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TOUCH YOUR CELL PHONE DURING THE EXAM YOU WILL GET A"0" NO
MATTER WHAT YOU ARE DOING WITH THE PHONE. PUT IT AWAY AND LEAVE
IT THERE!!!



Page Points

1 (82)
8 (24)
9 (36)
10 (23)
1 (30)
12 (17)
13 (19)
14 (21)
15 (37)
16 (11)
17 (16)
18 (13)
19 (22)
20 (9)
21 (6)
Total (366)
Synthesis (pg 22 (13)
Total (366)




Student Honor Code

“As a student of The University of Texas at Austin, | shall abide by the core values of the
University and uphold academic integrity.”

(Your signature)



Compound

Hydrochloric acid
Protonated alcohol
Hydronium ion
Carboxylic acids

Ammonium ion

p-Dicarbonyls

Primary ammonium

p-Ketoesters

p-Diesters
Water

Alcohols

Acid chlorides

Aldehydes

Ketones

Esters

Terminal alkynes

LDA

Terminal alkenes

Alkanes

H-CI

®
RCH,0H,

H,0®

I
R-CO-H

HN

I |
RC -CH,CR'

@
H4NCH,CHj
(I? |
RC -CH, COR!

I [
ROC -CH, COR!'

HOH
RCH,OH
o)

[
RCH,-CCl

RCH,-CH
o)

I
RCH,-CR'

i
RCH,-COR'

RC=C—H

3-5
9.2

10
10.5

11

13

15.7
15-19

16

18-20

18-20

23-25

25
40
44
51



Use this page for scratch paper



Signature

Pgl (82)

DO NOT TEAR OUT THIS PAGE!!

We are trying something new to improve grading accuracy. You must write the answers for the questions on the next

six pages on this single sheet.

Question 1, page 2 (24 pts) True false qustions.
As appropriate, circle True or False in each space

corresponding to the statements on page 2.

1.1(True) False
1.2 True
1.3 False
1.4 True
1.5 False
1.6 True

1.7(True) False
1.8(True) False
1.9 True
1.10(True) False

1.11(True) False
1.12 False

Question 2, page 3 (8 pts) Write the word or symbol
that best completes the sentences.

2.1 Anomeric

22 Axial

2.3  Glycosidic

24 Beta(B)

Question 3, page 3 (6 pts) Write the word or symbol
that best completes the sentences.

3.1 Flat
32 2p
33 Pi

Question 4, page 3 (2 pts) Write the letter (A, B, C,
or D) corresponding to the correct rank (most to
least reactive with a nucleophile)

4 D

Question 5, page 4 (2 pts) Write the letter (A, B, C,
or D) corresponding to the correct rank (most to
least reactive with a wicked strong electrophile)

5 B

Question 6, page 4 (2 pts) Write the letter (A, B, C,
or D) corresponding to the correct rank (most to
least reactive with a nucleophile)

6 C
Question 7, page 5 (2 pts) Write the pH (2.0, 7.0,
9.0,11.0) corresponding to the protonation state of
the molecule

7 70

Question 8, page 5 (2 pts) Write the pH (2.0, 5.0,
9.0,11.0) corresponding to the protonation state of
the molecule

8 9.0

Question 9, page 6 (8 pts) State the type of orbital
containing the lone pair of electrons indicated by
the arrow.

9.1 P> 92 2p 93 sp® 94 2p

Question 10, page 6 (16 pts) Write the letter (A or
B) corresponding to the MORE ACIDIC of the
two molecules.

10.1 B 105 A
102 B 106 B
103 A 107 B
104 A 108 A

Question 11, page 7 (6 pts) Write the type of
glycosidic bond indicated by the arrow. Anwers
might be a-1,4 or B-1,2, etc.

11.1 p-1.6

112 o-14 113 B-1.3

Question 12, page 7 (4 pts) Write the letter (A-D)
that lists the carbohydrates indicated by the
question.

12.1._B 122 D
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Write your answers to these questions on the answer sheet on page 1

1. (24 pts). On page 1, circle True or False to indicate whether each of the following statements is
true or false.

1.1

1.2

13

14

15

1.6

1.7

18

1.9

1.10

1.11

1.12

The difference in energy between the +1/2 and -1/2 nuclear spin states is proportional to the
strength of the magnetic field felt by the nucleus.

The difference in energy between the +1/2 and -1/2 nuclear spin states is inversely proportional
to the strength of the magnetic field felt by the nucleus.

In NMR, energy of exactly the correct frequency (turns out to be radio frequency) can be
absorbed by a nucleus resulting in excitation from the lower energy +1/2 spin state to the higher
energy -1/2 spin state, a process referred to as resonance.

Protonation of a carbonyl oxygen atom in acid makes the carbonyl carbon atom much more
nucleophilic (i.e. able to react with weaker electrophiles).

Protonation of a carbonyl oxygen atom in acid makes the carbonyl carbon atom much more
electrophilic (i.e. able to react with weaker nucleophiles).

Alkyl Wittig reagents give predominantly "E" (trans) alkene products, while Wittig reagents with
a carbonyl adjacent to the negative charge give predominantly "Z" (cis) products.

Alkyl Wittig reagents give predominantly "Z" (cis) alkene products, while Wittig reagents with a
carbonyl adjacent to the negative charge give predominantly "E" (trans) products.

When reacting with acid chlorides and anhydrides, two equivalents of amine are required
because the second equivalent is protonated and therefore not reactive. When reacting with esters,
only one equivalent is required.

When reacting with esters, two equivalents of amine are required because the second equivalent
is protonated and therefore not reactive. When reacting with acid chlorides and anhydrides, only
one equivalent is required.

For electrophilic aromatic substitution, groups that are activating and ortho, para directing
operate by stabilizing an adjacent positive charge through resonance (for groups with lone pairs
on atoms attached to the ring) or hyperconjugation (for alkyl groups). These are sometimes
called electron releasing groups.

For electrophilic aromatic substitution, halogens are deactivators due to inductive effects, but
ortho, para directors due to pi donation, a resonance effect.

Staying physically fit for life is the most important element of being successful.
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Write your answers to these questions on the answer sheet on page 1

2. (8 pts). On page 1, fill in each blank with the word or symbol that best completes the following
sentences.

For a carbohydrate like glucose in the cyclic hemiacetal form, the carbon atom that was the carbonyl in
the open chain form is called the (2.1) carbon atom. For
glucose, alpha is (2.2), referring to the cyclic hemiacetal -OH
group. The bond linking two monosaccharide units into a disaccharide is referred to as a(n)

(2.3) bond. In cellulose (wood), the linkage between glucose units is
(2.4), meaning that all the glucose linkages are equatorial leading to entirely flat chains
that can pack together nicely to create a strong and rigid material.

3. (6 pts). On page 1, fill in each blank with the word (or symbol) that best completes the
following sentences.

According to Hiickel’s rules, for a monocyclic molecule to be aromatic:

A. The ring must be (3.1).
B. All of the ring atoms have a (3.2) orbital.
C. There are 4n + 2 (3.3) electrons.

4. (2 pts). On page 1, write the letter (A, B, C, or D) corresponding to the order of reactivity of
the following molecules reacting with a nucleophile such as water. Rank them starting with
the most reactive (reacts the fastest) and ending with the least reactive (reacts the slowest).

O O O O O
sadoaloaaionn >
I II III 1A%

Ranked in order of most to least reactive with a nucleophile such as water:
A:I>TI>TIT > 1V
B:III>IV>II>1

C:HI>II>IV>1
D:II>IV>III>1



Signature Pg4 ©)

Write your answers to these questions on the answer sheet on page 1

5. (2 pts). On page 1, write the letter (A, B, C, or D) corresponding to the order of reactivity of
the following molecules reacting with a wicked strong electrophile. Rank them starting with
the most reactive (reacts the fastest) and ending with the least reactive (reacts the slowest).

NO, _ cl OH
g O O .
I II I1I IV

Ranked in order of most to least reactive with a wicked strong electrophile:

A:I>11>1I>1V
B:III>IV>II>I
C:HI>II>IV>1
D:II>IV>III>1

6. (2 pts). On page 1, write the letter (A, B, C, or D) corresponding to the order of reactivity of
the following molecules reacting with a nucleophile such as water. Rank them starting with
the most reactive (reacts the fastest) and ending with the least reactive (reacts the slowest).

o o NO, o NO, .
\)J\O/\ \)J\O/O/ \)J\O/Q/ \)J\O
I I [ No- A%

Ranked in order of most to least reactive with a nucleophile such as water:

A:I>11>1I>1V
B:III>IV>II>I
C:HI>II>IV>1
D:II>IV>III>1
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Write your answers to these questions on the answer sheet on page 1

7. (2 pts). For the following peptide, the relevant pK, values are provided. Based on the protonation
states of the different functional groups, is the pH of the solution 2.0, 7.0, 9.0 or 11.0?

® RSH pK, =8.0
RNH; pK,=10.0 %

SH
O O

o) 2 0 > W
Y RCO,H pK, = 2.1

® ®
NH; <—— RNH; pK,=10.0

8. (2 pts). The same peptide is now drawn at a different pH. Based on the protonation states of the
different functional groups, is the pH of the new solution 2.0, 5.0, 9.0 or 11.0?

©
o) o)
® H
H,N N o
: N ; o)
OY o) 2
NH»

®

NH3
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Write your answers to these questions on the answer sheet on page 1

9. (8 pts). On page 1, write the type of atomic orbital (2p, sp’, etc.) that contains the lone pair
indicated by the arrows.

10. (16 pts). On page 1, for each pair of molecules, write the letter (A or B) corresponding to the
MORE ACIDIC molecule.

®
10.1 Q—OH OQN@OH 10.5 <;>—NH3 /\IEJDHS
A B A B
® ®
NH
5 o NHj 3
10.2 CI\)J\ OQN\)J\ 10.6 QQ /' \ NO,
OH OH _
A B A ON B
0 0 0
103 M )‘\ 107 @
A B A B
|
H
10.4 ® 10.8 \N{DH Ni
: ) .
" om, T NH, &\ /7 |
A B 7
A B
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Write your answers to these questions on the answer sheet on page 1

11. (6 pts). On page 1, for the following tetrasaccharide, write the type of glycosidic bond
indicated by the arrows. Answers should be in the form a.-14 or $-1,2, etc.

11.1
HOH,C /
HO ©
0

HO 11.2
OH o)
HO
HOH,C OH|//HOH.C
o o) o} o)
HO O OH
OH OH
/\ 113
12. (4 pts). Consider the following five carbohydrates a-e, drawn as Fischer projections.
(0 H (0] H
N CH,OH N
(0) H (0] H
H——OH N —0 N7 H——OH
HO——H HO——H HO——H HO——H HO——H
H——OH HO——H H——OH HO——H HO——H
H——OH H——OH H——OH HO——H HO——H
CH,OH CH,OH CH,OH CH,OH CH,OH
I 11 111 IV A\

(10)

12.1 On page 1, write the letter (A-D) corresponding to which of the five carbohydrates

(I-V) are D-sugars?
LILILIV,V
c LIL III
IV, V
LV

N eN--R

12.2 On page 1, write the letter (A-D) corresponding to which of the five carbohydrates

(I-V) are aldohexoses?
LILILIV,V
c LIL III
IV, V
LV

N eN--R
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13. (2 pts) What is the most important question in chemistry?

Where are the electrons ?

14. (14 points) Suppose a relative of yours is having an MRI. In no more than four sentences, explain to
them what is happening when they have the MRI scan. We wil be looking for a minumum of 7 key
points here.

The popular medical diagnostic technique of magnetic resonance
imaging (MRI) is based on the , hamely
the flipping (i.e. resonance) of nuclear spins of protons by radio
frequency irradiation when a patient is placed in a strong
magnetic field. are used to gain imaging
information, and rotation of the gradient around the center of
the object gives imaging in an entire plane (i.e. slice inside
patient). In an MRI image, you are looking at individual slices
that of
relative amounts of protons, especially the protons from water
and fat, in the different tissues.

15. (8 points) Draw the two most important resonance contributing structures of the amide shown
below. Be sure to show all lone pairs and formal charges. You do not have to draw arrows on this one.

H “ N ®
~ c. ® N C N
H/C\C/.N.\H < » H/ \C/o.\H <> H/ \Cé \H

I | |
:0: :0; :0;

© O
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16. (28 pts) Each of the following is from a mechanism we covered in class over the semester. Put
arrows on the structures to show the flow of electrons then draw the structure of the intermediate
formed. We do not want you to finishthe mechanisms, we are justcovering one step fromeach one on
this page. Make sure to draw all lone pairs and formal charges. Put an asterisk next to any chiral
centers you create and write racemic if appropriate. Finally, for each reaction step below, draw a
BOX AROUND THE NUCLEOPHILE and CIRCLE THE ELECTROPHILE.

must add
meta to
aldehyde
(bad) group

arrows
must
match
@. ° .. )
° 00 @
P(Ph)3;
racemic

racemic

17. (8 pts) For the following enolate, draw the two other most important contributing structures. You do not
need to draw arrows here, but be sure to show all lone pairs and formal charges.

Z(”)Z 0.
C

H,C

~Nee

H,C

RS AN

:0:
Il
C

I
H

:'(I)':
//C\

©

:Oc

-’

CH,

:'(Ii: :(”)
H3C\00/C\\ /C\oo
0 ? 0

H

CH,

”
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18. (23 pts) Complete the mechanism for the following Claisen reaction. Be sure to show arrows to
indicate movement of all electrons, write all lone pairs, all formal charges, and all the products for
each step. Remember, I said all the products for each step. IF A NEW CHIRAL CENTER IS
CREATED IN AN INTERMEDIATE OR PRODUCT, MARK IT WITH AN ASTERISK AND
LABEL THE MOLECULE AS RACEMIC IF APPROPRIATE. In the boxes provided, write which
of the 4 mechanistic elements describes each step (make a bond, break a bond, etc.).

1 - HO—CH,CH;
0. ©..
I :.O._CHZCHS
H3CH,C .. C_ _CHj -
C~§ ~
LN ) / \
H Take a
proton away - -
H3;CH,C < ./C\C/CHS Make a bond
o0 / \
H H
A
_ @ L) —_ - -—
:.O._CHQCHS @
.. o Break a bond 0! :' ': ..
Qe o0 e o | 20 —CH,CHg
HsCH,C oo .C_x _C ~ A Nl Y- TN
° 2 \O/ (/C\/ \CH20H3 LK) /C\ CH2CH3
e : CH
i Racemic 41 CHg i i Racemic 1 3 |
/ J
© Take a

20 —CH,CH,

proton away

o o HO—CH,CH,
I
o
H CH C o0 C L) C
TN \cls/ “CH,CHs
CHj
Products

Note you will have to write a balanced equation forthe above mechanism on PAGE 11
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19. (18 pts) Complete the mechanism for the following base promoted hydrolysis reaction. Be sure to
show arrows to indicate movement of all electrons, write all lone pairs, all formal charges, and all the
products for each step. Remember, I said all the products for each step. IF A NEW CHIRAL CENTER
IS CREATED IN AN INTERMEDIATE OR PRODUCT, MARK IT WITH AN ASTERISK AND
LABEL THE MOLECULE AS RACEMIC IF APPROPRIATE. In the boxes provided, write which
of the 4 mechanistic elements describes each step (make a bond, break a bond, etc.).

2 (E?:/_\(a..o. H H _.O.: (] o.e
A \ e’ Racemic
H3CH,C .. _C - H3CH,C .. _C
\.O./ \CH20H3 = 3 2 \.Q \CH2CH3
Make a bond | _
Break a bond
o0 P @ ° ..
CH3CH,O0 —H CHsCHQ.O.:\\ CH3CHRO: 0:
0° - Il
° ” ° - \—y ° o/C ~
@.,,/C\ Take a H=Q CH,CH,
-0 CH,CH3 proton away | [ |

20. (12 pts) Write BALANCED equations for both mechanisms that you drew on the last two pages. Note
that because we want balanced equations you will need to specify the equivalents of each of the reagents
you start with as well as the equivalents of each of the products made.

Write a balanced equation for the overall process described by mechanism 1 from page 10

o)
¢
“CH,CH,4

2
HCH,C

(1.0 Eq.)

N A7

©

(0.5 eq.) O—CH,CHj3

©

0.5 eq.) 0 0

~CH,CH,

2 CH5CH,OH
(1.0 Eq.)

Write a balanced equation for the overall process described by mechanism 2 from this page

(1.0 Eq.) (ﬁ o

HCH.C _C

O~ “CH,CH,

(1.0 Eq.)

O—H

o)
I
CH3CH,OH 0~ “CHyCHg
(1.0 Eq.) (1.0 Eq.)
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21.(3,4, 5 or 6 pts.) Write the predominant carbon containing product or products that will occur for
each transformation. If there are two carbon containing products, WRITE THEM BOTH. If a new
chiral center is created and a racemic mixture is formed, label the chiral center with an asterisk (¥)
and write racemic. No need for wedges and dashes. However, if an E,Z mixture is formed, you need

to draw both!

Q.
Sy
‘HH‘

=

N

®
2)H;0" mild

>

OWH

\

H

/

OH
HO

1) NaBH4
>
®
2)H;0 mild
NH,NH,
NaOH
®
P(Ph),
e
>

o

H,SO,
(catalytic)

>

Pg12

OH Racemic

O
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21.(3, 4, 5 or 6 pts.) Write the predominant carbon containing product or products that will occur for
each transformation. If there are two carbon containing products, WRITE THEM BOTH. If a new
chiral center is created and a racemic mixture is formed, label the chiral center with an asterisk (¥)
and write racemic. No need for wedges and dashes. However, if an E,Z mixture is formed, you need
to draw both!

PR

Cl

H,N
Cl 2 ’ /\( g\)\
>
(0) [6) ©
©

HSN/Y
Cl
el
OH > N | o
H,S0,
(0]

0 (catalytic)

0
D /N

MgBr >

®
2)H;0 mild

0] 0] .
1) N Racemic
H H
cl - * N®
®
0 2) H;0 ~ heat 7 ; /

OH

/
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21.(3,4, 5 or 6 pts.) Write the predominant carbon containing product or products that will occur for
each transformation. If there are two carbon containing products, WRITE THEM BOTH. If a new
chiral center is created and a racemic mixture is formed, label the chiral center with an asterisk (*)
and write racemic. No need for wedges and dashes. However, if an E,Z mixture is formed, you need

to draw both!
(0] H
1) catalytic NaOH P H Jv\
® > | N

2) H;0 ~ heat

E,Z mixture Aldol followed

by dehydration
1) 1.0 eq. LDA o 0
\
&

Racemic

(9]
ﬂ 2 L n

(0) OEt _ H

/,| OEt Okt
O  Diels-Alder o OH
o 0
\)J\ Robi
- obinson
catalytic NaOH
heat (0]
Racemic

OCH, OCH;

OCH;,

BI'2 Br
>
FeBr;
NO
NO, NO, | 2
r
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21.(3, 4 or 5 pts.) Write the predominant carbon containing product or products that will occur for each
transformation. If there are two carbon containing products, WRITE THEM BOTH. If a new chiral
center is created and a racemic mixture is formed, label the chiral center with an asterisk (*) and
write racemic. No need for wedges and dashes. Also, do not worry about balancing these equations,
you just need to show us the major carbon-containing products of these transformations. Note that
"no reaction" is an acceptable answer.

0
o)
1
Cl -/ ¢
HNO, HNO;
H2804 H2SO4
Brz
o FeBr, NO,
O,N
2 | \
/ l H2 /Ni Br
~_a Br;
NH
l AICI, | x 2 FeBrs
- o
NO
. B 2
No reaction l N oL ©/
2
Br
N2
KCN
CuC)N/ Y{\BF“
OH
X
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22. Using any reagents turn the starting material into the indicated product. All carbon atoms in the
product must come from the starting material. Draw all molecules synthesized along the way. When in
doubt, draw the molecule! Label all chiral centers with an asterisk (*) and make sure to right "Racemic"
where appropriate.

Remember, all of the carbons of the product must come from the given starting material.

(4 pts) NO,
A) ?
>
Br
NO
? Br,
FeBr;
(7 pts)
B) 0
Br
? H
OH *
>
NO,
PCC Br,
FeBr;
(0] (0]
HNO;
H H,S80,4 H
>

NO,
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22. Using any reagents turn the starting material into the indicated product. All carbon atoms in the
product must come from the starting material. Draw all molecules synthesized along the way. When in
doubt, draw the molecule! Label all chiral centers with an asterisk (*) and make sure to right "Racemic"
where appropriate.

Remember, all of the carbons of the product must come from the given starting material.

(16 pts) OH OH
© ? O,N
>
Cl Cl
HNO,
H,S0, / NO,
N()2 HNO3
H,SO,
OH
Cl,
FeCl3
Cl
NO,
H,0
Cl N@
2
\ e
H
® Ni
/
HCI Cl

Cl NaNOZ
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22. Using any reagents turn the starting material into the indicated product. All carbon atoms in the
product must come from the starting material. Draw all molecules synthesized along the way. When in
doubt, draw the molecule! Label all chiral centers with an asterisk (*) and make sure to right "Racemic"
where appropriate.

Remember, all of the carbons of the product must come from the given starting material.

(13 pts) New bond \VO
D) 9 Cl
¢ (0]
>
HzCI'O4
OH
1) LiAlH, o
2) H,0
o ) Cl
Cl
HO | X
=
S0OCl,
Cl, o
FeC13
Cl
HO X

\
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22. Using any reagents turn the starting material into the indicated product. All carbon atoms in the

(22)

product must come from the starting material. Draw all molecules synthesized along the way. When in
1 1AM

doubt, draw the molecule! Label all chiral centers with an asterisk (*) and make sure to right "Racemic
where appropriate. Hint: This one is not as hard as you might think. TRUST YOUR KRE's!!

Remember, all of the carbons of the product must come from the given starting material.

(22 pts) New C-C New C-C bond

E) bond
\V ,/— New C-C bond
CH3OH C02 )j\/
PBr J
} H3O® strong
heat

CH;3Br .

Mgo | )
ether N
Racemic
CH;MgBr "

1) CO,
® .
2) H;0 ™~ mild ...
1) 1.0 eq. NaOR

-~

o T »2) CH;Br

)}\ This could be
OH methanol but does not
have to be becuase it
does not show up in M _R
the product. 0]

SOCl,
(0] U /
)k ROH 1) 0.5 eq. NaOR
Cl

\,_)]\ 2)H;,0® mild
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23. (16 pts total). Here is an “apply what you know” problem. Triphenylmethyl groups are used to
protect alcohols and amines. The triphenylmethyl group is usually called “trityl” for short. The trityl
group is added to an alcohol in an Sy1 process in which the alcohol, usually a primary alcohol, is heated
with trityl chloride as shown to give the trityl ether.

Heooo~o
Breaka  Makea _ Takea 05 "R
bond proton

bond away
h I 5 | HO R I R |HO R
/ \ (‘ eat Q ® A Q ®/ o
Cl: ?%‘ . 7‘:
— o Sal S B\H\_/ O

|
H
ol

- o

~ | O Trityl ether

©

Trityl chloride

Heoo o~ ..
7o T+ g

Trityl ether +

Balanced equation: Trityl chloride + 2 Hb:/\R

(10 pts) Trityl ethers are stable to base and neutral conditions. They prevent alcohols from being
deprotonated or acting as a nucleophile. Trityl ethers are removed in aqueous acid. Fill in the
structure of the missing key intermediates AND ALL MISSING ARROWS in the acid-catalyzed
trityl ether hydrolysis reaction mechanism below. As always, show all lone pairs and formal

charges.

Adda —
SR $ P
Hes H

R o2 R Break a
7\ o/;j_/ &CI)® 7\ SO/_ bond Q ® H 0" R
_ H o o’
g S g
Q
Trityl ether - - B -
y o Make a
H™*>H bond

H Take a
proton
away

Trityl alcohol

®
.. H
Balanced equation: Trityl ether + H/-Q “H

Trityl alcohol + HED:/\R

(catalytic)
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(6 pts) A trityl derivative is used to protect the primary alcohol function during the synthesis of
oligonucleotides (DNA and RNA). As explained by the mechanism on the last page, the trityl group is
removed in acid. It was determined that the trityl group was not quite reactive enough to come off under
the mild acid conditions being used. As a result, a search was conducted for a trityl derivative that could
be removed under milder acid conditions but is still stable enough to survive all the reaction conditions
prior to its removal. The optimum trityl derivative has two of the three phenyl rings substituted. Based
on what you have learned since the last midterm and considering the mechanism you drew above,
DRAW A CIRCLE AROUND the one derivative chosen because it comes off under milder acid
conditions compared to unsubstituted trityl.
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This one is EXTRA CREDIT. It DOES NOT COUNT IN THE POINT TOTAL forthe exam but it is a
chance to add points to your score.

22. Using any reagents turn the starting material into the indicated product. All carbon atoms in the
product must come from the starting material. Draw all molecules synthesized along the way. When in

doubt, draw the molecule! Label all chiral centers with an asterisk (*) and make sure to right "Racemic"
where appropriate.

Remember, all of the carbons of the product must come from the given starting material.

(13 pts) 0

®

New C-C bond

F) o J
- Q N ) Racemic
> * 4\
g/g New C-C bond
1) 0, 0 9
2) (CH3),S e

(0] (0]
NNy /&
8

cat. NaOH

heat

Racemic



