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PLEASE PRINT YOUR NAME ON LAST PAGE TOO. ANSWER QUESTIONS ONLY IN THE
SPACES PROVIDED. DO NOT WRITE ON THE BACK OF PAGES, I WILL NOT GRADE ANSWERS
ON THE BACK OF PAGES.

1. (30pts) Multiple choice/fill in the blanks. Put your answer in the space provided.

a) Which of the following cannot undergo nucleophilic substitution reactions?
A) CH,—CHCH,Br B) Br
O) Br D) Br
E) CH,Br

b) Which of the following solvents is aprotic?
(A) CH;CH,OH
(B) CH;CH,CH,NH,
(O CH3CH,0CH,CHj;
(D) CH;CH,NHCH;

(E) CH3COOH



c)

d)

e)

Why is the alkyl halide shown below not capable of undergoing an E2 reaction
upon treatment with sodium ethoxide?

A)  Bromide is too poor a leaving group.

B)  The substrate is too hindered.

C) Too much angle strain would be present in the alkene product.
D) Sodium ethoxide is a poor base to use in E2 reactions.

E) The C-H and C-Br bonds, which need to break, cannot achieve an
antiperiplanar orientation.

Which of the following SN2 reactions is the fastest?
A) CH3CH,CHyl + HO — CH3CHyCHyOH + I
B) CH3CHoCHyBr + HO- — CH3CHpCHyOH + Br-
C) CH3CH,CHol + HyO — CH3CH,CH,OH + HI

D) Br

o OH Br@
S — [
E) I OH
P

Assuming no other changes, what is the effect of doubling both the alkyl
halide and the nucleophile concentrations in the above reaction?

CH,Br + Ho® 3 CHOH + B©

A)  No change B)  Doubles the rate
C)  Triples the rate D) Quadruples the rate
E)  Rateis halved



f)

g)

h)

Which of the following is the best nucleophile in water?

A) T

B) CH3SCH3
C) CH3OCHj

D) CI”

Which of the following carbocations is the least stable?

A cnen®
O CH,4
H,C—C®
CH,
E) ®

B)

D)

@
CH;CHCH;
@
H,C—C—CH,
CH,

Which of the following is not a resonance structure of the species shown?

*NH,

E

NH, :NH,
E
7 H ®
DA F
I 1
A) I
B) II
O I
D) IV

@
NH,

I

E

:NH,
E

H H
® @D

v



i) Which of the following is least likely to be found in the product mixture, which
results when the alkyl iodide below is heated in water?

cor e
Ok " O
e

i) Which of the following statements correctly describe(s) E1 reactions of alkyl
halides (RX)?
I) Rate = k[Base]
II) Rate = k [base][RX]
III) Rate=k [RX]
IV) The reactions occur in two distinct steps
V) Rearrangements sometimes occur.

A) ITand IV
B) IIlandV
O LIV,and V

D) Ionly

E) III,IV,and V



2. (45 pts) Predict the major product of the following reactions. If there is no reaction, write NR.
Show the stereochemical consequence of the reaction if any.

a) hv
2 —_—
Photodimerization
b)
®
)\/\ H3C—CEc@ Na
—_—
' NH, Liquid
C
) /\/Cl H,0 >
Room temperature
d) Br
©
conc. CH;0
e
Substitution
Product
e)
KF in Acetonitrile
—_—>
Br Crown Ether
f)
HCl
—_—
X Thermodynamic
Product
g)
(o)
)H Ph
ﬁ
A
>/
h)
H EtONa
D E————
EtOH
CH,
Br H

EtONa

)
CH(CH
o [T orer L



(20 pts) Answer the following questions regarding alkylating agents.

a) Bendamustine is a cancer drug used to treat leukemia. Provide a mechanism for its alkylation
reactions.
Cl

N N
o \©:\>—\_\

N

\

Bendamustine cH 3 COOH

b) The following antitumor agent is under investigation at the National Cancer Institute. Show the

structure of the nucleophile substitution product using "Nu~" as your generic nucleophile. Also show the
structure of the leaving group(s) resulting from this reaction.

example
€] €]
Nu~™ + CHy—Lg —» NuCH; + Lg
o)
\ ©
0=S
K —0
S
7\
0 o)
Cyclodisone Nucleophile Substitution Product Leaving Group(s)




(15 pts) Resonance problems. Answer the following questions.

a)  Draw the lowest- energy- alternative -resonance structure for this compound.

o
He” X" cH,

b) Draw the lowest- energy- alternative -resonance structure for this compound. There are two

resonance structures for this molecule. Draw the better one.

H)I\/\%)Hz

¢)  Show all charge delocalization structures for the following charged species. Include all degenerate

structures
S,
(o)
/W
(0]

5. (20 pts) Provide the structures of the following common laboratory solvents.

a)
DMSO
b)
Acetone
c)
Acetonitrile

d) Dimethylformamide (DMF)



6. (30 pts.) Multistep Synthesis. Starting with the starting material shown below show how the
synthesis of the product can be carried out. Use any necessary carbon sources and reagents in
your synthesis.

a) Br
Br
To
b) H
(0)
To
H (0]
(o)
C) o

Bra X to Q/CHs



(20pts) Mechanisms. Provide a mechanism for the following reactions. Show intermediates
present in the reaction along with curved arrows and proton transfers.

a) OH  H,S0,
—
Heat

b)  Show mechanisms for both the E1 and SN1 products of the reaction shown below.

CH;O0H

Br — _ OCH,

Heat +

El Skl



8.

(10pts) Rank the following groups of compounds as instructed. Provide an explanation for your
ranking along with supporting resonance structures.

a) OH OH OH Rank by acidity of the
hydroxyl group.
CHj3; NO,
A B C
> >
Strongest Weakest
acid Acid

(10pts) Classify each of the following compounds as aromatic or antiaromatic using the Hiickel
rule. Assume all compounds are flat.

Y ? L

d) D

O O

10



Name

1. 30 points
2. 45 points
3. 20 points
4. 15 points
5. 20 points
6. 30 points
7. 20 points
8. 10 points
9. 10 points
Total 200 points

11



