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1. Introduction

Diacetyl dioxime (commonly known as dimethyl-
glyoxime) was the first organic reagent to be used in
analytical chemistry for estimation of nickel. Since
then the analytical applications of a number of biden-
tate chelating ligands like dioximes, acyloinoximes and
aromatic o-hydroxy-aldoximes have been developed
extensively and apart from analytical applications,
studies have centered around their stability data with
a variety of metal ions in aqueous medium?.

Due to the highly hydrolysable nature of E-O—N—
bond present in derivatives of simple oximes and sub-
stituted hydroxylamines with a number of elements
like B, Al, Si, Ge, Sn, Pb, Ti, Zr, V, Nb, Ta, P, As, Sb
and Bi, synthesis of such derivatives has been achieved
in non-aqueous media, mainly during the last decade
(out of the 170 references at the end of this article,
more than 150 pertain to post-1960 period). This
review would deal particularly with the above deriva-
tives. However, as derivatives of these ligands with
organometallic moieties have been reviewed recently?,
these have been omitted from the present article ex-
cept for brief references. Addition compounds of these
ligands prepared in non-aqueous (or even pseudo-
aqueous) media are also just mentioned mainly in the
preparative section.

2. Methods of Preparations

For brevity various preparations will be presented
with minimum of discussion.

A. Addition Complexes

Oximes and hydroxylamines possess two potential
donor sites, i.e., nitrogen and oxygen atoms and hence,
they are capable of forming adducts with a variety of
Lewis acids. Derivatives of metals in their higher
valency states tend to be susceptible to hydrolysis,
hence, their addition complexes are commonly pre-
pared in non-aqueous media. The reactions employed
in the non-aqueous media for the synthesis of oxime
and hydroxylamine adducts of halides of boron*~%,
silicon, germanium, tin, titanium’*® and phosphorus?
are summarised below:

BF,-Et,0 + R'R"C:NOH 229,
BF,-R'R"C:NOH Ref. 4

(R'R"C:NOH = acetoxime, furfuraldoxime, acet-
aldoxime, cyclohexanone oxime, acetophenone oxime
and benzophenone oxime)

B,H, + 2 HONR'R" — 220,

(R’ = H, CH; and R"” = H, CHj;)

Et,0, C¢Hy, CH;CN

THF or dimethoxyethane
MF,-2Me,C:NOH Ref. 7,8
(M = Si, Ge, Sn and Ti)
CHCI, or Pet. ether

20°C
TiCl, -n DMGH,

(DMGH, + dimethylglyoxime; n = 1 or 2)

2 HONR'R” :BH,
Ref. 5,6

MF, + 2 Me,C:NOH

TiCl, + n DMGH,
Ref. 9

CHCI, or C¢H, MX,-nBMOH

Ref. 9, 10

(M =S8n and Ti; BMOH = a-benzylmonoxime;
X =ClLBr;n=1,2)

MX, + n BMOH
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PFs(gas) + R'R"C:NOH Cols, PF;-R’'R"”"C:NOH
Ref. 11
(R'R""C:NOH = acetoxime and 2-furfuraldoxime)

Apart from the isolation of adducts in non-aqueous
media, metal halide addition complexes of bi- and tri-
valent metals, which are less susceptible to hydrolysis,
have been prepared generally by mixing a salt of the
metal with the oxime or hydroxylamine in pseudo-
aqueous media; the choice of a water miscible organic
solvent is generally based on the solubility of the reac-
tants and the insolubility of the product which facili-
tates isolation. Ethanol has been used in most of these
reactions and the following addition compounds have
been synthesised.

CuX-Me,C:NOH" (X = Cl, Br); CuCl,-Me,C:
NOH; CuCl,-Ph,C:NOH?; CuCl, -4PrCH:NOH?"?;
CuCl, - (CH3),CHCH :NOH"?; CuCl,-4C¢H;CH:
CHCH :NOH'?; CuCl, - CgH;C(NOH)C(NOH)(Cq
H;)*?; CuCl,-2-T-Oxime'® (2-T-Oxime = 2-Thio-
phenealdoxime); CuX,-2pa*’ (pa = pyridine-4-carb-
aldoxime; X = Cl, Br); CuCl,-2HPPK*® (HPPK =
Syn-phenyl-2-pyridyl  ketoxime);  CuCl,-2FDH?®
(FDH = B-furfuraldoxime); ZnCl, - 20xime’?* (Oxime
= propanone oxime, butanone oxime, 2-methyl-3-
butanone oximes and 4-heptanone oxime); ZnCl,:
2FDH?8; ZnCl, -2NH,OH"; ZnCl,:2MeNHOH; Zn
Cl, - (2-T-oxime)"®; CdX, -2MeNHOH" (X = CI, I);
CdCl, - (2-T-Oxime)*®;  MCl, - (3a-benzoinoxime)**
(M =Y, La, Ce, Pr, Nd, Sm, Eu, Tb, Dy, Ho and
Er); CrCly-3FDH?%; MnCl,-2MeNHOH'S; MnCl, -
4PrCH:NOH"; MnCl,-2FDH?®; MnCl, - 2HPPK'S;
FeCl, - 2FDH?*; FeCl, - 3FDH?®; FeCl, - 2pa?’; COBr,
4MeCH :NOH'?; COCI, - 4PrCH:NOH™?; Col, - 2Me,
C:NOH"; CoCl,-(CH,;),CHCH:NOH"; CoX, 4
p-benzaldoxime? (X = Cl, Br); COCI,-4C¢H;CH:
CHCH:NOH"; COX,-2pa?” (X = Cl, Br); CO
(NO,),-2HPPK®; COCl,-(2-T-Oxime)'?; NiX,-
4MeCH:NOH'%%® (X = Cl, Br); NiCl,-4PrCH:
NOH"; NiX,-4(CH,),CHCH:NOH!?* (X = Cl, Br);
NiCl,(CH,)(CH,),C:NOH?%*’;  Nil,-6NH,OH'®; Ni

L 1

Cl,- 4NH,OH™; Nil,- 3HPOX -2H,0" (HPOX = 2-
pyridinaldoxime); NiCl, - 2HPOX'?; NiAc, - 2HPOK"’;
NiX,:2pa?’ (X = Cl, Br); NiCl,- H,DMG?S (H,DMG
= Dimethylglyoxime); PdX,2L*' (L = acetoxime
unit; X= Cl, Br); NiCl,-2FDH?®; NiCl,:(2-T-
Oxime)'®; PdCl,- (2-T-Oxime)*?; PdCl, - (H,DMG)?;
Pt(OH), - 4NH,OH?*; PtCl,- 2NH,0H%; PtCl, - 4NH,
OH?? and PtCl, - (H,DMG).?

B. Substitution Derivatives
(i) Metal-Halogen Bond Cleavage Reactions
Metal-oxygen—nitrogen bonds are frequently estab-
lished by the reaction between an oxime (hydroxyl-
amine) and anhydrous covalent halides. The driving
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force for these reactions appears to be the energy gain
that accompanies the change from M-X to M—O bond,
and these reactions appear to be further facilitated by
the removal of the liberated hydrogen halide by a pro-
ton acceptor. Quite a large number of oxime and
hydroxylamine derivatives of various metals and metal-
loids have been reported to be synthesised in the pres-
ence of a base like pyridine (R,Si*°~*?, RSi*, As
(III)**, R,As**, ROAS*) and triethylamine (R;
Si35—37, sti37’ RSi37, R3GC36’41, R2Ge"2"'3, TI(IV)44,
R,As*, RAS®, As(III)*¢, Sb(III)*7, Nb(V)*®, Ta
(V)*%). Typical reactions of non-alkylated species are
given below:

MCI, + xHON:CR'R” + x Et;N —
M(ON:CR'R"), + n Et;NHCI

(n=4, M=Si, Ge, Ti; n=3, M= As, Sb; n = 5,
M = Nb, Ta)

AuCl, + HPPK _MOLEtOH |\ ppK)CL, + HCI

(HPPK = Syn-phenyl-2-pyridyl ketoxime?®®)

O=Ti(ClO,), + 2 C;,H,,0C:NOH —
O=Ti(C1,H,;,NO,), + 2 HCIO,

(C13H,,OC:NOH = a-benzoinoxime?®)

In view of experimental convenience, ammonia has
also been successfully used as hydrogen chloride ac-
ceptor for the synthesis of a variety of germanium
derivatives*™*2. Germanium tetra-oximates are syn-
thesised according to the reaction illustrated below:

C6H6
reflux
Ge(ON:CR'R"), + 4 NH,CI

Trimethylsilyl hydroxylamine was first described in
1963, but the di- and tri- substituted species have been
obtained only recently*®~5¢. The reaction of Me;SiCl
with excess NH,OH itself gives only mono-substituted
product Me;SiONH, and the first amino hydrogen of
this derivative is replaced by trimethylsilyl group by
the reaction with excess Me;SiCl in presence of proton
acceptor like Et;N, but the replacement of second
amino hydrogen required prior metallation of Me,
SiONHSiMe; with BuLi.

GeCl, + 4 HON:CR'R"” + 4 NH,

(i) Exchange Reactions

The reactions of metallic salts of oximes (hydroxyl-
amines) with organometal halides, e.g., of Si®® 5859
Sn®>%%, and simple metal halides, e.g., of B, Si, Ge,
P, As, Sb, Bi®**=? have been employed extensively for
the preparation of oxime (hydroxylamine) derivatives:

MCl, + n/2 Hg[ON(CF;),], —» M[ON(CF;),], +
n/2 HgCl,

As might be expected, the net effect is usually to
combine chlorine with the more electropositive element
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and the organic group with the element of greater
electronegativity.

(iii) Metal-Carbon Bond Cleavage Reactions

In these reactions, attempt is made to substitute the
organic group in an organometallic compound by an
oximate (hydroxylaminate) group. It has been found
that the simple metal alkyls, e.g., RM where M = Li*%%5,
R,M where M = Be®, Zn® % and R is an alkyl
group; Ph,Zn®, R;M (M = Al, Ga, In and TI)%57°,
undergo metal-carbon bond cleavage reactions quite
readily when the electronegativity difference between
the element (e.g., Li, Be, Al, Ga, In and TIl) and car-
bon is greater than about 0.8 on the Pauling scale.
Smaller electronegativity differences correspond to less
polar element—carbon bonds and comparatively higher
temperatures are needed for completion of the reac-
tion in such case (e.g., R;B)®>7°. Few recent prepara-
tions of boron derivatives’* are shown below:

Bu",B + HON : C(CH,),CH, —=C1 ,

L ] 35°C
Bu",BON: C(CH,)sCH, + Bu"H
I

Bu",B + HONEt, —<Cl4 ,

= Bu",BONEt, + Bu"H

The reactions of oximes and hydroxylamines with
trialkylboranes appear to proceed by heterolytic me-
chanisms’*. The initial co-ordination between the tri-
alkylborane and the protic reagent labilises the alkyl
group attached to boron as a carbanion, at the same
time increasing the acidity of the protic hydrogen:

v
[ ' [
Ry8 + HOR® —— RZE - 2 - R — RZB OR + RH

(R'=>CeN-or-NJ)

Tin(II) derivatives of oximes and hydroxylamines
have been recently prepared” in yields greater than
90% by the protolysis of tin(II)—carbon bonds of the
cyclopentadienyltin(II) compounds in anhydrous ben-
zene or tetrahydrofuran (THF):

CH:NO

sif——S—Rpsn™_ b __ 5 (on:crIR?),
\ / lc
o
sa™ [ON (R3)BZ],
R=CgHg; a=0-HO.CgHgq.CH:NOH ;
b= 2(HON:CR'RZ), c = 2HON (R3)BZ

(iv) Metal-Hydrogen Bond Cleavage Reactions
In the cases of most of the metals and metalloids the
bond with hydrogen is polarised in the sense **M-H™
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and is subsequently likely to break, in the direction
*M—H. This is illustrated in the reaction of metal
hydrides with oximes®>*®7* and hydroxylamines®*: 2,
where organic group essentially replaces hydride ion.

Interaction of Hg[ON(CF;),], with compounds con-
taining M~H bonds®*®? afforded compounds of the
type M[ON(CF,),], (M = Si, Ge and As) along with
(CF;),NOH and free mercury:

M-H + Hg[ON(CF,),], - M[ON(CF,),] + Hg +
(CF,),NOH

(v) The reaction of Oximes and Hydroxylamines with
Metallic and Organometallic Oxides and Hydroxides

In view of their acidic nature, oximes and hydroxyl-
amines react with basic metallic® ™ and organo-
metallic hydroxides or oxides®® 577532, Reaction condi-
tions depend on the basic character of the hydroxide
or oxide. For example, silicic acid and alkylsilanols do
not appear to react, while less basic derivatives, such
as organogermanium oxides*"*? require acidic cata-
lysts and continuous fractionation of liberated water
azeotropically. Reactions with basic organometallic
hydroxides or oxides*®57:7582 are faster and do not
require a catalyst.

Boronic and borinic acids form 1:1 complexes with
hydroxylamine®®. A variety of oximes®, hydroxyl-
amines®®8¢ and amidoximes®”*®® have been shown
to react with aliphatic and aromatic boronic acids.

Singh and Mehrotra®® have recently explored dif-
ferent routes for the synthesis of 2-iminoxy-4,4,6-tri-
methyl-1,3,2-dioxaborinanes. The reactions can be
depicted as follows:

OH o
CgH
G/ + B(OH)3 + HON:CR'R" Sefs 7N\
\ refiux \0/
OH

)

<:>a-o-n + HON:CR'R" %— G<0>

(2)

[

o )
CeH
« aos” >s +ZHON:CR'R" ﬁ. ze<o>
(3)
0, 0. o)
e/ \B_o.G-o-B G+ B(ON:CMey)y heat.90°C_ 33/
\O/ o 8hr.
14) °

{ G = — CMe.CHp .CHMe-)

The reactions (1), (2) and (3) proceed slowly to
afford the anticipated products in about 40% yields.
Reaction (4) yields the product in quantitative yield.

BON:CR'R" + 3H,0

BON:CR'R" + Hy0

BON:CR' R" + H,0
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(vi) Alkoxy—iminoxy (or Amino—oxy) Exchange
Reactions

The interchangeability of alkoxy group in an alkoxide
with the protic reagents has been found to be facile®™ .
The reactions are generally carried out in inert solvents
like benzene and the liberated alcohol (usually ethanol
or isopropanol) is fractionated off azeotropically.
Mehrotra and coworkers have employed this technique
widely for the preparation of oximates and hydroxyl-
aminates of a number of elements e.g., B*5°%%
Al92,94, Si37, GC41’42'45, Sn36’57’77’82’93, Ti44, 95, Zr96’
As*® Sb*7»57 V%7 Nb*8, Ta*®. The reactions are given
below:

B(OR); + n HON:CR'R” Colo
reflux
B(OR);_,(ON:CR'R”), + nROHT

B(OR), + n HONE(, s ,
reflux

B(OR),_,(ONEt,), + nROH T
(R = Etor Pr)

G

|
O-R-O-B-OEt + HON:CR'R" —
[

G

|
O-R-O-B-ON:CR'R” + EtOH 1
[

RN
G BOR + HON:CR'R"
\ o
(@)
/N
G BON:CR'R” + ROH 1

O
(G = —CMe, - CH, - CHMe- and —CMe, - CMe,—)

M(OR), + x HON:CR'R" CeHe
reflux
M(OR),_,(ON:CR'R"), + x ROH 1
(n=3,M= Al Asor Sb;n =4, M = Si, Ge or Ti;
n=5M=NborTa;x = 1-4; R = Et or Pr)
C6H6
—_—
reflux
M(OR),_,(ONEt,), + x ROH 1

(n=3, M=Al Asor Sb; n=4, M=Ti; n=5,
M = Nb or Ta; R = Et or Pr)

M(OR), + x HONE,

C6H6
reflux
Zr(OPri)“_n(ON:CR’R”)n + (n + 1)Pr'OH 1

Zr(OPr'),PrOH + n HON:CR'R”

O=V(OEt); + nHON:CMe, P,
reflux

O=V(OEt);_,(ON:CMe,), + n EtOH 1
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The reactions may be represented in general, as
follows:

s

M (OR }p + HOR' ——=M(OR)p-1 —> (R'OIM(OR)p.; +ROH
o
Rl

(R'= >C:N=,DN-)

The above transesterification technique in the pres-
ence of an azeotrope-forming inert solvent has some
unique advantages: a) The possibility of its use in
stoichiometricratios of reactants, leading to substitu-
tion products with values of n varying from 1 to x in
M(OR),_,(ON:CR'R?),, b) The tendency of cations
to catalyse Beckmann rearrangement of the oximes is
reduced, e.g., Lewis acids BX;, SnX,, TiX, are catalysts
for the transformation of oximes to amides, whereas
their corresponding alkoxides do not possess such
activity. Mehrotra and coworkers have noticed the
following significant observations during the reactions
of metal alkoxides with oximes and hydroxylamines:
a) Reactions of ethyl, isopropyl and butyl borates with
diethylhydroxylamine are slow in refluxing benzene and
only bis- and tris- derivatives could be isolated®?.
b) Reactions of ethyl and isopropyl borates with ox-
imes are sterically controlled*® and tris- derivatives
could be prepared only in cases of acetone oxime and
methyl ethyl ketone oxime. The reactions of various
oximes with 2-ethoxy-4,4,6-trimethyl-1,3,2-dioxabori-
nane and 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-di-
oxaborolane are controlled®® by the nature of the
solvent, the oxime and the alkoxy group attached to
the boron atom. ¢} Reactions of aluminium iso-
propoxide with oximes®* and diethylhydroxylamine®?
are much faster than those of alkyl borates. Two iso-
propoxy groups are easily replaced; replacement of the
third is slower. These observations are in line with
those of alcoholysis®®®® and transesterification reac-
tions'® of aluminium isopropoxide. d) The reactions
of alkoxysilanes with oximes®” and diethylhydroxyl-
amine®! are much slower and require a catalyst and
an efficient fractionating column for completion of the
reaction. Even under these conditions reaction of
tetraethoxysilane with acetone oxime yielded only the
tri- substituted product®’. e) In constrast to Si(OEt),,
germanium tetraethoxide reacts readily with acetone
oxime*® giving the tetra-substituted product. f) Reac-
tions of oximes®? and diethylhydroxylamine®® with
organotin alkoxides are much faster. g) Reactions of
transition metal alkoxides, e.g., of Ti*""%, Zr%, V%7,
Nb*®, Ta*® with oximes and diethylhydroxylamine are
quite facile, so that in case of Ti°® and V®7 mono- and
disubstituted products are isolated even at the room
temperature. Ti** and V** suffer reduction to lower
oxidation states when made to react with aldoximes*?
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and acetone oxime®” respectively in stoichiometric
ratios 1:3 or greater. h) Arsenic*® and antimony eth-
oxides*’ react quite readily with oximes and diethyl-
hydroxylamine under refluxing conditions.

A number of workers from other laboratories have
also employed this method for the synthesis of organo-
tin®®%7 and organoantimony oximates®’.

(vii) Metal-Nitrogen Bond Cleavage Reactions

Most of the metal dialkylamides are more reactive
towards compounds containing active hydrogen'®’.
Aminoboranes!'®?, aminosilanes®”> 5873, 103,104 ad ami-
notin compounds®® react with oximes and hydroxyl-
amines to yield corresponding oximate (hydroxyl-
aminate) derivatives along with ammonia or amine.

Derivatives of hexafluoroacetone oxime!*® have been
recently prepared by heating in vacuo a mixture of

OSiMe,

(CF,),C:NOH and CH,C=NSiMe;:
OSiMe,

CH,C=NSiMe, + 2 (CF,),C:NOH — 12

in vacuo
2 Me;SiON: C(CF5), + CH3C|=O

NH,

(viii) Miscellaneous Reactions

The highly electronegative free radical bis(trifluoro-
methyl)nitroxide is capable of abstracting hydrogen
from compounds containing metal-hydrogen bonds,
and this nitroxide appears to be more reactive than
unfluorinated dialkylnitroxides'®- 17,

The bis(trifluoromethyl)nitroxide radical displaces®®
63,107 halogen from a number of non-metallic halides
e.g., BCl;, BBr,;, SiBr,, Sil;, GeBry, Gel,, AsCl,,
AsBr;, BX; (X =Cl, Br), SiX; (X = Br, I); GeX,
(X = Br, 1); AsX; (X =Cl, Br and I). The reaction
with BCl; and AsCl; is assisted by the presence of
iodine. PBr; and POBr; are converted to PO[ON
(CF3)sls.

MX, + n (CF;),NO- — M[ON(CF,),], + n/2 X,

With GeH;Br and GeH,l only hydrogen is replaced
by the radical while with SiH,;Br and SiH,I, both
hydrogen and halogen are replaced®®. Csl and SeO
adds trifluoromethylnitroxide radical to form the poly-
halide like salt CSI[ON(CF;),], and SeO[ON(CF;,);]
while Col, forms Co[ON(CF;),], type of com-
pounds®.

The reactions of bis(trifluoromethyl)nitroxide with
tribromoborane to give bromine and {[(CF,),NO],B

may be an example of Sy2 reaction at boron'?’.

(CF,),NO- + BBr; — (CF;),NOBBr, + Br-

Displacement also occurs when bis(trifluoromethyl)-
nitroxide reacts with tris(trifluoromethyl)arsine!®®-11°

95

(CF;),NO- + As(CF;);— (CF;),NOASs(CF;), +
F;-
Tris(trifluoromethyl)phosphine and  bis(trifluoro-

methyl)chlorophosphine'® are converted into P(V)
derivatives:

2(CF;),NO - + P(CF3); — [(CF;),NOLP(CF;);
2 (CF3),NO" + (CF;),PCl — (CF3),PCI[ON
(CF3);),

Bis(trifluoromethyl)nitroxide reacts slowly at room
temperature with various metals and metalloids to
afford crystalline products!*-113;

M + n (CF;),NO- — M[ON(CF;)],

M=Pb, Sn, n=2; M= As, n=3; M =Se and
Te, n = 4).

Tin nitrosodicyanomethanides''* have been obtained
by the interaction of organotin chloride with silver

‘nitrosodicyanomethanide.

The reaction of triethylphosphite with several repre-
sentative hatonitroparaffins has been studied''® and
the reaction is shown to proceed according to the fol-
lowing equation:

R'R”XCNO, + 2 (R"0),P —
RR'C:NOP(O)(OR"),(R"0),PO + R"X
(la,R =R’ = Cl;R" = Et
Ib, R = R” = Me; R” = Et; X = Cl or Br)

(ix) Ortho-Metalation Reactions

Aromatic oximes have been reported to react with
lithium tetrachloropalladate(Il) to form di--chloro-
bis(2, N-dihapto- aromatic oxime)dipalladium(IT)***.

Treatment of RhCl;-3H,0 with aromatic oximes
and excess sodium chloride or bromide afforded five
membered chelate rings'*®.

3. Properties

A. Volatility

Oximates and hydroxylaminates of Be, Zn, B, Al,
Si, Ge, Sn, Pb, Ti, Zr, P, As, Sb, Bi, Nb and Ta, de-
scribed in this review, are generally white solids or
colourless liquids, highly susceptible to hydrolysis even
by atmospheric moisture and are soluble (except some
of the aldoximates which are reported to be sparingly
soluble) in all common organic solvents.

Oximates of a number of metals (e.g., Be, Zn, B,
Al, Ti, Zr, Nb and Ta) are reported to be non-volatile
even under reduced pressure, whereas similar deriva-
tives of a number of less electropositive elements (e.g.,
Si, Ge, As and Sb) are volatile. Compared to oximates,
hydroxylaminates generally show greater volatility and
derivatives of B, Si, Ge, As and Sb as well as of Ti,
Nb and Ta can be distilled under reduced pressure.
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B. Molecular Complexity

Ketoximates have been shown to be generally mono-
meric in boiling benzene with some tendency of di-
merisation whereas aldoximate derivatives show ten-
dency of higher association depending upon the nature
of ligand. With the same oxime ligand, the molecular
complexity appears to be governed by the atomic size
of the central metal atom. For example, a comparison
of molecular complexity of zirconium and titanium
oximates shows the following three prominent features:
a) Molecular complexity of zirconium oximates is
greater than that of titanium oximates. b) The molec-
ular complexity is affected by the chain length and
ramification in zirconium series whereas no stch effect
was observed in titanium series, in which case even
the least remified oxime gives only a monomeric deriv-
ative due to the smaller size of titanium. ¢) Same alkyl
groups when attached to the imino carbon atom offer
more shielding effect than when attached to the carbi-
nol carbon atom.

Molecular complexities of hydroxylaminates and
alkoxide hydroxylaminates of B, Al and Ti are reported
to be of the order of 1.0, 2.0-2.5 and 1.0 to 1.5 respec-
tively. Similar derivatives of As, Sb, Nb and Ta are
monomeric in boiling benzene.

The addition complexes like MX, L. (where M = Cu,
Ni, Co, Fe, Pt, Pd and Au; X = halogen and L =
oxime) are found to be polymeric in nature.

C. Thermal Stability

The majority of oxime derivatives are thermally
stable and some of these can be distilled under reduced
pressure. Compared to these, the addition complexes’®
obtained by the interaction of metal halides like TiCl,
and PtCl, with oximes are thermally unstable and
undergo decomposition with the formation of substi-
tuted derivatives. For example:

TiCl, - 2BMOH - 0 5SCHCI, —S1oW heat

TiCl,- BMO-BMOH + HCI + 0.5 CHCl,
(BMOH = a-Benzylmonoxime)

On heating to a higher temperature, the above oxime
derivative decomposes with the formation of phenyl
cyanide; the following mechanism was suggested by
Charalambous and Frager® for this decomposition:

H —
Ph\ /O/ PhCN +
c = N,
RS heat
~T8 = Cl—g&— [ PhCOO.TiCI3,PhCN
¢ = 0 I
Ph/ Clg 'Hzo

L€« PhCN+HCI+
PHCOON +Ti0,

The formation of phenyl cyanide during decomposition
of titanium oximates has been observed by Mehrotra
and coworkers* also.
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Raluca et al.’” studied the thermal decomposition
of cis and trans forms of [Pt(AOX),Cl,] (where,
AOX = Ac,C:NOH) by DTA and TGA. These work-
ers observed that the trans form is more stable than
the cis form. Further [Pt(AOX),CI]Cl was converted
by heating into the more stable trans form [Pt(AOX),
CL,).

Oxime esters of pentavalent phosphorous acids'*®,
RR’'C:NOP(O)(OR"), (where R = R’ = C|, Me, H
and R” = Et) on heating undergo Beckmann rear-
rangement accompanied by decomposition giving some
tarry matter from which no pure product could be iso-
lated. The presence of hydrogen at the a-carbon atom'*®
lends thermal instability to the oxime derivatives. For
example, acetaldoximate® derivatives have been found
to undergo violent decomposition even when heated
under continuous vacuum suction with the formation
of corresponding hydrated metal oxide and cyanides:

200°C
—_—

AI(ON:CHR), Al(OH), + 3RC=N

)
1/2 ALL,O,-xH,0

B(OPr')(ON:CMe,), undergoes disproportionation
on heating even under reduced pressure*®:

3 (Pr'0)B(ON: CMe,), — B(OPr), +
2 B(ON:CMe,),

Emeleus and coworkers'®® reported a quantitative
P q

recovery of bis(bis-trifluoromethyl)nitroxide radical
without dimer formation on heating Hg[ON(CF,);]
at 100° C under vacuum,.

Parry and coworkers® ® reported the thermal decom-
position of the compounds, CH,ONH,BH,, (CH,0)
NHCH,BH; and (CH;O)N(CH,;),BH,, by heating
under controlled conditions:

55°
several hr
+ 2/x (Cy.5xNBH; 5 ), + (3+2x) H,

65°
several hr
(CH,),HNB(OCH3,); + 1/x (HNBH), + 1/3
(HCH;NBH,), + 3 H,

3 (CH,0)NH,BH, H,NB(OCHS,),

3 (CH,O)NCH,H - BH,

3 (CH,0)N(CH,),BH, — (CH,),HNB(OCH,),
+ 2/x [(CH3);NBH,}, + 2H,

Although all the products mentioned in above equa-
tions are generally volatile, but only hydrogen and tri-
methoxyborane could be isolated in quantitative yields.

D. Reactions with Protic Reagents

(i) Reaction with water

Oxime derivatives of weakly electropositive elements
like boron, silicon and arsenic are highly susceptible
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to hydrolysis in general. On slight exposure, they
regenerate the parent ligand*s: 7% 121;

M(ON:CMe,), + nH,0 - M(OH),
+ nMe,C:NOH
(n=3,M=BorAs;n=4,M = Si)

The hydrolysis tendency appears to decrease with in-
creasing chain length and ramification of the alkyl
groups in the parent oxime. The aromatic bidentate
oxime derivatives are comparatively more stable to
hydrolysis due to their chelated character®. On drastic
hydrolysis some acetoximate derivatives yield acetone”
instead of acetoxime.

Hydrolysis of the derivatives (CH;O)NH,BH;,
(CH;0)NCH;HBH; and (CH,O)N(CH;),BH; by
50% KOH® ¢ show that the hydrogen attached to the
nitrogen plays a dominant role in group transfer. In
case of the first two derivatives, the methoxy group
attached to nitrogen is replaced by the hydrogen at-
tached to boron, e.g.:

BH3 BH3
CHz0—N—H —— H*+ CHz-0-N
30 3 I

CH3 CH3
The anion rearranges os :
s " g

CHz— 0~ PI‘
CHz

— = H3C - N—B8Hz

However, in case of (CH;0)N(CH;),BH;, free base
is liberated on hydrolysis; BH; formed simultaneously
gives free hydrogen and borates.

(ii) Reactions with Alcohols and Glycols

The mixed alkoxide oximate or diethylhydroxyl-
aminate derivatives (generally ethoxide or isoprop-
oxide*—*%92:93 on treatment with primary, secondary
and tertiary butanols yield corresponding butoxide
oximate or diethylhydroxylaminate derivatives with the
liberation of ethanol or isopropanol:

M(OEt), (ON:CR'R"), + R'OH (excess) —
M(OR),_(ON:CR'R"), + (n—x) EtOH 1

M(OPr), (ONEt,), + R'OH (excess) —
M(OR'),_,(ONEt,), + (n—x) Pr'OH 1

(M = B, Al, Ti, Zr, Si, Ge, Nb, Ta, As and Sb
R’OH = Primary, secondary and tertiary butanol
n=3,4and5, x = 2, 3 and 4 respectively)

Similar reactions have been reported with RM(OEt),
(ON:CR'R")y_(x+y) derivatives>* also, where M =
Si, Ge and Sn and R = alkyl or aryl.

Mixed alkoxide acetoximates*® have been shown to
react with glycols as shown below:
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Ti(OPr’),(ON: CMe;); + HO(CH,),0H %
rerux

Q(CH,),0-Ti(ON:CMe;), + 2 PrOH

The derivative was reported to be dimeric in, boiling
benzene and undergoes decomposition on heating even
under vacuum.

(iii) Reactions with Acetylacetone and Hydrogen
chloride

Ti(OPr),(ON:CMe,), on treatment with acetyl-
acetone™ reacts as follows:

Ti(OPr'),(ON:CMe,), + n acacH —
Ti(OPr'),_,(acac),(ON:CMe,) + n Pr'OH
(=12

These derivatives are reported to be monomeric in
nature and undergo decomposition on attempted distil-

‘lation**.

Emeleus and coworkers®? reported the formation of
AsCl; by the reaction:

AS[ON(CF;),], + 3 HCl — AsCl, + 3 (CF,),NOH

Organometallic oxime derivatives also behave similarly
on treatment with anhydrous hydrogen chloride®® and
form corresponding organometallic chloride and parent
oxime.

(iv) Reactions with Acetyl chloride
Titanium tetraacetoximate on treatment with acetyl
chloride gives corresponding chloride oximates*s:

Room temp.
Ti(ON: CMe,), + CH,COC] 220 MIP-

CITi(ON : CMe,), + Me,C:NOCOCH,

Ti(ON: CMe,), + 2 CH,COCI 2 €,

CLTi(ON : CMe,), - 2Me,C:NOCOCH,

Ti(ON: CMe,), + 3 CH,COCI — X

Cl,Ti(ON : CMe,) - 2Me,C:NOCOCH,
+ Me,C:NOCOCH,

Similarly, Sb(ON : CMe,), gives CISb(ON:CMe,), and
ClL,Sb(ON: CMe,) - Me,C:NOCOCH, on reacting with
acetyl chloride*’.
These chloro-derivatives are reported to be coloured
in nature and undergo decomposition on heating.
Mercuric bis(trifluoromethyl)nitroxide reacts with
acetyl chloride!?® giving mercuric chloride:

Hg[ON(CF,),], + 2 CH,COCI — HgCl,
+ 2 (CF,),NOCOCH,

Organometallic oximate derivatives react similarly
when treated with acetyl®3%4%58 and benzoyl chlo-
rides'?2,
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(v) Reactions with Acetic Anhydride

Acetic anhydride reacts with Bu;GeON:CR'R”
(R'R” = Me, Me; Me, Et) giving the corresponding
acetates®:

Bu;GeON:CR'R"” + (CH,C0),0 —
Bu,GeOOCCH, + R'R”C:NOCOCH,

The o-acyl oxime ester produced in the reaction was
fractionated out and a pure acetate derivative was
extracted. No such reaction was reported with any
other oxime derivative.

(vi) Oximolysis of lower Oxime Derivatives

The replacement of lower oximes with higher oximes
similar to that of alcohol interchange reactions described
in case of many metal alkoxides®' are reported with
Bu,GeON:CR'R'"41;

Bu,GeON: CR'R” + Me(n-CsH,)C:NOH 222°C,
Bu;GeON: CMe(n-C,H,,) + R'R"C:NOH

No such reaction has been reported with oxime or
diethylhydroxylamine derivatives of other metals and
metalloids.

(vii) Insertion Reactions

Sb(ON:CMe,), undergoes insertion reactions when
mixed with PANCO in 1:3 molar ratios*’:

Sb(ON:CMe,) + 3PIN=C=0 —

TR
Sb(N-C-O~-N-CMe,),

Similar insertion reactions of organometallic tin

oximates®®'?* have also been studied in detail with

CCI,CHO, CBr;CHO, PhNCO, MeNCO, EfNCO and
PhNCS.

E. Structures

Structural aspects of oximates and hydroxylaminates
of the elements described in this review have received
little attention and have been studied mainly by their
i.1. spectra. Structures of a few oxime chelates have
been elucidated by ir.,, n.m.r., X-ray and magnetic
measurements and these are included below being of
relevant interest for future investigations. Structure of
hydroxylaminate derivatives have received even lesser
attention and a brief account of these is presented at
the end of this section.

The bis(dimethylglyoximate) chelates of a few di-
valent latter transition metals, e.g., Ni(Il), CO(II),
Cu(1l), Pt(IlI) and Pd(II) had been shown to be
square planar by X-ray diffraction!**~'?, i.r. spectrom-
etry®®~*** and magnetic measurements'>51%%. The
presence of stable hydrogen bridges and metal dn—pa
(oxime) bonding in these complexes has been postu-
lated140_143.

R. C. Mehrotra, A. K. Rai, A. Singh and R. Bohra

Cox'* proposed a square planar structure of nickel
salicyldoximate in solid state by X-ray measurements.
A similar structure was confirmed by Lingafeiter and
coworkers'*® ¢ for the copper salicyldoximate deriv-
ative’’, in which the square planar units are, linked
through two longer Cu-O bonds:

c=N/0—H\b__
[ N
N/

c

AN

He——

Coakley and Casey'® synthesised the metal chelates
of 2-thiophene aldoxime with metal (e.g., Zn, Cd, Co,
Ni, Cu and Pd) halides and had reported the formation
of 2:1 chelates, MCl,(2-oxime). Magnetic, ir. and
physico-chemical studies reveal an octahedral configu-
ration for Zn, Cd, Ni and Co chelates and a tetragonal
configuration for the Cu chelate.

Ward and coworkers™?® reported the synthesis of
complexes of nickel halides and nitrate with Syn-
phenyl-2-pyridyl ketoxime whereas Sen and Malone'®?°
synthesised various complexes with metals (e.g., Ni,
Co, Mn, Pd, Pt, Cu, Ag and As etc.) using the above
ligand. Spectral and magnetic studies lead to octa-
hedral geometry for Co(Il), Co(IIl), Ni(II) and
Mn(II) complexes, linear for [Ag(HPPK),]NO; and
square planar for Pd(PPK), and Au(PPK)Cl, com-
plexes. The electronic spectrum of [Pd(HPPK)(PPK)]
Cl bears striking resemblance to the spectrum of square
planar [PdCLJ? ion. All the addition complexes
show strong hydrogen bonding tendency via the oxime
proton and the benzene x-electron cloud.

Electronic spectra, ir. spectra, magnetic measure-
ments, conductivity and molecular weight studies of
some furfuraldoxime complexes®® with metals such as
Cr(Ill), Mn(I), Fe(ll), Fe(lll), Co(II), Ni(II),
Cu(1l) and Zn(II) show their octahedral geometry.
The ligand functions as a bidentate ligand in all above
complexes except in [Cr(FDH),Cl;] and [Fe(FDH),
Cl;] where it functions as a monodentate ligand.

Pyridine-4-carbaldehyde oxime complexes?’, Mpa, X,
[where M = Co(Il), Ni(II) or Cu(ll), Pa = oxime
and X = Cl, Br] and [Fepa,Cl,] are shown to be poly-
meric in nature and possess a pseudo-octahedral ge-
ometry on the basis of ir., diffuse reflectance spectra
and magnetic moment studies. The ligand coordinates
through the pyridine N-atom and shows no coordina-
tion via the oxime group N. The far i.r. spectral studies
indicate the presence of only bridging halogen atoms:
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:‘_CH=NOH @_CH =NOH

I/X\I/\l/\l

:.__CH-NOH :—CH- NOH

Acetophenone oxime undergoes o-metalation reac-
tion and forms complexes with rhodium(I) and (IIT)*.
The dimeric nature and absorption in the region 3340—
3300 cm™ corresponding to »OH in solid as well as
in solution indicate intramolecular hydrogen bonding
and bridging through the atoms:

CH3 CH3

llNOH HON‘C

\l/ \\/
/|\ /;\

_C'N 0-H

H-0~ N‘C—
CH3 CH3

The halobridged complexes give addition compounds
on treatment with triphenylphosphine. The i.r. studies
in solid state reveal the presence of free as well as
intramolecular bonded —OH groups in the molecule:

In solution, however, the complex appears to be par-
tially dissociated into triphenylphosphine and the orig-
inal halo-bridged dimer!*¢.

Spectroscopic and analytical studies of metal com-
plexes*®*152 formed by the interaction of metals
(e.g., rare earths, Cu, Ni, Co, Pd and Pt etc.) and
benzoin-a-oxime reveal the attachment of two mole-
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cules of the ligand by one principal valency and one
coordinate link or by two coordinate links depending
upon the nature of metal ions.

The reaction of benzoin-z-oxime with titanyl per-
chlorate in pseudo non-aqueous media reveals not
only the loss of two perchlorate ions but also of &
bonded oxygen atom?®, The molecular weight, i.r. and
p.m.r. studies show the involvement of the two hy-
droxy groups in the complex formation and not the
C=N group. The presence of only Ti~O absorption
bands in the complex and its dimeric nature confirm
the bonding of oxygen atoms of the ligand to two
titanium moieties.

The ir. studies of metal complexes formed
by interaction with hydroxyketoximes show the re-
placement of phenolic hydrogen by the metal ion and
a lowering of C=N stretching frequency. The lowering
in the C=N frequency leads to the inference that the
metal is coordinated to the nitrogen of the oxime group.
The observation of a band near 3260 cm™ was attrib-
uted to intramolecular hydrogen bonding?*5.

It might be mentioned that studies on oximes them-
selves have revealed the stabilisation of C=N bond by
resonance’® *57:58 with the non-bonding electron pair
on the oxygen atom of the hydroxy imino group:

153-156

(a) (b)

The removal of hydrogen by some more electropositive
elements like Al, As, Sb Ti, Zr, Nb and Ta etc. may
favour structure (b) resulting in the decrease of C=N
stretching frequency due to partial attainment of single
bond character. Alternatively, this type of lowering
may also be ascribed to the mass effect*®.

The appearance of two C=N stretching bands, one
in the 1660-1630 cm™ region and the other in the
1630-1600 cm™ region in the case of oxime deriva-
tives of B, Al, As, Sb, Ti, Si, Ge, Nb and Ta in com-
parison to the one observed near 1668 cm™ in parent

.oximes is attributed to the probable association through

MON-MON type bonding:

\C-NO —M-O—N-C<
o o
R' R'
CsN-0 - M-|O-N= c'/
" ~N
R n-i

Where n=3,4 and 5
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The monomeric nature of such derivatives in boiling
organic solvents indicates the weak nature of these
bridges. The appearance of these two bands for C=N
stretching vibration may also be due to stereochemistry
of the complex molecule in which the ligand éxists in
two different environments'2!,

The appearance of two C=N stretching bands even
in (RO),_; M(ON:CR'R") derivatives was explained
on the assumption of a dynamic equilibrium between
a bridged and a non-bridged species**:

R
(RO),_,-M - 0 — N = <
\Rll
R
C=N=-0— M - (ORIt
RI'
/RI
2(RO), M- O-N = C,
R"

These derivatives are reported to be monomeric in
nature in boiling organic solvents.

Lr. spectra (4000—-400 cm™) of hydroxylamine
complexes of Co, Ni and Pt having formula [Co(NH,
OH)(]Cl, [Co(en),(NH,OH)CI|Cl,, [Ni(NH,OH),]
Cl,, [Ni(NH,OD),]Cl,, [Ni({NH,OH),]1,, Pt(NH,OH),
Cl, and Pt(NH,0D),Cl, have been studied by Kho-
ritonov and coworkers’®. The spectra of cobalt and
nickel are found to be similar to that of trans plati-
num complexes indicating bonding through nitrogen
atom. The difference in the spectra of chlorine and
iodine complexes was attributed to the difference in
the crystal structure and nature of hydrogen bonding.
Mitkinova and coworkers'®® assigned the important
absorption bands of [Pt(NH,OH),]JCl,, [Pt(NH,
OMe),|Cl,, [Pt(ND,OD),]Cl, and [Pt(ND,OMe),]Cl,
complexes.

Kharitonov and coworkers'®' have attempted to
interpret the ir. spectra of trans-dihydroxylamine di-
chloride, trans-{Pt(NH,OH),Cl,], by assuming the co-
ordination of NH,OH molecule by the nitrogen atom.
Attempts have been made to calculate the possible
absorption frequencies for the trans, gauche and cis
forms of Pt(NH,OH),Cl, and Pt(ND,OD),Cl, models
but no definite conclusions could be achieved.

The structures of various organotin hydroxylamine
derivatives are discussed and postulated on the basis
of ir., n.m.r., mass spectra and Moessbauer studies'2.

Lr. study of Ti[ON(C,H;).]s and Ti(OR),_[ON
(C,H;),], derivatives®® show a shifting of Ti~O and
N-O stretching frequencies towards the higher side.
This shifting was explained on the assumption of inter-
action between oxygen and titanium which may drift
the electron density from nitrogen to oxygen. The
possible electronic change was depicted as follows:

R. C. Mehrotra, A. K. Rai, A. Singh and R. Bohra

CaHg

S 8

(RO)3Ti — 0 — N

CaHsg

Similar shifts®® observed in B and Al analogs were
explained by considering the probability of delocalisa-
tion of & electrons over three atoms, i.e., metal, nitro-
gen and oxygen.

Goremykin reported'®® a platinum complex with all
four coordinating groups different, and out of three
possible isomers of the complex only the one depicted
below could be isolated;

HOHZN\\ , NCgHgNH

- .
CgHgN NH3

A series of other platinum complexes'®® of the type
cis-[Pt(NH,OH)(NH,),|Cl,, [Pt(NH,OH)(NH,)Cl,],
[Pt(NH,OH)(NH,)(Py)Cll,  [Pt(NH,OH)(NH,)(Py)
(NH,Py)|PtCl, and trans-[Pt(NH,OH),l,] were also
synthesised. Their probable structures have been as-
signed qualitatively on the basis of their physico-
chemical properties.

The observance of the shift of C=0 stretching fre-
quency to the lower side and of NO frequency in NOH
to higher side by Shevchenko and coworkers'®* in the
complexes of the type TiOFn,, TiOBn,, NbOFn,Cl and
WO,FnCl (where Fn and Bn are furoyl and benzoyl-
phenylhydroxylamine ions), indicate the replacement
of H from NOH group and the coordination of C=0
to the metal. The existence of M—O-M type chain
structure in these derivatives has also been indicated.

4. Uses

Compounds having general formula R, Sn(ON:
CR'R"")4_s, where R is an organic group, R’ an or-
‘ganic group or hydrogen and R” a tertiary amine
substituted aromatic and aliphatic group or pyridine
are reported to be active’”®° against a variety of par-
asitic and saprophytic fungi, yeast and bacteria. These
are reported to be non toxic and may be used as seed
dressing agents, for protection of banana fruit stems,
leather and synthetic resins against fungi and bacteria.
These may be combined with any plant protecting
agents, preservatives and fertilizers etfc. Some of the
organotin oximes’®”° are shown to be useful as in-
secticides, disinfectants and postemergent herbicides.
Pande'® has reported the use of some metal oximes,
(OPr),M(ON:CMe,), (where M = Al or Ti) as
polymer catalysts and as end blockers in silicone chem-
istry. Oxime complexes of palladium have been em-
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ployed as catalysts, in the manufacture of vinyl ace-
tate®s.

Lead tetraacetate oxime intermediate complexes’®’
have been extensively employed for the conversion of
keto- and aldooximes to the respective nitro-deriva-
tives.

The addition complexes of PFs with certain sub-
stituted oximes'®® are reported to be effective herbi-
cides and can be used in a variety of ways at various
concentrations as pre- or post-emergence herbicides.

Phosphorous acid derivatives'®® having the general
composition

NOY

. ||

Rg Y=PXRR'

R3

(where X = O or §; R = OMe, OEt or Me; R’ = OMe,
OEt, or NMe,; R, = H, F, Me or Me;C; Ry =H or
Cl; Ry = H, 2- or 3-Me) are reported to be active as
insecticides, acoricides and nemotocides. Oximato-
silanes'’® have been found to be useful as vulcanizing
agents for silicon rubber.
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