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A method has been developed for the synthesis of the previously unknown 
1-organylgermatranes RGe(OCH2CH2)3N (R is alkyl or aryl). It is based 

? I 
on the cleavage of the polymeric products of the hydrolysis of organyl- 
trihalogermanes with triethanolamine in the presence of an alkali-metal 
hydroxide. Four 1-organylgermatranes have been obtained by this meth- 
od and characterized. The parameters of the elementary cells of the 
crystals of these compounds have been determined by X-ray structural 
analysis. 

Only one paper  in the l i t e r a tu re  has been devoted to 
g e r m a n i u m  der iva t ives  of t r i a lkano lamines  [2], and 
this desc r ibed  the p roduc t s  of the t r anse s t e r i f i c a t i on  
of t e t r a l k o x y g e r m a n e s  with t r i e thano lamine ,  i . e . ,  1- 
a lkoxyge rma t r anes .  It a lso  ment ions  the poss ib i l i ty  of 
the t r an se s t e r i f i c a t i on  of l - e t h o x y g e r m a t r a n e  with 
h igher  a lcohols .  In addit ion,  a patent  [3] ment ions  the 
p r epa ra t i on  of wa t e r - so lub l e  compounds of g e r m a n i u m  
by the act ion of t r i e thano lamine  on t e t r a c h l o r o g e r -  
mane.  However ,  the nature  of these  compounds was 
not es tabl ished.  

Continuing our  s tudy of a t r a n e s ,  we have developed 
a method fo r  syn thes iz ing  the p r ev ious ly  unknown 1-  
o r g a n y l g e r m a t r a n e s  (I) [4-6]  which is based  on the 
c leavage  of the po lymer i c  p roduc t s  of the hyd ro ly s i s  of 
o r g a n y l t r i h a l o g e r m a n e s ,  p o l y o r g a n y l g e r m a s  esquiox-  
aries, with t r i e thano lamine  in the p r e s e n c e  of an a lka l i -  
meta l  hydroxide  as ca ta lys t .  The reac t ion  takes  p lace  
in the following way: 

I/n(RGeOi.s)~ + (HOCH~CH2)3N--~RGe(OCH2CH2)3N + 1.5H20 
t I 

R=CH3, C2Hs, Cells, o~-C1oH7 

The synthes i s  was effected by continuous azeo t rop ic  
dis t i l la t ion with a sui table  iner t  so lvent  (xylene) of the 
wa te r  l ibera ted  in the reac t ion  of t r i e thano lamine  with 
the o rgany lge rmase squ i oxa ne .  The I f o rmed  c r y s t a l -  

*For  communica t ion  XIII,  see  [1]. 

l ized out d i rec t ly  f rom the reac t ion  mix tu re  and was 
purif ied by r ec rys t a l l i za t ion .  

The compounds  I synthes ized  cons is ted  of co lo r l e s s  
c rys ta l l ine  subs tances  with h igher  mel t ing  points than 
the co r r e spond ing  1 -o rgany l s i l a t r anes ,  The solubi l i ty  
of compounds  I is s i m i l a r  to that of the analogous s i l -  
a t r anes ;  they a re  r ead i ly  soluble in halogenated hydro-  
carbons .  1 - A l k y l g e r m a t r a n e s  a re  a lso r ead i ly  soluble 
in wate r  while the 1 - a ry l  de r iva t ives  a r e  spar ing ly  
soluble.  

The yie lds ,  mel t ing  points ,  and analyt ical  data of 
the compounds  I obtained a re  given in Table 1. 

The p r e s e n c e  of an i n t r amo lecu l a r  Ge "-- N coord i -  
nat ion bond in compounds  I is conf i rmed  by the high 
values  of the dipole moments  (~6 -7  D) and by the r e -  
sul ts  of PMR s p e c t r o s c o p y ,  which will  be published 
separa te ly .  

1 - P h e n y l g e r m a t r a n e  exhibits a phys io logica l  act ion 
s i m i l a r  to that  of phenyls i l a t rane  but is approx ima te ly  
100 t imes  less  toxic (LDs0 fo r  white mice ,  48 mg/kg)* .  

The s y m m e t r y ,  t r ans la t ion  g roups ,  and the p a r a m -  
e t e r s  of the e l e m e n t a r y  cel ls  of the c r y s t a l s  of me thy l - ,  
e thy l - ,  phenyl - ,  and a - n a p h t h y l g e r m a t r a n e s  have been 

*The p h a r m a c o l o g i c a l  s tudy of I was c a r r i e d  ou t  by 
A. A. Kimenis .  Detailed informat ion  on the phys io log i -  
cal  act ion of the a t r anes  will be published in subsequent  
communica t ions ,  

R ~Mp, ~ C 

CHs 158--159 
C2H~ 146--147 
C~H5 232--232,5 
a-CioH7 263--263,5 

Table  1 

1 - O r g a n y l g e r m a t r a n e s  (I) 

Empirical ,[ 
formula .... ~, C, 

CTHisGeNOa 35.80 
CsHIrGeNO3 39.00 
CI2HITGeNOa / 49.07 
Ct~HloGeNOa [ 55.46 

,.,,. 
Found, % Calculated, % I Y i a l d  

- -  - o f  

unpuri- 
fled 
sub- H N Ge C' H N Ge [stance 

[ %  

6,63' 6.23 30.94 35.96 6.47 5.99 31.04 85 
17.051 6.00[ 29.32 38,77 t 6.93 5.65[ 29.29[ 70 
5.96 / 4.74124.85 48.72 5J9 r 4.73 24.53 89 
5,51[ 4.11[ 20,74155.551 5,541 4.05[ 20,98 84 
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d e t e r m i n e d  b y  X - r a y  s t r u c t u r a l  a n a l y s i s .  T h e  e x p e r i -  

m e n t a l  d a t a  w e r e  o b t a i n e d  w i t h  c o p p e r  r a d i a t i o n  b y  t h e  

r o c k i n g  a n d  r o t a t i o n  m e t h o d  [1].  

I t  h a s  b e e n  e s t a b l i s h e d  t h a t  t h e  c r y s t a l s  o f  1 - r n e t h y l -  

g e r m a t r a n e  a r e  r n o n o c l i n i c  (13 = 122 ~ C)  w h i l e  t h e  o t h e r  

t h r e e  c o m p o u n d s  a r e  r h o r n b i c .  T h e  e l e m e n t a r y  c e l l s  

o f  t h e  c r y s t a l s  o f  a l l  f o u r  c o m p o u n d s  I a r e  p r i m i t i v e .  

T h e  p a r a m e t e r s  o f  t h e  e l e m e n t a r y  c e l l s  a r e  g i v e n  i n  

T a b l e  2. P r e l i m i n a r y  d a t a  o n  t h e  c r y s t a l  s t r u c t u r e  o f  

1 - e t h y l g e r m a t r a n e  h a v e  b e e n  g i v e n  in  a p r e v i o u s  p a p e r  

[71. 

EXPERIMENTAL 

l-a-Naphthylgermatrane was obtained similarly to 1-phenylgerma-  
trane from (cr 

T a b l e  2 

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

o f  t h e  1 - O r g a n y l g e r m a t r a n e s  

I~Ge(OCH2CH2)3N 

] 

CHs 7.60 9.69 14.38 122 ~ 
CHsCH2 9.34 . 16.75 6.72 
C~H5 13,19 18,63 10,09 
~-Ci0H7 9.57 14,54 10.64 

The initial alkyltrihalogermanes were prepared by direct synthesis, 
that is, by the reaction of the corresponding alkyl halides with e lemen-  
tary germanium in the presence of meta l l ic  copper [8]. The aryltri- 
halogermanes were obtained by a method punished previously [9, 10] 
from the corresponding aryl iodides and a germanium tetrahalide in 
the presence of meta l l ic  copper. 

The hydrolysis of the organyltrihalogetmanes was carried out with a 
25% aqueous solution of KOH which was added in small  portions to the 
tr ihalogermane until the reaction was weakly alkaline. For the forma- 
tion of water-soluble alkylgermoxanes, a solution of the hydrolyzate 
was used for the synthesis of I. The insoluble arylgermanes were filtered 
off, washed with water, and dried in the air. They were used in this 
form for the synthesis of compounds L 

1-Methylgermatrane.  A flask fitted with a stirrer and a ~eflux 
condenser connected with a water trap was charged with the hydrolyzate 
obtained from 8,40 g (0.026 mole) of CHsGeBrs, and then 3.73 g (0.025 
mole) of tr iethanolamine and 50 ml of xylene were added. The mixture 
was heated until no more water separated in the trap, which required 
1/2 hr. As the water separated from the reaction mixture, a white pre- 
cipitate of potassium bromide precipitated, The hot mixture was fil-  
tered and the residue was washed with hot xylene. When the filtrate 
was slowly cooled, it deposited crystals of 1-methylgermatrane,  which 
were filtered off, washed with petroleum ether, and dried in vacuum. 
Yield 4.96 g (85%), mp 156-158 ~ C. After recrystallization from xy- 
lene, mp 158-159 ~ C. 

1-Ethylgermatrane was obtained similarly from a hydrolyzate of 
C~HsGeCIs, 

1-Phenylgerrnattane. A mixture of 9.70 g (0.056 mole) of phenyl-  
germasesquioxane, 8.33 g (0.055 mole) of tr iethanolamine,  200 ml  of 
xylene, and 0.1 g of KOH was heated to the boil until  no more water 
separated in the trap (in 1/2 hr, 1.4 ml  of H20, 93% of theoretical,  
separated). The hot solution obtained was filtered and slowly cooled. 
it deposited crystals of 1-phenylgermatrane which were treated as in 
the preceding example.  Yield 14.70 g (89%), mp 230-281 ~ C. After 
recrystallization from xylene, mp 232-232.5 ~ C, 
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