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Figure 8.12. Powder diffraction pattern for 14 in red. The black trace shows a calculated powder pattern

for the hydrated form (calculated from single crystal data).

8.5 Thermogravimetric Studies
The thermogravimetric analysis of 14 (Figure 8.13) indicated decomposition
around 350 °C, with gradual weight loss to about 650 °C, consistent with the loss of one

phosphonate group, leaving about 76.25 % (wt) residue corresponding to Caz(POy),.
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Figure 8.13. Thermogravimetric analysis of [Ca(H,AMTP)].., 14.

Compound 14 is a novel anhydrous calcium triphosphonate. Most other
trimethylenephosphonates contain at least one H,O donor.The presence of water
frequently results in hydrogen bonding.”>**® In compound 14, a three-dimensional
structure is achieved without hydrogen bonding, making the compound thermally quite

robust.

Amino trimethylenephosphonates compounds involving Mg, Sr and Ba have been
prepared under similar conditions of low pH and ambient temperatures,”” by dissolving
equimolar amounts of the ligand and alkaline earth metal chlorides in water. With the
exception of strontium, all the compounds contain at least one coordinating water
molecule. Figure 8.14 shows the coordination sphere of magnesium in

{Mg[HN(CH,PO3H);(H,0)s] }n,20 comprised of three phosphonate oxygen atoms and
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three water molecules. A zigzag chain is formed by the use of two ligand phosphonates to
bridge the magnesium centers, leaving one phosphonate group uncoordinated (denoted by
1 in Table 8.1). The three coordinating water molecules are involved in hydrogen
bonding between the zigzag chains (Figure 8.15), resulting in a two-dimensional

structure.

Figure 8.14. Stucture of magnesium amino trimethylenephosphonate, showing the bridging between two
Mg** centers by two phosphonate and the unbound phosphonate group. Dark green spheres represent

magnesium ion, purple phosphorus, blue nitrogen, red oxygen, black carbon and grey hydrogen atoms.

Figure 8.15. The octahedral geometry of magnesium in { Mg[HN(CH,PO;H);(H,0);]},, ( dark
yellow polyhedron), propagated in a zigzag chain fashion is shown. The phosphonate oxygen atoms are
represented by red spheres, phosphorus as purple spheres, nitrogen (blue), carbon (black) and hydrogen

black.
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Showcasing the role of metal diameter, the three dimensional anhydrous
strontium compound { Stf{HN(CH,PO3H);] },, 1s hepta-coordinated, whereas the barium
species { BalHN(CH,POsH);(H,O)]},, displays a three-dimensional structure with two
crystallographically independent Ba®* centers. One Ba* is nine-coordinate while the
other is ten-coordinate. As expected, M-O bond lengths increase with increasing metal

size.

Other structurally characterized examples involving amino
trimethlenephosphonates of divalent metals include several Zn species such as
Zn,[HO;PCH,NH(CH,PO3H),], Zn[NH(CH,PO;H)(H,0)3], Zn[NH(CH,PO;H);],'***

and AL** Cu,”” Cd,>2 Ti,'*® Mn,” Pb* and Pr.’!

As mentioned above, the HPATMP ligand can deprotonate to various degrees, a
rare example involving HsSATMP" exist,* the most common anionic species is
H4ATMP2', also observed in 14 but HZATMP4' and the fully deprotonated form have also

been reported.33

8.6 Conclusions

Simple synthetic methods have been used to prepare a novel, anhydrous form of
calcium amino trimethylenephosphonate. Synthetic studies of 14 have shown that the
presence of phosphonic acid in the synthesis of compound 14 greatly improved crystal
quality and isolated yield. This may be extended to other synthetic routes towards the

preparation of phosphonate compounds.
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8.7 Experimental

Compound 14 was prepared by dissolving aminotrimethylenephosphonic acid,
HesATMPA, (0.1g, 0.334 mmol) in SmL of water to afford a colorless clear solution. To
this, Ca(NO3),*4H,0 (0.0789 g, 0.334 mmol) and H3PO3 (0.088g, 0.107mmol) were
added and stirred. The clear solution was left in a test tube at room temperature. Colorless
blocks of single crystals were obtained overnight. Yield: 0.05g, 0.15 mmol, 50%. IR
(Nujol): 3358.4(w), 2716.3(m), 1374.4(s), 12985(m), 937.6(m). Due to low solubility,

NMR spectra could not be obtained.

8.8 Experimental Details

Amino trimethylenephosphonic acid was synthesized by the Mannich reaction™
involving an amine, formaldehyde and phosphorous acid, as described in detail in chapter
3. Ca(NOs),4H,0 and H3PO3; were obtained commercially and used as received. A
Perkin-Elmer PE 1600-FT-IR spectrometer was used to collect IR spectra as Nujol mulls

between KBr plates.

8.9 X-ray Crystallography

X-ray quality crystals of 14 were grown as described above. Crystals were taken
out of the solution and covered with viscous hydrocarbon oil (Infineum). Using a
microscope, suitable crystals were selected and attached to a glass fiber. The crystal was
mounted onto a 3-circle goniometer under a low temperature nitrogen stream of the low
temperature device. Crystallographic data of 14 was collected using Bruker

diffractometer equipped with a SMART CCD system, and MoKa-radiation (A = 0.71073
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10%) at 86(2) K. The structure of 14 was solved by the Direct Method with the aid of
SHELXS-97; and the structures were refined with SHELXL-97.% Positions of hydrogen
atoms of the hydroxyl groups on the phosphonate ligands were placed on calculated
positions and refined isotropically. The hydrogen atom on nitrogen in 14 was located
from the Fourier difference map and refined freely. All other hydrogens of the ligand in
14 were placed in calculated positions based on geometric considerations. Crystal data

and structure refinement information is presented in Table 8.2.
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Table 8.2. Crystal data and structure refinement for compound 14

Empirical formula
Formula weight
Temperature (K)
Wavelength (A)
Crystal system
Space group

a(A)

b (A)

c(A)

o (%)

B

v (©)

Volume (A?’)

zZ

dcal(mg/m3 )

p (mm1)

Crystal size( mm3)
20 range (°)
Reflections collected

Independent
reflections

R1 [I>2sigma(I)]
wR2 [I>2sigma(])]
R1 (all data)

wR2 (all data)

C;H,y OyCaNP;
337.11
86(2)
0.71073
Monoclinic
P2(1)/n
9.28(7)
8.43(6)
13.61(1)

90

96.44(1)
90

1057.6(1)

4
2.117

1.087
0.40 x 0.20 x 0.15

2.53-28.27
10267

2620

0.0275
0.0766
0.0300

0.0786
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8.10 Thermogravimetric Studies

Thermogravimetric analysis was performed using a Q-500 Quantachrome
Analyzer (TA-Instruments). Compound 14 was loaded on a platinum pan. Purified
nitrogen gas was used with a balance purge rate of 40 mL/min and a sample purge rate of
60 mL/min. The temperature was ramped at 10 °C per minute until a final temperature of
800° C was reached. At about 650 °C, about 23.75% of weight loss was recorded and a

black residue remained in the pan.
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CHAPTER 9

Conclusions

The purpose of this project is to design magnesium and calcium based
frameworks suitable as scaffolds for bone ingrowths or as potential biocompatible and
bioactive additives to bone cement. In contrast to extensive work on transition metal
bisphosphonates, very limited information is available on the main group counterparts,
specifically alkaline earth metal based compounds. This thesis is exploring multiple
synthetic avenues as well as crystallization methodologies to obtain samples suitable for
structural analysis. [llustrating the synthetic challenges involved in the preparation of the
target compounds, a range of synthetic methodologies was employed. Likewise, X-ray
quality single crystals were grown using hydrothermal/solvothermal approaches, gel
crystallization and slow evaporation, but at this time, no uniform methodology is
emerging. However, one-dimensional calcium phosphinate, sheets of magnesium
phosphonates, and finally three dimensional pillar layered calcium phosphonates, were

synthesized by careful choice of ligand and reaction conditions.

The outcome of this research has provided a library of calcium and magnesium
based compounds with interesting structural features. Novel compounds obtained include
a 1D calcium phenylphosphinate (1), 2D anhydrous calcium hydrogen phosphite (3), 2D
magnesium ethylenediphosphonate (8), 2D magnesium propylenediphosphonate (9), 3D
calcium methylenediphosphonate (10), 3D calcium sodium ethylenediphosphonate (11),
3D calcium nitrate ethylenediphosphonate (12), 3D calcium propylenediphosphate (13)

and 3D calcium amino trimethylenephosphonate (14). All novel compounds have been



194

Presentations

Victoria N.K. Bampoh and Karin Ruhlandt, “Calcium and Magnesium based Metal
Organic Frameworks as Bioactive Bone Scaffolding Materials and Additives to Bone
Cements”. Poster presentation: 3rd CNY Biotechnology Symposium, June 2, 2011.

Victoria N.K. Bampoh and Karin Ruhlandt, “Exploring Calcium  Triphosphonate
compounds for bone substitute materials. Presentation: Stevenson Biomaterials Lecture
Poster Session”, February 23, 2011.

Victoria N.K. Bampoh and Karin Ruhlandt. “Preparation and characterization of calcium
and magnesium phosphonates.” Abstracts: 37™ Northeastern Regional Meeting of the
American Chemical Society, Potsdam, NY, June 2-5, 2010.

Yuriko Takahashi, Victoria N.K Bampoh, Karin Ruhlandt, “Three-dimensional
Magnesium and Calcium Phosphonates and Carboxylates-new avenues towards bioactive
materials.” Poster presentation: 37" Northeastern Regional Meeting of the American
Chemical Society, Potsdam, NY, June 2-5, 2010.

Victoria N.K. Bampoh, William Maudez, Sarina Clancy, and Karin Ruhlandt, Preparation
of Calcium and Magnesium Phosphonates by Hydrothermal and Solvothermal Methods.
Poster presentation: 2" Annual Stevenson Biomaterials Lecture offsite Meeting, August
28, 2009, Syracuse NY.

Victoria N.K. Bampoh, “Graduate School Experience.” April 2009, Morrisville State
College, Morrisville.

Publication

Kin S. Yang, Venkata S. Kandula, Zachary D. Miller, Kevin C. Pels, Joshua A. Long,
Victoria N.K. Bampoh, Ana Torvisco, Karin Ruhlandt, Donald C. Dittmer, “Telluride-
triggered Enolate Formation Involving Evans' Chiral Oxazolidinone Auxiliaries.”
Journal: J.Org.Chem, in press.



