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Recently, many reports have appeared dealing with new applications of alkalimetall-alkynyl- 

triorganoborates readily available from organoboranes for the synthesis of a wide variety of 

organic compounds.'-" We have previously published that treatment of such ate-complexes with 

iodine under mild conditions produces corresponding alkynes in essentially quantitative yields, 

and that the reaction is applicable to a wide variety of alkyl and aryl acetylenes and organo- 

boranes (eq. l).3 We have also reported on the reaction of iodine with complexes formed from 

dilithium acetylide and organoboranes in an attempt to synthesize sytmnetric acetylenes (eq. 2).4 

However, it was found that the reaction does not proceed along the same type of reaction path 

which was considered in the reaction of lithium 1-alkynyltriorganoborates. Thus, symmetric 

alkynes were not obtained. 

We wish to report here on the reaction of lithium 2-chloro-ethynyltrialkylborates with 

iodine to give corresponding synszetric alkynes (eq. 3). 

R3B + LiCtCR' __c [R3iCsCR']Li+ 
+I2 

c RCsCR' (1) 

2R3B + LiCzCLi - [R3L&iR3]2Li+ +I2 
* RCzCR (2) 

R3B + LiCsCCl + [R3~CzCCl]Li+ 
+I2 

) RCtCR (3) 

The following procedure for the preparation of 5-decyne is representative. A 25-ml flask 

equipped with a septum inlet, a reflux condenser and a magnetic stirring bar,wasflushedwithdr,v 

nitrogen. The flask was charged with 3.8 ml (4.5 ml) of methyl lithium in ether and 0.27 ml 

(2.1 aaaol) of n-1,2-dichloroethylene at 0°C. Afterstirring forl.5hr,0.65ml (0.7asaol) of 

tri-D-butylborane in THF was added to the solution at roan temperature, followed by additional 

stirring for 3 hr. Then the reaction mixture was cooled down to -78“C in a dry ice-ethanol bath, 

and a solution of iodine (1.14g,4.5asaol) in ether was added. Afterwanaing to roomtemperature, 

the mixture was oxidized with 2.0 ml of 3N-NaOH and 2.0 ml of 30%-H202 by the usual procedure. 

The organic layer separated by addition of K2C03 was analyzed by glpc, and it was shown that 

0.455 aazol (yield,65%) of 5-decyne had been formed. The results'of representative reactions are 

susmmrized in Table 1. The yield is calculated on the basis of.the assumption 

the ate-complexgivesone mole of the corresponding alkyne, namely,the reaction 

that one mole of 

proceeds intra- 

I%1 
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molecularly as described in detail later. 

Table 1. The Synthesis of Syasaetric Alkynes *the Reaction of Iodine and Lithium 

2-Chloro-1-ethynyltrialkylborates 

Organoborane Reaction Reac. time Molar ratio 
Product Yield, % 

R3B, R= temp. hr ClCxCLi/R3B 

E-Butyl r.t. 3 3.0 5-Decyne 68 

iso-Butyl r.t. 18 2.0 - 2,7-Dimethyl-boctyne 86 

n-Pentyl r.t. 3 3.0 6-Dodecyne 55 

n-Pentyl r.t. 24 2.0 C-Dodecyne 60 

g-Hexyl ether reflux 5 2.0 7-Tetradecyne 48 

One possibility of the reaction path is as follows (eq. 4). By the same mode of reaction in 

the case of lithium 1-alkynyltrialkylborate with iodine,3 lithium2-chloro-ethynyltrialkylborate 

(I) appears to react with iodine to form the intermediate (II) which is converted into III andIV. 

The compound (III) reacts with IV to give V, which is changed into VI with a m-relationship 

between the iodine atom and boron group. It was recently reported that such a boron compound(V1) 

gives the acetylene derivative (VII) by m-elimination. l2 In order to clarify thepossibility, 

we attempted a reaction of dibutylchloroborane and 1-chlorooctyne, but no formation of 5-dodecyne 

was observed. The first proposed mechanism, therefore, was ruled out. 

R,&CCl +IP* _B Rq 
R Cl 

RCxCCl 

R2 -C,.?=TCl _ 'CZC' _ III 

+ 
c 

R2BI 

IV 

r R 

R\ /' 
R b-Base 

,,C=[,,, - j=CIR 
trans-elimination 

R/&Base VI 

R 

RGCR + I-A-Base (4) 

VII 

V 

The second probable mechanism is that the reaction proceeds along an intermolecular reaction 

path, as shown in eqs. 5 and 6. We examined a crossover experiment by usinganequivalentmixture 

r, 
R2;-CxC-Cl 

RU! 
- 2R2BCrCR 

Base, - R2vCxCR (5) 

Cl-CzC-BR2 
c, 

Base 

VIII 
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I 

"111 R%oOl// R!;iZHR 
- RCH=CHR 

R R Base 
\ 
c=c( - RCsCR + R-i-1 

RB' 
'Base 

I 

(5) 

of tri-n-butylborane and tri-~"pentylborane to determine whether the rearrang~nt is intra- 

molecular or intermolecular. The reaction products thus obtained were a mixture of 5-decyne, 

5-undecyne and Gdodecyne in a ratio of 10 : 1 : 10, d~nstrating that this reaction proceeds 

partially through an intermolecular rearrangement, but mainly through an intramolecular rear- 

rangement (eq. 7). 

LiCICCl 
Bu5B + Pen5B - BuCsCBu (10) + BuCiCPen (1) + PenNPen (10) (7) 

I2 

Although the reaction ~chanism is not clear at present,thefollowin9 pa~bmaybeconsidared 

(eq. 8). The carbenoid (IX) formed from the ate-complex gives thelpylacetylene derivative (X) 

by the rearrangement of Fritsch-Buttenberg-Wiechell reaction type. The intermediate (X) is 

converted into the corresponding symmetric acetylene through the same reaction route which was 

R 

R$iCCl L.f+, R$+?,CCl - 

R Cl 

c " Li' 
IX 

RC !!*R 

R R 

RCrCBR* I2, -m__ ___c 
: +;* I 

e RCrCR * I-B-R 
Base 

X :I'2 Base bse 

Aase 

XI 

(8) 

postulated in the reaction of lithium l-alkynyltriorganoborates.3 If this mechanism is correct, 

one can expect to obtain the corresponding symmetric alkenes by treatmentofthereactionmixture 

with a carboxylic acid *the reaction path as depicted in eq. 9. Actually,whenpropionicacid 

_Ii 
R-f-C$R H+, - - = R-?! CHR 

s 
- 

Base iase 

R-F-&=CHR L RCH=CHR 

Base 

(9) 
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was added to the reaction mixture by the same procedure described 

overnight at room temperature, the expected alkene was produced. 

summarized in Table 2. 

above, followed by stirring 

Some of the results are 

Table 2. The Synthesis of Synznetric Alkenes y& the Reaction of Propionic Acid with 

Lithium 2-Chloro-1-ethynyltrialkylborates 

Organoborane Reac. time Molar ratio 

R38, R= hr ClCrCLi/R3B Product Yield, % 

E-Butyl 3 1.0 5-Decene 25 

3 2.0 46 

3 3.0 54 

iso-Butyl 3 1.5 23 - 2,7-Dimethyl-4-octene 

5 1.5 39 

22 1.5 68 
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