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A. INTRODUCTION 

The parent compound of this class of ligands is the tetrazole, CN,H2, m 
which the carbon atom and the four nitrogen atoms form a five-membered ringl*‘. 
The compound can exist in two tautomenc forms I and II. About 97% of the 
eqmhbnum mixture of I and IL exists in form 13. 
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The numbering of atoms in the ring starts with the nitrogen atom adjacent 
to the carbon (conliguratron I) and proceeds counterclockwise around the ring 
as shown above. 

The two hydrogen atoms in positrons (1) and (5) of form I can be readily 
replaced by aliphatrc or aromatic groups gtving a series of either l-substituted, 
5-substituted or 1,5-disubstituted tetrazoles. 

Tetrazole itself is a rather strong acid’ with an aqueous G of 1.54 ,: lo-‘. 
It is seen, therefore, that its acrdic strength equals that of acetic acid. The re- 
placeable hydrogen is attached in position (1) and, in fact, all 5-substituted 

tetrazoles behave as weak acids4. The hydrogen atom attached to the carbon, on 
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the other hand, does not exlnbrt any acidic propertres. All tetrazoles are polar 
compounds with high dipole moments, those of pentamethylenetetrazole, (Metra- 
zole, hereafter abbreviated as PMT), 8-t-butyl PMT, 8-set-butyl PMT, and l- 
cyclohexyl-5-methyltetrazole being 6.14, 6.20, 6.18 and 6.00 D respecttvely’. 

The 1,Idrsubstituted tetrazoles where the substrtuent groups are either alkyl 
or aryl radicals, form a series of interesting compounds which should act as bases 
both m the Brdnsted and m the Lewis sense. It should be noted, however, that the 
basic or the donor properttes of these compounds have not been thoroughly 
explored. The only exception is the pentamethylenetetrazole, whose powerful 
stimulating activity on the central nervous system led to its use m chemotherapy 
TINS apphcatton of PMT focused the attention of several investigators on the 
chemistry and m partrcular, on the electron donor properties of this compound. 

The l-substituted as well as the 5-substituted tetrazoles also form a serves 
of interesting coordination compounds whtch have been studied pnmarrly by 
Brubaker6 and Jonassen’. The properties of these complexes, however, differ qmte 
markedly from those ofthe I $drsubstituted tetrazoIes and ~111 not be reviewed here. 

B. PROTON AFFINlTY OF THE 1,5-DISUBSTITUTED TETRAZOLES 

The 1,5-disubstltuted tetrazoles are characterized by then very low basic 
strength, although, here agam the mam work has been carned out only on penta- 
methylenetetrazole (III). In aqueous solutions PMT does not exhtbtt any basic 

N-N-Cl+.-Cl+ 

J \ 
N-C-CH2-CH2 

propertres In fact, even 10% solutions of this compound exhibrt a neutral pH8. 
It should be noted, however, that there is a report in the literature on the prepara- 
tion of a 1: 1 solid addition compound with sulfuric acid* PMT*H,SO,. The latter 
compound is churned to have been prepared by the addrtron of a 10% solution 
of sulfurrc acid m ethyl ether to a saturated PMT solution in the same solvent. 

Potentiometric titration of PMT dissolved in glacial acetic acid with per- 
chloric acid solution in the same solvent yields a trtration curve typical of very 
weak basesg. Smular titrations have been carrred out m a more protogemc solvent, 
formic acid, withp-toluenesulfonic acid as the titrant”. In this case titration curves 
typical of strong bases were obtamed with PMT as well as with some other 1,5- 
drsubstituted tetrazoles such as 8-t-butylmetrazole, 7-methyl-8-rsopropylmetrazole, 
7-methyhnetrazole, 8-isopentylmetrazole, l-cyclohexyl-_%ethyltetrazole, l-methyl- 
5-cyclohexyltetrazole. The data are shown m Table 1. 
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TABLE 1 

TITRATIONSOFSOME 1,5-DISUBSTIITJTED TJXRAZOLESINANHYDROUS FORMIC ACID* 

Compound Mdhequw taken Mdlrequiv. found 

PMT 101 101 
7-Methyl-8-isopropyl PMT 105 105 
7-Methyl PMT 0.93 093 
I-Isopentyl PMT 094 0.93 
I-Cyclohexyl-5-ethyltetrazole 1 12 1.12 
I-Methyl-5-cyclohexyItetrazoIe 1.04 106 

Because of the very weak protophrlic properties of the 1,9dmubstituted 
tetrazoles it IS rmposstble to obtam the basicrty constants of these compounds III 
aqueous solutrons. Comparison of their basic strength can be made convemently, 
however, m formic acid solutrons by means of a concentratton cell with qum- 
hydrone electrodes”. The pK,, values for the reaction Tz+HCOOH e TzH+ + 
HCOO- are given m Table 2 The basrcrty constant of urea m the same solvent 

TABLE 2 

THE p& VALUES FOR SOhlE 1,5-DlSUBSTITUTED TETRAZOLES IN ANHYDROUS FORhlIC ACID” 

Compound P& 

PMT 2 03 
I-t-Butyl PMT 2 08 
8-Isobutyl PMT 2.07 
FMethyl-8-isopropyl PMT 2 27 
FMethyl PMT 2 07 
8-Isopentyl PMT 2 18 
I-Cyclohexyl-5-ethyltetrazole 198 
I-Isobutyl-S-methyltetrazole 2 18 
I-Cyclohexyl-5methyltetrazole 1 89 
1-Methyl-5-cyclohexyltetrazole 2 24 
Urea 1 75 

is included for comparison. The data show that even m formrc acrd solutions the 
protonatron of the tetrazoles is incomplete. The leveling effect of the solvent, 
however, makes it difficult to recognize the differences in the basic strengths of 
the tetrazoIes. Recently, the basicrty constant of PMT was checked by electrical 
conductance measurementsl’. The p& value of 2.02 obtained by this technique 
compares very favorably with the potenhometric value of 2.03. 

It is interesting to note that PMT can react wrth metal ions m acettc acrd 
solution but not in formrc acid (p- 471) where protonation by the solvent IS too 
great to allow the formation of the complexes. 
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C. MOLECULAR COMPLEXFS 

With the exception of PMT and some of its dertvatives there appear to be 
no studies on the molecular complexes of 1,5-disubstituted tetrazoles. Even m the 
case of PMT the studies have not been extensive. Dister reported the formation 
of a 1: 1 addition compound’3 with bromoethane which he prepared by heating 
1 g of PMT with 10 g of C,H,Br in a sealed tube for six hours at 100”. The com- 
pound was obtained in the form of colorless crystalline needles, with a meltmg 
point of 95”, quite stable but very hygroscopic and very soluble in water, ethanol 
and chloroform. 

Electroa donor properties m PMT are amply illustrated14 by the ease with 
which it forms 1: 1 addttion compounds with the halogens and mterhalogens. A 
crystalline addition compound PMT-ICI can be easily prepared by mixing the 
solutions of the two components in carbon tetrachlonde and the amorphous 
precipitate can be recrystallized from chlorofor_m’4. The crystal structure of this 
compound has been recently reported ’ 5. The results clearly indicate that PMT 
acts as a monodentate hgand with the nitrogen in the 4-position actmg as the 
donor. The N-I-Cl group is linear with the N-I distance bemg 2 34 A and I-Cl 
dtstance 2 44 A The ICI IS essentially coplanar with the tetrazole rmg. The 
comparison of the N-I distance with that in the pyndine-ICl complex’6 of 2 26 A 
shows that the transfer of charge from the nitrogen to the rodme atoms is not as 
complete in the PMT complex as m the pyridme-ICI complex_ At the present time 
it is not possible to say why the bondmg occurs through the Cnitrogen or whether 
it is the donor site in all tetrazole complexes. 

Attempts to prepare solid complexes of PMT with other halogens such as 
iodine or iodine bromide, were unsuccessfulL4. Even with substituted PMT such 
as 7-methyl, 8-set-butyl and 8-t-Butyl PMT attempts to prepare solid compounds 
by using the same procedure as with PMT were, so far, unsuccessful” although, 
m this case, the strength of the complexes were equal or greater than that of the 
PMT-ICl complex. 

Formation constants of the halogen complexes with PMT and substituted 
PMT’s were determined spectrophotometrically in carbon tetrachloride solutions 
(Table 3). It is seen that PMT is a moderately strong electron donor. At least 

TABLE 3 

FORhtATION CONSTANTS OF =TRAZOLE-HALOGEN COMPLEXES IN CARBON -CHLORIDE AT 25” 

Complex &CM- ‘1 Ref 

PMT ICI 
PMT IBr 
PMT I2 
FMethyl PMT - I Cl 
8-Isobutyl PMT - I Cl 
8-t-Butyl PMT -I Ci 

20x103 14 
15x102 14 
75 14 
2 55x10” 17 
3 20~10~ 17 
3 48x10” 17 
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uis-a-vis halogens its donor strength is intermediate between such weak donors as 
acetonitnle (& for ICI complex 6.9) and strong donors such as pyridine (Kr for 
ICl complex 4.8 x 10’). The addition of alkyl groups to the pentamethylene cham 

apparently has some inductive effect since the formation constants of the sub- 
stltuted PMT-ICI complexes are larger than that of the PMT complex. 

The donor strength of PMT 1s also evident from the shift in the frequency 
of the I-Cl stretch in the complex which falls at 310 cm-’ as compared with 352 
cm-l in CH,CN-ICl and 270 cm-’ m C,H,N.ICl’*_ 

Recently a more thorough study was carried out on the complexes of iodine 
with cyclopolymethylenetetrazoles lg. The formation constants were determined 
spectrophotometrically in 1,Zdichloroethane solutions m the 5-35” temperature 

range and thermodynamic constants for the complexation reaction were computed 
from the temperature variance of K,. The data are shown in Table 4. It is seen 

TABLE 4 

THERMODYNAMIC CONSTANTS” FOR COMPLEX FORMATION BETWEEN CYCLOPOLYMETHYLENETBTRA- 

ZOLES AND IODINE IN I,&DICHLOROETHANE SOLUTIONS AT 25” 

Tetrazole 

Trlmethylenetetrazole 
Tetramethylenetetrale 
Pentamethylenetetrazole (PMT) 
Hexamethylenetetrazole 
Heptamethylenetetrazole 

Kr (~-9 AG” Cal. AH” kcal. AS”eu 
mole- 1 mole- 1 

142&009 -215 -34 -108 
234fO06 -504 -5.0 -1s 2 
218&004 -461 -41 -123 
244&005 -529 -41 -142 
264_COOS -575 -4.1 -11.9 

that the formation constants Increase with increasmg length of the polymethylene 
chain except in the case of PMT which seems to be out of order. It is Interesting 
to note that m this series of compounds other properties of PMT show some 

singularities. For example, its solublhty in water and in other polar solvents is 
much higher than of its lower or higher homologues. 

Spectroscopic evidence has also been obtained for the interaction of PMT 

with iodme cyanide20*21. Both the I-C stretching motion and the I-C-N bending 
motion are quite sensitive to complexation reactions. The v(CN) band in benzene 

TABLE 5 

FORMATION CONSTANTS” OF TETRACYANOETHYLENE COMPLEXES WITH I,%DISUBSTITUTED 

TETRAZOLES IN DICHLOROhlETHANE AT 25” 

Tetrazole &&-‘I 

PMT 
I-Cyclohexyl+ethyltetrazole 
1-Cyclohexyl-S-methyltetrazole 
I-Methyl-5-cyclohexyltetrazole 
1,5-Dlphenyltetrazole 
I-Ethyl-S-phenyltetrazole 
l-Phenyl-5-ethyitetrazole 

131 *to2 
188 *007 
1 39 f 0.10 
202fO14 
090 *015 
146fO07 
121*003 
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solutions shifts from 476 cm-’ to 453 cm-’ upon addition of 1M PMT. The 
effect on the bending frequency is somewhat smaller v(tCN) going from 320cm-’ 
m pure benzene to 333 cm- ’ in 1M PMT. On the basis of the mfrared measure- 
ments the formatIon constants of the PMT-ICN complex was calculated to be 
15+3M-‘. 

In addition to the formation of o-complexes described above, the tetrazoles 
have a rather hmited tendency to coordmate to the n-acid, tetracyanoethylene** 

(TCNE) (Table 5). The interaction with other x-acids are smaller by an order of 
magmtude (Table 6) and in the case of tnnitrobenzene and fluorenone, whde 

TABLE 6 

FORMATION CONSTANTSz2 OF PMT COMPLEXES WITH IT-ACIDS IN DICHLOROMETHANE SOLUTIONS AT 25” 

n-And Kr (hi-‘) 

Tetracyanoethylene 131 
Tetracyanoquinodlmethane 0 22 
Chlorantl 0.16 
Trmttrobenzene 0 10 

Trlnltrot3uorenone 006 

spectrophotometrIc data unamlbguously indicate some interaction, the values of 
the formation constants are so small that they cannot be taken too seriously. 

It is interesting to note that the formation constants of benzene-TCNE and PMT- 
TCNE complexes are comparable m magmtude while the formation constant of 
iodme monochlonde complex with PMT IS three orders of magnitude larger than 
that of the benzene-ICl complex. 

D. METAL COMPLEXES 

As in the preceedmg case, the studies of actual complexes of l,%dlsubstituted 
tetrazoles have been hmited almost exclusively to PMT. This compound was 
first prepared by Schnudt’j in 1924. As a result of this work and subsequent 
experiments by many other mvestlgators, PMT was recognized to be a strong 
central nervous system stimulant It was used m shock tierapy for many years 
and IS stdl used occasionally in cardiac cases. Pharmaceutical use of PMT stl- 
mulated the search for analwcal spot-tests as well as for inorganic precipitating 
agents. Numerous complexes of PMT were prepared and reported, but for the 
most part, rather poorly identiiied, and their properties were not adequately 
characterized. 

The first metal complex of PMT was prepared by Schmidt23, who prepared 
a 1: 1 add&ion compound HgCl,-PMT in the form of a white crystalline compound 
with a melting point of 175”. Later, Zw&keti4 reported a series of additional 
compounds of PMT with H&r,O,, H4Feo6, H,Fe(CN),, Cd(SCN),, 
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Cd(ClO,&, Hg(CN), and Zn(SCN), It appears that the complexes were formed 
in 1: 1 ratio. In the case of cadmium salts, precipitations from aqueous soluQons 
gave complex hydrates, Cd&-PMT-3H20 and CdI,-P_MT*H,O. The most insoluble 
precipitate was the copper(I) chloride complex which, according to Zwikker had 
the stoichiometry indicated by PMT-2CuCl. 

In 1942 Rheinboldt and Stettine?’ reported the preparation of several 
PMT complexes (Table 7) with salts of zinc(U), mercury(H), cadmmm(II), 

TABLE 7 

COMPLEX COMPOUNDS OF PENTAMETHYLENETETRAZOLE WITH METAL SALTS= 

Complex 

Z&I,-2PMT 
ZnBr2 2PMT 
Zn12-2PMT 
Cd& 2PMT 
CdBr,-PMT 
Cd12 PMT 

MP- 

112” 
154-156” 
189-190” 
346-350” 
>300” 
215” 

Complex 

HgCl2 PMT 
HgBr, PMT 
Hg(CN)z PMT 
H&NO& 2PMT 
CuC12 PMT 
AgNOa PMT 

M.P 

177” 
138” 
192” 
143 9 
260-265” 
117” 

copper( and sliver(I) catlons The method of preparation conslsted predomi- 
nantly in mixing concentrated aqueous solutlons of the two components and 
concentratmg the resultmg mixture under reduced pressure. It 1s Interesting to 
note that both 1: 1 and 1:2 complexes were formed. In the case of the sdver 
complex, the proposed 1: 1 stoichiometry has not been confirmed by subsequent 
investigations (see below). 

A very exhaustive but rather quahtative study of PMT complexes was 
reported by Dister’ in 1948. The prime aim of the author was to find a convement 
analytlcal preclpitatmg agent for PMT. Numerous metal salts were tried but 
rather cursorily studied. Table 8 indicates reagents which gave a precipitate with 
PMT but except for the copper(I) chloride the precipitates were not analyzed. 
Order of magnitude of solublhty in water was determined. All of the precipitations, 
with the exceptlon of mercury(I1) iodide, were carried out in water. The latter 
complex, however, was obtamed in alcohol, ether or acetone. Analysis of the 

TABLE 8 
PRECIPITATING REAGENTS FOR PENTAMETHYLENETETRAZOLE’ 

Molybdx acid 
Ammomum molybdate 
Cadmmm iodide 
Cadnuum chloride 
Cadmmm perchlorate 
Cadmmm tluocyanate 
Copper (I) chloride 
Copper (11) perchlorate 
Mercury (II) chloride 
Mercury (II) iodide 
Mercury (II) cyamde 

Mercury (II) perchlorate 
Potassmm ferrocyamde 
Potassmm ferricyanide 
Potassmm truodlde (Lug01 Solution) 
Gold(III) chlonde 
Platinum(I!I) chlonde 
So&urn tungstate 
Zmc thiocyanate 
Phosphomolybdlc acid 
Skotungstx acid 

Coordrn Chem Rev, 4 (1969) 463474 
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copper(I) complex led to the stolchiometry given by the formula SPMT-7CuzC1, + 
(PMT)&u,Cl,. A detalled quantitative study of the PMT preclpltatlon by copper- 
(1) chloride by Golton z6 however, showed that the composition of the precipitate , 

was not constant. Statistical study of the experimental data mdlcated that the ratio 
of the weight of the preclpltate to the weight of PMT taken was 2.308t0.097 or 
a variation of +4.4%. The vanatlon in the composition of the preclpltates could 
not be correlated with any change in the reaction conditions. 

Subsequent studles5*27 on the AgNO,- PMT system unambiguously showed 
that under the experimental conditions described by Rhemboldt and Stettiner the 
sohd complex had the stoichiometry correspondmg to a l-2 complex AgNO,- 
2PMT. Dissociation constants of the above complex as wtll as of several other 
silver complexes of substituted pentamethylenetetrazoles were determmed potentlo- 
metrically’, (Table 9). Acetonitnle solutions had to be used since substituted PMT’s 

TABLE 9 
EQUILIBRIUM CON!XANTS’ FOR THE REACTION AgTzz + Z? Ag+ +2Tz IN ACETONITRILE SOLUTIONS AT 

25’= 

TZ PK 

Pentamethylenetetrazole 
8-t-Butyl PMT 
8-see-Butyl PMT 
cl-Methyl-lO+sapropyl PMT 
7-Methyl-9-Isopropyl PMT 
I-Cyclohexyl-5-methyl tetrazole 

2 14 
2 14 
2 18 

2 22 
2 19 
2 26 

- 

were very msoluble in water. It is seen that the complexes are quite weak and that 
the inductive effect of the substituted groups 1s minimal 

Half-wave potentials of cadmium(II), thallium(I) and cobalt(II) ions m 
aqueous solutions were not affected by the addition of 50-100 fold excess of 
PMT. It appears, therefore that the complexes are largely dissociated in aqueous 
solutions. Slmular results were obtained by Brubaker in his study of copper 
complexes of tetrazolesz8. The interaction between copper@) ions and 1,5- 
dlmethyltetrazole was very weak by comparison with complexing abilities of 
Wubstituted tetrazoles. 

Potentiometrlc study of the silver complexes with cyclopolymethlenetetrazole 
has also been carried out recently in aqueous solutions”. The results (Table 10) 

TABLE 10 

THE AVERAGE pKf VALUES’9 FOR THE REACTION Ag’ f2Tz e AgTq IN AQUEOUS SOLVTION AT 25’ 

Tetrazo fe pK< (in 0.1 M KN03) pKr (zn 0.4 M KNO,) 

Trimethylenetetrazole -301*001 -2 98 f 0.05 
Tetramethylenetetrazole -3 07 f 0.03 -303 f003 
Pentamethylenetetrazole -3.05 f 0 04 -3oofO05 
Hexamethylenetetrazole -305 *001 -298 &-to3 
HeptamethylenetetrazoIe -3.08 f 0 04 -3.32 f 0 03 
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again indicate rather weak interaction and essentially no mfluence of the length 
of the hydrocarbon chain on the stability of these complexes. The effect of the 
ionic strength on the complexatron reaction is rather minor (except for hepta- 
methylenetetrazole) as would be expected since the reaction does not involve 
separation of charges. 

The above results clearly indrcate that while PMT and its derivatrves are 
capable of forming complexes with some transrtion metal ions, the complexmg 
abrhty of its tetrazole ring is rather weak and in aqueous solutions, the donor 
properties of the solvent are sufficrently strong to hinder the formation of tetrazole 
complexes In fact, addrtron of large amounts of PMT to the aqueous solutions 
of transition metal salts does not change the vrsible absorption spectrum of the 
latterag. Attempts to prepare PMT complexes wtth the transition metal perchlo- 
rates were unsuccessful (except for Nr(II), see below) even m non-donor solvents 
because of the water of hydratton accompanying the transition metal ton. Such 
complexes, however, can be conveniently prepared if the water of hydration IS 
removed chemically. Thus the complexes are readrly formed m 2,2-drmethoxy- 
propane from which anhydrous complexes can be precrprtated out by PMT. 
The hst of complexes obtained and some of then properties are given in Table 11. 

TABLE 11 

PENTAhfETHYLENETETRAZOLE COMPLEXES WITH TRANSITION METAL PERCHLORATES” ” 

Complex Color MP Magnetrc 
Mom. (B&f) 

MnG’MT)s(C~Q& 
Fe(PMT)&~Q& 
CoG’MT)s(C~04)2 
NI(PMT)dC104)z 
Zn(PMT).AC:ClOo)z 
Cu(PMT)dCKX& 
Cu(PMT)4(C104)2 
Cu(PMTIz(ClO4) 

white 
hght brown 

rose 
light blue 
white 
bght blue 
blue 
white 

195-212” 590 
194” (dec) 520 
195-201” 4 60 
237” (dec) 2 92 
145-1500 - 

117.F 1.74 
141-145” 221 
226” (dec) - 

Preparation of the above complexes can also be carried out in acetic acid 
solutions3’. The water of hydratron is removed by the addltron of calculated 
amount of acetic anhydride. Protonation of the PMT does not occur to the 
extent where it would interfere with the complexation reaction. On the other hand, 
PMT 1s largely protonated in formic acrd solutions so that under srmilar conditions 
the reaction product is the corresponding metal for-mate rather than the com- 
plex31. 

PMTf HCOOH z$ PMTH+ +HCOO- 
M2+ +2HCOO- = M(HCOO), 

The hexakis complexes are soluble in water and in other polar solvents. In 
donor solvents, however, solution is accompanied by the dissociation of the 

Coordin. Gem. Rev, 4 (1969) 463-474 
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complex. The only exceptlon found so far 1s the N1(11) complex which is not 
only stable m aqueous solutions but can actually be recrystallized from water to 
give large blue crystals of Ni(PMT),(ClO,),. All other complexes have only been 
obtamed in the forms of microcrystallme powders. The compounds are quite 
stable at room temperature and ~111 melt smoothly If heated gradually. They do 
tend to explode on rapid meltmg. It should be noted that the transitlon metal 
salts of tetrazoles are qmte unstable and can be easily detonated by shock. 

The reflectance spectra of cobalt, nickel and iron complexes were character- 
IstIc of the respective metal Ions in an octahedral field. Powder dIffraction patterns 
for all species contammg six ligands showed the compounds to be lsomorphous 
It is interesting to note that hexacoordinated complexes of PMT, a rather bulky 
ligand, can be easily prepared whde considerable difficulty has been experienced 
in the preparation of sohd analogues with pyndme. Yet pyrldme is a much 
stronger electron donor than PMT vis-a-vzs transition metal salts and Lewis 
acids such as the halogens. LIkewIse, pyndme IS a much stronger base than PMT. 

Electron spm resonance spectra were obtained for the Mn(PMT&(ClO_&, 
Cu(PMT),(ClO,), and Cu(PMT),(ClO& complexes3’. The data indicate that In 
the manganese complex the metal-&and bond IS 91 ok ionic and that the dlstortlon 
from the octahedral symmetry is small. The corresponding hexacoordinated copper 
complex has a substantial tetragonal dIstortIon_ The metal-hgand bond was found 
to be 80% IO&. 

Metal-hgand stretching frequencies were identified m the far infrared 
spectral region 33. A plot of vM*‘-N vs. the electronegativlties of the metals gives 
an essentially straight lme. The copper complex shows a doublet which may 
indicate that the complex has two Cu-N bond distances. This conclusion would 
be in agreement with the proposed tetragonal structure of the complex. 

Substitution of the perchlorate salts by the corresponding halides produces 
a profound change m the stolchiometry of the resulting complexes3’. Smce PMT 
1s a rather weak hgand, the more polarlzable halide ions, by contrast to the 
perchlorate ion, can successfully compete with PMT for the coordination positions 
around the metal ion. 

The list of the halide complexes, together with some of their physical 
properties, are gven m Table 12 It 1s seen that only one or at most two PMT 
molecules coordmate with a metal halide while six PMT molecules can coordinate 
with a metal perchlorate. 

Physical propertles of the hahde compiexes are quite different from those 
of the perchlorates. Halide complexes containing only one molecule of PMT are 
quite insoluble in water and in most polar and non-polar solvents. Magnetic 
moments, in general, agree rather well with the values predlcted for the spin-free 
complexes although the magnetic moment of Cu(II) complex is somewhat low. 
In the case of the cobalt complexes, the magnetic moments seem to indicate that 
the bis-PMT complex is tetrahedral while the mono-PMT complex is octahedral. 
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TABLE 12 

TRANSITION METAL HALIDE COMPLEXES WITH PENTAMETHYLENETETRAZOLEjJ 

Complex MP Color Spm-free complexes 

No of ~~c~f~ (e-ml I 
unparred B M. 
electrons 

Cr(PMT)+Clz 
Mn(PMT)Cl, 
Fe(PMT)C12 
Co(PMT)CI, 

NI(PMT)CI~ >300° Lt. green 
Cu(PMT)C12 250” (dec) Lt green 
Zn(PMTj2ClZ 107-109” white 
Mn(PMT)Br, >300” Lt. pmk 
Co(PMT)),Br, 159-161” Deep blue 

Nl(PMT)Br, 
Cu(PMT)Brz 
Zn(PMT)+Br+ 

>300° yellow-green 
190” (dec) brown 
lSP156” white 

160” (dec) Lt blue-green 4 55 
>300” pale pmk 544 
140” (dec) yellow 5 32 
>300” pink 5 12 

3 28 
1 55 

- 

5 63 
448 

3 29 
1.55 

- 

4 
5 
4 
3 

2 
1 

440-490 
5.65-6 10 
5 1-5 5 
4 30-4 80 (tetra) 
4 80-5 20 (octa) 
2 m-3.50 
1.70-2 20 
- 

5.65-6.10 
4 30-4 80 (tetra) 
4 SO-5 20 (octa) 
2 80-3.50 
170-2 20 
- 

This conclusion is reinforced by the reflectance spectra of the complexes where 
the mono-PMT complexes have spectra characteristic of an octahedral field. 

It seems safe to assume that the latter complexes are polymeric in nature 
but it IS somewhat difficult to visuahze an octahedral environment for the metal 
ions even if we assume bridgmg halide ions. There is httle evidence, if any, for 
a metal-metal bond m these structures and yet, m all previous studies of the 
complexes of 1,Sduubstituted tetrazoles the latter behaved as monodentate 
hgands. Nevertheless, in the case of the hahdes, it seems that the polymeric form 
of the complexes forces PMT into the brrdging positton. It should be noted that 
the crystal structure of a similar complex of copper chloride with 1,2,4-triazole, 
Cu(Trz)Cl,, unambigously mdicates that the copper ion is octahedrally coordmated 
and that the triazole ring acts as a bridgmg ligand3’. 

It IS seen from the above review that 1,5-disubstituted tetrazoles form rather 
mteresting series of coordmation compounds, which, however, have not been 
explored m any detail and even the structures of the known complexes remam 
unknown. Just as m the case of pyridines, it is possible to prepare compounds with 
two or more tetrazole rmgs lmked together to give, hopefully, chelating tetrazoles. 
While some work on bitetrazole complexes is now in progress36, much remains 
to be done before the chemistry of the tetrazole complexes will be elucidated. 
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