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TRIETHYL PHOSPHITE I N  O R G A N I C  SYNTHESIS. A FACILE,  
ONE-POT CONVERSION OF ALCOHOLS I N T O  A M I N E S  

ANDRZEJ  Z W I E R Z A K  
I n s t i t u t e  o f  O r g a n i c  C h e m i s t r y ,  T e c h n i c a l  U n i v e r s i t y  
( P o l i t e c h n i k a ) ,  t w i r k i  3 6 ,  90-924  L o d z ,  P o l a n d  

A b s t r a c t :  G e n e r a l  p r o t o c o l s  f o r  c o n v e r t i n g  p r i m a r y , s e c o n -  
d a r y  , a n d  t e r t i a r y  a l c o h o l s  i n t o  t h e  c o r r e s p o n d i n g  pr imary 
a m i n e s  a r e  p r e s e n t e d .  

INTRODUCTION 

- A c t i v a t i o n  o f  a l c o h o l s  f o l l o w e d  b y  n u c l e o p h i l i c  d i s p l a c e m e n t  

o f  a n  o x y  a n i o n  b y  a z i d e  a n d  s u b s e q u e n t  r e d u c t i o n  c o n s t i t u -  

t e s  a n  e f f i c i e n t  r o u t e  f o r  t h e  s y n t h e s i s  o f  p r i m a r y  amines. 

A r e c e n t  r e v i e w  h a s  u p d a t e d  t h e  r i c h  s c o p e  o f  a z i d e  chemistry 

a n d p r o v i d e d  e x h a u s t i v e  c o v e r a g e  o f  m e t h o d s  f o r  r e d u c t i o n  o f  

a z i d e s  t o  a m i n e s  . Among t h e  s p e c t r u m  o f  t h e s e  m e t h o d s  t h e  

S t a u d i n g e r  r e a c t i o n  e v i d e n t l y  p l a y s  a n  i m p o r t a n t  r o l e  due  

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

p h o s p h i n e  h a s  b e e n  i n s o f a r  n o t o r i o u s l y  u s e d  f o r  t r a n s f o r m i n g  

a z i d e s  i n t o  a m i n e ~ * ’ ~  a s  w e l l  a s  f o r  o n e - p o t  a m i n a t i o n  o f  

a l c o h o l s  b y  M i t s u n o b u  a z i d a t i o n  f o l l o w e d  b y  S t a u d i n g e r  r e -  

d u c t i o n  . The e s s e n t i a l  d r a w b a c k s  o f  a l l  t h e s e  p r o c e d u r e s  

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

n u c l e o p h i l i c i t y ,  and s o m e t i m e s  t e c h n i c a l  d i f f i c u l t i e s  i n  

s e p a r a t i o n  and  p u r i f i c a t i o n  o f  an amine.  T r i e t h y l  p h o s p h i t e ,  

a r e l a t i v e l y  i n e x p e n s i v e  s u b s t i t u t e  o f  t r i p h e n y l p h o s p h i n e  

i n  S t a u d i n g e r  r e a c t i o n ,  i s  recommended h e r e  a s  a r e a g e n t  o f  

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

f r o m  a l c o h o l s .  One-po t  p r o c e d u r e s , s p e c i f i c  f o r  p r i m a r y ,  

s e c o n d a r y ,  and  t e r t i a r y  a l c o h o l s ,  and  i n v o l v i n g  j u d i c i o u s  

c o m b i n a t i o n  o f  known methods  - a c t i v a t i o n  o f  a h y d r o x y  group, 

a z i d a t i o n ’ a n d  S t a u d i n g e r  r e a c t i o n  f o l l o w e d  b y  d e p r o t e c t i o n  

o f  a n  amino  f u n c t i o n  a r e  p r e s e n t e d  i n  t h i s  p a p e r .  

1 

4 

51 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
4
8
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



52 A. ZWIERZAK 

1.Conversion of primary alcohols into amines. 

The following sequence was found to be the most convenient 
route from primary alcohol into the corresponding amine: 

1' R-OH 
( CF3C$O/ E t N 

benzene. 25-30', 1 h 

NaNJ/benzene-DMSO(1:2) 
3 RO- -CFJ * s 3 h, reflux 

(EhQ)3P PTSA.H20/EtOH. 

25-30' 4 h 6 h, reflux 
+ R-NJ t R-N=P(OEt)3 R-NH~+TSO- 

Trifluoroacetylation in the presence of an equimolar amount 
of triethylamine is followed by conventional azidation of 
alkyl trifluoroacetate and Staudinger reaction of the azide 
with triethyl phosphite to produce,after loss of nitrogen, 
a t r i e t h o x y i m i n o p h o s p h o r a n e  intermediate. This is easily 
deprotected by refluxing with p-toluenesulfonic acid mono- 
hydrate in ethanol to give the respective amine tosylate. 
It is neither necessary nor desirable to isolate and/or 
purify any intermediately formed compounds. Deprotection of 
N-alkyl t r i e t h o x y i m i n o p h o s p h o r a n e s  by means of p-toluene- 
sulfonic acid is superior and more convenient to the previo- 
usly described P-N bond cleavage with gaseous hydrogen 
chloride5. Primary alkylamine tosylates crystallize easily 
and can be isolated in analytically pure state. 

2.Conversion of secondary alcohols into sec.-alkyl amines. 

Trifluoroacetylation is totally unsuitable for activation 
of secondary alcohols prior to azidation. Instead,mesylation 
(essentially modified version of that described in the 
literature ) was found to be the procedure of  choice. 
Azidation of crude mesylates can be effectively carried 
out in DMSO solution at 35-4O0.The reaction proceeds 
stereospecif ically with complete inversion of the configura- 
tion of the alkyl group as proved by converting (S)-(+)-2- 
octanol into (R)-(-)-2-octanarnine. Sec-alkyl azides are 
transformed into the corresponding t r i e t h o x y i m i n o p h o s p h o r a n e s  

in usual way using triethyl phosphite. 
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D e g r a d a t i o n  o f  t he  l a t t e r  b y  r e f l u x i n g  them w i t h  p - t o l u e n e -  

s u l f o n i c  a c i d  m o n o h y d r a t e  i n  e t h a n o l  was ,however ,  f o u n d  

i n c o n v e n i e n t  due t o  i n c o m p l e t e  c o n v e r s i o n  e v e n  a f t e r  
p r o l o n g e d  h e a t i n g .  "Wet"  d e p r o t e c t i o n  of t r i e t h o x y i m i n o -  

p h o s p h o r a n e s  w i t h  20% h y d r o c h l a r i c  a c i d  and  i s o l a t i o n  o f  
am ines  as t h e i r  h y d r o c h l o r i d e s  i s  t h e r e f o r e  recommended 

f o r  s e c - a l k y l  am ines .  The f o l l o w i n g  scheme i l l u s t r a t e s  t h e  
p r o c e d u r e :  

MsC1/Et jN Na N /DMSO 

C H 2 C 1 2 ,  5-20' 35-40', 6 h 
2' R - O H  c R - O - M S  s R - N 3 d  

( E t 0 I 3 P  20%HC1 + -  
L R-N=P(OEt)3 R-NH3 C 1  

30-35', 4 h r e f l u x ,  2 h 

7 C o n v e r s i o n  of  t e r t i a r y  a l c o h o l s  i n t o  t - a l k y l  a m i n e s  
T r a n s f o r m a t i o n  o f  t e r t i a r y  a l c o h o l s  i n t o  t h e  c o r r e s p o n d i n g  

a z i d e s  v i a  c o n v e n t i o n a l  a c t i v a t i o n  o f  a h y d r o x y l  g r o u p  
f o l l o w e d  b y  n u c l e o p h i l i c  d i s p l a c e m e n t  i s  i m p o s s i b l e  f o r  
o b v i o u s  r e a s o n s .  Such c o n v e r s i o n  c a n  b e ,  h o w e v e r ,  e a s i l y  

a c c o m p l i s h e d  b y  means o f  t r i m e t h y l s i l y l  a z i d e  i n  t h e  presence 

o f  b o r o n  t r i f l u o r i d e  e t h e r a t e :  

Me3SiN3/8F3.Et20 + 3' R - O H  + R - N 3  -.--c --c R-NH3 T s O -  
b e n z e n e , r . t . , 2 4 h  

Crude  a z i d e s  c a n  be r e d u c e d  t o  t h e  c o r r e s p o n d i n g  amine  
t o s y l a t e s  v i a  t h e  r e s p e c t i v e  N-a lky l  t r ie thoxy iminophosphoran e s .  
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TABLE Amine t o s y l a t e s  and  h y d r o c h l o r i d e s  

E n t r y  R Y i e l d  ( % ) a  M.p. 

1. 

2. 
3 .  
4 .  

5 .  

6 .  
7 .  

8 .  

9 .  
l o .  
11. 
12.  
1 3 .  

14.  

1 5 .  
16 .  

1 7 .  

C4H9 

Ph-CH2 

Ph-CH2-CH2 

p-MeO-C6H4 

HC'=C-CH2 

CH2=CH-CH2 

2-pen t y l  
c y c l o p e n t y l  

3 - h e x y l  
( S ) - ( + ) - 2 - o c t y l  

(CH3) 3C- 

(CH3) ( C H 3 C H 2  ) C -  

(CH3CH2) 2(CH3)C- 
(PhCH2 1 ( C H 3 )  2 C -  

o c H 3  

58  

64 
67 
78  

65 
50 

64b 
65' 

75b 

74c 
61' 

62' 
59 

54 

29 
37 

45 

118-119O 

124-125'  
130-131'  
179-180'  

174-175'  
201-202O 

152-153'  
96 -  97' 

152-153 '  

207-208'  

228-230'  
90-  91' 

202-203' 
175-177'  

1 4 3 -  144' 
169-172'  

184-185O 

a O v e r a l l  y i e l d  of p u r e  arnine s a l t .  

b A z i d a t i o n  was p e r f o r m e d  a t  35-40' f o r  6h.  

'Arnine h y d r o c h l o r i d e s .  
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