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Name:		__________________________________________________________________________________________________________	
	 		Last	 	 	 	 	 							 First	 	 	 	 	 	MI	
	

Chemistry	234-002	
Exam	2	

	
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	
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*Please	do	not	rip	off	this	cover	sheet*	



Page 2 of 9	
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	 		Last	 	 	 	 	 							 First	 	 	 	 		 MI	
	
	
Grading	Page	(Exam	2):	
	

Page Points Possible Points Earned 

Multiple Choice (3-6) 36  

7 26  

8 23  

9 15 (+2 bonus)  

TOTAL 100  
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Multiple	Choice	
Choose	the	one	best	answer	for	each	of	the	following	questions.	Bubble	your	answer	in	on	the	
provided	Scantron	sheet.	Additionally,	circle	your	answer	directly	on	the	exam	so	that	you	can	
check	your	answers	once	the	key	is	posted.		
	
1. What	type	of	reaction	is	best	suited	to	carry	out	the	following	transformation?	

	
a. Grignard	Reaction	
b. Suzuki	Reaction	
c. Gillman	Reaction	(Organocuprate	Coupling)	
d. Heck	Reaction	

	
	

2. Rank	the	compounds	shown	below	in	order	of	increasing	acidity.	

	
a. I	<	II	<	III	
b. III	<	I	<	II	
c. I	<	III	<	II	
d. II	<	III	<	I	
e. II	<	I	<	III	

	
	
3. Consider	each	of	the	carbon-metal	bonds.	Which	one	contains	the	least	nucleophilic	carbon?	

a. C-Zn	
b. C-Hg	
c. C-Cu	
d. C-Mg	

	
	

4. What	is	the	product	of	the	following	reaction	sequence?	

	
	
	

5. Which	statement	is	incorrect	regarding	Grignard	addition	to	an	ester?	
a. The	Grignard	reagent	will	add	twice	to	give	a	tertiary	alcohol	product	following	the	workup.	
b. The	workup	step	typically	consists	of	adding	dilute	acid.	
c. The	byproduct	of	the	reaction	is	an	alcohol	
d. The	first	tetrahedral	intermediate	collapses,	expelling	a	leaving	group	to	form	a	ketone.	
e. All	of	the	above	statements	are	correct.	
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6. How	many	different	products	are	formed	in	the	following	reaction?	

	
a. Zero	
b. One	
c. Two	
d. Three	
e. Four	

	
	

7. Compound	_____	is	expected	to	have	the	highest	boiling	point	and	compound	_____	is	expected	to	
have	the	lowest	boiling	point.	

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

8. Which	species	shown	below	is	an	allylic	alcohol?	

	
	
	

9. If	an	alkene	were	reacted	with	18O	labeled	mCPBA	as	shown	below,	which	products	would	
result?	
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10. What	is	the	best	set	of	starting	materials	to	prepare	the	ether	shown	below	via	the	Williamson	
ether	synthesis?	

	
	

11. Which	of	the	following	substrates	will	undergo	a	successful	reaction	with	methyl	cuprate	
(Me2CuLi)?	

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

12. Which	of	the	following	alcohols	would	need	to	be	protected	prior	to	carrying	out	the	indicated	
reaction?	

	
a. II	and	III	
b. I,	II,	and	III	
c. I,	II,	III,	and	IV	
d. II,	III,	and	IV	
e. None	of	the	above	alcohols	need	to	be	protected	
	

	
	
	
	
	

O Br +
HO

OH +
Br

a b

c d

Both a and b could 
be used successfully

Neither a nor b could 
be used successfully

Cl
O

Cl

O O
Cl

I II III IV V

I

OH OH CrO3
H+

OH O

II

OH O 1) LAH
2) H3O+

OH OH

III

H

OH O CrO3
H+ OH

OH O

IV

OCH3

OH O 1) CH3Li
2) H3O+

OH OH



Page 6 of 9	

For	questions	13-18,	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	more	than	one	
letter.	Record	each	answer	on	your	Scranton	sheet!	
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Completion	Section:	Answer	the	remaining	questions	on	the	exam	itself.	Read	the	questions	
carefully	and	provide	complete	explanations.	If	you	have	multiple	answers	written,	circle	the	
answer	that	you	want	graded.	
	
19. Provide	the	IUPAC	name	or	structure	for	each	compound	shown	below.	(2	points	each)	

	
	
	
20. Provide	the	missing	structures	or	reagents	in	the	synthetic	scheme	shown	below.	(2	pts	each)	

	

	
	
	

IUPAC:
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4-methylpentane-1,2,3-triol
Structure:

a) b)

d)c)
O

OH

OH

F

O

Ph Br
CuLi21.

2. H2O
Ph OH PCC

1. CH3MgBr
2. H3O+

DIBAL-H
-78 °C
then H2O

1. Mg
2. CO2
3. H3O+

1. NaH
2. CH3Cl

1. LAH
2. Dilute H+
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21. Predict	the	major	organic	product(s)	for	each	reaction	below.	Note:	some	questions	have	
multiple	steps	associated	with	them.	(2	points	each)	

	
	
22. Show	the	complete	electron	pushing	mechanism	for	the	reaction	shown	below.	(6	points)	

	
	
	
	
	
	
	
	
	
	
	
	

23. Unknown	X	is	an	acyclic	5-carbon	alkane	containing	a	chiral	alcohol	functional	group.	
Oxidation	with	PCC	provides	a	ketone	product.	Dehydration	with	POCl3/Pyridine	gives	a	di-
substituted	alkene	product.	Provide	a	plausible	structure	for	unknown	X.	(3	points)	
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24. Design	a	reasonable	synthesis	for	each	molecule	below	using	the	provided	starting	materials	
and	any	other	organic	or	inorganic	reagents.	(10	points)	

	
	
	
	
	
	
	
	
	
	
	
	

	 	
	
	
	
	
	
	
	

	
	
	

25. Provide	the	intermediates	in	the	reaction	mechanism	shown	below	and	add	curved	arrows	to	
show	electron	flow.	(5	points)	

	
	

26. Heywood	Clonum,	a	biologist,	has	argued	that	Citalopram,	an	antidepressant,	could	be	
hazardous	to	human	health	because	it	could	release	toxic	cyanide	(NC-)	and	fluoride	(F-)	ions	in	
the	body	via	a	substitution	reaction	with	water	acting	as	a	nucleophile.	Is	his	reasoning	
chemically	sound?	Explain	why	or	why	not.	(2	bonus	points)	
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