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Abstract: The phosphorous, halogen and nitrogen-containingnpers have excellent thermal stability and gounié
retardant propertiesn this paper the structure of a diarylazo phospheas simulated by molecular mechanics methods
using the MM+, AMBER and MMFF94s force fields indkd in the Hyperchem, respectively Omega softwatreictures

of minimum energy were generated using the RMSignadralue of 0.01 kcal/A-mol as criterion to che@s optimized
conformation, in case of the Hyperchem programaRMSD deviation value of 2.0 A for the duplica¢enoval, in case

of the Omega software. The conformations of minimenergy obtained by Omega were further minimizedthoy
semiempirical RM1 method included in the MOPAC 2@0&ware. Structural dimer features which charizgethe most
stable energetically conformations obtained by wukr and quantum mechanics methods were compgwiedding a
unified dimer structure.
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1. Introduction energy thus obtained. The influence of calculateattural
descriptors of arylazo polymers on their flammapili

The phosphorous, halogen and nitrogen-containif§xpressed by the limiting oxygen index) was
polymers are the most widely used as commerciat firaccomplished by the multiple linear regression [4],

retardant polymers [1]. principal component regression [5] and partial iesgsiares
The arylazo polymers have excellent thermal stgbili methods [3]. .
and good flame retardant properties [2]. They hbgen In this paper the structure of a diarylazo phosphat

modelled in a first approximation by their monomers(Fig. 1) was simulated by conformational analyssing
which were studied by molecular mechanics and q‘mnt molecular mechanics and quantum methOdS, in vacuum.
chemical (semiempirical AM1) methods [3-5]. Struefu The conformations of minimum energy thus obtainedev
parameters were derived from the structures ofrmimy ~ @nalyzed in order to elucidate the possible dirtreicture.

Figure 1. Structure of the studied diarylazo phasph
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2 Methods was employed, with SCF convergence of'40RMS

gradient value of 0.01 kcal/A-mol as criterion tmose an
2.1. Dimer structure simulaton by OMEGA optimized conformation and the EF and PRECISE
software keywords.
The molecular structure of the diarylazo phosphate 3. Results and Discussion
was modelled by the conformational search abilityhe
Omega v.2.3.2 [6] program. Isomeric SMILES notation
was used as program input in order to avoid arlyentes foun
on conformational model generation by presentings8Bd

247 conformers and 16 types of stereoisomers were
d by Omega. The minimum energy conformer
A obtained for each type is presented in Table 1.rFou
structures. Omega employs a rule-based algorithmn[7 o coisomer types of the diarylazo phosphate mzec

combination with variants of the Merck force fi€ld [8]. structure, with respect to the phosphorus atomd (@l
For the dimer generation of conformers, followinq352 in’ Fig. 1) more stable were obtained:

parameters were used: a maximum of 200 conformers %8E,51R 40E SZR 38E,51S 40E,52S 38E,51R 40E,52S '

compound, an energy cutoff of 10 kcal/mol relatiee and,38E,,51S’,40E,52R,L0wést ;nolecular, enérgy’ was

global minimum identified from the search. The fofield noticed in case of th&8E.51S.40E 528onformer (see
used was the 94s variant of the MMFF (Merck Molecul Tatl)le ll) The energy ,mini’mize’d structure c()f the
force field) [8] with coulomb interactions and ta#ractive 38E 51S éiOE 528onformer is presented in Fig. 2
part of the van der Waals interactions. The RMSRdlue e P g-<
2.0 A was used to avoid redundant conformers.

TABLE 1. Minimum energy of different stereocisomgpes

2.2. Dimer structure simulation by HYPERCHEM  ©Ptained by Omega

Dimer structure was built by the Hyperchem software Conformer Energy

[9] and conformational analysis was performed by (kcal/mol)
! . . 382,51S,40Z,52R 174.41

molecular mechanics calculations, using the MM+ and 38E 51S 407 52R 11757
AMBER force fields, with the RMS gradient value @D1 387,51S,40E,52R 119.43
kcal/A-mol as criterion to choose an optimized 38E,51S,40E,52R 62.41
conformation, an acceptance energy cutoff of 20/kad 387,51R,40Z,52R 173.39
above the minimum energy, a maximum number of gg?gigj“géggﬁ ﬁg-gg
con;ormers to be hgene_ra_ted was set to 5f000 and 100 38E.51R 40E 52R 5360
conformers over the minimum energy conformer were 387.515 402,525 17454
kept. All flexible bonds were considered in the 38E,515,407,525 117.17
conformational search. 38Z,51S,40E,52S 119.37
38E,51S,40E,52S 62.35

; ; 38Z,51R,40Z,52S 172.95

2.3. Quantum chemical calculations 3BE 1R 402528 1794

- . 38Z,51R,40E,52S 119.63

Structures of minimum energy obtained by molecular 38E.51R 40E.525 62.54

mechanics calculations were further minimized bgrqum  Conformational analysis performed by the MM+ ancthey
chemical calculations. Taking into account the tignber  Amber force fields included in the Hyperchem softva
of flexible bonds present in the dimer skeletomuad yielded only the38E,51S,40E,52Ronformation. Tables 2
which the rotation is quasi free, the semigicgl RM1 and 3 present the skeleton torsion angles of mimimu
method [10] included in the MOPAC 2009 software][11energy conformations obtained by different methods.

Figure 2. The structuref the minimum energ$8E,51S,40E,528nformer obtained by Omega
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Following general structural features were deriveIMFF94s force fields and by the semiempirical RM1
from the inspection of the dimer minimized energypproach. Omega software employing the MMFF94seforc
structures: field gave the most reliable structure, the torsamgles of

- The N38=N39 azo group is situated in the samime macromolecular skeleton around the P-O bondkeof
plane with the | and Il phenyl rings and the N404Nskzo 38E,51S,40E,52&hosen conformation of minimum energy
group is placed in the same plane with the Il dWd thus obtained being closer to the X-ray experinmeatdata.
phenyl rings in conformations obtained by molecular
mechanics calculations (with small deviation in ecaxf
structures minimized by the RM1 semiempirical REFERENCES
hamiltonian).

- In case of conformers minimized by the MM+ and; |jay p. and Wang D.WReactive & Functional Polymer80, 1996
Amber force fields the phenyl skeleton rings | dh@dre 309-315.
situated in parallel planes with the Ill and IV g& 2. Annakutty K. S. and Kishore KPolymer 29,1988 756-761.

: ; it 3. Funar-Timofei S., lliescu S., Bandur G., and uqazi L., Chem. Bull.
suggesting an intramolecular sel-assembly by roamin "POLITEHNICA" Univ. (Timisoara)52 (66), 1-2, 2007, 84-86.

folding (explained b_y pOSSI_bIe hydrophobic forcesn der 4. Funar-Timofei S., and lliescu S., Structure-flaability study of
Waals forces, ott-n interactions between the phenyl chairarylazo polymers by MLRTimisoara’s Academic DayXI" Edition, 28-
nuclei). 29 May, Timisoara2009

oD ; : i eidad. Funar-Timofei S., lliescu S., Bandur G., ands@mi L., Structure-
Dimers built by the MMFFs94s force field II’]SIdeProperty Study of Arylazo Polymers by Principal Gmment Regression,

Ometga ?-nd further minimi?ed by the RM1 semiempiiricgysme Colloque Franco - Roumain sur les Polyme2&s29 Aolt, Alba
hamiltonian suggest an intermolecular macromole&culgulia, Roumanie2009
self-assembly. StereodescriptBris assigned to both azo 6. OdMEGA (version 2.3.2), OpenEye Science Softwa&00 Cerrillos
; Fni ; Road, Suite 1107, Santa Fe, USA08
groups in thehm:jmmum er;ergg/ chosen sterec_)lsc()jme_r. II7. Tresadern G., Bemporad D. and HoweJT.Mol. Graph. Mode).27,
- No_ ydrogen bonds were noticed in allygoq ge0-870.
conformations of minimum energy. 8. Halgren T.A.J. Comput. Chem20,1999 720-729.
Only conformations having the torsion angles aroun%iI H)dfperChen;] 75/? rele?]se for Windows; HyperCube,, IGainesville,
: : Florida, USA, http://www.hyper.com.
- +
the P O bonds In_ the gaUChe’_ eC“psed' Qr trans forms 10. Rocha G.B., Freire R.O., Simas A.M. and Stewalt.J. Comput.
were finally considered to be acceptable, in acaoced t0  chem, 27,2006 1101 — 1111.
X-ray experimental data of some organo-phosphorug. MOPAC2009, James J. P. Stewart, Stewart Coripuah Chemistry,
compounds [12]. Thus, tI®8E,51S,40E,52%8pnformation fglo,r\,ado Sp”fllgz CO'dU%/?Iv(httpli_/epel\f)l'\’:okPIAC-fmqa- ot
obtained by Omega fulfilled this condition, being:2: Naumov V.A, and Vikov L.V., Moleulyarnye sttury fosfor-

. . . organicheskikh soedinenii, Nauka, Mosk¢ag86
considered most reliable dimer structure.
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Several optimization procedures were studied tainbt
a consistent diarylazo phosphate molecular stractur
Conformational analysis was performed by molecular
mechanics calculations employing the MM+, Amaed
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