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 (1)~(7)  
Answer the following questions (1)–(7). 

(1)

There are two definitions of acids and bases: the Brønsted–Lowry definition
and the Lewis definition. Briefly explain each definition.

(2) CH3NH2, CH3CONH2, PhNH2

Arrange CH3NH2, CH3CONH2, and PhNH2 in order of decreasing basicity.

(3) (2)
Explain the reasoning behind the order in question (2).

(4) N,N-Diisopropylethylamine triethylamine

Between N,N-diisopropylethylamine and triethylamine, indicate which
compound has lower nucleophilicity.

(5) (4)
Explain the reason for your answer in question (4).

(6) (A) (B)
Draw the reaction mechanisms for (A) and (B) below.
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(7) 
102

(Asp102) 57 (His57) 195
(Ser195) ( )

( ) (7-a) (7-c)  
 Among the enzymes associated with protein digestion in living systems, those 

with serine at the active center are classified as serine proteases. The catalytic 
site of serine protease consists of three amino acid residues: Asp102, His57, and 
Ser195. The figure below shows schematic representations of a reaction 
catalyzed by a serine protease (left) and its catalytic site (right). Answer the 
following questions (7-a)–(7-c).  
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(7-a) 2 Asp102 His57

Ser195 R2–NH2 Ser195

R1–COOH Asp102 His57
R2–NH2  

 This reaction proceeds in two steps. Ser195, activated by His57 and Asp102, 
performs a nucleophilic attack on the peptide substrate; R2–NH2 is released, 
and Ser195 is acylated to form the acyl-enzyme intermediate. In the second 
step, hydrolysis of the acyl-enzyme intermediate by a water molecule produces 
R1–COOH. Draw the mechanism leading to the formation of the acyl-enzyme 
intermediate and R2–NH2, considering the functions of His57 and Asp102. 

 
(7-b) Asp102 (Asn)

 
 How would mutation of Asp102 to Asn affect the catalytic activity? Briefly, 

explain the reason. 
 
(7-c) 193 (Gly193) Ser195

(7-a)  
A positively charged region formed by hydrogen bond donors, such as the 
backbone amide groups of Gly193 or Ser195, is called the oxyanion hole. Briefly 
explain the role of oxyanion hole in the reaction mechanism described in (7-a). 

 
 

THE END 
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II-A 
 (1), (2), (3-a), (3-b), (4)  

Answer the following questions (1), (2), (3-a), (3-b), and (4). 

 
 

(1) A 1H NMR ppm  
 These are chemical shifts (ppm) of compound A. 
 
 1H NMR (CDCl3) δ 3.92 (s, 3H), 6.96 (d, 1H, J = 7.8 Hz), 7.25 (d, 1H, J = 7.8 Hz), 

7.33 (t, 1H, J = 7.8 Hz), 10.42 (s, 1H) *s: singlet, d: doublet, t: triplet 
 
  
 Assign the chemical shifts of all protons. 
 
(2) B  
 Answer the reagent B. 
 
(3-a) D R /S  
 Answer the stereochemistry of compound D in R /S notation. 
 
(3-b) D

 
 Indicate one analytical method to confirm that compound D is optically active, 

and briefly explain its principle. 
 
(4) E F  
 Draw the reaction mechanism from compound E to compound F. 
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II-B 
 (1), (2), (3), (4), (5)  

Answer the following questions (1), (2), (3), (4), and (5). 

 
(1) G H  
 Draw the reaction mechanism from compound G to compound H. 
 
(2) I  
 Answer the reagent I. 
 
(3) K Swern L Swern DMSO

(COCl)2 O O  
 Compound K is converted to compound L by a Swern oxidation. In a Swern 

oxidation, DMSO reacts with (COCl)2 to generate intermediate O. Draw the 
chemical structure of intermediate O. 
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(4) (3) O cyclopentanol

 

 
(5) L (DBU) M

 
 

 
THE END 


