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Absiract

The syntheses, structures and solution chemistry of oxinte- and oximato-containing metal
complexes have been extensively studied and described in a large number of books and
reviews. However, metal-ion assisted reactions of oximes and reactivity of oxime-containing
metal complexes have received much less attention and no general overview of these processes
has been presented. The goal of this review is to fill this gap. Along with censideration of
experimental results illustrating a rich chemistry of coordinated oximes, an attempt is made
to show general features of some reactions and to systematize reaction types. In order to
provide a clearer picture of different reactivity medes, possible reaction pathways are discussed
and evidence for these mechanisms is provided. In conclusion the article points out certain
metal-ton assisted reactions which (from the viewpoint of the authors) need more attention.

Keywords: Coordinated oxime; Oxime; Oxime-containing metal complex

1. Introduction

A great number of publications on oxime-containing complexes appeared after
the pioneering works of Hantzch and Werner in 1890 [1], Chugaev in 1905 [2],
and Hieber and Leutert in 1927 [3,4]. Areas covering the organic [ 5-21], solution
and analytical [22-30] and general inorganic and organometallic chemistry of
oximes and their complexes (Table 1) have been extensively explored as shown by
the significant number of books and review articles [31-527 produced.

Nevertheless, with the exception of a few papers, where data on reactivity were
discussed only briefly, no review has been published on the reactivity of coordinated
oximes and oxime complexes. This omission is somewhat surprising from the view-
point of the intrinsic interest in reactions of coordinated ligands [353-55]. Here,
metal-ion assisted reactions of oximes and reactions of oxime complexes are discussed
and classified. We have not restricted our scope by considering only so-called “simple”
oximes, e.g. ligands which have merely one oxime group as the only coordination
site, but also have included reactions of vic-dioximes and substituted oximes. Our
main interest is in the systematic classification rather than un encyclopedic listing of
experimental results. Hence, the coverage is more selective than exhaustive. The
references provided lead to the original work as well as to subsequent reviews so
that the reader may select the information to pursue.

The different coordination modes of oxime and oximato species, depicted in Fig. 1
indicate a versatile electronic distribution within the ligands. This, in turn, suggests
that the chemistry of metal-bonded oximes should be rich. The inspection of data
accumulated in the literature confirms this assumption. In this article we focus our
attention on the following reactivity modes of oximes and oxime complexes.

(i) Oximes, being weak oxygen acids, react with bases and undergo deprotonation.
The N-coordination of oxims ligands to a metal center leads to a dramatic increase
in their acidic character and the formation of oximato ligands is favorable upon
coordination.
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Table !

Selected reviews on the general inorganic and/or organemetallic chemistry of oximes published after 1970

Description of article Authors/Year of Refs.
publication
Comprehensive review with 298 Refs. on the A. Chakravorty/1974 (314
structural chemistry of simple oximes, vic-dioximes,
nitrosophenols {quinonemonoximes), carbonyl-,
imine-, pyridine-, azo-, hydroxy-, amine- and
amido-oximes. Some aspects of the chemistry and
reactivity are also discussed
Synthesis and structural studies and some reactions A. Singh, V.D. Gupta. G. Srivastava 321
of oximato-coniaining organcmetallies and R.C. Mehrotra/1974
Preparations, structures and spectroscopic studies of ~ B.C. Haldar/{974 [33]
isonitrosoketones. RC{=0)C{=NOHR’
Transition metal complexes of isonitroso-§- K.S. Bose and C.C. Patel/1974 347
ketoimines
Metal and metalloid complexes with oximes R.C. Mehroira, A K. Rai, AK. Singh,  [35]
and R. Bohra/1975
Preparation, properlies, electronic, IR and NMR C. Varhelyi and Z. Firta/1976 {361
spectra as well as structures of the transition metal
oxime complexes
Oxime-bridged complexes of transition metals J.A. Bertrand and P.G. Elier/1876 {373
Cobaloximes as models for studies of vitamin B,, G.N. Schrauzer/1976 {387
Transition metal complexes of isonitroso-§- N.S. Dixit and C.C. Pateli 1977 {393
ketoimines and related ligands
Metal complexes with oximes, No more information S. Yamada and H. Kuma/197% [403
is given in Chemical Abstracts
Coordination compounds of Co™ with dioximes V.N. Shafranskii, L.L. Fasu, D.D. {417
Buburuz, LY. Dranka and Yu.Ya.
Kharitoniov/1981
Structure and reactivity of complexes of Cu™. Ni¥' N. Voiculescu and L. Dominte/ 1983 HEXE
and Pd" with dimethyiglyoxime and
salicylaldoxime
Structural aspects of the (rans-influence in Co™ Yu.A. Simonov. AL Shkurpele, §.5. {43]
complexes with dioximes Budnikov. M.M. Botoshanskd and
T.5 Malinovskiis 1983
Structure, ligand bonding. synthesis and some M.E. Keeney. K. Osseo-Asare and {441
reactions of transition metal hydroxyoxime K.A. Woode 1984
complexes
Structure and reactivity of Pd and Pt A. Chak:avorty, 1984 [4s1
arylazooximates
Concise review on structures, syntheses and R.C. Mehrotra, 1987 {461
reactivily of compleses containing “simple™ and vic-
dioximes
Unusual electric and optical behavior of Pt and Ni I. Shirotani/ 1987 4731
vic-dioximates
Axial ligation to low spin Fe" oxime complexes. D.V. Stynes/1988 {481
Implications of kinetic and equilibrium data to the
understanding of metal-ligand bonding
First row transition metal chemistry of aromatic o- R.P. Singh and N.K. Singh/1991 {491

hydroxyalkoximes
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Table | {continued)

Bescription of article Authors/Year of Refs.
publication
Preparation and characterization of cobaloxime K.C. Dash/1991 [50]

compleses in which axial positions are occupied by
some anionie ligands or derivatives of imidazole

Chemistry of complexes with azomethine ligands A.D. Gamnovsky/1993 [51]
including oxime species
Brief review on structure and modes of coordination  N.N. Gerasimchuk and K. Bowman- [521
of oxime ligands in metal complexes James/1994
M M)
C;(H) CI)/ CI’ P
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Fig. I. Coordination modes of oxime and oximato specics.

(ii) Oximes behaving as protic nucleophiles towards nitriles, simifarly to alcohels
or amines, involving the addition of the oxime O—H group to the nitrile C=N bond.

(iii) Oximes behaving also as nucleophiles towards other unsaturated species, such
as ketones, olefins or arenes, and involving the nucleophilic addition via either the
O or the N atom.

(iv) Aldoximes being activated by a transition metal binding site towards dehydra-
tion to form a coordinated nitrile, or towards deoxygenation to form aldimine
ligands; also ketoxime ligands forming nitriles by elimination of alcohols,

(v) Oxidation of oxime ligands involving deprotonation anJd coupling via nucleo-
philic attack at the C atom to form, e.g. nitrosoalkyl species.

{(vi) Reductive or oxidative deoximation of oximes invelving metal complexes or
metal ions. Aldehydes and ketones are main products in these processes.

(vil) Metal-assisted deoxygenation to form nitriles, azavinylidenes, imines or p,-
imides; alcohols and amines being alse possible reduction products.

(viil) Metal-assisted rearrangement of oximes to amides (the Beckmann rearrange-
ment), formation of clathrochelates, hydrosilylation of oximes to N-silylamines,
insertion of isocyanates and aldehydes into the metal-oximato bond, etc.
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2. Prototropic acid—base reactions of N-coordipated oximes and generation of
oximato complexes

Oximes, like most weak oxygen acids, undergo deprotonation at fairly high pH
values. Thus, the pK, in water of 12.4 and 12.3 have been reported for acetoneoxime
and acetaloxime, respectively [56,57]. However, Bordwell and Ji {587 have con-
cluded that these pK, values are merely lower limits. Despite uncertainty in the
exact K, constants of the oximes, it is clear that free oximes exhibit only weak acidic
properties. Grinberg and Stetsenko [59-627 and then Kukushkin and co-workers
[63,64] have established that the coordination of oxime ligands gives rise to a
dramatic increase in their acidic character. This, in turn, reflects the fact that reactivity
of oximes changes significantly when these ligands are coordinated to a metal center.
Additionally this explains certain reactivity modes of coordinated oximes which will
be discussed in appropriate Sections of the article. K, values for some oxime com-
plexes of Pt" obtained from potentiometric and 'H NMR spectrophotometric studies
are summarized in Table 2.

Inspection of the data presented in Table 2 show that: (i) Acidities of cationic
complexes are higher than those for neutral compounds, apparently due to the effect
of the positive charge in the former case; (ii} Acidities of aldoxime complexes are
higher by one or two orders of magnitude as compared with the appropriate acetox-
ime derivatives; (iii) In [ PiCl,{oxime)L ] replacement of amine ligand (L is NH;) by

Table 2
Acid dissociation constants of platinum(I[) oxime complexes in water (potentiometry, ¢=16"2-1073
mol L1, p=0.3, 25.0+0.1°C)

Complex K.y K. Refs.
cis-[ PtCl,(Me,C=NOH}(NH;)] (10+0.1)x 1077 [63]
cis-[ PtCl, (MeCH=NOH}(NH,)] {(1040.1)x 107¢ [63]
cis-[ PtCl (Me,C=NOH)}(Me,SO)1 1x107° {631
trans-[ PtCl,(Me,C=NOH }(Me,S01] (2040.1)x 1077 641
cis-[ PtCl, (MeCH=NOH ){Me,S0)]* 11075 [6331
trans-[ PLICl, (MeCH=NOH)}{Me,SO)] (70+£0.1)x 1077 [64]
cis-[ PtCl,(Me,C=NOH), ] {744+08) %1077 (36+09)x1071° [62]
trans-[ PtCl, (Me,C=NOH},] (86+09)x1078 (41+1.0)x 10710 [621
cis-[ PtB1,(Me,C=NOH),] (93+1.0)x1077 19.2+£3.0)x 107 [62]
trans-[ PtBr, (Me,C=NOH},] (14+02)x 1077 (4.7+13)x 107 {621
cis-[ Pt{Me,C=NOH),(NH,),]Cl, (27+023x 167° (73+081x107° [59]
trans-{ Pt{Me,C=NOH), (NH,},1Cl, {22+02)x107¢ (40+04)x 1678 [59]
trans-[ Pt{MeCH=NOH),{NH;), 1CI, (204+02)x 1073 (7.24£04)x 107° [59]
cis-[ Pt(Me,C=NOH), (NH, ), ]CL,*® 29x107° not determ. [60]
trans-[ PtiMe,C=NOH), (NH,),1C1,** 34x 1070 44%1078 [66]
[PtCl(Me,C=NOH ), 1CI {284C1)x10°° (424£0.2)x107% {613
[Pt{Me,C=NOH},]CL* (3.04£02)x107° (19+02)x 104 [61]
[Pi(MeCH=NOH),]Cl,* (15+04)x 1072 (1.6+0.1)x 107* [59]

2 Standard deviations are not given; ® 'H NMR study: © K 3 =(0.8+0.1)x 107*% 9 K5 ={1-2)x 107'%;
K,y =(3.0402)x 1077, Koy =(2740.3)x 10710,
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dimethy! suifoxide (L is Me,S0), which exhibits strong m-acceptor properties, leads
to an inc:ease in the acidity constants of coordinated oxime ligands. Substitution of
Cl for Br in [PtX,(oxime), ] gives rise to a slight increase in acidity.

The increased acidity of oximes upon coordination should be taken into account
in synthetic experiments. Thus, Stetsenko et al. [61] attempted to prepare
[Pt(Me,C=NOH);J[NO;1, via chloride abstraction from [PtCi(Me,C=
NOH);1Cl by two equivalents of AgNO,, filtration of AgCl formed followed by
addition of excess oxime to the solution. However, instead of [Pt(Me,C=
NOH),J[NO,], they prepared a compound which contains two deprotonated
oximes, e.g. [Pt(Me,C=NO),(Me,C=NOH),]. This complex reacts with excess
HCl to give [Pi(Me,C=NOH),]Cl,. In turn, upon the addition of two equivalents
of NaOH to an aqueous solution of [ Pt{Me,C=NOH )] Cl,, the oximato complex
[Pt(Me,C=NO),(Me,C=NOH),] is regenerated and precipitated.

3. Addition of oximes to ligands containing triple and double bouds

The addition reactions of free oximes often involve processes in which a variety
of reagents add to the polarized C=N double bond, e.g. nucleophilic reagents attack
the carbon atom of the azomethine linkage. N-coordinated oximes seem to be even
more susceptible to the nucleophilic attack due to additional polarization by a metal
center. However, electrophilic reagents or electrophilically activated ligands may add
to the N or O donor centers. Reactions of both types will be discussed in Section 3.

3.1. Addition of oximes to coordinated nitriles and vice versa

Natile and co-workers [ 65] have investigated the reaction between 3,3-dimethyl-
2-butanone oxime, '‘BuMeC=NOH, and [PdCL(PhC=N),]. They isolated and
characterized products of partial and complete substitution of the coordin-
ated benzonitrile by the oxime, e.g. [PdCL(PhC=N){(BuMeC=NQOH)] and
[PACL('BuMeC==NOH), . These two complexes spontaneously underwent further
reaction with the formation, inter alia, of the dinuclear metallated compound
indicated in Scheme 1. Apart from the above mentioned species the authors iso-
lated the product of addition of the oxime to coordinated PhC=N-
[PACL(NH=CPhON=CMeBu'),] (Scheme 1).

This reaction involves a formal oxime O-H bond addition to the nitrile N=C
bond (Scheme 2).

This process is similar to the known [55,66] nucleophilic additions to nitrile
ligands of other protic nucleophiles such as alcohols or amines. However, it should
be noted that the concise form for presentation of the work [65] does not give
answers to certain questions. Thus, as a general rule, organic ligands like
NH=CPhON=CMeBu' form stable 5-membered rings with the metal (see later)
and it is reasonable to assume that the formation of a Pd chelate should terminate
the overall process. Despite some uncertainties the reaction reported is, most likely,
the first example of addition of oximes to coordinated nitriles.
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Scheme 2.

Fairly recently Grigg et al. [67] have reported the (formalily) reverse reaction
between a coordinated oxime and a nittile. The authors studied the conversions of
the oxovanadium(IV) aldoxime and ketoxime complexes under treatment with vari-
ous nitriles (Scheme 3).

The product of one reaction, [ VO, {CaH4(O)CH=N--OC(Mej=NH}], has been
structurally characterized. There is no evidence that the novel ligand is produced
from a direct combination of the nitrile with the oxime. Therefore, a metal-ion
assisted mechanism for this reaction was suggested. It is believed [67] that the
mechanistic pathway of the reaction involves initial coordination of R3CN to the
oxovanadium(IV) centre, prior to oxidation. The loss of an oxime bidentate ligand

H—0 1
; \ R
o 9 w R
= \\!/t/ A RI-Cal .
2N g \O >
A\
R o
O O
ZF i \U(O

Scheme 3.
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followed by addition of the oxime-Ohr group scross the C= N bend carry on the
process. The nature of the oxidant for the V'V centre remains unelucidated.

3.2. Addition to ketones

The platnum(il} compleses srans-{ PICLIRRT=NO, L where R=R+=Me,
RR"=(CH,), and (CH;)s, reacy with m-chloroperoxybenzoic acid in Me,CO to give
the platinum{1V} complexes [ PtCLOCMe,ON==CRE’},T [ 68] (Scheme 4).

A possible explanation s that the reactions studied proceed via steps of oxidation
of Pt" by m-chloreperoxybenzoic acid and coordination of acctone molecules to two
vacant sites formed on Pt - PUY oxidation. followed by ring-closure with neighbour-
ing oxime tigands.

3.3, Addision te coordinated olefins. wilene gud urene ligands: reactions of alkylation

and avylation

Oximes are ambidentate nucleophiles and their alkylation and arylation have been
extensively studied in organic chemistry and are well-documented [69]. For instance,
it is knows that alkylation of oximes by alkyl halides preferentially gives O-alkyl
ethers, whereas N-alkylation is a commonly occuring side reaction. Examples of
atkylation or arylation involving metal complexes are scarce. A reaction of this type
was reposted for the frst time by a group of Japanese workers [ 70,717 who examined
the conversion of «f-unsaturated oximes into isoxarzoles. It was shown that
HON==C{R")-C(R*)=C(R*H (R', R? are Ph, R?is H; R'is '‘Bu. R?is H, R? is
Ph: R' is Ph, R is Me, R? is 'Pr) are transformed into isoxuzoles by treatment with
an equimolar amount of [ PACL{PPh,), ] in the presence of a five-feld excess of
NaQPh in benzene under refluxing conditions (Scheme 53,

The products of this oxidative cyclization were isolated by distillation after removal

cog - R
Me R
O'H R @ Me\é_r\ C!\ﬂ/
Gl /N:#‘R' nnontoen J\(J?&N"O
R'F‘{}::N/ ™Gl TGEAE W P p-GMe
o ’ LY e
’ /R

AR = (OHYs P AR (CHaa

Scheme 4.
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Schomge 5.

of the palladium black from the reaction mixture. The suggested mechanism of the
reaction involves bidentate coordination of the oximes via their N-atom and olelinic
group, followed by clectrophilic activation of the C==C moiety and its subscquent
intramalecular nucleophilic attack by the oxygen stom.

Baker and Nobbs [ 72] have shown that in the Pd-catalyzed reaction of oximes
with butadiepe. alkvlatior procrods at either oxygen or nitrogen to yield ovime
ethers and nitrones, the latter viwti= 3 with excess of butadiene 10 give N-alkylated
isoxazolidines {Schems 6).

The authors [727 beneve that the ethers arnise from the reaction of the oximes
with z-allylpaliadium intermedia s formed in situ.

Show and co-workers [73] studied the addition of acetoxime to the allene in cis-
[PLCLIC H M PMe,Phl. The overall process is depicted in Scheme 7 and involves
nucleophilic attack by nitrogen. a 1-3 hydrogen shift, and ring closure. Strong
electrophilic properties of the allenc in the starting compound as well as the nucleo-
philic character of the oxime drive this reaction {Scheme 7).

&

a’ w?
\ rard 4 ,
R RO, 14570
Smnon e T s o=,
2 =h
i o) ,
. I3
et
AN
o3 c8
HUAT 2 Me /H EH Mo ba Btide ,ﬁ\r\fl\'f'
@
a - @
* 1
R
, P~ A o,
A [FUPPh)) 5
SNOH e e < B
R? ; :
2]
Ot ;
SN ‘R2
RY/R? = PRH PhiMe |
.

Scheme 6.
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Phiie P, Ci Me PhMie,P. Cl
HC \:P‘< + HONSC o :: <
- o Me Me-C{ 0
P Se
Hol f H Me
Me
[etasmia ]
Scheme 7.
Me
X @—-N%
RN WeoC=NOH / KOH ~ Me
AT ) vrowmd BT
x\\}/, T KX, Hy ¢
Cr{CO)3 Cr(COYs
Scheme 8.

It has been reported [74,75] that halogenarenes in [{#°-(R)(X)CeH, 1 Cr(CO); ]
(where R is H, Me, OMe; X is F, (I in different combinations) electrophilically
activated by the Cr{CO); moiety, react smoothly with acetoxime under phase-transfer
conditions to afford the corresponding O-aryloximes in good yields (Scheme §).

This reaction can also be viewed as a nucleophilic substitution at coordinated
arenes. Again the reaction was promoted by the electrophilicity of the coordinated
arene ligand and the nucleophilic properties of the deprotonated oxime.

4. Dehydration and generation of free and metai-bonded nitriles

Oximes are starting materials for the synthesis of nitriles via dehydration for
aidoximes or C-C bond cleavage with concomitant elimination of ROH for ketox-
imes. Reactions of this type are well-documented in the organic chemistry of oximes,
and wvsually require stringent reaction conditions. In coordination chemistry, addi-
tiowil—and sometimes the main—driving force for the conversion of metal-bonded
oximes into coordinated nitriles is the high stability of the metal-nitrile bond formed.
An elegant example confirming this statement has been reported by Guengerich and
Schiug [ 76]. They have shown that the reaction Fetween the ruthenium{I1) complex
[Ru(NH;5(H,0)]>" and the ketoximes MeRC=NOH, where R is ~-C(=0)Me,
~C(=0)Ph and ~CH(OX)Ph, has the nverzall stoicheometry

[Ru(NH,)s(H,0)1** + MeRC=NOH -» (1
[Ru(NH,);(N=CMe)]** + ROH + H,0
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The authors believe that the reaction proceeds via N-coordination of the oximes
to the ruthenium center, followed by spontaneous carbon-carbon bond cleavage,
elimination of ROH and stabilization of the nitrile complexes. This reactivity mode
of coordinated oximes provides unambigucus evidence for the ability of Ry to
promote increased unsaturation of bonded nitrogen atoms, a phenomenon generally
attributed to sirong back-bonding from the filled 4d orbitals of Ru” io the empty
n* orbitals on sp’ or sp-hybridized nitrogen. Additional insight into the driving
forces for the formation of metal bonded nitriles can be ¢btained from the reactivity
of O-alky! aldoximes. Although the reactivity modes of these oxime derivatives are
formally out of the scope of this review, the following paragraph is relevant in
connection with the dehydration of oximes. Thus, foliowing the appearence of the
previously cited work [ 761, Geno and Dawson [ 77] reported the reaction between
[Ru(NH,)s{H O} and the O-alkyl aldoximes RON=CHR' (R is Me, Et; R’ is
Me, Ph)

[Ru(NH,)s(H,0)]** + RON=CHR'— (2)
[Ru(NH,)s(N=CR)}** + ROH + H,0

The authors [ 77] postulate that Ru” is back-bonding to the O-alkyl aldoxune via
the nitrogen atom of the oxime. The back-bonding promotes increased unsaturation
on the bound nitrogen donor atom, therehy facilitating rupture of the oxime N-Q
bond. Further strong driving force is the conversion of an sp’hybridized oxime
nitrogen into an sp-hybridized nitrile nitrogen.

Osmium(IT) centers have a similar pronounced ability to bind nitriles. Werner
and co-workers [78] observed that when the hydride complex [{5-CoHg)
OsHI(PMe'Bu,)] was treated with AgPF, in the presence of HON=CHR (R is Me,
Ph) dehydration occurred and the nitrile compound was formed (Scheme 9).

The product [(#%-CsHg)OsH{N=CR}(PMe'Bu,)][PF,] was also obtained in
independent synthesis via halide abstraction from [{*-C.Hg)OsHI(PMe'Bu,}] in
the appropriate nitrile {Scheme 9).

Attanasi et al. { 707 established that metal-ion assisted dehydration of aldoximes
is of synthetic importance for the preparation of nitriles. The authors [ 79] described
a catalytic method for the conversion of the aikyl and ary! aldoximes RCH=NOH,
where R s a-C;Hy5, n-CgHye, PhCH,CH,, PhCH=CH, Ph, 4Me-C.H,,
4MeO-C H,, 3NO,~C¢H,, to the appropriate nitriles. The procedure consists of
heating the aldoximes in boiling acetonitrile in the presence of a catalytic amount

PFal
< < |

‘ HON=CHR !

s, et Os.
MeBuP/ N AR gty pe] TNy
H H C~a

\&_N// ’

hgPFg

Scheme 9.
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acel: : . The same process in DMF leads
to oxidation of the oxime k@au vhile tlr;a P! oxidation state remains the same.

o useful o com
[PIXARRC=NOHL] with
T887 exa

atmn of coordinaied oxime lgands in
af frv*ﬁ: ketoximes. Ingold and co-workers
er of RR'C=NOH compounds
in benzepe conc fuded that the rcac%zw; probobly invelves the intermediaie
formation o vyl radicals. Rather complex mixtures of products are generally
obtained. Jdue to t?zﬁ.a relative instability of the RR'C=M0- radicals, Thus, upon
sreatment of acetoneoxime with ffwza(} i"e identified products werz Me,CO, \ md
N0, while a very c“w%i smpount of Ne-methylacetamide was also detected in the
FeAction m%xmrg, In (}H & moderately stable iminoxyl adscai
was formed. Rﬁma’w ably *PrﬁC (‘)H behaves § m 3 ttimuer ¢ way i comww 51 10
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Compound A is structura ilar £o 1 iazc chelating nitrosc species in the complex
{P* S HN=CWCRR'ONCRER}}] cited above. Although the oxi d iinn condifions for
.md wf:)r‘“ma?&d ORimes «:*& not comparable, some dsﬁer s int the r}.“hv*aaw
umai ion for &

fave been reviewed by Butler
gem-nitrosoacetates {6897,
products. A mechanism
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inv{;iwrsg & Pz}-;mern*erh&e %a been suggested to accoumt for the formation of

It has been demonstrated that direc ?i_yf‘i}” tvs
does not procesd in high vields or is very s
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the FPAO,(PPhy}, | complex. The resction is fast and highly efficient to produce the
corresponding ketones. It is anticipated that the process follows a 1,3-dipolar cycload-
dition path {Scheme 14).

Unfortunately, ne data supporting this mechanism were given and the oxidation
fate of the oxime nitrogen was not elucidated. Nevertheless, the above mechanism
seems to be reasonable from the point of view of recently described addition reactions
of oximes discussed in Section 3.

6. Reduction of oximes
6.1. Deoxygenarions involving metal carbonyls

Maost likely, the initial tmpetus towgrds the investigation of deoxygenation reac-
tons of oximes promoted by homoleptic transition metal carbonyis was given by
Alper and Edward [114] who. as early as 1970, studied deoxygenation of nitrosophe-
nols {=quinonemonoximes) by Fe{CO);. They found that p-quinonemonoxime is
reduced urder treatment with Fe{CO); giving 44'-dihydroxyazobenzene as the only
isolable product. S-Methvl-4-nitroso-2-isopropylphenol. which exists almost exclu-
sively in the quinonemoneoxime form, reacts with Fe{COQ); to afford S-isopropyl-2-
methyl-1L4-benzoquinone as the deoximation and S-methyl-4-amino-2-isopropyiphe-
nol as the reduction product. The aunthors assumed that the reduction products arise
from deoxygenation of the corresponding nitrosophenols by the tron complex.
Later. Charalambous and co-workers [115] demonstrated deoxygenations of
1. 2-naphthoquinone-2-oxime {1}, 1.2-naphthoquinone-i-oxime {2} and S-methoxy-
1.2-quinone-2-oxime {3} with Fe{COj; in refluxing tetrahvdrofuran. Along with the
iron{ 11} quinone mono-oximato complex the authors isolated some organic producis
of the reaction {Scheme 15}

Thus, i ihe reaction of 1 with FetCO). Z-amine-N(1-hydroxy-2naphthyl -
Ld-naphthoguinone  d-imine  and  S-hydroxy-dibenzo[bd Tphenazin-12{(6H -
ome were identified. For the reaction involving 3 the predominant organic prod-
uct turned out to be Z-amino-T-methoxy-3H-phenoxazin-3-one. The complexity of
the misture of organic products from 2+ Fe{COl hindered characterization. The
authors [ 1137 accounted for ue apnearance of the above organic products in terms
of deoxygenation of the pretonated ligands to give the “quinoneimines=nitrene”
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intermediate {Scheme 15) followed by hvdrogen absiraction and'or coupling
reactions.

It was also reported [115] that in the presence of aniline. bo
Fe{C(O); to generate the iron{Il) quinone mono-oxi
product. Remarkably, other complexes, € and D, were isol
mixture {Fig. 3}. Both of them contain chelating ligands with deo
gen atoms,

Dondoni and Barbare [ 1167 obs y
Me(2.4,6-Me;C H, 0= NOH. which—in contrast to previousiy discussed guinong-
monoximes—does not tauiomerize 1o the corresponding nitrose compound.
Reaction of the oxime with Fe{CO); in refluxing THF produces the sppropriats
wmine, Me{Z24,6-MaC H,¥C=NH. The latter was isclzied as its hvdrochlorids in
65% vield. Nitta and co-workers [ 1177 studied sirnilar reactions berwsen 1
RIR*C=NOH (R*/R* means Ph/Ph. Me/Ph. Me/CH,CH.Ph, CH,Ph/
Fe{CO.
proceeds
with H,O which is cor
corresponding ketones were isolated as the fnal prodects of o cha
transformations.

The deoxvgenation of ketoximes to byunes was
co-workers [118]. Thev showed that i the :
e, U= NOL{Me,C=N0OH),] as a catalyst. acsione oximse is &
to give & mixture of 234 5etrahydro-2.2.44.6
MNH;. The authors argued that the reaction g
acetone oxime to the unstahle intermediaie Me.
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Scheme 16,

decarboxylation to afford the imine Mg, U= NH foilowed by its trimerization, with
elimination of NH; (Scheme 16).

The authors [ 118] proved the intermediacy of the imine by carrying out the
analogous reaction with PhMeC=NOH, which gives the stable imine PhiMeC=NH,

The deoxygenation of aldoximes involving other metal carbonyls proceeds in a
different way. Thus, Kaneda and co-workers [ 119,120] have studied the catalytic
deoxygenation of various compounds containing N-O bonds including the aldoximes
isted in Table 3. The processes were carried out under water gas shift reac-
ton conditions (8§ atm., CO+ H,0, room temperature} by use of the catalytic
system  consising of the vhodium cluster Rhg{CO)ye and NNNN-
tetramethyl-1,3-propanediamine (TMPDA). Afier completion of the reaction, the
liguid phase was analyzed by chromatography, and the resuits are summarized
int Table 3.

Inspection of the data presented in Table 3 shows that all aldoximes studied,
except PhCH==NOH, were selectively deoxygenated to produce the appropriate
nitriles (the formation of nitriles from oximes via deaquation has already been
described above in Section 4). [t is believed that benzaldehyde oxiume afforded
PhCH,OH zs the main product, because of its facile hydrolysis to PhCHO under
the reaction conditions. In general, alcohols formed in the reaction originated from
hvdrolysis of the oximes followed by reduction.

The aunthors detected CO, and H, among the reaction products, and concluded
that the overall process is deoxygenation rather than water abstraction
Bh, O,

R-CH=NOH+CO —— R—~C=N+C0,+H, {3}

In contrast to Rh(COk,. ruthenium and iron carbonyl clusters, e.g. RuiCOl,,
and Fe(CO)s, showed poor catalytic activity in the deoxygenation cf aldoximes

Table 3
Substrates products i the reaction of ovmes with Rb (00, TMPEA w the presonce of (0 H.O

Substrate Deosygenated produects Yields, 9%

MeCH = NOH

EWCH=NOH
CyCH=NOH
PhC! H
PhC,H CH=NOH

HAOH20
CHLOH 12
PROH,OH/75
PHC,H.OH S
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[119]. Nevertheless, it has been found later [1217 that Ru,iCO
catalytic activity for the deoxygenation of various ketoximes (o the «
ketimines under carbon monoxide pressure (Scheme %‘?‘s

The reaction gives the ketimines R,BE.C=NH (R,
Ph/Ph, 4C1-C.H,/Me, n-Bu/n-By; Ffiih means CH?&
isolated in 70%-100% yields. Oiﬁ T transiti
R{COR{PPhy});. Fe(CO) and Fe,iCO,, showed a
RuCL(PPh;}; and RuCly#H,O were inactive for the
Rhg(CO)y and Co,{CO},; were emploved in the conversior
formation of ketimines were low. Watanabe and co-workers {1 i;%
mechanism for the deoxygenation. However, they s-ﬁ erved that O-b £
none oxime and O-acetyl acetophenone oxime do mder the same reaction
conditions. This finding led the authors {121 'E “m that the inital step
of the reaction involves the cleavage of ihe if

Recently, Watanabe's group [ 1227 has E Emé Cm’x“*imm ffn the Rus{C0),
catalyzed conversion of aldoximes into %he a;?pm;;;iaie i and then 10 ak
When the reaction is conducied in the presence of aily
formed can be trapped as their N-allylated derivatives havin 1g the C=N

vity:
When

ties of the

compounds, the imi
bond.

6.2, Fermation of azar

inylidene complexes

This type of reactivity of oxime cmmpisws was discovered
co-workers {78,123-125], and allowed the hrm pr ram;mw of a
metal complexes. The synthesis of 13*-'“ i i
CoH0s F=CRRYUPMe Bu, I PF.] formed of th
hydride [i*-C HJOsHI{ PMe'Bu, )] with t?a@ oximes H(W CRH ‘R R mean
Ph/Ph, Me/Ph, Me Me: R/R' means cyclohexadiyli i 3
hafide-abstracting reagent 578?. The
{1°-C H JOsH{HON=
of CRR means CMe, Biéd fcxvv;oh SERE
further with ALO, with abstraction of
X-ray structure analysis of [{"~C H
allene-like arrangement of the lgands and substitpenis ammd the O
1 Fig. 4).

Rutheninm azavinviidenes. [(°-C, \ieb}Rm—-’\r‘CR
means Me or Ph/PMe, or PMe,'Buj were
the bydrides [{n°-C Me, IRaHCH PR, 1,7 |

The synthesis of azavinylidenemetal cony
way. Thus, the resction of [{n°-C H 1 RKu(l shy h m:m s ’"RR ER;R
means Me/Me, Ph/Ph. H/Me. Me Buy in ke ’}{ﬁz?t‘ we of KPF, affords

'1'2‘1{: ngzsm-mﬁ g conpl
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Fig. 4. An alienc-like arrangement of the ligands and substituents wround the Os=N=C umt.

A i At
AP/ o e mpT Maeg
H

Scheme 138,

oximatoruthenium({Il} complexes; one of them has been structurally studied
{Scheme 19) [ 1261,

The oximate [(°-CoHg)Ruin?®~ON=CRR}(PPr;JI[PF,] reacts further with
HN==CPh, via ligand exchange to give the azavinylidene complex {Scheme 19).

6.3. Formation of imine and y,-imido complexes
Ketimine complexes were first isolated by Fischer and Knaufl [127]. For their
preparation the anthors explored the novel reaction between the carbene complex

[OC)Cr=C{OMetMe] and the oximes HON=CRR’ (R/R’ means Me/Me,
Me/Et, EvEt, Meg/Ph, Ph/Ph; RR' means {CH,),, (CH.)). which affords

o T

i - i
//H(u\ MaONCRA ) /';”\N
Y ¢ s Praf PR
Pry - o ‘ /_n=cha

Scheme 19.
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HOCKCrINH=CRR')). Aliernatively. imine mmpicxes were later obtzined from
meidl carbonyls and oximes. Thus, the wngsten complex | W{CO1(THF T ins THF
somnon reacts W?{h aizpndm or aromatic ?emqmws dmi .zsdnx r 2 o give :.gw

sa produc!« for examplef: assums’ng o ygemi;w of oo
of CO,. However, it was '=§5«3 demonstrated that methy
[WICO(THF)] in the ﬁ“ way as the pareni Cﬂi’*‘k“ Fhis an
[ 1287 probably ride out the common mechanism [1297 for
doners by metal c&r‘esn}is.

Floriani and co-workers [ 1307 siudied the reaction of [CpCof{C.H, ), T and be
phenone oxime, Ph,C=NOH. in toluene at room temperature. The proo roceeds
presumably through a preliminary oxidative addition of the O-H bond to the
meial, and leads to the formation of they,imido Co-Co  complex.
[{CpCo} (1, N=CPh, }{3.~ON=CPh, 1] with evolution of ethylene. A plausible
mechanism for deoxygenation of the Ph,C=NOH ligand involves three principal
steps: {i) oxidative addition of O-H to cobalt{I). {il} addition of the hydride lgand
to the imino functionality, and {ifi) dehydraticn of the hydrowyinrmine intermediate
(Scheme 20}

Acetoxime reacts  with the biz-acetonitrile csmium  compound
[0s;(CO){ MeCWL] to give thep-oximate cluster [Os{-Hi(p-Me L=
NOWCO)Y,,] formed via oxidative addition of the oxime with O~H bond cleavage
[131]. The authors suggested a possible route for the formation of this cluster witl
the oxime complex [05;{COY{Me,C=NOH}] being an intermediate (Scheme
21). A range of clusters [Osyfu,-Hi(p-oximatol{CO,]  were
analogously from [Os{CO}(MeCUN}L] and the oximes
C.H,,C=NOH, MeCH=NOH, PhCH=NOH and \?Ha{}
established [1317] that [Osy{u-Hip-Me,C=NGyTO0},]
in boiling octane to the py-imido cluster [Os {g,~OH U3

~Me,C “‘*\thh vy ;wb
ably viz the oxime intermediate (Scheme2it X-ray structures for both
[Os3{,-OH Hp-Me,C=NHCO), ] and {Os;,{’; _Hafp»;‘*?\{f (‘mhﬂggCO;m;% WerE
reported; the hydride ligand in [Os g, -H g, i
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Scheme 21,

but bond lengths and angles indicate that it bridges Os aioms bended to the oximato
ligand {Scheme 21}

Thus, the overall process can be considered as deoxygenation of coordinated
oxime with the formation of the gy-imido cluster,

64. Reduction of oximes tnvolving low and medium oxidarion state me.ql ions

Apart from the above mentioned low oxidation state metal carbonyls and other
organometallic complexes, morganic complexes or metal ions with low or medium
oxidztion states can also behave as reducing agents of oximes.

McMurray indicated in his review [1327 that Ti¥ compounds are mild, specific
and effective reducing agents. Titanium has a strong affinity for oxygen and this is
partly responsible for its remarkabie ability to deoxygenate (reduce} nitro- and
nitroso-compounds, aromatic and aliphatic N-oxides, azoxy compounds and, fnally,
oximes. The first reduction of oximes was carried out by Timms and Wildsmith
[1337] when they faced the problem of conversion of the complex antibiotic ervthro-
mycin into erythromycylamine. They chose to examine the action of buffered. aque-
cus TiCl; on erythromycin oxime. The progress of this reaction was rapid and
ervthromicin imine was obtained. Remarka Ti* had eflected a deoxygenation
but had not reduced the oxime C=N bond. Since imines formed on deoxygenation
are easily hydrolized 1o give the appropriate ketones at low H values, the reacton
is also useful as 3 mild deoximation process (Scheme 22).

Among other works on reduction of oximes by Ti¥, attention should be paid 10
{i} the report of Tuck and co-workers [ 1341 who employed electrochemically pener-
ated titaninm{I}) species for the reductive deoximation of acetophenone oxime to
afford the parent ketone: (ii) a paper by Barton et al. [ 135] where reduction of




[
T
wh

single step involving (reatment of the oxime with am
MNa[BH,CNJ 1361
In concluding Section 64. we

7. Miscellaneous reactions of oximes and oxime complexes

In this Section we have compiled matenial which does not
described above.

The most familiar and exiensively investigated of the »
the azomethine group is the Beckmann rearrangemeni-con

acids, Metal ions, like typical Lew rearrangement.
However, examples of metal-ion assisted Beckmann rearrangement are fairly scarce
Beckmann

rearrangement of the aldoximes (K 1 H, Mej
{Scheme 23).
The preparative method consists of heatimg the oximes

extraction of the amides with ethy] acetate and removal of 1
The authors { 147] reported that they isolaed copperiii-oxin
mediates of the reaction, but no details of thew conversion were g
co-workers [ 1487 demonstrated thas interaction
in benzene with acetoxime, Me. i
T ReCl,{ MeCONHMel], respect
rgand comes from the Beck
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PhMeC=NOH proceeds via the Beckmann rearrangement and gives the appropriate
anilides, Ph-C{=O)NHR (R is Ph, Me) [80]. However, the aliphaiic oximes
Me,C=NOH and Me'BuC=NOH did not undergo the rearrangement, and in both
cases the starting materials were recovered from the reaction mixture. In contrast,
the aldoximes ArCH=NOH and PhCH,=NOH were dehydrated into the corre-
sponding nitriles [ 807 (see Section 4). The hydrosilylation of alky! aryl ketoximes
with H,SiPh,. in the presence of [RhCI(PPh;); ] as catalyst, gives the corresponding
N-silylamines via N-siloxyimine intermediates [ 149-151]. Although a possible mech-
anism of the hydrosilylation was suggested, the role of the [RhCl(PPh;);] 1s not
completely understood.

Trialkyltin oximato complexes. R;SnONCCH,,, undergo insertion reactions of
aryl and alkyl isocyanates R'NCO and aldehydes X;CC{=0H (X is CL Br) { 152]
{Scheme 24).

Additions of this type are well known for both organotin [153] and organic
chemistry [154].

The lone electron pairs on both nitrogen and oxygen atoms enable oximes to act
as multisite ligands and coordinate to different metal ions. In this review we have
not considered reactions of vic-dioxime complexes with Lewis acids which generate
clathrochelates, multicyclic ligand systems that completely encapsulate a metal ion.
From our viewpoint these interactions may be considered as a complicated type
of substitution reactions and their analysis is not a goal of the article. However,
one example can be cited in order to show the diversity of reactivity modes
of oxime complexes. Thus, the treatment of *°TcO,~ with dimethylglyoxime and
tin(II} chloride in a EtOH/HC! mixture leads 1o the tin-capped complex
[ Te(DMGHL{(p~-CH)SnCl, T [ 1557, The X-ray structure of the final compound was
solved bui the H-atoms were not located (Fig. 5).

Other reactions of dioximato complexes with tin(IV) [156] as well as their

0
Rgsn—-o—q\i@ Bhco, RgSn'f'J—*&—OMN{:)
&
H
R‘eSn—O-—vNa{> ey Raawo—éwur»‘—:{_}
Ex,

Scheme 24.

Fig. 5. Structure of the final compound.
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interactions with titaniom{iV} [ 157], aluminium{111) { 1387, germanium(IV; [ 1597,
boron{I11} [160-1627, and silicon{iV} compounds [ 1637 have also been studied.

Bleanpré and Holland have investigated the extraction of H,[ P1Cl,] frem agqueous
solutions of low pH by methylethylketone oxime and 4-heptanone oxime [164]. The
efficiency of this extraction rurned out to be pH dependent. Moreover, in very acidic
solutions, Pt'Y species are reduced to give Pt" species. The nature of the reducing
agent was not elucida.ed, but the authors suggested the occurence of hydrolysis of
the oximes followed by reduction of Pt*¥ by NH,OH formed in situ.

8. Conclusions

The information discussed in this article shows that the chemistry of exime ligands
and oxime containing metal complexes is impressively rich. Despite this fact, orm
very few systematic investigations related to the metal-ion assisted reactivity o
oximes have been reported. Among others, some areas, which from the viewpoint of
the autheors, need further research are listed here.

(i) An improved understanding of the relationship between the coordination
modes and reactivity of oxime ligands and;or oxime complexes is crucial for a
broadening of thought on oxime chemistry. In this respect, theoretical and computa-
tional methods should be developed to predict the structural requirements for one
or another reactions to take place.

(ii) It is well documented that ¥-bonded oximes are subject to deprotonation at
fairly low pH values, Nevertheless, all these studies were carried out without spesial
investigations of possibie structural changes. e.g. N - O isomerization. Works in this
direction would give a useful information.

(iii) Two reported examples of metal-ion assisted addition of oximes to nitriles
and vice versa provide a route for the preparation of a new type of unusual chelates.
However, the mechanisms of these processes are not yet clear. Thus, there are not
enough data to judge whether reactions proceed via addition of an oxime to a
coordinated nitrile or via addition of a free n.trile to a coordinated oxime ligand.
Undoubtedly, this information would be imporiant not only for the correct choice
of stariing materials and reaction conditions. but also for predicting the occurrence
of other metal-.»n assisted addition reactions of oximes.

{iv) Data discuss2d ia this review show that metal-promoted dehydration of oxime
species leads to nitriles. In turn. hvdration of coordinated nitriles does not regenerate
the corresponding oximes but gives rise 1o carboxamides. Thus. studies on succesive
dehydration of coordinated oximes and hydration of the corresponding nitrile ligands
may open up & broader pathway for conversion of oximes into amides.

{v} More attention needs to be focussed on oxidations of coordinated oxime
ligands. A few reporis have shown that these reactions give rise to unusual and litde
explored ritroscalkyl complexes. There is still some groundwork 1o be done in this
field. as demonstrated by some »ynihetic, structural and physicochemical reports.

{vi) The current level of undersianding of the deoxygenation reactions by metal
carbonyls is far from complete. Oximes as oxvgen donors are different from many
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other oxygen donors commonly employed for nucleophilic oxygenation of metal
carbonyls, for example from trimethylamine N-oxide, due to the availability of a
proton at the O atom. This may iead to different mechanisms for the deoxygenation.
Future research could well be aimed at improving our understanding of the mecha-
nistic pathways involved in the above discussed processes. Kinetic studies would not
only provide valuable fundamental information. but also give further impetus for
the development of new synthetic methods for the preparation of a variety of
complexes starting from metal oxime compounds.

(vii) Electrochemical studies of oxime complexes have not yet been developed in
spite of the recognized interest { 1657 of electrochemical methods for the understand-
ing of the electron donor/acceptor ability of igands and their activation by electron-
transfer to further reactivity.

Certainly, there is still a goed dea. »f pro 7ress to be done, and it is hoped that

this review will stimuluie interest towards metal-assisted reactions of oximes.
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