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22 2 A2l (Alkane)dt AFO|ZE2AFQ! (Cycloalkane)

=5 1 =4 4
CH3CH,C(CH3)2CH,CH(CH3),2| IUPAC O|F27? 2 2tE2l IUPAC B3HY & 22 X 20
=0{Zt X|Bl7|o] HRIL?
@ 3,3,5-trimethylhexane solg Hzviel 8%
@ 2,2,5-trimethylhexane
® 244-trimethylhexane
@ 1,1,3,3-tetramethylpentane
4- heptane
=8 2 @ n-butyl @ s-butyl
[EH 1] 2tet=0 EXSt= 1AL 2K 3K 4% ® tbutyl @ isobutyl
EA AR T Hi?
1A} 2%} 3%} 4K}
@ 4 2 2 1 28 5
@ 1 2 1 CHS $l3H20l IUPAC YY 5 2E Xl 220
® 5 2 1 1 S0{Z X|gv|o yHer
@ 6 1 1 1
=4 3
ChS 3tet=9] IUPAC BHE 3 2ZE X BEE0 6- ____ undecane
=01 X|atr|el BE27
® neopentyl @ s-pentyl
® tpentyl @ isopentyl
5- nonane 23 6
CH3(CH2)2C(CH3)2CH(CH3)CH(CH3)CH(CH;),2
® n-butyl @ s-butyl IUPAC 0|27
® tbutyl @ isobutyl

@ 4,4,5,6,7-pentamethyloctane
2,3,4,5,5-pentamethyloctane
6-isopropyl-4,4,5-trimethylheptane

® © ©

2-isopropyl-3,4,4-trimethylheptane
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® 18 6 4
@ 18 7 3
® 21 3 4
@ 21 4 3
=8 8

LS MAIE =tE2| IUPAC O|E27?

5-isobutyl-4-ethyl-2-methyldecane
4-ethyl-5-isobutyl-2-methyldecane
5-sec-butyl-4-ethyl-2-methyldecane

® © 0 6

4-ethyl-2-methyl-5-sec-butyldecane

=H5 9
CtE2 XMA|= 3tet=E2| IUPAC O|ER?

4-methyl-3,6-diisopropyldecane
2,4-dimethyl-3-ethyl-6-isopropyldecane
3,6-diisopropyl-4-methyldecane

® © 0 6

3-ethyl-6-isopropyl-2,4-dimethyldecane

=
Cte

® 0 O 6

=
CHS

® 0 O 6

=
CHS

10
HAl=l sheHE9| IUPAC 0|27

(2,3-dimethylpropyl)cyclohexane
(1,2-dimethylpropyl)cyclohexane
2-cyclohexyl-3-methylbutane
2-methyl-3-cyclohexylbutane

HAlE =tgt=2l IUPAC O|F

r|o

2-ethyl-5-isopropyl-1,3-dimethylcyclohexane
1-ethyl-4-isopropyl-2,6-dimethylcyclohexane
1,3-dimethyl-2-ethyl-5-isopropylcyclohexane
4-ethyl-1-isopropyl-3,5-dimethylcyclohexane
12
% 2-methylpentanel| 1Z22 2 A7
H H
H CH, HsC CHs
@
HaC H H CoHs
C2H5 CH3
H._ _CHs H_ _CoHs
H / CHs @ H/ H
CoHs™ ~H HsC” TH
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A2l (Alkane)f AFO|ZELH|Q! (Cycloalkane)

=5 13
CiHoClO| EXtAlS ZtE 4749 X o[dEAN| o
IUPAC HEH & 2 A=2?

@ 1-chloro-2-methylpropane
3-chlorobutane

2-chloro-2-methylbutane

® © ©®

1-chloro-3-methylpropane

=M 14

Al
IUPAC ooi'.* 5 82X 242 A2?

® 1-chloro-2-methylcyclohexane
1-chloro-2,3-dimethylcyclopentane
1-chloro-3,3-dimethylcyclopentane

® © ©®

1-chloro-3-ethyl-2-methylcyclobutane

=H 15
Hexanel| CtZ 47tX| #+& O|d&EX &
7

E|-AEI|-° E'5|'0|-_T|_ L=
@ 2,2-dimethylbutane
2-methylpentane

3-methylpentane

2,3-dimethylbutane

® © ©

=H 16
CeHull ZAM S 7HR= Med g7 Qe 2=
o‘'d& Mo /=7 (B, M OldEHM= 124otK]|

B=Ch) |
@ 40 @ S50
® 6 @ 70

=M 17
CeH10 XA S 7K cycloalkane £ O EAN|

o Jj=7 (Tf, A O &M= 1n24SHX| &=Lt
@ 674 @ 97K

a 1274 @ 1574

=X 18

Cyclohexane2 47tX| HEfE JtE &= QUCt O|E
7t ot HEfRH JHY SotEe HEl &2 =2

S L 1L

® OAfE-HEH-MO BEH HolTtY
@ OIRfE-HoRH- N HEH HEY
® OAfE-MmQl HEH . HEH HolxtY
@ OIRfE-HEH HoRIE MYl HEY

- O|XFH : chair form
- HEO|X}H : half-chair form

- 1Ol HEY : twist-boat form

=5 19
Ct2 HMAIEl 3tgtE2| IUPAC O|EL?

3 H o H 3
H CHy
Br H
% H H 3

cis-1-bromo-3-methylcyclohexane
trans-1-bromo-3-methylcyclohexane

trans-1-bromo-4-methylcyclohexane

® 0 O 6

trans-1-bromo-5-methylcyclohexane
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A2l (Alkane)f AFO|ZELH|Q! (Cycloalkane)

=8 20
Ct2 HMA|El 3gHE2] IUPAC O|EL?

1R 35)-1-bromo-3-methylcyclohexane
15,3R)-1-bromo-3-methylcyclohexane
1R 35)-3-bromo-1-methylcyclohexane

® 0 0 6

(
(
(
(

1R 3R)-3-bromo-1-methylcyclohexane

=H5 21
HAE = LA QN =t
H7

b8 eget Fel  7Hg SeEd
[A] [B] [Al
® 76 15.2 26
@ 76 7.6 21
® 3.8 15.2 21
@ 3.8 7.6 26

otE A2} BO| C2-C3 &A%
7= o8| O|HEHX| (conformer)
T 2ot HEfO

=H 22

cis-1,3-dimethylcyclohexane@| 7}& QHH st SHEY
(conformation)2t O HE{O|A & methyl X[2+7]2]
Hif k22

@ O9|X} (chain) HEf - £ CF = st

@ lel’ (Chalr) %EH - % |:|. &!E %"%k

® OIXf (chair) SE - = WISt 4+ XML e

@ (boat) %EH % |:_|. &15 %"%k
=5 23

cis-1,2,4-trimethylcyclohexane@| 7}& Qg st
SEf=?

=M 24

CHE dimethylcyclobutane 2tetE & 70|29l A7

@ trans-1,2-dimethylcyclobutane
@ cis-1,2-dimethylcyclobutane
® trans-1,3-dimethylcyclobutane
@ cis-1,3-dimethylcyclobutane



22 2 A2l (Alkane)dt AFO|ZE2AFQ! (Cycloalkane)

=H| 25 =M 29
Bicyclo[3,1,1]heptane Z}8t=2| +XE? CHE CgHiell 471X O|YEAM & HAYE (heat of
combustion)0| 7% &2 Z42?
@ ©> @ Ab @ cis-1,2-dimethylcyclohexane
@ trans-1,2-dimethylcyclohexane
© v& @ D:> ® cis-1,3-dimethylcyclohexane
@ trans-1,3-dimethylcyclohexane
=X 26 28 30
ChE MAIE =2tetE2] IUPAC O|E27 (CH3),CHCH,CH;2| 10 SitsiR| Qe 222
‘ ‘ H3C H GHe
% % @ \‘
| | HaC'l hg giCHgCHg
e ) CH3 CHj
@ 5-methyl-6-propylbicyclo[3,2,1]octane ® H:gH @ H:QF(CH?’
@ 1-methyl-7-propylbicyclo[3,2,1]octane H o H HsC T H
3
® 1-methyl-2-propylbicyclo[3,2,1]octane
@ 4-methyl-3-propylbicyclo[3,2,1]octane
=M 31
(CH3)2CHCH(CH3)CH,CH32| 72201 s EdHXA| Be
Ef" CeHr2l 47kX| O] dEHM & ALY (heat of
combustion)0| 73 & A2? CHs CH;
H CH3 H CH3
loh @ @
@ cyclohexane H H HaC H
@ methylcyclopentane CH(CHa), CH(CH3),
® ethylcyclobutane
¢Hs CH
@ propylcyclopropane H CHs 3
? HaC H & )\(\
3
CH,CH3 CHs
=H 28
DFOF cyclopentane 2tet=0| BHAL = EX|otCtH
TEHOR CH Ao HSY 2= QL
& R W7t EXSH =
@ 6/ @ 8|
® 1024 @ 1274
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H CHQCHg

HE =
CHj,
CHj
CH
H
HaC
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CH3

?

—

—

M 36
1-isopropyl-4-methylcyclohexane®| 7+&

e
Q

El

E|

=
[Lm
o

CH(CHa3),

22 2 A2l (Alkane)dt AFO|ZE2AFQ! (Cycloalkane)

[32 - 33] Newman £E% A-D

I T
Klo

oo S @)
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H 32
A
H 33

=
[Lm
=
[Lm

.
1

Ll
0

CH(CH3),
CH(CH3),
CH(CHs)

HaC
CHs

CH,CH,4
H CH2CH3

P

H
H

HsC
HaC

C

®

B
CH,CH,

CHj
CH,CHs

A
H 34

=
[Lm



=M 37
cis-1,4-dimethylcyclohexane| &7t Ot 2427

@ 3

CHs3

wm
H

=H 38
trans-1,4-dimethylcyclohexanel| #+&7} Ot Z42?

H
CH
N 0 e S
H H
CH, H
H CH3
CH;

=8| 39
MAIZl 4709] ztetE & LIHX| 3742t ME CHE
TXE X2 UYE A2
cl cl cl
@ U @ Q
&l Cl el
H cl H H
H H
® « H @ Cl cl
cl cl

22 2 A2l (Alkane)dt AFO|ZE2AFQ! (Cycloalkane)
=8 40
MAIE 4742| stets & LHHX| 3742t ME CHE
TX2E 7HK2 &= AE2?
H
HsC H
® )\)\ @ 7/
H3C CH(CH3),
H H
H3C CHs H CH(CH3),
® @
H;C CHj H;C CHj
H H
=8 M
MAIE 4742| stets & LHHX| 374t ME CHE
TX2E 7M1 e A2?
OH
HsC, : OH H3C OH
@ WY
e CH,OH H H
2 CH,0OH
CHs CH3
H OH HOH,C H
® @
H OH H OH
CH,OH OH
=8 42
ChE & 71 ™o HEHC| Newman FQE=?
Cl H
H Cl H Cl
©)
H CHs 5C cl
CH,OH CH,OH
CHj
H cl CH20H
®
Cl H
CH,0OH
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Ol (Alkane)dt AO|Z2AFQ! (Cycloalkane)

[e )
[43 - 44] Newman EHE A-D =M 46
e : MAIE 4709| =tetE & LIHA| 374QF M= CHE
: CHs H | ~z=
! ! = J1X|7 Ol 7o,
3 H H H H 3 :FL = }' |—|— M ANTHS
A B | H
i H CHs HsC CH; | CHs
; CH,OH CHOH = @ HC
s | i
| H 3 H
| CH,0OH H | H
- C D ’ ! CHs
| H CHy | HaC
i H3C H CH3 H3C CH,OH | @ ® - H
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3. &71 =ker 3ol e (1)

Bond AH® kd/mol (keal/mol) Bond AH® kd/mol (keal/mol)
H-Z bonds R-X bonds
H-F 560 (136) CHs—F 456 (109)
H-Cl 431 (103) CH,-Cl 351 (B4)
H-Br 368 (88) CH:—Br 293 (70)
H-1 297 (71) CHs-1 234 (56)
H—OH 498 (119) CH,CH,—F 448 (107)
Z-Z bonds gﬂﬁﬂr g' i (61)
" 285 68
H-H 435 (104) i Lo
CHsCHz—1 292 (53)
ol 4 i (38) CH).CH-F 444 106
Cl-Cl 242 (58) [CHQECH o g
2 335 80
Br-Br 192 (46) (CHa), (0)
(CHs),CH—-Br 285 (68)
. 1] (26) CHa,CH-1 222 53
HO-OH 213 (51) (CHa), (=3
(CHs):C—F 444 (106)
R- H bonds (CH3):C - Cl 331 (79)
CH,-H 435 (104) (CHs):C— Br 272 (B5)
CHsCH,—H 410 (98) (CHa):C—1 209 (50)
CHsCH,CH,— H 410 (98) SR
(CH),CH—H ag7 (05) B
CH,-OH 389 (93)
GG H = (1) CH.CH,— OH 293 a4
St e (104 CHSGHEGH OH 385 {92}
HE=C-H 523 (125) R (92)
(CH4),CH - OH 401 (96)
CH,=CHGCH, - H 364 (87) i il P W
CaH:—H 460 (110) (CHa)s (06)
CgHsCH,—H 356 (85) Ofthar Bonds
CH,=CH, 635 (152)
Rt buedn HC=CH 837 200
CHs— CHy 368 (88) = _; 6 = [1 2;
CH,- CH,CH, 356 (85) - (128)
0, 497 (119)
CHs— CH=CH, 285 (92)
Chl 0= CHl 489 (117)
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Ph
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2tC|Z S8 A-DE 7t 2oH8st ARH 7HE
Ordst 2 =02 A Ldgst 2427

©® b-B—-A—-C @ C—-A—-B~—-D
® A-C—-D—-B @ B—-D—-=C—A

=4 3
2hC|Zt B2 IHA Al ZHA] (initiation) THA Ol A
o

BiC|Z BRIREE H2HC|Z 2R
U ymsct
BlC|Z BRIREE E CHE 2hCjZ 2XP}
Mgt
HlEHC|Z BRIREE 2HC|Z 2R
® wusct
HlEtC|Z BRIRSE E CHE Hl2hDZ
SXoF A ECE

=H 4
2-Methylbutane2 &2t =10 Cl,E 083K
Fast Hhg WS I LoiX|= F MES 21XE=?

=M 5
2-Methyl-3-phenylbutane2 &3tat Z0AM CLE
0|84 Fazt Hhs HS W LoX|= F WEdE2|
EE=?
@ c|/\H\ @
Ph Cl Ph
Cl
Ph Ph
=M 6

1-Methylcyclohexene2 &3tat Z70]
H

benzoyl peroxideE O|&%

7 92 A=2?

Br

et

® /@/ @
Br
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2tC|Z EX7F ofEl 22
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=8 8
CHS MAIE BHSo| AEm] #3l (AHY) 2t2?

@ 42 Ki/mol @ -42 KJ/mol
® 186 KJ/mol @ -186 KJ/mol
=H5 9

CH3CH, + CHCH,CHy =—=

CH3CH; + CH3CHCH;

(B di2| olHX|= 18657 BE HUSHA Q)

@ 43 Ki/mol ®)
® 30 Ki/mol @

13 KJ/mol
17 KJ/mol

Cl Cl
=8 12
CHS HMAIE B2 & &sst ZANM Y
AAs HHEES WS 0, oY MAS0HS MASHK]
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@ 2,2-dimethylpropane
@ cyclopropane

® ethane

@ 2,3-dimethylbutane



29 72 (2)

=8 13
Methane2 &2tst ZH0|M atEko| Cl,ot HHg
NS I, =& dH=9| +x&=7

@ CHid @ CHXCl;

® CHCl @ Ccly
=M 14
12O methanes 2318t ZHMAM CLeF HHS
NS I, =& dH=9| +x&=7

@ CHid @ CHXCl;

® CHCl @ Ccly

=M 15
MAIE B30 AHEEl tert-butyl hypochlorite
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H3C-CH; + tBuO-Cl —

HsC-CH,Cl + tBuO-H

[A] BuO-CI —> BuO- + CI-

[B] CI- + HyC-CH3 —> HCI + H3C-CH,

[C] ch—éHz + tBuO-Cl — H;C-CH,CI + tBuO-

@ [Al & [B] @ [B] & [C]
® [B] & [D] @ [C] & [D]




3. &71 =ker 3ol e (2)

Bond AH® kd/mol (keal/mol) Bond AH® kd/mol (keal/mol)
H-Z bonds R—-X bonds
H-F 560 (136) CHs—F 456 (109)
H-Cl 431 (103) CH,-Cl 351 (84)
H-Br 368 (88) CH:—Br 293 (70)
H-1 297 (71) CHs—1 234 (56)
H—OH 498 (119) CH,CH,—F 448 (107)
Z-Z bonds gﬂﬁﬂr g' o (61)
" 285 68
H-H 435 (104) s (68)
CHsCHa—1 222 (53)
i o (58) CHa}:CH-F 444 106
Gi=Cl 242 (58) [CHQECH o e}
z 335 80
Br-Br 192 (46) (CHa. fea
(CHs),CH—-Br 285 (68)
e i (28] CHa)CH-1 522 53
HO-OH 213 (51) (CHa), (=3
(CHs):C—F 444 (106)
R-H bonds (CH3):C - Cl 331 (79)
CH,-H 435 (104) (CHs):C— Br 272 (B5)
CHsCHa—H 410 (98) (CHa):C—1 209 (50)
CHCH,CH> - H 410 (98) SR
(CH),CH—H ag7 (05) B
CH,-OH 389 (93)
{0 H e 1) CHsCH,— OH 293 a4
el = (o0 CHSGHEGH OH 385 {92}
HE=C-H 523 (125) R (92)
(CH4),CH - OH 401 (96)
CH,= CHCH,-H 364 (87) i il P W
CaHs—H 460 (110) (CHals (°8)
CgHsCH,—H 356 (85) Other bonds
CH,=CH, 635 (152)
e HC=CH 837 200
CHy—CHy 368 (88) = _; 6 = [1 2;
CH,- CH,CH, 356 (85) - (128)
0, 497 (119)
CHs— CH=CH, 385 (92)
CHs-C=CH 489 (117)




47 U 3fst (Stereochemistry)

=H 1
27| 22X EXfst= AXES| S HiEF (spatial

@ composition (T-4)

=5 2
CHE 247 gle 3etE9 442 St 80 &2
@ tetrahedral (HAEHA|2])

achiral (H|Z}0]|ZM9))

symmetric (CH& 2]

® © ©®

asymmetric (H|CH&E2|)

=X 3
AKX O|HZEAM| (stereoisomers)= Zt 3tetE0| OfH

ol M2 BHE7P?

@ composition (T-4)

@ constitution (T+X)
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@ [C] = [B] — [A] — [D]
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@ 2-iodo-2,3-dimethylbutane
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‘BUOH / H,O
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3 EtONa / EtOH @

=H 40

HAlEl ELZ 7|E2S MeOHE O|2%t 7I20j£3]
HES3E o, B8 =ME 82 A7

(BHSd0| 71 & ARH A2 A =22 LtEstat)

[A] — [B] = [C] — [D]
O] = [C] — [B] = [A]
(B] = [A] = [D] = [C]
[A] — [D] — [B] = [C]
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[B] (CH3),CHCH,Br
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[D] . CH3CHCH(Br)CHs
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@ 2,2-dimethyl-1-bromopropane
@ 2,2-dimethyl-1-bromocyclohexane
® Benzyl chloride (CsHsCHC)
@ 2,5-dimethyl-1-bromobenzene
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CCH AS| MAH MMEESE C B2 HA
E2 b2t & I, Cot DO IUPAC 0|28
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da= C

3-ethyl-1-pentene

482 D
3-ethyl-2-pentene
3-ethyl-1-pentene 3-ethyl-1-pentene

3-ethyl-2-pentene 3-ethyl-2-pentene

® 0 O 6

3-ethyl-2-pentene 3-ethyl-1-pentene

= A2l BE ZtZF NaOFEtel HHSA|Z|H |
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1-methylcyclohexene
1-methylcyclohexene

3-methylcyclohexene
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3-methylcyclohexene

3-methylcyclohexene
1-methylcyclohexene
3-methylcyclohexene

1-methylcyclohexene
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cis or trans 2-hexene
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(R)-1-bromo-2-methylbutane
(5)-2-bromo-3-methylbutane
(R)-1-bromo-3,3-dimethylcyclohexane

cis-4-ethyl-1-bromocyclohexane
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trans-2-methylcyclohexyl bromide
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3-methyl-1-pentene

=M 76
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6% A7l (Alkene)
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? HiC ?
i [B] H3C . CH3 < \:\ i
3 CH3 3
@ [A] @ [B]
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i Br Br Br CHj 1
L [A] — < — !
HyC  CHs Br  CHs
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i cl cl Cl Cl i
@ [A] @ [B]
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MAIEl cis / trans-stilbene 2t2t=2 =22|& & 5
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i trans-stilbene ' cis-stilbene 3
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@ 4,5-Dimethyl-1-hexene

@ 4,5,5-Trimethyl-1-pentene

® 2,3-Dimethyl-5-hexene

@ 4-methyl-4-isopropyl-1-butene
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@ (g-2-cyclopentyl-5-methyl-2-hexene
@ (£)-2-cyclopentyl-5-methyl-2-hexene
® (&-1-cyclopentyl-1,4-dimethyl-1-pentene
@ (E)-1-cyclopentyl-1,4-dimethyl-1-pentene
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£)-4-ethyl-5-isopropyl-3-methyl-3-heptene
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6% A7l (Alkene)
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trans-2-buteneS 0sO,2 BISAIZS [ MHEE =
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@ Chiral
® Racemic mixture

@ Optically active
@ Meso compound
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trans-2-buteneS Br,2t BIEA|ZIS O MM
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@ Chiral

® Racemic mixture

@ Optically active

@ Meso compound
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6% A7l (Alkene)
=8 36 =5 38
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2,3-Dibromohexane
2-Bromohexane
3-Bromohexane

2-Bromohexane & 3-Bromohexane




6% A7l (Alkene)

=M 40 =M 43
| . - |
i cyclohexene + Br; C—C|4> ‘ | | 1-Hexene + NBS U |
® Bromocyclohexane ® 3-bromo-1-hexene & 1-bromo-2-hexene
@ trans-1-bromo-2-chlorocyclohexane @ 3-bromo-1-hexene & 1-bromo-1-hexene
® cis-1,2-dibromocyclohexane ® 1-bromo-2-hexene & 6-bromo-1-hexene
@ trans-1,2-dibromocyclohexane @ 1-bromo-2-hexene & 2-bromo-1-hexene
=M 4 =M 44
' 1-methylcyclohexene + Br, ——> ? Z)-2-pentene+ Br, —— ?
i yley 2 oen i i (Z)-2-p 2 “Col, i
1-bromo-1-methylcyclohexane Br Br
(15,25)-2-bromo-1-methylcyclohexane 1Al Y\/ [B] \)\/
+ enantiomer i Br Br 3
® (1525)-1,2-dibromo-1-methylcyclohexane Br Br
+ enantiomer [ql [D] \/k( 3
(5)-1,1-dibromo-2-methylcyclohexane % Br Br %
+ enantomer
@® [Al & [B] @ [Al & [C]
28 42 ® [B] & [D] @ [C] & [D]
' 1-methylcyclohexene + Bry ——> ? |
3 Hz0 3
o - BH 45
(15,25)-2-bromo-1-methylcyclohexanol 777777777777777777777777777777777777777777777777777777777
+ enantiomer ® ) BoHe, THF
(15,2R)-2-bromo-1-methylcyclohexane ii) NaOH, H20,
+ enantiomer T '
(15,25)-1,2-dibromo-1-methylcyclohexane Y O OH
+ enantiomer @ OA‘ @ O/\/
(15,2R)-1-bromo-2-methylcyclohexanol
+ enantiomer OH ,
® ”"'O)\ @ O/\




6% A7l (Alkene)

=X 46 =M 49
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| ©§ i) B,Hg, THF | HESIF SA|F231-420|E 2o MHE0| M2
i) NaOH, H,0, CIE A2?

=
@ (1R25)-2,3,3-trimethylcyclohexanol @ O/\ @ O/\

+ enantiomer

-1,2,2-trimethylcyclohexanol X
+ enantiomer

(15,25)-2,3,3-trimethylcyclohexanol

©) .
+ enantiomer
(152R)-1,6,6-trimethylcyclohexane-1,2-diol
+ enantiomer =H| 50
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1,1,1,3-tetrachloropentane
1,1,1,2-tetrachloropentane
1-chloro-2-trichloromethylbutane

®®©E 6

1,1-dichloro-2-ethylcyclopropane




6% A7l (Alkene)
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@ HBr e }
i 0 i
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H .o e =Xe]|
@ N-Bromosuccinimide, CH.Cl> @ 1) OsO4 i) NaHSO; &
@ Br, H.0 @ i) Ogz ii) Zn
® Bl’z, CH2C|2
@ HBr =H| 56

1 OH 1 e |
| Q: - O—/ | @ i) Hg(OAC), H.O; i) NaBH,
S 3 @ i) BH3; i) H.O, NaOH

@ i) H2SO4 H,0, warm; ii) &3} ® i) OsOy; i) NaHSO; &

@ i) H,SO4 HOAc, warm; ii) KOH, H,O, warm @ i) Oz ii) Zn

® i) BaHg i) H.0, NaOH

@ i) O3 i) (CH3):S
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7%k 2721 (Alkyne)

[1-4]
CtS HMAlEl 3t8HE2] IUPAC O|ELozZ 82 A2
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| z |

@® 3-isopropyl-2-methyloct-1-en-5-yne
@ 2-methyl-3-isopropyloct-1-en-5-yne
® 6-isopropyl-7-methyloct-7-en-3-yne
@ 7-methyl-6-isopropyloct-7-en-3-yne
=8 2

| s

! X VZ OH !
e |
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£)-3-bromo-6-vinyloct-5-en-1-yn-7-ol
2)-3-bromo-6-vinyloct-5-en-1-yn-7-ol
£)-6-bromo-3-vinyloct-3-en-7-yn-2-ol

® © O 6

2)-6-bromo-3-vinyloct-3-en-7-yn-2-ol
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12,82)-6-bromocyclodeca-1,8-dien-3-yne
1Z42)-9-bromocyclodeca-1,4-dien-6-yne
3Z,62)-9-bromocyclodeca-3,6-dien-1-yne
1242)-7-bromocyclodeca-1,4-dien-9-yne

5-bromo-7-ethynylbicyclo[3.2.1]oct-2-ene
7-bromo-5-ethynylbicyclo[3.2.1]oct-2-ene
4-bromo-2-ethynylbicyclo[3.2.1]oct-6-ene
2-bromo-4-ethynylbicyclo[3.2.1]oct-6-ene

=8 5
25 4°| c22F c4°] R/S HjEICE 28 ZHL?

@© (2R4R) @ (2RA49
® (254R) @ (2549
=M 6

3-methyl-4-vinyl-1,2-heptadien-5-yne =}2H=0f

EMots sp W sp? B EtA0| Y

sp 24 Bt sp? 24 EtA

@) 274 474

@ 274 57K

® 374 474

@ 374 57K
=8 7
HAlE CHE tetE & 4% Y83€o| 718 2
SIgtE2? (435 82 alkane”tX| T EICH

3-hexene
1-hexene
3-hexyne

1-hexyne
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7%k 2721 (Alkyne)
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7%k 2721 (Alkyne)

=8l 20
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| H |

@ [A] @ [A] [B]
® [B] [C] @ [A] [B], [C]

=M 21
3-hexyneS cis-3-hexeneQ 2 H&tsl=0| 7%t
Nekst Alofe f9el7k
@ PtOy H»
Lindlar catalyst, H.
Na, liquid NH;
NaNH,, liquid NHs

® © ©

=8 22
1-butyne= 1,1-dibromobutaneL 2 HEtSt=0 7+
Malor A2 Falot

@ HBr

o
2Hah + peroxide

® © O
o
>
ofl
L

1) Br, (2 ©2H); 2) KOH (1&2hH

=X 23
1,1-Dibromopentane2 0 °COlA| 3T &2 NaNH,2}
BESAIZI £ 01 M HCl 8%z M|t ddxl=

Igt=E2?

@ Cyclopentene @ 1,2-Pentadiene

® 2-Pentyne @ 1-Pentyne

A : 1,3-Pentadiene
B : 1,4-Pentadiene

C : 1-Pentyne

@ A—-B—-C @ C—-B—=A

® B—-A-C @ C—-A->B
[25 - 26]
Zt Ht3o| F MHEE FXE 2 A2?
=H 25
% H2804, HgSO, %
! 1-pentyne > |
3 H-O 3

OH



7%k 2721 (Alkyne)

=8 26 =8 29
i) 9-BBN I H,  1)m-CPBA
i 1—pentyne ”) H202, NaOH > i % T Lindlar cat. 2) H30+ i
OH @ A & Bl @ [A &[]
EEP NN @ 7 ero ® [Bl&I[C @ [B & D)
5 @ OH
A~ AN 27 30
i . Li 1) m-CPBA i
T N 90 3
[27 - 30]
2t 9rgo| F MME FIE 32 H2? © A& > A&
777777777777777777777777777777777777777777777777777777777777 ® [B] & [C] @ [B] & D]
OH OH
A )Y [B] : 3
o AT B -+
i OH OH M Z B8] F MNE IRV S B
|« d O] Ao AR Z Ok
3 OH OH 3 e :

H2 OSO4

=H 27 S
T | ' [B] \\O/\OH kmno, 102 OH |

% = Lindlar cat.  NMO ? % // 0
777777777777777777777777777777777777777777777777777777777777777 [C] O/ Bry Br
® [Al & [B] @ Al & [C] H,0 ()
® [B] & [C] @ [B] & [D] e J
® 0 @ 174
27 28 ® 2 ® 3
1 _ Li 0s0y4 2 1
_ NH; (1) NMO
@ [A] & [B] @ [Al & [C]
® [B] & [C] @ [B] & [D]
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=M 32
CsHe BH2HE AL B7f HgSO4 H,SO.E 0| 8% =3}
HtSS otEH ST CGHO 2tet=E CE WSttt
A, BS 12| Brot BHEAIZ|H MZ CHE CiHeBrs
si3t2 S MBI AQHBO| XL H £ e
zHer
A 3eE B 2etE

@) cyclobutene methylenecyclopropane

@ 1,2-butadiene 1,3-butadiene

® 1-butyne 2-butyne

@ 2-butyne cyclobutene
=H 33

NH; 0= EA40A

E

=AHAIO] CeHyoQl BtHetE A=
AgNO;2} BHSSHH =X| gt 2-H
4oLt A= HgSO4, H.SO4E 0| 8%t +3t Btg
A1} CeHpO O HE 3let20HS MAsict
A7F KMnO,Qt BH28IEH CsHy0,Q FHE Al AL
MMsiCE A9l RE7L EH $ A= H2?

@ Cyclohexene
methylenecyclopentane

1-hexyne

® © ©

3-hexyne




8%+ 232 (Alcohol)

=H 1

Cte & 2Kt (secondary) ¥IE otgt=27

OH

o @ L
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@ CH3CHOH

=X 2
LS & CsH02| 2XHA2 74X 703 1%t

(primary) €3 & 3IErE27

@® 3-methyl-2-butanol
@ 2-methyl-2-butanol
® 3-methyl-1-butanol
@ 2-methyl-1-butanol

=H 3
UD20| FL QAR A1l Erelas Sit20|
Hef BEHO| £Ch 1 FE 09 RO HRQI7h

@ hydrogen bonding (=2 Z%h
@ diaxial interaction (O|&ZE% &2 AHE)
@ steric strain (&H AEF Q)
@ hyperconjugation (50| 27| 0] M)
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Ct= & 30| 7I& =2 sIE2?
@  (CHO @ CHsCH,OH
3 CHsCH)CH;s @ CH,CHCH;
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HMAIE 2tetE2| IUPAC O|ELE S22 A2?

R)-1-methyl-1-cyclohexen-4-ol

@ (

@ (S)-1-methyl-2-cyclohexen-4-ol
® (R)-4-methyl-4-cyclohexen-1-ol
@ (

S)-4-methyl-3-cyclohexen-1-ol

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

4-isopropyl-1,1-dimethyl-1-pentanol
5-isopropyl-1,1-dimethyl-2-hexanol
1,1,4,5-tetramethyl-1-hexanol
2,5,6-trimethyl-2-heptanol

1,1,1,6-tetramethyl-2,4-heptanediol
2,2,7-trimethyl-3,5-octanediol
2,2,6,6-tetramethyl-3,5-heptanediol
2,7,7-trimethyl-4,6-octanediol



=8 8
X &E = -OH7|E sy2 #SE #ot E2
O[EH7| =2 WHEAH + Q= Y27
® SOCk @ CHs;SO.Cl (MsCl)
® PBr3 @ Nal
ZH 9

Ethanolt NalE BtSA|7 iodoethanes HHS2
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@ Na*7t £X| &2 counterion0|7| {0
=H 10

Alkyl tosylate (R-OTs)E Nal2t Sy2 HHSA|Z
0|&7|= FAAUI}N?

@ p-toluenesulfonic acid

@ p-toluenesulfonate anion

® sulfate anion

@ acetate anion

=5 11
Ct2 & 1-butanol2 1-chlorobutaneZ 1¢HA|

(one-step) YIS S Soll HEAZE = U= AA2?

@ SOCl @ PCl;
® HCl @ TsCl (tosyl chloride)

@

@

=H5 12
ChS MAIE 282 3E

Shetl 7hs BBret Al2te?

PBrs2 0|23l EtOHZ bromoethane2
Yol A B CHAOf CHe o= 82 AH2?

@ PBrs @ HBr
3® NaBr @ Br,, NaOH
=8 14

@ KCl (excess) @ HCl & ZnCl,
® SOCl, @ PCls
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8%+ 232 (Alcohol)

[21 - 30] =8 24

HAIE 2t gh3o F HHdE X8 g2 A2? e ‘
OH (i) TsCl, pyridine ,

231 21 § A~ (i) NaOMe ' |

OH p-toluenesulfonyl chloride

| /k/ (=TsCl) ’ OCH, OCHj;
| pyridine | O /'\/\ @ :

@ (R-2-butyl tosylate @ (5)-2-butyl tosylate ® NN @ AN
® (R)-2-chlorobutane @ (8)-2-chlorobutane

25 22 L |

=8 23 =5 26
oM T %
; /'\/\/ SOCl, 3 | gr _NaH :
3 ether L HOTYY T 7 |
) (::| @ 1'% QD X Br N
AN A~ g @ Ho A
N < >




=8 27 =H 30
OH (i) TBDPSCI, imidazole
| ' H,S04 | A (ii) NaNH, |
! | N (0] > ? !
3 O: o S (i) EtBr |
oo | (iv) BusN*F", THF |
Et
= Ci @ OC ® OEt @ \/\/OH
Et Et
® @i @ C( ® \_~_oteops @ \/\/oa
=8| 28 =H 31
T : 1A YIS S LYHISIO|EE MIFA[7[7] 7t Hetot
% E>70H (i) H3POy4, heat , % Aloﬁt _7](_?_%?
! (i) CeHsCOzH |
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® Jones' reagent @ PDC (3 eq) in DMF
@ E>:O @ @OH
CHO =
oY NS
Lt €32 =82 & Jones' reagent (CrOs in
50% H.SO.)0fl 2|5l ketoneS 2 AM3lElE 22?2
@® 1-methylcyclohexanol
=8 29 @ 3,3-dimethylcyclopentanol
C | ® 3-methyl-1-hexanol
@ EoH _, @ 3-ethyl-3-hexanol
- Yo H* |
OEt
=4 33
o (Y > (1 . +
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® (j/ @ J/\L 1-methylcycloh |
o EtO OEt ® yieyclonexano
@ Benzyl alcohol
® 2,2-dimethyl-1-butanol
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8%+ 232 (Alcohol)

=M 39

@ Bry in CHXCl,

@ KMnOy4 in aqueous base
® AgNO; in diluted NH4OH
@

Na metal in hexane

=8 40
BEX}A0] CeH1409! chiral €3 3t

MAEICH BE ether SO0HO|A Mglt BHSA|Z|1L
0.1 M HCl 1} HFSA|7|H CeHq42! achiral

Etotea sigtE C7F Y 9Erh 2tEE AE?

@® 2-ethyl-1-butanol
4-methyl-1-pentanol
3-methyl-3-pentanol

® © ©®

3-methyl-1-pentanol

=8 4
2 2H 40°| C 2EHE IUPAC 0|27

2,3-dimethylbutane
2-methylpentane
3-methylpentane
2,2-dimethylbutane

® © 0 6

=M 42

?l 2H 400N BRREH HHE

Grignard A|22

acetaldehyde (CH;CHO)Q HHEA|7|H MH k=
LAZ =2l IUPAC 0| E2°

@
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®
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5-methyl-3-heptanol
4,5-dimethyl-2-hexanol
5-methyl-2-heptanol
4,4-dimethyl-3-hexanol
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2k3 2 (Alcohol)

=M 44

e

Diol 3}8t& A-D= CH.Cl, &0H0ilAf PCC Alf0j

olgff AtstE = ULt HHEE QI diol2 chiral O| K|t
oo M3} MMEL achiral?! =27

OH OH OH OH
Al [B] ' 3
<l HOv!i_/ [D] HOv@ 3
OH OH |
© [A] @ [B]

® [ @ [D]

=H| 45

Chiral 3 & A (CGHO)= =0 =23} B3 2
Sl achiral ¥3E B (C;H,0)E HBHEICE

AE ZM43tE MnO,E 0|83l Lt3tA|Z|H achiral
7IR Y 3letE C (GH0)= HSt=ICt 3lighE AE?
(BlIE : 2M3tEl MnO, A|22 allylic alcoholTHS
eI NEZ))

1-penten-3-ol
4-penten-2-ol
3-methyl-2-buten-1-ol
2-methyl-2-buten-1-ol

=X 46
CeH140; SIEHE A= HIOLO 28l 8t 3 F2| C3H6O

FtREE SEtE 22AZ HEEC SIEE AE?




9%t O|E{2 O ZAIO|E (Ether & Epoxide)

-5l
HMAIE 2tetE2| IUPAC O|E2E S22 227

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

3-isopropoxy-1-cyclopentene
4-propoxy-1-cyclopentene
3-tert-butoxy-1-cyclopentene

4-isopropoxy-1-cyclopentene

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

@ (
@ (
® (E)-3-tert-butoxy-2-butene
@ (E)-2-tert-butoxy-2-butene

1R,3R
1S,3R
18,3S
1R,3S

~

-1-isopropoxy-3-isopropylcyclohexane

~

-1-isopropyl-3-isopropoxycyclohexane

-1-isopropyl-3-isopropoxycyclohexane

® 0 O 6

-1-isopropoxy-3-isopropylcyclohexane

1-tert-butyl-4-isopropoxy-2-cyclohexene
1-isopropoxy-4-tert-butyl-2-cyclohexene
3-tert-butyl-6-isopropoxy-1-cyclohexene

3-isopropoxy-6-tert-butyl-1-cyclohexene

25 6
D2l ofEf [Al-D]9] 0|20 S EX|OH A2

[A] : tetrahydrofuran; [B] : 1,4-dioxane
[C] : anisole; [D] : oxirane

[A] : oxirane; [B] : oxetane

[C] : tetrahydrofuran; [D] : 1,4-dioxane
[A] : ethylene oxide; [B] : oxetane

[C] : oxolane; [D] : oxane

[A] : tetrahydrofuran; [B] : oxane

[C] : 1,4-dioxane; [D] : oxirane



9%t O|E{2 O ZAIO|E (Ether & Epoxide)

=X 7
HAIE epoxidel| BH & &2 Z°| 7H

[ Jo

1,2-epoxycyclohexane 1,2-epoxy-2-methylpropane

0

AN

(2S,3R)-2-ethyl-3-methyloxirane 2-butene oxide
@ 40 @ 3
® 2 @ 171

2 MY 3 S8 A2
@ EtherQ| X3Xt 2

Ay b

Ether= H

|
@ o
=480 ¢

—

=
o O =Ch
A

—

Diethyl ether= At-F0] Z=Z40 A

olr
Ot

0
ethanol28H gd 7t

@ Ether9| 4t RIXtE sp® 2/40|LCt

=8 9

Anisoleg 7t =2 2 (yieldE gde

o
Htg =U27?

@ bromobenzene + NaOMe
NaOPh + bromomethane

phenol + NaOMe

® © ©

bromobenzene + bromomethane

HET} alkaneECt O ACt

St 2XI2FO| alkaneZ Ct

rr

= Williamson ether S Ed|

tert-butyl phenyl ether
isopropyl ethyl ether
anisole

tert-butyl methyl ether

=8 11
=% Na (sodium)?t BHEstX| = 3}

@ (GHsOCHs @ CHsOH
@ C2HsBr @ C2H5NH2
=H 12

Isobutyl sec-butyl etherE ©t-d3st7| 7+ X gtst

HE =U27
(CH3),CHCH,OH + H,SO, + heat
CH3CH,CH(CH3)OH + H,SO4 + heat

@
@
® CHsCH,CH(CH3)ONa + (CHs).CHCH,Br
@ (CHs),CHCH,ONa + CH3sCH,CH(CHs)Br



9%t O|E{2 O ZAIO|E (Ether & Epoxide)

[14 - 18] =8 17
HAIE 2t uhgol & MME FZ2 g8 %22 e
! CHs
| - o NaOMe
| —_—
=8 14 : /
e . H
i [ j excess HI i
! | OIVIe
| et | OMe CHj
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CHj
OH
® 2 @ -1+ ~oH ® O: @ O:
OMe
OMe
=8 15
e ‘; =X 18
| (@) O
1 “CH, HI 5 1 P
| —_— | ! CH3
3 heat 3 ! > H*
} | i O — = ?
’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ i MeOH
D @OH + CHal @ @—I + CH,OH
CH, OMe

OMe O:CH3
® @—I + CHjl @ @OH + CH,OH ® CJ:OH @

H
CH; CH,3
- .OH -aOH
o (L o (L
25 16 OMe ~H
777777777777777777777777777777777777777777777777777777777777777 A OMe
>|\ CF3CO,H
@ 2-methylpropene + 1-propanol
@ tert-butyl alcohol + 1-propanol
® 2-methylpropene + propene
@ tert-butyl alcohol




9%t O|E{2 O ZAIO|E (Ether & Epoxide)
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HsC  H
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=H 21
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10%. Mo| 21} AdIO|E (Thiol & Sulfide)

=35 1
KAl =

thiol 2t32

OGN

SH SH

4-ethyl-3-heptanethiol

(E)-4-ethylhept-4-ene-3-thiol

SH Br SH

A~ A

(S)-hexane-3-thiol

(R,Z)-4-bromohex-3-ene-2-thiol

@ 4 @ 3
@ 274 @ 1M
=H 2
HAIE sufide 2t=2 Y & &2 A2 =2
/\S
/\s/l\ /Y\N
ethyl isopropyl sulfide 4-ethylthio-3-methyloctane
/\SJ\/
ethyl sec-butyl sulfide
L
1-isopropylthio-2-methylcyclohexane
@ 4 @ 3
® 271 @ 171

=X 3
MAI= ztetE

@ (4R,7S,E)-7-hydroxy-3-methyloct-2-en-4-thiol
@ (4S,7R,E)-7-hydroxy-3-methyloct-2-en-4-thiol
® (2S,5R,E)-5-mercapto-6-methyloct-6-en-2-ol
@ (2R,5S,E)-5-mercapto-6-methyloct-6-en-2-ol

4
ChE 2te=20l= & 3702 7I0|& EtA7

b Exietet
o| Rr/s HiEO| EAH HX|F A2

%QI7}?

® (2R, 5R, 6S)
@ (2R, 5S, 6S)
® (2S, 5S, 6R)
@ (2S, 5R, 6R)



10%. Mo| 21} AdIO|E (Thiol & Sulfide)

28 5
HAIE =tet=

 HiCcO N O %
| @[ Y8 N= |
| N |
| H \_/ |
| OCH; |

¢ setE0= ZI01E AX7 EXHSHK
Y ogen
® 2| siet=0l= 1742] FIo|E EtA XTIt
EXstH HOf HiZ¥S (R)O|CY.
® 2 stetE0l= 1709 FHoIE & AKXt
ZEXstH Hoi v (S)O|LCt.
2 sietaol= 1742] FholE EtA Xt Y
@ 1742] 7to|& & AX}7} E=X|SHH,
Ol HOf Hiz=2 Z5 (S)O|Ct.
2H 6
Ethanethiol 2t8tE 2 ethanol 3tetE0| CH$H C}
49 3 g8 A2?
@ At 9 g fIXtE BF sp? 240|Ct
5 @Xtel 37| Xpo|2 Qs A ;XS
@ zwmate a4 wAxst o A
. C-0 Zgtol A% sfiz|o X7t Cc-Ss Z&to
Z3 2|0 X[ 2t 3L}
@ 5 otetEel X KXto|Z 28l ethanoll|
ZE=HO0| ethanethiol ECt § HCt

=8 7
Che2 4% & 88 A=2?
Ethanethiol S}t&&2 ethanol 3eHE £ LCH
© g3t o ao
Ethanethiol 3l8f=2 ethanol 3t&t= &Lt
@ XM I o 3ch
® Thiolate 3tgtE2 M3N A2 & 5+ ULt
@ Diethyl sulfide 2t=2 HHE Al TISHKH|
datg o = ot
=X 8
HAE gt & FEEE +Z71 24 1T 242
] P
1 (NHC=S
[A]
Br 2 NaOH, H,0 SH
Bry
[B] O*SH E}S—Br
NaOH, H,0
~~.~ HCIl, Zn
[C] /\/s/s — 5 ~USH
Br  NaSEt
O] —
@ 4 @ 34
® 2 @ 174




10%. Mo| 21} AdIO|E (Thiol & Sulfide)

=5 9

A= B3] FHHEE FEx= FAAUIN?

§ OH 4 2cH,s0,CI §

! ridine !

i py ),
SH SH

o)
[A] N NalO, d
HC™ "CH3 =™ 7 HyC” “CH;,
i
2 H,0
[B] H3C/S\CH3 2-2 H3C_ﬁ—CH3
o]
o)
i CH,CO4H I
[C] g5 H3C—ﬁ—CH3
HsC”™ TCH,
!
[D] i <"+ CH, 0
HsC™  "CHj HsC™ TCH,
@ 4 @ 31
@ 271 @ 171




11%. ZF70|M (Conjugated) 32tE

CHE2 1,3-butadiene?| Xt 2H|E (MO)O|LCL.

TA HE[E [A]-[DIE HYX|7t 7P 22 A
=2 3 £0F% FA UgEst A=

HIr
i

[A] — [B] = [C] — [D]
[A] = [C] — [D] — [B]
O] = [C] — [B] = [A]
O] = [B] — [C] = [A]

=8 2
HOMO (Highest Occupied Molecular Orbital)=?

© [Al @ [B]
® [ @ [D]

=4 3
LUMO (Lowest Unoccupied Molecular Orbital)=?

© [Al @ [B]
® [ @ [D]

=
U2 k0|2 (allyl cation)Ofl= & 7§o| mo| FX}7}
=

@ 270
® 374 @ 47

=8 5
&2 20| (allyl anion)dl= & 7§o| mo| M X}t
EXSt=71?
@ 174 @ 27
® 374 @ 47
=8 6

LS A0 EXMsts TN HA & mro] ZHgh 3

p 2H|E0| EXjstE Ao 4=

@ 5 @ 67
® 7 @ 87
[7 - 9]

HAlE gol2 S|
(2t =d 7 - 82 S
Hustn, 28 9= MAlE Fx2STol Y

H| 2 3}2f)

=8 7
@ W ®
© /\r\/\

25 8
o Cl o
o (I o



11%. 27704 (Conjugated) 2t&E

=8 9 =8 12

OCHg OCH,3 NG
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e : i
@ ®
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2, Y
@ @ @ i /\)OK

=H 10
CtZ N A=l diene 2tet2 [Al-[DIE ZFE Qs
ZEE 71 EQHESE A =ME SA LSt A=2?

e

[13 - 14]
1,3-butadiene0f| HCIO| 7t S| SZtA|<t
MEZ9| ofLfX|of CHst M HOILCE,

[l NI [D] =C=/_ [A] HE SHet HdE 25 o QPFSICE
IS S N S C[B] HE SNt MHdE 25 B QHESICE
| HHS Z7HNS Of QHYSLE MAES |
@ [A] — [B] — [C] — [D] [ mzrﬂértf ) o |
| =2 L o . }
@ B = A= Bl =1 v B2 © ormeil M¥ge
® [ — [B] > [D] — [A] Pl o oryein 3
@ [CQ—-B—-A-DO
=5 13
HEEXM (kinetic) M/d=0] ¥O{X|= PO CHSt
(1 - 12 dyoz g2 A7
et oz HAFAHO|ME O|F A Ar&Ql ZO0|7t
ZIAS2 XF TEXE 7| HS SAS @ [A] @ [B]
45 Of|HX[7t 2 mEo| 71 WE g3t & [ @ D]
Che & 70 7 mpEo| 88 getes A2?
237 11 =H 14
_ EHSHY (thermodynamic) ‘44 50| HOX|=
@ 1,3,5-hexatriene Ho| Cf3t MHoz 22 HO,
@ 1,3,5,7-octatetraene > B8
. O [A
® 1,7-Diphenyl-1,3,5-heptatriene 5 EC} @ [D]
@

1,6-Diphenyl-1,3,5-heptatriene
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[ MME0l o ery |
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NGB EREED - BH 19
CF wEA ANE  OHE B HOO| 1,287t MAMET} 1,487t MME
@ w2 e= . sYs meo
CH =2 2% | ,
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RRE g @ 2-Methyl-1,3-butadiene
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[|-]”Bf_7fgx|7§-_ﬁ-f_|'ﬂﬁf'%xf%g‘zdlﬁ 7777777777 @ 2,3-Dimethyl-1,3-butadiene
@ [Al [C] [E] [G], D] (4
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11Z. Z2FH0|M (Conjugated) 3}3HE

=X 25 =5 27
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=8 26 0
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Diene2 BIEA| s-cis HEHE 7+X{Of SO OCH
® = %“g%% endo-44=0|Ct ©) /\ﬂ/ ’ @ \/\[]/OCH3
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11%. 27704 (Conjugated) 2t&E

[35 - 36]
HAIE 2+ 8h3o| BIg 8 FXE |2 A2?
=8 35
! heat O’COZCHS !
| 7~ "COCH, |
7 H3C02C
) + I
“ |
CO,CH3
CO,CHs
=z
+
@ « It
CO,CHs
5 2 CO,CHs
+
Lt L
CO,CHs
H3CO,C
ot
X CO,CHs

COCH,

=H 37
Cyclopentadiene &20|A [4+2] 22|3t &It

32 Solf Ol (dimer) HEHE EXHTHCH,

o|stH| HElZ 2 A=
o I o (1
)

o () o




11%. 27704 (Conjugated) 2t&E

=H| 38 [41 - 42]
1,5-diene 2tgt=0| 0]2| O] &Y (isomeric) HAlE 2 Bh8o| F WdE 22 g2 A2?
1,5-diene 2tgtE2 H3lE|= S22 FAQA7
@© Cope rearrangement EHI‘“ 777777
@ Claisen rearrangement o et
® Photochemical [2+2] cycloaddition reaction ‘ NN — 7 ‘
@ Diels-Alder reaction e |
~ z
=H 39
=X} (unsaturated) O|H 2t&t=0| y,6-2%£2} ® ci)\ @ Oj)/
Jhed SEeR WalEe Uee foelvh 7 7
@© Cope rearrangement
@ Claisen rearrangement =H| 42
® Photochemical [2+2] cycloaddition reaction o |
@

. . | O\
Diels-Alder reaction ; ©/ N~ heat | 2

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

25 40 o o
Claisen rearrangement 2t A| EA|El Et X Z

A
=! o~
H o BT B 2|t 2R Era-Era AR

Y ofy

o

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




=H 1

Dibromobenzene®| =X 7}53%t O|H AKX 7j==?

@ 14 @ 2
® 37 @ 470
=X 2

Tribromobenzene®| =X 7ts3ot O|d &K 7H4=2

@ 1N @ 20
® 30 @ 40
=M 3

CtE & o-chlorostyrene 38827
Cl
Cl
e @X
CLC
@ @\/
cl Z

=

@
®

[4 - 5]
Ct2 HMAl=l 3t8HE2| IUPAC O|ES 2 7IHE Hgtst

A2?

=H 4

| HgC : CHs

@ o-xylene @ m-xylene
® p-xylene @ 1,4-xylene

@ 4-bromo-m-xylene

@ p-bromo-m-methyltoluene
® o-bromo-m-methyltoluene
@

1-bromo-2,4-dimethylbenzene

6 -7

HAlE 22| gtetE A-D & &4 =30 sliYst=
AE N2,

LG ILIENC
a O = QO

=H|
43t B3 8 Ed)l cyclohexane 22 THAE [
WEsts ol X| 7t 7HE &2 A2?

@ [Al @ [B]

® [ @ [D]
=8 7
451 HS Al O|F ZE 1719 WESI= o X| 7}
71" EH2 A=2?

@ [A] @ [B]

® [ @ [D]
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BESVET

Al
Al 12| 0[0{0F
2f of| 2t

F

7E:'°

tO] MAt= HHEA| 4n+27 O|O{OF

0]

f

njof HAt=

I
I

H s

@
O]

[9 - 11]

=
[Lm

Ct
=8 9
@
®

47\
@ o6\

374
57K

[13 - 19]
A 13

=
[Lm

H 10

=
[Lm



12%F. HISF= (Aromatic) &

=M 14

o ()}

(@)

>

=H 15
AN
o | _
OH
AN
® I +
N OH
H
=X 16
X
o I
N
)
® ™
CHs
=H8 17

=8 18
0 ™
@ °N @ I J
Me N
o U J o \J
H f
=8 19
N
e e,
H
N
NN N
’ lN/ N/> ® CE)
[20 - 22]
HMAIE 02| 38tE A-D & ZH 220] siEste
Ag NE2AQ.
= \
Al P [B] Q
N H
N
[l Q D] [N»
,,,,,,,,,,,,,,,,,, L H
=8 20
7= (basicity)?t 7HE & setEe?
@© [A] @ [B]
® [d @ [D]
=H 21
Q7% (basicity)7t 7R B stetg2?
@®© [A] @ [B]
® [d @ [D]



12%F. HISF= (Aromatic) &

=X 22

HAlE =tete & 88

(electron delocalization)

Ell_ 7.|O?

- AL

®@ o (D

H

X A

® | _ @ .,
N
[23 - 29]

=
I o
%O._l' Z‘\lg ﬂgAlg

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

=X 23
Che & X7t 7 &2 EX} QH[E2?
@ orbital Il @ orbital Il
® orbital IV @ orbital V
=8 24
Che & X7t 7 =2 X} QH[E2?
@ orbital | @ orbital Il
® orbital Il @ orbital VI

=X 25
CtE & Zed (bonding) 2H|E27?
@ orbital I, lll, V @ orbital I, IV, V
® orbital II, Ill, V @ orbital lll, V, VI
=X 26
CtE & BHEEYd (anti-bonding) 2H|E27?
@ orbital I, I, VI @ orbital lll, IV, V
® orbital I, Ill, V @ orbital lll, V, VI
=8 27
Lt & 5493t HX[E 71T, & HREIKIY A=
QH|E2?
@ orbital |, VI @ orbital lll, V
® orbital II, Il @ orbital V, VI
=5 28

Orbital 10| =Xi5t= nodel| 7HE+=7

@ o @ 1N
® 20 @ 30
=M 29

17H2| nodeS 71%l 2H|E27?

@ orbital |, VI @ orbital lll, V

® orbital Il, IV @ orbital V, VI
=5 30
LFZERA (naphthalene) 3822 28 Fx9|
Mgt

@ 14 @ 274

® 3 @ 474
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(Aromatic) SIgt=

=8| 39
HNOs2t H,SO,E 0|&8%t LIO|EZ3} HHS0A HIEL
(meta) X|2dE 711 tetE27

®© [A] @ [B]

® [C] @ [D]
[40 - 42] WM SEX A-D

% NO> 'thea %
w Oy B |
| H |
| NO N |
| @ 2 b
| 0O |
=H 40
FHRY Hakx X2t 3-E0 A Brg/do| 7P 2
sIgE2?

®© [A] @ [B]

® [C] @ [D]
=8 4
HERY Hakx X2t 90 Br3/do| 7P =2
sIgE2?

®© [A] @ [B]

® [C] @ [D]
=H 42
HNO:@t H.S0.2 0|83t LIO|EZ 3} BH20jM @4

(ortho), T2} (para) XI2Hd

H S
o
42 71 3etE9| =2

@ 171
® 3

25 43
CH2 #Id Q=X F CHClot AICILE 0|36t

Friedel-Crafts &Z o} Yt30| TIME = A= A2?

@ Benzoic acid @ nitrobenzene
® aniline @ toluene
=M 44
27| &2H3stE F Friedel-Crafts 2 €3} 830
ol8E + gis AH2?
@ (CH3)sCCl @ CH,=CHCH,CI
® CHs;CH)CI @ CH,=CHCI
=X 45
MR dekE X2k 9t30] Lt Chs 849 5
g2 e
o acetyl (-Ac)7|2t cyano (-CN) X|&t7|&
D& HZ2Hd3t7(0|H m-X|gkdolCt,

I:
@ &Z7= 248=7(0|H o p-AlEgo|tt

® -NHz* X|2t7|&= m-X|2FgO0]Lt,
-NH, X|&7]|&= o, p-RIZg0l|LCt,
-CI7|2} -OCH; X|&t7|&= B5F 243517|0|H
Y o pRIEAOICE
=8 46
Mo 22 H isopropylbenzeneS FMMHE=E=2
ed5HX| 25t H 8 =22
@D (CHs),CHCI / AlCI3
@ CH3CH,CH)CI / AICl5
3 CH3:CH=CH, / H3PO4
@ (CH3).C=CH; / H3PO4



=8| 47
p-xylenel| T BESH o3 Al SUN ==
290 Ho>

o AL

[48 - 68]

Ch 2t HiSol FMNE PEE BTN

=X 48

CHsCl

m-chlorophenol
o-chlorophenol & p-chlorophenol
2-methylphenol & 4-methylphenol
3-methylphenol

nitrobenzene
1-methyl-2-nitrobenzene
1-methyl-3-nitrobenzene

1-methyl-4-nitrobenzene

=H 50
e |
1 CH3Cl |
3 AICl; i
Br Br Br
Cl
@ + @
& cl
Br

=X 51

% CHs !
CHiCl
| AICl; |

o-chlorotoluene & p-chlorotoluene

@

@ m-chlorotoluene
® o-xylene & p-xylene
@

m-xylene
=H| 52
o |
CH4Cl
| AICI;

CN CN
@ @ ? @

Cl
CN CN CN



12%ZF. HISFEZ (Aromatic) 3l5H2

=X 53 =X 55
. CHO 1 NO
HNOs B,
i HzSO4 i i FeBr3
CHO CHO NO, NO,
CHO
CHO " NO,
2
® @
NO ©) @
’ NO; Br
Br
=X 54
[ - 2H s6
e eI
HNO; -
H,S0, FBrB2 R
o ! eBr;
Cl Cl
D @ NO, @ 1,2-dibromobenzene & 1,3-dibromobenzene
@ 1,2-dibromobenzene & 1,4-dibromobenzene
o ® 1,3-dibromobenzene & 1,4-dibromobenzene
Cl @ 1,3-dibromobenzene
©) @
NO, NG,




=X 57 =X 59

- o

| | | NO

i MO hNos o 2B,
| _— | | :

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

3-bromo-2-methylphenol
4-bromo-2-methylphenol
5-bromo-2-methylphenol
2-bromo-6-methylphenol

NO,
. [f:I:Noz .
Br

Br
OH OH
NO
@ /@/ 2 @ BI'\@/NOZ
Br
=H 60
| . OH
% § HNOs
3 3 NO, H2S0
@ 2,3-dinitrophenol & 3,4-dinitrophenol
@ 2,3-dinitrophenol & 2,5-dinitrophenol
® 3/4-dinitrophenol & 2,5-dinitrophenol
@ 2,3-dinitrophenol



=8 61 =8 63
. Br | SOH
3 Br2 3 3 L ?
| “Febri ? | | FeBrs
| CHO ° | | NO,
Br Br SO3H SO3H
Br Br.
Te @L o (X ° "3,
CHO CHO NO; NO,
o SO3H
Br Br SO;H 3
< R UL c W
NO,
CHO Br CHO Br NO, Br
Br Br
® @\ * /@\ 2H 64
cHo Br CHO [ 1
Br i OH !
or Br % —>HNO3 2 %
@ N Br 1 H2SO4 1
CHO - Ne 3
CHO e
Br
@ 24-dinitrophenol
=8 62 @ 3,4-dinitrophenol
T T T T T | ® 2,4,6-trinitrophenol
| Br |
| | @ 3,4,5-trinitrophenol
| L ? %
| FeBrs |
| F |
e st Ll L - L, =H| 65
@ 1,2-dibromo-3-fluorobenzene Br
@ 1,3-dibromo-5-fluorobenzene HNO; |
_ : H,SO, :
® 1,2-dibromo-4-fluorobenzene & 3 3
1,4-dibromo-2-fluorobenzene CHO
@ 1,2-dibromo-3-fluorobenzene _
1,4-dibromo-2-fluorobenzene @  4-bromo-2-nitrobenzaldehyde
@ 4-bromo-3-nitrobenzaldehyde
® 4-bromo-2,6-dinitrobenzaldehyde
@ 4-bromo-3,5-dinitrobenzaldehyde




12%ZF. HISFEZ (Aromatic) 3l5H2

=8| 66 =8 68

3 % . 0

| “Fear o SO

| 0 FeBrs ! ! 3, 2
| | | H,SO,

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

HO3S

(@] Br
@ <:>_/<OO 25 69

m-chloronitrobenzene?2| bromination 2t& (Br, +
FeBr;) A1} R 7io| o4& M| 7} MHE|=71?

=M 67 @ 174 @ 2
e ! 374 47
1 C(CHs)s | ® @ f
HNO; |
! och. HeSOs ' |
e - EH 70
HAIE HA QX = MES HS2 43S [
C(CHo)s C(CHy)3 " T i;xlj oo Tensd
= = AT

O,N ch Sk 71X Md =T
v @ ? Q
OCHs O,N OCH;
C(CHa)s . O 2
NO
® | @ C[ 2
OCH3 OCH; ® /\@\ /\@/
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12%F. HISF= (Aromatic) &

=M 77
Che EhEol FHMEE T8 82 A7
! cl
! NO
| 2 NaOEt
| EtOH
NO,
OEt
NO
2 NO,
@ OFEt @
NO
2 NO,
Cl OFEt
OEt OEt
® @
NO, OEt

=X 78

Chs MAlE B8 & Fdd=9 =71 S8 A2?

1) NaNO,, HCI, H,0 CN
2) CuCN

Cl
NaOMe

" weon MeO NO,
NaOMe

MeOH
NO,

NH,
NaNH2

lig. I'\IH:1

o
,EI
L,

CF,

=H8 79
Chs Bt30 Cist 4% = B8l 227

o-chloromethylbenzeneO| NH; (I)0f| Af

@ NaNH,2t BtS5tH o-, m-methylanilineO|
M =t

o-chlorotrifluoromethylbenzeneO| NH; (I)0f|Af

@ NaNH,2t 9-335tH m-trifluoromethylanilineO|
F2 ddECh

1-chloro-2,6-dimethylbenzene2 NHs ()0l Af
3 NaNH,2} HHSA|AHE K| Hh20| RS X|
oFL El_

[l

m-chloromethoxybenzeneO| NH; ()0 A]
@ NaNHp2t 2H3SHH CEf 1:2:12] HIE=
0-, m-, p-methoxyanilineS 44 stCt.



12%ZF. HISFEZ (Aromatic) 3l5H2

=X 80 [82 - 84]

SeHE A9 BO| FIEE |2 A7 HAE 2 282 =st7| 2ot B8 ZHoE
oo omoomoomooosossossooooooooooooooooooo- : 71 et A2

OMe  \a, lig. NH, HCI, H,0

} —————®» A —» B

| EtOH, Et,0 A ! =M 82

OMe O
o (r
o 1) CHsCOCI, AlCI3
OMe o 2) Zn(Hg), HCl
o J
1) CH3COxH, AICI3
OMe o @ 2) Ha Pd/C
® O/ g 3) H,S0, H,0, heat
1) CH3CHzBI’, FeBl’g
o OMe o @ 2) B, light
3) t-BuOK, #BuOH, heat
1) CHs;CHO, Mg in ether
@ 2) NaBH4;, MeOH
. 3) TsCl, pyridine
=X 81 4) EtONa, EtOH

KMnO,2 XM2|}ES Il o-benzenedicarboxylic acidE

WBHE 2427

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

HN03 + HzSO4
CH3CH2CH2C| + A|C|3

CH3CH2CH2C| + A|C|3
HN03 + HzSO4

o o< o OO
o T o O )
@
)
)
)
) CHsCH,COCI + AICls
©) 2) HNOs; + H,SO,
) H:NNH, + NaOH
)
)
)

HN03 + HzSO4
CH3CH,COCI + AICI;
H2NNH2 + NaOH




(Aromatic) 3}

St
=

=
=

=X 84

1 Br. ”

| OMe OMe
® 1) H,, Pd/C

2) CH3CH2C| + A|C|3

1) Mg in ether
@ 2) HO"
3) CH3CH,Cl + AICIs

1) Mg in ether
2) CH3CH2C| + A|C|3

1) CH3CH2C| + A|C|3
@ 2) Mg in ether
3) H;O"




14g. Carbonyl 2t%r= 1 - HOISIO| =2} #|&

=8 1
(CH3),CCHCOCH:2| IUPAC O|E2Z g2 222

@ 2-methyl-2-penten-4-one
4-methyl-3-penten-2-one

1,3-dimethyl-2-pentenal

® © ©

isopentenone

=H 2
3,3-diphenylpropanal?| X2 g2 A2?

® CgHsCH.CH(CsHs5)CHO
CeH5CH2CH2COCeHs
(CeHs5)2CHCH,CHO
(CeHs5)2CHCH,COCsHs

® © ©

=X 3
CHS & 2tet=9 IUPAC O|50| 24 MAIE H2

e R

2-phenylacetaldehyde

Brm

para-bromoacetophenone

O

\[)J\/\/

2-methyl-3-heptanone

(@]
/U\/

4-hexyn-2-one

@ 1N @ 20
® 30 @ 40

[4 - 3]
HMAlE =tzt=2| o[F0| ZZRH A27?

=X 4

@ >O\CH0

3,3-dimethylcyclopentylcarbaldehyde

o
H

meta-chlorobenzaldehyde

® j(\)i

2-methyl-1-hexen-5-one

DA
@ OHC CHO

3-vinylhexanedial

=X 5

©
o
7 Y=o

3-vinyl-2,4-heptanedione

4.,4-dichloro-2,5-cyclohexadien-1-one

3.

3,3-dimethyl-1-phenyl-1-butanone

CHO

4

5-isopropyl-4-oxoheptanal



=X 6

HMAle 28 & X M2 227

C=0 ZB0| C=C ZBHO| Hs) ZEtH 7|7}
Y g an,
C=0 Zyo| WIARBUET} C=C 0|
@ wey o ag
A slo|=ot AEL B SR
® g0 Hs) BEmO| O &0t
AcetoneOf H|3} formaldehyde?2|
@ waxiomest o ac.
=8 7

3-Methylcyclohexanone?| enol tautomer (EEM)

HEfQl 227
\G/OH

5

ot
mot
Mo
>
ot
mot
Mo
(o]

2etE C 2etE D
@) , @ ,
® B C @ ,
=X 8
MAIE ztetE & 15HA £ 20 882 Sl
pentanal2 Bzt = = A2?
x

®/\j\

[9 - 10]
otgtE A-IE F1510 O 230 oA
0
OCH; )O [ I
© 0 0
StetE A otetE B st E
0 o_ O
(L LU
0~ “OH ©
StetE D L= E stetE
o) 0 0
o N OCHs
oeE G L= H = |
=8 9
OLMIE (acetal) H&7|5 ZT5l= 2L =2
PIEST)
@ 17 @ 374
® 5 @ 7
=8 10
SlI0[OFM|E (hemi-acetal) Xt7|E ZEESl=
otetEo e
@ 14 @ 27
® 374 @ 47
=8 11
CeHsCHBrR,2 84 THF 2d0A NaOH2t
HEAZE I HdEl= =0 FERE?
OH OH
@ @
Ph” ™ Br Ph/I\OH
o 0
® @
Ph)J\ H Ph)]\OH




14%. Carbonyl 2t3H&E oisto| =2F A=

=M 12
+—I- (GCIdlty)7|- 7I'x|‘ 2 _J'\__JI\_ _OL_le_% E_%I__c.);l_
gE2?
@]
o O
O
O O

=H5 13
CtE 7tEE 3ietE & FIEAet 7HE wHEA
H8e Ao 2 OAEl= A2?

@ Benzaldehyde

@ 3,3-dimethylbutanal
(® acetophenone

@

2,2-dimethylcyclohexanone

[14 - 16]
HAIE 3t8tE & 43} Bt2 (hydration)O| 7HA Z
M= HA2? &, 4 (equilibrium constant)
72t 71 2 A2
=8 14
0 o
@) @ ¢
P K,
0
o cl
® H3CO\)J\H ® H
Cl

=H 15
0 @]
@ H @ H
HsC
(@] 0
O,N H5CO
=H 16
o)
@) {L/ @

O

=H 17
= 3} "2 (hydratlon)ol ZIEH0|
2?7 5, 39 4
e

o
A2

= (equilibrium

=~

@

sallEiice
Jealieg



14%F. Carbonyl 3t38t&E 1

Yo sto| =2t A=

=X 18
RCHO®Q} 10| ROHE At 0 Z=ZHO|A
HLEAZHS I oKX= F dHEZ &2
R'O OH > RO O
X X
R'O OR' R'O OR'
@
R ~H R” “OH
=H5 19

RCHOSH D122 ROHE ®7| Zuj 0| A
SHSAIZIS I YOIRIE F MHBO REL?

o o

kA

RO OH > RO O
RXH RXH
R'O OR' R'C OR'
©) @
RXH R OH
=X 20

Acetaldehyde?} (R)-1,2-propanediola} At-20f
ZHOM BH35HH O EH A0 A= OtMIE
stetE 2717t Y9 Ect

O] & 3tL=9| A= FAAZ}?

qr 4
Mo ML KA

® © O 6
Bl

0%t
M
==
o
0%
A
)
(@]
2
3,
@]
=
3
D
-
@

| CH5OH, H*
. HO__~_CHO ———~ A
| heat

@ HO._~_CH(OCHa),

@ -~ CHOCH,)

® QOCH;;
o ()

@)

=X 22
HAlE =ttE & H7] Hoj =40
S

M
(SIOIOtM B S 7He & "dste A2?
0
@ )J\ ¥
H
0
@ )J\ +  (CHy),CHOH
H
0
® C|\)J\ +  CHsCH,OH
H
0
@ Cl\)]\ + (CHs),CHOH
H

CH3CH,0H

hemiacetal



14g. Carbonyl 2t%r= 1 - HOISIO| =2} #|&

=X 23
MAIE =tet=
of| O] OF M| B

A2

S A-E0 =HOAM 12

o
(cyclic hemiacetal)2 7t& & @M=

0O

® HO/\)J\H

@]

@
HO/\)J\CH
0
® o~ N
HO H

O

@ /\/\)J\
HO CH

3

3

=8 24
M A|Zl OFME (acetal) HY HHE HZHLIZ &
O|=0| S2|A J2{%l THA =2

B ¢OH OH
o Se I
@ R—0:7 (b) R7+H |
! Ill 1 proton |
| 1 transfer |
% = II? R' C+ He %
. RO OR _H H_Oxé’ H0 R H :
| - - |
. R7H R)LH CQR' i
§ (d) (c) |
@ A (a) @ EHA (b)

® T (c) @ EHA (a)

=X 25
Al Bts dd=29 A+xE2

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

@® & TIHEX| @2, (BtsE B3t 9l8)
@ Benzaldehyde + 2,2-dimethyl-1,3-propanediol
® benzoic acid + 2,2-dimethyl-1,3-propanediol
@ 2-phenyl-1,3-propanediol + acetone
=M 26
HAlE gts 48 5 &8 A2?
°*E1|o+0l'=°| T3 #H32 A =H A FY
® AU 25 7tYH (reversible)O| L.
ot 39| W2 O erdst ot &E0|
P wyEs oz s
Acetaldehyde (CH;CHO) =%t HH32
® "y M4 L2 chloral (CCI,CHO)Q
By o= UEL M At
@ OFM|E (CHsCOCHs) =3t Bt32| Hd2
FIE Y 3ietE Z0| L AM|SICt.
=M 27
HAlE gts 48 5 &2 A2?
OLME (acetal)?| 7t=£3lE At (acid)ofl 2lsf

®
=xg

OPMIE (acetal)®] 7H-E3hE 27| (acid)ol
@ ofef Has

24 (Oxime)2 ZOISIO|E, HED &2
® 7t2Y 3tetEat hydroxylamine 3tetE 7t

gﬁ_@g %'{5H A M & E_|-_

oAl (enamine)S LC|SHO|E, HED 2L
@ Jt2E oteE1t 24 Ol (secondary amine)
7t H

siet= &S EILE



14%F. Carbonyl 3t38t&E 1

Yo sto| =2t A=

=M 28

XAl stetE & cyclohexanonelt BHS3l enamine
o
=

(01 BEBS MET + AL RS2

@ Dimethylamine @ ethylamine

® trimethylamine @ hydroxylamine

=X 29

Semicarbazone 3}&E2| LT E?

® RCH=N-NHCONH,

@ RCH=N-OH

® RCH=N-NH;

@ RCH=N-C(CH3)3
=Hl 30

=H 31

| H |
| M+ Honw, & |
. PhH |
HO NHOH HO ONH,
@ @
PhXH PhXH
H_+_OH OH
o N o
Ph)J\H Ph)J\H
=H| 32
HAE B8 & F dd=9| 727t g4 22%

A2?

CH3NH,

o Oro - O
cat. H*
(CH3),NH
@ 0O ————> CH3
cat. H*
(CH3)>NH
® 0 — »
cat. H
HZNCONHNHZ

@ 0 N—CONHNH,
cat. H+



14%F. Carbonyl 33 &

Yo sto| =2t A=

=8 33
1-Phenyl-2-butanol2 2-d5t7| &atot 0|
ol 2427

phenylacetaldehyde + EtMgBr
butanal + PhMgBr

S)

Propanal + BnMgBr

® © ©

1-phenyl-2-butanone + NaBH,

=8 34
2-Phenyl-2-butanol2 8Hd5t7| Xgtot 0|
ol He9

S)

2-butanone + PhMgBr
acetophenone + EtMgBr
cis-2,3-dimethyloxirane + PhMgBr

® © ©

ethylphenylketone + MeMgBr

=X 35

(R)-3-phenyl-2-butanone= EtMgBrit HtSA|7| ™

M| =

3 sigtEo #AR &2 A2?

25 1=

=8 36
3182 A (C/H12:02)= Tollens A
iodo form ©+30| LOfLtCt B}t
22 #H2?

26 i

ﬂHﬂJ_S

2-hydroxy-3,3-dimethylcyclopentanone
2,5-heptanedione

2,2-dimethyl-3-oxopentanal

® 0 0 6

2,2-dimethyl-4-oxopentanal

[37 - 38]

sigtE A-DE T1ot Chg =30 ot 2.

o 0
(6] (@]
C  HiCO , D CI\©/LLH
=8 37
slstE 5 cyanohydrin2| HAH0| 7H& {28 Z2e2?
® == (A @ 3letE [B]
® steE [C] @ 3letE D]
=H| 38
slstE 5 cyanohydrin2| HAH0| 7H& 228 2422
® == (Al @ 3= [B]
® == [C] @ 3= D]




14%F. Carbonyl 33 &

=M 42
4,4-Diethylcyclohexanone= 1,1-diethylcyclohexane
O 2 HHAI7|= ZRHO0| ot A2?

Yo sto| =2t A=

=H 39
Ct2 sletE % phosphorus ylide S&tE29| 742
+ = + _
PhsP-CHOCHS Ph,P—CHs |
IetE A fgtE B
Ph,P-CH, Li* Ph,P—~CHCH
tetE C tetE D
@ 174 @ 2
® 374 @ 4
Hl 40

@ 2-buten-1,3-diol

@ 1,2-cyclobutanedione

® 1,3-butadien-2,3-diol

@ 2-butenedial
=M 41
Aldehyde®| 4zt B Al 20| BEEA] HQSICE
0| Sl ¥4 U= aldehyde 4t} HHE Al MY

S (intermediate)2 O &&= 222

Carbonyl hydrate ($=3}=)
Enol tautomer (A8 EEMH)
Oxonium HE{2| &4k (conjugated acid)

Acylium cation (Of& ¥O|2)

@
@
®
O]

@ i) NoH4, base; ii) heat
@ i) Zn/Hg, acid; ii) heat
® i) HSCH,CH,SH, BF3; ii) H, + Raney Ni
@ i) LiAlH4; i) heat
[43 - 47]

RIAIE Whe S8st7| TPy Hge e xuer

CHsNH,, acid catalyst, heat

CH2=NH, acid catalyst, heat

i) NH3, acid catalyst, heat; ii) CHal,, Zn(Cu)
i) HCN & NaCN; ii) LiAlH4 in THF

PCC, CH.Cly; ii) base

NaBHy; ii) HsPOy, heat; iii) OsO,
NaBHy; ii) POCIs, pyridine; iii) m-CPBA
LiAlHg4; ii) OsOq4

= D D



14%F. Carbonyl 38H= 1 :

=Xl 45

i) HsPOy, heat; ii) CHalz, Zn(Cu)

i) PCC; ii) CH3MgBr; iii) HsPO4, heat
i) PCC; ii) PhsP=CH,

CHzNa, heat

i) PhsP=CHOCHS3; ii) HCI, H,O
PhsP=CHCHs; ii) HCI, H.O
PhsP=Cl,; ii) HCI, H-O

PhsP=CHCHCHj; ii) HCI, H,O

)
)
)
)

i) tert-BuMgBr; ii) hydrolysis workup;

iii) PCC in CH.Cl,

i) NaBH,; ii) PBrs; iii) Mg;

iv) 2,2-dimethylpropanal, then hydrolysis

i) PhsP=C(CHas); ii) BHs; iii) H20,, base
iv) PCC in CH.CI,
i) PhsP=CHC(CHj3)s3;
iv) PCC in CH.CI,

i) BHs; iii) H.O,, base

=M 48
3-Methyl-1-phenyl-1-butanone 2

2S =0 ofel A=22

SEASH
H O =

[e]]
A

rir

A
T

i) CeHsCOCH=CHCH; + (CHs),CulLi;

O ii) H3O" workup
® i) Benzene + (CHj3),CHCH,COCI + AICl3;
ii) H3O" workup
@ i) PhMgBr + (CHs),CHCH,CHO;
ii) H3O" workup; iii) PCC in CHCl,
@ i) (CH3).CHMgBr + acetophenone;
ii) H3O" workup; iii) PCC in CHCl,
=Hl 49
StgE A9 T1EE7?
(ct, SFgHE C= chiral ketoneO|LC})
| i) BH3 PCC_ . |
 (CoHg) MH2O2HO (CsHsO)
@ 1-methylcyclobutene
@ methylenecyclobutane
® vinylcyclopropane
@ cyclopentene

Yo sto| =2t A=



14%t. Carbonyl 3132 1 : LG50 E9F HE

=Ml 50
kg BHe & F 44929 =71 2EE 22
NNH,
t H*
@ )k + HNNH, —— o PN
Ph Ph
0
NaOH NNH
@ )J\ + HNNH, —— »
A Ph

+
@ CH3CHQBT + PPh3 R H3CH20*PPh3 Br

(@)

. wn P H
@ Ph)k + HyCH,C~PPhg Br — > H

=H| 51
Che =40 ’%*3@ HAE StetE A,
CeH100E2 52

(Fto|2 Et
HES =% (S)

5 on

o

2 8ol 2tMlojEt &E.

L H3t 8l8)

X 3: A B Z5F Wolff-Kishner B2 2 o st
H|Z}0| 2 EtateA SHEHE C (CoHi)E

HalE.
o 3}2tE A : 3-methyl-4-penten-2-one
3}8tE B : 4-methyl-1-penten-3-one
® 3}8tE A : 2-methylcyclopentanone
3}8tE B : 3-methylcyclopentanone
e 3}8tE A : 3-methylcyclopentanone
2tet= B : 2-methylcyclopentanone

A : 2-ethylcyclobutanone
B : 3-ethylcyclobutanone




15%t. Carbonyl gtE II @ 7[54d 4t G2

=5 1
(CH3CH,),C=C(CH3)CH,CO,H2| IUPAC 0|E27?

@ 4,4-diethyl-3-methyl-3-butenoic acid
4-ethyl-3-methyl-3-hexenoic acid
3-ethyl-4-methyl-3-hexenoic acid

® © ©

3-ethyl-4-methyl-3-hexen-6-oic acid

=H 2
2-Ethyl-3-formylpentanoic acid?| Tx22 £ A2?

COH o
ﬁ)\” \MOH
CHO

O CHO O
07 ™ H

=X 3
LS 5 31829 IUPAC O|20| 24 NHAIE He
= JieI7t?

O o)

Kk

tert-butyl acetate

o

isopropyl propanoate

O

>HJ\OCH3

methyl 2,2-dimethylpropanoate

@]

HO OH

0]

2,2-dimethylbutanedioic acid

© 174 @ 27
® 3% @ 47

[4 - 7]
RIAIE stergol 0|20 BRE H

=M 4
O
>G)L OH
3,3-dimethylcyclopentanecarboxylic acid
@]
Br
OEt
) \©)L
ethyl 3-bromobenzoate

; W

E)-4-isopropylhex-2-enamide

@ Hozcj\)\/COZ

pentane-1,2,4-tricarboxylic acid

=X 5

O

@ O)Lo- NH,4*

ammonium cyclopentanecarboxylate

. Y

isopropy! 4-bromocyclohexane-1-carboxylate
O

o

cyclohexanecarboxamide
2 0
o /\)LH

butanoylaniline



15%t. Carbonyl gtE II @ 7[54d 4t G2

=8 6
N\/V\
@ X

hexanedinitrile

N

O O

@ MeOJ\)J\OMe

dimethyl succinate

O

4-methylpentanoyl chloride
o O
&~

acetic propionic anhydride

=X 7
2 )
@) )J\ N
H
acetanilide
H
N O
o S
2-pyridone
0]
NH
®
O
phthalimide

@]
O
o T

p-butyrolactam

=M 8
Acid anhydride (& F=8)°| F&7t ot A2?

O
e
® 0 @
0O (O]
o 0
@Oﬁ @<>_'/<Oj<()

L2 sletE % dicarboxylic acidZt Ofel Zi22

lactic acid
succinic acid
phthalic acid

glutaric acid

=H 10
ChE 4% &

[=]

B He?

[y {

@ Acetic acid= methyl acetate 2Ct X2
Xt B=EE O =0

— O
Ester= amideOf H|s{ XISiA =5 EH
SA4H7|7t O 8O|S}L},

Amide2| 7t23| (hydrolysis) S22
7

© 2 = @8 589 x70| Was

ES
Fischer O| AE{3} Ht2 2 Ztst 17| =07}
ZQadsict,



15%t. Carbonyl gtE II @ 7[54d 4t G2

® A<B<C<D
® A<C<B<D

CO,H cl
\I/\/ \)\/C02H
stet= A sigt= B
WCOZH WCOZH

Br cl
stgt= C stet= D

=M 12

Propanoic acid % pyruvic acid®| At=0f| CHst

28z |2 A2?

o O
\)J\ )H( OH
OH
O
propanoic acid pyruvic acid

Propanoic acid”Zt pyruvic acid0i| H|sH
pKaZt H K.3fO0| Cf ZfCt,

Propanoic acidZt pyruvic acid0i| H|sH
pK.Zt2 O X0 K22 O AL
Propanoic acidZt pyruvic acid0i| H|sH
pKaZt ® K,3f0| Cf ALt

Propanoic acidZt pyruvic acid0i| H|sH
pK.2t2 O AKX K3t O =t

@ D<C<B<A
@ B<C<A<D

=H 13
FFEAL ADE GHARE TN £o2 A L
W27 (B, pKa wS HILY)
HO i 70
MGH Ho P Ao
@]
SIELE A olghE B
adipic acid malonic acid
@] O
HOTHJ\OH HONOH
0] )
SIetE C SIeHE D
oxalic acid succinic acid

® A<B<C<D @ D<C<B<A
® A<D<B<C @ B<A<D<C

=8 14
Maleic acid?} fumaric acidOfl H|8§ 2l pK. 2fO|
o %2712

00 O
HO—<_>—OH HONOH
0]
maleic acid fumaric acid
pKa1 @ 2.0, pKaz : 6.3 pKar : 3.0, pKaz : 4.5

2XF W UM ZHOH (intramolecular steric
hindrance) &0

2XF W A=K} HHEEE (intramolecular dipole
repulsion) {20

EXt L =4 Z% (intramolecular hydrogen
bonding) =0

=0 o3t 83z XtO| {0




15%t. Carbonyl gtE II @ 7[54d 4t G2

=Hl 15

S| ether?t 5% NaOH =80 5 =2
(equimolar) benzoic acid2} 1-butanolO| 410{ QICt.
Ol & ==50{F0 HOIX| @i= 2719 B2
=2|==0 ofof Ciet 2oz g2 A2?

(ZF, benzoic acid, 1-butanol| pK.af= ZZt

4.2, 16.10|C})

Benzoic acid?} 1-butanol 5 ether 201Z0]

Y g wo mxpic
1-butanol2 ether &010], benzoic acid&=
P Nag HElz 230 EXECL
® Benzoic acid®t 1-butanol 25 =50
O BO| EX§tct.
1-butanol2 alkoxide YENZ, benzoic acid=
Y Neg mHiz 30| ZRpBC
=M 16
Isobutyric acid [(CH3):.CHCO.H]E &-d3st7| =gtst

YEo| ot A=22

@ 2-methyl-1-propanol + Jones’ reagent;

i) 2-bromopropane + COy;

@ ii) hydrolysis
o i) cis-2,5-dimethyl-3-hexene + Og;
i) H.0,
@ i) 2-bromopropane + NaCN;
ii) H3O", heat
=H 17
7+E AL (carboxylic acid)E O AE (ester)2 HF =
Gy 5 HBAE| e wyeo
@O RCOzH + CHzN;
@ RCOzH + (CH3),C=CH, + acid catalyst
5 RCO;H + EtOH + acid catalyst
+ Dean-Stark trap &X|
@ RCOzNa* + (CH;)sBr

=X 18

Benzoic acid?t BHSSHX| e A|22?

i

@ Nal in acetone
@ SOCl,

(® LiAlH4 in ether
@

excess CHsLi in pentane

=H5 19
7IEAL & ADE AHYV|EH 47| =2 4
Ligot A2?

sodium ethoxide

potassium formate

A
B
C sodium benzoate
D

sodium dichloroacetate

@ D<B<C<A
D<A<B<C

® A<B<C<D
® B<C<D<A &

=M 20
Mesitoic acid (2,4,6-trimethylbenzoic acid)2| Fischer
| AE3} 882 benzoic acid?| O AE 3} HHS0f
Hisf o2 =2[Ct. O O|f= HHEst A27
(Ch, L2 methanol2 AF2EH
@ ortho K| methyl X|2t7|2| AX|EOf 20
@ methyl X[2H7|2] A HE RE 21 HE0
® methyl X[2t7|2 A-=0i X2|Ed WE0
@

mesitoic acid?| At-F0§ EERAM HES IHF0



15%t. Carbonyl gtE II @ 7[54d 4t G2

=H 21
HAIE 2tet==25H Z(Cf 3EHA 2H0f| pivalic acidZ
?

- N <
etz = e =

(pivalic acid : 2,2-dimethylpropanoic acid)

e
o e

D

O|dZA 2tAQl slgtE A, B (CsHoBr)S Grignard
Ao 2 HBIA[F|11 CO,2 BHSA|Z|H O dE K|
A QI FrE4A4 ¢, D7t MM EICH C, DE EHR
S5t tricarboxylic acid
= IV & A, B7t

%

ot
mot
Mo
ot

sket= 1l HE IV
@ L2 1& @ 3= &IV
® sEt=al&lv @ 3= 1 &I

=X 23
A= & 21etE 5 2XHE2 esterZt G 20| H|s|

REHE amide?t W =L O FE 0|fF=2

0] O

\)J\OME \)J\NHZ

methyl propionate propionamide
2t : 88.11 2XHE : 73.10

=Zed™ : 79.8°C =ed™ : 213°C
@ BX 724 AY s G20
@ ofofo|=o| 2 orgst HA O AHA
® ofofo|zo| WIXLMIX} Q20| O HA
@ Oofnfo|= sjet2ol Ha gHH B} 2o

=M 24
Diethyl amineO| 7tSA4 SN A-DRF HHES 0,
7

HSd0] 2 ARH &2 A =22 A LIEE

A2?
A  isobutyronitrile
B  isobutyryl chloride
C  ethyl isobutyrate
D | isobutyric anhydride

® A>B>C>D
® D>B>C>A

@ B>D>C>A
@ D>C>B>A

=X 25
Ethyl acetate (CHsCO:Et)2| 7tE'E EtAE Z |

=
S OO ABHSE A [ o
Xg 22 SUT + gl He?

@ CH3OH, H*
@ CH3COzNa

@® aqueous NaOH
® aqueous NHj;



L IEALT RE

15%t. Carbonyl 38t 11

h.f.
olJ
S _
|A
T [ o = A 0o
- o
KO o 70 £ © 7 m 0
N m_.o o._. iU % ™ ofu ofu
5 ol OHA OHA 2 O m [a) W Bl 361
0 = o | © o 5 o o
< | = = S
m_.o olo M g & E
7d @ @ by @ @ _/ 104 = 10 - @ @
— i ol O o o
< T I [
Ij“ 7A = -
e 7 2 S
= 0 < fol i =
o - o) I — o KT = T ml
1H i O i £ I - o wn_v.._ m < O
O © =~ o O z Ko o) 0|
F o ol 4 A o ofu G = ook
s £ = — 5 1 7 =~ Do
o S 5 m § < ol o o - D T B B
N D ™ 35 o o ™ T0 X0
— _— O ' - [
= S ® = g KO S ® -~ 1ol TNl 9o
ok < ok = N 0, o O0p 80 7
i |1\|_.II |1\|_.II
< L L
_ ol N 2 m O 2 m o
N T T ,
® o of % Ofu O
T T2 5 e=loxX o g @ 3 . 1 @
_ & O O U | o O o O S o« T ¥ S o Tof o
O.|__ < g ._Lom O ._Lom w ol w LS
Q o @ o A & o ¢ © @ o o @
S o e S M
O o ~ = md = K
Q¥ ) = =
I T o = KO - KO
O o I Mmm ol & ol
= & Q o oo oio
g% 2 < K 5 4+ o G+ T
a8 c Ko D < L v o < © o < ©
Sw 8 = A O oo Z o S ool o o S oo o oo
£® 33 w2 X Box B 5 = @ W 5 @ @
© © g 2 & < ol o ~ 2 — T o 0w £ — ™ o
N oF L ol N < N g <
TN 9o w Bl RIP o6 RID Qe
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15%t. Carbonyl gtE II @ 7[54d 4t G2

=8 32
A7|’d 7k 23l (alkaline hydrolysis) 2HS Al
H340| 7hE ®H2 Z2?
D 3IEE A @ == 8B
@ =2 C @ =L= D
=8 33

Ethyl acetate®?} Ht3 Al #H340| 71& & A2?

@ CH;OH @ CH;0
3 CHsNH, @ CHsCO,
=X 34

Ethyl propanocateE &-d35t7| 7t& Hgst Z#H2?

@ NaOEt + propanoic acid
propanol + acetyl chloride

sodium propanoate + acetic anhydride

® © ©

potassium propanoate + ethyl iodide

=X
e

[=]

w
(3]

nx
ol}
o
fjm
ru
bl
rlo

~D

U
mo =
N
% 10
A1l
k1 o
o
r
rir olo
>
N
=2
|>
m

®
fot

40
oR
N
I
=
Ll

>
4
g0 0
]

®

> lot
[} mo rx
5
§|_9| 0

o 2

8719 7t 2o HES flsiM=
277t 2asttt.
Blo] & 7t Eoff #HES floiM= B

2k HE9| At (catalytic amount acid)t
EIC}.

1o m ot mo > mot mo >

L B2 N
= == T 7T T 7T T

Q2 |> ol |> oo m T o IO T

|.|-|

®
£0 It

=H 36
Propanoic acid?} ethanol % At Z0iE 0|23t
Fischer O|AE 2} HHEA| HHEl= S7HA 2
TEE?
HO OH ® OH
)40/\/ /\/O\)\OH
HO OH OH

[37 - 38]
2etE A-D T TS A2 N2,
o) 0]
)LONIe )J\Oph
sistE A sietE B
O O 0
AO)J\ )LNIVIeZ
SIE C SistE D
=8| 37

Sodium ethoxide (NaOEt)2t Htg A] HHSH0|
7" 2 A2?

@ 3= A @ 3EtE B
® = C @ 3IEE D
=X 38

Sodium ethoxide (NaOEt)2t Htg A] HHSH0|

FHHE 2 A27

© == A @ =t=8B
® = C @ A= D



15%t. Carbonyl gtE II @ 7[54d 4t G2

=X 39
7t MM RN X|g BHE Al 7|EO0| TIH o
S42 A EH 1XEe 2 HAIHA (tetrahedral)
SHE ddsta, 0| X|2t7|E O|EA|Z|HA
CHAl ZIEE 322 HSHEICH O 228 5
ZIZ28EH O|EE|7| 71 #2 A2 F2AQII?
@ OH @ OCH,CH;
3 OCOCH; @ NH,
=X 40

HMAlE SMBEHE SLHOA 8-80] H
7 0277t BOX|H FtEE =te=0|

LIS

ChAl

dgEt ol & F WE=9| =7} CHE SfLiE?

@

®

o 0
H30+CI @ ch+oph

OMe OMe

o} o}
H3C+OAC @ HsC NMe,

OMe OMe

8l &7 ZHOE MX| %= ZHOA ammonialt
p

ropanamideE 2445t7| 71 {2 A2?

propanoic acid
propanoy! chloride
ethyl propanoate

propanoic anhydride

=M 42
O|AE (ester)2 YHISIO|E (aldehyde)= £HRISH7|
7H Moot HhE XH2?

@ LiAlH4, ether
@ BHs, ether

® NaBH4, EtOH
@

Diisobutylaluminum hydride, toluene, -78°C

=X 43
HAlEl BES = A-D & OfOIO|E (amide)S
AO|SIO|E (aldehyde)Z BHAA|Z]|7]0] Xgtst 2422

A | LiAIH,, THF
B  DIBAL, toluene, -78°C
C  NaBH;CN, MeOH
D NaBH,; EtOH
@ AD @ B
® A @ A B/ D
=M 44
HAlE 88 =H A-D T MELE (acid chloride)E
Y OISHO|E (aldehyde)E SHAA|Z| 7|0 Hgtet 22
A | LiAIH,, THF
B NaBH,, tert-BuOH
C  LiAIH(t-BuO)s, ether, -78°C
D | H, Pd/BaSO, catalyst
@ C,D @ A D
® A @ A B C D



15%t. Carbonyl gtE II @ 7[54d 4t G2

Ao
=
I

5

AIAI_|-

\u

t
A

EHE ol8% Chg

o o
= TT o
= gdot7|o| Hefotx| g2 A2?

=
—

e
—

benzene + acyl chloride + AICIs

Acyl chloride + RCuLi (low temp.)
i) HsO"
i) RCOyNa* + R'Li; ii) H30"

A
B
C i) nitrile + RMgX;
D

1D 81

C
[=E=SSkot

©® B @

=Xl 46
Ol AE Q| A-FOf 7t Z6Y
™%t ol=0] &84 a={Zl

S HAHLZHA
=2 O{C|QI7f?

T

i .(‘H_()(‘SHZ 6H OH
3 0 - CJ\ —= R—OR
| )J\ R7AOR
. R7OR - OH,
! (a) H20:" (p)
| proton
i l transfer
! OH,
o) -Hy0* +o’(H RrRoH _CJ'L H
| - -
A J SR
} |
i (d) (c)

@ EHA (a) @ EHA (b)

® EHAl (c) @ EtA (9)

=M 47
O AEQ| AFOY 7t E2off 30| CHot 8% &
=8 A2?

7t At AR SEXRE HIt
@ (protonation)Z} FHE|H XIHKEE
(electrophilicity) 7} & 7}etCt,

® OH 0|22 YdX} E7HE (protonated)
IR YI|E S43tCt
HAEN SZHH0IM LAl (alkoxy)?| 2l
@ Ak X0 PR HIEIE DA

O|2%H LIZ2| 0% (M#)0] HTIECt

—

St dE =20 X BIHE (protonated)

EEF F Xt (deprotonation) IS

=0| =L},

=H| 48
Ethyl acetateE '°OH, &0f
gtS 3|4 E HCl

QORI AT WHBO TEE?

ZH0AM NaOH2t
=2MOZ At X-|E|'5H2 [[H

Al?_l _cl)_ T o T PoN=1

® Et'®oH
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15%t. Carbonyl 3}8HE 1I @ 7tE2ALHF S5

excess

i O PhMgBr H3PO,
o e T
3 OEt THF heat
| 1) BH,
| 2) H,0,
| HO-
! CrOs, HoSOy
| -
| acetone
0 O

Ph O Ph
©) >_/< Ph%OH
Ph  OH Ph
=M 54
HAIE ghEg D80 2HEEl= SUHel 1x=2
o o Br, o)
: — :
| )%LOH heat >HJ\ |
: Br :

@)Y @)\(i

[55 - 56]
RAIE HEe S3oly| 7he HErs we FHL?

i) Bry, FeBrs; ii) KMnOs, heat;
i) NaCN, ethanol; iv) H;O", heat

i) Bry, FeBrs; ii) NBS, CCly;
i) Mg, ether; iv) CO; v) H3O*

i) Bry, FeBrs; ii) NBS, CClg;
i) NaCN, ethanol; iv) H;O", heat

i) Bry, FeBrs; i) KMnO4, heat;
i) Mg, ether; iv) CO,; v) H;O"

LiAlHs, THF; 2) Jones’ reagent

LiAlH4, THF; 2) Dess—Martin periodinane
NaBH,, EtOH; 2) PCC, CH.CI,

NaBH., EtOH; 2) Jones’ reagent

1
1

~ N~ ~—  ~—

=H| 57
Methyl butyrate% kol
B2 A7l =, NaOH -’F A

AL L|OF (ammonia)2t
Ol M Bri} BFSA[7|H

@ butylamine @ pentylamine

® propylamine @  N-bromobutyramide



16%. Carbonyl SI3FE III - 7[EY o EtA

_EE
Jjon

=

=8 1 =8 3
2 stetES D0 EAU0A KODL BHEAIZIS M, gt 292 2 E A (CsHi20)= CH.Cl, E010A
M B2 2 @A S AR K2R PCCE 0|83 &< 292 2tegE B (CsHq00)2
stt=27 (B, KODe| 8% 7I2E a =28 LASHEICE S ofetE Be A = 7] UM
Motz |0 S22 2% F7|2t 7Hgetrt) 2tM|ofgt ECE stetE AS| =7
0O O @ 2-pentanol
@ CJ:KO @ CE @ 2-methoxybutane
0 ® 2-methyl-1-butanol
o 0 @ 3-methyl-1-butanol
® ji:fL- @ —ﬂ<:;j
(0]
O =H 4

=8 2 @ formaldehyde, CH,0O
3tetE A, B #x7F A XTI H22 @ butanal, CHs(CH,),CHO
S . | ® benzaldehyde, CsHsCHO
| O Li |
! ! 2-propenal, CH,=CHCHO
| CHyl (CH3)sCBr | © zprop 2
1 -— —_ 1
| THF THF |
=M 5
® 2tgtE A : 2-methylcyclohexanone ClS HES RAO|AM 3182 AQ| B2 A& 7t
SISHE B - ofert
3t8tE B : 2-tert-butylcyclohexanone o WE 0|S= Doiol7}
® otgt= A : 1-methoxycyclohexene o :
2tetE B : 1-tert-butoxycyclohexene i o o ol i
SIStD A ! | KO“Bu 1
® 2tet= A : 2-methylcyclohexanone 3 ! _— ? 3
otetE B : 1-tert-butoxycyclohexene 3 A g |
@ 2tet= A : 2-methylcyclohexanone o
3}et= B : cyclohexanone + 2-methylpropene
@ =igt=E A Cl JXe| M Fojrt o Hcf
® ot E A Cl Hits SHgez EX5t=
HE0| § =Ct
5 otdE A9l 8% HMA 230 LOojLtH
o o™t onjugatlonE._I 3tet20| MAMEICH

2 AC| 42 YU|etol Bt E 5
@ enolateZ °“é*>%-L T oM, 0| HEH
Cl |XtE O|EA|Z ULCH




16%. Carbonyl o3& III : 7

=X 6 =M 9
sletE A-D & EtOH 80 ZZ0|M NaOEtE HAIE 2tetES Michael ® 7t €31t O[O
MElE o, 2tMIoIeot FIMEl= A2 Aldol =g BI3S Saff 2dsta
HSE Yoz &2 A=2?
A (R)-2,26-trimethylcyclohexanone |
B | (R)-2,2,5-trimethylcyclohexanone i 0
C | (R)-2-methyl-2-phenylcyclohexanone i é@
D | (R)-4-methyl-2-cyclohexen-1-one % @]
® A @ A&D
® B @ C&pD © 0
@
+ /\)LH
O
=H 7 Q
o (R= @ * \)k
Acetaldehyde®} butanal2| mixed aldol Bt& 22 o
MAME 2 ol BBtE 29
0O
@ 3-hydroxybutanal O
® +
@ 2-ethyl-3-hydroxybutanal = H
® 3-ethyl-2-hydroxyhexanal
@ 3-hydroxyhexanal 0 O
@
@ * C|/\)I\/C|
=M 8

6-oxoheptanal2| Aldol condensation (¥& %8}
ISo2 MME £ 9l 3lEtEo| MELe

|-II




16%. Carbonyl SI3FE III - 7[EY o EtA

_EE
Jjon

=H 10
1-Phenyl-1,2-propanedione?| bis-Aldol dimerization
(2ol Y= uee S oYM YHEE B8

21 Y95 = o= Fx2E?

0 0
Ph Ph
@ @
Ph Ph
0
O
Ph @]
® @ Ph\NPh
Ph O
[11 - 13]
Zt BigtES 9 (BY) 82 Solf stk
gt I, enolateZ2 H2tZ|= 2tetE (enolate donor)it
342 Y= XY 3HHE (carbonyl acceptor)O|
24 HX|oF A2?
=H 11
0]

enolate donor : acetaldehyde

carbonyl acceptor : benzaldehyde
enolate donor : phenylacetaldehyde
carbonyl acceptor : phenylacetaldehyde
enolate donor : acetophenone

carbonyl acceptor : benzaldehyde
enolate donor : propiophenonoe
carbonyl acceptor : benzaldehyde

=8 12

enolate donor : propanedial

@ carbonyl acceptor : formaldehyde
® enolate donor : ethanal
carbonyl acceptor : 1,3-propanediol
® enolate donor : propanal
carbonyl acceptor : formaldehyde
@ enolate donor : formaldehyde
carbonyl acceptor : propanal
=Hl 13
e
O="
o
o enolate donor : benzaldehyde
carbonyl acceptor : cyclopentanone
® enolate donor : cyclopentanone
carbonyl acceptor : benzaldehyde
® enolate donor : cyclopentanone
carbonyl acceptor : phenylacetaldehyde
@ enolate donor : toluene

carbonyl acceptor : cyclopentanecarbaldehyde

=



16%. Carbonyl o3& III : 7

o

Jjon

[14 - 16] =H 16
Zt ZIet=2 Claisen £ HH82 Soff SOkt e 1
2 [, enclate2 Hetz|= 2tEf= (enolate donor)it Oj[COzEt
S48 e HTAHY 2tetE (carbonyl acceptor)O| | CO,Et |
&7 |07l L7
o enolate donor : diethyl oxalate
=5 14 carbonyl acceptor : ethyl propanoate
T , ® enolate donor : ethyl propanoate
3 Ph O - 3 carbonyl acceptor : diethyl oxalate
® enolate donor : ethyl propanoate
| CO,Et | carbonyl acceptor : diethyl carbonate
E b @ enolate donor : diethyl carbonate

enolate donor : ethyl phenylacetate
carbonyl acceptor : ethyl benzoate
enolate donor : ethyl benzoate
carbonyl acceptor : ethyl phenylacetate
enolate donor : ethyl benzoate
carbonyl acceptor : ethyl benzoate

enolate donor : ethyl phenylacetate
carbonyl acceptor : ethyl phenylacetate

enolate donor : ethyl acetate
carbonyl acceptor : ethyl benzoate
enolate donor : ethyl benzoate
carbonyl acceptor : ethyl acetate
enolate donor : ethyl benzoate
carbonyl acceptor : ethyl benzoate
enolate donor : ethyl acetate
carbonyl acceptor : ethyl acetate

carbonyl acceptor : ethyl propanoate

=5 17
sjete Bo| REL?
\ji NaOEt 5% HCI
i OEt  EtOH reflux !
| reflux |
o o o
@ \)H)LH @ /\)LH
o)

=



16%t. Carbonyl 3tgt

= I : 7tEd o Et4

i

i O 1. excess
HOW\)\ on __SOCh
3 e 2.2 NaNj
% HCI
i heat

@ 1,4-diaminobutane dihydrochloride salt

@ 1,5-diaminopentane dihydrochloride salt

® 1,6-diaminohexane dihydrochloride salt

@ diammonium adipate
=H 19
otet=E Bl 1x =7
o |
| éﬁ 10% NaOH dilute HCI |
i dioxane topH=5 i
| o reflux |

pn. Mo,

oietE A ol

o)
>HJ\OH

SIEE C slEE D
® D @ B, D
® AC @ B, CD
=M 21
Acetoacetic ester g'dEH2 X[2El methyl ketone
FHE £d5t=0 o 78t WYo|Ct.
HAIE 2tetE A-D & 0 22 Sl gdst|
o A2?
sletE A sletE B
/j)(i I
SIEE C slEE D
® AB @ CD
® A @ B

=H 20
Malonic ester g'd&2 X[2E acetic acid R=HME
gt e RES Lyolct.
HAIEl FHE2AA AD & 0| WS S3j Td8}7]
o2 A=2?

o o



17%f. ofal (Amine)

=H 1
34Xt (tertiaryl) OFEI 2tet=27?

@ 1-methylcyclohexylamine
triethylamine

tert-butylamine

® © ©

N-methylaniline

=M 2
Cyclopentyldiethylamine 2t2t22?

NH;

@ Et\é,Et @ CN:EI
o D0 DX

=5 3
CH,CHCH,NHCH; 3}8H22| IUPAC 0|E27

@ allylmethylamine
4-amino-1-pentene

2-amino-4-pentene

® © ©

N-methyl-1-propenamine

=Hl 4
(CHs),CHCH,NHCH,CH,CH(CHs), 3}gt&2]
IUPAC 0|2&7?

@ N-isobutyl-3-methylbutan-1-amine
N-butylpentan-1-amine

N-(sec-butyl)-3-methylbutan-1-amine

® © ©

2,7-dimethyloctan-3-amine

=M 5
Tetrabutylammonium iodide 3}t&t=9| X7

@ CsHeNHs* I
CsHoN(CHa)s" |
(C4Ho)aN* T
(CH3)uN"* |

® © ©

=H 6
N,N-dimethylaniline 2222 #+X£?

@NH

=8 7
Ct2 & chiral amine $&H20| Of

! M.
@ /\;(NHZ @ YN-\,H

rc
ol
rlo

~




17%f. ofal (Amine)

ot
ot
Mo
>
ot
mot
Mo
(o]

H

H
ttE C o= D
IteE A pyridi ottt =
D = . pyridine 2tegt= B : furan
EE L .
RPEFE C : indole 22t2 D : purine
SIBFE A . i .
® 2tet= A : pyridine 2tet= B : pyrrole
3tet= C : indol atet= D : quinoli
P : e 2= D : quinoline
SIBEE A . it e
® zet=E A : pyrimidine 2}2'= B : pyrrole
Rfﬁg C : quinoline 2}g= D : indole
SarD a . . .
@ S}et= A : pyrazine  2et=E B : furan
ztet= C : quinoli ottt = i
: quinoline 2= D : purine

[9 - 10]
CtS & 71E M Bronsted ¥ 7|(base)=?

=M 9
) O‘H @ I\/
N
©) @NH
=8 10
0O
o O3 o O
H
© OzN@NHCHg @ @NHCHa

CtE & 71% 2F8t Brensted ¥ 7|(base)=?
@]
© oy e OO
o ()

[12 - 13]

sigtE A-DE F1otY Chg =30 ot 2.

ot
1o
(@)
ot
ot
Mo
o

Ct2 = 7% M Breonsted 4 (acid)27?

@ zg=E A @ 2= 8B
® = C @ 3= D
=5 13
CtS = 7% M Breonsted E7| (base)=?
@ zg=E A @ 2= 8B
® = C @ 3= D



17%f. ofal (Amine)

[14 - 15]

e

3letE A-DE #1138

= A 2tetE B
N
[\> ©/802NH2
N
H
geta C 2etE D
=M 14
CHE & 71 M A (acid)=?
o 3= @ 3=
® = C @ 3ITE D
=H 15
Cts & 721 A ¥7| (base)=?
O = A @ 3=et= B
® = C @ 3ITE D
=X 16

ChE & 71 M E7| (base)=?

@ Et—Et—Et
@]

5 @Q
@]

> (V)

0

=8 17
st ACE %7IRH 27| £02 8
L3t 2422
A > HN
N N
2HEE A 2tetE B 2etE C
@ B<A<C @ B<C«<A
® A<B<C @ C<B<A
=8 18
e & +2UMN W71E7t M 2 sitEer
@ (CHs):N
@ (CH3);NCH,CH,0OH
® CH;CH,CH,NHOH
@ (CH3)sNOH
=8 19
ChE & 7E M E7| (base)=?
@ (CH3):NCH,CO,CHj5
@ (CH3):NCOCHj;
® (CH3):NCN
@ (CH3):NNO
=8 20
OF2! 3}5H=E2| Hinsberg testO AFE2E|&= A|%27?
@ Ac0, pyridine
@ CsHsSOzC|, aq. NaOH
® NaNO,, aq. H,SO,
@ excess CHsl, then AgOH



17%f. ofal (Amine)

=H 21
Dibutylamine [(C4Hg):NH]Z} anisole (PhOCH3)2

=cd X =0 tiet 837t H|=oICt.

25
T oiet=E0| Ao’l2 Wf ol Z22[5t7| 7+
Mool g2

i) 22t== ether 2010 =&

@ i) 10% NaOH =8N 22 anisole2 FT=&
i) 252 HCl =8U2=2 F3AZ
i) EYES ether 2010 ¢

@ i) 10% HCI +=8U2=E amineg =&

i) 252 NaOH T=8U2 =2 Z3IA|Z
i) 2 ES ether 2000 5¢

® i) 10% NaOH =8N 2 & amine2 T
i) 252 HCl =8U22 F3AA

= ether 010 =¢

@ i) 10% HCl =822 anisole2 F&
i) 252 NaOH T8U2= FtA|Z

rlot
ot
Mo

=H| 22
PyrrolidineS 1t2F2| Methyl iodide®t BHSA|ZS

o
WHE|S Bhat2o] REE?

R'I,CH_';
@ CN—CH3 @ G,

CH,
HaC CH,
® @ N-CHj;
N-CHs
CHj
=X 23

Benzylamine (BnNH,)2 RX2l HIEA|AH L3}
b

S22 XA o ¥r3/do] 71 2 alkyl halide=?

@ (CH3)3CCHQBF @ CGH5BF

@ C6H5CHZBr @ (CH3)3CC|

=X 24

RAIE U832 Sasto|of X2tet Al £20)
?

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

@ H, (excess), Pt catalyst
@ NaBH4, MeOH
® Fe, 15% HCI
@ Zn, 10% HCI

=M 25
Gabriel #t82 S 1Xt Ot2S gddtaxt & Oj
2o HXtE OLZRH NIE=7t?

NaN; (sodium azide)

NaNO; (sodium nitrite)

@

@

® KCN (potassium cyanide)

@ CgHs(CO)NK (potassium phthalimide)

=H 26
MAIE H-82 =-Ast7|0f HMgtst A|2F 20|
Ofl ZH27

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

H, (excess), Pt catalyst
LiAlH4, ether

Fe, 15% HCI

PPh;, H,O



17%f. ofal (Amine)

=X 27
HAIE Ha AXF HES Al &
S

of
e M 71 288 A

CH,NH,7|E

r|o
-~

@ NaNH; (sodium amide)

@ NaN; (sodium azide)

® KCN (potassium cyanide)

@ CgH4(CO):NK (potassium phthalimide)
=M 28
7t BAHo 2 2%} ofRlS oY = Us
s =U2?

@ 2%} RBr + NaNH,

@ i) 2X} RBr + NaNj; ii) Hy, Pd/C

® i) RNH; + CH;CHO; ii) Hy, Pd/C

@ i) 222F 1X} RBr + potassium phthalimide

i) H;O", heat

=M 29

PyrrolidineZ} cyclohexanones At Z0§ =0 A
HtSAIZE If YOoX|= F

A=

® OD ® O/
” {2
©) O:D @ U+

0=
0x
MO
10
-
77|
rr
~D

=H| 30
Isobutylisopropylamine 2tgt22 57| 7+
Kot U8 =27

@ (CH3)CHBr + (CH3),CHCH,NH,

i) (CH3),CHBr + (CHs3),CHCONHNa;
ii) LiAlH4, ether

i) Hp, Pt catalyst

@ (CH3),CHCN + (CH3)2,CHNH-

@

=M 31

Dimethylcyclohexylamine tgt22 245t7| 7+
Hotot ghg XH2?

i) dimethylamine + cyclohexanone;

® i) NaBH3;CN, MeOH
@ dimethylamine + cyclohexylbromide, ether
® cyclohexylamine + 2 CHsl, ether
@ i) cyclohexylbromide + NaCN, MeOH
ii) 2 CHsLi, THF
=M 32

—

R)-2-phenylpropanamideS (R)-2-phenylpropanamine
SI2E WESIIAL T O 7HE s Al%e?

excess Hp, Pd/C
NaOBr, NaOH
NaBH., MeOH
LiAlH4, ether

® © 0 6



17%f. ofal (Amine)

=X 33
OIS BHSS S DX & O ZHE MBS A0
IOUWENGY™

| -~ “NH, NH2

@ excess H,, Pd/C

@ NaOBr, NaOH

3 NaBH;, MeOH

@ LiAlH4, ether
=X 34
HAIE 8HS 7 MA80| REE?

i NMe, !

| 1) Hz0; 1

- — 7
O~ pme

0
NH, +NMe,

=M 35

4-Methyl-2-aminopentane2 O|- &%+ Hofmann XA
HtSo| FHYdE FxE=?

4-methyl-1-pentene

4-methyl-2-pentene

2-methyl-1-pentene

® © O 6

2-methyl-2-pentene

=X 36
para-nitrophenylacetate@t 7% W2 A Bt
amine 2tgtE2?
@ para-methoxyaniline
para-nitroaniline

aniline

® © ©®

cyclopentylamine

=M 37
1-dimethylaminocyclopentanol
alcohol 2tgt=0|Ct O|0f Lot 2oz F2 A2?

o
—

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

St JAXTELC MI|SEET O 2 2749
@ ‘XTIt SYoh Bt X0 ZYE OFL
A0 2ot sict.
a-amino alcohol 2t2HE0| &0t
@ W2A B-amino alcohol HEHZ

el ds S

o =H0M = 2XF B0 LMY

® B2 7| imine HEZ BZH=ICH
@ A =AU orRl ZXt7t BO{H LtIHH

w27 steyd siEtes Hee)



17%f. ofal (Amine)

=X 38

HMAlE g8 = 4822 F=&7

@ NH, @ NH,

=Hl 39

Hofmann A|AH B2 % 7t
et of2{H gtEE|of MWE =
Chg & ZHE o2 Ht30|

LN
ro
T

ofmann XA & Zit Y& + U=

S|
sigt=o| F=E?

% ><3 1) excess CHl %
! N— —  ° » 2 !
! 2) AgOH, heat !

=H 41
(S)-2-aminobutanel} 2-butanoneS 0|83t

reductive amination (24 Of0|=3}) B S

FlstH 27tX| 3eh20| WM El=0H 0|9
A= FAAevty 2|1 MEEE sigtE &
ot HiZdol sietEr dE5=71?
® H24 O|MEN A Y.
a3t Higd sietE doE
® H24 O|8EHN AL
ot Higd sigtE dMEX 2
® SE2UN O dEA A
ot Higd sietE dME.
@ SE2UA O dEA A
ot Higd sigtE dMEX 2
=M 42

1) S22 10% H,S0, 80| 83
% 2) Hinsberg test (C¢HsSO,CI, base)

=
=
10% NaOH &40 =X| G= 1A

@ N,N-dimethylaniline [CsHsN(CHs).]
@ N-methylbenzamide [CsHCONHCHS;]
® N-methylaniline [CeHNHCHj3]
@ benzylamine [C¢HCH2NH_]

=M 43

Phenylacetamide (PhCH,CONH,)E benzylamine2 =
Heslnxt & W) Zh B3 Aloke?

© - =

@ LiAlH4, Ether

i) P20s, heat; ii) LiAIH4, ether
Hp, Pd/C

NaOBr, NaOH

® © ©



17%f. ofal (Amine)

=M 44
Phenylacetamide (PhCH,CONH,)E phenethylamine
o MDA B O 1 HB A4S0

e

@® H,, Pd/IC
@ NaBH;CN
® LiAlH4, Ether
@ NaOBr, NaOH

=H| 45

Cyclohexylamine 2t2E2 &d5t7| 71& Mot
Htg =27

cyclohexanone + NH3; + NaBH;CN
cyclohexylbromide + NH3

cyclohexylbromide + NaNH;

® 0 O 6

cyclohexene + NH;

i) LiAlH4, ether; ii) excess CHjsl;
ii) AQOH, heat

i) LiAlH4, ether; ii) P,Os, heat

i) 20% HSO4, heat; ii) P,Os, heat

H,, Lindlar catalyst

=M 47

HMAlE gts = 4822 &2

=X 48

Amine oxideOf CHet 8 & B2 222

710|& amine oxide= 0]|2]

=d Oo|dEHM<e 227t 7tsdtHt.

2Ixto)

=

M

nre b B oo

{AMSH= (+1)0|C.
M3te sp® O|Ct.
IetE0| 2 Kh==0f &

amine oxideZ2 HHSIA|Z

nA A

=
=xtel 2

o
-

810]
oIC}.

® © 00 6

Ha

Ny



