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SUMMARY: A new, versatiZe method for the stereocontrolled synthesis of conjugated IE, El- 

dienamides is described which relies upon the acid-catalyzed or therma ynamine-CZaisen 

rearrangement with readiZy accessible laryZthiolynamines. 

The Claisen rearrangement has found substantial utility in the methodology of synthetic 

organic chemistry.2) For example, the reaction of an allylic alcohol with ynamines affords 

the rearranged y,&unsaturated amides via the ketene N,O-acetal intermediates in the so-called 

ynamine-Claisen rearrangement first developed by Ficini. 3) More recently Bartlett has reported 

interesting stereochemical features of the Claisen variant. 4) We have recently developed an 

exceedingly convenient method for preparing (arylthio)ynamines (3 from 2,2,2-trifluoroethyl 

sulfides and secondary amines. 5) Thus the easy availability ofJ, coupled with our continuing 

interest in synthetic applications of sigmatropic rearrangements, 6) prompted us to examine the 

unexplored ynamine-Claisen rearrangement with L. 

Herein we wish to report that the particular ynamine-Claisen rearrangement provides a 

versatile method for the stereocontrolled synthesis of conjugated dienamides (2). Scheme I 

illustrates the complete transformation requiring no purification of intermediates. The key 

step is the facile conversion of an allylic alcohol (2) to the stereochemically defined y,d- 

unsaturated amides (2) which involves addition of 2_to l_ followed by the in situ Claisen 

rearrangement. Oxidation ofi (NaI04, aq. CH3OH) followed by thermolysis of the resulting 

sulfoxides (2) (reflux in toluene) furnishes (E,E)-2,4-alkadienamides (2) in good yields (see 
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Table 1). The most notable feature of the present method compared with previous ones7) for 2,4- 

alkadienoic acid derivatives is that the two olefinic stereochemistries in the product are fully 

controlled through combination by the ynamine-Claisen rearrangement with thermolysis of the 

sulfoxides. 

The ynamine-Claisen rearrangement was best carried out in ether at 20°C in the presence of 

boron trifluoride etherate (method A) for primary allylic alcohols (entries l-4) or in refluxing 

toluenewithout any acid catalyst (method B) for secondary allylic alcohols (entries 5-B). 

Application of method A to secondary allylic alcohols caused a serious regiochemical problem. 

For instance, the BF3-catalyzed reaction of 1-buten-3-01 resulted in the formation of a 3 : 4 

mixture of amides $ and 4d arising from the formal [1,3]- and [3,3]-rearrangement, respectively. B) 

SPh 

OH 
‘ G/BF30Et2(cat.) 

> 

4d 

The stereochemical features of our synthetic approach are twofold. First, the thermal 

rearrangement of secondary alcohols 2 (R'=H, R2=alkyl) eventually furnishes (2i7, 4E)-alkadien- 

amides with high stereoselectivity. It should be noted that the E geometry of the y,&double 

bond is established by the high stereoselectivity inherent in the Claisen rearrangement 2) 

whereas the E geometry of the cL,&double bond results from the high E selectivity 9) generally 

observed with thermolysis of sulfoxides having two B-hydrogens such as 3 (R'=H). 
7 

Secondly, 

the acid-catalyzed rearrangement of (E)-allylic alcohols 1 (R'=alkyl, R =H) is highly 

diastereoselective, leading selectively to the (2E)-dienamides with trisubstituted olefinic 

bonds!') In view of the syn-elimination mechanism widely accepted for the thermal extrusion of 

sulfenic acid,') the geometry of the trisubstituted olefinic bond should be established solely 

by the relative stereochemisty of the vicinal chiral centers created by the rearrangement. 

Thus the selective formation of the E double bond obviously indicates that the erythro-c 

arising from the (Z)-ketene N,O-acetal predominates over the threo isomer from the (E)-ketene 

acetall') (see Scheme II). 
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Entry 

Allylic Rearr. methoda 

alcohol (Ynamine used) 

Conjugated 

dienamideb 

Overall yield, %' 

(Stereochemistrv)d 

RI-OH “kl‘ CONR2 

1 R'=H A (5) 6a, R 1 =H, R=i-C3H7 81 [E,>95%] 

2 R'=CH3 A (9) 2, R'=CH3, R=i-C3H7 72 [E, >95%] 

3 R1=CH3 Ae (12) 2 70 [E/Z= 3 : 21 

4 R 1 =n-C3H7 A (12) 6c, 9 1 =n-C3H7, R=i-C3H7 59 [E/Z= 4 : 11 

OH R2 
nCONR2 

5 R2=CH3 B (12) 6cJ R2=CH3, R=i-C3H7 57 [(2E, 4E),>95%] 

6 R2=CH3 B (l,b) 6i' , R2=CH3, R=C2H5 67 [(2E, 4E),795%] 

7 
2 

R =n-C5H11 B (12) 2, 
2 

R =n-C5H11, R=i-C3H7 56 [(Z, 4E),>95%] 

8 
2 

R =n-C5H11 B (lb) %', R2=n-C5Hll 
I 
R=C2H5 57 [(2E, 4E),>95%] 

a See the text. ' Fully characterized by spectral (ir and nmr) data. ' Based on the allylic 

alcohol (not optimized). d Unequivocally determined by nmr analysis (cf. ref 10). The nmr data 

will be described in a full paper. e The reaction was run in refluxing ether. 

As illustrations of the synthetic utility of the present method, we further carried out 

the syntheses of naturally occurring dienamides, trichostachine (2) 12) and piperine ($13) 

isolated from Piper trichostachyon and Piper nigrzun, repectively. Thus the thermal rearrange- 

ment procedure described above was applied to the reaction of the allylic alcohol ($J)14) 

ynamine &.15) 

with 

Oxidation (m-chloroperbenzoic acid, CH Cl 
2 13; 

-78"C)16) of the rearranged amdie 

followed by thermolysis afforded3 in 30% overall yield. Similarly, the use of 1A in place 

of 1,~ gave rise togin 30% overall yield. 17) The both alkaloids thus obtained are identical 

in all respects (mp, ir, and nmr) with the reported ones. Finally, it is interesting to note 

that (2E, 4E)-decadienamide (%) obtained above (entries 7 and 8) is closely related to 

pellitorine (N-isobutyl-2,4_decadienamide), a naturally occurring insecticide isolated from 

AnaeycZus pyrethrm roots. ’ 8, 

N 3CH21n p-CH3C6H4S-s-Nti riCH2)n (;e 

7, n=4; 8, n=5 
12, n=4; 3, n=5 

N h) L? 
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