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Abstmc:: The chtmicol conversion of carbonyl ta thiocarbonyl conqmtnd was directly achieved by the 
treatment of bensophenone with 2.4-di-t-buryl-6-mcthoxyphcnyldit~o~p~sp~r~e, which was 
prepared by the thermolysis of the corresponding dimeric species. 1,3,22A-dithiadiphosphetane 2,4- 
&It&&S. 

The chemical conversion of carbonyl to thiocarbonyl compounds has long been an attractive area for 

synthetic chemists and a variety of the preparative methods have been developed.1 Lawesson’s reagent (LR: 

the dimer of p-methoxyphenyldithioxophosphorane) is one of the most successful reagents among them.2 

However, compared to extensive studies on the utility of LR, much less attention has been paid to the 

mechanism of the thionation reaction. A species of the RP(=Sh type has been postulated as a reactive 

intermediate, but this is not yet proved so far because of the difficulty in detecting such an unstable monomeric 

speciesP 

In order to obtain insight into a reaction mechanism of the LR reaction, we have been interested in a dhect 

reaction of RP(=S)2 with carbonyl compounds as a thionation reagent. Recently we have synthesized some 

stable dithioxophosphoranes, ArP(=Sh (AK 2,4.6-u-i-r-butylphenyl)4 and MxP(=S)z (Mx: 2.4~di-t-butyl-6- 

(dimethylamino)phenyl)> but these compounds, enjoying much steric protection, did not react with carbonyl 

compounds such as benzophenone and 1,1,3,3-tetramethylurea. 6;’ Very recently, on the other hand, we have 

developed a new sterically protecting group, 2,4-di-r-butyl-6-methoxyphenyl (hereafter abbreviated to Mox: 

=thQxy-m-xylene derivative) and by utilizing this group we have obtained a moderately stable and at the same 

time rather reactive dithioxophosphorane, MoxP(=S)z (2, in Scheme I).7 In fact, under an inert atmosphere, 

the dithioxophosphorane 2 in solution was stable for several days in non-polar solvents, whereas in the solid 

state or on concentration it gave dimeric products of the LR type, 3a (zrans isomer) and 3b (cis isomer) in a 1 : 

0.8 molar ratio. We now found that the dimers 3a and 3b returned to its monomer 2 on heating. 
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Figure 1. slP NMR spectra during the thermal reactions of 3a (left) and 3b (right) to 2 in C&j. 

When 3s was heated at 80 ‘T in benzene-& under argon in a sealed tube, a clean reaction occurred and the 

3lP NMR indicated that the product was the monomer 2 (Sp 280.05), although the reaction required a long time 

(6 days) to be completed. According to the similar NMR monitoring of the therrnolysis of 3b, the cis isomer 

3b seemed to be transformed to the monomer either directly to 2 or indirectly to 2 through an isomerization 

process to 3a. Figure 1 shows the 31P NMR spectra during the thermal reactions of 3a (Sp 27.70) at 80 T and 

3b (Sp 26.07) at 90 ‘C starting from 20.4 mg and 29.6 mg in benzene-de. respectively. Since we have noticed 

that either 3a or 3b is a good source to the monomer 2 (Scheme II), we now turned our attention to the 

reactivity of 2 toward carbonyl compounds. In fact, the monomer 2, derived from 3a (20.4 mg, 0.0324 

mmol) by the thermal reaction as mentioned above, reacted with benzophenone (11.4 mg, 0.0628 mmol) in 

refluxing benzene (1 mL) for 6 days to give thiobenzophenone (4)g in 63% isolated yield based on 

benzophenone together with 2.4-bis(2,4-di-f-butyl-dmethoxyphenyl)-l,3.2,4-oxathiadiphosphetane 2,4- 

disulfkle (5) in 24% yield (Scheme III). 
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The reaction of dithioxophosphcn-ane 2 with benzophenone is considered to proceed via a four-membered 

ring intermediate 6. Thus, 2 reacts with benzophenone, leading first to 6, followed by cleavage of the ring into 

one of the final products 4 together with oxothioxophosphorane 7, which then reacts with unmatted 2 to afford 

the oxathiadiphosphetane P,P’-disulfide 5 (Scheme III). 

On the other hand, when the reaction was carried out using 2 which was directly prepared from 1 without 

isolation,7 the reaction products became somewhat complicated. Benzophenone (91.1 mg, 0.501 mmol) was 

refluxed for 24 h with 2.9 freshly prepared from 1 (191.5 mg, 0.596 mmol) in a mixture of benzene (15 tnL) 

and pyrldine (2 mL) as shown in Scheme I. to give the corresponding thioketone 4 (14% based on 

benzophenone) and 5 (5% based on 1) together with unchanged benzophenone (80% recovery). In addition, 

by-products 8a (14%) and Sb (11% yield based on 1, respectively) were formed as stable compounds and it 

seemed likely that the reaction had been carried out not under strictly anhydrous conditions. Mainly on the 

basis of NMR data,10 the configurations of the cyclic products thus obtained were assigned: &I as truns P,P’- 

disulfide, 8b as cis P,P’-disulfide, and 5 as rruns P,P’-disulfide, by the following reasons. Both IH and I3C 

NMR chemical shifts of the SMe group for #lb showed significantly a high-field shift (6B 1.84 and 8~ 12.95) 

compared to those for ?#a (8R 2.67 and 6~ 15.03), probably the SMe for 8b is located in the shielding region 

induced by the ring current of the Mox group on the other phosphorus atom and the configuration is further 

confirmed by an NOE experiment between the SMe and OMe protons for 8b. As for 5, the 31P NMR signal 

appeared as a sharp peak indicating that 5 is in a zral~~ configuration as observed for 3a (Fig. 1) and tranr-2,4- 

bis(2,4,6_tri+butylphenyl)- 1,2&thiadiphosphetane 2.4-disulfide. 11 whereas the signal due to the cis isomer is 

expected to appear in a broad peak like 3b. 
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The formations of the cyclic phosphonic acid anhydrides 8a and 8b were unexpected. As a plausible 

mechanism for the formations of 8, the monomer 2 might first give a mixed anhydride 9 in the presence of 

water and a base*2 and successive elimination of hydrogen sulfide accompanied by methyl transfer might 

eventually give 8 as shown in Scheme IV. It is interesting that the methyl group of methoxy in the Mox group 

is transferred to thioxo sulfur resulting in the formation of a methylthio phosphate as in 8, although it is not clear 

whether the reaction proceeds intramolecularly or intermolecularly. 
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Under the control reaction conditions in the absence of benzophenone but in the presence of water (0.25 

equiv.) and pyridine (2 equiv.), heating of pure 2, generated from thermal reaction of 3 in benzene, gave 

8s and 8b in 31% yield based on 3 in a 1 : 0.8 molar ratio. By monitoring the reaction by 3tP NMR an 

intermediary peak appeared at Sp 73.23 and changed to 8 on heating. 
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