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Estrogenic hormones have been recognized as important contributors of 

estrogen dependent diseases.1 Thus, derivatisation of estrone derivatives at 

various positions has been the focus of intensive research for potential 

pharmaceutical applications.2 Functionalised estrones have been mainly 

employed as inhibitors of estrogenic receptors or imaging agents in the 

treatment of breast cancer.3 In particular, the majority of breast cancers are 

primary initiated and stimulated by estrogenes. Especially, estradiol is known 

to play a crucial role as a growth factor of such tumor cells.3,4  

Several D-ring alkylated estrones display high affinity towards estrogenic 

receptors and could block the biosynthesis of estrondiol and other estrogenes, 

leading to a depletion of the circulation and tissue concentration of 

estrogenes.5 Recently, 16-arylidene estrones have been employed in the 

synthesis of several bioactive compounds which show antiproliferative 

activity against human cancer cells.6 Thus, the synthesis of new 

antiestrogenes, which influence cell growth of estrogen receptor related 

tumors, is of considerable current interest. As part of our ongoing interest in 

the palladium catalysed functionalisation of estrone, we studied the synthesis 

of 16-benzylidene-3-methoxy-estrones using the Mizoroki-Heck reaction.7 

The Mizoroki-Heck reaction of non-steroid exo-methylene compounds has 

previously been studied by other groups and has been most famously applied 

by Tietze and co-workers in the synthesis of enantiopure estrone.8 

 
16-Methylene-3-methoxy-estrone 2 was synthesized from commercially 

available 3-methoxyestrone by a literature procedure (Scheme 1).9 Next, the 

Mizoroki-Heck reaction was tested using phenyl bromide under different 

catalytic reaction conditions using DMF as solvent in the presence of NEt3 as 

the base (Table 1). It became obvious that Pd(PPh3)4 was a suitable catalyst 

for this reaction, while the more sterically encumbered and electron-rich 

ligands PtBu3·HBF4 and XPhos gave lower yields. We were also able to 

reduce the catalyst loading to 1.25 mol% which gave even higher yields than 

the use of 5 mol%. 
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Scheme 1. Synthesis of starting material 3; i: 1, NaOMe (4 eq.), ethyl formate 

(30 eq.), benzene, reflux, 4 h; ii: 2, formaldehyde (4 eq.), pyridine, r.t., 24 h 
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16-E-Arylidene-3-methoxy-estrones were synthesized using a palladium catalysed Mizoroki-Heck 
reaction. This methodology tolerates various functional groups and gives the corresponding products 
in yields between 14 and 99%, which were strongly dependent on the electronic character of the aryl 
halides. 
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Table 1. Optimisation of the Mizoroki-Heck reactiona 

 
 OMe

MeO

3

Br

+

OMe

MeO

4a

H HH H

H Hi

 

Entry Catalyst [mol%] Ligand [mol%] Yield
a 
(%) 

1 Pd(OAc)2 [5] XPhos [10] 74 

2 Pd(OAc)2 [5] PtBu3·HBF4 [10] 70 

3 Pd(PPh3)4 [5] - 90 

4 Pd(PPh3)4 [2.5] - 90 

5 Pd(PPh3)4 [1.25] - 96 

6 Pd(PPh3)4 [0.63] - 88 

7 Pd(PPh3)4 [0.31] - 72 
a Isolated yield; Reagents and conditions i: catalyst, ligand, DMF (4 mL), 

NEt3 (0.5 mL), 3 (0.5 mmol), PhBr (0.75 mmol), 140 °C, 8 h 

 

With our optimized conditions in hand, we started to examine the scope of the 

reaction.10 Several aryl bromides could be successfully employed to give the 

desired products 4a-p in 14-96% yield (Table 2). In all cases, the E-isomers 

were formed selectively. It should be noted that, while compounds 4a, 4j, 4k 

and 4l have previously been synthesized via aldol condensation, these 

reactions usually require highly alkaline conditions and thus result in low E-

selectivity.11 A broad range of functional groups were tolerated, including 

nitro, cyano, and acetyl groups, as well as heterocyclic starting materials. The 

yields were found to be strongly dependent on the substitution patterns. In 

general, electron poor aryl bromides gave higher yields than electron rich 

substrates. Aryl halides containing electron donating groups in the ortho or 

para positions (e.g. methoxy) resulted in a decreased yield. The presence of 

such a group in the meta position was no problem and resulted in a good yield 

(70%). Interesting, sterically hindered 1-bromonaphthalene gave an excellent 

86% yield. Practical aspects, such as isolation of the product from by-

products by column chromatography, also played an important role. In some 

cases, the separation from by-products was difficult and resulted in a loss of 

material. The use of aryl iodides or triflates did not result in an improvement 

of the yield. 

 

Table 2. Mizoroki-Heck reaction of 3a 
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a
 Reagents and conditions i: Pd(PPh3)4 (1.25 mol%), 3 (0.5 mmol) ArBr (1.5 

eq.), DMF (4 mL), NEt3 (0.5 mL), 140 °C, 8 h; Isolated yield; b Known 

compound.11a,11b 

 

The structures of compounds 4a, 4n and 4p were independently confirmed by 

single crystal X-ray structural analyses (Fig. 1-3).12 The structures clearly 

show the E-configuration of the exocyclic double bond in all cases, using 

electronically different substituents (phenyl, 4-fluorophenyl, 2-thienyl). 

 

Figure 1. ORTEP plot of compound 4a. 
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Figure 2. ORTEP plot of compound 4n. 

 

 

Figure 3. ORTEP plot of compound 4p. 

 
In conclusion, we have developed a new method for the synthesis of 16-

benzylidene-3-methoxy-estrones using the Mizoroki-Heck reaction. 

Advantageously, the reaction can be performed with relatively low catalyst 

loading of Pd(PPh3)4, tolerates a wide range of functional groups and gives 

exclusively the E-configured products.  
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