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Abs t r ac t  : Reaction of cinnamoyl chloride with various N-alkyl  derivatives of (R)-(-)-2-  
aminobu tan- l -o l  (a readily available reagent) afforded the corresponding cinnamamides.  
Michael additions of Grignard reagents  to the lat ter ,  fo l lowed by acidic hydrolysis, yielded 
optically active ~-phenylalkanoic acids whose ee mos t  generally were in the range 72-100%. 

The enant ioselect ive Michael addition of organometal l ic  r eagen t s  to chiral 7 ,~-unsaturated 
es te rs  1-4 oxazolines 5'6, amides 7'8 and imides 9 has a t t r ac ted  much in te res t  in the pas t  years. For 

instance,  Mukaiyama and Iwasawa 8 prepared the crotonamide and cinnamamide deriving f rom 
(1R, 2S)-(-)-ephedrine,  and they observed tha t  addition of  various Grignard reagents  to the lat ter ,  
fo l lowed by acidic hydrolysis, a f forded the corresponding ~-methyt  and B-phenylalkanoic acids 
having high enant iomeric  purities. 

In this case, as well as in mos t  others ,  the chirality t r ans fe r  reagents  have at least  two 

asymmetr ic  centres ,  and are of ten  easily obtained in only one enant iomeric  form. For this reason, 
we considered using simple N-alkyl derivatives of (R)-(-) or (S)-(+)-2-aminobutan- l -ol  1 as new 
chirality t r ans fe r  reagents .  Indeed racemic 2-aminobutan- l -o l  1 is a cheap compound which can 
readily be resolved into both  its enant iomers  on the industriel  scale. 10 

The enant ioselect ive Michael addit ions of Grignard reagents ,  to various cinnamamides deriving 
from (R)-(-)-I, are repor ted  in this communication.  

Trea tment  of (R)-(-)-I  with excess  ethyl formate,  fo l lowed by reduct ion of the  intermediate  
formamide 2 with LiA1H 4 in a THF/Et20 mixture, yielded the N_-methylamine (P0-(-)-3a, The 

11 ro O-benzyl  N-methy l  derivative (R)-(-)-S was similarly prepared f m the corresponding primary 
amine (R)-(-)-4 12 (see Scheme). 

The secondary bases  (R)-(-)-3b and (R)-(-)-3e were prepared f rom (R)-(-)-I  as previously 

described.13 
The secondary amines (R)-(-)-3a-c were next  t rea ted  with cinnamoyl chloride in CH2C12 and 

in the presence  of  aqueous Na2CO 3 at room temperature .  This a f forded the  required cinnamamides 
(R)-(+)-6a-c in high yields, 14 undesirable e s te r  format ion being negligible under these  conditions.  
The liquid amides (R)-(+)-6a and 6b were purified by column chromatography over silica gel using 
E t20 /cyc lohexane  8:2 as an eluent.  The amide 6¢ is crystall ine.  

The Michael adducts  7-14 were obtained by reaction of the cinnamamides 6a-c with a s ixfold  
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exces s  of  an  appropria te  Grignard r eagen t  (RMgX) in Et20 a t  O°C for  3 hrs ,  which is s o m e w h a t  

s impler  than  the  condi t ions  used  by Mukaiyama and Iwasawa (-40°C for  48 hours) .  8 In RMgX, 

R is Et, i -Pr,  n - B u  or PhCH 2. The l iquid adduc t s  7-14 were i so la ted  in yields rang ing  f rom 45 

to 90% a f t e r  co lumn  ch roma tog raphy  us ing  E t 2 0 / c y c l o h e x a n e  as an e luen t  (see Table). 

Entry Michael adduc t s  7-14, 17, 18 Resul t ing  acids  1Sa-d 

R1 R Yield [~]D b) Yield [~3 d) Lit. [~3 ee 

(%) a) (%)c) observed (Ref.) d) (%) 

1 7 Me Et 76 -16 lSa 71 -42.4 -49.96 (8) 85 

2 8 Me n-Bu 72 -14 lSb 80 -33.2 +37.05 (8) 90 

3 9 Me i-Pr 71 -22 3 lSc 81 -31.8 -41.O5 (16) 78.5 

4 10 n_-Bu n_-Bu 60 -19.5 1Sb 80 -31.8 +37.05 (8) 85 

5 11 n_-Bu PhCH 2 70 +15.5 ISd 57 +39 -60 (2) 65 

6 12 PhCH 2 Et 90 -1.3 lSa 70 -46 -49.96 (8) 92 

7 12 e) PhCH 2 Et 64 -4.2 1Sa 48 -46 -49.96 (8) 92 

8 13 PhCH 2 n_-Bu 50 -2.75 1Sb 80 -37 +37.05 (8) 100 

9 14 PhCH 2 !-Pr 52 -6.8 1So 85 -29.8 -41.5 (16) 72 

10 17 Me Et 40 +10 lSa 80 -38.2 -49.96 (8) 76 

11 17 e) Me Et 57 -5 ISa 80 -45 -49.96 (8) 90 

12 18 Me n-Bu 50 +4.1 1Sb 80 -20.75 +37.05 (8) 56 

a) Yield a f t e r  ch romatography .  - 

d) Specific ro t a t i ons  were taken  

recorded at  578 nm. - e) Michael 

b) Taken in Phi l  as 

a t  220C in Phil, a t  

addi t ion carried ou t  

a so lvent .  - c) Yield a f t e r  dis t i l la t ion.  - 

589 nm excep t  for  ISb whose  [~] was 

in the  p resence  of Znl 2. 

TABLE - Enant iose lec t ive  s y n t h e s e s  of B-phenylalkanoic acids ISa-d 

The ~-phenyla lkanoic  acids 1Sa-d (Scheme) were nex t  obta ined  by acidic hydrolys is  of  the  

cor respond ing  amides  7-14, fol lowing the  l i te ra ture  procedure.  8 The enant iomer ic  exces s  (ee, %) 

of each acid lSa-d was de te rmined  as the  rat io of the  specif ic  ro ta t ion  we observed to t h a t  

repor ted  fo r  the  optical ly pure c o m p o u n d  (see Table). The acids lSa-c had the  (R)-(-) 

conf igura t ion  in all cases.  The acid lSd was  dext roro tary .  The ee of the  acids l~a-c  ranged f rom 

72 to 100% (entry 8). When the Michael addition of  EtMgBr to the  N-benzy lc innamamide  6c 

was  carried o u t  in the  presence  of  Znl 2, no improvemen t  was observed  in the  enant iose lec t iv i ty  

of  the  react ion,  whereas  the  chemical  yield was  markedl ly  lower than  wi thou t  ZnI 2 (entr ies  6 

and 7). 

In order  to  a s s e s s  the  impor tance  of a free hydroxyl  group on the  enant iose lec t iv i ty  of  
the above Michael addit ion react ions ,  the  c innamamide 1615 was  syn thes i zed  in the  usual  manner ,  

s t a r t ing  f rom the  O-benzyl  ba se  (R)-(-)-S. The c innamamide  16 was  t r ea ted  wi th  EtMgBr and 

n-BuMgBr,  t h u s  leading to the  liquid Michael adduc t s  t7 and 18 respect ively  (entr ies  10 and 12). 

The ee of the  r e su l t ing  acids lSa and ISb were lower than  t h o s e  of the  same  acids deriving f r o m  

the c innamamide  6a. Addit ion of 1 equiv, of  ZnI2, in the  p repara t ion  of the  Michael p roduc t  17, 

r e su l t ed  in an increase of  the  opt ical  pur i ty  of  the  final acid 1Sa (entry 11), which is in a g r e e m e n t  

with some  earl ier  f indings.  2 

A typical procedure  is descr ibed for  the  prepara t ion  of  (R)- ( - ) -3-phenylheptanoic  acid lSb 

(entry 8). The c innamamide  (R)-(+)-6c (3.5 g ; 12.5 mmol)  in E t 2 0  (20 mL) was  added to a 
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solut ion of  n-BuMgBr (ca__. 90 mmol) in E t20  (20 mL) at O°C in 1 hr. After  s t i r r ing for  3 hrs 

at O°C, the  mixture was hydrolyzed wi th  a buf fe r  solut ion (KH2PO4/NaOH pH7, (108 mL). The 
biphasic medium was f i l tered through celite and the l a t t e r  was washed wi th  AcOEt. The 
aqueous phase was ex t rac ted  wi th  AcOHt, and the organic so lu t ions  were pooled, dried (MgSO4) , 
f i l tered and evaporated. Column chromatography of the oily residue (4.6 g) over silica (using 
E t20 /cyc lohexane  9/1 for  the elution) af forded the Michael adduct  (-)-13 (2.1 g ; 50%), [~]2°-2.75 

(c 2, Phil). The compound (-)-13 (1.6 g ; 4,36 mmol) was added to  AcOH (15 mL) and 6N H2SO 4 
(29 mL) and the mixture  was ref luxed for  4 hrs. Af ter  cooling, the  mixture was ex t rac ted  with 
Et20  (3 x 75 mL) and the ex t rac t  was washed with brine, then  with water,  and was dried 
(MgSO4), f i l tered and evaporated.  Disti l lat ion of  the residue under  reduced p ressure  af forded 

the acid (R)-(-)-lSb (0.7 g ; 80%), [~]578 -37 (Phil), ee = 100%. Litt. 8 [~]578 +37.05 (Phil). 

Conclusion 

The high values of ee we generally observed for  the final ~-phenylalkanoic acids lSa-d (see 
Table) imply tha t  a high degree of asymmetr ic  induction occurs  during the addit ion of the 
Grignard reagent  to  the s ta r t ing  cinnamamide (6a-c, 16). In agreement  with Mukaiyama and 
twasawa, 8 it can be assumed tha t  in the presence of excess  Grignard reagent ,  the s tar t ing 
cinnamamide has a ra ther  rigid and planar s t ruc ture  due to  magnesium binding both  with the 
carbonyl of  the amide group and with the alkoxy group (or henzyl e ther  group). The Grignard 
reagent  mus t  add to the double bond in a t rans  manner  with regards  to the  e thyl  group carried 
by the asymmetr ic  carbon, as shown on the Scheme. This indeed accounts  fo r  the (R) configurat ion 
we observed for the final acids 1Sa-c. 

From the sole viewpoint of asymmetr ic  synthesis ,  our me thod  is sat isfying inasmuch as 
we could create a new asymmetr ic  cent re  s tar t ing f rom a chirality t r ans fe r  reagent  (such as 
3a-c) which contains only one asymmetr ic  centre.  Besides, o ther  advantages are that  the  above 
chiral reagents  are ra ther  cheap and readily available in both  enantiomeric forms.  
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