
-~Acla,19(l977)85-92 
0 Ekeviu f5ddicc pnblkshipg compaoy, Amstsaam-PkltCdiIll3dgiUlll 

CHROM2kTOGRAPHIC STUDY OF THERMAL REACTIONS OF 
c& AND trmrs-ICocn,(OCOC6H4~~N0, COMPLEXES IN 
THE SOLID PHASE* 

v. c.AFaJNcHlo 

Isriruro - o%ll’U-r&. Rome (IfuIy) 

G.GR4!BlNlSRAZZA, kMESSMAANI,C 

Lzborarorio di Cronzatogro_/ia &I CXR, Rome (IMZ..) 

(Rc&ved 1 July 1976) 

M. POLCARO 

Thermal reactions of some cis- and ~rans-fcoenz (OCOC,H,x)~NO, complexes 
mixed With ammonium or sodium chloride, nitrate and sulphate are repor&& 
Reffectance spectra have shown a cis to trurzs thermal isomerization and, in the 
presence of NH&l, the formation of ~r~~Coen,ClJy as final product For the 
c&isomers, the most interesting result is the chromatographic evidence of a stepwise 
reaction, resulting in the replacement of one carboxylato hgand by chloride and the 
formation of anintermediatespecies, characterizedas~rmrs-[coen,(0C0C,H,~~_ 
These intermediate species, are hardly detectdIe in the corresponding reactions of the 
trans-isomers, These results may mean that in the 2r~+zarboxylato compounds the 
reaction rate of the second step is higher than that of the first, while the reverse can be 
supposed in the corresponding reaction of the &-isomers. 

INl’RODUCrION 

Inter- and intra-mokcular thermal reactions of transition metal complexes in 
the solid state have been the subject of a number of investigations1-8. In particular, 
for several cobah.@) complexes, with four nitrogen coordinating @and_ frmrs 
preferred reactions are observed iu the presence of both NH: and NO, ions3s5 by 
heating a mixture of the compounds and inorganic salts. Although in several cases 
multistep reactions occur’, relatively LittIe attention has been paid to the reaction 
intermediates, which remain often unidentifie& 

In order to study the course of a reaction in the solid state, relkctance spectro- 
scopy proved to be a suitable technique3~5~8, iu the same way as spectrophotometry 
was used for reactions in soIution, However in both cases, because of the possiile 
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overlap of the spectra of the react&g and prod* species, it is not ahvays possible 
to discern whether two or more species are present Chromatography appears to be 
very suitabIe to provide further information on the cornpOunds formed during the 
heatiug and on stepwke I&and substitution, in the light of our goals in choosing this 
technique for previous investigations in solntion9*10. 

The present study was undertaken to examine the formation of intermediate 
species during some solid-solid thermal reactions, We report here the reactious of 
cir- and Zr~#k?n,(OCO~H5)JN03 in the presence of various ammouium or 
sodium salts, For these compounds, & to lrans thermal isomer&&ion was observed 
in the abseuee of added sa@‘, so that the pnwaihug isomeric form would be the 
same also in the presence of both NH: and NO; ions, which for some other compkxes 
give rise to trans preferred reaction 3_5. In addition, some cis- and trmrc ring sub- 

ExPEfmfEwrAL 

Prepf2mfion of txmph 
The complexes were prepared as deskbed in the literature, the trmrr- and cir- 

forms of @en&i,+ as perchIora* according to Baila?; the two forms of 
Coen~(OCOC,$ZS)~ and the corrtsponding beuzoato-ring substituted, as nitrate, 
according to Aprile et aL 16; the trmrr_coenz(OCOCeH&l~, as perchlorate, after 
DZSguptiiet&‘_ 

Opero&e codi!ion.s 
Them& reactions have been performed by empIoyiug lO_SOmg of each 

complex or of a mixture of compIex and inorganic salts (I:10 ratio by weight). Thin 
sample beds, prepared by gentle grinding in a mortar, have been heated isothermally 
at135+1oC,in~cairinanoven.RefIectancespectraarereoordedatroom 
temperature on samples heated for a conveuient time and aIlowed to equilibrate in a 
dessicator for 30 ruin_ A Beckman Model DR-GT spectrophotometer equipped with 
reffmce aazssory has been used to obtain the reflectance spectra of the samples. 
Maguesium oxide plates have been used as the refiectauce references. 

separation of products has been achieved by TLC on precoa@d silica ge1 
P-M~ (Dam&adt, G-F-R) 60, using methanol-96% ethanol-25% aqueous 
ammonium acetate-l N acetic acid in methanol mobile phase. 
The mixture of complexes aud inorganic salts, after heating, has been treated with 
5-10 ml of acetone, then filtered, and the residue has been dissolved in 2-5 ml of 
MeOH-HzO(9:I). Portions (O-5-1 fi of both solutions have been applied to the 
plates, and development has been carried out in D&aga chambers, the mobile phase 
beiug placed there 18 h before development. ‘ilie chromatography was carried out 
at -25°C14_ Ascending development to a height of 8 cm was normaBy complete in 
45-50 min. The spots were dekcted by spraying with ammonium snlph;ae solutiou_ 



As observed by LeMay’, preliminary studies showed that several faders 
afkt the rate of thermal reactions, as the sampie-bed thickness and the presence of 
moisttue. Since our purpose was essentiaLly to put in evidence the intermediate 
species, the exteut of substitution reaction of cis- and trmrs-fcoenz(OCO~H,);JNo, 
was de&mined by comparison of the reflectance spectra and the chromatogcaphic 
resljts of the sampks heated in the presence of inorganic salts with that of the sample 
heated without salts from the same batch. 

A mixture of the complexes under investigation and ammonium or sodium 
chlorides, nitrates and suIphates have been heated isothermaNy at 135°C We have 
chosen this tern- because the compounds decompose at 200°C and isomer&a- 
tion process of c&dibeuzoato occurs only at temperature5 above 100410°C”; 
chromatography has shown that decomposition at 135°C appears to be negiigible, 
even after several hours of heating. Samples are removed at a known time and the 
extent of reaction followed by refkctance spectroscopy and chromatography. 
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For both isomers, when the experiment is conduc&ed in the &~nct of NH&i, 
a green colour has developped slowly and after JZOmin-the-reaction seems to be 
complete, changes in refktance spectra, recorded at room temperature and at 
various stages of leactioI& are reported in Fig- I. As ill- kt.hefignre,&e 
spectra of the samples heated for I20 min show an absorption maximum and a 
shoulder at about 620 and 400 run, respe&v~Iy~ and a refkctanaz peak at about 
530 nm, The main bands correspond to that of ztmrr-icoentc1Jy, showing that 
substitution and isomerizztion reactions oazur. F~thermore, qectral changes during 
the heating show that probably more than one species are present Chromatography 
appeared to be saitabIe for their separation, Numerous and diffkrent types of chro- 
matographic experiments have been tried, because of various f&l-s which have 
to be taken into consideratiou, such as the fast aquafion ad/or isomerization of 
the compIexcs under investigation, interactions of the complexes with the developing 
solvent mixtmes and/or the adsorbent, weak soIubiI.ity of trmrr_[Coe~&lJY in 
organk soivents, interactions between the added inorganic salts and the developing 
soIvent.TU3hasgiventhebestresultAspointedout, widediffkrencesinbehaviour 
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of cobak@l) complexes are encountered when using pre-coated silica gel thin layers 
obtained from various sources 12_ We have obtained R, values reproducible to 
&O-O3 empioying a convenient thin layer_ The solvent mixture was tbat reported by 
SeiIer for the separation of some other cobaIt(IIl) complexes’ 3_ The temperature 
of -25O was chosen because of the good results achieved at low temperatures in the 
cbromatographic separation of some inorganic compounds’q. To obtain good 
chromatographic results even for the reaction mixture of complexes and inor_dc 
salts, these sampks are first dissolved in acetone and, after removal of the acetone, 
the residue, consisting mainly of z~QPz.s~C~~I&IJY and N&Cl, was dissohred in 

h&OH-H,0 @I)_ PreIiminary experiments showed, indeed, that in our operative 
conditions, the compIexes under investigation are inert in acetone and the very low 
quantity of NH&I present in these solutions does not intefiere in the successive 
chromatographic separation, as in the case of methanoi or ethanol employed as 
soIvent. 

Figures 2a and 2b depict the typid thin-Iayer chromatograms of the reaction 

products of the cis-dibenzoato and of the same compkx in mixture with NH+Ci, both 

heated at 135°C for convenient times_ Figures 3a and 3b show the reaction products 
of the corresponding reaction for the ff~-isomer- 

As shown in Fig. 2a, the crj- compkx is thermaIry converted to the corre- 
sponding trmrrisomer_ After 24 h, the trans- compound is the main product, but 
it is contaminated with a very smaI1 quantity of some other materials, among which 
we have identified cobalt(II) species, 

in the chromatograms iIIustrated in Fig_ 2b, two separations are reported 
for each time of heating of the mixture of the complex and ammonium chioride, 
corresponding to the soIutions in acetone and in methanoI, respecGveIyz the chro- 
matogmphic results of the fxrst solutions provide the disappearance of the starting 
complex, the czk-dii and the formation of other products, whereas tbat of 
the second solution show the progressive appearance of the final product, the trmzs- 

[Coenn,QJy- For the sake of comparison, some blanks, run on unheated samples, 

are reported in Fig. 2b: a mixture of ckdibcnzoato, rrmrs-dbcnzoato and trmrs- 
dichloro and cobaIt(IQ As shown in the same figure development of the mixture 
heated for 20 min resulted in four spots, one of which does not correspond to the 

blanks- lluee were identified as tranr-dibenzoato, zmns-dicbloro and cis-dibenzoato, 

The quantity of the unidentified product decreases with reaction time and it 

disappears in the sample heated for 60 min. This decrease and disappearance in 
relation to reaction time suggg t&e unknown compound to be an intermediate 

species and by its chromatographic behaviour it seems to be a +I charged, trans- 
isomer- On the basis of these facts, the unknown species has been prekninary cbar- 

acterized as rr=~Coenz(OC~H5)CiJY, probabIy produced by substitution of 

a carboxyIato ligand by chIoridc_ To confirm this hypothesis, TJX has been carried 
-out on a bIank of ~~~Coenz(OCOC6H5)CljC10,- The RI value of this species is 
the same as that of the product evidenced by chromatography, F shown in Fis 2b_ 
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Thus, chromatography has proved the formation of an intermediate species identified 
as ~~~coen~(Ococ,H&zilY_ 

The chromatograms of ZrDLPdiii or of a mixture of tmns- and &s- 
diiato heated at 135°C for several hours (Fig. 3a) show after 2 h, the presence 
of the tfans- isomer only, contaminated with several minor products. In the presence 
of NH&l (Fig. 3b), truu_r~Coen&lJY is also produced as the 5nal product, but 
chromatography has shown very little quantity only of the intermediate species, 
the compound characterized as trun.s~Cocn~(OCOC6H5)CIJY_ 

Chromatograms and spectra show that the thermaI behaviour of c&- 
[Coen,(OCOC6H5)~0, in the presence of NaCl, NaNOx, Na,SO, and (NH&SO, 
is almost the same as that of the pure compoundr cij to frans isomerization is the 
prevalent reaction In the presence of NH6N0, a decomposition reaction prevails 
on the isomerkation process. 

cik- and trans+Cben2(OCOC6H4X)~N03 (X=p-Cu,, p-OCR,, p-Ci) 
In light of the above results, the ring substituted dibenzoato complexes were 

heated isothermally at 135”C, for 24h, in both the presence and the absence of 
NH&L The conditions under which these reactions were examined are similar 
to those reported for the reactions of cis-dibenzoato_ The results obtained are similar. 
Re5kctancc spectra have shown a <ris to trans isomerization and, in the presence of 
NH& the formation of trm-[Coen&iJY as final product. For the CL&- isomers, 
chromatography put in evidence the formation of an intermediate species, probably 
the trmrs_ccOen,(OCOC6H,x)CiJY, whereas the same product is not evident in the 
corresponding reaction of the trmrr-isomers. 

A comparison of the rates of cis+trms isomerization of the [Cocnz 

~~~%j~,x)~~3 compkxes indicates a reactivity sequence for the stereochemical 
changes as X is p-OCH3>p-CH3>H>p-CI, that is the inverse of their thermal 
stability”, 

In conchtsion, in the solid-solid thermaI reaction of ck~Coen,(OCO~H.JQ~ 
NO3 and inorganic salts, the most meaningful result is the chromatographic evidence 
of a stepwise reaction in the presence of NH&C& rest&kg in the replacement of 
one carboxykto @and and the formation of an intermediate species, charadenzed 
as ~mts-fcoen,(OCOC6HJQCQY~ Using the same chromatographic procedure, 
tbeseintermediatespeciesarc scarcely detectabIe in the reaction products of the tnzm- 

diito complexes and NH,CL These results may mean that in the trmts-carboxy- 
late compounds the reaction rate of the second step is higher than that of the first, 
while the reverse can be supposed in the corresponding reaction of the ckisomers. 
Therefore, the above results indicate that in the thermal reaction of c&dicarbo~lato 
compounds and NH&l two reactions occur the ~~benzoato+trmrr-dibenzoato 
isomerization and the c&dibenzoato+rrmrraichloro snbstitntion. The two reac- 
tions, the second of which is faster than the first, seem to be competitive and not 
consecutive. If indeed the second reaction proceeded via trQn.+diito (see the 
scheme), the same resuhs should have been obtained as pvhcn the reaction was 



The pathway via dr-chloroknzoate wonId be exckded, since in the presence 
of both NH: and NO, ions the reactions are zrmtr-preferred3*5. An intramokcnIar 
rearrangement through a tigonaI bipyramid intermediate, involving the opening of 
a cheIate ring followed by the reattachment of the open end, can be postulated, when 
the c&compIexes are heated in absence of NHJZI and the ci& to tram isomekation 
occurs. When a substitution reaction prevails because of the presence of N&C& 
a tigonaI bipyramid intermediate should be formed in this case too, resulting from 
the dispkcement of a carboxyIato group, which is more sensitive to acidic conditions 
due to the NH= ion_ 
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