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Notes for the pK values in Table 3.1:
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symmetr yBS' S+- ))(.S/" /S - S.4"[#SNS "S)/"-S 4SS -/ #(S+&(S) S4"/- 4S-S"'# &S ,0# 1&( /BS
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Qa 2( % 7La$a2%0 a al+2+*la%*a2$ a)2$7(a#83.a0 a$)% (a /3%4(* 2Ka*a2$7a((@+* a2+a*a
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Qa 1$% ( a.0+2+*1la$4a$%®B 0a01+** a"0/3* 7Ka*a(0#0a$)% (al$r@alvadld 1Ja

*a>a al. 203)Ka2$ a 1+0.2%+*a%a2$ a.0r2+*1a+a $2 20) 2%$7(1%(*Va%las* alals- ) "a+*a2$a$)% (al$ra
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( 26-*# 2%42%*a 0+*Ka2$a$r0+#*la+"a a0 a%*a$%s# ( 20-*Y *1% Z7a *4%0) * 2Ka2$0+0a 0 a$%$(7a
1$% ( ab%%ad7a(ball+** a"0/3* 7T7a*al0O0 (7a%0"0 a5%%a2$ al%#* (1&a+23$ Oa+).+3* 1LJa (1+a2$0 aOa
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+'a Ja a%1la (1+a/3%2 a%*Qa *a 17a2+a a0+ 4 a5%%a2$ a +%(%*#a.P¥W*a?Da9Ja al)((a )+3* 2a+ta a5 1la
31 a2+a a a%*a2$ al).(ala*a%*2 0*(al2* 0 a"+0a a) 130)* 2Ka*aQ+ 4 a 7a4.+0 2%+*aZ 05 0 1Ja

+5 40KaDa+*2).+0 O07a al. 20-) 2 0a%* (3 %*#a2$ a * $a2+.a VKa%2a%la*+a(+0&* 1107a2+a23((7a a

al%* a2%a+)320a *a (Y0 2a2%a$)% (al$Ra( 20*% ((7a 1 a+*a0l+** a"0/3*% la+ "a2$al¥* 2a
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$a%).+0 2* a+'a$)% (al$Ra%+t0) 2%+*a%la2Basoda 0%%(a (3 la +32a&(% % +N,-+. -+ , Ja 40 (a$%$(%821a
$0 La
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Qa$a$ 70+#*a%*a( $ 7 auy Va*a 0+ 67(% a %aU Va#0r3.a$1la2$a$)% (al$ra02$ 0a+5*" % (a2a

+32aFY>=a.)a*a>=Y >?a..)a0 1. 2%@7Ja
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1203 230a * a2$ al+(4* 2a3lJa
B®$a $)% (al$URa%t0) 2%+*a %( (KaSa *a*+ 5a 11%#*a2$ al%#* (la%*azs al. 203)a+"a) 2%7(a 22Ja

+0%*#a2+ai!\BS>Bka2$ a 62+*la%*a #0+3.a 1% ada+*a 0 al3.+1 a2+a a%*a2%$a@® a+"aX@a.)Ka *a
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*a@JCa..)al%#* (a%lela &t0+3.Ja

"2N;PNIN6N N,) -+.&N(N&-12%N --NO"IN,""%,N,"'&"-N

" &S "#IS)S-)NS  -S7S& /- )(.SN S (#)- )+4S /S
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YH#* 2% &b (Ka * a2$%la%laa (#.)- )+4%) *la]*+*Y3*%"+0)%27"Va | Ja $%laa a%((31202 al. %% ((7a%*a2$ a
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#0+3.a+"al%#* (1Ja $.&( &S#(/!- H)( SO+ l1lla%léda3l"3(a%*a>a al. 203)Ka 31 athe area under a signal is
proportional to the number of pr otons to which the signal corr espondsBS
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the relative stability of carbocations
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protic solvent does not work for Sy2:
nucleophile is solvated and encumbered by protic solvent
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$*a Oza( 41Ka2% aR®¥%(a0+ 2%+*a0) a%lasecondary +*Ja $a @#0r3.a+*a2$ a* 62a 0+*a2$ *al$%'2a
502%a24a +* %*#a ( 20-*1la2+al2$ a.+1PHl7a $0# a O0+*Ka*a0 2%*#aa*ta)+0 al2 (atertiary - ) /M#)(Ja$a
-+"+2N O+ 2%+*a2$*a0 21a526a*3( +.$%(a @ a2+atPhd2$a%*(a 22a0+3 2Ja$a @t0+3.a1$92a5%ba
2%a ( 20*a.%Ka *al3 $a)+ 4a%la(( a>K¥Y) 2$*% 1$%2Jal>Ka$ 0a0" O0a2+a2$a)¥)* 2a+30a 25 *a25+a

& * 2a0+*1Ka*+2a* 110%(a) *la>a*a?Ja

2$0a2%*a  @#0+3.Ka2$ a a 2+) &*a+2$ 0a0 2%+*4 +3( al$9®a la5((a5%%a2$ a ( 26-*a. %Ka%"al3 $a2d¥a( a
2+aa)t0al2 (a 0+ 2%+*Ja$ala*a¥ 0+#*a%la(( a>K?$7 0% al$d@Ja a+3.(a+ "a*+2 la +32a2$a 0+ 2%+*a
0 00* )* 2lLa

Qa* 7a0 2%+*a2Ba%#*(41la 0+ 2%+*a%0) %2 a)%#h2a$da0 00*# )* 2Ja

Qa +2a((@0+ 2%+*1a®@O*# Ja 0+ 2%+*)E&4P 00*# a%"'a2¥a +)a)+0 al2 (alaall3(2ata2$a
0 00* )* 2Ja

Qa$ al$%2a%1a31F & RA$98Ka28a) *1a%Ba+ 30a 5 *a25+a & * 2a0+*1Ja

a
B>B:B/- ') & 0&-S 08&)+ "#&H# SO ./# I0/#)(S  H#)(S
+0a2$ a0 2%+*lal( 0* a " +0Ka2$al3 12® a5%%a( 4%*#a#B.a*a2%a*3( +.$%(ala(5 7lad+al.0 2a
+).+3*1Ja 2a%123 ((7a.+11%a" +0a+*a +).+3*a  +*2 %*%*#a +2%a(d%*#atB.a *a*3 ( +.$%(Ka*a2$a0 2%+*a
+ 30lab%8$%*a2$al)a)t( 3(Ja 3%a0 2%+*a%la a2$a%20)+( 3(0aU'-+ Ka 2%*a0a]5B$y*Val 2%+*Ja % a
.0+3 2a%la+ 2 %&#"'0+)a%*20)+( 3(0a0 2%+*Ja
2la2(a +32a2%$a0 2%+*a) $*%l)a2$ 2a02%-+* (%B2$a 1203230a *a 120 +$)wl207a+a2%a.0r3 2a+0a
"+H(+5%*#a0 2%+*Ja
a

?CEmallCa 620a +.% lat*a3( +.$%(% & 129832%+*a  2%+*



CH,CHg4

"3* 2%-+* (a#B.1la%la( a # O( /#)( &S")
13120 2 a*0a >a0
3(ad%a >a) $*%wl)Ja +a2$al
( 4%*#a#B.Ka* a2$ a+2$ 0a. 0 2a*a2$ a)+( 3(Ka Ka5%% $a 21a 1a2$ a*3 (+.$%( Ja la aQ3(2Ka alvyg 0
ala2$a.0+3 2Ja

%* a2$a0 2%+*a+30lab5%%a >a) $*%l)Ka2%a O+
*3( +.9%(a *a 2 'a"0+)a %2$0al% a“a2$a 0+
0 )% a)%6230a2$ 2a%la+.J%0* 2%da $%1la% %12 2a5%2$a2$ al2 0+ $ )%1207a" 230a+'a >a0 2%+*a%m( O*

2% al)a)+(

2% 0a%%d)

" +0Ja

13 ((7a%"a2$ 2% (

$%%(7a"4+0 a

CH3OH CH,CHg
" —_—
HOCH(CH,),CH\ Br g CH,
CH;
optical active (£) racemic cyclic ether
optical inactive
"4 NEN '+ &% % +N.% (I"%"N . ,-"--"(N (N
a
Mechanism
CH,CHj4 CH,CHj4
P q Br_ @
Wy i}
HOCH,(CHy),CH Br > HOCH,(CH,),CH, CH,
CHg
. : carbocation intermediate
optical active
planar, optical inactive
H,
o ~O\e
CHg H HET OH
-
CH,CHj HaC._ CHeCH
CHz'  “CH,
(*) racemic cyclic ether .
(+) racemic
"4 NQN '+ &% % +N !™&N
*a2%a +4a0 2%+*Ka2$a02*2a$la2+a"3* 2%+* (a#B.1Ka Or)% aU Ova *a ( +$+(@U VJa a +).+3*a5% 2%az+a

& 0& Jata2$%lal 2 * 2KeDa%ke* 2 at+*a a2 02% 0a 0 +*a2$ 2a%lata#a
2%+*Ka * a a%la a# a*3 ( +.$%( a*0a >a lay((Kal+a2$ al3 1282%+*a0 2%+*a3(a+ 30a5%2$%*a
2%+*a+30la 5 "a2$ a)+( 3(Ka Ka2Ra 2la la2$a
a7®a

*a+* a * a+

2%+*a200) % 2 a%la%*aR0%H * 0al$.Ka *a2%a
2%+*a 2+80@ +2%a ** 2%+) 01Ja $0"+0Ka2%$a.0-3 2a%la2$a
a

2%+*ar3(a.0+3 a"%&a+0ald¥p) O a0%*#a 1a2$ a3 2Ka2$ a0 2%+*a5%((a a
a0%*#Ja

3(0a0
31a+'a2$ al. % (al2 %a+a%da+0alyep) O

DCa 620a +.% lat*a3( +.$%(% & 129832%+*a 2%-+&mPCF



a

B>B;S )L -#(S ))-S 1#(!S -)0+SNS)) S 1#(!S -)0+S

*a 0(7a %1 311%+*1a +32a@%*#a#B.1aU /#)(S? BVKad$ 4a)* 2%+*a2$a%).+02* a+'a a#+a( 4%*#a#B.a
"+0a +2%a >a*a ?a0 2%+*1Ka252$ al3 12282%+*a0 2%+*a5%((a*+280a%la a.++0a@d%*#a#B.a.0 1* 2Ja+Oal+) a
123 2%+*1la$+r 4 0Ka2$ a.++0a(4%*#a#B.a +3(a a +*402 a2+a a#+a( 4%*#a#B.a2+a)' a2$al0 2%+*a"ly% Ja

ab%((alaa +3.(a+ "al2@®@ #% l1l&0al3 $a.30.+1 Ja

a

4S #S /&4IS 0

3" +& B0 +.+1la2$a) $*%wl)a2+al 2%+* (Y%e®$ a0 2%+*Ja

CH,CHg, CH,CH;,
H*/CH3;OH
CH3(CH2)QCH2\“\“‘I OH CH5(CH,),CH, OCHs
CHj CHj3
optical active (+) racemic ether

optical inactive
"+ NN (N
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Mechanism:

Step 1: protonation of OH

CH,CHs CH,CHs
. /R\H"' . @
CHy(CH,),CH" OH > CHs(CH.CH" OH
CHj CHs |
H
Step 2: H,O departs as leaving group
CH,CHs CH,CHs
W ® —_— /&lk +  H0
CHy(CHp),CH, OH CHg(CH,),CH, CHy
CHj |
H

carbocation intermediate,
trigonal planar shape

Step 3: CH;0H attacks carbocation
CHy0 —H CH,CH,

CH,CH,4
— CHS(CHQ)ECHE%\E}’CH
3
H3C
H

CH3(CH5),CH, ® CH,

(£) racemic
Step 4: Deprotonation to give neutral product
CH,CH, CH,CHj
- + CHzOH + H-
CHy(CH,),CH, (§CH3 CHS(CHQ)ECHz%\ ocH, 3
HsC | CH5OH HaC
H

(£) racemic ether
"4 NEN I™@&N

$a(12a2%0 al2.la%*a2%a #4a) $*%l)a0 a2$al2* 0 12.lat+"a >a) $*%l)Ja +5 40Ka2$al0 2%+*ab* 2a
0+  aby@$+32a2% &012al12 *EP$ a'%012al12 .Ka5%$% $a%la*a % Y 1 ale+*Ka aQ+*a%la@ ( 7a201" 00 a2+a2$a a
#0+3.Ka *a# 2a2% a (+$+(a.0+2+* 2 Ja 7a.0+2+* 2%+*Ka2$ a#0+3.a%la*402 a2+a » Ka2Ra%laa)3$ab' Oa la
2$ 0" +0a at#++a( 4%*#a#B.Ja*al2 .a?Ka52 0a)+( 3(a .0 2lab2ba2$a( 26-*a. wOa*a( 4a $%*aa 0+ 2%+*a
%20) %2Ja$a+((+5%*#al2 .la 0a&312a >Ka2%ab6.(%*1a5%$7a2$ a.0r 3 2a%la2$ a(% a)%6230Ja$a % a b5 1a

O# *0 2 a%*al2.aAa*a*a a0 31 a"+0a"3@%$0a0 2%+*1Ka2$@0a+*(7a 2 (72%(a )+3* 2ata bgola* 110 7a2+a
12 2a2%$ a.6- 11Ja

4S08&)( 48S"&)# S
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*4280a +)+*( 7a.(% a) 28+a'+0a+*402%*#a a#0+3.a2+aa 2 0a( 4% #a#B.a%laa%R0 3 %*#a al3(+* 2a

120Ja $*a( +$+(@0 21a52bal3@E* 7(a $(+0% KaZ¥a2$a.0l* at+"a5 'a 1Ka2$al3("+* 2al20a%i8) Ja

a

® 2

9 N? N\ I
N | (pyridine) o—+ CHs =
OH *+ ¢cl—s§ CH, % | . L.

| 0 NZ cr
o //\\/\ H
p-toluenesulfonyl chloride ( OTs )
(tosyl chloride, TsCl)

OTs: p-toluenesulfonate,
or tosylate
"+ N&N % (/(%N+" NO"-IN-(,2%N 19%(+" N-(N)+(. N-(,2% - N

la2$a 6).(al$+ 5*a + 4Kab$*a)Y2+(3*13("+*7(a $(+0% a2>1qa $(+0% Kal (Va%la3ka2$ al3(2%*#a 12 0a%la.Y
2+(3* 13(" +* 2 a+17 2 Ka 1VJa+ la2+X@#83.a(++a" )%(% Oa2+aB0a 1Ka5a( 0* a +32a5%2%$a2$%1als 1a%*##)(S
;B:Ja la2$ at+*&3#2a 1a+"al2@#a %a) Y2+(3*13("+*%a %alUl VKa la%la2$@%a5 'a 1a*a2$0 "+0a*a
6 ((* 2a( 4%*#a#B.Ja 70% %*a$ @ 2lala2$ab'a 1a2+a*320 (%&2%al% a.6-3 2a (a*a" (%2 2a2%$a0 2%+*a
2+a+).( 2%+*Ja$a 2%(a) $*Wl)a" +0a2%$%la02%+*a%la*+BMW0 a%*a2$%1a01 Ja
2% 0a2$ *a%*20- 3 %*#a  1Ka+2$ 0&))+*(  7a..(% al3(+*7(a$(+0% la%* (3 al (a*a" (Ka*a2$ al3("

+* 2al20a
lal) 17 (2Va*a "al20%'"2 Va@"+0) a0l1l. 2%4@7Ja

a
(0] (0]
” pyridine
R—OH +  Cl——S—CH; » R c:n-—ﬁ——CH3 (R—o0Mms)
(0] (0]
(mesyl chloride, MsClI) or mesylate
(@] (0]
” pyridine ”
R—OH + Cl——S—CF; » R—O sl—cF3 (r—orTi )
(0] (0]
trifluoromethanesulfonyl chloride OTYF: triflucromethanesulfonate
(triflyl chloride, TfCl) ’

or triflate
"4+ NQIN(/+  "(N(N % ({(%N-(N,2% - N(+N +"% - N

*

a2$a.0%)07a( +$+(@$la *a +*402 a2+a latDa 1Ka " VK2é40la2$ *a2%a#al3 120 2 a%0a ?a0 2%+*Ja%R%$a

2$a.0 +.0%2a*3( +.$%(a a%*aal.0 2al2 .Kat0ab6).(a @ “Ka2$ a 2a0  2%+*a2 1a.( a0 %w(7a2+ad®a
2% 0a 1a2$ &%~ (a.0r 3 2Ka lal$*a (+ 5Ja
a
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| =
@]

-~
” ( rIi:Iiine} ﬁ
/\//‘\OH N Gl_ﬁ CH, Py S@—
o I

p-toluenesulfonyl chloride
(tosyl chloride, TsCl)

CH30 Na* | (Sn2 reaction)

+ PPN
NaQOTs OCH,
"+ NN -IN2N- N2 "N, T & N(N .-2%N& -12%N -1 +N +  (&NE .- ‘(%NE 0"-IN,+. -+ N(N"-+& "

- N FN

$a+ 40 ((al7*2$ 1%1d4a 327(a) 2%7(a2$ 0a'@)a>Y 32 *+(a%4+(@ lasd+al .0 2al2.1lLa2$ a+* 4 01%+*a%a a2+a 1Ka*a
2$*a2%a0.( )*

2ata la7a @a2$0+3#%a ?a0 2%+*Ja$ @2+al2 .la$4a2+a a 00% a+32a+* a2 0a2$ a+2$ Ba
$+5 40a2$ a5%+(al7*2$ 1%lal$)a *a(l+a al$+5*ala (+ 5La

a

/\/\ 1) TsCl / pyridine /\/\
OH " %) CH;0Na OCH,

1-butanol butyl methyl ether
"+ N@#N 21 "N, 1 & N(N .-2%N& -12%N -1 +N + (&N8@ .- (%NE ,-+. -+ ,N(N"-+& "- N
+N N0 FN

+2 La

Qa %#3@DC&a0 1* 2la2$at))+*a*a  +*4* 2%+* (a57a2+al®a2$ a)3(2%.( Y12 .al7+2$ 1%la%*a
+0#*% a $)%1207Ja$ a0 2%+*a* %2%+*1aUt * 2Ka 2 (712Kal+f 2Ka2 ). 0 230a 2 JVala $al2 .a

0 al$+b*a+*a2+.a*a+2 2+)a+"a2$al/3 2%-+*a Okb Ja *(7a2$ al202301a+'al2 @%*#a) 2 0% (a * a'%* (a
.0+3 2WVa ®1$+5*Ka* a2$ a1203 2301a+'a2$ a%2*0) % 2 a.0+3 2laf0a $al2.a0 a*+2a%* (3 Ja
Qa $a%*%4% 3 (al2.la* a2+a a( (( ala>VKa2/Zat0a2$ a.6.0a+0 0 Ka2¥a *a*+2a a)%6 a
2+# 2% 0Ja
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8<@/;< =9 1+-=3-">/<=398< 2+:=/:

B+ 5a2$ 2.0+ 3 2a%a2$ at((+5%*#a ?a0 2%+*aU Y&bla2$ a*3 (+.$%( VLa

a S

r

e

trans- cis-

Ba$+ 5a0 2%+*a) $*%l)a+t "a2$ald 2%+*1Ja
a

synthesis of ether

CHiO
/\/\ - + /\/\
\L + CH30 Na" —— OCHjy

ether
synthesis of ester

)\/\/ﬁ;r + CH3CO, Na* —»)\/VO CH,
T + NaBr
T ester

B;$+ 5a2%a 2%(a) $*%l)a"+0a +4a0 2%+d4NY@Y B3)+Y @Y) 2%7/($ 6*a*a5 20Ja
a

?D\awm*15 0la2+a 0 2%a 3 12%+*1a $.2 0aD



H,O
CH,CH,CHg CH,GH,CH,
. C
A\ —_— R
™ er $
., CHy CH,CH,

(S)-3-bromo-3-methylhexane

B<$+ 5a2$ a.0+ 3 2WVat2$ at((5%*#a0 2%+*1lLa

CH,CH,CH, CH,CH,CH,
.C “_,C
CH5CH» F|| . CH3CH,
H,O (S)-3-methyl-3-hexanol
+ +
CH,CH,CH
CH,CH,CHs ZreE
—_— /C._
o K, HO “CH,
HO CHs
[) CH,CH,
CHoCHs (R)-3-methyl-3-hexanol

*15 0la2+a0 2%a 3 12%+*1a $ .2 0aD @a?DB



1. CH,CH3

W'y

HY |+ CH;O Na*
CH

(S)-2-iodobutane

2.
CH,CHs
Wy CH,OH
H\\\‘ | 3
CHs Sy
(S)-2-iodobutane
3. CH,CHj
CHy—T—Br  CH,0H
——-
H—T—CH, Sy
CH,CH,
a. CH,CH;
CHs Br NaOH
—_—
H—71—CHs;  DMF
SN2
CH,CH;

?DGam*15 0la2+a0 2%a 3 12%+*1a$ .2 0aD

CH,CHj4
DMSO

)
,”f/

8N2 Haco
CH,

(R)-2-methoxybutane
CHEC H3 CH2C H3
vy + Cry
w 1y
: OCHs HsCO
CHj CHg
racemic mixture
CH,CHs CH,CHj3
CH, ——OCH,3 HzCO——T——CHjs
+
H————CH, H————CH,
CH,CH; CH,CH,4
two diastereomers
CH,CHs,
HO————CH,4
H——— CH3
CH,CHs



1% # % # % $

3( +.$%(% al3 12%2%+*a0 2%+*a%la*+2a2$za%11%a0 2%+*a0a ('7(a$ (% la *a+2$0al3 1202 la5%$a a#+a
( 4%*#a#B.Ja $1al3120 2 la+3(a (1+a3* 0 #+a (%)%*2%+*a0 2%+*Fa *a &H#'#( H)( P 2%+*Ka al) ((a)+(3(a
U Va%1pd 4 a"0+)a25+a & * 2a2+)la+"a2$a0 2*2Ka*aa)3(2%.(a+*a%lald) a%*a2$a.®3 2la

e N/

X Y
C: (;3 —_— Cc—=C + XY

/N

General equation of elimination reaction
"4 N=BN '+ %N* -"(N(N%'&"-"(N+ -"(N

+0a (%)%*2%+*a0 2%+*da ('7 (a$ (% 1Ka2$ a) &+0a#03 2a (' *a%la.G-3  a2+# 2$ 0a5%%a2$ al) ((a aU a%la$ (+# Va
+( 3(Kab5$% $a%la2$al% a#%a.0+3 2Ja3$a0 2%+a5paQ+ 4(a+'a a.0+2+*a *a a$ (% a%+*a%ly a
A& ( M)(Ja $TO+(+# * 2%+*a%la+*( 7a..(% a) 2%+a™0a2$ al72$ 1%lda (' * Ja

e N/

)|( T
C C —_— C=—=C + HX

Dehydrohalogenation of alkyl halide
"4 N=BN 12+ (19%( " -"(N(N %$2%N! %" N

*a2$ a %l 311%+*1%a+(%)%*2%+*a0 2%+*Ka2$ @ +*a 2+)a2$ 2a +* a2+a2$ a( 4%*#a#B.aU$ (+#*a"+0a ('7(a$ (% Va
%la(( a2$a&t+"SJI KS -)(S 2+)Ka*a2$a O+*a 2+)a & * 2a2+a& O+*a%la(( a2%$a /SJ KS -)(S 2+)Ja*a
$ 70+$ (+# * 2%+*Ra%la2$rdb+# *a 2+)at*a Y 0+*a2$ 2a%la (%)%*a2+# 2$ 0a5B%a$ (+#*Ka la Ka2$ 0" +0a2$ a
0 2%+*a%Ia%a (( ala L&##( /MH)( Ka+O&L &#'#( #)( JaU $ a*3) 0a>Ka%* %2 a2$2a2$ a2+)la %*#a0)+ 4 a
0 at*ab+a & * 2a0+*1Ka*+2a* 110%fa) *la>a*a?a 2+)1JVa
a

$ .2 0aEa (%)%* 2%-+*a 2%+*&aPDD



. p hydrogen is
leaving group on 3 carbon
is on « carbon

\ LG H
|u ||’>
(|3 C

"+ N=BN %)IN'N -N + (N

1% a2$al3 120 2 Kaa 1 a%ladB%0 a"+0a (%)%*2%+*a0 2%+*1Ka+2$ 0a2$ *a2$ a*3+.$%( a*+0al3 12282%+*J%)%( 0a2+a
13 129832%+*a0 2%+*Ka (%)%%+*a0 2%+*1a (1+aga %" 0 * 2a02 a(51Ka *a2$ 0" +0a%A+@ a %" 0 * 2a) $*%l)lJa
$a (%)%* 2%+3 $*%1)la0 a>a*a?Ja +3a) 7ab.
( 5Ka*a?a%la2$ al* a+0 Oa %)+(

2a2%2a >a%1a2$ a3*%)3B( 0a0
28*a +).0 a 5

2%+*a5%a%012a8kH0 2 a
3(0a0 2%+*Ja Ra%tD0 2Ja a5%((a#82%$03#%a2$a) $*%l)a%*a 2 %(180012Ka
*a (%)%* 2%+*a * al3 12282%+*Ja

?DEam$ .2 0aEa (%)%* 2%+*a  2%+*1



# [+-=398

@B9BIS 'S (#.'S

2a) $*%l1)a%la2$d) & 0&-S &##( H)( I3 $*%1)Ka2$2a2$a0 2%+a@a .*la+a2$a +* * 202%+*a
+'a(-l N31202a*a 1J @ ab%((@a2'a2$a (%)%*2%+*a0 2%+*a'a ¥ 0+)+Y ?Y) 2$7(0+.*a la*a 6).(a" +0a
%1 311%+*Ja

Tr CHy -
H;C—C—CH; + OH —m C— + H,O + Br
base / \
CH; CH, H
2-bromo-2-methylpropane 2-methylpropene
Reaction Rate = k x [(CH;);Br] x [OH] second-order reaction

"+ N=?6 N"&(% .% +N %"&" (N -"(N

2abla)* 2%+*a 0(% 0a2Ra a%la2$al% a&@ 2ata $70+$ (+# * 2%+*KaFh2$ 0a%la*+a aU OatOa
2$%1a0 2%+a%*a2$ a02%+*d3 2%+®Ra+3(a a3* 012++ala2$ 2a5%$a2$a.0l* a+'a6 1la la
U “Va%*a2$ a02%+*a)%623 0a0 21a5%%a ‘P+afh -a*a 07Ja$ a'+((+5%*#a %1 311%+*&P$ a
) $*%1)a5%((a$ (.a7+3a2+a3* 012 * a2$%la 2 0Ja

?a) $*%l)a%la (l+aal%™¥12.a +* 02 a0 2%+*Kal%)%( 0a2ka52%a)3(2%.(a ( 20-*a. %0a201" 0la$..*a 2a
2$al) a2%) Ja
a

E2 Reaction Mechanism:

Br _
— 1 o bond breaking

! partially t
y CHg
CH3™ / CHz CH,
! new m bond
> H +_H forming partially / + H,0 + Br
o bond breaking : H
partiglly ! H
H
new o bpnd | 2-methylpropene
S forming pdtially %
:OH g pgrually :QH ]
2-bromo-2-methylpropane
"+ N=?6 N7N-"(N " &N

EJ>a?a 2%-+a&?DF



1Ka “Ka3l1a% ( 20-*a. %0a2+@& 'aa Y$/0+#*a+*a Y 0+*Ka*al20 2la2+a0)a a+* Ma 2a2$ al) a2%) Ka2$ aa
Y al%#)a+*a # %*la2+a@a%*a2+a +)a2$a<a+*a+ "aa+3(a+*Ka*a) * 5$%( ala #%*la2+a . Ra7a2 '%*#a
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CHjz H
(a) \ /
= C=C 2-methyl-2-butene
Br /TN
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Hsc C _CHQC H3
H CH,
HsC 0 \C—C/ 2-methyl-1-butene
2-bromo-2-methylbutane -
H CH,CHj;
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2+a 2 0)%* a2$ a) &+0a.0+ 3 2Jalaad3(2Ka?) 2$7(Y?Y 32 * a%la2$ a) &+0a.8 3 2a*0a +4a0 2%++Ja
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d CHy H H CHy

B | p \ / \
HsC—C——CH,CH, _EtONa F=4 + o=C
EtOH CHy CH, H CH,CHs
HsC
2-bromo-2-methylbutane 2-me1h{;l(§/;§1 utene 2-meﬂgl6;;;) utene

Elimination reacton occurs by following Zaitsev’s rule with small base applied
"4 N=?6 N%"&" "(N+ "(N( .+ N2N%%(0" N ",/ MN+.% NO"IN,& %%N , N ))%" N

+5 40Ka%"a a 3('7a 1la%la ..(®%*a2%a (%)%2%+*Kal3$a M3 Ka2$a0 2%+*aid+0la2$ at0) 2%+*a"a(lla
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Tr

. H CH CHs H

B p . 3

HiC—C—CH,cH, FBUOK N\ _ /7 P Nl
| t-BuOH / /
HaC H CH>CHj4 CHg CHj
2-bromo-2-methylbutane 2-methyl-1-butene 2-methyl-2-butene
(73%) (27%)

Elimination reacton occurs by following Hofmann rule with bulky base applied
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pathway (a): bulky base pathway (b): bulky base
t-BuO~ is more hindered t-BuO- is less hindered
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Base

Anti coplanar confornatiom of H and LG is
required in E2 mechanism
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H CH
S CHs CH,
o ¢ CH5ONa —
W
CHj " CH3OH
CeHs H
(E)-2-phenyl-2-butene

(25,3 5)-2-bromo-3-phenylbutane

$+ 5a (%)%* 2%+*a83 2a¥@$ a((+5%*#a0 2%+*1a

>Ja

3
H
CH;ONa
CH4OH

CgH 5\\‘\\‘
CH, Br

(2S,3R)-2-bromo-3-phenylbutane

?Ja
t-BuOK
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6).(la+ "a%#a3(7a 11lLay 3 “Ka au@$%3)a %%1+07()% Va
a

O: .
h N"U*
-BuO~ LDA
(tert-butyl oxide) (Lithium diisopropylamide)
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Reaction
Tr
CHy;—C—=CH
CHS_T_CHS EtOH 3 2
CH
CHs ®
Reaction Rate = k x [(CHj3);Br] first-order reaction

$a+ 40 ((a (%)% 2%+*a%e(4 1a%b +al2 .1la

a
Mechanism
Step 1: Cleavage of C-Br bond slowly to form the carbocation intermediate.
I I
A _
CH3—{|3—Br — = CH3—(|3@ + Br
CHj CH,
carbocation intermediate
Step 2: base (EtOH) removes H from a p-carbon, and double bond produced.
CH,——H
|"/ EtOH ®
CHS_T ) —_— l.'.“..H:_;;-C:c;H2 + EtOH,
CH, CH,
a
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Cl
B b
HyC—C—CH,CH, CHsOH \ :c/ " \c —
CHs CHj CHj H CH,CHs
2-chloro-2-methylbutane major E1 product minor E1 product
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C—CH—CHj CH,0OH | |
|| > CHs CH,
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rearrangement
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shift | |

secondary carbocation tertiary carbocation
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++a*3(  +$%(1alf 2%67a5 ' Oa 11 ViafKa0’KdKa “Kagka “Ka -7°Ka »a
( 1a*+2a2%$ 2a3(7a 11Kal3 $alaY¥Y 3 %% a Ka 6 7l1a"4+0a?a*a# *0 2a (%)%*2%+*ad3 2la2®Rat((+ba
+") **a03( Ka 31 a2$ 7a 0a2++a %#a2+a+a Y1% a2 'a%*a 7?Ja
6).(la+ "a0 2%+*1alal +* 0 7al3 1202 1La

a
Br QOEt
+  Bo  EOH_ X +
major, E2 product minor, Sy2 product
Br SCHs
/]\ +  CHys _PMSQ )\ + X
major, Sy2 product minor, E2 product
"4+ N=9N -"(CN (+N, ( + 2N, ,+ -,N
1#- 4SIKS

02% Dal a3 120 2 1la +a*+2a#ab®%a ?a0 2%+*la 31 a+'al2 0% a$%* © Ja+a?a0 2%+*a%la2$ a $a%sh *a
126*#a 1a ..(% Ka+0a >T>a. 2% 7a5%$a* 320(a +* %2%+*al.++0a*3 ¢.$%(T5 'a 1 VJa $+0 2%((7al. 'w*#Ka
?a*a>al3.+1 a2+a#dh2$al)a (%)%* 2%+*ab3 2Ja+5 40Ka%*aba2+al72$ 1%& *a (' *a"0 +)a a2 02% 0a
13120 2 Ké®4%la & Oa $+% a2+a31 aalad#a 1 a2$ 2a* +30# a?a.0+ 11a02$ Oa#asRPa >Ja $%la%laBl a2$ 2a >a
(5 7la+) %* a2+# 2% 0a5%%a >Ka* a2a%la ()+12a%).+1(8@+a 4+% a2$ al3 12B2%+*aH3 2Ja

a

?F=amEJAa +). 0%1+*a*a+). 2%%+*a B *a >Ka ?Ka>a*a?



Br

EtOH
>< + RO =

"4+ N=9N -"(N (+N-+-"+2N,. -+ - ,N

E2 product

$a + 4a %l3l1%+*la*a a 0% " (7al3)) 0%8 a%*a2%$a2 (a (+5Kaf((+b a 7al40(a 6).(1lJa +a.0 %2a2%a
0 2%+*a+32) Ka+tO0a2+a 1%#*al?$ 1%1aB2 a™+0a a 02 %*a 1 Ka2a%1a$@pa0 +)) *a2$ 2a#3a)S/"S (& 4.#.S 4S
) &&I#(IS/" S&)! #.S'( H)( S ) 1 Ka%*la+ "a&312a®a2+a2$ a2 (Ja(1+Ka.02%a)' 1l1la.0" 2Na

a
0J- IS - —- S S "2 4S
2%7(a ?a0 2%+*a
0 +)%** 27a ?a0 2%+*Ma
0%) 0 7a 6 2%+La?a0 2%+*aba3(7a 1a
2a0 2%+*aha#+ a*3 ( +.$%(aU#lKa’Ka K2 Va
+*
0 7a 2a0  2%+*a3%allf#a 1aU J#IKa “Ka “Va
ST >a50%2%a* 320(a +* %2%+*a#IKa Ka Va
2a0  2%+*aipal2f#a 1aU JHIKa “Ka “Va
02% 0a
ST >ab%%a* 320(a +* %2%+*al#JKay Ka Va
a

1 &)% ANON&#(+N(+ "N)+  (.-E ,FN#N(%%(0" N+-"(,?N

EJAa +). 0%1+*a* a +). 2%+*a B *a >Ka ?Ka>a*a? aalF>
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8<@/;< =9 1+-=3-">/<=398< 2+:=/:

@BSS 5a (%)%* 2%+*a03 2a¥@$ a*((+5%*#a0 2%+*1Ja

a
>Ja
CgHs CHs,
CH3ONa —
—_—
CeHs CH4OH
CHj H
(28,3R)-2-bromo-3-phenylbutane (Z)-2-phenyl-2-butene
?Ja
t-BuOK
» ot
A (heat)

H CHs

$a (Ha+(*0a +*+0) 2%+*a't a *a( 4%*#a#B.a lawlaBpa)+0 a ( 0(7Ta%*a2%a $%0d"+0) 2%+*a'a
2$a 7(+$ 6*Ja ( 1a*+2a2$ 2a2$a+2$0ara *a*+2a a* 2%a2+a2$ Al*#a#B.a 1Ja (1+Ka%*aled2+a'%Ba2+a
2% a * 2%a.(*0a0 /3%0)* 2Ka +2%a a *a la$da2+a a%*a 6% (a.2%+*1Ka 1+a2$%61a0) 2%+*a%la2$ a+* a2h
3* 0 #+ 1la2% a (%)%*2%+*a (2$+3Fa2a%la*+2a2$ a)+l12al2 (a+* I+ a2$ a)+12al2 (a +*"+0) 2%+*a + la*+2&8a2$ a
?al2 0 +$)%1207a0/3%0) * 2Kal+a2$ a (%)@o+*a$ 1a2+eR$03#$a2$ a( 11a12 (a+* +0) 2%+*Ja 2a%1a000 a2+a
" %(®2a2%a0 2%+*Ja

?FAam*15 0la2+a0 2%a 3 12%+*1a $ .2 OaE



1% # # #  $& $% %&%
# % $

*0 ((7al. '%*#Ka (' * a%la2$ a2 a+"a+).+3*a2$ 2a%lavgal+a)+l2a#0% a0 2%+*1Ja$ @0 at+*(7aYa*a Ya

a +* 1la%"4+(4 a%*a2$al20330a+'a (‘*1Ja a+*a%la'0) a 7a$ Y2+Y$ a+0%2 (a#40(..%*#Ka2$a)+12a™ 2%4
5 7a+a#40(.%*#Ka2%$2a)' la2$a +*al20+*#a*al2 (Ja 302$0)+0 Ka+2%aYa*a Ya+*la0 a*+*Y.+(0 Kal+a
*+* a+ "a2$ a2+)la$ la * 7al%#%W* 2a $ 0# 1Ka2®a) *la*+a*3( +.$%(a*+0a ( 20-.$%(a.+11%a%*a (‘*1Ja4 0 ((Ka
(*1a0 a0 2%$0a3*0 2%4 +).+3*1Ka*a2$ 7al (7a3* 0 #+a*7a+@*% a0 2%+*1Ja*ab .2%+*a%la2$ a02%+*a
5 a5%((a(0*a%*a2%$%la $ .2Ka2Ra%1la$ (¥# 2%+*al3 12%2%+*a4% &0 (a) $*%l)Ja a5%((@012a2 (a +32a%a2+a
0+3 a0 % (Ka*a2$*al a0 % (1a.0+)+2 a2$ all3 129232%+*a0 2%+*da ('* 1Ja

$.20aFa 0 a % (a 3129832%+*a 2%+*3da(*1 a&?FB






9796B=3- +8. /=/; 96B=3- &M1

+0a2$ a0 2%+*laa( 0* al+a"Ka+*a0 '%*#a+ 30la%*a2$ a¥a2$2a+* a.02a%a2$a+*a2' la) S 206-*lal$a
( 20*a. %O/a%a2$a+*a 5 7Ja+0a6).(a+ "a >a0 2%+*Ka2$ ad%*#a#B.a Oa( 4 1a59%2%$a2$ a ( 20-*a. %0a2+a0)a
CFa*a 0+ 2%+*a20) %2 Ja

a
(|:H3 HaC
o~ | _
CH3—(|3—Br —_— H,C—C ® + Br
CHj CHg

example of heterolytic bond cleavage

$%1a.6- 11a%1g( a"/- )&/MS)(S& 1! Ka2$am+*a0 'la$ 20+(72%((7Jala5a$ 4a(5 71la *a +%*#Ka*a
00+5a59%2$a2$ 90 &L - . Fpladk2+al$ba$ 2 0+(72% a ( 4# Ka2$2a%la2$ 4P0 Oa+'a ( 20-*a. %0al. %% ((7La

N

$0 a%la*+2%0d2a+"a+*al0 'W#a.0+ 11Ka%*ab5$% $4a.0 2ata2$aa+*a2' lat*a( 20*a 5 7Ka lal¥rta
(+ 5La

AN
A—B

A- + B-

homolytic bond cleavage

$%la%nld a")) &/HS& 1! KatOp) &#Jasa( 20*a.%0al.0 2a 4* 7a2+a $a.0 2Ka *a la al3(2a +2%a
.0+3 2lat+*2 %*aal%ta ( 20-*Ja$al. % la2$2a+* 2 %*a+* a+0a)+0al%*fa ( 20-*a%ld( a0 % (aWla"0al0 % (VJa

% (la0a.0+3 a"Or)a$+)+( 72%a( 4# Ja$ a00+5a5%R%al%*#Y 0 aU(2$ als . a+ "a a%l$$++'Va%lald2+al$ba
$+)+( 72% a ( 4# Ka2$2a%lalQa$ 20-*a20*1" Oal. %% ((7La

77N

Fl>at)+( 72% a*a 20+(72%a( 4# amFD



+)+( 71%1a801a) %*(7a*0a*+*Y.+(0a +* 1IKa$ 2a+0a($24aU2 a%la2$al7)+(a+0a$ 2Mad%la3a2+al$ba(¥EV/a%la
* a2+a.0r4% a *+3# $a * 0 #7a*+0a%2¥R%*#a2$ aH 11Ja+0ab6).(La

AN A or hv
Cl—Cl —_— 2 Cl-

(heat or light)

—~ :
RO’_\—OR M., 2 RO-

% (a%la*+2$ 0a$B#Fa0 2%40 2%+*a2B) %2Ka 31 at'a2$a( 'at"at+?2 2Ja$ al3 12282%+*a0 2%+*a®m5%((a
( 0*a%*a2%$%la $ .2 Oahid 1a2$ a0% (a%20) %2Ja

PFEmaF)>a+)+( 72%a*a 2 0+(72%a( 4#
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$*a ('*1a0 2a52%a$ (+#*aU( ,at0a ;VKa2%a$ 2a+0a($2Kak0 +# *a 2+)a+"a2$ a (' * a%1la0( a 7a$ (+#*a
2ha*a(7 (a$(% a%la® ala0+3 2Ja$%lia a# *0 ((7al$b*alla

Aor h,
C—H + X, —= C—X + HX

al. %% ab).(a%llLa

A or hv
CH; + Clp —— CHsCl + CH,Cl, + CHCl; + CCl, + HC

(multi-chlorination products are possible
for the reaction)

3%a27.a+"a0 2%+*a*a a (( a 1lal3 12%32%+*a 31a$70+#*a%lal3 1232 a 7a$(+#*Ma *a (1+a a (( a
$(+# * 2%+*a 3la$(+# *a%la2* 3 a%2R+a2$a.0-3 2Ja+t0a2$%la ++Ka +2%a2 0)laaBl a%*a2%%la $.2Ka
%20$*# ( 7Ja

$a* 2a0 2%+*aa$ (+#* 2%+*al)lal20 %#$2"+05 0 Ka2$a) $*%l)a%la)+Oa +).(% 2 a2$+34SKE#a2$03#$a
)3(2%.( al2 .1a2$ 2a%* (3 ai(## /#)(CS+)+! MH)(S* d-#( H)( Ja
ab%((a2 'a2%a 6).(a+ "a)t*+Y $(+0%* 2%+*da) 2% * Kad+0a2$ a %l 311%+*a® 2%+*a) $*%l)Ja
Ada(ra a @ da (a

"@ a)-S)(L "&)-#( #)(S) S'I"(DS
## #)(LaG3 2%+3a0% (a
a

AN Aor hv

Cl—Cl ——— «Cl

®%$a2$ a * 0#7a.0+4% a"0+)a$ 2a+0a($Ka $(+0%* a)+(3(a %11+ %2 la$+)+( 72%((7Ka $a $(+0%* a 2+)a2' la
+* a+"a2$ a +* %*#a ( 20-*1Ka * ab +a$¥%B7a0 2%4 $(+0%* a0% (1Ka (QKazd0+3 Ja
- )+ ! /#)( Lat0) 2%+*da.0+3 2a*a0# *0 2%+*da0% (a
a

FJ?a (+# * 2%+*a 2%+*da('*1 a&PFF



step 1:

H H
|f-\/"‘\ 7N\
H—C—H Cl — H—©C:- +  HCl

IL the chlorine radical H
abstracts a hydrogen
atom from methane methyl radical is
molecule produced

step 2: H H

——n |
H—=c-" oo — = H—C—c  +  -Cl

H | chlorine radical is

H regenerated and can
the methyl radical product methyl be reused in step 1
abstracts a chlorine chloride is produced
atom from chlorine
molecule

$a0 +. # 2%+*al2 .a%4a>s +al3 Y12 .1Jaa2$ a¥s2 Ka2$ a (Qa21aa$7 0 +#*a 2+)a"0+)a2$a) 2%*a)+( 3(a

2%$%la%la (faala"4- ) (S /- MH)( S7a(QVKar*aYy al%w*fa+*a0 'la$+)+( 72%((7Jaa*5a a +*a%la0) a
7a(@a*aa $a+* 2a+*a( 20*a*a (a%la®3 ala2$al%w a.83 2Ja$a @ % (Ka EKa2$aZa

%2 0) % 2a“+0a2$ af0) 2%+*da.0+ 3 2a%*ab2al2 .Ka%Dy" ala5 ((Ja

*a2$a? al2 .Ka2$a d2120 2la a $(+0%* a2+)a2+a#od"%* (a @@.0+3 2Ka2+2$ 0a5%$a *+2$ 0a (QJa $a
O#*0 2 a(Qa *a 2 'a*+2$0a) 2%*a)+( 3(a*a 3la2$al 2WHe+*dal2.a>Ka2$*al2.a?a%la@ Ka*a
1+a*+02%Ja $0"+0a2%al# *0 2%+*d'a2%a (Qa%la® 3( (7al%#%* 2K2&)' la2$a.0+. # 2%+*al2.alf0. 2a
$3*0 1a+0a2$+31* la+'a2%) Ja$a0+. # 2%+*al2 .a%laZ$@a (( a2$al ("Y1312 %*%*#al2 .Karel) ((a)+3* 2ata
(Qa%1dB%0 a 2a2% a #%**%*#a2+a:P2 a2$a.0 + 11lJa

*0RUR%+*a *a.0+. # 2%+*a @.0+3 2%412 .1a"™+0a2% at0) 2%+*a'a.0+3 2Ja $%1AaAa+"all/3* 2% (Kal2.Y5%1a
) $*%1)a%*a5%$% $a2$ a0 (% 0al2 .a#0 2 a2$a%0) % 2a2$2a 31a2$a* 62al2 .ata2$ad 2%++a2+ad0Ka% Il
2$a"#(S- M#)( Ja

$a$%*ad 2%+*ab%((a*+2a2%*3 a0 4 0a2$+3#Ka 31 a+'a2$ a2 0)%* 2%+*al2 .1Ja

“#( #)( La+*13).2%+*a+"a0% (la

“CH; + +Cl —— CHsCI

*CH; + *CHy — CH3CHj
$*a25+a0% (la%*a2%a0 2%+*a)%6230) 2a5%a $a+2$0Ka2¥a +)%*a2+a"+0)a al2 (a)+( 3(Ja $a
+) %* 2%+*d'a0% (la( a2+a2$a 0 1%*#ata2$%a*3) Oa+ "a0% (la 4%( (a2+a.0t.# 2%*#a2$a0 2%+*Ka *a

2$a0 2%+*alfta *al2+.la 4* 23 ((7TKal+a2$ &) %* 2%+*a.® 1la%ld( a2 0)%* 2%+*al2 .Ja aB%a 6).(la+ "a
2 0)%* 2%+*a @#%4a + 4 Ka+2$ Oatr) %* 2%+*1a@.+11% ala5 ((Ja

@==aarJ?a (+# * 2%+*a 2%+*da('*1



$a.0 +# 2%+*al2.la @2%a +0al2.la%*a$(+# 2%+*Ja $a *O#7a(4(a %#0)a$ (la2+a.0 +4% a"3@$ 0a
3* 012 * %*#a+ "a2$a.0r. # 2%+*a® 1lJa

$a>'%12 .a%*a.8. # 2%+a%la *+2$ 0)% Ka5%$%(a2%a#M 1+0 a *a a+ "1 2a7a2$ a? a 6+2$ 0)% al2 .Ja
$0 "+0a2$a+0 ((a.0+ # 2%+*a%@3e2$0)% a.0+ 1la*a2$a.0 +3 2la0a%*al Oa*0 #7a(4 (a2$a2$%$*a0 2*21Ja

a

l | propagation | propagation |
: step 1 ! step 2

Ea= 4 kJimol

Energy

E,< 1 kJ/mol

radical- -L- o
intermediat

CH, + *Cl
AH,= 8 kJ/imol

aHprapagalion AH,=-109 kJ/mol

=-101 kd/mol

CH3Cl + HCI + ClI

Reaction coordinate

Energy diagram of mono-chlorination of methane

2%+*a$ 2at) 2$ (. 7Va0a $a+ "a2$a.0r. # 2%+*al2 .a*a(l+a a (3( 2 a 7a0" 00%*#a2+a2$ a$+)¥R% a+*a

$ a0
a'+0a+*Y 0 '%*#al2 .Kal+a2$a+*a*0#7a51la

%11+ 9R2%+*a * 3% laU & SR9Ja0al3 $a (3( 2%+*Ka*#@7a 1+0

#%4albMal%#*Ka*a* H7ad( 1 a"+0a+*Y" +0)%*#al2 .Ka* a2$ dY"al%éx (% Ja

a

FJ?a (+# * 2%+*a 2%+*da('*1 am@=>



+*a
' T)+(a +*a ' T+(a +*a ' T+(a

alaa >BFa a[ Oa @cCCa a@laa ?A=a
(ala (a ?A@a alaa ?FEa @ 24 a A?>a
Oafa Oa >F@a @aa AA=a @ 24 a AAAa
alaa >B>a @aa AC>a @ 7d(a @B@a
alaa BD=a @la(a @B7?a @ »da Oa ?FBa
ala (a A@?a @la Oa ?F@a @ -daa ?7@@a

&SRBa)) &H#S)S #)# H)S (- '1#.5)S)S  #1&S)(.S

1 &% N

(3( 2%tD 2%+*a* @t7d4+0a2$ a.6-. # 2%+*al2 .da)+*+Y $(+0%* 2%+*da) 2$*all" 00%*#a2+a2$ a
+001.+* %*#a+*a*0 #% la%*qd aF J>JVa

) &0#)(DS
2 .a>Laala @haQ(aa @abaala(a

$aala @t*al0 + *Ka 1+0a*0 #7Kal+abAA=a'a

$aaa(@a+*a" +0) KaQ la*0 #7Kal+taZaA@?a'a
salabAA=abaUYA@?VadabEa' a

2 .a?la(ala(aba @aa @la(abaQ (a

$a(@a( at*a0 + *Ka 1+0a*0 #7Kal+ah@a'a

$a @a@"+0) KaQ la*0 #7Kal+@B?'a
-alaPA@abdaB?VadaZa>=F' a

0+ # 29+€a; sdba: -alabEabaUaZa>=FaVadaZa>=>'a

@=2aar)?a (+# * 2%+*a  2%+*da (' *1



1# 1#4S) +-#)S) S &) ( H)(S
$a*0 #7a$*# la“+0a$ (+#* 2%+*aB129B32%HNa528a2$ a+2$ 0a$ (+#la *a a (3( 2 a%*a2$ al%)%(0aKa2$ a
013(21a0a13)) 0%8 a%*a & SBRJa

a
2%+"a ?a ( ?a 0ra ?a
2 .a>la
Y>@=abEa bDAa Y>A?a
ala @aQaa @abaalaa
2 .a%lLa
Y@??aY>=Fa Y-==a YHa
alaaba @aa @aabaQaa
4 0 ((a.0+.# 2%+*La
YAB?a Y>=>a Y?Ca bB@a
ala @baalaaa @laaba a
& SBR:B/"& +4S)S/"S- )+ H#)(S /+SH#HS )OL"&)! ( H#)(S) S I"(SI %l) &KS
a

$a 2a+4a%*% 2a2%$2a2$a$ (+#a0 % (la$4a%" 0 * 2a0 2%2PKA3+0%* a%la)+12a02%4 * a%+ %* a%lal2a
0 2%da$ a%+ %*alh (a%l1®37a3*0 2%45%2%$a4 0 ((a]bta *23$ (. 7Kal+a%+ %* a + la*+2a®as%2$a (‘*a 2a((Ja*a2$a
+2% 0al% Ka2$620) a$%# $a0 2%2Pa+a(3+0%* a%la*+2a a *Ba 26 0Ka2$ a0 2%+*a0a(3+0%* a®% (a%lal+ad@s8la
+0ad*a *# 0+3lab5%Pa(+21la$2af 1 Ka*a%a%la*+2a.Q@%(a2+a ..(7a2%$%la02%+*ala *7a ..(% 2%+*a 31 a%a
%la$ B2+a+*20-(a20a +a pa*a (rKa52$a0 2%2Pa%*a2$ a)%3)a0*# Ka 0a3l a"+0a$ (+#*all3 129232%+*18a (' * 1Ja

Fl?a (+# * 2%+*a 2%+*da(*1 @a@@=@



.0 * 2@Fa (,a&1la)+@0 2%42%*a OKa *a2$%wlala2+a2$a W0 * 2al( 2%2Pa *a ..(% 2%+*a S5 *a2$ab+a
$ (+# *1Ka)+0 a %1 311%+*1a%M4)(SA Bda

@=kaatJ?a (+# * 2%+*a 2%+*da('*1
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(7 (a0% (a%1a2$ar7a%0) % 2 a™0a$ (+#* 2%+D 2%+*da (‘* 1Kal+a2$ aQ 2%4l12 %(Pa+a0% (a 2 0)%* la
25 a0( 2%40 2%2¥B1 a+*a2$a*0 #7a w#OQKa2%a (‘*a2$ 2a# 0 2a2%$a)t0al2 (a 0+*a0 % (a 6%3%R1a
2% a$%#0a0 2%32%da

$a(7 (a0% (la5%%$a %'0 * 2a1202301al$+5a %" 0 * 2al2 %% lda %% ((7Ka2D%» Va0% (a%la)+l2al2 (a*a
2$a.0%)07a*a) 2%7(a0% (laOa( 12al2 (Ka2$2a*((+5a2$al) a20 *a la2$ al2 %(Hata 0+ 2%+*1Ja

a

R R R H
> > >
C2 C: C: C:
N
" R R n 1 h H
tertiary, 3°, methyl,
most stable least stable

the relative stability of alkyl radicals

$%la2ba *a a 6.(%* a 7aB +al0 1+*%*#llLa

Qa 4+- )( $0! #)(S | S"a(7(aUVa#B.La (7 (a#83.1a0 a( 20-*Y +* 2% #a#B.1a2$0-34$a. 0 +* &3#2%+*a
"t 2dl)' Oa2+al#)(S? B¥YKa2Ba%la2$ a RO-*a *1%27a+a Y a+OaY a a+*a+ 4 0(.a5%2%a2$ a$ (Y'%((a.a+0 92 (a
+'a 0+*a0 % (Ja%)%(0a2+a2$@+ 2%+*Ka+*a0 % (a%la (1+a2$a @06*a " % % 2al. % 1Kal+a2$ a (20+*Y
+* 2%*#a™ 2ata (7 (a#83.1a$ (.a2+al2 %(%8RJa ®$a)+0 a (7 (a#83.1a%A+(4 Ka2$ a0 (a%la)+@l2 (Ja
Qa )) &#S)S#.)#  M(S(- !4S+).0%1l+*La +)+( 72% a( 4# at'aZa+*al0 +3 1la 0+*a0 % (Ja$a
Za+*a%*a %™ 0 * 2a120230a$ 1la %" 0 * 2a +* a %11+ ¥2%+*a * Gf7Ja 2la+).0 aBb+a¥%"0 * 2a2 la (+ 5Ka
0%)07d4, N +* 0 7La

CHz——CH,—CH,—H ——> CH;—CH,—CH, + H- AH = +423 kJ/mol

propyl radical (primary 1°)

CHz3—CH——CHj, —— CH;—CH—CH; + H- AH = +413 kJ/mol
H isopropyl radical
(secondary 2°)

%* a +2%a0% (la +)a"0 +)a2$al)a +).+3*Ka.0 +.*Kal+ 2% as¥#0a2$ a$+)+(72% a +* a %11+ %B%+*a
*0 #7a) *la2$ a$%$ 0a2$ a* 0 #7a(4 (a+'a2$ al3(2%*#a0+*a0 % (Ja$a+*a*0 #7a+a2$ a>laZ a%la>=a
)+(a$%#B 0a%*a * 7a2$ *a2$ a+*a* 0 #7a+a2$ a?laZzKa2$0"+0a2%al +* 0 7a0% (a%la)+@l2 (a2$ *a2$ a
.0%) 0 7a+* Ja
2$0a2$*a2$a + 4a0 1+*1Ka2$ 0a%la *+2$0a™ 2a2$2a™ 2a2%al2 YdPa+a0% (1Ja+0a6).(Ka2$a" +((+5%*#a

Fl@2 %(Wata (7 (a % (la@@=B



0% (a 6%%R1lal. % (al2 ¥PWKa2Ra%kh*a)+0 al2 (a2$*a+2%$ 0a0#3(0a202%Va0% (Ka (2$+3#aPa%la a.0%ya
0% (Ja $70a$%la%la3l a+'a*+2$0a"" 2afa .)(( S / Na
a

“benzylic” position

CH,
benzylic radical

$a0 % (a$0 a%la*+2a &B(0a.0%)0 7a0% (Ka2a%la+*a2$ a.2980*a2Ra%la 1% a2$a *8 a0%*#Ja $ a.+1%%+*a
0Yd#2a* 62a2+a2$ a *8* a0%*#a%lfa2$ a (54 &#S+H1%R%+*Ka* a2$%2a0 (a%lad &# S# & Ja 3lat+'a2$al0l* a
+'a *8 *a0%*#Ka2$a *87M% a® (a$la2+2 (a%401+** a +*2082+01Ja +0%*#a2+aD+** a"" 2Ka2$a)+@d
01+ * a +*20%2+01a4%( (Ka2$a 2 0a2$a( 20-*a *1%27a %1. 01 Ka2$ a)+0al2 (a2$al. % la%lla

X =
Cpon e O Qi — O
C
gy 4

resonance effect: benyzlic radical is stabilized by resonance structures

$a0 1+** a"" 2a(l+a$ (.la2+al2 %@28 a&&8&# S+# & Slab (Ja$a 0+*a2$ 2a%labPe# 62a2+a2$ada+3(a
+* a%1la2$a&@&#S+19%%%+*Ja $ al+** al203230lat'a*a ((7(%a® (a 6).(a0 al$+s*a (+ 5Ja+2%a *87 (W a*a
(7% a®b6 (la0a)+0 al2 (a2$*a2$a202%0a(7(a0% (la 3lat+'all+** a"" 21Ja

a

(yfﬂ\\’—éHg *“—""/\

CH»,

allylic radical is stabilized by resonance structures
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AB<BO)() "&)-#(  I#)(S
%012a&5%((a"31a+*a)+*+ $(+0%* 2%+*a®3 2Kara 113)%*#a2$2a $(+0%2%+*a+Ta+ 30a+* Ja %* a $(+0%* a%1la

a02%$0a0 2%40 # * 2K&&$51a0( 2%4%(ON, % -"/-Ka2a) *la ( -a+ la*+2a %1 0%)%*2 a#0 2(a )+*#a2$a
%" 0 * 2a2. la+"a%¥ 0 +# *1la 2+)1aU.0%) 07Kal +* 0 7a+0a2@%b BVa%*a *a (' * Ja la all3(2Ka'Da2$ a0 2%+*da (‘* a
59%2%a "0 * 2a¥ 0 +# *a 2+)1Ka a)%623@+"a%1+) 0% a)+*+ $(+0%*2 a.0+3 2lala+2 %* Ja

a
’ CH,—CH—CH
CHs—CH,—CH; + Cl, 22" GH,—CH,—CH,Cl  + 3 3
Cl
1-chloropropane, 45 % 2-chloropropane, 55 %

propane
"4 NN ((1%E" N+ (LN

$a 6.0%)* 2(a013(21la*a2$ a)+*+ $(+0%* 2%+*da.0+. * a%* % 2 a2$2aABja.0%) 07a $(+0% ay=$(+0+.0+.* Va*a
BBjal +* 0 7a$(+0% aLP$(+0+.0+.* Va®@.0+3 Ja +5a2+ab.(%*a2$%148(20a
+a.0 % 2a2$aQ 2%4)+3* 2a%a %"0 * 2a $(+0%2%+*a®3 2Ka®* a2+a+*1% 0ab +a" 2+0la2a2$al) a2%)La

+ M2 Na)+( "%"-2Ja
2a%$ la *a%l1l311 a%*a/#)(SA BKa2®a %'0 * 2a0% (1aUu.0%) OKal +* 0 7a+0a2P DVa$s a %" 0 * 2al2 %q¥a * a

0 2%2%d'S- & MLS- I#)(S- /S) S &%ASH# &S )-S"&)-#( M)( S 4a *a) 130 a*a$la2$a.0 +6%)2a

4(3 1la+"La
a

tertiary 3" secondary 2’ primary 1°

5.0 3.8 1.0
"+ NN %-"/N+ ~“(N+ - N(N %$2%N26,N (+N
19%(+" (N

0+ %(%&ral%).fa .*1la$+ 5a)* 7a¥ 0+#*a 2+)la0 a2$0a"+0a $a27.Ja 9P$a)+0 a$7 0 +# *a 2+)la 4%( (Ka2$a

$* a+0a2$2a2. a+ "a¥ 0 +# *a2+a0 2a%la$%#122%12¢7Ja
+a2$ a4 0 ((a)+3* 2ata $a%l+) 0% a.0+ 3 2al$+3(a al2%)2 a 7a

2% 2a%1lLa

a
["SY0(  /S)SS -/#(SIA+S) S+)0/ ala*3) Oa+ "a2$2a2. a+ "aF 0 +# *laca0( 2%40

+0a2% a6 ).(a+ "a)+*+ $(+0%* 2%+*da.0+.* Ka2$a (3( 2%+*a%lla

)+3*  2ata¥ $(+0+.0+. * LaCalI3) Oa+ "a>I¥ 0+# *1 Vacaal( 2%40 2%2P¢adat)
)+3*  2a¥a¥ $(+0+.0 +. * La?aU3) Oa+ "a?l$7 0 +# *1 \Lwa@JIBEU2%40 2%2P%adala
7% (ajat"a¥ $(+0+.0+.* L L£IFT>@JadaAAaja

7% (ajat+"a¥ $(+0+.0 +. * aD LT>@JadaBCaja

"S &0& [/ S1 &0.S- S)(#./( [S2#"SI" S 3+ -#'( /S-.0&/.BS

+3* 2%*#a0a +2$a0 2%2Pa*a.0 + %(%Y2’Ka

2%32%a

a

FJAa $(+0%2%+*adla+)%* 2%+aw@D



0 %2a2$a.0 * 2#a7% (ata $a.0 +3 2at0a)++ $(+0%* 2%+da%l+32*a7a (3( 2%+*Ka*at).0 a
7+30a (3( 2 a*3) Ola2+a2$a 6.0%)* 2ad3(21Ja0a2$ 7a+*1%12 20a

a

+ Clp 'Aorhv )\/CI : )\
Cl

isopropane 63 % 37 %

experimental result

*15 0la2+a0 2%a 3 12%+*1a$ .2 OaFa
+0a2$ a (' * ab%2%a+*7a+* aZ. a+ "a¥ 0 +# *Ka2$ a.0+ ()a+ "a%l+) 0% a)%6230 *a a.0 4* 2 a+"a+301 al%*a+*(7a
+a.0+3 2a.06-3 Ja+0a2$ a((+5%*#a $(+0%2%+*da 7( (+. * 2 * Ka+*(7a+* a)+*+ $(+0% a%la.-3 Ja
a

Cl
A or he

+ o, 275

"+ N3B N 19%(+" -"(N(N 2% %() - N

AB<Br O&# "&)-#( I#)(S

(2$+3# $a5a113) a2$ 2a $(+0%2%+*a+301a+* a%*a( 12al2%+*a %1 311%+*1Ka2$%la%la’a2e@$laa3*" +023* 2 (7Ja
a +))+*a%113 a5%2%a $(+0%*2%+*a%1223(2%.( al3 12282%+*a5( 71a$ .. *Jaal%).(a 6).( a%la2$ a $(+0%* 2%+*d'a
) 2$*Ka2$ 2a a)%6238+"a)3(2%.( a $(+0%*2%+*a®3 2a50 a+2%* alab a( 0* a " +0Ja

a

Aorh
CHy; + Clp ~orng CH3Cl + CH,Cl, + CHClI3; + CCly + HCI

(multi-chlorination products are possible
for the reaction)

"+ NSDN L &)% N(N&%-" 19(+" -"(N)+ (.-N

$a)  $*wl)a’ +0a2$ a0) 2%+*d8)3(2% $(+0%2%+*a83 2a%1all)%( Oae2d++ $(+0% Ja $*a$(+0+) 2$*a

@=BEmarJAa $(+0%2%+*a416+)%* 2%+*



U0a) 2$7($(+0% Va 0 2la 52%a (-Ka *+2% 0a $ 0 +# *a %la @ a 7a $(+0%* a 2+)a 2+a #odh % $(+0+) 2%*Ka
% $(+0+) 2$*a0 2la5%a (a# %*a2+a %4 20% $(+H) 2%*Ka *a20% $(+6-) 2%$*a0 2la"3P$0a2+a.B3 a
220%(+0 +) 2%*Ja((@2$a0 2%+*1lal2%as63#%$al%)%(0at0# 2%+*al2 .1la®%a0% (a) $*%1)Ja

a

1 &% N

$+ 5a2$a) $*%l)at "a.0+.# 2%+*al2 .1ala2$ af0) 2%+*da % $(+68) 2%*a'0+)a$(+0 +) 2%$*Ja

) &0#)(DS
propagation step 1:
(|3' Cl
H—C/—\—/I-I_\ 7l > H—-~C:- +  HC
| ;

chloromethane

step 2: cl TI
/ —
H—C'/—:\ Cl—Cl - H T Cl + +Cl
H H

dichloromethane

0 2%((7Ka2+a)%*%)a@ a.0+ ()a+ ")3(2% $(+0%*2%+*a 03 21Ka2$ a0 2%+*a* %2%+*1aa a +* 20-( a%*a02 %*a
5 71Ka0a6).(La

Qa 1a%$%Ha +* * 202%+*da(*a0 ( 2%d2+a(;Ka2+a0 1 a2$ a.+11%6(at+a)3(2% $(+0%2%+*Ma
Qa+* 20r(a0 2%+*a2%) Lal2+.a@%+*aZ Oal$+@"a2%) a2+d+0a)+*+ $(+0%* 2%+*a.®3 2Ja

$1la) 2%+1a$(.a2+a03 a2%a)+3* 2a+a)3(2% $(+0%2%+*a83 21Ka 32a2$ at()al2%((a **+2a a +).( 2 (7a
4+% Ja

a

AB<E§ -)#( H#)(S

3la+'a2$aB+a)&+0a.0+ ()la" +0a $(+0%2%+*Ka( 'a"al ( 2%2Pa * a)3(2%Y13 12232%+*Ka $(+0%o+*a%la*+2a

31"3(a 1a al72%$ 1%la)2%+a2+a.0.0 aal. %% a (7(@$ (% a.0r3 2Jal2 Ka O0+)%* 2%+*a®pa Ca *a a ..(% a
"+0a2$2a.30.+1Ja $a0 ( 2%4(+5 0a0 2%2Pa+a 0+)%*a)' 1a%a6$%Rla a)3$a#0 20al( 2%32Pda O+)%* a%la
(11a0 2%Ka) *la%a0 2%4)+0 al(¥5(7Ka2$0+0a®a$la $* a2+a B0 * 29%%a 25 *a2%a %™0 * 2a2 la+"a

FJAa $(+0%2%+*adla+)%* 2%+am@=F



$70+#*1Ka *al( 2%@#7a0 2la52%a2$a)+l2a0 2%d4+*Ja $al ( 2%40 2%+*a@ a+'a 0+)%* 2%+*a0a %0 * 2a
0% (a%lal$*a$0 Ka*a7+3a *al a2$a%#a %0 * a2+a2$ata $(+0%*2%+*La
a

tertiary 3°: secondary 2’ primary 1°
1600 80 1.0
"4 NBN %-"/N+ -"(N+ -N(N+@&"-"(N

+0a 0r)%* 2%+*Ka2$ a02%2%a%"0 * a 5 *a%™0 * 2a2. lat+"a.+1%%+*a%lal-Ei2b2a2% a0 2%427a" 2+0a +)a
0 +H)%** 2at0a 20)%%*#a2$a.8#3 2Ja $0"+0a - )#( /#)(S0.0&84S) O- .Sselectively )(S/"S")./S-  # 1S
+).# #)( d42% a.+198%+*a28a*0)1a2$ a)+12al2 (a O0+*a0 % (a%20) % 2 VKa*a#hda+*a)&+0a.0+3 2a6 (31%4 7Ka
la2$a6).(a$0 a"+0aO+)%* 2%+*da%l+ 32 * Ja

a
Br

isobutane tertiary bromide, primary bromide,
>99 % trace amount

experimental result
"4+ N3 N'N 18&)% N(N-IN+&" -"(N(N",(.-'N

1aa013(2K- y#(  M#)(S".SI"S!-  [./SO /#&HS.A(I" #.S) S &Y&AS"&# Ja

$+ 5a2$ a) &+0a0 +)%* 2%+*aB3 2afa*((+5%*#a0 2%+*1Ja

a

+ Br, A or hv

SN+ Bro Aorhy

@>aatJAa $(+0%2%+*a416r)%* 2%+*
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+0al3 12282%+*a0 2%+*a%*a5%% $a al2 0* 2 0a%la® 2 Ka2$al2 0+ $)%1207a *a a 6.(%* a 7a2$al20230a

" 230a+'a0% (a%20) %2Ja

*a2$ al203230a+"a 0 +*a0 % (Ka 0+*a$1a2$0 a+*la*at+*al%*# (a( 20*Ja 1 a+*a Ka2$ 0a 0 a2+2 (a
"+30a ( 20-*a#0+3.1Ka0% (al$+3(a a%*a20$ 0 (al$.Ja +5 40Kab. 0%)* 2ad% * a%* % 2 a2$2a2$ a#+) 20% a
1$.a+ "a)+12a (‘7(@a0% (a%lat! )(&S+& (- 9%$.Ka5%®2%a2$ a 0 +*a %*a 17857 0% %R%+*Ka * a2$ @ %1la +* a 196+
3*.%0 a( 20*a%*a2$ a3*$0% %8a?.a+0 92 (Ja

a5%((a2 'a2$ a 0+)%* 2%+*a0 2%+*daUh@y) 2$7($ 6 * a2+a 6.(%*a2$ al2 0+ $)%1207Ja$a 6. 0%) * 2ad3(2la

%* % 2 a2$2a2$ a0 )% a)%6230a+'R *a S@Y 8)+Y @Y) 2%7/($ 6*adb 0 a+2%* ab%R%a2$ a 3)%* 2%+*Ja

a
B Aor hy
+ fy — :” + c.'
Br ” B
(%)-3-methylhexane (R)-3-bromo-3-methylhexane (S)-3-bromo-3-methylhexane

"+ NN +H(&™-"('N+ "(N(NERFI8I& -12%! 1'N

$%la*a a 6.(%* a 7a2$al2 0+ $)%1207ata2$a.0r. # 2%+*al2 .la%*a2$ap*%l)Ja$a O+*a0 % (a#*0 2 a
%*al2 .a>a%la%*apdye#0als$ . a 1a) * 2%+*a 0(%0a $*a2$a0 % (a0 2la5%ba O+)%* a%*al2 .a?Ka2$ a02%+*a
*a+ 30a 2a 2% 0al% aa2$a.(*Ja 3la+2%al% la % *2%(Ka2$ a.0 %(%rata2$ald 2%+*ara ®% 0al% a%la
2$al)Ka2$0 "+0a /3 (a)+3* 2ata2$®Za*aSZa** 2%+)0ala+2%* alaald )% a)%6230Ja
a

propagation step 1:

o~ —
(- s N

T _/\ +  HBr

radical intermediate,
trigonal planar shape

step 2:
LT N
R- S-

Br, accesses from either side of the plane —
racemic mixture

"4 N2IN4H) -"(N-)N

$al120 +3$)%1207a+a2$a0% (al3 12%32%+*a%la1%)%(0a2ad@$ >a0 2%+*Ka 3la +2%a 0+*a0 % (a *a
0+ 2%+*a @%*a20%#a.(* 0als$ . Ja
a

@>@arJBa2 0 + $)%1207a*0a (+# * 2%+*aa(*1



1 &% N

$+ 5a2$ a 0+)%* 2%+*a.®3 2WVa52%Bal? 0+%1+) 01a5$ *a..(% Ja

a
Aor he
+ Brz —_—
) &0#)(DS
a
Aorh
O\r\ o — OY-\ "
Br Br Z

$a0 )% a)%6230a%la+ 2 %Ha

$+ 5a ((a2$ a)+*+Y $(+0%* 2%+*a.83 2lata 32 * a5%2%a *7al2 0+%1+) 01a5$ *a..(% Ja

a

*15 0la2+a 0 2%a 3 12%+*1a $ .2 OaFa

FIJBa2 0 +$)%1207a+0a (+# * 2%+da(*1 @=@>@
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a$ 4a( 0* a2$0 a) &+0aZ.la+"a0d 2%-+*lal+akKé*3 (+.$%(% al3 1292%+*Ka (%) Po+*a* ab (+# * 2%+*da(*a
0 % (all3 12%32%WKaSa5 a5%((ala$+5a2+a.32a2$ a*+5( # a+'a2$1al0 2%+*1la2+2$0a*+0a ..(% 2%+*KaZh%la2+a
1%#*al7*2% 1%1a32 a*+0a a2 @ 2all%0 Va+).+3*a"0 +)a 4 %( (al2 02%*#a) 2 0% (1Ja
3%( %*#Ha#0Kat).( 6a+@&*% a)+( 3(1a"0+)al) (0 Kal%).(a)+( 3(la%la2$ aHa+'a+@ *% al7*2$ 1%1Ja#*% a
17*2% 1%1a% a#0 2a%).+@* a"+0a)* 7a0 1+*1Ka"®)a2 12%*#a2$ a*5(7a 4(+. a0 2%+*a) $*%l)a+0a) 2%+Ka
2+a0(% 2a2%$a)+( 3(la+"a(%4%*#830Ka *a2+a.0+3 a* 5a)+( 3(1la2$ 2a$4a.+2* 2% (a ..(% 2%+*1la%*a *HIKa
) 2 0% (a+0a) % %* (a% ( 1Ja
2a313 (fa2' a)3(2%.( al2 .1Ka"g)al 40 (a2+a?=a+0a)+Ba2+al?$ 1%& a 1%0 a +).+3*1Ka*a2$0 "+0a®a5+3(a
a$((*# %Ha2+ad%l3d9eB)a2$al202a ((a2%al2.la* 1107Ja $a +)+*al20 2#7a2+a 1%#*a al2$ 1%la%la2+a
5+0 a %2 - C2$ 2a%la%*azx "a(++'%*#a2a2$ al2®w*#a)20% (a *a % %*#a$Pa2+a +a2$ a%012al12 .Kaf++'a 2a
2$a.0+3 2a*a % a$+ba2+a +a2$a(l2al2 .Ja $%la.0lla%ld( a /- ).4( "HS (& 4.#C3%a2 $%/3a..(% a
"0 /3* 2(a%*a#0% al7*2%$ 1%1Jaa5%((a2F 3 a2%a 1% a% la+'a020-17*2% 2% a * (71%%$ 0 Ka *a"+0a.0 2%a
.30.+1 a2%$ al2 02%*#a) 2 0% (a%Fa (fla " %* a"+0a+30& ).( 1Ja
a

retrosynthetic analysis ———

Z pr— (4 pr— B p— A

target
compound

starting

recursor 1 recursor 2 .
P P material

A

actual synthetic direction
"+ N2N -+(2-!1-"N'% 2N

26r17%2% 2% a * (71%laa313 (( 7a al$+b*a%*a2$a +4ab5 7KaR@pa2% a+. *a 00+51la%* % 2 a2$2a2$% a * (71%la%la
%2 - Ja a"%012a%2%ra2$ a.0 301+0a>a2Ra+3(a0 2a%*a+* al2 .a2+a)'a2$ a2 ¢ 2a+).+3*Ka2$ *a% * 2%a2$ a
* 62a.0 301+0a2%2a+3(a0 2a2+&#4.0 301+0a>Ka*al 2a2%$a.00 11a3*2%(ad0 $a2$al2 02%*#a)20% (J4 la
*+2 a2$ 2a2$ a * (71%la%la2$mR+a 1%a 2% a]2$%*'%*#a+0a% a+0a 14%*#a2$ a0 ()Kal+aZl.% ((7a28a0# * 217
+* %2%+*1aB%0 a"+0a $al2.a0 a*+2al. %% a3* 2%(a2$ alZ®¥ 1%1a32 a%laSl¥ta%*a2$ a05 0 a %0 2%+*Ja (1ola
407a.+11%a7 +3a) 7a+) a3.a5% 2%$a)3(2%.( a®32 1Ka52%a %0 * 2a.0 301+01Ka2$ *a2$ a)+12a"% % 2a172$ 1%1a32 a
*aa 20)%* a 7a4(3 2%*#a2$a.+11% *" Rla*a%l 4* 2# lat'a $a. 2%Ja
a

1 &% N

@>#maFXa7*2$ 1%1da 0# 2a +( 3(1La*26-3 2%-+*a+
20r17*2$ 2% a* (71%1



7%2%$ 1%1a82 a 1%#*a%la@® 0a$ ((*# a2+.% a2%a* a(+21a.0 2%1lJa*a+0 Oa2+a +a2$2a5((Ka¥3al$+3(a a4 07a
")%(% OaS%a ((a2 la+"a0 2%+*la%*a2 0)la$Ha2$ a'3* 2%+* (a#6B.1a20*1" +0) Ka*ab$ 2a0# * 2la*a +* %2%+*1la
%8+(4 Ja+) 2%)lal+)a0 2%+*a"2301Ka(%i12 0 +$)%1207a5%((a a3l "3(a lafJa
a

FXa7*2$ 1%14a 0# 2a +( 3(1lLa*20-r3 2%+*aa 20r17*2$ 2% a * (71%A=@>B




1 +" N>BN ,"'N-IN2-!"N+ (-?N

starting material target product
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%2a2%a.0 * 2# a7% (a*a $a.0 +3 2a*0a)+*+ $(+0%* 2%+*d'a%l+32*a7a (3( 2%+*Ka*at+).0 a7+30a

AB9S
(3( 2 a*3) 0la2+a2$a 6.0%)* 2al3(21Ja0a2$ 7a+*1%12 20a

a
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Mechanism: Dehydration of tert-butyl alcohol

Step 1: protonation of OH group
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Step 2: water leaves as leaving group, carbocation intermediate formed
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Step 3: f-hydrogen removed to produce alkene
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Mechanism: Dehydration of 3,3-dimethyl-2-butanol
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Mechanism: Dehydration of ethanol

Step 1: protonation of OH group
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Step 2: E2, base removes a hydrogen from the f3-carbond, double bond forms, and water leaves.
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Mechanism: Electrophilic addition of HBr to 2-methylpropene

Step 1: Electrophilic attack of HBr to the alkene, carbocation intermediate formed
(slow, rate-determing step).

H + BI'_

a{o K@\‘ 3° carocation, more stable,
Q preferred over path (b)

H

1° carocation, less stable,
not formed

Step 2: Halide anion reacts with the carbocation (fast).
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CH3CH—=CCHg3
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CHs

+ HBr —>

+ HCI ——
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3—methyl-1-butene
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electrophilic addition:
Br
+ HBr — )<

Markovnikov product

radical addition:
peroxide

+ HBr ——>
RO—OR Br

Anti-Markovnikov product
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Initiation step 1: h weak O-O bond
AN eat ;
RO—OR ——= 2 RO undergoes homolytlc
cleavage that gives
alkoxyl radical

step 2:
N N
R0 HSBr —= ROH + Br
the alkoxyl radical the bormine radical
abstracts a hydrogen produced that reacts
atom from HBr in proagation steps

Progagation step 1:

e — PN

the bormine radical

adds to the double the most stable
bond first tertiary radical is
produced

step 2:

/.-—-\/-—-\
|/_\ HBr —=

. *Br
/ \/ Br /CH\/ Br *
the tertiary radical Anti-Markovnikov bromine radical is
abstracts a hydrogen product is produced regenerated and can
atom from HBr be reused
Termination steps:
Bre + Br+ —— Brn,
Br
P

/C'\/ Br Bre  ——= /C\/Br
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Mechanism

OH

+
H,0 cat. H;0

H

Markovnikov product

Step 1: Electrophilic attack of H3O* to the alkene, carbocation intermediate formed (slow).

@
+ H—O—H
v - +  H0
H H

N |

39 carocation,
more stable

Step 2: Water reacts with the carbocation (fast).

H

H

|
O—H
O—-H ®
.
: H

Step 3: Deprotonation to get neutral product (fast).

]
O—H
®

H

H
H |
| O ®
O—H H—O—H
—_— +

H H
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H OH
\ / addition (|3 (l_;
C—=C + H,0 -
/ \ elimination | |
alkene alcohol
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OCH,4
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+ CH3OH — 23—
2-methyl-1-butene 2-methyl-2-methoxybutane
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Mechanism: addition of methanol to 2-methyl-1-butene

Step 1: Electrophilic attack of H;0" to the alkene, carbocation intermediate formed

TN @
n HDT—H —_— B H + H,0

H 3° carocation,
more stable

Step 2: Methanol reacts with the carbocation

T
H —
@ + | e — \></H
CH,
Step 3: Deprotonation to get neutral product
<|3Ha H CH,
a | | ®

®0—H O0—H 0] . H—O—H
H H
H

+2 La
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Cl Cl
CH,Cl, | |
CH;—CH=CH, + Cl, ——> CH;—CH—CH,
vicinal dichloride
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vicinal dibromide,
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(E)-2-butene (2R, 3S)-2,3-dibromobutane

anti addition produt
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Mechanism: addition of Br, to E-2-butene

Step 1: formation of bromoninum ion
CHS/,‘- \\\\H CH3 yJ ’ \\H

/C: \ o e
H CH,4 H( \ / \CHS + ‘Br:

. :Br:

:Br: @

cyclic
bromonium ion

Step 2: Br attacks from the direction that is anti to bromonium ion
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H H L} r Br. s
CHji = T 4CH
\c—c/ + B, 2HCh N —C/ + B —6/ ’
/ 2 "J’;H H\“/ \
CHs; CHj Br CH, CHs Br
(Z2)-2-butene (2S,3S5)-2,3-dibromobutane (2R,3R)-2,3-dibromobutane

racemic mixture

Mechanism: addition of Br, to (2)-2-butene

Step 1: formation of bromoninum ion

Hy,,,

‘C—=C.
3

oo
ord >\0H3 — o \/ ~eH,  + B
- :Br:

H
‘\\\ H /,{ ‘\\H
. K

bromonium ion

Step 2: attack of Br to bromonium ion from anti direction

Hﬂ, ) \ ‘\\\H

/\/C\CH B c

".+ N6 N

bromonium ion
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Mechanism: reaction of bromine water with cyclohexene
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H,O
1, ot \\\\H 1y, ot \\\\H
,C—Cx SC—CxX
WA /\ 29
el c
@ @
partial positive charge is accommodated secondary carbon not accommodate partial
better on tertiary carbon, preferred positive charged that well, not preferred

"4+ N6 N-+-"+2N + (N/,?N, ( + 2N +(N
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$*a( *la0 2ab%%aF 0 +# *a# la%*a2$a.A * at'aadd%Z’ata) 2(a 2 (7121Ka @P +# *a)+( 3(a5%((a a a
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"4-) ( #)(Ja
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\ / catalyst

C——=C + Hs o

/N

—_—0—2=x
—O—0=x

2 (7121a®)312Y$ 4 a+0aF 0 +#* 2%+*Kal+a2$ al%+*a*ta(l+a a (( a /&4M#S"4- ) ( H)(Jasa+)+*( 7a
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a

Pd, or Pt catalyst
‘e

NN NN

$a$ 70+#* 2%+*a0 2%+*a + la*+2a2a.( abR$+32a 2(712a 3la+'a2$a *+0)+3la 2%2L%+*a *H7Ja $a
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hydrogen gas alkene approaches two hydrogen atoms

absorbed on the the surface of the added to the alkene

metal surface metal as well carbons from the
same side

simplified diagram for catalytic hydrogenation of alkene

v'—C~N catalyst L C'.‘“
—_—
/ \
H—H H H

catalytic hydrogenation: syn addition
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la5 a( 0* a%*al 2%+98B:BKa2$a %Y 2(78 a$70 2%+*al¥b 2%+*d'a5 2 0Va2+a (*a.0 +3 1la( +$+(a2$2a*((+5a
0 ' +4*%+41aGt %+1 ( 2%2Pda 0 a5 a5%((a%12%#2 ab +a+2$ 0a) 2%+ 1la*+0aF 0 2%+*aa (' * Kad% a %0 * 2a0 2%-+*a
+*0%02%+*1la*a) $*%l)Ka*a.0 +3 a%R$0a 0 ' +4*%+4a+0a2%Ya 0+4*%+4a ( +$+(a.0+ 3 2ad. 2%47Ja

a
98B>B934'- O- M#)(Z'-  0- /#)(S) S&%.S
$a+ 67)0 30 2%+*Y )0 30 2%+*da (' *1a.0 +4% la*a (2 0% 2%45 7a2+al?$ 1%% 0 ' +4*%4+4la (+$+(a"9)a

(" *J a2a%laa" 12a@%+*a5¥a(+21a ..(% 2%+*a%*a( +R+0% 1Ka * a2$ a7% ( a%la3kB#(q 2 0a2$ *aF=jJ +). 0%*#a2+a
%Y 2(78 a$70 2%+*Ka2$a *%Blata67)0 30 2%+*Y )0 30 2%-+*a Qa*+al2@#a % 1a0/3%0 a* a*+a
0+ 2%+*a@0*# )* 2la%*(4 Ja$at*( 7a0 1+*a2$ 2a(%Pha2$ a5% a..(% 2%+*da2%%lap$+ a%la2$ a

* 4%0r) *  2a+* 0*al%* a) 0 307aU#Va5l2a.0+3 Ja

67)0 30 2%+*Y )0 30 2%+*a%laa?12.a.0+ 30 Kalal$$*a 6.(% %fa (+5La

a

1) Hg(OAC),/THF-H,0 OH
2) NaBH, B ><

0 0 (I?

. i Il Il . ; ;
Hg(OAc),: mercuric acetate, CHACO—Hg—OCCH’ the acetate group, CH,CO— is abbreviated as OAc

THF: tetrahydrofuran, the co-solvent
H
. . lo ® .
NaBH,: sodium borohydride, H—B—H Na . the reducing agent
|

H

Step 1 Oxymercuration: mercuric acetate and water add to the double bond
O 0] 0]
Il [ THF | + T

CH3;CO—Hg—OCCH,

Step 2 Demercuration: the mercuric group is reduced and replaced with hydrogen

OH Q OH o
Hg—OCCH, * NaBHs  ——— ></H + Hg o+l
CH4CO"
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Mechanism of Oxymercuration:
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( Hg—OCCH, 2
—_— —_— —
/J\) M Hg—OCCH,

cyclic mercurinium ion
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1) BH3 THF
2)H,0,, OH™

1) BH; THF OH
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2) H,0,, OH
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CH;— CH==CH,

CHy—CH,—CH,—OH
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CH;—CH=<CH, CH3—CH===CH> CH3—CH—CH>
— P —
H=—BH, H---- BH, H BH,
- alkylborane
transition state
2nd equiv.
CH;—CH==CH,
3rd equiv.
CH3—CH—CH; H CH;— CH==CH,
| - CHy— CH—CH, !
H B——CH,—CH—CH,4 |
H;C——CH——CH>
H trialkylborane dialkylborane
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Mechanism: Oxidation and Hydrolysis of trialkylboranes

Oxidation: T T T T
- - repeat twice
H—0—G  “B—R —» H—bY0—B—R —» R—0—B—R ~oROALMCE ?
| | R—O—B—O—R
R R + OH
Hydrolysis:
ydroly ] : : |
e : ;
R—O0—B—O0—R RA—0—BL8—R " R—0—B + 10—R > R—0—8 + HO—R
CIJ é -é alcohol product
| (i
H H
"4 NBRN I™&AN 1" (N'N 2 +(%,"N(N-+"%%$2% (N
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1) 0sO,
———
2) NaHSO;

cis-1,2-cyclopentanediol
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"4+ NEZN!IN)+ ( ,N(N% / NO"-IN3('N

>=Da 6% 2%+*a 2%+*lda( *1 am@B@
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=
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++-) " Lata 2 0)%*a2$al203230a+"a%%% (a (*Kab5 a *a5 +0a '5 0 la 7a+** 2%*#&2tada
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initial cyclic ozonide
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Fi\ R
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| d SR
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alkane alkene alkyne

pK, > 50 pK; ~ 45 pK; ~ 25
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deprotonation of terminal alkyne:
— e @
R—C=C—H + NaNH; ——» R—C==C: Na + NHj

sodium alkynide
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@ VN —_
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1) NaNH,
_——

N 2 CHicHaBr X

3-methyl-1-butyne 2-methyl-3-hexyne

"4+ N62=N2-1 " N(N7 1&-12% I8! 12'N

98B@BH& /" #.S) S &%A(.S 4S &H#H( IH#)(S

$a) 2%+ a%®H8B<MA(% la2+a2$ al72$ 1%148a ('7* a5%2%a 02 %*al20230Ja$ a)+0 a#*0 (ab 7a2+al?$ 1%& ('7* a
%lad% a2$ a (YoPa+*a0 2%+*dad% %* (a %$ (% 1Ja((a2% 2a4% %* (a %% (% lads a$ (+#* 2%+*ad3 2lata (' * la
2%+*a0 2%-+*a5%pa al20#a 1 a2+a

U 2%+98B¥Ja$ ad% %* (a %% (% *a2$*a al3& 2 a2+aa+3(a $ 70+$(+# *

0+3 a*a(7*Ja

a
double
halogenation dehydrohalogenation
I?r Fi’.r
Brz 2 equivalent —
RHC=CHR ———  RHC—CHR' ————> RC=CR
NaNH,

alkene vicinal dibromide alkyne

synthesis of internal alkyne by dehydrohalogenation

"+ NBZ=N 241" N(N"-+ %N %$2' N 2N 12+ (19%( '-"(N

$a $ 70+$(+# * 2%+*at+30laB% Ka%*azal2 .lKa2$ &012at®B 2a%la a$(+ ¢ Ka*a2$al +*a.0 +3 2a%la2$a
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+ 30a3% +a2%) 1Ja

a
Mechanism: Double dehydrohalogenation of vicinal dibromide

(Br Br (Br
|| © | ©

NH NH
R—C—‘\C—R’ 2 R—C=—=C—R’ 2 R—C=C—R’ + NH; + Br-
| M
H alkyne product

vicinal dibromide + NHg + Br-
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0+3 a"20a+3(a $ 70+$(+# * 2%+*a%la t@+* 2 a 7al+ %3)a )% Ka2$ a2$%)+(a+ "a 1 a%la2+a *1382% a
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20 2 a5%2%a))+*%3)a $(+0% aU +0a5 2 OKa lal+3Ma+"a.0+2+*Va2+ai03 a2 0)%* (a ('7* ala2$ a" %* (a 1%0a.0+3 2Ja
a

Br Br
2 equivalent 1 equivalent €] NH4Cl (aqg)
R—C—C—H — 2% |R—C=CH| — > R—C=C Na ————> R—C==CH
| NaNH, NaNH,
H H after second deprotonation product by terminal alkyne
vicinal dibromide dehydrohalogenation the 3rd equiv. of base product

synthesis of terminal alkyne
"+ N6%=N 2-1,"N(N- +&" %N %$2' N

1 &% N
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a
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© @
\/\ Bry \/I\/Br 3 equivalent \/ Na NH4CI (aq) \/
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a
) &G#)(DSJ) 2S/"S./+S)  ["-S#(SI"S+ )+-S)- - CSZH0 /S.") 2#(S#(/- # 1.S )-S "S/+ KS

a

@Cam=JEa (7* 1



1) Bry, CH,Cl, P
—_—
\/\ 2) 3 equiv. NaNH, \/

3) NH4CI (aq)

a
98B@B;SH#)(.S) S &%4(.S
4- ( #)(S) S&W4(.S
$a 2(72%aB0+#* 2%+*a ..(%a2+a2$a<a +*lata a20%.(a +*la lab5 ((Ja .*%*#a+*a2$a +*%2%+*la *a
2(7121a ).(+ 7 Ka+*a+0aR+a)+(0a /3%4(* 2lata¥ 0+# *ab%((a a a2+a a20%.(a+*a*a (" *a+0a (‘*a
0+3 ala2$a.0+3 2ad. 2%47Ja
$*a.( 2%*3)a+0a.(( %3)a 2(7121a ..(% Ka2$a%* (a.0-3 2a*a2$aF0+#* 2%+*a%la *a (' * a52$a13"% % 2a
$70+#*a.0 +4% Ja $a%* %o (a03 2a%la *a f Ka2$ 2a3* 0 #+ la2$al0 2%+*al3d 11%4 7a2+aé¥4 (‘* a la2$ a" %* (a
.0+3 2Ja

a
R—C=—=C—R’ Ha R—HC=—CH—R e R—CH,—CH,—R
g  — e —R — —_— —_— —R’
Pd/C or Pt Pd/C or Pt 2 2
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®%a 02 %*a 2(712a31Ka2$aP0+#* 2%+*a'a (7*a *a al2+. a 2a2%a (*al2# Ja $a)+tl2a +)+*( 7a
).(+ 7 a 2(712a%1a2$a %* (0a (712Ja %* (0a 2 (712a%1a.0 a 7a.0 %.%B 2%*#a.(( %3)a+*a (%3)a 0+ 2a
*a2$*a20 2%*#2&b5%%a( aU Va 2 2a*al3%*+(%*Ja$al. % (a202)* 2a)+ %% la2$ al30"a+"'a2$a. (( %3)a
) 2(a7a.02%fa 2%AR%*#aka * a) '%*#a%a)+0a"" 2%d4 2a 2 (78%*#a2$ aB0 +#* 2%+*a2+a a20%.( a +* &% Oa
2$*a2+aa+3 (a+*Ja

a
Lindlar catalyst
/\/\ & H, - /\/\/

alkene as final product
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Mechanism: Hydrogenation (Reduction) of Alkyne by Metal
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