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Abstract—The main product of the reaction of steroids with a dihydroxy acetone moiety and lead
tetraacetate in the presence of methanol or ethanol was the corresponding etio-ester. The 17-keto-
steroids were obtained as minor products. With higher alcohols in addition to 17-ketosteroids the
etio-esters and 17a-formoxy-etio-esters were isolated. Partial acetylation of the Cq, hydroxyl group
was also observed. With tertiary-butyl alcohol, C-21 acetylation and cleavage to 17-ketosteroids
occurred.

FoLLOWING the introduction of lead tetraacetate as reagent® for the cleavage of the
carbon-carbon bond of «-glycols the usefulness of the method was almost immediately
realized and thoroughly explored.* The scope of the reaction was soon extended and
among other uses it found application to the cleavage of «-ketols, a-diketones and
x-keto acids.> Evidence was presented that cleavage of the a-keto compounds
proceeds via pseudo glycol formation and requires the presence of water or alcohols.?
The application of the lead tetraacetate reagent to dihydroxyacetone systemsinalcohol-
containing media is the subject of the study to be described. Steroids with a dihydroxy
acetone moiety at C-17 seemed to be particularly suitable model substrates for the
investigation and were used throughout. The observed reactions, which were not
anticipated, are presented in detail.
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When a solution of cortisone (la) in a mixture of benzene-methanol (1 : 1) was
treated with an excess of lead tetraacetate and left for 16 hrs at room temperature the
recovered neutral steroids contained about 10-159; of adrenosterone and gave (2a) in
high yield. The pure (2a) m.p. 212-215° absorbed ultraviolet light, AM<OH 238
mu (¢ 15,500), and its infrared spectrum showed bands at 3400, 1740, 1710, 1665, 1620,

TABLE 1. STEROID ESTERS AND CERTAIN OF THEIR PHYSICAL CONSTANTS

i | weon | ' Found ' Calc. for
Ester | m.p. : ";‘r‘]‘" ; £ S - ! .
| H | | € H  Elementcomp.; C | H
2a 212215 | 238 | 15500 { 6988 | 772 Ca1Hig0s 69-97 ' 783
. : | i , :
2 | 192-194° | 241 16,500 | 69:30 : 823 CuHsO; . 6958 | 834
I
|
2f 182-183° | 237 15,200 70-66 7-86 Ca2H3Os { 70-56 | 8-08
i i
2h 195-198° 238 16,500 6822 | 721  CupHy04 J 68-02 ) 7-27

4a 206-209° - 240 | 15000 | 7026 | 7-43 Ca1H360s 7037 731

§
|
4b : 249-254° 239 15000 | 6952 | 687 ’ CooHuOy 6975 | 7:02
4c I 194-197° 243 15400 | 7070 ' 796 | CyuHsoOs 70-56 | 8-08
Sa | 162-164° 22 . 16700 | 7085 891 C1Hy0;5 7074 | 878
I _ .

Sb: 186-188° | 240 | 17000 | 6876 | 804 CoHs O | 6887 819

S¢ 165-167° 239 15,800 71-48 803 ! CyHaO4 7110 . 830

5d 111-113° 238 15,500 69-18 784 CuHy0, 6921 774

6a 126-130° 242 17,100 71-18 895 C2HiOs 71-25 897

6b 124-128° 241 16,100 | 6981 | 850 C2:HssOs 6942 | 839

|
. l
6c 205-207° | 242 17,000 ‘ 6890 | 820 C1H,,0, 6887 | 819

6d | 156-158° ‘ 238 16,300 69-39 7-82 C2,H3:06 69-21 7-74

1270, 1220 cm~!. The product did not react with blue tetrazolium and results of
elemental analysis were best interpreted for a CyHyg,,05 compound but a CyyH,,O5
composition, although Jess satisfactory, could be considered. That the compound was
not 2, 6 or 16 acetoxy adrenosterone, resulting from acetylation of the methylene group
“«’* to a ketone® or to a double bond? was evident from the presence of the hydroxyl

§ E. Seebeck and T. Reichstein, Hels. Chim. Acta 27,948 (1944); G. Erhart, H. Ruschig and W. Aumiiller,
Angew. Chem. 52, 363 (1939); T. Reichstein and C. Montigel, Helv. Chim. Acta 22, 1212 (1939) F. Sond-
heimer, S. Kaufmann, J. Romo, H. Martinez and G. Rosenkranz, J. Amer. Chem. Soc. 758, 4712 (1953);
R. L. Clarke, K. Dobriner, A. Mooradian, C. M. Martini, Ibid. 77, 661 (1955); J. Herran, G. Rosenkranz
and F. Sondheimer, Ibid. 76. 5531 (1954); K. Yamakawa,J. Org. Chem. 24,897 (1959); M. Yanagita and
K. Yamakawa, /bid. 24, 903 (1959).
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band in the infrared spectrum. This was corroborated by the recovery of almost all of
the starting material upon treatment of the product for 16 hr at room temperature
with aqueous methanolic potassium bicarbonate®® or boiling for 1 hr with aqueous
methanolic sodium carbonate.® The negative reaction observed with blue tetrazolium?1°
and the presence of a hydroxyl group, stable to chromium trioxide in pyridine,!1.12
presumably the C-17« hydroxyl, narrowed down the area of possible changes to
carbons 20 and 21 of cortisone (1a). Results of elemental analysis indicated that the
changes occurred without loss of oxygen, suggesting an oxidative cleavage of the
C-20-21 bond and the concomitant formation of a neutral product probably an ester.
That the substance was not a CyH,,0; lactone formed by an attack of cationic
oxygen'® and extending e.g. from C-20 to C-18, was evident from the experiments
described below and the already mentioned stability to both potassium bicarbonate
and to sodium carbonate. The assigned methyl ester structure was proven by the
saponification of (2a) in boiling aqueous methanolic sodium hydroxide to the etio
acid (2b) m.p. 270-273° and reesterification with diazomethane to (2a). The structure
(2a) was also confirmed by an alternate route, whereby the ester was first saponified,
then the excess sodium hydroxide neutralized, and the dried salt treated with acetyl
chloride in benzene to yield 17-acetoxy-4-etiocholenyl-3,11-dione-acetyl anhydride
(2c). The anhydride (2c) was sensitive to moisture and was hydrolyzed in aqueous
acetone without purification, to the 17-acetoxy acid (2d) m.p. 136-138°. The acetoxy
acid (2d) on treatment with sodium hydroxide gave the acid (2d) and this with diazo-
methane gave the ester (2a).
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Several methyl and ethyl esters were prepared by this method, and are listed in
Table 1 together with certain of their analytical and physical constants. With the low
boiling alcohols, at the termination of the reaction, the volatile components were
removed under reduced pressure at room temperature, and the redissolved residues
were washed appropriately. When benzene was omitted from the reaction mixture
essentially the same yield of ester was obtained, indicating that benzene, although it

8 T. Reichstein and J. von Euv, Helv. Chim. Acta 21, 1182 (1938).
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13 G. Cainelli, M. Lj. Mihailovic, D. Arigoni and O. Jeger, Helv. Chim. Acta 42, 1124 (1959); E. J. Corey
and R. W. White, J. Amer. Chem. Soc. 80, 6686 (1958).

44 J. von Euv and T. Reichstein, Helv. Chim. Acta 25,988 (1942); S. A. Simpson, J. F. Tait, A. Wettstein,
R. Neher, J. von Euv, O. Schindler and T. Reichstein, /bid. 37, 1200 (1954); ® E. Caspi, F. Ungar and
R. I. Dorfman, J. Org. Chem. 22, 326 (1957).
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might increase the rate of reaction,!® does not alter its course. Addition of water
seemed to inhibit the esterification considerably as shown by the increase of the yield of
the C,, steroid.

With higher alcohols, certain interesting side reactions were observed. Because of
the higher boiling point of the homologous alcohols (C3, C,) it was impractical to
attempt to remove these alcohols at room temperature in a manner described for
methanol and ethanol. Accordingly, the processing of the reaction mixture was
modified in such a manner that the excess lead tetraacetate was first decomposed with
ethylene glycol, then the volatile components were removed and the residue washed.

When a mixture of cortisol (1b), n-propanol and benzene, was treated for sixteen
hoursat room temperature with lead tetraacetate, and the reaction was terminated with
ethylene glycol, a complex mixture of products was recovered. The presence of at

CO-0- CHy CHy CHy CO-0- CHy CHyCH,
HO - 0-0:CH

S5b

CO-0- CHy CHyeCH;
.-0-0:CH

Sc 5d

>C—£CD—H-® _
>c}lo—@b15>c o

aAc-0” 0-Ac

?

least four major components was indicated by paper chromatography and these were
separated in part by chromatography on silica gel. The most polar compound isolated
gave a positive reaction with blue tetrazolium?® and was identified as cortisol acetate
(1c). Although the acetylation of hydroxyls with lead tetraacetate has been reported,”®
nevertheless the isolation of cortisol acetate was unexpected since it was thought that
scission of the dihydroxyacetone moiety would proceed more readily. The next
product was 118-hydroxy-4-androstene-11,17-dione followed by the n-propyl ester
(5a). The ester (5a) m.p. 162-164° was analyzed as expected for C,3H;,0;, its ultra-
violet and infrared spectra were in agreement with the assigned structure and on
18 R. Criegee and E. Buchner, Ber. Disch. Chem. Ges. 73, 563 (1940).

16 K. Heusler, J. Kalvoda, Ch. Meystre, P. Wieland, G. Anner, A. Wettstein, G. Cainelli, D. Arigoni and
O. Jeger, Helv. Chim. Acta 44, 502 (1961).
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saponification gave the free acid (2g). The NMR spectrum showed, among others,
bands at = 8-92 for the methyl and at = 5-75, 5-88, 5-97 for the —O—CH,— of the
n-propyl group.

The least polar product isolated (5b) m.p. 186-188° absorbed ultraviolet light

MeOH 240 mu (¢ 17,000) and exhibited strong bands in the infrared at 3450, 1745,
1725, 1655, 1610, and 1155 cm~1. Results of elemental analysis indicated a C,,H,,04
composition. The product, on treatment with aqueous methanolic potassium
bicarbonate, gave the n-propyl ester (5a) and on boiling with aqueous methanolic
sodium hydroxide the acid (2g). This suggested that esterification of one of the two
hydroxyls of (5a) had occurred, presumably the C-17 hydroxyl, since the NMR
spectrum showed a band at 7 5-58 of an 11x-equatorial proton.}”»'® The assumption
was borne out, by oxidation of (5b) to the keto ester (5d), characterized by the absence
of a hydroxyl band and appearance of a ketone band at 1700 cm™! in the infrared.
Further confirmation was provided by the disappearance of the 11a-proton band in
the NMR accompanied by the appearance of two bands at = 7-76, 772 ascribed to the
C-2 and C-12 methylene groups “«’” to C-3 and C-11 ketones.'® Initially we suspected
that (5b) was a 17-acetoxy ester but in view of the results of elemental analysis and the
absence of bands ascribed to an acetate in the infrared and NMR spectra, this possi-
bility was discarded. However, the NMR spectrum had, in addition to the band at =
4:33, assigned to the proton on the double bond at C-4, a band at  2:08 of an intensity
equivalent to a single hydrogen. The region at which the peak appeared indicated that
the carbon-hydrogen bond was of a sp? type.2® These results taken together with the
presented evidence for the esterification of the C-17 hydroxyl and the presence of an
ester band at 1155 cm™ suggested the 17x-formoxy structure (5b). The presence in
ethyl formate of a proton band at 7 1-97 supported the assumption and the proposed
structure was proven by an unambiguous synthesis of (5d). The synthesis was first
modeled on the more accessible 17a-hydroxy-methyl ester (2a) which on treatment
with formic acid and p-toluenesulfonic acid?! gave the 17«-formoxy ester (2h) m.p.
195-198°. The NMR spectrum of the ester (2h) showed among other bands a band at
7 2-03, assigned to the proton on the formoxy group. In analogous manner, (5d) was
synthesized, by first oxidizing the 118-hydroxy of (5a) to yield the 11-keto ester (5c)
m.p. 615-167° which, when treated with formic acid and p-toluenesulfonic acid, gave
the 17x-formoxy ester (5d). The ester (5d) showed a band in the NMR at =+ 2-03 and its
infrared spectrum was identical to the product of oxidation of (5b) with chromium
trioxide in pyridine.

Upon treatment of cortisol in a mixture of benzene and n-butanol (1 : 1) with lead
tetraacetate, again four compounds were obtained namely: cortisol acetate, 118-
hydroxy-4-androstene-3,17-dione, n-butyl ester (6a) m.p. 126-130° and 17«-formoxy-
n-butyl ester (6b) m.p. 124-128°. The structure of the n-butyl ester was assigned to
(6a) on the basis of elemental analysis, infrared, ultraviolet and NMR spectrometry
and because on saponification it gave the acid (2g). The assignment of the 17z-
formoxy-n-butyl ester structure (6b) was based on elemental analysis spectroscopic

17 J. N. Shoolery and M. T. Rogers, J. Amer. Chem. Soc. 80, 5121 (1958).

18 E. Caspi, W. Schmid and B. T. Khan, J. Org. Chem. 26, 3898 (1961). E. Caspi, B. T. Khan and W.
Schmid, J. Org. Chem. 26, 3894 (1961).

1% J. 8. G. Cox, E. O. Bishop and R. E. Richards, J. Chem. Soc. 5118 (1960).

20 J, A. Pople, W. G. Schneider and H. J. Bernstein, High Resolution Nuclear Magnetic Resonance p. 165.
McGraw-Hill, New York (1959).

1 E. P. Oliveto, C. Gerold, R. Rausser and E. B. Hershberg, J. Amer. Chem. Soc. 77, 3564 (1955).
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evidence and NMR spectrometry which showed a band at = 2-08 of the 17«-formoxy
group.

It was then of interest to investigate the course of the reaction with a secondary and
tertiary alcohol and the reaction was carried out with isopropanol and tert.-butanol.
When cortisol was reacted with lead tetraacetate in a mixture of isopropanol and
benzene, cortisol acetate, 11f-hydroxy-4-androstene-3,17-dione and 17a-formoxy-
isopropyl ester (6¢) were obtained. Although the 17a-hydroxy ester was probably also

CO- OR,
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present it was not isolated. The ester (6¢) analyzed for a C,,H,0, compound and had
bands in the NMR at 7 8:99 of the C-18 methyl, = 8:55, C-19 methyl and four bands at
7 8:68, 8-75, 8:80 and 8:85 arising from the two non equivalent methyls of the isopropyl
group. Evidently the 17a-formoxy group hinders the rotation of the isopropy! group,
resulting in splitting of the bands.?2 The incorporation of the isopropyl moiety was
corroborated by the appearance of four bands at 7 4:83, 4-92, 5-01 and 5-08 assigned to
the single hydrogen of the isopropyl group. An analogous quartet of bands is present
in isopropyl acetate. In contrast to (6¢) both methyl groups of isopropyl acetate are
equivalent, their rotation not being hindered and they therefore contribute only two
bands at 7 8-72 and 8-83. In addition the formoxy ester (6¢c) also had bands at 7 4-30
for the C-4 proton, r 5-58, 11«-hydrogen and = 2-:06 hydrogen of the formoxy group.
On oxidation, the 11-keto analog (6d) m.p. 156-158° was obtained. With cortisol,
tertiary butyl alcohol, benzene and lead tetraacetate, cortisol acetate and 118-hydroxy-
4-androstene-3,17-dione were isolated.

The classical mechanism proposed for the clevage of a-glycols, requiring the
formation of a five membered cyclic intermediate of tetravalent lead® has been recently
questioned, and the cyclic® intermediate (7) or its linear?*® modification were sug-
gested. According to the proposed mechanism, lead glycolate is formed first by the
attack of electrophilic®+%¢ Pb(OAc);* on the a-glycol, and then the reaction is brought
to completion by an electron shift in the intermediate. Alternatively, it was suggested
that the reaction might be initiated by the attack of the equivalent cation® CHzCOO™,
but the latter is expected to be less stable?” and therefore less probable. Cleavage of

22 Ref. 20, p. 377.

3 W. Rigby, J. Chem. Soc. 1907 (1950).

# R. Criegee, E. Hoger, G. Huber, P. Kruck, F. Marktscheffcl and H. Schellenberger, Liebigs Ann. 599, 81
(1956).

%a R, P, Bell, V. G. Rivlin and W. A. Watcrs, J. Chem. Soc. 1696 (1958); C. A. Grob and P. W. Schiess,
Helv. Chim. Acta 43, 1546 (1960).

5 .. S. Levitt, J. Org. Chem. 20, 1297 (1955).

28 W. A. Mosher and C. L. Kehr, J. Amer. Chem. Soc. 75, 3172 (1953).

37 W. A, Mosher and C. L. Kehr, J. Amer. Soc. 82, 5342 (1960).
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a-ketols, a-diketones and a-keto acids was considered to proceed through pseudo-
glycols or pseudo hemiketals and evidence for such a mechanism, was derived from the
acceleration of the bond scission by water and alcohols.®

The results reported in this paper indicate that the oxidative cleavage of the
dihydroxy. acetone moiety is most probably a stepwise process in which the initial
attack takes place at the C-20-21 bond. The easier formation of a lead glycolate
intermediate, encompassing the more accessible C-20-21 bond, rather than the con-
gested C-17-20 bond and the tertiary, sterically rigid 17a-hydroxyl is undoubtedly the
reason for the preferential attack on carbons-20-21. When the C-20-21 bond could not
be cleaved because of the presence of an acetoxy group at C-21 i.e. in 6x-methyl-
prednisolone acetate (medrol acetate), the C-17-20 Jink was severed and 6e-methyl-115-
hydroxy-4-androstene-3,17-dione was obtained in good yield. In this connection the
survival of cortisol acetate formed during the reaction is of interest.

The formation of x-hydroxy esters can be rationalized by assuming an initial attack
of the alcohols on the C-20 carbonyl, and the subsequent cleavage of the resulting
hemiketals.? The reaction is arrested at that point, because of the stability of a-hydroxy
esters to further attack by the reagent, as evidenced by the recovery of all the starting
material upon treatment of a methanolic solution of (2¢) with lead tetraacetate. There
was also the possibility, although remote, that the reaction might have proceeded via
the initial formation of the etio acid subsequently esterified by the alcohols present.?®
This possibility was excluded because, when the etio acid (2g) was treated with lead
tetraacetate in a mixture of benzene and methanol (1 : 1), 118-hydroxy-4-androstene-3,
17-dione was the sole product of the reaction. Isolation of 118-hydroxy-4-androstene-
3,17-dione as the main product of reaction of cortisol (1b) and lead tetraacetate in a
solution of dry tertiary butanol and benzene, and the absence of the tertiary butyl-
ester, brought up the question whether the presence of alcohol is prerequisite for the
bond scission.® Indeed, the cleavage will take place in the absence of alcohol or water
e.g. in dry tetrahydrofuran, the main products being adrenosterone, 115-hydroxy-4-
androstene-3,17-dione and cortisol acetate. Oxidation of the 118-hydroxyl with lead
tetraacetate at elevated temperature has been observed?® but such an oxidation at room
temperature has not been reported. Evidently, cleavage of a dihydroxy acetone
moiety and presumably of other substances with similar structures can take place in
the presence of nucleophilic solvents.

The formation of the 17-formoxy-etio-esters requires consideration. Initially it
was thought that the compounds were artifacts, from the use of ethylene glycol for the
decomposition of excess lead tetraacetate. To test this point, cortisol was treated with
lead tetraacetate in isopropanol and benzene and at the termination of the reaction, the
excess reagent was decomposed with sulfur dioxide instead of ethylene glycol. The
major product isolated was again 17«-formoxy-isopropyl ester (6c), thus providing
evidence that these esters were not artifacts and that carbon-21 was presumably the
source of the formoxy group. It might be of interest, that no traces of the formoxy
ester were found by NMR spectroscopy in the mother liquors of the preparation of
(2e). The possibility that formaldehyde, derived from C-21, was first oxidized, and the
so obtained formic acid then reacted preferentially with the 17x-hydroxyl is unlikely in

* We wish to thank Prof. W. von E. Doering for suggesting this possibility to us.
* A. Bowers and E. Denot, J. Amer. Chem. Soc. 82, 4956 (1960).
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view of the large amounts of alcohols present in the medium. Work is in progress on
the elucidation of the mechanism of the observed reactions.

EXPERIMENTAL®
Methyl-17x-hydroxy-4-etiocholenate-3,11-dione (2a)

(a) To a solution of cortisone, 2 g, inmethanol-benzene(1: 1),60ml, lead tetraacetate, 10g, wasadded
and the mixture was left for 16 hr at room temperature in the dark. The volatile components were
removed at room temperature under reduced pressure and the residue was dissolved in ethyl acetate
and water. The organic phase was washed with water, 1 N sodium carbonate solution, saline solution,
dried over sodium sulfate and concentrated to a crystalline solid (1-98 g). Chromatography on paper
indicated that the crude residue consisted mainly of (2a) contaminated by about 10-159 of adreno-
sterone and traces of other substances. One crystallization from chloroform-methanol-ether removed
the impurities.

A sample was crystallized several times from methanol-ether and showed a m.p. 212-215°; %508
238 mu (e — 15,500), vBX 3400, 1740, 1710, 1665, 1620, 1270, 1220 cm™.

(Found: C, 69-88, 70-00; H, 7-72, 7-88. Calc. for C,;Hy05: C, 69-97; H, 7-83%).

(b) A methanolic solution of 17x-hydroxy-4-etiocholenic acid-3,11-dione (2b) was treated with an
excess of an etheral solution of diazomethane. Removal of solvent left a crystalline residue of (2a).

A solution of 50 mg of (2a) in 5 ml methanol was treated with a solution of 50 mg potassium
bicarbonate in 1 ml of water. After 16 hr at room temperature all the starting material was recovered.

A mixture of 200 mg (2a), 20 ml methanol and 2 ml 2 N sodium carbonate was boiled for 1 hr, then
most of the methanol was removed under reduced pressure and water was added. The aqueous phase
was acidified, then extracted with ethyl acetate and the extract partitioned into neutral and acidic
fractions 1o yield 166 mg of starting material and a small amount of the acid (2b).

A solution of 50 mg (2a) in 0-5 ml pyridine was added to a suspension of 50 mg of chromium
trioxide in 0-5 m! of pyridine and was left for 16 hr at room temperature. The mixture was processed
as previousty described** to yield only starting material.

17a-Hydroxy-4-etiocholenic acid-3,11-dione (2b)

(a) A mixture of 136 mg of (2a) in 25 ml methanol and 5 ml 2 N sodium hydroxide was boiled
under nitrogen for 2 hr. Processing of the mixture with ethyl acetate gave the acid 2b.

(b) A solution of 50 mg cortisone in 10 ml methanol was treated with 9 ml of a stock solution of
sodium metaperiodate as previously described'¢® to yield the acid (2b).

(c) A mixture of 50 mg 17a-acetoxy-4-etiocholenic acid-3,11-dione (2d), in 5 ml methanol and
1 ml 2 N sodium hydroxide was boiled under nitrogen for 2-5 hr. Processing of the reaction mixture
gave the acid (2b).

A sample of (2b) was crystallized several times from methanol and showed*® a.m.p.270-274°. The
infrared spectra of the three samples were identical and had bands at v X2 3580, 3200, 2650, 1720,
1705, 1640, 1600 cm~'.

17x-Acetoxy-4-etiocholenic acid-3,11-dione (2c)

To a solution of 136 mg (2a) in 25 ml methanol, 5 ml 2 N sodium hydroxide was added and the
mixture was boiled under nitrogen for 2 hr. The excess sodium hydroxide was neutralized with

30 Commercial anhydrous methanol and ethanol were used. Other alcohols were distilled from anhydrous
potassium carbonate prior to use. Benzene was redistilled and the middle fraction was utilized. Lead
tetraacetate purchased from Araphoe Co. was employed throughout. The cortisol and cortisone were used
as obtained. The crude reaction mixtures were first analyzed by paper chromatography in benzene-
cyclohexane (1:1) formamide system and then were fractionated by chromatography onsilica gel. Eluates
were combined according to mobility on paper and infrared spectroscopy and the analytical samples were
again tested for homogeneity by paper chromatography. Infrared spectra were taken in potassium
bromide in paper blotters. Ultraviolet spectra were detecrmined on methanolic solutions on a Cary Model
11 MS or 14 spectrophotometers. The NMR spectra were determined in deuterated chloroform with the
use of tetramethylsilane as internal standard on a Varian High-Resolution NMR spectrometer Model
V4300B. The spectra were calibrated using a Hewlett-Packard wide range oscillator, model 200 CDR
together with a Hewler—Packard clectronic counter model 521CR. The results are expressed in 7 units

where 7 = 1000 — 48 X g5,

p— Analyses were made by Schwarzkopf Microanalytical Laboratories,
5
New York and Dr. S. M. Nagy, Massachusetts Institute of Technology, Cambridge, Mass.



Reaction of lead tetraacetate with steroidal «,x'-dihydroxy ketones in alcoholic media 279

2 N hydrochloric acid, then the volatile components were removed under reduced pressure. The
resulting mixture of salts was pulverized then dried for 16 hr at room temperature in high vacwo and the
drying was continued for 5 more hours at 130-140°. Dry benzene, 25 ml, and acetyl chloride, 1 ml,
were added and the mixture was boiled for 2 hr with the exclusion of moisture. The volatile compon-
ents were removed in vacuo, and the remaining traces of acetyl chloride were removed by distilling the
mixture several times with dry benzene under reduced pressure. The residue contained the mixed
anhydride (2c) as evidenced by the infrared spectrum which showed bands at 1830, 1750, 1720, 1665,
1610, 1250 cm~,

The solid was dissolved in 20 ml acetone, 2 ml water, was added and the mixture was left for 16 hr
at room temperature. The acetone was removed under reduced pressure and (2c) was recovered with
ethyl acetate (160 mg).

A sample was crystallized several times from ethyl acetate and showed a m.p. 136-138°; A4e0H
238 mu (¢ = 15,000), vjeay 3200 (broad), 2650, 1760, 1715, 1665, 1615 cm-2,

(Found: C, 67-83, 67-69; H, 7-53, 7-33. Calc. for C,,H.,O04: C, 68-02; H, 727%).

Methyl-118,17x-dihydroxy-4-etiocholenate-3-one (2¢)

A mixture of cortisol, 57 mg, methanol:benzene (1:1), 4 ml, and lead tetracetate, 200 mg, was kept
for 16 hr at room temperature and then was processed as described for (2a) to yield a crude crystalline
residue. The residue was crystallized from ethyl acetate-ether-neohexane and 47 mg of (2¢) was
obtained.

A sample was crystallized several times from the same solvents and showed a m.p. 192-194°;
i 241 my (¢ = 16,500) vass 3650, 3500, 1750, 1660, 1620, 1260 cm™!.

(Found: C, 69-30; H, 8-23. Calc. for C;;Hy,05: C, 69-58; H, 8:34%).

To a solution of 205 mg cortisol in 10 ml aqueous methanol (1:9), 1 g lead tetraacetate was added
and the mixture was left for 16 hr at room temperature in the dark. The mixture was processed as
described for (2a) to yield 165 mg of a neutral residue. The residue consisted of almost equal amounts
of (2¢) and 115-hydroxy-4-androstene-3,17-dione as evidenced by paper chromatography. The
quantities of the components werc approximated from the darkening of the spots when observed
under an ultraviolet lamp and were compared to standard mixtures.*

To a solution 100 mg of the ester (2¢), in methanol-benzene (1:1), 10ml, lead tetraacetate, 600 mg,
was added and the mixture was left for 16 hr at room temperature. After processing of the mixtureall
of the starting material was recovered. '

To a solution of cortisol, 210 mg, in methanol, 10 ml, lead tetraacetate, 1 g, was added and the
mixture was left for 9 hr at room temperature in the dark. The methanol was removed in a stream of
nitrogen at room temperature then ethyl acetate was added and the mixture was washed with water,
2 N sodium carbonate, a saline solution dried and concentrated (211 mg). The residue was crystal-
lized from a mixture of methanol and ether to yield 170 mg of (2¢) in two crops.

Ethyl-1Ta-hydroxy-4-etiocholenate-3,11-dione (2f)

A mixture of 200 mg cortisone (1a), 8 ml benzene:ethanol (1:1) and Jead tetraacetate 1 g was kept
in the dark for 16 hr at room temperature and then processed as described for (2a) to yield 201 mgof a
neutral residue which was crystallized from ethyl acetate—ether.

A sample was crystallized several times from ethyl acetate and showed a m.p. 182-183°; 4o
237 mp, (¢ = 15,200); +EBL 3500, 1755, 1720, 1665, 1620, 1260, 1220 cm-1.

(Found: C, 70-66; H, 7-86. Calc. for C,;H;,0,: C, 70:56; H, 8-08%).

Merthyl-17a-hydroxy-1,4-etiocholadienate-3,11-dione (4a)

A mixture of prednisone (3a), 265 mg, benzene: methanol (1:1), 20 ml, and lead tetraacetate, 1-3 g
was kept for 16 hr at room temperature and then was processed as described for (2a) to yield 258 mg of
a neutral residue which was crystallized from a chloroform-methanol solution.

3 R. Neher, Chromatographie von sterinen Steroiden und verwandte Verbindungen p. 66. Elsevier, Amsterdam
(1958); R. Neher in Chromatographic Review (Edited by M. Lederer) Vol. 1, p. 163. Elsevier, Amsterdam
(1959); R. Neherand A. Wettstein, J. Clin. Invest. 35, 800 (1956); L. M. Reineke, Analyt. Chem. 28, 1853
(1956); C. DeCourcey, I. E. Bush, C. H. Gray and J. B. Lunnon, J. Endocrin. 9, 401 (1953).
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A sample was recrystallized from methylene chloride ethanol to a m.p. 206-209°; A'%5X" 240 my,

(c15,000); »EBt 3580, 1745, 1705, 1670, 1625, 1605 cm™!.
(Found: C, 70-:26; H, 7-43. Calc. for C;;H,405: C, 70-37; H, 7-31%).

17a-Hydroxy-1,4-etiocholadienic acid-3,11-dione (4b)

(a) A solution of 26:7 mg of the ester (4a) in 5 mi methanol and 2 ml 0-5 N sodium hydroxide was
boiled under nitrogen for 2 hr. After dilution with water the mixture was worked up with ethyl
acetate and was partitioned into neutral and acidic fractions to yield 15 mg of the acid (4b).

(b) To a solution of prednisone, 100 mg, in methanol, 25 ml, a solution of periodic acid, 100 mg,
in water, 3 ml, was added and the mixture was stored in the dark at room temperature for 3 hr. The
solution was concentrated at reduced pressure at room temperature to yield the acid (4b).

A sample was crystallized from methanol and showed a m.p. 249-254° with prior softening at 246°;
A%e0H 239 mu, (e15,000); vEay 3580, 2700, (broad), 1720, 1700, 1650, 1600 (strong) cm™t.

(Found: C, 69:52; H, 6-87. Calc. for C,,H,Os: C, 69-75; H, 7-02%).

Methyl-118,17a-dihydroxy-6a-methyl-1,4-etiocholadienate-3-one (4c)

A solution of 6a-methyl prednisolone (3b), 212 mg, in benzene:methanol (1:1), 20 ml, and lead
tetraacetate, 1 g, was left for 16 hr at room temperature. Ethylene glycol 0-2 ml was added and after
1 hr at room temperature the mixture was concentrated. Ethyl acetate was added and the organic
phase was washed with water, a sodium carbonate solution, a saline solution, dried and concentrated
to a residue (235 mg).

A sample was crystallized several times from ethyl acetate and showed a m.p. 194-197°; ARX*
243 my, (¢15,400); +EBT 3580, 3500, 1735 (shoulder), 1725, 1655, 1620, 1600 (shoulder) cm™'.
NMR -~ 2-63, 2:80, 3-65, 3-81, 3-95, 5-50, 6-23, 8-38, 856, 8:85, 8-94, 9-0l.

(Found: C, 70-70; H, 7-96. Calc. for C,,H,,05: C, 70-56; H, 8-:08%;).

n-Propyl-11B-hydroxy-1Ta-formoxy-4-etiocholenate-3-one (5b)

A mixture of cortisol, 2 g, benzene:propanol (1:1), 200 ml, and lead tetraacetate, 10g, was kept for
16 hr at room temperature in the dark. The excess of lead tetraacetate was decomposed by addition of
ethylene glycol, 2 ml, then the solvent was removed under reduced pressure, ethyl acetate was added
and the mixture was washed dried and concentrated to leave 2:17 g of a neutral residue. Paper
chromatography indicated the presence of at least four components in the crude residue. The residue
was adsorbed on a column of silica gel (80 g) prepared with benzene, and the column was eluted with
benzene, mixtures of benzene—chloroform, chloroform, mixtures of chloroform-ethyl acetate, ethyl
acetate and mixtures of ethyl acetate-methanol. The eluates were scanned by paper chromatography
and combined according to content into four fractions numbered in order of their elution from the
column. The most polar fractions 4 and 3 were crystallized from ethyl acetate yield to cortisol acetate
(1b) and 118-hydroxy-4-androstene-3,17-dione respectively. The least polar fraction 1 was crystallized
several times from ethyl acetate to yield (5b).

The formoxy ester (5b) showed a m.p. 186-188°; ARsa® 240mu, (e = 17,000), vax 1750, 1725,1655,
1615, 1155 cm~. NMR 7 2-08, 4-33, 5-58, 5-81, 5-92, 6-03, 7-67, 8-54, 8-99, 9-05.

(Found: C, 6873, 68-76; H, 8:19, 8-04. Calc. for C;;H,04: C, 68-87; H, 9:05%).

Propyl-118,17a-dihydroxy-4-etiocholenate-3-one (5a)

(a) This substance was isolated from fraction 2 of the above experiment. After several crystal-
lizations from ethyl acetate the ester (5a) showed a m.p. 162-164°; Aeof 242 mu, (¢ = 16,700);
vKBr 3570, 1740, 1650, 1610 cm~*. NMR ~ 4-33, 5-38, 5-75, 588, 5-97, 7-67, 8-56, 892, 9-01.

(Found: C, 70-85; H, 8:91. Calc. for C;3H;3,04: C, 70-74; H, 8-78%,).

(b) A mixture of (5b), 43 mg, methanol, 5 ml, potassium bicarbonate, 40 mg, and water, 0-8 ml,
was kept under nitrogen for 16 hr at room temperature. The mixture was then diluted with water,
extracted with ethyl acetate and the organic phase was washed with saline, dried and concentrated,
to yield 43 mg of crude (5a).

A solution of the ester (5a), 25 mg, in methanol, 5 ml, containing 1 ml of 2 N sodium hydroxide
was boiled for 2 hr under nitrogen, and the acid (2g) was recovered with ethyl acetate.
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Propyl-17a-hydroxy-4-etiocholenate-3,11-dione (5¢)

A solution of the ester (5a), 98 mg in pyridine 1 ml, was added toasuspension of chromium trioxide,
100 mg, in pyridine, 1 ml, and was left for 8 hr at room temperature. The solution was processed as
previously described’* to yield 76 mg of (5¢).

A sample was crystallized from methylene chloride hexane and showed a m.p. 165-167°; A% H
239 my, (¢ = 15,800); vEB% 3550, 1725, 1700, 1665, 1600 cm~'. NMR r4-28, 5-74, 5-83, 595, 7-71>
8-57, 892, 9-04, 9-17, 9-29.

(Found: C, 71-48; H, 8-09. Calc. for C,sH,;,0;5: C, 71-10; H, 8:30%).

Propyi-17a-formoxy-4-etiocholenate-3,11-dione (5d)

(a) A solution of 22 mg (5b) in 0-2 ml pyridine was added to a suspension of 25 mg chromium
trioxide in 0-3 ml pyridine and was left for 8 hr at room temperature. The mixture was processed as
previously described and 15mg of (5d) were obtained.

(b) A mixture of the 17x-hydroxy ester (5c), 48 mg, formic acid, 10 ml, p-toluenesulfonic acid,
20 mg, was refluxed for 3 hr and then was left for 16 hr at room temperature. The volatile components
were removed in a stream of nitrogen, the residue was then dissolved in a mixture of ether-methylene
chloride (3:1) washed with water, a sodium bicarbonate solution, a saline solution dried and reduced
to a residue (52 mg). The syrup was dissolved in ethyl acetate treated with charcoal and on concen-
tration a small amount of starting material was obtained. The mother liquor was concentrated to a
syrup and the ester (5d) was crystallized from ether.

A sample was crystallized several times from ether and showed a m.p. 111-113° A¥:3¥ 238 mpu,
(¢15,500); vRas 1720, 1700, 1660, 1605, 1150,cm~1. NMR 7 202, 4-27, 5-82, 5-92, 6-03, 7-66, 7-77,8-58,
8-98, 9-13, 9-29.

(Found: C, 69-18; H, 7-84. Calc. for C,;H;3,04: C, 69-21; H, 7-7479)).

n-Butyl-118-hydroxy-17a-formoxy-4-etiocholenate-3-one (6b)

A mixture of cortisol (1b), 2 g, benzene-n-butanol (1:1), 200 ml, lcadtetraacetate, 10 g, was kept for
16 hr at room temperature and then was processed and chromatographed on silica gel exactly as
described for (5b). The eluates from the adsorption chromatography were combined into four major
fractions. From the two most polar fractions 4 and 3, cortisol acetate (Ic) and 118-hydroxy-4-
androstene-3,17-dione were isolated respectively. The least polar fraction 1 on crystallization from
ethyl acetate gave (6b).

A sample was crystallized several times from ethy! acetate and showed a m.p. 124-128°; AXeH
241 my, (¢ = 16,100); »X2r 3550, 1740, 1655, 1605 cm™*. NMR 72-02, 4:32,5-54,5-78,5-88, 5-98,8-08,
8:55, 9-00, 9-06.

(Found: C, 69:81; H, 8:50. Calc. for C;sH360,: C, 69-42; H, 8:399.).

n-Butyl-118,17x-dihydroxy-4-etiocholenate-3-one (6a)

This substance was crystallized from an ethyl acetate solution of fraction 2 of the above experiment.

A sample was crystallized several times, from the same solvent and showed a m.p. 126-130°;
AAOH 942 mpy, (= = 17,100); +EBF 3580, 1730, 1640, 1609 cm™.

(Found: C, 71-18; H, 8-95. Calc. for C;;H05: C, 71-25; H, 8:97%).

Isopropyl-118-hydroxy-1Tx-formoxy-4-etiocholenate-3-one (6c)

(a) A mixture of cortisol, 1-035 g, isopropanol, 35 ml, benzene, 30ml, lead tetraacetate, 5 g, was left
16 hr at room temperature in the dark and then was processed and chromatographed on silica get and
treated subsequently exactly as described for (5b). The eluates from the silica gel column were
combined according to content into three major fractions. Cortisol acetate was obtained from the
most polar fraction, 118-hydroxy-4-androstene-3,17-dione from the intermediately polar fraction and
(6c) from a methylene chloride hexane crystallization of the least polar fraction.

(b) A mixture of cortisol, 441 mg, in isopropanol-benzene (1:1), 20ml, lcad tetraacetate, 2-5g, was
left for 16 hr at room temperature in the dark. The mixture was diluted with chloroform-ether (1:3),
200 ml, and a brisk stream of sulfur dioxide passed. The precipitated solid was filtered, washed with a
mixture of chloroform ether (1:3) and discarded. The filtrate was washed with water, a sodium
bicarbonate solution, a saline solution dried and concentrated. The residue was crystallized from
ethyl acetate to yield 115 mg of (6¢).
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A sample was crystallized from methanol to a m.p. 205-207°; A%20H 242 my, (¢ = 17,000); vEZ,
3480, 1735, 1750, 1620, 1160 cm~*. NMR 7 2-08, 4-30, 4-92, 5-03, 5-54, 7-67, 8-56, 8-68, 8:73, 8-78, 8-84,
9-00.

(Found: C, 68-64, 68-90; H, 8-17, 8-20. Calc. for C;iH3,04: C, 68-87; H, 8199%,).

Isopropyl-17a-formoxy-4-etiocholenate-3,11-dione (6d)

A solution of the ester (6¢), 43 mg, in pyridine, 0-3 ml, was added to a suspension of chromium
trioxide, 48 mg, in pyridine, 0-4 ml, and was agitated for 3 hr at room temperature. Ethyl acetate was
added, the mixture was filtered and the filtrate washed consecutively with water, 2 N hydrochloric
acid, water, a solution of sodium bicarbonate, a saline solution then dried and reduced to a residue
(35 mg). The residue was adsorbed on silica gel (1g) and the column was eluted with benzene,
benzene—chloroform mixtures, chloroform and chloroform ethyl acetate mixtures. Eluates of benzene
chloroform (1:3) gave 29 mg of (6d).

A sample was crystallized from ethyl acetate to a m.p. 156-158°; ANOF 238 my, (¢ = 16,300);
rKBr 1745, 1695, 1650, 1605, 1155 cm~*. NMR 7 2:03,4-25,7-64, 771, 8-59, 8-67, 8-75, 8-78, 885, 9-29.

(Found: C, 69-39; H, 7-82. Calc. for C3H;3,0,: C, 69:21; 7-74%).

Methyl-17a-formoxy-4-etiocholenate-3,11-dione (2h)

A mixture of the methyl ester (2a), 200 mg, formic acid, 30 ml, p-toluenesulfonic acid, 25 mg, was
boiled for 3 hr. The formic acid was removed in a stream of nitrogen, the residue dissolved in a
mixture of ether—chloroform (3:1) and the solution was washed with water, a solution of sodium
bicarbonate, a saline solution then dried and concentrated to yield 190 mg of (2h).

A sample was crystallized several times from methylene chloride ether to a m.p. 195-198°; A0t
238 my, € = 16,500; vEBE 1750, 1725, 1700, 1670, 1610, 1155 cm-*. NMR r 2-03, 4-26, 6-25, 7-00,
7-23, 7-62, 7-70, 8-05, 8-99, 9-30.

(Found: C, 68-22; H, 7-21. Calc. for C,;H04: C, 68:02; H, 7-27%).

118,17a-dihydroxy-4-etiocholenic acid-3-one (2g)

(a) To a solution of cortisol (1b), 1 g, inmethanol, 50ml, asolution of periodic acid, 1-05g, in water,
10 mi was added and the mixture left for 3 hr at room temperature in the dark. The mixture was then
gradually diluted with water and the crystalline (2g) collected.

(b) To a solution of the formoxy ester (6¢c), 34 mg, in methanol, 10 ml, 2 N normal sodium
hydroxide, 1 ml, was added and the mixture was boiled under nitrogen for 2 hr. The cooled mixture
was diluted with water and extracted with ethyl acetate and the extract discarded. The aqueous phase
was acidified with 2 N hydrochloric acid, extracted with ethyl acetate and the organic phase washed,
dried to yield on concentration (2g).

(c) The formoxy ester (5b) 30 mg was treated exactly as described above to yield (2g).

A sample was crystallized from ethyl acetate to a m.p. 240-244°; A%20% 243 my, (¢ -- 15,300), rax
3600, 3200, 2700, 1725, 1640, 1600 cm™.

(Found: C, 68:62; H, 8-12. Calc. for C;,H..05: C, 68-94; H, 8-10%).

To a solution of acid (2g), 50 mg, in benzene-methanol (1:1), 5 ml, lead tetraacetate, 250 mg, was
added and after 16 hr at room temperature the reaction was worked up in the usual manner to yield
38 mg of 118-hydroxy-4-androstene-3,17-dione.

118-Hydroxy-6a-methyl-1,4-androstadiene-3,17-dione

A mixture of 6x-methyl-prednisolone acetate (medrol acetate) (3¢) 250 mg, in benzene-methanol
(1:1), 25 ml, and lead tetraacetate, 1:25 g, was kept for 16 hr at room temperature in the dark. The
reaction was terminated by the addition of ethylene glycol 0-25 ml, and was processed as previously
described to yield 210 mg of the crude 17-ketosteroid.

A sample was crystallized several times from ethyl acetate and showed a m.p. 260-262° with a
change of crystalline structure at 215-225°; ABeS” 242 my, (e = 15,100); vEax 3600, 1725, 1650, 1620,
1600 cm~!. NMR 7 2-63, 2-80, 3-66, 3-81, 3-95, 5-37, 7-92, 8:16, 8-53, 8-83, 8-92.

(Found: C, 7627; H, 8:15. Calc. for C;0H,s05: C, 76:40; H, 8:34%).
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