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This is not a comprehensive list of reactions but is an excellent start.
Not all reactions are balanced and mechanisms are incomplete or shortened.

Question Things to think about Answer
Pr Pr
CH,CH,CHs - Mé‘t OR | RO 'E"t'V'e
O ROH N S R
H CI—?C Cl eak base H C/6 (racemic mixture)
3 2 3\ 1)
2 HaCH,C™D  CH2CH2CHs {/)_ﬁ E<_/
E (+2) E (+2)
E2
H
H Me |
Me Et
CH,CH Cl z
7727° RONa A
trong base
HiCHC strong bas Me /g
3 E
cl H
Et Et
Cl
Nu
CH,CHg . good nucleophiles H\\/\CH CH major
Y Nu3 that are not strong bases HsC 273 product
Cl weak base: I', CH3COO" 2° carbon - aprotic solvent

aprotic solvent

20 good nucleophile, CN, HS”

does not favour ionization
Sn2 - favoured

inversion at stereocenter

E2 - minor products

CH,CH4
RONa
Strong base

H/ i
H3C 20

all strong bases are good
nucleophiles
but 2° carbon - steric interaction
E2 - favoured

\:\ major product

" \—/ minor products

CH3CH,CH,CH,Br Strong base or

Good nucleophile

1° carbon
little steric interaction

CH3CH,CH,CH,Nu  major product

o .
1 S\2 - favoured AN minor products
Et 1° carbon
Et—CIZ—O'Na+ but the strong base is bulky
IIEt lots of steric interaction I major product
CH3CH20H2CHzBr .
o SN2 - unlikely to occur
1 E2 - favoured
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Strong base or

CH3Br Good nucleophile no B carbons - no E2 CH3Nu
vinyl halide
H3C, H Strong base or 2 Y )
H Br bond
Br strong base or :;1ry| halide
good nucleophile sp” short stong no reaction
bond
H3C\C—C/H fast Syl agd SN2 | s\l - resonance stabilized carbocation intermediate
Ho - Br why? SN2 - stabilized transition state through hyperconjugation

fast Sy1 and Sp2
why?

©/\Br

Sn1 - resonance stabilized carbocation intermediate
S\2 - stabilized transition state through hyperconjugation

What is the order for decreasing stability
of a carbocation, why?

1) resonance stability of
benzylic and allylic

2) hyperconjugation of
alkanes

benzylic > allylic >
3°> 2% 1% methyl

What is the order for decreasing
stability of alkenes, why?

hyperconjugation

(CH3),C=C(CHz), > CH3CH=CHCH3 >
CH3CH:CH2 > CH2:CH2

What is the order of decreasing reactivity
in a Sy2 reaction, why?

1) hyperconjugation of T.S.
benzylic and allylic
2) steric interaction

benzylic > allylic >
methyl >1°>2°>3°

What is the order of decreasing reactivity
in a Sy1 reaction, why?

Stabiltity of intermediate
1) Resonance stabilization
benzylic and allylic

2) hyperconjugation

benzylic > allylic >
3°> 2% 1% methyl

H
HsC/ ™ p HsC_D
CHs3
H—D  CH,CH,ONa Br p e
H——Br  CH3CH,OH H H. _CHs
CH
CH3 H3C H 3 I
HC™ 'H
Br
E2 favoured
CHs base —.alkene . OH but some
c _ H,S0,4/H,0 formation of carbocation alkenes
HyT—CH=CH, Y. —— j
25°C rearangements likely
CHs3 H,O present - nucleophile major product
Br
base - OH 7L/
CI:H3 CI)H HBr H,O is a_good leaving group major product
CHyC—C—CHz——( carbocation rearrangements
0N 25°C the conjugate base of the
acid is a good nucleophile (Sy1) >_<
) Br
minor product
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CH3 OH

85% H,SO,
CHg“ic— H3 4“

80°C

base - OH

H,0 is a good leaving group
carbocation rearrangements
Conjugate base - poor nucleophile
There is no appreciable amounts
of H,O present (E1)

>:/

major product

\‘,/\

minor product

Br MgBr
©/ Mg A Grignard Reagent ©/
5. 00 O
5 1) HCOH MgBr 6+c) CH,OH
& 5+
CH3CH2MgBr2:3Oﬂ> CH3CH,MgBr 8+c) o (C,ZECH
3 \\/4 3tz 3
5 5+ s 09y OH
1) H3CCOCH .
RMgX W R® . R—C—CH,
° 3 3 CH
3
reacts
& 5+ - ) OH
1) H;CCOOCH L 2 times !
RMgX 2;H30—+'3 RMgBr OCH R-C—CH
5+ §- )
1) CO RM B I
RMgX 2),44(;’ U.ﬂ: RCOOH
3
Oy
an sp3 carbon with a
RCH,CcCH RCHaMYBr_ negative charge is a RCH,CCMgBr + RCH

stronger base than a
sp carbon

1) H3CCOCH;
2) H3O"

5-0
I

3-8+ §-
RCH,CCMgBr 9tC_

(IDH
RCHzcEC‘g—CHg
CHs

RlMgX + RZOH —

a carbon with a negative
charge is a stronger base
than on oxygen with a
negative charge

R,0 "MgX + R;H

What is the difference between
LiAIH, and NaBH,4

LiAIH, will reduce carboxylic acids, esters, ketones and aldehydes
NaBH, will only reduce ketones and aldehydes

(0]
I 1) LiAIH,/Et,O ; R,CH,OH + R,OH
R;—C-OR, W reduction 1CHp 2
(@]
R—C—p NaBH; reduction RCH,0H
H,O
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O OH
_&_ NaBHy4 reduction !
R—C-R; {5 uct R;CHR,
HZCI‘O4
RCH,OH oxidation RCOOH
(Or Nazcr207/stO4)
PCC partial
RCH,0H oxidation RCH
OH
| H2CYO4
Ri=C—R; o 0
H or oxidation —C-R
KMnO,4 Ri—CR,
NaOH
KMnO L
RCHZOHWH“' oxidation RCOOH
(')H KMnO
R=C~R2 “NaoH 3° alcohol No Reaction
R3
+O/H
o) D)
I conc Hy,SO,4 S~ I
RlCHon + R2CH2'C_OH—> R1CH20H R2CH2C OH R1CH20CCH2R2
CH3SO,CI (?I:I + 0 -H* I )
RCHZOH orCHaCeH,SOLCT™ A | RCHOHOZS=O™"RCH0-5=0 "= | RCH0-5=CHg +Cl
CHs H CHs o)
us RCH%-%-CH C (I?
react A with—— 22 s RCH,Nu + O—$5~CHs
Sy2  Nug 0 0

What is the order for decreasing
stability of free radicals, why?

same as carbocations
allylic, benzylic - resonance
alkyl groups - hyperconjugation

benzylic > allylic >
3°> 2°> 1° methyl

What is the selectivity difference
between Cl and Br radicals?

Bromine is less reactive thus is more selective
than chlorine. Bromination will predominately go
through the most stable intermediate where as

chlorination will give mixtures

CHs;

think about the CH3‘E‘:CH3
CH free radical intermediate '
- %EH __Brn stability ~ CHs approx. 100%
3 3 o
\\/ CH3+CH28|’
H H
minor product
H CH3——CHs
/N
I Ghs cl
CHs Cl, Cle CHZ"?CH3 approx. 2
CHs‘irCHg “hu/25° k{\\/H CH,
think about the reactivity CH3~‘7CH2CI
of the halogen radical H
-3
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CH2C| CH3 CH3 CH3 CH3 CH3
CH, H——Br H Br H Br H—T—Br ClI——Br Br——cClI
H——Br ClI, H—H CI H H Cl  H——H H—H H——H
H——H hU/25O CH3 CH3 CH3 CH2C| CH3 . CH3
CH racemic.
3 This arises by abstraction of
He at C-2 giving a planar radical
|'_| |'_i 2 NaNH
R-C-C-R, =2~ double E2 R-C=C-R
Br Br
1 H 3 NaNH double E2
R—C—C-H ———2= A also acidic R;—C=C'Na*
Br Br proton
react A with R2CHBr Sn2 R;—C=CCH,R,

base - alkene

_ HBr conjugate base of Br
RCH,CH=CHy ——— acid good nucleophile RCH,CHCHj
Stability of carbocation
HBr Free rgdical reaction
RCH,CH=CH, r5o= Br radical attacks alkene RCH,CH,CH,Br

Stability of radical intermediate

@ Bry
CCl,

+

Y,

SN
"By

plus enantiomer

Br

HsC,

Br

+
+ H3C//. Br
Br Br
2 Br HaC™
\:/ H3C/ H Br 3 H
CCl, H H
HsC H or
H;C——Br Br CH,
Br CHj; H5C Br
enantiomers
OH
plus
o enantiomer
more positive .
r\ﬂ/ Br, carbon / Ironrzjgll;ct
Hzo ¥ k/ ’H
plus
enantiomer
Br
hydrogens added

@i Pt /H,

from the surface of the
catalyst - syn addition

CH3
oL
ZCHs
H
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o\ OH
KMnO, Mn=C
cold /0
c - OH
(o) OH
1) 0sO N
SF= (Lo X
2)NaHSO ~0
) 3 (@) OH
KMnO A, oxidative COOH
hot U cleavage COOH
R R (o oxidative o
1\C:C/ 2 Ri _g_ Rz cleavage I + 9
H/ \R3 Zn, Hzo or /C_ _C\ Workup /C\ R /C\
Zn, CH3COOH H Ra reducing R{ 3 R
R, R, Oxidative 0
Rig o= C,Rz O3 :C—_g_—ci 2 cleavage ICI: + i
s ~ C
H R, Hy0O, H R; workup /N PLON
8 oxidative Ri OH Ry R,
/‘\ cr
+ H Cl
——= |
r—— _Hd R H RCCH;
base - alkyne then alkene Cl
stability of intermediate
L Br, bromination
R——— twice RCBr2CHBr2
R—— H,SO, A +/\HOH2 oH enol
¥ __H
o 0 ) 0
tautormerization
A : 2
R R)]\
condensed mech
+ _H
0 & oH
_C-R, NaCN-HCN_ R-C-R, CN R—C—CN
R™CR2 Byffer 2 R
2
® Ry OH o 0-R
Q R20OH Ry—C-H ~ RIOH RoCoH o R—E‘E*H +H0  RyOH Rt o+ M
Ri—C—H ~ oR, — or,
condensed mechanism
condensed mechanism
0 HO/\/ ¥ o_ .0
HO/\/OH +O/H same
H* | mech -~ H20
as above
i GNH, G-NH, R (IC?:)R 120 e
—C-R, -+ . = - —C-R, = — ]
RimC Ry Catalyst U S R,—C-R,
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+/H

o)
+ N Y OH
H T 2
R_c=p 12504/ H20_ R-C=N-H 22, R—CoNH, 2~ RCOOH + NH,*
hydrolysis \_)
;o 0
o on G “OH
e NaOH / H,0O R—ciN—»—» R—C—NH, +— RCOO™ + NHs
hydrolysis
+osH
Q H,S0,/ Hy0 R—CZOR OH, R,COOH + R,OH
Rl—C—O 5 1 2 ) — 1 2
o)
(0] I -
I NaOH / H,0 R,~C-OR, ,QH _ R,COO" + R,O
Rl_C R2
+A<H
® H,50,/H,0 R%| Ofte
R—C—Cl 224" 25 C—Cl > RCOOH + HClI
o)
R-C-Cl QH “+ Cr
I - —_— —
R—C—cyNaOH /H0 ‘\_J RCOO™ + Cl
R,OH +%H HOR
I 2 2
—C— A A L R;—C-OH | " a
R;—C—OH HO" 1 RiCOR, + H,0 +H"
. . R2OH 2 9 A HOR Q
Ri=C-0-C-R;——— R;—C-O-C-R; "2, R;—C—OR,+ RCOOH + H"
H30 1 2
+ /H
0
R ('é o) —ReOH R.—C—c| HOR, i
1 H30+ 1 - R,—C-OR, + HCI
9
I
o)
0] I SN i 0O O
I SOCI —Cc— 7 > - n ]
R—C_OH 2 R—C—OH CI's Cl R z o S\CI R—C—Cl + SO, +Cl
cr
0 C’Q Cl o) cl
O PCl RC-OH 4P r—CLO-F
I 3 - ——> R—C-OR &—— Il
R—C—OH \_/ I k \Cl R—C—Cl + H3PO,
cr
Q o Q
- e Y I I
R—C—cl Re=C-ONa Ry—C-0 Ru C cl R;—C-0-C-R, +NaCl
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200°

(I? |C|) RZ_NHZ
Rl_C_O_C_R1—>

RZ_NHZ R]_*C_O_C_Rl

0]
I
R;—C—NH-R, + R;COOH

N
)
I — I
R—C—cl "2 NFz Re=NHz Ry C-Cl Ri—C-NH-R, + HCl
o) 0) o
O R-NH, O R—NH, NH-R
OH
+ _H
0
(@) n) OH
H / H,0 2 +
R—ICI:—NHZ 2504/ H, RﬂCiN—Hj_»_» RCOOH + NH,4
Q -
® NaOH/ H,0 R-C—NH, 21 RCOO™ + NH
R—C—NH, 2 2 3
H,/NiB(P-2) i
R—-C=C-R o Adds one equivalence of H, Hoo=H
H,, PdCaCO4 Syn addition 4 A
. . anti addition occurs by formal
R—c=c_g )t CaHsNHa, -787C addition of hydrogen to the Ric=c
2) NH,C opposite faces of the double R
bond
6+HgOAc
R\ _ /H 1) Hg(OAC)Z/THF R6+ C/\ _|—>|20_>_> R\
R TH 2)NaBH,, NaOH Sc—c! SC—CHs
R 1°H R OH
30
1) BHS:THF boron adds least sterically
2) H-0-. NaOH hindered carbon H IOH
2z Yk ‘,,,:ﬂiz—» + enantiomer
Boron and H add from the same side
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Br, Br
—~ KOC(CHy)3 o -Q\
— = ® —_— “
CHBr, CBry 6\3//—/
+ Br
v @B Br
r
R—Cc=cH_HBl @ H Bril same R-C—CHj
R-C=CH — R—C=CH [gaction Br
R = (;E;;/ jumi Br
3 rralumina |
CH,Cl, (solvent) Only reacts once R-C—CHy
H
1) O3
R—C=C-R 2)HOAc . .
=TT ) kMno, Oxidation of triple bond RCO,H + R,CO,H
2) H30*
reduction o
(o] i : 780 @ __Li o
7 | 1) LiAIH(Ot-Bu); -78°C o) ,‘A\|(OC(CH3)3]3 I
R-C-C |
2)H;0 A C.
K/ R H
reduction 0
0 1) DIBAL-H, -78°C @O—/Q CA?(OC(CH3)3]3 I
R-C-OR o A R/C\H
reduction o
1) DIBAL-H -78°C ® O R N-A-BU): I
RC=EN 5 h0 R*CQ]*'(“B“)Z—’ \CH —= R/C\H
H
R—c=N 2 R2MoX % M x® ?ID N 2+
~ 2)H0" Rg? 0 Hy0" _C._ *NHg +Mg™ +X
\ R 2
R2
o ®
i [ @]
DRl R HyO" I
R=C=N 2)H ot q 2 /C\ + NH4+ + L|+
s R R™ R,
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