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I. Proposed	Mechanism	

Mechanistically,	 the	 metal-catalyzed	 [2+2+2]	 cycloaddition	 has	 been	 thoroughly	

studied	 in	 the	 presence	of	 several	metals.	Nevertheless,	 as	 described	 in	 the	 Scheme	

below,	one	important	feature	concerns	the	regioselectivity	of	the	ruthenium-catalyzed	

process,	e.g.,	 the	 formation	of	 the	major	 isomer	D	versus	D’.	 Following	 in	 situ	 ligand	

de-coordination	 and	 coordination	 of	 1,6-diyne,	 the	 oxidative	 coupling	 of	 the	 two	

alkyne	units	leads	to	a	ruthanacyclopentadiene	A’	or	its	canonical	form	A.1,2	 The	next	

elemental	step	determines	the	regioselectivity	of	the	reaction.	Indeed,	coordination	of	

cyanamide	gives	intermediates	B	or	B’.	The	origin	of	the	observed	regiochemistry	can	

be	 reasonably	explained	by	 the	 steric	hindrance	of	 the	amino	part	of	 the	 cyanamide	

and	the	steric	bulkiness	at	α-positions	of	ruthenacyclopentadiene	intermediate	due	to	

the	Cp*	ligand,	leading	to	the	favourable	formation	of	B.	Insertion	of	cyanamide	at	the	

less	hindered	position	of	 the	 intermediate	B	gives	 rise	 to	azaruthenacyclopentadiene	

intermediate	 C,	 which	 upon	 reductive	 elimination	 subsequently	 affords	 the	

2-aminopyridine	 product	D.	When	 the	 1,6-diyne	 is	 substituted	 by	 two	 very	 hindered	

groups	 (Table	 1,	 entries	 14-16),	 no	 reaction	was	 observed.	 A	 hydrogen	 atom	 and/or	

methyl	group	as	substituent	of	the	alkynes	are	fully	compatible	with	the	cycloaddition	

process	 and	 favour	 the	 formation	 of	 the	 major	 intermediate	 B	 (Table	 2).	 This	

mechanism	is	therefore	in	agreement	with	the	experimental	data.	

																																																								
1	 For	the	intervention	of	Ru-biscarbenic	intermediates,	see:	(a)	M.	O.	Albers,	D.	J.	A.	de	Waal,	D.	C.	Liles,	D.	J.	
Robinson,	E.	Singleton	and	M.	B.	Wiege,	J.	Chem.	Soc.	Chem.	Commun.,	1986,	1680;	(b)	Y.	Yamamoto,	T.	Arakawa,	R.	
Ogawa	and	K.	Itoh,	J.	Am.	Chem.	Soc.,	2003,	125,	12143;	(c)	J.	Le	Paih,	F.	Monnier,	S.	Dérien,	P.	H.	Dixneuf,	E.	Clot	
and	O.	Eisenstein,	J.	Am.	Chem.	Soc.,	2003,	125,	11964;	(d)	Y.	Yamamoto,	K.	Hata,	T.	Arakawa	and	K.	Itoh,	Chem.	
Commun.,	2003,	1290.	
2	 Several	attempts	to	support	the	mechanism	by	isolating	the	active	biscarbenic	species	did	not	succeed.	
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II. ORTEP	diagram	for	the	structure	of	compounds	5a	and	10	 	

	
X-ray	structure	of	5a	(CCDC	1559302) 
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X-ray	structure	of	10	(CCDC	1559303) 

 

 



	 S6	

III. NMR	spectra	for	compounds	
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