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Chapter 01 = Alkanes

£ 11 %f AR Y ABRAR

,J\‘_EZ* /k 6y A & 8
heat Br

/L\ Cl . 1. SRR FEERML - R FE#E
heat )YCI 2)

AALR EEFEML  ZHEHRF
Br
e | e poo
X hv = Br
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A AERETEA LIRAY
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4. autoxidation &4 A5 e C-H & E

EE12: 54 R T ey

Mg e & g5
R—X T R—MgBr (1)
1. ##% Grignard reagent #f » @tz &4 LR
L
R—X TIF"' R—Li (2) fe A AR R RME 5 0 3B F A &EE A
1. Li 2. #3i% Organolithium &F > & be s L K4
R-X ——— R.Culi (3) -
2. CuCl G e U R R R
@’X RoCuli @rR @) 3. HETE M BUR B H #4842 (cuprate)
4. cuprate 4t % £ sp” L #ATRRR JE
Na (5) 5. Wrutz R B » < 45 3] #1454

R=X —> R R
R—X . 6. M Grignard reagent i 47 coupling &F » ¥
R-Mg8r ——> R-R' (6) R S ok RS T 9 R (CHIX

A 2: Mg, .ether )\

7. AR @A R R R R

T 1.3 tmapeniER ]
JEA & g
CnHopen + St 0O, heat nCo; + (n+1)H,O + Energy 1. R O ek b
B . SR T AR B RO A
P A A
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Chapter 02 = #gi- 8 Stereochemistry
ER21 AT el

CAHN-INGOLD-PRELOG RULES
. H H
CHy CHy o 3
@ cl” "OH| oH” “Cl
pE i
H H .| VS N
O o < %M chan-Ingold-Prelog
C o c 0 J FURN) e € K AR ¥R
CH cl
Cl OH )
EEL2.2 0 vk
= 0.300 g sucrose dissolved in 10.0 mL
of water [a] = e« +1.997 = 166.3
= Sample cell =10.0 cm cxl % %X 1.00 dm
- Observed rotation = +1.99°
TEL23 BLGEE
=  The specific rotation of optically pure
. . observerd [a]
adrenaline is —53. A mixture of (R)- % ee = - X 100%
. [a]of pure enantiomer
and (S)-adrenaline was found to have a 45
specific rotation of —45. Calculate the % ee = _—53 X 100% = 85%
% ee of the mixture.
EE24 FF Ryt £ 2 M Bih 39

Isomers

Different compounds with
same molecular formula

I
Constitutional isomers
Atoms have a
different connectivity

cis-2-butene

1-butene

ST Y

1
Stereocisomers
Same conneciivity - differ
in the arrangement
of their atoms in space

cis-2-butene
trans-2-butene

58 E AR

<

(R)-2-butanol
(S)-2-butanol

_

|
Enantiomers ]
Stereoisomers that are  Stereoisomers that are
not mirror images <

nonsuperimposable mirror
images of each other

Diastereomers
D-glucose

of each other D-mannose

FRE MY

JESRAL B HE4h
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Chapter 04 #*= Alkyl Halides

« Summary of Nucleophilic Substitutions

Sx1 Sx2
YERE
BAZ W R 5 BAR R {£ R 9% B A A
B & (RX) 37=2° CH:X=>1">2°
b8 '?’HI E W B K B W AR A JEE A H
A A A A W EE A
Hab Bk fe A AgNOs =] H By RX i &
e
R E &)y 5 first order. k[RX] second order. k[RX][Nuc: ]
LS AL WS AR AESH @EN ) Rods
HARE T RM R AEE HE F & EHE
« Summary of Eliminations
El E2
YERE
s R E A5G {E R kR
BRE&E&H RX) 37=2° =21
7l ™ E W BB A 7R TR e Rk %
(8 % A At 99)
Bk i dk Ik i Bk
R4 2 B AR & B EON & & AL )3 o
HéE
R By A1 5 first order. &[RX] second order. k[RX][B: ]
FE AL @ Zaitsev’s rule Zaitsev's e (3t B 1 é@:&é—%)
Hofmann’ rule (3r [ K #98k)
v 42 4t £ BH R e g R fe & A B T | ehid Rk

R E AT R BT AE = HE

Nl

Table: Predicting substitution v.s. elimination at C_(sp3)—

X under basic conditions

Poor Base Good Base Good Base Poor Base
Good Nu Good Nu Poor Nu Poor Nu
methyl or benzyl Sn2 Sx2 Sn2
1’ Sn2 Sx2 = E2 E2 Sx1/El
2° Sn2 > E2 E2 > Sy2 E2 Sx1/El
3° E2 or Sx1/El E2 E2 Sy1/El
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Chapter 05 % Alkenes
5L FRARUTERY

17 e % 4e & (Syn-Add)

O/CHS 1.BHs, THF
_——
2. H,0,, OH"

(2)

CHs
"OH

@ e (IOH 3)
2. reagent OH
O dilu. KMnO,4 (IOH W
cold OH oK
H
CHBry
O C@CB@ (5)
NaOHfHQO
H
H
MCPBA
O == o
H
H
CHola, Zn(Cu)
(] =2, <} 7
H

)

—

-2

75 )

n

##4k 846 5T A Ni. Pd. PtO, %
FER LG AR SR R

% = o B a5 ) 5T B S4L B (Ha0n ~ 3
amine oxide) =%, & B #(NaHSO; ~ HaS){E A

A% R G AL o) B

Ex. neutral ~ dilute ~ cold

ho R4 A F B & & 4 F &9 carbene
EEALRE (EFEARESFLILNE)

Simmons-Smith Rxn
TR R R 4 | £ 69 carbene

RS2 HRIR TR RY

7 F % e & (Anti-Add)

C'z ——cCl

1T H

O/CHS cl O,CHa
>—<

2)

sep
ok

1.mCPBA
2. H,0*

Mx )
SN

JEA EEE
. Bt ER EEF GEET R
Cla __Hoa
H,0
2. H1E Cl &R @ Ao g,
3. 4w & cyclohexene 4545 » | 4 it {7 axial
addition
4. HAIEE RO # R R GE R
1. mCPBA HCO5H
IERA L -
2. H,0* Hs0s
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FEL53: HRI R T F e e (1)

A B B fi A & 2
ROOR
ol 1. A ds#ivry HBr  peroxide #4 fE
H—Cl 2
X ROOR )\ @ 2. Aok HCL % % peroxide x4 &

(73]

.
1. Hg(OAc)p, Ho0
A HEORk H j\() §
2. NaBH,
,J§¥ Hg(OAc), NaBHai/%\ /L\ 7.

Cl
(" Ofer
9.

oR OR
W OR (8)
ROH 10.

CB
=, /chm(%

ROOR

ReH //kM/SR (10)

ROOR

ok HCLAF 2% 7T & T R A

e E e Clg LVG Mg 18 208 5 R
i E

REBET AR SFREST R £ 4

- 4R ROH §i5 Al > & 77 61k

Clat /e I % 24 JRAS A 0 RS 5 GOGLFY
g

ROH #: 4 B A 3 3R 45 € M 845 58 899215
BEF g

A 1 4 o a4 S de i B K A ) AR AR

o

A i 35 A i o de B A Ay AL B AR

o5

254 F L et s B & (addition polymer)

Some of ihe Mast Important Additmn Polymers

polyethylene bottles, bags, films
polypropylene plastics, olefin fibers
polystyrene plastics, foam insulation

HC=CH, TCH,—CH%;
H CH
~ 3 CH,
o !
H <H 1 CH,—CH~1—
H\ @
E{C— =1 CH,~CH—|~
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CH, $m'
poly(isobutylene) specialized rubbers C‘==C< - ”CH:"'?“' -
0 N, T
3»_ L]
. .
' 1 chloride; in ics, films, water pi ~Z
poly(vinyl ¢ ) vinyl plastics, water pipes H/O-ﬁl —ten—cn—t-
Ca=N B s "]
palysceylonitrile) Drlori®, Aceilan® Bbers ™ = TN
¥ ity " Acrtlan® H/C“" . — o, —cn--
3
poly(methyl oc-methacrylate) lic fibers, 5 <CH p -
%u’ Lucite® paints H/C_ Cﬁ%w CHy
3 | COOCH, |
H C=N N
poly{methyl a-cyanoacrylatey “saper” gluos H/C=(< C’O "—"'C‘Hz-'?
—OCH, i COOCH, |
F F
poly(etrafluococtliylene) Teflon®coatings, PTFE plastics F>=< - CFy—CFy K
F
WL E TR PR U TR BEE K PR SR
1. YRR /U 1sobutylene » 3 7 ' cationic polymenzauon
2. SRR R 'EI‘JEV%E%’M‘% U+ methyl @ -cyanoacrylate » ffj 7 " Janionic polymerization
3. Fl WS RRER LAV RA A » 1 - styrene > F‘ " |free-radical polymerization
4. YN Tl isotactic formp¥syndiotactic formpyno branchingf! JE 9;{@%{}% NI

Ziegler-Natta B [ (TiCls, AlEts)

Chapter 06

=% Conjugated Polyenes

€ 2L 6.1 : 1,2-Addition & 1,4-Addition

HCI

)\% 807

do e
40°

ﬁ\% D

)\/\ L By 4 F AR F2 8N A
\‘\

FeA & 2

Cl @

2. A IEEEE A SRS FRR) EY

Br
%ﬂ%L\JﬁL /K4kf” 3. bk wish g fo i A Hia
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Z 25 6.2 : Diels-Alder Reaction

{CN

[:>+[:CNAb[:§j: (1)
CN

‘CN

= A ~CN
o @)
H3CO CN H3CO

OCH3 OCH;

JEA4 &5

1.

-2

[¥5)

Diels-Alder Rxn [4+2] Ao#h A R & » B 5E
R &

Diels-Alder Rxn 4 {3 1) 1% ## 14 (-0, -p firréy)

Diels-Alder Rxn 4 3 4% i 4 (Endo 1ule)

& 2k 6.3 : Pericyclic Reaction

A 7 _A
N
(D
hv Z hv
S

A\

B

1.

8 o o #4425, HOMO % LUMO 4
21

2. Claisen & 4
3. Cope £
Sl e
‘\
/E?W_i,)kj<a
Chapter 07 % Alkynes
& 2k 7.1 : Electrophilic Addition Reaction
o)
Z B s
O/ HgSO, (1
H,S0, 1 Rk S T2 E—X A4
= 1 M 7k BT it b7k 5-4F 3] ketone
=
1. Sia,BH i
Q/ 2. H,0,, OH- m 20 AREEA G ESEMS THBE—X2Y
1# A &1 S 1L R HE 4T #] aldehyde
Z e
O/ 1. Sia,BD O/J\ 3. BRHEIL R R T LALE R A B AR E R Ax K
2. HOAc

7t & J 18 nucleophile £F H: 4 & 4 5%
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£ 2 7.2 : Terminal Alkynes

# & 2
R — Basg o 0O (])
1. %% dk4w NaH ~ NaNH, ~ RMgBr % 7 3 &,

(]

TR E AR R Em L
EE  Cu(NH;), &4 FApu R

Ag(NH3)5*
rR—= ~oNHaz o Ags (@

£ 2L 7.3 ! Lindlar Catalyst & Metal-ammonia Reduction

feA & gL
T 2+ L
H,, Pb(OAC), H u 1. Lindlar’s catalyst % Pd ¥ jv A Pb™ 3 7|
R——R >:< (1) w2l 4 m% cis-alkene
Pd, CaCO, E R -
) Ho, quincline
eI PfER —
Pd, BaSO,
Na/NH; H R
R——R - >:< (2) 2. Metal-Ammonia Reduction
R H R A% 4% 42 3% radical anion ~ radical ~ anion
5 244 %, trans-alkene
Chapter 08 Aromatic Compounds
TEB8l: ¥ A 4L EFREBTAE R
BB R E# 4 5
_HNO; NO; _ o
EAE4EH HNO; F fw HySOy 3T LLRJE
sto4

H-S0 SO5H
x @ B ©/ LR MR T 3 > o AR A

X @ 3 ==Cly or By
Lew,g acid @ E'& complex i 3F X*
R @ THREHR F A
v @ R, @ ® @Y - HmEFCEFRE
i Lews acid @ LA ROH/BF; & Alkene/HF % 8. 2|
j\ 0O O AEEH RA RN
[:] Rl [:rkR @ A3 ¥~ BEFLEARRE
Lewis acid @ TE M anhydride % 8% #|

NE%I%%ﬁ@ﬂ%ﬁﬂm%’Wﬁﬂm@@ﬁ%§5%ﬁ$W§%m@mo

4 -8
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FE.82: % Bk ik s i

Electron Donating Group (EDG)

Electron Withdrawing Group (EWG)

P osgsEde 1 daEde 1 #giE4b 1 #8E R 1 FEEAE | mEEAR
7O_
—NH> o R —F —C—H(R) —CFs
- N I R o —can
—NR2z o] —Br —CTORH) —RR;
1" — i
—OH —-0—-C—R —gTcHs . —C=N —NO,
—OR —SO3H
TE83 ! F AN AT RN E e IR
OCH4 CH4 Br
~a @/ ~ @/ ~ @/ CHO NO5
o |
e -~ 7 E N

’:,:::‘/

2
/:‘\\ =
)

> R\ .
» £ D o
"N H S
£ 2L 8.4 . Addition-Elimination Mechanism
JBE Jz oL
NO, 1. feskdko . pin B4 584G T 485 5 B 4T
C @NHR a7 R
JLEEN R FE 6B ¢ Sanger Method
M # # B amino acid 5= F 7 4L
& 2L 8.5 : Elimination-Addition Mechanism
b o T S
cl NH =
@ _MNaNH2 @ y 1. & & & benzyne ¥ R df
2. AT Diels-Alder Rxn — 4 4 28
TEB86: He x4 %t L aF i
CO, HCI Pe ok ks
OB Do
AICl5, CuCl ) ,
. 1. Gattermann-Koch Formylation
<‘_\3 HCN, HCl  HxO ’f_%CHO @)
\\_f!’" Lewis acid \‘\\_"; - 2. Gattermann Reaction
0]
@ RCN, HCI_ _H0, @—« (3) 3. Hoesch Reaction
Lewis acid
OH B 4. Kolbe-Schmitt Reaction
I ]/ N;C?H E SN Qj’\ B Bk 45 B (salicylic acid) + i 4 #% 2
~ COCH Bk 7K 435 8% (aspirin)
@»’OH NaOH C[GH ) 5. Reimer-Tiemann Reaction
CHCls CHO i 7 L 4k phenol 8 3 b — &L F 423k
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Chapter 09 7% ~ @~ % §
TE91: B PFE &

it $= ~ @ Alcohol, Ether, Epoxide, Phenol

sSOClh Cl

OH
A
o
0,0H SOCl, O
~.»0H PcCl E;j..\CI
[/f — 3)

Mo &

1.

]

J SOClL 4 OH #55 Clo 38 % 8 44 o

M e 0 B & 4 A retention

 SOClLds OH & Cl 8 % H & Wt

HiE | - A & 49 % inversion

F PBrs #, /P« & 4F £ #g s R

OH 1 Tect ovri ’ 4. J§ TsClie OH # 3% OTs % » #% LAH B8
.Ts ridine . 1% ACre
O/ > LAH > i O/ ) W TR ORRR LK 28
- 4
HCI 5. Lucas Test
O(OH ZnCl, O(CI (5) AR AR AHET HA Y SR AR
Hg(OAc), NaBH, /J 6. R BET R e 8% 5 2 W] V] 49 &k
‘J\\ - r),'\‘o .
OH ! 7. Williamson Ether Synthesis
- RX 31 [ % PR
)O\H/\/cn NaH d & 8BRS AOR SR  F T ALK
= P Bk 3 >2">1 ROH
OH 9. POCIs 4 ] 1£ & Bt 7K
H,S0
ool
or H3PO, 10. Pinacol Rearrangement
POCl; — 44 e OH Fid o siei a7
OH — 9
07 base [> ©)
H
OH ye ﬁ\
/j.? - H Tﬁ’/ (10)
BLO2: FRipang it F g
O
_ Bk b
’jAOH PCC O”ﬂ“H (1)
LUBHR 8 ARG AR A T
PCC - Collins reagent » Swern Oxidation
Cro 2 o, . e atse s
[:Iﬂqué? on () 2. USRI A AT 5
S Jones reagent » KMnOu(aq)
(3) 3. e i P R4k 0 diol °T LA F b b B

b5 1 Pb(OAc)s 4 A5 SRR

4 — 10
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€893 1 AT BT (4 A R R

ROR — %> RX + HOR — %= rx+xr (1) BH &=
Xs O, OOH 1. =48 {c HBr & HI f’; M F ST RX
RTO~CH ™R R-0-G—R ) £ & @ HI> HBr >> HCl
39\ ‘O—Et HOﬁH 3) 2. EELEIA R 5 U4k 0 {2 Y] i 4T autoxidation
Me H Me OEt 3. EFAbdhER PR AR ER
- - P
o EtOH Me OH fx{]ﬂﬁf% + Nu 5 AR A 55
Sﬁzﬁ + Hﬁ ) .
Me H H EO H 4. RFACHERPE AR A B IR
Brag Fn’j 3’:% + Nu 'ﬁ;‘; oy B m
R-S—R———»> —“—Rﬂ-— R-S-R (5) 5. sulfide §E 8,41k s sulfoxide =% sulfone
HOA HOAC I ' AL RAC
6. sulfonium salt 3] /] & 5 ¥ St 2 &)
+(|3H3 Nue ) SAM = biological methylating agent
o Scr, - NUTCHs +S(CHa)

Chapter 10 gz ~ g# Aldehyde, Ketone
#2101 i ~ fr ok (1)

/ﬁ’\ _ROH. H* RBER 1 T

1. Nucleophilic Addition Reaction

B o TEUR A B B0 R A
HO 2. 43| cyanohydrin
ﬂ\ NaCN s (3 . |
o~ CHO EtOH @] >/ 3. Benzoin Condensation
Lo 5 AR H09H AT R G B AT
N.
Jj)\ NH-NHPh J‘l\ Ph (4) 4. # Hydrazine & JE 4§ #| hydrazone
R R R R
o 5. Baeyler Villiger Oxidation
Q% 1 s EEET ERHA R F R
mCPBA o
[ \/’I 6. Wittig Reaction
0 71 3 stabilized ylide(4f ] E-form)#e
% PhaPs ~_ | (&) unstabilized ylide(4f 3] Z-form)
o 7. Cannizzaro Reaction
I NaoH o ~on Phj\OH (7) A alpha 51 0988 HEAE 5 B AT OR K
PR H ——= +
O Bry Q 8. Haloform Test
OH + HCBr5 Mesk W ka ~ P A H ik
0 NH,
L ﬂ‘-ﬂ Py (9) 9. Strecker Amino acid Synthesis
R” "H HCN R” “COH

4 — 11
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Zn(H H H 10. Clemmensen Reduction (&% 4 & 4F
q_2e, AR ) (Bt 45 44)
R R HCI R R

11. Wolff-Kishnner Reaction (&M 1% 1)

i _ MNoHs 'j),{'R (11)

R~ R KOH R

£ 8102 : ﬁil% ik & (2)

j _NaGH_ J\ (1) )i T I
~ N

-

j)\ 1. Aldol Condensation
[ ]/ ' NaOH_ /\ e o & R GERR K 0 BT A AT
D Retro Aldol Rxn
Ac-0O
PhCHO ﬁ* Ph \’/\CO H 3 2. Favorskii Reaction
c

NaOEt ) 3. Perkin Condensation
- = (4)
QOEt OEt

o 4. Claisen Condensation

0 o kAL 0 ester A 148 Ha: B 5T
OEt .
0 1.NaOCH,CH; OEt () it & i T Retro Claisen Rxn
2 H,0*
OEt o 5. Dieckmann Condensation

—

4 P &) Claisen condensation

0 4 0
HN\/] 1. CHsBr lL. ~-CHs (6)
J * 2. Hs0" (/T 6. Stork Rxn

E" = CHsX. benzyl RX, allyl RX

0 N
\ a.f-unsaturated carbonyl epd
by CHaNH; ,{«LH ,
—_— acyl halide,
/ﬁ'\ H - “\ ¥
\Ig 7. Mannich Rxn
NC ROEAsE (8 + B+ B
L T L r®
1RIJ\2R 2R NJ R 8. Beckmann Rearrangement
" 4k B4 Ak I 6%
Cls
b 9) )
R NH; NaOH RNH; +CO5* ( 9. Hotmann Rearrangement

1" amide # %t # 47 Hofmann ¥ 3¢

O
Brg, PBr _
R\‘“"J\OH Q’, R“T/JJ\OH L].O)

10. Hell-Volhard-Zelinsky Reaction
Br

0 B H oA NHi(xs) ] 4 sk, amino acid
HO.
8] i
Br\)J\ 1. Znic oet (11) 1. Reformatsky Rxn
OEt 2. cydohexanone AR B AR L BE R C=0

CH, = OH ~¢ ) 12. Robinson Annulation
. - L @ o e
A 0 e AT H oo Ay £ B aldol 454

—

R =2 f[’”f,’?*?fatty acid £LF[]* Imalonyl thioester F[lacetyl thioester 3%/~ Claisen Condensation

4 — 12
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F 8103 fRend &

,'ﬁ\ ,'ﬁ\ 1. NaOEt _ ﬂ\] " L 1

tQRX HO

3.H;07 A R 1. Malonic ester synthesis
N W : :
] 1 Na OEt j.\ BB acetic acid
Jﬁ et 2r-x >y @ : :
2. Acetoacetic ester synthesis
3 Hi0% A R
3 E B acetone
1.H",SH SH 1 RX j (3) 3. l.3-dithiane synthesis
H™ "H 2.n-BuLi 2. Hg?* H.0 R” "H B R =0 BRIk

Chapter 11 gq-ptcnfv2 $+ Acid, Acid Derivatives
EEL11]: fefrpa it ek

r—cn 22, j\ (1) o
R OH
j\ R'OH, H,S0, j\ o 1. EETE W KRR
— " e
R~ "OH R Q”R ) nitrile 7K &F g amide
T /!_\> N=C= N : 2. Fischer Esterification
hi = E T 802045 P A 11 F B 6
R™ "OH 4 o
2.R'OH 3. DCC Coupling Reaction
0 S0Cl, . 4k C-terminal 38 47 8L 4% 88 S A
X = @
R OH R Cl

4. 4 gt acid chlonde 697 #

2112 § R g & & & 4 (condensation polymer)

Q 0 neat 40 i
HO-C—(CH),—C-OH + HN—(CH)—NH, 28 t{(ch)—N-C—(cH,—C- O]L
adipic acid hexamethylene diamine Nylon 6, 6 n
NH H,0, heat . 0 heat H i
Qo ——— H;N—(CH;)y,—C-O0 ——— = JFN—(CHz):s—C‘O]L
e-aminocaproic acid Nylon 6 n

e-caprolactam

Q 0 o) 0

I I heat I I
cho—(:@(:—ocm + o N OH ——— %D—HQC—HQC-O-C@C%
n

dimethyl terephthalate ethylene glycol PET or Dacron
@]
O CH3 heat CH3
M.+ Ho oH —— Jro 0
c1” ci ch, cH, n

polycarbonate

4 — 13
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O=C=N \CEN:C:O
CHa

toluene diisocyanate

0

OH heat 0 H H
+ HO/\” — —0—H,C-H,C-0 N N
n
ethylene glycol \Q
polyurethane CHs

Chapter 12 % Amines
T EL12.1 R & bR

NaNO, H,0

R-NH, ————= R-

? _
aY

RNH, — 2 SylorEl (1) EHEL:
R NaNO- ; _ 1. F 5] amine # HNO: B JE ¢4 & 4 & £ F 5]
RNH — == R-N-No (D URicigs) Syl #oEL 42 4
NaNO5 ) EOH‘E{ #f | N-nitroso amine
el o OO0 O L e m ek 8
PhSO,CI 2. REMMEM : Hinsberg Test (A& #84 &)

2)

C=N ™R

NO. CuCl . .
Ar—NH, ke Ar—r:rJEN e, Ar—Cl or Ar—Br (3) 3. Sandmeyer Reaction
HCI or CuBr
& 8122 gt L s &
TG Ago A
HaC—NPCHy —m N (1) ’
CHs 1. Hofmann Elimination
T
" A 5 .
Hgil—r;]tCHg, P 2 Cope Elimination
Og 3. Sy2 mechanism
T » o
R™ X + NH; R° NHz (3) 4. Gabriel Reaction
(excess)
#i Sn2 > RX B[/
AN+ Naly —= )N, e g (3)
RX 3 RNy R NH; 5. Reductive Amination
o~ A~ LAH_ o~ 3) 6. Acylation Reducti
R™ X + NaCN —= R NH, (3) . Acylation Reduction

Hofmann Rearrangement

0
f
A 1.NaOH
[\/[ NH —————= RNH, (4)
Z#~(  2.RBr
b 3. NHOH
0 NH, NaBH,CN NH,
M - —= (5)
H or Haz, Ni

4 — 14
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O 1. SOCl, LAH
R™ “NH, (©)

R™ "OH 2. NHs

( AN ()
I NaOH S |

[FREERY ]
(D) 1. 5328 » CyH10O » FhA B PBIF 1 £
(A) 4 (B)5 (C)6 (D)7

(B) 2. "5k (CO(NH,), ) HUFL it ivuish sy
(A)sp3 (B)sp2  (C)sp (D) T
(C) 3. FsB—NH; > /Fi= "= {ie (Formal charge) 1%
(A)O (B)-1 (C)+1 (D)-2
(A) 4.Cortisone acetate( active ingredient in steroid skin creams )F’ﬁ EAYE =L (functional groups ) ?

Cortisone acetate

Cortisone acetate

(A4 (B) 5 (C)6 D)7
(B) 5. &= H—- 76 .& F# 1V Galvanic iron > i [ H& 2+ &5 2
(A)Cr  (B)Zn (©)Mn (D)Al (E) Sn
(D) 6. T T v (P AR AT LB 2
(A) Zng (B) Zn*" ) (C) NH4™ () (D) MnO2, (E) KOH )
(D) 7. FAFFEE|T0 fellis > TR PR AL R R AR L 2
(A) beta decay (B) alpha decay (C) gamma emission (D) electron capture (E) neutron emission
(C) 8. 5t Kt i 2
(A) NaOH (B)HC=CNa  (C) CHs;MgBr (D) NaNH,

4 — 15
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Br I
egle]
(©)o. TR T S P 5 w1 2

i
(A) NMR (BYIR  (C)MS  (D)UV
(E) 10. {*Cahn-Ingold -Prelog rule » ZV {4 §L -4 [ "EH- £
1 —CHO 2 —CH=CHCH; 3 —CH=NCH; 4 —C=CCH;
(A)1>2>3>4 (B)3>4>2>1 (C)1>4>3>2 (D)4>3>2>1 (E)1>3>4>2
(C) 11 CyHg PVERRATEIEFIEL S & (“£1 15 —30.1, —286, —27.6 > —27.3keal /mol -
%‘Fﬁﬁ Sl A trans-2-butene fUFLE F [TE?
(A)—30.1 kcal/mol (B)—28.6 kcal/mol (C)—27.6 kcal/mol (D)—27.3 kcal/mol (E) &3yl
(A) 12. "+ 5[Hp- ?EEEEHE“V&E SRR ] ?
(A) alpharays (B) gammarays (C) X-rays (D) neutron beam (E) beta rays
(A) 13, EEES™ > R [EECT R FIRGE T iR 2
(A)VG<0 (B)VG=0 (C)VH=0 (D)VS>0 (E)VH <0
(B) 14. }{%]’NH;;CI [ﬁqlﬁgﬁ[lj £[]0.10M NHjq) 1L i?ﬁf&“[ :
(A) i?“f‘?ﬁiPH ey (B) ?’ﬁ?f*‘zPH ffif= (% (C) i?ﬁ"?ﬁzPH [l 74 (D) NHj3 e g
(E) NHy = i 7~
(C) 15. " Slffr & b opAgCl et 2
(A) HC,H;0, (B) NaOH (C) NH; (D) HF (E) NaCl
(D) 16. ?JE‘%I‘%@%%%E[EEPB%‘EEE}*E o NPT 2
(1) VGys <0 (2)VGys >0 (3)VSgs <0 (4)VSgys>0 (5) VSeur <0 (6) VSymy >0

(A) (1).3),(4) (B) (2.4).6) (©)(1),4.5 (D)(1D)4.6) (E)(2.4.05)
(B) 17. 0.250M NH; (K,=1.8x10 °) » 50.00 mL > "|0.500M HCI jfi 34 i £ igPH 7 2
(A) 2.52 (B) 5.02 (C) 6.49 (D) 10.03 (E) I 77

18. Show the product of treating r-butyrolactone with

0]
(0]
Ejé:
NH
(@) NH, HOW 2
(0]
; /\/\/OH
(b)1.LiAIH, 2.H,0 HO

4 — 16
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(c)1. 2 phMgBr, ether 2.H,0, HCI Howph
OH
Ph
(d)NaOH, H,0, heat Ho/\/\mo'\'a
0]

(e)1. 2CH,Li , ether 2.H,0, HCI HO
OH
(f) 1. DIBAL—H, ether, ~78°C  2.H,0, HCI Ho/\/\mH
0

19. Show the product of treating the following r-lactam with
0

N —CHa

(@) H,O, HCI, heat H,C

Z—T I—Z—T

(b) H,O, NaOH, heat HaC~ MONa
(c)1.LiAIH, 2.H,0 C N—CHj

20. Show how to bring about the following conversions.

@) —
CO,H CO,H

Ibuprofen
(b) —
0 CO,H
i
i# (@) 1.C,HsOH, H,SO, Z'Eto/C\OEt’ EtONA 3.CH,;l 4. KOH, H,0 5. HCI, H,0

6. heat

4 — 17



2012 EE R eIl het

(b)Systhesis I: 1. CICH,CN , EtONa  2.LiCIO, 3.H,O0,HCI
Systhesis II: 1. H, , catalyst 2. CO, H,O, Pd catalyst

21. Give the major product of the following reactions.

2) 1.Cr0,, H,S0,
—)
2.0H™,H,0

Ejé:

1.CrOg, Pyridine
2.EtONa, EtOH

O
o
Q/\/\/

(d) /\/\WL y base

)

@)
0]
1.0s0,, H,0 H
—
o) e o
3.0H7,H,0,
H
CH2C02Et =
1. EtONa NaOH, H,0 HCI, H,0
(f) CC 2.HCI, H,0 heat : heat2 0
CH,CO,Et
O
w L
0 A o Yo /\/\&/o
CO,Et
1. EtONa NaOH, H,0 HCI, H,0
*(h)©: + CH,CO,Et 2.HCI, H,0 heat et
CO,Et

4 — 18
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OH O
. Qo
(l) OMe Zn 1 OMe
benzene 2.H,0, HCI

o) O

o
1 _ioucoma PhCH = CHCO, H
)J\ )k )k 2.H,0, HCl - 2
0]

0
* 1 tert-BuOK
(k)O:O + Cl/ﬁ( " 2.H,0,HCI, heat E>_<
H

O

NQ Br
*(m)©/ . :>—Cozl\/le — o> MeoLC
Br

(n) +CH,NH, —299_, | |
H (ONO) H N
I
CH,
O O
*(O) M 1. EtONa 3.NaOH, H,0, heat
EtO OEt 2 ? 4, HClI, heat o (@)
O Br/\n/OMe
(0] 1. MeONa
*(p)\)kOCHS + EtNH, A > B 2 0" C
1.NaOH,H,0 NaBH, . £
2.H;0", heat

é \ o o
N 0] I?t
. /\)Q )‘K/N OMe OMe
i AEN OMe B.MeO \/Y CA_{
H 0 Et

0 OH
) O
N N

“Et SEt

4 — 19
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0
/\([)]/ H,O, HCI KOH, H,0
@ _ 0HOL, A _KOHHO g
@ 0
EFJP:A.W B.

0]
1. LDA(0.95 equiv.) Ph
2.phCH
I
0 OH

3.H,0*

0] OH
1.LDA(L.Lequiv.) Ph
) 2.phCHO
3.H,0"

@] (@]
H

NO,
0 o Me02 COzMe
*(U) * ZMOMG +NH3 200 ’
NO,
CHO
MeO,C
0] 0]

*(v)PhCHO + 2MOM6 MeONa Ph

MeO,C

22. Show reagents and conditions by which this synthesis might be accomplished.
)k A, X -B, W

CO,Et

4 — 20
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O
0] 0] ) )
%W%M%
CO,H

0] 0]

i : A.OH™, H,0, A B.MOEt,EtONa C.1.NaOH, H,0 2.H,0,HCI D. heat

E.OH"

23. Show reagents and experimental conditions by Which oxanamide can be synthesized from butanal.
0

S s
s A

Oxanamide
EJA#:A.OH’,HZO B. Ag,0,H,0, THF C.1.SOCl, 2.NH; D.RCO,OH

24. Following are the steps in one of the several published synthesis of frontalin, a pheromone of the
western pine beetle.

CO,Et CO,Et :
CO,Et COZEt COH

) 0]

\

OH 0
Frontalin

i : A.1. EtONa 2.%& B.1.NaOH, H,0 2.H,0, HCI 3.heat C.1.LiAlH, 2.H,0

D. TsCl, Pyridine E. NaCN,DMSO F.1.CH;MgBr 2.H,0 G.H,0, H"

%AN - Ao
PO G §
L)J\/\)?\L)

HO

4 — 21
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Gabapentin, an anticonvulsant used in the treatment of epilepsy, is structurally related to the

25.
neurotransmitter 4-aminobutanoic acid (GABA)
NH,
<:><: N coH
CO,H
Gabapentin GABA
Show experimental conditions by which to carry out the following synthesis.
CO,Et
B
@o - ( >:< = (=
CO,Et CO,Et
NH,
= (X, = O = O
CO,Et CO,Et CO,H
ii# : A.CH,(CO,Et),, EtONa B.1.NaOH, H,0 2.HCI,H,0 3.heat 4.EtOH,H" C.HCN
D.H,,Pd E.H,0,H"
26. Give the major product of the following reactions.
Ejéé :
CH,;C=N HCI, H,0
*(a) H25034, H,0 :
Br NH,
o
(b) ArCO,0H 1.DIBALH, -78°C Ph,p=CHCO,CH,
2.H,0,HCl  ~
CH; CH,
HO.,, «CH,CH = CHCO,CH;,
ERRTIG H
H, OH
© M TsCl CH,4CO,Na 1. LIAH,
pyridine DMSO 2.H,0
HO,

S

NH, N
(d) @i 2 V HCI mild base 3
CO,H o}

4 — 22
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0
CH3CH2_C_ I|\I_C(CH3)3
H

; 0

Conjugated with the aromatic ring

*(e) CH,CH,C = N+ (CHj),COH —12%%

O OH O
CH, CH,
*( ) LDA(1.1equiv.) @CHO Ph
9 THF,0°C

¢

CH,CCl H,0, HCI A
O

C:N'H CICHQQ?CHg H,0, HCI B
H+
o]
CH2=CH‘£CH3 H,0, HCI C

(|) LDA O OH™

” H,0,A ~
CH3O
(Y
CHy0
0
() +H,0 —%" 5 (Retro aldol reaction) + )k

4 — 23
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217.

0]
o
*(K) O o) _PTSA
O

0 o o
*(1) CH CHZCH OH"~ )J\/U\oa 1.NaOH, H,0, heat heat NaOH

8 3 H,0 EtONa 2.HCI, H,0 H,0

0]

o) o) o)
J A TS
*(m) 2CH50 OCH; + H—C—C—H ko,

CH30,C CO,CHj
CH30,C CO,CHj

State the number of p orbital electrons in each of the following molecules and ions.

(a) (b)’ (C)Q (@) ©) of \
B
|
H

(g)@LH M| B—H (i) (J)

@10 (012 ()4 (d5 ()6 (H4 (96 (h)6 (I)8 (1) 10

. Which of the molecules and ions given in the previous problem are aromatic according to the Huickel

criteria? Which, if planar, would be antiaromatic?

: Aromatic: a, e, g, h, and j ; Antiaromatic: b, c, f, and i

. The compound 2-hydroxypyridine, a derivative of pyridine, is in equilibrium with 2-pyridone.

2-Hydroxypyridine is aromatic. Does 2-pyridone have comparable aromatic character?

4 — 24
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i

30.

i

31

i

32.

£

B -

X X
(1 = |
N OH ll\l @]
H

2-Hydroxypyridine 2-Pyridone

: 2-Pyridone have aromatic character because of the contributing structure shown on the right.

A X
| ~— [
|\||o +||\10'
H H

When warmed in dilute sulfuric acid, 1-phenyl-1,2-propanediol undergoes dehydration to give

CoHsCH CHCHg a0, 9
|

OHOH
N
: C6H5—(|3H—CH
CH,4
Para-substituted benzyl bromide undergo reaction with methanol by an mechanism to give a

benzyl ether.

YOCHZBr +CH;0H — Y@CHZOCHS +HBr

: Rate of SN1 reaction: Y =CH;0™ >CH; >H™ > NO;

Br
N
7 N cro

Mg LA\= 1.NaNH,

ether 2.H,0" 2.CICH,CH,N(CH,),
Cl

cl —QCH —OCH,CH,N(CHj),
Z "N
|
XN

4 — 25
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33

.

34.

35.

36.

0]
HO OH o o
Cl base EtoJJ\n/OEt N NaOH
: \5/ + |>\/ o o

(2 equiv.)
o 0]
C._o0 o _C
: NaO/ | | \ONa
OH
0 O\/K/O 0
OH
1. NaOH Br, )
2.CO, CH4CO,H
3.H,0*
CO,H
J@[%
Br Br
Cl
HNO,4 H, AC,0 HNO,4 H,0 n
H2S04 Ni H,S0, HCI :
Cl cl
NH,
+
ON NO,
NH,

= PhCH,CI 1.BH,-THF Hy o
BN 2.H,0,, NaOH Pd—C ~ °
OH

4 — 26



2012 EE R ek DA bt

37. Arrange the molecules and ions in each set in order of increasing acidity.

OH
O/ CH3CO,H

3

(@)

(b) HCO3 H,O

4 5 6
(C)QCEC—H QOH QCHon
7 8 9
OO O O
degs
F

10 11 12 13

H2:(@2<1<3 (b)6<5<4 ()7<9<8 (d)10<13<12<11

(d)

Cl o]
N B
1. BH;-THF
38. CH,ONa ‘ 2.H2023,NaOH}
N OH
0]

CrO; Br,, H,0,
H,SO,, acetone KBr

CO,H

4 — 21
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0
Br
Br,, H,0 N 1,
2KBr2 O'/
/1,
> o]
\/go
J
o g vo{_ Yoo —
HO
GHe
CH3—S—CHs |
S R (CH3)sCNH
XOQCHO DMSO, NaH ><O:§;>_<é -
o 0]
NH —C(CHg);
_HOH o o
OH

HO

O OTHP
‘ 1.H,,Pd—C
40. oo

OH

BnO O
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