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Functional group transformations, such as decarboxylations, deoxygenations, deaminations and 

dehalogenations are all important in the synthesis of organic molecules. These reactions can be carried out 

effectively by mild radical methods that are more applicable to sensitive biomolecuks then the relatively more 

drastic ionic processes.1 Based on the chemistry involved in the radical chain deoxygenation of alcohols by the 

Barton-McCombie reaction,* numerous modifications were reported up till now.1 In the original Barton- 

McCombie method tributyltin hydride la was the hydrogen atom source and the tributyltin radical 2a, generated 

from the hydride served as a chain carrier (Scheme 1). 
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Scheme 1 
Although the method gave gocd yields and found many applications, the problems associated with the price, 

toxicity and removal of tin residues prompted a search for other hydrogen atom sources.t3 We have explored a 

wide variety of compounds. We have shown recently, that in addition to tris(trimethylsilyl)silane,~ and tri-n- 
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propylsilane.5 other silanes e.g. triethyl~ilane,~ phenylsilane.7 diphenylsilane,8 triphenylsilane.s.9 (general 

structure lb), as well as dialkyl phosphit& lc, (R4 = alkyl, m = 1) arc applicable in deoxygenations, 

dideoxygenations, as well as dchalogcnations. We have also proven by VT *gSi NMR expcrimcntsll that the 

silanes follow the deoxygenation pathway assumed and proven to operate in the case of B~gh~1* (scheme 1). 
Dialkyl phosphitcs arc almost ideal as hydrogen atom sources and chain-carrier radical precursors. 

However, the reaction requires the use of bcnzoyl peroxide as initiator. This is not a problem in small scale 

reactions, but we attempted to find a method applicable on any scale for deoxygenations. deaminations and 

dchalogenations. The reagent - we assumed - should be ckap (generally, and also on a per mole basis), effective 

and non-toxic. We nport herein the best method to date. 

Radical chain dcoxygcnations, dcaminations and dchalogenations can be carried out with phosphorus- 

centered radicals, generated from hypophosphorous acid or its salts.13 The added advantage is that these reactions 

can be initiated with ~U’-az0&is0butyronitrilC (AlBN), thenCe the Use of benzoyl peroxide can be aVoided. 

Thus, when treated with hypophosphorous acid (lc. R 4 = H, m = 0) and a tertiary nitrogen base (e.g. 

triethylamine) in boiling dioxane, a series of alcohol thiocarbonyl derivatives were dcoxygenatcd. The tertiary 

nitrogen base protected the thionocarbonate moiety, as well as acid-labile protecting groups fmm acidic hydrolysis 

during the reaction. The method was applicable to primary. secondary and tertiary alcohols. Bromides and iodides 

also furnished the corresponding hydrocarbons in high yielding radical reactions. Dcamination of a primary amine 

was also achieved via the corresponding isonilril~~~ (Table I). 

A vicinal diol was d&oxygenated to the corresponding olefin via the bis-xanthate 10 (X = O-C=S(SMe)). 

In this naction, however, a so-called ‘sacrifcial 01&m’ was needed in order to protect the product olefin I2 from 

an attack by the phosphoruscentered reagent radical k. The pnscnce of an excess of a erminal oldin prevents the 

consumption of the olefin produced by the didc0xygcnation process by phosphonatc radical addition (Schane 2). 
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Scheme 2 

We have also observed this mactivity of phosphorus~ntcrcd radicals towards oldins in the case of dialkyl 

phosphitcs. Thus, the din&y1 phosphite-generated radical added to the carbon-carbon double bond of cholesterol 

acetate to give the 6u-phosphonatc of cholestanol acetate (m.p. l4l-143oC. It@ = - 20.60’ (c 1.15, acl31, 

yiel& 79%). Cholestanol(4-fluorphenyl)thi0nocarb0nate was deoxygenatcd in 93% (isolated) yield with H3FTI2. 

Although the c0mmcm ial hypophosphomus acid (50% aqueous solutkm) can be usal for the radical reaction 

‘as is’, the water can also be removed by distillation, evaporation or axeotropic distillation. The pure aCi, thus 

obtained can be transformed to various salts (DABCO, triethylaminc, DBU, N-cthylpypuidine. etc). but these salts 

can also be produced in siru in the reaction flask. These salts can then be used in non-aqueous systems for the 

radical maction. The excess reagent and and phosphorus-containing side-products arc washed out easily from the 

reactionmixtureaftcrtheradic8lEaclion. Tlleorganicbasccanthenbcn?covuedandrecyclcd. 
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Table I Radical Chain Dcoxygenation of Alcohol Thionocarboaates and Xanthatcs, 
Dchalogenacion of Halides and Deamination via the primary Amine Derived Isonitrile. 

starting 
Reagent q/ 

Time 
m=)&W Q 

Yield Notes 
compound 

Ini* qd (%) 

P 
x: -O-C-S-Me 5/(Bl)= 5.5/0.4* 2J3 84a 

P 
+%%%G 

-o-c-s-Me 5/(Bl) 1110.4* 
5/(Bl) 1 l/o.5 3z 

9Pb b+ 9% di- 
91C acetone- 

F 5/(Bl) 5.5/0.4* 2t3 1001 
glUCOSC 

@AG) 

cisolatcd 

F 5/(B2) 5.5tQ.33 1 98’ (+5% 
DAG) 

0 
-0-C-O F 5/(B3) 2.75/0.5 1.5 1OOa 

lO/(Bl) 11/0.66 2 91’ 

5/(B2) 5/1.16 3.5 96’ 

X=1 5/(Bl) 5.5/0.5* 1 looh hby glc 
X 

X=Br 5/(Bl) 5.5/1.33+ 2 m 95h 

X = o-C=s(SMe) 5/(B4) 5tQ.3 1 looh 

9 
X=NC lO/ (Bl) 15m.5 1.5 97”’ 

‘+ 3% N- 

fomyl CjxI 

‘1.5 q. l- 
dodccenc 
WaSddCd 

S/(Bl) 5.510.33 1 78” to protect 
the olefin 
product 12 

. _ 
equivalents relative to 1 q. starting material. ‘Bl = triethylamhe, B2 = tri-n-butylaminc, 

B3 = DABCO, B4 = Ncthylpipuidine. The reactions were. carried out in boiling dioxane. 
*Initiator added in 20 min intervals (150 mL. of a solution of 0.2176 g AIBN (4 mmol) in dioxane). 
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It appears that hypophosphomus acid and its salts are excellent, low molecular weight, non-toxic hydrogen 

atom sources in the AIRN-initiated radical chain deoxygenation, dehalogenation and deamin&on reactions. It is 

reasonable to assume that these compounds will also fiid application in other functional group transformations 

based on radical chain chemistry. 

Typical procedure: The solution of 1,2:3,4_di-O-isopropylidene-D-gal~~py~ose-6-0-(4-flu~~phenyl) 
thionocarbonatel5 (0.166 g, 0.4 mmol) and the N-ethylpiperidine salt of hypophosphorous acid (0.72 g, 4.0 
mmol) in dioxane (3 mL) under argon was treated with 150 pL of AIBN solution (0.2176 g of AIBN in 3 mL of 
dioxane) seven times (at every 30 mitt) during reflux. The solution was washed with water and dried over 
anhydmus MgSG,. After evaporation of the solvent the residue was analyzed by NMR to give 91 % of the deoxy 
product 1.2:3,~-O-isopropylidened-deoxy-D-gal. 
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