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In recent years, artificial intelligence (Al) technologies have increasingly been applied to drug discovery research. Please discuss
how this development is changing the roles and responsibilities of pharmaceutical researchers, and present your perspective on the

matter.

REHR TR D MBIZNIFRICDNT, TNETOREE - HAKREOMEEZEEZ DD, ME - SHRIEANORE. EAN
HNANDWEFENRBLONFRDF v 1) TEEADERICTDONT, EEARAD S RIEBNN D EBEMIR R T N,

—
B
—

Please discuss the research you wish to conduct in graduate school, drawing on your previous academic and research experiences.
Address ethical considerations, respect for diversity, potential impact of your research both domestically and internationally, and
how it may contribute to your future career development. Provide a logical and concrete discussion from a pharmaceutical

viewpoint.
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In recent years, artificial intelligence (Al) technologies have increasingly been applied to drug discovery rescarch. Plcase discuss
how this developmentis changing the roles and responsibilities of pharmaceutical researchers, and present your perspective on the
matter.
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{(Purpose of the Question)

With the rapid advancement of artificial intelligence (Al) technologics, the landscape of drug discovery research is undergoing
significant transformation. This question aims to asscss how applicants engage with Al from the perspective of phannaceutical research,
and to evaluate their ability to construct logical arguments in writing, as well as their understanding and application of Al-related
knowledge.

(Sample Answer] There is no single correct answer. Responses will be positively evaluated if the applicant demonstrates a clear and
logical understanding of Al technologies and articulates a well-reasoned view on the evolving role of pharmaceutical researchers in this
context.
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Please discuss the research you wish to conduct in graduate school, drawing on your previous academic and rescarch experiences.
Address ethical considerations, respect for diversity, potential impact of your research both domestically and internationally, and
how it may contribute to your future career development. Provide a logical and concrete discussion from a phannaceutical
viewpoint.
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(Purposc of thc Question]

This question invites applicants to discuss the rescarch they intend to pursue in graduate school, while reflecting on the relevance of
their prior acadcmic and research experiences. It also aims to evaluate their awareness of ethical considerations, respect for diversity,
and sense of social responsibility. Furthermore, by addressing the potential socictal impact of their research and its role in future career
developinent, the question assesses whether the applicant possesses both a solid pharmaceutical perspective and a globally informed
outlook.

[Sample Answer]

There is no single model answer. Ideal responses should present the applicant’s research interests in a logical and concrete manner,
drawing clear connections to their previous academic and research background. In addition, thoughtful considcration of ethics, diversity,
societal impact, and future career relevance will be regarded favorably.
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Read the following sentences and answer each question.
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Please note that the text in this section
cannot be published due to copyright
laws.

(authority: Dong Dong et. al., Biochemical Pharmaf:ology 178, 114045,' 2020, partially modified)

Question 1. What is responsible for the cycles of physiology and behavior in mammals and other species?

( )

Question 2. If a human being is placed in an environment where time is unknowable, and is made to live with an
intrinsic rhythm, how many hours per day does he/she live?
(

Question 3. In mammals, where is the central clock localized?

( )

Question 4. What are the mechanisms by which the central clock synchronizes the peripheral clocks?

( )

Question 5. What are the four major pharmacokinetic processes?

( ), ( ), ( ), ( )
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Read the following sentences and answer each question.

(authority: Dong Dong et. al., Biochemical Pharmacology 178, 114045,'2020, partially modified)

Question 1. What is responsible for the cycles of physiology and behavior in mammals and other species?
( planet’s rotation )

Question 2. If a human being is placed in an environment where time is unknowable, and is made to live with an
intrinsic rhythm, how many hours per day does he/she live?
(2

h )

wn

Question 3. In mammals, where is the central clock localized?
( suprachiasmatic nuclei (SCN) )

Question 4. What are the mechanisms by which the central clock synchronizes the peripheral clocks?
( nervous and hormonal signals )

Question 5. What are the four major pharmacokinetic processes?
( absorption ), ( distribution ), ( metabolism ), ( excretion )
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(1) Read the following text and answer the questions.

CEVRMELELD T2 B I%)

(Cited from Y. Matsuya, et al., HETEROCYCLES 65 (2005) 1741-1749, the Japan Institute for Heterocyclic Chemistry,
partially modified)

a) Summarize the biological activities of macrosphelides in English or Japanese.

b) Describe the importance of synthetic studies of macrosphelides including your own ideas in English.
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(1) Read the following text and answer the questions.
CEVEHELEL D 7= h 5 )

(Cited from Y. Matsuya, et al., HETEROCYCLES 65 (2005) 1741-1749, the Japan Institute for Heterocyclic Chemistry,
partially modified)

a) Summarize the biological activities of macrosphelides in English or Japanese.

[HE D EX (Intention of the question) ]
JESLHEME ) & G AR E ) 2 R T D

[fi#245] (Sample Answer) ]
RKIMToHDH~I R AT 2T REIZ, ZTRETICALO REENHEESLTBY, ZREnNEwEEEZ RS
TERMBNTWA, BRUNICHESNT-DIL, v~/ RA 7254 KA L B O lnEElELENTH S,

t I Leukemia HL-60 A} & HUVEC & O#EEHEDN ., BH&EFHIC ZENFERENT WD, FOMD

v/ AT 2T FEEIZBWTH, FEOIEENER SN TWD, Zofh, SEmbifEASCHEREER b @i
éﬂ‘(b\éo

b) Describe the importance of synthetic studies of macrosphelides including your own ideas in English.

[Hj B DO EIX (Intention of the question) ]
n)hﬁ%ﬁjj j;O J: U\g%ﬁ: jij %Eﬁn}g T %) o

[fi#25] (Sample Answer) ]
il 2 N2 & 0 RN IX R 72 5,
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The following column is the first paragraph of “Preface: To the Student” of the text book titled “The Art of Writing Reasonable Organic
Reaction Mechanisms (Third Edition)” written by Robert B. Grossman (Springer Nature Switzerland AG 2019).
Read it and answer the following question in English.

FAEHELEL D T2 OB

Question

The author said that to draw reasonable mechanisms is similar to drawing the travel. You have traveled from your home town to Toyama
when you came here.

Explain your travel from your home town to Toyama like as describing a reaction mechanism.

For example,

(the mechanism): This conversion includes 3 steps. The first step is from New York to Pennsylvania through New Jersey. The second
step is .......

You should point out (an overall reaction), (the mechanism), (reaction conditions), (intermediates), (side reactions), and also the speed
at various points and more than one way (alternative route) in your travel.
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(If your answer is longer than the space provided, you can write on the back of this page, but please write below this line.)

The following column is the first paragraph of “Preface: To the Student” of the text book titled “The Art of Writing Reasonable Organic
Reaction Mechanisms (Third Edition)” written by Robert B. Grossman (Springer Nature Switzerland AG 2019).
Read it and answer the following question in English.

FAEHELEE D T2 OB W

Question

The author said that to draw reasonable mechanisms is similar to drawing the travel. You have traveled from your home town to Toyama
when you came here.

Explain your travel from your home town to Toyama like as describing a reaction mechanism.

For example,

(the mechanism): This conversion includes 3 steps. The first step is from New York to Pennsylvania through New Jersey. The second
step is .......

You should point out (an overall reaction), (the mechanism), (reaction conditions), (intermediates), (side reactions), and also the speed
at various points and more than one way (alternative route) in your travel.

[HEDERK (Intention of the question) ]
SRS Mg T RSERC &R O .

[f#2%] (Sample Answer) ]
I am from Osaka. So I travel from Osaka to Toyama.

(an overall reaction): The starting Osaka is converted into Toyama.
(the mechanism): This reaction is two step conversion, and firstly it produces Tsuruga which is converted into Toyama.
(reaction conditions): The first reaction proceeds under the express “Thunderbird” conditions then the second reaction is
carried out under the super-express “Kagayaki”’conditions.
(intermediates): In the first step, Kyoto is formed as an intermediate, and the second reaction goes through Kanazawa.
(side reactions): When the second reaction proceeds under “Tsurugi” conditions, Fukui and the other compounds can be
formed as intermediates. These intermediates can cause the side reactions to give complex mixture.
the speed at various point: The first reaction is slower than the second one. This means the first step would be the rate-
determining step.
an alternative route: As an alternative route to Toyama, we can go to Nagoya first under “Shinkansen” conditions then to
Toyama though Takayama under “Hida” conditions. But the second Hida conditions needs very long reaction time, so usually
we would not select this route.
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(1) Explain the following reactions and stereoselectivities using suitable examples in English or Japanese.

(a) Diels-Alder reaction and endo rule (b) Wittig reaction and E/Z selectivity

(2) Describe your research plan during the 2-year master’s course in English or Japanese.
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(1) Explain the following reactions and stereoselectivities using suitable examples in English or Japanese.
(a) Diels-Alder reaction and endo rule (b) Wittig reaction and E/Z selectivity

[(HE D E (Intention of the question) ]
AR B BB O LU L SR B 2 BT 5,

[ (Sample Answer) ]

(a) Diels-Alder )KJin i, 1,3-7 ¥ VP UEFEER (YY) LA UFHEER (Y 7 4 0) L ORITTOR{EN
IMBIGED 1FET, 7 a~X v U B8N ARy & 725, ORI, B IC X2 WEMNLRILTH Y,
WRE 22 TE T, Y@ HOMO & ¥ ) 7 ¢ L® LUMO & OHAEEM GEoSabH %) 12X 0 KEH
WATT 5, BHAERICLE > TE, 2O T AT LA~—0NERT 28805 0 . BHRILNHNGE X OBEBIR
HEZ#%5 & endo FHIMEAS, BRI & OEBIREL D & exo MMENRAERKT 5, AiE OEBIRET
X, VT 7 4 VOEBRIEO “REGEMR EAER MO CTEE(L I, endo MR BMEIHNCART HZ &
N, Zhzazxy FHlE L5,

(b) Wittig [XJiiiZ, RAKT Y (RAR=W ALY R) L, TAFE REFIZS b oL ORITHRES DM 2
EZDRINT, TV ERAT 4 o AF TV Re b2, TV HOARKIEE LTERATO S, AT 5
TN A TRMER (ERE ZIK) Do D5 E1T, TONAEERIRENE S 70D, —KIZ, FAK=T A
AV RIZHONR=NVIED L) I BAREIEEBEND D258 (ZEA YV R) ZTERPERL, TDOX ) RE
BN WBE (REEA Y F) 1L ZENELE L TERTAHENE .,

(2) Describe your research plan during the 2-year master’s course in English or Japanese.
[(HE D E (Intention of the question) ]
LRI T D e a v ERARBL) A R T 2.

[#i#Z1] (Sample Answer) ]
8% NIZ &0 RERA RIS R D,
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Ql

Draw a reasonable mechanism for the following organic reaction.

+ O
&o * HONNOH O%}

Q2 Aromatic compounds such as substituted benzenes can react with acyl chlorides or acid anhydrides to give acylated aromatic products.

1))

2)

3)

4)

5)

6)

This reaction is well known as a name reaction.
What is the name of this reaction? reaction name:

This reaction needs an additive to proceed the desired reaction.
What is the most common additive for this reaction? additive:

Draw a reasonable mechanism for the reaction of benzene with acetyl chloride in the presence of an additive.

The electronic nature of the substituents on an aromatic ring has a strong effect on the regioselectivity of the reaction.

Draw the structures of the expected major products in the following reactions a)-d).
CH, NHCOCH,

o o
additive additive
a) @ + ppilg e b) + CH3CH2)kCI—>

OCHjz o) (0]
additive Cl additive
c) + - > d) _

This acylation reaction of benzene gives only mono-acylated product without any di- and tri-acylated compounds, while the similar
alkylation of benzene affords poly-alkylated products as by-products. Explain the reason why this difference is observed, in English.

This reaction needs the excess amount of the additive, while the similar alkylation requires the only catalytic amount of the additive.
Explain the reason why this difference is observed, in English.
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Q1  Draw a reasonable mechanism for the following organic reaction.

&O * HO™"OH O<Z>

[HE D E (Intention of the question) ]
FLARHY 7 T fub AT A b B D RS B O BRARE 2R O
[##% %] (Sample Answer) ]

—_—
-—

H +,
‘ Hgéowm & @ é é

Q2  Aromatic compounds such as substituted benzenes can react with acyl chlorides or anhydrides to give acylated aromatic products.
1) This reaction is well known as a name reaction. What is the name of this reaction?
2) This reaction needs an additive to proceed the desired reaction. What is the most common additive for this reaction?
3) Draw a reasonable mechanism for the reaction of benzene with acetyl chloride in the presence of an additive.
4) The electronic nature of the substituents on an aromatic ring has a strong effect on the regiochemistry of the reaction.

Draw the structures of the expected major products in the followingNreactions a)-d).
CH, HCOCH,

o o
Jl addiive I addiive
a) * Ph Gl — b) * CHyCHy” ~Cl ——

2

o) roM S "
5 ?f"“““%ﬁ“” H"é’“

OCH; 0

addmve Cl additive
d) —

5) This acylation reaction of benzene gives only mono-acylated product without any di- and tri-acylated compounds, while the similar
alkylation of benzene affords poly-alkylated products as by-products. Explain the reason why this difference is observed, in English.

6) This reaction needs the excess amount of the additive, while the similar alkylation requires the only catalytic amount of additive.
Explain the reason why this difference is observed, in English.

[(HE D EX (Intention of the question) ]
BRI 72 R FE IR FHE A B DI A2 D
[##% ] (Sample Answer) ]
1) reaction name: Friedel-Crafts (acylation) reactionO O
2) additive: aluminum chloride, AICI3
3) 0 — <o
CH3*E:°| + ACl, — > CH )tél/A'Cb - .

N, .
CHy~C=0% «—» CHy—C=0

5 oo

. AICI acylium ion »
v o o
AlCI, ' : :Ié:lb
NHCOCH, OCHj,

; ;CH ,CH, /IL ~COH
2

5) An acyl group in the product, acylbenzene, is electron withdrawing group that can deactivate the Friedel-Crafts reaction.
Therefore, acylbenzene does not react any more.

6) In alkylation reaction, “AlCly4 abstracts the proton from arenium ion to regenerate AlCl; and HCI. The resultant AICl;
can react with another starting material. However, in acylation, regenerated AICl; forms the complex with the product
and it cannot react any more.
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