
gave 8.2 g (74%) of DPU. The solvent  was r emoved  f r o m  the e ther  solution in vaeuo and the res idue  was d i s -  
ti l led to give 3.8 g of (VI), bp 127-129 ~ (0.2 ram) ,  n~ 1.4270. Found: C 32.93; H 6.45; P 20.76%. CaH20OTP2. 
Calculated: C 33.10; H 6.85; P 21.40~. 6 31p; - 1 5  ppm. (of. [9]).  

C O N C L U S I O N S  

1. The reac t ion  of d iphenylurea  with the chlor ides  of phosphorous and phosphonous e s t e r s  gives phos -  
phory la ted  u r e a  de r iva t ives ,  whereas  reac t ion  with the chlor ide  of die thylphosphorie  acid leads to te t rae thyl  
pyrophosphate  and diphenylcarbodi imide.  
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T I t E R M A L  D E C O M P O S I T I O N  O F  T R I M E T H Y L S [ L Y L  

t e r t - B U T Y L  PERSUCCINATE 

G. A. Razuvaev, G. V. Basova, 
O. S. D'yachkovskaya, V. A. Dodonov, 
and S. V. Krasnodubskaya 

UDC 541.11:542.92:547.1 ~ 128 

As a continuation of studying the reactivity of silicon-containing radicals, formed during the thermal de- 
composition of trimethylsilyl tert-butyl perphthalate (1) and trimethylsilyl tert-butyl permaleate (II), we made 
a study of the thermal decomposition of trimethylsilyl tert-butyl persuccinate (lIB without a solvent and in 
either benzene or cumene. The purpose of the study was to ascertain the effect of varying the hydrocarbon 
fragment in the acyl portion of the peroxide on the behavior of the formed radicals. The complete decomposi- 
tion of (Ill) proceeds at 110-115~ in 25 h. On the basis of the kinetic studies and the thermal decomposition 
products (Table 1) it may be concluded that the initial reaction act is hemolysis of the peroxyester at the O- 
O bond. 

M%SiOCCtI~CH2COOCMe3 --~ MesSiOCCtI2CII2CO" "i- ' 0CMes  

0 0 O 0 
(iii) (iv) 

The fo rmed  Si-eontaining acyloxy rad ica l s  (IV) a r e  unstable  and mainly  undergo f ragmenta t ion  with the 
e l iminat ion of CO2, whose yield r eaches  79-88%. Only a smal l  p a r t  of (IV) c leaves  hydrogen and is conver ted  
to the acid t r ime thy l s i ly l  succinate .  

�9 ~ M e ~ i O C C t l e C H 2  2_, CO 2 

( t v ) -  'I o 

IqtI 
"MesSiOCCH2CII~COH 

!1 ii 
O O 
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TABLE I. Thermolysis Products of Trimethylsilyl tert-Butyl 
Persuccinate ( I 10-115 o) 

Product 

C02 
CHr 
MeCOMe 
MeaCOH 
MesSiOSiMes 
Me~SiOOCMe3 
MesSiOC (0) CH2Me 
M%SiOC (0) C2H~CeH5 

Dicumyl 

Yield, mole/mole of perester 

no solvent in benzene 

0,88 O,85 
0,43 0,38 
0,42 034 
0,29 0,32 
0,05 0,03 
0,02 0,01 
0,2i 0,i6 
- 0,26 

After hydrolvsis and methvlatlon of high-boiling residue 

MeaSiOSiMe~ 0,29 0,20 
Me0C (0) C~Hr 0,32 0,16 
MeOC (0) C2H~C (0) OMe 0,08 0,07 
Me0C (0) C2H~C (0) OCH~M~ 0,02 - 

Unidentified product, % t8 16 

in eumene 

0,79 
030 
0,08 
0,69 
0,02 

0~5 
0,66 

O,i6 
0,20 
0,09 

7 

Cyclizat ion of the acyloxy rad ica l s  to succinic anhydride,  which is obse rved  for  the carbon analog of (IV) 
[1], does not occur  in the given case .  Succinic anhydride,  found in an amount  of 2% in the reac t ion  products ,  
judging by the yield of t r ime thy l s i ly l  t e r t -bu ty l  peroxide  (V), is fo rmed  by the following react ion.  

o 
J 

H2C--C 
I \ 

(III)-+ I 0 + M%Si00CMe8 

IH~C--C/ (V) 
%0 

In con t r a s t  to (III) ,  the cor responding  anhydrides  (phthalic and male ic )  a r e  fo rmed  f r o m  (I) and (II) un- 
der  analogous conditions in 20-30% yield [2, 3], which can be explained by the d i f ferent  g e o m e t r y  of the i r  mo le -  
cules.  P e r o x y e s t e r s  (I) and (II) have r igid s t r u c t u r e s  with a eis  a r r a n g e m e n t  of the p e r o x y e s t e r  and Si -eon-  
taining groupings,  whereas  in (III) they can ro ta t e  f r ee ly  around the C - C  bond and occupy a g r e a t e r  d is tance 
between each other .  

As was ment ioned above, the decomposi t ion  of (III) proceeds  with a high yield of CO2, and consequently 
of ca rbo t r ime thy l s i loxye thy l  r ad ica l s  (VI). The l a t t e r  eas i ly  c leave  hydrogen and subst i tute  benzene by the 
homolyt ic  m e c h a n i s m  to give r e spec t ive ly  t r ime thy l s i ly l  propionate  and the t r ime thy l s i ly l  e s t e r  of hydrocinna-  
mic  acid. The s t ruc tu ra l ly  analogous rad ica l s  CH3OC (O)CH2CH2CH 2 [4] and (CH3CH2)aGeOC (O)CHxCH 2 [5] be -  
have in a s i m i l a r  manner .  The yield of the subst i tut ion product  by Si-containing rad ica l s  is c lose  to that of the 
Ge analog and nea r ly  twice the yield of the carbon analog. 

I---- MeaSiO~ CH2Me 

MesSiO~CH2CH2-- I 

0 ]__~ Me3SiOCC2H4\ 

R*I-RH 
Me3SiOCC2H~CsH~ 

H 
O 

When (III) decomposes  in cumene,  the p r o c e s s e s  that r e l a t e  to the c leavage  of hydrogen f rom the solvent  
predominante ,  as is evidenced by the high yields  of t r ime thy l s i ly l  p ropionate  (55%) and te r t -butanol  (69%). 
Homolyt ic  subst i tut ion in the ring is p r ac t i ca l l y  nil. In addition, the t r ime thy l s i ly l  e s t e r  of f l - t e r t - b u t o x y p r o -  
picnic acid, which was identified as the methyl  e s t e r  of this acid, is fo rmed  as the r e su l t  of in t racage  r e c o m -  
bination. 

[ MesSiOCCH~CH2.. CO.. COMes]--* MesSiOCCH2CH2OCMes + C02 
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TABLE 2. Kinetic Parameters of Thermal Decomposition of 
Peroxides 

Peroxide 

Me~SiOC (0) C2It~C (O) OOCMe3 
Me OC(O)C2Hr (O)OOCMe3 * 
EtOC (0) C2HaC (0) OOCMe3 * 

i05 

i,i 

K d .i0h Sec-i a t  t, ~ 

l i 0  t t 5  

2g 3,7 
2,4 4,2 
2,9 6,0 

t20 

7,6 
7,8 

10,2 

EEt, 
kcal/ 
mote 

36,5 
37,6 
37,5 

* D a t a  f r o m  [6] .  

The  p r o c e s s  f o r  the  t h e r m a l  d e c o m p o s i t i o n  of  (III) in c u m e n e  a t  105-120 ~ i s  d e s c r i b e d  by a f i r s t - o r d e r  
equa t ion  in p e r o x i d e .  The  i n i t i a l  c o n c e n t r a t i o n  of  the p e r o x y e s t e r  has  no e f f ec t  on the  r e a c t i o n  r a t e  cons t an t ,  
wh ich  t e s t i f i e s  tha t  the  i nduced  d e c o m p o s i t i o n  of (III) i s  a b se n t .  The  d e c o m p o s i t i o n  r a t e  of p e r o x y e s t e r  (III) i s  
c l o s e  to tha t  of  i t s  c a r b o n  a n a l o g s :  m e t h o x y  t e r t - b u t y l p e r o x y  (VII) and e thoxy  t e r t - b u t y l p e r o x y  (VIII) s u c c i n a t e  
[6] ( T a b l e  2) .  

As  a r e s u l t ,  r e p l a c i n g  e i t h e r  m e t h y l  o r  e thyl  b y  the  t r i m e t h y l s i l y l  g roup  has  p r a c t i c a l l y  no e f f ec t  on the 
t h e r m a l  s t a b i l i t y  o f  p e r e s t e r  ( I I I ) .  

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

T r i m e t h y l s i l y l  t e r t - b u t y l  p e r s u c c i n a t e  (II1) was  o b t a i n e d  as  d e s c r i b e d  in [2] .  

D e c o m p o s i t i o n  of P e r e s t e r  (III) wi thout  a Solvent .  P e r e s t e r  (III) was  h e a t e d  fo r  25 h a t  !10 -115  ~ in  a 
s e a l e d  e v a c u l a t e d  a m p u l  equ ipped  with  an ou t le t .  The  v o l a t i l e  p r o d u c t s  w e r e  f r o z e n  in  the  ou t l e t .  The  c o m p o s i -  
t ion  of the  p r o d u c t s  was  d e t e r m i n e d  b y  GLC in a h e l i u m  s t r e a m  u s i n g  a T s w e t t - 1 0 2  c h r o m a t o g r a p h  equ ipped  
with a k a t h a r o m e t e r :  a)  the  g a s e o u s  p r o d u c t s  a t  65 ~ us ing  a 2 m • 3 m m  c o l u m n  p a c k e d  with S i l i c a  Ge l -3 ;  b) 
Me3SiOSiMe 3, Me3SiOCMe 3 (V), t-BuOH, and acetone at 70 ~ using a 3 m • 3 mm column packed with 15% 
llheoplex deposited on Chromaton; e) Me3SiOC (O)CH2CH 3 at 80 ~ using a 3 m • 3 mm column packed with 15~0 
Apiezon deposited on Chromosorb W. The high-boiling decomposition products were determined via the products 
of their hydrolysis and methylation with an ether solution of diazomethane. The amounts of methyl ethyl suc- 
cinate (from sueeinic anhydride) and dimethyl suecinate (from succinic acid) were determined by GLC (140 ~ 
3 m x 3 mm column packed with 15% llheoplex deposited on Chromaton). The compounds were identified by 
comparing the retention times of the reaction products with those of known compounds. From the methylation 
products we also isolated the methyl ester of fi-tert-butoxypropionic acid, n~ 1.4275. Found: C 59.72; H 9.56%. 
CsHI6O 2. Calculated: C 60.00; H I0.00%. The Ill and PMR spectra confirm the structure of the given compound. 

Decomposition of Perester (III) in Benzene or Cumene. The decomposition of (Ill) was run in sealed 
evacuated ampuls at 110-115 ~ for 25 h. The composition of the reaction products was determined the same as 
above. When the thermolysis of (Ill) was run in benzene, the Si ester of hydrocinnamic acid was determined by 
GLC (175 ~ I m x 3 mm column packed with 5% SE-30 deposited on Inerton). 

The kinetic measurements of the thermal decomposition of (Ill) were run in cumene in a thermostatted 
apparatus, through which a steady stream of dry argon was passed. The te1~oerature was maintained constant 
with an accuracy of • 1 ~ The initial concentration of the peroxide was 0.02 mole/liter. The decomposition 
rate was checked iodometrically by the change in the concentration of peroxide oxygen. 

CONCLUSIONS 

1. The decomposition of trimethylsilyl tert-butyl persuccinate in the absence of a solvent, and also in 
benzene or eumene, begins with cleavage of the 07-0 bond. 

2. The formed Si-containing acyloxy radicals mainly undergo fragmentation with the elimination of COz, 
and are converted to carbotrimethylsiloxyethyl radicals. The latter either cleave hydrogen from the solvent 
(cumene) or alkylate benzene by the homolytie substitution mechanism. The recombination of the radicals in 
the solvent cage is 16-20%. 
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REACTION OF HYPOPHOSPHOROUS ACID WITH 

BENZALDEHYDE 

B. A. Arbuzov, O. A. Erastov, 
I. P. Romanova, and T. A. Zyablikova 

UDC 542.91:547.1' 118 

The formation of a-hydroxybenzylphosphonous acid (I), bis (a -hydroxybenzyl )phosphin ie  acid (II), and 
5-hydroxy-5-oxo-2 ,4 ,6 - t r iphenyl -  1,3, 5-dioxophosphorinane (III) is possible when hypophosphorous acid (HPA) 
reacts  with benzaldehyde. However, a compar i son  of the constants and conditions for  the formation of these 
products  [1-51 leads to the conclusion that contradict ions exist. Thus, in [1],  using a 1 : 2 rat io of HPA to 
benzaldehyde, a product  with mp 165~ was isolated, which was assigned the s t ruc ture  of (II). In [2],  using a 
1 :1  ratio of the reactants ,  a product  was obtained that was identified as being (I). But in [3],  using the same 
ratio of the reactants ,  only a product  with mp 230 ~ was isolated, which was descr ibed  as being (II), while the 
monoproduct  was obtained using a threefold excess  of HPA. In contrast ,  in [4],  like in [ 1], the product,  cha rac -  
ter ized as being (II), is formed with a 1 : 3 ratio of HPA to benzaldehyde, but with mp 203-204% 

In [ 1-3] the s t ruc ture  of the products  was established on the basis  of the prepara t ion  method, elemental 
analysis,  and the chemical  proper t ies .  The PMR spec t ra  were d i scussed  in [4].  In the p resen t  paper  the r e a c -  
tion of tIPA with benzaldehyde using various ra t ios  of the reactants  was studied by the 31p NMR spec t roscopy 

method. 
Ph 

I 
0 CH--0 

o o , > HOP CHPh 
II q-l, hGIIO ~ :' +PhCHO__. It0 ~ Cll~O HOPII2 > PCH(Ph)0II P HPh -m~O ~ / 

/ I It (I) (II) Ph (III) 

The react ion of  HPA with benzaldehyde using a 1 : 1 ratio was run as descr ibed  in [3].  When the react ion 
mixture was refluxed for 2 h a product  with mp 182 ~ was obtained in 50% yield (relat ive to HPA), whose IR 
spec t rum had an absorption band at 8320 cm -1 and whose s t ruc ture ,  based on the e lementary  analysis  data, c o r -  
responded to (II). The signal of the P atom in the 31p _ { tit } NMR spec t rum of (II) l ies at 41 ppm. It should be 
mentioned that the melting point of our obtained (II) differs f rom all of the previous ly  given values. 

The product  with nap 182 ~ was also isolated when 2 moles of benzaldehyde was reacted with 1 mole of 
HPA in benzene under the conditions of removing the water  by azeotropic distillation. A lower  yield of (II) can 
be explained by the mi lder  react ion conditions. Other products  were not detected. 

Different resul ts  were obtained when we studied the react ion of HPA with 3 moles of bonzaldehyde in ben- 
zene with removal  of the water.  I tere  (II) and a product  with mp 203 ~ were isolated in approximately equal 
rat ios.  The la t ter  product  lacked absorption in the 3100-8600 em -1 region and, based on the elemental  analysis 
data, eor responded to s t ruc ture  (III). The chemical  shift (CS) of the signal of the P atom in the 31p_ {1H} 
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