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ABSTRACT

The condensation of diethyl 1-oxomethylphosphonaitis:z-aminoglycinemethylestes-aminoalaninemethylester,
a-aminovalinemethylestei-aminophenylalaninemethylester at room temperaioréhe presence of the ceaves
gives the corresponding acetamides, and noutiminophosphonates. This study of reactivity halse explored
by the theoretical study using the program GAUSS®8Nand hybrid B3LYP functional density with 6-31G*
Moreover, the electronic properties such as highestupied molecular orbital (HOMO) and lowest unggied
orbital (LUMO) energy have been investigated. Tle#ioal results have confirmed that the formationttud -
iminophosphonates is not favored thermodynamicaltg, have indicated that B3LYP/6-31g (d) model ssidable
and precise method for studying molecular structfre-iminophosphonates.

Keywords: Acylphosphonates, Aminoesters, Reactivity, DFT &itgrfunctional theory) method.

INTRODUCTION

The knowledge of phosphorus compounds has expasdeghpidly that it constitute now a major branch of
chemistry, organic molecules containing phosphafier fascinating possibilities for structural, $lyetic and
mechanistic study [1]. Phosphonates are a key ifuradtgroup in both organic synthesis and biologademistry
[2]. In synthesis, they are a direct precursor lefios through the Horner-Wadsworth-Emmons reac{@jn In
biological chemistry, their unique structure andrgfe distribution give them an important role iraphaceuticals
[4] and phosphoester mimicry [5]. Good general Isgtit routes to dialkyl 1-oxoalkylphosphonates haeen
available for many years [2]. Dialkyl acylphosphtasa were obtained for the first time by Kabachniid a
Rossiiskaya in 1945 by the reaction of acyl chlesiavith trialkyl phosphites [2]. The reaction preds readily at
room temperature and even on cooling by slowly rgldrialkyl phosphite to acyl chlorides. A great@mt of
investigations dealt the reactivity of dialkyl 1aatkylphosphonates. The main and usual type of se@ttions was
the reductive amination [6] and the reductive dgmnation [7].

In the continuation our study of the reactivity gootential synthetic applications of 1- oxoalkylghbonates, we
have investigated their behaviour with variedaminoesters which was appeared very interestiigh an aim of
confirming the results which are obtained experitaliyn and of justifying the mechanism proposed, lveeve also
done theoretical study detailed on this reactiorafdensation of the diethytacylphosphonates with various
aminoesters which seems particularly interestinoghfa synthetic view point.
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EXPERIMENTAL SECTION

Material

IR spectra were recorded as a KBr pellets on PdEkimer FT IR 246c spectrometerHNMR, **CRMN, *PRMN
spectra on a Bruker Avance DPX400 MHz spectrometiér CDCl; as a solvent and TMS internal standard. The
chemical shift values are expressed in part pdiomi(ppm) downfield from the internal standard aighals are
guoted as s (singlet), d (doublet), t (triplet) am@multiplate).

General procedurefor the synthesis of diethyl 1-oxomethylphosphonates(1)

To the acyl chloride (66 mmolegyiethylphosphite (55 mmoles) was added dropwiséntaining the temperature
at 0°C. The mixture was then left overnight at ra@mperature and the volatile components of theti@amixture
were removed under reduced pressure. The crudeigggabtained in 90-100% vyield, were of satisfacqurity.
(1): IR spectra: (KBr) cm™: 1698 (C=0), 1241 (P=0), 1033 (P-O-C}{f NMR (CDCl;) ppm: 8= 4.16-4.26 (m,
4H), 2.47 (d,*Jp.= 3Hz, 3H), 1.35 (t, J= 6Hz, 6H}’C NMR (CDCk) ppm: 5= 208.8 (dJp.= 170 Hz), 63.7 (d,
2Jp.= 6.8 Hz, 2C), 30.6 (dJp = 58.9 Hz), 16.4 (d’Jp.= 5.3Hz, 2C)3'P (CDCL): 6= -2.9 (s).

General procedurefor the synthesis of compound 3(R=CH,Ph)

To 4,9 mmoles of diethyl 1-oxomethylphosphonatekitell in the 10 ml of toluene 4,9 mmoles af
aminophenylalaninemethylester were added at roampéeature in the presence of 3,2g of 3A° molecsiwve. The
mixture was left overnight and filtrated. The vd&tcomponents of the reaction were removed byryota
evaporation. The crude product was washed by peritanbtain the acetamides with 28 % yi€R): IR spectra:
(KBr) cm™: 3276(N-H), 1745 (C=0, ester), 1657 (C=0, acetamidid)NM R (CDCl) ppm:&= 7-7.2 (m, 5H), 5.9
(br s, 1H), 4.8 (d, J= 4.5Hz, 1H), 3.7 (s, 3H),M @H), 1.9 (s, 3H)**C NMR (CDCly) ppm: 8= 172.29, 169.80,
136.01, 129.41, 128.76, 127.31, 53.29, 52.51, 328B31.

Calculation M ethod

This study was performed using the program GAUSSDEN[8]. The calculations are done at DFT levehvilte
basis standard 6-31G*, We used the B3LYP functiamakhich the exchange energy is calculated byBheke
method and the correlation by the Lee, Yang et Rexthod [9-10].

RESULTSAND DISCUSSION

Synthesis

Experimentally, the condensation of diethyl 1-oxtigéohosphonates with-aminophenylalanine- methylestar
(R=CH,Ph) in the toluene in the presence of sieve at rtemperature gives after washing with pentare th
corresponding acetamides which were isolatedusikaly with moderate yield, and not theiminophosphonates
(Figure. 1). All the attempts to direct the reactiowards the formation of the imines were failds practically
non-dependent on the solvent used. The attempldmeetic acid (standardly used to promote the dtion of -
iminophosphonates [11]) was also failed, the spectipic analyzes always show the formation of tetaanides
and diethylphosphites which have been revealedhey’® RMN spectroscopy at 7.3 ppm. The use of other
aminoesters likex-aminoalaninemethylesters; aminovalinemethylesters, and-aminoglycinemethylesters was
totally unsuccessful. The infra-red spectra oiderproducts always show the band NH and thagtband C=0

of acetamide around 3200 ¢m300cnT, and 1650cM-1690 cm respectively. The structural assignment of
compounds3 (R= CH,Ph) was confirmed additionally from NMRSC, *H) spectral data, ThEC NMR spectra
showed characteristic signals @0O-NH around 170 ppm, an@=0 of ester around 172 ppm. Other evidence for
the structure of compound (R= CHPh) was provided by'H NMR spectroscopy. Indeed, we confirmed the
presence of all the protons, particularly thoseasponding to the NH which resonates as a broaplilgiharound 6
ppm. The G-NH and G1;CO protons appeared at 4,8 ppm and 2,9 ppm régplgct Mechanistically, there is a
nucleophilic attack of the amine on phosphonatearayl followed by a cut of C-P bond to generateegponding
acetamides. Thus, in previous investigations [@hZylamine andi-methylbenzylamine caused breakage of C-P
bond and corresponding amides were obtained intijative yields. In the other hand, Reaction of dihyl 1-
oxoalkylphosphonates with benzhydrylamine and gsuoditriacetoxyborohydride(TABH), followed by acid
hydrolysis yielded 1-aminoalkylphosphonic acidegshwmoderate yields, although the results were gtyon
dependent on the type of the used amine, but & d¢hse ther-iminophosphonates were not isolated because
apparently, after our study of these molecules; #re very unstable.
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Figurel
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R= CH,Ph, i-Pr, CH3, H.

Thermodynamic study

Theoretically, we studied thermodynamically the gdoisity of the reaction betweeh and 2 possessing various
substituents, using the calculation method DFT/BBLWith the basis standard 6-31 G *, we determinsdieu the
standard conditions of temperature and pressui@ K26t 1 atm (1 atm=101,325 Kpa)) changes in émergyArG,
energyArE, and enthalpyrH. Table 1 presents their values obtained by tR&/B3LYP method with the 6-31G*
standard basis set. As shown in table 1, changeedrenergyrG for reactionl are all negative, therefore, we have
clearly shown that the reaction is possible ananmtes thermodynamically. On the other hand, foctieall, we
observe that changes in free enefg are all positive; this allowed us to say that tkactionl| is not favored
thermodynamically. We have also observed that giees of changes energyE corresponding to a reaction | are
more important than those of changes enexdy corresponding to a reactidh. This further confirms that the
product3 is the most stable and most majority. Moreovehl@d shows that reactidnwith the values of change
enthalpyArH negative is exothermic.

Tablel. Thermodynamic data (ArG, ArE, and ArH (kcal mol™)) on some reactions calculated at the DFT/B3LYP 6-31G(d)level of theory

Reaction | Products R ArH ArE ArG

3a H -17.348| -17.348 -15.023
3b CH -16.599| -16.599 -15.597
3c i-Pr -15.934| -15.934 -16.142
3d CHPh | -14.382| -14.382 -15.94b5
4a H 8.607 8.607 10.86.

I 4b CH 8.348 8.349 10.615
4c i-Pr 8.425 8.425 10.244
4d CHPh 9.367 9.367 12.414

Frontiersorbitals study

The mechanism of this reaction has been exploreithdygalculation of the energies of LUMO (Lowst ooopied
molecular orbital) and HOMO (highest occupied malat) of a-acylphosphonat# and of variousi-aminoesterg.

The energy of HOMO is often associated with thetede-donating ability of a molecule; high valudsEpomo are
likely to indicate a tendency of the molecule taale electrons to appropriate acceptor moleculds law energy
and empty molecular orbital. Therefore, the eneofiLUMO indicates the ability of the molecule tocept
electrons [12-13]. We have also calculated theggndifference between the possible HOMO/LUMO conaliions
for these reactants (Table 3). According to theompeof frontier orbitals, during the interactiontiveen two
molecules, the frontier orbitals considered areH@MO of the one and the LUMO of the other, choserthat the
energy gap&E which separates them is the lowest possible lla;lrns out from the results in table 3 that gags
Eluvo -Efhomo are less in energy than the gap@LUﬁo -Eliomo in all cases. Consequently, the

acylphosphonates act as electrophiles whereas dinginoesters act as nucleophiles.

Table2 : Energies difference between the to possible HOM O/L UM O combinationsfor the acylphosphonates and aminoester s(valuesin

eV)
Reactants HOMO | LUMO | ElLUMo 'ERHOMO | ERLUMO 'ElHOMO
B3L YP/6-31G(d)
1 -6.76 -2.40

2a(R=H) -6.41 0.22 4.01 6.98
2b(R=CH) -6.46 0.37 4.06 7.13
2¢(R=i-Pr) -6.31 0.20 3.91 6.96
2d(R=CHPh) -6.21 -0.22 3.81 6.54
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As shown in Figure 2, orbital diagram gives a gopdlitative indication as to the reactivity of asystem. We
noted that the main interaction is between thegnef the LUMO ofa-acylphosphonates and the energy of the
HOMO of variousa-aminoesters, as we observed a favorable collebiétween the orbitals of the LUMO tfand

the orbitals of the HOMO d2. We also observed that the gaﬁ@o -Elyomo in the case ofc is lower compared

to the others. Consequently, we have found that rdection | in the same case is the most favored
thermodynamicallyArG=-16,142Kj/mol). Thus, with our very great sadistion, our results are complementary.

Figure 2. Orbital diagram of the studied compounds
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Figure 3. Optimized structures of the studied a-iminophosphonates
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CONCLUSION

In this paper, we have explored the reactivity fedf tiethyla-oxophosphonates with the variousaminoesters,
which seems particularly interesting from a syrthetew point. The present experimental and thecaieistudy
shows that the condensation efacylphosphonates with the-glycinemethylester,a-alaninemethylestersg-

valinemethylesters, a-phenylalaninemethylesters gives the correspondingcetamides, and not the-

iminophosphonates. The formation of ixdminophosphonates is not favored thermodynamicatiyaddition, the
B3LYP/6-31G(d) level of theory is a suitable andegse method for studying molecular structure oef
iminophosphonates.
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