
California State Polytechnic University, Pomona 

Chem 316  Midterm Exam (Retake)  Fall, 2009  Beauchamp 
 
You may use the cheat sheet you made for the midterm exam.  You may take as much time as you want 
to do the exam.  Please sign the following pledge.   
 
I give my word that I did this exam completely on my own without help or consultation from any other 
person or using any other person’s work.  If I find that you received any help your score will be zero. 

 
Signature (and print name) _______________________________________________________________________ 
 

1. Provide an acceptable name for the following structure.  (30 pts) 
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2-ethyl-1-methyloctyl   2-hydroxy-3-cyano-4-cyclohexyl-5,12-dioxo-8-(3-heptylcyclopentyl)-9-amino-

10-mercapto-11-butoxydodec-3Z-en-6-ynoate  
 

2. Provide complete arrow-pushing mechanisms for the reaction below (curved arrows, lone pairs of 
electrons and formal charge).  Show resonance structures.  (20 pts) 
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3.  Provide the expected product for each of the following transformations.  Show regiochemistry and 
stereochemistry clearly, if relevant.  Do NOT show mechanisms.  (30 pts) 
a. 

1. NaNR2
2.

Br
  Pd/H2
quinoline

1. Br2/H2O
2. NaOH

Br

Br
(anti)

 
b. 

Br
1. Mg
2. CO2
3. WK

1. SOCl2
2. CH3OH

1. 2 eqs.
  CH3Li
2. WK

C

O

OH

C

O

O
OH

CH3  
c. 

1. Li
2. CuBr

1. BH3
2. Br2 / CH3O

Br

Br
Cu

Li

 
d. 

1. R2BH
2.H2O2/HO OH

CrO3
H2O

TsOH/(-H2O)

O

H

O

OH

O

O
 

e. 
O

Cl

pH≈5,(-H2O)

N H

HTsO

(-H2O)

HO
OH

N O
OO

1.

2. H2O  
f. 

  CrO3
pyridineBr2/hν

O

O
1.

2. NaOH

Br OH O

 
g. 

NaBr
OH   Ts-Cl

pyridine

1. Li
2. O

3. workup

OTs Br
OH

 
h. 

1. 

2. WKNaCN
Br

MgBr
NH2H2N

RO

C

N
O

H2C

 
i. 

 Ph3PBr
1.  n-BuLi
2. H2C O

1. BH3
2. H2O2 / HOP(Ph)3

Br
OH

 
j. 

1. LiAlH4
2. WK

HTsO

O NH21.

2. NaBH3CN
3. WK

Cl

O

(-H2O) HN
N

O

N
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4. Propose a mechanism for the following tautomeric transformations. (25 pts) 
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5. Propose a synthesis for the following compound using the given structures.  You may also use any 
typical organic reagents.  Show the reagents and reactant for each backwards step until you reach 
allowable starting molecules.  Do not show mechanisms.  (30 pts) 
 

available starting materials

CO2

NaCN

CH4

target structures

CO2NaCN
* *CH4

*

*
O

O

O*

a.
b.

*  =  14C label

PCC
CrO3/py OH

*
1. Li
2.

3. WK

O

O

CH3Br*

mCPBA

K+  t-butoxide

Br
Br2/hν

Br2/hν

CH4
*

Br
1. NaOH
2.

O

OH*

1. Mg
2. *CO2
3. WK

Br

(see part a)

(see part a)

1. BH3
2. Br2 / CH3O
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6.  Make the following ketone using each of the following approaches.  Work backwards 
(retrosynthetic thinking) and show each intermediate structure and each reagent until you reach an 
acceptable starting point.  Acceptable starting points are the following structures and any routine 
reagents we have discussed in the course.  Once a structure is made you can use it in other syntheses. 
Just refer back to the part where it was made.  Do not show mechanisms.  (30  pts) 
 

O

synthesis last step
= your first step

Make the given  ketone using:
a. a nitrile
b. a ketone
c. a cuprate
d. dithiane
e. an alcohol
f. ethyl  acetoacetate  (given)

CH4
CO2 NaCN

Allowed sources of carbon

 
a. Nitrile 

O

C
N1. Mg

2.

3. WK Br

1. BH3
2. Br2 / CH3O K+  t-butoxide

Br

NaCN

Br2/hν

 
 

b. Ketone 
O O

Br
1. LDA, -78oC
2.

3. WK

Br2/hν

OH

PCC
CrO3/py

Br

1. Mg
2. O

H
3. WK

(see part a)

Br NaOH
PCC

CrO3/py

Br

(or use enamine)

 
 

c. Cuprate (also an acid  chloride) 
O

Cl

O

OH
SOCl2

BrLiCuBr

CuO

Li

Br

(see part a)

1. Mg
2. CO2
3. WK

Li

(see part a)  
 

d. Dithiane 

S S

1. n-BuLi
2. Br

(see part a)
S S

1. n-BuLi
2. Br

(see part a)

S S
Hg+2

H2O

O

3. WK 3. WK dithiane
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e. Alcohol 

Br

O
Jones

CrO3/H2O
OH

O

H

1. Mg
2.

3. WK
(see part a)

1. BH3
2. H2O2 / HO

1. NaNR2
2.

Br
(see part b)

1. excess NaNR2
2. WK

Br
BrBr2K+  t-butoxide

Br
(see part b)  

 
f. Ethyl  acetoacetate 

O O

RO

O1. 2 eq. LDA
2.

Br
(see part b)

O

RO

O1. 2 eq. RO
2. 2 eq. CH3Br

O

RO

O
1. KOH
2. H3O+/∆

dianionmono-anion(-CO2) alkyl  acetoacetate  
 

7. From the given bio-organic structure, use our simplistic mechanisms to show how each transformation 
could occur.  If any structures are missing, use the given “simplistic” co-factors to fill in the necessary 
structures and details.  Draw in any additional atoms or structures needed to demonstrate the 
transformations (e.g. a hydrogen atom or a water molecule, any co-factors, etc.).  Use B:  if you need 
a base and B-H⊕ if you need an acid.  Acceptable representations of possible co-factors are provided.   
 
Simplified co-factors for the bio-organic game problems, if needed. 

N

H

R

  NAD+

equivalent

N

H H

R

  NADH
equivalent

S

N

R

TPP ylid

O P

O

O

O ATP

ATP

N

N

H

     vitamin B-6
(1o amine version)

H

H

N

H

O H

    vitamin B-6
(aldehyde version)  
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O

H

OH

OH

OH

make a 
carbonyl 
hydrate

oxidize the
carbonyl hydrate

to a 
carboxylic acid

decarboxylate
using TPP

react the TPP 
enamine with

aldehyde

oxidize the
alpha position 

to a ketone

O

H

OH

reform the carbonyl 
group by using TPP 
as a leaving group

OH

f.

react carbonyl
with TPP

g.

a.

b.

c.

d.

e.

O

H

H B

HB

H

OH

OH

OH

OH OHO
H

N R

B
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O
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OH

H
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NADH

H

B

O
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O
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N
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S N R
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oxidize the
the beta position 

to a ketone

decarboxylate
the beta keto-acid

to a ketone

h.

do a reverse 
Michael reaction

i.

do a forward 
Michael reaction
to a 5 atom ring

j.

k.

O

OH

OH

O

OH

OH

H

H

N R

NAD

B

O

O

OH

O

OH

OH

H

B
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O
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make a 6 atom 
hemi-acetal ring

make an acetal 
with  ROH
(2 steps)

OH

H

O

OH

OH

OH

m.

n.

l.
tautomerize 

to an aldehyde
(2 times)

B

H B

O

OH

OH

OH

OH
H

HB
O

OH

OH

OH

O

H

B

H
B

HB

O

OH

OH

HO

HO

H B

O

OH

HO

HO

H2O
O

H R
B

O

O

OH

HO

HO

R

H

 

O

OH

O

oxidize to
an alpha keto-acid

use the amine form
of vitamin B-6

to make an imine

tautomerize to 
a new imine

o.

hydrolyze imine 
to an amino acid 
and the aldehyde
form of vit. B-6

p.

q.

r.

H B

N R

NAD

H

mistake - should be

O

OH

O

N

N

H

H

H
B

H B

O

OH

HO

N

N

H

H BHB

O

OH

N

H
B

N

H

H

H

B

H B

O

OH

N

N

H

H

H

H O

H BO

OH

N

N

H

H H

O
H

B

H B

N

H

O H

O

OH

N
H H

( NADH )

(2 steps)

H2O

(2 steps)
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O

O

make a mixed 
phosphate anhydride

make a thioester 
using the thiol, 

CoA-S-H

do a Claisen 
reaction with
given ester

s.

OH

OH

reduce to a 
tetrahydroxy

ester

u.

v.

t.

N

H H

R

B

O P

O

O

O ATP

H

O

O

OH

OH

P

O

O

O

S
H CoA

B

H B

O
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OH
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R
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H BH

OH
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