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Summary: Chemo- and stereoselective addition of alk- 
enyl groups a t  terminal positions of olefins is accom- 
plished by the reaction between tantalum-alkyne com- 
plexes and terminal olefins having adjacent hydroxyl 
groups. 

be occupied by halogens and ethereal solvents.8 Thus, 
carbon-carbon double bonds could be brought close to 
the tantalum by ligand exchange with the halogen when 
lithium alkoxides tethered to the olefinic double bonds 
were employed (eq l).3b We have found that the insertion 

Formation of carbon-carbon bonds at olefinic positions 
is one of the fundamental methods to construct carbon 
frameworks.' We disclose herein chemo- and stereo- 
selective insertion of olefinic bonds into tantalum-alkyne 
complexes using adjacent hydroxyl groups as handles. 

Tantalum-alkyne complexes employed here can be 
easily prepared by mixing acetylenes with low-valent 
tantalum derived from TaC15 and z i n ~ . ~ B  The formed 
tantalum-alkyne complexes react with carbonyl com- 
p o u n d ~ ~ ~ - ~  and hydra zone^^^ to produce the correspond- 
ing heterosubstituted tantalacyclopentenes, which are 
hydrolyzed to yield (E)-allylic alcohols and hydrazines, 
respectively. However, insertion of carbon-carbon double 
bonds into the tantalum-carbon bonds does not take 
place even in the intramolecular c a ~ e , ~ ~ , ~  which shows 
sharp contrast to zirconocene-alkyne complexes.6 Re- 
activity of unsaturated bonds with the tantalum-alkyne 
complex decreased substantially in the order >C=O > 
>C=N- > >C=C< in our hands.7 Because the tanta- 
lum-alkyne complexes derived by using the TaC16-Zn 
system do not possess a bulky Cp ligand, the complexes 
could have five or more coordination sites which could 
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into the tantalum-alkyne complexes can be accelerated 
by using such ligands. 

Treatment of a tantalum-6-dodecyne complex with 
lithium 3-buten-1-olate in DME-benzene-THF (1:l:l) 
a t  25 "C for 3 h gave alcohols la  and lb in 80% yield 
after alkaline workup (eq 2). Regioselectivity of the 

TaCI,, Zn -0Li NaOH 
rrC5Hll-nC5H,1 - - - - 

DME,PhH THF 25'C,2h H20 

l a  80% (8812)  l b  

products l d l b  was 9812. Prior coordination of the 
tantalum-alkyne complex with the hydroxyl group of the 
homoallyl alcohol both facilitates the insertion and 
controls the regiochemistry. Similarly, lithium 4-penten- 
1-olate gave alcohols 2a and 2b in a ratio of 9416 in 72% 
combined yield (Table 1, run 2). Further homologated 
lithium alkoxide, lithium 5-hexen-l-olate, produced a 
mixture of the two adducts 3a and 3b in only 4% 
combined yield even after stirring at 50 "C for 20 h. 
Distance from the hydroxyl group affects significantly the 
yield and regioselectivity. 

While the additional steric demand of a secondary and 
a tsrtiary alcohol affects neither the yield nor the 
selectivity of the reaction (runs 7 and 101, the reactivity 
decreased substantially when substitution at  the olefinic 
carbons increased. Only 4-24% yields of adducts were 
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reaction rate. These features enabled us to accomplish 
site-selective addition of an alkenyl group to olefins 
(runs 8-10). The olefinic bonds apart from hydroxyl 
groups remained intact during the carbon-carbon bond 
formation a t  the nearer terminal positions. 

Tantalum-alkyne complexes of functionalized acety- 
lenes can also be prepared similarly with the low-valent 
tantalum ( T ~ C ~ ~ - Z I I ) . ~ ~  When l-(trimethylsily1)-l- 
dodecyne was employed, a new carbon-carbon bond was 
formed at the carbon bearing the alkyl group, not the 
silyl group, exclusively (eq 3). The high regioselectivity 

OH BuLi [ 2..] 6 NaOH 
*- 4 R 1  - 

THF DME. PhH. T 'C. 3 h H20 
4 R1 = mC5H,, (3) 

R2 w . L J R f  

6 
a: W =  Me3Si, R2 = ~T-C,~H~, 25 'C 70% 

b: W = 6 N a ,  R*=BU 50°C 62% 
0 

could stem from approach of the olefinic bond from the 
less hindered side of the tantalum-alkyne complex 5a. 
Tantalum-a,P-acetylenic amide complex 5b also reacted 
with 4 to yield 6b in 62% yield (eq 3). The other 
regioisomers with respect to the olefinic double bond or 
the acetylene were not observed. 
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Table 1. Reactions between a Tantalum-6-Dodecyne 
Complex and Olefinic Alcohols" 

run RI R2 R3 R4 n templOC t ime/h yiddPhb A / B C  

I H H H H 1 25 2 80 9 8 / 2  
(11) (W 

(11) (2b) 
3 H H H H 3 5 0 2 0  4 ( 8 5 / 1 5 )  

(31) (3b) 

2 H H H H 2 25 2 72 9 4 1 6  

4 n-CgH13 H H H 1 50 20 24 >99/<1 

5 H fbC6H13 H H I 50 20 17 9 8 1 2  

6 H H n-CgH13 H 1 50 20 4 > 9 9 / < 1  

7 H H H ~ - C ~ H I I  I 25 3 82  9 7 1 3  

run olefin major product A temp / OC time / h yield Ph A / B 

25 3 84 9 8 1 2  
01 

8 A  / 

9 & A P - A  R R& 25 3 83 >99/<1 

OH 

OH me OH OM0 

25 3 850 > 9 9 / < 1  

k u c t i o n s  were performed on a I .O nun01 scale See experimental section of supplementary 

materid. blsolated yields. Clsomer ratio9 were determined by 'H NMR analysis. dA mixture 

of two diastereomers (56/44) was employed. eDiastcncmcr ratio was 50/50. fCnrdc product 

was acetylated with Ac20 and Et3N. and the yield indicated is for its acetamide. 

obtained with disubstituted olefins even after treatment 
a t  50 "C for 20 h (runs 4-6). Anionic groups derived from 
a phenol and a secondary amine were effective as handles 
to promote the insertion process (runs 11 and 12). In 
contrast, neutral functional groups, such as ester, ether, 
and tert-amine groups, were not effective as handles; 
acetates and benzyl ether of the alcohols were recovered 
unchanged in 86% and 96% yields, respectively. 

Anchimeric coordination of the hydroxyl group is 
indispensable to promote the i n s e r t i ~ n . ~ J ~  In addition, 
substitution a t  the olefinic carbons also affects the 
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