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A toluene solution of the title compound (Tp) and an excess of diiodine gave, surprisingly, by slow 
evaporation of the solvent in the air, the product [TPO3H]1&H,CH3, where one of the three phosphinic 
P atoms of the TP, is oxidized to POH and two to M moieties, giving rise to a monoc&on [TPO,H]+. 
The X-ray structure of the compound has shown that the crystals are triclinic with P1 space group, (I 
= 11.218(5), b = 14.469(6), c = 14.626(6) A, Q = 93.67(2), /3 = 94.50(2), y = 91.88(2)", V = 2360(2) 
A3, Z = 2. Solution and refinement of intensity data gave final residuals of R = 0.0512. The cation 
shows a conformation with a ten membered ring depending on the intramolecular hydrogen bond 
between the two extreme oxygen atoms and on 0---H(C,,) interactions. The bond lengths P( l ) -O( l ) ,  
P(2)-0(2), P(3)-0(3) follow the order: 1.510(8), 1.486(7), 1.504(8) 8, respectively, as expected by 
the existence of the hydrogen bond between H(l) and O(3). The 0-P-C,,,,, bond angles fall in the 
107.1(5)-114.3(5)" range. The triiodide anion is nearly linear [I(l)-1(2)-1(3) 178.2(1)"] and shows 
moderately asymmetric bond lengths [1(1)-1(2) 2.871(2) I(2)-1(3) 2.969(3) A]. 

Key words: Diiodine; ply-arylphosphines; poly-arylphosphine-oxides; X-ray; triiodides. 

INTRODUCTION 

The interaction of I2 with n-donors can give rise to charge-transfer complexes which 
may either be inert compounds or intermediates in redox reactions.' We are in- 
terested in this topic, and until now the reactions involving thioamido  donor^^.^ 
have been investigated. As an extension we have decided to investigate the be- 
haviour of other n-donors, as phosphines. As a preliminary result, we report in 
this paper the unexpected reaction product obtained by reacting bis-(0-diphenyl- 
phosphinopheny1)phenylphosphine (TP)5, with 12, according to the following re- 
action scheme: 

TP + 912 + 3Hz0 + 5H+ + TP03H+ + 61; 

The molecules TP and TP03H+ are drawn below, for reasons of clarity. 
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I +  

TP TPO$I+ 

RESULTS AND DISCUSSION 

The reaction of TP with It in toluene, without protection against moisture, produces 
the new compound [TPO,H] +I;, where two phosphorus atoms of the tritertiary 
phosphine are oxidized to P=O and one atom to P - O H ,  giving a monocation 
having as counter ion an I;. It has been known for a long time that tertiary 
phosphines react with halogens to form R3PX2 derivatives,6 but only recently 
structural' and solid state 31P NMR spectroscopics results have shown unambigu- 
ously that the products have ionic phosphonium salt structures Ph,PX+X; (n = 1,3). 
Previous solution studies have led to rather confusing results. Rao et aL9 reported 
to have observed the transformation of the outer charge-transfer complex Ph3PI, 
in the inner complex Ph3PI +I-;  however experimental absorbances given to support 
the formation of the inner complex do not seem consistent with it, but rather with 
Ph3P=0. Conductometric titrations of Ph3P-I, systemlo, under rigorously an- 
hydrous conditions indicate the formation of the di- and tetra-halide. It is also 
reported that traces of water affect the reaction and the formation of [Ph3PH] +I- 
has been claimed." On the other side, it is known that triphenylphosphine is 
resistant to air oxidation,12 while by reacting Ph,P with dihalogens in wet solvents 
the product is P h 3 k 0 . 1 3  It is presumed that water attacks the initially formed 
halophosphonium cation according to the following reaction scheme: 

We suggest that the isolated [TPO,H] + is formed by attack of the water present 
in the solvent by a similar mechanism, and that the existence of the cation containing 
one hydroxylic group is probably related to the intramolecular hydrogen bond 
between the oxygen atoms (see later) which stabilizes the cation. 

Structural Results 

Fractional atomic coordinates are given in Table I; selected bond distances and 
angles are listed in Table 11. 
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TABLE I 
Fractional atomic co-ordinates (xl0') with estimated standard deviations in parentheses 

,X/. 

7130 (1) 
6114 (1) 
5106 (1) 

6 3 ( 3 )  
2 3 7 7 ( 3 )  
1510 ( 3 )  

- 1 5 ( 7 )  
1 3 3 S ( O  

4 4 6 ( 7 )  
1317 (11) 
1 6 9 8  ( 1 3 )  
3 6 2 7 ( 1 7 )  
3133 (18) 
1 8 5 1 ( 1 7 )  
1 8 8 7 ( 1 4 )  

-1131(10) 
-1155 (13)  
-2311(15) 
- 3 3 1 6 ( 1 3 )  
-3199 (12) 
- 2 1 5 4 ( 1 1 )  

28 (10) 
9 S 5 ( 9 )  
7 5 3  (11) 

- 1 9 4 ( 1 3 )  
- 1 1 9 9 ( 1 4 )  
-1033 (11) 

3424 (LO) 
3 1 3 9 ( 1 2 )  
4 0 4 5 ( 1 3 )  
4989 (1s 1 
5 1 9 S ( 1 6 )  
4 4 1 0 ( 1 S )  

~~ 

Y / b  

3446 (1) 
1 7 6 3 ( 1 )  
2054 (I) 
1 5 7 3 ( 2 )  
18;s ( 2 )  
1767 ( 1 )  

997 (S) 
1787 ( S )  

~ 1 7 4 0  ( 5 )  

1 3 4 4 ( 0  
l 9 8 6 ( 9 )  
1 8 1 4  (13) 

974 (13)  
344 (13) 

5 0 9 ( 1 0 )  
1 1 7 1  ( 7 )  
1 3 6 S ( 9 )  
1187 (10) 

875 ( 9 )  
7 4 3  ( 8 )  
947 ( 8 )  

2793 ( 7 )  
3191 ( 7 )  
4 2 0 1  (0  
4643 (10) 
4 1 4 1 ( 1 0 )  
3 1 1 4 ( 8 )  
3170 (7) 
4 0 3 8 ( 0  
4 2 9 9 ( 1 0 )  
3783 (11) 
3 0 3 6 ( 1 1 )  
2774 (11) 

I / c  

SSOJ(1 )  

7086 (1) 
8690 (1) 
2800 ( 2 )  
4OOll2) 
5 8 4 6 ( 1 )  
3 6 7 0 ( S )  
3965 ( 5 )  
5 1 5 1 ( 5 )  
11s3 (8) 
1 5 6 1 ( 9 )  

997  (11) 
l l O S ( 1 3 )  
1 6 6 3 ( 1 2 )  
1 2 4 8  (10) 
2 0 3 3 ( 7 )  
l l O S ( 9 )  

536  (11) 
9 2 1 ( 1 0 )  

1851 ( 9 )  
2 4 1 5  ( 8 )  
3 1 3 8 ( 7 )  
3 6 5 5 ( 7 )  
3967 ( 8 )  
3747 ( 9 )  
3121 (10) 
1 8 9 6  ( 8 )  
3266 ( 8 )  
1 7 8 1 ( 8 )  
2 1 3 s  (lo) 
2075 (11) 
1 4 6 1 ( 1 1 )  
3109 (10) 

X/r 

1 7 8 6 ( 9 )  
1 4 0 5 ( 1 0 )  
2 7 3 9  (10) 
3 4 S 1 ( 1 0 )  
3816 (10) 
3 4 9 9 ( 1 0 )  

9 6 1 ( 1 0 )  
1 6 1 1  (11) 
1 1 5 5  ( 1 3 )  

6 1 ( 1 5 )  
-626 ( 1 6 )  
-174 (13)  
2 4 6 8 ( 1 0 )  
1 9 9 6  (12) 
2 6 8 5 ( 1 3 )  
3 7 9 8 ( 1 3 )  
4 2 9 6  ( 1 4 )  
3610 (11) 
122 ( 9 1 )  
7 4 9  

1 4 6 3  
2638 
3 0 9 9  
2 3 8 4  
1 2 0 9  
-S17 
1010 

1 1 3 4  
2 1 9 1  
3 1 3 5  
3020 
1 9 6 3  
-160 

Y / b  

3 2 9 1  ( 7 )  
2 8 6 1  ( 7 )  
3259 ( 7 )  
4 0 6 S ( 7 )  
4488 ( 7 )  
4094 ( 7 )  
1 6 7 8  ( 7 )  
1319 ( 8 )  
1275 ( 9 )  
1S78 (10) 
1 9 1 3  (11) 
1987 (10) 

8 1 3  ( 7 )  
13 ( 8 )  

-751 (10) 
-714 (LO) 

4 6  (10) 
8 2 9 ( 8 )  

1 3 6 2  ( 6 8 )  
4958 
4189 
4288 
51S7 
5927 
5818 
4 7 5 3  
5 3 8 5  
4438 
4016 
4 5 4 1  
5487 

5909 
5 6 1 3  

V c  

s 1 4 3  ( 7 )  
s 9 0 5  ( 8 )  
6 8 0 8 ( 8 )  
6907 ( 8 )  
6 1 6 1  ( 8 )  
5285 ( 7 )  
6950 ( 7 )  
7 6 6 5 ( 8 )  
8 5 2 4 ( 1 0 )  
8666 (11) 
7 9 4 1  (11) 
7 1 0 1  (10) 
5 6 9 1 ( 7 )  
5 1 6 5 ( B )  
5087 (10) 
5 4 6 6 ( 9 )  
,991  (LO) 
6094 ( 8 )  
4360 (85) 

8 9 6 9  
9 0 1 0  
9 4 0 3  
9 7 5 4  
9 7 1 3  
9 3 2 0  
8 4 5 1  
9 1 0 9  
8 9 0 6  
9 1 8 0  
9657 
9 8 6 1  
9587 
8 8 2 9  

The conformation of the cation (Figure 1) depends on the intramolecular hy- 
drogen bond between the two extreme oxygen atoms and on 0---H(C,,) interac- 
tions. In fact the hydroxylic hydrogen atom lies approximately between the two 
oxygen atoms [O(l)-H(l) 1.17(12), 0(3)-H(1) 1.27(12) A] giving rise to a ten 
membered ring through a very strong hydrogen bond [0(1)---0(3) 2.432(10) A, 
O(l)-H(1)---0(3) 171(10)"]. The two Ph,PO and the PhPO moieties assume a 
conformation in such a way that each oxygen lies approximately in the plane of 
each phenyl ring [range of the torsion angle values of the carbon atom eclipsing 
the oxygen atom: 19(1) 30(1)"]. The resulting C-H---0 interactions [range of the 
contact values: 2.95(1) 3.11(2) 8, for C---0 and 2.53(1) 2.73(2) A for H---0] are 
weak and do not influence the P - 0  distances (the P(2)-0(2) distance is 1.486(8) 
8, against 1.493(2) 8, reported for Ph3P0).I4 Also in the case of Ph3P0 adducts 
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TABLE I1 
Selected bond distances (A) and angles (") with e.s.d.'s in parentheses 

I ( 2 ) - I  
P (1) -0 
P ( 2 ) - 0  
P ( 3 )  -0 
P (1) -c 
p (1) -C 
P (I) -c 

C(1)-P 
C ( 1 )  -P 
c (7)  -P 
O(2)-P 
O(2)  -P 
O(2)-P 

2 . 8 7 1 ( 2 )  
2 . 9 6 9  ( 3 )  
1.510(8) 
1 . 4 8 6  ( 8 )  
1 . 5 0 4  ( 8 )  
1 . 7 8 ( 1 )  
1 . 7 9  (1) 
1.80(1) 

1 7 8 . 2  (1) 
1 1 4 . 3  ( 5 )  
1 0 7 . 1  ( 5 )  
1 1 0 . 9 ( 5 )  
1 0 5 . 8  (5 )  
110.5 (5 )  
1 0 7 . 9 ( 5 )  
113.1 ( S )  
1 1 2 . 5  (S )  
1 1 0 . 8  (5) 

P ( 2) -C ( 14 ) 
P ( 2 )  -C ( 1 9 )  
P ( 2 )  -C ( 2 5 )  
P ( 3 )  -C( 2 6 )  
P ( 3 ) - C ( 3 1 )  
P ( 3  ) -c ( 37 
0(1I-H(1) 

1 . 8 1  (1) 
1 . 7 9 ( 1 )  
1 . 7 8  (1) 
1 . 8 4 ( 1 )  
1 . 7 8  (1) 
1 . 7 9 ( 1 )  
1 . 1 7  (12)  

1 0 5 . 9  ( 5 )  
1 0 6 . 3 ( 5 )  
1 0 7 . 9  ( 5 )  

113.3 ( 5 )  
1 0 7 . 6  ( 5 )  
1 1 3 . 6  ( 5 )  
1 0 6 . 5  ( 5 )  
1 0 9  . 4  (5) 
1 0 6 . 0  ( 5 )  
1 1 9  ( 5 )  

FIGURE 1 Perspective view of the cation. 
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POLY-ARYLPHOSPHINES AND IODINE 149 

FIGURE 2 Projection of the structure along [lOO]. 

with molecules containing the H-X group (X = N, 0, ,)I4 where, even though 
hydrogen bonds of type PO---H-X exist, no significant lengthening of the P-0 
distances is observed. In the case of Ph3PO---HCl, instead, the P - 0  distance is 
appreciably longer (1.517(2) A).14 In the molecule reported here, the hydrogen 
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TABLE I11 
Experimental data for the crystallographic analyses 

C49A4213%p3 
llS2.SO4 
triclhic 

11.218 (5) 
14.469 (6) 
14.626 (6) 
93.67 (2) 
94.50 (2) 
91.88 (2) 
2360 (2) 
2 
1.622 
ll28 
295 
0.1M .UxO .47 
CAM 
21.03 
em 6 3.3 
0.80+0.3S t@ 
*filtered M A  (x - 0.7lO73 ! ) 
3-26 

p i  

bond produces a similar lengthening ( P ( l F ( 1 )  and P(3)-0(3) 1.510(8) and 
1.504(8) A, respectively). The triiodide anion is nearly linear [I( 1)-1(2)-1(3) 
178.2(1)"] and has a moderately asymmetric bond length distribution [I(l)-1(2) 
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POLY-ARYLPHOSPHINES AND IODINE 151 

I(2)-1(3) 2.970(3) A] which is not determined by a specific set of interactions, the 
1(3) atom being not involved in interactions with other atoms, 

The packing (Figure 2) is determined by van der Waals interactions between the 
cations and the anions, and the resulting channels running along [ 1001 are occupied 
by the toluene guest. 

EXPERIMENTAL 

The ligand TP has been prepared according to literature data.s Well formed lustrous orange-brown 
crystals of [TPO,H]I,. C,&CH3 suitable for X-ray analysis have been obtained by slow evaporation in 
air of a toluene solution of TF and an excess of iodine. Toluene was Carlo Erba WE-ACS reagent, 
and it has been used without further purification. Analytical results were in agreement with the above 
formulation. 1.r. Spectra (cm-’) were recorded on a Perkin Elmer mod 983 Spectrophotometer as K B r  
pellets: 305Ow 1587w 148Ow 1433111 1203111 1120s (M) loooW 745s 725111 7OOm 541s 494w 3 5 5 ~ .  

Structure determination 
All diffraction measurements were made on ansnraf-Nonius CAD4 automatic diffractometer, using 
graphite monochromatized Mc-ka radiation (A = 0.71073 A). The setting angles of 25 intense re- 
flections (13 < 0 < 17”) were used to determine accurate cell constants and orientation matrix, by 
least-squares fit. The data collections were performed by the -20 scan, within the limits 3°C E) C 
26“. A scan speed S 3.3”/min and-a variable scan range of (a + 0.35 tan 0)‘, with a = 0.80 were 
used. The space group was to be P1. Of 8301 independent reflections measured, 2889 were considered 
as observed [I > 2a(I)]. The intensities were corrected for Lorentz and polarization effects, for ab- 
sorption (maximum and minimum values 1.5219, 0.7732 respectively) and secondary extinction (max- 
imum and minimum values 1.0203,0.7838) following the empirical method of Walker and Stuart.lS The 
structure was solved by the Patterson and Fourier technique and refined by block-matrix least squares, 
with anisotropic thermal parameters for I, P and 0 atoms using the SHELX 7616 program. Only the 
hydroxylic hydrogen was located from a AF map; the coordinates of the hydrogen atoms of the phenyl 
groups placed at their geometrically calculated positions were not refined, but introduced in the final 
structure factor calculation with fixed isotropic thermal parameters (U = 0.1303 A*). The solvent 
molecule was found to be disordered and the corresponding non-hydrogen atoms were inserted in two 
position with 0.50 site occupancy factor, as found from the refinement; while the corresponding hydrogen 
atoms were not considered. Convergence was reached at R = 0.0512. 

Experimental data for the crystallographic analyses are reported in Table I l l  
Note. The tables of experimental data for the crystallographic analysis, of bond distances and angles, 
of coordinates for the hydrogen atoms, and of anisotropic or isotropic thermal parameters were deposited 
with the Cambridge Crystallographic Data Center (CCDC) U.K. 
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