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The quantitative exchange of a 4-(dimethylamino)pyridine ligand
on the dimethylthiophosphonium cation by MesP demonstrates the
coordinative nature of the N—P and P—P bond and diversifies a
fundamentally important new direction in the coordination chemistry
of phosphorus as an acceptor.

A diverse coordination chemistry as an acceptor site is

developing for coordinatively unsaturated phosphorus centers

in cationic specie$.Complexes of the acceptor udithave
been reported for the methylenediylphosphenium cation (in
[44]AICI 4)? or phosphadiazonium (e.g., iAg]Otf3 and Bd)-
Otf4) cations (OTf= trifluoromethanesulfonate), and the
phosphenium uni is envisaged as the acceptor in the
cations of pa]CI® (DBU = 1,8-diazabicyclo[5.4.0]undec-7-
ene), pOTf2 [DMAP = 4-(dimethylamino)pyridine], and
[5d]OT£.6 Although salts of tricoordinate phosphoniugn
cations’ as well as complexes of dicoordin&snd tetraco-
ordinaté phosphonium centers, are well-known, the first
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complexes@a'® and6b!?) involving the acceptor un were
only recently reported.

I ﬁ 4a: L = PhsP, R = C(SiMeg),
1 +E L>=P+ 4b: L = pyr, R = NMes*
4c: L = PhzP, R = NMes*
| Il? 5a: L = DBU, R = N(Pr),
2 +Pt  L—Pi+ 5b: L = DMAP, R = Me
| IIQ 5¢:L=DMAP,R =Ph
5d: L=PhgP,R = Ph
| R 6a: L= DMAP, R = CI
I N a:l= R=
3 +F|’— L=P=N=SiMes gy | - Mesp, R =Me
R

This fundamentally important development of nonmetal
Lewis acceptor centers in the chemistry of phosphorus has
now been diversified with the discovery of complexes
involving the thiophosphonium cation. In addition, the
coordinative nature of the ligardhiophosphonium interac-
tion is confirmed by a ligand-exchange reaction.

Quantitative chlorination of tetramethyldiphosphine dis-
ulfide (7; op = 35.5 ppm, CHCI,) to dimethylthiophosphoryl
chloride @; 6p = 86.2 ppm, CHCI,) is effected with 1 equiv
of PhICL.

Subsequent in situ reaction 8fwith 1 equiv of DMAP
and MegSiOTf gives P]JOTf (97%; Scheme 1). The crystal
structure of §JOTf contains two essentially identical formula

Scheme 1. Synthesis of9]OTf2
| | [+
=59 201—p=s @ pMAP~pP=S
T 1 | "o
7 8 [9]OTf

a(i) Ph|C|2, CHzClz; (II) DMAP, M63SiOTf, CHzClz, —Me38iCI.

S=

units in the triclinic unit cell, and the cation (Figure 1) has
approximateCs symmetry with the pyridine ring, P1 and S1
in the plane, and the NMgroup slightly twisted [C#C6—
N9—C11 5.3(4j] about the N9-C6 bond.
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Scheme 2. Formation of1(?
|+ (i) |+
DMAP—>I'T=S — Me3P->I|°=S
9 10
a(i) 1 M PMes in toluene, CHCl,.

Scheme 3. Formation of112

[+ 0] |+ | |
DMAP—>F|>=S —»DMAP-»F|>: + ||=—|=
9 5b 11
a (i) Me;PPMe, CHyCla.

S

Table 1. E—P (E= N or P) Bond Lengths (A) an&P NMR dp for
Derivatives of4—6, 9, and10

L E-P,A(E=NorP) Op ppm[, Hz] ref

[4b]OTS pyr N, 1.958(8) 7% 3
Figure 1. ORTEP view of the cations iO]JOTf (upper; only one of the [galgl-rf BI\B/IL,iP m i;gg(i) égg g
two independent cations shown) aridJOTf (lower; crystallographically [GC]OTf DMAP N’ 1'713(2) ~40 10
imposed mirror symmetry) with thermal ellipsoids at the 50% probability {gﬁ])Tf DMAP N’ 1'77452; 88 d
level (hydrogen atoms omitted; symmetry code, iy + 0.5, 2). [45AICI,  PhP P.2.267(2) 317, 20 [455] 2
. . . . [4qOTf PhsP P, 2.625(2) 71 [404] 4
Cation 9 can be described as a DMAP-stabilized thio- [5d|OTf  PhP P, 2.230(1) 15-10[350] 6
phosphonium cation. Whilg'P{1H} NMR spectra of mix- [(133]8%5 m63§ Ev 35(2)2(? 2511[61331"6 31
tures containing9]OTf with PhsP, ("Pr)P, or (MeO)P show [10 es 1 2:206(1) 16 [48]
no evidence of the reaction, the more Lewis basic;Me 2In CDClo. *In CDCl. ©In CD5CN. ¢ This work.© Solid state.

reacts rapidly and quantitatively (as showr*l{'H} NMR) . .
with [9]OTf to give a white precipitate (66%), which has of DMAP |n_9 by Me;P (Sch_eme 2). The analogous reac.tlon
been characterized as(JOTf.1? The solid-state structure of of [9JOTT with Me,PPMe gives BbJOTT (d, = 91.3 ppm;
cation10 is shown in Figure 1 and can be described as the ¢ [2dOT, 0p = 88 ppmj alnd MQP(S)PMQ411(6F’ =38.6
MesP complex of a thiophosphonium cati&hTherefore, and —55.3 ppm, doubletsiJpr = 220 Hz}* (Scheme 3).
formation of10is understood in terms of a ligand exchange While the.formatlon_oﬁb andllcan be Qescrlbed asa PiMe
metathesis, we envisage a redox reaction or sulfide exchange

(12) Synthesis of [MgP(S)PMe]OTf ([10]0Tf. The addition of a PMe  TOm thiophosphonium to tetramethyldiphosphine.

(Sféuztion inotgluene Igl'.O g]L’Ll l;/l,ctcrrmol) }o 3 'solLétio_n @j(pc;_rf The ortho'H NMR signals of the DMAP component
mg, 0.5 mmol) in 2 mL o , resulted in the immediate _ . _ 1
formation of a white precipitate. The solvent was carefully decanted, (0 = 8.6 ppm; cf. free DMAPo = 8.1 ppm) and the'P

and the solid was washed with GEl» (2 x 1 mL), E&O (4 x 2 mL, NMR signal both occur at relatively low field. TH&P{*H}
and pentane (X 2 mL). Residual solvent was removed in vacuo to i

give the analytically pure product: 106 mg (66%); mp 832 °C; '\(IsME spectrum of 1'0]0-” m. %Ds(iN shows tv.vo doublets
Raman (250 mW, 25C, cnm?) 2995 (57), 2978 (47), 2917 (87), 2007  (0p = 38.2 and 16.4 ppm) withJpp = 46 Hz. This value for

(100), 1402 (22), 1228 (10), 1031 (40), 769 (14), 761 (20), 672 (27), 1Jppis small compared with values for complexes in which
591 (28), 576 (13), 442 (30), 349 (16), 314 (14), 292 (19), 279 (16),

239 (15), 207 (28), 122 (10), 84 (741 NMR (500.13 MHz, MeCN- the acceptor phosphorus center bears a lone g&lAICI 4,
ds, 300 K, [ppm])d 2.06 [dd, 9H, MesPxPySMey)*t, 2J(HaPy) = 7.0 Jpp = 455 Hz? [4cOTf, 1Jpp = 404 Hz? [5d|OTS, Jpp =
Hz, 3J(HaPy) = 8.4 Hz], 2.17 [dd, 6H, (MgPxPySMey)*, 3J(HgPx) 350 HZ).15

= 13.5 Hz,2)(HgPy) = 14.1 Hz];13C NMR (125.76 MHz, MeCN- '

ds, [ppm]) 6 4.7 [dd, 3C, MesPxPySMe)*, 1J(CaPx) = 43.5 Hz, Table 1 compares-EP (E = N or P) bond Iengths and

ZJ(C’SPY) = 2.9 Hz], 18.3 [dd, 2C, (MéPPySMe,)", "J(CsPy) = 48.9 3P NMR chemical shifts for the cations i8]0 Tf and [10]-
Hz, 2J(CaPx) = 12.9 Hz], 121.2 [q1J(CF) = 321.0 Hz, OTf];3P OTf with val for related complex f the t 6
NMR (202.46 MHz, MeCNéds, 300 K, [ppm]) 0 16.4 (R, d), 38.2 alues for related complexes of the typésé6.

[Px, d, LJ(PxPy) = 45.8 Hz];%F NMR (235.36 MHz, MeCNd3, 300 The N—P bond lengths i6a'® and9 are similar to those in

K, [ppm]) 6 —79.5 (-CF;, s). Elem anal. Calcd for ¢E11sF303P.S; i i
(318.24) C. 22,64 H. 4.75. Found. C. 22.59: H. 4.66. complexes of phospheniur)(acceptors and are dramatically

(13) Recrystallization of J0]OTf ([9]OTf) from MeCN (CHCI,) by EtO shorter than those in complexes of methylenediylphosphe-

diffusion gave single crystals suitable for X-ray analysis. Single crystals nijum and phosphadiazoniunt)(acceptors. We tentatively
of [9]OTf and [LOJOTf were mounted in paratone oil and transferred

to the cold N gas stream of a Bruker AXS P4 diffractometer with a  INterpret these trends in terms of the availability of a discrete

sealed-tube generator and a SMART 1000 CCDAijetector (graphite- vacant acceptor orbital in the acceptors of ty@eand 3,
monochromated Mo & radiation withA = 0.710 73 A). Crystal data A : S ; ;
for [SJOTF: CadHigFaNoOsPS, fw = 364.34, triclinic, space group while interaction with ligands disrupts the-NP 7z bonding

P1,Z=4,a=9.297(3) Ab=11.347(4) Ac = 15.335(5) Ao = in the acceptod. Interestingly, the PP bonds in6b'! and

98.446(5), B = 97.670(5), y = 91.537(5), V = 1584.0(9) &, F(000) i i
752 T 108(1) K i = 0.477 mn. 6924 reflections collected, 10 are substantially shorter than thosetis 4c, and5d, but

6924 unique reflections, 4678 reflections observed-[20(F)]. The the 1Jpp values exhibit an opposite trend.

final was R1= 0.0431 and wR2= 0.1221 (all data). Crystal data for Cations6b!? and 10 represent new examples of the rare
[Plr?]n%T; :CZ"*QSE%FE%Z'(%' A’bsi%.zfz'g’(g;‘%go;“tl’fygg?ff Av " but developing series of homoatomic coordination com-
= 1329.2(8) &, F(000) = 656, T = 173(1) K, u = 0.666 mnt?,

8791 reflections collected, 1604 unique reflectioRs:(= 0.0330), (14) Gruber, M.; Schmutzler, RChem. Ber199Q 123 1313-1317.

1480 reflections observedr[> 20(F)]. The final was R1= 0.0294 (15) Gil, V. M. S; Philipsborn, W. VMagn. Reson. Cheri989 27, 409—

and wR2= 0.0819 (all data). 430.
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plexes, which have only been observed for phospldfus ing a complex of the dimethylthiophosphonium cation. The
and antimony’ As such,6b and10 define a new direction  quantitative ligand exchange of DMAP for Me gives10,
in the development ofatenaphosphorus cation's. demonstrating the coordinative nature of theRand P-P

In summary, dimethylthiophosphoryl chloride reacts with bonds. In the analogous exchange reaction withP\#e,
DMAP and MeSIiOTf to give a cationic addu&represent-  a redox reaction is observed rather than the formation of a
diphosphine-thiophosphonium complex.
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