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SYNTHESIS OF a-(DIMETHYLAMIN0METHYLENE)KETONES BY USE OF 

METHOXYBIS(DIMETHYLAIN0)METHANE (BREDERECK'S REAGENT) 

Gregory B.  Bennett* and Robert B. Mason 

Chemistry and Pharmacology Div i s ion ,  Sandoz, I n c .  
East  Hanover, New J e r s e y  07936 

The p repa ra t ion  of alkoxybis(dimethy1amino)methanes and 

t h e i r  u s e  i n  aminoformylation was f i r s t  desc r ibed  by Bredereck 

and coworkers.' 

dime thy1 f orrnamide e q u i v a l e n t s  i n  t h e  ami noformyl a t i o n  of 

a c t i v e  methylene compounds is a s  fol lows.  

T h e  o r d e r  of r e a c t i v i t y  of these  N , N -  

HC(NMe2)3 > t-BuOCH(NMe2)2 > MeOCH(NMe212 > (Me0)2CHNMe2 - 

Like V i l s m e i e r  r eagen t s  , t h e s e  aminoorthoesters  can be 

r ep resen ted  as t h e i r  d i s s o c i a t e d  o r  i on -pa i r  hybr ids ,  which 

he lps  exp la in  t h e  o rde r  of r e a c t i v i t y .  Nitrogen p rov ides  more 

anchimeric a s s i s t a n c e  than  oxygen du r ing  d i s s o c i a t i o n  a s  w e l l  

as more s t a b i l i z a t i o n  of t h e  r e s u l t i n g  p a r t i a l  p o s i t i v e  charge.  

I n  a d d i t i o n ,  t h e  o rde r  of r e a c t i v i t y  corresponds t o  t h e  b a s i -  

c i t y  of t h e  a n i o n i c  s p e c i e s  of t h e  ion  p a i r ,  an i n d i c a t i o n  of 

i t s  p o t e n t i a l  r o l e  du r ing  formylat ion.  Despi te  t h i s  d i s s o c i a -  

t i o n ,  ketones possessing base l a b i l e  f u n c t i o n a l i t y 3  undergo 

aminoformylation without  s ide - reac t ion .  
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BENNETT AND MASON 

T h i s  work was i n i t i a t e d  t o  p r o v i d e  a b e t t e r  u n d e r s t a n d i n g  

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

t h e s e  r e a g e n t s ,  methoxybis(dimethy1amino)methane (11) i n  t h e  

a m i n o f o r m y l a t i o n  o f  a c t i v a t e d  m e t h y l e n e  compounds. The 

a m i n o f o r m y l a t i o n  o f  k e t o n e s  I a -g ,  e a c h  w i t h  o n l y  o n e  a c t i v -  

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

I I I a - 9 .  The p r e s e n c e  o f  a t e r t i a r y  b a s i c  n i t r o g e n  would 

a p p e a r  to  have  no e f f e c t  on  t h e  r e a c t i o n .  The more s t e r i c a l l y  

h i n d e r e d  k e t o n e s  I h - j  a l s o  unde rwen t  f a c i l e  a m i n o f o r m y l a t i o n .  

A s  m i g h t  be  e x p e c t e d ,  6 - a m i n o - a - t e t r a l o n e  ( I k )  was b o t h  N and  

C f o r m y l a t e d .  The r e a g e n t  is n o t  s u f f i c i e n t l y  r e a c t i v e  to  

f o r m y l a t e  t h e  v i n y l o g o u s  amides  r e s u l t i n g  from m o n o f o r m y l a t i o n  

of  k e t o n e s  11-n. Thus d e s p i t e  a s u f f i c i e n t  e x c e s s  o f  I1 o n l y  

monofo rmyla t ion  o c c u r r e d .  With t h e  n e u t r a l  N-benzoyl-4- 

p i p e r i d o n e  (10) however ,  d i f o r m y l a t i o n  p r e d o m i n a t e d .  

F o r m y l a t i o n  o f  l a c t o n e s  I p  and Iq p r o c e e d e d  w i t h o u t  

concommitant  es ter  or  lactam f o r m a t i o n ,  w h i l e  a l i p h a t i c  

n i t r i l e s ,  esters and a l d e h y d e s  ( I r ,  Is and I t  r e s p e c t i v e l y )  

f a i l e d  t o  react w i t h  I1 e v e n  a t  120O. The d o u b l y  a c t i v a t e d  

m e t h y l e n e  p o s i t i o n s  o f  k e t o  es ter  I u  and d i e s t e r  I v  unde rwen t  

f a c i l e  f o r m y l a t i o n .  While  c o n v e n t i o n a l  f o r m y l a t i o n  of 

2-pentanone ( I w )  a f f o r d s  a 4 : l  r a t i o  o f  m e t h y l  to  m e t h y l e n e  

( k i n e t i c  t o  thermodynamic)  p r o d u c t , 8  r e a c t i o n  o f  I w  w i t h  

I1 p r o v i d e d  a 20: l  r a t i o  o f  m e t h y l  t o  m e t h y l e n e  aminoformy- 

l a t i o n  a t  llO°C (85% y i e l d ) .  The a m i n o f o r m y l a t i o n  of e t h y l  

l e v u l i n a t e  I x  o c c u r r e d  a t  t h e  C-5 m e t h y l  and C-3 m e t h y l e n e  

p o s i t i o n s  o n l y .  A t  a m b i e n t  t e m p e r a t u r e  a 4 : l  r a t i o  of C-3 

( I I I x ' )  t o  C-5 ( 1 I I x " ) f o r m y l a t i o n  was o b s e r v e d .  A t  O o  t h i s  
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SYNTHESIS OF CX-(DIMETHYLAMINOMETHYLENE)KETONES 

p r e f e r e n c e  was r e v e r s e d ,  w i t h  a r a t i o  o f  C-3 to  C-5 of 4.5 t o  

5.5. Exposure  of 3 -me thy lcyc lohexanone  I y  to I1 a t  8 0 °  g a v e  

a 1:l m i x t u r e  of C-2 ( I I I y ' )  and C-6 ( I I I y " )  a m i n o f o r m y l a t e d  

p r o d u c t s .  Even a t  lower t e m p e r a t u r e s  a 1:l r a t i o  o f  p r o d u c t s  

was o b s e r v e d .  E v i d e n t l y  t h e  C-3 m e t h y l  h a s  no e f f e c t  on  t h e  

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

Our spectral  d a t a  ( T a b l e  2 )  c o n f i r m  t h e  o b s e r v a t i o n s  o f  

T r o s t  and h i s  g roup .4a  

s u b s t a n t i a l  c o n t r i b u t i o n  of t h e  d i p o l a r  r e s o n a n c e  form4b y e t  

t h e  N-methyl PMR s i g n a l s  a p p e a r  as s h a r p  s i n g l e t s ,  a n  i n d i c a -  

t i o n  t h a t  t h e  b a r r i e r  o f  r o t a t i o n  a b o u t  t h e  C-N bond i s  l e s s  

t h a n  t h a t  o f  a t y p i c a l  amide. 

The c a r b o n y l  a b s o r p t i o n s  i n d i c a t e  

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

m a t e r i a l  wh ich  h a s  been d i s t i l l e d  a n d / o r  c r y s t a l l i z e d .  E x c e p t  

where  n o t e d  o n l y  a s i n g l e ,  monofo rmyla t ed  p r o d u c t  was ob- 

s e r v e d .  The p e r t i n e n t  d a t a  a re  summarized i n  T a b l e s  1 and  2.  

EXPERINENTAL 

G e n e r a l  P r o c e d u r e .  P r e p a r a t i o n  of l -d ime thy laminomethy-  

lene-3,3-dimethylbutanone (1119) .  A s o l u t i o n  o f  p i n a c o l o n e  

( 4 0 . 0  g ,  0 .40  mol) and  methoxybis(dimethylamino)methanela 

(11) (80ml )  was h e a t e d  u n d e r  N2 a t  l l O o  f o r  1 8  h .  Concen- 

t r a t i o n  i n  vacuo6  f o l l o w e d  by d i s t i l l a t i o n  (68-73O 0 . 1  m m )  

o f  t h e  r e s i d u e  p r o v i d e d  39.0 g (63%) o f  a y e l l o w  o i l  wh ich  

s o l i d i f i e d  on  s t a n d i n g  a t  room t e m p e r a t u r e .  
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BENNETT AND MASON 

Cmpd 
Ia 
Ib 
IC 
Id 
Ie 
If 
Ig 
Ih 
Ii 
Ij 

Ik 

I1 
Im 
I n  

10 

IP 
I¶ 
Ir 
IS 
It 
IU 
IV 
I W  

IX 

IY 

Table 1 
R 5 R 2  - I1 R1%cHNMe2 

I11 R2 

SM - 
R1 R2 - 

c 6 F  , Me 
4-pyrldyl H 
3-pyridyl H 
2-pyridyl H 
4-pyridyl Me 
C6H5 CH2NMe2 
Me3C H 

4-pyridyl C685 

Me3C CgH5 
pMeOC(jH4 pMeOCgH4 

6-amino-&-tetralone 

Me CH2C02Et 

Cmpd 
IIIa 
IIIb 
IIIC 
IIId 
IIIe 
IIIf 
1119 
IIIh 
IIIi 
IIIj 

- 
Product 

R2 
c6% Me 
4-pyridyl H 
3-pyridyl H 
2-pyridyl H 
4-pyridyl Me 
C6H5 CH 2NMe 2 

Me3C C6H5 
pMeOC6Hq pMeOCgH4 
4-pyridyl C6H5 

- R1 

Me3C H 

mp (bp)a 
?o-2' 
115-7 
62-70 
125-7 
oil 
oi 1 
(68-73/0.1) 
54.5-5.5 
119-20 
(150-60/0.1) 

CHNMe2 
IIIk & 130.5-1.5 

Me NHC=N 

1111 -(CH2)2NMeCH2- (110-20/0.1) 
IIIm -(CH2)2CH(Me3C)CHz- (135-42/0.1) 
IIIn -(CH2 110- (98-105/0.1)c 

1110 H5C60C 

IIIP 
IIIq - - 
- 
IIIU 
IIIV 
IIIW' 
IIIW' ' 

161-3 

45-55 
96-7.5 - - - 
oil9 
( 130-40/0.1)h 
(90-7/0. l)d - 

oi le 

Yieldb 
ps 
96 
74 
79 
67 
61 
63 
78 
82 
60 

37 

68 
82 
75 

90 

60 
55 - - 
- 
87 
84 
85 
4 

86 . .  
IIIxm CHNMe2 ?€INMc2 IIlx,, 

-(CH2)3CHMe- Me2NHc+jJ /&.."NMez (99-104/0.1 )f 67 

IIIY' IIIY" 

a )  Expressed in O C  and ('C/mm Hg). b) Isolated yields, not optimized. 
c) See Ref 7. d) Separted by chromatography over silica gel prior to 
distillation. e) Depending upon rxn conditions a 4:l or 4.5:S.S mixture. 
f )  a 1:l mixture. g )  See Ref 9. h) See Ref 10. 
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T a b l e  2 P a r t i a l  S p e c t r a l  Data  

Cmpd - PMRa I Rb - 

( a )  Recorded on a V a r i a n  T-60 o r  XL-100 spectrometer, 
e x p r e s s e d  i n  s r e l a t i v e  to  TMS. 

( b )  Recorded on a Perk in-Elmer  model 257 or 457 s p e c t r o m e t e r ,  
e x p r e s s e d  i n  c m . - l  

( c )  A m i x t u r e  of  80% I I I x ' ,  20% I I Ix" .  
( d )  A m i x t u r e  of 50% I I I y ' ,  50% IIIy". 
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