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Cyclophosphamide and Ifosfamide
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Hydrolysis of IFO and CPA

« Both compounds hydrolyse in neutral and acidic
environments

« High proton concentrations catalyse the reaction

Two competing processes:

» Opening of the oxazaphosphinane ring
« Elimination of the chloroethylamine groups

Hydrolysis of IF
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Hydrolysis of CPA
R = -CH,CH,CI
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Hydrolysis of an IFO and CPA
solution observed by
phosphorous NMR

IFO reacts faster than CPA
- the IFO intermediate
products signal is seen

The final products signals
overlap
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31p{!H} NMR spectra stack of
CPA/IFO hydrolysis




IFO gives a single sharp 3P signal (14.8
ppm)

Good method of following the reaction

Signal integrals can be used to calculate
reaction Kinetics

As the reaction begins 3 additional signals
emerge
- intermediate product (5.1 ppm)
- final product (0 ppm)
- phosphate (-0.1 ppm)

31p{'H} NMR spectra stack of IFO
hydrolysis
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'H{!3C} NMR spectra of IFO
hydrolysis
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31p NMR spectra of IFO lH{!3C} NMR spectra of IFO
hydrolysis showing the multiplets of
3J,,.» couplings decrease during the reaction the parent compound,

intermediate product, and

. i ) . final product
The reduction trend is also seen using DFT calculations

- NMR=(SpinSpin) option
- B3LYP/6-311++G(3df,2pd) level of theory



Intermediate = 1 interaction with —-CH,-N

IFO - 3 interactions with —CH,-N
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DFT calculations

Geometry optimization

Frequency calculation

Transition state optimization

Gaussian, Inc.

NMR spin-spiln coupling

Using Gaussianl6 software installed on “Supek” supercomputer at the University

computer center “SRCE” in Zagreb
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Exploring the reactic

« PES — potential energy surface

« Conformational analysis of the parent compounds

« Geometry optimization of the compounds and transition states

 Frequency calculation to determine minima and stationary points

« SMD solvation in water



# opt freq b3lyp/6-31+g(d,p)

conformer 1

Most stable conformations of CPA and IFO in water
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# opt=(ts,calcfc,noeigentest) freq B3LYP/6-31+G(d,p)




Activation energy (Ea)
[kJ/mol]

CPA N3 hydrolysis 91
CPA N7 hydrolysis 115
IFO N3 hydrolysis 88
IFO N7 hydrolysis 97

Activation energies of different hydrolysis pathways. N3 corresponds to the opening of the ring, while N7
corresponds to the elimination of 2-chloroethylamine group

» Opening of the ring is faster for both molecules

» |FO has a lower Ea and thus hydrolyses faster than CPA




IFO hydrolysis reaction
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Energy profile of the faster process in IFO hydrolysis (opening of the ring in IFO)



Different ring conformations during the hydrolysis of the
P-N3 and the P-N7 bonds

This could explain the difference in energy

Currently investigating analogues with different ring sizes
to test the hypothesis
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