Chemoselective reduction of dicarboxylic acids
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Background/Challenge

- Aldehydes play diverse and essential roles in biological,chemical, and industrial processes, making them
important compounds in numerous fields of science and industry.
- Biological Significance- Intermediates in metabolic pathways, such as glycolysis. Synthesis of amino acids,
fatty acids, and vitamins.
- Flavor and Fragrance- Benzaldehyde gives almonds their characteristic scent, while vanillin provides the
flavor of vanilla.
- Industrial Applications- Formaldehyde is used in the production of resins, adhesives, and textiles.

Other aldehydes are used as solvents, preservatives, and flavoring agents in various industries.
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desired product over reduction
- Substrates are over reduced to alcohol

- Aldehyde products are frequently more active toward nucleophilic hydride reducing agents than the starting
esters, reducing esters or carboxyamides to aldehydes can be difficult.

- Large reducing agents such as lithium tri-tert-butoxyaluminium hydride,or LiAIH,, and diisobutyl-alumium
hydride (DIBALH) have been established.

Model system

- Hydrosilylation of dicarboxylic imide followed by acidic or basic workup affords aldehyde.
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Scheme 2. Reduction of dicarboxylic imide to aldehyde
via Iridium catalyzed hydrosilation
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Parameters: Analytical methods:
Iridium catalyst "H and '3C Nuclear magnetic resonance
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Current state of art

- Previous study demonstrated the efficiency of the binuclear iridium complex [Ir(coe),>Cl], as a catalyst for
the hydrosilylation of diethylsilane-induced secondary amine reduction to secondary amines.

- Mild catalytic reduction was established to study controlled reduction of esters to silyl acetals, which
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Iridium catalyzed hydrosilylation:

- mild reaction conditions,

- simple product isolation, and

- tolerance toward many functional groups /“\
render this system an attractive route for R

accessing aldehyde compounds.
desired product

Scheme 1.Reduction of esters through catalytic hydrosilylation.
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Catalyst Solvent Temperatur Time Yield
Entry (1 mol %) (1 M) e (h) (%) dr
(°C)
1 [Ir(coe),Cll, THF (3M) rt 24 42 10:1
2 [Ir(coe),Cl], THF (3M) 40 24 31 10:1
3 [Ir(coe),Cl], THF rt 6 52 10:1
4 [Ir(cod)OMe], THF rt 3 67 10:1
S5  [Ir(cod)OMe], THF 40 36 39 10:1
6 [lr(cod)OMe], DCM rt 4 80 10:1
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Isolation

- Low molecular weight-Brady’s reagent
- High molecular weight- Acidic workup

0O Brady’s
)]\ O@ reagent

O N/\/ >

N.
o
\—&_ (2,4-DNP in EtOH, O2N NO,
Ph

H>SO,, H50

O O
B EON
\—&_ Silane
Ph

94% isolated yield

j\ o s 549 O
07 N m J\ acidic
o N — > H
\_&_ —_—
Ph Silane \_Q—Ph workup
82% isolated yield
O 0
O)J\N acidic

O
> H
workup

87% isolated yield

o 52
Silane \_5*

A
&\

UNIVERSITY OF

TEXAS

ARLINGTON

Addressing chemoselectivity

Known

- Results of hydrosilylation of several carbonyl- containing substrates are reported.

- Ketones and esters undergo hydrosilylation rapidly to attain quantitative conversions in 0.3h
at room temperature.

- N,N-Diethyl acetamide is slowly hydrosilated (42% con- version in 16 h) to give Et3N together
with the disiloxane.

(o) (o) (0]
)l\ )LOEt )LNEtz
Ketone Ester Amide
Unknown
- Chemoselective Ir-catalyzed hydrosilylation needs to be explored for dicarboxylic acid compounds.

- Can Ir-catalyzed hydrosilylation differentiate between two carbonyls?
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- For reduction of dicarboxylic acid imide,several silanes were screened, including diethylsilane,
in CGD6 at 40 °C.
- Diethylsilane proved most effective, and the hydrosilylation of the carbonyl double bond took
place rapidly at 40 °C to afford the diethylsilyl acetal.
- PhMeSiH2 afford 57% vyield upon hydrosilylation after 4h.
Silane Screening Entry Silane Time Yield (%)
(3 equiv) (h)
1 HSIEt, 4 0
2 PHMS 4 Trace
3 TMDS 4 Trace
4 H,SiEt, 40 min 97
) H,SiPhMe 4 57
6 H,SiPh 4 Trace
ANMR vyield in CgDg using 1,3,5-trimethoxybenzene as internal standard
J
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Conclusion

* A simple and highly efficient method for chemoselective reduction of dicarboxylic imides to aldehydes
via silyl acetal intermediates generated by iridium-catalyzed hydrosilylation has been proposed.

- The catalyst [Ir(cod)OMe], which is highly active, long-lived catalyst for hydrosilylation of a variety
of carbonyl compounds is commercially acailable.
- We discovered this catalyst to be the most efficient one in which we have optimized the reaction
conditions for chiral auxiliary.
- This reduction exhibit high conversion at low catalyst loading.
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- Aldehydes play diverse and essential roles in biological,chemical, and industrial processes, making them

important compounds in numerous fields of science and industry.

- Biological Significance- Intermediates in metabolic pathways, such as glycolysis. Synthesis of amino acids,
fatty acids, and vitamins.

- Flavor and Fragrance- Benzaldehyde gives almonds their characteristic scent, while vanillin provides the
flavor of vanilla.
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Other aldehydes are used as solvents, preservatives, and flavoring agents in various industries.
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the hydrosilylation of diethylsilane-induced secondary amine reduction to secondary amines.
- Mild catalytic reduction was established to study controlled reduction of esters to silyl acetals, which
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Chemoselectivity study
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Optimization for N,O-silyl acetal

Catalyst Solvent Temperature Time Yield (%)
Entry (1 mol %) (1 M) (°C) (h)
1

[Ir(coe),Cl], THF (3M)
2 [Ir(coe),Cl], THF (3M) 40 24 31 10:1
3 [Ir(coe),Cl], THF rt 6 52 10:1
4 [Ir(cod)OMe], THF rt 3 67 10:1
5 [Ir(cod)OMe], THF 40 36 39 10:1
6 [Ir(cod)OMe], DCM rt 4 80 10:1
7 [Ir(cod)OMe], DCM 40 40 min 97 10:1

INMR vyield in CgDg using 1,3,5-trimethoxylbenzene as internal standard
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- For reduction of dicarboxylic acid imide,several silanes were screened, Including diethylsilane,
IN C@D6 at 40 °C.

- Diethylsilane proved most effective, and the hydrosilylation of the carbonyl double bond took
place rapidly at 40 °C to afford the diethylsilyl acetal.

- PhMeSIiHZ2 afford 57% vield upon hydrosilylation after 4h.

Silane Screening Entry Silane Time Yield (%)
(3 equiv.) (h)
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2 PHMS 4 Trace
3 TMDS 4 Trace
4 H,SIEt, 40 min 97
5 H,SiPhMe 4 57
6 H,SiPh 4 Trace
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Scope studies
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Isolation

- Low molecular weight-Brady’s reagent
- HIgh molecular weight- Acidic workup
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Conclusion

* A simple and highly efticient method for chemoselective reduction ot dicarboxylic imides to aldehydes
via silyl acetal intermediates generated by Iridium-catalyzed hydrosilylation has been proposed.

- The catalyst [Ir(cod)OMe], which is highly active, long-lived catalyst for hydrosilylation of a variety
of carbonyl compounds Is commercially acailable.
- We discovered this catalyst to be the most efficient one in which we have optimized the reaction
conditions for chiral auxiliary.
- This reduction exhibit high conversion at low catalyst loading.
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