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Introduction

Phosphine sulfidesand selenides are knownto act as donors towards
dihalogen moleculeX,. -4 From phosphine selenideshich are stronger
donors than the sulfides , a considerable number of “1:1 adducts”
R,R'PSeX have been isolated. >8] Molecular structures have recently
been determined frorR,R'PSe} (type A, Schemel, R, R' = CgHg, NMe,,
NEt,,  and R = But, R'= | ) and R,R'PSeB (type B, R, R'= NMe ,,
CgHy; B1). lonic structuref solid 1:1 adductf phosphine selenides with
iodine do notinvolve R,R'PSet cations(type C), as postulated earlief{!
but (R,R'PSe)l* cationsand k- anions(typeD). [° 101
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Schemé.. Structurealternatives ophosphine selenidealogeradducts

31p- and 77SeNMR spectra however suggest thatin solutions of 1:1
adducts equilibrium mixtures of several species are present®91% To
elucidate the rol®f solventsof the sizeof alkyl substituents attacheid
phosphorusand to evaluate the role of the acceptor atoms (I, Br)
coordinated by selenium the course of stepwise halogenatiorof the
phosphine selenides were followed by heteroaltR spectroscopy°!
Formally, we regard the reaction products as being derived from
hypothetic [R,R'P-SeX]* cations by their interactions with
nucleophilegBr, I, |, or R,R'PSe). Sofnucleophiles can approade X
bonds by“n - o”-attack” attwo different Lewisacidic sites Se atoms in
a-position or X atoms in Apositionfrom the phosphonium centé!!
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Scheme. Sites ofpossible attackn R,R'PSeX cations

Formation of “1:1 adducts”

Adding Br, or |, stepwiseto solutionsof phosphine selenideR,R'PSe
(la: R, R'=Bu'; 1b: R, R' = Pri; 1c: R = But, R' = Pr) allowsto observe
inall 3P-NMR spectraof such solutions only one averaged®P-NMR
signal witha pair of’’Sesatelliteg Table 1andTable 2. Crystallisation of
products from 1 with Br, provides pure solids R,R'PSeBj (2a-c; 2b:
Figure 1). In each of these compounds, bromine is oxidatively added to
selenium, which becomes “hypervalent” (structure tBpa0-Se3). [11]
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Figure 1. Structureof 2b Pr;PSeBj (H atoms omitted for clarity).

Concerning“1:1 adduct$R ,R'PSe}, two different types of structures
appearto existin equilibria. From Bu';PSe (a), a crystallinel:1 product
3a wasisolated that contains the molecular(A) and ionic (D) species
within the same crystaFrom less crowdedb, c the ionic compound8b,

c (3b: Figure 2) were isolated asolid products!t1

Figure 2. Structureof 3b (Pr;PSe)l* I (H atoms omitted for clarity).

Reactions with excessalogen

Starting with ionic 3b and 3c, addition of excess iodine led to colored
solutions, that exhibitecd®’P-NMR singlet signals with further decreased
NMR coupling constantsJ("’Se, 3'P) which are similar to those of the
type B molecular adducts BR'PSeBj. Crystallisationallowed to isolate
solid products BR'PSel, 7b and7c. 7a and7c are not highepolyiodides
of (R,R'PSg,I* cations but represent rare examples of,fRPSe]* cations
(typeC; 7c: Figure 3. 3.101

Figure 3. Structure of7c Bu',PrPSe} (H atoms omittedor clarity).

The high iodine content of BR'PSe} leads to improved separation of the
[R,R'P-Sel]* cationsof 7b and7c from the anionicpolyiodidenetworks.
Addition of molecular bromine to the*1,1 dibromide$ 2b, c led to their
complete consumption favour of unselective formation of new species.

Spectroscopic investigations

Trialkylphosphine selenidg&;R'PSe)like their parent trialkylphosphines
(R,R'P), exhibit increasing'P downfield shift with increasing-branching
of the alkyl groupsAs expectedthe 3P signalof mixed-substituted new
compoundlc (85.8 ppm) appears downfield from 1b (72.2 ppn) but
upfield from 1a (94.7 ppn). Stepwise additiorof iodineto la-c doesnot
lead to new 3P NMR signalsof the reaction products but the singlet
signal is continuously shifted (dependingon the amountof iodin€) to
lower frequencies (upfield, up to about10 ppm compared with 1a-c,
Table 1). Afteradditionof one equivalenof bromineto l1a-c, howeverthe
positionof the3!P NMR singlet stays nearly constafftable 2).

1a Bu;PSe 5P [ppm], &3P [ppm],
1b: Pi,PSe 13(7Se,3P) [Hz] (7"Se,P) [Hz]
1c: Bub,PrPS¢ (CH,Cl,-C¢Dg, "CeDy) | (TolueneCyDg, " CsDs)
1a (99.0, 711) (99.0, 711)
la+ |, 83.0, 599 -
la+151, 83.0, 526 N

1b 70.6, 690 69.7, 716

1b +0.51, 67.2,616 67.2, 663
1b+0.75}, 66.3, 597 66.8, 659
1b+ 1, 65.1, 557 65.3, 619
1b+21, 66.1, 529 64.6, 585
1b+351, 66.5, 518 =
1b+51, 67.2,- 65.2,-

1c 83.8, 692 -
1c+0.51, 80.2, 707

1c+ 1, 76.8, 547

1c+21, 76.1, 544

1c+3.51, 76.5, 528

Table 1.3P NMR data for reactions of phosphine selenitis with |,.

More indicative for the reaction course of phosphine selenides with
electrophiles are coupling constantsl(’’Se, 31P) that can be determined
from satellite doubletén the 3P NMR spectra With increasing amoundf
the added electrophile they decrease continuously from ab@dt- 15 Hz
(in the starting materia)gdo aboutminus 15— 20% (solventdependentin
the 1:1 products with iodine 3a-c, and to about minus 25% in the 1:1
products with bromine and in the products with large excessof iodine
(7b, c). Concerning’’Se NMR spectra, a straightforward correlation (like
that of & 3!P) between chemical shifts of R ,R'PSe and increasinga-
branching of the alkyl groups does not exist.

1a Bu,PSe &3P [ppm], 57'Se [ppm],
1b: PiPSe | )(7seP)[Hz] | 3(7Se P) [Hz]
1c: Bu,PIPSe| (CD,Cl,"CiDg) | (CD,Cl,, 'CD,CN)
1a (99.0, 713" (-420.8, 490"
1a+ Br, 83.0, 513 -

1b 70.6, 690 -485.2, 690
1b + Br, 69.8, 521 -409.0, 521
1b + 5 Br, 72.7,499 -

1c 83.8, 692 -399, 692
1c+0.05Bp 83.7, 687 -381, 689
1c+0.10 B 83.6, 682 -358,- (b, ~70040|
1c+ Br, 82.9, 520 -

Table 2.31P and’’Se NMR data for reactions da-c with Br,.

Exchanging two Pf groups of 1b against two Bu groups (in 1c), does,
however, not lead to a further monochronous increage’ée. This holds
aswell for adductsof 1a-c with electrophiles (for example with bromine:
Table 2). To approachan understandin@f influenceson the unexpected
variationof magnitudesof 3 7’Se in these sterically crowded phosphine
chalcogenides ab initio calculations on various conformers of the
phosphine selenideis, b, candd were carriedbut with help fromGIAO-
SCF/641(d) calculations 12 Qualitatively the experimentally observed
range of’SeNMR shieldings ( 1c < la << 1b < 1d) reflects fairly well
the calculated shift values of their energetically mdstvourablerotamers
(1cl < la << 1b-1 < 1d-1; Figure 4). 1c, showing the “abnormally
deshielded” 7’Se signal (compared with naive expectations from linear
interpolation betweefia and1b) is apparently the only compound among
the Pr' derivatives, in which no rotamer with anti arrangement of the
SePCH moiety (which would be  1c-3) contributes to the rotamer
population averageiSeNMR shift.

Se calc.77Se NMR shift
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Figure 4.Calculated’Se NMR shifts for different rotamers a@é-d.

On additionof less tharb mol% of |, as electrophileo 1c, the’’Se NMR
doublet broadenand shifts slightlyto lower field (from 399 to 397ppm)
and the coupling constant is now about 663 Hz. With 10 mol% of | ,,
severe broadening makes tfigse NMR doublet nearly unresolvabj@nd
with more iodine any?’Sesignal cannot be resolvedSimilary, with very
small amount®f bromine a ”’Se NMR signal canstill be resolvedat 358
ppm but due to broadeningthe coupling constant cannot be determined
accurately This can be explained by rapid halogen exchange reactions
("’Se NMR time scajehat do involve SeX (X = I, Br) bond breaking, but
do not involve RSe bond breaking, becausd(’’Se,3!P) can be observed
at all times[*1

Summary

While 3P NMR shifts of the phosphine selenideta-d can be correlated
with a-branching of the alkyl groups at the phosphorous center, tisare i
such easy relationship concerning the’7Se NMR shifts. The 31P/7Se
coupling constants of the reaction products/mixtures from thiegsphine
selenides with electrophiles seem to depend on the type ofeftte and
polarity of the solvent. Isolated products from these reactisnggest that
R,R'PSet cations favour to be attacked ap-position leading to (stable)
molecular or ionic structures (typ® andD), whereas for BR'PSeBronly
species which have evolved framattack at selenium where observed.
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