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Copper(ll) perchlorate and (PhCONH)P(O)(OH), (Hzbpa) react in
methanol to yield [Cu(Hbpa),], a novel layered solid that displays
several interesting features. Unlike the previously reported copper
phosphonates, a rare hexacoordination around the metal is
observed in the title compound because of the amide C=0
coordination to Cu in addition to the phosphoramidate P-O
coordination. The six-membered chelate rings present in the title
compound are made up of five different elements (Cu, P, C, N,
and 0).

The chemistry of metal phosphonates, [RF]) has been

structural similarities toA and B but also incorporates
additional functions between P and the phenyl ring.
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Although Hbpa ) has been known in the literature for
almost a century nowits preparation (in the free acid form)
and characterization have been nontrivial, which appears to
be the reason for the absence of any attempts to study its

a well-investigated area since the 1970s because of applicaligation capabilities. This is surprising because of the fact
tion of these layered compounds in ion-exchange, catalysis,that, apart from possessing the ust&O;H; functionality,

chemical-sensing, and electrooptics proce$3é® structure

H.bpa also integrates an<€Q)NH linkage that could further

and properties of these hybrid materials, which integrate Stabilize the resultant complex either by additional coordina-
organic and inorganic characteristics within a single extendedtion to the metal or by hydrogen-bonding interactions.

framework, can often be modified by incorporation of

Continuing our studies on metal phosphdt@s,order to

additional functions such as hydroxy, amino, carboxylate, €xploit the utility of Hbpa in the synthesis of new layered

and pyridyl in the R groupg.While most of these functional

solids, we have investigated its reaction chemistry with Cu

groups are appended to the 4 position of the phenyl groupsalts in the present study. Thus, the reaction of copper(ll)

of an arylphosphonic acidA(® or at the end of an alkyl
substituent, e.g., C}€H,NH; or CH,N(CH,COOH),* in-

perchlorate with kbpa in a 1:1 molar ratio in methanol
proceeds smoothly withi2 h and produces [Cu(Hbphj1)

troduction of functionalities between P and the phenyl ring as a pale-blue precipitate. Removal of this precipitate by
or the aliphatic C is largely unknown, except the case of filtration followed by leaving the clear dilute filtrate for

[(PhO)PQH;] (B). In case ofB, the extra O significantly

crystallization produces X-ray diffraction quality single

modifies the overall reactivity but does not contribute to crystals ofl (Scheme 1J.

additional bonding interactiortdn contrastN-benzoylphos-

phoramidic acid (Kbpa,C) is a molecule that not only has
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Compound1 is characterized by elemental analysis,
thermal analysis [thermogravimetric analysis/differential
scanning calorimetry (TGA/DSC)], spectroscopy [IR and
electron paramagnetic resonance (EPR)], and X-ray diffrac-
tion (powder and single crystal). The crystallized sample of
lis insoluble in water, methanol, and other common organic
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Scheme 1. Synthesis ofl
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solvents, although the compound melts at2230°C. The
elemental analysis values suggest that the metal is surrounded
by just two Hbpa anions and no other additional ligands o L ORTEP ation of th ; Liselected bond
. igure 1. representation o € repeating uniL.ixelecte on
(such.as water). .IR spectrpscopy confirms the absenge .ofdistances [A] and angles [deg]: CuD1 1.934(1), CUO5 1.927(1),
coordinated or lattice water in the complex. The characteristic cu1-04 1.965(1), Cu+08 1.962(1), Cut 02 2.458(8), Cu+-O6 2.546-

absorptions at 3318 (sharp) and 1608 €éronfirm that the (9), P1-01 1.503(1), P+0O2 1.484(1), P+03 1.560(1), PEN1 1.697-

— - : : ; (2), P2-05 1.506(1), P206 1.482(1), P207 1.557(2), P2N2 1.702(2),
N—H and C=O groups of the ligand are intact in the 3" 5, 1 %452) 808 1.248(2): O Cul-O5 179.91(6), O4Cul—
complex. The presence of absorption at 2332 tdue to 08 1771.6(6), 02-Cul-06 178.37(1), O5Cul-08 92.48(5), Ot

the free G-H group (on P) indicates that thexlbpa ligand Cul-08 87.46(5), 04 Cul-05 88.44(5), 0+Cul-04 91.61(5).

is not completely deprotonated in Three lines correspond- ) ) )

ing to all threeg components are observegh & 2.2: g, = The Six Cu-O bonds around Cu irl fa_ll into two

2.1;gs = 2.0) in the EPR spectrum of crystallidgecorded ~ catogeries. The four short €© bonds arise from the

at both 298 and 77 K. chelation by two [PhCONHP(O)(OH)O]ligands, which
To unambiguously establish the mode of binding of Hbpa bind the metal through the phosphoryt @xygen as vyell

to Cu and also to unravel the role played byG and N-H as the &0 group. The resultant CtO—P—N—-C—O six-

groups, a single-crystal X-ray diffraction study was carried Membered rings contain five different elements (Cu, P, N,

out® The powder X-ray diffraction of the bulk sample of € @nd O), which is uncommon in inorganic ring systems.

matches with the simulated diffraction pattern from the he Pis-chelation of Hbpa ihas a similarity to the binding

single-crystal diffraction data. The repeating unit, which Of A-diketonate ligands to Cu in complexes that display

represents the asymmetric part of the unit cell, is shown in Square-planar geometty.The two longer CerO bonds

Figure 1. The Cu ion irl is hexacoordinated, unlike the [CU1~02 2.458(8) A; Cul-O6 2.546(9) A] on the axial

previously reported layered copper phosphonates [RRP ;ites, V\{h?Ch complete the octahedral geometry arom_md Cu
(OH,)] (R = methyl, ethyl, allyl, and phenyl), which contain in 1, originate from the phosphoryl group of the adjacent

pentacoordinated C-12 In fact, the layered copper phos- CU(HPbpa} units. Thus, each #pa ligand functions as a
phonates formed by 1,4-phenylenebis(phosphonic acid) andchelatmg p|der_1tate ligand to the first Cu and. asa monodgn—
1,3,5-benzenetriphosphonic acid also contain pentacoordi-t€ Pridging ligand to the second Cu, which, in turn, is

nated Cu in a square-pyramidal coordination environrient. responsible for the formation of tetrameric building blocks.
These tetrameric blocks are tiled in thle plane to result in

(8) To a stirred solution of bbpa (0.201 g, 1.0 mmol) in methyl alcohol @ two-dimensional sheet.

(30 rBL_) was %dttied Q?ﬁaaquolippplerﬁtl)blperchllortate (0.37?_ g,dl-? The two-dimensional sheets shown in Figure 2 stack along
mmol) in one shot, and the resulting light-blue solution was stirred a . . .

room temperature for 2 h, during which time a blue precipitaté of the ¢ axis (One over another m a Staggere_d fashlon) _tO
is formed. The reaction mixture was filtered, and the clear blue solution produce a layered structure that is shown in Figure 3. Unlike
was kept at room temperature for crystallization. Blue crystals of [Cu- ; ; ;

(Hbpay]n X-ray diffraction qualty appeared after 2 days. Combined in the previously descrlbe.d Iayered metal phosphonates
yield of precipitate and crystals: 90%. Mp: 23820°C. Anal. Calcd formed by phenylphosphonic acid where only weak van der
for Cu1CulOP, (M. ,362-23)3|RC(’K§-2§%.H13 C?:'L%L(l;s)N’Z:%gLL Waals interactions were found between the lay&$ar—n

(m), 1608(s), 1571(s), 1509(s), 1478(s), 1300(s), 1184(s), 1068(s), 953- stacking of phenyl rings from adjacent layers is observed in

(s), 7%02(W), 5021(:\[N)/4298K2:0 1.84ug. EPR: averagg factor= 2.1, 1. Because of this, the interlayer distanceliis only 10.46
=220 =21g=20 i i

©) Clrystal data for [Cj(pr C14H1.CUN,O8P5, monoclinic, space A (half of the _Iength of thec axis), although the th|ckness
groupP2i/n, a = 9.296(2) A,b = 8.905(2) A,c = 21.031(3) A8 = of each layer is 15.51 A. In contrast, the layer thickness as

92.14(1},V=1739.8(5) B, Z= 4,d.= 1.770 mg m3, . = 0.710 73 i i ;
A, 1= 1.487 mmL. 16 796 reflections, 5671 UniqUBL — 0.0303), well as_ the mtcj&rlayer distance in the_ case of [Cu(P_i)PO
R1= 0.0324, wR2= 0.0787 [ > 20(1)]. (H20)] is 14.0 A, where nor—ax stacking of phenyl rings

(10) (a) Zhang Y.; Clearfield, Ainorg. Chem.1992, 31, 2821-2826. (b) from the adjacent layers is obsen@8The z—x stacking
Le Bideau, J.; Bujoli, B.; Jouanneaux, A.; Payen, C.; Palvadeau, P.;

Rouxel, J.inorg. Chem1993 32, 46174620, of phenyl rings in the case df has been made possible
(11) (a) Houttemane, C.; Boivin, J. C.; Thomas, D. J.; Wozniak, M.;

Nowogrocki, G.Acta Crystallogr., Sect. B979 B35 2033-2037. (14) Lenain, S. S.; Gleizes, Anorg. Chim. Actal993 211, 67—75. (b)

(b) Menaa, B.; Kariuki, B. M.; Shannon, |. Blew J. Chem2002 26, Chen, B.; Fronczek, F. R.; Maverick, A. \€hem. Commur2003

906—-909. 2166-2167. (c) Silvernail, C. M.; Yap, G.; Sommer, R. D.; Rheingold,
(12) (a) Le Bideau, J.; Payen, C.; Palvadeau, P.; BujolinBrg. Chem A. L.; Day, V. W.; Belot, J. A.Polyhedron2001, 20, 3113-3117.

1994 33, 4885-4890. (b) Drumel, S.; Janvier, P.; Bujoli-Doeuff, M.; (d) Higashiya, S.; Banger, K. K.; Ngo, S. C.; Lim, P. N.; Toscano, P.

Bujoli, B. Inorg. Chem 1996 35, 5786-5790. (c) Zhang, Y.; Scott, J.; Welch, J. Tlnorg. Chim. Acta2003 351, 291—-304.

K. J.; Clearfield, A.Chem. Mater1993 5, 495-499. (15) Salami, T. O.; Fan, X.; Zavalij, P. Y.; Oliver, S. R.[alton Trans.
(13) Poojary, D. M.; Zhang, B.; Bellinghausen, P.; Clearfield,Idorg. 2006 1574-1578. Cao, G.; Lee, H.; Lynch, V. M.; Mallouk, T. E.

Chem.1996 35, 4942-4949. Kong, D.; Zon, J.; McBee, J.; Clearfield, Inorg. Chem1988 27, 2781-2785. Cao, G.; Lynch, V. M.; Yacullo,

A. Inorg. Chem.2006 45, 977-986. L. N. Chem. Mater1993 5, 1000-1006.

Inorganic Chemistry, Vol. 45, No. 23, 2006 9155



COMMUNICATION

stacking. The presence of free-PH and N—H groups in

the layers results in hydrogen-bonding interactions (details
in the Supporting Information), which along with—x
stacking renders the layers more compact and, hence, results
in a large crystal density.

TGA of 1 reveals no weight loss up to 20C due to the
absence of any coordinated or lattice water in the compound.
A total of 2 equiv of benzamide is lost in the temperature
range 2006-400 °C to yield the metaphosphate Cu(§£)
which remains stable at least until 80@. After this
temperature, another weight loss is observed presumably
because of the loss of,0s to form pyrophosphate. It is
interesting to note that the first weight loss onsets almost
near the melting point of. The powder X-ray diffraction
pattern of the pyrolyzed sample at 600 matches well with
that of Cu(PQ),, further supporting the TGA studies.

The magnetic susceptibility data at 2& vyield the
magnetic moment of 1.84g, which is close to the spin-

Figure 2. Two-dimensional sheet structure formed by a bridging Hbpa only magnetic moment value; no apparent magnetic coupling
ligand as viewed down the axis. The H atoms are omitted for clarity. is observed between the Cu ions once again because of the
large metat-metal distances.

In summary, we have presented a new type of a metal
phosphorus acid based layered solid involvihgben-
zoylphosphoramidic acid. The presence of a CONH group
between P and the aryl ring facilitates the formation of
hexacoordinated Cu ions unlike the pentacoordination ob-
served for Cu in methyl and phenyl phosphonates. The amide
linkage is also responsible for several structural peculiarities
in 1 compared to the parent phosphonates including short
interlayer spacing. It would be interesting to investigate the
strength of the longer CtO bonds inl through intercalation
studies involving long alkyl chain amines and also to explore
the possibility of breaking the—u interactions and increas-
ing the interlayer distances. The use of other metal ions and
different stoichiometries of Hbpa could lead to other
interesting possibilities. We are currently investigating these

aspects.
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