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A. INTRODUCXTON 

I 
Metal chelates of numerous ligands containing the grouping -N = C -k = 

=N- have been invcstigatcd. A rcvicw by Brand& Dwyer, and Gyarfas dealing 

with the metal complexes of I,lO-phenanthrolinc and rclatcd ligands appeared in 

19S436. Subscqucntly a considerable amount of research on the coordination 
chemistry of thcsc ligands has been reported and some of this work has been 
discussed in recent reviews 24*114. In this review the iron( cobalt(II), and 
nickeI(I1) chelates of the various classes of bidentate ligands containing the group- 

I I 
ing-N=CZ=N- arc discussed with particular reference to their magnetic 
susceptibilities. The restriction to iron, cobalt, and nickel has been deliberately 
made because these three metals in their bivalent oxidation state commonly dis- 
play both “high-spin” and “low-spin” bchaviour. The spin state of the central 
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state equi~ib~~ n atmost equi~flergctic d ‘A, states. When X = CN, 
NC0 or NO2 the stronger field of these ligands, lcads to compounds which are 
spin paired at room temperature. 

to those of 
shown ta ex 

haviour to that of the ~o~~~onding ph~~at~o~~e com- 

atoms of two phe~~~~roli~~ or 
is planar ~ordin~~~~ leads to increased s~bi~ity of the c&- 
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over the ~r~~-is~rn~r in an ucta 

0: ~~ssbauer spectra of F 

Cl, Br, NCS, NCO, HCOJ indi &structure for these i 

~hcn~~thr~fin~) complexes . ” The ~bs~~~d splitting of the C-N Wet 
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p~~~~r~d and their analyti 
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rise to e~~tron~~ e 
azds. Those imply 

also occurs are divans alit section. The s 
sights of the c x&s of iron(XX), cobalt and nickcl(Ii), with 2,~~hip~idyl 
and l,lO-phenanthroline and its derivatives ark listed in Table 2. 

some metal complexes of bipyr ‘nyl (XII; bpz) have b n r~p~~~~ and 
their ~~~~tr~~ic absorption spectra have a ~bt~i~~. The ~rnpI~x~ [ 

(~1~~)2 @l 0 4.75 h ~o(bpz)~~r~ 01, 
~i(bp~)~~(~l~*)~ 3.3 BN) to their 2,~-bip~idyl Anglo 
tris~h~~~t~d iron cornpfex is da ddition campounds of uncertain st~c~r~ 

two and tbtee metal atoms per 1 .g., Ni,bptC&--were also ob- 

Specfral data show that 2,2’-bi I (IV) also forms a red tris- 
c~~~~t~d compiex with iron(H) but its stabitity 7.5) is much i 

the 2,2r-b~pyrjdyi c~mplex3 ‘. 

substitutive of me- 
ne or the 6,~-~usi~~~~ of 

the donor nitr 
ds coordinate 
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than the parent ligands “* ‘25*127. An increase in b&city of the donor atoms 

will no~ally rise to more stable 27 ; however, lower ~t~bi~~ 

of the metal lates of these sub is due to steric interfer- 

en~~~.“~“~’ which occurs in certain con 
The analytical applications of th two ligands have been investigat- 

ed36~1Q7~‘X8~127~128~224 and their fail tense red coloratiaas with 
ferrous salts is due to steric hindrance which inhibits the formation of tristhelated 
complexes “* ‘21* 12s*162* ‘65. Nevertheless, 2,9-dimethyl-l,IO-phenanthroline (‘4; 
K--R = Me) forms both mono- and his-chelated complexes with iron(KI)‘l*‘sr 
and mono-complexes with cobalt(H) and nickel(H) are known’06. Stable mono- 
complexes with iron(U) and stable mono- and bis-complexes with cobalt(II) and 

are known with 4,5,4’,~-t~tr~m~thyl-2,~-bipyridyl (VI)‘08. All these 
are spin-free. 

Me 

MC 

(XJ (Xl) 

2-Methyl-l,lO-phcnanthrolinc (V; R = Me; R’ = H) is a stron 
5.42) than 1, IO-phenanthrolin 5-4 4.92) and forms tris-complexes 

) and nickel(II)‘g2. The ora tris-chelated iron compound is much 
han the corresponding red throline complex (see Table 2). IO 

~~~tr~~~ QJ the behaviour with phcn~~t~r~ti~~, the reaction of ferrous ion with 
the 2-methy derivative follows the normal stability pattern with the su 
stability ~ull~t~n~ decreasing in the order I(, > K, > K,lz5* lt7_ It is si 
that the tris-camplex is spin-free at room t~mp~rature”~ ; however, Goo 
Sylva”@’ have recently found that at lower temperatures a coiour &an 
orange through red to deep purple occurs and the compound approaches the 
spin-paired state. 

The behaviour with iron(I1) and 0th r transition metals of a number of 
sterically hindered bidentates related to bipyridyl has been investigatedJ6*38*44* 
121*122*x42*223. Except in the case of 2,2’-biquinolyl (VII) and 2,2’(pyridyl)- 

no systematic stu f their coordination chemistry ha been 
h high-spin comple of iron( cobalt(U), and nickels with 

2,~-biqui~~lyl have been prepared6’ no tri~~~elated complexes are known, 
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(iii) Heterocyclic &mines clontainifsg fiue-membered aromatic rings.-It has 

been pointed out that heterocyclic nitrogen atoms in five-membered rings are less 
favourably positioned for coordination to a metal ion than are the donor nitrct 
in, e.g., 2,2’-bipyrid ment with this, 2-(2-pyridyl)thiazole (IX) 
and ~(2-pyridyl~hi intensely coloured solutions with iron(~) 
than dots 1,10-p& Although 2,2’-bithiazolyl (XI), 
4,4’-bithiazolyl (XII) and pyrido-(2,3)-benzothiazole (XIII) are reported to co- 
ordinate poorly ta iran( it is passiblc to isolate complexes of the type I%- 
(thia&Br, - 2H,07g*78 (thiaz = XI, XII, or XEII); however, no &is-chelated 
complex has been isolated. Complexes of these li nds with ~ickcl(iI) and other 
bivalent metals have also been pre 

2-(2-Pyridyl)benzothiazole (XIV, pbth) which is closely related to (IX), 
yields a bright red solution with iron(I1); however, several attempts at isolation 
of the complex as its perchlorate salt were unsuccessful. This and forms com- 
plexes with several bivalent ions’sg. Tbe magnetic moment = 3.36 BM) of 
Ni~bth~~H 3CO2)2 ’ ” is above the upper Emit of the range (2.9-3.3 BM) 
generally found for octahedral nickel(H) and is within the range (3.3-3.5 BM) of 
many tetragonal nickel(H) complexes’ “. 

By loss of a proton from the pyrrole nitrogen, 2-(2-pyridyl)pyrrole (XV) 
forms a red neutral bisligand complex with iron which is unstable in air and 
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rapidly u~di~d to an irun~1~~ ~omplex’~; a his-fiend neut~l u~ckel(~~) come 
pfex is also knawa” 

Freiser crc al.” X3*242 have studied the j~f~r spectra of some metal chel~t~ 
rni~~l~ (XVI, 

i, Co; X = Br, 

this increme bears so 

of OVA) the 

- 2-(2’-p~r~dyl)im~da~o~e) is spin- 

w 

w is bra 
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that the a-diimine structure in this li nd is not involved in chelation”*. It should 
be pointed out that (XIX) and (XX) do not contain aromatic five-rnern~~ rings. 

C. LICrANDS CONTAINING A HEIEROCYCUC NITROGEN AND AN ALEPHATIC ~IMINE AS 

DONORS 

Ligands containing functional groups of both the cyclic aromatic amine 
type and the imiae type are known. This class of Iigand is illustrated by Z-pyridinaI- 
mcthytiminc (XXI11 ; R” MC, R’ a structural link between 
the aromatic diimines such as 2,2’-bipyridyl and the hatic a&mines which are 
discussed in the follow section. 

The very stable -l&and complexes of (XXIII; R’ = Me; RZ = W) with 
iron(II)**49*86 and nickel(II)86~ig” exhibit similar tic behaviour to that of 
the analogous compounds of bipyridyl and phenant 

rature moment of the tris-cobalt(~I) complexB6 is slight1 
normally accepted for -spin octahedral ~~balt(tI)l*l. Stoufer et ~1.~‘~ have 
shown that this camp becomes spin-paired on cooling and this behaviour 
has been explained in terms of the existence of a Boltzmann distribution between 
high- and low-spin states. The infrared spectra of the tris-~i~nd iron(U), ~~alt(Ii), 
and nickel(H) complexcsZ3* and the electron paramagnetic resonance spectrum of 
the cobalt complex *” have been reported. 

Some metal complexes of (XXIII) in which RZ = H ; R” = various straight 
chain aikyl grou *, Ph’O, i-Pr’*‘, CH,Ph”‘, C6H,, - CW,10*z27, arealso known. 
The latter ligan 2-pyridinal-p-tolylimine (pti) forms the complexes M(pti),X,- 
nH,O (M = Fe, Co, Ni; X = Cl, I or ClC&) and M(pti),I, - 2H10 (M = Fe, 
Ni) which, except for the tris-~igand iron(l1) complex, are all hi h-spin. The Iow 
moment (0.8 BM) of the iron complex is typical of the values found for many 

similar low-spin iron complexes 88*1go. The other Ii ads also form similar tris- 
chelated iron complexes. 

Krumholz”5’ has shown that the 2-pyridyl ketoimines (XXIII; R’ =B W, ali- 
phatic or aromatic groups; R * = Me, Ph) also form tris-ligand iron(H) complexes. 

By loss of a proton from the pyrrole nitro8en the p~olidi~~ imines (XXIV; 
R = Fi”* or alkyl group 59*74* 1’p*234) form a series of neutral complexes with 
bivalent and trivalent metals. Holm ef ~1.‘~’ have studied the solution equilibria 
of someof the bis(py~ol~2-~Idimino~metai(LI~ complex . The his-@and cobalt(U) 
complex of (XXIV; R L- t-Bu) has a moment in the solid state of 4.67 BM and 
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The Acyclic Schiff bases 2,2’-bipiperidine (XXVI) and 2,2’-bipyrroleine 
(XXVII) also have been reported to form red tris-ligand iron(H) complex&24* ’ s2. 

Nickcl(I1) and cobalt(Ir) complexes of (XXV; R’, R2, R’, R4 = various 
alkyl or aryl groups) have also been investigated79*‘9*. Spectral studies on the 
high-spin, ttisbiacetylbis(mcthyliminc)]-nickel(II) complex show that the Iigand- 
field strength of this a-diimine is comparable to those of 2,2’-bipyridyl and 1,10- 
phcnanthrolinc’98. In contrast to the analogous complexes of these last two 
ligands, the tris-ligand cobalt(H) complex of biacetylbis(methylimine) has a room 
temperature moment 01, 2.91 BM) which is intermediate between the high- and 
low-spin values. This value decreases to 1.91 BM at 100 “K and then falls within 
the range expected for low-spin octahedral cobalt(I1) complcxcs. This behaviour 
has been explained in terms of an equilibrium between the high- and low-spin 
state? 9. 

I I 
E.HYDRA%ONESCONTAlNlNG TIlEGROUP -N=C-C-N- 

2-Pyridinalhydrazone (pah; XXIII: R2 = H. R’ = NHI) and biacctyldi- 
hydrazonc (bdh; XXV; R’, R2 = Me, R3, R4 = NH,) form tris-complcxes with 
bivalent iron, cobalt, and nickel similar to the analogous complexes of bipyri- 
dy14g0227. The tris-complex [Co(pah),]I, has a moment of 4.71 BM at 300 “K and 
4.06 BM at 100 “K (0 = 19”). The moment of the analogous complex [Co(bdh),]I, 
decreases from 4.20 BM at 300 “K to 3.35 BM at 100 “K (0 = 142”)22g. 

The complexing ability of several N-substituted derivatives of 2-pyridinal- 
hydrazones has been studied and in some cases the results obtained were somewhat 

different to those obtained with the unsubstitutcd ligand”‘. The ligands (XXIII; 
R2 = H, R’ = NHMe, NMe2) form stable tris-complexes with cobalt(H) and 
nickel(H) and also less stable bis-complcxes which readily disproportionate in 
water to the triscomplcxes. All these complexes have magnetic moments which 
indicate spin-free octahedral structures. The grcatcr stability of the tris-complex 
of iron(H) is further demonstrated by the fact that these two ligands yield only 

tris-complexes with iron, rcgardlcss of the metal-to-ligand ratio used in their 

preparation. The moment of the octahedral iron 2-pyridinalmethylhydrazone 

complex follows the usual pattern of such complcxcs in that it is spin-paired. In 

contrast, the tris-ligand iron(I1) complex of 2-pyridinaldimethylhydrazonc is spin- 

free with a moment of 5.45 BM. This is the first reported example of a tris-complex 

from the pyridinaliminc or pyridinalhydrazonc class in which the ferrous ion is 
not spin-paired. With this ligand the presence of N-methyl groups, together with 
the very definite s?eric requirements of the hydrazone grouping when coordinated, 
leads to a diminution in donor capacity which has been ascribed to inter-ligand 
repulsion. If such is the case, the metal-nitrogen bond distance would be Icngth- 
ened in comparison to that in the 2-pyridinalhydrazone complex and such a forced 
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of bi~~ty~dihydr~on~ indicate stron multiple hondia in the diamasretic iron 
whereas the binding is weaker in the ~~ama~etic cobalt and nickel 

ZPyridinaldoxime (paoH; XXIX; R’, R” = H), like the rc 
chelates of the 

(paoH) and have also and the stab& 
iron( cobalt(U), and nickcl(I1) complexes of this li 

such as acetyl chloride, has heen in 
pyridyl ketoxime (XXIX ; R” = H, = Me) with nickeI(II)73 and phenyl-a- 
pyridyl k~t~xime (XXIX; R’ = H, R2 = Ph) with irou(II~ and c~balt(II)21 ’ have 

~~ethy~-2-pyridi~ald~xime (XXIX; R” = Me, R2 = H) and ~,~dirn~thy~- 
s-tri~~~-2-aldoxime ( readily yield -spin dib~~~g~~o bis-1 d cum- 

plexes with nickel. Ap ly the steric e of the methyl groups bits the 
formation of stable tris-ligand complexes’q8. 

Various aspects of t coordination chemistry of u~c~ioxim~ have heen 
~=~~w=dl~.66.7~.~i~* ne St-known oicdioximc is dim~thyl iy~~irne (dmgH ; 

xXx1; RI, R2 = Me). 

The i~solubie red ~ornp~cx Ni(d is formed under alkaline conditions. 
The crystal structure of this compour. has been determined and the square- 
planar molecules are stacked one abcve the other such that the nickel atoms lie 
in chains which extend throughout the crystai*0’*248. The anato 
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dium’ 88~248 and platinumg3 compounds have been shown to be isomorphous 
with the nickel compound. The close intermetallic distances in these comnounds 
have been rationalized in terms of metal-metal bonds and several workers have 
attempted to investigate the nature of these bonds 15.16.17,201.202.249_ However, 

other investigators have suggested that metal-metal bonds, as originally proposed, 
may not be present in these compounds and the unusual structure of these com- 
plexes may in fact be mainly due to favourable crystal packing22V 123y 1749251. 

Binary metal dimethylglyoximates containing nickel, palladium, or platinum 
have been preparedZ2*16’ and their unit-cell dimensions have been obtained by 
X-ray diffraction 16’ These binary complexes are isomorphous with the simple . 
dimethylglyoximates of nickel, palladium, and platinum and have short metal- 
met.al -distances. The X-ray and spectral data show that the binary metal com- 
plexes are not mixed crystals consisting of domains of the individual metal glyoxim- 
ates but are homogeneous in that both metal dimethylglyoximate molecules are 
stacked in a statistically ordered manner161. 

The behaviour of Ni(dmg), towards oxidizing agents has been stu- 
~~~~6~13~34~80~81~176.180.183~221_ The complexes ofiron(I~)41,42,43.52.136.23' 

and cobalt(H) 41*42S43S44* 54*140 have been investigated. Both the iron and cobalt 
complexes are low-spin and the Miissbauer spectrum of the iron complex indicates 
the presence of metal+ ligand Ir-bonding41. The infrared spectra of these and 
other dimethylglyoxime complexes have been obtained2g*30*43’ g6*100~203. The 
data for the complexes M(dmg), (M = Ni, Pd, Pt, Cu, Co) are consistent with 
the presence of hydrogen bridges between the ligands. 

Burger ef aZ.42*43 have discussed the importance of the hydrogen bridges 
and also of the effect of metal-to-ligand 7c-bonds in the stabilization of dioxime 
complexes of several transition metals. As an extension of this study’gg~200, these 
workers prepared cobalt@), nickel(H), and copper(H) complexes of acetylacetone- 
dioxime and found that these complexes are less stable than the corresponding 
compounds of dimethylglyoxime. The stability decrease is attributed to firstly, the 
changed “chelate effect” and secondly, the lack of a conjugated system in the 
acetylacetonedioxime complexes_ However, it is pointed out that the stability 
decrease is compensated in part by the formation of stronger H-bridges. Metal 
chelates of this ligand have also been investigated by other workers26*232. Charles 
and Freiser60 have prepared metal complexes of dimethylglyoxime monomethyl 
ether in order to investigate the changes that occur in these complexes when no 
hydrogen bonding can occur. However, the situation in this case is somewhat 
complicated by the presence of the methyl groups which may cause changes in the 
donor capacity of the nitrogens due to electronic effects or may even cause steric 
hindrance. 

Acylation of the coordinated oxime group in Ni(dmg)2 has been reported21 ‘, 
but this reaction was later disputed 14’. The interaction of this complex with 
organic reactants has been investigated lgV4’* 84g235. The reaction with the boron 



~i~ui~iy inter~tin ults in each of the oxime protons bein 
to yield ~~c~~cyclic compounds* The stable complex 

that the Iigand, in its 
rclatgd to the prying 

and also to the higher polarizabilitirss of the nitro atoms in the ch 
If ~i~drn~)~ is treated with hydro~hIoric acid, t 

rum of this in- 
dicates that it is o~ta~~dr~l~5 and thus si~lar to the keI complexes of the other 

a ~lym~ric structure ~n~stin~ of 

~x~ban~e and solid complexes of the latt 
other uic-dioximes 
.62.5 2.58.82.92. Y.%. 

SchiIt2” has in tigated the analytical applications of the iron and 

c~balr(I~~ complexes of ~ydr~id~n )* am~doximes (x III), and 3-s&- 
stitut~d-5,~bis(2-p~idyI)-l,~~tri~n~ ~~~IV), aad 3-su~titut~-5~~diph~* 
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nyl-1,2,4_triazines (XXXV) (R 2-pyridyl, 4-methyl-2-pyridyl, dethyl-2-pyridyl, 
Q-phenyl-2-pyridyl, 2-quinolyl, 2-pyrimidyl, or 2-thiazolyl). 
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