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Isolated from the South African tree Combretum cuffrum, combretastatin A-4 1 (CA-4)’ 
is one of the most promising experimental anticancer drugs, targeting tumor vasculature? The 
combretastatin A-4 disodium phosphate prodrug 3 (CA4P) has emerged as the most useful form 
of this compound in preclinical in vivo models, as well as in clinical  trial^,^ due to the limited 
solubility of the parent molecule in water.3 

The synthetic methods reported for 3 (CA4P) (Scheme I) involve the two step reaction 
of the phenolic group of CA-4 with in situ generated dibenzyl chlor~phosphite~.~*~ or dibenzyl 
bromopho~phite~ followed by cleavage of the benzyl esters with iod~trimethylsilane~~~*~ or 
br~motrimethylsilane.~ In an alternative procedure, dibenzyl halophosphite is replaced by bis 
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(2,2,2-trichloroethyl) chlorophosphite, followed by removal of the trichloroethyl groups with 
zinc d~st.3,~ The synthesis of 3 (CA-4P) through intermediates 2c and 2d requires preparation of 
relevant starting dialkoxy(N,N-dialky1amino)phosphines and in addition, oxidation of the phos- 
phine to phosphates 2c and 2d with rn-chloroperbenzoic acid (MCPBA)?.’ The multi-step char- 
acter of the above methods, the need to use chromatography for purification of intermediates 2a- 
2d and the formation of undesirable nuns-isomer of 3 during deprotection of 2a seem less than 
optimal. 

MOO$ MOO \ - M.08 M.0 \ 

-J$J / / MOO M d  
/ 

OH OP(O)(ORh OP(O)(ONa)? 

2a R = Bn; 2b R = CH2CC13; 2c R = r-Bu; 2d R = CHzCH2Si(Me)3 

MOO 

1 (CA4) Za-d 3 (CA4P) 

Scheme 1 

Phosphorylation of phenols with P(0)Cl3 is by far the most direct method of prepara- 
tion of phenyl phosphoric esters? The reaction requires elevated temperature or presence of base 
to scavenge the evolving Ha. Pettit et af. have reported no reaction between CA-4 and P(O)Cl, 
at room temperature, when trimethyl phosphate or tetrahydrofuran was used as a solvent. 
Increasing the reaction temperature lead to the polymeric mate~ial.~ A successful P(O)Cl, 
phosporylation of CA-4 has been recently claimed by Hua et aL9 when the reaction was 
performed in an inert solvent in the presence of an acid scavenger. We report herein a variation 
of this method, which provides a simple and very efficient method of preparing disodium 
combretastatin A4 phosphate prodrug 3 (CA-4P) (Scheme 2). 

OM. ?- 

OH OP(O)(ONa)a 

1 (CA4) 3 (CA4P) 
i) P(O)C13 (2.5 eq) in CH2C12. triethylamine (1.5 eq); ii) 0.5 N aq. NaOH, acetonitrile, 
iii) conc. HCI, acetonitrile; iv) 0.5 N aq. NaOH, methanol. 

Scheme 2 
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This method is based on dropwise addition of a solution of CA-4 and 1.5 eq of triethy- 
lamine in CH,Cl, to a solution of freshly distilled P(O)CI, (2.5 eq) in CH,Cl, at -5-0°C, under 
N,, followed by removal of excess of P(O)Cl, in vucuo. 

The resultant dichlorophosphate intermediate was dissolved in acetonitrile and 
hydrolyzed to give 3 upon the rapid addition of its acetonitrile solution to excess of 0.5 N 
aqueous NaOH. The reverse addition should be avoided, due to formation of a small amount of 
the combretastatin A-4 diester of phosphoric acid. The NaCl formed during this process is easily 
removed by conversion of 3 (CA-4) into the phosphoric acid, collection of NaCI, followed by re- 
conversion of the free acid to its disodium salt. This simple procedure gives pure 3 (CA4P), 
with an overall yield over 95%, using an inexpensive phosphorylating agent, with no need for 
laborious chromatographic purification of the intermediates 2 and no traces of undesirable trans- 
isomer. Both cis and trans isomers of CA4P have very different chemical shifts for aromatic as 
well as vinyl protons.6 No traces of the trans isomer can be detected in the proton NMR spectra. 
In addition, both isomers have distinctive retention times in LC analysis and only one isomer can 
be identified (+99) in LC analysis of CA-4P samples synthesized by our method. 

EXPERIMENTAL SECTION 

All starting materials were purchased from Aldrich Chemical Co. Triethylamine was purified by 
distillation from CaH, and stored under N, over molecular sieves A4. P(O)CI, was freshly 
distiIled under reduced pressure prior to use and stored under dry N,. Combretastatin A-4 was 
prepared from 3-hydroxy-4-methoxybenzaldehyde and 3,4,5-trimethoxyphenylacetic acid 
according to the reported procedure.'o 'H NMR were measured with a Brucker 300 MHz spec- 
trometer. LUMS analysis was conducted with ZorbaxC8 (4.6 x 150 mm) column using isocratic 
mobile phase containing 75% acetonitrile, 20% water and 5% ammonium formate solution, 
consisting of acetic acid (1 g), ammonium formate (0.3 15 g) in 33% aqueous methanol (1 liter). 
Detection was measured at 214 nm and constant flow rate of 0.5 mL/min. MS analysis was 
conducted with an Agilen 1100 Series MSD system. Melting points were measured with an Elec- 
trothermal melting point apparatus and are uncorrected. Elemental analyses were determined by 
CMAS, Belmont Victoria, Australia. 

Combretastatin A-4 Disodium phosphate C A 4 P  To a solution of freshly distilled P(O)Cl, 
(0.37 mL; 3.95 mmol) in anhydrous CH,C1, (1 mL) a mixture of combretastatin A-4l0 (0.5 g; 
1.58 mmol) and anhydrous hiethylamine (0.33 mlmL; 2.37 mmol) in CH2Cl, (2 mL) was added 
dropwise at -5 - 0°C under N, with stirring. After stirring for 10 minutes at OOC, the mixture was 
evaporated to dryness under reduced pressure. To facilitate a complete removal of excess 
P(O)Cl,, the residue was suspended in anhydrous toluene (2 mL), stirred for 5 minutes and evap- 
orated to dryness under reduced pressure. The process was repeated using anhydrous acetonitrile 
(2 mL). After evaporation of the solvent the residue was dried in vucuu for 30 minutes and 
suspended in anhydrous acetonimle (4 mL). This was added immediately to a 0.5 N aqueous 
solution of NaOH (14 mL). The resulting mixture was evaporated to dryness under reduced pres- 
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sure and the residue was suspended in water (5 mL). After adjusting the pH of the solution to - 
10 with 0.5 N NaOH, the resulting solution was filtered through a Whatman glass microfibre 
filter to remove any traces of solid material. The filtrate was concentrated to about 2 mL under 
reduced pressure and acidified to pH - 1 with concentrated HC1. To facilitate removal of water 
and excess of HCl the mixture was repeatedly diluted to 20 mL with acetonitrile and evaporated 
to dryness under reduced pressure (x 3) followed by dilution in CH,CI, (20 mL) and evaporation. 
The residue formed was suspended in a fresh portion of anhydrous C%Cl, and precipitated NaCl 
was collected. The filtrate was evaporated to dryness under reduced pressure to give 0.61 g 
(100% yield) of the phosphoric acid as a creamy hygroscopic foam, after drying in vacuo for 1 h. 
'H NMR (CDCl,) 3.65 (s, 6H), 3.76 (s, 3H), 3.79 (s, 3H), 6.17 (broad singlet, 4H, 2 x OH + 
H,O), 6.41 (s, 2H), 6.43 (s, 2H), 6.76 (d, lH, J = 8.5 Hz), 6.99 (dd, lH, J = 1.76 Hz, 8.5 Hz), 7.13 
(d, lH, 1.76 Hz). The 'H NMR spectrum of recovered NaCl in D,O did not show any organic 
matter. The free acid (0.61 g; 1.58 mmol) was dissolved in methanol (4 mL) and the pH of the 
mixture was adjusted to -10 by addition of 0.5 N NaOH and the resulting solution was evapo- 
rated to dryness under reduced pressure. The residue was suspended in 2-propanol (4 mL), 
stirred for 5 minutes at room temperature and collected. The solid was washed with fresh 2- 
propanol(2 mL), anhydrous diethyl ethyl ether (3 x 5 mL) and dried in vacuo until constant mass 
was achieved, to give 0.671g (96.4 % yield) of pure CA-4P as a colorless solid, mp. 238-242 T 
(dec.), lit? 190-195 (dec.). LC, retention time = 1.17 min; (+99 % ); MS: 396.9 (MH, - 2Na+ + 
1); 413.9 (MH - 2Na+ + NH4+ + 1); 'H NMR (D,O) 3.59 (s, 6H), 3.65 (s, 3H), 3.72 (s, 3H), 4.66 

(s, D,O), 6.42 (d, lH, J = 12.01 Hz), 6.55 (d, lH, J = 12.01 Hz), 6.58 (s, 2H), 6.77 (m, 2H), 7.27 

Anal. Calcd for C,sH,$J~OsP*H,O: Na, 10.03; P, 6.76. Found Na, 10.28; P, 6.89. 
(s, 1~1.34 
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