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WO (D~(T) IZEZ S0,
Answer the following questions (1)—(7).

(1)

(2)

®3)

(4)

(5)

(6)

WeLHZIE, 7V ATy F-u—U —DERLNVA ADERD D D,
TNENDERZ BRI LR SV,

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

CH3NH3z, CHsCONHz, PhNHs - 25580 MIEIZIE ~72 S0,
Arrange CHsNH2, CH3CONHs, and PhNH: in order of decreasing basicity.

Q) DI ONMEDFRF 27 L 72 S,

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

N, N'Diisopropylethylamine & triethylamine ® 9 &, KR L VRN D%
BATREN,

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

(D DIRZ OB 2T L 72 S0,

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

FREDA) & (B)DEUGHHE i & 72 S0,

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

i SOCl,, R2-OH i

(A) R1 OH R1 OR2
j\ DCC, R%-NH, i

(B) R1 OH R1 NH R2

Do
DCC



(7)

A # 1 % I / Organic Chemistry I 2/3

[4 3 ~<—; total 3 pages]

EERRNTZ T BOWICEET 22D 5 b, IHHEHLICE Y U2 Db DIk
vV TaTr 7T —RIInEEIND, B 7T 7T —EOMBEIALIE, 102 FH D
T AT X U (Asp102), 57 FHH Db AF VUi (HIsET), 195 FHHO® Y
VEEF(Ser195) LB S 41D, FRICIE, B Y 7 a7 7 —EB)Mllid 2 KOG (E)
&SR ORERIX () 23, BLF ORIV NT-a)~(T-¢) IZE XS0y,

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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‘ = Ca of an amino acid residue
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(7-b)
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Z ORI 2 BFETHEITT 5, HH—EBETIE. Aspl02 & His57 (2L - TEHE k&
72 Ser195 FEILDITF R A KEZKEE L R2—NH 23 i L T Ser195 237 /UL
SH T IV ERCT D, BB BPETIR, KO FIZ KD T LR ]
(KON LD RI-COOH 23Rk S, Aspl02 & Hisb7 OREIZEE 2
T VR TIEIIR & R2-NHe 23T 5 £ TORICHE i E 72 S0,

This reaction proceeds in two steps. Ser195, activated by His57 and Asp102,
performs a nucleophilic attack on the peptide substrate; R2-NHzs 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
R'-COOH. Draw the mechanism leading to the formation of the acyl-enzyme
intermediate and R2-NHzs, considering the functions of His57 and Asp102.

Aspl02 %7 A3 X LA AsIZiE i U 7= 28 BAR G, BEEEIX E o X 5 18 (b
HEEZLNDD, OB AR L2 E 0,

How would mutation of Aspl102 to Asn affect the catalytic activity? Briefly,
explain the reason.

193 ZHH D7) 2 (Glyl193)=° Ser195 OFEHT X NEMLE W o 7o KERE A 5L
(L DIEDTEBIL, AT =F R —VEMIND, XL T =4 Hm—1D%
FNCONT, (T-a) DU Z I F 2 TRIRICI L2 S0,

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).

(##>v) THE END
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1I-A
WOk (1), (2), (3-a), (3-b), WITEZ 72 E VN,
Answer the following questions (1), (2), (3-a), (3-b), and (4).

BocNH,

0
Br Br BF3Et20 Br 3 Br
Chiral Ir catalyst H NaBH4 H
_— - > N N.
(0] OH N\BOC Boc
.0 H .0 .0 .0
HsC HsC x HaC > HsC OH
c D E
R T
Br CHj
Br H Boc: "|7_L (0] CH3
“Boc
NaH
— > uc® 0

1) AW A D HNMR O 7 & (ppm) (ZLLFOMEY Th 5,
These are chemical shifts (ppm) of compound A.

1H NMR (CDCls) § 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

E2TOTa Oy 7 MEZFRIE LR SV,
Assign the chemical shifts of all protons.

(2) I B 2B X&),
Answer the reagent B.

(3-a) (LAY D ONRMb A RISEFLTEX LIV,
Answer the stereochemistry of compound D in £/Snotation.

(3b)  ALEW D MNHFEETH D Z & 2R T D12 DOHrFiEE — 2R L, O
R L2 S0,
Indicate one analytical method to confirm that compound D is optically active,
and briefly explain its principle.

(4) LA E D F ORISR ZE 2 S0y,

Draw the reaction mechanism from compound E to compound F.
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WO (1), (2), 3), (@), (5) IZE XS\,
Answer the following questions (1), (2), (3), (4), and (5).

Br
7
X
: o~ O
N > Boc N Boc
.0 .0 .0
HsC 0 o HsC
Bn Bn
Bn :

t-BuOK
e
H3C
. H
SN J

H3C>EH3 0
(COCl),  HyC
DMSO o

(CH3CHy)3N

(1) {BLEW G 26 H OSUCHE A H& 72 S0,

Draw the reaction mechanism from compound G to compound H.

(2) REL AB 20,
Answer the reagent I.

®) b5 K 1% Swern fR{bic L 0 bEM L (A& S5, Swern B2k TlE, DMSO
& (COCD2 A3 Fits L CTHIEMAR O A3VERLT 5, HTHIR O DM A& 72 E 0y,
Compound K is converted to compound L by a Swern oxidation. In a Swern
oxidation, DMSO reacts with (COClz to generate intermediate O. Draw the
chemical structure of intermediate O.

Slo)

lo + (o) ——
HaC~ > CH

DMSO




(4)

(5)
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MEDOHEE O % KU =F /LT I UA7E T eyclopentanol & it S 72 RECAS:
HNDEMMOIEEXE . T ORIHIB LS RS,

Draw the chemical structure of the product and the reaction mechanism when intermediate
O (from question (3)) reacts with cyclopentanol in the presence of triethylamine.

e LI FEDOBU) ZEH S8 5 AN AE T ALEMM % 5.2 %, SR
BCHADS E D LD ITHEAT T D 0 Z fERICE L 72 S0,
When compound L is treated with the base (DBU), stereochemical inversion occurs to give
compound M. Briefly explain how this inversion proceeds.

(#>v) THE END
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WROFM (D7) 1IZE 27230y,
Answer the following questions (1)—(7).

(1)

(2)

®3)

(4)

(5)

MR LIEHIZIT, 7V ATy R —U —DERLNVA ADERND D,
TNENDOEREHRICHIA LR SV,

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

(BRI 7LV ATy F-r—U —0OEFRTIE, BLiT7m b ARBKRTHY |
WELITT 1w FUZRERTH D, VA ADEFRTIE, BEITEFXFETHY,
W L ITE A G TH D,

CH3NHz, CHsCONH2, PhNH 23 E:p: 2358y MIEIZAE <72 S0,
Arrange CH3NH2, CH3;CONHs, and PhNH; in order of decreasing basicity.
(fi#2245) CHsNHs, PhANH,, CH3CONH:

Q) DI ONEDFL R 2T L 72 S vy,

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

(FfR2451) PhNHs CIIZFEDOANLE 7R B VB &SI L0 IERfE b L.
EHEEME T 2 720NN 55 < 725, CHsCONH: TH [RERIZERZ DL
BARN IR VEE LIS L EFEEMETNT 5, 2T, CHsCONHy T
(XA VIR = VSR DFRWVEER R K 0 N L < Bl EFE LD
Z LT, EHR EDOINLE AR OIS EALOFREDN R E < IR D720, M R H 55
VY,

N, N-Diisopropylethylamine & triethylamine @ 9 &, REMEN L DKWL D%
BERIRENN,
Between N, MN-diisopropylethylamine and triethylamine, indicate which

compound has lower nucleophilicity.
(fR22451) N, N-diisopropylethylamine

W) DA DB 270 L 72 E 0,
Explain the reason for your answer in question (4).

(f2Z5) R Y =F 7 I LT N Mdisopropylethylamine |35 &\ E
B ER AV )
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6  TFREDQA) EB DU A X 7R S0,

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

)

)J\ SOCl,, R>-OH )OJ\
(A) Rt OH R1 OR?

0] 0]
DCC, R?>-NH

(B) R' TOH R TNHR?

Orween O
DCC

(R2E151)
(A) ) 0
Q o s SOy H
0 /\g Qo’ Kol 0y Cl 8% o
I~ 1 CINA - A
R" COH R" ~O* R' "OH R" ~CI
H
. 0
—H 0 —HCl
— ( 2 — . 2
JQa R\ /H R1J—k+ R2 + ClI R']kO/R

(B)
O .

2/3
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RN TE X7 BOMUICEEET /R D 9 b, IEHEFLICE Y &2 b6 DIk
Vo 7ur 7T —RIlgEEND, Y o uaT 7 —E oML, 102 FH O
T AT X UWER(Aspl102), 57 HFH Db AF T UFER(HIsAT), 195 FEHOEY
VFEH(Ser195) ) B S, TIINCIE, B U 7 a7 7 —E i 5 ()
& A ORAXGE) 27”3, LT ORIV(T-2)~(T-¢) IZEZ 7R &0,

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).

|
- AV V, V)
,,"' GIy193‘/§O
i BNH R
@ -~ - o NH
fNH

M -~
1 _R%4 n,0 - Ser195 M R1
’ / OH
\ N
O \ ’ IS
L d .
J\ + _R2 < His57 H

Serine protease Sso a
~e. Asp102 M
S
~
~

~
s (@)

~
\\

. = Ca of an amino acid residue

ZDRINT 2 B THEITT 5, BB PETIE. Aspl102 & Hish7 (2 Xk » TEMH b S
M7z Ser195 BFE3~7'F R RIZHBEE L R*-NHz 25 Biff L T Ser195 287 2 /uAk
S, TV VEERTIEAN AR T D, BB BT, AR FIC K DT VR ]
TRONIK 3 L0 RI-COOH B S5, Asp102 & His57 OREIZEE 2
T INER TR L R2-NHe 28T 2 F CORUSEE i Z 72 Z 0,

This reaction proceeds in two steps. Ser195, activated by His57 and Asp102,
performs a nucleophilic attack on the peptide substrate; R2-NH3 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
R'-COOH. Draw the mechanism leading to the formation of the acyl-enzyme
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intermediate and R?>-NHs, considering the functions of His57 and Asp102.
(fRZf5) TPt EBLLTHRIET 5,

| |
Gly193 ﬁo Gly193 ‘&O Gly193 ’/&O R2

NH 2 R2 NH
f’z EH @ >0-) _NH } 2R1
Ser195 ENH R1 Ser195 f O><R1 Ser195 r;NH C?/
er er
er %H 5 ”)“\2,_.\/ V/L},—.\/
b H
NJ‘H N N
oo Ly - 0 o Ly
His57 N His57 N His57 N
/H /H /H
Asp102 M/— Asp102 M/‘ Asp102 Mé‘
(@] O (@]

Gly193 ./& o) Gly193 ‘& o) Gly193 ./§ o) R2

“%(NH R2 SNH SNHTHN
::(- NH N /:03 R1 - //O R1
- R1 Ser1gs "N >(<NH Ser1s "N C?/
er 7 er
Se Sy don Ve
N o L o Ly
D) His57 N) His57 N
(H T H
M - Asp102 MO’ Asp102 M -
@) @) )

(7-b)  Aspl02 %7 A X7 F U (Asn)IZiEHL L7 ZZRARTIE, ML &0 X 51 b
HEZZDILDD TOBMARIZHA L2 S0y,
How would mutation of Aspl102 to Asn affect the catalytic activity? Briefly,
explain the reason.
(FRZER) S K T 95, TANRT X TIRE AF VU 2IHH b5 2 & (b
AFTrDONDT v f EAHEAEMNT D Z L) NTET, B RO RN
KT 5720
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193 FHHD 7Y 2 (Gly193)=° Ser195 DEFHT I REML & Vo 7oK FEFE A AL
IZEDIEOEBIE, AF T =F v R—VEMETND, X TT =F R — 0k
FNZDONT, (T-a) DR 2 [ F 2 TRIRICHB L2 &0,
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).
(B2 AT =F R —/WIEBEOREEITINZ T, AT ViR o 4
F T =AU AR ZENT D 2 & TRIGDOREREZARI S H T 5,

(#4>v) THE END
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II-A
WROEEH (1), (2), (3-a), (3-b), WITE X T2 Z Y,
Answer the following questions (1), (2), (3-a), (3-b), and (4).

BocNH, 0
Br Br BF3 Et;,0 3 Br
Chiral Ir catalyst NaBH,4 H
—_— . N,
© OH Boc
- H . .0
Hyc© PRSI HsC OH
A c E
i
CH3
0" “cH,

A@ ©/\[ Boc: ¢

> HC”

6)) {bAEY A O THNMR OfbF> 7 ~ (ppm) LA FO@Y) TH D,
These are chemical shifts (ppm) of compound A.

1H NMR (CDCls) § 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

LTOT T O 7 MEZRIE L &S0y,
Assign the chemical shifts of all protons.

7.25
7.33 H
H Br
696 H ©
@) H
H,C”
3.92 A 10.42
@) RHEB BRIV,
Answer the reagent B.

ZMgBr

(3-a) 1LEW D OIMET A RISKILTER LIV,
Answer the stereochemistry of compound D in £/Snotation.

Sk



(3-b)

(4)
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B D PHFIEMETH D Z & ZMad T D12 DtTFiEZ—2R L, £ DB
RIS L2 S0,

Indicate one analytical method to confirm that compound D is optically active,
and briefly explain its principle.

fiRZE A5

R CEEIE, SRR i 2 A S 0 E A2 & b, RtEt 2 VW TE
DEREAZRET H 2 & T, HEEOFEL R TE D,

X7, HPLC &, *%7/L HPLC TiX, IV REEMZ W) F 4~
— & BET 5, B —7 OB DR EIRINE D R TE B,

X707 MREEZ VW2 NMR #IE, NMR HIEICFZ7 07 MaldEa Nz 5
Z LT, T A —MICE A FEY T BT D, ZHUTK Y, RN
KOGEEZXTHZ ENTE D,

LA E D F ORISHEREZI#E 72 S0,

Draw the reaction mechanism from compound E to compound F.
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II-B
WO (1), (2), 3), @), (B) ITEZ/REW,
Answer the following questions (1), (2), (3), (4), and (5).

t-BuOK

EE—

(COCl);  H4C

DMSO o
(CH3CH,)sN
B —
ch’N

(1) 6% G 26 H OSSR E 72 S0,
Draw the reaction mechanism from compound G to compound H.
Br

2 AT ZE AR S0,

Answer the reagent I.
Trifluoroacetic acid. ~ YV 7 /LA o i

3) b9 K 1% Swern FREIZ L VALEW L (2S5, Swern gL Cld, DMSO
& (COCD D3is L THIRNA O 2VERLT 5, HfHAR O OfE A& 72 X0,
Compound K is converted to compound L by a Swern oxidation. In a Swern
oxidation, DMSO reacts with (COCD: to generate intermediate O. Draw the
chemical structure of intermediate O.

%0

lo + (o) ——
HsC™ > CHy

DMSO




(4)

(5)
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|
C)
/S\
H3C™ "CHj

MEOHFAO % U =F /LT I AFE T C cyclopentanol & ik 7RIS
SINDEROREENX L | T DU RIE 72 S0,

Draw the chemical structure of the product and the reaction mechanism when intermediate
O (from question (3)) reacts with cyclopentanol in the presence of triethylamine.

{bAY) LITHEEDOBU) ZEH S 5 ESHERERNAE L, (LEMM 2 5.2 5, ik
HEDS & D X AT T D2 R L2 S,
When compound L is treated with the base (DBU), stereochemical inversion occurs to give
compound M. Briefly explain how this inversion proceeds.
fiRZA51]
LB L OFL IV o /KFEITER (DBU) I2L0, Bi7a hAbsh Tz 7
—h&h 2%, &R TH S DBU-HTINAREEIZ L0 #iHE FHIOZENTW D
B L, =/ T — MIZOMERNOHET v M ALE=ZT 5, TORRE, 3T
RREESEEZ 0 L ALEIM M ERT D,

(#3>v) THE END





