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Instructions: The first 23 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.
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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. Which aromatic compound shown below will undergo electrophilic nitration at the fastest rate?

CH, cl Oy OCH3 oN
S 6 & &
b c d

2. Compound _| [l isan allylic alcohol and compound 1V isa secondary alcohol.
OH

AN _Az_OH )\,OH o J_ DLOH

a. LII
b. IV
c. IlILV
d. IILII

(e 11, IV

3. Which set of reagents can be used to accomplish the following transformation?

oy

1. H2, Pd/C 1. HNOa, HQSO4 1. HNO3, H2804 1. NaNOQ, HCI
2. NaNO,, HCI 2. Sn, HCI 2. NaNO,, HCI 2.H,,Pd/C
3. H,0 3. NaNO,, HCI 3. CuOH 3. NaOH

4.H,0

a (o) c d

4. What is the major product of the Heck reaction shown below?

Pd(OAC), trers  Heens Otd
OEt PPh,, NEt /]\/ - -~
/k/\sr 14 /\g/ — /\/\[ ‘

o

Both cand d

MOEt )\/\/[OJ\ )\N\[(OEt /k/\oj/OEt
) "0kt 0 NG
b () d
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b. !n the DIBAL-H reduction of the ester shown below, which of the following species is an

intermediate in the reaction pathway? /7;4/ (/8v), Al (iBIL
o 1. DIBALH M " o-AlG

O N UG e—Tock
OCH, 2.H,0 } H

0 O-Al(iBu), O-Al(iBu), 0®
C H H H E: H o: CHa E: H H
a b © d

6. What is/are the major product(s) in the reaction shown below?

" b : »H d -‘
No Ae Subshitblian Q%)“ZW . ad ° BQ»H/\
NaN;b'—I Ren Weeh = Sthes
———2-> ZHM ec >
NH3
NH,
NH»
£ ; e a, b, and c are
both a and b all products

) ° ° Q) e

7. Which organometallic reagent shown below would you expect to be the most reactive?
a. (CHs)2CuLi
b. CH3MgBr
CHsLi
d. Itis not possible to determine

8. Which benzoic acid derivative would you expect to be the least acidic?
(o] o] o o]
X AL
OH 2 OH —_ OH OH
"é}f’o N EwWe EWe
HsC HaCO O,N cl
a @) c d

9. Which statement below is correct regarding pain killing drugs?
a. Opoids target the p-receptor in the brain.
b. NSAIDS work by inhibiting the synthesis of prostaglandins.
c. Naloxone is a p-receptor antagonist - it binds to the receptor, but does not activate it.
d. Morphine was originally isolated from the opium poppy.
All of the above statements are correct.
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10. \;Vlllat ivs/are the major product(s) of the electrophilic aromatic substitution reaction shown
elow?

H
/N 7w Br,
FeBr3
—_—
X

CHs
Br
H H H H
/N /N /N Br /N
CHg CHs CHs CHs
1 () I D)
a. Ilonly
b. Il only
@1l and IV

d. LILandIV
e. I III,and IV

11. Rank the compounds shown below in order of increasing boiling point.

AON ANOH ASoH NN
I n m v

GOV <I<I<II

b. I<IV<I<II V¢ i<l

c. I<IV<II<III
d IV<Il<I<II
e. I<IV<III<II

12. What reagents are required to carry out the following transformation?
O

——
1. Mg 1. Li
KMnO, 2.CO, 1. Mg 2. NaOH 1. CHCI, AICI3
OH- 3. Hy0* 2. NaCOOH 3. H,Cro, 2. H,CrO,

a (0 c d e

13. Which of the following is cyanide’s major route of toxicity?
It binds to the iron in the blood, which inhibits the ability of oxygen to bind.

b. It shuts down glycolysis by inhibiting lactic acid synthesis.
c. It binds to the lining of the lungs preventing the absorption of oxygen into the bloodstream.
d. It over stimulates the electron transport chain leading to the production of a toxic amount of

lactic acid in the body.
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14. What is the expected product of the following reaction?

%R o ol

H
|:>7<OH : OH OH oD oD
HH DH C D: D E’\ HH C D: D
. . ¢ @

15. Which compound shown below will not undergo the following nucleophilic aromatic
substitution reaction?

_ NaOH N EWGb must be oriue ol for pero
—\'0 V)C\\oseD

£ F F
i i CN F i
NO, NO, ON” i “NO, NO,

a b @ d

16. What is the major product of the following intramolecular Heck reaction?

| Pd(OAc),
N PPhg, NEt,

CO.Et
o O o o™
b c d

17. Which compound below would you expect to be the most basic?
Galine 4 S‘rons EDG
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For questions 18-23, select the appropriate reagent from the reagent bank to accomplish each step
in the synthetic sequence below. You can only use each reagent once. Note that some answers may
require you to bubble in more than one letter. Record each answer on your Scranton sheet!

AB S
- - LiAH, . H*
PCC i 2HO ! HO
19. oH 2 A B : c
s T e R s i i i P IE R i
O—I cb E>= : : )
NeBr ! chon i 2HO
292 PN : :
A~ T TR 8 spF 2
1. BHyTHF Na.Cr,0;
S i 2peOH | Hso, i PO I
2 hee | 1CHCW P B
2. AP — Z i 2H0 ! HPO
=P e | e i e
= LI POCl, | 1. (CH{CH,),Cul i
I:S——- CE i 2HO
o cE
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Completion Section: Answer the remaining questions on the exam itself. Read the questions

carefully and provide complete explanations.

24. Provide the IUPAC name for each compound shown below. (3 points each)

U (% a) Br Br
2 by \
i SF 3 2~
e,z o
§ S9%
38R
3 A )i 1= dibromo —‘3- Propory Cgc\o\'\c.P-"ans,
T it

D) @

. b)

@,

OH —
‘-l CvC\o?npjl 6 b-d -mc-“nsl S-hcp'ono'
® an ht,P"On 3-0‘

25. Predict the major organic product(s) for each reaction below. Note: some questions have

By multiple steps associated with them@omts each)

~ : OH

\ § a o 1. Ph,CuLi S @ 1. CHgl. @
£ Eﬂg a 2H0 /\/U\Ph 2. Hz0* Ph
< 9
» &

Q b. 0 OH
Qj ~ i NaBH, m@/O% -2 '.f esko
=g OCHs ~chson o is yedvend Jo -OH
e i s
'g\t?c 1PBI’3 ®IQU " ‘(A‘Jf‘
$ - - Q 2.NaCN_ e boroas / No Shcreochem

03
= g
= ot =
hw o %} d. i D7IBB'§I6H >l\/u\® NasGr,0; _ M @
¢ o g
o & @ PA(PPh)s )

T o He
< > FeBr3 ”O‘Q" Z~BOR), g
e —

26. Provide the necessary starting materials to prepare the product below using a Heck reaction

and a Suzuki reaction. (6 points)

a‘f; *x\//ﬁ;"’c"’ zw\x E 6)//‘\13/0% Eﬂ(ﬂ‘
e :
Et——= 5”—59'> e + x\//ﬁ;’wﬁ sumt
7’&,«@ : (o\l)_? — A S - alte accepl s
1z S \n/oqk . \/\g/"d TS g:;, . Page 8 of 9
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27. Predict the product and show the complete electron pushing mechanism for the reaction
below. (2 points - product; 5 points - mechanism)

@/ _HeSO, é%f\%@ Fmdud
“CHOH

H l-/ N
& Stwche %”5 | 1 M 90\3
coud ako do: -

28. Provide a valid synthesis for the di-substituted benzene shown below starting with benzene.
Each step should take place without the formation of multiple isomers. (5 points)

_? B OH Lo & 3 S -3 ' B
© \© @D /’\’/ is pl on

INCTS)) belire -0,
L tasSoy T hat @
@

<D)
@l Fekr; @/ Rilc O

29. Fill in the missing structures and reagents in the synthetic scheme shown below. (14 points)
or PhMaBr )
o [, poC 7
X L /<l ‘ ’ \g : g /K/Ph /U\/Fh
& 2 o)

@ o 1. CHzMgBr 1. LAH
W Br/ 2. Hg0* 2. HsO*
@) ® ON @ol-\

o~
Br 1. NaH
A oH /\\/ Ph | "2 CHgBr /{\/ i /l\/ it
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