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ab initio Calculations of the isomerization reaction of diphosphene l-sul- 
fide (2') to thiadiphosphirane (5') suggest that the energy barrier of the 
reaction in the ground state is 25 kcal/mol and that z' lies 21 kcal/mol 
above &_I, while the calculations show that there exists one local minimum 
on the lowest triplet energy surface. 

We reported that bis(2,4,6-tri-t-butylphenyl)diphosphene (A) reacts with one 

equivalent of sulfur to give the diphosphene monosulfide (2!) which isomerizes 

thermally or photochemically to the corresponding thiadiphosphirane (3.' The 

X-ray crystallography of L,z L,' and L3 indicated striking features that the o- 

t-butyl groups in these molecules protect each reactive site very nicely with an 

accompanying rotation of the phenyl rings. It should be noted that the sulfur 

Ar-P= P-Ar + 1/8-S* FAr-P= P(S)-Ar orhx l Ar-P,-P-Ar 
S' 

(2) [Ar= 2,4,6-ButCsH2] (2) 

atom in 2 is located on the CPPC plane defined by two ipso-carbons of the aryl 

groups and two double bonded phosphorus atoms but that the PSP plane in 3 is per- 

pendicular to the CPPC plane. 

We now report our preliminary results on ab initio calculations of this in- 

teresting isomerization reaction. In the calculations, each aryl group was re- 

placed by hydrogen atom for the simplification of the system as has been applied 

for diphosphene (l_')" (Fig. 1). The calculations were performed for the ground 

and lowest triplet states starting from the ground states of both 2' and 2.'. The 

geometries were optimized by the energy gradient method using 3-21G'+polariza- 

tion functions (3-ZlG*) on both sulfur (0.6) and phosphorus (0.5) atoms. The en- 

ergies of stationary points were recalculated at 6-31G**6 (exponent 1.1 on hydro- 

gen atom).7 To obtain better energetics for the ground state, GVB-(5) 

lations were carriedout with this 
PP 

* calcu- 

6-31G ** basis set at SCF/S-21G*-optimized geometries. 
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Fig. 1. Schematic drawings of the isomerization reaction of &’ to 2’. 

Table 1 shows the results on the optimized geometries of the reactant and 

product together with those at a saddle point (transition state). The calculat- 

ed ground-state geometries (bond lengths and angles) agree well with the experi- 

mental values for J, and .3, taking steric repulsion caused by the extraordinarily 

bulky groups into account. A hypervalent P-S bond in Lf can be formed by the do- 

nation from the o-type phosphorus lone pair to the vacant 3p orbital of the sul- 

fur atom and the back donation from the 3p n-orbital of the sulfur atom to the m* 

orbital of the P=P part. The predicted saddle-point structure in the groundstate 

(5’) lies in the middle location between 2_’ and 3,’ but is rather close to 3_‘. 

One might expect that the transition state is located in an early stage of the 

reaction, as has been proposed for exothermic reactions,’ however, A’ is rather 

contrary to this prediction:” the P’-S bond length, SP’P’ bond angle, and H2P2- 

P’S dihedral angle change very much, whereas the P’-P2 bond length remains unal- 

tered during the process from 5’ to A’. Furthermore, it should be noted that the 

P’...S distance does not change very much from c (3.618 w) to 1’ (3.100 w) com- 

pared with that from j_.’ to 5’ (2.117 1). It is interesting to mention that the 

HPPH plane is almost maintained (174.1”) even in 2’. However, this planarity 

could be deformed by the steric hindrance between the bulky aryls in the actual 

isomerization reaction, 2 to 2. A sulfur atom might approach to the less hinder- 

ed site of one of the phosphorus atoms along the CPPC plane in L to give 2 and 

then the sulfur atom in 2 shifts vertically accompanied with rotation of the 

phenyl rings to avoid steric hindrance during the isomerization to 3. 

The calculated SCF and GVB energies of the ground state are shown in Table 2. 

At all levels of theory the energy separation between monosulfide (2-l) and thia- 

diphosphirane (3’) consistently lies in the range of 19 - 21 kcal/mol. But, the 

energy barriers of the rearrangement L’+J’ and L.‘+ 2_’ are reduced to 24.8 and 

45.3 kcal/mol, respectively, by the GVB calculations. HOMO 
A favorable phase relation in ft’ is shown in the right.” 

Although these values should be taken only semiquantitative- OS0 
lY, one can say that the reverse reaction %‘+&I does not 

occur. This is consistent with the experimental fact.3 
H*- . ..y 

Table 3 shows the calculated energies for the lowest @ 

B 

0 ‘H 

triplet states: the 3Ar and 3A’r states of 3’ are the (n + pi*) LUMO 
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Table 1. Computed geometries for H2P2S isomers. 

Diphosphene monosulfide (Cs):L' 

P'P2 1.993 8, (2.054(2) A)a 

P'S 1.907 w (1.931(2) QU 

P'H' 1.391 1 

P2H2 1.406 E; 

P2P'S 136.11' (129.0(l)")a 

H'P'P' 107.63' (106.1(l)")a 

H2P2P1 94.20° ( 99.9(l)")Q 

Saddle point (C ): 2’ 

P'P2 2.053 s P2P'S 97.59" 

P'S 2.068 1 H'P'P' 1oo.90° 

P'H' 1.401 w H2P2P1 93.72O 

P2H2 1.399 K SP'P2H2 60.920d 

SP'P2H1 113.20ad 

Thiadiphosphirane (C,): 2’ 

P'P2 2.176 i (2.249(3) X)b 

P'S 2.117 i (2.103(3) @ 

P'H' 1.405 i( 

P2P'S 59.08' ( 57.7(l)+ 

II'P'P2 95.56' (106.7(l)'+ 

H'P'S 98.43" ( 99.9(2yy 

Lowest triplet state (Cl): TIC 

P1P2 2.194 a P2P1S 105.92O 

P'S 2.046 8, H1P'P2 98.86O 

P'H' 1.407 1 H2P2P1 93.50° 

P2H2 1.399 8, SP1P2H2 65.990d 

SP'P2H1 106.080d 

a) Obsd (2): H' and Hz should read ipso-carbons of the Ar groups; data taken 
from Ref. 1. b) Obsd (2): H' and HZ should read ipso-carbons of the Ar groups; 
data taken from Ref. 4. c) Optimized structure of the lowest triplet state, 
see also Table 3. d) Dihedral angle. 

Table 2. SCF and GVB total energies and AE values for the lowest singlet states. 

Species State SCF/S-21G" AE SCF/6-31G"" AE GVB/6-31G** AE 
(a.~.) (kcal/mol) (a.~.) (kcal/mol) (a.~.) (kcal/mol) 

2’ 'A' -1074.9700 0.0 -1080.0912 0.0 -1080.1557 0.0 

5' 'A -1075.0009 -19.4 -1080.1241 -20.7 -1080.1884 -20.5 

L' SO -1074.9025 42.4 -1080.0263 40.7 -1080.1162 24.8 

Table 3. SCF total energies and VE values for the lowest triplet states. 

Species State 3-21G*(a.u.) VE (kcal/mol) 6-31G**(a.u.) VE (kcal/mol) 

2' 3A' -1074.9242 28.8 -1080.0469 27.8 

3A!l -1074.8833 54.4 -1080.0067 53.1 

z 3A -1074.8527 92.9 -1079.9779 91.8 

3B -1074.8403 100.8 -1079.9655 99.6 

Tl 3A -1074.9728 ---- -1080.0974 ---- 
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and (n S +TI*) states, respectively. The 3A state of A' corresponds to the exci- 

tation from the lone pair orbital of the sulfur atom to the P-S antibonding or- 

bital. The vertical excitation energy (VE) of the 3A' of 3' is small (27.8 kcall 

mol) compared with 3A of 3_', because the 5a" orbital is nonbonding orbital. We 

find only one local minimum (Tr) on the lowest triplet energy surface, the struc- 

ture of which is very similar to that at the ground-state saddle point (&')except 

for the P'-P* distance (SP*, 3.386 8). The planari- 

ty of the HPPH moiety is also maintained (172.0') 
H H 

similarly to $_,I. The deformation to this structure 

is understandable by assumption of the singly occu- 

pied molecular orbitals: the 5a" orbital has no am- 

plitude on P', while 6a" has large amplitude on PI. 
50” 60” 

According to Walsh's rule,'* the excitation from 5a" to the 6a" orbital leads to 

a bent-out plane of the P'SH' part. Furthermore, the antiphase combination of 

6a" on P' and P* atomsgivesrise to lengthen the P-P distance. 

If the reaction, L.'Z L', proceeds on the lowest triplet surface, the inter- 

system crossing to the ground-state surface would also afford the isomerization 

product. The reverse reaction, L'-+ 2, might not occur even in the lowest trip- 

let state, because the large excitation energy of the 3A state in &' is required. 
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