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Problem I. (50 points total; 5 points for a correct answer, 1 point for an answer intentionally left blank, and 0
points for an incorrect answer.) For each question, select the best answer of the choices given. Write the an-
swer, legibly, in the space provided on the answer sheet.

(1) D Arrange the following four molecules in ascending strength of acidity—i.e., list the
weakest Brgnsted—Lowry acid (with the highest pK,) first, and the strongest acid
(with the lowest pK,) last.

OH o) OH

g /_\/ )J\o/ )\/

(a) A<B=D<C
(b) A<xB<D<C
(c) A<xD<B<C
(d) A<C<B=D
(e) C<B=D<A

The best approach to this problem is to look at each molecule and estimate a pK,
value for the most acidic proton. Compound A is an alkane that will have protons
with pK; values >50. The hydroxyl groups on B and D have pK,s around 16. The pK;
of methyl acetate (C) is around 24. The alcohols B and D are enantiomers, so their
acidities will be equal.

(2) B The correct systematic IUPAC name for compound E is (3E,7R)-8-bromo-4-fluoro-
3,7-dimethyl-3-octene?

CHs CHs
H3CJ\(\/'\/ Br
F
E
(a) True
(b) False

(c) All of the above
(d) None of the above
(e) Both (a) and (d)
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(3)

(4)

The compounds represented by Newman projections F and G are:

(a) identical compounds
(b) enantiomers

(c) diastereomers

(d) constitutional isomers
(e) notisomers

CHa Br
Br F H L H
H H F CH,CH;
CHs, H
F G

What structure represents the most stable conformation of
trans-1,3-dimethylcyclohexane?

CHj3

L7 me X0 RO
H4C

CHj3
(@) (b) (c)

(d) (e)
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(5)

(6)

Which of the following molecules would form (at least some amount of) compound
H as a product after treatment with ozone (Os) followed by a reductive workup?

1) O3 H H

2) Zn, H,O/CH;COOH o) o)

YA

IS H

(a) Only compoundJ

(b) Only compound K

(c) Only compoundL

(d) Only compoundsJ and K
(e) Compounds J, K, and L

Which of the following compounds is the isomer of CgH5 with the highest

melting point?
H3C,,' CH3 H5C, CH3 )\H\
H,C?  “CH, H3C: :CH3

(a) (b) ()

(d) (e)
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(7) A Which of the following statements best describes the expected results of the
following elimination reaction?

: CH4OH

B
?r CH3ONa \/\K\ N \/\% . M
A N z
N

M P

(a) The major product will be M

(b) The major product will be N

(c) The major product will be P

(d) The reaction will produce a roughly-equal mixture of M and N

(e) All three products (M, N, and P) are expected in roughly-equal yield

(8) E Choose the most correct and complete statement about the following Lewis
structures.
®
NEX
/\/\
/N\/\ H
Q R

(a) Cations Q and R are constitutional isomers

(b) Cations Q and R are both stabilized by resonance effects

(c) Cations Q and R both have atoms with unhybridized p orbitals
(d) Statements (b) and (c) are both true

(e) Statements (a) and (c) are both true

(f) Statements (a), (b), and (c) are all true
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(9)

The mass spectrum below belongs to a pure compound composed solely of carbon,
hydrogen, and bromine. How many bromine atoms are present in each molecule?
The peak at m/z = 234 represents the molecular ion.

236

157 234|238

160 180 200 220

(a) zero

(b) one

(c) two

(d) three

(e) like, a lot, man
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(10) In the mechanism of the following reaction, what orbital does the alkene

nucleophile attack?

CH3OH
A~ + Hl —
OCHs

Careful...where are the protons? Big hint: the pK; of protonated methanol is -2.2
and the pKj; of hydrochloric acid is -8.0.

(a) the 1s orbital of a lone proton (H")

(b) the o* antibonding orbital of an H-O bond
(c) the o* antibonding orbital of an H-Cl bond
(d) an unhybridized p orbital on H*

(e) alone pair on the negatively charged oxygen
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Problem Il. (10 points) Complete the Lewis structure for 3-bromo-5-nitrobenzoic acid. Among other features,
the compound has an aromatic ring, a nitro group, and a carboxylic acid. The molecule has a molecular formu-
la of C;H4BrNO4. Draw a stable structure for this molecule and explicitly include—i.e., draw out—all hydro-

gens, bonding pairs, lone pairs, and formal charges on your Lewis structure. The molecule has been started
below (and on your answer sheet).

. @ ..
. _N H
/N ° 7 g
0 0 O 0.
H H
Br -Br:

Problem lll. (20 points) Mechanism. Draw a sensible mechanism for the transformation shown below. Re-
member to use proper “curved arrow notation” to account for the movement of electrons in the making and
breaking of bonds.

/ HCI

T . H,CO

methanol

H
CLle CHs

CH
;2N O, , ®(wp  12alkyl shift HsC
HsC HaC
HC ®

HsC

HsC
H3CO = H3C -
0 RS H3C
\ /O\ p—
CHy FOlenS_n 00

CH3
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Problem IV. (20 points) Déja vu Synthesis. Design an efficient synthesis of compound T using any starting ma-
terials you wish that contain two atoms of carbon or fewer. You may use reagents that contain greater than
two atoms of carbon, so long as these reagents do not contribute carbon atoms that are present in the final
product. Be careful in choosing the order of reactions you use—that is, the reactions used towards the end of
the synthesis shouldn’t interfere with any of the functionality you’ve already “installed” in previous steps.

any starting materials you

— N H
wish that contain two or fewer - . H3CO/\W

atoms of carbon 0
T
1) NaH
o, N CHl HsCO
2 q N N
AN H H
1) NaH H,CO 1) Na, NH; X OH
D o0 Ny ang T MO
O +
VAN /e
PCC

H
— > Hsco/\/\/\ﬂ/



