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The reaction of (E)-l-alkenyl-l,3,2-benzodioxaboroles with a variety of allylic phenoxides in the presence of a catalytic 

amount of Pd (PPh3)4 is described. The reaction affords a general and simple procedure for the preparation of 1,4-alkadienes 

from alkynes via hydroboration.

We have previously reported that 1-alkenylboranes and 

boronates are potentially useful reagents for preparing 

stereodefined alkenes and alkadienes containing (E)-or 

(Z)-double bonds through the cross-coupling reaction1'2 in the 

presence of palladium catalyst and base. The important fea

ture of these palladium-catalyzed reactions of 1-alkenylboron 

derivatives is that bases such as alkoxides or hydroxides are 

required to carry out a successful coupling. The effect of 

bases can be ascribed to the property of 1-alkenylboronates 

not to cause transmetalation with palladium-halogen com

plexes. The reaction is considered to proceed through the 

mechanism2 involving the intermediacy of alkoxopalladium 

(II) complexes formed from RPdXL2 and alkoxides, prior to 

the reaction with Lalkenyl-boronate오 (Eq. 1).

Results and Discussion

R NaOR' /R R"CH = CHB
Pd£------* Pd< ----------- >Pd<

-X OR， CH = CHR” ⑴

1 X = halogen 2 3
The mechanistic cosideration suggested that the cross

coupling reaction of 1-alkenylboronates may occur with 

alkoxopalladium(II) complexes formed from some of ether 

derivatives even in the absence of bases. The oxidative addi

tion of allylic phenoxides to palladiiun(O) complex was 

reported to form 77-allylpalladium(II) phenoxides (Eq. 2)3 

which have a possibility to react

Pd° + CH2 = CHCH2OPh PdOPh

4
(2)

directly with 1-alkenylboronates. We previously reported4 

that 1-alkenyl-disiamylboranes react with allylic halides in 

the presence of Pd(PPh3)4 and aqueous sodium hydroxide to 

give 1,4-alkadienes. However, such basic conditions may 

cause difficulties in cases of alkenylboranes and alkenyl 

halides with functional groups sensitive to base, such as 

cyano and ester groups. In order to overcome such defects, 

we attempted to examine the palladium-catalyzed coupling 

reaction of 1-alkenylboronates with allylic phenoxides to af

ford 1,4-alkadienes in the absence of bases (Eqs. 3 and 4).

R1 H
z°

B
、O

R】C 三 CH + HB I
、(广0

5

(3)

t Dedicated to Professor Nung Min Yoon of Sogang University on 

the occasion of his 60th birthday.

In order to obtain the optimum conditions for the reaction 

of Eq. 4, the reaction of 2-methyl-2-propenyl phenyl ether 

and (E)-l-octenyl-l,3,2-benzodioxaborole, or cinnamyl 

phenyl ether and (E)-1 -hexenyl-1,3,2-benzodioxaborole in the 

presence of 5 mole % of Pd(PPh3)4 was examined. The re

sults are summarized in Table 1. It has been found that the 

coupling product can be obtained in 59% yield after refluxing 

for 25 h in benzene (entry 3). Although the reaction proceeds 

in the absence of base as expected from the mechanistic 

consideration, the addition of triethylamine (1 equiv) definite

ly demonstrates to accelerate the reaction and the product is 

obtained in 68% yield within 5 h (entries 4-6). The mech

anism of nucleophilic attack on tj -allylpalladium complexes 

has not been deary understood, but several features suggest 

a mechanism involving cationic complexes5 which are more 

reactive toward nucleophiles than neutral complexes. The ef

fect of triethylamine on the yields and rates of reaction 

should be explained on the basis of generation of such ca

tionic species from 7?-allylpalladium phenoxides.

Comparison of the reaction results using (E)-l-hexenyl- 

disiamylborane, 9-borabicyck)[3,3,l] nonane, boronic acid 

and 1,3,2-benzodioxaborole indicates that the higher yield of 

the diene can be obtained by the use of 1,3,2,-benzodiox- 

aborole derivative (entries 6,7,8, and 9 in Table 1). Thus, we 

used 6(1 equiv), triethylamine (1 equiv) and 5 mole % of 

Pd(PPh3)4 in refluxing benzene as standard conditions for the 

coupling reaction with allylic phenoxides.

In Table 2, the results of the reaction of a variety of 

(E)-l-alkenyl-l,3,2-benzodioxaboroles with allylic phenox

ides (Eq. 4) are summarized. Allylic phenoxides including

2- propenyl( 2-methyl-2-propenyl, 3-phenyl-2-propenyl, and

3- carboethoxy-2-propenyl phenyl ethers react smoothly with 

representative 1-alkenylboronates to give corresponding

1.4- alkadienes under the conditions described above. 

However, it should be noted that triethylamine must be 

removed in the case of 2-butenyl phenyl ether since no detec

table amount of dienes was obtained in the presence of 

triethylamine (entry 10). Without triethylamine, a mixture of

2.5- dodecadiene and 3-methyl-1,4-undecadiene is obtained in 

64% yield. Although we need detailed mechanistic studies, it

6
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T.blw C❶ndKHn■編 for thw Retictkm ❹f (E)・l・Octeny卜 or (E)-1 -Hexenylboron compounds with Allylic Phenoxides*

Entry 1-Alkenylboron compd

1 

2 

3 

4 

5 

6

7

8

9

(E)-HexCH = CHB

(E)-BuCH = CHB(Sia)2

(E)-BuCH = CHB

(E)-BuCH = CHB(OH)2

(E)-BuCH = CHB

Allylic phenoxide
Et3N 

(equiv)

Reaction 

time, h

Yield(%) of the 

coupling product

CH3

CH2 = CCH2OPh none 5 32
ft

none 15 47
tf

none 25 59
N

1 5 68

2 5 70

PhCH=CHCH2OPh 1 5 14

tt
1 5 28

1 5 25

1 5 65

All reaction were conducted in refluxing benzene containing 5 mole% of Pd(PPh3)4 under a nitrogen at mosphere, using 30% excess of allylic 

phenoxides toward 1-alkenylboron compounds. ’Yields of dienes were determined by GLC, based on 1-alkenylboron compounds.

Table 2. Synthesis of 해wnws (Eq. 4)®

6
Entry

7
Product (8) Yield(%>»

Rl = R2 =R3 =

1 ”-Hex Me H 63

2 a
Me H 64

3 C1CH2CH2CH2- Me H 乂 65

4 PhCH2OCH2CH2CH2- Me H PhCH2。、〜〜乂 79

5 n-Hex H H

6 PhCH2OCH2CH2CH2- H H 75
PhCHR〜〜〜、

7 «-Bu H Ph〜65

8 f-Bu H Ph 乂〜66

9 n-Hex H CO2Etc 、八75

10 n-Hex H Me

18

dAll reactions were carried out for 5 h in refluxing benzene contain

ing 1 equiv of trie나lylamine, 5 mole% of PdCPPh^, 1.3 equiv of 

allylic phenoxides, and 1 equiv of l-alkenyl-l,3,2-benzodioxaboroles 

unless otherwise noted. 6GLC yields based on 1-alenylboronates (6). 

eA mixture of ethyl (2E卜 and (2Z)-4-phenoxy-2-propenoate was in a 
ratio of 90:10.而he ratio of ethyl (2E,5E)-to (2Z,5E)-2,5-dodeca 

dienoate was 70:30. 叮he reaction was conducted for 20 h in 나le 

absence of triethylamine.

is probably due to the elimination of hydridopalladium from 

/allylic complex6 (9) by triethylamine, as observed in related 

reactions involving tj-allylpalladium intermediates (Eq. 5). On 

the other hand, 3-methyl-2-butenyl and 2-chloro-2*propenyl 

phenyl ethers did not give corresponding dienes in the reac

tions with (E)-l-octenyl-l,3,2-benzodioxaborole.

HjCH2
<^Pd-^OPh----- > CH2 = CHCH=CH2 + Pd°+PhOH (5)

9

The 1,4-alkadiene thus obtained was indicated to be a 

single isomer in each case except the entry 9 by GLC 

analysis. The structure of the product is determined to be (E) 

by the characteristic band at around 950 cm-1 and direct 

comparison with authentic sample. In the case of 3-carboe- 

thoxy-2-propenyl phenyl ether (entry 9), we used a mixture 

of (2E) and (2Z) ethers in a ratio of 90: 10, which gave a mix

ture of ethyl (2E,5E)-2,5-dodecadienoate and (2Z,5E)-isomer 

in a ratio of 70: 30.

There have been some published procedures for the pre

paration of 1,4-alkadienes from alkynes via hydroboration, 

for example, by the copper(I) induced coupling reactions of 

allylic halides with 1-alkenylboranes7 and boronates,8 and by 

the palladium-catalyzed coupling reactions of l-alkenyl-9- 

BBN9 and 1-alkenyldisiamylboranes4 with allylic halides. 

Similar reactions utilizing other related 1-alkenylmetallic 

compounds with allylic acetates and halide옹 were also re- 

ported.5b The present procedure, however, affords an alter

native and simple method of obtaining 1,4-alkadienes from 

alkynes via hydroboration.

Experimental

All the experiments were carried out under a nitrogen at

mosphere. 1-Hexyne, 1-octyne and 3,3-dimethyl-l-butyne 

were commercial products. 1-Cyclohexenylethyne was pre

pared by the method of Brandsma,10 5-Chloro-l-pentyne and 

5-benzyloxy-l-pentyne were prepared from 5-hydroxy-l-pen- 

tyne.11 All allylic phenyl ethers12 were obtained by the reac

tion of corresponding commercial allylic halides with sodium 

phenoxide in ethanol. (E)-l-Hexenyl-disiamylborane,13 

(E)-l-hexenyl-9-BBN14 and all other (E)- 1-alkenyl-1,3,2- 

bezodioxaboroles15 were prepared according to the method 

of Brown. They were purified by distillation before use. Pre

paration of tetrakis(triphenylphosphine)palladium(O) is 

reported by Coulson.16

The IR spectra were recorded on a Hitachi-Perkin Elmer 

Model 125 spectrometer. The^H NMR spectra of all com

pounds were measured with a Hitachi R-90H spectrometer 

(90 MHz) (solvent, CDC13； TMS as an internal reference).
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The measurement of mass spectra was carried out on a 

JEOL JMS-D 300 spectrometer (70 eV).

Reaction Conditions (Table 1). The standard condi

tions for the formation of 1,4-alkadienes were determined by 

employing the following general procedure.

The Pd(PPh3)4 (0.05 mmol) was placed in a flask equipped 

with a septum inlet, a reflux condenser and a oil bubbler. The 

flask was flushed with nitrogen and charged with 5 mZ of 

anhydrous benzene. One millimole of 2-methyl-2-propenyl or 

3-phenyl-2-propenyl phenyl ether and triethylamine (1-2 

mmol) were added. Then (E)-l-hexenyl-or (E)-l-octenyl- 

1,3,2-benzodioxaborole were added as indicated in Table 1, 

and the resultant mixture was heated under reflux. After the 

reaction i옹 over, the mixture was cooled to room temperature 

and the residual borane was oxidized with an aqueous 3M 

sodium hydroxide solution (0.3 m/) and 30% hydrogen perox

ide (0.3 mZ) for 1 h. The product was extracted with hexane, 

dried over magnesium sulfate, and analyzed directly by 

GLC (fused silica capillary column, OV-101, 20 m).

General Procedure for the Synthesis of 1,4-Alka
dienes (Eq. 4 and Table 2). The following procedure for 

the preparation of 8-benzyloxy-1,4-octadiene is represen

tative.

In a dry 50 m/-flask equipped with a magnetic stirring bar, 

a septum inlet, a oil bubbler, and a reflux condenser was 

placed Pd (PPh3)4 (0.12 g, 0.1 mm이). The flask was flushed 

with nitrogen and charged with 8 ml of dry benzene, triethy

lamine (0.24 m/)( 2-propenyl phenyl ether (0.349 g, 2.6 

mmol), and 5-benzyloxy-l-pentenyl-l,3,2-benzodioxaborole 

(0.596 g, 2 mmol). After refluxing for 5 h, the reaction mix

ture was cooled to room temperature, and then treated with 

an aqueous 3M sodium hydroxide solution (0.5 mZ) and 30% 

hydrogen peroxide (0.3 mZ) for 1 h in order to oxidize the 

unreacted boronate. The product was extracted with ben- 

zene-hexane (1:1). The extract was washed twice with aqu

eous 3M sodium hydroxide and brine, and dried over magne

sium sulfate. Analysis of the organic phase by GLC using 

tetradecane as an internal reference indicated that 1.52 mmol 

(75%) of 8-bezyloxy-(4E)-l,4-octadiene had been formed. 

The solvent was evaporated, and the residue was chromato

graphed over silica gel with hexane-methylene chloride (2:1) 

to give 8-benzyloxy-1,4-octadiene (0.149 g, 69%): n20 = 

1.5173; IR(neat), 1655, 1110, 975, and 893 cm*1； 1 H NMR, 

1.55-1.85 (m,2H), 1.69 (s, 3H), L95-L25(m,2H), 2.67 

(d,2HJ=4 Hz), 3.48 (t,2H,J = 6.4 Hz), 4.49 (s,2H), 4.69 

(broad s,2H), 5.3-5.5 (m,2H), and 7.31 (s,5H); MS m/e (rel in

tensity) 230 (M+, 2), 174 (4), and 91 (100); MS m/e (M+) 

obsd for C16H22O, 230.16947, Calcd 230.16947.

(4E)-2*Methyl-2,4-undecadiene. IR (neat) 1655, 1265, 

975, and 890 cm-1;NMR 0.88 (t,3H,J = 5.9Hz), 1.1-1.4 

(m,8H), 1.70 (s,3H), 1.9-2.1 (m,2H), 2.67 (d,2HJ = 4.4 Hz), 

4.69 (s,2H), and 5.3-5.9 (m,2H); MS m/e (rel intensity) 166 

(M+), 95 (70), and 81 (100); MS m/e (M*) ob옹d for C12H22 

166.17256, calcd 166.17252.

(4E)-5-(l-Cyclohexenyl)-2-methyl-l,4-pentadiene. 
n20= 1.5150; IR (neat), 1670, 985, and 910 cm"; 】HNMR, 

1.5-1.8 (m,4H), 1.72 (s,3H), 2.0-2.25 (m,4H), 2.76 (d,2H, 

J = 6.8 Hz), 4.71 (s,lH), 4.72 (s,lH), 5.53 (dt,lH J = 6.8 and 

15.6 Hz), 5.65 (s,lH), and 6.06 (d,lHJ = 15.6 Hz); MS m/e 

(rel intensity), 162(M + ,59), 147(29), 133(27), 119(51), 

107(41), 91(96), and 79(100); MS m/e (M+) obsd for C12H18 

162.14069, calcd 162.14070.

(4E)-8-Chloro-2-methyl-lv4-undecadiene. IR (neat), 

1655, 978, and 895 cm"；NMR, 1.71 (s,3H), 1.84 

(tt,2HJ = 6 and 6.3 Hz), 2.05-2.30 (m,2H), 2.68 (d,2H,J = 4.8 

Hz), 3.53 (t,2HJ = 6.5 Hz), 4.69 (broad s,2H), and 5.34-5.55 

(m,2H); MS m/e (rel intensity), 160 (M + ,7), 158 (M*,22), 

95(77), and 81(100); MS m/e (M+) obsd for C9H15C1 

158.08655, calcd 158.08652.

(4E)-l,4«Undecadiene. The compound was directry 

compared with the authentic sample8 which we had previous

ly prepared.

宓=1.5162; IR 

(neat), 1643, 1110, 973, 915, 735, and 700 cm-1； TH NMR, 

1.5-1.85 (m,2H), 1.95-2.25 (m,2H), 2.6-2.85 (m,2H), 3.47 

(t,2H,J = 6.4 Hz), 4.49 (s,2H), 4.8-5.1 (m,2H), 5.3-5.5 (m,2H), 

and 5.55-6.05 (m,lH); MS m/e (rel intensity) 216 (M + ,2), 

215(2), 173(6), 107(22), and 91(100); MS m/e (M+) obsd for 

C15H20O 216.15177, calcd 216.15177.

(4E)< l*phenyl<l ,4>nonadiene. n20 = 1.5220; IR (neat), 

1600 and 967 cm-1;NMR 0.89 (t,3HJ = 6.4 Hz), 1.2-1.5 

(m,4H), L9-2.2 (m,2H), 2.89 (dd,2H,J=4.6 and 4.8 Hz), 5.4- 

5.55 (m,2H), 6.12 (dt,lH,J = 5.7 and 15.9 Hz), 6.4 (d,lH, 

J = 15.9 Hz), and 7.1-7.4 The compound was in good 

agreement with the authentic sample4 which we had pre

viously reported.

(lE,4E)・6,6・DimWhyl・l-ph@nyl・L4・heptad2ne. 
菸=1.5223; IR (neat), 1735, 975, 743, and 695 cm-1;】H 

NMR 1.01 (s,9H), 2.88 (t,2HJ = 5Hz), 5.33 (dt, 1HJ 5.5 and 

15.9 Hz), 5.55 (d,lH,J = 15.9 Hz), 6.14 (dt,lH,J = 5,7 and 16 

Hz), 6.38 (d,lH,J = 16 Hz), and 7.1-7.4 (m, 5H); MS m/e (rel 

intensity), 200 (M + , 32), 157(62), 143(70), 129(67), 109(61), 

and 91(100); MS m/e (M+) obsd for C15H20 200.15494, calcd 

200.15495.

Ethyl 2,5-Dodecadienoate. Ethyl 4-phenoxyl-2-buten- 

oate used for the coupling reaction was a mixture of 2E:27 

(90:10). GLC analysis of products indicated the ratio of ethyl 

(2E,5E)-2,5-dodecadienoate and (2E,5Z)-isomer to be 70:30. 

IR(neat), 1743, 1730, and 1660cm-1:NMR, 0.88 

(t,3H,J = 5.9 Hz), 1.1-1.5 1.8-2.15 (m,1.4H),

2.35-2.47 (m,0.6H), 4.15 (q,L4H,J = 7 Hz), 4.17 (q,0.6H, J = 7 

Hz), 5.3-63 (m,3.4H), and 6.93 (dt,0.6H J = 6 and 16 Hz); MS 

m/e (M+) obsd for C14H24O2 224.1795, calcd 224.1793.

(2E,5E)-2/5-Dodecadiene. The reaction was con

ducted for 20 h in refluxing benzene in the absence of triethy

lamine. A mixture of the 2,5-dodecadiene and 

3-methyl-1,4-undecadiene was separated by preparative GLC 

(SE-30 15% on Uniport B, 2m); n20= 1.4410; IR (neat), 965 

and 860 cm'1;NMR, 0.90 (t,3H,J = 5.9 Hz), 1.2-1.5 

(m,8H), 1.65 (d,3H,J = 4.5 Hz), 1.9-2.1 (m,2H), 2.55-2.77 

(m,2H), and 5.3-5.5 (m,4H); MS m/e (M+) obsd for C12H22 

166.17254. calcd 166.17252.

(4E)-3-Methyl-l,4-undecadiene. n20 = 1.43 9 0; IR 

(neat), 910 and 860 cm-1;NMR, 0.89 (t,3H,J = 6 Hz), 1.07 

(d,3H,J = 7 Hz), 1.18-1.58 (m,8H), 1.85-2.13 (m,4H), 2.6-3.0

4.89 (d,lHJ = ll Hz), 4.93 (d,lH,J = 16 Hz); 

5.29-5.44 (m 2H), and 5.73 (ddd,lHJ = 6.11 and 16 Hz).
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Non-Newtonian Intrinsic Viscosities of 
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This paper is a continuation of our previous paper,1 and deals with Eq.(l) (see the text), which was theoreticaily deriv

ed in the paper,1 ［??/and ［끼。is the intrinsic viscosity at stress f and f = O, respectively. Equation (1) predicts how 

卩?卩7 卩叮° changes with stress f, relaxation time 阮 of How unit 2 and a constant related with the elasticity of 

molecular spring of flow unit 2. In this paper, Eq.(l) is applied to a biopolymer, e.g.} poly (/-benzyl L-glutamate), and 

nonbiopolymers, e.g., polyisobutylene, polystyrene, polydimethylsiloxane and cellulose triacetate. It was found that 

the c2 factor is zero for non-biopolymers while c?牛 0 for biopolymers as found previously.1 Because of the non-New- 

tonian nature of the solutions, the ratio 卩?}〃［끼。drops from its unity with increasing f. We found that the smaller the 

B2, the larger the tc at which the viscosity ratio drops from the unity, vice versa.

Introduction

In a previous paper, 1 we derived the following equation 

for flow of poly (/-methyl L-glutamate) (PMLG) solution:

I7" = 1 _ A _ sinh '〔凡(f/〃o)。※(一总邛/“就灯)〕 
〔〃〕° — —〔〃〕° 瓦由

(1 )

where ［까『 and ［끼。is the intrinsic viscosity at stress f and at 

f=O, respectively, the latter being given by the following 

equation:

=眺§ 危。+승^-1+승软) (2)

where C is the concentration of PMLG.

In the derivation of Eq.(l), it was assumed that there are 

three kinds of flow units in the flow system, i.e., solvent flow 

units (O), Newtonian flow units (1) and non-Newtonian flow 

units (2) of PMLG. x0, xr and x2 are the fraction of the shear 

surface occupied by the respective flow units; 3°,们 and 

are the respective reslxation times; %,气 and a2 are the 

propotional quantities to the shear moduli of the respective 

units c2 is a constant related to the elasticity of the non

Newtonian flow unit 2,0 is the viscosity constant of the slo- 

vent, and

We applied already1 Eq.(l) to a biopolymeric solution, 

e.g., PMLG and to non-biopolymeric solutions, e.g., polyiso

butylene (PIB) and polystylene (PS) with good results. It was 

found that c2= O for non-biopolymeric solutions, whereas 

c셔=0 for biopolymeric solutions except for the case the helix 

content in 나】e molecule is zero. In this paper, Eq.(l) is tes

ted further for other cases, and related problems are discu

ssed.

Results and Discussion

(A) Molecular Weight Effect on the Intrinsic Visco-


