
.:I 
1Jflfl 6 

i'f1"'SU"'itflil1J 1D&l1Uni (Hydroxy Compounds):. 
LLilftfliliJilaLLatftt4ilft 

.', 

a.7a'Un1r1~ih~1i~af'11an41 (hydroxyl group: OH) LiJ"U,1ivf~ni'"1'"12JLsns L-rl'U "' "' . . 
.. !!'!I !'I ' ""' -! - :'1 e.; .. •If .... :'1 I LLD RnDlTDRLLS:nUD R Lu\.Lti17'YlV.1J t. 'Utr712J~1fl LLS:Lu\Ufi7ti-\J Lf111:,_, ,_,lJ 'l1f'11D n'l1L u'U V\lJ 

' "' 'U 

Vt-\Jni'utii.flij.ff1 a:flalJ H ri1-\J~'Utr:nu o ~-\1Sjwn1v.l~~'lsua--\J ,a.; -OH "lJa-\luasnaruur 
' "' "' 

Ri'1-\J ~ 1-Ltr: n 1J f11f1J a 'U~ 2J 911 L iJ 'Uti11th:n au LL a~ LL ~fin lu 1 fl ~L ~ 'Ua :91 a2J l oULLa ~ LL ~ ~ n 

lu 1 fl1f11fu a'" fl n LL 'Yl '"~ i 1 [J, 1ilutl'l£l nlH ft1 'Uti1 7th: Lfl 'Yl WUD R , 1i -OH ti'l1-\l~ utr: n lJ 
'U v "' 

I' .. .. I A tk 1 ..t.l ...... &; 1 ... 
f1111J a'U"lJ £1-\11-\1 L UU'lf'U ,_, 1 £l ,_, 2J LL £l1S L UaV\1 t. 1-LU'Yl 1-LL n U1"1J £l -\1 nuS n HnL: f1 1-\1 ti11-\J n11 

"' 
L1un~a 1n-n11Lfl1U2J W2JUi'Yl1-\101lJ111~ tJ~ffiU1"1Ja·-\JLLasnaualfus:¥Juas~f1~1UnULLS: 
911-\Jnu ~111n-\11h: 1u~1!-ne-\la.1.rf-\Jwa"th:Lnn. 

1. aiU1lJ 1f11-\Jtii'1-\1"1Ja-\JLLaSnaualf LLS:YJ\las 1JElf)f111lJLL1ilnfl1-\ILLS:1hLL1-Lnlh:L1l'Ylli 

2. aiu1 ULL 1-\11:\'\11-\1 12.1 LSO S"lJ.El-\1 LLa an auen(V\'7aVJ'Ua S ~ih~ S fl a ti2JUfi'Yl1-\Jn1 U1l1V. • 
fl1'U1Uft'11ml'Yl1-\Jfl1U111Vi LlfllJULntllJ~flL~ElflLLS:011S:S1Un1JLn71.h:L1l'Yl~'Uli . ' 

3. L1un~auasnauaa ¥J"Uas t1111i-:uu LiiU'URfl11fl1-\IRn-\1~1n~aa.71.h:nauli 
"' 

4. aiu1 UR111V.n7fl LLS:ti111V.L1J R"lJ a-\JLLasn auaaLLS:~uas LmUU L fi lJULtirl lJ11l1Vi"lJa-\l 

LLaaf1anl'lffl1aatl'U LLs:VJ'Uanl'lffl1aaa'Ul~ 

5. L;J.u'"tl~mu1n17L<il1uuuasnauaaus:a.7th:LnnVJ'"aa LLWfl-\JH17tl7:nau~l-K LLa:/ 

,_,78 ti1l11:"1J 8-\ltJ~ffiU1 LLS:fl1'U1 lJ ~afl~S li 

6. 11-\JLL~'Un11L<i11U2JLLa:L ;i u'U.ff'U<il a'U ~-;)1 LU'UL 'Un11L<ii'1Ul1 LLa an auEltf,1af.1"Uas~J1 u ') 

~1na11~fi1V\'Ufl LLS:\l1tJ~ffiu1 ltJL iLfl1UlJ a11tJ1:n autJ1:L1l'Yl ~'U li 
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• Ut1141 

I-~ .. ~ .. tfl • I 'II ~ ... l 'II ~ "" .. 
'Mll"n-\ln1f'"-n£l-3LL£l~n £lrJ£lLHL~:::n\UUhil:::n£lUfl1 tJ aan·n L';l'"'lf-3 11~\Ui:::Lfl tJ1 UJ£1 

"' 
LtntlUL f1 tJUnUJ1 H-0-H lD 1fl'lL';l'"-na-3J1'M\1-\Ia:::fiallnnLL 'Yl'"~.i1U'V\1ilD 1fl'lfl1fU £1~ 

"' "' ua~n aDa{ uft:::w'"a~~.:~s:J~'"n-:::'l:::'V\11-3fl1fu a'"nu a anliL ';}'" u~:::s:J H 4-:~s:J w1.1u'1l L iJun1t1 

1fluiJ\1fl'1i1lt1LiJ'" R-OH LL~::: Ar-OH 1-3£l1~ifiLU'"£l"t~'"lMJ£l-3,f'1~LU'"W11B'"'Yl7rf 

LL£l.ft n £l lJ £l L( LL~:::·W'"£1 ~ L iJ '"ft'1'l~~ul'" 1i'l'lll~1 fl LL~::: L iJ '"t\'11 i -3 L fl'l1:::t-f l -tl 'U 

£lfl R1~ n'l'lliU'l::: Ltl'Ylfi1-3 ') LL£1 ftn aDatfl iL tJ'"fi1Yhft:::~1 tJ th'V\ i'u R11B'" n1u~itfl s:Ji1 LL~::: . . ' 

LUUW'l'l'L-;1.1 tl'u l '"n11i.:~ Lfln:::t-f Wl'l'B'" n1uV~ ~1 u11itt1 

'V\3-i -OH LiJ'"'V\3.iVf.:~ni'"~~ull1nl"n'lll1f1il L-rl'" LDn1uDsLtl'"LLa~naDal l.i';l1n 
"' "' 

n1'l'V\~ni'qJ~1f 'V\1aJ1~~l~ L£l'Yl1'"£l~~l,r'l'"afiW1'V\n'l'lliR1'"l'V\qjLfl7tJll';l1nD'nu (ethane) 
' . -

1fluunmu1L~ll,r1 fniluluLfl'lfl L-rlu J1911~ LLil-3 LL~:::L'lf~~ 1~w Lil'"r~,~s:J'V\ij OH 'V\~1u'V\ij 
trrl-t11:::nau~'"'l L-rl'" citronellol u~::: geraniol LUUW11n~liLnDfwu4-3~ulu~~ citronellolli 

luJ1'V\a1.1 ua:::lnLLllft-:1 

H~ r~H 
H OH 
H OH 

CH20H 

D-glucose 

HO~ 
3,7 -dimethyl-6-octen-1-ol 

· ( citronellol) 

cellulose 

HO~ 
3, 7 -dimethyl-2,6-octadien-1-ol 

(gerJniol) 

wuDR~ul'"ft'1'l'V\~1Utl'l:::L1l'Yl LU'"ft'l'lfllfluaflft'1'V\nnli'V\~1tJ~itfl L-rlu £lf1Ln'V\n'l'lll . . . . 
• ~ A A A ..r.... ~ ~- .-tfl ... ,r ~ ,¥ 

~~1Rtln L'l·n'" n11 £l1'V\11LL~:::Lfl1£l.-3flll Lfl1£l.-\11t"t t£11-3 LL~:::L1lft'1f1H\L'YI n'"£l~llf1'Yl1i1:::-31JL~£l 

L iLU'UWl'lrl'UU fl ft'11Tl'U ~'" ft'11ri1i tl LLll ~-3· LL~:::~'" ') L i:J ul fl'l-3 rn-3'fl 'Vi1JJJ1 n L'" m'lll1f1 tl L iu 
"' ' 

n7tta:::S.il~ln11!1u (tyrosine),· methyl salicylate t'"J1aju1:m,eugen~r ';11flJ1aT'"n1u~~ 
thymol ~u~'"~1fLfl1£l-3L'Ylfl LLft::: capsaicin iLU'"ft'11~~1WLNtll~';l1fJ~;n' Ltl'"ti'" 
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~coo· 

HO,JV NH3+ 

tyrosine 

g 
thymol 

. 

,' 

~ 

CC
COCH3 

OH 

methyl salicylate eugenol 

capsaicin 

(lignins) Ut1UUU (tannins) LLa:WR1f'lUBtJfi (ftavonoids) · L-.d'-' catechin LLa: theaflavine rl7 

~Ufi'V\a~~ul"U.~1t'hl2,jrnll'"~1L;ju1 J~.;n,f~..,al OH ~a~LLaanauaaLLa:rJ"U.aa 

HO 

OH 
catechin 

... .. 

OH 

OH 

OH 

OH 
theaflavine 

aanlftL-;t'U.~EJ~'V\liLrJfi1Ein~rn~~'"m:'inu1nu H ua: c LLa:iiaLi~nfi1EI"U.fi1flfiL~tJ1 .. ' .. 
2 fi uu~'U.tr: H-O-C tl1:1nm 109.5° Liia~-;t1naan~L-;t"U.ii'V\1iEJ:fiEJliLn1: 2 'V\li 1U'Yl1~~~ 

'II " ' .. 'II 'II 

1fl'~flft1U111Lana~a~,r, usRnslfsmiJ"U.rl1tl1:nau~'V\al -OH wi1~~"U.tr:nufl1f1Ja"U.~lli1 
" 'II _. iJ - 3 I .I ~ ... I ... .... .... I' ~ ... 

IJJ~ L 'U.1f'U.fl sp ft'1'U.ft11u1:L1l'YlnUB Rli'V\ll -OH ft'n~~'U.tr:n1Jfi111J EI'U.~ £1~1~ LlJ'U.•n'U. 'V\1El 
'II 

'V\~UBTR iA~LiJ'U.~Ufl sp
2 ft'l1Utl'Yl1~Lflii1J1~EI~1~~~fi1~n'U. 
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H 
. I •• 
H-C-0-H, 

I •• 
H 

methyl alcohol 

sp3 
OH / I,,, 

----c-
i 

Alcohol 

.. 
" ',, H 'I •• R-C-OH 

I •• 
H 

1° alcohol 

.sp2 
I 
I crOH 

Phenol 

.. .. 
',, R 

' I •• R.;....C-OH 
I •• 
H 

2° alcohol 

.. ... ... 
·.. R 
,. I •• 

R-C-OH 
I •• 
R 

3° alcohol 

A ..... .....~ I •''""' .. A 2 ... I .. f'l 
LLEI~LLnflnLLeu~naua~'YI\-\aJ OH Elu'Ylfl111JEIU'71Ufl sp ,a\lr.un:fl L1tln enol LuU 

~ . ~ 

R11l~udit11 Lnfl tautomerism l\l\1fl1\lrn\I~Ltditt1n11 ih•aJml'Y11\ILfliiLL1J1Jflfnu3.nnni1 

•• · •• sp2 
, 
' ' .. •• 

\ ' :p-H 
C~· ...__.., 

I \ 

H :o 
' I; c-c /1 \ 

enol 
I 

keto 

·' . ~ f'l I tJ ,.,.. I .... ... ... .. 

tfl1u1~lnf1nUEJR Ar-OH LIJUn~aJWl1 · 1:na1J'Yt3J\l\3J OH ftTl\IV.Ulr:nlJfl111J£lU . ' ~ 

,£l\IL1JU~U~\IL-iaaffln~'7filfl sp
2 ·fl113Jti11~U1r: C-0 ,.El"~Ua~~uni1~U1i: C-0 ,£1\1 

LaJ'Yl1UEJ~Lanuatt -r'hl~~un:LL;i"LL1\IaJ1nni1 Li1a~11nii&n~m:~u1J:fiu1\IR1u~"Lnf1~nn 

250 

fl'l12Jtn'lWUC 

1~~pm 
...... , '· 

'H~~O'H 
H• 

H 

methanol 
(a !coho~ 

f'I112JD1'lWUC 

136 p~ ...... 
... , .... 

~~~H v .. ~ogo 
phenol 

~ 
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H ... •• 
0~ 
~~ u 

.. .. 
6.2.1 n11'L1'unuoanoDoa 

A ... 
6.2.1.1 "DtnVtll ............... 

~EIR1aJty~Eh1LLEianEitJEIS~ii~~ -OH 1 ~~ (mon9hydric'alcohol) Lil~nTn;vnc;nlJ 
th:L11'Yltn1 L1£Jnlim alkyl alcohollinul1JLanaJ1tJ'l L1£Jn~1iLLaaf1aua:fl11Jtl'ltJLLEianetma • J ·~ 

CH3CH2-0H 

ethyl alcohol 

CH3CH2CH2CH2-0H 

n-butyl alcohol 

CH3 I 
·H3C-9-0H 

CH3 

tett-butyl alcohol 

vinyl alcohol 

AI ... .-
6.2.1.2 "Df11111~1JlJD'UJV'UJ' ................................ 

9H3 
HO-CHCH2CH3 

sea-butyl alcohol 

allyl alcohol 

OH 
I 

CH3CHCH3 

isopropyl alcohol 

cyclohexyl alcohol 

Q-cH20H 

benzyl alcohol 

·L1£JnLii~EI14~14fne~ CH3-0H (methanol ~'7EI carbinol) H ~EI~~lhvns nnLLYl~~ . ~ ~ 

~~L1unLiJ~ alkylmethanol ~1a alkylcarbinol 

CH3-CH-OH 
I 
CH2CH3 

methylcarbinol n-propylcarbinol· • dimethylcarbinol methylethylcarbinol 

. A 
6.2.1.3 !!.~~1~.1;YJttY.e~.c;. 

L1£JnLU14EI14~14lMJEI~LLElaLfl~ a~li1t1ti'l£J -o/ LiJou alkanol • ,. t' .--I -I Aoill .- "'..., .... f'IT• .... LR an 'lffl111J a14 'Yl U1'l'Yl~fl'lf~1Jfl111J £l'UR1'1-\I~-u.n::nu --OH Lu'Ut L 'JJ'V\ sn 
' . 

I A .... .... 'WI t .. ~ tJ"" .... "' ""' f'l a1"U1fa~snfl11J1f14fl Llf fl1fl171Ja14'U14') L a£J14an~1 e 'Yl1£J1fEILu'U o/ 

'V\a.i --OH a [jl 14ti1LL 'V\\L~fiLiJ14fi'lLa~uaufl~fl LS,.ti'1LL 'V\ \L~ El [j'V\U1 an~'l'lJ an 
~ ~ . ~ 

1filfl'V\1iVJ~niou o1 ~1ea[j~\t,~a'V\an . ~ ~ 
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H 
CH3CH2CH2-c-0H 

I 
CH3 

. pentane - - - - - pentan-2-ol 

~;a 2-pentanol 

n1£ivujLL'Y1\4~~;0 l'Jifi" L;jr.J\4ti1U~\4"ua:4o~lf1~D~fln fl12J~1tiUan1Y1 
'II 

CH3 I 
CH3CH2CH2-C-OH 

I 

&OH 
CH3 

I 

2-methylpentan-2-ol 
~;a 2-methyl-2-pentanol 

, 3-phenylpropan-1-ol 
Ma 3-phenyl-1-propanol 

H3C CH2CH3 

5-ethyl-2,5-dimethylcyclohexanol 

n1ii~3.iYt"ni\4~\4aut11u n11n1~uflti1u~l-L"t~"",2Jfi112Jthti'n,~a"~3.iYt"niu 
'II 'II . 'II -~ 'II 

n1 -OH Ltlti'tyll'oun11iioLil\4l'3.iLL'Y1\4~ L1un~3.i hydroxy 
. ~ 'II 

CH3·CH-CH=CH2 
I. 

OH 
but-3-en-2-ol 

~;o 3-buten-2-ol 
6-hydroxyhexan-2-one 

""' . ..~... . . . 
6.2.1.4 n11L1llnUDBnDl1DflYI1JV111 OH 111nn11 1 VIJJ 

.. 
~11] 

....................................... .., .............................. . 

CH2-CH2 
I I 

OH OH 

ethylene glycol 
eth·ane-1 ,2-diol ~;a 

9H2-CH2-yH2 
OH . OH 

trimethylene glycol 
~;o propane-1 ,3-dlol 

CH3-CH-CH2 
I I 

CH3-CH-CH-CH3 
I I 

OH OH OH OH 
propylene glycol 2,3-butylene glycol 
propane-1 ,2-diol ~;a butane-2,3-diol 

CH2-CH2-CH2-CH2-CH2 
I . · I 
OH . OH 

· pentamethylene glycol 
~;a pen,ane-1 ,5-diol · 

ih~'lu1:uu tUPAC t\tL1vn~a\titt~1~1fua\4tt~e-311i"an ua:a"n1utt1u diol ~;a 
trio/ L~\4 
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CH3-yH-yH-C(H-CH3 
OH CH3 0H 

3-methylpentane-2 ,4-diol 

6.2.2 n11'L~EJnll11't.l1'tLnfiW14BR 

QH 
OH 

cyclopentane-1 ,3-diol 

OH 
HO~OH 

glycerol 
"l'l;o propane-1 ,2,3-triol 

· R11th:neJu~ih~li -OH Ln1:ntJ1-3LtJ'Ut~'Ut (ArOH.) L1un benzenol 'V\1B phenol .. . 

• iJ .,. ..l -4 .,. A !'I ~ 'f ..,_ ,., 
(phene L 'UteJn1Hl'V\'Ut-3,El-3LtJ'Ut'11'Ut) '11-3Lu'Ut1leJL'lYn:-neJ~ .'llfi1Bn'lfUJU'lfU (hydroxylbenzene) 

011L;£JOW11th:L1l'Yl~'Utel~~'U ') fi';J101:tJtJ011L1£JnW11th:ntltJ,eJ~LtJ'Ut~'Ut .. ' 

... if . ... .. 
6.2.2.1 .LJ_EJ.T)J ••• Hf!.'I')J'!.Hlf!!.FJ.~.P.lJ.f!.IJ9/ 

..; .., • 
1fe:J'V\~nfltl phenol , 

fl1ftJEl'U1.1eJ~1~LU'U~'Ut~i'J'V\a.i -OH LU'Ufl1LL'V\U~~ 1 'Ll'u1'Ut 'tJ·rn~i1u ~'V\liLL YI'Ut ~ .. .. 
'V\ 2,j LL 10 L ~i'J L ~, fl1 LL 'V\ U~ \tel £J R'fl .. . 
011L-i£J'Ut~eJL~L;£J~~1i1Jfl11Jeln~11.1El~'V\ajLLYl'U~ .. 

OH 
hcH3 u qOH CC

CI 

OH 
N02 

~OH 
y 

Cl 
o-methylphenol 

"l'l;o 2-methylphenol 
m -nitrophenol 

"l'l;o 3-nitrophenol 
o -chlorophenol 

"l'l;o 2-chlorophenol 
5-chloro-2-methylphenol 

n1ii'V\a.iYl~niu~tnflnlaJ1tln11'V\aj -OH eJti~1~i1u L-rl'Ut -COOH, -S03H, -CHO 
'\J ., I '\J '\J 

l ~L1un L iJ'UteJ"! ~u1MJ e1~"' ~Yt~niuL.'V\ ~,~'" 

NOH 

y 
COOH 

m-hydroxybenzoic acid o-hydroxybenzenesulfonic acid p-hydroxybenzaldehyde 
(3-hydroxybenzoic acid) (2-hydroxybenzenesulfonic acid) (4-hydroxybenzaldehyde) 

A .., A A 
6.2.2.2 ?!BtnVCVVI1B?fBLflW1~ ············*······················ 

o-cresol 

CM225 

m-cresol 

Q 
OH 

.p-cresol 
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~H u 
benzene-1.2-diol 

(common name: catechol) 

;t_oH 
VOH 

benzene-1 ,2,3-triol 
(pyrogallol) 

OH 

6lOH 
benzent~-1.3-diol 

(common name: resorcinol) 

COOH. 

¢ 
OH 

benzene-1.4-diol 
(common name: hydroquinone) 

OH 

cO &OH 02N*N02 
~ ~ I~ 

1-naphthol 2-hydroxybenzoic acid 
(salicylic acid) 

a- a+ 
0-H 

I 

N02 

2,4,6-trinitrophenol 
(picric acid) 

WU!'~~IT ffl1LiULUULL1-31::'V\11~lfllViR D1~Lnfl(u1::'V\11-31lJLR~R (intermolecular 

hydrogen bond) 'V\;DmEJLU1JJLRflRLtlEJ1fl14 'Qntramolecular hydrogen oond) ft'lJUiYI1-3n1EJ1l1Vi 
'I . ' 

L,j'U ~fi'V\RDlJL'V\11 ~flLflDtl fl11R::R1EJJ1 ~ft::fl11lJ'V\tlfl 4unlJLL1-31::'V\11-31lJLftflft ~'U1J:: ·. 
. 'I 'I 'I 

ltr1fi1L~'U1::'V\11-31lJLRnR£iNfttltlft'liUin1-3n'UJil'w4 n1L~tl1f1-3~Yl1-3fl1EJ1l1Vift'-3;f'U 
'I ~ 

.. 
6.3.1 .,flLfliJfl 

LLaanaDaaLLR::~'UORLnfi,;U!'~ltYlfi1L1"1::'V\11-311JLRnRlti YhL~~fiLtlflflft'~n11 
. . 'I 'I ~ 

L~au.AEJuL fiEJunua11~u~li1all1Lanawa ~rru "";o 1fl1~«-i1-3fla1unufllliLnfl~ou1J:: 
'I ' . 

lu 1fi1L~U1::'V\11-31liLRna 
. 'I 
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.. ,,"~ e.1 LmulJL fiulJ';ltlLilatl'!Ja-3tnnrilflth.:~ 'l ~111a lllLanalnan\4 ~;a lfl1-:~m.:~ 
fiS1 U0\4 LU~~fi1111111J1"m L\4fl11Lrltl~1.41r:ltr lfl,.;'t\41::~11-:J lllLifll 

r111Ir.:nEJv tlnUJtiB1'1 

H-OH \h. 

CH3CH2CH2CH2-0H LLDiflDIJO{ 

HO-CH2CH2CH2-0H LLDiflDIJOil 

CH3CH2-0-CH2CH3 
.. .. 
DLfiD1 

CH3CH2-CH2-CH2CH3 LLOILfl\4 

CH3CH2CH2-Cf LLtrlftLLOILfl\4 

o-CH20H LLOftflDtrfl&f 

Q-oH W\4Dft 

o-F LLD11 LLtrlatf 

Q-cH3 ltrlfl1fl1mo\4 

0 
1: 

CC
N~<;> 

! 
0-H 

o-Nitrophenol 
m.p.45°C 

b.p. 217 °C 

W"Cl11lt11LtWl111l"taJLIInR . 
~ 

6.3.2 n11'a::a1a1i1 

. ~ 

'M.W. WU~ ~ll ffl1,iU 
0 

b.p. (C) 

18 Lrltl· 100 

74 Lrltl 117.7 

76 Lrlfl 210 

74 laiLnfl 34.5 

72 laiLnfl 36.1 

78.5 lliLnfl 46 

108 Lrlfl 203 

94 Lrlfl 182 

96 lliLnfl 85 

92 lliLnfl 110 

o,, .. _;,0-- -H, 

¢ Q 
.... 0 .....-:N .. , 

---"H 0.,., '0----

p-Nitrophenol 
m.p.114 OC 

b.p.279 °C (dec) 

W"1:l11 lt11Lt14~~ lliLIIflR 

n11ft:ft1uJ,;f~nlJfl111JR11111nt~nTnnfl~~n:lulfl1L~\u1tnl1 -;i1~1~'V\li oH 
. ~ 

-;i1~1~fl1flJa~\~lfl1~Ri'1~ LLft:ttJ~1tl1JB~ 111Lftnft Li1a-;i1~1'Ufl1flJEl~L~1J;f'Un11ft:ft1tl,r1 . ' .. 
fttlft~ t ~-;i,~ 1~f11fu a~~ L orhnoun1l11 LftnRiittJ~1tnann·1,.;):ft:ft1 uJ, lmini1 .. . 
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"DRnDliDR vt1E1WUDR J.h::LilYI n11a::a1vth (ni'lll \11 100 ni'll) 

CH3-0H 
... 
tu..nn 

CH3CH2-0H 10 ... 
tu..nn 

CH3CH2CH2-0H 10 ... 
flll1n 

CH3CH2CH2CH2-0H 10 7.9 
CH3CH2CHCH3 20 12.5 OH 

<(H3 
30 .... 

CH3CCH3 flll1n' 
OH 

CH3CH2CH2CH2CH2-0H 10 2.3 

HO-CH2CH2CH2CH2CH2-0H lflooa .... 
fl111n 

Q-oH VJ\408 8.3 

OH 

Q-oH VJJUDa 43 

LLEl~fl EllJEl~LL~:Vh~El~Lth~n1tl el El\I,LL~:L1)WOEl1.1.. fl111\hn11~1tl-L1Jft11 El~L111URL flfJ­

R1'l1 ~~'lJtl1anl.an1EJ 1au1thtlaut_~,r .. ,,9l,tou t~ H3p• LL~:~LuwuaRflan~'lf~1aaau 
(alkoxide ion) ·~1a;1uan~'l1fl'Waau (phenoxide ion) .r~d 

\ H . 
,••9 "'' , R-2' + H....-2'H 

~ ·H 
J' 0 .. , + .. o' .:;;cp:· =::::l .. !!' 

R/ '~~._)_f. 
alcohol (acid) alkoxide ion / 
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•• e. 
o: v-

G 

+ 

phenol (acid) phenoxide io.n 

nTn t.Auu L n tJU R111~n1tl1J£)-3LLE1ftn rHl'aLfLLft:¥J\4EJft l "'Yl';l11nL1 L wn tJ1111~fi L lJ ti 
'\1 

1tltJtlfl11lJ'V\\41LL1i\4-nEJ-3th:';lau LLa:iJ';liu~ii~anun11n1:';)1tJth:';)fttJ-na.:~ RO- 'V\1a Aro-
'\1 • ' . • 

~.:~liun 

Inductive effect 

Resonance effect 

n11"'EJlJ~EllJ1aulaaaui1uti1rha:a1u (solvation) 

~ 

6.4.1 ftn1ftn"'tt!JD\1LLOftnOIJDft 

1. Inductive effect: 'V\1iL~aLftntl1£J\4n11."'n11LLflni1LntlE.I1n;fu LLft:'V\1iLLYlU~1fittl 
'\1 '\1 

ti-3a Lftntl1ElW'lhtJn1:';11 E.Jth:';JftlJ1JEl-3UD flflEJn ~'11"1DD DU 'Yl1L "'LLt1ni1~1 u;fu . ' 

H H R R 
I •• I - I •• I •• H-C-0-H > R-C-OH > R-C-OH > R-C-OH 
I •• I •• I •• I •• H H H R 

methyl alcohol 1° alcohol 2° alcohol 3° alcohol 

/""'-oH roH 
F 

pKa- 16.0 14.4 13.3 12.4 5.4 

2. fii111UDD"~lN ffi1.JttTI.J: n1£i'V\1i LLElftfl ftL ~ lJ;fU i1n1a:a1uLi1i EllJ1EllJUDflfiDn 
'\1 

· ~'11"1DDDUtJ1n nT1n1:~11 tJl.J.1:';JftlJL "'rllJfl1Yl1ft:ft1 tJLntl'ltDtJft-:1 Ltin tJ1111~ • 
11fl.:ILLEl\4LEJDEl\J.~.:Iftflft.:l L1iU CH30H Lfi"V.n1tlLLrin11 (CH3)3COH L ttEJ.:I';J1nfl1'Yh 

a:ft1tJLi1"'DlJiEllJ CH30- ~1lln11 
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LLEJRnEJliEJR PKa ffn1r~n1fi 

{(H3 -18 n1tt£io~ 
CH3CCH3 

OH 
CH3CH2CHCH3 -17 

OH 

CH3CH2CH2CH2-0H '-16 

H-OH (\11) (15.74) 

CH3-0H 15.54 . . 
CF3CH2-0H ·12.4 . . . 
CH3COOH 4.8 . 
o-OH 9.89 • 
HCI -7 n1tturl 

6.4.2 ftll1" n1fl!l o"ih•ua 
• -~ ... ... . .. I ) ~ :CI I • • !!'!I ., .. 

L3J£lL1J'l'tJ1JL'Y1tJ1J01JLL£lft0£llJEift 1111 'l':Lil'Yln\UlftLlJU01fiLLOn11 LU£l'l1';110nUBn ''lffl 

~BBBU Ltdh.J1n11UB6flBnl'lffl1BBBU L~T1:lin11n1t11tJth:';lft1J 1fltJL11'lfLLU'U.f ?Jt.~t£lft~'l1 
' " 

n1tl~ffiu1nu NaOH lti LLtl LLEiftn EltrE1tf'L1hti1tl~mu1 

•• a c.;o: ·of) 
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~1iil~~Lan9l1tl'U -rl'HJL~lJLLdiu1111~-na~wuan!'l1fl1aaau .Yhl~9111~n1f!L~lJ;fu 
~ ' 

lfl tJ LQ ~1::tl th~ fl~ L~ el tl ul 'Ufi1 LL ~ U~ D afl 1? LL~:: W1111J tl~~ 1i -OH tf'l'U ~ lil ~B La n 911tl'U n1 
~ ~ ~ 

l~L9ntJ1111~1Jtl~L~tl'ULtltltl\U~fl~~ 9111~n1fl~~~fl~~ 

Gl1Tl"fi 6.4 Ltn£J1JLntt1Jft'1l1~n'~9l (PKa) -n£h'IW'lnh::L1lrl~i'U.m~ 

X X~OH p-o~ 
X 

N02 7.2 8.4 

Cl 9.4 8.9 

H 10 10 

CH3 10~3 10.2 

OCH3 10.2 9.7 

NH2 10.5 10.5 

OH OH OH 

¢ gN02 02N*N02 
~ 1.0 

N02 N02 . N02 

4-nitrophenol 2 ,4-dinitrophenol picric .acid 

pK8 = 7.2 PKa =4 pK8 .=0.4 

6.4.3 ftn1't1LtJft 

.. ~~ •o• + H-X ,.____.. 
R,...... 'H 

base oxonium ion 
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LLaan au a lfijw3JUiliJUtl1J wti-1 tJ -LVfl1: i ~fie Lanfl'laUt lt1t1L~ EJ1,a~ a an•L ';I"Utnu 
. ~ 

lthfla"Utlti lliLRnR~LiJ~ff~n"SfiLLR:Luw L'itJn. amphoteric W111?4LtJmJa~LLaanauadlti';l1tlfi1 
I 4t , 

pK8 ,a"fin'lfl~';a oxonium ion 
~ 

pKb~ 14- pK8 

... I I ' . -
CR1Tl"fl 6.5 fl1 pK8 11EHI protona~ alcohoi1J1'111f'-'ft 

I 

tnnl1~i!lEJlJ PKa 
+ 

CH30 H2 -2.2 
+ 

C~CH~~O ti2 -2.4 
+ 

(CH3)2CHO H2 -3.2 
+ 

(CH3)3CO H2 -3.8 

LLa Rna tra lfLLR:Vh~aR LiJ'U.L1J fttl a'\41f'l11 D:'VU (a mines) L f!a~';l1n aan•L ';I'U.5j 6111~ . 
l~\41auw~n11l"U.lfi1L';)Ut ~~EJaliL\l\LifimLantl1aui1lln14EJ1nn-11 ·LLaanaualf~~la.inn 

~ ~ ~ 

protonated Li'UtLLfiLi1a.Yhu~ffitJ1ntJn1tlLLri~"'ti oxonium ion LLR:LLaanauadla.iLntlLnaa · 
"" ... """" ,.., ""' 'nLftfi[J1LL1J1JflLntln1JD:'1/U 
. 4 ~ 

6.5 n11Ltl1'f.I&ILLO~nilllil~ 

6.5.1 Ltl~UIJftUJOGIIf1\llfl't1ll • 
LLBRnatJatn~LR~R,U1tlLRn\l\R1tJ~ittlLfl'itJllltil'U.1:tl1J~flti1n11ll ltiLLri CH30H 

Lfl'itJli';J1nu~mtJ1n1nt11i ·co ti1EJltJ lfi1L';I'\4LLa:fi1Li~ 

Zt10/Cr204 
CO + H2 .. .. CH30H 

~N'M1J11U~• fl111111UU~ .. .. . ' ... .._ ,: .... ""... . 
LDn~uD~nDIIEJ~ LLa: isopropyl alcohol Lfi1EJ11';11nu~n1EJ1n11L~li\11L,1fl~"U.lf:~ 

,a" ethylene LLR: propylene fl1lla1tl1J 
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propan-2-ol 
(isopropyl alcohol) 
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LDtlRLLDRnDlfDRU~lfT~1n11\'\UnfnfiultJLfl1fl~1nityy;,- V~1EUJ'\.Utu.J:'V\~~ 111tJ'V\tr~ 

n11niulfi'LDnRLLDRnDlTDR~iiJ1 5% J1nniuaanlt11fltJU~ffitJ1n1J lime 'V\1a cao . . ~ . 

6.5.2 Lti~!JIJ\l1nLLD&A&LLII1atf (,t1i£l 5.5.1) 

6.5.2.1 T.'l.~ri1Y.D.mm_r5j-!f:J .. M~~-!Cl-..N§Qtt LiJ~tl~mtJ1n11unu~.i1tJil1fla1£Jlv.J~ 
il H2o 'V\1a -oH LiJuit1fla1alv.J~ 

~I 
aq. NaOH ~OH 

5-methylhexan-1-ol 

aq; NaOH 
I 

cyclohexanol 

tl~ffitJ1Lnflltiorf~LL1J1J SN2 UR::' SN'1 ;f:uf1u,-\tt~-neh'ILLel9fl9LLtJl9~ 
/ 1. 1° RX Lnflt1DffitJ1LL1J1J sN2_ 

2. 2° RX Lnfltl~ffitt1LL1J1J S~ LL9: SN1 

3. 3° RX Lntltl~ffitJ1LL1J1J SN1 

6.5.2.2 .f.fJ.~ri?Y.OlJ1.ftJ.ff.'I..{J.g_f!.~«f!!..l9.tJ. 1t~tJn1tl~mtt1nu 1° 'V\1a 2° RX LiJun11 
..I ... A ""1 'III •• J .. 'Ill ... .. I • 'Ill 1 'Ill .. 'Ill ... .. LL'YlU'Ylfl1tJU1fl9 £) Ln9U9: LtlLEla'L'Yl£11 fl£lli1Lll~~n Lll fl1 L9R~:.LfiLLEl9n£llf£)9 

0 
e 11 s~ O-C-CH3 _.....:.:........, .. ~ 

acetate 

6.5.3 Lti~!JIJ\l1ftLLD&At4 

·'("-'~'C-CH 
II 3 

(ester) 

. 0 

! H,O, -oH 

3-methylbutan-1-ol 

0 e II 
O-C-CH3 

6.&.3.1 .f.fJ.~Y~fiiY.?}."fi.~t!J £i H2S04 'V\1£1 H3P04 LiJUi1Li-3 tl~ffitJ1L~tl~1Ufl1f 
11JLLflfll£l£J£lU lti~ifl~9~LiJultlt11lln!j-n£l-3111fflDWUflDW 

s:+ s:- H OH 
u u H2S04 I I 

H-OH .. -,.c-C-
. I I 

alcohol 
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methylenecyclobutane 

<><OH 
CH3 

1-methylcyclobutanol 

6.5.3.2 J~P..':!DfJJ.tJ.'J..CJ.g_f!!!!!PY!.~.tjg!J:!:J.f!l!J.f!.'PY!.CA~~Q.'J. ,(,;-1-E El 3. 7. 7) 
! . 

tla1utJ~ffiu1Lvh.nl1~lt1~99l~tnihttltJfl11ln£J11El~~l1fflDrlu·f1Dw l~iin11it1i1l~~ 
-ne~t11iluut1fllaaa'" tJ~mu1iia-a~,r'" .r~tr 

262 

.!T1!J.~J~!i~m!-lJ. 
CH · I 3, 

H3e-e-eH=eH2 
I 
eH3 

3,3-dimethylbut-1-ene 

2. NaBH4, NaOH 

I I 
-.e-e­

l I 
H OH 

eH3 I , 

H3e-e-eH-eH2· 
I I I 
eH3 OH H 

3,3-dimethylbutan-2-ol 

6.5.3.3 J~P..uD.IJJ.i:J.!..IJY.c!.rP.t?J!.rnUCJ.TJ.:Q~~q_~_tiqn. (,;-1-N a 3.1 .a) 

tJ~ffiu1iia-a~,fu tla1un11L~11J1~~ifl~al~LiJul'1Jfl111n£1-nEl·U11fflDWUflEJW 

\ I C=e + 
I \ 

I hydroboration 

I 
H-B 

\ 

THF., 

I 

t I 
--e-e-

l I 

H '/' 
alkylborane 

6.5.3.4 ,f1,lJ11 1 2-dio/s t1nUDRflU ' ••••••••••••• 1 ••••••••••••••••• 1 •••••• , •••• "' •• 

J oxidation j 

H202 ., 
9
oH 

I l 
-e-e-

l I 
H OH 

'CH3 

Ct;H 
2-methylcyclohexanol 

~" .. " ~ ... _,. .. " .. " (1) aan·u Ltlft tl1tl Os04 LL&:tp11,.1fJn111tl1ftfl1!J NaHS03 .'-"' cis-1 ,2-diol 

b=cf pyridin• . NatiS03 . .., . --b-.. b-
1 \ + OsO" , ----:-- ~ . I I 

OH OH 
c/s-1.2-diol 
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(YCH3 pyridine V + Os04 .., 

CH3 

CtOH 

OH 

1-methylcyclohexane-1 ,2-diol 

(2) L911tJ11~1'U.DWDn~'l1~ (epoxide) LLS:9111ltl1£Jn11lv1911lsl (~1-ffEJ ·3.7.9.2) 

LLEJsfiwn1tl~ffitJ1nun1~twsfnnn-B (peroxy acid) ~~'U.li:~ ltr epoxides ~~L~EJ 
nnlu1911ls~:lt1 trans-1 ,2-diol ... 

\ I 
C=C + 

I \ 

0 
II 

R-C-0-0H 

peroxyacid 

6.5.4 LCfi~!JIJ;J1nft11"U1"tHiltJfl1fuoilR 

I I 
-cVc-

epoxide 

~ H20 •. H+ 

I. 9H 
-c-c-

OH I 
trans-1 ,2-diol 

0 
II 

+ R-C-OH 

LU"U.n11';i11Rtn1tl1:n EJUfnfu ails lfl tJyY1 ltl tn1tl1::n au~ iiV\ aitnfu aitsYJn-nilfl 
... 'I 

L,j'" LLasiiluti fi1Ylou n7tltl1fuantn~n LLS:LEJRLYJaf nn';ii1ll~LLasnauaa 

[H] 

carbonyl compoun.d 

.... ~ .,., ~ -r: 
6.5.4.1 n111~'Jlf'UBR~ 'ti~LLR~fl riU ······································t······ 

... 
OH 
I ,,,,.c, 

I H 
alcohol 

l-iL911tJ11LLEJSnEJeJEJtftli111lihLs:YltltJ1l5j ';LEJL~'U.tl~l-i l.lLLri NaBH4, LiAIH4 LLS:: H2 I ... ... 'I ... 

1sV\:il1L i~ LtEJs&ilutfnn';ii1m~LLEJSn EJeJEJtftli111lD LLS:fil Yl'U. l ~LLEJSn EJeJEJtfYJti tJ115j 
... ... ... 'I ... 
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0 
II 

R,...C,H 

aldehyde 

ketone 

-- .. 'Ill .. . 'lf~n LEl ft'L 'Yl El1 LL~:El:::LlJfl 

[H) 

[H) 
OH 
I 

R'\''·C, , I H 
R' 
2° alcohol 

UAIH4 (lithium aliminium hydride) LUUW1fill1R~LL1~n11'1il1w~uJf'nfuElil~ 
'\1 

.,ntJ1:LI1'Yl t ,.;'LtJULLEl~n ElliEl ~ Lu v·n:L';l1:~~1l'eH.Jn11 DU9111tJlJ1nn11 NaBH4 .. ., 
LL~:rhtJ~ffilJ1rlUll1llLLL1~ 

H2 LL~~ 1~,.,:i1Li~ .tJ~mv1LliLnfl~fl11lJc;iuu,,-v,n1f'l 9la~lifl113Jc;iu 

~I~~J~JJ!im~n 

NaBH,. H3o+ ---·----... 
CH3CH20H 

NaBH4 

0 
R-g-OH _L_iA~IH-.:4~.,_ 

ether 

carboxylic acid 

0 
II 

R-C-OR' 

ester 

H o• 
3 ... 

ether 

H o• 
3 ... 

butan-1-ol 

dicyclohexylmethanol 

.H 
• R-C-OH. 
l 
H· 

1° alcohol 

H 
I 

R-C-OH + R'QH · 
' H 

1° alcohol 
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.~1!J.~:bu.J.~m.FJ.'J. 
0 
II . 

CH3(CH2hCH=CH(CH2hC-OH 

oleic acid 

methyl-2-pentenoate 

ether 

liAIH4 
ether ... 

CH3(CH2hCH=CH(C~2hCH20H 

octadec-9-en-1-ol 

pent-2-en-1-ol 

.. t.l 1": " .......... 6.5.5 LCA"f!IIJ;J1nft1"f "f:notnaM:D"YI"f!l ('V\1-nfl 5.10.3.2) 

6.5.5.1 .J).D.6J.~!.rll!.'.'·Fl.~~-~~![L_~~;,~J~Y. 

n1tyTnLEJLiJUI (RMgX) LL~:EJEJfun TuiL nllV (Rli) fl1U~ffitnn11Lii3J~~nf1Hl'U 
-n Eh1'V\3,j~nfuilfit~-n fi-\ILLfl~i1ln~'V\~flfl1 'Yl'U lifRM:-UEJRflEJn ~'lfl :A-\IL~fl ln i~1L~ Lfi1 E.Jn1~LLi 

'II 

L~fi-;)1-\Jl ~~~~ ~GUU'ULLfl~nfllrfl~ 

a-~+ I 
R-MgX + . C'(lf ___... R-e-o- Mg+X 

a+ a- 1 

I 
R-C-OH + MgX2 

I 
Grignard reagent 

tl'V\'luDEJfL,nTuiLnuv1fl-\IL13J1nn11n1ry1nLEJLilul tl~n;tJ1~1-ln1ry1nLEJL-,u; 
l3,jli fiT;) liDEJfun TuiLnuvLLn'Uli 

a~·=a+ .J_ V R~~~-

a- o+ H H 
I 

R-::-MgX + ~ b C'(lf 
~ Ia+ a- ---... R-e-o- Mg+x 

I . H , H 
Grignard reagent formaldehyde 

CM225 

I 
R-C-OH I . 

H 
I 

R-C-OH + MgX2 
I 
H 

1° alcohol 
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0 
II ether ..... c ...... 

H H 

cyclohexylmagnesium formaldehyde 
bromide 

Grignard reagent aldehyde 

OMgBr+ )l~ 
3-methylbutanal 

~H + 

R1 
I 

R-c-o-Mg+x 
I 
H 

ether 

cyclohexylmethanol 

R1 
I 

R-C-OH + MgX2 
I 
H 

2° alcohol 

~· 
3-methyl-1-phenylbutan-1-ol 

~ 
. 4,4-dimethylhexanal butyllithium 8,8-dimethyldecan-5-ol 

(2° alcohol) 

a- a+ R, 
R:-MgX + ~ C C(}f 
~- ;a+ a-

R1 
I 

--.... R-e-o- Mg+x 
I . . R2 

Grignard reagent ketone 

' tert-butyllithium 

266 

cyclohexanone 

propan-2-one 

THF ---..... 

R2 

---~cH3cxH Hao• V 
1-ethylcyclohexanol 

c~ c~ 
I H20, H+ I 

(H3C)3C~c-o- u+ --~ (H3C)JC-C-OH 
· I I 

CH3 CH3 

, 2,3,3-trimethylbutan-2-ol 
(3° alcohol) 
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11-- ... .... t .. 
6.5 .5 .2 .. [l).TJ.1.~!.TJJ.f.'Jl.!1.fJ.Hf!!!_T1..'{~. 

n1ry1nLEJL iuln1tl~ffitnnuun1auaan t'lfl (ethylene oxide) '~LLD~n DtJDaU!~lJii 

.tf]!J.~J~,)~m.FJJ. 
CH3 I 

CH3CH~Mg8r + 
a+ a+ 

H2CVCH2 ~ 

Oa-

6. 5.5 .3 .Ji.DlJJ~J.ti l!.V~. f!t1J. fl f 

1° alcohol 

CH3 
I 

CH3CH-CH2-CH2-0H 

3-methylbutan-1-ol 

···- ..r, .... 01111 0 0 .. ..,.,. I 4 ... 4 I 1 " .... 
u1ln'l£.11UL~Lfl'l£1~ 2 - LL~:: 3 -LLelftneltJDft 'YI~'V\~ R L'V\~EIUnU 2 'V\'lEI 3 'V\~ tl'EJ L~ 
~ v v 

n1ry1'nLDLiUl~1nn11 11~ftL~EIL~tf~ffiEJ1Rli\J'lnL 

<1 > !!nm.~J.nlJ.~~H~n~f~!J~nJ~.l1.~.f.~.n 
nny1nLD£iuln1tl~ffiEJ1tlULEIRL'YIEJf~a~n1fiY-IEJfDn (formic acid ester) L-rlu ethyl 

formate 2l11Lan~:a .ffuLL'ln,~LLaati,tJti' ~~,;,tJ1iffiv1tia1.unufinun1nl1nLaLiuf11liLana~ 
~ ~ ., ~ 

wa~ L~a,nlfl,,a~::'~· 2°-uaanauaa~ii..,li R L'V\ijaunu 2 'V\li 

CM225 

v v 

OH 
I 

??) ~MgX [ l H-y~H2CH3 - H-H-R 

R aldehyde 

OH 
. I 
H-C-R 

I 
R 

.. 

! R-MgX 

o- +MgX 
I 

H-C-R 
I 
R 

[HJ~] 

~c~ 
I 

!~MgBr 

,. H20, H+l 

H 

267 



(2) 1!~.D.1.~1Q1J.~~~~X!~~!J~D.1~-~1flHJD.'-~n~.H '1 

tl~n1[J1iil-Hn1zYTnLa,,u; 2 1&~L~~~ L,jufi'" i'"u1nltit1ln'" tS"fi1tl~n7[J1fia 
l ... _.... ., ., ~ _. ...1 WI 1 WI .-... WI ., o .-..1_. • ... 
'U'Yl'U'YIOlJn1W111LDL9Uf1 L2JL~O~'Yift'El'l1 L2JEl Lll ~1 L~ft'-;)'11 L~ 3 -LLEl~OEltJEl~'YI&J'VIlJ R L 'VI2JEl'UO'U 

... " "' ' 

2 'VIl1 ';110 3 'VIli 
"' "' 

ethyl benzoate 
(ester) 

9?J G>MgX 

R1-y\3R2 

R 

(3) 1!~.D.1~J.n11.~~H~X!~fP.!J~!J.1.~.t!:rfu~.~n 

~[R,-LR] 
ketone 

o-OH 

¢-cH3 
CH3 

2-phenylpropan-2:-ol 

n1ry1nLDL9ul fiTiJ~m[J1rlt.iLElft'L'YIBf-na-3n1ttfnfuEJ\tn L,j'U diethyl carbonate 

LLi'lle:r1~1L~R~:Lti 3°-LLaanEJe:JEJa~ii'VIli R L'VIiiEJ.Un'U..f'l1 3 'VIli n1mtl\-Hn1w1nLDL9UW ·····································v.., .. ·····~························"'lt ., 
"rf'I1'VI&J~ 3 1&~Lana 

" 
::. WI .. .. A .J • , ... - I l ... .t! ... '., , . ~ _. l ...... 1 -n'ULL10 L~LElft'L'YIEl1 'lf-3TI11J!)01[J1tl8 'UYI'UTI01Jn1'1/111LE1LVUf1 L2JLa~aYift'El'11 'VIfl 'YI'U 

LL~:ihtl~m[J1fianun1ryTnLDLVJ:'f11&~Lafla~ft'llll'"n'"f1 ~-3-;J:Li 3°-LLaanauatfl'"~~~ 
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OH 
I 

R-C-R 
I 
R 

3° alcohol 

R-MgX 
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~MgBr + 

propylmagnesium 
bromide 

0 
II H20, H+ C

2
H50-C-O.C

2
H5 ---l._...., _ __,;;;,.. _ __., 

diethyl carbonate 

6.6 t.lfin~EJ1liD"Ltoanouoif 

OH 
I 

~<~ 
4-propylheptan-4-.ol 

,.,~!l!f71an-i-ne:hnLElflnElnEla -OH, LiJou,.,~Yl~niou~iJ~-u.tr:~'t1fiiEltJ1in1t~1 2 ~un:: 
~ ~ ~ 

tiEl ~-u.tr:: e-o LLfl: 0-H ElEln~L';l'U.iiwrnViLrJ~1fltJ\1'~n11vT~fl1fuEl-u.LLfl:Ln Lil'lL'ii)"+ o ~'11iJ · 

fl1111,.,,.nuu-u.aL~nCil7El'U.111n ti1-u. c LLs: H LiJ-u.ti'lu~lllfElUDLanCil'lEl'U. LLElflnEltrEla~~ij 
ti1Ju~Lijun7c;}~Elu LLs: o iJw11miLiJ-u.Luft'V\";nn1,.,,r1~LiJuit'lfl~1El'trJLft~ 

I 
-C-H 

I : 
H-C-0--H I : 

I : 
-C--H 

I : 
H-C+O-H 

I : 

tl
............ ...,... ... 

6.6.1 nn,.U1fl&Jn1,.fta1Urt\un: 0-H 

I 
-C-H 

I I 

H-c..:-o~H 
I : 

I 
-C-H 

I I I 

H..:-c-o+-H 
I I 1·-· 
I I 

u·- ,.J .... iJ .. ... ... 
. 6.6.1.1 .. {l}tJ.1.tlJ.rl~H!.~~-~~Y.~L.H!J.1.~!'JlyJf!!.fJ.1JJ?!!!l.fJ. {"'1-nEl 6.4) 

LLElflnElDElaiJw11UiLU'U.n1Cil~El"Un11,i'1 LL'iiLiJun1c;}~LLrin11LLElSLfl11'~iJ~Utr:W11JUfl1£.J 
l'Ji, LLEllJ l11L itt~ LLs:LLElSLflou ti11Ui~ LiJun1c;}1fEl'I1LLElflnElnElaLiJ-u.tJ~ffi£.J1~l~Ln~ EltLEJRflan !'l1f1" 

- A .L... ... ~ l I ..1 f'l I f'l ... ...1 '1 •• 1 .. ..1 
{alkoxide; RO ) '11~~ tflty'YI~ 'ULL~'YILu'UL1JtiLLn LLS:Lu'U'U'lflS El Ll"4S'YILL1~ 
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(1 r !lnm.~:J.n~J~"-;· 
LLEl~nEltJEl~fi1tJ~ffiu1l~nu 1~~:: u. Na, K LL~:: 1~,.,::~-u~l1<iif.ltJ~ffiu1111n~El t~ 

LLna'lU1fi1L';l'U LL~::LnSElUDRflDn ~-n:~~El~ l~'V\::,f'U ') 
2 RO-H + 2 Na ~ 2 RO-Na• 

sodium alkoxide 

2 RO-H + 2K ~ 2 Ro-K+ 

2 RO-H + Mg 

.~1!J.~.')~,)~ffi.E).1. 

potassium 'atkoxide 

~ 2 {RO-hMg++ + H2 
magnesium alkoxlde 

2 CH3CH20H + 2 Na ~ 2 CH3CH20-Na+ · + H2 
sodium ethoxide 

2 ......--yOH 
I + 2K 

potassium sec-~utoxide 

(2) !lnm.t1.1.n~.~~~ 

LLD~nf.lllf.l~LU'Un1fl£if.l'U ~~~El~L-i~1Jft~LL1~n11"DRflDn~'11~ (RO-) 111~~ 1thflf.l'U 

';11n'V\~ OH Elf.ln ~~';l::LntltJ~n;tJ1L~LnaEl"DRflDn~'11;,,~ LlJRLLflL'V\S1ltL~LLri NaNH2 

(sodamide), RLi (L~'U CH3Li) LL~::1~'Vl::lulfl1tl L~'U NaH, KH 'Vl1El LiH 

RO-H + NaNH2 _._...,.. 

sodium alkoxide 

lithium alkoxide · 

.~1f.t~.1:'1,)~ffl.E).1. 
CH3CH20H + NaNH2 ___...,.. .CH3CH20-Na•. + NH3 

sodium ethoxide 

6.6.1.2 Y.D.m.~:~.!.TJ.11.~0tl.'.~'n.t1flfllP.~!J.!fJJrJ.fMRn.;i!n. 
Ltl'UtJ~ffim1::'Vl11~LLeanf.ltJoft'nun1.flfnfuon~an LLa::o"'t~~n.o~n1tlfl~fuanlftan 

~iiwllmhtl'"aLiin 1fl,-l~~ · 
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~.o 
R-C'/ 

'o 
I 

·R-C ,, 
carboxylic acid acid chloride 0 

acid anhydride 

(1 > JJ~.m-~J.n~.D.1.~~Jf~-~-D.~~.o 

LLEl~n Elt:JEJ Lffi1u~ffitnnun1flfl1fu an tin ltiLEJ wL n Elf 

0 
/;· 

R-C 
\----,--------, 

, ~ <?.:-:-::~ __ +_ _ -~-:;-o-R1 

carboxYliC acid carbox}ilate ester 

1.J~ffir.nLifl112J'lEI'U LL~::iJnlflLLri L~'U H2S04 ~1El H3P04 Lth.ttfil1Li-\l 

Lil-uu~ffitn1fit~'Y11un~u 

fl112JL11~fl-\ILLEJ~nEllJEJtflun1ni1U~mtl1: CH30H> 1° > 2° > 3° LLEI~nEltmtf 

.~]!J.~J~~.Dm.FJJ. 
0 
II 

CH3-C-OH + 

0 
o-c-oH + HOCH2CH3 . ~ 

benzoic acid 

0 
II 

CH3-C-OCH2CH3 + 

ethyl acetate 

0 
Q-C-ocH.cH3 + 

ethyl benzoate 

<2> Y.nm~In~-~~~-~.ft~!J:\!~.~1~~~!J~~~~!J~l~l~1~ 

LLEI~nEllfEJLffi1U~ffitJ1rllJLDiRfU~D ~1~ (acid chloride) V\;ElUDiflLLDU !l!!fl1f1 (acid 

anhydride) ltiLEJtlL 'Y1Elf La.itlEJ-\ILii1Li-\l LL~::u~mtl1La.i~un~lJ 
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~.o 
R-c" 

~- ---.. -------, t ~! _____ +_ _ -~-ro~R1 

acid chloride 

, ~.o 

R-c" 
~ .... -------- .. 

........ '
1
0 + H+OR1 

, I 

,~'' R-C ,,' 
,' ,, ,..' 
', o .......... ......... ________ _ 

acid anhydride 

.!i.1!J.~~·buJjjfjjyj. 

0 
II 

R-C 
. \ 

O-R1 + HCI 

carboxylate ester 

0 
II 

R-C-OR1 + R-C-OH 
II 
0 

ester carboxylic acid 

o-~-CI- + HOCH2CH3 - o-~-OCH2CH3 + HCI 

benzoyl chloride ' 

~.o 
CH -C/' 

3 \ 
0 + I . 

CH3-C~ 

"o 
acetic anhydride 

cyclohexanol 

ethyl benzoate 

. ~.o 
C . '/ 

H3-.c -o 0 
\ II 

. 0 + CH3-C-O-H 

cyclohe~l acetate acetic acid 

a.s.1.3 JJ.DliT.tlJ.1J.11.~fitJ.'i.t!Ir!.~r!~.FJ.~~rJ.Flf. 
0 
II /R1 

R-S-0 
II 
0 

LaaLnoft1nn1t~tialvH1n 

n1f'l'lffl Twiin (sulfonic acid) LiJu.ntttLLrlL-duLtl£nnun1fl-i'R~1;n LEl~L 'Y1Elf-na~n1fl 

'lfsTwiin. '~LLri UEJflflfl'lfsTW&Ufl (alkyl sulfonate) ma'lfRTvliln&EJtf&YIEJf (sulfonic ester) 

4"Lfl1Vll~l1n 'lis Tvlilflf1fiEJ~1l (sulfonyl ~chloride)'4~LU'U.LLa'iflflRal1tf-na"n1ftsUa lvHtn 

L-du p-toluenesulfonyl chloride (T&-rCI) LLa: methanesulfonyl chloride (Ms-CI) 

272 

0 0 0 
II II /H II 

R-S-CI R-S-0 R-S-06 

II II II 
0 0 0 

sulfonyl chloride · sadonic acid 
{n1.fiLLri) 

1 sufonate ion 
'(L1JaDll\L) 
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0 
II 

H C-S-CI 
3 II 

0 

p-toluenesulfonyl chloride methanesulfonyl chloride 

< 1 > !!D.DJ.[J.D~ . .P.:!Q~H~n~~-tJJfQDY!.2h~Qrt9.~ 
LLB~nEltrEitfYi111~mtnnu, p-toluenesulfonyl chloride 'V\1EI tosyl chloride L1-L~w1~u 

(pyridine) L~Lelft'L nBf!JB~n'lfl p-toluenesulfonic 'V\1EI tosylate 

~ 0 0 . - ··.llv R1-9 6 11VcH3 N 
R1-o-s ~ 11 CH3 + HCI 

. (pyridine) •• II -
0 '0 . 

p-toluenesulfonyl chloride alkyl p -toluenesulfonate 
(alkyl tosylate) 

.~:Ht~J~,)_Dffi.FJJ. 

0 0 0 . 

0--o-H . llv N <>- "V HC~ + CJ-~ . ~ II CH3 0-~ ~ II CH3 + 

0 
(pyridine), 

0 
p-toluenesulfonyl chloride cyclobutyl tosylate 

(2) !!D.Ul~:tn~ .. m~ttt~n~~-tJJfQDYL2h~QtlQ.~ 
LLEI~nauatfYi1tl~mt.nnu methanesulfonyl chloride lu ~w1fiu (pyridine) L~L£JRL flBf 

I . 

mesylate 

-~~ R -O..;_H + CJ-S-CH3 
. 1 •• ~ II 

0 
methanesulfonyl chloride 

+ 

0 
II 

CJ-S-CH3 
II 
0 

0 
N 

(pyridine) 

0 
N 

(pyridine) 

butan-2-ol methanesulfonyl chloride 

. CM225 

0 
•• II 

R1-o-s-CH3 
•• II 

0 
alkyl methanesulfonate 

\'1;0 
alkyl mesylate 

( 
ft 

O-S-CH3 
II 
0 . 

+ HCI 

+ HCI 

sec-butyl methanesulfonate · 

\'1;0 

sec--butyl mesylate 
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'lis Tvi,UfiUEJU tEJEJEJU (sulfonate anions) Lii~L1JREiau L~11::Li~JUflDU,LnflL1JmJEh1 
I A iJ ., ... ... ~ ~ . A .. .., • ,.... I . n"'flLLn ~~L U leaving group 'Yifl fl~.UUfl-1 Ts-CI LL~:: Ms-CI ~~ L-n'LufH.IU'V\~ OH ,Hl~ 

Uil~naua·tfl~Lilu leaving group ililluu~mtnn11LLnuilti··uJiL1flalalv.Ja 
tosylate 

good leaving group 

r------- _l_------- .: 
I 0 I : 11-o- : 

R1tO-ft ~ A CH31 
~----0 ______________ ! 

alkyl tosylate 

mesylate 
·go~ leaving group 

' , _____ !_ ____ , 
I 0 I 

. : II .· : 
R1+-0-S-CH3: 

I II I 

: 0 : 
·-----------· 

alkyl mesylate 

6.6.1.4 JJ.Dlrrf!.!.Tl11.~fifl.~(1.fftt~.P.fP.R:fn.1~.(1.gy_n1!1. 
n1fl8UU'YI'iU L-iu n1fl-i~?Fl;n n"'ifllunn LL~::n"'flv.Jawv.Ja;n n1u~mtJ1·nlJ'V\~ 

OH. ~1nLLa~nauaa'V\;u?Jua~ l~LBRL naf'Ltt' 
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· (1 > M~m.~J.TilJ.D.l~~~-n:Jjn.l~'lfsn't',,EJ"".,Df 
0 0 ;·--------- -~ II 

R...;O-+H + HO+S-OH 
~----------~ II 

. II 
___... R-0-S-OH 

LUU II 
0 0 

I 

sulfuric acid alkylhydrogen sulfate dialkyl sulfate 

+ H20 

~ 0 

2 CH3-0-H + HO-S-OH 
II 

. II 
CH3-0-s-0-CH3 

II 
0 0 

sulfuric acid dlmetf!tyl sulfate 

(2) MnD1~J.TilJ.D.1~1~~j1J. 

u~mtJ1ifitiuEJSflR ~U,fl1fl (alkyl nitrate) lfltJUn1fl-i~~1;nLiJUi1L i~tJ~mtJ1 
R-0-H + HO-N02 

, nitric acid 

.,r:uJ.~:b1ti~!TI!lJ. 
CIH2-0H 

H2S04 
CH-'"OH + · 3 HO~N02 .. 
I 
CH2-0H 
glycerol 

RO-N02 + H20 

. alkyl nitrate 
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LLEiftn etrea u~:rhtJ~n1u1l~unn flafnun'lfl e\tun7£f~u L,s\1. n1fl WEJffWEJ1ff 

(H3P03) l,.;' trialkyl phosphite LLa:n1fiWDin'ID1n (H3P04) l,.;' trialkyl phosphate 

a.s.1.s JJ.D.[f.f:I.'J.(1J1nfi~fliH 

~ajLLeaneueaLLa:~a.itnfueita Lilu~aj~"niui1timwe~~\tfi~Lrlu1-ffe~n"" n11 
'U • 'U 'U ., 

-~ _. _. ..,. • _. t) _. ..,. !'I 11•- ~,., ..,. ~ aen'lf LflRLLaanetreaLLa:n111fi1RR11 1:neufl11U£11-t.ftLlJU !Jfl1U1Yl ~Lfl'lUliR11n~we~ 

tl'l:Lnn,.,,nnuLLa:n\1. 'tti 
OH 
1 oxidation 

-c-
1 reduction 
H 

alcohol 

.. 

0 
II -c-

carbonyl . 

. ~~~~D-~-~~~. 
..~ -~ !'1 ., ., ..,. ... . A A 

LLeanetraan~nean'lf LfiR LflfiB~ll a.-H ~1e carbinoi-H (H-C-OH) '1f~~li1Un~ 

a::flali~EI~LtrLfi1L';JU~fl1fue'"~~ij~J.i OH 
'U 

3° LLeanatretfl.linnaen~lfli' (L~11:lliii a.-H) 
'U 

~J~!JD.~:\~1. 
R11~lieen~Lf1Riifl1111LL1~~a1u1:iu ~l'll'nuLLeanatraaw1'"111ntl-,:neu~1tJ 

La~:~iiRti1~aen~LfliUR~ LiU Cr(VI), Mn(IV), Mn(VII), Ce(IV) LLa: I(V) Li~J\1.~'" 
'U 

CM225 

tl1e£1n~lfltf~a:a1UL'"J, (aqueous oxidant): KMn04, R1'leen~LfiR~ii Cr(VI) 

~~ LfltJ,.t1LtiLiJ1-t.eu~uf71e~n1fllfl1iin (chromic acid; H2Cr04) Ltl1-t.i1eeniD'tfltf " . 
~LL1~ Lfl7Ul1Lmflua:a1U Cr(VI) oxide ~1e Na2Cr20 7 ~1a K2Cr20 7 1.1-t.n'lfl 

-i'aYh1n 

CrO H 0 H2S04 H C O 
3+ 2 ., 2r4 

chromium(VI) chromic acid 

K2Cr207 

potassium 
dichromate 

oxide 

H20 
-~ .. ~ 2 H2Cr04 

chromic acid 

i1een-i'tflll1.1.ti1Yi1n:a1u~lliiiJ1 (anhydrous oxidant): Li\1. PCC (Pyridinium 

chlorochromate) LLn:: PDC (Pyridinium dichromate) 
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-il .. .. ... 1J ... 
(1) !.1.11~.~.0 .... ~-~~~~~DJHHJ.~.!!H~ ... !~.JJ~. 

tl~ffiEJ1~L~LLB9iilufl1~~9lR1~0111J Lin11-nifllD1fl1L';l\4';)1nLL£l~nBDB~ lfltJii 
i1Li'11 LL9:rhL\4R1111:unw ~'11ih.h:1u1f'U1ahnn1l'nl\47:.1u~a'l1tJ~illln114'11aan-ilflllil 
ft'i19:~n tJ 

OH 

R-b-H _cu _ _., 
I fiTIIIiD\4 

H 
1° alcohol 

OH 0 
I oxidize ll 

R-C..LH R-C-H 
I 
H 

1° alcohol aldehyde 

0 
II 

R-C-H 

aldehyde 

oxidize 
0 
II 

R-C-OH 

• carboxylic acid 

R11BBn~ltuf~LL1'11';l:aan;al.,tf 1° uaanatJaa f-l1\4LLaaiilut1~'11nnaan;a't.,tf9ia 
\ ~ 

L\4't1\4nL~n1flfnfuan;aan U1'11flf'l1lfi'LLB~iilufl1\41A1J1mv.afl11riau~';):nnaan;al.,tf9ia 

FCH2CH2CH20H 

3-fluoropropan-1-ol 

[ . ft l 
FCH2CH2C-H. 

LLunoon,al\1 

~ 

0 
II 

---. FCH2CH2C-OH 

3-fll!oropropanoic acid 

•ll .. 0 .. iJ •ll .. II; 1 ... .. ~ 1"1 II; .. n11BBn•1hflR 1 LLB9fl£lUB9L \4LLBifl LDfl 1JnL~ PDC ~1£1 PDC 'JJ'I1Lu\4B\4?4\41MJB'I1 
. ~ 

Cr(VI) L ,j\4n \411~.~!~!J.~.D.~l~t~~~ft~lf1!~~l~D1~.~:tf.v.~n~ftD.L m \4~1n19:fn tJ~tJnfl';l1n 
,r, L,j\4 ~f1f1flEJl1£i,nu (dichloromethane; CH2CI2) 

0 
PCC II 

CH3(CH2)sCH20H 
CH2C~ 

CH3(CH2)sC-H 

heptan-1-ol hel)tanal 

0 

!CH3)3cVcH20H 
PCC 

VII 
CH2CI2 

(CH3hC C-H 

p-tert -butylbenzyl alcohol 4-tert-butylbenzaldehyde 

~OH PoC ~0 
CH:zCI~ 

geraniol geranial \ ~ 
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OH 
I 

R-C-R1 
I 
H 

2° alcohol 

.!T:ut~J~,)D51rJJ. 

Q-oH 
cycloheptanol 

testosterone 

o~ize 

Na2Cr20 7 

H2S04, H20 

PCC 

0 
II 

R-C-R1 

ketone 

Q=o 
cycloheptanone 

0 
4-androstene-3,17-dione 

(82%) 

Lhvri'u 3° ~Ltl~ntlueuf 'hjij a-H ~~ lllnn tl tln~Ltl tf LL9i1.J1~flf~ ~1111::~1 -Nl -unTl 
'\1 

tltln~'tt~tftl1"il'Y11L~Lnt~tJ~mtnn11-ni't1Lti' 

(3) n':1.1~-~.n~j~-~-~t9JD~t~Jg! 

LiJutJ~ffit11tltln~Ltli-ui1tln1fl'YIDflB Tafin (periodic acid; HI04) ~iinTHLtlnin 
~-un:: C-C 1Jtl~ vicinal diols mtl'' 1,2-glycol L~'V\ajtnfutlit~ 

'U 

I I -c-c-. + 
I I 
OH OH 

vicinal diol 

.!T:HJ~J~,)Dffi.rJJ. , 
H CH3. 

o-b-6.-cH 
I I 

3 

OH OH 

2-methyl-1-phenylpropane-1,2-diol 

"~ + II 
.0 

o-C-H + 
II 
0 

benzaldehyde 

H3C-C-CH3. 
II 
0 

acetone 
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+ Hlo., __... 

cyclopentane-1 ,2-diol pentanedial -·--- ...... ... 6.6.2 u!Jn1'!J1t111n11'.R1!J'Vn.~lr:: C-0 
. ~ 

6.6.2.1 !1.0.1Ji~!.T1'1111.':'1Y.!. (~~1-Je 3.5.2) 

LU\4t.J~ffir.n-nit~LLuu t~?.:!limin!!~9.n Vt1o ~~J!m!n~~i.C?.rJ .. ,tlLLoafi\4 

~6-!L __... 'c=c/ 
I I / '-, 

OH H 
~ . I 

(1 > !!nD1~:t.n1r.P.jtJ!\11~.FJ.gn:t~.~it1\!T~~t~ 

ntt1~LiJ~i1Li~ 'tl'LLrl ~~04,. H3P04 LLa:: p-toluenesulfoni~ 'Vl1o TsOH 

_ CH3-o-S03H 

p-toluenesUifonic acid (TsOH) 
pKa=-7 

LL~anouoa~t~fl1iluLLflfl,ooo\4ud1v,-1il::Lnt~t.J~n;v,,tl'L11 fl11~',t"n11Lnfl 
... -- .. 1'1 ... ,¥ 
u!)n'tli11JD~LLDanotroaLu\49l~\4 

RCH2-0H < R2CH-OH < R3C-OH 
10 i 20 30 

00H- H2so,. 0 + H20, 
140'0C 

cyclohexanol cyclohexene 

OH 
I 

CH3CH2-C(-CH3 
TsOH 

CH3 

2-methylbutan-2-ol 

~ 

<2> ~~m~JnJnJi~Jtlti.1.EJ .. eQ9.~ 

riDtrYisi'wEJDn41fiRD~1i (phosphorus 'oxychloride) t'-'tw1i'uLiJ\41LDL1il\4tl~t..at" 
n,,.,.~.,,l,.;nnLLoanouoa1S\l" 1° LLa:: 2° \t.i~om~nilti1 . . . : 
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. ('r(CH3 

VOH pyridine, 0°C 
cx:H3 

1-methylcyclohexanoi 1-methylcyclohexene 

u·- · ... ~ t ~ .. ... " 6.6.2.2 .. W.1J.1.~7.1JJ!.JL~!tt!!H~~.J!f!. (~'V\1-na 5.4.5.1) 

LthuJ~ffitJ1n11LLfl'U~'V\~ OH ti1tJi11flR1alrhf X- ~nn HX ltiLLEl~fl~LLtJl~~ 

R-OH + 

alcohol 

----1.... R-X + H20 H-X 
hydrogen halide 

1-methylcyclohexanol 

OH 
~+HI 
pentan-3-ol 

HBr 

~OH + HBr 
'I 

butan-1-ol 

.. 

alkyl halide (good 
leaving group) 

r'!<CH3 
V Br + 

1-bromo-1-methyl 
cyclohexane 

I 
~ + H20 

3-iodopentane 

~Br 
1-bromobutane 

u·-- ... ~ r; • ~ .. " "" ... T: ~ .. ... ., 6.6.2.3 .. W_Tl!~'J.'lY .. rJ..!l.'Hfi.fJ.fJ.fl . .1.fJ.~~!-. ... fl ...... fd!.~ .. '1J.!..!J.~ ('V\1,.£1 5.4.5.2) 

1° LL~: 2° LLEl~natJa~ fi1tJ~ffitJ1nu· SOCI2 (thionyl chloride) lou. ~w;.~u ';1: l~ 

LLEl~fl~ LLtJl~ti 

CM225 

R-OH + SOCI2 ~ R-CI + H-CI + so2 

1° or 2° alcohol thionyl chloride alkyl chloride sufur dioxide 

3 R-OH + PBr3 ~ 3 R-Br + H3P03 
phosphorus . alkyl bromide phosphorus acid 
tribromide 

~OH + SOCI2 pyridine .,. -~CI 

('y'OH v + PBr3 
pyridine .. 
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6.6.2.4 P..{TJ.tJ.qp!.!!!.~.rJJ!IJ.g~m~nt 

Lihu.J~ffi£J1~Lt.J~£Joucn'l'th:ul'n 1,2-diol l~Li~Jufl'Tnu LiJoun1'l'-.ijfi~1LVuj~Lnfll'" 
· a-n11:n1fl ~n1'l'Li£JJ1u~:u1 £J~~LLa~t1~'t.J tJ-3fnfuau ~~fln"UL ?l a L~flTfiULLflfllaaauii . . '\1 

, Pinacol LU'U~acnJqj~B-3 2,3-dimethyl-2,3-butanediol L~·aLnfln11Lt.1~£J.'ULLt.1~-3-;J: 
l~fl'Tnu pinacolone 'V\'£l 3,3-dimethyl-2-butanone 

OH OH 
I J 

H C-C-C-CH 
3 I I 3 

CH3CH3 

2,3-dimethylbutane-2,3-diol 
( pinacol) 

6.7 n11Lfi~UIJMt.LOii 

0 CH 
II ·I 3 

H2Sd4 --=--__.,;:,......, ... ~ H3C-C-C-CH3 
I 
CH3 

3,3-dirnethylbutan-2-onp 
(pinacolone) 

~'UEl~R1'U l 'V\ rul~-;J1nn11R-3 Lfl'l'1:~ cH-3~flftL ~~ l ,n 'UElf181'V\ n113Jn11Lfl1£J3J ti11 
w ~ 

tl1-3 ') LI!Jiu bisphenol A l-Klu~flft'1'V\nn3Jn11~if1Ll'fuswen41 (epoxy resin) VHl~fl1fuaL 'Ufl 

(polycarbonate) LL~:wua~-~ElfLL3J~tiltJtfL'l''Bu uan-;J1nUliWua~lu~ifllim'ti'ti1-3 ') LI!Jiu 

5 J1JouinL-31 81'l'Lflft£l1J 81'l''V\~El~'U ti11'1::.3'uL4El 81'l'Lfl£ifi1-.ij'fl1~~~ LL~:L11R~nm'ti' 
'V\~1EJ~itt1 

6.7.1.1 .L.~!P.~.tl.!!J.ft'liJ.J! (cumene) 

W'UB~ l '"~ flft'1'V\n,:13JR1oul'V\ qj Lfl,£.1lJ-;)1fl ~8 r,i wmRUJU~U (isopropylbenzene >' 'V\1El 
... - 1 •'VI .. "' . ~ ~ I .. ...... .; ., T .. ., .. 
fli~U tl£Jn1'lElEln'll Lfl8fl1£.1£l1n1fl (02) 'Yl£ll\L'V\11aJ84 L'V\fJIVU 'lllfi1LWB1BBn ''lffl (cumene 

~ '\1 '\1 

. hydroperoxide) L~Eln1t.J~n1~1n1Jr1'l'fl-i~w11n-;J:lmquo~ LL~:un41lnu (acetone) ~-3LU\4 
... ...~ .. "'.1 1 !'WI ... ~ ... 

~~fl~~'Yl L-nu'l: EJ~'U Lfl'Yl-3tiEl-3-n'Ufl 

H 0-0-111 
I I H3C6CH3 H3C6CH3 OH 

6 0 
02 tf30+ II ... • + CH3CCH3 

95-135 °C 50-900C 

cumene cumene phenol- acetone 
hydroperoxide 
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6. 7 .1.2 .LJl!~~51.1.TJ..QfJ.IJ.?.f!!Jf!.§Ylfgd{9..1!~jg_ff.'d~YJ! 

Lfl;£Jll 1fi£JnTl'l~fl11lli'aun1tlL1JU4uis1~itn (benzenesulfonic acid) ·rru 1'1fL~£J.ll 

Lllfl'l'anl'lf.l~""salls:s1£J lti'Lnaa 1'lfLtlUli,B-3~uaa Liiarhl~Li~J'"n'l'fl~:l~'"aa 

~nzenesulfonic acid 

vQ-Na• Hao•., 

sodium phenoxide 

QH KOH-NaOH H o• ----~~~~.~ 
300-350 oc ¢ 

CH3 

p-toluenesulfonic acid 

6. 7 .1.3 ·'-~~~~-t1.1DllJ.1.ll!.ffJJJ~uf.~.ft~I!t.'dY.!H 

CH3 

p-cresol 

r(YOH 

v 
phenol 

1 

LiJ"Un11Lfl7£JliVJ"Uas 1fi£Jn11l~fl11lli'EJufl~a f1tuu.gunuR11a:a1£J NaOH t '",r, ~ 
fl11lli'UW-3 LtiLnafl1'lfL~ £Jll-nfl-3~Uflft LLS::Li1arh t~LiJUn'l'fi~::L~'Uflft 

'll 

r(YCI 370 oc r(Y. ~ o-Na+ H o• r(YOH 
V + aq. NaOH 150atm .. · v 3 .. V 

LiJ1.4n11LL'Yl'U~ti1EJU1fli1al~a t1'1£J1.J~ffi£J1LL'lJ'lJ elimination-addition ~1U~ULfiBf 
iiL~£JfiL1JU ~'JIU n11-3LlJU4iuii'V\~tl-3eLantl1£J'U 1.J~m£J1~::Lnfi~1£J;fu 

CI)):CI 1.NaOH •. 1500C. Cl)):l ~ OH 
I ~ 2. H3o• 

Cl Cl (-NaCI) . Cl ~ Cl 
1 ,2,4,5-tetrachlorobenzene 2,4,5-trichlorophenol 

.. ..,., 1': .. ~ .. 
6.7.2 n11Ltl1!1JJ\l1n&nas &fUJt'&!I&NIIJt ('V\1-na 5.7.2) 
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' ' 

Ar-NH2 
primary aromatic amlnes 

Oiazotization 

HONO 
0- 5'°C 

! 

® 
Ar-N2 

diazonium salt 
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2-nitroaniline 

NaN02, HCI 

H20 
(0 -5 °C) 

diazanjum salt 2-nitrophenol 

&.a tlfin'u1!1ih'~"oa 
_/ t.l-- ... fJ 6.8.1 !Jn1U1't1LL1ffh1ft"111JL \6n'1tl 

~\UltuiJun1tlLLrin11LLoanotJotf LL1fiLiJUn1fl~eioun11n1flfl1fuon'.B~n ~uoavh 
u~mE.11Ltlll1J NaOH LLR: KOH 1~\naowuan~'lfflLLfiLlifhu~ffitnn1JL1Jt{elElU L,ju NaHC03 

LLS: Na2C03 (~1iel 6.4.2) 

V
OH 

+ 
h-

NaOH + 

sodium phenoxidft 

,. a-'n1Vin1fl-n ri~~uo a1 ~11;fu l~ti,ij~li~~a Lanfl10ULL nu~1 u1~ Luu'iu a-11 .. 
U1:L11'YI~UelS1J1~~\\fl~~ijfl111JLUUn1tl'YiEJ ') nun1flfl1fuen'B~n ua:vhu~n';r.nl.Ynu 

NaHC03 'V\1o Na2C03 1~v4EJ~LLnft'tnfu£lulfiEJelnL'lftl Liu picric acid 

OH 

02N~. N02 y+ 
N02 

picric acid 
p Ka = 0.4 

~UEJSLtJUL1JR~elelUn11LLEJan elllellf L Vi11:fiaLanfl1elU1.1£l~ el ElnlftL;JUijft1U 1un11L 1 .. . 

1'lfLLuu4nu1~Luu'Bu -nm:Lfir.nnu~un: C-O lu protonated phenol lliwa1ul~ phenyl 

, carbocation ~"Lli~~iieunuunsnot:mtf 
•• 

CH3c;lF'H 
I 
H 

p t<a,=-2.2 

o-0-H 
lrf> 
H, 

pKa=-6.7 
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rLa-H 
\.==l'()le 

H 

-•"'- .a... "' Ill ,. :"1~1 .... ~ - ~ 6.8.2 JJ!)fl1'!11fl1,.LLYI"Yift1!JDLan'fl,.,l1ar11."LU"'"li"!JD"l1"Dft 

~aj -OH u~: -0- ~1nwuan~..,..,1aaau Lilou~aj1.,WLnnfi1El14LLri1~Luouta-u~LL'l~ LL~: 
'U ' 'U . 

Lilou o,p-director 1~LlJ14~14~~iifl1111ia~l'ltteln11LL'Yl'U~tl1EJDLan Lfl"l"LY.h{~ilt'lc;h~ ') (i1ie 

4.6) L~'\4 

u·- .J ~ t 6.8.2.1 .. ll.Q1Y1[].11~~J1HJ1f!'1Y.'.'·1!. .. ~.~Y.H 

tJ~mEJ1Lnt1L;1ni1Luoutnou1nn ltmlajc;l EJ~ 1. -!tfl'1 L i~ .loutfl'1n1~:~1 EJ~it"ii.ff1u~ffiEJ1 
Ln'ilLiL;1LL~:-;hnfl-;i114114n11Li1LL'Yl'U~LajLc;l L~'U 

_ OH 

A + 3 Br2 V-lF 

OH 

Br*:r 
Br 

2 ,4,6-tribromo-3-fluorophenol 

loui1n1~:~1EJLajii.ff1 L~14 1 ,2-dichloroethane (CICH2CH2CI) ~1e fnftiau ~~R~Yifi' 
(CS2) LL~:n11J~ffiEJ1~~IUt~1Jij~1 ') ~:Ln'iln11LL't114~L YiEJ~ft1LL~~~Liltl~ 

11""- ~ ~ ·~ ~ 6.8.2.2 .. l/.Q1Y1[].?I~~J1HJ1f!'1Y.'J:'.fj .. ~ .. ~.! 

¢ 
Br 

2-bromo-4-methylphenol 

ft'11U1:Lnn~oue ~n11J~n1EJ1lc;lnun1fl ~ufl1nL ~ EJ~1~ 1.'" J,~1e1.oun1fluD'dnn ~ 
em~11D~1 LL~:lajc;le~1.itfl'1·Li~ 
• 'U 
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¢ 
CH3 

p-cresol 

acetic acid 
5°C 

qN02 
CH3 

4-methyl-2-nitrophenol 
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;; 
;(H 

4-hydroxybenzoic acid 4-hydroxy-3-nitrobenzoic acid 

6.8.2.3 !!D.fiiYJ!J1!H!IJffl.f!.?!!.J:'-~!!1.~'J!.f!.fr.I.HrJ. 

L111-t.n11LL1'11-t.~ti'1u~lin,-fi-Ha1wttn (-803H) ~1~Lu'"IB"" 
'U 

2,6-dimethylphenol 

H~~ 

100"C 

OH 

H3C·*CH3 I . 
~ . 

S03H 

. . 4-hydroxy-3,5- . 
dimethylbenzenesulfonic acid 

6.8.2.4 !ID.fi!YJ!J.?~~f!I.Hfl.fi'.?!!.J:'.~.LJ.EJ.~~~. 

n11LLnou~t11u~liLLaafia~1~Luoufw1JEl~VJouaaen~liuDsnDliDA ~7auDafl'u n1 
'U 

11Dffiu11flu5jn,-fl H2S04_ ~1a H3P04 LiJ~i1Li~ 5jfl1iluLLflfllaaaouLiJ1-t.aLi~n lfl,-lvhf 

o-cresol 

¢ 
CH3 

p-cresol 

u·- """ · i 6.8.2.5 .. !D.TJ.1.~1J.Q11.'!r!Y.r!!J.?.~?l~UL.{f. 

OH 

.~CH3 
y· 

C(CH3h 

4-tert-butyl-2-methylphenol 

OH . 

(H3C)3C*C(CH3)3 

CH3 . 
BHT 

(butylated hydroxy toluene) 

L'Un1tlt~a~vhuia tl~m!J1Lnfllti 2 uvi~ flfln11U'Yl'U~ti'1VaLan1fl1lWa~fl1f1JEl'U 
~El~1-~LLB11LL1J~n (C-acylation) l\fun;afl'Tnu ua:~·aan'iL~'U (0-acylation; 'i1,ja 6.10.3) 

liuD1R,DR,J?Df 
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~~ffl!IJ .. f.r!~g~I::9.~~~~--~9YJ@!!9.n (C-acylation) 

lt1vli acyl halide ~1£1 acid anhydride LiJ'"i1l,.;'~~LDiR iia:~ii'tt'3Jfl~EIL'l~ (AICI3) 

LU'U.i1Li~ ~~LDiR (acyl group) L,j1LL'Yl~ft1~ 

AICI3 ¢ + 

o~c'CH3 
acetyl chloride p -hydroxyacetophenone o -hydroxyacetophenone 

tl~ffim 0--acylation Liit1J1u Lrta~·;nnru~·'l1'111t.~.n1:~u~1 ft1u C-acylation liv-ar'I1'111'U. 

n1:fl'U.ft'~n11 n11LL'Ylt.~.fli1£J~liLEJlft~~5jf11Li~~~LflLLD1Rfl'fnu LLfln1L1i£ifl'1Li~~:L,.;'LLa1R 
'I '\1 '\1 

LDtt'Ln~f LL~::L~EJLifl1Li'l1 AICI3 nuua1RLDtt'Lf1Df ~:Liitltl~ffi£J1~tlfl1L~1i L1£Jn Fries 

... .. tl~ ... .. .t=l ... ""'T rearrangement (~1~£1 6.1 0.3) L ~£J'U.LLD1RLDR'Lf1D1 Lu'U.LLD1Rfl flU 

6.8.2.6 unfi!YJ.~QJ.l!!!.1 

1fi£Jfl11L ,.;fl113.1'lEI'U. r '11L~li3JWUDn ~'111 tiu C02 111 £J Ltlfl113Jfl'U.ft'~ Liitln11LL 'Yl'U. ~~ 
'\1 

tl1LL~U'I1DDflma~~'U.EI~LU'U.R1'U.L~qj LLt'l:L~Eifhu~n£J1nUmtl~:ltin1fl'111R~'11Rn ~~Lilt.~. 
~1L~3Jfl'U.L'U.n11Lf11£J3JLLEift'LVi1'U 

o-Na+ CCOH CCOH () C02 H2S04 .. .. 
125°C c .. o-Na+ C .. OH 
100 atm II II 

0 0 
sodium phenoxide sodiumsalicylate salicylic acid 

fnfuau LfiEJEJnL'lf~; O=C=O Lilt.~.aLan 1fi1Lrh~~eiau tl1::-;,t'lu~1nwuan ~'11fl1aaau 
~ 'I 

,hvl,.;'tl~ffi£J1Lnt1Lfiil n11LL 'Yl'U.~LiiflL 'U.tl1LL ~U'I1DDfTfl3.11nn11 L Vi11~1f11~ft'i'1~~EI~LLDU 
~DDDUiJft'111ViLUft'elEI'U.fl11LLUUJY111 LrtEJ~~1nLiitl~'U.D':L~lfi1L~'U.111£JL'U.l3JL~nt'l1:~11'11~1i 

'I '\1 

OH nULLEI'U.LEIEIEI'U.fhL,.;'Lft'n£J13.11nn11 

1 
Adolph Wilhelm Hennann Kolbe (flff. 1818-1884): LtluunLfliiLtla1~'U ~-3R-3LflTl:\(n1tl'lf1il'Jfin lfltl 

n1:111Un11 Kolbe synthesis [H. Kolbe, Ann. 113(1), 125-127 (1860)] 
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n11LCR~f.IJ.ILLilft,'l'tm 

Lih~tJ~m£J1~Eh1~~ phenolic-OH ·;nnn1tl'lf1RY'lJ'in tiu acetic anhydride LiJ1-ln11 
"""' ' ~ "" ~ . LLf1Ufltl1£J'V\~lD'V6 flflflO•DL~U (0-acylatio.n) 

~OH 
~OH + 

0 acetic anhydride 

6.8.2.7 !lnmY1.8.tP.{IJJ.l!r.:.Tt~m!!nn2 

oycH3 

~0 
~OH 

0 
Aspirin 

LUUU~mm,-:,.,11-:!V-Iua~ nu CHC~ LLa::LUftUBBfn!a t'V\1flflRD f1fl1fiiuLU1.lOLail1tl1 

l~aLiTrhtJ~mtntiuwuDnt'lf,1DDDU lti o-hydroxybenzaldehyde 'V\1a salicyladehyde 

+ CHCI3 + 3KOH 

6.8.2.8 !lnmY1ff.l:'Jn.~fJ.x~~~r'l':~fi.4!.~ 

tJ~m£J11::~11-:~at1t11::LilnV-Iuaanu,n8D Yf1D:f'lf,izvv Lntl t utn1a::a1 EJ~Liluth.:~ 
Lan1l'a£JL ~a t~~uaau1-:~ft'1uLiJuwuDn1'1ff11DDDu ,nae YflDif'lf,uvvLiluoLan 11il1l ~aLi1 
LLnutufi1LL'V\U.:~~iiaLanlil~au~u1LL\Lu\'Ut1-3 L~ft1·nh::nou,ef'lf (azo compound) 

o- ~ N=N--v--0 

diazonium salt . ~ . 

2 . . 
Karl Ludwig Reimer (flff.1845-1883) LLit Johann Carl Wilhelm ~rrllnand Tiemann (flff.1848-

1899) ff~ae~'Yi1UL1J~unLflijLtUl1U~ ~· . 
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s.a.3 t.lfimu1n11'LnttLo1nne.ftaMih•oa 

LawLnaf,a"~uaa ,.,;aLLD1tue.lnsntAu11-v1nu~n1t~11:'V\11"n'"fnf1Jantft~nn1J 
~~aa 1fltJtt1" 'li'ti L ~Tl:R11tJa11a"u~ffimmm"tf1tJ111nn11 'un1"Lam naf 

acid chloride 

acid anhydride 

()

. OH 

+ 
~ 

FDOH 

p-fluorophenol 

octanoyl chloride 

acetic anhydride 

F
. ,3 

nes rean-angement 

0 
II 

O-C-CH3 

6 +H20 

phenyl ester 

~-o R-C-0 ·~· b + R-C-OH 
II 
0 

phenyl ester carboxylic acid 

0 
II 

· O-C-(CH2l6CH3 
+ HCI 

. 

phenyl octanoate 

0 
II 

FDO-C-CH3+ 

p-fluorophenyl acetate 

Ltl~u~fijtJ1n11~fli1l'V\li1JEl"LElRLnaf-v1n~~aa (phenyl ester) iin1f!R1DR' L-.d~ 
AICI3 LU~i1Li" 'ti'W11U1:Ltlfl hydroxylaryl ketone 

3 ~· -·-- ...~,...... ... ... ..... ... L1J'\.hJ!)n1V1't1 trn.J"lfElfl1lJ\4nLfllJLVEl1lJ\4 Karl Theophil Fries (flfl. 1875-1962) 
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.!T.1!J.~.1~'='~m.FJ.1. 
0 ' 

AICI3 .. 

~ 0 ~Hs _A;....I_CI~3 ~~ OH 0 

C(ceHs 

phenyl benzoate o-hydroxybenzophenone 

6.8.4 tJfin~U1DDniLetW14 

+ 2 R 0 

+ 2 C6H5 0 

.p-hydroxybenzophenone 

~ouatu'lnaan~'flll.iJ1tJLfltJfl1aan'i'tttf L-rl'U N~Cr20r, H~4 ~1a Ag20 tu~L'Ylaf 
'U 

'V\1a (KS03)2NO l1.1tJ1 R11th::L1lflVt'Ua~~\~iJ~~LL'YlU~luihLL~U"W1T7flnaanii,flfl.rl~ 
'U 'U 

~·l1f,1f'17fuu (hydroquinone) L~ft:ti£J3J1L~ fl.?J~.~ (quinone) 't) 
OH OH 0 

6 (KSOa)2NO, H20 ¢ ¢ (Ferrny's.salt) 

OH 0 
hydroquinone. p-benzoquinone 

Lflnh:Lilfl~if»Elft~flnaanli,fiWJ1tJLil'Ua'U ~ufJJa" 1 ,2-benzenediol LLa: 1 ,4-benzene-. 
'U ~ . 

diol 'V\1a '!l1ff11f'1.7Tuu L~annaanli,tttf-;,;::,t11,2-benzoquinone (a-benzoquinone) LLft:: 'U . . 

1 ,4-benzoquinone (p-benzoquinone). fl13.it~1i1J 

~OH __ Ag...:.;itJ~· -.~/ U ether 

o-benzoquinone 

f'17fuu (quinone) nn'it\1LfL~tD'ff11fl7fuuL~~nRUfl'U'ti n11£J£Jntn,fltfLLa::1ii1W 
'U 

1:'V\11"fl7fuu-tllff11fJ7fl4uiimnhulauaLanfl1£JUflf"ft: 1 aLanfl1~u 2 flf" tl~ffiuiiflan.f 
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""' fl:t I -r ., r -r ~ ..... - • ... ""' A _,..; fl,-1fl L ,-1,-:\'\11~ f)"J U U- 'll 'f11f)"J UU LlJIU1J!)n,-tJ1'Yl1~~1111ViYI £l £ln'IJL ~\U u a tJ\LW1,-£l1\'\1,-

Li~Ju C02 J1 LLa:Vii~~1\L 1flt~ii ubiquinone \'\;£l Tf1LEJU ~'1!3ffll (coenzyme Q) :a~LU'U.Wl,.. 
tJ,-:L11flf)1T u U~ViUL u~nL'IJa~ rh~U1~\'i1" l'Jt~ £l~n1,.th tJ 1£l'U.DL~nfl,.£l'U 1. ouu~n1tJ1n1,. 

.. .... .. 
\'\1tJ L~,-:fiUL'IJaa 

0 

¢ 
0 

CM225 

SnC~. H20 

(KS03)2NO 
H20 

¢ 
OH 
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1. iBfl11aJlfi~L~tl1rltJLtlfi1U£lft, CH3CH20H LUU~1~ 
(1) s:J~u1r:l.., 1 ~u1r: 

(2) iJ 6 ~u1r:'Bn1n · 
... iJ 0 (3) ~aJ..,\t.lr: C-0-H L 1-t. 120 

(4) ~3J~\t.1J: H-0-H LUU 109.5°' 

2. ialfiLU\t.LLflftnfllJ£JR 

·-~ ..... .. .. (1) l'\~n~n1f\t. :-OH 11D~LL£Jftn£JDDft~1Un hydroxide 

(2) LLDftnODDRLfi;UaJltl';l1nLLflftfl\t. 

(3) LLa~naDaaiJ~fiLtlaflw~n11LLaftLfl\t.~111-t.1fl LliLftnftlni 'Jrl\1. 
" ... " . 

(4) LLaftnauasLnfl~"1r:lulfi1L~"lf1 

4. a~·n.h:n au LL fi ft :1Jitfl ti a lu 'ilL iJ1-t.R1'1h: urn l" 

(1 > LLaftnauaal.IJaliJD 

290 

.. .. .. 
(2) LLflftn£JlJElftfl91U1Jal 

(a) LLflftnflDflftflflrJ1lD , 
"' 

(4) W11U1:L1l'Y1~1-ttflft 

r\0: "----"' )-Q-oH 

)\'oH 
(2) (3) (4) 
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6. nTn1[Jn~Elft'11th·::n e1utio ltld'un..,;eJlai 

(1) 6-Nitrophenol 

(2) 2-lsopropyl-1-butanol 

(3) 1, 1-Dimethyl-1-butanol 

(4) 2,3-Dimethyl-4-pentanol 

1. R11 LfiLiJ'"LLosnotroanii [JilD . .. 
( 1) Cyclohexanol 

(3) 2-methyl-2-propanol 

. (5) Benzyl alcohol 
• lll.l..r. ., 1 

8. ft'11flel Lu'"flel11El Lfl 
H 

H._p-OH 

Cl 

( 1) trans-4-chlorocyclohexanol 

(2) cis-4-chlorocyclohexanol 

(2) Phenol 

(4) Hydroquinone 

(3) trans-1-chloro-4-cyclohexanol 

( 4) cis-1-chloro-4-cyclahexanol 

9. ·;nntl1LaeJn An~ F flEl1Jfl1f11lliEl (1) i1~ (7) n1lai£ifl1f1El1.1~l;Jn L~flellJ 1ai£i" 

CM225 

OH . ' I . 
B~ C~OH A~OH 

D yy E~OH F ~OH.· 
(1) tl1Lfl~£i~Dfl1li1::1J1J IUPAC LiJ'" 2,4-dimethyl-3-pentanol 

(2) tl1Lt~~il~flfl1li1::1J1J IUPAC LU'" 3-methyl~1-hexanol 
., 1 ~-~ :'1 . 

(3) fl1 L"'Yili-.D"flfl1li1::1J1J IUPAC Lu'" 2-ethyl-2-methyl-1-butanol 

(4)" tl1Lt~~ii~Elfl1li1::1J1J IUPAC LU'" 3-ethyl-3-pentanol 

(5) tl1Lfl~il~el~1li1::1J1J IUPAC LU'" 4-heptanol 

(6) i1Lfl~ii~Elfl1li1::1J1J IUPAC LU'-' 2,2-dimethyl-3-pentanol 

.(7) tl1Lfl~£i~flfl1li1:1J1J IUPAC LiJ'-' 3,3-dimethyl-2-pentailol 
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' 
10. ialtll;!';ll~. 

( 1) CH3CH2C(OH)(CH3)CH(CH2CH3)CH2CH2CH3 fl El 3-ethyl-4-methyl-3-heptanol 

. (2) CH3CH(CH3)CH(OH)CH2CH(CH3)2 flEl 2,5-dimethyl-3-hexanol 

(3) CH3CH(CH3)CH(OH)CH3 fia. 3"'methyl-2-butanol 

(4) CH3CH2CH(OH~CH(CH3)CH3 flEl 2-methyt-3.:pentanol 

11. Ln1lh:nault1~ii~t1LflElt1~1"t1 .. . .. 
(1) CH3CH2CH2CH20H 

(3) CH30CH(CH3h 

(2) CH3CH20CH2CH3 

(4) CH3CH2CH2CH2CH3 

(1) (2) (3) -, (4) 

14. Ln1Ltltia ltJii'Liit1~~1r:lu Lfl1L~\n:,ri1~ l~La~a lti. 
(1) OH OH 

(2) ~ (3)~NH2 ~4)~ 
OH IQ 0 

. (5) Lntllti'YJnfi'1 / 
15. L~Laanan~m1:~11L£JL~~tl Ail~ ~ ~1nfl1T1~~vh.uJau~ isobutyl alcohol 'LU~tfn 

ti1~ '1 fl11l~rl1'V\~flLl.W.tia:tJ~ffitl1 ~altJd' 

292 

· CH3-CH-CH2-0H 
I 
CH3 

isobutyl alcohol 

(1) 
1 step 
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(2) 
1 step 

(3) I 

1 step 

(4) 
1 step 

(5) 
1 step 

A 

B 

c 

0 

E 

F 

G 

H 

I 

(A) CH30H 

(1) A, B, C 

(3) B, A, C 

(5) C, A, B 

CH3~C=CH2 
I 
CH3 

0 
II 

· Ctij,!-CH-CH 
, I 

CH3 
0 
II 

CH3-CH-C-OH . I 
CH3 

0 0 
II II 

CH3-CH-C-o-c..:.cH3 
. . I 

CH3 .. .. 
TltJn1'nLEIL~14fl 

Hg(OAch \14 H20 

PBr3, fl11ll'ifl14 

NaBH4 l14LLflanerrmf 

LiAIH4 \14 THF 

PCC \14 CH2CI2 

. ~Cr207, H2S04 

HBr\'UC~C~ 

H3P04, fl11lli'fl~ 

0 o-
II II 

I pyridine· CH3-C-O-C-CH3 

(B) CH3NH2 (C) CH3CH3 

(2) C, B, A 

(4) B, C, A 

I ., 1 :CI I ..I 
17. fl1 pKa ~1f11JrhfiLu'U11Eh101flElEl'U'YI'1fl 

(1) pKa = -3 (2) pKa = 0 

(3) pKa = 5 (4) pKa = 15 

(5) pKa = 23 
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18. ,YolflfiafiLUft' (conjugate base) 1JD-ILEl'YI1'UEl~ 
. .. 
(1) CH3CH20- (2) CH3CH2-

(3) CH3CH3 
+ 

(5) CH3CH2 

1s. t-utJ~m~1tiolud Luw fin 1",-"rno~ltl 

o-OH + 
9

NH2 ~ 0-8 + NH3 

II Ill 

(1) I LL~: Ill (2) I LL~: IV 

(4) II LL~: IV . 

o-e 
.. (2) 0 

(4) (CH3l3COH + 1- ___.. 

22. R1l1~n1fl11a"R1,.LLtin:~fiLmuuLnuutialtld i'elflnn . .. . .. 
( 1) 4-Methylphenol > 4-fluorophenol 

(2) 4-Methylphenol < benzyl alcohol 

(3) 4-Methylphenol > 4-nitrophenol 

(4) 4-Bromophenol <· 4-fluorophenol 

(5) 4-Nitrophenol < 3-nitrophenol 

23. LL£lRnJ)uo&ftialtJii'i1Ltl,1UDffitJ1nu HBr ie-3l1~£t~ 

294 

(1) p-chlorobenzyl alcohol 

(3) p-nitrobenzyl alcohol 

(5) ben~l alcohol 

(2) dlphenytcarbinol 

( 4) triphenylcarbinol 

CM225 



li 

1-butene 
H20, H+ 

(1) A 

1-butene 
1. BH3, THF 

(2) 2. H20 2, NaOH 

1-butene 
1. Hg(OAc)2, H20 

(3) 2. NaBH4 

~ 
(4) 'Yl~ 1, 2 LL~: 3 

ll •'I I ~ 
(5) L3J L~'Yl~ 1, 2 LL~: 3 

25. tJ~ffi£nlu-ialfl~L~tn1t.h:nautialud' 
OH 

~ 

(1) 

(2) 

(3) 

1. Mg, ether 

2. CH3CH2CH2CH2CHO 

3.H3o+ 

~Br 1.Mg,ether 

2. CH3CHO 

0 
11 NaBH4 

CH3CH2CH2CH2-C-CH3 CH
3
0H 

~ . 
(4) 'Yl~ 1, 2 LL~: 3 

(5) lJ.i\,j-rf~ 1, 2 LL~:· 3 

26. LLa~ntJan~ittlLflllinnaanlilfltf , .. 
(a) CH3CHOHCH3 

(c) (CH3)3COH 

(b) CH3CH2CH20H 

(d) (CH3)2C(OH)CH3 , 

(1) a LL~: c (2) c LL~: d (3) a LL~: b 

27. tJ~ffiu1tia lt.Jd't,nL£lL';J'Utf-ia Ltl 
0 
II 

~CH20H ~C 
~ ____ ?~-~ ~ 'H 

(1) Pyridinium chlorochromate (PCC) 

(3) LiAIH4 t113J.i'1£J011ltJ1t11l~tf 

CM225 

(4) b LL~: d 

(2) H2Cr04 

(4) K2Cr207, H2S04 
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__ ?_. H~ 
.: ~. 

HO OH 
PGE1 PGE1a 

(1) PCC (2) NaH 

(3) NaBH4 . (4) H20, H2S04 

29. tl~mu19iElltlif\LT;J:LiJ'ULL1J1JLfl 

cfoH HCI • ciQ 
(2) :sN2 (1) SN1 

(3) E1 (4) 1l11LL'Y1'U~ti1tJLLlJLftL~'UfiLflfl~1'UEl\UJftam: 
'I'U 

30. ialtuilu tosyfate 

_/\_Cf? 
H3C~*-0-CH3 

(1) 0 

H3C_/\_~-O-CH3 
(3) ~ 

_/\_ cr? ., 

H3C~O-*-CH3 
(5) . 0 . 

a"1. Ll-'\fl"''utu1tylun11~~'UElftLU'Un19JLUin11 cyclc:>hexanol fl111YU12J~El-3LU'iutnflfl­
ft111 L~11:LlJ\flLfl' 

296 

'I 

(1 > L~,.,=~'UElftLiloutr1LV\1t.hflEl'U 
(2) V\~ cyclohexyl Lii'UVl~LV\aLinfl,Elt.t.'rhL~LLa'UlElElEl'UiiLnfl4ul3JL~nu1 
(3) LLEl'UlEIEIEit.t.fiLnfl1111l~'UEiftiJL~fit111l1~ll11lL'W11:L1L'ULL'U'U'Jf 

I ••• - iJ I.. - fill T ~ -· '· ...t -! ... ,. ..1 - ,r ... (4) lJ\~Ln'UftL 'UlJ\~fl-3£1Lftfltl1EI'ULflltl1l1"JLl-'\Utl rn1111 Ll-'\LLEI'U LEIEIEI'U'Y1Lflfl~'ULWfltl1 

32. ~nflLLtln salicylic acid LLft:. methyl salicylate L'l4R11R:ft1ti~EI-3 tfllEJ~RarnDf ElEln 

~1nnultiaEi1-3l1 
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O~OH 
~ OH 

1.& 
(1) 

O-~·OC.H3 
~ OH 

1 . .& 

(2) 

(1) wnflti1tltn1~:~1tl 1 M NaOH 

(3) wnflti1EJW11~:~1tl 1 M HCJ 

A tJ""'- I wttJtZ. .. 33. ~~fl~a-na.:~ LJn1EJ1fl£l L 1U'ltltn1Lfl 

02N-Q-Br + EbH --;----
N02 

OH 

02N*Br 
(1) N02 

02N-Q-Br 
(3) HO N02 

34. ~afl~~-na.:~tJ~fl1EJ1~a,tJdfla~atfl 

(XCH20H 

OH 

oc.CH2I 

(1) I 
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HI ~ 

(2) Rnflti1EJW11a:a1tl 1 M NaHC03 

<4> wnflti1vJ1 
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