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Abstract - The reaction of a mesoionic dithioliumolate (6) w ~ t h  triphenyl- 

phosphirene (7) gave a cycloadduct (8). Pyrolysis of the cycloadduct (8) gave a 

1,4-thiaphosphinine (11) and a thiophene (9). Acid treatment or photolysis of 

the cycloadduct (8) gave the thiophene (9) exclusively. The reaction of a 

mesoionic oxazolium-5-olate ( I t )  and the phosphirene (7) gave a pyrrole (15) as 

the only isolable product. 

Thanks largely to extensive works by Huisgen and his coworkers, 1,3-dipolar cycloaddition is now widely 

regarded as an important synthetic route to various heterocyclic systems During early stages of h ~ s  serles 

of studies on dipolar cycloadditions, it was pointed out that mesoionic compounds serve as excellent building 

blocks for construction of many heterocycles 3-6 Through a series of investigations on cycloaddition 

reactions of mesoion~c compounds,7 we have shown that the reactions of this type can be useful for the 

preparation of not only five-membered aromatic heterocycles but also six-,',' seven-,'' eight-," nine-," and 

ten-membered" fully conjugated heterocycles. 

We have found that the cycloaddition-extrusion reactions of mesoionic oxazolium-5-olates (I )  with a 

thilrene dioxide (2) give 1,4-thiazine dioxides (5) by select~ve extrusion of carbon dioxide accompanied by 

cleavage of the three-membered ring.g There was no indication of the formation of pyrroles (4), which may 

have been formed by concomitant extrusion of both carbon dioxide and sulfur d~oxide from the intermediate 

(3). We report here the cycloadditions of mesoionic compounds with 1,2,3-triphenyl-~~-phosphirene'2 (7). 

n %AO~.J& 2dw &+,L, A -& 75~u~+. 
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If these reactions proceed analogously, they should give fully unsaturated six-membered heterocycles with a 

phosphorus atom Such heterocyclic systems have been relatively little studied 

RESULTS AND DISCUSSION 

The reaction of the mesoiontc 2,5-diphenyl-1,3-dtthiol~um-4-olate13 ( 6 )  with 1.2.3-triphenyl-1H-phosphirene 

(7) at room temperature gave a cycloadduct, I,2,3,4,5-pentaphenyl-3-phospha-7,8-d1thiatricyclo[32 I .02,4]- 

octan-6-one (a), in 77% yield along with a small amount (4%) of tetraphenylthiophene (9). The yield of the 

cycloadduct (8) decreased to 20% when the reaction was performed at 40-50 OC. The structure of the cyclo- 

adduct (8) was supported by a I3c-nmr s~gnal  at 6 200.6 and an mfrared absorption at 1700 cni-I, assignable 

to a strained thiol lactone," and also by four sp3-carbon nmr signals, which are split into doublets by the 

phosphorus atom. The 31~-nmr  of the cycloadduct (8) shows a peak at -255 ppm (from external H,POq), and 

this value agrees with the expectation that the phosphorus atom will be shielded because it is part of a three- 

membered ring.14 The cycloadduct (8) was isolated as a single stereoisomer although its stereochemistry 

could not be elucidated. The thiophene (9) was identified by compartson w ~ t h  an authentic spectmen which 

was prepared by pyrolysts of tetraphenyl-l.4-dithiine.'5 

When the cycloadduct (8) was heated in xylene under reflux, the thiophene (9) (45%) and 2,3,4,5,6- 

pentaphenyl-4H-1.4-th~aphosphinine (11) (25%) were formed Hitherto, 4H-th~aphosphmines have been 

prepared in modest to fair yields by addition of phenylphosphine to di-I-alkynyl sulfides.16 The I3c-nmr 

spectrum of the thiaphosph~nine ( 1  I )  shows that the molecule has a plane of symmetry and that all the carbon 

atoms in the molecule are sp2-hybridized. The mass spectrum of the thtaphosphmine (11) shows the 

molecular ion peak (base peak) and two prominent fragment peaks corresponding to ions formed by extrusion 
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of S and PhP respectively from the molecular ion. It is noteworthy that the 31~-nmr  signal of the thiaphos- 

phinme (11) appears at -275 ppm (from H3P04). The 3 1 ~ - n m r  chemlcal shift values of 1,4-dihydro-1.4- 

diphosphininesl7 and 5,10-dih~dro~heno~hos~hazines'~ are within the ranges of -16- -44 and -6- -60 

ppm respectively This significant upfield sh~ f l  of the 3 '~-nmr  of the thiaphosphinine (11) would suggest a 

strong sh~elding of the phosphorus nucleus probably due to a large contribution from the resonance structure 

(10). Calculat~ons on 1.4-dithiines have suggested a varying degree of contribution from similar dlpolar 

resonance structures.lg However, PM3-MNDO c a l c u l a t ~ o n ~ ~  on unsuhstituted 4H-1,4-thlaphosphinme 

elminated the possibility of a participation of the 3d-orb~tal of the phosphorus atom or a zw~tterion~c 

resonance structure. Thls calculation showed that the molecule adopts a flattened boat form as the most stable 

conformation. the dihedral angles of the C-S-C and C-P-C bonds deviate 2" and 8" respectively from the 

plane defined by the four rmg-carbon atoms 

lrradiat~on of the cycloadduct (8) in benzene through a Pyrex filter afforded the thlophene (9) exclusively 

(81% y~eld). Although the thlaphosphinine ring system should be fomially regarded as a (nonplanar) 8x- 

electron system, the thiaphosphinine (11) IS a stable compound, and it was recovered unchanged after 

irradiat~on or being boded in xylene Therefore. the thlaphosphinine ( I  I )  is not the precursor of the th~ophene 

(9) formed by photolys~s or thermolysis, but the two products (9) and (11) are formed by independent 

compet~tive fragrnentatlons of the cycloadduct (8). Treatment of the cycloadduct (8) with trifluoroacetic a c ~ d  

at room temperature also gave the thiophcne (9) exclus~vely. 

When a solution of the mesoionic 3-methyl-2,4-diphenY~o~azolium-5-olate21 (12) and the phosphirene (7) in 

aceton~trile was heated under reflux, I-methyl-2,3,4,5-tetraphenylpyrrole (15) was isolated as the sole product 

(45% yield). The yield of the pyrrole (15) decreased to 15% when the oxazol~urnolate (12) was formed In srru 



314 HETEROCYCLES. Vol. 40, No. 1,1995 

in the reaction medium. The pyrrole is expected to he formed from the unisolable cycloadduct (13) by 

extrusion of COz and PhP e~ther in a concerted fashion or stepwise vra the 1,4-phosphazine intermediate (14). 

There is another possible path to the formation of the th~ophene (9) and the pyrrole (15): the phosphirene (7) 

may decompose under the reaction conditions to diphenylacetylene, and cycloaddition-extrusion reaction of 

the latter with the mesoionic compounds would give the five-membered heterocycles. This posstbility can be 

excluded because it was found that the phosphirene (7) decomposed to diphenylacetylene only to an extent of 

2% after being heated under reflux for 10 h in acetonitrile. Moreover, it has been reported that the dithiolium- 

olate (6) did not react w ~ t h  diphenylacetylene.13 We have confirmed that the reactions of diphenylacetylene 

with the mesoionic compounds (6) and (12) proceeded sluggishly, and gave only poor yields of the thiophene 

(9) (13 %; boiling in xylene; 58 h) and the pyrrole (15) (21%; boiling in acetonitrile; 10 h). 

We have also studied the reactions of the phosphirene (7) with the mesoionic 2,3,5-triphenyloxazolium-4- 

o ~ a t e ~ ~  (16) and 4-phenyl-l.3,2-oxathiazolium-5-olate23 (17) The reaction with the oxazolium-4-olate (16) 

gave 0-benzoylmandelanilide (18) (75% yield) as the only isolable product, which was probably formed by 

hydrolysis of the oxazolium-4-olate (16) during  work-^^.^^ The reaction with the oxathiazol~umolate (17) 

resulted in an intractable complex mixture. 
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EXPERIMENTAL 

Melting points were determined on a Yanagimoto hot-stage and are not corrected Infrared (KBr disk) and 

ultraviolet spectra were measured on a Hitachi 345 and a Shimadzu UV-260 spectrophotometer respectively. 

I H  (90 MHz) and I3C (22.5 MHz) nmr (CDCI3 solution) spectra were recorded with a JEOL JNM-FX-90Q 

spectrometer with tetramethylsilane as an internal standard, and 31~-nmr  (36.2 MHz) spectra were measured 

with the same spectrometer by the use of 85% H3P04 as an external standard. Mass spectra were measured 

with a Sh~madzu GCMS-QPIOOOEX spectrometer at an ionization potential of 70 eV. Elementary analyses 

were performed with a Perkin-Elmer Model 240 apparatus. All yields are based on isolated products wlth 

sufficient purity 

Cycloaddition of the Dithiolinmolate (6) with the Phosphirene (7). A solution of the dithioliumolate 

(6)13 (1.13 g, 4.2 mmol) and the phosphirene (7)12 (1.86 g, 6.5 mmol) in benzene (50 ml) was allowed to 

stand in the dark at room temperature for 46 days under nitrogen. The solution was concentrated and acetone 

was added The crystals which separated out were collected and washed with acetone to give the cycloadduct 

(8) (1.80 g, 77%). Colorless needles (from acetonitrile), mp 2 0 6 2 0 7  "C (decomp.); uv,,,,, (EtOH) (log E) 

276 (3.71). 284 (3 63), and 323 nm (2.68); ir 1700 cm-I (C=O): 'H-nmr 6 6.23-7.21 (m), I3C-nmr 6 59 6 (d, 

' J ~ . ~  31 Hz), 68 3 (d, 1~C.p31 Hz), 7 9 2  (d, 2~C.p  13 HZ), 82.4 (d, 2 ~ C . p  15 HZ), 126.1-137.6, and 200 6 (d. 

3~C.p 4 HZ): "P-nmr S -255; ms m/z (rel. mtensity) 496 (& - SCO, 33) and 388 (p - SCO - PhP, 100). 

Anal. Calcd for C3,Hz50PS2: C, 75.42: H, 4.28. Found: C, 75.52; H, 4 53 Separation of the filtrate on 

silica gel (hexane-dichloromethane, 1 : 3) gave the thiophene (9) (70 mg, 4%). mp and mixedL5 mp 183- 

I85 "C (lit F4 mp 184 "C ). 

Acid Treatment of the Cycloadduct (8). A solution of the cycloadduct (8) (278 mg, 0.5 mmol) and 

trifluoroacetlc acid (0 6 ml, 0.8 mmol) in dichloromethane (3 ml) was stirred at room temperature for 5 days. 

The mixture was washed with aq. 3% sodium b~carbonate, dried (Na2S04), and concentrated. The residue 

was washed with acetonitrile to gwe the thiophene (9) (180 mg, 93%) identical with an authent~c specimen.15 

Pyrolysis of the Cycloadduct (8). A solution of the cycloadduct (8) (2 I2 g, 3.8 mmol) in xylene (30 ml) 

was refluxed for 68 h under nitrogen. The solution was concentrated and the residue was separated on 

column chromatography (s~llca gel, benzene) to give the thiophene (9) (665 mg, 45%), identical with an 

authentic specimen,15 and the thiaphosphinine (11) (470 mg, 25%). Yellow needles (from acetonitrile), mp 

196--198 "C; uv,,, (EtOH) (log E) 243 (4.43) and 316 nm (3.85); ir 3070, 1475, 1430, 1090, and 1025 
cm-l. 1 , H-nmr 6 6 8 6 7 . 1 4  (ZOH, m), 7.24-7.49 (3H, m), and 7.88-8.14 (2H. m); I3c-nmr S 126.7- 
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150.8, 31~-nmr  6 -275; ms mlz (rel. intensity) 496 (d, loo), 464 (& - S, 23), and 388 (p - PhP, 81). Anal. 

Calcd for C34H2sPS: C, 82.23; H, 5.07. Found. C, 82.28; H, 4 89. 

Irradiation of the Cycloadduct (8). A deaerated solution of the cycloadduct (8) (278 mg, 0.5 mmol) in 

anhydrous benzene (150 ml) was irradiated internally for 4 h with a 100-W high-pressure mercury lamp 

through a Pyrex filter under 20 "C and under an atmosphere of argon. The solution was concentrated and the 

crystals which separated out on addition of acetonitrile were collected to give the thiophene (9) (158 mg, 

8l%), identical with an authentic specimen.'5 

Reaction of the Mesoionic Oxazolium-5-olate (12) with the Phosphirene (7). A solution of the oxazol- 

iumolate ( 1 2 ) ~ '  (160 mg, 0.6 mmol) and the phosphirene (7) (180 mg, 0 6 mmol) In anhydrous acetonitrile 

(5 ml; 0.2 ml of acetlc anhydride had been added previously) was refluxed for 10 h under an atmosphere of 

nitrogen The crystals which separated out on cooling were collected and washed wlth acetonltrile to give I -  

methyl-2,3,4.5-tetraphenylpyrrole (15) (104 mg, 45%), mp and mixed mp 210--212 "C (lit.,4 2 1 6 2 1  1 T). 
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