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Chemistry 234-002
Exam 2

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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11 12 13 14 15 16 17 18
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K Ca Sc Ti A\ Cr | Mn | Fe Co Ni Cu| Zn | Ga Ge As Se Br Kr
30.1 | 40.08 | 4496 | 47.88 | 5094 | 52.00 | 5494 | 5585 | 5893 | 5869 | 6355 | 6539 | 6972 | 72.61 | 7492 | 7896 | 79.90 | 83.80
37 38 39 40 41 2 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr | Nb | Mo | Tec Ru | Rh | Pd Ag | Cd In Sn Sb Te | Xe
8547 | 87.62 | 8891 | 9122 | 9201 | 9504 | (o8) | 10107 | 10291 | 106.42 | 107.87 | 112.41 | 114.82 | 11871 | 12176 | 127.6 | 1269 | 13129
55 56 57 72 73 74 75 76 77 78 79 30 81 82 83 84 85 36
Cs Ba | La* | Hf | Ta W Re | Os Ir Pt Au | Hg Tl Pb Bi Po At | Rn
1329 § 1373 | 1389 | 1785 | 1809 | 183.9 | 1862 | 1902 | 1922 | 1951 | 197.0 | 2006 | 2044 | 2072 { 200 | 09 | 10) | (222
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Fr Ra | Ac| Rf | Db Sg Bh | Hs Mt | Ds Rg
@3) | 2 | @1 | e6n | e | 263) | 64 | 65 | 68) | @) | @)
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Ce Pr Nd ([Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
140.1 | 1409 | 1442 | @45) | 1504 | 1520 | 1573 | 1589 | 1625 | 1649 | 1673 | 1689 | 173.0 | 1750

90 91 2 93 94 95 96 97 98 99 100 101 102 103

Th Pa U Np Pu | Am | Cm | Bk Cf Es Fm | Md | No Lr
2320 | @31 | 2380 | @n | a9 | a3 | @an | ean | @esn | s | esn § es8) | @59 | 60

Diazonium lon Displacement Reactions

®
Ar—N=N
CI@

H,O —> Ar—OH CuCN —> Ar—CN
CuNO, —> Ar—NO, H,PO, —> Ar—H
CuBr —> Ar—Br CuCl —> Ar—Cl
KI —> Ar—lI HBFy, —> Ar—F
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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?

Br OCH
+ Af 8 . ©\/\H/OCH3
@)

O
Grignard Reaction
Suzuki Reaction
Gillman Reaction (Organocuprate Coupling)
Heck Reaction

a0 o

2. Rank the compounds shown below in order of increasing acidity.
0 0

/©/OH dOH /@)J\OH
H,CO NC H5CO

[ I ]
[<II<III
I <I<II
[<II<II
I<IlI<I
[I<I<III

© oo o

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?

o) 0 o)
1) Mg, THF |
Ph=Br %5 co, Ph” 07 Ph)\O/\ Ph)J\/ Ph)LO/\/CI
c d

3) CHaCH,Cl a b

5. Which statement is incorrect regarding Grignard addition to an ester?

The workup step typically consists of adding dilute acid.

The byproduct of the reaction is an alcohol

The first tetrahedral intermediate collapses, expelling a leaving group to form a ketone.
All of the above statements are correct.

©c oo o

The Grignard reagent will add twice to give a tertiary alcohol product following the workup.
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6. How many different products are formed in the following reaction?

o NaNH,
NH3

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.

sallsaNeoles
| Il 1] v

I, IV
[, III
I, IV
I, I
I, 1

S

8. Which species shown below is an allylic alcohol?
Do Dron Drow Drov Do
b d

a C e

9. If an alkene were reacted with 180 labeled mCPBA as shown below, which products would

result?
18
0 0 O 0
+ + 18
@ HO)kAr @ HO)kAr
o a b
+ 18 >
@ H ”O\OkAr
o' 0 (0] o'®
+ 18 +
@ HO)kAr (j HO)kAr
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10. What is the best set of starting materials to prepare the ether shown below via the Williamson
ether synthesis?

D:){ DLBr . ;Og DLOH . ;rz

a b

Both a and b could Neither a nor b could
be used successfully be used successfully
c d

11. Which of the following substrates will undergo a successful reaction with methyl cuprate
(Me2CulLi)?

o DX 0% OX  _a

[ and III only

I, 11, and III

L IIl,and V

I IL 11, and V

I IL I, IV, and V

©c oo o

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

OH OH Cr03 niaH_ OH OH

OH O OH O OH O ; OH OH
H  H* OH OCH3 2) HzO*
i \'
Il and III

I, 11, and III

I, IL, 111, and IV

II, 111, and IV

None of the above alcohols need to be protected

©c oo o
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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!

13.

14.

15.

16.

17.

18

b

OH

8 g

(SR

SCH3

%

?YE R

Reagent Bank

1. TsCl
Pyridine
2. NaSCH3

BC

B e e e

1. BHg*THF
2. NaOH
H50,

1. PhoCuli
2.H,0

BD

e i Rl pl ittt Sl

1. PBrj

AB

POCI4
Pyridine

cDh

1. PhLi
2. H* workup

DE
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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)
a) b) OH

/A(\/\( F
OH

0\

c) A d) 4-methylpentane-1,2,3-triol
o Structure:
IUPAC:
Common:

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

1. (ACuLi PCC
Ph—Br N Ty Ph/\/OH _
2.H,0
1. Mg DIBAL-H
2.CO, -78 °C
3. H;0* then H,0 1. CHzMgBr
2. H,0*
1. NaH
—_—
2. CH,CI
CHali 1. LAH CrO,
then 2. Dilute H* H+
H,0

(0]
Ph
OH PBr3 /\’&
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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)

a. e}
1. LiAIH4
e —_—
” 2. H;0*

> X Br /\CN
/\/ _—
Ph Pd(OAC),
PPhs, NEt,
c. .
/\H/H 1. (CHs)ZCULl Na2Cr207
—_— —_ =
O 2. H30+ HQSO4
d. 0 HBr 1.TsCl, Pyr
—_— —_—
; 2. NaSH

OR

B
RS .

Br  Pd(PPhg),
HO-

22. Show the complete electron pushing mechanism for the reaction shown below. (6 points)
APAL oH
2. H3O+ Ph

OH
Ph

23. Unknown X is an acyclic 5-carbon alkane containing a chiral alcohol functional group

Oxidation with PCC provides a ketone product. Dehydration with POClz/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)

a.

Br
A 0 2
| A T
ON" NF H™ ~Ph
b OH OH
?
/\ Br + E—

)

/©)J\Ph
NC

25. Provide the intermediates in the reaction mechanism shown below and add curved arrows to

show electron flow. (5 points)

on
Cl H,O

e
Heat
H

H ™ H OH

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)

NC
Cﬂ 0 |
"’//\/N\

F

Citalopram
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