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Reactions of Bis(triphenylphosphonio)isophosphindolide Salts with Mercury(ll)
Compounds: Coordination Induced Addition and Oxidation Reactions and Synthesis of a
Monomeric 1:1 Complex of the Type [R(R'O)P]HgBr>

Dietrich Gudat,* Martin Nieger, and Martin Schrott

Anorganisch Chemisches Institut der UniveisBann, Gerhard-Domagk-Strasse 1, D-53121 Bonn
Receied July 24, 1998

Bis(triphenylphosphonio)isophosphindolide triflaf¢GF:SO;]) reacted with HgGl and HO or MeOH to give a
phosphinito complex which was converted with excess Hdg@to the dimercury comple. In contrast,
methanolysis ofl[X] (X = CF;SG;, Br) in the presence of Hg(OAggfforded the phosphonium catich A
mercury complex8 was isolated for X= Br as a reaction intermediate. Salts of a macrocyclic cation with a
constitution similar to that 0o® were obtained by reaction d{CF3;SG;] with Hg(OAc), and triethylene glycol.
The products were characterised 1y, 13C, and3!P NMR spectroscopy; in additioA?®Hg NMR data of some
complexes were obtained from AP 19%Hg shift correlations. Complexds(space groufP212:2;, Z = 4,a =
12.449(2) A,b = 17.583(3) A,c = 23.111(3) A,V = 5058.8(14) A&, 8917 reflections refined tRy, = 0.103)
and 8 (space grougC2/c, Z = 8, a = 20.028(2) A,b = 15.513(2) A,c = 30.247(8) A, = 91.91(1}, V =
9392(3) A&, 7955 reflections refined tdR,, = 0.177) were further characterized by single crystal X-ray
diffractommetry. Compoun8 is the first example of amonomeriaccomplex of the type LHgX(L = phosphine
donor, X= halogen); formation of a halide bridged dimer is presumably prevented by the extraordinarily sterically
demanding ligand. A reaction mechanism for the formatiob ahd8 is proposed which involves the formation
of mercury complexes of as the initial step.

Introduction Scheme 1

Bis(phosphonio)isophosphindolide cations sucl'g§cheme PPh,
1) feature a formally negatively charged heteronaphthalemie 10
electron systefwhose two-coordinate phosphorus exhibits .@
ambiphilic properties? similar to those of the phosphorus in PPhy
phosphenium ion%. As we have recently established may A“fl/ XC“Br
coordinate to coinage metals in either of two motfé<prming PPh, Br PPhy Br
either mononuclear2j or binuclear 8) complexes. While2
essentially resembles a phosphenium complize, bonding in ©G P~AuCl P B
the CyP unit of 3 was describetin analogy to copper aryls PPh, 3 PPh; Br
as a dative two-electron, three-center bond which results mainly
from L(o) — M charge transfer from the phosphorus lone pair
and is further stabilized by ) — M charge transfer from
ligand sr-orbitals and M(d}— L(xz*) back-donation.

A similar bonding situation, albeit with increased participation
by ligand—metalz-interactions which was attributed to a higher
electrophilicity of the metals, was proposed for binuclear silver
complexes$. The apparent variability ia/z-bonding contribu-
tions raised the question of whether or not an even more Results
pronounced increase in metal acidity might induce a further
strengthening of L) — M bonding and thus force the ligand Reactions. In analogy to the formation dffHgls] from 1[Br]

2

coordinated phospholide anion which forms two two-electron,
two-center bonds to different metdlsThis hypothesis prompted

us to study the reactivity of toward Hg" which combines a
high Lewis acidity with a preference for linear coordinafion
and should therefore meet the special steric requirements of the
bis(phosphonio)isophosphindolide ligahd.

to behave as a genuine four-electron donor similaritégi(P)- and Hgb,! the salt1[Cl] reacted with Hg(J to give [HgCk]~
(Y%Hg (in CHCIy): 6 1040 lit. 10589), while cationl remained
® Abstract published idvance ACS Abstractddarch 1, 1997. unchanged. In contrast to our experience that complexation of
@ gggm'dp“erv A.; Thiele, Mangew. Chem., Int. Ed. Endl991, 30, 1 may be promoted when more nucleofugic anions than halides
(2) Gudat, D.; Bajorat, V.; Nieger, MBull. Soc. Chim. Fr1995 132, are p.resen‘t: ne”her. HgC} nor HQ(OAC)Z reacted with a
280. B ) stoichiometric quantity ofl[CF;SGOs) in dry acetone/tetrahy-
(3) Review: Sanchez, M.; Mazies, M. R.; LamangeL.; Wolf, R. In drofuran (THF); in the former cas#P and'*Hg NMR spectra
Multiple Bonds and Low Coordination in Phosphorus Chemjspyin,
L. D., Verkade, J. G., Eds.; G. Thieme Verlag: Stuttgart, Germany,
1990; p 129. (8) (a) Mathey, F.; Fisher, J.; Nelson, J. Btruct. Bondingl983 55,
(4) Gudat, D.; Schrott, M.; Nieger, MChem. Ber1995 128 259. 153. (b) Mathey, FNow. J. Chim.1987 11, 585. (c) Mathey, F.
(5) Gudat, D.; Schrott, M.; Nieger, Ml. Chem. Soc., Chem. Commun. Coord. Chem. Re 1994 134, 1.
1995 1541. (9) Review: Brodersen, K.; Hummel, H. U. Bomprehensie Coordina-
(6) Gudat, D.; Schrott, M.; Bajorat, V.; Nieger, M.; Kotila, S.; Fleischer, tion Chemistry Wilkinson, G., Ed.; Pergamon Press: Oxford, U.K.,
R.; Stalke, D.Chem. Ber1996 129, 337. 1987; Vol. 5.
(7) van Koten, GJ. Organomet. Cheni99Q 400, 283, and references (10) Goodfellow, R. J. InMultinuclear NMR Mason, J., Ed., Plenum
cited therein. Press: New York, 1987; p 563, and references cited therein.
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revealed the coexistence of intattand HgCh (***Hg (in
THF): ¢ 758, lit. 7039. A rapid reaction between both 11[X] 12a (R=R'=H)
components occurred, however, when moist solvents were 12b (R = H, R’ = OAc)
L. . (X = Br, CF;S03) 12¢ (R=R'=0Ac¢)

employed or when a stoichiometric amount of water was » L3503

deliberately added. The single product was identified by NMR
spectroscopy as compld{Scheme 2), which contains the same
ligand as the diastereomeric gold complexes obtained by  solvent 03P  2Jpp Hz 0 'Hg* "Jngp®Hz 3Jugp, Hz

Table 1. 3P and'®®*Hg NMR Data (at 30°C) of 4, 5, and8

hydrolysis of2.* Storage of reaction mixtures afQ afforded 4 MeOH 103.7,235 —7.6 1194 9864 40
small quantities of the binuclear complex which was 5 Acetone 103.7,23.5 7.6 1218 9719 40
characterized by single crystal X-ray diffractometfy;was 8 CHCl, 1134,139 755 b 10890 32
accessible in much better yield from reactions1f€F;SO;] aAccuracy + 1 ppm for & 19Hg and £5 Hz for YJygp. ® Not

with a 2-fold excess of Hg@lunder otherwise identical determined.

conditions. Crystallines is colorless and, in contrast ) ) L )
sparingly soluble in acetone, MeNG MeOH. Solutions of Further studies showed the described oxidative alcoholysis

4 and5 display identicalH and®P NMR data and are stable to be readily extendable to higher monoalcohols and bifunctional

under anhydrous conditions but decompose in the presence of°lyethylene glycols. - For example, reaction of equimolar
moisture to give, beside several unidentified products, mercury quantities ofl{CFsSOsg, Hg(OAck, and triethylene glycol in

and the isolable phosphonium salt PhCH,CsH4CH,PPh*]- CHCI, afforded a product mixture whose major component
[HgCl,] (6]HgCl)). (40% by integration of’P NMR spectra, the amount increased

. to 60% if 1 equiv of CESOsLi was present during the reaction)
. ,?\hreactlon betwe;e&l anhd ch& vk\:as also tfk? undl to take .'?I?th. was isolated after chromatography and identified as the phos-
In the pres(,jen(ie c_)ta co ?hs StL:]C as _mel anol, even | f'n 'Sc’jphorus containing crown ethéd by spectroscopic techniques.
gf‘;’?\l?ﬂgo uc tmlx ure ra elr an ismgdetip?mes W‘Zi’agrme The remaining products could not be isolated, but spectroscopic
; spectroscopic analysis showed that comp analysis {H, 3P NMR, (+)FAB-MS) suggested the presence
again formed as the main product. Of the side products only of coupling products betweehand 2 equiv of the diol, which
cation 6 was positively identified; furthermore, a transient '

intermediate was detected which was on the basis of its AMX were tentatively formulated &2
NMR Spectroscopic Characterization of Mercury Com-
pattern £1P: 6 155.5 (A), 23.6 (M), 21.0 (X)Jax = 74.3 Hz), b P! zatl ury

. r plexes. 3P and'®Hg NMR data of complexes, 5, and8 are
tentatively formulated as the addition prodict A compound listed in Table 1. The givet*Hg o values were derived from

with analogous constitution had been obtained by methanolysis3lp detected3!P19%Hg 2D spectra whose acquisition was
of the gold complex2.* preferable over 10°Hg spectroscopy because it has higher
A different course of the alcoholysis was observed when sensitivity and further allows one to obtain the sigr@fin
Hg(OAc), instead of HgGlwas used as the mercury salt. Thus, 5 (Figure 1).
1[Br] reacted with Hg(OAc) in MeOH to give as first The identical constitution of the organophosphorus ligands
spectroscopically detectable products acetic acid and complexin 4 ands follows from the equivalence of botid NMR spectra
8 (Scheme 3), which precipitated as a yellow, crystalline solid. gnd3ip § and 230 values. The observed data match those of
Prolonged stirring of the heterogeneous mixture resulted in the gold complexes obtained by hydrolysis2gfbut the signal
conversion of8 into mercury and the phosphonium cati®n  multiplicities indicate tha#t and5 form only a single stereo-
which was isolated after anion exchange as a light yellow, air jsomer withcis-standing PPhigroups. The values 3Bgp and
stable BPhsalt. Catior9 was likewise formed in the reaction  19%g ¢ compare to those af-Bu(Ph)P(O)HgX {**Hg [Lhgp,
of 1[CF:SG;] with MeOH and Hg(OAc) or Pd(OAc). The Hz]: 6 1231 [10 525] (X= Cl), 1132 [10 288] (X= Br)1}).
conversiorB — 9 was facilitated by higher temperatures and a The different metal NMR data o# and 5 suggest that the
slight excess of Hg(OAg)but could be inhibited by addition  binuclear unit o6 is preserved in solution and the P-substituted
of KBr, and 8 could be isolated in yields of up to 90% by metal is connected to one chloride and one [HifClligand,

filtration. Complex8 is moderately soluble in Ci€l, and while in 4 it carries two chlorides. Comple8 displays
dimethyl sulfoxide (DMSO); the solutions decompose slowly - significantly higher values ofJep than those of4 and 5,
to give mercury and a mixture of the saBfBr] and 1[Br]. presumably due to the lower coordination number of the

Reaction with zink resulted in cleavage of methoxide and re-
formation of cationl. (11) Eichbichler, J.; Peringer, Phorg. Chim. Acta198Q 43, 121.
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Figure 1. S3P!%Hg shift correlation of4 via heteronuclear zero
guantum coherence. TR¥ carrier frequency was placed on the center
of the PPh resonance, and a defocusing delay of 10 ms was used to
achieve coherence transfer ¥ilge. The tilt of the cross-peak indicates
that CJpp + Jugr)/2Jpe < O; assuming a positive sign féduge,'° this
gives2pp < 0.

Figure 3. ORTEP representation of the molecular structure3 dr
the crystal. (Thermal ellipsoids represent a 50% probability, hydrogen
atoms have been omitted for clarity.)

Chart 1
L X X L x x
Ny LN
Hgo  HE Hel  He(
X X L v X X
A

coordinative bond as found in §RpHg,X4 (X = halogen,
acetate; HgP, 2.36-2.44 A1), and the P(13O(1) distance
(1.474(8) A) suggests considerable double bond character. Both
values match corresponding bond lengths in phosphonato
complexes (EtQJP(O)HgCI and [(EtOpP(O)kHg (Hg—P, 2.31

2.41; P-0, 1.40-1.47 A17),

Even if bridging of two Hg" ions by two halides is a well-
known motive in the structural chemistry of mercury com-
pounds’185 exhibits some peculiarities. Thus, B rings in
complexes [(L)(X)Hg-X)2Hg(X)(L)] (13, L = X~ or PR;, X
= halogen) are usually planar, and opposite-bXgbonds have
) _ _ equal lengthd7:18 In contrast, both bonds from theCl atoms
Fr:gl”e 2. Ioﬁ EP ffp[ﬁse".gﬁ“o” of the mgge;u'ar strbl{f“”fﬂaﬁ to the P-substituted Hg(1) atom f(Hg1—CI2/Cl4, 2.811(3),
;tgrffsyf]fv'e(bef;[]mj‘m?u'eﬁf?(')ri{aerﬁ’{y‘ffe”ta ° probabili, NyArogen 3 051(3) A) are longer than those to Hg(2) (Hg¢®)(12)/C(14),

2.603(3), 2.577(3) A), and the HgI, unit is folded along the

intermediate carbot?. The magnitude ofJugeis much larger ~ C(12)~C(14) axis with a dihedral angle between IdgCl),
than that in complexes [@R)HgX]> (X = halogen g = planes of 19.3 Regarding further that the exocyclic P{1)
42007200 HZ2); similar couplings were reported for (M- Hg(1)-CI(1) angle (155.9(%) is substantially larger than the
Hg(NOs); (10 278 H2%) and phosphite complexes such as corresponding angle at Hg(2) (CI3Hg(2)-CI(5), 128.2(1)),
[((EtO)sPXHgCh]» (11 300 H29). Following common explana-  't1S suggested that should not be described like3 as an adduct
tion patternd? the large couplings may be related with a low resulting from pairwise doneracceptor interaction of two
metal coordination number and high degree of s-character intfigonal [LHgX;] fragments (A, Chart 1), but rather as an
the Hg-P bond. aggregate between a linear [LHgCIpnd a tetrahedral [Hgg}f~
Crystal Structure Determinations. Crystalline5 exhibits fragment (B, Chart 1).
binuclear complexes whose metals are connected by two MOStremarkable in the crystal structure®is the presence
asymmetricu-Cl bridges (Figure 2). The five membered ring ©f monomeric (L)HgBs units (Figure 3) instead of halide
in the organophosphorus ligand adopts an envelope conformaPridged dimers of typel3, which are commonly found in
tion. The two PPhgroups are in @is-equatorial position, and structures of 1:1 adducts of mercury halides with phosphines
the oxygen at P(1) is in an axial “flagpole” position. The
Hg(1)-P(1) (2.384(3) A) distance corresponds to a norma

| (16) (a) Alyea, E. C; Dias, S. A.; Ferguson, G.; Khan, M. A.; Roberts, P.
J.Inorg. Chem1979 18, 2433. (b) Bell, N. A.; Goldstein, M.; Jones,
T.; Nowell, I. W. Inorg. Chim. Acta198Q 43, 87. (c) Bell, N. A;;

(12) Jochem, G.; Schmidpeter, A.;" %o H. Z. Naturforsch.1996 51B Goldstein, M.; Jones, T.; March, L. A.; Nowell, I. Whorg. Chim.
267. Acta1982 61, 83. Bell, N. A; Lee, T. D.; Goldstein, M.; Nowell, I.
(13) Verkade, J. G.; Mosbo, J. A. Phosphorus-31 NMR Spectroscopy in W. Inorg. Chim. Actal983 70, 215.
Stereochemical Analysid/erkade, J. G., Quin L. D., Ed.; VCH: (17) (a) Bennett, J.; Pidcock, A.; Waterhouse, C. R.; Coggan, P.; McPhail,
Deerfield Beach, FL, 1987; p 425, and references cited therein. A. T.J. Chem. Soc. A97Q 2094. (b) Mather, G. G.; Pidcock, A.
(14) Alyea, E.; Dias, S. A.; Ferguson, G.; Parvez, INbrg. Chim. Acta Chem. Soc., Dalton Tran4973 560.
1979 37, 45. (18) House, D. A.; Robinson, W. T.; McKee, €oord. Chem. Re 1994

(15) Yamasaki, A.; Fluck, EZ. Anorg. Allg. Chem1973 396, 297. 135/136 533, and references cited therein.
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H2O did not react withl[X] in the absence of Hg¥ strongly
suggest that such complexes are involved in the three component
reactions as reactive intermediates. As in the casg‘ahe
electron withdrawing effect of the metal ion presumably
activates ther-electron system in the coordinated ligand to
undergo addition of water/alcohol to give the observed products
4, 7, or 8 (here, the primary addition product is probably
deprotonated by OAQ. The conversiory — 4 via C-O bond
cleavage resembles the known dealkylation of alkyl phosptfites,
while the isolation of the dinuclear compléxin reactions of
equimolar amounts df[CF3;SGO;] and HgCh can be explained
as a result of partial decomposition4fvhich liberates HgGl

< The failure to observe the postulated mercury complexes by
Figure 4. ORTEP representation of the coordination environment of NMR spectroscopy suggests that only a small amount of the
the Hg(1) and P(1) atoms Bi(thermal ellipsoids at the 50% probability complex coexists in equilibrium with a large excess of fiee
level). and HgY,. This implies that mercury complexes dfshould
be markedly less stable than complexes with coinage metals. If
one considers that Hg is not only a stronger Lewis-acid than
univalent group 11 ions but exhibits also a much lower capability

S . for back-donation, it appears that, as for phosphenium com-
indicative of a single bond. The P(§(2)/C(9) bonds plexes?® M — L(x) charge transfer also plays a key role for

(1.7475(6), 1.727(8) A) in the planar isophosphindole ring match h ili f | f bis-phosphonio-isophosphin-
the corresponding distances in ylides of the typePPh Ejoe“dsetsagel ity of complexes of bis-phosphonio-isophosphin

C(R)PR; (—P—C, 1.62-1.73 A219 while the exocyclic
P(2)-C(2)/P(3)-C(9) bonds (1'7109(7)’ 1.718(7) A) are shorter further comments. Even if compounds with three-coordinate
than there £ P—C, 1.'78_1'80 A). . Hg?" ions in a T-shaped geometry are kno#Wrtomplex8 is

. The Hg(1) atom d|splay$_; a plangr, almost _T-shaped coordina- 5 g knowledge the first 1:1 adduct of a mercury halide with
tion geometry (Figure 4) with considerably different HBr(1)/ a phosphine donor which exists as a monomer rather than as a
Br(2) bond lengths (2.491(1), 2.737(1) A) and' P.(l-)g(l)—. halide bridged dimer with tetrahedrally coordinated metals, as
Br_(l)/l_3r(2) angles (157.'7(.1)’ 96'.4@). and a S|m|I_ar_ steric is realized for5. The different aggregation behavior may be
sh|_eld|n_g by the PRimoieties as in b|s(phosphon|o)|sophos- attributed to differences in stereochemical rather than electronic
phindolide complexe%.6 The Hg(1)-Br(1) bond to the halide properties of the organophosphorus ligands. ThesRRSUPS
which is “trans’ to phosphorus is similar to the “intramolecular” ;. 5o 4 large cavity around the phosphorus lone pair which
bond d_|stance n HgBr(2.48 '8_‘20)' while the longer Hg(Zy may easily accommodate a tetrahedral metal fragment3, In
?r(Z) distance I!,es_between_thls value and that of the secondary,the bulky PPl-moieties encapsulate the phosphorus lone pair
intermolecular” distances in HgBI(3.23-3.50 A%). Since iy 5 manner similar to that i and its complexe$:® As there,

the closest Hg C contacts to phenylcarbon atoms (3.273.32 the available space permits coordination of a metal whose
A) are in the range of van der Waals d!sta}péﬂe&repr(_asgrlts remaining ligands can be arranged in a plane between the
the rare case of a mercury complex with “characteristic” and g it ents, while any marked deviations from planarity will

“effective” coordination numbef$ of 2 and 3. The marked j,4,ce strong steric interferences between metal ligands and
deviation from regular trigonal coordlnat|on_|s precedented by PPh groups and result in energetic destabilization of the
the structures of some organomercury derivafi¥end may, complex

according to the results of a recent theoretical séddhg related The conversion of the bis(phosphonio)isophosphindofide

to relativistic contraction of the 6s orbital at Hg. into the phosphonium ion8 and 11 can be classified as 1.1-
oxidative addition at the two coordinate phosphorus. This
overall reaction resembles the oxidation of aromatie

The studied reactions of the salfX] (X = Cl, Br, CFS0;) phosphinines to 1.1-dialkox}f-phosphinines by reaction with
with HgY» (Y = CI, OAc) gave no evidence for the formation Hg(OAc), and alcohols which was first described by Dimréth.
of spectroscopically detectable or even isolable mercury com- Even if there may be differences in mechanistic details, the
plexes of 1. However, the observations that (i) reactions analogy between both reactions suggests that the parallels
betweenl[X], HgY 2, and water/alcohols afforded quantitative betweenl and isoelectronic compounds such as phosphinines
yields of compounds with the same constitution as the hydrolysis or naphthalerfeare not only of a purely formal nature but extend

2.737(1)

or phosphite€.1” The P(1) atom displays a distorted tetrahedral
coordination with a P(HHg(1) distance (2.399(2) A) similar
to that in5 but a longer P(BXO(1) distance (1.630(5) A)

The metal coordination modes in compleXesnd8 deserve

Discussion

or alcoholysis products of the gold complgkand (ii) ROH/ to the chemical properties.
(19) (a) Gilheany D. G. InThe Chemistry of Organophosphorus Com- (25) See, e.g.: (a) Gallenkamp, B.; Hofer, W.; §eu, B.-W.; Maurer, F.;
pounds Hartley, F. R., Ed.; John Wiley & Sons: New York, 1994; Pfister, T. InOrganische Phosphor Verbindungen Il (Houben-Weyl.
Vol. 3, p 1, and references cited therein. (b) Bachrach, S. M.; Nitsche, Methoden der Organischen ChemieRegitz, M., Ed.; Georg
C. I. In The Chemistry of Organophosphorus Compouiristley, Thieme: Stuttgart, Germany, 1982; Vol. E2, p 300ff, and references
F. R., Ed.; John Wiley & Sons: New York, 1994; Vol. 3, p273, and cited therein; (b) Gerrard, W.; Hudson, H. R.@rganic Phosphorus
references cited therein. CompoundsKosolapoff, G. M., Maier, L., Eds.; John Wiley & Sons:
(20) Dean, P. A. WProg. Inorg. Chem1978 24, 109, and references New York, 1973; Vol. 5, p 21ff.
cited therein. (26) Gudat, D.; Holderberg, A. W.; Katila, S.; Nieger, @hem. Ber1996
(21) Sum of van-der-Waals radii of Hg and C, 3.20 A: Bondi, APHys. 129 465.
Chem.1964 68, 441. (27) Another origin of the low stability of the complexes may lie in an
(22) Grdenic, DQ. Re., Chem. Socl1965 19, 303. increased electrostatic destabilization between the positively charged
(23) See, e.g.: (a) Canty, A. J.; Gatehouse, B.JMChem. Soc., Dalton ligand and Hg" which overcompensates the effect of higher Lewis
Trans.1976 2018. (b) Hutton, A. T.; Irving, N. HJ. Chem. Soc., acidity.
Chem. Commuril979 1113. (28) (a) Dimroth, K.; Stde, W. Angew. Chem., Int. Ed. Engl96§ 7,

(24) Kaupp, M.; von Schnering, H. Gnorg. Chem.1994 33, 2555. 881. (b) Hettche, A.; Dimroth, KTetrahedron Lett1972 829.
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Table 2. Crystallographic Data and Summary of Data Collection Table 3. Atomic Coordinates %10 and Equivalent Isotropic
and Refimenent Displacement Parameteti{eq) (A2 x 10°) for 5
5 8 X y z Ueq)
formula Q5H42C|5H92N205P3 C47H4lBrZCI4HgOE Hg(l) 6955(1) —61(1) 2130(1) 46(1)
cryst syst orthorhombic monoclinic Ho(2) 7650(1) 2180(1) 1866(1) 56(1)
space group P2,2:2; (N0.19) C2/c (No.15) Cl(1) 7586(3) —495(2) 3019(1) 70(1)
a A 12.449(2) 20.028(2) Cl(2) 8691(3) 896(2) 1855(2) 75(1)
b, A 17.583(3) 15.513(2) CI(3) 6911(3) 2325(2) 905(2) 73(1)
c A 23.111(3) 30.247(8) Cl(4) 6096(2) 1523(2) 2407(1) 55(1)
B, deg 91.91(1) CI(5) 8744(3) 3044(2) 2387(2) 88(1)
V, A3 5058.8(14) 9392(3) P(1) 6029(2) —146(2) 1229(1) 32(1)
z 4 8 o) 5595(6) —899(4) 1074(3) 44(2)
Pcale g CNTS 1.80 1.72 C(2) 6798(8) 309(5) 629(4) 32(2)
u, cmt 64.7 112 C@3) 5967(9) 684(6) 258(5) 37(3)
diffractometer Nicolet R3m Enraf-Nonius CAD4 C(4) 6097(11) 916(6) —303(5) 49(3)
radiation Mo Ko Cu Ka C(5) 5286(13) 1296(8) —588(6) 63(4)
A 0.71073 154178 C(6) 4324(11) 1470(8) —310(6) 57(3)
T,°C 20 —65 C(7) 4228(9) 1281(6) 251(6) 49(3)
max 2, deg 50 130 C(8) 5026(9) 872(6) 547(5) 43(3)
no. of data 9447 8123 C(9) 4993(8) 609(6) 1182(4) 34(2)
no. of unique data 8917 7955 P(2) 7753(2) —356(2) 286(1) 37(2)
no. of var/restraints  528/6 523 C(10) 8904(8) 201(6) 85(4) 37(2)
R(F)? 0.045 0.057 C(11) 8919(10) 977(6) 68(5) 50(3)
Ru2(F? for all dat?  0.103 0.177 C(12) 9821(12) 1380(9) —83(6) 74(5)
Cc(13 10767(11 987(8 —181(6 60(4
aForl > 2(1), R= (3|IFol — IFcl[)/X|Fol. ® Ruz = IW(|Fo| — |Fcl)% 0514; 10790&11% 205&93 *160%63 69&43
2WIFol% w = 1/o*(Fi). C(15) 9870(8) —180(7) —9(5)  52(3)
C(16) 8168(10)  —1060(6) 802(4) 41(3)
Experimental Section c@17) 8837(9) —853(7) 1236(5) 47(3)
All reactions were carried out under dry argon. Solvents were dried ggg; g%%ggg _%i’gggg igggggg ggg;
by using standard procedures, and mercury salts were vacuum-dried C(20) 8081(12) —2306(7) 1205(6) 65(4)
prior to use. Compound[Br] and 1[CF;SO;] were prepared as c(21) 7828(12)  —1796(6) 772(5) 59(4)
described;? 1[Cl] was synthesised d@§Br] from 6[Cl], and PCi. NMR C(22) 7122(9) —799(6) —329(4) 42(3)
spectra: Bruker AMX 300 spectrometer (300.13, 121.5, 75.46, and C(23) 7664(11) —839(7) —847(5) 56(3)
53.63 MHz for*H, 1P, 13C, and®**Hg). Chemical shifts are referenced C(24) 7171(14)  —1215(7) —1302(5) 66(4)
to ext. TMS {H, 1°C), 85% HPQ, (E = 40.480 747), and 0.1 M C(25) 6199(12)  —1543(7) —1234(6) 61(4)
Hg(CIOQy), (E = 17.870 535 MHz). 3P detectecf’P 1%Hg HMQC C(26) 5658(11)  —1496(7) —717(6) 58(3)
spectra were recorded Wit 5 mmtriple resonance probe head using  €(27) 6120(11)  —1126(7) —264(6) 55(3)
standard pulse sequené@sH-atoms in the isophosphindole skeleton P(3) 3720(2) 313(2) 1488(1) 37(1)
are denoted by 1-H to 7-HyJ denote the sum of couplings to the g(gg) gggg(g) :‘518(1)(2) lggé(g) Z'g(g’)
exocyclic, andly is the coupling to the endocycl€P nuclei. Mass C( ) () (®) (5) (3)
. . - (30) 2800(12) —1169(6) 218(6) 63(4)
spectra: Kratos Concept 1H, Xe-FAB with an m-NBA matrix; c(31) 2015(11) —1565(7) 501(6) 61(3)
molecular masses refer to the most abundant isotopes. Melting points C(32) 1736(11) ~1391(8) 1040(6) 67(4)
were determined in sealed capillaries. Elemental analyses: Heraeus C(33) 2252(10) —820(7) 1335(6) 58(3)
CHNO-Rapid. C(34) 2916(8) 1157(6) 1557(5) 45(3)
General Procedure for the Reaction of 1[X] (X= ClI, Br, CF3SOs) C(35) 1808(10) 1131(7) 1461(6) 61(4)
with Hg(OAc), and HgCl,. A mixture of 0.05-0.1 mmol of 1[X] C(36) 1220(11) 1775(10) 1579(8) 84(5)
and an equimolar amount of mercury salt was treated with gL of C(37) 1715(12) 2441(8) 1732(7) 78(5)
the appropriate solvent (GBI, MeNO,, 1:1 THF/acetone, MeOH). C(38) 2787(13) 2469(7) 1825(7) 81(4)
If desired, water was added by means of a microsyringe. The mixture C(39) 3376(10) 1828(7) 1735(7) 65(4)
was stirred for 5 min, remaining solids were filtered off, and the filtrate ~ €(40) 3973(8) —82(7) 2189(5) 48(3)
was analyzed by'P and'®®*Hg NMR spectroscopy. Thé&P NMR C(41) 3904(11) 351(7) 2680(5) 55(3)
spectra of all solutions containing neither alcohol nor water displayed C(42) 4132(13) 2(11) 3215(6) 87(5)
exclusively the unchanged resonances of catiod®*Hg NMR data: C(43) 4399(13) ~745(10) 3269(6) 81(5)
y 9 9 : C(44) 4434(12)  —1177(8) 2781(7)  73(4)

see text. C(45) 4239(11)  —871(7) 2234(5)  58(3)
Complex 5 Procedure A Compoundl[CF;SGO;] (255 mg, 0.37

mmol) and HgCl (100 mg, 0.37 mmol) were suspended in a mixture (10 mL) and MeCN (10 mL). As described above, water was added
of MeNQ; (5 mL) and MeCN (5 mL). A 9:1 mixture (v/v) of MeCN/ under3P NMR control until the signals of had disappeared. The
H,O was added dropwise under stirring by means of a microsyringe color of the suspension turned from light yellow to gray. The mixture
under 3P NMR control until the signals ofl had completely was stirred for a further 10 min, warmed until most of the solids
disappeared. The mixture was stirred for a further 10 min and then dissolved, and filtered. Storage of the filtrate-a¥ °C for several
evaporated to dryness. The residue was dissolved in dry MeOH, anddays produced colorless crystals which were collected by filtration and
the resulting clear solution was analyzed 'y 3'P, and'**Hg NMR dried in a stream of dry argon to give 135 mg (27%)5e2MeNQ;
(Table 1). *H NMR (MeOH, suppression of solvent signals by mp 314°C. Anal. Calcd for GsHseClsHg,OPs(M,=1252.14)2H;-
presaturation):d 7.89 (m, 12H), 7.74 (m, 6 H), and 7.53 (m, 12 H), CNO.: C, 40.21; H, 3.08; N, 2.04. Found: C, 39.08; H, 3.69; N, 2.26.
CeHs; 7.07 (dd,YJ = 4.4 Hz,Jy = 17.7 Hz), 1-H/3-H; 6.89 (m, 2H) IH NMR (acetoneds, 30 °C): 6 7.89 (br, 12H), 7.74 (br, 6 H), and
and 6.71 (m, 2H), 4-H to 6-H. Prolonged storage of reaction mixtures 7.53 (br, 12 H), GHs; 7.07 (dd,3J = 4 Hz, Jy = 18 Hz, 1-H/3-H);

at 0°C produced small quantities (380 mg) of the dinuclear complex  6.89 (m, 2H), 6.70 (m, 2H), 4-H to 6-H.H)FAB MS (m/e (%)): 909

5. (13) [CaaH3sCIHgOR™].

Procedure B Compound1[CFsSGO;] (255 mg, 0.37 mmol) and Complex 8. A solution of Hg(OAc) (430 mg, 1.35 mmol) in MeOH
HgClL (200 mg, 0.74 mmol) were suspended in a mixture of MeNO (30 mL) was added at 8C to a solution ofL[Br] (1.00 g, 1.36 mmol)
and KBr (160 mg, 1.36 mmol) in MeOH (30 mL). A bright yellow
(29) Benn R.; Rufifika, A. Magn. Reson. Cheni988 26, 895. precipitate formed immediately. After being stirred for 30 min, the
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Table 4. Atomic Coordinates %10% and Equivalent Isotropic
Displacement Parameteti{eq) (A2 x 10°) for 8

X y z Ueq)
Hog(1) 947(1) 5671(1) 1446(1) 26(1)
Br(1) 603(1) 4142(1) 1545(1) 50(1)
Br(2) 2110(1) 5618(1) 995(1) 45(1)
0o(1) 205(2) 7337(3) 1775(2) 23(1)
c(1) 0(4) 8222(5) 1855(3) 28(2)
P(1) 889(1) 7211(1) 1504(1) 15(1)
c@2) 1572(3) 7725(4) 1761(2) 19(2)
c(3) 1813(3) 8414(5) 1475(2) 19(1)
C(4) 2320(3) 8992(5) 1559(3) 27(2)
c(5) 2490(4) 9606(5) 1251(3) 35(2)
C(6) 2149(4) 9657(6) 850(3) 37(2)
c(7) 1630(4) 9073(5) 748(3) 33(2)
c(8) 1449(3) 8458(5) 1060(3) 21(2)
c(9) 903(3) 7825(5) 1028(3) 21(2)
P(2) 1930(1) 7450(1) 2262(1) 19(1)
C(10) 1780(3) 8231(5) 2691(3) 23(2)
c(11) 1525(3) 9033(5) 2570(3) 27(2)
c(12) 1416(4) 9650(6) 2893(3) 39(2)
C(13) 1549(5) 9481(6) 3329(4) 44(2)
c(14) 1782(4) 8692(7) 3450(3) 44(2)
C(15) 1901(4) 8057(6) 3140(3) 35(2)
C(16) 2824(3) 7348(5) 2222(3) 24(2)
c(17) 3277(4) 7601(5) 2563(3) 31(2)
c(18) 3953(4) 7507(6) 2514(4) 42(2)
C(19) 4183(4) 7168(6) 2131(4) 42(2)
C(20) 3748(4) 6905(5) 1789(3) 34(2)
c(21) 3068(4) 7012(5) 1832(3) 28(2)
c(22) 1614(3) 6435(5) 2451(2) 21(2)
C(23) 1942(4) 5673(5) 2348(3) 28(2)
Cc(24) 1687(4) 4889(6) 2485(3) 38(2)
C(25) 1115(5) 4857(6) 2724(3) 40(2)
C(26) 773(5) 5614(6) 2820(4) 41(2)
c(27) 1023(4) 6403(5) 2681(3) 31(2)
P(3) 365(1) 7680(1) 580(1) 21(1)
C(28) —229(4) 8563(5) 500(3) 29(2)
C(29) —93(4) 9348(5) 691(3) 34(2)
C(30) —548(5) 10034(7) 642(4) 50(3)
C(31) —-1132(5) 9898(7) 400(4) 57(3)
C(32) —1279(5) 9115(8) 216(4) 56(3)
C(33) —828(4) 8442(7) 253(3) 42(2)
C(34) 789(4) 7515(5) 71(3) 27(2)
C(35) 1456(4) 7208(6) 91(3) 39(2)
C(36) 1762(5) 6992(7)  —290(4) 50(3)
C(37) 1439(6) 7056(7)  —695(3) 50(3)
C(38) 780(6) 7334(7)  —716(4) 56(3)
C(39) 465(5) 7569(6)  —333(3) 37(2)
C(40) —124(3) 6715(5) 673(3) 26(2)
C(41) 87(4) 5932(6) 516(3) 30(2)
C(42) —279(5) 5197(6) 599(3) 40(2)
C(43) —856(5) 5259(6) 835(3) 45(2)
C(44) —1063(5) 6041(7) 998(4) 53(3)
C(45) —699(4) 6780(6) 914(3) 33(2)

precipitate was filtered off, washed with MeOH (20 mL), and dried
under vacuum. Recrystallization (1:1 gE,/MeOH) gave 1.32 (93%)

of 8:2CH,Cl, of mp > 160°C (dec). Anal. Calcd for GHs/Br.Hg-

OP;(M;=1047.11)2CH,Cl,: C, 46.39; H, 3.40. Found: C, 44.12; H,
3.15. *H NMR (CDsOD): ¢ 7.53-7.90 (m, 30H), GHs; 7.07 (2H),

6.95 (2H), 4-H to 6-H; 3.31 (dJpy = 14.7 Hz, 3 H), OCH. (+)FAB
MS (e (%)): 967 (21) [GsHaBrHgOR*], 655 (100) [GaHsaP5™].

Compound 9[BPhy]. A solution of 1[CF;SGO;] (440 mg, 0.6 mmol)

in MeOH (15 mL) was added to a stirred suspension of Hg(@/AR80

mg, 1.2 mmol) in MeOH (10 mL). The mixture changed color to
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precipitate which was filtered off and dried under vacuum to give 585
mg (94%) of9[BPhy] of mp > 200°C (dec). The same product was
obtained wheri[Br] was used at the starting material. Anal. Calcd
for C7oHsoBO2P3(M;=1036.98): C, 81.08; H, 5.83. Found: C, 80.02;
H, 6.09. 3*P{*H} NMR (CDCls, 30°C): 89.3 (t), 8.9 (d)Jep= 43.2

Hz. *H NMR (CDCl): 6 7.46-7.68 (m, 30H), PEHs; 7.42 (m, 8H),
6.97 (m, br, 8H), 6.83 (br, 4H), Bfls; 6.53 (2H), 6.38 (2H), 4-H to
6-H; 2.80 (d,Jpn = 14.3 Hz, 6H), OCH. (+)FAB MS: (m/e (%)):

717 (100) [G1Ha4eF30/PsS'].

Compound 11[CRSO;]. To a solution ofl[CF:SO;] (620 mg, 0.77
mmol) in CHCI, (30 mL) were added triethylene glycol (0.1 mL),
LiCF3S0; (120 mg, 0.77 mmol), and Hg(OAc§490 mg, 1.54 mmol).
The color of the stirred suspension changed from yellow to greenish
grey. After being stirred for 4 h, the grey precipitate was filtered off.
3P NMR analysis of the filtrate indicated the formation If (A-X
spin systemy 80.8 (t), 9.5 (d),J = 42.4 Hz, 60% of the spectral
intensity) along with several side products (Aspin system¢ 86.5
(t), 9.0 (d),J = 43.8 Hz; ll: AxX spin system¢ 79.3 (t), 9.1 (d)J =
44.5 Hz; further AX spin systems of very low intensity), and-&)FAB
mass spectrum displayed among others peaks attributablieatod 12
(m/e (%)) 1037 (02) [(80He4o;|_oP3Jr (12(3)], 995 (4) [(N.L:,8H6209P3Jr
(12b)], 953 (14) [GeHeoOsPs™ (128)], 803 (41) [GoHae04P5™ (11)]).

The filtrate was evaporated to dryness, the residue redisolvedi@GIgH
MeCN (2:1), and submitted to chromatography (silica gel, 2: 2@
MeCN). Crudell]CF3;S0O;s] was eluated as the first yellow band. The
residue obtained after evaporation of the solvents was redissolved in
CH,Cl, and precipitated with ether. The resulting yellow powder was
filtered off and dried under vacuum to give 190 mg (264JCFs;SOy),

mp >324°C (dec). 31P{*H} NMR (CDCl): ¢ 82.3 (1), 10.7 (d) &

= 41.9 Hz). *H NMR (CDCly): 6 7.52-7.71 (m, 30H), GHs; 6.30
(2H), 6.18 (2H), 4-H to 7-H; 3.21 (m, 4H), POGH3.04 (m, 4H),
OCH,; 2.89 (m, 4H), OCH. (+)FAB-MS (m/e (%)): 952 (5)
[Cs1H46F307P:S*], 803 (100) [GoHae04P5].

Crystallography. Crystals of5-2MeNQ;, (colorless prisms from
1:1 MeNGQ/MeCN) and8-2CH,Cl, (yellow prisms from 1:1 ChCl,/
MeOH) were mounted on thin walled Lindemann capillaries. Crystal
structure determinations were performed on a Nicolet R3m diffracto-
meter at 293(2) K with graphite monochromatized Ma. Kadiation
for 5 and on an Enraf-Nonius CAD4 diffractometer at 208(2) K with
Cu Ko radiation for8. Crystal data, data collection parameters, and
results of the structure analyses are listed in Table 2. Structures were
solved with the SHELXTL-PLUS and refined with the SHELXL%3
program packages. F8&ra semiempirical absorption correction from
y-scans and foB, an empirical absorption correction using the program
DIFABS3! were employed. Both structures were solved using direct
methods and refined d¥? (full-matrix least-squares). All non-hydrogen
atoms were refined anisotropically, hydrogen atoms with a “riding”
model. Atomic position and isotropic displacement parameters are
listed in Tables 3 and 4; important bond distances and angles are
discussed in the text. The absolute structuré imas determined by
Flack's x-parameter (x= —0.009(8)).
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