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Recent advances in boron-nitrogen chemistry- II 

H e i n r i c h  Nt[TH*, G i l b e r t  GEISBERGER, Gerald LINT1 , D i r k  LODERER, 
W i l f r i e d  RATTAY , E r i k  SALZBRENNER 

I n s t i t u t e  o f  I no rgan ic  Chemistry,  U n i v e r s i t y  o f  Munich, 
Me ise rs t r .  1,  8000 Munich 2 (FRG) 

Abs t rac t  - The chemis t ry  o f  dimethylaminopolyboranes Bn(NMe )nX2 ( n  = 3, 
=-= C1, B r )  has been i n v e s t i g a t e d .  Nuc leoph i l  i c  s u b s t i t u t i o n  o f  t h e  
h a l i d e s  by NHR, OR, SR and R groups i s  r e a d i l y  achieved as w e l l  as by d i -  
f u n c t i o n a l  nuc leoph i l es  which g i v e  access t o  boron r i c h  he te rocyc les .  The 
c h a r a c t e r i s t i c  f e a t u r e  o f  a l l  these new compounds i s  t h e  almost perpend i -  
c u l a r  arrangement o f  t h e  BNMe2 u n i t s .  

The scope o f  t h e  chemis t ry  o f  amino iminoboranes has been expanded by t h e  
syn thes i s  o f  molecules c o n t a i n i n g  two RN f B u n i t s .  React ions of amino 
iminoboranes w i t h  boron hyd r ides  l e a d  t o  hyd robora t i on  produc ts  i n  t h e  
case o f  BH . t h f  o r  BgH7.thf w h i l e  a boron-boron bond i s  formed i n  t h e  r e -  
a c t i o n  w i t ;  B10H14. Whi le Bn(NMe2) C12 compounds e x c l u s i v e l y  ch lo robora te  
tmpB = NCMe3 no such r e a c t i o n  i s  o l se rved  employing F ~ ~ ( C O ) ~ S Z B ~ ( N M ~ ~ ) C ~ .  
Th is  i s  due t o  then*-structure o f  t h i s  compound. I t s  r e a c t i o n  w i t h  
LiNMe2 conver t s  i t  i n t o  Fe2(C0)6S2(BNMe2)2 cage c o n t a i n i n g  a d ibo ron  u n i t .  

The R2N group cannot y e t  e l e c t r o n i c a l l y  s t a b i l i z e  R2N '2% B = PRO compounds. 
However, i f  t h e  l o n e  p a i r  a t  t h e  P atom i s  engaged i n  bonding w i t h  a 
M(CO)5 group (M = C r y  W) a l l e n i c  t y p e  complexes R N = B = PR'(M(CO)5) con- 
t a i n i n g  two coo rd ina ted  boron and a BP doub le  b o d  (1.741) r e s u l t .  

INTRODUCTION 

Dia lky lam ino  groups e x e r t  a s t a b i l i z i n g  e f f e c t  on boron compounds. Th is  i s  due t o  e l e c t r o n i c  
and s t e r i c  s h i e l d i n g  o f  t he  boron atom t o  which t h e  R N s u b s t i t u e n t  i s  bonded. Using t h i s  
e f f e c t  f o r  more than 25 years  a l a r g e  v a r i e t y  o f  new i i n d s  o f  boron compounds have been made 
access ib le  by o u r  group ( r e f .  1 ) .  To name a few examples: monomeric phosphino ( r e f .  2 ) ,  
a r s i n o  and s t i b i n o  boranes ( r e f .  31, s i l y l  and s tanny l  boranes ( r e f .  4, 51, b o r y l  t r a n s i t i o n  
metal  compounds ( r e f .  6 )  o r  s a l t s  o f  t h e  b i s (d ia l ky1amino )bo ron  c a t i o n s  ( r e f .  7 ) .  The p re -  
sen t  r e p o r t  concent ra tes  on t h r e e  t o p i c s  i n  which t h i s  e f f e c t  p lays  a l s o  an impor tan t  r o l e :  

i )  
ii) 
i i i )  t h e  search f o r  an amino phosphanylidene borane R2N L' B = PR. 

t h e  chemis t ry  o f  d imethylamino polyboranes, 
t h e  chemis t ry  o f  amino im ino  boranes, 

SOME NOVEL CHEMISTRY OF DIMETHYLAMINO POLYBORANES 

The syn thes i s  o f  tetrakis(dimethylamino)diborane(4) was independent ly  r e p o r t e d  by B ro the r ton  
e t  a l .  ( r e f .  8 )  and by ou r  group ( r e f .  9 )  a lmost  30 years  ago. It forms i n  h i g h  y i e l d  by 
deha logenat ion  o f  b is(dimethy1amino)boron c h l o r i d e .  Us ing  t h e  same procedure h i g h e r  members 
o f  t h e  s e r i e s  Bn(NMe2) were ob ta ined  ( r e f .  10) i n c l u d i n g  t h e  cyclohexaborane (BNMe2)6 
( re f .  11).  Apar t  f rom &fNMe2)4 t h e  chemis t ry  o f  these e l e c t r o n  p r e c i s e  polyborane d e r i v a -  
t i v e s  remained, however, a lmost unexplored, s ince  t h e y  were access ib le  o n l y  i n  low y i e l d .  

We have now op t im ized  t h e  c o n d i t i o n s  f o r  t h e i r  p repara t i on ,  and i t  proved e s s e n t i a l  t o  em- 
p l o y  a s h o r t  pa th  d i s t i l l a t i o n  f o r  separa t i ng  t h e  species B2(NMe )4,  B3(NMe2)5, B4(NMe ) 6  
and B6(NMe2)8 e f f e c t i v e l y .  Representa t ive  y i e l d s  and some c h a r a c t e r i z i n g  da ta  f o r  t h e  $e- 
c h l o r i n a t i o n  on a l : l m i x t u r e  of B2(NMe2)$1 and (Me N) BC1 by Na/K a l l o y ,  op t im ized  f o r  
t h e  p r e p a r a t i o n  o f  t h e  t r i b o r a n e ( 5 )  d e r i v a t i v e  a r e  as ?ol?ows: 

BNMe2 13 B2(NMe2I4 B3(NMe2 15 B4(NMe2 16 Bh(NMe2 18 
Y i e l d  ( % )  5 8.5 23 3 0.5 
bp. "C/Torr  25/50 56/10 8 0 / 1 o - ~  1 0 0 / 1 0 - ~  1 2 0 / 1 0 - ~  

Thus, t h e  t r i b o r a n e ( 5 )  spec ies  i s  now r e a d i l y  access ib le ,  and we have exp lo red  i t s  chemis t ry  
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t o  some ex ten t .  Us ing  EtBC12, MeBBr2 and MeBI2 r e s p e c t i v e l y ,  two Me2N groups, one each a t  t h e  
te rm ina l  boron atoms, can be rep laced  by a ha logen atom. Y ie lds  ob ta ined  f o r  t h e  1 ,3 -d iha lo -  
geno-I ,2,3-tris(dimethylamino)-triboranes(5) l i e  i n  t h e  range o f  60 - 80 %. S i m i l a r l y ,  com- 
pounds B (NMe )4X2 (X = C1, Br, I )  were i s o l a t e d  s t a r t i n g  f rom Bq(NMe2)6. F u r t h e r  s u b s t i -  
t u t i o n  o f  Me26 groups by MezN/halogen exchange so f a r  l e a d  n e i t h e r  t o  d e f i n e d  n o r  d e t a c t a b l e  
i n te rmed ia tes ,  mind BnXn+2 e l e c t r o n  p r e c i s e  po lyboron h a l i d e s .  

The dimethylamino po lyboron d i h a l i d e s  neve r the less  proved t o  be s u i t a b l e  f o r  e x p l o r i n g  and 
expanding t h e  s u b s t i t u t i o n  chemis t r y  o f  these and r e l a t e d  polyborane species.  Us ing  
B3(NMe2)3Br~ as an example a s e r i e s  o f  t r i b o r a n e s  B3(NMe2)gY2 (Y = OR, SR, R) was prepared 
by n u c l e o p h i l i c  s u b s t i t u t i o n  o f  t h e  bromine ( o r  a l s o  c h l o r i n e )  atoms. Most o f  these com- 
pounds a re  c r y s t a l l i n e ,  and some s t r u c t u r e s  a r e  represented  by t h e  f o l l o w i n g  ORTEP p l o t s .  It 
can be no ted  t h a t  t h e  B - B bond l e n g t h s  i nc rease  as t h e  te rm ina l  BN bond becomes s h o r t e r .  
Therefore,  t h e  B - B bond i s  i n f l u e n c e d  by t h e  na tu re  o f  t h e  s u b s t i t u e n t s  Y .  More impor tan t  
i s  t h e  c h a r a c t e r i s t i c  con format ion  o f  t h e  cha in :  w h i l e  a l l  boron  atoms show a p l a n a r  a r range-  
ment o f  t h e  s u b s t i t u e n t s ,  t h e  BCN2 planes a r e  almost p e r p e n d i c u l a r l y  o r i e n t e d  t o  one another .  
Therefore.  t h e r e  i s  no T - i n t e r a c t i o n  between ad iacen t  boron atoms i n  t h e  cha in .  Th is  same 

B4( NMe2 )4(SPh 12. k i n d  o f  s t r u c t u r a l  f e a t u r e  i s  a l s o  observed i n  t h e  X-ray s t r u c t u r e  o f  

ORTEP PLOTS 

Clo 

c1 

F ig .  1 :  ORTEP-Plot o f  (NMe ) I 
BI-B2 1.674(7)!! Bl-g23B?a 
118.7(3)Q 

c2 C7a 

F i g .  2:  ORTEP-Plot o f  B3(NMe2)3(0CMe3)2, 
B1-B2 1.755(5)1 
B1-62-Bla 126.7(4)"  

F i g .  3:  ORTEP-Plot o f  B3(NMe )3(CMe ) . 
BI-B2 ?.733(3)A, 61-62-81 ?2?.3(3)' 

It i s  e v i d e n t  f rom these r e s u l t s  t h a t  t h e  d i h a l i d e s  Bn(NMe2)nXz can be used as synthons f o r  
t h e  c o n s t r u c t i o n  o f  new po lyboron he te rocyc les  by r e a c t i n g  these d i h a l i d e s  w i t h  d i f u n c t i o n a l  
molecules.  I n t e r e s t i n g l y ,  t h e  r e a c t i o n  o f  B3(NM2) Br2 w i t h  MezSi(NHtBu)z i n  t h e  presence o f  
N E t  produced n o t  t h e  s i x  membered r i n g  1 b u t  a t  120 " C  t h e  a z a t r i b o r e t i d i n e  2. Under these 
c o n d i t i o n s  S i - N  bond cleavage i s  more r a p i d  than H B r  e l i m i n a t i o n .  However, 3 r e s u l t s  f rom 
B ~ ( N M ~ z ) ~ B ~ ~ ,  I y2 -d ipheny lhyd raz ine  and NEt3. S i m i l a r l y ,  t h e  s i x  membered r i n g  compounds 
- 4 and - 5 a r e  r e a d i l y  ob ta ined  f rom PhP(O)(OH)2 or(MeHN)$O. Seven and even e i g h t  membered 

NMe , 
I NMe NMe 

2 N \  ,B .B/ NMe, Me N I I Me 

\ I  
I I ,N - N 

2 \ B B  ,B, "Me2 Me2N-B\N,B-  HB\ NMe, 

/NyN\ R I R 'R 
1 I \  2 3 
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heterocyc les ,  6 and 7-, c o n t a i n i n g  t h e  t r i b o r o n  u n i t ,  r e s u l t  f rom t h e  t r i b o r o n  d ib romide 
B3(NMe2) B r2  w i t h  ca techo l  o r  2,2-dimethyl-propylendiamine. The C2O2B3 r i n g  i n  6 possesses 
boat  con jonna t ion  as revea led  by an X-ray s t r u c t u r e  de terminat ion ,  and t h e  pe rpend icu la r  
arrangement o f  t h e  dimethylamino boron u n i t s  i s  aga in  observed. 
Attempts t o  syn thes i ze  t h e  fou r  membered phosphat r ibore tane 8 f a i l e d .  The p roduc t  ob ta ined  
from B3(NMe2)3Br2 and Li2Pmes (meS = meSitYl  group) i S  t h e  e i g h t  membered r i n g  9 whose x -  
r a y  s t r u c t u r e  has a l s o  been determined. 

NMe , 
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I 

I \ 
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p p ( B  

M e z N  I NMe, 
m e  s 

9 

/ 

NMe 
6 

7 

NEW AMINO IMINO BORANE CHEMISTRY AND A CAGE/CLUSTER 
REARRANGEMENT 

Amino im ino  boranes R2N "' B = NR'  a r e  ex t remely  v e r s a t i l e  reagents  ( r e f .  13) .  Prov ided t h a t  
s t e r i c  s h i e l d i n g  i s  n o t  t o o  pronounced they  d imer i ze  i n  a (2+2) -cyc loadd i t i on  r e a c t i o n  t o  
g i v e  1 ,3 ,ZY4-d iazadiboret id ines.  With t h i s  k i n d  o f  i n fo rma t ion  one can c o n s t r u c t  and synthe- 
s i z e  molecu les  c o n t a i n i n g  more than one im ino  borane group. Two r e p r e s e n t a t i v e  examples a r e  
shown as 10 and 11 (tmp = 2,2,6,6-tetramethylpiperidino group) .  S tab le  molecules r e s u l t  i f  
t h e  i m i n o T i t r o g Z i  atom i s  bonded t o  a te r t . - ca rbon  atom. I f  an aromat ic  group i s  t h e  sub- 
s t i t u e n t  then i t  i s  e s s e n t i a l  t h a t  t h e  two o r t h o - p o s i t i o n s  c a r r y  a t  l e a s t  methyl  groups. 

'tmp 

t m p - B E N  N E B - t m p  t m p - B E N  

10 11 

It i s  w e l l  known t h a t  "BH3" o f f e r e d  t o  tmp 
o r  B2H6 leads  t o  t h e  hyd robora t i on  produc t  1?_ which i s  t t e r m a l l y  uns tab le  decomposing r e a d i -  
l y  i n t o  tmpBH2, tmpB2Hg and (Me$NBH)3 ( r e f .  13). I n  c o n t r a s t ,  t h e  analogous produc t  d e r i v e d  
f rom 1 ,8-b is ( te t ramethy l  - p i p e r i d i n o - i m i n o b o r y l  )-p-menthane g i ves  2, s t a b l e  up t o  200 "C. 
The reason f o r  t h i s  enhanced s t a b i l i t y  i s  n o t  r e a d i l y  understood and may be assoc ia ted  w i t h  
t h e  s o l i d  s t a t e  o f  la. 

B N - CMe i n  t h e  fo rm o f  BH3.THF, BH3.SMe2 

Hydrobora t ion  r e a c t i o n s  w i t h  B3H7.L r e q u i r e  u s u a l l y  more d r a s t i c  c o n d i t i o n s  as compared t o  
BH3.L. Indeed, a much s lower  r a t e  i s  observed f o r  t h e  r e a c t i o n  o f  B3H7.L w i t h  
tmp - B = N - CMe3, a l l o w i n g  t h e  d i m e r i z a t i o n  o f  t h e  amino im ino  borane t o  compete e f f e c t i v e -  
l y  w i t h  t h e  hyd robora t i on  (about  50 %). The X-ray s t r u c t u r e  o f  t h e  hyd robora t i on  p roduc t  i s  
shown as 14. It corresponds w i t h  t h e  1104 r a t h e r  than  t h e  a l t e r n a t i v e  2013 s t y x  n o t a t i o n ,  
Therefore-e s t r u c t u r e  o f  14 i s  c l o s e l y  r e l a t e d  t o  t h e  s t r u c t u r e  o f  B3H7C0 ( r e f .  14).  
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Pentaborane(9) d i d  n o t  r e a c t  wi th trnp - B = N - CMe3 a t  ambient tempera ture  i n  c o n t r a s t  t o  
B1 H14. However, t h e  o b j e c t  t o  ach ieve  t h e  fo rma t ion  o f  ~&sO-B10H 0(Btmp)NCMe3 w i t h  evo- 
lu!ion o f  two mols o f  H2 cou ld  n o t  be accomplished. Not unexpectedly,  decaborane a c t s  as a 
p r o t i c  a c i d  towards t h e  e l e c t r o n  r i c h  amino im ino  borane: t h e  c a t i o n  tmp = B = NHCMe3+ and 
t h e  an ion  B10H13- a r e  most l i k e l y  i n te rmed ia tes  and n u c l e o p h i l i c  a t t a c k  o f  t h i s  an ion  on t h e  
e l e c t r o p h i l i c  boron c e n t r e  i n  t h e  c a t i o n  leads  t o  a novel  k i n d  o f  B - B bond fo rma t ion .  As 
t h e  s t r u c t u r e  o f  t h e  compound 15 shows, an a d d i t i o n a l  p r o t o n  m ig ra tes  t o  g i v e  
BloH12(B(Htmp)NHCMe3) as t h e  f E a l  p roduc t .  

F ig .  4: ORTEP-Plot o f  14 F i g .  5: ORTEP-Plot o f  15 
BI-B2 1.756(4),B2-B3 1.844(4),  66-811 1 . 6 7 9 ( 5 F  B l l -N2  1.371(5) 
BI-B3 1.842(4) BI-N2 1.530/4), B11-N1 1.594(4)h 
B3-N1 1.638(3)a 

Ha lobora t i on  i s  e x c l u s i v e l y  observed by r e a c t i n g  tmp ': B 
c h l o r i d e s  Bn(NMe2)nC12 (n  = 1 - 4 ) .  Products 16 and 
r i n g  he te rocyc les  18 and 2- r e s p e c t i v e l y .  

NCMe3 w i t h  dimethylamino boron 
can be dehalogenated t o  t h e  smal l  

CMe 
I 

tmp- B, ,B - NMe 
B 

tmp I 
NMe , 

I 
CMe3 NMe, NMe2 CMe , 
I l l  

C1 ,B-B. 

CMe, 
I 

N /N\ 
I \  

NMe I l l  I I  
tmp NMe, tmP NMe2 NMe2 

16 17 18 19 

Th is  k i n d  o f  a s p e c i f i c  r e a c t i o n  was expected t o  h e l p  i n  the  s t r u c t u r e  e l u c i d a t i o n  o f  
Fe (CO)6S B (NMe2)C1, 21, a compound which i s  ob ta ined f rom 20 by monohalo e n a t i o n  w i t h  e.g. 

21 was n o t  r e a l l y  compat ib le  w i t h  t h e  proposed s t r u c t u r e .  I f  t h e  s t r u c t u r e  was c o r r e c t ,  then 
was t o  be expected t h a t  t h i s  compound would ch lo robora te  tmp '-< B '+ N - CMe . A 1 : 1 r e -  

a c t i o n  does indeed occur,  b u t  t h e  ment ioned 11s NMR s i g n a l  remains almost una?tered. There- 
f o r e  t h e  s t r u c t u r a l  u n i t  assoc ia ted  w i t h  t h i s  boron atom remained t h e  same. There a r e  two 
more 11B NMR s i g n a l s  f o r  22 i n d i c a t i v e  f o r  a BN3 u n i t  as w e l l  as f o r  a t e t r a c o o r d i n a t e d  
boron atom. These da ta  a r e i n  accord  w i t h  t h e  r e s u l t  o f  an X-ray s t r u c t u r e  a n a l y s i s  rep re -  
sented as fo rmu la  22. Thus, t h e  B - B bond i n  20 i s  broken and i t s  cage s t r u c t u r e  has 
changed i n t o  a n _ i d F s t r u c t u r e  i n  22. T h e r e f o r e y o n e  can conclude f rom the  11s NMR da ta  t h a t  
21 i s  a c t u a l l y  represented  by the- ido-c lus te r  s t r u c t u r e  23, and t h i s  has been asce r ta ined  
f i r  (C0)6Fe SzBz(NMe2)Br by an X-ray s t r u c t u r e  a n a l y s i s .  K i d a t i o n  o f  22 by LiNMe2 leads  t o  
t h e  dimethygamine d e r i v a t i v e  whose Fe - B bond t o  t h e  apex Fe atom h a s i n c r e a s e d  by 0.4a i n  
comparison w i t h  22. T h i s  i s  due t o  s t r o n g  r - b o n d i n g  i n  t h e  c l u s t e r  BNMe2 u n i t  which competes 
favourab ly  w i t h  B e  m u l t i c e n t e r  bonding i n  t h e  c l u s t e r .  Even more impor tan t  i s  t h e  observa- 
t i o n  t h a t  23 can be reconver ted  w i t h  LiMe2 i n t o  20. Thus, i t  i s  t h e  n a t u r e  o f  t h e  s u b s t i -  
t uen ts  w h i f i  c o n t r o l s  t h e  s t a b i l i t y  o f  these cagF7c lus ter  isomers.  We conclude f rom these 
r e s u l t s  t h a t  t h i s  i s  t r u e  a l s o  f o r  o t h e r  isomers t o  be descr ibed as e l e c t r o n  p r e c i s e / e l e c -  
t r o n  d e f i c i e n t .  

BC?3 o r  E % B h z  ( r e f .  IT. I t s  low f i e l d  s i g n a l  a t  77 ppm observed i n  t h e  1 9 B NMR spectrum o f  

AMINO PHOSPHANYLlDENE B O R A N E S  
Amino phosphanylidene boranes, R2N Z ' B  = PR, a r e  t h e  P-homologues o f  amino im ino  boranes. MO 
c a l c u l a t i o n s  have shown t h a t  these two c lasses  o f  i s o e l e c t r o n i c  compounds a r e  n o t  i s o s t r u c -  
t u r a l  ( r e f .  16).  The phosphorus compounds a re  n o t  l i n e a r  l i k e  R2N 'A B = NR b u t  show a bond 
ang le  a t  t h e  P atom o f  about 100". C a l c u l a t i o n s  f u r t h e r  i n d i c a t e ,  t h a t  t h e  amino phosphanyl- 
idene boranes a re  uns tab le  w i t h  respec t  t o  d imer i sa t i on .  The a c t i v a t i o n  energy f o r  t h e i r  
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d i m e r i s a t i o n  t o  1,3,2,4-disphosphadiboretanes i s  o n l y  i n  t h e  o r d e r  o f  5 kca l /mol .  Th is  c o r -  
responds w i t h  f u t i l e  a t tempts i n  many research groups t o  i s o l a t e  amino phosphanylidene bo- 
ranes. However, t h e i r  s t a b i l i s a t i o n  may be poss ib le ,  i f  t h e  l one  p a i r  a t  t h e  P atom o f  
RzN B = PR i s  occupied by a s u i t a b l e  e l e c t r o n  p a i r  acceptor .  Th i s  approach has been v e r i -  
f i e d ,  and r e s u l t s  w i l l  be discussed elsewhere ( r e f .  17). 

Another s t r a t e g y  i s  t o  use diphosphadiboretanes as precursors.  For  t h i s  purpose i t  i s  neces- 
sa ry  t o  i n t roduce  very bu l ky  s u b s t i t u e n t s  i n t o  t h e  diphosphadiboretanes. Thus, (Et2N - B = 
Pmes)~  r e a c t s  r e a d i l y  w i t h  Cr(C0)s. thf  i n  a 1 : 1 and 1 : 2 r a t i o  w i t h o u t  changing t h e  bas i c  
diphosphadiboretane s t r u c t u r e .  I n  con t ras t ,  (tmp - B = PCEt3)2 rep laces t h f  f rom M(C0)s.thf 
(I4 = C r y  W) t o  produce 24. The X-ray s t r u c t u r e  o f  24 revea ls  an a l l e n e  type arrangement f o r  
t h e  CzNBP(Cr)C ske le tonTThere fo re ,  a two coord inated boron atom i s  generated d u r i n g  t h i s  
process w i t h  fo rma t ion  o f  a very s h o r t  BP bond (1.748) ( r e f .  18) which i s  a r e p r e s e n t a t i v e  
example o f  a BP double bond. 

7 

Fig.  6: ORTEP-Plot o f  24 
B - P 1.742, By N 1.338(5)8, 
B - P - N 176.1(3)" 
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