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I-a
RDGF(A-D) %, FEMEEE D E WIS 2 IV TIE 72 S Uy,
Sort the following molecules (A—D) in the order of increasing acidity using inequality symbol.

/O\n/ T \[O(OH W

O O O
A B Cc D

I-b

ROFIRTIBNT, FAFIOLAEER A E 2230y, (3), IOV TR A
B LRIV, T8 KRB ERT D5813W T ORMREHEZ 7a S0,

Draw the chemical structural formula of the main product of the following reaction. For (3) and (4),
consider stereoselectivity. If the reaction produces a racemic mixture, draw both isomers.

(1) ®)

H,0, H,SO, CHCl;, KOH
/\/\

HgSO4

() (4)
0 i) BH3;, THF

Ha, Pd/C i) H,O5, OH~
I-c

(1) ROJUIHE, HEEFRIEE A, B ZZNEI 90%, 10%DINKRTE 2 5, R A, B D1k
LS TR R AN
The following reaction provides structural isomers A and B in 90% and 10% yields, respectively.

Draw the chemical structural formulas of A and B.

H,SO4

A + B

%

90% 10%

Q) OGRS A, B & TN ZIEE IS0,

Draw the chemical structural formulas A and B of the following reaction.

H,O* 0 LiAIH,

)LNHZ Et,0 8
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Id
RORPNTEZ TR S,
Answer the following questions.

o)

_OH
9 N Ring-opening
é NH,OH-HClI é H,SO, NH  polymerization 5
A B

Cc

() LB A D>SHRIE B ~OIGHEE A& 72 X0y,

Draw the reaction mechanism from compound A to intermediate B.

(2) R BDALEY C~DRICHEREZRIE 72 S0,

Draw the reaction mechanism from intermediate B to compound C.

Q) 1LE D OffEE LTt e b O Z RO @A) DN D 1 D72 S0,
Select the most appropriate chemical structural formula D from (a)~(d).

N
~ et T Ty
%HW ‘h:{ n 0 n oJn
(@) (c) (d)

(b)
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I-e ROMNIEZ IR SV,
Answer the following questions.

B
C4H4BrN02 _
HsC CCly HsC E,O  HyC H20
light
A c D
o}
H3CJ\CI
- CH dimerization AICI
/@ﬁMegoH heat Kj : .. ;
HsC toluene H,C Q CH,Cl,
E F G
p-TsNHNH,
> 1,4- d|0xane/H20 CHCI3 > >
CHs N M N
N-N. N
o] o] Ts e} 2
H J
N,CHCO,Et
Rhy(OAc), > EtZO BFs3 S L|CI a NaBH,
CH,Cl, .. "H EtZO H DMSO/HZO .. ‘H  MeOH
fe) CO,Et
c. cl
o} o}

= o

p -TsOH K2003 : I '

° ‘Q Q NaTEN
benzene H benzene : :

Q Q p-Ts :

............................

(1) IUPAC fZEIC LTz > LAY A g L7 S0,

Give the name of compound A according to the [UPAC nomenclature.

Q) LAY B DfFHEERA i E e S0,

Draw the chemical structural formula of compound B.

3) 1bEY ENoALEY F OB A HTE 72 X0,

Draw the reaction mechanism from compound E to compound F.
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@) (LB G oA ALEY H ORIGHE RS 7 &0,

Draw the reaction mechanism from compound G to compound H.

) L& O 1, H—DTVT AT LA~—& L TELND, [LE O 12E TTEHLF
WE A LI EFED 3035 KO ITHEE 2 SV, ETo, 2O LS RYRERMENAET D
AR ZGHH LR SV,

Compound O is obtained as a single diastereomer. Draw the chemical structural formula of O
so that the stereochemistry can be understood, and explain the reason why the stereoselectivity

occurs.

6) >7uT77r QD ODONREER R E SIX, Z&EA LT
G S, AEBE R EOMSOTE Y H~Ha DO, | IS |
B/ 0oL APTO HNMRALEY 7 M AR b RS w 5
BHIS N bOEROR S, £, TOHMERNI LRS!, | @Q i
The two six-membered rings R and S of cyclophane Q are nearly ' |
oriented parallel to each other. Among the four protons Ha~Haon ;=
the six-membered ring R, choose the one whose 'H NMR chemical shift in CDCl; is
observed at the highest magnetic field, and explain the reason.

(7N v7rmu77y GERFTDHE, TaEENHEER EIC2 DA SITANLERMEAD
At 7 FEREAERT D,

Bromination of cyclophane G produces a total of seven positional isomers in which two bromo

groups are introduced on the aromatic rings.

(7-1) 7 FEREADALE FMER O L FREERZ R THE & e S0,

Draw the chemical structural formulas of all seven positional isomers.

(7-2) BEWNCEG LHBROBRICH Y . HREDE D Z LN TERUONRRM A EZ =T
YFAT—=EV D, (T-)D TREHDMNERMED 55, =7 FA~—2fT5
bOZETHIE 2SIV,

Enantiomers are a pair of molecules that are non-superimposable mirror images of each
other. Among the seven positional isomers answered in (7-1), draw all those that have

enantiomers.

(o)
(The end)
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I RARTILAJ A R 1893A DEFLUZONT, IROMNTE e S0y,
Answer the following questions for the synthesis of a natural terpenoid 1893A.

Diels-Alder reaction reductlon
A + B

STEP Cc
C4H,O C4H,03 (meso compound)

asymmetric 207

esterification OH H* (catalyst) OJ\O/\ NaOCHg, CH;OH
OAc OAc

F (optically active) H
* TBDPSCI *
O o™ imidazole @, o o H;O* OH
OH OTBDPS OTBDPS
I J K
" HO.
NaH, CS,, CHl @ OC(=S)SCH, :@:00(=S)SCH3
OTBDPS HO OTBDPS
L N
n-BuzSnH Q
AIBN HO CH, Pb(OAc), HO\/‘/\C')/\/C/HQ Tso\j?j;m_h
TBDP TBDP
HO o) S HO o) S 60 OTBDPS
o P R
PC
Ci Y3
[
S | CH 2 CH O Lo, P
3 Z “MgBr _~ 3 PCy,
| 9 OTBDPS PN OTBDPS
T U
CH r2 Br +-BuOK CH CH3
OTBDPS :@:/OTBDPS OTBDPS
1893A

(natural terpenoid)
[AC: C(=O)CH3, TBDPS: t'BUthSi, Ts: 802C6H4CH3, Cy CGH‘H ]



(1) HHED A BIOB DI FREREHE 7 &0,
Draw the chemical structural formulas of starting compounds A and B.

(2) STEPC Ot ZRE = 72 X0,

Draw the reaction mechanism of STEP C.

(3) STEPG Dttt A fi X 7 S0,

Draw the reaction mechanism of STEP G.

(4) #HEM, Q. SEEXRIVY,
Answer the reagents M, Q, and S.

(5) {LEWE, O, WICEENDIRERFEDEEEZTLI,
Answer the numbers of chiral carbons in compounds E, O, and W.

(6) LB W IL 2 SOSLERMEARDIREM & L TIELN D,
2 ODNRFMEAR DAL EAE I E T SV,
The compound W is obtained as a mixture of two stereoisomers.
Draw the chemical structural formulas of the two stereoisomers.
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REH =R TR, Example answeres are shown in red.

I-a
RO F(A-D) %, BEMEEE D= WIBIZ ARG 52 W T2 S0,
Sort the following molecules (A-D) in the order of increasing acidity using inequality symbol.
_0 OH
rov 7 T

A R ~ n

C>D>B>A

I-b

WOFIGICBNT, FAERDOALFREEXELHE RS0, (3), @ISOV TISLASERE
DNTHBRE LRSIV, T8 IMEPERT D5EITM T ORMREZ#E S0,

Draw the chemical structural formula of the main product of the following reaction. For (3) and (4),

consider stereoselectivity. If the reaction produces a racemic mixture, draw both isomers.

(M (3)
H20 H,SO,4

PN CHCI5, KOH ( j Cl
N hgso, @ cl
0

) (4)

(1) BHz, THF CH,

Hy, Pd/C (2) Ho0,, OH” \CH,
o O G
I-c

(1) WDOFINZIRBNT, HEERIER A, B 232301 90%, 10%DUERTHRT 5, ERW
A, B DALFAREZ & 7o J 0,

The following reaction produces structural isomers A and B in 90% and 10% yields,

respectively. Draw the chemical structural formulas of A and B.

H,S0,
OH
90% 10%
Y T
Q) WORIEDAR A, B &L ZiliX a0y,

Draw the chemical structural formulas A and B of the following reaction.

H,O* o LiAIH,

ANHZ Et,0 B

Ao
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I-d
IRORINNTE T2 E W,
Answer the following questions.

o N’OH
NH,OH Ring-opening polymerization
—_— D
O Oy
H O
Cc

(D) fLEW A DSHEIE B ~ORIHEBE A S 72 S0y,

Draw the reaction mechanism from compound A to intermediate B.

(2) PRIE BDALEY C ~DORUHEBEEZ I E /2 S0y,

Draw the reaction mechanism from intermediate B to compound C.

Q) L&Y D OfE L L TEDIZR S DOERD(@()DHFNE 1 DFERR IV,
Select the most appropriate chemical structural formula D from (a)—(d).

I I ' TQ% M

H
* h
O (P3—. HO +NZOH HZOHN OH

é H* éHWOH@ ©
—he o B B

3 (@




A # f % I / Organic ChemistryI

I-e RORINIEZ TR SV,
Answer the following questions.

B
C4H4BrNO, -
/©/CH3 /@/\Br NMes /©/\KIM93 B Ag20
HsC ccly HaC Et:O  HsC H20
light
A C D
(o}
H3CJ\CI
- CH imerizati
gﬁMes OH heat Xj > dimerization Q AICl3
HsC toluene H,C 'l CH,Cl,
E F G
p-TsNHNH,
Q 5602 C52003 Q ..
II 1 ,4-dioxane/H,0O CHClj3 Q Q
CH N N
N-N. N
(6] O Ts (0} 2
H J K
N,CHCO,Et
ha (OAC), Et,0+BF;4 LiCl Q NaBH,4
CHZCIQ Q‘ H Et,0 Q DMSO/H,0 ..H MeOH
CO,Et fo)
N
Cl Cl
o) (0]

1 o

p-TSOH K>CO 3 1 !

o . o : HC ot |
benzene Q H benzene Q : o :

Q Q ; p-Ts

,,,,,,,,,,,,,,,,,,,,,,,,,,,,

(1) IUPAC f&iEIC L= > TILEY A Zmd L7a S,
(2) Give the name of compound A according to the [UPAC nomenclature.
p-F UV U(FFREAL). LAV AT IR B U GRINA)

p-xylene or 1,4-dimethylbenzene

B) e B DG A E 72 S0y,
Draw the chemical structural formula of compound B.
N—Br
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Q) L& E D DALAY F ORISR E 7 X0,

Draw the reaction mechanism from compound E to compound F.
+ Ny CH,
NMe, NMe;
- s [\‘ —_—
H 2C\ H 2C H2C
~OH

4 LB G D oALEY H DRUCHEZHEZ 72 SV,

Draw the reaction mechanism from compound G to compound H.

0
=
22 o H
G e~ © ) o CH,
cr-
o) .
r— AP o
HyC” GCl HyC
_ l TI)ILAFY
AlC

() {b&#H O1%, H—DV T AT LA~—L LTHRLND, (k& 012 TTE L
WERZ MDD KO e E v, 72, T X S RN REFERET S
HHZTHH LR SV,

Compound O is obtained as a single diastereomer. Draw the chemical structural formula of O

so that the stereochemistry can be understood, and explain the reason why the stereoselectivity
occurs.

SRR ODIRWNERI D E R FEICHETT 5720,

Because the reagent approached from the less hindered bottom face to give the isomer shown.


jive1209
長方形

jive1209
線
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6 2777 QD_OONRERE RE SIX 1 TLAEFAT
2RV E DGR & D, ANEE R EOIUS>O 7w 2 H,

~Ha®D 5, B/ 0 aALAPTO HNMR LS 7 b3 | ﬁ

BLERSCBI SN LOFBOAR S, Fo, 20 | @Q g
B A L2 S0, § i
The two six-membered rings R and S of cyclophane Q are nearly - Q ______________

oriented parallel to each other. Among the four protons Ha ~ Hq on
the six-membered ring R, choose the one whose 'H NMR chemical shift in CDCl; is

observed at the highest magnetic field, and explain the reason.

Ha

(PlEH 5 reason)
ZOMYHEE. S REEELLAFERORERIPSBVWERDIRZZ T 2o,

Because the proton Ha is strongly shielded by the ring current
of the aromatic ring adjacent to the S ring.

(7) ¥/ m77r GERFCT DL, TrEEPHER LIC 2 DBEA S AE R
BRP 7 AT 2,

Bromination of cyclophane G produces a total of seven positional isomers in which two bromo

groups are introduced on the aromatic rings.

(7-1) T FEADALE MR O FAE N 2 TR E 72 S0,

Draw the chemical structural formulas for all seven positional isomers.

PR D E

(7-2) EWNCEG EHEBOBURICH Y . BREGDE D Z LR TEROSREM R EZ =5
PFAT—END, (D T REORBIERD 5 b, = F AR
THODEETHIE RSV,

Enantiomers are a pair of molecules that exist in two forms that are mirror images of one
another but cannot be superimposed one upon the other. Among the positional isomers

answered in (7-1), draw all those in which the enantiomers are present.

GSeccence

Br Br Br

(&)
(The end)
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IRVHRO R ICfREHI% R, The answer examples are shown within the red border.

NIRRT L~ A K 1893A DEFEHE T Do IRDIRMTHONTEZ RSV,
A synthetic route of a natural terpenoid 1893A is shown in the scheme. Answer the
following questions.

I LAY A 3 KO B OREAZAIT,
Draw the chemical structures of starting compounds A and B.

o) O
W e
A B

I T STEP C D )ikt %~

Indicate the reaction mechanism of STEP C.

o o
o A 0 o
fast / (o]
end-D 0 ggﬁglction D }‘4 o)
end-adduct N o H
(o} © B B thermodynamic product
kinetic product
main product
[ 1 I STEPG DOJihstEz R,
Indicate the reaction mechanism of STEP G.
ROH ®
| R-OH R-0 J\ .
@ OH - _ row (\/\o/\ — Ao /ko/\ —_ )\o/\ = o 0
OAc H* - Co b - OAc
F H* H

IV GREEM, Q, S =& % L.
Answer the reagents M, Q, and S.

M: OsOg, Q: p-CH3C6H4SO:Cl, base, S: Nal
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VILEWIE, O, W ICIF B A B ODDARFIRENETENDIHIEZ K.
Answer the numbers of chiral carbons in compounds E, O, and W.

E: 4, 0O: 4, W: 6

VI LAY W 1L 2 SONEEMHADIREM & L TIR b, TOMIEEHIT,
The compound W was obtained as a mixture of two stereoisomers. Draw chemical structures of each
of the two isomers.

Br CH, Br... CHs
OTBDPS OTBDPS
Br'' Br
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