OCI (HS 2024) Problem Set 13 Prof. H. Wennemers

Reactivity at alpha-carbon Il

1. Complete the following synthesis scheme with the missing products, reagents and relevant

reaction conditions. Make sure to know the mechanism of the reactions.

a) NaCN
EtOQC CO2Et H30+ HOZC H+ (cat.) HOQC H30+ o)
o 0 HO_ CN 0
A
heat COLH
A B
H
0,0
s OH o
EtO,C.__CO,Et H.O* HO (o)
0 8 0 HO o _ . HO 0y
heat -CO;
Ester hydrolysis under Spontaneous l
acidic conditions decarboxylation Cyanohydrin
formation CN

o o)
HO F H3O* HO OH work-up  HO o°
A ;bk ;k/k
4 " CO,H CN CN

Hydrolysis of the cyano
group to carboxylic acid
H* (via amide)

o®

®
o i
K HO o@ H70_ OH; o)
HO ) o%) . - o
COH
7 °CO,H COH COH

Favorably oriented hydroxy group attacs the carboxylic acid and
spontaneously forms the 6-membered lactone (cyclic ester)

oG-

b) o o HCI (aq.) 0 EtOH 0
1. NaOEt, EtOH O A o H*
2 2
COEt 5 CICH,CO,E CO,Et COLEt
2
C D

o OEt H
(0] (0] cl (6] 0] (O
( C ﬂ CO,E HCI (aq.) )<O
CO,Et o 2Et a CoH o
H _EtOH COEL CO,Et A COH COuH
2
Enolate alkylation Ester hydrolysis
©
OEt

Decarboxylation | —COy

0o o} OH
:/f CO,Et EtOH, H* /f CO,H :( CO,H

Acid-catalyzed esterification
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0 OH E
MeNO,, NH4OAc NaOH
C) H : N02 f
23°C 0°C N o,
F F E
HENRY REACTION water elimination
0] 0]
MICHAEL N
ADDITION H H OH
via enamine Et -PrOH
23°C,8h
F
0]
NO
H 2
Et F
Step 1 and 2:
&,
o ’ (',3 5 D o3 )oi 0
> NH HON. O H.N_O .
+ O 3 ~ e ~ ~ N\ @
A H>|46® ® o0 Yo A0
-NH,4 H H
(O
Ar H
OH O OH O®
P H ,l\,l) E1cg (¢ "“lll)@ - H,0 “d o
A @0 Ar” @0 A 30
H
\_, OH" MICHAEL ACCEPTOR
Step 3:
CO,H
[3\(0 i @—\ Q@ .
+ —_ R L
N H H)\ AT G0
OH
Et Et
Make sure you know the mechanism of enamine formation!
@ y-C02H o )COH o A
Ar O H,0 o
T Ar O +
_NT © N H N
H O H ® O work-up Et H OH
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Provide the product and suggest the mechanism for the following reactions.

a) o) o-N
CHO  H,NOH X
MeO HCI MeO
St .. e S
®
O Oy O OH O (OH,

oot

m
N’OH +- H* N -OH
H, H
MeO ® MeO
HoN-OH

Nucleophilic addition to the more
electrophilic carbonyl compound (aldehyde).
Note that this step does not require acid catalysis
— hydroxyamine is nucleophilic enough.

+/- H* x. _OH
LOH .
C | m WH
ol o' 2
MeO

Intramolecular
nucleophilic
addition

Acid-catalyzed
dehydration

l—Hzo

Acid-catalyzed o] "’\{
x

H+
~ B
o-N ®0-N dehydration
HO \ H.0; \ 4 Driving force:
- H - H,0 aromatic isoxazole
—H* M
MeO MeO : °0
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b
) 1. Br/\/\Br
NaOEt, EtOH CO-H
EtO,C._ CO,Et E(
2. NaOH, HZO
3. HCI, A
CsHgO,
O Oy o) 059 0 o
EtOMOEt — EtOJ\/\OEt EtO | OFt
H 5 > Enolate alkylation ‘\/@
1.‘\/ Ot Br‘j\/\Br OEt
Br
0 2. NaOH o o ('o@
©o o® EtO OEt Et0” X “OEt
2

3

Intramolecular
4

Ester hydrolysis under
enolate alkylation B
r

basic conditions

3. HCl, A

6 o0 0,0 HO. _OH HO._ _O
— I~
HO OH = HO o — | —
-CO,

Decarboxylation
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c) o o
AcOH, H,0
L) 0O
+
o o 0
c11H1402
(0] (0] (0]
—Hzo
o 0 o _ason © I OH,
AcO‘/—H“ ©)
AcO—~ O AcOO
®
HOY . @)

HOZ | ALDOL
MICHAEL “ REACTION
ADDITION

o le} o 4 0
3
—H*
= — —_ 2 3
o= 10— et
Me \ Me
AcQ=H AcOO
Note:
(0] (0] (0]
4 4 4
3 . 3 . 3 thermodynamically
2 - - most stable product
o 076 072 0% (conjugated system)
Me " OH 1
1
(0]
4 5 4

5 T _. Mef0oH bridged product that
6 S\2 cannot eliminate
o1 0 1 (Bredt’s rule)

Me e}
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3. Propose a synthesis of pentanoic acid using diethyl malonate as starting material. Clearly
state any other reagents needed and provide the reaction mechanism.

o]

HO)J\/\/

pentanoic acid

from EtO,C._ CO,Et

diethyl malonate

1. NaOEt, EtOH
O

o)
W o i
Et0” 9} “OEt /gxg/\/
x 2. NaOH, H,0 HO
3. HCI, A
o 3.HCI, A
1 OEt
-co,
0 059
2. NaOH, H,0
o o
EtOMOEt EtO OEt 0 0

Me

4. In class, we learned how to make furans via Paal Knorr synthesis. Another way of
synthesising substituted furans is using 1,3-dicarbonyls and a-chloroketones under basic
conditions. They can further react with electrophiles. Provide the products of the following
reactions and include the mechanisms.

0
ou Mo NaOH (aq.) EtO,C Me H,CO EtO,C Me
EtO - —_— ]\ I\
R.T. Me o Me,NH.HCI Me 0 €2
Me” O cl
B-keto ester  a-halogenated ketone

18t step

o} —o 0d_Me HO Me HO Me
EtO,C
H OH /T H+ 2 EtO2C 7 5

EtO)iE) - H,0 =O I~ cl e a jl (»CP

Me” O 2 M o° H(Sa Me” CO Me” 270
— NaCl
K ‘\l
@

Me H,0 HO
EtO,C - Eto,c_ ,Me - Eto,c_ \Me
(> w0 PHee 3'\)35

me” © Me 2 O OH 270

1
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18 step: alternative

o]
noX q EtOC Me EtO,C._ 5 Me
EtO \/ H —_— 3
& TR | i)
“H,0 “NaCl @/;Ae o N
HO & 170

Me L_(O
@
% H
( " }
Regioisomeric EtO,C <« EtO,C H - EtO,C_ 4 OH
A\ 9 2 3
product | Me -H,0 | |
(e} o 5 Me S 5 Me
Me Me” 2 ; Me” 2 ;
2" step
Me . @.M
H .HCl eN-ve

(0]
N.
L owefwe  — I
electrophile
Me Me
EtO,C Me\@,Me Mannich ~ EtO,C .. Me Mannich ~ EtO,C NMe,
)J:) reaction 5 N\ H N reaction | A\
\/ - \O \Me —_—— O
Me M

o) e

nucleophile

e o-Substitution is favoured over B-substitution — more resonance forms for intermediate, so

the charge is less localized
e Some B-substitution is usually observed (depends on the other substituents)

Regioselectivity: See more in Clayden, 2nd Edition, Chapter 29, p. 733

a-substitution

@
oY B CVe - [O\E - [ .M
EY == 05 —oor — (s & (-

X = O (furan)
NH (pyrrole)

B-substitution
E
/\_/\/\E“{S {E)__{/\S
®XJ -H* X

X=0 (furan)
NH (pyrrole)
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5. Provide the product and a mechanism accounting for its formation. (Hint: FeCls acts as a

Lewis Acid)
MeO £
€U0 FeClg (2 mol%) N
UOMe + Ph—NH, U
H,0, 60 °C
FeIII ) Felll Felll
MeO_ o FeCl; MeOD do MeOQ & e MR 4
UOMe - \E)—OMe L)—OMe — Ph-y OMe
Lewis acid
activation
Ph—NH,
H+
Ph  Fe Ph Fe % b re @l Fen
I @/ \I € Me‘O) /
Fe-N< 0OJ —- Fe-Ny O —— Ny o on_ ) O
OMe wOMe UOMe _MeOH "M-N OMe
> s H
H
“ Note: every step can be catalyzed by Lewis acid
Ph Ph Ph Ph
N ,

Ph
Fo 0 N +2H* N N® N
Vo — o (o 2 L
H —H0 p)
H

Aromatisation in the final step is
irreversible and drives the reaction
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6. Dihydropyridine can be synthesised using a multi-component organic reaction between
an aldehyde such as formaldehyde, 2 equivalents of afp-keto ester(e.g. ethyl
acetoacetate) and a nitrogen donor such as ammonium acetate. Provide the product and

include the mechanism.

(0]
° NH,OAc EtO,C ® CO,Et
2x EtO +
H)J\ Me

H H50, reflux Me N
Me (0] H
Hantzsch dihydropyridine synthesis Cy3H{oNO,
H
oéJ\H H (H
Etogcl ioozEt E10:C CO-Et
Ve X0 07 e Me Me
Mechanism: ®OAC
H new C-C bond a
7 /&N H
E H E E E
tozc:lg S oAc tOZCM\H tozcroe " t0,C 7 oH
C) ~
Me™ CO Me™ (O Me”™ ~O Me &,O
CO,Et
new C-C bond |
©
M
EtO,C CO,Et EtO,C CO,Et £10,C O) Me E10,C %H
L — AT %
Me“f"0 0" M€ e MeT o o” T Me”"Co  —HO Me” (0O
NHg || +/- H*
H
EtO,C CO,Et EtO,C CO,Et EtO,C CO,Et
H+ r@
OH Me A)OHZ Me ES— ©) Me
Me NH2 e} Me NH2 le) Me LNHgO

EtO,C CO,Et EtO,C CO,Et
-y Me

Me”™ N° Me Me” “NH, O
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7. Complete the following synthesis scheme with the missing intermediates / products,
reagents and relevant reaction conditions. Mechanisms are not required.

o ! OMe
MeO I

W @ (piperidine acts as a
N base and nucleophile)

X

H

MeO I

NaCN
MeOH

Michael addition

! OMe

CO,H

MeO l

— Ketone reduced to alkane
— Amide hydrolyzed to CO,H

H™ O H
MeOH

( e=

Mannich reaction MeO

H

o OMe
H,SO,

OMe

. ®
MeO

o ! OMe

o ! OMe

CONH,

MeO I

Zn/Hg,
HCI, reflux

Clemmensen
reduction

Nitrile hydrolysis to amide (amides are not hydrolyzed at R.T.)

AcOH,
CN 25°C
SOCl,
benzene
reflux
Acid chloride O
formation MeO

SnC|4,
PhH

! OMe

COCI

Friedel-Crafts
acylation

! OMe
MeO I I

o)

C1gH1503



