ketone to 1-methylchrysene 
Q 

(XVIH), a result that is consistent with structure XV (and hence 
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XVI 

CHj 

• XVII 

XVII ), but not with XIV. Structure XIX could then be assigned by 

analogy to the 5*6-unsaturated diolone (m.p. 275-277°) of Ruzieka 

and Meldahl.^" Correlation of compounds of the saturated and unsat¬ 

urated series was achieved by Stavely^ by hydrogenation of XIX and 

oxidation of the resulting saturated triol (XX) to a dilceto acid XVII, 

CHj OH CH’ oH 

XIX XX 
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■> CKjC V+jCOO n 

0 

XVII 

I) HA c?t) 
 > 

a) CipOa 

crt3 

XXIII XXIV 
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identical with that obtained from XV. 

Conclusive evidence for the structures assigned to XIX and to 

XV is now available from work of the Zurich school. The diolone XIX 

on Wolff-KLschner reduction gives, with loss of the 17a-hydroxyl group 

as indicated, a doubly unsaturated monoalcohol (XXl),^ which on cata¬ 

lytic hydrogenation, followed by oxidation, affords 17a-methyl-D-hamo- 

androstan-3-one (XXII), also obtainable from XV by similar processes."*"** 

Moreover, XXI has now been prepared by an unambiguous route from D- 

homoepiandrosterone (XXrv)^ via Gri guard addition and dehydration.^ 

Rearrangement of the Wagner-Meerwein type in the latter step has been 

excluded.^ 

The mechanism of the change XXV -> XXVI has been considered in 

some detail by Shoppee and Prins^11 and is regarded by these investi- 

<s> 
—OH 

V c,ri3 OH 

-KSf's 
(A) 

-CH, 
OH It 

XXV XXVI 

gators as a "pinacolic change” of the type formulated in (A).^ Other 
\ 

examples of this transformation, frequently referred to as the acyloin 

15 rearrangement, have recently been reported by Curtin and LeskowitzAD 

and by Sharp and Miller.^ The reaction is formally analogous to 

the benzylic acid rearrangement (B), but differs from this reaction 
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(B) 

<3 
0 
I 

CgH5 -C-C—C5H5  > 

OH 0 
/ I C6H5 

<W(U 

in one fundamental respect, namely the driving force responsible for 

rearrangement. In the benzylic acid case it is clear that some reso¬ 

nance stabilisation is gained in passing from the ketol to the car- 

boxy late anion grouping. No such stabilization is involved in the 

D-homoannulation reaction in which one ketol rearranges into another, 

and the driving force in this case is undoubtedly associated with 

relief of strain in the trans-fused hydriiadane system. 

Although the general features of the rearrangement are satisfac¬ 

torily represented in these terns, the most outstanding characteristic 

of the reaction, its stereospecificity, remains unexplained. Where¬ 

as the base -catalyzed rearrangements of IV and of XU in each case 

yield stereochemically pure products, the structures assigned to these 

derivatives (partial formula XXVI) permit the existence of epimers 

at C.17a. Under other conditions epimeric substances have been ob¬ 

tained. 

It has recently been demonstrated that the D-homoannulation re- 
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•jQ 

action is not subject to general acid catalysis. However, numerous 

examples of rearrangement in the presence of Lewis acids have teen 

observed. Thus, when 3$)17P-dihydroxyallopregnan-20-one (XXIX) is 

passed over alumina, a quantitative yield of a dihydroxy lie tone (XXX), 

identical neither with the starting material nor with the product of 

base-catalysed isomerization (XXVHI), is obtained. Structural Cor- 
g 

relation of the rearranged products (XXVTII and XXX) has been achieved 

by oxidation of both substances to the same keto acid derivative (XXVH). 

It has further been shown that the steric course of the alumina pro¬ 

moted reaction is independent of whether basic, neutral or acidic 

alumina is employed.^® Stereospecific rearrangement of substances 

possessing the part structure XXIX" is also promoted by other reagents, 

including aluminum isopropoxide (Oppenauer conditions),^ magnesium 

19 6 
bromide, and boron trifluoride-acetic acid-acetic anhydride. In 

the latter instance acetylation accompanies ring expansion. Product XXXHI 

has been shown to be identical with a substance XIII obtained as a by¬ 

product in the hydration of ethynyl carbinol XI (see pg. 5)* It is 

significant that all reagents of the Lewis acid type furnish D-hcmo 

derivatives of the 17ap-hydroxy series (XXX) as the sole or major 

products. 

A number of compounds differing only in the structure of the A/B 
ring system has been investigated. All of these substances, as well 
as the corresponding rearrangement products, have been correlated 
by appropriate interconversions. 



C.HxC.Ha CO(?M 

xxvn 

ort HO 
-- COCH, 

J 

xm XXX 

Chart I 
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Further information lias been obtained from an investigation of 

the behavior of 17a-hydroxy-20-ketosteroids (XXXII), constitutionally 

20 
related to the adrenal cortical hormones. Thus von Euw and Reichstein 

observed tlmt treatment of 17a-hydroxyprogesterone with hot 3$ meth- 

anolic potassium hydroxide leads to a mixture of D-hamo ketols (XXVIII 

and XXX), in which the 17af3-hydroxy derivative, XXX, predominates. 

This result contrasts with the formation of 17aa-hydroxy compounds 

in reactions of 3P, 17P -dihydroxy-A^ -pregnen-20 -one,of 3fJ,17f3-dihy- 

21 
droxypregnan-20-one, and of 3P,17p-dihydroxyallopregnan-20-one with 

base. 

17a-Hydroxy-20-ketosteroids do not rearrange readily in contact 

with alumina, nor in the presence of magnesium bromide, but are sensi- 

18 22 
tive to the action of aluminum t-but oxide at elevated temperatures. 3 

Reichstein’s Compound L monoacetate, for example, on treatment with 

aluminum t-but oxide in refluxing benzene affords 3p, 17^-dihydroxy- 

17a-metbyl-D-homoandrostan-17-one (XXVIIl) as the major crystalline 

product. Quantitative rearrangement of XXXII into XXXI has been ob¬ 

served to take place in the presence of boron trifluoride-acetic acid- 
*1 ^ 

acetic anhydride. 

Assignments of configuration to the epimeric D-homo derivatives 

shown in Chart I are based on a series of observations by Shoppee 

and his collaborators, of which the first concerns the relative ease 

of acetylation of the ketols XXVIIl and XXX in the presence of boron 

trifluoride-acetic acid-acetic anhydride under standardized conditions. 
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Both substances furnish the corresponding acetates (XXXI and XXXIII), 

but the diffei-ence in yields (40 and l&i>} respectively) indicates 

a rather pronounced difference in hindrance of the tiro hydroxyl func¬ 

tions. On the basis of conformational analysis^ the hydroxyl group 

of the more hindered isomer (XXVIIl) is assigned a polar orientation 

(XXXIV), whereas an equatorial orientation (XXXV) is deduced for the 

hydroxyl group of XXX. The rates of hydrolysis of the tiro acetates 

(XXXI and XXXIII) were also studied,^ but the results of this investi¬ 

gation are vitiated by inadequate data and an incorrectly formulated 

analogy.* 

Conclusive evidence for configurational assignments has recently 

2k 
been adduced by Cremlyn, Garmaise and Shoppee on other grounds (see 

Reference to this work in ’’Natural Products Related to Phenanthrene,” 
L. F. Fieser and M. Fieser, 3^i* Ed., Reinhold, New York, N. Y. (19^9), 

Pg. 379 involves an error. The initial rate of hydrolysis alluded 
to is associated with the acetate groups located at C.3 in both com¬ 

pounds studied. 
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Chart II). The tiro ketols (XXXIV arid XXXV) are converted into the 

corresponding oximes, XXXVI and XXXVII, respectively, by treatment 

with hydroxyl amine. The latter derivatives on reduction with sodium 

and alcohol yield, respectively, the amino alcohols XXXIX and XL. 

Configurations at the newly generated centers of asymmetry (C.17) 

can he assigned on the basis of work of McIIiven and Read,^5 which 

indicates that sodium and alcohol reduction of oximes furnishes equa- 

torially constituted amines. The epimeric amino alcohols, XXXVIII 

and XII, are obtained by catalytic hydrogenation of the corresponding 

oximes, and these products are assigned the alternate polar configura¬ 

tion. Reaction of the four amino alcohols with nitrous acid has been 

investigated. 

The commonly accepted mechanism for the reaction of amino alcohols 

with nitrous acid involves intermediate formation of the diazonium 

26 07 
ion XLV. Recent work by Poliak and Curtin has established that 

loss of nitrogen from this intermediate is concerted with rearrange¬ 

ment of the four center coplanar system (%, C.{3, C.a, If) with result¬ 

ant inversion of the configuration at C.a. Since the appropriate 

8S Rs 

XLV 



H
O
M
O
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four center system of XXXVHI includes the atoms 0, C.17a, C.17, B, 

in this case an unshared pair of electrons on oxygen can participate 

in the manner indicated and yield an oxide XIII, which is in fact 

the observed product. By way of contrast, the coplanar system of 

XXIX (C.13, C.17a, C.17, H) undergoes rearrangement with ring contrac¬ 

tion to 17-isopregnenolone (XLIU) in accordance with prediction. 

In this case, however, the reaction is somewhat complicated by the 

intrusion of a mechanism—presumably one involving a carbonium ion 

intermediate—which permits the formation of appreciable amounts of 

the oxide XIII. Deamination of XL proceeds cleanly to give 17-iso¬ 

pregnenolone as the sole product, whereas treatment of XII with nitrous 

acid is accompanied by methyl migration and the formation of the 17a 

ketone XIIV. These results are interpretable only on the basis of 

the assigned structures and constitute convincing evidence for the 

correctness of these formulations. 

In order to account for the steric results discussed in preced¬ 

ing paragraphs, Turner suggested that the orientation of the C.17 
1ft acetyl group in the transition state is a determining factor. In 

the case of the base-catalyzed reaction the suggestion was made that 

removal of a proton from the hydroxyl group and conference of a full 

negative charge on oxygen leads to the particular orientation of the 

carbonyl dipole shown, in formulas XLVI and XLVIII. The ensuing re¬ 

arrangement will then proceed in such a way that XLVI yields a ljacc- 

hydroxy compound (XLVH), and XLVIII, a 17a[3-hydroxy derivative (XIIX), 
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as observed esrperimentally. Homoannulation promoted by lewis acids, 

0 

XUX 

on the other hand, may he visualised as involving cyclic coordinated 

complexes (L and HI) in which the tiro oxygen atoms hear a cis rather 

L II 
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than a trans relationship to each other. Under these circumstances 

the steric course of rearrangement is the reverse of that observed in 

the base-catalyzed reaction. 

Ill nil 



II. DISCUSSION 

ft 
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IX. DISCUSSION 

In the foregoing development the assumption has been made that 

ring expansion takes place by rupture of the C.13-C.17, rather than 

of the C.16-C.17, bond. Justification for this view rests on two 

points, (a) that the postulated cleavage leads directly to the observed 

products—for instance, to LEV rather than to LV— and (b) that of 

the two centers, C.13 and C.l6, the former is the more prone to elec- 

LEV LV 

oft 
tron release. On the other hand, Tiffeneau ring expansion of the 

amino alcohol LVI yields exclusively the 17a-D-homo ketone LVII by 

migration of carbon atom 1£.^9,30 s]jould be noted that the latter 

LVI LVII 
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reaction involves a four center rather than a three center transition 

state (see pg. 13), and that arguments based upon the Tiffeneau re¬ 

arrangement are, therefore, not necessarily pertinent to the present 

case. 

Consideration of the alternate mode of rearrangement of 17-hydroxy- 

20-ketosteroids (that involving cleavage of the C.16-C.17 bond) leads 

to the interesting conclusion that all of the experimental observa¬ 

tions, including those dealing with stereospecificity, can be accommo¬ 

dated if the reaction involves a two-fold rearrangement with methyl 

migration as a second stage (see Chart III). 

In the published literature only one suggestion can be found 

that the acyloin rearrangement of 17-hydroxy-20-ketosteroids nay, 

20 
under certain conditions, proceed with cleavage of the C.16-C.17 bond. 

When 17a-hydroxyprogesterone (LVIIl) is heated above its melting point, 

a mixture is obtained from which tiro products can be isolated. One 

of these (lIX, m.p. 288-291°) is identical with a product obtained 

in small amount from the reaction of LVIIl with base, whereas the 

second substance is an isomer, m.p. l62-l6h°, differing from the start¬ 

ing material and from both products of base-catalyzed isomerization 

(lIX and IXl). It is therefore possible that this material represents 

the hitherto unknown rearrangement product LX. An unambiguous demon¬ 

stration of rearrangement with migration of carbon atom 16 has been 

provided in the present investigation. 

When 3p,17o:-dihydroxyallopregnan-20-one 3-monoacetate (Eeichstein's 



in vrcqo 



C.OCH j 

m.p. 288-291° m.p. 162-164° 

LVIII LEX LX 

Compound L-monoacetate) (LXH) is treated Kith aluminum isopropojd.de 

in refluxing "benzene solution, a compound, CggHggO],., m.p. 183.5-184°, 

is obtained which shows ester absorption (3-acetate) at 1742 cm.“^ in 

the infrared and hydroxyl absorption at about 3550 cm.”^, but no absorp¬ 

tion ascribable to a keto group in a 6-membered ring (1718 

The substance on hydrolysis furnished a triol (LXIV), m.p. 240-240.5°, 

which exhibits strong hydroxyl absorption, but which shows no absorp¬ 

tion in the carbonyl region of the infrared. Both IXHI and LXIV on 
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acetylation with acetic anhydride and pyridine give a diacetyl deriva¬ 

tive IXV melting at 191-191*5° after recrystallization from methylene 

C0CH3 

C23H38°4 

(monoacetate) 

ixn 

C
21
H
36°3 

(triol) 

in? 

ixni 

Ac^O- ?Y 

C
25
H
4O°5 

(diacetate) 

IXV 

chloride-petroleum ether. Material containing one molecule of acetone 

of recrystallization, m.p. 194-194.5°, is obtained by crystallization 

from acetone-petroleum ether. Although it is evident from these results 

that reduction of the carbonyl group occurs, none of the products 

(IXXEI—IXV) is identical with corresponding derivatives of Eeichstein's 

Compounds J and 0, nor with appropriate derivatives of the only known 

triol (IXVH) of the D-hcrno series, obtained by catalytic hydrogenation 

of Since treatment of L-monoacetate (IXII) with aluminum 
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CH3 

HO-C-H H-C- °H 

Compound J Compound 0 

CH, OH CH, OH 

IXVI ixra 

t-butoxide in refluxing benzene furnishes the 3-acetyl derivative of 

IXVI, it seemed lilcely that the reduction product IXIII is an epimer 

of IXVEI, namely IXVUI. In contrast to IXVII, in which the hydroxyl 

groups of the a-glycol system are both polar, triol IXIV is readily 

attacked by periodic acid, an observation that is consistent with this 

view. Since a substance of structure IXVUI should be smoothly con- 

vertible into the known keto acid IXIX, m.p. 115-117°; investigation 

of the oxidation of monoacetate IXIII was undertaken. When this mate¬ 

rial is treated with an excess of chromic acid in acetic acid solution, 

an acidic product, C^gH^gO^, m.p. 147.5-148°, is obtained, which is 
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/)c 
H 

co CH3 

CH^CH^C00 H 

ixvm ixix 

isomeric, "but not identical, with acid DdX. Conversion of the acid 

into the corresponding methyl ester, likewise yields a product, 

m.p. l60-l60.5o, isomeric, but not identical with the methyl ester of 

LXIX (m.p. 102-103°).^ The new products are lienee formulated as EXX 

and IXXI, respectively. Proof for the correctness of these structures 

H H 

EXX EXXI 

was obtained in the following way. 

Although the keto acid EXX is readily esterified with diazomethane, 

the failure of the substance to yield an ester under the Freudehberg 
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conditions^ suggested that the carboxyl group is strongly hindered. 

The presence of the ketonic grouping -COCHg was demonstrated by the 

formation of iodoform in the oxidation of both IXX and IXXI with potas¬ 

sium hypoiodite. Finally degradation of IXX by the hypoiodite proce¬ 

dure, followed by esterification with diazomethane and reacetylation 

at C.3, furnished 3f3-acetoxyetioallohomobilianie acid dimethyl ester 

(IXXU), m.p. 156-157°* The identity of the latter compound was estab- 

.COOCH, 

CI^CH^COOCH, 

H 

IXXU 

lished by direct comparison (m.p., mixed m.p. and I.R. absorption) with 

an authentic specimen^ idLndly provided by Dr. W. S. Johnson of the 

University of Wisconsin. 

From structure IXX established for the keto acid, m.p. lVr.5-148°, 

it follows that the products obtained from L-monoacetate (LXIl) by treat 

ment irith aluminum isopropoxide (IXIII—IXV) must belong to the 17,17a- 

dihydroxy-17-methyl series. Such products could arise by either of 

the two routes illustrated in Chart IV. A choice between these two 

possibilities can be made on the following basis. 
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In the event that a two-fold rearrangement (B) is involved, the 

ketol (IXVI) must "be an intermediate and should itself be convertible 

into the diacetate IXV by treatment with aluminum isopropoxide followed 

IXVI IXV 

by acetylation* Under these conditions 1-monoacetate yields IXV in 

better than 80$ yield. However, when IXVI 3-^onoacetate ms treated 

in this way, an oily mixture was obtained from which only a small amount 

of crystalline material, m.p. 208-220°, could be isolated. It must 

therefore be assumed that the reaction of Compound L-monoacetate (IXH) 

with aluminum isopropoxide follows the course outlined in (A) of Chart 

IV, and involves cleavage of the C.16-C.17 bond. The stereochemistry 

of the product has not been elucidated in detail, but is represented 

as ixmi on mechanistic grounds (see Chart IV). 

An explanation for the difference in the position of the methyl 

groups in products obtained by rearrangement with aluminum isopropoxide 

* The nature of this mixture could not be further investigated in view 
of the small amounts of material available. 
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OH 

/H3 
No H 

ixmi 

and with aluminum t-butoxide is not at once apparent, The suggestion 

may be made, however, that in both cases ring expansion is associated 

with the migration of carbon atom 16. In the presence of aluminum iso- 

propoxide the resulting carbonium ion is discharged essentially irre¬ 

versibly* by hydride ion transfer with the formation of I2CEII (Chart 

IV). Termination in this sense is not possible with aluminum t-butoxide 

and in this case the thermodynamically more stable ketol is isolated. 

It is of some interest that both Compound L-diaeetate and 3f3, 17&2- 

diacetoxy-17ap-methyl-D-hamoandrostan-17~one (XXXI) are stable to the 

action of aluminum alkoxides. This observation implies that a free 

hydroxyl group is necessary for rearrangement-reduction and provides 

further evidence for the proposed mechanism. 

* The reaction is carried out under conditions under which the Oppenauer 
Meerwein-Pondorff oxidation-reduction system may be expected to lie 
almost entirely on the reduced side. 
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in. EXPERIMENTAL 

38-Acetoxy-17o!^17a3"dlhyc[ro^y-17(3-raethyl-D-homoatiarostape (LXIII). 

A solution of 1.3 g. of 38,17a-dihydroxyallopregnan-20-one 3-monoacetate 

(Reichstein1 s Compound L-monoacetate) and 2 g. aluminum isopropoxide 

in 80 ml. of dry benzene was heated under reflux for 3 hours. The 

mixture was cooled, acidified with dilute hydrochloric acid, and ex¬ 

tracted with ether three times. The ethereal solution was washed suc¬ 

cessively with dilute hydrochloric acid, water and saturated sodium 

chloride. After filtration through anhydrous sodium sulfate, the sol¬ 

vent was removed and the residue chromatographed on neutral alumina; 

yield 935 mg., m.p, l83.5-l84% [c]p-7»50 (c, 1.16 dioxane). 

Anal. Calcd. for CggHggO^: C, 72.98; H, 10.12. Found: C, 

73.38; H, 10.27. 

38,17a, 17ag-Trihydroxy-178-methyl-D-homoandrostane (LCTV). A sam¬ 

ple of diacetate IXV was dissolved in 1$ methanolie sodium hydroxide 

and allowed to stand overnight at room temperature. After the meth¬ 

anol was removed in vacuo, the residue was acidified with dilute hy¬ 

drochloric acid and extracted first with a small amount of chloroform 

and then with three portions of ether. The combined extracts were 

washed successively with water, dilute hydrochloric acid, water and 

saturated sodium chloride. After filtration through anhydrous sodium 

sulfate, the solvent was removed and the residue crystallized from 
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methanol. Three recrystallizations gave material melting constantly 

at 240-240.5°, [a]D + 10.5° (c, 0.94 methanol). 

Anal. Calcd. for Cp^H^gOg: C, 74.955 H, 10.79* Found: C, 

74.58; H, 10.84. 

Reaction of Triol LXIV with Periodic Acid. A solution of 0.0502 

mmoles of periodic acid in l/2 ml. of water was added to a solution 

of 13.5 mg. of triol LXIV in 3 ml. of methanol, and the mixture allowed 

to stand 24 hours in the dark at room temperature. Tiro ml. water, 

0.2 g. of potassium iodide, 0.5 ml. 2 N sulfuric acid were added, and 

the mixture was allowed to stand for 5 minutes. The iodine was titrated 

with 0.022^ H sodium thiosulfate solution, 3*80 ml. required. This is 

equivalent to 0.0105 mmoles of periodic acid, or 1.0 mmoles of periodic 

acid per mmole of triol. 

3P> 17a3-Diacetoxy-17o:-hydroxy-173-methyl-D-homoandrostane (LXV). 

A solution of 100 mg. L-monoacetate and 150 mg. of aluminum isopropox- 

ide in 5 ml. dry benzene was heated under reflux for 16 hours. The 

mixture was acidified with dilute hydrochloric acid and extracted with 

ether. The ethereal solution was washed successively with dilute hy¬ 

drochloric acid, water and saturated sodium chloride. After filtration 

through anhydrous sodium sulfate, the solvent was removed. The resi¬ 

due was dissolved in 3 ml. of pyridine and 2 ml. acetic anhydride and 

allowed to stand at room temperature overnight. The excess acetic 
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anhydride was destroyed with chipped ice and water. The crater-insolu¬ 

ble material eras token up in ether and washed with dilute hydrochloric 

acid, crater and saturated sodium chloride. After filtration through . 

anhydrous sodium sulfate, the solvent was removed and the residue chro¬ 

matographed on alumina; yield 83.5 mg., m.p. 184-187°. Three recrys¬ 

tallizations from acetone-petroleum ether gave material melting con¬ 

stantly at 194-194.5° with one molecule of acetone of crystallization. 

Anal. Calcd. for • CH3C0CH3 = CggH^gOg: C, 70.26; 

H, 9.69. Found: C, 70.06; H, 9*80, 

Three reeiystallizations from methylene chloride-petroleum ether 

gave material melting constantly at 191-191*5° .> [c«]p + 29.0°. 

Anal. Calcd. for C^Hj^Cy C, 71*39; H, 9*59* Found: C, 71*25; 

H, 9*62. 

Diacetate LXV from Triol DgV. A sample of the triol LXIV was 

dissolved in pyridine and acetic anhydride and the mixture allowed 

to stand at room temperature overnight. The reaction mixture was worked 

up in the usual way, giving crystals from methylene chloride -petroleum 

ether, m.p. 191-191*5° * When diol IXHI was treated in the same manner, 

an identical product vas obtained. 

Ketoacid PCX. A solution of 252 mg. Cr03 in 3 ml. glacial acetic 

acid containing 3 drops of water was added dropiri.se to a solution of 

466 mg. of the diol LXIII in 3 ml. glacial acetic acid. After addition 
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was complete, the solution was allowed to stand for one-half hour at 

room temperature. The reaction mixture was poured into water and ex¬ 

tracted with ether. The ethereal solution was washed with dilute hy¬ 

drochloric acid and then with water until the wash water was neutral 

to litmus. After extraction with cold, 1$ sodium hydroxide, the basic 

trash was immediately acidified and extracted with ether. The ethereal 

solution containing the acidic material was trashed with water, and 

saturated sodium chloride. After filtration through anhydrous sodium 

sulfate, the solvent was removed in vacuo. The acidic fraction weighed 

429 ms-, m.p. 144-145°. Tiro recrystallizations from acetone-petroleum 

ether gave material melting constantly at 147.5-148°, [a]D -10.9° (c, 

l. 12 dioxane). 

Anal. Calcd. for C, 70.37J H, 9*25» Found: C, 70.04; 

H, 9*34. 

Kietoacid methyl ester IXXI. A solution of 150 mg. of the ketoacid 

LXX was treated with an excess of diazomethane in ether. After stand¬ 

ing at ice box temperature for 2 hours, the excess diazamethane was 

destroyed with acetic acid. The solution was washed with cold 1J» so- 
\ 

dium hydroxide until acidification of the basic wash produced no tur¬ 

bidity. The solution was then washed with water and saturated sodium 

chloride. After filtration through anhydrous sodium sulfate, the solu¬ 

tion was concentrated until crystals began to form; yield 129 mg., 

m. p. 156-158°. Three recrystallizations from acetone-petroleum ether 
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gave material melting constantly at l60-l60.5°, [cs]D -15.4° (c, 1,00 

dioxane). 

Anal, Calcd. for Cgi^H^O^: C, TO.90s H, 9.h2. Found: C, 71.04; 

H, 9.50. 

Iodoform Test on Ketoacid LXX. One ml. of a solution of iodine 

in potassium iodide was added to a solution of 20 mg. of ketoacid LXX 

in 1 ml. 10$ sodium hydroxide and 3 ml. of water. Methyl ethyl ketone 

was treated in the same way. The light yellow solid from each run was 

isolated by filtration. M.p, iodoform from ketoacid 119-121 d., m.p. 

iodoform from methyl ethyl ketone 117-120 d., mixed m.p. 117-120 d. 

Attempted Esterification of Ifetoacid LXX. A solution of 20 mg. 

of ketoacid LXX in 3 ml, of methanol and 2 drops of acetyl chloride 

was allowed to stand overnight at room temperature. After removal of 

the methanol in vacuo, the residue was taken up in ether and washed 

with water and cold, 1$ sodium hydroxide. The basic wash was immedi¬ 

ately acidified and extracted with ether. The ether solution was washed 

with water and saturated sodium chloride. After filtration through 

anhydrous sodium sulfate, the solvent was removed, yielding 13 mg. of 

unchanged ketoacid. 

Degradation of Ketoacid LXX to Dimethyl 30-acetoxyetioallohmo- 

bilianate (iXXIl). A solution of 500 mg. of iodine in potassium iodide 
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was added to a solution of 100 mg, of ketoacid LXX and 600 mg, of potas¬ 

sium. hydroxide in 5 ml. of water, and the mixture allowed to stand at 

room temperature for about 15 minutes. After the iodoform was removed 

by filtration, the clear solution was acidified with dilute hydrochloric 

acid and extracted with ether. The ether solution was washed with sat¬ 

urated sodium chloride and filtered through anhydrous sodium sulfate. 

When the solvent was removed, an oil weighing 85.1 mg. was obtained. 

This oil was dissolved in ether and excess diazomethane was added. 

When worked up in the usual way, the reaction mixture yielded an oil 

weighing 70*3 mg. The material ms reacetylated in 1 ml. of pyridine 

and 1 ml. of acetic anhydride. After four recrystallizations from meth¬ 

anol, the material melted at I56-I56.80. Mixed m.p. with an authentic 

sample* (m.p. 159.5-I600) 156.5-157.5°• The I.R. curves of both sam-. 

pies were identical. 

Reaction of 3&, 17aa-Diacetoxy-17ag-xnethyl-D-homoandrostan-17-one 

(XXXI) with Aluminum isopropoxide. A solution of 19 mg. of diacetate 

XXXI and 50 mg. of aluminum isopropoxide in 6 ml, of dry benzene was 

heated under reflux for 5 hours. After acidification with dilute hy¬ 

drochloric acid, the solution was extracted once with chloroform and 

* According to the rules adopted by the International Union of Pure 
and Applied Chemistry this compound is referred to as 3p-acetoxy-17, 

17a-seco-D-homoandrostan-17,17&-dioic acid dimethyl ester. 
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three times with ether. The combined extracts were washed successively 

with dilute hydrochloric acid, water and saturated sodium chloride. 

After filtration through anhydrous sodium sulfate, the solvent was re¬ 

moved and the residue re-acetylated in 2 ml. of pyridine and 1 ml. of 

acetic anhydride. When the reaction mixture was worked up in the usual 

way, 13 mg. of unchanged diacetate was obtained. 

Reaction of 3&-Acetoxy-17ao:-hydroxy-17a3-methyl-D-homoandrostan-17- 

one (XXVIII) tilth Aluminum isopropoxide. A solution of 60.6 mg. of the 

ketol XXVIII and 200 mg. of aluminum isopropoxide in 5 ml* dry benzene 

was heated under reflux on the steam bath for 3 horn’s. The material 

was worked up in the usual way and re-acetylated. A mixture (m.p. 208- 

220° ) was obtained in small yield. The amount of material available 

did not permit further identification. Ho other crystalline product 

could be isolated. 
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