This article was downloaded by:

On: 29 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

1
4
g

S PR} ] e e g

VT e Y S

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

S}l!flll‘, and http://www.informaworld.com/smpp/title~content=t713618290
Silicon

and the Related Elements

| Synthesis and single crystal X-ray structures of N,N'-
i bis(diphenylphosphinothioyl)piperzine and

bis(diphenylphosphinoselenoyl)piperzine

M. S. Balakrishna?; P. P. George?, J. T. Mague®

2 Department of Chemistry, Indian Institute of Technology, Bombay, Powai, Mumbai, India ®
Department of Chemistry, Tulane University, New Orleans, Louisiana, USA

Editatan Chiel. Wariin 0. Fasdd —
Uuregmsn [dier Spestasin Ksaghigest ) i P

To cite this Article Balakrishna, M. S., George, P. P. and Mague, J. T.(2006) 'Synthesis and single crystal X-ray structures
of N,N'-bis(diphenylphosphinothioyl)piperzine and bis(diphenylphosphinoselenoyl)piperzine', Phosphorus, Sulfur, and
Silicon and the Related Elements, 181: 1, 141 — 146

To link to this Article: DOIL 10.1080/104265090969225
URL: http://dx.doi.org/10.1080/104265090969225

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww informaworld.coniterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be Iiable for any | oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/104265090969225
http://www.informaworld.com/terms-and-conditions-of-access.pdf

08:51 29 January 2011

Downl oaded At:

Phosphorus, Sulfur, and Silicon, 181:141-146, 2006 e Taylor & Francis
Copyright © Taylor & Francis LLC

ISSN: 1042-6507 print / 1563-5325 online

DOI: 10.1080/104265090969225

Taylor & Francis Group

Synthesis and Single Crystal X-Ray Structures of
N,N’-Bis(diphenylphosphinothioyl)piperzine and
Bis(diphenylphosphinoselenoyl)piperzine

M. S. Balakrishna

P. P. George

Department of Chemistry, Indian Institute of Technology, Bombay,
Powai, Mumbai, India

J. T. Mague
Department of Chemistry, Tulane University, New Orleans,
Louisiana, USA

The reaction of N,N'-bis(diphenylphosphino)piperzine with elemental sulfur or se-
lenium in toluene under refluxing conditions afforded PhoP(S)N(C4Hg)NP(S)Pho
or PhoP(Se)N(C,4Hg)NP(Se)Phs in a quantitative yield. The molecular structures
were determined by X-ray studies.

Keywords Bis(phosphines); diselenide; disulfide; piperzine derivative; X-ray structure

The interest in the synthesis and transition metal chemistry of
bis(phosphine) ligands containing more than one type of spacer in the
ligand framework is growing rapidly due to their steric and electronic
versatility and interesting coordinating properties.!2 These types of lig-
ands can be used in a variety of metal-mediated organic synthesis.? The
phosphines containing sulfur and selenium moieties are finding utility
in the formation of gold and silver monolayers.* As a part of our study
on the reactivity and transition metal chemistry and oxidation prop-
erties of multifunctional phosphines,>® we report the synthesis and X-
ray crystal structures of N,N'bis(diphenylphosphinothioyl) piperazine,
PhoP(S)N(C4Hg)NP(S)Phy (1) and N,N’'bis(diphenylphosphinothioyl)
piperazine, PhoP(Se)N(C4Hg)NP(Se)Phs (2).
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RESULTS AND DISCUSSION

The synthesis of PhoPN(C4,Hg)NPPhy was reported’® in 1993, and
Zubiri and colleagues have reported”™ the oxidation products and plat-
inum metal complexes of PhoPN(C,Hg)NPPh,. Recently we have re-
ported the improved synthesis and crystal structure’ and the P—N
bond activation in PhyPN(C4Hg)NPPh, with aldehydes.®® This article
describes the crystal structures of thioyl and selenoyl derivatives. The
sulfide and selenium derivatives were prepared in a quantitative yield
by reacting Pho PN(C4Hg)NPPhy with elemental sulfur or selenium sim-
ilar to the procedure described in the literature,” with slight modifica-
tion. The 3'P NMR spectrum of disulfide shows a single resonance at
68.2 ppm, whereas the same resonance, due to the diselenide derivative,
appears at 69.4 ppm with a 1Jpg. coupling of 758.4 Hz. The structures
are established by single crystal X-ray diffraction studies.

The perspective views of the molecules are displayed in Fig-
ures 1 and 2 with important bond lengths and bond angles. The
compound PhyP(S)N(C,Hg)NP(S)Phy crystallizes in an extended con-
formation and possesses crystallographically imposed centrosymme-
try. The P—N bond length of 1.671(2) A is shorter than the same

FIGURE 1 Perspective view of Phy P(S)N(CHg)NP(S)Ph, (1). Hydrogen atoms
are omitted for clarity. Selected bond distances (A): S-P, 1.943(1); PN, 1.671(2);
P-Cl, 1.814(2); P-C7, 1.807(3); N-C13, 1.476(3); N-Cl4, 1.476(3). Selected bond
angles (°): S-P-N, 116.65(8); S-P-Cl, 113.00(10); S-P-C7, 113.34(10); N-P-Cl,
103.38(11); N-P-jjC7, 103.94(11); C1-P-C7, 105.32(12); P-N-C13, 116.67(15); P-
N-Cl4, 116.38(16); C13-N-Cl4, 109.27(17).
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FIGURE 2 Perspective view of PhyP(Se)N(C,Hg)NP(Se)Ph, (2). Hydrogen
atoms are omitted for clarity. Selected bond distances (A): Se1-P12.114(2); Se2-
P2 2.102(2); P1-N1 1.692(5); P2-C19 1.810(7); P2-N2 1.675(5); N1-C25 1.480(8);
N1-C28 1.466(7); N2-C27 1.477(8); N2-C26 1.495(7). Selected bond angles (°):
P1-N1-C28 115.7(4); C25-N1-C28 110.8(5); P1-N1-C25 114.8(4); P2-N2-C26
115.7(4); P2-N2-C27 117.7(4); C26-N2-C27 109.3(5); Se1-P1-N1 116.64(17); N1-
P1-C7 102.2(3); Sel-P1-C7 113.6(2); N1-P1-Cl 103.3(2); Sel-P1-Cl 113.34(19);
CI3-P2-C19 106.2(3); Se2-P2-C19 113.0(2); Se2-P2-N2 116.56(17); Se2-P2-Cl13
113.5(2); N2-P2-C13 103.2(3); N2-P2-C19 103.2(3).341.3; 342.7.

in PhoPNCoH/NPPh, (1.705(2) A), but compares well with those
compounds containing either ethylenediamine back bone'®? or with
nitrogen-bridged bis(phosphines),'? suggesting the multiple bonding
whereas it is slightly longer than the same in the dioxide derivative,
PhyP(O)NCsH,NP(O)Ph, (1.646(3) A).5> The normally accepted value
for a single P—N bond length is 1.77 A8 The geometry around the
nitrogen is distinctly pyramidal, with the sum of the angles about
N being 342.3°. The P=S bond length of 1.943(1) A is comparable
with the same bond length in a similar bis(phosphines), such as
PhyP(S)NCoH4NP(S)Ph; (1.951(1) A).? and PhyP(S)0(CgH10)OP(S)Phy
(1.928(1) A).1° The phosphorus centers are in typical tetrahedral en-
vironments. The structure of the diselenide derivative 2 is similar to
the disulfide analogue 1. The asymmetric unit cell consists of two in-
dependent molecules with one having a center of symmetry. The two
molecules have slight variations in their bond parameters. The aver-
age P=Se bond length is 2.10 A, which is significantly longer compared
to the bis(phosphinite), PhyP(Se){(—0—C;oHg)(t-CH2)(C190HgO—)}
P(Se)Phy(2.071(9) A)% but compares well with those found in



08:51 29 January 2011

Downl oaded At:

144 M. S. Balakrishna et al.

the aminobis(phosphine) derivative, PhsP(Se)NHP(Se)Phy(P1-Sel,
2.085(1); P2-Se2, 2.101(1) A).1! The two selenium atoms are in an ap-
proximately antidisposition. The average P—N bond distance of 1.681(5)
A is slightly longer than that observed in the disulfide analogue 1, but
is comparable with analogous diselenides. The geometry around the
nitrogen centers is distinctly pyramidal similar to that of disulfide 1.

EXPERIMENTAL
Preparation of Ph,P(E)N(C4Hg)NP(E)Ph2(E = S, 1; Se, 2)

A mixture of bis(diphenylphosphino)piperzine (1.51 g, 3.31 mmol) and
sulfur (0.21 g, 6.6 mmol) in toluene/hexane (1:1) (50 mL) was refluxed
under nitrogen with stirring for 6 h. The solution was cooled to 25°C
and then filtered. The residue collected was crystallized from CHyCls-
hexane (3:1) to give an analytically pure product of 1. Yield 81%, m.p.
240°C (decomp.) (Found: C, 64.42; H, 5.32; N, 5.55%. CogHogNoP2So
requires C, 64.84; H, 5.44; N, 5.42%). §y(CDCl3) 7.83-8.35 (20 H, m,
Ph) and 2.84 (8 H, t); 5p(CDCl3) 68.2 (2 P, s, reference to 85% H3PO,).

In the case of the selenide derivative (2), instead of sulfur, selenium
powder was used and the yield was 92%. m.p. 254-256°C. (Found: C,
54.9; H, 4.54; N, 4.67%. CosHogsN3yPySes requires C, 54.9; H, 4.60; N,
4.61%). §y(CDCl3) 7.86-8.37 (20 H, m, Ph) and 2.86 (8 H, t); § p(CDCl3):
69.4 (2 P, s, 1Jps.758.4 Hz, reference to 85% H3PO,).

X-Ray Crystal Structure

Colorless crystals (1 [0.21 x 0.33 x 0.43 AJ; 2 (0.23 x 0.40 x 0.50
AD crystallized from CH3Cl; at 0°C were mounted on Pyrex filaments
with epoxy resin. The general procedure for the crystal alignment,
unit cell determination, and refinement and collection of intensity data
on the Enraf-Nonius CAD-4 diffractometer has been published.'? In-
tensity data were collected with an Enraf-Nonius CAD-4 diffractome-
ter using graphite-monochromated MoKa (0.71073 A) radiation. The
details of the crystal and data collection for 1 CosHogNoPoS, are as
follows: M = 518.60, monoclinic, a (A) = 6.8307(5), b (A) = 23.782
(3), ¢ (A) = 8.8683 (5); B (°) = 107.969 (6), Z = 2, V(A%) = 1370.4
(2), T (K) = 293(2). Space group P2;/c (No. 14), D(cale) (g/cm?) =
1.257, © (Mo-Ka) = 0.330 mm~1, reflections observed, 1863. The fi-
nal Ry was 0.0395 (all data) and wRg =0.1103 (all data), goodness-of-fit
(S) 1.04. 2 CogHogNoPoSes: M = 518.60, monoclinic, a (A) = 13.730
(1), b (A)=23.412 (2), ¢ (A)=14.4289(9); B (°) = 106.819 (5), Z = 1,
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V(A3)=4439.8 (5), T (K) = 293(2). Space group P2;/c (No. 14), D(calc)
(g/em?®) = 1.486, i (Mo-Ka) = 0.330 mm™1, reflections observed, 3768.
The final Ry was 0.0487 (all data) and wRg = 0.1564 (all data), goodness-
of-fit (S) 1.03. All calculations were performed with the SHELXTL
PLUS! program package. Hydrogen atoms were included in calculated
positions as riding atoms with isotropic displacement parameters 20%
larger than those of the attached atoms. The data is deposited in the
Cambridge Crystallographic Data Center (CCDC) the CCDC reference
numbers 202410 and 208516 are for compounds 1 and 2 respectively.
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