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Abstract - This review s m a r i z e s  the studies conducted i n  the Richard 0. 

Wether i l l  Laboratory on the synthesis of add i t ion compounds o f  boron tri- 

f luor ide, boranes and alane w i t h  N,N,N1,N'-tetramethylethylenediamine and 

the heterocycle, triethylenediamine. The appl icat ions o f  such add i t i on  

compounds are a l so  b r i e f l y  discussed. 

INTRODUCTION 

hine-boranes represent the largest  number o f  known boron-nitrogen canpounds. The f i r s t  

amine-borane t o  be reported was trimethylamine-borane (Me3N.BH3), prepared by the fas t ,  d i r e c t  

react ion of diborane w i t h  trimethylamine.' Since then, numerous amine complexes o f  borane have 

emerged and t h e i r  app l icat ion t o  organic synthesis has been e ~ a m i n e d . ~  The proper t ies  o f  amine- 

boranes are markedly dependent upon the subst i tuents on boron anb n i t r ~ g e n . ~  I n  recent years a 

number of p a r t i a l l y  subst i tu ted boranes has been prepared and found t o  be h igh ly  useful  reagents. 5 

With few exceptions, the preparat ion and chemistry of the corresponding amine chp lexes  remained 

r e l a t i v e l y  unexplored u n t i l  recent ly.  Recent studies i n  t h i s  laboratory have resu l ted i n  a simple 

procedure for  the preparat ion of triethylamine-monoalkylborane adducts (Et3N.BH2R) s t a r t i n g  from 

triethylamine-thexylborane(~t~~.B~~~hx)~ and have l e d  t o  the discovery of promising new appl icat ions 

for  these der ivat ives.  The t r ie thy lamine canponent could be removed from these adducts by t r e a t -  

ment w i t h  e i t h e r  T H F . B H ~  o r  ~ t ~ 0 . 0 ~ ~ '  t o  produce the free monoalkylborane fo r  reduct ion and hydro- 

borat ion appl icat ions. However, t h i s  procedure suffers from ce r ta in  d i f f i c u l t i e s .  Both Et3N.BH3 

and Et3N.BF3 are h igh ly  soluble i n  the usual tetrahydrofuran (THF) medium, making them d i f f i c u l t  t o  

separate fran the desired This problem can be circumvented i n  pa r t  by changing t o  a 

pentane (n-C5H12) so lu t i on  from which Et3N.BF3 can be p rec ip i ta ted  a t  - 5 0 ' ~ . ~  Furthermore, the 

Et3N.BH2R adducts are l i q u i d s  of uncertain p u r i t y ,  which cannot be pu r i f i ed  r e a d i l ~ . ~ "  

One of the i n t r i g u i n g  problems i n  borane chemistry has been the r e l a t i v e  i n s t a b i l i t y  o f  many 

of the borane  reagent^.^ For example, thexylborane(ThxBH2), d icyc lohexy lbora~e :Chx2BH), dis lamyl-  

borane (Sia2BH) and diisopinocampheylborane ( IPcpH) a l l  possess l i m i t e d  s t a b i l i t y  upon 



storage. Consequently, they must be synthesized and used shor t l y  thereafter.  Hence, i t  

appeared h igh ly  desirable t o  develop stable c r y s t a l l i n e  derivat ives which could be stored e i the r  

neat o r - i n  so lu t ion for extended periods of time and then conveniently converted t o  the f ree 

borane as and when needed. A series o f  experiments were carr ied out i n  our laboratory t o  explore 

the p o s s i b i l i t y  o f  u t i l i z i n g  N,N,N',N'-tetramethylethylenediamine (TMED) and the heterocycle, 

triethylenediamine (TED], as s t a b i l i z i n g  addendum f o r  organoboranes. This review concerns i t s e l f  

w i th  the preparation o f  the addi t ion compounds o f  boron t r i f l u o r i d e ,  borane, alane, dialkylboranes 

and monoalkylboranes w i th  TMED and TED, wi th  pa r t i cu la r  emphasis on work conducted i n  our labora- 

tor ies.  The appl icat ion o f  these addit ion compounds are also mentioned. 

ADDITION COMPOUNDS OF TMED AND TED WITH BORON TRIFLUORIDE, 

BORON AND ALANE 

Over the years, various workers have carr ied out experiments invo lv ing addi t ion compounds of 

TMED and TED w i th  boron t r i f l u o r i d e  (BF3), borane (BHj) and alane (AlH3). 14-lg These adducts are 

h igh ly  insoluble i n  the usual organic solvents (THF, Et20, CHC13, n-C5H12 and C6H6). During the 

course of our work, i t  became desirable t o  achieve a convenient p rec ip i ta t i on  o f  BF3, BH3 and AlH3 

from ether solvents. Surpris ingly,  no work had been reported previously on the p rec ip i ta t i on  of 

the above Lewis acids f ran  t h e i r  solut ions i n  ether solvents using TMED or  TED.' Our primary object-  

i v e  was t o  estab l ish conditions fo r  the p rec ip i ta t i on  o f  BF3. BH3 and AlH3 from Et20 and THF. Con- 

sequently, we were in terested both i n  the stoichiometry o f  the react ion between the above Lewis 

acids wi th  the di funct ional Lewis bases, TMED and.TED, and i n  the s o l u b i l i t y  of the products. 

Generally, a monofu?ctional Lewis ac id  can redct w i th  a d i funct ional  ~ k i s  base t o  a f ford e i t h e r  

the mono adduct o r  the b i s  adduct, depending u p o r t h e  nature o f  the acid and base invoived and the 
14,20 par t i cu la r  solvent used for the react ion. 

Boron T r i f l uo r ide  - The react ion between Et20.BF3 and TMED proceeds d i r e c t l y  t o  the fonnation 

of 1:2 complex (Eq. 1).  w i th  no evidence, for the fonnation o f  the intermediate 1 : l  complex. 
14 

TMED t 2 Et20'BF3 % TMED.2 BF34 
25'C 

The 1:2 adduct prec ip i ta tes completely a t  25'C. Any excess TMED over the 1:2 stoichiometry remains 

unreacted. Thus, the addi t ion b f  Et20.BF3 t o  an equimolar amount of TMED i n  THF prec ip i ta tes pre- 

c i se ly  half  o f  the amine as the adduct w i t h  h a l f  o f  the amine remaining i n  so lu t ion (Eq 2). 

THF TMED t Et20.BF3 - 0.5 TMED.2 BF34 t 0.5 TMED 
25'C 

Ident ica l  resu l t s  were obtained-in Et20. The same resul ts  were rea l ized wi th  reverse addit ion. 

1 Elemental analysis and H NMR spectrum indicated t h a t  the 1:2 adduct could be represented e i the r  as 

the symnetrical b i s  adduct (1) or  as the boron im te t ra f luoroborate (2). The ''8 NMR spectrum 
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displayed a sharp quartet (JBF = 14.7 Hz). This unambiguously supports s t ructure (1) for the 1 :2 

adduct. Triethylenediamine reacts w i th  Et20.BF3 i n  Et20 and THF according t o  equations 3 and 4 

TED + Et20.BF3 'TED.BF3t 
25'C 

(4) 

respectively. The adducts p rec ip i ta te  completely frm Et20 and THF a t  25'C. Both mono and b i s  

adducts were prepared e a r l i e r  by d i f f e r e n t  routes. l5,'' This fast ,  complete react ion of boron tri- 

f luor ide w i t h  TMED o r  TED t o  f o n  h igh ly  inso lub le  adducts provides a convenient means t o  remove 

TMED, TED o r  BF3 frm ether solvents, such as Et20 o r  THF. 

Borane - I r respect ive of the mode o f  addi t ion and the quant i ty  o f  the reactants, both TMED and 

TED react  instantaneously w i th  borane methyl s u l f i d e  (He2S.BH3) i n  THF t o  p rec ip i ta te  the b i s  adduct 

(Eqs 5 and 6). 

TMED + 2 Me2S.BH3 => TMED.2 BH3t 
25'C 

(5) 

TED + 2 He2S.BH3 TED.2 BH3+ 
25-C 

Simi lar  resu l t s  Were obtained i n  Et20. On heating a 1: l  mixture o f  TED.2 BH3 and TED t o  160°C, 

a c lear  melt  i s  obtained, which on cooling, c rys ta l l i zes  t o  g ive the mono adduct, TED.BH3. This 

development was u t i l i z e d  i n  the se lect ive p rec ip i ta t i on  o f  borane from a so lu t ion containing a mix- 
,. , 

t u re  o f  organoboranes.22 This method was also used i n  the generation of monoalkylboranes (RBH2) 

from t h e i r  amine adducts. 23 

Alane - The addi t ion canpounds of TMED and TED w i th  alane (AlH3) Were conventionally synthe- - 
sized by react ing the hydrochloride o r  hydrobromide o f  the Lewis bases w i th  l i t h i u m  aluminum 

hydride (Eqs 7 and 8). 18.19 

TMED TMED.2 HCl + 2 LiAlH4 -> 2 TMED.AlH3 + 2 L iCl  + H2t (7) ,!.: 



When Et20 i s  used as the solvent,  the hydrochlor ide cannot be used. The by-product, which i s  

inso lub le  i n  Et20, w i l l  p r e c i p i t a t e  along w i t h  the  desired product. I n  the p r e c i p i t a t i o n  react ion ,  

TMED and AlH3 a f fo rded e i t h e r  the  mono adduct o r  the  b i s  adduct, depending upon the solvent used 

fo r  the r e a ~ t i o n . ' ~  I n  d i e t h y l  e ther  (Et20), TMED p rec ip i t a ted  AlH3 as TMED.2 AlH3 (Eq 9) .  

Et20 
TMED + 2 AIHj - > TMED.2 AlH3r (9) 

On the o ther  hand, TMED p rec ip i t a ted  AlH3 as TMED.AlH3 i n  THF (Eq 10). However, the  p rec ip i t a -  

THF TMED + AlH3 -> TMED.A1H3 (10) 
25'C 

t i o n  o f  the  mono adduct from THF i s  incomplete. TED p rec ip i t a ted  AlH3 as the  1 : l  complex i r respec- 

t i v e  of t h e  solvent used (Eq 11). I n  both Et20 and THF, the p r e c i p i t a t i o n  of the  adduct proceeds 

THF o r  Et20 
TED + AlH3 > TED.A1H3+ 

25% 

quan t i t a t i ve l y .  TED.2 AIHj i s  no t  formed i n  THF, even i n  the  presence o f  two molar equivalents o f  

A1 HJ 

This p r e c i p i t a t i o n  react ion  was recen t l y  u t i l i z e d  i n  the successful synthesis of l i t h i u m  tri- 

alkylborohydr ides (LiR3BH).25 Recently the  react ion  of l i t h i u m  aluminum hydr ide  w i t h  representa- 

t i v e  t r ia lky lboranes,  as a po ten t i a l  rou te  t o  l i t h i u m  t r i a l ky lbo rohyd r i des ,  was invest igated. T r i -  

alkylboranes w i t h  pr imary a l k y l  groups reacted w i t h  l i t h i u m  aluminum hydr ide  according t o  equation 

12. 

Tr ia lkylboranes having secondary a l k y l  groups behaved d i f f e r e n t l y .  They a f fo rded a mix ture  o f  

d ia lkylborohydr ides and t r ia lky lborohydr ides .  Examination of the above reac t i on  a t  -78Y estab- 

l i s h &  t h a t  the  react ion  proceeds w i t h  the i n i t i a l  formation o f  the  des i red t r i a l ky lbo rohyd r i de  

(Eq 13). fo l lowed by a t r ans fe r  of the  a l k y l  group (Eq 14). 

THF LiR3BH + A1H3 -> LiR2BH2 + RAlH2 
2 5 T  

(14) 

This study i nd i ca ted  t h a t  a new synthesis o f  LiR3BH might be achieved i f  the aluminum hydr ide 

could be removed as soon as formed so as t o  avoid the  f a s t  subsequent react ion .  The observation 

t h a t  TED r a p i d l y  and quantitatively p rec ip i t a tes  aluminum hydr ide as TED.AlH3 from Et20 was u t i l -  

ized. Accordingly, l i t h i u m  aluminum hydr ide was reacted w i t h  t r i a l ky lbo ranes  i n  Et20 i n  the Pre- 

sence o f  the heterocyc l ic  amine, TED, t o  g i ve  the corresponding l i t h i u m  t r ia lky lborohydr ides .  
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Aluminum hydr ide  p r e c i p i t a t e d  out  of so lu t i on  as TED.AlH3, leav ing pure product i n  so lu t ion .  The 

data on the a d d i t i o n  compounds o f  boron t r i f l u o r i d e ,  borane and alane w i t h  TMED and TED are sumnar- 

i zed  i n  Table I. 

TABLE I 

Sumnary of Data on Add i t ion  Compounds of Boron T r i f l u o r i d e ,  Borane and 

Alane w i t h  N,N,N1,N'-Tetramethylethylenediamine and Tr iethylenediamine 

TMED TED 

1 :la 1 : P  1 :la 1 : P  

Lewis Acid mp, "C mp, "C 

BF3 
- 210-212~ 1 99-201d > 300' 

BH3 -3 t o  -le 184-185c'd 168-170e > 3 ~ 0 ~ . ~  

AIH3 140-143~ 95-9gC 280 -~82 ' ' ~  - 

'l:l = TMED.MX3 o r  TED.MX3. b l :2  = TMED.2 MX3 o r  TED.2 MX3 C ~ m p l e t e  p r e c i p i t a t i o n  a t  25'C 

from E ~ ~ o .  d ~ o m p ~ e t e  p r e c i p i t a t i o n  a t  25'C from THF. ' ~oes  no t  p r e c i p i t a t e  i n  t h i s  form. TED.BH~ 

was prepared by me l t i ng  together TED and TED.2 BH3 TMED.BH3 has been prepared prev ious ly  by a 

corresponding p r ~ c e d u r e . ~ '  f lncomplete p r e c i p i t a t i o n  a t  25'C from THF. 

ADDITION COMPOUNDS OF TMED AND TED WITH DIALKYL AND 

MONOALKYLBDRANES 

Dialkvlboranes - The p o s s i b i l i t y  of u t i l i z i n g  e i t h e r  TMED o r  TED t o  p r e c i p i t a t e  q u a n t i t a t i v e l y  

BF3. BH3 o r  AlH3 from e the r  solvents made the TMED and TED adducts o f  d ia lkylboranes and monoalkyl- 

boraner of considerable i n t e r e s t .  Accordingly,  the  p o s s i b i l i t y  o f  u t i l i z i n g  TMED o r  TED as a 

s t a b i l i z i n g  addendum fo r  dialkylboranes and monoalkylboranes was explored. The dialkylboranes, 

Chx2BH, Sia2BH and Ipc2BH were selected f o r  the  study. Unfortunately, our attempts t o  s t a b i l i z e  

these dialkylboranes w i t h  TMED were u n f r u i t f u l .  The adducts appear t o  be dissociated, so t h a t  the  

dialkylboranes. undergo the usual r e d i s t r i b u t i o n  react ions .  Presumably, the  d i ssoc ia t i on  i s  the  

r e s u l t  of c o n f l i c t i n g  s t e r i c  requirement o f  the d ia lky lboranes and the t e r t i a r y  amine. 

Diisopinocampheylborane (Ipc2BH) reacts  w i t h  TMED w i t h  the  displacement o f  a-pinene, prov id ing 

the TMED add i t i on  cmpound of monoisopinocampheylborane (IPCBH2, Eq 15). I f  one-half equ iva lent  

Ipc2BH + TMED =, TMED.BH21PC + a-pinene 
25'C 

(15) 

of TMED i s  used, the  b i s  adduct o f  lpcBH2 i s  obtained (Eq 16 ) . ' ~  Both the  mono and the b i s  adducts 

Et20 
2 Ipc2BH t TMED > TMED.2 BH21Pc + 2 a-pinene 

34OC.0.5 h 
(16) 



are c rys ta l l i ne ,  a i r -s tab le  compounds. An unexpected development was the discovery tha t  the b i s  

adduct of TMED w i t h  IpcBH2 separates i n  much higher opt ica l  p u r i t y  than the a-pinene used t o  syn- 

thesize Ipc2BH. Reaction o f  the adduct w i t h  Et20.BF3 prec ip i ta tes TMED as TMED.2 BF3, leaving the 

o p t i c a l l y  pure c h i r a l  hydroborating agent. I ~ c B H ~ ,  i n  ~ o l u t i o n . ~ '  The mono and the b i s  adducts 

can also be prepared according t o  equations 17 and 18 respect ively.  14 

Et3N.BH21pc + TMED mat > TMED.BH21pc + Et3N. 
25'C.l h 

(17) 

2 TMED.BH21pc + 2 Et20.8F3 THF > TMED.2 BH21pc t TMED.2 BF3+ (18) 
ZS"C.0.5 h 

Recently the react ion of heterocycl ic dialkylboranes, borinane and 9-borabicyclo[3.3.1]nonane, 

( 9 4 ~ ~ ) .  w i t h  various amines was compared using an in f rared technique." A special  ob ject ive of the 

study was t o  determine whether i t  was possible t o  complex p re fe ren t ia l l y  one o f  the dialkylboranes 

w i th  a su i tab le  m i n e  and e f f e c t  a separation o f  the two reagents from t h e i r  mixtures. It was 

found t h a t  both borinane and 9-BBN form complexes withTMED and TED, bu t  there was a vast difference 

i n  the r a t e  of react ion. I n  n-hexane (n-C6H,4).solution, 9-BBN takes several hours for  complete 

react ion. I n  contrast,  borinane reacts p r a c t i c a l l y  instantaneously. The nature of the complex be- 

tween borinane and TMEO varies w i t h  the react ion solvent.. I n  n-hexane, even i n  the presence o f  , 

excess TMED, only the  b i s  adduct i s  formed (Eq 19). 

I n  THF and CHC13, both mono and b i s  adducts are formed according t o  the amount of TMED present. 

The b i s  adduct i s  spar ing ly  soluble i n  n-hexane (85% prec ip i ta tes  from a 1 M so lu t i on  a t  ODC). How- 

ever, w i t h  TED, borinane forms both mono and b i s  adducts i n  n-hexane. The b l s  adduct i s  p r a c t i c a l l y  

i n s o l ~ l b l e  a t  25'C. An unpublished study w i t h  9-BBN showed t h a t  i n  n-hexane it a lso formed only b i s  

adduct w i t h  TMED and both mono and b i s  adducts w i th  TED. The TMED adduct does not  possess much a i r  

s t a b i l i t y  and undergoes ox idat ion readi ly .  A recent ly reported improved synthesis of borinane 

s t a r t s  w i t h  9-BBN and 1,4-pentadiene (Eq 2D).29 I n  t h i s  synthesis, use o f  Et3N was made i n  
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separat ing borinane from %BEN. The low s o l u b i l i t y  and f a s t  r a t e  o f  cmp lexa t i on  between borinane 

and TMED o r  TED has a l s o  been u t i l i z e d  t o  e f f e c t  t h i s  separat ion (Eq 21). 30 

Monoal kvlboranes - The v e r s a t i l e  monoalkyl borane, thexylborane (ThxBH2), reac ts  d i r e c t l y  w i t h  

TMED o r  TED t o  fonn the 1:1 adduct (Eqs 22 and 23). 

ThxBH2 + TED -- lHF > TED.BH2Thx 
25'C 

The 1:2 adduct could be prepared by combining 2 moles of ThxBH2 w i t h  1 mole of the  amine (Eq 24). 

2 ThxBH2 t TMED -> TMED.2 BH2Thx (24) 
25'C 

Both TMED.2 BH2Thx and TED.BH2Thx are c r y s t a l l i n e  cmpounds. However, TED.BH2Thx e x h i b i t s  more 

ox ida t i ve  and h y d r o l y t i c  s t a b i l i t y  than TMED.2 BH2Thx. These a d d i t i o n  compounds a re  used i n  the  

i n d i r e c t  synthesis o f  monoalkylboranes. I n  general, i t  i s  no t  poss ib le  t o  synthesize monoalkyl- 

boranes by the  d i r e c t  r eac t i on  o f  o l e f i n s  w i t h  borane. 

Hydroboration o f  o l e f i n s  usua l l y  proceeds r a b i d l y  past the  monoalkylborane stage t o  g i ve  e i t h e r  

d ia lky lboranes o r  t r i a l ky lbo ranes .  Thexylborane amine (TMED o r  TED) adducts r e a c t  w i t h  o le f i ns  

w i t h  f a c i l e  displacement of t e t ramthy le thy lene  and the fonnation of the  corresponding.monoalky1- 

borane amine (TMED o r  TED) adducts i n  nea r l y  q u a n t i t a t i v e  y i e l d .  The 1 : l  adduct, TMED.ThxBH2. 

reacts  w i t h  o le f i ns ,  except a-pinene, t o  g i ve  the  1:2 adduct. TMED.2 BHZR (Eq 25). 

Et20 
+ 2 TMED.BH2Thx - TMED.2 BH2 t TMED t 2 

w n (25) 
34Y , l  h 

TMED.BH2Thx reacts  w i t h  a-pinene t o  g ive  the  1 : l  adduct, TMED.BH21pc. The 1:2 adduct, 

TMED.2 BH2Thx, reacts  with o le f ins ,  i nc lud ing  a-pinene, t o  g i ve  the  1 :2 adduct, TMED.2 BH2R 

(Eq 2 6 ~ ~ 1  

31.,i,. 
The react ion  between TED.BH2Thx and o l e f i n s  needs a r e l a t i v e l y  more vigorous cond i t ion .  

Thus, o le f i ns  reac t  w i t h  TED.BH2Thx i n  re f l ux ing  THF t o  fonn t h e  corresponding monoalkylborane TED 

adducts (Eq 27). 



Comparison o f  the  s t a b i l i t y  and the r e a c t i v i t y  of the adducts of ThxBH2 w i t h  TMED o r  TED i n d i -  

cates thatTED forms a stronger complex w i t h  ThxBH2 than TMED. Apparently the  s t e r i c  requirements 

of TED i s  l ess  than t h a t  of TMED and hence TED i s  a stronger Lewis base than TMED. The add i t i on  

compounds, TMED.2 BH2R and TED.BH2R, are a i r - s tab le  and can be stored wi thout  special  precaut ion 

f o r  an appreciable amount o f  t ime wi thout  apparent change. The adducts are r e a d i l y  converted t o  

the  f ree RBHZ by d i sso l v i ng  them i n  a su i t ab le  solvent and adding the appropr iate quan t i t y  of 

Et20.8F3. A r a p i d  p r e c i p i t a t i o n  of the  amine-boron t r i f l u o r i d e  complex occurs a t  room temperature 

5 
(25'C). Simple f i l t r a t i o n  under n i t rogen provides the RBH2 i n  so lu t i on  (Eq 28). 

TMED.2 BH2R + 2 Et20.BF3 THF > 2 RBH2 + TMED.2 BFj+ (28) 
25T.1 h 

The TED.BH2R adducts were recen t l y  used i n  the  preparat ion of l i t h i u m  monoalkylborohydrides 

( L ~ R B H ~ ) . ~ '  Thus, TED.BH2R reacts  w i t h  l i t h i u m  aluminum hydr ide a t  65OC i n  THF t o  g i ve  the  cor- 

responding LiRBH w i t h  concomitant p r e c i p i t a t i o n  of TED.AlH3 (Eq 29). The data on the add i t i on  com- 3 

TED.BH2R + LiAlH4 THF > LiRBH3 + TED.AlH3+ 
65T.2 h 

(29) 

pounds o f  d ia lkylboranes and monoalkylboranes w i t h  TMED and TED are sumnarized i n  Table 11. 

CONCLUSION 

I n  recent years, var ious add i t i on  compounds o f  TMED and TED w i t h  boron t r i f l u o r i d e ,  boranes 

and alane were synthesized i n  the Richard 8. We the r i l l  Laboratory under the  supervis ion o f  Professor 

Herbert C. Brown. This review . is aimed a t  assembling the data on these a d d i t i o n  compounds so t h a t  

i t  w i l l  be eas ier  f o r  the  subsequent researcher t o  compare the 1 : l  and 1:2 compounds of BF3, BH3, 

AlH3, R2BH and RBH2 w i t h  TMED and TED. I n  t h i s  review, the s t o i c h i m e t r y  and the completeness of 

the  p r e c i p i t a t i o n  o f  BF3. BH3 and AlH3 from Et20 and THF u t i l i z i n g  TMED and TED as the p r e c i p i t a t -  

i ng  agent have been discussed. The synthesis o f  a d d i t i o n  compounds o f  TMED and TED w i t h  c e r t a i n  

dialkylboranes i s  a l so  presented. I n  add i t ion ,  t h i s  review describes the method o f  p repara t ion  of 

TMED.2 BH2R and TED.BH2R--valuable means fo r  s t a b i l i z i n g  the monoalkylboranes. Various appl ica- 

t i o n s  o f  these add i t i on  compounds are b r i e f l y  mentioned i n  the  appropr iate places. 

- F inanc ia l  support P r m  the Nat ional  I n s t i t u t e s  o f  Heal th (GM 10937-19) i n  car ry -  

i ng  out  t h i s  work i s  g r a t e f u l l y  acknowledged. 
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TABLE I1 

Sumnary of Data on Add i t ion  Compounds of Dialkylboranes and 

Mnoalkylboranes w i t h  N,N,N1,N'-Tetramethylethylenediamine 

and Tr iethylenediamine 

---- ME0 - TED - 
l:lU 1:P 1: l"  1 :zb 

Organoboranes mp, 'C mp. 'C 

Dicyclohexyl  borane c c - - 
Disiamyl borane d 

0 C - - 
Diisopinocampheyl borane e f e - 
9-Borabicyclo[3.3.l]nonane - - - - 
Borinane 9 142-144 183-187 232-234 

3-Hexyl borane h 27-29 - - 

Cyclopentylborane h 105-106 74-76 - 

em-Norbornyl borane h 118-119 140-141 - 

Cyclohexyl borane h 100-101 109-111 - 
Siamyl borane d 

i 90-92 70-72 - 
tms-2-Methylcyclopentylborane h 123-124 - - 
Isopinocampheyl borane 113-115 140-141 126-127 - 
Thexyl borane i 43-45 97-99 - 

'1:l = amine.BHR2 o r  amine.BH2R. b l :2  = amine.2 BHR o r  amine.2 BH2R.  he adducts are dissoc- 

i a t e d  and the dialkylboranes undergo r e d i s t r i b u t i o n  react ion .  %iamyl E 3-methyl-2-butyl. 

eEl iminates a-pinene a f fo rd ing amine.BH21pc. f ~ l i m i n a t e s  a-pinene prov id ing amine.2 8H21pc. 

g ~ e m i s o l i d  a t  25°C. h ~ o e s  no t  form TMED.BH2R even i n  the  presence of excess TMED. i ~ i q v i d  a t  2 5 T .  

Dedicat ion - This review i s  c o r d i a l l y  dedicated t o  Professor Herbert  C. Brown, Nobel Laureate, on 

the occasion of h i s  70th b i r t hday  and a l so  i n  recogn i t i on  o f  h i s  c o n t r i b u t i o n  t o  chemistry. 
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