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S Y N T H E S I S  OF T E T R A B E N Z O Y L T H I I R A N E  AND I T S  R E A C T I O N  

W I T H  D E R I V A T I V E S  OF ACI DS  OF T R I V A L E N T  P H O S P H O R U S  

B .  A. A r b u z o v ,  N. A. P o l e z h a e v a ,  
a n d  M. N. A g a f o n o v  

UDC 542.91:547.1 '118 

On reaction with trimethyl phosphite (TMP) and with dimethyl phenylphosphonite (DMPP), monothioben- 
zil forms 1,3,2-oxathiaphospholenes with a pentacoordinated phosphorus atom [1], and 2-oxo-1,3-dithioxo- 
1,3-diphenylpropane on reaction with derivatives of PfflI) acids undergoes desulfuration and deoxidatlon [2]. 
It seemed of interest  to synthesize 1,3-dioxo-2-thioxo-1,3-diphenylpropane and to study its reaction with t r i -  
alkyl phosphites (TAPs) and phosphines. An attempt was made to synthesize the monothiotriketone mentioned 
by the reaction of dibromodibenzoylmethane with potassium xanthate by analogy with the reported preparation 
of 2-oxo-1,3-dithioxo-1,3-diphenylpropane [3,4]. 

C~H6CO [C6H~O ] 

I ~ [ q(scsoEth _ ~Br,~ + 2KSCOC,H, [C.H.C) 0 
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/ \  
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The reaction actually gave a light yellow crystalline product with mp 192~ {yield 45%) corresponding, 
according to elementary analysts,  to the formula C30H2004S. The individuality of the substance was confirmed 
by thin-layer  chromatography. The PMR spectrum of the product contained only the signal of aromatic pro-  
tons, and the IR spectrum had the bands of a benzoyl group at 1635 and 1680 cm -1. 

On the basis of all the facts given, the compound obtained was assigned the s tructure of the tetrabenzoyl- 
thiirane (I). 

We have studied the reaction of (I) with tris(dimethylamino)phosphine (TDMAP), triphenylphosphine (TPP) 
and TMP at a ratio of the reactants of 1.2. It was found that in all cases the desulfuration and deoxidation of 
(I) took place with the formation of/3,f l t -dibenzoyl-a,a ' -diphenylfuran (IV). The reaction took place at ~2O~ 
TDMAP reacted most readily, and the completion of the reaction with TMP required keeping the reaction mi• 
ture for several  days. 
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It is known that episulfides undergo desulfuration in react ions with TAPs and phosphines [5-7]. The 
tetrabenzoylethylene (II) formed in the course  of the react ion reacts  fur ther  with the P(III) compound giving 
the 1:1 adduct (II!), which forms an equilibrium mixture of a phosphorane and a bipolar ion. The in ter -  
mediate product  (III) readily decomposes  with the l iberation of a phosphine oxide (or a phosphate) and the 
formation of fl, fl'-dibenzoyl~-~, ~ ' -diphenylfuran (IV). The analogous formation of oxides f rom 1 ,3 ,2 -d ioxa -  
phospholanes has been repor ted  previously [8] 

+PR* 
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(If) 
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The formation of the bipolar ion (HI) was shown by the 31p NMR spect ra  in the reaction of (I) with TDMAP 

(531p--60 ppm). 

The course  of the react ions that have been descr ibed was confirmed by a study of the reaction of (II) 
[9, 10] with TDMAP, T P P ,  and TMP. It has been shown [11-13] that (II) exists in two forms -- ~ and fl -- 
that have the same melting point (184~ and may change into one another in solution 

( i 
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The tetrabenzoylethylene synthesized in the fo rm of light yellow crys ta l s  with mp 184~ has an IR spec-  
t rum identical  with that of the (~ form [13]. In CH2C12 solution the substance has the same  spect rum and it 
does not change on prolonged standing (2-3 weeks). We made an attempt to oxidize (II) to te trabenzoyloxirane 
in o rde r  then to convert  this into the te t rabenzoyl thi i rane (I). It was found, however,  that on react ion with 
monoperphthalic acid tetrabenzoylethylene is recovered  unchanged, and alkaline H202 cleaves (II) to benzoic 
acid. It has been shown [10] that the double bond in compound (II) is inactive and does not add bromine.  

The react ions of (II) with TMP, TDMAP, and T P P  were per formed in CH2C12 solution at ~20~ and the 
react ions were complete in 10-15 days.  In all cases  the formation of the corresponding phosphine oxide (or 
phosphate) was shown by IR and 31p NMR spect roscopy,  and fl, f i ' -dibenzoyl-~ ,~ ' -diphenylfuran (IV) was 

isolated.  

E X P E R I M E N T A L  

Tetrabenzoyl thi i rane (I). With s t i r r ing ,  7.6 g of dibenzoyldibromomethane [14] was sprinkled into a 
solution of 6.4 g of potass ium xanthate in 30 ml of DMF. The react ion mixture was s t i r red  for  30 min, and 
then 50 ml of ethanol was added and it was left overnight in the re f r ige ra to r .  The precipi tate  that had depo- 
sited was f i l tered off and was t rea ted  with hot water  to eliminate KBr. The residual  precipi tate  -- 2.25 g 
(45%) -- was rec rys ta l l i zed  f rom a mixture  of benzene and petroleum ether.  Light yellow c rys ta l s  with mp 
192~ were obtained. Found: C 75.98; H 4.26; S 5.93%. C30H2004S. Calculated: C 76.05; H 4.20; S 6.73%. IR- 
spectrum (v, em-1): 1680, 1635, 1595, 1580 s, 1495w, 1455, 1335 s, 1315m, 1270, 1235 s,  i185m, 1140 s, 
1100 s, 1080 m, 1045 w, 1025, 1005 m, 985 w, 905 s,  890, 840 m, 790 w, 765 m, 720, 700 s. When ethanol 
was used as the solvent for performing the experiments, the yield of (1) amounted to 1.9 g (38~). 

Reaction of Tetrabenzoylthiirane (1) with Tris (dimethylamino)phosphine. In an atmosphere of dry nitro- 
gen, a solution of 0.35 g of TDMAP in 5 ml of CH2C12 was added dropwise to a solution of 0.5 g of (1) in 15 ml 
of absolute CH2CI 2. The temperature rose slightly and the mixture almost immediately acquired an intense 
orange coloration which after a day had changed to straw yellow. The following signals were present in the 
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31p NMR spect rum of the react ion mixture:  --82 (S = P [NMe2]3), --25 (O --P(NMe2) 3 and --60 ppm (liD. After  
a few days the signal at --60 ppm had disappeared and the intensity of the signal at --25 ppm had increased.  
The solution was washed severa l  t imes with water and was dried,  and the solvent was distilled off in vacuum~ 
The residue was rec rys ta l l i zed  f rom ethanol. After  severa l  rec rys ta l l i za t ions ,  yellow c rys ta l s  with mp 124- 
126~ of (IV) were obtained. A mixture  with authentic ~, ~ ' -d ibenzoyl -a  ,(~ ' -diphenylfuran had mp 124~ 

The reaction of (I) with triphenylphosphine was per formed s imi la r ly .  IR and NMR spect ra  showed the 
formation of S =P(C6Hs) 3 (--42 ppm), O=P(C~Hs) 3 (--27 ppm), and fi, fi'-dibenzoyl-~,~'-diphenylfuran. It was 
impossible to separate the products mentioned by fractional recrystallization. 

Tetrabenzoylethylene (If) [9, 15].* A current of Cl 2 was passed into a boiling solution of 2.5 g of tetra- 
benzoylethane [15, 16] in 70 ml of glacial CH3COOH until the solution had acquired a faint yellow coloration. 
It was then poured into water, neutralized with sodium carbonate and repeatedly extracted with ether, and the 
extract was dried over MgSO 4. After the solvent had been driven off, the residue was recrystallized from 
ethanol giving 1.6 g of (II) (64%) with mp 184~ Found: 81.00; H 4.43%. C30H2004. Calculated: C 81.08; H 
4.50%. 

~ , f l ' -D ibenzoy l - a , a ' -d ipheny l fu ran  (IV) [10, 15]. # A cur ren t  of dry HC1 was passed for severa l  hours 
into a boiling solution of tetrabenzoylethane in glacial  acetic acid. The result ing solution was poured into wa- 
t e r ,  and the precipi ta te  that deposited was rec rys ta l l i zed  f rom ethanol. This gave yellow needles with mp 
127.5-128~ Found: C 84.39; H 5.00%. C30H2003. Calculated: C 84.10; H 4.67%. IR spectrum (u, cm-~): 
1660 s ,  1660, 1580, 1550 m, 1495, 1450, 1380 s, 1335 m,  1325, 1295 w, 1242 v. s,  1185, 1150, 1080, 1032w, 
915 s,  8 9 5 m ,  780, 760, 750, 720, 705 m, 695 s. 

Reaction of (II) with Tris(dimethylamino)phosphine.  A mixture of 0.5 g of (II) and 0.2 g of P(NMe2) 3 in 
10 ml of CH2C12 was kept at ~20~ for  10 days.  The formation of O=P(NMe2) 3 was shown by IR and 31p NMR 
spect roscopy (--24 ppm). The reaction mixture was washed severa l  t imes with water and was dried over  
CaC12. ' After  the solvent had been driven off, the residue was recrys ta l l ized  f rom ethanol. Crystals  with mp 
124~ were obtained. A mixture with ~ , f l ' - d ibenzoy l -a ,~ ' -d ipheny l fu ran  gave no depress ion of the melting 
point. The IR spec t rum was s imi la r  to that of (IV). 

The react ions of (II) with t r imethyl  phosphite and with triphenylphosphine were performed s imi lar ly  to 
that descr ibed above. The formation of, respect ively ,  t r imethyl  phosphate (0 ppm) and of triphenylphosphine 
oxide (--28 ppm) was recorded by IR and 31p NMR spectroscopy. In both cases, fi, fl'-dibenzoyl-c~,~'-diphenyl- 
furan with mp 125-126~ was isolated. A mixed melting point showed no depression. 

The authors express their gratitude to l~. I. Gol'dfarb for recording the 311) spectra. 

SUMMARY 

I. Tetrabenzoylthiirane has been obtained by reaction of dibenzoyldibramomethane with potassium 
xanthate and its reactions with trimethyl phosphite, triphenylphosphine, and tris (dimethylamino)phosphine has 
been studied. 

2. On reaction with the P(III) derivatives mentioned, tetrabenzoylthiirane undergoes desulfuration and 
deoxidation with the formation of d, fi'-dibenzoyl-(~, ~ '-diphenylfuran. 

3. Tetrabenzoylethylene reacts with iris (dimethylamino)phosphine, with triphenylphosphine, and with 
trimethyl phosphite to form the corresponding oxide (or phosphate) and fi, fi'-dibenzoyl-(~,a'-diphenylfuran. 
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