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1,h-ADDITION To CITRAL 

Submitted by Meyer Schwarz*, N. Wakabayashi and Eric  G. Thing 
(12/19/78) 

Agricultural  Ehvironmental Qual i ty  I n s t i t u t e  
Agricultural  Research 
Science and Education Administration 
U.S. Dept. of Agriculture? 
Bel t sv i l le ,  Maryland 20705 

Lithium dialkyl- and diphenylcuprates1’2 add very smoothly t o  c i t r a l  

at -70’ i n  e ther  or  hexane-ether mixtures t o  afford the corresponding 1,4- 

addition product i n  excellent yields .  

r ived from 1,2-addition) a r e  formed and they can e a s i l y  be separated by 

column chromatography. 

Less than 5% of the  alcohols (de- 

R -. 
I 

> (CH3)2C=CHCH CH CCH2CH0 R2CuLi + (CH ) C=CHCH CH C=CHCHO - 
21 3 2  21 

CH3 I CH3 

a) R = CH3 b )  R = C$Is c )  R = ~p24I- I~  d)  R = Ph 

The same reaction with the unsubstituted a,@-unsaturated aldehydes, 

2-hexenal and cinnamaldehyde w a s  l e s s  successful. In  the  case of 2-hex- 

enal and l i thium di-pbutylcopper the  desired product w a s  i solated i n  0- 

30% yield.  I n  the  case of cinnamaldehyde and l i thium dimethylcopper, no 

aldehyde product could be isolated a t  a l l ,  even though t h e  presence of 3- 

phenylbutyraldehyde i n  reasonable yields  d i rec t ly  a f t e r  work-up w a s  evi- 

denced by GLC and GLC-Ks comparisons with an authentic sample (prepared by 

oxidation of 3-phenylbutanol) . 

EXPERIMENTAL 

Infrared spectra  were recorded on a Perkin-Elmer 283 spectrophotomet- 
NMR spectra  were obtained with a Varian T-60 of C C l 4  solutions with 

GLC analyses were performed with Tracor 550 

er. 
rmS as the  internal  standard. Mass spectra were obtained with Hewlett- 
Packard 5992A W/Ks system. 
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gas chromatograph wi th  a 6" x 1 /4"  g l a s s  column packed wi th  3% OV-1 on 
Chromosorb WHP (80/100 mesh), column temperature 120-150' and N2 flow 
r a t e  of  60 ml/min. 

3,3,7-Trimethyl-6=o&enal ( Ia) . -  I n  a 500 m l  4-neck round bottom f l a s k  wi th  

mechanical s t i r r e r ,  purged wi th  n i t rogen ,  cuprous iod ide  ( 6 . 5  g ,  35 mmol; 

F isher ,  used as rece ived)  w a s  suspended i n  100 m l  anhydrous e the r .  

l i t h ium ( 6 5  mmol, 40 m l  of a 1.6 M so lu t ion3  i n  e t h e r )  w a s  slowly added by 

syr inge ,  t ak ing  ca re  t o  keep t h e  r eac t ion  mixture below 10'. 

t i o n  of  t h e  add i t ion  of t h e  methylli thium t h e  r e s u l t i n g  greenish-yellow 

so lu t ion  of  t h e  ( C H  ) CuLi w a s  cooled t o  -70'. Freshly d i s t i l l e d  c i t r a l  

( 4 . 5  g ,  33 mmol) w a s  then  added dropwise over a 10-minute period. 

ac t ion  mixture was s t i r r e d  a t  Dry I c e  temperature f o r  30 min. and then  

allowed t o  w a r m  t o  O', a t  which temperature t h e  r eac t ion  mixture w a s  de- 

composed by t h e  caut ious  add i t ion  of s a t u r a t e d  aqueous NH C 1 .  The reac- 

t i o n  mixture w a s  f i l t e r e d  through a pad of H i f lo  Super C e l  , and t h e  color- 

l e s s  organic  l a y e r  was washed wi th  d i l u t e  NHbOH, water ,  s a t d .  b r i n e ,  and 

d r i ed  over Na2S04. GLC a n a l y s i s  of t h i s  so lu t ion  revealed t h e  product of  

ca. 95% p u r i t y ,  contaminated by t h e  1,2-addition product,  a s  evidenced by 

comparison wi th  au then t i c  samples. The e t h e r  so lu t ion  w a s  evaporated and 

t h e  res idue  w a s  chromatographed on 100 g o f  F l o r i s i l  . 
m l  o f  5% e t h e r  i n  hexane gave a so lu t ion  of pure I ( G L C  a n a l y s i s ) .  

o ra t ion  of t h e  so lven t s  and d i s t i l l a t i o n  of t h e  res idue  i n  a shor t  pa th  

s t i l l  gave 3.6 g (73%) o f  pure product,  bp (ba th  temp) 110°/20 mm; I R  

( n e a t ) :  1725; nmr: 

-C€&,-CHO), 1 . 0  ( s ,  6 H ,  -C(C€13)2-); mass spectrum m/e 168 (M'). 

Anal. Calcd. for CllH200: 

Methyl- 

Af te r  comple- 

3 2  

The re -  

4 
@ 

@ 
Elut ion  wi th  400 

Evap- 

6 9.65 ( t ,  J=3 Hz,  1 H ,  - C E O ) ,  2.2 ( d ,  J=3  Hz, 2 H ,  

C ,  78.51; H ,  11.98. 

Found: C ,  78.75; H ,  11.94. 

3-Ethyl-3,7-dimethyl-6-octenal ( I b )  w a s  prepared i n  t h e  same manner as Ia (83%),  

except t h a t  t h e  add i t ion  of e thy l l i t h ium t o  cuprous iod ide  w a s  c a r r i e d  out  
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at -30° and a black suspension resulted, 

1725; nmr: 

CHO), 6 = 1.0 (5, 3H, -C(Cg3) (C H )-CH2); mass spectrum m / e  182 (M ). 

Anal. Calcd. for C H 0: C, 79.06; H, 12.17. 

Found: C, 79.34; H, 12.23. 

bp (bath temp.) 125'/20 nun; IR: 

6 = 9.75 (t, J=3 Hz, 1 H, -CEO), 2.2 (d, J=3 Hz, 2 H, -Cg2 - 
+ 

2 5  

12 20 - 

3-g-Butyl-3,7-dimethyl-6-octenal (Ic) was prepared in the same manner as Ia 

(60%) , using cammercially available 2-butyllithium in hexane , bp. (bath 

temp.) llOo/O.l m;IR: 6 9.8 (t, J=3 Hz, 1 H,-CEO), 2.2 (a ,  

J=3 Hz, 2 H, -CI12-CHO), 1.0 ( s ,  3 H, -C(CH3) (qBu)CH2); mass spectrum m/e 

210 (M'). 

_I And. Cdcd.  for C14H260: 

1725; nmr: 

C, 79.93; H, 12.46. 

Found: C, 79.94; H, 12.30. 

1 was prepared in the same manner as Ia 

(90%) bp. lllo/O.O1 m;IR: 1725, nmr: 

(apparent 6,  5 H, C H ), 2.5 and 2.6 (dd[diastereotopic H's], J = 3Hz; 

2If, -CHH-OHO), 1.45 (5, overlaps with terminal CH3)-C(C6H5)(CH3)-CH2); 

mass spectrum: m/e 230 (M+). 

- Anal. Calcd. for C16H220: 

6 9.5 (t, J = 3 Hz, 1 H, -CHO), 7.3 

6 3  

C, 83.43; H, 9.63. 

Found: C, 83.42; H, 9.61. 
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