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Is	hydrohalogenation	markovnikov

The	process	of	adding	hydrohalic	acids	(HCl,	HBr,	HI)	to	alkenes	leads	to	the	formation	of	alkyl	halides	through	a	reaction	known	as	hydrohalogenation.	This	reaction	results	in	the	breakage	of	a	C-C	pi	bond	and	the	formation	of	a	new	C-H	and	C-halogen	bond.	The	addition	tends	to	occur	such	that	the	halogen	ends	up	attached	to	the	carbon	of	the
alkene	with	the	fewest	hydrogen	atoms,	following	Markovnikov’s	Rule.	The	mechanism	involves	the	protonation	of	the	alkene	to	give	a	carbocation	intermediate,	followed	by	the	addition	of	the	halide	to	the	carbocation.	A	more	accurate	reformulation	of	Markovnikov's	rule	is	that	the	addition	of	HX	to	alkenes	will	proceed	through	the	most	stable
carbocation,	which	is	generally	the	more	substituted	carbon	of	the	alkene.	This	reaction	also	occurs	with	alkynes	and	dienes	but	does	not	occur	with	aromatic	rings.	The	table	of	contents	includes	discussions	on	the	reaction	of	alkenes	with	hydrohalic	acids	and	Markovnikov's	Rule,	highlighting	that	the	addition	of	HX	to	alkenes	is	regioselective,
resulting	in	one	constitutional	isomer	being	formed	in	a	higher	proportion	than	the	other.	The	reactions	are	exothermic	due	to	the	difference	between	the	bond	dissociation	energies	of	the	bonds	that	form	and	break.	Strong	acid	is	required	for	these	reactions	to	occur,	with	examples	including	HCl	but	not	NaCl.	The	new	C-halogen	bond	tends	to	form
on	the	most	substituted	carbon	of	the	alkene,	while	the	new	C-H	bond	forms	on	the	carbon	containing	the	most	hydrogens.	Markovnikov's	rule	has	been	observed	for	over	150	years	and	is	based	on	the	halogen	adding	to	the	carbon	of	the	alkene	bonded	to	the	least	number	of	hydrogens.	with	HBr,	we	often	observe	that	the	least	substituted
regioisomer	is	formed	instead!	Later	on,	it	was	discovered	that	peroxides	in	the	solvent	were	responsible	for	this	aberrant	regioselectivity,	leading	to	a	free-radical	process	for	adding	H-Br	to	alkenes.	This	doesn't	occur	with	H-I	or	H-Cl.	Subsequently,	we	describe	addition	reactions	following	this	pattern	as	"Markovnikov-selective",	while	those	that
follow	the	opposite	pattern	are	called	"anti-Markovnikov	selective".	Let's	see	if	you	can	apply	this	pattern	in	the	reaction	of	1-methylcyclopentene	with	H-Cl.	When	adding	H-X	to	alkenes,	we	often	get	a	mix	of	syn	and	anti	addition	products	due	to	the	lack	of	stereoselectivity	in	this	process.	This	leads	to	a	mixture	of	enantiomers	as	well.	Now,	let's	dive
into	the	mechanism	of	hydrohalogenation.	Markovnikov's	work	was	groundbreaking,	but	he	didn't	know	why	the	reaction	tends	to	give	the	more	substituted	product.	It	wasn't	until	Lucas	figured	it	out	in	1924	that	we	understood	the	role	of	alkyl	groups	being	electron	releasing.	The	key	step	is	the	protonation	of	the	alkene	by	strong	acid,	resulting	in	a
new	carbocation.	Depending	on	where	protonation	occurs,	two	different	carbocations	may	be	formed.	For	alkene	reactions	involving	acid	catalysts	like	H-X,	clarity	is	sometimes	a	challenge	–	see	Note	4.	Therefore,	it	is	this	carbocation	intermediate	that	underlies	Markovnikov’s	rule.	Carbocations	have	an	empty	p-orbital	and	readily	accept	electron
pairs	from	present	Lewis	bases	in	solution.	In	the	second	step,	the	best	nucleophile	present	attacks	the	carbocation,	forming	the	alkyl	halide.	To	reiterate:	Markovnikov	did	not	grasp	this	mechanism	during	his	lifetime.	Many	chemists	of	his	time	refused	to	accept	that	carbon	was	tetrahedral.	So	if	you	didn’t	figure	out	this	mechanism	immediately,	it’s
understandable	and	shouldn’t	cause	distress.	The	chemistry	field	is	built	upon	thousands	of	little	experiments	that	eventually	formed	the	framework	we	have	today.	HX	will	give	geminal	dihalides.	For	more	information,	see	Alkyne	Hydrohalogenation.	Dienes	like	1,3-butadiene	react	with	HX	to	form	various	products,	as	explained	in	the	chapter	on
conjugated	systems.	Aromatic	rings	such	as	benzene	do	not	undergo	addition	reactions	with	HX;	instead,	they	tend	to	react	through	substitution,	as	discussed	in	the	article	on	aromaticity.	Carbocations	are	reactive	intermediates	that	combine	easily	with	Lewis	bases,	including	other	alkenes	on	the	same	molecule,	resulting	in	cyclic	molecules.
Examples	of	molecules	synthesized	via	attack	of	alkenes	on	carbocations	include	terpenes.	However,	this	topic	is	not	covered	in	this	article;	for	more	information,	see	the	study	on	lanosterol's	steroid	skeleton.	HCl,	HBr,	and	HI	all	add	to	alkenes,	with	the	alkene	acting	as	a	nucleophile	and	forming	a	bond	with	the	electrophilic	proton	of	the	acid.	The
reaction	follows	the	Carbocation	Pathway,	which	is	one	of	the	three	key	mechanisms	for	alkene	reactions.	Note	that	peroxides	can	lead	to	different	reaction	pathways	involving	free-radical	intermediates,	known	as	anti-Markovnikov	selective	reactions.	These	reactions	are	discussed	in	the	article	on	Free-Radical	Addition	of	HBr	To	Alkenes.	As	a	pi-
bond	strengthens	with	a	proton,	it	transforms	into	a	carbocation	intermediate	(Note	4).	However,	dealing	with	alkenes	when	using	curved	arrows	becomes	a	bit	tricky	due	to	the	lack	of	polarization	in	the	double	bond	and	the	absence	of	clear	nucleophilic	or	electrophilic	ends.	To	address	this	issue,	chemists	have	developed	various	conventions	such	as
bouncy	arrow	formalism	and	dashed	lines	to	indicate	forming	bonds	(Note	5).	Historically,	understanding	the	"cationic"	alkene	cyclizations	has	been	crucial	for	synthesizing	steroids	and	related	compounds	in	nature.	The	development	of	Markovnikov's	rule	is	particularly	interesting,	with	studies	dating	back	to	the	1860s-1870s,	as	highlighted	in	a
recent	article	by	D.	E.	Lewis	(2021)	and	an	original	paper	by	W.	Markownikoff	(1870).	Additionally,	research	on	electron	displacement	versus	alternate	polarity	in	aliphatic	compounds	has	shed	light	on	Markovnikov's	rule,	with	notable	contributions	from	Howard	J.	Lucas	and	Archibald	Y.	Jameson	(1924)	and	Frank	C.	Whitmore	and	Franklin	Johnston
(1933).	The	hydrohalogenation	reaction	can	exhibit	stereoselectivity	under	certain	conditions,	such	as	low	temperatures	in	non-polar	solvents	like	pentane.	A	proposed	mechanism	involves	a	termolecular	transition	state	with	two	equivalents	of	H-Br,	rather	than	a	free	carbocation.	However,	in	polar	solvents	like	acetic	acid,	the	reaction	follows	the
classic	carbocation	mechanism.	Fluorine's	high	electronegativity	and	poor	reactivity	make	H-F	bonds	less	common.	The	pi	bond	in	alkenes	is	highly	reactive	due	to	its	location	on	the	carbon	skeleton,	making	it	susceptible	to	nearby	molecules.	This	allows	it	to	easily	form	bonds	with	other	molecules.	When	an	H-X	bond	approaches	an	alkene,	the	pi
electrons	become	attracted	to	the	partially	positive	hydrogen	atom,	causing	them	to	break	free	from	the	carbon	atom.	The	carbon	atom	that	was	holding	onto	a	negative	charge	is	now	bonded	to	hydrogen,	resulting	in	a	less	substituted	carbocation.	On	the	other	hand,	the	more	substituted	carbon	is	no	longer	negatively	charged	and	bonds	with	the
halogen	instead.	The	choice	of	solvent	significantly	affects	the	reaction.	Non-polar	inert	solvents	dissolve	reactants	without	interfering	with	the	process,	whereas	polar	protic	solvents	can	prevent	the	desired	bond	from	forming	by	attracting	the	negative	halogen	or	attacking	it	with	a	lone	pair	of	electrons.	H	goes	to	Hs	is	a	general	statement	regarding
how	hydrogen	atoms	add	to	alkenes.	More	formally,	this	can	be	expressed	as	follows:	In	the	addition	of	HX	to	an	unsymmetrical	alkene,	the	X	atom	(or	group)	adds	to	the	carbon	that	already	has	the	greater	number	of	carbon	atoms	(more	substituted	carbon	atom).	The	principle	behind	Markovnikov’s	rule	is	explained	by	the	stability	of	carbocations.
More	substituted	carbocations	are	more	stable	due	to	the	electron-donating	effect	of	alkyl	groups	and	hyperconjugation.	Hyperconjugation	involves	stabilizing	a	charge	through	pushing	electron	density	from	an	adjacent	σ	bond	to	an	empty	p	orbital	on	the	carbocation.	The	mechanism	of	electrophilic	addition	of	HBr	to	an	alkene	involves	two	initial
options,	both	involving	attacking	the	proton	with	π	bond	electrons.	The	first	step	is	determining	which	carbocation	is	more	stable	–	in	this	case,	the	disubstituted	secondary	carbocation.	This	stability	leads	to	a	significant	excess	of	the	major	product:	bromobutane.	Given	that	the	protonation	of	an	alkene	requires	high	activation	energy,	it's	a	slow
process	while	the	nucleophilic	attack	by	the	bromide	ion	rapidly	stabilizes	the	resulting	carbonation.	Here	are	the	intermediates	and	predicted	products	with	stereochemistry	consideration	for	each	reaction:	a)	b)	c)	d)	e)	f)	g)


