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Chapter 01 *%& Alkanes
TRl Y UEFR D ABEE R

1

Br2

)\ heat /kBr (l)
Cly

)\ heat /}YCI 2)

Br
PR
v Br

QOH
0,

Me & B

1. RALR RERME > AR A E#RE

2. RALR EEFEME - ZHEHE
3. B ARETHRA £IRED

4, autoxidation # 4 A#iH e C-H M E

f!.f-_,ﬁ'é\.hlZ ﬁﬁ$}§j’]b’?u§ »;E

M R—MgBr (1
—_—
Rxeth gBr (1)

R-X ——» R-Li 2

THF
1.Li
R-X —— = RyCuli (3)
2.cucl
[:::fo R,Culi [::]/R
—_—
Ne )

R=X —> R—R

R'—X
R-MgBr ———> R-R' (6)

H MgBr p,o
e 1.NBS, hv e i %
2. Mg, ether

Ji & 2

1. #3# Grignard reagent ¥ » fit &4 EF
HE 2 ’i‘] A% "tﬂ. &M E ”ﬁ W rﬁ’qﬁm i

2. ## Organolithium ®F » @ EH L A& b
SHBMRLRE R BER AL ER
3. H TG MR A9 H #4842 (cuprate)

4. cuprate At # 45 sp” 4 b i AT IRAK R
5. Wrutz R & » ¥ 7 2| $H 8 4 b da

6. M Grignard reagent i 47 coupling F » Ik
YER AA A R BT b6 6 RX (CH:X ~
PhCH,X # H,C=CHCH,X)

7. AR b A A AR S R

TELL3 R OVHEF

3n+l heat
CnHop-o + 3 O

nCO; + (n+1)H,O + Energy 1

JeHEEL

R T LAR 3 R A
b 48 B




cis-2-butene
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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

1-butene

ST Y

1
Sterecisomers

Same connectivity - differ <

in the arrangement
of their atoms in space

cis-2-butene
trans-2-butene

58 E AR

(R)-2-butanol
(S)-2-butanol
SR A

_

|
Enantiomers Diastereomers

of each other

Stereoisomers that are  Stereoisomers that are
nonsuperimposable mirror  not mirror images <

images of each other

D-glucose

D-mannose

JESRAL B HE4h
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Chapter 04 #*= Alkyl Halides

« Summary of Nucleophilic Substitutions

Sy2

Sx1
YERE
A W@ R A 55 A
Wk & (RX) 3720
27 8 F $I K B A
P S o 83 A
R hon AgNOs T % By RX A28k
Heé

R &%) /) 5

A o

first order, &[RX]
AR AR T A (A %)

£ 1 9% AT
CH:X>1">2"

i % 1A IE L F A
A A

second order, k,.[RX][Nuc:_]
PR kL]

AR E T e ARV e E HE I g EH
« Summary of Eliminations
E1l E2
YEEE
e AR A 5 & A 9% ke
BRE&H (RX) 3720 372271
75 78] I8 B K 6y Rl A4k A &Rk
(Gl % A Ftk s o))
AR W EER W BRI
Ewe B % HimAE e B EOE & A ] 3 e
He
R By A1 5 first order, &[RX] second order. I [RX][B: ]
Zaitsev’s rule (3 [/~ a4k
& A Zaitsev’s rule (- k)

1§ f A

R E AT R

RE B AL ER
17T fiE = HF

Hofmann’ rule (3r [ K #98k)
fE A& A BusAL - @ i@ R K AR
F & EH

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




Chapter 05 % Alkenes
5L FRARUTERY
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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

)\/ —80°

N
40°

ﬁ\% D

)\/\ L By 4 F AR F2 8N A
\‘\

Fe4 & g

o @

2. A IEEEE A SRS FRR) EY

Br
%ﬂ%L\JﬁL /K4kf” 3. bk wish g fo i A Hia




Z 25 6.2 : Diels-Alder Reaction

102 ST eIl Lo

{CN

@J{ECNL @ (1)
CN

‘CN

2 R WCN
o ne @
H,CO CN H3CO

OCH

-

3

rCN

OCH;

CN

JEA4 &5

1.

-2

[¥5)

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

Diels-Alder Rxn # i %) % 4 4 (-0. -p fir 1))

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

& 2k 6.3 : Pericyclic Reaction

A\

h

A 7 A
.
M
) :

JEA & B

1.

8 o o #4425, HOMO % LUMO 4
21

| hv 2. Claisen & 4
S
3. Cope £
Sl e
‘\
p 2 )O 3)
Chapter 07 % Alkynes
& 2k 7.1 : Electrophilic Addition Reaction
o)
HgS0, (1
H,S0, 1 Rk S T2 E—X A4
= 1 M 7k BT it b7k 5-4F 3] ketone
=
1. Sia,BH ) ]
Q/ 2.H,0,, OH" m 2. R¥gbA A e EFEN T HBE X A
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%:%%ﬁ@ﬁ%ﬁgmﬁ,WHgm@@g%§5%@$m@ﬁm@wo

2 — 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 g% -~ @t~ % 4 it $ ~ p= Alcohol, Ether, Epoxide, Phenol

FAFEE

£8.91:
OH socl, Cl
A
D
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
[:::TCBF* ZnCl, [:::r:5|(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

2 — 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

2 — 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

2 — 12
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F 8103 fRend &

j\ /'ﬁ\ _1. NaOEt _ ﬂ\] " B

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 = ﬁ\ 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

2 — 13
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0=C=N N=C=0 o o
H H
\C{ + o ~OH  heat J[D—HEC—HQC—O N NJL}
CHs ethylene glycol U n
| th
toluene diisocyanate polyurethane CHs
Chapter 12 % Amines
TEL12.1 R ek
NaNO H,0 _ -
R—NH, 2 R@ = Syl or E1 (1) JE "lf- i
HCI
R NaNO, R 0 1. R[5 amine ¥ HNO: B JE 692 & £ R 5
RONH Ther — RONTNO UReig 9] Syl 9 E1 44 4
NaNO5 (1_ EOH‘E{ #f | N-nitroso amine
—_—
N Hel ”QNQNO L P NR B EIRERRA K E Y

R-NH, ————= R-

PhSO,CI H R _ 2. REMMEM : Hinsberg Test (B¥ 385 &)
0

NO CuCl . .
Ar—NH, ke Ar—N=N —= > Ar—Cl or Ar—Br (3) 3. Sandmeyer Reaction
HCI or CuBr

FEE122 1 MR & el &

"% Ao TSR
HaC—NP-CHs ?; ANF (1) ’
CHs 1. Hofmann Elimination
e
HaC N’-ti Chy A A~ o 2. Cope Elimination
| 2
Og 3. Sy2 mechanism
T » T
R™ X + NHy R* NHz (3) 4. Gabriel Reaction
(excess)

#i Sn2 > RX B[/

R X + NaN; —= R7 N, —>= R” NH, &)

L

Reductive Amination

LAH

R % + NaCN — R” C=N — R 6. Acylation Reduction

NH, ()

Hofmann Rearrangement

0
!
|/‘x -----L\NH 1. NaOH RNH, (4)
- 2
Z~(  2.RBr
O 3-NHyOH

o) NH, NaBH;CN  NH,

)K H or Ho, Ni )\ ®)

2 — 14
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O 1. SOCI
2 LAH ~

R™ “NH, (©)

R™ "OH 2. NHs
X
NHy -
K“ﬂ’ NH, B _ 7 2 (M
R NaOH "=

[ & )

1. Draw three contributing structures of the following amide and state the hybridization of the O, C,

and N. In which orbitals do the three lone pairs drawn reside?

0
C..._H
CHy~ N
H
* Il :97 (I)T
- H g— C....H <—m» C.+_H
CHy™ N CHy F N CHy” \I?I
H H H
sz\ szﬂ s’
2 D
CH C\f\i’H CH/C\N’H
3 |\sp2 3 |
sp3 ) H H
sp

2. Following are three contributing structures for diazomethane, CH,N,. This molecule is used is
used to make methyl esters from carboxylic acids.
i i
RCOH + CHzNZ_b RCOCH3+N2

H H H
A XS + AN .- N . .
C—N=N: <—» C=N=N: ~-<€—> C=N-—N:

/ 7/ Ve

H H H
0 Q) (i
Which contributing structure makes the largest contribution to the hybrid?

(1)

3. Calculate the ratio of the diequatorial to diaxial conformation of trans-1,4-dimethylcyclohexane at
25°C. (CH;/H 1,3-diaxial interactions = 3.64 kJ/mol)

== "\

2 — 15
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AG® = -RT/NK,,
—~3.64x4 =—(8.314x107%)(298) /K ,,
Keq =357

/m/ 357
1

eq —

z

N 357 100% = 99.7%
357 +1

There are four cis, trans isomers of 2-isopropyl-5-methylcyclohexanol, which is the most stable?

OH

2-1sopropyl-5-methylcyclohexanol

///Ir

most stable

The more stable conformation is
(a)trans-1,2-Dichlorocyclohexane
(b)trans-1,3-Di-tert-butylcyclohexane
(c)cis-1,4-Di- tert butylcyclohexane

:(a)ﬁ M M

twist-boat conformation twist-boat conformation

Arrange these compounds in order of decreasing (less negative) heat of combustion:
(a)hexane, 2-methylpentane, and 2,2-dimethylbutane

(b)cis-1,2-, trans-1,2-, trans-1,3-,and cis-1,3-dimethylcyclohexane

2 — 16
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H H
©)

H H

| I i Y

: (@)hexane > 2-methylpentane > 2,2-dimethylbutane

(b)cis-1,2- > trans-1,3- > trans-1,2- > cis-1,3-
@©@I>1>1v>1l

Are the following structures chiral as drawn? When placed in a solution at 298K, which structure

will shown an optical rotation?

ROy SRR

(@) (b) ©) (d) ©) ()

: chiral: (a) (b) (d)

optical rotation: (a) (d)

Which of the following compounds are chiral? Which, if any, are meso? Which, if any, does not

have a possible diastereomer?

.ll.\\\\
(a (b) (0) (d)

: chiral: (a) (b) ; meso: (c) ; diastereomers: (d)

To the following statements, answer True or False.

(a) All chiral centers are also stereocenters.

(b)All stereocenters are also chiral centers.

(c)All chiral molecules are optically active when pure.

(d)All mixtures of chiral molecules are optically active.

(e) To be optically active, a molecule must have a chiral center.

(f) To be meso, a molecule must have at least two chiral centers.

: True: (a) (c) (f)

False: (b) (d) (e)

2 — 17
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10. What kind of isomers are the enantiomers of BINAP?

// ,
"pph,
Yyt e

BINAP
B 1 Atropisomers

11. Mark all stereocenters and state the maximum number of stereoisomers possible for tetracycline.
OH O OH O 0
OH

32 stereoisomers

Tetracycline

EJ% :
12. Which are meso compounds?
CH
Br Br Br H 3
HO
N4 N/
(a)H\\\\C_C/l,.H (b)H“\\C_C«”'CHg, (c) OH
CH, CH, H4C Br
CH,OH
H OH
(@ %OﬁH ©) O o
3 e CH
0 : H——OH
OH CH,OH
CO,H
CH,0H H
H——OH H OH . Cl——Cl
(9) (h) 0)
HO———H H CO,H Br——Br
CH,OH H
OH

i < (a) (¢) (d) (F)

13. A solution is prepared by dissolving 400mg of testosterone, a male sex hormone, in 10.0mL of

2 — 18
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14.

15.

18.

P (a)ee.=

ethanol and placing it in a sample tube 10.0cm in length. The observed rotation of this sample at

25°C using the D line of sodium is +4.36°. Calculate the specific rotation of testosterone.
+ 4.36°

Do) s — = 1109°

(1.00)(0.0400gj
10.0mL

The specific rotation of optically pure (S)-(—)-mandelic acid is —158°, the sample is a mixture of
mandelic acid enantiomers with a specific rotation of —134°. For this sample, calculate the
following.

() The enantiomeric excess of this sample of (S)-(—)-mandelic acid.

(b) The percentage of (S)-(—)-mandelic acid and of (R)-(+)-mandelic acid in the sample.
—134°

o

%100 = 84.8%

(b)92.4% (S)-(-)- and 7.6% (R)-(+)-mandelic acid

Alcohols are weak organic acids, pka 16~18. The pka of ethanol- CH;CH,OH , is 15.9. Which of the

following bases reacts with ethanol equilibria lie considerably toward the right?
(A)NaHCO,; (B)NaOH (C)NaNH, (D) NH,

- (©)

Benzoic acid, C4H;CO,H, is insoluble in water, but its sodium salts, CzH;CO,Na, is quite

soluble in water. Will benzoic dissolve in
(A) NaOH 4 (B) NaHCO; ¢ (©) Na,COj 5

- (M) (B)(©)

Phenol, C4Hs;OH , is only slight soluble in water, but its sodium salts, CzH;ONa, is quite soluble

in water. Will phenol dissolve in
(A)NaOH,q) (B)NaHCOg(,;, (C) Na,COjzyq

~(A)(©)

Which of the following bicycloalkanes would you expect to show cis-trans isomerism?
(A)Bicyclo[2,2,2] octane

(B)Bicyclo[4,3,0] nonane

(C)2-Methylbicyclo[2,2,1] heptane

(D)1-Chlorobicyclo[2,2,1] heptane

(E) 7-Chlorobicyclo[2,2,1] heptane

2 — 19
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#: (B)(C)

19. The naturally occurring ephedrine is levorotatory and has the following structure. Assign R or S

configuration to each stereo-center.

CeHs H
\ N
HO‘I\»C_C\‘NHCH3
CH,

Ephedrine, [a]5 =—41°
i : (1R,2S)-(-)-ephedrine

20. 0
I
CH;0—C /H CHs
C=C
Pyrethrin 11

(a)How many stereoisomers are possible for Pyrethrin 11?
(b)Calculate the index of hydrogen deficiency for Pyrethrin 11?
e 1 (a)64 (b)9

21. Following are lengths for a series of C—C single bonds

Eﬁ :
H,C-CH, H,C=CH-CH; H,C=CH-CH=CH, HC=C-CH,
0 0 0 0
153.7 pm 151.0 pm 146.5 pm 145.9 pm
(sp®-sp?) (sp” —sp°) (sp” —sp?) (sp—sp°)
50% S 58% S 66% S 5% S

22. What major product would you expect to obtain from each of the following reactions?

ﬁjé’ :
(@) CH;CH =CHBr+ HCl—— CH;CH,CHBICI
i I
*(b)CH2=CHCCH3 +HCl—— CICHZCHZCCH3

2 — 20
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T
(c) CHsC=CH; + ICl—

(d) CH3— C=CH, + CHzOH —"2%,

CHj

Cl,, CH,OH
ST

*(e)

*(f) /\/\/OH +Br,——

H,S0,
HO

O N ey

Br,, NaOH

*h)

CO,H
CH3

H,CI
_;,_Brz&)

*()

0 Q "o -
But

1.BH,~THF
(k) 2.H,0,, NaOH

Tl

02>

+Et,NH——

A{
(m) +Et,NH——

0]

2 — 21
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23. Arrange the alkenes in order of increasing rate of reaction with
(a)HI (b) Br,, CH,CI, (c)H,0,H,S0, (d)Oq4 (e)mCPBA
C|:H3 C|:H3 CH,

|
CH;—C=CHCH; CH3CHCH=CH, CH=CCH,CH,
| I 1l

i 1 (@) (b) (c) (d) (e)
<<l

24. Fill in each box with the appropriate reagent:

Br
—), —h
Br
lc
<(— <—
X
A= Brz,llght, B_ CH, =CHBr, AlBr; : C= NaNH,, NH; ) :

D= H,SO,, H,0,HgSO, ; E= NHj, H,, Ni

25. Show reagents to bring about each conversion.

TN

7
/\i
/\/ \/ﬁ

# 1 A= LIND,,ND; ; B= 1.NaNH,, NH; 2.CH;l ; C= B,Dg, CH;CO,H ;
D= 1.B,Hs 2.CH,CO,D ; E= Na,NHy, ; F= H,, Lindlar’s catalyst

o s

N

°l

5

2 — 22



102 ST eIl Lo

26.

217.

28.

Show how to bring about this conversion.

ifif

: (a) 1.Br,, CCl, 2.3NaNH,, NHy(,y 3.CHyl  4.Na, NHy(,

(b) 1.Br,, CCl,  2.2NaNH,, NH;(,, 3.H,, Lindlar’s catalyst

Draw the expected products for the following reactions.

ﬁjl_i :
OTBDMS OH

1.HC=CLi,DMSO
2.BU,N*F

1.Sia,BH, THF, 0°C
2.H,0,, K,CO,, H,0

*@)Br

(b)
o)

: é

*(©)

CRCO,H H,0 (:g
U CH4OH
O ]
0]

0, 5% KOH
H,0

*(d)

0]

G

Me

Give the major product of the following reactions.

EJZ:!

1.NBS Br
— Ty
2.CH,Cl,, light

2 — 23
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HBr
Peroxide

\_/
/ N\

*(d) @

Which compound in each set undergoes more rapid solvo

(b)

1.0,, initiator
2.H;0"

" BI‘2 heat

major product formed from the more reactive compound.

el

OH and )k

Br&Br

lysis when refluxed in ethanol? Show the

Erg:

0SO,Ar 0SO,Ar
0 [@ o [@

(solvolysis in acetic acid)

©/002H5

OCZH5

OCH,CH,

Q &QEQ

:mk
O<CH5

OSO,Ar
[@ EE

*30. Arrange the relative rates of solvolysis of these compounds in aqueous acetic acid.

(CH3)sCBr 46 %
Br Br Br

B :

1> >1V>Il

2 — 24

v



102 ST eIl Lo

*31. Arrange the relative rates of solvolysis under experimental conditions favoring SN1 reaction.

NN N N SO

| I I
B> 1> 11

32. Predict whether each reaction proceeds predominantly by substitution (SN1 or SN2) or elimination

(E; or E,) or whether the two compete. Write structural formula for the major organic product(s).

Ejg :
(@) ></ + NaOH o A (E2)
30°C + _
(b) )\/\ Br + Et3N —)CHZCIZ NEt3Br (SN2)

-

Br
*(C)\M + NaN3 W) \%\ N3 (SNZ)
Br SCH,4
OCH,
*(e) +CH;0H — (Sn1)
Cl
*(f)<;><5r +CH,;CO,H — <;><OAC + <;>| "OAc (Sn1)
*(g) + CH,ONa —SH:2H @/K €
Cl
*(h) + CH,ONa —21, Q)\ (E,)
/)
'l
o Br
OC,H;
Q) C,H5OH +
warm
(Sni) (Ey)

2 — 25



102 ST eIl Lo

l_l Ph Ph CH
S HAC C,H;ONa 3
TOTIN e T con c=c¢/ = &)
Ph H Ph
. . CH.ONa Ph Ph
*(k) meso-1,2-Dibromo-1,2-diphenylethane W >C :C: (Ey)
H Br
H H
C,H5ON
) ek | )&
Br
(E)
C,H;ONa
|
OH
(0) CHsCH = CHCH,Cl — ™22, CH3CH = CHCH,0H + CH3CHCH = CH, (Sn1)

warm

33. Give the major product of the following reactions.

0]
Br
\/\HkOCHS " @\ _EGN
Br NH
COZCH3

A~
*(b) \ y _teon /)N/Cow )N /\of
OH

* __NaOH
©) T CH,CH,0H

Ol

H

2 — 26
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NaOH
—
CH,CH,OH

1.NaNH,, THF

2.8r7 "¢l

/\/\/CN

)
OH
*(q) /\/\OH
OH

rove
HO

OH

O
Q$
A

*(1)

H,S0,
warm

H,SO,

H,S0,

1.0s0,
2.H,50,

__Hio,

__LHO |
“2Hi0,

__AISOH

2 — 27
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5.

H,0, HCI

A — B ———> C

+HCHO

?}

+HCO,H

0.9
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OH
(n) + HCl —— Initial major products O/ + cl
+ HI —— Initial major products )\/\ + CH,l
/CH3
0 OH

() +HBr — /_>( HO
o) HO Br

(2.0 equiv.)

() / \ + excess HBr —— Br—/_\— Br
(0]

CH CH
3 > _gOH

*(r) 0 H,SO,, H,0

s N\ ///

= = ‘OH

H H

CH3 CH3 (ljl

*(S) CHy —C\—/C—CH3 B, CH4CC(CH,),

HOCI

*(U) __H;80, THF |

(V) CH CH _ CH2 Cl, A NaOH, H,0 B Cl,,H,0 C Ca(OH), D

HOHCl | ¢

heat heat
A B.

A A OH C'\)\/ |>\/OH HO\/K/

2 — 28
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34.

35.

List the following compounds in order of decreasing wavenumber of the C=0O absorption band:

0 0 0
o} N—H
@
1735cm™  1715cm™ 1670 cmt
0 0
0) 0]
0
o A
1850cm™*  1780cm™t  1745cmt  1715cm? 1685cm™t

Indicate whether the arrowhead hydrogens in the following compounds are homotopic, enantiotopic,

or diastereotopic.

H <— H -——ro
(a) “H wt—  (B)CHyCH,Br  (C)CHyCH,CH; (d)@*’ﬂ«

///1

T T CHj3
: (a) Enantiotopic  (b) Enantiotopic  (c) Homotopic (d) Diastereotopic
Give the major product of the following reactions.
Eﬂ :
(a) CH;CH,CH,C = CH + CH4;CH,MgBr & CH,;CH,CH,C = CMgBr, CH;CH,4
OH
OH
Zn(Cu)
*(b) + CH2|2 —Etzo—)
O

(©

(CH,),CuLi

*(d)

-78°C, ether

2 — 29
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1.(CH,), CuLi, —40°C

2.H,0, HCI

@)

(Q)NH — AvB

OH

*(h H,0, HCI
( )/O///'
o) OMe
*(I) 1. NaOH THF
2 HCI, H,0
C H;ONa
C ,HsOH
* 1.Br,
(k) 2.CH;0ONa, CH;0H
///:
* 1 HCI
(I) 2 NaOH
3.HCI,H,0
74 .
*(m) —

OH

2 — 30

O il
T

xe
%«g

Jo——xi
O—0O

OEt

W > w
o
10\\ Ej A/é
o) e
T 2 2

@)

O
IN)

T
a

(@)

; < ; ; I
N
i e} @] O

(@) O

O T

T

w

J
N

OH

A
|
@)
@)
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o)

©) H 1.nCl,, CH,Cl,
2.NH,ClI

P72
1. MgBr
—_—
() H 2.H,0, HCI

37. Show how to bring about the following conversions.
0

0
(a)\)J\H — Ho/\)kH

OH

2 — 31
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OH 0
0
(b) Br\/\)J\H 2, H
o) =
© —

\

Mﬁé
e nilens

i : (@) L. 2CH,0H, H,SO, 2. Dilu, KMnO,, OH™,cold 3.H,0,HCI
M1 / \_ , H" 2. Mg ether 3.C4H,CHO 4.H,0,HCI
HO OH

(c)1.HC=CH, NaNH, 2.H,0 3.H,, Lindlar catalyst 4.KHSO,, heat
(d1.0H", H,0, A 2.CH, =pph;
(e) 1. T-BuOK 2.H,80,, H,0 3.H,CrO, 4.Cl,, H"

38. Give the major product of the following reactions.

Erg:
CH; CH; O CH; CH; O
H,S0O, (cat.)
(@) OH C,H;0H OC,Hs
OH
H
= OH OH
(b) » CH,N,
(0] ‘OCH;3 CH,OH OCH3
CO,H CO,CH,
0 T I
(C)CH3CH2CH2COH + CH3C:CH2 H—+) CH3CH2CH2€OC(CH3)3
(I? C”) OH 0
I %
M@ph—C—C—ph  —3TGHs Ph—C—c
OH

Ph
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39.

40.

CHO CH,CHO
1.CH,0CH=pph
*(e)©/ 2HoHC ©/

0]
o) a
*(f) 1.CH;OCHCH,, pphs, BuLi CHs
2.H,0, HCI
H
CHZ—S 8
3
*
— >
() —hs o)
o5
! o CHs 0

Show the product expected when the following unsaturated 5-ketoester is treated with
(@)H, (1 mol), Pd, EtOH

(b)NaBH,, CH;OH

(c)1. LiAlH,, THF 2. H,0

(d)1. DIBAL-H, -78°C 2. H,0

0] o]
0O O OH O OH
@) MOEIZ (b) )\/\/lLOEt © )\/\/\OH
OH O

Show the product of treating this anhydride with
0
H

H o

(@)H,0, HCI, heat
(b)H,O, NaOH, heat
(c)1. LiAIH, 2.H,0
(d)CH3OH

(e)NH3 (2 mol)
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i bl H
OH ONa OH
B o (a b (©
¥ ()i:Ii:;OH ()E:Ii:;om E:I::OH
H H H
0] 0]
(0] 0]
H H
OCH NH,
@ ii:;OH 3 © ii:tON H
4
H H
(0] 0]
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