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Basic Pharmaceutical Subjects

Subjectl: P1~P6 Organic Chemistry

Subject2: P 7~P10 Physical Chemistry and Analytical Chemistry
Subject 3: P11 ~P14  Life Science |

Subject 4: P15~P18  Life Science Il

Instructions to international examinees:

1: There are one booklet and three answer sheets.

2: Answer three out of the four subjects in English.

3: Write your examinee number and your name on each answer sheet.

4: Write the subject name on each answer sheet.

5: Use a separate answer sheet for each subject. You may use both sides of the sheet.
6: You may take out this booklet.
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Organic Chemistry

1 Answer the following questions regarding the compounds described below.

OCH
OH s CHO ozc”s
Br
1 2 3 4

CO,C,H;

OCH,3
CH, I/cozcsz (Nj
[ j H
7

5 6

(1) Draw all resonance structures of compound 1.

(2) Draw the orientation (the position of substitution reaction) as the example described

below in case of the mononitration of compound 2.

(ex) l

Q

(3) Compound 8 is obtained from the reaction of compound 3 with compound 6 in the

presence of compound 7 in benzene. Draw the structure of compound 8.

(4) Compound 9 is obtained from the reaction of compound 4 with formaldehyde in ethanol
via the production of intermediate ion. Draw the structures of the intermediate ion

and compound 9, respectively. Also, answer the name reaction of this reaction.

(5) Compound 10 is obtained from the reaction of compound 5 with acetic anhydride in the
presence of AICI3 in dichloromethane. Draw the structure of compound 10. The
data of *H NMR spectrum of compound 10 is written as below.

IH NMR (CDCl3) & = 2.25 (s, 3H), 2.55 (s, 3H), 3.89 (s, 3H), 6.74 (d, 1H), 6.89 (s, 1H),
7.77 (d, 1H).
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2 Answer the following questions regarding the scheme 1 and experimental.

OH
(a) +
g
CH,CI,, 0 °C
A syn form B anti form C

(Scheme 1)

A solution of cyclohexenol A in CH,Cl, was cooled to 0 °C. A solution of ( a ) in CH2Cl>
was added to a solution of cyclohexenol A in CH2Cl> for an hour. The reaction was stirred
at 0 °C for 24 hours. The reaction solution was filtered under vacuum. The filtrate was

washed with @Na;SO3s, @NaHCO3, and water, dried with MgSO., and concentrated to

afford the crude compound. The crude compound was then purified with distillation under

reduced pressure to afford a 96 : 4 ratio of syn form B : anti form C of @2,3-epoxycyclohexanal.

(1) Answer the reagentfor( a ).

(2) Explain the meanings of experimental manipulations regarding the underline @ and @,

respectively.

(3) Draw the structures of syn form B and anti form C, respectively.

(4) Draw the mechanism of this reaction regarding the underline ® using arrow-pushing
which describes electron movements. Also, explain why the production of syn form B

was superior.

(5) Which additional reaction of syn or anti is superior if compound A is a

3-trimethylsiloxycyclohexene. Also, explain the reason chemically.



3 The following scheme 2 represents the synthetic route of compound 4, as the opioid

receptor-like 1 (ORL-1) receptor antagonist. Answer the following question.

NHCOCH
CH30H
SN
H5;CO,C N
\ o /_/ t-BuOK
32 toluene

(Scheme 2)

(1) Answer the condition (the reagents used, etc.) for reaction A.

(2) The transformation from compound 2 to compound 3 is name reaction. Write the name
of this reaction, and draw the mechanism of this reaction using arrow-pushing which

describes electron movements.

(3) The transformation from compound 3 to compound 4 is name reaction. Write the

name of this reaction, and draw the structure of the compound 4.
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Physical Chemistry and Analytical Chemistry

1

We consider two parallel first-order reactions from the substance A (its concentration, [A]) to the
substance B (its concentration, [B]) and the substance C (its concentration, [C]). Answer the

following questions. You must describe the processes to derive equations and to calculate numerical

values on the answer sheet. Numerical values with units should be described with two significant

digits. You can use In 2 =0.69 and In 3 = 1.1, if needed. It is not necessary to consider their reverse

reactions.

(1) Inthese reactions, the rate constant of the reaction from A to B (its chemical equation, A—B),
the rate constant of the reaction from A to C (its chemical equation, A—C), and the time are
expressed as k1, k2, and t, respectively. Answer the equations showing the rate of the decrease
in A (-d[A]/dt), the rate of the increase in B (d[B]/dt), and the rate of the increase in C
(d[C]/dt). You can use [A], k1, and k2, if needed.

(2) Initial concentration of the substance A is [A]o, whereas those of the substance B and C are O.
Answer the equation showing the concentration [A] at time t. You can use [A]o, K1, k2, and t,
if needed.

(3) Answer the equation showing the concentration [B] at time t. You can use [A]o, k1, K2, and t,
if needed.

(4) The concentrations of the substances were changed to [A] = 0.30 mM, [B] = 0.10 mM, and
[C] = 0.20 mM, 10 min after the start of the reactions. Answer the rate constants k1 and k2 as

numerical values.



2
Answer the following questions about buffer solution. (You must describe the processes in

calculation of numerical values on the answer sheet.)

(1) Explain the properties of H,PO,4  as acid and base according to the Brgnsted-Lowry

definition.

(2) Calculate the pH value of a buffer solution prepared by dissolving 0.1 mol NaH2PO4 and
0.01 mol Naz;HPO4 into H2O to make 1 L of the buffer solution? The pKa values of

phosphoric acid are pKa; = 2.12, pKa, = 7.21, and pKaz = 12.32.

(3) Calculate the pH of the solution after adding 0.1 mol of sodium hydroxide to 1 L buffer
solution containing 0.2 M sodium acetic acid and 0.2 M acetic acid. Assume that volume
change of the buffer solution after the addition of sodium hydroxide is negligible. The pKa
value of acetic acid is 4.76. Use the following values if necessary (log 2 = 0.30, log 3 =

0.48, log 5 = 0.70).

~10 ~
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Life science 1

Figure 1 shows metabolic map of sugars and fatty acids. Read the following text, and

answer the questions.

Dietary fat is transferred to a lipoprotein knownas ( A ), and released to blood system
through lymphatic vessels. In tissues, lipoprotein lipase digests triacylglycerols in the
(A ), and releases fatty acids. Cells uptake these fatty acids and utilize for its activity.

Fatty acids taken up by cells are transported into ( B ) by acylcarnitine translocase
and metabolized through b-oxidation. Then, acetyl-CoA generaed by b-oxidation is

metabolized by TCA cycle and produce ATP. ¢Under starvation, b-oxidation is stimulated

and produces ketone bodies. These ketone bodies are used as an energy source in various

tissues except for liver.
On the other hand, fatty acid is synthesized by cytoplasmic enzyme: ( C ) using

malonyl-CoA as a substrate. Fatty acid synthesis is regulated by @acetyl-CoA carboxylase

that synthesizes malonyl-CoA. Activity of this enzyme is inhibited by final product of fatty
acid synthesis: palmitoyl-CoA and stimulated by citric acid. By this, fatty acid synthesis is

regulated. @ Malonyl-CoA, product of acetyl-CoA carboxylase, inhibits carnitine

acyltransferase.

Glucose

N
Gluconeogenesis | ?‘

+

sssssssnsnnnnsp  Phosphoenolpyruvate

»

‘ Fatty acid

synthesis Fatty acids
Pyruvate \
‘ Triacylglycerols

Ketone bodiesd= Acetyl-COA T Fatty acids /

====1 Oxaloacetic acid Citric acid

G EIE NN NN EEENEEEEEEE

Figure 1.
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Write appropriate termsfor ( A ) ~ ( C ) .

In mammalian, it is impossible to achieve net synthesis of glucose from acetyl-CoA

although it is a substrate of TCA cycle. Explain the reason for this.

Ketone body is a name for three compounds. Write the name of these three

compounds.

Pyruvate carboxylase is activated by acetyl-CoA. Write the significance of this

activation in fatty acid metabolism.

As described in underline D, acetyl-CoA is produced under starvation. However, it
is metabolized to ketone bodies since TCA cycle is not working well. Explain why

TCA cycle is not well functioned under starvation.
About the underline . Acetyl-CoA carboxylase is also regulated by insulin and
glucagon. Which endocrine hormone stimulates this enzyme? Write the endocrine

hormone name. Also, explain the reason.

About the wunderline @ . Explain physiological significance of carnitine

acyltransferase inhibition by malonyl-CoA.

~14 ~
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Life Science Il

Read the following text described about the structure of chromosome in eukaryotes, and

answer the questions (1)-(6).

Chromatin is composed of DNA and proteins at equivalent level of weight. Histone is
abundantly included in the chromatin. Since histoneis ( A )and ( B ) rich protein, it
can bind well to negatively charged sugar phosphate backbone of DNA.

( C ) is a basic unit of chromosome, which is composed of histones. @Histone

octamer is wrapped with about 147 base pairs of DNA, formed ‘core’ of ( C ), and each
core is connected with linker DNA. Histones also play an important role for gthe formation
of 30-nm fiber.

In the interphase chromosome, @chromatin condensation is not unified. Histones also
play a role for the change of chromatin local structure. With @reversible chemical

modification of histones, the extent of chromatin condensation is changed. Histones are

also important for ethe epigenetic inheritance.

(1) Write a suitabletermfor( A )to( C ).( A )and( B ) are names of amino

acids.

(2) Histone octamer indicated by the underline® is composed of each two molecules of

four kinds of histone. One of them is Histone H2A. Write other three kinds of histones.

(3) Write the name of histone which plays the most important role for @the formation of

30-nm fiber.

(4) About the phrase indicated by the underline®, what is the most condensed chromatin

in the interphase? Also, what is called other parts? Write each of them.

(5) About the phrase indicated by the underline®@, write three examples of chemical

modification.

(6) Explain the epigenetic inheritance indicated by underline®.

~17 ~



Read the following text, and answer the questions.

Graduate student Mr. H planed the experiment to obtain a large amount of human
protein. He extracted chromosomal DNA from a human cell line, and amplified a target
gene with ®PCR (Polymerase Chain Reaction). The amplified DNA fragment was inserted
into the plasmid which could produce a large amount of target protein in Escherichia coli.

He constructed the plasmid as planned; however he could not obtain target protein.

Later, he noticed @pan_extremely fundamental mistake in his plan. @He_changed the
plan suitably, and finally he obtained a large amount of target protein.

(1) Explain the principle of PCR (underline @) with following three words.
PCR primer, dNTP (four kinds of deoxyribonucleotide triphosphate), DNA polymerase

(2) What is @an extremely fundamental mistake in his plan?

(3) Write how he changed his experimental plan (underline ®).
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