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Thermal treatment of p-allenic esters 2 with alumina catalyst in aprotic solvent yielded (Z,4Z)-dienoic esters 
3 in 57-87 % yields with 91-100% stereoselectivity. This experimentally simple and economically feasible 
(Z,4Z)-dienoate synthesis is illustrated with eight examples. The mechanism of this stereocontrolled rearrangement 
of 2 to 3 is shown in Scheme I. This synthetic approach to (2E,4Z)-dienoates was adapted to the simple syntheses 
of several natural products such as ethyl (Z,4Z)-decadienoate (3e), (2E,4Z)-decadienal (a), (Z,4Z))-heptadienal 
(7), (7E,SZ)-dodecadienyl acetate (9), and bombykol (10) (Scheme 11). 

(Z,4Z)-Dienoic esters are important compounds having 
utility as aroma agents for food, drinks, and tobacco.2 
Certain insect pheromones such as bombykol and 
(7E,SZ)-dodecadien-l-y1 acetate also have conjugated 
E,Z-diene Recently, several novel syntheszs 
of (E,Z)-diene compounds have been r ep~r t ed .~ , '  How- 
ever, most of the conventional procedures involve Wittig 
r e a c t i o n ~ ~ . ~ ~ p *  and/or the reduction of  acetylene^^^^.*" as 
the steps to introduce conjugated diene systems. The 
former procedures usually give a mixture of geometrical 
isomers,3a while the latter are not suitable for large-scale 
preparations. 

In this paper we report an experimentally simple and 
economically feasible synthesis of (2E,4Z)-dienoic esters 
3 and the application of this approach to syntheses of 
several natural products such as aroma agents of food and 
insect pheromones. The method merely involved the 
thermal treatment of 0-allenic esters 2 with the alumina 
catalyst12 (4-7 equiv) in an aprotic solvent, which induces 
a prototropic rearrangement to give (2E,4Z)-dienoic esters 
3 in good yields. The allenic esters 2 can be readily ob- 
tained from trialkyl orthoacetates and propargyl alcohols 
( 1)13 by the Claisen rearrangement.'"l' 
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We investigated eight examples of the prototropic re- 
arrangement of 2 to 3 with alumina catalyst. The results 
of the reaction are summarized in Table I. Although the 
rearrangments of 0-allenic esters to 2,4-dienoates under 
acidic or basic conditions are w e l l - k n ~ w n , ' ~ J ~ J ~  the ste- 
reoselectivities hitherto reported are not satisfactory. For 
example, Amos and Kat~enellenbogen'~ reported that the 
treatment of ethyl 3,4-decadienoate with sodium ethoxide 
gave a mixture of 2Z,4E, 2E,4Z, and 2E,4E isomers 
(6:63:31). Therefore, our results obtained with alumina 
catalyst are superior to o t h e r ~ ' ~ J ~ + ' ~  because of the high 
stereoselectivity (91-100%) observed. 

The stereochemistry of 3 was determined by 'H NMR 
spectral data, which showed characteristic signals of 
quartets at  ca. 7.5 ppm due to the C, H, indicating a,@- 
trans geometry (J = 16.0 Hz). Furthermore, the 'H NMR 
spectrum of 3c was carefully examined by using a shift 
reagent, europium dipivaloylmethanate (Eu(dpm)) and the 
proton decoupling technique. The finely resolved spec- 
trum of 3c containing 0.2 equiv of Eu(dpm) disclosed that 
the geometry of the y,6 double bond is cis (J = 11.5 Hz). 

To the best $f our knowledge, only one example of the 
alumina-catalyzed synthesis of conjugated dienes from 
allenes has been reported. Thus Zakharova et a1.20 have 
described the predominant formation of a,P-cis-conjugated 
ketones from p-allenic ketones. Their results are quite in 
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1975, 40, 8. 
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(20) Zakharova, N. I.; Filippova, T. M.; Bekker, A. R.; Miropol'skaya, 

M. A.; Samokhvolov, G. I. Zh. Org. Khim. 1978,14,1413; Chem. Abstr. 
1978, 89, 146369. They reported that the treatment of RR'C=C= 
CHCH,COMe [R = R' = Me; R = Me, R' = Me2C=CHCH2CH2; R = Me, 
R' = Me2CH(CH2)3CHMe(CH2),1 with A1203 in EtOH (80 "C, 2-3 h) gave 
RR'C=CHCH=CHCOMe having a 90% a,p-cis double bond content. 
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Table I. Rearrangement of Allenic Esters 2 to (2E,4Z)-Dienoic Esters 3 with Alumina Catalyst 
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3b f 

3c' 

3d 

~ e j , k  

3ff 

3g' 

3h' 

4.1 

5.0 

4.5 

5.0 

6.2 

5.8 

7.2 

4.7 

/"co2Rs 3 R m C o 2 R '  
HC 

R / 3 
2 

reaction 
conditions 
A1,03/ time, yield,d purity,e IR (neat), 

compda R R' 2c h % % cm-' 'H NMR (CDCl,),' ppm 
1.86 (d, 3, J =  5.5), 3.68 (s, 3), 5.50- 

6.45 (m. 2). 5.77 Id. 1.J= 15.51. 
57h 

82 

80 

69 

82 

82 

87 

70 

100 

96 

96 

93 

100 

99 

91 

96 

1720,1640, 
1610 

1730, 1641, 
1610 

1720,1635, 
1605 

1720,1640, 
1610 

1710,1634, 
1600 

1720,1635, 
1605 

1720,1635, 
1605 

1720,1620, 
1603 

,, 
7.55 (dd, i , 'J  = 10.5, 15.5) 

1.04 (t,  3, J = 7), 2.32 (m, 2), 3.74 
(s, 3), 5.55-6.35 (m, 2), 5.85 (d, 1, 
J =  15.3), 7.64 (dd, 1,J= 10, 15.3) 

0.93 (t,  3 , J =  6), 1.40 (m, 2), 2.22 
(m, 2), 3.65 (s, 3), 5.74 (m, l), 
5.75 (d, 1, J =  16), 6.12 ( t , J =  11.5), 
7.50 (dd, 1, J = 11.5, 16) 

1.42 (m, 2), 2.26 (m, 2), 4.15 (4, 2, 
J = 7), 5.50-6.40 (m, 2), 5.77 (d, 1, 
J = 16), 7.50 (dd, 1, J = 10.5, 16) 

0 . 9 2 ( t , 3 , 5 = 5 ) , 1 . 2 8 ( t , 3 , 5 = 7 ) ,  
1.0-1.7 (m, 6), 2.30 (m, 2), 4.13 (9, 
2, J =  7), 5.50-6.40 (m, 2), 5.76 (d, 
1, J = 15), 7.49 (dd, 1, J = 10, 15) 

0.92 (t,  3, J = 5), 1.32 (m, 8), 2.30 
(m, 2), 3.65 (s, 3), 5.50-6.30 (m, 
2), 5.73 (d, 1, J = 16), 7.47 (dd, 1, 
J = 11.5, 16) 

0.92 (t,  3, J = 5), 1.32 (br s, 12) ,  
2.30 (m, 2), 3.65 (s, 3), 5.55-6.35 
(m, 2), 5.82 (d, 1,J= 16), 7.47 
(dd, 1, J = 11.5, 16) 

0.90 (t ,  3, J =  5.5), 1.30 (br s, 14), 
2.30 (m, 2), 3.70 (s, 3), 5.50-6.30 
(m, 2), 5.78 (d, 1,J= 16), 7.53 (dd, 
1, J = 10.5, 16) 

1 . 0 6 ( t , 3 , 5 = 6 ) , 1 . 2 9 ( t , 3 , 5 = 7 ) ,  

a All of compounds 3 are known compounds, but no spectral data are given in the literature unless otherwise indicated. 
Heated at reflux temperature of benzene. Mole ratio of A1,0,/2. Isolated yield. e Percentage of the 2E,4Z isomer, 

determined by GLC analysis. The minor component (lower t~ ) was identified as the 2E,4E isomer. f See ref 2d. g Spec- 
tral data were identical with those of the literature; Naf, F.; Degen, P. Helu. Chim. Acta 1971, 54, 1939. 
probably due to higher volatility of the product. 'See ref 2e. J See ref 2f, 18, and 19. Spectral data were identical with 
those of the literature.'* 
theses. 

Lower yield 

Multiplicities, the number of hydrogens, and coupling constants (in hertz) are given in paren- 

Scheme I - 

contrast with ours,21 but the explanation for this stereo- 
chemical dissimilarity is not readily apparent. The  
mechanism we currently prefer for the present highly 
stereoselective transformation is shown in Scheme I. In 
analogy with and by combination of the mechanisms 
proposed by Kat~enellenbogenl~ for the rearrangement of 
allenic esters and by PosnerZ2 for the role of the alumina 

(2:). We carried out the rearrangement of 2 to 3 under the reaction 
conditions of the literature.20 Treatment of 2g with A1203 (absolute 
EtOH, 80 "C) resulted in the recovery of 2g after 4 hand in the formation 
of 3g in a poor yield (24%) after 15 h (30% recovery of 2g). 

(22) Posner, G. H. Angew. Chem., Int. Ed. Engl. 1978,17,487. 

Scheme 11. Total Syntheses of Several Natural Products 
R /=/do*' 
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4, R = C,H, 
5, R = C3H, 
6, R = C,H,, 

7, R = C,H, 
8, R = C,H,, 

/ \  
R OAc R w OH 

9, R = C,H, 10, R = C,H, (bombykol) 

catalyst, it is suggested that  the first step may be the 
coordination of the carbonyl oxygen of 2 to the alumina 
surface followed by a proton shift to produce an  enolate 
intermediate. The subsequent approach of the proton to  
the central carbon of the allene would be expected to occur 
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Table IV. 3C NMR Spectral Data of (2E,4Z)-Dienoates 3 

I 

chemical shift, ppm 

for R 

compd C, '* '3 '4 ' 5  '6 '7 '8 '9 '10 '11 '12 '13 '14 

3a 167.7 120.5 135.8 127.3 139.4 14.0 
3b 167.6 120.7 139.5 125.8 143.1 21.6 13.9 
3c 167.6 121.0 139.7 126.9 141.3 30.3 22.7 13.7 
3ed 167.2 121.4 139.5 126.6 141.4 28.3 29.2 31.5 22.6 14.0 
3f 167.7 120.9 139.7 126.6 141.7 28.4 29.5a 29.0a 31.8 22.7 14.1 
3g 167.8 120.8 139.6 126.5 141.5 28.3 29.4b 29.4b 29.4b 29.2b 31.9 22.7 14.0 
3h 167.6 120.8 139.7 126.6 141.7 28.3 29.4' 29.6' 29.6' 29.5' 29.5' 32.0 22.8 14.0 

Identical with those of a sample prepared independently (see ref 29) Assignments may be interchangeable. 

from the less hindered side (cis),lg thus leading to the Z 
geometry a t  the y,6 bond. The final step to eliminate the 
enolate of the product from the alumina surface, as visu- 
alized by the curved arrows, would produce the thermo- 
dynamically more stable E geometry a t  the a,p bond. 

This method for preparing (2E,4Z)-dienoates was 
adapted to the total syntheses of several natural products, 
which are outlined in Scheme 11. Ethyl (2E,4Z)-deca- 
dienoate (3e), a component of the odoriferous principle of 
Bartlett pears,z3 was stereospecifically prepared in 82 % 
yield, as shown in Table I. Methyl (2E,4Z)-heptadienoate 
(3b) was converted to (2E,4Z)-heptadienal (7), a flavor 
component of tomatos.hbPu Reduction of 3b with LiAlH4 
gave (2E,4Z)-heptadienol (4, 84%), which was subse- 
quently oxidized with active MnOz to afford 7 (81 70) along 
with 6% of the 2E,4E isomer. The acetate of 4 can be 
converted to (7E,SZ)-dodecadienyl acetate (9), which is the 
sex pheromone of Lobesia botrana, a major pest of vine- 
y a r d ~ . ~ ~  Furthermore 3e was converted to (2E,4Z)-deca- 
dienal (8), a flavor component of groundnuts and carrot 
root.zc Reduction of 3e with LiA1H4 gave (2E,4Z)-deca- 
dienol (6)26 in 84% yield, and the subsequent oxidation 
of 6 with active Mn02 afforded 8 in 71% yield containing 
the 2E,4E isomer (12%). The current reaction was further 
applied to the preparation of a key intermediate for the 
synthesis of (10E,12Z)-hexadecadien-l-ol, which is the sex 
pheromone of Bombyx moriF2' which is called bombykol 
(10). Reduction of methyl (2E,4Z)-octadienoate (3c) with 
LiAlH, gave (2E,4Z)-octadienol (5, 89%)9 which can be 
converted to bombykol (10) in two steps by the known 
methodog 

As a part of a continuing 13C NMR study of organic 
compounds, the 13C NMR spectra of compounds prepared 
in this work were measured and tentatively assigned as 
shown in Tables 11-IV (Tables I1 and I11 are available as 
supplementary material). Although the differentiation 
between the chemical shifts of saturated carbons has re- 
mained difficult, the signals of unsaturated carbons were 
completely assigned. Signals of the two acetylene carbons 
of compounds 1 with the exception of la appeared in the 
expected ranges,zs 72.65 f 0.05 and 85.25 f 0.15 ppm. 
Signals of the Cz-C, carbons of P-allenic esters 2c-h shifted 

downfield as the number of alkyl carbons increases, as 
shown in Table 111. Allene carbons C3 and C5 were ten- 
tatively assigned with consideration of the inductive effect 
of the ester group. Chemical shifts of olefin carbons in 
(2E,4Z)-dienoates 3 were determined with the aid of highly 
selective proton decoupling, as shown in Table IV. Signals 
for C2-C5 of 3c-h appeared at  121.1 f 0.3, 139.6 f 0.1, 
126.7 f 0.2, and 141.5 f 0.2 ppm, respectively. Chemical 
shifts, except that of C2, are 1.8-5.6 ppm upfield from the 
ordinary positions in the corresponding (2E,4E)-die- 
noatmB Especially, the signals of C3 and C6 undergo large 
upfield (4.7-5.6 ppm) shifts which result from the steric 
effect of the cis form.z9y30 These facts afford additional 
support for assigning the 2E,4Z geometry of 3. 

Experimental Section 
The melting points and boiling points are uncorrected. Ele- 

mental analyses were carried out by Mr. Eiichiro Amano of our 
laboratory. Analytical determinations by GLC were performed 
on a Hitachi Model K-53 gas chromatograph fitted with a 10% 
Apiezon L grease on Chromosorb W column (3 mm 0.d. X 1 m) 
or a 10% SE-30 on Chromosorb W column (3 mm 0.d. x 1 m). 
'H NMR spectra (60 MHz) were recorded with a Hitachi Model 
R-24 apparatus. 13C NMR spectra were obtained with a JEOL 
LTD. JNM-FX100 apparatus, with CDC13 as a solvent. All 
chemical shifts are reported in b units downfield from internal 
Me4Si, and the J values are given in hertz. Propargyl alcohols 
1 were prepared by the method in the 1iterat~re.I~ Compounds, 
boiling points, and yields are as follows: lb, bp 115-117 "C (lit.31 
bp 121.6-122.0 "C), 37%; IC, bp 52-53 "C (20 mm) [lit.31 bp 50 
"C (30 mm)], 72%; le,  bp 75-85 "C (15 mm) [lit.I9 bp 60 O C  (12 
mm)], 54%; lf,32 bp 86-90 O C  (12 mm), 25%; lg,32 bp 83-88 "C 
(5 mm), 37%. 

1-Dodecyn-3-01 ( lh) .  To a solution of ethynylmagnesium 
bromide in 30 mL of THF, prepared from 0.055 mol of ethyl 
bromide, magnesium, and acetylene,33 was added in 30 min 6.24 
g (0.040 mol) of freshly distilled n-decanal under an atmosphere 
of acetylene. The temperature of the reaction mixture was 
maintained between 0 and 5 "C during this addition. The solution 
was allowed to  warm to room temperature, and stirring was 
continued overnight. The reaction mixture was then poured into 
a solution of 3 g of NH&l in 10 mL of water, and the organic layer 

(23) Ohloff, G.; Pawlak, M. Helu. Chim. Acta 1973, 56, 1176. 
(24) Buttery, R. G.; Seifert, R. M.; Guadagni, D. G.; Ling, L. C. J. 

(25) Cassani, G.; Massardo, P.; Piccardi, P. Tetrahedron Lett. 1980, 

(26) Tabacchi, R.; Garnero, J.; Buil, P. Helu. Chim. Acta 1975, 58, 

(27) Butenandt, A.; Beck" ,  R.; Hecker, E. 2. Physiol. Chem. 1961, 

(28) White, D. M.; Levy, G. L. Macromolecules 1972, 5, 526. 

Agrrc. Food Chem. 1971,19,524. 

21, 3497. 

1184. 

324, 71; Chem. Abstr. 1962, 56, 7811. 

(29) Sakai, T.; Seko, K.; Tsuji, A.; Utaka, M.; Takeda, A. J. Org. Chem. 
1982,47, 1101. 

(30) Dorman, D. E.; Jautelat, M.; Roberts, J. D. J. Org. Chem. 1971, 
36, 2757. 

(31) Grasselli, J. G.; Ritchey, W. M., Eds. "Atlas of Spectral Data and 
Physlcal Constants for Organic Compound", 2nd ed.; CRC Press; Cleve- 
land, OH, 1975; p 554. 

(32) Beale, A. F., Jr.; Kocera, C. H. U S .  Patent 3231 507,1966; Chem. 
Abstr. 1966, 64, 12291. 

(33) Skattebd, L.; Jones, E. R. H.; Whiting, M. C. 'Organic 
Syntheses"; Wiley: New York, 1963; Collect. Vol. V, p 792. 
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was extracted with ether. The combined ethereal layers were 
washed with water and dried over MgS04. After removal of the 
solvent, the residual oil was distilled, giving 6.20 g (85%) of lh 
as a clean oil: bp 100-101 "C (1 mm); IR (neat) 3300 (OH), 2080 
cm-' (C=C); 'H NMR (CClJ 6 0.90 (t, J = 5.5 Hz, CH,), 1.30 (m, 
-(CH&-), 1.59 (8 ,  OH), 2.28 (d, J = 2 Hz, CzCH), 4.25 (m, 
CHOH). Anal. Calcd for ClZHz20: C, 79.06; H, 12.17. Found: 
C, 79.00; H, 12.21. 

8-Allenic ester (2) was prepared by the method described in 
literat~re.'~.'~ A mixture of 1,6-7 equiv of trimethyl orthoacetate 
or triethyl orthoacetate, and a catalytic amount of propionic acid 
(ca. 0.003 equiv) was heated to ca. 130-150 "C for 7-30 h with 
removal of alcohol by distillation. The allenic esters were sepa- 
rated by distillation. Compounds, boiling points, yields, and 
spectral data are as follows. 2a:34 bp 61-62 "C (11 mm); 69%; 
IR (neat) 1978 (C=C=C), 1742 (COZCH3), 1170 cm-'; 'H NMR 
(CC14) 6 1.65 (m, 3 H, CH3), 2.95 (m, 2 H, CH2CO2CH3), 3.66 (8, 
3 H, CO2CH3), 5.14 (m, 2 H, CH=C=CH). 2b:36 bp 100-103 
OC (50 mm); 67%; IR (neat) 1970 (C=C=C), 1742 cm-' (ester 
C=O); 'H NMR (CC14) 6 1.0 (t, J = 7 Hz, 3 H, CH3), 2.01 (m, 

3 H, OCH3), 5.15 (m, CH=C=CH). 2c:" bp 130 "C (25 mm); 
52%; IR (neat) 1970 (C=C=C), 1740 cm-' (C=O); 'H NMR 
(CC,) 6 0.92 (t, 3 H, CH3), 1.42 (m, 2 H, CH3CHz), 1.95 (m, 2 H, 
CHzCH=),2.90 (m, 2 H,CH2C02CH3),3.59 (s ,3  H,0CH3),5.08 
(m, 2 H, CH=C=CH). 2d:" bp 140 "C (bath temperature; 15 
mm); 76%; IR (neat) 1970 (C=C=C), 1740 cm-' (ester C=O); 
'H NMR (CC14) 6 0.94 (t, J = 5 Hz, 3 H, CH,), 1.27 (t, J = 7 Hz, 
3 H, C02CH2CH3), 1.30 (m, 2 H, CH3CH2CHz), 1.96 (m, 2 H, 

( q , 2  H, CO2CH2CH3), 5.13 (m, 2 H, CH=C=CH). 2e: bp 84 
"C (5 mm); 88%; IR and 'H NMR data were identical with those 
of the 1iterat~re.l~ 2f'" bp 140 "C (bath temperature; 5 mm); 
53%; spectral data were identical with those of the 1iterat~re.l~ 
2g:% bp 140 "C (bath temperature; 5 mm); 86%; IR (neat) 1970 
(C=C=C), 1740 cm-' (C=O); 'H NMR (CC14) 6 0.92 (t, J = 5 
Hz, 3 H, (CHZ),CH3), 1.30 (br s, 12 H, (CH2)&H3), 1.97 (m, 2 H, 
CHZ(CHz)&H3), 2.91 (m, 2 H, CHZCOzCH3), 3.62 ( e ,  3 H, 
C02CH3), 5.11 (m, 2 H, CH=C=CH). See the paragraph at the 
end of the paper about supplementary material. 

Methyl 3,4-Tetradecadienoate (2h). A mixture of 0.72 g (4.0 
mmol) of lh, trimethyl orthoacetate (3.0 g, 25 mmol), and a 
catalytic amount of propionic acid was heated at reflux tem- 
perature for 30 h, removing methanol twice by distillation. After 
removal of the excess of trimethyl orthoacetate, the residue was 
distilled to give 0.82 g (86%) of 2 h  bp 130 "C (bath temperature; 
0.1 mm); IR (neat) 1975 (C=C=C), 1745 (ester M), 1166 cm-'; 
'H NMR (CCl,) 6 0.89 (br t, 3 H, CHzCH3), 1.25 (br s, 14 H, 
(CHZ)&H3), 1.95 (m, 2 H, CH2(CH2),CH3), 2.90 (m, 2 H, 
CH2C02CH3), 3,61(s, 3 H, COzCH3), 5.11 (m, 2 H, CH=C=CH). 
Anal. Calcd for C1&& C, 75.58; H, 10.99. Found: C, 75.78; 
H, 10.82. 

General Procedure for the Transformation of 2 to 3. The 
allenic esters 2 were heated with alumina12 (4-7 equiv) at the reflux 
temperature of benzene. The reaction was monitored by IR or 
NMR spectrum and terminated as soon as the starting material 
disappeared. Usually it took 2-5 h. After cooling, the alumina 
catalyst was removed by filtration, and the evaporation of the 
solvent gave the 'H NMR pure 3 as a clean oil. The following 
experiment is typical one. 

Ethyl (2E,4Z)-Octadienoate (3d). A mixed solution of 0.18 
g (1.17 mmol) of 2d, 0.6 g of alumina, and 5 mL of dry benzene 
was heated at reflux temperature for 4 h. The mixture was filtered, 
and the filtrate was concentrated in vacuo to give 0.125 g (69%) 
of 3d2f737 as a clean oil. Spectral data are tabulated in Table 1. 

CHZCH-), 2.90 (dd, J = 4, 5.5 Hz, 2 H, CH&O&H3), 3.60 (8 ,  

CH&H=), 2.91 (dd, J = 4, 5.5 Hz, 2 H, =CHCHZCOzEt), 4.11 
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(%E,4Z)-Heptadieno1(4). To a stirred mixture of 89 mg (2.34 
mmol) of LiA1H4 and 1 mL of dry ether was added dropwise a 
solution of 0.3 g (2.14 mmol) of 3b in 1 mL of dry ether at -40 
"C. The mixture was stirred for 1.5 h at -40 "C and then quenched 
with 10% HC1. The organic layer was extracted with ether, and 
the combined ethereal layers were washed with water and dried 
over MgSO& Removal of the solvent gave 0.202 g (84%)% of 4:'' 
IR (neat) 3330 (OH), 1638 cm-' (C=C); 'H NMR (CC14) 6 1.0 (t, 
J = 7 Hz, 3 H, CH,), 2.20 (m, 2 H, CH2CH3), 3.76 (s, 1 H, OH), 
4.07 (d, 2 H, J = 5 Hz, CHzOH), 5.0-6.8 (m, 4 H, olefin protons); 
I3C NMR38 (CDC13) 6 14.2 (4, CH3), 21.1 (t, CHtCHJ, 63.2 (t, 
CHZOH), 126.5 (d, =CH), 127.2 (d, =CH), 131.8 (d, =CH), 134.3 
(d, =CH). 

(%E,4Z)-Heptadienal (7). A mixture of 0.7 g of activated 
manganese dioxide and 10 mL of petroleum ether was added to 
70 mg (0.625 "01) of 4. The mixture was stirred for 1 h at room 
temperature and then filtered. The filtrate was concentrated in 
vacuo to give 60 mg (87%) of 7 containing ca. 6% of the E$ 
isomer. IR spectrum was identical with that of the authentic 
sample? 'H NMR (CC14) 6 1.09 (t, 3 H, J = 7 Hz, CH,CH3), 2.30 
(m, 2 H, CHzCH3), 5.5-6.4 (m, C, H, C, H, Cs H), 7.32 (dd, 1 H, 

(2E,4Z)-Decadienol (6). A mixture of 0.502 g (2.75 mmol) 
of 3e and 0,104 g (2.75 mmol) of LiAlH4 was stirred for 1 h at -30 
"C. The mixture was quenched with 10% HC1, and the organic 
layer was extracted with ether. The combined ethereal layers were 
washed with water and dried over MgS04. Removal of the solvent 
gave 626 0.356 g (84%); clean oil; IR (neat) 3300 cm-' (OH); 'H 
NMR (CC14) 6 0.90 (t, J = 6 Hz, 3 H, CH,), 1.35 (m, 6 H, 
(CH2)3CH3), 2.15 (m, 2 H, CH2(CH2),CH3), 3.23 (s, 1 H, OH), 4.09 
(d, J = 5.5 Hz, 2 H, CHzOH), 5.05-6.80 (m, 4 H, olefin protons). 

(2E,4Z)-Decadienal (8).2c A mixture of 40 mg (0.26 mmol) 
of 6,0.4 g (4.4 mmol) of active manganese dioxide, and 3 mL of 
petroleum ether was stirred for 1.5 h at room temperature. The 
mixture was filtered, and concentration of the filtrate gave 28 mg 
(71%) of 8:2s9n, IR (neat) 1675 (CH=O), 1628 cm-' (C=C); NMR 
(CC,) 6 0.91 (t, J = 5 Hz, 3 H, CH3), 1.35 (m, 6 H, (CHz)3), 2.32 
(m, 2 H, CH,CH=), 6.1 (m, 3 H, olefin protons), 7.41 (dd, J = 

(2E,4Z)-Octadienol (5). To a stirred mixture of 0.17 g (4.48 
mmol) of LiA1H4 and 10 mL of dry ether was added a solution 
of 0.69 g (4.48 mmol) of 3c in 3 mL of dry ether at -30 to -40 "C. 
After 1.5 h, the reaction mixture was quenched with 1 mL of ethyl 
acetate and neutralized with dilute HCl. The organic layer was 
extracted with ether, and the combined ethereal layers were 
washed with water and dried over MgS04. Removal of the solvent 
gave 0.50 g (89%) of 5: 13C NMR (CDClJ 6 13.7 (4, CH3), 22.9 

CH=CHCH,OH), 132.9 (d, CH==CHCH=CHCH,OH). The 'H 
NMR spectrum was identical with that of an authentic sample.* 
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Selectivity in the Allylic Substitutions with Organometallics through 
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An efficient control of the regio- and stereochemistry in the  allylic substitutions with organomagnesium 
compounds has been achieved by using 2-(allyloxy)benzothiazoles as substrates in the presence of copper bromide. 
The  selectivity is due  to the  coordinative effects of the  substrates toward the  organometallic species. 

Reacton of organomagnesium compounds with allylic 
ethers in the presence of a catalytic amount of copper(1) 
salts has been utilized as facile method for the formation 
of a new carbon-carbon bond.2 But the competitive a17 
substitution by the Grignard reagent a t  the allylic systemw 
has precluded a wider acceptance of the method. In fact, 
an extensive study6 of a wide variety of allylic ethers re- 
vealed that the a/y ratio was a sensitive function of stereic 
effects in the ether. Another severe limitation4v6 is rep- 
resented, except in a special case,' by the lack of stereo- 
selectivity accompanying the SN2' process in noncyclic 
allylic ethers. These drawbacks could potentially be 
surmounted by using an allylic substrate bearing a sub- 
stituent with coordinating properties for the organometallic 
which could improve the positional selectivity? It should 
also be preferable for synthetic purposes that this sub- 
stituent could be lost during the C-C coupling process, as 
depicted in Scheme I. 

Recently we have found that some allylic ethers of 
benzothiazole react with carbon nucleophiles such as 
cupratese and copper(1) acetylides'O to give highly selective 
carbon-carbon coupling reactions. The surprisingly high 
selectivity found was tentatively explained by us as due 
to coordination phenomena toward the organometallic 
species exerted by the benzothiazole allylic ethers. In this 
regard, we have demonstrated that some 2-(allyloxy)- 
benzothiazoles behave as efficient bidentate ligands for 

(1) Taken in part from the M.S. Thesis of A.C., University of Bari. 
(2) For a recent review of these and related reactions of allylic com- 

pounds, see: Magid, R. M. Tetrahedron 1980, 36, 1901-1930. 
(3) Claesson, A.; Tiunnefors, I.; Olsson, L. I. Tetrahedron Lett. 1976, 

1509-1512. 
(4) Commercon, A.; Bourgain, M.; Delaumeny, M.; Normant, J. F.; 

Villieras, J. Tetrahedron Lett. 1975,3837-3840. 
(5) Normant, J. F.; Commercon, A.; Bourgain, M.; Villieras, J. Tetra- 

hedron Lett. 1975, 3833-3836. 
(6) Normant, J. F.; Commercon, A.; Gendreau, Y.; Bourgain, M.; 

Villieras, 3. Bull. SOC. Chim. Fr. 1979, 309-314. 
(7) (a) Claesson, A.; Oleson, L. I. J. Chem. SOC., Chem. Commun. 1978, 

621-623. (b) Gallina, C.; Ciattini, P. G. J. Am. Chem. SOC. 1979, 101, 

(8) Eisch, J. J. J. Organomet. Chem. 1980,200,101-117 and references 

(9) CalB, V.; Lopez, L.; Marchese, G.; Peace, G. Synthesis 1979, 

1035-1036. 

therein. 

AAFrA87.  - - - - - . . 
(10) CalB, V.; Lopez, L.; Marchese, G.; Peace, G. Tetrahedron Lett. 

1979, 3873-3874. 

Scheme Ia 

I 
RCHCH=CHR' 

RCH=CHCHR' + R'M - or + A- 

R' 
I 
I 

R C H q H C H R '  

A = a group with coordinating properties toward R2M. 

Scheme I1 
R' R' 

R' a R 3  \ R4 + 

2a, R' = H; R Z  = CH, ; R3 = (CH,),C=CHCH,CH, 
b, R1 = C,H $ 9  * Rt = R 3  = H 
c,  R1 = R2 = H; R3 = CH, 
d, R '  = H; Rz  = (CH,),C=CHCH,CH, ; R3 = CH, 

S 

copper(1) halogenides to give stable complexes in which 
the metal is probably inserted between the C=N of the 
heterocycle and C=C double bond of the allylic frame- 
work.'l In this paper we describe the reactions of these 

ST hL 
R LA= 

R = alkyl; X = C1, Br, I 

2-(ally1oxy)benzothiazoles with Grignard reagents in the 
presence of CuBr and the consequences of the coordination 
phenomena toward the organometallic species on the re- 

(11) CalB, v.; Lopez, L.; Pesce, G. J. Organomet. Chem., in press. 
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