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 1 

Jasperse 
 
Arrow-Pushing Practice, Page 1:   

• Draw arrows for each of the steps in the following reactions.  
• I won’t require this on tests, but you may find it useful to include all lone-pairs on atoms that 

react.   
• I won’t require this on tests, but you may find it useful to draw in all hydrogens on atoms that 

react.  (It is not useful to draw in all H’s on atoms that don’t react.) 
• Remember that arrows track the movement of electrons, so an arrow should go from the source 

of electrons and point directly to the atom that accepts them.    
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Organic Chemistry    
Mechanisms Practice.  See Page 3 for a summary of mechanisms principles.   

   

1.

T

T

Watch for:
Changes in:
1.  Bonds
2.  Lone Pairs
3.  Formal 
Charge
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Page 2:  Draw the arrow(s) for each of these steps.   
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For each of the following reactions, write whether the mechanism would be radical, cationic, or anionic? 
 

1. 

HNO3 NO2

 
 
 

2. 

Br

O2N

NaOH
OH

O2N  
 
 
 

3. H

O CH3OH, H+

H
OCH3H3CO

 
 
 
 

4. 
Br2, peroxides

Br
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O Br2, NaOH O
Br
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H2O, H+O
OH

OH

 
 
 

7. 
peroxides

etc etc
 

 
 
 

8. 

OOCH3H3CO H2O, H+

 
 

9. 

O LiCH3 OLi

CH3  
 

5

Cationic (The H+ is the active 
ion.  Nitrate does nothing.)

Anionic.  The hydroxide is the 
active ion, sodium cation is 
spectator.  

Cationic

Cationic.  H+

Cationic.  H+

Radical.  Peroxides or hv is clue. 

Anionic.  The hydroxide is the active ion, sodium 
cation is spectator.  Br2 without hv or peroxides does 
NOT by itself cause radical chemistry.  

Radical.  Peroxides is clue.  

Anionic.  CH3 anion is active, highly unstable anion.  
Lithium cation is a metal cation, 
which serves as a do-nothing spectator.  

Test 1 PS#1: Arrow-Pushing/Mechanisms Practice Set
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Some Arrow-Pushing Guidelines 
 

1. Arrows follow electron movement.    
 

2. Some rules for the appearance of arrows 
• The arrow must begin from the electron source.  There are two sources: 

a. An atom (which must have a lone pair to give) 
b. A bond pair (an old bond that breaks) 

• An arrow must always point directly to an atom, because when electrons move, 
they always go to some new atom. 

 
3. Ignore any Spectator Atoms.  Any metal atom is always a “spectator” 

• When you have a metal spectator atom, realize that the non-metal next to it 
must have negative charge 

 
4. Draw all H’s on any Atom Whose Bonding Changes 

 
5. Draw all lone-pairs  on any Atom whose bonding changes 

 
6. KEY ON BOND CHANGES.  Any two-electron bond that changes (either made 

or broken) must have an arrow to illustrate: 
• where it came from (new bond made) or  
• an arrow showing where it goes to (old bond broken) 

 
 

7. Watch for Formal Charges and Changes in Formal Charge 
• If an atom’s charge gets more positive ⇒ it’s donating/losing an electron pair 

⇒ arrow must emanate from that atom or one of it’s associated bonds.   There 
are two “more positive” transactions:   

• When an anion becomes neutral.  In this case, an arrow will emanate 
from the atom.  The atom has donated a lone pair which becomes a bond 
pair. 

• When a neutral atom becomes cationic.  In this case, the atom will be 
losing a bond pair, so the arrow should emanate from the bond rather 
than from the atom.  

 
• If an atom’s charge gets more negative ⇒ it’s accepting an electron pair ⇒ an 

arrow must point to that atom.  Ordinarily the arrow will have started from a 
bond and will point to the atom.   

 
8. When bonds change, but Formal Charge Doesn’t Change, A “Substitution” is 

Involved 
• Often an atom gives up an old bond and replaces it with a new bond.  This is 

“substitution”.  
• In this case, there will be an incoming arrow pointing directly at the atom (to 

illustrate formation of the new bond), and an outgoing arrow emanating from 
the old bond that breaks 

 

T

T
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Organic Chemistry  Jasperse   Acid-Base Practice Problems 
 
A.  Identify each chemical as either an “acid” or a “base” in the following reactions, and 
identify “conjugate” relationships.  
-You should have one acid and one base on each side 
-You should have two conjugate pairs 
 

1.  
 
 

2.  
 
 

3.  
 
 

4.  
 
 

5.  
 
 
B.  Choose the More Basic for Each of the Following Pairs (Single Variable).  You can use 
stability to decide.   
 
6.   NH3    NaNH2 
 

 

 
7.   NaOH    H2O 
 
 
 
 

8.  
 
 

9.  
 
 

10.    
 

11.  
 

CH3CH2OH  + NaOH CH3CH2ONa  + H2O

CH3CH2NHLi  + CH3OH CH3CH2NH2  + CH3OLi

CH3CH2CO2H  + CH3MgBr CH3CH2CO2MgBr  + CH4

CH3OH + H3O+ H2O  + CH3OH2
+

CH3CH2NH3
+  + CH3OH CH3CH2NH2  + CH3OH2

+

NH O

NHNa ONa

Ph O Ph O

O

NHNa NHNa

O
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Keys:
1.  Charge
2. Elecronegativity
3.  Resonance

Test 1 PS#2: Acid Base Practice Set



 
 
C.  Rank the basicity of the following sets:  Multiple Variable Problems 
 
12. CH3MgBr   CH3NHNa   CH3NH2     
 
 
 

13.         
 
 

14.  
 
 

15.  
 
 
 
D.  Choose the More Acidic for Each of the Following Pairs:  Single Variable Problems 
 

16.    
 

17.    
 

18.    
 

19.   
 

20.    
 

21.    
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E.  Rank the acidity of the following sets:  Multiple Variable Problems 
 

22.  
 
 

23.  
 
 

24.  
 
 

25.  
 

26.  
 
 
F.  Draw arrow to show whether equilibrium favors products or reactants.  (Why?) 
 

27.             
 
 

28.  
 
 
 
 
G.   For the following acid-base reaction, 

a.  put a box around the weakest base in the reaction 
b.  put a circle around the weakest acid 
c.  draw an arrow to show whether the equilibrium goes to the right or left. (4pt)  

   

29.   
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Keys:
1.  Charge
2. Elecronegativity
3.  Resonance

Test 1 PS#2: Acid Base Practice Set



Chem 341 Jasperse Ch. 1  Structure + Intro 12 

Acid-Base Chemistry (Section 1.13-18) 
 
Acidity/Basicity Table    

 
Entry 

 
Class 

 
Structure 

 
Ka 

Acid 
Strength 

 
Base 

Base  
Strength 

1 Strong Acids H-Cl, H2SO4 102  

 

 

2 Hydronium H3O+, ROH+ 

cationic 
100  H2O, HOR 

neutral 
 

3 Carboxylic 
Acid 

 

10-5  

 

 

4 Ammonium 
Ion (Charged) 

 

10-12  

 

 

5 Water  10-16  
 

 

6 Alcohol  10-17  
 

 

7 Ketones and 
Aldehydes  

10-20  

 

 

8 Amine (N-H) (iPr)2N-H 10-33  
 

 

9 Alkane (C-H)  10-50    

 
Quick Checklist of Acid/Base Factors 
1. Charge 
2. Electronegativity 
3. Resonance/Conjugation 
 
 When neutral acids are involved, it’s best to draw the conjugate anionic bases, and 

then think from the anion stability side. 
 
• The above three factors will be needed this semester.  The following three will also 

become important in Organic II. 
 
4. Hybridization  
5. Impact of Electron Donors/Withdrawers 
6. Amines/Ammoniums 
  

Cl
O
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OHO,

R OH
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R O

O

R
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R
HR

Charged, but only
weakly acidic!

R
N

R

R

Neutral, but basic!

HOH
HO

ROH
RO

O
! H

O
!

(iPr)2N   Li

RCH3 RCH2
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Base
Stability

T
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x
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1.  Cations more acidic than neutrals; anions more basic than neutrals
2.  Carbanions < nitrogen anions < oxyanione < halides in stability
3.  resonance anions more stable than anions without resonance

Test 1 PS#2: Acid Base Practice Set



Organic(Chemistry(2((Jasperse( ( Test(1,(Alcohol(Chemistry(
(
Draw(Mechanisms(for(the(Following(Reactions(
(
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RMgBr + Ketone
1.  Addition
2.  Protonation

RMgBr + Ketone
1.  Addition
2.  Protonation

RMgBr + Aldehyde
1.  Addition
2.  Protonation

RMgBr + Aldehyde
1.  Addition
2.  Protonation

RMgBr + Epoxide
1.  Addition
2.  Protonation

Test 1 PS#3: Alcohol-related Mechanisms Problems
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O
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RMgBr + Epoxide
1.  Addition
2.  Protonation

RMgBr + Ester
1.  Addition
2.  Elimination
3.  Addition
4.  Protonation

Ketone + NaBH4
1.  Addition
2.  Protonation

Ketone + NaBH4
1.  Addition
2.  Protonation

Ketone + LiAlH4
1.  Addition
2.  Protonation

Test 1 PS#3: Alcohol-related Mechanisms Problems
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RMgBr + Ester
1.  Addition
2.  Elimination
3.  Addition
4.  Protonation

RMgBr + Cyclic 
Ester
1.  Addition
2.  Elimination
3.  Addition
4.  Double 
Protonation

RMgBr + Cyclic 
Ester
1.  Addition
2.  Elimination
3.  Addition
4.  Double 
Protonation

LiAlH4 + Ester
1.  Addition
2.  Elimination
3.  Addition
4.  Protonation

Test 1 PS#3: Alcohol-related Mechanisms Problems
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LiAlH4 + Ester
1.  Addition
2.  Elimination
3.  Addition
4.  Protonation LiAlH4 + Cyclic 

Ester
1.  Addition
2.  Elimination
3.  Addition
4.  Double 
Protonation

LiAlH4 + Cyclic 
Ester
1.  Addition
2.  Elimination
3.  Addition
4.  Double 
Protonation

Tert Alcohol + HX 
to RX
1.  Protonate
2.  Loss of H2O
3.  Add halide

Tert Alcohol + HX 
to RX
1.  Protonate
2.  Loss of H2O
3.  Add halide

Tert Alcohol + HX 
to RX
1.  Protonate
2.  Loss of H2O
3.  Add halide

Test 1 PS#3: Alcohol-related Mechanisms Problems
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Answers 

O OH
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MgBr OH
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PBr3

OH

MgBr

+

O

Br OH

PCCMg

 
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 

Br HBr OH

MgBr
1.  PBr3

2.  Mg

OH

OCH3

O

 
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 

O

H2CrO4

OH

MgBr O

1.  PBr3

2.  Mg

OH
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‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 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1
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Test 1 PS#4:  Retrosynthesis Problems 
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OH

MgBr
O

H2CrO4

HO

+

O

BrMg

PCC

HO
+

1.  PBr3
2.  Mg

HO
O

BrMg

1.  PBr3
2.  Mg

HO

H2CrO4

OH
MgBr

+

O
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OH1.  PBr3
2.  Mg

1.  PBr3
2.  Mg

OH

OH

Path

  A

Path B

 
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 

1.  PBr3
2.  Mg

H2SO4

OH O
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OH

Br

MgBr
H2C=O

OH

+

O
1.  PBr3
2.  Mg

OH MgBr
+

H2C=O

OHPCC

BrMg Mg Br

Path B

 
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 

Br HBr OH Path
  A

Path B

O

MgBr

H2CrO4 OH O

BrMg

PCC OH

+
1.  PBr3
2.  Mg

HO

+

BrMg

O

+
1.  PBr3

2.  Mg
HO

H2CrO4

OH
O

MgBr

+

PCC OH

1.  PBr3
2.  Mg

OH

1.  PBr3
2.  Mg

OH
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Chem 360 Jasperse   Chapter 13 Answers to in-class NMR Spectroscopy Problems 
 

1. Cl  
• integraton says CH2 beside Cl 
• splitting says Cl-CH2 is beside another CH2 
• splitting says CH3 is beside a CH2. 

 

2. 
O

 
• integraton shows 2H:3H:2H:3H 
• Two sets in the 2’s are consistent with two allylic sets, i.e. a ketone 
• The 3H triplet at 0.9 proves that it’s beside a CH2 (due to splitting) 
• The CH2 must be the one at 1.6 (the CH2 at 2.4 can’t be next to the methyl, or it 

would split for at least 4 lines) 
• The 3H singlet at 2.1 must be a methyl group (integration) beside a carbonyl 

(chemical shift) with no hydrogen neighbors (splitting). 
 

3. OH  
• The rounded 1H peak is the OH peak, which in this case does not further 

split/couple the CH2 group to which it is attached 
• The 6H doublet at 0.9, combined with a 1H multiplet (at 1.8) is diagnostic for an 

isopropyl group.  The two methyl groups are symmetry equivalent. 
• Note:  The CH group has 8 neighbors, so it would formally have 9 lines.  But 

notice that the 8th and 9th lines are so small that you would hardly notice them if 
you weren’t looking for them.  This is common:  for many-line sets, the outside 
ones get smaller and smaller.  So you can assume a minimum number of 
neighbors (I see at least 7 lines so I must have at least 6 neighbor hydrogens), but 
you shouldn’t preclude the possibility of even more neighbor H’s.   

 

4. O

O

 
• Classic ester, with one set in the 2’s and another in the low 4’s. 
• The ester oxygen typically puts the attached CH set in the low 4’s rather than just 

the high 3’s.   
• The 3H singlet in the 2’s is characteristic for a methyl group attached to a 

carbonyl or to a benzene 
• This NMR shows a class ethyl group, with it’s 3H triplet, 2H quarter.   

 

5. 
O OH

 
• 1H singlet tells alcohol OH 
• 3H singlet in 2’s is a methyl carbonyl 
• 3H doublet in 1’s is a CH3 attached to a CH group 
• Two CH3 groups plus an OH provides 3 “end groups”.  This requires branching. 
• Having a 1H multiplet also requires branching.  (A carbon with only one attached 

hydrogen must have 3 non-H attachements.  That means branching.) 
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(CH3)2CHCH2CH2OH (CH3)2CHCH2CH2OH
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 2 

 

6.  
• Classic ethyl group, with the 3H triplet and 2H quartet 
• The 5H integration in the aromatic reagion tells that it’s a monosubstituted 

benzene. 
• The complex splitting and messy look in the 7’s result from overlapping of ortho, 

meta, and para hydrogens.   
• If you see 5H in the 7’s, that tells it’s a monosubstituted benzene.  There is no 

purpose in analyzing any further than that.  
  
 

7. 

O

O  
• 6H doublet proves isopropyl group.  Two symmetry equal methyls are attached to 

a common CH group.   
• The chemical shifts prove that the isopropyl CH is attached to oxygen, and the 

ethyl CH2 is attached to carbonyl 
  
 
 

8. 

HO

O

or

O

OH

 
• -either solution would be acceptable.  The splitting and integration patterns would 

be identical.  And since carbonyl and aryl have similar impact on chemical shifts, 
you can’t really tell which it is.   

• The 4H integration in the aryl region is indicative of a disubstituted benzene 
• The 2H-doublet-2H-doublet pattern in the aryl region is indicative of a para-

disubstituted benzene.  Ortho or meta wouldn’t give such nice symmetry and 
splitting. 

• The 1H singlet indicates an OH 
• The 2H triplet in 3’s must be a CH2 between the oxygen and another CH2 
• The 2H quartet in 2’s must be between a CH3 and either the carbonyl or an aryl 

 
 

9. 

O

 
• Classic methyl carbonyl 
• Classic isopropyl, with the 6H doublet and the multiplet at 2.6 
• Notice:  Even though the 1H group at 2.6 has 6 neighbor hydrogens and should be 

7 lines, the 6th and 7th lines are really small and you might not recognize them. 
Imagine if it had 8th and 9th lines as well!  For hydrogens with a lot of neighbors, 
it is best to reason that it has “at least 5 lines and 4 neighbors, but it could have 
more…” 
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10. Predict 
• Structure 1:  

1’s 3H triplet 
2’s 2H quartet 
2’s 2H triplet 
1’s 2H pentet 
3’s 2H triplet 
anywhere 1H singlet (broad) 

 
• Structure 2: 

1’s 2H quartet 
2’s 2H triplet 
7’s 5H mess (all five aromatics piled on top of each other) 

 
• Structure 3, page 10 

  

O

 
 
 

11. 
OH

 
• Isopropyl group (6H doublet and 1H multiplet) 
• The methane hydrogen has 8 neighbors, but notice how unnoticeably small the 

8th and 9th lines are 
• The formula has no elements of unsaturation, and with an oxygen that requires an 

alcohol or an ether.  Ether doesn’t fit, since there aren’t two sets in the 3’s.  But 
where is the OH hydrogen?   

• The OH is overlapping with a CH2 quartet at 1.5.  That’s how the integration gets 
to three. 

• Notice that the CH2 quartet is not explained by a CH3 neighbor.  Often a CH2 
quartet is explained as part of an ethyl group, but not in this case.   

• Notice that the oxygenated CH2 is broadened; the OH is causing some 
broadening.   

 

12. 
OH

 
• The correct formula is C4H10O, not C5H12O.  My error.  
• The broad 1H bump is an OH. 
• Notice that the methyl doublet at 1.2 is a 3H, not a 6H.  So it’s a methyl beside a 

CH, but is not an isopropyl.   
• The splitting looks weird at 1.5 because the alcohol carbon is a chiral center.  That 

means the two hydrogens on the adjacent CH2 carbon are not equivalent:  one is 
cis and the other is trans to the OH group.  This nonequivalency means that they 
can come at slightly offset chemical shifts, split each other, and generally mess 
things up a lot. 

19

1’s 6H doublet 
1’s 1H multiple (9 lines) 
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o Nevertheless, this should be quite solvable from the non-complex stuff.  The 
CH3CH(OH) half of the molecule should have been clear.  With only two 
other carbons to spot, the messiness of the CH2CH3 pile should not have 
prevented solution.   

 

13. 
O

 
• The integration of 1:1.5:1:2:1.5 doesn’t make sense; doubling them all to 

2:3:2:4:3 makes it work so that there are no “half” hydrogens and so that the 
integrals sum up to 14H 

• One element of unsaturation and two “allylic” sets suggests a carbonyl 
• 3H singlet in 2’s suggests methyl carbonyl 
• Two 3H methyl end groups and no obvious 1H signals suggests no branching 
• The 4H mess thing at 1.3 lacks the normal symmetry, and indicates overlapping 

signals.  In this case, two CH2 groups (each of which is too far distant from the 
carbonyl to be significantly influenced).   

• This overlap of CH2 signals is common for straight chains.  
• The use of integration can help to show how many CH2’s are stacked up. 

 
 

14. 

OH

 
• CH2 at 4.7 reflects the influence of two functional groups. 
• EU=4 fits with a benzene 
• 5H integral proves monosubstituted benzene. 
• The weird overlapping mess of ortho/meta/para hydrogens is not worth analyzing. 
• No 3H groups, the “end groups” are the monosubstituted benzene and an OH. 

 

15. 
O

HO  
• The 2H singlet is at 4.3 because it is influenced by both the OH and the carbonyl. 
• Many two-oxygen one-element-of-unsaturation formulas are esters, but not here. 
• Many singlets are either methyls or OH groups, but the 2H set at 4.3 is a CH2 

with no hydrogen neighbors.   
 

16. O

O
CH3  

 
 
 

17. 

O O

CH3H

HH

 
• The impact of a chiral center.  The two H’s on the CH2 group are not equivalent, 

resulting in funny splitting and different chemical shifts (1.4 and 1.7).   

20
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18. 
O

O

 
• Isopropyl group 
• Again notice that the CH hydrogen at 1.9, which has 8 neighbors, shows barely 

seven lines with the 8th and 9th lines lost in the baseline.   
• The CH group starts out relatively high in the 1’s to start with (CH groups start at 

1.55), and then being close if not directly connected to the ester oxygen pulls it 
even higher into the 1’s.   

 
 

19. Each of these integrates with 4H in the aromatic region, indicating disubstituted 
beneznes.  For disubbed benzenes, para should be easy to recognize because it has 
symmetry.  That’s what you see in spectrum one.  Ortho and para do not have symmetry, 
so they are difficult to identify, and their distinction is beyond our scope.  The meta 
substrate is in the middle (meta has a singlet, doublet, triplet, and doublet).  The ortho 
substrate is on the bottom (doublet, doublet, triplet, and triplet.)   

 
 

20. The difference between decoupled, coupled, and a DEPT135 is illustrated.  In the 
DEPT135, CH2 carbons point in the opposite direction from CH and CH3 carbons, and 
carbons without hydrogens don’t show at all.   

 
 

21. C-13 NMR problems page 21.   

Number 1

H

N

O   
• 4 lines in aryl region, two doublets and two singlets, proves para-

disubstituted symmetry 
• carbonyl doublet at 190 proves aldehyde (only way for carbonyl to have 

an attached H) 
• only two lines in the alkyl region proves more symmetry 
• triplet/quartet splitting proves CH2 and CH3 groups. 

 

Number 2

O

 
• carbonyl singlet proves ketone 
• only 3 lines for a 5-carbon molecule proves symmetry 
• with both alkyls as triplets (CH2), there are no “end groups”.  Must 

involve a ring 

21
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22. C-13 Problems Page 22 

Number 3 Cl  
• 4 lines in aryl region proves para-disubstituted symmetry 
• carbonyl doublet at 190 proves aldehyde (only way for carbonyl to have 

an attached H) 
• only two lines in the alkyl region proves more symmetry 
• triplet/quartet splitting proves CH2 and CH3 groups. 

 Number 4 
Cl

 
• carbonyl singlet proves ketone 
• only 3 lines for a 5-carbon molecule proves symmetry 
• with both alkyls as triplets (CH2), there are no “end groups”.  Must 

involve a ring 
 Number 5 Cl  

• carbonyl singlet proves ketone 
• only 3 lines for a 5-carbon molecule proves symmetry 
• with both alkyls as triplets (CH2), there are no “end groups”.  Must 

involve a ring 
 

23. C-13 NMR problems page 23.   

Number 6 O
O

O

O

O

O
or or

 
• carbonyl shift proves ester 
• triplet in 50-100 proves one CH2 group attached to oxygen 
• two quartets prove two CH3 end groups 
• any of the solutions that has two end groups, an ester, and a CH2 on the 

ester oxygen are satisfactory 
 

Number 7
or orHO

OCH3 HO H3CO
H3COOCH3

OH

OH
or

 
• no elements of unsaturation, so oxygens must be alcohols and/or ethers 
• 5 carbons, 5 lines, so no symmetry 
• three lines in the 50-100 range, so three of the carbons must be attached 

to oxygens.  Since an ether has two and an alcohol has one, having one 
ether and one alcohol fits. 

• The H-count based on carbon splitting indicates only 11 hydrogens.  The 
12th is therefore an alcohol OH 

• With two methyl quartets and an OH, that gives three “end groups”, 
requiring branching.  

• The doublet at 56 also requires the presence of a CH group, which has 
three other attachments.  That means branching.   

• As shown, many solutions can account for having a CH doublet with 
either an alcohol or ether oxygen attached. 

• The quartet in the oxygen zone requires the presence of an OCH3 group. 

22

1.  5 C's, 4 lines, so symmetry
2.  t, t, d, q shows CH2, CH2, CH, and CH3
3.  CH3 is duplicate, based on tallness of q and need another CH3 to get 10 H's
4.  To symmetrize the CH3's, probably connected to same carbon, the CH
5.   The line at 0 is the reference line.

1.  The line at 0 is the reference line.
2.  5 C's, 4 lines, so symmetry
3.  s, t, q, q shows C, CH2, CH3, and CH3
4.  The C at 70 must have Cl, and the duplicate methyls

1.  5 C's, 5 lines, so no symmetry
2.  The most downfield C probably has the Cl
3.  Four t's and one q suggest four CH2's and a methyl

Test 2 NMR:  Jasperse NMR Problems 
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24. C-13 NMR problems page 24.   

 

 Number 8  
• monosubstituted benzene, based on 4-line aryl symmetry with three doublets 

but only one singlet 
• symmetry required in the alkyl region 

 

 Number 9 
or

 
• No symmetry whatsoever 
• The eight lines in the aryl region, two of them singlets, prove a 

disubstituted, non-symmetric benzene plus an alkene.  The aromatic could 
be either ortho or meta, but not para. 

• The formula requires 5 elements of unsaturation, which also demands an 
alkene 

• The alkene much have a =CH2 group, based on the triplet splitting at 
114.   

• One solitary methyl group, based on just a quarter in the alkyl zone. 
 

25. An illustration of two-dimensional C-H and H-H correlation spectra.  In the C-H spectra, 
you can see which hydrogens belong to which carbon.  In the H-H, you can see which 
hydrogens are coupled to which other hydrogens, in other words to find out what is 
connected to what.   

 

26. 
O

 
• Another illustration of two-dimensional C-H and H-H correlation spectra.  In the 

C-H spectra, you can see which hydrogens belong to which carbon.  The carbonyl 
carbon doesn’t show because it doesn’t have any hydrogens attached.  In the H-H, 
you can see that the set at 1.6 is coupled to both the peaks at 1.0 and at 2.4.    

 

27. O
O

 
• Again, 2H singlet at 4.8 is influenced by the additive effect of two functional groups 
• Distinctive 3H-singlet in the 2’s for a methyl carbonyl 
• Distinctive ethyl oxygen pattern:  2H quartet in the 3-4.4 range, with the 3H triplet 

 
 

28. 
H3CO

OH

 
• 4H in the aromatic proves disubbed. 
• Symmetry proves para-disubbed. 
• The 2H singlet at 4.6 is influenced by both the OH group and the benzene. 
• Broad 1H is an alcohol.   

23
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29. 
O O

O

 
 

• Note:  this one is tricky because of the signals in the 4’s.  The quartet barely in the 4’s 
is normal for an ester.  But the singlet at 4.5 is being influenced by two functional 
groups.  The oxygen alone would move it to the 3’s; the additional carbonyl adds 
another step and pushes it down to the 4’s.   

• It was crucial to integrate.  Many students thought the singlet at 4.5 was just an OH 
singlet.  That it integrated for 2H proved it to be a CH2 group instead.   

• 3H singlet in the 3’s is proof for a methyl on an oxygen 
 

30. O

O

 
 

• Two ethyl groups, with the distinctive 3H triplet/2H quarter.   
• You can tell which CH2 is which, based on chemical shift.  But you have no way to 

know which CH3 is which.  (If you ran a two-dimensional H-H correlation 
experiment, you could determine that very easily.  But not from the simple proton 
NMR.)   

 

31. O  
• 5H integration in the 7’s proves monosubstituted benzene 
• Formula requires 5 elements of unsaturation, 4 of which come from the benzene, but 

the 5th comes from a carbonyl. 
• The signal in the 3’s at first looks like an oxygenated methyl group, but that can’t be 

correct because it integrates for 2H rather than 3H.   
• Instead, it is doubly allylic. 

 
 

32. O

O

 
• Ester indicated by a set in the 2’s and the low 4’s 
• The signature ethyl group is on the ester oxygen, based on chemical shift, with the 

propyl group on the carbonyl, again based on chemical shift 
 

33. O

O

 
• Another ester 
• Signature methyl carbonyl 
• Notice the imperfect splitting in the CH2 groups at 1.6 and 1.4.  When a set is being 

split by non-equal neighbors, sometimes the splittings get increasingly imperfect and 
the N+1 rule becomes unreliable.   

 

24
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34. 

O

 
• Another para-disubstituted benzene, based on the 4H in the aromatic area and the 

symmetry 
• Often aromatic hydrogens get somewhat split by meta or para hydrogens. Notice how 

the doublets are not perfectly sharp and clean as a result.   
• You can’t tell which of the methyl CH3’s in the 2’s is next to the carbonyl and which 

is next to the benzene.   
 

35. 

O

 
• The aromatic hydrogens sum up to 5H, which proves monosubstituted benzene.  

While you can see more logical details (the 2H doublet at 8.0 are the two ortho 
hydrogens; the 1H triplet at 7.6 is the one para hydrogen; and the 2H triplet at 7.4 are 
the meta hydrogens), you don’t really need to use anything beyond that it’s 
monosubstituted.   

• The ethyl quartet is at 3.0, because it is directly influenced by the carbonyl but also is 
close to the benzene as well. 

 

36.  
• 5H integral in 7’s proves mono-substituted benzene 
• 6H doublet in the 1’s proves an isopropyl group 
• 2H triplet in 2’s shows CH2 between benzene and another CH2 
• 3H mess at 1.8 is an overlap of a CH2 and CH group 

 

37. 
O OH

 
• 1H singlet means alcohol OH 
• another methyl carbonyl as 3H singlet in the 2’s 
• messy pattern for 5H in the 1’s reflects overlapping signals, the methyl 

overlapping with the CH2, further complicated by the chirality of the alcohol 
 
 
 

38. 

O O

CH3H

HH

 
• The impact of a chiral center.  The two H’s on the CH2 group are not equivalent, 

resulting in funny splitting and different chemical shifts (1.4 and 1.7).   
 
 
 

25
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39. HO  

• Signature 1H singlet for OH 
• The CH2 groups at 1.55 and 1.4 are somewhat rough because when flanked by 

nonequivalent hydrogens, the N+1 rule doesn’t work perfectly.  
  

40. 

O

 
• The aromatic hydrogens sum up to 5H, which proves monosubstituted benzene.  

While you can see more logical details (the 2H doublet at 8.0 are the two ortho 
hydrogens; the 1H triplet at 7.6 is the one para hydrogen; and the 2H triplet at 7.4 are 
the meta hydrogens), you don’t really need to use anything beyond that it’s 
monosubstituted.   

• The propyl CH2 is at 3.0, because it is directly influenced by the carbonyl but also is 
close to the benzene as well. 

 
 

41. 

Br
or

Br

Br
Br  

• The 4H integration in the aryl region proves a disubstituted benzene. 
• The complexity in the aryl region proves it isn’t para-substituted, which 

always gives simple, symmetric pattern.  Whether it’s ortho or meta (hard for 
you to tell), you get messy pattern and you can’t really tell.  In this case the 
actual answer is ortho.   

 

42. 
O

O

or

 
Interesting facets of this problem: 

• 4H aryl means disubstituted benzene 
• doublet-doublet symmetry shows para-disubstitution 
• the singlet at 4.8 integrated for 2H, so it isn’t an alcohol.  It is down so far due 

to both the oxygen and either a carbonyl or a benzene.  You can see the sum:  
1’s (normal) +2 (for oxygen) + 1 (for allylic) = 4’s.   

• A two-dimensional H-H correlation spectrum might help in a case like this. 

26

Both answers have an extra 
carbon in the alkyl
chain.  Where the butyl 
groups are shown, there 
should only be propyl groups.
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! 1!
Some!Practice!Problems!for!the!Carbonyls!Test!3!
Draw!the!Products!and!Mechanisms!for!the!following!Reactions!
!

1.  
 
 
 
 

2. !
 
 
 
 

3. !
 
 
 
 

4. !
 
 
 
 

5. !
 
 
 
 
 

6. !
 
 
 
  

O 1.  PhMgBr

2.  H3O+

H

O 1.  

2.  H3O+

MgBr

Ph Ph
Aldehyde"enol"

OH OOH, H2O

Ph Ph

OH O

Ketone"enol"

H+, H2O

OH

OHO
+ H2O

Hydrate

H+

OMe

OHO

Hemiacetal

+ MeOH
H+

27

1. Protonate
2.  Add
3.  Deprotonate

1. Protonate
2.  Add
3.  Deprotonate

Test 3 PS#1:  Mechanism Practice (Many)
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7. !
 
 
 
 

8. !
 
 
 
 

9. !
 
 
 
 

10. !
!
!
!
!
!

11. !
 
 
 
 
 

12. !
 
 
 
 
 

NHMe

OHO
+ MeNH2

H+

Aminol

OH

NHMeNMe
+ H2O H+

AminolImine

H

O

OH

OH

H

H2O,  H

H

O

OMe

OH

H

MeOH,  H
OMe

OMe

H

MeOH,  H

H

O MeOH, H

O

HO OH

H

28

1. Protonate
2.  Add
3.  Deprotonate

1. Protonate
2.  Add
3.  Deprotonate

Hydrate to carbonyl, water elimination, acid conditions:  
1.  Protonate     2.  Lose water  3. Deprotonate

Acetal/ketal formation:
Hemicetal/hemiketal formation:  1.  Protonate     2.  Add Alcohol   3.  Deprotonate
Hemicetal to acetal subsitution:  1.  Protonate  2.  Eliminate water 3. Add alcohol  4.  
Deprotonate

Hemicetal formation:  
1.  Protonate     
2.  Add Alcohol   
3.  Deprotonate

Hemicetal to acetal subsitution:  
1.  Protonate  2.  Eliminate water 
3. Add alcohol  4.  Deprotonate

Test 3 PS#1:  Mechanism Practice (Many)
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13. !
 
 
 
 
 

14. !
 
 
 
 
 

15. !
 
 
 
 
 

16. !
 
 
 
 
 

17. !
 
 
 
 

18. !
  

H

OOH

H+

O

OH

H+

O

OH
MeOH O

OMe

OMe

OH

H

HOH,  H
OMe

OMe

H

HOH,  H
H

O

H+

O

OMe
H2O O

OH

H

OOH

H+

O

OH

H2O,  HMeO Ph
OMe

29

Acetal/ketal to carbonyl, acetal/ketal hydrolysis
Acetal/ketal to hemicetal/hemiketal substitution:  1.  Protonate     2.  Eliminate Alcohol   3.  Add water  4. Deprotonate
Hemicetal/hemiketal to carbonyl elimination:  1.  Protonate  2.  Eliminate alcohol  3.  Deprotonate

Hemiacetal/hemiketal to carbonyl, second phase of acetal/ketal 
hydrolysis
Hemicetal/hemiketal to carbonyl elimination:  
1.  Protonate  2.  Eliminate alcohol  3.  Deprotonate

Carbonyl to hemicetal/hemiketal addition, fifirst stage 
in acetal/ketal formation:  
1.  Protonate     2.  Add alcohol  3. Deprotonate

Hemicetal/hemiketal to acetal/ketal substituion, 
second stage in acetal/ketal formation:  
1.  Protonate     2. Lose water,
3. Add alcohol  4. Deprotonate

Hemicetal to carbonyl 
1.  Protonate    
2. Lose alcohol  
3. Deprotonate

Acetal to Hemiacetal, substitution
1.  Protonate     2. Lose alcohol  
3. Add water     4. Deprotonate

Acetal to Hemiacetal, substitution, phase 1 in acetal hydrolysis
1.  Protonate     2. Lose alcohol  
3. Add water     4. Deprotonate

Test 3 PS#1:  Mechanism Practice (Many)
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19. !
 
 
!
!
!

20. !
 
 
 
 

21. !
!
!
!
!

22. !
!
!
!
!

23. !
!
!
!
!

24. !
!
!
!
! !

H2O,  HOO

Ph H

O

aminol
Phase 1:
Aminol Formation
(an addition reaction)

Phase 2:
Aminol to Imine
(an elimination reaction)

H2NMe, H
Ph NHMe

OH

H

- H2O, H

Ph H

NMe

Ph H

O
+ H2NNH2

H

H

ONH2

H+

HN

OH

H+

HN

OH

N

Ph H

NMe

aminol
Phase 1:
Aminol Formation
(an addition reaction)

Phase 2:
Aminol to Imine
(an elimination reaction)

H2O, H
Ph OH

NHMe

H

- MeNH2, H

Ph H

O

30

Imine to carbonyl, imine hydrolysis
Imine to aminol:  1.  Protonate     2.  Add water   3.  Deprotonate
Aminol to carbonyl:  1.  Protonate  2.  Eliminate nitrogen  3.  Deprotonate

Aminol to Imine, last stage in imine formation
1.  Protonate
2.  Lose water
3.  Deprotonate

Carbonyl to Aminol, fifirst stage in imine formation
1.  Protonate
2.  Add nitrogen
3.  Deprotonate

Carbonyl to imine formation
Carbonyl to aminol:  1.  Protonate     2.  Add amine   3.  
Deprotonate
Aminol to imine:  1.  Protonate  2.  Eliminate water  3.  
Deprotonate

Acetal/ketal to carbonyl, acetal/ketal hydrolysis
Acetal/ketal to hemicetal/hemiketal substitution:  1.  Protonate     2.  Eliminate Alcohol   3.  Add water  4. 
Deprotonate
Hemicetal/hemiketal to carbonyl elimination:  1.  Protonate  2.  Eliminate alcohol  3.  Deprotonate



! 5!
!

25. !
!
!
!
!
!

26. !
!
!
!
!
!

27. !
!
!
!
!
!

28. !
!
!
!
!
!

29. !
!
!
!
!
!

30. !
!

H+

N H2O HN

OH

H

ONH2

H+

HN

OH

Ph

O 2 Br2, 2NaOH

H2O

O 3 Cl2, 2NaOH

H2O

O
1.  LDA

2. Br

1. LDA

2.
OEt

O

Br

31

R-X electrophile produces alpha-alkyl product
1.  Deprotonate
2.  Alkylate

R-X electrophile produces alpha-alkyl product
1.  Deprotonate
2.  Alkylate

X-X electrophile produces alpha-halo products, often with multiple 
halogens
1.  Deprotonate
2.  Halogenate
3.  Repeat until all alpha-H's are replaced.

Imine to Aminol, fifirst step in imine hydrolysis
1.  Protonate
2.  Add water
3.  Deprotonate

IAminol to carbonyl, fifinal step in imine hydrolysis
1.  Protonate
2.  Eliminate nitrogen 
3.  Deprotonate

Test 3 PS#1:  Mechanism Practice (Many)
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31. !
!
!
!
!
!

32. !
!
!
!
!
!
!
!

33. !
!
!
!
!
!

34. !
!
!
!
!
!

35. !
!
!
!
!
!

36. !
!
!
!

1. NaOEt

2.EtO OEt

O O

Br

1. NaOEt
2.

3.  NaOEt
4.  BrCH2CH=CH2

EtO OEt

O O Br

O OH
+

NaOMe OO

H

H

O NaOH, H2O

cold H

OOH NaOH, H2O

warmup H

O
Ph

Ph Ph

PhPh

H

O NaOH, H2O

cold

NaOH, H2O

heatPh

H

O
+

NaOEt

EtOH
0ºC

O NaOEt

EtOH
heat

Ph

32

Aldehyde electrophile produces 
beta-hydroxy carbonyl
1.  Deprotonate
2.  Add to aldehyde carbonyl
3.  Protonate

Aldehyde electrophile produces 
beta-hydroxy carbonyl
1.  Deprotonate
2.  Add to aldehyde carbonyl
3.  Protonate
Aldol to enone:
1.  Deprotonate
2.  Eliminate hydroxy anion

R-X electrophile produces 
alpha-alkyl product
1.  Deprotonate
2.  Alkylate

To polyalkylate, 
deprotonate-alkylate again

Test 3 PS#1:  Mechanism Practice (Many)
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37. !
!
!
!
!
!

38. !
!
!
!
!
!

39. !
!
!
!
!
!
!

40. !
!
!
!
!
!

41. !
!
!
!
!
!

42. !
!
!
!

NaOH

H2O
cold

H

O

O NaOH

H2O
hot

H

O O NaOCH3

HOCH3
cold

NaOCH3

HOCH3
hot

Ph OMe

O NaOCH3

HOCH3

OEt

O NaOEt

HOEt

MeO
CH3 Ph

O

MeO

O
NaOMe+

MeO

O

Ph

O

CH3

MeO

O

OMe

O 1. NaOCH3, HOCH3

2.  H+, H2O, heat

2.

33

Ester electrophile produces 
beta-keto carbonyl
1.  Deprotonate
2.  Add to ester carbonyl
3.  Eliminate alkoxy anion

Ester electrophile produces 
beta-keto carbonyl
1.  Deprotonate
2.  Add to ester carbonyl
3.  Eliminate alkoxy anion

Ester electrophile produces 
beta-keto carbonyl
1.  Deprotonate
2.  Add to ester carbonyl
3.  Eliminate alkoxy anion

Aldehyde electrophile produces 
beta-hydroxy carbonyl
1.  Deprotonate
2.  Add to aldehyde carbonyl
3.  Protonate
Aldol to enone:
1.  Deprotonate
2.  Eliminate hydroxy anion

Test 3 PS#1:  Mechanism Practice (Many)



! 8!

43. !
!
!
!
!
!

44. !
!
!
!
!
!
!
!
!

NaOMe

MeOHOMe

O

Ph OMe

O
+

NaOMe

MeOHOMe

OO
+

34

Ester electrophile produces 
beta-keto carbonyl
1.  Deprotonate
2.  Add to ester carbonyl
3.  Eliminate alkoxy anion

Ester electrophile produces 
beta-keto carbonyl
1.  Deprotonate
2.  Add to ester carbonyl
3.  Eliminate alkoxy anion

Test 3 PS#1:  Mechanism Practice (Many)



! 1!
Some!Practice!Problems!for!the!Carbonyls!Test!3!
RETROSYNTHESIS PRACTICE:  Design synthesis for the following, FROM ALCOHOLS 
WITH NO MORE THAN 5 CARBONS.  YOU MAY ALSO USE ESTERS, or any inorganic 
agents (PPh3, PBr3, PCC, H2CrO4, etc.) 
 

1.  
 
 
 
 
 
 
 
 

2.  
 
 
 
 
 

 
 

3.  
 
 
 
 
 

 
 
 

4.  
 
 
 
 

 
 
 

5.  
 
 
 
 

No other alkene
structural isomers allowed
(in other words, don't make
an alcohol elimination reaction)

O OH

O O

O

OOH

35

Tex

Tex

Alkene with no carbonyl:  Wittig
Remember to make each piece from 
starting alcohol.
Often two solution.
1. PBr3  2.  PPh3  3.  BuLi good way to 
convert alcohol to Wittig reagent

Beta-hydroxy carbonyl ==> Aldol reaction.
Carbonyl that provides and enolate, and an 
aldehyde as an electrophile (beta)

1,3 dicarbonyl  (beta-keto carbonyl)  ==> Claisen 
reaction

Ester electrophile

alpha-beta unsaturated carbonyl = enone  ==> Aldol 
condensation

Aldehyde as electrophile

Beta-hydroxy carbonyl ==> Aldol reaction.
Carbonyl that provides and enolate, and an 
aldehyde as an electrophile (beta)

Test 3 PS#2:  Retrosynthesis + Synthesis Design Practice
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6.  
 
 
 
 
 
 
 

7.  
 
 
 
 
 
 
 

8.  
 
 
 
 
 
 
 
 

9.  
 
 
 
 
 
 
 
 
 
  

O

OO

O

OO

36

Tex

Tex
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! 3!
SYNTHESIS DESIGN PRACTICE:  Provide Reagents for the Following Transformations.  You 
may use anything you like, so long as you involve the starting chemical specified.   
!

1. !
!
!
!
!

2. !
!
!
!

3. !
!
!
!

4. !
!
!
!

5. !
!
!
!
!

6. !
!
!
!
!

7. !

OH O

Ph

Ph

OH O

OH
O O

OH No other alkene
isomers form

OO O

Ph

OH

O OHO O

OCH3

O O O
Ph

37

Tex

Tex
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Organic Chemistry  Jasperse   Acid-Base Practice Problems 
 
A.  Identify each chemical as either an “acid” or a “base” in the following reactions, and 
identify “conjugate” relationships.  
-You should have one acid and one base on each side 
-You should have two conjugate pairs 
 

1.  
 
 

2.  
 
 

3.  
 
 

4.  
 
 

5.  
 
 
B.  Choose the More Basic for Each of the Following Pairs (Single Variable).  You can use 
stability to decide.   
 
6.   NH3    NaNH2 
 

 

 
7.   NaOH    H2O 
 
 
 
 

8.  
 
 

9.  
 
 

10.    
 

11.  
 

CH3CH2OH  + NaOH CH3CH2ONa  + H2O

CH3CH2NHLi  + CH3OH CH3CH2NH2  + CH3OLi

CH3CH2CO2H  + CH3MgBr CH3CH2CO2MgBr  + CH4

CH3OH + H3O+ H2O  + CH3OH2
+

CH3CH2NH3
+  + CH3OH CH3CH2NH2  + CH3OH2

+

NH O

NHNa ONa

Ph O Ph O

O

NHNa NHNa

O
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Keys:
1.  Charge
2. Elecronegativity
3.  Resonance

Test 4 PS#1:  Acid-Base Practice (Easy)



 
 
C.  Rank the basicity of the following sets:  Multiple Variable Problems 
 
12. CH3MgBr   CH3NHNa   CH3NH2     
 
 
 

13.         
 
 

14.  
 
 

15.  
 
 
 
D.  Choose the More Acidic for Each of the Following Pairs:  Single Variable Problems 
 

16.    
 

17.    
 

18.    
 

19.   
 

20.    
 

21.    
 

 
  

O O

O

OH

NHNa
ONa

O
OHONa

NH
O

O
OHO

NH3 NH4

OH2 OH

OH NH2 CH3

NH2

OH

OH OH

O

NH2 NH2

O
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Test 4 PS#1:  Acid-Base Practice (Easy)



E.  Rank the acidity of the following sets:  Multiple Variable Problems 
 

22.  
 
 

23.  
 
 

24.  
 
 

25.  
 

26.  
 
 
F.  Draw arrow to show whether equilibrium favors products or reactants.  (Why?) 
 

27.             
 
 

28.  
 
 
 
 
G.   For the following acid-base reaction, 

a.  put a box around the weakest base in the reaction 
b.  put a circle around the weakest acid 
c.  draw an arrow to show whether the equilibrium goes to the right or left. (4pt)  

   

29.   
 
 
 

OH2

O

OH

O

OH HF

NH2
NH3

O

OH

O
H2O

OH NH2OH

O

OH NH2NH3

O

NH2

O

OH NH2HeO
OH

O

H2O  +OH  + H OH

O

H O

O

O NH2OH NH+ +

ONa NH2NHNaOH + +
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Keys:
1.  Charge
2. Elecronegativity
3.  Resonance

Test 4 PS#1:  Acid-Base Practice (Easy)



Chem 341 Jasperse Ch. 1  Structure + Intro 12 

Acid-Base Chemistry (Section 1.13-18) 
 
Acidity/Basicity Table    

 
Entry 

 
Class 

 
Structure 

 
Ka 

Acid 
Strength 

 
Base 

Base  
Strength 

1 Strong Acids H-Cl, H2SO4 102  

 

 

2 Hydronium H3O+, ROH+ 

cationic 
100  H2O, HOR 

neutral 
 

3 Carboxylic 
Acid 

 

10-5  

 

 

4 Ammonium 
Ion (Charged) 

 

10-12  

 

 

5 Water  10-16  
 

 

6 Alcohol  10-17  
 

 

7 Ketones and 
Aldehydes  

10-20  

 

 

8 Amine (N-H) (iPr)2N-H 10-33  
 

 

9 Alkane (C-H)  10-50    

 
Quick Checklist of Acid/Base Factors 
1. Charge 
2. Electronegativity 
3. Resonance/Conjugation 
 
 When neutral acids are involved, it’s best to draw the conjugate anionic bases, and 

then think from the anion stability side. 
 
• The above three factors will be needed this semester.  The following three will also 

become important in Organic II. 
 
4. Hybridization  
5. Impact of Electron Donors/Withdrawers 
6. Amines/Ammoniums 
  

Cl
O
S
O

OHO,

R OH

O

R O

O

R
N

R
HR

Charged, but only
weakly acidic!

R
N

R

R

Neutral, but basic!

HOH
HO

ROH
RO

O
! H

O
!

(iPr)2N   Li

RCH3 RCH2
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Base
Stability

T
e
x
t

1.  Cations more acidic than neutrals; anions more basic than neutrals
2.  Carbanions < nitrogen anions < oxyanione < halides in stability
3.  resonance anions more stable than anions without resonance

Test 4 PS#1:  Acid-Base Practice (Easy)



 1 
Organic Chemistry II Jasperse   Acid-Base Practice Problems 
 
A.  Rank the basicity of the following sets:  Multiple Variable Problems 
 
1. CH3MgBr   CH3NHNa   CH3NH2   (CH3)2NH  
 
 
 

2.           CH3NH2 
 
 

3.  
 
 

4.  
 
 
 
5. CH3NHNa   CH3C(O)NH2   (CH3)3N   pyridine 
 
 
 
6.  (CH3)3N   pyridine  CH3NH2   water 
 
 
 
7. (CH3)3N   PhCO2Na  CH3NH2   PhCH2ONa  water 
 
 
 
 
8. (CH3)3N   4-methylaniline  aniline   pyrrole 
 
 
 
9. methylamine   4-ethanoylaniline  aniline   pyridine 
 
 
 
 
10. CH3NH2   CH3CH2ONa  PhCO2Na  methanol 
 
 
  

O O

O

OH

NHNa
ONa

O
OHONa

NH
O

O
OHO
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Aromaticity lost
Methyl donor makes more basic

Carbonyl withdrawer makes less basic

Test 4 PS#2:  Acid-Base Practice (Less Easy)



 2 
B.  Rank the acidity of the following sets:  Multiple Variable Problems 

11.  
 
 

12.  
 
 

13.  
 
 

14.  
 
 

15.  
 
 

16.  
 
 

17.  
 

18.  
 

19. For the following structures: 
a. Which will extract from ether into neutral water? 
b. Which will extract from ether into basic (NaOH) water? 
c. Which will extract from ether into acid (HCl) water? 

 

 

OH2

O

OH

O

OH HF

NH2
NH3 OH

O
H2O

OH NH2OH

O

NH3

OH NH3OH

O

H2
N

OH NH3
H2
NNH2

NH3
H2
NNH2

O

OH NH3OH

O
O2N

OHOH

O O

OH NH2H3O
OH

O

OH

O

OH
OH

NH2

A B C D
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Test 4 PS#2:  Acid-Base Practice (Less Easy)



! 1!
Some!Practice!Problems!for!the!Amines/Acids!Test!4!
Draw!the!Mechanisms!for!the!following!Reactions!
Page!4!has!some!synthesis>design!practice!problems.!
!
!

1.  
 
 
 
 
 
 
 

2. !
 
 
 
 
 
 
 

3. !
 
 
 
 
 
 

4. !
 
 
 
 
 
 

5. !
 
 
 
  

NH Br (excess)

NaOH
N

NH2 (excess)

NaOH

Me Br
N

Me Me
Me

Br  NH3 (excess)
NH2 + NH4Br

Cl  NH3 (excess)
NH2 + NH4Cl

O O

Cl

O
NaOHNH +

N

O
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Answers

1.  SN2
2.  Deprotonatate
3.  SN2

1.  SN2
2.  Deprotonatate
3.  SN2
4.  Deprotonate
5.  SN2

1.  SN2
2.  Deprotonatate

1.  Add
2.  Eliminate
3.  Deprotonatate

1.  Add
2.  Eliminate
3.  Deprotonatate

Test 4 PS#3: Mechanisms, Retrosynthesis + Synthesis 
Design



! 2!
 
 

6. !
 
 
 
 
 

7. !
 
 
 
 
 
 

8. !
 
 
 
 
 
 

9. !
 
 
 
 
 
 
 
 

10. !
!
!
!
!
!
!

H2N
NaOH+

N
H

O
Cl

O

HO H+
+

O

O
OH

O

OH

OOH

H+

O

O

HO
H+

+O

O

OH

O
+ H2O

OH

OOH

H+

O

O

+ H2O
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1.  Add
2.  Eliminate
3.  Deprotonatate

1.  Protonate
2.  Add
3.  Deprotonatate
4.  Protonate
2.  Eliminate
3.  Deprotonatate

1.  Protonate
2.  Add
3.  Deprotonatate
4.  Protonate
2.  Eliminate
3.  Deprotonatate

1.  Protonate
2.  Add
3.  Deprotonatate
4.  Protonate
2.  Eliminate
3.  Deprotonatate

1.  Protonate
2.  Add
3.  Deprotonatate
4.  Protonate
2.  Eliminate
3.  Deprotonatate

Test 4 PS#3: Mechanisms, Retrosynthesis + Synthesis 
Design



! 3!
!

11. !
 
 
 
 
 
 

12. !
 
 
 
 
 
 

13. !
 
 
 
 
 
 
 

14. !
 
 
 
 
 
 

15. !
 
 
 
 
 
  

Ph Cl

O

+ H2O Ph OH

O

Ph O

O

Ph O

O

Ph

O

HO Ph

O
HO+ +

OMe

ONH2 HN

O
+ MeOH

HN

O

O

ONH2OH

Ph O

O

Ph OH

O

Ph HO Ph+
1.  NaOH, H2O

2.  H+
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1.  Add
2.  Eliminate
3.  Deprotonatate

1.  Add
2.  Eliminate
3.  Deprotonatate

1.  Add
2.  Eliminate
3.  Deprotonatate

1.  Add
2.  Eliminate
3.  Deprotonatate

1.  Add
2.  Eliminate
3.  Deprotonatate
4.  Reprotonate with acid

Test 4 PS#3: Mechanisms, Retrosynthesis + Synthesis 
Design



! 4!
Design Syntheses for the following transformations 
 

16. !
 
 
!
 

17. !
!
!
!
!

18. !
!
!
!
!

19. !
 
 
 
!

20. !
!
!
!
!

21. !
!
!
!
!

22. !
!
!

OH

O

N
H

O

O

NMe2

O

HNOH Ph

Br
O

O

OH NH

Ph O

O

Ph

O
Ph N

Ph Br Ph O

O O
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Test 4 PS#3: Mechanisms, Retrosynthesis + Synthesis 
Design


