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Several kntolic and glycolic metabolites of 
corticosterone have been synthesized. Corticosterone 
acetate was hydrogenated in the presence of 
palladium on charcoal to afford the 5f3-dihydro 
derivative II, in addition to the 5a compound I. 
Tetrahydro Kendall's Compound B (VIII) was prepared 
by reduction of the 204etal derivative of tetra- 
hydro Kendall's Compound A (Via). Solvolysis of 
the tosylate IVb furnished allo-tetrahydro Compound 
B (Xc). In the 58 series the two tetrols XII and 
XIV were synthesized by reduction of the corres- 
ponding 11-keto analogs XIa and XIIIa. In the 5a 
series the analogous pair of tetrols (XV and XVII) 
was prepared by reduction of Xa and epimerization 
of the ditosylate XVIb, respectively. 

Corticosterone is metabolized in man to afford, among others, 

22~4 the two ketolic compounds allo-THB (Xc) and its 58 epimer THB (VIII). 

In addition to ketolic compounds 20,21-glycols have been found5 to 

be the metabolic products of corticosterone, the relative amour&e 

of glycols being roughly twice the amount of ketols. While the 

nature of the glycols was investigated 5 only by a group determination 

method, it may be assumed that in qualitative analogy with the 

metabolism of hydrocortisone 203 and 20p-hydroxy isomers, in both 

the 5a and 5p aerfes, are produced. To enable identification and 

a quantitative determination of the different metabolites of 

corticosterone we have now prepared the following reference 
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compounds, for none of which has a synthesis been previously 

described; alla-THB (Xc), THB (VIII), 5j3-pregnam+u,11~,20~,21- 

tetrol (XII), its 20~ epimer XIV, ~-prsgnane-3u,ll~,20~,21- 

tetrol (XV) and its 2Q epimer XVII. Two other compounds of 

interest in this connection, namely 5&pregnane-3cc,20~,21-triol- 

11-one (Ha) and the corresponding 2& spiner XIIIa have been 

previously syntheeimd (vide infra). The above eight compounds 

are the l’l-deeoxy analogs of allo-THF, TIP, B-cortol, cortol, 

&allo-cortol, allo-cortol, $-cortolone and cortolone, respectively. 

In previous papers of this series it was shown’ that palladium 

on oharcoal hydrogenation of the 4,5 double bond in hydrocortieone 

and cortisone gives rise to appreciable amounts of 58 compounds. 

We have now extended our study to oorticosterone acetate which, 

when hydrogenated in ethyl acetate in the presence of palladium 

on barium sulfate was previously reported’ to afford the 5u-dihydro 

derivative I in about 7% yield. Corticosterone was found7 to furnish 

5u-dihydrocorticoeterone in 61% yield when absolute alcohol and 

palladium black were used, In our hands hydrogenation of corticosterone 

acetate in ethyl aoetate in the presence of palladium on charcoal 

afforded a 5% yield of I and a 31% yield of the 58 isomer II, 

separable by fractional crystallization and chromatography. 

Raney nickel hydrogenation 198 of II yielded the lmown’ 3$- 

alcohol IIIa. In distinction from corresponding experiments in the 

17-hydroxylated series’ the epimeric 3c alcohol oould not be isolated 

from this reaction. In order to ayntheaize THB we have resorted to 

a scheme previously used’ in the synthesis of THF. 5j3-Regnane- 
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3u,2l-diol-ll,2O-dione-21-aoetats (VIb), prepared by bromination of 

3~-prsgnane-~-ol-ll,2O~ions in methanollo followed by treatment 

with potassium aoetate, was hydrolyzed and the THA (VLa) formed waz 

protected 2sl the 20 position by k&al formation. The k&al VIIa was 

next teduoed with eodium borohydride and the trio1 VIIb heated with 

dilute sulfuric acid to furnish VIII in 3% overall yield from TEL 

Acetylation of VIIS and oxidation provided VIcr, identical with the 

aoetylation product of THA-21-acetate (VIb), thus establishing that 

in passing fram VIb to VIII only the 114&o group was involved. 

The product so obta;tned melted at 14-4-6' and had a specific rotation 

of +ll$? (methanol). It is therefore different from a substance 

m*p. lg5-7°, (u'n +&P, olaimed11 to be TEi3. 

Next 5a-pregnane-3~,11~,21-trio1-20-ane-21-acetat0 (IVa), 

obtained6 by Raney niokel hydrogelzation of I, was used as the 

starting material for the ayntheeie of allo-THE (Xa). The toeylate 

IVb, prepared in 725% yield, was treated with DMF 
12 

to afford a 

mixture of three campounds which were separated by chromatography. 

The least polar ~ompotu& isolated in 18% yield, was the elimination 

product IK, It was followed by the formate Xa (36~9$) and then by 

the partially hydrolyzed product Xc (7.3$), Yydrolyeie of Xa or Xb 

with potaesium biwbonate furnished allo-THB. 

The two epimeric 20,21-glyools XIa and XJIIa were previously 

prepared 13 by platinum reduction of the parent ketol Vfa followed 

by hydrolysis. The 2% isomer XIIIa was now prepared in a facile 

manner by epimerization of the 2Oj3-tosylate XIrr and hydrolysis. 

Sodium borohydrids reduction of the two hetomas XZb and XII&t 

afforded the correa;ponding tetrols XII aad XIV. 
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In the !ja mriee, for the synthesie of' the tetrol XV we 

2% 

have reduced the alla-THR derivative Xa with sodium borobydride 

fn sodium hydroxide. fn addition to the predominant formation 

of the 2Og isomer a minor emount of the 2Qa epimer XVII appeared 

to be present. The latter compound was prepared more conveniently 

starting with the dioldfone I: hydroge~t~on fn the preaenoe of 

plat%num yielded the tetrol XVIa in !j&$ yield, which was converted 

to the ditosylate XBIb in 89% yield. Inversion at the 3 and 20 

carbon atoms by heating with DW was followed by hydrolysis of 

the resulting diformats to &ford XVII in 1% overall yield Prom I. 

fn the (sourse of Raney nickel hydrogenations of I it was 

observed that with rapid agitation and reaction times in excess 

of three hours the yield of IVa was rapidly diminishing. This 

was accompanied by formation af' the tetrol XVIa. No corresponding 

reduction of the 204&o group in the presence of Rmey nickel 

was observed with 17-hydroxylated analogs (e.g* 5a- and f@-dihydro- 

cortiaol acetate )l. 
NOTE. After the preparation of this manuscript a s%milar 

synthesis of TRR has been published by Lewbart and &ttox 17 who 

employed 12u-bromo-~~-pre~e-~,2l~iol-ll,2O-d~one diacetate 

as their starting material. 
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EKPERIMERTAL 

Ultraviolet spectra were meaeured in 95$ ethanol. Infrared spectra 
were taken in potassium bromide discs. Melting points are uncorrected. 
Optical rotations were measured in chloroform, except where stated 
otherwise. 

HvdroFenation of corticosterone acetate6’. A solution of log 

of corticosterone acetate in 1 liter of ethyl acetate was vigorously 

agitated for 5 hrs with 5g of 5% palladium on charcoal in an atmosphere 

of hydrogen. Concentration of the filtered solution to 120 ml and 

then to 60 ml afforded a total of 4.45g of 5u-nregnane-116-21-dial- 

3,2O-dione-21-acetate (I), m.p. 183-8’. The pure sample melted at 

189-190’ (reported 
6a 

190-2’ 1. 

Evaporation of the main filtrate to dryness and addition of 

ether afforded crude 5B-prepJlane-11~,21-diol-3,2O-dione-21-acetate (II , 

which after several fractional crystallizations from ether gave a total 

of 3.sg of material melting at 147-161’. The aontaminant (I) (about 

1%) could be best removed by chromatography to afford II of m.p. 

157-9’ (ether) (reported9 158-9’). 

56-Pregnane-3B,ll6,21-triol-2O-one-21-acetate (IIIa ). A solution 

of 3.54g of the crude 5~ isomer II obtained above in 900 ml of dioxane 

was agitated under hydrogen for 3 hrs in the presence of 8 teaspoonfuls 

of Raney nickel: The product was crystallized from acetone to give l.@g 

of IIIa, m.p. 194-6’. The pure sample melted at 197-8’ (Kofler block 

201-2’), (a)z+l27’ ( ace t one), undepressed on admixture with authentic 

material (reported 9 199-200°, (a )i4+129’ (acetone ) ). Chromatography 

of the filtrates over Florisil furnished 55Cmg of the same material 

and then 28Cmg of IVa, m.p. 188-192’. 

Total weight approximately 25 grams. 
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Acstylation of IIIa gave the diacetate IIIb showing a 

pronounced tendency to aolvate. Without further purification this 

was oxidized with chromio acid in acetic acid in the usual manner 

to afford in 7% overall yield 5~-pre~ns-~~,2l-diol-l1,2O~iomr- 

3,21-diacetate (Vl, m.p. 168-9' (ether) (reported l4 169-171'). 

5B-ke~nane-3u,21-diol-11,2O-dione-2O-ethvlene ketal (VIIa). 

A so1ution of llg of the acetate Via 
10 

in n0 ml of methanol was 

mixed with a solution of llg of potassium bicarbonate in 170 ml of 

water and allowed to stand for 40 hrs. Removal of moat of the solvent 

in vacua at roam temperature was followed by the usual chloroform 

extraction procedure. The product was washed with acetone to afford 

8.8g of Via, m.p. 217-223'. 

A solution of 9.2Og of thia product and 1.3g of p-toluene- 

sulfonic acid in 920 ml of ethylene glycol was distilled in vacua 

at 70-51~ over a 5 hr period until 50 ml remained. Aqueous bicarbonate 

was added and the producrt isolated with chloroform. Recrystallization 

from ethyl acetate containing a drop of pyridine afforded 5.96g of 

VIIa, m.p. 192~3', (o)E5+67', unchanged on further recryetallizatione. 

Anal. Calcd, for C H 0 t C, 70.37; 8, 9.24. Found: C, 70.09; B, 9.11, 
23 36 5 

~-Rsnnane-%, 118,21-triol-20-one-20-ethylene ketal (VIIb). 

A solution of 6.14g of the k&al VIIa in 100 ml of methanol was 

treated with a solution of log of sodium borohydride in 30 ml of water 

and allowed to concentrate on the steam bath until a syrup remained. 

Another 100 ml of methanol and a solution of log of sodium borohydride 

in 30 ml of water were added and the distillation repeated. After 

addition of water the product was isolated with ethyl acetate and 
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arystallized by additiun of ether to &ord 5.30g of VIIb, mepI 

143-h’. The analytical sample melted at l&k+' (ethyl acetate), (u)g7+59? 

&JaJ. Galed. for G23r$ 5 0 t C, 70.01; Es 9.71. Found% G, 69.82; H, 9.99. 

THB (VIII). A solution of' 7.95~; of the ketal VfIb in 500 ml of 

methanol was refluxed for 30 minutes with 50 ml crje 8$ (v/v) aqueous 

sulf'urio acid. After cooling 2Og of' eolid sodium bicarbonate was added 

and the mixture distilled in vaouo at room temperature. The semisolid 

residue was treated with water until the salts just dissolved. Three 

extractions with ethyl at&ate yielded a gum which crystallized on 

scratching with ether, Filtration and conoentration of the ether filt- 

rate afforded a second crop, bringing the total to 5.5kg, m,p, 142-5". 

The pure sample melted at 144-6' (ethyl acetate), (~4)~~+114~ (methanol) 

(reported" 196-7’, ~~~~~‘~* 

w. Galcd. for G21H3A04r G, 71.96; H, 9.78‘ Found: G, 72.G9; A, 10.00. 

The diacatate was prepared in the usual manner and was directly oxidi- 

eed with 5% chromic acid in acetio acid. The produot was identical in 

all respects with ~3-r)reFnane-3a,21udiol-ll,2G-dione diacetate (UC) 

prepared by acetylation of' VIb and melted at 111-2' (methanol) 

(reported lOO-110°15; 82-9001'; ~-l@jo16). 

~-FWmian6-33,ll3,21-triol-20-one-3-tosylate-2l-acetate (IVb). 

A solution of 3.09g of IVa ba and $3 of p-toluenesullonyl chloride 

in 2imf of pyridfne was stored at 0' for 5 hrs. Addftion of its and 

water followed by filtration and recrystallization PTom methanol 

gave 3.lg, m.p. 164' (deo.), (=)~~~~,~‘. 

s. Calcd, for C H 
30 42 

0 S: 
7 

G, 63.91: 8, 7.74. Found% G, 65.7’7; H, 7.81. 

Treatmmt of IVb with DMF. A solution of 2.96g of IVb in 120 ml 
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of DMF was kept at 80’ for 60 hra. After removal of the solvent & 

vaouo and addition of water the gunoqy produot was talabn up in benzene 

and chromatographed over 6~3 of Florieil. With 5;8 ether in benzene 

there was obtained the unsaturated ester Ix (4OOmg) which after two 

recrystallizationa from heptane melted at 147-7.5', (a)i6+126' (mg). 

&I&. Calcd. for C H 0 
23 34 4 

: 0, 73.76; H, 9.13. Found: C, 73.88; H, 9.02. 

Further elution with 3% and with 2% ether in benzene afforded the 

formate & (1.03g) which after recrystallization from methanol or a 

little acetone melted at 182-3' (O&g). The analytical sample melted 

at 18~5', (a)~5+1110. 

Ad. Calcd. for C H 0 t C, 68.34; H, 8.63. Found: C, 68.29; H, 8.40. 
24 36 6 

With ether-benzene (lrl) there was obtained first 3Qng of the starting 

tosylate, followed by Xb (21&g), whioh on recrystallization fran 

ether melted at 138-142' (16Qng). Further recrystallizationa gave a 

sample m.p. 142-3', (a)z6+1000. 

&. Calcd. for 0 H 0 : 
23 36 5 

C, 70.37; H, 9.24. Found: C, 70.70; H, 9.55. 

When the chromatogram was carried out quickly, hydrolysis of the 

formate group was prevented and the yield of Xa was correepondingly 

higher. 

Allo-THB (Xc). A solution of b$dhg of the formate Xa was mixed 

with a solution of 43Ckug of potassium bicarbonate in 7 ml of water 

and stored for 20 hre at roan temperature. Concentration in vacua 

at room temperature afforded a solid which was collected, water- 

washed and combined with an ethyl acetate extract of the filtrate. 

Recryetallization from ethyl acetate or acetone afforded material 

melting at 210-5O, which tier two additional recryetallizatione 
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melted at 221-h', (a):5+133’ (reported4 m.p. 204~6'), 235 mg. 

m. Calod. for C21H3404r C, 71.96; H, 9.78. Found: C, 71.92; H, 9.55. 

The same product was also obtained when Xb was hydrolyzed in a 

similar fashion. 

5B-Pre~ne-3u,llR,20~,21-tetrol (XII). Reduction of 5COmg of 

the triolone diacetate XIb 13 was performed as described for VIIb 

except that 5$ aqueous sodium hydroxide was substituted for water 

as solvent for sodium borohydride. Evaporation of ethyl acetate 

gave a solid which was recrystallized from aqueous methanol in the 

form of needles, m.p. 201-4', 28gmg. Further reorystallizations 

gave a specimen melting at 203-4’, (a)i4 +53’ (methanol). 

&n&. Calcd. for C H 0 
21 36 4 

: 0, 71.55; H, 10.30. Found; C, 71.31; H, 10.51. 

5&Reme-3a,2&,21-triol-11-one (XIIIal. A solution of 2.12g 

of the tosylate XI0 13 in 80 ml of DMF was heated at 80' for 70 hrs. 

After removal of the solvent in vacua the crude formate XIIIb was 

refluxed with 70 ml of 5% methanolic potassium hydroxide for 1 hr. 

After concentration the produot was isolated with ethyl acetate 

and crystallized from methanol-ether or acetone and weighed 28Qng, 

L&p. 208-212O. Recrystallization gave a ss~~ple m.p. 2l2-3', (a)i5+52' 

(ethanol) (reported13 219~221°, (c1),,+55’). 

56-Regnane-3u,llR.2Q,2l-tetrol (XIV). Reduction of 2OCkng of 

the triolone XIIIa with sodium borohykide was carried out as 

described for XII. The reaction mixture was diluted with water, 

acidified with hydrochloric acid and the solid A filtered. The 

filtrate was exhaustively extracted with ethyl acetate, the 

extracts washed with water and evaporated. Crystallization of 
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the reeidue from acetone-petroleum ether furnished dense prisms 

which were combined with the solid A and recrystallized from 

acetone. The product melted at 246-P' and weighed 123g. The 

analytical sample had the m,p, 251-2', (a)i3+39' (methanol). 

&j&,&. Calcrd. for C H 0 : C, 71.55; H, 10.30. Found: 0, 71.44; H, 10.20. 
21 36 4 

>-Prep;nans-5~ lU3,206,21-tetrol (XVa)_. Reduction of 393mg of 

the allo-THB derivative Xa was performed ae above. The syrup was 

acidified with dilute hydrochloric acid and well extracted with 

ethyl acetate. Crystallization of the product from acetone afforded 

I33mg of Xva, m.p. l95-2O2*, which on further recrystallization 

melted at 2Ol-3', (a)t5+210 (methanol), hg lO.OO,u (5a,3a-01). 

&XX&. Calod. for C H 0 
21 36 4 

: C, 71.55; H, 10.30. Found: C, 71.60; H, 10.19. 

Concentration of the original acetone filtrate to a small volume 

yielded a total of 56mg of a solid melting at 163-2cyL", the infrared 

spectrum of which strongly suggested that it was a mixture of XV 

and its 2Qer epimer XVII. 

5a-Prennane-36,llB,206,2l-tetrol-21-acetate (XVIai. A solution 

of llg of Na in 290 ml of acetic acid was hydrogenated at 3 atm. 

pressure in the presence of 3g of platinum oxide. After 4 hrs the 

absorption ceased, the mixture was filtered and the solids washed 

with acetic acid. Cn dissolving in 1 liter of hot ethanol, filtration 

and concentration to 200 and then 80 ml, there was obtained a total 

of 6.39g of the monoacetate XVIa, m.p. 230-k'. The pure saclple 

(ethanol) melted at 239-241'. 

_Anal. Calod. for C23H3805r C, 70.01; H, 8.71. Found: 0, '7C*J.4; II, 9.63. 
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5a-Pregnane-3S,11S120S,21-tetrol-3,204itosylate (XVIb.). 

A solution of 4.36g of XVIa and 9g of p-toluenesulfonyl chloride in 

45 ml of pyridine was stored at 4" for 40 hrs. Addition of ice-water 

precipitated a crude product which was filtered, washed with methanol 

and recrystallized from ethyl acetate. The subetanoe weighed 6.97g 

and melted at 152&O. The analytical sample melted at 1570 (de@.). 

&&.Calcd.forC H OS 
37 50 9 2 

: C, 63.23; H, 7.17. Found: C, 62.93; 

H, 7.02. 

5a-Prepnane+x,llG,20a,21-tetrol (XVII). Treatment of 6.97g of 

the ditosylate XPIb with 280 ml of DMF and hydrolysis were carried 

out as described above. The produot was isolated by extraction with 

ethyl acetate and crystallization initiated by scratching with a 

few dropa of benzene. The tetrol was recrystallized from acetone 

to afford 0.68g, m.p. 212-5’. The pure sample melted at 218-220°, 

(a)E5+lj0 (methanol), X ICBr 
tU0.X 

1o.q. 

Anal. Calcd. for C H 0 
21 36 4 : C, 71.55; H, 10.30. Found: C, 71.59; 

H, 10.25. 
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