
A T R A N E S  

XXXIV.* MOLECULAR AND CRYSTAL STRUCTURE OF 1-SUBSTITUTED 

SILATRANES AND GERMATRANES 

Ya.  Ya .  B l e i d e l i s ,  A .  A. K e m m e ,  UDC539.26:547.895:546.287.289 
G. I .  Z e l c h a n ,  a n d  M. G.  V o r o n k o v  

@ i 

The s t r u c t u r e s  of  1-subst i tu ted  s i l a t r anes  and g e r m a t r a n e s  [XM(OCH2Ctt2} 3N (M = Si, Ge)] 
a r e  d i scussed  on the bas i s  of  data f rom x - r a y  diffract ion ana lys i s  and o ther  phys icochemica l  
methods .  The found values  of the in te ra tomic  d is tances  and valence  angles  in molecu les  of 
these  compounds d i rec t ly  p rove  the exis tence  of a t r ansannula r  N - - M  coordinate  bond and 
conf i rm the c o r r e c t n e s s  of the p rev ious ly  p roposed  geome t r i ca l  model  of  a molecule  with 
a t r i gona l -b ipy ramida l  or ienta t ion  of the va lence  bonds of the cent ra l  a tom M. In m e t a l -  
loa t ranes  (M = Si, Ge, B), the d is tance  f r o m  the n i t rogen a tom to the plane in which the 
th ree  oxygen a toms  l ie  is a constant  value (2.00 �9 0.05/~).  The effect  of  subst i tuent  X on 
the s t ruc tu re  of the molecule  was es tabl ished.  

The unusual (for alkoxides) chemica l  s tabi l i ty  of  s i l a t r anes  and g e r m a t r a n e s  [XM(OCI-I2CI~I2)3N; M = 

Si, Gel, the i r  t he rm a l  s tabi l i ty ,  and the i r  monomer i c  c h a r a c t e r  have made it poss ib le  to a s s u m e  the ex i s -  
t e n c e o f a t r a n s a n n u l a r d o n o r - a c c e p t o r b o n d  (N--1VI) in molecu les  of these  compounds [2-7]. This was sub-  
sequently conf i rmed by dipole-moment  data [4, 8, 9] and the IR [4, 10, 11], UV [12] and PMR spec t ra  [2, 13-  
15]. 

A d i r ec t  invest igat ion of the molecu la r  and c rys t a l l i ne  s t ruc tu re  of the a t r ane s  by x - r a y  diffract ion 
analys is  s eemed  of pa r t i cu l a r  in te res t .  It s eemed  n e c e s s a r y  to de t e rmine  the va lence  angles  and i n t e r -  
a tomic  d i s t ances ,  pa r t i cu l a r ly  the M - N  d i s t ances ,  in the a t rane  molecu les  and a lso  to es tab l i sh  the c o -  
ordinat ion of the M atom; this would make  it  poss ib le  to judge the hybr idizat ion of i ts  va lence  orb i ta l s  and 
u l t imate ly  would lead to elucidation of the effect  of the na ture  of subst i tuent  X and cen t ra l  a tom M on the 
c h a r a c t e r  of  the N--M d o n o r ' a c c e p t o r  bond. 

The de te rmina t ion  and c o m p a r i s o n  of the c rys ta l lograph ic  c h a r a c t e r i s t i c s  of 1 -o rganos i l a t r anes  [16] 
and - g e r m a t r a n e s  [17] showed that  the cor responding  compounds of these  two s e r i e s  of a t r anes  c rys t a l l i ze  
i sos t ruc tu ra l ly .  In p a r t i c u l a r ,  1 -e thy l s i l a t r ane  and 1 -e thy lge rma t r ane  proved to be i sos t ruc tu ra l .  The 
comple te  s t ruc tu ra l  invest igat ion of a t r anes  was c a r r i e d  out in the case  of 1 - e thy lge rma t r ane  [18] (I, see  
Table 1) for  a number  of r ea sons .  An x - r a y  diffract ion invest igat ion of c r y s t a l s  of 1 - ( ~ - n a p h t h y l ) g e r m a -  
t r ane  [19] (I1) was a lso  c a r r i e d  out to elucidate the effect  of  a roma t i c  subst i tuent  X on the N - G e  bond length 
in g e r m a t r a n e  molecu les .  

A de te rmina t ion  of the mo lecu l a r  s t ruc tu re  of I and 1T showed that  the a t rane  f r a m e w o r k  of the i r  m o l e -  
cules  is fo rmed  by th ree  condensed f i v e - m e m b e r e d  he t e ro r ings  with a covnrnon t r ansannu la r  N -:- Ge d o n o r -  
accep to r  bond. Its length is identical  in both s t r u c t u r e s  (2.24 ~) .  This value is 0.32 ~ h igher  than the sum 
of the covalent  radi i  of the g e r m a n i u m  and ni trogen a toms  (1.92 ~) but is  cons iderab ly  l e s s  than the sum of 
the cor responding  van der  Waals radi i  (3.8 ~).  

* See  [1] for  covnrnunication XXXIII. 
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The coordinated polyhedron about the ge rman ium atom is a dis tor ted tr igonal bipyramid caused by 
the sp3d hybridization of the valence orbi ta ls  of the central  Ge atom, which a r i ses  as a resul t  of partial  t r ans -  
fer of the unshared pair  of e lectrons of the nitrogen atom to the 4d orbital  of the germanium atom. Three 
oxygen atoms a re  situated in the equatorial  plane of the tr igonal bipyramid,  while the nitrogen atom and the 
carbon atom of substituent X (C X) a re  located at its apexes. 

The equal values of the G e - N  distances in the molecules  of I and II a re  apparently determined by the 
identical in t ramolecular  nonvalence interact ions ,  par t icular ly  between the C X atom and the oxygen atoms 
of the equatorial  plane of  the tr igonal  bipyramid.  This is at tested to by the pract ica l  identical shifts of the 
germanium atom from the equatorial  plane toward the C X atom (0.23/~ in I and 0.25 A in II). As far  as the 
electronic effect of substituent X is concerned,  it apparently has pract ica l ly  no effect on the M --  N bond 
length in the given cases .  

The nonvalence interaction between the C X atom and the three oxygen atoms determines  the direct ion 
of shift of the germanium atom and leads to an increase  in the O - G e - C  X valence angles in the I and II mo le -  
cules of, on the average ,  97-98 ~ (they a re  90 ~ in the ideal trigonal bipyramid).  This fact is also confirmed 
by the s t ruc ture  of VI [ 20], in which one of the oxygen atoms is replaced by a more  bulky (by a factor  of 
,~ 2.5) methylene group. In this case ,  the C - S i - C  X angle increases  to 103 ~ while the two O - S i - C  X angles 
remain  equal to 98 ~ Considering the small  difference in the atomic radii of silicon and germanium (0.05 A), 
these angles Can be compared in I, II, and VI. The O - S i - C  X angle in V [21] is 100~ and is the average 
value between the corresponding angle in the ideal tr igonal bipyramid (90 ~ and in the te t rahedron (109.5~ 

A shift of a tom M f rom the equatorial  plane of the tr igonal  bipyramid toward substituent X is also ob-  
served in molecules  of the other  compounds presented in Table 1. An exception to this is bora t rane  (VII) 
[ 22, 23] , the absence of substituent X in which excludes the nonvalence interact ions pecul iar  to the s t r u c -  
tures  of I-VI and VIII and c rea tes  the prerequis i te  for the formation of "double concave" s t ruc ture  with a 
B - N  interatomic distance of 1.65 A),which only slightly exceeds the sum of the single covalent radii of boron 

o 

and nitrogen (1.58 A). 

The magnitude of the shift of a tom M f rom the equatorial  plane of the tr igonal bipyramid in s i la t ranes  
and ge rma t ranes  (I-VI) toward substituent X (A) and in bora t rane  (VII) toward the nitrogen atom are  a s s o -  
ciated with the M - N  interatomic distance by the simple dependence r M _ N - A = d ,  where d is the distance 
f rom the nitrogen a tom to the equatorial  plane of the trigonal bipyramid.  It is interest ing that in I-VI this 
distance is approximately the same:  d -- 2.00 =~ 0.05 A (see Table 1). This indicates that the O - M - C  X 
angles and M - N  distances in I-VI a re  equivalent and a re  due to competit ion of the in t ramolecular  nonvalence 
interact ions between the CX and oxygen a toms,  on the one hand, and the s t ra in  forces  in the he teror ings ,  on 
the other.  

o 

The interatomic G e - N  distance in ge rmat ranes  I and H is 2.24 A. In full accordance  with this,  the 
S i - N  distance in 1-organosi la t rane  III [24] is 2.19 A. This shortening of the M - N  bond by 0.05/~ c o r r e -  
sponds to the difference in the covalent radii  of the germanium (1.22/~) and sil icon (1.17 ~ )  a toms [25]. The 
S i - N  interatomic distance in 1-m-ni t rophenyls i la t rane  (IV) [26] is 2.12 A, i .e. ,  0.07 A shor te r  than in III. 
This shortening is the resul t  of the powerful e lec t ron-a t t rac t ing  effect of the nitro group,  which increases  
the e lec t ron-accep tor  proper t ies  of the sil icon atom. The grea tes t  S i -  N distance in the s i la t ranes  (2.34 A) 
is observed in V and VI. In VI, substitution of one of the three equatorial  oxygen atoms by the more  e lec-  
t roposi t ive methylene group weakens the e lec t ron-accep tor  proper t ies  of the silicon atom; this also leads 
to an increase  in the S i - N  intera tomic distance.  

On compar ison,  the change in the M - N  interatomic distance in I and II and III and IV with VI shows 
that replacement  of the oxygen a tom of the a t rane  portion of the molecule by the more  bulky and more  e lec -  
t roposi t ive methylene group has a considerably grea te r  effect on the M - N  bond length than different va r i a -  
tions of the X substituents.  The fur ther  lengthening of the M - N  bond in the case  of success ive  replacement  
of the remaining two oxygen atoms by a C H  2 group seems inevitable; this is par t icu lar ly  attested to by the 
dec rease  in the stabili ty of such derivat ives .  In the V molecule ,  p,~ conjugation of the unshared pair  of 
electrons of the nitrogen atom with the three  aromat ic  rings lowers its e lec t ron-donor  proper t ies ,  as a r e -  
sult of which the S i - N  interatomic distance inc reases .  

The change in the hybridization of the valence orbi tals  of the carbon atom in f ive-membered  he t e ro -  
cycles  f rom sp 3 to  s p  2 leads to planari ty of the he terocycles  and also to a decrease  in the S i - N - C  valence 
angles to 101-102 ~ The Strain of the molecule ,  which is caused by the planari ty of the he terocycles  and the 
dec rease  in the three  valence angles at the te t rahedra l  ni t rogen atom of this s i la t rane,  may  also be corn-  
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pensated by a cer ta in  withdrawal of the nitrogen and sil icon atoms that a re  linked by an N --* Si d o n o r - a c -  
ceptor  bond. 

The f ive -membered  he te ror ings  in ge rma t ranes  I and II have an envelope conformation that a r i ses  due 
to deviation of the carbon atoms in the ~ position (relative to the ni trogen atom) f rom the N - G e - O - C  
planes which a re  si tuated, on the average ,  at an angle of 120 ~ re la t ive  to one another.  This same phenom- 
enon is also observed  in s i la t ranes  HI and IV. 

In contras t  to s i la t ranes  HI-V, in which the plane of the phenyl and m-ni t ropheayl  groups is p e r -  
pendicular  to one of the three  planes of the he te ror ings ,  the ~-naphthyl group in ge rmat rane  II is coplanar  
with one of the f ive -membered  he teror ings .  This is due to the specif ics  of the packing of the molecules  in 
the e lementary  cell of the crys ta l .  

The G e - C  X bond lengths in ge rma t ranes  I (1.97 ~) and II (1.94 .~) coincide,  within the l imits  of e r r o r ,  
with those in the few investigated s t ruc tures  of o ther  organogermanium compounds [27-30]. The average  
values o f  the G e - O  interatomic dis tances  in I and II a r e  1.74 and 1.77 ~ respect ive ly .  This is 0.1 .~ less  
than the sum of the single covalent radii  of the germanium (1.2 2 ~) and oxygen (0.66 A) atoms; this in-  
dicates  the increased  mult ipl ici ty of these bonds. 

A compar ison of the M - N i n t e r a t o m i c  dis tances  in VIII [31] and IX [32] and other  a t ranes  ([-VI) is not 
valid,  since they do not have the s t ruc ture  of t rue  meta l loa t ranes .  

Thus the molecular  s t ruc tu re  pa r t i cu l a r ly  the M - N  bond length) of meta l loa t ranes  depends on both 
the th ree-d imens iona l  in teract ion of the valence-nonbonded in t ramolecular  atoms and on the e lect ronic  e f -  
fects of the X substi tuents.  According to the available data,  rep lacement  of the oxygen atoms in the f ive-  
membered  he te ror ings  by a CI-I 2 group leads to a sha rpe r  change in the s t ruc ture  of the a t ranes  than va r i a -  
tion of the X substi tuents.  
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