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R E A C T I O N  OF D I M E T H Y L  P H O S P H I T E  AND 1VIONOMETHYL 

P H E N Y L P H O S P I I O N I T E  

W I T H  2 -  ME T H Y L - 3 , 4 , 5 -  T R I P H E  N Y L C Y C  L O P E  N T A D I E N O N E  

B. A. A r b u z o v ,  A. V. F u z h e n k o v a ,  
a n d  N. I .  G a l y a u t d i n o v  

UDC 542.91 : 547.1'118 

As a continuation of studying the reactions of cyclones with hydrophosphoryl compounds we studied the 
reaction of dimethyl phosphite (DMP) and monomethyl pheny[phosphonite (MPP) with the tricyclone 2-methy[- 
3,4,5-triphenyleyclopentadienone. Little information exists in the l i terature on the nucleophilic addition r eac -  
tions to this cyclone. It is known [1] that, in the presence of basic catalysts,  such mcleophiles as alcohols add 
to the double bond with two phenyI substituents to give 4-alkoxy-substituted cyclopentenones. In a similar 
manner, alcohols attack the fl-C atom (relative to the C =O group) in the tetracyclone (TC) [1] and 2,5-bis- 
(carbomethoxy)-3,4-diphenylcyclopentadienone (BCDC) [2, 3] to give the products of 1,4-addition to the C = C -  
C = O  system. In contrast  to alcohols, the hydrophosphoryl compounds DMP [4], MPP [5], and ethyl phenyl- 
phosphonite [6], when reacted with TC give, besides the 1,4-adducts, the products of 1,6-addition to the con- 
jugated system C = C - C  = C - C  =O, and they can also add to the C =O group [4, 6]. The direction of the r eac -  
lions depends on the reaction conditions, and also on the s t ructure  of the cyclone and hydrophosphoryl com- 
pound [3-7]. 

Starting with the unsymmetrical  s t ructure  of the tricyclone, it could be expected that a larger number of 
regioisomers  is formed in the reactions with DMP and MPP than in the case of the TC (Scheme 1), in which 
connection the formation of the ~-hydroxyphosphonate (I) is improbable, since the reactions were run in the 
absence of catalysts [4]. 

Based on the DTA data, the reaction of DMP and MPP with the tricyclone proceeds at a lower tempera-  
ktre than with the TC (Table 1). (See Scheme 1, next page.) 

In the absence of catalysts the tricyclone, in contrast  to the TC and similar to the BCDC [71, fails to give 
the products of addition to the oxygen of the C =O group (II) with either MPP or DMP, and it also fails to form 
the T-phosphonoketones (III) and (IV), the products of 1,4-addition to the conjugated system C = C - C  =0. The 
studied reactions proceed regiospecffically to give the unconjugated fi-phosphonoketones (%7), wbi~e the isomeric  
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mitted February 13, 1979. 
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ke tenes  (VI) a r e  not fo rmed .  Bes ides  the unconjugated ketones  (V), the conjugated f l-phosphonoketones (VII) 
and (VIII), the p r o t e t r o p i c  i s o m e r i z a t i o n  products  of (V), w e r e  a lso  i so la ted  f r o m  the r eac t ion  mix tu res  (Scheme 
2). 

Scheme 2 
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When the t r i cyc lone  is  r e a c t e d  with MPP,  the amount  of f o rmed  ketene  (Vb) is  substant ia l ly  g r e a t e r  than 
that  of ketene (Va) when r eac t i on  is  with DM1 ). The s t ruc tu re  of the products  was es tab l i shed  on the basis  of 
the e l ementa l  ana lys i s ,  and the 11% and PMR s p e c t r a l  data (Tables 2 and 3). 

The IR s p e c t r u m  of the methyl  e s t e r  of 2 -me thy l -3 ,4 ,5 - t r i pheny l -3 -cyc lopen ten - l -one -2 -pheny lphosph in i c  
acid (Vb)has a v C = O band at  1750 c m  "l ,  which indicates  the  unconjugated s t ruc tu re  of this ketophosphinate,  
while the gemina l  a r r a n g e m e n t  of the CH 3 and CH3OP(O)Ph groups  is  conf i rmed  by the fac t  that  in the P1VIR 
s p e c t r u m  the s ignal  of the protons  of the CH 3 group is  spl i t  into a doublet, while the s ignal  of the metMne p r o -  
ton is  a s ingle t  (see Table  3). 

The pure  d imet lwl  e s t e r  of 2 -me thy l -3 ,4 ,5~ t r i pheny l -3 -cyc lopen ten - l -one -2 -phosphon ic  acid (Va) could 
not be i so la ted  due to the low yie ld  of this  product .  I t s  fo rma t ion  is  evidenced by the p r e s e n c e  of the band 
v C=O1752 c m  -1 in the IR s p e c t r u m  of the r eac t i on  mixture .  The fo rma t ion  of a s m a l l e r  amount  of (Va) than 
of (Vb) is  explained by the higher  t e m p e r a t u r e  r equ i r ed  for  the r eac t i on  of the t r i cyc lone  with DMP than with 
MPP.  Ketones  (Va) and (Vb) a r e  not s tab le  under these  conditions and i s o m e r i z e  to the conjugated ketones (VII) 
and (VIII). The conjugated s t r u c t u r e  of the la t ter  is  indicated by the v C =O band in the 1690-1700 c m  -1 reg ion  
and the p r e s e n c e  of a v C = C band at  1630 cm -1 (see Table 2). The spli t t ing of the s ignals  of the CH 3 group and 
methine  p ro ton  into doublets  (see Table 3) definitely p roves  the geminal  a r r a n g e m e n t  of the CH 3 and phosphono 
groups,  s ince  the PMR s p e c t r u m  of the conjugated ketones  (HI) and (IV), the 1,4-addit ion products ,  would be 
different .  

TABLE 1 

Cyclone 

Tetracyclone 
Tricy clone 

Dimethyl phosphite , Monomethyl phenylphosphonite 
startof exo maximum of exo start of exo Imaximum of exo 
effect, ~ effect, ~ effect, ~ leffect, ~ 

152-160 I t88-t92 I 83-86 I 1t6-t20 
1i7-t20 130-t32 68-.72 104"t07 
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T A B L E  2 

IConfigura- 
Compound Ition 

(Vb) 
(VIIa) cis 
(VIIIa) trans 
(VII b) cis 
(VIII b) * trans 
(VIIIt))* trans 

rap, +C 

t66-t69 

1671169 

1491151 
223-225 

IR spectra (v, cm "t) 

POC P=O 

t030 t235 
1037, 1060 t252 
1040, 1066 1248 

t038 1230 
t045 t235 

t03t, 1038 t239 

C=C 

1627 
t630 
1632 
t630 
t632 

C = O  

1750 
t705 
t690 
t702 
t690 
1693 

* Di f fe ren t  d i a s t e r e o m e r s .  

TABLE 3 

Compound 

(Vb). 
(VlIa) 

(VIIIa) 

(VIIb)$ 
(VIlb)T 
(VlIlb)l" 
(vIn b)~ 

cis  

tram 

cis 
cis 
tr am 
t r a m  

PivlR spectra (CHCIs, 5, ppm, J, Hz 

CH 

4,86 s 
5,09 d 

4,47d 

5,34d 
5,03 d 
4,47 d 
4,5t d 

*JPH 

8 

14 
t5 

4,5 
5 

POCHs 

3.36 d 
3;82i 
3,79d.d. 
3,64i 
3,26d.d. 
3,72d 
3,77d 
3,19d 
3,17d 

SJpH 

tt 
i0,5 

tt 

t0,5 
10,5 
tt 
tl 

PCCH3 

1,30 d 
t,06 d 

1,79 d 

0,82 d 
i,t5 d 
1,68 d 
t,82 d 

SJp H 

t7,5 
18 

t5,5 

18 
i5 
t6 
i4 

Sip NMR 
spec t r a ,  * 
ppm 

-3~,6 
-35,4 

-55,2 
-53,5 
-53,5 
-52 

* D e t e r m i n e d  by the Ill-{siP} double r e s o n s ~ e e  method .  
Di f fe ren t  d i a s t e r  e o m e r s .  

I t  should  be men t ioned  that  f o r  the con juga ted  f l -phosphonoketones  (VII) and (VIII) the in tens i ty  and f r e -  
quency  of the vC = C bands  a r e  c lo se  to the  v C = C bands of  the conjugated  f l -phosphonoke tones ,  which  w e r e  ob-  
ta ined by r e a c t i n g  DMP and M P P  wi th  TC [4, 5]. In the l a t t e r  c a s e  the va lue  v C = C 1630-1640 c m  "t  and the 
a v e r a g e  in t ens i ty  of  this  band s e r v e d  as  a c r i t e r i o n  of  the f l -pos i t ion  of  the phosphono and C = O g roups ,  s ince  
fo r  the T-phosphonoke tones  [4-6] the  v C = C band is  loca ted  t oward  lower  f r e q u e n c i e s ,  i s  s u p e r i m p o s e d  on the 
v C = Cband  of  the s t r e t c h i n g  v ib ra t ions  of the a r o m a t i c  r ing ,  ant  has  a weak  in tens i ty .  As a r e s u l t ,  this  c r i t e r -  
ion is  a l so  o p e r a t i v e  fo r  the con juga ted  f l -phosphonoke tones  obta ined  f r o m  the t r i cyc lone .  

In c o n t r a s t  to  the uncon juga ted  f l -phosphonoke tones ,  ob ta ined  f r o m  the TC [4-6],  the p r o t o t r o p i c  i s o m e r i -  
za t ion  of  (V) p r o c e e d s  in a s t e r e o s p e c i f i c  m a n n e r  to g ive  ke tones  (VIII) with a t r a n s  a r r a n g e m e n t  of the meth ine  
p ro ton  and phosphono group,  whi le  the c i s - i s o m e r s  (VII) a r e  f o r m e d  to the ex tent  of only 8-10%. This  is e x -  
p la ined by the f ac t  tha t  in the anion fiX), which  is  f o r m e d  as  an i n t e r m e d i a t e  dur ing  the i s o m e r i z a t i o n  of  (V), 
the a p p r o a c h  of the p r o t o n  toward  the C a a t o m  is  l e s s  h inde red  f r o m  the s ide  of the CII 3 g roup  than f r o m  the 
s ide  of  the phosphono group.  The f o r m a t i o n  of  the t r a n s - i s o m e r  is not  as  p r e f e r r e d ,  when ins t ead  of  the CH 3 
g roup  the m o r e  bulky phenyl  subs t i tuen t  is  found in the molecu le  [4-6]. 

Ph / ~ 2 - -  X 
O- 

(ix) 

The s e p a r a t i o n  of  the r e a c t i o n  p r o d u c t s  of  the t r i c y c l o n e  with DMP and M P P  was  e f fec tod  by f r a c t i o n a l  
c r y s t a l l i z a t i o n  and co lumn  c h r o m a t o g r a p h y .  The t r a n s - i s o m e r s  (Vl/Ia) and (VIIIb) w e r e  i so l a t ed  in the c r y s -  
ta l l ine  s ta te ,  while  the c i s - i s o m e r s  (VIIa) and (VIIb) w e r e  i so l a t ed  as  thick,  n o n c r y s t a l U z i n g  oi ls .  The a s s i g n -  
m e n t  of  ke tones  (VII) and (VIH) to the c i s -  o r  t r a n s - i s o m e r s  was  based  on the va lue  of  the v ie ina l  s p i n - s p i n  
coupl ing  cons tan t  SJpH [8, 9]. 

The c o r r e c t  a s s i g n m e n t  of  the s t r u c t u r e  of  ke tones  (VII) and (VIH) is  a l so  c o n f i r m e d  by the f ac t  that  in 
the c i s - i s o m e r s  (VII) the va lue s  of  the 6CH 3 c h e m i c a l  sh i f t s  axe sh i f ted  upfield when c o m p a r e d  with the t r a n s -  
i s o m e r s  (VIII). A c c o r d i n g  to [10], this  can  be expla ined by the sh ie ld ing  e f fec t  of  the phenyl  group,  found c i s  
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to the CH 3. The t r a n s - i s o m e r  (VIIIb) was isola ted as two d i a s t e r eomers ,  but the c i s - i s o m e r  (VIIb) could not 
be separa ted  into the d i a s t e r e o m e r s ,  although in one of the chromatography f rac t ions  the amount of one d ias-  
t e r e o m e r  grea t ly  exceeded the amount  of the other ,  which made i t  possible to co r r ec t l y  ass ign the signals of 
their  protons  in the PMR s p e c t r u m  (see Table 3). I t  should be mentioned that when chromatographed on a 
SiLufol plate the d i a s t e r e o m e r i c  ketophosphinates (VIIb) and (VIIib) have prac t ica l ly  ident ical  Rf values,  and 
consequent ly  t he i r  separa t ion  by chromatographing on a column presen ts  grea t  difficult ies.  

The reac t ion  of DNIP with the tricycLone was run  previously  [11] in ref luxing DMP; (VIIIa) was isolated 
he re ,  which, based on the 3Jpi- I value (8 Hz), was e r roneous ly  assigned the s t ruc tu re  of the c i s - i s o m e r  (VIia) 
(see Table 3). 

As a resu l t ,  DMP and MPP,  in con t ras t  to alcohols [1], also f o r m  compounds with the t r icyclone that can 
be r e ga r de d  as  being the products  of 1,6-addition to the conjugated sys t em of the cyclone. At the same t ime, 
f r om the standpoint of con t ro l l ing  the charges ,  nucleophilic at tack on the G-C atom is improbable  [7], since 
the mos t  e lec t rophi l ic  cen ter  in the t r i cyc lone  molecule ,  the same as  in other  cyclones and a , f l -unsaturated 
ketches,  is  the carbon  a tom of the C = O  group. However,  the addition products  of nuclsophiles,  including 
phosphorus nucleophiles,  to the C = O  group a re  unstable,  and under the influence of bases or at elevated t em-  
pe ra tu re  they decompose into the s tar t ing  components,  and consequently their  format ion  cannot always be ob- 
served .  In the case  of an unsymmet r i ca l ly  subst i tuted t r icyclone  i t  i s  a lso possible to f o r m  the 1,4-adducts at  

Ph Ph Ph CH 3 
I [ I J 

ei ther  the C = C - C  = O or  C = C - C  = O groupings,  but nei ther  DMP nor MPP fo rm s  the 1,4-addition products  
with the t r icyclone .  

The format ion  of the  1,6-adducts  of hydrophosphoryl  compounds with cyclones  can be explained if i t  is 
assumed that attack by the nucleophiles is ini t ia l ly  d i rec ted  to the carbonyl  C atom to give an anion, in which the 
phosphono group mig ra t e s  to the adjacent  carbon atom under the reac t ion  conditions [7]. in anion (X), fo rmed  
in the attack of DMP on the C a tom of the C = O group of the t r icyc lone  (Scheme 3), the phosphono group can 
migra te  to both the C ~ and the C ~ atom. Under the conditions of control l ing the charges  the mos t  probablewoutd 
be migrat ion of the phosphono group to the C 5 atom. However,  for  s t e r i c  r easons ,  approach to the C 2 atom, 
which boars a less bulky substi tuent,  is  much eas i e r ,  and consequently the format ion  of anion (IX) must  be con- 
s idered  to be the mos t  probable.  In addition, when going to this an ion  not a single phenyI r ing  is withdrawn 
f rom  the conjugation, which makes  i t  more  s tabi l ized resonance  wise than anion (XII). 

~-~ 
(x) 

Scheme 3 

Ph~_____T/Ph 

(~eo)~ o- 
0 

(Xl) 

P h ~ , , / P h  

-o  blOM~)~ 

(xm) 

Ph~_~_l,/Ph 

(XII) 

O 

~Ix) 

The reac t ion  of DMP and MPP with the t r icyclone  gives, besides fi-phosphonoketones (V), (VII), and (VIH), 
abso the t r i cyc lone  reduct ion  products ,  whose s t ruc tu re  wiU be r epo r t ed  by us la ter .  

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

The PMR spec t r a  were  r eco rded  on Var ian  T-60 and Varian HA-100D sp ec t ro m e te r s ,  using CHC13 as 
the solvent  and TMS as  the in terna l  s tandard.  The IR spec t r a  w e re  taken on a UR-10 spec t rophotometer .  The 
thermographing was c a r r i e d  out in sealed Stepanov cups on an HTP-70  ins t rument  equipped with a l inear  h e a t -  
ing unit. The thermocouple  was C h r o m e l - A l u m e l ,  and the heating r a t e  was 4 deg/min.  The melt ing points 
were  de te rmined  on a Kofler block. 
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Reac t ion  of Tr icyc lone  with Dimethyl  Phosphite .  a) A mix tu re  of 2 g of the Lricyclone and t .3 g of DMP 
was p laced  in a bath hea ted  to 150~ and kept  the re  for  30 rain. T r e a t m e n t  of the r e ac t i on  m a s s  with a m i x -  
ra re  of e ther  and hexane gave white c r y s t a l s  of the t r a n s - i s o m e r  of the dimethyl  e s t e r  of 2 - m e t b y l - 3 , 4 , 5 - t r i -  
pheny l -4 - cyc lopen t en - l -one -2 -phos phon i c  acid (VIIIa); y ie ld  2o12 g (79%), mp 167-169% Found: C 72.01; H 
5.92; P 6.98%. C~sH~504P. Calculated:  C 72.21; H 5.82; P 7.16%. The r e s idua l  r eac t ion  m a s s  was c h r o m a -  
tographed on a s i l i ca  gel colunm to give 0.19 g (7%) of the c i s - i s o m e r  (VIIa) as a thick oil  and an addi t ional0.24 
g (9%) of (VIIIa). For  VIIa). Found: C 71.98; tt  6.03; P 7.30%. C26H~504P. Calculated:  C 72.21; H 5.82; P 
7.16%. In addition, the t r ieyelone  reduct ion  products ,  namely  the cor responding  i s o m e r i c  dihydro de r iva t ives ,  
w e r e  detected.  

b) A mix tu re  of 1 g of the t r icyclone  and 0.65 g of DMP was the rmographed  up to 130-132 ~ (maximum 
t e m p e r a t u r e  of exo effect) .  T r e a t m e n t  of the r eac t ion  m a s s  with ether  gave c r y s t a l s  of ketone (VIIIa). Based 
on the Ill s p e c t r a l  data, the r e s idua l  m a s s  contained (VHIa), the s ta r t ing  t r icyclone,  and a sma l l  amount  of the 
unconjugated f i-ketophosphonate (Va). 

Reac t ion  of Tr icyc lone  with Methyl Phenylphosphonite.  a) A mixture  of 1 g of the t r icyc ione  and 0.7 g 
of MPP was  t he rmographed  up to 104-107 ~ (max imum t e m p e r a t u r e  of exo effect), T r e a t m e n t  of the cold me l t  
with e ther  gave 0.57 g (39%yield) of ketone (Vb) as  white c r y s t a l s  with mp 166-169 ~ Found: C 77.50; H 5.91; 
P 6.37%. C3iH~703P. Calculated:  C 77.80; H 5.70; P 6.47%. Based on the IR and P1VIR s p e c t r a l  data  the r e s i -  
dual r eac t ion  m a s s  contained a mix tu re  of conjugated (VIIb} and (VIIIb) and unconjugated (Vb) ketones  in a 1 : 1 
ra t io .  

b) A mix tu re  of 2 g of the t r icyclone  and 1.4 g of MPP was p laced in a bath heated to 140 '~ and kept  there  
for  1 h. The obtained c lea r  ye l lowish  m a s s  was dissolved in a lit t le CII2Ci 2. Then ether  was added and the 
mix ture  on standing deposi ted a c rys ta l l ine  mix tu re  of the d i a s t e r e o m e r s  of the methyl  e s t e r  of 2-.methyl-  
3 , 4 ,5 - t r i pheny l -4 - cyc lopen t en - l -one -2 -pheny iphosph in i c  acid (VIIIb). Yield 1.92 g (65%). By r epea t ed  f r a c -  
tional c rys t a l l i za t ion  f r o m  an e t h e r - b e n z e n e - C H C l . ~  mix ture  (VIHb) was s epa ra t ed  into the d i a s t e r e o m e r s  with 
mp 149-151 ~ (Found: C 77.52; H 5.81; P 6~ and 223-225 ~ (Found: C 77.95; H 5.85; P 6.51%). C31Hz~OsP. 
Calculated:  C 77.80; H 5.70; P 6.47%. The r eac t ion  m a s s  r ema in ing  af ter  s epa ra t ion  of the c rys ta l l ine  por t ion  
was ch roma tog raphed  on s i l ica  gel and h e r e  we isola ted  an addit ional 0.35 g (12%) of (VIIIb), and a lso  0.24 g 
(8%) of the c i s - i s o m e r  (VIIb) as  a thick oil. Some of the f r ac t ions  a lso  contained ketone (V) and the i s o m e r i c  
dihydro de r iva t ives  of the t r icyclone .  

T h e r m a l  I somer i za t ionof f l -Ke tophosph ina t e  (Vb). Employing the rmograph ic  control ,  1 g of ketone (Vb) 
was heated  up to 140 ~ T r e a t m e n t  of the r eac t i on  m a s s  with ether  gave 0.54 g of a c rys ta l l ine  mix ture  of the 
(VIIIb) d i a s t e r e o m e r s ,  iFae r e s idua l  m a s s  was  ch romatographed  on s i l ica  gel  to give an addit ional  amount  of 
c rys ta l l ine  (VIIIb), a sma l l  amount  of the c i s - i s o m e r  (VIIb) as a thick oil,  and the reduct ion  products  of the 
t r icyclone.  

CONCLUSIONS 

In the absence  of ca ta lys t s ,  the r eac t ion  of dimethyl  phosphite and monomethyl  phenylphosphonite with 
2 -methy l -3 ,4 ,5 - t r iphenylcycIopen tad ienone  goes  with the fo rmat ion  of unconjugated f i-phosphonoketones,  which 
under the r eac t i on  conditions undergo p ro to t rop ic  i somer i za t i on  to the conjugated fl-phosphonoketones.  In 
con t ra s t  to a lcohols ,  d imethyl  phosphite  and monomethyl  phenylphosphonite when r e a c t e d  with the t r i cye lone  
do not f o r m  the products  of 1,4-addit ion to the conjugated C = C - C  = O  s y s t e m  of the cyclone.  
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R E A C T I O N  OF T R I A L K Y L  P H O S P H I T E S  

W I T H  1 , 1 , 1 -  T R I F L U O R O A C  E T O N E  

A. M. K i b a r d i n ,  T.  Kh.  G a z i z o v ,  
Yu .  Ya .  E f r e m o v ,  V. N. Z i n i n ,  
R.  Z.  M u s i n ,  a n d  A.  N. P u d o v i k  

UDC 542.91 : 547.1'118 : 547.446 

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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