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An efficient semi-synthetic method was developed to construct docetaxel 1 by using N,N-di-Boc protected lin-
ear isoserine derivative 5 as the side chain source, in which, bulky protecting group on the nitrogen atom blocked 
C-2' position and prohibited unavoidable racemization in previous studies. 

Keywords  Docetaxel, semi-synthesis, 10-deacetylbaccatin III, esterification 

 

Introduction 
Docetaxel (Taxotere, 1), an important antitumor 

pharmaceutical from Taxol family, was approved by 
FDA for the treatment of breast cancer in 1996.[1,2] The 
clinical importance of this drug and its analogs, coupled 
with their structural complexity has stimulated intensive 
research toward their total synthesis and their commer-
cial semi-synthesis. 10-Deacetylbaccatin III (10-DAB), 
a structurally similar natural product extracted from yew 
leaves, was proved to be an efficient semi-synthetic 
precursor for Docetaxel’s commercial scale production, 
in which, the key step involved with C-13 esterification 
of the protected 10-DAB with (2R,3S)-phenyl isoserine 
derivatives. 

In previous results, Docetaxel’s phenyl isoserine side 
chain section, as indicated in Scheme 1, was derived 
from the cyclic surrogates, such as 4-member β-lactam 
2[3] or 5-member oxazoline 3[4] and its analog 4.[5,6] 
Synthetic application of these methods was therefore 
limited by the tedious preparation of these subunits. 
Developing new approach of esterification by using 
linear side chain equivalents can enhance the flexibility 
to construct these important bioactive molecules.[7] 
However, efforts to employ linear isoserine units di-
rectly failed because of side chain racemization (C-2' 
position, Scheme 1) and the difficulty in diastereomer 
separation.[8] We envisioned that a bulky protecting 
group would block the C-2' hydrogen atom from the  

Scheme 1  Docetaxel and its synthetic subunits 
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outside base, and eliminate the undesired side chain 
enolization and subsequent racemization. Considering 
the steric protecting group on oxygen atom (C-2' hy-
droxyl group) might prohibit the side chain esterifica-
tion reaction, the use of a bulky protecting group on 
nitrogen atom would be a feasible choice. Herein, we 
will report a convenient, and efficient new semi-syn-
thetic method to construct docetaxel 1 by using N,N-di- 
Boc protected linear surrogate 5 as the side chain source. 
This is the first report in taxel’s semi-synthesis, to the 
best of our knowledge, of employing linear side chain 
equivalent in C-13 esterification step without any race-
mization. 
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Experimental  
General information 

PE (chromatography solvent) refers to petroleum 
ether. Anhydrous toluene was freshly distilled over 
Na/benzophenone under N2 prior to use. Anhydrous 
CH2Cl2 was distilled over CaH2 under N2 before use. 
Melting points are uncorrected. NMR spectra were ob-
tained on a Varian Inova system using CDCl3 or 
DMSO-d6 as solvent, respectively. 

(2R,3S)-N-Boc-3-phenylisoserine (7): To a solution 
of (2R,3S)-3-phenyl-isoserine (217.6 g, 1.0 mol) in ace-
tone (1 L) and water (1 L) was added solid NaHCO3 
(336 g, 4.0 mol) and Boc2O (327 g, 1.5 mol) carefully. 
After the starting material disappeared, the reaction 
mixture was filtered. The filtrate was concentrated in 
vacuo and the residue was washed with ethyl acetate. 
The aqueous phase was then acidified to pH＝3.0. The 
precipitate was filtered and dried in vacuo to give com-
pound 7 (250 g, yield 89.0%) as a white crystalline ma-
terial. Data for compound 7: m.p.: 123.7－124.9 ℃;  

25
D[ ]α  ＋24.9 (c 1.0, MeOH); 1H NMR (500 MHz, 

DMSO-d6) δ: 13.74 (s, 1H), 7.30 (s, 4H), 7.22 (s, 1H), 
7.04－7.02 (m, 1H), 5.25 (brs, 1H), 4.93 (d, J＝9.0 Hz, 
1H), 4.18 (s, 1H), 1.35 (s, 9H); 13C NMR (125 MHz, 
DMSO-d6) δ: 173.8, 155.3, 141.0, 128.3, 127.2, 127.1, 
78.6, 74.0, 57.1, 28.4; ESI: 304.2 (M＋Na＋); FT-IR 
(KBr) ν: 3450, 1730, 1715 cm−1; ESI-HRMS calcd for 
C14H19NNaO5 304.1161, found 304.1156. 

(2R,3S)-N-Boc-3-phenylisoserine benzyl ester (8): A 
solution of 7 (28.0 g, 0.100 mol), BnCl (15.2 g, 0.120 
mol), Et3N (30.3 g, 0.300 mol) and Bu4NI (2.8 g, cat.) in 
anhydrous acetone (250 mL) was heated to reflux. After 
the reaction finished, the acetone was removed and the 
residue was dissolved in ethyl acetate and water. The 
organic phase was separated and washed with water and 
brine, dried over MgSO4. The compound 8 (34.5 g, 
yield 93.0%) was obtained as a white crystalline mate-
rial after recrystallized from ethyl acetate and PE. Data 
for compound 8: m.p.: 116－118 ℃; 25

D[ ]α ＋17.1 (c 
1.0, MeOH); 1H NMR (400 MHz, CDCl3) δ: 7.38－7.25 
(m, 10H), 5.46－5.44 (m, 1H), 5.25 (s, 2H), 5.28－5.16 
(m, 1H), 4.48 (s, 1H), 3.30 (brs, 1H), 1.33 (s, 9H); 13C 
NMR (100 MHz, CDCl3) δ: 172.8, 155.1, 134.8, 128.7, 
128.6, 128.5, 127.7, 126.7, 79.8, 73.6, 68.1, 56.1, 28.2; 
ESI: 394.3 (M＋Na＋); FT-IR (KBr) ν: 3430, 1750, 1710 
cm−1; ESI-HRMS calcd for C21H25NNaO5 394.1630, 
found 394.1622. 

(2R,3S)-N-Boc-2-acetyl-3-phenylisoserine benzyl 
ester (9): To a solution of compound 8 (30.0 g, 80.9 
mmol) and acetic anhydride (9.90 g, 97.0 mmol) in 
CH2Cl2 were added Et3N (20.2 g, 200 mmol) and 
4-dimethylamino pyridine (DMAP, 1.22 g, 10 mmol). 
When no starting material was detected, the reaction 
mixture was washed with saturated aq. citric acid solu-
tion, saturated aq. NaHCO3 solution, and brine. The 
organic layer was separated, dried over anhydrous 
magnesium sulfate and evaporated under reduced pres-

sure to give the compound 9 (31.8 g, yield 95.0%) as 
colorless oil. Data for compound 9: 25

D[ ]α  −4.3 (c 1.0, 
MeOH); 1H NMR (400 MHz, CDCl3) δ: 7.35－7.25 (m, 
10H), 5.55－5.40 (m, 2H), 5.35 (s, 1H), 5.24 (s, 2H), 
2.05 (s, 3H), 1.42 (s, 9H); 13C NMR (100 MHz, CDCl3) 
δ: 169.6, 167.6, 154.7, 134.9, 128.5, 128.4, 128.3, 128.2, 
127.7, 126.3, 79.9, 74.7, 67.5, 54.5, 53.3, 31.0; FT-IR 
(film) ν: 2900, 1740, 1710 cm−1; ESI: 436.3 (M＋Na＋); 
ESI-HRMS calcd for C23H27NNaO6 436.1736, found 
436.1755. 

(2R,3S)-N,N-di-Boc-2-acetyl-3-phenylisoserine ben-
zyl ester (10): A solution of 9 (4.13 g, 10.0 mmol) and 
Boc2O (4.36 g, 20.0 mmol) in acetonitrile (80 mL) was 
heated at short reflux. To this solution was added a so-
lution of 4-dimethylaminopyridine (2.44 g, 20.0 mmol) 
in acetonitrile (20 mL) dropwise. The reaction mixture 
was then stirred under reflux until starting material dis-
appeared on TLC. The mixture was concentrated in 
vacuo and the residue was dissolved in CH2Cl2 and 
washed with 1 mol/L aqueous citric acid solution, satu-
rated aq. NaHCO3 solution, and brine. The organic layer 
was dried over anhydrous magnesium sulfate and 
evaporated by rotary evaporator. The residue was puri-
fied by silica gel chromatography to give compound 10 
(4.11 g, yield 80.0%) as pale yellow oil. Data for com-
pound 10: 25

D[ ]α  ＋40.4 (c 1.0, CHCl3); 1H NMR (500 
MHz, DMSO-d6) δ: 7.46－7.44 (m, 2H), 7.30－7.21 (m, 
6H), 7.02－7.00 (m, 2H), 6.09 (d, J＝10.5 Hz, 1H), 
5.70 (d, J＝10.5 Hz, 1H), 4.98 (d, J＝12.5 Hz, 1H), 
4.91 (d, J＝12.5 Hz, 1H), 2.11 (s, 3H), 1.41 (s, 18H); 
13C NMR (125 MHz, DMSO-d6) δ: 169.4, 168.5, 152.6, 
135.2, 134.8, 128.8, 128.5, 128.2, 128.1, 128.0, 127.9, 
82.6, 72.1, 66.9, 59.3, 27.7, 20.4; FT-IR (film) ν: 2910, 
1745, 1710 cm−1; ESI: 536.4 (M＋Na＋); ESI-HRMS 
calcd for C28H35NNaO8 536.2260, found 536.2243. 

(2R,3S)-N,N-Di-Boc-2-acetyl-3-phenylisoserine (5): 
A solution of 10 (4.00 g, 7.79 mmol) and Pd/C (5%, 400 
mg) in ethyl acetate (50 mL) was hydrogenated at at-
mospheric pressure until no more hydrogen was ab-
sorbed. The mixture was filtered. The filtrate was then 
concentrated in vacuo to give compound 5 (3.20 g, yield 
97.0%) as a white crystalline material. Data for com-
pound 5: m.p.: 146.5－147.8 ℃; 25

D[ ]α ＋55.5 (c 1.0, 
MeOH); 1H NMR (500 MHz, DMSO-d6) δ: 13.26 (s, 
1H), 7.40－7.30 (m, 5H), 5.80 (d, J＝10.7 Hz, 1H), 
5.53 (d, J＝10.7 Hz, 1H), 2.07 (s, 3H), 1.36 (s, 18H); 

13C NMR (125 MHz, DMSO-d6) δ: 169.4, 169.1, 152.3, 
135.4, 128.4, 128.3, 128.2, 82.4, 71.7, 58.7, 27.3, 20.2; 
FT-IR (KBr) ν: 3400, 2900, 1750, 1710 cm−1; ESI: 
446.3 (M＋Na＋); ESI-HRMS calcd for C21H29NNaO8 
446.1791, found 446.1778. 

7,10-Di-Troc-N'-Boc-2'-acetyl-docetaxel (12) and 
7,10-di-Troc-13-acetyl-10-DAB (13):[9] To a suspension 
of 11 (10 g, 11.2 mmol) and 5 (20.0 g, 47.2 mmol) in 
anhydrous toluene (100 mL) was added a solution of 
DMAP (2.5 g, 20.5 mmol) and DCC (20.0 g, 97.0 mmol) 
in anhydrous toluene (20 mL) in one portion at 15－20 
℃. The reaction mixture was stirred at room tempera-
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ture until starting material (11) disappeared on TLC. 
Water was added and the mixture was stirred for 0.5 h. 
The reaction mixture was then filtered, and the cake was 
washed with toluene. The combined organic layer was 
washed with water, brine, dried over anhydrous MgSO4. 
Chromatography gave 12 (10.5 g, yield 72.1%) and 13 
(2.62 g, yield 25.0%) as white solids. Data for com-
pound 12: m.p.: 152－154 ℃ ; 25

D[ ]α −38.8 (c 1.0, 
CHCl3); 1H NMR (500 MHz, CDCl3) δ: 8.08 (d, J＝8.0 
Hz, 2H), 7.68 (t, J＝7.5 Hz, 1H), 7.56 (t, J＝7.5 Hz, 
2H), 7.51 (d, J＝8.0 Hz, 2H), 7.32 (t, J＝7.5 Hz, 2H), 
7.16 (t, J＝7.5 Hz, 1H), 6.22－6.18 (m, 1H), 6.01 (d,  
J＝10.8 Hz, 1H), 5.88 (t, J＝10.8 Hz, 1H), 5.62 (dd,   
J＝10.8, 15.0 Hz, 2H), 5.55 (dd, J＝10.8, 11.8 Hz, 1H), 
4.96 (d, J＝10.8 Hz, 1H), 4.89 (d, J＝15.0 Hz, 1H), 
4.78－4.72 (m, 2H), 4.58 (d, J＝11.8 Hz, 1H), 4.29 (d, 
J＝8.5 Hz, 1H), 4.13 (d, J＝8.5 Hz, 1H), 3.84 (d, J＝
7.1 Hz, 1H), 2.65－2.59 (m, 1H), 2.42 (s, 3H), 2.17 (s, 
3H), 2.04－1.99 (m, 1H), 1.89 (s, 3H), 1.88－1.86 (m, 
1H), 1.81 (s, 3H), 1.45 (s, 18H), 1.19 (s, 3H), 1.11 (s, 
3H); 13C NMR (125 MHz, CDCl3) δ: 200.9, 170.2, 
169.5, 169.3, 166.8, 153.1, 153.0, 152.9, 143.4, 135.6, 
133.9, 131.4, 130.1, 129.2, 129.0, 128.8, 128.6, 128.5, 
94.2, 83.8, 82.9, 80.3, 79.1, 78.7, 77.3, 76.3, 76.2, 74.4, 
72.7, 71.1, 60.2, 56.1, 46.8, 42.9, 34.5, 33.2, 27.9, 26.2, 
22.4, 21.0, 20.3, 14.6, 10.7; FT-IR (KBr) ν: 2910, 1775, 
1750, 1735, 1710 cm−1; ESI: 1320.1; (M＋Na ＋ ); 
ESI-HRMS calcd for C56H65Cl6NNaO21 1320.2078, 
found 1320.2067. 

Data for compound 13: m.p.: 163 － 164 ℃ ; 
25
D[ ]α −56.5 (c 1.0, CHCl3); 1H NMR (500 MHz, CDCl3) 

δ: 8.07 (dd, J＝0.75, 8.0 Hz, 2H), 7.62 (t, J＝7.5 Hz, 
1H), 7.49 (t, J＝7.5 Hz, 2H), 6.26 (s, 1H), 6.20 (t, J＝
4.5 Hz, 1H), 5.68 (d, J＝7.0 Hz, 1H), 5.57 (dd, J＝7.0, 
10.5 Hz, 1H), 4.98 (d, J＝8.0 Hz, 1H), 4.90 (d, J＝11.5 
Hz, 1H), 4.80－4.75 (m, 2H), 4.60 (d, J＝11.8 Hz, 1H), 
4.33 (d, J＝8.5 Hz, 1H), 4.17 (d, J＝8.5 Hz, 1H), 3.93 
(d, J＝7.0 Hz, 1H), 2.66－2.60 (m, 1H), 2.35 (s, 3H), 
2.26 (dd, J＝3.5, 9.0 Hz, 2H), 2.21 (s, 3H), 2.06－2.02 
(m, 1H), 2.02 (s, 3H), 1.85 (s, 3H), 1.73 (brs, 1H), 1.24 
(s, 3H), 1.18 (s, 3H); 13C NMR (125 MHz, CDCl3) δ: 
200.8, 170.1, 169.9, 166.8, 153.2, 153.1, 143.2, 133.8, 
131.8, 130.0, 129.1, 128.7, 94.2, 83.7, 80.7, 79.2, 78.8, 
77.4, 77.1, 76.5, 76.2, 74.2, 69.5, 56.2, 47.1, 43.0, 35.5, 
33.2, 26.3, 22.4, 21.2, 20.6, 14.9, 10.7; FT-IR (KBr) ν: 
2905, 1770, 1755, 1715 cm−1; ESI calcd for 
C56H65Cl6NNaO21 1320.2, found 1320.4 (M＋Na＋). 

N'-Boc-2'-acetyl-docetaxel (14): To a solution of 12 
(1.00 g, 0.77 mmol) in acetic acid (5 mL) and methanol 
(50 mL) was added zinc power (1.5 g, activated before 
use). The mixture was refluxed for 0.5 h. After cooling 
and filtration, the filtrate was concentrated under the 
reduced pressure. The residue was dissolved in ethyl 
acetate, washed with saturated aqueous sodium bicar-
bonate, water, brine and dried over anhydrous MgSO4. 
Chromatography gave 14 (620 mg, yield 84.8%) as a 
white solid. Data for compound 14: m.p.: 144－146 ℃; 

25
D[ ]α  −45.6 (c 1.0, CHCl3); 1H NMR (500 MHz, 

CDCl3) δ: 8.07 (d, J＝8.0 Hz, 2H), 7.67 (t, J＝7.5 Hz, 
1H), 7.56 (t, J＝7.5 Hz, 2H), 7.49 (d, J＝8.0 Hz, 2H), 
7.30 (t, J＝7.5 Hz, 2H), 7.12 (t, J＝7.5 Hz, 1H), 5.99 (d, 
J＝10.8 Hz, 1H), 5.85 (t, J＝8.5 Hz, 1H), 5.61 (d, J＝
11.0 Hz, 1H), 5.57 (d, J＝7.0 Hz, 1H), 5.14 (s, 1H), 
4.93 (d, J＝8.5 Hz, 1H), 4.27 (d, J＝8.5 Hz, 1H), 4.25
－4.20 (m, 1H), 4.15－4.13 (m, 2H), 3.84 (d, J＝7.0 Hz, 
1H), 2.56－2.51 (m, 1H), 2.39 (s, 3H), 2.17 (s, 3H), 
1.85 (dd, J＝9.0, 15.0 Hz, 1H), 1.81－1.78 (m, 1H), 
1.83 (s, 3H), 1.74 (s, 2H), 1.69 (s, 3H), 1.56 (s, 1H), 
1.45 (s, 18H), 1.10 (s, 3H), 1.04 (s, 3H); 13C NMR (125 
MHz, CDCl3) δ: 211.5, 170.1, 169.4, 166.9, 152.9, 
139.2, 135.3, 133.8, 130.1, 129.4, 129.0, 128.8, 128.6, 
128.4, 84.3, 82.9, 80.6, 78.8, 76.5, 75.0, 74.4, 72.7, 71.7, 
71.4, 60.3, 57.5, 46.4, 42.8, 36.8, 34.9, 27.9, 26.3, 22.4, 
20.6, 20.3, 14.2, 9.9; FT-IR (KBr) ν: 3420, 2900, 1770, 
1755, 1730 cm−1; ESI: 973.0 (M＋Na＋); ESI-HRMS 
calcd for C50H63NNaO17 972.3994, found 972.4014. 

2'-Acetyl-docetaxel (15):[10] To a solution of 14 (500 
mg, 0.53 mmol) in CH2Cl2 (20 mL) was added trifluoro-
acetic acid (72.5 mg, 0.64 mmol, 1.2 equiv.) at room 
temperature. After the reaction finished, the mixture 
was washed with saturated aq. NaHCO3 solution, water, 
brine and dried over anhydrous MgSO4. Chromato-
graphy gave 15 (400 mg, yield 88.9%) as a white solid. 
Data for compound 15: m.p.: 176－177 ℃; 25

D[ ]α −39.5 
(c 1.0, MeOH); 1H NMR (500 MHz, CDCl3) δ: 8.11 (d, 
J＝7.5 Hz, 2H), 7.60 (t, J＝7.5 Hz, 1H), 7.50 (t, J＝7.5 
Hz, 2H), 7.41－7.38 (m, 2H), 7.32－7.27 (m, 3H), 6.24 
(brs, 1H), 5.69 (d, J＝3.0 Hz, 1H), 5.51 (d, J＝10.0 Hz, 
1H), 5.49－5.55 (m, 1H), 5.40 (brs, 1H), 5.22 (d, J＝9.2 
Hz, 1H), 5.22 (s, 1H), 4.96 (d, J＝9.1 Hz, 1H), 4.31 (d, 
J＝9.0 Hz, 1H), 4.28－4.25 (m, 2H), 4.20 (d, J＝9.0 Hz, 
1H), 3.92 (d, J＝7.1 Hz, 1H), 2.58－2.55 (m, 1H), 2.43 
(s, 3H), 2.08 (s, 3H), 2.04 (s, 2H), 1.93 (s, 3H), 1.88－
1.83 (m, 2H), 1.74 (s, 3H), 1.33 (s, 9H), 1.20 (s, 3H), 
1.17 (s, 3H); 13C NMR (125 MHz, CDCl3) δ: 211.4, 
171.2, 170.1, 168.3, 167.0, 155.2, 139.0, 137.4, 135.6, 
133.6, 130.1, 129.3, 128.8, 128.7, 128.1, 126.3, 84.2, 
81.0, 80.4, 78.8, 76.5, 75.0, 74.4, 72.0, 71.7, 60.4, 57.6, 
46.4, 43.1, 36.8, 35.6, 28.1, 26.3, 22.6, 21.0, 20.9, 20.3, 
14.1, 9.9; FT-IR (KBr) ν: 3410, 2900, 1740, 1710 cm−1; 
ESI: calcd for C45H55NNaO15 872.3, found 872.7 (M＋
Na＋). 

Docetaxel (1): To a solution of 15 (340 mg, 0.40 
mmol) in THF (5.0 mL) was added saturated aq. Na-
HCO3 solution (1.0 mL) and hydrogen peroxide (30%, 
1.0 mL). The reaction mixture was stirred at room tem-
perature until starting material 15 disappeared on TLC. 
The mixture was acidified to pH＝6－7 by adding 1 
mol/L aqueous citric acid solution and then introduced 
into water (100 mL). The precipitation was filtered, 
washed with cold water and dried to give the product－ 
Docetaxel 1 (300 mg, yield 92.8%). Data for compound 
1: m.p.: 232－234 ℃; 25

D[ ]α  −36.2 (c 1.0, EtOH); 1H 
NMR (500 MHz, CDCl3) δ: 8.15－8.10 (m, 2H), 7.62－
7.58 (m, 1H), 7.53－7.49 (m, 2H), 7.40－7.37 (m, 5H), 
6.22 (t, J＝9.0 Hz, 1H), 5.68 (d, J＝7.0 Hz, 1H), 5.46 (d, 
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J＝9.0 Hz, 1H), 5.26 (d, J＝9.0 Hz, 1H), 5.22 (s, 1H), 
4.94 (d, J＝9.0 Hz, 1H), 4.65－4.60 (m, 1H), 4.32 (d,  
J＝9.0 Hz, 1H), 4.28－4.25 (m, 1H), 4.19 (d, J＝9.0 Hz, 
1H), 3.91 (d, J＝7.0 Hz, 1H), 2.60－2.55 (m, 1H), 2.37 
(s, 3H), 2.35－2.30 (m, 2H), 1.88 (s, 3H), 1.75 (s, 3H), 
1.35 (s, 9H), 1.23 (s, 3H), 1.11 (s, 3H); 13C NMR (125 
MHz, CDCl3) δ: 211.1, 172.7, 170.3, 167.0, 155.5, 
138.6, 138.5, 136.0, 133.0, 130.2, 129.3, 128.7, 127.9, 
127.4, 126.9, 84.4, 81.1, 80.2, 78.9, 77.3, 75.1, 74.5, 
73.9, 72.3, 71.8, 57.7, 56.6, 46.6, 43.1, 36.7, 35.8, 28.2, 
26.5, 22.5, 20.7, 14.3, 9.9; FT-IR (KBr) ν: 3400, 2900, 
1710 cm−1. 

Results and Discussion 
Our synthetic effort started from (2R,3S)-phenyl- 

isoserine hydrochloride 6. As shown in Scheme 2, 
amino group protection of isoserine 6 with Boc2O under 
the standard condition afforded acid 7 in 89% yield, 
which was then transformed into benzyl ester 8 in a 
yield of 93%. Esterification of the hydroxyl group with 
acetic anhydride and Et3N in CH2Cl2 (9, 95%), followed 
by the second Boc protection on the nitrogen atom read-
ily provided compound 10 in 80% yield. Hydrogenative 
debenzylation then produced the desired linear side 
chain synthetic subunit 5 in a high yield (97%). 

Scheme 2  Preparation of the linear chain isoserine synthetic 
subunit 5 
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Reagents and conditions: (a) Boc2O, acetone, NaHCO3 (aq.), r.t., 
89.0%; (b) BnCl, NEt3, acetone, reflux, 93.0%; (c) Ac2O, NEt3, 
CH2Cl2, r.t., 95.0%; (d) Boc2O, DMAP, acetonitrile, reflux, 80.0%; (e) 
Pd/C, H2, ethyl acetate, r.t., 97.0%. 

With compound 5 in hand, we then turned our atten-
tion to the esterification of C-13 hydroxy group. When 
10-di-Troc-10-DAB 11 (1 mmol) was treated with N, 
N-di-Boc phenyl isoserine 5 (2.3 equiv.) in the condition 
of DCC (8.5 equiv.) and DMAP (4 equiv.),[3,4] the nor-
mal coupling product 12 was obtained in 51% yield. To 
our surprise, an unexpected acetyl migration by-product 
13 was also separated from the reaction mixture in 45% 
yield. 

A series of experiments were then performed to op-
timize the coupling step, and the results were summa-
rized in Table 1. It was found that 8.5 equiv. of DCC 
should be added. Reducing the amount of DCC will 
prolong the reaction time and lead to some side products. 
As shown in Table 1, the ratio of 10-DAB 11/side chain 

5/DMAP and the reaction temperature were examined. 
When 4.6 equiv. of compound 5 was added, an im-
proved 12/13 ratio was obtained (Table 1, Entry 2, total 
yield＝96%, 12/13＝1.9/1). Further improvement of 5’s 
equivalent (Table 1, Entry 3) was proved fruitless. The 
effect of DMAP’s amount on the reaction yield was 
then investigated. When 3.0 equiv. of DMAP was added, 
the 12/13 ratio was improved to 2.0/1 (Table 1, Entry 4), 
while 2.0 equiv. of DMAP gave a ratio of 2.2/1 (Table 1, 
Entry 5). 1.0 equiv. of DMAP led to a long reaction 
time (Table 1, Entry 6). Further increasing DMAP’s 
equivalence would lead to a lower yield (Table 1, Entry 
6, 7). When the reaction temperature fell to 15 ℃, the 
ratio of 12/13 was improved to 3/1. When the tempera-
ture was below 10 ℃, no reaction occurred. Therefore, 
the optimal reaction condition should be 1.0 equiv. 
10-DAB 11, 4.6 equiv. of side chain 5 and treatment 
with 8.5 equiv. DCC and 2.0 equiv. of DMAP in toluene 
at 15 ℃ for 3 h. 

Two scale-up experiments were performed. When 10 
mmol 10-DAB 11 was used, product 12 was obtained in 
a yield of 72 % with a ratio of 12/13 equal to 2.9/1, 
while 100 mmol 10-DAB 11 gave 12 in 73% yield with 
12/13＝3/1. 

Based on the optimal condition obtained in Table 1, 
the coupling product 12 was obtained in 73% yield. Af-
ter removal of the Troc protecting group by using Zn 
powder and acetic acid in methanol,[11] compound 14 
was treated with trifluoro acetic acid to remove one Boc 
protecting group (Scheme 3). Compound 15 was ob-
tained in 89% yield.[12] Further deprotection of the C-2' 
hydoxyl group in the condition of NaHCO3 (aq.), H2O2 
in THF afforded docetaxol (1) in 93% yield.[13] Thus, 
four steps synthetic route provided docetaxel in 51% 
overall yield, of which, the optical rotation was 25

D[ ]α  
−36.2 (c 1.0, EtOH) [Ref. data: 25

D[ ]α  −36 (c 0.74, 
EtOH)].[14] 

In order to improve the synthetic efficiency, 
by-product 13 can be reused. Direct C-13 deprotection 
was proved unsuccessful. The feasible route included 
three steps conversion. C-10 and C-13 deprotection, 
followed by the reaction with TrocCl in pyridine pro-
vided 7,10-di-Troc-10-DAB 10 in 70% yield. 

Conclusions 
In conclusion, we have developed An efficient 

semi-synthetic method to construct docetaxel 1 in a total 
yield of 51% after four steps. Different from the cyclic 
surrogates utilized before, the bulky protected linear 
side chain derivative 5, obtained from (2R,3S)-phenyl- 
isoserine hydrochloride 6, was directly employed in 
C-13 esterification step to provide the coupling product 
12 in a moderate yield. The presence of the bulky pro-
tecting group blocked side chain C-2' hydrogen and 
prohibited C-2' enolization and racemization, which is 
unavoidable in previous studies. A series of experiments 
were performed to optimize the unexpected acetyl mi- 
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Table 1  condensation reaction of the compounds 11 and 5 under different conditionsa 

Entry 11/mmol 5/equiv. DMAP/equiv. Temp./℃ Reaction time/h Ratio (12/13)b Yield (12＋13)c/% 

1 1.0 2.3 4.0 25 1.0 1.1/1 95.3 

2 1.0 4.6 4.0 25 1.0 1.9/1 96.3 

3 1.0 6.9 4.0 25 1.0 1.6/1 97.8 

4 1.0 4.6 3.0 25 2.0 2.0/1 95.2 

5 1.0 4.6 2.0 25 2.5 2.2/1 94.7 

6 1.0 4.6 1.0 25 10 2.2/1 93.0 

7 1.0 4.6 8.0 25 0.75 0.6/1 93.5 

8 1.0 4.6 16.0 25 0.25 0.33/1 96.4 

9 1.0 4.6 2.0 15 3.0 3/1 98.0 

10 1.0 4.6 2.0 10 12.0  NR 

11 10 4.6 2.0 15 3.0 2.9/1 97.1 

12 100 4.6 2.0 15 3.0 3/1 97.4 
a Unless noted, the reaction was performed in 1 mmol scale, 1 equiv. of 10-DAB 11 and 8.5 equiv. of DCC were used, DMAP＝
N,N-dimethyl pyridine; b HPLC data; c separated yield; d NR＝no reaction. 

Scheme 3  An efficient synthetic route to construct Docetaxol 
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Reagents and conditions: (a) DCC, DMAP, toluene, 15 

℃, 73%; (b) Zn (powder), AcOH, Methanol, 55 ℃, 85%; (c) TFA, CH2Cl2, r.t., 89%; (d) 
NaHCO3 (aq.), H2O2, THF, r.t., 93%; (e) Zn (powder), AcOH, methanol, 55 ℃, 85%; (f) TrocCl, Pyr., 0 

℃, 70%.

gration side product in the esterification step. Further 
work directed to the new method’s synthetic application 
in the semi-synthesis of taxol and its analogs is still in 
progress. 
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