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ABSTRACT-The reaction of cyclohexylideneethenylphos~~honic acid and its 

esters with aryleelenenyl chlorides leads to the formation of 4-arylseleno- 

2-0xo-l-oxa-2-phospha-spiro(4,51-3-decene derivatives. The dichloride of 

this acid with the same reagents cyclized only in the presence of sul- 

fur dioxide. 

INTRODUCTION 

Although there has been published many papers on the preparation of 1,2-oxaphosphal- 

3-ene-2-oxides '-lo, this class of organophosphorus heterocycles is still not very 

well known. In particular bicyclic compounds are rare '-'. One of the methods for 
preparation of 1.2-oxaphosphol-3-ene derivatives is the reaction of phosphorylated 

allenes with electraphiles. It was shown recently that the cyclization in this case 

10 depends on the substituents at the c3 atom of the allenic bond and the P-atom . 
The reaction of selenenyl chlorides as electrophilic reagents with 1.2-alkadienyl- 

phosphonates, except for one preliminary communication 11, has not been studied. This 

paper presents our results on the reactions of cyclohexylideneethenylphosphonic 

acid and some of its derivatives with these reagents which give rise to spiro 

1.2-oxaphosphol-3-ene-2-oxides. 

RESULTS and DISCUSSION 

The reaction of benzene- or p-chlorobenzeneselenenyl chlorides with cyclohexyli- 

deneethenylphosphonic acid (3) and four of its esters ( g-= ) gave products which 

were assigned the spiro cyclic structure ( &-e, s - e  I :  

la-e - - 3 - e ,  z - e  
1 - 3 a b c d e  2 3 

R H fie ~t prn pri Ar C6H5 p-C1C6H4 



The reactions was conducted in chloroform with heating for &, or at room tempe- 

rature for g-e.  The compounds obtained after removal of the solvent were viscous 
oils which soon crystallized. The structure of the products was ascertained by 

nmr and ir spectroscopy (Tahle 11 and elemental analysis ( Table 2 ) .  

1 Table 1. H-IUN and ir data of spiro compounds 2 - d ,  z-2, a . 2  

SeAr 

Chemical shifts, 6 (CDC1) E$'-SP:"Hz ir absorptions, cm 
-1 

NO Y Ar 

Y Ar Fyc? H Y-P H3-P Y-P P=O C=C 

2a HO Ph - 9.32s 7.40m 1.72s 5.18d - 28.0 - 1220 1542 

b Me0 - Ph 3.58d 7.401" 1.70s 5.14d 12.0 28.0 1015 1240 1545 

c EtO - Ph C;g 7.40m 1.65s 5.20d 9.6 28.8 1025 1230 1535 

3c EtO p-C1Ph "Eg ::;:? 7.36m 1.73s 5.18d 10.0 27.6 1000 1250 1540 - 

S- singlet, d- doublet, t- triplet, q- quartet, dt- doublet-triplet, dq-doub- 

let-quartet, m- multiplet 

1 3 The H-nmr spectra of all spiro compounds showed a doublet from the H of the oxa- 

phospholene ring ( 6 5.14 - 5.40, 2 ~ H p  27.0 - 33.9 Hz I typical for 4-substituted 
oxaphospholenes 9r12r13. The 3 1 ~  chemical shifts ( 34.2 - 34.6 ppm I are characte- 

ristic for heterocycles with tetracoordinate phosphorus 13'14. 

When cyclohexylideneethenylphosphonic dichloride Q was treated with arylselenenyl 

1 chlorides at 0 - 5Oc no cyclic product was observed ( H-nmr ) .  In the presence 

Of Sulfur dioxide, however, cyclization took place with the formation of spiro 

1.2-oxaphospholene-2-oxides 2 .2 .  

It is known that the reaction of c y c l o h e x y l i d e n e e t h e n y l p h o ~  dichloride with 
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chlorine l1 and benzenesulfenyl chloride l2 proceeds with elimination of HC1 and 

formation of 1.3-alkadienylphosphonic dichloridea. However, sulfuryl chloride 

11 reacted with the same allenic dichloride to give an oxaphosphol-3-ene-2-oxide . 
Probably the sulfur dioxide which forrnsduring the reaction in this case is res- 

ponsible for the heterocyclization of allenephosphonate. Moreover, it has been 

shown that 3,3-disubstituted allenylphosphonic dichlorides with halogens cyc- 

lieed and gave oxaphospholenes with pentavalent phosphorus which are stable in 

CC14 solution for several days. The latter compounds with SO2 lead to formation 

of 1,2-oxaphosphol-3-ene-2-oxides 13. Cyclohexylideneethenylphosphonic dichlo- 

ride and selenenyl chlorides, in the presence of sulfur dioxide, probably react 

by a similar mechanism via an unstable intermediate I I ) which is trapped by 

SO2 to give *, 2: 

SeAr SeAr 

[H*] c13p.0 -soCl2 ",% 'p-0 - CI' 
( 1 )  5a,b - - 

Table 2. Elemental Analysis of Oxaphoepholenes &-e, &-e and 2 . b  

Yield mp Found, % 
Formula Calculated, % 

NO % 0 C C H P C1 C H P C1 

The products obtained in this work may be interconverted by standard proce- 

dures : 



The compounds synthesized by both methods have identical spectrascopical data 

and physical constants. 

EXPERIMENTAL 

1 The H- and 31~-nmr spectra were obtained on JEOL JNM PS 10 and FX 90 Q spect- 

rometers using TMS and 85% H3P04 as standards. The ir spectra were run on a IR-72 

spectrophotometer ( Karl Zeis Jena, DDR ) .  The cyclohexylideneethenylphosphonic 

acid and its derivativeswere synthesized according to the literature 15. Arylse- 

lenenyl chlorideswere freshly prepared from the corresponding diselenides and 

chlorine or sulfuryl chloride and used without purification. 

4-Benneneaeleno-2-hydroxy-l-oxa-2-phospha-io(4,5)-3-decene-2-oxide ( 5 ) 

Method & 

A solution of 3.85 g ( 0.02 mole ) of benzeneselenenyl chloride in 15 ml of dry 

chloroform was added dropwise to 3.76 g ( 0.02 mole ) of cyclohexylideneethenyl- 

phosphonic acid dissolved in 10 ml of CHC13 at 40 to 50'~. The reaction mixture 

was kept overnight at room temperature, then the solvent was removed and residue 

recrystallized from heptane. Yield 79%. 

.B 
0.9 g ( 0.015 mole ) of water was added dropwise to 3.62 g ( 0.01 mole ) of 2 

dissolved in 50 ml of heptane at 40 - 50•‹c. The reaction mixture was kept at the 
same temperature for one hour and then the solventswereremoved in vacuo to give a 

residue which soon became crystalline. Yield 70%. 

4-Ar~l~elen0-2-alkoxy-l-oxa-2-phoepha-spir(4,5)-3-decene-2-oxides ( g-e ,  &-2 1. 

lwbQ!i 

A solution of 0.02 mole of the arylselenenyl chloride in 15 ml of dry chloroform 

was added dropwise to 0.02 mole of the dialkyl cyclohexylideneethenylphosphonate 

dissolved in 10 ml of CHC13 at room temperature.   he reaction mixture was kept for 

two hours and the solvent then removed. The crystalline residue was recrystallized 

from heptane. Yield 65-90%. 
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I i s L h Q u  

0.01 mole of the a1,:ohol was added dropwise to a mixture of 0.01 mole of or 2 
and 0.012 mole of triethylamine dissolved in dry benzene at 40 to 50•‹c. The reaction 

mixture was stirred for one hour at the same temperature. The precipitate was fil- 

tered off and the solvent removed to give a solid residue which was recrystallized 

from heptane. Yield 5040%. 

8 ( 4,5),( 1). 

Method A 

Through a solution of 0.02 mole of cyclohexylideneethenylphosph~nic dichloride in 

dry chloroform at 0 - ~ O C  was bubbled sulfur dioxide for 15 - 20 mi". Continuing 

the admission of SO2 with stirring, a solution of 0.02 mole of the selenenyl chlo- 

ride in CHC13 was added dropwise. The reaction mixture was stirred for one hour 

and then the solvent was removed and the solid residue recrystallized from heptane. 

Yield 74-76%. 

sethod B 

0.02 mole of 3 or was added in one portion to 15 ml of thianyl chloride. The 

reaction mixture was boiled for 4 - 5 hours. Then, thionyl chloride was removed an< 
the residue was recrystallized from heptane. Yield 45-50%. 
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