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The react ions of trialkyl phosphites with aliphatic aldehydes at 20~ [1], and also with chloral [2] and 
pentafluorobenzaldehyde [3] at low temperatures ,  give the corresponding 2,2,2-trialkoxy-l,4,2-dioxaphospholane 
derivatives, in which connection the 2,2,2-trialkoxy-3,5-bis(pentafluorophenyl)-l,4,2-dioxaphospholane when 
heated is converted to the 2,2,2-trialkoxy-4,5-bis(pentafluorophenyl)-l,3,2-dioxaphospholane [3]. According to 

�9 [3], the formation of the 1,4,2-dioxaphospholanes is character is t ic  for aldehydes, while ketones, activated by 
electron-acceptor  substituents, when reacted  with trialkyl phosphites, give only the 1,3,2-dioxaphospholanes. 

To obtain more detailed information on the mechanism of the reactions of activated carbonyl compounds 
with trialkyl phosphites we studied the reaction of the latter with 1,1,1-trfflaoroacetone by the 31p NMR method. 
In the 31p NMR spectrum of a mixture of (EtO)3P and MeCOCF 8 (I : 2) at 20 ~ are observed the appearance, and 
then a decrease in the signal with 6 37 ppm of the corresponding 2,2,2-tr iethoxy-3,5-dimethyl-3,5-bis(tr i-  
fluoromethyl)-l,4,2-dioxaphospholane. We recently isolated a similar dioxaphospholane in the pure state from 
the reaction of ethyl ethylene phosphite with MeCOCF 3 [4]. Later in the spectrum appears and increases the 
signal with 8 75 ppm of the end reaction product, namely t r ie thoxy-~-t r f f luoromethyl-~-(1-methyl-2 ,2-di-  
flaorovinyloxy)ethoxyfluorophosphorane. For phosphoranes with a close structure,  containing a P - F  bond, 
75 ppm [5]. A gradual decrease in the signal of the starting (EtO)3P (-138 ppm) is observed during reaction. 
The process  is accompanied by the formation of a small amount of a phosphate with ~ 3 ppm. The reaction is 
completed in 216 h (Fig. 1). The analogous reaction of (MeO)3P with MeCOCF 3 is completed in 168 h. Here, 
besides trimeth~xy-~-tr~uor~methy~-~-(1-methy~-2~2-dif~uor~viny~xy)ethoxyf~uor~ph~sph~rane (~ 75 ppm) 
and the phosphate (~ 3 ppm), is formed a small amount of dimethyl methylphosphonate (~-32 ppm) (Fig. 2a). 
It was found that the product with ~ 3 ppm (Fig. 2b) could be removed by distillation of the reaction mixture. 
The P1VIR spectrum of the residual  mixture has the signals (~ ppm, J, Hz): 1.35 (MeP, JHP = 18) and 3.65 
(MeOP, JHp = 11), which coincide with those observed for the authentic Mel~(OMe) 2. 

The s tructure of trimeth~xy-~-tr~uor~methy~-~-(1-methyl-2~2-difluor~vinyl~xy)eth~xyf~u~r~ph~sph~r- 
ane was confirmed by the lSF NMR spectrum (~, ppm, J, Hz): 1.55 (CF3, JFp=7) ,  5.48 (CF2-), -2 .44 (FP, J F p  = 
1115). For fluorophosphoranes of analogous s tructure,  JFP  = 822 Hz [5]. The ratio of the integral intensity of 
the CF 3, = CF2, and F signals is equal to 3 : 2 : 1. The IR spectrum has ave ry  weak band at 1680 cm -1 (v C = C), 
which has a medium intensity in the Raman spectrum. 

The mass spectrum of the reaction products was obtained at 50 eV, m /e  (relative intensity, % of total 
ionic current  down to mite 29, %Z29): 333(0.23), 329(0.02), 319(0.04), 318(0.09), 317(1.3), 303(0.04), 302(0.32), 
297(0.05), 295(0.14), 287(0.08), 282(0.091), 279(0.23), 272(0.14), 263(0.09), 262(0.18), 233(0.68), 223(0.23), 
222(0.18), 221(0.13), 193(0.41), 185(0.319), 183(0.73), 171(0.52), 169(1.71), 153(0.64), 151(0.50), 149(0.32), 
141(2.0), 140(0.41), 139(0.50), 127(2.7), 124(1.8), 121(0.82), 120(0.27), 110(0.32), 117(0.18), 113(5.9), 110(4.1), 
109(5.9), 103(0.55), 97(0.39), 96(0.41), 95(2.7), 94(7.7), 93(4.1), 91(0.68), 90(0.41), 89(0.41), 85(0.23), 83(0.23), 
82(0.32), 81(0.55), 80(0.55), 79(8.7), 78(0.23), 77(1.2), 76(0.23), 75(0.41), 69(1.7), 65(0.82), 64(0.32), 63(2.2), 
59(0.91), 58(0.36), 57(0.36), 55(0.32), 53(0.18), 51(0.60), 50(0.18), 49(0.27), 48(0.36), 47(2.37), 46(0.23), 45(1.23), 
44(2.0), 43(4.57), 42(0.41), 41(0.59), 40(2.3), 39(0.68), 33(0.55), 31(5.5), 30(1.7), 29(4.6). The peak with m/e 124 
corresponds to the molecular ion MePO(OMe)~, whose mass spectrum is known only at 70 eV [6]. We obtained 
the mass spectrum of this compound at 50 eV, m/e (%z29): 124(6.9), 109(9.6), 94(24.4), 93(9.9), 79(26), 63(4.7), 
47(7.2), 45(1.1), 31(4.6), 29(5.4). 
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Fig. 1. 31p NMR spectra of reaction mixture during reaction of 
triethyl phosphite with 1,1,1-trifluoroaeetone at 20~ 1) imme- 
diately after mixing; 2) after i h; 3) 22 h; 4) 166 h; 5) 168 h; 6) 216 
h after mixing. 

A comparison of the mass  spectra of the mixture of products and Mel~(OMe) 2 testifies to a slight super-  
imposition of the peaks with m/e  124, 94, and 79 of the phosphorane and MePO(OMe)2~ The ratio of the intensi- 
fies of the peak with m/e  124 and m/e  94 and 79 in the mass spectrum of the mixture is close te their ratio in 
the mass spectrum of the pure MePO(OMe) 2. We will mention that the metastable peaks with m/e  71.3, 57.3, 
and 66.4 of the decomposition reactions 124---94, 109---79, 94-~79 in the mass spectrum of the mixtm'e and 
MePO(O1VIe) 2 coincide with those given in [6]. On the assumption that the peak with m/e  124 is caused only ~y 
Mel:O(OMe)2, we calculated the mass spectrum of the pure phosphorane, m/e  (%Z~9): 333(0.31), 329(0.02), 
329(0.02), 319(0.06), 318(0.12), 317(1.8), 303(0.06), 302(0.43), 297(0.07), 295(0.20), 287(0.12), 282(0.12), 279(0.31), 
272(0.20), 263(0.12), 262(0.25), 233(0.03), 223(0.31), 222(0.25), 221(0.20), 193(0.56), 185(0.43), 183(0.99), 171(0.71), 
169(2.4), 153(0.86), 151(0.68), 149(0.43), 141(2.7), 140(0.56), 139(0.68), 127(3.7), 121(1.1), 120(0.37), 119(0.43), 
117(0.25), 113(8.0), 110(5.6), 100(4.7), 103(0.74), 97(0.52), 96(0.56), 95(3.7), 94(0.94), 93(2.1), 91(0.93), 90(0.56), 
89(0.56), 85(0.31), 83(0.31), 82(0.43), 81(0.74), 80(0.74), 79(2.6), 78(0.31), 77(1.6), 76(0.31), 75(0.56), 69(2.3), 
65(1.1), 64(0.43), 63(1.4), 62(0.50), 59(1.2), 58(0.50), 57(0.50), 55(0.43), 53(0.25), 51(0.80), 50(0.25), 49(0.37), 
48(0.50), 47(0.70), 46(0.31), 45(1.3), 44(2.5), 43(6.2), 42(0.56), 41(0.80), 40(3.1), 39(0.93), 33(0.74), 31(5.8), 
30(2.2), 29(4.3). The absence of the M +* peak is full explainable by the propert ies of this class of compounds 
[5]. Usually in the mass  spectra  of branched compounds, which have methyl groups, the (M--Me) + ion proves 
to be most heavy. The peak with m/e  333 corresponds to the (M - Me) + ion, while the peak with m/e  329 cor-  
responds to the (M--F) + ion. The presence of a CF 3 group in the molecule is confirmed by the peaks with 
m/e  279 (M--CF3) + and m/e 69 (CF.q) +. In the mass spectra of phosphorus es ters  the intense peaks cor re -  
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Fig. 2. Slp NMR spec t rum of mixture  of t r imethoxy-oL-tr i f luoro-  
methyl-o~- (1-methyl-2 ,2-  difluo rovinyloxy) ethoxyfluo r ophos phor ane 
and products  with ~ Sip 3 and 32 ppm (a), and with dimethyl  methyl -  
phosphonate (b). 

spond to the (M - OR) + ions [7]. In the spec t rum of the studied phosphorane the peak with m / e  317 (M-MeO) + 
proves  to be the mos t  intense in the reg ion  of heavy ions.  The peaks of the ions [M-  MeO + Me)] +. and [M-  (MeO + 
Me+ CHsO)] + ' ,  with m / e  302 and 272 respec t ive ly ,  axe also present .  

As a resu l t ,  the ref lvxing mixture  contains,  besides MePO(OMe)s, also a pentacovalent  P compound with 
mol .wt .348 ,  which contains a P - F  bond. The format ion  of such phosphoranes  can be explained by one of the 
d i rec t ions  in the depicted scheme.  

Me CFs 
+(IX) + \ /  

(BO)sP + MeCOCFs ~ (RO)3P--C--O- .; " ~ (RO)sPCOCO- 
(I) (II) (III) M(  "NCF s -'lid (IV)M/e~CFs 

(RO)aPOC--CFs 
(VIII) I Me 

+(n) 
O- CFs 

+ \ / 
(BOhP C 

\ / \ 
O--C Me 

/ ", 
Me CFs 

(ix) 

Me 
. /  

\O_C l /  

"xCF~ 
(X) 

F CFs 0 
I I / C \ F z  - .  (RO)sPOC.--C 

Mo 

(Xl) 

Me 
/ 

O--C" 

(BO)sP F3 
\ 

C--O 
(V) / \ 

Me CFs 

/ M o  
O--C, 

+ / I \CF~ 
(RO)aP 0 

/ \  
Me CF, 

(v[) 

1 
F Me Me 
I I I 

(nO)sPOC--O--C----CF~ 
ClFs 1 CFs 
(VII) 

As was shown by us, ethyl ethylene phosphite r e ac t s  with MeCOCF s by the folLowing scheme:  
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+(n) 
(I) + (II) ~ (III) ~ (IV) ~ (V) 

-(n) 

(wiI) ~ (ix) -~ (x) 

IIere a fluorophosphorane of the (XI) type [4] is not formed. Isomerization of the t~-pe (X)--~{IX}-*{XI) was also 
not obse rved  for  the 2 ,2 ,2 - t r i a lkoxy-4 ,5 - t e t r ak i s ( t r i f l uo romethy l ) - l , 3 ,2 -d ioxaphospho lane  [8, 9]. Based on the 
3tp NMR (see Figs.  1 and 2), the r eac t i on  products  of triakkyl phosphi tes  with IVleCOCF 8 do not contain the 
2 ,2 ,2- t r ia lko~y-4 ,  5 -d ime thy l -4 ,5 -b i s  ( t r ff luoromethyl)  - 1,3,2-dioxaphospholane,  w h o s e  fo rma t ion  could be 
expected if d i rec t ion  1 is  rea l ized ,  and consequently this d i rec t ion  mus t  be cons idered  improbable .  The pos -  

+(m (VI) ~- (VII) s ibi l i ty  of r eac t ion  along d i rec t ion  2, (I) ~- (II) .~- (III) ~----~ (IV) ~ (V ~ does not evoke doubt. 
--(II) 

Examples  of cleaving the endocycl ic  P - C  bond a re  desc r ibed  in [10]. 

As a r e su l t ,  t r i a lky l  ph0sphi tes  r e a c t  with IVIeCOCF 3 to give mainly  the 2 ,2 ,2 - t r i a lkoxy-3 ,5 -d ime thy l -  
3 ,5 -b i s ( t r i f luoromethy l ) - l ,4 ,2 -d ioxaphospho lane ,  which slowly i s o m e r i z e s  to the t r iakkoxy-c~- t r f f luoromethyl -  
a -  (1-methyl -2 ,2-d i f luorovinyloxy)e thoxyf luorophosphor  ane. 

+(H) 
The reversibiliW of a process of type (1) ~- (If) ~ (Ill) ~-~) (!V) ~-- (V), which was discussed by us in de- 

tail in [4, ii], stipulates the simultaneous existence of the starting phosphate and bipobx ions (lid and (IV} in 
the reaction mixture; i.e., all of the conditions are present for the dea]/~ylation of the quasiphosphonium com- 
pounds (Ill) and (IV) by the phosphate by the m e c h a n i s m  proposed  in [12] and exper imenta l ly  conf i rmed  in [13]. 

As a r e su l t ,  the fo rma t ion  of dimethyl  methylphosphonate  in the r eac t ion  of (MeO)3P with MeCOCF 3 can 
be explained by the following scheme:  

o 
(1~eolzP "MeO" PM (NeOI,P l[ " ~" PM (MeO),P or (IV) ------> L /a e ~ (MeO)~PMe + (l~eu)~ e -----> etc. 

Due to the s m a l l e r  s t e r i c  h indrance,  phosphates with less  bulky r ad i ca l s  should dealkylate  quas iphos-  
phonium compounds m o r e  eas i ly  and p r e f e r a b l y  lead the r eac t ion  in this direct ion.  Consequent}y, i t  i s  obvious 
that  diethyl  ethylphosphonate is  not f o r m e d  in the reac t ion  of (EtO)3P with MeCOCF 3. 

EXPERIMENTAL 

The IR s p e c t r a  we re  obtained on a UR-20 s p e c t r o m e t e r  in the 400-3600 e m  -1 reg ion  as  a liquid f i lm,  
while the R a m a n  s p e c t r a  w e r e  obtained on a Coderg PIIO-82 s p e c t r o m e t e r  equipped with an LG-38 h e l i u m -  
neon lase r .  The lii and 19F NMR s p e c t r a  we re  r e c o r d e d  on a Tes la  487-C s p e c t r o m e t e r  at  80 MHz, and r e -  
spec t ive ly  us ing TMS and CF3COOH as  the in te rna l  s tandards .  The 31p chemica l  shif ts  w e r e  m e a s u r e d  on 
RYa-2305 and KGU-4 in s t rumen t s  at 10 lYiHz re l a t ive  to 85% tt3PO 4. The m a s s  s p e c t r a  w e r e  obtained on an 
MI-1305 m a s s  s p e c t r o m e t e r ,  equipped with a g lass  admiss ion  sy s t em,  at  an admiss ion  t e m p e r a t u r e  of 80 ~ and 
an energy  of 50 eV for  the ionizing e lec t rons .  

Reac t ion  of T r ime thy l  Phosphate with 1 ,1 ,1-Trf f luoroace tone .  With s t i r r i n g  and cooling with wate r ,  to 
75.4 g of 1 ,1 ,1- t r f f luoroace tone  was  added 41.7 g of (MeO)3P in 1 h (ratio of r e a c t a n t s  1 : 2). The; mix tu re  was 
kept for  168 h a t  20 ~ and then the volat i le  compounds were  dis t i l led off a t  20 ~ in vaeuo (10 ram). V a c u u m - d i s -  
t i l la t ion of the r e s idue  gave 64.6 g of crude t r ime thoxy-a - t r i f l uo rome thy l - c~ - (1 -me thy l -2 ,2 -d i f l uo rov iny loxy ) -  
e thoxyf luorophosphorane  with bp 63-71 ~ (10 ram). Repea ted  dis t i l la t ion of this product  in a P e r k i n - E l m e r - 2 5 1  
appara tus  in a 1 ~ r ange  [reflux ra t io  200, dis t i l la t ion r a t e  1 d r o p / s e e ,  bp 65 ~ (10 mm)]  gave 15.2 g of a mix tu re  
of the d imethyl  phosphonate and t r i m e t hoxy -a - t r f f l uo rome thy l -~ - (1 -me thy l -2 , 2 -d i f l uo rov iny loxy )e tho x y f lu o ro ~  
phosphor inc. 

C O N C L U S I O N S  

Tr ia lky l  phosphates r e a c t  with 1 ,1 ,1- t r f f luoroace tone  to give 2 , 2 , 2 - t r i a l k o x y - 3 , 5 - d i m e t h y l - 3 , 5 - b i s ( t r i -  
f luo romethy l ) - l , 4 ,2 -d ioxaphospho lanes ,  which slowly i s o m e r i z e  to t r i a l k o x y - a - t r f f l u o r o m e t h y l - ( ~ - ( 1 - m e t h y l -  
2 ,2-di f luorovinyloxy)ethoxyf luorophosphor  anes .  
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9. FORMATION OF 2-SUBSTITUTED OXA-3-PHOSPHOLANOLS 

FROM AMIDOPHOSPHITES AND DIACETONE ALCOHOL 

F.  S. M u k h a m e t o v ,  R.  M. E l i s e e n k o v a ,  
a n d  N. I.  R i z p o l o z h e n s k i i  

UDC 542.91 : 547.1'118 

Phosphorous acid amides enter into substitution reactions with alcohols, in which connection the coordi- 
nation number of the phosphorus atom is retained here  [1]. As a continuation of studying the reactions of keto- 
alcohols with various phosphorus-containing compounds we used the alcoholysis reaction of amidophosphites 
for the purpose of adding fl-ketoalcohol moieties to the piII phosphorus atom. Here it was of especial interest  
to substitute two amide groups in view of the fact that the anticipated bis(T-ketoalkyl) phosphites were postu- 
lated as being intermediates in the synthesis of 2-substituted oxa-3-phospholanols f rom pIII acid dichlorides 
and diacetone alcohol [2]. 

Initially the alcoholysis was run by heating the reactants up to a temperature where the liberated amine 
distilled off. It proved that under these conditions (120-200~ diacetone (DAA), fl-acetoethyl, and ~-aceto- 
isopropyl alcohols give a complex mixture of products with hexaethyltriamidophosphite (HETP), ethyl te t ra-  
ethyldiamidophosphite (ETEDP), tetraethyldiamidophenylphosphonite, tetraethyldiamidoethylphosphonite, te i ra-  
methyldiamidophenylphosphonite, and  tetramethyldiamidoethylphosphonite. Based on the 31p N1VIR data, in all 
of the experiments with DAA the react ion mixture pr ior  to distillation contained at least eight phosphorus-con- 
taining compounds, which could not be isolated pure. Dark brown ta r ry  masses  are  formed in the experiments 
with either fl-acetoisopropyl or fl-acetoethyl alcohol. The stepwise substitution of the amido groups when 
heated by ketoalcohol radicals is probably complicated by the decomposition of the obtained products into un- 
saturated ketone and phosphorus acid [3]. The formed new compounds are capabls of reacting beth with the 
starting reactants  and with each other, and also of disproportionating, which leads to the observed complex 

picture. 

It is known that proton-donor reagents facilitate the alcoholysis of amidophosphites [4], and consequently 
it was decided to change the experimental conditions and study the reactions of f~-ketoalcohols with amidophos- 
phites in the presence of AcOH. Such react ion with DAA is exothermic and gives compounds that, based on the 
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