
Tcmhcdron Lcucn. Vol. 34, No. 30. plx 4827-4828.199~ aMo4039m s6.00+ .oo 

Printed in Onat Rritain PtSgUMtRaaLld 

Synthesis and Cycloaddition of 2-@ioxyboryl)-13_butadiene 

Akin Kamahucbi, Ncnio Miyaura* ad Akim Suzuki* 

Department of Applied Chemimy, Fact@ of Engineering, 
Hokkaido University, Sapporo 060, Japan 

Abstract: A ttw-step pmcedm fat the synthesis of a pimc0l cstcr of (13-b~mdi~11.2-yi)~aronic acid 2 fmm 1.4. 

dichlom-2-butync is qorted. The bomnatc 2 is found t0 be an cxtfcmdy nxctivc diaw f0r the Dicls-Alda redOn t0 

pO3dOcchurc-cyclic l-alkalylboronateinhighyields. 

Alicyclic 1-alkenylboron compounds am easily accessible by hydroboration of alkynes and are widely 

used species for the synthesis of a host of unsaturated organic compoundal However, the synthetic methods 

for cyclic 1-alkenylboron derivatives are very rare and the known examples require several steps with low 

total yields. Herein, we wish to report a simple two-step procedure for the synthesis of a pinacol ester of 

(1.3.butadien-2-yl)boronic acid 2 via the hydmboration-reductive dechlorination of 1.4~dichloro-2-butyne. 

The utility of the new boron reagent is demonstrated by the synthesis of six-membered cycloalkenylboron 

compounds 3 via the Diels-Alder cycloaddition reaction (l?q. 1). 

The hydroboration of 1,4.dichloro.2-butyne with diisopinocamphenylborane2 and the dealkylation with 

excess acetaldehyde are followed by the ester exchange with pinacol to produce 1 in 88 % yield (Bp 82 

“c/o.08 mmHg). The tide compound is readily synthesized by treating this bomnate with activated zinc dust 

in THFJ. The boronate thus obtained is highly susceptible to dimerization, but the quick trap-to-trap 

distillation in high vacua allows the isolation of almost pure 2 in a range of 50 to 70% yields.3 
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The cycloaddition of 2 to common dienophiles is summarized in Table 1. Surprisingly, this diene is 

considerably mom reactive than the common dienes for the Dicls-Alder reaction.4 The reaction proceeds even 

at room temperature or more generally at 50 OC to produce pure adducts with the representative alkene and 

alkyne dienophiles. Singleton and Vault& have recently noted the exceptional high regioselectivity and 

reactivity of ethenylboranes or bomnates as dienophiles for the Diels-Alder reaction.~ Although 2 shows only 

weak directing effects for methyl acrylate (entry 2). the cycloadditions to acrolein and methyl vinyl ketone 

produce 1 &disubstituted isomers regioselectively (entries 3 and 4). 
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The present study provides a new access to cycloalkenylboronic esters which can not be achieved using 

conventional hydroboration techniques. The reaction conditions for cycloaddition are sufficiently mild 

enough to permit various structural variations, thus, the synthetic applications for numerous reactionst 

mported in boron chemistry are anticiptua9. 

Table 1. Q&addition Reaction of 2 tu Dienophiles* 

pntry- Equivs Product Yield (96) 

2 CHpCHCO+o 

3 CHz=CHCHO 

X 
10 XaCO~O 31 (6:4)b 

10 (*Z=ku X&HO 81 

4 CHpsCHCOMo 10 XICOMO 72 

5 (a)-MoO#CH=CHCOfle 3 70 
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We appreciate Professor M. Vaultier for sending us a detailed manuscript for the synthesis of 

vinylhoronates via the hydroboration-dealkylation technique using diisopinocamphenylborane.~ 

To the suspension of zinc powder (5.3 g) activated by 1,2dibromoethane (0.35 ml) in THF (6 ml) 

was added a solution of 1(8 mmol) in ‘H-IF (6 ml). After stirring for 1 h, the mixture was diluted with 

hexane, filtered through celite, washed with brine, and finally dried over MgSO4 in the presence of small 

amounts of phenotiaxine. The distillation in a trap cooled to 0 OC gave 2 in SO-70 % yields (the bath 

temperature, 20-35 “C / O.OlmmHg). The boronate 2 is highly susceptible to dimerization, thus the 

concentrated residue should be distilled quickly without delay. 
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