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The  l i t e r a tu r e  data  and the r e s u l t s  of the au thors '  r e s e a r c h  on he te rocyc l i c  s y s t e m s  containing 
a pentacovalent  s i l icon a tom in a s i loxazolidine r ing a r e  examined.  P a r t i c u l a r  at tention is  d i -  
r ec ted  to s i l a t r anes  - s table  organic  de r iva t ives  of pentacovalent  si l icon that  have high phys i -  
ological  ac t iv i ty .  

The  unsha red  e lec t ron  pa i r  of the ni t rogen a tom in organos i l icon  de r iva t ives  of mono- ,  d i - ,  and t r i e than-  
o lamine  m a y  r e a c t  with the vacant  3d o rb i t a l s  of the s i l icon a tom to give mono-  (I), b i -  (II), and t r i cyc l i c  (HI) 
s i loxazol idines  containing a pentacovalent  s i l icon atom: 

R I 

3 R" xR 

l II HI 

This  so r t  of reac t ion  has  not yet  been  obse rved  in the case  of monoethanolamine  der iva t ives .  Depending 
on the nature  of the subst i tuents  a t tached to the si l icon a tom,  die thanolamine de r iva t i ve s  may  exis t  in both b i -  
cyclic  s i loxazolidine f o r m  II  and in the f o r m  of the i s o m e r i c  monocycl ic  2 - s i l a - l , 3 - d i o x a - 6 - a z a c y c l o o c t a n e s  
(exo form) .  An equi l ibr ium mix tu re  of these  f o r m s  is  s o m e t i m e s  produced in solut ions.  On the o ther  hand, 
only t r i cyc l i c  s i loxazol idines  HI (s i la t ranes)  a r e  known fo r  t r i e thanolamine  de r iva t ives .  The heightened in- 
t e r e s t  in s i l a t r anes  is  due to t he i r  pecu l i a r  s t ruc tu re  and high biological  act iv i ty .  Individual p rob l e ms  of the 
c h e m i s t r y  of s i l a t r anes  have  a l r eady  been i l lmuinated in a number  of r ev iews  [1-6], m o s t  of which by now 
have  b e c o m e  apprec i ab ly  obsole te .  

The r e s u l t s  of r e s e a r c h  on all  g roups  of s i loxazolidine de r iva t ives  of pentacovalent  si l icon de r iva t ives  
publ ished up until  Ju ly  1976 a re  c o r r e l a t e d  in the p r e s e n t  review~ 

B i c y c l i c  S i l o x a z o l i d i n e s  

Bicycl ic  s i loxazol idines  with a pentacovalent  s i l icon a tom (II) can be obtained by reac t ion  of diethanol-  
amine  de r iva t ives  with d ia lkoxysi lanes  [7-12] o r  dialkylbis(dialkylamino) s i lanes  [13]: 

RR ISix2 _r {HOCH2CH2) 2 NR ~ " " ~ , ~ N  ~ 2HX 
O ~ . S ~ -  

R" ~R' 

II 

The deg ree  of r eac t ion  between the ni t rogen and si l icon a toms  in compounds of the II type depends on the 
na ture  of the g roups  at tached to the s i l icon a tom and s t e r i c  f ac to r s .  

The ex~perimental va lues  of the dipole m o m e n t s  of cyclic  de r iva t ives  II (R, R ' =  alkyl) exceed the dipole 
m o m e n t s  ca lcula ted  fo r  fixed nboatW and "c rown n conformat ions  by only 0.5-1.0 D [14]. Th is  fact ,  in the opin- 
ion of Mazheika and c o - w o r k e r s  [14], indicates  nthe absence  of a dis t inct ly exp re s sed  d o n o r - a c c e p t o r  bond 
between the n i t rogen and s i l icon a toms  in these  compounds,  n 
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When e l ec t ron -accep to r  substi tuents a r e  introduced at  the si l icon atom [15] o r  in the case  of s i l asp i ro -  
cycl ic  compounds [16, 17], one o b s e r v e s  the format ion  of an N -~ Si coordinate  bond, which leads to the f o r m a -  
tion of a si loxazolidine r ing.  It has  been shown by x - r a y  diffract ion analysis  of 1 ,1 -d ipheny l - l - s i l a -2 ,8 -d ioxa-  
5-azabicyclo[3.3.01~5]octane (IV) [15] and sp i rocycl ic  der iva t ives  of acenaphthene (V) [16] and s i lachromene (VI) 
[17] that as  a r e su l t  of the format ion  of an N -~ Si d o n o r - a c c e p t o r  bond (2.301/~ in IV, 2.263 .~ in V, and 2.297 
/~ in VI) the coordinat ion number  of the si l icon atom inc reases  to f ive,  and the coordinat ion polyhedron is a 
d is tor ted  t r igonal  b ipyramid.  

o _ . .  C ,_o 

IV V Yl VII 

The reac t ion  of pinacol,  te t rae thoxys i lane ,  and diethanolamine gave spi rocycl ic  compound VII, to which 
a s t ruc tu re  with an N -* Si coordinate  bond was also assigned [18]. 

T r i c y c l i c  S i l o x a z o l i d i n e s  ( S i l a t r a n e s )  

Siloxazolidines HI [19], which contain th ree  condensed oxazolidine r ings ,  a re  complete  organosi l icon 
chelate  e the r s  of t r ie tholamine .  F o r  convenience,  the shor t e r  names  organo(2,2 v,2n-aminotr iethoxy)si lanes 
[20, 21], organo(2,2T,2W-nitrilotriethoxy)silanes [22], and s i la t ranes  [20] have been proposed in place of the i r  
fui1 names - 2 ,8 ,9- t r ioxa-5-aza- l -s i la t r icyclo[3 .3 .3 .01,5]undecane (HI, R = H). The name Wsilatrane ~ and the 
symbol N, !CH2CH20)3Si have been f i rmly  incorpora ted  in the world l i t e ra tu re .  

P r e p a r a t i v e  M e t h o d s  

Transe the r i f i ca t ion  of Alkoxysi lanes with Tr ie thanolamine .  The most  widely used method for  the p rep -  
a ra t ion  of 1 -organy ls i l a t ranes  is  the reac t ion  of t r ie thanolamine with alkoxysi lanes [7, 8, 19, 23-53]. This  
method has  been employed for  the p repara t ion  of alkyl-  [7, 8, 19, 23-28], a ry l -  [7, 8, 19, 34], alkoxy- [7, 8, 19, 
24, 29], and he t e ry l s i l a t r anes  [30, 32, 33, 53], as well as the i r  carbo functional der iva t ives  containing halogen 
[46, 47, 49, 50], sulfur  [35-37, 43, 45, 48, 50], ni t rogen [24, 26, 28, 30, 31], and phosphorus [51, 52] in the o r -  
ganic port ion.  

Te t rae thoxys i lane  undergoes  this react ion to give 1-e thoxysi la t rane  [29], but subsequent aminoalcoholysis  
to give t r i s ( s i la t ranyloxyethyl )amine  occurs  when the reagent  ra t io  is changed and the reac t ion  t empera tu re  
is  r a i sed  to 300~ [54]. 

Siloxanes containing te rmina l  s i la t rane groupings have been obtained by t ranse ther i f i ca t ion  of ~ ,w-bis-  
( t r ialkoxy)si loxanes (RO)3SiO[R2SIO]nSi(OR) 3 with t r ie thanolamine [54]. 

A m o r e  convenient  method has been developed for  the prepara t ion  of t - o rg an o x y -  [55-57] and 1-acy l -  
oxys i la t ranes  [55]; th is  method involves t ranse ther i f i ca t ion  of lower te t raa lkoxys i lanes  with an equimolar  mix-  
tu re  of t r ie thanolamine  and the appropria te  hydroxyl-containing compound (ROH): 

ROH+Si(OR')4+ (HOCH2CH~)aN--* IlI+4R'OH R= alkyl, aryl, acyl; R'=CHa; C2tI~ 

In the case  of alkanols the p roces s  is acce le ra ted  by alkali meta l  hydroxides .  Some 1-a lkoxys i la t ranes  
[R = CH(Ctt3)2, C(CH3)3] a re  not fo rmed  at all in the absence of alkali.  The  effect  of the ca ta lys t  is less  sub- 
stantial  in the p repara t ion  of 1 -a roxys i l a t ranes .  

Reaction of Siloxanes and Siloxanols with Tr ie thanolamine .  1-Organyls i la t ranes  a re  also obtained by the 
reac t ion  of polyorganyls i lsesquioxanes  (RSiO1.5) x and polyorganylsi loxanols  [RSiOI.sy(OH)2y] x with t r ie thanol -  
amine [1-4, 20, 55, 58, 59]. 

The react ion is c a r r i ed  out in the p re sence  of catalytic amounts of potass ium hydroxide in an iner t  sol-  
vent  with removal  of the wate r  by azeotropic  dist i l lat ion.  In this case  the S t - O - S t  bonds in the s tar t ing s i l -  
oxanes a re  cleaved: 

1/x[RSiO~.s-u (OH) 2~].~ + (HOCH._,CH2)3N ~ III+ (1.5+y) t-120 
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The  reac t ion  ra t e  i n c r e a s e s  as  the deg ree  of condensat ion of the s ta r t ing  s i loxanes  d e c r e a s e s  and on 
pa s s ing  f r o m  a lky l -  to a r y l -  and vinylpolys i loxanols .  Po lyorgany lhydros i loxanes  of the (RSiHO) x or  HO(RSiHO) x 
type  can  a lso  be  used  in th is  r eac t ion  [20, 55]. In this  case  dehydrocondensat ion with hydrogen evolution takes  
p l ace  i n t h e  absence  of a ca ta lys t ,  and the addition of alkali  is n e c e s s a r y  fo r  c leavage  of the si loxane bond. 

I/x (RSiI tO) .,. + (i IOCH.~C[-I2) aN - ~  I I I + t I20 + I I2 

A produc t  containing a s i l a t r ane  grouping has  been obtained by reac t ion  of SiC 2 with exce s s  N(CH2CH2OH) 3 
[60]: 

(I IOC112C}[,) ,, N[C H~_Ct 1_,0 Si (OCt 12CI I~)~N]:, . 

? I 

React ion of Aminos i lanes  with Tr ie thano lamine .  S i la t ranes  a r e  a lso  obtained f r o m  organyl t r i s (d ie thy l -  
amino) s i lanes  and t r i e thano lamine  with s imul taneous  r e m o v a l  of the resu l t ing  die thylamine by dis t i l la t ion [13]: 

RSi[N {('.:1 l,) d:~-~- (I lOCI I~CI le)~N ....  111 + 3  (Cel I~),,N 1 i 

Other  Methods.  1 - H y d r o s i l a t r a n e s ,  which a r e  e x t r e m e l y  difficult  to obtain on the ba s i s  of the reac t ion  
of triethoxs, s i lane with t r i a lkano lamines  (because of c leavage  of the S i - H  bond), have been synthes ized by 
t r anse the r i f i ca t i on  of t r i e thoxys i lane  with the appropr i a t e  eas i ly  acces s ib l e  b o r a t r a n e s  [55, 61, 62]: 

/r162 
+ - - ~  N--CH2CHR O--Si--U N--CH2CHR~cH2 CHR'''O/O-B ~CH2 CHR'''O/! l ltSi(0C2H5) 3 

/ 

1- (3 T-Nitrophenyl) silatrane was obtained by reaction of t r is [2-  (trimethylsiloxy) ethyl] amine with 3-nitro- 
phenyltrifluorosila~e [60]. 

P h y s i c a l  P r o p e r t i e s  

Dipole Moments. The most convincing confirmations of the existence of a donor-acceptor tra~sannular 
bond in silatz~nes have been obtained by measurement of their dipole moments [55, 63-67]. The fomat ion of 
a coordinate  bond is  c h a r a c t e r i z e d  by deviat ions  of the dipole m o m e n t s  f r o m  addit ivi ty on the o r d e r  of s ev e ra l  
Debye uni ts .  A c o m p a r i s o n  of the expe r imen ta l  and vec to r i a l ly  ca lcula ted  dipole m o m e n t s  t h e r e f o r e  s e r v e s  as  
a c r i t e r i o n  fo r  the p r e s e n c e  of bonds of th is  type.  According  to r ecen t ly  publ ished data  [67], the dipole m o -  
men t  of the Si(OCH2CH2)aN he te rocyc l i c  f r a m e w o r k  is  ~ 3 D (directed f r o m  N to Si). The dipole m o m e n t  of the 
N -* Si bond has  been  es t ima ted  to be  equal  to 2.2 D, which is  in a g r e e m e n t  with cha rge  t r a n s f e r  f r o m  the ni -  
t rogen  a tom to the s i l icon a tom (0.2 e). T h e s e  r e su l t s  compel  us  to rev iew the concept  of the except ional ly  
high po la r i ty  of the N -~ Si bond in s i l a t r anes .  

IE  Spect ra .  Ana lys i s  of the IR s p e c t r a  of h y d r o - ,  o rgany l - ,  and o rganoxys i l a t r anes  [19, 55, 68-71] has  
shown that  the p r e s e n c e  of an N -~ Si bond in them does  not have a substant ia l  effect  on the v ibra t iona l  f r e -  
quencies  of the bonds of the cen t r a l  s i l icon a tom and the f requenc ies  of the in ternal  v ib ra t ions  of the subs t i tu -  
ents  bonded to th is  a tom.  The f r equency  of the S i - H  s t re tch ing  v ib ra t ions  is  not found in the region c h a r a c -  
t e r i s t i c  fo r  o rd ina ry  organos i l i eon  compounds with an HSi(O) a grouping but is shifted to the lower - f r equency  
region only in the ca se  of 1 -hyd ros i l a t r ane  [19]. The band at  568-590 cm -1 has  been tenta t ive ly  ass igned  to the 
s t re tch ing  v ib ra t ion  of the N --* Si coordinate  bond [55, 68-70].  However ,  accord ing  to r e cen t  data  [71], i t  i s  
m o s t  l ikely  r e l a t ed  to the ske le ta l  v ib ra t ion  of the s i la t rane  skeleton.  

UV Spec t ra  [72, 73]. The fo rma t ion  of an N -~ Si d o n o r - a c c e p t o r  bond in s i l a t r anes  HI i n c r e a s e s  the 
ene rgy  of the unsha red  e lec t ron  p a i r  of the n i t rogen a tom.  Th i s  leads  to a shift  of the band of the amino g r o u p  
to the sho r t -wave  reg ion  as  c o m p a r e d  with the spec t rum of t r i e thy lamine ,  which contains a ni t rogen a tom with 
a f r ee  unshared  e l ec t ron  pa i r .  

NMR and Nuc lea r  Quadrupole Resonance  (NQR) Spectra .  Valuable  informat ion  rega rd ing  the e lec t ron ic  
and t h r e e - d i m e n s i o n a l  s t r u c t u r e s  of s i l a t r anes  has  been  obtained by means  of PMR spec t roscopy  [55, 74-81]. 
According  to the PMR data,  the w  r ings  in the III  mo lecu le s  a r e  nonplanar  and ex t r eme ly  labile.  
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The electronic effects of the substituent attached to the silicon atom are transmitted to the nitrogen atom 
mainly through the transannular N --  Si bond, since a change in the nature of R gives r ise  to approximately 
identical changes in the TOCH2 and TNCH2 values. The difference in the chemical shifts of the CH2N protons 
in silatranes and some of their  analogs (Hnear and cyclic organosilicon ethers of diethanolamine), in the 
molecules of which the N --~ Si bond is absent, is small. This is probably explained by incomplete t ransfer  of 
the unshared electron pair  of the nitrogen atom to the vacant 3d orbital of the silicon atom, in connection with 
which the lat ter  has hybridization intermediate between sp 3 and sp3d in si latranes.  

The 35C1 NQR frequencies of 1-(chloromethyl)-,  1-(dichloromethyl)-, and 1-(a-chlorovinyl)si latranes,  
which are lowered considerably as compare d with the 35C1 NQR frequencies of the corresponding haloalkyl- 
triethoxysilanes [82], are in agreement with the presence of N -* Si coordination in their  molecules. The in- 
crease in the ASF values (the differences in the 19F chemical shafts in the spectra of fluorosilanes and fluoro- 
benzene) in the case of 4-fluorophenyl- [83] and 3- and 4-fhorobenzyls i la t ranes  [84] as compared with the 
starting alkoxysilanes has served as another piece of evidence for the t r icycl ic  structure of silatranes. 

X-Ray Spectra. Silatranes have been subjected to x - ray  spectral studies [85-89]. The proposed shift in 
the SiKa line in the spectra disregarding the N --  Si bond is 0.47 eV. An effective charge of 0.81 atomic unit 
(au) on the Si atom corresponds to this shift. However, the experimentally determined chemical shifts range 
f rom 0.27 to 0.37 eV, and the charge on Si ranges from 0.46 to 0.65 an [87]. This resul t  serves as another 
confirmation of the presence of an N --  Si bond in silatranes lII. 

X-Ray Diffraction Analysis. The direct  study of the molecular and crystal  s tructures of silatranes by 
x - ray  diffraction analysis is of part icular  interest  [90-100]. The determination of the molecular  s t ructures  of 
1-phenyl- [22, 91, 92], 1-(m-nitrophenyl)- [93], and 1-chloromethylsilatrane [94] has shown that the atrane 
framework is composed of three condensed siloxazolidine heterorings with a common transannular n i t rogen-  
silicon donor -accep to r  bond. The coordination polyhedron about the silicon atom is a distorted trigonal bi- 
pyramid due to the sp3d hybridization of the valence orbitals of the central silicon atom that ar ises  as a resul t  
of partial  t ransfe r  of the unshared pair  of electrons of the nitrogen atom to the 3d orbitals of the silicon atom. 
Three  oxygen atoms are situated in the equatorial plane of the trigonal bipyramid, and the nitrogen atom and 
the carbon atom of substituent R are found at its apexes. 1-Phenylsilatrane has several  crystal  modifications 
(~, fl, and T), the existence of which is explained by a change in the conformation of the siloxazolidine rings. 
The n i t rogen-s i l i con  interatomic distance in the a ,  fi, and T forms of 1-phenylsilatrane are 2.193 A [90, 91], 
2.156/~ [91], and 2.132 .~ [92], respectively, as compared with 2.116 ~ in the m-nitrophenyl derivative [93] 
and 2.12 A in the cbloromethyl derivative [94]. 

Other Methods. The mass spectra of some 1-organylsilatranes are  presented in [101,102]. It has been 
noted [102] that the charac te r  of the fragmentation of the ethyl derivatives of silatrane, germatrane,  and 
stannatrane is similar.  However, the mass spectra of silatranes have not been studied systematically. 

After the realization of the conformational analysis of the 1-methylsilatrane molecule [103,104], it was 
concluded that there  is a considerable (~ 8.5 kcal /mole)  gain in energy when the hybridization of the silicon 
atom changes from sp a to sp~d in the endo form (the unshared pair  of the nitrogen atom is directed toward the 
heteroring in the endo form). 

C h e m i c a l  P r o p e r t i e s  

Complexing. Complexes of silatranes with TiC14 and A1Br~ have been obtained [105]. On the basis of an 
analysis of their  IR spectra it was assumed that the TiC14 and A1Br 3 are coordinated with the oxygen atoms. A 
study of the isotherms of the dielectric losses of the C6H6-CHC13-RSi(OCH2CH2)3N and C6H~-CHC13- �9 tb 

CH~Si(OC2Hs) 3 systems showed that chloroform forms with silatranes III an intermolecular  hydrogen bond, in 
the formation of which the nitrogen atom of silatranes does not participate [106]. Charge t ransfer  complexes 
of 1-organylsilatranes with tetracyanoethylene have been obtained [84,107]. 

Reactions of Functional Groups Bonded to the Silicon Atom. The hydrosilylation of vinylsilatrane with 
polyhydrosiloxanes [108] and furylhydrosilanes [109] has been realized in benzene solution in the presence of 
the H2PtC16 �9 H 2 0  catalyst.  The S i - H  bond in 1-hydrosilatrane is readily halogenated with f ree  halogens [60, 
110], hydrogen halides [60], and N-halosuccinimides [60]. 1-Hydrosilatrane undergoes catalytic dehydrocon- 
densation with organic compounds that contain a labile hydrogen (alcohols [111], phenols [111], carboxylic acids 
[112], and monosaceharides [39]). 
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Compounds with two silatrane groupings - a ,w-bis(l ' -si latranyloxy)alkanes - have been obtained by r e -  
action of alkanediols with 1-hydro-  and 1-ethoxysilatrane [113,114]. 

The corresponding 1-halosilatranes have been obtained by reaction of alkoxysilatranes with HF [60], as 
well as POX 3 (X = C1, Br ,  I), SOClz, and CH3POF 2 [115]. 

1-Haloalkylsilatranes reac t  with complete es te rs  of phosphorous acid to give 1- (O ,O-dialkylphosphono- 
alkyl)silatranes [51, 52,116]. 

It has been shown that 1-hydroxysilatrane (III, R = OH), which is obtained by hydrolysis of t r is(s i la-  
tranyloxyethyl)amine, undergoes the reactions that are character is t ic  for  silanols [60]. 

2-Chtoro-3-[ 7-(l '-silatranyl)propylamino]benzo[b]thiophene 1,1-dioxide has been obtained by reaction of 
1-(7-aminopropyl) silatrane with 2,3-dichlorobenzo[b]thiophene 1,1-dioxide [117]. 

Aminoalkylsilatranes form methiodides [30]. 

Reactions with Disruption of the Atrane Structure. The kinetics of the hydrolysis of silatranes in neutral 
[118] and acidic [119, 120] aqueous media have been investigated. The hydrolysis of silatranes in neutral [118] 
aqueous media is a f i r s t -o rde r  reaction, whereas a second-order  reaction is observed in acidic media [119]. 
The hydrolysis  of benzyl- and aryls i la tranes with an aqueous methanol solution of HC1 is described by a f i rs t -  
order  equation (with respect  to both the silatrane and HC1) [120]. The rate-determining step includes proton- 
ation of the nitrogen atom and is accompanied by cleavage of the N -~ Si bond. 

The reaction of 1-organylsi latranes with heavy metal salts in aqueous media in the presence of the F- 
anion leads to disruption of the silatrane structure and the formation of an organometallic compound [101, 
121-124]. 

The reaction of 1-organylsi latranes with alkanols leads to the corresponding organyltrialkoxysilanes 
[125]. 

B i o l o g i c a l  P r o p e r t i e s  

Silatranes have high and specific physiological activity [1-5, 55,126-161]. Thus 1-phenylsilatrane is 
usually poisonous to warm-blooded animals: in the case of white mice its median lethal dose (LDs0) is 0.33 
mg/kg .  

On the whole, the toxicity of si latranes var ies  over extremely wide limits and is determined primari ly 
by the nature of the substituent bonded to the silicon atom. Some silatranes (HI, E = CH3, CH 2 = CH) have an 
anesthetizing and tranquilizing effect, lower the blood pressure ,  and have an effect on hexobarbital-induced 
narcosis  (in experiments with rate) [136]. 1-(Carboalkoxyphenoxy)silatranes have bactericidal  action [151]. 

A number of carbofunctional aliphatic derivatives of silatrane intensify the biosynthesis of protein by 
facilitating the growth and regeneration of connective and epithelial t issues,  wool, and hair  and prevent the 
development of a therosclerosis  in animals [152-157]. Individual si latranes have a tranquilizing effect [158]. 
Fluoroalkylsilatranes have a pronounced sedative effect [159]. However, an increase in the number of fluorine 
atoms in substituent R sharply increases  the toxicity [159,160]. The introduction of a silatrane grouping in the 
indolylacetic acid molecule prolongs its auxinic effect [161]. Some silatranes have been suggested for applica- 
tion in agriculture as agents for  raising the productivity of chickens and silkworms [127, 128,149]. 

O x o s i l a t r a n e s  

Derivatives of a new heterocyclic system of pentacovalent silicon - 2 ,8 ,9 , - t r ioxa-5-aza- l - s i la t r icyc lo-  
[3.3.3.01,S]undecan-3-ones (silatranones) - h a v e  been obtained by reaction of organyltrimethoxysilanes with 
N,N-bis(2-hydroxyethyl)aminoacetic acid [162, 163]. 

/CH2COOH ~O~i~O 0 RSi(OCtt3) 3 + N_CH2CH20H -- . -I- 3CH3OH 
~CH2CH20H 

Viii 

The s t ructure  of the lat ter  was proved by IR and PMR spectra and by potentiometric titration. 

It has been reported in a dissertat ion [164] that the corresponding si latran-3,7,10-triones can be ob- 
tained by reaction of alkyltriacetoxysilanes with nitr i lotr iacetic acid~ 
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C a r b a s i l a t r a n e s .  

Si l icoalkylat ion of the amino group and in t r amolecu la r  t r anse the r i f i ca t ion  to give 1 - o r g a n y l - 2 - e a r b a s i l -  
a t r anes  occur  in the reac t ion  of organyl(3-ehloropropyl)d ie thoxysi lane  with diethanolamine [165-167]: 

. , - C A  
R(CzHBO)2S|(CH2)3Cl + HN(Clt2CH2OH)2 ---.,,.. ~ ( / ' 1 (~  

~'~"S'Jb'h' 
IX 

The l a t t e r  a r e  a lso  obtained f r o m  a lkyl (3-aminopropyl )d ie thoxys i lanes  and oxi ranes  [167,168]o Studies 
of the dipole mome n t s  [14, 167] and PMR s pec t r a  [76, 77] of c a r b a s i l a t r a n e s  IX have shown that  the N ~ Si 
bond in t hem is  we ake r  than in s i l a t r anes  I]I. This  conclusion is  also conf i rmed  by an x - r a y  diffract ion study 
of 1 - m e t h y l - 2 - c a r b a s i l a t r a n e  (IX, 1~ = CH3) , the N -~ Si d is tance in which is  2.336/~ [169]. 

B e n z o s i l a t r a n e s  

Aroma t i c  analogs of s i l a t r anes  ]1I - mono-  (X) [170] and t r i benzos i l a t r anes  (XI) [171] - have been syn-  
thes ized  v ia  the scheme  

/C6H4OH-o , ~ !  O ~ 
N--CH(CH3) CH2OH -I- RSi (OR') 3 ~ 'CH3 
\CH[CH3)CH2OH - ~o.S i-  

X 

N (C6H~OH- o ) 3 -4- RSi (OCOCH3) 3 . . . .  ( ~ i  

XI 

According to the r e su l t s  of x - r a y  diffract ion ana lys i s ,  phenylbenzos i la t rane  (XI, R = CsH 5) has  the con-  
f igurat ion of a d i s to r ted  t r igona l  b ipy ramid  [172] in which the C - S i - O  angle of 100 ~ l i es  approx imate ly  ha l f -  
way between 90 ~ (in the ideal  t r igonal  b ipyramid)  and 109.5 ~ (in the te t rahedron) .  The  N --* Si d is tance is  
2.344 ~ ,  i .e . ,  0.5 .~ g r e a t e r  than the length of the no rma l  n i t r o g e n -  s i l icon bond. 

A study of the hydro lys i s  of some t r i benzos i l a t r anes  with a mix tu re  of dioxane and w a t e r  in the p r e s e n c e  
of HC1 showed that  the r a t e - d e t e r m i n i n g  step is c leavage  of the S i - O  bond [173], which leads  to a cation: 

A n a l o g s  o f  S i l a t r a n e s  w i t h  a n  E x p a n d e d  R i n g  

Rep re sen t a t i ve s  of a he te rocyc l i c  s y s t e m  that  contains  one s i x - m e m b e r e d  pe rhydros i loxaz ine  r ing and 
two f i v e - m e m b e r e d  si loxazolidine r ings  a r e  known [174-177]. We f i r s t  obtained compounds of this  type - 2 ,9 , -  
10- t r ioxa-6-aza- l - s i l a t r i cyc lo[4 .3 .3 .01 ,S]dodecanes  (3-homosi la t ranes)  - by the reac t ion  of o rgany l t r i a lkoxy-  
s i lanes  with 3-hydroxypropylb is (2-hydroxyethyl )amine  o r  3 -hydroxypropylb i s (2-hydroxypropyl )amine  [174, 
176,177]:  

HOCH2CH;~CH2N(CH2CHROH) 2 + RS (OR') 3 -. ~ R R 

XII 
1-Aroxy  de r iva t ives  w e r e  obtained by  t r anse the r i f i c a t i on  of t e t r ame thoxy -  o r  t e t rae thoxys i lane  with an 

equ imolar  m ix tu r e  of t r i s (hydroxya lky l )amine  and the cor responding  phenol (naphthol) [174]. 

A study of the dipole m om en t s  [175] and PMR spec t r a  [176] of XII led to the conclusion that  the s t rengths  
of the in t r amolecu la r  n i t r o g e n - s i l i c o n  bonds in them and s i l a t r anes  HI a r e  approx imate ly  identical .  
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