
methylsilyldiethylamine and a catalytic amount of (N]-I4)2SO 4 were added, and the mixture was heated for 1-2 h 
at 130-160 ~ until the l iberation of diethylamine had ceased. The products were vacuum-dist i l led (see Table 1). 

1 -Phenyl -2- i sopropoxy-2- th iono- l ,3 ,2-d iazaphospholane  (X). A mixture of 4.08 g of N-phenylethylene-  
diamine and 7.02 g of isopropyl tetraethyldiamidophosphite was heated for 1 h at 130-140 ~ When the l iberation 
of diethylamine had ceased the mixture was t reated with 0.96 g of sulfur and then heated for 15 rain at 100% 
Recrys ta l l iza t ion f rom benzene gave 3.1 g (40%) of (X), mp 110 ~ 3~p NMR spectrum = -72  ppm; IR spectrum: 
v 3290 cm -1 (NH). Found: N 10.96; P I1.76%. CnH17N2OP. Calculated: N 10.94; P 12.21%. 

C O N C L U S I O N S  

1. The reaction of N-phenyl(benzyl)ethylenediamine with the full amides of phosphorous acid gave a num-  
ber  of N -phosphorylated 1,3,2-diazaphospholanes.  

2. The react ion of alkanolamines with the diamides of alkylphosphorous acids,  followed by t rea tment  with 
tr imethylsi lyldiethylamine in the presence  of catalytic amounts of ammonium sulfate, gave N-si lylated 1,3,2- 
oxazaphospholanes and phosphorinanes. 

1. 
2. 

3. 
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Previously  we had shown that perf luoropropylene and 2-hydroperf luoropropylene reac t  with f luoro-con-  
taining ethylenes in the presence  of SbF 5 to give the corresponding pentenes with the multiple bond in the 2 pos i -  

tion [1]. 
SDFs CYtt~ CPt, SbF~- 

CFsCF----CF~ : ~ [CF2=CFCF~] + " 
SDFs 

[CFu--CFCF.zCF2CFa] ~ CFaCF=CFCF~CF a 

One of the steps of the proposed scheme includes rearrangement under the influence of SbF 5, with migra- 

tion of the multiple bond from the 1 to the 2 position. A similar shift of the multiple bond was confirmed ex- 

perimentally in the p resen t  paper.  It  proved that te rminal  f luoro-containing olefins when t reated with catalytic 
amounts of SbF 5 are  smoothly i somer ized  to the corresponding olefins with the multiple bond in the 2 position, 
in which connection the r ea r r angemen t  is s tereospeci f ic  and leads only to the t rans  i somers .  

R' R' 
/ sbr, / 

CF~=CFCF ~ CF3CF=Cfl 
\ 
R 

(la)--(iVa) 

13 = CzFb, R' ---- F (i); R = CaF T, R' ----- F (lI); R = CFsCF~CF2tt, R' = F (1II,; 
R = 1~'= CF~ (IV) 

The sole exception is perf luoroal lylbenzene,  the r ea r rangement  of which gives a mixture of the c i s -  and 
t rans-perf luoropropenylbenzenes  in a 1:1 ratio. Both i somers  were  isolated in the pure state by preparat ive  
GLC. The pure cis and t rans  i somers  when t reated with SbF 5 again fo rm equivalent mixtures  of the c i s -  and 

t rans-perf luoropropenylbenzenes .  

Ins-titute of Heteroorganic  Compounds, Academy of Sciences of the USSR, Moscow. Transla ted  f rom 
Izvest iya Akademii Nauk SSSR, Seriya Khimicheskaya,  No. 7, pp. 1640-1643, July,  1978. Original ar t icle  sub-  

mitred October 13, 1977. 
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a 
F F .\ /i 

C6FsCF2CF=CF~. SbFs --~ C"FsC=CFb \CI:aCFac (V) 

, \ / 
C~FsC=C (VI) 

~a 
F 

Previous ly  we had postulated that under the influence of SbF 5 the multiple bond can shift not only to the 2 
position, but also to the 3 posit ion, provided the s tar t ing olefin has a CFH group/3 to the multiple bond [1]. 
This postulation was also confirmed experimental ly.  

a h 
CF3 F 
\\, c d e f / SbF6 a b c d e 
CFCFHCF~CF =C ~ (CFa)~CFCH=CFCF~.CFs 

/ \ 
CFa F 

b g 
(VII) (VIii) 

Migration of the multiple bond in fluoroolefins under the influence of alkali metal fluorides is known [2]. 
!n this case the r ea r r angemen t  is accomplished via the intermediate formation of the carbanion and naturally 
leads to a mixture of the cis and t rans  i somers .  Since SbF 5 is one of the most  powerful acceptors  of fluoride 
ion, the migrat ion of the rpultiple bond in our case bears  a substantially different charac ter .  It may be assumed 
that the r ea r r angemen t  of perf luoroal lylbenzene is accomplished via the step of forming the carbcation.  This 
assumption makes it possible to explain both the formation of equal amounts of the c i s -  and t r an s -pe r f l uo ro -  
propenylbenzenes and the mutual t ransformat ions  of the cis and t rans  i somers  under the influence of SbF 5. 

o 
SbF~ 

C~F~CF2CF =CF2 ---, C.~FsCF - -----CF~ CF 2 

In the case of aliphatic perfluoroolefins the formation of the carbenium ion is less probable, and reaction 
is apparently accomplished via a six-membered transition complex, in which the bulky perfluoroalkyl group 
can occupy an equatorial position, which leads to the predominant formation of the trans,olefin. 

CF 2 C 

i s/! 
/ l \  

E X P E R I M E N T A L  

The IH and 19F NMR spectra  were recorded  on a H i t a c h i - P e r k i n - E l m e r  R-20 inst rument  (60 and 56.4 
MHz), using HMDS and CF3COOH as the external  standards.  Both the GLC analysis and the preparat ive sepa ra -  
tion were run using a column packed with 20c/0 SE-30 deposited on Chromosorb  W. The 19F NMR of (IIa) was 
recorded  on a P e r k i n - E l m e r  R-32 inst rument  (86.4 MHz). The s tar t ing olefins, (I)-(III), were obtained by the 
pyrolys is  of the Na salts of the corresponding acids as descr ibed in [3, 4], while olefins (IV) and (VII) were ob- 
tained by a modification of the method given in [5] for the radical  te lomerizat ion of trff luoroethylene and p e r -  
f luoroisopropyl  iodide in the presence  of benzoyl peroxide,  with subsequent dehydrohalogenation of the adducts 
using solid KOH. Compound (VII), bp 68-70~ I~F NMR spect rum (5, ppm): - 3 . 4  (Fa) , 0~ (Fb) , I l l  (Fc) , 
133 (Fd) , 30.4 (Fe), 114.2 (Ff), 15.5 (Fg), 37.9 (Fh); Jab -- 10.5, Jeh = 27.4, Jfh = l l 6 , J f g =  39.4, Jhg = 56.5 
Hz. PMR spectrum: 5 ppm. JHFa = 42.7, JHF = 7.3 Hz. Infrared spect rum:  ~ 1790 cm -1. Mass spect rum,  
m/e: 332 (M +, CTFI3H), 313 (CTFi2~I), 121 (1O0C/0? CaF+). 

The flueroolefins were rearranged by a typical method. To the fluoroolefin at 0 ~ was added several drops 
of SbF 5. After holding for i h the reaction mass was poured on ice and the organic layer was separated, dried, 
and distilled. The yield was 70-90c/0. The rearrangement of olefin (IV) was run in a sealed glass ampul at 30- 
40 ~ . 
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TABLE 1 

CoIIl- 
pound 

(vD 
" Jab 

~F o 

riO,8 
603 

8~ 

69,6 

8Fra 8 ~t 

83.9 67,5 
83,9 82,7 

~b 5c 

38.7 -7,2 
58,7 -8,5 

Jbc Jac [ Jc-Fo 

21 I4t,5 * 

Based on then IR, Ra~nan, and lSF NMR spect ra ,  compound (In), bp 27-29 ~ is identical with the authentic 

CF3 F 
\ / 

compound i l l .  C~c (IIa), bp 52-53 ~ Raman spectrt:~m: 1733 cm -~. I~F NMR spect rum (5, 
/ \ d  e f 

F CF~CF2CFa 
C 

ppm): - 6 . 3  (Fa), 81.5 (F b, Fc),  81.3 (F b, Fc),  41 (Fd), 52.3 (Fe) , 5.3 (Ff); Jab = 13.6, Jbc = 139, Jbe = 

+ 

J c e =  6 " 5 , J c d  = 18.2, Jdf = 9.1 Hz. Mass spec t rum,  m/e: 300 (M +, C~F12), 281 (C6F~I), 181 (100~ C4F~). 
a 

CFa F 
"\ /c d e 
C=CCF2CF2CF2H (Ilia), bp 68-69 ~ Raman spectrum: 1733 cm -I, laF NIV[R spectrum (6, ppm): -6.6 (Fa) , 

F / + 
b 

81.6 (c~nter of AB system, Fb) 43.7 (Fc), 59.6 (Fd), 61.4 (Fe). Mass spectrum, m/e: 282 (M ~, C~FIIH), 263 + 
(C~F10H), 181 (CcF 7 , lOG~ ([Va), bp 28-30 ~ Inf ra red  spect rum:  1700 am -1. The t~F NMlq spec t rum is 
identical with that descr ibed  in [6]. Mass spect rum,  m/e:  250 (M +, C~F+0), 231 (CsF~), 18!  (04F7, 100%). Fo r  
(V) and (VI) the IR spec t ra  cor respond to those descr ibed  in [7]. The i ~F N Ml~ spec t rum (5, ppm)* is given in Table 1. 
Compound (VIII), bp - 68 to - 7 0  ~ 19F NMR spect rum (6, ppm): i .6  (Fa), 110.2 (Fb), 35 (Fc), 46.4 (Fd) 8.2 
(Fe); Jab = 7.3, Jbe = 35, Jcd = 12.2, Jce = 6.4, Jde = 1.4, Jac  = 5.2 Hz. PMR spectrum: 55.5 ppm, JHFc = 
29.5 JHFb = 22.3 Hz. Mass spec t rum,  m/e :  332 (iV[ +, CTF13H) , 313 (CTF12H) , 263 (100%, CGF10H). 

1. 

2. 
3. 
4. 
5. 
6. 

7. 

C O N C L U S I O N S  

Antimony pentafluoride i s o m e r i z e s  te rminal  f luoroolefins to olefins with an internal  multiple bond. 
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*The lSF NMR spec t ra  of CC14 solutions of (V) and (VI) a re  descr ibed  in [7]. 
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