
• 

uni14 
LLil r,u&ain lat,.,A,fuil" 

LLa ten il al!1 A an LL&t1LLIJ i1 n ln Ttl1A1{1J il" 

uEJ11LUJ~n!alfl1fl1fiJEJU (AromatiC hydrocarbons) rl'lth:nau~LU'Ut1'11LL~:Sj~un: 
fhntu~ou,n:L~tn (annulenes) n'Ut') YHt-3"1UL1L'lfLLU'Ut.f R1l1YULElL1LLllilnV\1£HUJ'1Jil~LU'UtLLEl 
\1 

L'lLLlliln nLJ-nEl" Huckei1:1J1Jf1El'Ut~Lnfllu'N 

n11Lfl1r.Jllr11U'l:nau-na"Luu'iu 1Jfjfl1tn-na""EJ l1LUJ~n !alfl1fl1fuau 1J~n~r.J1 

n11LL nu ~.i1r.J8Li~n 1""' vh{ n~ lnufjmtn,t, \u~"Lntl~1'Utfl"li1~LLflfl la a au ftij LRfl r.J11l1~ 
R'l1 L-rlu n11LL'YIOUtiiti1r.JLLtJLaL';l'Ut V\3Jlou,ln1 V\lin'lfl-ialvJitn ua:1Jnffir.J1LL1J1J Friedei-Crafts 
\1 \1 \1 ~ 

fi1LLV\'\i"n11L -N1u nou, ii ua:f111ll1 a"l1 \ um1LntliJ1iffir.J1 -nitt1-n£J""li a:t1 aiJ~Sj a ti Lti ll~ Ltlu 
~ \1 'll 

V\3J El:fl Elll-nittl \ V\a L;n fl1£l'UtLLL'I:-nilt~ti"aL&1lfl1£l'U n11n1V\ Utlfi1LL V\ '\i"n11LL 'YI'U. ~ ti1 r.JB La n 
\1 

Lfl'll vJalt~ r.JV\1i£l:fl ElliL V\t:hd' 
\1 

R11u1:n au LLElL'lLLlliln~ ijl'Ji\u Lfl'lfnfu aui1"1"';l:L flfllJfjffir.J1ftl 'lii1" 1J~n'ir.J1 
..1 • I ... • - .,,.. ..;· -~- ... I A • 
'Yifl1LL "'""L1J'Ut'lf~ (benzylic. position) ElULfiEl'lll Lfl r.Jfl'YiliLRrtr.J11l1~ 'lf"ll1';11nn11Lf1~ El'Ut 

aLanfl'la'Ut\ 'Ut1" 

Lll Lan aii u1:n £J1Jti1 r.J1" Luu'iu 'Vlt'11 r.J1." El1';lii1" Luu'iuLLr.Jnnu ua:1" Lu"Ut:Ji"UtL 4all . ~ 

fit~fiuijn11l-f~un:i1llnU\ulfl'l"Ri1" anbtm:Lf11"Ri1"LLa:1Jfjffir.J1Ltlij LLL'I:a'11i1Elti1" 
~ .... 
'YirlflqJ 

f' 
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1. L~fl111l'VUJ1£.111Eh1 aromatic, anti-aromatic, nonaromatic nLJ11Eh1 Huckel Lnm'ti~Eh1 

~111~LLEJ lnLaJ~n Unfl1EJEh~LLfl:LtJ1EJtJLYl£JlJ'l~ 

2. anlJ1£JL~n £.17111~11 fJ~LtJU:.S'U ~i~~1\U 'l1'1fLL'" u'li fl1111LL91n~1~,nnLLEJflfl'U vY1 LUL~ 
3. L1£Jn~EJ~'lU'l:nalJLLEJ 1 'lLL1l~n~1£J'l:lJ1J IUPAC ~'ia'l:1J1J~3Jru L;jlJ'U~91'l1fl'l~~i'1~ ., .. 

.sl ;.I o 1 !'\'~-. 
-;nn1fa911117:uunn1~U~ LV\ L~ 

·4. EJnlJ1£Jfl1111~111£.11JEJ~fi1thflqj~Lfin1iEJ~L~ L-rlU activat1ng group, deactivating group, 

ortho-para director, ineta-di(ector, resonance stabilization LLfl:La1n,-~'ta 1'1fL11EJf 

5. ~1LL UnU'l:L11'Y11JfJ~U~n'i£J1~Lfi~nlJ1~1LlJU:fiU fi1U1 £J~§91~fl 1LEJ L';J'U9l LLfl:I'V\'ifJ ~1111: 

1J a~tJ~ffi£J1~ntJ'l:L11'Yl~Lfi~ L~ 
s. Lrn£JuL il£Ju 1fl,-~Ri'1~LLa:fl111lifJ~'t 1.tau~ffi£.11 't~ 

1. \t11.J~ffi£J1~a~~,-1h:n au~Lri £J1-ia~lul-Nlun11i~ Lfl71:~ ~1u1:naunu 11~LL~un11 
i~Lfl'l1:~LLfl:~;j£Juu~mEJ1n11L9l1£J~11!Lfl~flLih~111£JL~ 

8. ~1 LL unu'l:L11'Yl LLfl:£Jrlfl1 EJ r.h~ tnnh:nE)lJ~fJ§L'lffl§ nLLfJ 1 'lLW~n 

9. fJnlJ1 £JU~n'itJ1 Lfiii~ Lfi £J1ifJ~ Lm!JlJL fl £JlJTltJU~n'i£J1~ Ln~nu ~17U7:n fJlJ L uu'fiu 

vY1'tu't~ 
10. £Jni1eJth~tnnh:nfJU~E~1siJ~inLLaLa3Jilnlui"LL1~u~fJ11L~ 

--·- - -

--
------· ~ 

- ---- ~ -

-
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.~4!1.1.~ (Arenas) maua T·nuJfinJriffl1fl1f11aU (Aromatic hydrocarbons) 'V\2J1£Jn\l 

tn'ltl'l::nau" ih Hn tJ'l111'YH~\HJ1 n. Lrl ElL tAttul fl tJU tl 1J 1 fl'l \1 Hi'1\l~ ih~\ur:: fi 3 ~ 'U.ti::~ El ciL U 
~ ~ ~ 

'l::UUflEl'U.~Lnil ua1us:lH2JUi~Lfl'IY~~uni'1 rt:n1WLLEJ T1LUJwn (aromatibity) i1acl1\IH1~ty~\l 
LiJou.Li~lou.n'lmfln'IY1Lif a\l.iou. fi a1\lfY.H~H.Ii~iifi1i':lfitn1'l-n1fl 'tt~ 1fl'lL';l'U.L Yhnu 4 LLa::djou. 
., tl 1 - ...t... .I il'U.LL1J1Jtn'l 'l:nElULLEl 'lLL11iln'Yl11 7t-system·'Yll11111il'l 

~-~~~-~. LU'U.Llf1fl'lflTfuaou.~~u19lu Michael Faraday lou.il flfl.1825 Ht11'U.:LiJou. 

-n El\IL 'VH~1 L.i-;)1 ntt1aj'U. ~t ,n ~f\1111 a-11\1 Lrl avhn1'l'Yl fl a El\11J1\I El ci1\l L~'Yl'l11J11 H1'liis:J 

-;i1ou.1ou.-na" c L 'Yhnu H 

lou.il flfl.1834 Eilhardt Mitscherlich Lil1tJ11H1'ltt1fi~L~fl111li'aou.n1~LlluT'lfan. 
(benzoic acid) nutJou.-n11LLa:~1Ji1H1'l~lfl'iiR9l'l111LGlna C6H6 L ila\1';11n5:Jfl1111LrltJ1-n'El\ltl'U. 

' ~ 'U " 

nun1~LvuT'lfan ~\IL'V\~El benzin ~\lflEl111na1ULiJl4 b.enzene 

CaH5COOH + 
benzoic acid 

CaO 

calcium oxide 

CsHs + 
Benzene 

CaC03 

calcium carbonate 

'I ~I ,.. ~ 'I ~ ..f ' • A !"I .I ' 
L'U.uLfltJ1n~ Auguste Laurent L'V\'nEltn'l\411 phene 8J.1\ILu'U.'Y1111-nEl\l phenol LLa:'V\11 

~ 

phenyl ('V\liLlf 1fl'lfl1fua\4';11nLU'U.taou.~-n1tl H 'ttl 1 El:f1El11) 'ila111 Charles Mansfield LLtJn 
~ 

Luou.ta-u't~,,nJ13Jou.ilou.il flfl.1845 LLa:~a9\Luouta-ut-u,.:iuafltn'V\n'l'l11';11nJ13Jou.ilou. 
" 

ll !'1..!' • • 'I ~I ..I 'I ., ,.. A ,.. 
August Wilhelm von Hofmann LfiL1lfl1 aromat1c L'U.u flfl.1855 L~ElL"lH'ltJnW'l'l&J.1\12J 

fl1111L~tJ1Lila\ln'U.L'V\N1U ~\ls:lelfl'l1R1'U.,a~ C:H ~1 ua:ajns:Jn§ou.'V\all L~LLritn'l';l1nLfl~El\IL 'Ylfl 

L-.riu ';11nEl1JL':lftJ (cinnamaldehyde) tt1aj-u,-:rh (methyl salicylate) 11ita1 LLGl:L'YlliElGl (thymol). 

0 0 

~ 
OH 

~H 
II 

qOCH3 (}(C'OCH3 -
OH OH 

b 

CH(CH3h CHO 

cinnamaldehyde methyl salicylate thymol vanillin 

4.1 tA,-\tft-r1\ttl£h11tJCW,~cw, 
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0 
Kekule' Benzene 

1865 
Dewar Benzene 

1867 
Claus Benzene 

1867 
Ladenbu~Benzene 

(Prismane) 
1869 

,j a~ fi L~D-\1 1fl1-\l n1-\l ailJ1 ultiti1 un11R-\1Lfl11:~ tJ~mrn~ fl1frl1 lflLfl1-\ln1-\l LLlJlJ 

Keku/8 ,f~t~~atl~s~ii~11Uflfl1-\ln1tJ111~L'V\ila~LlJ~~~ R1~1fl"i-\lwi1-\ILLlJlJ Ladenburg
1 

.,. :-1 •'I !'I ~ ..I 1 T · " .,. .,. 
Lfl1t.lll Lll Lfl L ~,_,1\L:~ ~L ~a-\l·;nn1-\ILL'V\1~L~Lfl1-\ltn1-\lllfl1111Lfl1t.ltlW-\1111n 

'U 

1" .., •1" .., ... ..,,_ 
4.1.1 LA1\1ft'11\1LLtJtJ Kekule .ua:Lfl'1\1ft11\1fiLLfi'Q'1\1 

Aqgust KekuJe ltiaiu1tJ1fl1-\lrn~~a"LlJ~~~1fl!J~fl'V\in9ialtJd 
I 

1.i LlJ~~~ fia CaHa . ... 
2. H nna:9lDlJLW1JDL'V\1JD'Un~ .. ' 

3. fl1fua~t~1fl1-\IRTl-\19l1llfl{}M'g tia-\lii 4 ~~n:: 

1fl1-\ln1-\ILLuu Kekute ,a-\ILU'-'11" LiJ~1fl1-\ln1-\l~fl1fua~ a a:tla119ian'"d~J'"," 
!'I • I .. ... ... I ... ... .. .. ' I •'I 1 ' 
Lu~1u'V\nL'V\St.lll 1JVi~1r:flWftlJVi~1r:Lftt.l1 fl11lJD~LLtlft:£l:tlD1J11 Ltr tl1L~~Ln1: 1 a:tlall 

'U 'U 

.. I .... · ' ... '.I " ... .. , " ... ... ""' ... I 

fl11lJD'ULLtlft:£l:tlD1111 3 Vi~lJ:flftTNnlJfl1111£l~,_,1-\ILflt.l-\l (1 Vi'U1J:Lflt.l1 LLS:1 Vi~lr:fl) 
' 'U 

0 
L~D~";l11tt.L11fl1-\lw'f1-\ILLlJiJ Keku/6 ~:iJ 3 ~'Ulr:~ LLWfl-\111ai1tt\LT;,:iJtJ~ffitJ1' 

flR1tJL-LDSfl~tl1ll L-.d~ tJ~ffitJ1Ltlli~~'U1r:~ LLfiL'Ufl111JLiJ'U~1"LlJ~~~~LntltJ~-mtJ1LLlJlJif'lfi 
tJ1nn11 LLDSfl~111n (lfl ui1 lt.JtJ~ffill1~ Lnfl;1''ULU'Un11LL fl~ ~ltr 1fl1L~~,_, £l-\ILlJ~~~) 

LLlJ111fl1-\IWi'1-\ILLlJlJ Keku/e LU~L 'V\tlLU~~S111n~wtl L ~,m:,f'U. LLtiailJ1lll1iltll ~ .. .. 
'V\ft1 tJ ']tJ1:n11 L 1f~ LlJ~~'U lli LnfltJ ~ffitJ1n11Lflli~~'U1r::~ LLlJlJ LL£lftfl'U LLtlLntln11LL fl'U ~~ 
" 1 1 .. " A ..... .. I ... A ... ... I ~ LlJ fl1L~'U tlt.IL'V\~Sfl~Sfl1Jn11LLfl'Ufl 1 LL'Vl-\1 LVitJ-\1'1f~tlLtlt.l1 'JJ-\1Vl111t.lfl111111 H 'Yl-\1 6 
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0 \..._ __ y _____ J 

equivalent 

Keku/9 ltiwn.htJLL1.J1.J 1fl'Hlrl1-311n-A'ali~'YI1~n11'YifiLHl~ :B~lt1ti1£Jn\ltl.in1.J'Yitl~~ 
~ ~ ~ ~ 

L1L~\It'Jl'L\Iti1~U~1£Jflfl111~~ 19 LL~:tl\lfi~1111Y~ 20 L~an\1.11n11~L1.JUIB\Itij~lllJ~WLfl~ 
1'1 1 "" ... .... I .... .... ,., . ~...... .... .. II ~i 
Lu\I.L~n: fl1~n1~1J~\1.1r:flR~lJ~\Itn:Lfltl1 Lfla.tn11~~Lfl11:'V\ cyclooctatetraene LUu flfl. 

~ . 

1911 :S~ii1fl1~~i'1~LU\1.1~ ii~\ltn:fi~R1.JvfUm:L~£.11LiUnu ~1\ft~ii~111.J~LLlJ1.JLlJ\I.IB\It LLfi 
~ 

L tluLL1.J1.J LLa ~fiu111 n n'l1 

0 
cyctooct•1,3,5,7-tetraene 

4.1.2 udl U1'n1ft!J 0\1 LlJ14tii14LLRtL1'f'IILL1414!f . 

1~LL'V\1U-nfl~L1.JUtiuihLffi£J1111~lJ1nNfiUn91 Lnfln11LU~£JULLU~~£J1n LrlaufllllJLYllllJ 

tJ~n1£J1~ Ln flrl1.JLLfl ~fl'U tt1 LU L1.JU~U la.i LLRfl~f\11111 fl~L1fi atJ~n7£J1L ULL1.JlJ~ LLfl~fl\l.~tJ\1. 
(fl111~~ 4.1) fl111Jl 1tJ~n1£J1Lflii4Jlfl-3\1.JU~\I.LUUn11LL 'YIU~111nn11n11L~lJL vJ ai'n~1 
inMtu.:~LfiH-n8~1~LL'V\1UL£l1L1 LL~fi~111-3LlJUtiutia~iiL~n£J1111~111n 

CM225 

0 ------------- ax 
tl1Th,fi 4.1 LmvuLflvufl111Jl1tiatJ~ffiv1~~1.lc~-na-3l'l1TflaLl1n-iu LLa::nJu-iu 

0 

tJ~ffiV1011Lfi1Jltrltt1L';l\l 
25°C, 20 psi 

0 

Lntt-H1111n 
> 100°C, 1500 psi 
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u'fii U1'tl1JtiJ o"~" LtJ"!i" 

Luurau~LL'Yi';l1\ISjL~iiu11l1Vi~\ln111fl1\ltrl'1\ILL1JlJ Kekule'. fl171\l~ 4.2 LLff~\1 .. . 

Vi i\I\11'Ufl113J'l'EJu-n EJ\ItJ~n1u1n17Liia.Jlu1~,-L ';)'"~"' ~~,,-1.1,-:nEJu-.rsil~ L~ t.11nu 1" £.1 

Lt11t~u L f1 £JUfi1~L~';)1nn11'Yl~a EJ\ILLa:fi1~fl1fl11';l:L~ L1.a:Ltri£Ju L il £JunutJ Dii~tJ1-n a \I 

1fl1\lrl1\lfli1 £Jnu ~ Luu t-rlLil" 

';l:L~u,·hfi1~'Ylf!aEJ\IL~';J1nLuurau LLa:';l1n Lfl1\IH'l1\1Ha.Ja.Jii 1,3,5-Cyclohexatriene ';1: 

LLf!0~1\lrl'ULUWYiLfl~ flEl 360-208 = 152. kJ mof
1 LLa:Vi~\I\11\41JEl\ILlJ'Urg'U~1n11Lfl1\IHi'1\l 

'I t; ~ ... .... ..,.... I ~ .... ... T' (I' .... 

LLlJlJ Kekule 3J1n LLHf!\lt.V\L'V\'Utl\ILHtlt.l11l1'VfYla.JaJ1nn11 'l1\IL"l'£Jn rifiy_·rrf~.L."H'!!~~!.'.H"- LHtlt.l"l' 

1l1Vi~L~11H\IaJ1nL-rl'UifLtJUin~m:LUVi1:1JEJ~W11U1:ntllJLLtlL"l'LL11iin'nntJ1:L1l'Yl .. ~ 

CA'l11"~ \4.2 LtntJ1JLYlti1Jfl1fl1111'i'£n.4;J1niJ~mtJ1nT'nilaJlulfl~L;JU"l..n~ cyclohexene, 

1,3-cyclohex~iene L1JU;nll. u.a:: 1,3,5-hexatriene 

11DmtJ1 Lil-f (kJ mof1
) 

fl191nmmflREJ-3 fl1fiFI·1fl'i1v: ~.r FI'J11/Uflnfi1-3 

0 + H2 0 -120 

0 + H2 0. -232 -240' 8 

0 + H2· 0 -208 -360 152 

c + H2 c -337 

t s; .... s;.- . i 
4.1.3 fi"S"ft"S1"f1Llfl.,"S"!IO"LtJ\6 \6 

. . 

fl1flJtl'U11El\ILlJ'Uraul-A'at1.fih1a~~aJ-.rsil~ sp
2 

i'htJ'Yl1\ILLlJ1J trigonal planar L~Eltii\\1 
.. I 

~ 'U.ll:1:V\11\Irl'U rh l ~ 'Yln EJ:fl El aJ D rllu 1:'U11J L i1 tJ1 rl\L La.J L'a na-n El\1 L uuliu ~\ILL lJ'U "l'11J tl:" tlll 
~ .. ~ 

•'I .... ... -.4 1 t; ~ 1"1 I ~ I 

'YlnEJ:IiiEl3Jflt.IL'U"l':'U11JLf!£J1n'U .'11\1 fl1\I.H11\IIii111LL1JlJ Keku/e' nLu'UL-.rl'U'U'U LL<ilLLlJU Keku/e' 
~ . .. . . . 

ijfl1111£J11~un-:l~hrhnufia (C-C; 154 prn LLa: C=C; 134 pm) ~\I'V\111£Jf1111111 
Lfl1\1Hi'1\l<il111 Kekule' ';l:Sj~un:£J11Hi1Jnuvtun:iu· LLfi;nnn11fln~1'Yl1\IHLtJn Llil1«1ntJ 

VilJ11 L lJ'Urg'ULU'U 1\1 LLlJULLa:~fl1111 £.111~Utr: C.....C L 'Yi'ln'U fl tl 139 pm &fun11 ~un:fi LLa: 
J . . .. .. ... .... 

£J11n11'Vi'Ull:Lfl £.11 
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H~H 
H¥H H 

~ x 6 orbijals --~~~~~- •. ~ 
sp2 hybridized C 

0 
contributing 
structure I · 

contributing 
structure II 

re_sonanc::e hybrid structure 

4.2 ftll1vtLLut,-uJJ-Gin LLiu~n!J11il" HOckel -

4.2.1 i'fi11YfLLnf"'ILLJJiin (Aromaticit}t)-

i'fn1Jtunf,.u&~in Lihunnrih·\1eanHmiLuvn:-nEHift11th:nauLLtJ 1 'lLL1tiin~li1l~ · 
· «1'liiL1dl£J11l1VH~-\ILih-~t~Lt11Yn11~fl1fll-i111n LL~:R-\In1-1Lfl'l-\IRi'1-\lfli1tJnY~Llj'\.LL'liLUf1 ~-\1 

~ . ~ 

th::nau~1£JinlYm:LuV.1~ ~"d 

. 1. TA'""',"~iJ"LiJ'"~"LLU'"111J ;. -
.... .... .. -~ ~. • . - ... .. .. e.i ... • ... .Ill e.! ... 

L'JJ'\.L'Jf'U.U'l-\1 LL'JJ\4 Tl'U fl111J El_14'YI~..,flB:fl!l1J11 tl.El'ltJ'Yl ~ p 'U-\1 LLCi\~:; fr'\.L';):;L"' a El11'1Hl'\.Lfi'JJ 

· atJfih1~ p ~ a~·9if1nua£i1-\lii tJtita-\ltil~1~lJfl~tltt ~~~~~~-~~-~~:w~~~Il11~~.;t~n LL~:ih Rn t11111w 

a-\ln111fl1'11 ai'1-\lfinu f\1 iJu l'liLiffl · 
'lf ~ . . 

1,3,5.:hexatriene iiaafih1~ p 'iij1u1u 6 aafih1~L-rll4.n14 LLiiatJfih1~t\tJ£iiJfl1£J.tf-\l. -- . . . . - ~ -
. ~ H£1~~1'\.L Lli~n11L ~a El;Jaia-unu «11d~-\ILliiian1v.unlnL1l~fl (Q.QJ:l.~!.Qffi~.~i.c?) 

CM225 
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benzene 

aromatic 

q __ 
.... 
'~iim11'Mao1J'Iiou 

1,3,5-hexatriene 

'liLih~ aromatic 

W1V\'l'U cyclooctatetraene ~~ 1fl1~Ri'1~LU~1~LLa:ihi14n:fiws'U~141r:L~U1 ufi 
'\1 

1l1Lana LliLL'U14Tl'U n1,.L "'i1ell'll'D14~el~~\Ur:l~~euil~n14Lnfl '1.1i'1..1 '1.1ii'i1fl,.~ri1~L ,.1'11LL 14144 
~ '\1 

W17d'~~Llii'iR111~LLEJ 1,.LL11fln LnfliJ~ffiu1m,.LfllJLL'lJ1JLLeliifl14,.t1LU 

a: 
cyclooctatetraene 

eefihia p LLfia:e114~~~~1nnu,.:~11J1~LLa:e~l14LL 141~14114n14 W11117nL'V\aell'll'e14 

n,~.r,ou-n,~'ltJflaefl1.:~ '1.1i~1fi-D1~ '1.~8Lanfl,.eou~~Lfli1 eou '1..1..tCJ1~ rh l "'i'iLwn u1ni~L ri11: 

~s~~,ou~e~ 1fl,.~wi1-:~afla~ 

0 0 ~- -l~il p orbital 
~---· 

1,3-cyclohexadiene 

0 ----- '\sill p orbital 

1,3,5-cycloheptatriene 

... .. ..l'V! .... .. ...... 
1 ,3-cyclohexadiene ua: 1 ,3,5-cycloheptatriene 11fl1,.1JEJ14'Yl L1111DEJ71J'Ylft p n1,. 

.. '1 I I .. 1"1 ~ ... !'I • 
flEJ'U~Lnfl~~ LllfiEJL\4EJ.:JLu141~ 'Yl~fl1l~Lu14 nonaromatic 

~ '\1 

f: lol f;l,iJ 'f.l ... A fll 'J 0 

3. UJLRflRtlD'\1L \Uutl11Jfl!)!ID'\1 HOckeiiJ 1t·DLftfltl'10\U,..\l1"'1"Li\ft1t 

Lfl,.~w-n~~s:iwnTvuLe 1,.LL11ilnie~i'i~1ou1oul~~Lanfi1EJ14fl111n£J~e~ Huckel -;l1141ou 
A .f'l ,t fit I .. ., ... ,. - fit 1 

4n +2 {LliEJ n Lu1.4Lft~\11'\41,14Lflll 0, 1, 2, 3 ... ) na11flEJfiEJ~11 L~DLftnfi1EJ1.4-t.'U1~ 2, 6, 10, 

14 ..... (tl1LU14 4n 1~LL"'11.4~1.4LU\4 ~D~~fQID~~g) . 
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4.2.2 Annulenes 

tl ll T .. <!!!~·. . . f'l ... ~ ... ... I T !"I 
Annulenes L u. Llr Lfl,.fl1'llJ£l'U.1-3Ltltn ~JVi'U.lf:Lfl tJ1RftlJ~U.tr:fl'l£l1J1" R''il'l L11LanaLu'U. •••••••••••••••• . . 'U 'U 'I 

CnHn 1.1U.1fl1.1£l"1"LLR'fl"~1tlfl1Lft1.1l'U1"LR1J 1.J1-31"iiR111~LL£l 1'lLL1Jflfl LLfllJ1"1"L3.ii'J (L-rl'U. LlJU. 
... • ... ~... .. A ... , .. I , A fit . 

'lf'U.) 3JR'l,.'Y18"LflTl:~L~£l~R~U.n~ 4n +2 -na" HOckel L~U. ~£1Lftn'il,.£l'U. = 12, 14; 16, 18, 20, 
. 'U 

24, 30 L~~1: (14], (18] LLft: (30] LUU.11lLftflft~iiL~~L~n'il'l£l'U. 4n +2 (n= 3, 4 LLft: 7 'il11l~1tllJ) 
'I 

[] 

cycl9butadiene 

[4]annulene 

[14]annulene 

0 
benzene 

[6]annulene 

G .d-

[16]annulene 

0 
cyclooctatetraene 

[8]annulene 

[18]annulene 

ft11't.l't::n DtJ LLD f 1'LLIJi n Antlaromatlc LLft: Nonaromatic ....................................... :... .................................................... . 

lu.n1"LfliiLfl1l1'lnLrnvuLfivuan~nL:L~~,:-na"1fl-,"rn"1"LL~1u.L~~,ifi~tr-3d 

1. Aromatic: ii~n~m:'il11Ji1-Ea 4.2.1 fl'l1Jtl'l'U. LLa:.~.~~-~:n~~~-~~J~~-~~D-~.1.~.~~.1. 
n111fl,."m1'11flTl'U.~Ltlu.1'liLilfl Lda'l1~1nL~~LSn'il'l£l'U.LflaauLtl'U.1" ...... 'U . 

aromatic 

2. Antiaromatic: ii~n~nL:fl11l-n'a 1 LLa: 2 fia 1fl'l'l1m1'11LUU.1'11LLU'U. LLa:i'laafih1a 

P. fianu.'il~afl1'11 LLfi~1"U.1"U.L~~Lanfl'lau.Ltlu. 4n .~~-~~-~J~~~.n:l:J.1fl'l'l1m1'11~nu~ 
Ltlu.l'liLilfl Lda"~1nn1'lLflaau.l~~Li~nf1-,au.li1l~~~"",'""~;r'" uan~1nl1iii 

'U 

antiaromatic 
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3. Nonaromatic: LU'"1~~~1fltUJu~h'\1EJL~El'Utl~fi111~LLEl1,LUJtlnV\1El antiaromatic 

ti'El~m1 L-rl'" LU'"1~ uti~1flfl11aJtiEJLiiEJ~'l'"n11flnw;JLnfl V\;El1~lajLLU'U W11LV\fhd' 
~ . 

'l:iirur~~,'"~a~l'ViaLnnfl1EJ'"'lnaLiltJ~ V\;aLYhnu1fl1~m~fin'"~Lt1'"1•tiLilfl .............................. ,......................... . .. 

nonaromatic 

or ,_ '» . .. 
4.2.3 illl1TtLLiH,.LLIJfln L,_."l\JLLUUO,_. ~ 

·1~LLlJ1J~'"EI1'liiR1l1'ViLLEI11LUJtlfl ti1iii'n~m:L~V.1:~El~R111'VHLEJ11LUJ~flfl11J'Yifl ......................................................................... ~··· 

"='.!;DJ~ 1fl,.~m,~LV\thmtiun 

. 152 

1. "l\JLIIL't1Df,.11JfAinifLfi,..LLDT,.LLIJii~ (Heterocyclic aro~tic rings) 1fl1~m1~LU'" 
1~ LLa:iiEJ:fiEJ3J~'U L-rl'" N" 0 LL~: S LL'YJ'Ufl1ftJEJ'"L'U1~ LLa:iim,nfilLLUULLEJ11LL11iln 

... I 

nn-nEJL~'U 
~ 

0 0 I[:J 0 
N N 0 s 
•• I •• .. 

H 
pyridine pyrrole furan thiophene 

• ~ b _. .... _ ~iiLiin~1o11\lloofihia'bJOR111\11 
~U 4n+2 7t-electron 

: \ : \ - . u u 
pyridine . 

~BLin911tn~l\Ulflfihiaij&h~l~ 
4n+2 7t-electron 

,,,'------"'-------' 

• ~-,- _.... ~B•in-•all\,..afihio'biOihll\11 
(~ 4n+2 7t-electron 

t_,) t.J 
furan 

2. Aromatic Ions 1~LLV\1'"~iit.h':'ltJ1nua:th::~atJEJ1';JLLRfl~R11mlLLEJ11LL11~nlti . ~ ~ 
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H 
P-H 

H 

cyclopropenyl cation 
(aromatic) 
(21t-e) 

4n+2 (n=O) 

H 

H*H . ·:: H 
H· :*H H 

cyclopentadienyl anion 
(aromatic) 

(61t-e) 
4n+2 (n=1) 

HQH-..;::H 
I @H 

H ~ 

. H H 

:~H 
H H 

cycloheptatrienyl cation {tropylium ion) 
(aromatic) 
{6 1t-8) 

4n+2 (n=1) 

H 

3. if1·n.l<ttnotJTtoal'lfAanuot''tLWinf1ii1\1LtJ"-'i'" (polycydic benzenoid aromatic 

compounds) Lth-!.tn1t11:n£nJ~l1~~LtJ~:a~L~£l119l~nui~LL~ 2 1~ 'V\1al-Na:~eUJ 
.. I IIJ ~ I · tk '1.1 I 

fl11lJEI'U.113Jfi'U.fl~LLflGf£l~£l:fl£l1J'lJU Lu L-n'U 

00 ocoo9 
naphthalene anthracene phenanthrene pyrene 
1t-electron = 10 1t-electron = 14 1t-electron = 14 1t-electron = 16 

benzo[a.]pyrene 
1t-electron = 20 

4. Nonbenzenoid aromatic compounds l.tLLriLL£lL'l'LL119lnlu1~.,-flTfuau~\1.1iih~ 

LlJu:au L-rlu azulene 

co 
azulene 

rJ.~ttJ.1J.r.H (Fullerenes) LUUtlty~tJ~£l~fl1ftJau~itJnuLiJUJU'Yl'l~nt'l1~ EJ1';JLUU'Yl'l~ 
nfl11 'Yl'l~ 'Yl'l~ n'l:tJEJn LUULL~u 'V\1EJ'V\t'~El~ 1~£J~fl1fttElU'YlnEl:flEl3JLUU-n'\t~ sp

2 
l.tLLri 

'I 
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1. .~M~~~~~ ·'Vl;a buckminsterfullerene
2 

(C60) th:naut11U1~LL~1\It-n'l.L1fl 5- LLl'l: 

s-a:Cila3J ar.h~s: 12 LLn: 2o 1~ fl13Ja1~u L~El3Jfian'l.LLiJUl17~na3Jnl'l1~ LLuu 

"sn~'illJElft" .. " 

Buckyball 

,. T '"" ,. .1 ., A iJ ., ..4 
2. ~a:P.QJ.l .• ~-~!.'Q!H~ (CNT): fl111JDUU1,UYII1J uft1Ufl1\L'Vl\L~ flfl1Ufl'l~'YI1~nft3J 

A • .., 1 ... ..I ...r ... .., 
-n£H buckyball LLUU ceo IJf~ttanu'YI1~n7:uan-na~1~LLEl 1LL3JCiln'Y1L-.dEl3J'ilfln'l.L 

LU\L'VlftElfl \fl1flJEl\ltl1nEl:fiEl3JL\L'l.L11 \Ln1ULU\L-.dtl.fl sp
2 1fl1~t01~~\41r:LL;j~LL1~ 

" 
n11L V.-.d1 'l-L11 'l.Ln1UL1U~ElVt1'1tJn\LLLlJULniu1L~Eln 1fiUEl1flULL1~LL1\LLflEl11ftR .. 

.. Ill f"l r.i.\ ... IT' . l . 

21 .... .a. I 

'I' I ,;[ :r 
ilL 

Carbon Nanotubes (CNT) 

4.3 n1~L~anioft1i'tl~tnotJtiD"LlJ14!h41 
.., .., ~ ...... ... I .. 'WI_. A 

4.3.1 016Jt166LU14"Dt4t11Jfl11LLt1'Mt11 LL\t" L1Un Lfl 2 LLlJlJ flEl 
" .. iJ ..,,. ;.,.k .. I ..I .... 

4.3.1.1 L'1EJnL UDUWl-'nJD"LlJU'lfU -n'l.Lfl1U'Vl3JLL'Yl\L'YILLS:ft~'YI1Ufl1U benzene ............................................. \1 

fluorobenzene chlorobenzene bromobenzene · nitrobenzene 

2 ~ed'~u~~ntJ1~LLrl Richard Buckminster Fuller ft'tl1tJilnL(11JJtl~Na.n14 Geodesic dome e\u~EJ-3~EJL'U 
fll ~-·~ "" • ..1 . . T ... .. I ... -31'ULEJn'l1unJ 1967 'YlUJB-3 MontreallJ1':LYlfiLLfl~1fl1 C60 LLft: C70 fullerenes ?41J LtltJ'UOLflll 3 't11'U 'lf-3 

ltii'un-31a ~ ouLuaft'11J1~fliii1llnou tun flfl.19~ f\o Prof. Sir Harry w. Kroto FRS, ·;nnli~11'YltJ1atJ · 
Sussex, ft'M11!181tu1in1, Prof. Robert F. Curl, Jr. "R~ Prof. Richard E. Smalley V1nJJM17rlll1Rll Rice, 

Houston, I'Y\i'J£J~ll;n1 

154 CM225 



LLEl~fl~L1J'Uta"U~1'lifnf1JEl\UJT'lLliLn'U 6 el:flel11 L1rJnLU'U alkylbenzene ti11~L1J'U 
ta"ULUWV\1lLL'Yl'U~11El~ 1'litnf1JEl'U t'fun~liLL'Yl'U~ C6Hs- \\11 V\ll phenyl L-.ri'U 

"' "' "' 

ethylbenzene propylbenzene butylbenzene 

G-r=(;HCH3 
CH3 

2-phenyl-2-butene 

2-phenylheptane 

"-~~~~~ (phenyl group; Ph ~1o :C6H5) LU'UV\~LtJ1fl1flTf1JD'U~1n1~L1J'Uta"U~-n1~ 
lu1~,-L~'ULU 1 a:flel11 tlV\i'lJ!:'!~~~-~1~. (aryl group; Ar) LU'Ufl1~1LU~L~LirJn'l:1J1J 
1~LL V\1'ULLEl11LL1liln'Yln~\tfl111l..r~V\1iL ~it~ 

.. "' 
phenyl group Q-

aryl group V 
"-~~~-~~-~(benzyl group;- Bn) LU'U;1Elft1JqJ~~~V\~ phenylrnethyl LU'UV\~Ltr1~'lfl1f 
1JEl'U~1n methylbenzene V\;El Tru~Bufl~1ttlu 1~,-L~'Ufl'l~V\ll -CH3 lu 1 a:f1El11 

v . "' 

L;jrJ'ULU'U C6H5CHr . ma 

Q-cH2-
4.3.1.2 L1un r,uiEJ&M:iruV\1EliEJUl'W1: LU'U;1Elfifl11~1 L~11:l~L1rJntn'lU'l:nel1J .......................... _ ..................... . 

... ..r... I """ A I ., 'WI ., I 

L1J'U'lf\f.'Yl11V\11LL'Yl'U'Yl 2 V\'lel 3 LLV\~fl1rJ LfiLLn 
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"' 

toluene 
(methylbenzene) 

styrene cumene 
(ethenylbenzene) (1-m'ethylethylbenzene) 
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phenol 
(benzenol) 

. aniline 
(benzenamine) 

benzoic acid 
(benzenecarboxylic acid) 

0 
II 

~C,H 

v 

VOCH3 

anisole 
(methoxybenzene) 

0 
II Q"c'CHa 

benzenesulfonic acid benzonitrile benzaldehyde acetophenone 
(benzenecarbaldehyde) (1-phenylethanone)· 

\ 

n1'l"LL'Ylu~ii 3 LLlJlJ n1'l"1:'4ii1LL~ni~El1'iilL-ll'~1La'lJ fl1~1n7n'VI;aern~,-da ortho (o-), 
o' " .., "" ~ o • ..1 . ..,; .J' 

meta (m-) LLa: para (p-) U1'VIU11Jflnf1111JtUJ~U1rlJEl~911LL'VIU~n1'l"LL'YlWYl tl~U 

156 

A A A &8 Q ¢ B 

B 

1,2-
~;ll ortho~ (o-) 

1,3-
~;ll meta- (m-) · 

1,4-
~;ll para- (p-) 

ortho (o-) 'VI~LL'YlU~~~REl~El~~tln'U 'V1'1Elii1LL'VIli~ 1,2- LU'l":1JlJ~1La'lJ 
• . . .... ~ • 0 .• 

meta (m-) 'VI~LL'YlU'Yl'Yl~REh1fl~fi1LL'VIU~ 1,3-
• ...l ~ • " .., .... 0 . • 

para (p-) 'VI~LL'YlU'Yl'Yl~Rfl~El~9l'l"~~11JnU 'VI'l"El9l1LL'VIU~ 1,4-

1. ti1'VI~LL 'YlU~'VI~'VI;i~'VI~LtlLLRtl~~ElLu ~:1: L~L7EJnLUUfl1.t ~Utl'lJEl~~ElLu rn:'lfu ') 
• ...l • ..t • 0 • ...l . 

'V11J LL 'Yl'U. 'Yl'V11JUEl EJ911 LL 'VI U~'Yl 1 
'\1 '\1 '\1 

ct
COOH 

h-
2 N02 

2-nitrobenzoic acid 
~;ll o-nitrobenzoic acjd · 

• 3-fluorotoluene 
~;ll m-fluorotoluene 

¢ 
OH 

4-chlorophenol 
p-chlorophenol 

2. ti1lliii'VIliLL'YlU~~LijuR1ulu~aLu~1: L'ivnLiJu-au~un'lJa~Luu~u LtlEJiJn,,. ••••••• '\1 ... 

LL 'YlU ~L Ufi1LL 'VIlL~~~~1La'lJUEl£J ') LLa:L ;jEJU~fl'VIULL'Yl\11 ~L.,.£J~9111JGh~lJ an~,-" . ·. 
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Cl .F 

CCBr 0 ¢. ~ 
Br Br 

N02 

1,2-dibromobenzene '1-bromo-3-chlorobenzene 1-fluoro-4-nitrobenzene 
~;o o-dibromobenzene ~;o m-bromochlorobenzene -. ~;o p-fluoronitrobenzene 

3. • ~ .J ... L1lln flll!IEJtnvry 

& Q CCCH3 
CH3 CH3 

· CH3 

1,2-xylene 
M£1 o-xylene 

1,3-xylene 
~;o m-xylene 

1,4-xylene 
~;o p-xylene 

~ ~ ;1 .. .. .. I ..r lt.l 4.3.3 il\U'UUUtJ" "f11Jfl11LLfl"YI 3 LL"'I1!1" • 
ti1iinTlLL'YlU~ 3 LL'V\.:~v\1en11~U liti1L~-n'l:UthLL'WU"I1f111LL'YlU~ (LliL-i o-, m- LL~: .. 

p- 1lTl·nl'1) 1~uii-Nen1'V\U~~.:~d 

CM225 

NH2 

Cl~-----·1 2·-----..1 ~ 
0 4 Cl 

5 2,5-dichloroaniline 

L;UnLUU£lU~UMJ£l"11 aniline; 'V\li NH2 £lUthLL'V\\L"11~ 1 
.. ~ ~ 

...tu1ULt.I'Y11"11ti1U~L~1f~L~-nt'hLL'V\\L.:~~ueu~w~ .. .. 
R11d fie 2,5-qichloroaniline 

.. 'WI I- I ~ ~ ~I I 'I A .... ~I ... .. - ,. -
rn L3J2J'V\3J LL 'Y1U'Yl'Y1LuUR1U L U1f£lLQ ~1: L 'ltJn LuU£lU ~Utr-n £1"11 LUU'IfU L~ tJL 11 tJU ....... ~ .. 
A • .I.- 0 ... ... I 

1f£l'V\3JLL 'YlU 'YlL 'ltJ"11~13J~1~1J£ln1Y'l L 1fU 
~ 
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4-chloro-1-ethyl-2-propylbenzene 

...! ,,.,., Ill 

.,,, LL ~ u~ 'Yl ua EJ'Yl "" 
~ 

~. 
R11U fl El 4"!'chloro-1-ethyl-2-propylbenzene 

&-CI 
Cl 

2,4-dichlorophenol 

F~COOH 

F 
3,5-difluorobenzoic acid 

' ~-4.4 ftJJtJflfl1\ln1!1111Yf 

5-bromo-2-nitrotoluene 

CH3 

02N*N02 
N02 

2,4,6-trinitrotoluene 

~ 
~Br 

CH2CH3 
2-bromo-1-ethyl-4-nitrobenzene 

4-ethyl-2-bromoanisole 

LLa11LL1Jtinlultl1fl1fuauiiL•JJ~'Yl1~n1EJ1l1~flft1EJLLa~LL~iinlultl1fl1fuau .. ~u~ LiJu 

tl ,. ... ~ ,. . .r .. ... ....t ... ... .. ... ,. .... ~ ... • 
R11 1:na1J LlJ1J,1 LlJS:ft1EJ-...1 a:a1t1 LUfi1TI1S:S1EJaU'Yl1EJ~Ut'l LlJlJ,1 1Jfl111J~U1LLUl( 

... 
\teuni1t11 LLfl1J1nni1Y.nn nonaromatic 

· ';lfl~aelJL~a1 eu~uf~ii-n11LL'YlU~ 2 LLlli~ la l'.lfuJef~\ttlW111;,:ii';lfl~aalJL~a~ 
-~····················· ~ ~ 

R~ni1 L~11:itli1LU1t1Nanl~ni1 
~ ~ 
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R1JUi'Y11\ILflij~eh'IR11th:nEJULLElL1LL1Jiinija-a\ILL1J1JflEl tl~iriu1~1\IL1JU~U L U!1U: 

\1\~VJ"niu tA""tc;iLLri tl~n1r.nn17LLnu~c;i,uaLnn tfl1Lv4N'ua:~~ni'" LLuu~a-El\ILtluc.Ja1J1 
·;nn1\ILU'"~'"9iEJfl111JL 1tl~n'iu1 m u'iL 1m~V\~LLa1a Lthn1:a~ L ,ju tl~n7u1~f1Tfuau 
fi1LLV\1.i\ILUUlfta (benzyl carbon) LLa:fl~un:ti'lJEl\IV\llL1ita~tiflntJ1\ILUutn'" .. .. 
4.6 tJfin~U1fl11'LLt1"fl~'l!.I~L~n{tJ1'l~iffl'l"LLill"1'LLJJiin 

(Eiectrophilic Aromatic Substitution) 

· ~wauV nf11au'1Ja\1Lu'"ta'"l uaafihia p ~ L \1\i a1J'lieun'" .Yh '"'1\1Luu:nuiifl111JV\ u 1 

u \LuaLnnfl1£l'"\1" ~"n1tl~ffiu1nuaLnn Lfl'lL vhflc;i Ltlun11LL'Yl'"~c;i1u8 Lnn Lfl1Lv4N~1"Luu 
• T \1 - 1 .,. T • ..4 f'l ... • 'lfULflU WL8tJR111~LLEIL1LL1Jfln 'Jf\ILu'"an~m:L~~1:'1JEl\IL1JU'lf'" 

L iirH';l1n1\ILu'"tn'"La-n u1 t1nn'iu11t1u,t1 "ttl~"lifl111Ji'a'"LLa:~i1L i"L yj EJL\1\,c;;e Lnn 

1.,,-,v.Ja~u," (E+> ''"n11L-n'Trhtl~mu1 

~H <t> v + E 
. -0 electrophile 

~E <t> 
-----1.,.,. v + H 

aLnn 1.,,-,~aL-n'1LLn'"~ H ''"1"Luutau ~atlnmu1~"tc;iu"ijsn1~LLa1,u1JtinL,juL~1J 
tl1\1';11ntlnn1u1n11L vi1Jc;;1 ua Lftn 1fl1L~aL-n'1~~~1J:~~El\ILLElafi'" ;A\I~Ull:L ~Ltl~ tJULUU 

~'"n:lftn111 
I 

.n~Jn.~fim!I.1~JJ!I. YJntlnmu1LTltl~1'"na Lntl~mtJ1~fli1 un'"~"d 
l: .a .. • 1 :-~ .. 1 .. ... 0 tl .. - ..1 ... 
~~!Lt enan fl1 L-naL~1'Yl1 £Jn1E.I1'Y11\ILUU'lf'" 

1\I~Rf.l.'!{]J'f.l.~~fli!L}.~~!J. L ~~fl!H1.~;t~H:J.!!~-~-~flH (arenium cation) V\1auJu41u TaL Ul111 

Uflfl~aaau (benzenonium cation) Lntl1fl1\lri1\IL11'lfLL'"'"'lf L;un in111fiB11LWRn'lf (sigma 
... tl "'tl ... .,2 I !T 0 I ..Ia fit 1 ,. ••' ff complex) 1Jn1'Tn1:';11E.I 1:';11J1n L E.I\1'111LLV\'"\IBB1U1LLa:JV111~El\lfl1LLV\U\I'Y1ElLan fl1 Lna .. 

Ln1t 

0~0 + E-B __.... 
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arenium cation 

e· 
+:B 
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tSf.~ 
. resonance hybrid structure 

&1~ e ~ aE + H-8 
\.._.,: B 

arenium cation Lewis base 

".;!1~-~~'l= Luwa1aw~~ 1thfla'U·;nnMfua'U1fit9l sp
3 ~il~L~n L9l~Lv4~ ~~t~~aL~n9l1El'U 

nul:UULV-4BLSnfllel'U'lJEl~1~ LLfl:Lti'Rn1 .... LLElL1Lwilnn~uti'U 

~H~\f . ---...... ~E + H-B. 
~E Lewisbase ~ 

' \ sp3 aromatic n-system 

nonaromatic 

t.l .... ._ .I II f: 
4.6.1 !) n-su1n1'SLL11"""''UILLD t.1U;J" (Halogenation) 

LLDLftL';l'ULtlLLri Cl2 LLft: Br2 

tJ~mtn t-B'fl111Jfa'" 

iin19lRIDft\U'Utl1Li~ L'li'U Fe, FeBr3, FeC13, AICI3 'li1tJL~1Jfl111JLL1~'1JEl~~L~n 
1,,,v4~n1t~uD1flL';l'UnTJJ~mfJ1L.i' 

cr ~1a Br+ LU'UBLftnL9llL~&f 

Ltl chlorobenzene ~1a bromobenzene 

0 + Clz f~lo '" . O'CJ . + HCI 

chlorobenzene 
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:a 0 + Brz F:Bra., ~ r + HBr 

bromobenzene 

F2 1a~l1fien.J~ffiu1a.J11l fl11J~lll1fjffitt1tt1n Lftiulll~~tleJEllJ -;nnLn~a 

~fiEJ~f'1fLUEJ11 (diazonium salt) . 
12 LSau~al.Jfjffiu1 n11LLYlou~1~tt~'l~rhl.rL~aiitfl'laaniBl~tf L-rlu AgCI04 

'V\1a cucl2 nalntJ~mu1LntuhouaL;n Lil'll~a 1+ 'V\;£lL911ttll 1~uaa11l.r~nn 

Ln~ a ~,a~ T'1fn1EJ11 L -rl'U.nou 

0 
............ .... "' n 1': 4.6.2 J.,J!)H1!.11H11LL't1\U1fl1U\1~ "L':l1 (Nitration) 

nitrobenzene 

l'i conc.HN03 

... A I ..... A A fit 1 :-1 •• 1 .. 
1J H2S04 L~El'.lf1tiL'V\Ln9lelLan 911Lna 

+N02 'V\;D!HI~!.~H!-!M~!'.~.~-H '(nitronium ion) LilouaL;n Lil'll~a 

l.r nitrobenzene 

.IAAA .... "' I ~ 'f" •• IA 
4.6.3 u!)fl1U1fl11LL't1,..'t1fl1ti\11JH1fl'lfiU'n"n (Sulfonation) 

CM225 

benzenesulfonic acid 

li oleum 'V\;El fuming sulfuric acid ~~LU'Utfl'l~fflJ~El~ S03' 'lu conc.H2S04 

El1~L-f conc.H2S04 Elth.:tL~t11l.r LLfil.Jfjffitt1Ln~-f1n11 

S03 LU'UBL;n Lil'll~tf 

l.r benzenesulfonic acid 
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tJ~mu,d'ti,~~nnt.J~mu1~u'J L?fT1:tJ~n1u1n1untru'Lt1'n1ihl1e~t1'1u lun11n1u 
ntru ~~n,.fl-i~lvJitn (-S03H) nnn1itmen'Lt1 

~ ~ 

.1"'_._ A 3 
4.6.4JJ!Jn1U1 Frledel-"rafts Alkylation 

0 + R _X anhy~ous AICI3 .., 

'M10 HF 

~R v +HX 

allkylbenzene 

iin1fli1DB AIX3 ~1e HF ~1e BF3 ti1ui1Li~ 

n1liue~fi~uu'Lfttf~il" 2° u~: 3° atsnLfl1LvJaf'le fn1T11uflf1~aaau ) 

i'J~-lu CH:rX ,.,;fl 1°LLEl~fl~LLULatf fitsnLfi1LvJaLU\4Cf11L~~'Jl'eu-ne~LLfl~fla 
uu'L~tfnun191a18w 

'Lt1 alkylbenzene 

.1"'_._ .Ito~ I "' ... 
, 4.6.5 JJ!)n1U1n11LL111U1fi~U'M~LLOatliUllJlJD" 

A .Itt ., !T If • r """ .t • I'"" ... ,.. .., """ Cf11EJWYI t.~fi11,11LLflf1 'a a au L1J\4 ueanEJtJflftLLa:LLEJftfl\4 Tl1u!Jn1U1nUL1JU'lf\4 
LflU Lfluiin1fl~l~1111fiEJU (L~u H~04, H3P04 ,.,;a HF/BF3) tiJ-ui1Li~ 

... ., . "'t 'Jt.l .. (1) n11LLfl"flfi~U'M~nDRfla. flU L!ULORnDDDil 

. ' 

2-methylpropan-2-ol 2-methyl-2-propane 

3 LUl4'!tltl~mv1~fl'"vnJt"tlflft 1an lflVff1RflTl~11V'Yl1~LflULLa::~nv1LLi ~11r.Jf~LffR Charles Friedel · 

(flff.1832-1899) ~a::ff1RflTl~11VLflue"n;tfauJ1n\4 James Cl'lfts (flf/1.1839-1917) Lu'"n11LL'Yl"~ 
i1vnLanlfl1lvJd'~1~L1J"~'" ti AICI3 LtJ'"i1Li~ tl~ffitnu 2 LLlJlJ ila n11LLn"Y1t11u"~LLaafiaLLa::i1v 
\1\liLaiia 

'U 
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0 + H:iC=CH-C~ 

CH3 
I A.~ 

CH -CL-OH2 
3 I •• 

CH3 

cumene 

H2?-~H-CH3 

H 
carbocation 
(electrophile) 

4.6.6 t.lfimu1 Frledei-Crafts Acylation 

0 0 0 
II II II 

R-C- CH3-c- CH3CH2-c-
acyl group 

ethanoyl'9roup propanoyl group 
. (acetyl group) (propionyl group) 

carbocation 
(electrophlle) 

0 
II ()'c, 

~ 

benzoyl group 

... ..~ ... ., I ~ ,~ I 

1LflL~'""'t1 L~~~La~a "LLn acyl halide LLa: acid anhydride 

CM225 

iin1ttR7Dft' L-rl'" AICb LiJ'"tl1Li-3l'"t.J~ffi£J1 

aLan1fl1lrhff1a acylium ion 

~au~ffiu1fia aryl .ketone 
/ 

0 
II 

0 
0 
II 

+ R-C-CI AICh.., O"C-,R + HCI 

acyl halide aryl alkyl ketone 

0 
0 0 
II II 

+ R-C-0-C-R 0"8-R + 

acid anhydride 

0 
II 

HO-C-R 

carboxylic acid 
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"' 0 "' tl"'"'"' ... ~-~~J!.I.~~-~~--~!11.~1nJ:n~X~~n.~~~-f.~~~~~~r~~ 

1. l~1JDffiEJ1 Friedei:.Crafts alkylation LLaatiaLu~:a~~Lfifl~~ ia~l13.nnni1LlJ'U.lD~ 
· Lrta~1l1nLLElaflaLU~'V\2,jL'V\aLi~nf11El~ rhL~n11LLf1~~.i1EJ'V\2,jLLElailaLfifi91Ell~n 

~ ~ 

0 RX RX 
AICI3 AICI3 

ann1:tiu. • • 

0 AICI3 

3. ti1Sj~-~1~'n~fl~H~.~~~-L.~!J.~J.~~~LL1~ni1LLtJLaL1l~El~Lt41~ u~fi1u1n11LLf1~~ 
LL'JJ'JJ Friedei-Crafts laJLfifl 'V\2,jLLf1~~L'Vl~hif'l.rLLri 

~ 

0 
COOH o~c ... R 

0 OH 0 6 6 
4. aL~n Lfl1l vhf~ LU~fJ11T1lufJf1 ~DDEJUEl11lLnfln11ifli1L'Vl2,jl.r ~ ,j~ ' 

propylbenzene 
33%. 

!J.11~~;~.n~1i~fiffiYJ~.-:.r:t'-~'-t-=~~~-~-~l1~~9'-'. 

isopropylbenzene 
67% 

Ltf~n11'l.'L11JDfi1u1n11LL fl~~.r1 EJ'Vl2,j Lfl'.Ba a..nu1::u nti'L ?J a l iLfi1EJ3JLLEl ati a Lu~:a~ 
' ~ 41 

Lrta~1l1n'Vl~La'.Bal~ifli1L'V\2,j LLa::l2,jLfifln11LLf1~~'V\a1EJLL1Ji~L~1~ L~aliu~·rnuiiini~LL'JJ'JJ 
Clemmensen 'Vl1a Wolff-Kishner ,-,:·Lu~u~l~uDSRRL11U41u 

llo<l I ... 

. ~J.@~J~ n11Lfi1EJ3J propylbenzene 

0 

0 
0 
II AICI3 

+ CH3CH2--c-c1 , Fftedei-Crafts . 
acylation 

. II 

~C-CH2CH3 

ethyl phenyl ketone 
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Zn(Hg), HCI, !J. 

Clemmensen 
reduction 

propylbenzene 

a I A AA . .-::1 t.l A flit f' ,A .. n a,.. ~ ~ 
4. 7 IJ!) n,-!.11 fl1,-LL fl\l,fl tl~ !.1 il Lit fl Lfl1' L'ftit '"il'tft1-Uitl il\1 LtJ\I,'Jl\1, 

L~ Elilvu.hL'YI'Ut ~ EltiL "Ut"hnuuilu V\a.i£l::flEJ3JL V\~1ii';l::iJ ~afi ElnTlL i1LL 'YI'Ut~"ll El.:JBLR n T;,1 
, \1 "' -

~wa.rf.:Jlu~1uel't1ntJ~mtJ1 LLa::n11n1V\'Uflfi1LLV\1-L.:J~LiTrhtJ~mtJ1 
I . ., ....... I "" tJ ... _ 

4.7.1 Nii!JO\I'M~LLf1\t.t1f1lJIUlDtl11 !Jfl,.ll1 

V\~LL'YI'Ut~U1.:J-n'itfl.YhL~n11LL'YI'U~tlf.:JLV\~L'U1'1LU'UtiJULnflL11n11L~3J'V\;£li1a.:JL~ 'V\~ 
\1 \1 

£l::fl£l3J~LV\DLa.nfl1£l'U (activatipg group) .YhL~Lu~iJuiifl113JV\'Ut1LL1-LuaL~nfl'l'£l'UtL~3J;fu LLa:: 

tJ~mtJ1Ln~L11n11 R1"Ut'V\~~.:JaLanfl1£l"Ut (deactivating group) .Yhl~fl113J'V\"Ut1LL1-LuaLanfl'l'EIU 

Sflft'l tJ~ffitJ1~'1Lnfli1n11LU'UtiJ'U 

yt 

0 E@ 
l\WLnnfl1fl\4 

LTlflL;1n'i1L1.J\4t6\4 

z.f-

0 m ..... E fl~flUIInfl1fl\4 

Lnfl'i1ni1L1.J\4t6\4 

..I ~ I 

LL 'YI'Ut 'YI LLS:: a'1l1~"lJ1~ EI.:JV\ 3J £l::Cil £l3J 
\1 

nT1~"DLRnf11EJU (electron withdrawing) El::fl£l3J~·iia-n1ViLV'Jvhau~.:Jn11 , 
fl1fU El'U ';1::~.:1 B Lanfl'l'£l'Ut';J1nfl1fU El'U 1fl £Jn11.~~-~'}~~~~~f.l.;!J L -rlu 

~ o=NH2 
N ilwn1ViLV'Jvhau3J1nn11 c aLanfl1£l'U~.:J3J1'YI1.:J N 
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---r­

~CH3 

2) Resonance effect:· vn.JL'U'V\~LL'Y114~~5h~ .. \Ln:l~'V\1aiia:tt~nJ~ii~aLftnfl1£n.~1flfl 
L~tJ1ri1-3~\Llr:ntJLtJ\L~U1fltJ9l1-3 n11L~'V\1an11tl-3DLftOfi1B\LL~tJ1..Ua-3n1Jn11 

.. '1 ... fft ... f/1 ,.,.., •'1 !It " "' ... 
Lfl~£1\L L~ElL~Otl1El\LLLa:aLaOfi18\Lfl L~ Lfl L~tn'l-3~\Llr!: 

7 .. • ... ...~ ...... fft ,. ..l " ... 1 
n11 'JUHRnf11EJU LOfi~10B:fiEl1J'Y11Jfl £l L~Ofl1El\LLflfiLfl tJ1Ln1-3~\L1J: fltJ'il'l-3 

" rl1J1-3L1J\L~\L Li'U N, ·a LL~:U.nlaL~\L 011Lft~£l'UeLanfl1el\L';J1n'V\1iLLfl\L~YhL~ 
. . " . 

l.Ufl'l-3 m1-3 L 11 'lJLL u 1.1..f~ Shh:~ au~f11fu a14-n £1-31-3 LlJ\L~\L .........•................... 

•• 

0 
n11~"D'Rnf11EJU Lnfl~1n'V\1lrl-3ni'U~ii~'V\~\LC£lVL\L1::1J1JflEl\L~Ln'iln1J1-3 ... . " . 
LlJ\L~\L Li\L CaHs-Y=Z lfltJ Z iiR111~lv4Yl1a1JR-3011 Y n11Lflia\LDLftOfi1D'U 

. . " . 

YhL'V\1fl1-3rn-3L111JfLL\L\L.fijth::~1J10~fl1f1J£lW7JD-31-3LlJ\L~\L .........•...................... 

.. ··~ 
10 101'\ 

II I~ 

. r(Y. C ... H . rf'Y~'H v ~v · 
··~ :o: 

0
® 6 

'H ...-... 
.0 
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4. 7.2 Na!l o"\1~LLn"ff'l"n11'rl1\1"""1LL\1""Li1n1tJfi·n~ll1 (Orientation) 

4.7.2.1 ~£~~m.11~~:~P..J~~~-2~.~9.~ \'\~LLn\4~'11\t.,\~aLant\,.il\4 rh\,.;tJL)mu1 

Lntu11n11Lu\4tnl4 LLa:n1\'\l4flti1LL\'\u~m1LLn\4~'11EI~aLan 1fl,-~~tfl\'\aj l~L-ff1~t1~t'i1LL'V\'l-L~ turf 

Tn LLa:M;EI mn '11EI~\'\liL~Lsntt1EI\l 
~ 

' iJ I ..l.i,; l"tJ""- A " I 4.7.2.2 tf.~IJ.~.: .. Qg~~j.f}{l •• 9.JJ:9.i~~ L \4\'\~LLfl'\.lfl'Jf~ 1 V. lJn1li1Lntl'Jf1n11 

LU'\.ltn\4 LLa:fi1\'\\4fiL~Lan1fi1~~{Lv.ajL41Ji1~ti1LL\'\U~ EJDfTrl LLa:M;il WJ11'1JEI~LLlJ1~L';l'U 
4.7.2.3 ~~f}g • .fl~P. .. H~;.t!J:!!!~ \'\~LLfl\4~Wfltl~aLan~1EI\4 rhL~tJ~ffill1 

... " I ... ~ .. ... fll ,. ~ ••• A. I " 'WI. I ..l...:r I I ..1 ... 
Lnfl'lf1n11L1J\4'1f\4 LL~:n1V.\4fl LV.e.lL~n Lfl1 LntHV.3JL'111 LIJLLfl\4'Yl9t1LLV.\4~ UJfl1 'IJEI~\'\11 LLfl\4fl'lf\4t1 

OrthcH'ara Directors 

n1l~ia~l1tim.J~ffitJ1L-A2Jifou2J1n 
(Strongly activating) 

••9 -oa -- --NH2 I -NHR I -NR2 

•• •• 
-OH I -OR - .. 

I Meta Directors 

Yhl~ia~l1fiat.J~ffiu1~~-~-~-~2J1n 
(Strongly deactivating) 

-N02 

e 
-NR3 

-CF3 I -CCI3 

(R = alkyl, aryl) (R = H, alkyl, aryl) 

~ 

I----------------.J-------------·----.. ·----
YhL~i£1~'1flEIU~MtJ1L~2J;f'UU1'Una1~ n1L~ia~l1tiat.J~ffitJ1.~~-~-~-~t.11'Una1~ 
(Moderately activating) (Moderately deactivating) 

o -c=N 
" II -NH-C-R 

0 
•• II 

-0-C-R -
(R =alkyl, aryl) 

-S03H 
0 
II 

-C-OH I 

0 
II 

0 0 
II II 

-C-OR I -C-NH2 

0 
II 

-C-H I -C-R (R = alkyl, aryl) 
1--------------'---------------·----............... ----····-·-····-···-····-·-·•""""' 

n1l~ia"'\1tiat.J~ffiu1L -A2J;rouLanuau j 
(Weakly activating) 

-Q·-R 
------==---------~------------· .. ··-
'hl~ia~l1tiElt.J~mtJ1~FJP.~~LanuatJ I 
(Weakly deactivating) 

•• •• •• •• 
-F: • -ct: , -Br: • -1: 

•• •• •• •• 
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G> 

6H3l3+ 

0 
•• 

'\ 

F 
F,CI,...F 
_f. s+ 

6 
G> 

E. 
electrophile 

G> 6 + E .. 
electrophile 

.. 
G> 
N(CH3h 

ON02 
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+ HN03 
·Ha$0 4 .. ¢ 

N02 

4.7.3 n1~LLn,..fi~~UOL~nTtt-s1Wtl"~\1LtJ"!J"fliiM&iLLn,..fl2 MJ.iif,..ltJ . ., .. .. . 

..; ... 1 ,.,..r 
'Yl L 1J1lJ1 L 'V\lJ fh1'U 

CM225 

(m) deactivator 

¢OH . + HN03 

/ CH3" 
(o,p) activator 

(o,p) 
Strong activator 

NH2 

~¢: 
· CH3 

(o,p) 
weak activator 

(o,p) 
Strong activator . 

.H.so... AOH 

YN02 
CH3 

4-methyl-3-nitrobenzoic acid 

qBr 
CH3 

2-bromo-4-methylaniline 

· OCH3 · 

. ·A/ 
02NJl)'-. 

(m) t 
Strong 

deactivator 

+ . 803 _H2"-S_04~ .. ~ 02N~H3 
S03H 

4-methoxy-2-nitro 
benzenesulfonic acid 

2-methoxy-4-nitro 
benzenesulfonic acid 
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3. n1'V\~LL'Y1\I.flff\1R£h1£l~L\1.~1LL'V\\L-3UJf71.rj-3n\I.LLftttl'U fl11aJLL£lfltni1\~~1LL'V\\L-3fla~ 
1::'V\11-3'V\~ff-3wa-3Jn"'::l1iLntnJ~mv1 

~ \ 

4-chloro-2-methyl 
benzenesulfonic acid 

A· 
~CI 

S03H 
2-chloro-4-methyl 

benzenesulfonic acid 

4. n1U1L 1nt.fiL -61fl1tJ~fi1EJii:ifl1111LL£l atll3.iL fhnu .rj-3~1"'111';t1n-u'U1tl-n £1-3\'\~ 
LL'Y1oufiLLa::/'V\1aaLin lt11lrhf 11~ffim"'::Lntl.,,LL'V\\L-3~lifl1~11LLaatnl'aun11 

(o,p) . 
. moderate activator 

0 
II 

;¢-~ + Br2 

. c~3 u.olt~1tooni1. 

0 
" 

F~r3 ~ ~::• 
CH3 

3-bromo-4-methylphenyl acetate 

4.8 tJfin;u,~ini"fi~"'u"i" 
t.lfiina1n11'Lia~laTtt·n~,. (Catalytic Hydrogenation) 

~u1J::lv.-na-3'V\~ua;al1fia11i]mrJ111'aon11-Uaaf1u"";altliiu,t,,t.J LL~Lntlt.lilmv, 
n11L~lllult11L"''"l"viilaY~::ti1Li-3ltin1liwn11::ftu1-3ni1 L-iu fl1111tlUR-3ll1n Y~1alaY~:: 

. '411 

tl1Li-3flia-3l1ll1n L-i'U Rh LLa:: Pt tJi1ffitnllhflll11tl'V\~tllti "'::~1LUUltJ"'ultfl'lflflftLtfflL'JJ\I. 

VCHo Nl 0
cH. 

+ 3 H2 .& 1SOOC 
toluene· 

20atm. 
cyCiohexane 

& 
CH3 

+ 3 H2 
Rh CicH3 

-
1000c CH3 
65.atm 

m-xylene 1 ,3-dtmethyteyctohexane 
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i1'Wt1Jn11Ltl3JLtJlfl1L,UL\U1JU4l4 n1Lii1Lio\l~l1fiatJ~ffitt1111n LLt'l:fl113J.r~~-3 
VUlth:3J11U tJ~ffi~1Lnfll.;'~~lUVl1Jih~£J-3 ltfl'JJLfltUtrnL'lf\WS:LiJUtJ~ffitt1fl1tlfl113Ji'ElU 

0 
4.9 tJfin;s,n,.,LiiiJAao~" 

Pt 
acetic acid 

30°C 
2·3 atm 

0 
cyclohexane 

n11L~11.;'1tJLLlJLSL';lULnfl~1-3L~Utiul.1'n1Lifl113Ji'£JUfto\l 1l1ttLtifl113J~~fto\l 'V\1EliiLLR-\I 
"' "' 

?t1aft11L~3Jau3Jaa w1: n11L ~3JLLD 1aL•u111Lan.aLL'lnLnfltt1n LLfitJfin';u1fi a111Lnfl;ruL11 1 ~ 
~"' ~ ~ 

hexahalocyclohexane 
Cl 

ClyYCI 

CI~CI 
Cl 

9 mtto;to,ol'lruJErf , 
(7 meso isomers 
+ enantiomer 1 ~) 

1 ,2,3,4,5,6·hexachlorocyclohexane 
(y-isomer = tindane) 

methylbenzene 
(toluene) 

ethylbenzene isopropylbenzene 
(cumene) 

vinylbenzene 
(styrene) 

pentylben:i:ene 

1-P.,}\~ ?t1a side chain 'V\3J1tJno\llu Lfl1flTfua~~ittluaaLL~iln4-3Ln1:~1·Uu~:nu 4-3 
........ - .1, ., ..,~ LnfiiJ£jn1tJ1'YlflElWi11-\ILGVn:fl-3U 

4.1 0.1 tJfi,Mli1DDniL"iMfttezii1\1 (Side-Chain Oxidation) 

tJnf11-3 L UUiBULLt'l~LLelfi~fl'U.LflflU~ ffit11 a an'BLfli~tJ1rl LLflV\~ LL£JSfl t'l.y\1-\1 LUUtBU\]n 
'" 

aaniBlfllflti LfltJft11a:a1tJ Kl\,1n04 lufi1-\li'au 'V\;El Na2Cr2~/H2S04 Lil~f11aan'BlflLf 

t1DffimLnfl l.itfl uii-E ari1'V\Utltlo\lif 

tiao\ls:la:fla3JLtJLfl1L';lU~fl1fuauti;l.mlio\ILUUIBa (benzylic hydrogen) 
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Benzylic carbon 

I~ 
/H-e-

Benzylic hydrogen 6 
. I~ 

R 

Q-9-R' 
H 

t1' • ·Q-cooH 

R, R' = alkyl, aryl, H 

\uhhnfl-;11u1u-na.:~tnfuBu~1'1i'li1.:~ L~BflnBen~'flh:'L~vuj -eooH 
. \1 \1 

'1i-;11nfi-;11U1ul'Ji'li1.:tL'U1.:JL1JUIB'" nn'V\li~ii benzylic-H flnBBn~LflLfl~ -COOH 
. " \1 \1 

COOH 
I ~COOH u ' 

phthalic acid 

R · e 

o-9-R' KMn~4' OH / .. lJ.iLnt~tlfim!J, 
R"-

tJ~ffi£J1EJEln;nLfli'U~l'Jii1.:JLlJ,~LnfiLtl.¥n:V\~LLElafiaL'Yi1,f'U V\~ alkenyl, alkynyl ua: 

V\3.iLBtftanflnBElntft,flWlflllft11a:a1tJ KMh04 L'U~h.:t'iEl'UL'ULLt11JLtltJ1n'U~1ll 
\1 \1 . 

172 

Q-cH=CHCi-13 

0 

o-~-CH2CH3 

-~-KM_n_~---4~_-o_H. __ .. _· _tf---i .. ~ Q-cooH 

4.10.2 tlfimu1n11LLnMff .. .,u~aliu~fl"~uoafta (Sid&.Chain Halogenation) 

Li'ft'1111:Ltlll1rl1JU~mtJ1-nD.:JLLElaLfl'U (X2 /LLft'.:J ~;B fl11~'fEl14) · 

naLntJ~ffitJ1LfiflrJ1'UO'U1JaOrnL-.dULtlll1rl1JLLEliLfi'U 
·~ . . 
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. \t1& NBS, peroxide 

propylbenzene 1-( 1-bromopropyl)benzene 
90% 

benzylic-H L1fiatl~rrir:~111_1n~~" ',):~nLL'Y1U~ll1nn11.;1LLV\1-L"~""' tl~~i'EJ1Ln~ 
~1'U.ElUll~aen:Luu;a~ (benzylic free radical) ~-3iiDLfinfl1ElUL~EJ1~fnfuau~~~ 

~~ . . . 

n1J1-3L1JU~U iJLRflEJ1111~R-3Lrttl-3',11nn11L11'lfLLUU.f iin11Lfl~ElUaL~nfl1ElUL~EJ1Ltl 
~ 

V-3.,1LLV\1-L-3fl1-3 ') LU1-3L1JU~Uti1EJ 

Benzylic radi.cal 

[ 

a- l CH2 a-6a-
a­

resonance hybrid 

tlnffiEJ1~El" propylbenzene Liifl~1UElUll~aen:-.tJil~Llluian;tvnii ~-3LRnEJ1:ll'lnn11 
~ ~~ . ~ 

ElU:ll~Ben:-.tfil~'YltlU11DLL~:tl~lltlD1Jnti 
~~ . ~ .., ~ \ 

4.11 LLDaAilaLtJ"!i" (Aikenyl Benzene) 

2° benzyl radical 
Lml t11111nfl &m • 

2° radical 

LLEJaf1ilaLuuldu V\111 uii" ElU ~UlMJEl-3L1JU~u ~1'1i-H'1"LtluuaiLL l4J91 n 'tn 1~1fl1fu El'U. ~ ii • 
~un-:fi El tiL U 1-rl 1~ EJ L~ ~1:~ iJ~utr:fi~ El tiL U1:1J1Jfl ElU',l Lnfl-rl1J~'U.li:L ~,_, El-31" LUUtnu ~-3ii 

~ ~ ~ ~ ~ 

.... ' ..,,. ' .. .... .. ... fill 'I 0 'I "' 
~Rtl EJ1111~~-3n11~1n'Y1 LllflElU~ Lnfl L Utl"',l1nlln11Lfl~ El'V.El L~nfl1ElU L U1:1JlJfltlU~ Lnfl'Yl1 LV\ 

~Li-3-31'\J.~~~" 

CM225 173 



,; 
\ ,c-... 
C=C .0 \ 

conjugated 
alkenylbenzene 

\ I 
C=C o- 1 \ 

f' 
non conjugated 
alkenylbenzene 

LLB fl~URL!JUtffU L911_tJ1J lfl tJ1nLtl U1n'Un11Lt11 £111 LLDftfl'\4 L -rl'\4 ·u~n1u1nTI-ni t1 

LULt11L~14~1nLL·aaf\aL'U'\4~14 (l-iL9l;tJ1J styrene l14El9\Wl,.;nrl1J) n11,iflLlflfl1L~'\4LLtJLati LLft: 
1 

" &; 0 

n1nJ';)fl'\41 

Cl 

·b-9HCH3. 
OH 

1-(3-Chlorophenyl)ethanol 

ZnO 

H3C CH2CHCH3 . . . 3 
2" a 

-o-

CH CH-nN . 

I ~/ • CH3CH20H, 50°C 

/ 
/ Br 

4.11.2tf(Mu1,iWUD11flilaLu1li1l 

o-CH=CH, 3 

styrene 

3-chlorostyrene 

H3C-o-CH=CHCH3 

1-methyl-4-(prop-1-enyl)benzene 

t.J~ffiu1~~14tr:~i1~1-3fla1utl~ffiu1,D-3L\aaf114 fl'-3U 

4.11.2.1 !!D.fi!!!.1.Tl!.1.~~!1.J.'-T.~1.U?H.f.fJ.~i!Jn".;.~r!.HfT.?.~iY. Lil141l~ffiu1~Laanrh~ 
~141r:fiLL'U'ULLElftfl'\4 L iia-3~1nLnttJ1un11 Lnf1Ltl~£Jtu'Vl11ii~ D-3LLft:fl111Jfl'U.~1 

~ 1 ~ . . 

pt 

CH3 
I 

~CH-CH:zCH3 

Br~ 
1-bromo-4-sec-butylbenzene 

4.11.2.2 y~!J1tJ.J.r!1~].~'A~~-':!YJ!!~~flfi..n Lnt.uJ114atu9lafiiLtiu91~1ffll,~flfl ~a a au 
L -D'\4 ·t.J ~'ffi tJ1, El-3 1-propenylbenzene 
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1-propenylbenzee 

Br 

H-Br- ~~~ 
u~ 

1-btomopropylbenzene 

' ~C\ ()((f) 
+ H.LB~ ____., I ~ 

- ..& H 

(A) 

2° benzyl 
carbocation • 

'c......-
, 

I 

Resonance ybrld structure 

? 
\1110 

H 

ij); 
2-bromopropylbenzene 

(B) 

2° carbocation 

LRntl11l1vu~·1J'"'YI1r,£h1f11iluuflfllaa£n.~-nilflth~ '1 L-i\4 1°, 2° ua: 3°f11iluLLflfl 

" ... !T " ... " ...... " ...... tl' LEJEJEl\4 UE1RRRfJ11UJUfJ, 'DBBU Uft:UJU'D'RUfJ, 'BBBU El1';J';)fiL1tl~ Lflfl~\4 

triphenylmethyl >. diphenylmethyl > 3°benzyl > 2°benzyl ~ 3°allyl > 3° ~benzyl~ 2°allyl > 
0 0 . 

2 ~allyl> 1 >vinyl>> methyl 

4.11.2.3 y~fjj_l:!.?X'I.'11.~~-~~JH.J.1:l!!.J4f!~.~rf!~ L-i\4 tl~mu1n11LtiaJ HBr 1ttuijuvaf 

BBn~'l1mU\4tl1Li~ LTlfi~1\4El\43Jft~R'l':L-i\4LtltJ101JLLElfttloU \\4tJnffiu1ilLnfi~1\4El\4lJa~n:: •v ;.., •v · 

UJuis 
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H 

H-Br 
peroxide .. U); 

1-propenylbenzee 2-bromopropylbenzene 

1~L911tJ2J.W11th:n ei1J1JD-3L1J~'Dou·;nnW11~n1'V\~fll ~ 191 vn11LL n~~fi'1 vaL~n 1911 

l rhf ti B-3 01fltJfl112J!¥f~J1'ULlL1J'YIL1vou. 191 tJL;2J';l1n 1aJL~flt:Uil1'VlaJ1 v l ,.;2Jo-3u oou.naufl~: 
.ffou 'V\1111 L~n~~2J1ri ~'U'V\\\'1';l'Un-3W11L;ilti'U ~~fhtl12JLL~:91 01Jtl1tl12JL 'Ufl11LiUlJ·-n1tJ1L91 

'I I 

rioou'V\1o'V\a-3 fl11Lti'W11L91LL~:L 'Vf11:L 'V\91L91 L iou. 

176 

'I 

a1~urioou'V\a-31I0-31.J~ffiv1~111111L i 1JUt~1Ja~'V\~LL n'Ui~ fl112J1 0-3L 1l ~n11 
Ln91U~ffitJ1 (LiJ'Ui'V\~l'V\aL~ntl'l0\4 \'\1S'Vl~tl-3DLantl10~) n11n1'V\'Ui91~1LL'V\1.L-3 
1J0-3'V\~LL'YI'Ui~L'Ui1-3~1J'UiiD'Ui (directing effect). 

A . alA- ..I ·~~ ,~ . af I ..,1 ~ II \1.1'1 
1f'UifiLL~:Wil11:1J0-3ulJn1tJ1flft0-3 "D. L~n11H1'V\~LLfl'Ui'YI~~ ') L111 Lu L 'Ui 1-3 LL~: 

n11\t1111li , 

, ,X'Hl~J~. L911tJ2J p~bromoacetophepone ';l1nL1J'UiiD'Ui 

0 
II -
C-CH3 

¢~ 
Br 

~romoacetophenone 

TN'"'!" LihMN11J 

1. 'V\liLL'YI'Ui~ G fl11LU~ Br Yl1ofi1 'YI~ (COCH3)? 
'II . 

0 

" . . . . ..1 . . ' ' fC 

-' Br. LL~: COCH3 LU'Ui'V\1iLL'YI'Ui'YI11UflLf.l n11n1'V\'Uifltl1LL~~-3LiJ'UiLL1J1JLfl?-' 
' . . •, 

n1LU'Ui Br L~fl\t1,ilTi1U~MtJ'1. ~lf COCH3 ';l:Lii~thLL'V\1.L-3~01'V\'Utfl LL~:: 
' • '· . 'II 

lti p-bromoacet~phenone 'Vl1a l2l?.. . 

tf-3tl1tl12JL'Uifh\Ul-3L~tJ1n'Ui-L~El'V\2lLLYI~~LiJ'Ufl1ttou 
'II 
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d~Ju bromobenzene 

Br Br 

6 
0 ¢ 0 
II 

Br2 CH3-C-CI 

Fe AICI3 

C-CH 
It 3 
0 

tnnh:nen.J~aail1Lfla£Jf~ih~L1JU£iu (Polynuclear benzenoid hydrocarbons) 'V\1El 

.I •• ..,. .. 1 "". · !"I ...l.- • 
tn'lu'l:nau~aaU1Lfla£J'lLLEl 'l'LL1lliln (Polynuclear aromatic compounds) LuUtfi'l'Yl111~L1JU'l1U 
~ • ,k 11.111 ...1..1' ' iJ ...l ..,. .1 ..., ..,. , ..,. A • ..., ' 
fl~LLflREl~1~~U Lu L'U.'YllUL1J~L U~1n'Yl1~L1JU'l1UEluLLtlnnu LLa:1J1~L1JUIJfUL ~ElllfllilnU L,-U 

\1 • 

o-o 
biphenyl p•terphenyl 

~I 
rn-.quaterph

09
enyl . 

~ ~~~ 
~ ~~ 

naphthalene anthracene tetracene 
(naphthacene) 

(1) (2) (3) . . ~ 
1'11LIIJS£111LL1Jt.Jfl'H (1), (2), (3-) LLft::L~£111LL1JUVIn~11 (4) 

phenanthrene 

(4) 

4.13.1 ft11'U1'tnou lu&rliia 

3 2 2' 3' 4o-o4' 
5 6 6' 5' 

Jy_~rl_it~ (Biphenyl) 'V\;El phenylbenzene LUULLB11LL11iin,tr1fl'lfl1fuau ~1JLUli'l111~1ii 

L ,ju l uJ1JTuiiu J1JTuiiu LLa:unRli'l'l11~1ii l -Hil a~ti\u :fa11l un11i'nH1 ~a '1i,)1~1ni11 
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'V\1fl ll:U11L Ull11JU:tJ111~1:'V\11~,UR~ !vL J'/uz:niJua~1.f~tiu L uni1Lfl~FJ1JWDftflRB1L UfJ 
. . 

'nfl tu~,Ju,R ·(polychlorinated biphenyl) ""fl PCBS fl'* ~utfu fl~ !vL J'iuR'V\ ~1 u,ittl L iLfl1u lJ 

cn1awn16"~1uth:L1l'YI Liu i1n1:'11uLitenfiu1nu (emulsifier) w~1wiln itiflll LiJutiu 

4.13.1.1 n11Lf11vv!1JLWUR "'L~:tf11t.l1:neu!vLWUR ..................................................................... 

(1) ~!11.~J.~l!1P.JJ~.m~1.f.!!t!g (fltt1utl~ffiu1 Wurtz) Lilutl~mu1 couplin~ 1:'V\i1" 

LLfl1~u.ul~.1'2LliL~n~ Ltlu 1~": 1'l1LtlUll • 
Ar-X + X-Ar 

Na 
Ar-Ar + 2 NaX 

ether 

[Ar = l'l1iLLEl1ft; X = LLtJlftL';lU) 
'V 

· ,r1.~~J~.tUimP.J 

Q-ar + er:_Q Na 
ethel'·. 

biphenyl 

(2) ~~.1.tt~~JDJ~~n~!sti.IJ~ 1fluL911ullr.i1uLniflltlfl: l'l1Lllull LL~:Yhtl~mu1fiflnu 
n1fl H3P04 

benzidine. 

NaN02,.HCI 

· 0-5°C cY N::~-o-Q-ffN c' 

!Hoi'O• 

o-o 
(3) .~!1l~U-J1!1P.~_Dffl!JJJAt~nn LiJUt.l~mu1 coupling 1:'V\11~u.fl1au.uls'.f2LllL~~~ 

LflU L~'V\:'YifJ~LLtl~ 

Ar-·x + X-Ar 
Cu 

Ar-Ar + 2 CuX 

,r1.~~J~.Y.nm~n 

H3C-o-l + 
Cu ., 

4,4'-dimethylbiphenyl 
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4.13.1.2 YD.ffiY11!.1J.~Jy.u!fl~ 

copper-bronze 

A 

N02 

0 
·o2N 

2,2':..c:limethylbiphenyl 

., ,..,.. .. tl...... ..I., ~ • t :-~ .. I ... ..~ ... • ... ""' tl 
'1/LnUALnfl LJnnnn11LLrt1U1fi1Uutan fl'l' LrdfY11-3L1J~'D'~L'7f~LfltnnUW11 "l":nau 

, El~ L uu;au. 1-3 LL 'V\1 ~ 1-3'V\ ;t-3 t'" ~1/L WUfiLiJ~ 'V\ lit ~DL~ nfl'l'El ~ LLa: an1-3'V\ it-3 L il~ ~ li ~ -3 
~ ~ 

';l1n 1fl'l'-3Wi'1-3L 11'D'LL uu.f';l:L ~U 11tl1 LL 'V\\.L-3 eeflnLLa:JV111';l:d El-3L 1~Elf111LL 'Yl~ ~ 
.i1tJOLSn 1fl1L~SL \!El-3';11nfl11li'V\U1LL1iuaLanfl1ElUft-3 ~afl~a';l:Lnfl~tl1LL'V\1i-3~ 4 111nn'l1 

~ 

t11LL'V\1i-3~ 2 Lita-3';l1nfl11liLn:n:-na-31-3Luuliuan1-3YhL~L-i1fl1tl~ffiu1tJ1nn11 · 

N02 

0 + 

02N 

2,2' -c:tinitrobiphenyl 

· . N02 

6-Q + Q-O-No2 

2-nitrobiphenyl· 
' 

2,4' -dinitrobiphenyl 

4-nitrobiphenyl 

J.IR"NRMan 

4,4'-dinitrobiphenyl 

4.-13.1.3 U!JrJJ.~'J.~T.!~!I.Flf.P.~~J.JJ.~rliJ.'! (Atropisomer of biphenyl) 

Atropisomer ll1';lin111M-1n';n ~ 'V\ll1tJii-31~ LLa: !r2~~ 'V\ll1tJn-3 !'.~~ LEI Tn1w~e 
T _. A •T 11 1 I" ...! ... ..1 ""' ...! 
''lfUJD1 'V\ll1tJtl-3ftLfl£l'l' LEl LEl 'D'LliB'l' (stereoisomer) 'YlLnfiL ~a-3·;nnn11'V\ll~~~1i:LfltJ1fln 

' . ~ 

.)1""' 1 ., ,..t-1.,•111 ..... .. !"I' 
,.1nfiL~11:fl11liL~:n:-nEl-3 fl'l'-3ft11-3 Tt1L'V\Lnfl LB 'D'Lll£l1L'7f-3LLW-3 .(optical isomer) 'D'-3LuU 

Ll1Lana~Ltl~n1~L-31L un'l':';ln~-3n~LLa:nuLLa:l1iW1ll11n'll'Bunun~wilnnnw1u t~ ~11' J'l . - . 
iiALnfl l.iL~ at11LL 'V\U-3D eiT n~RLL v\-3nn LL nu ~ Lfl tJ~'V\liLL nu ~-n El-3LLfia:1-3tl1-3n~ L -u~ 

~ ~ 
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C02H N02 

® 
N02 C02H 

A 
Optically active 

4.13.1.4 rJ.~~fl_fj_FJ.1.r!~!.l.rfl.~l1:Ur.ffl.li (Polychloroinated Biphenyls, -PCBs) 

Cl · Cl Cl . .. CI-o-q 
Cl 

3,4' ,5-trichlorobiphenyl 

Cl~ 
Cl 

2,2',4,5-tetraehloroJ)iphenyl 

CIQ-QC.I ·f ~ --:-
___. ~!J 

Cl Cl 
2,3',5,5'-tetrachlorobiphenyl 

-wiu LU~n~2Jft11£lwn1vi.:tLtl11~,{~5jfl~El1U 1 n.:t 10 o:flEl2J~1~~El-3~1JLWUR ij~c;n 
·12JL~~~~1Lll C12H1o-xCix 1fl1.:ttii'1.:t2J1't10011LL'Y114~ti''UJ ·CI ~<il1LL"'\L.:tc;h.:t ') ~1n 1 n.:t 10 

a:~aaJ iiii.:t 209 LLuu ti1~t~q!LiJ~~inlliiii ldiin~~ ~:~1r.nt1uau f1112J~~la~1 lliii~ 
"··' .... - .. " •• 1.':1 :r' ..r.... ~~- .... l - ...... • r .... " .... ~n 2Jti2JlJfl<il1~'Y11~ ~nn1ft'-3LL~:lLu~~~1~'Yl<il a:~1U ~~<il1TI1R:R1UEl~'Y11U .._.1lJULL~: ~,_,2JU 

\I 

w~iinntt1 lllt ia r.i1.:tn1'1.:t,11'11 L-rlu LUU~ ·un~' ~"'2-i £) LLU~-3' vhL~:~1 L nu1.11:';1 
'U • .. 

alln1mti1.:tn1:LLRL~~1th"'i'u"'~El<il~aaaL1wL'ifllR (ballast) LUUti11"'aaLu~ J,3J,.."'aa~u 
.. ' 'U 

ti11Lti'12Jti1l1~~a1-Riln R 011 ft'11~itnn~~1 01:fl1~fi1i1L141~U11fl';110fl1flJEl14 LL~: 

- .............. f: .oil 1 ~" f: ...!.... .... ..l I 

~~<il1ln4'l'l W'.l111LUU~£l-3L~~1"'U~ fl tl'Y11 ~'l.JLUUR11~·ft'2J'Y12Jfl~ El1ULL 'YlU 'YI UlJlJ<il1'11 ') 
- ..:..... .... ....:. .... ~,¥ ' ,¥ .s 

60-90 1114~ U-32Jfl~£l1U2J10fl112J"'U~U'I1ti'l1 LtiflU11l1\~L~2J,_,UU~:nnUElUR~1UU10"lJU 15El 
• 'U ' 'U 

'YI1'11011fl1, fl-3 w~ii;funu1.11:L 'YiflN~a <il L UU~fl'Y11'11011fl1~'11<il12J tl1 U1~ ft'~1 L~-il L -.du . . 'U . 

Aroclor1221 ft'El.:t"'inLL'ln,a.:tL~,_, 4 "'in ~2J1Un.:t,1U1Ufl1flJElULU ~!JLWUR LL~:ft'El.:t"'in 

"'i.:t"'2J1 ui1.:tt.R2J1m i'a tJ~: 1~ [J\t1"' \l'n, El.:tfla a1u t Uti11~ RaJ 

wtdii LUUft'111.h:naui'ILwn·u1 Ldflr)tlElll~ffiU1Lflij lfiUL~v.f1:~lifl~EliU2J'JO ') L-.du 

Aroclor1248, 1254, LL~: 1260 nnr.iatJw~1vu1n n11Lllavuulla.:ttui.:tLL1<iliEJ2J~.:ti1aJ1n 
'U' 

W~VLUUftl1LfliJ'Y11-3Eltlft'1"'0112J itlLUUft'11lf~~H~tlOfl1.:tft':ft'2JLUi.:tLL1~io2J~'I1iJ .. . . 

~~n1:'YllJ1:tJ:tJ11 £l1';)tf'l1~~tl£lft'JJ1l1YfLLR:Lif~B\lf111tJ Ji.ffuLiJU~~flElfl'U Li1tfi1'1101tJ1fltJ • . 'U 

011"'1[JL';) ~li~1U~1"'U.:t ua:n11nu wfv4lf~hutl1ifltlth-:1 ') L-iu m-i [J1'11tr112J111ilLti~ 
. . 

<il12Jn£)"'111tJL'YltJ,.;1lfn11~ifl n11ll1L*K1 n1~ti~aanua:n11ii,;fi111Luft1tllJfl1Eh1 
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'V\111tJn~R11th::neu~ih~Lu~li~Lf·a-iJi\t\tt~1flv1.1f~,ur:: e-c I i111nu 'V\~e 1.-n' 

tnfue~i111n~ 1t~V£l1-;JL~£l11iiflf111JLL~1fl1~ (lin•) 'V\1e~n~11 (angular) n11~L1JL~~~s:J 
B L~nf11£l~~ £l tiL ~1::1J1.Jfl£lW;JLnf1111n ~~ii?IR-3.0,tu1l'lfLL U~'lfR~ LL~::L iie~111nih~ LlJ~;au 

- "' -_ .. .·· . "' 
L ~EI1Jfifln~ 'V\ ~1 tJ1~ ~~flflni~fl;~LLR~ UV LL~::L\tM1Jnfli'11n11flflni~LLR~~ iJ inlttu.::Lu ?11:: "' . "' ... ' ... ... .. 1 .... ' ... 
LL~::L1J ennn1::fl'Ufl1 tJflS~LLR~ 1JLSnSLLRfl~R111Jfi111LL~fl1 tJ "' .. . 

0 (JO 
naphthalene 

252 kJ/mol 

anthracene ' 

351 kJ/mol 

I 

o9 . . 

phenanthrene 

381 kJ/mol 

. ..r -'.t ... ... . A .., .. ... iJ .I A 1 
R11L 'V\S1~ 'Ylu1::n£l1Jfl1 tJ1~L1J~'l1~L -n'£l1Jn~-;J~11~ 6 1~-;Jfl L ~R11u1::n£l1J?I£l~ LL£l 1 

LL11iin-n~1fiL~n n1~1~ 1~1~111nniTd'LiJ'"-n~1flL 'V\ ru. s:Jtf~~?11JL~1J"J111~1ii LL~::Ln~111n1Jii E1 

\ 

~ 
~ 

tetracene 

chrysene 

., . . 

pentacene 

benzo[a]pyrene 
ovalene 

R111J1::n eu~ii1~Lu~~U·'V\a1 v1~ L ~e11n~fi'1~ 1. 'V\ qj LU~LLD 1 1LL11iin L ,s~ l w1u 

(pyrene) S:h~ L uuli~ 4 1~ tA~ LU~LL£) 1 "JLL1Jtln LLfil ?I a Lanfi"J£) ~ yf~'V\ 1J flL ~ 1 fl "J~ Ri'1~ ii 16 

aLanfi"J£)~ la.iLiJ~lUfi11Jn£)4n+2 -ne~ HOckel tA~1.iLa.?l')::n1J1~LL£l 1"JLL1Jtln1~L~[J1 i'l'V\11J 
.. ..r... 1 'I • .., .., • 1. ... .... 

R1"J-n'~fl~111f1Lt\?11:: fl1~"J£l1J~£l·n L1J~U"J111?1~1J::fl1l1tJ ~ 1l::f\S1tJ [14]annulene 'JJ~ 

"' "' .. ., ... .., ... ., ... • .. iJ '1.1 
f\111JEl~'Yln£l::fl£l1J£ltJ ~1::~11JLfltJ1n~ LLS::1J 'WEJLRnf11EJU 14 '.lf-3L ~ Lufi11Jnn-nEJ" HOckel 

.. "' :c.l 
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VitJ"l1~'\.ur::~ll1 vl 1-l'll fl-3 t w1ulhn.t~ LLUUIII.aatiu tiaLiifl1.l~Tfiv1n11LthJ ·.,m:~~'l.ln::l Vi 

1fl1J'l.lflnLiitltJ~ffitJ1011LL'YI'\.l~U.UULtitJ1rl1J1-3LLfl 11LL1ltln~'l.l L,huuu4u 

~-----... ,;;.~u\u 

pyrene 

UUWrnSu (naphthalene), UD'UYI111JU (anthracene) LL&::WU'UUYI1U . (phenanthrene) 

Lti'Utti1ad1~tn11J1::nau~ill'-ln111111~ ft'11,f-3ft'11l1filfl~ut~J,aj'l.l~'l.l:a-3l~-,,nn11l~fl111J 
i'a'UtriTU~'Utl'UtRtlJID1n1fi~8Wt'V\IliitJ1::1J1Wt 1000°C 

1, v ., 1 'II 

n-3LLli'i1U'UWYI1R'U, UDUY111fu ua::wuuun1uflft1tJflft-3LU'Ut41-ll~'V\a1tJ 'JLLJ Utlft'11 

,f-3Ln1lii'ia~l1fiatJ~mv1lf-3n1;u,.t'l.l~LLs::11~mu1n1~Lfi1l~1nni1Luu4u L~a-A.,11m1 
ft'1JUllLflii'll El-3 811th::n £)1JVi£)ftU1Lflft una lt11fl1fueu ~ RliW'\.UJrl1JLUU41-l "f)-3 L -n,t-,;, 

~'Uti:: C-C -n fl-3ft'11L 'V\fhd'fls1tJflft-3W'Utlr:: luLUUbtlB8d1::'V\11WUlr::L~!J1LLa::~'Ut~::fi l 'Ut 
'II 'II 

... ~ .. tZ &; 1 ··' ;"" ~ ~· • . &; , 1 n1m'l1El-3ft'11'YI-3811l1f'\.lfl'\.l ViUC 1-2 LUU'UnYI1'l9'UU&:UD'UYI11"D'UR'\.ln11ViUlr:eu U1-3 

'll'm:Lfitnnuwun: 9-10 'lJ8-3WU'UUfl1uilfiflhtN:ftft1tJ~UD':fi1.1£l-3LLElftflUlf-3lUL~8-3fl111J 
'II 

tJ11~Ulr:LLft:fl111ll1tJ~ffitJ1 

4.13.2.1 H~.r/!1.J.~H 

1t-electron = 10 

\ 

u uWYI1RULiJulul'lfflinue l1u11tin ii1-3Luu4u,a-31-3Lialltifln'l.l fl1fu au 'ln EJ::tl a11 

lu1-3liaefihis11itfl sp
2 ~-3erllu1:'l.l1uLiv1nu eafihia p lf"'V\1lfl'li'U1unuus:L'V\;all 

. • ' . 'II . 

.faunu't11-3~1u1i1-3 u u J'ln1i'uii Rll1ViLLB11ulltin nfili'V\1l£Jn1.1e-3l ViDLinfl1D'l.l ,f-3 10 
. . ~ ' 

iiL~nfl1fl'l.l4-3.LiJul1Jfl11lnLJ 4~+2 ,s" HOCkel fti1l11aLfldoultJl~,t, 
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nTHl1'V\14flfl1LL 'V\1i~flTf'lJEl14 l141-3UUWt11RUfi111,.::1J'lJ IUPAC l i~1 L~-n H114 ,.::'lJ'lJ 

tn3Jtyn1'V\14fl1fltJeln~,.n1n LL~::ii 2 t11U.'V\'\.t~ flEl UEJHJ'h (a) LL~::Ufl1 ((3) tl1ijn1}"LL'Yl14~ 
LL 'Vi~ Lii tJ1 La en,.::'lJ'lJ lflnL~ LL9itl1ii'V\ liu. fl'\4 ~ft'El~LL 'Vi~;f14 'ttJl ,Y,.::'lJ'lJ IUPAC 

cc5 
1-naphthol 

(a-naphthol) 

... 
8 1 

7co~ ~ 2 
6 .0 .0 3 

5 . 4 

~OH 
~: 

naphthalene 

u 
~ 

2-naphthol 1 ,8- dibromonaphthalene naphthalene-2,7-
(p-naphthol) disulfonic acid 

1tlfl4.3 LLU~'YI1BULLR:W1nJ1:neu-ne-3LLUVh'l1aU .. 

L~eLrntJ'lJL nu'lJn'lJ ~u,wiiH4.aii1.aL'lJ14lUuwe~1~LLunn'" LLft::i:i 12 't~aL~n",.EJ'" uuw 

rni'uii 1 o LViaLant~,.eu fl11li'V\141LL 1iuaLanfl,.eu~'ll'eun11111l~uuwrni'u (~i~~114L,. 
1'lfLL1414'lf 252 kJ/mol) iiVia'I1~114L,.1'lfLL1414'lffiEI1~LLEJ1,.LL11fln 11~ (126 kJ) 'll'a£Jn11L'lJ14-a14 

(152 kJ/mol) uuW't'nau~~iiuditJ11l1~~1n11 LLft::L1t1~ffitJ1111nn11L'lJ14-a14 

(1) .1-JnmP.:lP.~D.lP.~!!.i'~. "uwn1auLnfltJ~mu1een~Lfli14 __ LLft::1~ni'" '1. 1ni1L1Ju-au 

LLft::1~LLe11LL11ilnLitJR1l1~ 1 1~ W1'V\i'1Ja14~14fttte'l1u u Wn1aU1'11L'lJ14lU14~iiaL~nfi,.EJ14 

00 
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~ . 

0 

c¢ 
0 

1 ,4-naphthoquinone 

0 

~0 
0 

phthalic anhydride 

183 



• I 

0CH3 
0 

2-methl-1,4-naphthoquinone 

(2) J:!nffitiJ!~TJ.!~ UUWf11AU~n1t11Lf~1r.Jfl11L1J~ta~ ~~1l11:tlniiLLt'l::~nL~IJD 
fl13J~t~Lflelfltl1n1t'l::~1VL~tl~ffitJ1 lfl'altw~lf\ij1'11L1J~~~ 1 1'11 n1fl'a'11n11L ~Lnfltl~ffitJ1 
~ . ... 'I... ..r . ... ..... .. ... 

'Y1'11ftel\11'11flel'l1 L-n'~1l11::'Y1LL'l'I1Y-4el ']fl1Jfl111tl1R1'11L1J~'l1~ 

Na, EtOH 

Na, iso n I alcohol 
132° 

CO~'., ....... , 1 ,4-dihydronaphthalene 

1 ,2,3,4-tetrahydronaphthalene 
(tetra lin) 

(X) decalln 

". (3) 1-JDDl~J.OJl~X!~.fl~It!~.~~DJ!'J~hi! WDR~'llflinuD T1LuJ;1n ~l1 ffl1fl1'fl1DU 

Lnt~tJjjfr;tJ1fl11LL 'Yl~ ~tl1 r.Ja Lftn 1fl1l v.Jtf~1\l LUl 11LL1Jiinfi1 tJlLel L~~9}L~ tl1rl1J~n1tljjn1tJ1 
nuLuuta~LL~::altw~f w1~l~qJLnfltljjffiuiL;1ni1Lu~ti~ 

w,~;1JLLUWf11AUSjfi1LL~l!'I1~L,j1Yi1tJ~ffitJ1lfi 2 LL1J1J f'la C1 (a) LL~:: C2 (~) ~'11 
LLfi~::LL1J1JSj 4 LL'V\'11 ~ifl~~tf1~L~qjLflfl~ C1 LY-411::Lflfl~1~e~Lflafihilufl~ihtd1u11l1Y-4~'11 . 

. ~ 

ni1 L rta'I1';J1n5jlfl1'11Ri'1'11L 1l'lfLL~~'lfl11nni1 n11n1::';J1r.Jtl1::~u1nilni1.lfl tJL~ Y-41:LL1J1J~Sj 
. . ~ 

1\ILLel11LL3JiineJUtl1tJ~'I15j 21fl1'11·rn'l1 (1 LL~:: 2) ,m::~n11LLft~~ C2 iJ1fl1'11rn'I1Ltlll1 (3) 
~ 

H E ro H E 

cQ 
H E 

tt;O $~. ""'-H E .. 
f~ 

(1) (2) 
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CH3COOH 
(CH3C0)20 

~u 

CCL. 

hitl'o-3\ii1d.1 

1-nitronaphthalene 
91% 

~ 
~ 

+ 

+ 

1-bromonaphthalene 
99% 

~E 
VJ 

2-nitronaphthalene 
9% 

~Br 

·~ 
2-bromonaplithalene 

1% 

fl) D.1.1.~~!J~~-~:u.J~~n1~~~1rJ.lln: LtJ~n11LLn~~.;,u~~-n~1t\L~tY ~~m~IJD~, 
n11 75° l.J~ffiU1Lntl~ C1 n1L~'r11l.J~ffiU1~~nL~1Jij~" (160°) ',l:Lntl~ C2 l.J~mU1LLUU 
LL1n Lf~ft""1~n1:~~'\l'EJ £Jn11~"Lntl~1£Jn11 ii"LL~LLUU~ft"',l: L-f~ft""1~n1:9\~ti"n11 LL~ 

~ ~ ~ 

~~tl~a~ltiijudiU11l1~a.nnn11~~'il~a',11nLLUULL1n 

mnni1 160° 

CM225 

1-naphthalenesulfonic acid 
98% 

2-naphthatenesulfonic acid 
88% 
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. ,., .. . ... . u·- . ... 
") Jil1.~~!J~Y.I.~1~"-~~~-~-ftft.~.: L~~ ~Jn1tJ1 Friedei•Crafts alkylation ~:lln11LL'YI~ 

~1 tJ,1iLLEl~fl£Uflfl;f~, ~1 tiLL vi"~" llifi El r.JLiJUiJ1: 1u~,.[ .. 
Friedei-Crafts alkylation polyalkylation 

~) n:n:~~r.I.'H~.!T:H.J~~'-~~~-= (Friedei-Crafts acylation) LUUn11LL'YIU~ti1tJ,~LL'YI~~ 
ttJU1ttl,q)L-rlun~ lti~ifl~~Lilufil'Yiu lui1n1~:~1ulliiii1 L-rlu cs2 ,;D C2H2CI4 

(tetrachloroethane) tJ~ffiu1~:Lntt~ C1 LLthi1li~ufn1uJu~uLilui1n1~:~1tJtl~ffiu1~: 
... ""' t Lnfl'YI c2 1nnn11 

Friedei-Crafts acylation 
CH3COCI, AICI3 

non-polar solvent 

nitrobenzene 

""' ... .. ~ ... .. ... • 1 l~ .. 
G) r.o:n~XJ.H!lJl~~1'.m!~~~~1' ... !l1~H~!.tH.u.~n.~! .... ~: 

n1,1i~£jElthiDULU1" (G) LiJ~,a.;l,aL-anfl1ElU L-rl~ -OH, --NH2, -OR, -R f111ll .. .. .. ' 

,~1LL\i'U.aLanfl1£1~~:L~ll;f~ n1l,aLan 1fl1l~tfl1.tl1iL,;'1~1"LtitJ1n~ n1 G Dtifi1LL,\i" 

186 

(M~tf8Lin"10~) 

~ 
~ 

ohu\11'11 t 
+ 

.. 

G 

o6' / 
~ 
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i1~.~1~.1JnmP-1 
OH 

o) -c.H~3 . ··~ 
N02 

anut"q) 

o5 + a~2 _...... o¢ 
N=N-o 

azodye -

roOH cone. HNO, roOH 
n1~~~iia~rlEl~ (G) LU\4~~ti~aLanfl1El\4 L-i~ -N02, -CN, -So3H, CO, -COOH 

I A fit 1 ...~.. I I ~ A fit 1 :-1 •• 1 !'I • \ .. ...~... ... 1 
fl1111~\41U\4\4ElL~nfl1El1h\41~'Yl11~11L~ft1\4fttlft~ ElLftn fl1 Lnft L~iJJ';'J:L~1LL'Yl~'YlEln1~~\L~ L~ 

' .. 
ti1u~u~unsv/1 (5 ua: 8) LiluR1ul~qj 

CM225 

cone. HN03 

cone. H2S04 

cone. HN03 · 

cone. H2S04 
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... ... ~ " .. n11'L .. 1'!11Jil141UUitJD\1UU t11HU .......................................................... 
e; .. ,.,... , ""fi I yJ ... I tJAAA ""... ll 

.~.}t!i~.~!J.~.!JJ1~~n~.'t1 ... 1.~~~~~-~!UJ .... .1. Lfl1tJ1J ~1'U ~n1tJ1n11LL f1U'Ylfl1 tJ,_,~ 'U 
l 'Y11 ,.,;a,.,li LLtJ lnL ;J"U 

v 

M' g .. 
dry ether 

~r 
~ 

e; .. ,.,... ""'"' I ... ' ... I -~-- _,... I 

-~-1tY.f~~Jn~.f.l.11}~.n~.'t1Y.!J~~~n~~Y.~J Lf.11tJ1J~1"Uu~n1tJ1nTnL 'Yl"U 'Ylfl1 u,., ~n1fl 
'.is Twiin,.,;a,.,a.iteis ~am,.,niiw~ . . 

v .. v v 

ro~H· 
-----_;;..__ roOH --- NH3 

heat,pressure .o 

~COOH 

~~SOCI, 
0 
II 

NH3 (X}C'CI 
4 

4.13.2.2 ~-'-~H!!1.?~H}.L.~_;_~#.1;Hf.~!M (Anthracene and Phenanthrene) 

uEJun111ffuus~rluuun1u Lii"Ula l'JfL11af~\tfllfl1~rn~4~nuLLninu unun111ffui.i 

1~LuulUuL~autiflnuLijuLLU1fl1~ ci1uwuuun1uL~aJJilflnuLL1JtJin1JJJ fl1ftJaunna:fla1J .. . .. 
1u•~1iaafihin~itfl sp

2 ~~orltu.,:uitJLtltJ1nu aafihi~t p ~~'V\JJf1-nu1unuLLn:'tn1111n v . 

L,_,~aJJ.faunU'YI1~ti1"Ui1~ ntbJ'V\1Jeln1J&~lViBLantt1BUtf-3 14 aLantl"JElU ~~ij-;i1U1Ufl11J .. 
n£) 4n+2 -na~ HOckel tnJJ11nLflieultJltilf1 
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1 9 8 
2~7 
3~6 

4 10 5 

anthracene 

14 1t electron · 

phenanthrene 
14 1t electron 

·OX) ~ ~ ~ 

l 
ceo ' 

~ ceo ~ 
t 

~ (X)) ~ 

~ • .,. ' • f!l ..I -~ .,. .., A .,. .,. 
tn'l'Yl~ REHI'1fU~1J 14 ?HlLan~'lEIU LlJ El L1J'lti1J L 'Y1 ti1Jn1J terphenyl '.If~ 111~ L1J'U'Jf'U 3 

( 1~LLtlnnu LLa:ii,?fBLan911EIU 18 UDUr1114fULLa:wuuun1u';l:Sjfl111J'V\'U1LLU'UEiLan911El'U 

uaun11 ~~iil4fi~~1'UL11'1fLLuu.ffit~1~LLEl 11LL1Jiinuemn11Luutnu (117 ua: 121 kJ 'i111JN1~1J) 

~~fi~~iiLwn tJ1111?f ~1n11 LLa:L iia~';l1n 'ahwn tJ'lL n1 Luu~Huua:ii~un-:' ?fL u1:1J1JflEl'U';l Ln'il 
~ ~ 

~~Ln~t.J~ffit11~fhLL'V\U~ 9,10 L~~~'il~a~Sj1~LLEI 11LL1JtinL1J'UtiUL ,_,a ElREl~1~~~ El ~LLtlnrl'U 

t.l._ ... ._ i " .. ... DD1.~1~-~~~!l~.~l1 ... ~-~~~.:: ... ~-~-~"-~~ 

(1) ~~iU!JJfJ.fJ.n~.~!l:i~\H~;:~~m!-JJ1~n'Jt~ ~LDun11-BuLLa:wuuun1u Ln~tJ~n7u1 
L1ni1uuwn1i'u di~t.l~ffiu1~ C9 , C10 LLa:LRtiR111?fLLEl11LL11iin~1~na1~Lt.l 1 1~ 

!IDffi.FJJ.fJ.~.n~.~~~~ 

dii.HN03 

CM225 

~,0 
~ 

0 
9,10-antraquinone 

0 0 

db 
9,10-penanthrone 

189 



diphenic acid · 

~'U.lJ: Cg-C1o 1i Eh1UDUJ?'TJ9Uii ftn'M'~U:LLlJlJ~'U.lr:~fi D'U.-i1-3 Ltht.ftl L~ DYhtJ~ ffiu1 
rl1J 03 LfltltJ1iffitJ1LLtlnin~~cfil~~1iLLOaflltJtf 2 ~li .i-3d' 

~ ~ ~ . ~ 

biphenyl--2,2' -cllcarbaldehyde 

lJ!in~t.n~,Yni."! .... "eunn41uLLa:;fuuun1u~n1ti1tflti'L;,~fi1LL~\4-3 9 Lu~: 10 l~ 
· dihydroanthracene ~;o dihydrophenanthrene ii1-3L1Jou.'iou.orlLLvnn1.ft· 2 1-3 l"U.1t11-3Ri'1-3~-3 

~ 

LntltJ~mu11ini1.t.fioltJu1n 

Na,A 

EtOH 

9, 10-clihyroanthracene 

Cu-Cr 

9,1 0-clihydrophenanthrene 

(2) .lJ!itrrfJJnJ!~~n~fl.~1P.~~-~-nl~.1jrtfl' 
n11LLfl'U.~tl1tJ.aL9n 1t11l?Jftlou.lultl1fl1fuoou.~ii1-3LlJ'U.'iou.Lio11~a1tJ1-3 U-31nnn11 .. 

uuwn1Su L-rlou. r4uuun1uLntltJ~n'itJ1LLTt'U.~tl1V~~lou.1n1 LLa:~~n"'tt-i"a 1vHtn l~w11 
..~... ..l.,t I ~ Ill 

~ti3Jfl3Jn11LLfl'U.flYI1LL~'U.-3 1-, 2-, 3-, 4-, LL8: 9- 1J0-3nUUUf11U 
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9,10-dibromo-9,10-
dihydrophenanthrene 

CCI4 

tlnmr.nm'tL~JJ, . 
FeBr3 

tiD~tnm'tLLnun . 
o:2 . Br 

9-bromophenanthrene 

i'l'V\i't.JLLDUf111~U';l:1a~l1JJ1nn11WLLUUf11U iiLL'U.11UliL~lJL,j'1~fi1LL'V\\i~ 9 LL~: 
10 111nn11nTlLL 'YI'U. ~ El £h~ltntin11L flll\-U.iL 'U.1 'YI1LL~:n11L~llLLtf 1~L';l'U.';l:Lfi~nTl-ni'~ '~ 

" 6it tj.,A ... .:'1 ,.,,.,.,l I 
11~ L 11 LL~: L 'V\ ~~lit~~'»~ LlJ'U.n11LL 'YI'U. 'YI'YIYI1LL'V\'U.~ 9 

Br2., ~ -HBr., 

<3> .'!J!i.m~J.9.Y~!~~~~~i_gn 

H Br 

9,10-dibromo-9,10-
dihydroanthracene 

~ 
~ 

1 0-bromoanthracene 

LLDUf111~UREl~111L~~~Ln~tJ~ffimn1n111i11fi£JiiLLR~ uv LU'U.i1L'i~ (photodimerize) 

tJ~n~£J1Lnfi~1~LL'V\1'U.1~n~1~ LiJ"U.n11Lfi11LLt.Jt.J [4+4]cycloaddition ~fi1LL'V\'I.i~ 9 LL~: 1 o 
., ~ .. ...~~ ., tJ..I ... .. tj ., ., 1 .. ., .. ,., 

-nEl~LLDUf111'11U LfiL11El1'YI LfiL ~£J'U.n~lJfi'U.L'V\LLDUf111'11U fi£Jllfi11111El'U.'V\1ElLLR~ UV 'YI 

fi1111£J11fla'U.~1n11 3oo \411 'U.Lllfl1 Li~tJ~m£11 

+ 

~ 
~ 

.'!J!i.m~J .. P..i~~~:~g~r.. tJ~rn£J1ilLiJ'U. [4+2]cycloaddition uaunn~uLiJ"U.lflaul ii 4 

lwaLRnf11EJU rhtJ~ffi£J1nt.Jlflafulws L'li'U. 111LRDnttiJull1lf11fl (maleic anhydride) ~~ij 2 

lwaLNn,.,.au li~~fl~~.r~tJ~rn£J1'iialtJil 

+ 

CM225 

Qa 
0 

maleic anhydride 

0 

[4+2] 

~91 



192 

~· QJ .-:1 LL1J1JHfl\1~ 1Jflt1 4 

() 
(1) 3 (2) 7 (3) 10 (4) 12 (5) 15 

2. Laanel'nH'lth:-;i11~'lvri1" (A V\1a B) LiiaJV\1l'1iafl1111tiottJd' 

0 0 
A B 

__ fi1tJ~ffiEnnu Br2 lt~uiln'lfli1BWLU'Utti1Li'l1 

__ -Llifi11.J~ffiEJ1rllJW11~:~1EJ KMri04 

111L~n~LliLL1J'Ut'l11J --1 • 
__ llidit~u~ffiu1L ~1l,r11t~ uiln1~huui1L i" 

3. -Nafl1111Lfl~llil,rinHm:Luutau 
(1) 1.J~~EJ1n11Lii11Llf1fl'lL';l'ULiifiL~~~mV\lJSj~a-3LL~:fl1111~'UlJ'l'lEJ1n1ff .. . .... .... .... ~ ., . 

(2) fl1'llJEl'ULLfl~:a:fla3J3Jaa'l1Jfl~ p fhHl1nnu'l:'U11J1'11 

(3) 111L~n~~ft'11111fl'l • 
(4) 1fl'l'l1ft'11'11LL1J1Ji1 awLii EJ'ULU'U1'11LLV\1'U V\n.a:fl a11~ii~un:fi 3 ~outr: 

\1 

(5) L11iia1.J~ffiu11l'aun11 1 ,3,5-hexatriene 

4. 1fl'l'I1Wi'1'11 lt~tialud'iJwn1WLLa1'lLL11iin 

0 (2)co co (1) 

. 

(3) 

cr 0 (4) (5) 
. 

5. flTflu LL fl fiLtl a a'" t fl s:J ud1 £J'l1l1 Vi~",~ ft'fl 
\1 • 

(1)0 ~ (2) . \ (3)0 
$ 

(4) 00 (5) 0 
CM225 



0 co 
(1) (2) (3) 

7. 1fl1~rn~-nEh1 dibromobenzene ii~LLlJlJ 
(1) 2 (2) 3 (3) 4 (4) 5 
.. tl • "tl.:. ... .. a. ~Eltn1 1::nu1Jf1El L ·"flEl-nEl Lfl 

&NHCH~ 
( 1) N-methyl-p-bromoaniline 

(3) 1-bromo-3-N-methyl aniline 

(5) 1-methyl"5-bromoaniline 

(2) 1-bromo-3-N-methylamine benzene 

(4) N-methyl-3-bromoaniline 

9. ~Eltn1tl1::nuutiulttd'f1u~El Lfl 

CH3X)CH3 

'~ Br 

( 1) 4-bromo-m-xylene 

(3) o,p-dimethylbromobenzene 

10. tn1tiultld't'lutn1Lfl 

Cly-NH2 
Br 

( 1) 1-chloro-2-bromo-4-anisole 

(2) 1-bromo-2A-dimethylbenzene 

(4) o-bromo-m-methyltoluene 

(2) 3-bromo-4-chloroamine 

(3) 1-bromo-2-chloro-5-~niline (4) 3-bromo-4-chloroaniUne 

tl .. - u·- ~ ... - • 1 "··1 r4 ... • ~ 11. R11 1::nu1J LfiLnfl LJn1tJ1n11LL'Yl'U'Ylfl1tJElL~n fl1 Ln~ LfiL11'Yl~fl 

(1) 0 (2) 6
Br 
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()

Br 
+ 

~ 
HBr 

(1) n11Lil3J (2) n1nt~fl 

(3) n11LL'Yl'U~· (4) n1'l~fltl1L,_,li _ 

15. ti1'Yln£l:fl£lliL'U1~LL,_,1'Ufi£llud'ouL'U'l:'U11JLtiU1n'U 1f'l'l~tn1~LflU1~~LiJ'U aromatic, . ~ 

antiaromatic ""1a nonaromatic 

(1) u (2) 0::::00 (3) co. 
(5) ro (6) o 

~ 

$ 

(4) co 
1s. La an 1fl'l~rn~~fl'l~nut11oiu1ul""'LLfia:-iofiolud' ti1llilil~flou · .. llili" 

194 

(Yo 
v c 0 k .N 

H 
(a) (b) (C) (d)' -

e Br 

6·06~ 
(e) . (f) (g) (h) 

. 0 ~- 'I ... fll . 

(1) Nonaromattc 'YllJ 4 ~YitURntl1D'U 

~-'~ ... • .t'a 'l .. a • (2) Aromatic 1111 ~~autntl1El,UlJ'U.UJtl1llnLJ~D~ HOckel LliO n=1 

CM225 



(3) 1fl'l~Ri'1~t11ll1';l'YirJLi1u nona~ LLtina fr.uJaTnEJ~ 1fl'l~Ri'1~dLi~huLEJ11LLll~n 
(4) 1fl1 ~ wi'1~ t11ll1 ';l'YI rfLi1u nonaromatic ufi1fl1~ wi'1~ L ,-1 'D'LL u -u.'lf-n El~ 1 fl'l~ Ri'1~ it 

LU'U.LLEJ1 'lLLll~n 

1 ... .. ... ...;.,.. I ..I ... II ..... 1111 lJ 
17. fl'l~ R'l1~ Lt11J1~'Yili'V\ ~LL 'YI'U. 'YI-JfUfl L \1\EILSnt'l'lEI'U. LLS:L 'U. o,p-director 

d' VBr 0 (~S d 0 -cH. 
(a) (b) (c) (d) (e) 

~so3H (}F 0 
(~ (g) (h) 

VCH3 VOH 0. 
(k) · (I) (m) (n) 

18. -;nni'lLaEJn\-u.,j'EJ 171fl1~rn~lflii'V\liLL'YI"U.~-nilfl~~aLantl'lEJ"U.LLfiLtl-u. o,p-director 
" ~ • 'I ... 1 II 'I ...;.,.. I ..I A A A 1111 tJ 

19. -;nntl'lLSEln LU-nEJ 17 fl'l~ft11~ Lfi'Yili'V\liLL'YIU'YI-Jf'U.flfi~EILSntl'lEI'U.LLS:L 'U. m-director 
" 

20. luutis:,j'EJfiEJlud'Wl,.LfiLnflujjm£J1n1'lLLn-u.~~'l£JaLsn 191,-l~lf\~1~~91 

CM225 

(1) o-CH3 

(a) 

(2) ·o-CI 
(a) 

(3) o-NH2 
(a) 

(4) 0-scH3 
(a) 

o-CH2CI 
(b) 

0-c=N 
(b) 

0 

o-NHI::CH3 

(b) 

o--< 
(b) 

o-CHCI2 
(c) 

o-OCH2CH3 
(c) 

0 
o-~NHCH3 

(c) 

0-sr a-< 
(c) (d) 
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~~aL~nfl1El'I-LtLU1J inductive 

L V\~Lan9l1El'I-LLL1J1JL 11'1fLL 1-L'I-L'lf 

fhL~1~Lu1-LIB1-Ll1fiatJ~ffiu1\l'aua-3 

.(1) -CI (2) -N02 (3) -OCH3 (4) -COOH 

22; L'I-Llf11.~~~~~H~.fialtJd 1~LLV\1'1-LL9l (1-3'1l'1uV\1u-n11) f11J~mu1nu Br~eBr3 J1un11 

(1) o-Q-No2 (2) Q-g-o-Q 

(3) Q-g-~-Q . (4) o-Q-K-cH3 

Cl N02 · 

(5) o-Q ·(6) 0--Q 
Cl Cl · 

~ mUo 

~ 
(1)~ 

H3C, · 
c=o 

(3} 0+ (4} o-~H 
24. 1.,u,.t1ltln11aanliltufLLeaf1aL1J'I-LIB'I-Ll~a~nialf1. 

(1) LLEl11LUJ~neL'Y1Elf 

· (2) n1flL1J'I-L1'1fan 

(3) LLEl 11LLllflnLLElatlLlJtl 

(4) la.il~ L.,,,:la.iLnfltJ~ffiu1 
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' (2) 

1 ·2 3 4 4 5 -o 
CH3-CH2-CH2-CH=CH-CH2 . :\. 1. 

(2) i \\ II 

28. f'l1i1lJ LL fl9l LEI El EJ 'Ut l tl ih Rtlt.J"UlTYH~\1 ~ Rtl 

H 

.(1)~ 

CM225 

G> 
(2)~ 

'U .. 
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.. t ... ... ""' 29. el\43JLUlR1: tl3JLRtltJ1111~3J1nYIRfl 
~~ ~ 

• 
·cF3 Oy ()' . <>· 
(1) (2) (3) (4) 

( 1) benzonium cation (2) benzyl carbanion , 

(3) benzyl radical (4) benzyl carbocation 

31. R111.h:neJulfi~L2,jLijt48L~n Lfi1Lv4Rlt4tJ~ffiu1 Friedei-Crafts alkylation 

()Br aCH2Br ()CH2Br ()Br 
-A B C 0 

(1) Lt\~1: A (2)·A LL~: D 

(3) A, B.·LL~: D (4) A, B, C LL~: D 

. 32. t-lfiLelL,t4fl11.4~el lflkl""i'Un11LUau\4LLU~"tlelLU\f' 
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(1) HBr (2) Br2/ CCI4/ LLR" 

33. ,JeJt~dj\4 biphenyl 
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(2) ~ ' (3) co 

(4) HBr/ permdde 
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(4) Yl" 1, 2 LL~: 3 
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(5) occco 
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(1)2 (2)3 (3)4 (4)5 

37. lfl,~rn~tia luifi1~a~nnfl1li-A'al~ ... 

roC I 
(1) m-chloronitronaphthalene '(2) 3-chloro-1-nitronaphthaJene : 

(3) y-chloro-a-nitronaphthalene (4) 1,2-benz0:5-chloro-3-nitrobenzene 

3s. tJnmmd'nul,.,q~l.rtn,l~ 

u 
(2)~ 

CM225 199 



~'Br ~ 
(3)VJ (4)VJ 

41. UDUJ1T1~U£ilfl1~wl1~L1LIJJLL~~fJf~LL1J1J 
(1) 2 (2) 3 (3) 4 (4) 5 
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42: nuuunnuJ fl1"ft'Tl"L1LIJJLL~~IJJnLLtltJ 
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' (1) 2 (2) 3 (3) 4 (4) 5 

43. tJ~ffiv1fi EJ ltJd\tlft11\fiLihun~ \ \1\q! 
((X) K,Cr,O., W ? 
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