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CH,
. FAILMMITIE? : EERFRE
L AV ML TORIGICE T BHEED
HISEERZE T
Toluene

Ortho substitution of toluene

CHj CHs
©/-\ - :E :E :E ©/ E
Toluene This resonance Base

form is a tertiary +
+
carbocation H+ HBase
CH,
E

There is another resonance form H

for this intermediate! Remember

hyperconjugation
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(a) Benzene and ﬁN03/HQSO4 gives nitrobenzene, which can be reduced with Sn/HC] to aniline.

(b, ¢, and d) Aniline is first treated with NaNOo/HCI to give the diazonium ion. Treatment of the
diazonium ion with “BF, gives (b), treatment with KI gives (c), and treatment with acidic water

gives (d).
(e) Start with the aniline made in part (a).

NH N
2 1.NaNOyHCI c
2. CuCN -

Br
FeBr3 M NHoNH,
Ci N _KOH _
AlCI - ethylene
4 glycol

(8

(h)

Y

O
00t o
o= o T
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7/ RNty (CeHsCN) ZRWKRBFEBRRIGICHEWT,
BREAYEBWNMBILT 20D, AT L,
— Position Relative Rate

—C=N m Slow

o, ortho; p, para; m, meta.

IENMERICEEO=- NOREDZE &8,
CNEIFLLTO@ED., RELICO+EBEEAEF DI EICEE,

- > .o.__‘
ON: A 5 4
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HNo3
H2804 FeBr3 Pd/C
ethanol
0
(b) AN
AICls H2804
© CI HN8003 \©)‘\ N:é:Hg
H
AICIS aea ethylene
O
(e () e

(o] YCO
e
AICI, KOH

| NH2NH HNO, N/@/\/
H,S0O,
ethylene

glycol + some ortho product
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0
)]\ 1. Ho/Pd/C
O HNOs ethanol
a Cl
( ) O AICI st04 2. NaNOleCI NHzNHz
’ 3. D3P0, KOH

ethylene
glycol

1. Hy/Pd/C

HNO; NO2 ethanol OH  NaH/THF O
(b) » ot -
H2504 2. NaNOQy/HCi 2 A B
3. HoO/heat

l HNOg3 /HxS04

O /O/O\/\
O.N

Major

NO,
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O NO2 NH2
/U\/ 1. Ho/Pd/C
( C) Ci HNO3 _ ethanol .
—* H
AlCI; H.S0, 2. NHoNHo/KOH
ethylene
,CCH:CHg ,CCH:CH  9veol CHoCHoCHs
0 1. NaNOy/HCI
\\E. HoO/heat
OCHs OH
1. NaH/THF
2. CHgl
CHxCHoCHg CH,CH,CHs

C|2 HNO3 HNO3 HzN/\
FeCI3 H2804 HQSO4
OsN

+ ortho product
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DEDLEYICHEFEEREFERRDZITD & EONUENEBRS NEHZER

T, BYSNDGSAO2HFULEDIZES & 5,

) The substituents and the unsubstituted positions
to which those substituents direct are shown with little arrows. In each case, both substituents
direct further substitution to the same position. In (¢), the position between the two methyl groups
will be disfavored by steric effects.

(@) (c)

Y
\ 2 N / E
NH, NH. A

+ - +

E / \ . E

N ————- T
- - .

/ ?102 E NO, EAN ?H3

In (e), both nitro groups direct to the same position, although further substitution is sure to be very
slow. In (f), all positions are equivalent and only one product from single addition is possible.

CHj;

(©) o, NOZ< NO,

f i/g E
e N

—> NO» NO»
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In (g), there are two ortho/para-directing groups. The stronger of these, OH, will “win” and
further substitutioni will be ortho to the OH. In (h), all three groups direct to only one open
position.

e

L CH3
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RDBEETOHEZETE, RIDIF—ERREE IFERSRW,

HNO; Sn/HCI NaNO,
H>S0, then OH-/H,0 HCI
> > g
Cl-
NO, NH, No*
COOH
CU2+
CuO/H,0 KMnO,
> >

OH OH
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~
NO, H,/Pd/C, NH, Br, NH,
EtOH Br Br
excess NaONO/HCI
- ( L -
or
y Sn/HCI
OH_, H20 Br
I_
N+ © f p
Br Br H3P02 Br Br
>




(d)

()

(9)

(h)

(.

~

)
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o OH
1. PhMgBr |
)K > Ph—C—CHs
Ph CHs 2. H,O/H30 |
Ph
0O OH
NaBH, l
Ph—C—CHj
Ph CHs CH3zOH |
H
0 OH
1. LiAIH, I
‘ Ph—C—H
Ph Ph 2 HyOMH307 |
Ph
OH O
CH3 NaQCFZO',' CHS
H.SO,
H20|"O4
PhCH,OH —— > PhCOOH
H-O
Ph = OH CrO3 Ph P
NN pyridine NN

CHO

Grignard addition followed by
protonation

Reduction by hydride followed
by protonation

Reduction by hydride followed
by protonation

Oxidation of a secondary
alcohol to a ketone

Oxidation of a primary alcohol
to a carboxylic acid

Oxidation of a primary allylic
alcohol to an aldehyde

(c) The first two steps produce the primary alcohol. The PCC (pyridinium chlorochromate) oxidation

gives the aldehyde shown.
1. BHg
L i CTOABEN, EEBICRDE > BIEAA > TE L,
Ho OH 2':"2&2_' PCC: 7007 OALEEY =" L\ (pyridinium chlorochromate)
3. PCC No Cro3®MnO2E AL <. FILFE KTl & BILHID—ETT,

CH.Cly
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(a) HzC—OH ﬁgﬁ-‘- H,C=0
Mg OH
/\/Br | /\/MQBI’ 1 AC=0 - /\)
2. H,O

(b) -
on o 1T
/v‘ _©0s /\)J\H MgBr o

ridi
pyridine 2. H,0
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(c) This secondary aleohol is unsymmetncal and can be dissected in two ways:

PN

MgBr « L i%ﬂ:’l"{_lglil EILEMgh 52K 3
N
2. H,0O

(d) Lt DB AT H A

O
W DMSO /\/l‘k/\
oxalyl chloride }

OH

O

MgBr
/\/k/\ 1./\/g

2. H,0

é/
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0 ' /tMgBr

2. HO

~

OH LAVRBRIEIFILEMgN 5D 2B

/\)\/ 1. CHgCH,MgBr 0
/\)J\ From part (b)
H

2. Ho0

A



