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Abst rac t  - 2-Lithio-2-(2.6-dimethylpiperidino)acetonitrile, a formyl anion 

equivalent,  r e a d i l y  reacts  w i t h  a,@-unsaturated c y c l i c  ketones t o  r e s u l t  i n  

a successful conjugate 1,4-addit ion. 

The Michael a d d i t i o n  o f  f o w l  carbanion equivalents t o  a,@-unsaturated ketones i s  a very 

important reac t i on  which cons t i t u tes  fo rmat ion  o f  s y n t h e t i c a l l y  useful 1,4-dicarbonyl compounds. 
1 

2 3 Although nitromethane and hydrogen cyanide a re  most comnonly used reagents f o r  formyl carbanion 

equivalents,  conversion of the  introduced n i t romethy l  o r  cyano group t o  the  f o w l  group i s  n o t  an 

easy process.4 Thus, there  have been cont inu ing i n t e r e s t s  i n  i nves t i ga t i ons  on the conjugate 1,4- 

5 6 a d d i t i o n  o f  a formyl  anion o r  an equ iva lent  t o  a,@-unsaturated ketones. For p r a c t i c a l  purposes, 

the  l a t e n t  formyl groups should be e a s i l y  unmasked a f t e r  the  conjugate a d d i t i o n  i s  effected. 
7 

To our knowledge, c y c l i c  2-enones have no t  been used fo r  the  Michael a d d i t i o n  w i t h  a-amino- 

a c e t o n i t r i l e s 8  which are wide ly  u t i l i z e d  as acyl  carbanian equivalents.  9 

We descr ibe here in  the  successful u t i l i z a t i o n  o f  the  l i t h i o  a-aminoaceton i t r i le  (1) i n  1,4-addi t ion 

t o  a,@-unsaturated c y c l i c  ketones fo l lowed by unmasking t o  the  formyl group and the e f f e c t s  of 

so lvent  and temperature on the add i t ion .  



2-(2.6-~imethy1piperidino)acetonitrile~~ which could be expected t o  increase the s t e r i c  

hindrance around the carbanion center  was selected as a subst ra te  w i t h  the  reason f o r  prevent ing 

the sel f -condensat ion reac t i on  of a -aminoaceton i t r i le  dur ing  anion formation. I t  has been found 

t h a t  the l i t h i o  d e r i v a t i v e  (1) der ived from 2-(2,6-dimethy1piperidino)acetonitrile undergoes 

conjugate a d d i t i o n  t o  2-cyclopentenone (2) g i v i n g  ],&adduct (3) as a so le  product. A t y p i c a l  

procedure i s  described i n  the  fo l lowing. 2-(2.6-0imethylpiperidino)acetonitrile (6.5mM) i n  

tetrahydrofuran (THF) was added a t  -78'C t o  l i t h i u m  di isopropylamide (6.5mM) i n  THF (101.20ml) under 

argon. Thereto were added hexamethylphosphoramide (HMPA) (16mM) and then 2-cyclopentenone ( 2 )  

(5.0mM). The whole mix ture  was allowed t o  stand a t  room temperature f o r  1 hr.  A f t e r  quenching w i t h  

saturated amnonium ch lo r i de  ( l h l ) ,  fo l lowed by the  usual work-up, the  r e s u l t i n g  mix ture  was 

p u r i f i e d  by column chromatography on s i l i c a  gel  t o  g i ve  on ly  1,s-adduct (3) i n  68% y i e l d  (mp 75%76 

'C). When t h i s  reac t i on  was quenched a t  -78•‹C wi thout  add i t i on  o f  HMPA, the  y i e l d  of (3)  was found 

t o  decrease s l i g h t l y  (53%) bu t  1,Z-adduct could no t  be detected among the reac t i on  products. 

The react ion  of the  l i t h i o  d e r i v a t i v e  (1 )  w i t h  2-cyclohexenone (4) smoothly occurred t o  prov ide 

1,4-adduct (5) and 1.2-adduct (6) .  The product r a t i o  depends on the reac t i on  cond i t ions .  The 

r e s u l t s  are sunmarized i n  Table 1.  

Table 1. Add i t ion  of 2-lithio-2-(2,6-dimethy1piperidino)- 

a c e t o n i t r i l e  t o  2-cyclohexenone (4 )  

Add i t i ve  1.4- 1,2- 
Entry Temp. Time (mol/mol o f  Tota l  Add i t ion  Add i t ion  

("C) (min) aminoaceton i t r i le )  y i e l d ( % )  (5) % (6) % 

1 -78 240 HMPA(2.5) 72 37 63 

2 -78 20 None 51 10 90 

3 - 7 W 2 5  60 HMPA(2.5) 70 97 3 

4 -78e25 90 None 47 70 30 
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The r e s u l t s  shown i n  Table 1  i n d i c a t e  t h a t  the  product ion r a t i o  of 1,2- t o  1,4-addi t ion i s  

ob ious ly  affected by the  reac t i on  temperature.6i'11 Namely, e n t r i e s  1  and 2  should be compared w i t h  

e n t r i e s  3 and 4, where the product r a t i o  o f  ( 5 )  and (6) was reverse i n  the react ions  performed a t  

-78'C and a t  room temperature. However, the  presence of HMPA i s  e f fec t ive  f o r  increas ing the t o t a l  

y i e l d  and the r a t i o  o f  the  1,4- a d d i t i o n  product (en t r i es  3 and 4). The so lvent  e f f e c t  i n  t h i s  

a d d i t i o n  reac t i on  i s  i n  marked con t ras t  w i t h  the  recent data6h on the reac t i ons  of 2 - l i t h i o - 1  ,3-  

d i th ians  w i t h  c y c l i c  2-enones. We suggest t h a t  t h i s  r e a c t i o n  cons is ts  of a  r a p i d  r e v e r s i b l e  1,2- 

a d d i t i o n  fo l lowed by a  slow 1  ,&addi t ion as i l l u s t r a t e d  i n  Scheme 1. I n  support ing t h i s  pathway, 

when a  s o l u t i o n  of the l i t h i u m  s a l t  of 1,2-adduct (6 )  i n  THF-HMPA was al lowed t o  stand a t  room 

temperature f o r  1.5 hr, the  conjugate add i t i on  product (5 )  (50%) was obtained. 

FN 
-78'C 

- ( I )  + (4)  %. VY3 + (5) 

L~+-O - %Q Scheme 1 UL i  + 

(7) (8) 

Treatment of (-1-carvone (9 )  w i t h  the  l i t h i u m  s a l t  (1)  under the  same cond i t ions  as shown i n  

Table 1, en t r y  3 exc lus i ve l y  gave 1,4-adduct (10) i n  60% y i e l d .  

Reduction of 1,4-adduct (5 )  w i t h  NaBH4 i n  methanol gave the corresponding cyclohexanol de r i va t i ve ,  

which w i thou t  f u r t he r  p u r i f i c a t i o n  was subjected t o  hyd ro l ys i s  w i t h  C U S O ~ . ~ H ~ O ~ ~  i n  r e f l u x i n g  

methanol f o r  7 h r  t o  af ford hydroxy aceta l  (11) i n  40% i s o l a t e d  y i e l d .  13 
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