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Abstract: w-Alkoxy-(2E,4E)-dienoates, o-oxo-(2E,4E)-dienoates and a-oxo-a,@:y,&dienones 
were prepared according to a new methodology shown in scheme I. High yield and high 
stereoselectivity were achieved by using transition metal catalyzed isomerization of 
ynoates or ynones instead of using Wittig-Horner-wadsworth-Bzzons reaction to constitute 
the diene moiety. The usefulness of this methodology was demonstrated by the preparation 
of important synthetic precursors to polyene compounds and natural products such as lo- 
[(tetrahydropyran-2'-yl)oxyl-(2E,4E)ilecadienoates, methyl 8-[(tetrahydropyran-2'-yl)- 
oxyl-(2E,4E)-octadienoate, methyl lo-benzyloxy-(2E,4E)-decadienoate, 6-oxo-(2E,4E)-tetra- 
decadienal, methyl &oxo-(2E,4E)-octadienoate, and retrofractamide A. 

Intmductim 

w-alkoxy-(2E,IE)-dienoates, w-oxo-(2E,4E)-dienoates, anda-oxo-a,p:y,s-dienones are a 

Class of com&ounds that play an important role in orgyic synthesis. Many complex natural 

products including insecticidal lipid iso%tylamides, 

with bactericidal and anticancer activity, 

macrocy~lic or polycyclic ccqounds 

insect pheromones, and Leulcotriene B3 or its 

derivatives are conveniently synthesized from these conjugated diene builiing blocks. 

Recently, several novel preparations of these dienes have been reported, however, these 

procedures rely on either Wittig-Homer-Wadsworth-Eamxzis olefinations or elemination reac- 

tions for the introduction of theldaene functionality and are typically plagued by both 

low yields and stereoselectivity. On the other hand, transition metal canplexes cata- 

lyzed isomerization of alkynes to dienes has been demonstrated to be a very efficient 
5 

and mild method for high1 
g 
stereoselective synthesis of trans, trans-conjugated dienones, 

dienoates, and dienamides , which makes it possible to develop a new methodology (Scheme 

I) to synthesize these functionalized dienes. Herein, we would like to describe this 

methodology in detail. 

Rl=alkyl, R2=alky1 or alkoxyl. 
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w-?ilJmxy dienoates 

As aitlimad in Schema II, w-hydroxyl termi~l alkynes (21, which are readily available 

via bass catiyxed isanerixatioh of 2-1 (11, were protected with dihyargyran to give 

Wtetrahydropyran-2’yl)oxy terminal alkynes (31. Caqomls 3wereccmertedtotheco~ 

respcnding lithium alkynylides (with an equimlar auount of n-BuLi in n-hexme) follcwed 

& trapping i;fith alkyl &lomformtes to produce the o-[ftetrahya~~-2’rl)oxyl-2- 

ynoates (41. Ihe conjugated dienoates muld be redly d&aim.+ by the isaaarization of 4 

catalyzed by IH5(i-Pr3P12 + 4n-Bu3P or RUH 

chemistry of the products was confinned by 
2 34 

(Ph P) + Cn-Bu3P. ‘Ihe trans, trans stereo- 

lH~spectraandnootherisaerswere 

detected. Thus, this route pmvided a convenient and highly sterecselective synthesis of 

f+alkoxy-G?B,4B)-dienoates. By this method, methyl lo-[(tetrahydrcpyrab-2’-yl)oxyl- 

(2E,QE)-dec&ienoate (Sal, methyl 6-[(tetrahyd~~-2’yl)oxyl-(2E,4E)-octadienmte (5b) 

and ethyl lO-l(tetrahya~~2’yl)oxyl-(2E,IE)-decadienoate (Sal were prepared in good 

merall yield. These cmpamds were usad as the recursors for preparing natural insecti- 

tidal lipid i ~tylzsnides such as pipercide, 
la,!fb 

and for studying intramlecular Mels- 

Al&r reactions . It is not apparent why the iscmarisation of 4c gave a polymer umder the 

catalysis of iridium or ruthenfun axplexes. Ihe failure of this attespt makes us ispossi- 

ble to obtain the useful 
T 

thetic intermediate, ethyl 6-[(tetra +ydrWyran-2’ylWyl- 

(2B,4B)-hexadienoate (5~1. 

. n . . 
n n n 

1 2 3 4 

a: n=5 a: n=5 79% 8: ~5 98% a: n=5, R=Me, 89% 
tx n=3 b: n=3 64% b: n=3 98% b: h=3, RMer 83% 

c: n=l c: rk=l 95% c: b=‘l, R=Bt, 85% 
d: n=5, R=Et, 84% 

a: n=5, P.=He, 86% 
b: n=3, R=Me, 86% 
c: n=l, R-IX, 0 
d: n-5, R-IS, 84% 

(a) I%% Ni2cH2cH2NH2, 6065T, 5h (b) IXiP, m. (c) n+WLi, n-hexane, lMFr 

-SO-2O*C; (d) ClCZ0R(R*, Et), -2O-VC; (e) 1 ml% Irfi5(i-Pr Pl , 4 ml% n+u3P, 

toluene, reflux* (f) 1 ml% RlH21Ph3P)4, 6 ml% n%u3P, toluen& &flux. 
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Methyl 10-benzyloxy-(2E,4EkkBdiemate (8) has $ee&used as the start&q material to 

synthesize the degradation pXduct Of ChlOmthriCiIW5. By the present nMhaIology, 

this mqmnd could also be obtained in good yield as sham in Scheme III. 

a b,c 
2a-PMXO 

89% 2 
~-PhCli2c3~CIXMe 

84% 

6 7 
d 

-Phaio -am? 
88% 2 

8 

(a) N&i, then PhCR2Clr TiiF; (bf r?-fSuLi, n-hexane, QiIHf, JO-20°C; fcf CKXXXB3, 

-2O-OY; (d) 1 ml% RN2fFh3P)4, 6 ml% n%u3P, toluene, reflux, 30 h. 

HLlkQxy diWr&Z!6: 

S-Alkoxy-(ZE,&)+iemates are a new class of dienes for Dielsalder reaction bearing 

an electron withdrawing gubstitute at position 1 and an electrm dmating substitute at 

pxjiticn 4 of the diene. In additicn, it hs also been found to bs an excellent building 

block for the synthesis of polyenic ethers. As shcun in S&em XV, the 8-alkoxyl dien- 

aate aKtld be formed by the catalyzed isanerization of a suitable ynoate. Unfortunately, 

this fscmrization gave a mixture of (2E,4E) and G&42) isomers in a ratio of 1:l. n?e 

low stereceel~pivity has also been fourxl in the ismerization of alkynyl ethers by Suzuki 

and MoroXka. 

,~$@-+@-h_- 
C 

(i3% 
=alcMe- MeOvQX3Me 

90% 87% 

9 10 ll 12 

?a) Me2904, KiX; tb) n-B&i, n-hexane, THF, -5O-20°C, then CloooMe, -2O-OT; 

(Cl 1 ml% IrH 
5 

(i-Pr P) 
3 2* 

4 ml% n-Bu3P, benzene, reflux, 36 h. 

6-0XHigapa: 
Since an aldehyde group can easily react with the transition metal *rides, 

12 
the 

direct isanerization of ~0x0 ynoates or WTXUJ ymnes can not ke e@oyed in elaboration 

of the oxo-substituted conjugated diene system. Therefore, a prqer protecting group for 

the aldehyde group is necessary. A practical route to &om cxmjugated diem is &own 

in Scheme V. Oxidation of 4-pentyn-161 f2cf with pyridinim chlorcohranate gawe 
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13 
4-peutyua1 (U), which was cm-averted to the correqxmdthg cyclic acetal with ethylene 

glycol. On treatment of this acetal with n-f&&i and then cpnchiq with a suitable 

aldehfle to give ymls, the later wem oxidized with pyridiniun d~lorochmnate to yield 

ynones l5 (or mre directly, l5b mlt4be also prepared by the reaction of a lithium 

alkynylide with N,Ndimethylaaztmfde 1, which were iscmarized to conjugated dienrmes Ii6 

under the catalysis of a ruthenium asplfX* The product was characterized as a single 

prcduct with a trans, trams gwmetry by H MlR spectra. Ihe protecting grasp of Ma oould 

be cleaved in acidic condition and gave 6Q%~(~,4~)~etr~~i~~ (171, a key precur 

sor for the preparaticm of beukotrfene 33 and its derivatives. 

15 16 17 

a: R=n-c+H , 71% 
b: R=Qi3’ &A 

92% Re8Hrt7r 89% 

(al FCC, CB2ClZr 2ST; (bl fKDf2CZizoH, p-Q&H, benzene, reflux; (ci n-&&i, 

n-hexane, MF, -SO-20°C, then n-C8H17CHO; (d) PCC, CH Cl , 25%; (e) n-f3uLi, 

n-hexane, BIP, -50-20 T, then cH3QZMIe , 60-1oY-z; rf: 12ml% Ruc12m13P13, 

8 ~1% n+u3P, bemenet reflux; (g) 2.52% HCl, acetme, OT. 

sciN!m?vI 

a: n=l a: wl, 72% 
b: n=2 b: n=2, 81% 

a: n=l, R=Et, 89% 
b: ~2, R=i&?, 85% 

a: n=l, R=Et, 90% 
b: ~2, We, 85% 

n-2, R=+Ier 95% 

(a) FCC, CH Cl 
2 2’ 

2S°C (b) KW2a120f, m, benzerre, reflux; (cl n-BUG, 

n-hexane, WI -50-2O*C; (d) CloxlR (R=+ie, Et), -20-o’%; (e) 1 sol% Iri$(i-=3Pf2, 

4 mol% n-%u3P, toluene or benzene, reflux; (f) 5% HCl, acetone, reflux. 
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cltoxo-(2E,4E)-dienoa$!s were also reccgnixed as precursors to insecticidal lipid iso- 

butylamides by Mie. The procedure shown in Scheme VI is an apparent route of choice 

for asserrbling this kind of ampounds. The iridiun mrplex catalyzed isaraerization of 

ynoates 20 cccurred with high stereoselectivity to give mthylenedioxy-(2E,QE)-dienoate 

(21). The protecting group of 2lb was remwed by 5% HCl in acebne to yield methyl 8-oxo- 

(2E,4E)-octadiencate (221, which is a convenient building~lock for many lipid isobutyl- 

mnides including Wtraene an3 Achilea millefolium amides. 

Retrofractamide A (23) is a new unsaturated ischutylamide which was isolated from 

Indian Piper retrofractlrm a$d daracterised as N-iscbutyl-(3’,4’)methylenedioxyphenyl- 

(2E,4E,BE)-$onatrienamide. The first synthesis of this amide was reported by 9anerji and 

cnmo*ers , an3 Wittigflotner-Wadsmxth-Ensons reaction was errployed as the key step for 

the construction of the (2E,rlE)-diemate. mover, the merall yield was only 1.3% fran a 

aseon starting material. With 8qxo-(2E,QEFoctadiencate (221 in hard, we can anveni- 

ently c&G&n retrofractamide A according to the similar n&&cd reported by Miyakado and 

Ycshidca (Scheme VII). In order to get the pironyl structural unit, 3,I-methylene 

dioxybenxyltriphenyl+osphoniLm\ brcmide (241 was converted with an eguixolar axcunt of 

n-&&i to the ylide 25 which wz Fled in situ with an eguirnolar mrount of 22 to give 

the trierpate 26 in 69% yield. H tWR shcwed the I$& ratio of C-6 double band was about 

3.5/l. After hydrolysis of the E/Z mixture, the pure 9-(3’,4’methylenedioxyphenyll- 

(2E,4Er82)-nonatrienoic acid (27) oould be obtained by recrystallizing twice from benzene 

with a 58% yield. !Ihe pure acid was activated with phenyl N-phenylphosfior 

(28) follcwed by treatment with iscbutylamine and triethylanine to give 23. 

yield fran 18b was 18.7%. 

EhoP(O)(ClbW’h 081, m3N 

i-PW,, CIi,Cl,, 25’C, 84 % 
27 L ‘ I. 23 

In surm~ry, we have denonstrated the synthesis of the useful diene ard polyene 

ccrrpounds 5, 8, 16, 17, 22, 23 and 27 via an efficient , sterecselective and high yield 

process under mild conditions. The new mthcdology may have pratical applications for the 

synthesis of irrportant polyene natural prcducts as well as intermediates for the synthesis 

of other oarplex molecules. 
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Expe- section 

'Ihe melting points and boiling points are unaxrected. All reactions catalyzed by 

transition metal complexes were carried out under a prepurified nitrogen atrmzqhere. 

Benzene p tolueneweredistilled fraascdiun and benxcphenone under anitrogen atmr 

sphere. H tWR spectra were recorded on an M-360, JExlL FX-900, Bruker RX-300, or Bruker 

AM-400 spectmmeter. All chemical shifts are reported in 6 units dcwnfield from internal 

Me4Si, and J values are given in Hertz. Infrared spectra were taken with a IRA40 instru- 

ment.Hass spectraldatawerecbtainedwith electrcnionixationona Finnigan4021spec- 

ttuneter. High resolution mass spectral data were degnnined cn FinnnganW 8430 spec- 
24 

tnmeter. Transitionmetalcatalysts, IrH5(i-PrP) , 
3 2 

RLH2(Ph3P)4, and PuC12(Ph3P)3 

werepreparedaooordingtotherepor~method. 

2-Ynolswereprepared according*ti thekncunmethcd.8 la, bp 101-105°c/7 lWr, yield 

78%. lb, bp 99-101°C/X55 l&r (lit. 83T/l2 R3rr), yield 87.4%. 

8-Nonyn-l-ol(Za): Al-L four-nedred flask was equipped with amechanical stirrer 

and flushed with nitrogen. NaH (40 g, 808, 1.33 xol) arkd ethylenediamine (350 mL, redis- 

tilled fmnNaH)were successively added undercoolingwithice.Themixturewas cau- 

tiously heated to 65T and kept at this temperature for 2 h. lhe solution was -led to 

50°c and 2-nonyn-l-o1 (0.21 rrol) was added droprise while the teqX?rature was maintained 

at 50°C. Heating was continued at 60-65T for 3 h. lhe solution was allawed to co01 to O'C 

and H20 (150 mu) was added. Hydrochloric acid(l5%, 100 mL) was added and the solution was 

extracted with ether. Zhe mined organic layers were washed with hydrochloric acid(l5%), 

saturated N&l solution, and dried over Na 93 . After r-al of the solvent, dfstillation 

of the remaining liquid gave e-nonyn-l-o1 ?2a!: 23 g (79%), bp 80-81°C/4 'RXG H m 

(CCl4) 3.6(t, 2H), 2.3(s, lH, disappearing after &ding D,O), 2.l(m, al), 1.8(t, l.H), 

1.4(;, 10H). 
_ 

26 
6-Heptyn-1-l (2b) was prepared by the similar procedure in 64% yield, bp 98-99T/20 

lorr-5 4-Pentyn-l-ol(2c)wasobtained;cording to them&hod reported by Jcneset 

al. in 84% yield, bp 154-155“C (lit. bp 154-155T). 

Bt@llO-[(tetrdydrqyran-2'yl)oxyl-2~te (4d): A solution of n-BuLi(O.04 

nol) in n-hexane(40 mL) was ailed drqwise to a mixture of 9-[(tetrahydroplrran-2’yl)oxyl- 

l-ncnyne(3b, 0.036 ml) in 'DlF(40 mL) cooled to -5O“C. After addition, the resdting 

solution was allowed to warm to -2OT and then stand at -5O'C. 

'Lhe above lithiated acetylene was added drcpwise in 10 equal portions by a syringe at 

below -30°C to a three-necked flask czmtaining a solution of ethyl chlorofornWe (0.072 

mol) in 'M~(60 I&). Ihe temperature was kept between -25 and -35T during the addition. 

Stirring at this teaperature was cx>ntinued for another 30 min, then the texperature was 

allcwed to rise to 1OT. 'Ihe reaction mixture was poured into 10% Na2C03 solution(lO0 mL) 

and extracted with ether. Ihe organic layers were washed with saturated NaCl solution to 

neutral. After -al of solvent, the residual oil was distilled to give Id, 9.4 g (a%), 
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-1 1 
as a alairless liquid. tp 138-140°C/0.01 'Ibrr; IR bat) 2240, 1720, 1120 an +: H 

twt(cci4) 4.2(m, 5H), 3.8 (m, 2H), 2.2(m, 2H), 1.4-l.Z(m, NH); ffi, m/e 2% (M 1, 267, 

225, 121, 85, 43; Anal. calcd for C H 0 : 
17 28 4 

C, 68.88; H, 9.52. Fm: C, 68.58; Ii, 9.48. 

The follovingw-slko~2ynmteswere synthesizedby thisprxxedure: 

&thy1 10-((tetrahydrcpvraFz!y1)0xy1-2~ te - (4a): yield 89%, bp 141-143'C/O.O25 

'lbrr; IR(neat) 2240, 1720 cm- 
I I 
; +H tSrR(Cc14) 4.5(m, Ul), 3.8(s, M), 3.6(m, 4H), 2.2, (t, 

2H), 1.4 (m, 16H); IS, x/e 282(M ), 267, 121, 85, 41; Anal. ~alcd for C H 0 : C, 68.05; 

H, 9.29. Found: C, 68.37; H, 9.20. 
16 26 4 

Methyl 8-[(tetrahydropyran-2!yl)oxy)-2-octyn~ate (4b): bp 139-140°C/0.08 'Its-r; yield 
I1 

83%: IR(nsat): 2240, 1715 an- ; H twR(CC1 ) 4.5(s, lH), 3.8(s, W), 3.6(m, 4H), 

Zi), 1.4(m, 1W); S, m/e 254(M+), 239, l2!, 85, 41; Anal. calad for C H 0 

2.2(t, 

14 22 4 
: c, 66.11; 

H, 8.72. Fbind: C, 66.35; H, 8.63. 

ethyl 6-[(tetrahydrcpyran-2'yl)Oxy)-2+zxyw&e (4~): Dp 120-12.1°C/0.1 'lbrr; yield 
11 

85%: IR(neat): 2240, 1720 cm- ; H tWR(CC14! 4.5(m, lR), 4.Okh 2H), 3.8(m, 4H)r 2.2(t, 

2H), l.B(m, EX), l.O(t, 3H); ~9, m/e 240(M ), 211, 167, 139, 85, 41; Anal. calcd for 

C H 0: 
13 20 4 

c, 64.98, H, 8.39. Frwnd C: 64.77, H, 8.30. 

Methyl lo-bsnzyloxy-2+zcyrwcynoate (7): kp 122-124T/O.O2 'lbrr; yield 90%; IR(neat) 2240, 

1720 an- 
11 

; H wq214) 7.2(s, W), 4.2(s, W), 3.6(s, 3H), 3.4(t, W), 2.2(m, 2R), l.4(m, 

10 Ii); MS&e 288(M ), 257, 81, 43; Anal. calcd for C H 0 : C, 74.96; H, 8.39. buti: 
18 24 3 

C, 74.79; H, 8.27. 

Methyl 5-methoxy-2-pentynoate (11): bp 101-103°C/17 'pbrr, yield 90%; IR(neat) 2240+, 

1720 an- 
11 

; H @P!R(CC~~) 3.8(s, 3H), 3.6(t, 2H), 3.4(s, 3H), 2.4(t, 2H); HS, m/e 14204 ), 

111, 75, 65, 45. Anal. calcd for C H 0 : 
7 10 3 

C, 59.14; H, 7.09. Found: C, 59.16; H, 7.03. 

Gsnetalprpcedurefartheiaoprizatianofalkoxyl~tituted2yrroatestoalkoayl 

arbstituted (2B,4E)+lienoates catalyz& ty IrE5(i*3P)2 + 4n-Bu3P or IW12(Ph3P), + 

-3p: 
A mixture of walkoxy-2ynaate (2.5 nol), catalyst (0.025 xrrol) atxl n-Bu3P (0.1-0.15 

ml) in toluene was heated at reflux for about 30 h (benzene was used as solvent for 

ynoate 11). After cooling and removal of the solvent, the red residue was either dis- 

tilled under reduced pressure or passed through a colunn of silica gel. 'Ihe diennate was 

isolated as a colcurless or pale yellcw liquid. 

Methyl lO-((tetrahyd~an-2'yl)oxyl-(2E,4E)decadienoate (5~4): IR(neat) 3010, 1720, 

1640, 1620 an- 
11 

; H N4R (300 MHz, C6D6) 7.38(dd, J32=15.3 Hz, J =10.8 Hz, lR), 5.86 (d, 

J =15.3 Hz, lH), S.SS(dd, J =10.8 Hz, J =15.1 Hz, Ui), 5.79(::, J =15.1 Hz, J =7.6 

Hi; lH), 4.50(m, IH), 3.64(mf32H), 3.50(sf53H), 3.41(m, W), 2.01(m,5?H), 1.52(m,5612H); 

S, m/e 282(M+), 219, 199, 85, 41. 

Methyl 8-~(tetranydrcplran-2'~l)oxy)-(2E,4E)dctadienoate (SW: IR(neat) 3010, 1720, 

1640, 
11 

162Ocm- ; H rwR(300 MHz, C6D6) 7.39(dd, J 
32 

15.3 Hz, lH), 5.81(dd, Jq3=10.8 Hz, J 

=15.3 Hz, J34=10.8 Hz, lH), 5.85(d, J23= 

=15.3 Hz, lH) 5.67(dt, J ~15.3 Hz, J =7.8 Hz, 

lH), 4.50(m, lH), 3.66(m, W), 3.41 (4s: 3H). 3.32(m, 2H), Z.Ol(z: W), l.5(mT68H); MS, In/e 
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254 (M+), 223, 171, 139, 85. 

Ethyl lO-[(tetrahydropyran-2'yl)oxyl-(2E,4E)-decadienaate (Sa): IR(neat) 3010, 1720, 
I I 

1640, 1620 cm- ; H IMR(300 MHz, C6D6) 7.48(dd, J 115.6 Hz, J 110.8 Hz, III), 5.9O(d, 

J23=15.6 Hz, III), 5.83(dd, J -10.8 Hz, J =15.3 ii, III), 5.65$, J 115.3 Rx, J ~7.1 

HZ, IH), 4.60(m, lH), 4.02(gt32H), 3.50(mt54H), 1.80(m, W), 1.6-0.9?:. 12H), 0.9?6t, W); 

pzj, nJe 296(M+), 219, 85, 55. 
-1 1 

Methyl lO-benzyloxy -(2E,4E)-decadienoate (8): lR(neat) 3050, 1720, 1640~x1 ; H 

tMR(300 HHZ, C6D6) 7.48(dd, J =15.4 Hz, J 

Hz, IH), 5.83(dd, J43=10.8 Hxf2J 

34=10.8 Hz, IH), 7.24(m, 5H), 5.91(d, J23E15.4 

=15.3 Hz, IH), 5.67(dt, J =15.3 Hz, J -7.2 Hz, lH), 

4.84(s, 2H), 4.21(m, W), 4.01(st53H), 2.2l(m, w), l.48(mP5&i): Kg, rrc/e 54 88(M+), 199, 

121, 91, 85. 
-1 1 

Methyl (2E,4)-pe ntadienoate (12): IR(neat) 1720, 1630 cm ; H WlR(90 Mix, cDc13) 

[7.6(dd, J32=16 Hz, J34-11 Hz, 2E,42), 7.2(dd, J 116 Hz, J34=ll Hz, 2E,4E), IH), [6.9(d, 

J54=12 Hz, 2E,4E), 6.2(d,+J54=6 Hz, 2E,42), lHl,3g.7(d, J 
23 
~11 Hz, J45-6 Hz, 2R,42), lH], 

3.8(s, 6H); KS, m/e 142(M ) 111, 95, 53, 45, 41. 

SHeqnal (19a): @lb a suspension of pyridiniun chlorochranate(0.18 11~1) in Cli2C12 

(200 mL) was added drqwise 5-hexyn-l-l(0.12 mol) under ccoling. The mixture was stirred 

at 25OC for about 4.5 h and the resulting solution was filtered through a 15 an alunina 

column. 'Ihe precipitate was washed with ether(8x40 mL) and the washing solution was 

filtered through the same collrmn. !Ihe ccmbined ether solution was distilled through a 

12 cm Vigreux 001~ keeping the bath t"p"ratyF belcw 60°C. Disti;laticn of the residue 

gave Da, 8.4g (72%), bp 90-91T/80 'Ilorr (lit. 6264T/33 'I&r); H tMR(CC14) 9.6(s, 

IH), 2.6-2.2(m, 4H), 1.8(m, 3H). 

'IheotherlyMlswerepteparedby the same procedure: rl-pentynal (l3) 27: bp 128T, 

yield 69.2%, H ~W(cc1 ) 9.5 (s, lH), 2.4(m, 4H), 1.8(m, IJi); 6-heptyna.l WJb)28: bp 

78-80°C/20 l&r; 81%; 14 H NMR(CC10 9.6(s, lH), 2.2(m, 4H), 1.7(m, 5H). 

l+?thylenedi*-te~ (15a): A mixture of 4-pentyna1(0.207 rrol), ethylene 

glycol(O.26 nol) arrl p-toluenesulfcnic acid(50 mg) in dry benzene was azotropically 

distilled until no sore aqueous phase separa;?. Work up gave thelacetal as a colOUrless 

liquid, 18 g(76%), bp 85-86T/32 'lot-r; (lit. 66-68“C/23 ?brr); H tWR(CC14) 4.8(m, lH), 

3.8(s, 4H), 2.2(m, W), 1.8-1.6(m, 3H). 

A solution of n-BuLi(O.024 nol) in n-hexane(24 mL) was added dropwise m a mixture of 

the above acetal(0.024 ~1) and absolute ether(200 mL) at -5O--2OT to give the lithium 

alkynylide. 1-No~na1(0.024 rrol) was added at -SOT and the temperature was allowed to 

rise to O°C. The resulting solution was poured into water-(100 mL) and extracted three 

times with ether. Ihe adined organic layers were washed with saturated N&l solution to 

neutral and dried over Na So . 
2 4 

me crude ynol, obtained after rexoval of solvent, was 

oxidized with FCC (according to the procedure for the preparati$n pf Ma to give l5ar 5.4 

g(86% from 14); bp 131-133°C/0.01 !Rorr; IR(neat) 2240, 1680 cm ; H EwR(C$14) 4.8(t, lH), 

3.8(s, 4H), 2.2(t, W), 1.8(m, 2H), 1.4(m, 14H), l.o(t, 3); W, We 26604 )I 223, 125, 
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73, 45; -1. Calcd exact mass for C H 0 8 X6.188. Mt X6.187. 

7~lm=fic=Y-3+sPQn- 2~ (&$ k the lithiun alkynylide(0.034 x01) (prepared 

as above) was added N,N-dimethylaaetanlde~O.04 ml) with ccoling at -6OT. Ihe teqerature 

was allcwed to rise to 10°C and stirring was continued for additicnal 3 h. Ihe mixture was 

poured into water (100 mL) and extracted with ether(200 mL). After washing with saturated 

NaClsoluticn,dryingwer Na So, and removal of solvent, the resid_p yas distilled tc 

give l5b, 4.9 g(85.6%), bp 7Sz80k/0.7 Ibrr; IR(neatl 2240, 1680 an ; HMR(CC1 ) 4.8 

(t, lH1, 3.8(s, 4H), 2.2(m, 5H1, L4(m, 2Rl; R9, m/e 168(M+l, 125, 109, 87, 45; A&l. 

calcd forCH 0 
9 12 3 

: C, 64.27; H, 7.19. Ebxxl: C, 63.89: H, 7.24. 

lsaerixationof 2-15 udertbe~ta2ysisofIU'IZ(Ph3P)3+8rr-Bu3P:A mixture 

of 2ynone(l.5, 5 -11, RuC12(Ph3P13 (0.05 maul) and ni3u3P (0.4 ml) in benzene (5 mL) 

was heated at reflux for about 24 h. After ccoling and renuval of solvent, the resulting 

oil was distilled at reduced pressure and then purified by filtration through a short 

aim of silica gel to give 16. 

l-Ethylenedioxy 
-1 1 

-(2E,4E)-tetradecadiend~e (16a): IR(neat) 1680, 1640, 1620 an ; H 

IMR(300 MHz, C6D6) 7.02(dd, J43=10.1 Hz, J =15.5 Hz, Ui), 6.3O(dd, J a15.3 Hz, J =lO.l 

Hz, l.Hl, 5.96(d, J =X.5 Hz, Ui), 5.86(ddf5J 

3.45(m, 4H), 2.20(?: W), 1.20(m, lW1, 0.93(:? 

=15.3 Hz, J +.lHz, El, 5.22(d, ?i$, 

3Hl; MS, I& 266(M+), 183, 125, 95, 81, 

55; Anal. calcd for C H 0 
16 26 3 

: C, 72.14; H, 9.84. Found C, 72.14; H, 9.80. 

'I-Ethylenedioxy 
-1 1 

-(3E,SE)+eptadien-2-one (Mb): IR(neat) 1690, 1640, 1620 cm ; H 

m(300 MHz, C6D6) 7.05(dd, J43=15.4 Hz, J45=10.8 Hz, Ui), 6.32(dd, J =10.8 Hz, J =15.2 

Hz, lH), 5.98(d, J =15.4 Hz, Ui), 5.88(dd, J =15.2 Hz, J =7.1 Hz, ?i,, 5.22(d, 21, 

3.45(m, 4H), 2.20$ 3&I); MS, m/e 168(M+), 1536: 95, 81, 43!7Calcd exact mass for C H 0 
9 12 3: 

168.076. M: 168.078. 

6-Oxo-(2E,4E)+et ieml (17): A solution of 16a (2.93 maul), hydrochloric acid 

(2.58, 1 mI,) and acetone (5 mL) was stirred at_;OClfor 4 h. Work up gave 17, 0.585 g 

(90%). IR(KBr1 3010, 2710, 1680, 1640, 1620 an ; 

lH), 7.3(dd, Jj2=15.4 Hz, J 

H MR (90 Mix, CDC131 9.7(d, J12=8 Hz, 

=ll Hz, lH1, 7.2(dd, Js3=ll Hz, J =15.4 Hz, lH1, 6.5(d, 

Jgq=15.4 Hz, pl, 6.4(dd, J;;=8 Hz, J 23=15.4 Hz, lJi) 2.4(t, 2Hfz 1.4(m, 12H1, l.O(t, 3H); 

KS, x/e 222(M 1, 151, 141, 124, 83, 43. 

Etbyl7~enedioq-2-hepqma te (20a): A solution of S-hexynal (0.086 x011, 

ethylene glyml (0.112 no11 and p-toluenesu;;cnic acid (20 mg) in dry benzene (301mLl was 

distilled azeotrcpically tc give the acetal , 10.8 g(92%). &I 99-lOO“C/24 lbrr; H 

MlR(CC14) 4.8(m, Ui), 3.8(s, 4R), 2.2 (m, Zi), 1.8-1.6(m, 5Hl. This acetalwas ccupled 

with ethyl chloroformate by a procedure similar to that used for the_lpre*ration of 4d to 

give 2&r, yield: 89%: bp 114-115°C/0.4 'Ibrr; IR(neat) 2240, 1720 cm ; H N3R(~141 4.8(m, 

lo), 4.O(q, W), 3.8(s, 4H1, 2.3(t, 2H), 1.5(m, 4H1, l.O(t, 3Hl; KS, We 21204 1, 167, 

123, 99, 75; Anal. c&cd for C H 0 : 
11 16 4 

C, 62.25; H, 7.60. M: C, 62.01, H, 7.58. 

By the similar ptccedure, methyl 8-ethylenedioxy-2-cctte (Xb) was prepareld as a 

colcurless liquid. bp: 98-99T/O.l lbrr; yield: 85.5%; IR(neat1 2240, 1710 CZII- ; H MlR 
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(~~14) 4,8(m, lH), 4.0(s, M), 3.8(s, 4H), 2.3(t, 2H), 1.5 (m, 6ii); MS, q/e 212(M+), 167, 

123, 99, 75, 45; Anal. calcd for C H 0 : 
1116 4 

C, 62.25; A, 7.60. Found: C,62.01; H, 7.58. 

WieralpraredurefottbeincmerizzitionofethyIessdi~2y(20)rith 

It¶15(i+r3P)2 + 4n-Bu3P: 

A mixture of #)a (5 mrol), Irf15(i-Pr3P)2 (0.05 asol), n-BujP (0.2 nsol) and toluens (5 

ti, for 2ob, benzene was enployed as solvent) was heated at reflux for 24-36 h. After 

coolirrg, the solvent was removed and the resulting oil WM distilled at reduced pressure 

togive 21. 
-1 1 

Ethyl 7-&hylenedioxy-(2E,4E)+eptadiencate (2la): IR(neat) 1720, 1645, 1620 an ; H 

WR(300 MHz, C6D6) 7.40 (dd, J ~15.3 Hz, J a10.2 Hz, lH), 5.95(d, J -15.3 Hz, ill), 

5.9O(dd, J43-10.2 Hz, J ~15.6~&, lH), 5.8::dt, J a15.6 Hx, J =6.32&, lli), 4.70(t, 

lH), 4.05(q, 2fi), 3.40(:: 4H), 2.31(dd, 2H), l.Ol(? W); MS, 3: 212(R+), 167, 73, 45; 

Calod exact mass for C H 0 : 212.104. Found: 212.106. 
1116 4 -1 1 

Methyl 8_ethylenedioxy-(2E,4E)*ienoate (2l.b): IR(neat) 3050, 1720, 1640 an ; H 

M(300 MHz, C6D6) 7.40 (dd, J32=15.3 Hz, J 110.8 Hz, Ui), 5.85(d, J23=15.3 Rx, lR), 

5.8O(dd, Jq3=10.8 Hz, Jq5=15.2 Hz, Ui), 5.6$dt, J a15.2 Hz, J ~7.1 Hz, Ui), 4.69(t, 

Ui), 3.41(s, 3H), 3.38(m, 4H), 2.01 (m, 2H), 1.48(zf 2H); MS, r$ 212(M+), 143, 73, 45; 

Calcd exact mass for C H 0 : 212.104. Found: 212.106. 
1116 4 

tmhyl 8d~~-(2E,4R)-ockuIienate (22): A solution of 2lb (9.4 xrrol), hydrochloric 

acid (5%, 1 mL) and acetone (10 mL) was heated at reflux for 4 h. The reaction mixture was 

treated with ether (50 rnL) ard the organic layer was washed with 5% Na2C03 ard saturated 

~aC1 solution successively, and then dried over Na SD . After rexoval of solveet,ldistil- 

lation of the residue gave 22, 1.5 g(95%); IR(neatf 2&O, 1720, 1640, 1620 an i H 

MR(T14) 9.3(s, Ui), 7.0(dd, J32=16 Hz, lH), 6.0(m, 3JI), 4.0(s, W), 2.2(m, 4H); MS, m/e 

168(H ), 137, 111, 79, 55. 

(3',4'~~~l)-(~,~,~)~~~ic acid (26): Uider a nitrogen atmo- 

sphere, n%uLi (8.2 xrrol) in n-hexane (5mL) was addedl~rcpwise to a solution Of 3,4- 

xethylenedioxybenzyltriphenylphcspkmi~ brunide (24) in benzene (20 mL) with cooling to 

OOC. The suspension was warmed to raxn texperature and then stirred for another 15 min. 

'Ihe resultillg red mixture was cooled to 0°C arxl a solution of 22 (6 mrol) in benzene (10 

mb) was added drcpwise. After addition, the mixture was stirred for 30 min at 25T, and 

then filtered to rsnuve the insoluble materials. The filtrate was oncentrated and the 

residue was purified by 001~ chruuatcgraphy (silica gel) to give 26, l.l7g(69%). lH m 

(400 MZ, cz13) shcmd the ratio of two isaners is 8E:82=3.5:1. Ihis mixture was hydra- 

lyred by treatment with 5% KDH methanol solution at 25oC for 4h to give the crude acid. 

Crystallization twice franl? gave 27 in 58% yield. np 144-145°C; IR(FBr) 3300-2500 

(br), 1680, 1640, 1620 un ; H M(400 MHz, ccC13) 11.54(s, Ui), 7.32(dd, J32=15.1 Hx, 

~~~=lo.o HZ, lli), 6.88(s, br, lli), 6.72(s, br, W), 6.30(d, J =15.1 Hz, Ui), 6.19(m, w), 
23 

6.Ol(dt, Js7f.7 Hz, J8g=15.4 Hz, lH), 5.91(s, 2li), 5.78(d, Jg8=15.4 Hz, l.H), 2*32(m, 4H): 

IS, Is/e 272(M ), 161, 103, 77. 
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RetmEractaide A (23): To a mixture of 27 (0.37 maol), isobuIqlamine(O.37 -11, 

triethylznnine(Oiz ruol) and a2C12 (5 mL) was added phenyl N-@enyl~raidloridate 

(28, 0.38 mrol) at O°C, and the solution was stirred at 25OC for 1.5 h. The resulting 

solution was extracted with ether (100 mL) and the organic layer was washed with water and 

saturated r&Cl solution, and dried over Na290 

prcdu;; was recrystallized from me-1 to g 4 

. After removal of solvent, the crude 

ve 2 y a pale yellow crystal, np 126-127“C 

(lit. 129OC), yield: 84%. lR@Br) 1665, 1620 an ; Ii N4R(400 Mix, CDC13) 7.20 (dd, 

J32=15.2 Hx, J 
110.8 Hz, Ui), 6.89(s, lH), 6.65(s, br, 2H), 6.32-5.80(m, 6H), 5.93(s, 

2~1, 3.12(d-d,3&), 2.24(m, lull, 1.83(m, lli), 0.95(d, 6H); p6, m/e 327(M+), 161, 131, 103, 

94, 77. 
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