
Pergamon 
Tetrahedron Letters, Vol. 38, No. 8, pp. 1309-1312, 1997 

© 1997 Elsevier Science Ltd 
All rights reserved. Printed in Great Britain. 

PII: S0040-4039(97)00065-8 0040-4039/97 $17.00 + 0.00 

A Convenient Cross-Coupling Route to ¢x,15,T,5--Unsaturated Amino Acids 

Mark J. Burk,* John G. Allen, William F. Kiesman,* and Karen M. Stoffan 

Paul M. Gross Chemical Laboratory, Department of Chemistry, 
Duke University, Durham, North Carolina 27706 USA 

Abstract - ~Bromoenamide esters are coupled stereospecifically to vinylboronic acids v/a a palladium- 
catalyzed Suzuki reaction. This cross-coupling proceeds under mild conditions with Pd(OAc)2 in 95% 
EtOH at 50 "C and produces amino acids with 1,3-diene side chains in high yields. 
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Unsaturated or didehydroamino acids possess interesting biological properties yet synthetically remain 

a challenging class of targets. 1 As constituents of peptides, they impart increased resistance from enzymatic 

degradation 2 and have been shown to induce conformational changes in the secondary structure of 

polypeptides. 3 Unsaturated amino acids are found in a family of polycyclic peptide antibiotics known as the 

lantibiotics 4 and have also served as intermediates in the construction of highly functionalized and rigidified 

amino acids. Importantly, didehydroamino acids are valuable substrates for enantioselective asymmetric 

hydrogenation reactions catalyzed by chiral transition-metal complexes.5 

Danion et al. 6 previously reported the coupling of ~-bromodidehydroalinate with alkynes mediated by 

Pd(PPh3)4 and CuI to produce amino acids with 1,3-enyne side chains. We surmised that Suzuki-type 
conditions 7 could be employed to couple [~-bromoenamide esters with vinylboronic acids to produce amino 

acids with 1,3-diene side chains. Herein, we introduce the stereospecific palladium-catalyzed Suzuki cross- 
coupling of 13-bromoenamide esters with vinylboronic acids as a general and high yielding route to unsaturated 

amino acids. 

The synthesis of the required starting materials was straightforward. Bromination of methyl-2- 

acetamidoacrylate by successive treatment with NBS and NEt3 in CH2C12 afforded only the Z product (1) 
(Scheme 1). 6,8 Under similar conditions, (Z)-~-alkylenamide esters (R = Me, Et, i-Pr, Bn) gave mixtures of E 

and Z products (2-9) which were easily separated by column chromatography. 9 Configurations of the [3- 

bromoenamide esters were assigned by NOE experiments lo and agreed with precedent. 6 Hydroboration of 

substituted alkynes by Brown's procedure 11 gave B-alkenylcatecholboranes which upon hydrolysis yielded the 

required E vinylboronic acids (10). 12 

~ / C O 2 M e  1) 1.1 eq NBS, CH2CI2, 18 h Brxjm:~,CO2Me R=H, Me, EL kPr, Bn 

R NHAc 2) 2.2 eq EtaN, ~ R - - N H A c  60.96% 
1.@ 

Scheme 1 
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The characteristic reactivity of the [~-bromoenamide esters required that: (i) we choose a weak base i.e., 

Na2CO3 to protect the ester functionality from hydrolysis (common bases such as NaOH and Ba(OH)2 could 

not be used), (ii) the reactions be performed at temperatures lower than that normally employed for Suzuki 

couplings (typically 80 *C) to avoid the threat of isomerization about the enamide double bond. 

Treatment of the [3-bromoenamide esters with 1.5 equiv, boronic acid, 2 equiv, solid Na2CO3, 10 

mol% Pd(OAc)2 in 95% EtOH at 50-55 °C gave high yields of the diene products in 2-4 hours. 13 The mild 

reaction conditions not only left the ester intact but also gave the cross-coupling product with complete 

retention of configuration. 8,14,15 The results of the coupling reactions are summarized in Table 1. The yields 

of the unsaturated amino acids where R = H, Me, Et and Bn ranged from good to excellent (55-94%). Both E 

and Z 13-bromoenamide esters gave similar yields of cross-coupling product. In the case where R -- H (entries 

1-4), the unavailability of the E bromide precluded its study in this reaction (vide supra). Small amounts of 

the homocoupling product of the boronic acids were observed as side products in all of the cross-coupling 

reactions. These compounds may be byproducts of the reduction of Pd(OAc)2 to the catalytically active Pd(0) 

species. 16 

Interesting results were obtained in the case of the i-propyl substituted bromoenamide esters, 

compounds 6 and 7 (entries 13-16). E Bromide 6 reacted sluggishly but stereoselectively with 10 (RI -- Ph 

and n-hexyl) giving 40% of 23 and 44% of 24, respectively. The Z bromide 7 on the other hand gave, none of 

the desired cross-coupling product with 10 (R1 --- Ph) (entry 15). Instead a large amount of homocoupling 

product, 17% of the E bromide 6, and traces of protodebrominated i-propyl enamide were found. The 

reaction of the Z bromide 7 with 10 (RI = n-hexyl) (entry 16) did not proceed stereoselectively and gave a 1:1 

mixture of the E and Z products (24 and 25). 

With respect to the observed reactions of the i-propyl bromides, the steric bulk of the i-propyl group 

may adversly effect the normal cross-coupling pathway and allow alternative reactions to dominate. The 

detection of E bromide in the reaction mixture for entry 15 and the mixture of products resulting from the 

cross-coupling of 7 with 10 (RI = n-hexyl) (entry 16) may be explained by the isomerization of Z bromide 7. 

Isomerization of 7 to 6 could take place through a ~-allyl complex after Pd(0) insertion into the i-propyl 

methine C-H bond. 16 

In conclusion, we have demonstrated for a variety of 13-bromoenamide esters that the Suzuki cross- 

coupling is a high yielding and general route to unsaturated amino acids. The investigation of this method in 

the preparation of ~',8-unsaturated amino acids via regio- and enantioselective asymmetric catalytic 

hydrogenations is underway. 
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Table 1. Suzuki Cross-Coupling of [},--Bromoenamide Esters With Vinylboronic Acids 

R:~=~CO=Me .B(OH)2 10 tool% Pd(OAc)2 , R= CO~vle 
B r - - N H A c  * R( ===t 1,Seq 2 eq N~CO3 ~/ - -~- / /~  NHAc 

1.4) 10 95% EtOH, 50-55 "C R1 11-31 

R=H, Me, Et, i-Pr, Bn 
Rl=n. .~ ,  ~.Bu, Ph, Bn 

entry R bromide (confi[.) a 10 (Rl) 

1 H 1 (Z) Bn 
2 1 (Z) Ph 
3 1 (Z) t-Bu 
4 1 (Z) n-hexyl 
5 Me 2 (E) Ph 
6 2 (E) n-hexyl 
7 3 (Z) Ph 
8 3 (Z) n-hexyl 
9 Et 4 (E) Ph 
10 4 (E) n-hexyl 
11 5 (Z) Ph 
12 5 (Z) n-hexyl 
13 i-Pr 6 (E) Ph 
14 6 (E) n-hexyl 
15 7 (Z) Ph 
16 7 (Z) n-hexyl 
17 Bn 8 (E) Ph 
18 8 (E) t-Bu 
19 8 (E) n-hexyl 
20 9 (Z) Bn 
21 9 (Z) Ph 
22 9 (Z) n-hexyl 

% yield b product (confi~.) a 

94 11 (2Z, 4E) 
55 12 (2Z, 4E) 
71 13 (2Z, 4E) 
88 14 (2Z, 4E) 
66 15 (2E, 4E) 
80 16 (2E, 4E) 
67 17 (2Z, 4E) 
82 18 (2Z, 4E) 
78 19 (2E, 4E) 
76 20 (2E, 4E) 
73 21 (2Z, 4E) 
88 22 (2Z, 4E) 
40 7,3 (2E, 4E) 
44 c 24 (2E, 4E) d 
0 e -- 

37f 2,5 (2Z, 4E) 
83 26 (2E, 4E) 
85 27 (2E, 4E) 
85 28 (2E, 4E) 
63g 29 (2Z, 4E) 
84 30 (2Z, 4E) 
88 31 (2Z, 4E) 

a Configurations were assigned by NOE experiments, b Yields of isolated product: all compounds gave satisfactory 1H 
and 13C NIVIR spectra as well as HRMS. c Yield determined by IH NIVIR. d Inseparable mixture of 6 and/,4, e Obtained 82% of 
1,4-diphenylbutadiene and 17% of 6. f Also obtained 37% of 24. g The reaction performed with 20 tool% Pd(OAc)2 gave 29 in 
70% yield. 
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