
ANO 
BlPl)~ 
2,4,6-CNO 
CNPNO 
DBNU* 
DPNCKj 
4-EWPNU 
2-EtPNQ 
rQNo 
2,6_LNU 
REANil 
PICNQ 
PINOI 

94 
94 
94 
95 
97 
98 

98 
100 
fDQ 
110 
l1+.? 
I20 
124 
117 
t39 
f45 
t49 
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QNO qumohne ff-oxldc 
TEN0 tricthylamlne N-owde 
ThiNO trtmethytamme N-ovde 
Th! PNO 2,2,6, S-tetramcthylprpcrldrnc nrtroutdc 
TPNO ~~j~~~~~~~rn~~e N-oxide 

Amine fV-oxides act as electranepsur donors, formrng molecular adducts and complexes 
with a variety of acceptor molecules, such as metal salts and complexes t* 3, halogens3, 
and orbit compounds 4 ~thou~ complexes of py~dtne Woxldes with HCI (ref 51, 
SO, fief 61, E3F3 (ref 7), eon carbon~~~~ and ur~nl~rn c~n~~ounds9, and a larger number 
of adduct~ between ~i~~3~~c a me /V-oxldes and various Levvls acids to- ts were previous- 
fy known, s~st~rn~tic synthetic a3d ~haracter~~~t~on sF~di~s of metal complexes of aro- 
matrc ~~~~ Moxrdes were lr~~t~ated 16- t9 m 196 I Durrng the fast decade, a strong inter- 
est tn the coordtnatlon chemistry of aromatic amme N-oxides was dqfayed by many re- 
search groups, and a large number of pubhcatlons appeared xn the hterature. These studtes 
were g~eatiy encouraged by the ready avaIlabilIty of a variety of hgands of this type 20. 
Two reviews i * 2 covermg the sublect appeared m this journal m 1968 Smce then a sIgnr- 
fkant number of ~rn~ortant ~~~trlbut~~~s has appeared In the literature The pre§ent re- 
VEW 1s rn~~y concerned with the progress tn the field of the cuordmatlon coonhounds of 
aromatic arcane L’V-oxides to date The metal complexes of ~~~hatlc and non~~r~rnat~c 
h~r~~~cyc~~c amme M-oxides are stlso brzefly covered. 

B AROMATIC AMINE N-OXIDES 

Ar~rn~~l~ amme N-axldes are g~n~r~~y prepared tn good yields by dtrect ~~ox~datlon 
of the ~o~r~s~o~d~n~ aromatic ~rn~ne WA an orgamc peracrd, such as rnon~~~r~h~~ic 
acid, or hydrogen peroxide and 5+ 20-z3. Other preparative methods tn- 
valve cycl~~~f~on reactions of compounds wtth ahphatxc ~ha~ns~“?2i~~4~~~ ~~~x~dat~on 
leads to sq@fkant alteration of the reactlvrty of the aromatic ring, owmg to a reversal in 
the electron density dlstnbutlon about the ring, in comparison with that observed in the 
correspondmg amme 26-2Q The N”c-O- group IS strongIy polarlzable m both dtrectlons 
and can act etther as an e~ectro~-att~a~t~ng or as an electro~~do~ating group, f~c~~tating 
both ~~~ctr~~~~c and nuc~eo~h~~c subs~tut~ons 30 In contrast, electrophific subst~tutlon 
is not facaIe m aromatlc amines. 

Itn ~i~~~ic amme N-oxides tile four atomic urbt~~s of the nitrogen atom are close to 
sp’, and have an a~~r~ximat~[y regular tetr~edr~ st~cture~“?~t _ In aromatic amine 
N-oxtdes, however, the lone-pair electrons of the mtrogen, before formation of the N-O 
bond, are on the ,p2 orbital, SQ that the N-O bond IS m the same plane as the aromatic 
rmg, and the oxygen 2p n electrons mteract directly wrth the n-electron system of the ring. 
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~trate~ by X-ray data and d~~o~~ ~?~rn~~t 
tly s~~~t~r in ~yr~d~~ ~-ox~d~ f I 37 A) 33 

or rts ~ydr~~~o~de (1424 &34. C~~tnbu- 
ed when ~~~~tr~n-wl~dra substltuents occupy 

xs the l~~r~as~d do~~l~-b~~d ratter of N-0 In com- 
1~1 ~~~t~~~yr~drn~ i%oxlde KS f 2% ii) 35 

On the other hand, the fact that the difference m dIpok moment between pyndme (2 22 
debye) and pyrldxne IV-oxide (4 bye) IS canslderably smalier than that between tnmethyi- 

stry of aramat~c arrnne ~-~x~des has been re 20,2t, 30,3?, 38 

spectra of pyrldme IV-oxide are ~~ara~te~z~ very l~te~se band 

> o&l from the 

is due to an l~~r~~~ in ~~~at~v~ty of the mtro ~~~x~datl~~, l~~d~~~ to a 
ral decrease irt the elect density of the aromat3 thrs decrease IS most pro- 

nounced for the &carbon atoms, which do not receive the electron-donatmg resonance 
csntnbutlon from the oxygen atomzO 





The oxygen m ~~ux~~es is basic and hence ~~~~~~~~b~~ to e~e~~r~phd~~ add~t~~~ by 
metal xons, Lews acids, protons, halogens electron-pa~ut a~c~pt~rs~~. 1 1 and 
2- 1 adducts of aromattc amine N-oxides w n halides have been reported; 2. I 
adducts are also obtarned with other morganic acids of the type HX (X =; C 
PF6-) As&-, SbF&- , et~.)~~-~*. The f 1 adducts are of the narmsll type 
2: 1 addu~ts have been f~~u~~t~d as iR~~~~v~n~ h~dr~~~n bonding (V); in fact, then- IR 
spectra do not exhtbit abs~rp~~Rs ~hara~t~r~s~i~ of free hydroxyt groupsS6-58. AR “ab- 
~~rm~~’ 1: 2 Nal. sat t wtth 2-picohne N--ox&e has also been prefaced by VozzaSfi and as- 
sgned st~ctur~ VI, 

Amute ~-~x~d~s also form molecular adducts 1~1th alcohols and phenols mtermck- 
IeouIar hyd~~~~n bondmg A number of 1 I, 2 I and 1 2 adducts of varwus ph s wrth 
~n~tr~pyridm~ N-oxide have been Isolated m ~~st~~~~ forms9 The rnfrared spectra of 
adducts of tis type prwrde a rn~a~~re of the donar ~treng~ of the ALoxide. In fact, tie 

e vow mode of the alcohol or phenaf, obse mg adduct forma- 
tern with a neut hgand, 1s a ~~~ct~~R of the b~~dl~~ format ~py6u*~~ _ Numer- 
ous studxes of the properties of aprotlc solvent (e g CCI,) salutions c~~ta~n~n~ rn~t~~es 
of aromatic IV-oxrdes and alcohols or phenols have been rep~rted43~ 53*5s*62-65. Success- 
ful aYoW CorPelatlons with &J~ oc and CI- or ~&NO demonstrate that the o-danar strength 
of arsmatic I&oxides increases wrth incr~~sln~ c~ntributl~~s of canoructi forms III, 1 e. 
with mcreasm testran-reteasmg character af the substrtuent, as would be expected 43* 53*55* 
Fgure 1 lliust es the AVOH vs G&NCI) plot far a series of adducts of substituted pyndme 
and qumohne Akxldes with phenols4* s5*62t Lmear ,hHo vs AZ+,, plats were also re- 
ported for rn~~~ xdes6s Studies of the adducts between 
aromatic N-Qxxdes of an mcrease HI the donor stren~~ of 
the oxide with mc xty of the subs~t~e~t 3*66-68. A hnear log 

J&q vs ~~~~ P tot, ~b~~n~d for a senes ~f~~~bst~tut~d py~d~~~ ~-~x~d~~~?~ IS d~~stra~ 
ted in kg. 1. Recent studies of the m~l~cular add~~ts betw~e~ rn~~~~-~~~de~ of ~r~rnatl~ 
dlazlnes and lodxne ted to the c~nc~usi~~ that the N-O oxygen rather than the s~~~~d t-mg 
nitrogen 1s the donor atom k these ~~rn~~u~ds6~. 

62 
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C. METAL CObaPLEXES OF MONO N-OXIDES OF AROMATIC AhlINES 

The ~a~~x~~y of the metal complexes of aromatzc amme IV-uxldes are d~~~~p~s~d by 
water The methods employed for their preparation mvoive, therefore, mteractrons be- 
tween ~~g‘~d and metalhc compound tn Nan-aqueous solvents 1 In certarn cases, org~~c 
dehydrating agents, such as trlethyf orthoformate 7o and 2,2adunethoxypropane 71 J have 
been utilized erther for the dehydratxsn of hydrated metal salts or even as InteractIon me- 
dta CrystaZhne metal complexes wrth N-oxtdes are usuaUy rather easrfy &tamed and a 
farge number of compounds of thus type are stable m the atmosphertx f)escrqXlons of the 
varmus synthetw methods employed for the preparauon of N-oxide eompIexes are, thus, 
conssdered unnecessary, special synoptic procedures ur hedging prwautrons requ~d for 
certam metal complexes will be mentroned in the appropriate sections 

Synthetic procedures for mmed ALoxide-s-hgand Pt*I complexes of the gene& type 
(A) PtCIzfL) (where A = alkene, aikyne, styrene, vinyl ester Qr CO and L = aromatrc 
amine N-oxide) 72- 7g were described m detail m a previous review=! Analogous PdlI com- 
plexes are mare dlffkult to Isolate, crwtng to their lower stablllty, nevertheless, a serxes of 



In eertam cases, the ~rumatlG ~-oxides reac e t%lftc ~~rnPo~nds* Thus, 
t with excess N-oxide, er m the presence of z3zr or under mert 
itgand 8343 may cxiddize + to vCG+ ~e~~t~o~s of V~C~~~~~ 

with vanou~ Py~dl~~ .S-oxides, under Inert ~~~d~~~~~s, resulted U-I e formation &IV- 
Qxlde complexes of the v In salt, c~~t~~~~ted wrt.b mqor or rnmar bound of V~(CiO 
N-oxide complexes 82 Pure VO(CIO,), l 5C5H5N0 was pared from VCl,, C, H, NO a 

oxyge 

ttxsn q2-94 ~nte~ed~~tes 

y a slrnrZar r~a~t~o~ 3t low t~mp~ra~res, but at hqjher 
axlde de~lv~tlves are the miLtn reaction p~od~c~sqs 



Manodentate ~~~x~~~~~~s ” g9 of the general JO (where 2 1s a Group VA e 
ment N, P, As, etc $ c~~rd~nate mvarrabfy throu oxygen to metal 10~s 16-f8s47* ,100- 102 

Only in the case of metaf complexes of or~~o~~tr~xi~~ free radxcak has the p~ss~b~~ty of 
inter~c~o~ of an ~~~~c~~~~d orbItal of the rn~t~~c compound wrth the three ~-e~~ctro~ 
fragments N 0 been advanced lo3, however? mfrared evrdence is generally in favor of co- 
ordination of the latter Xigands through the N-O ~~~~~n lUG1u7 The nitrogen atom m 
tertiary amme N-oxzdes 1s devoid of a lone pa..zr? m fact, the lone electron pair of nxtrqgen 
IR tert~~~ epics 1s used for b~~d~~~ to the oxygen stem d~rl~~~-ox~d~~i~~~ x i&~ 





102 N hi KARAYANNIS, L L PYTLEWSKI, C hi. MIKULSKI 

2-PxNO, 2-EtPNO, 2,4-LNO and 3,5LNO, however, m the case of T1F4 l 2(2,6-LNO), 
stabllnatlon of the czs isomer 1s stencally hmdered, and the truns complex 1s formed ex- 
clus1vely l 53. 

B1s-@-ketoenoiato) Co II, N1Ii and CuiI chelates form isolable 1.2 and/or I 1 adducts 
with aromatic amine N-oxides 154-*57 Pr oton NMR contact and pseudocontact shift stu- 
dies of these adducts rn solution have established many cases of sterlc Interference of the 
rmg substltuents of aromatic amme N-oxides Thus, the meta-substltuent in 3-P1cNO mter- 
feres with the Co(2,4-pentaned10nato)2 (COG) ring system (but, presumably not 
with the corresponding NIP system), restnctmg the rotation of the pyridine ring Is4 
The ster1c influence of the methyl substztuents of 2,6-LNO m adducts wrth M&A), 1s 
suggested by the fact that no proton 1s allowed to spend much of 1ts time at apogee or 
perigee (in a rotamer, havrng the plane of the pyridme rrng perpendicular to that of the 
J%ketoenoIato nng, the protons at apogee and perigee with respect to the metal were, re- 
spectively, defined as at 0” and 180” mternal rotation), slmllar effects were not observed 
for the correspondmg adducts of any of the less stencaliy hindered plcolme N-oxides, 
moreover, 2,6-LNO apparently forms onIy the I 1 adduct mth M(AA)2 (M = Co, N1) ls4 
QNO, corraspondlng to a 2,3-drsLbst1tuted pyrldlne IV-oxide, also forms only 1 1 adducts 
with M(AA)2, whereas IQNO, a 3,4_analog, forms 2 1 adducts with these metal chelates155 

Ster1c effects may also mfluence the mode of coordtnatlon of poiyamons with coordl- 
natq ablllty 1n aromatic amme N-oxide metal complexes Thus, divalent 3d metal m- 
trates generally form neutral 1 2 complexes wrth these l1gands when stolchrometrrc 
amounts of salt and 11gand are allowed to interact 16s 18* ll”* 143v 144p ls8* lsg Complexes 
of this type (the exceptxon being the CuLr compound) with PNO and 4-substituted derlva- 
trves are hexacoordmated, invoivlng two chelating mtrato groups, as mdlcated by spectral 
and magnetic evidence I69 18, llOq 143v 144 [CO(~,~-LNO)~(NO~),] and 1ts 2,4,6-colhdine 
N-oxide (2,4,6-CNO) analog were assigned s1mtiar structures 15*rHowever, more recent 
studies of [M(2,6-LNO),(N0,)2] (M = Mn, Co, Nl, Zn) complexes led to the conclusion 
that these compounds are pentacoordlnated, involving one mono- and one brdentate ni- 
t ra to hgand Is9 In fact, the electronic spectra and magnetic moments of these complexes 
are suggestive 15g of pentacoordlnated configurations 123,142~145,146,160_ On the other 

hand, the presence of two types of coordinated nitrate (mono- and bl-dentate) 1s demon- 
strated by the occurrence 15g of four bands (combination vibrational modes of the mtrato 
groups 161s 16*) at 1800- 1700 cm- 1 , compounds involving one type of coordinated N- 
trate exhibit only two bands in this region 161* 162 Formation of complexes of this type 
with 2,6-LNO 1s apparently due to steric mterference between the methyl rmg substitu- 
ents and the mtrato hgands 159. 

In a series of papers Muto et al drscussed the effects of aromatlc ring substituents on 
the properties of 1 1 complexes between N-oxides and 0.1” halides 163- 166+ Compounds 
of this type are btnuciear, N-oxide-brrdged, and exhibit subnormal and temperature- 
dependent paramagnetlsm 167, they have been the subject of extensrve studies, which will 
be dIscussed 1n a later section Spm-spm couplmg 1n compounds of tlus type priman& 
occurs by means of a super-exchange mteractlon between the Curr ions of the duner, 
through the bndgmg oxygen atoms of the N-oxide hga.nds168-170. Pruoarlly, Muto et al. 
found the followmg AIthough substituent Hammett CJ constants do not correIate WI% 
the observed (d-d) band posltlons or magnetic moments 1n the complexes, a fairly linear 
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s peff 1s obtamed. inc 

the w~v~~en~~s of the (d-d) band m~~~rn~rn mcrease along the setzs Z,&LNO < 
&PrcNO i 3-P~cN0 < 4-PrcNO. These trends, which are dustrated m Table 2, suggest that 
in CULL--IV-oxtde bmuclear complexes, the stertc factor IS more important rn deterrnnnng 
the extent of the magnetic rnteractron, or the (d-d) transrtron energy, than the electronic 
effect ‘163-166. Th e importance of the substituent(s) electronrc effects is evident II-I monu- 
merrc ALoxide-metal complexes, m complexes of thrs type a variety of successful correla- 
tions of substttuent srgma constants to various physicochernical propertres (mcfudmg 
linear E&;ur of the (d-d) band rn [GIJL,](GIO,+)~ vs v plots166) have been reported, and 
wolf be detailed m the next section 

Mrxerf ~-ox~de-~~onl~ or neutral ~~~a~d Mets curnp~~x~~ cdn be ~~t~~~d 1x1 a variety 
etd ly, studies of~~~~l~r~a m the system 

HC10&-- ,(2--PNO revealed that the complete serges of species, t~~~~~ly 

Wo),, I 3+, where n = O-6 mclusrve, are formed 17i _ Far n = 2,3 or 4 both czs and trarrs 
isomers were obtarned IV& separatron achieved by Ion-exchange technques171. The 

widest variety of metal to N-oxide ratios has been reported for metal hahde complexes 
The staichlometnes of the complexes obtamed with these salts depend on the synthetic 

procedure utlhzed, complexes mvaIvmg hrgh metal to fV-oxide rattos have also been ob- 

TABLE 2 

Effects of substrtuents on the aromatrc rrng on the magnetrc moments snd the (d-d) transltton rnzw- 
ma xn 1 1 CuClz --arornatrc amme N-owdc ~~rn~~e~e~ 16.3--566 

3ClPNO 
3-HOOCPNO 
3-H,C2QQCPN0 
4-HsC~OOCPNO 
3-CHsCOPNO 
4-NOaPNO 
4-CNPNQ 
3-HOPNO 
4-HCIPNO 
2-EtPNO 

820 046 
885 0 54 
825 048 
830 0 50 
900 a 57 

1100 1 20 
805 a 96 
795 0.37 

(I 0 33 
763 0 32 
8112 046 
820 a59 
765 a 37 
800 0 39 
813 a so 
818 0 53 
733 0.33 
750 040 
810 0 51 

= Nat repcxted 
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tmed IT29 173 by thermal ehmmatron of N-oxide or aquo groups from ncher (m N-oxide 
hgands) or hydrated metal hahde complexes A few rllustrate exampIes of certam metal 
hahde-aromatrc amme N-oxide (L) c~~mpkxe~ of various storchlometnres are cited here 
(X = h&de hgand) MCI, - nL (tr = l,M=Te(ref 174),~=2,~=~f,~,T~,Sn~r~fs. 
i74---I76);n = 3, M = Zr, Pt (ref 175)), MC13 rrL (IT = 2, M = Fe Crefs 177, 1781, fz = 3, 
M = se, Ru (refs. 177, 1791, ?r = 5, M = Rh (ref 179)), MX, * nL (n = f , M = Mn, NI (ref. 

172j,n = 1, M = Mn, Co, NI, Cu, Zn, Cd, Hg, Sn (refs 16, 167, 172, 173, 18&--1831, n = 2, 
M = Mn, Co, N, Pd, Cu, 221, Cd, Srrr(refs 16, $8, 142, 167, 172, 173, 180, 183, 1841, 
n = 3, M = Co (ref 16), n = 4, M = NI, Cu (refs 18, 185), n = 5, M = NJ. fref 172), n = 6, 
M = NI (refs 18, 17212, M,X,L, (M = Cu, CC) (refs 180, 186), M4X8L2 (M = Cu, Cd) 
(refs 180, 186) It should be noted that, m addrtron to the two latter types of ccrmplex, 
many of the MX2 l nL compounds mvolvmg hrgh M to L ratros are bl- or polynuclear 

Coordrnatron of aromatIc arnme .iV=oxides through the N-O oxygen rs manrfested by 
c~aracte~stlc shtfts of vartous hgand IR bands In metal compI~xes of py~d~~e f~-ox~d~ 
and it; substituted derrvatifes, +~__a b oenerally Occurs at fovirer frequency than n-r the free 
lraan~47~48- Coordmatron of pyndrne N-oxrdes with metal ions results m a dram of elec- a 
tron denstty from the oxygen to the metal, tis leads to an mcrease of the energy mIs_ 
match between the oxygen and mtrogen p orb&& and, consequently, a decrease of the 
contnbution of the oxygen orb&& m the 7r system of the aromatic rmg53 _ The N-Q 
bend IS thus weakened to some extent, thus effect grves rise to negative pN-0 frequency 
shrfts48*53* I I 1 On the other hand, k~~~rnat~c couplmg III and, m the case of tr~sl~~~ 
metal mns, meti+t@lIgand f&---p, back-bondmg would tend to produce posit%ve L”N_0 
freqtiency shifts In metal complexes wrth p~id~ne N-oxrdes the former effect obviously 
overnies the latter effects, su-xe negative v~_~ slufts are mvarrably observed. Metal com- 
pkxt~ of ~~~q~m~hne and acrldme IV-oxldes a&o exkublt negative ;c.‘~_~ slufts 1 17, 149- 
However, m 36 metal compfexes wrth qumohne N-oxides and 4-substrtuted derwatives, 
uN__o IS found eI*&er at the sme frequency as m the free hgand ar even ~1~~~1~ s&.&ted 
towards lugher frequencies 
qumolme N-oxrdes 1 1 g, 

I17p lIg. This is marnly due to the ‘%npur~ty’” of “N__O in 
m fact, r$&_O IS coupled wrth vrbrations of the qumolme rmg xn 

these compounds Ig7. Nevertheless, extensive metal-to-hgand Ir-bondmg may aTso be con- 
tribe &tg to ths effect 1 1 7 ) III fact, metal Ions with no d electrons avarlable for 6,--p, 
back-donatron (e g Tz0*“, Zr@*, T@), form QNO complexes, exhrbltmg large negatrve 
$j_O shrfts lzl TransitIon metal complexes of 6substrtuted qumolme N-oxldes show 
negative sl-ufts II* of the bands assrgned as v~_~. Typical examples, ~~ustrat~~~ the shifts 
of VN_O and other IR bands of aromatrc amme NIoxzde metal complexes, are given HI 
Tzble 3. Y~__~ sphttm@ m [ML#* and [Cur,] zt complexes wrth pyndme ALoxIdes 

have been rnterpreted m terms of hgand-field symmetrres lower than 01, and Ddh, re- 
spectrvely I 23 (cf Sezt C(YIZ)) 

Other &ad IR bands, undergurng shifts upon metal complex formation, are $+._~ 
and the CH o~t~~f-pl~e def~~at~~n modes47*48* 17$ (Table 3). The 6,_, mode occur- 
ring at 880-830 cm-l m the free hgands shows smail negative or posttive frequency shifts 
in PNO metal complexes 47*48; larger and rnvarrably positive eN-0 shifts are observed m 
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fmns to one another (structure XI) 131 

PNO 

XI 

shows a posrtlve srgn for the quadrupolar interactron and a negative V,, (ref 273) In com- 
plexes of the types R2Sn(PTN0)2, the R groups are cis to each other for R = phenyl and 
trans to each other for R = n-Ca&, as suggested by Mossbauer quadrupole sphttings274 
Mossbauer data and the occurrence of a band attnbutable to v~,_~ at 355 cm-l, led to 
the conclusron 274 that SnW IS octacoordmated m Sn(PTNO), Fmally, complexes of the 
type RSnX(PTN0)2 (R = C4 H9, CdHs ; X = Cl, NCS) were characterrzed as rnvolvmg R 
and X groups CIS to each other, on the basrs of Mossbauer, IR and electric dipole moment 
studres 275. 

(f) Luminescenr metal complexes 
Fluorescent EuU1 complexes wrth aromatic amine N-oxldes of varrous types have been 

prepared and characterized on the basis of fluorescence emissron spectral studies276-281. 
Assignments of 5Do + 7Fo_3 and SD1 + 7Fo_2 transrttons led to the followmg conclusions 
regardmg the stereocherrnstnes of these compounds In [Eu(PNO), IX, complexes (X = 
Cl, Br, I, ClO,, PF,) the EuIn ran IS rn a site with Dw symmetry, slightly drstorted to 
Dw , the stereochemlstry of the complex cation 1s square antrpnsmatlc 27% 281 1:2 adducts 
between tns(-/3-ketoenolato)Eum and aromatrc amme N-oxtdes276-278B 280 have a face- 
centred trigonal prrsmatrc structure, and the point symmetry278 at the rare earth sate 1s 
c,, 1 1 analogs 276* 280 are most probably heptacoordmated Fmally, Eu(PNO),Cl, and 
analogous coruplexes are obviously hexacoordinateci 276. 

(g) Crystal structure deremzmarrons 
The hterature IS arch u1 X-ray crystal structure determznatrons of N-oxide metal com- 

plexes of various types 12S-134,167,240-243,268,270,282-286_ me data are presented h 

appropriate sectrons, durmg the drscussion of these metal complexes or their properties- 
Unfortunately, no X-ray data have been as yet pubhshed on N-oxide complexes rnvolvrng 
catioss of tie type [ML6 J n+ The stereochemcd aspects of these complexes are dxxussed a 

below 

(vzrf Stereachemrcai aspects of catronrc metal cmqvlexes 

(al [ML6jn+ 
Byers et al I23 mterpreted the combined evidence provided by VN_O, vM_0 and (d-d) 

transitron sphttmg and the magnetic behavror (vlde supra) of hexalus-(N-oxide) catloruc 
metal complexes in terms of a ligand-field symmetry lower than Oh. The MO6 moieties 
may be Oh, but the nonbnear M-O-N groupmgs and arrangement of the aromatic rings in 
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The crystal structure determination 133 of [Co(2-PicNO)5 ](ClO,), revealed that the 
COO, chromophore has a slightly distorted trigonal bipyrarnidal structure; the average 
Co-O axial bond length is 2.098 A and the average Co-O equatorial bond length is 
1.975 & The Co-O-N angles for the three equatorial and one of the axial Co-O bonds 
are 121--124”, but that corresponding to the other axial Co-O bond is 134O. The perchlo- 
rate groups are ionic 133. 

(4 PfLg12+ 
Stereochemical considerations by Byers et al. indicate that [ML41 2+ complexes (M = 

mainly Cu2+; L = PNO and derivatives) have a D4h (square planar) symmetry if only the 
iMOd moiety is examined; however, interaction of the copper d-orbital wave functions 
with the I.&and wave functions via the nonlinear M-O-N bonds will lead to a lowering of 
‘he effective symmetry 1231 There are a number of possible orientations of the pyridine 
IV-oxide about the copper atom which would minimize steric interaction between adjacent 
ligand molecules. The most symmetric of these structures have Ceil, D, and Cdv sym- 
metry 123t Unequivocal IR evidence in support of these predictions was not obtained 123, 
but the crystal structure determinations of [Cu(PNO)4 ]X2 (X = ClO,, BF4) established 128,282,2a 
that the complex cation has indeed an effective symmetry close to Cdh; the Cu04 chromo- 
phore has a square planar arrangement (Cu-0 bond iengths = 1.92-1.43 A) and the ar- 
rangement of the four PNO molecuIes around the Cu” ion is a “swastika”-like confrgura- 
tion, the nitrogen atoms lying approximately in the copper-oxygen plane and the benze- 

noid rings lying approximately perpendicular to this plane (0.1-0-N angles 116.7-l 18.6”). 
The polyanions occupy approximately octahedral positions, but are not involved in 
any coordination 128s 282p 2*3, since the closest Cu-0 (or F) approach is 3.34-3.38 a The 
isomorphous [M(2,6-LN0)4] (QO,), complexes (M = Ni, Cu) have 145, most probably, 
stereochemistries similar to [CU(PNO)~] 2+; Fen and CO~~-~,~-LNO analogs are not iso- 
morphous with the Above complexes and may involve greater distortion from pure Ddh 
symmetry14? Finally, for paramagnetic NiL4(C104)2 complexes (L = 2-Pi&O, 2,6-LNO), 
a crystal structure determination would be desirable in order to establish whether these 
complexes are bi- or polynuclear IV-oxide-bridged cations 144s lg3, or monomeric involving 
coordinated perchlorate 146 (vide supra). The latter possibility might appear as rather re- 
mote, as no IR bands attributable to coordinated perchlorate were observed in these com- 
plexes 144s lg3 ; ho wever, for similar pentacoordinated divalent 3d metal compIexes with 
phosphine oxides not exhibiting splittings of the ionic perchlorate IR bands, the overall 
evidence was interpreted as pointing to the presence of [MLh(OCIO,)]’ cations by certain 
groups 136,140,288 ; while other groups believe-that the presence of [L,ML,MI+14+ cations 
is more probable 138s 28g_ 

Complexes of aromatic IV-oxides with Agl perchlorate, of the types [A&](ClO )2, 
have been characterized as involving either a linear, mononuclear [AgL2]+ cation 298 or a 
binuclear, N-oxide-bridged [LAgL2AgL] 2+ cation 148, by different grou s of workers. 
Hgl analogs were formu!ated2g1 as involving four ligand groups per Hg2 Y + ion (i.e. 
[Hg2L4](C104)2)_ 3: 1 N-oxide-AgCI04 complexes are believed2g0 to be of the type 



(a) Ci~mp1c.w~ rvrlh 3d metal ions 
Scvcrd .Scra ~onlpl~x~~ wth aramat~c mmc IV-oxtdcs h;lvc been rcplrted, 1 c. .ScL,- 

(NC-S)] (I. = I’rw, 2.. 3. and 4-t?cNo, 2*mw)*9’ , complcxcs of this type arc neutral 
and of low symmetry, 3s dcmonstratcd by pN (, and v(.=~ sp-llttmgs (Tabtc IO), the NC3 
Ion is N-hondcd 292 Sc*t* pcrchlor~tc forms cationrc [.Scl, ] 3* complcxcs u?th PNO **“b LY3 
rnd the p~coirnr ~V-ox~~cs l 20. Thcsc amp Icx cations arc also distorted ~tahcdral. 3s 
Shown by Spht ttrk@ of the Ye__<, 2nd uss o J?ltMkS ‘2.l (Table IO) 7-k tit3nrum conlplcxcs 
with ,t’-OxIdCS iSOhtCd iJl CfystrtlilJlC StiJtC iJlVdVC tk I’!‘+ ;uld Tlo2* iOllS, !lOWCVCT, COJJl- 

picxcs of Ti3’ and, possibly, TI” With JTlOJl(XkJll3tC ilfOJTlittlC ZUTllIlC IV-OXidC tJp,3JldS 31C 

most probably prcscnt m %wg.lcr- hhtta catalysts for olcfin polymcrw;ltlc,n (TCll --Al 
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alkyl combmatrons), mo&fied by various pyridrne Woxldes294. TlFd l 2L adducts with a 
variety of aromatic N-oxides have been reported 142,152,153,19U, 192,203,204,257-259, md 

their properties were dIscussed 111 some detd m Sects C(U), (zzz) and (YZ) As already men- 
tioned the czs octahedral complexes of this type are normally stabrlxzed, and only sterical- 
ly funderedN_otides (2,6-LNO) favor the formafion of the mm isomer Mixed IV-oxide- 
NJ-dlmethylacetamlde or tetramethylurea complexes with T1F4 (1 e TrF, 9 La L’) where 
also synthesized 1 (v1de supra) Anxon1c complexes [TiF, l L] - with PNO and bsubstituted 
derivatives (methoxy-, methyl-, chloro-, acetyl-, mtro-) have been prepared in situ and 
studied by 19F NMR spectroscopy 25g. PNO and QNO form 5 1 complexes114* I*1 tvlth 
T1O(ClO4)2 The v3 and v4 modes of ionic C104- are not split m the IR spectra of these 
compounds, which were formulated as [TlOLg J(CIO4)2, mvolvmg a hexacoordinated 
cationic T14+ compIex 1 I43 I2 l. Finally, PNO-Ti4+ -pyrocatechol systems form a com- 
plex2g5 of the type Tr(PNO), [C6H4(0-)2] 2 at pH 2-3. Typrcal examples of TIIv com- 
plexes with N-oxides are shown in TabIe 10 

VO*+ complexes w1t.h N-oxide ligands have been extensively studied 1~81-83~ 11% 14% 
202,206-208,223,296-298. 0 xovanad1um(tV) salts form complexes of various stolchio- 
metnes, 1-e VOL,X, (X = Cl, Br, ClO,, NCS), VOL4X2 (X = Cl, Br, ClO,, BF4, NCS), 
VOL2X2 (X = Cl, Br, NCS), aquo adducts of complexes of the above types, VOLF2 9 BF- 
H20, and VOL4Br(OH) (see also Table 10) l* 81y 83p 11% 14& 202* 2% 297~ 298. Amon coordl- 
nation and incorporation of water molecules are rmportant factors influencing the hgatron 
of the N-oxides rn the first coordmation sphere of the metal IOIL Environmental condltlons 

(Interaction medium, degree of dehydration of the oxovanadrum(lV) salt, etc,) influence 
the stoicluometry of the complex stabilized r Thus, for example, both tetralus- and penta- 
k1s-(4-&.loropynd1ne 1V-oxldejoxovanad1um (IV) perchlorate complexes can be Isolated, 

dependmg on the degree of pnor dehydration of the oxovanad1umtIV) perchlorate SOIU- 

t1on 1 In most cases oxovanadrum(IV) salts were utllrzed as startmg matenals for the syn- 
theses of the above complexes I15,146,202,223,297,298 , when VI” salts are used instead, 
‘@, V02+ or mixed Vm-VO*+ compIexes may be obtamed (v1de supra, Sect. C(Z))~I-~~_ 
Thus V(NCS)3, under inert cond1tlons, mteracts with N-oxrdes yleldlng VO (NCS), com- 
plexes Cfleff = 1.70 B M.) s3 V(C10,)3 forms VO(C104)+V-oxide complexes, when the 
mterachon takes place 1n the atmosphere *I, whereas, under Inert conditions, [VL6 ](CI04j3 
compounds are obtamed (for L = 4-MeOPNO or 4-ClPNO, fariy pure VII1 complexes were 
Isolated, showmg a pLeff of 2 54-2 7 1 8 M , the PNO, 4-PrcNO and 4-N02PN0 analogs 
were contaminated with 0x01 anadium(IV) products, clear& showing IR ~~0 bands) 82_ 
Oxovanadlum(IV) pketoenolates form 1 _ I adducts with pyrldine and qumolme Wox1des 
(Table IO) 206-20%296 The N-oxide 11gand coordinates at the tvans positIon, relative to 
the vanadyl oxygen, m these compounds ~M-~O*S 296. VO(AA)2 has been used successfully 
as a reference acrd for aromatic N-oxxdes, 1n fact, a hnear relation exists between the 
VO(AA) -N-oxide adduct formation enthalpy and the %=-, shift upon formatron of this 
adduct 14sy 207,208 Th e presence or absence of trans-axial Wox1de hgands m V02+ com- 
plexes can be generally deduced from the posItion of I.+~, thus, hexacoordmated com- 
pounds involving one titifzs-axial N-oxide 11gand etib1t ths mode at 960-950 cm-l, 
whereas pentacoordmated complexes, not mvolvmg frgation of tl~s type, show 115s 14ga 206-*0*~ 22 
vvcO at 1000-990 cm -I. For the electromc spectral bands of oxovanadium(IV) com- 
plexes with N-oxides, various assignments have been made by different groups833 146s 297 



On rhc other fiatid, cotilplcxcs of Ihc fi)lIowtn~ st~mhtotnctrtcs wcrc obrmncd whsrr 7 I 
Itgmd hydrated salt tncthortoltc or cthmoltc soluttons wcrc Anwcd to cool 31 30°C 

f51nl, J(ClO,)~ (1. : 24ww+ 24M’NO), [~:O(2.rlcNo)~]~C:lo~)~, ~<:0(Z,c,-1.N0),]- 

(CIO,), l x1,0, [Co(~,~-1.~o),(otr,)~)~~:lo~)~. [~ll.,](CIO,)~ l H,O(L = 2-l’tcN0, 
2-f!lI’N*I_I). ~h’~(2.b~IcUO)~~(ClO~)~- 3Ii~0, Nt(2,(,.I~O),((~O,)z (gfcctl, paramagwtlc) tJ6. 

Ir is notcwt)rU~y ttt31 cornplcxcs of the types (Ll(Z,C,-LNO),](CI0,)2 l 3ti 0 (M L CO, NI) 
ad (ht(2,6-I_!!fo)6 j(<lO,), l (2.6-L!!O) (XI = Cr. Fe) ate colorless. hc Cr t 11 complex of 

rl11~ type cxhtbttx unusudfy weak (c L 0.5 0,6 m ntIrometSranc) (4. d) hmcic t46, ((Tt. 

(2,~LNO)&IOJ)~, CM\ Ihc other hrrtrd, shows (d -cl) battds wrl)t normal cxttnctton CD 



effclents m mtromethane (e = 58.6 for the 4A% + 4T% transition) i45 The green, paramag- 
netic N1(2,6-LN0)4(C104)2 complex IS converted to the violet diamagnetic [Nl(2,6- 
LNO)4] (GO& during prolonged (severat months) desrccatron 302 over P205 ; the nature 
of tis reaction is currently under study. It should also be noted that even when the same 
synthetic procedure IS employed, RI-oxides wrth similar stenc features may form complexes 
of different stolchometnes- e-g. 2-RcNO yields N1L&C104),, whrle the more severely 

stencahy hindered Z-EtPNO forms [NiLg](CD& l 255~0, under the same conditlonslW; 
and ~~tQ~NQ forms ~ML~~(Cl~~)~ and [ML j@TO& (M = Co, Ph) cumpkxesf42~ 143 
The structural aspects of [ML,12’ and [ML4 ] 9 + compiexes with N-oxides were discussed 
m Sect C(W)_ 

In addition to the cationrc complexes described above, dwaient 3d metal nitrates also 
form neutral complexes, mvoiv~ng coordinated mono- or bIdentate mtratu groups. The 
complexes usually obtained 16,189 110,126,143~144~158,l59,248,303 are of the typ [ML 

(NO 3)2] The Mnrr , Con, Nx*i 
2’ 

and ;I;# complexes of this type are m most cases hexacoor- 
dmated involvmg two coordmated bidentate nrtrato groups, however, [M(2,6-LNO),- 
tN03)2] (M = Mn, Co, NB, 2%) complexes exhibit IR and electronic spectra favoring penta- 
coordinated configurations, involving one mono- md one bxdentate nrtrato hgand f59 
(cf Sect C(U)) [CUL~(NO~)~] complexes contam monodentate nitrate excIusively The 
PNO complex of this type is a pentacoordmated, PNO-brrdged drmer 126. Thus compound 
mvolves bent M-O-N ~n~trato) groupings 126, thus, the coordmated monodentate nitrate 
has a Cs local symmetry, rn complexes of thus type, whrfe the bidentate mtrato group m 
analogous [ML2(02NO),] compounds IS of C,,, local symmetry (see refs 304,305) In 
fact, distinct differences were reported for the fundamental vibrational modes of coordr- 
nated NO3 of 4-EtOPNO complexes rnvolvmg mono- ([CuLz(NO,),], [COL~(NO~)~]) 
and bl- ~ML~(NO~)~] , M = Co, N1, Zn) dentate mtrato Irgands 143 C# and Cuff mtrate- 
PNO complexes have found apphcation as semiconductors for thermistors306 _ Neutral 3d 
metal mtrate complexes mvolvrng hgand-tumetal ratios higher than 2 have also been re- 
ported, VIZ - [Co(4-EtOPNO)3(ON02)7] (ref 143), Ni(QN0)3(NOj)3 l $ H#, NrL4- 
(NO3)2 (L = 2-EtPNO, 2,4-LNO) I44 CoII rutnte complexes of the type [CoL2(NO&] 
(L = 2,4 and 2,6-LNQ, 2,4,6CNO, 2- and 4-MeQNQ) are hexacoordmated, contamg 
two chelatnrg bldentate nitnto llgandszz6. A few 3d metal sulfate 159p lg8 and trfialoace- 
tate 307 compIexes with aromatic amme N-oxrdes were also reported- [ZnLSO, ] compkx- 
es (L = PNO, 4-PrcNO), with polyn~clear structures involving coordination of all four 
oxygen atoms of the SO, group were proposed, the fundamental vtbratlons of the S042- 
amon do not exhibit my sphttmgs; however, both the VI and 29 mode of tbls group are 
IR-active, while D ,,_-Jsuifato) was rdentxfied at 261-260 cmki Thus it was concluded 
rhat the SO, groups retain an essentjafly Td symmetry durrng coordlnat~on of tfreur four 
oxygens to neighbonng ZnJ1 zons lg8_ A number of 3d metal sulfate complexes with 2,6- 
LNO, recently reported, were formulated as follows [Co(2,6-LNO)(OH&](SO4), 
[(2,6-LNO)(O$302)Ni(2,6-L,NO)2Nl(0,so2), bmuclear pentacoordmated, 
2,6-LNO-bridged, with chelatrng bidenta& sulfato hgands; [(2,6-LN0)2Cu(SO&-Cu- 
~2,6-~~)~ 1, bmucfear, tetracoord~nated, mvo~vlng bridging blden~ate sulfato groups, and 
[Q2S02)Fe(2,6-LN0)2Fe(O-,S02)], blnuclear, tetracoordlnated, with brrdgmg 2,6-LNO 
and chelatmg brdentate sulfato hgands 159- These formulations were based on spectral (IR, 
electronic) and magnetic evidence 159. Metal t&aIoacetates formso form the foJ.Iowmg 



complexes: [MLX2] (M = && Co, Ni, Zn; L= I?NO, 4-Pi&O; X = CF#XKY’“, CCl$O~-~ 
md [C!u~X,]. T%e properties of these complexes suggest that the trihalaacetato ligand 
is coordinated, through ane or both oxygens of the COO group 307. A series of 2: 1 com- 
plexes of CuIi benzoate with N-oxides (PNO, the P~GNO’~, 2,6CNO, 2,4,&LNO, QNO, 
2- z%nd ~~eQ~~~ were nzce 
rn~rn~~~ (1 X%-- I-42 S&f,] 23u 8nd ~~i~y~~~~ ~~~~~ d 

shows a geK of 1.95 
3d metal haiides form a wide variety of ~~m~l~xes with a~~~~~c N-oxides (see ako 

Sect. C(k)). Some details an CuKp halide complwes with N-oxides have already been pre- 
s~~~~d in Sect. C(@z G and Tables 2 and 9, ~~~etiG~y Norma 2: I ~-~x~de-~u~~ 
hakk ~ompI~x~s may ned‘in two c~~t~I~~~ ~~i~cat~~~s (a third on 

is the dimeric, N-oxide- structure) lfi7 * Green monom~riG [CUL, X2 J 
(e.g. L = 4-PicNO, X = Cl) have a fans square plan&r geometryzg4, while yellow isomek 
(e*g_ L = 2,6-LNO, X = Cl) have a distorted ge~rn~t~, which is intermediate between cis 
square planar and t~tr~t~dr~ 285. As is the case witfm 1: 1 analogs (vide supra), ~ono~~~j~ 

eticatly AQUA I67 (TabXe 9); a ~o~o~~~~~ adduct of this type, ~~~(~a~~2P~U~~Cl~a 
2)2], consists of W~JZS square planar C~JC~~(QH~)~ groups having the amine-oxide 

oxygen atoms of the QNO,PNO molecules loosely bonded to the copper ion at the axial 
positions; the geometry of thr: complex is distorted tetragonal bipyramidal 134. Although 
the pol~eriG ~~u~G~~(2-Pi~~ OH,), In complex exhibits low magnetic moments 12’a I67 
(vide s~~ra~~ severrtl Cu, C&j IL-J 4C1QNO, ~C~-~-~~~~~~ and ~~C~~ 5 (L = 3-N02- 

~~~~~0~ ~orn~l~xe~ are rnag~~t~~~~y aunt la6_ These ~~rn~u~nds are most probably 
GharaGte~~ed by chlorine, rather than ~~-oxid~~ bridges 16?. A n~rnb~r of ~u~oX6 I+ 
(X = Cl, Br; L = PNO and other neutral lig~ds) complexes were also report~d~*~. These 
Gompouncfs exhibit an IR band, characteristic of the Cu40 groupt at &Xl--SOO cm-l 

(583 cm-l for the PNO ~urn~l~x)~ the four Cu atoms lie in a t~tr~edr~ arr~g~me~t 
ar~~~~ the Cud0 ~x~~~~~ tie h~oge~ atoms are ~var~ably b~id~~n~ (eaGh halogen is shared 
by two Cu atoms); while the four neutral li ds are terminal 3 foe Finally, Cu ~~N~~~ Br;! 
was among the first IV-oxide Gsmplexes to be reported 18. 

Complexes of various s toichiometries may be fwrned during interac tiorrs between N- 

oxides and 0th~ 32 metal halides (Table f I). Ni(P~~~~X* (X Z= Br, I) corn~~~x~s obvious- 
ly imolve 1% l@J2* 185 the ~~~(~~0~~ 1 I!+ cation, 2- or spiced) complexes 
were reported but not Ghar~G~~ri~ed lT2_ The! re: ~(PN~~~ f, was obtaiined 185 
by heating the yellow ~N~~PN~~~ ] I2 at IOO”C. etlc moment (X26 BJkf.) is indict- 
tkve 185 of a hexacoordinated structure of the type [Ni(PNO),X2]. 3: 1 complexes have 
been reported far FelI1 and CoII halides 16* 18v 177g22s. [Fe(PNQ)3C13] is neutral and 
probably cis uc tahedral 177. ColI complexes af this stoichiometry were f~~ulated as 

X (X = Cl, Br, I), on the basis of Gh~raGteri~a~~n studies (mok wt_, conduc- 
4.67 ELM, far the bro~jd~ G~rn~l~x~ I 8 _ Mclre recent studies of these GhIur~d~ 

and bromide ~~mplexe$ ied to the con~I~sio~ that they are sf the type ~~~(PNO~~~ fCoX4] ; 
in fact, the ~~~~tr~~i~ spectra of these complexes are very smear to those elf tetrahalo- 
Gobaltate(I1) compounds, while the CoBr, camplex is isomorphous with the tetrabromo- 
Gadmate analog (~~~(~N~)~ 1 fCdEQ, I)% whiGh was aIso repotted 225V 2: I ad I : I N- 
pxide 3d halide ~~rn~le~~s are n erous and ~~v~~ve, in many cases* a~d~~~~~ vestry 



6 (polynuckar) 
6 (polynuclear) 
6 (poiynuclear) 
6 
6 
6 
4 (tetr~~dr~~~ 
Probably 6 
Probably 6 
4 (tetrtiedml) 
Structure proposed: 
[Co ~P~~)~ f [CoC14 f 
6 
Str~etur~s ~r~~osed~ 
{Co (PNO),X] X and 
[Co (PNOI(E ] [CoX4 I 
6 (pofynuelear) 
6 (polynuclear) 
6 (poly~~c~e~r) 
6 (po~y~~~~~3r) 
6 (poly~~~~~~) 
6 (polynuctear) 

: 
6 
6 (po~y~~c~~a~~ 
4 (t~t~a~~~r~) 

b 

5.77 
5-60 
5.82 
5.83 
b 
b 

4,70,4.75 
4.80 
4.50 
4.75 

4*67,4.58 

b 

3.49 
b 

3=21,3.30 
323 
3.10 
3.26 
b 
3.28 

172 
172 
182 
172 
205 
177 
182 
16, 172 
l-72 
184 
16.225 

225 
I&, 225 

172 
182 
144 
l&f72 
x44 
172 
185 
172 
185 
172 
130, l80 

a Representative examples (Cu 
b Not reported, 

If halide complexes are given in Table 9). 

Zn) complexes with various aromatic amine N-oxides hav 
158,172,173,180,184,297,311,312~ c ertain complexes of this type are obtained in the form 
of hydrates, or akohoiates, e.g. Ni(3-PicNQ),C1, - HzO, Ni(4-PicN0)2C$ * (C.,I-$OH) 
(ref. IT?), Ni(~~~P~O)~~~~ - 3Hz0 ( 7). Magnetic CFr,g = 4.%k---4.54 3-M.) and 
~~~~t~~ ~~~~~t~es are in favor of tetrafi rad structures for CoLzX ~~rnplex~s~~~~ 172*314. 
The ZnrI analogs are ak5 dral 130* 17% i80s31is31 5 ; the crystal structure 
determination of [Zn(2, ed that the Zn atoms lie on two-fold sym- 
metry axes sod are tetrahedraJIy coordinated to two chlorine atoms and two oxygen storm 

from the 2,6-LNO grou distorted, owing to differ- 
bit electronic spectra and 



magnetic moments (cleff = 3.IO I&M, for Ni(2,6-LNO)@2; 5A2 ELM. for Mn@-PicNQ)z- 
“2) suggestive of hexacoordinated, polynuclear structures 17k 1: X complexes of N-oxides 

with Mn”, Con and Nin halides are usually obtained in the form of hydrates 16?‘L44g 17q 
I73,18& 297_ rolls MW, compfexes these metal ions may be ub~~~~d either 
by ~~~~ t ~r~ofo~~t~ as the re n rned~~rn14~ 182 or by beat tr~a~e~t of 
MEQX~ (ref. I72) or MLXz 1 nN20 (ref. I73) complexes- Cur plexus of aromatic amine 
~-oxides with Mets halides tios, decompo~ at 
tures yielding ~~rn~lexes wi atios I?%. Similar, 
tic& behavior has been obs pyridine complexes 

pies of re~~~~~s of these types are IG7+ 1 72* lT3r IS5 : 

ZnLX2 arid i) ~~m~l~~~s can be obtained only by ~~~~ dec~rn~~ 
sition of analogous complexes with higher N’oxide content lT2. I ; 1 and 0.5: 1 N-oxide- 
MnII* Cob, NiII or ZnII halide complexes appear to be bi- or pslynuclear in general I% 17% 182 
The corresponding hydrated complexes are alsa ~~lynuclear in most cases (e.g. Co(PNO)- 

O)Cla exhibit el~~trou~c and low-frequency IR 

r than IV-oxide, bridges in these bi- or polynuclear compIexes *82. For hydrated anal- 
three possibilities exist, viz. chlorine, RJ-oxide or aquo bridges I+?. 

(NCS)3 forms neutral complexes of the p;eneraI type [Fe(NCS)+3] (I., --” FNU, 2-, 

IS-.+ 4-PicNQ 2,6_LNO, 2-EtPNO and 2-i~~~~ty~-PN~)~ involving ~-b~~ded iso 
~~g~ds t 77~3 14 ~~rnpl~x~s ft = 2,6-LNO, 2~~,~-~N~) were ~h~ra~ter~ed 
as ~olynu~lear contusing NCS b~~d~~~ t5* _ Recent ~v~d~~c~ for ~~I~2, ~-LN~)~ - 

Flexes is suggestive af penta- rather ~~ hexa~uord~nated con- 
rations (similarity of the electronic spectrum of the CoII complex 123 to that of 
~2-~cNU)~ j&X0, )z t axu at ea. 380 cm-l , as is also the case with 

Ix complexes l g3 ) peK of-473 (Co) and 3.38 



(Ni) B&I,, appearance of split vcS~ bands, occurring at both the “bridging’” and ‘W-bonded, 
terminal”’ regions for the NCS group 315, etc.) lsg. These compounds were, therefore, 
formulated as [(2,6-LN0)2(SCN) M-(NCS)z-M(NCS)(2,6-LNU), f , i.e. binuclear, irtvolviflg 
both brid N-banded ~te~i~~).NC~ Xigands lS9. ~~(PNU)~ Shows a nail 
ma~et~c (l-88 B.M.)23a; the 2,6-LN0 ~~o~~~~ apeE of 

a ~~~acoord~~~~~ ~~ly~~c~e~ ~~~c~~~, exc~~siv~~y involvmg 
r of six in this compound is suwsted by the occur- 

and the (d-4) transition maximum at f 1 .S m) 159. 
er of adducts &V-oxides with 3d metal chelates have also been reported_ Bis- 

Co, Ni, Cu, Zn) reportedly form adducts with a 
oxides IS** r54-157*31G_ (vide supra, Sects. C(E), ~~~~)). 

form square pyramidti 1: 1 complexes with N-oxides and similar fi- 
gmds 1% 316. (-$I and Nirz P_ketoenolates tend to form 1:2 pseudo-octahedral adducts 
with IV-oxides, unless the steric features of the Woxide favor the stabilization of 1: 1 ad- 
ducts (e.g. 2,6-LNQ, QNQ) r5+ 155* 157* 316. TFh e crystal structure dete~~n~t~oR of [Ni- 

n scorns coordinated to the nickel are in a nearly 
rn~~~c~~es are cis to one another I32 (N&O--N 
xes of the type &wz~-[COX(DH)~L] and ~trans-[Co- 

(DH),L2]X* HZ0 (X = Cl, Br, I or NOz; DH = dimethylglycximato ligand; L = PNO or 
cCNO,PNO) were prepared by treating the corresponding aqua or methanol0 (L = H20, 

omplexes with .W ide317_ An act~edr~ 2: I aciduct (&,= 
the square planar rZ ~~y~~~ate has also been pre~ared~ 

of PNC? with iron peRtaca~bo~y~ leads to the fo~at~on* of ~Fe(PN~~~] [Fe4[CO),3]. 

(b) Complexes with 4d m& 5d metd km 
The complexes of 9 are discussed in the next section, together with the lanthanide 

ion co~~P~ex~s_ A series of 2: E N-oxide (PNQ, and 444eO-, 4-Me-, 4-C&, and ~N~~-PN~) 
--ZrFk complexes were prepared arable I ) ;urd studied by R ~e~t~~~~~~~ Igl _ Interae- 
tion of ZrC1, and HfCI, with 2,6-LNO leads to the hrmation lT5 of ZrCI, * 3(2,6-LNO) 
and HfC14 = 2 (2,GLNO). 3oth these complexes are neutral, the former being heptacoor- 
dinated and the latter hexacoordinated, probably involving cis coordination of the twoIV- 
oxide ligands l ‘15. ZrO(ClQ& forms co 
QNO), i~v~~v~ng ~~e~taco~~d~~a 

exes of the types [ZrU L, 3 (Cl 
s I 16+ I21 a ~o~rd~na~on of pert 

not occur in these corn~u~~ds; v3 and u4 IR modes of C104- appear 
bands or show small splittings, which have been attributed to crystaI-field effects rather 
than coordination of the polyanion 
also repor ted 2g8. 

1 l6~ lZ1 I? A complex of the type 2r0CI~ l 2QN0 was 

In terstction of dodeca-p2-c exaniobium dichloride ( [Nbe Cl with aromatic 
amine IV-oxides @NO, Q-Me-, ~~~PN~~ feads 
of ~~Nb6c~ 1 ;t ) cl2 L4 ] (Table sface 
involving an octahedral cluster of six Nb ions of low fo oxidation state and twelve 
bridging chlorine atoms; an additional chlorine or N-oxide l&and is coordinated to each Nb 
atom in a “centrifugal” position such that the metal-hgand bond points radially outward 
from the center of the ~t~edr~ e~uster3~9~32~. MolL chlotide, which aXso involves a Mo6 
~t~edr~ cluster and is of the type 06 cf, 1 et, I ehaves in a smear fanner, fo 
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TABLE 12 

Aromatic amine N-oxide compkes with Bd and 5d metal ions u 
-- 

1 
- 

Compiex Ref. Compfexi 

i 

135 

191 

17s 
175 
121 
293 
319,320 
320,321 
323 
322 
324 
324 

96 
325 
179 
179 

80 
142 

77,327 
2,72,73,75-78 

75 

Ref, 

~~~~(PN~~C~Z f 2 
[Cd (PNO) WC% 12 
[ Hg WNO) (SCN12 12 
[Cd(2,6- 

4 
NO)q(ONO& 1 

(CF3J2Hg,* nPNO tn = 1, 2,3) 
Hgt(PNO 4(c1(&& 

i H&~(PNO~~(S~~~~ 

74,79,328 
175 
111,290 
148 
333 
334 
Ill 
109,111,181 
181 
181 
130 
180 
180 
a80 
199 
181 
159 
338,339 
291 
291 

I 

Q Representative examples. 
bR=CHgZzH5,C H 10 21, C6H5, CeH4-X (X = organic substituent>, Y-CO2 (Y = CH3, C2Hs, n-C3H71. 
C R = (CH3)&, (CH3)2C(OH); R’ = CHJ, (CH~)~C(Olf). 
d X = BF4, P&j, AsF6, SbF+ 
e X =f N03, CN, CF$ZOO, CC13CO0. 

tC. gfexes with tie le 121, Linear VMo__c) 

vs. owN() plots for these compfexes show a trend of decrease of the whio_o freque 
increasing electron-withdrawing character of the substituent; v 

# 
b_Q and vbl_cl (M = Nb, 

Mo) are relatively insensitive to the effects of 4-substituents3* . Linear plots were also 
obt~~~d32~ when the electronic spectral bands of the Nb com;?lexes were plotted vs, 
~~N~* The pounds are slightly parlay g bcn = 0~4S---o.6S 
~o~d~~~ s reported are (cf. Table 12): ,Cl, - 2PNO {ref. 3223, 
C12(PNO), (ref. 323), [Mo(O,)+] (pNO)(OH2), WO&~f WpicNO) ( 
324), Rel complexes of the type Re(CO)3(PN0)2X (X = Cl, f3 , I) 

t, 
re &tained by inter- 

action % between PNQ and Re(CO)5X. 2-n-Nonylpyridine N-o ide has been utilized for 
the ~xtra~~on of r~~~~urn compounds from aqueous solutions3251 ~u~~(~U)~(PN~) com- 
plexes (X = Br, I] were prepared 376 ~eac~i~~ ~~~w~~~ ~~~~~~~ 2 ad E’NO- herac- 
tion between 2, GLNO and Ru or I+ chlorides in acetone-ethanol leads to the 
immediate precipitation of crystalline products; the Ru and Rh complexes are of the 
types [Ru(~,~-LNQ)~CI~] and [Rh(2,6-LNO)5Cl]c’f , respectively; the Ir comykx is _, 
ve % been characterized as yet l7 . 

ne, dkyne, styrene, vinyl ester or CO; L =A!-oxide) ~urn~~~xes I99 
72 were reviewed in detail by Orchin and t 2 I(see also Sects- 



C(i), (Z) and (vi) of the present review and Table 12). The crystal structure determination 
of (CO)PtC12(4-MeOPNO) revealed that the PtCC120 moiety is square pianar and the N- 
oxide and carbonyl ligzinds are D-WZS to one another29 268_ The Pt-0-N angle is 120O, 

t-C-U bumping is aknost Iinear 2* 268 ( f 78O). The Pt-O bond is essentially a 
with very little, if any, ba~~-bo~ding~ (Pt--O bond ~e~~~2~~ I.99 &I* Yfzt_-j 

is insensitive to the effects of substituents on the aromatic ring of the IV-oxide 2t327. 
OIefin-okfin exchange studies in Ptx*--olefk complexes32g, and their derivatives with 
pyridirtes 330 and pyridine N-oxides 72 have been reported 2. Exchange between different 
N-oxides in (A)PtCl-#-oxide) complexes also occurs in solu tions76*33 1 3 e.g, 

Pyridine and pyridine N-oxide ligands may be displaced from complexes of the above 
type Ery various solvent moIecules (e.g. acetone, chloroform, acetonitrile)3281 330-332; the 
~~~??~-i~bilizi~g ability of the unsaturated ligand decreases along the series330*332 ethylene 
>> traiu-2-bu tene > cr‘s- ?-butene > CO, It should be noted, ~~~~~v~~, that caution is gen- 
erdfy ~~c~mrne~d~d in the ~nt~rpret~t~~n of any type of ~xc~~g~ ~e~~~on with PtII com- 

plexes*; in fact, complexes of the above types can be quite labile even in the absence of 
any added free iigand330, while the possibility of ready oxidation ofPt2+ to Pt4+ intro- 
duces an additional complication? Pdr’ analogs of the above complexes are considerably 
less stable and dif~~ult to isolate; however, 3 number of (CZ-HJ) PdC~*~~?-oxide) complexes 
have been ~~~p~~~d 8* (Table I2). Other ~~~~d~~~ and platinum N-oxide com~I~xes re- 

ported are: ~Pd~~Et~P~~~~~~*~ (ref. 142) and fPt(& 6-LNO), Cl3 ] Cl (ref. f 75). 
AgCIOd forms complexes of the type AgClO, 9 nL (lz = 2 or 3) with N-oxides (PNO, 

2, 3- and 4-PicNO, 2,6-LNO, a-, 3- and 4-CNPNO, and 2-ethyl, 2+propyl- and 2-isopentyl- 
pyridine N-oxides 1 f 1* 14& 14& 2g0_ The 2: 1 complexes involve either a mono- or a binuclear 

complex cation (vide supra) 148*290, while the 3: I analogs were fobs* 
f%lO,)* L, on the basis of the occ~~~~~~e of ~ugges tive 
of two chemically inequivalent sets of ligand of Agt 

to exhibit linear two-fold coordination 2%) (Table 12) In Ag the l&and 
appears either to contain bridging N-oxide groups or to involve coordination of both the 
N-oxide oxygen and the nitrife group 14% AgN03 - PNO (ref. 333) and [Ag(PNO)]+- 

ref. 334) complexes were also reported. 

rates and t~t~a~~~rob~r~tes yield [ 
N-oxides 109, f. I1,142,173* 1131~ [Hg( 

SbF,) have also been prepared 181. Cd”1 and HgII halides form complexes of the 
types (1, =N-oxide); X = CI, Br, I): [CdLX2],, CdLXZ(CIH,), CdLZIz, CdsL2Cl6, 

Cd, L,Cl, (refs. 180, ZU, 3 1 335) and fHgLX& (rd%. i73, 180, 181, 195, 197,269, 
3 f 1,336) (Table 12). thou the ~~~~~b~~~~y of N-oxide budging in the binuclear I : i 
conqdexes was discussed 181f the overall spectroscopic evidence is in favor of halogen- 
bridged structures. Crystal structure determinations of [HgLCl,] complexes (L = 3, S- 

13r2PN0, QNO) established that these compounds are chlorine-bridged270~337. Other Cd” 
complexes reported are: [CdL(NCS)21,, IL = PNO, 2-, 3- and 4-PicNO, 2,6-LNO), [Cd- 

involving boding thiocyan fiends lg9, Cd@ 
entate ~~t~3t~ ~~~~~$~~~* f ~N~~~~~~ 



CFTJ COO, CC13 C00) involve coordinated ~~Iy~i~~s, sctiilg, most probably, as b~den~a~e 
ligands; hence, Hgll is probably hexacoordinated in these compounds F*l. Andogous com- 
pounds with X = CN, CF,, C2F5, Cl?,-CHF, CF,KH,, C,H,, u-, m- andp-CF3 - C,H, 
are probably t~tr~e~r~ f*1*338*339W F~~~ru~ky~ eW.lrials may form 
1: i * 1:2 and Ji :3 ~~~~~~~X~~ =@h 339 pfexes (L = mm, 2,fi- 
LNO) appear to be bimcfear, ~-ox~d~-br~d~~d, with S-bonded terminal t~ucyanat~ ii- 
gands *sgj 181. For Hg’ the complexes Hg~(PN0)4(C10& and HgzSiFG - 5PNO were re- 
ported 291. 

(t$ ~U~~~~~~~S ~~~~~~ ~~~~~~~~~~~e Gary ~~~~~~~~e iims 
Yrrl and Lnrrr p~r~~~rates form ~~rnpIex~s f i3*J4u of the type ~~~~ ~~CI~~~~ with 

PNO, The complex cations are square antiprismatic27Q~ 28i* 340; csmparisons wi~h aafo- 
gous complexes of other Iigands show that the stability order of [LnL8 ] 3+ decreases along 
the series antipyrin~ > DUSO > PNO 1 IV; ~-d~~Fhy~f~rnlanlid~~4~. 4-PieNO also forms 

+ complexes (Ln = Pr, Nd, Sm, Eu, Gd, Dy) 34r omptexes of the 

m(4-~~~N~)~~~H~ 13 3+, ~~~~~PicN~)~(~~~~~~ (~~~~N~)~(~H~)~~+ 
were afso iSdated J41. QNO fcmns 7: 1 cationic ~~~~I~x~s with and Lr+F1 ions fLn = 
La to Yb): a series of ~~~~QN~)~~ ~~r(N~S)~ f complexes ivith these metal ions has been 

prepared 342. [M(PNC.?)&O,)] X2 (X = NO,, Clo,, B(C6Hs)4) with Yrrr and Lnl*I ions 
most probably involve hexacoordinated complex cations with coordinated bidentote ni- 
trate 343 _ LnCI, salts Ilowing ~~rnpl~x~s~~~ with QNO: L 
(M = Nd, Sm) and Ln 3 1 W,O (kn = Eu, Gd, T-b, Dy* Ho, Y 
es are more an the 4: I ~~rnp~exes. The fatter CompQun 
moSecules of HCl at SO- lOO”C, forming compl f the corresponding Ln oxychlorides344 
( LnOC1(QN0)4). EulI1 complexes of tile above -) as well as adducts of IV-oxides with 
E@ (vide supra; Sect.. C(G)). 

per~~~ra~es farm the f~~~~~~~g ~u~p~ex~s f Ifi, I21 : ~~~~~~~~~~~~~ ) 
~~~~P~~~~ (4304 )z _ 3% s~~fFs of the au~~s~mmeFr~c sr re tching 
ionic group, occurring upon interaction of equimofar amounts of 

uranyi compounds and a number of neutral or ionic Iigands are as follows34s (in WI-~): 
b~d~n~ate oxalate, GS; &dentate sulfate, 63; b~d~ntat~ nitrate, 37; pyri~ine, 34; a~t~p~r~ne~ 
29; PNO, 29; bidentate per&orate, 29;N, fv-d~e~y~~or~~id~, 27: tri-n-butylphosphate, 
25; mon~de~FaFe p~r~~orate, 22; d~-?~-b~ty~ eFher, 2f ; c~~~~~, 19; H,O, 19; CH3C51, 
16; ~~Fr~me~~e~ 11, The trend o~s~~ed in the case of Fhe above 
witk a jzjven AyUO (as) shift \vilf ~~~~raIly replace alI ligands indu lower A~~~~ (as) 
s~fFs~45_ ThW ~h~~ri~~ and nitrale complexes reported are: ThC1, * 2(2,6-I&IQ) (ref. 
175), ThCf, * 2QNOa 2&U and Th(OH),(NO,)~ 9 2Q 
1~2 ~o~p~e~~s with a variery of ar~rnati~ N-oxides 298 

(ref. 398). U0,(N03)2 forms 
6. Thnr and uranyl nitrates can 



complexes with PNO and other neutral figands were reported348. Finally, conductivity 

measurements of UO,Cl;, * 2L (L = QNO, IQNO) in metha~lol are considerably higher than 
those observed for anhydrsus UO2C12 or U02C12 - I-I20 in the same medium34g. me 
h&her degree of dissociation in the N-oxide complexes has been att~b~ted to weaker 
U-43 bonds, ~~~~~t~~ frsim the presence of the large QNO or ACNE ~~~ec~~es in ‘khe first 
coordination sphere of the UVt ion 349. 

/d) Compiexes with compounds of orher eiemerrrs 
The following PNO complexes have been reported47t48* 1 1 1 for the perchlorates of 

metal ions ~eIo~ging to groups IA, IIA and IIIA of the Periodic Table: ~(P~~~~CI04 

Ca, %Jz ~~(p~~)~(~~~~~~ 2 e4-I ~PNu~~ (cla4 j3, 
supra; structure VI)has also been reported %. 

4-EtOPNO forms a 4: 1 complex 14? with Ca(CIO,),; NCS), l 2(2,6LNO) has been 
fon-nulatcd as [(2,6-LNO)(SCN)ZMg(2,ctj-LNO)aMg( )2(2,6-LNO)], i.e. dimeric, N- 

oxide-bridged, involving N-bonded isothioeyanato groups 159_ BIrr compounds generally 
af ihe type BX, - L (X = W, F, Cl; L = lW0,4-&NO, 

ifts of 18-44 cm-- 1 were UbS~~~d~~~ in PN 

rresponding 4-PicNO compouncts the shifts 
r of cationic complexes of the type [(CH3)3NBHZ(L)]+ PFG- 

(L = PNO and other neutral oxygen ligads) were also reported 351. Indinm trichloride 

forms a complex 352 of the type In(PN~~~~~3. Examples of N-oxide reactions with 
20, 95,353) and 1~~~~~ ~s~rt~un at e aF~matic ring pusi- 

~xid~-~~?~ Li adduct intermediate 98t have already been 

C(i). 
SiW halides form 1:4 complexes3s4 with PNO, i.e. Six, l 4PNO (X I= Cl, Br). SnX, * 

PNO (X = Cl, Br) and SnCIz * 2PNO adducts have been reported 182* 18% 272. For the 
former ~~rnp~ex a rn~norn~r~c structure 183, ~nv~~v~ng t~c~~rdinat~d Sn I”, and a b~n~c~~ar~ 
~b~o~~~-b~dg~d st~~t~r~ 182 have been proposed by different gsoups, T&e sp~~tt~~~ of 
V&(-J in SKI, .2PNO may suggest that one PNO group is outside the coordination sphere, 
but does nat preclude a tetracoordinated system ls3v 272. N-Oxide complexes with Sn” 
halides I~,176,203,2~. 355,356 and organo_SnN md _pbm salts131,201~2L2,266,273,357 

have been studied to some extent (Table 13); SnX4 (X = F, Cl, Br, I) forms 1: 2 adducts witi 
aromatic Ernst ~-oxid~~ 16, x ?6~ 203, 2M* 355* 3% (vide s~~r~, Sects, C(i$, (pi))_ R, MX * L 
complexes (R = alkyl, aryl; X = er, Br, -8KS; M = Sn, Pb; L = ~-0xid~~ are t~gona~ bi- 
pyramid with planar R3 M moieties 201s 2G6v 357. CC6 H5)3SnCI complexes with pyridine 

and quinoline N-oxides have fun ctericidal and molIuskicidal properties and low 
phyto toxicity 358,3sg. R,SriX, - 2,266,273,357 involve two N- 

oxide Iigands rrarrs to oni another cts. C(iiij, (vi) and structure 
XI), and are hexacoord~~ted; in the case of 2,4,6-CNO a pent~coo~d~ated adduct of the 
tYl?e (CW 

5! 
),SnCl, - L is stabilized; ~o~~~on of the 1.~2 adduct in this case is sterica3ly 

hindered O1. A series of 4substituted pyridine N-oxides with R3M substituents (R =: C 

or C2H5 ; M = C, Si, Ge, Sn) was recently prepared 360g 361 _. Pb(PNO)s 04)z was also 
reported 1 12. QNO and its derivatives react with Pb(CH3COO)d, form N-ace toxycare 

bostyril, ~ch is subse~~en~y converted to ~-hydro~ycarbostyr~, either on standing or 

by ~~~~~~~s~s 362, 363 _ 
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TABLE 13 

Complex Ref, 
I~--- 

(CH3)2SnCl~ - (2,4,6_CNO) 
(CH3)3SnCI + PNO 
(CH&$%Q* PNO 

n Representa tlve exam pies 

201 

176 
201 

SbCI, forms a 1 1 adduet 364 with P&IO, whrle PCls - PNO (ref. 84) and PCT, - PNO 
(ref 92) adducts were proposed as mtermedlates of reactmns between PC& or PCl, and 
PNO (wde supra, Sect C(I)) Adducts of the types SU, - L fief 4)? TeCt, l It, jref 174) and 
TeQ, l 231, with aromatlc JV-oxrdes have been reported. Phenol, akohof and halogen adducts 
of K~xtdes were drscussed m Sect Bfrrz) Inorganic and argamc acids form I 1 and 1 2 
adducts w&h N-oxides, fuz whxch structures W and V resp~~vefy were pruposed %-% 
(Sect Bfrrr)) E xampks of nt-oxide (I_,) adducts of these types are [HLJX (X = Cl, Br, 
SbClG) (refs 5, 56,365,366), [HLz]X (X = CI, Br, I (refs S&57), SbC16, SbFg, PI& 
AsFc; (refs 57, 58), 13Fd (ref 571, C&I& (refs 57,367), p-CM, C, H,SO, tref 57), Auc314, 
AuBr (refs. 368,369]), [Cr-r] 2 [Mo,O,, ] f%+ (ref 370) and CCI,,t-f3_nCOOH E, [ftr = 
&$x372* -j-J-g crystal structure determulat*lon of CCI,COUH- PNQ revmkb a rat&a 
short distance (2-41 8-) befiveen the N-Q uxygen atom and one uf the carboxy oxygens 28d. 
Fmally, kaaimite (A.l~(Sl~O~~)(OH)gj forms a PNO adduct, u~ulvmg H-bondmg from 
the hydroxyl hydrogens to the N-O ~xygen~~~ 

D METAL COMPLEXES OF AROMATIC AMINC N-OXIDE AND DfAiWNE N, N-DIOXIDE 
CfiELATfNG AGENTS 

2-Substituted pyndme IV-oxides and 2- 01: S-substituted qumuhm IV-uxlda (XII, XIII, 
XIV, respectively), mvslvmg substrttrents that cm serve as danor sites, may act Esther as 
monodentate neutral hgar~ds (e-g Y =: NH,, CN), caordmatmg through the W-0 oxygen, 
or as neutral fe g Y = CN) or anionic (Y = O-, S-, CQQ-, NH-, etc ) brdentate chektiing 
agents Other N-oxide and N, Wdroxrde chelating agents, reportedly fknung metal com- 
plexes (vide mfra) are 3,l Gphenanthrohne N-oxide, Xv, 2,2’-blpyndme IV, N-droxrde, 
WI, 1, I O-phenmt!mAme N, N-dluxzde, XVII, and 2,3-dt(2-pyndme N-uxlde) qumoxa- 
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fure, ,XYIII, 3n contrast to the metal complexes of monodentate N-oxIdes, many of the 
metal chelates of these hgands can k~e xsulated from aqueous safiatron 

Pjrcohmc aeldN-oxide (PKANQ-H, Y = CQUH III XII) forms complexes wrth a variety 
uf metal INiS =& 215,374-379 (Table 14, see also Table 6 and Sect, Cfn.~)) Complexes2= 
uf the type M~~~C~U~~ l 2H2U (M = Mg, Mn, Fe, co, NI, 01) are bts-chelates, XIX; 
M@IGANO)~ (M = Mn, F e ) are e~tkr monumerk trtls-chelates, XX, or polymers based 
upon the anhydrous form of struchrre XXI, whch was proposed215 for M(PKANO)~ * 
Hz0 fM = Cr, Co)- 

xxx XX XXf 

Other complexes reported by Lever et al. are, CU(RCANU)~ (monomeric, square planar 
chdat:), Zn(PIc~U)~ ” Q H,U (tetrahedral or pentacoordmatcd), Ca(PWQK3)2~probably 
potynucharj, F~~~c~~)~~~~c~~~H~ &en = 5 98 l3.M )? Fe(P~cAN43)~0Me tr_reff = 
5 09 B M.), HF:(PuANU)4 ) dunne oxidation of FeU, Co” and N~~~-PwWO complexes 
by chlonrxe or bromine, compounds of the types FeC1,cprCANU), CoCl(PxcANU), Co- 
~U~CC~~~~~~~N~~~~ (peff = 4.99 B M,), and ~~(UU~~~~)~~~~U)~r QeE = 3 90 
B.M ) were is&&xl 2x* Recently, She magnetic propertres crf Ek(PlCANU~~ * 2H,O m the 

@II-3QO”K regmn were reported 378. The patterns of the variation m stab&y constants 
wzth incresmg atomic number led to the canc~us~on &at PuWB acti as a brdentate fz- 
gand in ifs L4P-I @a 4s Lu) compkx~s 3T5_ However, the ratrus of stepwzse stabfity can- 
stants fur the same complexes were suggestive of coordmation of PrcANU as a monoder~- 
tate ligarid3’=. A series of X,BL (X = C,H, or F, C = PICANO, kiub3oxyquinoli AG 
uxxde, Z-UMePNQ, 8-UQNU j campIexes rewoke chelatron of the ligand; &etioxy-carbar 

arrrxnoqumufine IV-oxrde (LH) forms the (CsH&BL chelarei3, but xts rntera~bon wrth BF, 
leads to the formation of the adduct BF, - LH, ux which the Iigand IS neutral, cocrrdmatmg 
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through the N-O oxygen 379ae C&her PlcANO complexes reported are374 - B~(P~cANO)~. 
MU,(h4NO)2 - ZHZQ (M = U, I%)* Zr(P&NUJ(CEQ3 The i 2 metal-to&gand ratio m 
the UO,‘+ campkx was also de &-mined by physrcochemrcaf studies 377 _ 

2-Ammopyridme N-oxide (LH) metal complexes of the type [M(LH)61(C104)2 (M = 
Mn, Fe, Co, Nl, Zn, Mg) and [bf (LH)4 ](ClO& (M = Cu, Ba), uwolvmg mmodentate 
neutral Irgands, courdxnated thruugfi the N-U oxygen, were Isalated durmg Interaction of 
&and and salt m methanol 38u. In h#y alkalme aqueous medra, the same &and loses 
one proton, formmg an anion, which can cclordmate as a bldentate hgand to CuU and 
Fern fX_XH), urlth other 3d metal zons hydrulysls occurs more easlEy than formatron uf 
metal chelates of the type shoxvn in XXIlE3% 

XXIIf 

Adenosule Woxzde behaves in a similar manner, fonnrng l- 1 chelates, XXIII, with divalent 
3d metd 1011s (M = Mn to Zn) m alkahne media 381a However, adenme N-oxide forms 
chelates W& the same metal mns, mnvolvving coordination of the mtrogen of the ammo 
soup and one nitrogen of the lmldazole rmg (m posltlon 7) (XXIV), the N-O oxygen 1s 
not coorchnated m the latter complexes 3*1 Adenosme-5’-monophosphate-N( 1)oxide 
forms Cu” ~urnplexes urvolvmg coordmatian of the N-O oxygen, with other MU mm 
(Mg, Ca, Ba, Mu, Co, Nr, Zn), coordrnation through this oxygen occurs, uip solution, at high 
pH, wNe at neutral or weakly acxd pH this hgand coordmates exclusrvely through the 
phosphate group to the above metal ions 382a. Snnllar studies with mosme-N(I)-oxide and 
rts S’-monophosphate denvative estabhshed that the latter hgand coordinates ma&y 
through the N-U oxygen to dIvalent 3d metal eons, whereas m the case of alkahne earth 
metal ions, an equdlbnum between NO- and phosphate-bonded species exists m solut~on~~~~ 

2-Hydroxypyridme N-oxrde (2-HOPNO) and 2-pyndmethlol JV-oxrde (FTNU-H) 
(XXV, 2 = 0, S) exrst predommantiy m their tautomerk furms of l-hydroxypyrld-2-one 
and l-hydraxypyrldme- 2-throne fXXW, 2 = 0, S), respectlvely383 (the 2-ammopyndme 
/V-oxide emsts predominantly in the N-oxrde rather than the 1-hydroxypyrldone-2-mune 
form=) 

XXV XXVI 

Both T-HUPNU and PTNU-H (umadme) reportedly form metal chelates of type XXVII271~ 
274+ 275, 384-391(TabIe 14) Chelates of this type &&it negative ~f~_~ shifts 274v 386, 
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vccs m M(PTNO),, complexes did not dlmmlsh r.n mtensrty or approxrmate pos&on, as 
would be expected, although, m certam cases, the absorption was split mto two bands3*6_ 

2-OPNO (L) chelates of the types [SlL? ] X (X = Cl, F+), [SILO ] 2 [SnCl, 1, IAlL 1, 
[FeL3] and {SnL, 1 2 [SnCl$ have been reported 384y391 The SIW complexes mvolve an 

octahedral complex cation d4, which was partrally resolved rnto rts optical enantiomers 

by treatment with &sodlum (-)-drbenzoyl-Ltartrate 391 _ Zn” complexes of thus ligand 
may be used as antifungal agents392- An early paper38g reported the preparatron of vari- 

ous 2-pyndme-throlateIV-oxide M(PTNO), complexes (M = NaI, FelI, FerU, Corr, N@, 

C!uII, Ag[, AurlI, ZnII, CdIr, Hgr, HgIl, PbZI, SbIn, A@, B@) Polarographrc studies of 

some of these complexes388 and determination of formatron constants of drvalent 3d met- 

al ion chelates with 2-UPNO and PTNO 385 were later reported The following PTNO(L) 

metal chelates have been Isolated and characterized CrL, l 1 5H,O, NaL, KL, MnLz - 
H,O. FeL3, CoL3 l 2H@, N&z, CuLz, ZnLz, CdL2, ZrL4 - H20, HgL2 (ref. 386), 
R,SnL(R = n-C4H9, C,H,), SnX2L(X = F, Cl, Br, I), SnL4, (C,H,),Sn(NCS)L (ref 

274). RSnClL2 (R = iz-C4H9, CsH5) (ref 275) Mossbauer studres of Feb (ref 271) and 
the SnW complexes 274s 275 have already been mentioned (Sect. C(vz))_ NIL, heff = 0 34 
B M.) and CuL2 are square planar, MnL, l H,O IS tetrahedral (I-reff = 5.72 B M , yellow- 

green color) and the Cr EIr, FeIir and Co”’ chelates are octahedral, aDq value of 1884 cm-l 
was derrved from the electromc spectrum of CoL3 l 2H20& = O-40 B M.)386. PTNHO 387 

and 4-methylpyrldme-2-thlol LV-oxrde 390 have been used for the analytIcal determmatron 
of Feiix The FelIi chelates with both these lrgands can be used for the selectrve dlfferen- 
tral absorptrometnc determrnatlon390 of HgII- M(PTNO), complexes have found apphca- 

tron as components of cdngrcrdes and bacterlcrdes and as repellents, reducing deer- 
browsmg393 The Nal and ZnII complexes of 2-qumohnethloi N-oxide are used n-t antz- 
dandruff shampoos 394. CoII, N$, C u 11 and CdIr chelates of I-hydroxypyrazole-2-oxide 395a 
and CL@ complexes o*oxazohne oxide derrvatrves395b have also been reported 

&Qumoimol A!-oxrde (oxme N-oxrde) and substituted derivatives have been extensively 

used for the extraction and analytrcal determmatlon of various metal ions (e g Mn2+, 

Fe3’, Co2+, Cu2+, Zn2+, Al3+, Ln3+, Ru3+, Ir4+, Ce4+, U6+)396-400 The stabrbty con- 

stants of &qumohnol N-oxide complexes are generally smaller than those of the corre- 
spondmg 8-quinolmol complexes 4oo Spectrophotometrrc, stabllrty constant and other 
mvestigations of metal complexes of 8-qumohnol N-oxrde (LH) and substrtuted derivatives 

(e g 5,7-dlcNoro&qumolmol Koxrde (L’H)) of various types (1-e NIL’~, CuL2, PdL2 
[MLClh] (5-n)- (M = RulIi, Rhul, OsIv, IrN, PtW, n = 3 or 4), etc.), led to the assignment 

of structures mvanably mvolvmg chelatmg L or L’ hgands to these compounds396*3g9*400-402~ 

Although many metd ions can be precrprtated wrth 8-qumolmol N-oxrde (Mg2+, Ca*+, 
Sr2+, Ba2+, Zn2+, Cd*+, Co2+, ee4’, UO,‘+ , Tif, etc )3g8. the only 3d metal complex 
obtained 1~ crystalline form and characteiized IS VO(8-OQNO), (&,R = 1 77 B.M )403_ 

Reactlon of 8-qumolmol N-oxxde and 2-n-butoxy- 1,3,2-droxaborole m CH,Clz results m 
the precipitation of the tetraoxa-azaspuoborate, XXVII1404. 

XXVIII 
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1-Hydroxyphenazme-N, N-dloxlde reportedIy behaves m a amnar manner to 8-qumo- 
linol N-oxide, forming Cu” chelates by coordrnatron of one of the NO oxygens and the 
oxygen of the hydroxyl gro~p~~l~_ 

2,2’-Brpyndme N, N-dloxlde (XVI, BrP$) acts as a neutral btdentate lrgand, formmg 
metal complexes rnvolvrng seven-membered chelate rings XXIX 96,120,222,320,323,405-413 

(Table 14) Metal complexes of the general types [M(BrPO& ] X, (M = A13+, Sc3+, Cr3+, 
Mn2+> Mn3+, Fe3”, Co2+, Ni2+, Cu2+, Zn”‘+, Cd2+, Hg2+, X = Br, I, C104, N03, S208, 
PtCl,, rz = 0 5-3) 120*405-408, [M(BiPO&]X, (M = Co2+, X = Cl, Cu2+, X = PtCl,, Ag+, 
Pb2+, X = C104)4r=408 are generally charactertzed by brdentate B1po, hgands. V~~__~ 
values are in agreement with the Irvm,-- 0 Whams series, 1-e they vary In the followxng 
order407 for 3d metal ions Mn *+ < Co2+ < Nr2’ < Cu2+ > Zn2+ Stereochemical con- 
szderatrons and infrared studies suggest that the seven-membered chelate rings involve a 
staggered (&u&e) configuration of the pyrldme rmgs406s407_ NMR data for [M(BiPO,), ]- 
[PF6] 3 (M = Co, Ni) complexes (contact and drpolar shifts and the correspondmg geo- 
metr&l factors) were best interpreted 413 by assummg d M-O drstarlce of 2 20 a and an 
O-M-O angle of 85”) the geometrical factors obtamed rn thrs manner correspond to a 
staggered configuration for the chelated BrPO, llgand, mvoivmg an tigle af 67” between 
the planes of the two aromatic rings and a M-O-N angle of 115” Two out of eight posse- 
ble optical Isomers appear to be present n-t appreciable amounts m the [M(BtPO&] 2+ 
(M = Co, Nr) cationic complexes, these are the Ad& (sAZ[Z) and the AZ22 (~Addd) rsomers413 
Other B1P02 chelates with transitron metal ions reported are VCi4 l L (L = BrP02, 1, lo- 
phenanthrohne iV, N-dioxrde, XVII, peff = I 50 and 1 60 B M,, respectively) 222, [VO- 
(BIPO,)~~ (CIO,), (pett. = i 63 B hI ), [ZrO(BiP0,)3] (C104)7 (ref 409), [(Nb&I,,)C12- 
(BIPO&] (ref STO), [Mo20&12(B1PO~)~] l 2&-O, [Mo~O&(BIPO~)~] l 2H20 (Jeff = 
l-23 aid l-48 B M., respectively) 4og, Mo(NO)~(BrPO~)Cl~ (ref 323) and Re(C0)3- 
(B&0,)X(X= Cl, Br, I)g6- YIrl and LniII f orrn chelates of the type [M(BlrO2)4](ClO4)3 
(M = Y, La, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Yb) (refs. 410,41 l), The Eulrl and TbIIr 
complexes of this type are fluorescent, and their fluorescence spectra m solutron were re- 
ported 4111 IR and conductance data 410 mdrcate that the metal-hgand bond 1s weaker 
m the lanthamde than xn the correspondmg transrtion metal chelates 1~1th BIPOz A Ce rv 

complex of the type [Ce(B~P02)3(N0~)2](C104)2 was recently prepared41 1 Chelates of 
the actnude ions wrth BIRO, have also been reported, vtz [T~(BLPO,)~](CIO,)~, fUO,- 

(BrI’O& I (ClO4b W- 4091, UO2WO3 12W’G 1, an d Pu02C12(B1P02 l HCl)2 (ref 4 12) 
Fmally, B1p02 foyms 1 1 adducts with the followmg morgamc acrds HClO, , DC104 , 
HCI, HBr, HSbCl, (ref 414) Other ly, N-dioxides, reportedly forming metal complexes, 
are 4,4’-dmltro (or dlhydroxy)gIycosme-3,3’-dioxide and indigo-3,3’dloxrde (2,2’-dt- 
benzdirmdazyl-3,3’-dioxide) 415 2,2’-Brpyndme-N-oxide complexes have not been re- 
ported, but a series of ML,Cl, snH,O (M = Co, Nr, Cu, n = 0,O 5 and 2, respectively) 
with 1, IUphenanthroline N-oxide, XV, were prepared 416 These complexes are dissociated 
m water to regenerate the N-oxrde and the hydrated metal 1on416, no characterization 
studies were reported for these compounds 

Quite recently, a number of Co”, NI” and Cuil hahde complexes wrth the ligand 2,3- 
di(2-pyndme Woxlde) qurnoxahne (XVIII, DPNOQ) were synthesrzed 417 (Table 14). 
DPNOQ can act as a monodentate, mono-brdentate or bts-brdentate (bridging) 1lga-d In 
the latter two cases, six-membered &elate rings are formed by coordmabon of one N-O 
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oxygen and one nitrogen of the qumoxabne rmg to the metal eon. Monomenc tetrahedral 
structures, involving mono-bldentate DPNOQ were assigned to CoX,@FQNO) l nH20 
(X = Cl, Br, I, n = l- 1 5), complexes of the type NIX#PNOQ) 

$ 
l H,O (X = Br, I) are 

monomenc, octahedral, and also contam mono-bldentate hgands 17. Ollgomenc NlCl, 
complexes of the types N13C16@PNOQ)4 - 4H,O and N15Cl10(DPNOQ)4 l 4H,O contam 
bndglng bls-bldentate DPNOQ ligand molecules, coordmatlon of terminal mono-bldentate 
DPNOQ groups was proposed for the former complex, while the formulation of the latter 
complex mvolves only brldgng DPNOQ llgmds and termmal aquo and chloro groups 

~X,@PNQQ~ complexes are probably hexacoordmated, polynuclear, DPNOQ-bndged 
A complex in which this bgand IS monodentate417 IS the adduct ICl- DPNOQ Fmally, 
2-CNPNO acts as a monodentate hgand in fM(2-CNPNO), ](C104)2 (M = Co, NI), while 
for Ag(2-CNPN0)2(C10,) the possrbrhty of chelatron of the hgand was discussed 14* 
(vide supra, Sect, C(YZZL)@)) 

E ~~E~TALC~X~PLEXES~~AL~PHATIC~~NEN-O~IDESANDSEC~NDARY A~~~NENITROXIDE 
FREERADICALS 

The present sectlon grves a brief account of the metal complexes reported for ahphatic 
amme 1V-oxides and secondary arnme mtroxide free radicals Trimethylamme N-oxide 
(TMNO) forms complexes with a variety of transrtion metal safts 1% loo* 110*293*41*-425, 

coordination occurring through the N-O oxygen Complexes of the following types were 
reported [M(TMN0)4](Cl?4)2 (M = Mn, Co, Ni, Cu, Zn) 18* 1oo*418-422, [M(TMN0)6]- 
(CiO,)g (M = SC, Cr) loo, 2g3, 
NO# ,110,419,420,422,423 

[M(TMN0)7X2] (M = Mn, Co, Zn, Cd; X = Cl, Br, I, NCS, 
[Co(TMNO); 111 (ref 18), [CO(TMNO)~] X7 (X = NO, 

(ref 1 lo), BF4, ClO,, Br, I, ‘CH3CgH4S03 (tosylate))421, [M(TMNO)Xi] (M = Cd, Hg, 
X = Cl, Br, I)423 and M(TMN0)2Cl, (M = T1, Zr) 422y424 TMNO behaves m a manner 
similar to stencally hindered aromatic amine N-oxides (e g 2,6-LNO 145, ANO) 149, m 
that It forms [ML41z+ and [ML613’ catiomc complexes However, the [M(TMN0)4 ] 2+ 
complexes are tetrahedral, wnh the exception of the Gun complex, which IS probably dis- 
torted square-planar (Dm symmetry) loo, whereas the [M(2,6-LNO)4] 2+ complexes are 

square-planar 145 Thus, TMNO resembles the corresponding phosplune and arsme 
oxldes 101,~02,~35-139 m that It favors the stabllrzation of tetrahedral catiomc complexes 
Square pyrarmdal thlL5] *+ and [ML,(OCIO,)] + catlonlc 3d metal compIexes with trr- 

alkyl- and tri-arylphosphme oxides have been reported I369 140*426. Nevertheless, attempts 
at the isolation of [M(TMNO);](C104)~ were unsuccessful, although solutions of [M- 

(TMN0)4] (CIO,), (M = Co, N ) 1 contammg excess hgand exl-nbrt electromc spectra indi- 
catmg the attainment of a coordmatlon higher than four 14* Conclusions regardmg the 
s tereochemlstry of [M (TMNO), ] 2+ wouId be of considerable interest, srnce [ML51 2+ 
cations are square pyramidal for L = phosphme or arsme oxide I36 14o*426 and trigonal 
blpyranudal for L = aromatrc ax-rune IV-oxide (2-PrcNO) 123* 133 [CO(TMNO)~X~] (X = 
Cl, Br, I, NW) complexes are pseudo-tetrahedral m soiutzon, but pentacoordmated (most 
probably TMNO-bridged and duneric) m the sohd state41gy42u. The paramagnetrc metal 
ion TMNO complexes mentroned above are generally of the high-spin type_ Other metal 
complexes of TMNO reported are BX3 l TMNO (X = F, Cl, Br) llm 15*424s427, AlX3 l TMNO 
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(X = Cl, Br), GaCl, * TMNU, I&f, * 2TMNO (ref 424),(CH,)zM* TMNU (M = AI, Ga, 
In)42*V SIFq * 2TMN0, &X4 l 4TMNO (X = Cl, Br) 1 I, 354 7 G&l4 .2TMNO, C&Cl, l 4TMNO 
(ref- 424), Snx, l 2+lT’MNO (X = F, Cl, Br)422s424, PCI, - nTMN0 (ref. f I), SU2 - TMNO 
(r&-s 10, 13), SO3 l TMNO (refs. 13, 15). TMW * IKl and TMNU l 2I&U have &o been 
st-udled429p4+ Tr re th 1 y - and tnpropylamine N-oxides (TENO, TPNO, respectrvely) form 
[cuL,Xz] (X = Cl, Br, X, NCS) and [CoL4](ClQ& cumplexe~~~~~~~~. TEN0 ccmplexes 
of these types form the pentacoordmated complex [CCI(TENO)~] 2* in solution and in the 
p~ew~~e uf excess hgand, treatment af TPNO complexes wrth excess hgand does not lead 
to the formation elf species with a coordinatzcrn number h.~gher than four. ([Co(TPNU)X2J 
forms the fCo[TPNO)J 2+ catlon, under these conditrons42S. Rare earth complexes of 
the type [M(TENCI)6] [CrfNC?!&j l 2H9 (M = Y, Lq Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, 
Er) have also been reported 431 N,~~unethyfe~y~enedlamme JV-oxide ((CH,)zN(0)- 
CHzCHzNHz) acts as a bldentate chelatmg agent, coordmatmg through one oxygen and 
one nitrogen atom, [Ml+ 3fC104), Or 3 c M = Fe”+, Co3*, NG*), [MK5+](ClO4)2 (M = Cu, 
Zn), MLXz (M = Mn, Co, Cu, Zn; X = c1, I), NrLC12 - 2H2C?, MLCIZ - 2HCl (M = Mrm, PCJ, 
Cd) and L= ZHC1 complexes of thus Irgand have been prepared432. Complexes wrth sthcr 
RI NO hgands reported are C, H, MgBr l C, H, (CH, )z (ref 1 2)J ZnBrz - 2C6 Hs cc6 H5 CH- 
=CHCH=)NO fief. 14), and a senes of F$$O adducts with BF3, AsF, and SbF5 (ref 433)+ 

The mtroxtdes of secondary armne~ are free radicals; properly substituted radrcals of 
thrs type are stable substances 434-436 (e g_ dx-fepf -butyln&ru~~de, Xxx, DBNO and 
2,2,6,6_tetramethy@pe~dme nrtruxrde, XXXI, TMPNO a) 

These compounds have found wade apphcafion zs spin labels for proburg blomo’lecular 
structure437 z mterest m their coordmation compounds has started developmg m recent 
years The donor prupert~es of TMFNO* towards van~us phenuls and alcohols were recent- 
ly mvestigated43g * I protonatron of TMPNO s, nut mvokng destructIon of the paramag- 
nettc center, has been repurted 439 The 1 1 complexes of n~n~transit~on metal Ions wrth 
nrtroxmde free radrcals (r e AICls wrth DBNO l and TMPNO * (rcf, I OS), and MX, (M = Al, 
Ca, X = Cl, Bx; I) wrth 2,2,~i,~-tetramethy~~~py~done mtroxnde lo3) are paramagnetrc 1u3? lo5 a 
Solutron EFR spectra of the free radicals consist of three lines produced by mtcractlon of 
the unparred electron with 8 smgk 14N nucleus The AliU compfexes etibit l&he EFR 
spectra xn wbxh each of the three 14N hnes 1s spht mto SIX by mteractmn with a smgle 
2QU nucleus I05 In the case of GaIrr complexes, 24 lmes are obsenred in their EPR spec- 
tra, tis IS due to mteractlons between 14N and 69Ga or 7LGa nucllei lo3. In complexes 
wxth paramagnetrc metal mm, spm-spm utteractions between the Iigmd and me& ions 
unparred electrons occur, as mdacated by mame& susceptlb&ty and EPR studies l@k 105*U0-444. 
~CO(DBNU*)~X~] (X = Cl, Br, I) complexes were inmtr&y found lW to e&bit peff of ca 

22 B M.; recently, yeff of the Co&, complex was redetemmed~* and found ta be 4.23 
B-M- Tk cumplexes are tetrahedral and thexr &ctrunrc spectra estabhsh that Co 1s m the 
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=+2 oxidation state 440. The Interaction between hgand and metal bun unptured electruns 
IS ~bvmis, mce the theoretml peff vab 4~ far a system conta~mng three unpmed elec- 
trons on cobalt, whch are not interacting with one unpaired electron on each hgand, is 
4 8 B MI. The solid-state EPR spectra of these complexes are unusual for tetrahedral Co% 
It resembles an S = f system Wth g ValuestiQ comparable to that expected for tetrahedral 
CoIr Beck et al lo4 
S - 

assumed a total spm ofS = 2, but Brown et al_44Q concluded that 

+ t_ SlmIlar mametic properties and EPR spectra were reported fur a number of 3d met- 
al per&orate-TMPNQ c cumpiexes- [Fe(TMPNU +z(CZO,),], beR = 3.47 B M.), [Co- 

UMPNO *N304>,1x c&-f = 4 58 B M ), [NI(TMPNO*)(C~O~)~]~ Cr_rerr = 3 63 B M.), 

[zn (TMPNO l )#Q )z 3 x @,ff = 2-06 B M ) lo6 These compounds are most probably 
bmuclear, the presence af bndgmg perchlorato hgands was consIdered as more probable 
rfian that of brldgrng TMPNO -) m view of the sterlc features of the later &and ~6 
Brs~-ketoenolato)-eu[~ chelates form f I adducts WA DBNU - and TMPNO -9 ex- 
hlbitmg low magnetic moments (1 OS B M ) 441y444. The CuII salt of the 2,2,S,S- 
tetramethyl-3-carboxypyrrollne nltroxlde radical does not exhlblt an EPR slgnal442. 
A labile CU(CIO~)~ complex with TMPNO- was Isolated but not characterized,, the reac- 
tion was carrred out III tr~ethyf orthoformate, and thxs complex was attacked by the &a- 

noI produced, forming 2,2,6,6-t~~r~e~y~p~per~dm~~m perchIorate and a mrxture of ele- 

mental copper and cupper oxides 445 Addrtnon of 3d metal acetylacetanates (V@+, Cr3+, 
Mn3+, Fe3+, Co *+ , Cu2*) to sohtlons af DBNO l or TMPNO* results in a broadening of the 

hnes of the EPR and NMR spectra of the free radical, the: Izne widths depend on the num- 
ber of spms on the metal and the geometfy of the complexesa3. A number of dlamag- 
netic Pdr complexes of the type fPd(D3NU -)X1 2 (X = Cl, Br) reported, are bmudear 
halogen-bndged lo7 Thz complexes menhoned above mvdve, WI& the posslbfe exception 

of CuLz (L = 2,&S, S-tetrame~yI-3-CarboxypyrrolIne nItroxlde)442 coordrnatlon af the 
mtroxzde group to the metal ion Coardmatlon through the N-O oxygen IS suggested by 
negative v~_~ frequency shifts lo49 *06v445 and the fact that the mtrogen hyperfme spht- 
tmgs m the EPR spectra of dlzmagnetlc metal Ion-free radrcal complexes are mcreased rel- 
alive to the sphltmgs of the uncumplexed free radrc&s441- The possxbtiity of n-bonding 
of the type 

was also advanced lo3 CampIexes of nrtroxxde free radicals, not rnvofving coordmatmn of 
the mtroxtde group, are also known For example, during spin-labelmg of vrtamm I312 rt 
was suggested that TMPNQ 3 and its LFhydruxy derlvatrve coordmates to Co”I through 

the nltroxlde group, Lvhlle 4-bromoacetarmda-2,2,6,6-tetramethylplpendme nrtroxlde 

radical coordrnates through the carbon of the B&H, groupM6 s and 1x1 Pd(porphyrexlde)z- 
Cfz complexes, tile bldentate Irgands coordrnate through twu unitlo group n~trogens447 
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