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Abstract--The interaction between bis(3A,5-trimethylpyrazol-l-yl)methane, L v, and sev- 
eral MX2 salts, gives 1:1 [LT]MX2 (M = Z n ,  Cd or Hg: X = C I ,  Br or 1; M = Z n ,  
X = trifluoroacetate, M = Hg, X = CN, SCN or saccharinate) and 2 : I [LV]~MX~ adducts 
(M = Zn, X = NO3, C104, BF4, B(C6Hs)4 or CF3SO3; M = Cd, X = NO3, C104 or BF4: 
M = Hg, X = C104) which are air- and thermally stable, while the reaction of L r with 
Hg(CF3COO)2 gives the basic salt [LT]Hg(CF3COO)2 "5/4HgO. The adduct [LVlZnC12 
readily reacted with l-phenyl-3-methyl-4-benzoyl-pyrazol-5-one (Q'H), in the presence 
of a base, to yield the mixed-ligand complex [LT(Q')~Zn], whereas (Q')2Cd'[H20] and 
(Q')2Hg" [Et20] were obtained when a similar reaction was carried out with [LT]CdI2 and 
[LT]HgCI:, respectively, as starting materials. The compound [Lr]znC12 reacted with the 
anionic pyrazolato ligand ( p z )  and with the neutral 1-methylimidazole (ImH') yielding 
the complexes (pz)2Zn and (ImH')zZnCIz, respectively. Displacement of the ligand L v was 
observed also from the reaction of [LT]CdBr2 with 4-phenylimidazole (ImH*) and from the 
reaction of [LT]ZnCI2 and [LV]ZnBr2 with 2,2'-bipyridyl (Bipy), while no interaction was 
observed with pyridine (py), pyrazole (pzH), 4-bromopyrazole (4-BrpzH) or 3,5-dimethyl- 
pyrazole (3,5-M%pzH). All the compounds obtained were characterized from analytical 
and spectral data (IR, far-lR, ~H and 1 3 C ) .  

Poly(l-pyrazolyl)alkanes (Fig. 1) are a versatile 
class of neutral nitrogen-donor ligands which form 
several stable coordination compounds with tran- 
sition and main-group elements) These stable and 
flexible bidentate ligands, with a coordination 
behaviour parallel with those of the isosteric uni- 
negative poly(pyrazolyl)borates, 2 have been reported 
in the last few years to give metal derivatives which 
display interesting features. They are often chel- 
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R" R" 

L : R = R " = H , R ' = C H 3 ,  n = I ;  L I : R = R ' = R " = H , n = I  

L2:  R = R' = H, R" = CH3, n = 1; L3: R = CH3, R' = R" = H, n= 1 

LT: R = H, R' = R" = CH3, n =1, LA: R = R' = R" = H, n = 2 

LB: R = R' = H, R"= CH3, n= 2 

Fig. 1. 
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ating and fit into several coordination arrange- 
ments 3 and in some cases have been shown to react 
with various HgX2 giving either simple adducts or 
basic salts or mercuriated products. 4 In addition, 
ligand cleavage of a carbon(sp3)--nitrogen bond, 
probably due to an agostic "interaction" 
M . . . .  H- -C ,  has been observed when the reaction 
between 2,2'-bis(pyrazol-l-yl)propane (L 3) and K2 
PtC14, 5 VOC12 or SnBr46 in diethyl ether takes place. 

In a previous paper y we discussed the preparation 
and characterization of zinc, cadmium and mer- 
cury(II) derivatives of bis(4-methylpyrazol-1- 
yl)methane (L) and also made a comparison with 
the other results obtained with group 12 derivatives 
of poly(azol-l-yl)alkanes. Moreover, it has been 
reported that L, having the methyl group far from 
the coordination sites, is probably a better ligand 
with respect to the others so far investigated. 

We now describe the synthesis of the related 
ligand bis(3,4,5-trimethylpyrazol- 1-yl)methane 
(LT), which is more basic and provides more steric 
hindrance than L, and also the preparation and 
properties of its complexes with several zinc, cad- 
mium and mercury(II) acceptors. The reactivity of 
these new compounds toward several N-donors 
(Fig. 2), such as imidazole or pyrazole, which are 
interesting ligands owing to their prominent role in 
the biological chemistry of transition-metal ions, 8 
or toward O-donors, such as the l-phenyl-3-methyl- 
4-benzoyl-5-pyrazolone, QH, widely used as 
extracting agent, 9 has also been investigated. The 
differences in geometry and in basicity offered by 
these ligands ~° have been utilized to probe the tend- 
ency of likely tetrahedral zinc(II), cadmium(II) and 

Br 

N.-..~N N - - N  N - - N  
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mercury(I1) compounds to extend the coordination 
geometry of the metal centre. 

EXPERIMENTAL 

The samples for microanalysis were dried in 
vaeuo to constant weight (20"C, ca 0.1 Torr). 
Elemental analyses (C,H,N) were performed in 
house with a Carlo-Erba model 1106 instrument. 
IR spectra were recorded from 4000 to 100 cm -~ 
with a Perkin-Elmer System 2000 FT-IR instru- 
ment. IH and ~3C spectra were recorded on a VX- 
300 Varian spectrometer operating at room tem- 
perature (300 MHz for ~H. 75 MHz for ~3C). Melt- 
ing points were taken on an i A 8100 Electrothermal 
instrument. The electrical conductance of the solu- 
tions was measured with a Crison CDTM 522 con- 
ductimeter at room temperature. 

Reagents 

The ligands bis(3,4,5-trimethylpyrazol-l-yl)me- 
thane ~ (L T) and l-phenyl-3-methyl-4-benzoyl-5- 
pyrazolone (O'H) ~2 were prepared according to the 
literature method. Further purification for the for- 
mer was effected by recrystallization from pet- 
roleum ether (m.p. 60-70°C). The other chemicals 
were analytical reagent grade. 

Preparation of bis(3,4,5-trimethylpyrazol-l-yl) 
methanedibromozinc(I I) 

Compound 2 precipitated out upon mixing ZnBr2 
(0.22 g, 1.0 mmol) in diethyl ether (20 cm 3) with 
bis(3,4,5-trimethylpyrazol-l-yl)methane, L T (0.46 
g, 2.0 mmol), in the same solvent (30 cm 3) and 
recrystallized from dichloromethane/ether. Com- 
pounds 1, 3, 4, 7, 17-18 and 24 were prepared 
similarly, while EtOH was used for compounds 5, 
6, 11-13 and 19-22. The adducts 8, 14, 15 and 16 
(50% aqueous cadmium fluoroborate was 
employed) were prepared by addition of  a diethyl 
ether suspension of the salt to a stirred diethyl ether 
solution of the ligand. 

Im'H 

Bipy 

Im*H py 

0 
QR 

Fig. 2. 

Preparation of [di-bis(3,4,5-trimethylpyrazol-l-yl) 
methanedi( tetraphenylboron)zinc(II)] 

Compound 9 was prepared by addition of  
NaBPh4 (0.40 g, 1.2 mmol) to an ethanol solution 
of compound 4 (0.19 g, 0.26 mmol). A precipitate 
formed immediately. The mixture was stirred over- 
night and the precipitate was then filtered off, 
washed with ethanol (ca 20 cm 3) and recrystallized 
from chloroform/ether. 
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Preparation of  [ { bis( 3,4,5-trimethypyrazol- 1-yl)me- 
thane} bis( 1 -phenyl- 3 -methyl-4-benzoyl-pyrazolon- 
5-ato)zinc(II)] 

Compound 10 was prepared upon mixing 
LXZnC12, 1 (0.37 g, 1.1 mmol) with a methanol 
solution of Q'H (0.56 g, 2.0 retool) containing an 
equimolar quantity of KOH (0.114 g, 2.0 mmol). 
The mixture was stirred overnight under reflux, and 
then evaporated under reduced pressure. The resi- 
due was extracted with dichloromethane (3 × 10 
cm3); after evaporating the extract to dryness, 
the solid residue was crystallized twice from 
ethanol/diethyl ether 11/2) to yield the analytical 
sample. 

Preparation of bis(3,4,5-trimethylpyrazol-l-yl)me- 
thanedisaccharinate mercury(II) 

Complex 24 precipitated out upon addition of 
I J  (0.46 g, 2.0 mmol) to a warm mixture of 
aqueous solution (60 cm 3) of saccharin (0.37 g, 
1.0 mmol) and mercury(II) acetate (0.32 g, 1.0 
mmol) and recrystallized from chloroform/diethyl 
ether. 

Preparation of bis( N-methylimidazole)dichlorozinc 
(II) 

Bis(N-methylimidazole)dichlorozinc(II) was pre- 
pared by adding a methanol solution (20 cm 3) of 
the N-methylimidazole (0.25 g, ca 3.0 mmol) to a 
methanol solution of 1 (0.37 g, 1.0 mmol). After 
refluxing for 3 h, the clear solution was evaporated 
and the residue (0.17 g, 0.56 mmol, 21%) washed 
with 3 × 25 cm 3 of diethyl ether. M.p. 208-212~'C. 
IR (Nujol mull, cm -1) : 1570s, 371m, 240s, 220m, 
187m; v(ZnC1) : 310s, 288s. Molar conductance in 
acetone solution (f~-~ cm 2 mol-~) : 4.8. Found:C,  
32.3; H, 4.2; N, 18.4. Calc. for CsH~2C12N4Zn : C, 
32.0; H, 4.0; N, 18.6%; ~H NMR in CDC13 : 3.75 
(CH3) ; 6.95 (5-CH), 7.15 (4-CH), 7.96 (2-CH). 

(2,T-Bipyridyl)dichlorozinc(II) and (2,2'-bipy- 
ridyl)dibromozinc(II) were prepared similarly and 
their analytical and spectral data are in accordance 
with those reported in the literature. L3 
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tate was then filtered off and washed with diethyl 
ether (0.13 g, 0.28 mmol, 57%). M.p. 276-278°C. 
IR (Nujol mull, cm-t):  v(N--H):  3255s, br; 
v(C--H) : 3146m, 3121w, 3036m; 1588m, 1571m, 
497s, 296m, 262w, 192m, 175m. Molar conductance 
in acetone solution (D- ~ c m  2 mol ~) : 11.0. Found : 
C, 46.3; H, 3.5; N, 12.1. Calc. for ClsHI6CdC12N4 : 
C, 46.6; H, 3.7; N, 11.7%; 1H NMR in DMSO: 
7.22s (2-CH), 7.60 (5-CH), 7.18-7.80 m (phenyl), 
12.22s (N--H). ~3C in ( C D 3 ) 2 C O :  124.38, 125.87, 
127.56, 129.67, 137.16. 

Attempted preparation of [{bis(3,4,5-trimethyl- 
pyrazol- l - yl)methane} bis(1 - phenyl- 3 - methyl- 4 - 
benzo yl-pyrazolon- 5-ato)eadmium(II) ] and [ { bis( 3,4,5- 
trimethylpyrazol- 1-yl)methane} bis(1-phenyl- 3-methyl- 
4-benzo yl-pyrazolon- 5-ato)mercury(II) ] 

Following the procedures outlined above for 
compound 10, with 13 and 17 as precursors and 
Q'H as the ligand, the compounds Cd(Q')2" [H20] 
{m.p. 180 dec; 1R (Nujol mull, cm-~): v(OH): 
3200br, v(C--O): 1609s, 1590s; 1570s, 1533s, 
1500sh, 550m, 511m, 426m, 398m, 370m, 342m, 
285m ; molar conductance in acetone solution (f~-t 
c m  2 mol-~) : 3.2. Found: C, 59.2; H, 4.3; N, 8.1. 
Calc. for C34HzsCdN405 : C, 59.6 ; H, 4.1 ; N, 8.2% ; 
~H NMR in CDC13 : 1.72s (CH3), 3.42s ( H 2 0 )  6.97- 
7.72m (phenyl rings)} and Hg(Q)2"[Et20] were 
obtained {m.p. 170 dec; IR (Nujol mull, cm-l):  
v(C--O) : 1672s, 1630s, 1593s; 544m, 508m, 330m; 
molar conductance in acetone solution (f~-~ cm 2 
mol-~) : 90.0. Found : C, 55.5 ; H, 4.2 ; N, 7.1. Calc. 
for C38H36HgN405 : C, 55.0 ; H, 4.4 ; N, 6.8% ; IH 
NMR in CDC13 : 2.02s (CH3), 6.98-7.55m (phenyl 
rings), 1.21t, 3.48q (EhO)}. 

CAUTION! The perchlorato derivatives reported 
in this paper may explode by shock or heating when 
dry. Small quantities (~<0.5 g) of the dry pro- 
ducts should be handled with all possible pre- 
cautions. 

RESULTS AND DISCUSSION 

Preparation of  b&(4-phenylimidazole)dibromo- 
cadmium(II) 

Bis(4-phenylimidazole)dichlorocadmium(II) was 
prepared by adding a diethyl ether suspension of 11 
to a diethyl ether solution of 4-phenylimidazole. 
The mixture was stirred overnight and the precipi- 

The interaction between several zinc(II), 
cadmium(II) or mercury derivatives and bis 
(3,4,5-t rimethylpyrazol- 1-yl)methane, L T , as 
described in the Experimental Section, readily 
afforded the corresponding adducts 1-8, 11-22 
(Table 1) according to the following general 
equation (1) : 
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nLT +MX2 ' (LT),MX2. (1) 
I~, 11-22 

Compound 1 2 3 4 5 6 7 ~ 8 11 12 

M Zn Zn Zn Zn Zn Zn Zn Zn Cd Cd 
X C1 Br I C104 NO3 BF4 CF3COO CF3SO3 C1 Br 
n 1 1 1 2 2 2 1 2 1 1 

Compound 13 14 15 16 17 18 19 20 21 22 

M Cd Cd Cd Cd Hg Hg Hg Hg Hg Hg 
X I C104 NO3 BF4 CI Br I CN SCN CIO4 
n 1 2 2 2 1 1 1 1 1 2 

" + 1/2 [Et20]. 

A 1 : 1 adduct is always the product in the case 
of metal halides or pseudohalides, while a 2 : !  
adduct is obtained only with good acceptors such 
as the metal(II)perchlorate or nitrate. However, in 
agreement with the steric hindrance of  the ligand 
L v, no example was found of  a 3 : 1 adduct, to be 
compared with (L)3Cd(C104), 7 (L)3Zn(BF4)f and 
(Ll)3Cd(C104)2.14 

It is worth considering the different reactivity 
displayed by these compounds : in fact, the metha- 
tesis reaction of  (LT)2Zn(C1Oa)2 with NaBPh4 gave 
the required compound (LX)zZn(BPh4)2, 9, in quan- 
titative yield, whereas no evidence of reaction was 
observed when NaBPh4 was reacted with LVZnClz. 

When a methanol solution of I was heated under 
reflux with 1-phenyl-3-methyl-4-benzoyl-5-pyr- 
azolone, Q'H, in the presence of alkali, the com- 
pound [LT(Q')zZn], 10, was precipitated. However, 
a similar approach for complexes 13 and 17 gave the 
two derivatives Cd(Q' )2"H20  and Hg(Q')2"Et20, 
respectively : 

CH3OH 
(LT)ZnCI2 + 2Q'H + 2KOH 

1 

LTZn(Q')2 + 2 K C I + 2 H 2 0  (2) 
10 

CH3OH/H20 
(LT)CdI2 + 2Q'H + 2KOH 

C d ( Q ' ) z ' H 2 0 + L T + 2 K I + 2 H 2 0  (3) 

CH3OH/Et20 
(LT)HgCI2 + 2Q'H + 2KOH 

Hg(Q')2" E t 2 0 +  L T + 2 K C I + H 2 0 .  (3') 

With mercury(II) trifluoroacetate in diethyl 
ether, a basic derivative (LT)Hg(CF3COO)2 • 
5/4HgO, 23, with a definite melting point was 
obtained. Attempts to perform the same reaction 

in aqueous CF3COOH resulted in the production 
of a material of non-stoichiometric composition. 

The adduct (LT)Hg(CTH4NO3S)2, 24, was iso- 
lated by successive additions of an equimolar quan- 
tity of L T to a warm mixture of aqueous solution 
of  saccharin and mercury(II) acetate. 

No adduct of L v was isolated with zinc or cad- 
mium cyanide, fluoride or sulphate, nor with zinc, 
cadmium or mercury(II) acetate. 

All the derivatives 1-24 are colourless air-stable 
crystalline solids, generally insoluble in hydro- 
carbon, in methanol and in ethanol, moderately 
soluble in acetone, and readily soluble in aceto- 
nitrile, DMSO and DMF. Compounds 1-3, 5, 7, 8, 
15 and 17-24 are also soluble in chlorinated 
solvents. 

The conductivity measurements show that apart 
from the 2:1 adducts 4-6, 8, 14-16 and 22, all 
the other complexes are not electrolytes in acetone 
solution. Adducts 1-3 and 11-13 became elec- 
trically conducting when dissolved in DMSO. This 
behaviour suggests that these compounds in the last 
solvent undergo extensive solvation according to 
the pattern : 

(LV),MX2 + x D M S O  , 

[M(DMSO)x] 2+ +2[X]-  + n L  v. (4) 

The mercury(lI) derivatives 17-21 and 24 are not 
electrolytes in DMSO. 

Compound 1 was also warmed in methanol 
solution with pzH in the presence of KOH, and 
in this case afforded the previously well-described 
[(pz)2Zn]. j5 

(LX)ZnC12 + 2pzH + 2KOH , 

(LX) + [(pz)2Zn] + 2KC1 + 2H20 (5) 



Group 12 metal compounds containing bis(3,4,5-trimethylpyrazol-l-yl)methane 

Table 1. Physical, analytical and conductivity data of derivatives 1-24 
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Compound and formula ° No. 

Elemental analysis (%) ; 
Yield M.p. Found(Calc.) 
(%) ("C) C H Y solv. 

Conductivities e 
conc. A 

(LT)ZnCI2 (1) 80 > 350dec 42.8 5.4 14.9 DMSO 
Ct 3H2oCI~N4Zn (42.3) (5,4) (15,2) 
(Lr)ZnBr2 (2) 61 > 350dec 34.5 4.5 11,9 DMSO 
CI3H2oBr2N4Zn (34.1) (4,4) (12.2) 
(LT)ZnI2 (3) 77 > 350dec 28.6 3,8 10.5 acetone 
CI3HzoI2N4Zn (28.3) (3.6) (10.2) DMSO 
(Lv)2Zn(C104)f (4) 90 282-284 42.8 5.6 14.9 acetone 
C26H4oCI2NsO8Zn (42.8) (5.5) (15.4) DMSO 
(LT)2Zn(NO3)2 (5) 49 264-265 47.6 6.4 21.2 acetone 
Cz6H40Nj006Zn (47.7) (6.2) (21.4) 
(LT)2Zn (BF4)2 (6) 71 280-281 44.9 6.0 15.6 acetone 
C26HaoB2F8N8Zn (44.4) (5.7) (15.9) 
(LV)2Zn(CF3COO)2 (7) 78 203 204 40.9 4.3 10.0 acetone 

• l/2[Et20] (40.6) (4.8) (10.0) 
CIgH25F6N404 5Zn 
(L'r) 2Zn (CF3SO3) 2 (8) 85 231-233 40.9 4.9 13.2 acetone 
C28H4oF6NsS206Zn (40.6) (4.8) (13.5) DMSO 
(LV)2Zn(BPh4)2 (9) 50 168-[71 76.5 7.2 9.3 acetone 
C~4HsoB2NsZn (76.1) (6.9) (9.6) 
(LT)Zn(Q)2 (10) 68 175-178 66.2 5.6 12.8 acetone 
C47H46NsO4ZFI (66.2) (5.4) (13.1) DMSO 
(LV)CdC12 (11) 46 302-303 37.8 4.6 13.1 acetone 
CI3H2oCdC12N4 (37.6) (4.8) (13.5) 
(LT)CdBr2 (12) 54 322-323 30.9 4.0 11.0 acetone 
CI3H20Br2CdN4 (30.9) (4.0) (11.1) DMSO 
(LV)Cdl2 (13) 64 305-307 26.4 3.2 9.0 acetone 
C,3H20CdI2N4 (26.6) (3.3) (9.3) DMSO 
(Lr)2Cd(CIO4)2 ' (14) 96 > 350dec 40.0 5.3 14.3 acetone 
C26HnoC12NsOsCd (40.2) (5.2) (14.4) 
(LT)2Cd(NO3)2 (15) 37 283-284 44.3 5.9 19.9 acetone 
C26H4oN,oO~Cd (44.5) (5.7) (19.9) DMSO 
(LV)2Cd(BF4)2 (16) 77 > 350dec 42.0 5.6 14.6 acetone 
C26H40B2FsNsCd (41.6) (5.3) (14.9) 
(LV)HgC1, (17) 70 257-258 31.3 4.0 10.6 acetone 
C,3H2oC12HgN4 (31.0) (4.0) (11.1) DMSO 
(Lr)HgBr2 (18) 78 259-262 26.6 3.3 9.1 acetone 
CI3H20Br2HgN4 (26.3) (3.4) (9.4) DMSO 
(LT)HgI2 (19) 67 236-237 22.8 3.0 8.2 acetone 
C13H2oHgI2N4 (22.7) (2.9) (8.2) DMSO 
(LV)Hg(CN)2 (20) 45 268-270 37.4 4.2 16.9 acetone 
C,sHz0HgN~ (37.2) (4.2) (17.3) DMSO 
(Lr)Hg(SCN)2 (21) 67 175-177 33.1 3.7 15.3 acetone 
Ct~H2oHgN~S: (32.8) (3.8) (15.3) DMSO 

DMF 
(Lr)2Hg(C104)2 ' (22) 48 167-168 36.1 4.7 12.9 acetone 
C26H4oC12HgNsO8 (36.1) (4.6) (12.9) 
(Lr)Hg(CF3COO)2 (23) 57 200dec 22.2 2.1 5.7 acetone 

• 5/4HgO (22.0) (2.2) (6.0) 
C i 7H2oF6Hgz ~sN40525 
(Lr)Hg(C7H4NO3S)a (24) 47 272-273 40.3 3.5 9.9 acetone 
C27H3oHgN606S: (40.7) (3.5) (10.5) DMSO 

1.08 

1.04 

1.01 
1.03 
1.04 
1.02 
1.00 

1.00 

1.06 

1.02 
1.10 
0.4 

1.04 
1.04 
1,04 

0.65 
1.12 
1.13 
1.10 
1.00 

1.04 
1.1 
1.06 

1.06 
1.02 
1.03 
1.06 
1.01 
0.98 
1.05 
1.13 
1.11 
1.04 
0.51 
1.04 

0.5 

1.01 
1.01 

8.2 

33.3 

2.5 
46.4 

164.2 
83.3 
61.3 

181.2 

6.5 

150.4 
71.1 

221.1 

3.6 
8.7 
6.4 

3.3 
43.1 

3.2 
52.1 

162.2 

46.3 
79.3 

151.2 

3.2 
2.3 
3,2 
2.2 
2.0 
1.3 
2.4 
1.9 
7.2 
1.7 

96.2 
141.1 

25.2 

4.3 
10,2 

"L z is bis(3,4,5-trimethylpyrazol-l-yl)methane, C13H2oN 4. 
In f~-~cm2mol-~ at room temperature; conc. is molar concentration ( × 103). 

' See precautions to be used with these compounds. 



798 C. PETTINARI et al. 

The 1 : 1 adducts (LT)MX2 did not display any 
tendency to coordinate further molecules of  L x or 
of  other ligands to afford species such as (LV)2MX2, 
(LT)(A)2MX2 (where A = monodentate nitrogen 
donor) or (LT)(A')MX2 ( A ' =  bidentate nitrogen 
donor). In fact, in consonance with our previous 
report v on the synthesis of  metal derivatives of poly- 
(pyrazol-l-yl)alkanes, compounds 1 and 2 were 
found to react with 2,2'-bipyridyl (Bipy) giving 
(Bipy)ZnC12 and (Bipy)ZnBr2, while the interaction 
of 1 with N-methylimidazole (ImH') and of 12 with 
4-phenylimidazole (ImH*) proceeded according to 
the following equations, 

(LX)ZnCl2 + 2ImH' , (ImH')2ZnCI: + L T (6) 

(LT)CdBr2 + 2ImH* , (lmH*)2CdBr2 + L T 

(6') 

the two adducts (ImH')2ZnC12 and (ImH*)2CdBr2 
being respectively formed. On the other hand 1 and 
2 did not react .vith pyridine, pzH, 3,5-Me2pzH or 
4-BrpzH, even when the reaction was carried out in 
strong excess of the ligand and in refluxing solvent. 
This behaviour is in agreement with the lower 
basicity of these nitrogen donor species with respect 
to imidazole and its derivatives. 16 

I R  spectra 

The infrared spectra (nujol mull) of compounds 
1-24 (Table 2) are in agreement with the formulae 
given. The bands typical of the ligand L x are easily 
detected: absorption of very weak intensity in the 
region above 3000 cm -~ and two bands more 
intense between 1500 and 1580 cm ~ are always 
observed] 5,~7 According to the conductivity data, 
the perchlorate and the tetrafluoroborate are ionic 
also in the solid state, a broad absorption at ca 

1080 cm -~ and a single band at ca 600 cm ~ being 
observed. 18 The IR spectra of  the M(LX)2(NO3)2 
(M = Zn or Cd) exhibits the bands (1390-1380 and 
1290-1280 cm -~) characteristic of monodentate 
coordination for both nitrate groups. 19 The tri- 
fluoroacetate derivatives 7 and 23 are covalent mol- 
ecules, whereas the carboxylato ligand is probably 
monodentate (A = [va(CO2-)-v~(CO2-)] = 257 for 
7 and 236 cm-~ for 23). 2° 

The shift of  the v(C------O) absorption band from 
1640 cm -1 in the free QH 12 to 1610 in complex 
10, and the non-appearance in the spectra of this 
compound of the broad absorption band due to 
v(OH. • • O) indicates that both the carbonyl groups 
of the (Q)-  ligand are involved in bonding to zinc 
through oxygen atoms. On the basis of previous 
reports on Zn(fl-diketonate):(L) compounds 21 

(L = Phen or Bipy) and also by considering our 
previous results with 4-acyl-5-pyrazolonato 
ligands, 22 even though structural information is not 
available, we suggest that the zinc atom is probably 
in an approximately octahedral environment, as 
shown in Fig. 3. 

The marked reluctance of Hg(II) to form coval- 
ent bonds to oxygen is well established. In an effort 
to clarify the nature of Hg(Q')2" Et20 its IR spec- 
trum was recorded ; a very strong and broad C-----O 
stretching frequency was observed at 1670 cm -~ 
and multiple bands around 520 cm i typical of 
carbon-mercury stretching frequencies, while there 
was no evidence supporting the presence of a 
H g - -O  vibration, expected between 400 and 500 
cm -I according to Gibson. 23 It is likely that this 
slightly soluble compound, analogous to "mercury 
(II) acetylacetonate" synthesized by Bonati, 24 is 
either a mixture of variable proportions of C-, N- 
and O-bonded 4-acyl-5-pyrazolone derivatives or 
an oligomeric molecule in which mono- and bi- 
valent 4-acyl-5-pyrazolones are linked by mercury 
(II) atoms. 

Far-infrared spectra were recorded in order to 
obtain information about the metal-ligand and 
metal-halide bonds. The two M - - X  stretching 
vibrations IR-active for the pseudotetrahedral com- 
plexes 1-3, 11-13 and 17-19 may be assigned with- 
out much ambiguity. These assignments are the 
same as those of Cornillsen 25 for (imidazole)2MX: 
and of Coates j3 for several (Phen)MX2 (Phen = 
phenanthroline) and (Bipy)MX2 and are in accord- 
ance with those previously reported for zinc, cad- 
mium and mercury derivatives of other bis(pyrazol- 
1 -yl)alkane. 7'26 

In the spectra of all the adducts, because they are 
often overlapped with ligand vibrations, it has been 
extremely difficult to assign the metal-nitrogen 
stretching frequencies, which generally serve as a 
direct measure of the strength of the coordinate 
bond. However, the data in Table 2 show that the 
IR spectra of most of our likely pseudotetrahedral 
compounds have bands of medium to strong inten- 
sity in the region 250-270 cm-1 which are not pre- 
sent in the spectrum of the free ligand. These bands 
are similar to those recorded for other zinc(II) hal- 
ide complexes of nitrogen-donor monodentate or 
bidentate ligands ~3'25 27 and could be attributed pre- 
dominantly to v(Zn--N) vibrations and give fur- 
ther support for the coordination of the ligand to 
the Zn :+ ion via the pyrazolyl nitrogen atoms. The 
bands which appeared in the region 450-350 cm ~, 
absent in the spectra of the free bis(3,4,5-tri- 
methylpyrazol-l-yl)methane, could be due to slight 
changes in the geometry or symmetry of L T ligand 
upon complexation. 
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--~ 'CH3 N 
CH 3 ' ~ ~  

Fig. 3. 

The IR spectrum of compound 21 is analogous 
to that recorded for (L)Hg(SCN)2, 7 a single sharp 
absorption near 2110 cm -~ and several bands of 
low and medium intensity in the region 400-300 
cm 1, both typical of  S-bonded thiocyanato, being 

observed. 28 This complex retains this bonding mode 
also in acetone solutions [v(SCN) : ca 2105 cm-~], 
while dissolution of the adducts in DMF invariably 
results in the "partial" ionization of the coor- 
dinated pseudohalide groups, in accordance with 
the conductivity data. 

~H and 13C spectra 

The lH and ~3C N M R  spectra (Tables 3 and 4) 
were recorded for all the complexes isolated (with 
the exception of 13C spectra for 14 and 16, because 
of their poor solubility). The choice of the solvent 
was always dictated by solubility, the order of pref- 
erence being CDC13, CD2C12, (CD3)2CO and 
(CD3)280 (the last solvent has a levelling influence 
owing to its tendency to displace all the ligands 

Table 3. ~H-NMR data a for the ligand L x and complexes 1-24 

Compound Solvent CH3 CH2 Others 

L ~ CDCI3 1.83 2.10 2.31 6.03 
CD2C12 1.84 2.07 2.34 5.96 
(CD3)2CO 1.81 2.01 2.34 6.00 
DMSO 1.81 2.02 2.32 6.04 

1 CD2C12 1.90 2.31 2.34 6.22 
CDC13 1.90 2.35 2.42 6.28 
DMSO 1.80 2.02 2.32 6.03 

2 CD2C12 1.90 2.31 2.34 6.22 
(CD3)2CO 1.92 2.35 2.48 6.45 

3 CD2C12 1.92 2.32 2.40 6.25 
4 (CD3)2CO 1.78 1.97 2.59 6.70 
5 CD2C12 1.90 2.40 2.40 6.33 
6 (CD3)2CO 1.81 1.98 2.59 6.69 
7 CDCI 3 1.92 2.23 2.32 6.38 Et20 : 1.30t, 3.48q 
8 CDCI3 1.65 1.90 2.35 6.47 
9 CDCI 3 1.80 2.18 2.23 6.54 

10 (CD3)2CO 1.85 1.99 2.58 6.72 
11 (CD3)2CO 1.90 2.25 2.48 6.48 
12 (CD3)2CO 1.93 2.30 2.50 6.51 
13 (CD3)2CO 1.96 2.35 2.51 6.53 
14 (CD3)2CO 1.92 2.08 2.53 6.76 
15 CD2C12 1.90 2.39 2.39 6.28 
16 (CD3)2CO 1.80 1.90 2.52 6.75 
17 CDCI3 1.88 2.26 2.30 6.28 
18 CDCI 3 1.88 2.28 2.30 6.29 
19 CDC13 1.87 2.29 2.30 6.28 
20 CDCI3 1.87 2.20 2.30 6.08 
21 CDC13 1.92 2.30 2.33 6.18 
22 CDCI3 1.58 2.30 2.33 6.18 
23 CDCI3 1.90 2.14 2.34 6.34 
24 CDC13 1.88 2.27 2.32 6.35 

Q'H: 1.60(CH3); 7.08t, 7.28t, 7.38m, 7.88d 
(aromatic signals) 
BPh4: 6.75t, 6.90t, 7.35m 

CTH4NO3S : 7.60-8.00m 

"6 in ppm from internal TMS. 



Group 12 metal compounds containing bis(3,4,5-trimethylpyrazol-l-yl)methane 

Table 4. 13C NMR data" for the ligand and its complexes 1-24 

801 

Comp. Solvent CH, CH2 C(3) C(4) C(5) Others 

L T CD2CI2 8.47 10.16 12 .38  6 0 . 9 2  147.92 113.04 137.36 
CDCI3 9.48 10.22 12 .34  6 1 . 4 2  147.64 113.10 137.33 
(CD~)2CO 8.34 10.00 12 .33  6 0 . 9 0  147.50 112.75 137.51 

1 CD:CI2 8.18 10.05 12.31 5 6 . 6 9  152.34 114.94 139.24 
2 CD~CI2 7.33 9 . 1 9  11.91 5 5 . 5 8  151.75 114.23 138.56 
3 CD~CI_~ 7.31 9 . 1 7  12 .87  5 5 . 2 8  152.06 114.37 138.86 
4 (CD3)2CO 6.75 8 . 8 4  10 .22  5 7 . 2 4  151.27 114.44 141.81 
5 CD~C12 8.25 10.17 11 .29  57.0br 151.1br  1 1 4 . 8 5  139.9br 
6 (CD3)2C0 8.01 10.00 11 .47  5 8 . 6 0  152.36 115.62 142.90 
7 CDCI~ 8.19 9.91 11.87 5 6 . 5 3  152.59 114.82 139.48 

8 CDCI~ 7.53 9 . 5 2  10 .76  5 6 . 6 6  150.56 114.35 140.01 
7.80 9.63 

9/' CDCI3 8.32 9 . 9 0  11 .99  5 6 . 5 0  150.84 113.85 142.04 
10 (CD~)2CO 8.04 10.08 11 .59  58.63 n.o. n.o. n.o. 

II  (CD02CO 6.85 8 . 6 6  11 .05  57.73 n.o. n.o. n.o. 
12 (CD3)2CO 8.04 9.91 12.62 5 8 . 3 0  151.80 114.91 140.82 
13 (CD3)2CO 6.77 8.61 11.89 57.11 n.o. 116.8br 139.5br 
15 CD2C12 8.34 10.28 1 1 . 6 5  5 8 . 4 6  151.01 114.85 139.70 
17 CDCI3 7.84 9 . 6 3  1 1 . 8 4  5 6 . 7 8  149.93 113.80 136.82 
18 CDC13 7.83 9 . 6 2  12 .06  5 6 . 5 8  150.07 113.80 136.76 
19 CDCI3 7.81 9 . 6 0  12 .60  56 .51  149.99 113.67 136.65 
20 CDCI3 8.37 10.14 12 .56  58 .01  149.88 114.06 137.15 
21 CDC13 8.47 10.29 12 .67  5 8 . 1 7  151.46 114.83 138.50 
22 (CD3)2CO 8.25 10.34 12 .07  5 9 . 6 7  152.21 116.18 142.85 
23 CDCL 7.87 9 . 6 5  1 1 . 6 0  5 7 . 8 0  156.26 114.26 138.44 

24 '~ CDCI3 8.47 10.23 1 2 . 6 7  5 7 . 5 0  152.16 114.52 138.47 

CF3:116.75q(288) 
C z O  : 162.93q(37) 
CF3: 120.19(315) 

BPh4: 122.58, 126.25 
126.31 

CN : 142.67 
SCN: 117.90 

CF3:117.4(270) 
C z O  : 161.87(37) 

"Chemical shift in ppm from internal TMS ; n.o. : not observed due to low solubility. 
/'Q' signals: 16.91 (3--CH3); 105.44 ( C ~ ) ;  149.69 (C--3); 166.66 (C--5); 191.58 (C--O); 121.00, 124.75, 

127.87, 128.27, 128.39, 128.82, 130.09, 136.21, 139.65 (Ph). 
' Saccharinato signals: 120.88, 126.16, 131.52, 133.53, 133.75, 143.49, 165.58. 

from the coordination sphere). The spectra of all 
the compounds show that the ligands have not 
undergone any structural change upon complex- 
ation. In CD2C12, CDC13 and acetone solution, all 
the proton signals shift to lower field upon coor- 
dination: this shift, sometimes not negligible, and 
generally greater in acetone with respect to the 
chlorinated solvents, could be caused by a change in 
the electron density of the bis(pyrazol-l-yl)alkane 
moiety, this fact being consistent with the coor- 
dination of the N(2) atom to metal ions. 

The meta l - - (N--N)2C ring is expected in our 
compounds to be in the boat configuration estab- 
lished through X-ray crystal structure; see, for 
example, Refs 3 and 29. Consequently, the two 
N - - C H 2 - - N  hydrogens ought to be different: for 
example, an AB pattern was reported for 
(L~)PtC12, 3° in agreement with the well-established 
kinetic inertness of platinum(II). However, in all 

the compounds described here, the N - - C H 2 - - N  
hydrogen was always found to be magnetically 
equivalent, at least at room temperature, so that, 
even when dissociation is not the cause, a rapid 
boat inversion must be assumed, probably through 
N - - M  bond breaking. It has been noted that, 
in keeping with what has been previously ob- 
served, 7'14"26'29 the A (=  difference in chemical shift 
of a given proton in the complex with respect to the 
free ligand) is generally greater in the ionic 2:1 
complexes than in the t : 1 adducts. 

In the ~3C spectra, the ring and bridging carbon 
signals move downfield and upfield, respectively, 
upon complexation, whereas a negligible dis- 
placement is observed for the carbon of  the three 
methyl groups. This trend is the same as that alre- 
ady observed with other pyrazol-l-alkanes 2s and 
(pyrazol- 1 -yl)borato ligands. 3~ 

Evidence for an extensive solvation or for a 
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S13C 140 

4•2i/C• 
R" -----.-.t---- 

R" • 
- . -  

L 1 
L 
L 2 
LT 

i | i i ! 

free  l igand a d d u c t  KIIduct adduct a d d u c t  

w i t h  HsCI 2 with ZnCl2 with CdBr 2 with Zn(ClO4)2 

Fig. 4. Graphic of 3 13C r e s o n a n c e s  (ppm) of 3-C (pyrazole ring) in some bis(pyrazol-l-yl)alkanes 
and their adducts with mercury(II), zinc and cadmium salts. 

ligand dissociation in DMSO is provided also by 
the proton and ~3C N M R  spectra. In this solvent 
the displacement of  the carbon or proton signal 
on going from the free ligand to the ligand in the 
complexes 1, 2, 11, 13 and 17-19 is negligible. 

As far as ~3C N M R  data are concerned, it seemed 
interesting to compare the chemical shifts of  the 
3-C positions in the pyrazole rings in some zinc, 
cadmium and mercury complexes of  several bis 
(pyrazol-1-yl)alkanes 7'26'29'32 with the corresponding 
values in the free ligand (Fig. 4). It has been gen- 
erally observed that changing the ligand does not 
cause a break in the structural features of  the metal 
derivatives, while changing the metal linked to N(2) 
causes a different low-field shift of  the 3C-res- 
onance: the zinc and cadmium salts, borderline 
acids, with more bonding affinity for nitrogen- 
donor ligands, 33 generally produce a higher down- 
field shift with respect to soft-acid mercury(II)  salts. 

These results show that the coordination com- 
pounds reported here are stable not only in the 
solid state, but also in chloroform and in acetone 
solutions. The greater steric hindrance of the more 
basic L T, with respect to L, causes a different behav- 
iour: no 3:1 adducts were obtained, also under 
drastic conditions, i.e. strong excess of  ligand and 
refluxing solvent. Easy ligand displacement was 
observed only with donors with a basic pKa value 
of ~6.00, such as 4-phenyl-imidazole (pKa = 
6.10), 16 or with a greater chelating ability, such as 
2,2-bipyridyl, whereas it has been observed that 
pyridine (pKa = 5 . 2 0 ) ,  34 only slightly less basic than 
ImH*, is unable to displace L x from the metal co- 
ordination sphere. 
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