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General Experimental 

General Methods: All	reactions,	unless	otherwise	stated,	were	carried	out	in	oven	(130°C)	
dried	glassware	under	an	inert	atmosphere	using	standard	Schlenk	techniques.	Unless	
otherwise	specified,	all	reactions	were	conducted	at	ambient	temperature	(25°C,	rt).	

Chemicals: All	reagents	were	used	as	received	from	commercial	sources	without	further	
purification.	All	solvents,	unless	otherwise	stated,	were	degassed	with	nitrogen	for	30	
minutes	prior	to	use,	after	being	passed	through	activated	alumina	columns	in	a	solvent	
purification	system.		

NMR: All	1H	NMR	and	13C	spectra	were	recorded	on	either	a	400	MHz	Bruker	Avance	
spectrometer	or	600	MHz	Bruker	Avance	spectrometer.	All	deuterated	solvents	were	used	
as	received	from	Cambridge	Isotope	Laboratories,	Inc.	Chemical	shifts	are	reported	in	parts	
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per	million	(ppm)	with	the	residual	solvent	protons	used	as	internal	calibration	standards.1	
The	following	abbreviations	are	used	in	reporting	NMR	data:	s,	singlet;	d,	doublet;	t,	triplet;	
q,	quartet;	quint,	quintet;	sept,	septet;	dd,	doublet	of	doublets;	dt,	doublet	of	triplets;	dq,	
doublet	of	quartets;	td,	triplet	of	doublets;	tt,	triplet	of	triplets;	quint	d,	quintet	of	doublets;	
ddd,	doublet	of	doublet	of	doublets;	and	m,	multiplet.  

Mass Spectrometry: High-resolution	mass	spectrometry	data	was	obtained	on	a	Bruker	
Daltonics	12T	Apex	Qe	FTICR-MS	using	an	Apollo	II	positive	mode	electrospray	ionization	
(ESI)	in	picometer	concentrations	using	MeCN	as	the	solvent.	

Gel Permeation Chromatography: Gel	permeation	chromatography	data	was	collected	using	
a	Shimadzu	refractive	index	detector,	RID-20A	and	Wyatt	miniDAWN	multi-angle	laser	
light	scattering	(MALLS)	detector	using	Shodex	GPC	column	KF-805L.	Polymers	were	
dissolved	in	0.5	mL	of	THF	and	injected	at	a	flow	rate	of	0.7	mL/min.	The	collected	
retention	times	and	molecular	weights	were	plotted	on	a	calibration	curve	using	known	
standards	of	polystyrene	to	obtain	definitive	molecular	weights.					

GC/MS: Gas	chromatograph	mass	spectrometry	data	was	collected	on	a	Shimadzu	GCMS-
QP2010SE	gas	chromatograph	mass	spectrometer.	Samples	were	diluted	in	1.5	mL	of	
hexanes	and	injected	via	split	injection	mode.	Mass	spectrometry	data	was	collected	in	0.2	
second	scans	from	35	m/z	to	700	m/z.	Reaction	conversion	was	monitored	by	GC/MS	using	
toluene	as	an	internal	standard.			

Thermometric Gravity Analysis: Thermometric	gravity	analysis	data	were	collected	on	a	
TGA	Q5000,	instrument	number	957001.901.	Platinum	TGA	pans	were	first	cleaned	by	
blowtorch	before	they	were	tared,	at	which	time	5	mg	of	polymer	was	loaded	onto	them.  

Differential Scanning Calorimetry: Differential	scanning	calorimetry	data	were	obtained	on	
a	TA	Q20	V24.11.	The	general	method	included	a	30°C/min	ramp,	beginning	at	-40°C	and	
ending	at	300°C.	Glass	transition	states	(Tg)	were	determined	by	integrating	peaks	as	a	
function	of	heat	flow	(W/g)	and	temperature	(°C).	All	samples	were	checked	by	
thermogravimetric	analysis	prior	to	use.	Samples	were	in	the	mass	range	between	2-11	mg,	
with	each	of	which	pressed	into	standard	5.4mm	aluminum	tzero	pans.			

Piers-Borane Synthetic Procedure 

Piers-Borane	was	prepared	according	to	known	literature	procedure.	2	To	a	20	mL	
scintillation	vial	charged	with	a	stir	bar	was	added	tris(pentafluoro)phenylborane	(500	mg,	
0.98	mmol)	and	this	was	dissolved	in	benzene	(10	mL).	To	this	triethylsilane	(0.12	g,	0.99	
mmol)	was	added.	The	vial	was	capped,	brough	to	60	oC,	and	allowed	to	stir	for	3	days.	The	
solution	was	quickly	filtered	over	a	frit	and	the	supernatant	collected.	The	material	began	
crashing	out	of	solution	and	was	collected	on	by	filtration.	Volatiles	were	removed	to	yield	
a	white	solid,	0.22	g,	68%	in	pure	form.	Spectra	matched	reported.		

GI-DPPF Synthetic Procedure 
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Scheme S1. Synthetic procedure for the synthesis of GI-DPPF. 

GI-DPPF	was	prepared	according	to	literature	procedure.4	A	solution	of	100	mg	GI	(0.12	mmol,	1	eq)	in	15	mL	of	
DCM	cooled	to	-78°C.	To	this	solution	was	added	67	mg	of	DPPF	(0.12	mmol,	1	eq)	in	5	mL	DCM.	The	reaction	was	
stirred	at	-78°C	for	20	minutes	and	then	allowed	to	warm	to	room	temperature.	After	another	hour,	the	reaction	
volume	was	reduced	by	half	under	reduced	atmosphere.	15	mL	of	pentane	was	then	added	to	the	reaction	mixture	
to	precipitate	a	green	solid.	The	solid	was	isolated	and	reprecipitated	twice	out	of	DCM/pentane	and	dried	in	vacuo	
to	yield	green-brown	product	GI-DPPF	in	40%	yield	(39	mg,	0.048	mmol).	Spectra	matched	that	which	was	
previously	reported	in	the	chemical	literature.4	

GI-Xantphos Synthetic Procedure 

GI-Xantphos	was	prepared	according	to	literature	procedure.4	A	solution	of	100	mg	GI	(0.12	mmol,	1	eq)	in	15	mL	
of	DCM	cooled	to	-78°C.	To	this	solution	was	added	69	mg	of	DPPF	(0.12	mmol,	1	eq)	in	5	mL	DCM.	The	reaction	
was	stirred	at	-78°C	for	20	minutes	and	then	allowed	to	warm	to	room	temperature.	After	another	hour,	the	
reaction	volume	was	reduced	by	half	under	reduced	atmosphere.	15	mL	of	pentane	was	then	added	to	the	reaction	
mixture	to	precipitate	a	green	solid.	The	solid	was	isolated	and	reprecipitated	twice	out	of	DCM/pentane	and	dried	
in	vacuo	to	yield	green-brown	product	GI-DPPF	in	40%	yield	(40	mg,	0.048	mmol).	Spectra	matched	that	which	was	
previously	reported	in	the	chemical	literature.4	

Cp-BCF Synthetic Procedure 

 

Scheme S2. Synthetic procedure for the synthesis of Cp-BCF. 

To	a	20	mL	scintillation	vial	charged	with	a	stir	bar	was	added	100	mg	H-BCF	(0.29	mmol,	1	eq)	and	0.300	L	of	
cyclopentene	(2.86	mmol,	9.9	eq).	The	mixture	was	diluted	to	5	mL	with	THF	and	stirred	for	4	hours	at	room	
temperature.	Solvent	and	excess	cyclopentene	were	removed	in	vacuo	to	afford	81	mg	of	Cp-BCF	in	68%	yield,	
without	the	need	of	further	purification.		

1H	NMR	(400	MHz,	CDCl3)	δ	2.31	(m,	J	=	7.0	Hz,	1H),	1.83	(q,	J	=	5.9	Hz,	1H),	1.58	(m,	J	=	3.5	Hz,	1H),	1.26	(t,	J	=	8.1	
Hz,	1H).	

19F{1H}	NMR	(376	MHz,	CDCl3)	δ	-130.44	(q,	J	=	10.7	Hz,	2F),	-152.39	(d,	J	=	20.4	Hz,	1F),	-161.92	(m,	J	=	11.2	Hz,	
2F).	

General Experimental Procedures 

General synthetic procedure for control metathesis reactions.  



S5 
 

 

Scheme S3. General control reaction using 5 mol% of Grubbs 1. 

Reactions	were	performed	within	an	inert	atmosphere	glove	box	in	1	dram	screw	capped	vials.	To	those	vials,	
affixed	with	screw-capped	pressure	septa,	was	added	4.1	mg	of	Grubbs	1	(0.005	mmol)	and	500	µL	of	DCM.	Dry	and	
degassed	decene	(0.1	mmol,	18.9	µL)	were	injected	via	µL	syringe	and	allowed	to	stir	at	room	temperature	for	20h.	
Reactions	were	quenched	by	exposing	them	to	air,	concentrating	under	reduced	atmosphere,	followed	by	addition	
of	CDCl3.	7.91	µL	of	toluene	was	then	added	to	the	reaction	as	an	internal	standard	for	GC/MS	and	NMR	
characterization.		

General synthetic procedure for cross-metathesis reactions.  

 

Scheme S4. General reaction using 5 mol% Grubbs 1 and 2.5 mol% BCF 

Reactions	were	performed	within	an	inert	atmosphere	glove	box	in	1	dram	screw	capped	vials.	To	those	vials,	
affixed	with	screw-capped	pressure	septa,	was	added	4.1	mg	Grubbs	1	(0.005	mmol,	0.005	eq),	1.3	mg	
tris(pentafluoro)phenylborane	(BCF)	(0.0025	mmol,	0.0025	eq),	and	500	µL	of	DCM.	After	15	minutes	to	allow	for	
abstraction	to	occur,	dry	and	degassed	decene	was	added	via	µL	syringe	(0.1	mmol,	18.9	µL)	and	allowed	to	stir	at	
room	temperature	for	4h.	Reactions	were	quenched	by	exposing	them	to	air,	concentration	under	reduced	
atmosphere	followed	by	addition	of	CDCl3	for	characterization.	7.91	µL	of	toluene	was	then	added	to	the	reaction	as	
an	internal	standard	for	GC/MS	and	NMR	characterization.	

General synthetic procedure for ROMP reactions.  

 

Scheme S5. General ROMP reaction with 0.003 mmol of Grubbs 1 and 0.0015 mmol of borane. 

To	a	1-dram	screw	capped	vial,	affixed	with	screw-capped	pressure	septa,	was	added	2.4	mg	Grubbs	I	(0.003	mmol,	
1	eq)	and	0.7	mg	tris(pentafluoro)phenylborane	(BCF)	(0.0015	mmol,	0.5	eq)	and	500	µL	of	DCM.	After	15	minutes	
to	allow	for	abstraction	to	occur,	to	these	solutions	were	added	their	respective	monomer	(1.8	mmol,	600	eq).	The	
reaction	was	allowed	to	react	for	20h	time,	at	which	point	the	solvent	was	removed	under	reduced	atmosphere.	
These	polymers	were	weighed	directly,	and	GPC	samples	were	directly	prepared	from	these	materials.		

General synthetic procedure for Cl abstraction studies. 

 

Scheme S6. General reaction for AgOTs halide abstraction activation of Grubbs 1 in cross-metathesis. 

To	a	1-dram	vial	was	added	4.1	mg	Grubbs	I	(0.005	mmol,	0.005	eq)	and	0.7	mg	AgOTs	(0.0025	mmol,	0.0025	eq).	
The	contents	were	diluted	with	500	µL	of	CH2Cl2.	After	15	minutes,	to	allow	for	abstraction	to	occur	to	this	solution	
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was	added	18.9	µL	of	decene	(0.1	mmol,	1	eq)	via	syringe.	The	solution	changed	color	from	purple	to	dark	brown	
rapidly	and	formed	large	amounts	of	precipitate.	After	4	hours,	an	aliquot	was	removed	for	GC/MS	analysis.		

General synthetic procedure for NaBArF isomerization study. 

 

Scheme S7. General reaction for NaBArF activated Grubbs 1 in cross-metathesis. 

To	a	1-dram	vial	was	added	4.1	mg	of	Grubbs	I	(0.005	mmol,	0.05	eq)	and	2.2	mg	NaBArF	(0.0025	mmol,	0.025	eq).	
The	contents	were	diluted	with	500	µL	of	CH2Cl2.	After	15	minutes	to	allow	for	abstraction	to	occur	to	this	solution	
was	added	18.9	µL	of	decene,	(0.1	mmol,	1	eq)	via	syringe.	The	solution	was	allowed	to	stir	for	4h	at	which	time	an	
aliquot	was	removed	and	diluted	to	1	mL	in	hexanes	for	GC/MS	analysis.		

General synthetic procedure for NaBArF ROMP reaction of COE. 

 

Scheme S8. General ROMP conditions for NaBArF activated Grubbs 1 in reaction with COE. 

To	a	1-dram	vial	was	added	2.4	mg	Grubbs	I	(0.003	mmol,	1	eq)	and	2.7	mg	NaBArF	(0.003	mmol,	1	eq).	This	
solution	was	diluted	to	500	µL	with	CH2Cl2.	After	15	minutes	to	allow	for	abstraction	to	occur,	to	this	sample	was	
injected	0.023	mL	of	cyclooctene	(1.8	mmol).	The	reaction	was	allowed	to	stir	for	4	hours	at	which	point	2	mL	of	
ethyl	vinyl	ether	was	added	to	quench	it.	The	reaction	was	concentrated	under	reduced	atmosphere	and	filtered	
prior	to	analysis.	These	polymers	were	weighed	directly,	and	GPC	samples	were	directly	prepared	from	these	
materials.	

General synthetic procedure for NaBArF ROMP reaction of Cp. 

 

Scheme S9. General ROMP conditions for NaBArF activated Grubbs 1 in reaction with Cp. 

To	a	1-dram	vial	was	added	2.4	mg	Grubbs	I	(0.003	mmol,	1	eq)	and	2.7	mg	NaBArF	(0.003	mmol,	1	eq).	This	
solution	was	diluted	to	500	µL	with	CH2Cl2.	After	15	minutes	to	allow	for	abstraction	to	occur,	to	this	sample	was	
injected	0.09	mL	of	cyclopentene	(1.8	mmol).	The	reaction	was	allowed	to	stir	for	4	hours	at	which	point	2	mL	of	
ethyl	vinyl	ether	was	added	to	quench	it.	The	reaction	was	concentrated	under	reduced	atmosphere	and	filtered	
prior	to	analysis.	These	polymers	were	weighed	directly,	and	GPC	samples	were	directly	prepared	from	these	
materials.	

General synthetic procedure for 31P{1H} speciation studies. 
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Scheme S10. Figure denoting the two 31P{1H} NMR experiments to examine phosphine speciation. 

To a 1-dram vial was added either 2.4 mg of Grubbs 1 (0.003 mmol, 1 eq) and 0.7 mg BCF 
(0.0015 mmol, 0.5 eq) or 0.7 mg BCF (0.0015 mmol, 1 eq) and 0.4 mg P(Cy)3 (0.0015 mmol, 1 
eq). The contents of each were diluted with 500 uL of CD2Cl2 and transferred to NMR tubes. 
The tubes were then capped with rubber NMR septa and wrapped with parafilm. Spectra were 
taken without delay and compared to an authentic sample of Grubbs 1 in CD2Cl2.  

General synthetic procedure for 31P{1H} NMR speciation dimer study. 

To	a	1-dram	vial	was	added	either	2.4	mg	of	Grubbs	I	(0.003	mmol,	1	eq)	and	0.7	mg	BCF	(0.0015	mmol,	0.5	eq)	or	
0.7	mg	BCF	(0.0015	mmol,	1	eq)	and	0.4	mg	P(Cy)3	(0.0015	mmol,	1	eq).	The	contents	of	each	were	diluted	with	
500	µL	of	CD2Cl2	and	transferred	to	NMR	tubes.	The	tubes	were	then	capped	with	rubber	NMR	septa	and	wrapped	
with	parafilm.	Spectra	were	taken	without	delay	and	compared	to	an	authentic	sample	of	Grubbs	1	in	CD2Cl2.		

 
Procedure for 31P{1H} NMR quantification. 

To	a	1-dram	vial	was	added	4.1	mg	of	Grubbs	1	(0.005	mmol,	1	eq)	and	a	sealed	10	uL	capillary	of	PPh3	in	CH2Cl2	
(130	mg,	0.5	mmol	per	500	uL).	The	contents	were	diluted	with	500	uL	of	CD2Cl2	and	transferred	to	an	NMR	tube.	
The	tube	was	then	capped	with	rubber	NMR	septum	and	wrapped	with	parafilm.	Spectra	were	taken	without	delay.	
	
To	a	1-dram	vial	was	added	4.1	mg	of	Grubbs	1	(0.005	mmol,	1	eq),	1.3	mg	tris(pentafluoro)phenylborane	(BCF)	
(0.0025	mmol,	0.05	eq),	and	a	sealed	10	uL	capillary	of	PPh3	in	CH2Cl2	(130	mg,	0.5	mmol	per	500	uL).	The	contents	
were	diluted	with	500	uL	of	CD2Cl2	and	transferred	to	an	NMR	tube.	The	tube	was	then	capped	with	rubber	NMR	
septum	and	wrapped	with	parafilm.	Spectra	were	taken	without	delay.	

General synthetic procedure for 19F speciation studies. 
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Scheme S11. Figure denoting the two 19F NMR experiments to examine phosphine speciation. 

To	a	1-dram	vial	was	added	either	2.4	mg	of	Grubbs	I	(0.003	mmol,	1	eq)	and	0.7	mg	BCF	(0.0015	mmol,	0.5	eq)	or	
0.7	mg	BCF	(0.0015	mmol,	1	eq)	and	0.4	mg	P(Cy)3	(0.0015	mmol,	1	eq).	The	contents	of	each	were	diluted	with	
500	µL	of	CD2Cl2	and	transferred	to	NMR	tubes.	The	tubes	were	then	capped	with	rubber	NMR	septum	and	
wrapped	with	parafilm.	Spectra	were	taken	without	further	delay	and	compared	to	an	authentic	sample	of	Grubbs	
1	in	CD2Cl2.		

Authentic BCF-Cl 19F{1H} NMR Speciation Study. 

To	a	1-dram	vial	was	added	3.9	mg	of	[IrCp*Cl]2	(0.005	mmol,	1	eq)	and	1.3	mg	tris(pentafluoro)phenylborane	
(BCF)	(0.0025	mmol,	0.5	eq).	The	reaction	was	diluted	to	500	uL	with	CD2Cl2	and	transferred	to	an	NMR	tube.	The	
reaction	was	capped	with	a	rubber	septum	and	wrapped	with	parafilm.	19F{1H}	NMR	spectra	were	taken	without	
delay	and	clean	conversion	of	BCF	to	its	corresponding	BCF-Cl	species	was	observed.	

General control procedure for Grubbs 1 alkylidene consumption study. 

 

Scheme S12. General NMR control reaction for Grubbs 1 kinetics studies. 

To	a	1-dram	vial	was	added	2.4	mg	Grubbs	I	(0.003	mmol,	1	eq)	and	7.91	µL	of	dichloroethane	(DCE)	(0.1	mmol).	
This	solution	was	diluted	to	500	µL	with	CD2Cl2,	at	which	time	it	was	transferred	to	an	NMR	tube,	capped	with	a	
rubber	septum,	and	wrapped	with	parafilm.	The	sample	was	injected	into	a	600	MHz	NMR	to	examine	the	
alkylidene	shift.	Once	the	parent	spectra	were	obtained,	the	sample	was	re-ejected	from	the	probe	and	23.3	µL	of	
cyclooctene	(1.8	mmol)	was	added	via	syringe	through	the	septum.	The	sample	was	quickly	reinjected	into	the	
probe	and	NMR	time	points	were	taken.	Alkylidene	consumption	was	observed	qualitatively,	as	such	further	
propagation	kinetic	studies	were	performed.		

General synthetic procedure for Grubbs 1 alkylidene consumption study. 

 

Scheme S13. General NMR control reaction for Grubbs 1 kinetics studies. 
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To	a	1-dram	vial	was	added	2.4	mg	Grubbs	1	(0.003	mmol,	1	eq),	0.7	mg	BCF	(0.0015	mmol,	0.5	eq)	and	7.91	µL	of	
DCE	(0.1	mmol).	This	solution	was	diluted	to	500	µL	with	CD2Cl2,	at	which	time	it	was	transferred	to	an	NMR	tube,	
capped	with	a	rubber	septum,	and	wrapped	with	parafilm.	The	sample	was	injected	into	a	600	MHz	NMR	to	
examine	the	alkylidene	shift.	Once	the	parent	spectra	were	obtained,	the	sample	was	re-ejected	from	the	probe	and	
23.3	µL	of	cyclooctene	(1.8	mmol)	was	added	via	syringe	through	the	septum.	The	sample	was	quickly	reinjected	
into	the	probe	and	NMR	time	points	were	taken.	Substrate	consumption	was	integrated	with	respect	to	DCE	as	an	
internal	standard.	

General control procedure for Grubbs 1 kinetic study. 

 

Scheme S14. General NMR control reaction for Grubbs 1 kinetics studies. 

To	a	1-dram	vial	was	added	2.4	mg	Grubbs	1	(0.003	mmol,	1	eq)	and	7.91	µL	of	dichloroethane	(DCE)	(0.1	mmol).	
This	solution	was	diluted	to	500	µL	with	CD2Cl2,	at	which	time	it	was	transferred	to	an	NMR	tube,	capped	with	a	
rubber	septum,	and	wrapped	with	parafilm.	The	sample	was	injected	into	a	600	MHz	NMR	to	examine	the	
alkylidene	shift.	Once	the	parent	spectra	were	obtained,	the	sample	was	re-ejected	from	the	probe	and	23.3	µL	of	
cyclooctene	(1.8	mmol)	was	added	via	syringe	through	the	septum.	The	sample	was	quickly	reinjected	into	the	
probe	and	NMR	time	points	were	taken.	Substrate	consumption	was	integrated	with	respect	to	DCE	as	an	internal	
standard.		

General synthetic procedure for Grubbs 1/BCF kinetic study. 

 

Scheme S15.General NMR reaction for Grubbs 1 kinetics studies. 

To	a	1-dram	vial	was	added	2.4	mg	Grubbs	1	(0.003	mmol,	1	eq),	0.7	mg	BCF	(0.0015	mmol,	0.5	eq)	and	7.91	µL	of	
DCE	(0.1	mmol).	This	solution	was	diluted	to	500	µL	with	CD2Cl2,	at	which	time	it	was	transferred	to	an	NMR	tube,	
capped	with	a	rubber	septum,	and	wrapped	with	parafilm.	The	sample	was	injected	into	a	600	MHz	NMR	to	
examine	the	alkylidene	shift.	Once	the	parent	spectra	were	obtained,	the	sample	was	re-ejected	from	the	probe	and	
23.3	µL	of	cyclooctene	(1.8	mmol)	was	added	via	syringe	through	the	septum.	The	sample	was	quickly	reinjected	
into	the	probe	and	NMR	time	points	were	taken.	Substrate	consumption	was	integrated	with	respect	to	DCE	as	an	
internal	standard.	

 
General synthetic procedure for Grubbs 2 kinetic study.	

 

Scheme S16. General NMR control reaction for Grubbs 2 kinetics studies. 

To	a	1-dram	vial	was	added	2.5	mg	Grubbs	IIs	(0.003	mmol,	1	eq)	and	7.91	µL	of	DCE	(0.1	mmol).	This	solution	was	
diluted	to	500	µL	with	CD2Cl2,	at	which	time	it	was	transferred	to	an	NMR	tube,	capped	with	a	rubber	septum,	and	
wrapped	with	parafilm.	The	sample	was	injected	into	a	600	mHz	NMR.	Once	the	parent	spectra	were	obtained,	the	
sample	was	re-ejected	from	the	probe	and	23.3	µL	of	cyclooctene	(1.8	mmol)	was	added	via	syringe	through	the	
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septum.	The	sample	was	quickly	reinjected	into	the	probe	and	NMR	time	points	were	taken.	Substrate	consumption	
was	integrated	with	respect	to	DCE	as	an	internal	standard.	

 

GI-DPPF 1H NMR Spectra 

 

Figure S1. 1H NMR spectrum of GI-DPPF in CDCl3. Spectrum matched literature.4 

 

Figure S2. Downfield  1H NMR spectrum of GI-DPPF in CDCl3. Spectrum matched literature.4 
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Figure S3. 31P NMR spectrum of GI-DPPF in CDCl3. Spectrum matched literature.4 

GI-Xantphos 1H NMR Spectra 

 

Figure S4. 1H NMR spectrum of GI-DPPF in CDCl3. Spectrum matched literature.4 
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Figure S5. Downfield 1H NMR spectrum of GI-Xantphos in CDCl3. Spectrum matched literature.4 

 

Figure S6. 31P NMR spectrum of GI-Xantphos in CDCl3. Spectrum matched literature.4 
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Cp-BCF 1H NMR / 19F{1H} NMR spectra 

 

Figure S7. Cp-BCF 1H NMR spectrum in CDCl3. 
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Figure S8. Cp-BCF 19F{1H} NMR spectrum in CDCl3. 

Table S1. Expanded Initial Screening Data  

 

Table S1. Initial screening data of reaction optimization with decene. a. Determined by GC-MS analysis with toluene as an 
internal standard. 

Entry 1. 1H NMR Conversion Study (Grubbs 1 only) 
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Figure S9. 20h 1H NMR spectrum conversion of Entry 1 with toluene as an internal standard. 

 

Figure S10. 20h GC/MS trace conversion of Entry 1 with toluene as an internal standard. 

Entry 2a: (Grubbs 1 / BCF) Optimized GC/MS Trace at 30 Minutes 
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Figure S11. 30-minute aliquot of optimized G1/BCF reaction by GC/MS with toluene as an internal standard. 

Entry 2b: (Grubbs 1 / BCF) Optimized GC/MS Trace at 60 Minutes 

 

 

Figure S12. 60-minute aliquot of optimized G1/BCF reaction by GC/MS with toluene as an internal standard. 

Entry 2c: (Grubbs 1 / BCF) Optimized GC/MS Trace at 90 Minutes 
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Figure S13. 90-minute aliquot of optimized G1/BCF reaction by GC/MS with toluene as an internal standard.  

Entry 2d: (Grubbs 1 / BCF) Optimized GC/MS Trace at 210 Minutes 

 

 

Figure S14. 210-minute aliquot of optimized G1/BCF reaction by GC/MS with toluene as an internal standard. 
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** As shown, the combination of G1/BCF rapidly converts decene to its corresponding C18 
product with little isomerization, but as time progresses will continue to react and do 
isomerization chemistry. 

Entry 3. 1:0.5 Grubbs 1-BCF GC/MS trace with CDCl3 as solvent. 
 

 

Figure S15. Entry 3. 240 minute aliquot of 1:0.5 GI-BCF in CDCl3.  

Entry 4. 1:1 Grubbs-BCF conversion and isomerization GC/MS trace with toluene as an internal standard. 

 

Figure S16. Entry 4. 240 minute aliquot of 1:1 Grubbs 1/BCF reaction with toluene as an internal standard.  

Entry 5. 1:1:1 Grubbs 1/BCF/PCy3 GC/MS trace. 
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Figure S17.  Entry 5. 210-minute aliquot of 1:1:1 Grubbs 1/BCF/PCy3 additive reaction. Predominant isomerization products 
observed and not further quantified. 

Entry 6. BCF only GC/MS trace. 

 

 

Figure S18. Entry 6. 240-minute aliquot of BCF + Decene reaction with toluene as an internal standard. No metathesis product 
observed. 

Entry 7. 1:0.5 Grubbs 1/NaBArF GC/MS trace. 
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Figure S19. Entry 7. NaBArF activated Grubbs 1. 4h reaction time with toluene as an internal standard. 

 

Entry 8. 1:0.5 Grubbs 1/AgOTs GC/MS trace. 
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Figure S20. Entry 8. AgOTS + Grubbs 1 reaction with toluene as an internal standard GC/MS aliquot. 

 

Entry 9. 1:2 Grubbs 1/BCF GC/MS trace. 
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Figure S21. Entry 9. 240-minute aliquot of 1:2 Grubbs 1/BCF reaction. 10 mol % BCF with 5 mol % Grubbs 1. % Isomerization of 
metathesis products determined relative to C18 peak. Other isomerization products of starting material not included in this 

determination. 

Entry 10. 1:0.5 Grubbs 1/B(OH)3 GC/MS trace. 

 

 

Figure S22. Entry 10. 240-minute aliquot of 2.5 mol % boric acid 5 mol % Grubbs 1 reaction. Shouldered peak at 12.2 minutes is a 
phthalate impurity on the GC/MS column. 
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Entry 11. 1:0.5 Grubbs-DPPF+BCF GC/MS trace. 

 

Figure S23. Entry 11. 240-minute aliquot of 2.5 mol % BCF 5 mol % Grubbs-DPPF reaction. 47% conversion of starting material is 
observed with no isomerization products. 
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Entry 12.  Grubbs-DPPF GC/MS trace. 

 

Figure S24. Entry 12. 240-minute aliquot of 5 mol % Grubbs-DPPF control reaction. No conversion of starting material is 
observed. 
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Entry 13. 5 mol% Grubbs-Xantphos GC/MS trace. 

 

 

Figure S25. Entry 13. 20h aliquot of 5 mol % Grubbs-Xantphos control reaction. No conversion of starting material is observed. 
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Entry 14. 5 mol% Grubbs-Xantphos GC/MS trace. 

 

 

Figure S26. Entry 14. 20h aliquot of 5 mol % Grubbs-Xantphos 2.5 mol % BCF reaction. No conversion of starting material is 
observed. 

 

 

 

 

 

 

 

 

 

 

 



S27 
 

31P{1H} NMR spectrum of 0.5:1 BCF – Grubbs 1. 

 

 

Figure S27. Authentic 31P{1H} NMR spectrum of Grubbs 1 and 0.5 eq of BCF with a sealed capillary of PPh3 as an internal 
standard in CD2Cl2. 

 
31P{1H} NMR spectrum of 0.5:1 H-BCF- Grubbs 1. 

 

Figure S28. 31P{1H} NMR spectrum of 1:0.5 ratio of Grubbs 1/H-BCF speciation in CD2Cl2. 
31P{1H} NMR spectrum of 0.5:1 Cp-BCF- Grubbs 1. 
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Figure S29. 31P{1H} NMR of 1:0.5 Grubbs 1/Cp-BCF adduct in CD2Cl2. 

Cp-BCF - Grubbs 1 phosphine shift by 31P{1H} NMR remains unchanged from parent G1.  
31P{1H} NMR spectrum of NaBarF - Grubbs 1. 

 

Figure S30. 31P{1H} NMR spectrum of 1.5 eq NaBArF to Grubbs 1. Entire phosphine peak converts mostly to 53 ppm phosphine. 
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31P{1H} NMR spectrum of 1:0.5 GI-DPPF + BCF. 

. 

 

Figure S31. 31P{1H} NMR spectrum of 0.5 BCF to GI-DPPF in CD2Cl2. Parent phosphine peak observed with a minor peak at 43 
ppm in a similar ratio of 10:1 to the minor upfield species similarly observed in S17. These integrations are relative, rather than 
quantitative as observed in S17. 

 

Figure S32. Stacked 31P{1H} NMR spectra of Grubbs 1, Grubbs 1 + BCF and an authentic BCF + PCy3 solution in CD2Cl2. 

The 31P{1H} speciation indicates the Grubbs 1 + BCF adduct looks neither like free BCF + 
P(Cy)3 nor free P(Cy)3. The Grubbs 1 + BCF signal does indicate more shielding of the 
phosphine center, likely due to the surrounding BCF bulk. However, this study demonstrates 
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there is no BCF-Phosphine adduct formed in the Grubbs 1 sample, as resonances do not match 
the authentic BCF-P(Cy)3 adduct synthesized in blue. 
19F{1H} NMR Speciation 
19F{1H} NMR spectrum of 1:0.5 Grubbs 1 + BCF. 

 

Figure S33.19F{1H} NMR spectrum of 1:0.5 Grubbs 1/BCF speciation in CD2Cl2. 

19F{1H} NMR spectrum of 1:1 BCF - Grubbs 1. 

 

Figure S34. 19F{1H} NMR spectrum of 1:1 BCF-Grubbs in situ speciation in CD2Cl2. 
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1:1 Grubbs-BCF adduct almost completely converts to a different species, divergent from parent 
BCF and from BCF-Cl adducts. This result highlights the significance of the 1:0.5 ratio of 
Grubbs-BCF in maintaining the purported speciation to achieve controlled metathesis/ROMP. 
19F{1H} NMR spectrum of BCF-P(Cy)3 adduct. 

 

Figure S35. 19F{1H} NMR of an authentic solution of BCF-PCy3 in CD2Cl2. 

Stacked 19F{1H} NMR spectra of Grubbs 1 + BCF and authentic BCF-P(Cy)3 adduct. 

 

 

Figure S36. Stacked 19F{1H} NMR spectrum of Grubbs 1 + BCF and an authentic solution of BCF-PCy3 in CD2Cl2. 
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The 19F{1H} NMR spectrum of Grubbs + BCF indicates the generation of a BCF-Cl adduct, 
which this abstraction has been demonstrated in similar organometallics species in the chemical 
literature. The authentic BCF-P(Cy)3 adduct is complex, and dissimilar to that of the Grubbs 1-
BCF by 19F{1H} NMR, indicating that the phosphine FLP adduct is not formed, but rather a 
[BCF][Cl] is. Moreover, the 19F{1H} NMR spectrum of the authentically made [BCF][Cl] anion 
matches spectroscopically the in situ proposed [BCF][Cl] abstracted from G1. 
19F{1H} NMR spectrum of 0.5:1 H-BCF - Grubbs 1. 

 

Figure S37. 19F{1H} NMR spectrum of 1:0.5 ratio of Grubbs 1/H-BCF speciation in in CD2Cl2. 

19F{1H} NMR spectrum of 1:1 H-BCF – PCy3. 

 

Figure S38. 19F{1H} NMR spectrum of 1:1 PCy3/H-BCF speciation in in CD2Cl2. 
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Stacked 19F{1H} NMR spectra of Grubbs 1 + H-BCF and authentic H-BCF-P(Cy)3 adduct. 

 

Figure S39. Stacked 19F{1H} NMR spectra of authentic H-BCF-PCy3 and H-BCF-G1 in CD2Cl2. 

When a 0.5:1 ratio of H-BCF:G1 was mixed and examined, the 19F{1H} NMR spectrum showed 
a mixture of products. Identifiable peaks were H-BCF chloride, as well as what appears to be the 
H-BCF-PCy3 adduct. The broad peak within the reaction mixture appearing at -161 ppm is 
diagnostic of an anionic borate forming, such as in [H-BCF][Cl]. Overall, this result indicated 
that H-BCF was indeed the most reactive of the three boranes, as noted in the overall reactivity 
profiles, likely capable of abstracting chloride and phosphine concomitantly.   
19F{1H} NMR spectrum of 0.5:1 Cp-BCF- Grubbs 1. 
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Figure S40. 19F{1H} NMR speciation of 1:0.5 Grubbs 1/BCF in CD2Cl2. 

When 0.5/1 Cp-BCF/G1 was mixed and examined the 19F{1H} NMR spectrum revealed the 
parent Cp-BCF 19F{1H} NMR resonances. No further upfield shifted resonances were observed 
to indicate a [Cp-BCF][Cl] was formed, nor was any complex mixture of products observed, as 
was the case with H-BCF.  

[IrCp*Cl2]2 + BCF 19F{1H} NMR spectrum. 

 

Figure S41. 19F{1H} NMR spectrum of authentically made BCF-Cl from the addition of [IrCp*Cl2]2 to BCF in CD2Cl2. 

 

 



S35 
 

GI-DPPF + 0.5 eq BCF 19F{1H} NMR spectrum. 

 

Figure S42. 19F{1H} NMR spectrum of GI-DPPF + 0.5 eq BCF. Shifts and integrations demonstrate full conversion to the [BCF][Cl] 
anion observed in the other speciation studies. 
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Analogous BCF-Cl 19F NMR precedent.3 

  

Figure S43. Analogous BCF-Cl 19F{1H} NMR spectrum reported in the chemical literature.3 
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In Situ 11B{1H} NMR spectrum of 1:0.5 Grubbs 1 - BCF. 

 

Figure S44. In Situ 11B{1H} NMR spectrum of Grubbs 1 + BCF in CD2Cl2. 

The spectrum reveals a singlet by 11B{1H} NMR rather than a conventional P coupled doublet. Moreover, 
the diagnostic BCF peak at 59 ppm is consumed.  

In Situ 11B{1H} NMR spectrum of the authentic 1:1 BCF + PCy3 adduct. 

 

 

Figure S45. In Situ 11B{1H} NMR spectrum of the authentic BCF + PCy3 in CD2Cl2. 
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The spectrum of the authentic PCy3-BCF adduct shows a clear P coupled doublet by 11B{1H} NMR. This 
doublet is quite diagnostic in identifying FLP-type activity between borane and phosphines. The absence 
of this doublet in the BCF-G1 spectrum provides further insight into its speciation.  

In Situ 11B{1H} NMR spectrum of the authentic 1:1 H-BCF + PCy3 adduct. 

 

Figure S46. In Situ 11B{1H} NMR spectrum of the authentic BCF + PCy3 in CD2Cl2. Two discrete species revealed by the 11B{1H} NMR 
spectrum, in accordance with the observed 1:1 [H-BCF][Cl]:[H-BCF][PCy3] speciation.  

In Situ 11B{1H} NMR spectrum of the authentic 0.5:1 BCF + GI-DPPF adduct. 

 

Figure S47. In Situ 11B{1H} NMR spectrum of the authentic 0.5 eq BCF + GI-DPPF in CD2Cl2. The one peak revealed by the 11B{1H} 
NMR spectrum is accordance with the Gi-BCF [BCF][Cl] speciation.  
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In Situ mass spectrometry of reaction mixture. 

 

Figure S48. Mass spectrum of chloride abstracted monomeric Grubbs 1 species. High-resolution mass spectrometry data was 
obtained on a Bruker Daltonics 12T Apex Qe FTICR-MS using an Apollo II positive mode electrospray ionization (ESI) in picometer 
concentrations using MeCN as the solvent. 

 

Figure S49. Mass spectrum of the chloride abstracted and phosphine dissociated monomeric Grubbs 1 species. High-resolution 
mass spectrometry data was obtained on a Bruker Daltonics 12T Apex Qe FTICR-MS using an Apollo II positive mode 
electrospray ionization (ESI) in picometer concentrations using MeCN as the solvent. 
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Conventional Metathesis Catalytic Cycle and Decomposition 

 

Figure S50. Conventional metathesis catalytic cycle facilitated by phosphine dissociation. Decomposition mediated by phosphine 
reinsertion into the pendant alkylidene. 

Proposed Metathesis Catalytic Cycle via Chloride Abstraction  

 

Figure S51. Modified metathesis catalytic cycle facilitated by chloride abstraction. Decomposition proposed to be reduced by 
disfavoring phosphine dissociation and thereby preventing the necessary reinsertion of it into the pendant alkylidene. Formal 
cationic ruthenium center proposed to improve olefin affinity. BCF chloride omitted for clarity but can be considered to stabilize 
the cationic Ru center as a weakly coordinating anion.  
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Alkylidene Consumption Studies 

Zoomed Alkylidene Spectra 

 

Figure S52. Experimental alkylidene consumption study to monitor catalyst resting state. 

  

Figure S53. Control alkylidene consumption study to monitor catalyst resting state. 

Alkylidene studies reveal near-immediate consumption of the parent G1 alkylidene proton 
resonance in both the control and the experimental reactions. This result indicated that both the 
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BCF-Grubbs adduct, and Grubbs 1 alone initiated at effectively the same rate. With initiation 
being the same, it brought us to hypothesize the increased reactivity was afforded to an increased 
rate of propagation of this reaction, necessarily inviting the conversion kinetic studies vide infra. 

Conversion Studies 

Kinetic Data Spectra 

 

Figure S54. Control ROMP kinetic data stacked 1H NMR spectra. 
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Figure S55. Catalytic ROMP kinetic data stacked 1H NMR spectra. 

Kinetic Data 

 

Figure S56. Tabulated kinetic data for reaction of G1-BCF and of G1 alone. Mass balance, peaks, times, all present. 
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Figure S57. Plotted kinetic data of G1 alone in the ROMP of COE. R2 = 0.9984. 

 

Figure S58. Plotted kinetic data of BCF-Grubbs system in the ROMP of COE. R2 = 0.9557. 

 

Experimental Rate Constants 

G1 

ln [A]t / ln [A]₀ = -kt 

k = (-1.733868/0.59713175)/20 

k = 0.11655 
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R² = 0.9984
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G1/BCF 

ln [A] / ln [A]₀ = -kt 

k = (-2.864704/ 0.74839265)/20 

k = 0.18065 

Percent Increase in Rate = (kG1/BCF - kG1) / (kG1) * 100 

= (0.18065 - 0.11655) / 0.11655 * 100 

= 55% increase  

 

TON 

TON = mols substrate / mols catalyst 

= 1.8 mmol COE / 0.003 mmol G1 

 TON = 600 

 

TOF = TON/Time 

TOFG1/BCF = TON / Time  

= 600 / 20 min  

TOFG1/BCF = 30 / min 

 

TOFG1 = TON / Time 

= 600 / 35 min   

TOFG1 = 17.14 / min 
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GPC Data 
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Cyclopentene Control 

 

Figure S59. Astra report of cyclopentene ROMP control. 
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Figure S60. Refractive index (RI) of cyclopentene control reaction. 
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Cyclopentene BCF/G1 

 

Figure S61. Astra report of G1-BCF ROMP of cyclopentene. 
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Figure S62. Refractive index (RI) of BCF-G1 catalyzed ROMP of cyclopentene. 
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Figure S63. Glass transition point of G1-BCF catalyzed ROMP of cyclopentene obtained by differential scanning calorimetry 
(DSC). 
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Cyclopentene Cp-BCF / G1 

 

Figure S64. Astra report of cp-BCF-G1 catalyzed ROMP of cyclopentene. 



S53 
 

 

Figure S65. Refractive index of cp-BCF-G1 catalyzed ROMP of cyclopentene. 
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Figure S66.Glass transition point of Cp-BCF-G1 catalyzed ROMP of cyclopentene obtained by differential scanning calorimetry 
(DSC). 
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Cyclopentene H-BCF/G1 

 

Figure S67. Astra report of H-BCF-G1 catalyzed ROMP of cyclopentene. 
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Figure S68. Refractive index of H-BCF-G1 catalyzed ROMP of cyclopentene. 
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Figure S69.Glass transition point of H-BCF-G1 catalyzed ROMP of cyclopentene obtained by differential scanning calorimetry 
(DSC). 
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Cyclopentene NaBArF/G1 

 

Figure S70. Astra report of NaBArF-G1 catalyzed ROMP of cyclopentene. 
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Figure S71. Refractive index (RI) of NaBArF-G1 catalyzed ROMP of cyclopentene. 

 

Figure S72. Glass transition point of G1-NaBArF catalyzed ROMP of cyclopentene obtained by differential scanning calorimetry 
(DSC). 
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Cyclooctene Control 

 

Figure S73. Astra report of G1 catalyzed ROMP of cyclooctene. 
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Figure S74. Refractive index of G1 catalyzed ROMP of COE. 
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Figure S75. Glass transition point of G1-BCF catalyzed ROMP of COE obtained by differential scanning calorimetry (DSC). 
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Cyclooctene BCF/G1 

 

Figure S76. Astra report of BCF/G1 catalyzed ROMP of COE. 
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Figure S77. Refractive index of BCF/G1 catalyzed ROMP of COE. 
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Figure S78. Glass transition point of G1-BCF catalyzed ROMP of COE obtained by differential scanning calorimetry (DSC). 
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Cyclooctene Cp-BCF/G1 

 

Figure S79. Astra report of Cp-BCF-G1 catalyzed ROMP of COE. 
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Figure S80. Refractive index of Cp-BCF-G1 catalyzed ROMP of COE. 

 

Figure S81. Glass transition point of Cp-BCF-G1 catalyzed ROMP of COE obtained by differential scanning calorimetry (DSC). 
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Cyclooctene H-BCF/G1 

 

Figure S82. Astra report of H-BCF-G1 catalyzed ROMP of COE. 
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Figure S83. Refractive index of H-BCF-G1 catalyzed ROMP of COE. 
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Figure S84. Glass transition point of H-BCF-G1 catalyzed ROMP of COE obtained by differential scanning calorimetry (DSC). 
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Cyclooctene NaBArF/G1 

 

Figure S85. Astra report of NaBArF-G1 catalyzed ROMP of COE. 
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Figure S86. Refractive index of NaBArF-G1 catalyzed ROMP of COE. 

 

Figure S87. Glass transition point of NaBArF-G1 catalyzed ROMP of COE obtained by differential scanning calorimetry (DSC). 
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Calibration Curve 

 

 
Figure S88. Calibration curve of polystyrene. 
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Polymer 1H and 13C NMR spectra 

1. Cyclopentene Control 1H NMR spectrum 

 

Figure S89. Cyclopentene Control 1H NMR spectrum in CDCl3. 
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Cyclopentene Control 13C NMR spectrum 

 

 

Figure S90. Cyclopentene Control 13C NMR spectrum in CDCl3. 
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1. Cyclopentene + BCF 1H NMR Spectrum 

 

Figure S91. 1H NMR spectrum of BCF-G1 catalyzed ROMP of cyclopentene in CDCl3. 

Cyclopentene + BCF 13C NMR Spectrum 

 

 

Figure S92. 13C NMR spectrum of BCF-G1 catalyzed ROMP of cyclopentene in CDCl3. 
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1. Cyclopentene + H-BCF 1H NMR Spectrum 

 

Figure S93. 1H NMR spectrum of H-BCF-G1 catalyzed ROMP of cyclopentene in CDCl3. 

Cyclopentene + H-BCF 13C NMR Spectrum 

 

Figure S94. 13C NMR spectrum of H-BCF-G1 catalyzed ROMP of cyclopentene in CDCl3. 
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Cyclopentene + Cp-BCF 1H NMR Spectrum 
 

 

Figure S95. 1H NMR spectrum of Cp-BCF-G1 catalyzed ROMP of cyclopentene in CDCl3. 

 
 
Cyclopentene + Cp-BCF 13C NMR spectrum 
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Figure S96. 13C NMR spectrum of Cp-BCF-G1 catalyzed ROMP of cyclopentene in CDCl3. 

Cyclopentene + NaBArF 1H NMR spectrum 

 

Figure S97. 1H NMR spectrum of NaBArF-G1 catalyzed ROMP of cyclopentene in CDCl3. 
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Cyclopentene + NaBArF 13C NMR spectrum 

 

Figure S98. 13C NMR spectrum of NaBArF-G1 catalyzed ROMP of cyclopentene in CDCl3. 

Cyclooctene Control 1H NMR spectrum 

 

Figure S99. 1H NMR spectrum of G1 catalyzed ROMP of COE in CDCl3. 
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  Cyclooctene Control 13C NMR spectrum 

 

Figure S100. 13C NMR spectrum of G1 catalyzed ROMP of COE in CDCl3. 

Cyclooctene + BCF Spectra 
 
Cyclooctene + BCF 1H NMR Spectrum 
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Figure S101. 1H NMR spectrum of BCF-G1 catalyzed ROMP of COE in CDCl3. 

Cyclooctene + BCF 13C NMR spectrum 

 

Figure S102. 13C NMR spectrum of BCF-G1 catalyzed ROMP of COE in CDCl3. 
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Cyclooctene + H-BCF Spectra 

    Cyclooctene + H-BCF 1H NMR spectrum 

 

Figure S103. 1H NMR spectrum of H-BCF-G1 catalyzed ROMP of COE in CDCl3. 
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Cyclooctene + H-BCF 13C NMR spectrum 

 

Figure S104. 13C NMR spectrum of H-BCF-G1 catalyzed ROMP of COE in CDCl3. 
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Cyclooctene + Cp-BCF spectra 
 
   Cyclooctene + Cp-BCF 1H NMR spectrum 

 

Figure S105. 1H NMR spectrum of Cp-BCF-G1 catalyzed ROMP of COE in CDCl3. 
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Cyclooctene + Cp-BCF 13C NMR spectrum

 

Figure S106. 13C NMR spectrum of Cp-BCF-G1 catalyzed ROMP of COE in CDCl3. 

Cyclooctene + NaBArF spectra 
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Cyclooctene + NaBArF 1H NMR spectrum 

 

Figure S107. 1H NMR spectrum of NaBArF-G1 catalyzed ROMP of COE in CDCl3. 

 
Cyclooctene + NaBArF 13C NMR spectrum 

 

Figure S108. 13C NMR spectrum of NaBArF-G1 catalyzed ROMP of COE in CDCl3. 
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