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

D] 1,5-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 1,5-relation. These target molecules are consonant systems, so umpolung strategy will not be necessary in general.

The most important method for synthesising these targets is the Michael reaction, an 1,4-addition of a stabilised carbanion (enolate derived from a
carbonyl compound known as the Michael donor, representing a d? synthon) to the B-carbon of an o,B-unsaturated carbonyl compound (a Michael acceptor,
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representing an a® synthon).

Let us consider a few generalised disconnection strategies:

0] O 1,5-diCO

1. )Wj\ —
R R,

d2

R1)(L ¥ @\)J\ M&:} H>:o * )J\

Michael donor must be a soft anion
promoting reversibility of the addition,

(in order to counter potential 1,2-addition);
need to have EWGs on it to stabilise

the negative charge and make it softer

as well as a weak base. The basicity is
important because we want the 1,4-addition

AIdoI or Manmch
as the case may be

0 R R product (which is itself an enolate) to
N” C-N enamine O R. _R preferentially get protonated once it forms.
R + base X _ N ” If that does not happen we will have
CO,Et R undesired side reactions.
Carbonyl protection required while forming organozinc:
OH O 1,5di0
2. :> 0 ~_-OH [
R1)\></\)J\R2 /\)J\ \/\)J\ o Br HO—> Br\/\o><o
8-hydroxycarbonyl 31 y-bromoketone R2 acid (cat.) R
||| a 1,4-difunctional target
(0] Otherwise self-condensation Zn
FGI would occur.
R1)J\ H G
o_ O

1,4-diO

O<I H0v+@)1\

use enamine
or EAA

0]
HO\/}()J\

v-hydroxyketone,
a 1,4-difunctional target

B 2R,
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The Logic of Organic Synthesis: Analysis of bifunctional target molecules:
D] 1,5-bifunctional compounds (contd.):

Let us consider a few generalised disconnection strategies:

OH

O 15di0  OH o o
3. > pr— [ \
Ao ~A Jo t o~ = e~ N el Ho ™" o__0
R'] RZ R1 R2 RZ B e —— B \/\><
8-hydroxycarbonyl d' -illogical  a*-illogical y-bromoketone r R, acid (cat.) r R,
a 1,4-difunctional
||| target A
u S\G)rs
j\ demask first and reduce R
* SH SH — m + NaH as done previously the C=0 revealed ~_ A
H / \
R R,
] 5+ O 0o
OH O 1,50 OH o O FGI | X N ,
4. )\'></\)J\ — )\@ + @\)}\ = — \)J\Rz 8_\)J\R2 Br R,
8-hydroxycarbonyl a® - illogical  d3 - illogical H (anhydrous) regioselectivity of addition is okay
||| B-bromoketone,
a 1,3-difunctional Fo [
FGI 0 target 0,0 Zn Bre. 0_©
R AN Br/\R<R2 : Zn/\€<R2
Ri H H
carbonyl protection needed
while forming the organozinc
Q Q FGA 12¢cc @
5. I A~ N, —— — I |
R4 R, R R N~
symmetrical 1,5-dicarbonyl EtO,C CO,Et EtO,C
target (2 eqv.s)

The strategies 2, 3, and 4 involve umpoled reagents which are difficult to access. Several protocols have been explored and developed in these lines.
But the Michael reaction remains the most useful method to synthesise 1,5-dicrbonyl compounds. We will concentrate on that.
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Carbonyl protection required when
reacted with acyl anion eqv:
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The Logic of Organic Synthesis: Analysis of bifunctional target molecules:

D] 1,5-bifunctional compounds (contd.):

Let us now consider a few examples:
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. Oogfo o GO COM - 1.5dico, J/COZH CO,Et
CO,H Michael ® T @/COOH = < In this one-pot reaction, Knoevenagel condensation
Me Me 3 HC 5 CO,Et and Michael addition happens one after the other in
Me B-methylglutaric acid a d + base a cascade fashion.
an anhydride 1,5-dicarbonyl target 2 eqv.s of DEM and 1 eqv. of acetaldehyde is mixed
||| in presence of piperidine, AcOH and refluxed in
benzene.
EtO,C CO,Et The product on hydrolysis and decarboxylation
Et0,C.__CO,Et + base a.p } affords p-methylglutaric acid.
H ]
. \|¢ Knoevenagel Me
Me
2. /\)PLCO H :> )WCO 1 ,5-diCO )J\) + COZH The final deoxygenation is done
Ph 2 or, FGI, 5 Mlchael ® H2(32 with the Wolff-Kishner reduction;
not a 1,5-dicarbonyl !?  reduction  1,5-dicarbonyl target d a chemoselective way to
deoxygenate a carbonyl group
||| ||| in presence of COOH
o CO,Et .
H aB O Ph No control required for cross-aldol
Ph)K/H + \|¢ aldol CO,Et as the more electrophilic component
Ph Ph benzaldehyde cannot enolize
+ base + base
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The Logic of Organic Synthesis: Analysis of bifunctional target molecules: Page 52

D] 1,5-bifunctional compounds (contd.):

Let us now consider a few examples:

0] 0 (0]
é% 1,3-dico é\joﬁt FGI CN C CN OTs *the ketone needs to be protected in the
IM Cla|sen/ substltutlon form of an acetal while reducing the less

1,3-dicarbonyl Dieckmann 1,6-dicarbonyl reactive CO,H; the protection is carried
target target out to avoid the possibility of cyanohydrin

formation in the substitution step; ketone
is deprotected only after the CN is converted

0]
to CO,Et to effect the final cyalisation.
1 5 diCO ©,CO,H
co t H,C
tosylatlon reduct|on 2"| ® d2

1,5-dicarbonyl target |~'=|‘|3 |||
CO,Et
seleno-
Cope CO,Et
+ base
Part forward synthesis:
0 Ho~OH 0 0 0__0 TsCl, o0
_LAH __byridine NaCN, DMF _
CO,H H@ CO,H ether (tosylation) Sn2
OTs
(protection of
ketone as acetal)
O
o__0O o 0 ® 0O 0
EtOH, H,SO4 H,O, H CO,Et _1- NaOEt, EtOH
(ethanolysis of deprotection of 2. acid work-u
CN cyanide to carbethoxy) COOEt( pketone) ' P

(Dieckmann)

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




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

Etozctéi

bH1,5-diCO “|
EtO,C

D] 1,5-bifunctional compounds (contd.):

Let us now consider a few examples:

4. %
HO,C  CO.H haloform b&

B.p-dimethylglutaric acid dimedone
- 1,5-dicarbonyl target

1,3-diCO 1,5-diCO CHz

COZEt

+
Clalsen

“1
5

o /LO + /LO ?(/@ eCI-E;_, EtO,C

H2C + ® + base EtOZC * Me/l%o + base

HO2C CO,H as d
3
H| a aldol Il ll aldol
CO,Et
EtOZC /Q
h lof

EtOZC haloform alotorm CO,Et Me™ "0 + base
+ base + base

Also note that in the synthesis of dimedone, irrespective of the strategies you take, the Michael addition
is followed by an intramolecular Claisen condensation that closes the six-membered ring.

CH,(CO,Et), O Claisen'
o} .\ >:O Dowex-50, heat Y\fo NaOEt (1 eqv.), _ { conder}ﬁgfl?ﬁ
)j\ acid-catalysed EtOH, reflux CO-Et
aldol condensation Michael addition 2

mesityl oxide EtO,C
- regioselective, the most stable 1. dil. ethanolic
enolate gives only a @ H30 KOH reflux
four-membered ring - disfavoured 2 H30 3. heat
EtO,C EtO,C
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Note carefully that the haloform reaction of
dimedone results in a C-C bond cleavage,
which is kind of unusual considering you
can replace only two a-hydrogens by the
halogen here, as opposed to the usual three
hydrogens for the ketomethyl group. But the
cleavage is facilitated because the resulting
anion enjoys resonance stabilisation from

an adjacent C=0:
><:COQH
CO;H

1. NaOH, Cl,,
H,0, dioxane

2. dil. acid

- COOH
— CcCl,
cl
@

' Similar to Hofmann degradation of
phthalimide, despite not having the required
! two Hs on N, it responds:




The Logic of Organic Synthesis: Analysis of bifunctional target molecules: Page 54

D] 1,5-bifunctional compounds (contd.):
Let us now consider a few examples:

In one widely used variation/extension of the Michael reaction, the addition product of the reaction can be subjected to an intramolecular aldol condensation
that closes a ring:

(0] (0]
Me NH , benzene*, reflux Me
ii l KOH, MeOH % .
) > CHs; .
Michael e aldol condensation o

reaction * removes water by forming
constant-boiling mixture

2-methylcyclohexane
-1,3-dione

This sequence of tandem Michael reaction-aldol condensation leading to
ring closure is an example of the Robinson Annulation. The bicyclic

(0]
diketone product shown above is the Wieland-Miescher ketone.
ij:\l\ H2, Ni
80 atm. OH

resorcinol

+ base + Mel

The retrosynthetic analysis of the TM is like the following:

0]
1 e 5 M i o Me ® X o.p H
a, 1,5-diCO - ’
— CHs — + :\I\ = :\I\ :>_ H/g /g
o 4 o o o Mannich 0o 0]
O
d2 a®
aldol step Michael step |||
O
Note how in the retrosynthetic analysis aldol comes first and then Michael, Me
and this order of event will be just the opposite to what you will do while
writing the forward synthesis. @]
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The Logic of Organic Synthesis: Analysis of bifunctional target molecules: g

D] 1,5-bifunctional compounds (contd.):

Let us consider a few more target molecules' retrosynthetic analyses that uses this Robinson annulation strategy:

O The strategy outlined above would work. But as the

0] O revised 1,5-dicarbonyl target lacks symmetry, the aldol
1 5-diCO HJ\ + — HJ\ cyclocondensation would suffer from a regioselectivity
aIdoI Mlchael ® © Me ~— Me problem and a mixture of products would form,
CO,Et CO.Et d? compromising the overall yield:
COzEt COzEt ||| + base
Hagemann's ester - revised 1,5-dicarbonyl target 0 9] Me
a 1,5-dicarbonyl target VKJ\ o,p o + O
as well as an o,B-unsaturated ketone = )J\ HJ\H
a3 d2 al M @]
CO,Et CO,Et
To avoid this formation of mixtures, a better strategy would be to symmetrise the unsymmetrical revised desired undesired

1,5-dicarbonyl by an FGA and then continue the analysis:
Think carefully how the second product is forming.

o)
a
Me  redraw O  Fca Qb a$ - ‘asdco 9 o | y
IZ") — —— | e
Michael + 0O ! ‘ redraw
Me CO,Et Et0,C P CO,Et Et0,C COEt |
CO,Et : o a’® 2
revised 1;5-dicarbonyl target ||| ||| ' Me E1O.C
. EtOZC 2
H1,5-diCO 0 o
o o )J\%( HJ\ :
+ + '
)J\ I Hk EtO,C CO.Et
EtO,C a'  CO,Et +base | 0 Me
+ base + base a,p HKnoevenagel :
d? d? ! " o
o) | e
H |
+ ! CO,Et CO,Et
base + H>: O '
Et0,C 3 :
d2
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The Logic of Organic Synthesis: Analysis of bifunctional target molecules: g

D] 1,5-bifunctional compounds (contd.):

The forward synthesis of Hagemann's ester that adopts the Robinson annulation protocol is outlined below:

O
(0]
HN Et0,C7 Y~ Et0,C aldol 1. NaOEt, EtOH,
0 O . EtO,C refl
e} o) condensation €flux
(H2C20>n + —— > | EtO,C _—
CO,Et Knoevengel HN 2. AcOH
condensation : : CO,Et COLEt reverse-Claisen
Michael reaction 2 condensation
The very last step demonstrates a reverse-Claisen condensation that knocks of the a-carbethoxy group: This may at first seem unusual to you )

because your previous exposures to reverse-Claisen reaction involved B-ketoesters that do not have any protons on the carbon flanked by the
two C=0 groups. In this case we do have a proton there. So how come the reverse-Claisen is happening? Shouldn't there be just a proton
abstraction and the end of story?

what you expect when Hagemann's ester

reverse-Claisen, as you have seen till now: versus is treated with NaOEt: CO,Et
0 0 5
Me ! EtO,C
&COZEt 1. NaOEt, EtOH N \é<COZEt E EtOZC EtO 2
Me 2. acid work-up H E acidic EtOH
! proton

no proton to abstract present COzEt

Recall that the Claisen condensation is reversible. Once the Claisen product forms, two things can happen; ethoxide will - i) either abstract the proton
(if available) from the position activated by the two carbonyls, i.e., it is acting as a base, or ii) induce a reverse-Claisen reaction so that the newly-formed
C-C is cleaved again, i.e. attacks the keto carbonyl of B-ketoester as a nucleophile:

o o°

)K Q@ 0 EtO
Eto)\( EtO Eto)% EtOH Eto)%
H

If that acidic proton is absent, only option ii) is exercised and the Claisen condensation remains unsuccessful with ethoxide. When that acidic proton is available,
option i) is favoured, but that does not mean that option ii) won't ever be explored here. By enforcing the appropriate reaction condition, a reverse-Claisen
condensation may yet be induced in these cases as well.

option (||) option (i)
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The Logic of Organic Synthesis: Analysis of bifunctional target molecules: age 5

D] 1,5-bifunctional compounds (contd.):

ester group of B-ketoester
Let us deal with some more target molecules:

(@) 0O
1,3C-C EtOzC
6. e = as done before for double decarboxylation induced by
® @\ :> — Hagemann's ester hydrolysis and heating in d. H,SO,
3
a
+ COzEt
H3;C %)H = Et,CuLi
3b~CH; =  ELLUL _
(need 1 4-add|t|on) ster group of vinylogous p-ketoester
0O O (0]
EtO,C =
7. FGA 2 Et0,C 1 5-diCO EtO,C Me — HLMG
aIdoI Mlchael COzEt d2 CO,Et
+ base
(0]
0] o,B
O > EtOZC
R —
+

)J\H EtOZC\)J\ Knoevenagel

+ base
0 0] 0
. O
a,f 1,5-diCQO ©) _ 1 ,2C-C
8. — o _ )J\/@) + = + base
1) aldol Michael 23 + |—Me
Hajos-Parrish ketone © ° d?
f + base 1,3- d|CO IM Claisen
(0] H 0] 0
M A — 14-diCO EtO
O~ 'H 9 4
Mannich >_ >—0Et ——
/// a? - illogical O
o} CO,Et ”| H-V-Z
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The Logic of Organic Synthesis: Analysis of bifunctional target molecules:

D] 1,5-bifunctional compounds (contd.):
Let us deal with some more target molecules:

o
a,p 1 5-diCO
: ; Yo aldol 0 Mlchael \)\ \)\
- activation is requwed, as an ordinary o.p H Mannich
ketone is not a good Michael donor
! FRE

Oy ~CO2Et 1,3-diCO COEt 07 H

+ Y ———

o OEt Claisen o

0]
1,5-diCO
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o o
i @/COZEt

non-stabilised stabilised
enolate enolate
promotes promotes
1,2-addition 1,4-addition
more basic, less basic,
promotes side side reactions
reactions minimal

10.
Michael

(0]
(0]
+ @)J\(
a3 d?

||| - activation needed

Etofk(
HCIaisen
(0]

aIdoI Q(

1,5-dicarbonyl target 1,3-diCO

) ! )S
1 + i
a ——— a + 2
H O ) Mannich EtO o )J\(
d + NaOEt

The aldol is regioselective because the alternative
six-membered ring cannot dehydrate.

ittty

dehydration to conjugated enone possible

conjugated enone

Claisen condensation is regioselective
because the one side of the ketone

lacks the required number of H, so
condensation proceeds from the other side;

OEt
(@] (@]
Ho 9 Et0” YO
HW NaoEt  FO /S
H H
OEt
EtO” SO NaOEt
NaOEt
©
o o (0] /O
colS N E@W
H
\nloere!

cannot dehydrate to a
Page 58
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The Logic of Organic Synthesis: Analysis of bifunctional target molecules: 9

D] 1,5-bifunctional compounds (contd.):
Let us deal with some more target molecules:

1 5 diCO E>_< p
1. no protons
aIdoI Mlchael to abstract!

- activation needed but a3 J; COOEt
can't do it with -CO,Et, not ao,p HMannlch CHO
1,5-dicarbonyl target enough protons present!

We use enamines instead:

H H
I S
() c
CNenamlne N
+ HN ) e—— —

Retrosynthetic analyses of targets 5-11 makes use of Robinson anuulation strategy. By this time, the structural pattern in these targets should be
evident to you - a six-membered ring containing an o,B-unsaturated ketone; first disconnect the C=C to reveal the 1,5-dicarbonyl, then go for the
1,5-diCO disconnection to get the Michael donor and acceptor:

(0]
o, 1,5-diCO @) (0]
p— ) — + @\)J\
aldol
(0] @] @]
. . . . d2 a3
a six-membered ring containing 1,5-dicarbonyl _ _
an o,B-unsaturated ketone Michael Michael
donor acceptor
. > > + =
Markovnikov N X © HJ\ hydration of alkene
1,5-bifunctional regioselectivity ||| CO,Et done by dil. HySO4

target

+ base

o b o) FGI )\)i FGI )\A FGI
*'/g Me X OH OH Br [ Sn2 more favourable than Sy2' (why?)
0]
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The Logic of Organic Synthesis: Analysis of bifunctional target molecules: 9

D] 1,5-bifunctional compounds (contd.):

Let us deal with some more target molecules:

d? a’
0 o] O 0
OH o H-0-C-C o o FGA 1,5-diCO ®
13. MJ\ = )J\/\)J\ — )WJ\ — ) S + \)J\
d-hydroxycarbonyl target + Me—Mgl CO,Et CO,Et
(alternative, using the ||| |||
Michael approach) o o
\)K
CO,Et
+ base
Try these yourself:
Q Q Me Me
EtO,C CO,Me m L;IO
Ph Ph o) o) O
Me
[D.1] [D.2] [D.3] [D.4] [D.5]
(other than the
one shown)
CO,Et Ph
Ph)J\)\( Moo CO,Me 0 = CO,Et
CO,Et 2
[D.6] [D.7] [D.8] [D.9]
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