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The Logic of Organic Synthesis: Analysis of bifunctional target molecules: age 3

C] 1,4-bifunctional compounds:

The following is a summary of the retrosynthetic strategies one can commonly adopt when the target molecule contains two heteroatom-based functional groups
placed at an 1,4-relation. These target molecules are dissonant systems, so umpolung strategy will be necessary.

Mannich or aldol as

1,4-diCO
1. RM g —/——
! Michael
o)

O
@ @\)J\ \)J\Rz —

the case may be

1. Nitroalkane anions are
excellent Michael donors
2. Demasking nitro to carbonyl

d1 o,B-unsaturated carbonyl by McMurry reaction, TiCl3, H30
illogical
\\\ NO2  umpolung X
) — )
R R
+ Base
@) 0] ® 0
. FGI 1 OH e._
? RHK/\WOH — R1)J\/>§\ 2L )K/ )v °r = Te=n
N o)
. |
i @ illogical logical
4-ketoacid TM + Gy . .
» Aldol or Mannich nucleophile nucleophile
2 1 4 dIX N02 \[(R1 COzEt
R + pr— R
2 )\@) = 2 . .
Ry o} Demasking nitro to carbonyl by
a? 42 o) McMurry reaction, TiCls, H;0
"illogical"
ﬂ1,3-diCO
Me R
NO; Henry NO> \n/ 2
EtO-CO,Et +
R + O=CH, &———— R 2 o)
1 1
+ Base nitroalkene + Base

Study Guide to Organic Chemistry
- Saha et al. Volume 5 (ISBN 9788193853085)




The Logic of Organic Synthesis: Analysis of bifunctional target molecules:

C] 1,4-bifunctional compounds (contd.):

The following is a summary of the retrosynthetic strategies one can commonly adopt when the target molecule contains two heteroatom-based functional groups
placed at an 1,4-relation. These target molecules are dissonant systems, so umpolung strategy will be necessary.

) O X H
R )K . ® R umpolung @
4. R, A — R; S) \W 2 = Ry ——— x + R2

o o o] o]
d? (logical) a2 (illogical)  a-halocarbonyl

1,4-dicarbonyl

Q L) o)
R )J\ N p— )J\
1 /§ R "Me
CO,Et R4
desired outcome:
80 X enolate acting as e)
+ R a nucleophile R
R1® ? R 2
o o)
possible side reaction:
@o/—\ X enolate acting OH X o) 0
+ H R, _ @sabase + R,
R1/§ H protons are R1/§ Ri Ro
O highly acidic! 1 o X
3-mem. ring
forms easily

(@)
ol
R4 Rz

glycidic ester
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halogenation at the
a-position may include
regioselectivity issue

specific enol equivalent is
needed for the d? synthon
otherwise Darzen's reaction
would take over...

to minimise this, we must reduce
the basicity of the enolate; we
need specific enol equivalents
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The Logic of Organic Synthesis: Analysis of bifunctional target molecules: Page 39
C] 1,4-bifunctional compounds (contd.):

The following is a summary of the retrosynthetic strategies one can commonly adopt when the target molecule contains two heteroatom-based functional groups
placed at an 1,4-relation. These target molecules are dissonant systems, so umpolung strategy will be necessary.

CO,Et CO,Et
0] 0] CO,Et . 0] R
5 o _FGA 2 o _14-diCO - +@ 2 : R, umpolung CO,Et
—
TS0 it 1 gt o = TN
o EtO,C O EtO,C & a-halocarbony! o
symmetrical 2 illogical derived from the
1,4-dicarbonyl 2 same ketoester + NaOEt
target a“ component |||
0 generated in situ o) 0
NaOEt (2 eqv.s) 1.3-diCO )]\ |
Ri l, (1 eqv.) Ri C|:> Ri", OEt R
EtO.C 2 : aisen 112
2 Et02C MeCOZEt Et02C
O o]

(2 eqv.s) + Base
RHH

O EtO,C
6. 1,4-diO R, umpolung
R1)K><\(R2 )J\@ \( & O,>/ — R

OH 02H MWittig or
d ) related
FGI ||| ilogical Corey
Chaykovsky Os R,
0 o) 0 ~
or CO,Et
X +. Base + Base

0] @) @)
7. R1MMG — R1)J\><,\/ p— R1)J\@ + \/ — X/\/

addition T 2 2
Nu  (Markovnikov d 2
regioselctivity) more subst. end
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The Logic of Organic Synthesis: Analysis of bifunctional target molecules:

C] 1,4-bifunctional compounds (contd.):

The following is a summary of the retrosynthetic strategies one can commonly adopt when the target molecule contains two heteroatom-based functional groups
placed at an 1,4-relation. These target molecules are dissonant systems, so umpolung strategy will be necessary.

0O
Me FGI
8. R, p— Ri
@)

1,4-dicarbonyl TM,
one side is ketomethyl

1,4-diol TM

Note:

hydration
(Markovnikov
regioselctivity)

FGA
—

or FGI,
reduction

FGA
e —

FGl,
reduction

p—

a
0]
a b 12ccC )J\@ ® Me
— + =
X Ri A X7 O O == o=
S H d? a? H N> A
H iloqical logical

b H tiogical nucleophile

nucleophile

O N
R)K/@) * @\\
! a’ H \ However, conjugate addition of alkynide ion

Rz _H0-Cc-C HO o o R
>—Z%Z—< r— >@ C=C @<
OH
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may prove to be problematic; thus "a" is a better choice.

OH R,
o VLN
2~H = u

+ Base (0]

adding a triple bond - in that sense we can call this transform a functional group addition (FGA)

R
2 The C-C can be accessed by reducing a triple bond - in that sense we can call this transform a

functional group interconcersion (FGI).
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The Logic of Organic Synthesis: Analysis of bifunctional target molecules:

C] 1,4-bifunctional compounds (contd.):

Let us now consider a few examples:

N
X
_1.4diC0 ® @K/ hi/ — ",
(0] NaN02
NN
H

ad
1,4-diketo TM |||
- unsymmetrical

o,B-unsaturated
cyclic ketone

o === § >=o

via Mannich

(0] 0] Br

1,4-diCO OEt F WOH H-V-Z OH
2 MOH > é@ + K{( B H/\f(
4 e} umpolung O

(activation required + Bry
for this d? synthon)

Il
N/_\ é [ j + H (cat)

\ / enamlne
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nitroalkane as acyl anion eqv.

condensation regioselectivity
guided by formation of the
more substituted C=C

0O
O

trisubstituted C=C,
a
less favoured

o]

tetrasubstituted C=C,
more favoured

enamines react particularly well
with S\2 reactive electrophiles

Br
OEt o-bromoester is very
reactive in S\2

)
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The Logic of Organic Synthesis: Analysis of bifunctional target molecules: age

C] 1,4-bifunctional compounds (contd.):

Let us now consider a few examples:

a~ o 0]
0 o : . y
) — Br ——— 2 condensation regioselectivity
o, 1,4-diCO \)J\G) \)J\/ guided by formation of the
more substituted C=C

need to install the Br at the

+

o
CO,Et \\"ACOZEt less susbt. side of the ketone,
synthesis not straightforward.

||| For halogenation, we can't use

@)
\\‘AcozEt + NaOEt i) base - haloform!
ii) acid = Br.incorporated on the more substituted side!

How-to solve this regioselectivity issue?

* Solutions to the regioselectivity problem:

o ©

y 900 1.NaH O O 1. Me—I Q Q9 1. dil ethanolic KOH, heat 9
= AN L \)J\)J\ \)J\/Br
MOEt 2. BulLi OEt (more reactive site of the dianion OEt ®
H H EAA dianion gets-alkylated first, 2. H30
\ _ . last-out-first-in!) 3. Bry, heat brominati o
(Weiler alkylation . romination via:
trat 2. aq. acid work up H
less acidic more acidic strategy) oo
proton proton
OH
OLi OTMS B8
\)J\ LDA, THE, Lt i Me,SiCI \/& Br, \)OJ\/B sE
—_— —_— r + r
kinetic enolate (mechanism?!)
formation

(This one is most interesting of the lot and
Hg(OAc),, H,0, Bry Q as expected, has the most intricate mechanism.
\)J\/Br Try it; start just as you would for a Hg(ll)-catalysed Study Guide to Organic Chemistry
hydration of alkyne and then proceed from there.) - Saha et al. Volume 5 (ISBN 9788193853085)
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The Logic of Organic Synthesis: Analysis of bifunctional target molecules:

C] 1,4-bifunctional compounds (contd.):
Let us now consider a few examples:

O i o]
A 1,4-diCO \Q}\ _
: = q@ + ® =
o} d'" O ad
X
p— .
NO, NaNO,
+ NaOMe
a2
NXCoH  14-di0 ® o
5. — + H,C-CO,H =
OH OH d2
(racemic) |||

FGI
0O :}
oxidation

6. )OJ\/VBF :>)J\><\/

y-bromoketone TM |||

/7
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1,4-di0 )J\@ + @\/OH = DO
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Enamine + a-haloketone strategy
won't work here.

enamine will not form from the
o) \

more substituted side.
SN2 on tertiary centre problematic

CO,Et
+ NaOEt
CO,Et
epoxide ring-opening is
in trans-orientation
H
0-0
Using EAA route we have the following observation:
1. NaOEt O
—_—
a2 )J\/COZEt 5 W
0]
(8 OEt
+ NaOEt in situ l
cyclisation
CO,Et y 5

Ja

mechanlsm’7| O
O




The Logic of Organic Synthesis: Analysis of bifunctional target molecules:

C] 1,4-bifunctional compounds (contd.):

Let us now consider a few examples:

Page 44

Ph FGI Ph . , - e
7. 1,4-diX Ph ©) conjugate addition of cyanide is inevitable
—_— §\< \ _— \;(\COOH + CN as it cannot add to COOH.
HO,C CO5H NC CO5H
CO,H
Ph0, & — o .
\f + Hp ~COOH & Use Perklnl or Knoevenagel to agcess
H \)J\ the aromatic a,B-unsaturated acid
H
OAc
+ NaOAc
a2
op o 1,4-diCO o _ I—1 @
8. 0O —— > + o — //,(I
o a ©) O 0 ©
a’ b I d? CO,Et
. 1. 1,, NaNO,, (CH,OH), o N
b “1,4-d|CO : _NO, 2 ELN C 0" “O | Sn2
NO
(jo H o,p 0] 1-nitrocyclohex-1-ene 2
’ - a Michael acceptor
+ o0 &&— + L\ a ",
H>: Mannich @|”O !
i i Et;N iminati
/\N02 + base ‘ NO, demasked via McMurry reaction 3 elimination
NO
0 0 f\x O/ 2
O @] o}

3-mem ring

3-mem. ring,
no dehydration

bridged bicyclic system;
no dehydration
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The Logic of Organic Synthesis: Analysis of bifunctional target molecules:

C] 1,4-bifunctional compounds (contd.):
Let us now consider a few examples:
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Q 1,4-diCO )J\ o I, (1 eqv.) O2F!
9. 2 (1 eqv.
EtO,C 2\ =V
)W Y /\g/ )J\ NaOEt (2 eqv.) )W
O CO,Et
symmetrical 1,4-diketone ||| + NaOEt )Oj\ (2 eqv.)
0 0 N OEt hydrolysis and
1,2-diX decarboxylation
I — ———— o) y
CO,Et COLEt Mg i
+ NaOEt + I, )J\/\(
+ NaOEt o
O 0 O
o.B /\’//O FGI 1,2 C-C ij:\( O Ekgi
o — ——
%O ozonolysis o \]/ o ozonolysis 0

FGI ‘v hydration |||

(0]
0] X (0]
1,2C-C
1,2 C-C _
. « % + | Me:& \Q’/
AN o o]

+ base + base

FGI Hreduction H

0] OH
+ X2
allylic halogenation,
i§o t “OH (allylio Ratog

symmetrical SM, no
regioselectivity issue)

One of the strategies used here is

quite unique - the ozonolysis of a

C=C to install a C=0O group. In terms

of retrosynthesis, this implies replacing

a =0 with =CH,. That's not a disconnection
per se. When this analysis is carried out to
approach the dicarbonyl target, we are in
fact using the reverse of a disconnection -
we are joining up a bond in the revised
target which will be broken during the
synthesis.

This is called the strategy of reconnection.
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The Logic of Organic Synthesis: Analysis of bifunctional target molecules:

C] 1,4-bifunctional compounds (contd.):

Oxidative cleavage of a C=C provides a useful route to 1,4-dicarbonyl targets. Here's another example of this concept at work:

a

11 20 44dico H % il
. ,y4-al ~
O+ Rlyo = kCHO
COaE COEL 22 a-haloaldehyd
2 yae
- d very dificult to handle
b || reconnection - extremely reactive
2
1,2C-C d ® EG|
= — o) + A Br/\/ — Ho/\/
CO,Et CO,Et a?
CO,Et 1,2C-C PR
EtO,C~ “CO,Et <+
CO,Et
+ NaOEt
+ NaOEt
Ph C-O lactone FGI FGI /
12. Ph Ph OH S Ph - = Ph
o) Ph™ “co,n  hydrolysis, Ph™ ‘o HBr addition  Ph™ Y
o] y-hydoxyadid substitution Mgrkovmkpy
y-lactone regioselectivity “1 20
FGI || hydrolysis oh oh
=
Ph.__Ph \C(N + B
Ph 1,3 diX + base
OH —— CN + base
Ph CN

'Y
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* to stop the ozonolysis of the
C=C at the aldehyde stage,
we need a reductive work-up,
use dimethyl sulfide
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The Logic of Organic Synthesis: Analysis of bifunctional target molecules: Page 47

C] 1,4-bifunctional compounds (contd.):

Let us now consider a few examples:

C-O lactone FGI 0 H-O-C-C
13. J e — OH —— — ——— Co, + H—Z—(: + base
(610

S oH reduction  yg OH OH
y-lactone y-hydroxyacid 1,4-dioxygenated TM H H-0-C-C
H—H + H~<
+ base 0
o] ) ©
1,4-diCO OH CO,Et
14. MOH — )J\@ + W = < + NaOEt
o] a? 02 COEt bromination in AcOH to access
levulinic acid ||| d the a-bromoacetone
a y-ketoacid o
aka 4-oxopentanoic acid 1 2 diX
)J\;iBr )J\/H + Br
umpolung
A
HOOC O 1,4-diCO HOOC On©
15. \/\)}()J\/ — \/\)@ + @)J\/ /]‘\/ — H\/ H

[ oH
H-O-C-C || Henry
COOH

©_COOH ( 12C-C

\/\ + 2C  — \/\>€ + LDA (2 eqv.) H H NO, @O o
X ||| (using lvanov enolates derived \[g + K/ \/\I - \/\;I\:

COLEL from carboxylic acids) + base H ©™H

i dianion /4

+ NaOEt
CO,Et more r_?active
site

enolate from carboxylic acid

nitro demasking with McMurry reaction
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C] 1,4-bifunctional compounds (contd.):

And finally, let us revisit a 1,4-dicarbonyl target once more. Again we use the d'+a® combination, but this time, our acyl anion equivalent is different from
the one derived from nitroalkanes:

0] (0]
1,4-diCO | | 0
16. )ﬁﬁ/\ﬂ/ ’ Yo+ =P~ 9
Ph Ph (\H/ = . Ph._~ NaCN (cat.)
mechanism?! : + _ >
Ph O d’ Ph O o] ! ph)J\H \/\[O( Ph
||| ad ' Ph O
o,P
H)<OH This is the Stetter reaction (mechanism?),
Ph CN using the cyanohydrin derived from the
Ph\fo + Y aromatic aldehyde as the umpoled
H H 0 reagent, an acyl anion equivalent.
0 Possible side reaction is benzoin condensation
+ NaOH which is reversible, so not a threat.
M+ NaeN
Ph
Try these yourself:
OH
CO5H HO o” O
@)
(.1l C.2 [C.3] [C.4] [C.5]
[C.2]
(two separate methods, (other than the
other than the one shown) methods shown)
0] o 0
COLEL HOOC O O oh
2 S~ A M ></CO M
)J\/\/Br MeO,C 2Me
C6 [C.7] [C.8] OH [C.11]
[C.6] (other than the [C.9]
method shown) [C.10]
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