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ABSTRACT 

Some new compounds of 1,4-bu(4-ammocyclohexyl) butadlyne with cobalt(II), mckel(I1) 
and copper(I1) have been prepared m ethanohc solution The compounds which have been 
charactensed by analyses, magnetic moments, vlbratlonal and electromc spectra, have poly- 
menc octahedral structures The thermal behavlour of these compounds has been studied by 
thermogravlmetry (TG) and dlfferentlal scanmng calonmetry (DSC) techniques Thermal 
decomposltlon studies show that the hydrated compounds lose water followed by orgamc 
hgand to gve the metal oxide, whde the anhydrous compounds lose organic hgand to give the 
metal oxide (The crystal structure of 1,4-bls(4-ammocyclohexyl) butadlyne 1s also discussed ) 

INTRODUCTION 

Dlacetylenes were first reported m the hterature m the late 19th century 
[1,2], but the current intense interest m these compounds and the organic 
polymers formed from them began with the work of Wegner [3,4] 

The phenomena of complete crystalhmty and the presence of a con- 
jugated mam cham m the polymer system have stimulated the preparation 
of a large number of polydlacetylenes [5-91 

In this paper we report the thermal analysis studies of 1,4-bls(4-ammo- 
cyclohexyl) butadlyne together mth the complexes formed between the 
hgand and the transition metals, cobalt, nickel and copper 

1,4 - bts (4-amlnocyclohexyl) butodlyne CL) 
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Spectral and magnetic studies have been used to charactense each metal 
complex and to establish the type of coordmatlon involved 

EXPERIMENTAL 

Preparation of hgand 

Copper(I) chlonde (0.13 mol), ammomum chlonde (0 14 mol) and 20 cm3 
of water were added to a solution of 4-ethynylcyclohexylamme (0 10 mol) m 
50 cm3 of 2 M hydrochlonc acid The resulting rmxture was shaken under 
oxygen for 24 h Cold concentrated ammomum hydroxide was added and 
the resulting slurry was extracted with ether (6 X 100 cm3) The combined 
ether extracts were dned (anhydrous potassium carbonate) and evaporated 
to give a yellow-brown sohd, which on recrystalhsatlon from ethanol-water 
yielded metallic whte crystals 

Preparation of metal complexes 

The hgand (0 01 mol) was dissolved m warm ethanol and the metal hahde 
or thocyanate (0 1 mol), m the mmmum of warm ethanol, was added to 
this solution The rmxture was stirred on a water bath until the metal 
complex precipitated The precipitate was filtered, washed with warm ethanol 
and dned 

Apparatus 

The concentration of the metal ion was obtamed by a Perhn-Elmer 373 
atormc absorption spectrophotometer and the carbon, hydrogen and mtro- 
gen analyses were obtamed using a Carlo Erba elemental analyser 

The infrared spectra were obtamed using KBr discs (4000-600 cm-‘) and 
polyethylene discs (600-200 cm-‘) on a Perkm-Elmer infrared spectropho- 
tometer Model 598 

The electromc spectra were obtamed on a Beckmann Acta MIV spec- 
trophotometer as solid diffuse reflectane spectra 

Magnetic measurements were carned out by the Gouy method using 
Hg[Co(SCN),] as cahbrant 

The thermal analyses were carned out on a Stanton Redcroft Model STA 
781 thermobalance and a Mettler differential scanmng calonmeter (DSC TA 
3000) Thermogravlmetry curves were obtamed at a heating rate of 10” C 
mu-’ m static au In all cases the 20-700°C range was studied DSC 
curves were obtamed at a heating rate of 10” C mm-l m a stable atmo- 
sphere of ar m the 30-400 o C range. 
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RESULTS AND DISCUSSION 

The punty of the 1,4-bls(4-ammocyclohexyl) butadlyne was estabhshed 
by melting point, by carbon, hydrogen and mtrogen analyses, and by 
infrared spectroscopy 

The metal complexes prepared are listed m Table 1 The thocyanate 
complex of cobalt and the chlonde complex of mckel are hydrated, whde the 
chloride complexes of cobalt and copper are anhydrous 

The electronic spectra (Table 2) for the chloro complexes of cobalt, mckel 
and copper suggest that the metal ion 1s m an octahedral environment [lo]. 
It 1s normal to observe three spin-allowed d-d transitions for the cobalt and 
mckel complexes, but only two transltlons are observed m the present 
mvestlgatlon This 1s due to the presence of a large charge transfer band 
wbch extends mto the vlslble regon and masks the thnd transition. The 
magnetic moments for the cobalt and mckel complexes (Table 1) support the 
case for an octahedral environment for the cobalt and mckel ions [lO,ll] 
The magnetic moment for the copper complex (Table 1) 1s lower than the 
spin-only value and would suggest some copper-copper interaction m tbs 

TABLE 1 

Analyses of compounds and magnetic moments 

Compound Colour talc (W) Found (St) Magnetic 

MC HN MC HN moment 

(BM) 

Co(CNS),L 
2H,O Darkblue 1306 4790 5 32 1242 1294 47 87 5 11 1227 436 

CoCl,L Blue 1605 5233 5 45 763 1596 5238 523 7 59 5 01 
NlCl LH,O 2 Yellow 1514 4952 567 722 1517 4949 561 721 346 
CuCl,L Green 1697 5127 5 34 748 1701 5123 5 36 746 161 

L = 1,4-bls(4-ammocyclohexyl)butadlyne 

TABLE 2 

Electromc spectra (cm-‘) 

Compound Peak positions 

Co(CNS),L 2H,O 8264 

16 393 
CoCl L 2 8333 

16 129 
NlCl,L H,O 7142 

15038 
CuCl,L 11364 

L = 1,4-bls(4-ammocyclohexyl)butadlyne 
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TABLE 3 

Infrared Spectra (cm-‘) 

Compound VO_H(H,O) VM(NHZ) ~sN32) vcx.z %ls vdNH2) vMM-Cl 

L - 3266 (m) 3319 (m) 2118 (VW) - 1583 (m) - 
Co(CNS),L 340@-3100 - - - 2100(s) 1620(m) - 

2H,O (br,s) 
Co(CNS),L - 3100(m) 3200 (m) - 2100 (s) 1620 (m) - 
CoCI,L - 3138 (m) 3217 (m) - - 1589 (m) 235 (w) 
NlCl,L H,O 3400-3100 _ - - - 1605 (m) 232(w) 

(br,s) 
NlCl,L - 3120 (w) 3210 (w) - - 1605 (m) 232 (w) 
cuc1, - 3120 (m) 3210 (m) - _ 1585 (m) 234 (w) 

Key br = broad, s = strong, m = medium, w = weak, vw = very weak L = l,Cbls(Cammo- 
cyclohexyl)butadlyne 

compound [12] The electronic spectrum and the magnetic moment for the 
thocyanate complex of cobalt 1s mdlcatlve of a tetrahedral envn-onment m 
this case [ll] 

The mam bands m the infrared spectra of the compounds are reported m 
Table 3 The hydrated compounds show a strong broad absorption band m 
the regon 3400-3100 cm-’ (vO__& mdlcatmg the presence of water of 
crystallisation 

A very weak band at 2118 cm-’ m the spectrum of 1,4-bls(4-ammocyc- 
lohexyl) butadlyne, whch has been assigned to the yczc vibration, 1s not 
observed m the spectra of the metal complexes The bands due to vAs(NH,) 
and v,(NH,) vlbratlons m the hgand spectrum show a shft to lower 
frequency m the spectra of the metal complexes T~LY would suggest that 
coordmatlon takes place between the mtrogen atoms of the amme group and 
the metal ions [10,13] The assignment of the band at 2100 cm-’ to the vCNs 
vibration indicates the existence of a termmal -CNS m the cobalt complex 
[14] Metal-chlorme bands are present for the chloro compounds and 
mdlcate the existence of bndgmg chlorine atoms [10,15] The msolublhty of 
the chloro compounds m both polar and non-polar solvents 1s mdlcatlve of 
polymenc structures [lo] 

The fact that the compounds were isolated as powders and not as single 
crystals prevents complete structure determmatlon However, spectroscopic 
and magnetic data enable us to predict that m the chloro compounds the 
metal ions are m an octahedral environment It 1s thus postulated that the 
structure of the compounds consists of a cham of metal atoms bonded to 
chlorme atoms with each cham being hnked to adjacent chams by the 
1,4-bls(4-annnocyclohexyl) butadlyne molecules The thlocyanate compound 
has a tetrahedral structure, each nitrogen atom m the 1,4-bls(4-ammocyc- 
lohexyl) butadlyne molecule formmg a coordinate bond with the cobalt 
atoms 
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Fig 1 TG curves of I, 1,4-bls(4-ammocyclohexyl) butadlyne (sample weight = 10 18 mg), II, 

Co(CNS),(C,,H,,N,) 2H,O (sample weight =lO 60 mg), III, CuC1,(C,,H,,N2) (sample 
weight = 978 mg), IV, N1C1,(Cl,H24N2) H,O (sample weight = 9 24 mg), V, 
CoCl,(C,,H,N,) (sample weight = 9 90 mg) 

The TG and DSC curves (Figs 1 and 2) for 1,4-bls(4-ammocyclohexyl) 
butadlyne show that the amme 1s thermally stable over the range 20-132” C 
Its pyrolytic decomposltlon starts at 132” C and fmlshes at 530 o C with total 
ehmmatlon of the sample The DSC curve of the 1,4-bls(4-ammocyclohexyl) 
butadlyne (Fig 2) shows an endotherrmc peak at 117” C correspondmg to 
fusion The value of the fusion enthalpy 1s 36 28 kJ mol-’ Liquid 1,4-bls(4- 
ammocyclohexyl) butadlyne decomposes with an exotherrmc peak at 260 o C 
The TG and DSC curves for the complexes formed by reaction of 1,4-bls(4- 
ammocyclohexyl) butadlyne with the chlorides of cobalt, nickel, copper and 
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Fig 2 DSC curves of A, 1,4-bls(4-ammocyclohexyl) butadpe, B, CO(CNS)~(C,,H,,N~) 
2H,Q C, CoCl,(C,,H,N,), D, NIC~,(C,,H,,N,) H,O, E, CuCl,(C,,H,N,) 
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TABLE 4 

Dehydration process for the thlocyanate complex of cobalt and the chlonde complex of 
mckel 

Process Peak Thermal Weight loss (%) Enthalpy 
temp nature (kJ mol-‘) 

(“C) 
talc Found 

of transfor- 
mation 

Co(CNS),L 2H,O + Co(CNS),L 90 3 Endo 7 98 9 43 107 92 
NlCl,L H,O + NlCl,L 76 1 Endo 4 64 4 33 27 83 

L = 1,4-bls(4-ammocyclohexyl)butadlyne 

TABLE 5 

Decomposltlon process of the 1,4-bu(4-ammocyclohexyl) butadlyne and the metal complexes 

Process Temp 
range 

(“C) 

Thermal 
nature 
of transfor- 
mation 

Residue (5%) 

talc Found 

C,,H,& + pyrolytic proc 210-530 
Co(CNS) 2 L + Co,O, 120-557 
CoCl L + co,o, 2 137-542 
NlCl,L -+ N10 101-560 
CuCl,L --f cue 70-612 

L = 1,4-bls(4-ammocyclohexyl)butadlyne 

Exo 
Exo 17 77 1603 
Exo 2162 20 20 
Exo 19 26 19 48 
EXO 2122 20 40 

the thocyanate of cobalt are shown m Figs 1 and 2 The tlvocyanate 
complex of cobalt and the chloride complex of mckel first lose water 
followed by the organic hgand to gve the oxide The dehydration of the 
complexes takes place m one step The observed weight losses for these 
processes compare favourably with the theoretical values (Table 4) The 
expected endothernuc peak for ths type of process 1s observed m the DSC 
curve The dehydration enthalples have been calculated and are listed m 
Table 4 The decomposltlon of the anhydrous complexes gve residual 
weights whch are m good agreement with the theoretical values for the 
metal oxides (Table 5). In the DSC curves, these decomposltlon processes 
correspond to exotherrmc peak for the compounds 
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