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Substituents	can	significantly	impact	the	reactivity	and	orientation	of	electrophilic	substitutions	on	aromatic	rings.	The	presence	of	a	substituent	can	either	activate	or	deactivate	the	ring,	making	it	more	or	less	reactive	than	benzene.	For	instance,	an	–OH	group	can	increase	the	ring's	reactivity	by	1000	times,	while	an	–NO2	group	can	decrease	its
reactivity	by	over	10	million	times.	The	nature	of	the	initial	substituent	on	the	benzene	ring	also	influences	the	orientation	of	subsequent	substitutions.	Certain	substituents,	such	as	–OH	or	–CHO,	direct	substitution	towards	the	ortho	and	para	positions,	whereas	others,	like	–CO2H	or	–NO2,	favor	meta-substitution.	Table	16.1	demonstrates	the
experimental	results	for	the	nitration	of	various	substituted	benzenes.	Substituents	can	be	classified	into	three	categories:	ortho-	and	para-directing	activators,	ortho-	and	para-directing	deactivators,	and	meta-directing	deactivators.	Notably,	there	are	no	meta-directing	activators.	Figure	16.12	illustrates	the	classification	of	substituent	effects	in
electrophilic	aromatic	substitution.	When	considering	the	sulfonation	of	toluene,	we	must	identify	the	substituent	present	on	the	ring	and	determine	whether	it	is	ortho-	and	para-directing	or	meta-directing.	According	to	Figure	16.12,	an	alkyl	substituent	like	methyl	is	ortho-	and	para-directing,	so	sulfonation	of	toluene	will	primarily	yield	a	mixture	of
o-toluenesulfonic	acid	and	p-toluenesulfonic	acid.	The	ranking	of	compounds	in	terms	of	their	reactivity	to	electrophilic	substitution	can	be	achieved	by	considering	the	substituent	effects.	For	instance,	nitrobenzene	is	more	reactive	than	phenol	due	to	its	deactivated	nature.	Toluene	and	benzene	are	less	reactive	than	both.	Predicting	the	major
products	of	reactions	involves	understanding	the	directing	effects	of	the	initial	substituents.	The	nitration	of	bromobenzene	will	primarily	yield	a	meta-substituted	product,	while	the	bromination	of	aniline	will	give	ortho-	and	para-substituted	products.	What	makes	a	group	either	activating	or	deactivating	in	a	compound?	Activating	groups	give
electrons	to	the	ring,	making	it	more	stable	and	lower	the	energy	needed	to	form	a	carbocation.	Deactivating	groups	take	electrons	away	from	the	ring,	making	it	less	stable	and	increasing	the	energy	needed	for	a	carbocation	formation.	Comparing	electrostatic	potential	maps	of	benzaldehyde	(deactivated),	chlorobenzene	(weakly	deactivated),	and
phenol	(activated)	with	that	of	benzene	shows	how	different	substituents	affect	electron	distribution	in	the	ring.	Electron-withdrawing	groups	like	–CHO	or	–Cl	make	the	ring	more	positive,	while	electron-donating	groups	like	–OH	make	it	more	negative.	The	interaction	between	inductive	effects,	which	are	due	to	electronegativity	through	σ	bonds,	and
resonance	effects,	where	electrons	flow	through	π	bonds,	controls	how	substituent	groups	donate	or	withdraw	electrons.	Halogen,	hydroxyl,	carbonyl,	cyano,	and	nitro	groups	tend	to	withdraw	electrons	through	their	σ	bonds,	while	alkyl	groups	donate	electrons	this	way.	Resonance	effects	can	either	withdraw	electrons	(as	with	–Y=Z	structures)	or
donate	them	(in	the	form	of	lone-pair	electrons	from	–Ÿ–Ÿ	structures).	It's	also	worth	noting	that	these	effects	don't	always	act	in	the	same	direction	and	depend	on	the	specific	substituent	involved.	Effects	on	aromatic	rings	arise	from	electronegativity	of	atoms	like	–X,	–O,	or	–N,	but	lone-pair	electrons	introduce	electron-donating	resonance	effects.
When	these	effects	counterbalance	each	other,	the	stronger	prevails.	Activators	like	hydroxyl,	alkoxyl,	and	amino	substituents	dominate	due	to	their	electron-donating	resonance	effect,	whereas	deactivators	like	halogens	prevail	because	of	their	electron-withdrawing	inductive	effect.	Friedel–Crafts	alkylations	often	yield	polysubstitution	due	to	the
stronger	electron-donating	resonance	effect	outweighing	the	weaker	inductive	effect.	In	contrast,	Friedel–Crafts	acylations	do	not	exhibit	this	trend.	The	electrostatic	potential	map	for	(trifluoromethyl)benzene	suggests	it	would	be	less	reactive	than	toluene	towards	electrophilic	substitution.	Inductive	and	resonance	effects	influence	reactivity	as	well
as	the	orientation	of	electrophilic	aromatic	substitutions.	Alkyl	groups,	having	an	electron-donating	inductive	effect,	are	ortho	and	para	directors,	whereas	nitration	of	toluene	occurs	predominantly	ortho	and	para	to	the	methyl	group	due	to	more	stable	intermediates.	Hydroxyl,	alkoxyl,	and	amino	groups	also	exhibit	ortho–para	activation,	as	their
strong	electron-donating	resonance	effect	outweighs	a	weaker	electron-withdrawing	inductive	effect.	In	phenol's	nitration,	reaction	occurs	primarily	ortho	or	para	to	the	–OH	group	due	to	more	stable	intermediates	with	additional	resonance	forms	that	stabilize	the	positive	charge	through	electron	donation	from	the	substituent	oxygen	atom.	The
favorable	form	involves	electron	donation	from	the	oxygen	atom,	which	leads	to	a	less	reactive	substance	towards	electrophilic	substitution	compared	to	aniline.	This	is	attributed	to	the	stronger	electron-withdrawing	inductive	effect	of	halogens,	which	outweighs	their	weaker	electron-donating	resonance	effect.	Although	this	electron-donating
resonance	effect	is	weak,	it	only	affects	ortho	and	para	positions,	not	meta.	As	a	result,	halogen	substituents	can	stabilize	positive	charge	intermediates	at	ortho	and	para	positions	by	donating	lone-pair	electrons,	making	them	more	stable	than	the	meta	intermediate.	The	electronic	properties	of	benzene	rings	play	a	crucial	role	in	organic	chemistry.
Compounds	with	a	benzene	ring	are	classified	as	aromatic	compounds	and	contain	a	high	number	of	electrons.	This	electron-rich	state	allows	for	reactions	between	the	benzene	ring	and	other	molecules,	resulting	in	electrophilic	aromatic	substitution	reactions.	When	an	electrophilic	substitution	reaction	occurs	on	a	benzene	ring,	the	orientation	is
fixed,	which	means	that	the	position	where	the	chemical	reaction	takes	place	is	predetermined.	The	orientation	of	aromatic	compounds	varies	depending	on	the	substituent	group,	affecting	both	the	site	and	efficiency	of	the	reaction.	Aromatic	electrophilic	substitution	reactions	can	occur	at	different	positions	on	the	benzene	ring,	classified	as	ortho,
meta,	or	para.	For	instance,	Friedel-crafts	reactions	involve	the	formation	of	new	substituents	at	either	the	ortho	or	para	position.	The	selectivity	for	certain	positions	is	attributed	to	the	orientation	involved	in	the	reaction.	The	resonance	effect	(R-effect)	also	plays	a	role	in	benzene	ring	orientations.	Two	primary	types	of	benzene	ring	orientations	are
observed:	ortho-para	and	meta-orientation.	Different	explanations	can	be	provided	for	the	orientation,	including	writing	resonance	structures	that	satisfy	the	octet	rule	or	considering	repulsion	between	charges	in	reaction	intermediates.	Ultimately,	any	explanation	that	makes	sense	is	acceptable.	However,	the	simplest	way	to	understand	the
orientation	of	aromatic	compounds	is	by	recognizing	the	role	of	substituent	groups	and	their	effects	on	the	reactivity	of	the	benzene	ring.	Compounds	are	better	understood	using	the	resonance	effect	(R	effect),	which	influences	molecular	behavior.	The	resonance	effect	is	caused	by	substituents	present	in	the	benzene	ring,	making	it	easier	to	grasp	its
orientation.	Understanding	this	concept	helps	in	visualizing	how	the	benzene	ring's	position	changes	depending	on	whether	a	compound	contains	an	electron-donating	or	electron-withdrawing	group.	Electron-donating	groups	result	in	an	ortho-para	orientation	of	the	benzene	ring,	whereas	electron-withdrawing	groups	cause	a	meta-orientation.	This
variation	occurs	due	to	differences	in	electron	density	within	the	benzene	ring	as	a	result	of	resonance.	Electron-donating	functional	groups	like	methoxy	(-OCH3),	hydroxy	(-OH),	and	amino	(-NH2)	contribute	to	higher	electron	density	in	ortho	and	para	positions.	In	organic	synthesis	reactions,	looking	at	these	resonance	structures	helps	predict	where
electrophilic	aromatic	substitution	reactions	will	occur	-	typically	in	the	ortho	or	para	positions.	The	orientation	of	ortho	and	para	positions	also	involves	considerations	for	steric	hindrance,	which	affects	the	likelihood	of	substitutions	occurring	in	either	position.	Statistically,	one	might	expect	more	compounds	with	substituents	in	the	ortho	position
due	to	resonance	structures	allowing	two	representations.	However,	in	most	cases,	substitutions	occur	at	the	para	position	instead,	showing	that	factors	beyond	just	resonance	play	a	significant	role	in	determining	these	positions.	When	a	substituent	enters	the	para	position,	steric	hindrance	becomes	less	likely	due	to	the	increased	distance	from	other
atoms.	This	allows	for	smoother	substitution	reactions.	In	contrast,	when	substituents	occupy	the	ortho	or	meta	positions,	they	can	cause	steric	hindrance	by	physically	blocking	the	reaction	site.	This	is	because	these	substituents	are	closer	to	the	reaction	site,	making	it	more	difficult	for	them	to	enter	the	space.	Similarly,	humans	tend	to	avoid
obstacles	that	get	in	their	way,	just	like	compounds	with	larger	substituents	might	be	less	likely	to	undergo	substitution	reactions	due	to	steric	hindrance.	Electron-withdrawing	groups,	such	as	nitro,	carbonyl,	and	sulfone,	exhibit	meta-orientation.	These	groups	are	characterized	by	double	or	triple	bonds,	which	create	electron-withdrawing	properties.
During	electrophilic	substitution	reactions,	these	groups	tend	to	direct	the	reaction	towards	the	meta	position,	rather	than	the	ortho	or	para	positions.	This	is	because	the	resonance	effect	of	these	groups	favors	the	formation	of	cations	in	the	meta	position,	making	it	a	more	stable	intermediate.	In	essence,	electron-withdrawing	groups	steer
substitution	reactions	towards	the	meta	position	due	to	the	stability	of	the	intermediate	and	the	avoidance	of	unstable	structures	with	neighboring	positive	charges.	Halogens	exhibit	ortho-para	orientation	due	to	resonance	effect.	These	compounds	have	a	high	degree	of	electronegativity,	which	reduces	reactivity	in	electrophilic	substitution	reactions.
The	inductive	effect	is	stronger	in	halogens,	resulting	in	lower	electron	density	on	the	aromatic	ring.	However,	alkylbenzene	with	an	alkyl	chain	has	ortho-para	orientation.	Given	article	text	here	Looking	forward	to	seeing	everyone	at	the	meeting	tomorrow	and	discussing	our	strategies.	Carbon	atoms	provide	electrons	but	don't	resonate	like	oxygen
and	nitrogen	atoms	do.	So	instead	of	using	resonance,	we	need	a	different	explanation	for	ortho-para	orientation	in	alkylbenzenes.	This	has	to	do	with	carbocation	stability.	The	more	carbon	atoms	attached	to	the	carbocation,	the	more	stable	it	is.	That	difference	in	properties	affects	the	orientation	of	alkylbenzenes.	For	example,	let's	consider	toluene
with	a	methyl	group	on	the	benzene	ring.	When	an	electrophilic	aromatic	substitution	occurs,	only	when	there's	a	substituent	in	the	ortho	and	para	positions	can	we	draw	the	resonance	structure	of	the	tertiary	carbocation.	As	a	result,	it	is	more	stable	than	if	the	reaction	occurs	at	meta.	Tertiary	carbocations	are	the	most	stable	structures	among
carbocations.	This	explains	why	alkylbenzenes	like	toluene	show	ortho-para	orientation.	If	it's	hard	to	remember,	just	know	that	electron-donating	groups	make	it	easier	for	electrons	to	be	pushed	out	into	the	benzene	ring.	The	electronic	state	has	a	big	impact	on	reactivity.	Electron-donating	groups	increase	reactivity	and	electron-withdrawing	groups
decrease	it.	There	are	many	electrons	in	the	Benzene	ring,	which	is	why	electrophilic	substitution	reactions	occur.	When	an	electron-donating	group	is	present,	electrons	get	pushed	out	into	the	ring.	This	makes	the	reaction	easier	to	carry	out	with	less	energy.	On	the	other	hand,	electron-withdrawing	groups	make	the	reaction	harder	because
electrons	are	attracted	to	the	functional	group	and	the	benzene	ring	isn't	as	electron-rich.	The	activation	energy	required	for	a	synthetic	reaction	increases	in	their	presence.	The	orientation	of	substituents	on	a	benzene	ring	changes	with	electron-donating	groups,	while	electron-withdrawing	groups	cause	changes	in	reactivity.	Halogens	exhibit	ortho-
para	orientation	but	poor	reactivity	due	to	their	high	electronegativity.	Electron-donating	and	-withdrawing	groups	can	be	identified	by	analyzing	the	substituents'	properties,	allowing	for	prediction	of	aromatic	ring	orientation	and	reactivity.	The	size	of	a	substituent	also	affects	reaction	rates,	with	larger	ones	promoting	para-substitution.

Electron	donating	group	on	aromatic	ring	increases.		Is	benzene	ring	electron	donating.		Is	benzene	ring	electron	withdrawing.		Is	aromatic	ring	electron	withdrawing.		Is	benzene	ring	electron	donating	or	withdrawing.		


