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Reversible Dismutation and Coordination of 
Bis( 2,4,6-triisaprapylphenyl) Diselenide with Iodine: A 
Model Study That Relates to Iodine Intercalation between 
Selenium Chains’ 

It has long been known that iodine influences significantly the 
rate of crystallization of elemental selenium. I t  has been proposed 
that a t  very low concentration iodine atoms inhibit the crystal- 
lization by forming intercrystalline surfaces, whereas at  higher 
iodine concentration “recombination of iodine atoms” takes 

We report here a model study describing the role of 
iodine for reversible cleavage and formation of seleniumselenium 
bonds. Multinuclear N M R  spectra reveal dismutation equilibria 
of a model diselenide with iodine in solution, whereas a very loose 
charge-transfer adduct of the same diselenide with iodine in the 
solid state allows one to predict how iodine molecules may in- 
tercalate between the chains of elemental selenium. 

Uncharged binary compounds between selenium and iodine are 
still unknown,j but bulky aryl and alkyl groups may activate 
adjacent selenium-selenium bonds of organic diselenides for the 
reaction with molecular iodine to give stable molecules with co- 
valent Se-I (eq l ) ,  of which 2a has been characterized 
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by crystallographic data as the first iodoselane RSeL6 Quite 
differently, diphenyl diselenide gives a crystalline dimeric 1 : 1 
adduct with iodine (3), in which (8-Se-3) selenium atoms act as 
donor atoms toward iodine [@e-I) = 2.992 A] and (10-Se-3) 
selenium atoms behave as weak acceptors [d(Se-I) = 3.588 
(eq 2). 

In solution, the diphenyl diselenide diiodine charge-transfer 
complex exists in equilibrium with the parent diselenide I f  and 
iodine (the equilibration according to eq 3 is fast on the IH, I3C, 
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and 77Se N M R  time scales), but a species with a covalent Se-1 
bond (PhSel) could not be detected by N M R  spectroscopy.s 
Possible equilibration of a species PhSeI with Ph2Se2 (10 and I, 
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Figure I .  ORTEP drawing of 4, showing only one position of the disordered 
isopropyl groups. Hydrogen atoms a re  omitted for clarity. 

Table 1. Selected Bond Lengths (A) and Bond Angles (deg) for the 
Central  Se2.I2.Se2 Uni t  of (C30H46Se2)212 (4) with Estimated 
Standard Deviations in Parentheses 

1’( l)@-I( I )  2.772 (2) ](I)-Se(l)  3.483 ( I )  
Se(l)-Se(2) 2.353 (2) Se(l)-C(6) 1.945 (9) 
Se(2)-C(21) 1.934 (IO) 

l’( l)a-l(l)-Se(l)  169.2 ( I )  l ( l)-Se(l)-Se(2) 140.9 ( I )  
l ( l ) -Se( l ) -C(6)  101.1 (3) Se(2)-Se(l)-C(6) 101.0 (3) 
Se(l)-Se(2)-C(21) 100.3 (3)  

With reference to transformation operation -x, I - y ,  1 - z .  

as a rapid process (on the ‘H, 13C, and 77Se N M R  time scales) 
was ruled out by a crossing experiment of 3 with di-p-tolyl di- 
selenide (observation of separate N M R  signals for PhSeSe-p- 
Tol/12 beneath Ph2Se2/12, If, and p-To12Se2/12 in the presence 
of iodine). 

A novel unique type of behavior of Se-Se bonds toward iodine 
is shown by the rather bulky bis(2,4,6-triisopropylphenyl) di- 
selenide ( l b ) .  In inert solvents, equilibrium mixtures according 
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L O  cq 1 contain iodoselane 2b [a("%) 370.8 ppm] as the pre- 
dominant species'" but minor amounts of the educt diselenide l b  
[6(77Se) 359.1 ppm]" are still present. With iodine i n  excess. 
disclcnidc l b  is completely consumed. 

Removal of the solvent from mixtures containing l b ,  12,  and 
2b proceeds with loss of iodine, and subsequent crystallization from 
40/60 petroleum ether leads to purple-black crystals of the com- 
position (R2Se2)212 (4) (R = 2,4,6-triisopropylphenyl). Crystals 
of 4 were orthorhombic, space group Pbca, and allowed a sin- 
gle-crystal X-ray structure determination.I2 Surprisingly, solid 
4 is not an iodoselane but a very weak adduct of molecular iodine 
with two molecules of diselenide I b  (Figure 1 and Table I ) .  The 
diselenidc molecules are  related by a center of inversion in the 
middle of the 1-1 bond. The  1-1 bond length of 4 (2.72 A) is 
comparable to that of solid I, (2.71 5 A);'3 it is less elongated than 
in any other known adduct of selenium ligands with iodine 
molecules. Accordingly, the geometry of diselenide l b  within the 
complex 4 appears very much like an undistorted organic di- 
selenide, quite different from the Ph2Se2 moiety in complex 3. 
which shows distinctly different coordination geometries of the 
two three-coordinated [(8-Se-3) and (10-Se-3)] selenium atoms8 
as well as a much stronger S e - 4  interaction (2.99 A) and weaker 
1-1 bonds (2.77 A)8 than those of 4. 

Dihalogen molecules tend to give 1 : 2  complexes only with very 
wcak donors.I4 Quite typical for such adducts, the arrangement 
Sc-I-I-Se of 4 is not far from linear (&e-1-1 = 169.1'). 

Dissolving crystals of 4 in inert solvents allows one to detect 
immediately an equilibrium mixture of diselenide l b ,  iodoselane 
2b, and iodine ( N M R ,  UV);  these molecules are also observed 
i n  the gas phase (El-MS a t  70 eV).  

Remarkably, complex 4, containing an iodine molecule 
"intercalated" weakly between two diselenide molecules, is of very 
similar energy compared with both the educts (diselenide l b /  
iodine) and the iodoselane species 2b containing a covalent Se-l 
bond. Packing effects will contribute to make C T  complex 4 (not 
2b, which predominates in solution) a stable compound in the solid 
state. From less bulky bis(2,3,5,6-tetramethylphenyl) diselenide 
( I d )  with iodine, iodo(2,3,5,6-tetramethylphenyl)selane (2d). the 
prcdominant species in solution, was isolated as a pure crystalline 
~ o m p o u n d . ' ~  

The barriers of transformation of these species into each other 
(eq 3) are lowest for the charge-transfer complex association,' 
dissociation equilibris (steps i and i i  are fast a t  all N M R  time 
scales) and still rather low for the diselenide-diiodine dismutation 
(immediate equilibration according to eq 3 upon dissolving 4).  

The (low) strength of the interaction of diselenide l b  with iodine 
in solid 4 [@e-I) = 3.48 A] is quite comparable with inter- 
molecular interactions i n  solid iodine or with interchain contacts 
in hexagonal selenium [d(I-I) = 3.50 A; d(Se...Se) = 3.43 
The solid-state structure and the reversible dismutation in solution 
make the diselenide lb/12 system the most suitable molecular 
model currently available for the modes of interaction between 
elemental selenium and elemental i ~ d i n e ~ . * - ~  wherein catalysis of 
sclenium crystallization (Le. Se-Se bond breaking and bond 
making) is favored by iodination/deiodination via covalent and 
charge-transfer Se-l bonded intermediates. 
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Wavelength Dependence of Unquenchable Photoaquation in 
the Tris( 1,3-diaminopropane)chromium( 111) Ion 

We have discovered a wavelength dependence of product 
stereochemistry in [Cr(tn),l3+ (tn = 1,3-diaminopropane) pho- 
toaquation that indicates the unquenchable photochemistry com- 
petes with vibrational relaxation. An earlier study' of wavelength 
dependence of unquenchable photoracemization yield in [Cr- 
 hen)^]^' was interpreted similarly, while wavelength-dependent 
quenching i n  frans-[Cr(en),F(NCS)]+ was interpreted in terms 
of reaction via two quartet states2 All these results are important 
i n  the context of previous  report^^.^ of wavelength independence 
of product yields. 

I t  is known that chromium(II1) complexes may photosubstitute 
by two one via the doublet state with p r o d u ~ t ~ . ' ~  
forming with the doublet lifetime, the rate of the other pathway, 
often about 2&30% of the reaction, being faster than nanoseconds. 
The details of the fast pathway have not been established ex- 
perimentally. I t  has been proposed to occur directly from a 
thermally equilibrated, solvent-shell-relaxed electronically excited 
(thexi) quartet state" or by surface crossing to a ground-state 
transition state.'2.l3 

Intersystem crossing yieldst4 and product yields have been 
observed to vary with excitation wavelength, and phosphorescence 
risetime lies in the picosecond or faster domain.I5J6 These features 
suggest the quartet route is very fast, but there is need for more 
information on its rate. 

Previous s t u d i e ~ ' ~ ~ ~ ~  have shown that [Cr(t11)~1~+ photosub- 
stitutes to cis- and tr~ns-[Cr(tn)~(tnH)(H~O)]~+ with quantum 
yield 0.1 5. Here, we have examined, at 20 "C, the overall quantum 
yields for photoaquation and the product isomer composition on 
irradiation into the quartet and doublet states as well as for quartet 
irradiation in the presence of a quencher that eliminates the 
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