
·,::1 

tJ'nfl 3 

lrir~,_A,fuD" l&ifi&~<A~: uuaA", uDa lA,.C LLa:: l61o" 
(Unsaturated Hydrocarbons:Aikenes, Alkynes and Dienes) 

. 

trn1!tm: 1fl7'11Ri'1'11LL~:nTn1EJn~a tf'l7U7:n£Julaj~2J9l1~1nn,-,.2JI!Jf1&i L£l 1snL2J£lfL ~'11 
L 'rtJ1flm~ LRtl E.I11'11'Vi~il'I1LL£l~fhUL~:L'lf 1flfUL£l~fl'U R2JUi'Yl1'11n1 E.lfi1'Vi n17L~i£J2JLL£l~flU L~ 
... .. 'VI .. .I-- .I I -t ' 
£l'UR LL£l~ Lfl'\.4 LL~:uLJn1EJ1~£l'l1811u7:nalJL 'V\~11.4 

""' ... 'VI ... fl112JLnEJ11J£l'l1 L~ 

2. 7:1JiJ~iEJ~rifi£lLRClli11'11'Vi~£l'I1LLDftfl'U Llft:LrnlllJLfllllJLRtlll1fi1'Vi 1fl7'11m1'11LLfi~:LL1JlJL~ 
" 

3. £ln-1J1 EJiJ~i EJ~ij ~~fl£lR2Jllii'Yl1'11n1EJfi1'Vi~£l'l1lL£l~fl'U LL~:LrnlllJL n E.llJL~ 
4. eh"U;£lLL£l~fl"U lsn 1fl~LL£l~fl"U l~ e"Utf LL£lft Lfl'l! LL~:L ;J £J"UR~11fl7'11ri1'11~1n;£l R17t.h:n £l1J 

'II 

'l~ 

5. 7:1JI!JfU~~£l'I1LL£lftLflU'1.~11LUU terminal alkyne 'V\1£l internal alkyne 
" 

6. L;JEJ"Uu~ffiEJ1n17LfliEJ2JLL£l~fl"U L'lf1flaLL£l~fl"U l~ilutfua:LL£l~Lfl"U1~ 

7. 11'11LL~"Un17R'I1 Lfln:~LL~:L ;J EJ"Uu~mv1n17L~iEJiJl~ 

a. LL8~'11 ~a~~~ iL£l L ~u~LLa:t'V\1£l Rn11:~ £l'l1u.~ffill1~ Lfi~nu 81,-tJ,-:n £)1J 1 "Uunitl.~ 
9. 1J£lnfl112J'V\2J1EJ~£l'l1 acetylide· ion, tautomerism LL~: keto-enol tautomerism 

10. thtJ~ffiEJ1Lu1m"Un11i'I1Lfl71:~811U7:n£Jut.h:Lfi'Yl~"UL~ 
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1 f' .. 1 . ..: ... iJ " 1 .. ...r... ... I .. ... 

1Hfl1'fl11'1J 014 11011 tl1 L 'U. Ll fl1flTl'1J El'U. 'Ylll~~ ~'U.1r:1:~11~ fl111Hl'U.fl1J 

.. ~ I ... .r "·· " ~ I ... I • ... ~ ... ... ... fl111JEI'U. fi~LLfl 1 ~-u.n:,-u. LIJ LttLLn ~-u.n:fl C=C ~1El~-u.n:wuJ c=c -n~u~Lnfln11Lflll 
, "' 

lu 1fl1L";J'U.9iEJltlanlf1 LLEJRi1u~;El TDiwu (olefins) Lil-u.lu1fl1fl1fuEJ-u.lli~lli1~ii~-u.n:ti 
"' 

I ., "il " , .. ...r...... . ~ ... " ......... -C=C ~1'U.LLEJR 'flUL 'U. LDLfl1fl11UEI'U.'Ylll~lllr:~ll C=C 'Yl~LLElliffl'U.LLft:LLElft Lfl'U.lluL)fl1tl1 

~ ft1 t1'1)'Uflfl a1 tlrl'U. L ,j\i. U~ n'1u1 n11Lfit~LLft: El El ntftLfli'U. LLfl1J1~U~n1t11 L ihu.J~ fi'itn 

L~~1:fl1 

LLOftA14 LU'U.~1U1:nEIU~~1Jll1nl'U.lr11lJ'1)'1fi n1ii~'U.lr:fi 1 u'Vi~ ~fl11liL§fftftLU'U 
• , "' 'U 'I 

CnH2n ~'U.lr:fiii~nfiEI1U'Y11~1aJLnnn LU'U.U1L1m~Liiflunii1u1Lflii ~'U.n:fiEI1";Jr,JV111tll'U.1'1t 
'U 'U 'I ;..I . 'U 'U 

~'iEI1liUft1t1LeU ~1E1111t1lu1~ fl1f1JEI'U.~m~~'U.lr:filiEIElfih1n-uilfl sp
2 l'U.~'U.lr:fi C=C 

'U 'U 

LL9in:a'U.iin,,l..aaLanfl1El'U.i1llnu 2 fi ~L~aEJanwEI~~'"n:n~fl~nua::flElll~'" LIIJi'U. LEJnsu 
'U 

, A iJ ... ...r ... 1 ~ I ...r 
(ethylene) 'lf~L 'U.LLElftfl'U.'Ylll fl1~R11~~1ti'Y1Rfl 

'I 

~~~~ u~7 

~'"n:~wLL;i~LL1~1l'Eluni1~'"n:tftnll1 ~~ut1n~nJ1u uEJnfi'"~~Lnflunmu,..,_n,u-uilfl 

~l3.iLnflrl1JLIJlftLfl'U. 'U.El1l';J11lif~-u.lr:l'nLU'U.t~-n11~rf-u.n11~li'U.-nEI~~'U.lr:: tf1iin11~11'U..iE1~ 
'I ,• 'I 

li~a~~,'" LLn::.Yhl~~-u.n:l'nLLttn~n ~~u,-u.flflfl1fuo-u.tf-3ao-3-i1~~~nntt1"Eltinufl LLElnfi-u. 
'U 'U 'U 

~"El1';JiilEIL'1fLll ElfL i"L 1-n1flmflL~O~liLL 'Yl'U.~1Jfl"fl1ftJO'U.LLtlft::Otftflllth~n'U. L~ ElL fltiUfllJ 
'U 

LLEln Lfl'U.~iifl1fu El'U.L rhn-u. (CnH2n.2) uonfi1.uiJ-u.cn1tl1::navl2J~lli1L iiEI"~nniilu Lfl1L';J'U. 
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uaun11'41~1\Ui~Rfl~fl11iifiatnfua~a:flall 7:.i'Ufl11liLlifiut11flL.i';l1nth.i'~i1n11~1fl 
" " " LtJLfi1L';l~ ~~fh~1tu.'V\1L~';l1nRfl7iialtJd' 

" 
l=C(+l-M +T 

2 2 

·L~a I = itt~itn11~1flLDLfi1L';l~ (Index of hydrogen ·deficiency) 
0 . ~ 

c = ';}1~1~El:flEJlJ,.£)~fl111JEl~ 

M = '41~1~El:f1Elll1fittt monovalent (L-.d~ H LL~: X) 

T = '41~1~El:f1Elll~'iltl trivalent (L-.d~ N LL~: P) · 
Wl'V\i'u 0 LL~: S Lil~ divalent atom Lli\t1ll1fl1~1m 

uoa lA,.C Lii~LtJLfl7fl1fua~~ii~~n-:anll c=c LLa~Lfl~1'liLilfiLL~:ii~~n-:tnll 1 

LLvi~ iiRfi7LliL~n~ CnH2n-2 ; EJ~L'lfnRu (acetylene) LU~LLa~Lfl~1liL~n~Lan~Rfl LLEl~Lfl'i! 
" " ' " " 

~~')LLU~Ltitl1lJ9i1LL'V\U~~El~~~l)':R1.lJ Ltl'U.tt~'ilfl~s:l~~l)':R1ll1l1tJl~1'li (R-C=C-R) LL~: 
~'U.n-:tnlJ~tl~1tJ L'li (R--C,....=c-H) ~~El:L'lfii~~LL~:LLEl~Lfl1l'~ii~~n-:R111tl~1tJ L'liii1~~1nLLEl~ 
fl~LL~:LLEl~Lfl~ Liia~';l1niJLtl1flEl~~iJm.tUiLiJ~n1fl 

fl1fUEl~~El~~~l)':R1lJ C=C lfoafih1~tt~\ltl sp Ri'1~~~1J:Iftn1111:'V\i1~n~ (~~ 
LiJ~ 1 l~ 3 ~~1)': ~El~~~l)':tfill) aafihi~ sp an 1 aafihi~~:L'V\~EllJIJi'El~TlUEl:flEllln~ 

,r,~ ') n1l~-,.Y~ia:flElli~El~LLEl~LflU fia ~C-C LL~: e-c=c-e ii3tlfl1~Li\4fl1'11 Lliii 

1 tl ""' .. ... ""' .. .r fl,.~,. flLnfl';l1nn11'V\.ll~~~n-:LfltJ1 m u1L1m~ 
" " 

H-c:c-H 
sp-sp ~igma bond 

I sp-s sigma bond 

3.2.1 n1~L~!InLLilRA,..LLRt 1'lffAaLLORA14 

LLEl~fl~'V\~1tJtt~\ltlLL~:'V\liEl:fl£llJ-;)1nLL£)~fl~U~ElR1ajnJ~~ittJlllf~~Ltii'un11tJEllli'U " ... 
I ... I 1 ""' 

Lttf~ fl1EltJ1~ L~fl111'11fl 3.1 ' 
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... ... ... ... I A ...~,..... . ..... 

Gt1Th1fl 3.1 '!l'El&nllqJ-nEl~UBRflULLa:"\1 alkenyi1J1~'2f~fl fl fln.J011VEI11n.IL~1:1J1J IUPAC 

rfl1,m, iBf111J1~lJlJ istnvtJJ 

Ethene Ethylene 

Propene Propylene 

2-Methylpropene lsobutylene 

2-Methylbuta-1 ,3-diene Isoprene 

Ethenylbenzene Styrene 

"li methylene 
'U 

"li Ethenyl 
'U 

'V\a.i 2-Propenyl 
'U 

"li allyl 
'U 

' .., .., -~ ... ~ 
3.2.1.1 r11!~!J!!J.~'-~~f1.'1f!1~!.~Y.¥.J!J.P.~Q. 11-n'U.flel'U. 91~'" 

1) vn 1'1ivurn L1uniD1'1i~ah LL~:Lii11ti1~~n1u 

1 I .... iJ 1 I ..r... .. I ... ..r ... · ._, • 1 C' ~ 
'D'~~nL 'U 'D''YJ2J fl11tJ eltlLn1:9l eln'U.tl11l1 Rf\LL~:2J~tltr:fl fl11tJ el'U 'YJ~ft'el~-nel~ ................................................................ "". 
~utr:~ ~a~ e1 ijl '"l'li~~n 

I ... 1 I ._, •• ..r ...e lol iJ 
El1'U.~el 'D'~~nfl12J alkane Lu~ti'Utfi1~~'YJ1tl -ane L tl -ene 

-----------, 
-------, CH2CH3 
I ' ; 

:H C=C\ 
'--~----, \-------------------: 

•,CH2CH2CH2CH2CH3 • 
~------------------J 

i • 
• CH2CH3: 
1 I r------

HC~C I 
2 I \ 1..-----------------, 

l CH2CH2CH2~H2CH3 : 
·---------------------~ 

7 C ----> heptane ----> heptane ac 
0 ~ 

fnfun~tf\IRD\I,D\I.W~m:findt~llli"i'n 
'U .. fnfuo~,o"~~m:~n~t'"l'fi"an,lifl<ttltf""&J" 

2) ri1~tlflL~-nt'hLL~1l~lu1'li~~n 

L~2J';)1niJ~1 ut11u~lni~u1J:filnnni1 n1\tultiL rhnu L~L;2J';)1nfi11.1. ~~li 
"' ........................... ~'11' 

LL'YJ'U.~~~LL1nElVtl1LL~\L~fl5ji1Let-n\l'DEJni1 ............. " ................................................... .. 
thLL ~ \L~1Jel~~'U.tr:fl LiJ'UL~-ni1 LL1n~nnri1~tlflL 'U. ~1-l.lJ: C=C "' . "' 
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1 
H3C\2 31CH3 

1c=c,4 5 6 
H3C CH2CHCH3 

I 
CH3 

\ t'JWlanii a c 
6 C -> hexane -> hexene 

t11LLV\\l.ni~cfi fl£1 C-2 laj\'1t C-3 • 
3) ~tJn~El~liLL'YlUfiLLa:1:1Jfl1LL~U-3 LUL'li~an , " 

1 
. H3C,2 · 

31
CH3 

1c=c,4 5 6 
H3C CH2CHCH3 

I 
CH3 

V\~LL'Yl~flft C-2; C-3 LLit ,9-5 LU~V\~ methyl ~-3ft11JV\~ 
..... fit .I I ... :CIA ... ...,,¥ 

4) L 1JtJU1fElL<il3J1J El-3Wl~ll1:nEl1JtlElnULllU"1Ltltl1 <il-3"' 

CM225 

ga~ana-311'1u.i1EJ -ene 

lwLa1J f11 LL ~ U-3~un-:~l 1"-~J~:l~~!l1.~ .. "1.~.~!U~lfl!l.P.D~fJ.1t.~.~~1t;.~ 1 (~1a 
~\t,ga~an) 

Hexene 

2 

Hex-2-ene V\~£1 2-Hexene 

2,3,5-Trimethylhex-2-ene (V\1£1 2,3,5-Trimethyl-2-hexene) 

CH3 
I 

H2C=c-CH=CH2 
1 2 3 4 

2-Methylbuta-1 ,3-diene 

mo 
2-Methyl-1 ,3-butadiene 

LLeafiu fl s:ilaLIJfL3J1lfL 'B-3 L nJ1fl tiltl ti £J-31:u1fit<il LElL'lfL3Jef 
" 
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98 

3.2.1.2 rJ1JJ1YnJ~f.f!l.~f~fl!!.~H 

1) ,.,,1'lf,.,in L1un~a1'lf,.,in ua:aii11fi1a.ni1u 
' • ~· ..t .. 1 
£l1'U~a,.,anfl111,1'U1'Ufl111Jtl~ 'U1~fl111 alkane 

Lii11f'h\t1,.,11'1 cyclo- ua:LtJiu14fi1ft~fl1tJ~nn -ane LU'U -ene 

n1ii~oun:fi 1 u~~ La.ifl'a~1:1JLa'lJfl1LL,.,ti~~'"n-:fi .. " .. 
n1~oun:fiii111nn11 1 ~'Un-: l~1:1JLft1Jfl1LL,.,ti-3ua:~1'U1ou~ii . 0 . 0 

Cyclohexene Cycloheptene 

2) ri1,_, 'Ufl La,fl1 LL ,_, ti~ L 'U 1'lf,., an 

C1 ua: C2 fl'a~LU'Ufl1f1JeJ'U'lJ8~~'-'ti:fi~L1u~fianl.t.111 ............................................................. .., .................. . 
La,fl1LL,.,U~,£l~~'Ulf:fiLiJ'ULa1tfi1LL1n~rlnri1,.,'UflL\t.~'Uti: C=C .. .. 

50. 11 
4 2 

3 
Cycfohexa-114-diene 

l'l1n 
1~4-Cyclohexadiene 

,.,1) LL 'Yl'U ~,.,aj LL 1nfl' 0~ OtiL 'Ufl1 LL Vl'l.i~~iJtl1Lft11~1Wfl .. .. . .. "" 
3 

a.CH3 
. 2 

·de~ 
6Ct\ 

1-Methylcyclohexene 1 ,6-Dimethylcyclohexene 

-3 

u H3C 1 CH3 

1 ,5-Dimethylcycl~hexa-1 ,3-diene 
l\10 

1,5-Dimethyl-1,3-cyclohexadiene 

t; .. ~ ~ I I~ .. ~ • ' t; ~ ~ . ttl ~ I Yf .. ~ I -OH 
11111'Y1~~'UC~LLa:,_,;t ~n~'UeJ'U, .. l'J~ .. 1!llJ.~J.1.Y .... fHl!~.~-~-~~---~U1~-~ L~'U 
thfl'ri.l111nn11~'U1J:fi ~~nn\l'urio'U ua:lLttlaL';l'Utfifl'ru\l'oun11vroun:til~uu v ..,. .. .,, .. 

5-Methyl-4-hexen--1-ol 

~ 6~4·3 21 

6-Methythept-6-en-2-of 

'11\10 

6-Methyl-6-he~2-:0I 

Cl_n 
3V 

2 1 
3-Chlorocycfoheptene 

13-il'i 

1-Chloro-2-cycloheptene 
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ll1..;'\.Ln:ti a !h:'Vrl1-3fl1fuou~ a-31-3LLa:fnfu a\I.'U£)01-3 L1lln L U'\.La'\.L w\ui~ a-3 
'll 'll " 

cycloalkane LflliL1llnLiJ'U alkylidenecycloalkan~ Li'U 

methylenecyclohexane ethylidenecyclopentane 

"" ·,J •'f T .- . ..1..- ... ' 
3.2.1.3 n11L 1lln?IEJVUJ 'rl 'fl1fl11llEJUf11JWU!':fl ·····················v······································v 

0CHCH2CH3 

propylidenecyclohexane 

L;llnfl111 alkene LflliLtlili'UElfU~t1a~n1v~1n -e Lih.~ -yl L1llnLU\I.'V\~ alkenyl 

CH3 I 
H2C=C-

ethenyl 2-propenyl 1-methylethenyl 
(vinyl) (allyl) (isopropenyl) 

3.2.2lot~LJJoi'Li"L,.111Am"1"uoaA" 

3.2.2.1 ~D l'lfL11EJ'ni"' n1flrilfl Lihunfla;la la L'lfLaJafihnfl~1nn11'V\11'"~'"n: 1.'" ....................................... . 
l fl'l-3 si1-3 ij,j a,)1n fl (restricted rotation) L i'U ~'" n:~ LLa:~'U n: 1. '"1-3 LL 'V\ 1 1.1. .Yh 1. ~ n11i fl t\1 

• I ~~ ...... ..1 I' ... I • ..I I' I ... 

~ a~a:fl a11'V\'la'V\11 a:fla11 L 1.1. 3 11fi'Ylfl1'llJ a'"~ a~~\41r:fl'V\'la'Ylfl1'llJ a'"~ a~1~ LL 'V\1\I.fl1~n'" 
'll 'll 

H, 
1
CH3 H3C\ 

1
CH3 

C=C C=C 
I \ I \ 

H3C H H H 

~\41r:L ~ 'ti1L~n1'l'V\11'U'lalJLL 'U1LLn\I.~'Ulr:Lnflll1n 'V\1lLL'Yl'U~~fl1fua\4 vf~sa~-H'1~~~ 
" 'll 

A 1 ... ..I ... ~~ ..lo ... ...~... I ...1..1... I I ... 1 ... 'VI 
rmfl1~avnun n11~f1El:fla11 L \I.'Yl11~~El~LLaafl'U 'Yl11'V\11 LL 'Yl\1. 'Yl'Yl~'Ulr:fla1~tn~n'" flliLnfl La 
'll 'll 'll 'll . 

1'lfL11afL~~L~1flmfllti Li'" LLuu~ 2 LLa: 3 

(1) 
A, ,X A.., /y 
/C=C, = /C=C, 

P\ y P\ . X 

A A A X 
(2) 'c=c' * 'c=c' 

x' 'x x' 'A 
A, /y A X 

(3) I'C=C, * 'c=c' 
8 X 81' 'y 

... I ..I I' II ... 1-' I ..I • . ... · • ... ~ ~ 
fl1 a li1~'Yl 1 fl1'llJ a1.1.a:fl El11'lf1ll~ a~~'Un:flli'V\11LL 'Yl'U 'Yl L 'V\11 a1.1.n1.1. (fl a A) fi~'U'" 'Yl~ 

"" 'll 

tiLU'U.Wl'lLii ll1rl'U. 
'll 
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"" If T .- • ..1'; "" 3.2.2.2 n11l1lln ,D,'lfl1JD1l1f"l'rl11fhu.f1'11D"UDaf1U ............................................... ., ..................... . 

CH3CH2 H 
\ I· 

······<i==Er······· 
I \ 

H CH2CH3 

cis-3-hexene trans-3-hexene 

CH3CH2 CH3 
, I ------c:ae-······· I \ . 

H H 

CH3CH2 H 
' I •••••• <i==Er .-.-- ••• 
I \ 

H_ CH3 

cis-2-pentene trans-2-pentene 

2) 1~1111 EIZ 
3

: LsleJih~1iLL'Yl~fl3J1nni1 2 "Mli n11li1:1J1J,ft'/'t111ULfl1ii'~L';JU lli ... v 

ft'12J11rt1:un11i~i1l \f. ;t;,~l.r ~~ li1:uu~iJi e1n1"M u~2J1nni1~~d . . 

i~ a1~u ~13Jfl113J i1ti ty~El~ EJ:fl El3J"M1o"M1ieJ:fl E13J ;tfl;fu eJULLfi ~:i1u~ e1~ . ... 
... '1 l"' ... ..c ...... Y-~\4tr:~ ~u 'lfOLJn11';Jfl\'t1fi1J '11~~fl13JLa-neJ:fleJ1J 

1 : 1 

sr, : 
1
c1 

c::bc 
I : \ 

F : H 
2 : 2 

I 
1. I 2 
sr, : H 

I I 
c:;::c 

I I \ 

F I Cl 
' ·2 1 

flfl13JLL\f.1LLn\f.~\41r:fl tl1"M1ifliJfl113Jtlt1n•3J1nni1ElUtl1ULittJ1rlU iJn11i~f11 ... ... ... ' ·~ ... 
LL1JU z n1eJUfl1~i11Jn\f. n11iflfl1LU\f.LLU1J E ... ' 

1 1 

sr, ,ct 
------()~~-----1 \ 

F H 

Z configuration 

1 
sr, 

1
H 

-----i).a€-------
F1 'ct 

1 
E configuration , - --· \ 

2 • A ., -~ . -~ A ..,• 
cis LLa:: trans 3J1.,10il11!t .a::fl'U l'I3J1Utl4 "fl1Wu14" LLa:: "fl1·hJ12J" fl13J.-.1fl1J 

3 ... . . .. .... .. .. ... 
ELLa:: Z 3J1.,10il1Y1LtJEl13J'U entgegen LLa:: zusammen 'l14"3J1Utl-3 "9l141l13J" LLa:: "fi1Vn-u" 

fl13Jd1tl1J 
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"-

.... 1 ~ 3.2.3 n11L1HnLLoa fl" 

"" ... "" ..... 3.2.3.1 7JEJft'11/nJ LL6~7!EJEJUWU1f. 
. ···········-·············· .. ········ 

Acetylene LiJou~EJ~u7ty-nEh1 H-CeaC-H 4"ittJ11L7unnu lhv\'l1JLLEl~lflu~ouL1tJnLiJou 
... .- •• ..1 ... Z. 

El'U~'UlM.IEl~EJ~L'l1t1RU fi11Jn11U'Yl'U'Yl H ""'" • 

H-c:c-CH2CH2CH2CHa 

n-butylacetylene 

CH3CH2CH2·c:c-CH2CH3 
' \ 

n-propylethylacetylene 

3.2.3.2 .f)_'JJ{itJ.n~EJ.L.L.~~A~if.~'J.~~J!Y..~~-P.~~ 
1) vn L'liV\in L1un~ElL'liV\in LL~:LtJauutb~~n1tJ 

L'liV\in iif11fuEJoufiEJnoutJ11~RflU~:iivtun:~n11111 ul '"1'11 .. 
D1'U~ElL'liV\infl11J alkane Ltl~tJ'Ufl1~~n1tJ -ane LU'U -yne 

2) ri1V\'UflL~-nihLLV\u~loul'liV\in L~11';11nt1~1tJ~1ou~lnavtun:a~1J3J1nn11 

- LiJouL~-n911LL1n~nnri1V\'UflL'U c=c 
\1 

0 I ... I ... ... .. ... A ... 
3) L~1Jfl1LLV\'U~,El~~'UC!n1J El~V\'U1Eln~1 -yne V\1ElV\'U1~El'V\~n 

7 6 5 4" 3 2 1 

CH3-CH2-CH2-c~c-CH2-CH3 

hept-3-yne ~;0 3-heptyne 

4) L1tJn~ElV\a.iLL'Yl'U~LL~:1:tJ~hLLV\U~ Lfl~L1tJ~~1~1Jfl111BnH1 
\1 • 

CH3 
I 

CH3CH2CHCH2C=CCH2CH3 
8 7 6 5 4 32 1 9 

6:-methyloct-3-yne 

6-methyl-3-octyne 

7 -ethyl-3-methylnon-4-yne 

~;o 

7 -ethyl-3-methyl-4-nonyne 

.,; .. I ... II .. tj II ~ ..Jt I ' D ..~ .... 
5) t1111111nn11 1 ~'UlJ: flEl~L1JtJ'ULV\f111J'Y1~·~~1LLV\'U~LL~:';l1'U1'U'Y11J 

1 2 3'>-- 8 

-~-45_6z 

3-isopropylocta-1 ,5-diyne 

~;0 . 
3-isopropyl-1 ,5-octadiyne 
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... 1 I ~ ... ~ ~ I .!If. ~ ... iJ 
6) rn IJf'V\an11fh1~~tr::~LLa::n'"Cft11f -.oEla"'YI1UL '" enyne 

L~1f~1nUa1ufllni~'V\~'"CLLtia::~ittl rh'V\'"tltl1LL'V\U"ltluL~~'V\~'"tr::LL10ElUL'-L " ' ............................................................ , .... . 
tl1 LL 'V\ '-'" lf El u fl Rfl lai tiEl" fh it" ii "~ittl~ El "~'V\ ,r'" n:: ............................. " 
n11L;ju'"~ElL~La~fi1LL'V\\4"11El"W'-"1!::fiElU'V\U1el01Y11JElnin1Ym::vrl-Lcfi (en) 'V\1El 

~ ~ ~ 

'V\1l'1~El'V\an R1'",El"~'"tr::ft'lliL~Elu'V\ll'1einlY1 -yne 
. ~ 

CH3 ., 
HC=CCH2CHCH2CH2CH=CHCH3 

1 2 3 4 5 6 7 8 9 

4-methylnon-7 -en-1-yne 

'M;D 

4-methyl-7 -nonen-1-yne 

6 7 
2 ·~ 
~5 
1 3 4 

(E)-hept-2-en-4-yne 

'M;D 

(E)-2-hepten-4-yne 

HC=CCH2CH2CH2CH=CH2 

7 65 4 3 2 

hept-1-en-6-yne 

'M;D 

1-hept-en-6-yne 

... 1., t i .. ~- ~ 
3.2.3.3 n11,1llnvt11 'IHfl1fJ111JDUYI~WU1f~fM3J . ................ ..,. ........................................... . 
.,. !'I .1 .1..1 ~ .., iJ 1..1.,. _. 
L1UOfl1ll alkyne LlJ'"'V\iiJ alkynyl LlJLUJ'"ElnlY'la"'YI1U~1n --e L '" -yl 'V\2J'Ylllfi111JEl'" 

~ ' ~ 

..1 ,;,,., ... I 

2 El::f1El2J H-C=C-:- 'Ylll1~1nD~''llf7AU L'ltJO'V\11 ethyny/ 
' ~ 

' 3 2 1 
HC=C-CH2-

2-propynyl 

Q,,~ 

3.3 ftiJlJflYI1\1fl1 !Jil1'W 

CH3CH2C .c-
1-butynyl 

LLElafi'"Lil'"ft1W'l::nEJullii1i~ a::a1ut'"i1n1a::a1ulJJiii1laia:a1uJ1 fi112J'V\'"1LL't.L'" 
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.I . • ~ "" I ..1 I 

tt1Tl"t1 3.2 L1J'HJ1JL'Ylti1Jfl1fl~Yl\11~n1tltl1,.1:-.,11~ hexane, 1-hexene LLa:: 1-hexyne 

0.660 g/ml 0.673 g/ml 0.73 g/ml 

-95.3 °C -139.8 °C 

0.085 D 0.46 D 

lttfyta{IJLIJ"tftJih1LLORflt_. 

LLEI~fh~iJ,itl ~~ 111 L11'\.Lfl 111nn'i1LLEI~Lfl'U ~flft1r.Jn'\4. L iiEI~~1n a Lanfl'lEI'U L '\.LEI Elfih1 ~ 
'lfUfl sp

2 
EIULnait1Lflar.Ja'111nn11 flTf1JEI'U'lfilfl sp

2 ~~~~ttttaLanft'lEI'U~n11 fl1111V\'U1LL'\.h1. • • 
~EI~eLanfl'lEI'UL'U~'Uli: ·Csp

2
-Csp

3 ~~111'YI1~fl1f1JEI'U'lfittt sp
2 ~liLLEI~fl~~~L~~Lantt'lEI'ULLri • 

. .. ., I 

fl111J EIWll EI~~'Uli:fl • 

,.. ..1,.. :T I • .... 

LLEI~fl\I.'YI~~fl'lL11L~fl~ C4H8 L'lf'U but-1-ene, . c~s-but-2-ene LL~: 2-methylpropene 11 

Lfl1 ~~ 111L11'\.Lfl'l:~11~ 0.3-0.5 D R1\l trans-but-2-ene l1iil,tt1 ~~ 111L11'Utl 

lfll Via lliLll\41 . 
'fiL~Dfl • 

CM225 

( cis)-But-2-.ene 

= 0.33 D 

= 3.7 °C 
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'lt'IL~ elt'ILL~:~t'I'Vl~DlJL 'Vl~11JD~LLEJ~fhU ~ll9l1llll1~ 13JL~n~L i'UL~tJ10ULLEJ~Lfl'U LL~: .. .. .. 
'lt'IL~elt'l;f'Ufl1J1J'U1t'l1liL~n~Li'Un'U ilf-LLEJ~~'UiJlt'll W~ 1lfLli'UtflJ1nn11LL~:iJ,f1ll1nni1 .. - . .. ' 

nnutf..LLB~fl'U ·rhl~'lt'IL~Dt'IR'~ni1 i1'Vli'lJ'lt'I'Vl~ellJL'Vl~1,f'Uf111Uf-LLD~fl'Uiflfi'1lfi'LL~'U 
.. \1 .. 

I A... I .. 

n11 'l~ll'lt'I'Vl~Dli.L 'Vl~1R'~n11LL1JU'l1R (cis) .. . "' I 

rfl,..,m., Vfl~REJli,Mftl if1,f1EJf1 
' ' !oC} ~oC} 

-CH2=CH2 -169 -103.7 

CH2=CHCH3 -185 -47.6 

CH2=CHCH2CH3 -184 -6.1 

cis-CH3CH=CHCH3 -139 3.7 

trans-CH3CH=CHCH3 -106 +0.9 

i1n~1~Liu ~un:finnLLvi~lun'lfll-naTurnll~fl-n'~flLli~lli1 Lihuiuu z 'Vl;a cis ·rh 
\1 .. 

l'VlLlJLfin~'V\'3n~DLL~:it'lfil1l 'U'lU~~n Lli LL~ 'U n~s:Jwoutr.:fiLLlJU z L ~lJ;f'U';lfl'Vl~DlJL 'Vl~1iHl~~t'l~~ 
.. . \1 \1 .. 

.v~ 
vmwuJ.WJ 
' " (oC) 

Stearic acid (C18) COOH la.ii:J 69 

Oleic acid (C18) 1 4 

Linoleic acid (C18) 2 -5 

Linolenic ~cid (C18) 3 -11 

Arachidonic acid (C20) ~OH 4 ~so 
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I , . 

«Lfla1TaLflii LEJL'lfL11ElfLL1J1Jiftih.tiu11l1~ll'a E.Jni1n11ul Lthu ~'l1: steric strain 

Lth~tfl'l111Lfl1tJfl~111',11nLL1~t:4nn,a4nali..,11EJneLanfi1En.-.,a~..,1iLLa~t1~~av'ln~nu 
. .. 'U 'U . 

1 "' .... ... ... .. , 1'1 ... ~ 
fltJ1111LL~'lLRCltl11'l1~R11'VfYllM19.aUSftflU LuUfi~U 

R2C=CR2 > R2C=CHR > R2C=CH2 ~ trans- > cis- RCH~GHR > RCH=CH2 > H2C;:;CH2 

L sii tJ'ltl1~, a~ LLEJ ~ Lfl UL -JiuLtt-n1nULLEJ ~ f1'" LLEJ ~ LflU~ ~ ~'" n: R1111l1 tiL'" 1 'li~ 
LRnt111'l1¥-IR~ni1¥-~'lO~~~Ulr:R11J1J~1ULIJi 44anntJ~'ltl~lfL'WDfflDUiLni'uL-rlunu 

'U ' ' • 

fl11'L<ft~UIJ tfl ut.Jfi fl~U1 fl11'tJQft 

anttmttt~ lt.l: 

al lp -c-c- _....,. 
I I 
X y 

+ X-Y 

"' 

n11,ifiLUULL1J1J J~g::EJJjm!IJ~ti9..t1 v.1a ~ti'!J.~I'J.~.tfgn a~fl£l11V.1av.~a:fla11~~n-n~fl 
. ,..,1 .. .. .... .... . 
aanat~na:fla11fl1'l1JEJU'lf~flflnu 

'U 

3.5.1 Ltl~UIJ\l1flLLOil~iiLLDlat~1ttutJfin~U1tJQfl HX 

1'1 "' . T · A • ..I .- ..4 '"" .... '"" \1 tt T L "' LuU011,',Jfl H LL~: X (LLtJL~L',JU) 'lf~a~nfl1'l1JEJU'lf~flfiOU,_,El~LLEl~fl~LLtl L~fl Lfltl V\ 

fl'l111i'ElULLEl~fl~LLtrla~n1JL1JRLLfi 

a I I p base 
~c-c- _....,. 

I I 
X H 

+ H-X 

~t~-~ft~~t~l~_{lflt~fi''lluii 3 ~it., f'la 

CM225 

LLEl~fl~LLUL~~UJ111JD (1° v.1a primary alkyl halides) 

LLEJ~fl~LLrJL~~'tl~tJZJD (2° ~1a secondary alkyl ha_lides) 

LLEl~fl~LLtiL~~fl~tJtlD (3° v.;a tertiary alkyl halides) 
'U . 

X X X 
I I I 

R-C-H R-C-H R-C-R 
I I I 
H R R 

1 ° Alkyl halide 20 30 
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l.lJJ!lUi lfl'uri 

KOH l u C2H50H ~1a alcoholic KOH 

Sodium ~1a potassium ethoxide ~1a methoxide {L iu C2H50-Na +, CH30-Na + 

LLa: C2H50-K +) l U C2H50H ~1a CH30H 

potassium tert-butoxide (CH3hCO_K+) lu tert-butyl alcohol ~1a DMSO 

0 ... " --~ .. 0 '._, I "·' .... ..r f.:~~~f1J.9..9.'J?YP..: R1~1tJ?41nLLlr Lafl'UUL1lh1fl1lla1fltJ~J1n~~fl"1tl Lutl1n fl"U 

~1~.~J~.11nmP.J 
H H 
I I 

CH3CH2~9-9-H · 
[-HBr] 

Br H 

2-bromobutane 

Q 
H Cl 

chlorocyclohexane 

CH3CHz(>~a ® 

[-HCI] 

n11M1ft~1fft1~ftf1~Nft~Na v 

4 
AlexanderM. Zaltsev (flfl.1841-1910); f11ft'f1Tl';}11Vm-3Lfl{ji"l'l;V-n1i'm.liv-;nn Karzan State University 

~"1-f mh"l"MqJY\,-hLfl v1n1J organozlnc nlJY\"b"1tJNa9lNmnnt.JDffimmnJifl liummf'"t'"tl flfl. 1875 
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H H 
I I 

80% 

CH3CHCHCH2 
I 
Br 20% 

2-bromobutane 

~ alcoholic KOH + 

2-bromo-2-methylpentane 2-methylpent-2-ene 2-methylpent-1-ene 

90% 10% 

e _ /11. 
1 

CH2CH3 _C_H-=3_CH-=2.__o ___ .,.. \..)J + 

n~1rt~fifi~1J.1.nJ~~-~~. 

n~Lntl~ffitnn1111i~Ln~L~ 2 LLlJ\Jflrl tl~ffit11LLlJlJ E2 LL~: E1 ~.:~~h.:~n\~~i.:~vn: 
... "' ... -n B.:Jn1'l"~1 tlr4\Ui: LL~:n1'lR'l1-:IY4~1i: 

~ 11""- ... ... ~'ttl ....... ..f 
3.5~ 1.1 !J.~ . .TJ. .. lJ.D.!Jt)J1JJ.1!.Y!~.l:f~.'-'-':!Y..gg ~n1Ym:'Yl1 a.~~.:~~ 

1. elflntl~ffit11;f~rllJfil11aJL-n'aJ-ff~-nrl.:JLLDRfiRLLlf~Rfl LL~:LlJR 

~fl'l1tl~ffit11 = k (L~rl~fl~LLDL~~] [LUR] 
,· 

2. an1Ytut:1JE).:JLLrl~fl~LLlJL~~ LL~:fil11li1B.:JL111El.:ILLEl~fl~LLlJL~~ 

RCH2-X < R2CH-X < R3C-X 

10 20 30 

3. elfiT1n1'l-ni~ ~~nu-nit~LLlTfRLfiU fl1llfil113JLL;j.:JLL'l.:J-nrl.:J~~1i: C-X 

R-F R-CI < R-Br < R-1 

4. n1'lft'~1 tl~~n:LL~:n1'lrn.:~~~n:Lii~ '1.t1~1 tin~ l ~.ff~Li) tl1 (concerted reaction) 

5. ~ft'1111:LL'Yl'l~~-a'~-nEl.:Jtl~ffiti1LLlJ\J E2 iia:fi£JaJ';l1nLLDRflRLLlT~Rfl 4 B:f1Ellli~i1 
Eldi1aJ'l:~1\Jrl~ t~tl~~n: C-H LL~: C-X a£ii1aJ'l:~1\JLL\J\Jfl'l.:!-n'1aJ 

'II 'II"""""""""""'.'"""""" 

CM225 107 



j 0 

f 
H 

B:~ 
anti 

X LLa:: H £lr.jf1·H-l1111lU 
'U 

anti periplanar (staggered) 

' ... ..r"' " -1 "' 1 ~ - ... iJ "' 1 ~..r... ... nnwn Lflfti"U.JR1J-nEh1RLflel1 a LEl 'l1L1JEl1.~~~-~~Y.'.~.n~;LJt~~--'P.~.3d~:n:t~H~.U~1!l1.¥t 

H Br 

G-?-?V 
H H 

I 
1-bromo-1 ,2-diphenylethane 

Q ,H 
c=c Hb 

(E)-1 ,2-diphenylethene 

Nlflf.UlMRn 

+ 

3.5.1.1 n.~JrJ.u0fJ1P.!J!1n!.ifl.li~.L!I!Y..€.~ iii'n~tu:i~d 

QP 
c=c 

I \ 

H H 
. (Z)-1 ,2-diphenylethene 

1. 1.J~ffi£J1Lfifl~1'U~'ULflElfii.LfitJflfl11f11UftfllDDDU , 

2. ~iAUf11Wflf.uD"11Dfflli1Lii'ULL1J1Jel'Ui1J'Vli1~ {first-order kinetics) elfl1111~ii1tJ1 
;f'Un1Jf1111JLi1Ji"U-nel-3wl1LoAtJ~~UflLfitJ1 flel UDAflAU11lA{ 

o~t1'1t.lfiinu1 =. k [LLEllflnLLtJlntf] 

el9111iJ~fl1t.n4'Un1JLR£itJ1ffiW-nEl~ft1fl11UftfllDDDU ~1i1Jf1111JiEl-3l1-nEl-3 
- "'~ .. il ... ..r" UElnf1nUULnfl~~L 'Ufl-3'U 

RCH2-X < R2CH-X < . R3C-X 

; 
I 

; 
I I I 
I I I 

t t t 
R I, 

R-~H2 . R-~H '· I 
< < R-C® 

I I 
R R 

10 20' 30 
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Df111n1n~if1 ifunlJ,UfJ'JJtl-3 leaving group {LLD1~u~u) LL~:fl113JLLij'I1LL1'11 
-nB'I1~Un':1:,11'11 C-X L'lt\LLfltJ1n1J E2 

flltf1S:fl1llij.ff1-nittt1 W1tlnL i'I1El '111U~n;U1 ltt u,j1 tJi £l 3J1£l1J flTfllJ LLfl '1 

LBBBU~Lnttifu rhl~ud1U11l1WR-3ifu 
~ 

tJ~ffiU1LLU1J E1L~~ifl~a~LiJULUfl13Jn~-nB'I1 Zaitsev L,j.unu 

. P2 
PI I 
~CH3 
~Br 

PI 
1-bromo-1-methyl 

cyclopentane 

,r1.~-~J~.~nm~J 
CH3 
I 

H3C-C-CH2-CH3 
I 
Br 

2-bromo-2-methylbutane 

CH3CH20H ... 

tl1111i'D~ 

1-methyl 
cyclopent-1-e'ne 

+ 

H3C, 
C=CH-CH3 + 

H3c" 

2-methylbut-2-ene· 

75% 

methylene 
cyclopentane 

,.CH3 
H2C=C, 

CH2CH3 

2-methylbut-1-ene 

25% 

!.':J.!!'~-~11:a!~.!~~~1:ff~HJ~!!!l@!l.@)! (Carbocation Rearrangement) 

tJ~ffiU1~Lnfl~1\L~ULflBff.iLtiuttm1TJJLLflf1tEJDEJU B1~Lnfli-39iaLtlttifuLti 

1. f11nllUfJfltEJDEJUthu 1au1tJ1flB\Lti1LL,l-i.'I1Ufl1L~L1JR (Lnfln11-n~tt) 

2. fi11Ivufl,t~aau113Jti'lnuit'lfla1elvJa {LnttnTnLnu~> 
3. f11111luflfl taaau!~~1~~~l~Ltffi tJ1n11Lii3JLL~:.YhtJ~ffiu!<ii e L\LLL1J1J 1 'V\1£1 2 

n11ittti1L'V\3.i-nB'I1fJ1fl'llLLfJf1~EJEJDU LUUnTHU;UUf11fl'llLLflfllEJDEJU~ijLRnU1111W 
UB u1.~ijLRii U1111WR-3ifu 1tt UU1 u,liLLEJflflS,;B tar,,., iUWi'a3Jfi~Lanfl1BU'iil1nfnf1J £1\L ~ 

~ ~ .............................. . 
.... ... ... .. ..,..,.tJ ... • 

BUflttnu 3J1U'I1fl111JBUfl3J 1:'iii1J'ln 11 2 LL1J1JflB 1,2-alkyl shift LL~: 1,2-hydride shift 
~ ' "' ' 

1,2-shift 

CM225 

Rll11::LLfl~ft~ 
1::~i1.:1n11V1U~Ji 

'II 

I I 
·.:_~-~-

.. R 
~1o (H) 
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CH3 H CH3 H 
I I 1 ,2-CH~ shift .., I I 

H3C-IJ-CH3 H c-g-C-CH ' 3 '+ I 3 

CH3 
CH3 

2° carbocation go carbocation 
umu11l'etm11 Ltdlu1111nni1 

CH3 H CH3 H 
I . I 1 ,2-H shift I. I 

HaC-~"-'CHa H3c-g-y-CH:r 
~ . H 

2° carbocatlon go carbocation 
LRnu11l'ovni1 LRiivnnnni1 

3.5.2 Lfi~UJJ;J1nLuJanouoa'Ttitut.lfin;u,!J\ltit~1 (Dehydration of Alcohols) 

Lii"Utn11-nit1 OH LLs: H ~nntnfu£J"Ut~ati~t1n"Ut 1t1u5jn.,-t1 H2S04 'V\7a H3P04 iii'" .. 

al I p 
-c-c-. ___..,.. 

I I 
OH H 

uoanouotf1t1tr,t1'tJSj 3 ~itt1 fl£J 

LL£Jsn£JtraatlJlllJii (1° 'V\'i£J primary alcohols) 

+ 

~ - ... 0 ... LL£JSnEllJ£JS'YltltJ11ll (2 'V\'l'El secondary alcohols) 
. 'I 'II 

~ - - 0 ... 0 LLasnatr£JStlfltJ11ll (3 'V\'l'El terttary alcohols) 
'II 

OH OH OH 
I I I 

R-C-H R-C-H · R-C-R 
I I I 
H R R 

1° Alcohol 20 30 

fl11li1El~'1L'"n1'l'Lnfltl~ffitJ1,El~LL£JSnEllJElLfLih~tl~d 

RCH2--0H < R2CH-OH < R3c-OH 

n1ii ~-H ll1nn11 1 LL'Vi~ NSflNSMan,:LU"Ut,Utnlln£),El~ Zaitsev L~LLElSfl'"~Sj 
ud1 r.r1n1~ll1nn11 LLs:n1ufiflus~ihnfla';le 'al'lftll af,:ta-fln1. ~ RLf1 e1la 'al'lfL11£Jf~ 
LR£1 tJ'l'n11 L -Ji'"n'"tl1 tJ 
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(l<CH3 
VOH 

1-methylcyclohexanol 

CH3CH2CHCH2CH3 
I 

OH 

pentan-3-ol 

500 

(E)-pent-2-ene 

75% 
11-iftti~UI~i'n 

(Z)-pent-2-ene 

L itEJ ~-;n n R1,.a'U. n1u,., ~1 tt'lfitfl sa,1 u t11 l 'U.n1fl LL riL~~1ll ~~ t -i POCI3 (phosphorus 

oxychloride) l 'U.n11ttJ~fl,r1 

()

OH 
pyridine 

+ POCI3 ., 0 0 N· 
pyridine 

cyclohexanol 

3.5.4 tlfimEJ1!1ic.ilLLIJl'aL;~\6;J1n vicinal dibromide 

LiJ'U.n11ttJ~fiLLtJ1aL';J'U. L,j'U. 1u1iJ'U. -;nn vicinal dibromide tJ1~iJEJ:fiEJ3J Br EJU~ 
'\1 

fnfuEJ'U.REJ~EJ:fiEJ3J~nfln'U. 1flul-i Nal L'U.LLEJrn1n'" (acetone) ,.,7EJ Zn L'U.n1fl CH3COOH · 

Br H 
I I 

H3C-9-9-CH3 
H Br 

2, 3-dibromobutane 

Zn 

o-~~~-o 
H Br 

1 ,2-dibromo-1 ,2-diphenylethane 

Nal 

acetone 

H3C H 
'c=c + znsr2 
I \ 

H CH3 

(E)-but-2-ene 

Q ,H 
c=c + IBr + NaBr HQ 

(E)-1 , 2-diphenylethene 
(trans-stilbene) 

n1"1Lt~~EJIJLLDafh .. 1"o"","",."~IJ L~LLri n11LLllnR~1tJLLEJSLfl'U.';J1niJ1~,.LatJ3J~'ltJ • 
fl'l13Ji'EJ'U.~~ L~R1,.~ R3J,., S1ll'lfilfl LLa:n1~~" LtJ 1fi1L ';J'U.';J1flLLEJa Lfl'U.~'lllfl'l13Ji'EJ'U.LL~:~'lL 1~ 
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tJ~mu1~~REh1LliL~a.n:nun11Lfl1uaJlou~a~tJ~~n11 n11Lfl1uaJ1i~oulou~a~tJ~u'lin11l~~ 
,,ntJ~mu1Lf1ii-na~Wl,.~ou~1u L-rlou tJ~mm-na~ua~l.,,r I 

6:111 1 ~ 3.6 n1"tLtl"t!IIJLLila ft14 

... .. .. 
3.6.1 n1"tLfl"f!IJJD::&!(nau 

(1) Lfl1UaJ,1ntJ~ffiU11:~11~LLf1tUtatJ3Jf1Tf'lutf {CaC2; calcium carbide) nuJ1 

LLf1~L~U3Jf11nUfl1tl,10011L~1thou1fin rllJLLf1~L~U3JBBnL'.Ut1~anL~1liiR~l'ULfl1L~1LWvh . " " 
CaO + 3C 

1800-21 00°C .. CaC2 + CO 

Ca2+ [~c=c~) + .2 H20 ------.· Hc=cH + Ca(OHh 
calcium carbide 

3.6.2 Lfi1HIJV1 nft1"tU"ttn DlJ lfl LLIJ l~tfl1"fl !I tl1"f!JVfl HX 

lfluli vicinal dihalide ~1B geminal dihalide fl1tJ~ffitJ1rl1JL1JRLLri L-rl'U NaNH2 

~1a potassium terl-butoxide l 'U DMSO 

112 

' ' A ' ' .. ~~ .. ~ oA ._. 

V1c1nal {~'lB 1 ,2-) d1hahdes 3J X 2 a:fiB3JB~'Ylf1111JB'U'YlB~flfln'U 
' • I'! .~ .. .. ... 

Geminal (~'le 1, 1-) dihalides iJJ X 2 e:flB3JBU'Ylf1111JB'UB:flB3JLflU1n'U 
H H 
I I 

R-C-C-R 

' * * 
vicinal dihalide 

H X 
I I 

R-C-C-R 
I I 
H X · 

geminal dihalide 

2 NaNH2 

-2HX 

(CJia)3C9t!J 
-2HX 

" 

R-c=c-R 

R-c=c-R 
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~1.~.~1~JJ!im~1 
H Cl 
I I 2 (CH3>sc8 .fJ 

H3C-C-C-C(CH3h I I -, •, [- 2 HCI] 
H Cl 

3,3-dichloro-2,2-dimethylpentane 
(geminal dichloride) 

H H 
I I 

H3C-C-C-CH3 
I I 
Br Br 

2,3-dibromobutane 
(vicinal dibromide) 

2 NaNH2 

-2HX 

4,4-dimet~ylpent-2-yne 

but-2-yne 

3.6.3 n11Lfl~lJIJLL~ft lfnCiliiw,.Btft11Jt.h~1uT'liuatn1u1"t'li 

L9l';£JiJ-;nn 1° LL!>RflRLLrrlRff1ii£JL~.YhtJ~n1£J1ntr acetylide anion V\1a alkynyl anion 

(~1,j' a 3.8.1.2 tJ~ffiu1-na'11 acetylide anion 'V\';a alkynyl anions) 

3.7 t.Jijn~!l1ttil\ILLoa~h.~ 

tJ~ffitJ1-nEl'llLLel~th~LtlLLfllJ~ffi!J1n11L9i3JLi1~~U1i:~ LL~:tJ~n7tJ1Eleln;nLiliU LLelfl 
tiuii ~3JUi LUUUI f} Rla l w£f.YhtJ~mtJ1rl1JrllJ~LEl L \'IU9i~'l1EllJB L~n 911ElU 'V\1El a LR n r f11l yJ&f 

L ~'" 1tJ,-iiau (H +) n'lil~1a~ '1aaa\Lu1n!JEl'll 1~'V\:ta'lliia afihi~'l1'11~i'uaL~n~,-au l~ :LLfl: 
13JLflnflLiJun~1'11~ii~il1~.ff1 t~UL9lafiiLilu~~iitJ,-:\1Ltl L~u 

'I 'I 
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ih'I-LnLu'I.LiiLRn lfl11~&f 1 ih'I-LnLu\L\hflRle1~&f 
Ht"CI 

H+-Br 
I 

H-+-1 
I 

H+-ososH 
!G) 

H!OH2 

c1+-c1 
I 

BrT-Br 
I 

CI~OH 
I 
I 

Br~OH 
I 

Rs+c1 
I 
I 

Hg't-(OAch 
I 
I 

R2B-T-H 
I 
I 
I 
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3.7.1 tJfims1n11'Liiu7sf,,.,.,uuDYal 
LiJUn11Lfi11DLAnff11~'Yim'i1~~U1r::fi HX (LrlEl X= Cl, Br LL~:: I) ltiuaR;iRLLlTtRff .. 

\ 1 a+ a- ~ ~ 
e=e + H-x ----.. -e-e-

l \ I I 
alkyl halide 

0 
a+ a-

+ H-el ___... 

2-bromobutane 

H H 
I I 

H3e-y-~~H 

H 
1 ° carbocatlori 

H H 
I I 

H3e,-e-:-e-H 
@ I 

H 
2° carbocation 

+ 
e 

Br 

CM225 



\ I . a+ a- ~ 9s020H 
C=e + H-O-S020H --~~ -e-e-

l \ I I 

,r1.~~tl~JJ!Lmt!J 
eH3-eH=eH2 + cone. H2S04 ----.:.... 

alkyl hydrogensulfate 

eH3-eH-eH2 
I I 
0 H 
I 

· S020H 

isopropyl hydrogen sulfate 

3.7.3 tlfimtt1L~u.J',t,.uiln-sc;"fJ"cA'~ni" (Hydration) 

n11L-Aa.nt1~~ou.n:~~£J~LL£Jafll\L\tuaan£JDElS tl~ffiu1\iiin1fl L-rl\4 H2S04 -rl1t1Llt 
tJ~ffiEJ1n11Lii11Lnt1Ltl ~ft~Ltl~LiJ\\Lt1~111nLJ~El~111fflDWUflEJW. 

a+ a- H2S04 ~ )>H 
H-OH ~ -e-e-

l I 
alcohol 

,X'}_~~J~-~t!J 
eH3eH2eH=eH2 + H20 H2S04 ~ eH3eH2-CH-eH2 

6H ~ 
butan-2-ol 

3.7.4 tlfimu1n11LiiJ&&DfB&VH (Addition of Halogen)· 

tJ~ffitJ1n11Lfi11"l1fRn7U (CI2 ~a: Br2) Li1~~ou.n:~~£J-3LLElafiou.La.ic;la~\iidd~ L~ 
vicinal dihalide IJ-3liLtntJ11"EJR~flu,ti ~tnLnflloui1'rha:a1tJ L,rou. CH2CI2, CHCI3 LLa: 

cc14 thv\i'u 12 tJ~ffit11Lnt1i1 w1ou. F2 ia~L1fiatJ~ffiu1111nLt1 

b=c! + 
I \ 

x-x 
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X X 
, I I _ ____,..,...,... -e-e-

l I 
vicinal dihalide 
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0 .. 

Br Br 
I I 

H-C-C-CH 
I I 3 

H CH3 

1,2-dibromo-2-methylpropane 

' 
rYCI 

~CI 
trans-1,2-dichlorocyclohexane 

3.7.5 tJfin;s1n11LnfluDfa7Dfl7N (.Halohydrin formation) 

LU1-Lfl11L~ll X LL~: OH Li1~~1-Ln-:fi lttul-N Cl2 Vl1a Br2 L1-L H20 LlfltJ1JL~iJaun11 
\1 

Liilln1tt~aftluai« (hypohalous acid, HOX) Li1~~1-Llr:fi l~ul!TR~l1f11U V\1a halo alcohol 
'U 

tJ~n1u1dLuun11LilllaL~n lfl1L~-tf x+ Li1~~1.1,1r:~ lttuaL~n lfl.,-l~~ x+ Li1~ 
fnfua1.L~iJn11LL'YIU~1tau (mail H, ll1nn11) LL~:it1fi~L£lL~~ (H20) Li1~fl1fuau~1U~i'J 

;.l I n11LL'YIU'Yill1nn11 
HO-X + HX 

hypohalous acid 

\ I 
e=e + 

I \ 
x-x 

X OH 
I I 

-e-e-
l I 

h~lohydrin 

" . \ 

tJ~mu1~L~ bromohydrin £l1';JL-H N-bromoacetamide lw\11 Vl1£l N-Bromosuccinimide 
. . \ 

(NBS) lu DMSO/H20 ~"":~~1ufhl~ Br2 LL~::.YhtJ~ffiu1fiaLL1J1JL~tnnu , 

116 

GN-Br 
0 

N-bromoacetamide 

N-bromosuccinimide (NBS) 

,r1.~.P.J~_l).!\ffl.t!J ' 
H CH3 H 0 :C=C: + Br2 

2 
.., 

H CH3 

Br OH 
I I 

H-C-C-eH3 
I I 
H CH3 

1-bromo-2-methylpropan-2-ol 
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NBS CX
CH3 
OH 
Br 

1-methylcyclohex-1-ene 2-bromo-1-methylcyclohexanol 

t.l
,_._._ ..: .,., t,l ... ... I 

3.7.6 !)fl~U1fl1~LYUJFJ11'UJ6Ltl1f1Yf\Uitt] 

tl'., :tl A .. ... ... ""'" I .... I .... ... ., A R f111lJULu\Ul'ULfl El'l'3.1Lfl tlfi'Yl L111Ju1:';1 (~1~ £l 1.13.3.4) 3.1 ElL~nfl'l'El'U 1\I'UElnfffl 6 • • 
LL~:5jfi8 Lanfl'l'El'U ~'lli'l~ii111nu a:fle11~'" ~"5j H11lli1~" aLNn ff11~ YIRLL~:il1f1Rfa ~ Yltf 

'U 

L-n'1n1u~ffiv1L~3.1L-n'1~~'"n-:~~El"LLa~fiulti 

0 + CHCI3 
KOH ~CI 

~CI 

3. 7. 7 t.lfi n~u1 Oxymercuratlon-de-:nercuration 

1.l~ffiv1-d'fl i1 vn1'l'L ~ 11J1~ ~afl~t=uilu LUfl111nlJ-n El\1111ffla Yluf1 a Yl LL~: '1.3,j iln1,.,rfl 

i1 L ~lien £l \1 f11fl lJ LL fl f1 !a EJ EJ U 1.1 ~ n1tn ih,£1\l,f 'U ~~H~.!Q L1 t1 n oxymercuration LL £l ~ fl 'U n1 

1.1~ffitJ1rllJ Hg(OAch MEl (CH3C02)2Hg (meJcuric acetate) LLa: H20 L'U THF Ltlft'1'l'~il 
I I ""' .. I ... .... I 

~3.1 OH LLa:~3.1 acetoxymercury (-HgOAc) 'Ylfl1'l'lJEl'ULLfla:ft1'U~EI\I'r4'Utr:fl 
'U 'U . 'U 

0 
II \ I 

C---:C + H-OH + 
I \ 

Hg(OCCH3)2 ----;~ 
I I -c-c- + 
I I 

CM225 

mercuric acetate OH Hg-OCCH3 
II 
0 

(hydroxyalkyl)mercury compounds 

~ .a . 
. ~.~!1 .. ~ Demercurat1on 

Lilu1.1~ffivi1tin-Ku~~ -HgOAc tl1tJ ·NaBH4 'lti'LL£lan£ltr£laLilou~~fl~~ 

I I -c-c- · + 
I I 
OH Hg-OCCH3 

II 
0 

~1.~-~J~.~!i.ffl.~J 

NaBH4 NaOH..,. 

0 
I I . II e 

-C-C- + Hg + CH3C-O 
I· I 
OH H 

CH3 
H

3
C-C-CH=CH

2 
1. Hg(OAc)2, H20/ THF 

CH
3 

2. NaBH4, NaOH 

CH3 
I 

H3C-C-CH-CH2 
I I I 

CH3 OH H 

3,3-dimethylbut-1-ene 3,3-dimethylbutan-2-ol 
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3.7.8 t.lfiinu1 Hydroboratlon-Oxidation 

tl~n1EJ1Lnfi~1EJ flR1EJn11Lvhnl1Li1~~14tr:~1fiEJ~£l11 lfluj;)_~~-Hj~-~J;J.OLl~.EJ.~. 
~.!.t'lll.r!.gfl !!.J1 

/::, ..,. • !CI ; .! . ., ..I .,. ~ ..,. 
7!.~H~10.. L1EJn hydroborataon Lu'\4011L~11 BH3 (borane) L~1~~14tr: ~~~£l~LL£l~flU 

1~LLDA~LUJDL1U (alkylborane) 

{~flf!ll.~ Ltl14tl~ffiEJ1£l£lfl~LfliULLa::lu1fl1l~:gR~1EJ H2~2 114 NaOH 1~LL£l~n£Jtr£ltf 

I hydroboration 

I _\ I 
C=C 

I \ 
+ 'H-8 

.\ 

~1.~~]~_\J!\ffl.t!J 

CH3 
I 

CH3CH2CH=CCH3 

2-methylpent-2-ene 

I I -c-. c-
. I I 
H 8 

1\ 
alkylborane 

I oxidation I 
Hz02., -b-6-
eOH . I . I 

H OH 

CH3 
I 

CH3CH2CH-CCH3 

bH ~ 
2-methylpentan-3-ol 

3.7.9 t.lfiinu1oonfi"~ni'uLLtttt.lfin;u,;,Jni'u · 

Lilutl~n;u,~a:fl£l11lin11Lti~EJ14LLti~~Lm1U:aan~Lfli14 tutl~ffiu1aantftLfliufl1111 
'V\U1LL\iu~Li~nfl1£l14~fl1fua14~:\tau~~ Lita~~1nfl1fuauwi'1~~utr:nua:fl£l11~R111~l~fl1 
. ~lJR~n11 L~'\4 0, N LL~: X 'V\1aiin11R~1EJ~Utr:1:'V\11~fl1flJ£l'UttllJ£l:fl£l1J~R111~l~fl1~lJ 

"' I ' 

fhn11 (C-H) 

3.7.9.1 y_D_Ijj_fl.!..I:!YJ!m~.Y.{l!~~qn. 

Lil14n11£l£ln~ltuf~~utr:fi~a~LL£l~fiu ti1EJtfl1ft:a1EJ~£l~ KMn04 (pH > B) ~Lfl"Ut ii 
"' n11~Eln~1~iLfifl;fU~~t.J'Y1flROlJ~Utr:l~~1Jfl1 L"lfU ~Utr:fiLL~:~"Uttr:tflaJlti 

"' 
\ I 

e I I 
KMn04 

H20, OH 

1c=c, + 
~iiu 

-c-c- + Mn02 
I · I 

Jh~~,.JI OH OH t1:nouH,.,," 
1,2-diol 
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0 · + KMn04 

ahmi11 

e , 
OH r 

LUU 

(yOH 

~OH 

3.7.9.2 Y~m!IJb.!J~.Qf!n.'~f!!.fJJ'!!tf (Epoxidation reaction) 

LU~nTHlan;al~L(~~n-:~-neh1LLDtd1~l~ cyclic ~ther (epoxides "'~El oxiranes) ~1tJ 

n1fiLWEJfaanld L1i~ peroxyacetic acid (CH3C020H), m-chloro peroxybenzoic acid (MCPBA) 

0 0 
\ I II I I II 
C=C + R-C-0-0H -C-C- + R-C-OH 

I \ \/ 
peroxyacid 0 

epoxide 

0 
cyclooctene 1 ,2-epoxycyclooctane 

I 

. V' .. . I 
LL'YI'U'YI 2 LL~~ ~ 

0 
+ CH3C-O-OH I CHC13 .. o<r 

86% 

3. 7 .9.3 Y~m.E!.1.1J.!.1~~-!I.!?JfTJ,.V:H!~fj.~~I~t.'!!H (Ozonolysis) · 

Lu~tl~n'itJ1'l:"'11'11LLEl~f'l~nu 1El1'1f~ (03) ~n1'lW~1tJ'rY'I1~~n-:;an111LL~:~~ti:L~ 
'I ., tl (I' ... ..."! (I' A ... 1 .k ._, _,1 ..I ._, I ._, ..f 
L"'W17 7:nEl1Jfl171JEl~a-LLEl~il Llf~ "'7Elfl 'Yl~ ~~n1Jn17LL'Yl~'Yl'Ylv-4~1r:fl ~'11~ . ~ 

flTfua~-nEl'l1~~n-:fi~Lli~n17LL'Yl~~ (=CH2) Ltl~tJ~l~ formaldehyde 
~ 

fl' ._, I _,~,.. ..I I _,1 'I ., all fl' 

fi171JEl~-nEl'l1~~n-:fl'Yl1ln17LL'Yl~'Yl 1 "'11 Ltl~tJ~L'V\LLEl~~ Llf~ 
~ ~ 

fl1fUElW'JJEl'l1~~n-:fi~~n1'lLL'Yl~~ 2 "'li Ltl~tJ~L~f'l1n~ 
~ ~ 
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~sfl~~~1rinTlti~1r.Jfi1,£h1 Ta'T'lf~u~ :ffunu lfl,.~.m1~,£hnLa~fi\4LL~:tl~ffiu1~l-K 
A 1.- T _, olllll\'1.- .Y .1•- .1 .,_, ~ 
'lf~WUJ1,.tl ~ -n'~1\1fl,. ~fl,.~ ti11~,£l~LLll~fl\4 ~f!~1nn1,.~ 1 ~ ~ lJ !Jn,. !111111J,.:n tllJL ,1fl1'r.Jn\4 ;J: 

tt1lt1wlfl,.~m~,a~ua~f\u~Liht.r~,.l~tiu 
'U 

R : R 
\ I I 

,c~q + 03 
R : H 

I 
I 

Zn1 CH~OOH 

~;a 

CH3SCH3 

R 
'c=o 

r{ 
ketone 

R 
I 

+ O=C 
\ 
H 

aldehyde 

Hc-
3 \ 

C=O + 
I 

H3C 

propan-2-one propanal 

hept~nal formaldehyde 

3.1 .9 .4 JJ.D.QJ.EJ.!.TJ!.1.~~~D.':f.T?.Ji~.~~~~?Yff1J!!;~rJ!!.~M.n9.., 

LU'U.U~Mr.J1n1,.LLtln~n~'U.1r:~c;l1r.JR1,.~:~1r.J KMn04 lun,.fl H2S04 malu~h~ 
., ., ., ..l\'1 -r ~ ..l..l .. ~ ., ~ I 

L lljj3JIIjj'U.,.£l'U. ~~'Yl ~fl,'U.nlJn1,.LL 'Yl'U. 'Yl'Ylfl1,.1J tl'U. fl~ ti£l~-n1~-n £l~~'U.1r:fl 
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. 'U 

C' .., o..l'l oolllll ..l •:vi C' !'I 
fl1,.1J£l'U.-n£H~U1r:flfl ~113Jn1,.LLfl\4fl (=CH2) tlntltln'Jf ~fltiLlJ'U. C02 'U 'U 

.. ... I ..l... ..l I . ~'1 .. !'I .. ... ... 
fl1,.1J au, £l~~u1r:fln11n1,.LL rt\i'Yl 1 ~11 nna an·.u ~tltiLlJ'U.n,.flfl1,.lJ anen~n 

'U ' 'U 'U 

fl1flJ El'U.-n £l~~U1r:fi~ijn1,.LL fl'U~ 2 ~li tlnLtJi r.JULU'U.fll fl'U. 

R : H 
\ I I 

c~c + KMn04 I I \ 

H : H 

'U 'U 'U 

R 
I 

+ O=C 
bH 

ketone carboxylic acid 

R 
'c=o 
I 

HO 
carboxylic acid 

H3C 

'c=o 
Hd 

+ 

acetic acid 

+ 

O=C=O 

,CH2CH3 
o=c, 

CH2CH3 
pe_ntan-3-one 
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~ 
I 

2-methylhept-1-ene 

3.7.10 tlfimu,;'rln!iu 

KMnO! I .... ~0 
heptan-2-one 

+ 

,)~ffi.FJJJXJJ.L.~~-l!!J~!!Jl~ (Hydr~enation of AJkenes) 

\ I e=e + H-H 
I \ 

pt ~1o Pd ~1o Ni 

~;EI Rh 

I I -e-e-
l I 

H3e, ,CH3 
. ,c=q + ~ 

pt ... 
H3e H 

2-methylbut-2-ene 

CH3eH2eH=eH2 

but-1-ene 

RO-OR 
+ H-Br peroxide 

H H 

eHa eH3 
I I 

H3C-e-e-H 
I I 
H H 

2-methylbutane 

CH3eH2CH-CH2 
I I 
H Br 

1-bromobutane 

3.7.12 tlfimu1n11'LLn"flt11uD'tiJRDft1'::: (AIIylic Subst1tution Reaction) 

il ~., 1 I .. ~..J! I A .. 

L UnTlLL'Y1'U't1fl1tJLLU ~L~'" L1f'U Cl2 ~'l"EI Br2 'Y1"11LL~\l"UDAAA (allyl ~'l"EI 

t1nmu1 Lfifl~ ElnLV~niiw"LL~: l ,rLLu t~L~u uEJ u 
;.I " 'II 'II 

~1~-~J~.l.J!imP-J 
I ti1u~\W allyl I 
~ 

H2e=eH-eH3 + e12 

CM225 

400°C 

gas phase 
H2e=Ctf-eH2 

I 
e1 

3-chloroprop-1-ene 

allylic) 
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Cl2 ,. 
fl11JJiou 

gas phase 

H 
+ /C~ /CH3 

H2C C 
I H 
Cl 

(E)-1-chlorobut-2-ene 

()~r. • 
H2c:::::::cH-l-t-CH2 ,.,.. • · H2C-CH=;:CH2 

[ H2C:-:"':CH=-=-=CH2] 
allyl free radical 

,~~~,,H 
. H 
s~gma bond 

;LElL~'U.ffiin-.tJittl,.,\t~~ti tia N-bromosuccinimid~ (NBS) L'U. CCI4 LU'U.nTtLL'YI'Ut~ 
Li1~fl1u"'1-t~uaais L-rl'U.n'Ut I • 

+ ~N-Br 
0 

· CCI4' 
peroxide 

m-wfou 
\\10 LLft~ 

N-bromosuccinimide 
(NBS) 

+ 

3.7.13 tJfin~u1n11'LnttJVBB&&tsf (Polymerization of Alkanes; tJ'YI~ 14) 

LLa~f\'U.Lntl~afiuJafLLtJtJL~liLi1 L~BliLLEla~'Ut~1'"1'"ll1nL,j1fi1un'" lt1viji1Li~Lti 
1llLafla~'Ut1tlL"'qj 1liLaflLUL1nL~liMEl VDU8UJDf (monomer) 11lln~LiJ'U.l'Ji~'U.1tltJ11ll1n ~~ 
\,Y n LL'YI'Ut,j1'Ut1'U."''U1tJUEltJ~L"'iia'U.n'U.~L,j'12J111liLU'U.V.ElRUJElf (1Jft~ 14) 

122 

n H2C=.CH2 

ethene 

ttnvt'tn; fl11lllu ,. 
flLit 

•-fcH ~cH L• 2 2 J n 
polyethylene 
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tl ~~~ 1 ~ 3.8 !Jfl1"!11!Jil"LLila fl14 

u~ L 1m~ Lii t11.J ~ fri u1-n Eh'ILL a a Lfl \lliu. rl ~ 14tr: C-H -n El·HL a a 'L flu~ 5:1 ~ -u.tr: wn.1 a~ 
.1 1' .1• ,. ..I..., uft1tl 'If LLft:u!)n'lti1'YI~'U.tr:WUJ C=C 

tl "'"""" 3.8.1 !)fl'1li1!Jih1 Terminal alkynes 

3.8.1.1 .7J.0.6J~J.flJJ.tr.~Y.~~-lJ.1JJ.f!U.111.!! 
(1 > .~nn1.~JD.'=HMff.tJ~ffiu1nuLu"LLrl L,j\4 NaNH2 LLa: NaH 'L~Ln~aa.:t-»'n!R; 

(acetylide salt) 

__I{)~. e 
R-C-C-H + •B 

terminal alkyne 

pK8 st~25 

NaNH2 
CH3CH2CH2C=CH ... 

pent-1-yne 

R-c=c-H + Na 

terminal alkynes 

CH3CH2-c=c-H + Na 

but-1-yne 

+ 

acetylide ion 

9(9 

CH3CH2CH2C=CNa + NH3 

H-B 

ee 
R-c=cNa + Y2 H2 
sodium acetylide 

ee 
CH3CH2-c=cNa + 112 H2 

u·- ... "" • ,. ,. T - "" (3) .. LlD1~JD.l1!?1n/JTI~~f.!1.~~--~~~;;-~~!HD..~-~-~rl!l.;t 

LiJ'U.n1'lLLanL1.J~tl\4'l:'V\i1\l 1a'V\: nu 11.J'l91EJU-nEl\l terminal alkyne 

'V\li R ·;nnW'l'lU'l:nElu 1a'V\:a-u.n.,uLiJuLuw ~" 111'lfiEl14~1nLLEJa Lflu~5:J~utr:ft13J 
'U 

1.Ja1u1'li 

1.J~ffiu1il'liLfl1t13J alkynylmagnesium halide LLft: alkynyllithium 
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pK8 - 25 

R-C::C-H + R'Li 

alkynylmagnesium 
halide 

dry ether • R-c=c-u + R'H 

alkynyllithium 

<4) rJ~m~JDJ1~fl.t'!~D.~.P.~;~,m.x~~~-FJ.~1H".::xniD. 

P~a- 50 

LiW'l'l~:s1tJ-nEh1 AgN03, CuN03 V\1£J CuCIL \ULflll 111L ibJV\1£JLLEJ~n£JtJ£J~ 

L~9l:n£J'"-n£J-\I silver acetylides V\1£J copper acetylide 

L i'Y191 Rfl 1J LLfJ ~'flU~ ih~"'"tr: tflllt.hn tJ 1 'Ji 
G) 

R-c=c-H · + Ag __ _,.,~ 
terminal alkynes 

~ 
+ Cu --~ 

R-c=cAg + ..p 
silver acetylide ~ 

e~ 
R-c=ccul + 

copper acetylide l 

L~ £Jn'l£J-\19l:n fl'"LLun £J £Jn LL~: l ~fi111DffitJ1nun1fl,:,tiu£Js lfl1l'L~ lln~ufi'" 

CH3CH2c=c~h~ · HCI ..,. CH3CH2C=CH + ·CuCI 

but-1-yne. 

3.8.1.2 .V.OlJ1~1?1.~~~~~"-~A~fl1fl.fJ!!.~.(~ . .c;!!!Y.lig_~_{CJ.tl~J..':fifJ.~ttc.Y.rJ.Y!.~!!!f?n~ 
I 

a~L'l!Yi!afl1EJaEJu ijwlJUilLiJ'"il1flft1£Jl?t~fi111~mtnlfinuaLi~n 1911ll"Jd' L~a:ijn,,. 

a-i'1-\I~Utr: C-C L~'" 11DffitJ1nULL£Jst1sLLtJLs~ 4-\ILiJun11LL'Yl'"~LttJ1sL,ul'" CH~ LLa:: -
.... ,. .. _, .... ,. .. ,. .. ..~ ... 1 l ,tk 

LLfJSfl~LLlJ L~9lu;,-lJ1llJ LflLLfJS Lfl'U'Ylll lJLSnS V\nJIIjj'" 
"' 'U .. ., 

.NaNH2 .... e~ 
H-c=c-H 

~1o Na 
H-c=cNa 

acetylene . $odium acetyllde 

NaNH2 
e~ 

R-c=c-H .. R-c-cNa + V2H2 
~1o Na 

terminal alkynes sodium acetYiide 
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3C 2C 

3.8.2 t.lfin~u1n11LiiJ 

H-C=C-CH3 + NaCI 

• 

CH3-c=c.!.CH2CH3 + 

pent-2-yne 

5C 

NaBr 

tf1'U tV\ qj LU'UU~n1v1n11Lfl11i1 !.JB L~n Lfl1L y.Jtf~wun::R111 L n fli1ni1 LL£1 ~~'U 
~~ fl ~ ~-;nn LL£1 ~ Lfl '"~ ijwun:: R13JU ~1 !.J L'liR1U l V\ qj L tl ULL 1JlH,I1ffl E) ~Ufl EJ w uij n1v1.ff 'ULL 1n 

Lflfl~·hUaULfl£lf5:JLi1vfl~IUflfl1111JLLflfl~DEJEJU (vinyl carbocation) :A-3U1::"il1J1n£l£j~fl1flJ£l'U 
.. \I 

, a-3wun::fi LL~::ij LRn v1nTr·~~1ni1t11ilu LLfl fl 'ta a nu ,t1 'tiJ 
\I 

X y 

-c=c-
X-Y ... X-Y I I 

-e-e-
l I 
X y 

3.8.2.1 y~ !IT.EJ.7.TJ.!.1.'.~ ~J!!J~Jr!.~~~,J~.f[ 

u~ffi!.J1t1ft1!.Jrl1JLL£l~flU ~~u~m!.J1LUULL1JlU.I1fflDWUflDW l,Y HX (X = Cl, . Br 

V\;£1 I) 'ti geminal dihalide 

-e=c-

H-c=e-CH2CH3 

but-1-yne 

H-X 
(X = Cl, Br, I) 

H-Br 

vinyl halide 
(E ~;D Z product) 

H, /CH2CH3 
/c=c, 

H Br 

2-bromobut-1-ene 

11A_ A .J A t . A 

3.8. 2. 2 . JJJ !J.!.ti.7.TJ.11.~ ~ ~- .1:! ~r:. rJ.L.TJ. ~ !1.7.~!? Jift ~ !!.l!!; 

X-Y 

H-Br 

H X 
I I 

-e-e-
l I 
H X 

geminal dihalide 

H Br 
I I 

H-C-C-CH2CH3 
I I · 
H Br 

2,2-dibromobutane 

LLn~'tt1tt'n1"ilLnflu~ffiv1n11Lil11 HBr ~hun't~~aR1::li ~~ufjn7v1l~Ltlu'tufl1lJ 

n{lt~£l-311TfflDWUflDWL-rlunu 
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H Br 
· RO-OR H-Br I I 

CH3CH2-C::C-H + H-Br . (peroxidet' CH3CH2?=-rH . RO-OR • CH3CH2?-?H 

L 

H Br H Br 
1,1-dibromobutane 

a.a.2.a1),Dfi.J.ttJ.TJ.11.'.~1!.LJ..~I~.uJ.~. 

Lnfl~1\4 vinyl dihalide L~Dfl1tJ~ffio1thHiu X2 13Jt=t~Rfl~l~ tetrahalide 

-c=c-·- x-x 
CCI4 

(X= Cl, Br) 
trans dihalide 

x-x .. 
CCI4 

X X 
I I 

-c-c-
. I I 

X X 
tetra halide 

Br Br Br2 · CH3CH2\, , . /Br Br
2 .--~~ C=C . __ ;;;,.__.., 

Ct:f2C~ Br/ 'H CH2CI2 

I I 
CH3CH2-c-c-H 

· I I ' Br Br 
(.E)-1,2-dibromobut-1-ene 1,1,2,2-tetrabromobutane . .., 

a.a.2.41JifiittJ.TJ.11.rr!.~;.JIJ 

fla1ut1~mtnn11L~3J,r,~~un-:~-nfl~LLelftf1u 
iin1fl H2S04 LLS: HgS04 LiJui1Li~ 

LiJ\4n11Lti3JLLuuv1ffuJYiiifJaW Lnfl~1\4 T7iiafJ1frvufJf1 Taaau 

lti vinyl alcohol ~~Lnfl tautomerism \\1\"'flln\4 unL1uo:L'lrnft\4~"t~ acetaldehyde 

'I .-..I.- ... •. I T ·~ .., 
LLflft Lf1\4Yl3JVi\4Cft13JOUuft1UL'lf Ltl methyl ketone 

v . 
'I .. A ""' ... . I .. ... I A ~ .., ... 

LLDft Lfl\4,-Ufl RlJ3J1fl1 Yl Vi \41r:R13J 0 U 1l1 U L U ll 'Vl·ll LLOSfl SYI ~RD~fi1U, fl~V.Ulr:ft'13J . v v 

L'Vliifl\4rlW;J:\'Vlf11n\4,-\1fiLtlU1 n1llimJ3J1f11lti'LiJUft11~mJ 

R-c=c-R H-OH 

I 

R-C,::C-R 
I I 
H OH 

enol "';o vinyl alcohol 

tautomerism 
H 
I 

R-C-C-R 
I II 
H 0 · 
ketone 
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enol 

l tautomerism 

hexan-3-one 

Keto-enol Tautomerism: 

!'I tl"" • I ..1 ... ,¥ I 1 .. A ... I .. ... 

Lu\lnTn . a£J\lLLua"nLnfltt~'U1:'l-'11-3'Y1tl flUJtl1LL1J1J keto 1Jf"ll'l-'~fl111Jtl\U'l (C=O) 
..1 ll e; A 111 ., ~ l ... ., 0 I 

ua:LLUU enol (C=C-OH) na~ \lft'llfJan\l Lnt~ Lflfl-3 "U.n1t~LLa:Lua lln11£J1£Jfl1LL'l-''U."tt~a" 

. 1tJ1fltl\l (H) 'l:'l-'11-3 C nu 0 LLa:n11ft'ft1Jf11LL'l-'U-3'JJtl"~U1J:L~£J1/~\l1J:~~tl~flflO\l lt1u 

R1lll'l-'ni~llfla3J1l11-3ti'1ll keto 
v " 

b=d 
I 'o 

·I 

tautomerism I -e-e-
l II 
H 0 

enol tautomer keto tautomer 

a.a.2.s y~fi1.11.1.l:!Y.f!.mkgffl_tjgf!. 
LLaaLflu~ii~U1J:ft'13J111£Jllll'llf11tl~mu1nu BH3 l~uDRflU611Dt1U (alkenylborane) 

..r ... e; I A .J 
fllJV.\l1J:flLL1Jll'l7'tf L~\l ... 

>===( 
H B-R 

hex-3-yne R 
trialkenylborane 

(R= ci.s-3-hexenyl group) 

W1'U.LLaaLflU~~U1J:ft'1lla~Ja1£Jl'ltLnflt.l~m£J101J BH3 L~1ll1n ~-3l,Y~flUD6fl611Dtm~ii 
'l-'~LLaafia'JJU1fll'l-'qj Lill sia2BH ,.,;a dicyclohexylborane LLnu BH3 

disiarriylborane dicyclohexylborane 
· (amyl= pentyl; 

disiamyl = di-secondary-isoamyl) 
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H 

.~+ sia2BH - ~B(sia)2 
oct-1-yne 

alkenylborane 

H 
alkenylborane 

. 't t; tJ ... _ ~, ' iJ ~ ,.y- y.J 
~. -T~rminal alkyne fl~.~ .. lJ.D:UJJ!l..~.~--~~~!J.lJ~J!fl!l ... Y.ftf:l ... 

enol Lnfl tautomerism 't~tnnh::neJufnfuElit~ 

LLB~Lfl~~ijW'Ulf:1f'tll~~tJ~1FJ1'1ilfr~~~~~j!-!~ (aldehyde) 

LLB~Lflll' ~~'"n:ttlu111ttl '"l ~f'lln'" 

CH3CH2CH2-c=c-H 

pent-1-yne 
[ 

CH3CH2CH2-y=y-H] 

H OH 
enol 

fj tautomerism. 

pantanal 

(2> .~!imP.JD.1:1.n!.~~Jf!J.FJ.n~~n 

iJn1"'LL Yl'U,~ B ~1FJ 1thfleJ'U,~1nn"'fl LtliR·LLel~fl'" 

\ - I BH3 ._ 
THF ~ ~ Cti3COOH ._ ~ 

H H H B..;..R 
R. 

(Z)-hex-3-ene 

hex-3-yne 

triatkenylborane 
(R= cis-3-hexenyl group) 
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3.8.3 t.lfin~u,;cA"ni\ula.tooni'"~" 

3.8.3.1 Y.D!Ji.tJ.J.1.fTni~ (ReductiOn Of alkynes) 

(1) :J:J.~ffi-~J.TI1Jj~1~1~:;J~~~~;.ft1~i~ (Catal~ic hydrogenation ofalkynes) 

:tJ.Dn1.~:J~1t!~~~~-L-~H LiJou.n11Lilllltr1t1,-L"lluBth'I1~~\J,.nr~~'"n:'vnf'I1HEl'l1 Ltl~uou.LLElfl 
Lfi1!LiJou.lu1~,-fnfuEJou.~ll~1l-i H2 1~tJiiL~l'\:LLfl1ou.'ft-Nu Lcrlou. Pd, Pt, Rh V\1BNi Li1ou.~1Li'l1 

Pt ";o Pd ~;o Ni 

(tl'lLi-3) [ -l H ~- ~ ·R-C=C-R 2 ~ R-C-C-R 
I I (i1Li-3) I I 
H H H H 
alkene alkane 

:tJ.Dm!JJ~.1"-~~=--~~~-~ft~ LiJ~n11L~ll H2 tJ1'11~1'" ii .Lindlar's catalyst V\1fl P-2 catalyst 

LUU~1Li'l1 tl~ffitJ1V\ ~~~LLElflfl'U.LLa:: l \t~LflB71B LBL'lfLliElfLu vn::LLuuia-

Lindler's catalyst 
R-c=c-R. + H2 ---___;,--I~ ~;f) 

Ni2B 

(2) nJ~1~1~~~-FJ-~.l~H1~JJ1-HJ.~~;1~~~-~-;~J;~_~~-~-~~-~.J. 
(Metal-ammonia reduction of alkynes) 

R R 
'c=c" 

H' 'H 
cis-alkene 

tl~mu1iil\tnT7Utf-LLElflfl'U. LfltJ"iil1R~1tJ Na mEl Li LULLEl1JL1JLittJLV\S1 (liquid NH3) 

Na ~;o Li 
R-c=c-R 

liq. NH3 

trans-alkene 

CHaCH2CH2-c=c-CH2CH3 

hept-3-yne 

Na . CHaCH2CH2'\. /H 

-,iq-.-NH-
3
_. /c=c, 

H CH2CH3 

{E)-hept-3-ene 

11·- ... ~ ., ~ ., 3. 8.2. 7 ... lJ.TJ ~JtJJ?J ~!l f! !J.'!! .. f! ff}YJ. ~ .. fl. 'H. 

LLElSLfl1!\]nEJBn'ftL~R~1tJ KMn04 LLS::Ln~tl~ffitJ1 ozonolySis \~LcrlUL~tJ1tltJLLElSfl'U. 

(1) .~nm~JD.v.~~~;~JP..L.~-~~J~-~~~--~~D.Q~-~-~~-~n~J~ LLElaLfltt'tJnElEln'ftl~tfl'i 
1,2-diketone 
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0 

R-C-:-C-R + KM,n04 
cold, neutral R~R 

0 
a-diketone 

pent-2-yne pentane-2,3-dione 
4 I • 

(2) Jd~ffi.~J.rllJ.~J~;~J!J.fl1~Y»~.~~--ts.~DQ~ .. l!!~lJ.~ Yh L ~~\L1r::WUJ LLtln~ n i~if 
LL£l~lfl'l!~ij~un-::Wl3JTI1FJL\Lnnaan~ltlll~n19lfl1fu£ln~~n 2l11L~n~ 

~ ~ 

NaOH, H20 HO~ R R 
R-cx=c~R 3 .. ' I 

+ KMn04 p::.o + O=C 
I !1 ' I HO OH I 
I 

I 
I 

HO~ R I 

NaOH,H20 I 

R-C¥C-H + KMn04 
3 .. b=o + C02 

!1 I 
I HO I 
I 

~!J.~~J~.lJ!im~J 
HOe NaOH, H20 H3C, ·,CH2CH3 

H3c-c=c-cH2CH3 + KMn04 
3 .. ,c=o + O=C, 

!1 

130 

~ KMn04 
NaOH, H20 H30e 

+ .. 
!1 

(3) ~!\m~JDJ1~~~.ni.fJ.ti']!JJ~1'1!~ (ozonolysis) 

Li 03 LL~::f113Jtl1r.Jtl~ffir.J1nu H20 

HO 

~COOH + 

Internal alkynes l~n19lfl1fu£ln~an 2l11L~n~ 
' ~ 

Terminal aii<Ynes l ~ n1flfl1fu Eln~RflLLft:: C02 
I 
I 
I 
I 

R-C¥C-R + 03 
I 
I 
I . 
I 
I 
I 

R-CX::C-H 
I . .. 
I 

+ Oa .. 

.R R 
C=O + O=C 

HO OH 

R 
b=o + 
I 

HO 

OH 

C02 
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i1.~.~J~.v.nm~n 

0-c=c-H 
ethynylcyclohexane 

olll ..r... .... I .... olll " llfl .. olll ,. I olll .... \1 .. ...~ ... 
LLtlSflU'Y111?fU.1l':fl 2 ~U1l':L1r.Jn · 'fiDUB {dienes) 11Rfi1L11LSnaL~ULflr.J1n1JLLtlL'l LflU'Ylll 

~ ~ ~ 

.... .... ... ~ ... c' I . .... .... I~ .... \1 ~ .... ..r 
~U1l':R']11 1 ~un: fltl CnH2n_2 LfltlURLL1J~tlnnfi111L'ln1Ym:~un:~'Yl~Rtl~~un: Lfl~~u 

1. Isolated double bonds ~un:findur.~nvh~~1nnu1flr.Jiifl1funu~i4fl sp
3 ttu~~LL~ 1 

~ ~ .......... ""'~~I ..... .r'VItJ n:fl£111 ~1tl11~un:Lflr.J1flUfi~LLfl 2 ~un:~~ L 

2. conjugated double bonds ~un-:~L~tl119innu1flr.JRa1Jnu~un:L~r.J1 n:fltlll~tl~ 
.. 'I I ..r... .... .... ..r !'I .. 2 

fl111JtlULU~1~'t111n11RL'l1JnUULuU~Ufl. sp . 

3. Cumulated double bonds ~un:fi 2 ~un:nd~flnu n1mttfl1funun:flt111nr:n-3 

LUUfl1funu~i4fl sp 

J; H2C~ /C....._(/~""-
C C ~CH2 H H2 

hexa-1 15-diene 
isolated diene 

~ ~ 

H H2 
H2C~ /C~ /C"-

C ~C Ci'l3 
H H 
hexa-1,3-diene 

conjugated diene 

~H 
H2C_ C=C\ 

CH2CH2CH3 

hexa-1,2-diene 

cumulated diene 

·n.lfi 3.3 tl1£lth~1fr~\1ftTl~11£1~ isolated diane, conjugated diane LL&:: cumulated diene ' 
~ . 

isolated diene ua: conjugated diene 

3.9.1 Conjugated Diene 

~;'=!!~.~.~~~~-~~- (conjugated system) 1u~d~111r.Jn~,.:uu-nn~ iw8LNn,1Dusa-3 

U1:nnui1r.Jtltlfih1a 2p ~tlV~flrlULLS:~U1UrlU~~LL9\ 3 nnfih1a;fu'tJ YhL'lKLflfltltlfih1a 
~ 

L;a-3L11Lana~iin11Lfl~tlu~w8LNn,,-Du'~,.t1'Ylntl:fltl11~iinnfih1a p L-rlu 1,3-Butadiene Lilu 
~ ~ 

... .... I .... .... ""'. .. ~ ""' !'I . .. 2 ..4 ... I'A .... .. 

conjugated diene 11~'Uli:flRS1J~U1f:Lflr.J1 fl111JtlU'Yl~RLu'U~'Ufl sp 'D'-31ltltl11J't1a p 4 tltl'l 
~ 

ih1atlVtlflrlUL'ULLU1~U1UrlULLL'l:L~~tl1J'Jl'tlUrlU't11~tl1Ui1~ rhL~BLi~nfi'Hl'ULU~Ulf:,~..f-3 
~ 
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a'El-\lj~-~~~~~.J~~- (delocaized. n-e1ectrons) 1,3-butadiene ~-\la~l141:1J1JfiElU,Lnfl LL~:ii-
1fl1-\lri'1-\IL 11'lfLL uu'lf 

H 
H2C:.:..:.: C:..:.:.: c:.:..:.: C H2 

. H 
resonance hybrid structure 

1fl1-\111l-na-\l 1 3-Butadiene ·······'"lf···········-J .................. . 
' -

1fi1-\IJ1.I~a-1111:i4'u,El-\l 1,3-butadiene ii 2 LL1J1J flEl -LL1J1J s-trans LL~: s-c.is 

H H H 
H2C~C}C~CH ._ • - HC/C~CH HC/C~C__...H 

H 
2

' II 2 II . I 
s-trans conformation CH2 ,.-C......_:· ... : .. H H - H : .... . 

s-cis conformation 

1fl1 -\111.1 LL1J1J s-trans ~"~un-:f\ a ut1'1Ufl1-\l-ll'111-n El-\l~iur:L~ n1ii-La-ntt1111~ R-\ln11 
~ ~ ~ ~ 

L rta-\1~1n l ULL1J1J s-cis- ~un:fi..f-\1 REl-\IEl ti.;'1uL.,tJ1Tl'U.~-\IL fiflLL 1-\l~.urn-;nnnaiJV\11 an a LNnfl1El'U. 
·- 'U ~ '-

~111';11n H ElV1-\IL1n.,1.1~ffitJ11J1-\I~UflLnfiL~~1: 1fi1-\111ILL1J1J s-cis L-rlu 1.J~ffitJ1 Oiels-Aider -
- ~ - -

3.9.2 n11Lfi~EJIJ .conjugated dienes 

. ,.. !CI .,. ~ ·._. . 'I "' • .! .,. .,. ~ 
1,3-butadiene 11Rrnu:LuU~Lnft''Ylfl1111fi141J11tJ1f1-1fl ~ 1f111 L 1'1f'U_ tJ1-\IR-\ILfi11:'V\LL~: 

~~1R~n n11Liil'1tJ 11 L UElflR1'V\n,.1111Yh~nn~~lilnm'lftJllil1L~ tJ11U1L YJ'Ui 'V\;ElU1flU lliltJnT'I .. 
-n~f!Ltr 1fi1L ';JU.;'1 tJfl1111i'au 

· CH CH CH CH - 590-675 oc • 3 2 2 3 chromia-alumina 

n11Lfl1u11 conjugated diane tu~a-\ltJ~Uin11Lf1.1~n1u1,~1iltl1';11nLLEl~natra6 
-'V\;EJ,~fl HX ';11nLLEl~fl~LLtrL~fl13.i~11i1 i-\lif -~ 

CH3 
I 

H2C=CH-CH=C-CH2CH3 

· 4-methylhexa-1 ,3-diene 

KOH 

132 _ CM225 



3.9.3 tJfiii~u1!JD" 1,3-Dienes 

3.9.3.1 un.m~Jn.11~~3d~r!I~1.~!$.«ltJ.tf 

- L~£l~Un-:l~lllJEh1 conjugated dienes ,-11tJ~ffitJ1n1J HX 1 inJ~SEJ ~::Ln~tJ~n~~1nTl 
2 LL1J1J f\atJ~ffitJ1fi11L~hJLL1J1J 1,2 LLa::U1JlJ 1,4 l~~SLiJ'U.tn'l~HUJ 

C1 C2 C1 C4 

HBr ..., 
1 eqivalent 

I I 
I I 

I I 1 

. t t t t 
H2C-CH-CH=CH2 + H2C-CH=CH-CH2 

I I I . I 
H Br H Br 

. 1,2-addition 1 ,4-addition 

U~MU1rl11L9i2JLL1J1J 1 ,2l~Nfitl~S~LiJul1ltl12Jfil}lllJ£l~UlfflDJ4/17flDW LiJutJ~ffi£J1 
~~un::l~-na~fnfuau 2 a::~a2J~9i~n~ (C1 LLS:: C2) -na~ conjugated dienes 

u~s:J~un::fi~1u1ls1tJarl 
~ ~ 

1J~n;tJ1fi11LGl2JLL1J1J 1,4 LiJUn11L9i2JLi1~fl1f1J£l'U. 2 £l::tl£l2J~£l~tJS1£JLL9iS:: 
~1'" (C1 LLS:: C4) -na~ conjugated dienes LLS::Ln~~un:firnulu 

. ~ 

'l ...l.f . .. .. "".I . "' .., I 

'V\2J1UL'V\tl: L'U.'YI'U. C1 LLS:: C4 'V\2J1£Jtl~fi111J£l'U.'Yiuf41£JR£l~~1'U.tl£l~-.rf~~'U.li::fllllJ£l~ ................. . ' . . ~ 

1 ,3-diene l~L~U1nun11ri1'V\Uttti1LL'V\\L~n11L1un~a 

1l~ffiu1~Ln~nu 1,3-dienes ~l~Rli2J11i11 L -rlu 2-methyl-1,3-butadiene ~=l~ allyl 
A a, !T ' "' ...1.... .... I 

carbocation 2 LL1J1J ~Siii~S'V\Sn~::2J1~1nfl11 L1JLLfllil L£l£l£l'U.LL1J1J'YI2JLtmU11l1~2J1nn11 

CM225 

--... • [ H2r~~ CH2 ...... 1--__ ..,..,.. H2rr~ CH-2H•] 
3° allyl carbocation 

iiudtu1mvu.nnni1 

CH3 
I 

H2C=C-CH-CH 
~ I 2 

H 
2° allyl carbocation 
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3.9.3.2 uD.m~t1!J.?!t~':f~~!!.T.~t'l.H 

L~El'ti1tJ~ffi£J1rlU X2 1 ft'lJ~~EJ ~::Ln~tJ~ffi£J1011Ltl1J~'U 2 'Yl1"L~~~tJDM£J1~" 
LL1J1J 1,2 LL~::LL1J1J 1.,4 L 1ttufl £11rl'U 

3.9.3.3 unm~t1.Q(f!J.~:~t«l!l 

H2C-CH-CH=CH2 + 

~r ~r 
3,4-dibromobut-1-ene 

1 ,2-addition 

H2C-CH=CH-CH2 
I I 
Br Br 
1 ,4-dibromobut-2-ene 

1 ,-4-addition 

LiJoutJ~ffi£11 ·cycloa~dition reaction tA"LiJoun11111Ji1,a"cn1 2 1fil~ 1~£J011L~1J 
dienophile Li1~~un-:l~,a" conjugated dienes tJDffi£J1Ln~J1£JLL~::LiJoutJDffi£J1fl1£J 
fl111Ji'aou ~ifl ~ ~~l.lii1fl1"rl1"LU'U. 1" LL 'V\1'U. lJJ~11i1~ Lft'fl £11 

1 
2..-::::~5 .... CH3 
Hc1.~ c

1
H a. .._..) I ---==--• ... 

HC~CH2 
3 CH2 6 

4 

conjugated dienophile 
diene 

.......... 

[ c:~r r--.· ~ (~a 
: 4 "· 
', ...... __ -.. -
' • • \i\4clMl~uJ transition state 

I 

' \ 
\ 

I 
I 

tJ ...... tk :CI r4 2] cycloaddition reaction "' " ... "' ""L"" ... .... 6 !)01£11'U.LIJ1-L 1: + ,.1'U1'U.,E)" L~ElL~nfl1El'U.'Yl 0£11,El" 1J 

BL~nfl1Eltt. 111~1nl~~outf 4 BLftnfl1Eltt. (2 ~ucl~) u~:: dienophile 2 BLftnfl1Eltt. (1 ~un-::l~) 

Ln~tJnmu1n11L~1JL~1"LL'V\11-L 6 El:flalJ ~ii~'Un-::l~t'V\JJ 1 ~un: ua::~uc~n1J1L'V\1i 2 ~un-:: 

,j an1'V\ 1-L~ L outJ~m£11 Diels-Aider 

1. Conjugated diane: t\a"ii1fl'H1ULL1J1J s-cis ti1Lil\l. s-trans t\a"Ltl~r.J'UL~ s-cis 
"' 

s-trans s-cis 
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Lfi~"Ud'lou1~LL'V\1"U~nnfl1~od\"U1U s-trans LliLnfll.JJlffitnd' ufit11adLou1l.J s-cis ... ... ... w ...... 

~:L1fiol.J~ffi!J1111n 

0 
s-cis 1,3-diene 

Lfifltl~ffitnl1ann 

s-trans 1,3-diene 

luLnfltlijmEJ, 

2. Dienophile: n1ii'V\~LL'Y1'U~,ilfltl-3BL;nfl1rlW'li1!JL~u~ffi!J1LnfiL~L11 

,x!.~.~J~.v.nm~J 

CM225 

HC~Gti2 . CHCOO~ 
1..J~11 a .. 
HC~CH2 

CH2 

conjugated dienophile 
diene 

135. 



~· ca... ..:I LU.JlJHfl'M~ 1J't1't1 3 

(1) alkyne 

(1) 6 

(3) 8 

(2) alkene 

f" 1.1 ..... ..s ... ~.~ 

· -~~~~~!1.~-~~~-;-~J.~~!l.O~J.H:J.~?J.~.~:-§. 
. (2) ;1) (ftllm:.,.1) 

(3)__....~/ C C-H 

(~\4c:~mJ1) H. 
(5) 

(4) 

(3) aldehyde 

(2) 12 ' 

(4) lajiiti1tl£)1J~~f1 

4. ~un:: Lfi~L1j'Utn11L \'\~enJ-iel'U1:\'\11~£JElfihia~siJ sp 
2 
-sp 

3 

... -t .I !Ill A .., I ... ... 3 
5. VfUi_1J: Lfi'Y1LuUn11L \'\ft£)1J'J1£l'Ut1:\'\11~£lil11J'Ylft~lUJ sp -sp 

. ... -t .I !Ill A .., I ... : ... 2 3 
6. VfU1J: Lfi'Y1LuUn11L\'\ft£l1J'lf£JU1:\'\11~£l£)11J'Yift~ft11 sp -sp 

(4) alcohol 

7. ~nn Lfl1~ri1~LL1J1JLiu-n£J~LL£JatiufiilltJd Lfl11fl1flil1J-n£J~LLfia:,Y£J l~nnc;l£J~ 
'll 

(1) ft'f11L11Lana fl£J --------------"" .. 
(2) 1-rl\'\aniifl1ftJ£J\L £J:fl£J11 

(3 ii1-rlft~\'\1£Jlaj (ii, lajii> . .. 
(4) 1f£lfl1111:1J1J IUPAC fl£l ------........-----------

(5 -;i1U1'Ufl1f1J£JU£J:fl£J11~L,Y£J£Jfih1aLL1J1J sp2 
Uft:U1J\J ~p3 fl£1 __ LLft: 

fl111~1tl1J 
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8. LLBafh~l~,j1'11f\Sj'lEIL'.ULliBfLi'11L1-n1flmCil 

(1) CIBrC=CBrCI 

(3) CI2C=CBr2 

fhCilEI1J 

(2) CH3CH=CHCH3 

(4) (CH3}2C=C(CH3)2 

----------------------
9. RLCil£l1LEILflii (E V\1a Z) -na'11lfi1'11~Tl'11ttEIL11ifL1JuLL1J1JL~ 

F)=( 
H I 

A 8 

(1)A: E; 8: E (2) A: Z; 8: Z 

(3) A: E; 8: Z (4) A: Z; 8: E 

10. LLEiaflUtlEILtfifSjLEIL'lfLliEifLi'11L1-n1flmCilLiJULL1J1J E V\1EI Z 

.... I \1tl.,r._, ~~ .... .... ..1 
11. LLEiaf'IUCilEI L UCil'l L~liLRfiEJ'U11~ll1fi'YlRCil 

'I 

( 1 ) trans-Hex-3-ene (2) Hex-1-ene 

(3) 2-Methyl-2-pentene (4) cis-Hex-2-ene 

(5) 2,3-Dimethyl-2-butene 
r(YI ~ c=cH 

12. -;11U1U~Ull:tftnli1LLa:~U1r:L~-nEI'I1R11'Yl1'11'1111 LiJUL'YhL~ v 
(1) 14 a-bond. I 7 1t-bond (2J14 a-bond I 5 1t-bond 

(3) 12 a-bond I 7 1t-bond (4) 14 a-bond I 3 1t-bond 

13. R11tl'l:fiEI1J L~~LLR~'11Rl1Ui'Yl1'11Lflii~ El Ltliffl'llJ'YlfiiEI 
'I 

wan~1'11~B'11Lll'liiulu~'l~iiLLR'I1 

'l~iitl~ffiEJ1n1JR1'la:a1EJ AgN03 LULLEiliLliL UEJ 

a:a1EJLUnl~ H2S04 L1l11iu 

~ 
(1) H (2)0 

CM225 

(3)0 (4) 0 
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14. fl1LaElnLfi';J1niEI 13 ~LLft'fh1R1JUliYJ1"LflijfiEJ,tJd 

Lnflfl:n EJouml1fl1a LdEJn1tJ~mu1nuR1'la:a1 u KMn04 L~ EJ';)1" 

l~fl:nEJouh11Li.1EJn1tl~mu1niJR1'la:a1u AgN03 L"ULLEI11 l11Lilu 

a:a1UL"Un'lfl H2S04 Li11iou 

15. tl~ffiu1tiEJltJd\iR1'lLfl 

( 1) Ketone + Carboxylic acid (2) Ketone + Aldehyde 

(3) Ketone+ Ketone (4) Carboxylic acid+ Carboxylic acid 

16. ~afl~atf'l"Ul~qj~lti';l1ntl~ffiu1fiEJltlii'fiEJielfl 

NBS 
~--__.... 

hv 

~ v 
~Br 

<1>v · 

~Br 
(3)v 

Br~ 

(1) 

HBr 
ROOR 

? 

19. lflLEIL';l"UflfiL"UtJ~ffiu1fiEJ,tlif' 
~ ? ~Br 

(1) HBr 

(3) Br2, LLR" 

138 

Br 

~Br ~ 

(2) 

.3)0 

~ 
(4)_v 

(2) HBr, peroxide 

(4) NBS, peroxide 

(3) 

~ 
Br 

(4) 

(4)0 

CM225 
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THF. 

(1) 5 (2) 6 (3) 7 (4) 8 

22. ~El9l111'l:lJ1J IUPAC 11El~Wl'll~-ffa 21 flEl 

( 1) 3-Methyl-3-butynylhexane (2) 4-Ethyl-4-methyloct-6-yne 

(3) 5-Methyl-5-propylhex-2-yne (4) 5-Ethyl-5-methyloct-2-yne 
... .. ~ ""' ' 

23. 2,2,5,5-Tetramethyl-3-hexyne. 11fl111JEl~'YI-3'V\119lna:flEl11 

(1) 6 (2) 8 

24. (a) flElW'l'lth:L11'Yil9l 
....... 

Na 
CH3·C:C-CH3 liquid NH3 (a) 

(3) 10 

(1) LLatufl~ (2) LLaafi~ (3) Lt'IB~ 

25. n1Wl'l (a) ,-,,n-n'EJ 24 thu~ffitnnu HBr ,-,:LtlW11tl'l:L11'Yll9l 

(1) LLEJaLfl~ (2) LLEJafi~ (3) Lt'IB~ 
... ""' ""' ... 1/11111111 ... ~~ I "tl..r""' A 26. 11Elfl1111'YILntnnua~L'lff1RU (acetylene) -na LflflEJ L ~'Yl,.,'l-3 

... ... " ... ... .. ... 
1. 3JW~1r: LW 2 W~1r: LLa:W~1r:'lfn111 3 W~1r: 

... iJ 0 H-c=c-H 2. 113JW~1r: C-C-H L ~ 180 • 
3. aafunaL'i-3111Lana11a-3 c Lil~-nitfl sp 

3 

• 
(1) nnL~w1:-EEJ 1 (2) -Ea 1 LLa: 2 nn • • 
(3) -Ea 1 LLa: 3 nn (4) -Ea 2 LLa: 3 t'ln • • 

~ 
(5) \]n'YI-3 1, 2 LLa: 3 

CM225 

(4) 12 
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21. L1u" ih.lu H1l1~n'l'fl-n fl\1 lu lfl'lL';l'"fi fl lt1d'';l1n1nn ltlufl u 

(1)1,2,3 

(3) 3, 1' 2 

(5) 3, 2, 1 

28. iLfl L ';)'"fl1fll-iu E1nfl1111LL9lnfi1\l'l':~i1\lfi H179i fJ ltJilti 

CH3-CH2-CH2-C=CH 

(1) Br2 1'" CCI4 

'U ' 

(2) KMn04 

(2) 2, 3, 1 

(4)2,1,3 

(3) H2S04 (4) 1~~: l'lfLtl £111 

29.tJ~n;u1fiflluiltiH11Lfl 
NaH 

(1) 1-pentyme (2) 2-pentyne 

(3) 1-butyne (4) 2-pentene 

30. L~fJ~afl~~-;nn-JfJ.29 fi1tl~ffiu1n1J Na ~1fl Li L'"LLfl1113JLi1£JL~~1';l:li .... 

(1) ~NH2 (2) ~ 
H 

~ 
(3) H 

31. A flfJH1'l'Lfl 

32. 1fl'l"\ln1\ILflLU'" conjugated diene 
H2C='CH-C=O 

I 

(1) CH3 

(3) 0 

140 

~H 
(4) · H 

·A 

(2) H3C-CH=C=CH-CH3 

(4)0 

CM225 



(1)~ 

(3) cx0 
tl•- • ""tJ.f !"I 34. L]n'l£.119'\El L 'ULlJ'U ..... . 

.... C02CH3 0 CH l::::J + .II 
CH2 

(1) ti~M£.11 Diels-Aider 

(2) tl~ffi£J1n11LL9'\n~nvioun:~ 

(3) n11i91~1LV\li, 

(2) CX) 

(4)~ 

(4) tl~ffit11 L ~liL i1~Lilou Ltl911llntJ-n El~lnfflav-litfl av-l 

35. ~1L~Eln Ltlnn 
'll 

(1) 0 . £iLtditJ11l1VUJ1nni1 0~ 

(2) butadiene ijvioun:L~111nn'l1 1-butyne 
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