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Recent Progress in Transition Metal-Catalyzed Coupling Reac-

tions of Organotitanium Reagents 

Huang, Hui     Li , Juanhua    Liu, Kunming*     Liu, Jinbiao*  

( School of Metallurgical and Chemical Engineering, Jiangxi University of Science and Technology, Ganzhou 341000) 

Abstract Organotitanium proves to be one of ideal organometallic candidates because of its low price, non-toxicity d̆iversified 

types, excellent chemo-, regio-and stereoselectivity. The reactivity of organotitanium reagent could be easily controlled by 

ligands of central titanium atom. Recently, the coupling reactions of organotitanium reagent have attracted extensive attention. 

This review summerized recent progress in transiton metal-catalyzed coupling reactons of organotitanium reagents concerning 

their types. 
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Ỳ Ẽ - ӊѿȂ ╕ ҍ Ẽ ̂ ╕

ҍ ף ╕ Ẽ ̃Ҭ̆ ῖ ╕̆ ╕[1]
ȁ ╕[2] ̆

ᴪ Ҥ Ẽ ◐ Ȃҹ Ẽ Ҭֲ̆ױ ╕ ╕ ҹ

╕[3]ȁ ╕[4]
ȁ ╕[5]ȁ ╕[6] Ȃ ҉ ╕ ԍẼ Ҭ̆ᵖ ȁ Ḡ

╕ ΐ ӈ Ȃ 
Ҭ 9 ᾝ ̆ ̆ᴇ ᵞ [7]Ȃ ԍ ᴇ ̆ ᵝ ̆ ᵣ ү ̆Ҍ

ᴇ ᵣ ╕ [8]Ȃ ᵞᴇ ̂0ȁIIȁIIIᴇ̃ ȁ ȁ֒

Ẽ ̕ ╕ ԍҌ ⱴ ̕ ῒ ᵬLewis Ỳ ╕ Ȃ ֓

ѿ֓ ԅ [9]Ȃ ╕ᵬҹ ╕ ҍẼ ױֲ Ȃҍῒ

╕ ╕̆ ╕ ̆ ╕ҹ ╕Ȃҍ ╕ȁ ╕ ̆ ╕ΐ
[10]Ȃ ╕ Ҭ̆ѿ ң ̔≠ Ҍ

ᾝ C-Mץ ╕ ╕ȁ ╕ȁ ╕ ̕ ῖ ╕ȁ ╕ҍLewis
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ate Ȃ ̆ Ỳ Ҋ̆ΐ C-Ti ╕ ate ╕ ҍ Ẽ

Ȃ 

1  Ί C-Ti ╛ Ể  

C-Ti ̆ ╕ №ҹ҈ ̔̂ 1̃ΐ C͡Tiñ ̂̕ 2̃ΐ C͡Tiï

̂̕ 3̃ ΐ C͡Tiñ C͡Tiï Ȃ ׂҹ ױֲ̆ Һ Ҭ Ỳ

Ҋ ѿ ╕ ҍ Ẽ ̆ ң ╕ Ẽ Ȃ 

1.1  Ί C-Tiõ ╛ Ể  

ΐ C͡Tiñ ╕ {[R(Ar)] nTiX 4-n, X = Cl, Br, OR, NR2, etc.}̆ ῒҬ ҍ ñץ Ȃ

╕ѿ ╕ ╕ҍ ̆ X ̆ ү ȁ

╕ └ [7]̂eq.1̃Ȃ 

 

1952 Herman Nelson└ ₮ ѿᶛ ╕PhTi(OiPr)3ץ
[11]̆ ╕ ԍ

ⱴ Ȃ ⌠1984 ̆Tolstikov
[12] ԅ ᶛ ╕ Ẽ Ȃ Ỳ Ҋ̆ ҈Ә ҍ Ҙ

ץ Ẽ ֟ Ȃ ̆ ̆ ⌠ң ᵝ ᵣ Ȃ ̆

ᵬ [13] ԅ ╕ ᵣ Ȃ XҹOEt ̆ ᶃ ̂Table 1, Entry 1̃̆

XҹOtBu Ӟ ⌠ ̆ᵖ ᵞ̂Table 1, Entry 3̃Ȃ ῒ ᵣ OPh NEt2 ̆

̂Table 1, Entries 4&5̃Ȃᵬ ԅỲ ╕ ╕ ̆

ԅ Ỳ Ҙ ף ҍ ╕ Ẽ ̆ ҉ ֪ ╕ Ҙ Ҙ  [14]Ȃ

Tolstikov ѿ ֪ № ԍ Ҙ ֪ ╕̆ Ҭ ᵣ ₮ ̆ᵖ

ᾟ№ Ỳ Ẽ Ҭ̆ ╕ ᵬҹ֪ № ҍẼ ̆ ғΐ ᴨ

╕ ᵣ Ȃ 

1 Ỳ ╕ҍ Ҙ ף Ẽ  

Table 1  Palladium-catalyzed coupling of organotitanium reagents with allyl bromides 

 

Entry X in PhTiX3 Time (h) 
Yield (%) 

I II  

1 OEt 1 80 18 

2 OiPr 1 77 22 

3 OtBu 2 49 11 

4 OPh 12 60 25 

5 NEt2 12 48 17 

ԍ ╕Ҍ ᵣ̆ ץ Ḃ № ȁ Ḡ Ȃ ѿ ױֲ̆ ᵝ└ ╕

ԍ Ȃ ԍ ╕ ᵣ ̆ⱴӊ ױֲ̆└ ╕ Ӟ ӎ ῀

ԅ Ȃ҉ Ỳ ╕Ẽ ҉ҕ ῀ᵞ Ȃ ҕ ∆̆ Ẽ

ῐ ̆ ╕ ҹ ѿ Ȃ ԍ ╕ ᵣү ȁ

ԍ ᴨ ̆ ֪ ⱴ Ҭ ₮ [15]̆Ῥѿ ԅֲױ ῏ Ȃ 

2002 ̆Hayashi
[16] ԅ ȁ Ỳ ╕ҍ҈ Ẽ Ȃ Ҭ₃ ╕

MeTi(OiPr)3ȁPhTi(OiPr)3 ΐ ̆ THF Ҋ ≠ Ẽ Ȃṿ ̆ Ỳ

Ҭ̆Ҍ Ẽ ̆ῒҬ0.6 equiv. Ph2Ti(OiPr)2 Ẽ ҍ1.2 equiv. 
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PhTi(OiPr)3 Ẽ ̆ ╠ ңҩ ҍԅẼ ̆ ╕Ẽ ΐ

̂Table 2̆Entries 2&3 Ȃ̃ 

2 Ỳ ╕ҍ Ẽ  

Table 2  Palladium-catalyzed coupling of organotitanium reagents with Aryl triflates 

 

Entry RTi (equiv.) Time (h) Yield (%) 

1 MeTi(OiPr)3 (1.5 equiv.) 3 96 

2 PhTi(OiPr)3 (1.2 equiv.) 3 98 

3 Ph2Ti(OiPr)2 (0.6 equiv.) 3 98 

2007 ̆Knochel
[17]

- Ỳ ̆ Ҋ ԅ ╕ ף Ẽ ̂Scheme 1̃Ȃ ԍ

ⱴ ̆ ╕ ᵣҌ ᶏ -OiPr ԅᵝ -OEt̆ ׆ ᶏ ╕└

̆ Ȃ Ҍֽ ԍ ╕̆N- ╕ ≠ Ẽ Ȃ ף

Ҭ̆ ȁ ȁ ȁ ᴆ̆ ₮ ╕ᴨ Ȃ 

 

1 Ỳ ╕ ף Ẽ  

Scheme 1 Nickel-catalyzed coupling of aryl titanium reagents with aryl halides. 

ңᶛ ̆ ╕ ҍ Ẽ ̆ΐ ȁ Ȃ ҬҌ ̆ң

̆ Hayashi Ҭ֪ ╕ ԍ҈ ֽ̆ ԅңᶛ ף ҍ ╕ Ẽ ̕

Knochel Ҭ ╕ ᵣ ѿֽ̆ ԍ Ә Ȃ2009 ̆Kwong
[18] ѿ ԅ ╕ ҍ Ẽ Ȃ

ң ᵣ̂ L1, L2̆  Scheme 2ã ᵬ Ҋ̆ ף ף ҍ ╕

̆Ẽ ֟ 99%Ȃ ΐ ̆ ̆

ΐ ᵝ ף ≠ Ẽ Ȃ ԍ ╕ ̆ ף ҹ ̆

Ẽ ΐ Ȃṿ ѿ ̆ᵬ ԅ ᶛ Ỳ ╕ҍ Ẽ Ҭץ̆

⌠ ̆ҹ Ỳ ╕ C-S Ẽ ԅѿ ̂  Scheme 2b̃Ȃ 
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2 Ỳ ╕ҍ ף ȁ Ẽ  

Scheme 2 Palladium-catalyzed coupling of aryl titanium reagents with aryl halides and benzenesulfonyl chloride. 

ѿ ̆Gau
[19] ԅ ╕ ҍ Ẽ ̆ ╕ № ԅ

̂Scheme 3̃Ȃᵬ ᾢ ╕ ClTi(OiPr)3 ᵝ ╕̆ Ҭ №

⌠ԅ ױ ᵣ̆ ȁ ῒ ԅ ̆ └ ╕ ץ

[ArTi( OiPr)2(ɛ-OiPr)]2 ԋ ᵣ Ȃ ѿ ᵬҹ ╕ ȁ ╕ ȁ

ԅ Ȃ ҉̆Gau ѿ ԅ ╕ ҍ Ẽ ̆≠ ╕ ԅ

Ȃ ΐ ᴨ ̆ ȁ ȁ ף

≠ Ẽ Ȃ 

 

3 Ỳ ╕  

Scheme 3 Palladium-catalyzed arylation and benzylation reactions of aryl titanium reagents. 

2012 ̆ [20] ᵌ № ₮ ╕̆ ⱳ ԍ Ỳ ̂Scheme 4 Ȃ̃

ҍ ╕ ̆ ╕ ᵞ̆ - 20 
o
CҊ Ȃ Pd(OAc)2 PCy3Ỳ ᵣ

̆ ף 1 hῤ ≠ Ẽ ⌠ԋ Ȃ ԍ ᵝ ף

ף ȁ ף ̆ Ҍ Ȃᵬ ₮ ̆ ᾢ

Pd(OAc)2҉ ңҩ ╕Ҭ ̆ף ⌠ArCH2CH2Ar̆ Pd(0)ҍPCy3

Pd(PCy3)2 (I )̆ ҍ ף ⱴ ⌠Pd(II ) Ҭ ᵣ(Cy3P)2Pd(Ar/HetAr)Br (II )̆

ҍ ╕ Ҭ ᵣIII ̆ ⌠Ẽ ֟ ̆ ᴇ Ҋѿ Ȃ 
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4 Ỳ ╕ Ẽ  

Scheme 4 Palladium-catalyzed coupling of benzyl titanium reagents. 

2014 ̆ [21] ѿ ԅ Ҙ ף ╕ Ẽ Ȃᵬҹѿ ᵝ ╕̆ Ҙ

ף ҍ ╕ ң ̔ SN2 ⌠ SN2ǋ ⌠ ̂Scheme 5̃Ȃ ң

Ԉ̆ ╕ ╕ȁ ╕ ԍ ̆ ȂṢꜛԍ ╕

Ҭ ̆Gau Ỳ ᵣ ̆ ԅ Ҙ ף Ẽ Ȃ ҍ

Ỳ ╕ ῏̔ NiCl2/PCy3Ỳ Ҙ Ni(PPh3)2Cl2Ỳ ᵝ ף Ҙ

Һ SN2ץ ⌠ ̕ Ni(PPh3)2Cl2Ỳ ᵝ ף Ҙ SN2ǋץ↕ ⌠ Ȃ

ԍ ̆ᵬ ₮ԅ ̔ ᾢNiCl2 ArTi(OiPr)3ᵬ Ҋ ̆ҍPRǋ3 ᴇ

Ni(PRǋ3)2(1)̆ 1ҍ Ҙ ף ⱴ Ni(II) 2Ȃ ̆2

3̆Ӟ ᾢ 4̆Ῥ 5ȂҬ ᵣ3 5 ⌠ 7 6Ȃ

NiCl2/PCy3Ỳ Ҙ ȁNi(PPh3)2Cl2Ỳ ᵝ ף Ҙ ̆ Ҭ ᵣ2Ҍ ̆

4̆ ֟ Һ ҹ ̆ Ni(PPh3)2Cl2Ỳ ᵝ ף Ҙ ̆Ҭ ᵣ2 ̆ ֟ Һ ҹ Ȃ 
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5 Ỳ Ҙ ף ╕ Ẽ  

Scheme 5 Nickle-catalyzed cross-coupling reactions of Propargyl halides with organo titanium reagents 

1.2  Ί C-Tió ╛ Ể  

ԅ C-Tiñ ̆ C=CȁCŭC Ҍ ï ̆ - - ȂῒҬ̆

ᵬҹ1,2- ῀C=C ѿ [22]Ȃᵖᴰ - (Ř
2
-alkyne)Ti(OiPr)2 ̆ -30 

o
CץҊᶏ [23]̆ └ԅῒ Ẽ Ҭ Ȃ2003 ̆Tsuji

[24] ԅ

ᶛ Ỳ - ҍ ף Ẽ ̂Scheme 6 Ȃ̃ᵬ -78 
o
CҊ 2 equiv. BuLi ⱴ Ti(OiPr)4

Ҭ̆ 50 
o
C ׅ № Ȃ Ni(COD)2Ỳ Ҋ̆ ҍ ף Ẽ ף Ȃ 

 

6 Ỳ - ҍ ף Ẽ  

Scheme 6 Nickel-catalyzed coupling of Ti(II)-alkyne complexes with Aryl iodides 

̆Ӟ ₃ᶛ Ỳ - ҍ Ẽ Ȃ2014 ̆Liu
ץ[25] - ҹ ̆׃ ԅ

1,3-Ҁԋ ҍὄ- ֒ Ẽ ̂Scheme 7̃Ȃ ᾢ̆ BuLiᵬ Ҋ̆Ti(OiPr)4ҍ1,3-Ҁԋ 1 - 2̆

ὄ- ֒ 3Ҭ CŭN SE2ǋ 2Ҭᵝ ԋ - 4̆ ҹ

ԋ 5̆ ֒ 6Ȃ Lewis ᵬ Ҋ Ҭ ᵣ7-9̆ ֒ Nazarov

̆ ⌠ ף 10Ȃ 
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7 - ҍÄ- ֒ Ẽ  

Scheme 7 cross-coupling reaction of Ti(II)-alkyne complexes with Ŭ-iminonitriles 

ѿ S̆ix
ץ[26] - ҹ ̆׃ ԅ [2+2+2] ҈ ̂Scheme 8 Ȃ̃ῤ 1 ᾢ BuLi

Ti(OiPr)4ᵬ Ҋ - 2̆2ҍѿ№ 3 ԋ Ҙ ԋ 4 5̆Ῥҍ ѿ№

3 ҈ ⌠ ף ᵣ6-8Ȃ ҉ ₃ᶛ ̆ ╠ - ҍ Ẽ Ҍ

̆ᵖҹ ᵬҹ Ҭ ᶫԅѿ Ȃ 

 

8 - [2+2+2] ҈  

Scheme 8 [2+2+2] cyclotrimerisation reaction of Ti(II)-alkyne complexes  

2  ate ╛ Ể  

̂ate-complex̃ wittig
[27]ԍ 1958 ῀̆ Lewis Ҭ ᴇ

Ȃ ╕ȁ ╕ҍ ZnȁBȁCu Lewis ̆ ₮ҍ ῖ ╕

Ҍ Ȃ Ỳ Suzuki Ҭ̆ Ỳ Ҭ ‗ ᵬ Ȃ ᴰ ╕

҉ ֪ ⌠ Ỳ ╕҉[28]Ȃ2010 ץ ̆Nakamura
[29] ╕ȁ ╕

ҍ ate ̆ΐ ֪ ̆ Ỳ Ҋ ≠ ԅҍ ף SuzukiẼ Ȃ  

ץ ᵬҹ Lewis ̆ ╕ ╕ᵬҹ Lewis ̆ ate ╕̂eq. 2̃Ȃ

╕└ Ḃ̆ ѿ ᴆҊ ╕ ╕ҍ Ȃҍΐ C-Ti

╕ ̆ate ╕ ѿ֓ ᶛҬ ₮ Ȃ Harada
[30] ╕ ╕

ate ╕ ԍ ȁ Ҍ ̆ ⱴ ֟ Ȃ ̆ ╕ №

Ҍ ̆ à- á- ̆ ╕ҍ Ti(OiPr)4 ate ╕ └
[31]Ȃ ̆ ╕ ү ̆ ᵣ Y̆ ╕ ҹȂ 
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̆ ץ ̆ Ỳ ate ╕ ҍ Ẽ ̆ Hayashi
[16] ΐ C-Ti

╕ Ẽ ̂Table 2̃̆Ӟ ԅѿᶛ ate ╕ Ẽ ̆ Ph[Ti(OiPr)4]Li ԅ 2-

҈ ̂eq. 3̃ȂNakamura
[32] Ỳ Ҙ Ҭ ăte

╕Ҍֽ ╕ ̆ ף Ҍ ῍ ⱴ (Scheme 9 )Ȃ 

 

 
 

 

9 Ate-complex ╕ ҍ Ҙ  

Scheme 9 Reactions of ate-complex titanium reagents 

̆ Ỳ Ҋ ԅֲױ ῏ [33]Ȃ ῖ ate ╕ȁ

╕Ҭң ̆ ȁ ᵣ ҉ ₮ [34]ȂҍҺ ᾝ ̆

̆ ᵝ ̆ ᵣ ̆ ᵬ Ӟ ᾟ d ȁ [7]Ȃ ̆ ╕ҍ

ӊ ̆ ȁ Ỳ Ẽ Ȃ2013 ̆ ױ [35] ԅ ᶛ

Ỳ ╕ҍ ף Ẽ ̂Scheme 10̃ Ȃ ᾢ Ti(OEt)4Ҭ ῀ ╕ ate- ̆

Ῥ ҍ4- ԋ Ẽ ҹ ̆ ԅҌ ȁ ᵣȁ ╕ ֜ Ẽ ̆ ᶃ ᴆ

ҹ̔7.5ץ mol% CoCl2ȁ15 mol% PBu3ȁTHFҹ ╕Ȃ ΐ ᴨ ̆Ҍֽ ץ ȁ

ȁ ȁ ȁ ȁ ╕ ╕ № ̆ ғ ץ Ҍ Ḡ COOH, 

OH Ҋ Ẽ Ȃ ԅ ף ̆ ף Ỳ ᵣ Ҋ ≠ Ẽ Ȃṿ ѿ ̆

ᶛ ̆ Ҭ ate Ҍ ╕ҍ ̆ ⱴ

῀40 mol% Ti(OC2H5)4̂ץArM ̃ ⌠ate ᵬ ̆ ᵣ ҹ Ỳ ᵣ Ȃ 
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10 Ỳ ╕ҍ ף Ẽ  

Scheme 10 Co/Ti cooperatively catalyzed couplings of aryl metal reagents with aryl halides  

̆ ҉ Ҭ ᶏ ᵝ Ȃ ҉̆ [36]ױ Ỳ ף Ẽ

ԅ Ȃҍ╠ᶛ ̆ ԅ ᵣ̆ DMPUᵬ ᵣȂ ᵝԍ ȁ

ȁ ᵝ ̆ ⌠ ᵬ ̆ ᶏῒ ᵝ ̆Ẽ Ӟ ᵝȂ

̆ 50 
o
C̆ ף Ӟ ≠ Ẽ ̆ ׅΐ ᴨ Ȃ

ҩ Ҍ ̆p ױ ҹ̆ ᵬ ԍ ⌠ ῏ ᵬ Ȃ

Ḇ C-F ̆ ⱴ ̂Scheme 11̃ Ȃ 

 

11 Ỳ ╕ҍ ף Ẽ  

Scheme 11 Selective Co/Ti Cooperatively catalyzed cross-couplings of aryl metal reagents with aryl fluorides 

ҍ ̆ ҹ ᴇ Ḡ̆ ѿ Ỳ ╕Ȃ ̆ Ỳ ף ף ҍ ╕ Csp
2
-Csp

2

Ẽ ⌠ ╕ Ẽ ◐ ̆ ⱳ ᶛ [37]Ȃ ̆ ױ [38]Ẽ ̆

FeCl3/TMEDA/Ti(OEt)4ⱴ῀ ̆ ꜛԍ ̆ ᾧ Ẽ ̆ ⱳ ԅ ף ҍ

ate Csp
2
-Csp

2Ẽ ̂eq. 4̃ Ȃ ȁף ȁף ף ̆ ғΐ ᴨ ̆

ѿ ԅ ╕ ҍ Ẽ Ȃ 
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ԍ ╕ ף ӊ Ẽ ̆ ╕ ֜ Ẽ ΐ Ȃᴰ ╕

╕ȁ ╕ ԍ Ҥ Ẽ ◐ ֜ Ẽ ᵞȂ2015 ̆ ױ ץ[39] FeCl3ҹỲ

╕̆TMEDA ҹ ᵣ̆ ԅ ҍҊ ╕ҍ ╕ Ẽ Ȃ

ᴆ ̆ O2 Ҋ̆ ╕ԍ ץ ≠ ֜ Ẽ ̆ ȁ ȁ

ȁ ̂Scheme 12̃Ȃṿ ̆ң ╕ ⱴ῀ ῏ Ȃ

ᾢ ╕ҍ tbepc ΐ C-Tiñ ╕̆Ῥⱴ῀ ╕̆ ate-

Ar
N
[ArTi(OR)3]M └ ╕ Ẽ ◐ Ȃ ӊ̆ ԍ ╕ Ҍ ̆ Һ

⌠ Ȃ 

 

12  ArN-M ҍ Ar-M Ẽ  

Scheme 12  Fe/Ti cooperatively oxidative coupling between ArN-M and Ar-M 

̆ [40]ױ ҹ ╕ҍ ⱴ῀ ̆ ᶏ ᵌ ң ╕֟

Ȃ ӊ ױ ҍҊң ╕ Ẽ ԅ Ȃ ᾢ ң

╕ҍ ClTi(OR)3 ̆ ң ╕(Ar[Ar'Ti(OR) 3]MgX Ar'[ArTi(OR) 3]MgX)̆

Ỳ ֜ Ẽ ῒ ԅ (Scheme 13)Ȃ ̆ң ╕Ҭ̆ ץ

C-Ti ȁ ᵞ ץ ate ҍ ̆ң ̆ └ Ẽ ◐֟

Ȃ ҉ ңᶛ ̆ ᵣ ⱴ῀ ԍ ate- ҹΐ ῏ ᵬ Ȃ 

 

13  ᵌ Ar-M Ẽ  

Scheme 13 Fe/Ti cooperatively oxidative coupling between Ar-M with similar stuctures 


