
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 28 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

Computational and Theoretical Chemistry in Structure-Reactivity Studies
of Organophosphorus Compounds
Chengye Yuan; Shusen Li; Shengang Yuan

To cite this Article Yuan, Chengye , Li, Shusen and Yuan, Shengang(1999) 'Computational and Theoretical Chemistry in
Structure-Reactivity Studies of Organophosphorus Compounds', Phosphorus, Sulfur, and Silicon and the Related
Elements, 144: 1, 765 — 768
To link to this Article: DOI: 10.1080/10426509908546357
URL: http://dx.doi.org/10.1080/10426509908546357

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509908546357
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus. Sulfur ami Silicon. 1999. Vol. 1-14-146, pp. 765-768 0 1999 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under the
Photocopying permitted by license only Gordon and Breach Science Publishers imprint.

Printed in Malaysia

Computational and Theoretical Chemistry in
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Computational multivariation analysis, molecular orbital calculation as well as molecular
mechanics study were used for the qualitative and quantitative evaluation of the relationship
between chemical structure and reactivity of organophosphorus compounds.

Keywords: computational chemistry; molecular orbital calculation; molecular mechanics;
organophosphorus compounds

INTRODOCTION

Organophosphorus compounds comprise an important group of organic mole-

culeswith remarkable biological and technological significances. Struc-

ture-reactivity studies which usually provide an empirical or theoretical

basis for the design of new compounds, attract great interest of chemists.

As one of important fields of application of phosphorus compounds, ex-

tractive separation of metals nay be regarded as a multi-conponental

coordination process between heterogenous phases. The limitation of SRS

based on univariation analysis is understandable. Early in the eightieth

a computational cultivariation analysis, pattern recognition processing

was introduced by us for the evaluation of contribution of chemical

structure to extraction behaviour of uranium by phosphorus-based ligand.

Later on new approaches consisting cluster and factor analyses were

reported for SRS of acidic phosphorus esters in rare earth separation :

HMO and MNDO are helpful for such investigation. Some foundamental

aspects in phosphorus chemistry including P NMR chemical shifts, rate

of hydrolysis as well as asymmetric addition of phosphorus esters were

examined by molecular mechanics calculation.

RESULTS AND DISCUSSIONS

MNDO and MM2(85) methods were used to study the conformation and structure

reactivity relationship of neutral and acidic phosphorus esters. The cal-

culation results indicate that for the most stable conformation, the
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charge density of phosphoryl oxygen(q ) is determined not only by the

electronegativity of the substituents, but also by the conformation of

the alkoxy group on phosphorus aton. Meanwhile, the conformation of the

alkoxy group provides, as a rule, more important influence on q . How-

ever, the energy of the highest occupied nolecule orbital (EJJOHO^ i s

basically dependent on the electronegativity of the substituent, while

the donating ability or the withdrawing property of the neutral phos-

phorus compounds is mainly governed by EJJOKQ but not the q .

For quantitative structure-activity relationship study (QSAR), as the

result of our systematic investigation'^ ' an equation for regression

analysis was introduced by us.

log Kex = pla + 6 LEs + P (1)

[7]

Where o is the polar parameter, as shown by us , the polar substituen'

effect in organophosphorus compounds parallels that of carbon compounds

Es is the steric parameter that is related to the configuration of the

complex formed during extraction process. A new set of such paranters

is listed in Table 1. P is the partition constant of the ligand.

TABLE 1

Substituent Steric Parameters

Group

Me
Et

n-Pr
1-Pr
n-Bu
i-8u
s-Bu
t-fiu
n-Ai
i-An
cyc-Hc*
n-Oct
i-Oct
s-Oct

0.50
0.75
0.85
1.12
0.91
1.05
1.17
1.36
0.91
0.92
1.07
0.90
1.10
1.25

S

0.33
0.62
0.72
0.93
0.77
0.91
1.02
1.21
0.77
0.7S
0.93
0.76
0.96

. 1.05

£ s . c , < » >

-0.037
0.0
0.007
0.216
0.010
0.053
0.246
0.545
0.010
—

0.218
0.011
0.068
0.277

Es c « ( W )

0.0
0.003
0.003
0.021
0.003
0.015
0.102

0.010

0.012
0.023
0.169

) V

0.52
0.56
0.63
0.76
0.6S
0.9S
1.02
1.24
0.63
0.63
6.87
0.E8
1.01
1.05

Es

-1.24
-1.31
-1.60
-1.71

-2.37
-2.78

-1.01

Abbreviation i-Oct and s-Oct denotes 8uCHEtCH?- and HcptO-Ve- respectively.

Based on eq. 1 and Table 1 we can calculated the Kex value and corres-

ponding separation factor. Our theoretical prediction is well supported

by experimental data. Among phosphorus acids and esters studied, the

unique performance of Cyanex 272 in Co/Ni separation and in rare earths

extraction was demonstrated and discussed.
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Y * P NMR spectroscopy plays an important role in structure elucidation

of phosphorus compounds. As in C KMR studieSi Quin' ' figured out the

substituent parameters (g- and y-)as empirical rules to rationalize the

substituent effect on P NMR chemical shifts. However why did the subs-

tituent g-effect produced large deshielding (downfield) effect on 31P

NMR chemicalshifts, while the substituent Y-effect produced smaller

shielding (upfield) effect? Gorenstein's stereoelectronic effect was

only illustrated for some of alkyl phosphates. Our MM studies on ^1P

NMR chemical shifts reveal that such effect for organophosphorus com-

pounds including alkyl-phosphines, -phosphine oxides, -phosphinates,

-phosphonates and phosphates are mainly governed by the local van der

Waals(VDW) steric energy of phosphorus nucleus of compounds studied.

Our results ' showed that all of the g-substituent to phosphorus

nucleus largely increase the local VDW steric energy of phosphorus

nucleus (Eypy p) i.e. increase the VDW repulsion interaction, to pro-

duce large downfield effect and all of the y-substituent decrease the

Î VDW p, i.e. increase VDW attraction interaction, to yied upfield effect,

which is smaller than that of g-substituent effect in their quantity.

A linear relationship between the Eypy p and P KMR chemical shifts

( 6p) of various types of organophosphorus compounds was established.

Our findings are not only important for understanding the nature of

J sue
[12]

substient effect on P NMR, but can be used successfully for structure

analysis of phosphorus-based diasterisomers.

It was found that there is a significant difference in hydrolytic beha-

viour between phosphorus esters and carboxylic esters. The commonly used

structural parameters including Es, u, u and a* provide not very good

results in regression analyses though u1 was suggested by Charton for

phosphorus compounds. *' By using the difference between the most stable

conformation of the substrate and the transition state, we have

log k = <5ME + po* + C (3)

The regression results showed that Eq. 3 gives better correlation factor

(y) than that with u' and o* for phosphinates, phosphonates and phos-

phoryl chlorides. The M S can also be used to account the ring size

effect on the hydrolytic reaction of cyclic phosphonic ester.
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The asynaetric induced addition of dialkylphosphite to aldimine froned ••

by condensation of chiral 1-nethylbenzylanine with aldehyde was studied

by MM calculation. It is the unique way for understanding the reaction

cechanisai and the factors that influence the de value. According to the

transition state of the reaction, the attack direction of the phosphorus *•

atom deternines the absolute configuration of the product. When the P-

atom attackes the C=N carbon from the top of the plane will produce R

configuration of the product, while the bottom attack will yield S con-

figuration. The ratio (p ) of R to S can be esticated by Boltzaan dis- y

tribution(i). The de values are easily obtained from Equation 5.

p = U e ' E r / R T ) / ( E e ' V E T ) (4) de = (R-S)/(R*S)X1OO% (5)
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