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Abstract: An efficient and practical radical chain deoxygenation method by phosphorus centered 
radicals generated from hypophosphorous acid was developed in the synthesis of analogues of 
paclitaxel. 
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The important anticancer agent paclitaxel and the semisynthetic analog, docetaxel, so far, 
continue to show impressive clinical efficiency againts ovarian, breast and lung cancer.  
It is also the subject of intense interest in the chemical, biological and medical 
communities today 1. 

The chemistry of paclitaxel has been found to be particularly challenging.  There 
are several oxygen functionalities in the taxane skeleton.  But structure activity 
ralationship studies have showed that some of the groups were not necessary for 
anticancer activity.  So the deoxygenation or removal of hydroxyl group are frequently 
encountered.  Sinenxan A (SIA), which is readily available as a biosynthetic taxane, has 
the same taxane skeleton with that of paclitaxel.  It has a 14β-OAc but without the 
oxetane ring and 13-oxygen which are the key moieties for anticancer activity.  The 
development of a procedure using SIA as starting material for the preparation of 
bioactive paclitaxel analogues would be significant.  

 
An ongoing program in our laboratory is the synthesis of 1,7,9-trideoxypaclitaxel 

via SIA  Yin D.L et al. has reported that 14β-OH and its derivatives were less important 
for antitumor activity 2.  So we decided to remove the 14β-OH in the first step.  
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Based on the chemistry involved in the radical chain deoxygenation of alcohols by 
the Barton-McCombie reaction, numerous applications in the synthesis of taxanes were 
reported up to now 3.  In the original Barton-McCombie reaction, tributyltin hydride was 
the hydrogen atom source and tributyltin radical generated from the hydride serves as a 
chain carrier 4.  Although the method gave good yield and found many applications, the 
problems associated with the price, toxicity and removal of tin residues prompted the 
search for other hydrogen atom sources.   

Radical chain deoxygenation of alcohols can be carried out with phosphorus 
centered radicals, generated from hypophosphorous acid or its salts.  Barton et al. have 
reported that a series of alcohol thiocarbonyl derivatives were deoxygenated when 
treated with hypophosphorous acid and a tertiary nitrogen base (e.g. triethylamine) in 
boiling dioxane in high yields 5 . 

So we tried to remove 14β-OH of SIA and its derivatives by this method. 
Compound 1 was prepared from SIA by reference methods 6, then 1 was treated  with 
triethylamine, 50% H3PO2 in dioxane under argon, and 2,2’-Azobisisobutyronitrile 
(AIBN) as an initiator.  TLC showed that the reaction was complicated.  The major 
product was isolated and comfirmed by NMR and MS as the  target 14-deoxy –SIA 7, 
but the yield was as low as 42%(Scheme 1).  We were wondering if the 4,20-terminal 
double bond was attacked by the reagent.  H3PO2 was initiated to produce numerous 
H2PO2•radicals by AIBN.  The excess H2PO2•was inclined to add to 4,20-double bond 
of SIA to lead to side-products.  In order to confirm our suspicion of the involvement of 
4,20-terminal double bond, we selected another compound 2, which was also prepared in 
the synthesis of 1, 7, 9-trideoxypaclitaxel via SIA and without 4,20-terminal double bond.  
2 was treated under the same conditions to give compound 3 8 in about 82% yield 
(Scheme 2).  So we tried to add olefin (e.g. cyclohexene or 1-dodecene) to the system as 
‘sacrificial olefin’.  The presence of an excess of olefin protected 1 from  attack by the 
phosphorus-centered reagent radical H2PO2•.  So the result was better than that without 
sacrificial olefin .  The yield was raised to 74% 9.  

 
Scheme  1 

 
In these reactions we succeeded to remove the 14β-OH of SIA and compound 2 by 

phosphorus centered radicals generated from hypophosphorous acid in satisfactory yield. 
The reagents used for the reaction are not expensive and less toxic.  More important, this 
method is applicable for large scale preparation. 

In conclusion, this method provides efficient, non-toxic and practical deoxygenation 
in the synthesis of taxanes.  The structures of compounds in this paper were confirmed 
by 1H NMR, 13C NMR, FABMS.  The synthesis of 1, 7, 9-trideoxypaclitaxel via SIA is 
in progress.  
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Scheme  2 
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9.  Reaction procedure: The solution of compound 1 , triethyl amine(5eq), 50% hypophosphorous 
acid(5eq) and cyclohexene(5eq) in dioxane under argon was treated with AIBN(0.1eq) 
solution ( 0.1 mol/L in dioxane) for several times ( at every 30 min) under reflux. The solution 
was washed with water and dried over anhydrous NaSO4, concentrated and chromatographed 
to give 14-deoxy-SIA. 
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