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Borrowing H2

Never ending chemistry??



Borrowing H2; Concept?
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1. Alcohol Activation

Homologation; Aldol, Wittig, ….. (C-C bond)

Amination (C-N bond) 

In-situ M-R 
addition



1. Alcohol Activation; ketone alkylation

Shim et al. Tetrahedron Lett. 
2002, 43, 7987-7989. 

Shim et al. JOC, 2001, 66, 9020.



1. Alcohol Activation; Ishii’s selective reduction

Ishii et al. JOC 2001, 66, 4710.



1. Alcohol Activation; ketone alkylation

Ishii et al. JACS 2004, 126, 72

neat

scope



1. Alcohol Activation; ketone alkylation

Yus et al. TL 2006, 62, 8988.



1. Alcohol Activation; ketone alkylation; in-situ hydrogenation

one pot two step procedure
1 itself didn’t produce high ee.

Nishibayashi et al. 
ACIE 2006, 45, 3819-3822.



1. Alcohol Activation; ester alkylation

Ishii et al. JACS 2010, 132, 2536



1. Alcohol Activation; nitrile alkylation

Grigg et al TL 1981, 22, 4107.

in boling EtOH
Cat (5 mol%)
NaC2O3 (110 mol%)

Grigg et al JOC 2006, 71, 8023.



1. Alcohol Activation; homologation followed by hydrogenation

Williams et al. AdvSynCat 2006, 347, 591.

Williams et al. ChemComm 2004,90.

most reactiveWilliams et al.  JACS 2007, 129, 1987.



1. Alcohol Activation; alcohol β-bromination and Michael addition

β-bromination; (modest yield)
Williams et al. Synlett 2003, 124.

γ-alkylation product from allylic alcohol
Williams et al. ACIE 2001, 40, 4475.



1. Alcohol Activation; alcohol β-alkylation

Shim et al. OM 2003, 22, 3608.

Yus et al. TL. 2006, 62, 8982.

Yamaguchi et al. OL 2005, 7, 4017.

Peris et al. OM 2007, 26, 6050.

Ishii et al. JOC 2006, 71, 8306.



1. Alcohol Activation; oxidative esterification

Suzuki et al. Synlett 2005, 1453..

Williams et al. Synthesis 2009, 1578.

Ishii et al. TL 2006, 47, 9199.



1. Alcohol Activation; oxidative esterification

Milstein et al. JACS 2005, 127, 10840.

proposed mechansm

No base
No H2 acceptor



1. Alcohol Activation; dehydrogenative hydroacylation

Jun et al. ACIE 1998, 110, 145.



1. Alcohol Activation; alcohol α-alkylation using activated olefin (very early examples)

Krische et al. OL 2008, 10, 1033.

Krische et al. ACIE. 2008, 47, 5220.

Krische et al. OL 2008, 10, 2705.



1. Alcohol Activation; What Prof. Krische has done….; addition of activated olefin to the carbonyl 

Krische et al. ACIE 2014, 53, 9142.M-H receptors Allyl-species



1. Alcohol Activation; What Prof. Krische has done….; addition of activated olefin to the carbonyl 

Krische et al. ACIE 2014, 53, 9142.

etc…….



1. Alcohol Activation; alcohol amination by metal oxide (heterogenous)

Brown et al. JACS 1924, 46, 1836.

Prasad et al. JCS ChemComm 1992, 1204.

Arata et al. BCSJ 1991, 64, 2605.

Zhu et al. Appl. Catal. A. 1996, 134, 53.

GAS PHASE



1. Alcohol Activation; alcohol amination by metal oxide (heterogenous)

Ni particle from NiO

Frazza et al. JACS 1954, 76, 6174.

Nicoletti et al. Synthesis, 1977, 335.

Daasch et al. JOC 1958, 23, 1352.



1. Alcohol Activation; alcohol amination by metal oxide (heterogenous)

Holowchak et al. JACS 1934, 56, 153.

Simple Cu or Cu-oxide easily lost catalytic activity probably due to reduction. 

Ba- stabilize Cu complex

Cr- increase the metal surface area

Adkins et al. JACS 1939, 61, 3499.

Holowchak et al. JACS 1934, 56, 153.



1. Alcohol Activation; alcohol amination by metal oxide (heterogenous)

Schmitt et al. JOC 1981, 46, 754.

Ogawa et al. Cat. Comm. 2004, 5, 291.

Commercially available



1. Alcohol Activation; alcohol amination w/o Transition metal

Miyano et al. Chem. Pharm. Bull. 1965, 13, 1135.

Reid. Am. Chem. J.. 1911, 45, 38.



1. Alcohol Activation; primary alcohol amination

Yamamoto et al. JOMC. 1999, 584, 213.

Porzi et al. JOMC 1982, 235, 93.

Aliphatic amine; Roundhill et al. Inorg. Chem. 1989, 28, 4562.

Watanabe et al. BCSJ. 1983, 56, 2647.



1. Alcohol Activation; primary alcohol amination

Mitsudo et al. JOC. 1996, 61, 4214.

Watanabe et al. BCSJ. 1987, 60, 3456.

von Koten et al. JOC. 1998, 63, 4282.



1. Alcohol Activation; primary alcohol amination

Yamaguchi et al. TL 2003, 44, 2687.

Yamaguchi et al. OL 2002, 4, 2691.



1. Alcohol Activation; primary alcohol amination

Williams et al. ChemComm 2007, 725.

Williams et al. TL 2007, 
48, 8263; dopamine agonist



1. Alcohol Activation; secondary alcohol amination

most reactive [Ru]-based cat.

Beller et al. TL 2006, 47, 8881.



1. Alcohol Activation; primary alcohol amination

Milstein et al. ACIE. 2008, 47, 3367.
(7.5 atm)

major byproduct – imine

model compound

15 h : hexylamine (63%), dihexylamine (3%)
24 h : hexylamine (58%), dihexylamine (18%)



1. Alcohol Activation; primary alcohol amination

Milstein et al. ACIE. 2008, 47, 3367.
In Water; help hydrolysis imine

byproduct – amide, acid



1. Alcohol Activation; primary alcohol amination

Williams et al. JACS. 2009, 131, 1766.

Dppf or DPEphos



1. Alcohol Activation; synthesis of heterocyclic compounds

40-100%

Williams et al. TL 2007, 48, 5111.

Williams et al. TL 2007, 48, 5115.



1. Alcohol Activation; intramolecular amidation

Fujita et al. OL. 2004, 6, 2785.



1. Alcohol Activation; dehydrogenative amidation

Milstein et al. Science 2007, 317, 790.



1. Alcohol Activation; primary alcohol amidation

Madsen et al. JACS. 2008, 130, 17672.

During searching a new condition for the alcohol amination,
the unexpected amide formation was found with NHC. 

w/o PR3, no reaction
w/ bidentate, no reaction

Toluene, 110 oC



1. Alcohol Activation; primary alcohol amidation

Madsen et al. JACS. 2008, 130, 17672.



1. Alcohol Activation; primary alcohol amidation

Williams et al. OL. 2007, 9, 73.



1. Alcohol Activation; C-H activation

Kempe et al. JACS. 2010, 132, 924.



1. Alcohol Activation; asymmetric alcohol amination

Dong and Guan et al. JACS. 2014, 136, 12548.

Still limited to symmetric alcohols and benzyl alcohols, aliphatic alcohols – not suitable



Zhao et al. JACS. 2015, 137, 4944.

1. Alcohol Activation; asymmetric alcohol amination



Zhao et al. JACS. 2015, 137, 4944.

1. Alcohol Activation; asymmetric alcohol amination



2.   Amine Activation; transimination

Porzi et al. JOMC 1981, 208, 249.

Porzi et al. JOMC 1982, 231, C31.



2.   Amine Activation; transimination

Porzi et al. JOC 1981, 46, 1759.

Shim et al. Tetrahedron 2000, 56, 7747.



2.   Amine Activation; transamination; more challenging than alcohol

Beller et al. ACIE 2007, 46, 8291.



2.   Amine Activation; transimination

Beller et al. ACIE 2007, 46, 8291.



2.   Amine Activation; double transimination

Beller et al. ChemComm 2008, 3199.

Beller et al. TL 2008, 49, 5142.



2.   Amine Activation

Bruneau et al. JACS 2011, 133, 10340.



2.   Amine Activation

Milstein et al. JACS 2014, 136, 2998.

proposed mechanism



2.   Amine Activation

Xiao et al. ACIE 2015, 54, 5223.



3.   Alkane Activation; alkane dehydrogenation

1) Heterogeneous Alkane activation

2) An early homogeneous examples of alkane dehydrogenation by C-H activation

hv, [Ir(H2(acetone)2(PPh3)2]BF4

Crabtree et al. JACS 1979, 101, 7738.

Burnett and Hughes
Basset

hv, [Cp(PMe3)IrH2]

Bergman et al. JACS 1982, 104, 352. Felkin et al. JCS.ChemComm 1983, 788.

80 oC, (PR3)2ReH7

hv, [Rh(PR3)2(CO)Cl]

Goldman et al. JACS 1989, 111, 7088.; 
Saito et al. JCSChemComm 1988, 161.

hv, [Ir(H2(O2CCF3) (PR3)2]

Crabtree et al. JACS 1987, 109, 8025.

low turnover number and low stability

(TON>100), still require H2 acceptors w/ H2



3.   Alkane Activation; alkane dehydrogenation

Kaska and Jensen et al. JACS 1997, 119, 840.

Not required H2, but still required tert-butylethylene
as hydrogen acceptor

TON up to 1000



3.   Alkane Activation; alkane dehydrogenation

Kaska, Jensen and Goldman et al. ChemComm 1997, 2273.

TON up to 360

maximum build-up of 
olefin inhibits further 
catalsis

w/o H2 acceptor



3.   Alkane Activation; alkane dehydrogenation

Brookhart et al. JACS 2004, 126, 1804.



3.   Alkane Activation; alkane dehydrogenation

Brookhart et al. JACS 2004, 126, 1804.

byproducts



3.   Alkane Activation; alkane metathesis

Developed by Goldman and Brookhart

Goldman and Brookhart Science, 2006, 312, 257.

Tandem catalysis



3.   Alkane Activation; alkane metathesis

Goldman and Brookhart Science, 2006, 312, 257.

3



3.   Alkane Activation; alkane metathesis

Goldman and Brookhart Science, 2006, 312, 257.



3.   Alkane Activation; alkane metathesis

Goldman and Brookhart Science, 2006, 312, 257.

(heterogeneous olefin metathesis catalyst)
thermally stable

Alkane cross metathesis reaction of C6 and C20

Compatibility of Ir-pincer with heterogeneous catalyst

Observed GC trace



3.   Alkane Activation; alkane metathesis

Goldman and Brookhart ChemComm, 2008, 253.

major component of insoluble material – PE (Mw = 49,600, Mn = 29,700, PDI = 1.67)





Quiz 1.



Quiz 2.

aldol condensation

major product A was derived from α-deuterium proton exchange by H2O or excess alcohols. 



Quiz 3.



1. Alcohol Activation; vinyl ether synthesis

Ishii et al. JACS 2002, 124, 1590.


