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1   Background
2. Ni0-Catalyzed Intermolecular Four-Component Connection Reaction (4-

CCR) of Me2Zn, Alkynes, 1,3-Butadiene, and Carbonyl Compounds. 
3. Ni0-Catalyzed Intramolecular 4-CCR of Me2Zn, 1,ω-Dienynes 5, and 

Carbonyl Compounds. 
4. Mechanism
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Ni-Catalyzed Multicomponent Connection Reactions 
* Many precedents for Ni-Catalyzed linear & cyclic oligomerization, few involving 
Nu- or reductive attack addition of alkynes and dienes toward RC=O compounds

(c ) Oblinger, E.; Montgomery, J. J. Am. Chem. Soc. 1997, 119, 9065. 

(b) Kimura, M.; Matsuo, S.; Shibata, K.; Tamaru, Y. Angew. Chem., Int. Ed. 1999, 38, 3386. 
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1. Background
i. Oblinger, E.; Montgomery, J. J. Am. Chem. Soc. 1997, 119, 9065. 

Higly chemo-, regio- and stereoselective 
addition toward RC=O, affording allylic
alcohols.
The Zn substituent is introduce cis to the 
alcohol
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Scheme 1. Proposed Mechanism for Ynal Cyclizations and Three-Component Couplings
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ii. Ni-Catalyzed 3-CCR with Me2Zn, 1,3-diene and RC=O

Kimura, M.; Matsuo, S.; Shibata, K.; Tamaru, Y. Angew. Chem., Int. Ed. 1999, 38, 3386. 
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Diene as a unsaturated hydrocarbon component
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Kimura, M.; Matsuo, S.; Shibata, K.; Tamaru, Y. Angew. Chem., Int. Ed. 1999, 38, 3386. 
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Possible mechanism for the formation of 2/3 and 3/4

Kimura, M.; Matsuo, S.; Shibata, K.; Tamaru, Y. Angew. Chem., Int. Ed. 1999, 38, 3386. 
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Ni0-Catalyzed Intermolecular 4-CCR of Me2Zn, Alkynes, 1,3-Butadiene, and R-C=O . 

Structure of Alkynes 4 Examined 

conditions a: 
alkyne (1.2 mmol),
1,3-butadiene (1.2 mmol), 1,3-butadiene (4.0 mmol)
aldehyde (1 mmol), 
Me2Zn (2.4 mmol), 
Ni(acac)  (10 mol %)

conditions b: 
alkyne (4.0 mmol) 

, 
aldehyde (1 mmol), 
Me2Zn (2.4 mmol), 
Ni(acac)2 (10 mol %) 

Table 1: w/symmetric alkynesGraciela @ Wipf Group 8 1/18/2005



4-CCR, w/unsymmetrical alkynes

R1 R2

4d:  R1= Et,  R2 = Ph
4e:  R1= Me, R2 = SiMe3
4f:  R1= Me, R2 = CH2CH2OH
4g:  R1= Me, R2 = CH2CH2O-2-Py
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Reaction with isoprene

Conditions a
Conditions b
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Ni0-Catalyzed Intramolecular 4-CCR of Me2Zn, 1,ω-Dienynes 5, and 
Carbonyl Compounds. 

i) Present work 
ii) (a) Aubert, C et all. Chem. Rev. 2002, 102, 813. (b) Ito, Y. et all. Synlett, 1992, 539.
iii) (a) Montgomery et all JACS, 2004, 126, 3698. (b) Montgomery et all Org. Lett, 2003, 125, 13481.

i)

ii)

iii)
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Tamao, K; Kobayashi, K.; Ito, Y. Synlett, 1992, 539
Aubert, C et all. Chem. Rev. 2002, 102, 813Graciela @ Wipf Group 12 1/18/2005



Table 3:Ni-Catalyzed Conjugative addition of 
Me2Zn toward PhCHO across 1, ω-dienynes: 
Formation of 5-membered ring

Table 4. Ni-Catalyzed Conjugative Addition of Me2Zn 
toward PhCHO across 1, ω-Dienynes 5: Formation of 6-
Membered Ring

1,5 diastereoselectivity giving anti-6 compoundsGraciela @ Wipf Group 13 1/18/2005



Table 5. Ni-Catalyzed Conjugative Addition of Me2Zn toward Aliphatic 
Aldehydes and Ketones across 5c and 5f Forming 5-Membered Ring 
Compounds

NTs

5c

Ph

Ph

Ph
HO

5f
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Table 6. Ni-Catalyzed Conjugative Addition of Me2Zn 
toward Aliphatic Aldehydes and Ketones across 2-
[(2E,4)-Pentadienyl]-2-(3-pentynyl)Malonic Acid Dimethyl 
Ester (5m) Forming 6-Membered Ring Compounds

Attempts for 7- and 8-Membered Ring Formation 

Me

Me

5m
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Results with Et2Zn and Ph2Zn in place of Me2Zn 

Et

Et

5b

O

5d

* R3B works similarly but the yields are lower than dialkylzinc
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Mechanistic Consideration 
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Conclusions

•Ni(acac)2 catalyst is useful for Intermolecular 4-CCR in 1:1:1 ratio to led 3E, 
6Z-octadienols-1ols with high stereoselectivity and good yields but only to 
symmetric alkynes.

• The same conditions are applicable to Intramolecular 4-CCR afforded 1,5-
diasteroselectivity and allow to construct 5 and 6 membered Ring with C, O, 
N, but are not applicable  to larger ring sizes.
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