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Problem I. Multiple choice (25 points total; +5 points for a correct answer, +2 points for an answer intentional-
ly left blank, and 0 points for an incorrect answer). For each question, select the best answer of the choices
given. Write the answer, legibly, in the space provided on the answer sheet.

(1) What is the best name for the major product of the reaction shown below?

H 1eq. Hy
=

Lindlar's
Cl catalyst

A

(a) (3Z,72)-4-chloro-3-methyl-3,7-octadiene
(b) (1Z,52)-5-chloro-6-ethyl-1,5-heptadiene
(c) (1E,52)-5-chloro-6-methyl-1,5-octadiene
(d) (12,5E)-5-chloro-6-methyl-1,5-octadiene
(e) (2)-5-chloro-6-methyl-1,5-octadiene

o

Cl

Major product:

(2) Which of the following compounds would you expect to observe as the major
product of the following reaction?

2. H,0 or mild H;0*

O] 1. LiAIH,4 X
H'4 \N'CHs OH
H CHj
B

(@) 2-methyl-2-propanol
(b) 2-methyl-1-propanol
(c) 2-methoxypropane
(d) 1-methoxypropane
(e) 2-methyl-propane

These are strongly basic conditions and the epoxide is opened by the delivery of hydride (H™) to the less
substituted/hindered carbon of the ring. The presence of weak acid instead of strong acid in the second
step allows for protonation of the alkoxide without subsequent dehydration.
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(3) What statement best describes the role of the first set of reagents in the following
preparation of compound D?

1. TsCl, pyridine
/\/\OH : /\/\CN
2. K'/CN

(a) it prevents the formation of a primary carbocation

(b) it converts the hydroxyl group into a good leaving group

(c) it deprotonates the hydroxyl group to make the alkoxide

(d) it gives an alkene intermediate by E2 elimination

(e) it protonates the hydroxyl group which then leaves as water

(4) What statement does not accurately describe at least one step or aspect of the
mechanism for the reaction drawn below?

Br, Br Br
= A

(a) a bromide anion serves as a nucleophile

(b) the m bond on the alkene serves as a nucleophile

(c) the addition of the Br groups takes place with syn geometry
(d) an intermediate with a three-membered ring forms

(e) the final product is saturated (degree of unsaturation = zero)
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(5) D Which of the following routes is the most appropriate to prepare pentanal (F) from

1-pentene (E)?

f)
AN j—— e [Tlo i
E F
() H,SO,  TsCl {BUOK
H,O pyridine tBuOH
() 1. BHg « THF K,Cr,07

2. H202, NaOH H2804, Hzo

© HiSOs  KaCroOy
H,O H,S04, H,0
(d) 1. BH3 » THF PCC
2. H202, NaOH
(e)
socl, 1.03

pyridine 2. S(CH3),

Note that sequence (b) will produce the carboxylic acid instead of the aldehyde because dichromate is too
strong of an oxidant.
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Problem Il. Mechanisms (24 points).

(1) (16 points) Draw a sensible mechanism for the following reaction. Remember to use proper “curved arrow
notation” to account for the redistribution of electrons in the making and breaking of bonds. Show all signifi-
cant resonance forms that account for the stability of the intermediates in the reaction.

H,SO0,

Jo ~
HO

H
L Sl
iy

H-0SO3H J

\

1,2-methyl
+
CH, (TH CHy H‘é

HOSO3

1,2-hydride
shift

Note that the 1,2-hydride and 1,2-methyl shifts cannot be replaced by a single 1,3-methyl shift. The orbital

overlap required for such a step is insufficient, since the C—C bond (filled o orbital) is too far away from the
empty unhybridized p orbital.
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(2) (8 points) Draw a sensible mechanism for the following reaction. Remember to use proper “curved arrow
notation” to account for the redistribution of electrons in the making and breaking of bonds. Show all signifi-
cant resonance forms that account for the stability of the intermediates in the reaction.

\%\ H2504 )OJ\(

OH H20

J K
(\ . .
OH S 07
,'OH ..‘*'\H/\. )
H O H

This is the standard mechanism for acid-catalyzed keto—enol tautomerism. You will see this in spades next
semester. Note that in water with strong acid present, H;0" serves as the source of protons and H,O serves as

the base. Do not invoke strong bases (like hydroxide, HO") in your mechanisms when the conditions are
strongly acidic.
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Problem lll. (21 points) Roadmap Problem. Provide structures for compounds N and U, as well as the reagents
for the conversion of M — N. Do not write the structures of the other compounds on your answer sheet.

Compound M has the molecular formula CsHio. When M is treated with a set of reagents (that you must
identify), it is converted to compound N. When N is subjected to ozonolysis with a reductive workup, com-
pound Q is the only organic product. It has the molecular formula C3HgO and yields compound T (C3HgO5)
when treated with aqueous acidic dichromate. When N is treated with bromine in water, a racemic mixture of
products with the molecular formula CgH13BrO is produced. When a dilute solution of this racemic mixture is
treated with sodium hydride, a racemic mixture of compound U of molecular formula CsH1,0 is produced. On
your answer sheet, provide structures for compounds N and U (only one enantiomer necessary) and the rea-
gents for the conversion of M to N that are consistent with these data.

The best way to work this problem is to work backwards, and compound Q seems to be the ideal place to
start. You can calculate the number of rings and 1t bonds for Q and find that Q = 1. We know that ozonolysis
with reductive workup typically produces aldehydes and ketones from alkenes, so it would make sense that Q
is either 1-propanal or 2-propanone. From these two choices, propanal makes the most sense because it
would oxidize to a carboxylic acid, propanoic acid (T), upon treatment with dichromate while 2-propanone
would not react at all.

So, at this point, we think we have the identity of Q. Since Q is the only organic fragment produced from
ozonolysis of N, it makes sense that N is a symmetrical alkene. Since Q is propanal, N should be either cis- or
trans-3-hexene. To decide between these two stereoisomers, we can observe that bromohydrin formation
followed by treatment with base generates a racemic mixture. We know that this sequence of reagents typi-
cally makes epoxides. Finally, we must recognize that these reagents would turn cis-3-hexene into a meso
epoxide while trans-3-hexene would be converted into a racemic mixture of epoxides (U). Thus, N must be
trans-3-hexene.

The last piece of the puzzle is to figure out how N was synthesized. We can calculate Q = 2 for the molecu-
lar formula of M. It makes the most sense for M to be the alkyne 3-hexyne. How do we convert 3-hexyne into
trans-3-hexene? By treatment with sodium metal in ammonia.

The last remaining work for this problem is to fill in all of the blanks and double-check the compounds to
make sure their structures are consistent with the reported data.
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\/\ "
(CsH10)

(reagents?)

Na (2 eq.)
NH3

R

Br2
H,O

CGH13BFO

(racemic mixture)

\ NaH

N

)

(draw either enantiomer)

U
(CsH420)

O
1.0, NN
2. S(CHy), Q
(C3HgO)

(only organic compound)

K20r207
H,ySQOy4, H,O

T O

(CsHeO2) o

(only organic compound)
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Problem IV. Explanations (10 points). Your orgo lab TA hands you a bottle of cyclopentanol and asks you to
synthesize cyclopentene. You pour some of the cyclopentanol into a round-bottomed flask, attach a conden-
ser, and heat the compound using the maximum setting on your heating mantle. Name two things you can
add or do to maximize your percent yield of X by the end of your two-hour lab period. (Note: there are more
than two correct answers)

heat @
2 hr

e Add a nonaqueous acid, like H,SO4 or TsOH, as a catalyst for the reaction

e Affix a distillation apparatus to remove the lower-boiling alkene product as it is produced to drive the
equilibrium right by Le Chatelier’s Principle

e Add adrying agent to remove water and shift the equilibrium right by Le Chatelier’s Principle

e Add POCls/pyridine as a dehydrating agent
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Problem V. Synthesis (20 points). Provide a synthetic route—i.e, a sequence of reactions—to produce

hexanal (Z) from acetylene (Y) and any reagents you need so long as no synthon/reagent supplies more than
two carbon atoms (of the six) in the final product.

Y
H—C=C—H
/\/\)J\
+ — H

any sources of carbon with
two or fewer carbon atoms

1) NaH H 1) NaH OH
H——H = \/V
Br <|
(0]
3) H,0
2 eq. Hy PCC Q
T L ey i~ A
OH H
Pd-C
or

alkyne zipper reaction

1) 2 eq. NaH 1) NaNH,, heat
H——H \/\

. +
2) g 2) mild H;0 H

§

1) 9-BBN o)

H)K/\/\

2) HQOQ, NaOH, H20



