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substituted salicy~aldehyd~s and (b) the condensation products from @-diketones 
and amines ((I) and (II)). Metal complexes of these organic ligands have been 

studied for a long time. One of the better known examples is the bis~s~~icylaldeilyde~- 
ethylenediiminato-complex of cobalt@), which is abIe to absorb oxygen reversibly 
in the solid state. The solution parama~etism, which is shown by some nicke@i) 

complexes of Schiff bases, has also been k~owu for many years. The rapid develop- 
ment related mainly with these compounds aroused much interest and research 
activity in this field of coordination chemistry, with the result that numerous inter- 
esting conclusions have been reached in recent years. An exhaustive survey of 
these studies wiIl not be attempted, but some of the main ac~eveme~ts~ which are 
of sig~~cance in the stereoche~st~ of coordiuati~u compounds, will be the 
principal concern in this review, 

B. SYNTHESIS, STRUCTURE AND BONDING 

Metal complexes of N-alkyl- and N-nryl-salicylideneimines are prepared by 
one of the foIlowing general methods. 

Method (I): metaf saIt~salicyIaldehyde~amine (in solution} 
Method (2): M(sal)z -f-amine (in solution) 
Method (3): metai salt + Schitf base 
Method (4): M(X - Sal- R), -I- H(X - sat - R) -I- H,C& 
Method (5): M’(sal - RI2 -I- metal salt (exchange of the metai ion) 

The corresponding metal complexes of ~-ketoa~nes are prepared in a 
similar way. 

For some reactions, the addition of alkali is necessary; NaHCO, or Na,CO, 
is often used, but in those cases where water must be avoided, potassium-, sodium- 
or lithium alcoholate is employed. The preparative procedures, including the 
reaction period, temperature, and the amount and the kind of soivent, vary both 
with the Iigands and the centraf meta ion. in general, the preparation, of /J-keto- 
aminato-~ornpI~x~s is more di~cult than that of the corresponding salicyiidene- 
iminato-complexes* and it is often ~e~essa~ to carry out al1 procedures in an 
inert atmosphere. 

One must be careful not to say that a compound cannot be synthesized, even if 



many ~s~~~sf~l a~empts have been made. There have been many examples in the 
past of the su~~ss~~l synt~es~s of compounds which on tbeoreti~l and empirical 
grounds, were believed at one time to be i~~apable of isolation., 

Various methods are employed for dete~ning the st~ct~re of the com- 
plexes. Those often wed include dete~inatio~ of magnetic rn~rn~~t, electronic 
spect~m and nu~iear magnetic resu~a~ce, in addition to elemental ~n~Iy~is and 
molecular weight dete~ination. 

Many complexes of the Co&al - R)3 type are k~o~~~ ‘4y where R = CI&, 
C&IS, n-C$i7, n-C&19, CH2Ph, Ph, 4-CH3Ph, 4-CW,OPh and 4-ClPh,. They are 
a11 diamagnetic_ 

By refluxing cobalt acetate, salicylaldehyde and an n-alkylamine in ethanol 
{Method Cl)), cobaIt(XII) complexes of the Co<& - R), type are readily obtained 
as dark-~~~e~ crystals. Complexes of the Co(sa1 - aq& type, however, show some 
tendency to be reduced to the tetra-coordinate ~obalt~II) compiex when their 
solnti~ns are warmed for some time, method (4), therefore, is better utilized for the 
preparation of Cotsal * aryl),. The difference in this respect between sale n-alkyl 
and sal - aryl is readily explained in terms of the ligand~~eld strength, since it is 
known that with strongly coordinating Iigands the hexa~oordinatecobaIt~III) com- 
plex is more stabIe than the tetra-coord~nate~obalt(II) complex. The difference might 
also be due in part to steric strain ‘, but this effect is probably not very important, 

So far, the sy~t~~s~~ of Co@1 - iso-C&), or Cofsal * terMQ-l& has not 

been su~cessf~, and this is ascribed to the steric condition. 
For the octahedral comptexes of the Co(sal + F& types, st~ct~ral isamers 

of cis- and z~a~~~-forrns are possibIe. However, only one form has ever been isolated 
in the ~~~talli~e state. Djpole-moment measurements show that all ~obalt(III~ 
compounds so far isolated have a reads-octahedral ~o~~~at~o~5. This conclusion 
is in agreement with the assumption made pre~~~iy on the basis of the steric 
condition”* 

It is well known that bis(salicylaldehyde)~thyle~ediiminatocobalt~II) in the 
solid state absorbs oxygen reversibly ‘* ‘. The nature of the Co-O2 bond has been 
studied by a number of i~vestiga~o~~ but it &ems that the final answer has nut 

been reached at the moment*. moreover, rna~y of the compounds derived from 
~~~sa~~~~~ for example, those formulated as Co~sale~)~H, ~o~sa~en~py, Co(salen)- 
Cl and so ~n~-~, are not well characterized. In this ~o~~ectio~, it is ~ignifi~~t 
to examine and explore the possibility of isolating typical hexa-coordinate com- 
plexes’ of cobalt~III), starting from Co(salen), since these complexes might provide 
a clue to the solution of the problem of the bond nature in the above-mentioned 
compicxes. 

Cobalt(III) complexes of the [Co(sale~)X~~Y type, where X denotes OHz, 
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NH,, PY, CHN-L CzH2NH2, n-&H,NHz, n-C,H,NH,, NO,- or CN-, 
have been synthesized as yellow or orange crystals by oxidizing Co(salen) with 
hydrogen peroxide 1 O : 

Co(sa1 - R),+amine+H,O, -+ [Co(sal - R),(amine),]+ 

Co(salen)+ R - NH2 + HzO, -+ [Co(salen)(R - NH,),]+ 

Co(salen)+ MNO, + H,O, + [Co(salen)(NO,)z]- 

These cobalt(III) complexes are stable in the atmosphere, and diamagnetic. 
They show no “sharp absorption band” at about 8.2 x IO3 cm- I, which is charac- 
teristic of square-planar complexes of cobalt(H), (see Section (ii)). They show a 
band due to to C= N stretching vibration at about 1540 cm- ‘, regardless of the 
nature of the substituent X, but Co(salen) and its oxygen adduct show the cor- 
responding band at about 1530 cm -I_ These findings indicate that the cobalt ion 

in the oxygen adduct is in a state, which is not exactly the same as either Co” or 
Co”‘, but intermediate between the two. It is thus considered that the linkage of 
the oxygen molecule with the cobalt ion is very weak. 

In the light of the results, it is worthwhile to reconsider the bonding in the 
so-called Co(salen) - py, Co(salen)- + O,, and Co(salen)X complexes, and their 
relation with octahedral cobalt(U) coml. :xes. 

Several compounds, formulated as Co(X - salen) were prepared as green 
crystals ’ ‘, having magnetic moments of about 0.5 B.M. From an examination 
of the infrared-absorption bands due to the NO group, it was concluded that the 
compounds may be regarded as containing either NO- coordinated to Co” or 
NO+ coordinated to Co’. 

(ii) Cobalt (11) complexes 

a. Tetra-coordinate complexes of N-substituted salicylideneintines 
Many complexes of the Co(sa1 - R),-type have been synthesized as orange- 

red crystals, with R = CH3, CzHs, n-CsH7, n-CqHg, n-CsH,,, iso-C3H,, l-ethyl- 
propyl, cyclohexyl, tert-C,H,, Ph, ClPh, CH,Ph, CH,OPh, 2,6-(C,H,),Ph, a- 
naphthyl and p-naphthyl’-3*‘2-17. 

When R is methyl or ethyl, the cobalt(H) complex is so readily oxidized that 
special caution must be paid in the preparation to prevent undesirable oxidationi4. 
Preparation of complexes of the Co(sa1 - R)t-type with R = 2-substituted aryl 
groups, also required considerable effort and care “. 

For tetra-coordinate cobalt(H) complexes, either a square-planar or a 
tetrahedral configuration is possible. On the basis of electronic spectra, in particu- 
lar ligand-field bands, together with the magnetic moments, it was concluded that 
the complexes of the Co(sa1 - R), type have a tetrahedral configuration of a high- 

spin type 2* 3* i2- I’. The electronic spectra of cobalt(H) complexes depend upon 



the conflation of the complexes. The di~eren~ in the ~iga~d-dead bands between 
different colorations is so apparent that the electronic spectrum may be z-e+ 
garded as diagnostic of the stereocbemist~ of the cobalt) comp~exes3’ X2_; 14. 
In fact, it is rather str~ghtfo~ard, in many cases, to determine the confi atian 
of a coba~t~~) complex using its fiend-Reid bands as a criterion. Typical electronic 
spectra for the different conjurations of cobalt(~) complexes are shown in Fig. 1, 
where assignment for the main peaks is also given. 

~om~o~~ds of type Iii, which have a 5~~~r~-~~a~ar c~~~~r~~~o~ because 
of steric req~reme~ts, exhibit z sharp band at about 8 x 103 cm- ‘. This band is 
found to be characteristic of the square-planar cobalt(ll) compIex” 3. A precise 

ass~gnmeut for this peak cannot be made at present, but it is certain that the band 
arises from an urbira~~y-forbidden GM transition, judging from its small osciflator 
stringy. it is interesting to note that Co(sa1 * H), and Cofsaf + fXQ2 in ~o~~do~or 
solvents, which show a sharp peak at about 8.3 x 1U3 cm-“, are assumed tu have 
a s~~a~e-~~a~a~ con~~raiio~ 1. 3. These sq~ar~~p~an~~ c~balt(~~~ complexes are 
all of a low-spin type. As described below, this square-pIanar co& ation of 
C&al * Ii), differs from complexes of the Co(sal * afkyi), type, the latter bav~~~ 
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for the tetrahedral and the octahedral complexes of cobalt(II). It was conciuded, 
from the electronic spectrum and the steric condition, that in pyridine ‘there is 
formed a pe~ta-coordinate complex as a pred~~nant species, Co[saI * 2,6- 

(CH~)~Ph]~py, although it is also possible that in pyridine there is an equilib~um 
between the penta-coordinate solvate and the tetrahedral parent complex. A hexa- 
coordinate species, Co(sal - R&fpyjz, might be present in pyridine, but the amount 
of this species would be insignificantly small. As discussed later, the spectrum of 
Co[sal * 2,6-(CH&Ph], in pyridine is quite similar to the solid spectrum of 
Co[sal - 2,6-(CH~~~Ph]~py. The electronic spect~m of Cotsal - 2,6-(C&H&&i], 
in pyridine is similar to the spectrum of Cotsal * 2,6-(CH&Ph]2 in pyridine, and it 
is concluded that the penta-coordinate pyridine solvate is also a predominant 
species in the pyridine solution of this complexig. The existence of the penta- 
coordinate solvate, Cofsal - 2,6-Y2 - Ph),py, in solution was also confirmed by the 
equilibrium studies. The occurrence of penta-coordination in these complexes may 
be due to sterie hindrance. 

The equilibrium in the pyridine solution depends upon the nature of the 
substituent X. This is shown by comparing Co(sa1 - R)2 with Co(3-CH30 - sale R),. 
For R = n-alkyl, Ph or monosubstituted phenyl groups, the complexes of the 
Co(3-CH,O - sal - R&type in pyridine exist as hexa-coordinate complexes Co(3- 
CH,O - sal . R)Z(py)2. The tetrahedral configuration of Co(3-CH,O - sat * tert- 
C,H&, however, persists in pyridine solution. This b~~aviour of Co(3-CHjO - 

Sal- R), is quite similar to that of the corresponding complexes of the Co(sa1 * RI,- 

type. 
The difference between the two series have been observed for complexes with 

R= iso-C&H?, cyclohexyl, 2,6-(CH,),Ph and 2,6-(C~H~~~Ph, where more or less 
sign~cant steric ~ndrance is expected. In a pyridine solution of these complexes 
at room temperature only about 15 oA exists as the tetrahedral form for R = cyclo- 
hexyl, and about 20% for R = iso-C,H-I as estimated from electronic spectra. 
Comparison seems to show, qualitatively, that Co{?-CH,O - sale R), has a higher 
tendency to take the fifth or the sixth ligand than has Cofsal * R),. 

With R = 2,6-(~H~)~~h or 2,6-(CzHS)zPh, Co(3-CH,O - sal - F& binds two 
pyridine molecules to form a hexa-coordinate complex, Co(3-CH@ - sal . &- 
(~?y)~. Judging from the steric condition, this pyridine solvate is considered to be 
considerably distorted from the regular octahedron, a fact which is also inferred 
from the low frequency of the band maximum (8.8 x 103 cm-r)fv. This also 
differs from results with corresponding complexes of the Co(sa1 * R& type. 

It is thus found that the substitution of CH,O for H in the benzene ring 
enhances the ability of the cobalt(II) in the complex to take a coordination nmber 
exceeding four. This is due not to the steric factor, but to the inductive effect of the 
OCH, group. 

A similar substituent effect was observed earlier in connection with the oxygen- 
absorbing ability of cobalt(H) complexes of the Co(X - salen) type. 
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In a similar way, it was concluded that b&(2,6-dimethylphenyl-3 : dbenzo- 
sa~~yli~deneiminato)cobaIt~I), which is tetrahedral in non-donor solvents and in 
the solid state, exists predominantly as the penta-coordinate solvate, Co(X * sal),py 
in pyridine’ I. The occurrence of the p~nta-coordination in this compound is also 
due to the steric condition. 

Some of the pyridine solvates have been isolated as fine crystals. For R = n- 
aikyl, phenyl, or mo~osu~stit~ted phenyl, the impounds of the Co(sal * R)&py), 
type have been obtained as orange crystals, and concluded to be hexa~oordiRate, 
from electronic spectra and magnetic moments. They have magnetic moments of 
about 4.9 to 5.1 B.M. 

No pyridine solvate of Co(sa1 * tert-C,H,), and Co(sa1 * iso-C,H,), has been 
obtained so far, even when the parent complexes are recrystallized from pyridine. 
On the other hand, a pyridine solvate, formulated as Co(sa1 - cyclohexyl)~py, is 
readily isolated as red crystals from the parent complex. Since the electronic 
spectrum and magnetic moment of Co&al l cyclohexyl),py in the solid state do not 
differ greatly from those of the parent complex, it is concluded that the pytidine 
soivate in the solid state contains the tetrahedral cobalt(H) complexzo. The pyri- 
dine molecules in the solvate are not bound with the cobalt(I1) ion, but occupy 
interstices in the crystal lattice”‘. 

No pyridine solvate has been obtained either from Co(3-CH,O * sal - tert- 
C,H,), or from Co(S-CH,O * sat - iso-C,H,), lg. However, a pyridine so&ate, 
Co(3-CH,O * sal - cyclohexyl)~~y)~, was isolated as orange crystals, and con- 
cluded, from the electronic spectrum and magnetic moment, to be a hexa-coor- 
dinate complex of cobalt(II)“. This is obviously different from the corresponding 
salicylideneimi~ato-complex. 

With R = 2,6-(CH.&Ph, the compound formulated as Cofsaf * R),py was 
isolated as green crystals. The electronic spectrum of this so&ate is quite similar 
to the spectrum of the parent compIex in pyridine. As discussed in the earlier part 
of the present review, it is certain that this pyridine so&ate in the solid state is 
neither the tetra-coordinate nor the llexa-coordinate complex, but the penta- 
coordinate complex ‘*. This compound, which has a magnetic moment of about 
4.5 B.M., is one of the first examples of a penta-coordinate cobalt(H) complex of a 
high-spin type, and differs from the previously-reported penta-coordinate com- 
plexes, which are of a low-spin type 23 Other examples of high-spin penta-coor- . 

dinate cobalt complexes have been described quite recently2*. 
Compounds of the type Co(3-CH,O - sal - R),fpy),, where R denotes 2,6- 

sCH,),Pb or 2,6-(C2H,),Ph, have been obtained as green crystals* ’ * “. Since the 
(pectral of these soIvates in the solid state are quite similar to the pyridine-solution 
spectra, the species with the same configuration is present both in the solid state 
and in pyridine. As discussed already in this review, these pyridine solvates in the 
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R = R’ = C&,), gc = 3-Cl; R = R’ = -(CH,),--) and (X_+KZi3, 5-CHJ, 
3-Cl; R, R’ = -(C&I,),-). It was concluded that the srereochemistry of these com- 
plexes seems to be related with the donor ability of the ~-nitrogen, and the steric 
requirements. 

In many cases, the compound isolated from the pyridine is the predo~naut 
species in solution. There are, however, some other cases where the species, which 
is present as a very minor component in pyridine, separates out as crystalline soIid 
from the solution. With R = 2,6-(C&I&‘%, Co(saf * R),py is obtained as brown 
crystals from the pyridirie solution of the parent complex2 ‘_ The electronic spec- 
trum of the solid is quite different from the solution spectrum; in the pyridine 
solution, the predominant species was concluded to be a penta-coordinate molecule 
of Co(saf. - R&py. The main features of the d-d bands of the brown crystals with 
the composition of Co(sa1 + Rj2py correspond to those of the hexa-coordinate 
cobalt(H) compiex, although the band maxima lie at considerably fower frequencies. 
it is most likely that the brown solid, Colsal - 2,6-(CzH&PhJzpy, consists of a 
hexa-coordinate cobalt(I1) complex, distorted considerably from a regular octahe- 
dron. It is likely that this pyridine solvate is a binuclear complex, in which the 
cobalt(I1) ions are hexa-coordinate, the oxygen atom acting as a bridge. 

It is interesting to compare bison-ketoaminato~meta~ complexes with the 
corresponding complexes of the N-substituted sa~~ylideneim~nes, and to examine 
the effect of the ligand-field strength on the structure of the metal complexes. 

Complexes of the Co(aca * R& and Co(bza * R)2. type have been synthesized, 
and their configurations examined on the basis of their electronic spectra and 
magnetic moments . 28 These complexes show no absorption in the region near 
8 * IO3 cm- I, where a square-planar complex of cobalt@I) is expected to absorb13. 
The electronic spectra of these complexes in the solid state and in non-donor 
solvents show the main features characteristic of a typical cobalt(II) complex with 
a tetrahedral con.t?guration2’. Therefore, complexes of the Co(aca - R)% and 
Co(bza - R), type, R being aryl groups, have a high-spin tetrahedral corporation. 

The synthesis of complexes of the Co(aca - R), and Co(bza), type have also 
been reported”, with R = H, CHII, n-C,H, and iso-C&_ From the electronic 
spectra and magnetic moments, it was concluded that these complexes in the solid 
state and in non-donor solvents have a high-spin tetrahedral configuration, except 
for the complexes with R = Ii. In the solid state, Cofaca * I-& and Co&a * X-Z), 
are square-planar and low-spin, since they show a sharp band characteristic of the 
square-planar complex of cobait(I1) at about 8.0 x 10’ cm- ‘. In non-donor solvents, 
however, the equilibrium (I) is exhibited by the latter two complexes. 

planar (low-spin) of: tetrahedral (high-spin) (1) 

The occurrence of the square-planar form for these complexes was regarded 



II> Everett and Hahn as due to the steric c~nd~t~o~. However, the electronic factor 
Seems to be more important, as discussed in the succeeding section, The iigands 
aca’* H and bza l H produce stronger ligand field than aca l alkyl and bza‘“: allcyl, 
and this may give rise to the differer -e in the strncture of the ~obalt~I~c~mplexes. 

The behaviour of these cobalt(Xi) complexes in pyridiae is ver~,~ntere~ti~~. 
The ~oncl~si~~~ whiGh were based upon electronic spectra, are summarized as 
followsZ8: 

(I) With R = 2-CJPh, 3-ClPb or PClPh, Co(aca * Rf, exists exclusively 
in pyridine as an octahedral complex of the form, Co(aca - R&(py),. With 
R = C&Ph, ar-naphthyl or 2,6-(C~~)*Ph, Co(aca - R), does not react w~~~~py~- 
dine, a tetrahedral configuration being retained. It is to be noted that f& R = 
CHsPh or a-naphthyl, where no serious steric hindrance is expected to be present, 
complexes of the Co(aca - RI2 type maintain the tetrahedral conjuration even 
when dissolved in pyridine. Even isopropylamine, which has a stronger power for 
coordination, shows no tendency to be bound with the cobalt(D) ion in Co(aca - 

* R),. This fact indicates that there are some cases where penta- or bexa-coordina- 
tion is not allowed, even if it is favoured from steric considerations. The stab~iity 
of the tetrahedral form vis-bvis the octahedral form is found tu be remarkably 
high for these complexes. The drastic difference, observed between Co(aca - CIPb), 
and Cofaca - ZW,Ph), may he due not to the steric factor, but to the difference in 
the inductive effect between CH, and Cl. 

(21 When R = CH,Ph, ClPh or ~-napthtbyl, Co(bza - R& exists exclusively 
in pyridine as a hexa-coordinate solvate, Co(bza * R),@y_&. The remarkable dif- 
ference in this behaviaur between Co(aca - R), and Co(bza - R), is regarded as due 
not to the steric factor, but to the difference in the ligand field produced. 

All these results seem to indicate that the stronger is the ligand field, the 
higher the stability of the tetrahedral form vi&-vis the pasta-coordinate or the 
hexa-coordinate form. 

(3) When R = 2,6-(CEx&Ph or 2,6-(C~~~~~Ph, Co(bza - R)2 exists pre- 
dominantly in pyridine as a per&a-coordinate compiex, Co(bza * R),(py). 

There are ;wo types of penta~ourdi~ate cobalt~~~ complexes, one being of a 
low-spin type and the other of a high-spin type. The complexes of the former type, 
which were reported many years ago’ 3* 30, are formed with ligands producing a 
very strong ligand field, necessary for the spin-pairing to occur. For this type, the 
destabi~~ation of the highest d+ arbital seems to take place, and the trigonal- 
bipyra~da~ c~n~~ra~on, on tie basis of 4s4p24d2 hyb~diza~io~, may be more 
probable. 

The pe~m-coordinate cobait~?) complexes of a high-spin type have only 
recently been synr_hesized for the first time with S&X bases as ligands. The most 
probable colorations for these ~ompIexes are (I) a square-payday and (2) 



c condition, bond nature or even 

tllre 
rationz7, and Co(sal * C 

ions take a tr bip~r~rn~d~~ ~oor~~at~o~~~. Steri~ considerations 
~)~h)~py may possess a connation ob~~~~d by+ad 

a~~~tio moments of thes 
en &e vatues for the act 

ts seems to 
ration are ~va~~abl~_ 

and those for the 

of s~~ctra are obse~~d for the ~e~ta-courdi~ate in coba~t~~~ compi~xes, as 
shown in Fig. 3, ~v~~c oniy one type, of a ch hatters, is known for octa- 
bedrai or tetrahedrai cobalt complexes ( s fact underlines the com- 
plexity of the nature of the p~uta~oordina~o~ in cobait(i1) 

may be cited as the factors that may in~~e~c~ ccc~rr~nc~ 
of p~nta-coordinate cobalt co 

/l] steric factor (sb~~~ of 
0 

It seems to be necessary that 
should be large, though this need not de~~it~Iy exclude hcxa~oord~~ation, There 

few ex~~p~~~ of pen~~oordinat~on in S complexes, in ~~Cb steric 
drance ageist h~xa-coordinator is not It atso s~crns ta be 

~~c~sa~ at b~x~~~rd~~at~o~ skould be alloyed from the orbital 
if there Myers no stoic ~~d~nc~. Tf the I er than a ~~~~bo~d 
value, the tetrahedral form may be much penta- or the hexa- 

, as is evident from ~ompa~so~ of Co(aca * It), with Co(sa1. IX), 
2. Xt sbo~d be r~rn~rn~r~d~ bo~ev~r~ that when the i~gand field 



S~C~~RY OF SCHXFF-BASE-METAL COMPLEXES 427 

~~uratio~. In many cases, the difference in stability between the tetrahedral, the 
pen~~oordioate and the her-coordinate form is not very large. Therefore, a 
slight change in the steric condition may sometimes give rise to an enormous 
change in the structure of the complexes. 

I . 
5 10 15 20 x 10-3cme* 

Fig. 3. Reflectance spectra uf penta-coordinate cobaIt(I1) compiexes. (1) Co(s31 - 2,6-(CH&Ph)*- 
py; (2) Ca(S-Cl - ssf - CH,CH1N(C,H6f:)sz’; (3) Co&al - CH,)las. 

Since the discovery of the “solution paramagnetism” in Ni(sal - R&, various 
studies have been carried out concerning the synthesis and structure of the com- 
pounds of this series. It is getting more and more evident, as the studies go on, 
that various interesting problems, which are impo~ant to coordination chemistry, 
are involved in the chemistry of nickel(H) complexes cf Sch.ifT bases. The complete 
elucidation of the phenomenon of “solution paramagnetism”, which was a di.fEcutt 
and painstaking task, has been settled only recently. The story is very instructive 
and interesting to coordination chemists, but we will not be concerned with the 
details, because of the limitation of space and scope of this review. 

The investigation of these nickel(U) complexes originated from the discovery 
of the p~ama~e~rn of the diamagnetic solid, Ni(sal - CW&, in inert soivents3’. 
Phenomena of a similar nature were subsequently observed for related complexes 
of this series. fn order to interpret these phenomena, different assumptions were 
proposed at an earlier stage, Some of them included the eq~ibri~ (2) in non- 
donor solvents, and bond formation between the nickel(xI) ion and such solvent 
mol~ules as benzene and chlorofo~. None of these assumptions were fully 
subst~tiated by Grm and reliable evidence at the time of presentation. 

planar (pathetic) F;: tetrahedral (parama~etic) (2) 

It became evident, after many years, that the paramagnetism shown by these 



nicketlil) complexes of salicyiideneimines in solution or in the solid state is due to 
association of the o~~alIy square-planar diamagne~c ~ompIexes to yield hexa- 
coordinate paramagnetic nickeJ(i1) species 32* 33b. For nickei(fl) complexes with a 
d8 coloration, the ei~~tro~~ spectrum depends critically upon the coloration 
of the complex. The difference in the spectrum from one stereochemistry to another 
is so clear that the spectrum may be regarded as diagnostic of the confJguration. 
Typical spectra for different colorations are shown in Fig. 4. 

cq 
5 10 15 20 x103 cm”’ 

Fig. 4. Etcctronfr spectra of nickef(li) complexes in solution. (1) Ni(saltn) in CHCIJ (planar); 
(2) Ni(saltn) in pyridine (octahedral); (3) Ni(sai - tert-CIH,), in CHCI, (telrahedrdral). 

The tetra- and the hexa-coordinate nickeJ(lQ complexes, in genera& take a 
square-planar and an octahedral con~~ratioo, respectiveiy. In fact, for Nitsal - 
- CH,),, two types of the pure substance were isolated in the solid state, one being 
brown, diama~etic and the other green, paramagnetic3z- The former consists of 
the square-planar molecules, and the latter forms an associated polymer, in which 
the nickel(H) ion takes an octahedral coordination. For R = tert-C,H,, iso-C,H, 
and cyclohexyl, complexes of the Ni(sal * R)2 type may be expected to have a con- 
figuration distorted from the square-piane, because of the steric condition. It was 
concluded from the electronic spectrum that Ni(sai * tert-C&Z9)2, Ni@al - iso- 
C3H7)2 and Ni(sai - C&H,,), are distorted from the square-planar confQuration33, 
This conclusion was later co~rmed by X-ray studies34. From the extent of the 
spectral shift toward a lower frequency, it was concluded that the distortioa from 
the planarity in Ni(sa1 - R), becomes smaller in the order33a: tert-C4Hg > iso- 
C&H, > C6H,,. It was also pointed out and confirmed experimentally that, in this 
case, the paramagnetism of Ni(sal - set-alkyi), in solution may not be due to the 
association of the complex molecules 33 Then it was found out that at a higher . 



tem~r~t~e another type of eq~i~ibri~m* namely (2)$ exists for these complexes. 
This eq~~ibr~um (2) also agqxzars for Ni(sal l ~-a~kyl)~ at a higher tempera~e~ 
the concentration of the t~trabedra~ species in solurion increasing with remp~r- 
at~re~‘.. This was con~~ed by extensive studies o~~roton ma~~t~c reso~anc~~6, 
foiio~v~~g the method of analysts, whiGb was first a~~~~ed in the study of the bilker- 
(XI) complexes of troponejm~~~s3 ?. The confi l saX 9 Rjz, R b&g 
se&-alkyd, depends upon tire nature of X. This was th studied by Saccuni 
aad his co-~vorkers3 3b, who foxed that the energy d~~re~ce betwee~,tbe tetra- 
medial and the sq~are*~~anar form in this case is so small that a slight cbang~ 
prodded by excba~g~~~ X may cause a remarkable ~o~~~~t~o~a~ change. 

In summary, the following eq~j~ibria are generally assumed to be present in 
solution : 

associated octahedral ~parama~*~ G$ quasar ~d~arna~.~ z$ tetrahedral 
A B 

The equi~~br~~m is shjft~d to the right with j~creasj~g temperature or with dji~t~on. 
The eq~il~br~~m B becomes important only at a higher temperature above about 
80”. The state of the eq~i~brj~m also depends upon the nature of R. 

One might, however, question whether this ~u~c~~sion does apply to most 
~~~ke~~~i) complexes, as seems to be ~~rr~nt~y believed. The experimental data 
might be j~te~pre&ed without the assumption of tXte equ~i~br~nm B, but cm the 
a~~rnPt~o~ that there is one species at a given high temperature, the co~~g~~atioa 
and the ch~rni~al bonding undergoing change with temperat~e. Before the idea 
of the ~niversa1 applicab~I~ty of the equilibrium (3) is finally accepted, the experi- 
mental data must be examined carefully and precisely. 

Tlxe Gomp~exes of the Ni(aca * R), and the Ni(bza * R), type have been syn- 
thesized, where R denotes Ph, CH3Ph, CIPh, 2,6-(C~~)~Pb, 2,6-(C~H~)~Pb and 
~apbth~~~~. These complexes are ali s~~~~~~pIa~ar a~4 d~ama~et~c in the solid 
state. It is interesting to note that even the complexes with R = 2,6~(CH~)~~h 
and 2,6-(C*~~)~~b, where steric bi~dm~ce may be s~g~i~ca~t, are sq~re-placard 
In contrast to the corresponding complexes of ~-substituted sa~~~y~~deneirn~~es, 
these comptexes of the Ni(aea * X2& and the Ni(bza * R), type exist ~r~dom~nau~iy 
in nob-donor solvents as the d~amagn~t~~* square~p~anar molewfes, and at room 
t~rn~erat~re there is practically no contribution from the associated or tearer raf 
species3 8. It was pointed out that the tenderly toward association in the aca 
series t’s much Iower than in the sal * R series. This difference between the 
amine and the s~~~cy~~de~ei~~e complexes may be due to the stroG.ger ligand 
dead produced by the ~-ketoa~~es, since the s~r~~~er &and Geld will jn~rease 
the energy d~~e~e~~e be~~vee~ the & +Z orbital and the ~e~t-~i~best orbital of the 
~~cke~~~ ion, rn~ki~~ the h~gbest C&Z _+ orbital less readily ~c~~~ed towards bond 
formation as woutd be necessary in a bexa~oor~~#~t~ ~~cke~~~~~ comptex. 
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With R = n-&H, and n-&H,, complexes of the Ni(bza - R)2 type were 
concluded, from studies of the spectra, magnetic moments and proton magnetic- 
resonance spectra, to be square-planar in the solid state and in non-donor sol- 
vents3’. Similarly, Ni(bza - iso-C3H7)2, Ni(bza - set-C,H,), and Ni(bza - cyclo- 
hexyl), are tetrahedral. It was also concluded that the stability of the tetrahedral 
form was much higher for Ni(aca - R), than for Ni(sa1 - R)2_ For example in 

solution at 25”, ‘about 5 1% of the molecules take the tetrahedral form for Ni(sa1 * 

- iso-C,H,),, and nearly 100% of the molecules are tetrahedral for Ni(aca * iso- 

CsI-U. 

Numerous complexes of N-substituted derivatives of bis-(/3-acetaldiminato)- 
aud bis(benzoylacetaldiminato)-nickel(U) have been synthesized, and their con- 
figurations compared with those of the corresponding salicylideneimines (VI)40. 
The main results are summarized as follows. 

(I) Square-planar Ni(acalen), Ni(bzalen) and Ni(bzalpham) are red and 
diamagnetic in the solid state and do not react with pyridine. 

(2) Complexes of the Ni(aca1 - R)2 and Ni(bza1 - R)Z type, where R denotes 
CH3 and CH,Ph, are green and diamagnetic in the solid state. They show slight 
paramagnetism in non-donor solvents, but their paramagnetism is smaller than 
that for the corresponding complexes of salicylideneimines. In pyridine, they 
combine with two molecules of pyridine to form hexa-coordinate complexes. It 
seems that Ni(bzal - H)Z does not combine with a pyridine molecule. 

c. Nickel(IZ) complexes with coordination number exceeding four 

It is interesting to examine the configuration of the nickel(I1) complexes of 
Schiff bases in pyridine, and to discuss and compare the ability of the nickel(I1) 
ion to exceed coordination number four. The conclusions are based mainly upon 
electronic spectra and magnetic moments. It was concluded that the complexes 
of the Ni(sa1 - R), type bind two molecules of pyridine to form hexa-coordinate 
complexes, when R denotes n-alkyl, Ph and XPh. For R = tert-C,H,, iso-C,H, 
and cyclohexyl, however, steric hindrance is expected to be much larger than for 
R = n-alkyl and monosubstituted phenyl groups. For R = tert-C4Hg, Ni(sal - R), 

does not combine with pyridine and retains the tetrahedral configuration, when 
dissolved in pyridine. For R = iso-C,H, or cyclohexyl, Ni(sa1 - R)Z combines 
with two molecules of pyridine to form a hexa-coordinate complex, Ni(sal - R),- 
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(py& It is to be noted that the behaviour of the nickel(H) complexes in pyridine 
is different from the behaviour of the cobalt(H) complexes. 

For R = 2,6-(CH3)2Ph and 2,6-(C,H&Ph, the steric hindrance due to the 
two alkyl groups at the 2- and the B-position is expected to be considerable. Since 
the electronic spectra of Ni(sa1 - 2,6-Y, - Ph),, Nifbza - 2,6-Y, - P@& and Ni(aca - 
- 2,6-Y, - Ph), in pyridine are almost identical with the spectra ofthe compounds 
in non-donor solvents, it is concluded that these nickel(H) complexes do not 
combine with pyridine in the pyridine solution3’. This result is considered to be 
mainly due to the steric condition. 

As will be discussed in the section concerning copper(H) complexes, com- 
plexes of the Cu(sal - R)z, Cu(bza - R), and Cu(aca - R)2 type when R denotes 
2,6-(CHs),Ph or 2,6-(C,H,)zPh, combine with one molecule of pyridine. This 
difference between copper(H) and nickel(I1) may be interpreted in terms of the 
bonding nature of the metal ions and in terms of the steric condition. In the 
complexes of copper(H) with a dg configuration, the copper-ligand bond distance 
along the z-direction is generally found to be appreciably longer, due to the Jahn- 
Teller effect, than the copper-ligand distance in the -uy-plane. On the other hand, 
the six bonds between the nickel(H) ion and ligands are essenrially equivalent in 
octahedral complexes of nickel(I1) with a d* configuration. It is, therefore, reason- 
able to expect that the two substituents in the 2- and 6-position may prevent the 
pyridine molecule from combining with the nickel(H) ion, whereas in the cor- 
responding copper(I1) complex, the pyridine molecule may be bound at a little 
farther distance despite possible steric hindrance. 

In some cases, the electronic factor may become more important. There are 
some nickel(H) complexes, which show little or no tendency to exceed coordination 
number four, in spite of a favourable steric condition allowing hexa-coordination. 
It was concluded from the electronic spectra that Ni(sa1 - H), in pyridine is octa- 
hedral, forming Nifsal - H),(~Y)~, while Ni(bza - H), and Ni(aca * H)2 are square- 
planar in pyridine. This difference may be considered to be due not to the steric 
factor, but to the difference in the &and EeId produced. It is quite reasonable to 
assume that, for sal - H, the ligand field is not strong enough to give rise to spin- 
pairing in the nickel(H) ion, but that, for bza * R and aca * R, the ligand field is 
strong enough to cause spin-pairing. The strength of the ligand field produced is 
estimated, from a consideration of these observations, to increase in the following 
order: salearylc salaalkylc saleH < bza1.H < acal.H c bza.H < acasH. 
It is also well-established that the strength of the l&and field increases when R 
changes in the following order: aryl < alkyl c H. 

It is interesting, in this connection, to compare the nickel(H) complexes of 
Schiff bases formed from pol~e~yle~edi~es, (HI). These nickel(H) com- 
plexes are known to be square-planar, but the strain in this configuration varies 
with the chain length R Many of these complexes have been known for a long 
time4’. Some new complexes of this series have also been prepared recently42_ 

Cswdin. C&m. Rev. 1 (1966) 415-437 
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The electronic spectra clearly indicate that Ni(saien) does not comwme with 
pyridine, while Ni{saltn) or ~i~saltete~~ do combine with two m&~~Zes of pyridine 
to form a he~~oor~ate pyridine solvate 3s. This result is dif%erent from what one 
expect on the basis of the steric factor; the ~ga~d-field strength seems to play a 
more important part in this phe~ome~ou. From the steric factor alone, the 
hindrance against hexa”coor~~atio~ would be expected to be larger for s&n 

than for saien. It is considered that spin-ping occurs more readily in Ni(salen) 
than in missals) or in Ni~salteten), since salen produces a stronger Ligand GeId 
than saltn or salt~te~. In a similar way, the fact that the ~soc~a~o~ of the corn- 
plexes iS more difEcult for Ni(aca * R), than for Ni(sa1 - R), may be readily under- 

standable, since aca + R as a l&and produces a stronger Ggand field than sa2 * 3%. 

In a similar way, Ni(bzaen) and Ni(acaen) do not combine with pyridine, 
while Ni~~tn~ and Ni(acatn) combine with two pyridine molecules to form hexa- 
coordinate compiexes” *. It is always found that the e~yIe~e~~~ato”~mplex of 
nickel(l”I) displays absorption maxima at much hi T frequencies than the cor- 
responding ~ime~yle~edii~nato-complex. From a comparison of the experi- 
mental results, the foilowi~g order is obtained for the strength of the ~ga~d field: 

sale ax-y1 ( saI l alkyd -=z sal - H GZ saiteten < saltn -zz bza - R -zz aca - R K 
~bza*H(aca.H<saien<acaen 

Sacconi and his co-workers studied a series of complexes of the Ni(X * sal * 
* Et& type, R being CH~CH~N~Y’, to examine the avaiiabi~ty of the fifth and 
the sixth coordination position of ~ckel~i1) and the bonding power of the terminal 
~~ro~e~ atom43. From the electronic spectra and the magnetic moments, it was 
concluded that the nickels complexes are monomeric and h~xa~oor~~ate for 
Y=Er,Y = n-a%& Y P H, Y’ = benzyf: and Y = Y’ = CH,. The cornpiexes 
are planar for Y = H, Y” = 2”substituted phenyl; Y = Ph, Y’ = CH3; and 
Y = Y’ = Ph. 

The ~ckel~~~ complex with Y r= Y’ = C2H5 has a sq~re~p~~nar or an 
oc~edral ~o~~a~on de~n~n~ upon the group X, which includes 3-CH3, 
5-CH3, 5-CzHs, S-NC&, and 5 : S-benzo. The exceptions are those ~o~p~exes~~ 
X = 3-C1,5-Cl and 3 : 4-benzo, which are: pent&coordinate with magnetic moments 
of about 3.3 B.M.44. This has been confirmed by an X-ray analysis of the 5-CI 
derivative whose structure is shown dia~~~a~~y in (v)“5. The complexes 
are the‘ first reported exampIes of ~~h-spi~ Penn-~ordi~ate derivatives of 
~cke~~~~. Low-spin pen~~ord~aat~ comp&xes of ~ckel~~ have been reposed 
previously2 3 l 46. A crystal-field model of high-spin Penn-coordinate ~~kel~~ 
complexes has been presented on the basis of both the t~~o~al-bipyra~d~ and 
sq~~-p~~dal configurations. The results of the ~1GuIation were reported to 
be in agreement with the observed spectra”‘. 

Eq~~b~a exist between pIanar diama~etic species and p~arna~e~~ 
species in solution, The eq~~b~~ depends upon the nature of the solvent as well 
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as upon the temperature. The per~~~ge of the planar, diamagnetic, species 
depends upon the subs~~ent X and increases along the series X = 3 : 4-benzo < 
< S-C1 c H < 5-CR3 c 3-C& < 5-C2Hs < 5 : 6-benzo. This order is in agree- 
ment with the order for the equilibrium between the planar and the tetrahedral 
forms of the bis(N-see-alkyd-sa~~y~deneiminato)nickel~ complexes4’. 

The factors infiuencing the occurrence of pet&a-coordinate coba& com- 
plexes of a high-spin type were discussed in Section B(ii)d. A simiiar discus&m 
applies to the occurrence of penta-coordination in the ~cke~~ complexes, Com- 
parison reveals tbat, considering the electronic factor, the borderline l&and field 
between the tetra-coordinate and the penta-coordinate complex for nickel(U) is 
different from that for cobalt(U). It is interesting to note that for some ligands the 
tetra-coordinate cobalt(n) complex alone takes up an additional group, while the 
~~espondi~g tetra-coordinate nickeI(lQ complex does not. When the ~gand-dead 
strength is larger than a ~eshold value, the fifth or the sixth coordination position 
may not be avilable for the additional ligand. The border~e Iigand field for 
robots) seems to be Iower than for ~ck~l~_ For some ~gand-~~ld strengths, 
the energy difference between the penta-coordinate and the other corrfigurations 
may be very small. Thus, when a smaIl amount of Ni(sal - CH& is introduced 
into the host lattice of Zn(sa1 - CH,),, in which the zinc(E) ion takes a penta- 
coordinate co~~ration~8, the nickel@) ion is forced to take the same con& 
g~atio~4g. 

Holm and his co-worker.? synthesized nickel(U) complexes of the NifX - 

l sala Rj2-type, where R denotes ligands bearing a terminal OCH:, group. It was 
concluded that only for R = CH(CH,)CH20CH,, an u-branched group, are the 
nickel(II) complexes hexa-coordinate with the two oxygen atoms of the methoxy 
groups bound to the nickel(I1) ion. For R = CH,CHZOCI-I, or C!H2CH2CHz- 
OCH,, the nickeICfl) compIexes are diamagnetic and square-planar. 

Lt was also founds1 that, with R = CH&H,OH or CH~C~~C~~)O~, the 
nickel~~ complexes are octahedral in the solid state and in non-donor solvents, 
in which they are monomeric. The bond~g ability of the hydroxy group is higher 
than for the methoxy group, and thus this result is quite reasonable. For R = 
= C(CH&CH20H, steric hindrance is expected to prevent hexa-coordination of 
the nickel@I) ion. In fact, for R = tert-&Ha, the nickelm compIex is tetrahedral 
in the solid state and in solution. However, the electronic spectrum and the mag- 
netic moment indicate that Nifsal - C(CH~)~CH~OH)~ is bexa-coordinate in the 
solid state, This is dif&rent from Ni(sal 1 tert-C4H& Moreover, Ni(sa1 * C(CH& 
CH,OH), in pyridine is neither hexa-coordinate nor tetra-coordinate. It is most 
likely that the complex in pyridine is pen&coordinate, one molecule of pyridiae 
being bound to the nickelQ.l) ion and the two Ni-OH bonds being thereby broken. 
In non-donor solvents, the configuration is difSerent, depending upon the solvent 
used. Detailed examinations are now under investigation. 

Cuurdin. Chem. Rev. I (1966l415-437 
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Many complexes of the Cu(sa1 * R), type have been prepared. Most of them 
are considered to be square-planar 52* 53 Some of them, however, consist of a . 

binuclear unit, in which there is very weak copper-to-copper bonds4. For Cu- 
(Sal- R)Z, R being alkyl or aryl groups, the square-planar configuration is stable, 
but when there is considerable steric hindrance, the distortion from the planarity 
may occur. Thus for R = tert-C_+H9, iso-C3H7 and cyclohexyl, it was concluded 
from the electroniC: spectra that the complexes of the Cufsal - RI2 type are distorted 
from the square plane 33 It was also concluded that the distortion decreases in the _ 

following order tert-C,H, > iso+H, ) C 6 1 1. This was confirmed by X-ray H 
studies, which showed that the angles between the two N-Cu-0 planes is 80” 
for the complex with” R = tert-C,H9 and 60” for the complex withs6 R = iso- 

VI,. 
Whether the complexes of the CufX - sal - R)z-type take a tetrahedral or a 

planar configuration depends upon the nature of X. This was thoroughly studied 
by Sacconi on the basis of electronic spectra 33b_ It was concluded that the complex 
is tetrahedral for X = H, 3-CH3, S-CH,, and 3 : 4-benzo, and square-planar for 
R = 3-Cl, 5-Cl, 3-Br, 3-NO,, 5-NO, and 5 : 6-benzo. It is interesting to note that 
the copper(I1) complexes with R = iso-C,H7 and X = 3-CH, or 5-CH, are 
tetrahedral, while the corresponding nickei(I1) complexes are planar. Magnetic 
properties of some nickel(H) and sopper(I1) complexes of this series were also 
investigated “_ 

The behaviour of these copper complexes is interesting. It seems that the 
energy difference between the penta-coordination and the hexa-coordination is 
quite smail and it is often difficult to differentiate between the two, The electronic 
spectrum of the copper(H) complex changes considerably when the tetra-coordinate, 
square-planar, complex takes up the fifth ligand to form the penta-coordinate 
complex. The change in the spectrum observed on going from the per&a-coordinate 
to the hexa-coordinate complex is not very apparent. In general, when a tetra- 
coordinate, planar, complex of copper(U) combines additional iigands” there is a 
shift to a lower frequency and a broadening of the absorption band. 

It was found, from the electronic spectra, that the complexes of the Cu(sal - 
- R)2 type combine with one or two molecules of pyridine when dissolved in pyri- 
dine; R denotes n-alkyi, phenyi and monosubstituted phenyl groups. For R = tert- 
C,H, and iso-C,H,, there is practically no change in the spectrum so that it is 
concluded that Iittle or no confi~ational change occurs when the complexes 
are dissolved in pyridine 38 This is obviously due to the steric factor. It was also . 

concluded that Cu(sa1 - 2,6-Y,Ph),, Cu(bza - 2,6-Y,Ph), and Cu(aca * 2,6-Y,Ph), 
iii pyridine are per&a-coordinate with one molecule of pyridine bound to the 
copper ion. This result is different from the conesponding nickel(H) corn- 
plexes, as indicated earlier. 
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Comparison clearly reveals that the tendency of the tetra-coordinate com- 
plex to take up another &and is higher for Cn’r than for Ni”. Thus Cu(salen), 
Cu(acaen) and Cu(aea . H)2 in pyridine combine with pyridine moiecules to form 
penta- or hexa-coordinate complexes, while the corresponding nickel(H) com- 
plexes retain the original, square-planar confignration3*. 

Palladium~I) and platinum~~ greatly favour a tetra-coordinate, square- 
planar, configuration, and complexes of the Pd(sal - n-aIkyl)259, Pd(sa1 - ary1)260, 
Pt(sa1 - n-alky& 60, Pt(sal - aryQz6 ‘, Pd(aca - n-alky1),62 and Pqaca - ary1)262 
type are considered to have a square-planar coloration_ Since, however, the 
square-planar configuration for Pd(sa1 - tert-C,H,), and Pt(sal - tert-C,H& is 
sterically difficult, these complexes might be expected to have a configuration 
distorted from the square-planar configuration. In fact, these complexes have 
electronic spectra which seem to be in agreement with a distorted con@uration6’_ 
A final conclusion must await an X-ray c~s~l-st~ct~e analysis_ 

For R = iso-C,H,, cyclohexyl or 2,6-(CH,),Ph, the palladium(I1) and the 
platinum(H) complexes are considered to be square-planar60c62_ All the com- 
plexes prepared so far fail to combine with pyridine, when dissolved in it6’_ 62, 
in agreement with the current theory. In palladium(I1) and platinum~1) compounds 
with a ds configuration, the d.+ + orbital is highly destabilized, making the spin- 
paired singlet much more stabIe than the spin-free triplet state. Penta- or hexa- 
coordination in these metal ions occurs much less frequently than is the case with 
the nickel(H) ion. 

(vi). Other metal complexes 

Schiff-base complexes of other metals have also been studied. Vanadyl(IV) 
cumpiexes of the (X - sal - R&V0 type were prepared by Sacconi and Campigl.i63, 
R being CH,CH,N(Y)Y’. The compounds with Y = Y’ = CH3 and Y = H, 
Y’ = C2H, take a penta-coordinate, square-pyramidal configuration. Complexes 
of a different formula were also reported. 

In addition to Ma(sa1 - CH,),, which is isomorphous with the corresponding 
cobalt(II) and zinc(I1) complexes4’, complexes of the Mn(sa1 - n-alkyl),-type have 
also been prepared; they are expected to be octahedral but distorted due to the 
Jahn-Teller effect64. 

Complexes of the Zn(sa1 - R&-type, R being alkyl or aryl groups, are con- 
sidered to have a tetrahedral configuration, except for Zn(saI - CH&, which is a 
binuclear molecule with penta-coordinate zinc(I1) ions49. Complexes. of the 
Mg(sa1 - R), type are also considered to have a te~~cdr~ co~~ratio~6s. 

The chemistry of Schiff-base-metai complexes is now developing rapidly, 
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