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Name:		________________________________________________________________________________________________________	
	 		Last	 	 	 	 	 							 First	 	 	 	 	 	MI	
	

Chemistry	233	
Exam	3	

	
Fall	2017	 	 	 	 	 	 	 	 	 	 									 			Dr.	J.	Osbourn	
	
Instructions:	The	first	8	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	

	
	
	
		 	

*Please	do	not	rip	off	this	cover	sheet*	
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Name:		__________________________________________________________________________________________________________	
	 		Last	 	 	 	 	 							 First	 	 	 	 		 MI	
	
	
Grading	Page	(Exam	3):	
	

Page Points Possible Points Earned 

Multiple Choice (3-4) 16  

5 24  

6 27  

7 33  

TOTAL 100  
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Multiple	Choice	
Choose	the	one	best	answer	for	each	of	the	following	questions.	Using	a	pencil,	record	this	answer	
on	the	provided	Scantron	sheet.	(2	points	each)	

	
1. In	the	compound	shown	below,	proton	_____	is	the	most	deshielded	and	_____	is	the	most	upfield.	

	

	
	

a. IV,	VI	
b. VI,	II	
c. VI,	III	
d. II,	VI	
e. II,	I	
	
	

2. The	two	indicated	protons	are:	
	

	
	

a. Homotopic	
b. Heterotopic	
c. Enantiotopic	
d. Diastereotopic	

	
	

3. The	reaction	shown	below	would	produce	how	many	and	what	kind	of	different	products?	
	

	
	

a. 2	–	a	pair	of	enantiomers	
b. 2	–	a	pair	of	diastereomers	
c. 4	–	two	pairs	of	enantiomers	
d. 3	–	a	pair	of	diastereomers	and	a	constitutional	isomer	
e. 4	–	two	different	pairs	of	diastereomers	

	
	
4. How	many	unsaturations	are	in	a	compound	with	the	molecular	formula	C9H14NOCl3?	

a. One	
b. Two	
c. Three	
d. Four	
e. Five	
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5. What	starting	material(s)	could	be	used	to	carry	out	the	following	transformation?	
	

	
	

a. I	only	
b. II	and	III	
c. II,	III,	and	IV	
d. II,	III,	IV,	and	V	
e. I	and	IV	

	
	
6. Which	compound	shown	below	will	undergo	hydrogenation	(H2,	Pd/C)	at	the	slowest	rate?	

	

	
	

	
7. Which	of	the	following	is	a	peroxyacid?	

	

	
	
	

8. Which	alkene	in	the	molecule	below	is	the	most	stable?	
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Completion	Section	
Answer	the	remaining	questions	in	the	spaces	provided.	Show	all	work	and	provide	complete	
explanations.	
	
9. Provide	IUPAC	systematic	name	or	draw	the	structure	for	each	compound	below.		

(2	points	each)	
	

	
	
	
	
	
	

10. The	ketone	shown	below	can	exist	as	two	different	enol	tautomers.	Draw	the	structure	of	each	
enol,	and	then	provide	a	brief	definition	of	tautomers.	(6	points)	

	
	

	
11. Provide	the	missing	reagents	necessary	to	accomplish	the	synthesis	shown	below.	(10	points)	

	

	
	

(a) (b)

Br

Br

(c) (d)1-cyclopropyl-1-pentyne (E)-3-methyl-2-hexene

O

ketone
enol Benol A

Tautomers:

H
1.

2.

O

hexane
Cl

Cl

Cl Cl
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12. Predict	the	major	organic	product(s)	for	each	reaction	shown	below.	For	reactions	indicated	
with	an	asterisk	(*),	be	sure	to	include	stereochemistry.	If	the	reaction	produces	a	racemic	
mixture,	you	only	need	to	draw	one	enantiomer.	(2	points	each)	
	

	
	

	
13. For	the	reaction	below:	a.	Predict	the	product;	b.	Draw	the	intermediates;	c.	Draw	in	curved	

arrows	to	show	electron	flow	in	each	step,	and	d.	Complete	the	energy	diagram	(reaction	
coordinate).	Label	SM,	Int	1,	Int	2,	and	P	in	your	energy	diagram.		(9	points)	
	

	

a.*

b.

c.

d.*

e.*

1. Br2

2. NaOH, Δ

Na
NH3, -78 °C

CH2I2

1. BH3•THF
2. NaOH, H2O2

H

Zn(Cu)

H2SO4

HBr
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f. H2
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2. NaOH, H2O2

Br Br
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H2O
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*Note: The first step is the rate 
determining step.
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14. Provide	the	complete	electron	pushing	mechanism	for	the	reaction	shown	below.	(7	points)	

	
	
	
	
	
	
	
	
	
	
	
	

15. Predict	the	expected	multiplicity	(s,	d,	dd,	etc.)	for	each	proton	in	the	molecule	below.	Then,	
draw	a	splitting	tree	for	the	circled	proton.	(7	points)	
	

	
	

16. For	each	compound	shown	below:	a.	Determine	the	number	of	chemically	distinct	H;	b.	
Determine	the	number	of	chemically	distinct	C;	c.	Circle	the	proton	that	would	have	the	highest	
chemical	shift	(you	may	need	to	draw	it	in).	(3	points	each)	
	

	
	

17. Draw	the	structure	that	corresponds	to	each	1H	NMR	spectrum	on	page	8.		(5	points	each)	
	

	

H
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OCH3
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O
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Spectrum A Structure: Spectrum B Structure:
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Spectrum	A:	
	

C5H12O	 Unsaturations	=	______	
	

	
	
	
Spectrum	B:	
	

C10H12O2	 Unsaturations	=	______	
	

	

012345
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*The multiplet contains 9 lines
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