
Page 1 of 9	

Name:		________________________________________________________________________________________________________	
	 		Last	 	 	 	 	 							 First	 	 	 	 	 	MI	
	

Chemistry	234-002	
Exam	1	

	
Spring	2017	 	 	 	 	 	 	 	 	 									 																Dr.	J.	Osbourn	
	
Instructions:	The	 first	18	questions	of	 this	exam	should	be	answered	on	 the	provided	Scantron.	You	
must	use	a	pencil	for	filling	in	the	Scantron	sheet.	Ensure	all	erasures	are	complete.	Any	questions	left	
blank	will	be	marked	incorrect.	Answer	the	remaining	questions	on	the	exam	itself.	Show	all	work	and	
provide	complete	explanations.	
	
Please	write	your	name	on:		

• The	first	page	(Exam	Cover	Page)	
• The	second	page	(Grading	Page)	
• The	Scantron	Sheet	–	Circle	your	Last	Name	

	
Please	bubble	in	your	WVU	Student	ID	Number	on	your	Scantron	sheet.	

	
The	Periodic	Table	

	

	
	
Exams	will	be	returned	by	placing	them	alphabetically	on	the	table	at	the	front	of	Ming-Hsieh	G21.	
Your	grade	will	not	be	visible	as	it	is	on	the	second	page.	If,	however,	you	have	a	privacy	concern,	
check	the	box	below	and	your	exams	will	be	held	back	so	that	you	can	pick	them	up	privately.	

	
Hold	Back	My	Exams		 	

*Please	do	not	rip	off	this	cover	sheet*	
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Name:		__________________________________________________________________________________________________________	
	 		Last	 	 	 	 	 							 First	 	 	 	 		 MI	
	
	
Grading	Page	(Exam	1):	
	

Page Points Possible Points Earned 

Multiple Choice (3-6) 36  

7 21  

8 24  

9 19  

TOTAL 100  
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Multiple-Choice	
Choose	the	one	best	answer	for	each	of	the	following	questions.	Record	this	answer	on	your	Scantron	
sheet.	Additionally,	circle	your	answer	on	this	exam.	(2	points	each)	
	
1. Arrange	the	following	dienes	in	order	of	increasing	stability.	

	
a. A	<	C	<	B	<	D	
b. A	<	B	<	C	<	D	
c. C	<	A	<	D	<	B	
d. A	<	D	<	C	<	B	
e. B	<	A	<	C	<	D	

	
	
2. What	is	the	product	of	the	intramolecular	Diels-Alder	reaction	shown	below?	

	
	

	
3. Which	one	of	the	following	statements	is	true	regarding	the	kinetic	and	thermodynamic	control	of	

reactions?	
	

a. The	kinetic	product	is	always	lower	in	energy	than	the	thermodynamic	product.	
b. The	kinetic	product	is	formed	via	a	lower	energy	transition	state	than	the	thermodynamic	

product.	
c. The	kinetic	product	is	favored	at	higher	temperatures	
d. Energetically,	the	thermodynamic	product	is	less	stable	than	the	kinetic	product.	
	

4. Which	one	of	the	following	dienophiles	would	you	expect	to	be	the	least	reactive	in	a	normal	Diels-
Alder	reaction?	
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5. Predict	the	product	for	the	reaction	shown	below.		

	
	

6. What	is	the	hybridization	of	the	oxygen	atom	in	the	structure	below?	

	
a. p	
b. sp2	
c. sp	
d. sp3	
e. s	

	
7. The	compound	shown	below	has	______	atoms	in	conjugation.	

	
a. 3	
b. 6	
c. 7	
d. 8	
e. 9	

	
8. If	the	compound	shown	below	were	subjected	to	Br2/FeBr3,	which	position	would	be	most	rapidly	

brominated?	

	
	
9. Which	group	shown	below	is	inductively	donating?	
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10. Which	one	of	the	statements	is	incorrect	regarding	the	structure	of	benzene?	
	

a. Benzene	is	an	aromatic	compound.	
b. Benzene	contains	a	cyclic	array	of	conjugated	p-orbitals.	
c. Benzene	is	unusually	unreactive.	
d. The	three	double	bonds	in	benzene	are	in	rapid	equilibrium	around	the	six	atoms	of	the	ring.	
e. All	of	the	above	statements	are	correct.	
	
	

11. Which	one	of	the	following	is	not	a	resonance	structure	of	the	compound	shown	in	the	box	below?	

	
	

12. In	the	reaction	below,	which	product(s)	would	be	considered	theromodynamic	products?	

	
a. A	&	B	
b. C	&	D	
c. B,	C,	&	D	
d. A,	B,	C,	&	D	
	

13. Which	statement	regarding	the	oxygen	lone	pairs	in	furan	(shown	below)	is	correct?	

	
a. Both	lone	pairs	are	in	p-orbitals.	
b. Both	lone	pairs	are	in	sp3	orbitals.	
c. Both	lone	pairs	are	in	sp2	orbitals.	
d. One	lone	pair	is	an	sp2	orbital	and	one	is	in	a	p-orbital.	
e. One	lone	pair	is	an	sp3	orbital	and	one	is	in	a	p-orbital.	

	
14. Which	“loss	of	a	leaving	group”	would	you	expect	to	occur	at	the	faster	rate?	
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For	questions	15-18,	select	the	appropriate	reagent	from	the	reagent	bank	to	accomplish	each	step	in	
the	synthetic	sequence	below.	Note	that	some	answers	may	require	you	to	bubble	in	two	letters.	Record	
each	answer	on	your	Scranton	sheet!	
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Completion	Section	
Answer	the	questions	below	in	the	spaces	provided.		
	
19. Provide	the	IUPAC	name	or	structure	for	each	compound	below.	(3	points	each)	

	

	
	
	
	

	
20. For	each	compound	below,	determine	if	it	is	aromatic,	anti-aromatic,	or	non-aromatic.	For	aromatic	

and	anti-aromatic	compounds,	indicate	the	number	of	π-electrons.	(2	points	each)	
	

	
	
21. The	compound	below	can	theoretically	be	prepared	via	a	Diels-Alder	reaction	using	two	different	

sets	of	starting	materials.	Show	both	possible	sets	of	starting	materials.	(2	points)		
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22. Predict	the	major	product(s)	for	each	reaction	shown	below.	If	the	reaction	does	not	proceed	under	
the	specified	conditions,	write	“No	Reaction”	(2	points	each)	
	

	
	
23. Design	a	synthesis	for	the	tri-substituted	benzene	below	starting	with	benzene.	(6	points)	
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24. Draw	the	complete	electron	pushing	mechanism	for	the	reaction	shown	below.	Be	sure	to	show	all	
resonance	structures.	Using	your	resonance	structures,	briefly	explain	the	regioselectivity.	(9	pts)	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

25. Consider	the	molecule	shown	below	and	answer	the	following	questions.	
a. Draw	two	additional	resonance	structures.	(4	points)	
b. Circle	the	resonance	structure	that	is	the	major	contributor	to	the	resonance	hybrid.	(1	point)	

	

	
	

c.	Draw	a	picture	of	the	molecule	showing	the	
location	of	every	p-orbital.	(2	pts)	
	
	
	
	
	
	
	

d.	How	many	atoms	are	in	conjugation?	(1	pt)	
	
	
e.	What	is	the	hybridization	of	the	carbon	
bearing	the	negative	charge?	(1	pt)	
	
	
f.	In	what	type	of	orbital	does	the	nitrogen	lone	
pair	reside?	(1	pt)	
 

	
26. Bonus:	The	reaction	shown	below	takes	place	via	a	Diels-Alder	reaction	and	subsequent	retro-

Diels-Alder	reaction	with	the	loss	of	N2	gas.	What	is	the	final	product?	(2	bonus	points)	
	

		

NH2
HNO3

H2SO4

NH2
NO2

A. Electrophile Generation:

B. Electrophilic Addition to the Benzene Ring:

NH

O

N
N +

H

O


