
N,N-Die thyl -5- iodomethyl te t rahydro- l ,2 -oxazol in ium Iodide (V). This compound, with mp 127-128 ~ 
(acetone-methanol),  was obtained in quantitative yield by iodination of IV by the method used to iodinate IIa-e.  

IR spect rum,  e m - l :  1010 (NOC), 1050 (CNO), 3000-2500 (~N--). Found: N 3.7; I 63.6%. CsH1712NO. Calculated: 
N 3.7; I 63.9%. 
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XLVIII.* KINETICS AND MECHANISM OF THE HYDROLYSIS 

OF i- (~-CHLOROA LKYL)SILATRANES 

M. G. Voronkov, I. S. Emel'yanov, 
V. M. D'yakov, V. Yu. Vitkovskii, 
L. V. Kapranova, and V. T. Baryshok 

UDC 547.895'245 : 542.938 : 541.127 

T he kinet ie s of the hydrolys is of 1- (~-c hlor oalky 1) s i latranes Rsi (OCH2CH2). [OCH (CH3) C H2]a-. N. 
(where R = C1CH2, C12CH, and CH3C1CH , and n= 1-3) at 25~ in neutral  and acidic aqueous and 
aqueous alcoholic media With H~O, 2H20 , and H2180 were studied. The rate  of hydrolysis  in acidic 
media is considerably higher than in neutral  media. The introduction of methyl groups in the 3, 
7, and 10 position of the atrane r ing and an increase  in the electronegativity of the substituent 
attached to the silicon atom lower the ra te  of hydrolysis .  According to the mass  spec t romet r ic  
data, the t r ie thanolamine formed during hydrolysis  in H2180 does not contain laO, which indicates 
hydrolytic cleavage of the S i - O  bond ra ther  than the O - C  bond. 

In order  to ascer ta in  the effect of the nature of the substituent attached to the silicon atom in the atrane 
r ing on the hydrolytic stability of the molecule,  we studied the hydrolysis  of 1- (~-chloroa lkyl )s i la t ranes  with 

the general  formula RSi (OCH2CH2),,[OCH (CH3) CH2]3-~N, (where R = C1CIt2, C12CH and CH3C1CH , and n = 1-3) by 
polarography.  

The s i la t ranes  were hydrolyzed at 25 ~ in dilute acidic and neutral  aqueous and aqueous alcohol solutions. 

The react ion ra te  in neutral  media was calculated from a f i r s t - o r d e r  equation [2], since H~O is the reagent  
and the change in its concentrat ion with respec t  to the substrate  is insignificant; the rate  in acidic media was 
measured by a second-orde r  equation [3] because of bonding of HC1 with the react ion products.  

The ra te  constants for the hydrolysis  of 1-(chloromethyl)s i la t rane in water and in 25 and 50% (by volume) 
aqueous ethanol increase  rapidly as the water concentrat ion increases  both in neutral  and acidic media (Table 
1). 

* See [1] for communicat ion LXVII. 
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TABLE 1. Rate  Constants  for  the Hydro lys i s  of 1 - (Chloromethy l ) -  
s i l a t r a n e  in Water  and Aqueous Ethanol at 25~ 

Parameters 

k l . 1 0  6 s e c - I  

/2. l i t e r ' m o l e - l ' s e c - I  

IO0 

9,73 = 0,02 

0.87=0,02 

Water concentration, % 

75 [ 50 

Neutral med ia  

2,08-~0,02 I 1,31 ~0,01 
Acidic media  

0.34-0,01 ] 0,12• 

TABLE 2. Rate  Constants  for  the Hydro lys i s  of 1-(cr ' -Chloroalkyl)-  
s i l a t r a n e s  at 25 ~ in Acidic Aqueous Media 

I 

III 

Compound 

,L I 
CICH2Si (OCH2CH2) ~N 

l i 
C12CHSi (OCtI2CH2) aN 

I 
Ctt3CICH Si (OCH_~CH2) aN 

~ ,  Compound 
- o o  

0,87 

0,20 

1,10 

/ (OCH2CH2) z 
IV CICIt~Si. - - - -  N 

\OCH(CHa)CH2 

/ {OCH~CHfl 
' " C I C H 2 S i ( ' - - -  

\ (OCH (CH3) CHD 2 

VII C1CH2 Si (OCH (CH3) CH2) 3N 

N 

0,74 

0,68 

0,62 

TABLE 3. Mass Numbers  of the Most C h a r a c t e r i s t i c  F r a g m e n t  
Ions of T r i s ( 2 - h y d r o x y a l k y l ) a m i n e s  

Structure 1 m/e 

N (CH2CH2OH) a 
N (CH2CH2OI I) ~CH (CH3) CH2OH 
N (CH (C Ha) CH2OH) 2CH2CH2OH 

163 
'177 146 

149 l l 8  
132 l l8  
132 II8 

74 
88 74 

56 43 
56 43 
56 43 

The r a t e  of hydro lys i s  of l - ( c h l o r o m e t h y l ) s i l a t r a n e  in ac idic  media  is cons ide rab ly  higher  than in neutra l  
med ia  and is s a t i s f a c t o r y  l i nea r ly  r e l a t ed  to [HCI] ([HCI] = 1 �9 10 -3, 1.5 �9 10 -3, and 2 �9 10 -3 m o l e / l i t e r ;  k225 =0.44 + 
0.01, 0.66 :~ 0.01, and 0.87 :L 0.02 l i t e r "  mole  - t .  sec - i ,  r e spec t ive ly ) .  This l a rge  change in the  r a t e  i n t h e p r e s e n c e  
of HCI cons t i tu tes  evidence that  the r a t e - d e t e r m i n i n g  step is e l ec t roph i l i c  a t tack of the r eac t ion  cen te r  by the 
hydronium ion with s imul taneous  t r a n s f e r  of the hydra t ion  she l l  to the s i l i con  atom. 

i . . . . . . . . . .  I 
r ~ ]  + slow I/~ .CH2CHoO\~. - . , /~R fast 

N(CH~CH~O)3SiR * HzO (H~O). ~ - -  N--CH.-CH~O--Si'"OH 
" " " \ c . ; c . ; o ~ "  i . c ,  

"" H.-.fOfl)~ 

_ - ~ ( HOCH2CH2 )2N HCH2C H20/Si HOCH2CH2N l t (CHgC H ~ O ) 2 S i ( o  H CI-  
t oH  - - O H  �9 

. ~ [ H N ( C H 2 C H ~ O H ) 3 ] + C I  - + ( f lO)3SiR 

The next s teps  in the hydro lys i s  of the S i - O - C  bonds of the s i l a t r a n e  r ing  p roceed  very  rap id ly .  The 
products  have p r a c t i c a l l y  no effect on the r a t e  during the reac t ion .  

An e l ec t ronega t ive  subst i tuent  a t tached to the s i l i con  atom of the s i l a t r ane  should i n c r e a s e  its e l e c t r o -  
phi l ic i ty  and, consequent ly ,  its r eac t iv i t y .  Table  2 shows that the r a t e  constants  for the hydro lys i s  of 1-(a,- 
c h l o r o a l k y l ) s i l a t r a n e s  a r e  reduced  cons ide r ab l y  as the e l ec t ronega t iv i ty  of the subs t i tuent  bonded to the s i l icon 
atom i n c r e a s e s ;  this  is a s soc i a t ed  with the at tendant  i n c r e a s e  in the PTv-dr  c h a r a c t e r  of the S i - O  bonds. 

The effect  of methyl  groups in the 3, 7, and 10 pos i t ions  of the he te rocyc l ic  f r amework  of 1 - ( a - c h l o r o -  
a l k y l ) s i l a t r a n e s  (IV-VI) cons ide r ab ly  lowers  the r a t e  of hyd ro lys i s ,  although the s t e r i c  a c c e s s i b i l i t y  of the s i l i -  
con atom in the molecu les  r e m a i n s  unchanged. 

This  p rov ides  evidence that the inductive effect of the subst i tuents  in the 3, 7, and 10 pos i t ions ,  which 
r a i s e s  the o r d e r  and, consequent ly ,  the s t reng th  of the S i - O  bond, evidently has the p r inc ipa l  effect on the r e a c -  
t iv i ty  of s i l a t r a n e s .  
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To conf i rm the above scheme  for the mechan i sm of the hydro lys i s  we studied the mass  s p e c t r a  of t r i s ( 2 -  

hydroxya lky l )amines  (Table 3), which made i t  pos s ib l e  to p ropose  a s cheme  for t he i r  d i s s oc i a t i ve  ionization and 
to i so la te  f rom the mass  s p e c t r u m  of the hydro lyza te  the c h a r a c t e r i s t i c  mass  numbers  of ions belonging to the 
t r i e t h a n e l a m i n e  fo rmed  during the hydro lys i s  of 1 - ( c h l o r o m e t h y l ) s i l a t r a n e  in 2H20 and H2180. In this c a s e  it 
was obse rved  that  in hydro lys i s  in H2180, ne i the r  the mo lecu la r  ion of t r i e thano lamine  nor the f ragment  ions 
formed dur ing  its d i s soc i a t i ve  ionizat ion contains  s igni f icant  amounts  of ~80, and this indica tes  the p roposed  
scheme  for the mechan i sm of the hydro lys i s  of 1 - ( a - c h l o r o a l k y l ) s i l a t r a n e s .  

IN(C~I~C~2OH)~] + -CH'2Oa I CH2N(CtI2CH2OH)21 + 

149 118 

I-C~H~, OH ]-C2H~OH 

[ N (CI.12CH~,Ofl)21+ -CHOI'I [CH.N H Cll2Cil2OH] + 

I04 74 

I ~HOH 

J /CH2]+ _CH r ~CH~ l+ 

43 56 

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

The k ine t ics  of the hydro lys i s  of 1 - ( a r - eh lo roa lky l ) s i l a t r anes  were  studied in aqueous solut ion in the 
p r e s e n c e  of HC1 at 25 -~ 0.02 ~ The in i t ia l  concent ra t ion  of the solutions of the inves t iga ted  compounds was 
2 �9 10 -3 m o l e / l i t e r ,  and the HC1 concent ra t ion  ranged f rom 1 �9 10 -8 to 2 �9 10 -3 mo le / l i t e r .  The reac t ion  r a t e  was 
followed from the typing up of HCI by means  of an Lp-7  po la rog raph .  The accu racy  in the e s t ab l i shment  of the 
potent ia l  in the appa ra tus  was i 3.5 mV in a to ta l  range  f rom + 2 t o - 4  V. 

The ave rage  hydro lys i s  r a t e  constants  were  ca lcu la ted  f rom no l e s s  than i0  m e a s u r e m e n t s ,  the e r r o r  in 
which was no m o r e  than 2%. 

The m a s s  s p e c t r a  were  r e c o r d e d  with an MKh-1303 s p e c t r o m e t e r  with V = 50 eV and I = 0.75 mA at a 
chamber  t e m p e r a t u r e  of 200 ~ The r eac t ion  mix tu re s  contained 80% 2H20 and 42% H2t80. The s p e c t r a  were  
r e c o r d e d  immedia t e ly  a f te r  p r e p a r a t i o n  of the mix tu re s  and af te r  2 and 24 h. 
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