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The coordination chemistry of the potentially semilabile tridentate ligand 2-pyridylbis(diphenylphosphino)methane
(NPP) has been investigated. Bidentate (N, P) coordination occurs in@#&#) (1) and [CdX{-X)(NPP)L (X

= CI (2); OAc (3)), prepared from the corresponding metal saltsfaimRe(CO}Br(NPP) @) and in Fe(COy
(MA)(NPP) (6). The last is one of three products from the reaction of Fe(®@)) (MA = maleic anhydride)

—
with NPP, the other two being Fe(C{)PP) (7; P, P coordinated) and the unusual cyclic ylid,PG(2-

05H4N)PPQC(CH2C02H)CI(=O) (5). The ligand shows tridentate coordination in Cr(G@PP) ©), RuChb-
(PPR)(NPP) (L0), and possibly in PtG{NPP) g8). Carbon monoxide displaces one phosphorus arm of the ligand
in 10. Anhydrous NiC} and NPP react in the presence of methanol to give XRKEOMe)Ph)(Ph,PCH,py) (12)

in which the NPP ligand has been cleaved. This in turn reacts witio @rm trans-NiCl(PhP(O)CHpy), (13).

The methine proton of NPP is transferred to the metal on reaction withH4(@Ph), and [Ir(COD)(NPP)]BEg

to form the hydride complexes Pt(H)(PJINPP—H) (14) and [Ir(H)(NPP)(NPP-H)]BF4 (15). In 15 the intact
NPP ligand is tridentate. The structureslof- 7 and12 — 15 have been determined.

Introduction to determine the extent to which NPP would promote the
formation of dinuclear complexes from mononuclear precursors
as is well-established for its “parent” ligand bis(diphenylphos-
phino)methane (DPPN)and as has been found to occur with
Rh(l) and Ir(l) system&?2 A second goal of the study was to
ascertain if monometallic NPP complexes could function as
metalloligands in the synthesis béterdimetallic complexes.
Additionally it was of interest to confirm the coordination mode
of NPP in examples of its complexes where this had been only
inferred from limited spectroscopic d&t@o complement earlier
work, the coordination behavior of NPP toward metals from
Groups 712 should provide an adequate study of its capabili-
ties as a ligand. However, the known sensitivity of NPP to
cleavage under photochemitahd severe thermal conditichs
significantly limits the range of starting complexes that can be
used to those with readily replaceable ligands.

There has been a continuing interest in the synthesis and
chemistry of complexes of “hemilabile” ligands, for example
PhPCH,CH,NMe,! (a PN donor set), because of their potential
for stabilizing the active sites of resting catalyst species in
homogeneous systerAd.he vast majority of studies reported
to date concern bidentate ligands of this type, and, given our
continuing work in the area of dinuclear complexes, we
considered it of interest to explore the coordination behavior
of tridentate ligands having theR donor set to determine if
similar “semilabile” behavior might be observed in dinuclear
species. A suitable ligand appeared to be 2-pyridylbis(diphe-
nylphosphino)methane (NPP).
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Experimental Section

All reactions were carried out using a purified nitrogen atmosphere
and a standard Schlenk-type apparatus. Dry, oxygen-free solvents were
used throughout, and other reagents, including metal salts, were used

(3) Dalhoff, W. V.; Dick, T. R.; Ford, G. H.; Kelly, W. J. S.; Nelson, S.
M. J. Chem. Soc. A971, 3495.

NPP (4) Dalhoff, W. V.; Dick, T. R.; Nelson, S. MJ. Chem. Soc. A969
2919,
This and an analogue methylated on the pyridyl group have © Tilgsgg’lszlol\élf; Perks, M.; Walker, B. J. Chem. Soc., Perkin Trans.

been the subjects of a limited number of repbrtdut it does

not appear that there has been any systematic study of the

chemistry of NPP-type ligands. To address this we sought first

(1) Roundhill, D. M.; Bechtold, R. A.; Roundhill, S. G. Morg. Chem.
198Q 19, 284.

(2) Sharp, P. R. IlComprehensgie Organometallic Chemistry;llAbel,
E. W., Stone, F. G. A., Wilkinson, G., Eds.; Elsevier Science, Inc.:
New York, 1995; Vol. 8, p 152156 and references therein.

(6) McNair, R. J.; Pignolet, L. Hlnorg. Chem.1986 25, 4717 and
references therein.

(7) Mattson, B. M.; Ito, L. N.Organometallics1989 8, 391.

(8) (a) Mague, J. TJ. Cluster Sci.1995 6, 217. (b) Chaudret, B.;
Delavaux, B.; Poilblanc, RCoord. Chem. Re 1988 86, 191. (c)
Puddephatt, R. hem. Soc. Re 1983 99.

(9) Anderson, M. P.; Mattson, B. M.; Pignolet, L. khorg. Chem1983
22, 2644. (It appears that the quantity mbutyllithium specified in
this article is only half that needed to convert all of the 2-picoline
used to its dianion.)
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2-Pyridylbis(diphenylphosphino)methane

as purchased. Literature methods were used to prepare® N¥eP,
(CO)Br(MeCN),° Fe(CO}(MA) (MA = maleic anhydride}t PtCh-
(PhCN},*? Cr(CO)(C7Hs),*® RuUCL(PPh)3,* [Ir(COD)(NPP)]|BF; (COD

= 1,5-cyclooctadienéy, and Pt(GH,4)(PPh)..*68 NMR spectra were
obtained on an IBM/Bruker AF200 NMR spectrometer at 200.132 MHz
(*H, Me,Si standard) and 81.015 MHZR, 85% HPQ, standard). High-

field proton spectra of the hydride complexes were also recorded on a

GE Q 400 MHz spectrometer by Dr. Michael Player of the Tulane
University Chemistry Department (key to NMR peak multiplicities:
s, singlet; d, doublet; t, triplet; dd, doublet of doublets; td, triplet of
doublets; ddd, doublet of doublets of doublets; sept, septetrpiers

to a hydrogen atom on the pyridyl ring). IR spectra were recorded on

a Mattson-Cygnus 100 Fourier Transform Spectrometer (key to infrared

absorption intensities: vs, very strong; s, strong; m; medium; w, weak;

sh, shoulder), and electronic spectra were recorded on an H.P. diode . : .
pand recrystallized from dichloromethane/diethy! ether. Anal. Calcd for

array spectrometer. Elemental analyses were performed by Galbrait
Laboratories, Knoxville, TN.

CoCIx(NPP) (1). A total of 0.258 g (1.08 mmol) of CogbH.O
and 0.500 g (1.08 mmol) of NPP were dissolved in 10 mL portions of

ethanol, and 4 mL of 2,2-dimethoxypropane was added to the ligand 21 H, GH
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PhyPC(2-CsH4N)PPh,C(CH,CO,H)C(=0) (5). This was obtained
as pale yellow crystals when the original reaction mixture was allowed
to stand at room temperature overnight. These were collected by
filtration and recrystallized from chloroform/hexane. The same com-
pound can also be prepared by the direct reaction of NPP with an
equimolar quantity of maleic anhydride. Anal. Calcd fogstd:-
NOsP.: C, 72.98; H, 4.86; N, 2.50. Found: C, 72.6; H, 5.1; N, 2t5.
NMR (CD,Cly): ¢ 7.99-7.48 (m, 22 H, GHs, COCH, pyH), 7.13 (td
(J=7.7,1.9 Hz), 1 H, pil), 6.55-6.44 (m, 2 H, py), 3.15 (d (I(P
H) = 9.9 Hz), 2 H, G&1,). 3*P{*H} NMR (CD,Cl,): 6 24.4 (d), 7.0 (d)
(Jp—P =711 HZ)

Fe(CO)(MA)(NPP) (6). This was obtained as yellow orange crystals
upon addition of diethyl ether to the filtrate remaining after removal
of 5and cooling at-30° C overnight. These were isolated by filtration

CseH27NOsPsFe: C, 64.39; H, 4.05;. Found: C, 63.5; H, 5.3. IR (Nujol
mull): 1979(s), 1925(s)c=0); 1724(ms), 1699(ms)E-o); 1599(w)
(Vpyen) cm L. 1H NMR (CDCly): 6 8.45 (m, 1 H, pH) 7.64-7.04 (m,
5), 6.74 (m, 2 H, pH), 6.29 (m, 1 H, p¥), 5.12 (dd Jp—n

solution. The two solutions were combined, and dark blue needles of = 12-6, 3-4 Hz), 1 H, FCH), 4.10 (m, 1H, E=CH), 3.59 (m, 1 H,

the product were obtained by dilution with diethyl ether and cooling.
The analytical sample was recrystallized from 1,2-dichloroethane/diethyl
ether. Anal. Calcd for &H»sP-.CI,NCo: C, 60.93; H, 4.27. Found: C,
60.5; H, 4.3.

CdoCly(u-Cl)2(NPP), (2). A solution of 0.434 g (0.94 mmol) of NPP
in 2 mL of dichloromethane was added to a solution of 0.172 g (0.94
mmol) of anhydrous Cdgin 12 mL of methanol. After an immediate
change in color to bright green an insoluble white precipitate was
obtained. This was collected via filtration, washed with a mixture of

C=CH). 3'P{1H} NMR (acetone g): o6 (Py) 80.0 (d),0 (P;) —10.8 (d)
(\]p]_fpz =91.0 HZ).

Fe(CO)%(NPP) (7). This was obtained as analytically pure, orange
crystals from the filtrate produced in the previous step followed by
addition of more diethyl ether and further cooling. These were collected
by filtration, washed with diethyl ether and dried in vacuo. Anal. Calcd
for CasHasNOsPFe: C, 65.91; H, 4.19; N, 2.32. Found: C, 65.7; H,
4.3;N, 2.4. IR (CHCI, soln): 1989(s), 1915(m), 1904(m)co); (Nujol
mull) 1588(m) ¢pycn) cm™. *H NMR (CDCls): 6 8.50 (m, 1 H, p¥)

methanol and diethyl ether, and dried in vacuo. Larger crystals of the 7-71=7.15 (m, 20 H, GHs), 6.92 (m, 1 Hsylpl?"l')y 6.69 (m, 1 H, pyl),
complex could be obtained by carrying out the reaction in pure methanol 6-43 (M, 1 H, py), 4.83 (m, 1 H, BCH). *P{*H} NMR (CD:Cl,): 6

followed by slow vapor diffusion of diethyl ether into the reaction
mixture. Anal. Calcd for GHsoPsN.Cl.Cdy: C, 55.88; H, 3.91; ClI,
11.00. Found: C, 55.4; H, 4.3; Cl, 10.8. IR (Nujol mull): 1599(m)
(Vpyen) L,

Cd3(OAC)(u-OAC)(NPP), (3). Anhydrous Cd(OAc) (0.063 g,
0.274 mmol) and NPP (0.126 g, 0.274 mmol) were mixed in 15 mL of
acetone. Sufficient dry methanol was added to dissolve all the solid,
and the reaction mixture was warmed briefly. Following reduction of
the volume by about 50% in vacuo, the resulting solution was layered
with diethyl ether and cooled te-30° C to produce white crystals of

36.8 ().

PtCIx(NPP) (8).To 0.292 g (0.618 mmol) of PtgfPhCN} dissolved
in 6 mL of dichloromethane was added 0.285 g of NPP dissolved in 4
mL of dichloromethane. The solvent was then removed in vacuo and
the residual solid was washed with diethyl ether and recrystallized from
dichloromethane/diethyl ether. Anal. Calcd fagl@:sP.NCI,Pt+0.75CH-
Cly: C, 46.68; H, 3.38. Found: C, 46.4; H, 3.9. IR (Nujol mull): 1607-
(m) et (vpyen). 3P{*H} NMR (CDCk): 6 —44.4 (s with %Pt
satellites,Jpi-p = 3138.4 Hz).

Cr(CO)3(NPP)-acetone (9).Solid NPP (0.500 g,1.08 mmol) was

X-ray quality. Despite the successful solution of the structure, elemental added to a solution of 0.247 g (1.08 mmol) of Cr(G(@)Hs) dissolved
analyses on the sample repeatedly gave low values for carbon. IR (Nujolin 15 mL of acetone. The solution was refluxed for ca. 20 h and filtered

mull): 1595(m) ¢pycn), 1555(S), 1442(S)voac) cm2.

Re(COXBr(NPP)-0.75acetone (4)To a solution of 0.468 g (1.08
mmol) of Re(CO)Br(MeCN), in 8 mL of THF was added a solution
of 0.500 g (1.08 mmol) of NPP in 4 mL of THF. The reaction mixture
was then stirred fol h followed by precipitation with diethyl ether.
The white powder was isolated by filtration and recrystallized from
acetone/diethyl ether as colorless crystals. Anal. Calcd $9p329 5
NP,O; 7BrRe: C, 48.78; H, 3.53; N, 1.66. Found: C, 49.4; H, 3.8; N,
1.4. IR (Nujol mull): 2027(vs), 1939(vs), 1877(vS)cLo) cm L H
NMR (acetone g: 6 9.01 (m, 1H, p¥), 7.60-6.90 (m, 23 H, GHs,
pyH), 5.82 (dd (p—4 = 10.8, 2.1 Hz), 1 H, FCH). 3P{*H} NMR
(acetone g: 6 43.2 (d),—6.3 (d) Jr—p = 107.0 Hz).

Reaction of NPP with Fe(CO)(MA). To a solution of 0.324 g (1.22
mmol) of Fe(CO)(MA) in 10 mL of acetone was added 0.562 g (1.22
mmol) of NPP dissolved in 15 mL of acetone, and the mixture was
refluxed for 2 h. Three products<{7) were formed which were
separated by fractional crystallization as described below.

(10) Farona, M. F.; Kraus, K. Anorg. Chem.197Q 9, 1700.

(11) King, R. B.Organometallic SyntheseAcademic Press: New York,
1965; Vol. 1, p 130.

(12) Anderson, G. K.; Lin, Mlnorg. Synth.199Q 28, 62.

(13) King, R. B.Organometallic SyntheseAcademic Press: New York,
1965. Vol. 1, p 123.

(14) Hallman P. S.; Stephenson, T. A.; Wilkinson,I@org. Synth197Q
12, 237.

(15) Anderson, M. P.; Tso, C. C.; Mattson, B. M.; Pignolet, L.lkbrg.
Chem.1983 22, 3267.

(16) Nagel, U.Chem. Ber1982 115 1998.

to remove a small quantity of green precipitate. Dilution of the filtrate
with diethyl ether and cooling afforded the product as a bright orange,
microcrystalline solid. This was isolated by filtration, washed with
diethyl ether, and dried in vacuo. Anal. Calcd fogsd,sP,OsNCr-
CsHeO: C, 66.56; H, 4.81; N, 2.16. Found: C, 65.6; H, 4.5; N, 2.3. IR
(Nujol mull): 1902(vs), 1798(vS)1c=0); 1713(mM) ¢c=0); 1593(w)
(Vpyen) ML H NMR (acetone g): 6 9.01 (m, 1H, py), 7.87-7.07

(m, 23H, GHs, pyH), 6.27 (t p-v = 4.7 Hz), 1H, BCH). 3'P{H}
NMR (acetone g): 0 66.1 (s).

RuCl,(PPhs)(NPP) (10).RuCh(PPh);z (0.416 g, 0.433 mmol) and

NPP (0.200 g, 0.433 mmol) were combined in 20 mL of dichlo-
romethane. The solution was then gently refluxed farXa during
which time a light orange precipitate formed. Precipitation was
completed by the addition of diethyl ether to the cooled reaction
mixture, and the product was collected by filtration, washed with diethyl
ether, and recrystallized from dichloromethane/diethyl ether as fibrous
yellow orange needles. Anal. Calcd forgH40PsCI,NRU-0.1CHCly:
C, 63.89; H, 4.49; Cl, 8.62. Found: C, 62.7; H, 4.9; CI, 888 NMR
(CDCly): 6 9.55 (m, 1H, p¥), 8.05-6.48 (m, 38 H, GHs, pyH), 5.84
(t (Jp-n = 6.1 Hz), 1H, BCH). 3'P{*H} NMR (CDCly): ¢ (Py, Pr)
36.9 (d), 42.2 (B (t) (Jplfpz =240 HZ)

RuCl;(CO)(PPhs)(NPP)-CH,CI, (11). Dry CO gas was bubbled
through a solution ofl0 in dichloromethane for about 0.5 h during
which time the color of the solution changed from orange yellow to
bright yellow. Dilution with diethyl ether and cooling overnight-a80°
C provided the product as yellow crystals. Anal. Calcd fasHz:Ps-
OCILNRu: C, 51.48; H, 3.65. Found: C, 50.5; H, 4.0. IR (Nujol
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mull): 1960(vs) ¢c—o) cm L. *H NMR (CD.Cly): 6 9.10 (m, 1 H,
pyH), 8.50-6.50 (m, 47 H, GHs, pyH), 4.95 (d 0p-1 = 13.3 Hz), 1H,
PZCH) 31P{ 1H} NMR (CD2C|2): o (P]_') —-3.8 (d,\]plfpl' =62.9 HZ),
o) (Pz) 36.2 (d,Jpl—pzz 24.2 HZ),é (Pl) 58.9 (dd,\]Pl—Pl’ = 62.9,Jp1—p2
= 24.2 Hz).

NiCl,(Ph,POMe)(Ph,PCH.py) (12). Anhydrous NiC} (0.136 g,
1.05 mmol) was suspended in 15 mL of THF and 0.486 g (1.05 mmol)

Mague and Krinsky

General procedures for crystal alignment, unit cell determination and
refinement, and collection of intensity data have been publisheidal

unit cell parameters were obtained from a least-squares refinement of
the setting angles of 25 high order (typically with 1890 6 < 24.0°)
which were determined by the SET4 routine of the CAD-4 software.
For 3, 4, 6, and13—15the space groups were uniquely determined by
the observed systematic absences whifeand?2 the intensity statistics

of NPP was added. Subsequent addition of 6 mL of dry methanol causedstrongly indicated the centric space group. B@nd12, no symmetry
the pinkish suspension to become dark brown as the majority of the higher than monoclinic was indicated by either the CAD-4 software or

solid dissolved. After stirring at room temperature overnight, the mixture
was filtered and the filtrate diluted with diethyl ether. Large brown
crystals were obtained after cooling for several days2@° C. These
were isolated by removing the mother liquor via syringe following
which they were dried in vacuo. Anal. Calcd fog;820NOP,CI;Ni:
C, 59.75; H, 4.70; Cl, 11.38. Found: C, 59.1; H, 4.8; CI, 11.7. IR
(Nujol mull): 1609(m) §pycn) cm2.

NiClz(Ph,P(O)CH2py)2:2H,O (13). A solution of 12 in 1,2-

SHELXPREP® and preliminary data collection results clearly showed
the chosen unit cells to be, respectively, primitive and C-centered. In
both instances, the intensity statistics had very nearly the ideal values
for an acentric structure which provided a basis for the choice of the
acentric space groups here. The successful refinement with no unusually
high correlations between least-squares parameters supports this. In the
case of7, both the CAD-4 software and SHELXPREP strongly
indicated the primitive triclinic cell chosen initially to be correct, and

dichloroethane was exposed to the atmosphere for several days resultinghe intensity statistics strongly favored the acentric space group. While

in significant bleaching of the color of the solution and the formation

recognizing that P1 is an infrequently encountered space group, the

of light green crystals. The supernatant was removed via syringe andabove criteria plus the satisfactory refinement of the structure and the

the crystals dried in vacuo. Anal. Calcd forsgH3,N2O,P.CI:Ni-
2H,0: C, 57.47; H, 4.83. Found: C, 57.8; H, 4.9.
PtH(PPhg)(NPP—H) (14). A solution of 0.154 g (0.334 mmol) of

absence of unusual geometrical or other derived parameters strongly
suggest that it is correct. All intensity data were corrected for Lorentz
and polarization effects and, where warranted, for decay in the intensity

NPP in 6 mL of acetone was added to a suspension of 0.250 g (0.334monitors and for absorption using scans on several reflections with

mmol) of Pt(GH4)(PPh). in 10 mL of acetone, resulting in a yellow
solution from which the product precipitated after approximately 30 s.
This was collected by filtration, washed with acetone and diethyl ether,
and recrystallized from dichloromethane/diethyl ether. Anal. Calcd for
CugHaoPsNPL: C, 62.74; H, 4.40; N, 1.52. Found: C, 62.3; H, 4.5; N,
1.4. IR (Nujol mull): 1994(w) ¢pt+), 1578(m) ¢pycn) cm™L tH NMR
(CD.Clp): 0 7.98-6.24 (m, GHs, pyH), —5.93 (ddd, PH, Jp-y =

9.3 Hz, 23.0 Hz, 167.7 Hzlpy = 1076.7 Hz)3P{H} NMR (CD,-
Clp): ¢ (Py) 30.5(dd),0 (P2) —29.2(dd),0 (Ps) —26.9(dd) (p1p2 =
12.8,‘];32433 = 20.6,JP17P3 = 351.2,JP17P1 = 2623.4,th7p2 = 14066,
thfpg = 21954 HZ)

[IrH(NPP —H)(NPP)]BF, (15). Solid NPP (0.606 g,1.31 mmol) was
added to a solution of 1.115 g (1.31 mmol) of [Ir(COD)(NPP)JBf
30 mL of acetone. The reaction mixture was then refluxed for 1.5 h
during which time a yellow precipitate formed. This was collected by
filtration and washed with acetone followed by diethyl ether. The
analytical sample was recrystallized from dichloromethane/diethyl ether.
Anal. Calcd for GoHsoNoPsBF4Ir: C, 59.96; H, 4.19; N, 2.33; F, 6.32.
Found: C, 58.8; H, 4.7; N, 1.9; F, 6.81 NMR (CD.Cl,): 6 —18.6
(sept,dp-n = 15.1, 7.4)3P{*H} NMR (CD,Cl,): 6 1.9 (d),—51.8 (d)
(prp = 302.7 HZ).

Reaction of DPPM with MA. The off white precipitate rapidly
formed on mixing acetone solutions of DPPM and MA sh&##$H}
NMR resonances (CDgkoln) até 13.6(d),—27.6 (d) 0r—p = 63.6
Hz) and'H NMR resonances (CDgboln) atd 7.64-7.20 (m, 20 H,
CéHs), 3.72 (d 0p-n = 14.3 Hz), 2 H, PE1,P), 3.1 (s, 2 H—CH,—).

Synthesis of (PhP),CDpy. A solution of NPP in dry THF was
treated dropwise with 1 equiv ofBuLi (in hexane) at 0C. The dark
red-orange solution was quenched witfCDand the solvent removed
in vacuo. Extraction of the residue with dichloromethane followed by
filtration, dilution with hexane, and concentration under reduced
pressure gave white crystals who%¢ and P NMR spectra were

x near 90. Structure solutions and refinements were performed using
the SHELXTL-PLUS® package. Typically, hydrogen atoms attached
to carbon were placed in calculated positions and allowed to ride except
for the methine proton in intact NPP ligands and the protons of the
maleic anhydride ligand i® which were refined. Fol5, low angle

Ap maps provided a reasonable location for the hydride ligand which
was subsequently included as a fixed contribution since attempts at
refinement proved to be unsatisfactory.l4, the Ap map calculated
after inclusion of all the ligand hydrogen atoms showed a residual peak
of moderate size located in the region expected for the hydride ligand
but at a distance of 2.12 A from the platinum. The source of this peak
is not clear as it is too large and too distant from the metal to be the
hydride ligand but too close to be a chloride ligand (a plausible
alternative since hydride complexes are known to react with halogenated
solvents to give the corresponding chloro complékead during the
slow crystallization of14 in the presence of dichloromethane some
conversion to the chloro analogue and cocrystallization of the two could
have occurred). It is, however, close to that reported for -aQ
moiety?° and attempted refinement as such proceeded satisfactorily,
converging with a 25% occupancy for oxygen. Despite this, it is much
less clear how partial conversion of the hydride complex to a hydroxide
complex could have occurred under the conditions employed and as
there was an insufficient quantity of the sample used for the structure
determination for a detailed analysis, it was considered best to leave
the peak in question unaccounted for. This does not appear to have
any significant effect on the rest of the structure. Further crystallographic
details on the individual structures are provided in the Supporting
Information.

Results and Discussion

Reaction of hydrated Co(ll) chloride with NPP under condi-

identical with those of NPP except for the absence of the resonancetions used for the preparation of first-row transition element

attributable to the methine proton and a significant broadening of the
single phosphorus resonance.
X-ray Crystallography. Crystals of2, 3, 12, and13 were obtained

complexes of the closely related ligand 2-bis(diphenylphosphi-
no)methyl-6-methylpyridine (ppAyeadily afforded a dark blue
crystalline product analyzing as Co@IPP) (). Complex1

directly from the respective reaction mixtures as described above. The oy hibits an electronic absorption spectrum typical of tetrahedral

remainder of the crystals used were chosen from the recrystallized

samples used for elemental analyses. All exceptZ@nd 5 were
mounted on thin glass fibers with a coat of epoxy cement. For
compound? the crystal was wedged into a nitrogen-filled, thin-walled
quartz capillary which was then flame-sealed. All crystallographic data
for complexes, with the exception &f were obtained on an Enraf-
Nonius CAD-4 diffractometer. In the case&fthe data were collected

at 100 K on a Nonius Kappa CCD instrument using a crystal mounted
on a glass fiber with Paratone oil. We thank Dr. Frank Fronczek of the
Chemistry Department, Louisiana State University, for this data set.

Co(I1)?* with bands at 18 450(sh), 17 544, 15 385, and 14 409
cm™t (CoH4Cl, soln) which compare favorably with those

(17) Mague, J. T.; Lloyd, C. LOrganometallics1988 7, 983.

(18) SHELXTL-PLUSVversion 5.1; Bruker AXS: Madison, WI, 1997.

(19) Darensbourg, M. Y.; Ash, C. Frog. Inorg. Chem1987, 27, 1

(20) Orpen, A. G.; Brammer, L.; Allen, F. H.; Kennard, O.; Watson, D.
G.; Taylor, R.J. Chem. Soc., Dalton Tran%989 S1.

(21) Figgis, B. N.ntroduction to Ligand FieldsWiley-Interscience: New
York, 1966; Chapter 9.
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Figure 1. Perspective view of Co@NPP) (). Only one orientation

of the disordered phenyl group containing C19 is shown and hydrogen Figure 2. Perspective view of [CdCi-CI)(NPP)} (2). Only theipso

atoms are omitted for clarity. carbon atoms of the phenyl groups are shown and the hydrogen atoms
are omitted for clarity. Unlabeled atoms and those labeled with an “A”

reported for CoG{ppn)? In the latter complex and related are related to the atoms with normal labels by the center of symmetry.

species, coordination of ppn in the N,P mode was inferred from
shifts in the frequency of the highest energy deformation
vibration of the pyridine ring upon coordination. In our hands,
this infrared band could not always be identified with confidence
so the structure of was determined to confirm the coordination
mode of NPP. As shown in Figure 1, it is coordinated in N,P
fashion with the cobalt in a distorted tetrahedral environment.
The major distortion results from the-NCo—P1 angle being
82.63(8Y as the result of chelate ring formation. All other angles
about cobalt are in the range X217, and the remaining
metrical parameters are unexceptional.

Application of this synthetic methodology to hydrated zinc
and cadmium salts did not yield any tractable products and a
similar lack of success was had with anhydrous zinc salts as
well. However, with anhydrous cadmium chloride and acetate,
white crystalline products2(and3) were prepared. CompleX
analyzes as Cdg{NPP) and the identification of the deformation
band at 1599 cm' suggests N,P coordination for the ligand.
This was confirmed by the structure determination which also
showed the molecule to be dimeric with bridging chloride . : ;
ligands and crystallographically imposed centrosymmetry (Fig- coordinate st.ructure IS r_10t likely. o
ure 2). Overall, the structure is quite similar to that found for _ 1he NPP ligand readily replaces acetonitrile in ReBr(£0)
[CACL(PhPCHCH,NE)],2 with the coordination about (MeCN), to form colorless crystals analyzing as R'eBr(@-O)
cadmium being a distorted trigonal bipyramid in which CI(1) (NPPY0.75acetone4) whose |nfra_1red spectrum indicates the
and N are the axial ligands (see Table 2). TheLCl,} moiety presence of a{fac-Re(E:O%} moiety with lower thanCs,
here is more nearly equilateral than in the example cited but SYMmetry and whosé'P{*H} NMR spectrum shows the
the nonbonding Cd-Cd distance of 3.834 A is about the same. Presence of one C(_)ordma_ted and one uncoo_rdmated phosphqrus
Also found in the crystal sample & are two molecules of atom. The NPP ligand is thus N,P c_oordlnated and this is
solvent methanol but these serve only to fill voids in the C¢onfirmed by the crystal structure (Figure 4). By contrast,
structure. A complex of formula CdBppn) in which N,p  reaction of NPP with MnBr(CQMeCN), repeatedly gave
coordination of the ligand was proposed has been repinted mixtures of products that could not be satisfactorily separated
a 4-coordinate monomeric structure was postulated. On the basi®" characterized. _
of the present work, that species is probably dimeric. In the Reaction of NPP with F£CO), Fes(CO)2, or Co(CO)
case of3, microanalytical data for hydrogen and nitrogen were under a variety of conditions typically gave a mixture of
consistent with the composition determined from the crystal Products which we were unable to satisfactorily separate.
structure analysis but carbon values were consistently low. We However, with Fe(CO(MA) a more tractable system resulted
have no ready explanation for this but feel that the structure @s indicated in the Experimental Section and three products,
represents the nature of the bulk sample. The structur@ of 5—7, were separated and characterized. Comgidas been
consists of acetate-bridged dinuclear molecules having crystal-
lographically imposed centrosymmetry (Figure 3). The non- (23) Charles, N. G.; Griffith, E. A. H.; Rodesiler, P.Iforg. Chem1983

P ; ; ; P 22, 2717.
bridging acetate ligands show highly asymmetric coordination (24) Corradi, A. B.; Menabue, L. Saladini, M.; Sola, M.; Battaglia, L. P.

J. Chem. Soc., Dalton Tran$992 2623.
(22) Houk, L. W.; Gupta, P. K. S.; Hossein, M. B.; van der HelmABta (25) Rivera, E.; Kennedy, M. A,; Adams R. D.; Ellis, P. R.Am. Chem.
Crystallogr. 1982 B38 91. Soc.199Q 112 1400.

with the difference in the two CdO distances (see Table 2)
larger than that found in [Cd(#C(0-CsH4OH))2(H20).]2 (2.322-

(2), 2.429(1) Ay but smaller than that in [Cd(bipy)(@CH,-
NHS(O)(p-tol))2]2 (2.265(6), 2.657(6) A34 However, since the
longer distance here is much less than the sum of the van der
Waals radii (3.10 A) we consider that this acetate should be
considered to be chelating. A similar situation is obtained with
the bridging acetate ligands where the-€ai3 and Cd-O4A
distances differ by considerably more than the corresponding
distance in the two complexes cited above. There the bridging
carboxylates are considered to chelate to one metal and to also
coordinate to the second via one oxygen, but in the present case,
this description is more tenuous. On the other hand, the Cd
O4A distance is considerably shorter than what would be the
corresponding distance in [Cd(OA@)nidazole}], (3.117 A)
where each oxygen atom of the bridging acetate ligand is within
bonding distance of only one cadmium atémFor these
reasons, it is difficult to arrive at a good description of the
coordination number and geometry of cadmiun3 iout a seven-




1966 Inorganic Chemistry, Vol. 40, No. 8, 2001

Table 1. Crystal Data and X-ray Experimental Details

Mague and Krinsky

1 2 3 4 5 6 7
formula GoH2sNP; Ces2HssNoP4Cl CssHsaN2O0sg C33H25NOsP,Br C34H27NO3P; C3eH27/NOsPFe GsHosNOsPoFe
Cl.Co Cdhe2CH;OH P.Cd, Re0.75GHO
fw 591.3 1417.6 1383.9 855.2 559.51 671.4 601.33
space group  P1(No. 2) P1 (No. 2) P2:/n (No. 14)  P2i/c (No. 14) P2; (No. 4) P2:/n (No. 14) P1 (No. 1)
a, 8.5451(7) 11.167(2) 11.765(2) 17.006(2) 9.7170(6) 9.8996(7) 9.228(1)
b, A 11.1705(8)  11.957(2) 13.253(2) 10.8139(7) 16.752(2) 13.8066(7) 9.304(2)
¢ A 15.907(1) 15.079(3) 19.801(2) 20.678(2) 9.3600(7) 23.283(1) 9.442(13)
o, deg 90.286(6) 87.71(1) 90 90 90 90 114.05(1)
B, deg 100.529(6)  68.52(2) 94.59(1) 114.178(9) 103.81(5) 93.549(5) 93.11(1)
v, deg 110.489(6)  62.25(2) 90 90 90 90 104.44(1)
v, A3 1394.4(2) 1637.2(5) 3077.3(8) 3469.3(5) 1400.4(2) 3176.2(3) 705.7(2)
Z 2 1 2 4 2 4 1
Decale, Mg T3 1.408 1.438 1.493 1.637 1.327 1.404 1.415
w, mmt 0.94 0.96 0.85 4.783 0.19 0.62 0.68
A A 0.71073 0.71073 0.71073 0.71073 0.71073 0.71073 0.71073
T, K 293 293 293 293 —-173 293 293
Ra 0.040 0.033 0.044 0.037 0.039 0.037 0.031
Ru2” 0.085 0.083 0.114 0.087 0.068 0.080 0.076
wgt par a, B 0.031,1.145  0.045,0.700 0.046, 5.261 0.048, 0.0 0.022, 0.0 0.033, 2.123 0.053, 0.0
12 13 14 15
formula Q]_HngopzclzNi C32H32N202P2C|2Ni C43H40N P3Pt QOH50N2P4BF4|T'C4H100
fw 623.1 716.2 918.8 1276.0
space group Cc(No.9) P2,/c (No. 14) P2,/c (No. 14) P2:/n (No. 14)
a, 14.992(1) 9.378(2) 18.088(1) 15.184(1)
b, A 11.407(1) 14.559(2) 12.8836(9) 21.329(2)
c, A 17.417(2) 12.510(2) 18.423(2) 18.365(3)
o, deg 90 90 90 90
B, deg 105.390(9) 104.30(1) 112.975(8) 99.081(9)
y, deg 90 90 90 90
vV, A 2871.8(5) 1655.0(4) 3952.6(5) 5873(1)
z 4 2 4 4
Deai, Mg N3 1.441 1.437 1.544 1.443
u, mmt 1.00 0.88 3.71 2.44
A A 0.71073 0.71073 0.71073 0.71073
T, K 293 293 293 293
Ra 0.038 0.037 0.029 0.033
R.2° 0.094 0.078 0.073 0.080
wgt par a, B 0.063, 0.0 0.034, 0.900 0.043, 1.543 0.045, 1.439

AR = JIIFo| — |FdUZ|Fol. ® Ruz = [SW(Fe2 — F&Y SW(F)? 1Y% w = LU[oXFed) + (aP)? + bP; P = Y3 F2 + 2F 2.

Table 2. Selected Bond Lengths [A] and Angles [deg] for
[CAX(u-X)(NPP)L (X = CI (2), OAc (3))2

2 3
Cd-Cl(2) 2.4099(10) Ce0(3) 2.253(3)
Cd-N 2.442(3) Cd-0(4) 2.272(3)
Cd-Cl(1)#1 2.5372(11) cdO(2) 2.322(3)
Cd-P(1) 2.5925(11) CeN 2.491(4)
Cd-Cl(1) 2.6515(11) CeO(1) 2.618(5)
Cl(1)—Cad#1 2.5372(11) CceP(1) 2.6357(12)
Cd-O(4)#2 2.648(4)
Cl(2)-Cd-N 97.20(8) O(3YCd-0O(4) 110.03(14)
Cl(2)-Cd-Cl(1)#1  112.02(4) O(3)Cd—0O(2) 125.58(13)
N—Cd—CI(1)#1 87.59(7) O(4yCd-0(2)  83.31(12)
Cl(2)-Cd—P(1) 126.43(4) O(3YCd—N 80.94(13)
N—Cd—P(1) 73.30(7) O(4¥Cd—N 83.05(12)
Cl(1)#1-Cd—P(1)  119.83(4) O(2}Cd—N 153.14(13)
Cl(2)~Cd—CI(1) 99.43(4) O(3yCd—P(1)  110.98(10)
N—Cd—CI(1) 163.29(7) O(4yCd—P(1)  126.24(10)
Cl(1)#1-Cd—Cl(1)  84.73(4) O(2}Cd—P(1)  99.42(10)
P(1)-Cd—CI(1) 97.80(4) N-Cd—P(1) 70.81(9)
Cd#1-Cl(1)—Cd 95.27(4)

Figure 3. Perspective view of [Cd(OAQ¥OAC)(NPP)} (3). Only
theipsocarbon atoms of the phenyl groups are shown and the hydrogen
atoms are omitted for clarity. Unlabeled atoms and those labeled with
an “A” are related to the atoms with normal labels by the center of

symmetry.

a Symmetry transformations used to generate equivalent atoms: #1
=—x+2,-y+1,-z+1,#=—x+2,-y+2,-z+1.

structurally characterized as Fe(G@f-MA)(NPP) with the

(Table 3) while significant back-bonding to the maleic anhydride
occurs as evidenced by the lengthening of the-8336 distance
NPP ligand N,P coordinated (Figure 5). The analytical and from 1.303 A in the free ligarf to 1.427(5) A here (cf. 1.414-
spectroscopic data are fully consistent with this formulation. (14) A for this distance in Co(MA)(P(OMg)??) and the fact
The coordination about iron can best be described as distortedthat H33 and H36 are, respectively, 0.49 and 0.61 A out of the
trigonal bipyramidal with N and C31 in the axial positions mean plane of the O ring away from the metal.
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Figure 4. Perspective view ofac-Re(CO)}Br(NPP) @). Hydrogen
atoms are omitted for clarity.

Figure 5. Perspective view of Fe(CE@MA)(NPP) (6). Hydrogen
atoms are omitted for clarity.

Table 3. Selected Bond Lengths [A] and Angles [deg] for
Fe(COX}((MA)(NPP) (6) and Fe(COXNPP) (7)

6 7
Fe-C(31) 1.742(4) FeC(2) 1.754(5)
Fe-C(32) 1.782(4) FeC(1) 1.764(6)
Fe-C(36) 2.031(4) FeC(3) 1.772(5)
Fe-N 2.069(3) Fe-P(2) 2.2077(11)
Fe-C(33) 2.074(4) FeP(1) 2.2212(12)
Fe-P(1) 2.2308(10)
C(35)-C(36) 1.456(5)
C(31)-Fe-C(32)  89.58(17) C(Fe-C(1)  87.5(3)
C(31)-Fe-N 170.28(15) C(2}Fe-C(3) 104.9(3)
C(32)-Fe-N 91.47(14) C(1}Fe-C(3) 104.4(3)
C(31)-Fe—P(1) 90.14(13) C(DFe-P(2)  91.06(18)
C(32)-Fe-P(1)  108.68(13) C(BHFe-P(2) 152.7(2)
N—Fe-P(1) 80.37(8)  C(3)Fe-P(2)  102.26(18)
C@)-Fe-P(1) 149.7(2)
C(1)-Fe-P(1)  94.5(2)
C(3)-Fe-P(1)  103.83(17)
P(2-Fe-P(1)  73.55(4)

From an X-ray structure determination, compléxas the
composition Fe(CQJNPP) (Figure 6) with P,P coordination
of the NPP ligand, a formulation consistent with the spectro-
scopic data. The single phosphorus resonance is significantly
upfield from the position of the coordinated phosphoru6 as

(26) Marsh, R. E.; Ubell, E.; Wilcox, A. CActa Crystallogr.1962 15,
35.

(27) Woode, K. A,; Bart, J. C. J.; Calcaterra, M.; Agn&.Organometallics
1983 2, 627.

Figure 6. Perspective view of Fe(C@NPP) (7). Hydrogen atoms
are omitted for clarity.

Figure 7. Perspective view of BRC(2-GH.N)PPhC(CH,COH)C-
(=0) (5). Hydrogen atoms attached to carbon are omitted for clarity.

expected on the basis of the four-membered chelate ring in the
present cas& The coordination geometry about iron (Table 3)
is more distorted than that Biand could be described as derived
from either a trigonal bipyramid or from a square pyramid. At
least part of this distortion stems from the structures of the four-
membered chelate ring.

The third product of the reaction of NPP with Fe(GOJA)
(and the initial material to separate from the reaction mixture),
5, analyzes as a 1:1 adduct of NPP with maleic anhydride and
can also be prepared in good yield by the direct reaction of
these two compounds in the absence of any iron species. Figure
7 presents a perspective view of the molecule in which the
central five-membered ring is within 0.02 A of planarity, the
bridgehead carbon of the NPP ligand (C13) has been deproto-
nated, and the maleic acid moiety has undergone ring-opening
and a 1,2-hydrogen shift in its combining with the phosphorus
atoms. There are several structural features (Table 4) bearing
on a description of the bonding i The P+C13 and P2
C13 distances are equivalent and significantly shorter than both
the P-C(phenyl) distances here (1.799¢3).814(3) A) and the
P—C(bridgehead) distances # 6, and7 (1.857(3)-1.914(7)
A) where the bridgehead carbon retains its proton. The P2
C32 distance, while significantly longer than that to C13, is
still noticeably shorter than to the attached phenyl rings while
the P1-C31 distance is much longer than either and, in fact, is
approaching the length of the normat-(bridgehead) distances

(28) Garrou, P. EChem. Re. 1981, 81, 229.
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Table 4. Selected Bond Lengths [A] and Angles [deg] fr
P(1-C(13) 1.718(3) P(2yC(19) 1.805(3)
P(1)-C(1) 1.799(3) P(2yC(25) 1.814(3)
P(1)-C(7) 1.802(3) CBLyO(3) 1.294(4)
P(1)-C(31) 1.836(4) C(BHC(32) 1.360(4)
C(13)-C(14) 1.443(4) C(32)C(33) 1.508(5)
C(13)-P(2) 1.716(3) C(34)0(2) 1.214(5)
P(2)-C(32) 1.761(3) C(340(1) 1.303(5)

C(13)-P(1-C(31) 99.87(18) O(3)C(31)-P(1) 119.1(3)

C(14y-C(13y-P(2) 127.6(2) C(32C(31y-P(1) 113.1(3)

C(14y-C(13-P(1) 122.0(3) C(BHC(32-C(33) 123.1(3)

P(2-C(13)-P(1) 110.33(19) C(3HC(32)-P(2) 114.8(3)

C(13-P(2-C(32) 101.88(17) C(33)C(32y-P(2) 122.0(3)

O(3)—-C(31)-C(32) 127.8(3)

cited above. The C3103 distance is only slightly shorter than
the C34-01 distance in the carboxyl group and the refined
position of the carboxyl hydrogen (H34) shows it to interact
strongly with O3 (O+H34 = 1.01(4), H34--03 = 1.54(4),
01::-03= 2.505(4) A;0 01—-H34—03 = 159(3). The sums

of the angles about C13, C31, and C32 are all°36@icating

planarity at each. All these data suggest the bonding can best

be described in terms of the tautomeric forBasand5b, and
the NMR data are consistent with this.

o % Ho "%

N | p—
=~ . Y,
HOOC\J\:P\ OOC\IKP\

5a 5b
Although it is not possible to assign the phosphorus chemical
shifts with certainty, we suggest that the lower field resonance
can be attributed to P1 since this atom is formally a phospho-
nium cation in5b. While ylide formation from the reaction of
triphenylphosphine with maleic anhydride has been demon-
stratec®® cleavage of the heterocyclic ring did not occur. We

are not aware of instances where diphosphines have been usefp

in this reaction although they are well-known to form cyclic
adducts with activated alkyn€$We do find that bis(diphe-

nylphosphino)methane (DPPM) rapidly reacts with maleic
anhydride to form a product analogous to that formed by
triphenylphosphine (i.e., a mono-ylide). It is likely, therefore,
that the formation o6 proceeds initially as for triphenylphos-

phine and DPPM but that the involvement of the second

phosphorus atom is a result of the greater acidity of the methine

proton in NPP (also vide infra) as outlined in Scheme 1.

A ready reaction occurs between P{8hCN) and NPP to
form light yellow microcrystals analyzing as PACIPP)0.75CH-
Cl, (8). The3P{*H} NMR spectrum of8 consists of a high-
field singlet with19Pt satellites indicative of P,P coordination
with consequent formation of a four-membered chelate ring.

Mague and Krinsky
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are consistent with formulation & as thefac isomer with all
three donor atoms of the NPP ligand coordinated, and although
the shift of the deformation band of the pyridyl moiety is not
as large as in the other instances noted earlier, the great
propensity for zerovalent Group 6 complexes to be 6-coordinate
makes it likely that this formulation is correct.

Two of the three triphenylphosphine ligands in RyEPh)s
can be replaced by NPP in refluxing dichloromethane to yield
fibrousyelloworange needles analyzing as R{RER)(NPP)0.1CH-
Cl, (10). The chemical shifts and splitting pattern of the
phosphorus NMR resonances clearly indicate P,P coordination
of the NPP ligand, and while the deformation band of the pyridyl
group could not be confidently identified, the general tendency
r Ru(ll) complexes to be 6-coordinate together with the slow
reaction of10 with CO (vide infra) suggest that the pyridyl
group is also coordinated. Treatment of a dichloromethane
solution of 10 with CO causes a change in color from orange
yellow to bright yellow over a period of ca. 0.5 h, and from
this solution yellow crystals analyzing as RygO)-
(PPR)(NPP}CHCI> (11) could be obtained.

| |
Cls, ) Clu,,, cO P..
"R@ Ru’ o
a” | P, a” | TPy

P2 P2

10 11

The deformation band of the pyridyl group has been tentatively The P NMR spectrum clearly indicates that one phosphorus
located at 1607 crt which would indicate coordination of the ~ atom of the NPP ligand is now uncoordinated while that which
pyridyl group as well. If so, the complex would have to adopt remains coordinated has shifted downfield from its position in
a distorted square pyramidal geometry to have the phosphorulemdmatlng that it is now part of a five-membered rathe( than
atoms equivalent unless the molecule were highly fluxional. That & four-membered chelate ring. We conclude that NPP is N,P
such a coordination geometry is possible is indicated by the coordinated irf1with the small value ofJ(P, — P,) indicating
structure found fotl5 (vide infra). retention of the cis disposition of the two coordinated phos-
Cycloheptatriene is slowly displaced by NPP from Cr(g0O)  Phorus atoms. _
(7°-C7Hg) in refluxing acetone to yield orange microcrystals ~ In an attempt to extend the chemistry of Fe(Q®A) to

analyzing as Cr(CQNPP)acetoneg). The spectroscopic data  'elated ruthenium systems, the reaction of NPP with Ru¢CO)
(NCCH=CHj),3! prepared in situ in dichloromethane/acryloni-

(29) Hudson, M. A.; Chopard, P. Aely. Chim. Actal963 46, 2178.
(30) Shaw, M. A.; Tebby, J. C.; Ward, R. S.; Williams, D. #.Chem.
Soc. C197Q 504.

(31) Edwards, A. J.; Leadbeater, N. E.; Lewis, J.; Raithby, PJR.
Organomet. Cheml995 503 15.
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Figure 8. Perspective view of NiG({P(OMe)Ph)(PhPCHypy) (12).
Hydrogen atoms are omitted for clarity.

Table 5. Selected Bond Lengths [A] and Angles [deg] for
NiClx(PPh(OMe))(PhPCH:PY) (12) and NiCk(PhP(O)CHPY).
(13

12 13

Ni—N 2.007(5) Ni-O 2.053(2)

Ni—P(2) 2.1470(18) NN 2.133(3)

Ni—P(1) 2.1595(18) Ni-Cl 2.4884(10)

Ni—CI(2) 2.2712(18)

Ni—CI(1) 2.457(2)
N—Ni—P(2) 175.87(18) ©Ni—N 89.31(10) _ o .
N—Ni—P(1) 81.92(16) oNi—Cl 91.47(7) Figure 9. Perspective view oitrans_N|CI2(Pr‘QP(O)CHzpy)2 (13).
P(2-Ni—P(1) 94.02(7) N-Ni—ClI 91.13(8) Hydrogen atoms are omitted for clarity. Unlabeled atoms are related
N—Ni—CI(2) 95.29(16) to labeled ones by the center of symmetry.
P(2-Ni—ClI(2) 87.48(7) ]
P(1)-Ni—ClI(2) 142.45(8) attached to C20 makes a relatively close approach (2.64 A) to
N—Ni—CI(1) 89.42(17) Cl2 and the hydrogen atom attached to C12 is also directed
P(2)-Ni—ClI(1) 92.41(7) toward this area of the coordination sphere.

P(1)-Ni—CI(1) 106.03(8)

i i 1 i 31
CI2)-Ni—Cl(1) 111.40(8) Inspection of the filtrate from the reaction formiag by 3P

NMR after the residual nickel-containing material had been
trile solution, was investigated. Addition of the ligand caused removed by precipitation showed NPP to be the only significant
the initial pale yellow solution to become orange, angf phosphorus-containing material to be present. While not con-
{*H} NMR spectrum of the reaction solution showed it to clusive, this is consistent with a process for cleavage of the
contain several phosphine complexes. Attempts to separate théNPP ligand analogous to that proposed for the cleavage of the
resulting mixture by chromatography or by fractional crystal- mono-oxide of 2-(bis(diphenylphosphino)methyl)-6-methylpy-
lization were unsuccessful. ridine In the present case, coordination of NPP in an N,P
We have previously reported on the reaction of NPP with fashion should make the uncoordinated phosphorus susceptible
hydrated Ni(ll) chloridé which appeared to parallel that of o nucleophilic attack by methanol as outlined in Scheme 2.
the closely related ppn ligahdut lacking in both studies was Solutions of 12 in 1,2-dichloroethane or CfCl; in the
an exploration of the reactivity of NPP toward anhydrous Presence of air slowly change color from dark brown to lime
transition metal halides. Little reaction appeared to have takengreen with the formation of crystals of the same color. These
place after stirring anhydrous Nighith NPP in THF overnight ~ were shown by a structure determination to bans
at room temperature and the majority of the Ni@ppeared  NiClo(PhP(O)CHpy). (13) containing the oxidized 2-(diphe-
not to have dissolved. Sufficient dry methanol was then added nylphosphinomethyl)pyridine ligand (Figure 9). ComplShas
to dissolve the solid whereupon the color of the solution crystallographically imposed centrosymmetry, and pertinent
darkened considerably and the crystalline product obtained wasmetrical parameters are presented in Table 5. The process by
found fromacrystal structure determination to be MighP(OMe))- which 12 converts tol13 is not entirely clear although it has
(PhPCHppy) (12). The analytical data are consistent with this been established that oxygen is a key reactant since under
formulation, and as seen in Figure 8, the complex contains therigorous exclusion of air, solutions df2 remain dark brown,
modified fragments of the NPP ligand which has undergone While if the solution is saturated with oxygen, the bleaching of
cleavage of one PC bond. The coordination about nickel is the solution occurs much more rapidly than if the solution is
distorted trigonal bipyramidal with P2 and N occupying the axial merely left open to the air.
sites. The major distortion (Table 5) is the opening of the-P1 A rapid reaction occurs between NPP and Bt{£(PPh).
Ni—CI2 angle to 142.45(8)which can be attributed to steric ~ to yield a light yellow, microcrystalline product analyzing as
crowding on this side of the molecule. Thus the hydrogen atom Pt(PPR)(NPP) @4). The 3!P{*H} NMR spectrum consists of
three doublets of doublets of equal intensity and all havfg
(32) Mague, J. T.; Hawbaker, S. W. Chem. Crystallogr1997, 27, 603. Pt satellites indicating that the three phosphorus atoms are all
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Figure 10. Perspective view of Pt(H)(PBY{NPP—H) (14). Hydrogen (15). Hydrogen atoms except for the hydride ligand are omitted for

atoms are omitted for clarity. clarity.

Table 6. Selected Bond Lengths [A] and Angles [deg] for than the 1.46 A distance for a formal single bond between two

Pt(H)(PPR)(NPP-H) (14) sp? carbon atoms. As noted in the Experimental Section, the
Pt—P(1) 2.2913(12) hydride ligand could not be located crystallographically though
Pt-P(3) 2.3019(12) there is no doubt of the approximately square planar coordination
Pt-P(2) 2.3285(12) about platinum so that the hydride should be positioned trans
P(2)-C(1) 1.752(5) o= ; )
P(2)-C(19) 1.822(5) to P2_ as _the NMR data indicate. Thg residual pe_ak seen in that
P(2)-C(25) 1.828(5) area in difference maps (see Experimental Section) seems best
P(3>-C(1) 1.745(4) to be explained by the cocrystallization of a small quantity of
P(3)-C(7) 1.827(5) an analogue of4 with some other ligand in place of hydride
(P:%:(C:((g) iﬁfé%) since the position of the peak remained unaltered in a sequence

' of difference maps calculated with decreasing upper limits on

P(1)-Pt-P(3) 178.43(4) sin 0/1. We have attempted to determine the source of the
P(1)-Pt=P(2) 107.80(4) hydride ligand by repeating the synthesis 1f using NPP
(P:%:Fg(_lg’_(i)@) 1;8-2‘(%‘) deuterated at the methine carbon. While the yellow precipitate
C()-C(1)-P(2) 130:5(4) obtained showed the same three phosphorus resonances as the
P(3)-C(1)-P(2) 99.9(2) original sample ofl4 and did not show a noticeable band at

1994 cntl in its infrared spectrum, the proton spectrum still

coordinated and in different environments. The one large and Showed the high field resonance attributed to the hydride ligand
two small P-P coupling constants further indicates an ap- in 14. Repeating this experiment ir dcetone, however, gave
proximately T-shaped arrangement. The proton NMR spectrum the product free of this hydride resonance suggesting that there
shows no resonance that can be assigned to the methine protof$ solvent assistance (with concomitant H/D scrambling) with
of the NPP ligand; instead there is a doublet of doublets of the transfer of the methine hydrogen of NPP to the metal.
doublets resonance havitPt satellites at-5.93 ppm indicat- ~ Unfortunately the region of the infrared spectrum where the
ing the presence of a hydride ligand which, from the magnitude Pt=D stretch is expected (ca. 1410 th#*is obscured by ligand

of the P-H coupling constants, is cis to two phosphorus atoms absorptions so the formation of the deuteride analoguets

and trans to the third. The infrared spectrum shows a weak bandoased more on negative rather than positive evidence.

at 1994 cm?® which compares well with bands previously ~The complex [Rh(NPR)BF,* has been used for the synthesis
assigned to PtH stretching vibrations where the hydride is trans  Of heterobimetallic complexes. The iridium analogue has not
to a phosphine ligan# The formulation of14 as a formally ~ been reported previously, and in attempts to prepare it from
Pt(Il) hydride complex of a deprotonated NPP ligand (NPP  the known [Ir(COD)(NPP)]BEF* a yellow product was obtained

H) is confirmed by the X-ray structure determination (Figure (15 which analyzed satisfactorily for the expected compound
10). This is indicated particularly by the planarity of the Pt, butwhoseéP{*H} NMR spectrum showed there to be two pairs
P2, P3, C1 unit to within 0.02 A and by the €P2 and C+ of nonequivalent phosphorus atoms (this is strictly ar X

P3 distances (Table 6) which, although longer than the corre- SPectrum but evidently one in whidaa- andJxx: are very small
sponding distances & are nonetheless still significantly shorter SO that it appears as a pair of apparent doublets). The proton
than the P-C(phenyl) distances here and the ®(bridgehead) NMR spectrum revealed the presence of a high-field resonance
distances in those complexes containing intact NPP ligands. Thisattributable to a hydride ligand as an apparent septet. Simulation
indicates a degree of delocalization of the negative charge of the hydride resonance showed that this resulted from the
formally attached to C1 over the PZ1—P3 unit. The mean  fortuitous occurrence of one-fH coupling constant being
plane of the pyridyl group makes a dihedral angle of only 1.7- almost exactly twice the other. The formulation b5 as a

(2)° with the mean Pt, P2, P3, C1 plane suggesting that there hydride complex containing one deprotonated and one intact
may also be some degree mfinteraction between the pyridyl ~ NPP ligand is confirmed by the crystal structure determination
group and this delocalized charge. This is also suggested b

Yy . .
- ; [ ; (34) Yoshida, T.; Yamagata, T.; Tulip, T. H.; lbers, J. A.; Otsuka).S.
the C1C2 distance of 1.441(7) A which is marginally shorter Am. Chem. Sod978 100, 2063.

(35) McNair, R. J.; Nilsson, P. V.; Pignolet, L. thorg. Chem1985 24,
(33) Schwartz, D. J.; Andersen, R. A.Am. Chem. Sod995 117, 4014. 1935.
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Table 7. Selected Bond Lengths [A] and Angles [deg] for Conclusions
[Ir(H)(NPP)(NPP-H) (15)
Ir—H(61) 152 P(2)-C(13) 1.830(5) With this Work_, the ligating behavior of t_he_ 2-pyridylbis-
Ir—N(2) 2.213(4) P(2)-C(19) 1.831(5) (diphenylphosphino)methane toward the majority of the metals
Ir—P(3) 2.3172(13) P(3)C(31) 1.809(5) in Groups 6-12 has been explored. All three possible modes
Ir—P(1) 2.3313(13) P(3)C(37) 1.828(5) of chelation (N,P, P,P, N,P,P) of NPP have been found in this
:;:E% ggiigggg Egggggg 1:213% work. There does no.t appear to be any str(.)ng.correlation
P(1)-C(25) 1.753(5) P(4}C(49) 1.812(5) between the observation of N,P vs P,P coordination and the
P(1)-C(7) 1.817(5) P(4)C(55) 1.876(5) hardness or softness of the metal center since both Co(ll)
P(1)-C(1) 1.826(5) C(25)C(26) 1.426(7) (moderately hard) and Cd(ll) (moderately soft) both show the
P(2)-C(25) 1.751(5) C(55)C(56) 1.508(7) former mode. With the exception of rhodiurfiridium,®° and
H(61)—-Ir-N(2) 169 P(1Ir—P(2) 69.24(5) nickel 32 NPP does not appear to readily promote the formation
H(61)-Ir—P(3)  90.5 H(61)-Ir—P(4) 96.2 of dinuclear complexes and those monometallic complexes in
”Eg)l;rlr_—ljlg?())l) ;2:?2(11) y(%‘}l'rr__g(%) ;gggg)l) which itis only N,P or P,P coordinated have not been found to
N@)—-Ir—P(1)  105.92(11) P(B)Ir—P(4) 111.14(5) be useful precursors to heterobimetallic complexes. Neither does
P@B)-Ir—P(1) 175.07(5)  P(QIr—P(4) 177.94(5) there seem to be any pattern to the lability of one arm of the
H(61)—-Ir—P(2) 85.9 C(26)C(25)-P(2) 130.3(4) ligand that would lead to its predictable function as a semilabile
N@)-Ir—P(2)  101.33(11) C(26)C(25)-P(1) 131.4(4) ligand in catalytic applications. Thus in Ru@E@Ph)(NPP) (L0)

PE-Ir=P(2) 109.19(5)  P(2)C(25)-P(1) 98.3(3) it is one of the phosphine arms that is displaced on reaction

with CO while in the case dac-M(CO)3(NPP) (M= Mo, W)36
CO displaces the nitrogen arm. As in previous studies, the
susceptibility of the ligand to cleavage of & bond has been

(Figure 11). In this instance, the hydride ligand was successfully
located in low angle difference maps. Also located was the

methine hydrogen attached to the bridgehead carbon (C55) of licating f Perh h anif it h
the intact NPP ligand. In this instance there is a direct internal a complicating factor. Perhaps the most significant result has

comparison of the phosphorus to bridgehead carbon distancedeen the demonstr_ation of the significant acidity of the methine
between intact and deprotonated NPP ligands (Table 7) whereProton of NPP which clearly poses a problem for the use of
it is evident that in the latter the distance is over 0.1 A shorﬁt\er. this ligand in catalytic systems.

As with 14, the Ir, P1, C25, P2 unit is planar to within 0.1 A, . .
the pyridyl ring makes a dihedral angle%f 19gith this plane, . Acknowledgment. We thank the Tulane University Chem-
and the C25-C26 distance, at 1.426(7) A, is significantly shorter istry Department and the Tul_ane College Undergraduate Re-
than that expected for a single bond between twbcggbon ~ S€&rch Fund for support of this research.

atoms. The coordination about iridium is distorted octahedral
with the major distortions being the result of the short “bites”
of the ligands. On the basis of ti&P chemical shift ofy 9.6

for [Ir(COD)(NPP)]BR® we suggest that thé 1.9 resonance
for 15 be assigned to the phosphorus atoms of the intact NPP!C001266+
ligand while that atd —51.8 be associated with those of the
deprotonated one. (36) Mague, J. T.; Johnson, M. Prganometallics199Q 9, 1254.
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