
 

 

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

PM3 STUDY OF PHOSPHINES AND PHOSPHINE CHALCOGENIDES.
CONFORMATIONAL AND CONFIGURATIONAL PROPERTIES OF TRI-
O-TOLYL PHOSPHINE AND ITS CHALCOGENIDES
Issa Yavaria; Vahideh Hadigheh-rezvanb

a Department of Chemistry, University of Tarbiat Modarres, Tehran, Iran b Department of Chemistry,
Science and Research Campus, Islamic Azad University, Tehran, Iran

To cite this Article Yavari, Issa and Hadigheh-rezvan, Vahideh(2001) 'PM3 STUDY OF PHOSPHINES AND PHOSPHINE
CHALCOGENIDES. CONFORMATIONAL AND CONFIGURATIONAL PROPERTIES OF TRI-O-TOLYL PHOSPHINE
AND ITS CHALCOGENIDES', Phosphorus, Sulfur, and Silicon and the Related Elements, 174: 1, 151 — 162
To link to this Article: DOI: 10.1080/10426500108040240
URL: http://dx.doi.org/10.1080/10426500108040240

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/10.1080/10426500108040240
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phii,~~kvus.SulfurandSilirnn. 2001. Vol. 174. pp. 151-1152 
Reprint% available directly from the publisher 
Photocopying permitted by license only 

8 2001 OPA (Overseas Publishers Association) 
Amsterdam N.V. Published under license by 

the Gordon and Breuch Science Publishers imprint. 

PM3 STUDY OF PHOSPHINES 
AND PHOSPHINE CHALCOGENIDES. 

CONFORMATIONAL 
AND CONFIGURATIONAL PROPERTIES 

AND ITS CHALCOGENIDES 
OF TRI-0-TOLYL PHOSPHINE 

ISSA YAVARIa* and VAHIDEH HADIGHEH-REZVANb 

"Dipar~tmerir oj'Clicniisrr:\.. Uiii iwxig of' Tarhiat Modurws. P. 0. Box 14 15548.38. 
Tchr.uri. 1r.m arid hDepurtment cf Cliemisrry, Scierice arid Research Campus, 

Islamic A:ad University, Tchruri, Iruri 

An investigation employing the PM3 semiempirical self-consistent field molecular orbital 
method to calculate structure optimizalion and pyramidal phosphorus atom inversion barriers 
for phosphines and phosphine chalcogenides 1-16 has been undertaken. The calculated struc- 
tural parameters (for 1-12) and inversion barriers (for 13-16) are in good agreement with 
experimental results. The conformational interconversion pathways for tri-o-tolylphohphine 
(9). tri-ii-tolylphosphine oxide ( 10). tri-ii-tolylphosphine sulfide ( I  I ) and tri-0-tolylphosphine 
selenide (12)  were investigated in detail. For compounds 9-12. four rotamers are possible 
with respect to the position of the methyl groups. In the most stable geometry of 9. two of the 
methyl groups are close to the phosphorus lone pair. In 10, the methyl groups assume the pad- 
dle conformation, having all methyl groups close to the oxygen atom. In 11. the most stable 
rotamer is similar to that in 9. In the most stable rotamer of 12. all methyl groups are far from 
the selenium atom. 

Kc~worcl.\: Pho\phine: Stereochemistry: Semiempirical calculations: conformational analy- 
his; Pyramidal inver\ion 

INI'RODUC'I'ION 

Phosphorus compounds of the type PX3 and PX3Y with X = H, alkyl. ql, 
halogen, and Y = 0, S. or Se, have attracted interest particularly because 

* To receive any Correspondence. 
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152 lSSA YAVARI and VAHIDEH HADIGHEH-REZVAN 

there exists the possibility of charge transfer within the P-Y linkages11921. 
The distance between the atoms of a given type are found to vary, with dif- 
ferences reflecting both the number and electronegativities of other atoms 
bonded to phosphorus atom. Thus, the P-F bonds in PF, are longer than in 
POF, and the P - 0  bond in the latter is shorter than in POC1313"1. There 
have been a number of experimental and theoretical studies on the confor- 
mations of tertiary phosphine oxides. The conformations about the PC 
bond of trialkylphosphine chalcogenides have been examined using vari- 
ous physical techniques1 I4l. 

While, the ctb initio calculations have been reported for simple phos- 
p h i n e ~ l ~ ~ ~ l ,  computational limitations restricted detailed studies of geome- 
try and conformational features of arylphosphines. Inversion barriers in 
phosphines and the factors aft'ecting the size of the barriers were also dis- 
cussed in earlier s t ~ d i e s l ~ - ~ ~ .  In particular, the much larger barrier to inver- 
sion in phosphines than in amines has been explained. 

We wish to report a Parametric Method Number 3 (PM3)IX1 study of 
phosphines and phosphine chalcogonides 1-16. The equilibrium 
geometries of 1-16 are calculated for comparison with the electron diffrac- 
tion results''-' I and X-ray structural data' '*-I6'. Detailed semiempirical 
self-consistent field (SCF) molecular orbital (MO) calculations on the 
ground-state geometries, conformational and configurational interconver- 
sion pathways in tri-o-tolylphosphine (9) and its chalcogenides 10-12 are 
also reported. 

PROCEDURE 

Semiempirical calculations were carried out using the PM3 methodLX1 with 
the MOPAC 6.0 program11771a1 implemented on a VAX 400&300 compu- 
ter. Energy-minimum geometries were located by minimizing the energy 
with respect to all geometrical coordinates, and without imposing any 
symmetry constraints. The structures of the transition-state geometries 
were obtained using the optimized geometries of the equilibrium struc- 
tures according to the procedure of Dewar et (using the keyword 
SADDLE). The configurational racemization energy barriers for P-C bond 
rotation pathways were estimated by reaction coordinate procedure. All 
structures were characterized as stationary points, and true local 
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CONFORMATIONAL ANALYSIS OF PHOSPHINES I53 

R Y 

9 lo, Y - 0  
11. Y - 9  
12, Y = 9 c  

13 

energy-minima and energy-maxima on the potential energy surface were 
found using the keyword FORCE. All energy-minimum and energy-maxi- 
mum geometries obtained in this work were calculated to have 3 N - 6  and 
3N-7 real vibrational frequencies, respectivelyt20-2’ I. 
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TABLE I Calculated and experimental (electron diffraction, ED, and X-ray) structural 
parameters (bond lengths, r in A; bond angles, 8 in degrees) in some phosphines (R3P) and 
phosphine chalcogenides (R,P = Y; Y = 0, S, or Se) 

Compound Method r (P=YJ r (P-C) 8 (YPCJ 0 fCPC) 

(cH?)~P (1)' PM3 

ED 

PM3 

ED 

PM3 

ED 

PM3 

ED 

PM3 

X-ray 

PM3 

X-ray 

PM3 

X-ray 

PM3 

X-ray 

PM3 

X-ray 

PM3 

X-ray 

PM3 

X-ray 

PM3 

X-ray 

- 
- 

1.48 

I .4x 

1 .Y4 

1 .Y4 

2.10 

2.oY 

- 
- 

1.56 

I .48 

I .Y6 

I .Y5 

2.11 

2.11 

- 
- 

1.51 

1.47 

I . Y l  

I .Y5 

2.12 

2.12 

I .87 

I .X5 

1.82 

1.81 

I .83 

I .82 

1.83 

I .x2 

I .86 

1.83 

1.83 

I .80 

I .83 

I .n2 

1.80 

I .X3 

1.87 

I .X4 

1.83 

1.81 

1.84 

1 .x2 

I .x2 

I .83 

- 
- 

I I5 

I14 

116 

I14 

115 

I I4 

- 
- 

114 

112 

I14 

113 

I13 

I13 

- 
- 

113 

I13 

113 

113 

I13 

I13 

101 

99 

i04 

104 

102 

105 

104 

105 

103 

103 

105 

107 

104 

106 

10% 

106 

104 

102 

I 06 

106 

105 

10% 

106 

106 

a. Ref.lYI. 
b. Ref.[ 101. 
c. Ref.(lII. 
d. Ref.[ 131. 
e. Ref.[ 141. 
f. Ref.[ 151. 
g. RefJIhj. 
h. Ref.[ 121. 
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CONFORMATIONAL ANALYSIS OF PHOSPHINES 

RESULTS AND DISCUSSION 

I55 

Simple phosphines and phosphine chalcogenides 

Trimethylphosphine (1 ) and trimethylphosphine chalcogenides (2-4) have 
been the subject of electron diffraction studies. The X-ray crystallographic 
results are available for triphenylphosphine (5) and tri-n-tolylphosphine 
(9) and their chalcogenides (6-8 and 10-12). In order to guage PM3 relia- 
bility for the phosphines and phosphine chalcogenides, we have optimized 
the geometry of compounds 1-12 without restriction. As shown in Table I, 
the agreement between the experimental data and the calculated quantities 
is generally quite good. 

Dynamic NMR spectroscopic results for pyramidal phosphorus atom 
inversion have been reported for some suitably substituted phosphines. 
The calculated and experimental results for pyramidal phosphorus atom 
inversion in phosphines 13-16 are shown in Table 11. The agreement 
between calculated and experimental quantities is fairly good. 

TABLE I I  Calculated and Experimental (Dynamic NMR) barriers for pyramidal inversion in 
some phosphinec, (kJ mol-') 

Compound PM3 Erperinrenrul 

P(Me)(Ph)(t-Bu) (13) 139.5 I 31a 

P(Me)(Ph)(MeO-C,H,) (14) I3X.6 1 29a 

P(Me)(Ph)(CH2CH=CH,) (15) 142.6 135= 

3-Methyl- I -phenylphospholane (16) 156.6 150b 

a. Ref.171. 
b. Ref.[hl. 

Tri-o-tolyl-phosphine (9) 

The conformational possibilities available to 9 are four energy-minimum 
rotamers and three distinct energy-maximum geometries. The energy sur- 
face for the interconversion of energy-minimum conformations of 9 was 
investigated in detail by changing different torsional angles (see Figure 1). 

By changing @14.10,1.2 from -88" to 35" a smooth change occurred lead- 
ing to a transition state [9-TS(A)] which is 11.6 kJ mol-' higher in energy 
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I56 ISSA YAVARI and VAHIDEH HADIGHEH-REZVAN 

11.9 

19.5 

3.3 r 

FIGURE I Calculated strrin energy (kJ mol-') profile for conformational interconversion of 
tri-o-tolylphosphine (9) 

than 9-??? rotamer. Upon further change of the same torsional angle, 
another energy-minimum conformation (9-??k) was obtained, which is 
the most stable geometry of 9. In this conformation, two of the methyl 
groups are on the same side of with the phosphorus lone-pair. By changing 
@12,9,1,2 and @3,2,1,9, respectively, two other rotamers (9-tlL and 9-iLL) 
were obtained. The results of semiempirical PM3 calculations for various 
molecular geometries of tri-o-tolylphosphine (9) are shown in Figure 1 
and Table 111. 

Tri-o-tolylphosphine chalcogenides (10-12) 

Altoghether seven geometries were found to be important for a description 
of the conformational features of tri-o-tolylphosphine oxide (lo), sulfide 
(11) or selenide (12). Four of these geometries correspond to energy 
minima and three are energy maxima as shown in Figures 2 4  and Tables 
IV-VI. In the most stable rotamer of tri-o-tolylphosphine oxide (lo-???) 
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CONFORMATIONAL ANALYSIS OF PHOSPHINES 157 

the methyl groups in each molecule are close to the phosphoryl oxygen 
atom. By changing 6]6,]5,p,l a conformational change occurred leading to 
a transition state 10-TS(A), which is 14.9 kJ mol-l higher in energy than 
lo-???. Upon further changing the same torsional angle, another 
energy-minimum geometry ( l O - ? ? l )  was obtained. By changing 61y.x,P,I 
and o ~ , , ~ , ~ , ~ ,  conformational changes occurred leading to other rotamers, 
namely, lO-?JJ and lO-JLL (see Figure 1). The calculated energy barriers 
for interconversion of these conformations, are 14.9. 13.6, 19.3 kJ mol-I, 
respectively. 

TABLE Ill Calculated heats of formation (kJ mol-' ) and selected structural parameters (bond 
lengths r in 8, bond angles 0 and dihedial angles @ in degrees) for tri-o-tolylphosphine (Y) 

Frtrrrrrc Y-??? Y-?S(AJ y-??J Y-TSfBJ Y - t J J  Y-73CJ Y-JJJ 

4 
AM{"; 

Dipole (D) 

'P-CI 

'P "X 

'P-CIS 

0X.P. IS 

81 ,P. I S  

I .P.X 

@P.lS.I6.? I 

C'P.12.7 

"l.X.4. I 4  

306.4 

0.3 

0.12 

1 3 7  

I .x7 

I.X7 

102 

102 

I02 

2 

3 

2 

3 18.0 

11.9 

0.26 

I.H7 

I .XY 

I .xx 
1 ox 
101 

103 

I0 

I 

-3 

306. I 
0.0 

0.33 

I .X7 

I .x7 

I 3 7  

I06 

103 

103 

3 

-3 

-4 

322. I 

16.0 

0.52 

I .X6 

I .xu 
I .x7 

I05 

I03 

lox 
- I  

-9 

6 

309.4 

3.3 

0.6') 

I 3 7  

I.X7 

I 3 7  

I04 

I05 

107 

- 1  

-4 

6 

325.6 

1Y.5 

0.x5 

I .xu 
I .X7 

I .X7 

I06 

I06 

I I 0  

I I  

2 

I I  

30X.2 

2.1 

0.Y3 

I .X7 

I .X7 

I .X7 

107 

I07 

I07 

6 

6 

6 
~~ 

a. The standard strain energy in each geoyetry of a molecule is  defined as the difference 
between the standard heats of formation (AH ,) for that geomety and the most stable confor- 
mation of the molecule [ 221. 

The most stable conformation of I1  and the starting geometry for sem- 
iempirical calculations, has two of the methyl groups in the same side of 
the molecule with the sulfur atom. The energy barriers for interconversion 
of various conformations of 11 are 10.9, 5.7, 20.9 kJ mol-I, respectively. 
Therefore, the energy barrier required for interconversion of these confor- 
mations are quite low and the geometry having two methyl groups up and 
one methyl group down is the most stable conformation (see Figure 3 and 
Table V).  
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19.3 

14.9 

FIGURE 2 Calculated strain energy (kJ mol-') profile for conformational interconversion of 
tri-o-tolylphosphine oxide (10) 

n 21.0 

0.0 II 1.4 

FIGURE 3 Calculated strain energy (kJ mol-') profile for conformational interconversion of  
tri-o-tolylphosphine sulfide (11) 
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CONFORMATIONAL ANALYSIS OF PHOSPHINES I59 

TABLE I V  Calculated heats of formation (kJ rnol-I ) and selected structural parameters (bond 
lengths I' in A bond angles 0 and dihedial angles B in degrees) for In-o-tolylphosphine oxide 
(10) 

F c c i r r r ~ ' c .  /(J-M? IO-TSfAJ lO-??L /fJ-7.SfEJ IO-tLL IfJ-7SfCI IfJ-LL.1 

AH,-, 92. I 107.0 95.1 1 0 5 3  95.4 111.4 92.X 

AAH"? 0.0 14.9 2.9 13.6 3.2 19.3 0.6 

Dipole (D) 2.X5 3.14 3.23 3.49 3.50 3.78 3.77 

I'P-0 1.51 I .49 I .49 I .49 I .4X 1.4x 1.4x 

I'P-TI 1 3 3  I 3 4  I .x4 I .X5 1.X4 I .X5 I 3 5  

rp-c'n I .X3 I .84 I .X4 I .X4 I .x5 137 I .X5 

TP-C IS 133 I .X5 I .X6 I .86 I .X5 I .X6 I .X5 

%P.IS I06 I06 I07 104 104 107 I ox 

I .P.I s I06 I 1 0  105 107 106 107 I ox 

0i.r.n I06 103 107 104 I I 0  I I2 I ox 

% I T  I13 113 1 I 2  112 112 110 I l l  

@P.lS.lh.? I - I  6 2 I - I  -1 5 

('I? 1.2.7 0 7 2 0 X 5 5 5  

@P.n.y.iJ - I  -2 -2 -5 - I  3 5 

a. See footnote tr.Table 111. 

TABLE V Calculated heak of formation (kJ rno1-l) and selected structural parameters (bond 
lengths r in A, bond angles 0 and dihedral angles @ in degrees) for tri-o-tolylphosphine 
sulfide ( 11) 

370.6 3X0.X 369.9 

0.7 10.9 0.0 

5.67 5.74 5.92 

I .97 I .96 I .97 

I .X5  I .X5  I .X4 

I .X5 I.X5 134 

I .X5 I.X5 l.X5 

104 105 I06 

393.7 

5.7 

6.06 

1.9x 

I .X4 

1 .X3 

I .x5 

I05 

371.3 3')o.x 

I .4 20.Y 

6.11 6.33 

I .97 I .9x 

I .X3 I .X4 

I .X4 133 

I.X6 I .X5 

I05 105 

374.4 

4.5 

6.33 

I .9x 

13.5 

I .x5 

1 .x5 

l o x  
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I60 ISSA YAVARl and VAHlDEH HADIGHEH-REZVAN 

Frurure Il-T?? II-TS(A) Il-??$ II-TS(B) ll-?&d. II-TS(C) 11-155 

eI.P.1, 104 107 I04 I06 I06 106 I ox 

01,P.X 104 9Y 106 1 09 I09 IOY I O X  

%P.C I14 115 I13 I12 112 I I 2  I l l  

@P,IS.lb.ZI -4 0 I -2 - I  -7 4 

@P,l.?.l -4 - I  -2 -2 3 -2 4 

('P.X.Y. I 4  -4 4 -3 -5 0 5 4 

a. See footnote (I. Table 111. 

TABLE VI Calculated heath of formation (kJ mol-') and selected structural parameter5 (bond 
lengths r in A, bond angles 0 and dihedral angles @ in degrees) for tri-o-tolylpho\phine 
wlenide (12) 

Fruturc. 12-??7 I2-TSfAJ 12-??5 I2-TS(B) 12-?55 I2-TS(C) 12-115 

339.2 372.X 337.0 365.3 336.0 358.0 335.5 4 
AMY 3.7 36.9 I .5 29.x 0.5 22.5 0.0 

Dipole (D) 5.42 5.50 5.66 5 x 2  5.88 6.15 6.10 

rp.sr 2.12 2.13 2.13 2.13 2.13 2.13 2.13 

TP-CI I .x2 1.83 1 .x2 I .X3 1.81 I .x2 I .83 

rp.cx I.X2 I 3 4  I .x2 I .84 I .x2 134 I 3 3  

rp.CIs 1.82 1 3 1  I 3 3  1 3 1  I 3 3  I .X4 I .X3 

~ X , P , I S  106 I06 107 I06 l o x  I08 I I 0  

0l.P.IS 106 I OY IM 100 I07 I OX I I 0  

0l.P.X 106 104 107 I05 I10 113 1 1 0  

0Se.P.C 113 I I 2  I I 2  I12 I l l  I09 IOY 

@P.IS.lh.ZI 4 I0 2 -I0 - I  -2 3 

@P,l2,7 4 7 -2 -7 4 X 3 

@P.X.Y.lJ 4 I -4 - I  0 4 4 

a. See footnote ( I .  Table 111. 

In the most stable form of compound 12, all methyl groups are far from 
the phosphoryl selenide bond, that is, the anti geometry (three methyl 
groups down) is more stable relative to the other forms. Important equilib- 
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CONFORMATIONAL ANALYSIS OF PHOSPHINES 161 

36.9 

1.5 

FIGURE 4 Calculated strain energy (kJ rnol-' ) profile for conformational interconversion of 
tri-o-tolylphosphine selenide (12) 

rium and transition-state geometries and selected parameteres for these 
conformers of tri-o-tolylphosphine selenide ( 12) are shown in Figure 4 and 
Table VI. 

CONCIAUSION 

PM3 semiempirical SCF MO calculations provide a fairly clear picture of 
conformational properties of tri-o-tolylphosphine (9) and its chalcogo- 
nides (10-12) from both structural and energetic points of view. For com- 
pounds 9-12. four energy minimum conformations and three transition 
state geometries are important. In the most stable form of 10, all methyl 
groups are close to the oxygen atom, while in the best conformation of 12, 
all methyl groups are far from the selenium atom. In the most stable geom- 
etry of  9, two of the methyl groups are close to the phosphorus lone pair. In 
11, the most stable fohn is similar to that in 9. 
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