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The CuI compound [Cu(PTAH)4](NO3)5 (1) {PTAH = N-pro-
tonated form of 1,3,5-triaza-7-phosphaadamantane (PTA)}
was easily prepared by reacting hydrated Cu(NO3)2 and PTA
in aqueous acidic solution at room temperature. Further
treatment of 1 with sodium hydroxide in water led to an un-
protonated PTA derivative [Cu(PTA)4](NO3) (2). Both com-
pounds are water-soluble and air-stable, and were charac-
terized by IR, 1H-, 13C{1H}-, 31P{1H}- and 63Cu NMR spec-
troscopy, FAB-MS(+), elemental and single-crystal X-ray dif-
fraction structural analyses. They exhibit a nearly regular tet-
rahedral coordination environment about each copper centre

Introduction
The coordination chemistry of the aqua-soluble phos-

phane 1,3,5-triaza-7-phosphaadamantane (PTA) and de-
rived species has received increased attention in recent
years.[1] This is mainly due to the good solubility of transi-
tion-metal PTA complexes in water, thus making possible
their efficient application in aqueous phase catalysis,[2] as
water-soluble antitumor agents[1,3] and as photoluminescent
materials.[1,4] In particular, one of us has reported that Rh
and Ru complexes with PTA or its N-alkylated derivatives
are catalysts for the hydrogenation, hydroformylation and
isomerization of alkenes.[5]

However, although a large variety of copper phosphane
complexes has been reported,[6] known water-soluble exam-
ples remain rather scarce and include compounds with, for
example, tris(m-sulfonatophenyl)phosphane,[7a] tris(hy-
droxymethyl)phosphane,[7b] tris(m-tolyl)phosphane[7c] and
tris(p-fluorophenyl)phosphane[7c] [the aqua solubility of the
last two examples should arise from the other ligands such
as dihydrobis(3-nitro-1,2,4-triazol-1-yl)borate]. Moreover,
the Cu–PTA chemistry is virtually unknown;[1] only one
study reported the formation of [CunSm(PTA)]– (n = 1, 2, 4
and 5; m = 2–4) species in the gas phase under the Fourier
transform ion cyclotron resonance (FTICR) mass spec-
trometry conditions,[8] whereas there are no examples of iso-
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filled by the phosphorus atoms of the four PTAH/PTA moie-
ties, which show distinct and unusual geometrical arrange-
ments if viewed along the P–Cu bonds. The 31P{1H}- and
63Cu NMR spectra of 2 in D2O solution show spin coupling
between the 31P and 63Cu nuclei at room temperature. These
compounds represent the first examples of Cu complexes
bearing PTA or any derived ligand with a cagelike PTA core
and expand the restricted family of aqua-soluble copper
phosphane complexes.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

lated copper complexes with PTA or its derivatives. In con-
trast, more than 100 complexes with a cagelike PTA core
and with other transition metals have already been synthe-
sized[1,3–5,9] and structurally characterized.[6]

By extending PTA coordination chemistry to our recent
studies on the synthesis of water-soluble Cu complexes with
other ligands (which catalyze the mild functionalization of
alkanes),[10] we now report the easy synthesis of the new
aqua-soluble CuI–PTA compounds [Cu(PTAH)4](NO3)5 (1)
and [Cu(PTA)4](NO3) (2). They constitute, as far as we are
aware of, the first isolated examples of copper complexes
bearing PTA or any derived ligand with a cagelike PTA
core. They were characterized by IR, 1H-, 13C{1H}-,
31P{1H}- and 63Cu NMR spectroscopy, FAB-MS(+), ele-
mental and single-crystal X-ray diffraction structural analy-
ses.

Results and Discussion

Synthesis and Spectroscopic Characterization

Addition of an excess of PTA to an acidic aqueous solu-
tion of CuII nitrate provided the formation, at room tem-
perature and in air, of the cationic CuI complex [Cu-
(PTAH)4](NO3)5 (1) by a redox process resulting in the re-
duction of CuII to CuI and partial oxidation of PTA to the
corresponding phosphane oxide (Scheme 1, a), which was
identified by 31P{1H} NMR spectroscopic data of the reac-
tion mixture and by the unit-cell parameters of isolated sin-
gle crystals measured by X-ray diffraction which are in
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agreement with those already reported.[11] This correlates
with the previously described[12] ability of PTA to act as a
reductant and to stabilize low-oxidation metal states, thus
leading to the synthesis of, for example, Pt0, Pd0, Ni0 and
RuII PTA complexes starting from the corresponding met-
al(II/III) chlorides.[5a,12] Compound 1 was further precipi-
tated by addition of EtOH to the reaction mixture, and it
was isolated as a white microcrystalline solid in 92% yield,
based on CuII nitrate. Further treatment of 1 with 4 equiv.
sodium hydroxide in water at room temperature (Scheme 1,
b) led to the formation of the unprotonated derivative
[Cu(PTA)4](NO3) (2), which was isolated, upon recrystalli-
zation from MeOH, in 57% yield as a white microcrystal-
line solid. Compound 2 was also obtained directly (83%
yield) from CuII nitrate upon reaction with an excess of
PTA in refluxing EtOH (Scheme 1, c). Moreover, proton-
ation of 2 led to 1, thus showing the reversibility of their
interconversion. Both compounds 1 and 2 are air-stable sol-
ids, which are soluble and stable in water (S25 °C ≈ 6 and
64 mgmL–1, respectively) and in DMSO solutions.

Scheme 1.

The IR spectra of 1 and 2 (KBr pellet) show a set of
vibrations typical of coordinated PTAH/PTA, as well as
broad and strong bands (1382 and 1363 cm–1, respectively)
due to the nitrate ions. The complex molecular ion with
four unprotonated PTA ligands, [Cu(PTA)4]+, is clearly ob-
served at m/z = 691 with the expected isotopic pattern in
the FAB-MS(+) spectra of both compounds 1 and 2,
whereas the heaviest detected fragment (m/z = 816)
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[Cu(PTA)4 + 2Cu – 3H]+ results from coupling of the mo-
lecular ion with two copper ions. Other typical peaks corre-
spond to the stepwise fragmentations by loss of one to four
PTA ligands, followed in 1 by the recombination of ob-
tained species with Cu+.

The 1H NMR spectra of both compounds, recorded in
D2O solution, show two types of methylene protons. Hence,
the PCH2N protons occur as a doublet at δ = 4.2 ppm
(2JP–H = 4.8 Hz) and as a broad singlet at δ = 4.1 ppm in 1
and 2, respectively, while the AB spin system due to the
NCHaxN and NCHeqN protons[13] is centred at δ ≈ 4.8 ppm
(2JAB = 7.0 Hz) (for 1) and 4.6 ppm (2JAB = 13.5 Hz) (for
2). Their 13C{1H} NMR spectra are similar, presenting two
broad singlets at δ ca. 74 and 53 ppm, assigned to the
NCH2N and PCH2N carbon nuclei, respectively. The
31P{1H} NMR spectrum of 1, in D2O, exhibits a broad sin-
glet at δ = –82.5 ppm (Figure 1, a) which, on addition of an
excess of free PTA or PTAH, shifts upfield (see parts a and
c, respectively, in Figure 1) without observing a distinct res-
onance of the free phosphane ligand, which is consistent
with fast exchange of coordinated and free phosphane li-
gands.

Figure 1. 31P{1H} NMR spectra of 1 in D2O solution: (a) standard
spectrum; (b, c) with an excess of added PTA (b) or PTAH (c); (d)
at pH = 8.0 (after addition of NaOH, with formation of 2).

The 31P{1H} NMR spectrum of 2 displays a 1:1:1:1
quartet at δ = –78.2 ppm (1JP–Cu = 761 Hz) (Figure 1, d)
which, in contrast to 1, does not show appreciable change
upon addition of an excess of free PTA; the spectrum is
maintained with the appearance of the singlet of free PTA
at δ = –95.0 ppm. This indicates that the mentioned fast
phosphane exchange is not detected in the case of 2, and
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the 31P–63Cu spin coupling (63Cu and 65Cu, I = 3/2) is ob-
served. In agreement, the 63Cu NMR spectrum of 2 (Fig-
ure 2) shows a 1:4:6:4:1 quintet, with the same 1JP–Cu at δ
= 181.5 ppm (relative to [Cu(MeCN)4][PF6]), although no
63Cu resonance was detected in the case of 1, even upon
long acquisition time.

Figure 2. 63Cu NMR spectrum of 2 in D2O (or 1 after addition of
NaOH).

Hence in our systems, protonation of PTA appears to
have a marked effect on the rate of that dynamic process in
solution and/or on the quadrupolar relaxation of the Cu
nuclei in the 63Cu NMR spectroscopy.[14] The significance
of distortion from the regular tetrahedral geometry in the
solid state[14–16] cannot be ascribed in our case, namely in
view of the fluxional behaviour in solution. The effect of the
phosphane Tolman cone angle also cannot be recognized in
our study since PTA and PTAH are expected to have sim-
ilar values of the cone angle (103° for PTA[1,17] is a relatively
small value in comparison with those of common organ-
ophosphane ligands). This differs from other systems for
which the type of 31P{1H} NMR spectrum was associated
with the Tolman angle. For example, as for complex 1 (in
spite of its small PTAH cone angle), a broad singlet was
observed in the 31P{1H} NMR spectrum (without reporting
any 63Cu NMR signal) of [Cu(PPh3)4][BF4][15] bearing a
phosphane ligand with a cone angle higher than 136°.
However, for [CuL4][PF6] (L = PMe3, PMe2Ph, PPh2H,
PPhH2)[15] and [Cu{P(CH2OH)3}3{P(CH2OH)2-
(CH2O–)}],[7b] which also have a distorted geometry of the
metal centres but bear phosphane ligands with the Tolman
cone angle lower than 136° (as in complex 1), the character-
istic quartet due to the coupling with copper (as in complex
2 but not in 1) was detected. The chemical shift (δ =
181.5 ppm) observed in the 63Cu NMR spectrum of 2 is
comparable to those reported for other tetrahedral CuI

complexes, for example, [Cu(PMePh2)4][BF4] (δ =
192 ppm),[15] while 1JP–Cu (761 Hz) is also close to the val-
ues of 796 and 785 Hz found for [Cu(PMe3)4][PF6] and
[Cu(PMe2Ph)4][PF6], respectively, although at different
chemical shifts (i.e., δ = 287 and 265 ppm, respectively).[15]

Interestingly, upon changing the pH of the aqueous solu-
tion of 1 to a slightly basic value (i.e., pH ≈ 8 after addition
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of NaOH), one observes in the 31P{1H} NMR spectrum
the conversion of the singlet (Figure 1, a) to the 1:1:1:1
quartet of 2 (Figure 1, d), in agreement with the deproton-
ation of 1 to afford 2 (Scheme 1, b). A corresponding fea-
ture is revealed by the 63Cu NMR spectrum (Figure 2)
which shows the appearance of the 1:4:6:4:1 quintet of 2.
The conversion of 1 into 2 can also be monitored by 1H
NMR spectroscopy which displays an upfield shift of the
NCH2N protons.

Elemental analyses agree with the proposed formulations
of 1 and 2 which are authenticated by single-crystal X-ray
diffraction studies, as discussed now.

X-ray Crystal Structures

The asymmetric unit of 1 consists of the [Cu(PTAH)4]5+

cation bearing a +5 charge (due to the protonated character
of all the phosphane ligands), which is balanced by five
nitrate ions. A thermal ellipsoid plot of the cationic part of
1 is depicted in part (a) of Figure 3. The nearly tetrahedral
coordination environment about the copper centre is filled
by four phosphorus atoms with the corresponding P–Cu–P

Figure 3. Thermal ellipsoid plots of the cationic parts of 1 (a) and
2 (b) with a partial labelling scheme. The methylene hydrogen
atoms are omitted for clarity. Displacement ellipsoids are drawn at
the 50% probability level. Hydrogen atoms are represented by
circles of arbitrary radii.
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angles ranging from 108.14(3) to 111.21(3)° [the average
value of 109.46(3)° is very close to that of a regular tetrahe-
dron], with an average P···P separation of ca. 3.752 Å. The
Cu–P bonds display almost equal, within 3σ, distances [i.e.,
2.298(1) Å, average value] (Table 1) which correlate with
those reported for other CuI complexes bearing four mono-
dentate phosphane ligands, for example, [Cu{P(CH2-
OH)3}3{P(CH2OH)2(CH2O–)}],[7b] [Cu(PMe3)4]X {X =
Cl,[18] Br,[18] I,[18] [CuCl2]– [19] or [CuMe2]– [20]} and
[Cu{PH2(mes)}4][PF6] (mes = mesityl).[21] In 1, all the 1,3,5-
triaza-7-phosphaadamantane ligands possess a similar ge-
ometry and are protonated at one of the nitrogen atoms
(i.e., N11, N22, N33 and N43) of each PTAH moiety (Fig-
ure 3, a), thus resulting in a slight elongation of the (H)N–
C bonds [1.519(4) Å, average value] relative to other N–C
distances [1.463(4) Å, average value] concerning the unpro-
tonated nitrogen atoms (Table 1). Similar features of the
(H)N–C bond elongation were reported for other transi-
tion-metal complexes with PTAH ligands.[22] Each NH pro-
ton of 1 is further involved in two hydrogen-bonding con-
tacts with nitrate ions, with N···O distances ranging from
2.795(3) to 3.103(3) Å [2.940(3) Å, average value] and N–
H···O angles from 122(2) to 177(2)° [142(3)°, average value]
(Figure 4). In general, most of the bonding parameters do
not significantly differ from the expected values found for
related tetrahedral-type transition-metal PTAH/PTA com-
plexes, for example, [M(PTAH)]Cl4 (M = Pt, Pd, Ni),[22a]

[Pt(PTA)2(PTAH)2][BF4],[12] [Pt(PTA)3(PTAH)]Cl,[12]

[Au(PTA)(PTAH)3][PF6]4[22b] and [Au(PTA)4]X (X =
Cl,[22b,23] PF6

[22b]).

Table 1. Selected bond lengths [Å] and angles [°] for compounds 1
and 2.

1 2

Cu1–P1 2.2971(7) 2.2870(15)
Cu1–P2 2.2917(8) 2.2806(16)
Cu1–P3 2.2958(9) 2.2863(15)
Cu1–P4 2.3083(8) 2.2832(15)
P–C 1.856(3)[a] 1.851(6)[a]

(H)N–C 1.519(4)[a] –
N–C 1.463(4)[b] 1.470(7)[c]

P1–Cu1–P2 111.21(3) 105.90(6)
P1–Cu1–P3 109.46(3) 107.38(5)
P1–Cu1–P4 108.63(3) 113.57(6)
P2–Cu1–P3 110.24(3) 109.57(6)
P2–Cu1–P4 109.08(3) 111.10(6)
P3–Cu1–P4 108.14(3) 109.18(6)

[a] Average distance calculated from 12 bonds. [b] Average distance
calculated from 24 bonds. [c] Average distance calculated from 36
bonds.

The crystal structure of 2 bears the [Cu(PTA)4]+ cation
(Figure 3, b) with all the phosphane ligands being unpro-
tonated and one nitrate anion balancing the overall charge.
The tetrahedral environment around the copper atom is
slightly more distorted than that of 1, exhibiting higher de-
viations from the idealized geometry, with the minimal and
maximal P–Cu–P angles of 105.90(6) and 113.57(6)°,
respectively (Table 1). Although the structure of 2, with
mostly similar bonding parameters, resembles that of 1 and
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Figure 4. Fragment of the crystal packing diagram of 1 showing
the N–H···O hydrogen bonds (dashed lines). NH hydrogen atoms
and nitrate nitrogen atoms are shown as white and grey balls,
respectively. The methylene hydrogen atoms are omitted for clarity.

therefore is not discussed in detail, it is noteworthy to men-
tion the different geometric arrangements of the phosphane
ligands in these compounds (Figure 3).

Hence, in 1 all the PTAH ligands show nearly equivalent
arrangements if viewed along the P–Cu bond (Figure 5, a),
where the three nitrogen atoms of each PTAH ligand are
oriented similarly in relation to the other phosphane ligands
forming coplanar P�N,P sets. In contrast, in compound 2
the PTA ligands are not geometrically equivalent and are
arranged in different ways (see parts b and c in Figure 5)
from that in 1 (Figure 5, a). Thus, two of the phosphane
ligands in 2, that is, P1 and P4, if viewed down the P–Cu
bond are ca. 45° (Figure 5, b) and 15° (Figure 5, c) rotated,
respectively, relative to the orientation of PTAH ligands in
1 (Figure 5, a), whereas the other two phosphane ligands
(i.e., P2 and P3) are less rotated (ca. 5–8°) approaching the
arrangement depicted in part a of Figure 5. The analysis of
previously reported X-ray crystal structures[6] of a dozen
compounds with the [M(L)4] (L = PTA, PTAH or N-
methyl-1,3,5-triaza-7-phosphaadamantane) unit reveals
that the most common phosphane arrangement is that de-
picted in part b of Figure 5 (i.e., observed in 11 compounds,
3 of them also having 1 phosphane moiety arranged as in

Figure 5. Ball-and-stick partial representation of the X-ray crystal
structures of 1 (a) and 2 (b, c) down the P3–Cu1 (a), P1–Cu1 (b)
and P4–Cu1 (c) bonds, showing the perspective arrangement of one
PTAH/PTA ligand (to which belong the three represented nitrogen
atoms) relative to the copper centre and the other phosphane li-
gands (only the Cu–P bonds are shown). Hydrogen atoms are omit-
ted for clarity.
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Figure 5, c). Only one compound, [Au(PTA)(PTAH)3]-
[PF6]4,[22b] possesses a phosphane arrangement similar to 1
(Figure 5, a), whereas there are no examples (apart from 2)
of compounds exhibiting the combination of three types of
geometries close to those depicted in parts a–c of Figure 5.

Conclusions
We have found a simple route to new CuI complexes with

1,3,5-triaza-7-phosphaadamantane ligands based on a re-
dox reaction of a CuII salt with free PTA in aqueous solu-
tion at room temperature, thus showing that the reducing
ability of PTA[12] can be also extended to copper(II) centres.

Protonation of ligated PTA promotes the ligand ex-
change and has a drastic effect on both the 31P{1H}- and
63Cu NMR spectra, with loss of the detection of 1JP–Cu

coupling. The recognition of this NMR dependence on the
solution pH is of significance towards the NMR characteri-
zation of further CuI–PTA complexes. The lack of a NMR
resonance in spectra of samples obtained in acidic medium
could have been a difficulty encountered by others, pre-
venting the characterization and report of Cu complexes
with such phosphane ligands, prior to the current study.

The enhanced lability of the PTA ligand upon proton-
ation can be of synthetic value and deserves to be further
explored for the preparation of derived complexes.

The obtained CuI compounds 1 and 2 show, in the solid
state, unusual relative orientations of the PTA (or PTAH)
ligands.

The study also shows that it is possible to conveniently
prepare Cu complexes bearing PTA (or its protonated
form) ligands, allowing the expansion of the still limited
group of water-soluble copper phosphane complexes, which
encourages the search for their possible applications in
aqueous media.

The extension of the work towards the synthesis of Cu
compounds with N-alkylated PTA derivatives as well as the
catalytic activity tests of Cu–PTA species in aqueous me-
dium are currently in progress and will be reported else-
where.

Experimental Section
General Materials and Experimental Procedures: All chemicals were
obtained from commercial sources and used as received. 1,3,5-Tri-
aza-7-phosphaadamantane (PTA) was prepared by a published
method.[24] C, H and N elemental analyses were carried out by the
Microanalytical Service of the Instituto Superior Técnico. Melting
points were determined with a Kofler Table. The FAB-MS(+) spec-
tra were obtained with a Trio 2000 instrument by bombarding 3-
nitrobenzyl alcohol (m-NBA) matrices of the samples with 8 keV
(ca. 1.18�1015 J) Xe atoms. Mass calibration for data system ac-
quisition was achieved using CsI. Infrared spectra (4000–400 cm–1)
were recorded with a BIO-RAD FTS 3000MX instrument in KBr
pellets. 1H-, 13C{1H}-, 31P{1H}- and 63Cu NMR spectra were mea-
sured with a Varian UNITY 300 spectrometer at ambient temp.
The 31P and 63Cu chemical shifts are relative to an external 85%
H3PO4 aqueous solution and an [D3]MeCN solution of
[Cu(MeCN)4][PF6],[14] respectively.
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[Cu(PTAH)4](NO3)5 (1): To an aqueous solution (10.0 mL) of
Cu(NO3)2·2.5H2O (232 mg, 1.00 mmol) were added concentrated
HNO3 (65% in H2O, 277 µL, 4.00 mmol) and an excess of an aque-
ous solution (5.00 mL) of PTA (786 mg, 5.00 mmol) with con-
tinuous stirring at room temp. The resulting white suspension was
stirred for 1 h, followed by the addition of EtOH (15.0 mL) to pro-
vide further precipitation of the product. This was filtered off,
washed with EtOH (3�10 mL) and dried in vacuo to afford com-
plex 1 as a white microcrystalline solid. Yield: 92% (926 mg), based
on copper nitrate. Complex 1 is slightly soluble in H2O (S25 °C ≈
6 mg mL–1) and Me2CO, is soluble in DMSO and is insoluble in
EtOH, MeOH, C6H6, CHCl3, CH2Cl2 and MeCN. M.p. ca. 215 °C.
C24H52CuN17O15P4 (1006.2): calcd. C 28.65, H 5.21, N 23.66;
found C 28.64, H 5.59, N 23.35. FAB-MS(+) (m-NBA): m/z = 816
[Cu(PTA)4 + 2Cu – 3H]+, 691 [Cu(PTA)4]+, 659 [Cu(PTA)3 +
2Cu – 3H]+, 597 [Cu(PTA)3 + Cu]+, 534 [Cu(PTA)3]+, 502
[Cu(PTA)2 + 2Cu – 3H]+, 440 [Cu(PTA)2 + Cu]+, 377 [Cu-
(PTA)2]+, 220 [Cu(PTA)]+, 63 [Cu]+. IR (KBr): ν̃ = 2984 (br. s)
ν(NH + CH), 1382 (br. vs) ν(NO3), 1120 (m), 1131 (s), 988 (s), 955
(s), 854 (m), 813 (m), 774 (s), 708 (w), 648 (w), 611 (w), 560 (s),
482 (w) and 449 (m) (PTA bands) cm–1. 1H NMR (300 MHz, D2O,
Me4Si): δ = 4.74 HA and 4.87 HB (2JAB = 7.0 Hz, 24 H,
NCHAHBN+ and NCHAHBN), 4.18 (br. d, 2JP–H = 4.8 Hz, 24 H,
PCH2N) ppm. 1H NMR (300 MHz, [D6]dmso, Me4Si): δ = 4.79
(br. s, 24 H, NCH2N), 4.11 (br. s, 24 H, PCH2N) ppm. 13C{1H}
NMR (75.4 MHz, D2O, Me4Si): δ = 73.8 (br. s, NCH2N), 53.1 (br.
s, PCH2N) ppm. 31P{1H} NMR (121.4 MHz, D2O, 85 % H3PO4):
δ = –82.5 (br. s) ppm. 31P{1H} NMR (121.4 MHz, [D6]dmso, 85%
H3PO4): δ = –82.6 (br. s) ppm. X-ray-quality single crystals were
grown by slow evaporation, in air at room temp., of the reaction
filtrate or H2O solution of 1.

[Cu(PTA)4](NO3)·2H2O (2·2H2O). Method 1: An aqueous cloudy
solution (20 mL) of 1 (211 mg, 0.210 mmol) was neutralized by an
aqueous 0.168  NaOH solution (5.0 mL, 0.840 mmol) for 10 min,
followed by evaporation of the obtained clear colourless solution
in vacuo. The resulting white solid was treated with hot MeOH (ca.
40 mL) to produce a cloudy solution, which was filtered off. The
obtained colourless filtrate was left in a fridge at ca. 5 °C for 2 d
to afford compound 2·2H2O as a white crystalline solid, which was
isolated by filtration. Yield: 57% (95 mg), based on 1. Complex 2
is soluble in H2O (S25 °C ≈ 64 mgmL–1), DMSO, MeOH and EtOH,
is sparingly soluble in THF and Me2CO and is insoluble in nonpo-
lar solvents. M.p. ca. 245 °C. C24H52CuN13O5P4 (790.20): calcd. C
36.48, H 6.63, N 23.04; found C 36.55, H 6.80, N 22.42. FAB-
MS(+) (m-NBA): m/z = 816 [Cu(PTA)4 + 2Cu – 3H]+, 691
[Cu(PTA)4]+, 534 [Cu(PTA)3]+, 377 [Cu(PTA)2]+, 220 [Cu(PTA)]+.
IR (KBr): ν̃ = 3400 (br. s) and 3233 (br. s) ν(H2O), 2902 (br. s)
ν(CH), 1363 (br. s) ν(NO3), 1243 (m), 1105 (m), 1014 (s), 974 (s),
807 (m) (PTA bands) cm–1. 1H NMR (300 MHz, D2O, Me4Si): δ
= 4.61 HA and 4.58 HB (2JAB = 13.5 Hz, 24 H, NCHAHBN+ and
NCHAHBN), 4.14 (br. s, 24 H, PCH2N) ppm. 13C{1H} NMR
(75.4 MHz, D2O, Me4Si): δ = 73.8 (br. s, NCH2N), 53.1 (br. s,
PCH2N) ppm. 31P{1H} NMR (121.4 MHz, D2O, 85 % H3PO4): δ
= –78.2 (br. q, 1J63Cu–31P = 761 Hz) ppm. 63Cu NMR (79.5 MHz,
D2O, [Cu(MeCN)4][PF6]): δ = 181.5 (br. quint, 1J63Cu–31P = 761 Hz)
ppm. X-ray-quality crystals of 2·2MeOH were grown by slow evap-
oration of the filtrate (left after isolation of 2) in conical tubes in
air for several days.

Method 2: To the blue ethanol solution (30.0 mL) of Cu(NO3)2·
2.5H2O (79 mg, 0.34 mmol) was added an excess of solid PTA
(321 mg, 2.04 mmol). The obtained mixture was refluxed for 1 h
under dinitrogen, leading to a pale-green suspension. The solid was
filtered off, washed with cold EtOH (2�30 mL) and CHCl3
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(2�15 mL) (to remove the excess phosphane and the formed phos-
phane oxide) and dried in vacuo to afford complex 2 as a white
powder. Yield: 83% (209 mg), based on copper nitrate.

Refinement Details for the X-ray Crystal Structure Analysis of 1 and
2: Intensity data were collected using a Bruker AXS-KAPPA
APEX II diffractometer with graphite-monochromated Mo-Kα ra-
diation. Data were collected at 150 K using omega scans of 0.5°
per frame, and a full sphere of data was obtained. Cell parameters
were retrieved using Bruker SMART software and refined using
Bruker SAINT on all the observed reflections. Absorption correc-
tions were applied using SADABS. Structures were solved by direct
methods by using the SHELXS-97 package[25] and refined with
SHELXL-97[26] with the WinGX graphical user interface.[27] All
hydrogen atoms were inserted in calculated positions. Least square
refinement with anisotropic thermal motion parameters for all the
non-hydrogen atoms (except for C2 in a methanol molecule in 2
which was refined isotropically) and isotropic for the remaining
atoms gave R1 = 0.0357 (for 1) and 0.0569 (for 2). In 2, the maxi-
mum and minimum peaks in the final difference electron density
map are 1.704 and –0.933 eÅ–3, respectively, close to one of the
methanol molecules of crystallization (C2–O2) possibly indicating
a disorder which, however, could not be modulated. The selected
bonding parameters for 1 and 2 are given in Table 1, and the crys-
tallographic data is summarized in Table 2.

Table 2. Crystal data and structure refinement details for 1 and 2.

1 2·2MeOH

Empirical formula C24H52CuN17O15P4 C26H56CuN13O5P4

Formula weight 1006.25 818.26
Temperature [K] 150(2) 150(2)
λ [Å] 0.71073 0.71073
Crystal system monoclinic monoclinic
Space group Cc P21/c
a [Å] 14.1077(14) 12.3982(19)
b [Å] 13.9568(13) 12.4093(19)
c [Å] 20.206(2) 23.181(3)
α [°] 90 90
β [°] 92.508(4) 95.474(4)
γ [°] 90 90
V [Å3] 3974.6(7) 3550.1(9)
Z 4 4
ρcalcd. [mg m–3] 1.682 1.531
µ(Mo-Kα) [mm–1] 0.800 0.853
No. of collected reflections 15992 23796
No. of unique reflections 8817 5899
Rint 0.0369 0.1193
Final R1,[a] wR2

[b] [I � 2σ] 0.0357, 0.0706 0.0569, 0.1241
GOF on F2 1.001 0.973

[a] R1 = Σ||Fo| – |Fc||/Σ|Fo|. [b] wR2 = {Σ[w(Fo
2 – Fc

2)2]/Σ[w(Fo
2)2]}1/2.

CCDC-629755 (for 1) and -629756 (for 2) contain the supplemen-
tary crystallographic data for this paper. These data can be ob-
tained free of charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif.
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