
,,\ 

.:1 
tJflfl 5 

uoafiauulatf LLa~uu~auulatf 

.. ... tl 'I .. ... ~ -- .... 
nTlftn1Y1LflaJt~a~R11 1::nauuu ~att n11L1un-na R111Jfl'Yn~n1tJ11TVi n11Liil'ltJ11 

.._ ... tiA- ..I ..I " .... I tl .. A .. 
ft'111Jiil'Y11~LflaJLLa:: lJn1tJ1'Y1LntJ1t~a~ fl1EitJ1~ft'11 1::nau~~1r1111-u1fl ~U~IilR1'V\n1111 LLa:: 

ft'11'Y11~n11Ln~lil1 

ft'11tl1::n au LLtlLa ~ij.., ~ LLtlLa L ~~~~ LiJua::~ aaJ~ilfi1R111~L 'Wv:l1~u ~~ wi'1~~un:: 
L~tJ1nufl1fuau ~un: e-x ~~LiJu~un::-uitttil.ff1 LLaafiaLLt1La~~iiLLt11ru~'" 1 a::CilaaJ uu~ 
lil1aJ~itlil-na~fl1fua~~LLt1LaL~~wi'1~~~n::tl'1~LiJ~ -uit~t1!111JD (1°) fJiit11JD (2°) LLa::liliitJ 

IJD (3°) LLaafiaLLtl'ta~LiJou.ft'11tl1::n au~~nLtla tJou.L~'V\~Vf~ni'"-uitlil~'" 'tfl'11~L 11 u~n7tJ1 
Yi'1'tti~LnlilnuuaafiaLLt1La~f1an11LL'Ylou.~fl'1tJit1fla1a't'Waua::tl~ffitJ1n11t~~tt 

Lh'V\ i'u LL EJ 1&ULlT ~Rm iJ 'Utft'11tl1::n a 1J ~ LL tlL a L ~ ou.wi'1~ ~'" 1r:: 1 t1 ~ fl'l ~ n lJ1 ~ LL ElL1LL11 ii n , ' . 

• .. !!! .... " .... .... .. 2 - ., .. .. tl-- ..I 
'V\·1Eifl111Jel'Ut11El~1~Ll.J'Ut•n'Ut'D'~ ~~Elel11J'Yia-u"U.fl sp LLEJ1RLLlT 'Rf1El1~Lntt lJn1tJ1fi11LL 'Yl'\.1, 'Y1 

fl1tJU1fla1a'tvJa~LLtrLaL~U n1ii'V\11El::fla2J-uitftti~aLanlil1El~~LL1~ L~U 'V\~L'U.Liil1 ufin1l~il 
~ ~ 

'V\~ti~aL.antt1aou.~LL1~a£lfl'1uia~t-Eit1fla1a't~a~LL1~ 1ttunalntlnffitJ1~fi,~aanlu 
~ ~ w 
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F 
I 

CI-C-F 
I 
Cl. 

F 
I 

F-C-CH-CI 
I I 
F Cl 

F 
I 

F;,;..C-CH2-F 
I , 

F 
dichlorodifluoromethane 

Freon-12 
2~2-dichloro-1 I 1 I 1!-trifluoroethane. 

HCFC-12~ 
'1 I 1 I 1,2-tetrafluoroethane 

HFC-134a 

ft"11rhi'ftlL3JR" L-.du DDT, lindane, chiC?rdane 

Cl 
gl CIXXCI 

Cl A Cl 
c1 

y-hexachlorocyclohexane 
• Lindane 

Ct Cl 

DichloroDlphenyiTrichloroethane 
DDT 

·~CI·.CI·. Cl 
Cl 

'I 
Cl Cl ~ 

Aldrin· 

wniuJafltiLLri PTFE ~1e:unWRDU (Teflon) ~'112J1~nn tetrafluoroethylene LL~: PVC 
AiJ • .- 'f• ·.,,. 
'1h1L UVUl~LlJD'l,el'l1 rJURf1RD '1f1 

F. F 
'c=c 

F" 'F' 

·H, .,CI 
,.c=c, 

H H 

~
H Cl H Cl H Ci I I I I I I c-c-c-c-c-c 
I I I I I I 
H H H H H H ~

F F F F F F-1 I I I I I I · c-c-c-c-c-c . 
I I I I I I 
F F F F F F 

PolyTetraFiuoroEthylene PolyVinyiChloride 
Teflon PVC 

5.1 unaAauulatf (Alkyl halides) 

LLDRflRLLli!Rl ~lJ1 v£i'l1 ft'1'lau n1rf~~ a:Cil alJ-n a'l1 LLtJ 1~ L ~'l.uri1'11liun-:nutnfu au 

~Uiil sp
3 

iflLUULLDRLUVinLL.li!Rfi' ijft'Cil'l...f1ltJLiJu RX L~el X fia LLtJl~L~U ltiLLri F, Cl, Br 
~ ' 

'V\1a I ~'11LLtJ'I1LiJu~ifltiJl11Jil (1°) ~th.IIJD (2°) LL~:fl~£JZJij (3°) fl1ll'l:~lJn1'lL~l1U~~ 
.- A ., ..., ..., :f 

fl1'llJelUIJ1'11ft"l1'11~U1J:nlJLLlJ L~L~U . 
. ---- ---· . ..... -, . .· . . 

H ' . H ' ~~ ·R 
I ~I ~I 

H-C-X R-C-X R-C-X R-:-C-X 
I I I. I 
H H H R 

methyl halide 1° alkyl halide 2° alkyl halide 3° alkyl halide 
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q~minal dihalide 

1-yHCH2CH3 / 

I. / 
1 , 1-diiodopropane 

I 

yicintl dihalide 

CH3CH2CHCH2 
'11 
.;IJrBr 

1,2-dlbrofnobutane 

~ihalide 

CH2CH2CH2CH2CH2 
I I 

Cl Cl 
1 ,5-dichloropentane 

.,. .I '1 .. _, "'- .., ~ • . • _,.,. T 'l "' .., '1 1'1 1L1 

2JR11lJ1::nEllJLLlJ L~fi'Yl~ 1flt}!El'Ut, Dn 3 ~Ufl 'Y12JLLlJLflL',JUEl~ nfl.Vn~n:: L~ LLCil L2J -.r1 

LLD1SLLlJ!flff (aryl h~lide)lti'LLri 

- !1u}9ull!al (vinylic halide) \1\;a . alkenyl halide iiLLtrLflL',JUti'i1~~'"n:nu 
"' ... I fl11uau 11a~,.un::fl 

I "' . 

- JvulbaurJ!al (benzylic halide) LLDL~L',!Uri1~~un::nufl1fuau~ilfl sp
3 ~~a~ 

I A ... 

I Cilfi1~L1JU'Jf'Ut 
I 

LLDaiaLLl!!al (allylic halide) LLtrLRL',l1U~·i'1~~un::nutnfuauliJfilfl sp
3 ~~a~~fl 

sf hybridized C 
I 

' ' H, t,H 
,c=q 

H X 
vinyl halide 

5.2 n11"L~uni1il 

•• -- sp3 hybridized c---, : : 
' I 

.~x 

altylic halide · 

t orx 
benzylic halide 

Ci11111::1JlJ IUPAC El1',JL';vnfl111n11LL'YlU~El::flalllDLfi1L',JU1Ja~Lfl1~ft'i'1~'V\~n (sub­

stitutive nomenclature) 'V\1aL;uniafl1ll1h::L1l'YlR11 (functional-class nomenclature) 

5.2.1 i1oa1all!l 

Lilun11L;unfl111111::L1l'Ylrt1 L';unLilu alkyl halide linu L2JLanaJ1v 'J LfluL1EJn'V\1i . . ~ .... 
LLDafia LLfl::f1111t1'1u fluoride, chloride, bromide 'V\1a iodide LLa1LLfiliJfilfl11£l~LLtJLaL',J'" 

CH3CH2-CI 

ethyl chloride 

CM225 

CH3CH2CH2CH2-Br 

n-butyl bromide · 

yl 
CH3CHCH3 

isopropyl chloride 

CH3 
I 

1-CHCH2CH3 

sec-butyl iodide 
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yH3 

0
. F 

H3C-C-Br H2C=CH-CI 
CH3 . . l 

tert-butyl bromide cyclohexyl fluoride vinyl chloride 
( chloroethene) 

5.2.2 iotl11J1'ttJtJ (Substitutive nomenclature) 

'llyl bromide 
(3-bromopropene) 

L,tJnLiJU.£}.'-J.{9.~~~~f.).~ (haloaiKane) 1fl1-\lm1-\11'\inLiJULLElaLfl'Ut_ a:fltlliLLlJ 1aL~ULiJ'U. 
1'\~LLn"U.~lu1tl1L~U~fl1fuaulul'lt1'\nnflS:1unu1'\~LLaaf1a ua;lliltiiifl11lli1fl'ty~~ita1'\~ 
LLaaf1aLLtlElU1-\Ilt11tluL1unLiJU1'\1i fluoro, chloro, bromo MEl iodo ... 

206 

A 1' ""..... .. I "" ""' Laan '.U1'\annllfl111Jtl"Uflanutn1nwfl • 
L~lln11'\ ufl La-n t'h LL 1'\ 1l"~,n~:u.~.fllnfl'!t~~~-Y!~.flt~1n~ ll" ~=.~~~~-~~~!J-~.!1~. 1'\; a 
~~JJ~.L.,_~jjj~ 

. CH CH3 CH3 I 3 I .I aF .CH3-c-1 I-CHCH2CHa H3C-C-Br 
H I 

CH3 

2-iodopropane 2-iodobutane 2-brorno-2-methylpropane ftuorocyclohexane 

----· 
1 2 3 yH3 6 7 
CH3CHCH2CHCHCH2CH3 

I 4 Is 
CH3 Br . 

5-bromo-2,4-dimethylheptane 

----· 
1 2 3 yH3 6 7 
CH3CHCH2CHCHCH2CH3 

I 4 15 
Br . CH3 

2-bromo-4,5-dimethylheptane 

CH3CHCH2CH2CHCH3 

bH3 ~r 
2-bromo-5-methylhexane ltf 

\al\'11 2-methyl-5-bromohe~ane 1!1 

n1ii~un::~l"l1Ji1'\Rn (LiJu haloalkenes) ~U1J:~ltltityll1nn11\~\t'uriau (La-n 
· tl1 LL 1'\ "", a--1~ucfiua un11) "' . 

2 4 . 
1~CI . 3 

4-chiOrobut-1-ene 

3 
_2r('Y'. · 4.· Br 1Vs 

e 
4-bromocyclohexene 
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5.2.3 wofiuafauoftLAM uatn1~&~ani1o 

WB R" II r R" EJ R L f1 u (PolyhaloaJiqlnes) l'\ ~1 tJ1filfl L iJ '"'il1 rh ~: ~1 tJ ~ '"'Yl1 u ~1 f) Ill 
LfltJi1 'ut,r.Baft1JJqjl'l1EJ~EJLt\ vn: L -rlu 

CH2X2 L1un methylene halide . CHX3 L1tJn haloform 

C><.t L1tJn carbon tetrahalide 

CH2CI2 CHCI3 CCI4 
dichloromethane trichloromethane tetrachloromethane 

(methylene chloride) (chloroform) (carbon tetrachloride) 

1,1,1-trichloroethane 1 ·, 1,2-tri~hloroethene 
(methylchloroform) (trichlor) 

ft'l'n.h:nEJ1J~'D Lfl'lL-;J"U nna:ttEJli~EJ-3'D Lfl'lfnftJaounnLL nuti1 tJLLD l~L -;JU Sj~EJft'lJJ ru 
.. ' • . \1 ., 

LiJou perhaloalkane l'l1EJ perhaloalkene. \-rl'U 

CCI4 

perchloromethane 

Cl Cl 
I I 

Ct-C-C-CI 
I I 
Cl Cl 

perchloroethane 

-5.3a&~uiln1Uil1Tt!lih1LL£1afiaualatf 

F F F 
I I I 

F-C-C-C-F 
I I 1•. 
F F F 

perfluoropropane 

Cl, ,CI 
c=c 

ct' 'cr 
perchloroethene 

R1'lnalliilliLnfl~'Utr:'lJ Lfl'lL';l'U th ~fJ r WR T11UJUI1J EJ-3UEJ~fl~ LLD,~fi;fun1J-n'U1fl .. 
tl I I tl ~ - ~ I -n EJ-3 'l:,1J1-3 R1'U 1: u:'l:l'\1~-3 'l:,n-3REJ-3 u~: Rtl1l'4 n11L n fl111 (polarizability) -n EJ-3 ~ 

-· ~........... 1 
EJL~Ofl'lEJ'U'Yl Ll1Rn-3l'4'Utr:1JEJ-3LLD ~L';J'U 

,.,n"fls.1 L1nvuL;im.Jft1l1~l~Y11au1Jo~utJlaL'tu fl111JtJ11~uc e-x ua::lflfwafvLvu.MJo-3 CH3-X 

... lf1 TwaTv,vul 
ft'fl"'ffl"'.Jm.J Bn1W lW-111RIJ 

fl711/lJ'J7WUC 

" ~em~ ~D~ 
CH3-F 4.-o ' 139 1.55 

CH3--CI 3.0 175 1.57 

CH3-Br 2.5 193 1.51' 

CH3-I 2.5 214 1.62 

CM225 207 



5.3.1. ft01"t .,f1MiUliJLM8') .,flL~ilfl LLfttNft!lil"Lfl1\111-i'1"fl~ttO.,flL~Ofl • • • • 
UDSfltmer!sl 'V\1eullfsuDs,flu~J1'V\un1a.~L~n~l1imniiam~Lihuuiwrlem'V\11ii,.;'EJ-il 

~ - ~ ~ 

'WI ..... .. ~ ... ::1 · .. "" " r " ,..., ::1 ..1 .... !' · 
Llla.JR a.~n~'U'V\fJaJ tl1Lu'U CH~ ~:liLQV..1:UJ71S 'D 'D 'flflfiLu'U-nfJ~L 'V\~1'YI~nL'V\1JlJ1"\fJ-iiLL~: 

fl11lltl'U1JnE.nn1f'l L~ f1~1'V\Un llJL~~ ~a.nn(~LiJ~-nfJ-iiL 'V\~1 L~ £J,.t1 ltJ~~L~ fJ~V..fJ ') rllJ.LLfJ'~L fl'U 

~J1'V\Un llJL~~~ Lnin'U Yi1f1~-iln11LLEl~Lfl'U~nflTltlfJ'UL rhn'U 

.. .. f( I -., 

bromomethane 
MW95 

bp. 3.7°C 

CH3CH2CH2CH2CH2F 

1-fluoropentane · 
MW 90.1 
bp. 63°C 

'lf-illlfl111JEl'UL r11n'U 

F F 
I I 

F-C-C-F 
I I 
F F 

perfluoroethane 
·MW138 
bp. -79°C 

CF3CF2CF2CF2CF3 

perfluoropentane 
MW 288 

bp. 28-30 °C 

Br 
I 

CH3CH2 

bromoethane 
MW109 

bp. 38.4°C 

ethane 
MW30 

bp. -89°C 

CH3CH2CH2CH2CH2CH3 

hexane 
MW86.2 
bp. 69°C 

decane 
.MW144 
bp. 174°C 

CH3CH2CH2CH2CH3, 

pentane 
MW72 

bp. 36:1°C 

LL1-ii1:Vt~1-il 1lJL~fl~11£l-iiUDSflSUtl!tff Sj 2 ~\L~ fie LL1-iiSDUfiDU (London force Vt;fJ 

dispersion force) LL~:"1"1::M11"!,fws 
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1. .L.L.1~~!!.~~!J~ 

1 ~ u..t 1 L tl E)::~ EI3J ~ Sj fl D L ~ n ~l'lEJuftlJJ ri1~ ~ 'U. n:: di ~ ~111W.ff 1 J1 £.1 LL ~:: LL n1 ~ L, UL n ~ 
\1 

~111W.ff1-E'1~m::J1£Jn11'V\liLLEI~f1~ L~ElLl.AUt1Lfl£JlJ1::~11~LL~fsL1JU~1£JtlU F Sj~111Wn11 
\1 . 

Ln~.ff1u1n (F < Cl < Br < I) LW11::BL5n~'l"EIUV~L~tt£J1LL't.iu\nftit1Lfi~£J~ eJ::~EI:l.I~U1~ 
L~ru L,ju (~DfD~U) Ln~~111W.ff1J1£Jni1 LW11::BL~n~1EI'U1~'U.elf1R~EI~Ln~it1Lfi~U~ 

~ • \1 

'ciJ~L~EI~L~3J;1''U.~13J~1U1ULLU1aL'ciJUtl1£J L,ju CHsCI (-24 °C}, CH2CI2 (39.8 °C), CHCis • 
(61.2 °C) LL~::1~uLuW1:: CCI4 . rr6.1 °C) ~~fi1~~fwRfvuJu~iih.tf1ou.6LL~,~L~a~~~R~ 

\1 'I \1 'I 

Liia~'ciJ1n CCI4 Ln~LL1~RDU~DUL~ LWn::Sj Cl4 a::~EI3J LL~::~111Wn1·~nfi~.ff11JEI~ Cl &in11 H 
., I . ., 

LL9ith~i'lJ~1tl1::nau~~EIEIL1~11ili~Ju~13JUU LW11:: F Sj~111Wn1'nn~'lJ1£J1n LL"l"~~~~~ 
\1 \1 

1::~11~13JL~na~~Eiau L,ju CH3CH2F (-35°0), CH3CHF2 (-25°C}, Ct:I3CF3 (-47°C) LL~:: CF3CF3 . . . 

(-75°C) 

..r ... 1 1 ~~ I .,r. ~.... A A LL 1 ~ R D u ~ D u~ u n u11 u 1 ~ 3J Lana ana n a~ u 1 ~ L 'V\ ru LL ~:: w u n ~ 13.11 n L n ~ LL ,-~ ~ ~ ~ ~ 
• • ~ \1 

I ... \'1 ....... ... .... .. ..r ~ .... 1 ' .... VI .. ..r ... .... 1 ... d 
"l"::'V\11~n'U. L~~ 'ciJ~3J'cil~L~EI~R~ WU'Yl~1 1JLSnSLLEJafi~LLPl L~~~'U.nlJ1f'U.~1JEI~LLPl ~L'ciJU~1£J L3JEI 

• \1 • 

~'ciJ11tur1i'flijLL'JUL~D'J1RtMJEI~LLll'1aL'ciJU rfu~il11lJLana~EI~LLDRih~wREJD~1flWEI61tllJLLEI~Lfllt~ 
• " J 

1fl1~m1~fli1£JtlU "'""~"~~LLllllREJUflEJU~~tniLflll~nu LL9iLLDs;iswRDD ~,-f)Sj't~ 1 w~ 13JL3JU~-
. ., ' . " 

111nn11 LL1~~~~~1~£J111J~EI~LLEJRflRWRDD~1~'\l~R~n11LLEiaLfi'U. 'Yi1L~'ciJ~L~EI~~~n11 L,ju n- · 
\1 ., \1 'I \1 

I 

butane Sj,~L~a~ 0°C, -nm::n n-butyl fluoride 33oc • 
a::~a3JLLu1~L'ciJou.~u 'J -nu1~L'V\runi1 F· 'Yi1'l~vfu~~113JLan~L~3J;1'-u. ,~L~a~~~R"~i1u 

~ • " \1 

uan'ciJ1nd~,-~ij"la1'1fL3Jaf11it~ 1fl7~~i'1~ la l~L3Jaf~Sj1'1ffl~Sj-nu1~ 13JL~n~L~nn11 ~u~~1 
. 'I 

-n a~ 13.1 Lan~'lta un11 LL ,-~,-::~11~ 13JLana~~ei aun11 LLa::Sj'cil~L~ a~~1n11 
• I • 'I 

2. ·'·'·!~!;.!'l:iJ~ff!b.~~: 
Ln~'ciJ1nRn1w.ff,tu~un:: e-x l~u x. Sjwn1w.ff1~uL~n\l'au (o-) LL~:: c ij~n1w 

.ff1u1nL~nll'au (o+) ~~Sj~tuiu~~'V\a~1JL~f41Ltj'U.nou.i1£JLL9iuaun11 ti1~i'uR1u~L'V\~a~a~ 
13JLanaLiJ-u. c LLa:: H ~~lliij~un-::'tu 1~1LtU1::~11~ 13JLana • • 

~ ~ -;::; 

~ ~ ~ e-x--------e-x--------e-x 
I t>+ t>- I t>+ t>- I t>+ a-

dipol~ipole interaction 
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5.3.2 fl1'1RtR1tiLLRtfl111J\1'M1LL14'M 

uaathuul'la9111ia::a1tnl1 a::a1vltiiilu~1fi1a::a1vihttn16 fl11ll~U1LL\Lueua~ 
UDR~RUlJ'!RfJi~ V1-n'El~rllJLL1~ti~tlfl1::~11~ l2JLanaua::fli1V;Jf1Ltl£J91 fl£J UEJR~RWRDD t1ffij 

I \1 " " \1 

fi113J~U1LL\Lull'avYh,91 us::uns~R tB Tn tflff111n~Rfl ua:: 191 v~1lt.ILL£Jsfisutrlsffufi113J 
" " 

~U1LL1lU3J1nn11U£Jft~fl'U~,i'1~oUn taJLft~RYHl C)O'U LL£Jftflft~~aal1t1LLft::flft£Jl1fl~ULLtrlftL;JU 
a::ft£JaJLti V1Ufl113J~U1LL 1l u \ta vn11J1 LLfilu1\aJtfua::lela lflfl111nn11J1 LLfin1u LLtr la L;JU 

.I 11.1 A ... I I .f 
REl~El::91 EllJ,U LlJ 'Jn1f'Ufi3Jfl113J\ll,I.1LL 'U U3J1nn11~1 

5.4.1 Lfl1t11J;)1flLLORLfl'M 

Luun11LL'YIU~ H'll4LL£JftLfl'i.t. ~;a~~uasfia-na~uns~RnJu47u ti1VLLtrlsL;,u (C12, Br2) .. ... 
~1Elfl1 t1 S02CI2 

.. . 
R-H x2 fl11ll18'14 'M1fl R-X H-X + + 

LLI~' 

<> S02CI2 (>-c1 
benzoyl 

,.,. 

cyclobuta~~ 
pero~dde 

chlorocyclobutane 

tJnffiEJ1Lnt'I~1U£J~3JftDR1:: LLtlSLfi'U L-rlu CH4, · CH3CH3 LLa::l'lflflafl1L'YIU i:ia::t'IEllJ 
;.I " 'U 

11£1\1 H LLlJlJLtltl1 ·~~fl~~~'tl;J1nn11LLYIU~ti1EJLLD1RL;JU.1 LLv\~~~U1Jitt'ILtlV1 n1ij H ~S1tl. 
LLlJlJ;J::lti~~fi~SLU'Uft1'l~R2J LLS::£J1;JLnfln1'lLL'Yl'U~3J1nn11 1 uv\~ ti1v 

I I 

Cl 
I 

CH3·CH2·CH3 + Cl2 .,. CH3·CH2·Ctt2·CI + CH3·CH-CH3 + 
Propane C't 

I 
CH3·CH2·CHCI2 + CH3·CH-CH2CI + 0'14'J, 

n11LL'YlU~tl1tJ Cl2 LUUJ.LuulliL~~1::L;J1::;,~ LLfi Br2 iitt1111nu::lun11Lianf1n11 

~afl~Sff1'U' ~ nilti';,1n DULfl afiiLil tlfl~ilLRrl tl' 111~1.nn;\Rfl (LRii tl1111?4, £)~ £JU3J Sati'l:: ' 
., " . " 'U 

:'1 . ~,¥ ... ..111-" ~ ... ... f ....... 0 

LLJ'U 3° > 2° > 1 o > methyl) 'Yl~'U~ftfl~ft'Yl Lfi,UnULRntJ11l1~"JJ£J~£J'ULfl£J 3JL9ltlfl ;J1U1U 

11£1~ H ~LRlJElL~iiaunu LLS::fl1111l1\Un11fi1tJ~ffiV1,0~ X tl1tl 

Cl 

CH3-CH2-CH3 + C~ ll. "''0 
hV _. CH3-CH2-CH2-c1 + . CH3-tH-CH3 

Propane 

210 

1-Chloropropane 

45%. 

2-Chloropropane 

55% 
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Propane 

;,ni11wnf · 
(Relative rate) 

011Ufl\4fltl1tl Cl 

011Ufl\4fltl1tl Br 

· 1..Chloropropane 

1% 

·RsC-H ~CH2 
(M!UJij) (fJ;\UIJSj) 

5.2 3.9 

1640 52 

RCH3 

(tiPJIJSj) 

1 

1 

2-Chloropropane 

99% 

... .. f" ..... 0 I .,_ 

5.4.2 Lft1'fJIJ\l1nLLDilfl,.,fiUn1'tLLn,.t1flft,LL1'1,.."USBBB 

LtJ'Un11u noufl'u lt11L~'" Yltiflnt.Jfl1ftJe'U-u Eh1~'Ulr:fi-n El-3 LLEl a"'" 'V\~e9h LL'V\t.i.-3u~si s 
\1 

(allylic position) U~MU1Ln.tl~1'UEl"t~aotn:UDRRRlS-35j~~U11l1~\Y-3 

0 Br ' 

~N-H QN-Br 
CCI4 6 + 

peroxide 
+ 

m1ufou 

0 
,.;f) U.ll~ 

0 
N-bromosuccinimfde 

(NBS) 

~1ni1eth-3d~:L~'U115j~'"n: C-H 3 tJ1:Lnn lS-3~fl11liLL;j-3LL1"fl1-3fl'U fie 
.... ~ .. A A A 

- ~'UlJ: C-H flfl111.J8\VJJ'Utl'JtlU1Jll (96 kcallmol) 

-. ~'UlJ: C-H ~fl1f1JEl'Ufi1LL'V\U-3UDRRR (57 kcal/mol) 

- ~'UlJ: C-H fifl1ft.JEl'Ufi1LL'V\\l-3 !'JUS (1 06 kcal/mol) 

El'Ullaiitn:uasisudiu1ni1El'UllaLLaafia,.r1,th.h:ll1tu 9 kcallmol 
~\1 ~\1 
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allylic 
(87 kcallmol) 

H 

alkyl H~H vinylic 
(96 kcallmol) u (106 kcallmol) 
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212' 

I 
\ I H H 

I I 
· C=C H-C• < R-C• 

R 
I 

< R-C• 
R 
I 

R-C• < 
I 

\ /C'!._. 
C=C 

I \ 
< < I • I I I 

H H H· 
vinyllic methyl primary secondary 

5.4.3 LCR~HIJ\l1nuoafi"~~uJtlfimt~1n11LiliJ 

5.4.3.1 .v.DlrrP..!_11'11.~~N.l!!.f~IJ5!.~~~J~! 

R 

tertiary allylic 

Br H 

+ HBr 
I I 

R-C-C--, 

I ·~ 
.f'J .A t; ..1 .... I - 'Lu'UnTlLfl3J HX (X = Cl, Br LL~: I) L'il1fl~\Ui:fl 

I ~ 

_..: tl~ffiEJ1Lnfi~~Ufl1i11JLLflflLtlElEl'U 

- l~~afl~~~LU'ULtlfl13Jn{l'iiEl"3JTfflavluflaW 

- fl1i1uLLflfl lae1a"Ua1~ifl~1l 'V\3Jl ~ihwnu1111~3J1n4"" 1fl1" 1'lifl1fua"U'ila" · 

~ifl ~ ~~'·"" El1~L3JL 'V\iJEl'UtLLEl ~fl'UL~llfl'U 

CH3CH2CH=CH2 

but-1-erie 

+ H-Br 

- tlnffiu1Lntt~11.La'Ut3J~an: :rJ , ~ 

RO-OR 
peroxide._ 

H H / 
I I I 

H3C-C-ft.~CH3 
I .··I 
H Br 

2-bromobutane 

CH3CH2CH-CH2 
I I, 
H Br 

1-bromobutane 

- ~ifl~~~L~~~.~~j!1.!!1~ntJ'iiEl"VTfflavliiflaW · 

5.4 .3 .3 J.J.D.QJ.Il.'J.TJ'l!~ ~Y.LA f!J.CJ.rY. H 

b=~ + X-X 
I \ 

X X 
I I 

----~-. .... --c-c~ 
I I._ 

vicinal dihalide 

- l-H Cl2 LL~: Br2 L'Utti11'11~:1nu L'li'Ut CH2CI2, CHCI3 LL~: CCI4 
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- Li vicinal dihalide 

eH3eH=eHeH(eH3h + Br2 
4-methylpent-2-ene 

eH3eH-eHeH(eH3h 
I I 
Br Br 

2,3-d ibromo-4-methylpentane 

... 1 ~~.~ ........ ... 5.4.4 LGl,-UIJ;)1flLLDft fl'Mtl1Uu!)n1U1fl11LtliJ 

5.4.4.1 JJ.D.ffl.!l.!.TJ.!.!.~~;~.lt!.Tf!JJ.~.HH!!J~?[ 

-e=e-
H-X 

(X = Cl, Br, I) 

vinyl halide 
(E "ta Z product) _ 

H-X 
H X 
I I 

-e-e-
l I 
H X 

geminal dihalide 

- Lilcun17Lii11LlJL~'lL,'ULLlJLatl 'Vl1a HX ·(X= Cl, Br 'Vl1a I) tJ~mt11fl~1tJLLElaf1cu 

- Li geminal dihalide 

- ~atJ~ffitJ1LU'ULtl<i1111nLJ-na.:tl11ff7en4uf7aw 

H Br 

H-e=e-eH2eH3 

but-1-yne 

H-Br_. 
H, /CH2eH3 
/c=c, 

H . Br 

H-Br .. I I 
H-e-C-eH2eH3 

I I 
H Br 

CM225 

-e=e- X-X 
CCI4 · 

(X= Cl, Br) 

2-bromobut-1-ene 

trans dihalide 

x-x· .. 

2,2-dibromobutane 

X X 
· I I 

-e-e-
l I 
X X 

tetra halide 

.:._ Lilcun17Lfl11LLlJLaL,'U (CI2 'Vl1a· Br2) ~~cun::W111 

- .ffcuu'lnLi vinyl dihalide Liion1tl~ffit11fialitetrahalide 

CCL. CH3CH2CH2CH2, ,Br 
CH3CH2CH2CH2e::cH + Br2 ___.... c=c 

er' H 
1-hexyne 

(EJ-1,2-dibromo-1-hexene 

213 . 
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1; 1 ,2,2-tetrabromohexane 

5.4.5 LCft;EJIJ'Q1.nLLBRnDDD&f f" EJUDMEJ1n11LLt1'-'fl 

5.4.5.1 1l.Dlrr~!.1.;".iJ.Y.~.EJ.ftD!!.'!J1.ft.rfJJ.'l'-I~1.~Y.!HJ.'!.J.fJ.!f 
R-OH + 
alcohol 

H-X - ~ R-X + H-OH 

hydrogen halide alkyl halide 

- fl113JiEh1,1-nEJ~ ~If f~t1LiUUl1~RmiJu 'Uft13JW111Vi01tl 
HI > HBr > HCI >> HF 

,liL'V\3.11::~';1:: l'1fLfl;ti3JUDRflR~RDD ~1~ v ' . . 

- f111J:Jia~'1-nEJ~LLannatratf: R3C-OH > R2CH~H >.RCHr-OH 

- 3° uannatratfvhtJlJ·mu1rl1J HCI 't1L~1~ElnL'V\1lD~a~ LLn::L~tn3.11nLW~ 
~ ~ v 

w1u-.trilfl 2° LLn:: 1° .YhtJ~n1u1i1~~linl~f11tJ~fYiu1nu HBr 'V\1a NaBr 

LLS::n1fl H2S04 ~EJnL'V\IlDW~ · 
~ v v 

CH3 CH3 
I 25°C I 

H3C-C-OH + H-CI . H3C-C-CI + H20 
I I 
CH3 CH3 

2-methylpropan-2-ol 2-chloro-2-methylpropane 
(tett-butyl alcohol) (78-88%) 

CH3(CHvsCH20H + HBr 
120°C .. CH3(CHvsCH2Br + H20, 

heptan-1-ol 1-bromoheptane 
(- 90%) 

.. LL1J1J f1 EJ LL1J1J SN 1 LLS:: SN2 

V.nffi.P.:l~!}~.~:w~~UUJ.tl.'-~~ff.yl~l~l~~~-~~'-1~~,): tJ~ffiu1 uuu -sN 1 

LilutJ~ffiu1autiu'Md~ aflntJ~fflu,4unufl1111Li3.1-Nu,a~tn111ilf1Lilu1 
ns,ntl~ffiu1a.nnni1 1 ~" 
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Ln~~,~f)1i1vufl, ~s.esu~umu1 

fl1nlJUf)fl ~DDDUEl1';li~i1L"J.i\~UdltJ1111nn11Lii1J'ti 

';l1nlf~il1fli1a,V'JRLi1'rl1U~ffttn~fl,1n11LLflfl ~DDDU LLft: L~~~9l~ft 

1fltJ,.t1,ULLElftnElUElftfliitJIJ5hnfl_U-~mtJ1LL1JlJ SN 1 L Vi11:Lfi~ 3°, fl1i111LLfl91 laa El\L 

· ~"i'hw£lu,-n1ViR~ L~a11LLaanauaanilunihn~~,~ 2° fl1i1uLLfl9l,aaa~ L-rl~nu 
• 1 • 

!T ll ..1 ... ~ ~ ... II •II t;... ... .¥ .! 1 !"'1 t; A fi11LlJLLflft LElElEl~f1Ln~-n~ fl1';'J';'Jfl9l1 L\'\11 Ll'\1JLRfiU1111ViR\I-n\L Tl1 Ll'\ L~LL£lftflft • 
LLU,ft~~lfl'l\1 1'liLL9lnfl1\l';l1nLii11 L,j~ U~MtJ11:\'\11\I 3·methylbutan-2-ol nu HX i\ld 

CH3 CH3 
I I 

H3C-C-C-H + H-Br 

~ ·:6H 

CH3 CH3 
I I 

H3c-cr-cr-H + H2o 

Br H 
•• 

3-methylbutan-2-ol 2-bromo-2-methylbutane 

tl~ffitJ1~L ~tnfluLLfl91 'rlflfl\L ~.LRn tJ'l';'J:Lnfl 'tiL 11 fl11111 il\1 l 1L ~n11L n~tl~ffiu1 
~\ILU~ 'U9l1U'Jfil~-n El\ltl1flu LLflfl 'fl £1£)~ ~Ln~;f\L';l1n LLrlftn rJUflftLLflft:~ilfl fl £l 

R3~H > R2CH-OH > RCH~H 

u·- - .. 0 ~ ... ' 1 l ~ ... nfJJ.~:J~-~-~-'-~!1-~-~~~~nt-?1!!1.~--~~;.J .. ~~~fln~.'t~-~-D!L.~ .. tJ:n~n·!~! .. ~-~= 
!l~ffi.rJ.1.~J!~ .. §N~ (Substitution-nucleophilic-bimolecular) 

· uJnRfl1i1vufl, ~sssu ua: 1° fl1i1vuflf1 ~sssu Lil~a~LflefilL~tJ91~il'Vii"",~"" 
\1 

~\I Ln~ tJ1n L1Jfi ftLLflftn fll'J£1 a LLft:LL£1 ary £1UflftUJ111Jii~\lli11J~ffiU1 nu 'l'J 1~1L ';l~LLU'a~'lf1 

~1unn,ntJ~ffitJ1~~1\Iflfln'tJ 

RCH20H + 

1°-alcohol 

heptan-1-ol 

H-X 
hydrogen halide 

!l~m!-JJ.L~.ll~ .. §N~ iitrn~m::,.t, 'u .r"tr 

1°-alkyl halide 

1-bromoheptane 

LiJ~tJ~ffitJ1B~tllJREl\l B9l11U~ffitJ1;f\Ul1Jfi1111Li11i~-n£l\IR11R£)\I~it~ 
ll ···- ... ~ na Lnu!Jn1U111 2 -n~ 

Nu- Li1li111~ffitJ1Vii'rJ11nu~ leaving group l'\~~aen 
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lliLntlaouLflafihtiufl+-1liit~91'1l~3,j 

i'JnTlLU;UULLUft~fll""Lflel';laLfli'J 
.., ... " .. . . ~ .. .,,J 

5.4.5.2 .'J.!.1.L.~!~~-L}.iJfi.fl~.L.L.~.'.'J.!l~JtJ#.EJ.tfl.[!!!.1f.FJ.fi.~.~~1lf!J.'H 
R-OH + 

1° or2° alcohol thionyl chloride · alkyl chloride sufur dioxide 

3 R-OH. + PBr3 ----. 3 R-Br + 
phospHorus 
tribromide 

alkyl bromide phosphorus acid 

~ L~n.n:nun1,.Lfl1u11 1° ~;a 2°LLa~t1~LLlJL~tf·;nn 1° ~1·a· 2°LLa~nana~ 

- lliLntl~1Uf11i1uLLflflLElaa~lliit191'1\~li · 

- l~LLaafi~LLnl~tr~snfl,." 1'11LLuuLil1J Lu;uuL~~1:~iltl~3,j~"ni'uLiJu x 

CH3CH(CH2)sCH3 + 
I 

OH 
octan-2-ol 

,. 
K2C03 

___,._,....,;__, .. .., CH3CH(CH2)sCH3 
. I 

Cl 
2-chlorooctane 

(81%) 

. Q-oH + PBr3 __.....,... Q-sr 

cyclopentanol bromocyclopentane 
(78-84%) 

... ~~~ A. l ~ 5.5 IJ!)fl1'!J1!Jil\JLLilaAftLLIJ at~ 

vrun-:,-:~11" C-X LtJuvrun-:f:i,f1 Lfltl,1nn1,-L~aa1J'Jiel'U1:~i1"aafih1~ sp
3 ~fl" 

flTllJEl'U LL~: p-aafih1~~El"LLD1~L,'U vrun-:. C-X ~~U11;f~LL~:LL;j"LL,-"1t'au~"L~El,f1~'Lt'n 
~ _, ' . 

a:flfl11~El" X L~111.1'U (911,-1" 5.1) 

LLDR~RLLll!sffliLfl1U11ft'1,-th:L11'Yl~'UL~~ft1U~ittl tJ~ffiU1Lfli'JR1flty~1.1fl"LLEl~fl~ 
LLlJL~tlflel n11LLYIU~l'1llU'JflaTD~WS LL~:n1~;.,· LLlJl~L,ULU'U leaving group~~ n1i'J~3,j 

. ,. 
a:flfl11L -i1111 LL fl'U . ,:LU'-'U~ffiU1LL nu~ti1 tJit1fla1a L l'J~ Lltiti1i'Jn1,-LRUEl:fl fl11~Ufl111 
_L~nl~tiaanlu (L-.du H+) ihiJuu~mu1n11~ifl . .r",fuft'1·vri'uLLaRi1RLL_nl~ti'LLa111~ffiu1n1,. 

LL f1 U ~ LL ~: n 111.1 i tl~" 3Jn LUi 1 U n 'U L ita",, nit 1 fl ale l l'J ft R1 U L ~tU L tJ 'U L lJ Ri 1 t1 n1 1 
' w 

Lnt1u~ffiu1 LLuu Ltl~".funu wn11:,. e"~~ffin1ua:1J1fttt,. eHILLeat1 auulati' 
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•• 
H :X: 
I I -e-e-
l I 

' .. 

H Nu 
e m1&L7m~ I I 

+ INu· . -e-e- + 
nucleophile I I 

H lXI 
I I -e-e- + :a m,. .. -e=e- + 

I I I I base 

t.l --- .... .., - ~ ,_.. ~ 5.5.1 !Jn1'!11n11'LLfl\6!'fl1!1\61fUUD nft 

•• e 
:x: 
•• 

•• e 
:x: 
•• 

+ <\H , 

Lih~tJ~ffi£J1~il1fla1alws Li1LLfl~iL1fla1alv-Jsan-n\\tl'V\it"~flTllJflU1filtl sp3 L~ 
n11LLfl~~ u'lflR'fa ~J'/mtl~i1L'V\~Lanfl1a~ LLft:LLaaf1aLLtrla.i',}:i'u~Lanfl1au ~urr: e-x 

LLflninl~ua~ftf11aa.au4"Ltl~ leaving group tJ~ffiv1Lnt1 2 LLlJlJ fie SN2 LLa: SN1 

•• 9 n11LLfiUfi 
R-XI + INu 

•• 
R-Nu + 

•• e 
lXI 
•• 

nucleophile 

~nn"fls.3 i1eth~tJ~ffirnn11U'Yl"~t1'1ttit1flrlelvhf 

R-X· + Nucleophile 1-IRfii-IR tl-r.:Lilntn1 

. R-X + f ~ R-1 ~;ll R-F Alkyl iodide 

R-X + -OH 
~ R-OH Alcohol 

R-X·+ -OR' 
~ R""OR' Ether 

R-X + -SH 
~ R-SH · Thiol 

R-X + -SR' 
~ R-SR' Thioether 

R-X + :NH3 ~ R-NH2 Amine 

R-X + N3-
~ R-N3 Azide 

R-X + -e::C-R' ~ R-C::e-R' Alkyne 

R-X·+ -e=N ~ R-C::N Nitrile 

R-X + R'eOO-
~ R'eOOR Ester 

R-X + H-
~ R-H Alkane 

R-X + :P(Ph)3 ~ 
+ -

.(R-PPh3) X Phosphonium salt 
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· . aflntJ~mrn4~nunutt1~th~ 'l .r~d 
R vi1El -.,&iUElit1i 4~lifl1f1Ja~,ritfl sp

3 m~~~m:nu X 
'II 

leaving group nnUd'f\EJ X 

it1flalEl l ~a (:Nu -) tifia Lft0fl1fl~ lflfl L~ V1-.,'iEl~Utr: l ~ El1~£i-.,';a l~£itJ1:~SlJ 
. 'II ' ' .. 

nt~ L'Ji1LLl1U X . · 

.. !T:u~~J~!I~m.FJ~. 'liEJl\fw~Lnfl1ilui1arh~lliliLLEJat1auulatfflilvt;J5l 
•• e •• .. .. e 

CH3-C· + IOH ___.,.. CH3-0H + ICI: .. •• .. •• 
chloromethane nucleophile methanol 

I 

•• .. e .. •• e 
CH3CH2-II + CH30I ~ CH3CH2-0CH3 + : L I ... •• .. • 

iodoethane nucleophile methoxyethane 

H •• e H •• e I I 
CH3CCH2CH3 + 

·-~· 
. ___.,.. CH3CCH2CH3 + l§rl I . I 

Br I 
2-~romobutane nucleophile 2 .. Jodobutane 

i 

I' + fh~N: ~c~ + I . '-'=N 

1-iodo-2-methylpropane nucleophile 3·methylbutanenitrile 

•• a er: •• 
+ 

- •• e 
CH3...;.S: ___.,.. .. .. e 

+ l§rl 

bromocyclohexane nucleophHe rnethylthlocydohexane 

+ INH3 

H .. 
· 1$ •• e 

___.,.. CH3CH2-N-H + I I : 
I •• 
H 

iodoethane ethylamm'?nium iodide 

5.5.1.1 5k~~ftl~.l!1l 

.. a 
: I : .. 

a,,arD ~J'ImLa:,vw iianHm:fla1vtiu t)aiioLanfl'lau~-.,;a~u=l?ffll-K;htJ~mrn 
utiti,~nu~'\l'u,.il~n,,L'li1;htJ~mv1 uJtrEJ1t1vilv1lJLutn~o~·,v;utr,,, .. a,,; LiJu.~?flJ.LLa: 
rl!.¥-D.&.~J.til!.f.l/.1.~~1-! w1uil1f1ifD t-wlll1~nnilv1li'Ba~'vtra?Btr ilEJ bfd.~~ft!J.!!1.~H.LLa:.~:! 
1/D.fi!w.ril!n.'fl..nf.'V:lr.l.l -.,'iaa:tlam:I'UlfloLI~tln~\~umfueu il1t1ala l~tf~~Ltlwuwt1'1v , 
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G~ftllpl~!buiin;U1~fl,fuo" , .. e 
INu , 

I . . nucleop. • · hile 
-c- . t . 

I I t 

a:~ . 
base 

L1Jft'ri1tJfjR;U1~lthfiO" 

u'Jflsfa! wl L1l\4£1lwi'J a" ~ L u\4n~,~\,;olhi,::,a1J ~Y."~~.rJ.fY.HR.?.~ni~.lrf.{~~'J".~. 
- ·t !w ..... • u·- · LLa::_~?.~~--~ ..... tJ.FJ~!~.~·n .. S:JJ1~J!JJ!1 

.a - r.!! .. - •t , .... ,. -. fi1Tl"fl 5.4 L1J"H.IlJL't1ti1J.ft1l1Y4\l,fll £l nllJ1~~'Utl 

th:ini111vt \bflRlo\~L{ 

CH3S-, RS-

HO-, CH30-, RO­

-CEN, N
3
-

th'Unl1~ Cf, F-

CH3COO-, RCOO-

CH3SH, RSH, R2S 

NH3, RNH2, R2NH, R3N 

'lifi H20 
CH30H, ROH 

CH3COOH, RCOOH 

5.5.1.2 b~~Y.i.rJ.9 .. Q~QHP. 

tJ • I ""' ""' tJ ., • 1 leaving -group L U£l::fl£lJJ""1£l""JJ£l::tUlJJ'YlflnLL'YlWt1 £l1';JL \4UDU 'DDDU""1£l JJLana 
~ ~ 1 

L U Un ft1~ {f!.~_\({IJ9. .• 9.'PYP.. -~,; j~"-~ f]~JP.. f.ll.f} ~-'-~!1.!1.1JJ.~J.fi~J~.tj_;_£.if.~fY.~~ f.!.~ ""1 £l ~ L 1J Ln1 £l ~ 
n1fiLLri L,ju H20 LU\4 leaving group ~iln11 -OH L~11:: H20 LU\4L1JW~Einun11 

th""i'1JL_LElathULlJ,atl LL£l~tla~~ElElL1fl11tJ{jmt.n\l'EJEJ~'ftl LLS::LLEJatia,EJ1ElLfl~1El~L1 
ti atJ Lj m EJ1JJ1 n~ lftl 

R-1 > R-Br > R-CI > R-F 

u·- ""' ., ., 5.5.1.3 .. L101~JDJJ~~!l.HX1.~~~!!.§~~- (""1-n£1 5.4.5.1) 

.Rn~~n1j,)_ 
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-·-- .. ~ ... 1) IJL)n'UJ1Ln,flen\UfltJ1 

0 e · 11 
O-C-CH3 ---. 

acetate 
(nucleophile) 

2) Leaving group F- << Cf < Br- < 1- (LlJRElel\~Yr~fiLU'U l~avin·g group i)~~~) 
inversion 

e R ~ . r a- 'V' a-]* ~~R 
·Nu + ~C-LG -~ ru----·-t··--LG · ____,__.. .. Nu-C\H 

transition state 

a) Lnfl'l~l'";~ri1R:-R1lltafw,.ilnii/l . 

~-L-~~~1~-~fJ.~.~~~~.nmfJJ.§~?. 

e 
+ LG 

il1fl~LeJLrh(LiTt'h1.J~ffitJ1tl1'U'V\.i-3 (backside . attack) fl'l-3i111~'Un:eneJ-3 leaving. 

group ,f-3il1fl~1a'l.'rJsLL~: leaving group l'i11111 t80° n1'l~fla:fla11L'U~11-3ena-3~~flt.J~~'tti . . . 

niuntJWl'l~-3ti'U (inversion of configurartion) 

backside fronts ide 

.., .. ~ ., . 
. ~~~.FJ.~.~-1J.~H~!J.FJ.~~~~:n:tHfJ:t! (Steric effects of the substrate). 

e 
+ Br 

'V\~a:fla11-n'U1tlL'V\qjutnT-3n11LiTt'h1.J~ffiu1-na-3il1fl~La'tvJs~fl1fua"U:a-3ii leaving 

group L~a'V\~ R L~11~'UYhL~El~'l11.J~ffitJ1LL1J1J SN2 Rtl~-3 

UJnRUli~Rff LL~: 1°UDRflRUlf~RflLTlfiU~ffitJ1LL1J1J SN2 J1tJ UDRflRUli~R~YJ~li{}V 

Lnfli1 R1'U UDRflRUlf~Rlflilllnii'l.ahnt1LLlJ1J SN2 'fl1111LL8BfJ-na-3'V\3.i R n1L~il1fli1a'tvJs 
v . v 

L-H'1n11.J~n1tJ1'YI1-3tl1'U'V\i-3tJ1n4'U ElflTl1.J~ffitJ1LL1JlJ SN2 ~-3'Ji1R-3 

CH3..;..X > RCHrX > R2CH-X >>> R3C-X 

u·- ...~ 5.5,1.4 .. LlDJP.JDJJ~~!!H!l~UJ.\! .. §~1 

1.J~ffiu1n11LL'YI'U~LLaRtlRLLtJLRtiLL1J1J SN1 inM-m:,i'1l11f1~1tJ~1ia 5.4.5.1 
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CH3 
I 

H3C-C-Br 
I 
CH3 

+ 

2-bromo-2-methylpropane 

CH3 
I 

H3C-C-OCH3 
I 
CH3 

2-methoxy-2-methylpropane 

+ HBr 

. Lihu.J~ffiEJ1 el\t..i'UV\it~ elflT1tl~fnE.I1;f\t.rllJfl11aJ L .ffaJi1-tt-n Eh1 W11-.rfU~ Lfl E.11 

1..1~ffili1Lnfl 2 .ff"U 
~ 'I " !1' ., .. ~ ~ 'I •'VI " -nuLL'ln leaving group V\~flaan LV\fl11,.J!LLflfHaaau '1f~fl1~~flfl1LV\aJ Lfl 

Leaving group: 1- > Br > C( >> F-

fl11aJ1a~L1-na~LLElafiaLLtJLatl R-1 > R-Br > R-CI > R-F 

il1t1~la 'lvh{Li1n1unmEJ1~fl11Tvuflf1 ~a a au LLa: l~~~fl~a 

.~~~:1n1ft~~~1~:!1-~~-~J.~~-t1~ 
1..1 ... - 3 ~ .. rr ~ 1..1... ...... ..J' " n !Jn1EJ1LLuu sN1 ~~n!J.~~!l.~!DJ~11.~.~-~11..Y.~H"l.~ .. ~.~~Y. !Jn1EJ1'Yl V\fl11 uLLflfl 

· laaa"U~u~·nEJ1~:Lnfll~L11 
o • o o o o o+ 

3 carbocation ~1 benzyl ~ 2 allyl > 2 ~ 1 allyl > 1 > CH3 

• - ~ .. 0 p 0 - ' .. • 'VI .1-- " LaJtlLlJ'lE.IlJL 'YlE.IlJL~vn: 1 , 2 LLa: 3 LLaaflaLLtJ aft fl11aJ1fl~ L1u!Jn1EJ1-;J:fl1~..U1aJ 

nul.l~ffiEJ1LLlJlJ SN2 n~h1fltl 

R3C-X > R2CH-X > RCH2-X > CHrX 

~-~-~~~~~~1~;:-~J.t! 

91'1'Yl1a:a1EJii.ff11flEJL~rn:i1'Yl1a:a1EJfw1inii-o~"J~~,hEJL~J~fiTfluLLflflLaaa1-tt 
ua: leaving group LtdiEJ,- ~:Li~fl11aJL1unmEJ1 

1-J.Dm.FJJ~~n11~~-~1l~~. 
fl1i1ULLflfiLaa"UL"Ul.l~ffim SN1 a1~~fli1LV\ajL~fl1i1uLLflflLElEla"UflLt«lEJnJ1nif"" L-rlu 

Br , 
I H CH3CH20H 

H3C-C-C-CH3 
I I 
H CH3 

?CH2CH3 ~ ?CH2CH3 

H3C-C-CH-CH3 + CH3CH2-C-CH3 I I . I 
H CH3 CH3 

2-bromo-3-methylbutane 
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tJ~ffitJ1ri£l'Ufl11if'li1\'V\li LLtJtJ~ft'El.OlJ1';)1flflTfltJLLflf'll£l£lEl'U~if'li1\'V\~LLa'l 

1JDD1.~J~.~H .. ~~IYH9..M~i9.~ .. ~~~~.R~!"!?.Y.I.i2.h~J!g~ 
LLBRARLLli~R~ LLa:LVU~RLLlf~R~ Lfif'I011LL ~'U~tl1 tJi\1flR1a lv.Jaltitt..f.o LLtJtJ SN2 

LLa: SN1 LiiEJ.0';)1fltJ;L1tU~L~f'ltJ~ffitJ1£ifl1111LLEltlf'lllill1fl~.OLnf'ltJ~ffitJ1 SN2 lfl'L11 LLa: 

~ •'I "' !'T '1 ~ ... " iJ • ·--fl-3~ L'V\flTlLtJLLflf'l LEl£lEl'UflLRntJ1n1L 'Uu£Jn1tJ1LLtJtJ SN1 

. H2C=CH-CH2-X H2c-O~H2 
allylic halide 

Q-cH2-x 

benzylic· halide 

allyl carbocation, 

o~H2 --- Q=c,Hz - . 
benzyl carbocation 

o ., • If ... If • If r A T "' ., ., .-
W1'V\1tJLLB1RLLlJ 'Rfl r'JURLLlJ 'Rfl LLa: alkynyt halide IJf.OLL'lJLaL';l'ULn1-3Vi'"tr:ntJfl11tJEl'" 

- I 2 '1 I - • ·-- ~ ~ - ... 1 '1.,1 f' ~ . '.D''"f'l sp ua: sp L11Lnf'lu£Jn1tJ1n11LLfl'"fl"'1tl'"1fla a Lnan.o SN2 LLa: SN1 

Q-x 
aryl halide· 

\ ,x 
1c=c, 
vinyl halide 

-·--- ~ - " ~ 5.5.2 u!Jn1U1n11tl\l,_tlil"LLilftflftLLII Lft,_ 

-c=c-:-x 

alkynyl halide 

LL£laflaLLDlatfLnf'ltJ~ffitJ1011~ifllDlt11LtlULDlatf (HX) ';l1nft'11L~11tl'U tl1tiLtJ~ 
LLa:Lnf'lt4''"tr:lVi LU'"tJ~ffi.tJ1~\iLfl;tllJLLeJafl'U tJ~ffit11 ij 2 LLtJtJ flEl LL1JtJ E1 LLa: E2 

• 

222 

•• 
H :X: 
I I -c-c- + 
I. I 

alkyl halide 

.~1~~J~1JDm!JJ. 
H Br 
I I 

CH3CH2-c-c-H 
I I 
H H 

•• e 
n1111ifl ., 'c=c/ :a + :x: + 

base 

(CH3)3C0-K+ 

[- HBr} 

/ ' •• 

alkene 

(CH3)3COK 

DMSO 
CH3(CH2)1sCH=CH2 

(86%) 

'\H 
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CH3CH20- Na+ 

ethanol, 55°C 

LtJft-loutJ~ffitnn1nJifl liLLrl 
,f 

KOH l u ~H50H (alcoholic KOH) 

Sodium/potassium ethoxide -v~1a methoxide (L~U ~HsO-Na+, CH30-Na+ -v~1a 

C2H50-K +) l U ~H50H -v~1o CH30H 

potassium terl·butoxide (~H3)3CO-K +) l u terl-butyl. alcohol -v~1a DMSO 

LtJwftLtJUit1fla1alvJft'£iau L-DU DBN LLft:: DBU 

~~~ 

~'11 -e-e-

a-
e ...... 

----~ I 
----. -c::..:.:c-

l i~ 1 ! 
X . 

Transition state 

LUUtJ~ffitnauti'uwa": atrntJ~ffiU1 = k [LLElftfiftLLtrlfttl] (L1JR) 

fi113J1 El" l 1-n El" LLDftfi ftLLUlfttl 

RCH:rX < R2CH-X < R3C-X 

atrnn1nJifl4unu1filfl-na" leaving group fi1111LL1"-na"L1JR LLft::i1fl1ft::ft1U 

Leaving group: 1- > Br- > Cf >> F-

tk ... u·- -: ,k fi113J LL 1"-nEl"LtJ R111n-nu £)9111 !Jn1U1';l::L ~3J-nU 
... .J r - lllf t ,_l I u·-911J11ft::ft1UUJ J'l1fln:J"J/7 li1UL1" !Jn1U1 

5.5.2.2 1-lni3.1.~:t~~llJJ..J;.t 

CM225 

tJ~ffiu1 L fifl ~1Uf.7J.fi~~f.~!l1P.~!l.~ 

LUUtJ~ffiU1elUtltJ'VIit": el9111U~ffiU1 = k [LLOfttiftLLtrlfttl] 

... u·- ,k ... El9111 !Jn1u1-nunu: 
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RCHrX ~ R3C-X 

2. ~i\fi,Uh1 leaving group LLft::fl111JLL;j~LL1~1JEh1~~1J: C-X 
~ .J ,., loJ T. .-. IIIII l: ' . -., • t•-

3. fi1111R::WUJ (fl1111R::R1!.hM1fln11"7J!"Elflt'll.l!Jn1ll1) 

tl """""" ~ or 5.5.3 !Jfl1'!J1fl11'ti'QfULIJI.ttL'Q'M•1n vicinal dlhallde 

LiJ~n1111ifiLLD 1aL-;J~ (X) -;J1nft'11U1inau~~JjLLtJ 1aL-;J~arJ~fl1fua~wa"a:fla1J~ 
v 

... ... -1 ~,., I .. . WI ~ ... T ... T ~ ..r ... I 

nflnU ~-'WViU1r::~ L U8~';11n vicinal dihalide t.fi-;J1nLLElRflULfllln11Lfl1JLLliLRL,~L111'YIViU'D'::~ 

tiA- ..r.. ... ..r ~ I 1 -!t-. ..r tiA- ~ 
!Jn1tt11.4-;J~1Jfl1111Lntt1118~1::'V\11~ fl1~n"1·t~'Y11J1,1n !Jn1tt1'YI~Ra~ 

Br 
~Br 

112-dibromobutane 
(vicinal bromide) 

tl """""" ......... 5.5.4 !Jfl1'!111'ftn!f'M 

Mg luoLnof 

"M1o Zn dust 

LLElRflRLLtrlRtllJn;tl1Rti1tt LiAIH4 'V\;8 1R'Vl:: Zn 'V\;8 Sn nun1fl ltiLLElRLfl~ 

CH3CH2CH2CH2CH2CH2Br 

1-bromohexane 

Zn1 HCI 

5.5.5 tlfimu1n11'fiEni1ou (Coupling reaction) 

CH3CH2CH2CH2CH2CH3 

hexane 

LiJ1.4nfi1JtJnmtt1L~ft'1,1 organometallic chemistry iiti1Li"~~LiJ~1a'V\::arJti1ttL~ 
• iJ v 

.J.. WI 1 .. .I WI .. I ,., !'I 1 .Itt I~ ... 

ft'11YI1J8\41JR LD fl1fl111J8~'1nft'11lJ1::neULUJ LftfUJ1fltln~LlJ\4 lJLRnft'YI t.'V\ID1J\4 LLR::1J •v • w 

1fl1~rn~f111Jn1'V\~fl 

5.5.5.1 ~Di11.~1 .. Y.V~~ <~11Ye 2.7.2.2) 

R-X + R-X Na ~ R-R + 2 NaX 

,r!.~~1~.1J!im~1 
2 CH3-CH2-CI + 2 Na anhydrous~ CH3-CH2-CH2·CH3 + 2 NaCI 

, ether butane 

5.5.5.2 ~~nt~1 .. 99!!Y.:P.~~:w.h~tc;I§;-.1:!9.Y~ (i1ie 2.7.2.2) 

LU\4tl~fi'1tt11J£)~LL8ftflftLLDlatf nun6UVU1LEHiUfl (Gilman reagent; R2Culi) 'Vl1El 

lithium dialkylcuprates l-iLfl,li2JUElRLfl~11JLRflR11~1fiL'V\qj'V\;e.Uutfa~ 
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5.6 LLD~itLLDlittf 

uo~a Lullatf LU~tn'lth:n El1J~ a::tlilaJLLlf 1~ L ;n.un1~~'l.l1r:lin 111rl1Jfnfu El 'l-l-n e1~1~ . 
LLEllnLaJiln LfltJLu~1:1~L1J~~'" :a~liEltrfU~'t~1filfl sp

2 

Rfl1yt1Ltl Ar-X 
~ 

Ar =Aryl L,j'l.l phenyl, substituted phenyl LL~:vu.iLLEl~h~~~') 
'U 

CH3 
CI~CI 

~~ H3CO OCH3 

~Br 

vv 
fluorobenzene 2,6-dichloro-3,5-dimethoxytoluene 2-bromonaphthalene p-iodobenzyl alcohol 

~ A l tf 5.7 n1,-Lfl1llaJLUl,-itLLU ittl 

... -·--- ... "' f" . 5.7.1 Lft1llll\l1nlJ!JH1ll1n11LLt1'Mt1tl1liLLII&.aL\l'M (Halogenation of arenes) 

LiJ~n1'lLL'Yl'l.l~~1tJDtRnTfl1~WR~1~LLElL1LLaJiln liLLlJL~L~U Cl2 ~;El Br2 iin1fiR18« 

L,ju Fe. FeBr3, FeC13, AICI3, BF3 LU~fi1Li~ 

0 + Cl2 F~3 
"" IQ(CI + HCI 

chlorobenzene 

5.7.2 Lft~llll\l1nLnaolt~otT!ILillla.a (Preparation from Aryl Diazonium Salts) 

Lnsn ~fla~T'lfLuvv Lfl;t.111~1nl.J~n'1u1 diazotization :a~LtJutJ~n'1u11:~11~un1R 
n~iiutlf111Jii (primary arylamines) nun1fiLUfi1R (HN02) ~~m~IJij 0-5 °C lti'tnREJ ~fiEJ~ 
T'lfLuvv~Lwiiu,- LLa:lliwa1uti1l~tn1a:a1u~l-iLfl;tJ11 
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CuCi Ar-CI 

Diazotiiation coer 
HONO (f) Ar-Br. 

Ar-NH2 0-5°C 
Ar-N2 

primary aromatic amines diazonium salt Kl 
Ar-1 

1. HBF4 
Ar-F 

2. f'I11JJifl\4 

u·- 1 5.7.2.1 .. Ll!J:'HJJ .. §~n~m~Y.~r 

LnaEJ ~f'IEJ: f'11L Ut/11 n11.J~ffir.nnu CuCI ~;£) CuBr 

I If 1' Ill .11 .. 
~11 'f'IEJ:,'lfLUt/11 tlflLLfl\n1 fltl Cl ~1£) Br .. .. 
li'Lfl'itlll aryl bromide ~;El aryl chloride 

~1~~J~J.Jnm~J 

diazonium salt o-chlorotoluene 

e e 

& 
N2CI 

NaN02, HCI () 
N02 

H20 
(0 -5 °C) N02 

3-nitroaniline 

ee qrNH2 NaN02, HBr qN2Br 
' 1 

H20 ~ ~ 
(0 -5 °C) 

Cl Cl 

3-chloroanlline 

5.1 .2.2 ~llmuJDJJ~n~~ti1.FJ..t 

LnftEJ~f'IEJ:f'lfLUt/11 n11.J~mu1nu Kl 

Cl 

CuCI
111 0 + N2 

N02 
1-chloro-3-nltrobenzene 

.CuBr.,. . . qBr + N2 

Cl 

1-bromo-3-chlorobenzene 

1 t ~ t ' ., . ... :.. t.!/. ... .. " .. • 
Vi1J 141Jflfl.1884 fltl Traugott Sandmeyer (flfl.1854-1922) 140Lfllii1W. "DLfl1tlli"D1R&U7 LRf1;J1nmaa 

"D'R lf1 D~ r '11, uvv 
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- 1iLfl1£Jll aryl iodide 

CH3 6NH2 
a-toluidine 1-iodo-2-methylbenzene 

5.7.2.3 .~DtnJJJDJ1UXl~~.~~!J .. f. (Schiemann reaction) 

Lna£1 !f1a~l'lfLUll11 fi111~ffiu1nun1flw~aalma1n (fluoroboric acid; HBF 4) 

uau !aaauLtJa u'"LiJoutl:na'",a"Lna£1 !fla: l'lfL itvvwREJEJ l111EJL 191 (diazonium ., 
fluoroborate) L~£Juun£Janus:1~fl1111'i£Jou-;J:tnnui11~ua1RwRaa!1ff ., 

~ 
0 

m-propanoylaniline 

NaN02, HBr 

H20 
(0 -5 °C) 

e e 
N2 BF4 

HBF 4., ~ 111111fou., 

0 
diazonium fluoroborate 

~ ~ ' , 5.8 ftaJlJtlt11"fl1 !Jil1ft!lil"UB1'ft"D &Bfl 

~ 
0 

R111Jtl'Y11"n1 £J1l1~fli1 u ua RflfiUIJ~Rl,lis:s1 uJ1 L iia"-;J1n R1l1~.ff1 ~1 lli di t1 

~'U1f:llf1fi1L';l'Un1JJ1 LLR:fl1111'M'U1LLU'Ull1nni1J1 

J.L=2.2 D J.L= 1,7 D 

W1'l•rl1J~ tl Lft tlfl R1'U' 'M q;;f oun 1Jfhlfl1 ~ R 111 LlJ'Utl L -rlou dichlorobenzene W111la 1 'lfLlJ af 
... .. ..i 'I 1 1 .. ... ., iJ .. " 1 ..... " 1 1 .. «< ., lJ';JflLfltlfl'ft1Wfl L~11: ~fl ~R 11Lli'Ufl'MnR1"L 'Ufi'UtJ L11fl1 ~a 'lfL11tl111 ~fl ~S lJ.LlJ'UflLRn'UBtJ 

" " .. 
LLs:aafTnl£1 1'lfL11afiilfl1 ~s 11J·L1J"Utl111nwfl -;JflLft att~"w"wfl R1'U~fl'MRtlliL'MR1LL3fla 1'lfLllaf 
. " " .. " " . 

A .. A ..i I I ....... A !T ~..r 
~'Ufl W1111J';Jf1Ltl tlfl'ft1Wfl LLfl';Jfi'MStlliL 'MR1-;J:R"n11L11 tlL 'Y1 £J1Jn1J~'UtlEJEJ1' f1LLR:L11fl1 'Yl"'U 

" " " .. 
L~Tl:la 1'lfLllaf~itttw111itti11ou111~anilni1 .. 

Cl Cl Cl 

¢ CrCI Q . 

Cl 
Cl 

• 0 
170 181 173 "'fiLfiOfl { C) 

" . 0 
53.5 -17 -25 ,fi'V\LUl3JL'Vlft1 { C) 
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t.l ......... ..._ l , 
5.9 lJn1'!J1tlil""D1'8"lJ Hc;t 

-. If ~ • -. •• ,-. ., ~.. ..I &I -. ... 1 ...... ., - tJ--
LUJ1flUll 'flfl fl1-3';11nUDflUnf1nUl1 'Rfl'Jf-3~nLLfl~flfl1tJ~1fla El LnftLLa:Lnfl !Jn'l'tJ1 

n1_1~ftlElU1-311fl L 11 LLEJ1a LLlJLat\LiitltJ~fi1tJ1L 'V\t:h\iu1n tJnL'l~ L ~fttl11:~LL1-3'V\'1EllJ'V\~ 
LL·,~~1JUflfl-3~L~nfi1El~ElijL'U.1-3 tJ~ffitJ1•UEJ-3LLEJ1aLLDLftfl1tiuri n11LLfl'U.~ti1£J~Lan Lfl'l'L~a 
~1-3LLEJL1LUJ9in n11LnttR11tl1::nau 1n'V\::a~f116 LLn::f'I11LL f1U~~1-3LLEl11LLll9inti1uil1fliHa 
lvhf 

' tl"'~ .. .., ._ fl 'f' 't • .l ~ 
5.9.1 · !JH'1S1n1'1LL,.Mflft1U~Lftn\111'Lnft 

LLD 1nL~u (X) LUU'V\1iLLf1'U.~1filfl ·ortho, para-director LLfiLth~'V\li~-3aLanf11El~ f11 \~ 
... ... I 

1-3L'U~;a'U.L1fiEltl~ffi£J1011LLfl'U.~.;1£J~L~nLf11L~tfuEJ£Jft-3 

D 2 

Cl 

HOL_L_. Cl 
+ ~CI 

HO Cl Cl 

DDT 

5.9.2 UlJ!Bullla,{ LLRtn1'1LLf1Mfltl1S~1flfttolYh{fi1\1LLDf'iLWtln 
(Aryl Halides .and Nucleophilic Aromatic Substitution) 

Ct 

L rta-3~1nLLll LftL';)U~El"LLEl,ftLLlJLfttlm-3WUclinll1rl1Jfl1f1J El~1filfl sp 
2 W~tr:: e-x 

~ El-3 LLEl1ft LL11Latl~-3funi1 LLft::U ;j-3 LL1-3ni1~'U.tr:: C-X -~ El-3 LLEl ftfl ftLLt11ntf LLEl1ft LL11Lafl~-3 L 1 

fi£Jl)~ffi£J1n11LLf1U~ti1£Jil1fla1al~tfu£JtJni1ll1n utitJ~ffi£J1El1~LntlLtin1LiLLEJ1ftLL11Lftfl~ 
i£J'11L1ll1n;f~ 'V\1£Jtiwzn::l~LL1-3 'V\1£Jliil1fla1£Jl?Jtf~l1ti£JtJ~ffiu1ll1n ~ L-ri~ 
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6 

Cl OH 

6 NaOH.~ ~ 6 ----... 
3500C 

fl1"12Jti'U 4500 psi 

Cl OH 

¢ 15% NaOH ~ ¢ ----... 
160°C 

N02 N02 

Cl OH 02N*N02 H20 02N*N02 I . 
60°C '~ ~ 

N02 N02 

V\liti-\lflLftnfl1£l'UfhL~fl11liV\'U1LLoU'UflLftnfl1El'UL'U1-\IL1J'UiH"Uafla-\l it1fli1nlv.Jtf~-\l 
'U 

L,j'1'rhtl~mEJ1L;1;i''U LLtJL9LtJ"Utnou~iiV\~ti-\leLftnfl1El'UEl~ti1LLV\'"-\IUJf11Lnfltl~mEJ1L71ni1 
r.1n~LliijV\liti-\l a Lanfl'lEl'U. ufii1ni1r.1n~iiV\liti-\l a Lftnfl'lEl'Uf'h LL V\'"-\1 fJ Dfl r1LL9: JA/111 

'U 'U 

_j~ 
Cl Cl Cl 

¢ qN~ O,N*N~ 
' '~ . 

N02 . N02 N02 

tltlTlft1J~flf ., ~ 7.0 X 10
10 I 2.4 X 10

15 I L;1~~1tlL~'~---·J 
I 
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.n~Jn~iiffi.~J-~~ LiJ~LLuu ~g<;1i!i9n:.J;ti.rJJ.in~~!gn iJ 2 ,f~ .r~d' 
~-~ t't .. 1, ...... .1 .. 1"'- ..1 ... 1f ....... 1f .. 
:JJ~Y.I.J. •• !.\~~!~.QJJ.: "W~1flti El nft111ulJn'U.I1flUD1&9Ul1 'Rfl Lnfl~J.!'} . .V.!HP..~~~. L"H:In 

Meisenheimer intermediate
2 tS~iJuriiE.t11l1~L ~Tl:L 1L'.I1LL ~ ~.f 

Meisenheimer complex 

resonance h~brid structure 

XON·u e I 
~ l 

';l:L~~i1tl1LLVIU-3DBflnua:tv111iJfl112JVIU1LLU~aLSntl1El~ft'~ V~lifl~aLanfi1El~~ElU 
~ ~ ~ 

l~t11LLV~...t~.r~na11~"~1ttn1:';11ttaLsnfl1a~ ,,,~Lwnu1n1~a~LflafiJLilufiLvi2J 1.J~mu1 
...... t¥ 

Sw\f ';l~LnfiL11,14 

?<;-G 
v 

6
Nu , 

9 
+ :X 

5.9.2.2 !IDffi!-JJ~~!l.l.J.~I!m!n~tM?n:A4gJti_Q.IJ.: 1.J~mmLnfl~1~ Benzyne 

UD1Rullls/~l1iiJV~~tl~aLSnfi1D"~t'hLLl'lU~BDflnua:tv111 LntttJ~mu1lt1'L~al-f 
LlJRLLri111n ,foULL1nLU14n1nJifl H-X ltlftULfiDfilLf1ttfl ~-v.~.7~ (benzyne) L~ElLntttJ~mtl1 

2'.JoO!IIl · ., • ., fl1l .tt .._., • T ~ 
fl"'filtl111 Jacob Meisenheimer (flfl. 1876-1934) "nLfl11LtJEl1li"IJI'-3~Na.n"., •flty flEln')fLtmo Lfl'HI'Tl-3 

i~flofijLtltJtl Meisenheimer complex · · 
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Cl 

6 
chlorobenzene-1-14c 

( • = 14C) 

.nfl,n!l.~m.FJJ. 

liquid NH3 

aniline-1~14C 
(48%) 

[ 0] 
Benzyne 

+ 

aniline-2-14C 
(52%) 

~~~.JJ~!~mi.Q.~JJgn.: n::tv,1nnnu (NH2) LU\lLUWLLri Yi1tJ~n;rn-ni~ HX 1.,.; tvu 
1'lfu 4~'3JLtd1u1 

H 
H~~~ e I . + INH2 
H ~ H •• 

H '----/ 

H:¢H 
~I 

H 
H 

Benzyne 
t. .I . - 1'1 ... ...1 wt •• l .. .. ... .I ' .. .. ... ... 
!J.~!' .. ?. ... (~}..l~~~!!t9.n: NH2_ Lu\l\l1fla El Lna L,1Lf12J'Y1fl11UD\lfl1\l'V\\l~,£J~?4U1J: 

ft12J L,_;fl1fU1JUtEJEJEJU 

H:¢H [) 9 I + INH2 __.. 

H ~ '-.__/" 

Benzyne Aryl anion 

t. .I . . .- ar .,. 1· 1 1 .,.. WI., 1 ... 
!J~!' .. ?.. .. (i?l..~~~'U~QD,: f111U1JU 'EJEJEJU~~ u1fi£JU~l1nLLD2J 2JL U£1 LfiR111~LL£J 1LUJfln .... 
nauflu 
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H 

,.. + H-NH2 Hqe~~ 
H ~ NH •• 

•• 2 
H 

Aryl anion 

1-bromo-2-methylbenzene a-toluidine 

9 -330C 

Br 

1-bromo-4-methylbenzene p.toiLiidine 

A 
.~Br · 

CH3 

erN~ 
+ 

A 

1-~romo-4-methylbenzene a-toluidine 

&NH2 
m-toluidine 

+ 

m-toluidine 

& 9 + 
.NH

2 
NH2 

m-toluidirie p-toluidine 

5.10 ft11U1tnotJ!flMtfi'W.n;d (Organometallic Compounds) 

w11th::nau lft'V\::a'I.L'YI;uLi~l'"w'1lthmau~ii~-un::1::\'\11"fl1fua'I.Lnu 1ft\'\:: (M) 

lft\'\::aT~Luu~ilfl monovalent (L'Ji'I.L Na, Li) ~1a divalent (L~'U Mg, Cd) 

R-X · + 2M ____.. R-M· + MX 

~!Y.~I.~.rJtm~~~t 

R-X + M ~ R-M-X L'lt" CH3-MgBr 

R-X +2M ~ R-M-R + MX2 
... I . . . • 

(UJ£1 R = "\1 alkyl, aryl, allyl, benzyl 'V\1£1· alkenyl) 
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5.1 0.1 n1"SL;uni1oft1-slJ-stnouTa\ttD\4n;u 

1fl u'Yi'1 lt.J L1un Lill41aV\:~~nnLL 'Y1~~ ~EJV\anLil~ 1a\'\: 4u.tl4fl'1 tJV\liln lfl'lfl1fu EJ\1. ,. ,. 
LLa:a~li1£Jfl1tJ 1a"': LUU alkylmetal, arylmetat V\1EJ alkylmetal halide, arylmetal halide L-rl\1. 

[>--u 
cyclopropyllithium VCH2MgBr 

benzylmagnesium bromide 

H2C=CHNa 

vinylsodium 

(CH3CH2CH2)2Cd 

dipropylcadmium 

CH3CH2Mgl ·,,~ 

ethylmagnesium iodide ~ 

H3c-Q-u 
p-tolyllithium 

.. , 1':.._... .. .... ,. 
5.10.2 n1"SLfi"SUIJDD7UnU-6ft&fJV&I LLatn701177&D&UUfJ ., 

W1'll1'l:nEJ1JLLtJLa~R1UL"'tYLiL9l'itJ3Jn1qrrnLDLiUmLa:aafunfuiLnll11lllfltJ9l'l" 
'I ... a.l ..I ... A 'I '•_l alA- · ... 1 . al 1 A .... tf..l A ..r I 

L'U.fl1111a:a1tJ'Y1LL"'~ '.If" L3JTI1u!)n'ltJ1nlJ aV\:.LLa.:tfl'lu'l:nEJlJ a"':El'Ut'Y1'ltJ'Y1Lntl~'U. L~\1. LWU 

U?U LLa:tfl'll.J'l:L11'Y1ElL'Y1Elf lfl'LLfi ethyl ether, THF LLa: 1.4-dioxane · 

R-X + Li <0> 

R = alkyl, aryl, alkenyl 
X= Cl, Br, I 

R-X + Mg<0> 

R = alkyl, aryl, alkenyl 
X= Cl, Br, I 

pentane 

~;a ethyl ether 

~;EI THF 

ethyl ether 

~;fl 
THF 

R-U 

Org~nolithium 

R-MgX 

Grignard reagent 

LLEJaf1aLLt~La~ > LLEJ1aunla~ LLa: I > Br > Cl >> F 
\ 

R1 
sp3 

R1 R1 

Alkyl halides ' \ 
~;fl 

. \ 
R2-c-x ~ R2-c-u R2-C-MgX 

R; 
. I 

~ R3 

"c=! ~ "c=! . 'c=c! Vinyl halides ~10 

I 'x I 'u I MgX 

Aryl halide Q-x 
sp2 
~ Q-u ~;fl o-MgX 

Alkynyl halide -c=c-x 
sp X .. tf0<3~91'iU11 l91Uelfl11 

CM225 
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~~~~ .. r ... ~~~~ 
n11,f11lJVDD1Ltn UfU'YilJV 

~Br + 2Li 
pentane 

) ... ~Li 

butyllithium 

+ LIBr 

2Li 
diethyl 'ether .., 

350C 
+ LiBr 

bromobenzene 

~Br +.Mg 
ether 

(dry) 

phenyllithium 

/'.../'MgBr 

butylmagnesium bromide 
(alkyl Grignard reagent) 

(yCI. V + Mg diethyl ether.., 
OMgCI 

~Br v +Mg 
THF ., 

!1 

cyclo~exylmagnesium ~loride 

OMgBr 

phenylmagnesium bromide 
· (aryl Grignard reagent) 

I ..... I .. 1 'f' ... .. ~ 
"~ilttliliJYIIJNRfliJil1"tu"ltnil1JLR"til"YI1EJ 

I ..l._t ~~ ... 1111 Of .. ... ,. ... I 

\'\~a:f\D11YITJ1 L\'\n1QJ111',DU1U~Jft'a1Vfl1 flLLn 

t ...~ ... , 1 ..1 ~~ , ... I • . 

1. \'\JJ£1:9\DJJ'Ylll lJ fl"'L',J'U.'YlLlJ'U.n"'fl flLLn -OH, -NH2, -NHR, -COOH, -SH, .. ' 

-S03H, -C=CH 

2. \'\a.iD:flaiJ~i:i~\'\~'U.tr:"':\'\11'11 C ntJ&:9l£lJJ~iift'1l1~'~Yl1tUJft''l1 '.iLLri C=O, .. " .. 
-COOR, -CONH2, -Cs:N 

I ..1 ~" .. .I 1 ... ... .. . I 

3. \'\JJD:flDJJ'YlDDn·n Lflft'ft'111J"':nau a\'\:D'U.'Yl"'V L~'U. \'\11 -N02 .. . .. 
5.10.3 1Jfimu1!J0\1ilil-fLLnT"aLftua~ ua::n;qp.f;LOL;t"tf 

fl11JJ1 a"' 111 ~n'1u1~ a" R11u1:nau ln\'\:a'" 'Y11rf4'"nuft11JJ LLfln 911"~ a" wn1~ 

' 

•• J."tJ 1 ... ..1 ... IIIII ~ a- . 8+ 1 ___ A'! A fit 1 ...... IIIII ... I 

rrn19tJ1:\'\11'11 C nu M 'Yl~'U.tr:11~1 (C -M ) L?411: nmlfDLan 'il"'L'U.n19\1fl'UDVn11 

.:. ... ... ~ tl 1 ... ... .. !!'1 ···- . ,j' V'I1~'U.tr: C-M JJ111JJ1nft'11 1:neu n\'\:D'U.'Yl"'tJn L11JL]nW1JJ1n11'U. 
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I 
-C-M 

I 
M = Na, K M = U, Mg M = Pb, Sn, Hg 
(ionic) (polar cCNalent) (covalent) 

Lilaft'11Lvuhd.Yh1.l~ffiu1 Lhu-ua-3 c 4-3i1tt-'it,a~~;as:h,TI1Vi.ff1~1J LiJouit1fl~1Blv-J&f 
iJ - ...L.. ... ..1 - .... - ... 1 • --· 1 .. ... ..... iJ ..1'1 " " LL~:L U1J1L1n4~ lfl'lJ'YIL0tllJL)01!.11n1J 11L~fl~8U ft'111J1t0£)1J ~~:£JU'YI1U';l-3L 'U.tn't'YI L-.rft0'1-3 

~un: e-c ~-3s:i1.l1: 1u-.rftll "U.n11R-3LflTl:~ tfl1a"U. n;u-.rfilflti1-3 'J 

u·- ... 1.1 ...~ ... , 1 ...~ iJ 
s.1 o.3.1 .. JJnJ~JD!!~! .. J;n~!!!'.2A .. ~.~-l~'-H!I.\ ... ~nJ~. 

Ltlu1.l~ffiu1n1fl-L1JR n1flJ1n'EJ'-vumL~:EJEJfunTui,nv1l LiJou.L1Jtnui .YhtJ~ffiu1 

tl1J 1tJ1tl£J'U.~LU'U.01fl LL~:R11U1:na1J~s:ilu1fl1L';l'U.fti1-3~\Uf:n1Ja:fla11~liRTI1Yilv-Jvh~1J 
R-3 L1iu o, N Ma s lti'l.u1fl1fl1f1Ja"U. 
'II 

CM225 

HO-H __,. 

R-MgX 

Grignard reagent 

R-LI 

organolithium 

~1.~uJJ~.1J!imP-J 

R-H + HQ- +- Mg2+ 

R-H + R10- + Mg2+ + Cl­

o a+ 
R-H + R1-C:C-MgX 

alkynyl magnesium halide 

R-H + HO- + u+ 
a- a+ 

R-H + R1-c=c-u 
alkynyllithium 

CH3CH2CH2CH2Li + H20 _.. CH3CH2CH2CH3 + LiOH 

butyllithlum 

Q-M!IBr . + CH30H - 0 
phenylmagnesium bromide 

ethylrnagnesium 
bromide 

propyne 
(terminal alkyne) 

propynylmagnesium 
bromide 
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tl-- ... ...Iii ,. • -r .. .. .. ,. 
5.10.3.2 .. LJDJ~J!J.\!!!§~.~-'-'-~ .. 11!~ft .. rJ.~: L11Lfl'l'tJ2JLLEl~nEltJEl~ 

~ • ..t tl-- ... ...Iii .-.·. -r: .. "' - iJ .. ~ . 'Yl~ RMgX ·u~: Rli 111 {)n'l'tnnuLLBRfl ,llfl,.,.,.Elfl nuL,.,~~fl~ftL \ULEl~nEltJEla'Yl~fl 
. ~ 

tttiBBiLLnfuaLntJvilfl11a.l'ia~l1111nn11 • · 

tl~ffitr1rltJJ'!Bf111f1~tlllltiLLElanOlfElStiJiJIJii 

tlnffitJ1rl1JLLBf1~tllf11ou ltiLLEl~nEltrElS'Ylfltlllii 
:.1 't ~ 

tl~ffitnnufl'Tnu liLLElanEltJElSfltitrnD 
~ . 

I 
~ R-c-o-u• 

f. 
R-C-OH 

I I 
. I 
~ R-e-o- Mg•x 

I 
R-C-OH + MgX2 

H2C=CH-U + 

vinyllithium 

O
MgBr 

+ 
~ 

phenyl magnesium 
bromide 

~0 
H 

benzaldehyde 

pentan-3-one 

I . I 

~.: 
ether Y .-----:-l...- -....;;._-~ H2C=CH-C-OH 

I . 
H 

1-phenylprop-2-en-1-ol 

3-phenylpentan-3-ol 

5.1 o.3.3 !JDmrJJrl'Jd.Q~!r~n~~-"lFJ.~~-~ril!!. (epmddes) 

RMgX • Rli n1tl1iffit11n1J oxirane t1-fLLEl9nEltJElntl~111lD~1'lifl1fuEIUtr11 Vl'l'El w .. ~ 
..: ,¥ L'Vtl2J,'U 2 El:flEl2J 

s- s+ ·co 
R~o-u• H20, H+ R~OH R-LI + -& __..,.. .... 

~ 

R-MgBr· + ~ 
~ 

__..,.. R~O""Mg•ar H20, H+ R~OH 
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~I~~J~JJ!im~J 
0 . 

~MgBr + ~ ---.. 

propylmagnesium 
bromide 

~OH 

pentan-1-ol 

5.1 o.3.4 1J~m~Jrl'Jf1Jfl!.#J.Hl~f.?!J.o.l'P.'tf: liLfl1tJ11n'l~fnfuantftan 

lJ~mtJTtl RMgX ,.,;£) Rli n1tJ~mtl1nlJJ1LL;j~LL~~ (dry ice) L~n'l~fnfu£Jntft~n 

s- s+ 
R-U + O=C=~ 
~ 

0 
II __... R-c__;,o- u+ 

s- s+ 
R-MgX + O=C=~ 
~ 

0 
II ---.. R-e-o- Mg+X 

' 0 

o-MgBr + C02 ether.. o-g-QMgBr 

phenylmagnesium 
bromide 

0 
II e 

~u + co2 __... ~c .... oLf 
pentyllithium 

CM225 

0 
II 

R-C-OH 

0 
II 

R-C-OH 

0 

o-g-OH 
benzoic acid 

0 

~OH 
hexanoic acid 
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~ .., .r 
LLllliHnMfl llt1t1 5 

; . 
1. ';)1flWtt11fl'l\1rn~tiEJl~if' W11lfiLihLLLEJtiflaLLDltitlfltltJ1lii .. .. 

~r 
<4>v 1: 

2. ialfiLUULLa1aLLulat1 (aryl halide) 

(1) ~Br (2) o-CI 

& (3) .& . Cl (4) 
(fer 

4. flfi'Yn~lfl1 ~a 111L11Utl11£l~111LftfltitiEJll.Jd'LiJULL111Jlfl .. 
B~ Br ,, 

c H/ 'H 

(1)~ (2) ...--. (3) l (4) t 
5. l ,r,.,., _, 

1'11 flti:S1tJ 1 flUEIU'YlWfl • 

(1) 0-oH '(2) 
0-ct 

\ 

(3) 
OoH 

(4) 
Oc1 
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6. fiR11iia'LtJd'i11Lflil';)t1L~aila\1n11 · 
'U .. 'U 

(1) (CH3)JCBr ,.,1a CH3CH2CH2CH2Br 

(2) ~Br ";o ~ct 

(3) Q-er ,;. Q-cH3 
7. R11Lfl~EI isobutyl chloride 

(1) (CH3)JCCI 

(3) (CH3)2CHCH2CI 

a. cH3cHclcH2cH<cH3h fl1'11nu,j'a lfl 
Cl 

(1)~ 
~ 

(3) Cl 

(2) CH3CHCICH2CH3 

(4) CH3CH2CH2CH2CI 

(2) rr; 
(4)~CI. 

9. 1-chloro-1,3-dimethylcycloheptane fia 1fl1'11tn1'11Lfl 

91 I 
(1)~ 

Q-
(3) Cl 

10. ~EI IUPAC t!EI'I1R11tlEJL1.Jdfia,jalfl 

~ 
( 1) 2-bromo-4-ethyl-1-pentene 

(3) 4-bromo-2-ethyl-1-pentene 

11. n11ri1,.,Uflti1LL,.,'l.i'l1 lu-Na Lflnn 
'U 

F'H._ 

~I 

(2) y 
Cl 

(4) --6--

(2) 2-bromo-4-methylenehexane 

(3) 2-bromo-4-ethyl-4-pentene 

F.';t\-s 
(1) ~ 

3 ~ 1 Br 
(2) 4~Br 

3 

F.~2 
(3) ~ 

5 ~ . 3 Br 
(4) 

F.';f:Y-4 
~ 3 

.1 ~ Br 
2 4 2 
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12. at'lth:n au9i altJd'f1 a tn'lL.-t 
Cl 

H-yfyCH2~H3 

H~CH(CH3h 
H 

(1) 4-chloroheptane (2) 3-chloro-2-methylhexane 

(3) 1-chloro-1-isopropylbutane (4) 1-chloro-1-isopropyl-2-ethyleth~ne 

13. tJ~ffitnl.-tfi_altJd~l~ 1·bromopropane . 
CCL,. ... 

(2) CH3CH2CH3 + Br2 

(3) CH3CH=CH2 + HBr 
peroxide 

·' ... 
\liii .. peroxide 

(4) CH3CH=CH2 + HBr .. 

14.Lf1'l~trl'1~L.-tLiJu~sfl~tn~nn-na~tJ~mu1fialtJd o- HCI 111 ?·. 

__) Cl 
(1) l_)-. 

)(CI 

(2) u 
(1) CH2=CHCH3 + HCI + ROOR 

(3) CH3CH=CHCH3 + HBr + ROOR (4) CH3CH2CH=CH2 + Br2 + ROOR 

16. tJ~ffitn9ialtJdltiat7L.-t 0--=== , · excess HBr ..., 

~r 
(1) l../ \ Br 

C0-ar 
(3) · Br 

(2)~Br 
O-f ·(4) _ , . . ~r 
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A B D 

(1) AB (2) CD (3) BCD · (4) ABCD 

A ... ' 1 I 'Ill • ,..r . ' T 0 ... ..It 18. LlJEI~-;11'H\.L1 lJU~naflEI L,lJ~. El:flflli'!IEI~ 1hfi1L';l~fl1'V\~1fl fl 
" 

(3) n1fl (4) LtJR (5) 1li1.1t~~ 1, 2. 3 LL~: 4 

t .1""'- ..I ""' . 111 I' .,1,...,1 • ..., • I L 19. ~u!)n'nnnTnLn~n'JJEI~LLEI~flftLLlJ Lftfl leaving group 'nfiYltfflflEifi1L~Ein fl 

(1) Cl- (2) Br- (3) I (4) F 

20. tJ~ffiu1fiEILtJd\t1'R11Lft 
0-c?Nae + CH3CH2CH2·Br ? 

o-
O-CH(CH3)2 o-O-CH2CH2CH3 

(1) (2) 

{3) 0 {4) 0-oH . 
21. u~mu1ti a'uii' \L1-;1:Lu~tJ~mu1 LLtJtJ '" 

(1) 2-Bromohexane (2) 2-Bromo-2-methylhexane 

(3) .1-Bromo-3-methylhexane (4) 3-Bromohexane 

23. tJ~ffitJ1LLtJ1J SN1 LTlftL~R11LftL11~~ft 

{1) Q-1 {2) Q-sr 

O Br 

(4) CH3 
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24. lut.J~ffitt1LLuu sN1 LLfis:~fialt.Jd' t.l~ffitt1Lf1Lnfllti'L;1n11 
(1) (CH3)aCCI + H20 ____. 

(CH3)aCCH2CI + ~0 · ~ 

(2) -~Br 

~Br I\ + CH30H ____,. 

25. fl111da"l1fiat.l~ffiu1LLUU SN1 -na"W11t.l1:n~u 3 -JilfiLiJ-uti"d' 

QH~ Q 9 
CH2X CH2X CH~ 

w ~ ~ 

(1) A'> B > C ·. (2) B > C >A· 

(3) C > A > B (4) A > C > B 

iJ •• -- ~- .., t , .... ~-26. Dehydrohalogenation L 'UIJL)n1tt1fl11n11\l'ifiLLD aL'i\LLLS: __ ~~9fl~9fl11 , ... I- ,¥ 
~'Utr:flLnfi1JU 

'U 

't ..,. A 
(1) H20 (2) LLDL9L'iUOna:fla11~U" 

(3) hydrogen (4) hydronium ion/ 

21. "'"'~'"Lnflt.J~mu1uuu_ e1 ltl'L;1~~". 
-(1) 1-chloropentane (2) 2~hloropentane 

(3) 2-chloro-2-methylbutane (4) 2~2-dimethyl-1-chloropropane, 

28. tnituLLflfl lao au 114-A'o ltuwii tt1111n~«fl 

(1)~ 

~ 
(3) G) 

29. LtlRLLfi ..... . 

(1) Li'LQ~1:t.J~fijtt1 E1 

1 ... ~ (3) 11ft" E1 LL9t E2 

242 

• 

-. 

/"../' 
(2) $ 

' $ 

(4)~ 

(2) lfLQYf1ttlQMt11 E2 
- ~ i 

(4) l11l~Ya-3nt.J E1 ua: E2 
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3o. ,jafl1111lfl~l~n-nanHm:tl~mu1LLuu e2 
(1) a~11tl~ffiu1 '= k [LLaafiauulatf) (L1Jft] 

(2) fl1111l1tlnffiEJ11Ja~LLaatiauulal: tl~1111ii > niiEJnii > ~iiEJnii 
~ 4 ~ 1 ~ ~ 

(3) el~'l1tl~ffiEJ1;f'Un1J leaving group . 

tl-- - ~ .. (4) !Jn'lti1Lnfl1l'U.Lflll1 

31. ,jafl111llfl~l~n-nanHm:tl~mEJ1uuu E1 

(1) el~'l1U~ffiEJ1 = k [L~aRflRLLDlfll) [L1Jft') 

(2) fl1111l1t1nmu1-na~LLaafiaLLtrla.l: tl;11nii < niiunii < ~ilunii 
~ • ~ II ~ ~, 

(3) er~ntl~mu14'Un1J leaving group 

(4) tl~ffili1Lnfl~1'Ufl1i11JLLfl~laaa'" 

32. er~ntl~mtl1fl a ltldf1 a,j a'" 

(Jar + NaOCH3 
... () + 

A 8 c 
(1) k[A] (2) k[B] (3) k[C][D] 

33. tl~ffiu1~altlifl,.,R1'llfl 

(1) [)--{] 
2 D-cH2 cl ~ 

[}-ccH2-(] (3) 

34. lodobenzene L~;EJ111flu1~lfl 

(2) 0 
(3) 0 

Kl 

.. 

(4) ~Br __ Na_l.,..---j~ 
V acetone 

CM225 

NaBr 

0 

(4) k[A][B][C][D] 

'(2) DO 
(4) D-CH2CH2-(] 
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35. W17ltnntlu~mrn s~r ltrL;,~~fl 

NN02 ;t,c1 
(1)u 

y· 
(2) Cl 0 (3) . b Cl 

. I 

CH3CH20H CH3C=N . CH3COOH 

~ ... 'I -~-- I ~-~..r. ~ l 37. W17'il~'il\L~'Uu!Jn7£J:fla ~u\Lf1El'i~El fl 

? 

Q-sr 
(1) 

1. Li 
2.Cul 

. (2) (3) 

38. u~mv1-Da 37 fia .... 
( 1) Wurtz reaction 

244 

(2) Corey-House-Posner-Whiteside reaction 

(3) Gilman reaction 

(3) LL;j-3LL 7-3111nn11LLElaflRLLQlatf 
(4) lliii~anua'ilnunmv1n17LLf1u~tr,vil1f1a1fll~ft' · 
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KNH2 

liquid NH3 

42. ~a9l~a-neh1tl~ffitJ1';J1n-ll'a 41 LU'UtLn1L9l 

H2N~.-? CH3 y 
(1) 

. CH3 , 

(4) (1) LLa: (2) 

r(YBr 

v 
(1) 

(1) R-M 

CM225 

/"'.../Br . 

(2) 

s- s+ 
(2) R-M 

hcHa y 
(2) CH3 

(5) (2) LLa: (3) 

~Br 
. (3) 

s+ s­
(3) R-M 

(4) 

s+ s+-
(4) R-M 
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