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C4N3OH;-Zn(H,0)HPOy, built up from 4-rings of ZnO,(H,O)N and
HPO, tetrahedra, is the first neutral, molecular, zincophosphate
cluster. The unit-cell packing involves numerous O—-H---O and
N-H---O hydrogen bonds and sz--+sr stacking interactions. Crystal
data: C4N3OH;+Zn(H;0)HPO,, M, = 292.49, triclinic, P1 (No. 2),
a = 9.2956(5) A, b = 11.2077(6) A, ¢ = 19.8319(12) A, o =
80.314(1)°, B = 78.829(1)°, v = 89.241(1)°, V = 1997.7(2) A3,
Z=4.

The title compound was prepared from a mixture of 0.814
g (10 mmol) of ZnO, 20 mL 61 M (20 mmol) HPO,, and
2.262 g (20 mmol) of creatinine (starting pH 1). These
components were shaken together in a polypropylene bottle
and left at room temperature for 72 h. Product recovery by
vacuum filtration resulted in 0.987 g of chunky plates of
the title compound (yield based on 2n34%). The synthesis
is easily reproducible and can be carried out at various
temperatures.

An X-ray powder pattern (Bruker D8 diffractometer, Cu

A large number of organically templated zincophosphates Ka: radiation,l = 1.5418 A) of well-ground crystals of 8i5-

(ZnPQO’s) have now been reportédlhe organic entity,

OH7-Zn(HO)HPQ, showed sharp peaks and was in good

usually a protonated amine cation, is especially important agreement with a simulation of the single-crystal structure,

in promoting the formation of new types of networks,
although more exotic species have also been #is&d.

indicating phase purity. The infrared spectrum (KBr pellet
method) was consistent with the crystal structure and

fundamental way to classify the resulting phases is in termsindicated the presence of H bondih@GA (ramp at 5°C/

of the dimensionality of the inorganic component of the

min in air) showed weight loss/thermal events at 2280

structure, as clusters, chains, layers, or infinite, three- °C (—6.1%; endothermic), 285600 °C (—26.4%; several

dimensional network%Zero-dimensional” clusters are the

exotherms), and 608885 °C (—15.8%; exothermic). The

rarest type of ZnPO, with only two examples reported so first of these can be ascribed to water loss (calcd 6.2%), and

far. The phases N(CH-Zn(HPQy)s* and GNzHigZn(HPQ)-
(H2PQy),° contain similar inorganic groupings consisting of
a central 4-ring of alternating Zn@nd (H/H)PQ, tetrahedra

the overall weight loss of 48.2% is in good accord with the
calculated loss of 48.1% for the transformation gNgOH-*
Zn(HO)HPQ, to %,Zn,P,0; and gaseous products.

with additional, terminal, (di)hydrogen phosphate moieties  The crystal structufeof C;NsOH;Zn(H,0)HPQ; contains
attached to Zn. In each case, the anionic cluster is chargegg non-H atoms in the asymmetric unit, corresponding to
balanced by the organic cation. Interestingly, the cluster yyo crystallographically distinct [§NsOH;-Zn(H,0)HPQy»
charge {1 and—2, respectively) differs for these phases. cjysters (Figure 1). Each of the four zinc atoms is tetrahe-
In this communication we report the synthesis, crystal grally coordinated to two O atoms bridging to P, a water
structure, and some properties of creatinine zinc phosphatemolecule, and an N atom of the creatinine molecule. As this

hydrate, GN3;OHzZn(H,O)HPQ,. This novel cluster is
neutral and contains direct ZMN (zinc to template) bonds’

It is the first example of a creatinine-templated inorganic
network.
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Figure 2. Unit-cell packing in GN3OH7-Zn(H,O)HPQ, with the ZnQ-
Figure 1. Asymmetric unit of GN3OHz-Zn(H,O)HPQ; (50% thermal (H20)N and HPQ groups represented by mustard and purple tetrahedra,
ellipsoids) with hydrogen bonds indicated by dashed lines. respectively. View direction: approximately [100].

ligand, rather than a templatéThe Zn—N bonds fl,, =

1.998(2) A] are distinctly longer than the Z0® [da =

1.925(2) A] and Zr-OH; links [da, = 1.962(2) A]. The four

distinct tetrahedral P atoms each make two links to Zn via

O and possess two terminat-® vertices, one each of which

is protonated d.(P—0O) = 1.527(2) A]. The variation in

individual P-OH bond lengths [e.g., PA03 1.576(3) A;

P2—08 1.550(3) A] can perhaps be correlated with inter-

cluster H bonding in this phase (see below). The eight Figure 3. *3C MAS NMR spectrum of GNsOHz-Zn(H:0)HPQ..

bridging O atoms have an average-ZD—P bond angle of

137.3. which the clusters form distinct sheets arrayed in the (010)
The four creatinine molecules have typical geometrical Plane. The planes of the organic moieties are all arrayed

parameteré! and their non-H atoms are essentially planar. foughly normal to [110], and there are possibly pseudo

The crystal structure study clearly shows the terminal N 7= like interaction$ between adjacent molecules, as

atoms (N2, N5, N8, and N11) to be doubly protonated:; thus rgflecf[ed in close €3.7 A) intermolecular contacts in this

this species is neutral, in accordance with the charge-direction.

balancing criterion. The occurrence of a neutral template/ Itis notable that the two clusters possess distinctly different

ligand in ZnPO’s is very unusual, with the recently reported intramolecular H bonding schemes. In particular, in the

layered phase (BlHs)s*ZnyPs011(OH) [C3NzH, = imida- cluster containing Zn1, there are two—M+--O links to

zole], which contains both Zné®™ and ZnQN, tetrahedra, acceptor O atoms participating in Z©—P bridges (02 and

apparently representing the only other examiple. 05), whereas in the Zn3 cluster, one of the-N---O
The linkage of the tetrahedra inzOH;-Zn(H,0)HPQ, acceptor species (atom 019) is a terminalH vertex.

results in simple, but novel, isolated 4-ring clusters consisting Despite this, there is no significant difference in the rather

of alternating Zn@H,0)N and HPQ building blocks. A acute intramolecular NH---O bond angles (all lying be-

similar entity (but with O-P moieties replacing the N and tween 152 and 154), nor do the Zr-O—P bond angles

OH, units) occurs in the anionic ZnPO clusters noted above. Show any obvious correlation with their H bonding roles.

Interestingly, a 4-ring unit of alternating Zn@nd PQ nodes The 3P CP MAS NMR spectrum of f;OH7-Zn(H,0)-

has been propos&das the “primary building unit” in HPO, showed four overlapped resonances of approximately

ZnPO’s, and this represents an unusual variation on thisequal intensity ay = —1.49, —2.15, —2.67, and—3.10

motif. (external standard 85%3RQy), which is consistent with the
Hydrogen bonding appears to be a key factor in defining crystal structure results (four independent P atoms in similar

the molecular packing, and numerous interclustetN:-O chemical environments). Simil&P chemical shifts have

and O-H--O links are present, the latter arising from both been seen in other zincophosphdfeThe 3C CP MAS
P—OH groups and the water molecules bound to Zn. These NMR spectrum (Figure 3) showed four resonances of roughly
interactions help to define a crystal structure (Figure 2) in equal intensity a = 182.5 (doublet), 164.8 (broad), 55.4
(broad doublet), and 30.5 (doublet) (standard,$Mg ac-
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chemical shift calculation¥,we attribute these four signals  parison} CsNzH1g:Zn(HPQ)(H.PQy), showed a facile trans-

to the carbonyl (e.g., C4 in Figure 1), guanidinium-like (C1), formation to a new layered structure under similar conditions,
methylene (C3), and terminal methyl (C2) carbon atoms, in accordance with the aufbau transformation principle of
respectively. The calculated chemical shifts are 190,120 open-framework structurés.

160 (uncertain), 56.2, and 30.4 ppm, respectively. The crystal . )
structure indicates that there are four distinct carbon atoms _ Acknowledgment. We thank Jim Marr for assistance and
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