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hydrogenacetylenedicarboxylate
a-(N-2-aminoethylamidino)alanine
8-azahypoxanthinate
diallyldithiocarbamate
aminomethylphosphoniate
l-amino-2-propanethiolate
antipyrine

aspartate
adenosine-5’-triphosphate
acetonethiosemicarbazone
6-amino-2-thiouracilate
benzene-1,2-dioxydiacetate

betain

di-2-pyridylamine
bis(2-pyridylmethyl)amine
di-tert-butylnaphthalenesulfonate
(benzylthio)acetate
(benzylthiosemicarbazone
bipyridine

butyl
N,N-di-tert-butyl-1,4-diazabutadiene
N-benzyltetraphenylporphirinate
catecholate
3,3’-iminobis(propylamine with 5-chloro-2-hydroxybenzophenone)
cyclohexane-1,2-diamine-N,N,N’,N’-tetraacetatc
cyclo(L-methionyl-L-histidyl)
cytidine-5’-monophosphatc
crotonate

cysteinate

thioacetamide

1,2-cthanediol

1,2-dithiooxalate
phosphoenolpyruvate
monoglycerolate

8-azaadeninium
4-¢thyl-1,2,4-triazole

1 ,4-dioxane
N,N’-dimethyldithiooxamide
squarate

N-oxopyridine-2-thionate
cyclopentadienyl

purinium

4-amino-{, 2-dihydro-1-methyl-35-nitroso-2-0x0-6-pyrimidinolate
oxo0-5-prolinate
1-methylpyrimidine-2-thione
adeninium
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2.4-pentadienyl

acetylacetone
methylthio-2-methyl-3-imidazole
2-hydrazino-4-hydroxy-6-methylpyrimidine
S-methyl-isopropylidenehydrazinecarbodithiolate
cyclopentamcthylenethiocarbamate
O-ethyl-L-cysteinate
2-dimethylamino-N-methylethylamido
2-picolinate

benzotriazole

2,2’-biimidazole

9-mcthyladenine

4-tert-butyl-1,2,4-triazole
hexamethylenetetraamine
2-diethylaminoethanolate

tricthanolamine

1,4,7-triazacyclononane
trithiopcroxylbenzoate

7-azaindole

4-toluenethiolate
2,6-dimethyl-4H-pyran-4-one
4-oxoheptancdiolate
2,6-dimethyl-4-pyridinone
dimethylcantharate
2,2,5,5-tetramethyl-3-imidazolyl-1-oxyl-4-carboxylate
[3-ethoxy-2-oxobutyraldehyde-bis(thiosemicarbazonatce)]
tris(methylaminomethyl)ethane
benzoylaziridine

N-salicylidene ethanolaminate
S-methyl-benzylidenehydrazinecarbodithiolate
2.,6-diacetylpyridine dioxime
N-(2-pyrrolylmethylene)-tert-butylamine
1,2-naphthoquinone-2-oximato-5-suifonate
2-mercaptomethylquinolinate
benzoylacetonate

3-methyl-5-phenylpyrazole
2-methyl-2-(phenylthio)propanolate
1-(2-pyridyl)-2,5-diaza-5-methyl-hexa-1-ene
N,N,N’.N’-tetramethyl-o-phenylenediamine
pentaoxa-1,4,7,10,13-cyclopentadecane
1,4,7,11-tetraazacyclotetradecane
N-(2-(2-aminoethylamino)ethyl)salicylidencaminate
1-2(aminoethyl)-1,5,9-triazacyclododecane
1,4,8,12-tctraazacyclopentadiene
2-mercaptoazobenzoate
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2-pyridinaldazine

{bis(pyrazol-1-yl}(pyridin-2-yl)}methane
4,5-dihydro-4-isopropyl-2(2’-oxidophenyl)oxazole
N,N,N-tris(1-pyrazolylmethyl)amine
N,N’-ethylenbis(monothioacetylacetoneiminate)
bornanediol-derivat bisether
1,4,7,11,14-pentaazacycloheptadecane
1,4.8,11-tetraazacyclotetradecane-6,13-diamine
3-mercapto-1,5-diphenyi formazan
2-{(2-pyrrole)methyliminoi-4,6-dimethylphenolate
N-butyl-bis-3-mercaptobenzo[b]thiophene-2-aldiminate
di(cyclopentadienyl)methyl(dimethyl)ammonium
a-(tert-butyl-1-aziridinyl-2)benzylideneamine
a~(tert-butyl-1-aziridinyi-2)benzylamine
2-bromo-1,3-xylyl-15-crown

N,N’-tetramethylene bis(thioacetylacetoneiminate)
1-isopropyl-3-methyl-4-cyclohexylaldimino-5-thiopyrazolate
cyclohexano-15-crown-5-ether
1-(3-dimethylaminopropyl)-1,5,9-triazacyclododecane
1-(2-(pyrrolidin-1-yl)ethyl)-1,5,9-triazacyclododecane
1,3-bis(2-hydroxyphenyl)-1,3-propanedionate
2-(2-hydroxphenyi)-1,5,9-triazacyclododecane
1-(2-(pyrrolidin-1-yl)ethyl)-1,5,9-triazacyclododecane
S-methy!l-N’,N’-di(salicylidene)isothiosemicarbazide
2,2’-bis(1-methylimidazolyl)phenylmethoxymethane
1,3-xylyl-18-crown-5
3,6,9,12-tetramethyl-3,6,9,12,18-pentaazabicyclo [12.3.1] octadeca-
1(18).14,16-triene

2-(2-mercaptophenyl)-iminophenol
bis(4,5-diisopropylimidazo-2-yl)phosphinic acid
o-bromobenzyl-di(2-pyridyl)ketonohydrazone
6,6’-bis(4-methylthiazol-2-y1)-2,2-bipyridine
2-bis(2-benzimidazolylmethyl)amino
1,2-bis(2-oxazolinyl)benzene
N-tert-butyl-2-(N°,N’-diethylamino)-2-(N"-tert-butylimino)-a-
alanine ethyl ester
{2-(2-benzothiazolyl)-6-(2-thiolophenyl)-2-azaethyl}pyridine
8.,15-dihydro-2,6-dimethyl-tripyrido [c,d:i,j:1,m] [1,4.7,8,10,13,15]-
heptaazapentadecin

2,6-bis[ 1-(2-imidazol-4-yl-ethylimino)-ethyl]pyridine
4,7-bis(2-hydroxybenzyl)-1-oxa-4,7-diazacyclononane
3,4:9,10-dibenzo-1,12,15-triaza-5,8-dioxacycloheptadecane
1 1-methylamino-6,16-dinitro-4,8,14,18,2 1-penta-
azatetracyclo[14.4.2.1%° .1%13]tetracos-4-enato(6)
bis(2-thiobenzaldimino)-2,6-diacetylpyridine
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2,6-bis[1-((1-carboxymethyl)-2-imidazol-4-ylethyl)imino)ethyl]pyridine
3,1 1-dibenzyl-7(2’-pyridylmethyl)-3,7,11,1 7-tetra-azabicyclo[11.3.1]-
heptadeca-1(17),13,15-triene
1,2,3,7,8,12,13,17,18,19-dodecamethylbiladiene-a,c
1-(o-carboxymethoxyphenoxy)-2-(o-hydroxyphenoxy)ethanolate
diaminodiacetate

diamide malonate

1,5-diamino-3-azapentane

2 ,6-diacetylpyridinebis(2-pyridythydrazone)
2,6-diacetylpyridine-semicarbazone-2-(semicarbazono)propionyl-
hydrazone

2,6-diacetylpyridine-bis(semicarbazone)
2,6-diacetylpyridine-bis(2-thenoylhydrazonate)
deoxycytidine-5’-monophosphate

2-(dihydroxymethyl)glycinate

1,4-dihydro-l-pyridyl
6,7.8,13,14,15,16,17,18,19-decahydro-5H-[e,n][1,4,8,12]-tetraazacyclo-
pentadecane

diethylenetriamine

N,N-dimethylacetamide

3-(dimethylamino)-2-aminoacrylyl

3,3’-dimethyl-2,2’-biindazole

N,N-dimethylformamide

2,2-dimethyl-3,5-hexanedionate
2,2-dimethylpropane-1,3-diamine
6,7-dihydro-15,19-nitrilobenzo[e,p][1.4,7,15]-dithiadiazacyclo-
heptadecine
7,8-dihydro-6H-16,20-nitrilobenzo[f,g]-[1,5,8,16]-dithiaazacyclo-
octadecine

dipropylenetriamine

trithioperoxycumato

dithiopyrilmethane
bis(t-phenyl-2,3-dimethyl-5-thiopyril)methane
1,1,4,7,7-penta(benzimidazol-2-ylmethyl)-1,4,7-triazahcptane
ethylenediamine

erythromycin A

diethylbarbiturate

N,N-diethylenenicotinamide

O-ethyl thioacetothioacetate

S-ethylisothiosemicarbazide
(2-formyl-6-methoxyphenoxy)acetate

4-fluorophenoxyacetate

fumarate

glutamate

n-hexylamine
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hfac hexafluoroacetylacetonate

his histidinate

hp hemiporphyrazine

im imidazole

ipreit isopropylcitrate

lac lactate

mal malonate

mbp 3,3-iminobis(propylamino) with 2-hydroxy-5-methylbenzophenone
Me methyl

Meal methylally!

MePhsal  N-(4-methylphenyl)salicylaldiminate
Mesal N-methylsalicylaldiminate

mhapc 8-methyl-3,6,10,13,16,19,1-hexa-azaphosphabicyclo[6,6,6]cosane
mnt malconitriledithiolate

mp N-methylpyrrolidinone

mpp 4-mcthyl-2.6-bis(pyrazol-1-ylmethyl)phenolate
nia nicotinamide

nim nitrozyl radical of 3-imidazoline

ntp 2-isopropyl-4.4.5,5-tetramethylimidazoline-1-oxyl-3-oxide
o-(1-ad) {-adamantanol

ocfb octaethyl formylbiliverdinate

oep 2,3,7.8,12,13,17,18-octacthylporphinate
ofpa 2-formylphenoxy acetate

omdpp oclamethyldiphenylporphyrin

opd S-oxoniamesoporphinate-dimethylester
pae phenoxyacetate

pc phthalocyanate

Ph phenyl

phen 1,10-phenanthroline

Phtscac 4-phenylthiosemicarbazonc acctate

pia 2-picolylamine

piba phenoxyisobutyrate

picdien 1,9-bis(2-pyridyl)-2,5,8-triazononane

pip piperidine

pm pyridoxamine

pmpn N-isopropyl-2-methyl-1,2-propanediamine
pn propanediamine

pnol 1-aminopropane-2-ol

pp 1,2-phenylene-bridged porphyrin

Pr propyl

pr propionate

(Pri0)-PS, di-isopropyldithiophosphate

pro proline

prop propionate

psa N-(2-pyrimidinyl)sulfanilamide
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5-pyridyl-10,15,20-triphenylporphyrinate

purpurate

pyridine

pyridyl-2-acetate

pyrozine-2,3-dicarboxylate

pyrazine

pyridine-2-thiolate
1,3,5-tris(pyridine-2-carboxaldimino)cyclohexane
guinoline

sacharinate

salicylaldiminate

semicarbazide

2-sulfanilamidopyrimidinate

serinate

sulphinamide

1,3,5,7-tetraazaadamantane
1,4,7,10-tetraazacyclododecane
a,B,v,6-tetrakis(3,5-di-tert-butyl-4-hydroxyphenyl)porphyrin
4-thiazolidine-carboxylate
a,B,y,8-tetrakis(o-cyanophenyl)porphyrinate
tetrakis(2,6-dichlorophenyl)porphinate

tetragonal

tetrahydrofuran

thiodiglycolate
1.4,8,11-tetramethyl-1,4,8,11-tetra-azacyclotetradecane
toluidine
2,3~dihydro-a,B,y.8-tetraphenylporphyrinate
2,3,7,8-tetrahydro-5,10,15,20-tetraphenylporphinate
tetraphenylporphyrinate
tetraphenyltetrabenzoporphyrinate
a,B,y,6-tetra(4-pyridyl)porphinate

triclinic

threoninate

tris(2-aminoethyl)amine

triethylenetetramine
{5-((2-(3-pyridyl)ethyl)carbonylamino)phenyl)-10,15,20-triphenyl-
porphinate
1-(3-(p-toluenesulfonamido)propyl)-1,5,9-triazacycloundecane
thiosemicarbazide

N-tosyl-B-alaninate
1-(2-thienl)-4,4,4-trifluoro-1,3-butanedionate
thenoyltrifluoroacetone

thiourea

xanthiosinate
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2. INTRODUCTION

Zinc has a relatively low abundance in nature (107° of the earth’s crust) but the
chemistry of zinc compounds has been extensively investigated, and the relation-
ships between structure and biomedical activity are of major importance. Zinc
appears to be one of the more biologically important metals,! second only to iron
among the heavy metals (i.e. excluding sodium, potassium, magnesium and
calcium).

Many structural studies of zinc(II) compounds have been carried out and
sporadically summarised in annual reports.” To date there has not been a
comprehensive overview of these structures, and this present review is aimed at
providing such to cover the period up to the end of 1992. Almost six hundred
published zine(Il) structures are included in this analysis and classification. It is
hoped that such a survey will assist in understanding stereochemical interactions in
the coordination sphere of zinc(II) species.

The derivatives have been sorted by nuclearity and subdivided according to the
coordination number of the metal atom. Within each coordination number, the
compounds are listed in order of increasing covalent radius of the principle
coordinating ligand atom and increasing complexity of the coordination sphere.

3. MONOMERIC ZINC(II) COMPOUNDS

3.1 Coordination Numbers Two and Four

Crystallographic and structural data for zinc(Ill) compounds with coordination
numbers two and four are presented in Table 1. There are only four examples of the
former,>* in which the two coordination sites are occupied by unidentate C-donor
ligands to give a linear geometry. The Zn-C bond distances range from 1.950(2) to
1.980(4)A with a mean value of 1.966A, and the C-Zn-C angles are 180.0°>* and
175.9(1)°. All three complexes are organometallic.

Coordination number four is by far the most common in the chemistry of zinc(II).
The two limiting configurations generally observed are tetrahedral and square
planar. The data for over two hundred and sixty such complexes of zinc(II) are
given in Table 1, of which only a few can be classified as (distorted) square
planar.?8-33 In these the coordination sphere is created by the four nitrogen atoms
of a macrocyclic ligand, with the mean Zn-N bond distance of 2.031(51,29)A. Most
of these species are either red or purple in colour.

All of the other examples in Table 1 are essentially tetrahedral. There are
examples with uni-, bi-, tri- and tetradentate ligands creating various degrees of
distortion about the zinc(II) atom. With the chelating ligands different sizes of
metallocyclic rings are found, with corresponding variations in bond angles. Both
electronic and steric effects are reflected in the L-Zn-L ring angles. For four-
membered rings the S-Zn-S angle varies from 84.0° to 85.5° when the ligand is
saturated, and from 73.8° to 76.4° when the ligand is unsaturated. For the
five-membered rings the mean L-Zn-L angles are: 72.3(7,7)° for O-donors;
77.3(2.3,1.4)° for unsaturated N-donors; 84.3(2.8,3.7)° for saturated N-donors; and
94.6(3.3,2.1)° for S-donors. This reflects the different covalent radii of the
respective donor atoms. For the six-membered rings the mean L-Zn-L intraligand
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angles are 93.1(3.1,11.9)° for N-donors and 104.3° for the S-donor. In seven-
membered rings the corresponding angles are 100.5° for the N-donor and 117.5°
for the S-donor. Where hetero-bidentate ligands are involved the mean L-Zn-L’
angles for five- and six-membered rings are: 87.6(1.9, 3.9)° (N + S donors) for the
former and 96.0(1.0,1.5)° (O + N donors), 99.3° (O + S donors), and 99.5(3.5,3.5)°
(N + S donors) for the latter. This again reflects the differing covalent radii of the
donor atoms,

Comparison of the Zn-L bond distances shows several trends, unidentate ligands
giving shorter values than bidentate ones, but both increasing with increasing radius
of the donor atom. For example the values for unidentate ligands are 1.913A (LO,
0.73A) < 2.047A (LN, 0.75A) < 224.7A (Cl, 0.99A), < 232.0A (LS, 1.02A), <
237.4A(Br, 1.14A), < 241.3 A (Se, 1.16A) < 257.0A (I, 1.33A). The values for
bidentate ligands are: 2.066A (LN) < 2.246A (LO) < 2.317A (LS) < 2.447A (LSe).
The mean Zn-N bond distance of 1.993A found for tetradentate N-donor ligands
(tetrahedral) is shorter than that found for the square-planar complexes (2.031A), as
expected.

The same effect is also observed for the hetero-bidentate ligands, for example:
O + N, 1.923 and 1.980A, respectively; O + S, 2.004 and 2.246A; N + S, 2.091 and
2.275A. For the hetero-tetradentate N + S ligands the mean values are 2.012 and
2.285A, respectively.

The ZnX,2 (X = Cl, Br or I) complexes were isolated as salts of large cations. In
general there are two types of these cations, organic moieties (mostly NR,*) and
metal complexes (mostly cobalt). The formation of fluoro complexes is rather
limited and none have been isolated in crystalline form.

The effect of temperature on structure has been investigated,38:9293:102103 4
decrease in Zn-X bond distance being associated with decreasing temperature.
Some mean values for room temperature and lower temperatures are: 2.2499A352
vs 226.0A at 250K3%P (X = Cl); 2.393A%? vs 2.404A at 193K®? (X = Br): and
2.618A'97 ys 2.621A at 150K'%? (X = 1).

Some tetrahedrally-coordinated zinc(Il}) compounds are found in two isomeric
forms in which the Zn-L distances and L-Zn-L angles differ by degree of
distortion,3!:59:97.138,139.176.177.185,186 1) several cases two crystallographically inde-
pendent molecules, differing by degree of distortion, have been found in one
crystal 3%-68.71.105.131,207.218 Thjg type of distortion isomerism has been observed in
other metal complexes, particularly in copper(I1) chemistry.??°

Four-coordinate zinc(1l) complexes are usually colourless, but colour is observed
where ligand absorptions or charge transfer bands occur in the visible range.

3.2 Coordination Number Five

Crystallographic and structural data for five-coordinate zinc compounds are found
in Table 2. Two types of geometry are observed; square pyramidal and the more
common trigonal bipyramidal. There are 24 examples of the first geometry
(Table 2a). In colourless Zn(C,,H,0,),(EtOH)??! the Zn atom is 0.32A above the
plane of the two identical, chelating oxygen atoms. The apical position is occupied by
the ethanol molecule, and this is the only example in which all five donor atoms are
oxygen. The most common arrangement is a basal plane of four nitrogen atoms of a
tetradentate macrocycle, with the apical position occupied by pyridine or chlorine,



M. MELNIK et al.

212

($)8L9°€T 3

(9)696'1  deOH u2AIg Jou (£)9.¢761 qedd (uaa13 j0u)

p1€2 A3 Jou (9L°8)%£0°C baN O'NuZ e 40 (O*H)(duz
(8)85¥°0¢ ¥

(1'T'$)9°66 O'N {8)6.0'C deQID'O LYEO (29201 ($)L10°¢1 o (u2A13 j0U)

0£C A9°€)'88 N'N (81°6)9L0°C baN OYNUZ :mxwmo.m_ w (*o)ddyyuz
$)S0°02 14

usaid you  deN‘baN (D81°C den 8Y°0 (©)ree (D951 o/ed (s1dind)

672 AT°V98  DbaN'DeN (£°090°C baN ‘NuZ (QorT1 w (wey)odjuz
(1Jv0's0l ()88L 71 4

uasid jou  deN‘baN (s)wo1c  deNAd 8€°0 (DEy'v6 (D8vTel 1d (s1dind)

144 A1)L88  DaN‘baN (0r'$)€80°C baN SNuZ (1)Z26°86 (N68Y11 4 (Ad)(dqudy)uz

(D011°92 v (ardind)

F's'€)ree  deNbaN (v deN LEO (s 121 (9)¥81°G1 ved S0(HOMI)

LTZ A+€)$'88  DaN‘DaN (S1°L)650°C baN SNUZ L6t w (°H%D)-[(addn)uz]
(DwTL 9l 14

(p)1s1'z deNAd LEOD Q6rs11 #)Lr991 D (srdand)

97C U2AI3 Jou ©T19L0'T baN SNuUZ (0508781 w Ad - [(Ad)(ddoy)uz]
(Dzroen 1%

uaArd Jou  deN‘baN (Dev1rc  deNAd €€°0 997001 (£)9¢1°81 2D (ardand)

§T2 A€°1)6'88  DbaN'DaN (9°€)ELOT baN SNuyz (D8P 1 w (Ad)(dAdyuz
(9°9°1¥'s6  deN‘BaN (1)80°501 (D608 ¢1 z

(9°1)9°191 (D1L1z deNAd €£°0 (P16 (Twseel 1d (a1dind)

¥2C A0TI'0'T6 DIN'DIN 180°C baN SNUZ (1)81°66 (Oriv1] 1 YD - [(Ad)(ody)uz]
01066  deN'baN (P)88°¥01 (9)81L°¥1 T

9 117791 (€)ss1e deNAd €€°0 F)LE Y6 (rzegen 1d (s1d1nd)

€22 AS°1)9°88  baN‘baN (0£°€)980°C baN SNuUZ (D)50°66 (S)zsy 1 4 H%D - [(Ad)(qidy)uz]
#T'D0'66 deN'baN (O8'€8 (2)8%0°01 T

(T 1'U0e91 {£)00T°T deNAd €0 (thsce 61 Ll 1d (par)

(444 AT11'88  DaN‘PeN (6'€)990°C baN ENuz (D66€6 {2)98%°01 4 (Ad)(deo)uz
(T6e)66 deQobao (0)Ts 0T ¥

€+ 0191 90’7 deQHII €0 (185001 (6’8 2ed (s821I0702)

1z AL 1) 88 P00 66°1 qP?0 souz (Dsz 1 w (HOX)X(COCH Dz

[y]oueld

Jo ino-uz [.J4 [y 4

[.] [.] Iyl asoyd [.]¢ [ylg 15 dg (10010D)

oY TUZ-1 Tuz -owoIy ) oo lyle 1> sA1) ANNOdWOD

TVAINVYAD — 2IVNOS ¥

"p,SpUnoduwiod (J1)2UIZ PITRUIPIOOd-IAY 10] BIEP [eindnis pue sydesdoleiskl) T jqel

1102 Alenuer gz /g€ :9T

v pspeo jumog



213

ZINC(11) COMPOUNDS

(nz1's i
(I's'P)1601 I'N (1)8¢°¢ dej 1L°0 (DeLet 1Z2iied (s$9[110{02)
o¥2 (S¢HIETS N'N (€ 191°¢ baN I'NuZ (OLent 10 1[(ustiyuz]
9'9'7)9°101 I'N PIETLYI v
F$AST6 (1)299°¢ deg 1%°0 FIT66 (911281 2 (uoa1d jou)
6¢T ADE9L N'N €rokinre baN "'NuZ (£)6LT'8 w H1(d>yp)uz]
(Dreze depd ($)897°L1 14
8¢7 (LoroLLor ID'N (9)26v'T baN L90 (S)TLTs1 Yo'ed (31dund)
S€T ALFDETS N'N (15°9)1L0°T baN 1D*NuzZ ($)8L0°6T 10 D(ddydyuz
(e)eszr dep (088°s11 (L)866°%1 e
(weronrLon ID'N (L)ogsc baN §9°0 (000201 (8)89v°¢1 1d (o1dand)
LET ATSOSH8 N‘N (S$°6)£90°CT baN IDFNUZ (DgL 101 @MxWS; I b 1D(ddpunuz
1)60°¢1 v
sgr depDd 986°0 - U fpd (uaA13 Jou)
9¢¢ UALZ JoU ¥£0°C baN [DPNuz (1s8€1 1) [D(xd)uz
{(Ds9z  depd (1)€9°7¢L (£)LS6°L1 4
(1'L1°1)¢°001 1D'N (€)WLy'T baN 85°0 (1)68°08 (cloigTt Id (191014)
SET A7 16P8 N'N (T#'€)$90°C ban [DFNuUZ (n1e¢8 (D)6L5°01 4] 1D(ddyzq)uz
(9°7°€)1'v01 ID'N (26958 4
A0'¥)E°06 s deD LS00 (@Dr9801 (€)9s1°61 'zd (u2A13 10U)
4% A1T1)6°C8 N'N  G1iiele baN 1DYNuz (2)ogT'e W o1 - [ID(uuz]
(6)Les (8)€TT6 14
(8'1'v)L 7501 DN 06,77  depd ¥$°0 (8)1£°C6 {61)TETS1 id (391014)
£€T A€ S 98 NN (9¥°T1)T90°C baN 1DPNuZ (6)56°801 (#)L96°T1 4 1D(pdojuz
(9)65°6L 016861 [4
(£€°€)L"86 O'N {$)680°C depdw UaAT3 jou ($)00'6L (L)sset 1d (od1nd)
LT A§°1)L°88 NN (ST'P)E90°C baN O°Nuz (P)STH8 (6)OLY 11 a7 £(dw)- [(dur)(ddopy)uz]
Sy et 81
(9)9'96 O'N (¢ degiy u2A13 J0U - [2'4 (an19)
[Ax4 AL)S°68 N'N (0°L1)LL0T baN OFNuzZ Mme '€ 341 Guxdaidyuz
SLL ¥
U2AIS JoU (@01t *otH uaAId Jou (9)6£°56 (0£)8.L£°6¢ Td (umoI1q)
1€ @p0°T N O'NuZ (V610711 u (OTHXqje0)uZ
[y1oueld
Jo mo-uz [.J4 lyb A
[.] L] [yl azoyd [.]¢ lyla 0 dg (Inojo))
1oy TUZ-1 T-uZ -owo1y) [.]o lyle [orsA1) ANNOdWOD

TVAINVIAd — 4VNOS 'V

1102 Alenuer gz /g€ :9T

v pspeo jumog

panunuo) 7 dAqeL



(€)¥'791 deN‘deN {6)sv07 deNDS
(6'L'V)T66 (8)s9c  deN (£)686°01 12
A6°O1TL deN‘baN (01)1S6'T DINDS @D18°¢11 ()€08t1 2/ ed ; (ssanojoo)
9t (87T°€)6's11 baN‘DaN {F1'6)6¥0'7  baN SNuZ (21849 ul YSONNOSNSIHED)uz
(DLL9L1 deN‘deN
(9°T°0)T66 {9)er0'7 deNDds (D)€E9°€l 8
67808 den‘daN (t)cezc  den (€)99t°91 ©qd (s$3]4n0}09)
974 (S 1°0)s'L11 ban‘baN (r1'9)850'7  baN SNuz (2)888°T1 40 {SON) - (SON)(uap)uz]
(0)x91 depdep
9056 (renrg deo (D901 4
A€£7)s8 deQdO (£)T0'T b2OH (D96 ((STA LSS 2d _ (ssapmojoo)
v¥e (87°'7)0T1 b3O'D30O (#'9)96't b0 ‘ouz (O601 w (O*H)HCOtHDNZ
(DreL1 deg'deo (L'6)s91°7 dep°H (€)zves (6)760°0T I
(8'1°7)1'06 deOba0 #)L00T baOH (b)61'98 (Dze1's Id (SSd1IM0[00)
74 (€%1°70°0Z1 b2OD2O (L'P)8L67 baQ ‘ouz ¥)09€s (@1esrs 4 LABzq)¢(OTHZ
A TVAINVIAJIE — TYNOOIYL ‘g
K (MLt I
) (0'7°9)9£°001 I'N (£)079T deg 850
o 9Ll (r)8ssc b3 _ 850
=z Ar98IL NN 91Ntz baN lENuZ
n (Dr'111 I'l
S (£°5°9)T°001 I'N (r)T89°C deg (D96 (11)z6L781 14
. (9)6°6€1 Porsz bap $S°0 (D9st11 (L)16v'8 1d (u3a13 j0U)
(444 (69)8°TL NN (S6°L1)861'C  baN ENuZ (D9°6L (1neesel 4] QESENSTHS DUz
S°€)9° 101 deN‘baN
(gTecor  deNO
(s'e)1'sg  baN‘O (8)860°7 deNAd (9Z0'¥L (€)zL08 Z
AP pL BINDON (T'8wo1'c  boN LTY'O (6)ss 1L (£)896°01 1d (usa13 10u)
14T (€)1°66 00 (T°1)596°1 bag LOENUZ (6)87°L6 P)ze6 Tl 41 [(Ad)-(STOENETH? ' D)uZ]
(€°¢'0)8°801 N'‘S 01)LL991 14 (MO][o4)
(€°6°1)5°96 (81907  deN U243 J0u (S 7R R0 (L)6resT uiled HOW - [(CSNYHLD)
18 AT 1L S'S (9719208 °T bag NFSuzZ (€)L6L91 wi -L(ESONTWH U Z]I( ngN)
Tﬁonm_a
Jo no-uz [.J4 [yl Z
[.] [yl [yl aoyd [.ld lylg 10 -dg (anojoo)
REY:| TuZ-1 TuzZ -owoIy) [Jo [ylp  psip ANNOdNOD
- TVAINVIAL — TAVNOS 'V
~ panunuo) T dqe],

1102 Alenuer gz /g€ :9T

v pspeo jumog



215

ZINC(11) COMPOUNDS

(£)6¥91 deN‘deN
(wreeLe  deN'o
19Eve
(£'1'€)5°08 deN‘deN {s1'9)6bz’z  deN (T)00s'8 7 (ssajinopoo)
mico.oo_ O'ban (5)600°T bso (@c1z01 ($)L88°81 'ed O‘H
05¢ (£)6'1+1 baN‘DeN (9v°8)050°C baN O'NUZ (€)818°8 w -(goep{(eeni(udwd)uz]
(@L'ss1 deN‘den
9770886
(1°7)0°8L deN‘baN
S'0)9LET r'9wicz  den
(2)Lv8 DbaN‘DaN (97'9)L20'T  baN SNUZ
Tss1 deN‘den
(T9)$0°66
ALO8LL deNDaN (S)svr v 8
(S¥008¢1 (61°1)087°c  deN (100" 16 ($)0L6°6T u/\zd (ssapInojos)
6¥C {208 DaN‘DeN (LEL6YOT  bON SNUZ @Ls 11 w F01D)- [CNSEHE D) uZ]
26's61  deN‘deN
@z r11
(0°€°0)8°08 deN‘baN {€)£07°61 14
9 1°2)6°SET O's)9pze  den (D0€v6 (F)€09°st urlzd (21ym)
8T AT)T'88 DPaN'baN 09'9)s0T baN SNUZ (£)sc6'6 w {ror)-[CH' "L D)uZ]
(O1'zL1 deN‘deN
(6°€7)6°76 (@109, (£)s8L7¢€1 4
A9°DEs8 deN'DaN  (Lz's90TC  deN (Dscor (@80T I o (1)
9T (9°L1°0)0°0T1 deN‘'baN (LT9)ELOT baN SNUZ (D10°6$ D120°6 41 O%H - 91D - [¢(pdwp)uz]
(0)£'891 deN‘deN
(€S PIEP6 (6)8v1'7 den(q)
AP)6 88 (6)csTT deN(p) (S)z6'6 %
VP18 deN‘DeN (6)780°z baN(q) (£)0'z6 (£)97°91 Wed (ssapInojod)
L¥T (0'8'v)8°611 baN‘DaN (6°6)880°C baN(p) SNuzZ e w YEON)- [(ure&dig)(uatp)uz]
[yloued
Jomo-uz [J4 [yl z
[.] [yl [yl asoyd [.Jd [ylq 10 dg (1nojo2)
‘3o TuZ-1 Tuz -owosy) [.]n [ylp [SA1D ANNOdWOD

TVAINVIAGIG — TYNODIYL g

1102 Alenuer gz /g€ :9T

v pspeo jumog

ponuuo) T dqeL



M. MELNIK ¢t al.

216

(€1)67691 deg'deg
(19'g)Lve  N'des
AS P 1)E08 desbog (§9T'pILOLT deg (1LT91 v
oS ent N‘bag (te1oc  baNAd (1)$°66 (1s¢s ui'ed (12413 J0U)
781 (06871 bag'bog (StvIr1eT bag NPsuz (18Z12 w (ADISdY O uZ
(9)€°66 1dDaN (©)6ty'T deig ¥
012708 deN‘baN (21T deN €1z (U413 j0U)
vST (6)L11 baN‘DaN ODI1T baN 1gNuZ (€)S01°C1 2 ig - [rg(uanfep)uz]
(@r9Lr  1O'deN
(2€€)6°001  1DbaN ($)80¢°T ded (9)s€°0T ¥
ASE)6L den'bon (L)seee deN (056 (€)ec o1 'ed (sS31In0]02)
X4 (T'e€)s 911 ban'baN (€°2)§90°C SETN 1DPNUzZ (FI9L €1 w (rudd) - [1D(ua1uz]
1'€71 L7 deQIdto (6)981°91 4
9°¢01 0T deN 91186 plzug (uaa1g jou)
123 »8°L8 N'N v0'C baN OYNuzZ (€1)5L8°¢l 10 COXNUH Dz
(NZ'991 deN‘deN
(67 1)6'96 deN'baO
(rrnsie
(T 1L g8 deN'DaN (L°€)6TTT deN (813 (1)69¢°8 z (ss3pInojod)
(801'1)6°01T baObaN (£)596°'1 ba0 (0)1¢°86 (owTe 1d o)}
Pravy4 (1)0'8€1 baN‘baN Leugre baN O'Nuz  ()p0'601 (Mzor'11 4 [(ee)(PNsuely ] Fap)uZ]
($)87s° T deOIDFO
(L)6L0°C deN
(rr'e)sioc baN OPNuz
($)818°C deQID*O (91991 8 (ss2[IM0[02)
(L)901°C deN (+)80°26 (T1¥9€°€T Wed ﬁo_u
2ST UdAI3 Jou (TT'6)600°T ban O'Nuz (9)T14'01 ut [(FOIDNPNH  D)uZ]
(P)1zre  deNtH
(T1°7)5'L6 deN‘'baN (X172 dep (S)Er'z6 (9)919°2 7 (sse[an0[00)
(1No°LL deg'baN (#)090°'T boN (§)£9'+01 (S)eees Id O
1ST 911 baN‘boN (91'v)9z0T  DbaN'H OYNuz el F¥zsoL 41 -[(ore3010) (EHN)UZ]
Tﬁucﬂa
Jomo-uz [.J4 [yl 4
[.] [yl [yl aroyd [.ld [ylq 1D dg (100709}
Jod Tuz-1 TUzZ -owosy) [-]o lyle  ps&) ANNOJdNOD

TVAIAVYAdIE — TYNODIYL 4

1102 Alenuer gz /g€ :9T

v pspeo jumog

panuiiuo?) 7 dqeL



217

ZINC(I1) COMPOUNDS

(09,1 deprdeo
@1r'u9ee
AETTs8  dep’bag
#1816 degbo (1o1°9)¢1ce deo ($)90°£8 (6)60€°11 T (s$aN0[02)
(Dy6g1  bag'bog 91eee basg ($)0£'s9 (#)601°L 1d O‘H-[(O™H)
LST (0¥ 1)E011  bagbaQ (9)6£0'T b2OTH iStouz ($)50°59 (9)85¢°L 4 YSOD(O)DNTH)UZ]
(D1'L91 degdep
A19'rg  deQbag
(186 (sS1¥2 deg
ADT¥8  deg’bagp (@1 deo
0'€' D798 deo'ba0 (1)99¢°2 bag P19L°61 8
(1'9'1)'071  bag'bag (2)L%0c b0 (D801 (Doge's 7149) (S891I10[0)
LST (ns'L11 bao'beo (Dr66°'1 b2OH gtouz (g 11 w (O HHCOXSIDNEH)uZ
(Negggr  deg'deg
(1)8°¢01 N‘deg
(1s'96
AW 1L deg'bog 0°€)8PL'T deg @1eL€1 ¥
(et N'bag (1)€0'z  baNAd {£)08°+01 (D116'8 vicy (ss91m0[02)
96T (D¢'6T1  basbas O ewsTT bag N¥suz (910071 ut (Ad)(csDO)uZ
(DLv91 deN‘deN
(0¢7)’L6  deNo
($ D06
ALT)E 6L deN'baN (6Tv)Eort  deN SWLrL ¥ {mo[[e4)
TTroLst O'beN (€)900°C baQ (9)5£°06 (91)1269¢ Ved [{o]}
£TST (2)5'871  baN‘3N O1'P)ES0T baN OYNuZ ($)9¥8'8 ut [COOH)NHD)uZ]
(B)goL1  degdes
©1'%)6v6 N'deg
(€v)p'z01 .
AP eL  desbag (L'P)S09'T deg (00)c1°0C 12
('€ 911 N‘bog (9)6£0'7 DboNAd (9)LT$01 ($)996'L led (559[4n0[00)
94 €)°Lzl  bag'bag (€°v)87¢°T bog NFSUus ©NLyTI w (Ad)c(@1plapiuz
[y]oueld
Jo mo-uz [.]4 [y Z
[.] [yl [yl azoyd [.Jd [yle 10 dg (an0j03)
REX| T-UZ-1 TuzZ -owoIyD [.]o [ylr [9°S410) ANNOdWOD

TVAINVIALIE — TYNOODIAYL d

1102 Alenuer gz /g€ :9T

v pspeo jumog

panuuo) T AqeL



M. MELNIK et al.

218

(£)0'8y1 deN‘deN
AP Uy deN'baN (T1L)8eT'c deN (©)ECr6 (9)L6TCC v (uaA13 10u)
(©)0'611 D10 (STe)eTe ba> @LT86 ()s8¢°Tl 1d NI S'1
79T (L5071 1D'baN (L)S60°C baN QOENUZ (£)66°06 (€)LL6'8 41 [FID(ENSTHIDD)uzZ]
(€£)s'ze1 den‘deN
(Tv0s°€6
A6'70VT'68 deN‘bap
Hole‘e)e s deNboN (€9L11e deN (6)966'81 ¥
(©)¢vz1 bap'b2O F'9)Ese'1 bag (6L’ 1L I8LT01 oed (uaa1d jou)
192 H'e)8°L11 bagbaN (8)L81°C boN LOENUZ (1og91 w OH -[(dquyuz]
(V6'LL1 deN‘deN
(61076
AD)8Ls deN'baQO
AP V006 deN‘baN (9)091°C deN (2)L098 (21T z
(Ovoc1 bapbao (6°6)956°1 bap (1)90°89 (D)o0s'zT1 Id (u2A13 10U)
19¢ (€°€D8PIT b0DIN (9)091°¢C baN LOENuUZ (€)LS+L (1)660°01 41 O%H - [(dgojuz]
(1z'9L1 deN‘deN
(D616 deN‘boN
(1)L'96
ADg18  deN‘o (1‘goL1e deN (1)867°CT 4
(0°9)66'T11  DaN'O P17 PaNDSW ) (T)oe61'8 usqq (ss9]In0[09)
097 (DOFET 00 0°0)8¢6°1 boQ COENUZ ($)86€+1 10 (NDINUOENEHE)D)uZ
(Or'vL1 dep’deN (r)6177  deQlH
A$ 10688 deN‘boN (S)6c1°2 deN (1)98T°8 14 (S59[1n0[02)
(621°0)6'sT1 baQ'boN (F)oge1 baQ {(DELT16 (D)Tseel v/\ed o)}
65¢ (D)€°'801 boN‘ban (11°9)00°2 baN {OfNuz (T)€L991 w [(OTHNOENFTHS  D)uZ]
(O¥091 deN‘dep
(161°Ly1 deN‘baN
(v 001 deN'boo (0)000°C deo
(e DTeEe deobaN (eyLre deN {100’11 14
(S+'1)s°s01 bag'baN (£)6£0°'T  baQTH ) (1)9€°T01 (LT H1 o'ed (maf1ak)
85T ADP'T8 DaNDIN  ($T9)650°C baN COtNUZ (162176 w o 1g-[(O*HXON'H! ' D)uZ]
[y]suerd
Jo mo-uz [JA [yl z
[.] [yl lyl azoyd (.]1¢ (ylg 10 -dg (300[02)
REX| T-uzZ-1 TuzZ -OwoIy) [.]o lyle  psip ANNOdINOD

TVAINVIALI — TYNODIYL ‘d

1102 Alenuer gz /g€ :9T

v pspeo jumog

panuiuo) T 4L



219

ZINC(IT) COMPOUNDS

(L)L 691 ID'N
(6°9°5)6°86 D0 (9z'z dep 0'06 (g5t 4
(e is N‘O (Ds1z den (€)9°501 (€)6€°8 1d (uoa13 jou)
897 L9 LTI 00 (8°0060'CT b20 [DNEQUZ (€)8°101 (£)60°8 41 DINEQY ' HODuZ
(Dzos1 den‘den
(€€V6Le  deNIg
AS€)6'6L deN'DeN (9'9)ovz'c  deN (1)oL°011 (Qeer'L 4
(V428! 1gag (L')sor't barg } (D9¢°16 (Q8rT 11 d (orym)
L9T rTO8 el rgbaN {9)L807 boN GgtNuZ (0697021 (DogL ol 41 Qg(ENSTHODuZ
(€)9sy1  deN‘deN
(Tt ot
ALDP08 deN's
Ar08TL deN'baN ag'Lery den {LyTLrg 14
(Dyo11 S'S #‘7)secc  bag (#)00°501 (EDPLTE] ' (pa1)
99 (L8 LI S'boN QL1117 bN ‘SENUZ (8)897°6 w (CSENLTH D)z
(T1'niLe  deND
A8+°6)9°€L deN‘boN Yo deN (0)89L°6 ¥
(/ANK4 D1 (9°'1)8ezz b ) (2)06°€01 (P)sosv1 u/'ed (ouym)
§97 (Lzoeert  1DbN (Dg90'7 baN IDENUZ (©or101 w O%H - [UDEOEN T HED)uZ]
(€N60'6¥1 deN‘deN
A6WSyL  deN'baN (0'€)96l'z  deN (D1P11 14
r)BoL11 lo)e) O wLzz DD B (6)LS°sTT (8)901°6 20 (uaa13 Jou)
¥92 99y 171 1DPeN (DZ11g baN DENuUZ (Lo'L1 w qo(Adjuz
Syl den‘den
AW deN‘boN (€pre deN L6°01 14
48! DD (I'n9zz bap $'¢h ST'8 o't (usA13 JoU)
£97 (61-3T1  1O'baN (P60’ baN TDENUZ 1791 ut D(Adanjuz
)iyl den'deN
APE)9EL  deN‘DoN (91'8)L9T'T deN
(et D1 W'y b
(#¥Ts0C1  1D'beN (L)180T baN DENuZ
{yloued
Jo mo-uz []4 [yl Z
] [y! {y] aroyd (.ld lyla 1 dg (3n0j03)
3 T-UZ-1 T-uZ -owory) [.Jo [yl [0 's&1D ANNOdNOD

TVAINVIAdIE — TYNODIIL ‘4

1102 Alenuer gz /g€ :9T

panunuo) T 3dqel

v pspeo jumog



M. MELNIK et al.

220

(Do LsT S'S
(T 1TS6 sug
A0S 8L SN (¥S'2)989°C deg (P)ECO'ST ¥
(DgszL 1gag (se‘piLez barg (£)$8°L01 (€)972°6 uiied (sso[In0]00)
€LT et 4N (6)80°c  baN Nagisuz (L2792l ut Lg(*SNAH ' D)uz
(Do1L1 NN
(19901
AL)91°69 N'S
(6)0S'v6 NO 0'gserr deN (109¢°51 v
(L¥9T1 S'S 0°'DESET bag L (1zo'101 (@L6¥ 01 2D (PI1ym)
TLT (©)8L°9T1 S‘0 ($)896'1 D2OH OfSTNUZ (D16£°6 u O'HT-(OTH)(He)uZ]
(9, 234! deN‘O
(61 L1001 deN'D
9086 oD
AOWTL deN‘'boN (oL deN
(1L ODaN (L)6zTT deo (€£)00¢°€1 12
19°C11 D71 (8'¢)6cTT DA B Qs st (TI8rr 61 oled (mof[a4)
1LT (8'6°009°¢cl  1D'baN (Ler1°¢ baN OYDINYZ (1608 u ID(OYNIgEIHBID)uZ
9)eLTT deg
(9).8T°C deN (S)e8L 61 v
9)9v6°1 boQ (D8P 811 @DILSY'6 wWed (uaa13 10u)
0Lt udAIg jou (€6'9)eS1'T  baN SOfNUZ (r)99T°C1 Ul (CODPN)ESENPTHSTD)uZ
(6)os1'z  deNg
(£)¢9L1 deN‘deN (6)oo1'z  deN
(I ert S'O (PoveT bag
©rnin SbaN ($)6€6°1 bao
1001 ObaN (De1z bang SOfNuZ
(Ds1z  deNgq
(1541 den‘deN ®)L60z  deN
9 aal SO w)Lzee bag (D6L'16 {(Povest 4
(€)9°111 §baN (8)056°1 baQ {D)80°26 {(£)989°11 Id (mo[[24)
692 (¥)g'so1  ODaN (Me1rc  baNg SOtNuZ (@l Lol (09759 4 ASONOHE' D) Adq)uz
Tﬁu:ﬂa
Jo wo-uz [LJA [yl zZ
[.] [yl [y! aroyd {.)d [yla 1H dg {1n0j03)
1oy T-uz-1 T-uz -owoIy) {.Jo [yl [2sd1) ANNOdNOD

TVAINVYALIE — TYNODIIL ‘4

1102 Alenuer gz /g€ :9T

panunuo) ¢ dqeL

v pspeo jumog



221

ZINC(II) COMPOUNDS

"sanoajowr Juapuadapur

AqresideldoleisAro om] afe Uy 7 Jurr J1[0A30[[10W  PAIIQIUAW-INOS] , “SULI I1[2400[[BIOW PAIdGUISW-DAL] P ‘BuLl O1[2A00f[RIOW PIAIIQUIAW-XIS ,
‘SUWN[Od 2s3Y1 ul payads st (PUeS]) WOIE PIEUIPIOI JO AJUSP! [BIIWAYD Y] , ‘aN[eA UBIW 3y} WOLj UOHBIASD WNUWIXEW € ST PUOIIS
3y} pso ST sisoyjuated Ul Jdquunu ISIY Sy "Pale[nqe) sI onjea ULdW 3yl ‘Ju3sard s1 J[Fue IO 0UBISIP JUI[RAINDS AJ[RIIWIAYD JUO UBY) JIOW AINYM ,

wT'ovrwr O
@€0sL6 ON
(90108 SN #)160T O'H (S)ezes (£)998°8 z
@181y s's (T1)65€°C S ) (S)Ltvo (L)88¢°6 1d ) (mo]]4)
8LT (DEvL NN (T1y)iere N O'StNuZ (528001 (L)69L°8 41 (O*H)TSONF'HED)uZ
2TTIT DD
(I'LTL)6'601  ID'N
(8)5°9¢1 (6)7T8°01 ¥
(8°8)€"L8 (TT6LTT ) } 0506 (9Nz8s ¥l uited (8uei0)
LLT AV8IWIL NN (roLre N YDENUZ w GOUPNOTHE DUz
(T€'95601 DD (To¥Lce O rouz
(L8001 O'N (2)sT0°61 4 (ss3]1n0]00)
(1796 (L1107 6] (1801 (8)L758°01 21D i [F1ouzl
8% AD86L NN e N O'NUZ (NPT 11 u [(O*H)YnbNCH-9)uz]
I'1$1 (1'e)s61t (e 01 4
(€1 19T (2)ze0C (9209676 eleled (U413 10U)
9. (1ss11 N'N (T°€)866'1 N ‘Nuz (81)TL8°8¢ 40 Yro1D)- [ENFEHEDNZ]
(28051 s5)oL1g (9)210'%C 8
(86000021 (6)L90°C (£)0s"801 (PEIg1l 2T ) {wo124)
SLT ATDS6L N'N (2°$)066°1 N SNUZ @161 ut o) IENECH D)uz]
¥6°01 (@
(69'8) 101 (0666’1  O'H 8F'€6 LES ed (ssa[In0709)
vLT A£°)E88 00 (81°7)0T0°C 0 fouz 8501 ut (O*H)¥(oroR)UZ
7& suerd
Jo mo-uz [.]4 [yl Z
[.] lyl [y] asoyd [.]¢ {yla In -dg (1n0ojoo)
Jod T-uZ-1 Tuz -OwoIyy [Jo lylp 19881 ANNOdWOD

IVATAVIALIE — TYNOOIRLL <~ TVAINVIAI-TIVNOS D

1102 Alenuer gz /g€ :9T

panunuo) T AqBL

v pspeo jumog



16: 37 23 January 2011

Downl oaded At:

222 M. MELNIK ef al.

The displacement of the Zn(II) atom from the basal plane towards the apical
position ranges from 0.31 to 0.71A. The mean Zn-L apical bond distance increases
with the covalent radius of the ligand atom in the sequence: 2.082A (LO) < 2.158A
(LN) < 2.314A (Cl) < 2.637A (I). The Leq-Zn-L., angles are in the range 72° to 92°
and 138° to 163°, indicating a considerable deviation from the ideal values of 86.6°
and 151.9°. The L.,-Zn-L,, angle ranges from 83° to 127° compared to the ideal
square pyramidal angle of 104.1°.

There are thirty-six examples in which the coordination geometry of the Zn(1I)
atom is a distorted trigonal bipyramid (Table 2b). The mean Zn-L., bond distance
is shorter than that of Zn-L,, for example: 2.01 vs 2.30A (LO); 2.02 vs 2.08A (NL);
2.25 vs 2.28A (Cl); 2.10 vs 2.16A (bidentate LN); 2.08 vs 2.235A (tridentate NL);
2.05 vs 2.17A (tetradentate NL); and 2.04 vs 2.28A (pentadentate NL). The angles
for an idealized trigonal bipyramid are 120°, 90° and 180°. By contrast, the
observed angles range from 82° to 142° (L.,-ZnL,,). 70° to 147° (L -Zn-L,) and
143° to 178° (L,,-Zn-L,,), respectively. Chelate ligands spanning the apical and
equatorial positions are primarily responsible for these distortions.

The remaining six examples (Table 2¢) have a zinc(1l) environment intermediate
between trigonal bipyramidal and square planar. The overall data in Table 2 show
the use of mono-, bi-, tri- and tetra-dentate ligands. The chelating ligands show
variations in the L-Zn-L angle of the metallocyclic ring dependent on the ring size.
For the four-membered rings, the intraligand angle at zinc ranges from 71° to 80°
for S-donors and 69° for N + S-donors. For the five-membered rings, the angle
variations are 72° to 83° (unsaturated N-donor) and from 82° to 88° (saturated
N-donor). For the six-membered rings the L-Zn-L angles are all within the range 82°
to 94°. In general, the mean value of the Zn-L bond distance increases as the
covalent radius of the donor atom increases, and the values for the five-coordinate
species are somewhat longer than those of the four-coordinate derivatives, as
expected.

Two crystallographically independent molecules, differing by degree of distortion,
have been found present in one crystal in five exampales,242-24%:252.262,269 The
complex Zn(terpy)Cl,?¢*26% exists in two isomeric forms which differ only by
distortions in the Zn-L distances and L-Zn-L angles.

It is noted that while the square-pyramidal zinc(II) compounds are mostly purple
or violet in colour, the trigonal bipyramidal compounds are mostly colourless. The
former are mostly comprised of electron withdrawing ligands which are responsible
for the colour.

3.3 Coordination Number Six

Crystallographic and structural data for almost one hundred mononuclear six
coordinated zinc(II) compounds are gathered in Table 3. Most of these are
colourless, with a few examples of white, yellow (four each), orange and red (one
each). The three principle types of distortion from the octahedron are, trigonal,
rhombic and tetragonal, all of which are found in zinc complex chemistry. There are
some examples with O, symmetry.

The data in Table 3 show mono-, bi-, tri-, tetra- and even pentadentate ligands.
The most common coordination sphere of the zinc(1l) atom is the ZnO, chromo-
phore and the most common ligands is water.
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In the series of monodentate ligands, the mean Zn-L bond distance increases in
the order: 2.100A (OL) < 2.185A (NL) < 2.562A (Cl); in the series of bidentate
ligands the order is: 2.150A (NL) < 2.174A (OL) < 2.523A (SL).

The effects of electronic as well as steric hindrance of the coordinated atoms can
be seen in the opening of the L-Zn-L bond angles of the respective metallocycles.
For the four-membered metallocyclic rings, the L-Zn-L intraligand angles range
from 52 to 61° for L = O donor atoms, 66° for L = N plus S donor atoms and 70.8°
when L = S donor atoms. This reflects the difference in covalent radii of 0(0.73A),
N(0.75A) and S(1.02A). For the five-membered metallocyclic rings, the L-Zn-L
angles range from 78.7 to 81.5° for L = O donors, and from 73 to 86° when L = N
donors. In the series of five-membered metallocycles, the N-Zn-N angles range from
73 to 80° (mean 77°) when L = N donors with unsaturation (for example
phenanthroline, 2,2’-bipyridine, etc.), and from 82 to 86° (mean 83.5°) when the N
donor is saturated. In the series of chelate ligands forming six-membered metallo-
cycles, the L-Zn-L intra-ligand angles range from 84 to 88° (mean 86.5°) for L = O
donors, from 88.5 t0 92.3° (mean 90.5°) for L = O plus N donors), and from 90.6
to 96.2° (mean 93.2°) when L = N donors. This clearly reflects the covalent radii
of L.

An example’ * occurs in two isomeric forms which differ mostly by degree of
distortion involving both Zn-L distances and L-Zn-L angles. Two crystallographi-
cally independent molecules, differing by degree of distortion have been found to be
present in one crystal in three cases.?!!-3!6:360

In general, the mean Zn-L bond distance increases with coordination number and
covalent radius of the coordinated atom. Comparison of the four-coordinate, five-
coordinate and six-coordinate distances gives: 1.993, 2.094 and 2.100A (OL, 0.73A)
< 2.047, 2.076 and 2.185A (NL, 0.75A) < 2.247, 2.278 and 2.523A (Cl, 0.99A).
In the series of bidentate ligands, no such tendency can be seen, and the mean Zn-L
bond distance increases in the order: 2.066, 2.130 and 2.150A (NL) < 2.246, 2.005
and 2.174A (OL) < 2.371, 2.322 and 2.523A (SL).

314

3.4 Coordination Numbers Seven and Eight

The crystallographic and structural data for these compounds are listed in Table 4.
Of the three idealized geometries for seven coordination, pentagonal bipyramidal,
capped octahedral and capped trigonal biprismatic, only the ﬁrst is found in zmc(II)
chemistry. The structure of colourless [Zn(bdda)(H,0),]- 32 7H,0 is shown in
Figure 1 as a representative example.*®® The geometry of the crysta] is a distorted
pentagonal bipyramid with two water molecules in axial positions. The pentagonal
plane is formed by the four oxygen atoms of the macrocyclic benzene-1, 2-
dioxydiacetatc and the oxygen of a water molecule. There are twelve
examples'>+362:364=371 in which the zinc(ll) atoms are in a distorted pentagonal
bipyramidal environment.

Bond distances in the apical sites should usually be shorter than those of the
equatorial sites because of steric crowding in the equatorial plane. From the data it
can be seen that the mean Zn-OH, distances follow this expectation, being 2.089A
for the apical sites and 2.112A for the equatorial sites. There are mono-, bi-, tetra-
and pentadentate hgands The monodentate ligands occupy apical positions, the
mean Zn-L,, distance increasing in the order: 2. 081A (NL) < 2.089A (OH,) <
2.236A (OL) < 2.350A (CD).
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0(112)

Figure 1 Structure of [Zn(bdda)(H,0)5]- 3.5 H,0.363

One of the important characteristics for describing the pentagonal bipyramidal
geometry is the ratio of the M-L,, to M-L., distances. However, distortions are
more definitively revealed by the bond angles L,,-M-L,,, L,,-M-L,, and L.,-M-L,
(cis and trans). In the ideal geometry, the values of these angles are 180°, 90°, 72°
and 142°, respectively.>’#375 The first of these angles ranges from 162.5(3)° to
176.7(4)°, with an average value of 171.7°. The second differs from ideal by up to
25° (range 75° to 115°, and mean 90°). The third angle, within the pentagonal base,
varies from ideal by about 20° (cis) to 17° (trans), confirming significant deviation
from idealized geometry. Steric effects and constraints of multidentate ligands are
primarily responsible for this observation.

There are only two examples>’>-373 in which zinc(Il) atoms are eight coordinated.
The [Zn(NO,),]"? anion3’? has approximately D,, dodecahedral symmetry with
two distinct Zn-O bond distances of 2.059A (r,) and 2.576A (rg). The difference of
0.52A and r,/ry ratio of 0.80 indicates a considerable distortion but essentially
dodecahedral character. In the other, yellow example, the difference is 0.24A and
the ratio is 0.41.373

4. DIMERIC ZINC(II) COMPOUNDS

Crystallographic and structural data for sixty dimeric zinc(ll) compounds are
gathered in Table 5. There are several types of bridging, the distorted edge-shared
bi-tetrahedral structure being the most common (Table 5a). The most frequently
found ligands are: a pair of oxygen donors;3!3-376-385 3 pair of nitrogen
donors;368:385-389 3 pair of chlorine atoms!9%134:399-394 314 a pair of sulphur donor
ligands.383’395"402



239

ZINC(11) COMPOUNDS

(eTrl  §'S
(D6 111°5p78 s‘or

(D)Ts65v's8 SO Q6L (r'exsoces S (D1gLey ¥
(DopLI (£)8'00L 96v0T O } (DvzLe  (1E81°01 12d (S8211N0[02)
78¢ @96 OO usAld Jou  {0¢'9)zs1'z of stouz (1)50p'8 w YSONFH DNz
S9vze 1D
uaAig jou (€917 N (1Mzs9 {1)615°8 ¢
(DL DD udAI3 jou (2792 N°ID (1)LLv9 (1os61°L 1d (uaA13 jou}
18¢ (I'z7ny ozt 1o u2A13 J0u (D)svoz od ‘ouz (Dvy 19 (6)0SHL9 4 TUD(EHNODHNNH-MuZ]
#TDL601 1D°0 :
(8'D¥'To1 1O'N
(6T DL LY] ®)8€sL  (1eovTz 1D (09168  {(T)91€°01 1
ALTT016 ON ®)z9+01  (6TOWSTI'T N DN (@e6s1T (1orool 1d (ssa[4mo[o2)
08¢ (6)09'68 N'N {(Dsvee  (zeoisozr od Quz  (obPil (Dy61°6 4 p(ddw-muz]
()8°171 N'N
(D$TL1'T66 O'ON
(6+1°0)9°011 (D19, (L°6)8%0'C N 8S°L11T S8 i
AL P8 NoOn (D601 (1se)xvoz ot 8626 £6°01 Id (MO[[o4)
6L (6'7)€t6 N'O (nzzee (©)6961 O INtouz S¥'66 81’6 4 e(resop)uz]
{W6¥l ON
(€61 121 D0 ()T s (066104 vl (Or1 11 I (ssa[ino[od)
9 p11 ($)8°56 @Dz N (D816 (D788 Id [()-(a)
8LE A$)8°78 NO (£)690°¢ (c'DLoz ol DONiouz (N9 zot (1Ls'L 4 (REONHODGEW)O-Tuz]
(1)8°6L (£)6gSv1 4
¢ 1°e)zoer 10 (07001 (rogize 0 @srze  (@1o11 ¢ (uaa18 10U)
LLE (IFSIT DD (1)Lso¢ ©'9E66'1 o1 Douz (@Dv9s 11 w OYHIIWN-UZIU(HEN)
€©)S°LL (P)066°€1 ¥
(€)S°ep1 (€)ezo1 (L)ese'r O (©)95v6  (£)96S 1 217D (uaa13 J0u)
9LE (£)6'8€1 DO U2AIS J0U (6)668°1 OHM Diouz (LLLYST w H{ECONYdIS)OHHO-TuZ]
(8707991 (2)8°6L WoLyoz T (ss311n0]02)
(r6'0ivo1 ON @zo01  (S1'P)TLETOHT (€)96'06  (T)STE'8 ulted {ron)
€1e¢ A TDTE] NN (DPzo'e  (9SPISST'T N CO'NuZ (DtoL'8 u SHEN"CHeONHO- 7]
v
[Jpr-uz-qr [JA lyb pA
(] [.Juz-T-uz [yl asoyd [.1d lylg din-dg (1n0joo)
REk: T-uz-1 lyluz-uz T-uzZ -owoay) []n fylo 'psdp ANNOdWOD

1102 Alenuer gz /g€ :9T

",Spunodiod (J[)dUrz Ieaponulq 1oy eyep Jernons pue owydesSoersil) € dqey

v pspeo jumog



M. MELNIK et al.

240

(0 1°)6°6¥1

(864616
SPIPIRTLNTN
F)6° €91 (£)6°68 (S)£68°CC 8
(9°9°%)T011 (€)c°68 (01 16p TN (£)s6°v6 (S)zLo 1t 27D (pax)
89¢ ASHIT8L NN (V€05 (ETOINPOT N INUZ (Lers 81 w O%H-¢1DHD - [(ddep)uz]
(TP L LTIHNT
(€601 H'N oneze (9)819'1 H 96L°11 4
(ryor11 (o)L L8 LOLZTT N SLITI 86T 11 Ned (1€T1 1®)
A6 T8NTI'N 987  (T9'970)060 TN HENUZ ¥87°9 w "IJIp uoImau Aq
F)oce uaAIg jou H ©)LLe1t 4
($)9°011 (P)0'88 (11)981'7 N R)SL 111 (1€l oNed (ssapmojoo)
98¢ APITPNTN 98'C  (I'1p19o N HENUZ (€)TLE9 w [HENE ' HE DYuZ]
(u2A1d joU)
) [{EEamISING
68¢ UdAIS Jou NfOuz u2a13 j0u {J(O)DUHD A(EHDNIDOMuZ]
(2)95°6L @111 (T9it6 1
(€001 (T'L)950C D ) (D)81°501 (D)E8¢'8 1d (ss911n0709)
¥8¢ uda1d Jou uaA1d jou F'PweozOm  DDIOuZ  (T)9SEL (D)59¢°8 47 [Caa)ngo-Muz]ey
(0918 9)8r6'1 D (S)es0°¢1 4 _(ss911m0[09)
@ver1 @86 (#)170°T (£)8€°76  (1)7L8°81 v/'ed } Lsmrs)D}
€8¢ @8ce1 DO udAIg jou (gse 100 Jtouz (@ree6 w (TH%D-§ng-9'p'7)O-1uz}
Ov)8 6L (81)LE¥7TT ¥ (sso1no[02)
(1°9)S°€p1 ($*¥)¢°001 (tneze'l O tooroer  ''ded Ti{EmS)D}
£8¢ (§'9)L'9¢1 O'0  waallou  (sZ'onose’ton  Diouz (9)L6L'8 40 *H%D%84-9'7)0-1uz]
9728 £°4 RSN
(2)€'901°,6'18 S'OM
(V0'6658%8 SO (£)1°18 (€p)E1€T S (D81°¢T11 (z68'L z
(€)oLLl (£)6'86 (Losoz 0 (@Qz8vL  (£)0T1'TI Id (s$91400[09)
8¢ (£)8°s60M™0 wald jou (1P )6ecTon IStouzZ (DSOL9 (€997 1T 41 fDHD - [HSONPH D)uZ]
[ ]ri-uz-1r [.]JA [ykb A
[.] L Juz-Tuz [¥] atoyd [.]d [ylg dipds (anojo2)
oy TuZ-1 [yluz-uz Tuz -owo1y) [.Jo lylo o sdiD ANNOdIWOD

1102 Alenuer gz /g€ :9T

v pspeo jumog

panunuo)  § Qe



241

ZINC(I1) COMPOUNDS

(916 (€)L96°¢C1 [
@rnern o +'88 (ss9¢c 1OM (7)978°'6 1d (ssajnojoo)
06€ (18911 u3AIg 10U &091TC 1D Youz (1)9EL’6 4 P1o%uzle*ydd)
056 (p)soL11 z (ssapInoroo)
(€°¢-)9°601 0'¢8 (zz-)esgr O (8)017°81 q/'ed diel(ea5)]
$S1 0zl UQAIS J0U (bT-)861C 1D YIouz (F)8+S°6 w  (g-umon-guz]-[9D%uz]
t olqe], 298 1D°0uz
(V)9°¢6 @6v1°01 v (ssa11noj00)
@ieworn ¥'98 'L)89¢c 1o (D)€97°01 v/led ID-ym
1291 (€)8°811 udAIg Jou or1'g)ozz 1D YDuz (9)0s1°1C w (srumon-g)uz]-[P1nluz]
¥ 91qe] 298 INfQuZ
(6°€6 (S)E€9°11 v (ssapnojod)
(6105011 1'98 (r'p)soec I (9)505°91 wolgy N - [HNDPI)
¥s1 (€811 udAId J0u €60z 1D YDuz (6)897°61 40 (s-umon-g1iuz]-[91D%uz]
WDLY6 (€)LE8p1 12
(L€19011 €68 {(L76ceT O (£)500°11 id (a1ym)
601 (s‘1)s°811 UIAIS J0U (o1°¢)80TC 1 Youz P19v's1 i [P1ofuz]{ud HOdud)
(Oesy' 1t ¥
u2A13 J0U $nsez oo (£)ovet wizq (u2413 jou)
601 (D1P11 usa1d jou 9otz D Youz ($)881°51 w ProtuzE(udtHONSA)
(8°6°€)T°6T1
(02096 S'L6 #F'8)8L6'T O (De9'L1 8
L1°0)9°¢8 +0)sT8 (91°9)680°c N1 (moL-Lt Bqd (ssapInojoo)
68€ A1DVE YL uoA13 jou (F'9)9z1'c N DENUZ (086791 40 LOF(PNETHOD)uz
(1'¢)L06 b)EY 0T 12
(1’968 (61°81)8F6°1 DN (€)s6°¢1 rdrare (uaa13 jou)
88¢ (L'9)9'vET A1 jouU (otr'6)zLoc Nt JINUZ Q@Ls'L 40 HEWudN-Tuz]
(952201
(6°9)9°8%1
AP TO8Es
(9°6)8°011
A1°€)T6L
©16)TL6 ($)6°26 6°L)L10T O (DeLrst %
A1°)E0L 1'L8 (1z'9)8Lsz N (WzorLt 2170 (m0[124)
L8E (9)7°291 Q)185°€ (892107 N LO"NuZ (£)08L°07 w [(ydep)uz]
[ Jgr-uz-Tn yhb Z
[.] [.Juz-1-uz [yl s1oyd [ylg dio-dg (1n0709)
P TuZ-1 [yluz-uz T-uz -owoIy) lyle P sk ANNOJNOD

1102 Alenuer gz /g€ :9T

panunuo) S IqeL



M. MELNIK e al.

242

(D1¢°¢61
(8°€1'1)9°501

A£)68'89 Si'S Qe ve (1)s28°C (£)80p°11 4

01 19T (noLs8 (eLgg s (8111 (€)891°11 v/lzd (udA13 10U)

66¢ A€)00SL  S'S svse  (LL'DLLET 8 ‘suz (£)L58°91 w AT 1gNDE S)uZ]
(900¥8  (6T°6)00FT (0L098  (0£)997°T€ 4

(99°D)L L1 (6'2)8°s6 r's)iggz s (@198 )9zt 1d (ssa1Ino102)

86¢ (€9°D1°LT1 ST (ELPE  (O1°OW61'T S fsuz (6718 (S)egg-01 41 U9y T-tHDEngs)uz]
(1)2°06 (€)08°07 T

68serr sn's (nesg  (p18Tre SV (D)0 901 (D)Ps9°€) Wed {ssa1moy00)

L6€ mz1ir s's iy'e (s‘186TC S rquz (@6LEET w [P(udsS)uz)(*udd)

(€°1)8°66 (9691712 4 (3£0T 18)

cnres (ov'aiye st (£)08'801 (8)550°61 o1'ed B (12413 10u)

96€ OTD99Tr  SS (Mozze  (Z1'oeTz S rquz {8)229°61 w  [O(yds)uz] TEUNYTED)
(1186 #)911°81 r4

e Lo (e 18 (g)spz sn (2)95°€6 (D9tv01 ulzd (589[4n0709)

(43 (D1's6e  S'S {(D6L1'E W'nootz S Yguz (0986701 w [*(13S)cuz*("1aN)
(1)8°96 (£)68°C6 (P)S9L 11 1

v D1el (1jzes (r)9L6'1 D B (£)$T'v6 (1)609°01 Id (s$311n0}00)

£3¢ (s¢o1 DS uAdlou  (81°1)66¢°7 ST DUz (£)88°€l (€)96¢°6 4 (ENIS)D} - (FudDs-1uz]
(1)sz6 (LWwsz Ll ¥

€ DI DN Ns'18  (89°7)L8c T 1OM (D)oTc6 {)oz o1 uf'zd (an]q)

¥6¢ oI DD (Qoce  (PTOSLI'T 1D DUz #1811 w o SY9)-Yfewpr Zdo]-[91H%u7]
(£)19°26 (1)99°S¢ €)eLLol I

9 e N1 DD ¥'L8 @ nLsezion (11986 (218749 1d (en1q 1y3uq)

£6¢ (£)15°911 1O (1)LsT€ oLz O DUz (1)60°601 @Qpy11 4 PGunEDTAl-P1Dtuz]
oL e (@1 v01 (2)98.°01 z

ey D €L8 (9'psse (D01°66 @TIE81 1d (uaa13 jou)

76¢€ @9t O {(isee o'z Youz (OLo1L (PS8 11 A1 PoGunEIDtAl-[P1otuz]

(e)vree ($)99%°01 1 (€07 1®)

{€)8'L8 Slcizot 1d (u2413 jou)

16€ 2413 j0u Youz (£)0£°T9 (©)Ters 41 [#10%uZ]- H("-r0T9)}
[ Jr-uz-i [.J4 fyb Z

[.] [.Juz-T-uz Iyl azoyd [.)d [ylg dip-dg (1no[00)

AEX| Tuz-1 [yluz-uz T-uZ ~owory)) [0 lyle sk ANNOdNOD

1102 Alenuer gz /g€ :9T

v pspeo jumog

panunuo)  § dqe],



243

ZINC(II) COMPOUNDS

(1ol (rz'6)S8Y'T
AP'EILS8 S'S ($Ngzy  (0p'8)8eeT S rguyz {0)0sT1 4
(6:01'E)6¢lT @ 6)T1rT (€)L79T1 {r)e61e zd _(ss914n0[09)
80% ATET98  S'S ©zcey  (sgelect S rguz (©)L9°01 w §[EEsdg)uz]
(S)LT's01 Wisyen I
(vl 99°7)TIv'T (r)8Z°66 LLe Id (s$9[110]00)
LOV “I'¥8 S'S U2AI3 J0U ®oricr s rquz (8)66°06 (S)60v'8 41 eEsdcagyuz]
(0D60v° L1 1%
(€SI EP6 (L)Ls6T (€)8rp11 (V611701 aw'ed _ (ss312n0(0)
90t ACH-)IL S uoAd Jou  (6£°1)99€°T S ssuz {(1)8¥6°01 w LHESONI(CHD)IUZ]
(so1° 191 sTsL (6)zr6'T1 4
(1I'z1'nee0! (£)9¥8°C . (¥9¥°LL (9)29%°6 Id (ssapIno09)
SoF s €L S'S (©)08sc  (c8°c)s8cc S fsuz (S)oL’Le (28178 41 {opeyuz)
s€T g
L0T O3 #$9° 11 4
€0 D $9°TIT LSE°TT u/led (u24a13 j0u)
2014 0111 DO 107 O I1gdtouz TTeol w o ag-GunEOD HOng)uZ]
©OF P06 NO
(D8°€L1 N'N (66)81C N (£)918°C1
(XA NI (o1'gosoz O (2)095°701 #91L 1 ufed (58911n0]02)
€0v (QL'z6 00 U2AI8 10U (o o INEQuZ (€)s1 it w o). (doidydoid-ruz]
B |
(o'Lé (11s0'z N P69y 11 v
(0°6°€)9°TIT N'S (1o'gg  (Be'p)ggez  sv (©)xevie eqvy (uaA13 J0u)
20r (©11I°D1I0IT S'S uaA1gd jou $)897°C S Nfsuz 01e96°L1 40 NI -T[(PSNLCHEE D)uZ]
(9s'p) 1Ty D'sr
(€)8'2€1 O'S (2626 (8)856°1 PN SY6LvP1 4
(DeLe /8 'p)90s7 st ©)°L6 (P)1PE 01 oved (u213 jou)
0% ATEPL ST'S waALg Jou (©ocger S Dtguz (D9LL9 w EWTINDSIUZ]
0091
(1'1=)vo1
29°6L STI'S v'v6 (D518 165791 4
(CAS A 9°68 (©xgez o TSETI LT9°01 ow'ed (8S21In0]00)
00t AD86L S§'S msyse  (1L°eeLer S fsuz L06°6 w [YTgNDIS)u7]
[.Jqr-uz-1d [.JA [ylh 4
[.] [.Juz-1uz [yl aloyd [.]g [ylg diodg (1n0]02)
Jod T-uZ-1 [yluz-uz TuZ -owoIy) [.]o lylr 1 sd) ANNOJdWOD

1102 Alenuer gz /g€ :9T

v pspeo jumog

panunuo)  § dqel



M. MELNIK et al.

244

(ry'O1e0l DN

('L e)Tovt (Ty)seTeded (8)59°68 (L)6TH's1 4 (usa1g jou)
F1ewee (sT°6)1CTC (8)€1°8L ($)6L0'%1 1d O'H-*OID 1D
91y ALT1€)9°08 N'N (TI'eEST'T PON  [DVYNUZ (€)L1eg9 (109 41 [ (ENpur(p7))uz]
#7891 deN‘deN (€weoen 12 (mo[re4)
(S 11°7) v'06 deN‘DaN (9v°)617°T deN 9r89'61  '2'TiTd OH ¢
qCST  (L91°0)6'611 baN‘DaN (£2°6)ST0°T boN SNuZ (9)EtL 61 0 7o) (PN HD)uZ]
(1109s1
(01761011 (€)86'1 NDS
A8°€°6)L°08 N'N (c'791z N SNuz
(01)7°091 (§)Es 6L (DeLys 4 (uaA18 J0U)
(8°S1°6)8 P11 ($)79°C8 (€)3L9°¢1 Id KYOID)(SON)
SIp AST°6)€°T8 NN or'9 ¢z N fNuZ (2)58°8L (€)S19°61 4 -(O!NouE[pgD)tuz]
(8''1)$°001 N‘O (QET9 b1 r4
(1'D8°8S1 (V90T N (101766 (101601 u'ed (S8911N0102)
vipy (€T1088 00 9.6'C  (6T°TVEYOT O NfOuz (Nzes o1 w - {nbIEODHIHIMNIUZ]
($)69.°76  {$)0656°01 4
'orerr 10D (orzize 1D rregee  (S)osvs 11 id _ (mopRh)
€Iy (8°T)0°+01 N'N (Dogsy  (I'PLSOT N UDINUZ  (PWICHOT (8)1TTEST 4 SDHD- YD (uqupjuz]
(#°6)STE T NDS (D8L6 ($)5e8°L I
(8°1°7)0'%01 O'N wvior O S0747A 8 SR C) 5 4 1d i (u3A13 30U)
Iy OTIEPTI NN ($)9007 N OfNUZ (801 (9)L8€°01 4 HUSON)(eIUTYg-ThuZ]
(+)98°'81 ¥ (uaa13 J0U)
WIyeT WiLent (1)88°9 2°TD O%HT
487 uaaid jou (eT'v)icer S Yguz (0)9¢°LC wo-YEQLS)-C[E(m)(ny-uz]
(0896 (D)S99°¢1 4
(0)8p's6 @101°61 Id (u2213)
ql€T UdA13 Jou LEE usABlou N YNUZ {1894 (€)Lieoz 41 (qye0)uz]
(£)Ws 671 (s)zosd z
(F)8EH01 (1)€s61 1d (uoAr3 jou)
oty URAIS Jou usArdlou N YNuz (S)s6°001 Py 61 4 (ddycuz
. (2)86%°9C 12
(ezrracn (1'v)z66'] - (Akad >} (uaA1g jou)
60t F09°L6 N'N (€P)EL6T N YNUZ (1)eeg Tt 31 (3NBIHE D) U7
SHINLINALS ANOINM D
[ I1r-uz-1n [JA ylo yA
[.) [Juz-1uz (yl a1oyd (+]1d [ylg dip-dg (anojo0)
RER: T-uZ-1 [yluz-uz Tuz -Owoiy) Lo [yl sk ANNOdWOD

1102 Alenuer gz /g€ :9T

v pspeo jumog

ponuipuo) S dqey.



245

ZINC(IT) COMPOUNDS

's9madtowr Jjusapuadapur A1[edrydeISo[[eISAId Om) dIB 213y | n “SUt1 DI[0AD0][BIOW PAIaGUUAW-ING ], “SULl JI[IAD0]|BIoW P3I3qUIS-XIS,, ULl d1pAdo[[elaw
PAISqUIAW-OAL], 'SULINTOD 35AU} UL PAYI0ads s1 (PuesI[) wioje paleulpiood Jo AJIUIPE [BOTIAYD 3l [, "9N[EA UBIW Y1 WOL] UONEIASD WHWIXEW € SI
PUO23S 3y} “'prs°9 $1 SISIYIuated Ul JoqUINU ISIY Sy [ "PIIBINGL] S1 ANE[A UBIW 2y} “Judsaid si 9[3ue 10 2dULISIP JUS[AINDI A[[RIIUIAYD 3UO UBY]) 2I0W YA,

(L'9°€)0°701 ID'N (€)xszz 1O
(C9'PIv 06 (Tere
ATIVISL NN (Ir'nere N 1DSNuz
FEUPI0901 1D'N
(06961010 SEPILIET 1D @19s6  (T)sze Lt [
(£)9'911 (NEST ; (6)S16°911  (S)18T1'¥1 1d : (uaA13 j0U)
(447 A Q:,vemﬁ NN (I'peo N GDENUZ Q€16 (2)08¢°61 4 O HE¢ - 1D-[H1D(adip)tuz]
8675891
(79°T)c'T6 N'O (1¢'Lwvzc N (1)98°L2 14 (ssa11nojoo)
ASVT6L NN (el (T¢)g0z 0 - 't OH o1 - [C(ENTTHSD)
€1t 910156 OO @niee (b)966'1 OHT  ENfQuZ {06701 31 -HLODIN-TXHO- M) uZ]
OvWwie N
(D6L1-6L N'O P)Le (€)6€5°01 4
AT'DLL N'N (€)e€¢C e 16 (L¥ETese ed (Ss91I10109)
K (1)891-9L O'O u24Ig jou O'p)0c O  N'ouz (£)501°11 w OHv - [(Adq)(die)uz]
(S¥TT991
(9606756 OTP)SETT N
ATV LL NO #o1ee (6)509°61 14 (ssajInojoo)
AD1'€8 N'N (Dgoer  (LTP90T O (8)990°81 goud ) HOKW §°0-%4d
oy L1916 OO U2AI3 J0U (T1s16'1 OHM  INYQuZ Swscen 40 [YEOINSTHIO)HO M) uZ]
(¢8°6)p817 O'H
(£)$°0L1 (Tons00t O
(8'21'%)L°68 OO (€1°6)9T1 TOH ouz
{rS'8)0r0°c O°H (9)6bL v1 ¥ (ss31noj00)
(©)89L1 (6)866'T O (PIR6°LY1 MzeLee Ned ot
61t  (891%)0°001 OO (6)011'CZOHM ‘ouz P6LL T wi -Hzuaqz-MNHO-M)fuz]
(F'e'8)9¢Ll
(€81°8)F°66 O'N
AS1°L)T6L OO (e O (£)0g° €1 4 (ss914n0J09)
(6)osv1ozel (I'nioc o (L vyl lzeug {rolD)
81¥ (7T Y6 N'N (87)80CT N  “OfNuZ (08€°€C1 40 (POt {(sdp)uz}]
L'ST6T01 O'S
o1 nTyst (T1)660°61 ¥ (s891100702)
8 1s 101 (9)6L6'1 deQ (9190¢°07 usqd B [(Fooan-1)
LY ATNLTL S'S (L1°e)6sy7  bag orsuz oDzt 40 -HYESONTWIUZH(PngN)
[ Iqr-uz-1n [.JA [y)p zZ
(] [.Juz-Tuz [yl azoyd [.]d [yle diodg {1nojod)
RER TuZ-1 [yluz-uz Tuz -owoIyD [.]o [ylp 1psiD ANNOdWOD

1102 Alenuer gz /g€ :9T

v pspeo jumog

ponunuo)  § dqeL



16: 37 23 January 2011

Downl oaded At:

246 M. MELNIK et al.

In the crystal structure of colourless [Zn(CsH,;N,)H],**¢ the two bridging
nitrogen donor ligands bring the zinc(I1) atoms to within 2.86A, with Zn-N-Zn
angles of 88.0(4)°. This is the shortest Zn-Zn distance found in the dimeric species.
A relationship is observed between the bridge angles and the covalent radii of the
briding atoms. As the radius of the donor atom increases, the Zn-L-Zn angle closes
and the pL-Zn-uL angle opens, for example: O-donor (0.73A), 95.9-104.6° (mean
100.5°) and 75.4-84.2° (mean 79.5°) < N-donor (0.75A), 82.5-89.3° (mean 87.2°)
and 89.9-97.5° (mean 92.8°) < Cl-atom (0.99A), 85-88.4° (mean 86.7°) and
91.6-95° (mean 93.3°) < S-donor (1.02A), 81.9-89.3° and 90.7-98.1° (mean
95.0°). In the colourless derivative [Zn(2,4,6-Bu*;C4H,S),],*** the mean value of
the Zn-S-Zn bridge angles of 95.8° is by far the largest for complexes with two
sulphur bridges. Since the Zn-Zn distance is quite large at 3.473(5)A, one might
have expected a smaller Zn-S-Zn angle.

In another six examples*?3-4%% (wo bidentate ligands act as three atom bridges
(Table 5b). In colourless {Zn(prop),(nia),],,*>? two five-coordinate zinc(Il) atoms
are bridged by the two propionate anions in a syn-syn arrangement, and the
remaining two CH,CH,COO™ anions act as monodentate ligands to each zinc(II)
atom. In another derivative*®* two tetrahedrally-coordinated zinc(Il) atoms are held
together by two Zn-C-C-O-Zn bridges. Five-coordinate zinc(1l) atoms are found in
another two examples*©>~*%¢ doubly bridged by two S-C-S groups. Finally, in the
remaining two examples*®7-4%% (Table 5b). two S-P-S groups serve as a bridge
between two tetrahedrally-coordinated atoms.

There are seventeen examples each of which have a unique structure (Table 5¢).
For example, Zn,(CsgH¢5Ng)*°° contains two distorted tetrahedral zinc(Il) atoms
where the tetrapyrrole chromophore displays a “ridge-tile” conformation with an
interplanar angle between the two Z-configured pyrro-methene units of 88.8°. In
triclinic [Zn(u-Et,nia}(NCS),]*'? two tetrahedra arc held together by N,H-
diethylnicotinamide molecules acting as bridges through the pyridine N and amide
O atoms. A yellow derivative*'? has a dimeric cyclic structure incorporating two
zing(IT) atoms in a ten-membered ring with quasi two-fold symmetry leaving a
central hole of approximately 3.2 by 2.9A. A colourless complex*'* has two zinc(IT)
atoms bridged by four MeCH=CHCOO"™ anions in a syn-syn arrangement, bringing
the zinc atoms within 2.976A of each other. The structure of [Zn(p-OH)(u-
MeCO,),(CoH,,N3),]-ClO,*!? is shown in Figure 2. Both zinc atoms are in
octahedral environments and are separated by 3.311(2)A.

The data in Table 5 show the dimeric zinc(Il} compounds to be mostly colourless,
with a few examples of yellow (4), and one each of white, green and red. The
coordination number of the zinc(II) atom ranges from three to six, with the
frequency of occurrence in the order: three (6) < six (7) < four (32). The
four-coordinate examples are tetrahedral with varying degrees of distortion. The
ligands involved are uni- to pentadentate, with some examples of octa- and
nonadentate ligands. The most common bridging ligand is an O-donor or a chlorine
atom, and bridge distances increase in the order: 1.942A (OH) < 1.976A (LO) <
2.072A (LN) < 2.360A (Cl) < 2.410A (LS), following the covalent radii of the donor
atom.

In the tetrahedral series, the mean Zn-L(terminal) distance increases in the
sequence: 1.618A (H) < 1.996A (LC) < 2.003A (LN) < 2.070A (LO) < 2.208A (C))
< 2.297A (LS) < 2.35A (Br). The mean Zn-L(bridge) distances are somewhat
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Figure 2 Structure of [Zn(u-OH)(p-MeCO,)-(CyH, N,),}-ClO,-H,0.3!3

longer, for example: 2.360A (u-Cl) < 2.422A (u-LS). The shortest Zn-Zn distance
in this series is 2.86A.38¢

Two crystallographically independent molecules differing by degree of distortion
have been found in one crystal.*®® Mixed chromophores occur in two cxamplcs,
ZnOs plus ZnO4*'® and ZnN,Cl; plus ZnNC1.#22

5. OLIGOMERIC ZINC(IT) COMPOUNDS

The crystallographic and structural data for these derivatives are found in Table 6.
There are seven cxamples containing three zinc(Il) atoms.?2b-383:423-425 Tphe
structures of [Zn{u-S(2,4,6-R;C.H,)}(Me;SiCH,)];, where R is isopropyl or
tert-butyl, are formed by trimerization viag thiolate bridges of alkyl-zinc thiolate
monomers.>®® The cores consist of six-membered rings that are comprised of
alternating zinc and sulphur atoms, with each zinc atom having trigonal
coordination.

The structure of colourless [Zn,;{u-O(2,6-Pr', CcH,)},(Me;SiCH,),]13%% is com-
prised of an almost linear array of three zinc atoms (Zn-Zn-Zn = 175.7(1)°) that are
bridged by four diisopropylphenoxy groups. The central zinc has a distorted
tetrahedreal geometry, whereas the two terminal zinc atoms have a trigonal-planar
coordination.

A white trimer**3 contains a central octahedrally coordinated zinc atom lying on
the crystallographic two-fold axis, and two terminal pentacordinate zinc atoms.
Each of the latter is connected to the central zinc by two shared oxygen atoms, one
at an axial and the other at an equatorial position of the trigonal bipyramid.



M. MELNIK et al.

248

(Do6L1 (1 x)
L'1D006 NN OV$9T N INUZ
M9vL1
€1ru91e  NO (L)T18°61 4 (sS3[1n0[03)
(D0'Z6 NN (oot N (Tx) - 2ed HE0SE1D)
Sty (DLY8 OO U3AIZ J0U 00T O'H  ENfouz {(D0SYv1 8 [HOTHYP(ENLHYD)EuZ]
(1)6'16 OO (8€'7)9.0CT O {a x)
(Trnroe oo @cLye o ‘ouz
(L1rnezor NO
(voe1r Nov (7)LTO'T Nnb (D¥8L0T 4
(D191 OO (DTvo1  (61°T)LS6'T O (zx) (16T001 (1)5£9°6 owled (s8911n0[0D)
¥ (T€'D6901 OO €€ @se 1 o NtQuz (1)eeg o1 w f{nb)(100)tuz
6'9'1666 00
(Y651
(L€11res oon
(10081 ©)s10C O (1 x)
('8 1)p°L6 oron (og'Digerz on ‘ouz
(9L1'18 101 OO
(oLt (1oT'T1 4
(9 eol oon (gTeW66' T O (Tx)  (©)89TII ($)LEr's () (ouym)
€Ty €1rnese odon (Desze  (zosLor o souz {(1)£9°81 W £[Z(oror)uz]
(reoeevi
O zDg I (1 x)
(I'nNoog 00 9106961 oH vQuz
(L' DP9l (2)€6'901 (6)191°CC T (891In0J09)
6'Nregr DO (1°1}1-oo1 QO6r D (z x) (DET06  {£)S9p°Tl 1d [HEHDISEIN)
£8¢ (I'nzos 00 usA1d ou - (01°8)656'1  ON DTOUZ  (DL6'E01  (£)6TTTI 4 HEHDR -9 )01 uz]
($9°€)s"0F 1 (D110 {L)SLY9T z (ss3[1M0700)
O¢eell DS (L9D90r! 6°L)S6'T D ) (Dse L6 (PSSl 1d E[EHDISEN)
€8¢ Ev'D866  S'S wag jou  (g¢oleTec  sH DSuZ (e 0c0r  (£)9L£°01 41 {EHODENG-9Y T)STuZ]
(0'TALPEL £76°0¢ v ~ (ssapnojoo)
(Troe 1t s (ST NE0ET (1'9)Ls6'1 D ) (Ore96  ($)SE0°E] oled HERDIS W)
€8¢ O 1'DTE0T S'S usald ou  (61°7)80¢°T ST Disuz (8)s€1°81 w o AFCHDOYIA-9 P TS uZ]
[.]4 [yl Z
L] (. Juz-7T-uz [yl aroyd [.]d [ylg diods (100[00)
RER Tuz-1 [yluz-uz Tuz -owoIy) [.Jp lyle  psid ANNOdIWOD

1102 Alenuer gz /g€ :9T

"pSPUNOduwion (J1)ourz Iea[d>nuoSio 10} BlEp [BIn1dnIs pue diydeidoleisil) 9 JqeL

v pspeo jumog



249

ZINC(II) COMPOUNDS

(M9cvi (8)59¢°¢1 v {88311n070)
F1r'oceer D0 (S1°1)8°96 b)886'1 D - A Y[EHDISEND)
£8¢ 1’ 00 u2A1d jou (1v'0)680'C O Dfouz 01)L0€"1T a {(pe-1)o-triuz]
§L¢9pIL 0O
(£)$°291 (T9)9t6’t O
(6'€1°0)S P01 (L165°T (zx)
()95 oo (9)586'1 O souz
(€)s9T1 DO (8)Sv6°1 D2 (0S¢ (Nzzy 01 ]
©gwsgIr Do 9re6't O (zx) (D8Y'9L Q15711 1d ) ($891110[0)
Ity (Tee)rse oon uaA1d jou (69°9)v90°c O DfQUZ  (DEr'801 Mﬂwtg.: 41 LW CEOINDT) uZ
8)966°11 v
uaa1d jou g (16€°L11 (D80°¢¢ ' (12413 j0U)
0ch udAIg Jou udald you g YQuz (8)98¢°11 w S(TgsyaW)(S-Tri)ruz
(09611 £
(T1°U9°011  S§'S (1'1)S" 601 r'pives S - 9 _ (ssapnojod)
62t (819601 S's¥d oL (z'9)99z°7 §¥d rquz (0914707 L2 HTsdHO1)NSFr)ruz
(9)85°c6  (91)£95°61 4
161 ovd (LETsor  wIwTest Id (S8911M0[00)
8TH UBATS Jou 8-)re (voc N OfNuz (9)L$°68 ©TLTl 41 SHYD-[%(dp)(O-tri)ruz]
)
(D111 o'or wIrer O wepd (ss9[1n0]02)
LTV (18'L01 OO (1z91°¢ (D9g61 o rouz (1Tov'91 0 HCODIW-IXO-T)uz
8
86T O wepd (Ss314N0[00)
9Y UAIS J0U 0T'E 96’1 O vouz (€)stv 91 9, S(CODSIW-MNO-Fri)Fuz
(S0T'¥8T0I  ON
($)0°691
PEel 9rcor O
(1'¢9)ze (S1LSTT (Tt x)
9¢LL NN (0Z'L1)L80T N OSNUZ
F1rewos ON (DevL 91 12 (ss9[1n070)
usAlBlou OO (Werize o (x) (10800t (Dr1L°6 22> 0D} [HEODOW)
qCST 01'e)L'T6  N'N usA1d jou Wesrc N TO'NUZ (S)681°LE w -H{PNsue[g []Pop)tuz]
[JA yb z
[.] [ Juz-1-uz [yl azoyd {.1d [ylg dindg (1nojoo)
REX:| TUZ-1 lyluz-uz TuzZ -owoIy) []o [ylp  psiD ANNOJWO0D

1102 Alenuer gz /g€ :9T

v pspeo jumog

panunuo> 9 Q8L



M. MELNIK et al.

250

1102 Alenuer gz /g€ :9T

v pspeo jumog

(VYES1-TLL N'O (L')tLi'c N
(DT06 N'N (P)€91°C (T x)
QS vL1-0°LL OO F1'v)L90C O INFOuz
(@Y TTI-6'8L NO P'9Is0T N
(29911 N'N T o (IWIdL (1)yeg 01 I
(D6 EL1°87901 ($°$°)1'T01 ¥)9L1T (zx) (No0601 (D610°¢1 1d (mo[[a4 ored)
8tY {QT6L OO (1956’1 on INfouz  (1)95°901 (1)858°11 4 Y[YONTHD)uZ]
‘ooz O
(D10L1 (‘190 or (z x)
-L'8L OO (T'D61T O *ouz
(T6)TIgl
(weerr Do (1'1'9) 101 (L6’ Dud (Dicee e
(9)6'v6 (T'1'9)6'96 (1'nsoz on (Tx) (9orsu (1)ze'11 ved (SS91IN0[02)
LEY (§°€)0'Z8 00 A3 jou (Dv0z Ofd Oftouz (1)06°2! w YHUYup)udo-ri)iuz]
(L) 101 (D)c6€01 I
(18O P1T (0)Ty 001 p)oren 1d (usA13 JoU)
9¢p (T°0V69L S'S uaard Jou  (09'8)8¥ET S tguz  (2)68001 (€)S16°01 41 YEESD0AdIUZ]
mmi*.@m_ DN
(6%°€)S611 DO
(€1°€)8°66 (S'6)8L6'1 g (DY1v°0T v (ssa(4no[0d)
ATE618 N'O @ogier T8z N B (meetor (1)siset ured "HOXOPW)=D
Ser (9'DE's6 OO0 udAIS J0U (Lz9evoy o DONIouz (1)£90°0¢ w -(HNGra)eWuz(9)]
@UTIIIDN
T Lo (v90Tz 1D 91708 3
(©0°L8 N'O (DEg8Ty (6)980C N ) - uilyd (ss3110100)
1434 (Q)L°LO1 OO (Dgeve (zZ'pove't O [DNPOUZ (Z1)6£5°61 81 YID(IONP'HOD)uZ]
$sel (©)L00z N
+'9. N'O (€£)8¢6'1 O ST1'8 8
(D1°691 (L'vrzot (Qeeve - Urpd (uaa1g jou)
33 -€'LL 00 (9T DLLTE (re)s66'1 OF NFQuz $00°S 1 31 F{cONCHOD)uZ]
(S)yey6z ¥
(€9°6)°671 D0 (S1°0)6°S6  (91°€€)9b6'1 DPIN SDeLyL el (852[4n0J00)
437 (1'1°9)8°€8 O'0 (6°$)980°¢  (6€£°51)8L0°T OfM Dfouz (SNI8Y L 40 Pl O-fuz]
.4 [yh Z
[.] [.luz-7-uz [yl atoyd [.1d [yl diods (1n0[03)
ol Tuz-1 [yluz-uz Uz -owory) [Io [ylr  psiD ANNOdWOD
ponunue) 9 dqe],



251

ZINC(11) COMPOUNDS

(6)X°LY] (D07 N
(S¥e)¥L6 NO €0t 0 (T x)
(I't6)8°001 OO (0961 Ol Ntouz
(€61 O Fx)
©'61°6)0°'101 QO (1'o)se’1 o rouz
G116l ¥
QL L6 (+°9'6)v°601 (T O (1) (r)289'v1 vIqd (ssa11n0]00)
444 (OrLs 00 (LOT°9L9TE (D561 O Souz (£)865°91 40 [2(Ad)-OHZODIM)Y(0) uz]
LOT O (9x)
$'T8 00 90°7 Ot Dtouz
(€)81°C (Q$T1L°01 4
L6 (©)E1e (Ix) (89901  (OvL'st wed (ssapInogos)
%44 708 OO0 uoAld jou 90°7 O Souz {€)9.T°11 W (B(OdW)LuZ
£66' TN 9 x)
(8L°L1)690°C OfH otouz
126 19°01 I
98-18 (LTOLT'T (1x) LT 9L°8 1d (u2a13 j0u)
(424 86-¢6 OO (¥8'%)680°€ {(S's1)€L0T O ‘ouz 231 8001 4] YPIN)B(OIW) Uz
60N
(sz'6)L6T'T ST
(6T (T€'0)6'8T1 (9g'e)6ty T SE
(s8)s 111 O'S (Leewie (8)286°¢C (Dgl'1 14
(€L 16 8+'€)9°LL (8)1Lt (VASIRAS| (90°6€ owN'ed (ssajanojod)
8474 (rTowsL  S'S (9966 +L8¢°€ ®)wicz s Dtsuz (26576 w SEINXSOERM)uZ]
(S 1'1)6°601 [D°SH (L'9)8yT'c 12
(TTi'vegorgsr (81'¢9)Esez s 10fsuz
(Desee (€)19691 T (12413 10u)
(98111 s'er e 0°€)997°C S (T x) (D669  (€)T659! 1d {(Zouz)
ovt (TSI Lorsmsd 69006’ (OTEHw9eT ST rQuz (189°9.  {(DLLeTl 4 Yydsuz)-Auds-MIL(tre NN
(8'1'7)9°66 d'O
@TLy1 d'd P iL (I'v)69¢'c  dM (Tx)
#)9°801 OO (1'ggg o gtouz
(L0117 (b)re8'8 I
(2)9°S01 (2)0£'C OH (T =) €t (©ngst 1d (ssapmojoo)
324 (L)9ez1 dO 2413 Jou (TO9zre dn Otquz (X)Es 16 (g)zeozt 4 HYd,‘ng) - (HOXHO-MEuz]
[LJA [yb A
l.] [ Juz-Tuz [yl azoyd [.]¢ [vlg dunds {(1n0jod)
1oy T-uZ-71 lyluz-uz TuzZ  -owoiy) [.]o lyle  psiD ANNOdWOD

1102 Alenuer gz /g€ :9T

v pspeo jumog

panunuoD 9 qey



M. MELNIK ez al.

252

‘FuLr O1OAD0[[BISW PAISQUIAU-ING,], “BULL J1[9A20[LIdW PAISQUIU-IALS,
SUWIN{OY 3say} ul pagroads st (puedi) wole PIJRUIPIOOD JO AIUSPT [BOIWAYD SY], dN[eA UedW Y] WOI] UOHBIADID WNWIXEW B ST PUOIIS
3y “p's'a sl sisayuared Ul 1aqUINU JSIY Y[ "PIIB[NQER} SI INB[A UBSLU Y1 JUIsaId si S[3ue 10 30UR)SIP JUSTRAINDS A[[BOIWIAYD JUO UBY] JIOW 3IYM,

(§)€87°¢ S
To1'Or'601  S°S (Spceer  sH fsuz
($)1£891 4
(1'geeen (8°€°Dp'so1 ireworc sr - 2 evd (ssaInoloo)
Lv¥ (8¢ TW901 S'S (g'p)eogT St rquz P)ESL61 3 Plyds)ms)tuz] (raNN)
(DS°L0T N'S
(L°€°D1'66 NS Wivre N
{(6€°DE9IT  S'S (T)9sT°C S ¥ x)
(D1pI1 S'S roerec st Nfsuz
9isTHl 4 0TI 1e)
(ryeornt ¥ x) - 24 (uaa13 10u)
9y (S9°'1)$°601  S°S (811-)T88°¢ (oz'vovec s rquz (95702 31 MHGIWNE(EHD)SBuZ
US3ATE 10U S (v x)
uoa1diou  gn rquyz
(T)SE8°LI 14
9¢T 1O rx) (192162 uqd (SS91IN0J0)
Shy udAIg j0U €8¢ wagjou g 1DEsuz (g)c6veT 40 (HNEd)-[1D°(udsS)suz]
[.14 lyl Z
{o] [Juz-T-uz [yl sroud  []g [yle  dipds (anojo)
324 Tuz- [yluz-uz Tuz  -owoiyd [.Jo lylr o sA1) GANNOdIW0D

1102 Alenuer gz /g€ :9T

v pspeo jumog

ponunuoD 9 Jqey.



16: 37 23 January 2011

Downl oaded At:

ZINC(II) COMPOUNDS 253

Octahedral coordination is also found in a colourless derivative’ where the
central zinc is linked to each terminal zinc atom by three crotonate bridges, two
of which are syn-syn bidentate, and the other monodentate, bridging through only
one oxygen atom. The structurc of another colourless derivative**> is shown in
Figure 3. The central zinc(II) atom is octahedrally coordinated by six nitrogen
atoms, while the terminal zinc(11) atoms are coordinated by three nitrogen atoms,
and three oxygen atoms of water molecules.

In the series of trimeric derivatives, the zinc(Il) atoms range from three to
six coordinate, with the most common donor atom being oxygen. The mean
Zn-L(bridge) distance increases with the covalent radius of the donor atom and with
increasing coordination number. For three-coordinate complexes the values are:
1.959A (LO) < 2.319A (LS). The mean Zn-O(bridge) distances are: 1.959A (three-)
< 1.969A (four-) < 2.075A (five-) < 2.177A (six-coordinate).

There are sixteen examples which contain four zinc(II) atoms. The colourless
molecule [Zn,(u-O)p-MeCO,)] has a central oxygen atom which is tetrahedrally
coordinated to all four zinc atoms.*?%#27 Each zinc atom is tetrahedrally sur-
rounded by four oxygen atoms, three from different bidentate acetato groups
(Zn-0O = 1.946(4)A), the fourth being the central oxygen atom. A similar structure
is present in three other examples,+?8-430-

i, Z\Ve

L}

Figure 3 Structure of [Zn(C,H,N;)(H,0)].4*°
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The structure of colourless Zn,(Et,NCO,)(Me), is shown in Figure 4.%*' The
zinc atoms lie in a plane and the unit is centrosymmetric with two independent zinc
atoms. Four carbamate moieties bond along the edge of the Zn, parallelogram. Two
further carbamate ligands bridge the diagonal of the parallelogram (Zn(1) to Zn(1))
above and below the plane of the zinc atoms. One of the oxygen atoms in each
moiety bonds via a monoatomic bridge to Zn(2) and Zn(2’), the tetrahedral
coordination being completed by a methyl group.

A distorted Zn,O, cubane core is the main structural feature of three derivatives
in Table 6.383432433 1 two of these*32*33 the zinc units of the tetramer are linked
via zinc-oxygen-zinc bridges (average Zn-O-Zn angle of 128.3(1)°*** and
131.8(3)°#*), which forms a central eight-membered Zn,O, ring. The four zinc(1I)
isopropylxanthate molecules in the unit cell of another tetramer*3® are linked
together by -Zn-S-C-S8-Zn- bridges to form a tetramer with a sixteen-membered ring.
The coordination of the four sulphur atoms about each zinc atom creates a distorted
tetrahedron. An eight membered Zn,O, ring in [Zn,(u;-OPh)(pac),Ph],**" is
formed by alternating zinc and oxygen atoms. The ring is bridged twice by the
oxygen atoms of the two PhZnOPH moieties. Two of the zinc atoms are four
coordinate, the other two are six coordinate.

In pale yellow [Zn(CoHNO),],**® two of the monomeric units are connected
by briding oxygen atoms. The crystallographically independent zinc atoms
have different coordination geometries, pseudo-octahedral and distorted trigonal

Figure 4 Structure of Zn,(Et,NCO,),(Me,).**!
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bipyramidal. There is an example*?? in which the tetramer has an essentially planar
Y

Zn,P, eight-membered ring. Two of the zinc atoms are four coordinate and bridge
by two OH units lying above and below the plane of the ring. The remaining
two zinc atoms each bear a terminal OH unit and are three coordinate. A final
variation is the adamantane cage structure which i1s found in the derivative
(1-SPh)¢(ZnSPh),]-2.44¢

The tetrameric derivatives have zinc(11) atoms from three to six coordinate, with
the tetrahedral environment being most common, The mean Zn-L bond distance in
the four coordinate derivatives increases with the covalent radius of the donor-
atom, for example: 1.965A (LO) < 2.227A (C) < 2.266A (LS); 1.963A (bidentatc
LO) < 2.04A (N + O) < 2.345A (bidentate LS); and 1.935A (u,-O) < 2.266A (u,-S).

There is only one pentameric derivative, [Zn(Me;CS)(Me)]; which is shown in
Figure 5. The zinc(ll) atoms lie near the corners of a square pyramid (apical
position Zn(5)). The Zn-Zn distances range from 3.387 to 4.996(6)A. Each zinc(1l)
atom is tetrahedraily coordinated by three S atoms and one C atom of a methyl
group.

There are three heptameric examples, and the molecular structure of one of
these*3? is shown in Figure 6. The centrosymmetric complex consists of two
distorted enantiomorphic cubes which share a corner, the centre of symmetry. The
zinc atoms occupy the corners of a tetrahedron, while the oxygen atoms are at the
corners of a smaller interpenetrating tetrahedron. A similar bi-cubic structure has
been found in Zn,(MeQ)g(Me)s.#*? In another case, seven zinc atoms are found in
a heptameric centrosymmetric unit bridged by acetate groups.**4 In each of the two
semi units a central oxygen atom is tetrahedrally surrounded by three zinc atoms,

CZJ S ."
ZmTas N 374
375 / \ ¢
~C7
. ! C‘6,'/
/ Cs
Cs

Figure 5 Structure of [Zn(Me,CS)Me)].**!
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R

Figure 6 Structure of Zn,(MeO)g(Et).***

and the seventh zinc atom occurs in a tetragonally compressed octahedral
environment.

There are two examples containing eight zinc(II) atoms.**>#4¢ The structure of
[Zng(SPh),¢C1]17*** is shown in Figure 7. In the [ClZn,(u-SPh),,(ZnSPh),]
molecular cage the central chlorine atom is surrounded by a tetrahedron of zinc
atoms, itself being enclosed by an icosahedron of bridging benzenethiolate ligands
which link an outer array of ZnSPh groups. In [Zng{S(CH,);NMe,},,] there are
central eight-membered Zn,S, rings in which the four symmetry related zinc atoms
lic almost in a plane (0.187A deviation either side of the mean) and the sulphur
atoms lie alternately on either side.**® Each pair of adjacent zinc atoms of this
central ring is further linked by a S-Zn-S fragment, giving rise to four six-membered
Zn,S; rings fused to the central ring. These six-membered rings have a boat
conformation and lie alternately above and below the mean plane of the four central
zinc atoms.

There is one example which contains ten zinc(I) atoms.**’ The molecular
structure of the anion [Zn,(S),(SPh),,]™* has a Zn,,S,S,, core with the macro-
tetrahedral environment of the well known zinc sulphide lattice. Six of the zinc
atoms are arranged as an inner octahedron, with four of its faces capped by triply
bridging sulphide ions. The other four faces of the inner octahedron are capped by
(1-SPh);ZnSPh groups, forming a large outer tetrahedron. Each inner zinc atom is
thus coordinated by two triply bridging sulphide ions and two doubly bridging
thiolate ligands. Each outer zinc atom is coordinated by three double bridging
thiolate ligands and one terminal ligand.
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Figure 7 Structure of [Zng(SPh),,Cl]-.**°

6. POLYMERIC ZINC(II) COMPOUNDS

The crystallographic and structural data for polymeric zinc(I1l) compounds are listed
in Table 7. The variety in coordination geometry of these zinc(II) derivatives is
indicated by the absence of any simple classification of structural types as found in
the previous series. There are over seventy polymeric examples in which zinc(IT) is
found with four-, five- and six-coordinated geometries.

Almost thirty examples are found in which the zinc environment is essentially
tetrahedral, but with varying degrees of distortion. The mean Zn-L bond distances
found in these derivatives shows expected trends. The mean bond distance for the
unidentate ligands increases with the covalent radius of the donor atom, for
example: 2.045A (LO) < 2.223A (Cl) < 2.295A (LS). A similar trend is found for
the bidentate ligands: 1.947A (LO) < 1.977A (LN) < 2.359A (LS).

There are fewer five-coordinate zinc(ll) polymeric derivatives (Table 7), but
both the limiting geometries of square pyramidal and trigonal bipyramidal
occur with varying degrees of distortion. In one derivative, Zn,(n;-OH)(p-
CIC H,CO0);)(H,0),, the ligands around two independent types of zinc atom
form a trigonal pyramid and an octahedron, respectively.*%?

There are over thirty examples in which zinc(II) atoms are six coordinate, mostly
by O- and N-donors. The mean Zn-N bond distance increases with the number of
donor atoms in the order: 2.094A (mono-) < 2.146A (bi) < 2.166A (tri-) < 2.242A
(hexadentate). In the case of the Zn-O bond distance, the order is less systematic:
2.104A (H,0) < 2.120A (tetra-) < 2.124A (bidentate).

Overall, the data in Table 7 show the derivatives to be predominantly colourless,
but there are a significant number of white, yellow, orange or purple examples.
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There are three examples?48-449:450.451:458

mostly by degree of distortion.

which exist in isomeric forms differing

7. CONCLUSIONS

This review presents almost six hundred structures of zinc(II) complexes. Although
mosily colourless, many do have colour, which can be attributed to ligand
absorptions or charge transfer bands, The latter is more common with electron
withdrawing ligands.

The lowest coordination number observed is two, which is found with the
organometallic derivatives. The highest coordination number is seven. More
commonly, coordination numbers four to six are found in the order of frequency,
five < six < four. The four-coordinate derivatives are mostly distorted tetrahedral,
a few examples having a distorted square planar environment. Consideration of the
nuclearity of the complexes (i.e. the number of zinc atoms) indicates a wide range
between mononuclear and polynuclear.

Some zinc(1l) compounds occur separately as distortion isomers involving distor-
tions of both the Zn-L distances and L-Zn-L angles’!:39:97:138.139:176.177:185.186;
263.264:314:448,449:430,4513458 Ty crystallographically independent molecules of dif-
fering degrees of distortion have been found present in one crystal in several
CaS€S.39‘68"7]‘105'131’207‘218'242'249‘252’262'269'311’316'360'408 SUCh a Coexistence iS also
common in the general class of distortion isomers.22°

In general, the Zn-L distances increase with increasing coordination number and
covalent radius of the respective donor atoms. Several correlations can be seen
between the Zn-Zn distances, Zn-1.-Zn bridge angles, the typc of bridging and the
nuclearity. These have been discussed separately in ecach section. The shortest
Zn-Zn distance observed overall is 2.86A.3%¢

This review presents the first overview of structural data for zine(II) compounds,
and a related review on the biological ctfects of zine(IT) is currently in progress.
Despite the increasing availability of data retrieval systems, the tracing of relevant
material is not always a straightforward task. Much data is only available as
supplementary material and some is obscured. The systematic analysis and
correlation of structural data should serve to highlight both areas of interest and
those requiring more investigation.
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