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The compound HN(SP'Pr,)(SePPh,) has been synthesized from the reaction of Ph,P(Se)NH, with 'Pr,P(S)Cl in the
presence of NaH in THF. HN(SP'Pr,)(SePPh,) crystallizes with eight formula units in space group Phca of the
orthorhombic system in a cell of dimensions at =120 °C of a = 9.9560(6) A, b = 17.9053(10) A, ¢ = 22.4156(13)
A, and vV = 3995.9(4) A3, The square-planar Te(ll) complex [Te{N(SP'Pr,)(SePPh,)},] has been isolated from the
reaction of Te(tu)sCl,-2H,0 (tu = thiourea) with the anion [N(SP'Pr,)(SePPh,)]~, generated in situ from HN(SP*-
Pr,)(SePPh,) in the presence of KOBu. [Te{N(SP'Pr,)(SePPh,)},] is dimorphic, crystallizing with one formula unit
in space group P1 of the triclinic system in a cell of dimensions at —120 °C of a = 9.8476(9) A, b = 10.3296(9)
A, ¢ = 11.3429(10) A, a = 101.903(1)°, B = 115.471(1)°, y = 92.281(2)°, and V = 1008.4(2) A% and also
crystallizing with two formula units in space group P2;/n of the monoclinic system in a cell of dimensions at =120
°C of a = 8.7931(5) A, b = 17.1830(10) A, ¢ = 14,1026(9) A, B = 104.696(1)°, and V = 2061.1(2) A3. In each
instance, the [Te{N(SP'Pr,)(SePPh,)} »] molecule possesses a center of symmetry, comprising a Te center liganded
in a trans manner by two bidentate N(SP'Pr,)(SePPh,) groups. However, the 3P, 7’Se, and 1%Te NMR spectra of
[Te{N(SP'Pr,)(SePPh,)}.] show two sets of resonances at 25 °C. The 3P VT NMR spectra show two sets of
resonances between =50 and +50 °C that coalesce between 80 and 100 °C, consistent with the presence of the
cis as well as the trans isomer in solution.
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Synthesis and Characterization of HN(SPr,)(SePh)

Et, 'Pr, OEt) have been prepared and their anions
complexed with Co, Zn, Pd, and Pt systeifis!

A few mixed S/Se compounds HN(SPSePR,) (R, R
= Ph; R, R = iPr; R = OPh, R = Ph) have been
prepared*404245 We recently reported an improved syn-
thesis of HN(SPPH(SePPB and some coordination chem-
istry of its anion®® The parent compound as well as the metall
complexes of the anion exhibit S/Se disorder in the solid

P,Os; MeOH was dried over molecular sievéshexane was stored
over molecular sieves and bubbled with for 10 min prior to
use. NaH (60% dispersion in mineral oil) was used as received
from Aldrich. The compounds BR(Se)NH, PrP(S)Cl, and
Te(tulClr2H,0O (tu thiourea) were prepared according to
literature method424146

NMR data on CHCI,/CD,CI, solutions of HN(SHP)(SePPh)
and [T N(SPPr)(SePPh)} ;] were recorded on either a Mercury
400 MHz spectrometer3¥P with a 5-mm NMR probe) or an

state; the electronic and steric differences between S and SenOvA 400 MHz spectrometer’{Se and2Te with a 10-mm

are not sufficient to prevent this. We have successfully
circumvented this problem by introducing different R groups
onto the P atoms. Here we report the syntheses, spectroscopi
characterization, and crystal structures of HNP3RSePPh)

and the Te(ll) complex, [TEN(SPPr)(SePPh)} ], which
appears to be the first example of an imidodiphosphino-
chalcogenido complex that contains all three (S, Se, and Te)
chalcogens.

Experimental Section

General Procedures All manipulations were performed under
an inert atmosphere of Nwvith the use of standard Schlenk-line
techniques or under Ar in a glovebox. Solvents were dried, distilled,
and degassed undep Nefore use. Anhydrous g and THF were
distilled from Na and benzophenone; @, was distilled from
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broad-band NMR probe). THéP VT NMR spectra were recorded
on an INOVA 400 MHz spectrometer with DM&/DMF as
golvent.31P chemical shifts, in ppm, were recorded at 166.994 MHz
and were referenced to an external standard of 83P(ki(set to
0 ppm).”’Se chemical shifts, in ppm, were recorded at 76.287 MHz
and referenced to an external standard of a saturated solution of
PhSe in CD.CI, (set to 460 ppm)*25Te chemical shifts, in ppm,
were recorded at 126.234 MHz and referenced to an external
standard of a saturated solution of,P& in CD,Cl, (set to 422
ppm). Electrospray mass spectra were obtained on a Micromass
Quattro Il instrument. Elemental analyses were performed by
Oneida Research Services, Whitesboro, NY. Melting points were
determined with a Mel-Temp device on samples in glass capillaries.
Synthesis of HN(SEPr,)(SePPh). PhP(Se)NH (5.6 g, 20
mmol) and NaH (1.44 g, 36 mmol) were loaded in separate flasks
in an Ar-filled glovebox. A slurry of NaH in THF (20 mL) was
added slowly with stirring to a solution of B(Se)NH in THF
(40 mL) at—78 °C by means of a cannula. The reaction mixture
was allowed to warm to 2€C. It was stirred for 30 min and cooled
again to—78 °C, and then a solution dPr,P(S)CI (3.69 g, 20
mmol) in THF (20 mL) was added dropwise. The mixture was
refluxed fa 4 h and stirred overnight at 20C. The solvent was
removed under vacuum and dilute HCI (15%, 50 mL) was added,
producing a cloudy white mixture that was extracted with,CH
(75 mL). The CHCI; solution was dried over MgSQCand then
filtered. The filtrate was evaporated to dryness to give a yellow
oil. The crude product was precipitated with hexane and collected
by filtration. The unreacted BR(Se)NH was removed by stirring
the crude product in MeOH (20 mL) with the addition of excess of
K'BUO (2 g, 17.8 mmol). The solvent was removed under vacuum,
and the product was washed with,@t(40 mL). The K salt was
then converted back to the free ligand by stirring in water (25 mL)
with the addition of dilute HCI (15%, 50 mL) and extraction with
CH.CI; (75 mL). Again, the CHCI, solution was dried over MgSQO
and filtered, and the filtrate was evaporated to dryness to give a
yellow oil. The product was recrystallized from @El,/hexane to
give colorless crystals of HN(3P,)(SePPh) upon cooling. Yield
3.8 g, 44%. Anal. Calcd for fgH,sNP,SSe: C, 50.47; H 5.88; N
3.27. Found: C, 50.66; H, 5.79; N, 3.1%4 NMR (CD,Cl,, 25
°C): 0 4.5 (s, NH).31P{*H} NMR (CH,Cl,/CD,Cl,, 25 °C): ¢
99.1 (d,z\]pfp = 28 Hz, PS), 46.3 (d];\]pfsez 783 HZ;Zprp =28
Hz, PSe)”’'Sg*H} NMR (CH,CI,/CD,Cl,, 25°C): 6 —224.9 (d,
Wse-p = 782 Hz,2Jp_p = 28 Hz). ESI-MS (CHCI,) {m/z (%)
[assignmeni]: 430 (100) [HN(SKPr)(SePPh) + H]*, 350 (47)
[HN(SPPL)(PPh) + H] ™, 265 (47) [SePPit. Mp: 109-111°C.
[Te{N(SPPr,)(SePPh)},]. Te(tulCl,2H,0 (0.27 g, 0.50 mmol)
dissolved in MeOH (20 mL) was added to a solution of HN¢(SP
Pr,)(SePPh) (0.428 g, 1.0 mmol) and KBu (0.112 g, 1.0 mmol)
in MeOH (10 mL). After the mixture was stirred for 1 h, the
resultant yellow precipitate was filtered off, washed with MeOH
and E$O, and dried under vacuum. Yellow (minor) and yellow-

(46) Foss, O.; Hauge, $\cta Chem. Scand.961, 15, 1616-1617.
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Table 1. Selected Crystallographic Data for HN(8B)(SePPh) and [Tg N(SPPr)(SePPh)} 2]

Sekar and lbers

[Te{N(SPPr)(SePPh)} ]

HN(SPPr)(SePPh) triclinic monoclinic
formula Q8H25N PzSSE GeH48N2P4SQSQTe C36H48N2P4SQSQT8
fw 428.35 982.28 982.28
space group Pbca PL P2:/n
a(h) 9.9560(6) 9.8476(9) 8.7931(5)
b (R) 17.9053(10) 10.3296(9) 17.183(1)
c(A) 22.4156(13) 11.3429(10) 14.1026(9)
o (deg) 101.903(1)
B (deg) 115.471(1) 104.696(1)
y (deg) 92.281(2)
V (A3) 3995.9(4) 1008.4(2) 2061.1(2)
z 8 1 2
T(K) 153 153 153
pcalcd (Q/CNP) 1.424 1.617 1.583
u(Mo Kay), (cm™) 21.43 28.33 27.72
Ry(F)2 0.045 0.036 0.035
Ry(F?)P 0.112 0.084 0.082

*Ry(F) = 3 |IFol — [Fell/|Fol. ® Ra(Fo?) =
q = 0.05; [T N(SPPr,)(SePPh)}2], g = 0.

Table 2. Selected Bond Distances (A) and Angles (deg) for HNRBRSePPh) and Related Compounds

[SW(Fe? — FAAIWFAY2 wt = 03(Fo?) + (qFd)? for Fe? > 0; w1 = 0%(Fo?) for Fo? < 0; HN(SPPL)(SePPb),
04

HN(SPPr,)(SPPh)?

HN(SPPL)(SePPh)2 HN{SP(OPH)} (SePPh)P HN(SPPm), ¢ molecule 1 molecule 2 HN(SePphe
P(1)-S(1) 1.966(1) 1.915(1) 1.941(1) 1.935(1) 1.941(1)
P(2)-S(2) 1.949(1) 1.958(1) 1.955(1)
P(1)-Se(1) 2.101(1)
P(2)-Se(1) 2.0971(8) 2.079(1)
P(2)-Se(2) 2.085(1)
P(1)-N(1) 1.686(2) 1.626(3) 1.682(3) 1.674(3) 1.668(3) 1.678(4)
P(2-N(1) 1.686(2) 1.699(3) 1.684(2) 1.683(2) 1.679(3) 1.686(3)
P(1-N(1)-P(2) 135.58(15) 131.6(2) 131.6(1) 134.9(2) 132.6(2) 132.3(2)
S(1)-P(1)-N(1) 109.23(9) 113.4(1) 114.14(9) 115.7(1) 113.3(1)
S(2)-P(2)-N(1) 114.76(10) 110.2(1) 109.0(1)
Se(1)-P(1)-N(1) 114.5(1)
Se(1y-P(2-N(1) 115.62(9) 113.7(1)
Se(2)-P(2)-N(1) 116.1(1)

aThis work, T = 153 K. " Reference 40T = 293 K. ¢ Reference 53T = 253 K. 9 Reference 40T = 293 K. ¢ Reference 54T = 298 K

orange (major) crystals of [T&l(SPPr)(SePPh)},] were obtained
by recrystallization from CkCly/n-hexane. Yield 0.21 g, 43%. Anal.
Calcd for GeHagNoPsS,SeTe: C, 44.02; H 4.93; N 2.85. Found:
C, 44.36; H, 4.72; N, 2.673'P{*H} NMR (CH,Cl,/CD,Cl,, 25
°C): 0 66.6, 65.0, 18.8, 17.3 @p-p = 25 Hz). 'S¢ H} NMR
(CH2C|2/CD20|2, 25 OC): 0 83.7 (d,l\]Se—P = 506 HZ),@ 60 (d,
Wse-p = 537 Hz).125Te{*H} NMR (CH,CI,/CD,Cl,, 25 °C): o
934.9 {Jre—se = 1094 Hz),0 915.6 {Jre—se = 937 Hz). The’lP,
7'Se, and?Te chemical shifts arise from the presence of both cis
and trans isomers. ESI-MS (GEll,) { m/z (%) [assignmen}]: 556
(100) [T N(SPPr)(SePPh)}]". Mp: yellow-orange solid turns
red at 202°C and liquefies between 206 and 288.
Crystallography. Single-crystal X-ray diffraction data were
collected on a clear crystal of HN($,)(SePPh) and on yellow
(triclinic) and yellow-orange (monoclinic) crystals of [{e-
(SPPr)(SePPh)}] with the use of the program SMARTon a
Bruker Smart 1000 CCD diffractometéiat 153 K with the use of
monochromatized Mo ¥ radiation ¢ = 0.71073 A). The diffracted
intensities generated by a scan of0i8w were recorded on four

absorption corrections were made with the program XPRHERen

the program SADABS was employed to make incident beam and
decay correction$. The structure of HN(SPr,)(SePPh) was
solved by direct methods and that of [I{SPPr,)(SePPh)}]) was
solved from a Patterson function with the program SHELXS, and
each was refined by full-matrix least-squares techniques with the
program SHELXL in the SHELXTL-97 suit®. Hydrogen atoms
were generated in calculated positions and constrained with the use
of a riding model. The final models involved anisotropic displace-
ment parameters for all non-hydrogen atoms. Selected crystal-
lographic data are listed in Table 1, and selected bond distances
and angles are listed in Tables 2 and 3. Further crystallographic
details may be found in Supporting Information.

Results and Discussion

SynthesesReaction of equimolar amounts of f{Se)-
NH, and'Pr,P(S)Cl in the presence of NaH in THF af78
°C followed by the addition of dilute HCI yields HN-
sets of 606 frames gt settings of 0, 90, 180, and 270with an (SPPr)(SePPh). This synthesis is based on previously
additional 50 frames at = 0° for decay corrections. The exposure  reported routes to related compoufitféReaction of Te(tu}
time_s were 15 s/frame. Cell refinement and data red_uction were Cl,»2H,0 with 2 equiv of HN(SFPrz)(SePPIg\) and KOBu
carried out with the use of the program SAINTFace-indexed in MeOH at 20°C affords [Td N(SPPr)(SePPh)} ). Both

(47) Bruker. SMART Version 5.054 Data Collection and SAINT-Plus
Version 6.22 Data Processing Software for the SMART Sy&riker
Analytical X-ray Instruments, Inc.: Madison, WI, 2000.

(48) Sheldrick, G. MSHELXTL DOS/Windows/NT Version 6.12; Bruker
Analytical X-ray Instruments, Inc.Madison, WI, 2000.
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Synthesis and Characterization of HN(SPr,)(SePh)

Table 3. Selected Bond Distances (A) and Angles (deg) fo{[N(SPPr)(SePPh)},] and Related Compounds

[Te{N(SPPr)(SePPh)} 2] [Te{N(SePPh)2}]°
triclinic monoclinic [T N(SPPr)2} 7P [Te{ N(SPPr)(SPPh)},]P molecule A molecule B
Te-S(1) 2.6609(8) 2.6845(7) 2.6730(6) 2.678(2)
Te-S(2) 2.6978(6) 2.684(2)
Te—Se(1) 2.8278(4) 2.8057(3) 2.7754(8) 2.790(1)
Te—Se(2) 2.807(1) 2.815(1)
P(1)-S(1) 2.050(1) 2.041(1) 2.0354(8) 2.022(2)
P(2)S(2) 2.0363(8) 2.032(2)
P(1)-Se(1) 2.176(1) 2.172(1)
P(2)-Se(1) 2.1837(9) 2.1826(8)
P(2)-Se(2) 2.178(1) 2.187(1)
P(1)-N(1) 1.591(3) 1.595(2) 1.583(2) 1.589(5) 1.596(4) 1.584(4)
P(2)-N(1) 1.583(3) 1.592(2) 1.584(2) 1.593(5) 1.589(4) 1.583(4)
S(1)-Te-S(2) 87.21(2) 85.69(6)
Se(1)y-Te—Se(2) 87.01(3) 86.43(3)
S(1)-Te—Se(1) 91.23(2) 85.96(2)
S(1)-Te—Se(1A) 88.77(2) 94.04(2) 92.79(2) 94.31(6) 92.99(3) 93.57(2)
Te—S(1)-P(1) 103.50(4) 102.74(3) 100.84(3) 94.72(9)
Te-S(2-P(2) 96.27(3) 101.51(9)
Te—Se(1)-P(1) 95.99(4) 87.37(5)
Te—Se(1)-P(2) 92.86(2) 88.39(2)
Te-Se(2)-P(2) 94.82(4) 95.03(4)
S(1)-P(1)-N(1) 117.7(1) 119.35(9) 118.66(7) 119.8(2)
S(2-P(2)-N(1) 117.04(7) 118.9(2)
Se(1-P(1)-N(1) 118.4(1) 118.8(2)
Se(1-P(2)-N(1) 117.1(1) 118.70(9)
Se(2)-P(2)-N(1) 119.5(1) 119.3(1)
P(L)-N(1)-P(2) 139.40(7) 137.9(2) 142.9(1) 138.8(8) 137.2(2) 140.8(2)

aThis work, T = 153 K. " Reference 50T = 293 K. ¢ Reference 55T = 103 K.

Table 4. Selected NMR Data for HN(QPIRQ'PR>) (Q, Q = S, Se) and Te Complexes Involving the [N(QRR'PR>)]~ Ligand

31p{1H} b se IS¢ 1H} sep 2)op 125Tg{ 1H} e se
compound ) (Hz) ) (Hz) (Hz) 9) (Hz) ref
HN(SPPr)(SePPb) 99.1, 46.3 783 —224.9 782 28 a
HN(SPPh)(SePPh) 56.9, 52.5 790 -160.2 790 4.6 45
HN(SPPL)(SePPr) 92.1,89.2 747 35.2 43
HN(SPP)(SPPh) 100.0, 51.5 30.8 41
HN{ SP(OPh)} (SePP}) 55.3, 50.5 805 26.8 40
[Te{N(SPPr,)(SePPh)} 2] 66.6, 65.0, 18.8, 17.3 83.7, 60 537, 506 25 934.9, 915.6 1094, 937a
[Te{N(SPPr)(SPPh)},] 64.3,63.7,32.7,31.8 50
[Te{N(SP(OPh)(SPPh)}2] 51.1,43.4,35.4,27.2 29 51
[Te{N(SPPr)3} 4] 58.7 50
[Te{N(SePPh)2} 2] 24.4 586.4 5
[Te{N(SePPr),} 2] 58.7 528 50

aThis work.

compounds are soluble in GBI, and THF; they are  of doublets with equatJe—p coupling of 25 Hz, indicative
reasonably stable in air for a few days and very stable underof the presence of two isomers (cis and trans). T8e NMR

inert conditions. Crystals suitable for X-ray diffraction studies spectrum of [TEN(SPPL)(SePPh)} ] displays two doublets
were grown from CHCly/n-hexane. Both triclinic and  with different 1Jse-p coupling constants. ThéP NMR
monoclinic crystals of the trans isomer of [T¢(SPPr)- resonances are shifted to lower frequencies, and’1be
(SePPB)} ;] were obtained in the same crystallization. This NMR resonances are shifted to higher frequencies compared
is another example of concomitant polymorphism, the subjectto those of HN(SIPr)(SePPh). The 1Jsep coupling con-

of a recent reviev? stants are in the typical range reported for metal-coordinated
NMR Spectroscopy.Selected NMR data for the present ligands!¢242545The25Te NMR spectrum of [TEN(SPP,)-

and related compounds are given in Table 4. $#¢*H} (SePPh)},] shows two singlets with broa@Se satellites.

NMR spectrum of HN(SPPr,)(SePPh) shows two doublets  ThelJre_se coupling constants are different from each other.

with the expected’Se satellite anéJp_p coupling of 28 Hz. The presence of two species in solutions of’Tasd Pt!

The P-Se coupling constant)p—se in HN(SPPL)(SePPh) square-planar complexes comprising two unsymmetrical

is consistent with values found in other systems containing bis-S N(SPR)(SPR2)~ groups has been detected BY

the PhP(Se) fragment and hence with the presence of a NMR spectroscopy at room temperature. The NMR evidence
P=Se double bon&*® The 3P{*H} NMR spectrum of is strong, but not incontrovertible, that the species are the
[Te{N(SPPr)(SePPh)} ] recorded at 28C shows two sets  cis and trans isomers. Unfortunately, only the trans isomers

(49) Bernstein, J.; Davey, R. J.; Henck, J.Ahgew. Chem., Int. Ed. Engl. (50) Birdsall, D. J.; Novosad, J.; Slawin, A. M. Z.; Woollins, J.DChem.
1999 38, 3440-3461. Soc., Dalton Trans200Q 435-439.
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Figure 1. Variable-temperaturéP NMR spectra of [TEN(SPPr,)(SePPh)} 2.

were crystallized. In one instanékthe pure cis and trans
isomers were prepared by different routes and characterize
in the solid state but no NMR data from solutions of these
compounds were obtained. In the present instaft®,
Se, and'®Te NMR data, especially thé'P VT NMR
spectra (Figure 1), clearly indicate the presence of two
species in solution. Moreover3# NMR spectrum obtained
at 25°C from a solution in which the yellow and yellow-

orange crystals of the trans isomer were redissolved displays

the two species. Thus, although €itsans equilibrium is

reached in solution, the trans isomer is less soluble than the

cis isomer and crystallizes from solution. We do not know

d

Figure 2. Molecular structure of [HN(SPr)(SePPb)]. Here and in the
succeeding figure, anisotropic displacement parameters are drawn at the

which resonances correspond to the trans isomer obtainedsoy, probability level and H atoms on the phenyl rings have been omitted

by crystallization.

Structure of HN(SP'Pr,)(SePPh). The molecular struc-
ture of HN(SPPR)(SePPhk) is shown in Figure 2, and

selected metrical data are given in Table 2. The molecule
possesses a crystallographically imposed center of symmetry

In neither of the present structures, HN{®B(SePPh) and
[Te{N(SPPr)(SePPh)} 4], is there disorder between S and
Se atoms, as was the case in the structures of previousl
reported mixed S/Se ligands and their compleX&she P—

S, P-Se, and P-N bond distances in HN(3Px,)(SePPh)

are typical for P=S and P=Se double bonds and-f single
bonds. The PN—P angle is in the normal range. There is

(51) Necas, M.; Novosad, J.; Husebye,JSOrganomet. Chen2001, 623
124-130.
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for the sake of clarity.

a weak N-H---S intermolecular interaction, with the cal-
culated H--S distance being 2.60 A and the-i—S angle
being 169.

" Structure of [Te{N(SPPr,)(SePPh)},]. This compound

is dimorphic, crystallizing as the trans isomer in both a
);riclinic and a monoclinic space group. The triclinic com-
pound is about 2% more dense. Because of differing
crystallographic symmetry elements and cells, the crystal
structures differ, displaying different packing patterns and
intermolecular interactions. For example, in the triclinic
structure, théPr groups face each other whereas in the
monoclinic structure they face opposite to each other. In the
triclinic structure, there is a possible-Ei---S intermolecular
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differences in the orientations of the Ph aitt groups.
Although the bond distances in the triclinic and monoclinic
structures are in good agreement, some of the angles,
particularly the S-Te—Se angles, differ significantly (Table

3); angles should be more sensitive to intermolecular
interactions than bond distances.

Table 3 compares the metrical data for {NESPPr,)-
(SePPh)},] and related compounds. Once again, comparable
bond distances show minimal variation despite the wide
range of temperatures of data collection but bond angles show
some significant variations. The very different$e—Se
angles in the triclinic (91.23(2) and monoclinic
(85.96(2)) structures may be compared with those in the
cis isomers of [Te(trtyfSeCN}] (trtu = trimethylenethio-
urea) (90.29(4), [Te(esu)(SCN)] (esu= ethylenethiourea)
(92.17(3)),52 [Te(tu(SeCN})] (82.65(3}), and [Te(suyr
(SCN)] (su = selenourea) (82.11(%)%? As expected, the
P—S and P-Se bond lengths in [F&N(SPPr)(SePPh)} ,]
are elongated compared with those in HNESH(SePPb),
indicative of a reduction of bond order.
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