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Abstract	

Using	a	general	synthetic	procedure	employing	readily	accessed	terminal	alkene	functionalised	pro-ligands	

and	macrocyclisation	by	 ring-closing	olefin	metathesis,	 rhodium	carbonyl	 complexes	have	been	prepared	

that	 contain	 lutidine-	 (1a;	 n	 =	 1)	 and	 pyridine-	 (1b;	 n	 =	 0)	 derived	 tridentate	 CNC	 macrocycles	 with	

dodecamethylene	spacers.	 In	 solution	1a	 shows	 temperature	 invariant	 time	averaged	C2	 symmetry	by	 1H	

NMR	 spectroscopy	 (CD2Cl2,	 500	MHz),	while	 in	 the	 solid-state	 two	polymorphs	 can	be	obtained	 showing	

different	conformations	of	the	alkyl	spacer	about	the	metal-carbonyl	bond	(asymmetric	and	symmetric).	In	

contrast,	 time-averaged	motion	 of	 alkyl	 spacer	 in	1b	 can	 be	 halted	 by	 cooling	 below	 225	 K	 (CD2Cl2,	 500	

MHz)	and	the	complex	crystallises	as	a	dimer	with	an	interesting	unsupported	Rh···Rh	bonding	interaction	

(3.2758(6)	Å).	Oxidative	addition	reactions	of	1a	and	1b,	using	MeI	and	PhICl2,	have	been	studied	in	situ	by	
1H	NMR	spectroscopy,	although	pure	Rh(III)	adducts	can	ultimately	only	be	isolated	with	the	pyridine-based	

macrocyclic	 ligand.	The	 lutidine	backbone	of	1a	can	be	deprotonated	by	addition	of	K[N(SiMe3)2]	and	the	

resulting	 neutral	 dearomatised	 complex	 (5)	 has	 been	 fully	 characterised	 in	 solution,	 by	 variable	

temperature	1H	NMR	spectroscopy,	and	in	the	solid-state,	by	X-ray	diffraction.		

	 	



Introduction	

Complexes	bearing	mer-tridentate	“pincer”	ligands	continue	to	find	diverse	applications	in	organometallic	

chemistry	and	catalysis.1	Pincer	ligands	confer	thermal	stability	and	support	a	broad	range	of	metal-based	

reactivity:	 reactivity	 that	 can	 be	 tuned	 by	 variation	 of	 both	 the	 axial	 and	 equatorial	 donors.	 Phosphine	

based	 systems	 bearing	 a	 central	 aryl	 donor	 (PCP)	 are	 amongst	 the	 most	 widely	 studied,	 with	 iridium	

derivatives	notable	 for	 their	high	activity	as	alkane	dehydrogenation	catalysts	 (e.g.	A,	Chart	1).2	Recently	

lutidine-derived	 pincer	 ligands	 have	 also	 become	 prominent	 and	 can	 support	 bifunctional	 metal-ligand	

reactivity	through	base	induced	pyridine	dearomatisation	(e.g.	leading	to	B).3,4,5	Alongside	the	ever-growing	

interest	 in	N-heterocyclic	 carbene	 (NHC)	 ligands,	 CCC	 and	 CNC	 pincer	 architectures	 featuring	 trans-NHC	

donors	have	been	prepared	and	partnered	with	a	wide	variety	of	transition	elements.6	Palladium(II)	based	

CCC	and	CNC	complexes	have	been	shown	to	be	catalytically	active	in	C-C	coupling	reactions	and	recently,	

inspired	by	work	using	PCP	 ligands,	Chianese	and	co-workers	have	used	analogous	NHC-based	variants	 in	

iridium-catalyzed	alkane	dehydrogenation	reactions	(e.g.	C).7,8		

	
Chart	1:	Iridium	pincer	complexes	

	
	

Despite	 facile	 synthetic	procedures	 for	 imidazolium-based	pro-ligands,	 the	vast	majority	of	 reported	CNC	

and	CCC	complexes	 feature	NHC	donors	bearing	simple	alkyl	 (e.g.	Me,	 nBu,	 tBu)	and	aryl	 (e.g.	Mes,	Dipp)	

appendages.	 Expanding	 on	 a	 limited	 number	 of	 prior	 examples,9	 we	 have	 recently	 begun	 exploring	 the	

coordination	 chemistry	 of	macrocyclic	 ligands	 based	 on	 CNC	 pincer	 scaffolds.	 Our	 interest	 in	 this	 ligand	

topology	 is	motived	 by	 the	 potential	 to	 (a)	 reinforce	 the	 thermal	 stability	 associated	with	 pincer	 ligands	

through	 the	macrocyclic	 effect;	 (b)	 exploit	 additional	 reaction	 control	 though	 their	 unique	 steric	 profile,	

especially	 through	 ‘wiper-blade’	 like	motion	of	 the	 linking	group;	and	 (c)	 construct	 interlocked	molecular	

assemblies	 though	active-metal	 template	strategies.10	As	part	of	 these	 investigations,	we	have	previously	

prepared	palladium(II)	derivatives	of	 lutidine-derived	CNC	macrocyclic	 ligands	containing	aliphatic	spacers	

of	different	length	(D,	Chart	2)	and	reported	on	how	the	ring	size	alters	the	structure	and	dynamics	of	the		

d8	square	planar	complexes.11	Significant	ground-state	steric	effects	are	induced	using	the	shorter	spacers	

(m	 =	 8,	 10),	 while	 the	 dodecamethylene	 spacer	 (m	 =	 12)	 enabled	 distortion-free	 accommodation	 of	

ancillary	ligands	(X	=	Cl,	F)	within	the	macrocycle.	In	this	communication	we	expand	upon	the	coordination	

chemistry	 of	 CNC	 macrocycles	 containing	 the	 latter	 aliphatic	 chain	 length.	 In	 particular,	 we	 describe	

synthetic	 methodology,	 involving	 olefin	 metathesis,	 that	 allows	 the	 preparation	 of	 NHC-based	 rhodium	

macrocycles	 containing	 both	 lutidine	 (n	 =	 1)	 and	 pyridine	 (n	 =	 0)	 derived	 CNC	 pincer	 scaffolds	 with	

[Ir]

S

PiPr2O

PiPr2

[Ir]N

PiPr2

PiPr2 N
N

N
N

[Ir]

A B C



dodecamethylene	spacers	(1,	Chart	2).	The	influence	of	the	pincer	backbone	and	macrocyclic	topology	on	

their	dynamics	and	reactivity	is	examined.	

	
Chart	2:	Complexes	containing	CNC	pincer	ligands	

	
	

There	are	surprisingly	 few	rhodium	complexes	containing	neutral	CNC	pincer	 ligands	as	precedents	 for	1.	

Indeed,	 those	 that	have	been	 reported	are	 limited	 to	a	narrow	 range	of	pyridine-bridged	 systems	 (E	 –	 I,	

Chart	 2).12,13,14	 Potentially	 tridentate	 bis(imidazolium)pyridine	 and	 bis(imidazolium)lutidine	 pro-ligands		

have	 also	 been	 observed	 to	 bridge	 two	metal	 rhodium	 centres	 instead	when	 using	 [Rh(COD)Cl]2	 (COD	 =	

cyclooctadiene)	 as	 the	 metal	 precursor.12b,15	 To	 avoid	 these	 bimetallic	 products,	 successful	 chelation	

procedures	 are	 characterised	 by	 relatively	 forcing	 reaction	 conditions	 (e.g.	 reflux	 in	 aerated	 acetonitrile,	

E)12	 or	 use	 of	 rhodium	 precursors	 with	 more	 readily	 displaced	 ligands;	 [Rh(CO)2(OAc)]2	 (F)13	 and	

[Rh(alkene)2Cl]2	(alkene	=	cylcooctene,	ethylene;	H).14	Closely	related	anionic	carbazole-based	rhodium	CNC	

complexes	(J	in	Chart	2)	have	been	prepared	by	Kunz	and	co-workers	and	shown	to	undergo	facile	oxidative	

addition	reactions	with	alkyl,	allyl	and	benzyl	halides.16	

	
Results	and	discussion	

Synthesis	

Using	our	previously	reported	Ag2O-based	transmetallation	strategy	 in	combination	with	[Rh(CO)2Cl]2	and	

pre-formed	macrocyclic	pro-ligand	L1a,11	rhodium	complex	1a	was	obtained	in	a	straightforward	manner	in	

good	 isolated	 yield	 (52%)	 following	 purification	 on	 silica	 and	 recrystallisation	 (Route	 1,	 Scheme	 1).	 This	

procedure	 results	 in	 the	 incorporation	 of	 the	 weakly	 coordinating	 [BArF4]–	 counter	 anion	 (ArF	 =	 3,5-

C6H3(CF3)2),	which	helps	confer	solubility	in	a	range	of	organic	solvents	including	diethyl	ether,	benzene	and	

dichloromethane.	 Seeking	 to	 similarly	 prepare	 1b,	 we	 first	 attempted	 to	 prepare	 pyridine	 bridged	 L1b.	

Although	we	did	not	exhaustively	investigate	all	potential	macrocyclisation	reactions,	we	found	that	direct	

adaption	 of	 routine	 literature	 protocols	 for	 non-cyclic	 CNC	 pro-ligands,17	 involving	 alkylation	 of	 2,6-

bis(imidazolyl)pyridine	with	1,12-dibromododecane	or	alkylation	of	1,12-bis(imidazolyl)dodecane	with	2,6-

dibromopyridine	in	refluxing	dioxane,	gave	unsatisfactory	results.	Consequently	to	avoid	the	need	for	pre-

formed	macrocyclic	pro-ligands	L1,	a	metal-template	based	procedure	employing	more	accessible	terminal	
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alkene	functionalised	pro-ligands	L2	was	developed	(Route	2,	Scheme	1).	Macrocyclisation	can	be	achieved	

using	 sequential	 olefin	 metathesis/hydrogenation	 steps	 following	 coordination	 of	 the	 pro-ligand.	

Methodology	 of	 this	 nature	 is	 well	 documented	 in	 the	 literature,18	 with	 work	 by	 Gladysz	 particularly	

noteworthy	for	its	use	of	rhodium(I)-based	templates.19		

	
Scheme	1:	Synthetic	procedures	for	the	preparation	of	1	(a;	n	=	1;	b,	n	=	0)a	

	

	
	

a	[BArF4]
–	anions	omitted	for	clarity.	Reagents	and	conditions:	(i)	Ag2O	and	Na[BAr

F
4]	then	[Rh(CO)2Cl]2	(CH2Cl2,	RT);	

(ii)	[2]	~	1	mmol	L-1;	Grubbs	I	(CH2Cl2,	RT),	followed	by	hydrogenation	using	[Ir(COD)(py)(PCy3)][BAr
F
4]	(10	mol%,	1	atm	

H2,	CH2Cl2,	RT;	n	=	0)	or	Pd/C	(20	mol%,	4	atm	H2,	CH2Cl2,	RT;	n	=	1);	(iii)	imidazole,	K2CO3,	DMF,	150°C	[ref.	20];		
(iv)	1,4-dioxane,	reflux.	

	
The	 terminal	 alkene	 functionalised	 pro-ligands	 (L2)	 were	 readily	 prepared	 and	 corresponding	 rhodium	

carbonyl	 adducts	 2	 generated	 using	 analogous	 reaction	 conditions	 to	 those	 used	 for	 1a.	 Purification	 on	

silica	 afforded	 2a	 (58%)	 and	 2b	 (83%)	 with	 good	 isolated	 yields.	 Macrocyclic	 derivatives	 1	 were	 then	

obtained	 from	2	 by	 sequential	olefin	metathesis	 (Grubbs	 I)	 and	hydrogenation.	Under	 the	 same	 reaction	

conditions,	analysis	by	ESI-MS	revealed	that	the	cyclisation	of	2b	(100%	conversion	within	1	h)	proceeded	

more	 rapidly	 than	 2a	 (ca.	 69%	 conversion	 after	 1	 h).	 In	 both	 systems,	 complete	 and	 selective	

macrocyclisation	is	observed,	however,	the	latter	system	required	an	additional	portion	of	catalyst	for	full	

cyclisation.	This	difference	 in	 reactivity	 is	entirely	 consistent	with	 the	more	 favourable	 ligand	substituent	

geometry	of	 the	planar,	pyridine-based	L2b	 ligand.	Hydrogenation	of	 the	resulting	 internal	alkene	groups	

using	Pd/C	(4	atm	H2)	was	effective	for	both	systems,	although	under	these	conditions	1b	was	found	to	be	

unstable.21	Consequently,	preparation	of	1b	was	instead	carried	out	using	[Ir(COD)(py)(PCy3)][BArF4]	as	the	

catalyst,22	enabling	rapid	and	selective	hydrogenation	of	the	internal	alkene	group	(10	mol%	catalyst,	1	atm	

H2).	 Ultimately	 despite	 these	 subtle	 differences	 in	 conditions,	 high	 purity	 samples	 of	 1	 were	 readily	

obtained	 from	 2	 in	 high	 isolated	 yields;	 78%	 (1a)	 and	 68%	 (1b)	 over	 two	 steps.	 With	 2,6-

bis(bromomethyl)pyridine	 as	 a	 common	precursor,	 the	 effectiveness	 of	 each	 synthetic	 procedure	 can	be	

evaluated	for	1a.	Although	the	reactions	were	not	fully	optimised,	route	2	noticeably	gave	a	much	greater	

overall	yield	(43%	over	four	steps)	in	comparison	to	route	1	(20%	over	two	steps);	principally	due	to	the	low	

yielding	preparation	of	L1a	(39%)	compared	to	L2a		(94%).11	

	

	



Characterisation	

In	CD2Cl2	solution	1a	 is	C2	symmetric,	with	diagnostic	diastereotopic	resonances	for	the	methylene	bridge	

protons	(pyCH2)	observed	at	δ	5.45	and	5.03	(2JHH	=	14.7	Hz)	in	the	1H	NMR	spectrum	(298	K,	500	MHz);	a	

geometry	 characteristic	 of	 lutidine-derived	 pincer	 ligands.6,7,23	 In	 line	 with	 preceding	 work	 using	

palladium,11	 this	 time	 averaged	 symmetry	 is	 fully	 retained	 on	 cooling	 to	 185	 K	 (see	 Figure	 S10).	 High	

symmetry	 is	also	adopted	 in	a	solid-state	X-ray	structure	of	1a	obtained	using	single	crystals	grown	from	

diethylether	–	hexane	under	an	inert	atmosphere	(Figure	1,	left).	The	ancillary	carbonyl	ligand	notably	binds	

with	a	Rh1-C2	bond	distance	of	1.804(3)	Å	and	is	well	accommodated	within	the	cavity	of	the	macrocycle;	

the	alkyl	spacer	only	slightly	askew.	We	have	also	obtained	a	much	more	asymmetric	solid-state	structure	

when	 crystallisation	was	 carried	 out	 under	 non-routine	 conditions	 using	 a	 different	 solvent	 combination	

(CH2Cl2	–	pentane,	1	atm	CO).	In	this	polymorph	(1a*),	the	alkyl	spacer	is	instead	completely	twisted	to	one	

side	of	the	molecule	resulting	in	unmistakable	C1	symmetry	(Figure	1,	right).	Despite	the	large	difference	in	

alkyl	spacer	conformation	the	structural	metrics	indicate	the	geometries	about	the	rhodium	centre	are	very	

similar;	 both	 show	 little	distortion	 from	 square	planar	 geometry	with	 ideal	 sum	of	 angles	 (360.1(5)º,	1a;	

360.2(12),	1a*)	and	essentially	linear	N10-Rh1-C2	bond	angles	(175.16(13)º,	1a;	175.0(3)º,	1a*).	Other	key	

parameters	are	summarised	 in	Table	1.	We	suggest	the	formation	of	the	asymmetrical	polymorph	results	

from	reversible	carbon	monoxide	coordination	during	crystallisation,	although	we	cannot	 rule	out	crystal	

packing	effects.24	Notwithstanding	the	origin	of	the	polymorphism,	the	solid-state	structures	illustrate	the	

full	 range	 of	 conformational	 flexibility	 accessible	 in	 the	 macrocyclic	 system.	 Ultimately	 in	 solution,	 the	

variable	 temperature	 NMR	 data	 clearly	 show	 that	 the	 carbonyl	 ligand	 does	 little	 to	 impede	 dynamic	

movement	 of	 the	 dodecamethylene	 spacer.	 A	 conclusion	 that	 is	 also	 supported	 by	 the	 similarity	 of	

spectroscopic	data	gathered	for	1a	and	non-cyclic	2a	(Table	1).	Notably,	no	“macrocycle	effect”	is	apparent	

on	comparison	of	the	carbenic	and	carbonyl	13C	resonances	(ca	δ	182	(1JRhC	ca	40	Hz)	and	ca	δ	194	(1JRhC	ca	

80	 Hz),	 respectively),	 and	 ν(CO)	 bands	 (1a,	 1979	 cm-1;	 2a	 1978	 cm-1
	 in	 CH2Cl2).	 Furthermore,	 despite	

different	donor	groups,	data	associated	with	the	coordinated	carbonyl	ligand	in	1a	is	comparable	with	that	

found	 for	 phosphine	 pincer	 complex	 [Rh(PNPtBu)(CO)]+	 (PNPtBu	 =	 2,6-bis-

(ditertbutylphosphinomethyl)pyridine);	where	the	coordinated	carbonyl	ligand	is	characterised	by	δ13C	196	

(1JRhC	=	70	Hz)	and	ν(CO)	1982	cm-1	in	solution,	and	a	Rh-C	distance	of	1.818(5)	Å	in	the	solid-state.25		

	

	

	

	

	

	

	

	



	

	

	
Figure	1:	Solid-state	structures	of	1a/1a*.	Thermal	ellipsoids	drawn	at	the	50%	(left,	symmetrical;	1a)	and	
30%	(right,	asymmetrical;	1a*)	probability	levels;	minor	disordered	components	and	anions	are	omitted	for	
clarity.	 Selected	 bond	 lengths	 (Å)	 and	 angles(º):	 1a	 –	 Rh1-C2,	 1.804(3);	 Rh1-N10,	 2.134(2);	 Rh1-C18,	
2.036(3);	Rh1-C24,	2.042(3);	C2-O3,	1.148(4);	N10-Rh1-C2,	175.16(13);	C18-Rh1-C24,	172.77(12);	C11-		C16-
N17,	 112.1(3).	 1a*	 –	 Rh1-C2,	 1.796(9);	 Rh1-N10,	 2.150(7);	 Rh1-C18,	 2.020(7);	 Rh1-C24,	 2.038(7);	 C2-O3,	
1.153(11);	N10-Rh1-C2,	175.0(3);	C18-Rh1-C24,	169.9(3);	C11-C16-N17,	110.8(6).	
	
	
	
	

Table	1:	Solution	and	solid-state	characterisation	metrics	for	1	–	5a	

	 Ancillary	
ligands		

ν(CO)	
/cm-1	

δCO		

(JRhC	/Hz)	
δNCN		

(JRhC		/Hz)	
r(RhCO)	

/Å	
r(RhN)	
/Å	

r(RhCCNC)	
/Å	

∠ (CNCNRhCNCN)	
/º	

1a	 CO	 1979	
1972b	

194.0	(80)	 181.8	(42)	 1.804(3);	
1.796(9)c	

2.134(2);	
2.150(7)c	

2.036(3),	2.042(3);	
2.020(7),	2.038(7)c	

172.77(12);	
169.9(3)c	

2a	 CO	 1978	 193.9	(79)	 182.2	(41)	 -	 -	 -	 -	
3a	 (CO)(Me)I	 2067	 189.4	(64)	 165.1	(34)	 -	 -	 -	 -	
4a	 (CO)Cl2	 2110	 180.7	(57)	 160.1	(30)	 -	 -	 -	 -	
5b	 CO	 1929	 197.4	(73)	 185.5	(43),	

174.2	(44)	
1.799(3)	 2.113(2)	 2.048(3),	2.045(3)	 170.45(10)	

1b	 CO	 1986	
1977d	

196.8	(78)	 186.5	(48)	 1.836(4)	 2.027(3)	 2.029(4),	2.028(4)	 155.18(15)	

2b	 CO	 1990	
1980d	

-e	 186.6	(48)	 -	 -	 -	 -	

3b	 (CO)(Me)I	 2070	
2066d	

189.8	(61)	 180.2	(37)	 1.869(4)	 2.005(3)	 2.041(3),	2.028(3)	 156.47(15)	

4b	 (CO)Cl2	 2111	 181.6	(57)	 173.9	(33)	 1.945(3)	 1.997(3)	 2.043(3),	2.049(3)	 156.47(12)	
a	IR	spectra	recorded	in	CH2Cl2;	NMR	spectra	recorded	in	CD2Cl2.	

b	Measured	in	C6H6	(IR)	or	C6D6	(NMR).		c	Asymmetrical	
polymorph	(1a*).	d	Measured	in	MeCN.	e	Resonance	not	observed.	

	



	
Figure	2:	 Solid-state	structure	of	1b.	Thermal	ellipsoids	drawn	at	30%	probability	 level;	minor	disordered	
components	and	anions	are	omitted	for	clarity;	symmetry	operation	-x,	-y+1,	-z+1	was	used	to	generate	the	
stared	 atom.	 Selected	 bond	 lengths	 (Å)	 and	 angles(º):	 Rh1···Rh1*,	 3.2758(6);	 Rh1-C2,	 1.836(4);	 Rh1-N10,	
2.027(3);	 Rh1-C17,	 2.029(4);	 Rh1-C22,	 2.028(4);	 C2-O3,	 1.154(5);	 N10-Rh1-C2,	 176.08(15);	 C17-Rh1-C22,	
155.18(15).	
	
Counteracting	 Coulombic	 repulsion,	1b	 interestingly	 crystallises	 as	 a	 dimer	with	 an	 unsupported	 Rh···Rh	

interaction	(3.2758(6)	Å)	and	the	alkyl	chain	angled	to	one	side	(Figure	2).	Metal-metal	interactions	of	this	

nature	have	been	documented	for	a	variety	of	planar	d8	transition	metal	compounds	and	are	attributed	to	

overlap	of	dz2	and	pz	orbitals	on	the	adjacent	metal	centres.26,27,28,29	For	comparison,	in	both	polymorphs	of	

non-planar	1a,	the	Rh···Rh	distances	are	>	6.0	Å.	The	solid-state	dimer	of	1b	bears	striking	resemblance	to	

that	formed	by	macrocyclic	[Rh(SNS)(CO)]+	(SNS	=	5,8,11-Trioxa-2,14-dithia[15]-(2,6)-pyridinophane),	which	

is	 characterised	by	a	Rh···Rh	distance	of	3.3320(6)	Å	and	similar	anti-orientation	of	 the	monomers	about	

the	metal-metal	 vector.27	 Similar	metal-metal	 distances	 are	 also	 observed	 in	 related	 cationic	 rhodium(I)	

isocyanide	dimers	(3.19	–	3.29	Å)29	which	have	been	estimated	to	have	a	bond	energy	of	up	to	18	kcal·mol-

1.30	 In	 solution,	 the	 metal-metal	 interaction	 observed	 for	 1b	 in	 the	 solid-state	 is	 not	 retained,	 with	

concentration	 invariant	UV-vis	 absorption	 spectra	 (deep	 violet	 in	 CH2Cl2	 solution)	 and	 observation	 of	C2v	

symmetry	 by	 NMR	 spectroscopy	 (298	 K,	 500	MHz).	 The	 high	 symmetry	 observed	 by	 NMR	 spectroscopy	

infers	dynamic	movement	of	the	alkyl	spacer	across	both	sides	of	the	molecule	on	the	NMR	time-scale	and	

is	only	halted	by	cooling	below	225	K,	where	decoalescence	of	the	N-CH2CH2
	resonances	can	be	noted	(see	

Figure	 S13).	 The	 slow	 exchange	 limit	 cannot,	 however,	 be	 reached	 even	 on	 cooling	 to	 185	 K.	 ESI-MS	

revealed	a	parent	ion	signal	at	508.1570	m/z	(calc.	508.1578)	with	an	integral-spaced	isotope	distribution,	

further	 supporting	 monomeric	 formulation	 of	 1b	 in	 solution.	 As	 seen	 with	 the	 lutidine-based	 ligands,	

spectroscopic	data	associated	with	the	coordination	of	L1b	and	non-cyclic	L2b	are	remarkably	similar	(Table	

1).	Likewise,	reasonably	good	agreement	is	seen	between	1b/2b	and	F,	based	on	the	limited	data	available	

for	 the	 latter	 (v(CO)	1977/1980	vs	ca	1982	cm-1	 in	MeCN).13	 In	 terms	of	 the	ability	 to	 form	dimers	 in	 the	

solid-state,	with	no	crystal	structures	at	hand	for	2b	and	F	(and	to	a	lesser	extent	bulky	I),	it	remains	to	be	

seen	if	this	is	a	general	feature	of	the	chemistry	of	pyridine-based	NHC	pincers.		

	
	



Oxidative	addition	reactions		

As	a	means	to	assess	differences	in	reactivity,	we	have	studied	oxidative	addition	reactions	of	1	with	MeI	

and	 PhICl2	 in	 CD2Cl2	 solution	 by	 NMR	 spectroscopy	 (Scheme	 2).	 Pyridine-based	 rhodium	 macrocyle	 1b	

reacted	rapidly	and	quantitatively	with	MeI	(3	eqv.)	to	afford	yellow	Rh(III)	derivative	3b	within	3	h	at	293	

K.	Under	the	same	conditions,	however,	no	significant	reaction	was	apparent	for	1a,	which	instead	required	

50	eqv.	MeI	to	promote	oxidative	addition	(95%	conversion	to	3a	after	3	h).	Scaling	up	the	reaction,	Rh(III)	

adduct	3b	was	isolated	in	75%	yield.	The	structure	of	3b	was	firmly	established	by	X-ray	diffraction	(Figure	

3)	 and	 fully	 corroborated	 in	 solution	 by	 1H,	 13C	 NMR	 and	 IR	 spectroscopy,	 in	 addition	 to	 ESI-MS	 and	

elemental	 analysis.	 An	 integral	 3H	 doublet	 at	 δ	 0.59	 (2JRhH	 =	 2.1	 Hz)	 in	 the	 1H	 NMR	 spectrum	 and	 low	

frequency	13C	doublet	at	δ	-2.1	(1JRhC	=	18	Hz)	are	ascribed	to	the	methyl	ligand,	which	binds	with	a	Rh1-C4	

distance	of	2.297(3)	Å	in	the	solid	state.	Moreover,	the	increase	in	formal	oxidation	state	leads	to	reduced	
1JRhC	 coupling	constants	 for	 the	NHC	and	carbonyl	 ligands	 (Table	1)	and	a	 significantly	 shifted	v(CO)	band	

(2070	cm-1	cf.	1986	cm-1).	Loss	of	symmetry	as	a	consequence	of	MeI	addition	to	1b	is	apparent	both	from	

the	solid-state	structure,	the	alkyl	spacer	of	the	macrocycle	is	notably	skewed	to	one	side	of	the	complex,	

and	NMR	spectroscopy	 (Cs,	200	–	298	K,	500	MHz;	Figure	S18).	 In	contrast	 to	3b,	our	attempts	 to	 isolate	

pure	3a	were	frustrated	by	the	apparent	instability	of	this	species	in	the	absence	of	excess	MeI	and	samples	

of	high	purity	could	not	be	obtained:	alongside	reformation	of	1a	by	reductive	elimination	of	MeI,	a	poorly	

characterised	 C1	 symmetric	 species	 was	 observed	 by	 1H	 NMR	 spectroscopy.	 Complex	 3a	 was	 therefore	

characterised	in	situ,	in	the	presence	of	excess	MeI.	The	formation	of	a	single	oxidative	addition	product	is	

confirmed	 by	 a	 combination	 of	 1H	 (δCH3	 1.2,	 2JRhH	 =	 1.8	 Hz)	 and	 13C	 (δCH3	 -1.2,	 2JRhH	 =	 20	 Hz)	 NMR	

spectroscopy,	IR	spectroscopy	(v(CO)	=	2067	cm-1)	and	ESI-MS	([M]+	=	678.1169	(calc.	678.1171)	m/z).	We	

are	 unable	 to	 unambiguously	 assign	 the	 geometry	 of	 this	 product,	 but	 through	 comparison	 to	 the	

spectroscopic	 data	 of	 3b,	 the	 geometry	 of	 related	 literature	 precedents,16	 and	 noting	 the	 C2	 symmetry	

observed	for	4a	(vide	infra)	we	suggest	the	iodide	and	methyl	ligands	adopt	a	trans	arrangement	as	is	seen	

for	3b.	Significant	dynamic	behaviour	of	3a	in	solution	is	apparent	by	broad	methylene	resonances	in	the	1H	

NMR	spectrum	at	298	K	(500	MHz).	Complete	decoalescence	is	observed	on	cooling	below	280	K	and	the	

exchange	 is	 frozen	out	at	250	K,	 revealing	a	C1	 geometry	 (see	Figure	S16).	 This	dynamic	behavior	 clearly	

indicates	 that,	 irrespective	 of	 the	 geometry	 of	 the	 ancillary	 ligands,	 the	 alkyl	 chain	 of	 the	 lutidine-based	

pincer	ligand	in	3b	is	highly	fluxional	in	solution.		

	

Scheme	2:	Reactions	of	1	with	MeI	and	PhICl2.a	

	
a	[BArF4]–	anions	omitted	for	clarity.	
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Figure	3:	Solid-state	structures	of	3b	and	4b.	Thermal	ellipsoids	drawn	at	the	50%	probability	level;	minor	
disordered	components,	solvent	molecule	and	anions	are	omitted	for	clarity.	Selected	bond	lengths	(Å)	and	
angles(º):	3b	–	Rh1-C2,	1.869(4);	Rh1-C4,	2.297(3);	Rh1-I5,	2.7539(4);	Rh1-N10,	2.005(3);	Rh1-C17,	2.041(3);	
Rh1-C22,	 2.028(3);	 C2-O3,	 1.122(5);	 N10-Rh1-C2,	 175.42(15);	 C4-Rh1-I5,	 178.42(9);	 C17-Rh1-C22,	
156.47(15);	 4b	 –	 Rh1-C2,	 1.945(3);	 Rh1-Cl4,	 2.3514(8);	 Rh1-Cl5,	 2.3150(8);	 Rh1-N10,	 1.997(3);	 Rh1-C17,	
2.043(3);	 Rh1-C22,	 2.049(3);	 C2-O3,	 1.046(4);	 N10-Rh1-C2,	 178.19(11);	 Cl4-Rh1-Cl5,	 179.49(3);	 C17-Rh1-
C22,	156.47(12).	
	
Haynes	 and	 co-workers	 have	 previously	 studied	 the	 reaction	 kinetics	 of	 the	 closely	 related	 oxidative	

addition	 of	MeI	 to	 F	 in	 acetonitrile;	 resulting	 in	 two	 isomeric	 Rh(III)	 species	 (G).13	 These	 reactions	were	

shown	 to	 be	 second	order	 and	 to	 proceed	with	 large	 negative	 entropies	 of	 activation,	 consistent	with	 a	

nucleophilic	 oxidative	 addition	 reaction	mechanism.	 Given	 the	 structural	 similarity	 with	 F	 and	 extensive	

precedents	in	other	d8	systems,	epitomised	by	Vaska’s	complex	[Ir(CO)Cl(PPh3)2],31	this	reaction	mechanism	

also	seems	probable	for	the	formation	of	3	from	1.	In	the	absence	of	solid-state	structures,	Haynes	and	co-

workers	were	unable	to	assign	the	geometry	of	 the	two	 isomers	of	G.	By	comparison	of	 IR	spectroscopic	

data	 for	 3b	 (v(CO)	 =	 2066	 cm-1	 in	MeCN),	 the	 major	 isomers	 of	 these	 products	 are	 readily	 assigned	 to	

species	with	the	same	stereoisomerism	(v(CO)	ca	2072	cm-1).	The	high	selectively	observed	in	the	reaction	

of	1b	with	MeI,	in	comparison	to	the	non-macrocyclic	systems	F,	is	interesting	and	hints	at	a	non-negligible	

steric	 role	of	 the	alkyl	 spacer	during	 the	 reaction.	 	Subtle	electronic	 factors	cannot	be	 ignored,	however,	

and	notably	selective	trans-addition	of	alkyl	halides	is	observed	in	the	reaction	of	related,	albeit	neutral,	J.16	

	

Using	the	oxidant	PhICl2,32	a	trend	begins	to	emerge	in	the	reactivity	characteristics	of	the	two	macrocyclic	

NHC	 systems.	 Although	Rh(III)	 dichloride	 complexes	4	 readily	 form	on	 reaction	 of	 1.1	 equivalents	 of	 the	

oxidant	with	1	 (within	1	h),	 the	 lutidine-based	derivative	4a	 is	unstable	and	appears	 to	undergo	a	 ligand	

redistribution	reaction	on	attempted	isolation,	ultimately	leading	to	intractable	mixtures.	Complex	4b	is	in	

contrast	stable	and	readily	amenable	to	isolation	(67%	following	crystallisation,	Figure	3).	In	addition	to	the	

solid-state	structure	of	4b,	the	structures	of	the	Rh(III)	dichlorides	have	been	fully	interrogated	in	solution	

by	NMR	and	IR	spectroscopy,	in	addition	to	ESI-MS	–	data	for	4a	obtained	in	situ.	Intact	parent	ion	signals	

are	observed	 in	 the	ESI-MS	spectra	of	both	compounds:	4a,	606.1271	 (calc.	606.1268)	m/z;	4b,	578.0958	



(calc.	578.0955)	m/z.	The	adoption	of	a	trans-configuration	for	the	chloride	 ligands	 is	apparent	from	high	

symmetry	in	the	1H	NMR	spectra	of	4a	(C2)	and	4b	(C2v)	at	298	K	(500	MHz).	As	for	the	parent	compounds	1,	

this	high	symmetry	is	only	retained	for	the	lutidine-based	4a	on	cooling	to	200	K	(see	Figures	S21	and	S23);	

the	1H	NMR	spectrum	of	4b	at	this	temperature	shows	Cs	symmetry	consistent	with	the	skewing	of	the	alkyl	

spacer	to	one	side	seen	in	the	X-ray	structure	(Figure	3).	As	for	the	methyl	iodide	derivatives,	the	increase	

in	formal	state	is	accompanied	by	reduced	1JRhC	coupling	constants	for	the	NHC	and	carbonyl	ligands	(Table	

1)	and	a	significantly	shifted	v(CO)	band	(4a,	2110	cf.	1979	cm-1;		4b,	2111	cf.	1986	cm-1).	The	latter	changes	

in	 the	 carbonyl	 stretching	 frequencies	 on	 oxidation	 are	 noticeably	 more	 pronounced	 in	 comparison	 to	

those	seen	during	the	formation	of	3.		

	

The	oxidative	addition	 reactions	clearly	 indicate	an	 increase	 in	 reactivity	 (MeI)	and	product	 stability	 (MeI	

and	 PhICl2)	 for	 the	 pyridine-based	 1b	 in	 comparison	 to	 the	 lutidine-based	 1a.	 Electronic	 differences	

between	the	two	complexes	are	evident	from	the	carbonyl	stretching	frequencies	in	CH2Cl2	(1a,	1979	cm-1;	

1b,	 1986	 cm-1),	 although	 the	 values	 do	 not	 tally	with	 the	 observed	 trend	 in	 reactivity	 –	 the	 lower	 value	

observed	for	1a	would	conventionally	suggest	a	more	electron	rich	metal	centre	and	a	greater	disposition	

towards	oxidative	addition.31	Curiously,	despite	the	differences	between	the	two	pincer	architectures	found	

for	1,	 the	 carbonyl	 bands	 for	 the	 corresponding	 Rh(III)	 derivatives	 are,	 however,	 remarkably	 similar	 (3a,	

2067	cm-1;	3b,	2070	cm-1;	4a,	2110	cm-1;	4b,	2111	cm-1).	Studying	phosphine-based	PNP	rhodium	systems,	

Milstein	and	co-workers	have	recently	reported	similar	subtleties	in	the	reactions	of	[Rh(PNPR)(Me)I]+	(R	=	
tBu,	 iPr)	with	carbon	monoxide.33	 	Rapid	reductive	elimination	of	MeI	was	observed	 in	the	PNPtBu-ligated	

system,	 whereas	 using	 the	 less	 bulky	 PNPiPr	 complex	 the	 Rh(III)	 adduct	 [Rh(PNPiPr)(Me)I(CO)]+	 could	 be	

isolated	 (although	elimination	of	MeI	occurs	 in	 the	absence	of	a	CO	atmosphere).	This	 reactivity	strongly	

suggests	 that	 steric	 effects	 can	 play	 a	 key	 role	 in	 the	 relative	 stability	 of	 Rh(I)	 and	 Rh(III)	 fragments	

supported	by	tridentate	ligands.	Given	the	large	changes	in	NHC-substituent	geometry	that	result	from	the	

two	central	donor	groups,	evidenced	by	the	highly	dynamic	movement	of	the	alkyl	spacer	 in	the	lutidine-

based	macrocyclic	systems,	the	origin	of	the	differences	in	reactivity	observed	between	1a	and	1b,	may	be	

predominately	steric	in	origin.	In	the	absence	of	detailed	calculations,	however,	the	precise	delineation	of	

underlying	steric	or	electronic	effects	remains	to	be	determined.		

	
Dearomatisation	of	1a		

In	 view	 of	 the	 low	 apparent	 stability	 of	 Rh(III)	 complexes	 of	 L1a	 and	 the	 increasing	 use	 of	 pincers	 as	

bifunctional	 ligands	 (vide	 supra),	 we	 sought	 to	 explore	 additional	 base-induced	 reactivity	 of	 1a.	 With	

rhodium	PNP	pincers	K	and	ruthenium	CNC	pincers	L	as	closely	 related	precedents,3,5b	 the	 reaction	of	1a	

with	K[N(SiMe3)2]	(1.1	eqv.)	in	C6D6	at	293	K	was	investigated	(Scheme	3).	A	rapid	reaction	was	evident	by	

an	immediate	change	in	colour	from	yellow	to	deep	red	on	mixing.	Analysis	by	in-situ	1H	NMR	spectroscopy	

(298	K,	500	MHz)	indicated	the	quantitative	consumption	of	1a	and	formation	of	pyridine	dearomatised	5.	



The	formation	of	5	 is	associated	with	very	notable	loss	 in	symmetry	(C1)	 in	comparison	to	1a	(C2)	and	the	

observation	of	HN(SiMe3)2	(δCH3	=	0.10,	δNH	=	-0.07)	in	the	1H	and	13C	NMR	spectra.	Broadened	resonances	

are	observed	for	the	methylene	protons	at	298	K	(500	MHz),	which	sharpen	on	cooling	to	280	K	(see	Figure	

S26).	 At	 this	 temperature	 the	 vinylic	 proton	 is	 identified	 by	 a	 1H	 resonance	 at	 δ	 5.81,	 alongside	

diastereotopic	pyCH2	resonances	(δ	3.72,	4.58;	2JHH	=	13	Hz)	and	two	sets	of	similarly	diastereotopic	N-CH2
	

resonances.	Heating	the	sample	to	350	K	results	in	coalescence	of	the	methylene	signals	and	time-averaged	

Cs	 symmetry,	 resulting	 from	 atropisomerisation	 of	 the	 pincer	 backbone	 and	 coupled	 dynamics	 of	 the	

dodecamethylene	spacer.	The	imidazolylidene	(4×1H)	and	pyridine	(3×1H)	resonances	remain	sharp	across	

the	 full	 temperature	 range	measured	 (280	–	350	K).	Complex	5	 is	highly	 reactive	and	best	prepared	and	

characterised	 in	 situ.	 Small	 quantities	 of	 5	 can	 be	 isolated	 from	 benzene	 by	 decantation	 (to	 remove	

precipitated	K[BArF4])	and	 layering	with	 rigorously	dried	pentane	 (52%	yield).	Using	 this	method	we	have	

obtained	single	crystalline	samples	suitable	for	X-ray	diffraction	analysis;	the	resulting	solid-state	structure	

is	 depicted	 in	 Figure	 4.	 Crystallographically	 characterised	 examples	 of	 group	 9	 dearomatised	 pincer	

complexes	are	scarce.34,35	 In	comparison	to	the	precursor	1a,	 the	presence	of	an	sp2	carbon	 in	the	pincer	

backbone	of	5	is	readily	apparent	by	a	marked	increase	in	the	C11-C16-N17	angle	(from	112.1(3)/110.8(6)º	

to	126.7(3))	and	contraction	of	the	C11-C16	bond	(from	1.506(5)/1.502(10)	Å	to	1.356(4)	Å;	ca	0.15	Å).	A	

similar	but	 less	pronounced	bond	length	change	was	also	observed	on	dearomatisation	of	[Rh(SNN)(CO)]+	

(M;	 SNN	 =	 2-(diethylaminomethyl)-6-(tert-butylsulfinylmethyl)pyridine);	 from	 1.502(4)	 to	 1.391(5)	 Å;	 ca.	

0.11	Å).34	Dearomatisation	of	the	CNC	pincer	backbone	is	readily	apparent	by	bond	length	alternation	in	the	

pyridine	ring,	which	 is	 illustrated	 in	the	 insert	of	Figure	4.	The	resulting	amido	group	 is	associated	with	a	

slightly	 shortened	Rh1-N10	bond	 (2.113(2)	Å,	 cf.	 2.134(2)/2.150(7)	Å	 for	1a),	 but	more	noticeably,	 a	 low	

frequency	carbonyl	band	in	the	IR	spectrum	measured	in	C6H6	(1929	cm-1	cf.	1972	cm-1	for	1a).	

	

Scheme	3:	Formation	of	5	and	closely	related	literature	precedents.a	

	
a	[BArF4]–	anion	omitted	for	clarity.	
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Figure	4:	Solid-state	structure	of	5.	Thermal	ellipsoids	drawn	at	the	30%	probability	level;	minor	disordered	
components	and	 solvent	omitted	 for	 clarity.	Additional	bond	 lengths	 (Å)	and	angles(º):	Rh1-C2,	1.799(3);	
Rh1-N10,	 2.113(2);	 Rh1-C18,	 2.048(3);	 Rh1-C24,	 2.045(3);	 C2-O3,	 1.149(4);	 N10-Rh1-C2,	 172.88(11);	 C18-
Rh1-C24,	170.45(10);	C11-C16-N17,	126.7(3);	C15-C22-N23,	111.3(2).	
	
Summary		

Building	upon	our	previous	work	with	palladium,11	 in	 this	 report	we	have	described	 the	preparation	and	

reactivity	 of	 rhodium	 complexes	 containing	 macrocyclic	 CNC	 pincer	 ligands.	 In	 particular,	 we	 have	

developed	 a	 general	 synthetic	 procedure	 employing	 readily	 accessed	 terminal	 alkene	 functionalised	pro-

ligands	 that	 entails	 sequential	 Ag2O-based	 transmetallation,	 ring-closing	 olefin	 metathesis	 and	

hydrogenation.	 This	 general	 procedure	 overcomes	 difficulties	 relating	 to	 the	 preparation	 of	 pre-formed	

macrocyclic	pro-ligands	and	enabled	access	 to	both	 lutidine-	 ([Rh(C^N^C-(CH2)12)(CO)]+,	1a)	 and	pyridine-	

([Rh(CNC-(CH2)12)(CO)]+,	 1b)	 based	 rhodium	 macrocycles	 in	 high	 purity	 and	 with	 good	 isolated	 yields.	

Indeed,	 in	 the	 case	 of	 the	 lutidine-based	 system,	 where	 a	 pre-formed	 macrocyclic	 pro-ligand	 can	 be	

prepared,	 the	macrocyclisation	procedure	 is	 twice	 as	high	 yielding	overall	 despite	double	 the	number	of	

steps.	 Altering	 the	 geometry	 of	 the	 pincer	 backbone	 results	 in	 marked	 differences	 in	 spectroscopic	

characteristics,	 overall	 structural	 dynamics	 and	 chemical	 reactivity.	 The	 lutidine-based	 CNC	 systems	 are	

characterised	by	increased	fluxional	motion	of	the	macrocycles’	dodecamethylene	spacer	in	comparison	to	

the	pyridine-based	analogues.	 In	solution	1a	 shows	temperature	 invariant	time	averaged	C2	symmetry	by	
1H	NMR	spectroscopy	(CD2Cl2,	500	MHz),	while	in	the	solid-state	two	polymorphs	can	be	obtained	showing	

different	conformations	of	the	alkyl	spacer	about	the	metal-carbonyl	bond	(asymmetric	and	symmetric).	In	

contrast,	 time-averaged	motion	 of	 alkyl	 spacer	 in	1b	 can	 be	 halted	 by	 cooling	 below	 225	 K	 (CD2Cl2,	 500	

MHz)	and	the	complex	crystallises	as	a	dimer	with	an	interesting	unsupported	Rh···Rh	bonding	interaction	

(3.2758(6)	Å).	These	structural	variations	also	appear	to	be	manifested	in	the	reactivity	of	the	complexes,	

with	 reaction	 of	 MeI	 and	 PhICl2	 leading	 to	 stable	 isolable	 Rh(III)	 products	 for	 1b	 only.	 Although	 the	

corresponding	Rh(III)	adducts	resulting	from	1a	are	ultimately	unstable,	the	backbone	of	the	pincer	can	be	

dearomatised	by	addition	of	K[N(SiMe3)2]	accessing	potential	bifunctional	 reactivity	not	possible	with	1b.	

The	 resulting	neutral	dearomatised	complex	 ([Rh(C^N^C*-(CH2)12)(CO)],	5)	has	been	 fully	characterised	 in	



solution,	by	variable	temperature	1H	NMR	spectroscopy,	and	in	the	solid-state,	by	X-ray	diffraction.	Further	

investigation	of	the	coordination	and	organometallic	chemistry	of	macrocyclic	CNC	and	CCC	pincer	ligands,	

including	1,	is	on-going	in	our	laboratory.		

	

Experimental	

General	experimental	methods	

Manipulations	 were	 performed	 under	 an	 inert	 atmosphere	 using	 Schlenk	 (dinitrogen	 unless	 otherwise	

stated)	 and	 glove	 box	 (argon)	 techniques	 unless	 otherwise	 stated.	 Glassware	 was	 oven	 dried	 at	 130ºC	

overnight	and	flamed	under	vacuum	prior	to	use.	Anhydrous	solvents	(<0.005%	H2O)	were	purchased	from	

Acros	 Organics	 or	 Sigma-Aldrich	 and	 used	 as	 supplied:	 DMF,	 MeCN,	 CH2Cl2,	 THF,	 1,4-dioxane,	 hexane,	

pentane	 and	Et2O.	 CD2Cl2	was	dried	over	CaH2,	 vacuum	distilled	 and	 stored	under	 argon.	C6D6
	was	dried	

over	 sodium,	 vacuum	 distilled	 and	 stored	 under	 argon.	 Na[BArF4]36,	 [Rh(CO)2Cl]2,37	 L1a11,	 2,6-

bis(imidazolyl)pyridine20	 and	 [Ir(COD)(py)(PCy3)][BArF4]22	 were	 synthesised	 using	 literature	 procedures.	 All	

other	 solvents	 and	 reagents	 are	 commercial	 products	 and	 were	 used	 as	 received.	 NMR	 spectra	 were	

recorded	on	Bruker	DPX-400,	AV-400,	DRX-500	and	AV-600	spectrometers	at	298	K	unless	otherwise	stated.	

Chemical	 shifts	 are	 quoted	 in	 ppm	 and	 coupling	 constants	 in	 Hz.	 IR	 spectra	were	 recorded	 on	 a	 Perkin-

Elmer	 Spectrum	 One	 FT-IR	 spectrometer.	 UV-vis	 absorption	 spectra	 were	 recorded	 on	 Agilent	 Cary	 60	

spectrometer.	High	resolution	ESI-MS	were	recorded	on	a	Bruker	MaXis	spectrometer.	Microanalyses	were	

performed	at	the	London	Metropolitan	University	by	Stephen	Boyer.	

	

Synthesis	of	new	compounds		

7-imidazole-1-heptene	

NaH	(60%	wt	suspension	in	mineral	oil,	0.32	g,	8.03	mmol)	was	added	portion-wise	to	a	stirred	solution	of	

imidazole	 (0.50	 g,	 7.34	mmol)	 in	 50	mL	 THF	 at	 0°C,	 over	 5	minutes.	 7-bromo-1-heptene	 (1.18	mL,	 7.73	

mmol)	was	then	added	via	syringe.	The	mixture	was	heated	at	reflux	for	16	hours	and	then	quenched	by	

addition	of	H2O,	after	cooling	to	room	temperature.	The	product	was	extracted	with	CH2Cl2	(3	x	50	mL)	and	

the	 combined	 organic	 extracts	 were	 washed	 with	 H2O	 and	 then	 dried	 over	 Na2SO4.	 The	 crude	 product	

(yellow	 oil)	was	 then	 purified	 by	 silica	 column	 chromatography	 (10%	MeOH	 in	 CH2Cl2)	 to	 yield	 the	 pure	

product	as	a	colourless	oil.	Yield:	0.880	g	(46%).	1H	NMR	(300	MHz,	CDCl3):	δ	7.45	(s,	1H,	imid),	7.05	(s,	1H,	

imid),	6.90	(s,	1H,	imid),	5.77	(ddt,	3JHH	=	16.9,	9.9,	6.6,	1H,	CH=CH2),	4.90	–	5.07	(m,	2H,	CH=CH2),	3.92	(t,	
3JHH	=	7.1,	2H,	N-CH2),	1.98	–	2.09	(m,	2H,	CH2),	1.78	(app.	pent,	J	=	7,	2H,	CH2),	1.22	–	1.49	(m,	4H,	CH2).	
13C{1H}	 NMR	 (75	 MHz,	 CDCl3):	 δ	 138.5,	 137.2,	 129.5,	 118.9,	 114.9,	 47.1,	 33.6,	 31.1,	 28.4,	 26.1.	 ESI-MS	

(CH3CN,	180	°C,	3	kV):	positive	ion:	165.1391	m/z,	[M]H+	(calc.	165.1386).	Anal.	Calcd	for	C10H16N2	(164.25	g	

mol-1):	C,	73.13;	H,	9.82;	N,	17.06.	Found:	C,	72.97;	H,	9.68;	N,	16.96.	

	

	



C^N^C-((CH2)5CH=CH2)2		(L2a)	 	

A	mixture	 of	 2,6-bis(bromomethyl)pyridine	 (1.30	 g,	 4.90	mmol)	 and	 7-imidazole-1-heptene	 (2.41	 g,	 14.7	

mmol)	in	1,4-dioxane	(50	mL)	was	heated	at	reflux	for	5	hours.	The	solvent	was	removed	in	vacuo	to	give	an	

orange	oil,	which	was	then	extracted	with	MeCN	(50	mL).	The	filtrate	was	reduced	 in	volume	and	excess	

Et2O	added	to	separate	the	product	as	an	oil,	which	was	separated	by	decantation.	The	remaining	oil	was	

washed	with	Et2O	(3	x	50	mL)	before	drying	in	vacuo	to	a	yield	a	yellow	foam.	Yield:	2.737	g	(94%).	1H	NMR	

(400	MHz,	CDCl3):	δ	10.51	(b,	2H,	imid),	8.17	(app.	t,	J	=	2,	2H,	imid),	7.73	(d,	3JHH	=	7.6,	2H,	py),	7.62	(dd,	3JHH	

=	8.3,	7.1,	1H,	py),	7.37	 (app.	 t,	 J	 =	2,	2H,	 imid),	5.73	 (s,	4H,	pyCH2),	5.65	 (ddt,	 3JHH	=	16.9,	10.1,	6.7,	2H,	

CH=CH2),	4.88	(d	app.	q,	3JHH	=	16.9,	J	=	2,	2H,	CH=CH2),	4.83	(br	d,	3JHH	=	10.1,	2H,	CH=CH2),	4.34	(t,	3JHH	=	

7.5,	4H,	N-CH2CH2),	1.94	(app.	q,	J	=	7,	4H,	CH2),	1.86	(app.	pent,	J	=	8,	4H,	CH2),	1.20	–	1.40	(m,	8H,	CH2).	
13C{1H}	NMR	 (101	MHz,	CDCl3):	δ	153.3,	139.1,	138.2,	137.2,	137.1,	124.0,	123.9,	121.5,	115.0,	53.4,	50.1,	

33.4,	 30.3,	 28.2,	 25.6.	 ESI-MS	 (CH3CN,	 180	 °C,	 3	 kV):	 positive	 ion:	 216.6598	m/z,	 [M]2+	 (calc.	 216.6597).	

Anal.	Calcd	for	C27H39Br2N5	(593.44	g	mol-1):	C,	54.65;	H,	6.62;	N,	11.80.	Found:	C,	54.49;	H,	6.57;	N,	11.74.		

	

[Rh(C^N^C-((CH2)5CH=CH2)2)(CO)][BArF4]	(2a)	

A	mixture	of	L2a	(0.050	g,	0.084	mmol),	Ag2O	(0.020	g,	0.084	mmol)	and	Na[BArF4]	(0.075	g,	0.084	mmol)	in	

CH2Cl2	 (3	mL)	was	 stirred	 in	 the	 absence	of	 light	 for	 16	hours.	 A	 solution	of	 [Rh(CO)2Cl]2	 (0.016	 g,	 0.042	

mmol)	 in	 CH2Cl2	 (3	 mL)	 was	 added	 and	 the	 resulting	 suspension	 stirred	 for	 a	 further	 20	 hours.	 The	

suspension	was	filtered	through	a	pad	of	silica,	eluting	with	CH2Cl2,	to	yield	the	crude	product	upon	removal	

of	 solvent.	 The	 crude	material	was	 then	purified	by	precipitation	 from	Et2O	–	pentane,	 to	 yield	 the	pure	

product	as	a	yellow	powder.	Yield:	0.070	g	(58%).	1H	NMR	(400	MHz,	CD2Cl2):	δ	7.86	(t,	3JHH	=	7.7,	1H,	py),	

7.70	–	7.75	(m,	8H,	ArF),	7.55	(br,	4H,	ArF),	7.49	(d,	3JHH	=	7.7,	2H,	py),	7.14	(d,	3JHH	=	1.9,	2H,	imid),	6.99	(d,	
3JHH	=	2.0,	2H,	imid),	5.75	(ddt,	3JHH	=	16.9,	10.2,	6.7,	2H,	CH=CH2),	5.46	(d,	2JHH	=	14.7,	2H,	pyCH2),	5.02	(d,	
2JHH	=	14.7,	2H,	pyCH2),	4.94	(d	app.	q,	3JHH	=	16.9,	J	=	2,	2H,	CH=CH2),	4.89	(br	d,	3JHH	=	10.2,	2H,	CH=CH2),	

4.13	(t,	3JHH	=	7.6,	4H,	N-CH2CH2),	2.02	(app.	q,	J	=	7,	4H,	CH2),	1.82	–	1.95	(m,	4H,	CH2),	1.30	–	1.48	(m,	8H,	

CH2).	13C{1H}	NMR	(101	MHz,	CD2Cl2):	δ	193.9	(d,	1JRhC	=	79,	carbonyl),	182.2	(d,	1JRhC	=	41,	carbene),	162.2	

(q,	1JCB	=	49,	ArF),	156.0	(s,	py),	141.4	(s,	py),	139.1	(s,	CH=CH2),	135.3	(s,	ArF),	129.3	(q,	2JCF	=	32,	ArF),	125.1	

(q,	1JCF	=	272,	ArF),	124.8	(s,	py),	121.8	(s,	imid),	121.3	(s,	imid),	118.0	(sept,	3JFC	=	4,	ArF),	114.8	(s,	CH=CH2),	

55.8	(s,	pyCH2),	51.4	(s,	N-CH2CH2),	34.0	(s,	CH2),	31.7	(s,	CH2),	28.8	(s,	CH2),	26.5	(s,	CH2).	ESI-MS	 (CH3CN,	

180	°C,	3	kV):	positive	ion:	562.2067	m/z,	[M]+	(calc.	562.2048).	Anal.	Calcd	for	C60H49BF24N5ORh	(1425.74	g	

mol-1):	C,	50.55;	H,	3.46;	N,	4.91.	Found:	C,	50.43;	H,	3.36;	N,	4.90.	IR	(CH2Cl2):	v(CO)	1978	cm-1.	

	

[Rh(C^N^C-(CH2)12)(CO)][BArF4]	(1a)	

Route	1:	A	mixture	of	L1a	(0.100	g,	0.176	mmol),	Ag2O	(0.041	g,	0.176	mmol)	and	Na[BArF4]	(0.170	g,	0.192	

mmol)	in	CH2Cl2	(3	mL)	was	stirred	in	the	absence	of	light	for	16	hours.	A	solution	of	[Rh(CO)2Cl]2	(0.034	g,	

0.088	mmol)	in	CH2Cl2	(3	mL)	was	added	and	the	suspension	stirred	for	a	further	5	hours.	The	solution	was	



filtered	and	the	filtrate	reduced	to	dryness	to	afford	the	crude	product,	which	was	then	passed	through	a	

silica	 pad	 using	 CH2Cl2	 as	 the	 eluent	 to	 give	 a	 vibrant	 yellow	oil.	 The	 oil	was	 then	 dissolved	 in	 Et2O	 and	

excess	hexane	added	to	precipitate	the	product,	which	was	isolated	by	filtration	and	washed	with	hexane	

to	give	1a	as	a	yellow	powder.	Yield:	0.129	g	(52%).		

	

Route	2:	N2	was	bubbled	through	a	solution	of	2a	(0.100	g,	0.070	mmol)	and	Grubbs	I	(0.003	g,	0.004	mmol)	

in	CH2Cl2	 (70	mL)	 for	1	h.	After	 this	 time,	ESI-MS	 indicated	69%	reaction	conversion.	A	 further	portion	of	

Grubbs	 I	 (0.003	g,	0.004	mmol)	was	added	and	N2	bubbled	through	for	an	additional	hour,	at	which	time	

ESI-MS	indicated	the	reaction	had	gone	to	completion.	The	resulting	solution	was	concentrated	and	passed	

through	 a	 silica	 pad	 using	 CH2Cl2	 as	 the	 eluent	 to	 afford	 [Rh(C^N^C-C12H22)(CO)][BArF4]	 as	 a	 yellow	 glass	

(cis:trans	~	1:3).	Yield:	0.096	g	(95%).	A	solution	of	[Rh(C^N^C-C12H22)(CO)][BArF4]	(0.096	g,	0.065	mmol)	in	

CH2Cl2	(5	mL)	was	added	to	a	J.	Young’s	flask	charged	with	palladium	on	carbon	(10	wt%	Pd,	0.014	g,	0.013	

mmol,	ca.	20	mol%	Pd)	and	the	solution	placed	under	H2	(4	bar).	After	stirring	for	72	h,	the	reaction	mixture	

was	degassed,	 concentrated	 and	 filtered	 through	 a	 celite	 pad.	 The	 filtrate	was	 concentrated	 in	 vacuo	 to	

give	1a	as	a	yellow-orange	foam.	Yield:	0.075	g	(82%).	

	

Data	for	[Rh(C^N^C-C12H22)(CO)][BArF4]:	1H	NMR	(400	MHz,	CD2Cl2,	trans	isomer	only):	δ	7.88	(t,	3JHH	=	7.7,	

1H,	py),	7.70	–	7.75	(m,	8H,	ArF),	7.55	(br,	4H,	ArF),	7.50	(d,	3JHH	=	7.7,	2H,	py),	7.15	(d,	3JHH	=	1.9,	2H,	imid),	

7.01	(d,	3JHH	=	1.9,	2H,	imid),	5.40	(br,	2H,	pyCH2),	5.35	–	5.39	(m,	2H,CH=CH),	5.03	(br,	2H,	pyCH2),	3.90	–	

4.36	(m,	4H,	N-CH2CH2),	1.14	–	2.24	(m,	16H,	CH2).	ESI-MS	(CH3CN,	180	°C,	3	kV):	positive	ion:	534.1762	m/z,	

[M]+	(calc.	534.1735).	Data	for	1a:	1H	NMR	(500	MHz,	CD2Cl2):	δ	7.88	(t,	3JHH	=	7.7,	1H,	py),	7.70	–	7.75	(m,	

8H,	ArF),	7.56	(br,	4H,	ArF),	7.51	(d,	3JHH	=	7.7,	2H,	py),	7.14	(d,	3JHH	=	1.9,	2H,	imid),	7.00	(d,	3JHH	=	1.9,	2H,	

imid),	5.45	(d,	2JHH	=	14.7,	2H,	pyCH2),	5.03	(d,	2JHH	=	14.7,	2H,	pyCH2),	4.25	–	4.36	(m,	2H,	N-CH2CH2),	3.93	–	

4.04	(m,	2H,	N-CH2),	1.77	–	2.01	(m,	4H,	CH2),	1.10	–	1.53	(m,	16H,	CH2).	13C{1H}	NMR	(101	MHz,	CD2Cl2):	δ	

194.0	(d,	1JRhC	=	80,	carbonyl),	181.8	(d,	1JRhC	=	42,	carbene),	162.3	(q,	1JBC	=	50,	ArF),	156.0	(s,	py),	141.5	(s,	

py),	135.4	(s,	ArF),	129.4	(q,	2JCF	=	32,	ArF),	125.2	(q,	1JCF	=	273,	ArF),	124.9	(s,	py),	121.9	(s,	 imid),	121.5	(s,	

imid),	118.0	(sept,	3JFC	=	4,	ArF),	55.9	(s,	pyCH2),	51.5	(s,	N-CH2CH2),	31.6	(s,	CH2),	28.0	(s,	CH2),	27.9	(s,	CH2),	

27.9	(s,	CH2),	24.6	(s,	CH2).	ESI-MS	(CH3CN,	180	°C,	3	kV):	positive	ion:		536.1903	m/z,	[M]+	(calc.	536.1891).	

Elemental	Anal.	Calcd	for	C58H47BF24N5ORh	(1399.70	g	mol-1):	C,	49.77;	H,	3.38;	N,	5.00.	Found:	C,	49.92;	H,	

3.40;	N,	5.21.	IR	(CH2Cl2):	v(CO)	1979	cm-1.	IR	(C6H6):	v(CO)	1972	cm-1.		

	

CNC-((CH2)5CH=CH2)2	(L2b)	

A	mixture	of	2,6-bis(imidazolyl)pyridine	(0.634	g,	2.77	mmol)	and	7-bromo-1-heptene	(1.05	mL,	6.91	mmol)	

in	1,4-dioxane	(2	mL)	was	stirred	at	100°C	in	a	sealed	Young’s	flask	for	16	hours.	After	cooling,	the	reaction	

mixture	was	 extracted	with	MeCN	 (3	 x	 10	mL).	 To	 the	 filtrate	was	 added	 Et2O	 (20	mL)	 to	 form	 a	white	

suspension,	which	was	 left	 to	 stand	 for	 4	hours	before	 filtration.	 The	 remaining	white	 solid	was	washed	



with	Et2O	and	dried	in	vacuo	to	give	the	product.	Yield:	1.067	g	(68%).	1H	NMR	(300	MHz,	CDCl3):	δ	11.92	

(bs,	2H,	imid),	9.27	(app.	t,	J	=	2,	2H,	imid),	8.78	(d,	3JHH	=	8.2,	2H,	py),	8.31	(t,	3JHH	=	8.1,	1H,	py),	7.52	(app.	t,	

J	=	2,	2H,	imid),	5.75	(ddt,	3JHH	=	16.9,	10.1,	6.7,	2H,	CH=CH2),	4.98	(d	app.	q,	3JHH	=	16.9,	J	=	2,	2H,	CH=CH2),	

4.93	(br	d,	3JHH	=	10.1,	2H,	CH=CH2),	4.59	(t,	3JHH	=	7.3,	4H,	N-CH2),	1.95	–	2.12	(m,	8H,	CH2),	1.34	–	1.54	(m,	

8H,	CH2).	13C{1H}	NMR	(75	MHz,	CDCl3):	δ	145.4,	145.3,	138.3,	136.7,	123.3,	120.9,	115.6,	115.1,	50.9,	33.4,	

30.3,	28.2,	25.7.	ESI-MS	 (CH3CN,	180	°C,	3	kV):	positive	 ion:	202.6458	m/z,	 [M]2+/2	(calc.	202.6441).	Anal.	

Calcd	for	C25H35Br2N5	(565.39	g	mol-1):	C,	53.11;	H,	6.24;	N,	12.39.	Found:	C,	52.92;	H,	6.11;	N,	12.28.		

	

[Rh(CNC-((CH2)5CH=CH2)2)(CO)][BArF4]	(2b)	

A	mixture	of	L2b	(0.100	g,	0.177	mmol),	Ag2O	(0.041	g,	0.176	mmol)	and	Na[BArF4]	(0.173	g,	0.195	mmol)	in	

CH2Cl2	 (2	 mL)	 was	 stirred	 in	 the	 absence	 of	 light	 for	 16	 hours.	 The	 reaction	 mixture	 was	 filtered	 onto	

[Rh(CO)2Cl]2	 (0.035	 g,	 0.088	 mmol)	 and	 the	 resulting	 suspension	 stirred	 for	 a	 further	 5	 minutes	 before	

further	filtration.	The	filtrate	was	reduced	to	dryness	and	purified	on	silica	(CH2Cl2)	to	afford	the	product	as	

a	purple	foam	on	removal	of	the	solvent.	Yield:	0.218	g	(83%).	1H	NMR	(400	MHz,	CD2Cl2):	δ	8.01	(t,	3JHH	=	

8.2,	1H,	py),	7.72	–	7.80	(m,	8H,	ArF),	7.58	(br,	4H,	ArF),	7.43	(d,	3JHH	=	2.2,	2H,	imid),	7.15	(d,	3JHH	=	8.2,	2H,	

py),	7.10	(d,	3JHH	=	2.2	Hz,	2H,	imid),	5.81	(ddt,	3JHH	=	16.9,	10.2,	6.7	Hz,	2H,	CH=CH2),	5.00	(d	app.	q,	3JHH	=	

16.9,	J	=	2,	2H,	CH=CH2),	4.95	(br	d,	3JHH	=	10.2,	2H,	CH=CH2),	4.14	(t,	3JHH	=	7.5,	4H,	N-CH2),	2.08	(app.	q,	J	=	

7,	4H,	CH2),	1.93	 (app.	pent,	 J	 =	7,	4H,	CH2),	1.38	–	1.54	 (m,	8H,	CH2).	 13C{1H}	NMR	 (101	MHz,	CD2Cl2):	δ	

186.6	(d,	1JRhC	=	48,	carbene),	162.4	(q,	1JCB	=	50,	ArF),	152.7	(s,	py),	146.3	(s,	py),	139.0	(s,	CH=CH2),	135.4	(s,	

ArF),	 129.5	 (q,	 2JFC	 =	32,	ArF),	 125.2	 (q,	 1JFC	 =	272,	ArF),	 123.8	 (s,	 imid),	 118.1	 (sept,	3JFC	=	4,	ArF),	 117.0	 (s,	

imid),	115.0	(s,	CH=CH2),	106.7	(s,	py),	53.0	(s,	N-CH2),	34.0	(s,	CH2),	31.6	(s,	CH2),	28.8	(s,	CH2),	26.4	(s,	CH2);	

carbonyl	 resonance	 not	 observed.	 ESI-MS	 (CH3CN,	 180	 °C,	 3	 kV):	 positive	 ion:	 534.1726	m/z,	 [M]+	 (calc.	

534.1735).	Anal.	Calcd	for	C58H45BF24N5ORh	(1397.69	g	mol-1):	C,	49.84;	H,	3.25;	N,	5.01.	Found:	C,	49.72;	H,	

3.25;	N,	5.12.	IR	(CH2Cl2):	v(CO)	1990	cm-1.	IR	(CH3CN):	v(CO)	1980	cm-1.	

	

[Rh(CNC-(CH2)12)(CO)][BArF4]	(1b)	

N2	was	 bubbled	 through	 a	 solution	 of	2b	 (0.100	 g,	 0.074	mmol)	 and	 Grubbs	 I	 (0.003	 g,	 0.004	mmol)	 in	

CH2Cl2	 (70	 mL)	 for	 30	 minutes	 (reaction	 completion	 observed	 by	 ESI-MS).	 The	 resulting	 solution	 was	

concentrated	 to	 dryness	 and	 purified	 on	 silica	 (CH2Cl2).	 [Rh(CNC-C12H22)(CO)][BArF4]	 (cis:trans	 ~	 1:1)	 was	

obtained	as	a	purple	powder	by	precipitation	from	CH2Cl2	with	excess	pentane	and	subsequent	 filtration.	

Yield:	 0.083	 g	 (82%).	 A	 solution	 of	 [Rh(CNC-C12H22)(CO)][BArF4]	 (0.050	 g,	 0.037	 mol)	 and	

[Ir(COD)(py)(PCy3)][BAr
F
4]	 (0.003	 g,	 0.004	 mol)	 in	 CH2Cl2	 (2	 mL)	 was	 placed	 under	 hydrogen	 (1	 bar).	 After	

stirring	for	2	hours	the	reaction	mixture	was	concentrated	in	vacuo.	The	residue	was	then	purified	on	silica	

(CH2Cl2).	 The	 eluted	 solvent	 was	 concentrated	 to	 2	 mL	 before	 precipitation	 of	 the	 product	 with	 excess	

pentane.	Complex	2b	as	a	dark	green	powder	was	obtained	by	filtration	and	washed	with	pentane	(3	x	5	

mL).	Yield:	0.042	g	(83%).	



	

Data	for	[Rh(CNC-C12H22)(CO)][BArF4]:	1H	NMR	 (400	MHz,	CD2Cl2):	δ	8.04	(t,	 3JHH	=	8.2,	1H,	py),	7.70	–	7.75	

(m,	8H,	ArF),	7.56	(s,	4H,	ArF),	7.48/7.49	(d,	3JHH	=	2.3,	2H,	imid),	7.17	(d,	3JHH	=	8.1,	2H,	py),	7.09/7.10	(d,	3JHH	

=	2.3,	2H,	 imid),	5.27	–	5.37	(m,	2H,	CH=CH),	4.13	–	4.21	(m,	4H,	N-CH2),	1.97	–	2.09	(m,	4H,	CH2),	1.80	–	

1.91	(m,	4H,	CH2),	1.24	–	1.50	(m,	8H,	CH2).	ESI-MS	 (CH3CN,	180°C,	3	kV)	positive	ion:	506.1422	m/z,	[M]+	

(calc.	506.1422).	Data	for	1b:	1H	NMR	(500	MHz,	CD2Cl2):	δ	8.05	(t,	3JHH	=	8.2,	1H,	py),	7.70	–	7.75	(m,	8H,	

ArF),	7.56	(br,	4H,	ArF),	7.49	(d,	3JHH	=	2.3,	2H,	imid),	7.18	(d,	3JHH	=	8.2,	2H,	py),	7.12	(d,	3JHH	=	2.3,	2H,	imid),	

4.17	(t,	3JHH	=	6.5,	4H,	N-CH2),	1.91	(app.	p,	J	=	6,	4H,	CH2),	1.24	–	1.48	(m,	16H,	CH2).	13C{1H}	NMR	(101	MHz,	

CD2Cl2):	δ	196.8	(d,	1JRhC	=	78,	carbonyl),	186.5	(d,	1JRhC	=	48,	carbene),	162.3	(q,	1JCB	=	50,	ArF),	152.7	(s,	py),	

146.3	 (s,	 py),	 135.4	 (s,	 ArF),	 129.5	 (q,	 2JFC	 =	 32,	 ArF),	 125.2	 (q,	 1JFC	 =	 272,	 ArF),	 123.2	 (s,	 imid),	 118.1	

(sept,	3JFC	=	4,	ArF),	117.5	(s,	imid),	106.7	(s,	py),	51.7	(s,	N-CH2CH2),	30.6	(s,	CH2),	29.0	(s,	CH2),	28.8	(s,	CH2),	

28.5	(s,	CH2),	25.4	(s,	CH2).	ESI-MS	(CH3CN,	180	°C,	3	kV):	positive	ion:	508.1570	m/z,	[M]+	(calc.	508.1578).	

Anal.	Calcd	for	C56H43BF24N5ORh	(1371.65	g	mol-1):	C,	49.04;	H,	3.16;	N,	5.11.	Found:	C,	49.17;	H,	3.07;	N,	

5.10.	IR	(CH2Cl2):	v(CO)	1986	cm-1.	IR	(CH3CN)	v(CO)	1977	cm-1.	

	

[Rh(CNC-(CH2)12)(CO)(CH3)I][BArF4]	(3b)	

To	a	purple	solution	of	1b	(0.033	g,	0.024	mmol)	in	CH2Cl2	(5	mL),	was	added	MeI	(0.0075	mL,	0.120	mmol).	

The	 solution	 was	 stirred	 at	 room	 temperature	 for	 3	 hours	 and	 the	 product	 precipitated	 by	 addition	 of	

excess	pentane.	The	product	as	a	cream	powder	was	isolated	by	filtration,	washed	with	pentane	(2x5	mL)	

and	dried	in	vacuo.	Yield:	0.028	g	(75%).	1H	NMR	(500	MHz,	CD2Cl2):	δ	8.34	(t,	3JHH	=	8.2,	1H,	py),	7.78	(d,	3JHH	

=	2.2,	2H,	imid),	7.70	–	7.74	(m,	8H,	ArF),	7.56	(d,	3JHH	=	8.2,	2H,	py),	7.55	(br,	4H,	ArF),	7.28	(d,	3JHH	=	2.2,	2H,	

imid),	4.25	(app.	t,	J	=	8,	4H,	N-CH2),	2.39	–	2.50	(m,	2H,	N-CH2CH2),	1.84	–	1.95	(m,	2H,	N-CH2CH2),	1.30	–	

1.75	(m,	16H,	CH2),	0.59	(d,	2JRhH	=	2.1,	3H,	Rh-CH3).	13C{1H}	NMR	(151	MHz,	CD2Cl2):	δ	189.8	(d,	1JRhC	=	61,	

carbonyl),	180.2	(1JRhC	=	37,	carbene),	162.3	(q,	1JCB	=	50,	ArF),	150.2	(s,	py),	145.7	(s,	py),	135.3	(s,	ArF),	129.4		

(q,	2JCF	=	32,	ArF),	125.1	(q,	1JCF	=	272,	ArF),	124.3	(s,	imid),	118.2	(s,	imid),	118.0	(sept,	3JFC	=	4,	ArF),	108.8	(s,	

py),	53.1	(s,	N-CH2),	30.1	(s,	N-CH2CH2),	29.5	(s,	CH2),	28.6	(s,	CH2),	28.5	(s,	CH2),	25.9	(s,	CH2),	-2.1	(d,	1JRhC	=	

18,	Rh-CH3).	ESI-MS	(CH3CN,	180	°C,	3	kV):	positive	ion:	650.0849	m/z,	[M]+	(calc.	650.0858).	Anal.	Calcd	for	

C57H46BF24IN5ORh	(1513.15	g	mol-1):	C,	45.23;	H,	3.06;	N,	4.63.	Found:	C,	45.18;	H,	2.97;	N,	4.58.	IR	(CH2Cl2):	

v(CO)	2070	cm-1.	IR	(CH3CN):	v(CO)	2066	cm-1.	

	

[Rh(CNC-(CH2)12)(CO)Cl2][BArF4]	(4b)		

A	solution	of	1b	(0.020	g,	0.015	mmol)	and	PhICl2	(0.004	g,	0.015	mmol)	in	CH2Cl2	(2	mL)	was	stirred	at	room	

temperature	for	3	hours.	The	reaction	mixture	was	layered	with	pentane	and	left	to	stand	for	16	hours	to	

give	the	yellow	crystalline	product,	which	was	isolated	by	filtration	washed	with	pentane	(2	x	5	mL).	Yield:	

0.014	g	(67%).		1H	NMR	(500	MHz,	CD2Cl2):	δ	8.43	(t,	3JHH	=	8.2,	1H,	py),	7.84	(d,	3JHH	=	2.2,	2H,	imid),	7.70	–	

7.75	(m,	8H,	ArF),	7.64	(d,	3JHH	=	8.2,	2H,	py),	7.56	(s,	4H,	ArF),	7.36	(d,	3JHH	=	2.2,	2H,	imid),	4.41	(t,	3JHH	=	7.7,	



4H,	N-CH2),	2.09	(app.	p,	J	=	7,	4H,	N-CH2CH2),	1.56	(app.	p,	J	=	6,	4H,	CH2),	1.34	–	1.51	(m,	12H,	CH2).	13C{1H}	

NMR	(101	MHz,	CD2Cl2):	δ	181.6	(d,	1JRhC	=	57,	carbonyl),	173.9	(d,	1JRhC	=	33,	carbene),	162.3	(q,	1JCB	=	49,	

ArF),	150.9	 (s,	py),	147.6	 (s,	py),	135.4	 (s,	ArF),	129.5	 (q,	 2JCF	=	32,	ArF),	125.2	 (q,	 1JFC	=	272,	ArF),	124.7	 (s,	

imid),	 119.1	 (s,	 imid),	 118.1	 (sept,	3JFC	=	 4,	ArF),	 109.9	 (s,	 py),	 53.3	 (s,	N-CH2),	 31.1	 (s,	N-CH2CH2),	 29.2	 (s,	

CH2),	28.6	(s,	CH2),	28.1	(s,	CH2),	25.6	(s,	CH2).	ESI-MS	(CH3CN,	180	°C,	3	kV):	positive	ion:	578.0958	m/z,	[M]+	

(calc.	578.0955).	Anal.	Calcd	for	C56H43BCl2F24N5ORh	(1442.57	g	mol-1):	C,	46.63;	H,	3.00;	N,	4.85.	Found:	C,	

46.52;	H,	2.85;	N,	4.89.	IR	(CH2Cl2):	v(CO)	2111	cm-1.	

	

[Rh(C^N^C*-(CH2)12)(CO)]	(5)	

To	a	 J	Young’s	NMR	tube	charged	with	1a	 (0.020	g,	0.014	mmol)	and	K[N(SiMe3)2]	 (0.004	g,	0.020	mmol)		

was	added	C6D6	(0.5	mL)	under	an	argon	atmosphere.	This	resulted	in	the	formation	of	a	red	solution	and	

brown	 precipitate.	 Quantitative	 formation	 of	 5	 was	 observed	 by	 1H	 NMR	 spectroscopy	 alongside	

HN(SiMe3)2	 (δCH3	 =	 0.10,	 δNH	 =	 -0.07).	 The	 red	 solution	 was	 separated	 by	 decantation	 and	 layered	 with	

pentane	(under	argon).	Diffusion	of	the	solvent	over	4	hours	afforded	dark	red	crystals,	which	were	isolated	

by	decantation,	washed	with	pentane	and	dried.	Yield:	0.003	g	(52%).	The	extremely	high	reactivity	of	5	has	

prevented	accurate	elemental	analysis	results	being	obtained	(on	two	separate	sample	batches).	Complex	5	

is	 best	 characterised	 directly	 in	 situ	 by	 NMR	 spectroscopy	 (see	 Figures	 S25–27	 for	 1H	 and	 13C{1H}	 NMR	

spectra).	1H	NMR	(500	MHz,	C6D6,	280	K):	δ	6.61	(app.	t,	J	=	1,	1H,	imid),	6.37	(ddd,	3JHH	=	9.1,	5.9,	J	=	1,	1H,	

py),	6.30	(app.	t,	J	=	1,	1H,	imid),	6.23	(d	app.	t,	3JHH	=	9.1,	J	=	1,	1H,	py),	6.15	(app.	t,	J	=	1,	1H,	imid),	5.99	

(app.	t,	J	=	1,	1H,	imid),	5.81	(bd,	J	=	1,	1H,	pyCH),	5.36	(d	app.	t,	3JHH	=	5.8,	J	=	1,	1H,	py),	4.60	(app.	t,	J	=	13,	

1H,	N-CH2CH2),	4.58	 (d,	 2JHH	=	13,	1H,	pyCH2),	4.25	 (app.	 t,	 J	=	13,	1H,	N-CH2CH2),	3.72	 (d,	 2JHH	=	12.8,	1H,	

pyCH2),	3.32	–	3.40	(m,	1H,	N-CH2CH2),	3.08	–	3.22	(m,	1H,	N-CH2CH2),	1.94	–	2.07	(m,	1H,	CH2),	1.72	–	1.83	

(m,	1H,	CH2),	1.03	–	1.63	(m,	18H,	CH2).1H	NMR	(500	MHz,	C6D6):	δ	6.63	(app.	t,	J	=	1,	1H,	imid),	6.35	(dd,	
3JHH	=	9.1,	5.9,	1H,	py),	6.33	(app.	t,	J	=	1,	1H,	imid),	6.20	(d,	3JHH	=	9.0,	1H,	py),	6.19	(app.	t,	J	=	2,	1H,	imid),	

6.04	(app.	t,	J	=	1,	1H,	imid),	5.79	(br,	1H,	pyCH),	5.35	(d,	3JHH	=	5.8,	1H,	py),	4.58	(app.	br,	2H,	pyCH2	+	N-

CH2CH2),	4.23	(s,	1H,	N-CH2CH2),	3.76	(bs,	1H,	pyCH2),	3.41	(br,	1H,	N-CH2CH2),	3.22	(br,	1H,	N-CH2CH2),	1.99	

(br,	1H,	CH2),	1.75	(br,	1H,	CH2),	1.00	-	1.66	(m,	18H,	CH2).	13C{1H}	NMR	(101	MHz,	C6D6):	δ	197.4	(d,	1JRhC	=	

73,	carbonyl)	185.5	(d,	1JRhC	=	43,	carbene),	174.2	(d,	1JRhC	=	44,	carbene),	149.5	(s,	py),	143.2	(s,	py),	126.6	

(s,	py),	119.7	 (s,	py),	119.5	 (s,	 imid),	119.3	 (s,	 imid),	119.1	 (s,	 imid),	117.7	 (s,	 imid),	100.1	 (s,	py),	94.4	 (s,	

pyCH),	58.2	(s,	pyCH2),	51.4	(s,	N-CH2CH2),	50.7	(s,	N-CH2CH2),	32.1	(s,	CH2),	31.0	(s,	CH2),	28.0	(s,	CH2),	27.8	

(s,	CH2),	27.7	(s,	CH2),	27.6	(s,	CH2),	26.5	(s,	CH2),	24.8	(s,	CH2),	24.0	(s,	CH2).	IR	(C6H6):	v(CO):	1929	cm-1.	

	

In	situ	NMR	experiments	

Preparation	of	[Rh(C^N^C-(CH2)12)(CO)(CH3)I][BArF4]	(3a)	

To	a	solution	of	1a	(0.008	g,	0.006	mmol)	 in	CD2Cl2	 (0.5	mL)	 inside	a	J	Young’s	NMR	tube	was	added	MeI	

(0.018	mL,	0.285	mmol)	under	an	argon	atmosphere.	The	J.	Young’s	NMR	tube	was	sealed	and	monitored	



periodically	by	1H	NMR	spectroscopy.	After	3	hours,	less	than	5%	1a	was	present.	The	reaction	tube	was	left	

to	 stand	 for	 a	 further	 17	 hours,	 after	 which	 no	 signals	 of	 1a	 were	 observable.	 The	 product	 3a	 was	

characterised	 in	 situ	 by	 NMR	 spectroscopy.	 ESI-MS	 and	 IR	 data	 were	 obtained	 from	 crude	 (impure)	

mixtures	of	3a	prepared	in	a	similar	manner,	with	excess	MeI	removed	in	vacuo.	1H	NMR	(500	MHz,	CD2Cl2):	

δ	8.04	(t,	3JHH	=	7.8,	1H,	py),	7.70	–	7.75	(m,	8H,	ArF),	7.63	(d,	3JHH	=	7.8,	2H,	py),	7.55	(br,	4H,	ArF),	7.26	(d,	
3JHH	=	1.7,	2H,	imid),	7.19	(d,	3JHH	=	1.7,	2H,	imid),	5.4	(br,	2H,	pyCH2),	5.1	(vbr,	2H,	N-CH2CH2),	4.1	(br,	2H,	N-

CH2CH2),	 1.76	 –	 2.05	 (br	m,	 4H,	 CH2),	 1.23	 –	 1.55	 (m,	 CH2,	 16H),	 1.20	 (d,	 2JRhH	 =	 1.8,	 Rh-Me);	 one	 pyCH2	

resonance	 (2H)	was	 too	broad	 to	 definitively	 locate	 at	 this	 temperature.	 13C{1H}	NMR	 (126	MHz,	 CD2Cl2,	

selected	data	only):	δ	189.4	(d,	1JRhC	=	64,	carbonyl),	165.1	(d,	1JRhC	=	34,	carbene),	-1.2	(d,	2JRhH	=	20,	Rh-CH3).	

ESI-MS	(CH3CN,	180	°C,	3	kV)	positive	ion:	678.1169	m/z,	[M]+	(calc.	678.1171).	IR	(CH2Cl2):	v(CO)	2067	cm-1.	

	

Preparation	of	[Rh(C^N^C-(CH2)12)(CO)Cl2][BArF4]	(4a)	

To	 a	 J	 Young’s	NMR	 tube	 charged	with	 1a	 (0.008	 g,	 0.006	mmol)	 and	 PhICl2	 (0.002	 g,	 0.007	mmol)	was	

added	CD2Cl2	 (0.5	mL)	under	an	argon	atmosphere.	This	resulted	 in	a	rapid	colour	change	from	yellow	to	

pale	 yellow	 and	 quantitative	 formation	 of	 4a,	 which	 was	 characterised	 immediately	 in	 situ	 by	 NMR	

spectroscopy.	ESI-MS	and	IR	data	were	obtained	from	crude	(impure)	mixtures	of	4a	prepared	in	a	similar	

manner	and	passed	through	a	silica	plug.	 1H	NMR	 (500	MHz,	CD2Cl2):	δ	8.09	(t,	 3JHH	=	7.7,	1H,	py),	7.70	–	

7.75	(m,	8H,	ArF),	7.68	(d,	3JHH	=	7.8,	2H,	py),	7.56	(br,	4H,	ArF),	7.34	(d,	3JHH	=	1.6,	2H,	imid),	7.26	(d,	3JHH	=	

1.8,	2H,	imid),	6.63	(d,	2JHH	=	15.8,	2H,	pyCH2),	5.21	(d,	2JHH	=	15.8,	2H,	pyCH2),	4.65	(ddd,	2JHH	=	14.7,	3JHH	=	

12.8,	4.2,	2H,	N-CH2),	4.12	(ddd,	2JHH	=	14.7,	3JHH	=	12.5,	5.7,	2H,	N-CH2CH2),	1.98	–	2.11	(m,	2H,	CH2),	1.86	–	

1.98	 (m,	 2H,	 CH2),	 1.38	 –	 1.61	 (m,	 10H,	 CH2),	 1.12	 –	 1.36	 (m,	 6H,	 CH2).	 13C{1H}	 NMR	 (126	MHz,	 CD2Cl2,	

selected	data	only):	δ	180.7	(d,	1JRhC	=	57,	carbonyl),	160.1	(d,	1JRhC	=	30,	carbene).	ESI-MS	(CH3CN,	180	°C,	3	

kV)	positive	ion:	606.1271	m/z,	[M]+	(calc.	606.1268).	IR	(CH2Cl2):	v(CO)	2110	cm-1.	

	

X-ray	crystallography	

Crystallographic	data	for	1a,	1a*,	1b,	3b,	4b	and	5	are	summarised	 in	Table	2.	Data	were	collected	on	an	

Oxford	Diffraction	Gemini	Ruby	CCD	diffractometer	using	graphite	monochromated	Mo	Kα	(λ	=	0.71073	Å)	

or	 CuKα	 (λ	 =	 1.54178	 Å)	 radiation	 and	 a	 low-temperature	 device	 [150(2)	 K].	 Data	 were	 collected	 and	

reduced	using	CrysAlisPro.38	All	non-hydrogen	atoms	were	refined	anisotropically	using	SHELXL,39	through	

the	 Olex2	 interface.40	 Hydrogen	 atoms	 were	 placed	 in	 calculated	 positions	 using	 the	 riding	 model.	 Full	

crystallographic	 details	 are	 documented	 in	 CIF	 format	 and	 have	 been	 deposited	 with	 the	 Cambridge	

Crystallographic	 Data	 Centre	 (see	 Table	 2).	 These	 data	 can	 be	 obtained	 free	 of	 charge	 via	

www.ccdc.cam.ac.uk/data_request/cif.	

	

	



Table	2:		Crystallographic	data.	

	 1a	 1a*	 1b	 3b	 4b·1/2CH2Cl2	 5·1/3C6H6	
CCDC	 1025594	 1027503	 1025595	 1025596	 1025597	 1025598	
Formula	 C58H47BF24N5ORh	 C58H47BF24N5ORh	 C56H43BF24N5ORh	 C57H46BF24IN5ORh	 C56.5H44BCl3F24N5ORh	 C28H36N5ORh	
M	 1399.72	 1399.72	 1371.67	 1513.61	 1485.03	 561.53	
Crystal	System	 Triclinic	 Triclinic	 Monoclinic	 Monoclinic	 Triclinic	 Trigonal	
Space	group	 P-1	 P-1	 P21/c	 P21/c	 P-1	 R-3	

Radiation	 MoKα	 CuKα	 MoKα	 MoKα	 MoKα	 MoKα	

a	[Å]	 9.3661(3)	 13.0450(10)	 13.3809(5)	 14.26866(15)	 12.7330(4)	 19.2242(2)	
b	[Å]	 18.7809(6)	 14.5880(14)	 28.7207(11)	 17.1057(2)	 15.5875(4)	 19.2242(2)	
c	[Å]	 19.3860(6)	 17.4059(11)	 16.9649(7)	 24.6768(3)	 17.0556(5)	 37.5121(8)	
a	[deg]	 116.409(3)	 104.723(7)	 90	 90	 100.337(2)	 90	
β	[deg]	 94.878(3)	 105.186(7)	 105.369(4)	 94.4576(10)	 97.165(2)	 90	
g	[deg]	 92.986(3)	 102.973(8)	 90	 90	 113.343(3)	 120	
V	[Å3]	 3027.66(18)	 2937.5(4)	 6286.6(5)	 6004.79(12)	 2984.89(16)	 12006.0(4)	
Z	 2	 2	 4	 4	 2	 18	
Density	[gcm-3]	 1.535	 1.582	 1.449	 1.674	 1.652	 1.398	
µ	(mm-1)	 0.400	 3.452	 0.384	 0.918	 0.541	 0.669	
θ	range	[deg]	 3.16	≤	θ	≤	26.37°	 6.49	≤	θ	≤	66.58°	 3.32	≤	θ	≤	26.37°	 3.10	≤	θ	≤	26.37°	 2.94	≤	θ	≤	26.37°	 2.98	≤	θ	≤	26.37°	
Reflns	collected	 23522	 18880	 96566	 70014	 29569	 89168	
Rint	 0.0340	 0.1078	 0.0638	 0.0348	 0.0287	 0.0444	
Completeness	 99.8%	 99.8%	 99.8%	 99.8%	 99.8%	 99.8%	
No.	 of	 data/restr/	
param	 12359/852/960	 10378/830/924	 12828/1087/955	 12268/885/909	 12186/373/852	 5442/459/389	

R1	[I	>	2σ(I)]	 0.0495	 0.0803	 0.0546	 0.0446	 0.0474	 0.0374	
wR2	[all	data]	 0.1117	 0.2151	 0.1572	 0.1141	 0.1184	 0.0958	
GoF	 1.051	 1.018	 1.040	 1.053	 1.037	 1.078	
Largest	diff.	pk	and	
hole	[eÅ-3]	 0.69/-0.53	 0.89/-1.10	 0.94/-0.59	 2.62/-0.96	 1.05/-0.92	 1.75/-0.22	

	

	

	



Supporting	information	

X-ray	crystallographic	data	for	complexes	1a,	1a*,	1b,	3b,	4b	and	5	in	CIF	format.	Selected	NMR	and	UV-vis	

absorption	spectra.	This	material	is	available	free	of	charge	via	the	Internet	at	http://pubs.acs.org.		
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Synopsis		

Macrocyclic	 rhodium	 carbonyl	 complexes	 containing	 tridentate	 CNC	macrocycles	 with	 dodecamethylene	

spacers	 have	 been	 prepared	 using	 metal-template	 promoted	 ring	 closing	 olefin	 metathesis.	 Systems	

containing	both	lutidine	and	pyridine	based	CNC	backbones	have	been	synthesised	and	their	dynamics	and	

reactivity	comparatively	investigated.		
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