Beauchamp Aromatic Synthesis Handout 1

Target Molecules

Br Br Br Br Br

Br
f Br f Br Br
Br Br

Br Br Br Br Br Br Br
Br Br Br Br Br Br  Br Br

® ® & ®

All of the reactions below represent “book” chemistry and would need a “recipe” dependent on features in
each unique structure. Very likely some steps would be low yield, or would not work at all. We would have to
consult the literature for possible changes to the procedures or other approaches not covered in our course.
1.

Br

Br, Br,
FeBrs FeB r3
R —— mixture
(separate?)
Br

See #6 below for alternative approaches to ortho and para structures.

2.
NO, NO, NH, Br
1. NaNO,
HNO3 Br, strong acid @
H,S0, FeBr, Sn/HCI (HCl or H,S0,)
—— - T<5°C
2. CuBr, T>5°C
Br Br —_— Br
3.
NOz NH, Nz 1. NaNO, Br
Br Br strong acid Br Br
Br, (HCl or H,S0,)
Sn/HCI FeBrg T < 59C
e B
3 equivalents 2. CuBr, T>5°C @
Br Br
from #2
1. NaNO,

strong acid Br Br
(HCI or H,50,)
T<5°C
2. H3POZ, T> SOC @
Br
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Beauchamp Aromatic Synthesis Handout 2
4,
NH, NH Br Br Br
2 1. NaNO,
Br, Br Br strong acid Br Br
FeBrs (HCl or HOZSO4) 1. NaNO,
3 emts T<5%C strong acid Br
0 (HCl or H,SO,)
Br Br 2. CuBr, T>5°C Br T< 5°2C 4, Br
from #2 Br | Br @ 2. H3PO,, T>5°C
5.
NO2 NO, NO, NH, NH,
Brz
HNO4 Br, Br Br
H,S0, FeBrs Sn/HCI FeBr,
N —_— - - o
3 equivalents
from #2 NO, Br NO, Br NH, Br NH,
Cannot brominate 2x meta to nitro since the Br controls in the second + Br
reaction. Later convert nitros to aminos to diazoniums to bromines. . 1. NaNO,
@ possible strong acid
(HCI or HzSO4)
T<5°C
1. NaNO, 2. CuBr, T>5°C
Br Br strong acid Br
(HCl or H,S0,)
T<5° Br Br
Br 2. H3PO,, T >5°C
Br @ Br Br
Br @
6.
o)
NH, H 0 Br
O H
L L
HN
)k al H,SO, FeBrs Y
—_— —_—
I HO,S (twice) HOLS 8
l BI’2 8 '
from #6 FeBrg H30*/H,0
H (hydrolysis)
Br, N (o)
FeBrs Y Br
H NH,
NYO HO;S Br
H;0*/H,0 Br
Br (hydrolysis) o
H;0*/H,0 1. NaMO, | 1. NaNO,
l : NH, strong acid strong acid
(hydrolysis) (HCl or H,SO,) (HCl or H,S0y)
T<5°C T<5C
NH,
Br 2. CuBr, T>5°C 2. H3PO,, T>5°C
1. NaNOZ Br Br
Br trong acid
1. NaNO strong
strong a (HCI or H,S0,) Br
g acid T <50
(HCl or H,SOy,)
0,
T<5C 2. CuBr, T>5°C Br Br
2. CuBr, T>5°C Br @ @
! C[ ®
Br
Br @
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Beauchamp Aromatic Synthesis Handout 3

7.
o) o)
" )k )k il
2 HN HN 1. NaNO, pr
)k Br strong acid
2
cl FeBr, Br H30*/H,0 (HCl or H;50,)
> (hydrolysis) T<5°C o
i —
Br (twice) 2. CuBr, T>5°C
from #2 Br Br b
Br
1. NaNO, Br
strong acid
(HCl or H,S0,)
T<5°C
Br
2. HaPO,, T>5°C
3P0, ! (e
8.
o) o)
HN* HNJK Br, )k NH, 1. NaNO,
FeBr. H,SO strong acid
—3 B TSt e B'  (HCl or H,S0,) B B
H2S04 /A (twice, HO_ T <5
forcing (hydroly5|s) o
conditions) 2. CuBr, T>5°C
Br Br Br — Br
from #8 SOzH SOzH
1. NaNO,
strong acid

B B
(HCl or H,50,) ' '
T<5°C
2. HgPO,, T >5°C

- ©
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Beauchamp

Additional possibilities:

Aromatic Synthesis Handout

aromatic ketone O

alkyl benzene o nitro
4 Br Cl R )J\ NO,
Bry Cl, R-Br R HNO,
FeBrg FeCl, AlBr, AlICly H,S0,
— —_— — —_— e
> < sulfonic acid sulfonyl chloride nitroso aromatic aldehyde [= Vilsmeier reaction
soan —ci Yo N o i
H,S0, Ho— 5 c \\_-ClINaNo,/HC So| § OMF I
A HONO c ~
T _> O/ e H™  N(CH), H
e
N~ 0=PCl,4
aniline
No H2  NaNO,/HCI
Fe/HCI (HONO)
Sn/HCI diazonium ion o
T< 5°c T > 5°C
H30*/H,0
or T l H3C o ycucl ¥ cubr JCucN | HF/BF; jxi 1 H:0 1 H:PO,
HOP/H,0

more control of
substitution rxns
here

CVYCVCVCV

oo OO

acetanilide
R=HorC H Br
O Clemmenson's reaction |
H
H2 Wolff-Kishner reaction cz\ CR, CR,
R H,NNH R —
Zn/HCI 69 ! AZ Br,
hv
benzylic C-H is required
R=HorC Q o
CR, —> anhydride (with RCO,H)
OH — ester (with ROH)
o — - c L= amide (with NHs, RNH,, R;NH)
3 SoCl, — aldehyde (with DIBAH, R,AIH)
. . . (also make by Grignard .
benzylic C-H is required reaction, see in next example) —> ketone (with cuprate, R,C{)
o o
o o)
Br o] pZ
(o} =
f E Cco (o}
E" = ” )J\ )J\ )J\ ‘ R/ )J\
CHy R H R R R OR R OH
1. Mg 5 Bt (only Li reagents)
or .
[ L 3.WK ' } ' ' { ' { '
—_— —
Br
H H OH
Ph/ o OH (o] o
) )\ Ph/\/OH )L )J\ )J\
Ph Ph R Ph R Ph R Ph OH Ph Ph R
R Ph
2. 2. !
0.5eq. R—X )J\
CuBr Cu R cl

O X
O\B/R NaCN O/\

alkynes, carboxylates, phthalimids too, but out of room

a0 o
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Beauchamp

Aromatic Synthesis Handout

5
1.
NO, NO, Br
HNO,
H’\é(ojs Br, Br, H2504
2 4 FeBr;, FeBr, (plus ortho)
—> —_—
Br
NO,
2.
SOH SOgH Br Br
Br; Br, H,S0,
H2i04 FeBr, FeBry A (plus ortho)
—_— R
Br
SOgH
3.
o o)
o)
\)‘\ HNO; ON N
cl H2S0, Zn/HCI
—_— A —
AICl, —
| znmel
HNO;
H,S0,
A
—_—
OzN (plus ortho)
4,
o)
Br;
/\Br Cer3 Br, OH
— FeBr3
AlBry >
Br,
FeBr3
Cro3
—_—
(plus ortho) (plus ortho)
5.
NO I
2 NH, ”l
[
Sn/HCI N
n, °C
pnaliodd HCI T<5°C CuCN
D —
Br
Br
from #1 Br
NO. N
2 NH c//
NaNO,
Sn/HCI HCI T<5°C CuCN
Br
from #1 Br

6.

Br

Make up your own problems.
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