
Tetrahedron Letters No. 17, pp 1501 - 1504, 1973. Pcrgamon Prelle. Printed in Great Brltam. 

PREPARATION AND STRUCTURE DETERMINATION OF 14-FUNCTIONALIZED 

19-HYDROXY STEROIDS 

G. Kruger 

Blo-Research LaboratorIes Ltd., Polnte Claire, Quebec, Canada 

G.I. Blrnbaum 

Dlvlsion of Blologlcal Sciences, Natlonal Research Council 

Ottawa, Ontario, Canada 

(Received in USA A November 1972; received in UK for publication 19 March 1973) 

The selective conversion of 8,19-oxldo-14-dehydro steroids' of the andros- 

tane series to 19-hydroxy-14-dehydro-8B_androstandrostanes and the conversion of the 

latter to the corresponding 14a,l5a-epoxldes is reported. 

Thus 38-acetoxy-178-pivaloxy-8,19-oxido-5a-androst-l4-ene la was treated - 

with 30 parts of zinc In 125 parts of acetic acid-water (4:l) at 65' for 2 hrs, 

whereupon the steroldal material was recovered by filtration, dilution of the 

filtrate with water and extraction. Thin layer chromatography indicated that 

the resinous product obtained consisted mainly of 19-hydroxy-14-ene 2a besides - 
small amounts of the corresponding 19-acetate 2b and of starting material la. - - 
Subsequent purlflcation by thin layer chromatography afforded 19-hydroxy-14-ene 

2a in 69% yield; dissolution in ether, - followed by precipitation with pentane and 

concentration gave the pure product 2a In more than 45% yield, mp 133-133.5'. - 
Subsequent acetylatlon with acetlc anhydrlde and pyrldlne followed by epoxidation 

of the crude product 2b with m-chloroperbenzoic acid in carbon tetrachloride gave - 
38,19-dlacetoxy-14a,15a_oxlde g, mp 149-151°. 

The 178-acetoxy analog lb of 8,19-oxldo-14-ene 5, when similarly reduced - 
with zinc, gave a product conslstlng mainly of 19-hydroxy-14-ene 2c besides small - 
amounts of 19-acetate 2e _. In contrast to its 17B-pivaloxy analog G, 178-acetate 

2c could not be induced to crystallize even after chromatographic purlflcation. - 
Dlssolutlon of the product In ether followed by precipitation with pentane led to 

a separation of the 19-alcohol 2c and its 19-acetate 2e. The resinous 19- - - 
hydroxy-14-ene &, which was obtained in 56% yield, was then epoxldized as de- 

scribed above for the preparation of &, yielding a product consisting mainly of 

a-epoxide 3c and a more polar by-product, which was not further lnvestlgated. - 
Recrystallization from methanol-methylene chloride and methanol-water yielded 19- 

hydroxy-14a,l5a-oxide 3c In approximately 50% yield, mp 175-178'. In order to - 
establish the conflguratlon of c(8) a sample of &,recrystallized from methylene 

chloride-benzene, was subJected to X-ray analysis. 
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a. R1 = AC, Rz = PlV 

b. RI = R2 = AC 

a. RI = AC, R:! = Plv, 

R3 = H 

b. RI = R3 = AC, 

R2 = Plv 

C. Rl = R2 = AC, 

R3 = H 

a. RI = R2 =R3=H 

e. RI = R2 = R3 = AC 

AC = C-CH3 

a. RI = AC, R2 = Plv, 

R3 = H 

b. RI = R3 = AC, 

R2 = Plv 

C. R1 = R2 = AC, 

R, = H 

a. R1 = R2 = R, = H 

e. RI = R2 = R3 = AC 

9 
II 

Plv = C-C(CH3)3 

Precession photographs lndlcated that the substance crystallized in the 

orthorhomblc space group P212121. One of the colorless crystals was cut and 

mounted along the prism (c) axis on a four-circle diffractometer fltted with a 

copper target tube (X = 1.5418w). The following cell dimensions were measured: 

a = 27.241, b = 12.171, c = 6.585; The data were collected at room temperature, 

using the moving-crystal, moving-counter (e/28) scan technique. A total of 1805 

reflections with 213~130~ had lntensltles above the threshold value. 

In the absence of heavy atoms the structure had to be solved by direct 

methods2. Flxea phases were assigned to four two-dimensional reflections with 

high E-values in order to define the origin and the enantiomorph. TWO addltlonal 

reflections were chosen and the phases +i and t$ were permutated for them. Each 

set of six reflections was used as Input for tangent refinement and the run with 

the lowest RE value (0.24) was extended to include all reflectlons with Ea.4 

(316 reflections). An E map calculated with the phases thus obtained revealed 

all carbon and oxygen atoms except the acetyl group attached to O(3). Those 

three atoms were found on a subsequent difference Fourier map. The atomic pos- 

itions have been refined by the least-squares procedure, first with isotropic and 

then with anlsotroplc temperature parameters. All but three hydrogen atoms have 

been located The final value of the conventional agreement factor R = 5.6%. 

The structure analysis revealed a normal androstane skeleton with tpans 

Junctions between each pair of rings (Figure 1). The hydrogen atom at C(8) 1s 

thus in B-conflguratlon. The three six-membered rings are in chair conformations 



while the conformation of ring D, imposed by the presence of the epoxide ring, is 

an unusual a-envelope with C(17) below the mean plane through the other four 

atoms. The participation of C(14) and C(15) in a three-membered ring necessi- 

tates a rehybridization of these atoms. This is made evident by the fact that 

all C-C bonds adlacent to the epoxide ring are 0.03-0.04f shorter than normal. 

Their lengths correspond to what one would expect if C(14) and C(15) were sp2 

hybridized. The presence of these rehybridized atoms causes a flattening of ring 

D and of the adlacent part of ring C. The dihedral angle between the epoxide 

ring and ring D 1s 77O. 

The conformations of both acetoxy groups differ substantially from what has 

been suggested as the preferred conformation', in which the hydrogen atom at- 

tached to the ring eclipses the carbonyl carbon atom. The torsional angle H(3)- 

C(3)-0(3)-C deviates by 33O from that conformation while in the case of the other 

acetoxy group the rotation amounts to 61°. 

In the crystal structure the molecules are linked via hydrogen bonds. The 

19-hydroxy group donates a proton to the oxygen atom in the epoxide ring in a 

symmetry related molecule. ~~11 details of the X-ray analysis will be published 

elsewhere (by G.I.B.). 
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Figure 1. Perspective view of 3c - 

Alkaline hydrolysis of the ester groups of 14-enes 2b and C, and of 14a, - 

15a-oxides 3b and &, gave trihydroxy-14-ene 2, mp 206-212', and trihydroxy- - 
14a,l5a-oxide a, mp 252-255O (evac. sealed tube), respectively. Subsequent 

acetylation of 3d gave triacetate 3e as a resinous product, which could not be - - 
induced to crystallize despite extensive chromatographic purification: triace- 

tate 3e was also obtained from 2d by acetylation to 2e and subsequent epoxida- - - - 
tion with m-chloroperbenzoic acid in carbon tetrachloride; ir (CHCla) 3025 (14, 
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15-epoxlde), 1730, 1450, 1380, 1365, 1235, 1040, 1025, 960 and 865 cm-'. 

The above reactions constitute an all-chemical route from bulk steroids, 

such as androstenolone acetate, to ll-functlonallzed 19-hydroxy steroids. This 

1s of interest since so far only routes from the former to 14-functlonallzed 

steroids of the 19-methyl series have been reported". It 1s of special syn- 

thetic Interest that In the hydrogenolysis of the B-situated 8,19-oxide bridge 

only 8B-hydrogen and no Ba-hydrogen isomers could be obtained', 1.e. that the 

hydrogenolysls proceeds with retention of the conflguratlon at C(8). It 1s of 

further synthetic interest that the hydrogenolysls proceeds without migration of 

the allyllc double bond to the 8(14)-posltlon and that a mild reducing agent, 

such as zinc, 1s capable of effecting the hydrogenolysls of ally1 ethers In 

which the double bond 1s not conlugated to a carbonyl group6. 
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