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INTRODUCTION 

Although complexes between amines and borane have been known f o r  many 

years and several are commercially avai lab le,  they have not  seen t h e  wide- 

spread usage as reducing or  hydroborat ing agents enjoyed by t h e i r  chemical 

couslns borane-THF,' borane-dlmethylsul f ide,* borohydr ide 3 and cyanoboro- 

h ~ d r l d e . ~  

on ly  sparse appl I c a t l ~ n s . * ' ~  Nevertheless, t h e  aval l a b l e  evidence suggests 

t h a t  t h e  reducing a b i l i t i e s  of amiqe boranes in  some i n s t a w e s  mimics the  

chemlstry o f  borohydride3 o r  c y a n ~ b o r o h y d r l d e ~  and, I n  addi t ion,  o f t e n  

o f f e r s  unique reducing proper t ies.  Indeed, dur ing t h e  past few years, 

I n  fact ,  recent  reviews devoted t o  s e l e c t i v e  reduct ions r e p o r t  

on of t h e  syn the t i c  p o t e n t i a l  o f  amine boranes has r a p i d l y  

and t h i s  has i n  t u r n  augmented t h e i r  p o t e n t i a l  f o r  t h e  fu tu re .  

ew updates t h e  shor t  a r t i c l e  which appeared i n  19736 and hope fu l l y  

w i l l  s t imu la te  f u r t h e r  Inves t i ga t i ons  o f  t h i s  Important but  r e l a t i v e l y  

neglected c l a s s  o f  reagents. Coverage w i l l  p r i m a r i l y  focus on t h e  I i t e r a -  

t u r e  s ince 1973, b u t  some over lap w i t h  t h e  previous review' i s  essen t ia l  

f o r  completeness. 

3 37 
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H U T C H I N S  LEARN,  NAZER PYTLEWSKT AND PETTrFR 

1.  PREPARATION AND PROPERTIES 

Schlesinger and Burg prepared t h e  f i r s t  amlne borane complex I n  1937 

by t h e  d i r e c t  r e a c t i o n  o f  dlborane w i t h  trimethyIamlne'(eq. 1 ) .  

I n i t i a l  discovery, numerous complexes have been synthesized employing many 

d i f f e r e n t  reagents and methods.' 

comnonly used as reducing agents are produced commercially on large scale 

so t h a t  demand for even tonage q u a n t i t i e s  can be met. 

Since t h i s  

Current ly,  most s imple amine boranes 

9 

2(CH3>3N + B2H6 - 2(CH3)3NBH3 
I n  general, s tab le  amine borane complexes w i l l  form i f  t he  pKa of  t h e  

amlne I s  above 5.0-5.5. Th is  means t h a t  a m n i a  borane as wel l  as almost 

a l l  primary, secondary and t e r t i a r y  a l i p h a t i c  amine boranes can be 

synthesized s ince near l y  a l l  a l i p h a t i c  amines f a l l  w i t h i n  or above t h e  

c r i t i c a l  PK a range. The major except ions are branched chain t e r t i a r y  amines 

s u c h  as t r i - isobuty lamine,  where s t e r i c  hindrance of t h e  alkyl groups 

prevents s tab le  bonding.'' 

borane and s u b s t i t u t e d  p l p e r i d i n e s  has been explored." 

m i n e s ,  P K a  values below 5.0 are more f requen t l y  encountered and t h e  

corresponding amlne boranes are less comnon. An i l i ne ,  f o r  example, has a 

pKa of 4.6 and consequently a n i l i n e  borane cannot be r e a d i l y  iso la ted.  

N,N-Dimethylanlline (pKa 5.1) and p y r i d l n e  (pKa 5.2) are border l ine;  both 

form s t a b l e  complexes w i t h  borane but  t h e  B-N bond Is weak i n  both cases." 

More r e c e n t l y  t h e  synthes is  of complexes between amines and a lky lboranes 

has received appreciable a t ten t i on .  Thus, Brown and coworkers obta ined 

tr iethylamlne thexylborane by d i r e c t  r e a c t i o n  between t h e  componentslZa and 

N,N-diethylani l lne thexy l  borane i s  a l s o  a v a i l a b l e  & t h i s  route.  

Furthermore, t r i e t h y l a m i n e  thexylborane reac ts  r a p i d l y  w i t h  many alkenes t o  

f o r m  new a lky lborane t r l e t h y l a m i n e  complexes (eq. 2 )  which are r e a d i l y  

recovered by removal of so lvent  and te t ramethy lethy lene under vacuum. 

The stereochemistry o f  complexat Ion between 

With aromatic 

12a 
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M I N E  BORANES A S  SELECTIVE REDUCING AND HYDRORORATING AGENTS. A REVIEW 

Several d ia lky lborane amlne complexes have a l s o  been synthesized, 

usua l l y  by d i r e c t  react ion.  Thus, commercially a v a i l a b l e  9-borabicyclo- 

[3.3.1]nonane (9-BBN) complexes w i t h  trlmethylamlne, p y r i d i n e  or *p l co I Ine  

and t h e  corresponding amlne bo ranes 'p rec lp i t a te  from pentane. 

I nves t i ga t i ons  have a l so  r e s u l t e d  I n  simple procedures f o r  t he  preparat ion 

of p y r i d i n e  p h e n y l b ~ r a n e , ' ~  t r i e t h y l a m t n e  1-methylcyclopentyl borane15 and 

c h l r a l  d e r i v a t i v e s  between iso- and dlisopinocampheyl boranes and m ines .  

13 

16 

The m a j o r i t y  of a l i p h a t i c  amine boranes are wh i te  c r y s t a l l i n e  s o l i d s  

which are s t a b l e  i n d e f i n i t e l y  a t  r o o m  temperature and p r a c t i c a l l y  

unaf fected by a i r  or moisture. 

genera l l y  r e a c t  w i t h  p r o t i c  media and mois t  a i r . "  

amine boranes, which con ta in  a hydrogen bonded t o  ni t rogen, are thermaly 

unstable above about 7OoC g i v i n g  aminoboranes and hydrogen (eq. 3 ) .  The 

decomposition i s  genera l l y  slow a t  7OoC, b u t  q u i t e  r a p i d  a t  100°C.17 

Notable except ions Include t-butyiamine borane which I s  s t a b l e  u n t i l  

m e l t i n g  (95OC) and dlmethylamlne borane which i s  s t a b l e  to a t  l e a s t  

h i l i n e  d e r i v a t i v e s  a re  less s t a b l e  and 

Pr imary and secondary 

1 lOOC.18 

A 
RNH2BH3 ____) RNHBH2 + H2 ( 3 )  

A l i p h a t i c  amlne boranes a re  a t  l e a s t  s l i g h t l y  so lub le  in  and 
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H U T C H I N S ,  LEARN, NAZER, PYTLFTWSKI AND PELTER 

unreact lve toward a wide range of p r o t i c  and a p r o t l c  so lvents  Inc lud ing  

water, methanol, ether, THF, hexane, methylene c h l o r i d e  and to luene as 

i l l u s t r a t e d  i n  Table Thls  expands t h e  u t i l i t y  of the reagents s ince 

most o ther  hydr lde reagents are r e s t r i c t e d  t o  e i t h e r  po la r  ( i .e .  NaBH4, 

NaBH3CN) o r  nonpolar (and a p r o t i c )  so lvents  ( i .e .  LiAlH4, (I-Bu)2AIH). The 

a l i p h a t i c  reagents r e a c t  w i t h  ca rboxy l i c  a c l d  so lvents  t o  l i b e r a t e  2 moles 

of H2 and a f f o r d  so lu t i ons  of HB(02CR)2 or  RNH2HB(OZCR1)2.19 

TABLE I. Solubilities of Amine Borane Complexes (25°C.) a’b 

Borane Complex H 0 CH OH Et 0 THF Hexane Benzene Toluene CH2Cf2 2 3 2 

ammonia 

t-butylamine 

dimethylamine 

trimentylamine 

triethylamine 

mo r p h o 1 in e 

N,N-diethylaniline 

N-phenylmorpholine 

pyr id ine 

2,6-lutidine 

vs 

S 

vs 

ss 

ss 

vs 

R 

R 

ss 

ss 

vs 

vs 

vs 

vs 

v S 

vs 

R 

R 

vs 

vs 

vs 
S 

vs 

vs 

vs 

S 

vs 

vs 

vs 

S 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

ss S 

I S 

I vs 

I vs 

vs vs 

I S 

vs vs 

I vs 

I vs 

I vs 

v s  
S S 

vs vs 

vs vs 

vs vs 

S vs 

vs vs 

S vs 

vs vs 

vs vs 

a. refs. 6 and 17. b. R = reacts; I = insoluble,<O.lg/lOO mL; SS = 
slightly soluble, O.l-l.Og/lOO mL; S = soluble, 1.0-3.0g/lOO mL; VS = very 
soluble,>3.Og/100 mL. 

aprot  

water 

Hydro 

I I .  HYDROLYSIS AND DEUTERIUM EXCHANGE 

As mentioned, t h e  weak arylamine borane complexes are r e a d i l y  

hydrolyzed by water and u l coho ls  and thus must normal iy be used under dry, 

c condi t ions.  On the  other hand, alkylamine boranes are s t a b l e  In  

and a lcohols  a t  near n e u t r a l i t y  f o r  over 12 hrs. a t  25OC.l’ 

y s i s  occurs i n  a c i d i c  media a t  vary ing r a t e s  depending on t h e  
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AMINE BORANES AS SELECTIVE REDUCING AND HYDROBORATING AGENTS. A REVIEh’ 

s t a b i l i t y  of t h e  complex and genera l l y  follows t h e  order: NH3BH3 RNH2BH3 

R2NHBH3 R3NBH3. Thus, i n  1M HCI 50% aqueous ethylene g lyco l ,  

(CH3)3CNH2BH3, (CH312NHBH3 and (CH3I3NBH3 are completely hydrolyzed i n  2, 9 

and 1000 min., r e ~ p e c t i v e l y . ~ ~  

excess hydr ide may be destroyed w i t h  aqueous acid. 

I n  syn the t i c  appl icat lons,  therefore,  

The boron hydrogens of (CH313NBH3 undergo r a p i d  exchange w i t h  

deuterium i n  a c i d i c  D20 (eq. 4 )  t o  produce (CH3I3NBD3 which can be i s o l a t e d  

by e x t r a c t i o n  w i t h  ether.21 

hyd ro l ys i s  s ince a f t e r  6 hours, t h e  amineborane was 98% deuterated and o n l y  

6% hydrolyzed. Although s i m i l a r  exchanges invo lv lng  more ac id  s e n s i t i v e  

Thus, exchange occurs much more r a p i d l y  than 

complexes have no t  been invest igated, t h e  process p o t e n t i a l  

t h e  ready procurement o f  deuterium (and presumably t r i t i u m )  

reagents f o r  i n t roduc ing  D o r  T by reduct ions.  Trimethylam 

has been used t o  prepare NaBD422a and 62Dg. 22b 

y prov ides fo r  

labeled 

ne bor ane-d3 

I l l .  AMINE BORANES AS REDUCING REAGENTS 

a. General Reducing P roper t i es  

Although t h e  a b i l i t y  o f  amine boranes t o  reduce a number o f  

f unc t i ona l  groups has been known for many years,6 widespread usage has 

lagged. This  I s  probably p a r t l y  due t o  emphasis i n  t h e  e a r l i e r  works on 

t h e  r e l a t i v e l y  unreact ive t e r t i a r y  amine boranes which behave as reducing 

agents on l y  w i t h  reluctance.6 Recent i nves t i ga t i ons  w i t h  more r e a c t i v e  

examples have uncovered a v a r i e t y  o f  useful ,  s e l e c t i v e  and unique reducing 

c a p a b i l i t i e s  which should insure amine boranes t h e i r  proper Inc lus ion  I n  

t h e  arsenal of reduc t i ve  weapons a v a i l a b l e  t o  chemists. 
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H U T C H I N S ,  LEARN, NAZER, PYTLWSKI AND PELTFIR 

I n  general, t h e  reducing a b i l i t i e s  o f  amine boranes are tempered 

compared t o  e i t h e r  borane’,’ or borohydrlde3 due t o  t h e  e l e c t r o n  

withdrawing e f f e c t  of t h e  e l e c t r o n - d e f i c i e n t  n i t rogen  and thus, I n  some 

respects, t h e  complexes resemble cyanoborohydrl de.4 

reduclng a b l l i t y  I s  g r e a t l y  dependent on t h e  complexing amlne. I n  

a l i p h a t i c  amine boranes t h e  reducing a b i l i t y  decreases w i t h  a l k y i  

s u b s t i t u t i o n  I n  t h e  order:  HJNBH3>RH2NBH3> RZHNBHj > R3NBH3. 

o f  a r y l  and heteroary l  amine boranes, t h e  reducing a b i l i t y  appears more 

dependent on t h e  base s t reng th  o f  t h e  amine. As a general r u l e ,  t h e  lower 

t h e  pKa o f  t he  amine, t h e  stronger t h e  reducing agent. 

reduc t i on  c a p a b i l l t l e s  are ob ta inab le  and, coupled w i t h  t h e  c o m p a t i b i l i t y  

o f  t h e  reagents toward acid, prov ide h igh v e r s a t i l i t y  f o r  reduc t i ve  

s e l e c t i v i t y .  App l l ca t l ons  t o  var ious func t i ona l  group reduct ions are 

discussed separately i n  t h e  f o l l o w i n g  sect ions.  However, It should be 

noted t h a t  much room f o r  f u r t h e r  i n v e s t i g a t i o n  remains. 

On t h e  other  hand , t h e  

I n  t h e  case 

Thus, a range o f  

b. Reductions o f  Carbonyl Groups 

Ear l y  s tud ies w i t h  amine boranes focused on t h e i r  a b i l i t y  t o  

reduce carbonyl compounds i n  neu t ra l  media. Pyr ld i r le  borane was shown t o  

reduce aldehydes, a r y l  ketones and ac id  c h l o r i d e s  t o  t h e  corresponding 

a lcohols  i n  r e f l u x i n g  benzene or  to luene I n  y i e l d s  ranging from 21 t o  

94%.23 

solvent  a t  100°C.24 

c h l o r i d e  were reduced t o  benzyl a lcohol  i n  respec t i ve  y i e l d s  o f  90 and 96% 

but  on l y  one o f  t he  th ree  a v a i l a b l e  hydr ldes o f  p y r i d i n e  borane was 

act ive.24 S im i la r  r e s u l t s  were obtained employing ethy l - ,  I -propyl- ,  t- 

b u t y l -  and dimethylamine boranes i n  r e f l u x i n g  ether or benzene; aldehydes, 

ketones and a c i d  c h l o r i d e s  were reduced t o  t h e  corresponding a lcohols  i n  

good t o  excel l e n t  y l e l d s  by these more r e a c t i v e  reagentsJZ5 but  o ther  

carbonyl  d e r i v a t i v e s  ( c a r b o x y l l c  acids, esters,  amides) were i n e r t .  

Be t te r  r e s u l t s  were obta ined w i t h  t h i s  reagent us ing p y r i d i n e  as 

Under these cond i t i ons  benzaldehyde and benzoyl 
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AMINE B O W E S  AS S E L E C T I V E  REDUCING AND HYDROBORATING AGENTS. A REVIEW 

In 1959, Jones26 reported a catalytlc effect of BF3 on the reduction 

In the presence of of 4-t-butylcyclohexanone with trlmethylamlne borane. 

BF3, this ketone was reduced In two mlnutes quantltatlvely by (CH3)3NBH3 

(OOC., dlglyme). In the absence of the Lewis Acid catalyst, the reduction 

was Incomplete even after three days (55% reduction, 100°C., In dlglyme). 

Boron trlfluorlde also seemed to alter the reduction stereochemlstry (Table 

I I ) .  

gave the same product distribution In the reduction of 4-t- 

butylcyclohexanone suggests a common Intermediate for both cases Involving 

an Inltlal, slow formation of a ketone-borane complex followed by a rapid 

Intramolecular hydrlde transfer (eq. 5 ) .  In contrast, the acid catalyzed 

reduction was r e ~ o r t e d ~ ~ , ~ ~  to proceed via an lnltlal complexatlon of BF3 

with the carbonyl followed by an Intermolecular hydride transfer from the 

amlne borane (eq. 6). Steric approach control2' was suggested to explain 

the observed stereochemlstry. 

with a polymer bound amlne borane which reduces aldehydes and ketones to 

the corresponding alcohols In moderate yields." 

The fact that (CH3I3NBH3, In the absence of the BF3 and dlborane, 

Boron trlfiuoride also catalyzes reductions 

Encouraged by the catalytic effect of Lewis acids cited above (AIC13 

also serves as a catalyst26), Kel ly and coworkers30 demonstrated that amine 

boranes (particularly morphollne, N-methylmorphollne and trlmethylamlne 

boranes) are highly effective in reducing carbonyl compounds even In highly 
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HUTCHINS, LEARN, NAZER, PPTLENPKI AND PEIjTER 

26 
TABLE 11. Reduction of 4-~-Butylcyclohexanone in Diglyme 

Hydride Lewis Acid Conditions % Reduction Ratio cis/Q. 

(CH3)3NBH3 - 100°C., 3 days 55 16/84 

- loooc., - 100 1 6 / 8 4  

BF3 

B2H6 BF3 

B2H6 

(CH ) NBH3 3 3  o'c., 2 min. 100 46/54 

OOC., - 100 15/85 

a c i d i c  aqueous media (HCI ,  pH 2 ) .  The r e a c t i o n  r a t e s  o f  amine boranes w i t h  

aldehydes and ketones were found t o  increase w i t h  increas ing a c i d i t y  o f  t he  

medium. From k i n e t i c  s tud ies w i t h  morpholine borane, it was ca l cu la ted  

t h a t  protonat  ion renders the  carbony I group 2. 10' 

toward reduct ion.31 Fur ther  mechanist ic s tud ies ind icated t h a t  reduc t i on  

occurs by two pathways, one independent o f ,  and the  other f i r s t  order in, 

t imes more r e a c t i v e  

t h e  hydrogen ion concentrat ion.  K i n e t i c  data f o r  t he  acid-catalyzed 

pathway are consis tent  w i th  a rate-determining at tack of amine borane on a 

protonated carbonyl which Is formed i n  a r a p i d  pre-equi l ibr ium.  The acid- 

independent pathway was suggested t o  Involve a rate-determining at tack of 

amine borane on the  neutra l ,  unprotonated carbonyl. A four-centered 

t r a n s i t i o n  s t a t e  has been proposed fo r  the reduc t i on  o f  a l i p h a t i c  ketones 

w i t h  morphol ine b ~ r a n e . ~ '  The r e l a t e d  de r i va t i ve ,  morphol ine cyanoborane, 

f a i l e d  t o  show any r e a c t i v i t y  towards carbopyl compounds even under h i g h l y  

a c i d i c  condi t ions,  an e f f e c t  presumably due t o  t h e  e l e c t r o n  withdrawing 

i nduc t i ve  e f f e c t  o f  t h e  cyano group. 32 

Trimethylamine borane I n  methanol ic HCI s e l e c t i v e l y  reduced t h e  car-  

bony1 group o f  2,3-diphenylcyclopropenone t o  form 1,Z-diphenylcyclo- 

p r ~ p e n e . ~ ~  

ketone, presumably through a cyclopropanone intermediate (eq. 7). 

I n  cont rast ,  LiAIHq o r  c a t a l y t i c  hydrogenation gave dibenzyl-  
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MINE BORANES AS SELECTIW3 REDUCING AND HYDROBORATING AGENTS. A REVIEW 

A h  

P A P 4 T I P  H 2 ,cat. 
PhCH2COCH2Ph 

(7) 

Johnson and coworkers34 demonstrated t h e  abi I I t y  o f  pyr i d i n e  borane in 

a c e t i c  ac id  to reduce t h e  17-keto group o f  var ious s tero ids.  

Dihydroeplandrosterone acetate, f o r  example, was reduced by t h i s  system (3 

hrs., 25OC. 1 t o  aff0rdA~~~-androsten-3f3-17B-dioI-3-acetate (eq. 8). 

Furthermore, p y r i d l n e  borane in a c e t i c  a c i d  has been establ ished as a t o o l  

f o r  asce r ta in ing  t h e  C/D r i n g  c o n f i g u r a t i o n  o f  1 7 - k e t o ~ t e r o i d s ~ ~ ~ ~ ~  i n  t h a t  

compounds con ta in ing  a t r a n s  C/D r i n g  Juncture ( i .e.  eq. 8) are reduced by 

p y r i d i n e  borane in a c e t i c  ac id  wh i l e  those w i t h  a c i s  C/D fus ion  remain 

I n e r t .  

In t r i f l u o r o a c e t l c  a c i d  (TFA), p y r i d l n e  borane reduces aldehydes t o  

symmetrical ethers.36 The absence o f  normal alcohol  products may r e s u l t  

because t h e  e l e c t r o n  withdrawlng t r i f i u o r o a c e t o x y  group s t a b i l i z e s  boron- 

oxygen bonds a l l ow ing  f u r t h e r  r e a c t i o n  t o  occur t o  g i v e  ethers.  Alcohols 

are obta I ned from aromat 1 c a I dehydes bear i ng s t rong  e I ec t ron  w i thdraw i ng 

groups (1.e. m-n i t ro)  and from dla lky lketones.  36b Reduction o f  aldehydes 

i n  t h e  presence o f  a lcohols  provides unsymmetrical e the rs  wh i l e  analogous 

conversions i n  t h e  presence of t h i o i s  a f f o r d s  s ~ l f i d e s ~ ' ~ ( e q .  9). The 

reduc t l on  o f  a r y l - a l k y l  ketones w i t h  p y r i d i n e  borane i n  TFA produces t h e  

34 5 
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HUTCHINS, LEARN, NAZER , PYTLEWSKI AND PEIcTER 

cor respond ing  methylene compounds and a r y l  a l c o h o l s  a re  s i m i l a r l y  reduced 

t o  arenes. 36b 

which are  s u f f l c l e n t l y  s t a b l e  i n  a r y l  cases t o  be t rapped by hyd r lde .  

Such convers ions  suggest t h e  fo rma t ion  o f  i n te rmed ia te  Ions 

RCHO C:H:NBH3 ’ TFA + RCH20CH2R 

RCHO + R’OH 

C,H,NBH,, TFA) RCH2SRv RCHO + R’SH J J  -I 

Andrews and Crawford” have demonstrated t h a t  NH3BH3 and p r imary  and 

secondary amlne boranes a re  m i ld ,  h i g h l y  e f f e c i e n t  and s t e r e o s e l e c t i v e  

( 9 )  

reduc ing  agents for  aldehydes and ketones i n  p o l a r  p r o t i c  and a p r o t i c  

so l ven ts .  I n  con t ras t ,  l e s s  r e a c t l v e  t e r t i a r y  and aromat ic  amine complexes 

e x h i b i t e d  I n f e r i o r  r e a c t i v i t y  and s e l e c t i v i t y .  The order  of r e a c t i v l t y  

toward 4-f-butylcyc lohexanone was shown t o  be: NH3BH3 > f-C4H9NH2BH3 > 
(CH3 I2NHBH3> C5H5NBHJ > 1CH3 I3NBH3 (Tab l e  1 I 1 ) . 
TABLE 111. The Relative Reactivity and Stereoselectivity of Amine Boranes 

in the Reduction of 4-~-Butylcyclohexanone in CH OH/H20 at 25OC 3 
OH 

t -Bu HO- t - B u  L 7 - - O ! B &  

I I1 111 

Reagent T i m e  
15 min. 85 min .  18hrs 
1I:III I1 : I11 I1 : 111 
(yield) (yield) (yield 

NH3BH3 91:9( 99) 

t-C4H9NH2BH3 92:8( 99) 

(CH3) 2NHBH3 90:10(73) 92:8( 99) 

2,6-Lutidine.borane 82:18(33) 85:15(42) 86: 14 ( 99) 

C5H5NBH3 ( 0 )  81 : 19129) 

(CH3) 3NBH3 ( 0 )  ( 0 )  80 : 20 ( 6 )  
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AMINF, BORANES A S  S E L E C T I V E  RFDUCING AND HYDROBORATING AGENTS. A REVIEW 

Table I l l  i l l u s t r a t e s  the  stereochemical features o f  amine borane 

reduct ions o f  c y c l l c  ketones. Amnonia, pr imary and secondary amlne boranes 

demonstrate h igh preferences f o r  a x l a l  a t tack (>90%) t o  a f f o r d  equa to r ia l  

a lcohols.  Th i s  approach preference is i n  l i n e  w i t h  s i m i l a r  r e s u l t s  

obta ined w i t h  other  "small" reagents (1.e. LiAIH4 and NaBH4 a f f o r d  - ca. 90 

and 85% a x l a l  at tack,  r e s p e c t i v e l y ) .  However, w i t h  t h e  hindered ketone 

camphor the  s t e r e o s e l e c t i v i t y  o f  a t tack was g r e a t l y  diminished compared t o  

NaBH4. 

becomes impl icated and competes when long r e a c t i o n  times are requ i red  (eq. 

The reason f o r  t h i s  Is no t  obvious, perhaps d i ssoc ia ted  borane 

NH3BH3/7 hrs. 4 9  51 

NaBHq/7 days G5 15 

(99:; y i e l d )  

(53% y i e l d )  

The syn the t i c  u t i l i t y  o f  amnonia and f-butylamlne boranes fo r  t h e  

chemoselective reduc t i on  o f  several  s t r u c t u r a l l y  v a r i e n t  carbonyl compounds 

has a l s o  been 

reduc t i on  o f  ketoesters  t o  alcohol  es te rs  and a,B-unsaturated ketones t o  

a l l y l i c  a lcohols  (Table I V ) .  t-Butylamlne borane has also been employed in  

t h e  s te reose lec t l ve  reduc t i on  o f  several  12-ketoacholanic  a c i d  esters .  

At tack o f  t h e  amine borane i n v a r i a b l y  occurs on the  a - face  t o  a f f o r d  the  

equa to r ia l  a lcohol .  

The reagents show excel l e n t  s e l e c t i v i t y  I n  the  

38 

Compet i t ive experiments have ind i ca ted  t h a t  amnonia borane and t- 

39 butylamine borane e f f e c t i v e l y  d i sc r im ina te  between aldehydes and ketones. 

Thus, i n  both p r o t i c  and a p r o t l c  solvents,  benzaldehyde i s  chemoselectlvely 

reduced i n  t h e  presence o f  acetophenone (Table V )  and a l l  t h ree  hydr 

t h e  amlne borane are a v a i l a b l e  for I n  ace t i c  acid, a PO 

bound m i n e  borane (Amborane) revealed s i m i l a r  a l though lower s e l e c t  
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HUTCHINS, LEARN, NAZER, PYTLEWSKI AND PELTER 

TABLE IV. Chemoselective Reduction of Aldehydes and Ketones 

Compound Amine Borane Solvent OC (Time) Product(% yield) 

L-C 4 9  H NH 2 BH 3 Et20 25(16 hrs) O H  ( 8 7 )  

G:t (65) Q=. 
t-C4H9NH2BH3 Et20 25(16 hrs) 

C6H5CH0 NH3BH3 CH30H/H20 O(10 min) C 3 C!! OH (83) 6 5  2 

C H CHOHC02C,t (84) 6 5  C6H5COC02Et NH3BH3 Et20 25(4 hrs) 

C6H5CH=CHCOCH 3 t-C4H9NH2BH3 CHC13 25(1 hr) C6H5CH=CHCHOHCH3(79) 

NH3BH3 EtZO 0(1 hr) 

(Tab le  V ) . 4 0  

The a b i l l t y  o f  d i i sop ropy lamine  borane to  reduce a ketone i n  t h e  

presence of an e s t e r  and a B- lactam was r e c e n t l y  e x p l o i t e d  i n  t h e  s y n t h e s i s  

o f  th ienamyc in  from p e n i c i  I I in.41a 

s t e r e o s e l e c t i v e  and a f f o r d e d  one diastereomer i n  h i g h  predominance (eq. 

1 1  ).41a 

I n  a d d i t i o n ,  t h e  r e d u c t i o n  was h i g h l y  

L ikewise ,  ammonia borane ( i n  aqueous methanol 1 was s u c c e s s f u l l y  

u t i l i z e d  I n  +he s y n t h e s i s  o f  l ub im in  and oxy lub im in  t o  s e l e c t i v e l y  reduce a 

ke tone i n  t h e  presence of a cyano group41b and t -bu ty lam ine  borane was used 

t o  reduce a ke tone i n  t h e  presence of a l ac tone  and t o  reduce an aldehyde 

I n  t h e  presence o f  bo th  a l ac tone  and a ketone i n  t h e  syn thes i s  of 

41 c sesqu l te rpene n a t u r a l  p roduc ts .  

k k k 
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AMINE BORANES AS SELECTIVE REDUCING AND HYDROBORATING AGENTS. A REVIEW 

TABLE V. The Selective Reduction of Benzaldehyde in the Presence of 

Acetophenone with Amine Borane Reagents a 

Reagent Solvent T"C. Ratio V1:VII % Yield 

t -C4 H9NH2 BH3 

1 1  

1 1  

I I  

NH3BH3 

1 1  

3 2,6-lutidine BH 

pyridine BH 

(CH3) 3NBH3 

Amb o r ane 

3 

CH,OH/H,O(l:l) 0 98:2 81 
J L  

THF 

CHC13 

'gHgCH3 

CH30H/H20 (1 : ) 

I 1  

CHC13 

1 1  

I 1  

CH,CO,H 

0 

0 

0 

0 

25 

25 

25 

25 

25 

95:5 

97:3 

94:6 

97:3 

97:3 

55:45 

35:65 

N.R. 

87:13 

84 

87 

95 

97 

90 

9 

1 1  

0 

91b 
~ 

a. ref. 39 unless indicated otherwise. b.  ref. 40. 

The a1 ky I borane ami ne comp lex  9-borab lcyc loc3.3.1 Inonane pyr I d Ine (9- 

BBN p y r i d i n e )  a l so  s e l e c t i v e l y  reduces aldehydes i n  t h e  presence of  ketones 

and other func t i ona l  groups i nc lud ing  esters,  lactones, amides, n i t r l  les, 

a l k y l  and benzy l i c  hal ides,  epoxides, alkenes, alkynes and n l t roa lkanes.  42 

less d i sc r lm lna to ry  

o amlnes) i n  

However, thexylborane N,N-dlethylanl l ine (TBDA) appears 

and reduces ca rboxy l l c  ac ids ( t o  a l coho ls )  and amldes ( 

a d d i t i o n  t o  reduc t i on  of aldehydes and ketones.'2b 

A number of c h l r a l  amlne boranes have been synthes zed and u t i l i z e d  I n  

t h e  asymmetric reduct ion of p r o c h i r a l  ketones. Borane complexes of (S)- 

amp he t  ami ne,43 ( S  )-deoxyephedr i ne,43 and (R 1 o r  (S 1-1 -pheny I ethy I ami ne 44 

were shown t o  enan t lose lec t i ve l y  reduce 2-heptanone and acetophenooe t o  the  
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H U T C H I N S ,  LFARN, N A Z E R ,  PYTLEWPKI AND PFTdTER 

corresponding a lcohols  although i n  low o p t i c a l  y i e l d s  (1 .5 -58  e.e.1. 

Be t te r  r e s u l t s  were obtained employing amine boranes der ived from o p t i c a l l y  

act lvea-aminoesters .  Thus, In  t h e  presence o f  BF3 etherate,  var lous 

p r o c h i r a l  ketoqes were reduced by a-amino ester  boranes t o  the respec t i ve  

a lcohols  i n  moderate o p t i c a l  y i e l d s  (14.7-22.58 e.e.).45 Likewise, c h i r a l  

sodium s a l t s  o f  a-amino ac id complexes w i th  borane e f f e c t e d  the asymnetric 

reduc t i on  o f  several ketones (2-628 e.e.1 w i t h  sodium p r o l i n a t e  borane 

a f f o r d i n g  t h e  best r e s u l t s  (Table V l ) . 4 6 a  

(produced by reduc t i on  o fa -amino  ac ids)  forms complexes w i t h  borane which 

reduced ketones t o  a lcohols  i n  o p t i c a l  y i e l d s  up t o  60%46b wh i l e  borane 

complexes w i t h  (S)-2-amino-3-methyl-l,l-d~phenyl-l-ol reduced a r y l  ketones 

i n  h igh enantiomer i c  excesses (94-100% e.e. )46c Another h igh l y  successful 

asymmetric synthesis o f  c h i r a l  a lcohols  has been obtained w i t h  borane 

complexes o f  t he  c h i r a l  8-hydroxy su l fox imlnes V I  1 I and l X . 4 7  

reagents, u t i l i z e d  a t  -78"C., reduced a broad range o f  p r o c h l r a l  ketones t o  

c h i r a l  a lcohols  i n  enantiomeric excesses from 3 t o  82%. The highest 

enantiomeric excesses were obtained w i t h  a r y l a l k y l  ketones as i n d i c t e d  I n  

Table V I  I .47 

S i m i l a r l y ,  amino a lcohols  

These 

c. Reduction o f  Imines, Iminium S a l t s  and Enamines 

Several years ago, B I  I lman and McDowel 1 4 8  demonstrated t h a t  

dimethylamine borane I n  g l a c i a l  a c e t i c  a c i d  reduces a r y l  imines ( S c h i f f  

Bases) t o  t h e  corresponding secondary amines i n  h igh y i e l d s  (Table V I I I ) .  

Numerous other func t i ona l  groups i nc lud ing  chioro,  n i t r o ,  ester ,  suifoamido 

and carboxy were no t  a f f e c t e d  by t h e  

imines w i t h  t r imethy lamine borane i n  r e f l u x i n g  a c e t i c  ac id  af forded the 

ace ty l  d e r i v a t i v e  o f  t h e  corresponding amlnes as i l l u s t r a t e d  i n  Table I X .  

However, t h e  reduc t i on  o f  

49 

The y i e l d s  va r ied  

t h e  n i t rogen  bear 

t h e  amount o f  acv 

cons 1 derab I y and 

ng phenyl r i n g  w 

ation.49 Imines 

depended on t h e  subs 

t h  e l e c t r o n  donating 

(and enamines) are a 
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WINE BORANES AS SELECTIVE REDUCING AND HYDROBORATING AGENTS. A REVIEW 

TABLE VI. Reduction of Prochiral Ketones with the Sodium Salts of a-Amino 

46 Acid Borane Complexes in THF at Room Temperature 

Ketone a-Amino Acid % Yield % Enant. Excess 

C6H5COCH3 D-Val ine 75 1.8 

C6H5COCH3 D- leuc ine 77 

C6H5COCH3 L-phenylalanine 76 

C6H5COCH3 L-pro1 ine 92 

5.1 

1.8 

32 

(CH3)2CHCH2COCH3 L-proline 66 17 

CH3(CH2)4COCH3 L-proline 66 15 

C6H5COCH2CH3 L-pro1 ine 92 50 

Ph P I 1  CH,,Et gh 
MeN OH 

MeN Ph 8-e I I  

Vll l  (2 diastereomers, a,b) IX(2 diastereomers, a,b) 

TABLE VII. Reduction of Prochiral Ketones with 6-Hydroxysulfoximine Borane 

Complexes 47 

% Enant. Excess 
(Abs . Conf ig . ) 

Ketone Ligand % Yield 

C6H5COCH3 VIIIa 80 6O(S) 

C H COCH3 VIIIb 92 

C6H5COCH3 IXa 66 

6 5  

C6H5COCH2CH3 VIIIb 74 

C6H5COCH (CH3) VIIIb 53 

n-C6H13COCH 3 

C6H5C0 (CH2) 2CH3 VIIIb 81 

VIIIb 79 

VIIIb 

VIIIb 

t-C4H9COCH3 VIIIb 

3 i-C3H7COCH 

i-C4H9COCH 3 

46 

48 

60 
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H U T C H I N S ,  LEARN, NAZER, PYTLEWSKI AND PRI,TER 

TABLE VIII. The R e d u c t i o n  of I m i n e s  w i t h  Dime thy lamine  Borane  i n  G l a c i a l  

48  A c e t i c  Ac id  

A r C H = N A r  ’ + (CH3)2NHBH3 + ArCH2NHAr’ 

A r  A r ’  % Y i e l d  

‘gH5 ‘gH5 84 

‘gH5 p-C1C6H5 9 7  

p-C1C 6 5  H p-C1C6H5 9 0  

‘gH5 o-C1C6H5 84  

p-02NC6H P-O 2 NC6 5 8 9  

m - 0  NC H 9 5  m-02NC6H5 

0-0 NC H 8 9  m-0 NC H 2 6 5  

p-CH30C6Hj ‘gH5 91 

8 2  m-HOC H 

2 6 5  

2 6 5  

‘gH5 6 5  

‘gH5 P-C2H502CC6H5 9 3  

‘gH5 p-W2N02SC6H5 8 0  

p-CH OC ti p-H02CCH2SC6H5 8 5  3 6 5  

TABLE I X .  R e d u c t i v e  A c y l a t i o n s  of  I m i n e s  w i t h  T r i m e t h y l a m i n e  Borane  i n  

49 A c e t i c  Ac id  

RCOOH A r C H = N A r  ’ + (CH3)3NBH3 --b A r C H 2 N  (COR) Ar ‘ 

A r  A r ’  R T , H r s  % Y i e l d  Amide 

‘gH5 CH3 

‘gH5 3 7  

p-cIc6HL CH3 

P-02NCgH4 CH3 

CH3 

n-C H 

‘gH5 ‘gH5 

p-HOC6H4 

p-CH30C6Hq CH3 

p-C2H502CC6H4 CH3 

11 

11 

1 2  

11 

18 

1 1  

9 

1 2  

61 

65 

26 

67 

2 3  

88 

6 9  

3 5  
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M I N E  BORANES AS S E L E C T I V E  REDUCING AND HYDROBORATING AGENTS. A REVIEW 

polymer bound boranes (Arnborane). The best r e s u l t s  were obtained i n  a c e t i c  

a c i d  where y i e l d s  for reduct ions o f  imines t o  amines ranged from 41-89%. 

40 However, long reac t i on  t imes were requ i red  (Table X I .  

The stereochemical outcomes o f  reduct ions of var ious 2-, 3-, and 4- 

s u b s t l t u t e d  cyclohexyl  and cyc lopenty l  imines, iminlum s a l t s  and enamines 

( v i a  lmlnium ions) w i t h  a v a r i e t y  o f  amlne boranes have been 

invest igated.”  

probably HB(OAcl2, predominately equa to r ia l  a t tack  o f  3- and 4-subst i tu ted 

systems was observed w h i l e  2 -a l ky l subs t l t u ted  d e r i v a t i v e s  gave c is-2-a lky l  

c y c l i c  amines. The r e s u l t s  Imply t h a t  diacetoxyboranes behave as bulky 

reagents w i t h  carbon-nitrogen p i  systems, i n  d i r e c t  con t ras t  t o  r e s u l t s  

observed f o r  t h e  same reagents w l t h  t h e  corresponding  ketone^.'^*^^ 
Several examples o f  t h e  reduct ions are i l l u s t r a t e d  i n  Table XI . ’ ’  

borane i n  t h e  presence of a c e t i c  a c i d  has been observed t o  prov ide an 

e x c e l l e n t  system f o r  t h e  reduc t i ve  amination o f  aldehydes and ketones 

(Table X I  i 

u t i l i z e d  t o  methylate p r o t e i n  amino groups v i a  reduc t i ve  amination w i th  

forma I dehyde. 

I n  a c e t i c  acid, where the  actual  a c t i v e  reagent is 

P y r i d i n e  

A v a r i e t y  o f  amine boranes has a l s o  been successful ly 

51b 

The reduc t i on  o f  lmlnes b y  amine boranes, usua l l y  i n  a c i d i c  media, has 

been employed I n  several s y n t h e t i c  app l i ca t i ons .  Dimethylamine borane I n  

g l a c i a l  ace t i c  a c i d  was u t i l i z e d  as a s e l e c t i v e  reducing agent i n  the  

p repara t i on  o f  analogues o f  act inomycin D, a potent  a n t i b i o t i c  possessing 

anti-tumor a c t i v i t y  (eq. 12) The sodium s a l t  (or  t h e  methyl es 

phenoxy-1,2-dehydroproline was reduced by amlne boranes i n  acet 

3-phenoxyproline. The r a t i o  o f  Ls/t= products produced was 

w l t h  a l l  t h ree  amine boranes employed (eq. 13). 53a 

Pyr i d ine 

imines from 4 

whi l e  dlmethy 

e r )  o f  3- 

c a c i d  t o  

- ca. 2:3 

borane i n  a c e t i c  a c i d  was u t i l i z e d  t o  r e d u c t i v e i y  capture 

methoxy-3-acy foxy-2-hydroxybenza I dehyde and amino ac i  ds53b 

amiqe borane was used fo r  imine reduc t i on  enroute t o  
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HUTCHINS LEARN NAZaER, PYTTLFXJPKT AND PEI.jTKR 

TABLE X .  R e d u c t i o n  of I m i n e s  a n d  Enamines  w i t h  Amborane i n  Acetic Ac id  

I m i n e  T'C. ( T i m e , d a y s )  Z Y i e l d  h i n e a  

C6H5CH=NC6H5 2 5  ( 2 )  

C H CH=NC H -p-C1 25(2) 

C H CH=NC H -o-CI  2 5 ( 2 )  

C H CH=NC H -p-OCH 2 5 ( 2 )  

6 5  6 4  

6 5  6 4  

6 5  6 4  

8 2  

4 1  

76  

6 8  

n DNUQ 1 1 8 ( 0 . 5 )  O N 3  4 7  

a .  i s o l a t e d  as  the H C l  s a l t .  

TABLE X I .  R e d u c t i o n s  of C y c l o h e x y l  I m i n e s  a n d  Iminium S a l t s  i n  Acet ic  Ac id  

+ 

R a t i o  cis1-s ( %  Y i e l d )  
R R1 R2 (CH3) 3CNH 2 3  BI1 (CH3) 2NHBH3 

- 8 4 / 1 6  (89)  7 2 / 2 8  ( 8 9 )  
C6H5 4-t-C H 

4 9  

4 9  

4 9  6~ 2 

4-t-C H c y c l o h e x .  - 7 7 / 2 3  ( 8 4 )  6 6 / 3 4  ( 7 0 )  

4-t-C H C i1,Cti - 6 6 / 3 4  ( 7 4 )  

c w - 7 7 / 2 3  ( 8 5 )  7 1 / 2 9  ( 7 0 )  
3 6 5  

4-CH 

4 - C L  2 c y c l o h e x .  - 7 3 / 2 7  (81)  4 8 / 5 2  (81) 

Z-CE, 

2-c:1, c y c l o h e x .  - 8 3 / 1 7  ( 6 3 )  

2-C;i 

- 8 9 / 1 1  ( 7 6 )  
'gH5 

J 

-(CH ) - 7 9 1  21 3 2 4  
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AMINE BORANES AS SELECTIVE REDUCING AND HYDRORORATING AGENTS. A REVIEW 

TABLE XII. Reductive Amination of Aldehydes and Ketones with Pyridine 

Borane 

RCOR' + R"NH2 C,H,NBH, 3 HoAc RR'C7INHRIl - 

R R' R" % Yield 

'gH5 H cyclohex. 93 

'gH5 H n-C H 74 

n-C 7' Y 15 H cyclohex. 54 

- ( C H  2 5  ) - 'gH5 97 

8 17 

n-C FI H n-C H 82 8 17 7 15 

- (CH2) 4CH (CH3) - C6H5 83 

-(CH215- cyclohex. 63 

P = Thr.-D-Val.-pro.-sar.-me.va1.- R = C H 7 2 %  
82% 

-0- 7 13 
6 5  n-C H 
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H U T C H I N S ,  LEARN, NAZJER , PYTTjEWFKT AND PFLTER 

p t e r o y l t y r o s i n e .  53c 

d. Reduction of Indoles and Other He te rocyc l i c  Compounds 

The r e l a t i v e  s t a b i l i t y  o f  m i n e  boranes i n  a c i d i c  media has been 

e x p l o i t e d  f o r  t h e  reduc t i on  o f  indoles t o  Indol ines v i a  i n l t l a l  p ro tona t ion  

t o  g i v e  3H-indolenlurn ions. 

aqueous HCI  reduces indoles t o  indol ines i n  genera l ly  h igh y ie lds .  

Likewise, tetrahydrocarbazoles are s i m i l a r l y  reduced by t h i s  system (Table 

XI I I With most examples the  reduct ions a f f o r d  products I n  which the  

r e l a t i v e  stereochemistry a t  t h e  2 and 3 p o s i t i o n s  is c& (Table X I I I ) .  

The unusual t r a n s  stereochemistry observed i n  t h e  reduc t i ons  of c e r t a i n  

indoles bear ing n i t rogen  con ta in ing  s ide  chains has been a t t r i b u t e d  t o  t h e  

format ion o f  intermediate amine borane complexes which subsequerltly reduce 

t h e  carbon-nitrogen double bond (eq. 1 4 ) .  

Thus, t r lmethy lamlne borane i n  dloxane-10% 

55 

l 

Pyr id i r l e  borane i n  ethar lo l ic  HCI s e l e c t i v e l y  reduces t h e  indole r i n g  

wi thout  a f f e c t i n g  other  func t i ona l  groups Inc lud ing  amides, esters,  and 

n i t r i t e s .  For a c i d - l a b i l e  indoles, reverse a d d i t i o n  ( i .e.  a d d i t i o n  of t he  

lndole t o  a preformed s o l u t i o n  o f  t h e  a c i d  and amine borane) has 

e f f e c t i v e l y  been emp 

d e r i v a t i v e s  w i t h  pyr  

successful .  However 

oyed (Table X l V ) . 5 6  

d ine borane I n  ethanol i c  20% HCI was no t  as 

The reduc t i on  o f  N-acyl t ry tophan 

i n  CF3C02H p y r i d i n e  borane af forded N-protected-2,3- 
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AMINE BORANES AS S E L E C T I V E  REDUCING AND HYDROBORATING AGENTS. A REVIEW 

TABLE XIII. Reduction of Indoles and Tetrahydrocarbazoles with Trimethyl- 
54 amine Borane 

Reactant Product ( s )  % Yield 

87 

72 

68 

5 3  

57 4 3  

dihydro-L-tryptophan d e r i v a t i v e s  i n  h igh y ie ld .57 

and s u l f u r - s u l f u r  bonds were unaf fected by t h e  r e a c t i o n  cond i t i ons  (Table 

X V ) . 5 7  

synthes is  o f  sero+onin, a vasoconst r ic tor  found I n  blood and other  

ti ssues. 

Notably, carboxy groups 

A s i m i l a r  reduc t i on  of  N-benzoyltryptamine was employed in t h e  

58 

The combination o f  NaBHq and AICi3 i n  p y r i d i n e  a t  r o o m  temperature has 

success fu l l y  been employed i n  t h e  reduc t i on  o f  several indole de r i va t i ves ,  

presumably v i a  p y r i d i n e  b ~ r a n e . ~ ’  i n t e r e s t i n g l y ,  t he  reduc t i on  was on ly  

p a r t i a l l y  complete u n t i l  t h e  a d d i t i o n  o f  10% HCI. i n  t h e  absence o f  t h e  

Lewis a c i d  ca ta l ys t ,  p y r i d i n e  borane I n  p y r i d i n e  d i d  not  e f f e c t  t h e  
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HUTCHINS, LEARN, NAZER, PYTLrnSKI AND PELTER 

TABLE XIV. Reduction of Indoles with Pyridine Borane in Ethanolic HCI 

R R, R, Additiona T(min.) Solvent % Yield‘ 

H H H R 10 A 82 

H H H N 5 B Od 

H H R 10 A 54 

H R 10 A 98 H 

H H R 10 A 82 

H 

CH3 

CH3 

CH3 

H N 20 C 56 ( 3 7 )  ‘gH5 

H H (CH2) 3C02C2H5 N 10 C 93 

H H CH2CN N 10 C 57(33) 

H H (CH2) 2NHBz N 20 C 90(6) 

a. R = reverse addition; N = normal addition. b. A = 10% HC1:C H OH; B = 
conc. HC1:C2H50H(2:1); C = 20% (w/w) HC1:C2H50H. c. fig. in parentheses in- 
dicate recovered starting material. d. indole dimer obtained quantitatively 

2 5  

5 7  TABLE XV. Reduction of Tryptophan Derivatives with Pyridine Borane 

% Yield(rec. s c .  mat.) 

A C2H50H-20% HC1 CF3C02H 

‘gHgCH2 75(14) 95 

CH3C0 35 ( 4 8 )  90 

C6H5CH2C0 

HCO 

H 

50 (30) 96 

32 (58) 85 

0 (98) 95 

z-ala-trp-0Me 58(33) 85 

z-trp-ala-0Me 95 
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MINE BORANES AS SELECTIVE REDUCING AND HYDROBORATING AGENTS. A REVIJW 

59 reduct ion,  

P y r l d i n e  borane I n  a c e t i c  a c i d  reduced quino l ine,  isoquinol ine,  indole 

and other  heterocyc l  i c  compounds a t  r o o m  temperature.60 

t h e  presence of a 4-subst l tuent  apparent ly prevents hydr ide del very a t  

t h i s  p o s i t i o n  (Table X V I ) .  

e f f e c t i v e  for t h e  reduc t i on  of lndole d e r i v a t i v e s  (eq. 15).61 

With qu lno l  Ines, 

P y r i d l n e  borane i n  CF3C02H has a l so  been found 

e.  Reduction of Oxlmes and Tosylhydrazones 

P y r l d l n e  borane reduces oximes to t h e  corresponding hydroxylamines 

i n  t h e  presence o f  numerous other  func t i ona l  groups which are unaf fected by 

t h e  reagent (1.e. esters,  n i t r l  les, n i t r o s ,  amides and ha1 ides).62 

and 0-methyl oxlmes are s i m i l a r l y  reduced I n  h igh  y i e l d  w i t h  p y r i d i n e  

borane t o  t h e  corresponding 0 -subs t i t u ted  hydroxylamines w i thou t  over- 

reduc t  ion (Tab I e XV I I I ) .63 

0-Acyl 

a-Oximino a c l d  es te rs  and amides were reduced to  t h e  corresponding N- 

hydroxyamlno a c l d  analogues w i t h  p y r l d i n e  borane o r  t r lmethy lamine borane 

under s t rong ly  a c i d i c  cond i t i ons  (C2H50H, 7N HCI) as depicted I n  eq. 16.64 

Reductions w i t h  t h e  l a t t e r  reagent of 0-benzyl oximino a c l d  es te rs  was 

s t r a t e g i c a l y  employed i n  t h e  synthes is  of several  1,4-dihydroxy-2,5- 

dioxopiperazines (eq. 17)65a and t ry tophan dervat ives.  65b 

Pyr l d i n e  borane I n  ethanol  i c  20% HCI a l s o  e f f e c t e d  t h e  reduc t i on  of 

t h e  carbon-nitrogen double bond i n  tosylhydrazones.66 The tosy lhydraz ine 

products could be f u r t h e r  converted t o  t h e  corresponding hydrocarbons v i a  

standard procedures6' (Table X I X ) . 6 6  

f. Reductions o f  Carbon-carbon Double Bonds 

H igh ly  po la r i zed  alkenes bear ing two s t r o n g l y  e l e c t r o n  wihdrawing 

groups a t  one end may be reduced by amine boranes. 

aminomethylene d e r i v a t i v e s  of c y c l i c  B-dicarbonyl compounds are reduced to  

t h e  corresponding methyl 

r e d u c t i v e l y  a l k y l a t e d  v i a  tandem condensation w i t h  carbonyl compounds and 

Thus, s u b s t i t u t e d  

and Meldrum's a c i d  has been 
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HUTCHINS, LEARN, NAZER, PYTLEWSKI AND PELTER 

TABLE XVI. Reduction of Heterocyclic Compounds with Pyridine Borane in 

Acetic Acid at Room Temperature 60 

Heterocycle Product Z Yielda 

Quinoline 1,2,3,4-tetrahydroquinoline 71 (17) 

2-methylquinoline 2-rnethyl-1,2,3,4-tetrahydro- 73(19) 
quinoline 

4-methylquinoline 4-methyl-1,2,3,4-tetrahydro- 6(88) 
quinoline 

isoquinoline 1,2,3,4-tetrahydroisoquinoline 48(13) 

indole indoline 86 

quinoxaline 1,2,3,4-tetrahydroquinoxaline 95 

phthalazine Z-acetvl-1.2,3,4-tetrahydro- 57b 
phthalazine 

a. Figures in parentheses indicate recovered starting material; b .  5 min. 

at reflux. 

C H IZH3 or 

(CH ) I:BH3 R OllHCH (X2 ) C02Et RIOIl=C(R )C02Et 6 5  

3 3  2 

C,H 11311 or 1 5  7 

3 (CH3) 3PTZ'1 3 r,10:rIrcr:(~2)COI!HCH 3 R OH=C (R2) COliZICH 1 

(16) 
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M I N E  B O W S  AS S E L E C T I V E  REDUCING AND HYDRORORATING AGENTS. A REVIEW 

TABLE X V I I .  R e d u c t i o n  of O x i m e s  w i t h  P y r i d i n e  B o r a n e  

RR1 C=NOH C,HqNBH, 
RR1 CHNHOH 1 0 Z - H C 1 .  F!tOH ’ 

% Y i e l d  R1 R 

‘6 H5 H 

‘gH5 3 7  

‘gH5 (CH2) 2 CH3 

m-02NC6H4 H 

p-CH302CC6H4 H 

p-CNC6H4 H 

p-C1C6H4 H 

n-C H 

n-C H 3 7  n-C H 3 7  

P - ( C H ~ ) ~ N C O C ~ H ~  H 

87  

91 

92 

91 

91 

74 

85 

9 2  

88 

TABLE XVIII. R e d u c t i o n  of 0 - A c y l -  and 0 - M e t h y l o x i m e s  w i t h  P y r i d i n e  B o r a n e  

RR1 C=NOR2 CqHqNBH, * H+ RR1 CHNHOR2 

% Y i e l d  R1 R2 
R 

‘gH5 11 A c  69 

- (CH2)  A c  7 4  

n-C H A c  73 

n-C H A c  74 

A c  a 2  

3 7  n-C H 3 7  

‘gH5 3 7  

‘gH5 ( C H 2 )  2 CH3 

‘gH5 ‘gH5 Ac 95 

-(CH ) - Bz 8 7  

C g H 5  ( ‘ 3 5 1 2  CH3 CH3 83 

p - C 1 C  H H CH3 92 

98 

2 5  

6 4  

‘gH5 ‘gH5 CH3 
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H U T C H I N S ,  LEARN, NAZER, PYTLEWSKI AND PELTER 

66 
TABLE XIX. Reduction of Tosylhydrazones with Pyridine Borane 

RR1C-NNHSO2C6H4CH3 CqH;yBH, + RR1CHNHNHS02C6H4CH3 

% Yield R1  R 

'gH5 CH3 

-(CH2I5 

p-CNC6H4 H 

CH3 

C H CH=CH H 

C H CH=CH 

6 5  

6 5  

96 

98 

94 

94 

91 

TABLE X X .  Reduct ive  A1 k y l a t i o n  o f  Meldrurn's A c i d  69 

1. Me2NHBH3 

RR ' C=O 

2. H20, H ' + 

R R '  % Y i e l d  

CH3 H 

CH3(CH2 16 H 

H2C=CH(CH2)8 H 

'gH5 H 

CH3 CH3 

- (CH2I4 

2-Fury1 H 

87 

77 

66 

94  

88 

72 

58 
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AMINE BORANES AS SELECTIVE REDUCING AND HYDRORORATTNG AGENTS. A 

reduct ion o f  t he  r e s u l t i n g  alkene intermediates w i t h  the  borane comp 

of dimethylamine or t r imehty lamine (Table XX).”  

I V .  MINE BORANES AS HYDROBORATING REAGENTS 

REVIEW 

exes 

Since amine borane complexes are r e l a t i v e l y  stable,  e a s i l y  handled 

c a r r i e r s  of borane, i t  is not s u r p r i s i n g  t h a t  t h e  use of such complexes as 

hydroborat lng reagents has a t t r a c t e d  a t t e n t  ion.‘ 

which lower borane r e a c t i v i t y  and increase s t a b i l i t y  a l so  concomitant ly 

decreases t h e  a b i l i t y  of borane t o  a t tack  aikenes s ince hydroborat ion must 

However, t h e  same f a c t o r s  

occur v 

a i kenes 

in t u r n  

a free, d issoc iated borane. Thus, t h e  ease of hydroborat ion o f  

w i t h  amine boranes va r ies  w i t h  t h e  s t reng th  o f  t h e  complex which, 

is a func t i on  o f  t he  b a s i c i t y  and s t e r i c  requirements o f  t h e  

ami ne 10,11,70 as p rev ious l y  discussed. 

boranes6*17 may be taken as a rough guide t o  the  ease of hydroboration, but  

The r a t e  of hyd ro l ys i s  of amine 

“B nmr data mus 

d i s t i n c t i o n  must 

t h a t  r e a d i l y  yie 

be examined w i t h  cau t ion  ( v i d e  i n f ra ) . ”  Also, a c lea r  

71 be made between amines such as pyrro le”  and ani I ine 

d aminoboranes, which may be exce l l en t  hydroborat ing 

agents, and those amines t h a t  g i ve  amine borane adducts; these l a t t e r  form 

t h e  sub jec t  o f  t h i s  sect ion.  

Amine boranes der ived from h i g h l y  bas ic  amines of small s t e r i c  bulk 

are sources o f  n u c l e o p h i l i c  hydr lde and, as such, are poor hydroborat ing 

agents. As mentioned, hydroborat ion in such cases depends on p r i o r  

d i s o c i a t i o n s  t o  t h e  f r e e  amine and borane (eq. 18). 

R3NBH3 -R3N + BH3 c------ 
i n  t h e  case o f  s t rong ly  bas ic  amines o f  low s t e r i c  congestion the  

e q u i l i b r i u m  i n  eq. 18 is displaced l a r g e l y  i n  favor o f  t he  complex and 

hydroborat ions are very slow. However, t h l s  can be an advantage f o r  t h e  

hydroborat ion of d i -  and t r i e n e s  as t h e  equiva lent  o f  h igh d i l u t i o n  

cond i t i ons  is obtained when such amine boranes are used and these become 
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H U T C H I N S ,  LEARN, NAZXR, PTYLEWSKI AND PELTER 

t h e  reagents  of cho ice  (eqs. 1 9 - 2 2 ) . ~ ~ - ~ ~  

Most amine boranes hydrobora te  s imp le  alkenes o n l y  a t  e l e v a t e d  

temperatures.  For example, p y r i d i n e  borane i n  diglyme hydrobora tes  alkenes 

a t  ca. 100°C.77 

a I kenes (no sol v e n t )  a t  temperatures between 1 24-200°C77 

expected, such r e l a t i v e l y  d r a s t i c  c o n d i t i o n s  o f t e n  r e s u l t  i n  i s o m e r i z a t i o n  

A lky lamine d e r i v a t i v e s  success fu l  l y  hydrobora te  t e r m i n a l  

However, as 

o f  i n t e r n a l  a l ky lbo ranes .  Thus, 2-hexene g i ves  o n l y  t r i - n -hexy  

r e s u l t i n g  f rom complete i s o m e r i z a t i o n  o f  t h e  i n i t i a l l y  produced 

L ikewise ,  hyd robora t i on  o f  2-methy I-2-pent ZO0°C.77 isomers a t  

s u b s t a n t l a  

C I ear 

r e l a t i v e  

E ~ ~ N B H ~ c  

y strenuous c o n d i t i o n s  

hydrobora tes  w i t h o u t  

bor ane 

2- and 3- 

ne a f f o r d s  

i s o m e r i z a t i o n  a t  h ighe r  tempera tures  (eq. 23 ) .  

y ,  i somer i za t i on  cannot be avoided w i t h  Et3NBH3 because o f  t h e  

requ i red .  However, t h e  r e l a t e d  d e r i v a t i v e  

somer i ~ a t i o n . ~ ~  Since t h i s  ch lo roborane 
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AMINE BORANES A S  SELECTIK3 REDUCING AND HYDROBORATING AGENTS. A REVIEW 

( s 1 ow hydro bora t i on) 

0 ( 2 3 )  

h ;: ;;;NBH~/IOO'C 
1. Et3NBH2C1 ;14OoC \ major isomer 

1. Et3NBH3/165 C 
2. [OI 

71% H 22% OH 

1. 
2. 

( s 1 ow hydro bora t i on) 

0 ( 2 3 )  

h ;: ;;;NBH~/IOO'C 
Et3NBH2C1 ;14OoC \ major isomer 

1. Et3NBH3/165 C [OI 

' OH 71% dH 22% 

7 (24) 1. Et3NBH?C1 7 OH 
2. [ O I  98% 2% OH 

(93% yield) 
complex is a hydrolytlcally stable solid which i s  readily produced from the 

borane adduct," hydroboration studies shou Id be extended. The 

regloselectivity of hydroboration by Et3NBH2CI Is high as i Ilustrated in 

eq. 24. 

A n  early observation Illustrates some further points concerning 

isomerizations (eq. 25):80 

( 1 )  equilibrium clearly exists between R3B and Et3NBH3 to give Et3NBH2R. 

(2) Et3NBH2R hydroborates faster than does Et3NBH3, and this Is reasonable 

on steric grounds. 

(3) Et3NBH2R appears to be an excel lent reagent for cyclic hydroborations 

to give rlng alkylboranes. 

A further observation8' imp1 ies equi I Ibr ium between a1 I types of 

borane species present (eq. 26). 
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The r e l a t i v e  

I ower , non- i somer 

a t  i ncreas 1 ng t h e  

t h i s  i nvo l ved  

e f  f i c i e n t  comb 

which gave 90% 

However, t h i s  

iner tness  of amine boranes toward hydrobora t ions  a t  

z i n g  temperatures has l e d  t o  severa l  i n v e s t i g a t i o n s  aimed 

r e a c t i v i t y  o f  t h e  adducts. An e a r l y  a t tempt  t o  achieve 

he combine use o f  Lewis ac ids  and amine boranes.81 

n a t i o n  was p y r i d i n e  borane and boron t r i f l u o r i d e  e t h e r a t e  

hydrobora t ion  o f  1-octene i n  16 h i n  r e f l u x i n g  benzene. 

s s t i i l  very  slow and o the r  f u n c t i o n a l  groups cou ld  be 

The most 

a f f e c t e d  by t h e  Lewis ac id .  

unsuccessful.71 The use of t h e  a l k y l a t i n g  agent methyl i od ide  t o  d i s p l a c e  

t h e  e q u i l i b r i u m  i n  eq. 18 by c o n v e r t i n g  t h e  amine i n t o  t h e  meth iod ide  s a l t  

was more successful  w i t h  EtjNBHj. Thus, i n  +he presence o f  methyl iod ide ,  

hyd robora t i on  o f  1-octene was complete i n  6 h i n  r e f  l u x i n g  THF (66OC.) or 

frl 2 h i r l  r e f l u x i n g  glyme 185°C.).82 Furthermore, t h e  quaterr lary s a l t  does 

n o t  i n t e r f e r e  w i t h  o x i d a t i o n  or separa t i on  of t h e  produc t  a l coho ls .  I n  t h e  

absence o f  methyl iodide, hyd robora t i on  i n  glyme was only 41% complete 

a f t e r  2 h a t  85°.71 

capable o f  hydrobora t ions  under m i l d  cond i t i ons .  However, t h e  presence o f  

methyl  i o d i d e  d i d  n o t  enhance hydrobora t ions  w i t h  p y r i d i n e  borane. 

Attempts t o  u t i l i z e  p r o t i c  ac ids  were a l s o  

Thus, s t a b l e  a l i p h a t i c  amine borane complexes appear 

71 

As expected, borane complexes w i t h  weakly bas i c  amines show enhanced 

r e a c t i v i t y  compared t o  t h e i r  s t r o n g l y  bas i c  coun te rpa r t s  as i l l u s t r a t e d  i n  

Tab le  X X I  .71 

h y d r o l y s i s  and hyd robora t i on  r a t e s  for p a i r s  of  s i m i l a r  d e r i v a t i v e s ,  t h e  

c o r r e l a t i o n  i s  much less  secure between d i f f e r i n g  s t r u c t u r a l  types. 

Moreover, "B nmr chemical s h i f t s  do not c o r r e l a t e  w i t h  r a t e s  of 

hydrobora t ion .  S y n t h e t i c a l l y ,  d i e t h y l a n i l i n e  borane appears t o  O f fe r  

As seen, a l though t h e r e  i s  some c o r r e l a t i o n  between 
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AMINE BORANES AS SELECTIVE REDUCING AND HYDROBORATING AGENTS. A REVIEW 

TABLE X X I  . 
Ami  neBH3 

Data f o r  Aromat ic Ami  neborane Complexes 

11 a (100% hyd.)b % Hydrobora t i on  o f  B (p.p.m) T m i  n 
l -Octenec 

.11.9 12 0 

-18.4 52 

-13.2 

-8.2 

42 

6 

11 

2.5 

91 

PhNf;e2 -6.0 15 56 

PhNEt2 -11.6 2 93 

a. Rel .  t o  F3B.0Et2 e x t .  r e f .  
c. THF, 25°C. 

b. Hyd. by 3M HCl/glycerol /THF, 25°C. 

advantages as a r e l a t i v e l y  s t a b l e  source o f  borane which hydroborates 

e f f i c i e n t l y  a t  r w m  temperature. Table X X I  presents t h e  s t r i k i n g  

d i f f e r e n c e  I n  hydroborat lon r a t e s  between q u i n o l l n e  borane and 8- 

methylquinol  ine borane, presumably induced by s t e r l c  compression by t h e  

peri-methyl group. I n  a l l  cases o f  hydroborat lons w i t h  m i n e  boranes, the 

r e g l o s e l e c t l v l t y  p a r a l l e l s  t h a t  o f  borane-THF. 
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