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N-Lithio-N-trimethylsilyl-9-amino-9-borabicy- 
clo[3.3.1]nonane (2) was prepared from the reac­
tion of N-trimethylsilyl-9-amino-9-borabicyclo- 
[3.3.1]nonane (1) with rer/-butyl lithium; 2 crystal­
lizes as a trimer with a planar N3Li3 ring. The ni­
trogen atoms are tetrahedrally coordinated, but 
should be treated as sp2 hybridised, because the 
BN double bond, typical of aminoboranes, is 
retained.

L ith ium  am ides L i-N R 'R 2 ( R ',R 2 = alkyl, aryl 
o r silyl) a re  o f g rea t im p o rtan ce  in organic and  
o rg an o m eta llic  synthesis, and  th e re fo re  consider­
ab le e ffo rts  have b een  m ade to  characterize  these 
co m p o u n d s in th e  solid  s ta te  [1,2] and  in so lu tion
[3]. In th e  case o f unso lva ted  lith ium  am ides, ag­
g reg a tio n  to  dim ers, trim ers, stagged hexam ers o r 
lad d er-ty p e  s tru c tu re s  is observed  [1,2]. The su r­
round ings o f the  n itrogen  a tom s resem ble a d is­
to r te d  te tra h e d ro n  co rrespond ing  approx im ate ly  
to  sp3 hybrid isa tion . This view m ay be to o  sim ple, 
as has b een  show n recen tly  fo r the struc tu res of 
th f-so lvated  lith ium  an ilides [4] in which phenyl- 
N -(p p )jr  in te rac tio n s  p lay  a role. S ubstituen ts such 
as silyl an d /o r  bory l g roups a t the  n itrogen  atom , 
in lith ium  am ides m ay also well com pete  with the  
positively  charged  lith ium  atom s for an in te raction  
w ith n itro g e n  e lec tro n  density.

N -L ith io am in o b o ran es  are useful reagen ts [ 5 -  
7], b u t th e ir  m o lecu lar s tru c tu re  in the solid sta te
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has no t b een  d e te rm in e d  so far. N -L ith ioam inosi- 
lanes have also  p roved  very  useful in synthesis, 
and  the  m o lecu lar s tru c tu re  o f N -lith io -b is(tri- 
m ethylsily l)am ine has b een  d e te rm in e d  and  show n 
to  be a tr im e r [8,9], D im ers  are p re se n t in its com ­
plex w ith tw o equ iva len ts  o f M e P ( 0 )P h 2 [10]. We 
have now  p re p a re d  th e  new  lith ium  am ide 2 in 
w hich th e  n itrogen  a tom  b ea rs  a trim ethylsily l and  
a 9-borabicyclo[3 .3 .1]nonyl group. C o m p o u n d  2 is 
o b ta in ed  in 95%  yield as a co lourless solid by 
tre a tm e n t o f th e  am in o b o ran e  1 [11] w ith  te rt-bu - 
tyl lith ium  [eq. (1)]. It is m o d era te ly  so lub le in 
hexane, b en zen e  o r to lu en e , and  can be  s to red  for 
p ro lo n g ed  tim e w ithou t deco m p o sitio n  a t am b ien t 
te m p e ra tu re  u n d e r in e rt a tm o sp h e re  o f N 2 o r A r.

> »  + *BuLi, pentane
—N, ------------►

SiM e3 35°C  - C 4H10

i- n^ Li (1) 
SiMe3

2

Single crystals o f 2, su itab le  for X -ray  structu ra l 
analysis, w ere  o b ta in ed  from  hexane  so lu tion  by 
recrysta lliza tion  in a soxh le t ap p a ra tu s , w hich a l­
low ed fo r th e  first tim e to  d e te rm in e  th e  m olecu lar 
s tru c tu re  o f an  N -lith ioam inoborane . A s show n in 
Fig. 1, co m p o u n d  2 crystallizes as a tr im e r w ith a 
p la n ar (m ean  d ev ia tion  3.5 pm ) N 3L i3 ring 
[average values N -Li 197.8(4) pm , N -Li-N  
151.4(4)°, and  L i-N -Li 88.3(4)°]. A ll bory l g roups 
in the  tr im e r a re  in c/s-positions w ith respect to  
the  ring plane. T h ere  ap p e a rs  to  be slight d iso rd er 
in each 9-borabicyclo[3 .3 .1]nonyl frag m en t w ith 
respect to  cha ir o r b o a t co n fo rm atio n  o f one of 
the  six -m em bered  rings. In te rm o le cu la r  contacts 
b e tw een  the  tr im ers  seem  to  be w eak  o r  negligible. 
In the un it cell, the  tr im ers  are a rran g e d  in such a 
way th a t the  bory l g roups a re  d is tan t an d  the  silyl 
g roups a re  close to  each  o th e r. W ith in  the  trim er, 
th e re  a re  n u m ero u s sh o rt L i-H , L i-C  and  Li-Si 
con tac ts  co m p en sa tin g  fo r th e  low  co o rd in a tio n  
n u m b e r o f th e  lith ium  atom s.

T he N 3L i3 ring  and  the  p e rp e n d icu la r  a rran g e ­
m en t o f the  su b stitu en ts  in 2 rem ind  very  m uch of 
th e  m o lecu lar s tru c tu re  o f [(M e3Si)2N L i]3 
[average values [9] N -L i 200(2)pm , N -L i-N  147(3)° 
and  L i-N -Li 92(2)°], in w hich ‘’o n iu m ” -type con ­
figu ra tion  has b een  assigned  to  the  n itro g en  atom s. 
H ow ever, in the  case o f 2, the  leng ths o f the  BN 
bonds [average value B-N  140.1(6) pm ] clearly  in ­
d icate B N  d o u b le  bonds [12] (typically, th e  lengths 
o f B N  single bonds w ith trigonal b o ro n  and  n itro ­
gen atom s fall in th e  range  b e tw een  1 4 7 -1 4 9  pm
[12]), and  th e re fo re  the  n itro g en  a tom s can n o t be
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Fig. 1. Molecular structure (without hydrogen atoms) of 
trimeric N-lithio-N-trimethylsilyl-9-amino-9-borabicy- 
clo[3.3.1]nonane (2 ) .  Selected bond lengths [pm] and an­
gles [°]: N(2)-Li(l) 198.6(7), N(2)-Li(3) 197.8(8), N(2)- 
B(2) 139.8(5), N(2)-Si(2) 172.8(3); Li(l)-N(2)-Li(3) 
90.0(3), N (2)-Li(l)-N (l) 147.8(5), N(2)-Li(3)-N(3) 
150.3(4), B(2)-N(2)-Si(2) 121.6(3).

assigned an ‘’o n iu m ” configuration . T he p resence  
o f a BN doub le  b o n d  is also ev id en t from  the  sm all 
Si-N -B-C  to rsion  angles (all < 3°). Thus, the  n itro ­
gen atom s are sp2 hyb rid ised , in  sp ite  o f th e ir  te t ­
rah e d ra l env ironm en t. T he o rie n ta tio n  o f th e  lone 
p a ir o f electrons, n o t involved in BN (pp)yr b o n d ­
ing, at each n itro g en  atom  p o in ts  in to  the  space 
b e tw een  pairs o f lith ium  atom s. In accordance 
w ith the  m ainly ionic ch a rac te r  o f the  N -L i in ­
te rac tio n s [1], d iffe rence e lec tro n  density  m aps, 
based  on  the ex p e rim en ta l X -ray  d iffraction  da ta , 
o f the  p lan ar N 3L i3 ring  show  th a t essen tially  all 
e lec tro n  density  is lo ca ted  at th e  n itrogen  atom s, 
slightly shifted  tow ards the  ce n tre  o f an  im aginary  
line connecting  each  pa ir o f lith ium  atom s. T he 
ra th e r  sm all s tru c tu ra l d iffe rences b e tw een  2 and 
o th e r  know n trim ers  [1,8,9] suggests th a t th e  co n ­
cep t o f an sp3 hybrid ised , am m on ium -type  n itro ­
gen a tom  should  be  rec o n sid ered , at least in the 
case o f [(M e3Si)2N L i]3.

T he syn thetic  p o te n tia l o f 2 [13] is sim ilar to  th a t 
o f the  w idely used reag en t N -lith io -b is(trim ethy lsi- 
ly l)am ine [1 4 -1 6 ], w ith the  ad d itio n a l advan tage  
of the  p resence o f the  boryl group. T he s tru c tu ra l 
fea tu res  o f the p ro d u c ts  o f th e  reac tio n s o f 2 w ith 
e lem en t halides will be of co n sid erab le  in te rest.

Experimental
A ll com pounds w ere h an d led  u n d e r an a tm o ­

sphere  o f dry argon  o r n itrogen , using carefu lly

d ried  solvents. R eagen ts such as tert-buty l lith ium  
w ere used as com m ercially  o b ta in ed , and  1 was 
p rep a re d  as rep o rted  [11]. N M R  m easu rem en ts  
w ere ca rried  ou t using a B ru k er A R X  250 spec­
tro m e te r, equ ipped  w ith a m u ltin u c lea r unit. 
C hem ical shifts are given w ith respec t to  M e4Si 
[(3 'H (C6D sH ) = 7.15; d 13C (C 6D 6) = 128.0; 
~(29Si) = 19.867184 M Hz] and  ex te rn a l E t , O B F 3 
[5 ( n B) = 32.083971 M Hz].

N -Lithio-N -trim ethylsilyl-9-am ino-9- 
borabicyclo[3.3.1 [nonane  (2)

A  so lu tion  (50 m l) o f 'B uL i in hexane  (1.6 M ) 
was h ea te d  at reflux and 16.65 g (80 m m ol) o f N- 
trim ethylsily l-9-am ino-9-borabicyclo[3 .3 .1 ]nonane  
(1) d issolved in 50 ml of hexane w ere slow ly ad d ed  
w ithin 30 min. E vo lu tion  of gas fin ished  a fte r 30 
m in, and  all volatile m ateria l was rem o v ed  in 
vacuo. A  colourless solid was left w hich w as ta k en  
up in 100 ml of hexane and  tra n sfe rre d  in to  a 
soxhlet apparatus. A fte r  4 h o f ex trac tio n  th e  h ex ­
ane so lvent was rem oved  in vacuo. 16.2 g (95% ) 
of 2 w ere ob ta in ed  as a crystalline solid  [m.p. > 
170°C (decom p.)]. >H N M R  (C 6D 6): <5 = 1 .9 0 -1 .7 7  
(m , B C C H ), 1 .40 -1 .38  (m , B C C C H ), 1.27 [broad] 
(B C H ), 0.24 (s, S iM e3); 1 ]B N M R  (C 6D 6): Ö = 54.8; 
13C  N M R  (C 6D 6): d = 33.9 (B C C ), 29.3 [broad] 
(B C ), 23.5 (B C C C ), 4.5 (S iM e3); 29Si N M R  
(C 6D 6): <3 = -4 .3 .

X -ray analysis and crystal data fo r  2: T he co l­
orless crystal o f 2 was grow n from  a hexane  
so lu tion  by using a soxhlet a p p a ra tu s  and  pu t 
in to  a L indem ann  capillary  (0.3 m m  d iam ete r). 
C 33H 69B 3Li3N 3Si3; M = 645.4; crystal system  or- 
tho rhom bic , space g roup  Pbca, a = 1 1 .7 8 9 p ), b = 
21.161(6), c = 33.760(1) A ; U  = 8423.1 Ä 3; Z  = 
8; F (000) = 2832; D c = 1.018 M g n r3; ab so rp tio n  
coeffic ien t ^  = 0.14 m m 1; crystal shape  irregu lar; 
size 0 .30x0 .25x0 .20  m m 3. D a ta  co llec tion  and  p ro ­
cessing: S iem ens C C D  System , d istance crysta l-de- 
te c to r  5.94 cm, axis w (g ra p h ite -m o n o c h ro m ate d  
M oK „ rad ia tion ), T  = 296 K; 2 0  range 2 <  2 0  ^  
50°, s tep  size 0.2°, n u m b er of fram es 600, exposu re  
tim e p e r  fram e 62s; 15613 in tensities m easu red , 
6604 in d ep en d en t (/?int = 4 .0% ); 4996 o b se rv ed  [F0 
> 4.0 ct(Fq)]. S truc tu re  so lu tion  and  refinem en t: d i­
rect m ethods (S H E L X T L  PLU S p ro g ram  p ac k ­
age); full-m atrix  least squares on w (F0-Fc)2; no  iso ­
trop ic  extinction  co rrec tion ; hydrogen  atom s 
refined  isotropically  w ith fixed th e rm al p a ra m e ­
ters (rid ing  m odel), all o th e r  atom s an iso tro p ic  ex ­
cep t C13, C23 and  C33; 404 p a ra m e te rs  re fined  
against F; R/wR  ( w 1 = e r(F )  + 0.000005 F 2) 8 .7%  /
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9.0% ; m ax., m in. residual e lec tro n  density  0.40, 
-0.34 e A '3. A to m ic  coo rd ina tes , b ond  lengths and 
angles, and  th e rm al p a ra m e te rs  have been  d ep o s­
ited  a t the  C am bridge C rysta llog raph ic  D a ta  
C en tre  (C C D C ). A ny  req u e s t to  the  C C D C  for 
this m ateria l shou ld  q u o te  th e  full lite ra tu re  
citation .
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