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Reaction o f  phosphorus pentachloride with thiocatechol, 4-methyl-1.2-benzenedithiol and their tri- 
methyl-silylated derivatives under a variety of conditions produced chlorodithiophosphites in which a 5- 
membered ring with two sulfurs is bonded to phosphorus. The other product of this reaction is probably 
an oligomeric disulfide derived from the original dithiol. 

Although the chemistry of phosphoranes has received much attention over the past 
two decades, there remain a number of interesting problems which require solution. 
Much of the information which is currently available on these systems stems from 
studies of phosphoranes with alkoxy groups or fluorines bonded to phosphorus.' 
Considerably less information is available concerning the structure and stabilities of 
phosphoranes containing other heteroatoms bonded to phosphorus. In particular 
few studies of phosphoranes containing sulfur bonded to phosphorus have been 
made.* The interesting compound 1 has been prepared and its structure has been 
shown to be intermediate between that of a trigonal bipyramid and a square pyr- 
amid. When the trimethylsilyl ether of o-benzenedithiol was allowed to react with 
phosphorus pentafluoride the interesting ion pair, 2, was formed.2b 

1 2 

Recently attempts to prepare pentaperfluorophenylthiophosphorane, 3, by a va- 
riety of reactions led always to the thiophosphite 4 and the disulfide, 5. It was con- 
cluded that 3 was probably formed and then decomposed rapidly to 4 and 5.3 Such 
decompositions are not uncommon and they have been found with a variety of 
compounds derived from various meta l~ ids .~  The mechanism of these decomposi- 
tions has not received extensive study. In two cases it has been concluded that the 

are concerted, and thus a reverse biphilic insertion mechanism is 

(C6FsS)sP - (CaFsS)3P + (C6FsS)z 
3 4 5 

* Author to whom all correspondence should be addressed. 
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The stabilization of oxyphosphoranes by five-membered rings is well-known. The 
preparation of 1 indicates that the same effect may be operating when sulfur is sub- 
stituted for oxygen. An investigation of the reactions of o-benzenedithiol and some 
of its derivatives with phosphorus pentachloride was undertaken as a potential 
route to a variety of phosphoranes containing sulfur bonded to phosphorus. In fact 
none of these reactions produced stable phosphoranes. The overall course of the 
reactions is illustrated in Scheme 1. Reaction of two moles of 6 or 7 in the presence 
or absence of triethylamine led to the dithiohalophosphites 10 or 11. These mate- 
rials were independently prepared by allowing 6 or 7 to react with phosphorus tri- 
chloride. When two moles of the trimethylsilylated derivatives 8 or 9 were allowed 
to react with phosphorus pentachloride, 10 or 11 was the product. 

2 a;; + PClS 

R 
6 R = H  / 7 R = C H 3  

J 

10 R = H  

+ PClj + ( C ~ H J ) ~ N  

\ 11 R = C H 3  / m:: S-Si(CH,), 

2 
S-Si(CH,), R 

+ PClS 

8 R = H  6 R = H  
7 R = C H ,  

R 2 -0: 
9 R = C H ,  

Scheme 1 

When 7 was allowed to react with one mole of phosphorus pentachloride at re- 
duced temperature, a solution was obtained which had a single resonance in its "P 
NMR spectrum at 6 213.8. This resonance is not that of 11 which is found in the re- 
gion 6 153-156 depending on conditions. When another mole of 7 was added to this 
reaction mixture, and it was allowed to stand overnight conversion to 11 was ob- 
served. The resonance at 213.8 is assigned to the ions 12. 

12 

This structural assignment is supported by the observation that 11 reacts with 
chlorine to give a solution which has a single resonance at 6 214.1. 

The fate of the second mole of dithiol has not been determined totally. A reaction 
mixture from two moles of 7 and one of phosphorus pentachloride was hydrolyzed 
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with aqueous sodium hydroxide. The aqueous layer had a resonance in its "P NMR 
spectrum at 6 -0.8. The methylene chloride soluble material was treated with tri- 
phenylphosphine in the presence of water. Triphenylphosphine oxide and 7 were 
formed. The above described conditions are those used to convert disulfides into 
thiols. 

The results of these experiments suggest that the phosphoranes 13 and 14 are 
formed and that they are unstable with respect to loss of what is probably oligo- 
meric disulfide. It is not clear just why 13 and 14 are so unstable. Sau and HolmesZC 
have prepared the phenyl analog of 1 by heating the trimethylsilylated benzenedi- 
thiol with phenyltetrafluorophosphorane in refluxing benzene for 20 hr. They did 
remark that the phosphorane was somewhat unstable in hot solvents. 

14 R = CH, 

Ionization of 13 and 14 is probably not facile because there is no acceptor for the 
chloride ion as was the case with the formation of 2. Compounds 13 and 14 are 
probably less stable than 1 and the phenyl analog because the rings force the chlo- 
rine into an  unfavorable position i.e., equatorial if the structure is trigonal bipyra- 
midal or apical if it is square pyramidal. 

EXPERIMENTAL SECTION 

'H NMR spectra were recorded with Varian Models T-60 and A-60A spectrometers. Chemical shift 
values are  reported in parts per million relative to internal tetramethylsilane. ''C and "P spectra were re- 
corded with a Varian Model FT-80 spectrometer equipped with a variable-temperature broad band 
probe. In all cases nuclei which are deshielded relative to their respective standard are assigned a positive 
chemical shift. "C NMR spectra were obtained by using full proton decoupling, a 45" flip angle and a 2-s 
repetition rate with no pulse delay. All "C chemical shifts are reported in parts per million relative to  in- 
ternal tetramethylsilane. 'IP NMR spectra were acquired using a 45" flip angle, a 1-s repetition rate with 
no pulse delay and with full proton decoupling. Chemical shifts are reported relative to external phos- 
phoric acid (85%). 

All manipulations were carried out under an atmosphere of nitrogen. All solvents were freshly distilled 
and scrupulously dried. 

Reaction of o-Benzenedithiol, 6,  and Phosphorus Pentachloride 

To a solution of o-benzenedithiol,' 6, (0.57 g, 0.004 mol) in benzene ( 5  mL) was added, with stirring at 
25". phosphorus pentachloride (0.42 g, 0.002 mol). The reaction mixture was heated, while being stirred, 
to 70" for 2 hrs. The solvent was removed at  reduced pressure and the residual oil was dissolved in 
chloroform-d; "P NMR 6 158.4 'H NMR 6 6.9-7.8. 

Reaction of o-Benzenedithiol. 6,  with Phosphorus Pentachloride in the Presence of Triethylamine 

To a solution of o-benzenedithiol, 6, (0.38 g, 0.0026 mol) in dichloromethane (5 mL) was added, with 
stirring, a t  -40'. triethylamine (0.53 g, 0.0052 mol). To this mixture was then added phosphorus pen- 
tachloride (0.278 g, 0.0013 mol). The reaction mixture was allowed to warm to room temp and the solid 
was removed by filtration. The 'IP NMR spectrum of the filtrate showed one absorption at  6 156.0 (ex- 
ternal lock). 
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Preparation of 8 

To a stirred solution of o-benzenedithiol, 6, (0.81 g, 0.0057 mol) in ether (30 mL) at -10" was added 
triethylamine (1.2 g, 0.012 mol). Chlorotrimethylsilane (1.24 g, 0.012 mol) was then added in a dropwise 
fashion. The reaction mixture was then heated under reflux for three hrs. The solid was removed by fil- 
tration and the filtrate was concentrated at reduced pressure. The residual oil was molecularly distilled 
(aso, 0.05 mm) to yield 1.18 g (72.4%) of 8; 'H NMR (CDCI,) 6 0.3 (s, 18 H), 6 6.9-7.6 (m. 4 H). 

Reaction of 8 with Phosphorus Pentachloride 

A mixture of 8 (1.18 g, 0.004 mol), phosphorus pentachloride (0.42 g, 0.002 mol) and benzene (10 mL) 
was heated under reflux for three hrs. The 'IP NMR spectrum of this solution showed one resonance at 6 
156.5 (external lock). 

Preparation of 10 

Compound 10 was prepared by the method of Bauder et al..' 'IP NMR 6 156.8 (external lock) (lit' 6 157). 

Reaction of Toluene-3.4-dithiol, 7. and Phosphorus Pentachloride 

To a solution of toluene-3,4-dithiol, 7, (0.95 g, 0.006 mol) in benzene (I5 mL) was added, with stirring, 
phosphorus pentachloride (0.63 g, 0.003 mol). The reaction mixture was heated to 70" for two hrs. After 
removing the solvent at reduced pressure the residual oil was dissolved in chloroform-d; 'IP NMR 6 152.8. 

Reaction of Toluene-3.4-dithiol, 7, and Phosphorus Pentachloride in the Presence of Triethylamine 

To a stirred solution of toluene-3.4-dithiol, 7, (0.76 g, 0.0048 mol) in ether (15 mL) at Oo was added 
triethylamine (0.98 g, 0.0097 mol). To this mixture was then added phosphorus pentachloride (0.51 g, 
0.0024 mol). The reaction mixture was allowed to warm to room temp. and it was stirred for an addi- 
tional 2 hrs. The solid was removed by filtration. The filtrate showed one resonance in its "P NMR spec- 
t rum 6 156.1 (external block). 

Preparation of 9 

To a stirred solution of toluene-3.4-dithiol, 7, (2.5 g, 0.016 mol) in ether (50 mL) was added, at -20". 
triethylamine (3.23 g, 0.032 mol). To this mixture was then added, dropwise, chlorotrimethylsilane (3.48 
g, 0.032 mol). The reaction mixture was heated under reflux for 3 hrs. After having removed the solid by 
filtration the solvent was removed under reduced Dressure and the residual oil was molecularlv distilled 
(95'. 0.05 mm) to yield 3.08 g (64.2%) of 9; 'H NMR (CDCII) 6 0.30 (s, 18 H), 6 2.28 (s, 3 H):6 6.8-7.6 
(m. 3 H). 

Reaction of 9 with Phosphorus Pentachloride 

A mixture of 9 (1.2 g, 0.004 mol), phosphorus pentachloride (0.42 g, 0.002 mol) and toluene (20 mL) was 
heated under reflux for 10 hrs. The 'IP NMR spectrum of this solution showed one resonance at 6 156.5 
(external lock). 

Preparation of 11 

To a stirred solution of toluene-3,4-dithiol, 7, (0.9 g, 0.0058 mol) in benzene (3 mL) was added at 25O 
phosphorus trichloride (0.79 g, 0.0058 mol). The mixture was heated under reflux for 2 hrs. The solvent 
was removed at reduced pressure and the residual oil was molecularly distilled (75", 0.25 mm); "P NMR 
(CDCId 6 160.7; 'H NMR (CDCII) 6 2.3 (s, 3 H), 6 6.9-7.6 (m, 3 H); ''C NMR (CDCII) 6 21.44 (s), 6 
126.07 (d, JCCSP = 5.5 Hz), 6 126.88 (d, JCCSP = 5.6 Hz), 6 128.42 (s), 6 134.89 (d, JCSP = 3.4 Hz), 6 
137.59 (s), 6 138.36 (d, Jcsp = 3.2 Hz). 
Anal. Calcd. for C7H6CIPS2: C, 38.19; H, 2.70. found: C, 38.45; H, 2.64. 
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Reaction of the Products with Triphenylphosphine 

To a solution of toluene-3.4-dithiol, 7, (1.28 g. 0.0082 mol) in dichloromethane (5 mL) was added phos- 
phorus pentachloride (0.86 g, 0.0042 mol). The reaction mixture was heated under reflux for two hrs. 
The solution was cooled to room temp. and to  this was added, with stirring, sodium hydroxide (0.8 g, 
0.02 mol) in water (5 mL). This mixture was stirred for one hr. and then the layers were separated. The 
"P NMR spectrum of the aqueous layer showed one resonance at 6 - 0.8, the organic layer showed no 
resonances. 

To the dichloromethane solution was added triphenylphosphine (1.0 g, 0.004 mol) and a drop of 
water. This mixture was heated under reflux for 1 hr. After having been dried with magnesium sulfate 
the reaction mixture was concentrated at reduced pressure. The "P NMR spectrum of the residual oil 
showed a single absorption at 6 29.3 (CDCI,). The product was molecularly distilled (SO', 0.25 mm) to 
yield material which was identical in all respect to  toluene-3,4-dithiole, 7; 'H NMR (CDCI]) 6 2.2 (s, 3 H), 
6 3.6 (s, 2 H), 6 6.6-7.3 (m. 3 H); "C NMR (CDCII) 6 21.3, 6 127.1, 6 128.1, 6 131.8, 6 132.1, 6 132.4, 
6 137.5. 

Reaction of Toluene-3,Cdithiol. 7 ,  with One and then a Second Equivalent of Phosphorus Pentachloride 

To a stirred solution of toluene-3.4-dithiol, 7, (0.31 g, 0.002 mol) in dichloromethane (3 mL) at -10" was 
added phosphorus pentachloride (0.41 g. 0.002 mol). The "P NMR spectrum of the reaction mixture at 
-10" showed one resonance at  6 213.8 (external lock). To this mixture was then added, at -lo", another 
equivalent of toluene-3.4-dithiol. 7, (0.31 g, 0.002 mol). There appeared to be no reaction at this temp. as 
evidenced by the lack of change in the "P NMR spectrum at -10". The reaction mixture was allowed to 
warm to room temp. for 5 min and it was then returned to the -10" probe. The "P NMR spectrum of 
this mixture showed two  absorptions at, 6 213.8 and 6 155.1 in a ratio of about 10: I .  The reaction mix- 
ture was allowed to stand at room temp. for 16 hrs. the "P NMR spectrum then showed only one reson- 
ance at 6 155.1. 

Reaction of 11 with Chlorine 

To a stirred solution of toluene-3.4-dithiol, 7, (0.65 g, 0.0042 mol) in dichloromethane (5 mL) was added 
phosphorus pentachloride (0.44 g, 0.0021 mol). The reaction mixture was heated under reflux for 2 hrs. 
After having been cooled, this solution was added to chlorine (0.3 g, 0.0042 mol) dissolved in dichloro- 
methane (2 mL) at -20". This mixture was allowed to warm to room temp. and the "P NMR spectrum 
was taken. There was only one resonance at 6 214.1 (external lock). 
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