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(57) Abstract: Provided is a method of preparing endoxifen by coupling 4,4-hydroxybenzophenone as a starting material with 
propiophenone. The method can be used to obtain an E/Z-form endoxifen mixture with a high yield compared to the conventional 
methodsof preparing endoxifen, and provide Z-form endoxifen of at least 99% purity in the mixture to have a therapeutic effect. 
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Description 
Title of Invention: NOVEL METHOD OF PREPARING 

ENDOXIFEN 
Technical Field 

[ 1] The present invention relates to a novel method of preparing endoxifen, and more 

particularly, to a method of preparing Z-form endoxifen having anti-breast cancer 

effects, with high purity and high yield using 4,4'-hydroxybenzophenone as a starting 

material. 

Background Art 
[2] Breast cancer is the second most frequent carcinoma among Korean women, and 60 

to 70% of all breast cancer patients are objects of hormone therapies. 

[3] Tamoxifen is a representative hormone drug which has been used to treat pre- and 

post-menopausal breast cancer patients for more than 3 decades. Although tamoxifen 

itself does not have therapeutic effects, tamoxifen can be converted into its active 

metabolite, endoxifen, by a metabolic enzyme, CYP2D6, present in the liver and 

endoxifen offers anti-hormone effects. However, there are about 30% of patients with 

estrogen receptor-positive breast cancer who are genetically deficient in CYP2D6. In 

case of them, even if tamoxifen is administered, the tamoxifen is not converted into its 

active form, endoxifen, and, therefore, therapeutic effects cannot be offered. 

[4] Recently, third-generation aromatase inhibitors have been frequently used for 

hormone therapies, but they have many side-effects and should not be administered to 

premenopausal patients. Hence, it is necessary to develop novel hormone drugs. 

[5] Compared to the aromatase inhibitors, tamoxifen has been proven to be stable for a 

long time and has advantages of having cardioprotective effects and increasing bone 

density. Accordingly, if novel hormone drugs reducing individual difference of 

therapeutic effects while retaining the advantages of tamoxifen could be developed, it 

would be very helpful to many breast cancer patients in therapeutic aspects. 

[6] Methods of synthesizing endoxifen which is the active metabolite of tamoxifen are 

disclosed in many literatures. For example, U.S. Patent No. 2009/0291124Al 

discloses a method of preparing endoxifen starting from 4-hydroxybromobenzene. 

[7] Further,lntemational Publication No. WO2009/120999A2 discloses the following 

method of preparing endoxifen: 

[8] 

Accord Exhibit 1005 
Page 2 of 19 

PGR2023-00043



2 

WO 2012/050263 PCT/KR2010/009037 

BO 

o-v>-aB 

*
OTBOMS 

I 
--s:, 

,6, 

OTBOMS 

O~o 
O .___/'-NH 

I 

[9] However, in both of the literatures, the methods starts from expensive materials 

resulting in raising production costs and do not suggest any proper technique of 

separating pure Z-form endoxifen. 

[10] International Publication No. WO2008/070463 discloses the followng method of 

preparing endoxifen. 

[11] 
Cl 
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[12] 

[13] In Bioorganic & Medical Chemistry Letters (2010), a method of preparing endoxifen 

including separating Z-form endoxifen by RP-HPLC is disclosed. However, this 
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method is not suitable for mass production. 

[ 14] As seen from the above, the prior methods of preparing endoxifen have problems of 

not preparing pure Z-form endoxifen, requiring high production costs, or using 

separation and purification techniques unsuitable for mass production. Further, none of 

prior literatures in the art has disclosed a method of preparing endoxifen starting from 

4,4'-hydroxybenzophenone. 

Disclosure of Invention 

Technical Problem 
[15] The present invention is directed to a method of preparing endoxifen using 

4,4'-hydroxybenzophenone as a starting material, which reduces production costs, 

yields Z-form endoxifen with high purity and high yield and is suitable for mass 

production. 

Solution to Problem 
[16] In one aspect, the present invention provides a method of preparing Z-form 

[17] 

[18] 

endoxifen of Formula 1 or a salt thereof using 4,4'-hydroxybenzophenone as a starting 

material. 

[Formula l] 

\ 
HN~O 

HO 

[19] In another embodiment, the present invention may include a first step of protecting a 

hydroxy group in 4,4'-hydroxybenzophenone with a protecting group. 

[20] In another embodiment, the present invention may further include a second step of 

coupling a compound obtained from the first step with propiophenone. 

[21] In another embodiment, the present invention may further include a third step of O-

alkylating a hydroxy group in a compound obtained from the second step. 

[22] In another embodiment, the present invention may further include a fourth step of de-

protecting the protecting group binding to the hydroxy group. 

[23] In another embodiment, the present invention may further include a fifth step of de-
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protecting a protecting group of an alkyl residue bound through O-alkylation. 

[24] In another embodiment, the present invention may further include a sixth step of 

fractionally crystallizing materials obtained in the fifth step using an organic solvent. 

[25] In another embodiment, the organic solvent used in the sixth step is selected from the 

group consisting of ethyl acetate, methanol, ethanol, propanol, benzene, acetone, ace­

tonitrile, toluene, dichloromethane, 1,2-dichloroethane and chloroform and can be used 

alone or in combination with hexane, water or diethyl ether. 

[26] Further, in another embodiment, the present invention provides a method of 

converting E-form endoxifen into Z-form endoxifen by treating the E/Z endoxifen 

mixture with an acid or base. 

[27] Furthermore, in another embodiment, the present invention providesa method of 

obtaining endoxifen citrate by reacting endoxifen with water and citric acid. 

Advantageous Effects of Invention 
[28] According to a preparation method of the present invention, production costs can be 

[29] 

[30] 

[31] 

reduced by means of using an inexpensive starting material, 

4,4-hydroxybenzophenone, and endoxifen can be obtained with high purity, for 

example, more than 99% purity, compared to the conventional method of preparing 

endoxifen. Particularly, Z-form endoxifen having anticancer effects can be obtained 

with high yield. 

Mode for the Invention 
According to the present invention, Z-form endoxifen of Formula 1 is prepared 

according to a following Scheme 1. 

[Formula l] 

HO 
[32] [Scheme l] 

[33] 
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[35] wherein Pis benzyl, p-methoxybenzyl, acetate, tetrahydropyran or pivalate, and P'is 

ethyl carbamate or t-butyl carbamate. 

[36] In the preparation method of the present invention, 4,4'-hydroxybenzophenone (a 

compound of Formula 2) is used as a starting material. 

[37] One of two hydroxy groups binding to the compound of Formula 2 is protected by 

introducing a protecting group such as benzyl, p-methoxybenzyl, acetate, tetrahy­

dropyran or pivalate, thereby a compound of Formula 3 is obtained. 

[38] Preferably, after the compound of Formula 2 is dissovled in acetone, potassium 

carbonate and a protecting group-containing compound are added. Then, the reaction 

mixture is heated at 60°C for 48 hours with stirring, cooled to ambient temperature, and 

filtered. The pH of the reaction mixture is adjusted to 1 to 2 using hydrochloric acid, 

filtered with ethyl acetate, and washed with water and saline. Subsequently, the 

reaction mixture is dried, filtered, and dried by distillation under reduced pressure to 

obtain a compound of Formula 3. 

[39] The compound of Formula 3 is coupled with propiophenone through the McMurry 

reaction wherein zinc and titanium chloride are used, to obtain a compound of Formula 

4. 

[ 40] Preferably, zinc is added to tetrahydrofuran, and the resulting mixture is then stirred 

at -10°C. After titanium chloride is added, the resulting mixture is heated at 80°C for 2 
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hours with stirring, and then cooled to 0°C. After the compound of Formula 3 and pro­

piophenone are added and dissolved, the resulting mixture is heated at 80°C for 16 

hours with stirring and cooled to ambient temperature and a potassium carbonate 

aqueous solution is added thereto. After extraction using ethyl acetate, the resulting 

materials is washed with saline, dried, filtered, and dried by distillation under reduced 

pressure. As a result, a compound of Formula 4 is obtained. 

[ 41] The compound of Formula 4 is a mixture of E and Z forms, which are geometrical 

isomers containing alkene bonds. The compound of Formula 4 is alkylated using a 

compound of Formula 10 obtained from the following Scheme 2. 

[ 42] [Scheme 2] 

[43] 

8 

Protection 
Ha I ogenat ion 

0-subst i tut ion 

[ 44] wherein P is the same as described in the above, and X is chloro, bromo, iodio, 

methane sulfonyl, toluene sulfonyl, or trifluorotoluene sulfonyl. 

[ 45] A compound of Formula 8 is protected by ethyl carbamate or t-butyl carbamate, 

thereby a compound of Formula 9 is obtained. 

[ 46] Preferably, after the compound of Formula 8 is dissolved in dichloromethane, tri-

ethylamine is added and the resulting mixture is cooled to 0°C with stirring. Ethyl chlo­

roformate is added, and the resulting mixture is then stirred at ambient temperature for 

1 hour. The pH of the reaction mixture is adjusted to 1 to 2 using IM hydrochloric 

acid, andthe reaction mixture is extracted using dichloromethane. The resulting 

materials is washed with water and saline, dried, filtered, and dried by distillation 

under reduced pressure to obtain the compound of Formula 9. 

[ 47] A hydroxy group in the compound of Formula 9 is converted into a leaving group by 

halogenation such as chlorination, bromination or iodination, or sulfonylation such as 

methane sulfonylation, toluene sulfonylation, or trifluorotoluene sulfonylation, thereby 

a compound of Formula 10 is obtained. 

[ 48] Preferably, the compound of Formula 9 is dissolved in tetrahydrofuran and the 

resulting mixture is cooled to 0°C with stirring. Imidazole is added and dissolved, and 

triphenylphosphine is then added and dissolved. Subsequently, iodine is added and 

dissolved, and then the resulting mixture is stirred at ambient temperature for 1 hour. A 

sodium hydrogen carbonate saturated solution is added in order to adjust the pH of the 

reaction mixture to 7 to 8, and then the reaction mixture is extracted with ethyl acetate. 

Subsequently, an organic layer is washed with a sodium thiosulfate saturated solution, 

dried, filtered, and distilled under reduced pressure, thereby the compound of Formula 

Accord Exhibit 1005 
Page 7 of 19 

PGR2023-00043



7 

WO 2012/050263 PCT/KR2010/009037 

10 is obtained. 

[ 49] A hydroxy group in the compound of Formula 4 is O-alkylated by the compound of 

Formula 10, thereby a compound of Formula 5 is obtained. 

[50] Preferably, the compound of Formula 4 is dissolved in N,N-dimethylformamide, 

cesium carbonate is added, and then the resulting mixture is stirred at ambient tem­

perature. The compound of Formula 10 is added, and then the resulting mixture is 

heated at 70°C for 2 hours with stirring. An ammonium chloride saturated solution is 

added in order toad just the pH of the reaction mixture to 7 to 8, and the reaction 

mixture is extracted with diethyl ether. The resulting materials is washed with saline, 

dried, filtered, and dried by distillation under reduced pressure to obtain the compound 

of Formula 5. 

[51] The compound of Formula 5 is deprotected (e.g., debenzylated) into a compound of 

Formula 6 using borontribromide. 

[52] Preferably, the compound of Formula 5 is dissolved in dichloromethane, and the 

resulting mixture is stirred at -40°C. Subsequently, borontribromide is added and the 

resulting mixture is stirred. The pH of the reaction mixture is adjusted to 7 to 8 by 

adding a sodium carbohydratesaturated solution. The reaction mixture is extracted with 

dichloromethane. The resulting materials is washed with saline, dried, filtered, and 

dried by distillation under reduced pressure to obtain the compound of Formula 6. 

[53] Otherwise, the compound of Formula 5 is deprotected into the compound of Formula 

6 by hydrogenation using palladium as a catalyst. 

[54] Preferably, the compound of Formula 5 is dissolved in ethyl acetate, a 5% palladium/ 

carbon catalyst is added, and the resulting mixture is then stirred under hydrogen 

pressure of 1 atm. Afterwards, the resulting mixture is filtered with cellite, dried, 

filtered, and dried by distillation under reduced pressure to obtain the compound of 

Formula 6. 

[55] Otherwise, the compound of Formula 5 is deprotected into the compound of Formula 

6 using an acid. 

[56] The compound of Formula 6 is deprotected into a compound of Formula 7 by using 

hydrazine. 

[57] Preferably, the compound of Formula 6 is added to ethyleneglycol and then the 

reaction mixture is stirred. Then, hydrazine monohydrate and potassium hydroxide are 

sequentially added andthe resulting mixture is heated at 160°C for 2 hours with stirring. 

Water is added, and the resulting mixture is extracted twice with diethyl ether. An 

organic layer is washed with water and saline, dried, filtered, and dried by distillation 

under reduced pressure. And, the resulting materials is recrystallized using ethanol/ 

water to obtain the compound of Formula 7. 

[58] The compound of Formula 7 is obtained with higher yield by fractional crystal-
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lization usingorganic solvents alone or in combination. 

[59] Preferably, the compound of Formula 7 is added to an organic solvent, dissolved 

therein at a certain temperature, and stirred at room temperature for 1 hour. The 

obtained solid is filtered and dried under reduced pressure, thereby Z-form endoxifen 

is obtained. 

[60] As the organic solvent, ethyl acetate, methanol, ethanol, propanol, benzene, acetone, 

acetonitrile, toluene, dichloromethane, 1,2-dichloroethane or chloroform may be used, 

and an E/Z ratio of endoxifen is varied depending on the kind of solvents used. 

[61] An endoxifen mixture obtained by the fractional crystallization and mainly consisted 

[62] 

of E-form endoxifen is treated according to the following Scheme 3 and converted into 

a mixture having an E/Z ratio of 1:1. Subsequently, Z-form endoxifen is separated by 

the fractional crystallization. As a result, the Z-form endoxifen is obtained with higher 

yield. 

[63] [Scheme 3] 

[64] 

[65] 

\ HNL 
0 

HO 

E/Z=8/2 

acid or base 

\ HNL 
0 

HO 

E/Z=l/1 

[66] Preferably, the endoxifen mixture mainly consisted of E-form endoxifenis added to a 

mixture of dichloromethane and trifluoroacetic acid, and the resulting mixture is then 

stirred at ambient temperature for 1 hour. After a sodium hydrocarbonate saturated 

solution is added in order to adjust the pH of the reaction mixture to 7 to 8, the reaction 

mixture is extracted twice with dichloromethane. The resulting materials is washed 

with saline, dried, filtered, and dried under reduced pressure to obtain endoxifen 

having an E/Z ratio of 1: 1. 

[67] Hereinafter, the present invention will be described in further detail with reference to 

Examples. However, it is clearly understood by those of ordinary skill in the art that 

these Examples are merely to explain the present invention, not to limit the scope of 

the present invention. 
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[68] 

[69] 

Example 1: ( 4-benzyloxy-phenyl)-( 4-hydroxy-phenyl)-me than one 

After 50 g (233.4 mmol) of 4,4'-hydroxybenzophenone was dissolved in 500 ml of 

acetone, 35 g (252.1 mmol) of potassium carbonate and 30.5 ml (252.1 mmol) of 

benzyl bromide were sequentially added and the resulting mixture was heated at 60°C 

for 48 hours with stirring. After the resulting mixture was cooled to ambient tem­

perature, the potassium carbonate was filtered and a IM hydrochloric acid solution was 

added to adjust the pH of the reaction mixture to 1 to 2. After the reaction mixture was 

extracted twice with 200 ml of ethyl acetate, an organic layer was washed twice with 

200 ml of water, washed with 200 ml of saline, dried on anhydrous magnesium sulfate, 

filtered, and dried by distillation under reduced pressure. After addition of 150 ml of 

ethanol and 50 ml of water, the resulting mixture was heated at 60°C for 1 hour with 

stirring, and then cooled to ambient temperature with stirring. The obtained solid was 

filtered and dried under reduced pressure to obtain 32 g ( 45 % ) of 

(4-benzyloxy-phenyl)-(4-hydroxy-phenyl)-methanone. 

[70] mp 169°C; IR(cm-1) 3347, 1600, 1249; lH NMR(400 MHz, DMSO) 67.69(d, J = 8.0 

[71] 

[72] 

Hz, 2H), 7.62(d, J = 8.0 Hz, 2H), 7.49-7.3l(m, 5H), 7.16(d, J = 12.0 Hz, 2H), 6.89(d, J 

= 12.0 Hz, 2H), 5.2l(s, 2H) 

Example 2: 4-(l-( 4-benzyloxy-phenyl)-2-phenyl-but-l-enyl)-phenol 

58 g (887 .0 mmol) of zinc was added to 600 ml of tetrahydrofuran, and the resulting 

mixture was stirred at -10°C. 44 ml of titanium tetrachloride was slowly added. After 

addition of titanium tetrachloride was completed, the resulting mixture was heated at 

80°C for 2 hours with stirring and cooled to 0°C. A tetrahydrofuran solution prepared 

by dissolving 20 g (65.7 mmol) of 

(4-benzyloxy-phenyl)-(4-hydroxy-phenyl)-methanone and 28.2 g (210.2 mmol) of pro­

piophenone in 900 ml of tetrahydrofuran was slowly added. The resulting mixture was 

heated at 80°C for 16 hours with stirring and cooled to room temperature. Sub­

sequently, 500 ml of a 10% potassium carbonate aqueous solution was added. The 

resulting mixture was extracted with 700 ml of ethyl acetate, and the resulting 

materials was washed using 700 ml of saline, dried on anhydrous magnesium sulfate, 

filtered, and dried by distillation under reduced pressure. The obtained residue was 

separated and purified by column chromatography (ethyl acetate In-hexane =1/10) to 

obtain 21.4 g (80%) of 4-(1-( 4-benzyloxy-phenyl)-2-phenyl-but-l-enyl)-phenol. 

[73] mp 118°C; IR(cm-1) 3516, 1507, 1238; lH NMR(400 MHz, CDCb) 67.47-7.26(m, 

[74] 

[75] 

5H), 7.18-7.07(m, 7H), 6.96(d, J = 8.0 Hz, 1.2H), 6.82-6.7l(m, 2.8H), 6.62(d, J = 8.0 

Hz, 0.8H), 6.47(d, J = 8.0 Hz, 1.2H), 5.07(s, 1.2H), 4.9l(s, 0.8H), 2.48(m, 2H), 

0.92(m, 3H) 

Example 3: Ethyl-2-hydroxyethyl(methyl)carbamate 

50 g (665.7 mmol) of 2-(methylamino) ethanol was dissolved in 500 ml of 
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dichloromethane, 92.5 ml (665.7 mmol) of triethylamine was added, and the resulting 

mixture was then cooled to 0°C with stirring. 65 ml (665.7 mmol) ethylchloroformate 

was slowly added, and the resulting mixture was then stirred at ambient temperature 

for 1 hour. A IM hydrochloric acid solution was added to adjust the pH of the reaction 

mixture to 1 to 2, and the reaction mixture was extracted with 500 ml of 

dichloromethane. The resulting materials was washed using 500 ml of water and 500 

ml of saline, dried onanhydrous magnesium sulfate, filtered, and dried by distillation 

under reduced pressure to obtain 83.3 g (85%) of ethyl-2-hydroxy 

ethyl(methyl)carbamate. 

[76] IR(cm-1) 3398, 2936, 1679; lH NMR(400 MHz, CDCb) 64.16 (q, 2H, J = 7.0 Hz), 

[77] 

[78] 

3.76 (brs, 2H), 3.44 (brs, 2H), 2.97 (s, 3H), 1.27 (t, 3H, J = 7.0 Hz) 

Example 4: Ethyl-2-iodized ethyl(methyl)carbamate 

30 g (203.8 mmol) of ethyl-2-hydroxyethyl(methyl) carbamate was dissolved in 1500 

ml of tetrahydrofuran, and the resulting mixture was cooled to 0°C with stirring. 77 .6 g 

(1019.3 mmol) of imidazole and 69.4 g (305.7 mmol) of triphenylphosphine were 

added and dissolved. After addition and dissolution of 80.2 g (305.7 mmol) of iodine 

was completed, the resulting mixture was stirred at ambient temperature for 1 hour. A 

sodium hydrocarbonate saturated solution was added to adjust the pH of the reaction 

mixture to 7 to 8, and the reaction mixture was thenextracted with 2000 ml of ethyl 

acetate. An organic layer was washed using 500 ml of a sodium thiosulfate saturated 

solution, dried on anhydrous magnesium sulfate, filtered, and dried by distillationunder 

reduced pressure. The obtained residue was purified by column chromatography (ethyl 

acetate/n-hexane=l/3) to obtain 41.9 g (80%) of ethyl-2-iodized ethyl(methyl) 

carbamate. 

[79] IR(cm-1) 2979, 1697, 1194; lH NMR(400 MHz, CDCb) 64.15 (brd, J = 4.0 Hz, 2H), 

3.61 (brd, J = 4.0 Hz, 2H), 3.25-3.20 (brm, 2H), 2.95 (s, 3H), 1.28 (t, J = 12.0 Hz, 3H) 

[80] Example5: (2-( 4-( 1-( 4-benzyloxy-phenyl)-2-phenyl-but- l -enyl)-phenyloxy)-ethyl)-m 

ethyl-carbamic acid ethyl ester 

[81] 20 g (49.2 mmol) of 4-(1-(4-benzyloxy-phenyl)-2-phenyl-but-l-enyl)-phenol was 

dissolved in 500 ml of N,N-dimethylformamide, cessium carbonate (48 g, 147.7 

mmol) was added, and the resulting mixture was then vigorously stirred at ambient 

temperature. 37.8 g (147.7 mmol) of ethyl-2-iodized ethyl(methyl)carbamate was 

added, and the resulting mixture was heated at 70°C for 2 hours with stirring. An 

ammonium chloride saturated solution was added to adjust the pH of the reaction 

mixture to 7 to 8, and the reaction mixture was extracted twice with 500 ml of diethyl 

ether. An organic layer was washed with 500 ml of saline, dried on anhydrous 

magnesium sulfate, filtered, and dried by distillation under reduced pressure. The 

obtained residue was recrystallized with ethyl acetate/n-hexane (=5/95) to obtain 21.9 
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g (83%) of 

(2-( 4-(1-( 4-benzyloxy-phenyl)-2-phenyl-but- l-enyl)-phenyloxy)-ethyl)-methyl-carbam 

ic acid ethyl ester. 

[82] mp 91°C; IR(cm-1) 1689, 1508. 1238; lH NMR(400 MHz, CDCb) b7.46-7.29(m, 

5H), 7.16-7.lO(m, 7H), 6.96(d, J = 8.0 Hz, 1.5H), 6.86(d, J = 8.0 Hz, 0.5H), 6.77(d, J = 

8.0 Hz, 2H), 6.62(d, J = 8.0 Hz, 0.5H), 6.52(d, J = 8.0 Hz, 1.5H), 5.07(s, 1.5H), 4.9l(s, 

0.5H), 4.13(brs, 0.5H), 3.96(brs, 1.5H), 3.66(brs, 0.5H), 3.55(brs, 1.5H), 3.05(s, 0.7H) 

2.97(s, 2.3H), 2.49(q, J = 8.0 Hz, 2H), l.33-l.24(m, 5H), 0.94(t, J = 8.0 Hz, 3H) 

[83] Example6: 

(2-( 4-( 1-( 4-hydroxy-phenyl)-2-phenyl-but- l -enyl)-phenyloxy)-ethyl)-methyl-carbamic 

acid ethyl ester 

[84] 20 g (37.3 mmol) of 

(2-( 4-(1-( 4-benzyloxy-phenyl)-2-phenyl-but- l-enyl)-phenyloxy)-ethyl)-methyl-carbam 

ic acid ethyl ester was dissolved in 140 ml of dichloromethane, and the resulting 

mixture was stirred at -40°C. 74.6 ml (74.6 mmol) of a 1.0 M borontribromide solution 

in dichloromethane was slowly added, and the resulting mixture was stirred for 1 hour. 

A sodium hydrocarbonate saturated solution was added to adjust the pH of the reaction 

mixture to 7 to 8, and the reaction mixture was extracted twice with 200 ml of 

dichloromethane. An organic layer was washed with 200 ml of saline, dried on 

anhydrous magnesium sulfate, filtered, and dried by distillationunder reduced pressure. 

The obtained residue was crystallized with diethyl ether/hexane (=5/95) to obtain 14.1 

g (85%) of 

(2-( 4-(1-( 4-hydroxy-phenyl)-2-phenyl-but- l-enyl)-phenyloxy)-ethyl)-methyl-carbamic 

acid ethyl ester. 

[85] IR(cm-1) 3520, 2972, 1675, 1508, 1240, 1172; lH NMR(400 MHz, CDCb) 

b7.18-7.08(m, 7H), 6.91-6.70(m, 4H), 6.53-6.46(m, 2H), 4.13(brs, 0.8H), 3.96(brs, 

1.2H), 3.66(brs, 0.8H), 3.55(brs, 1.2H), 3.06(s, 1.2H) 2.97(s, 1.8H), 2.48(q, J = 8.0 Hz, 

2H), l.34-l.2l(m, 5H), 0.92(t, J = 8.0 Hz, 3H) 

[86] Example 7: 

(2-( 4-( 1-( 4-hydroxy-phenyl)-2-phenyl-but- l -enyl)-phenyloxy)-ethyl)-methyl-carbamic 

acid ethyl ester 

[87] 20 g (37 .3 mmol) of 

(2-( 4-(1-( 4-benzyloxy-phenyl)-2-phenyl-but- l-enyl)-phenyloxy)-ethyl)-methyl-carbam 

ic acid ethyl ester was dissolved in 400 ml of ethyl acetate, and 15.9 g (3.7 mmol) of a 

5% palladium/carbon catalyst was then added. The resulting mixture was stirred for 10 

minutes under hydrogen pressure of 1 atm, filtered with cellite, dried on anhydrous 

magnesium sulfate, filtered, and dried by distillationunder reduced pressure. The 

obtained residue was crystallized with diethyl ether/hexane ( =5/95) to obtain 14.1 g 
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(85%) of 

(2-( 4-(1-( 4-hydroxy-phenyl)-2-phenyl-but- l-enyl)-phenyloxy)-ethyl)-methyl-carbamic 

acid ethyl ester. 

[88] IR(cm-1) 3520, 2972, 1675, 1508, 1240, 1172; lH NMR(400 MHz, CDCb) 

[89] 

[90] 

67.18-7.08(m, 7H), 6.91-6.70(m, 4H), 6.53-6.46(m, 2H), 4.13(brs, 0.8H), 3.96(brs, 

1.2H), 3.66(brs, 0.8H), 3.55(brs, 1.2H), 3.06(s, 1.2H) 2.97(s, 1.8H), 2.48(q, J = 8.0 Hz, 

2H), 1.34-1.2l(m, 5H), 0.92(t, J = 8.0 Hz, 3H) 

Example8: 4-( 1-( 4-(2-methylamino-ethoxy)-phenyl)-2-phenyl-but-1-enyl))-phenol 

20 g ( 44.9 mmol) of 

(2-( 4-(1-( 4-hydroxy-phenyl)-2-phenyl-but- l-enyl)-phenyloxy)-ethyl)-methyl-carbamic 

acid ethyl ester was added to 500 ml of ethyleneglycol, and the resulting mixture was 

stirred. 76.2 ml (1.57 mol) of hydrazine monohydrate and 120.7 g (2.15 mol) of 

potassium hydroxide were sequentially added, and the resulting mixture was heated at 

160°C for 2 hours with stirring. 500 ml of water was added, and then the resulting 

mixture was extracted twice with 500 ml of diethyl ether. An organic layer was washed 

with 500 ml of water and 500 ml of saline, dried on anhydrous magnesium sulfate, 

filtered, and dried by distillation under reduced pressure. The obtained residue was re­

crystallized with ethanol/water (=5/5) to obtain 16.0 g (95%) of 

4-(1-( 4-(2-methylamino-ethoxy)-phenyl)-2-phenyl-but-l-enyl))-phenol. 

[91] mp 141°C; IR(cm-1) 3516, 1507, 1238; lH NMR(400 MHz, CDCb) 67.18-7.05(m, 

[92] 

[93] 

7H), 6.85(d, J = 8.0 Hz, 1.3H), 6.77(d, J = 8.0 Hz, 0.7H), 6.75(d, J = 8.0 Hz, 0.7H), 

6.70(d, J = 8.0 Hz, 1.3H), 6.5l(d, J = 8.0 Hz, 0.7H), 6.44(d, J = 8.0 Hz, 1.3H), 4.09(t, J 

= 4.0 Hz, 1.3H), 3.94(t, J = 4.0 Hz, 0.7H), 3.00(t, J = 4.0 Hz, 1.3H), 2.90(t, J = 4.0 Hz, 

0.7H), 2.53(s, 1.8H), 2.47(m, 3.2H), 0.92(t, J = 8.0 Hz, 3H) 

Example9 :Z-4-( 1-( 4-(2-methylamino-ethoxy)-phenyl)-2-phenyl-but- l -enyl))-phenol 

After 10 g (26.7 mmol) of 

4-(1-( 4-(2-methylamino-ethoxy)-phenyl)-2-phenyl-but-l-enyl))-phenol was added to 

100 ml of methanol, the resulting mixture was heated to 40°C to dissolve the solutes 

completely, and then stirred for 1 hourat ambient temperature. The obtained solid was 

filtered and dried under reduced pressure to obtain 4.7 g (47%) of Z-

4-(1-( 4-(2-methylamino-ethoxy)-phenyl)-2-phenyl-but-l-enyl))-phenol having an E/Z 

ratio of 1/99 (an E/Z ratio of the filtrate was 63/37). 

[94] mp 141°C; IR(cm-1) 3516, 1507, 1238; lH NMR(400 MHz, CDCb) 67.18-7.05(m, 

[95] 

7H), 6.85(d, J = 8.0 Hz, 2H), 6.70(d, J = 8.0 Hz, 2H), 6.44(d, J = 8.0 Hz, 2H), 4.09(t, J 

= 4.0 Hz, 2H), 3.00(t, J = 4.0 Hz, 2H), 2.53(s, 3H), 2.47(m, 2H), 0.92(t, J = 8.0 Hz, 

3H) 

Example 10: Z-

4-( 1-( 4-(2-methylamino-ethoxy)-phenyn-2-phenyl-but- l -enyl))-phenol 
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[96] After 10 g (26.7 mmol) of 

4-(1-( 4-(2-methylamino-ethoxy)-phenyl)-2-phenyl-but-l-enyl))-phenol was added to 

100 ml of ethyl acetate, the resulting mixture was heated to 40°C to dissolve the solute 

completely and stirred at ambient temperature for 1 hour. The obtained solid was 

filtered and dried under reduced pressure to obtain 6.0 g ( 60%) of Z-

4-(1-( 4-(2-methylamino-ethoxy)-phenyl)-2-phenyl-but-l-enyl))-phenol having an E/Z 

ratio of 5/95 (an E/Z ratio of the filtrate was 87 /13). 

[97] Example 11 :Z-4-( 1-( 4-(2-methylamino-ethoxy)-phenyl)-2-phenyl-but- l -enyl))-phenol 

[98] After 10 g (26.7 mmol) of 

[99] 

[100] 

4-(1-( 4-(2-methylamino-ethoxy)-phenyl)-2-phenyl-but-l-enyl))-phenol was added to 

100 ml of ethanol, the resulting mixture was heated to 40°C to dissolve the solute 

completely and stirred at ambient temperature for 1 hour. The obtained solid was 

filtered and dried under reduced pressure to obtain 2.3 g (23%) of Z-

4-(1-( 4-(2-methylamino-ethoxy)-phenyl)-2-phenyl-but-l-enyl))-phenol having an E/Z 

ratio of 1/99 (an E/Z ratio of the filtrate was 61/39). 

Example l 2:Z-4-( 1-( 4-(2-methylamino-ethoxy)-phenyl)-2-phenyl-but- l -enyl))-phenol 

After 10 g (26.7 mmol) of 

4-(1-( 4-(2-methylamino-ethoxy)-phenyl)-2-phenyl-but-l-enyl))-phenol was added to 

100 ml of isopropanol, the resulting mixture was heated to 40°C to dissolve the solute 

completely and stirred at ambient temperature for 1 hour. The obtained solid was 

filtered and dried under reduced pressure to obtain 4.1 g ( 41 % ) of Z-

4-(1-( 4-(2-methylamino-ethoxy)-phenyl)-2-phenyl-but-l-enyl))-phenol having an E/Z 

ratio of 4/96 (an E/Z raio of the filtrate was 75/25). 

[ 101] Example 13: Z-

4-( 1-( 4-(2-methylamino-ethoxy)-phenyl)-2-phenyl-but- l -enyl))-phenol 

[102] After 10 g (26.7 mmol) of 

[103] 

[104] 

4-(1-( 4-(2-methylamino-ethoxy)-phenyl)-2-phenyl-but-l-enyl))-phenol was added to 

100 ml of acetonitrile, the resulting mixture was heated to 40°C to dissolve the solute 

completely and stirred at ambient temperature for 1 hour. The obtained solid was 

filtered and dried under reduced pressure to obtain 6.7 g (67%) of Z-

4-(1-( 4-(2-methylamino-ethoxy)-phenyl)-2-phenyl-but-l-enyl))-phenol having an E/Z 

ratio of 37 /63 (an E/Z ratio of the filtrate was 84/16). 

Example 14:4-( 1-( 4-(2-methylamino-ethoxy)-phenyl)-2-phenyl-but- l -enyl))-phenol 

After 50 ml of trifluoroacetic acid was added to 50 ml of dichloromethane and 

dissolved, 10 g (26.7 mmol) of 

4-(1-( 4-(2-methylamino-ethoxy)-phenyl)-2-phenyl-but-l-enyl))-phenol having an E/Z 

ratio of 87 /13 was added. The resulting mixture was stirred at ambient temperature for 

1 hour. A sodium hydrocarbonate saturated solution was added to adjust the pH of the 
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reaction mixture to 7 to 8, and the reaction mixture was extracted twice with 100 ml of 

dichloromethane. An organic layer was washed with 100 ml of saline, dried on 

anhydrous magnesium sulfate, filtered, and dried under reduced pressure to obtain 9.5 

g (95%) of 4-(1-( 4-(2-methylamino-ethoxy)-phenyl)-2-phenyl-but-l-enyl))-phenol 

having an E/Z ratio of 1/1. 

[ 105] Example 15 :Z-4-( 1-( 4-(2-methylamino-ethoxy)-phenyl)-2-phenyl-but- l -enyl))-phenol 

citrate 

[ 106] 31 g (160.2 mmol) of anhydrous citric acid was added to 60 ml of water and 

completely dissolved and 10 g (26.7 mmol) of Z-

4-(1-( 4-(2-methylamino-ethoxy)-phenyl)-2-phenyl-but-l-enyl))-phenol was added. The 

resulting mixture was heated to 40°C for complete dissolution. Then, the resulting 

mixture was stirred at ambient temperature for 12 hours. The obtained solid was 

filtered and dried under reduced pressure to obtain 9 .1 g ( 60%) of Z-

4-( l -( 4-(2-methylamino-ethoxy)-phenyl)-2-phenyl-but-l-enyl))-phenol citrate. 

[ 107] While the invention has been shown and described with reference to certain 

[108] 

exemplary embodiments thereof, it will be understood by those skilled in the art that 

various changes in form and details may be made therein without departing from the 

spirit and scope of the invention as defined by the appended claims. 
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Claims 
A method of preparing Z-form endoxifen of Formula 1 or a salt thereof 

using 4,4'-hydroxybenzophenone as a starting material: 

[Formula l] 

\ 
HN~

0 

The method according to claim 1, comprising a first step of protecting a 

hydroxy group in 4,4'-hydroxybenzophenone with a protecting group. 

The method according to claim 2, further comprising a second step of 

coupling a compound obtained from the first step with propiophenone. 

The method according to claim 3, further comprising a third step of 0-

alkylating a hydroxy group in a compound obtained from the second 

step. 

The method according to claim 4, further comprising a fourth step of 

deprotecting the protecting group binding to the hydroxy group. 

The method according to claim 5, further comprising a fifth step of de­

protecting a protecting group of an alkyl residue bound through the 0-

alkylation. 

The method according to claim 6, further comprising a sixth step of 

fractionally crystallizing materials obtained in the fifth step using an 

organic solvent. 

The method according to claim 7, wherein the organic solvent is 

selected from the group consisting of ethyl acetate, methanol, ethanol, 

propanol, benzene, acetone, acetonitrile, toluene, dichloromethane, 

1,2-dichloroethane and chloroform and is used alone or in combination 

with hexane, water or diethyl ether. 

A method of converting E-form endoxifen into Z-form endoxifen by 
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treating an E/Z endoxifen mixture obtained according to claim 7 with 

an acid or base. 

A method of obtaining endoxifen citrate by reacting the endoxifen 

obtained according to claim 1 with water and citric acid. 
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