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The rnairz geometrical parzrn~eters and the electronic 

structures of trisdimethylamir~ophosphir~e arid tsisdi- 

meth~~larninophosphine oxide, sulphide anti horarw are 

culculated 

The nature qf’ the phosphom-X hmds (X = 0. S, 

B, N) is discus ted ami the compar-isor1 IO the cognate 

l,.irrrliirio~~lio.\pllil2e \cric.5 .shou~.s ihe im~ucti\.e e,ffect of 

the riinleth~lnnlirlo groups and the esi.sterm, irl the 

pho.sphirie. of at/ import(rrlt corljlrKatiorl hetweerl the 

pho.spiiotm arid the riitrogen atoms. 

Either. the forectrttir~g or the r-crtiorlrrliirrtioll of the 

dorlor site and of the chemical hehaviour are irzferred 

fronl the conipmltiori of tire highest occupied molecitlar 

othital. 

The dissociatior~ of the hotme complex i.5 rrrltrl,yed 
iri terms qf geonietr)‘, eriey_v ami atomic popuIatkvi5, 

and a rnechtrrlim oj’ the ,formrtiorl of the phosphotu- 

harm lirlk is described. 

Introduction 

Considernt~tc interest ha\ been recently focused on 

the chcmistg of phosphorus-nitrogen compounds. and 

21 spcc‘ial attention has been dit-ected on the amino- 

phosphines and their derirate\. 

In this laborator!, an earlier investigation has dealt 

uith the electronic structure and chemical properties 

of the triaminophosphine \cries XP(NH2)-I (X = :, 

0. S. BH,)‘. In this papet-. we present the thcol-etical 

analysis of the geometl-ies. electronic structures and 

Ireactivity of the trisdimethylaminophosphine P[N 

(CH,),], and of the related oxide. sutphide and 

bornne. 

The main geometrical parameters of these molecules 

arc calculated and compared to the experimental values 

of cognate compounds. The nature of the phosphorus- 

X bonds (X = 0. S. 13 and Iv) is investigated and the 

comparison with earlier data’,’ \hows the inductive 

properties of the dimethylamino groups. The forecast- 

inp of the coordination sites and of the chemical be- 

havioul- of the\e compounds is anu1yzed on the hasi\ 

of the composition of the highest occupied molecular 

orbital (h.o.m.o.) and the result\ compared to experi- 

mental report\. 

The pathua! of di\\ociation of the borane complex 

H,3B-P[N(CH3)2],3 i\ theoretically discussed in 

terms of energy. atomic population and geometq 

variation. and the detailed sigma-pi composition of 

the phosphorus-boI_on bond i\ evaluated as a function 

of the I’-B distance. 

Theorttical Part 

As it was developed in earlier publication\,‘*2 the 

main parameter\ arc computed using the SCF-MO- 

C‘N’DOi2 method of Poptc and Sepal”.4 with the ad- 

ditionnal tran~form~rtit,ns previousl! presented’. The 

mathematical data needed for this purpose are reported 

in the literature’. The calculation\ have been carried 

out on the UNIVAC I I IO computer of the Nuclear 

Research C‘cntcr of Strabourg-Cronenbourg. 

Kesults and Dixussion 

Expel-imental structural resulta are available only for 

tri\dimethqlaminophosphine P[N(CH,),],‘. Since the 

geometrical parameters of the molecules are necessary 

to catculatc the internuclear distances. the molecular 

geometries of all the compounds must be preliminarily 

determined. The theoretical geometry is obtained bq 

the calculation of the minimal total energy configura- 

tion. In contrast with the P(NH,), series, the size 

of these molecules does not allow to take account of 

all the variables. and constant local geometries are 

used to prevent exaggerated amounts of computation. 

The geometry of the dimethylamino group is evaluat- 

cd by the cornpal-ison with the experimental molecular 

structures of difluorodimethylaminophosphine F,PN 

(CH,),‘, tris-dimethylaminophosphine P[N (CH,)Jx6, 

and of the complex Moo,. OP[N(CH,),],. H,O’; 

the following configuration is used in all the com- 

pounds: (i) both carbon atoms and the nitrogen 
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are planar with the phosphorus atsm. The C-N dis- 
tance is equal to 1.48 A and the CNC angle to 116” : 
(ii) methyle groups are tetrahedral, with CH = 1.11 A, 
and arranged in order to obtain the C,, symmetry for 
all the XP[N(CH,),], molecule\. 

The oxide and sulphide are respectivel) compared 
to the cognate complex MOO,, OP[N(CH,),],, H,O 
and triethylenethiophosphoramide SP[N(CH,),],.” 

The boron complex is compared to BH,, P(NH*);’ ’ 

With these particular conditions. the optimization is 
performed by the simultaneous variation (,!I = 0.5 
degree for the angles and 0.01 A for the distances) of 
the following parameters: 

and is shown to be the most stable in the staggered 
configuration. with a free rotation bal-rier of I5 Kcal/ 
mol. The phosphine moiety is weakly perturbed b! the 
borane molecule and keeps the nearly planar configw- 
tion observed for the free tris-dimethylaminophosphine. 

PN and N??N in P[N(CH,),], 

XP, PN and XFN in XP[N(CH,),], X = 0, S 

PB. BH. BN. P??H and BFN in HIB-P[N(CH,)2], 

The results of the computation are reported in Tab- 
le I. The most important difference betwjeen the ths- 
retical model and experimental data concerns the NPN 
angle of the tris-dimcth>laminophosphine. The calcula- 
tion show\ that the lonest total energy of this mo@ulc 
correspond\ to ;I nearly planar configuration (NPN = 
118”). in contrast with the experimental angle (96.5”) 
determined by Vilkov and toll.” in the vapor state. 
Thi\ latter value i\ equal to the FPF angle obsel-ved in 
PF, ‘) and appexs thus to bc very small, Gnce the di- 
methylamino group\ generalI) present a greater htcric 
hindrance than the fluorine atoms. Moreover. uhcn 
the calculation i\ carried out wing the geometrical 
model of Vilkov. the molecult: of tris-dimethylamino- 
phosphine i\ found to be less stable (d > .3 a. ~1.). and 
the lone pair of phosphorus is not localized in the 
highest occupied molecular- ol-bit al (home), as it has 
been observed in all previous studies about phosphincs 
by MO calculation\ or photoelectron spectroscopy. In 
order to prcvcnt further- contradiction. the electronic 
structure of tris-dimcth)laminopho\phine ha\ been dc- 
termined using the geometrical configuration calculated 
above (Table I). 

Except the case of the tris-dimethylaminophosphine 
discussed above. the calculated values are generally in 
good agreement with the experimental data; hwvcver. 
the accuracy is less important than in the XP(NH2), 

series’, pl-incipallq as a conscqucnce of the geometrical 
approximations previously described. 

The contribution of the .3d orhitals of the phosphorus 
atom to the P-X link (X = 0, S) is substantial. since 
the neglect of the\e orbit& in the calculation of the 
bond lenghth lead\ to very bad result\: 1.71 A and 
I .c)(, A tapectively for the P-O and P-S di\tanccs. 
This contribution is less important in the formation of 
the phosphorus-boron bond. and an accurate distance 
(PB = I .X9 A) i4 obtained when a simple (1s. 2~) basis 
\ct i\ used for phosphorus. As \ve demonstrated it 
pl-eviouslv’. the sulphur atom can be reasonably de- 
scribed &h a (7s. 2~) basis set. 

Electronic Structures 

The atomic populations .lre respectively calculated 
from the CNDO 2 Orthogonal Basis Set (0.B.S) and 
from ;I co]-responding Non OI-thogonal Basis Set (N.O. 
B S.) in order to evaluate the bond overlap population”. 
The result\ Li1-e reported in Table II and the contribu- 
tion of the atomic orbitals to the formation of the main 
bond\ can be clearly analyzed. The comparison of the 
electronic charges ot the nitrogen. al-bon and hydrogen 
atoms before and after the coordination of the X 

TABLE I. Experimental and ~alculnted Geometrical Parameter\ of the XP[N(CH,),], Molecule\ (X = :. 0. S. BH,) 

Cieometrical 
Parameter\ 

px (A, 

PN 

P(NMe>)? OP(NMe,), SP( NMe,), H,BP(NMe,), 

op. GIIC. t’xp.” talc. exp. GIIC. c\p. talc. 

1.57 I .Sl 1 .X6 1.x0 

1.70 I.63 I .hl I .(19 I .6X I.63 

BH I.23 

XPN(degr.) 

NPN 

Yh”S 

NPN 

118” IO’)“8 90” YX” YI’ 

FBH 113” 

Cl In MoO,.OP[N(CH,),],, H,O. 
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TABLE II. Electronic Structures of the Compounds XP[N(CH,),],(X = :, 0, S, BH,). 

Atom Atomic 
Orbital 

P 

~_ 

5 

P(A,) 
P(E) 
d(A,) 
d(E) 
Total 

N 

;(A,) 
P(E) 
Total 

C 

;(A,) 

P(E) 
Total 

H 

X 

H 

H’ 
H” 
H BH3 

;(A,) 
P(E) 
Total 

P-X 

P-N Total 

WMeA WNMeA WNMeA H,B-P(NMe,), 

O.B.S. N.O.B.S. O.B.S. N.O.B.S. O.B.S. N.O.B.S. O.B.S. N.O.B.S. 

1.65 1.71 
0.65 0.62 
I.17 0.82 
0.75 0.59 
0.92 0.61 
s.14 4.3s 

1.17 1.41 I.13 I .34 
1.54 1.57 1.69 1.72 
2.36 2.39 2.30 2.30 
5.07 5.37 5.12 5.36 

I .o‘l 1.22 
0.05 O.Yl 
1.84 I.75 

3.83 3.88 

I .03 I .Ol 

1.01 I .oo 

I .04 I .02 

0.98 
0.70 

I .30 
0.47 
1.2’) 
4.74 

1.04 
0.06 

1 .x4 
3.84 

I .03 
I .02 
1 .04 

I .74 
I .3Y 
3.20 
6.33 

0.37 

I .oo 
0.59 
1.05 
0.35 
0.09 

3.98 

1.27 
0.91 

1.75 

3.X8 

1 .oo 
I.01 

1.01 

I.‘)4 
I.33 
3.25 
6.52 

0.32 
0.20 

0.47 
I .0x 

0.84 

1.06 

0.82 
1.2’) 
0.49 
1 .OY 
4.75 

1.15 

I.65 
2.31 
5.11 

1.04 

0.96 
1.84 

3.84 

1.02 
1 .Ol 
1.0.3 

1.82 
1.03 

3.51 
6.36 

1.13 
0.77 
1.03 
0.41 
0.80 
4.14 

1.36 

I .68 
2.31 
5.35 

1.22 
0.92 

1.74 

3.88 

0.‘)‘) 
I .oo 
1 .Ol 

1 .Y3 

0.90 
3.55 
6.38 

(1.39 
0.30 

0.20 
0.89 

0.x0 

1.25 1.39 

0.72 0.71 
I.18 0.86 
0.82 0.73 
0.99 0.68 

4.96 4.37 

1.17 
1.49 
2.38 
5.04 

1.04 
0.97 
1.83 
3.84 

1 .oo 
1.01 
1.03 

1.17 

0.85 

0.60 
1.56 
3.01 

1.41 

I.52 
2.42 
5.35 

1.22 
0.93 
1.74 

3.89 

0.97 
1.00 
1.01 

1.20 

0.91 

0.4 I 
1.40 
2.72 

0.42 
0.08 
0.03 
0.53 

0.58 

moiety on a molecule of tris-dimethylaminophosphine 
(X = 0. S, BH,) shows that the atomic populations 
of these centers are essentially unaltered; as a con- 
sequence the variation of the electronic population in 
the phosphorus orbitals can be directly associated with 
the formation of the P-X link. In the hexamethyl- 
phosphoramide molecule. the formation of the P-O 
bond is accompanied by a sigma transfer of nearly one 
electron from phosphorus to oxygen, with simultaneous 
backbonding from the latter to the 3p(E) (0.2Se) 
and 3d(E) (0.4Oe) orbitals of phosphorus. The P-O 
overlap population (1 e) has mainly pi character (70%‘), 
whereas the sigma contribution (30%) is principally 
supported by the overlap: (p,O * pzP) > ( pzO * sP) > 

(P,O * d,,P). 
In the sulphide SP[N(CH,),],, there is a P+S sigma 

transfer from the 3s (0.6e) and 3p (A,) (0.2e) orbitals 
of phosphorus. The back donation from the sulphur 
atom (0.4Oe) is weaker than in the case of oxygen 

coot-dinntion, and in particular the transfer to the 
3d(E) orbitals of phosphorus (0.2Oe). The phosphorus- 
sulphur overlap population presents a substantial sigma 
character (45%) principally submitted by (p,S* sP) and 
(p,S * pzP) overlap. 

The coordination of a BH, unit on a molecule 
P[N(CH,)& in the staggered configuration is ac- 
companied by a transfer of 0.33 e from the phosphine 
to the borane; this variation is more important than 
the one observed in the formation of the triamino- 
borane complex H,B-P(NH,), (0.26e)’ and can be 
rationalized by the inductive properties of the dimethyl- 
amino groups-N(CH,), compared to the simple amino 
functions. The detailed atomic population (Table II) 
shows a loss of 0.3e in the phosphorus 3s orbital. but a 
small gain in the p(E) (0.04e) and d(E) (0.07e) 
orbitals. On the boron, the electronic gain is essentially 
localized in the 2p, orbital (0.4e), but the other orbitals 
lose a total charge of 0.04e. 
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The main difference between the borane complex 

and the oxide and sulphide is the very small perturba- 

tion of the 3d orbit& of phosphorus during the co- 

ordination. indicating that no significant hack bonding 

of the boron atom is manifest. A Gmilat- situation exists 

in othw borane complexc\. and particularly in BH,- 

PF li-” and BH,-NH,‘“. The overlap population 

ber:\een phosphorus and boron is less impel-tant than 

in the triaminophosphine hot-ant (O.Se) but present\ 

comparable sigma character (X0?:). The main overlap 

can be ordered as: (pZBq’#) >> (pZB4’pzP) >(sB*p,P) 

>> (p,B”d,zP). 

The electron donor propertic\ of the XP[N(CH3),], 

compound\ can be directI\ a\wciatcd with the com- 

pwition of their highat occupied molecular orbitals 

(HOMO) v. hich generaIl! corrc\pond\ to the lone 

pair of the donor center. Siinultancouslq. the analysi\ 

of the lowest unoccupied molecular orbit;il~ (I .UMO) 

pi\ es interesting information about the acceptor ability 

of the atom\. 

To this purpose. \ve have studied the energies. com- 

poncnts (electronic densities) and overlap population 

of the main valence molecular orbital\. in order to 

forecast the trenctivit! and chemical behaiour of the 

molecules XP[IV(CH,),], (X = :. 0. S. BH,). The 

data are reported in Table 111. In ;I general way. the 

atomic contributions to the HOMO are more important 

than in the aminocomplese\ XP(NH,),. and high11 

localized in only a few o1-bital\: as ;I consequence. the 

reactivity of the tris-dimeth\ lamino compound\ wr:c~t.s 

donor-acceptor 1rextions \\ill be greater than in the 

amino x1-iea and this beha iour is demon\tratcd in the 

litcraturc. 

In the tris-dimethylaminophosphine P[N(CH,)J, 

the main electronic contribution to the HOMO is local- 

ized on the i\ mid ?dz2 orbitals of the phosphoru!. 

atom: thus. the latter po\\e\\e\ increased basicit! with 

regard to the nitrogen atoms and will function ;I\ the 

donor center of the molecule. This behuviour is in 

agreement with the experimental data. since numerous 

XP[K(CH,)J, compound\ are described in the litc- 

r;ltu1-c (X = 0. S. halide\. BH,. B(CH,),). The ah- 

OP(NMe,), 

SP(NMG); 

fSH,-P(NMe,), 

Sym. 

A, 

E -0.:x IO I’qi = 

4).05 

N-N 
+ 0.004 

N-N 

+ 0.001 

r-s 

+ 0.20 

A, -0..335.: PN = 

-0.iY 

N-N 

+ 0.01 

I’-B = + 0. I5 

i\lom 

f’ 

N, 
NL 

N, 

I’ 

N, 
Nl 

N, 
H 
H’ 

H” 

0 

P 

k1 

h‘, 
N, 
H 

H’ 

H” 

s 

I’ 

N, 

N2 

N3 
r3 
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normaly weak basicity of the nitrogen atoms in the 
phosphine can be rationalized by the existence of :I 

“pNn+dp’7” electronic transfer, since the molecular 
orbit& having sustantial P-N bonding contribution 
possess an important electronic density in both pN(E) 
and d,(E) orbitala. This behaviour has been observed 
experimentaly in the tris-diethylaminophosphine where 
the donor center is always the phosphorus atom: how- 
ever. when the ‘*pw7+dp/7” transfer is hindered by 
the introduction of :I methylene group between the 
phosphorus and the nitrogen atoms. the basicity of the 
latter is strongly increased and coordination OCCUI-s 
with priorit!, through these atoms’“. 

On the contrar) in the oxide and the sulphide, the 
3d ornitals of the phosphorus atom are strongly engaged 
in the P-X bond (X = 0. S) and the pY-+d, transfer 
becomes neglectible. The basicitc of the nitrogens in- 
creacs substantially but remains smaller than the 
basicity of the oxygen and sulphur atoms. On the other 
hand. the latter are stericallq favored and further ad- 
dition will occur through these centers. A great numbcl- 
of hexameth!lphosphol-amide compounds of this type 
ar-e reported in the literature. and in particular with 
transition metal\ halides”. Complcxe\ of the sulphide 
are less numet-ou\. but in all the GM\. the donor center 
is the sulphur atom’““. In the tris-dimcthylnmino- 
pho\phine-tlot-~lne complex H,B-P[N(CH,),], the 
phosphorus atom is mainly engaged in the coordination 
of the BH, moiety: however the electronic dcn\it) on 

the nitrogens is small and delocalized and ;I strong 
LAM is acid will be nece\cal-!’ to allow further cool-dina- 
tion. The reaction of ;I \ccond molcculc of boranc on ;I 
nitrogen atom is thercfol-e impossible. whcrcas the 
formation of the hydrogen chloride complex (HCI- 
H,B-P[N(CH,)2]2) occur\ easilv”‘~“. 

In general. the forecasting of the reactions and 
the corresponding cxpcrimcntal reports on the XP 
[N(CH,),], molecule\ are in good agreement. The 
order of the valence orbital\ of the\e compound\ has 
neither experimental nor calculated model to he com- 
pared with; however it is generally very close to the 
order previousI> observed for cognate XPY’, mole- 

Dissociation of the tris-dimethylaminophosphine- 
horane complex 

In order- to analyze the nature of the phosphorus- 
boron bond of the borane complex. we have studied 
the theoretical dissociation of the latter into the tw’o 
components BH, and P[N(CH,),],. by separating 
them along the C;axi\ of the molecule. For each P,-B 
distance. the geometrical parameter\ P-N. B-H, BPN 
and P??H are optimized and the corresponding atomic 
populations and phosphorus-boron overlap population 
arc calculated (e.g. PBH angle VS. P-B distance, Fig- 
ure 1). 

The distance\ are weakly perturbed during the elon- 
gation. but both BPN and PBH angles decrease when 
the phosphorus-boron distance increases. In particular. 
when P-B >4.S A, the borane has the plane configura- 
tion (D,, symmetry) of the free molecule whereas 
the phosphine has again the theoretical geometry PI-e- 
viou4y optimized. This distance of the phosphorus- 
boron link can thus be considered as the limit of the 
bonding interaction between the two models and a 
further elongation has no more influence on them. 

During the separation, the total energy of the system 
regularly increaes and no activation path is observed 
between the free and coordinated states. On the phos- 
phorus. the atomic population increases in the 3s orbital 
and the p(E) orbital again loses the small gain acquired 
during the coordination. On the boron atom. the po- 
pulation of the 2s orbital substantially increases, but 
the 3p (A,) orbital becoma empty again. When the 
phosphorus-boron distance is greater than 4.5 A, the 
twpo moieties possess the electronic structure of the 
free species. 

The analysis of the P-B overlap population as :I 

function of the P-B distance shows clearly the sigma 
and pi contribution\ to the phosphorus-boron bond 
and the mechanism of the formation of this link. 

The total overlap population regularly decreases and 
has ;I strong Ggma charactev up to the P-B distance 
of 1.5 A. The pi contribution: appear\ for PB < 3 A and 
eshenti;:lly reinforces the phasphorus-boron bond near 
the cquilihl-ium distance (Figure I). 

Conclusion 

The use of the CNDO/:! method to determine the 
conformational parameters of the molecules and their 
chemical behaviour. can be considered as a good tool 
in inorganic chemistry. The geometries and electronic 
structures of medium-sized molecules can thus be 
treated with a good precision and without exaggerated 
amount\ of computation. as shown in the study 
of the XP(NH,), series’. When we pass from the 
latter to the trisdimethylamino series, the number of 
atoms increases substantially and it is not possible to 
calculate the full number of geometrical parameters 
wjithout increasing unreasonably the time of compu- 
tation. 

A satisfactory procedure is obtained by optimizing 
only the parameters concerning the central atom, the 
others being fixed, according to the mean values found 
in the literature. In a general way, the accuracy ap- 
pears to be smaller than in the case of a full treatment; 
however the results are of great interest, and in parti- 
cular when no X-Ray structural determination has been 
made before (e.g. the liquid OP[N(CH,),],). 

The electronic structures are not appreciably modifi- 
ed by the approximations introduced on the geometry 
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Figure I \‘arlation\ ot the geometry. energy and atomic population\ during the axial dissociation of the complex 
BH,-P[N(CH,),],. 

and give interesting information about the electronic the phosphorus-boron link, and the theoretical dia- 

trawfers and the nature of the P-X bonds formed sociation shows that the latter is mainly of the sigma 

during the coordination (X = 0. S. B, N). The pho\- type, with only ;I small pi contribution near the opti- 
phorw-oxygen and phosphorus-sulphur bonds can be mized P-B distance. 
described a\ ewzntially pi bonds. with an important At last the study of the homo-lumo system of the 
contribution of the phosphorus 3d orbit&. On the XW(CH,),I, compounds (X = :, 0, S. BH,) 
contrary, no Ggnificant back-bonding is observed in shows that it is possible to deter-mine the relative 
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basicity of the different centers of the molecules. This 
analysis consequently allows either to forecast the 
chemical behaviour of these complexes, or to explain 
it clearly in the examples reported in the literature; in 
particular, the abnormally weak basicity of the nitro- 
gens of the free phosphine can be rationalized by an 
important p,n+dg transfer, which appreciably de- 
creases the reactivity of these atoms, in help of phos- 
phorus. 
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