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The cyclodiphosph(lll/V)azane monoselenide [Bu(H)N(Se)P(«-N'Bu),PN(H)Bu] (6, H.cdppSe where cdpp =
cyclodiphosphazane) is obtained in quantitative yield from the comproportionation reaction of equimolar amounts
of Hacdpp (7) and HpcdppSe; (3) in toluene at 85 °C. The X-ray structures of 3 and 6 reveal that both the
monoselenide and the diselenide adopt a cis,endo,exo arrangement of the 'BUNH groups. Metalation of 6 with 1
equiv of KOBu or 2 equiv of KCH,Ph in THF produces {(THF)K[HcdppSe]}» (8) or {[(THF).K].[cdppSe]}» (9),
respectively. The initial deprotonation involves the 'BuNH group attached to the P(V) center in 6. In the dimeric
structure of 8, both of the monoanionic ligands are bis-N,Se-chelated to the two K* cations to give a distorted
K2N,Se; octahedron. In the centrosymmetric dimer 9, the dianionic ligands adopt two different coordination modes
to the his-solvated K* ions, viz., tridentate N,N',N"’ coordination and N,Se-chelation involving both exo- and endocyclic
nitrogen atoms. The dimer is linked through K—Se interactions. The reaction of 2 equiv of 8 with NiCl,(PMe3); in
THF produces [Ni(HcdppSe),], which has a distorted tetrahedral structure and exhibits anomalous *H, 3C, and 3P
NMR chemical shifts owing to the proximity of the paramagnetic Ni(ll) center.

Introduction Li%® and AF or a “top and bottom” (N,N and/or E,E)

N . o _ chelation mode for N& K,32 Pt3¢ and Sro
The coordination chemistry of the dianionic cyclodiphos-

ph(lll/llNazane 1 has been studied extensively, especially BuN gy NBu Bu By ",?l“
by Stahl* The interest in this electron-rich N-donor ligand \P N, ,P/ _~§P ...... N, o 7
ranges from possible applications in catalysis to the stabiliza- \‘N/ E/ \tN/ \

tion of unusual geometries at main-gréuand transition- Bu Bu

metal centerd? We have been investigating the dianionic 2a (E=S)

cyclodiphosph(V/V)azane disulfidza and diselenid@b as ! 2b (E = Se)

ambidentate ligands that may function as bridges in the
formation of metal-containing coordination polyméral-
though the number of examples are limited, the diankas
and 2b adopt either a “side-on” (N,E) chelation mode for

An unexpected outcome of these studies was the observa-
tion of deselenation of Bu(H)N(Se)Pg-N'Bu),P(Se)N-
(H)BuU] (3) by alkyllithium reagents to form a lithium salt
of the monoanion4 in the attempted synthesis of the
dilithium derivative of2b.3> With a view to the development

* To whom correspondence should be addressed. Tel: (403) 220-5741.

Fax: (403) 289-9488. E-mail: chivers@ucalgary.ca. of the chemistry of anionic cyclodiphosph(lll/V)azane
(1) Stahl, L.Coord. Chem. Re 200Q 210, 203 and references cited. Iigands4 and 5, we now report the synthesis and X-ray
@ Iié)e(;i%'sgé; Carrow, C. J.; Stahl, L; Staples, RChem. Commun. gtrctyres of the monoselenidBii(H)N(Se)Pg-NBu),PN-

(3) (a) Chivers, T.; Krahn, M.; Parvez, NChem. Commur200Q 463. (H)'Bu] (6), the potassium salts of the corresponding mono-
(b) Chivers, T.; Krahn, M.; Parvez, M.; Schatte, IGorg. Chem2001, and dianions4 and5, respectively, and a nickel(ll) complex

40, 2547. (c) Chivers, T.; Fedorchuk, C.; Krahn, M.; Parvez, M.; . . .
Schatte, an)org_ Chem2001 40, 1936. (d) Briand, G.; Chivers, T.: of 4. The structure of the diselenidwas also determined

@ E_rafhrg;, l\écgord- Ché:n} RgiZhCIJOé in press.t lic2001 20, 1629 for comparison with that o. Finally, we describe the

letr, G. R.; Carrow, C. J.; anl, rganometallic A . R

(5) Lintl, G.: Noth, H.: Schneider, W.: Storch, VChem. Ber1993 126 unexpgcted outcome of the_attempted lithiation of the
611. potassium salt of the monoanidn
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Synthesis of a Cyclodiphosph(lll/V)azane Monoselenide

Bu ‘ He Bu 5 -NB 1.53 (s, 18HBu), 1.31 (s, 9H!Bu), 1.23 (s, 9H!Bu). 3P {1H}
N e N NN N, Y NMR (THF-dg, 8): 75.6 (s), 0.2 [sH(1P—""Se)= 640 Hz].”’Se
;.}PKN/“P ;/‘P‘\N/P NMR (THF-dg, 0): 14.5 [d, 2J(3P—7"Se) = 638 Hz]. IR (KBr/
Se Bu Se Bu Nujol, cm™1): 3377 (NH). Satisfactory CHN analyses could not
4 5 be obtained owing to facile loss of THF from crystals.

Synthesis of{[(THF) oK] 2['BuN(Se)Pf-N'Bu),PN'Bu]}, (9).
A solution of KCH,Ph (0.321 g, 2.46 mmol) in THF (20 mL) was
added dropwise to a solution éBL(H)N(Se)Pg-NBu)PN(HYBu]-
(0.500 g, 1.17 mmol) in THF (25 mL) at 23C. After 18 h, the
solvent was removed from the yellow solution in vacuo, and the
residue was washed with pentanex2 mL) to give9 as a pale
yellow solid (0.631 g, 0.796 mmol, 68%). X-ray quality crystals
were obtained from a THFhexane solution at 23C after 24 h.

Experimental Section

Reagents and General ProceduresSolvents were dried and
distilled prior to use: tetrahydrofuran, toluene, pentane, and
n-hexane (Na/benzophenone)Butyllithium (2.5 M solution in
hexanes, Aldrich), Se (99.5%, Aldrich), KBu (95%, Aldrich),
and KN(SiMe), (95%, Aldrich) were used as received. The
compounds'Bu(H)N(Se)P4-NBu)P(Se)N(HBu] (3),%2['Bu(H)- IH NMR (THF-dg, 0): 3.58 (m, [OCH.)2(CHy)J]), 2.78 @, 1H,
NP(u-NBu),PN(HYBu] (7),5 KCH:Ph! and NiCh(PMe),® were NH), 1.77 (m, [O(CH)2(CH,)2]), 1.50 (s, 18HBu), 1.35 (s, 9H,
prepared by literature procedures. The reactions and handling oftBu), 1.17 (s, 9H,Bu). 3'P {*H} NMR (THF-dg, 0): 104.3 (d,
air- and moisture-sensitive reagents were performed under an[2J(3ip—31p) = 29]), 2.4 (d, pPICP—3P) = 29, W(EP-""Se) =
atmosphere of argon gas using Schlenk techniques or a glovebox611 Hz]). 77Se NMR (THF#dg, 6): 43.4 [d, (3P-77Se) = 611

Caution: Selenium compounds are potentially toxic. All reac-
tions should be carried out in a well-ventilated fume hood. The
use of protective latex gloves is recommended.

Instrumentation. *H NMR spectra were collected on a Bruker
AM-200 spectrometer, and chemical shifts are reported relative to
Me,Si in CDCk. 3P and’’Se NMR spectra were obtained on a
Bruker AMX-300 spectrometer (operating at 121.50 and 57.23
MHz, respectively); chemical shifts are reported relative to 85%
H3PO, in D,O and PhSe in CDCl; (+463 ppm relative to Mg
Se), respectively. Infrared spectra were recorded as Nujol mulls
on a Nicolet Nexus 470 FTIR in the range 4066850 cnTl. The

mass spectra were obtained either with a VG Micromass spectrom-

eter VG7070 (70 eV) or a Bruker Esquire 3000 ESI lon Trap MS.
UV—vis spectra were collected on a Unicam Mitss UV—vis
spectrometer in the range 19820 nm. Magnetic susceptibility
measurements were made on an Alfa Aesar Mark 1 magnetic
susceptibility balance. Elemental analyses were provided by the
Analytical Services Laboratory, Department of Chemistry, Uni-
versity of Calgary.
Synthesis of [Bu(H)N(Se)Pg-N'Bu),PN(H)!Bu] (6). A mixture
of ['Bu(H)N(Se)P4-NBu),P(Se)N(H¥BU] (3.80 g, 7.50 mmol) and
['Bu(H)NP{u-NBu),PN(H)Bu] (2.61 g, 7.50 mmol) in toluene (75
mL) was heated to 85C for 18 h. The solvent was removed under
vacuum, and the residue was washed with pentane 12 mL) to
give 6 as a white solid (6.24 g, 14.6 mmol, 97%H NMR (C¢Ds,
0): 3.82 [d, 1H, NH,2J(*H—3P) = 14 Hz], 2.93 [d, 1H, NH,
2J(*H—31P) = 7 Hz], 1.65 (s, 18HBu), 1.14 (s, 9H'Bu), 1.10 (s,
9H, Bu). 3P {IH} NMR (THF-dg, 6): 80.9 (s), 26.8 [sII(3P—
77Se)= 817 Hz]."’Se NMR (THF#dsg, 6): —80.1 [d,1J(3P—""Se)
= 818 Hz]. IR (KBr/Nujol, cn1t): 3377 (NH), 3250 (NH). MS
[El, m/z (rel int)]: 428 (19) (M"). Anal. Calcd for GeHzgN4P,Se:
C, 44.96; H, 8.96; N, 13.11. Found: C, 45.02; H, 8.78; N, 13.00.
Synthesis of{ (THF)K[ ‘BuN(Se)P-N'Bu),PN(H)!Bu]}, (8).
A solution of KOBu (0.135 g, 1.20 mmol) in THF (20 mL) was
added dropwise to a solution éBLI(H)N(Se)Pg-NBu),PN(HYBu]-
(0.500 g, 1.17 mmol) in THF (25 mL) at 23C. After 3 h, the
volume of the solution was reduced to 10 mL, and 3 mL of hexane
was added. The solution was stored-#23 °C, and after 24 h,
colorless X-ray quality crystals & (0.491 g, 0.913 mmol, 78%)
were obtained!H NMR (THF-dg, 6): 3.58 (m, [OCH,)2(CH,)2]),
2.78 [d, 1H, NH,2J(*H—31P) = 6 Hz], 1.76 (m, [O(CH)2(CH,)2]),

(6) Schranz, I.; Stahl, L.; Staples, R.ldorg. Chem.1998 37, 1493.

(7) Schlosser, M.; Hartman, Angew. Chem.nt. Ed. Engl.1973 12,
508.

(8) Jensen, K. AZ. Anorg. Allg. Chem1936 229, 265.

Hz]. Satisfactory CHN analyses could not be obtained due to facile
loss of THF from the crystals.

Synthesis of{ Ni['BuN(Se)Pg-N'Bu),PN(H)!Bu],} (10).Ben-
zene (25 mL) was added to a mixture {{THF)K['BUN(Se)P(-
N'Bu),PN(H)Bu]}. (1.00 g, 1.86 mmol) and NiglPMe), (0.262
g, 0.930 mmol) at 23C. The color of the solution changed from
red to dark green/purple. After 18 h, the solvent was removed in
vacuo, and the product was redissolved in hexane. The precipitate
of KCI was removed by filtration and the volume of the filtrate
was reduced to 10 mL. Green X-ray quality crystalsl6fwere
obtained afte3 d at—23°C (0.668 g, 0.733 mmol, 79%)d NMR
(CDCl, 6): 21.12 (br s, 18H!Bu), —0.68 (s, 18H,Bu), —1.22
(br s, 36H,'Bu), —3.86 (br s, 2H, NH).13C NMR (CDCE, 9):
552.84, 52.12, 42.16J(CHz)3]; 382.76, 38.57, 31.48 [@H3)3].
31P {1H} NMR (C¢Dg, 0): 957.7 (br, s), 22.2 (s). IR (KBr/Nujol,
cm1): 3382 (NH). MS [ESIyWZ]: 913 (M + HT). UV—vis [CH,-

Cly; Amax in nm (€ in M~1 cm™Y)]: 323 (2.5 x 10°), 354 (3.1x

10°), 462 (2.8x 10°), 592 (1.2x 10%). Magnetic momenty(, 298
K): 3.43 ug. Anal. Calcd for GH74NgSeNi: C, 42.17; H, 8.18;
N, 12.29. Found: C, 41.76; H, 8.36; N, 11.50.

Reaction of { (THF)K[ ‘BuN(Se)Pf-N'Bu),PN(H)!Bu]}, with
Li"Bu. n-Butyllithium (0.379 mL, 0.948 mmol) was added dropwise
to a solution 08 (0.509 g, 0.948 mmol) in THF (25 mL) at 2&,
and the reaction mixture was refluxed at°Gfor 18 h. The solvent
was removed under vacuum, and the residue was showid by
and 3P NMR spectra to be a mixture dfl and 12. The two
components were separated by washing the residue with hexane
(1 x 20 mL) in which 11 is soluble. The volume of the hexane
solution was reduced to 5 mL, and colorless crystal$1of0.124
g, 0.246 mmol, 52%) were obtained affed at—23 °C. 1H NMR
(CeDe, 0): 3.65 (m, THF), 1.57 (s, 18 HBu), 1.51 (s, 18 H!Bu),
1.33 (m, THF) 3P {*H} NMR (CgDg, 0): 158.3 (s) [lit® *H (CsDs,

0): 3.66 (M), 1.55 (s), 1.49 (s), 1.32 (nFIP {H} NMR (C¢Ds,
0): 159.6 (s)]. Colorless crystals @2 (0.174 g, 0.218 mmol, 46%)
were obtained from a solution of the hexatiesoluble residue in
THF (5 mL).1H (THF-dg, 6): 3.58 (m, THF), 1.75 (m, THF), 1.66
(s, 18 H,'Bu), 1.33 (s, 18 H'Bu). 3P {*H} (THF-dg, 6): —0.10 [s,
1J(3P—""Se)= 686 Hz] [lit.3a H (THF-dg, 6): 3.58 (m), 1.74 (m),
1.66 (s), 1.33 (s)3'P {1H} NMR (THF-dg, 6): —0.03 [s,J(3P—
7'Se)= 686 Hz].

X-ray Analyses. Measurements 08 and 6 were made on a
Nonius KappaCCD FR540C diffractometer while thos8d, and
10 were made on a Bruker AXS P4/RA/SMART 1000 CCD
diffractometer. Crystallographic data are summarized in Table 1.
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Table 1. Crystallographic Data fo8, 6, and8—10

Chivers et al.

3 6 8 9 10
formula GeHagNaP2Se Ci6H3aNaP2Se CaoHgoK2NgOPsSe CeaH136KaNgOsPsSe CazH7aNgNiPsSe
fw 506.36 427.40 1075.20 1584.00 ~911.50
space group P2i/n P2i/c P2i/c P2i/c P1
a, 8.8504(8) 9.5100(1) 10.639(1) 18.481(1) 10.495(2)

b, A 29.135(3) 15.1320(2) 9.777(1) 13.930(1) 13.201(2)
c, A 18.620(2) 15.9940(2) 28.036(3) 18.648(1) 16.892(3)
a, deg 76.646(2)
B, deg 99.053(2) 90.6000(5) 94.483(2) 113.814(1) 83.729(2)
v, deg 87.575(3)
v, A3 4741.5(8) 2301.50(5) 2907.4(5) 4392.1(6) 2263.0(6)
z 8 4 4 4
T, K 193(2) 173(2) 193(2) 193(2) 193(2)
A 0.71073 0.71073 0.71073 0.71073 0.71073
deatca g CNT3 1.419 1.233 1.228 1.198 1.338
u, mmt 3.261 1.776 1.561 1.151 2.209
F(000) 2080 904 1136 1688 956
Ra 0.0548 0.0369 0.0353 0.0576 0.0631
Ry 0.1307 0.0946 0.0917 0.1618 0.1826
AR = J[|Fol — IFcll/ZIFol. [I > 20(1)]. ® Ry = {[ZW(Fe?* — FAZ/[ 3 W(F?)F} Y2 (all data).
Structures were solved by direct methofls§IR-92%23, 6, 8, and Scheme 1
10, SHEITXS-Q‘Pb) and refined by full-matrix I(_aast-squares methods B Bu M, BN By NBy
on F2 with SHELX97—-21° Unless otherwise stated, the non- pu et v Y, P“_\...N2P
hydrogen atoms were refined anisotropically; hydrogen atoms were Se% 'gu/ \\Se By
included at geometrically idealized positions but not refined. 3 Toluene 7
(a) 3. A colorless rodlike crystal ofBu(H)N(Se)Pg-N'Bu),P- lasoc <T|:'F>z
(Se)N(HJBuU] (0.67 x 0.11 x 0.05 mm) was mounted on a glass lBuNﬁl\N'Bu
fiber. A total of 27 606 reflections was collected, of which 4785 pu By Ny | 2KCH,Ph \PiN";P/
hadl_ > 2..0(_17(I). The as.ymmetric unit contains two molecules of >PQN;|= THF, 20°C. t13‘5'\ _se
3 with similar bond distances and bond angles. The methyl Se Bu <THF)zK\ \K (THE),
substituents of one of tHBu groups in the second molecule showed 6 Se\/ \ay
severe disorder over two sites with partial occupancy factors of lKotBu /pﬁt\"";P\
0.534(15) and 0.466(15) for C#I73 and C71-73, respectively. THF, 23°C 'BuN\l Bu_N'Bu
(b) 6. A colorless platelike crystal offu(H)N(Se)Pg-NBu),PN- THF (Tﬁ,:)
2
(H)Bu] (0.13 x 0.13 x 0.05 mm) was mounted on a cryoloop. A Bu w"lK-,'Bu Bu Heu .
total of 9184 reflections was collected, of which 3359 Had p”” \P‘.-\-"S,e_/ \N...,.;P/ N\P--““‘
2.00s(1). The hydrogen atoms attached to nitrogen centers were ‘Buﬁ/ S .Q‘UQ.K/S‘* S
. 1] 1
located and refined. Bu L Bu

(c) 8. A colorless prism-like crystal of (THF)K['BUN(Se)P{- 3
N'Bu),PN(H)YBu]}, (0.65 x 0.51 x 0.51 mm) was mounted on a
glass fiber. A total of 13 461 reflections was collected, of which Results and Discussion
4680 hadl > 2.00s(1).

(d) 9. A colorless prism-like crystal of[(THF).K] J['BUN(Se)P- Preparation and X-ray Structure of ['Bu(H)N(Se)P-
(u-Bu),PNBU]}» (0.22 x 0.21 x 0.21 mm) was mounted on a  N'Bu),PN(H)'Bu] (6) and ['Bu(H)N(Se)P-N'Bu).P(Se)N-
glass fiber. A total of 24 273 reflections was collected, of which (H)'Bu] (3). The monoselenidéBu(H)N(Se)Pg-N'Bu),PN-

3245 had > 2.00s(1). The carbon atoms of the four coordinated (H)'Bu] 6 is obtained in essentially quantitative yield via a

THF molecules were disordered over two sites with partial comproportionation reaction of equimolar amounts'Bfif
occupancy factors of 0.63(2) and 0.37(2), 0.54(3) and 0.46(3), (H)N(Se)P(-NBu),P(Se)N(HBU] (3) and [Bu(H)NP-Nt-

0.714(14) and 0.286(14), 0.56(3) and 0.44(3). In addition, the Bu).PN(HYBU (7) in toluene at 85C (Scheme 1). Keat et
methyl carbon atoms in one of tH&u groups showed a high degree J2PN(H)BU] (7) ( )
of disorder (C31, C32, C33) and—C bonds were constrained

during the refinement to 1.540(1) and 2.480(1) A forf and derivatives [BN(Se)P{-N'BupPNR,] (R = Me, Et; R =

al. have reported the formation of the secondary amido

S—p carbon distances, respectively. The occupancy factors WereC5H10) as a mixture of cis and trans isomers by both a

refined to 0.59(4) and 0.41(4).

(e) 10.A green prism-like crystal fNi['BuN(Se)P4-NBu),PN- elemental seleniuf*? By contrast, monoselenidé is

comproportionation reaction and by a mono-oxidation with

(H)'Bu]2} (0.60x 0.19 x 0.09 mm) was mounted on a glass fiber. 0btained in only one isomeric form (cis with respect to the

A total of 17 066 reflections was collected, of which 6088 had
2.00u(1).

'BuNH groups). The related acyclic systemg?FSe)N(R)-

have prepared the monoselenide,fse)N(Ph)PPhby

(9) (a) SIR-92. Altomare, A.; Cascarano, G.; Giacovazzo, C.; Guagliardi, oxidation of PI@PN(Ph)PPE‘I with elemental seleniur?

A. J. Appl. Crystallogr1993 26, 343. (b) Sheldrick, G. MSHELXS-
97, Program for the Solution of Crystal Structurdgniversity of
Gottingen: Gitingen, Germany, 1997.

(10) Sheldrick, G. M.SHELX97-2 Program for the Solution of Crystal
Structures University of Gdtingen: Giatingen, Germany, 1997.

(11) Keat, R.; Thompson, D. G. Chem. So¢Dalton Trans.198Q 928.
J. Chem. So¢Chem. Commuril97§ 372.
4350 Inorganic Chemistry, Vol. 41, No. 17, 2002
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Synthesis of a Cyclodiphosph(lll/V)azane Monoselenide
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Figure 1. X-ray structure of Bu(H)N(Se)Pg-NBu),PN(H)YBu] (6)
showing the numbering scheme (30% probability ellipsoids).

Woollins and co-workers have shown that,P¢ge)N(H)-
PPh is formed quantitatively either through mono-oxidation
with selenium or by a comproportionation reaction. They
found that mono-oxidation is the preferred methbth the
present work, however, we were unable to obtain oy
the mono-oxidation route even after recrystallization.

The 3P NMR spectrum does not provide a conclusive
identification of6. Two singlets with chemical shifts similar
to those of the reagen8and7 are observed. The absence
of 2J[3*P(V)—31P(Ill)] coupling in 6 is surprising. Typical
values oPJ(3*P—3P) in acyclic P(II1)-N—P(V) systems fall
in the range 78126 Hz (e.g., P#P(Se)N(H)PP} 93 Hz)!3
while Keat et al. report smaller values<{Z0 Hz) for the
cyclic systems [RN(Se)Pf-N'Bu),PNR;].1! The identity of

Figure 2. X-ray structure of Bu(H)N(Se)Pg-NBu).P(Se)N(H¥Bu] (3)
showing the numbering scheme (30% probability ellipsoids).

Table 2. Selected Bond Lengths (A) and Bond Angles (deg) for
['Bu(H)N(Se)Pg-NBu),PN(H)Bu] (6) and
['Bu(H)N(Se)Pg-NBu).P(Se)N(H¥BuU] (3)2

6 3 6 3

Se(1)-P(1) 2.1169(7) 2.078(1) N(3P(1)-Se(l) 105.13(8) 107.3(1)
Se(2)-P(2) 2.070(1) N(4yP(2-Se(2) 113.2(1)
P(1)-N(1) 1.680(3) N(BP(1)-N(2) 83.6(2)
P(1-N(2) 1.679(2) N(BP(2)-N(2) 83.2(2)
P(1)-N(3) 1.624(2)
P(2)-N(1) 1.684(3)
P(2-N(2) 1.688(3)
P(2)-N(4) 1.617(6)

1.673(2)
1.671(2)
1.637(2)
1.750(2)
1.751(2)
1.655(2)

84.2(1)
79.6(1)

a Mean bond distances and angles for the two independent molecules in
the asymmetric unit.

Thus, the P(I11)-Nengo distance (1.750(2) A) is longer than
the P(V)—Nendo distance (1.672(2) A); similarly d[P(IH)

6 is apparent, however, from the characteristic 2:1:1 ratio Ne,] = 1.655(2) A and d[P(\)-Nexd = 1.637(2) A (cf. d[P-
of the NBu resonances and the two NH resonances in the (V) —Nenad] = 1.681(3) A and dP(V)—Nexd] = 1.622(1)

IH NMR spectrum. The monoseleni@eexhibits a doublet
in the 7Se NMR atd —80.1 ppm FJ(3*P—""Se)= 818 Hz]
(cf. =128 ppm and 877 Hz foB).32

The structure o6 was affirmed by X-ray crystallography,

for 3 and d[P(Il1)~Nenad = 1.726(2) A and d[P(I1I}-NexJ
= 1.664(2) for7). The endocyclic ringINPN angles ir6
differ by more than 4. The exocyclicONPSe bite angle
differs depending on the conformation of the N@{)

and for comparison, the X-ray structure of the previously substituent. For the endo orientationdhe angle is 113.1-

reported diselenid@® was also determined. The molecular

(2)°, while for the exo orientation i and6 the mean value

geometry and atomic numbering schemes are shown inis 106.3(11). This difference presumably reflects the steric
Figures 1 and 2, respectively, and pertinent structural influence of theéBu group.

parameters are summarized in Table 2. BR#md6 maintain

the cis arrangement of the N(By groups found in the
P(I)/P(11l) precursor7.t Unlike the endo,endo orientation
in 7, however, the exo,endo isomer is observed for [®th

Metalation of 6. The metalation o6 with a variety of
potassium salts was investigated in order to (a) compare the
structure of the potassium salt of the monoaramith that
of the known lithium derivative and (b) generate the dianion

and6. The same geometry is also observed in the closely 5 The reaction o with 1 equiv of KOBU or KN(SiMey),

related [Ph(H)N(Se)RENBU),P(Se)N(H)Ph}.

The P-Se bond lengths of 2.1169(7) and 2.074(3) A for
6 and 3, respectively, are similar to those of related
compoundg® The slightly longer P-Se bond length i is
consistent with théJ(3'P—"7Se) coupling constants (818 Hz
in 6 vs 877 Hz in3). The different oxidation states of the
two phosphorus centers thgive rise to predictable differ-

in THF at 23°C produced the monopotassium complex
{(THF)K['BuN(Se)Pg-NBu),PN(HYBuUJ} - (8) in good yields.
Attempts to form a dimetalated complex by the reaction of
6 with 2 equiv of KN(SiMe), or KOBu in boiling THF
were unsuccessful. Formation of the diantowas, however,
achieved by using the stronger base benzylpotassium, which
dimetalates in THF at 23°C to form{ (THF),K['BuN(Se)P-

ences in the structural parameters involving P and N atoms'w-N‘Bu)PNBu]K(THF)Z}2 (9) in 68% yield (Scheme 1).

(13) Balakrishna, M. S.; Klein, R.; Uhlenbrock, S.; Pinkerton, A. A.; Cavell,
R. G.Inorg. Chem.1993 32, 5676.

(14) Bhattacharyya, P.; Slawin, A. M. Z.; Williams, D. J.; Woollins, D. J.
J. Chem. Soc¢Dalton Trans.1995 3189.

(15) Silvestru, C.; Drake, J. Eoord. Chem. Re 2001, 223 117.

An interesting transformation was observed in an attempt
to generate the dianios from the treatment of the mono-
potassium salB with n-butyllithium in boiling THF. The
reaction was monitored by botkl and3'P NMR spectros-
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copy, which revealed that, under these conditions, metalation
is accompanied by a redox disproportionation to give the
known P(II)/P(IlI) compound [(THF)LI[ 'BuNP{-N'Bu),PN-
Bu]Li(THF)] (11)® and the P(V)/P(V) complex[(THF)K-
['BUN(Se)P{-NBu),P(Se)NBU]K(THF)2]2}n (12),% which
were separated and identified by théi and 3P NMR
spectra (Scheme 2). Presumably, the driving force for this
transformation is the creation of the stable cubic structure
of 11 and the six-membered rings iP.

The *H NMR spectra of botl8 and9 show three NBu
resonances with intensities in the ratio 2:1:1; in the case of
8 a signal for the NH proton is also observed. PHe NMR
spectrum oB displays two singlets at 75.6 and 0.2 for the
P(lll) and P(V) centers, respectively, whereas that 9or
contains two mutually coupled doubletséail04.3 and 2.4
[2J(3P—31P) = 29 Hz]. As expected, the resonancesdat
0.2 and 2.4 showW’Se satellites. The downfield shift of the
P(ll) signal and upfield shift of the P(V) signal upon
metalation are typical for these systefrighe "Se NMR
spectra of8 and 9 display doublets centered at14.5 and
43.4 with1J(3'P—""Se)= 638 and 611 Hz, respectively [cf.

0 13.2 and 684 Hz, fof.2].%2

X-ray Structures of {(THF)K[ ‘BuN(Se)Pf-N'Bu),PN-
(H)!Bu]}2 (8) and { (THF) K['BuN(Se)Pg-N'Bu),PN'‘Bu]K-
(THF) 2} 2 (9). The structures o8 and9 were established by
X-ray crystallography. The molecular geometry and atomic

Chivers et al.

Figure 3. X-ray structure of (THF)K['BuN(Se)P¢-N'Bu),PN(H)Bu]}>
(8) showing the numbering scheme (30% probability ellipsoids).

Figure 4. X-ray structure of{(THF)K['BuN(Se)Pg-N'Bu),PNBu]K-
(THF)2}2 (9) showing the numbering scheme (30% probability ellipsoids).
Only thea-carbons of théBu groups and the oxygen atoms of THF groups

numbering schemes are shown in Figures 3 and 4, and®'® shown. _ o _
pertinent structural parameters are summarized in Tables 3(7) and 3.4079(7) A ir8 are similar to those 13 [3.366-

and 4, respectively. The X-ray structural analysi8 oéveals
that the proton is abstracted from the amido substituent
attached to the P(V) center. Unlike the lithium analogue,
{(THF),LI['BuN(Se)P{-N'Bu),PN(H)YBu]}, which exists as

a monome#f? the structure o8 is dimeric. Each monoanion

is N,Se-chelated to two Kions to give a distorted N,Se

(5)—3.418(4) A]. The K-N distances of 2.872(2) and
2.965(2) A in8 are, however, somewhat longer [cf. 2.77(1)
and 2.79(1) A inl3], presumably as a result of the increase
in coordination of the nitrogen atoms from three to four. The
P—Se distance of 2.1650(6) A #is ca. 0.09 A longer than
that in the neutral precursd. Consistently, theJ(3*P—

octahedron. This dimeric arrangement alleviates the inherent’ 'S€) coupling constant is reduced from 818 to 638 Hz. The

strain in a four-membered PNKSe ring. The only previous
example of this ring system occurs in the comglékHF)K-
[PhP(Se)NSiMeg]}, (13) in which dimerization occurs
through K:--Se interaction& The K—Se distances of 3.3555-

(16) Chivers, T.; Parvez, M.; Seay, M. Mnorg. Chem.1994 33, 2147.
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bite angle ONPSe) of 106.66(7)in 8 is similar to that in6
(105.13(8y) but much narrower than the value of 114.3(5)
in 13.

Each potassium ion iB is coordinated by a single THF
molecule. Additionally, the potassium ions are involved in
C(—H)---K agostic interactions in the range 3.432{3)534-



Synthesis of a Cyclodiphosph(lll/V)azane Monoselenide

Table 3. Selected Bond Lengths (A) and Bond Angles (deg (BHF)K['BuN(Se)Pg-N'Bu),PN(HYBu]}» (8)2 and
{NI['BUN(Se)P¢-NBu),PN(H)Bu]}» (10)°

8 10 8 10
Se(1)-P(1) 2.1650(6) 2.170(2) PEN(4) 1.668(2) 1.659(3)
M(1)—N(3) 2.872(2) 1.954(4) M(BO@) 2.664(2)
M(1)—N(3)* 2.965(2) M(L)-Se(1) 3.3555(7) 2.479(11)
P(1)-N(1) 1.700(2) 1.683(5) M()Se(1)* 3.4079(7)
P(1)-N(2) 1.705(2) 1.672(5) CABM(L)* 3.432(3)
P(1)-N(3) 1.574(2) 1.601(5) C(3HM(1) 3.501(3)
P(2)-N(1) 1.735(2) 1.762(11) C(32M(L)* 3.534(3)
P(2-N(2) 1.736(2) 1.756(6)
P(1)-Se(1)-M(1) 79.16(2) 74.31(4) Se(BHM(1)—Se(1)* 121.37(2)
M(1)—Se(1y-M(1)* 58.63(2) Se(1yM(1)—Se(2) 123.46(4)
N(3)—M(1)—Se(1) 57.39(4) 80.8(1) N(3M(1)—N(3)* 110.89(4)
N(3)*—M(1)—Se(1) 89.35(4) N(3YP(L1)-Se(1) 106.66(7) 99.5(2)
N(3)—M(1)—Se(2) 120.6(1) P(BN(3)—-M(1) 105.99(9)
N(3)—M(1)—N(5) 136.6(2) M(1)-N(3)—M(1)* 69.11(4)

a Symmetry transformation used to generate equivalent atomsx*+ 1, —y, —z ® Mean bond distances and angles for the two halves of the molecule.

Table 4. Selected Bond Lengths (A) and Bond Angles (deg) for
{(THF)2K['BUN(Se)Pg-NBu),PNBU]K(THF)2} 2 (9)2

Se(1)-P(2) 2.183(2) P(HN(1) 1.784(5)
Se(1)-K(1)* 3.281(2) P(1yN(2) 1.782(5)
Se(1)-K(1) 3.293(2) P(1¥N(@3) 1.591(5)
K(1)—N(2) 3.177(5)  P(2¥N(1) 1.685(5)
K(2)—N(1) 3.154(5)  P(2}N(2) 1.676(5)
K(2)—N(3) 2.685(5) P(2XN(4) 1.558(5)
K(2)—N(4) 2.713(6) cro
P(2)-Se(1)}-K(1)* 126.93(6) N(4)-K(2)—N(1) 54.1(1) Figure 5. X-ray structure off Ni['BuN(Se)P¢-N'Bu)PN(H)YBu]}. (10)
P(2)-Se(1)-K(1) 82.40(5) N(4)y-P(2)-Se(l) 117.7(2) showing the numbering scheme (30% probability ellipsoids). Only the
K(1)—Se(1y-K(1)* 91.64(4) N(@2)-P(2y-Se(1) 112.3(2) a-carbons of théBu groups are shown.
N(2)—K(1)—Se(1)*  106.22(9)  P(N(2)—K(1) 94.3(2)
2(2()1;K(K1()1*)Ses(1()1) gg-gggig E%Hgg* Eg; lgg%(é)) The dimerization of via K—Se interactions is very similar
e(1)*=-K(1)—-Se . - . i 3a
N(3)-K(2)-N(d) 98.6(2) PEIN()—K(2) 99.5(3) to that of tr_le corresp_on_dlng P(V)/_P(V) systekf>2 In 9,
N(3)—K(2)—N(1) 54.5(1) the K—Se distances within the&e ring are equal at 3.287-
a Symmetry transformation used to generate equivalent atomsx*+ (2) A’ forming an almost perfeCt square, while 12 the
1,-y+1,-2+2 edges are slightly shorter than the rungs 3.312(4) A vs 3.418-

_ _ _ . (3) A3aThe P-Se bond length of 2.183(2) A @is similar

(3) Ainvolving the CH groups ofBu substituents. Previous i that found fors.
examples of this type of interaction with €H)-K Synthesis and X-ray Structure of {Ni['BuN(Se)Pf-
distances in the range 3.103(2.494(4) A have been  NtBy),PN(H)Bu],} (10). In the context of our interest in
reported.” Three such interactions involving C11, C31, and  synthesizing coordination polymers on the basis obl&,P
C32 are observed i8, effectively increasing the coordina-  template, we have previously described M(Il) @Ni, Pd)
tion number of each potassium ion from five to eight (Figure complexes of the P(V)/P(V) monoaniofB{iN(S)Pg-Nt-
3). . . Bu):P(S)N(H)Bu]".* For comparison, we have prepared the

The X-ray structural analysis d (Figure 4) reveals a  Nj(ll) complex of the P(lll)/P(V) monoanion4 by the
Centl’osymmetric dimer in which the dianionic I|gand adOptS metathetical process shown in eq 1.
two different modes of coordination to the potassium ions.
One of the potassium ions is N,N"-chelated by the two  2{(THF)K['BuN(Se)P&-N'Bu), PN(H)YBuJ}, + NiCl,(PMe,), —

exocyclic amido groups and through a weak interaction with 8
one of the endocyclic ring nitrogens. The other potassium is {Ni['BuN(Se)P¢-N'Bu),PN(H)BU],} + 2KCI + 2PMe, (1)
N,Se-chelated via a weak interaction with the other endocy- 10

clic ring nitrogen forming a four-membered KNPSe ring.
_?_’S'tlg gi?éiﬁ%osrd(':noar;e Fe;tistsij:gr;i]rg?glcl)(gﬁ %rgt:lloglear?\?:ti?/i tWoreveals bis(N,Se) coordination of the monoanion (Figure 5)
of a dianionic. c clgdi hosph(lll/V)azane chalcogenide in a manner reminiscent of the analogous P(V)/P(V) com-
thouah both tiny” npd tianV o exes of 9 oo Plex, {NI'BUN(S)PE-NBULP(SN(H)Bul}, (13 Al
atnougn bo () a (IV) complexes of a cyclo though there are several known NiNPS heterocytiéd$,is

diphosph(lll/V)azane sulfide have been reported previ- ; . .
ously’ Although other examples of endocyclic N coordi- the first structurally characterized NiNPSe heterocycle. The

The X-ray structural analysis of the Ni(ll) complek0

dianion 1,! the involvement of both bridging nitrogens of wugdfrlichwzv-v Angrgl-_AhllgHCf&emrll%l \206 119-C(hb) Flrm?mE%I
. . . . H ., Peters, . unaerlich, H.; Kuchen, ngew. em.int. .
the RN, ring in coordination is unprecedented. Engl. 1992 31, 612. (c) Kuchen, W.: Peters, W.. Skeler, M..
Wiskemann, R.; Wunderlich, HZ. Anorg. Allg. Chem1998 624,

(17) Uhl, W.; Wagner, JJ. Organomet. Chenl992 427, 151. 1956.
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nickel center inL0 attains a distorted tetrahedral environment
with mean bond angleBINNIN = 136.6(2), [ONNiSe =
80.8(1y and 120.6(7), and 0SeNiSe= 123.46(4) cf.
145.98(11), 80.55(6) and 116.39(6) 122.76(4), for the
corresponding angles 8. The bite angle[(INPSe) of 99.5-
(3)° in 10 is comparable to that observed b8 [101.96-
(10)°]. The Ni—Se distance of 2.479(1) A is slightly longer
than those observed for botNi[(Ph,PSe)N],} (14) (mean
value of 2.350(1) Ay? and {Ni[Ph,PSeC(S)NPh} (15)
(2.344(1) A)? However, in both of the aforementioned
complexes the nickel(ll) center is in a square planar
arrangement. The-PSe distance of 2.170(2) A im0 falls
between those reported fbd (2.194(2) A¥° and15 (2.145-

(3) A).2° The magnetic moment df0 at 298 K is 3.43us

(cf. 2.90usz for the related Ni(ll) complex3).3¢ This value

is within the range 3.83.5 ug, which has been observed
for distorted Ni(ll) complexe&???

H, 18C, and 3P NMR spectra of complexdO reveal
anomalous shifts due to the paramagnetic nickel(ll) center.
The 'H NMR spectrum shows three'!BU resonances; one
of the signals is shifted downfield ©21.12, while the other
two appear ab —0.68 and—1.22. Additionally, there is an
NH resonance at —3.86. Similarly, the3C NMR spectrum

shows anomalous shifts at 552.84 and 382.76 ppm corre-

sponding to ther andg carbons, respectively, of the nickel-
coordinated NBu group. The¥!P NMR spectrum reveals two

(19) Papadimitriou, C.; Veltsistas, P.; Novosad, J.; Cea-Olivares, R.;
Toscano, A.; Garcia y Garcia, P.; Lopez-Cardosa, M.; Slawin, A. M.
Z.; Woollins, J. D.Polyhedron1997, 16, 2727.

(20) Siasios, G.; Tiekink, E. R. T. Chem. SocDalton Trans.1996 2269.

(21) The!H and3P NMR spectroscopic data of the nickel(ll) complex,
{NI['BUN(S)Pf:-N'Bu)P(S)N(H)Bul.} (13), described in ref 3c, were
reported incorrectly. The revised assignments are as folltwsIMR
(CDCl3, 6): 14.15 (br s, 18H!Bu), 0.09 (s, 18H!Bu), —0.09 (br s,
36H, 1Bu), —1.32 (br s, 2H, NH)13C (CDCh, d): 392.12, 55.71,
47.11 [C(CHg)s] and 246.51, 31.16, 27.01 [CHa3)3]. 3P NMR (CsDs,
0): 415.9 (br, s), 104.3 (s).

(22) Cotton, F. A.; Wilkinson, G.; Murillo, C. A.; Bochmann, Mdvanced
Inorganic Chemistry6th ed.; John Wiley and Sons: New York, 1999;
p 841.
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resonances of approximately equal intensity, viz. a broad
singlet atd 957.7 and a sharp singlet at22.2. A double-
resonance experiment confirmed the connection between the
3P NMR resonance at 957.7 and théH NMR resonance

of 6 21.12. Additionally, an HMQC experiment confirmed
the connection between thel NMR resonance ab 21.12

and the®C NMR resonance of 382.76. The remarkable
downfield shifts of these resonance are attributed to the
shielding effect of the adjacent, paramagnetic Ni(ll) center.
The anomalous NMR chemical shift observed for the
P(V) center in10 led us to reinvestigate th&P NMR
spectrum forl3.2! 3% NMR chemical shifts in the region
observed forl0 and 13 have been observed previously by
Kuchen and co-workers for the complexéhbli[R.P(E)-
(NR)]2}, 6 (3*P) —835 (E= O)'® and 457.7 (E= S)1&
Attempts to obtain a’’Se NMR spectrum ofl0 were
unsuccessful, presumably because the selenium site is directly
connected to the paramagnetic Ni(ll) center.

Conclusions

The mixed oxidation state monoanidnand the dianion
5 can be generated by the reactior6ofith the appropriate
metalating agent. The synthesis of the Ni(ll) complexdof
suggests an alternative approach fNFtemplated coordina-
tion polymers that involves linking the P(lll) centers to a
metal.
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