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ABSTRACT: OBJECTIVE  To study the process-related impurities of semi-synthetic paclitaxel and discuss the formation 

mechanism according to the synthetic route. METHODS  The process-related impurities of semi-synthetic paclitaxel in 

kingston route were isolated by silica gel column chromatography and identified by mass spectrometry and nuclear magnetic 

resonance analysis. RESULTS  Their structures were 5β,20-epoxy-1,7β-dihydroxy-9-oxotax-11-ene-2α,4,10β, 13α-tetrayl 4, 
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10-diacetate 2-benzoate 13-[(2R,3S)]-3-amino-2-benzoate-3-phenylpropanaoate(1), 7-acetylpaclitaxel(2), 13-Tes-baccatin J(3), 

7-epipaclitaxel(4), respectively. CONCLUSION  Impurity(1) has not been recorded by United States Pharmacopoeia and 

European Pharmacopoeia. The result could provide a basis for quality control of semi-synthetic paclitaxel. 

KEY WORDS: semi-synthetic paclitaxel; quality control; impurity 
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Fig 1  Semi-synthetic route of paclitaxel 
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Fig 2  The structures of impurities 

a−impurity 1; b−impurity 2; c-impurity 3; d−impurity 4 
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Tab 1  The NMR data of three process-related impurities 
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7  70.8 4.84(1H,br.d,J=9.8 Hz)  72.1 5.44(1H,m)  72.2 4.46(1H,m) 

8  56.4   55.1   58.4  

9 202.8  200.9  204.4  

10  75.2 6.29(1H,s)  75.4 6.14(1H,s)  76.3 6.30(1H,s) 

11 130.4  131.9  130.8  

12 139.7  139.6  148.0  

13  72.0 5.77(1H,o)  71.1 6.09(1H,m)  68.5 4.99(1H,m) 

14  36.9 2.09(1H,m),2.21(1H,o)  34.5 2.23(1H,m),2.09(1H,m)  40.1 2.22(1H,o),2.15(1H,o) 

15  43.4   42.2   42.9  

16  19.0 0.97(3H,s)  19.7 1.09(3H,s)  22.0 1.10(3H,s) 

17  26.8 1.02(3H,s)  25.5 1.12(3H,s)  26.7 1.17(3H,s) 

18  14.4 1.80(3H,o)  13.6 1.74(3H,o)  14.1 1.93(3H,s) 

19  10.3 1.49(3H,o)   9.8 1.72(3H,o)   9.6 1.66(3H,s) 

20 

 

 75.7 

 

4.01(1H,o),4.10(1H,o) 

 

 76.2 

 

4.12(1H,d, J=8.1 Hz) 

4.24(1H,d, J=8.1 Hz) 

 76.3 

 

4.16(1H,d, J=8.1 Hz) 

4.29(1H,d, J=8.1 Hz) 

2PhCO 165.6  166.0  167.0  

10-OCOCH

3

 169.2/21.1 2.09(3H,s) 169.5/20.1 2.09(3H,s) 171.4/22.9 2.22(3H,s) 

4-OCOCH

3

 168.9/21.9 2.21(3H,s) 169.4/21.5 2.26(3H,s) 170.0/22.3 2.28(3H,s) 

O/NBzCO 165.4  165.8    

C 1’ 170.2  171.4    

C 2’  74.8 4.89(1H,br.d,J=9.4 Hz)  72.2 4.73(1H,dd,J=4.4,2.4 Hz)   

C 3’  57.8 5.72(1H,o)  53.9 5.74(1H,br.d)   

OBz(o) 129.6 8.37(2H,d,J=8.0 Hz) 129.1 8.04(2H,d,J=8.0 Hz) 130.6 8.09(2H,d,J=8.1 Hz) 

OBz(m) 128.9 7.59(2H,o) 127.9 7.44(o) 128.6 7.47(m) 

OBz(p) 134.0 7.61(2H,o) 132.7 7.51(o) 133.6 7.62(m) 

OBz(q) 130.2  128.0  129.4  

3’Ph(o) 129.2 7.69(2H,o) 127.9 7.41(2H,o)   

3’Ph(m) 130.0 7.55(2H,o) 128.0 7.31(2H,o)   

3’Ph(p) 133.1 7.59(1H,o) 130.9 7.35(1H,o)   

3’Ph(q) 134.8  137.0    

NH/OBz(o) 130.8 7.96(2H,d,J=8.0 Hz) 128.6 7.69(2H,d,J=8.0 Hz)   

NH/OBz(m) 129.2 7.56(2H,o) 126.5 7.33(2H,o)   

NH/OBz(p) 128.2 7.63(1H,o) 127.2 7.28(1H,o)   

NH/OBz(q) 133.9  132.6    

7-OCOCH

3

   167.9/19.7 1.96(3H,s)   

CH

3

CH

2

Si      1.07(9H,s),0.63(6H,m) 

 

3  �� 

����(`YZ���� 3�(` 1 "[õ

\]^_q=t[õ\]^n�Ã��jk

����URST¥�ý 3 UVW��_��9

\=`D(` 1 ��C%&=�(`�noa

�b]^ST¥]^ pH �cd�ef]^ST�

gf]^ pH hó;(` 1 �,-�8�hgÀ

7-¿����no

[1]

=0�i�_[õ\�]^



 

�158�      Chin J Mod Appl Pharm, 2014 February, Vol.31 No.2                         

�������� 2014 	 2 
� 31 �� 2 

 

9:jè�rs�={]^�[k pHX¥]^S

T�|=U[õ\lm�n�|]^oZ��

S 7-¿����,-*�|pb�qrÒ= 

(` 1 "#¥ 7-¿���*9: RP-HPLCg

�S�URST.ps��� 4�tu�_URS

Tvw_URSTY9:xgyzû{ 2v(`�

0�*9:
|�`g�S}~34_��9:

�==`=7-GHI���¥ 13-Tes-JKLM" 

N

O

Ph

Ph

O

O

OTES

O

AcO

O

BzO

HO

AcO

N

O

Ph

Ph COOH

HCl

O

O

O

O

NH

3

Cl

-

NaHCO

3

O

OH

O

AcO

BzO

HO

AcO

O

N

H

OH

O

O

OH

O

AcO

O

BzO

HO

AcO

O

OH

O

HO

HO

BzO

HO

AcO

O

OH

O

AcO

HO

BzO

HO

AcO

O

OTES

O

AcO

HO

BzO

HO

AcO

O

OAc

O

AcO

HO

BzO

HO

AcO

N O

Ph

Ph COOH

O

N

H

OH

O

O

OAc

O

AcO

O

BzO

HO

AcO

O

O

O

O

NH

2

O

OH

O

AcO

BzO

HO

AcO

O

N

H

OH

O

O

OH

O

AcO

O

BzO

HO

AcO

CH

3

COOH

O

OH

O

AcO

TESO

BzO

HO

AcO

TES-Cl

(a)

(b)

(C)

(d)

 

� 3  	
���� 

a−'( 1�b−'( 2�c−'( 3�d−'( 4 

Fig 3  The routes of impurities formation 

a−impurity 1; b−impurity 2; 3-impurity 3; 4−impurity 4 
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Fig 4  Chromatogram of four impurities and paclitaxel 

a−paclitaxel; b−impurity 1; c−impurity 2; d−impurity 3; e−impurity 4 
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