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Recently, Wang and co-workers reported a rongalite- 
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Scheme  2  Reagents and optimized conditions: i, S8 (0.4 mmol), 
H-phosphonate 2 (0.4 mmol), Et3N (0.4 mmol), DMSO (1 ml), room 
temperature, 30 min; ii, ArI 1 (0.2 mmol), rongalite (0.4 mmol), KOH 
(0.6 mmol), 80 °C, N2, overnight.
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Reaction conditions were optimized using iodobenzene 1a, 
sulfur powder and diethyl H-phosphonate 2a as the model 
substrates (Scheme 2, Table 1). Initially, a mixture of sulfur 
powder, diethyl H-phosphonate 2a and Et3N in DMSO was 
stirred for 30 min. Then iodobenzene 1a, rongalite and base were 
added, and this was heated at 80 °C overnight under N2. Base 
nature showed significant influence on the reaction: DIPEA, 
K2CO3 and KOAc gave low yields of product 3a (entries 1-4). 
Pleasingly, addition of KOH or NaOH afforded 3a in 77 and 
68% yields, respectively (entries 5 and 6). Reactions in other 
solvents such as DMF, acetonitrile, THF, 1,4-dioxane and MeOH 
gave rather poor yields (entries 7-11). Moreover, reaction at 
60 °C gave only 26% yield of 3a and further raising the reaction 
temperature to 100 °C did not benifit the yield (entries 12 and 
13). Control experiment showed that the application of rongalite 
was crucial, and carrying out the reaction under air decreased the 
yield to 41% (entries 14 and 15). Finally, diminishing amount of 
solvent to 1 ml led to 85% yield of 3a (entry 16).

With the optimized reaction conditions in hand, the scope and 
generality of the present method were explored (see Scheme 2).† 
Aryl halides containing methyl, halogen, trifluoromethyl, cyano, 
nitro, keto and ester groups reacted with diethyl H-phosphonate 
2a and sulfur powder to give the corresponding products 3a-o in 
65-87% yields, indicating that both electron-rich and electron-
deficient aryl halides were compatible. Steric hindrance showed 
little influence on the reaction. The ortho-, meta-, and para-
methyl-substituted iodobenzenes underwent this reaction 
smoothly to produce compounds 3b-d in 80-84% yields. 
Iodobenzenes with strong electron-withdrawing groups provided 
moderate yields (3g,i). 1-Iodonaphthalene was also a suitable 

substrate for the synthesis of 3l in 80% yield. Other dialkyl 
H-phosphonates 2b-d also showed good reactivities, generating 
the corresponding S-aryl phosphorothioates 3m-o in 81-87% 
yields.

Some control experiments were carried out to gain insight 
into the reaction. Initially, when 2 equiv. of the radical scavenger, 
2,2,6,6-tetramethylpiperidine N-oxide (TEMPO) was added, no 
desired product 3a was observed (Scheme 3, a). Meanwhile, 
when 1,1-diphenylethylene was added under the standard 
reaction conditions, product 4 was obtained in 43% yield 
(Scheme 3, b).

On the basis of experimental results and previous 
reports,12,13,24 a mechanism is proposed (Scheme 4). Initially, 
rongalite can release an electron under heating,25 which is 
captured by aryl iodide to generate a radical anion A. Then, A 
loses an iodine anion to deliver aryl radical. Next, the in situ 
formed (RO)2P(O)-SH12,13 from (RO)2P(O)-H and S8 reacts 
with aryl radical in the presence of a base to give radical anion B. 
Finally, B loses an electron to afford the desired product.

In summary, using aryl iodides as the aryl source and sulfur 
powder as the sulfur source, we have developed a C(aryl)–S–P 
bond formation reaction promoted by a rongalite. In this reaction, 
rongalite was used as a novel precursor of super electron donors 
to generate aryl radicals from aryl halides. All the starting 
materials and catalyst are cheap and readily available. A broad 
scope of aryl halides and H-phosphonates survived the reaction 
conditions to afford S-aryl phosphorothioates in good yields.
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