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It was  shown e a r l i e r  that  condensa t ion  of methy lphosphin ic  acid with d ie thoxyd io rganos i l anes  and ~, c0- 
d i e thoxyorganos i l oxanes  p r o c e e d s  with the f o r m a t i o n  of o rganocyc lophosph inoxys i loxanes  [1, 2]. I n t h e p r e -  
sen t  work  we made  a s tudy of the poss ib i l i t y  of p r e p a r i n g  o rgan ic  phosphos i l i con  compounds  of s t e r e o c y c l i c  
s t r u c t u r e  in the condensa t ion  of a lky l t r i e thoxys i l anes  and d ia lky l t e t r ae thoxyd i s i loxanes  with me thy lphosph i -  
nic acid.  A syn thes i s  was made  of a lky l t r i a lkoxys i l anes  and a lky la lkoxys i loxanes ;  s o m e  of t hem w e r e  r e -  
por ted  fo r  the f i r s t  t ime .  The p r o p e r t i e s  of the compounds  a re  given in Table  1. The compounds  were  
ident if ied by e l e m e n t a r y  ana lys i s ,  m o l e c u l a r  weights ,  and IR and PMR s p e c t r a .  IR s p e c t r a  c o n f i r m e d  the 
p r e s e n c e  of the groups :  R {2960, 2870 cm- l ) ,  C - C  (815 cm- l ) ,  R - S i  (1200 cm-1),  OCH 3 (1075-1110 c m  -~) 
(for me thoxys i l oxa ne s ) ,  and f o r  e thoxys i l anes  OC2H 5 0 6 0 ,  1095-1108 cm-~).  An abso rp t i on  band  with a 
m a x i m u m  at ~1020 c m  -1 c o r r e s p o n d e d  to c y c l o t r i s i l o x a n e s .  

The condensa t ion  of a lky l t r i e thoxys i l anes  with methy lphosphin ic  ac id  p r o c e e d e d  with the s epa ra t i on  of 
a lcohol  (up to 95% of the t h e o r e t i c a l  amount) .  Dis t i l la t ion  of r e a c t i o n  p roduc t s  in vacuo  has  shown that  the 

TABLE 1. P h y s i e o e h e m i e a l  P r o p e r t i e s  of Alky le thoxys i l anes  a n d A l -  
ky le thoxys i loxane  s 

Compound 

$-C~H~Si (OCHa) 
(n-C~Hm) ~8i(OC~Hs) 
(n-Cz0H~)28i (OC~Hs) 
[CsHz~Si (OC~Hs) ~]~0 
[i-CgHI9 (OCH~) ~Si]20 
[~-C~Hm(C~HsO) ~Si]~O 
[C~H~zSi(OC~H~) 01~ 
[i-C~Hz~Si (OC~Hs) Ola 

Bp,~ (p, mm 
Hg) 

N1'--92 (2) 
157 (0,t) 

193--196 (1--~) 
136--138 (2) 
169--170(I) 
172--178 (2) 
d73--175 (2) 
199--200,(G1) 

d4 2~ 

0,9142 
0,8537 
0,9458 
0,9329 
0,9458 
0,9277 
0,9581 
0,9424 

n2~ D 

1,4240 
1,4385 
1,4345 
1,4270 
1,4345 
1,4368 
1,4340 
1,4442 

found 

69,60 
114,74 
124,75 
116,38 
124,27 
143,12 
142,12 
183.04 

MR 

calculated 

69,31 
114,46 
124,44 
116,29 
125,37 
143,74 
142,02 
183,21 

M~ V~ 
Nauk SSSR, 
19, 1968. 

T A B L E  2. P h y s i c o e h e m i e a l  P r o p e r t i e s  of Cyc lome thy lphosph inoxy-  

o r g a n o s i l s e  squioxanes  

Compound Bp, ~ (p, mm Hg) I 

311 (0,02'2) 
296--299 (O,Oi1) 
304--306(0,01) 
273 (0,006) 
316 (0,018) 
325 (0,05) 

258--260 (0,014) 
306 (0,005) 

300--303 (0,003) 
30,8--310(0,004) 

[C2HsSiOI,514[OP (O) CH318 
[C4HgSiOI,s]4[OP (0) CHa]~ 
[C~HlsSiOz,sl4[OP (O) CHs~s 
[CgH19SiO~,514[OP (0) CH~]~ 
i[(C2HsSiO) 2012[0P (0) CH3]~ 
I[ (C4HgSiO) 20]dOP (0) CHa]4 
[ (C~H~3SiO) 20]dOP (0) CH314 
[ (CgHIgSiO) 2012[0P (0) CH814 
[(C6H~aSiO) ~O~,s]2[OP (O) CHa]a 
I (CgHIgSiO) 3Oz,s]2[OP (O) CH312 

d420 

1,5091 
1,2942 
1,2,358 
1,1625 
1,5402 
1,2718 
1,~1918 
1,1124 
1,1773 
1,1026 

Glass trans- 
ition tem- 
)eratu:fe* ~ 

28 
45 
28 
15 

54 
23 
3 

19 
12 

Yield (% of 
theoretical 
, amount) 

10,7 
42,5 
90,7 
89,7 
117,8 
64,0 
82,5 
91,3 
89,7 
75,0 

* The gl~s transition temperature was determined on Kargin's balance. 
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TABLE 3. Phys icochemica I  P r o p e r t i e s  of Hexaa lky lcyc lo t r i s i loxanes  

Compound 

[(C~H,9)~SiOl~ 
[C~0Hm)~SiO]3 

Bp, ~ (p, 
mmHg) 

IS7 (0,1) 
193--196 

(0,t) 

d~+o 

0,8537 
0,9458 

n~O D 

1,4385 
1,4418 

found 

114,74 
124,75 

M R  

calculated 

!II4,46 
124,44 

Yield % 
/00 

G0 k o / ~ ~  

+ 

Z 4 ~ 8 ;0,7 

Fig. 1. Yield of cycl ic  
(1,3) and po lymer i c  (2, 4) 
products  as a funct ionof  
the s ize of the rad ica l  a t -  
tached to silicon: 

in Fig. 1 (curves  3 and 4). 

amount of distillate strongly depends on the organic radical attached to sili- 
con. The dependence of the yield of cyclic and polymeric products on the 
size of the radical attached to silicon is shown in Fig. 1. Curves 1 and 2 
show that at R = CH 3 only polymeric products are fQrmed; at R = C4H 9 the for- 
mation of cyclic and polymeric products is equally probable; larger R give 
mainly cyclic products according to the reaction 

4RSi (OC~Hs) a + 6 (HO)2P (0) CH3-+ [RSiO,.5]4 lOP (0) CH316 + i2C~H~OH 

R -~- C4H9, C6H13, C9H19 

Further on, a study was made of the cocondensing reaction of methyl- 
phosphinic acid With dialkyltetraethoxydisiloxanes. The reaction proceeded 
according to the scheme 

2 [RSi (0C2H5)2] 20 + 4 (HO) 2P(0) CH~ -~ 8C2H~OH + [ (RSiO) 2012 [0P (0) CHa] 4 

R = C4H9, C~H,3, C9H19 

As in the case of alkyltriethoxysilanes, the amount of alcohol yielded was 
high (up to 95%) and the formation of cyclic and polymeric products depend- 
ed on the size of the radical attached to silicon. This dependence is shown 

The condensation of alkylethoxycyclotrisiloxanes with methylphosphinie acid 
proceeded  according to the equation 

2 [R (C2HsO) SiO] 3 + 3 (HO) 2P (O) CH3 -+ 6C2HsOH -}- [ (RSiO) 30~,512 lOP (0) CHs]3 

R = C6HIs, C9HI9 

All compounds obtained were  c o l o r l e s s ,  ve ry  v i scous ,  nonerys ta l l iz ing ,  and read i ly  conver ted  into 
supercooled ,  g l a s s - l i ke  subs tances  of a fa i r ly  high density.  Some phys icochemica l  p rope r t i e s  a re  given in 
Table  2. With the inc rease  of the rad ica l  at tached to s i l icon the densi ty for  the compounds of the s a m e  fo r -  
mula  d e c r e a s e s  and the g lass  t rans i t ion  t e m p e r a t u r e  drops .  

Compounds of composition [I~ can be presented only by two structural formulas 
(Fig. 2, I, If). The most probable, according to our opinion, is structure I in which 8-membered organic 
phosphosiliconrings arelinked by phosphinoxy groups. Structure II contains large 12-membered rings 
whose formation is less probable. Moreover, the formation of type II compounds assumes equal reactivity 
for all three ethoxy groups. However, it is known that the third alkoxy group possesses lower reactivity; 
consequently, the formation of structure II is less probable. For cyclohexamethylphospbinoxytetraisononyl- 
silsesquioxane, the IR spectrum shows absorption bands characteristic of groups (cm-i): 805 (St-C), 1320 
(P-CH3) , 1220 (P = O), 2960, 2873 (CH3), 2930 (CH2). Two absorption bands were present in the region of 
valence vibrations of Si-O and P - O  groups. The band with a maximum of 1125 cm -i, as described in [3], 

/o 
characteristic of organosilsesquioxanes, !hour case is apparently causedby the presence of the St-  O group. 

\o 
The band 1030-1080 cm -~, c h a r a c t e r i s t i c  of 8 - m e m b e r e d  organosi l icon and organic  phosphosi l icon (I) cycl ic  
compounds,  shows the p r e s e n c e  of an 8 - m e m b e r e d  o rgan icphosphos i l i con  r i  N .  Thus,  IR spec t r a  a lso  favor  
s t ruc tu re  I. 

Compounds of fo rmula  [(RSiO)20]2 [OP(O)CHa] 4 can be p resen ted  by two s t r u c t u r e s  (Fig. 2, I tI ,  IV). 
An analys is  of s t r u c t u r e s  on models  has  r e jec ted  s t ruc tu re  IV. In the lit spec t r a  r e co rded  for  cyc lo t e t r a -  
methylphosphinoxyte t rahexyls i l sesquioxane  and cyc lo te t ramethy lphosphinoxyte t ra i sononyls i l sesqmoxane ,  
absorp t ion  bands a re  p resen t  cor responding  to bonds (em-~): 805 (S i -C) ,  1320 (P-CH3) , 1220 (P = O), 2960, 
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Fig. 2. Structure of inorganic backbone 
of compounds of the type [RSiOi.5]4[OP(O ) 
�9 CH3] 6 (I, II) and [(RSiO)2]2[OP(O)CH3] 4 (III, 
IV). 

Fig. 3. Model of cyclohexame- 
thylphosphinoxytetranonylsils es- 
quioxane. 

2873 (CH3) and 2930 (CH2). In the region of valence vibra- 
tions of Si-O and P - O  bonds, a well defined peak is shown 
at 1025 cm -i (for eyclotetramethylphosphinoxytetranonylsil- 
sesquioxane) and 1035 cm -i (for cyclotetramethylphosphinoxy- 
tetrahexylsilsesquioxane). The peak suggests the presence 
of a 6-membered ring as well as the presence of a P - O  
bond. Moreover, absorption bands 1060-1130 and 1070- 

/ O  
1140 cm -i are caused by Si-O group. Figure 3 shows the 

\o 
model of cyclohexamethylphosphinoxytetranonylsilsesquio- 
xane. 

The IR spectra of [(C6HI3SiO)301.5][OP(O)CH3] 3 and [(CoH19SiO)301.5]2[OP(O)CH3] had absorption 
/ O  

bands (cm-1): 1020 (causedby the presence of 6-membered siloxane ring), 1125 (characteristic of Si-  O group); 
\ O  

1230 (P = O), 1325 (P-CH3) , 2580 (CH3), 2935 (CH2). 

Our data suggest the following reaction mechanism. Alkoxy groups containing organic phosphosilicon 
rings are f irst  formed. 

OCzH6 CHs 
i / 

R--Si--O--p--o 
t I 

2RSi (OC~H@3 q- 2 (HO)z P (0) CH~ --* 0 0 q- 4C2HsOH 

O=P--O--SiR 
I l 

H3C 0C2H5 

0 CH3 

H5C20 OCzHs 
l i /\ 

R--Si--O--Si--R q- (HO)~ P (0) CHs --~ 2C2HsOH q- 0 0 

C [ [ HsC~O\ L 1 / B5 ~0 0C2H5 0C2H5 

i 

/ \ o  / \ R R 

Such cyclic organic phosphosiliconcompoundswere obtained earl ier  in the condensation of dialkyldiethoxy- 
silanes with methylphosphinic acid [1, 2]. 

The resulting cyclic compounds react with methylphosphinic acid in the positions of the remaining 
ethoxy groups. 
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C 9 }/~g-~i 
CH 3- B 

] CHCL~ a 

P'CH l 

-OH ~H 3_ 

) 

]z- 

CHCL 3 

C 

CgH~g-S~ 

8 0 

ppm 

Fig. 4. PMR spect ra  of a mixture of nonyitriethoxysilane 
with methytphosphinic acid (a) and of the product  obtained 
in the reac t ion  of ethyl alcohol (b) and cyetohexamethyt-  
phosphinoxytet ranonylsi lsesquioxane (c). 

R CHa R CH3 CH~ R 

HsC~OSi--O~P=O H~C~OSi--O--P=O O~---P--0 ~SiOC~H~ 
I I I I 1 

2 O O + (HO)~ P (0) CHs ~ 2C~HsOH + 0 0 0 0 

O=p--O--SiOC~H~ O=p-- 0 -- Si--O--P--O--Si~O--P=O 
I I l 1 I 1 c I l l 3  Cila R CH3 R CHa R 

CH~ 0 

R o R t~c~o o o--pt--o-si / \si--oc~t~ 
\ / \  / \ s / \  / !i \ HsC~0Si Si0C~H5 Si 0 

I o 2 O \ / O  + (HO/~ p (0) CHs ~ 2C~It~OH + R / \ . /  I 

. O O P 
2 \  \ /  / \  

O CH3 P. 0 CH~ 
/ %  

CHs O 

The voluminous organic groups attached to the sil icon atom make difficult the in te rmolecular  con-  
densation and, as a resul t ,  the react ion proceeds  mainly in t ramolecular ty  and leads to the formation of 
s t e reocyc l i c  s t ruc tures .  A study was made of the hydrolyt ic  stability of the react ion products ,  Exper i -  
ments  show that with the inc rease  of the organic radical  at tached to sii icon the hydrolyt ic  stabil i ty s o m e -  
what inc reases .  

It appeared of in teres t  to c lar i fy  the possibi l i ty of prepar ing  organic boros i l icon compounds of s imi -  
l a r  s te reocyc l ic  s t ruc ture .  The react ion of isononyltr iethoxysilane with boric  acid proceeded with the f o r -  
mation of an organic  bo ros i l i conpo lymer .  The condensation of bor ic  acid with dinonyldiethoxysilane and 
didecyldiethoxysilane proceeded according to the scheme descr ibed ea r l i e r  for  diethyldiethoxysilane [4]: 

3R2Si (0C2H5) 2 + 2 (HO) 3B -+ [R2SiO] 3 + 3H~0 + 2B (0C2H5)3 

R ~ CgHIg, C,0H21 

Disti l lation of the react ion products  gave new compounds: hexanonylcyclotr is i loxane and hexadecylcye]o-  
t r i s i loxane,  whose s t ruc ture  and composit ion were  established by e lementary  analysis ,  molecular  weight 
determinat ion,  and IR spect ra .  The proper t i es  of the compounds are  given in Table 3. 
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CHCL 3 
HTg-$L 

a 

OH 

i / I i I I i i i i 

8 0 

CH3" CHC..L3 

CoH 5-B b c 

C( Ig-SL 

CHCL 3 

d 

L ppm 

Fig~ 5~ PMR spec t ra  of a mixture of nonyltriethoxysilane with 
phenylborie acid (a) and of react ion products:  ethylphenyl bo-  
ra te  (b), t r iphenylboroxole (c), and nonylsilsesquioxane (d)~ 

The react ion of phenylborie acid with isononyltr iethoxysilane and with hexyltriethoxysilane yielded 
ethylphenyl borate ,  ethyl alcohol (in a small  amount), t r iphenylboroxole and distil lable alkylsi lsesquioxanes;  
undistallable products ,  3-4%.  In the case of ethyltr iethoxysilane,  the yield of ethyl alcohol was 74.3%, of 
the theore t ica l  amount, and the yield of undistallable polyethylsiloxane was 98.3%. Phenylboric  acid was 
completely converted into its ethyl e s t e r  and tr iphenylboroxole.  No organic boros i l icon s te reocycl ic  c o m -  
pounds were obtained. 

In o rde r  to elucidate the p roces se s  occur r ing  in the react ions of nonyltriethoxysilane with methyl -  
phosphinic and phenylboric acids a study was made of PMR spect ra  of the reagents ,  react ion mixtures ,  
and all react ion products .*  Figure 4 shows PMR spec t rum of the react ion mixture of nonyltriethoxysilane 
with methylphosphinic acid and PMR spect ra  of substances formed as a result  of the react ion of alcohol with 
cyclohexamethylphosphinoxytetranonylsi lsesquioxane.  An examination of these spec t ra  leads to the follow- 
ing conclusions: 1) the react ion proceeds  with the separat ion of alcohol and simultaneous format ion of CI-I 3 
- P  and S i -  C9H19 groups;  2) PMR spec t ra  of cyclohexamethylphosphinoxytetranonylsi lsesquioxane shows two 
types of proton: H in Si - C9H19 group and CH 3 in P - CH 3 group, the absence of other protons indicates the ab-  
sence of end groups (OH, OC2H5) and is a proof of the cyclic s t ruc ture  of the compound. 

Figure  5 shows PMR spect ra  of the react ion mass  of nonyltriethoxysilane with phenylboric acid and 
PMR spect ra  of the reaction products:  ethylphenyl borate ,  t r iphenylboroxole,  and nonylsilsesquioxane. 
An analysis  of these spec t ra  shows that: 1) the formation of ethylphenyl borate  is only possible at the ex-  
pense of substitution react ions of the functional groups;  2) no compounds are  formed which contain s imul-  
taneously C6H 5 and C9H19 groups,  i .e. ,  no o rgan i cbo ros i l i concompoundsa re  formed and, consequently, no 
heterofunctional condensation react ion takes place. Thus, PMR spect ra  confirm the ea r l i e r  assumption 
of the difference in the mechanisms  of the react ion of nonyltriethoxysilane with methylphosphinic and phenyl-  
bor ic  acids.  The result ing data suggest the following react ion mechanism: in the case of phenylboric and 
bor ic  acids there  is apparently an exchange react ion of functional groups 

2RSi (OC2H5) s q- (HO) 2BC6Hs-+ 2PLSi (OH) (OC2H~) 2 q- C6HsB (0C2H5) e 

Fur ther  on, the hydroxyls  at si l icon are  readily condensed 

2RSi (OH) (0C2H5) 2 -+ [RSi (OC2H~) 2] 20 q- H20 

The water  which is separated hydrolyzes  the e s t e r  to an acid which on heating is converted into t r iphenyl -  
boroxole 

t o 

3 (HO) 2BC6Hs---+ [C6HsBO] 3 q- 3H20 

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

Dinonyldiethoxysilane and didecyldiethoxysilane were obtained by the Grignard react ion as descr ibed 
in [5]. The yield of dinonyldiethoxysilane was 19.7% of the theoret ical  amount. Found: C 71.22; H 12.75; 

* PMR spec t ra  were taken with a MMR-5335 instrument ,  operating frequency 20 HMz in chloroform with 
te t ramethyls i lane  as an internal standard.  
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Si 7.05%; mo l .w t .  358. C22H48SIO2. Calculated: C 70.88; H 13.01; Si 7.59%; mol.  wt. 372. Didecyle thoxy-  
s i lane gave a yield of 7.7% of the theore t i ca l  amount.  Found: C 70.90; H 12.60; Si 6.33%; tool. wt. 413.3. 
C24H52SIO 2. Calculated: C 71.91; H 13~08; Si 7.00%; mo l .w t .  400.8. 

The remain ing  a lky l t r i e thoxys i lanes  and a lkyle thoxysi loxanes  were  obtained by the es te r i f i ca t ion  of 
the app rop r i a t e  a lky l t r i ch lo ros i l anes .  Blowing-off  of hydrogen chlor ide was c a r r i e d  out by undried ni t rogen,  
thus yielding s imul taneous ly  the lower  a lkyla lkoxysi loxanes .  F r o m  170 g of hexy l t r i ch lo ros i l ane ,  we ob-  
tained: 42.3 g of hexyl t r ie thoxys i lane ,  51.4 g of d ihexyl te t rae thoxydis i loxane,  and 32.5 g of t r ihexy l t r i e thoxy-  
cyc lo t r i s i loxane .  F o r  d ihexyl te t rae thoxydis i loxane.  Found: C 56.04; H 10.89; Si 13.63%; mol .wt .  461. 
C20H46Si205. Calculated: C 55.56; H 10.87; Si 13.24%; mo l .w t .  422. F o r  t r ihexyl t r i e thoxycyc lo t r i s i loxane .  
Found: C 55.06; H 10.31; Si 15.96%; mo l .w t .  519. C24H54Si30 G. Calculated: C 55.04; H 10.32; Si 16.05%; tool. 
wt. 523. 

F r o m  94.4 g of nonyl t r ich loros i lane ,  we obtained 21.8 g of nonyl t r ie thoxysi lane ,  20.7 g of dinonyl-  
t e t rae thoxydis i loxane ,  and 18 g of t r inonyl t r i e thoxycyc lo t r i s i loxane .  F o r  dinonyl te t raethoxydis i loxane.  
Found: C 60.99; H 10.51; Si 11.11; OC2H 5 35.30%; mol .wt .  537. C26H58Si205. Calculated: C 61.19; H 11.33; 
Si 11.04; OC2H 5 35.55%; tool. wt. 507.0. F o r  t r inonyl t r i e thoxycyc lo t r i s i loxane .  Found: C 61.33; H 10.94; 
Si 12.68%; tool. wt. 650. C33H72Si306. Calculated: C 61.04; H 11.18; Si 12.98%; tool. wt. 649. The constants  
ci ted above for  e thoxysi lanes  and ethoxysi loxanes agree  with the l i t e r a tu r e  data.  

F r o m  169 g of i sononyl t r i ch loros i lane ,  we obtained 100.4 g of i sononyl t r imethoxys i lane  and 10.2 g 
of d inonyl te t ramethoxydis i loxane.  F o r  i sononyl t r imethoxys i lane .  Found: C 57.52; H 11.08; Si 12.45%; mol.  
wt. 228. C12H28SIO 3. Calculated: C 58.01; H 11.36; Si 11.30%; tool. wt. 248. Fo r  dinonyltetramelLhoxydi- 
s i loxane.  Found: C 58.40; H 10.50; Si 12.73; OCH 3 28.16%; mol .  wt. 439. C20H50Si207. Calculated: C 58.61; 
H 11.18; Si 12.46; OCH 3 27.54%; tool. wt. 450. 

The condensat ion of a lkyla lkoxysi lanes  wi thmethylphosphin ic  acid was c a r r i e d  out by one procedure :  
the reagen ts  were  p laced  into a Wurtz f lask  with a magne t ic  s t i r r e r  and heated  slowly to 200~ alcohol was 
dis t i l led off and then the reac t ion  products  were  dis t i l led in vacuo.  The condensat ion of 22.36 g of bu ty l -  
t r i e thoxys i lane  and 14.16 g of methylphosphinic  acid gave 9.59 g of cyc lohexamethylphosphinoxyte t rabuty l -  
s i l sesquioxane .  Found: C 27.84; H 6o18; Si 11.91; P 21.12%; tool. wt. 908. C22H54Si4P6018 , Calculated: C 
29.20; H 6.02; Si 12.42; P 20.54%; tool. w t. 904.9. The reac t ion  of 19.5 g of hexyl t r ie thoxys i lane  with 10.8 
g of methylphosphinic  acid gave 18.0 g of cyclohexamethylphosphinoxyte t rahe•  Found: Si 
11.15; P 18.46%; tool. wt. 1036. C30HToSi4P6018. Calculated: Si 11.04; P 18.25%; tool. wt. 1017. Condensa-  
t ion of 37.7 g of nonyl t r ie thoxysi lane  with 18 g of methylphosphinic  acid gave 34.4 g of cyc lohexamethy l -  
phosphinoxyte t ra i sononyls i l sesquioxane .  Found: C 41.33; H 7.99; Si 10.14; P 14.70%; tool. wt. 1078. C24H94 
�9 Si4P6018. Calculated: C 42.55; H 7.99; Si 9.47; P 15.67%; tool. wt. 1185. 

Dist i l la t ion of reac t ion  products  obtained as a resu l t  of condensing 26.9 g of e thyl t r ie thoxysi lane  and 
20.1 g of methylphosphinic  acid gave a f r ac t ionwi th  bp 311 ~ (0.022 ram), 2.96 g. Found: C 19.63; H 5.05; 
Si 12.11; P 27.9%. CsH22Si2P4Oll. Calculated: C 20.3; H 4.67; Si 11.85; P 26.1%. The reac t ion  of 14.64 g 
of methy l t r i e thoxys i lane  with 11.92 g of methylphosphinic  acid gave 13.05 g of organic  phosphos i l i conpo lymer .  
Found: Si 14.92; P 25.98%. CsH15Si2P309. Calculated: Si 15.2; P 25.3%. Condensation of 23.1 g of d ibutyl -  
t e t rae thoxydis i loxane  with 12.1 g of methylphosphinic  acid gave 15.4 g of cyc lo te t ramethy lphosph inoxy te t ra -  
buty ls i l sesquioxane .  Found: C 31.08; H 7,47; Si 14.81; P 16.38%. C20H45Si4P~O14. Calculated: C 32.12; H 
6.47; Si 14.87; P 16.57%. The reac t ion  of 23.11 g of d ihexyl te t rae thoxydis i loxane with 10.1 g of me thy lphos -  
phinic acid gave 19.5 g of cyc lo te t ramethylphosphinoxyte t rahexyls i l sesquioxane .  Found: C 39.42; H 7.68; 
Si 13.38; P 14.87%; tool. wt. 836. C28HG4Si4P40~4. Calculated: C 39.05; H 7.49; Si 13.05; P 14.39%; molo wt. 
861. Condensation of 20.24 g of d i isononyl te t raexthoxydis i loxane with 7.98 g of methylphosphinic  acid gave 
18.9 g of cyc lo te t ramethylphosphinoxyte t ranonyls i l sesquioxane .  Found: Si 10.23; P 12.28%; molo wt. 1080. 
C40H88Si4P4014. Calculated: Si 10.91; P 12.03%; tool. wt. 1029. Dist i l la t ion of reac t ion  products  obtained as 
a resul t  of condensing 16.81 g of die thyl te t raetho•  with 15.51 g of methylphosphinic  acid gave 
a f rac t ion  of bp 316 ~ (0.018 ram). Found: Si 15.30; P 21.89%. CTH19Si2P303. Calculated: Si 14.15; P 23.45%. 
Condensation of 19.9 g of t r ihexy l t r i e thoxycyc lo t r i s i loxane  with 8.05 g of methylphosphinic  acid gave 18.02 
g of cye lo t r imethylphosphinoxyhexahexyls i i sesquioxane .  Found: Si 14.13; P 8.25%; mol .  wt. 1064. C39H87Si 6 
�9 P3015. Calculated: Si 15.93; P 8.78%; tool. wt. 1057. The reac t ion  of 16.1 g of t r inony l t r i e thoxycyc lo t r i -  
s i loxane with 5.35 g of methylphosphinic  acid gave 12.2 g of cyc lo t r imethy lphosphinoxyhexanonyls i l ses -  
quioxane. Found: Si 12.05; P 8.41%; moI .  wt. 1338. C57H123Si6P3Ot5. Calculated: Si 12.87; P 7.09%; tool. wt. 
1308. 
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Condensation of 21.2 g of dinonyldiethoxysilane with 2.35 g of bor ic  acid gave 12.72 g of hexanonyl-  
cyc lo t r i s i loxane .  Found: C 72.15; H 12.95; Si 8.67%; tool. wt. 1009. C54HI14Si303. Calculated: C 72.40; H 
12.83; Si 9.41%; tool. wt. 893. The reac t ion  of 10.64 g of didecyldiethoxysi lane with 1.46 g of bor ic  acid gave 
5.62 g of hexanonylcyclo t r i s i loxane .  Found: C 71.90; H 12.54; Si 9.32%; tool. wt. 1090. CGoH12~Si303. Ca l -  
culated: C 73.53; H 12.96; Si 8.60%; mol .  ~r 1010. 

C O N C L U S I O N S  

1. The condensat ion of a lky l t r i e thoxys i lanes  and d ia lkyl te t raexthoxys i loxanes  with methylphosphinic  
and phenylbor ic  a c i d s h a s  been  studied. With methylphosphinic  acid the reac t ion  p roceeds  with the f o r m a -  
tion of organic  phosphosi l ieon compounds of a s t e r eocyc l i c  s t ruc tu re  in a yield depending on the s ize  of the 
radica l  a t tached to s i l icon.  

2. The reac t ion  m e c h a n i s m  and the s t ruc tu re  of the reac t ion  products  have been proposed .  

3. In the case  of phenylbor ic  acid,  the react ion  resu l t s  in an exchange of functional groups and no o r -  
gan i cbo ros i l i con  compounds a r e  fo rmed .  

Io 

2. 

3. 
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