CHAPTER-III

Solid phase synthesis of oxime derivatives

40



CHAPTER-III
SECTION-A

III.A. A brief review on oxime, synthesis and its applications

II1.A.1.1. Oxime

An oxime is a chemical compound belonging to the imines, with the general formula
R;R,C=NOH, where R;is an organic side-chain and R; may be hydrogen, forming
an aldoxime, or another organic group, forming a ketoxime (fig.IILI.A.1.). O-substituted

oximes form a closely related family of compounds.

Fig.IIL.A.1. Example of aldoxime and ketoxime

Oximes are stable and highly crystalline materials and oximation is very efficient
method for protection, characterization and purification of carbonyl compounds. These
compounds not only represent a useful series of derivatives of carbonyl compounds but
also may be used as intermediates for the preparation of wide spectrum of organic
compounds and numerous functional group transformations. Among other synthesis
applications, these compounds were successfully transformed into number of functional
groups and nitrogen containing heterocyclic compounds in the presence of other
reacting species. Recently oximes and their derivatives have drawn attention in
medicinal research because of their significant bioactivity. In inorganic chemistry,
oximes act as a versatile ligand. The Beckmann rearrangement of cyclohexanone oxime
to e-caprolactum is an industrially important reaction for the synthesis of Nylon-6.
Moreover, oximes can be easily reduced to amines, which are further used in the
manufacturing of dyes, plastics, synthetic fibres and pharmaceuticals. Oximes are used

as anti-skinning agents in paint and blocking agents in the polymer industry.
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II1I.A.1.2. Structure of oxime

Oximes exist as two geometric stereoisomers: asynisomer and an anti isomer.
Aldoximes, except for aromatic aldoximes, which exist only as anti isomers, and
ketoximes can be separated almost completely and obtained as a synisomer and
an anti isomer.

I11.A.2. Biological importance of oxime derivatives

Oxime functionality is also an important structural feature in several biologically active
compounds. For example, perillartine (1), an oxime of perillaldehyde, is about 2000
times as sweet as sucrose and pralidoxime (2) and obidoxime (3) (fig.III.A.2.) are
important antidotes for organophosphate poisoning. Recently, oxime ether derivatives
have drawn much attention in medicinal research due to their significant bioactivity.
Interestingly some oxime ether compounds exhibited not only excellent insecticidal

activities but have also good plant growth regulatory activities.

I

N “NOH
\ o]
\/ N

Perillatine Pralidoxime Obidoxime

1 2 3

Fig.II1.A.2. Biologically active oxime derivatives

The other biologically important oxime derivatives of various organic compounds are 5,
5 -substituted indirubin-3 -oxime derivatives found potent cyclin-dependent kinase
inhibitors with anticancer activity (fig.ITI.A.3.)." Yeon Tae Jeong et al.” have reported in
vitro antimicrobial activity against a panel of pathogenic bacteria and fungi from the
oxime derivatives of substituted 2, 4, 6, 8-tetraaryl-3, 7-diazabicyco[3.3.1]nonan-9-
ones. The moderate antimicrobial properties of some homo- and heteronuclear Cu(Il)
and Ni(Il) complexes of new oxime-type ligands against several pathogenic
microorganisms is reported by Ahmet Colak et al.” Alex W. White et al.* have reported
the biological evaluation of a novel series of pyrroloazepinone and indoloazepinone
oximes which showed promising growth inhibition activity against four human cancer
cell lines. Shaoshun Li et al.” have reported the cyctotoxic activity of alkannin and

shikonin oxime derivatives against three kinds of tumor cells and a normal cell line and
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found some oxime derivatives were more or comparatively effective to the lead
compounds, especially their selective and excellent antitumor activities towards K562

cells with no toxicity in normal cells.

5-nitro-5'-bromo-indirubin-3'-oxime 5-nitro-5'-hydroxy-indirubin-3'-oxime
4 5

Fig.II1.A.3. Biologically potent oxime derivatives

II1.A.3. Application of oximes in organic transformations

II1.A.3.1. Synthesis of amides, lactams and nitriles from oxime

Oximes are used extensively for the protection of carbonyl function. This compounds
not only represents the series of derivatives of carbonyl compounds but also used as
useful intermediate for the important organic synthesis and functional group
transformations. Particularly, the manufacture of cyclohexanone oxime represents a key
step in the sequence of the nylon 6 production. Inspite of having a huge industrial and
medicinal uses, the other important and interesting application of oximes is functional
group transformations and synthesis of nitrogen containing heterocycles such as
Beckmann rearrangement for the synthesis of amide from ketoxime which requires high
temperature and strongly acidic dehydrating media. Recently reported advance
methodologies for the preparation of amide from ketoximes includes, organocatalyst
cyanuric chloride catalyzed Beckmann rearrangement of ketoximes into amides under
mild condition with HCl and ZnCl, as effective cocatalyst and successfully achived
Beckmann rearrangement of six- to eight-membered cycloalkanone oximes,’
perfluoroalkylsulfonyl fluoride-mediated abnormal Beckmann rearrangement for the
transformation of steroid 17-oximes to the corresponding alkene nitriles
regioselectively,” pivaloyl chloride/DMF a mild inexpensive and non-toxic system for
the conversion of oximes to corresponding amides,® triphosphazene (TAPC

fig.III.A.4.) catalyzed Beckmann rearrangement of ketoximes to lactams,” mercury-
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catalyzed rearrangement of ketoximes into amides and lactams,' ruthenium-catalyzed

. . 11
oxime to amide rearrangement.

cl, Gl

Cl~p  p-Cl
/P\N,’P\
Cl Cl

Fig.II1.A.4. Triphosphazene (TAPC)

I11.A.3.2. Regeneration of carbonyl function from oxime

Oximes are very useful for protecting carbonyl groups in organic synthesis.'> Oximes
can be prepared from carbonyl and non carbonyl compounds.”’ Furthermore, their
synthesis from non-carbonyl compounds provides an alternative way for preparation of
aldehydes and ketones.'* Numerous methodologies have been develop for the
regeneration of carbonyl compounds from oxime derivatives and synthesis of carbonyl
compounds from non carbonyl compound via oxime formations. Bhushan M. Khadilkar
et al reported the oxidative cleavage of oximes to corresponding carbonyl by silica
supported chromium trioxide,"” photosensitized oxidative deprotection of oximes to
their corresponding carbonyl compounds by platinum(ll) terpyridyl acetylide
complex,'® transformation of oxime to carbonyl compounds with 2-Nitro-4, 5-

clichloropyridazin—3(2H)—0ne17 (scheme.lll.A.1.),

NO,
N__O
I
_OH 7 el
N O
g ol
R” "R, Microwave-assisted R~ “R,
conversion
R = alkyl, alkenyl, or aryl
R1 =H or alkyl

Scheme.IIl.A.1. Transformation of oximes to carbonyl compounds in the presence of 2-

Nitro-4, 5-dichloropyridazin-3(2H)-one
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the regeneration of carbonyl functionalities of aromatic compounds in the presence of
tetrapyridine silver(Il) peroxydisulfate in both acetonitrile and aqueous media,'
oxidative cleavage of oximes with NBS in the presence of p-cyclodextrin in water,"”
oxidative deprotection of oximes to carbonyl compounds by 2, 6-Dicarboxypyridinium
chlorochromate,® an aaerobic oxidation of oximes to corresponding carbonyl
compounds catalyzed by manganese porphyrin in the presence of benzaldehyde®!

(scheme.lIl.A.2.).

O

i - A

R, toluene, benzaldehyde, O, (atm), 50 °C Ry R,

Ri

Scheme.IIl.A.2. Metalloporphyrins catalyzed oxidation of oximes to carbonyl

compounds

II1.A.3.3. Synthesis of amines from oxime

The conversion of carbonyl derivatives to amines via oxime is a useful transformation
in the synthesis of numerous organic compounds and key intermediates in the
biosynthesis of many pharmacological important compounds. Many synthetic routes
have been reported for the facile synthesis of amines from oximes using various
reductive systems such as, reduction of oximes to amines by catalytic transfer
hydrogenation in the presence of magnesium powder and ammonium formate at room
temperature,22 reduction with NaBH4 in MeOH in the presence of MoOj; or NiC12,23
conversion of aldoximes and ketoximes into amines in the presence of zinc dust and
ammonium formate,24 reduction of oximes to amines with zinc

borohydride in the form of (pyridine)(tetrahydroborato)zinc complex,” reduction of

oximes to primary and secondary amines in the presence of sodium borohydride-copper
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(IT) sulphate in methanol,26 NaBH;CN/MoCls/NaHSO4-H,O system for the reduction of

various aldoximes and ketoximes to the corresponding amines’’ (scheme.lIl.A.3.).

NOH NH
NaBH3CN/MoCls/NaHSO4-H,0 2

R R, R1 Ro

EtOH or DMF, reflux

Scheme.lIl.A.3. Synthesis of amines from oximes under reductive condition

I11.A.3.4. Synthesis of heterocyclic compound from oxime

Not only functional group transformations but also oximes are equally useful for the
synthesis of wide range of nitrogen containing heterocyclic compounds which
contributes substructure of many bioactive natural products and structural motif of
pharmaceutically important class of compounds. Literature review reveals the synthesis
of large varieties heterocyclic compounds by taking oximes as starting material under
different catalytic or reaction conditions such as the synthesis of variety of isoxazolines
or isoxazoles from oximes and alkenes/alkynes in the presence of tert-butyl
hypoiodite,”® synthesis of annulated oxazoles by unprecedented cyclizations of a-oxo-
oximes on heating with dimethyl sulfate, alkyl or aralkyl halides in DMF and in the
presence of anhydrous potassium carbonate,” copper-catalyzed preparation of 3-
methyl-1, 2-benzisoxazoles™ (scheme.lll.A.4), synthesis of isoquinolines by cationic
ruthenium catalysts for alkyne annulations with oximes by

C-H/N-O functionalizations,”' synthesis of polysubstituted, aluminoisoxazoles and

pyrazoles by a metalative cyclization.*?

Ho\lN Cul (10 mol%)
R A —NH HN— (30 mol%) - X Ny
il > R )
A Ng  +BUONa (200 mol%) Z~0
THF, r.t.

Scheme.lIll.A.4. Copper-catalyzed cyclization of Z-oximes into 3-methyl-1,2-
benzisoxazoles

Laura L. Anderson et al.>® reported the synthesis of spiroisoxazolines and fluorene-

tethered isoxazoles by copper-mediated coupling between fluorenone oxime and vinyl
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boronic acids via nitrone intermediate formation (scheme.Ill.A.5). Frank Glorius et
al.** reported Rh(IIl) catalyzed synthesis of multisubstituted isoquinoline and pyridine
N-oxides from oximes and diazo compounds exploring the application of oximes in

heterocyclic synthesis.

_

Py, DCE alr

Scheme.IIl.A.S. Synthesis of spiroisoxazolines and fluorene-tethered isoxazoles by

copper-mediated coupling between fluorenone oxime and vinyl boronic acids

There are numerous reports in the literature where oximes act as a starting material for
the heterocyclic synthesis such as synthesis of quinoxalines by cyclization of a-
arylimino oximes of a-dicarbonyl compounds,” rhodium catalyzed synthesis of
isoquinolines and tetrahydroquinolines from ketoximes and alkynes by C-H bond
activation,”® solvent free synthesis of 2, 4, 6-triarylpyridines from acetophenone oximes
and epoxy styrenes under neutral condition,”’ synthesis of isoindole from ortho-
substituted aryl oximes sp’ C-H activated cyclization,”® synthesis of 5-substituted 1H-
tetrazoles from various oximes and sodium azide (NaN3) by using copper acetate as a
catalyst’® (scheme.III.A.6.), base promoted cyclocondensation of C-chloro oximes with
cyclic 1, 3-diketones affords functionalized isoxazoles,* synthesis of 2, 4, 5-triaryl
imidazoles from ketoximes via cyclization to the N-hydroxyimidazole and an
unprecedented in situ thermal reduction of the N-O bond upon microwave irradiation at
200 °C,*" the synthesis of 1H-indazoles from o-aminobenzoximes by the selective
activation of the oxime in the presence of the amino group. A variety of substituted o-

aminobenzoximes using a slight excess of methanesulfonyl chloride and triethylamine
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at 0-23 °C were presented.” FeCls-catalyzed reaction of o, B-unsaturated oximes with

ethyl acetoacetate to produce substituted nicotinic acid derivatives® (scheme.lIl.A.7.).

QH N=N
_N N« NH

25 mol% Cu(OAc),

+ NaN
®  DMF, 120°C

Scheme.Ill.A.6. Copper acetate catalyzed synthesis of 5-substituted 1H-tetrazoles from

various oximes and sodium azide

R
R2
:I%\H OEt | X OEt
FeCls (5 mol%) Z

NOH
150-160 oC, 2-4 h

Scheme.IIl.A.7. Synthesis of nicotinic acid derivatives from oximes

I11.A.3.5. Synthesis of oxime ethers from oxime

Recently, oxime ether derivatives have drawn much attention in medicinal research due

44
to their significant bioactivity. Interestingly, Sun and co-workers found that some

oxime ether compounds exhibited not only excellent insecticidal activities but have also
good plant growth regulatory activities.”” Such class of medicinally important
compounds can be directly synthesize from oximes. Oximes are attractive synthetic
reagents since they have both nitrogen and oxygen atoms as nucleophiles. Literature
review reveals that numerous synthetic protocols have been developed to design and
construct the oxime ethers of various compounds using oxime as a starting material
such as Triphenylphosphine catalyzed synthesis of oxime ether by Michael addition of
oximes onto activated olefins,*® synthesis of oxime ethers by the treatment of alcohols
with a mixture of triphenylphosphine, carbon tetrachloride, oxime, and DBU in the
presence of catalytic amounts of tetrabutylammonium iodide in refluxing acetonitrile*’
(scheme.IIl.A.8.), synthesis of 3-trifluoromethyl substituted pyrazole oxime ether
derivatives containing a pyridyl moiety,* palladium catalyzed synthesis of allylated

oxime ethers.*
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/OH . n
N 1.5 eq. PPh3, 2 eq. CCly N OR

)l\ + HO-R" S >
R R 1.5 eq. 1 eq. DBU, 2 mol% TBAI R OR'
MeCN, reflux 6-10 h

Scheme.III.A.8. Synthesis of oxime ethers by the combination of oximes and alcohol

II1.A.4. Synthesis of oxime derived ligands and its importance in organic synthesis

Oximes play an important role in the development of transition metal coordination
chemistry due to their versatile bonding modes. Oximes and their metal complexes are
of current interest for their various physicochemical properties, reactivity patterns and
potential applications in many important chemical processes in medicine and catalysis.
The aryl palladium complexes especially ortho functionalized aryl complexes have the
numerous interesting applications in organic synthesis. Catalytic C—C or C—heteroatom
coupling reactions are usually carried out in the presence of aryl palladium complexes
with nucleophiles. Oxime based palladacycles have gained a special attention in modern
organic synthesis due their ubiquitous use in variety of catalytic transformations, such
as oxime palladacycle derived from 4, 4’-dichlorobenzophenone catalyzed Sonogashira
reaction of aryl iodides and aryl bromides with terminal acetylenes™ using 1 equivalent
of tetrabutylammonium acetate in organic solvents generally in 1 h at 110 °C, 4-
hydroxyacetophenone oxime-derived palladacycle catalyzed cross-coupling reaction of
potassium aryltrifluoroborates with aryl and heteroaryl chlorides in refluxing aqueous
media,”' p-hydroxyacetophenone oxime-derived palladacycle catalyzed Heck coupling
reaction in refluxing water,”* fluorous oxime palladacycle catalyzed cross-coupling
reaction (Suzuki-Miyaura, Sonogashira, Stille, Heck and Kumada) both in organic and
aqueous media,’ 3 oxime-derived palladacycles with pyridine co-ligand catalyzed intra-

.54
molecular Pauson—Khand reaction.

III.A.5. Classical method for preparation of oxime

Classically, oximes are prepared by refluxing an alcoholic solution of a carbonyl
compound with hydroxylamine hydrochloride and pyridine. The method has multiple
drawbacks such as low yields, long reaction time, toxicity of pyridine, and effluent

pollution caused by the use of organic solvent. The condensation of aldehydes with
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hydroxylamine gives aldoxime, and ketoxime is produced from ketones and

hydroxylamine.

III.A.6. Modern methods for the synthesis of oxime from different functional
groups

I11.A.6.1. Synthesis of oxime from nitroalkanes

One of the preparatory methods of oximes is controlled reduction of nitro group. In the
presence of strong reducing agents, nitro groups get converted into primary amines.

Erick M. Carreira et al.>

have reported the synthesis of chiral adloxime from optically
active nitro alkanes (scheme.Ill.A.9.) in the presence of benzyl bromide (BnBr), KOH,

and nBuyNI in THF at room temperature.

H
Y\NO BnBr, nBugNI (5 mol%)' 21\\‘\‘I)\\N$OH
2

KOH, THF, r.t, 3 h Rs

Scheme.IIl.A.9. Transformations of chiral nitroalkanes into chiral oximes

II1.A.6.2. Miscellaneous methods for the preparation of oxime

The other methods include palladium catalyzed cross-coupling reaction of aryl halides
and nitromethane under Nef conditions™ (scheme.IlI.A.10.), Fe(BF,),.6H,0/ 2, 6-
pyridinedicarboxylic acid catalyzed a selective synthesis of oximes in the presence of t-
BuONO/NaBH4 under H; pressure (10 bar) in MeOH-H,O (5 : 1) from styrene
derivatives °’ (scheme.IIL.A.11.), gold catalysts chemoselective route to synthesize

oximes by hydrogenation of «, p-unsaturated nitrocompounds with H,>®*

+OH
X 1) CH3NO, I
7 Pd cat. TN H
R+ > Ry
= 2) Sn (I) =
deoxygenation

Scheme.IIl.A.10. Palladium catalyzed synthesis of oximes by cross-coupling between

aryl halide and nitro alkane under reductive condition
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Fe(BF4)2.6H20 / dipic
I t-BuONO, NaBH,4 " Me

= r.t, 6h, MeOH:H50 (5:1) =
H, pressure= 10 bar

O O

dipicolinic acid

Scheme.lIl.A.11. Iron catalyzed synthesis of oximes from alkenes

Oxime can also be directly synthesized from primary amine by mild oxidation. Jack K.
Crandall et al.* reported the oxidation of primary amines where several primary amines
have been oxidised with dimethyldioxirane under variety of conditions, selective
catalytic oxidation of benzylic and allylic amines to oximes with H,O, over TS-1
(titanium silicalite) is reported by A. Sudalai et al.® The similar type of synthesis
preparation of oximes by oxidation of Primary aliphatic amines with a- hydrogen
atoms in the presence of hydrogen peroxide as oxidant and catalytic quantities of
titanium silicalite molecular sieves to corresponding oximes is reported by J. Sudhakar
Reddy et al.®® The recent literature report for the conversion of amines to oximes
include oxidation of aliphatic and aromatic amines into corresponding oximes using
heterogenous nanocrystalline titanium (IV) oxide as catalyst and H,O, as oxidising
agent®® (scheme.Ill.A.12.), oxidation of primary amines to oximes with molecular
oxygen using 1, I-Diphenyl-2-picrylhydrazyl and WO3/ALO; as catalysts™
(scheme.IIl.A.13.), synthesis of aldoximes and ketoximes from primary and secondary
benzyl alcohol in the presence of hydroxylamine hydrochloride and catalytic amount of
2, 3-dichloro-5, 6-dicyanobenzoquinone (DDQ) under solvent free condition®
(scheme.lIIl.A.14.), synthesis of oximes by benzylic C-H functionalization of azaarenes
by its nuleophilic addition to nitroso compound® (scheme.II.A.15.), one-pot
conversion of methyl arenes into aryl oxime with N-bromo succinamide (NBS), benzoyl
peroxide, hydroxylamine hydrochloride and a base triethylamine in pyridine/DMF at

reflux conditions.®®
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PN TiOo-nanocrystal . _OH

R™ O NH, - N
H202, MeOH, 60 °C

Scheme.IIl.A.12. Nanocrystalline titanium (IV) oxide catalyzed synthesis of oximes

from amines

O,N
Ph |
N-N NO2 (cat.)
Ph
O,N
R 04/Al,0 R
)_NHQ + 02 Wi 3A|2 3(cat.) -~ ):NOH + HZO
Ra CH4CN, 80 °C R>

Scheme.lll.A.13. Transformation of primary amines to oximes

R
@A\OH DDQ (cat.), NH,OH. HCI N SNOH
X > X
= solvent-free =

100 °C

X = H, F, Br, Cl, CH30, NO,

R =H, CHj, Ph

Scheme.lIIl.A.14. Synthesis of oximes from benzylic alcohols

O, 2o O,
N>+ Nogot DMso, 40°C, 24 h NNy

Scheme.IIl.A.15. Synthesis of oximes by benzylic C-H functionalization

I11.A.6.3. Synthesis of oxime from carbonyl compounds

The draw backs of classical method for the preparation of oxime which include pyridine
in alcoholic solution of carbonyl compounds and hydroxylamine hydrochloride at
elevated temperature; there was a need for the improvement of the complex classical
method to simple one. Many improvements regarding the classical method have been
done in the past years such as preparation of oximes on silica in the presence of sodium

hydroxide,*” microwave assisted solvent free synthesis of oximes from aldehydes or
y y y
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ketones on hydroxylamine hydrochloride impregnated wet basic alumina,” synthesis of
aromatic oximes by reaction of aromatic aldehydes and ketones with hydroxylamine
hydrochloride catalyzed by Ti0»/SO,> solid superacid” (scheme.ITL.A.16.),
preparation of cyclohexanone oxime from cyclohexanone and aqueous hydroxylamine
in recyclable reaction media ionic liquid (bmiBF4) at room temperature without any

other additives.”

o TiOo/S042 NOH

r)J\ ‘r)J\R

R NH,OH.HCI, 130°C A

Al

R =H, aryl, alkyl

Scheme.IIl.A.16. TiOz/SO42' catalyzed synthesis of aromatic oximes from carbonyl
compounds

The conversion of alicyclic, aliphatic and aromatic aldehydes into the corresponding
oximes by simple grinding the aldehydes, hydroxylamine hydrochloride and sodium
hydroxide without solvent at room temperature was also successfully made. However,
this procedure was unsuccessful in the case of aromatic ketones. In this case it was

necessary to add silica gel as a catalyst’' (scheme.ITIL.A.17.).

sOH
O NH,OH.HCI N
R)J\R' NaOH, grinding, r.t.> Ar R
R, R' = cycloalkyl
R, R' = alkyl
R=H, R' = aryl

Scheme.lIl.A.17. Synthesis of oximes from carbonyl compounds in the presence of

sodium hydroxide as base

Ashim Jyoti Thakur et al.” recently reported the solvent-free conversion of carbonyl
compounds into corresponding oximes by simply grinding the reactants in the presence
of Bi,O5 (scheme.lIl.A.18.). A. R. Hajipour et al.” reported the chemoselective method
for the preparation of aldoximes using microwave irradiation in the presence of
tribenzylamine  or 1,  4-diazabicyclo[2.2.2]octane  or  1-benzyl-4-aza-1-

azoniabicyclo[2.2.2]octane bromide as bases (scheme.IlI.A.19.).
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sOH

O NH,OH.HCI N
P 2 P&

R™ R BiOs ginding, rt. . R™OR

R= Ar, aliphatic

R' = Ar, aliphatic, H

R, R' = cycloalkyl

R = heterocyclic, R' = H

Scheme.lIIl.A.18. Conversion of carbonyls into oximes in presence of Bi,Os

O NOH
o XN R NH,OH.HCI - N R
L Bases=aorborc L
MW

N
a = Ph(CH,)3N b= ﬁ\lj c= [NJ

Scheme.lIl.A.19. Synthesis of oximes from carbonyls under microwave irradiation

II1.A.7. Conclusion

As oxime derivatives have enormous applications in the area of pharmaceutical as well
as organic transformation. The substantial amount of methodologies for the oxime
preparation from different functionality and under different catalytic conditios is
reported in the literature. Most of the reported methodologies are not straight-forward,
green and selective. Therefore, based on the above literature, it appeared that there is
still a demand of green, selective, and easy reaction protocol for the synthesis of oxime

derivatives.
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CHAPTER III
SECTION-B

Solid phase synthesis of oxime derivatives

IT1.B. Present Investigation

II1.B.1. Background of the present investigation

Oximes are highly valuable organic molecules considering their numerous applications
for polymers,' fungicides,” biochemicals,” fragrances.* Oximation is very efficient
method for characterization and purification of carbonyl compounds. The manufacture
of cyclohexanone oxime represents a key step in the sequence of the Nylon 6
production. Synthesis of oximes is considered as a important reaction in organic
chemistry because these compounds not only represents a series of useful derivatives of
carbonyl compounds but also considered as a versatile organic intermediated for the
synthesis of wide range of heterocyclic compounds such as quinoxaline,” imidazole,’
oxadiazole,’ oxazole,8 oxazoline.” Beside these, oximes are used for the ample of
functional group transformation which comprises conversions into nitriles,'® nitro
compounds,“ nitrones,12 amines.”> Oximes act as a versatile ligand for several metal
catalyzed organic synthesis."*

Oximes play an important role as ligands for transition metals. Oxime based
palladacycles have gained a special attention in modern organic synthesis due to their
ubiquitous use in variety of catalytic transformations. Catalytic C—C or C—heteroatom
coupling reactions are usually carried out in the presence of aryl palladium complexes
with nucleophiles such as oxime palladacycle derived from 4, 4’-dichlorobenzophenone

catalyzed Sonogashira reaction,'

oxime-derived palladacycle catalyzed cross-coupling
reaction of potassium aryltrifluoroborates with aryl and heteroaryl chlorides,'® p-
hydroxyacetophenone oxime-derived palladacycle catalyzed Heck coupling reaction,'’
fluorous oxime palladacycle catalyzed cross-coupling reaction (Suzuki-Miyaura,
Sonogashira, Stille, Heck and Kumada),'® oxime-derived palladacycles with pyridine
co-ligand catalyzed intra-molecular Pauson—Khand reaction.'

Classically, oximes were prepared by refluxing an alcoholic solution of a carbonyl

compound with hydroxylamine hydrochloride and pyridine. The method has multiple
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drawbacks such as low yields, long reaction time, toxicity of pyridine, and effluent
pollution caused by the use of organic solvent.

In recent years, solvent free reactions have drawn considerable interest and popularity*®
not only from the environmental aspect but also for the synthetic advantages in terms of
yield, selectivity and simplicity of the reaction procedure. Several procedures for the
preparation of oximes exist, but, most of them have not addressed the green chemistry
issue. They are associated with generation of pollutants, requirement of high reaction
temperature, low yields, and waste of metal salts in the environment. Over the last
decades, several protocols have been developed for the synthesis of oximes from
carbonyl compounds. A. R.Hajipour et al.”' reported the solid phase synthesis of oximes
from carbonyl compounds and hydroxylamine hydrochloride in the presence of sodium
hydroxide. The use of strong base has reduced its application as a green and selective
protocol. The a number of reagent and catalyst have been used for the transformation of
carbonyl compounds into oximes such as preparation of oximes from aldehydes or
ketones and hydroxylamine hydrochloride impregnated wet alumina under microwave
irradiation,?

Ti0,/SO4* solid superacid catalyzed synthesis of aromatic aldoximes and ketoximes
under solvent free condition,” prepraration of cyclic ketoximes using aqueous
hydroxylamine in ionic liquids (bmiBF4),>* solvent free synthesis of alicyclic, aliphatic
carbonyl compounds and aromatic aldehydes into the corresponding oximes by grinding
the carbonyl compounds, hydroxylamine hydrochloride and sodium hydroxide,*
synthesis of oximes from carbonyl compounds in the presence of BiO; by simple
grinding the reactants,”® synthesis of aldoximes under microwave irradiation using in
situ generated ionic liquids.”’

Synthesis of oximes provides not only reaction intermediates but also the preparation of
carbonyl compounds from non carbonyl compounds. There is substantial report in
literature of the synthesis of oximes from non carbonyl compounds such as reduction of
nitro alkane to oximes in the presence of benzyl bromide, KOH, and nBusNI in THF at
room temperature,” palladium catalyzed cross-coupling reaction of aryl halides and
nitromethane under Nef conditions,”’ oxidation of aliphatic and aromatic amines into
corresponding oximes using heterogenous nanocrystalline titanium (IV) oxide as

catalyst and H,0, as oxidising agent,”® synthesis from primary and secondary benzyl
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alcohol in the presence of hydroxylamine hydrochloride and catalytic amount of 2, 3-
dichloro-5, 6-dicyanobenzoquinone (DDQ) under solvent free condition.”'

Such a huge application of oximes and also the associated drawback of traditional
method of its preparation such as no selectivity, use of hazardous chemicals, high cost,
poor chemical yields, requirements of long reaction time and tedious work-up
procedures, has limit their use under the aspect of chemical selectivity as well as
environmentally benign process. Reports are still scanty towards the development of a
simple, selective and greener protocol for the preparation of such an important class of
derivatives.

Sustainable development can be defined as the ability to meet the needs of the current
generation while preserving the ability of future generations to meet their needs. Green
chemistry is one way to achieve it. Several ways are known through which a reaction
can be said to be clean and green. There is a need for a process that involves multiple
chemical transformations in a single-pot with minimal work up and less waste
generation.

In recent years, silica gel have attracted intensive interest for their being a possible
replacement of traditional solvents for organic synthesis, particularly in the area of
green chemistry, due to their advantageous properties, including non toxic medium for
organic reactions, high thermal and chemical stability. Hence, there is a demand for
developing an efficient, convenient, and non-polluting or less polluting alternative
method for the preparation of oximes. So, the development of easy and clean procedures
for obtaining this oxime results in high interest.

It was therefore felt necessary to develop selective, easy, safe and green procedure for
oxime synthesis. In view of the above and in continuation our studies towards the
development of greener methodology for organic transformation,®” In this chapter, we
have reported a very simple, highly selective and green protocol for oxime preparation
from carbonyl compounds. The beauty of the protocol has been its selectivity that can
be applied either for exclusively monoxime or dioxime preparation from symmetrical 1,
2 dicarbonyl system or from 1, 2 unsymmetrical dicarbonyl systems by regioselective

pathway (scheme.lIL.B.1).
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R1INOH: NH,OH/Silica R1Io NHZOH/SiIica‘R1INOH
rt 50°C

Ry O Ry” O Ry~ “NOH

Scheme.lIll.B.1. Selective synthesis of mono and dioxime from 1, 2 dicarbonyl

compounds

I11.B.2. Results and discussion

To cope up with the growing demand towards the development of greener protocols for
organic transformation, our laboratory has devoted a significant effort to develop
efficient protocols for the preparation of a diverse collection of organic derivatives from
common intermediates following simple and greener methodologies. The present
investigation has developed a clean and selective method for the synthesis of oxime
derivatives from a wide variety of carbonyl compounds.

A model study with benzil on silica — NH;OH.HCI at room temperature (vide infra)
gave an excellent yield of the monoxime and at elevated temperature gave excellent
yield of dioxime. Since no selective protocol is being reported so far either for exclusive
formation of monoxime or dioxime from a 1, 2 dicarbonyl compounds, a change in
reaction temperature and in the molar proportion of the reactants (table.III1.B.1) induces
selectivity in the protocol towards monoxime and/or dioxime formation from 1, 2
dicarbonyl system. For example, benzil and hydroxyl amine hydrochloride in the mol
ratio of 1:1.2 afforded only the monoxime (97%), at room temperature and 1:2.2 mol
ratio of the same combination yielded exclusively the dioxime at 50 °C (entries 1-2,
table.IIl.B.1). Similar result was also obtained with phenyl glyoxal (entry 3-4,
table.I11.B.1) as a dicarbonyl compounds. Among the two different carbonyl groups in
phenyl glyoxal only aldehyde function takes part in the formation of monoxime

following regioselective pathway.
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Table.II1.B.1

Selective synthesis of mono and dioxime from 1, 2 dicarbonyl system

Yield (%)°
Entry Ry R,  Molratio® Temp (°C) Time (h) Monoxime Dioxime
1 Ph Ph 1:1.2 r.t 6 97 nil
2 Ph Ph 1:2.2 50 5 nil 95
3 H Ph 1:1.2 r.t 3 97 nil
4 H Ph 1:2.2 50 4.3 nil 96

*Mol ratio of 1, 2 dicarbonyl and hydroxyl amine.

*Isolated yield.

Several experiments were then carried out with a wide variety of aromatic
monocarbonyl compounds to explore the potential of the newly developed method as a
general protocol for synthesis of oximes (scheme.lll.B.2.) (table.IIl.B.2). In deciding
the best reaction condition for the above transformation, aromatic aldehydes having
electron withdrawing (entries 1-4, table.IlIl.B.2) as well as electron donating group
(entries 5-9, table.IIl.B.2) were tried in comparison to the unsubstituted substrate
(entry 10, table.Ill.B.2) in the above protocol and the transformation was found
independent on the nature of substituent (scheme.IIl.B.2). The study also indicated that
aromatic carbonyl compounds with electron withdrawing substituents mostly at ortho-
or para- position gave best results at room temperature and those having electron
releasing substituents needed a higher temperature (50 °C) to yield the maximum

product (entries 7, 8, 9, 11, 12, table.II1.B.2).

Ry_.O Rq-__NOH
RZ R2
NH,OH
Rs  Silica, r.t. or 50 °C R3
R4 R4

Scheme.IIl.B.2. Synthesis of oxime from aromatic monocarbonyl compounds
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Table.II1.B.2.

Synthesis of oxime from aromatic monocarbonyl system

Entry R, R, R; R, Time(h) Temp (°C) Yield (%)°

r.t 94
1 H NO, H H 1.2

50 96

r.t 91
2 H H NO, H 3

50 97

r.t 95
3 H H H NO, 1.2

50 98

r.t 94
4 H H H F 4

50 98

r.t 90
5 H OH H H 5

50 92

r.t 91
6 H H H OH 5

50 92

r.t 18
7 H OH OMe H 6.3

50 86

r.t 24
8 H H OMe OH 6

50 89

r.t 28
9 H H H NMe, 5

50 84

r.t 92
10 H H H H 5

50 93

r.t nil
11 Me H H H 4.3

50 97

r.t nil
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12 Ph H H H

23

50

96

In order to establish the general applicability, we applied this present procedure on

alicyclic carbonyl compounds, cyclohexanone (entry 1, table.IIl.B.3). Although yields

are comparatively less, large molecule like steroidal ketone also showed identical result

(entry 4 table.II1.B.3).

However, alicyclic 1, 2 and 1, 3 dicarbonyl (entry 2 and 3, table.II1.B.3) does not

show the selectivity rather they only form the dioxime at room temperature as well as at

elevated temperature.

Table.I11.B.3
Synthesis of alicyclic and steroidal oximes
Yield (%)°
o .
Entry Carbonyls Temp (°C) Time (h) Monoxime Dioxime
r.t 3 95 .
1 Cyclohexanone 50 4 97 Nil
r.t 3 Nil 72
Cyclohexa-1,2 )
2 dione 50 3 Nil 94
: r.t 3 Nil 62
3 Dimedone 50 4 Nil 91
r.t 8 18 .
4 16-DPA 50 6 47 Nil
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I11.B.3. Experimental
I11.B.3.1. Chemicals

All the chemicals which were used for the present investigation are listed in the

table.IIL.B.4. The details of the chemicals regarding their source and purity are

summarised in table.I11.B.4.

Table.lIl.B.4.
Chemicals used for the present investigation
Entry Chemical Source Purity (%)

1 Benzil SRL 98
2 Phenyl glyoxal Sigma-Aldrich 97
3 2-Nitrobenzaldehyde LOBA Chemie >99
4 3-Nitrobenzaldehyde LOBA Chemie 98
5 4-Nitrobenzaldehyde LOBA Chemie 99
6 4-Fluorobenzaldehyde Fisher Scientific >98
7 2-Hydroxybenzaldehyde S.D Fine 99
8 4-Hydroxybenzaldehyde S.D Fine 98
9 2-Hydroxy-3-methoxybenzaldehyde ACROS 99
10 3-Methoxy-4-hydroxybenzaldehyde S.D Fine 99
11 N,N-dimethyl-4-aminobenzaldehyde = Sigma-Aldrich 99
12 Benzaldehyde Sigma-Aldrich >99.5
13 Acetophenone SRL 99.5
14 Benzophenone SRL 99
15 Cyclohexanone Alfa Aesar >99
16 Cyclohexane-1, 2-dione Sigma-Aldrich 97
17 Cyclohexane-1, 3-dione Alfa Aesar 98
18 16-Dehydropregnenolone - -
19 Hydroxylamine hydrochloride Fisher Scientific 96
20 Sodium sulphate anhydrous SRL 99.5
21 Petroleum ether Thomas Baker 98
22 Ethyl acetate Thomas Baker 99
23 Diethyl ether SRL 99.5
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24 Silica gel 60-120 mesh SRL -

25 Silica gel for TLC SRL -
26 Potassium bromide for IR Merck 99
27 CDCl; for NMR ACROS 99.8
28 DMSO-d¢ for NMR SRL 99.8

Entry 18 was prepared in the laboratory by reported protocol; the protocol is given in

chapter II experimental.

I11.B.3.2. Reaction procedure and purification

2g/mol silica gel (60-120 mesh) was taken on motor, mixed finely with carbonyl
compound, add 1.2 mol of hydroxylamine hydrochloride for monoxime and 2.2 mol for
dioxime and then mixed thoroughly with pestle. The reaction mixture was then allowed
to stir at room temperature or at 50 °C as the case may be on a magnetic stirrer using oil
bath. The completion of reaction was monitored by TLC. The product was extracted
with ether, washed with water (30ml x 3), dried over anhydrous Na,SO,4 and purified by

column chromatography using neutral active alumina.

II1.B.3.3. Spectroscopic measurements

IR spectra were recorded on KBr disks and nujol in the range 4000-400 on Perkin Elmer
FT IR spectrometer.'H NMR were recorded on 300 MHz and "C NMR were recorded
on 75 MHz Bruker Avance FT NMR spectrometer using TMS as internal standard.

I11.B.4. Conclusion
In conclusion, we have developed a highly selective, green, mild and highly efficient
protocol for the synthesis of oximes from 1, 2 dicarbonyl compounds and wide varieties

of aldehydes and ketones.
I11.B.5. Spectroscopic data

The compounds were characterized by IR, '"H NMR, *C NMR and comparing the
melting point with authentic samples (table.II1.B.4).
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II1.B.5.1. Benzil monoxime

IR (cm™, KBr): 3238, 1674, 1593. '"H NMR (300 MHz, CDCls): 8, 7.24-7.64 (m, 8H),
7.96-7.99 (m, 2H) ppm. *C NMR (75 MHz, CDCl;): &, 126.4, 128.2, 128.4, 128.9,
129.1, 129.4, 130.3, 130.5, 130.9, 134.6, 157.1, 194.2 ppm.

I11.B.5.2. Benzil dioxime

IR (cm™, KBr): 3180, 1649, 1498. 'H NMR (300 MHz, DMSO-de): 8, 7.36-7.38 (m,
6H), 7.48-7.49(m, 4H), 11.49 (s, 2H) ppm. °C NMR (75 MHz, DMSO-dy): 8, 125.9,
129.1, 129.7, 133.2, 151.1 ppm.

II1.B.5.3. Phenylglyoxal monoxime

IR (cm™, KBr): 3419, 1701, 1651, 1598. 'H NMR (300 MHz, DMSO-dy): 5, 7.49-7.54
(m, 1H), 7.61-7.67 (m, 1H), 7.14-7.98 (m, 2H), 8.03 (s, 1H), 12.70 (s, 1H) ppm. 'H
NMR (75 MHz, DMSO-de): 6, 128.8, 130.0, 133.6, 136.5, 148.2, 189.5 ppm.

I11.B.5.4. Phenylglyoxal dioxime

IR (cm™, KBr): 3421, 1618, 1511. '"H NMR (300 MHz, DMSO-de): 8, 6.31 (s, 1H),
7.46-7.51 (m, 3H), 7.81-7.89 (m, 3H), 9.14 (s, 1H) ppm. '"H NMR (75 MHz, DMSO-ds):
3, 128.4,129.2, 131.4, 134.5, 147.3, 151.6 ppm.

II1.B.5.5. 2-Nitro benzaldoxime

IR (cm™', KBr): 3390, 1662 1522. '"H NMR (300 MHz, CDCl3): 8, 7.52-7.55 (m, 1H),
7.63-7.64 (m, 1H), 7.91-7.92 (m, 1H,), 8.91 (s, 1H), 8.11-8.19 (m, 1H), 8.28 (s, 1H)
ppm.

II1.B.5.6. 4-Nitro benzaldoxime

IR (cm™, KBr): 3396, 1667. '"H NMR (300 MHz, DMSO-dy): &, 7.83-7.87 (m, 2H),
8.23-8.30 (m, 3H), 11.97 (s, 1H), ppm. *C NMR (75 MHz, DMSO-dy): 8, 123.9, 127.3,
139.4, 146.7, 147.4 ppm.
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II1.B.5.7. 4-Fluoro benzaldoxime

IR (cm™, KBr): 3262, 1512, 1321. 'H NMR (300 MHz, CDCls): 8, 7.11-7.24 (m, 2H),
7.52-7.61 (m, 2H), 8.13 (s, 1H) ppm. *C NMR (75 MHz, CDCl;): &, 115.7, 116.1,
128.6, 128.7, 149.1, 162.3, 165 ppm.

I11.B.5.8. 2-Hydroxy benzaldoxime

IR (cm™, KBr): 3336, 1656, 1523. '"H NMR (300 MHz, CDCLy): 8, 6.90-6.98 (m, 2H),
7.16-7.31 (m, 2H), 7.92 (s, 1H), 8.22 (s, 1H), 10.01 (s, 1H) ppm. °C NMR (75 MHz,
CDCly): 8, 116.4, 116.6, 119.8, 130.7, 131.3, 152.9, 157 ppm.

II1.B.5.9. 2-Hydroxy-3-methoxybenzaldoxime

'H NMR (300MHz, CDCl3): 8, 3.92 (s, 3H), 6.81-6.94 (m, 3H), 8.96 (s, 1H), 8.24 (s,
1H), 9.98 (s, 1H) ppm. *C NMR (75MHz, CDCls): 8, 56.1, 113.2, 116.6, 119.5, 122.2,
146.8, 148, 152.5 ppm.

I11.B.5.10. 4-Hydroxy-3-methoxy benzaldoxime

'H NMR (300 MHz, DMSO-dg): 8, 3.72 (s, 3H), 6.68 (d, 1H, J=8.1 Hz), 6.89 (m, 1H),
7.12 (d, 1H, J=2 Hz), 7.88 (s, 1H) ppm. °C NMR (75 MHz, DMSO-ds): 5, 55.6, 108.2,
115.1, 120.3, 124.2, 147.6, 147.8, 148.1 ppm.

I11.B.5.11. 4-N, N-Dimethylaminobenzaldoxime

IR (cm™, KBr): 3241, 3127, 2976, 1609, 1554. "H NMR (300 MHz, CDCl;): 5, 2.96 (s,
6H,), 6.71(d, 2H, J=8.8 Hz), 7.39 (d, 2H, J=8 Hz), 7.89 (s, 1H) ppm. *C NMR (75
MHz, CDCLs): 8, 41, 112.1, 121.4, 127.8, 149, 151.4

II1.B.5.12. Benzaldoxime

IR (cm™, KBr): 3355, 1656, 1436. '"H NMR (300 MHz, CDCls): 8, 7.21-7.32 (m, 3H),
7.41-7.47 (m, 1H,), 7.75-7.79(m, 1H), 8.11 (s, 1H), 8.31 (s, 1H), ppm. °C NMR (75
MHz, CDCls): 8, 127, 128.8, 130.1, 131.8, 150.4.
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I11.B.5.13. Acetophenone oxime
IR (cm™, KBr): 3248, 1447, 1371. "H NMR (300 MHz, CDCLs): 8, 2.31 (s, 3H), 7.20-
7.48 (m, 3H), 7.51-7.82 (m, 2H) ppm. °C NMR (75 MHz, CDCls): §, 12.3, 126.2,
128.5,129.2, 136.5, 156.1 ppm.

I11.B.5.14. Benzophenone oxime

IR (cm™, KBr): 3214, 1557, 1377. "H NMR (300 MHz, DMSO-dg): 8, 7.08-7.13 (m,
1H), 7.32-7.38 (m, 2H), 7.50-7.62(m, 3H), 7.77-7.80 (m, 2H), 7.94-7.97 (m, 2H), 10.26
(s, IH) ppm. °C NMR (75 MHz, DMSO- d¢): 8, 120.8, 124.1, 128.1, 128.8, 129.0, 132,
135.4, 139.6, 166 ppm.

II1.B.5.15. Cyclohexanone oxime

IR (cm™, KBr): 3291, 1665. "H NMR (300 MHz, CDCls): §, 1.48-1.69 (m, 6H), 2.11 (d,
2H, J=8Hz), 2.29 (t, 2H, J=8 Hz), 6.51 (s, 1H), ppm. *C NMR (75 MHz, CDCL): 3,
23.8,24.3,24.9,27.5, 33.2, 158.2 ppm.

I11.B.5.16
Some of the known oximes were characterized by comparing their melting point with

authentic samples table.I11.B.5.

Table.IIL.B.5.
Melting point comparison of known prepared oximes with authentic samples
Entry Mp of prepared oxime (°C) Mp of authentic sample (°C)
1 4-hydroxy benzaldoxime (83-86) 85
2 3-nitro benzaldoxime 123
3 Cyclohexane 1,2-dione-dioxime (190-193) 192
4 Dimedone-dioxime (172-175) 173
5 16-DPA oxime (222-225) 223-227
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II1L.B.6. Supporting spectra
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Fig.IIL.B.2. >C NMR spectrum of phenylglyoxal monoxime
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Fig.ITILB.3. "H NMR spectrum of 2-Hydroxy benzaldoxime
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Fig.IILB.4. °C NMR spectrum of 2-Hydroxy benzaldoxime
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Fig.IILB.6. °C NMR spectrum of 4-Nitro benzaldoxime

73




126°¢ ——

918"9
€789
8789 1
098°9
0689
£98°9
1989
6189
1889
688°9
106°9
6169
0269
th6'9 -
Lb6"9 -
92 L-
892°L -
9L L~
696°L
16'L-
LEZ'8 -
the'g -
0sz'8 -

K\W

==

"L

<

[

Fig.I11.B.7. 'H NMR of 2-Hydroxy-3-methoxy benzaldoxime
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Fig.IIL.B.8. °C NMR of 2-Hydroxy-3-methoxy benzaldoxime
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