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Absiract

The syniheses, structures and solution chemistry of oxime- and oximalo-containing megal
complexes have been extensively studied and described in a2 large number of hooks and
revigws. However. metal-ion assisted reactions of oximes and reactivity of oxime-containing
metal complexes have received much fess attention and no general overview of these processes
has been presented. The goul of this review is 1w ANl this rap. Along with consideration of
experimental results illuslrating a rich chemistry ol coordinated oximes. an attempt is made
10 show gensral featuees of some reactions and to systematize reaction (ypes, In order to
provide a clearer picture of diffsreni reactivity medes, possible reaction pathwarys are discussed
and evidence for these mechanisms is provided. 1o coneclusion the article points out certain
metal-ton assisted resctions which {from the viewpoint of the authors) nced more atlention.

Keywords: Coordinated oxime: Osime: Oxine-containing metal conmplex

L. Introdoetion

A great number of publications on oxime-containing complexes appeared after
the pioncering works of Hantzch and Werner in 1890 [ 1], Chugaev in 1905 [2],
and Hieber and Leutert in 1927 [3,47]. Areas covering the organic [5-211], solution
and analytical [22 307 and general inorganic and ovganometallic 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 ol coordinated
oximes and oxime complexes. This omission is somewhal surprising from the view-
point of the intrinsic interest in reactions of coordinated ligands [53-35]. Here,
nietal-ion assisted reactions of oximes and reactions of oxime complexes are discussed
and classified. We lrave not restricted our scope by considering only so-called “simple™
oximes, ey ligands which have merely one oxime group as the only coordination
site, but also have included reactions of vic-dioximes and substituied oximes. Cur
main intesest is in the systematic classification rather than ..n encyclopedic listing of
experimental results. Hence, the coverage is more selecti-e thau exhaustive. The
refsrences provided lead to the original work as well as to subseguent reviews so
that the reader may select the information (o pursuc.

The different coordination modes of oxime and oximato species, depicted in Fig. |
indicate a versatile ¢lectronic distribution within the ligands. This, in turn, suggests
that the chemistry of metal-bonded oximes shouid be rich. The inspection of data
accumulated in the literature conlirms this assumption. In this article we focus our
atlention on the following reactivity modes of oximes and oxime conplexes.

(i) Oximes, being weak oxygen acids, react with bases and undergo deprotonation.
The N-coordination of oxime ligands to a metal center leads to a dramatic increase
m their acidic character und the formation of oximato ligands is favorable zpon
coordination.
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Table 1 fconrined)
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Fig. . Ceordinition medss of vime and simsio specics,

{ii) Oximes behaving as protic nucleophiles towards nitriles, similacly to alcohols
ar amines, involviag the addition of the oxime O -H group to the nitrile C=N bond.

(iit) Oximes belaving also as nucieopliiles towards other unsaturated species. such
as kelones. olefins or arenes. and involving the nucleophilic addition via vither the
O or the N atom.

{iv) Aldoximes being activated by a transttion melai bindieg site towards dehydra-
tion to form a coordinated nitrile. or towards deoxygenation to lorm sldimine
ligands; also ketoxime ligands forming nitriles by elimination of alcohols.

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

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

{viij Mctal-assisted dcoxygenation o form nitriles. azavinylidenes, imines or ;-
imides; alcohols and aminegs being also possible reduction products.

fviii) Metal-assisted rearrangement of oximes 1o amiges (the Beckmann rearrange-
ment}, formation of clathrochelates, hydrosilyladon of oximes to N-silylamines,
insertion of isocvanates and aldehydes into the metal-oximalo hond, ete,
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2. Prototropic acid-base reactions of N-coordinated oximes and generation of
oximate complexes

Oximes. lixe most weak oxygen acids, undergo deprotonation 2t faitly high pH
vaiues. Thus, the pK, in water of 12.4 and 12.3 have been reported for acetoneoxinte
and acctaloxime. respectively [36,57]. However, Bordwell and Ji {581 have con-
ctuded that these pK, values are merely lower limits. Despite uncertainty i the
exact K, constants of the oximes, it is clear that frce oximes exhibit only weak acidic
properties. Grinkerg and Sietsenko [59- 627 and then Kukuoshkin and co-werkers
[63.64] havc established that the coordination of oxime ligands gives nsc to a
dramatic increase m their acidic character. This, in turn, reflects the fact that reactiviey
of oximes changes sigaificantly when these ligands are coordinated 10 a metal center.
Additionally this explains certain reactiviiy modes of coordinated oximes which wili
be discussed in appropriate Scctions of the article. K, valucs for some oxime com-
plexes of P1!! obtained from polentiometric and 'H NMR specirophotomatsic studies
are summarized in Table 2,

Inspection of the dala preseated in Table 2 show that: (i} Acidities of cationic
complexes are higher than those for neutral compoeunds, apparenty due Lo the effect
of the positive charge in the former case: (1) Acidities of aldoxime complexes are
higher by ane or (wo orders of magnitude as compared with 1he appropriate acetox-
ime derivaiives; (i1t} In [P1CL{oxime) L] replacement of aniae ligand (L is NH;) by

Tuble 2
Acid dissociation consiants of platinumi T} oxime comrpleses m water {potentiometiy, o= (377 il
mol-L7h p =03 250+00 0

Complex Ko K- Refs.

-A

cln-L PO, I Me, U= NOH j NH, 1] OO < 677 Thi3
cis-{ PECI, {MeCH -NOHENH, 1 T 0 = 1O 631
civ-[ P1Cl, (Mey 7= NOH j Me, 5O 1o tQ® f631
trans| PUCEA M€= NOH Jt Mo, SO0 (0=} 107 [64]
Cise[ P1CL, ¢ MeUH = NOH j( M, 504]° l=l07F [633
irans-[ PLCEL{MeCH - NOHH Me 5001] (A ELRETR I [64]
il PUC], [ Me, U =NOH G 174 20w BT 3609107 [621
gL PyCl, [ Me,C— NOH L (#6200 .107 (4110100 1613
cis-[ PiBry [ Me, 0 =N0OH), ] (9.3 1 L0 30 7 23 0x WY [627
irons-{ PABry {Me,C— NOHJ,] (14 VA 47+ L3 A (621
cig-[ PtiMe,C = NOH i NH, 1] ClL (27 =02 b T3 EO8 210 ? [543
trapn= Prebd o MO LN ICL B (R PTR [ R VD Qe 107 E 13497
trans-f PuMeCH = ROID i NE 3,101, 2020 7 17R23+048)x 1077 F3e]
eis-[ PUMesC=NOH ) (NH 1B 01 29x167" mH determ. {507
rrans-[ P e C - MO O 0L Jdw 16" 441078 [£40]
[PICI Me O = NOHYL, IO {28+01)x10 ¢ (422024 i07F 1]
| PE{Mue,C = NOH L ICL® {3302y g0 19£02)x 107 £61]

[P eCH=NOHL T [L3+9.4)= 1077 AR IERER I (3]

® Srandurd deviations are not given: ® 'H NMR study: ¥ K; — 082001 107779 Ky =11 =2y 5 1%
KL =R A02 077, Ky =12 T 203 % 10710
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dimethyl suifoxide (L is Me,S0), which exhibits strong m-acceptor propertics, leads
10 an inc;easc in the acidily constants of coordinated oxime ligands. Substitution of
Cl for Br in [PtX,foxime}, J pives rise to a slight increase in acidity.

The increased acidity of oximes upon coordination should be taken into account
in symhetic experiments. Thus, Stetsenko et al. [617 attempted (o prepare
[PH{Me,C==NOH},J NGO}, viz chloride abstraction from [PICl{Me, (=
NGOH)RICL by twe equivalents of AgNQG,, llration of AgCl formed followed by
addition of cxcess oxtme to the solution, Howsver, instead of [Pt{Me,C—
NOHIITNO,], they prepared a compound which comains two deprotonated
oximes, e.g. [PHMe,C~ NOL(Me,C=NOH), ] This complex reacts with excess
HCI to give [Pi{Me,C=NOH),1C,. [a tom, upon the addition of (wo equivalents
of NaOH to an agueous solution of [PUMe,C=NOH),1Cl,, the oximato complex
{PtMe,C=NQj{ Me;C==NOH ), | is regenerated and precipitated.

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

The addition rcactions of {ree oximes often involve processes in which a variety
of reagents add to the polarized C=: N deuble bond, e.g. nucleophilic reagents attack
the carbon atom of the azomethine linkage. N-coordinated oximes seem 10 be cven
more suscepiible to the nucleophilic attack due (o additional polarization by a metal
center, However, clectrophilic 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, Addirion of oximes to voordingted nitriles and vice versa

Natile and vo-workers [65] have investigated the reaction between 3.3-dimethyl-
Z-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, cg [PdCL(PhC=N{'BuMeC=NGCH)] and
[ PACL{BuMcC=NOH). ]. These 1wo complexes spontangously underwent further
reactioh with the formation, inter alia. of the dinuclear metallated compound
indicaied in Scheme 1. Apart lrom the above mentioned species the authors iso-
lated the product of additon of the oxime to coordinated PhC=N-
[ PACL(NH-=CPhON=CMeBu'), ] (Scheme 1)

This reaction involves a formal onime O-H bond addition o the nurile N=(
hond {Scheme 2).

This process is similar to the known [55.66] nucleophilic additions (o nilrile
ligands of other protic necleophiles such as alcohols or amines. However, it should
be noted that the concise form for prescntation of the weork [657 does not give
answers {o cerlain gquestions. Thus, as a general rule, organic ligands like
NHE=CPhON=ChMeBu' form stable 5-membered rings with the metal {see Jater)
and it is reasonable to assume that the formation of a Pd chelaie should tzrminate
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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[PAZiFRGHY] + BukiaC=hoH

—‘Ph!‘]_n-
|
{PACI{PRCN) BuMeC=NOHY + PGz 'BuMeGaNGHY,] N

E.—snr_‘l

1 {'iJH
e Ma
el My
W e
N; \C' - We
Ma” T 4 e
(9]

— {PECI INH=CPRON=Ctde Ry

Scheme 1.

>c=N v Mp-NSC—R
o]

[M]—H\\ r
E—-O—N:C\

Scheme 2.

Fairly recently Grige ef ol [67]1 huve reported the iformatly) reverse reaciion
between a coordinated oxime and a nitrile. The aulhors studied the conversicns of
the axovanadium{IV} aldoxime and ketoxime compleses under treatment with vari-
ous nitriles {Scheme 3).

The praduct of one reaction. [ VO, {C H (OWTH =N OC{Me)=NH!]. has been
structurally characterized. There is no evidence thiat ithe novel ligand is produced
frum a direct combination of the nitrile with the oxime. Therefore, a metal-ton
assisted mechanism for this reaction was suggested. I is believed [67] thai the
mechanistic pathway of the reaction invelves initial coosdination of RCN to the
oxovanadium(1V} centre, prior to oxidation. The loss of an cxime bidentate ligand

H—0 g
.'. \\
o 9 N 4
I I
N \/#{‘T R
R R / \"~0/J\,/
A *
: O—HKH

Scheme 3
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foliowed by gdditzon of the oxime-Oh group goress e O 2N bond carry on the
process, Tha sature of the ovadant for the VWY centre remues unztucidaied.
3.2 Addition fo keiomes

Flae plazinumg i) compicaes franse PIUCTIRRC- NOL T whore B=R7 = Me,
RE - (CH Y aned 1€H by, reace with m-chloraperoxybenzoic acbl in MO0 1o give
the platioum{ 1V compiexes | CTEO0CALON - CRIELT L68 ] (Schome 4.

A possible explimation s that the reactions stwdicd procesd via steps ol eatdation
of P by sechloroperonybenzoic acid and coordination of acctone mofecules Lo fwo
vacant sites formed on PP POY oxidision. followed by rins-dosure with neighbaone-
ing oxime ligands

A3 Addirfor te coordinared olefins, alfene aid nrene fgands: vencrions of alf vlation
hred i yhitiens

Oximes are ambidentate nucisephiles and their alkylation and aryiaton have been
extensively sinelicd i organic chemisity snd we well-dovumented [ 093, For instance.
it i known that alkyiabion of oximes by aliyt habdes preferentially gives O-aikyt
cthers, whereas Nealkylation is @ commonly occuring side reaction. Examples of
alkvlation or arviation mvolving melal complexes wre scacce. A reaction ol this type
was reported for the fiest thne by group of Japanese workees [ 70,71 ] whe examined
the conversion of . f-vonsaturated oximes indo isoxasoles. Tt was shown that
HON==C{RN-C{R* = CIRMI (R Ry are Ph, 7 s Hi R is "Bu. B s . R s
P RYis PRy RZis Me, BT B P8 ase translormed iuto isoxazoles by treatiment with
an eguimelar wmount of { PACLPPR ] in five presence of o ive-feld excess of
MNaOPh i benzene under relluving conditions {Scheme ).

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

LM . a
Me W
CI)H R @L Me .. C!Y
GI\P._rq:AH. ity 0. i N-g
R E}__:.\Il/ “\Cl e |‘xo ‘tivhk‘
- gn LA
Nl
i

FR = (CH3; AR s,

Schame 4.
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Sebenge 3

of the paliudivan Shuck fiony the reaction miuve. The suepesied machanism of the
regction involves badeniate coordmation ol ibe oxames vig therr Neatoan and oledinie
groun, followed by electroplnbic acuvalion of the €O meteny and its suhscguent
mitamuotecsla necleophilic atieck by the oaveen stoon

Baker and Nobis (72 ] have shows dhar i the Td-catalvzed reaction of oximes
with butadiene. alkvlainw froeods gt eliher vxvmen or nitrogen to yreld ovime
athers wird savtenes, the o oo mwith excess of butadiens 10 give Nealkvlaled
senarolidines (Schems o)

The authors [727 bheiewe ¢ e crhers avise Fom the rexction of the oximes
with mallvipalindmm intermed @ frrmed in sita.

Show and co-workers £73] studied the addinon of acetuxime 1o the aliens in ofs-
[ PO H M PMe, PRI The overall provess w de v

ted 1 Scheme 7 and invojves
nucleophiliv attack by nitrogen. 2 13 livdrogen shili. and ring closure. Strong
clectrophilic properties of the allene i the starting compound us well as (he pucleo-
philic character of the oxinse drive this reaciion (Scheme 7L

A
'
R weG gy TV
RO e e
P

AR amrs M ke Biee S

3+ &
.
o g Ao Gt
(R _a
B ———— ‘< =
R b
o—
T R
E'¢A7 =uned Falme |

L

Scheme 6.
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Phite. P, i M Phlie P |
e R+ HON= >P<C
g.|/ Gi Mo T el o
//c’ L—N,
MaC H }_M@
EAL
m—m
Schieme 7.
Mg
b Qpi=mr,
< R =N ¢ HCH Al hie
“1\ T el F"T,\
CrCO CrilHa

Scheme £

It has been reported [ 74.73] that halogenarenes in {[3™(RN XICH,  CriCON, ]
(where R is H, Me, OMe X is F, Cl in different combinations) clectrophilicaliy
activated by the Cr{CO}, moiety, react smoothly with acctoxime under phase-transfer
conditions io afford the corresponding O-aryloximes in ¢ood yields (Scheme 8).

This reaction can also be viewed as a nucleophilic subsiitution at coordinated
arenes, Again the reaction was promoted by the electrophilicity of the coordinated
arente lizand and the nucleophilic properties of the deprotonated oxime.

4, Dehydration and reneration of free and metal-bouded nitriles

Oximes are starting maternials for the synthesis of nitriles via dehydration for
awdoximes or C-C bond cleavage with concomitant elimination of ROHM for ketox-
imes. Reactions of this type are well-documented in the crganic chemistry of oximes,
and vsuaily require stringent reaction conditions. In coordination chemistry, addi-
tivrsl—and sometimes the majn- - driving foree for the conversion of metal-bonded
oxines into coordinated nitriles is the high stability of the tetai-nitrile bond fosmed,
Ap elegant examiple confinning ihis statement ha been reported by Guengerich and
Schug 761 They have shown that the reaction Fetween the ruthenium( 11} complex
[RuiINH; s(H-0)]? and the ketoximes MeRC=NOH, where R is -Ct=0)Me.
-C{=OWPh and -CHIOMPh. has the overzll stoichzometry

[Ru{NH;)5(H,001 " + MeRC=NOH (n
[Ru{NH,)s(N=CMe}]** + ROH + H,0
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The authors believe that the reaction proceeds via MN-coordimation of the oximwes
to the ruthenium center, {oliowed by sponlancous carbon-carbon bond cleavage,
elimination of ROH and stabilization of the nitrile complexes. This reactivity mode
of coordinated oximes provides unambiguous evidence for the abibity of Ru' 1o
promole increased unsaturation af bonded niirogen atoms. a phenomenon generaily
attributed 1o sirong back-bonding from the fied ad srbitis of Ru” to the emply
7* orbitals on sp’- or sp-hybridized sluogen. Sdditions! msight into ibe driving
forces lor the formation of metal bonded nitriles cais be <twined from ihe reastivity
of O-alkyl aldoximes. Although the reactvity modes of these oxime derivatives are
formally out of the scope of this review, the followmg paragrapk s relevant in
connection wilth the dehydration of oximes. Thus, foHowing ihe appearsnee of ths
previously cited work [ 761, Geno arnd Dawson [777 reported ihe reaction hetwesn
FRuiNH;){B 017" and the O-alky] aldoximes RON—=CHR' (R is JMe Eu R' s
Me. Ph)

[Ru{NH,}(H,01** +t RON=CHR'— {
[Ru{NH; )« (N=CR']}*"+ ROH + H,0

i

The authors { 77] postulate that Ru'' is back-bonding to the O-alkyi aidozuae via
the nitroger: alom of the oxime. The back-vonding prometes increased unsatnration
on the bound nitrogen donor atom. thereby faciiitating ruplure of the oxinm N-O
bond. Further strong driving force is the conversion of an sp’hybridized oxime
nitrogen into an sp-hybridized nitrile nitrogei.

Osmiumi1l) centers have a similar pronounced ability 1o bind nitries, Werngr
atd co-workers [78] observed that when the hydride complex [(4%-C.H,)
OsHI{ PMe'Bu, 1] was treated with AgPF, in the presence of HON-=CHER (K is Me,
Ph) dehydration occurred and the nitrile compound was lormed (Scheme 9}

The produci [(*-C Ha)OsH{N=CRHPMe'Bu,]I[PF. ] was alse cobtained in
independent synthesis via hatide abstraction from [{#°-C.H,)OsHE PMe'Buy)] it
the appropriate nitrite {Scheme 9).

Attanasi ef al. [ 79 established 1hai metal-ion assisted dehydration of aidoximes
is of synthetic importance for the preparation of mitriles. The awthors [79] described
a catalytic method for the conversion of the aikyl and aryl aldoxnines RCH =NOH,
where RO a-CiHps. -CgHpe, PRCHL.CH,, PhCH=CH. Ph, 4Ma-C.H,.
4MeO-C . H,. 3NQ,- C,H,, to the appropriate nitriles. The procedwre consists of
heating the aldoximes in boiling acetonitrile in the presence of & catalylic amount

=}

@ @ "‘!’ZF'F-JI

I\w///

AGEFy

Schame 2



wark-uph th
2HLO wnd

r:i}m_: alions

e gy

IR forihe

rsion, 31-.{:\.1 Bn i
. involve

w i:g’.::.-,. aind

diminatian
iaf Ry and compleies
fmr Al 45 20 ofBos

AONHTICS ,-‘\i'CH =

2k %wu nat confirmed exper m:,mJ’“ C?arkfe
araiio:! of n,c c..[\,["]u! 2 '“rm"pgex::

c*owg"' 25531 ‘.nu formation of
-""iqu.iilon and peneration of
faci, moth aldimines and viteles wero

e

mitries was reporied. atiention should
1o thermal reactioay of oxime-canlnning com
ind Horophelies [82 7 desonined the therma! deo N“})Er&u—
varyloxime comgplexes of Q. N and Pd¥ ghudied by
s-ipectrometry. i was found that the coprer commpiun
wist b pickel and palt .1G|l m compounds of
N Ofrzei-Kohzn
":t:’-ic:d!l!:
cf‘;ird»’.ifzi’ and the mitrilz cgmngd
'ﬂ_lc:rtr_maten zpart z’r"r‘ satisfactary

suppoding e aludle squeime were

tion af variows 2-hydy
DTA TG method and
i< ; '

u:‘.d i

T
2::::“ ]! r:as bcer; shG"‘."

ABON=CHR:

nrantiond

hr“

9.

eared

Kukmeakin e ul
[PICIIRRC

l‘i" i b




B ""in{r"} 2t

i P i\




s AFA QYRS I 62

raa
i

ds

The same prosess in DMvE &
oxideiion state remainy 1he same,
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the [ PAOPPR, L complex. The reaciion (s st and highly efficient 1o produce the
corresponding ketones. |1 is enticipated thar the prevess foliows a .3-dipnlar cveload-
dition path ‘Scheme 140

Urnfortunalely. no datz supporting s mecnanism were given and the oxidation
fate of the oxime nitrogen was not elucidated. Nevertheless. the above mechanism
seams 10 be reasonable Irom the point of view of recently described addition reactions
of extmes discussed in Section 3

6. Rednetion of oximes
6.5, Deoxvaenarions involving metal carhentls

Muaat itkely. the initlal impetus towzeds the investipation of deoxygenation reac-
tans of oximes promoicd by homeieptic transtlion metal carbenyls was given by
Alper und Edward [ HdF who. sseariy as 1970 siudied deozygenation of nitrosophe-
nels (=quinonemonoximes! by FetCOl. They found that p-yuinoaemonoxinie is
raducad npder weatment with Fe{CO), giving 44 -dihvdroxyazohenzen2 as the only
iselable product. 3-Methvl-d-nitroso-2-isopropylphenal. which exists almnst exclu-
sively i the quiionemonoxime form. reacis with FefC O 1o aford S-isopropsi-2-
methyl-Ld-benzogquinone as the deoximation and S-methyl-4-amino-2-isopropyiphe-
nol as the redugtion product. The authors esmtied that the reduction products arise
from deoxyacnatinn of the corresponding nitrosophenols by the iron comples,
Luter. Charalambons and co-workers [ 1151 demonstrated deoxygenations of
I 2-nuphthoguinore-2-nxime {1}, L.2-naplnhoguinons-i-oxime (2} and S-methos -
Li-quinene-2-oxime (33 with FeiCOj, in refluxing eirahydrofuran, Along with the
irond 11 quinone smonc-oximato compley the avthors isolated some organic producis
of the reaction {Svheme 131

Thus in the reaction of 1 with FetCQ). amino-N4 Lhvdrone-Z-naphihyin.
i d-naphthogquinone  deimine and  S-hivdroxy-dihenzo{ b Iphenazin- [2{6H )
one were dentdied. For e reaction mvelving 3 the predeminant orgsmie prod-
uel turmed owt to be 2-aming-7apethony-3H-phenoxanin-3-one. The compiexity of
the mixture of orgamnic products from 2+ FeiCOy hindered characterization. The
authors [113] accounted for -uz 4, pearance of the sbove organic products in lerms
of deoxvgenation of the proionated ligands to give tine “gquinonzimine==nitrene”
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Intermedizte (Scheme 13) followsd by hydrogen zbswzction and or
reactions.

[t was also reported (1157 that in the prosence of amlir;& both bapd 2y
Fel!CO): 10 generate the iren{ll) quinone mono-sumzic commies o
produci. Romarkabiy, other compleses. € and D were fsolzraid {rem
mixture { Fig. 3). Both of them contain cieloting ligands with denaveenatest nitre-
acn atoms.

[Dordoni and Barbare {1167 observed deowvzenation of nw
Mel24.6-Me O HL)C = NOH, which—in vontrast {o grc‘-’iou%i}
miopoximes---does woi  lnmenmerize too the corrcspendinu
Reaction of the oxime with FeiCOL in refloxing THE pro
mine. Mel 246-MeC H W C—=NH. The jatter was isciaied
03%, vield. Nitta and co-workers [1177 studied 5
RIRXMC=NOH (R' 'R" means Pk Ph. Me Ph. MeCH.CH-
FelCOj or Fe)tC0, in ankydrous methapni at & C.
proceeds via the lormation ef the imines RIRFC=NH F'\'E'Meu ty theiy avd
with O which iz considered to be one of the rese jucts, After worl
coiresponding ketones were solated zs the unal p:
transformalions.

The deoxvgenation of katoximes 1o imin
co-workers [ 118}, They showead  hs
M- NOLIMe.C=NOH L] as a catalyst, acsion
po give #oaminture of A4S eirahydro-2 2 44 e
NH, . The aulhors arpued that !hc
Acolong onimg 0 the unsia

"'I.U.'l e \.w‘\
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decarbonylation to afford ihe imine M2, C= NH followed by s trimerization, with
climinztion of NH; (Scheme [6).

The authors {118} proved the mrenmediacy of the bmine by carrying outl the
znalogous reaction witiz PhMeC = NOH, which gives the stable imine PhMeC= NH.

The deoxysenation of aldoximces involving other metal carbonyls proceeds in a
different way. Thus, Kancda and co-workers {119.1207 have studicd the catzlytic
deoxygenation of various compounds contzimng N-O bonds including the zidoxinies
listed in Table 3. The protesies were carried out under waier gas shift reac-
tion conditions {8 aum. CO+H,Q. room lemperature} by use of the catalvtic
system congsgng of  the  rhodivm custer Rhe(COjp and  N.NNN-
tetrameihvl-1.3-propanediamine {TMPDA). After completion of the rezction, the
liquid phase was analyzed by chromatography, and the resulls are swinmarized
i Tabie 3.

[nspection of the datz presented in Table 3 shows that all aldoximes studied,
cucept PECH = NGH. were selectively deoxygenated to produece the appropriate
nitriles (the Formation of bitriles {romt oximes via deaquation fas aiready been
described above in Section 4). I is believed shat benesidehyde oxime afforded
PhCH,OH 25 the mais product. because of its faclic hydrolysis to PRCHO ander
the reaction conditions. I general. alechols formed in the reaction onginated from
hvdrolvsis of the oximes [ollowed by reduction.

The authers detected CO: and H, among the reaction products, and concluded
that the overzli process is deoxygenation tather than water abstraction

Bt i,

R-CH=NOH+ (O ——— R - C7 N+(CO,+H; ‘

Lok

}
In contrast 1o Rha{COhy,. ruthenium and iron carbomy! clusters, ez, RuyiCo),,
and Fe{CO)s, showed poor catalylic activity in the deoxygengtion of aldoximes

Fable 1
Substeates prodiucts e rwaction of svopes vail RO, TMPRA @ e proweney o (0= 1O

Suintiate 5 %
Afellld - NOIT
ErCH < NG
CvCH=NOH CelTH AN 32
PRCH = NOHi - ; PHCH-CH 73
PROC-H.OCH=KOH PR H O NRG Pl H-OH 3

EuaH 11
OO
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(1197, Nevertheless, it has been found Szier {3217 they Ru 00 - oxhibits high
catalyte activity for the deoxysenetion of varnsus ketoximes 1 he correspond
ketimines under carbon monoxide presssre (Scheme 171
The reaction gives the ketmines R B.C=NH (R, &;
Ph-Ph, 4Ci-C M, Me. n-Bun-Bu: R, R, mEans CH:‘T‘C{(“
solated in T0%%-100% yieids. Other fransition metal cos
Re{CO),{PPh, ;. F{:{CO}: and FetCOy, shovwed z
RuCL{PPh,); and RuClyeH.G wete inactive for the Wien
Rhg(COy;y and CoatC; were amploved in the conversion, e s of the
formation of ketimines were low. YWatanabe and co-workers { 121] did vot siud
mechanism lor the deoxygenation. However. they observed that O-benzyi ¢
wtong oxiine and O-aceryl acutophanons oxime do not react under the sama
conditiops. This finding led the suthors 1217} 1o e concleshon that 1he
of the reaction involves the cleavage of the ketovime C-H boad
Recentiv. Walanabe's group [1227 ssivhlished conditions [or the Ru {00 -
cataiyzed conversion of aldoximes into Ihe: appropriste imines and then to ninls,
When the reaction is comjucied in the presence of allylic compounds, the Iminss
formed can be vapped as their N-uilviated derhvatines having the C=N bord,

v e

opiophe-

<0Hon

» indtial s

6.2, Formation of woarinviideny complexes
This type of reactivity of oxime complexes was discovered by '(ersl;‘i' and
co-workers {78,123-1257, and zHowsd the fiest preparation of ¢ 5,.18111_—
meaial complexes, The a)ixl!; sis o) e inylidey UL BN
CHJO = N = CRRUPMI B I PE] cun b ol b the oeesion of the
Sydride Hn- C HAOsHTPMe Be, ] with the aximes HON--CRE (R R means
PLPh, Me Pir. Me Me: B R means cyclchexadiylt in 1he preseate of AﬂF’Fb;
halide-abstraciing reagen: [783 The procass proczed: e b
fr-C HOsHIHON = CRRTK PMe'Bn,i3l PR which were &
of CRR means CMe, and © '>hcxad"w The ouime-ct
further wille ALY, with abstrection of water to &
X-ray structre anaivsis of [{57- CHAOs(=N= g
alleng-like arrdnzement of the ligands and substiucnts are wd the O\H,‘v—C u"t
1 Fig. 4).

Rutheniom azavinyiidencs. [¢7-C Me JRui=N=CR 3 PR;z1{PF,] (R'PR,
means e or Ph Phie. or PMeBug wcr: prepared by the same rovic starsing irom
the hydades Ho®- C Me JRuHCH PR, Di267 (Scheme 187
The syathesis of szavinylidenemsnl mm; feses oan e oarniad oui by an alternative
way, Thas, the reacton of Jin" O HORuCLi PP LT with NaON = CRR (RIK
mrems Me Me. PhoPh HoMe, Me'8u o in the presence of KPF, atfords
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Scheme 12

oximaterutheniomi§{) complexcs, one of them has been structurally studizd
(Scheme 193 [1267.

The oximate f(5*-C Hg1Ruiy® ON=CRR'YPPr;)][PF,} reacts further with
HN=CPk; via ligand exchange 1o give the azavinylidene complex {Scheme 19}

0.3 Furmation of imine and js-finede complexes
Ketimine complexes were first isolated by Fischer and Knaufl [127]. For their
preparation the anthors explored the novel reaction hetween the carbene complex

HOCLCr=CiOMeiMel and the oximes HON=CRR' {R:/R" means Me/Me,
Me'Et, EVEr Me:Ph. PhPh: RR' means {CHy),. (CHalk ) which affords

@:‘2 TRl
: {

ﬂh TR s T Yy

.
.
o~

H

Scheme 19,
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HOCKLCHNH-=CRR'J]. Aliernazively. imine complenss were later obiained {rom
metal carbonyls and oxtmes. Thus, the rungsien complex L W{COR THF Y in e THF
sofution reacts with aliphatic or aromatc ketnmimss snd sidoxmmes o
approprizie koimine and aldimine complanes TWINH - CRR OO i
yields {817, The authors {817 recognized that the mechansm of t}“.; r.::.LI-.,J'“:
unciear. A bilasiced reaction of the starting compies and an oXiine reguirgs ox ivgen
as 2 product. for example assuming oxygenstion of coprdinaisd TO and <l
of CO,, However, it was aiso demonstraled thal methy! 1T O BXImEs Teadt
[WICOLITHF )] ia the same wav as the pareni osdnes o Res aod other obser
['1287 probably rukz ovt the comunon machanism 1797 for ¢ i
donors by metal carbonyls.

Floriant and co-workers [ 1307 siudied the reaction of [CpCoiC-Hyi d henzo-
phenone oxime. PhoC= NOH. in toluens &1 room temperaiure. The process procdeds
prestmmably through a preliminary oxidative addition of the O-H nond o the
metal. and feads to the formation of thepsimido Co-Co  complon
[$CpCota{p,-N=CPh Hpu.—ON=CPh, 13 with evelution of ethylene. A plavsini
mechanism for deoxygenation of the Ph,U=NOH ligand involves three principal
steps: (1) oxidative addition of O H 1o cobait{l). (it} addition of the hydridz licand
to the unino functionality, and (i1 dehydration of the hvdrosehnoine bmenmediste
(Scheme 201,

Acetoxime  reacts  with  the  bis-acetonitrife  osmjum compound
[O05{CON e MeCNEL] o give thejs-oximate claster  [Osip-Hijp-MeO=
NOWCQ),.] formed via oxidative addition: of the oxime with O-H bond cleavage
{131]. The authors sugpesied & possible roue for the Tormation of this cusier with
the oxime complex [Os;fCOiMe C=NOH} being an ntzemediaiz {Scheme
213 A range of clusiers r_Osjr;i_:—H;{‘::J—s_u:!‘r:a.:.n;:(.()}-,.-.,} WETC
analogousty  from  [OsiCOy i MeUNY. ] and  the  oximeos 2
C:HC=NOH, MeCH=NOH. PhCH=NOH and NH.CH =NOH. 1t wis alse
established [1317 that [Osgip-Hiln-Me,C= NOHTO, L] leamerizes w1 230
in boiling ocane e the gy-imido cluater [Os, -0 H ey Me,C =N TG, ] prob-
ably via be oxime Intermediate (Schemelln Xeray  stroctures for i
{Ois{jb"OH i’”‘—’\-k_»C—fN}iCOhe} and TOs;iu; ..,m—\I.. Cv—-\O:{COJ .
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but bond lengths and angles indicats tha! it bridzes Os atoms bonded (o the oximalo
Hgand tSchems 210

Thus, the overall process can be considered as deoxygenation of coordinated
oxime with the farmarion of the u-imido cluster.

6.4, Reduction of oximes incoleing low and medium oxidaiion state wi el ions

Apart from the above mentioned low oxidation s:ate metal carb.onyis aad owher
organometallic complexes. 1norganic complexes or metsl lons with fow or medivm
oxideiion states can 2lso behave as reducing agents of oximes.

MeMurray indicated in his review [132] that T3 compounds are mild. specific
and effective reducing apems. Tianium has @ strong affinity for oxynen and this is
partly responsible for its remarkable ability to deoxygenate (reduce) nitro- and
nitroso-conypourds. aromatic and aliphatic N-oxides. szoxy compotnds and. finally,
oxjrpes. The first reduction of oximes was carried out by Timms and Wildsmith
[133} when they faced the problerz of conversion of the complex antibiotic ervthro-
mycin into eryihromycylamine. They chose ta examine the action of buffered. aque-
cus Tilly on erythromycin oxime. The progress of this reaction was rapid and
erythromicin iminz was obtained. Rematkahly, Ti% had efected a deoxygenaton
but had nol reduced the axime C=N bond. Since imings formed on dessygenstian
ate easify hydrolized 1o pive the appropriate ketones at tow 1H values, the react.on
15 also useful as 2 mild deoximaltion process {Seiweme 220,

Among other works on reductior of oximizs by Ti'"', atiention should be paid 1o
{i} the report of Tuck and ca-workers [ 1341 who emploved elecirochemically gener-
ated tilanjvmd HI} species for the reductive deoximation of acetophenone oxime 1o
afford the parent Ketener (31} a paper by Barton et al. [135] where reduction of
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varjous ketoximasg pei

o anhydroens ttEnipe ‘.-!15; areinie
forric-scetic annydride was studied {i reaction » :
{iiti a muld and convenient progedurs {or i"--* redBctie
singe step involving treament of the oxime with aguec
Nez{BH,CNI{i361

In concluding Section 6.4 we pois fnzt the s
achieved using low oxidaiion sizie sameriumi i .
vanadium(H) {1427, cobalt{1t [ 1427 and viamuom: H [ HEE-[387.

7. Miscellareous reactions of aximes and oxime compleves

in this Secnon we have compiled matenal which does aot hek
described above.

The mest famihar and exiersivaly inv :
the azowmethine group s the Beckmann rearrans
amides. Usually. this resction proveeds vnder the cata C
acids. Metal icns, Hke typical Lewis acids, can aiso pmmoie the
Howsver. cxamples of metildon assisied Boechimans rearmangeman?
so far. Thus. Zhdanov et al {14773 have stagdi
rearrangemant of ine aldoximes (R o H.
{Schemea 231

The preparative method consists of heat
a4 3:1 molar rato in diovape at
extraction of the amides with e
Tn" authors fhf] reporizd 1

wediztes of the reaction
ca-‘-.&'orkers {1487 demonsiraied th
in henzane with ooetoxima, Me.C= \OH gives e !
TRaCL MaCONF Mt reguestively, It 1s peliove
hgand comes from the Beckmas
the reacton has not been
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PhhteC = NOH prececds via the Beckmann rearrangement and gives the appropriate
anilides, Ph-Ci{=OINHR (R s Ph. Me) [A5]. However, the aliphaiic oanes
Me,C=MNOH and Me'BuC —=NOH did noi undergo the rearrangement, and in both
cases the ctarting materials were recovered from the reaction mixture. In conlrast,
the aldoximes ArCH=-NCH oud PhCH. —NOH were delivdrated inte the corre-
spoading nirides {807 tsee Seclion 41, The hydrosifyiation of alkyl aryvl ketoximes
with H,SiPh,. in the presence of [RhCl PPh; 1. ] 45 catalyst. gives the corresponding
N-silylamines via N-silowyimine intermediates [ [4% 1517, Although a possible mech-
antsm of the hydrositylation was seggested. the réle of the [RECH PP, ] 15 not
completely understood.

Triatksltin oximaww compiexes, R SnONCCH,, undergo insertion reactions of
aryl and alky! isocyanates R'NCO and aidehydes X,;OC{--OMH {X is CL 8r1 {152]
(Scheme 243,

Additions of this type are well known for both organotin {133 ] and organic
chemistry [1347].

The lone electron pairs ¢n both nitrogen and oxygen atems enable oximes {o act
as muitisite Hzands and coordmate to differont micial tons. In this review we have
not considered reactions of ric-dioxime complexes with Lewis actds which generate
clathrochelates, multicyelic hgand systeme that completely encapsulute a metal ton,
From our viewpoint these interactions may be considered as a complicated type
ol substitution reactions and their analysis is not a goal of the article. However,
one example van be cted in order to show the diversiiy of reaciivity modes
of oxime complexes. Thus. the treatment of **TeO,”~ with dimethylglyoxime and
tintll}) chionide in a EtCH/BCH mistere leads 10 the tin-capped complex
[Te(DMG L -OH1SaCl, T 11557 The X-ray structure of the finat compound was
sofved bui the H-atoms weie not localed (Fig. 3).

Other reactions of dioximato comploxes with tnclVy) [1367 as well as their

o
RSSr-—O—N=<:> -ENED, e —g—O—N—D
L
H
Ree-n—o—r.-mQ sty F‘l:,ﬁ‘\—ﬂ—él—o—h’ﬂ'o

Xy

Schems 24,

Fig. 5. Structore of the final compound.
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inieractions with titanmm(IV ) [ 157 aluminwmfill) [
horon{HI1) [ 160-14627, und silicont1V) compounds [ 1637 have alse been studied,

BRleaupré dnd Hol!a.ld have investigated the sxtraction of H, | P14, 1 frein aqueous
solutions of low pH by methylethyiketone oxime and 4-heptanone oxime {1847 The
efliciency of this extraction ureed out to he ptl dependent. Moreover, in very seidic
solutions, PUY species ase reduved 1o give P1" species. The naturz of the reducing
agent was not clucida of. hat sbe avthors sugeesied the ocewrence of hydrolysis of
the oximes followed by reduction of Pi™ by NH.QH formerd in s,

3. permanium (V4T

8. Conclusions

The information discussed in 1his article <hw.s that the chemistey of oxime ligends
and oxime containing meial comnlexes is inpressively rich. Despite 1his {acl only
very few systemnatic investigutions related ta the metal-ion assisted reactiviry of
oximes have been reported. Among others, some aress, whick from the viewpoint of
the authors, need {uriher research are lisied here.

i) An improved understanding of the retationsiip betwoen the coordinztion
modes and reactivity of oxime ligands and:.or oxime complexes s crucial for a
broadening of thought on ciime chemisiry. In this respect. theoretival and compuia-
tional methods should be deveionzd to predict the structural requiremoits for one
ar ancther reaclio.'ﬁ 10 [2ke place.

{ii} I is well decumented that <-bonded oximes are subject 1o deprotonation 2t
fairiy low pH values. Nevertheless. all thess studies were curned oul without spess?
investigutions of possibie structural changes. e.g. N — G isomerization. Worksin ilus
direction would give a wsefel information.

{iii} Two reporied examples of metalion assisted addition of oximss 1o nitnifes
and vice versz provide 4 route for the preparation of a new type of unusoal chelates,
However, the mechanisms of these procasses are not yet clear, Thus, there are not
enough data to judge whether reactions provszd wvia additien of am oxime 1o 2
coordinated nilrile ar via addiion of a free atrile 10 a coordinatsd oxime Hgand.
Lindoubredly. this information would be important net only for the correet chiotee
of star.ing matenals and ieaction conditions. but also for predicing the occusTence
of other meta:-: n assisted addition reactions of oximas.

{iv} D.ﬂa diseussz! i this review show that meial-promoeted debydration of eximea
species feads to nitdes, I teen Sodeeion of coordinated sitriles docs not regenerats
the corresponding oximes but mves ring o carboramides. Thus. studies an svecssive
dehvdration of coordinated oximes and kydration of the corresponding nitrile ligands
may apen up @ broader pathway for coaversion of oximes into amides.

(¥} More attention needs to ke focussed or oxidailons of coordinated oxinme
ligands. & few reports have shown hai these reactions give rise {0 unusual and fittie
explored ritrosoalkyl compiznes There is still some groundwork 1o be done in this
ficld. as dvmonstrated by some »yeibeuc, sirociural and physicochemical reports,

ivi) The current level of understanding of the deosygenation reaciions by metal
carbonyls is far from comploie. Onvimes ax oxvygen dorors qre different from many
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other oxygen donues commonly employed for nucleophilic oxygenailon of metal
carbonyls, for example from rimethyiamine N-oxide, duc te the availability of a
proten at the © atom. This may icad to different mechanisins for the deoxygenation.
Future research could well be aimed at improving cur underatanding of the mecha-
nistic pathways involved in the above discussed processes. Kinetic studies would not
only provide valuable fundamental inforimation. but alse give further impetos for
the development of new synthetic meilioos for the preparation of a variety of
complexes starting [rom metal oxime compounds.

{vii} Electrachemical studies of oxiime complexes have not yel been develaped in
spite of the recognized interest [ 1637 of elecirochemical methods for the understand-
ing of the electron donorfacceptor ability af ligands and their activaiion by electron-
transfer 1o further reactivity.

Certainly, there is still a goed deas »f pre 058 10 be done, and it 15 hoped that
this review will stimulzie inlerest towards nigial-assisted reactions of oximes,
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