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Synthesis	of	Bis(2-pyridylthio)methyl	Zinc	Hydride	and	Catalytic	
Hydrosilylation	and	Hydroboration	of	CO2	
Daniel	G.	Shlian,	Erika	Amemiya	and	Gerard	Parkin*		

The	 reactions	 of	 bis(2-pyridylthio)methane	 with	 Me2Zn	 and	
Zn[N(SiMe3)2]2	 afford	 [Bptm]ZnMe	 and	 [Bptm]ZnN(SiMe3)2,	
thereby	 providing	 access	 to	 a	 variety	 of	 other	 [Bptm]ZnX	
derivatives,	 including	the	zinc	hydride	complex	[Bptm]ZnH,	which	
serves	 as	 a	 catalyst	 for	 the	 reduction	 of	 CO2	 and	 other	 carbonyl	
compounds	via	hydrosilylation	and	hydroboration.			

Although	 the	ubiquity	of	 carbon	dioxide	prompts	 its	 use	 as	 a	
renewable	C1	 source	 for	 the	synthesis	of	value-added	organic	
chemicals,	the	utility	of	CO2	is	hampered	by	its	thermodynamic	
stability	and	kinetic	resistance	to	undergo	transformations.		As	
such,	 there	 is	 considerable	 interest	 in	 developing	 catalytic	
processes	 for	 converting	 CO2	 into	 more	 useful	 compounds,	
especially	 systems	 in	which	 the	 catalysts	 feature	nonprecious	
metals.	 	 Therefore,	 we	 describe	 here	 the	 synthesis	 of	 a	 zinc	
hydride	compound	and	its	ability	to	serve	as	a	catalyst	for	both	
the	 hydrosilylation	 and	 hydroboration	 of	 CO2.	 	 Such	 studies	
complement	systems	that	are	devoid	of	a	Zn–H	bond.1	
	 We	 previously	 described	 the	 use	 of	 the	 tripodal	
tris(pyrazolyl)hydroborato	 ligand	 system	 to	 enable	 the	
isolation	 of	 the	 first	monomeric	 terminal	 hydride	 complex	 of	
zinc,	namely	[TpBu

t
]ZnH,	and	a	variety	of	other	 [TpR,R’]ZnX	and	

related	derivatives.2		Subsequently,	we	demonstrated	that	the	
tris(2-pyridylthio)methyl	 ligand,	 [Tptm],	 could	 also	 afford	 a	
terminal	zinc	hydride	complex	and	other	[Tptm]ZnX	derivatives	
but,	 in	 contrast	 to	 the	 [TpR,R’]ZnX	 system,	 the	 [Tptm]	 ligand	
may	 coordinate	 via	 either	 two	 or	 three	 nitrogen	 donors,	
depending	 upon	 the	 identity	 of	 X.3	 	 For	 example,	 while	 the	
hydride	 complex,	 [Tptm]ZnH,	 exhibits	 coordination	 via	 only	
two	 pyridyl	 donors,	 the	 formate	 derivative,	 [Tptm]ZnO2CH,	
exhibits	 coordination	 via	 three	 pyridyl	 groups	 (Fig.	 1).	 	 Since	
this	variability	in	coordination	mode	of	the	[Tptm]	ligand	could	
influence	reactivity,	we	considered	it	pertinent	to	investigate	a	
related	 system	 that	 possesses	 only	 two	 pyridyl	 donors.		
Therefore,	 we	 sought	 to	 utilize	 bis(2-pyridylthio)methane	

([Bptm]H)	 to	 afford	 a	 zinc	 hydride	 complex,	 [Bptm]ZnH,	 and	
examine	its	reactivity	and	catalytic	applications.	
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Fig.	1	Coordination	of	[Tptm]	and	[Bptm]	ligands.		
	 Access	 to	 [Bptm]ZnX	 complexes	 is	 provided	 via	 the	
reactions	of	 [Bptm]H4	with	Me2Zn	and	Zn[N(SiMe3)2]2	 to	yield	
[Bptm]ZnMe	and	[Bptm]ZnN(SiMe3)2,	respectively	(Scheme	1).			
The	 molecular	 structures	 of	 [Bptm]ZnMe	 and	
[Bptm]ZnN(SiMe3)2	 (Fig.	 2)	 have	 been	 determined	 by	 X-ray	
diffraction,	 which	 demonstrate	 that	 the	 [Bptm]	 ligand	
coordinates	 with	 a	 κ3-mode	 and	 serves	 as	 a	 L2X	 ligand	
according	to	the	covalent	bond	classification.5			
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Scheme	1	Access	to	[Bptm]ZnX	compounds	

	
Fig.	 2	Molecular	 structures	 of	 [Bptm]ZnX	 (X	 =	Me,	N(SiMe3)2,	
H)	
	 As	 anticipated,	 the	 coordination	 geometries	 of	
[Bptm]ZnMe	and	[Bptm]ZnN(SiMe3)2	closely	resemble	those	of	
[κ3-Tptm]ZnX	derivatives.3a		For	example,	the	Zn–C	[2.057(4)	Å]	
and	Zn–N	[2.119(3)	Å	and	2.120(3)	Å]	bond	lengths	associated	
with	the	[Bptm]	 ligand	of	 [Bptm]ZnMe	are	comparable	to	the	
respective	 values	 for	 [κ3-Tptm]ZnMe	 [2.098(2)	 Å,	 2.077(2)	 Å	
and	2.101(2)	Å,	respectively].	
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	 The	most	interesting	aspect	of	the	structures	of	[Bptm]ZnX,	
however,	 is	 the	 presence	 of	 the	 Zn–C	 bonds.	 	 Specifically,	
although	 [Bptm]H	has	been	employed	 to	 synthesize	 a	 variety	
of	complexes,	the	products	obtained	are	almost	exclusively	of	
the	type	{κ2-[Bptm]H}MX2,	 in	which	the	 ligand	serves	as	an	L2	
donor	such	that	the	compounds	are	devoid	of	an	M–C	bond.6,7		
Thus,	 while	 the	 Zn–N	 bond	 lengths	 of	 [Bptm]ZnMe	 and	
[Bptm]ZnN(SiMe3)2	 are	 similar	 to	 those	 in	 {κ2-[Bptm]H}ZnX2	
complexes,	the	Zn–C	distances	are	very	different;	for	example,	
the	Zn–C[Bptm]	bond	length	of	[Bptm]ZnMe	[2.057(4)	Å]	is	much	
shorter	 than	 the	 nonbonded	 Zn•••C	 distance	 within	 {κ2-
[Bptm]H}ZnX2	 [3.79	 Å	 –	 3.87	 Å].

6c,d	 	 Accompanying	 this	
variation	 in	 Zn•••C	 distances,	 the	 [Bptm]	 and	 {[Bptm]H}	
ligands	 adopt	 different	 conformations	 of	 the	 pyridyl	 groups	
such	 that	 the	 N–Zn–N	 bond	 angles	 for	 [Bptm]ZnMe	 and	
[Bptm]ZnN(SiMe3)2	are	significantly	smaller	than	those	for	{κ2-
[Bptm]H}ZnX2.	 	As	 an	 illustration,	 the	N–Zn–N	bond	angle	 for	
[Bptm]ZnMe	 is	 99.51(10)˚	 whereas	 the	 corresponding	 values	
for	{κ2-[Bptm]H}ZnX2	derivatives	are	in	the	range	122.87(16)˚	–	
125.23(11)˚.6c,d	
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Scheme	2.	Synthesis	and	reactivity	of	[Bptm]ZnH	
	 	[Bptm]ZnN(SiMe3)2	 provides	 access	 to	 a	 variety	 of	 other	
[Bptm]ZnX	 derivatives	 (Scheme	 2).	 	 For	 example,	
[Bptm]ZnN(SiMe3)2	 undergoes	 metathesis	 with	 Ph3SiOH	 	 to	
afford	the	siloxide,	 [Bptm]ZnOSiPh3,	and	with	Me3SnX	(X	=	Cl,	
Br,	 I)	 and	 Me3SiX	 (X	 =	 Cl,	 Br,	 I)	 to	 afford	 the	 corresponding	
halide	 derivatives,	 [Bptm]ZnX.	 	 The	 molecular	 structures	 of	
[Bptm]ZnX	 (X	 =	Cl,	 Br,	 I,	NCO,	OSiPh3)	 have	been	determined	
by	X-ray	diffraction	and	the	structure	of	[Bptm]ZnOSiPh3	is	not	
only	 of	 interest	 because	 there	 are	 few	 structurally	
characterized	zinc	compounds	with	a	terminal	triphenylsiloxide	
ligand,	 but	 also	 because	 the	 Zn–O–SiPh3	 bond	 angle	
[135.09(9)˚]	 is	 the	 smallest	 reported,8	 with	 some	 examples	
possessing	 an	 almost	 linear	 motif.9	 	 Moreover,	 terminal	
trimethylsiloxide	zinc	complexes	are	also	typically	linear,10	with	
an	 average	 Zn–O–Si	 bond	 angle	 of	 171.75˚	 for	 structurally	
characterized	 compounds	 listed	 in	 the	 Cambridge	 Structural	
Database	(CSD).11	
	 In	addition	to	simple	metathesis	reactions,	the	Zn–N	bond	
is	 also	 subject	 to	 insertion	of	CO2	 to	 generate	 the	 isocyanate	
derivative	 [Bptm]ZnNCO	 (Scheme	 2)	 via	 a	 sequence	 that	 is	
proposed	 to	 occur	 via	 the	 initial	 insertion	 of	 CO2	 into	 the	
Zn-N(SiMe3)2	 bond.12	 The	 most	 significant	 reactivity	 of	
[Bptm]ZnN(SiMe3)2,	however,	is	that	it	enables	the	synthesis	of	

the	 zinc	 hydride	 complex,	 [Bptm]ZnH,	 upon	 treatment	 with	
pinacolborane	(HBpin)	at	room	temperature.	The	formation	of	
[Bptm]ZnH	 by	 the	 use	 of	 HBpin	 is	 of	 note	 because	 Zn–
N(SiMe3)2	 bonds	 are	 not	 typically	 cleaved	 by	 hydrosilanes	 at	
room	temperature	to	afford	terminal	hydride	compounds;	for	
example,	elevated	temperatures	are	employed	to	achieve	the	
reaction	of	Zn[N(SiMe3)2]2	with	PhSiH3	in	the	presence	of	IPr.

13		
Thus,	 the	 metathesis	 of	 Zn–N(SiMe3)2	 bonds	 with	 HBpin	
provides	 a	 new	 approach	 for	 the	 synthesis	 of	 terminal	 zinc	
hydride	compounds	that	complements	 the	methods	currently	
employed.14	 In	 addition	 to	 metathesis	 of	 [Bptm]ZnN(SiMe3)2	
with	HBpin,	[Bptm]ZnH	can	also	be	obtained	via	the	reactions	
of	[Bptm]ZnOSiPh3	with	either	PhSiH3	or	HBpin.	
	 The	 hydride	 complex	 [Bptm]ZnH	 has	 been	 characterized	
structurally	 by	 X-ray	 diffraction	 (Fig.	 2)	 in	 two	 different	
crystallographic	forms	and	the	average	Zn–H	bond	length	(1.55	
Å)	 is	 comparable	 to	 the	 mean	 value	 of	 structurally	
characterized	 compounds	 listed	 in	 the	 CSD.11			
Spectroscopically,	[Bptm]ZnH	is	identified	by	a	signal	at	δ	5.48	
in	the	1H	NMR	spectrum	and	an	absorption	at	1742	cm-1	in	the	
IR	spectrum.			
	 As	expected,	 the	Zn–H	bond	of	 [Bptm]ZnH	 is	 reactive	and	
undergoes	metathesis	reactions	with	Me3SiX	(X	=	NCO,	Cl,	Br,	I)	
and	Me3SnX	(X=	Cl,	Br,	I)	to	afford	[Bptm]ZnX	(X	=	NCO,	Cl,	Br,	
I).		In	addition,	[Bptm]ZnH	undergoes	insertion	of	CO2	to	afford	
the	 formate	complex,	 [Bptm]ZnO2CH.

15	 	The	 formate	 ligand	 is	
known	 to	 coordinate	 to	 zinc	 via	 both	 bridging	 and	 terminal	
modes,16	 and	 X-ray	 diffraction	 (Fig.	 3)	 clearly	 demonstrates	
that	 [Bptm]ZnO2CH	 adopts	 the	 latter	 motif.	 	 Furthermore,	
consideration	of	the	Zn–O	distances	indicates	that	the	formate	
ligand	 coordinates	 in	 a	 monodentate	 rather	 than	 bidentate	
mode.		Specifically,	the	Zn–O	distances	of	1.941	Å	and	2.846	Å	
differ	 by	 0.905	 Å,	 which	 is	 much	 greater	 than	 the	 minimum	
threshold	of	0.60	Å	for	assigning	monodentate	coordination.17-
19	 	 In	 this	 regard,	 the	 formate	 ligand	 of	 the	 [Tptm]ZnO2CH	
counterpart,	 with	 a	 difference	 of	 0.634	 Å	 exhibits	 a	 greater	
degree	of	bidentate	character,	despite	the	fact	that	the	[Tptm]	
ligand	coordinates	via	three	pyridyl	groups.	

	
Fig.	 3	 Molecular	 structures	 of	 [Bptm]ZnOSiPh3	 and	
[Bptm]ZnO2CH	
	 Monomeric	 terminal	 zinc	 hydride	 compounds2,14	 are	 an	
interesting	class	of	molecules	that	have	relevance	for	providing	
catalytic	 systems	 that	 are	distinct	 from	 the	multifarious	 roles	
played	by	 zinc	 centers	 in	biological	 systems	 in	which	 the	 zinc	
centers	 typically	 serve	 as	 Lewis	 acids.	 Therefore,	 we	 have	
investigated	 the	 catalytic	 applications	 of	 [Bptm]ZnH	 with	
respect	to	reduction	reactions.		In	this	regard,	the	reduction	of	
CO2	is	an	important	objective,	not	only	because	it	facilitates	its	
use	as	a	renewable	C1	source	for	the	synthesis	of	value-added	
organic	 chemicals,	 but	 also	 because	 it	 contributes	 to	 abating	
the	increasing	 levels	of	carbon	dioxide	in	the	atmosphere.20,21		
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However,	since	the	reduction	of	CO2	to	formic	acid	by	addition	
of	 the	H–H	bond	 is	 thermodynamically	 unfavorable,	we	 have	
investigated	hydrosilylation	for	which	the	addition	of	the	Si–H	
bond	is	favorable.22	
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Scheme	3.	Hydrosilylation	and	hydroboration	of	CO2	and	
carbonyl	compounds	catalyzed	by	[Bptm]ZnH	
	 Significantly,	 [Bptm]ZnH	 serves	 as	 a	 catalyst	 for	 the	
hydrosilylation	 of	 CO2	 by	 (RO)3SiH	 (R	 =	Me,	 Et)	 to	 afford	 the	
silyl	 formate,	 HCO2Si(OR)3	 (Scheme	 3).	 	 However,	 since	 the	
transformation	 requires	 elevated	 temperatures,	 we	
investigated	 another	 approach	 to	 reduce	 CO2	 and	 have	
discovered	 that	 [Bptm]ZnH	 catalyzes	 the	 room	 temperature	
hydroboration	of	CO2	by	HBpin	to	afford	HCO2Bpin	(TOF	=	0.43	
h–1).		This	transformation	is	noteworthy	because,	in	contrast	to	
hydrosilylation,23	 the	 use	 of	 zinc	 hydride	 complexes	 as	
catalysts	 for	 the	hydroboration	of	CO2	has	received	very	 little	
attention,24,25	with	there	being	only	two	reports	of	the	use	of	
zinc	 catalysts	 for	 the	 selective	 formation	 of	 HCO2Bpin.

24a,b,26		
Furthermore,	 the	observation	emphasizes	 that	 hydroboration	
of	CO2	 is	more	 facile	 than	hydrosilylation,	which	 is	 significant	
because	 there	 are	 few	 such	 direct	 comparisons	 of	
hydroboration	 and	 hydrosilylation	 of	 CO2.

27,28	 Undoubtedly,	
the	availability	of	a	2p	orbital	on	the	three-coordinate	boron	of	
HBpin	 provides	 means	 to	 coordinate	 to	 a	 formate	 oxygen	
atom,29	and	thereby	facilitate	Zn–O/B–H	bond	metathesis.	
	 In	 addition	 to	 reducing	 CO2	 to	 the	 formic	 acid	 level,	 it	 is	
also	possible	 to	 reduce	 it	 to	 the	methanol	 level.	 	 Specifically,	
upon	 removing	 the	 CO2	 atmosphere,	 the	 formate	 compound	
HCO2Bpin	 reacts	 further	 with	 HBpin	 to	 form	 the	 methoxy	
derivative	 MeOBpin,	 accompanied	 by	 formation	 of	 O(Bpin)2	
(Scheme	 3).	 	 In	 this	 regard,	 the	 zinc	 formate	 complex	
[Bptm]ZnO2CH	also	reacts	with	HBpin	at	room	temperature	to	
form	 the	 methoxy	 derivative,	 MeOBpin.	 The	 formation	 of	
MeOBpin	 is	 postulated	 to	 occur	via	a	 sequence	 that	 involves	
the	reaction	of	[Bptm]ZnO2CH	with	HBpin	to	form	a	borylacetal	
derivative,	 [Bptm]ZnOCH2OBpin,	 which,	 in	 the	 presence	 of	
excess	 HBpin,	 transforms	 to	 MeOBpin	 and	 the	 zinc	 borate	
ester,	 [Bptm]ZnOBpin;	 subsequent	 metathesis	 of	
[Bptm]ZnOBpin	with	HBpin	would	 regenerate	 [Bptm]ZnH	 and	
release	O(Bpin)2.

30,31	
	 In	 addition	 to	 hydroboration	 of	 CO2,	 [Bptm]ZnH	 also	
catalyzes	the	hydroboration	of	carbonyl	compounds,25b	namely	
PhCHO,	Ph2CO,	and	PhC(O)Me.32	 	While	not	common,	there	is	

precedent	for	the	use	of	zinc	compounds	as	catalysts	for	such	
transformations.33		
	 Significantly,	 these	 hydroboration	 reactions	 catalyzed	 by	
[Bptm]ZnH	 are	 also	 more	 facile	 than	 corresponding	
hydrosilylation	reactions.33a		For	example,	addition	of	Ph2CO	to	
a	mixture	of	HBpin	and	PhSiH3	 in	 the	presence	of	 [Bptm]ZnH	
results	 in	 the	 initial	 formation	 of	 Ph2CH(OBpin),	 followed	 by	
slower	formation	of	PhSiH2(OCHPh2)	and	PhSiH(OCHPh2)2.

34	
	 In	 summary,	 the	 reactions	 of	 bis(2-pyridylthio)methane	
with	 Me2Zn	 and	 Zn[N(SiMe3)2]2	 afford	 [Bptm]ZnMe	 and	
[Bptm]ZnN(SiMe3)2,	which	thereby	provide	access	to	a	variety	
of	 other	 [Bptm]ZnX	 derivatives.	 	 Of	 particular	 relevance,	 the	
reaction	 of	 [Bptm]ZnN(SiMe3)2	 with	 HBpin	 produces	
[Bptm]ZnH,	 which	 is	 a	 new	 approach	 for	 synthesizing	 zinc	
hydride	 compounds.	 	 The	 Zn–H	 bond	 of	 [Bptm]ZnH	 bond	 is	
reactive	 towards	 a	 variety	 of	 substrates,	 which	 thereby	
provides	a	means	for	it	to	serve	as	a	catalyst	for	the	reduction	
of	CO2	and	other	carbonyl	compounds	via	hydrosilylation	and	
hydroboration,	with	the	latter	being	more	facile.	
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