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Abstract

The 3-sulfatet and 3- and 17-glucuronide conjugateand6 of the pure anti-estrogenic steroid ICI 182,780
which is expected to be an effective agent for the treatment of breast cancer, have been prepared. The synthesis
of 6 could only be satisfactorily achieved using an inverse addition technique, not previously employed in the
glucuronic acid series: the value of this technique for some other aglycones is discussed. © 2000 Elsevier Science
Ltd. All rights reserved.

The 7 -substituted estradiol derivative, ICl 182,780 (-(4,4,5,5,5-pentafluoropentylsulfinyl)-
nonyllestra-1,3,5,(10)-triene-3,17iol) 1, is a pure receptor antagonist of estrogamd should be
an effective treatment for estrogen dependent breast damoer non-malignant estrogen dependent

conditions.
"(CH2)9SO(CH2)3C,Fs RO 3‘ " (CHp)gSO(CHz)aCoF s

1 2Rl =H,R2=CcocH3

3Rl =Phco,R2=H

As part of a continuing programme to define the metabolism and distributidnirfanimals and
man, a number of putative metabolites, in particular the 3-sulfate, 3-glucuronide and 17-glucuronide,
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were required as metabolic standards. This paper both describes the efficient syntheses of the above

metabolites and presents a study of the scope of an inverse addition technique applied to glucuronidation.
Acid-catalysed transesterification df(EtOAc, tosic acid) delivered the 17-acetawhich was a

suitable protected version for the synthesis of the 3-sulfqtesing EgN SO3)* and the 3-glucuronide

5 (using imidate7); > full details will be published later. Synthesis of the 17-glucurorédaowever,

from the 3-benzoatd (1+PhCOCI, CHCI;, ag. KOH) proved much more difficult.

MeO,C
O
RCO,
RCO,
RCO,
X
X =as 1 in all cases.
4Rl =HO3S,R2=H 7R = CH3, X = OC(=NH)CCl3
COzH
WL
HO
s5Rl = OH  R2=H 8 R=CH3, X =Br
COzH
LS
HO ,
6RI=H R2= OH 9 R = 'Pr, X = OC(=NH)CCl3

Reaction of the 3-benzoa®with 7 using 1.5 equiv. of Bf Et,O (this unusually large quantity of
catalyst was required during the synthesi$aliso: we assume the first equivalent binds strongly to the
sulfoxide) gave almost entirely the 17-aceta@with no detectable glucuronide. It had been repdrted
that reaction of a 3-protected androstane-3,17-diol derivative Wigave only 8% of the desired 17-
glucuronide, though in that case a Koenigs—Knorr reaction with bromo8uayaat AgpCO3 gave a 34%
yield. We obtained no glucuronide on reaction3With 8 and AgCOs; when CACQ® was used as
catalyst, an orthoester was produced in 75% yielg inter alig 1.8 (3H, s) and 5.9 (1H, d)]. Attempted
acid-catalysed rearrangement of the orthoester led only to decomposition.

X =as 1inall cases 13 14 15
10 R = COCH3

11 R = COPr
Ozc'Pl’

PriCO, 0,C'Pr
12R= XX COMe Ph(CH2),0H

16

Even when the tri-isobutyryl imida@®1°was used, the transacylated compofihgvas still by far the
major product, with just 7% of the desired conjugaBbeing formed. At this point, however, we found
that the order of addition had a profound influence on the course of this reaétieen9 was added
slowly to a solution o8 and 1.5 equiv. Bf Et;O in 1,2-dichloroethane at 15°C, rather than adding
BFs Et,O to3+9, the desired conjugatE?2 was obtained in 50% yield after chromatography witthow
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a minor by-product (15%)Schmidt has notéd a similarly advantageous inverse addition when using a
much more reactive donor (sc. a fucosyl imidate). Finally, hydrolysi2afias performed using NaOH
in ag.i-PrOH and6 was isolated as its sodium salt, followed by reverse-phase silica chromatography to
give material of >98% purity as assayed by analytical reverse-phase HPLC. CharacterisaHaiMR
(300 MHz), negative-ion mode electrospray (ES) and positive-ion mode fast-atom bombardment (FAB)
MS confirmed the structure.

The value of the inverse addition technique was further studied using other alcohols. In the case of
cyclohexanolL3, using either imidat& or 9 with 0.5 equiv. B Et;O, the inverse addition gave a slightly
but consistently higher yield, although not nearly so dramatic as3\(flable 1). Using either normal or
inverse addition9 gave double the yield of. Another steroidal aglycone, 1thydroxyprogesteron#4,
gave a vastly better yield by the inverse technique. It appears likely that the effect is most pronounced
with aglycones bearing groups such as@and S=0O which can strongly complex the Lewis acid: we
note this was the case in Schmidt's example cited above.

Table 1
Glucuronidation of alcohols using the normal (meth®dand inverse (metho8) procedures (see
text). 2Using 1.5 equiv. imidat€Using 1 equiv. imidate

Alcohol Imidate Method Yield of glucuronide%
3 9a A 7
3 9a B 50
13 7o A 18
13 7b B 24
13 9b A 39
13 9b B 49
14 9a A 31
14 9a B 77
16 7b A 27
16 9b A 57

In the case of a primary alcohol, 2-phenylethah6) the inverse method offered no advantage but
again the tri-isobutyryl imidat® was greatly superior to the tri-acetyl imidateby virtue of reduced
transacylatiort®

When only 0.2 equiv. Bf Et;O was used in the reaction @B with 9, considerable amounts of the
orthoested 5resulted in addition to the glucuronide even when the inverse technique was used. Prolonged
reaction (40 h) with addition of further catalyst gave steady conversiab f glucuronide in a virtually
identical yield (51%) to that obtained before. Using Zn(@.5 equiv.),15 was the major product in the
early stages: after prolonged reaction the glucuronide was obtained in satisfactory (39%) yield. With the
stronger Lewis acid catalyst trimethylsilyl trifluoromethanesulfonate (TMSOTf, 0.25 equiv.), ‘inverse’
reaction ofLl3with 9 was complete ircl h at 10°C and the glucuronide was isolated in 52% yield with
no orthoester seen.

We conclude that order of addition, catalyst and acyl substitution are all important variables in the
trichloroacetimidate glucuronidation of alcohols and that the inverse addition technique may offer a
significant advantage, particularly for complex aglycones.
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