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Signature Pg 1

1. (5 pts) What is the most important question in organic chemistry?

Where are the electrons?

2. (10 pts) Amides are best represented as the hybrid of three contributing structures. Draw the second
and third important contributing structures in the spaces provided, including all lone pairs and formal
charges. For the two structures on the left in each problem, use arrows to indicate the movement of
electrons to give the structures you drew. There is no need to draw any circles around any of these
contributing strucures. You might want to read these directions again to make sure you know what we

want
..@
HT.0: H :0.
| Sl s | | A®
H—(I?—C—I]I—H PR . H—?—C=ITI—H
H H H H
..e
| ..
H—C—C—N—H
| @ |
H H

3. For the following carbon radical:

A) State the hybridization state of the indicated atom in the square box provided. In the rectangular
boxes, describe the bonds indicated by the arrows in terms of overlap between hybrid orbitals (the
valence bond approach). For example, answers might beocsp3-Csp3 or nCZp-CZp .

(2 pts. each) GCspz-H1 s

2 / ;
G

NOTICE THIS

U

B) (6 pts) This part refers to hyperconjugation. On the structure, circle all of the sigma bonds that can
take part in hyperconjugation with the carbon radical.
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4. (1 pt each) Consider the following statements that refer to Sy1, SN2, E1, E2 or a radical chain
reaction mechanism. To which mechanism(s), if any, does each statement apply?

Mechanisms

A. The reaction mechanism has no intermediates, Sn2, E2
only a single transition state, as it moves from
reactants to products.

B. The reaction creats an alkene and follows El,E2
Zaitsev's rule

C. The reaction mechanism involves a carbocation E1, S\l
intermediate

D. The reaction mechanism involves radical . . .
intermediates radical chain reaction

E. The reaction mechanism requires an E2
antiperiplanar transition state geometry

F. When reaction occurs at a chiral center on a pure

sample of a single enantiomer, a single enantiomer Sn2
product with inversion of the chiral configuration is
created.

G. The order of reactivity for this mechanism is S\ 2 ~ .
methyl halides > 1° haloalkanes > 2° haloalkanes. N Note: we realize
There is no reaction by this mechanism with 3° there was some
haloalkanes. unintentional
ambiguity in the
H. The order of reactivity for these mechanisms is Sn1,E2,E1 < E2 answer here
3° haloalkanes > 2° haloalkanes. There is no _— H). We give full
reaction with these mechanisms for 1° haloalkanes (H). vegive lu
or methyl haloalkanes. credit if you only
wrote Sy1, E1

I. For alkane starting materials, the order of
reactivity for this mechanism is 3° hydrogens > 2°
hydrogens > 1° hydrogens

G
radical chain reaction

J. The reaction mechanism(s) that will occur when E2
KOtBu reacts with a haloalkane

K. The reaction mechanism(s) that will occur when radical chain reaction
Br, and light are used

L. The reaction mechanism(s) that will occur when radical chain reaction
HBr and peroxides with light are used ! ! '

M. The reaction mechanism(s) that will occur when dical chai ti
NBS and light are used racica’ chaln reaction
N. The reaction mechanism that occurs when the Sn2

anion of a terminal alkyne reacts with a primary
haloalkane.
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5. (3 pts) For the following carbocations, rank them from 1-3 according to overall carbocation stability,

with a 1 under the LEAST STABLE CARBOCATION and a 3 under the MOST STABLE
CARBOCATION.

@1°
o allylic
/l)/ ))g | i)/
F F e
1 2 3

6. (3 pts) For the following radicals, rank them from 1-3 according to overall radical stability, with a 1
under the LEAST STABLE RADICAL and a 3 under the MOST STABLE RADICAL.

. 1°
/l)/ ))°/? allylic
P P FZ
1 2

3

7. (4 pts) For the following constitutional isomers, rank them from 1-4 according to overall alkene
stability, with a 1 under the LEAST STABLE ALKENE and a 4 under the MOST STABLE ALKENE.

~¢ ey

8. (4 pts) For the following haloalkanes, rank them from 1-4 with respect to reactivity in an Sy2

reaction, with a 1 under the LEAST REACTIVE HALOALKANE, and a 4 under the MOST
REACTIVE HALOALKANE.

CH;3Br /\><Br ' /\)\Br
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9. (15 pts total) Complete the following mechanism for an Sy1 reaction that occurs when 2-chloro-2-
methylbutane is heated in water. NOTE, ALTHOUGH AN E1 PROCESS WILL ACCOMPANY THIS
Sn1 REACTION, WE ARE ONLY INTERESTED IN THE Sy1 MECHANISM FOR THIS PROBLEM.
Use appropriate arrows to show all movement of electrons, show all non-bonding electrons as dots and
show any formal charges. If any of the species are really racemic mixtures of enantiomers, you only
need to draw one stereoisomer and write "racemic". In the boxes provided, write which kind of
mechanisitc element is being shown for that step,i.e. "make a bond", etc.

C/CI @ CHs
CH3—CH2—C.,,,”CH = CH3_CH2_C\
® ' CH; . ©
not chiral CH;3 <Cl:
Break a bond not chiral e

H—O—H Make a bond

: . .__H 4 __
0 H—O—H H H
CH3_CH2_C-'",CH3 » (’\/oooé
CH3 10t chiral Take a CH;—CH,—-C-., CH,
—0— proton away
H ?@ H not chiral CH,
H
Products -
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10. (15 pts total) Complete the following mechanism for the reaction of the alcohol shown with HCI. Use
appropriate arrows to show all movement of electrons, show all non-bonding electrons as dots and show
any formal charges. If any of the species are really a racemic mixtures of enantiomers, you only need
to draw one stereoisomer and write "racemic". In the boxes provided, write which kind of
mechanisitc element is being shown for that step,i.e. "make a bond", etc.

H \.o./H
LN J r/ @
:/O_H ('*' . D C|-|3_CHZ_C""'CH
CH3_CH2_C'"'"CH + H_CI hd \ 3 ) e
3 X not chiral CH3 :Cl:
not chiral CH, Add a proton e
Break a bond
S LX) @ B ]
jCI . :Cl:
oo CH,
CH; —CH,~Cluu ey, CHy—CH, ~C@
not chiral ~ CHa Make a bond ot chiral CH3 .
H—O—H
Products - N

11. (5 pts) Compare the mechanisms you just wrote for problems 9 and 10. Precisely state the
relationship that exists between these two reaction mechanisms. Be specific please. The correct
answer only requires one sentence and one point being made. We are grading this as "all or nothing",
so please be careful here.

The mechanism for problem 10 is the exact reverse of that in problem 9, and vice versa.

Note how the intermediates are the same in both directions, and mechanistic elements are complementary
in the different directions (make a bond corresponds to break a bond, and add a proton corresponds to
take a proton away when moving in opposite directions)
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12. (11 pts total) For the following E2 reaction, draw the transition state that leads to the predominant

product(s), indicating geometry and stereochemistry with wedges and dashes. We will be paying

particular attention to the geometry of your transition state. No need to show any arrows for moving

electrons here, we are just interested in the transistion state and product structures. In your

transition state structure, be sure to show bonds being made or broken as dotted lines ( unnm).

:.B.r: rotate bond to
H3CHZC’¢ provide for

Hal antiperiplanar

c c ""u/CH CH transition state

2 3
H3C CH, =
+
e .(9
H - .

6 pts H3C, :é;_: +
H;CH,C m.* &
S ("’CH20H3
H CH;
H—O . S
e bonds being broken are in blue
bonds being made are in green
Transition state -
5 pts
+C CH,CH,
C—
HCH,C npn  CHj
e LN J e
H—O0—H <Br.
Products

13. (6 pts) Draw the predominant product expected for the following E2 reactions.

A. Br CH30@
— >
CHs CH,
cl H
B. HyC cny0® H,C /
CH, — = CHs
CH, CH,3
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14. (3 or 7 pts each) For the following reactions, write the predominant product(s) in the space provided,
then in the box above the arrow write the predominant mechanism of the reaction. Make sure to
indicate stereochemistry with wedges and dashes as appropriate.

1 3 5
A.
SN2
B. \/Y N HS@ \/\_/
Br §|-|
E2

:
|
2

Br

Sx1,El SN NN

D. \/Y + CHoH ———>

Br OCH;

Onw-

CH,

Sn2

CH0H —  » "och,

S\2
F. B + CH3;0 — >
r

OCH;
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15. (3 or 5 pts each) The following reactions all involve chemistry of alkenes. Fill in the box with the

product(s) that are missing from the chemical reaction equations. Draw only the predominant
regioisomer product or products (i.e. Markovnikov or non-Markovnikov products) and please
remember that you must draw the structures of all the product stereoisomers using wedges and

dashes to indicate stereochemistry. When a racemic mixture is formed, you must write "racemic"
under both structures EVEN THOUGH YOU DREW BOTH STRUCTURES.

A. /\/ L Br \/\/ (not chiral)
ROOR, heat
Br Br
HBr T
B. AN _ = :
/ /\/
Raemic mixture
Br,
C. _— > \)<Br (not chiral)
light (hv)

NBS
D. PN T Br _~X~ (@otchiral)
excess HBr Br Br

—_ SN ——

M (not chiral)
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15 (cont.) (3 or 5 pts each) The following reactions all involve chemistry of alkenes. Fill in the box with
the product(s) that are missing from the chemical reaction equations. Draw only the predominant
regioisomer product or products (i.e. Markovnikov or non-Markovnikov products) and please
remember that you must draw the structures of all the product stereoisomers using wedges and
dashes to indicate stereochemistry. When a racemic mixture is formed, you must write "racemic"
under both structures EVEN THOUGH YOU DREW BOTH STRUCTURES.

F. (0)
OH HZCI‘O4
-

0
G.
og  HLrO4 OH
—_—

H.
OH PBr; @A\\\Br
—_—

(0]
PCC
OH O)L H
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13 (cont.) (3 or 5 pts each) The following reactions all involve chemistry of alkenes. Fill in the box with
the product(s) that are missing from the chemical reaction equations. Draw only the predominant
regioisomer product or products (i.e. Markovnikov or non-Markovnikov products) and please
remember that you must draw the structures of all the product stereoisomers using wedges and
dashes to indicate stereochemistry. When a racemic mixture is formed, you must write "racemic"
under both structures EVEN THOUGH YOU DREW BOTH STRUCTURES.

/k/ DA )v\f 0
»
2) H,0,/HO®
H
X
3
Lindlar's catalyst
Z. (syn addition)

X
2 Na° 2NH3
»

E (anti addition)

=
\\

2H N\

R\ 2 » AN
Pd°

. - L7) 7, l,,/

oy, "I//
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16. (7 and 9 pts) For the following sequences of reactions, work through all the different steps
and then write the final product(s). Assume only the predominant product is formed at each
step. You must indicate stereochemistry with wedges and dashes. You must draw all
stereoisomers produced as predominant products and write "racemic" under the structures when
appropriate. Assume no rearrangments take place.

1) Br, and light (hv)

2) NaOCH,
3) BH,
)\/\ 4) H,0, / NaOH

Racemic mixture

i

1) Br, and light (hv)

3) BH,
4) H,0, / NaOH
}\/\ 2) NaOCHj
—>
X
1) Br2
2) 3 NaNH,

3) Mild HCl / H,0
O\/ 4) 1 NaNH, OH
> OH Racemic
7 5) N Br mixture

6) H, / Lindlar's catalyst

1) Br, 7) OSO4 ' "'IIOH
8) NaHSO3

Racemic
mixture

Br P

:@ H pg o,
l 2) 3 NaNH, Lindlar's
5

wllll': —:
Ud
H

A(

Z

o

an

»n

L

3) Mild HCl1/ H2O catalyst

) N
< > 4)1NaNH2 \< Pl



Signature Pg 12 (14)

17. These are synthesis questions. You need to show how the starting material can be converted into the
product(s) shown. You may use any reactions we have learned provided that the product(s) you draw for
each step is/are the predominant one(s). Show all the reagents you need. Show each molecule
synthesized along the way and be sure to pay attention to the regiochemistry and stereochemistry
preferences for each reaction. You must draw all stereoisomers formed, and use wedges and dashes to
indicate chirality at each chiral center. Write racemic when appropriate.

A) (4pts) oH > vV

S —
Recognize this as
the meso compound

that results from
reaction of Br, with
H,SO, E-2-butene
Br2
\/\

Wllll-j =
-
h

Note that you get full
credit if you first
converted the alcohol Recognize this as
to a bromoalkane \ the Zaitsev product
with PBr; or a alkyl that results when 2-
sulfonate followed by butanol is
an E2 reaction with a dehydrated with
strong base. H,SO,
?
B) (10 pts) o~
_— —
Brz
light (hv) 2 NaNH,
Br

Racemic
miXture /Y \A

SN Br
Na&‘ —

r /\/ BI'2
(E2)

==] [0
==1 1T
)

This is an I-35 problem!!! Recognize the product as being an alkyne (DFW), and the only way
you can make an alkyne is to react a vicinal dihaloalkane (Waco) wih 2 NaNH,. Recognize the
required vicinal dihaloalkane as the product of a reaction bewteeen an alkene (Austin) E-2-butene
and X, Recognize the required alkene comes from an E2 reaction using 2-bromobutene (San
Marcos). Finally, recognize that the only reaction that uses an alkane (San Antonio) as a starting
material is reaction of Br, and light.
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17. These are synthesis questions. You need to show how the starting material can be converted into the
product(s) shown. You may use any reactions we have learned provided that the product(s) you draw for
each step is/are the predominant one(s). Show all the reagents you need. Show each molecule
synthesized along the way and be sure to pay attention to the regiochemistry and stereochemistry
preferences for each reaction. You must draw all stereoisomers formed, and use wedges and dashes to
indicate chirality at each chiral center. Write racemic when appropriate.

Recognize that the

C) (18 pts) For this one, all of the carbon atoms of the ?gc;dgﬁéigasosgiﬁagggg Sto

product must come from the 1-propanol starting material.  New C-C bond make a C-C bond from

2 two three carbon
fragments. Recognize

\/\OH — > \/\';\ further that an alkyne

PBr; anion must be involved
at precisely where the
Na°/NH, new C-C bond is formed.

Finally, recognize also
\/\Br that the only way to
N make an E alkene at that
R spot from an alkyne uses
. sodium in ammonia

KOtBu | E2 AN

\

©

A N Br T (Sn2)
/.

Brz\ //
\‘/\Br 1) 3 NaNH, /(NaNHz

Br ~\_\p, 2 MildHCI/HO0

Racemic \ /

Mixture

Udln-

r

Recognize that the required alkyne (DFW) can be made from the starting alcohol by conversion to
the haloakane followed by an E2 to give the alkene (Austin) followed by reaction with X, to give
the vicinal dihaloalkane (Waco) then elimination using NaNH, followed by a mild acid treatment.
Recognize also that the 1-brompropane needed for the key C-C bond forming step (as well as the
first step overall) can be made from 1-propanol by reaction with PBr5
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17. These are synthesis questions. You need to show how the starting material can be converted into the
product(s) shown. You may use any reactions we have learned provided that the product(s) you draw for
each step is/are the predominant one(s). Show all the reagents you need. Show each molecule
synthesized along the way and be sure to pay attention to the regiochemistry and stereochemistry
preferences for each reaction. You must draw all stereoisomers formed, and use wedges and dashes to
indicate chirality at each chiral center. Write racemic when appropriate.

D) (13 pts) OH 2

\A P& R =By Br\%\Br

Racemic mixture

H,SO,
Br,

/
E-2-Butene N2

(S

/ o \ Z-2-Butene

Brz
Br
R E‘Z dlar's catalyst
2 NaNH, indlar's catalys
meso  : S —

Recognize that the product vicinal dihaloalkane could only come from anti addition of Br, to Z-2-
butene. Recognize further that the only way you know to make a Z alkene is through the syn
addition of H, to an alkyne using H, and Lindlar's catalyst. Recognize therefore that you must get
to the alkene from the starting alcohol. The most effecient way so do this is to start by dehydrating
the alcohol as in part A), then follow I-35 to the meso vicinal dihaloakane (Waco) followed by
reaction with NaNH, to give the alkyne (DFW).



Signature Pg 15 4)

18. Here is an "apply what you know" problem in the format of an MCAT style passage. Circle the
correct answers.

Alcohols react with a variety of Z-Cl bonds to make new bonds between O of the alcohol and the Z
atom. For example, we have seen that Z can be sulfur in the form of sulfonyl chlorides that react to give
sulfonate esters.

OH (“) o\s//o
O/ + Cl—ﬁ—CHs —_— O/ J CH,
(0]
methyl sulfonyl chloride sulfonate ester

In an analogous ways, silyl chlorides react with alcohols at silicon to give a functional group referred to
as a silyl ether.

CH
OH C|H3 o_/
Si
+ Cl—Si—tBu ——» /Nt Bu
| CH;,
CH,
trimethylsilyl chloride a silyl ether

Recall that silicon is directly below carbon in the periodic table. The compounds of silicon have many
similarities to carbon, most importantly the preference for making 4 bonds. Molecules with Si-C bonds
are not only common, they are useful. Reaction of a silyl ether with tetrabutylammonium fluoride in an
organic solvent such as diethyl ether breaks the Si- O bond and regenerates the alcohol.

o /CHs (CH,);CH; diethyl ether OH p. CH;
\Si | e (solvent) ~!
D' ~tpu T H3C(H2C)3—1\|I—(CH2)3CH3 F —_— = + /Sl\t Bu
CH
3 (CH,);CH, CH,
a silyl ether

tetrabutylammonium fluoride

The big picture here is that the silyl ether formation can be used to temporarily block the reactions of an
OH group, then it can be removed when desired using the fluoride reagent. This kind of group, capable
of temporarily and reversibly blocking the reactions of a functional group, is referred to as a protecting
group. Silyl ethers are widely used protecting groups for the —OH group.

1. The fluoride ion reacts with silyl ether groups to regenerate the OH function by breaking the Si-O
bond. State which of the following best explain the motive (thermodynamic driving force) for this
process.

A. Si-F bonds are significantly stronger than Si-O bonds

B. Despite the steroids, one of the best home run hitters of all time is Bobby Bonds.
C. The reaction of fluoride anion is fast because it has a high activation barrier.

D. Both A.and C.
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18 (cont.).

2. (4 pts) The tetrabutylammonium cation is used to make a salt with the fluoride anion in these
reactions as opposed to NH," because:

A
B.
C. The four butyl groups increase solubility in organic solvents such as diethyl ether, so using this

D.

3.

A.
B

C.
D.

4.

o0 wx

. The butyl groups take part in the reaction mechanism.
There really is no scientific reason for this, it is just an arbitrary choice here.

cation is used to increase the solubility of the fluoride anion salt in organic solvent.
NH," would react with the fluoride anion to make HF, a dangerous acid that dissolves skin and
leaves permanent scars.

(4 pts) The fluoride anion reacts as a nucleophile with the backside of the Si-O bond despite there
being three alkyl groups (two methyl groups, one tert-butyl group) attached to Si. Tertiary
haloalkanes do not react directly with any nucleophiles. Which of the following might explain why
the reaction between the fluoride anion and the Si atom can take place when a similar reaction could
not take place at carbon with similar alkyl groups attached.

The fluoride anion is relatively small

. The Si atom is a lot larger than a C atom so there is much more room to attack the Si atom directly
in spite of the two methyl and one tert-butyl groups.

The fluoride anion and Si atom are the same size.

Both A. and B.

(4 pts) Sulfonate esters react with nucleophiles in a characteristic manner. Predict the predominant
product(s) of the following reaction:

0
H;C N NaN,
U g o T ?

sulfonate ester

Hsc\O/Ns HSC\O N3
A B

The product labeled as “A”

The product labeled at “B”

Both “A” and “B” as a racemic mixture

Both “A” and “B” but not as a racemic mixture



