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The reac t ion  of aeyl halides with oxaza -  and diazaphospholanes can occur  e i ther  at the P a tom with the 
fo rmat ion  of acyl phosphonates  [1] or  at the exo-  or  endocyclic N a toms with the product ion of ca rbamoyla t ion  
products  [2], depending on the i r  s t r uc tu r e .  The reac t ions  of oxazaphospholanes  with acid hal ides of phosphorus  
have not here tofor~  been studied. 

2-Diethylamino-3-phenyi-l, 3,2-oxazaphospholane (I) readily interacts with pyrocatechol chlorophosphite 

(II) with exchange of the diethylamino group for a Chlorine atom: 
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As in the case  of  acetyI  and benzoyl halides,  the exchange p r o c e s s e s  apparent ly  take place  with the p a r t i c i -  
pat ion of acidic admix tu res  (HC1, the hydrochlor ide  of the amine) ,  which a re  p re sen t  in the reac t ion  mix ture  
[3]. The p r o c e s s e s  taking place in the s y s t e m  under  considera t ion a re  r e v e r s i b l e  and should be subject  to 
t he rmodynamic  cont ro l .  Dioxaphospholane IV, which has a ve ry  high s tabi l i ty ,  accumula tes  during the r e a e -  
t ion. A s im i l a r  phenomenon was observed  in [4]. Exchange also takes  place  between oxazaphospholane III and 
ethyl te t rae thyld iamidophosphi te  (V), s ince it is known that subst i tuents  which fo rm a f i v e - m e m b e r e d  ring a re  
m o r e  e lec t ronega t ive  groupings than a r e  the l inear  analogs:  
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The interaction of 2-alkoxy-3-methyl(phenyl)-l,3,2-oxazaphospholanes VI and VII with II also takes place 
with the exchange of the exocyclic substituents and the formation of 2-ethoxy-4,5-benzo-l, 3,2-dioxaphospholane 
(VIII) and 2-chloro- 1,3,2-oxazaphospholanes IIi and IX: 
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R = Me (VI, IX, X), Ph (III, Vii, XI). 

:The study of the reac t ion  of oxazaphospholane VI and II by a p  NMR showed that the initial step involves c l eav-  
age of the endocyclic P - N  bond and the format ion  of N,O-diphosphoryla ted  methylaminoethanol  X (6P 165, 147 
ppm) ,  which decomposes  into the  reac t ion  p roduc t s  upon heating and dist i l la t ion.  It should be noted that the 
s tabi l i ty  of N-methyl  der iva t ive  X is  somewhat  higher  than that of diphosphite XI, which f o r m s  during the r e a c -  
t ion,  decomposes  rap id ly ,  and only smal l  amounts  of it a re  detected spectroscopically in the react ion  mix ture .  
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Diphosphite X undergoes aminolysis  under mild conditions with the exchange of a chlorine atom for a diethyl- 
amino group to form amidophosphite XII (51) 148, 150 ppm). 
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Its disproport ionation can occur  along two paths:  with migrat ion of the diethylamino group to the endo- 
cyclic 1) atom (path 1) or  migrat ion of the alkoxy group {path 2). The exper imenta l  data show that both paths 
are  real ized,  but the f i rs t  is slightly preferable .  The r a t i o o f  the products IV and VI to VIII and XII is ~ 60: 
40%. 

According to the data from the 311) NMR spectra, the interaction of diphosphite X with AcCl is accompa- 

nied by cleavage of the 1)-N bond and the formation of pyroeatechol chlorophosphite (SP 173 ppm) and chloro- 
phosphite XIV (51) 165 ppm): 

M e  

(X) + CH3COC1 ~ (II) + CH3CONCH~CHzOP(OEt)C1 
(XIV) 

Exchange interactions also readily take place in the system consisting of oxazaphospholane VI and 2-chloro-4- 
methyl-i, 3,2-dioxaphospholane (XV) : 
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Such a course  of the react ion is conf i rmed by the appearance in the 31p NMR spectrum of a signal at 51 ) 
138 ppm for dioxaphospholane XVI. Acid chlorides IX and XV have s imi lar  values for the chemical shifts and 
are  descr ibed in the form of a single broadened signal at 169-170 ppm. It has not been ruled out that the rea -  
son for this is in te rmolecular  halogen exchange [5]. The isolation of the individual compounds in this reaction 
is complicated by the c loseness  of the boiling points.  

The react ion between oxazaphospholane VI and diethyl chlorophosphite takes place according to the scheme 
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The 3tp NMR spectrum shows signals at 5P 139 (triethyl phosphite) and 169 ppm (acid chloride IX). An 
increase in the intensity of the peaks corresponding to these products is observed upon heating. In this case, 
the reaction apparently takes place with initial opening of the ring at the P-N bond in oxazaphospholane VI to 

form diphosphite XVII. The latter cannot be detected because of its easy dissociation. We carried out a spe- 

cial study of the phosphorylatiofi of methylaminoethanol under the action of diethyl chlorophosphite: 
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Diphosphite XVIII is  cha r ac t e r i z ed  in the 31p NMR spec t rum by two singlets  at 146 and 138 ppm.  Upon 
heating it r ead i ly  d i s soc ia tes  into t r ie thyl  phosphite  and oxazaphospholane VI. A s im i l a r  type of convers ion  

was obse rved  in the ease  of diphosphorylated glycols  in [6]. 

EXPERIMENTAL 

The alp NMR spectra were recorded on a KGU-4 spectrometer at a frequency of 10.2 MHz, the refer- 

ence being 85% H3PO 4. 

Reaction of 2-Diethylamino-3-phenyl-1,3,2-oxazaphospholane (!)wit h pyr~ Chlorophosph:ite (II). 
A mixture of 6.8 g of I and 5 g of If in 50 ml of dry benzene was held for 1 h at 20~ Distillation resulted in 
the recovery of 4.1 g (68%) of oxazophospholane III with bp 99-I01~ (0.01 mm Hg), n~ 1.6000, mp 57-58~ 

and 3.6 g (60%) of dioxaphospholane IV with bp 67~ (0.02 mm Hg), n~ Io 5400. 

Reaction of 2-Chloro-3-phenyl-l,3,2-oxazaphospholane (III) with Ethyl Tetraethylamidophosphite. A 
mixture of 4.6 g of HI and 5 g of ethyl tetraethylamidophosphite was heated at 150~ for 1 h. Distillation re- 
sulted in the isolation of 4.65 g (77.4%) of oxazaphosphoiane I, bp 96~ (0.02 mm Hg), n~ i. 5610 (compare 

[7]) and 2.9 g (53%) of ethyl diethylamidochlorophosphite, bp 34-38~ (0.02 mm Hg), n~ 1. 4660 (compare [8]). 

React ion of 2;Eth__0x_Y -3-methyl - l ,3 ,2 :oxaz_aphpspt~glane  (VI) with Pyroca techol  Chlorophosphite (II). a) 
A 3-g port ion of VI was siow!y given an addition of 4.34 g of II with cooling to -25~  Dist i l lat ion of the r e -  
action mix tu re  resu l ted  in the isola t ion of 3.2 g (39%) of dioxaphospholane VIII with bp 92~ (12 m m  Hg), n~  
1.5088, 531p 128 ppm (compare  [9]) and 1.27 g (46%) of acid chloride IX, bp 75~ (12 m m  Hg), n~  1.5120, 
31p 169 ppm (compare  [10]). 

b) The reac t ion  mix tu re  obtained under  the conditions of expe r imen t  a) was given an addition of 100 ml 
of benzene and then a dropwise addition of 1 3 2  g of die thyIamine with cooling to 5~ Dist i l lat ion resul ted  in 
the isola t ion of 1.24 g (37.2%) of oxazaphospholane VI, bp 75~ (10 m m  Hg), n~  1. 4520, 2.98 g (65.4%) of di-  
oxaphospholane VIII,  bp 86~ (10 m m  Hg), n~  1. 5080 (compare  [9]), and 3.57 g (64%) of dioxaphospholane IV, 
bp 122~ (10 m m  Hg), n~  1. 5402. 

React ion of 2 - E t h o x y - 3 - p h e n y l - l , 3 , 2 - o x a z a p h o s p h o l a n e  (VII) with Pyroea teehol  Chlorophosphit? (_~). A 
3-g por t ion of VII was mixed with 2.48 g of II. Dist i l lat ion of the reac t ion  mix tu re  resu l ted  in the isolat ion of 
2.15 g (85%) of dioxaphospholane VIII with bp 40~ (0. 002 m m  Hg), n~  1. 5080 [9] and 2.76 g (96.5) of acid ch lo r -  
ide III ,  bp 96-g8~ (0o001 m m  Hg), n~  1.6038, mp 57-58~ [7]. 

React ion  of 2 - E t h o x y - 3 - m e t h y l - l , 3 , 2 - o x a z a p h o s p h o l a n e  (VI) with Diethyl Chlorophosphite .  A mix tu re  of 
3 g o f V I  and 4 g of diethyl chlorophosphite  was heated at 100~ for  1 h. Dis t i l la t ion resu l ted  in the isolat ion of 
2.4 g (57%) of t r ie thyl  phosphi te ,  bp 55~ (10 m m  Hg), n~  1.4140 [11] and 2,3 g (83%) of oxazaphospholane (IX), 
bp 68-70~ ( 1 0 r a m  Hg), n ~  1.5100, 63JP 169ppm [10]. 

Phosphoryla t ion  of MethylaminoethanoI.  A mix tu re  of 2 g of methylaminoethanol  and 5.4 g of t r i e thy l -  
amine in 100 ml of dry  benzene was given a dropwise  addition of 8 g of diethyl chlorophosphite  with cooling to 
10-15~ Dist i l la t ion Of the reac t ion  mix tu re  resu l ted  in the isolat ion of 7.87 g (92%) of t r ie thyl  phosphite ,  bp 
59-60~ (12 m m  Hg), n ~  1.4125 [11] and 2.16 g (67%) of oxazaphospholane VI, bp 81-84~ (12 m m  Hg), n~  
1.4530. 

C O N C L U S I O N S  

The reaction of oxazaphospholanes with acid chlorides of trivalent phosphorus takes place with the clear- 
age of exo- or endocyclic P-N bonds. The opening of the ring produces diphosphorylated alkanolamines, which 
are converted as a result of disproportionation into I, 3,2-diheterophospholanes, the latter being products of 
the exchange of exocyclic substituents. 
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The B-mercura t ion  react ion is a convenient method for the synthesis of B -mercu ra t ed  carboranes  [1, 
2]. Symmetr ic  carborane  derivatives of m e r c u r y  with the B -  Hg bond were used in the react ion with halides of 
nontransit ion elements of groups III-V to obtain carboranyl  derivatives of these elements with a b o r o n - e l e -  
ment bond [3]. With Hg [4] and T1 [5, 6] derivatives as examples ,  we compared  the pkoperties of B-metal la t -  
ed compounds synthesized with the proper t ies  of the previously  known C-metal la ted derivatives of carboranes  
[7]. It was shown that C-meta lca rboranes  differ considerably  in their  proper t ies  f rom the organometal l ic  
compounds with alkyl and aryl  substi tuents,  while the B der ivat ives ,  although they have no C - M  bond, are  in 
many respec ts  s imi la r  to the organometal l ic  compounds.  

To clar i fy  the general i ty  of this phenomenon, it was interest ing to study the proper t ies  of the carborane  
compounds with a B - S n  bond, in compar ison with the s implest  organometal l ic  compounds and earborane der i -  
vatives with the C - S n  bond. 

We obtained the carboranyl  derivatives of tin with a B - S n  bond by the react ion of boromercura ted  c a r -  
boranes with tin dichloride in analogy with the known react ion of R2Hg with SnC12 [8]. We were able to c a r r y  
out this react ion for the corresponding boromercura ted  carboranes  under severe  conditions.* Thus, bis[o(m)- 
(9-carboranyl)  ]mercury  reacts  with an excess of SnC12 melt  at 270- 300~ to give bis [o(m)-(9-carboranyl) ]tin 
dichlorides and metall ic  Hg: 

27~176 "- ~ B ~ ' ' ~  "l 
(C~B2B10Hg)2Hg + SnC12 5---m-~-n ~ (t~2t% lo~9)2~nb 2 + Hg 

Under still m o r e  severe  conditions, the o- and m - e a r b o r a n y l m e r c u r y  chlorides also enter  the react ion with 
the formation of earboranyl t in  t r ich lor ides :  

300--320~ B 
C2R2BloH~HgCI + SnCI~ ~ C2R~ loH~SnCI~ + Hg 

5 rain 

The preparation of carboranyltin trichlorides in a pure state indicates that these compounds are stable, in 

contrast to the usual organotin trichlorides, which are, in general, unstable and disproportionate into R2SnCI 2 

and SnCl 4. 

* For  a p re l iminary  communicat ion,  see [3]. 
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