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Equilin, a principal constituent of a clinically important natural 

estrogen preparation (l), has been synthesized by two previously publiah- 

ed methods (2,3). Both used steroid starting material from natural sourcea, 

and the first (2), necessarily involving a final microbiological dehydrogen- 

ation, cannot, strictly, be considered a chemical total synthesis. We nov 

report a further total synthesis of equilin which avoids relay steroids (4) 

of natural origin and introduces several novel steroid intermediates and re- 

actions. 

The estratetraene I (S), m.p. l29-131°, [QjD -6’ &=3, Cat&,) [lit. (5) 

m.p. l25’, [aID -3’ &=O.S, CHC13)l,p repared by chemical resolution (6) of 

the corresponding racemate (7), on treatment-at 0’ with -chloroperbentoic 

acid in benzene-hexane, gives a mixture of the epoxide II and the diol III 

(S). Benaoic acid in chloroform converts the mixture to pure III (9), m.p. 

131-133’, E 258 w (s 17,600), [a]D -22.3' &=l, dioxan), which, on 

catalytic hydrogenation in ethanol over 5% palladiaed charcoal, gives the 

diol IV, m.p. 146- 148’, 2: 220 (shoulder), 277 and 285 w (s 8,400, 2,400 

and 2,400), [al, +32O *l, dioxm). Methsnesulfonyl chloride in refluxing 

pyridine converts IV to the tetraene sulfonate V, m.p. 160-163’, )cEtOH 223 

(shoulder), 277 and 286 q~ (e 7,700, 4,100 and 3,200), (10) [aI, +llO” &= 

1, =13>. The crude product is contaminated with 9. 10% of the l’l-methane- 

aulfonatc of I, as estimated by the ultra-violet absorptioo spectrum, but 
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this is efficiently removed by filtration in benzene through Florex and re- 

crystallizatio" 

tetrahydrofuran 

(E 9,200, 4,500 

methylmagnesium 

from methanol. Lithium aluminum hydride reduction of V in 

EtOH gives VI, m.p. 80-82', &ax 225 (shoulder), 277 and 286 mb 

and 3,700), [al, +168' &=l, dioxe"), which, on fusion with 

iodide at 160' (bath) (ll), gives the know" diol VII (12), 
EtOH 

m.9. 206-208', .&ax 227 (shoulder), 277 and 286 mp (E l2,600, 3,700 and 

2,800), [a], +190° &l, EtOH), [lit. (12) m.p. 205.5-206'; [a], +213' &=l, 

IWOH)]. Aluminum isopropoxide and methyl ethyl ketone in refluxing benzene 

converts VII to equili" VIII, m.p. 234-237', A::: 223 (shoulder) 279 and 

286 mp (s 6,800, 2,500 and 1,650), [a], +295' &l, EtOH) [lit. (13), m.p. 

240°, A,, 280 q (C 2,000) and [aID +308' (dioxa")]. This substance shows 

no depression with a sample of natural origin, and the infra-red absorption 

spectra of both are superimposable. Also, Oppensuer oxidation as before of 

the alcohol VI gives equilin methyl ether, m.p. 158-160°, [alI, i&'66O &l, 

CHC13), which is identical with a sample, made by methylating authentic 

equilin (14) having m.p. W-164', [a],, +295' &l, CHC13) [lit. (14) m.p. 

161-163', [a], +290° (z=l, CHC13)]. No systematic efforts have yet been 

made to improve the overall yield for the seven stages from I to VIII which 

presently stands at 16X, an average of 70-80X for each stage. 



The epoxide II is formulated as an Cz-epoxide by analogy with the forma- 

tion of QI,7a-epoxy-3-methoxyestra-1,3,5(10)-trien-l7~-ol from the corres- 

ponding estra-1,3,5(10),&tetrsene (15), and the diol IV a8 an 8~01 from 

its proton m spectrum which shows a methyl singlet at a chemical shift 

of 8 0.83 ppm (16) closely similar in position to that found for 3-methoxy- 

8Q-estra-1,3,5(10)-mien-17B-ol (6 0.83 ppm), and appreciably different in 

position from that observed with 3-methoxyestra-1,3,5(10)-trien-17B-ol (6 

0.76 ppm). On this basis we express the mechanism for the formation of III 

as shown in II. Notably, only one hydrogen atom (the C7 B-H) in structure 

IV is in the transdiaxial or pseudo-transdiaxial relationship with the C8- 

a-hydroxyl, as compared to three (including the C9-H) having this relation- 
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ship with the 88-hydroxyl in the 8-epimer of IV. Possibly therefore the 

efficient formation of V from IV is associated with a kinetically control- 

led bimolecular elimination mechanism (17). A Dreiding model indicates 

the structure of III to be curved inwards at the B-face, which may ex- 

plain its observed c&face catalytic hydrogenation. The foregoing aspects, 

and a number of variants of the synthesis now under investigation, will be 

discussed fully in a later communication. 

Gibian et. &. , (18) have recently reported a modification of one of 

our earlier syntheses (7), which, by using a microbiological asynunetric re- 

duction, leads to the tetraene I without formation of unwanted enantiomor- 

phic steroids. The basic starting material for these processes is 6-meth- 

oxy-1-tetralone; the present synthesis accordingly makes possible a” effi- 

cient preparation of equilin from that substance. 
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