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Abstract

The known ligand, 2-diethylphosphonato-4,6-
dipiperidino-1,3,5-triazine has been prepared and the
crystal and molecular structure determined by
single crystal X.ray diffraction techniques. The
molecule crystallized (—30°C) in the monoclinic
space group P1 (No. 2) with a=8.698(3), b=
10.064(4), ¢ = 12.798(5) A, a = 67.34(3), 8 = 77.08-
(3), v=68.01(3)°, Z=2, V=954.5(6) A® and
Pcae =133 g cm™, The structure was solved by
direct methods and blocked least-squares refinement
converged to Rp=49% and R,r=5.2% on 295
variables and 2995 unique reflections with £ > 30(F).
Selected bond distances for the ligand include:
P-C(1) 1.834(2) A, P=0O 1.452(2) A and C—N-
(ring),ye 1.343(3) A. The complex UO,(NO;),-
{C3N;3(CsHoN), [(EtO),P(0)] }, was obtained from
a mixture of UO,(NO;3),°6H,0 and the ligand in
a 1:2 ratio and characterized by spectroscopic
methods. The crystal and molecular structure of
the compound was determined by single crystal
X-ray diffraction methods. The molecule crystallized
(20°C) in the monoclinic space group P1 (No. 2)
with a = 10.050(2), b = 10.628(2), ¢ = 12.464(2) A,
a=17396(1), =7025(1), y=7532(3)°,Z=1,V=
1185.2(3) A3, and pyy. = 1.63 g cm™3. The structure
was solved by heavy atom methods and blocked least
squares refinements converged to Rp=3.4% and
Ryr=3.6% on 286 variables and 5271 unique
reflections with F> 3¢(F). The complex contains
a linear UO,** group bonded to two bidentate nitrate
ions and the phosphoryl groups of two trans situated
phosphonate ligands. Several important bond dis-
tances include: U=0 1.764(5) A, U—O(phosphoryl)
2.381(3) A, U-O(nitrate),, =2.514(3) A, P=0
1472(4) A, P-C(1) 1.817(4) A, C—N(ring)ay
1.337(6) A.

Introduction

We have interest in developing methods for im-
mobilizing ligand fragments on polymer backbones

*Author to whom correspondence should be addressed.
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which, in turn, may function as useful metal ion
separations materials. In this effort, we have recently
reported on the attachment of carbamoylmethyl-
phosphonate ligands, known to be good liquid—
liquid extrants for actinide(lII) ions [1-3] to poly-
styrene—divinylbenzene copolymer, and on the ex-
traction properties of the resulting functionalized
polymer [4]. The results of that study encouraged
us to consider other polymeric supports, and triazine
polymers based wupon the cyanuric chloride
monomer seemed to offer some particularly attractive
features. However, before examining the polymer
chemistry, selected solution coordination chemistry
of appropriately functionalized triazine monomers
was explored. We report here the coordination
chemistry of the known 2-diethylphosphonato-4,6-
dipiperidino-1,3,5-triazine [5] (1) with uranyl
nitrate.

Experimental

The ligand was prepared essentially as described
in the literature [5], but additional characterization
data are provided. Uranyl nitrate was obtained from
Alfa Products (Ventron). Infrared spectra were re-
corded on a Nicolet 6000 FTIR spectrometer, and
samples were prepared as KBr pellets. NMR spectra
were recorded on Varian FT-80 and GE NT-360
spectrometers. The spectral standards were 85%
H3PO, (*'P) and (CH;),Si (*>C, 'H), and resonances
downfield of the standard were assigned positive
chemical shifts, §. Elemental analyses were obtained
by R. Ju of the UNM Chemical Analysis Laboratory.

Characterization of {CsN3(CsHyoN)»[(EtO),P(O)] }
(1)

Colorless crystals. Mpt 104—106 °C. Anal. Calc.
for PO,N,C,,H,,: C, 53.26; H, 7.89; N, 18.27.
Found: C, 52.33; H, 7.70; N, 18.11%. Infrared
spectrum (cm™ !, KBr): 1551 (ven), 1227 (vpo)s
979 (vpog)- Mass spectrum (m/e, ion): 384 (M +1%),
383 (M*), 354 (M — C,Hs"), 327 (M — C4Hg"), 300,
275, 246. NMR spectra: 'P{'H} (CHCl;) § 6.0;
BC{H} (CDCly) 6 169.4 (CPUpc=268.7 Hz),
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TABLE 1. Experimental Data for the X-ray Diffraction Study of {C3N3(C5HmN)z[(EtO)zP(O)]} (1) and UO,(NO3),{C3N3-

(CsH1oN)2[(EtO)2P(0)] }2 (2)

1 (at —=30°C) 2 (at 20°C)
(a) Crystal parameters
Formula PO3N5C 17H30 UPzO |4N 12C34H60
Crystal system monoclinic monoclinic
Space group Pi Pi
a (A) 8.698(3) 10.050(2)
b (&) 10.064(4) 10.628(2)
c(A) 12.798(5) 12.464(2)
a(® 67.34(3) 73.96(1)
80O 77.08(3) 70.25(1)
70 68.01(3) 75.32(3)
V4 2 1
V(A% 954.5(6) 1185.2(3)
Molecular weight (g mol™) 383.43 1161.0
Peale (8 cm™3) 1.33 1.63
# (Mo Ka) (cm™) 1.65 335.2
F(000) 412 582
(b) Data collection
Diffractometer Syntex P3/F
Radiation Mo Ka (A = 0.71069 A)
Monochromator highly oriented graphite crystal
Reflections measured th +k +] th tk +]
29 limits 2-50° 2-55°
Scan type w 8-26
Scan speed (deg min™1) 5-30 6-30
Scan range from [«(0) — 1.0]° to [w(0) + 1.0]° from [26(Ka,) — 1.2]° to [26(Kay) + 1.4]°

Background measurements

Standard reflections 3/123
Reflections collected 5053
Unique, space group allowed reflections 3359
Reflections used in refinement F > 3a(F) 2995
Weighting scheme: 1/[a(F)? +gF?|g = 0.00029

stationary crystal and counter; at the beginning and end of each scan; background

counting time/total scan time 0.5
3/123
11238
5282
5271
0.00191

163.1 (CNP, “Jcp=22.0 Hz), 63.3 (CH,0, ¥Jcp=
6.2 Hz), 43.8 (pip)", 25.4 (pip), 24.4 (pip), 16.0
(CHj; *Jpc = 6.4 Hz); 'H (CDCl3) 6 4.26 (d of quar.
CH,0, Jpg = 7.1 Hz, Jyy = 7.0 Hz), 3.68 (pip), 1.58
(pip), 1.49 (pip), 1.31 (t, CH;3, Jyy = 7.0 Hz).

Preparation of the Complex UQ,(NQ3 )»-
{CaN3(CsH 0N )of (EtO),P(0)] }2 (2)

The complex was prepared by combination of
2.0 mmol (1.0 g) UO,(NO3),°6H,0 with 4.0 mmol
(1.5 g) of the ligand in 50 ml ethanol. The mixture
was stirred and the solvent allowed to evaporate
slowly in air. The resulting residue was washed
quickly with dry diethyl ether (2 X 5 ml). The com-
plex was then recrystallized from ethanol and isolated
as pale yellow crystals. Anal. Calc. for UP,O4N,-
CiaHgo: C, 35.18; H, 5.21; N, 14.48. Found: C,
C, 35.62; H, 5.43; N, 13.80%. Infrared spectrum

FAbbreviations used in the text include: pip = piperidino,
ET = ethyl, i-Pr = isopropyl, Ph = phenyl.

(cm™!, KBr) 2939(s), 1559(s), 1520(s), 1492(s),
1445(s), 1280(m), 1230(s), 1193(s), 1031(s), 933(s).
NMR spectrum: >'P{'H} (CHCl3) & 7.9.

Crystal Structure Determinations

Ligand

A colorless crystal (0.18 X0.23 X 0.69 mm),
shaped as an elongated rectangular prism, was sealed
in a glass capillary. The crystal was centered on a
Syntex P3/F automated diffractometer, and the
determinations of crystal class, orientation matrix
and unit cell dimensions were performed in a
standard manner*. Data were collected in a w scan
mode with use of Mo Ka radiation, a scintillation
counter and a pulse height analyzer. A summary of
data collection parameters appears in Table 1. Exami-

*Programs used for centering reflections, autoindexing, re-
finement of cell parameters, and axial photographs are those
described in ref. 6.
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TABLE 1L Fractional Coordinates and Thermal Parameters for {C3N3(CsH;oN),[(EtO),P(O)] }?

Atom x/a y/b z/e uin U(22) U(@33) U(23) U(13) UQ12)

P —~0.04543(7)  0.76364(6)  0.23613(5)  0.0303(3) 0.0207(3) 0.0362(3) —0.0120(2) —0.0047(2) -0.0057(2)
O(1) 0.0673(2) 0.7821(2) 0.29377(15) 0.0444(9) 0.0414(9) 0.0584(11) —0.0249(8) -0.0142(8) —0.0118(7)
0(2) -0.2064(2) 0.7292(2) 0.30927(13) 0.0319(8) 0.0349(8) 0.0444(9) —0.0176(7) —0.0040(7) —0.0041(7)
0(3) -0.1187(2) 0.9113(2) 0.13500(14) 0.0496(10) 0.0235(7) 0.0493(10) —0.0134(7) —0.0172(8) —0.0034(7)
C(1)  0.0553(2) 0.6094(2) 0.1762(2) 0.019(1) 0.021(1) 0.033(1) -0.009(1) —0.005(1) —0.004(1)
N(2) 0.0738(2) 0.4698(2) 0.25115(14) 0.0247(8) 0.0197(8) 0.0302(9) —0.0089(7) —0.0034(7) —0.0049(7)
C(3) 0.1529(2) 0.3593(2) 0.2033(2) 0.018(1) 0.020(1) 0.028(1) ~0.006(1) -0.005(1) -0.005(1)
N@4)  0.2091(2) 0.3833(2) 0.09381(13) 0.0252(8) 0.0192(8) 0.0247(9) —0.0046(7) —0.0036(7) —0.0062(7)
C(5)  0.1842(2) 0.5299(2) 0.0282(2) 0.018(1) 0.021(1) 0.029(1) —0.005(1) -0.004(1) —0.007(1)
N(6)  0.1040(2) 0.6498(2) 0.06641(14) 0.0241(8) 0.0192(8) 0.0347(10) —0087(7) —0.0031(7) —0.0051(7)
N(7)  0.1785(2) 0.2131(2) 0.27342(14) 0.0322(9) 0.0176(8) 0.0236(9) —0052(7) —0.0032(7) —0.0046(7)
C(8)  0.1104(3) 0.1746(2) 0.3923(2) 0.035(1) 0.025(1) 0.027(1) -0.008(1) -0.002(1) -0.007(1)
C(9)  0.2384(3) 0.0434(3) 0.4673(2) 0.051(1) 0.030(1) 0.027(1) -0.003(1) -0.010(1) —0.008(1)
C(10) 0.3014(3) -0.0921(2) 0.4264(2) 0.053(1) 0.024(1) 0.035(1) -0.001(1) -0.011(1) -0.002(1)
C(11) 0.3720(3) —0.0464(2) 0.3027(2) 0.036(1) 0.020(1) 0.041(1) -0.008(1) —0.004(1) -—0.003(1)
C(12) 0.2430(3) 0.0863(2) 0.2294(2) 0.038(1) 0.020(1) 0.026(1) —0.006(1) -0.002(1) -0.008(1)
N(13) 0.2429(2) 0.5608(2) -0.08200(14) 0.0300(9) 0.0185(8) 0.0273(9) -0.0033(7) 0.0004(7) —0.0059(7)
C(14) 0.3342(3) 0.4420(2) —0.1327(2) 0.036(1) 0.024(1) 0.028(1) —0.008(1) -0.003(1) —0.010(1)
C(15) 0.5007(3) 0.4605(2) —0.1913(2) 0.030(1) 0.032(1) 0.030(1) -0.012(1) -0.002(1) —0.007(1)
C(16) 0.4788(3) 0.6197(2) —-0.2775(2) 0.033(1) 0.039(1) 0.028(1) —0.007(1) -0.000(1) -0.018(1)
C(17) 0.3802(3) 0.7384(2) —0.2211(2) 0.040(1) 0.028(1) 0.030(1) -—0.002(1) -0.008(1) —0.016(1)
C(18) 0.2163(3) 0.7163(2) -0.1621(2) 0.033(1) 0.021(1) 0.032(1) -0.001(1) -0.007(1) —-0.005(1)
C(19) -0.2055(4) 0.6397(3) 0.4286(2) 0.063(2) 0.059(2) 0.034(1) ~-0.022(1) 0.002(1) -0.027(1)
C(20) -0.2780(3) 0.5180(3) 0.4562(2) 0.047(1) 0.048(1) 0.47(1) —0.020(1) 0.005(1) —0.019(1)
C(21) -0.2310(4) 0.9195(3) 0.0635(3) 0.078(2) 0.032(1) 0.077(2) -0.021(1) -—0.046(2) 0.004(1)
C(22) -0.3165(3) 1.0739(2) -0.0010(2) 0.051(2) 0.031(1) 0.064(2) -0.012(1) -0.022(1) -0.009(1)

3The anisotropic temperature factor exponent takes the form:

UQ13)ha*ic* + U(12)ha*kb* ).

nation of the standard reflections showed no signs
of crystal decay. Redundant and equivalent reflec-
tions were averaged and converted to unscaled |F,]|
values following corrections for Lorentz and polari-
zation effects. Absorption was considered to be
small, so a correction for absorption was not made.
The structure was solved by direct methods, and
calculations were performed using SHELXTL (Rev.
4)** The best E-map gave trial positions for all
non-hydrogen atoms. Blocked least-squares refine-
mentst of the positional and individual isotropic
thermal parameters converged with Rp=12.3%.
Subsequent anisotropic refinements on the non-

**The SHELXTL package of programs for calculations and
plots is described in ref. 7a. SHELXTL uses scattering factors
and anomalous dispersion terms taken from ref. 7b.

TA general description of the least-squares algebra is found
in ref. 8. The least-squares refinement minimizes Tw(|F,| —
IFo)? where w=1/[a(F)? +gF?], Rg=[EZlIFol— IF¢lll/
ZIF,l, Ryp = [E1Fol — IF )2/ ZwF 31172, and the goodness
of fit GOF = [w(1Fg| — |1F,)%/(NO — NV)}'/2, were NO
is the number of observations and NV is the number of
variables.

—2m (U1 Dha*2 + UQDkb*? + U(33)lc*? + 2U(23)kb*Ic* +

hydrogen atoms gave Rp=9.3%. Inclusion of the
hydrogen atoms (positions varied, Uy, fixed at
1.2 times U, of the parent atom) gave Rp=4.9%
and Ry r = 5.2% with 295 variables and 2995 unique
data with F> 3g(F). A final difference map showed
peaks 0.47, 0.44 and 0.38 e A2 located 1.07 A from
0(2), 1.03 A from O(3) and 093 A from C(21),
respectively. The observed and calculated structure
factors and hydrogen atom positional parameters
are available from the authors. Non-hydrogen atom
positional and thermal parameters and bond distances
and angles are listed in Tables II and III.

Complex

A pale yellow crystal (0.10 X 0.30 X0.40 mm)
shaped as a transparent plate was mounted on a fiber,
and crystal preparation and data collection were
performed as described above and as summarized
in Table I. Examination of the standard reflections
showed no sign of crystal decay. Redundant and
equivalent data were averaged and converted to
unscaled [F,| values following corrections for
Lorentz and polarization effects: R(merge) =0.97%.
An absorption correction was applied based on Y



152

G. S. Conary et al.

TABLE I1l. Structural Parameters for {C3N3(CsH 1oN),[(EtO),P(O)]}

Bond lengths (A)

P-0O(1) 1.452(2)
P-0(3) 1.571(1)
0(2)-C(19) 1.444(3)
C(1)-N(2) 1.335(2)
N(2)-C(3) 1.360(3)
C(3)-N(7) 1.358(2)
C(5)—N(6) 1.361(3)
N(7)-C(8) 1.459(3)
C(8)-C(9) 1.519(3)
C(10)-C(11) 1.520(3)
N(13)-C(14) 1.462(3)
C(14)--C(15) 1.518(3)
C(16)-C(17) 1.517¢3)
C(19)-C(20) 1.473(5)
Bond angles (°)

0(1)~P-0(2) 116.7(1)
0(2)—P-0(3) 102.8(1)
0(2)-P-C(1) 104.9(1)
P—-0(2)-C(19) 121.8(2)
P-C(1)-N(2) 114.9(2)
N(2)-C(1)—N(6) 128.6(2)
N(2)-C(3)-N(4) 125.1(2)
N(4)-C(3)-N(7) 117.9(2)
N(4)—C(5)—N(6) 124.3(2)
N(6)—C(5)-N(13) 117.4(2)
C(3)—-N(7)-C(8) 122.3(2)
C(8)~N(7)—-C(12) 114.7(2)
C(8)-C(9)-C(10) 110.8(2)
C(10)-C(11)-C(12) 110.6(2)
C(5)-N(13)-C(14) 122.7(2)
C(14)-N(13)-C(18) 114.4(2)
C(14)-C(15)—C(16) 111.2(2)
C(16)—C(17)-C(18) 111.7¢2)
0(2)—C(19)-C(20) 111.8(3)

P-0(2) 1.576(2)
P-C(1) 1.834(2)
0(3)-C(21) 1.442(5)
C(1)-N(6) 1.319(3)
C(3)-N(4) 1.335(2)
N(4)—C(5) 1.347(2)
C(5)—N(13) 1.344(3)
N(7)-C(12) 1.462(3)
C(9)-C(10) 1.515(4)
C(11)-C(12) 1.518(3)
N(13)-C(18) 1.467(2)
C(15)-C(16) 1.524(3)
C(17)-C(18) 1.509(3)
C(21)~C(22) 1.439(3)
0(1)-P-0(3) 112.2(1)
o(1)-P-C(1) 112.6(1)
0(3)-P-C(1) 106.6(1)
P—0(3)-C(21) 122.4(2)
P—C(1)-N(6) 116.5(1)
C(1)-N(2)-C(3) 112.8(2)
N(2)-C(3)-N(7) 117.0(2)
C(3)-N(4)-C(5) 115.7(2)
N(4)-C(5)-N(13) 118.3(2)
C(1)-N(6)-C(5) 113.6(2)
C(3)-N(7)-C(12) 121.7(2)
N(7)-C(8)—C(9) 110.6(2)
C(9)—-C(10)—C(11) 110.1(2)
N(7)-C(12)-C(11) 110.9(2)
C(5)—-N(13)-C(18) 122.92)
N(13)—C(14)—C(15) 110.5(2)
C(15)-C(16)—-C(17) 110.2(2)
N(13)-C(18)~C(17) 110.6(2)
0(3)-C(21)-C(22) 112.0(3)

scans using a laminar model with 001 as the thin
face: R before correction 8.6%; R after correction
1.83%; maximum and minimum transmission factors
0.756 and 0.447. The structure was solved by
standard heavy atom techniques using a sharpened
Patterson map. The uranium atom was arbitrarily
placed at 0.5.5.5, and the difference map, obtained
by phasing on this atom, gave the positions of the
remaining non-hydrogen atoms. Blocked least-squares
refinements of the positional and isotropic thermal
parameters converged with Ry =8.1%. Anisotropic
refinement of the non-hydrogen atoms gave Rp=
3.7%. Inclusion of the hydrogen atoms in fixed posi-
tions with U, set to 1.2 times U.q of the parent
atom gave a final refinement with Rp=3.4% and
Ryp=3.6% on 286 variables and 5271 unique
data with F > 30(F). A final difference map showed
one peak, 2.0 ¢ A™%, 0.96 A from the uranium atom.
The tables of structure factor amplitudes and hydro-
gen atom positional parameters are available from
the authors. Non-hydrogen atom positional and

anisotropic thermal parameters are given in Table IV
and bond distances and angles are summarized in
Table V.

Results and Discussions

The synthesis of the functionalized triazine ligand
1 was first reported by Shaw and coworkers [5],
and it may be prepared in good yield according to
the following scheme.
(1) benzene/pet. ether
(2) CsHoN
C3N;3Cl; + P(OEt); A

C3N3(CsHyoN), [(Et0),P(0)] + EtCl
1

Some characterization data for 1 were presented in
the first report [5]; however, additional data are
provided here. The air stable, crystalline solid displays
a parent ion and expected fragmentation pattern in
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TABLE V. Structural Parameters for UO3(NO3)2{C3N3(CsH 1oN)2[ (Et0)2P(0}] },

G. S. Conary et al,

Bond lengths (A)
U(1)-04)
U(1)-0(5)
U(1)-0(4a)
U(1)-0(52)
P-0Q1)
P-0(3)
0(2)-C(19)
C(1)=-N(2)
N(2)-C(3)
C(3)-N(7)
C(5)—N(6)
N(7)-C(8)
C(8)—-C(9
C(10)—C(11)
N(13)-C(14)
C(14)-C(15)
C(16)-C(17)
C(19)-C(20)
N(23)-0(5)
N(23)-0(7)

Bond angles (°)
Ood)-U(H-0(1)
O(DH-U(D)-0(5)
O(1)--U(1)-0(6)
0(4)-U(1)-0(4a)
0(5)-U(1)-0(4a)
0(4)-U(1)-0(12a)
0(5)-U(1)-0(1a)
0(42)-U(1)-0(1a)
0(1)-U(1)-0(52a)
0(6)-U(1)~0(5a)
0(1a)-U(1)-0(52)
0(1)-U(1)-0(6a)
0(6)-U(1)-0(6a)
0O(1a)~U(1)-0(62)
0O(1)-P-0(2)
0(2)-P-0(3)
0(2)-P-C(1)
Uu(1)-0(1)~P
P-0(3)-C(21)
P-C(1)-N(6)
C(1)-N(2)-C(3)
N(2)—C(3)-N(7)
C(3)-N@)—-C(5)
N(4)—C(5)-N(13)
C(1)-N(6)—-C(5)
C(3)-N(1)-C(12)
N(7)-C(8)-C(9)
C(9)-C0)-C(11)
N(7)-C(12)-C(11)
C(5)-N(13)~C(18)
N(13)-C(14)-C(15)
C(15)-C(16)-C(17)
N(13)-C(18)-C(17)
0(3)-C(21)-C(22)
0(5)-N(23)-0(7)
U(1)-0(5)—-N(23)

1.764(5)
2.506(3)
1.764(5)
2.506(3)
1.472(4)
1.546(3)
1.466(8)
1.326(5)
1.356(6)
1.350(6)
1.366(5)
1.463(9)
1.424(12)
1.515(12)
1.463(6)
1.492(10)
1.503(9)
1.362(21)
1.255(5)
1.212(6)

91.7(2)
65.7(1)
115.1(1)
180.0
92.9(2)
88.3(2)
114.3(1)
91.7(2)
114.3(1)
130.1(1)
65.7(1)
64.9(1)
180.0
115.1(1)
115.2(2)
104.8(2)
106.4(2)
158.8(3)
123.8(3)
117.5(3)
112.6(4)
116.1(4)
115.4(4)
117.9(4)
112.8(3)
121.2(5)
112.5(8)
110.6(6)
112.2(6)
123.3(4)
110.5(5)
110.3(6)
110.9(6)
108.1(6)
122.5(5)
97.9(3)

U()-0(1)
U(1)-0(6)
U(1)-0(1a)
U(1)-0(6a)
P-0(2)
P-C(1)
0(3)-Cc2D
C(1)-N(6)
C(3)-N#4)
N@#)-C(5)
C(5)-N(13)
N(7)~C(12)
C(9)~-C(10)
C(11)-€(12)
N(13)-C(18)
C(15)-C(16)
C(17)-C(18)
C(21)-C(22)
N(23)--0(6)

O)-U(1)-0(5)
0(4)-U(1)-0(6)
0(5)-U(1)-0(6)
0(1)-U(1)-0(4a)
0(6)-U(1)-0(4a)
O(1)-U(1)-0(1a)
0(6)-U(1)-0(1a)
04)-U(1)-0(5a)
0(5)-U(1)-0(5a)
0O(4a)-U(1)-0(5a)
0(4)-U(1)-0(6a)
0(5)~U(1)-0(6a)
0O(42)-U(1)-0(6a)
0(52)-U(1)-0(6a)
O(1)-P-0(3)
Oo()-pP-C(D)
0(3)-P-C(1)
P-0O(2)-C(19)
P-C(1)-N(2)
N(2)-C(1)—-N(6)
N(2)-C(3)-N(4)
N4)-C(3)-N(7)
N(4)—C(5)-N(6)
N(6)-C(5)-N(13)
C(3)-N(D-C(8)
C(8)--N(7)—-C(12)
C(8)-C(9)-C(10)
C(10)-C(11)-Cc(12)
C(5)-N(13)-C(14)
C(14)—N(13)-C(18)
C(14)-C(15)-C(16)
C(16)-C(17)-C(18)
0(2)-C(19)-C(20)
O(5)—-N(23)-0¢(6)
0(6)-N(23)-0(7)
U(1)-0(6)—-N(23)

2.381(3)
2.523(3)
2.381(3)
2.523(3)
1.554(5)
1.817(4)
1.459(7)
1.318(5)
1.331(6)
1.340(5)
1.328(6)
1.478(8)
1.532(11)
1.415(13)
1.462(7)
1.524(10)
1.498(11)
1.481(8)
1.256(6)

87.1(2)
92.5(2)
49.9(1)
88.3(2)
87.5(2)
180.0
64.9(1)
92.9(2)
180.0
87.1(2)
87.5(2)
130.1(1)
92.5(2)
49.9(1)
111.0(2)
110.4(2)
108.7(2)
122.9(5)
113.4(3)
129.1(4)
125.4(4)
118.5(4)
124.6(4)
117.5(4)
122.6(5)
115.5(5)
114.2(7)
116.0(8)
122.7(4)
113.9(4)
111.8(6)
111.9(6)
111.5(8)
115.3(4)
122.2(4)
96.9(2)
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the mass spectrum. The infrared spectrum shows
several strong diagnostic absorptions; the phosphoryl
stretch, the C—N ring stretch and the POC stretch
appear at 1227, 1551 and 979 cm™!, respectively.
The phosphoryl stretch is down frequency from the
vpo bands in (EtO);PO [9] 1260 cm™, (EtO),(Ph)-
PO [10] 1257 c¢cm™ and (i-PrO),(Ph)PO [9] 1253
cm™!, The displacement of vpg in 1, relative to the
absorption in these phosphates and phosphonates,
suggests that the triazine acts as a good electron
releasing substituent. The >'P{'H} NMR spectrum of
1 shows a singlet at § 6.0, and this resonance is up-
field of the resonance for (EtO),(Ph)PO [11] &
16.9 and (i-PrO),(Ph)PO [9] & 15.7. The trend in
these data is also consistent with the triazine ring
acting as an electron releasing substituent relative
to a phenyl group. The 'H and *C{'H} NMR data
have been obtained, and assignments are consistent
with the proposed structure of 1.

The ligand 1, in combination with UO,(NO;),,
forms a pale yellow crystalline complex. Elemental
analyses are consistent with the formation of a 2:1
complex (2) UO,(NOj3), {C3N3(CsHoN), [(EtO),P-
(0)] };. The infrared spectrum of the complex shows
a phosphoryl stretching frequency at 1193 c¢cm™’.
The coordination shift, Avpg = 34 cm™, is relatively
small, and it may be compared with coordination
shifts in several other uranyl—phosphoryl com-
plexes: UO,(NO;),L,, L=(Et0);PO [9] 75 cm™!,
(i-PrO),(Ph)PO [9] 68 cm™!; UO,(NO;),L, L=
(EtO),P(O)CH,C(O)NEt, [12] 61 cm™', (EtO)-
(Ph)P(O)CH,C(O)NEt, [12] 56 cm™ and Ph,P-
(O)pyO [12] 42 cm™!. The coordination shift for 2
is unexpectedly small given the anticipitated electron
releasing character of the triazine ring and expected
higher base strength of the phosphoryl oxygen atom
in 1. On the other hand, the asymmetric uranyl
stretch in 2 occurs at 933 ¢m™!. This frequency is
intermediate in a range of vyg, stretches (950—900
cm™ 1) [12,13] for a number of uranyl—phosphoryl
complexes, and these data suggest an intermediate
base strength for 1.

The crystal and molecular structures of the ligand
1 and uranyl complex 2 were determined in order
to explore potential steric and electronic effects
which might influence the coordination ability of
the triazine phosphonate prior to incorporation in
a polymer. A view of the ligand is shown in Fig. 1,
and a view of the complex is given in Fig. 2. The
structure of the ligand shows a central, planar C3N;
triazine ring with piperidino substituents at C(3)
and C(5) and a diethoxy phosphoryl fragmnent at
C(1). The triazine ring is irregular with C—N bond
distances spanning a range 1.361(3) A to 1.319(3)
A with an average distance, 1.343(3) A. The two
longer distances involve C(3)-N(2) and C(5)—N(6)
while the shorter distances involve the phosphoryl
bonded carbon atom, C(1)-N(2) and C(1)-N(6).
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Fig. 1. Molecular geometry and atom labeling scheme for
{C3N3(CsH 1oN)2 [ (EtO),P(0)] }(25% thermal ellipsoids).

Fig. 2. Molecular geometry and atom labeling scheme for
UO;(N03)2{C3N3(C5HmN)z[(EtO)zP(O)]} (25% thermal
ellipsoids.

The sums of the bond angles about C(1), C(3) and
C(5) are 360°. The piperidino rings have a chair
conformation with C—N bond distances between the
piperidino group and the triazine being C(5)-N(13)
1.344(3) A and C(3)-N(7) 1.358(2) A. These dis-
tances and the planar geometry about N(7) and
N(13) suggest some 7 overlap between the piperidino
nitrogen atom and the triazine ring. The phosphoryl
phosphorus atom is tetrahedral with the P=0 bond
vector nearly perpendicular to the C3Nj ring (torsion
angle O(1)-P—C(1) —=N(2) 78.6°). The P=0 bond
distance P—O(1), 1.452(2) A, falls within a range,
1.38—1.56 A (avg. 1.46 A) for tetrahedral phosphates
[14]. The average EtO-—P distance, 1.573(2) A,
also falls in a range, 1.56—~1.64 A (avg. 1.59 A) found
in other phosphonates [14].

The structure determination for the complex 2
confirms the 2:1 ligand/UO,** stoichiometry. The
uranyl ion is linear and bonded to two bidentate
nitrate ions and two trans phosphoryl oxygen atoms.
The structure is centrosymmetric, and there are no
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intramolecular distortions caused by interactions
between the two bulky phosphonate ligands. The
uranyl ion U-Q(4) distance, 1.764(5) A, is slightly
longer than encountered in a few other uranyl com-
plexes [12-17], eg., UO3(NO;),[(C4Hy)5PO],
1.742(7) A, UO,(Et,NCS,XPh;P0O) 1.70(3) A, and
UO,(NO3), [Ph,P(O)CH,C(O)NEt,] 1.742(6) A;
however, the distance is very similar to the majority
of distances in uranyl—phosphoryl complexes [12—
21]. The U-0O(1) (phosphoryl) distance in 2, 2.381-
(3) A, is similar to the distance in UQ,(MeCO,),-
(Ph;3P0), 2.37(3) A and in UO,(NO,),[Ph,P(O)-
CH,C(O)NEt;] 2.377(4) A, where the two donor
sites are in a cis orientation, but longer than the
distance in UQ4(NO3),[(C4Hy);P0],, 2.347(6) A.
Based upon coordinate bond distance comparisons
from a rather large number of uranyl-phosphoryl
structures [12--21], it may be concluded that ligand
1 acts as an intermediate strength phosphoryl donor
toward UO,(NO;),.

The P=0 distance in 2, P—0O(1) 1.472(4) A, is
also within the range (1.49-1.45 A) of distances
reported earlier [12—21] and the distance is signif-
icantly longer than the P=QO distance in the free
ligand 1. The P—C(1) distance in 2, 1.817(4) A, is
shorter than that in 1, 1.834(2) A, which is con-
sistent with the expected electron demand in the
ligand backbone upon coordination. There are no
significant changes in the parameters in the triazine
or piperidino fragments in 2.
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