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Signature Pg 1 (15)

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

Where are the electrons?

2. (5 pts) Draw the structures that corresponds to the following names:

(88 3E ,6E)-5-ethyl-3.4-dimethyl-1,3,6-octatriene

3. (5 pts) Write an acceptable IUPAC name for the following molecule. Where appropriate, use E and
ZorRandS.

(35 4R 55)-3 .4 ,5-trimethyl-1,6-nonadiyne
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4. (2 pts each no partial credit) The following statements are true. Choose from among the following
three possibilities and in the space provided, write the letter of the one or more phenomena that explain
the true statement.

A. The inductive effect B.Hyperconjugation C. Resonance delocalization of a charged species

Q)
)J\ is astronger acid than "\ OH because of: C
OH
Q) (0) A
)I\ is a stronger acid than )}\ because of:
F;C OH H;C OH
)Q/ is a more stable carbocation than)\@/ because of: A, B

5% C
\/\/ is a more stable carbocation than \/\@/ because of:

5. (3 pts each) The following statements describe some important properties of molecules. Choose
from among the following three types of isomers and in the space provided write the letter of the one
or more types of isomers for which the statemet is TRUE.

A. A pair of enantiomers B. A pair of diastereomers C. A pair of constitutional isomers

They might have different melting points. L

B
They might have different boiling points. ’—C

They might taste differently. ﬁ

Assuming they are placed in the same solvent at the same
concentration, the two solutions must rotate the plane of plane A
polarized light to an equal extent, but in opposite directions.

A,B,C

They might have different drug actions when injected into an animal or person.
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6. (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

..@
H%. 0. H :0.
|l pse | | A®
H—(I:—C—ITI—H B S H—(lf—C=1\|I—H
H H H H
..O
I-ll :?:
H—C—C—N—H
| @ |
H H

7. For the following carbocation:

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 Tﬂczp-czp .

Note that this part of the question is NOT about hyperconjugation. We just want a valence bond
description of the bonding in a carbocation structure.

(2 pts. each) OCspZ-H1 s

Sp O'Csp2_csp3

NOTICE THIS

Ocsp3-Csp3

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 carbocation.
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8. A) (8 pts) Complete the following structure of the artificial sweetener Nutrasweet™ at pH 3.0,
the pH of soft drinks like Diet Coke™. By adding appropriate numbers of lone pair electrons,
H atoms, and formal charges to the atoms in the boxes. (You do not have to add anything such
as H atoms to atoms not drawn in the boxes.) This problem is testing your understanding of the
relationship of protonation state to pH to pKa values for certain functional groups we have
discussed. Next, in the space provided, write the overall charge on each structure at the indicated

pH. For your reference, here are the relavant pK, values:
7 @

H;C OH
pK, =4.6 pK, =10.64
. ; 0. Total charge at pH 3.0 _i_
H—O0 —j(

+0:  Nutrasweet™ at pH 3.0

B) (1 pt. each) On the above structure, put an asterisk next to each chiral center.

C) (2 pt) Given the number of chiral centers you identified, how many total stereoisomers are
theoretically possible for NutrasweetTM?

22=4

D) (2 pt) What is the configuration at all the chiral centers in the molecule, R or S?
S

E) (2 pt) Would you expect its enantiomer to taste the same as Nutrasweet™ ?

No

F) (2 pt) Would you expect its diastereomer to taste the same as Nutrasweet™ ?

No

G) (2 pt) AtpH of 7.0, what is the total charge on the Nutrasweet™ molecule?
0

H) (2 pt) At pH of 8.0, what is the total charge on the Nutrasweet™ molecule?
0
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9. (8 pts) For each acid-base reaction, circle the side of the equation that predominates at
equilibrium. In each case identify the stronger and weaker acids by comparing relative

stabilities of the anions which are the conjugate bases of the two acids.

Equilibrium favors formation of the weaker acid. You will notice this means you
circled the side with the more stable anion.

-o@ DX o --@
:0: :SH :OH 8

I — W |
H,C—CH, + H,C—CH, =~ | H,C—CH, + H,C—CH,

o [ L . 0 .o@
:0: ;(I)H 0. :(l):
[—
HyC < + H, C—CH, | = HC + Hy,C—CH,
102 : OH
:0: :0:  :0: :0: :0:  :0:

1(192” cH, H3CJKCH2J\CH3 Jk + )I\@J\

H,C~ SCH, H;C~ “CH “CH;

L] @ L] L] L]

:0: ‘OH ‘OH 0

I I — w I I

C13C _CH2 + H3C _CH2 C13C _CH2 + H3C _CH2

©

10. (2 pts each) Write the four most common mechanism elements seen in organic chemistry reaction
mechanisms.

1.Make a bond between a nucleophile and an electrophile

2. Break a bond to give stable molecules or ions

3. Add a proton

4. Take a proton away

(1 pt each) Fill in the blank with the single word that best completes the sentence

In reaction mechanisms, arrows indicate the movement of electrons R
not atoms or charges. In the reactions of alkenes, the __ pi___
bond acts as a nucleophile and reacts with a variety of electrophiles. The

only reaction intermediates we have seen that rearrange are carbocations
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11. (6 pts each) For each set of reagents, draw the first important intermediate or transition state that we
discussed in lecture in the box provided. You must show all lone pairs and formal charges on the
structures you draw!! Draw all species produced in this step of the mechanism Next, draw arrows on
the starting materials to indicate electron flow to generate the intermediate or transition state that you have
drawn. [If the intermediate or transition state is chiral, you only need to draw one of the enantiomers, not
both. Please read these directions again to make sure you know what we want. Note that we are only
interested in the first step of the mechanism here, not the whole mechanism!

A. H K\ H
N H(‘.O.@H H, @ 7 .
H,;C H H H H
Intermediate
B. N /CH3 Br.
C .o A / \
||/_-+\:BI‘—BI': ~ H3C|||..C@C..,||H + * Br Q
/C\ L) o0 4 ‘ . o, °
H;C \H\/ H CH;
Intermediate
C. (l)Ac
A. H H
v HiCon om 3
/C—C\ + Hg—OAc s—— H_(lj_(lj_H
H;C \{/ HC H
Intermediate

D. For this one used dotted lines (¢****) to indicate bonds being made or broken in the structure you
draw.

H \\\‘fj -:-C;I[I H
H;C H

Transition state
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12. (28 pts.) Read these directions carefully. Read these directions carefully. (It was worth repeating)
For the reaction of an alkene with bromine in water, fill in the details of the mechanism. Draw
the appropriate chemical structures and use an arrow to show how pairs of electrons are moved
to make and break bonds during the reaction. For this question, you must draw all molecules
produced in each step (yes, these equations need to be balanced!). Finally, fill in the boxes
adjacent to the arrows with the type of step involved, such as "Make a bond" or Take a proton
away". MAKE SURE TO NOTICE THE QUESTIONS AT THE BOTTOM. Use wedges and
dashes to indicate stereochemistry where appropriate, BUT if an intermediate or product is
chir)al, you only need to draw one enantiomer for this problem (we are making this easier for
you).

Make a bond — ]
A between a ‘B @
H H nucleophille .. « Dl
H \C| | T A and electrophile H\ (’}Br\:
H/ \H :Br—Br: D H\C------C@C------H
\—/ oo oo / \
H H H
Nucleophile
Make a bond
between a
nucleophille
and electrophile
H H — —
NS H H
H—C :Br: \ /
/ Py H—C B
H\C—C..,,"H H—O—H 4 ./Br.
/ \ % He C—C..
HO . H / \ m H
H g Co® H
would be racemic |@ Take a ~— H™: \
mixture H—O=ZH proton away H
Products - L —

(4 pts) During the reaction described by the above mechanism, say what happens to the pH of the

solution The pH would drop because acid is produced in the last step

(4 pts) Two of the above steps involves making a bond between a nucleophile and electrophile. Draw a
circle areound the Nuclophile in these steps.

& NOTICE THIS
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13. (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.

H,
A A ey, ———»
Pt°

HBr

H,0

catalytic
H,SO,

1) BH,
pD. A >cH; ————»

2) H,0,HO ©

Bl'z / H20

Br

)\ (not chiral)

OH

)\ (not chiral)

HO/\/

Br/Y Br” >

OH OH

Raemic mixture
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13 (cont.) (3 or 5 pts each) The following reactions all involve chemistry of alkenes. Fill in the box with

Pgo _ (16)

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.

-
-
-
.

1.BH,

-
2.H,0,/HO®

1. Hg(OAC)Z H20
>
2. NaBH4

Br,

Pt°

H, H

C
-« H - CH;
«1lQOH -«lH
H OH

Racemic mixture

CH;
OH
(not chiral)
CH; Br
-1 Br -1 CHj
-« H -l Br
Br H

Racemic mixture

H;

C
-« H
-l H

C

H;

(not chiral)
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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.

H,C H H,C H
J. TS B <
/\‘ Br, Br )Sv/Br r %Br
> % %
H,C H H,C H

Racemic mixture

HO OH

K. N 1) 0sO, R S
> HY/  \"H
2) NaSO; / H,0 H,C CH,

Meso

HgSO4 / H2SO4
>
\I/\ HZO

o N

2. NPT

/

New C-C bond

W
M. \|/\ 1.NaNH, \(\/\

1) (sia),BH

R »
\l/\\ 2) H,0,/HO® H
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13 (cont.) (6 or 8 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.

H
]| \
el ;! "llll|\
OH
0. Racemic mixture
H,0
»
H,S0, (catalytic)
Racemic mixture
H
BI'Z / H20 -ull Br
-
RN | \
OH

Racemic mixture
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14. (3,4 or 5 pts each) The following problems are a different format. In the space provided show the
starting material, reagents or products to complete the scheme. If a pair of enantiomers are
created, you must draw both and write "racemic" if appropriate.

Cl cl
\)\/\ H_"Cl \)\/v\ \)\/:\
I

(Not racemic because these are diastereomers)

T

Racemic mixture

H
= 10, 0

i )\/
2) (CH3),S 0

1) (sia),BH

2) H,0, / HO®

—»
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14. (3,4 or 5 pts each) The following problems are a different format. In the space provided show the
starting material, reagents or products to complete the scheme. If a pair of enantiomers are
created, you must draw both and write "racemic" if appropriate.

HBr

Br \Br Br
> + & >L\
> o

Racemic (rearranged)

Br, Br /\/\ Br

Br
Racemic mixture

o= I1 T}

r

1) 3 eq. NaNH,
2) HC1/H,0

N

1) 1.0 equivalent NaNH,

2) \(\/Br

H,
Lindlar's catalyst

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

Carbocations are intermediates in several of the reactions we have seen this semester. In addition, it is
possible to make carbocations from functional groups other than alkenes, such as alcohols and
haloalkanes. In the reactions we have seen, carbocations act as strong electrophiles, making new bonds
with nucleophiles. In addition, we have seen another reaction of carbocations in which an H atom, or
more rarely an alkyl group, migrates to generate a more stable carbocation. This carbocation
rearrangement process is sometimes referred to as a 1,2 shift to indicate that an H atom or alkyl group
has moved to the adjacent carbocation center. As stated in class, a carbocation rearrangement can be
thought of as being related to hyperconjugation in the sense that the process begins through donation of
sigma bonding electron density from the group that will move into an empty 2p orbital on the C atom
with a positive charge.

It turns out that carbocations can undergo another characteristic reaction in which a proton is lost.

H—C—-C - %= . Base

H H H H

Losing a proton from a carbocation gives an alkene. Next week, we are going to refer to this sequence
of steps as an E1 reaction; formation of a carbocation followed by loss of a proton. Several well-known
reactions involve carbocation formation, followed by loss of a proton to give a new pi bond.

1. The process shown above, in which a proton is taken away from a carbocation to form an alkene, is
in many ways the functional reverse of the first step in which mechanisms:

Addition of H Br to an alkene

Addition of Br, to an alkene

Addition of H,O to an alkene in the presense of a catalytic amount of H,SO,
Both A. and C.

oaw>
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15 (cont.).

2.

COowp

(4 pts) The following four carbocations have numbers underneath them. Select the letter that lists
the carbocations in order of stability, with the first being the MOST stable and the last being the
LEAST stable.

o

®

Ho— Ao /Cg e
3 2 HaC “CHs HsC CHs 8

1 2 3 4

1,2,3,4

4,3,2,1

3,2,1,4

4,1,2,3

-
-

(4 pts) The following three reactions are run in the laboratory. Indicate which one(s) are expected to
show a significant amount of rearranged products.

HBr Br, Br

1 2 3

(4 pts) The following three reactions are run in the laboratory. Indicate which one(s) are expected to
show a significant amount of rearranged products.

X HO 1) Hg(OAC)2 / H0 = H,0
B B —— —_—n
H,SO, 2) NaBH, H,SO,

1 2 3

Saw>
»—a:—aul\)»—a
D ww
W
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15 (cont.).

5. (4 pts) The following carbocation might be expected to give a significant amount of
rearrangement under the correct experimental conditions. Select the letter that accurately describes
which rearranged product might be seen.

Rearrangement Br ©
—_— ‘7 <——> Product(s)

®

Br
Br
1 2 3

Al
B. 2
C. 3
D. Rearrangement is not possible for this carbocation

6. As mentioned in the passage, carbocations can lose a proton and create a double bond under
certain conditions. It is commonly observed that the most stable of any possible alkenes form under
these conditions. The following carbocation is created in conditions suitable to favor rearrangement
then loss of a proton to form an alkene. Which alkene will be formed as the predominant alkene product

under these conditions?
® @
/\/ + Base: = ——» Alkene product  + Base -H

Carbocation

P N AN S
I 2 3 4

SOwp>
AW —



