
Vol. 33, N o .  8, August 1968 15-HYDROXYESTRIOLS 3133 

Synthesis of Epimeric 15-Hydroxyestriols, New and Potential 
Metabolites of Estradiol1 
JACK FISHMAN AND HENRY GUZIK 

Institute for Steroid Research, Montefire Hospital and Medical Center, New York, New York 10467 

Received February 9, 1968 

The synthesis of estra-1,3,5(10)-triene-3,15a116a,17p-tetrol, anew metabolite of estradiol, and of estra-1,3,5(10)- 
The nuclear magnetic resonance spectra of triene-3,15P,16a,l7~-tetrol, a potential metabolite, are described. 

the corresponding tetraacetates which were instrumental in assigning the correct structures are discussed. 

A new polar metabolite of estradiol was isolated from 
both pregnancy and neonatal ~ r i n e . ~ - ~  It constitutes 
the main product of fetal metabolism and apparently 
is not produced a t  all by the adult.3 Initial chemical 
characterization on the very small amounts available 
indicated the compound to be a tetrol, but the location 
of the hydroxyl groups was undetermined. It was 
apparent that a definite structure assignment for this 
novel and interesting metabolite required the synthesis 
of possible estrogen tetrols for comparison purposes. 
A most likely candidate was estra-l,3,5,(10)-triene- 
3,15a,16a,17P-tetro1 (Ia) and the synthesis of this 
compound was undertaken. The epimeric 15P-hydroxy- 
tetrol represents another potential natural substance 
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and the preparation of estra-1,3,5(10)-triene-3,15~,- 
16a,17p-tetrol (IIa) was also initiated. The successful 
synthesis of 15a-hydroxyestriol I a  described below 
permitted its comparison5 with the unknown metabolite 
and thus their complete identity was established. The 
structure of the major fetal metabolite of estradiol 
could therefore be described as the tetrol Ia. 

The initial route to estra-1,3,5(10)-triene-3,15a,- 
16a, 17P-tetrol (Ia) involved cis hydroxylation of the 
double bond in the known alp-unsaturated ketone III.6 
The advantage of this particular starting material 
resided in the possibility of preparing the two C-17 
epimeric tetrols upon reduction of the 17-ketone 
intermediate. Because of the instability of the highly 
strained cyclopentenone structure' Kith the attendant 
possibilities of double-bond migration prior to hydrox- 
ylation the dioxolane derivative IV was chosen as 
the substrate for the os04 oxidation. Oxidation of 
IV gave the 17, 17-ethylenedioxyestra-1,3,5( 10)-triene- 
3,150,16a-triol 3-acetate (Va) as the major product, 
isolated as the triacetate Vb. The orientation of the 
D-ring hydroxyl groups was confirmed as a on the basis 
of nmr evidence presented later. Attempts to remove 
the dioxolane group of Vb with toluenesulfonic acid in 
acetone at  room temperature failed completely. When 
aqueous sulfuric acid in warm dioxane was used, 
hydrolysis of the acetate groups took place and the 
resultant rearrangements gave a mixture containing a 
multitude of products. The stability of Vb is in 
contrast to the dioxolane derivatives of both the alp- 
unsaturated and saturated 17 ketones which react 
readily under mild conditions. The apparent cause is 
the presence of substituent a t  C-16 since the 16a- 
bromo-17-diethylene ketal derivative6 is similarly inert 
to mild deketalizing conditions. Whether this effects 
is limited to 16a substituents only or is also produced 
by 16p substitution requires further study. 

Oxidation of the A15 double bond by os04 in the 
presence of a preformed 17P-hydroxy group was the 
next method of choice. Reaction of the 3-hydroxy- 
estra-1,3,5(10),15-tetraen-17-one (111) with XaBH4 
even under the mildest conditions resulted in reduction 
of the double bond to give estradiol-17P as the sole 
product. LiAIH4 at  0" in ether, however, gave the 
desired allylic alcohol, estra-1,3,5(10),15-tetraene-3,- 
17p-diol (VIa), isolated as the diacetltte VIb, in sat- 
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isfactory yields9 Reduction of the 17 ketone in I11 led 
stereoselectively to the p alcohol at C-17 since catalytic 
hydrogenation of VIb gave only estradiol l7p-diacetate 
with no evidence for the presence of estradiol 17a- 
diacetate. 

Oxidation of the allylic diacetate VIb with oso4 
produced as the major product estra-l,3,5(10)-tri- 
ene-3,15a,l6a,l7P-tetrol 3,17-diacetate (Ib). A small 
amount of another product tentatively assigned the 
isomeric 15p, 16P-diol structure VII, was isolated by 
preparative thin layer chromatography; the amount of 
material obtained prevented further characterization. 
The desired estrogen tetrol Ia  was obtained from 
either the diacetate I b  or the tetraacetate IC by heating 
with K&03 in methanol; more drastic alkaline or acid 
conditions or reductive cleavage with LiAIH4 resulted in 
poorer yields of the free tetrol. 

Estra-1,3,5(10) ,15-tetraene-3,17/3-diol diacetate (VIb) 
also served as the starting material for the prep- 
aration of the isomeric tetrol IIa. Reaction of VIb 
with per acid gave 15a,l6a-epoxyestra-l,3,5(10)- 
triene-3,17p-diol diacetate (VIII) as the main product. 
The location and orientation of the epoxide oxygen 
in VI11 was confirmed by LiAIH4 cleavage which gave 
estra-1,3,5(10)-triene-3,16a,l7P-triol as theonly product. 
The opening of the 15,) 16a-epoxide with LiAIH4 adheres 
to the established preference for axial hydroxyl genera- 
tionlo in that the bisectional 16a-hydroxyl rather than 
the pseudo-equatorial 15a-hydroxyl is produced. 

In  view of the direction of reductive opening of the 
epoxide in VI11 i t  was expected that acetic acid would 
also yield the axial product. In  fact the only identified 
product of the reaction of VI11 with glacial acetic acid 
was estra-1,3,5(10)-triene-3,15~,16a,l7~-tetrol 3,15,17- 
triacetate (IIb), isolated as the tetraacetate IIc. 
Hydrolysis of IIc with K&OS in aqueous methanol a t  
room temperature gave the tetrol IIa. The milder 
hydrolytic conditions were required in view of the 
demonstrably lessisr stability of the 15p-tetrol I Ia  
compared with that of the 15,-tetrol Ia. 

Nmr spectroscopy was instrumental in assigning the 
orientation of the newly introduced hydroxyl groups. 
A priori one may expect that the 15p substituent would 
produce a much larger effect on the chemical shift of 
the C-&methyl group than a corresponding 15a 

This follows not only from the p 
orientation but also from 1,3 diaxial relationship of the 
C-18 methyl with the 150 substituent. The C-18- 
methyl shifts of the various compounds of interest are 
listed in Table I. It is apparent from these data that 
the chemical shifts are fully consistent with the assigned 
orientations. It h8as been emphasiaed13 that the as- 
signment of ring-I) substituent orientations on the 
basis of C-18-methyl shifts is hazardous. This is true 
with respect to the bisectional C-16 substituents, but 
C-15 substituents which have pseudo- axial and -equa- 
torial conformations can be firmly assigned on this basis. 

The nmr of the C-15, -16, and -17 protons in the 
isomeric tetrol acetates IC and IIc further confirms 
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bond in uj8-unsaturated ketones has been reported recently: E. I. Snyder, 
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TABLE I 
CHEMICAL SHIFTS OF C-~S-METHYLS 

GI8 methyl" 
Compound Obsd Calcd 

Estra-1,3,5(10)-trienc+3,16a,l7~-triol triacetate 51 . . .  
Estra-1,3,5 (lO)-trienc+3,15a, 16a,l7~-tetrol 

tetraacetate (IC) 56 55 
Estra-1,3,5( lO)-triene-3,158,16a, 178-tetrol 

tetraacetate (IIc) 64 64 
Estra-1,3,5( lO)-triene-3,168,17~-triol triacetate 55 . . .  

tetraacetate . . .  59 
17,17-Ethylenedioxyestra-1,3,5( lO)-trien-3 01 54 . . .  

Estra-l,3,5(10)-triene-3,15~~, 168,178-tetrol 

17,17-Ethylenedioxyeatra-1,3,5( 10)-triene- 
3,15a, 16etriol triacetate (Vb) 63 61 

The chemical shift values are in cfclea per second downfield 
from tetramethylsilane. 

their structures. The first-order analysis of the 
spectrum of the 15a-acetoxy compound IC permits 
assignment of a doublet a t  303 cps (J - 6 cps) to the 
17a-H. A pair of doublets (J - 6, 8 cps) centered a t  
325 cps represents the 16P-H, while a multiplet a t  310 
cps is assigned to the pseudo-axial 15P-H, and reflects 
its coupling with both the 16P and 14a protons. The 
spectrum of the 15P-acetoxy compound IIc presents a 
substantially different picture. The 17a-H resonance 
appears as a doublet a t  292 cps owing to coupling with 
the 166-H with an apparent coupling constant of 6 cps. 
The 16p proton now appears as a doublet (J = 6 cps a t  
312 cps) on which is superimposed a broad singlet a t  
310 cps representing the 15a proton. The assignments 
in both spectra were confirmed wherever possible by 
double resonance studies. The significant feature of 
these spectra is the identical coupling of the 17a-H in 
both indicating the same orientation of the 16a-acetoxy 
substituent in both compounds. Also significant is the 
greatly decreased coupling of the 15 proton in IIc in 
accord with its equatorial a orientation. These 
findings are pertinent since on the basis of the C-18- 
methyl chemical shifts alone (64 cps observed us. 59 cps 
calculated) the possibility of opening the epoxide in 
VI11 to give a 15a,16&17P product would have to be 
considered. 

The demonstrated dextorotatory effect of 15a 
substituents and the levorotatory shift of 150 sub- 
s t i t u e n t ~ ' ~  permitted a further confirmation of the 
orientation of the C-15 substituents in the new tetrols. 
The molecular rotation differences calculated for com- 
pounds I a  and IIa show AMD f226 for I a  and 
A M D  -61 for I Ia  and are in accord with the assigned 
structures. 

Experimental Section's 
17,17-Ethy1enedioxyestrara-l,3,5( lO)-triene-J, 15a, 16a-triot Tri- 

acetate (Vb).-A 0.5-g sample of 17,17-ethylenedioxyestra- 
1,3,5(10),15-tetraen-3-01 acetate (IV) dissolved in 12 ml of 
benzene and 1 ml of pyridine was treated with 0.5 g of osmium- 
tetroxide for 45 hr at room temperature. The solvents were 
removed in vacuo and the residue was stirred at room temperature 
for 4 hr in 34 ml of water, 12 ml of benzene, and 23 ml of meth- 
anol containing 3 g of sodium sulfite and 3 g of potassium bi- 
carbonate. Chlorofom was then added, the mixture was filtered, 

(14) E. W. Cantrall, R. Littell. and 9. Bernstein. J .  Ore. Chem., 49, 64 
(1964). 
(15) Melting points were determined on a hot-stage apparatus and are 

corrected. Nmr spectra were obtained on a Varian A-60 instrument in deu- 
teriochloroform with tetramethylsilane a8 an internal standard. Analyaea 
were performed by Spang Microanalytical Laboratories, Ann Arbor, Mich. 
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and the precipitate was washed with hot chloroform. The com- 
bined filtrates were washed with saturated sodium chloride 
solution to neutrality, dried, and evaporated. The oily residue 
was acetylated with acetic anhydride in pyridine and after 
work-up was chromatographed on 40 g of acid-washed alumina. 
Elution with ether-chloroform 1:l gave 186 mg of material 
which was crystallized from ether-petroleum ether (bp 40-60') 
and melted a t  145-147". The nmr spectrum in deuteriochloro- 
form showed C-18 absorption a t  63 cps. The acetate bands 
appeared at  122 (6 H )  and 136 cps (3 H). The analytical sample 
melted at  146-148". 

Ana?. Calcd for CqBH3208: C, 66.08; H, 6.83. Found: 
C, 66.12; H,  6.97. 

Attempted Deketalization of Vb.-A IO-mg sample of Vb was 
stirred a t  room temperature overnight in 1 ml of acetone con- 
taining 2 mg 01 p-toluenesulfonic acid. Thin layer chroma- 
tography of the reaction mixture in ethyl acetate-cyclohexane 
1: 1 showed the presence of only starting material. Similar 
results were obtained using either glacial acetic acid or p-toluene- 
sulfonic acid in dioxane at room temperature. When the reac- 
tion was attempted with lOy0 sulfuric acid in dioxane-water 
1: 1 at 50" for 4 hr, a mixture of a t  least six compounds was ob- 
tained, none of which provided sufficient material for further work. 

Estra-1,3,5(10),15-tetraene-3,17p-diol Diacetate (VIb).-A 
solution of 387 mg of 3-hydroxyestra-l,3,5( 10),15-tetraen-17-one 
(111) in 400 ml of ether was stirred a t  0' with 100 mg of LiAlH4 
for 1 hr. The excess reagent was decomposed by the addition 
of water and the mixture was acidified with ice-cold 5% sulfuric 
acid. The ether layer was washed with water, dried, and evap- 
orated. The retidue was acetylated with acetic anhydride in 
pyridine to give after the usual work-up 340 mg of oil. Chroma- 
tography on 20 g of alumina and elution with petroleum ether- 
benzene 8:2 gave 285 mg of T'Ib which crystallized from petro- 
leum ether and melted at 90-92'. The nmr spectrum revealed 
C-18-methyl absorption at  54 cps and acetate methyls a t  128 and 
138 cps, [ai Z ~ D  - 19' (CHC18 j. 

Anal. Calcd for C22132604; C, 74.55; H, 7.39. Found: C, 
74.86; H,  7.26. 

Hydrogenation of VIb .-A 10-mg sample of VIb was dissolved 
in 5 ml of ethanol and an equal weight of lOy0 Pd on charcoal 
was added. After hydrogenation had proceeded for 30 min, 
filtration and evaporation of solvent gave 10 mg of crystals, mp 
120-124. The infrared1 spectrum was identical with that of 
estradiol 176-diacetate. 

Estra-l,3,5( lO)-triene-3,15a, 16a, l7p-tetrol 3,17-Diacetate 
(lb).-A 260-mg sample of the allylic diacetate VIb was oxidized 
with 250 g of Os04. The reaction and work-up conditions were 
as described above for the oxidation of IV. The product, an oil 
weighing 245 mg, was chromatographed on 15 g of alumina, 
Elution with benzene afforded 123 mg of Ib which crystallized 
from acetone-hexane and melted a t  186-190'. The analytical 
sample obtained by further crystallization had a melting point 
of 189-192'. The nnlr spectrum showed the C-%methyl 
resonance a t  51 cps and acetate methyls a t  130 and 138 cps. 

Anal. Calcd for CaH2806: C, 68.02; H, 7.27. Found: 
C, 67.82; H,  7.013. 

The tetraacetate IC wtts obtained from Ib  with acetic anhydride 
and Dvridine. Crvstallization from methanol gave material 
melt&g at  174-178'", [ c Y ] ~ ~ D  +92" (CHC13). 

The nmr spectrum of the tetraacetate IC exhibited C-18-methyl 
resonance at  58 and acetate methyl absorptions at 122 (3 H),  
125 (6H), and 138 cps ( 3  H). The 17a hydrogen appeared as a 
doublet ( J  ,- 6 cps) at 303 cps. A pair of doublets a t  325 cps 
was assigned to the l6g-H, while a multiplet a t  310 cps was 
assigned to the L5p-H. Irradiation at  325 cps caused collapse 
of the 303-cps doublet to a siiiglet. 

Anal. Calcd for CzeHaZO8: C, 66.08; H ,  6.83. Found: 
C, 66.28; H ,  6.23. 

Estra-l,3,5( lO)-triene-3,15a, 16a, 176-tetrol (Ia) .-A 100-mg 
sample of tetrol diacetate Ib obtained directly from the alumina 
column was dissolved in 20 cc of methanol containing 20 mg of 
anhydrous potassium carbonate. The mixture was refluxed 
under Nz for 2 hr, cooled, filtered, and taken down to dryness. 

The residue was separated by preparative thin layer chromatog- 
raphy on silica gel in the system 10% CHaOH-SO% ethyl acetate 
into two crystalline products. The less polar one (2 mg, mp 
240-242') was tentatively assigned the structure of the 3,15p,- 
16&17P-tetrol (VII). The more polar material (22 mg) was 
crystallized from ethyl acetate (mp 230-235') and represented the 
desired a-tetrol Ia, [a] 25D f135' (EtOH). The analytical sample 
melted a t  236236". 

A n d .  Calcd for ClsH,,Oa; C, 71.02; H, 7.06. Found: C, 
69.54; H,  7.86. 

1 Sa, Ida-Epoxyestra- 1,3,5( lO)-triene3,17p-diol Diacetate 
(VIII).-A solution of 400 mg of the allylic diacetate VIb in 6 ml 
of CHClz was mixed with 300 mg of m-chloroperbenzoic acid in 8 
ml of CHCla and allowed to stand at  5' for 40 hr. After dilution 
with 100 ml of CHCla the solution was washed with 5% sodium 
bicarbonate and then water, dried, and evaporated. The residue 
was chromatographed on 40 g of alumina. Elution with ben- 
zene-petroleum ether 1 : 1 yielded 215 mg of crystalline material, 
mp 165-171 '. Recrystallization from acetone-petroleum ether 
gave the analytical sample of VI11 which melted at  168-172'. 
The nmr spectrum showed the C-18-methyl resonance a t  62 and 
two acetate methyl bands at 128 and 136 cps. 

Anal. Calcd for CzzHzeOj: C, 71.33; H, 7.08. Found: C, 
70.67; H, 6.87. 

LiAlH4 Reduction of VIII-Reduction of 20 mg of VI11 with 
excess LiAIHa in refluxing ether gave, after the usual work-up, 7 
mg of estra-1,3,5(10)-triene-3,16a,17~-triol, mp 248'. The 
material, which was isolated by preparative thin layer chro- 
matography on silica gel in ethyl acetate, was identical by mixture 
melting point and infrared spectral comparison with authentic 
estriol. 

Acetolysis of VII1.-A solution of 165 mg of the epoxide VI11 in 
10 ml of glacial acetic acid was refluxed for 18 hr. The acetic 
acid was removed in vacuo and the residue, by thin layer chro- 
matography, consisted of a mixture of tri- and tetraacetates I Ib  
and IIc, respectively. The material was therefore acetylated 
with acetic anhydride in pyridine. After work-up and prepara- 
tive thin layer chromatography in the system 1 : 1 cyclohexane- 
ethyl acetate a homogenous tetraacetate IIa was obtained, 
which, however, resisted crystallization. The nmr spectrum of 
I Ic  showed the C-18-methyl singlet at 64 and the acetate methyls 
appeared a t  122 (6 H),  133 (3 H), and 138 cps (3 H). The 
methine hydrogens were assigned as follows: 17a-H at  292 
(doublet, J N 6 cps), 16p-H a t  312 (doublet, J - 6 cps), and 
15a-H a t  310 cps (singlet). Irradiation at  312 cps collapsed the 
l7a-H doublet to a singlet. 
Estra-1,3,5(10)-triene-3,15p,16a,17p-tetro1 (IIa).-A solution 

of 23 mg of the oily tetraacetate I Ic  in 5 ml of methanol contain- 
ing 5 mg of potassium carbonate was stirred overnight at room 
temperature under Nz. The solution was neutralized with 
dilute acetic acid, and the solvents were removed in vacuo. 
The residue was taken up in chloroform-ethanol4: 1, washed with 
water, dried, and evaporated. The solid residue was purified 
by preparative thin layer chromatography in the system 10% 
methanol-90yo ethyl acetate. The material obtained weighed 6 
mg and melted at  250-257". Recrystallization from acetone- 
petroleum ether gave the analytical sample of IIa: mp 257- 
262'; [a Iz4D +40' (EtOH). 

Anal. Calcd for ClsH240a.HzO: C, 67.06; H,  8.13. Found: 

Registry No.-Ia, 15183-37-6; Ib, 16127-99-4; IC, 
16934-35-3; IIa, 16934-36-4; IIc, 16960-04-6; Vb, 
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