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ABSTRACT
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The synthesis of various tetrasubstituted alkenes and dienes in a regio- and stereocontrolled manner is described. This three-component
coupling strategy involves the addition of Grignard reagents to propargyl alcohols followed by palladium(0)-mediated cross-coupling with aryl
or vinyl halides. This protocol has been applied to the synthesis of (Z)-Tamoxifen and related mimics.

We have previously described the versatility of the magne- assembled in a one-pot, four-component coupling is repre-
sium-mediated carbometalation of propargyl alcohols to sentative and illustrates the common theme for this protocol
assemble several diverse compounds generated in a singleia the magnesium chelate illustrated in Scheme 1.
reaction, for a variety of objectivés.

These reactions have included the regio- and stereoselec_

tive generation of d'ene'ha“qes’ d'ene'd'OIS’ e”ed'Y“eS' Scheme 1. Furans by Carbometalation of Propargyl Alcohols
furans, furanones, and taxoid intermedigd@he synthesis

of differentially substituted furans in which five bonds are
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the intermediate chelatto give a variety of tetrasubstituted

alkenes and dienes (Scheme 2). This protocol has also beer e 1. Three-Component Coupling for Alkenes and Dienes

Scheme 2. General Synthesis of Tetrasubstituted Alkenes
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R = alkyl, aryl, vinyl, allyl

R? = aryl, vinyl, allyl

extended to a direct synthesis @){Tamoxifen.
An additional motivation for this study is our interest in
developing an efficient route to compounds that will be

recognized by the estrogen receptors such as Tamoxifen itself
and related mimics. These compounds have proven utility
for adjuvant therapy in women who have suffered from breast

cancert In addition, recent studies suggest Tamoxifen may
have cancer preventative propertiaad effectiveness in the

preservation of bone mineral density related to osteopofosis.

The related unsaturated acldand raloxifene show similar

promisé and thus these tetrasubstituted olefins have potential

for broader medicinal applicatiofs.
Previous investigations in our laboratory have demon-

strated that the solvent plays an important role in these
carbometalation reactions. Nonpolar solvents such as cyclo-
hexane were essential for the direct condensation of the

magnesium chelate intermediate with aldehydes and nittites.
However, toluene/THF mixtures (1:1) provided a significant
improvement. This is a consequence of the improved
solubility of the magnesium salts which afforded higher
yields especially when vinyl Grignard reagents were em-
ployed.

CO.H QN(HZC)QO

(

CH,),NMe,

Tamoxifen Y = H, X = Et
Toremifene Y = H, X = (CH,),Cl 4
Clomiphene Y =H, X = CI

Tamoxifen Metabolite Y = OH, X = Et

Raloxifene

R'™MgCI (3.2 equiv) R R!
R——\ —
5 OH RX(3equiv), PA(PPh), (0.05equiv) R2 ¢ OH
R = Me, TMS
entry R'MgCI R2X product yield (%)
1a  PhMgCI Phl Me  Ph 73
Ph>=<—OH 7
1 phmgcl PhBr 72
Me  Ph
2 PhMgCI p-MeOC,H,| ng&cm g 71
MeO
Me  Ph
3 PhMgCI CH,=CHCH,| 64

4 CH,=CHCH,MgBr Phl 10 60

5  PhMgCI Me,C=CMeBr MM 1 7
e e
Me Me OH
™s =
6  CH=CH,MgCl  Phl — 12 61
PH OoH
Me, —
7 CH=CHMgCl  PhI — 13 41
P OH
8  MeMgCl Phi Me Me 14 10

aReagents and conditions: (afNgX (3.2 equiv), toluene/THF, 1:1,
reflux, 14 h; (b) [Pd(PP$4], (0.05 equiv), RX (3 equiv), reflux, 24 h.

Table 1 with a variety of combinations. These include alkyl-,
aryl-, allyl-, and trimethylsilyl-substituted propargyl alcohols.
The aryl, vinyl, and allyl Grignard reagents were exposed
to iodo or bromo coupling partners in the presence of
palladium(0).

The fully substituted alkenes in entries 1a and 1b displayed
no significant difference in yield upon variation of the halide.
Skipped dienes were generated with allyl substituents (entries
3 and 4). In these cases the allyl functionality may be
introduced as either the magnesium or palladium component.
Dienes were prepared efficiently as demonstrated by entries
5, 6, and 7. In theses examples also, depending upon the
synthetic objective, the second vinyl component can be
introduced at the coupling stage, the Grignard addition step,
or via an oxidation of the primary alcohol followed by a

Figure 1. Tamoxifen and related drugs that recognize the estrogen Wittig reaction (Scheme 3). Unfortunately, alkyl Grignard

receptors.

The application of this carbometalatiopalladium cou-
pling protocol is outlined in Scheme 2 and summarized in

(4) Furr, B. J. A.; Jordan, V. CPharmacol. Ther1984 25, 127.

(5) Jordan, V. CJ. Steroid Biochem. Mol. BioR00Q 74, 269.

(6) Grey, A. B.; Stapleton, M. C.; Evans, M. C.; Tatnell, R. W.; Ames,
B.; Reid, I. R.Am. J. Med 1995 99, 636.
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reagents such as methylmagnesium chloride are problematic.
This is partly attributed to the beneficial influence of

(7) Willison, T. M.; Henke, B. R.; Momtahen, T. M.; Charifson, P. S.;
Batchelor, K. W.; Lubahn, D. B.; Moore, L. B.; Oliver, B. B.; Sauls, H.
R.; Baer, P. GJ. Med. Chem1994 37, 1550.

(8) Grese, T. A.; Dodge, J. A. Estrogen Recptor Modulators: Effects In
Non-Tradition Target Tissues. lnnual Reports in Medicinal Chemistry
Bristol, J. A. Ed., Academic Press: San Diego, CA, 1996; Vol. 31, pp-181
90.
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to attach a cleavable tether tied to a breast cancer drug.
Scheme 3. Synthesis of Tamoxifen and Related Olefins Therefore the mimic should act as a site recognition agent,

(CHy),NMe, bind to an estrogen receptor, and subsequently release the
4 drug by hydrolysis.

NMe, NMe, I}
8 @ 8 ® Tamoxifen’s anti-estro i i ivi [
e _ o - gen biological activity resides en-
o_®_' = 0-< >17_ ‘OH tirely in the () isomer. There are a limited number of
18 OH stereoselective syntheses @){Tamoxifen? although the
O nickel-catalyzed carbozincation sequence employing the
H addition of diphenylzinc to 1-phenyl-1-butyne followed by
l an iodine quench and palladium coupling is very direct

(Figure 2)
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(2)-Tamoxifen

_, (CHz),NMe, , (CHz),NMe,

aReagents and conditions: (a) Ps€Ph), (0.1 equiv), Cul (0.1 o“f synthesis commenceq with a Sonogashira cross-
equiv), EtN, THF, rt, (22°C), 18 h, 83%. (b) (1) PhMgClI (3.2 cgupllng of the aryl hal|dq.5 with propargyl alcoholl6 j[o
equiv), MePh, reflux, 16 h; (2) Pd(PBk(0.05 equiv), Phl, 72%. give 17 (83%). This substituted alkynol was then subjected
(c) (1) PhMgCl (3.2 equiv), MePh, reflux, 16 h; (2) Pd(BRIf0.05 to the standard carbometalation protocol with phenylmag-
E%Ul(\é)l,pé“ge(épqlz(?;]e%lg;), r(eg'Ué&)Zé hilfi(z)%- (d))D'\glF;;g:%U'V), nesium chloride followed by the addition of Pd(RRrand

L,Clo, °C, , 6. (e u (1.2 equiv), LBr - ) . .
(1.1 equiv), THF. reflux, 16 h. 81%. (f) #PdIC. EtOAc, 22C, 2 Pnenyl lodide as the cross-coupling partner to give the
h. 85%. Tamoxifen mimicl8in 72% yield (Scheme 3). In a parallel
carbometalatiorrpalladium cross-coupling sequence, the

methoxy ethedl9 was prepared and may be converted, after

7-orbitals in the addition component. Thus the poor result 9emethylation, to the Tamoxifen metabol2e (X = Me)
with the methylmagnesium chloride (entry 8) is due to the ©F provide a second hydroxyl group for substituent attach-
inefficiency of the carbometalation and not to the subsequentMent.

Cross-coup”ng_ The y|e|d Of the Grignard additions to Alkenol 18 was oxidized with DessMartin periodinane
propargyl alcohols can be enhanced, in some cases, by thdh CHzClz to give the corresponding unsaturated aldehyde
addition of copper iodid& In our experience this frequently 20 (96%), which was transformed directly with methyl
reduces the yield in condensations with carbony! electro- triphenylphosphonium bromide to give die& Selective
philes. However, a reviewer recommended we examine thehydrogenation of the less hindered double bond (10% Pd/C,
potential influence of catalytic copper iodide on one of these H2) afforded &)-Tamoxifen in 69% yield for the combined
combined reactions due to its established beneficial influenceSteps.

in palladium couplings as well as conjugate additions. The A comparison of the variousZj-Tamoxifen syntheses is
effect was significant as the yield @fin entry 1a increased ~ summarized in Figure 2, although a Fried@rafts reaction

to 82% in the presence of 7.5 mol % of cuprous iodide, a is required to generate the starting mate#ldl However,
yield improvement of 12%. The parallel reaction of meth- only the syntheses commencing wizb and 17 afford the
ylmagnesium chloride in entry 8 was even more dramatic. pureZ isomer directly, although variation of the substitution
The yield of14increased to 30%. Clearly, the best procedure pattern in17 or the aryl Grignard allows greater versatility

for synthetic applications is to include catalytic Cut-¥0 for analogue synthesis.
mol %) for improved yields. We intend to investigate this ~ The net effect of these carbometalations is the regiocon-
beneficial effect in more detail. trolled anti addition of the Grignard component relative to

In view of Tamoxifen’s beneficial medicinal properties
discussed above, we are interested in developing a short routeb)(g) () Mglai\, RMBé; AI-Ha.Eéag, MCIH] Orlgggghsegn éfg? 50, 2121.
. P . . otter, G. A.; McCague, Rl. Org. Chem , .
to TamOXIfen_ mimics, as V\_’el! as _TamOX|fen 'tself' V_Ve (10) Studemann, T.; Knochel, Angew. Chem.Int. Ed. Engl 1997,
desired a family of related mimics with alcohol substitution 36, 93.
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Figure 3. Rational for trans addition of vinyl Grignard.

the second carbercarbon bond. We have discussed previ-
ously the preference for 3pnd sp centers for these Grignard
additions?® We believe the preferred pathway involves an
intramolecular delivery of the vinyl group in which the-s
interactions are beneficial and the bonding betweeh and
c—d occurs in a synchronous manner as illustrate@®yA
close analogy is provided by the anti-hydroalumination of
propargyl alcohols with LiAIH or Red-Al!' which are
considered to involve intermediates of ty@é. Thus the
initial addition of the vinylmagnesium chloride to the
complexed species related 25 is followed by collapse to
2. No evidence was detected in earlier investigafidfier

(11) Marshall, J. A.; DeHoff, B. SJ. Org. Chem1986 51, 863.

(12) Eisch, J. J.; Merkley, J. H.. Am. Chem. Sod 979 101, 1148.

(13) Negishi. E.; Choueiry, D. Reaction of Alkynes with Organometallic
Reagents. IrPreparation of AlkenesA Practical ApproachWilliams, J.
M. J., Ed.; Oxford University Press: New York, 1996; Chapter 7, p 152.
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the involvement of a unimolecular one-electron-transfer
mechanism, although a concertet?{ + o2, process has
also been suggestétiThe increased yield observed with
methylmagnesium chloride in the presence of Cul suggests
additional mechanisms involving metal complexation must
also be operative.

In summary, we have developed a versatile direct synthesis
of tetrasubstituted alkenes by a one-pot magnesium-mediated
carbometalation of propargyl alcohols followed by pal-
ladium(0) cross-coupling with vinyl or aryl halides. This
method has been applied to the regio- and stereoselective
synthesis of Z)-Tamoxifen and potential estrogen mimics
with therapeutic potential.
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