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M-H	distance	by	neutron	diffraction
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An	unusual	coordination	mode	for	ethylene	- µ-h2:h2-C2H4	!

Related Compounds:

Kaminsky et al. Angew. Chem. IEE 1976, 15, 629

Cotton et al. Polyhedron, 1987, 6, 645

see F. A. Cotton Inorg. Chem. 2002, 41, 643
for a summary.
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Intermediates	on	Ethylene	Insertion	Pathway	into	[Cp(THF)Cr(n-Pr)]+
(DFT	calculations	- C.	W.	Hoganson	et	al.,	Macromolecules 2004,	37,	566)

Reactant:
Cr-Ca 2.03	Å
Cr-Hb 1.95	Å
Cb-Hb 1.165	Å

C2H4-complex:
Cr-Ca 2.09	Å
Cr-C1 2.66	Å
Cr-C2 2.53	Å
C1-C2 1.37	Å
Ca-H1.11	Å

Transition	State:
Cr-Ca 2.23	Å
Cr-C1 2.13	Å
Cr-C2 2.38	Å
C1-C2 1.44	Å
C2-Ca 2.22	Å
Cr-Ha 2.19	Å
Ca-Ha 1.12	Å



Gas	phase	free	energy	surface	for	ethylene/propene	selectivity

DDG‡
expt =	3.1	kcal/mol	for	Union	Carbide	catalyst	at	90oC

DDG‡
calc =	3.2	kcal/mol
(at	298	K)

H.	Hoganson	et	al.,	Macromolecules,	2004,	37,	566.





L.	Vaska,		Acc.	Chem.	Res.		1968,	1,	335	



However, consider the oxidative addition of O2 to CrI
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F.	Dai	et	al.,	J.	Am.	Chem.	Soc.	2013,	135,	16774



A	stable	alkyl	hydride	of	a	first	row	transition	metal!?

L.	A.	MacAdams et	al.	Chem.	Commun. 2003,	1164



Selective oligomerization	of	ethylene	via	metallacycle	intermediates	
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Recent review: J. T. Dixon, M. J. Green, F. M. Hess, D. H. Morgan, JOMC 2004, 689, 3641 
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(2,6-iPr2Ph)2nacnacCr catalyst produces branched homopolymer

CH2Cl2, 1 atm, RT
( )n

Mw = 6,500
Mn = 5,800
Mw/Mn = 1.12
8.9 Me/1000 C

R

BARF

CH2Cl2, 100 psi, RT → ?
( )n

Mw = 57,000
Mn =34,100
Mw/Mn = 1.67
25.8 Me/1000 C
  2.1 Et/1000 C
  1.2 Pr/1000 C
  1.1 Bu/1000 C
  0.3 Pe/1000 C

R

R = H, Me, Et, Pr, Bu,....



“Chain	walk”	depends	on	relative	rate	of	insertion	and	isomerization
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(no chain transfer!)



P,	T	effect	on	chain	walking	- Me-branches	counted	by	13C	NMR
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From	J.	Hartwig,	Organotransition Metal	Chemistry



C.	Floriani et	al.,	J.	Am.	Chem.	Soc.	2000,	122,	538









From	John	Hartwig,	Organotransition Metal	Chemistry	- ….

Halpern’s	study	of	hydrogenation	catalysis	w/	Wilkinson’s	catalyst





SiMe3N
Cr

N
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H(OEt2)2+BARF-

CH2Cl2

+

1.930 Å 1.9
34

 Å

2.056 Å 2.033 Å

Attempted synthesis of a 'base-free' cation .... almost!

BARF

L.	A.	MacAdams et	al,	J.	Am.	Chem.	Soc.	2005,	127,1082
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Four-coordinate alkyl cation is active without a cocatalyst

CH2Cl2, 1 atm, RT
( )n

Mw = 15,000
Mn = 14,000
Mw/Mn = 1.07

BARF

CH2Cl2, 300 psi, RT → 75oC
( )n

Mw = 105,000
Mn = 61,000
Mw/Mn = 1.73

+
CH2Cl2, 300 psi, RT → ?

( )n

Bu Mw = 192,000
Mn = 108,000
Mw/Mn = 1.78
103 Bu/1000 C



Isotopic	Perturbation	of	Stereochemistry

R.H.	Grubbs	and	G.	W.	Coates,	Acc.	Chem.	Res.	1996,	29,	85



T.	Ziegler,	Organometallics,	1994,	13,	2252



S.	E.	Bromberg	et	al.			Science,	1997,	278,	260



I.	Castro-Rodriguez	et	al,	J.	Am.	Chem.	Soc.	2003,	125,	15734

U-H1Sa:	3.19	Å
(vdW:	3.9	Å)



Fig. 3 (A) Displacement ellipsoid plots (30% probability) for the cationic components of 
complexes 1, 2, and 3 in the solid state. 

Sebastian D. Pike et al. Science 2012;337:1648-1651

Published by AAAS



Mechanism	of	an	intramolecular	O2-insertion
(see Angew.	Chem.	Int.	Ed.	1999,	38,	166)
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IR (toluene, - 50oC):
νO-O: 1027 cm-1 (16O2)
νO-O:   969 cm-1 (18O2)

 
Spectroscopically observable
superoxo intermediate.
Proposed to exhibit η2-coordination
(side-on bonding), based on the preference
of Cr(III) for octahedral coordination

A stable Cr(IV) oxo complex

νCr=O: 922 cm-1
µeff = 2.6(1) µB
Cr=O: 1.576(3) Å
Cr-O:  1.844(3) Å



K.	I.	Goldberg,	Acc.	Chem.	Res.	2012, 45,	899




