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Abstract : ZirconiumUV) complexes of 5,10, 15, 204etraphenylporphyrin ((TPP)Zr%) catalyze 
highly regio- and stereo-selective ethylalumination of terminal alkynes with satisfactorily high 
turnover numbers. 

Carbometallation of alkynes is of high 

potential utility to synthesize regio- and stereo- 

defined polysubstituted alkenes. However, to 

date, only limited success has been reported for 

controlled carbometallation reactions.[il Negishi 

et. al. has exploited an elegant methodology for 

controlled carboalumination of alkynes by using 

the system composed of trimethylaluminum 

(Me3Al) and zirconocene dichloride (Cp3ZrCla), 

which proceeds with high regio- and stereo- 

selectivities.[2] The reaction proceeds catalytical- 

ly with respect to CpzZrCls, but the turnover 

la X= O3CCH3 
1 b X = 0 $C(CH 3)3 (0,C’Bu) 

Id X=CI 

number is rather low, and the regioselectivities using higher alkylaluminums such as Et3Al are 

far from satisfaction. 

We wish to report here metalloporphyrins of zirconium(IV) (ITPP)ZrXz cl), TPP: 

5,10,15,20-tetraphenylporphinato)[3’ as novel, highly active catalysts for regio- and stereo- 

controlled ethylalumination of terminal alkynes with Et3Al (Scheme I). 
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A typical example is as follows: To a 10 mL round-bottomed flask fitted with a three-way 

stopcock containing a toluene suspension (0.5 mL) of (TPP)Zr(OzCtBu)2 (lb) (0.022 g, 0.025 

mmol) under dry nitrogen were added 100 molar equiv. of E&U at room temperature, where lb 

was immediately dissolved to give a clear reddish brown solution. To this system was added l- 

heptyne (1.25 mmol, 50 equiv.) at 0 “C, and the mixture was stirred magnetically, where the 

conversion of 1-heptyne, as determined by GC after quenching the reaction mixture with 

methanol, reached 26 and 71 % in 24 and 60 h, respectively, to give virtually a single 

regioisomer, 2-ethyl-1-heptene (3, R = nC5H11)r41 (selectivity > 99 %) (runs 9 and 10, Table 1). 

The yield of another regioisomer, 3-nonene (4, R = “CsH11), was negligibly low throughout the 

reaction. For comparison, when CpaZrCl2 was used as catalyst under similar conditions, l- 

heptyne was ethylaluminated in only 9 % yield with a poor regioselectivity ([3y[4] = 70:30) 

(run 14). 

Other zirconium porphyrins, la, c and d, also exhibited high catalytic activities and 

regioselectivities for the ethylalumination of 1-heptyne (runs 7, 11, 121, while other 

metalloporphyrins such as (TPPYTiClz , (TPPYl’iO, (TPPWO, [(TPP~NbOl20, VPP)Fe02CCH3 

Table 1. Catalytic Ethylalumination of Alkynes with the Et3ANTPPIZrX2 (11 System.a 

nln 2 (R =) catalyst temp. in “C time in h conv. in %c~d 3~4~ 

1 

2 

3 

4 

5 

6 

7 

8 

9b 

lob 

11 

12 

13 

146 

156 

16b 

“C3H7 lb 0 55 

“C3H7 Cp2ZrCl2 0 55 

iC4Ho lb 0 72 

iC4Ho cp2zrC12 0 72 

tC4H9 lb 35 6 

tC4Ha CpzZrCl2 35 6 

nC~H~1 la 20 20 

“CsHl1 lb 20 13 

‘C5H11 lb 0 24 

“C5H11 lb 0 60 

“CsHrr 1C 20 24 

nC5H11 ld 20 24 

“C5H11 cp2zrC12 20 24 

“CSHII cpszrC12 0 72 

Ph lb 0 72 

Ph cp2zrC12 0 72 

26 >99:<1 

8 71:29 

17 97: 3 

15 62:38 

48 cl:>99 

31 15:85 

40 94: 6 

52 96:4 

26 >99:<1 

71 >99:<1 

33 80:20 

52 88:12 

31 61:39 

9 70:30 

52 9O:lO 

11 21:79 

“[Alkyneld[Et3Alld[catalystlo = 1.25/2.5/0.025 (in mmol) in benzene (0.5 mL). 
bin toluene. CBy GC. dConv./2 = turnover number. 
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and (TPP)MnOzCCH3 exhibited little or no catalytic activities. 

lb also catalyzed regioselective ethylalumination of other terminal alkynes (runs 1, 3, 5 

and 15), where the regioselectivities and turnover numbers are higher than those obtained with 

CpzZrClz as catalyst (runs 2, 4, 6 and 16). In the ethylaluminations of 1-pentyne (run 1) and 

I-methyl-1-pentyne (run 3) using lb as catalyst, terminal alkenes (3) were obtained as major 

products, while the reaction of 3,3-dimethyl-1-butyne gave internal alkene (4) predominantly 

(run 5). In these cases, the isomers preferentially formed are the same as those obtained using 

Cp2ZrClz as catalyst. On the other hand, this is not the case for the ethylalmnination of 

phenylacetylene, where the catalyst lb preferred the formation of terminal alkene (run 15), 

while internal alkene was favorably formed when CpzZrClz was used as catalyst (run 16). 

2,2-Dimethyl-3-hexene obtained in run 5 was exclusively the trans isomer (3J~~ = 15.63 

Hz), indicating cis addition of the aluminum - ethyl group onto the carbon - carbon triple bond. 

Furthermore, (E)-1-deuterio-2-phenyl-1-butene was obtained when the reaction mixture in ~UII 

15 was quenched with D20,[51 again indicating cis addition. Thus, the high stereoselectivity of 

the reaction should be noted. 

In the ‘H NMR spectrum of the mixture of lb (tB~CO~-Zr(TPP): 60.26) and Etdl (l/3) in 

&De, characteristic signals were observed in the upfield region at 6-2.68 (t, CH3), -3.37 (q, CH2) 

and -0.03 (s, C(CH3)3), which are assignable to Et-Zr(TPP) and %COa-Zr(TPP), respectively, 

considering a strong shielding effect of the porphyrin ring. Integration of these signals 

indicated the presence of the Et, tBuC02 and (TPP)Zr moieties in 1:l:l ratio. When hexane 

was added to the above mixture, a rather unstable, crystalline compound, presumably 

(TPP)Zr(Et)O&Bu (6) (Scheme II), was obtained, which showed in the 1H NMR spectrum the 

absence of any signals assignable to Et-Al species together with downfield shifts for the signals 

of Et-Zr(TPP) (S-O.80 (t, CH3) and -3.21 (q, CH2)) and %uCOz-Zr(TPP) (60.39) from those of the 

lWE&Al system. However, when Et&l was supplied to this system, the chemical shif% values 

of these signals reverted to those before adding hexane. Judging from these NMR profiles, the 

(TPP)Zr(02CtBu)2 (lb)/Etdl system is likely to involve a bridged structure such as 5. 
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The present work demonstrated a potential utility of rigid, bulky porphyrin macrocycle for 

sterically controlled organic syntheses. [61 Further studies are in progress. 
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