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

A] 1,2-bifunctional (1,2-diX) compounds:
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The following is a summary of the retrosynthetic strategies one can adopt commonly when the target molecule contains two heteroatom-based functional groups

at vicinal carbons, i.e. a 1,2-bifunctional compound.

Note that umpolung strategy is necessary as these classes of target molecules are dissonant in nature.

Comments:
(0] Riley (0] CO,Et
idati 1,2 C-C
" R1\H)J\R2 % R1\)J\R2 or R1\H/](R2 :> R1Y@ — N + base 1,2-diketone TM
0 with SeO, o) o d? o) (polarity inversion by oxidation)
. R2® — (R,—X # potential regioselectivity issue
0 o) a-nitrosation 1,2-diketone TM
5 R FGI R R under acid catalysis g (polarity inversion by nitrosation)
1%& 1 R 1 R \)J\RZ # via more substituted enol under acid
+
o . O//N ® catalysis oH
oxime ; _ ; N=
nitroso - tautomer of oxime O R1\/\R
i FGI oH H- O Cc-C 2
3.
Ar\H)J\Ar ati Arﬁ%%\p\r Ar\@ + @k Symmetrical, aromatic 1,2-diketone TM,
o oxidation o Benzoin can be revised to a-hydroxyketone TM
condégsation k - benzoin is an easy option.
Z/ d' synthon illogical -
via Ar\@(CN AF\H/H H\H/Ar accessed through cyanohydrin
nucleophilic OH O electrophilic 0]
OH

0] OH
R FGI R
4. R :}
oxidation
0] 0]
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R _OEt
b
)
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Symmetrical, aliphatic 1,2-diketone TM,
can be revised to a-hydroxyketone TM
- acyloin an easy option.

radical coupling to achieve 1,2-diX relation
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A] 1,2-bifunctional (1,2-diX) compounds (contd.):

The following is a summary of the retrosynthetic strategies one can adopt commonly when the target molecule contains two heteroatom-based functional groups
at vicinal carbons, i.e. a 1,2-bifunctional compound.

Note that umpolung strategy is necessary as these classes of target molecules are dissonant in nature.

5 i FGI ) H OH i | 0
| R1\[HJ\R J— R1\[%%\R :>-O-C-C R1 O + @k 6. R1 R :>1,2—d|0 R1\C@ + @l
2 oxidation 2 m Rs 2 I ] R2
o} o} 0 {' a' o) O d' a
1,2-diketone TM / \ 1,2-diketone TM / via \
imidoyllithium
eS| Ryt "t 1
— +
SJ 0 o Ri—Li Et0” "R,
®
0 ol OH OH OH Nsc®
FGI R H-O-C-C R
7. R1\H)J\R2 :>. : R1\[H\R > 1\X\R2 —_— 1W@ + @
oxidation 2 Henry d NO Rz 41
0 0 NQ4 reaction 2
1,2-diketone TM /
™ Ny
Acyl anion eqv.s NO, 0
for R1m@ R1\@(S R1W@ R1\“@ Comments: All methods involve illogical d! synthon
or
(0] can use SJ 3 NO, N7< Solved by three elegant methods as outlined below:
d’ [from thioacetal  [from nitroalkane - -
illogical +NaH] + NaOMe] from ><NC /IL >< acid hydrolysis
acyl anion R N
+ Ry—Li 1 /FL TiCly, H,0 R
— -~ H
carbonyl Ha?* H.O i ) ) R S HaZ* HoO Ry "0 R4 NO,
revealed by: g9, Ny TiCl3, H,0 acid hydrolysis R/N/\J g, Hy
1
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A] 1,2-bifunctional (1,2-diX) compounds (contd.):
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The following is a summary of the retrosynthetic strategies one can adopt commonly when the target molecule contains two heteroatom-based functional groups
at vicinal carbons, i.e. a 1,2-bifunctional compound.

Note that umpolung strategy is necessary as these classes of target molecules are dissonant in nature.

Comments:

OH OH E
FGI H-O-C-C o e) | ? —
R Me —— R1#>K > )J\ + NN —_—> H———H . o-hydroxyketone TM @k —> ©=—H
8. "R 2+ R Ri™ Ry AN I Me :
2 Hg“"-ion catalysed 2 H ) S logical
©) : + base | illogical
hydration |
OH H 0 5
o FGI - ? Hocc, o ! Q
9. R1/}\W :>. 1#)&\ —— R, R, + C\\\N ' a-hydroxyacid TM @& —> O=N
R hydrolysis Ry,7 SN ' OH ;
20 2 X I logical
cyanohydrin - illogical
OH H
R R '
10. 0O R + 9 !
R\/\HR\R — - / \ - — R/j’\g¢ — R/go @Prphs —— Xr ! Symmetrical
| a-hydroxyketone TM
o + RCO3zH via Wittig or Wittig-type reaction : Y y
+ |
Me” "Me Me !
! R4 R2
Me \® ' # For V
; St |
Via /\@O_S\G_) OC Me M /S\M OH h O
- Me e X
R R o~ Me R R > R\[H\R ! there will be regioselectivity
0 o H 0 I issue with attack of DMSO

OH
0]
1. R . N — R, + RCOSH
1:g\R2 R, R, R1/§§” 2 °
OH

(via syn- or anti-
hydroxylation)

!

Lo g®

R1/34H‘R2

© R 70 PPh,
via Wittig or Wittig-type reaction

Unsymmetrical 1,2-diol TM
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A] 1,2-bifunctional (1,2-diX) compounds (contd.):
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The following is a summary of the retrosynthetic strategies one can adopt commonly when the target molecule contains two heteroatom-based functional groups

at vicinal carbons, i.e. a 1,2-bifunctional compound.

Note that umpolung strategy is necessary as these classes of target molecules are dissonant in nature.

Nu

1 R
2

OH . Nu@

®
Nu R
13. R 1,2 diX R
: 1 R2 p— 0

o a? - illogical
+ Nu@

OH Q
R, H-O-C-C x 2 R,
14. R1ﬁ/&;R3 _ R OEt
3

OH OH
+
t-alcohol with two

similar groups

NH»> NO,
15. R FGI R,
R R d:t> R, R,
OH reauction OH

B-aminoalcohol
(substrate for Tiffeneau-Demjanov)
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. O
1,2 diX
p— R1AR2 p— R1/\’R2 —

via Wittig or
Wittig-type reaction

Br

R1 @

R, —— Ry B
R + r
I \[O(\ )

(need source of
electrohilic bromine)

0O

R3_ng — R3_X

FGI Ry FGlI Ry N
. 7 o ~— R OH —/——— R
esterification OH hydrolysis OH
(as seenin 9.)
H-0-C-C j\ . ’\fz _ Nee
R R, © Ry R3
+ base

Unsymmetrical 1.2-diX TM
(alcohol oxidation level)

Unsymmetrical 1.2-diX TM
(carbonyl oxidation level)

a? - illogical
- solved by a-halogenation
of ketone
H-O-C-C O
——— L+ %=
R R,

Unsymmetrical 1.2-diol TM

Unsymmetrical 1.2-diX TM
(alcohol oxidation level)
d' - illogical
solved by nitroalkane
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A] 1,2-bifunctional (1,2-diX) compounds (contd.):
We have seen the use of alkenes in many of the preceding examples.

Note that alkenes are nucleophilic in general. When you make epoxides out of them, you invert the polarity of the vinylic carbons:

X e
o
d R™ "0~ O
MR . . }Aa
Ri™ inverting the Ry R2
polarity
® o°
)E\/ EQE/ epoxidation 205 R1\H\
R, = R > -
R1 ® 2 R1 = 2 R1 ) R2 RZ
S Nu
inyl carbon i leophilic, while pe
vinyl carbon is nuleop ’ ... the epoxide ring's carbon is electrophilic
So, we have done an umpolung operation.
Same is the case with Wittig methodology, o o
that also involves a polarity inversion: Wittig or Wittig-like H R
reaction o Rz st Ro
X Re ’ /g * f
d'-synthon
nucleophilic carbon of ylide was electrophilic
in the organohalide precursor
nucleophilic

electrophilic

j] H
Nu o Jz ©pph,
) . Nu o~ 1. PPh3 /G)\@/Ph R1/§
s R5 X 42 NaH > Ry /P\
. Na

Y
X
o
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The Logic of Organic Synthesis: Analysis of bifunctional target molecules:
A] 1,2-bifunctional (1,2-diX) compounds (contd.):

Let us now consider a few examples:

FGI >§K H-O-C-C 0
"o 0] hydration RO % — )J\ ' @\\H
t nwewmo | |

T
T

HgO H,S0,, MeOH, H,0
0 |

2. MeO \
:} — <>
| ellmlnatlon Q‘\L hydration
C-O ether NaOH,
base Me,SO,
H._O _ Ho-cc M ¢
\f + H—=—H —— =\ —
H OH
(2 eqv.s) | metal catalysts ?
Hg(OAc),, AcOH, H,O
0 ' o |

-

FGI FGI Ny |
— 2 —_— (—
> 7& dehydration >(_%< hydration HO/ ) )\OH
0 HO OH
H-0-C-C “ NaH, THF

T |
(2 eqv.s) \fo + H

HCI, MeOH, heat

——H
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Target ketomethyl first, can be derived
from acetylene unit

T Target C-C
HO
—

a-hydoxyketone

Target CH,CO fragment
- can generate from alkyne unit

0]

MeO
| ——

make both end
symmetrical

H Target C-C

=L

Target C-C

Target CH,CO fragment

- can generate from alkyne unit Target C-C

— —
HO OH HO OH

both end already Target C-C
symmetrical




The Logic of Organic Synthesis: Analysis of bifunctional target molecules:
A] 1,2-bifunctional (1,2-diX) compounds (contd.):

Let us now consider a few examples:

HO

OH OH
. OH H-O0-C-C OEt __FGI >4
. — Ar ﬁ} Ar CN
YArolysis — cyanohydrin
Cl M I\O/I I & esterification y y
. . e—Mg
tertiary alcohol with
two same groups (atleast 3 eqv.- H H-O-C-C
need to neutralise acidic OH)

Friedel-Crafts  Ar @)
Ar—H + CI\’&O < )(f + NaCN

[Ar = 4-chlorophenyl] aromatic ketone

Cl is o-/p-orientor, regioselectivity of F-C reaction okay

®
o (0 o w93

e} 2
0 == g

a® - illogical (from a- naphthol

i
ol ° i . i CH,
Me/Sl\gl)ﬂz * (j ) — ’
Me Corey-Chaykovsky ii epoxidation
ﬂ Wittig

SN
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® ©
Ph3P_CH2
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OEt o
@f —— C=N
o logical SE
d1
- illogical nucleophile
®
HO. ._CH» O.
C I _CH
H,  — H,C 2
a2 logical SE
- illogical electrophile




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

Let us now consider a few examples:

Ts S O ester HO ~~ OH syn-hydroxylation A
ﬂ ¢ Ar1 Ar2
Arq Arz Z-alkene
vic-diol
Wittig /
® H
Ar FOl_ ar el A o=
1\/\OH <: 1\/\Br : Ar1\)@ Ar
substitution substitution, B
FGI, deprotonation FGI, redcuing
reduction reduction {J, @gent?
(0] Arndt-Eistert . _ Arndt-Eistert
Ar17o%k — An OH  [via f':ICId Ar2\n/OH <: Ar,
OH chlorides]
0 O® QO . ®
+ H2C—N2 + H2C—N2
Try the retrosynthetic analysis of the following 1,2-bifunctional TMs:
LTBA:

)N\Hz Ph Ph O Ph Ph
N OH
R” >NCOOH HO& HOX(

[A.1] [A.2] [A.3]

@) 0O

Ao

OH OH

[A.4] [A.5]

Page 22

0 0
R4 —— RrH
OH H

Aldehyde is more reactive than acid, so it
is diffcicult to stop the reduction at the
aldehyde stage, there is a strong tendency
to undergo further reduction to alcohol.

Commonly done in the following way:

H2, Pd-BaSO4

(Rosenmund)
or

LiAIH[(OtBu);]

_,RJ<_¢

0 (@]

"t

OH o H
S,

J<0Et DIBAL-H,

low temp.

is a much more selective, and less reactive
hydride transfer agent than LiAlH,

is a reducing agent that operates in a
fundamentally different manner than LiAlH,

LAH are NaBH,4 are nucleophilic hydride
transfer agents while DIBAL-H is electrophilic
in nature.
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