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Trost and Kazmaier recently reported that PPh3 
catalyzes the isomerization of alkynyl ketones, esters, and 
amides to the corresponding (E$)-diene~.~J This simple 
isomerization promises to be an attractive alternative to 
more conventional preparations of dienes and other 
 polyene^.^ Our interest in the synthesis of polyene 
macrolide antibiotics led us to consider extending this 
method to the preparation of higher alkenes. We now 
report the isomerization of enyne esters to (E$$)-triene 
esters using an improved catalytic system. 

Isomerization of the enyne ester 1 to triene ester 7 was 
initially e ~ a m i n e d . ~  Trost had shown that PPh3 and acetic 
acid were necessary to isomerize alkynyl esters, whereas 
PPh3 alone was sufficient to isomerize the more reactive 
alkynyl ketones. Treatment of 1 with PPh3 and acetic 
acid in refluxing xylenes (140 "C) led to a very slow 
isomerization to 7 accompanied by decomposition. Sub- 
stituting triflic acid for acetic acid shut the reaction down 
completely! Consideration of the reaction mechanism led 
to the series of possible intermediates shown in Scheme 
1. The acid (HA) would be expectedto facilitate the initial 
addition of PPh3 to the alkyne, while a strong conjugate 
base (A) would be expected to promote the subsequent 
proton transfer reactions. Triflic acid was ineffective as 
a cocatalyst because the triflate anion is not a strong enough 
base. A series of weak acids (strong conjugate bases) were 
screened in the isomerization reaction. Phenol was found 
to be a very effective cocatalyst with PPh3 for the 
isomerization of enyne 1 to triene 7. A number of 
substituted phenols were also examined as cocatalysts,B 
but none was superior to phenol. 
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Several examples of this isomerization reaction are 
shown in Table 1. The reaction rates show a strong 
concentration dependence, and so all of the examples in 
Table 1 (except entry 6) were run using the standard 
concentrations: 1 M substrate, 1 M PPh3, and 1 M phenol 
in benzene. The enyne esters 1-4 isomerized at  55 "C to 
give the (E$$)-triene esters 7-9 in good yield (entries 
1-4).' Each of the trienes 7-9 was found to have the E$$ 
geometry by NMR spectroscopy. The isomerization 
conditions are nearly neutral and should be compatible 
with most protecting groups. The alkyne esters 5 and 6 
were also examined and found to isomerize at  25 "C to 
give the (E$)-diene esters 10 and 11, respectively, in good 
yield (entries 5 and 7).' When the alkyne 5 was treated 
with acetic acid instead of phenol under the same reaction 
conditions, only 17 % of diene 10 was detected along with 
the recovered starting material. 

The isomerization of dialkynes to tetraenes was inves- 
tigated using PPh3 and phenol. The dialkyne ketone 12 
was isomerized at  55 "C under standard conditions to give 
the tetraene ketone 13 in 21% yield, eq 1. A major side 

Phenol Adducts + n-Bu 
0 

28% 21% 13 

reaction was conjugate addition of the phenol to the 
unsaturated ketone. A mixture of phenol adducts was 
isolated in 28% yield. A similar attempt to isomerize the 
dialkyne ester 14 to the corresponding tetraene was 
unsuccessful. The major product was the phenol adduct 
15 which was isolated in 34% yield. The unexpected 

PPh3, Phend 
CO2Et 

n-Bu * 
PhH, 55 "C, 14 h 14 

OPh 

n-Bu 

34% 15 

regiochemistry presumably arises from conjugate addition 
of phenoxide to a vinyl phosphonium intermediate. The 
combination of phenol and PPh3 leads to conjugate 
additions with diyne esters, but it is a mild and effective 

(7) The (E,E,E)-triene ester was the major alkene isomer formed in 
each case with 2 1 0 1  selectivity by lH NMR spectroscopy. Similarly, the 
@$)-diene was the major alkene isomer formed in each case with 2 2 0 1  
selectivity. 
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Table 1. Isomerizations of Alkynes with PPha and Phenol 
entry starting material reagenta T (OC)/time (h) product yield (7%)  

4 pT-+c02Me 
4 

7 

PPWPhOH 

P P w  PhOH 

PPhdPhOH 

PPha/ PhOH 

PPW PhOH 

PPh$AcOH 

PPWPhOH 

catalytic system for the isomerizations of enyne esters to 
(E,E,E)-triene esters. 

Experimental Section 
General Experimental Details. Liquid chromatography was 

performed using forced flow (flash chromatography) of the 
indicated solvent system on EM reagent silica gel 60 (230-400 
mesh).8 Commercial CHzClz was distilled from CaHz under Nz. 
Air- and/or moisture-sensitive reactions were carried out under 
Nz or Ar using flame-dried glassware and standard syringehepta 
techniques. NMR data for 13C DEPT experiments are reported 
as quaternary (C), tertiary (CH), secondary (CH,), and primary 
(CH3) carbon atoms. For overlapping signals the number of 
carbon atoms are given in parentheses. 

Methyl (2&4E,GE)-Trideca-2,4,6-trienoate (7). Ester 1 (200 
mg, 0.90 "01) was dissolved in 0.90 mL of benzene. PPh3 (236 
mg, 0.90 mmol) and phenol (85 mg, 0.90 mmol) were added to 
this solution. The mixture was warmed to 55 OC and stirred for 
12 h. The solution was cooled to ambient temperature and diluted 
with ether and 1 N NaOH. The layers were separated, and the 
aqueous layer was extracted with ether (2X). The combined 
organic layers were washed (water, brine) and dried (MgSO,). 
The solution was filtered, concentrated under reduced pressure, 
and purified by flash chromatography (SiOz, 5 % EtOAc/hexanes) 
to give 140 mg (0.63 mmol, 70%) of the product as a yellow oil: 
IR (neat) 1719, 1618, 1004 cm-l; lH NMR (500 MHz, CDC13) 6 
7.30 (dd, J = 15.3, 11.5 Hz, 1 H), 6.53 (dd, J = 14.7, 10.6 Hz, 1 
H), 6.22 (dd, J = 15.0,11.5 Hz, 1 H), 6.19 (dd, J = 15.0,10.6 Hz, 
1 H), 5.93 (dt, J = 14.4, 7.1 Hz, 1 H), 5.83 (d, J = 15.6 Hz, 1 H), 
3.81 (a, 3 H), 2.10 (dt, J = 14.1,7.0 Hz, 2 H), 1.46-1.21 (m, 8 H), 

31.7, 30.0, 28.9, 22.6; CHs 51.4, 14.1; HRMS (CI-NH3) calcd for 
Cl4HzzOz (M + H+) 223.1698, found 223.1696. 

Methyl (2E,4E,6E,llR)-ll-[[ (1,l-dimethylethy1)dimeth- 
ylsilyl]oxy]dodeca-2,4,6-trienoate (8): yield 75 % ; IR (neat) 
1719,1645,1619,1004,774 cm-l; lH NMR (500 MHz, CDCl3) 6 
7.45 (dd, J = 15.3, 11.3 Hz, 1 H), 6.12 (dd, J = 15.3, 11.0 Hz, 1 
H), 5.91-5.82 (m, 3 H), 5.54 (dt, J = 14.5, 7.0 Hz, 1 H), 3.61 (m, 
1 H), 3.38 (e, 3 H), 1.88 (m, 2 H), 1.38 (m, 2 H), 1.25 (m, 2 H), 
1.12 (d, J = 6 Hz, 3 H) 0.97 (s,9 H), 0.07 (8, 6 H); 1 B C  NMR (75 
MHz, C a s ,  DEPT) 6 C 166.9,18.2; CH 144.9,140.9,139.7,130.3, 
128.2,120.3,68.5; CH2 39.4,33.1,25.3; C H 3  26.0,23.9, -4.3, -4.6; 
HRMS (EI-CHd) calcd for CleHuOsSi (M+) 338.2277, found 
338.2278. Anal. Calcd for CleHuO3Si: C, 67.41; H, 10.12. 
Found C, 67.17; H, 10.00. 

0.89 (t, J = 6.8 Hz, 3 H); '3C NMR (75 MHz, CDCl3, DEPT) 6 
C 167.6; CH 145.1, 141.4, 140.8, 132.6, 129.8, 127.7; CH2 33.0, 

(8) Still, W. C.; Kahn, M.; Mitra, A. J. Org. Chem. 1978,43,2923-2925. 

55/12 fiCd13 -co2Me 70 
7 

55/12 ffi6H13 -co2Me 74 

55/14 7 C O 2 M e  75 

7 

6lBS 
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55/14 88 

25/14 lFCBH1' W C 0 2 E 1  85 

i o  

25/14 lFCBH1' W C O 2 E 1  17 + SM 
10 

25/14 80 

Methyl (2E,4E,6E)-14-(2,2-dimethyl-l,3-dioxolan-4-yl)tet- 
radeca-2,4,6-trienoate (9):yield 88% ; IR (neat) 1709,1619,1007 
cm-1; lH NMR (300 MHz, c&) 6 7.49 (dd, J = 15.3,11.3 Hz, 1 
H), 6.20 (dd, J =  15.1,10.7 Hz, 1 HI, 5.97-5.89 (m, 3 H), 5.59 (dt, 
J = 14.3,6.6 Hz, 1 H), 3.91-3.90 (m, 1 H), 3.84-3.80 (m, 1 H), 3.46 
(a, 3 H), 3.41-3.33 (m, 2 H), 1.95-1.82 (m, 2 H), 1.52 (m, 1 H), 
1.45 (a, 3 H), 1.37 (8 ,  3 H), 1.29-1.05 (m, 10 H); l3C NMR (75 

CHS 51.0, 27.4, 26.1; HRMS (CI-Cb) calcd for CloH~204 (M + 
H+) 337.2379, found 337.2369. Anal. Calcd for CloHs~O4: C, 
71.39; H, 9.59. Found: C, 71.26; H, 9.44. 

Ethyl (2E,4E)-Undeca-2,4-dienoate (10). Ester 4 (200 mg, 
0.95 mmol) was dissolved in 0.95 mL of benzene. PPb (249 mg, 
0.95 mmol) and phenol (89 mg, 0.95 mmol) were added to this 
solution. After being stirred for 14 h at ambient temperature, 
the solution was diluted with ether and 1 N NaOH. The layers 
were separated, and the aqueous layer was extracted with ether 
(2X). The combined organic layers were washed (water, brine) 
and dried (MgSO,). The solution was fiitered, concentrated under 
reduced pressure, and purified by flash chromatography (SiOz, 
2% EtOAc/hexanes) to give 170 mg (0.81 mmol, 85%) of the 
product as a yellow oil: IR (neat) 1715,1644,1000 cm-l; lH NMR 

(m, 2 H), 5.68 (dt, J = 14.1,7.0 Hz, 1 H), 4.10 (4, J = 7.1 Hz, 2 
H), 1.82-1.80 (m, 2 H), 1.22-1.13 (m, 8 H), 1.01 (t, J = 7.1 Hz, 

28.6,22.5; CHs 14.3,14.0; HRMS (CI-CHI) calcd for CI~HZZOZ(M 
+ H+) 211.1698, found 211.1713. Anal. Calcd for ClsHBOZ: C, 
74.24; H, 10.54. Found C, 74.12; H, 10.33. 

2,l-dienoate (11): yield 80%; IR (neat) 1716, 1643,1617,1001 
em-1; lH NMR (300 MHz, c&) 6 7.49 (dd, J = 15.3,lO.g Hz, 1 
H), 5.96-5.88 (m, 2 H), 5.70 (dt, J = 14.3,6.9 Hz, 1 H), 4.07 (9, 
J = 7.1 Hz, 2 H), 3.95-3.87 (m, 2 H), 3.82 (dd, J = 7.6 Hz, 1 H), 
3.36 (dd, J = 7.6 Hz, 1 H), 1.84-1.79 (m, 2 H), 1.54-1.50 (m, 1 
H), 1.45 (a, 3 H), 1.36 (a, 3 H), 1.29-1.03 (m, 10 H), 1.01 (t, J = 

29.6, 29.2, 28.6, 26.2; CH3 27.3, 26.0, 14.3. Anal. Calcd for 

MHz, C a s ,  DEPT) 6 C 166.8,108.4; CH 145.1,141.2,140.0,130.4, 
128.4,120.4,76.3; CHz 69.8,34.1,33.2,29.9,29.8,29.5,29.3,26.3; 

(300 MHz, C&) 6 7.50 (dd, J 15.3, 10.9 Hz, 1 H), 5.94-5.86 

3 H), 0.88 (t, J = 6.9 Hz, 3 H); 13C NMR (75 MHz, C&, DEPT) 
6 C 167.2; CH 145.0,144.7,128.3,119.1; CHz60.1,33.0,31.6,28.8, 

Ethyl (2~~-1k(2f-dlmethyl-1~0~0lan-dyl)tetradeca- 

7.1 Hz, 3 H); '3C NMR (75 MHz, C&, DEPT) 6 C 166.7,108.7; 
CH 145.0,144.0,128.7,119.9,76.2; CH269.7,60.0,33.9,33.0,29.8, 

ClsHazOd: C, 70.33; H, 9.94. Found: C, 70.15; H, 9.79. 
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