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Chem 41c Midterm Exam
Stoltz, Spring 2005, May 2, 2005

The exam begins when you turn to page 2.  You have 55 minutes to complete the exam.  This is a closed note
and closed book exam with no collaboration.  You may use the periodic table at the front of the room or the
one on the last page of this packet.  You may not use any other materials.  The exam has a total of 135
points.  You're grade will be calculated based on 120 points (i.e., you have 15 bonus points built-in).  (Also,
remember that your midterm counts 60 points toward your final grade, e.g., 5 quiz points = 10 points here).
Good luck.

There are 9 pages in this exam packet.

Name:_________________________________________
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1. Predict the major non-volatile products (if any) of the following reactions or sequences.  (5 points each)
a.

OHO2C O 1. CH2N2, Et2O, 0 °C

2. NaBH4, EtOH
(followed by H3O+/H2O work-up)
3. NaH, BnBr

OMeO2C OBn

b.

I

Pd(PPh3)4
PhCH3, 80 °C

SnBu3

O O

c.

OTf Pd(OAc)2 (0.1 equiv)
Et3N (1.2 equiv), DMF

24 h, 120 °C

Tf = S
O

O
CF3

d.
1. Mg, THF

2. CO2 (s)
3. H3O+ Cl–
4. CH2N2, Et2O

Br
OCH3

O
O O

e.

ZnCl

OCH3

OCH3

H3CO

H3C Br
Pd(PPh3)4

toluene, 60 °C

OCH3

OCH3

H3CO

H3C
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f.

O
OCH3

O

1. CH3OH, K2CO3
2. H3O+ work-up O

O

O

2. Provide reagents for the following transformations.  They may be multistep processes (none are longer
than 5 steps). (5 points each)

a.

OTf
1. Pd(PPh3)4, Et3N
    DMF, 120 °C

2. O3, (CH3)2S

CH3

CH3

H3C
H

H

O

O

b.
O

OH

O

N
1. SOCl2

2. HN(CH3)2
   Et3N, CH2Cl2 
   maybe DMAP

c.

Br

O

H
O

OH

1. Baeyer-Villiger[O], KOH work-up
2. NaH, BnBr

3. Mg, THF
4.

5. H3O+

O

H
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3. Provide the product of the following reactions and give a mechanistic rationale complete with curved
arrows for the formation of two different products.  Be sure to clearly indicate at which stage the work-up
begins.  (20 points)

a)

OCH3

O
1.
     THF, 0 °C

2. H3O+ workup

MgBr OH

Activation

OCH3

O MgBrR
BrMg

OCH3

O MgBr O OMgBr

H3O+ workup

b)

N

O
O

1.
     THF, 0 °C

2. H3O+ workup

MgBr O

Activation

N

O
O

Mg
BrMg

N

O
O

Mg

H3O+

H3O+
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4. Rank the following compounds in order of reactivity with MeMgBr. (5 points)

O

NCN
O

H
O

OH

A B C D E

O

BCDEA> > > >

5. Provide a detailed curved arrow mechanism for the following reaction.  What drives the equilibrium to the
product side? (10 points)

1. LiOH, THF, H2O

2. HCl, 0 °C

COOH

1 2

O

OMe
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6. Recently, an asymmetric synthesis of (–)-Morphine was reported utilizing the Palladium-catalyzed
reaction described below as the key step.  

NR

I

OBn

OMe

NR

OMe

OBn10% Pd(TFA)2(Ph3P)2

PMP, toluene
120 °C

TFA =
–O

O

CF3

PMP =
N

trifluoroacetate

pentamethylpiperidine
A E

a)  The active catalyst for the reaction is believed to be B, not Pd(TFA)2(Ph3P)2.  Give the formal oxidation
state, dn descriptor, and electron count for each complex.  Also, what is a general name for the process to get
to B from Pd(TFA)2(Ph3P)2? (HINT:  oxidation, reduction, or ligand exchange) (10 points)

formal oxidation state:

dn descriptor:

electron count:

type of process:

B

Pd(II)

d8

16

Pd(0)

14

d10

reduction

Pd
F3COCO

OCOCF3PPh3

PPh3
PdPPh3 PPh3

b)  Label each of the boxes below describing the key steps in the catalytic cycle.  Also, what is the structure
of D? (10 points)

B

D
NR

PdLn

OBn

OMe

I

A

oxidative addition

olefin insertion

LnPdH(I)

HI

E

β-H elimination

reductive elimination

NR

OMe

OBn
PdLn(I)

H

H

D, syn addition

10 point BONUS:  Name of reaction?  HECK
                 Role of PMP?    1. Reduction of Pd(II)
                                      or  2. Neutralize HI
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7. Imagine yourself as a graduate student in a famous laboratory working on a complex synthetic problem.
After a long day of frustrating chemistry at the "cutting edge", you decide to rattle off some easy chemistry
for the synthesis of compounds needed for simpler work (i.e., A→B→C→D).  After a few hours of this
"sophomore" organic chemistry, you return to your desk to realize that you have not labeled your IR spectra
for compouinds B through D.  

(a) Draw compounds B and C into the boxes below
(b) Looking at your three IR spectra, you take note of a key peak in each.  These key peaks fall at 3200
(broad), 1725 and 1710 cm-1.  (hint: the spectrum that has a strong peak at 1710 cm-1 also has a large, broad
peak from 2400-3600 cm-1).  Assign your spectra to compounds B-E below by writing the key frequency
below the corresponding compound.(25 points total)

O
N

A

O
CO2H

B

1. KOH, MeOH, H2O
    reflux

2. H3O+

LiAlH4 
Et2O, 0 °C

C

O
CHO

D

O
CH2OH

I
O

O

AcO
OAc

OAc

CH2Cl2

b) Since the chemistry was so simple, you decide to scale up the process.  Unfortunately, as a result of this
somewhat rushed series of experiments and your general sleepiness, you completely forget the first step and
mistakenly treat compound A with LiAlH4.  What is the structure of your product E?  Fortunately, your
labmate happens to need this compound, but usually synthesizes it from an alternative carboxylic acid
derivative.  Please provide the structure of E from your mistake and predict the compound that your lab-mate
uses as starting material (i.e., F).

O
N

A

LiAlH4 

Et2O, 0 °C

E

O

NH2 LiAlH4 

Et2O, 0 °C O

NH2

O

F
hint: this is a carboxylic acid 

derivative but is different than 
A or B
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The End


