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We have recently described a new procedure1 for the activation at v-carbons of
amides and imidesthus making possible alkylation, bromination etc. at carbon atoms
adjacent to amide and imide carbonyls. This reaction involved the gemeration of the
Vilameir complex (2) of an amide/imide with PCl5 which could react via the chlorenamine {3)
with appropriato electrophiles.

PClg ¢l ¢
RCH éNRZ_—-——> RCHC NRz;_—-*_ RCH=C-NR,
0 l(:) %420(3’
ﬁCHZCHzNRz RgHgNR
(4) R (5

We report here a uew nrocedure for the reduction of amides involving the
reduction of the complex (2) with sodium borohydride in ethanol. The tertiary amides
on vhich the reductive procedure wae examined were prepared by the reaction of piperidine
with aromatic acid chlorides, The Vilsmeir complexes were prepared by heating the
amides in refluxing anhydrous toluene with ecuimolar amounts of phosphorusoxychlorice for
2 to 5 hours. The resulting brownish complexes were cooled to 0°to 5°C and suspenaions
of sodium borohydride (five fold excess) in absolute ethamol were added dropwise over
15 to 20 minutes with vigorous stirring and cooling. The solutions were then refluxed

on a water bath for about 30 minutes, the ethanoc]l was evaporated off, and the residue

partitioned between water and ethyl acetate. The organic layers were extracted with
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1% acetic acid, the acid layers hasified with aqueons ammonia and

No. 3

extrycted withethyl

acetate. Drying (sodium sulphate) and evaporation of the organic solvent afforded the
corresponding amines which appeared as slower moving single spots on t.l.c. The isolated
yields were wetween 75-90%.
1 F:()(:%a i PQa.ES}t& nq
€0 ——>  c-cl > CH,
! ' ; Reaction : ' M.Pt.ot :
[} . .

,-Substrats Reagent \  Time . Tields , Picrate . Molecular
B MeD./Dope , a) POCL, ~-b) NaBH,, . , of base | ion
1. 001 , 1.p.100-105° , a) 1.1 mole Y a)shrs ., 80% . 184.85° | 209/211

: . * b) 5 mole tb) B hr. ¢t ' '
2.* mBr , m.p. 95-100° , a) 1.1. mole v ) bhrs , 85% . 188-90° | 253/2%5
t
' ' ' B) 5 mole ' 3) 1hr ¢ ' '
3.t peCl , m.p. 80-82° ' &) 1.2 mole ‘a) Snhrs | 78% ' 160-61° | 2e9/211
1 L] [
. J , ) 5 mole T e phr '
+
be, p-KO, , s.p. 122-25° , a) 1.1 mole "a) burs | 88% ' 176-78° ' 220
1 L] [ ] 1 ]
' ' : B} 5 mole , b) % hr
t [ ]
Sey m=NO, ' m.p 78-80° ' a) 1.1 mole *a) 5nrs |, 8% . 210° »,220
] t L
6.1 B ' b.p 140° ' a) 1.1 mele *a) 5hrs . 90% ., 184-85° | 175
t ]
. ¢ B} 5 mole :‘n)ﬁhr ' ' '
1 (] 1
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was gimilarly investigated.

work up afforded the corresponding amines in high yields.
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The applicability of this procedure for the reduction of secondary amides

¢yclohexylamine with the appropriate acid chlorides.
with phosphorus pentachloride in refluxing chloroform and the resulting complexes
were treated with = suspension of sodium borohydride in absclute ethanol. Subsequent

The secondary amides were prepared by the reaction of

The amides were then treated

NH - pcig N NeBH, NH
C=0 ———> ~Cl > CH2
4 Substrate : _Reagent H R;:ction : Yields : Molecular
‘R mep. ' (a)PClg(b) NaBH, ‘(i oo ! ' ion
1y B 146°% . a) 1.2 mole ‘) s . Bs% . 189
' * b) 3 mole ' (b) 15 ' '
2.: 0-KO, 154°¢ : a) 1 mole : (a) 7 : 8ox : 234
' ' b) 4 mole * (b) 10 ' '
3.: =-BO,, 166°¢ : a) 1.2 mole : (a) 5 : 7% : 234
' ' Bb) 4 mole ' (b) 8 ' '
k.: p-NO, 2oe-aoz°c: a) 1.1 mole : (a) 5 : 77% ' 234
' : b) 3 mole : () 10 : :
5.1 0=Cl 118°-120%¢ a) 1.2 mole ' (a) 5 ' 90% ' 223
" b) 3 mole V() 15 X ;
6.: B8y 142°% ' a) 1.3 mole t (a) 5 + 8% : 267/269
' » b) 3 mole ' () 15 . '
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When the reaction was attempted with primary amides such as benzamide,
the corresponding cyanides were obtained quantitatively,

The above procedure offers & novel approach for the reduction of
amides to amines. A survey of the literature of the wmrious reductive procodurog-lz
for converting amides to amines indicates that our method may posseass distinct
advantages in selectivity of reaction and yields. An extension of this approach

involving the use of other nucleophiles is under investigation.
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