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Chimica. — cù—Nitroacetophenone as a Chelating Agent. -  Part I. 
A  trimeric nickel complex, and adducts from  it with water, ethanol and 
pyridine n . Nota di Claudio E rcolani, Ines Collamati, e Guido 
S artori, presentata ((*) **} dal Corrisp. G. S artori.

RIASSUNTO. —  Un nuovo complesso del nichel, il bis-(co-nitroacetonefenonato-Nin  
ed i suoi addotti con acqua alcool e piridina sono stati preparati usando Pco-nitro aceto fenone 
come legante. Il complesso desolvatato suscettibile di esistenza soltanto in ambiente secco, 
all’aria umida dà luogo alla formazione del diidrato stabile. In soluzione di benzolo anidro 
il suo peso molecolare risulta essere tre volte il teorico calcolato per la forma monomera. 
Questo risultato lascia supporre che la coordinazione ottaedrica del nichel, evidenziata per 
questo complesso dalle sue proprietà magnetiche e spettroscopiche si realizzi attraverso 
un’associazione molecolare, che richiama per molti aspetti quella riscontrata nel bis-(aceti- 
lacetonato)-NiI][. Viene fatta un’ipotesi sul tipo di struttura molecolare generata dalla sud
detta forma di associazione. Spettri e misure magnetiche dei tre addotti vengono discusse.

co-Nitroacetophenone (co-NAP) has been the object of some interest, 
due to its pseudoacid character. T he equilibrium  between the n itro - and the 
ison itro - form  (I ~ ~  II) norm ally found with nitro-com pounds is complicated 
in the
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case of co-NAP by the presence of a carbonyl group, which introduces the 
possibility of a keto-enof equilibrium  (I) (III). F rom  studies undertaken 
by various workers [1, 2, 3, 4], it seems th a t both types of equilibrium  are 
possible in solution, and th a t in non-aqueous solution the keto-enol equilibrium  
is the m ore likely one. T he sodium , potassium  and am m onium  salts of co-NAP 
are known, bu t nothing has been reported about its forming complexes with 
first transition  series m etals. W e have now com pleted the synthesis and struc
tu ral investigation of the com plex of co-NAP with nickel, and of the adducts 
this forms w ith w ater, ethanol and pyridine. In  the non-solvated molecule, 
i.e. Ni(co-NAP)2, a nickel atom  is joined to two co-NAP molecules. Here the

(*) Lavoro eseguito presso il Centro di Chimica dei Composti di Coordinazione ed ele- 
mentorganici del C.N.R. Istituto di Chimica Generale e Inorganica dell’Università di Roma.

(**) Nella seduta del 16 aprile 1966.
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m etal-ligand system  is of the N Ì O 4  general type. In  the adducts, two molecules 
of solvent are present in each case, giving formulae: Ni(co~NAP)2 • 2 H2O, 
Ni(co-NAP)2 • 2C2H5OH and N i(co-NAP)2 • 2py (fiy =  pyridine).

Ni(co-NAP)2 is stable in d ry  air. In  the open it changes to the d ihydrate, 
which can then  be reconverted to the anhydrous state by  driving off the w ater 
by heating in an oven at ioo°C  for an hour and a half.

It is stable to heat up to about i9O0 C, at which tem perature it decom po
ses instan tly  and violently. It is p repared from  Ni(o)-NAP)2 • 2C2H5OH, which 
in its tu rn  is obtained as needle crystals on m ixing hot alcoholic solutions of 
oo-NAP and nickel acetate te trahydra te . T he alcohol is then driven off by  hea t
ing the com plex in an oven at 1 50° C for one and a half to two hours. The 
adduct of Ni (oo-NAP)2 w ith pyrid ine is the m ost stable to heat of the three 
described. It retains the solvent up to its decomposition tem perature, which 
is, as for Ni (oo-NAP)2, about I90°C .

T a b l e  I.

Compound

Susceptibility x - iq6

hg XM X
V*

Ni(<o-NAP)2
(light y e l lo w ) ............................ 10.27 3970 170 4140 3.13 ±  0 .06

Ni(co-NAP)2 • 2 H20
(green yellow )............................ 9 .70 4100 200 4300 3.19 ±  0.02

Ni(co-NAP)2.2C 2H5OH
(light g r e e n ) .............................. 8 .64 4140 24O 4380 3.22 ±  0.03

Ni(co-NAP)2 • 2 p y
(light g r e e n ) ..................... . . 7-30 3970 270 4240 3.17 ±  0.04

T he m agnetic susceptibility d ata  given in Table I show th a t all the com
plexes are param agnetic. This param agnetism , corresponding to two unpaired  
electrons, shows th a t in each case the fundam ental state is a triplet. T he m a
gnetic m om ent of Ni(o>-NAP)2 does not definitely exclude its having a p lanar 
structure, for, on purely  theoretical grounds, a trip let fundam ental state is inde
ed possible for such a structure in a sufficiently weak field [5, 6]. W hen the 
value of this m agnetic m om ent (3.13 B .M .) is considered, a te trahedral struc
tu re  for Ni(^)-NAP)2 does not appear very probable, for values higher than  
3 .3 -  3 4  B.ljd. are norm ally observed for nickel complexes w ith this type 
of structure. R ather, the m agnetic datum  leads one to th ink  tha t, despite 
the stoichiom etry of the complex, the m etal atom  in the Ni(co-NAP)2 m olecu
lar arrangem ent has an environm ent of octahedral sym m etry. T he ease with
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which adducts are formed, and the stability  to heat, reveal a pronounced te n d 
ency for nickel in this type of complex to be six-coordinated.

In  fig. 1 are given the reflectance spectrum  and the spectrum  in anhy
drous benzene solution of Ni(co-NAP)2 from  7000 to 23000 cm-1 (other data  
are given fu rther on in T able II). T he values of the m olar extinction coeffi
cients for the benzene solution are given on the left-hand ordinate, and the 
optical density  for the solid on the right-hand ordinate. As will be seen from

Fig. 1. -  Ni(co-NAP)2.

a) reflectance spectrum; è) spectrum of dry benzene solution (c= 1,8 • io — 2 M, P.M. 387).

the figure, the spectrum  of Ni(co-NAP)2 in the power form  is practically  the 
same as th a t of its benzene solution. This m eans th a t the com plex retains in 
solution in a non-coordinating solvent such as benzene the same sym m etry 
th a t it Jias in the solid state. T he energy and extinction coefficient values of 
the banjds of the com plex in solution in benzene enable one to exclude the possi
b ility  th a t the com plex m ight have a te trahedral structure, in agreem ent with 
the predictions from  the m agnetic data. R ather, the spectrum  is th a t of an 
octahedral complex. As regards this, the two bands of roughly the same inten-
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sity at 1130 and 650 m(ji m ay be assigned to triplet-triplet transitions. The 
less intense shoulder at 775 mjji is m ost p robably  a triplet-singlet band. Also 
the shoulder at about 480 m(Jt, lying on the tail of a band of m uch greater in 
tensity  a t higher frequency is certainly a d  —  d  band of the metal, even though 
it is not easy to assign it.

M olecular weight m easurem ents support the hypothesis th a t the nickel 
atom  in Ni(co-NAP)2 m ay be octahedrally  coordinated, in agreem ent with 
the indications from  spectral and m agnetic m easurem ents. In  solution in 
benzene, in the sam e range of concentration as used for the spectral runs, Ni 
(co-N A P )2 gave a m ean m olecular weight of 1160, corresponding to an asso
ciation factor of three (Mol. W t. calculated for the m onom er is 387). The 
experim ental values give a deviation of ±  0.3 on this association factor, which 
m ay be considered not excessive considering the lim itations imposed by  the 
low solubility and hygroscopic natu re  of the compound. In  view of the narrow  
range of the concentrations exam ined, both for the spectral runs and the mole
cular weight determ inations, it is not legitim ate to draw any conclusions as 
to a dependence of the degree of association on the concentration. However, 
the concentrations used were really  quite low, which works in favour of a 
stable trim eric form. Hence Ni (co—N A P)2 is present in benzene solution in 
associated form, and it is possible to im agine th a t in this form, the octahedral 
coordination of the m etal suggested by the spectrum  is attained. M easur
em ents of the m agnetic m om ent in solution would have been useful to establish 
w hether param agnetism  was present or not, but it was not possible to execute 
them , again because of the low solubility of the complex. A  form  of interm o- 
lecular association of the type found in solution could just as well account for 
the param agnetism  and the spectra, observed for the solid state.

Before pu tting  forw ard some hypothesis as to the w ay the Nì(g)-NAP)2 
molecule is built up, both in solution and in the solid state, it would be as well 
to touch briefly on w hat has been reported  in the literature in the last few years 
about complexes having local sym m etry  around the nickel atom, of the type 
NÌO4. Ih  m any  cases, expecially in the (3—diketonate series, this type of com
plex shows peculiar m agnetic and spectral behaviour. A  typical exam ple 
is bis—(acetylacetonate)-N in ((Ni(acac.)2)), whose structure was elucidated by 
physical chemical studies conducted by Cotton and Fackler [7, 8, 9], followed 
by a structural determ ination by Bullen et al. [10]. The molecule of the complex 
tu rned  out to, be composed of three N i(acac.)2 units (see fig. 2), w ith the 
three nickel atom s arranged on the same axis, held together by some of the 
acetylacetonate groups by m eans of oxygen atoms acting as bridges between 
the m etal atom s. T he pseudo-octahedral character assum ed by the m etal in 
order to build up this quite characteristic type of interm olecular association 
clearly explains the m agnetic and spectral properties of N i(acac.)2, both 
in the solid stiate and in solution. It has been established th a t also in solu
tion it m aintains its trim eric nature [8]. Resorting to the same type of in ter
m olecular association enables the experim ental results for m any other comple
xes belonging essentially to the (3-d iketonate  series, to be explained [11 ].
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A  detailed com parison, still from  an experim ental point of view, between 
results for Ni(co-NAP)2 and those for Ni(acac.)2 and the other (3-d iketonates 
reveals a notable correspondence. This correspondence is not lim ited m erely 
to the m agnetic and spectral properties, but applies also to m olecular asso
ciation and the extent of this association. This observation invites one to en
quire into the factors determ ining the sim ilarity in behaviour between the two

types of complex. S ubstantial help is given by an analysis of the chelating 
system. If  we consider for the m om ent just the stoichiometric un it Ni(co- 
NAP)2, it can be form ulated in two ways (IV) and (V) corresponding to the 
two fqrms (II) and (III)  w ritten  in itially  for co-NAP. In  both cases the nitrogen 
atom  has sft2 hybridization, so the nitrogen atom  and the three atoms joined 
to it (one carbon and two oxygens) m ust all lie in a plane. T he same reasoning 
can be applied to the two carbon atom s nearby. From  this one can deduce

Fig. 2. -  Schematic diagram of the structure of Ni(acac.)2.

+N-—O +N = 0

HCy  \

c=o
/

R R

R =  phenyl (IV) (V)

th a t the whole chelating system  m ust be planar. (The oxygen atom  left out 
of the chelating system, and the first carbon atom  of the benzene ring, will 
lie in the sam e plane). In  forms (IV) and (V) it is seen th a t the nitrogen
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atom  is isoelectronic and isosteric w ith a carbon atom. This fact, taken  toge
ther w ith the p lanarity  of the chelating system, could well account for the 
sim ilarities in behaviour found between Ni(acac.)2 and Ni(co-NAP)2. In  con
clusion, it m ay be supposed th a t the molecules are built in the same way. 
E vidently  the presence in co-NAP of a phenyl group in an asym m etric posi
tion does not give rise to sufficient steric hindrance to im pede association. 
T he same happens in b is-(benzoylacetonate)-N in , which, in spite of having 
a phenyl in an asym m etric position, is none the less trim eric, at least at room  
tem perature [ 11 ].

T a b l e  I I .

Ni (co-NAP)2 («> Ni(co-NAP)2 (*) Ni(co-NAP)2- 
• 2 H 2O  («)

Ni(w-NAP)- 
• 2 C 2H 5O H  («>

Ni(co~NAP)2. 
• 2 p y  («)

X (m p i) X (n \m ) £ X ( m  [x) v f c m . - 1) X (m  [x) v ^ m - 1) X (m p i) v ( c m - 1)

1130 8850 1125 8900 5 • 7 1100 9100 1025 9750 990 IOIOO

775 12900 775 12900 4 .0 770 13000 775 12900

6.55 15250 660 15150 7-5 640 15600 610 16400 590 17000

(a) Reflectance spectra; (è) spectrum of dry benzene solution; c =  2-10—2M, i cm cell).

T he reflectance spectra of the three solvated complexes are shown in fig. 3. 
T hey  have an aspect typical of octahedral nickel complexes (see also T able II). 
In  each of them  there are two bands of roughly the same intensity  (V2 and V3). 
These too m ày be assigned, as in the case of Ni(co-NAP)2 , to trip le t-trip le t 
transition. A  less intense band  (v2) at 775 m\i, not easily descernible in the 
case of Ni(co-NAP)2 C2H5OH, is p robably  in each case a triplet-singlet band. 
T he band appearing as a shoulder at 480 mpi, lying on the tail of a m uch 
more intense band  at higher frequency, is probably  also a d  —  d  band. On 
going from  the non-solvated com plex to its adducts w ith water, ethanol and 
pyridine successively, there is a progressive shift of the vi and V3 bands towards 
higher frequencies, which m ay  be a ttribu ted  to an increasing perturbation 
acting on Ni(co-NAP)2 by  the solvents in the order given, in agreem ent w ith 
their position in the  spectrochem ical series. Com parison w ith the spectra of 
the analogous adducts of Ni(acac.)2 is particu larly  revealing [12]. A part 
from the qualitative sim ilarity  of the spectra, also for these complexes there 
is a continued shift of the two principal bands arising from  spin perm itted 
transitions whilst the bands of lesser intensity  lying between them  stay  at 
fixed frequency. C alculations by  G. M aki [12] on Ni(acac.)2*2py  regarded as 
a sixacoordinated com plex of tetragonal sym m etry have led to the assign-

38. -  RENDICONTI 1966, Voi. XL, fase. 4 .
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m ents given in T able I I I  for the three bands observed. The close resem 
blance between the spectra of N i(acac.)2-2py  and Ni(co-NAP)2 • 2 py, both 
in the position and the relative intensity  of the bands, clearly suggests assigning 
the observed transitions in the same way.

A , mg
Fig. 3. -  Reflectance spectra.

Ni(a-NA P)a; 2) Ni(co-NAP)2-2 HaO; 3) Ni(co-NAP)2̂ 2CtH5OH; 4) Ni(cc~NAP)2- 2 / -y.

T he study  of other complexes formed by  co-NAP with first transition  series 
m etals is under w ay in this laboratory. T heir sim ilarity  to the corresponding 
acetylacetonate complexes will obviously be of particu lar interest. Such a 
resenlblance will serve to obtain indirectly inform ation on the structure of 
the co-NAP complexes. B ut still more, it is proposed to establish how m uch 
influence the analogies previously discussed between the two chelating systems 
have in determ ining the analogous properties and structure of the complexes
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they  form. O ther lines of investigation (spectrophotom etric in the IR  and UV, 
and X -ray ) have been started  to obtain  inform ation m ore specifically about 
the chelating system, so as to establish w hether one or the other of the two 
form ulae proposed for the nickel com plex (IV) and (V) is the only valid one, or 
whether, as seems m ore likely, the ring formed by m etal atom  and chelating 
group is ra ther the site of a benzene-type resonance such as is generally found 
in (3-d iketonates.

T a b l e  II I .

Transition AE CALCULATED Exptl AE

3B2g  -> 1A 1 g 10500

3B2g  -> 3B ig 10500 10030

3B2g  -> 3A 2g 11400

3B2g  2g 14400 13100

3B2g ~ ^ 3E g 16400 16800

E x p e r i m e n t a l .

iù-Nitroacetophenone co-NAP.—This compound was prepared essential
ly according to the m ethod of Long and T routm an [13]. T he following m o
difications were made: a) the nitroalcohol was oxidized w ithout previous 
distillation b) during the oxidation of the nitroalcohol, after its addition to the 
reaction vessel, the tem perature was im m ediately taken  to 60-65°. A fter 
about th irty  m inutes, heating was stopped, and the solution filtered. S tarting  
from 3L4 g of nitrom ethane and 52,3 g of benzaldehyde, the reaction gave 
altogether 32 g of co-nitroacetophenone, which was then purified by crystalli
zation from  ethanol.

Bìs~(^-nitroacetopnenoné)bìs~{ethanoP)-AA i11 N i(co-NAP)2 • 2 C 2H 5O H —Cal
culated quantities of co-nitroacetophenone and nickel acetate te trahydrate  
(in m olar ratio  2 : 1 )  were dissolved in hot ethanol in separate vessels. The 
co-nitroacetophenone solution was added over th irty  m inutes to the acetate 
solution, which was kept at a tem perature of 50°, w ith stirring. T he solution 
became torb id  right from  the beginning through form ation of the complex. 
A fter the two* solutions had been com pletely mixed, th ey  we;e kept stirred 
for a further th irty  m inutes. A fter allowing to cool, the solution was filtered, 
and the solid obtained was crystallized from  95 % ethanol. The complex was 
obtained as needle shaped light-green crystals (yield 80-90% ) (Found: C, 49, 
79; H , 5, 00; N, 5, 67; C20H24N2O2NÌ requires: C, 50, 14; H , 5, 05; N, 5, 85% ).
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Bts-(<à-mtroacetofihenone)-NillNi((ù-'NA1E>)2.—This complex was prepared 
by  heating the b is-e thano la te  in an. oven at 150° for 1 1/2 to 2 hours. The 
same tim e and the sam e tem perature were needed for desolvatation under 
vacuum  (icr-1 m m  Hg). Ni(co—NAP)2 does not m elt up to about 190°, at which 
tem perature it decomposes violently. I t is a light yellow colour, darkening 
in air due to form ation of the dihydrate . (Found: C, 50,75; H , 3,12; N, 7, 20; 
C16H12N2O6NÌ requires: C, 50,64; N, 3,10; N, 7 ,2 3 % ).

Bis-(<ù-nitroacetophenone(bis-(aquó)-N i11 Ni(co-NAP)2* 2 H2O.—This com
plex was prepared by  sim ply exposing Ni(co-NAP)2 to air for 15-20 hours. 
H eating in an oven at ioo° for 1 1/2 hours gave the anhydrous com pound 
again. (Found: C, 45, 46; H , 3, 78; N, 6, 62; C16H16N2O8NÌ requires: C, 45, 30; 
H , 3,78; N, 6 ,6 1 % ).

Bis-(cù-nitroacetophenonè)bis-(pyridinè)-ì$i11 Ni(co-NAP)2 • 2 py.—The b is- 
(pyridine) com plex can be obtained in quantitative yield by  dissolving the 
bis-(ethanolate) in hot pyridine. On cooling, the complex precipitates (though 
not completion) in crystalline form. T he solvent was evaporated off, and the 
green solid obtained was dried to constant weight by  heating at 8o° under 
vacuum  (io -1  m m  Hg). T he dipyridinate is stable up to a tem perature of 
about 190°, at which tem perature it decomposes violently. (Found: C, 57,42; 
H , 3, 97; N, 10, 20; C26H22N4O6NÌ requires: C, 57,20; H , 4 ,05 ; N, 10 ,49% ).

MagnetiCy spectroscopic and molecular weight measurements.—The m a
gnetic susceptibility m easurem ents were carried out at room  tem perature 
w ith a Gouy balance, using HgCo(CNS)4 as calibrant. By using four different 
m agnetic field intensities, it was possible to exclude the presence of ferrom agne
tism  in any  of the sam ples. T he corrections for the diam agnetism  of the organic 
p art were evaluated using Pascal constants. T he value of fjteff was obtained 
from  the form ula [xeff=  2.83 |/xMrr*T .

A  Beckm ann DK 2 spectrophotom eter was used to run  the spectra in the 
visible region. For the reflectance m easurem ents, the spectrom eter was adap
ted w ith an accessory supplied by  the m akers. M agnesium  oxide was used as a 
reference. T h e  absorption spectra were run  on solutions in anhydrous ben
zene. All operations were carried  out in an atm osphere of d ry  nitrogen. The 
m olecular weight m easurem ents for Ni(<o-NAP)2 were carried out w ith aM ech- 
rolab Inc. M odel 301A  vapor pressure osm om eter at 250. T he non-solvated 
com pound was prepared by  heating the bis-ethanolate either in an oven or 
under vacuum . A nydrous benzene was used as the solvent.
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