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A reação en tre o ligante (2-hidroxibenzil)(2-metilpiridil) amina (Hbpa) e Zn(OAc)2.2H2O
(estequiometria 2:1), em solução metanólica, rendeu cristais incolores de [Zn(bpa)2]. A
estrutura cristalina do complexo foi determinada por difração de raios-X, no sistema cristalino
triclínico, grupo espacial P 1 (No. 2) e dimensões de cela a = 9,504(1), b = 11,984(1) c =
11,966(1)Å, α = 79,36(2), β = 89,18(2),  γ = 78,95(2)o , V = 1314,2(2) Å3, Z = 2, Dcalc = 1,334
Mg m-3, λ(MoKα) = 0,71073 Å, µ = 0,991 mm-1, F(000) = 552, T = 296 K, R = 7,1% (Rw =
11,0%), com 4846 reflexões medidas, 3247 reflexões observadas com I > 3σ(I) e 326
parâmetros refinados. A geometria de coordenação em torno do Zn(II) é pseudo-octaédrica
com as unidades tripodais do ligante (bpa-) coordenadas facialmente. Segundo nosso
conhecimento, [Zn(bpa)2].2H2O representa o primeiro exemplo estrutural de um complexo
octaédrico de Zn2+ que contém fenolato na sua esfera de coordenação.

The re ac tion be tween (2-hydroxybenzyl)(2-pyridylmethyl) amine (Hbpa) and
Zn(OAc)2.2H2O (2:1) in a methanolic me dium gave col or less crys tals of [Zn(bpa)2].2H2O.
The crys tal struc ture of the com plex was de ter mined by X-ray dif frac tion in the triclinic crys tal
sys tem, space group P 1 (No. 2), and cell di men sions a = 9.504(1), b = 11.984(1), c = 11.966(1)
Å, α = 79.36(2), β = 89.18(2), γ = 78.95(2)o , V = 1314.2(2) Å3, Z = 2, Dcalc = 1.334 Mg m-3,
λ(MoKα) = 0.71073 Å, µ = 0.991 mm-1, F(000) = 552, T = 296 K, and R = 7.1% (Rw = 11.0%),
with 4846 mea sured re flec tions and 3247 ob served re flec tions with I > 3σ(I) and 326 re fined
pa ram e ters. The co or di na tion en vi ron ment around the Zn(II) ion is pseudo-octahedral, with the 
tri po dal units of bpa- co or di nated in a fa cial ar range ment. To the best of our knowl edge,
[Zn(bpa)2].2H2O is the first struc tural ex am ple of an oc ta he dral Zn2+ com plex which con tains
phenolate in its co or di na tion sphere.
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In tro duc tion
It is well known that zinc plays an im por tant role in

many bi o log i cal pro cesses1. It is now ev i dent that zinc is es -
sen tial for the nor mal growth and de vel op ment of all liv ing
mat ter, but, re mark ably, this uni ver sal re quire ment has
been un ap pre ci ated un til quite re cently1c . Par tic u larly of
in ter est, are the extracellular zinc en zymes which are in -
volved in hydrolytic pro cesses. Astacin, a di ges tive
zinc-endopeptidase from the craw fish Astacus astacus L.2

rep re sents the pro to type for the “astacin fam ily”3, which

in cludes mam ma lian metaloendopeptidases4 and de vel op -
men tally reg u lated pro teins of hu mans5, fruitflies6, frogs7

and sea ur chins8. Very re cently, the X-ray crys tal struc ture
of this metalloenzyme was solved and re fined to a crys tal -
lo graphic R-value of 0.162 us ing re flec tions from 10 to 1.8
Å9. The struc ture of the ac tive site re veals that the Zn2+ lies
in a trigonal-bipyramidal co or di na tion en vi ron ment, with
three his ti dines, a wa ter mol e cule, and a re mote ty ro sine as
lig ands9. One histidine ni tro gen and the ty ro sine OH group, 
at dis tances of 2.3 and 2.6 Å from the zinc, re spec tively, are 
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api cally con nected, whereas the other three lig ands are
coplanar with, and 2.1 Å apart from, the cen tral zinc. It is
im por tant to note that astacin rep re sents the first ex am ple
of a zinc en zyme which con tains ty ro sine li gated di rectly to 
the metal cen ter in the ac tive site9. In or der to pro vide
model com pounds for this class of en zymes and sub se quent 
re ac tiv ity and ac tiv ity stud ies, we re port here the syn the sis
and X-ray crys tal struc ture of the [Zn(bpa)2].2H2O com -
plex which con tains the tri po dal Hbpa ligand (Fig. 1), with
phenolate, amine, and pyridine co or di nated to Zn2+. This is
part of our pro gram for the prep a ra tion and char ac ter iza tion 
of metal com plexes with bioinorganic rel e vance10.

Ex per i men tal

Ma te rials

Salicylaldhyde, 2-(aminomethyl)pyridine, and
Zn(OAc)2 .2H2O were ob tained from Aldrich Chem i cal
Co. All other chem i cals and sol vents were re agent grade.

Syn the ses

The ligand (2-hydroxybenzyl)(2-pyridylmethyl) amine 
(Hbpa) was ob tained from a con den sa tion re ac tion of
2-(aminomethyl) pyridine and salicylaldehyde fol lowed by 
a re duc tion with NaBH4 in meth a nol10c. Yield: 65%. Mp =
62 °C (lit. value: 62 °C10c).

[Zn(bpa)
2
].2H

2
O

 
(1)

Zn(OAc)2.2H2O (0.22 g, 1.0 mmol) was added to a so -
lu tion of Hbpa (0.43 g, 2.0 mmol) in 15 mL of meth a nol.
The clear so lu tion was heated to 40 °C and stirred for 10
min at am bi ent at mo sphere. Af ter the so lu tion was cooled
to room tem per a ture, ethylacetate (10 mL) was added, and
in a few days suit able col or less crys tals of 1 for X-ray crys -
tal  log ra phy were ob tained.  Anal .  Calcd.  for
C26H26N4O2Zn.2H2O: C, 59.15; H, 5.73; N, 10.61%.
Found: C, 58.45; H, 6.58; N, 10.48%.

X-ray crys tal log ra phy

A col or less pris matic sin gle crys tal with di men sions
0.20 x 0.30 x 0.70 mm was mounted on a glass fi ber and
used to col lect data on a Nonius CAD-4 diffractometer11

with graph ite-monochromated Mo Kα ra di a tion and ω − 2θ
scan. The unit cell and the ori en ta tion ma trix for the data
col lec tion were ob tained by a least-squares fit of 25 cen -
tered re flec tions (17.56 < θ < 19.57°). The in ten si ties of
three stan dard re flec tions were mea sured ev ery 60 min and

var ied less than 1.2%. The in ten sity data were cor rected for
Lo rentz and po lar iza tion ef fects, but no de cay cor rec tion
was ap plied. A Ψ scan-based em pir i cal ab sorp tion cor rec -
tion was ap plied (trans mis sion fac tors 0.9695 to 0.9997).
The num ber of mea sured re flec tions was 4846 in the range
of -11/11, 0/14, -13/14, with 4608 unique re flec tions, and
3242 were above the sig nif i cance level of 3σ(I). The max i -
mum value of (sin θ)/λ was 0.594 Å-1. Equiv a lent re flec -
tions were merged with Rint = 2.2%. Au to matic peak search 
and in dex ing pro ce dures yielded a triclinic re duced prim i -
tive cell. In spec tion of the Niggli val ues re vealed no con -
ven tional cell of higher sym me try. The in ten sity sta tis tics
were con sis tent with a centrosymmetric space group. We
solved and re fined this struc ture in P1, with two half mol e -
cules in the asym met ric unit be cause the two Zn at oms
were found at in ver sion cen ters.

The struc ture was solved by means of di rect meth -
ods us ing SIR9212 and sub se quent Fou rier dif fer ence syn -
the sis. The struc ture was re fined by full-matrix
least-squares tech niques which min i mized Σw(∆F)2. A
weigh ing scheme of w = 1/[(σ(Fo2) + (0.020*Fo)2 + 1.0]
was used. H at oms were placed in geo met ri cally cal cu lated
po si tions with C-H = 0.95 Å, the aqua H at oms were found
in dif fer ence Fou rier maps and their pa ram e ters were not
in cluded in the re fine ment. Anisotropic dis place ment pa -
ram e ters were used for all non-hydrogen at oms; each H
atom was given an iso tro pic dis place ment pa ram e ter equal
to 1.3 times the equiv a lent iso tro pic dis place ment pa ram e -
ter of the atom to which it is at tached. At the end of the re -
fine ment an iso tro pic ex tinc tion cor rec tion (1 + gIc) was
ap plied to Fc with a co ef fi cient of g = 2.48(1) x 10-7. The
num ber of re fined pa ram e ters was 326, and the fit was
1.739. Re sid ual den si ties of 1.32 and -0.94 e-/ Å3 in the fi -
nal dif fer ence map were found. Ex am i na tion of the struc -
ture with PLATON13 showed no sol vent-accessible voids
in the crys tal lat tice. The fi nal re fine ment gave R = 7.1%,
Rw = 11.0% and all pa ram e ter shifts were less than 0.12 of
the cor re spond ing stan dard de vi a tion. Scat ter ing fac tors
were taken from the In ter na tional Ta bles for X-ray Crys tal -
log ra phy (1974). Cal cu la tions were per formed on a DEC
3000 AXP com puter us ing the MolEN pack age14.

Re sults and Dis cus sion

The Crys tal and Mo lec u lar struc ture of [Zn(bpa)2].2H2O
(1)

The struc ture of com plex 1 con sists of dis crete neu tral
[Zn(bpa)2] units and wa ter mol e cules of crys tal li za tion.
The asym met ric unit con sists of two slightly dif fer ent half
mol e cules, since the whole mol e cules are gen er ated by dis -
tinct in ver sion cen ters. Ta ble 1 re ports the fi nal atomic co -
or di nates, while Fig. 2 shows the ORTEP15 of mol e cule 1
with an atom-numbering scheme. Bond dis tances and bond 
an gles are given in Ta bles 2 and 3, re spec tively.
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Fig ure 1. The ligand Hbpa = (2-hydroxybenzyl)(2-pyridylmethyl)
amine.



The mo lec u lar struc ture of each mol e cule in 1 shows two
deprotonated bpa- lig ands fa cially co or di nated to the Zn2+ ion
through the ni tro gen (amine and pyridine) and ox y gen
(phenolate) do nors. Since the mol e cules pos sess in ver sion cen -
ters, at oms of the same na ture (two Namine, two Npyridine, and
two Ophenolate) must be co or di nated in trans po si tions with re -
spect to each other. The six-membered che late rings (ZnONC3) 
adopt chair con for ma tions with the tor sion an gles
N1-C2-C22-C21 of -67(1)° and N2-C4-C42-C41 of -69(1)°.
The re main ing five-membered rings formed by the
2-pyridylmethyl groups are rigid and de vi ate slightly from pla -
nar ity, with the sum of the in te rior an gles be ing 526° and 527°
for Zn1-N1-C1-C12-N11 and Zn2-N2-C3-C32-N31 rings, re -
spec tively. The an gles N1-Zn1-N11 = 79.7(3)° in mol e cule 1
and N2-Zn2-N31 = 76.4(3)° in mol e cule 2 are sig nif i cantly
smaller than the ideal oc ta he dral an gle of 90° and are a re flec -
tion of the ri gid ity of these five-membered rings. The tor sion
an gles N11-Zn1-N1-C1 = 30.0(6)° and Zn1-N11-C12-C1 =
1.5(9)°, and N31-Zn2-N2-C3 = 31.5(6)° and
Zn2-N31-C32-C3 = 7.6(9)° give us the ex tent of puck er ing in
the outer and in ner re gions of mol e cules 1 and 2, re spec tively.
The Zn-Namine bond lengths of 2.148(8) Å in mol e cule 1 and
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Ta ble 1. Fi nal po si tional pa ram e ters and equiv a lent iso tro pic tem per -
a ture fac tors with e.s.d’s in pa ren the ses.

Atom x y z B(Å2)

Zn1 0.000 1.000 0.0000 2.58(3)

O1 0.1631(7) 0.8526(6) 0.0679(6) 3.5(1)

N1 -0.1539(8) 0.8882(7) 0.0251(7) 3.0(2)

N11 0.0114(8) 0.9425(7) -0.1612(7) 3.1(2)

C1 -0.215(1) 0.8934(9) -0.089(1) 3.8(2)

C2 -0.090(1) 0.7689(8) 0.0795(9) 3.7(2)

C12 -0.104(1) 0.8983(8) -0.1800(9) 3.5(2)

C13 -0.122(1) 0.862(1) -0.2823(9) 4.7(3)

C14 -0.020(2) 0.875(1) -0.3657(9) 5.3(3)

C15 0.093(1) 0.923(1) -0.3457(9) 4.6(3)

C16 0.107(1) 0.9552(9) -0.2428(9) 3.6(2)

C21 0.126(1) 0.8056(8) 0.1705(8) 3.1(2)

C22 -0.000(1) 0.7625(8) 0.1843(9) 3.3(2)

C23 -0.044(1) 0.7184(9) 0.294(1) 4.4(3)

C24 0.039(1) 0.714(1) 0.387(1) 5.2(3)

C25 0.167(1) 0.753(1) 0.374(1) 5.0(3)

C26 0.211(1) 0.7986(9) 0.2676(9) 3.9(2)

Zn2 0.500 0.500 0.0000 2.47(3)

O2 0.4571(7) 0.3411(5) 0.0790(6) 3.4(1)

N2 0.2744(8) 0.5801(6) 0.0101(7) 3.1(2)

N31 0.4078(8) 0.4869(6) -0.1606(7) 3.0(2)

C3 0.221(1) 0.6359(9) -0.1083(9) 3.8(2)

C4 0.191(1) 0.4910(9) 0.063(1) 3.9(2)

C32 0.293(1) 0.5583(8) -0.1924(9) 3.3(2)

C33 0.227(1) 0.575(1) -0.300(1) 4.7(3)

C34 0.295(1) 0.511(1) -0.376(1) 5.1(3)

C35 0.417(2) 0.436(1) -0.3451(9) 5.5(3)

C36 0.482(1) 0.4197(9) -0.2356(9) 4.1(2)

C41 0.383(1) 0.3508(8) 0.1748(9) 3.5(2)

C42 0.255(1) 0.4248(8) 0.1736(9) 3.5(2)

C43 0.184(1) 0.438(1) 0.275(1) 5.8(3)

C44 0.243(2) 0.375(1) 0.377(1) 6.2(3)

C45 0.370(2) 0.300(1) 0.381(1) 7.1(3)

C46 0.446(1) 0.283(1) 0.280(1) 5.0(3)

Ow1 0.4355(8) 0.8483(6) 0.0006(7) 4.7(2)

Ow2 0.4246(9) 0.0562(8) 0.8473(8) 5.7(2)

Anisotropically re fined at oms are given in the form of the iso tro pic
equiv a lent dis place ment pa ram e ter de fined as: (4/3) * [a2*B(1,1) +
b2*B(2,2) + c2*B(3,3) + ab(cos gamma)*B(1,2) + ac(cos
beta)*B(1,3) + bc(cos al pha)*B(2,3)].

Fig ure 2. ORTEP of the mol e cule 1, show ing the atom-labelling
scheme. Dis place ment el lip soids are shown at the 50% prob a bil ity
level and H at oms are omit ted.



2.186(7) Å in mol e cule 2 com pare very well with the cor re -
spond ing dis tances ob served in the centrosymmetric
pseudo-octahedral struc ture of the [ZnL2](PF6)2 com plex (L =
1,4,7-triazacy- clononane), which are in the range of 2.156(5)
to 2.187(5) Å16, while the Zn1-Npyridine = 2.160(8) Å and
Zn2-Npyridine = 2.167(8) Å are in good agree ment with the
Zn-Npyridine bonds (av er age = 2.170 Å de tected in
[Zn(bpy)3](ClO4)2

17. How ever, these dis tances are sig nif i -
cantly lon ger than those ob served in the equa to rial plane
(Cu-Namine = 2.003 Å and Cu-Npyridine = 2.051 Å) of the
[Cu(Hbpa)2]2+ com plex, which has a sim i lar ar range ment of the 
Hbpa ligand around the Cu2+ 18. This may arise from the pres -
ence of cationic spe cies in the Cu2+ com plex, com pared with
the neu tral com plex 1. From this point of view it is con sis tent to
con sider a de crease of elec tron den sity at the Cu2+ cen ter, that
de ter mines an in crease of the Cu-N bond or der, and con se -
quently the short en ing of the Cu-Namine and Cu-Npyridine bond
lengths. It is im por tant to note that the ionic ra dii of Cu2+ and
Zn2+ with Oh sym me try are sim i lar, at 87 and 88 pm, re spec -
tively19. The Zn-Ophenolate bonds in mol e cules 1 and 2 are very

dif fer ent with Zn1-O1 = 2.154(6) Å and Zn2-O2 = 2.076(6),
and are a con se quence of the dis tinct hy dro gen con tacts of the
O1 and O2 at oms. De tails of the hy dro gen bond ing scheme are
in Ta ble 4. The crys tal struc ture is shown in pro jec tion down
the c axis with the hy dro gen bonds (Fig. 3). On the other hand,
these bonds are sig nif i cantly lon ger than those gen er ally found
in the equa to rial plane of trigonal bipyramidal com plexes,
which fall in the range of 1.9-2.0 Å. This un usual struc tural fea -
ture can be ten ta tively ex plained as a re sult of a mu tual trans ef -
fect caused by the phenolate groups which are co or di nated in
trans po si tions with re spect to each other. Un for tu nately, the
lack of struc tural data for oc ta he dral zinc-phenolate com plexes
re strict us from fur ther com par i sons. In deed, to the best of our
knowl edge, [Zn(bpa)2].2H2O is the first struc tural ex am ple of
an oc ta he dral Zn2+ com plex which con tains phenolate in its co -
or di na tion sphere.

Finally, we con clude that some ap pro pri ate syn thetic mod i -
fi ca tions of 1 are nec es sary to ob tain more ad e quate mod els for
astacin. The syn the sis of an a logues of 1 in which one or two
phenolates could be protonated are in prog ress in our lab o ra tory 
and will be the sub ject of fu ture re ports. This has al ready been
achieved with the cor re spond ing cop per com plex18.

Sup ple men tary Ma te rial
The list of ob served and cal cu lated struc tural fac tors,

anisotropic tem per a ture fac tors, and hy dro gen co or di nates
are avail able from the au thors (I.V.) upon re quest.
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Ta ble 2. Bond lengths (Å), with e.s.d’s in pa ren the ses.

Mol e cule 1 Mol e cule 2

Fig ure 3. Packing di a gram viewed down the c axis (a hor i zon tal). Hy -
dro gen bonds are shown by dashed lines. All at oms are rep re sented by
spheres of ar bi trary ra dii.

Zn1            O1          2.154(6)           Zn2           O2         2.076(6)

Zn1            N1          2.148(8)           Zn2           N2         2.186(7)

Zn1            N11        2.160(8)           Zn2           N31       2.167(8)

O1             C21         1.32(1)             O2            C41       1.35(1)

N1             C1          1.47(1)              N2             C3        1.50(1)

N1             C2          1.47(1)              N2             C4        1.50(1)

N11                  C12             1.35(1)                        N31                  C32          1.26(1)

N11                 C16              1.33(1)                        N31                  C36          1.41(1)

C1                     C12              1.51(1)                        C3                      C32          1.56(1)

C2                    C22               1.51(2)                      C4                      C42          1.48(1)

C12          C13         1.40(2)              C32          C33       1.41(2)

C13          C14         1.39(2)             C33           C34       1.37(2)

C14          C15         1.35(2)             C34           C35       1.34(2)

C15          C16         1.37(2)             C35           C36       1.42(2)

C21          C22         1.40(1)             C41           C42       1.36(1)

C21          C26         1.41(2)             C41           C42       1.36(1)

C22          C23         1.41(2)             C42           C43       1.40(2)

C23          C24         1.36(2)             C43           C44       1.38(2)

C24          C25         1.37(2)             C44           C45       1.36(2)

C25          C26         1.39(2)             C45           C46       1.42(2)
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Ta ble 3. Bond an gles (o), with e.s.d’s in pa ren the ses.

                   

Ta ble 4. Hy dro gen-bonding ge om e try (Å,o).

D - H...A D... A D-H H...A D-H...A

Ow1 - H1w1,.O2i 2.64(1) 1.04 1.61 172

Ow1 - H2w1,.O1 2.70(1) 1.00 1.71 167

Ow2 - H1w2,.Ow1ii 2.80(1) 0.98 1.82 173

Ow2 - H2w2,.Ow1iii 2.78(1) 0.98 1.82 168

N1 - H1n,.Ow2iv, 2.99(1) 0.95 2.08 160

N2 - H2n,.O1 3.42(1) 0.95 2.59 146
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88.4(3)
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109.3(5)
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