
This is an Accepted Manuscript, which has been through the  
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. We will replace this Accepted Manuscript with the edited 
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the 
author guidelines.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the ethical guidelines, outlined 
in our author and reviewer resource centre, still apply. In no 
event shall the Royal Society of Chemistry be held responsible 
for any errors or omissions in this Accepted Manuscript or any 
consequences arising from the use of any information it contains. 

Accepted Manuscript

rsc.li/chemcomm

ChemComm
Chemical Communications
www.rsc.org/chemcomm

ISSN 1359-7345

COMMUNICATION
Marilyn M. Olmstead, Alan L. Balch, Josep M. Poblet, Luis Echegoyen et al. 
Reactivity diff erences of Sc

3
N@C

2n
 (2n = 68 and 80). Synthesis of the 

fi rst methanofullerene derivatives of Sc
3
N@D

5h
-C

80

Volume 52 Number 1 4 January 2016 Pages 1–216

ChemComm
Chemical Communications

View Article Online
View Journal

This article can be cited before page numbers have been issued, to do this please use:  J. A. Cabeza, P.

Garcia-Alvarez and L. González-Álvarez, Chem. Commun., 2017, DOI: 10.1039/C7CC04832G.

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/
http://dx.doi.org/10.1039/c7cc04832g
http://pubs.rsc.org/en/journals/journal/CC
http://crossmark.crossref.org/dialog/?doi=10.1039/C7CC04832G&domain=pdf&date_stamp=2017-08-24


ChemComm	 	

COMMUNICATION	

This	journal	is	©	The	Royal	Society	of	Chemistry	201x	 Chem.	Commun.,	2016,	00,	1-4	|	1 		

Please	do	not	adjust	margins	

Please	do	not	adjust	margins	

Received	00th	June	20xx,	
Accepted	00th	Xxxxx	20xx	

DOI:	10.1039/x0xx00000x	

www.rsc.org/	

	

Facile	cyclometallation	of	a	mesitylsilylene:	Synthesis	and	
preliminary	catalytic	activity	of	iridium(III)	and	iridium(V)	
iridasilacyclopentenes†		
Javier	A.	Cabeza,*	Pablo	García-Álvarez*	and	Laura	González-Álvarez	

Reactions	 of	 the	 mesityl-amidinato-silylene	 Si(tBu2bzam)Mes	 (1;	
tBu2bzam	 =	 N,N’-bis(tert-butyl)benzamidinato;	 Mes	 =	 mesityl),	
with	three	different	iridium	precursors	led,	at	room	temperature,	
to	 two	 iridium(III)	 and	 one	 iridium(V)	 complexes	 featuring	 one	
(IrIII)	 or	 two	 (IrV)	 cyclometallated	 silylene	 ligands.	 The	 iridium(III)	
complexes	 are	 active	 catalyst	 precursors	 for	 H/D	 exchange	 and	
dehydrogenative	borylation	of	arene	C–H	bonds.		

The	 term	 “cyclometallation”	 refers	 to	 an	 intramolecular	
reaction	 of	 a	 metal	 complex	 that,	 generally	 through	 an	
oxidative	addition	of	a	C–H	bond	to	the	metal	atom,	leads	to	a	
metallacycle	 comprising	 a	 new	 metal−carbon	 σ	 bond.1	 As	
oxidative	 additions	 are	 favoured	 in	 electron-rich	 metal	
complexes,	 cylometallations	 generally	 implicate	 electron-
donating	ligands.1b,2	In	fact,	the	most	widely	used	types	of	non-
electron-withdrawing	 ligands,	 e.g.,	 amines,	 imines,	 pyridines,	
phosphanes,	N-heterocyclic	 carbenes	 (NHCs),	 etc.,	 are	 known	
to	 lead	 to	 cyclometallated	 derivatives.	 Importantly,	
cyclometallated	complexes	have	been	successfully	 involved	 in	
organic	 synthesis	 and	 catalysis	 (C−H	 bond	 functionalization,	
cross-coupling,	 dehydrogenation,	 etc.),3	 in	 material	 science	
(photophysical	 devices	 such	 OLEDS	 and	 solar	 cells,	 liquid	
crystals,	 sensors,	etc.)3b,e,f,k,4	 and	 in	 some	biological	processes	
(anticancer	agents,	enzyme	prototypes,	etc.).3e,f,5		
	 On	 the	 other	 hand,	 the	 transition	 metal	 chemistry	 of	
silylenes,6,7	initiated	by	Welz	and	Schmid	in	1977,8	has	recently	
boosted	 after	 a	 long	 lethargy	 due	 to	 the	 appearance	 of	 new	
generations	 of	 silylenes	 (derived	 from	 amidinato,	 β-
diketiminato	 and	 other	 chelating	 fragments).	 These	 donor-
stabilized	 silylenes,	 due	 to	 their	 strong	 electron	 donating	
character	 as	 ligands9,10	 (even	 stronger	 than	NHCs10),	 improve	

the	stability	of	their	transition	metal	complexes	and	have	been	
successfully	 involved	 in	 homogeneous	 catalysis,7	 including	
catalytic	 processes	 in	 which	 they	 perform	 better	 than	 NHCs	
(e.g.,	 arene	 amination,10a	 olefin	 hydrosilylation10b).	 Regarding	
the	 cyclometallation	of	 silylenes,	despite	 their	 long	 trajectory	
as	 ligands	 and	 the	 strong	 basicity	 shown	 by	 the	 newer	
generations,	 only	 a	 resorcinol-derived	 bis(amidinato-silylene),	
described	by	Driess	and	Inoue	(Figure	1),9e	has	been	reported	
to	undergo	 cyclometallation	 (in	Rh,	 Ir,	Ni	 and	Pd	 complexes),	
which	 is	 facilitated	 by	 the	 final	 formation	 of	 κ3Si,C,Si-pincer	
complexes.9b,d,e	
	 We	 now	 report	 that	 reactions	 of	 the	 mesityl-amidinato-
silylene	Si(tBu2bzam)Mes	 (1;	Figure	1),	prepared	 in	66	%	yield	
from	 Si(tBu2bzam)Cl11	 and	 LiMes,	 with	 various	 iridium	
precursors	have	led	to	the	first	cyclometallated	derivatives	of	a	
monodentate	silylene.	These	products	are	iridium(III)	(2	and	3)	
and	 iridium(V)	 (4)	 complexes	equipped	with	one	 (2	 and	3)	 or	
two	 (4)	 iridasilacyclopentene	 rings	 that	 arise	 from	
intramolecular	 C(sp3)–H	 bond	 activations.	 We	 also	 report	
preliminary	 studies	 demonstrating	 that	 the	 iridium(III)	
derivatives	 are	 active	 in	 catalytic	 processes	 that	 imply	 the	
activation	 of	 C–H	 bonds,	 such	 as	 the	 deuteriation	 by	 H/D	
exchange	(with	2)	and	the	dehydrogenative	borylation	(with	3)	
of	various	arene	substrates.		
	 Reactions	 of	 two	 equivalents	 of	 silylene	 1	 with	 [Ir2Cl2(µ-
Cl)2(η

5-Cp*)2]	 (Cp*	 =	 1,2,3,4,5-pentamethylcyclopentadienyl)	
or	[Ir2(µ-Cl)2(η

4-cod)2]	(cod	=	1,5-cyclooctadiene)	led,	at	room	

	

Figure	1	 The	only	 silylene	that	has	been	previously	 cyclometallated	 (left)	and	the	
silylene	used	 in	 this	 work	 (right).	 The	arrows	 indicate	 the	 positions	 that	undergo	
metallation.	
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temperature,	to	the	iridium(III)	complexes	[IrCl(η5-Cp*){κ2C,Si-
Si(tBu2bzam)(CH2C6H2Me2)}]	 (2;	 51	 %	 isolated	 yield)	 and	
[IrHCl(η4-cod){κ2C,Si-Si(tBu2bzam)(CH2C6H2Me2)}]	 (3;	 91	 %	
isolated	 yield),	 respectively	 (Scheme	 1).	 Both	 compounds	
contain	 an	 iridasilacyclopentene	 ring	 that	 arises	 from	 the	
cyclometallatation	 of	 the	 silylene	 ligand	 (C−H	 activation	 of	 a	
mesityl	methyl	group;	Figure	2).	The	Ir−Si	bond	distances	of	2	
and	3	 are	 close	 to	 the	 shortest	 Ir−Si	 bond	distances	 found	 in	
the	 Cambridge	 Crystallographic	 Database,	 which	 are	 in	 the	
range	 2.21–2.48	 Å.	 These	 short	 distances,	 as	 previously	
reported	 for	 the	 other	 amidinato-silylene	 iridium	 complex	
crystallographically	 characterized,9d	 the	 compound	
[IrHCl(coe){k3Si,C,Si-L}]	 (A;	 L	 is	 the	 metallated	 SiCSi	 pincer	
ligand	shown	in	Figure	1),	lie	closer	to	those	reported	for	non-
base-stabilized	 silylene	 iridium(III)	 complexes	 than	 to	 those	
known	 for	 octahedral	 iridium(III)-silyl	 derivatives.	 The	
coordination	sphere	of	 the	 iridium	atom	of	2	 is	completed	by	
an	η5-Cp*	moiety	and	a	chloride,	while	that	of	3	 is	completed	

by	an	η4-cod,	a	hydride	and	a	chloride.	The	Ir−Cl	bond	distance	
of	3	 is	ca.	0.1	Å	 longer	 than	 that	of	2	due	 to	 the	presence	of	
the	hydride	ligand	trans	to	it.12	The	1H	NMR	spectra	of	2	and	3	
confirmed	their	asymmetric	structures,	since	they	contain	two	
singlets	for	the	NtBu	groups	(δ	1.24	and	1.01	ppm	in	CD2Cl2	for	
2;	1.24	and	1.04	ppm	 in	C6D6	 for	3)	and	two	doublets	 for	 the	
metalated	methylene	 (δ	 3.41,	 (JHH	 =	 15.2	Hz)	 and	 3.05	 (JHH	 =	
15.2	Hz)	ppm	in	CD2Cl2	for	2;	3.80	(JHH	=	15.2	Hz)	and	3.59	(JHH	
=	 15.2	 Hz)	 ppm	 in	 C6D6	 for	 3).	 Note	 that	 rotation	 about	 the	
Ge−Ir	bond	is	permitted	in	the	related	but	non-cyclometallated	
amidinato-germylene	 complexes	 [IrCl2(η

5-Cp*){κ1Ge-
Ge(tBu2bzam)tBu}]	and	 [IrCl(η4-cod){κ1Ge-Ge(tBu2bzam)tBu}].13	
The	η5Cp*	 ligand	of	2	 rotates	 freely	 (δ	 1.84	 (s,	 15	H)	 ppm	 in	
CD2Cl2);	however,	four	resonances	are	found	for	the	cod	vinyl	
protons	of	3,	 indicating	hindered	 rotation.	The	hydride	 ligand	
of	3	appears	at	a	chemical	shift,	−16.06	ppm,	that	is	similar	to	
those	reported	for	related	[IrClH(η4-cod)(κ2-L2)]	(L2	=	bidentate	
monoanionic	 ligand)	 complexes	 also	 featuring	 trans	 H	 and	 Cl	
ligands.14	The	29Si{1H}	NMR	spectra	of	both	complexes	show	a	
singlet,	at	δ	50.1	(2	in	CD2Cl2)	or	51.2	ppm	(3	in	C6D6),	which,	as	
commonly	 reported,9b	 is	 downfield	 shifted	 from	 that	 of	 the	
free	ligand	1	(δ	24.0	ppm	in	C6D6).	The	

29Si	chemical	shift	of	1	is	
similar	 to	 that	 reported	 for	 the	 only	 hitherto	 reported	 aryl-
amidinato-silylene,	Si(tBu2bzam)Ph	(δ	30.2	ppm	in	C6D6).

15		

	 Aiming	at	the	incorporation	of	two	cyclometallated	ligands,	
four	 equivalents	 of	 1	 were	 reacted	 with	 [Ir2(µ-Cl)2(η

2-coe)4]	
(coe	=	cyclooctene)	 in	C6D6	at	room	temperature.	After	1	h,	a	
great	amount	of	 a	white	 solid,	 subsequently	 identified	as	 the	
iridium(V)	 complex	 4,	 precipitated	 (Figure	 3;	 87	 %	 isolated	
yield).	 The	 1H	 NMR	 spectrum	 (CD2Cl2)	 of	 4	 contained	 the	
signals	 of	 a	 cyclometallated	 silylene	 and	 two	 hydrides	 (at	 δ	
−11.46	and	−23.10	ppm)	in	a	2:1:1	ratio.	This	was	confirmed	by	
X-ray	 diffraction,	which	 revealed	 that	 the	 iridium	 atom	has	 a	
distorted	pentagonal	bipyramidal	ligand	environment	with	two	
cyclometallated	κ2Si,C-silylenes	and	a	hydride	at	the	equatorial	

	

Figure	3	Synthesis	and	X-ray	structure	of	complex	4	(only	one	of	the	two	positions	in	
which	the	tert-butyl	group	C4	was	found	is	shown;	non-hydrido	H	atoms	have	been	
omitted	for	clarity).	 Selected	bond	 lengths	 (Å):	 Ir1−C22	2.195(4),	 Ir1−Cl1	2.5380(9),	
Ir1−Si1	 2.319(1),	 C16−Si1	 1.872(5),	 C16−C21	 1.413(8),	 C21−C22	 1.516(7),	 Ir1−C46	
2.200(5),	Ir1−Si2	2.312(1),	C40−Si2	1.866(5),	C40−C45	1.394(7),	C45−C46	1.504(6).

	

Figure	2	Molecular	structures	of	compounds	2	and	3	(non-hydrido	H	atoms	have	been	
omitted	 for	 clarity).	 Selected	 bond	 lengths	 (Å):	2:	 Ir1−C22	 2.130(6),	 2.23(6),	 Ir1−Cl1	
2.416(2),	 Ir1−Si1	2.260(2),	C16−Si1	1.879(6),	C16−C21	1.416(9),	C21−C22	1.521(9);	3:	
Ir1−C22	 2.121(6),	 Ir1−Cl1	 2.501(1),	 Ir1−Si1	 2.279(1),	 C16−Si1	 1.856(6),	 C16−C21	
1.406(8),	C21−C22	1.506(9).

	

Scheme	1	Synthesis	of	compounds	2	and	3.	
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positions	 and	 a	 chloride	 and	 another	 hydride	 at	 the	 axial	
positions	 (Figure	 3).	 The	 metrical	 parameters	 of	 both	 IrSiC3	
rings	are	essentially	identical,	the	Ir−Si	distances	being	slightly	
longer	 than	 those	 of	 2	 and	 3.	 The	 Ir1–Cl1	 distance	 is	 rather	
long	 since	 the	 chloride	 is	 trans	 to	 a	 hydride.12	 The	 proton-
coupled	 29Si	 NMR	 spectrum	 in	 CD2Cl2	 shows	 a	 doublet	 of	
doublets	with	small	JSiH	coupling	constants,	26.6	and	10.7	Hz.	
	 It	 is	 important	 to	 highlight	 that	 iridium(V)	 complexes	 are	
scarce16,17	and	that	they	have	been	proposed	as	intermediates	
in	 several	 bond	 activation	 processes.16	 Recent	 reports	 have	
established	that	cyclometallated	iridium(V)	derivatives	play	an	
important	role	in	some	homogeneously	catalysed	reactions	as	
precatalytic	 (dehydrogenation	 of	 alkanes)17a	 or	 catalytic	
(reduction	of	amides)17b	species.	

	 The	 last	decades	have	 shown	 that	 iridium	catalysts	 are	of	
surmount	 importance	 in	 homogeneous	 catalysis18,19	 (e.g.,	
hydrogenation,3a,19b	 asymmetric	 hydrogenation,19c,d	
dehydrogenation,3a,19f	 H/D	 exchange,19a,h	 C−H	
functionalization,17e,g	 	 etc.16).	 Having	 in	 mind	 that	 1	 easily	
undergoes	 cyclometallation,	 even	 up	 to	 the	 formation	 of	 an	
iridium(V)	derivative,	we	 thought	 it	 of	 interest	evaluating	 the	
catalytic	activity	of	complexes	2	and	3	 in	C−H	bond	activation	
reactions	 (4	 proved	 to	 be	 quite	 unstable	 upon	manipulation,	
discouraging	its	application	as	a	catalyst).	As	preliminary	tests,	
2	 was	 used	 as	 precatalyst	 for	 H/D	 exchange	 processes,	 since	
several	 IrIII(η5-Cp*)(NHC)	 complexes,20	 relying	 on	 the	 high	
basicity	of	their	NHC	ligands,	have	been	shown	to	catalyse	the	
deuteriation	 of	 several	 organic	 substrates,	 and	 3	 was	
employed	for	catalytic	dehydrogenative	C−H	borylations,	since	
the	related	complex	A	has	proven	to	be	active	in	the	borylation	
of	simple	arenes	with	pinacolborane	(HBpin).9d	
	 The	 deuteriation	 of	 two	 totally	 different	 substrates,	
styrene	and	1,3,5-trimethoxybenzene,	was	attempted	using	2	
as	 catalyst	 precursor	 and	 CD3OD	 as	 deuterium	 donor,	 in	 the	
presence	 or	 absence	 of	 AgOTf	 as	 catalyst	 activator	 and	 in	
similar	reaction	conditions	to	those	used	by	Peris	for	the	same	
substrates	 utilising	 the	 NHC	 complexes	 [IrCl2(η

5-Cp*)(κ1C-
Bu2Im)]	 (B;	 Bu2Im	 =	 1,3-di-n-butylimidazol-2-ylidene)	 and	 the	
cyclometallated	 [IrCl(η5-Cp*)(κ2C,C-MeImCH2C6H4)]	 (C;	
MeImCH2C6H5	=	1-benzyl-3-methylimidazol-2-ylidene).20c	B	and	
C	 were	 reported	 to	 outperform	 [IrCl2(η

5-Cp*)(PMe3)]	 in	 the	
deuteriation	 of	 a	 great	 variety	 of	 organic	 molecules	 with	
CD3OD.	 Remarkably,	 without	 AgOTf,	 2	 was	 able	 to	 achieve	
conversions	for	both	substrates	(Table	1,	entries	1	and	2)	close	
to	 those	 reported	 for	 B	 and	 C	 in	 the	 presence	 of	 the	 silver	
abstractor	 in	analogous	reaction	times	(for	styrene:	99	(o),	65	
(m,	 p),	 99	 (vinyl)	 and	 0	 (o,	m,	 p),	 99	 (vinyl),	 using	 B	 and	 C,		

respectively;	for	1,3,5-trimethoxybenzene:	0	(CH3)	and	99	(Ar)	
for	 both	 catalysts).20c	 It	 should	 be	 noted	 that	 the	 authors	
stated	 that	B	 and	 the	 cyclometallated	 complex	C	 are	 inactive	
without	AgOTf.20c	The	addition	of	AgOTf	 (entries	3	and	4)	did	
not	have	a	beneficial	effect,	particularly	for	the	deuteriation	of	
the	 styrene	 aryl	 ring,	 hinting	 to	 some	 sort	 of	 catalyst	
deactivation	as	previously	reported	for	the	related	amidinato-
germylene	complex	[IrCl2(η

5-Cp*){κ1Ge-Ge(tBu2bzam)tBu}].13	
	 Regarding	 complex	 3,	 the	 dehydrogenative	 borylation	 of	
benzene	 and	 toluene	 was	 attempted	 (Table	 2)	 following	 the	
procedure	described	by	Driess	 for	 the	pincer	 complex	A	with	
and	 without	 coe	 as	 hydrogen	 abstractor	 (see	 the	 ESI	 for	
further	details).9d	In	the	presence	of	coe	the	reaction	was	fast,	
since	HBpin	 and	 coe	were	 consumed	 in	3	h	 (benzene)	or	 5	h	
(toluene),	forming	cyclooctane	(coa),	PhBpin	(52	%;	entry	1)	or	
TolBpin	(52	%;	meta/para	=	1.5:1;	entry	2)	and	other	borylated	
products,	 possibly	 derived	 from	 the	 hydroboration	 and	
dehydrogenative	borylation	of	coe.	Complex	A	was	reported	to	
produce	PhBpin	and	TolBpin	 (meta/para	=	1.6:1)	 in	90	%	and	
91	 %,	 respectively,	 after	 24	 h	 under	 analogous	 reaction	
conditions.9d	 Aiming	 at	 increasing	 the	 selectivity	 of	 the	
reactions,	no	coe	was	added	and,	Interestingly,	the	borlylation	
of	 benzene	 (entry	 3)	 gave	 PhBpin	 in	 86	 %	 yield	 after	 48	 h	
(complex	A	was	reported	to	give	PhBpin	in	53	%	yield	after	24	
h	 in	 the	absence	of	 coe9d).	The	borylation	of	 toluene	with	no	
H2	 receptor	 (not	 described	 using	 A)	 slightly	 improved	 the	
reaction	 selectivity,	 rendering	 52	 %	 of	 TolBpin	 (meta/para	 =	
1.8:1),	albeit	increasing	the	reaction	temperature	(entry	4).		
	 In	summary,	 just	by	adding	an	appropriate	pendant	group	
(in	 this	case	a	mesityl)	 to	 the	ubiquitous	 in	silylene	chemistry	
N,N’-bis(tert-butyl)benzamidinato	 fragment,	 the	
cyclometallation	 (by	 C(sp3)−H	 bond	 activation)	 of	 a	
monosilylene	 has	 been	 achieved	 for	 the	 first	 time.	 The	
cyclometallation	 of	 1	 was	 found	 to	 be	 very	 facile	 on	 iridium	
complexes	 (occurring	 quickly	 at	 room	 temperature),	 allowing	
the	 isolation	 of	 iridium(III)	 (2	 and	 3)	 and	 iridium(V)	 (4)	
complexes	 that	 contain	 one	 (2	 and	 3)	 or	 two	 (4)	
cyclometallated	 silylene	 ligands.	 Additionally,	 preliminary	
catalytic	 tests	 have	 shown	 that	 the	 iridium(III)	 complexes	 are	
active	 in	 H/D	 exchange	 and	 dehydrogenative	 borylation	 of	
arene	 C–H	 bonds.	 The	 deuteriation	 reactions	 using	 2	 are	
remarkable,	 since	 the	 H/D	 exchange	 conversions	 in	 the	
absence	of	silver	abstractor	are	similar	to	those	reported	using	
related	NHC-Ir	complexes	and	AgOTf.	
	 This	work	was	supported	by	MINECO-FEDER	projects	(CTQ2016-
75218-P,	 RYC2012-10491	 and	 CTQ2016-81797-REDC)	 and	 by	 a	
research	grant	from	the	Government	of	Asturias	(GRUPIN14-009).	

Table	2	Catalytic	dehydrogenative	borylation	of	arenes	using	3	as	catalyst	
precursor.	

	
Entry	 Arene	 n	 Yielda	(%)		 Time	(h)	
1	 Benzene	 1	 71	(PhBpin)	 3	
2	 Toluene	 1	 32;	m:p	=	1.8:1.0	(TolBpin)	 5	
3	 Benzene	 0	 56	(81)	(PhBpin)	 24	(48)	
4	 Toluene	 0	 52;	m:p	=	1.8:1.0	(TolBpin)	 48b	
aDetermined	by	1H	NMR.	b140	oC.	

	

Table	1	Catalytic	H/D	exchange	reactions	on	arenes	using	2	as	catalyst	
precursor.	

	
Entry	 Substrate	 n	 %	Da	 Time	(h)	
1	 Styrene	 0	 54	(o),	53	(m),	50	(p);	95	(vinyl)	 16	
2	 1,3,5-C6H2(OMe)3	 0	 0	(CH3),	83	(Ar)	 16	
3	 Styrene	 1	 19	(o),	18	(m),	12	(p);	90	(vinyl)	 16	
4	 1,3,5-C6H2(OMe)3	 1	 10	(CH3),	87	(Ar)	 16	
aDetermined	by	1H	NMR.	
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The	 cyclometallation	 of	 a	monosilylene	 has	 been	 achieved	 in	 iridium(III)	 and	 iridium(V)	 complexes;	 the	 former	
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