
C O N C L U S I O N S  

1. The decomposi t ion of the me thy l ,  ch loromethyl ,  and ni t romethyl  e thers  of 2- f luoro-2  ~2-dinitroethyl 
alcohol p roceeds  by the rad ica l  rou te ,  with the c leavage of NO 2 f rom the C(NO2)2F group. The reac t ion  ra te  is 
not a f fec ted  by an oxygen a tom in the/~ posi t ion.  

2. The decomposi t ion  of the az idomethyl  and ni t roxylmethyl  e thers  of 2 - f luoro-2 ,2-d in i t roe thy l  alcohol is 
l imi ted  by the decomposi t ion of the OCH2N 3 and OCH2ONO 2 groups.  In these  cases  an o-oxygen a tom lowers  
the act ivat ion energy  by 5-6 kcalfmole.  
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Triaminophosphines  when reac ted  with N ~ '  -d ia lkyle thylenediamines  give N ;N' -d ia lky l -1 ,3 ,2 -d iazaphos -  
pholanes [1], while the i r  r eac t ion  with o-aminophenols  in a 2 : 1  ra t io  gives N-phosphory la ted  1 ,3 ,2-oxazaphos-  
pholanes [2]. 

The analogous reac t ion  with monoalky l -  and a ry le thy lenediamines  was studied in the p r e sen t  paper .  The 
prev ious ly  unknown N-phosphory la ted  1,3~2-diazaphospholanes w e r e  obtained when the reac tan t s  were  taken in 
a 2 : 1 rat io.  
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\PN R~ 

NtlW N (I)--(IV) 

R' 

The expe r imen t s  were  run at 110-150~ for  1-2 h,  with r emova l  of the fo rmed  dialkylamine by d i s t i l l a -  
tion. The s t ruc tu re  of the products  was conf i rmed by the e lementa l  ana lys is  (Table 1), IR,  IH and Sip NMR, 
and m a s s  spec t ra .  The IR spec t r a  lack  the absorpt ion of a secondary  amido group. The 3tp NMR spec t ra  of 
the obtained compounds each have one broad signal downfield, s ince the P a toms  differ  but slightly in chemical  
shift.  The reac t ion  of equimolar  amounts  of an N-alkyl(phenyl)ethylenediamine with the diamide of an a lky l -  
phosphorous  acid gives N-a lky l (a ry l ) - l ,3~2-d iazaphospholanes ,  which eas i ly  add sulfur to give thiono d e r i v a -  

r ives.  
NHPh NH NH S 

i-PrOP (NEt,ge S ~ S W / ~ 11 "%x POPr-t ~ | POPr-i 

NH2 N / \ N / (X) 
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Ph Ph 

Prev ious ly  we had shown that  a convenient method for  the synthesis  of phosphorus-conta in ing  h e t e r o -  
cycles  is the reac t ion  of NH-containing 1 ,3 ,2-oxazaphospholanes  and phosphor inanes  with the full amides  of 
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T A B L E  1. N - P h o s p h o r y l a t e d  a n d  N - S i l y l a t e d  1 , 3 , 2 - O x a z a  ( d i a z a ) p h o s p h o l a n e s  a n d  P h o s p h o r i n a n e s  
Y 

R/N\pR , 
\X/  

pound 

(I) 

(II) 

(m) 

(IV) 

(v) 

(vI) 

(vii) 

(VIII) 

(.~X) 

X Y 

(CH:)z N-Ph P(NMez): 

(CHz) z N-PhlP(NEt-+) z 

(CH_+)2 N-BzlP(NMe-+): 

(cn.+)2 X-Bz Iv(yEt_,): 
(CH~)2 I0 ISiMe~ 

(CH..) a O ISi.Me~ 

(CH:) s O ISiM% 

o-C~H~ O /Si-Me~ 

(CH2)z N-Ph]SMe~ 

R' 

NMe2 

NEta 

NMea 

SEre 

OPr-i 

OPr-i 

OEt 

OPr-i 

OPr-i 

Y ie ld, 

16 

26 

12 

13 

40 

31 

45 

48 

49 

bp, ~ t.p, 
mm of Hg) 

154(0,004) 

165 (0,004) 

136 (0,004) 

186(0,004) 

44 (0,04) 

48-50 (0,06) 

41 (0,04) 

84-86 (0,05) 

1oo- 102 (0,004) 

dw+ n2~ D 

1,1149 1,5805 

1,0395 t,4661 

1,09~0 1,5519 

1,041211,5032 

0,938611,4412 

0,956511,4482 

1,001711,4585 

1,072311,5313 

1,0278 ] 1,5295 

C 

42,!q 9,10 

46,: '.8 9,36 

43, ~5 9,18 

53, t3 7,49 

F ou nd ,~ 

H N 

-- 2t,t2 

16,67 

20,41 

16,61 

6,05 

6,40 

18,52 

t4,71 

18,57 

14,59 

14,10 

i3,16 

13,44 

tl,77 

10,16 

Empiricai 
formula 

C2oHa~N~P2 

Ct~H~NsP~ ~f 

CetH~tNsP2 

CsHz0NOzPSi 

C~H+_,+NOaPSi 

C+HeoNOaPSi 

C,+_H2oNOaPSi 

Ct~II2~N2OPSi 

43,44 

45,95 

43,44 

53,53 

Ca tculated, ~o 

H N P 

- 21,41 18,96 

- 17,03 15,09 

- 20,52 t8,18 

- t6,47 14,59 

9,09 - 14,09 

9,93 5,96 13,19 

9,05 6,33 13,86 

7 ~" 11,52 r  - 

- 10,47 

*Mol.wt. 327; calculated 327. 
+Mol.wt. 341; calculated 341. 

p h o s p h o r o u s  a c i d  [3]. Data  on the N - s i l y l a t e d  p h o s p h o r u s - c o n t a i n i n g  h e t e r o c y c l e s  a r e  l a c k i n g  in  the  l i t e r a -  
t u r e .  We  found tha t  the N H - c o n t a i n i n g  1 , 3 , 2 - o x a z a p h o s p h o l a n e s  can  be s i l y l a t e d  u s i n g  s i l y l a m i n e s :  

SiMea 

NH N 

+ ~  POPr-i // " Et2NSiMea - ~ !  ~ \ _ , ,  \ P O P r - i  A 7 " " -Et.~NH : h > . / ~  / % / ~  / 
o o 

(VlU) 

The structure of (VIH) was confirmed by the elemental analysis, IR, and IH and Sip NMR spectra; 6ap -132 
ppm. The absorption of a secondary amino group is absent in the 1171 spectrum. 

A convenient method for the synthesis of N-silylated heterocycle is to run the silylation without isolating 
the oxazaphospholanes and phosphorinanes. The reaction of equimolar amounts of the alkyl tetraethyldiamino- 
p h o s p h i t e  and e i t h e r  e t h a n o l -  o r  p r o p a n o l a m i n e  r e p r e s e n t s  the  f i r s t  s t ep .  When  the  l i b e r a t i o n  of  d i e t h y l a m i n e  
had  c e a s e d  the r e a c t i o n  m a s s  was  t r e a t e d  wi th  an e q u i m o l a r  a m o u n t  of  t r i m e t h y l s i l y l d i e t h y l a m i n e  and a c a t a -  
l y t i c  a m o u n t  of  a m m o n i u m  s u l f a t e ,  and the h e a t i n g  was  con t inued  unt i l  the l i b e r a t i o n  of d i e t h y l a m i n e  c e a s e d .  

H SiM% 
i i 

5[e~SiNEt, , /  
ROP(NEt~)+ + H~N(CH2),~OH ~ ' ( C H ~ ) , ~ / \  \ P O R / ~ ( C H 2 ) n \  /POH 

O 0 
(V)--(VIII) n----2 or 3 

A m e m b e r  of the  s i l y l a t e d  d i a z a p h o s p h o l a n e s ,  and  s p e c i f i c a l l y  2 - i s o p r o p o x y - l - p h e n y l - 3 - t r i m e t h y l s i l y l -  
1 , 3 , 2 - d i a z a p h o s p h o l a n e  (LX), was  a l s o  o b t a i n e d  by th i s  m e t h o d .  The  s t r u c t u r e s  of  (V)-(IX) w e r e  c o n f i r m e d  by 
the IR ,  P M R ,  and m a s s  s p e c t r a .  

EXPERIMENTAL 

The  IR s p e c t r a  w e r e  t a k e n  on a U R - 2 0  i n s t r u m e n t  a s  K B r  p e l l e t s ,  wh i l e  the  a p  NMR s p e c t r a  w e r e  t a k e n  
on a KGU-4 NMR i n s t r u m e n t  (10.2 MHz),  u s i n g  85% H3PO 4 a s  the  s t a n d a r d .  The  PMR s p e c t r a  w e r e  r e c o r d e d  
a t  60 MHz,  and h e r e  TMS was  u s e d  a s  the  s t a n d a r d .  

N - P h o s p h o r y l a t e d  1 , 3 , 2 - D i a z a p h o s p h o l a n e s  ([)-(IV).  A m i x t u r e  of 0.1 m o l e  of N - p h e n y l ( b e n z y l ) e t h y l e n e -  
d i a m i n e  and 0.2 m o l e  of a h e x a a l k y l t r i a m i d o p h o s p h i t e  w a s  h e a t e d  fo r  1-2 h a t  110-150".  When  the l i b e r a t i o n  
of  the  d i a l k y l a m i n e  had  c e a s e d  the p r o d u c t s  w e r e  v a c u u m - d i s t i l l e d  ( see  T a b l e  1). 

N - S i l y l a t e d  1 , 3 , 2 - O x a z a -  and D i a z a p h o s p h o l a n e s  (V)-(VIII) .  A m i x t u r e  of 0.1 m o l e  of an a l k y l  t e t r a -  
e t h y l d i a m i d o p h o s p h i t e  and 0.1 m o l e  of  an a l k a n o l a m i n e  w a s  h e a t e d  f o r  1 h a t  120-160 ~ Then  0.1 m o l e  of  t r i -  
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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. 
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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 .  
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