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The preparation and characterization of iron(Il) complexes containing the tripodal tetraphosphine ligand tris[2-
(dimethylphosphino)ethyl]phosphine, P(&EH,PMe,); (PP, 1), are reported. The complex Fe®R;) (2) was
formed by the reaction of RBRvith anhydrous iron(ll) chloride. The complexes FeHCKPE) and FeH(PR;)

(4) were formed by the reaction @fwith lithium aluminum hydride. Likewise, the complexes FeMeCHRB)

and FeMe(PR) (6) were formed by the reaction @with methyllithium or dimethylmagnesium. Reaction2f

with CO afforded a mixture of isomeric carbonyl chloride complexes [Fe(CO)GJ[PF7 and8). Reaction of

2 with PPh afforded [Fe(PPHCI(PR)]* (9). The air-sensitive complex@s-9 were characterized by multinuclear
NMR spectroscopy, andwas characterized by X-ray crystallography. Crystal8 (BPh, salt), G4sHgsBCIFeR,

M 971.09, are monoclinic, space groRpy/c, a= 13.246(3) Ab = 30.314(2) Ac = 14.338(2) A = 100.92(2j,

Z=4; R= 0.058.

Introduction Although the related “hybrid” of ligand$0 and11, P(CH-

o ) . CH,PMe); (PR;, 1), has been known since 197%s reported
Metal complexes containing polydentate phosphine ligands .o dination chemistry has been limited to that of a single

are an important class of organometallic compounds, and manycomplex, [NiCI(PR)]+,8 presumably due to the difficult and low-
metal phosphine complexes facilitate-8 activation and act yielding synthesis ofl. We have recently reportdc new,

as catalysts for organic transformatidn®hosphines are strong efficient and high-yielding synthesis &f which has facilitated
donor ligands, and the polydentate architecture provides stability ne cyrrent investigation of iron complexes bf

and restricts the arrangement of donors in the ligand sphere. In
octahedral complexes, tripodal tetradentate phosphine IigandsF
enforce acis geometry of the two remaining ligands. One of
the most thoroughly studied tripodal tetradentate phosphine
ligands is P(CHCH,PPh)3 (10), and metal complexes dfo
act as catalysts for a variety of organic transformatfons.
Ruthenium and iron complexes of the related ligand P£CH
CH,CH,PMe)s (11) undergo C-H insertion reactions with
alkene and arene substratesin the molecular hydrogen

In this paper we report the synthesis of the iron(Il) complexes
exXY(PR) (X =CLLY=CI(2;X=ClLY=H(@®3); X =H,
Y=H(@);X=ClLY=Me(@®);X=Me,Y=Me(@6);, X=
Cl,Y =CO (7); X = CO, Y = CI (8); and X= PPh, Y = ClI
(9)). Complexe2—9 have been completely characterized by
multinuclear NMR spectroscopy, affdwas structurally char-
acterized by X-ray crystallography.

2X=Cl, Y=ClI
complexes [M(B)H(H2)]* (M = Fe, Ru; R = P(CH.CH,PPh)3 Pr 3X=Cl, Y=H
(10),* P(CHCH;CH,PMey)s (11),° P(CH,CH:PCy)3 (12)°), the _Py _ oI
inte_ractio_n k_Jetween_ the_ hyd_ride and dihydrogen Iig_ands con- CPC,/“Fe'gY 2)(;,\0,,,;’ i;,\M,,Z
strained incis coordination sites has led to speculation of the ‘ 7X=Cl, Y=CO
existence of complexes of the ligand 3H k/pT 8 X=CO, Y=Cl
9 X=PPhs, Y=Cl
PM =
PR, }/\PRZ €2 PP3 = P(CH,CH2,PMe3)3
P
j \PJ PMe; Experimental Section
R,P MeoP All synthetic manipulations involving air-sensitive materials were
1 carried out under an inert atmosphere of argon in an argon-filled drybox
1 R=Me or under a nitrogen atmosphere using standard Schlenk techniques.

10 R=Ph

12 R=Cyclohexyl Lithium aluminum hydride was obtained from Aldrich and used as a

THF solution (approximately 1 M). Methyllithium was used as a
solution in hexane (approximately 2.4 M) as supplied by Aldrich.

© Abstract published imdvance ACS Abstractdfay 1, 1997. Dimethy_lmagnesium was prepared as a THF solution (approximately
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Chem. Ber1988 121, 859. (c) Bampos, N.; Field, L. D.; Messerle, (6) Jia, G.; Drouin, S. D.; Jessop, P. G.; Lough, A. J.; Morris, R. H.
B. A. Organometallics1993 12, 2529. Organometallics1993 12, 906.
(4) (a) Bianchini, C.; Perez, P. J.; Peruzzini, M.; Zanobini, F.; Vacca, A. (7) King, R. B.; Cloyd, J. C., JrJ. Am. Chem. Sod.975 97, 53.
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354, C19. (10) Ludher, K.; Nehls, D.; Madeja, Kl. Prakt. Chem1983 325 1027.
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Table 1. Crystallographic Data for [Fe(PBICI(PR)]* 9 (BPh™ coefficient for the complex with Mo K radiation is 4.9 cm?!, and an
Salt) absorption correction was not applied to the data. The data were
A. Crystal Data corrected for'Lorentz and polarizatiorl effects. .
empirical formula GHesBCIFeR All calculations were performed using the teX$arrystallographic
formula wt 971.09 software package. The structure was solved by direct methadd
cryst color, habit red, prism expanded using Fourier techniquésNeutral atom scattering factors
cryst dimens 0.56< 0.38x 0.38 mm were taken from Cromer and Wab¥r. Anomalous dispersion effects
cryst syst monoclinic were included in the structure factor calculatidrand the values for
lattice type ) primitive Af" and Af" were those of Creagh and McAul&y. The values for
”O-doi rfins u?_ed fg unit C‘;” 24 (19.12-24.2%) the mass attenuation coefficients are those of Creagh and Htibbel.
etermination (& range Non-hydrogen atoms were refined anisotropically, and the hydrogen
lattice params a=13.246(3) A ydroger W ! ! picatly, ° nyarog
_ atoms were included in the full matrix least squares refinement at
b=30.314(2) A o . RT
c=14.338(2) A calculated posmons with group temp.eratulre fgctors. An ORTEP
B =100.92(2) representation of the structure is provided in Figure 8.
V =5653(1) & FeClx(PP;) (2). Solutions of anhydrous iron(ll) chloride (50 mg,
space group P2;/c (No. 14) 0.39 mmol) in THF (10 mL) and (110 mg, 0.37 mmol) in THF (10
Zvalue 4 mL) were simultaneously added to THF (50 mL), with rapid stirring.
Dealc 1.141 g/cr The resulting deep red solution deposited a small quantity of an orange-
Fooo 2048-001 brown precipitate during the reaction, and this was removed by filtration.
u(Mo Ko 4.87 cnv Removal of the THAN vacuoleft a red solid, which was extracted
B. Intensity Measurements into l_Je_nz_ene (10 mL). The add_ition of hexane (50 mI__) re_sulted in the
temperature 21.6C precipitation of the product, which was collected by filtratiop was
20 max 44.9 obtained as a red-purple crystalline solid (116 mg, 74%; mp-148
hkl range —14t014,~1t0 32,—1t0 15 °C dec).
no. of rfins measd 31p{H} NMR spectrum (162 MHz, THRl, 233 K): ¢ 179.3 (dt,
total 8884 1P, Pc, 2pey-pm = 24.8 Hz,2pcy-pu) = 32.4 Hz); 53.2 (dd, 2Fpr,
unique 7557 Rt = 0.080) 2Jpry-puy = 47.7 Hz); 83.1 (dt, 1PPy).
C. Structure Solution and Refinement 'H{*P} NMR spectrum (400 MHz, THs, 233 K): ¢ 1.81, 1.97,
function minimized SW(|Fo| — |F¢l)? 2.20, 2.54 (4x m, 4 x 2H, —PcCHHCHHP;—); 1.51, 1.74 (2x m, 2
least squares wts dAFo) x 2H, —PcCH.CH,Py—); 1.50, 1.72 (2x s, 2 x 6H, 2 x Pr(CHa));
no. of observationd (> 2.00(1)) 5097 1.31 (s, 6H, B(CHs)).
“f?-_Of variables 560 13C{1H} NMR spectrum (101 MHz, THF, 233 K)o 14.1 (t, RCHj,
rfin:param ratio 9.10 Upm-c = 6.7 Hz); 19.0 (t, RCHs, Jp(ry-c = 11.0 Hz); 18.6 (d, B
residuals:R; Ry 0.058; 0.057 1 _ . - . -
AT (CH3)2, Jp(uyc =18.6 HZ), 24.5 (m, PCcHchzpr ), 31.2 (m, P(;-
goodness-of-fit indicator 3.01 . 1 _ 2
max peak in final diff map 0.77 eRA CHoCHPr—); 27.7 (dd,~PcCHCHPU—, Wpcy-c = 26.2 HZ Upy-c
min peak in final diff map —0.37 el = 11.4 Hz); 31.5 (M~PcCHCHPu—).

MS (+Cl, CHs) m/z>200: 424 (F&CI(PR) + 1, 3), 392 (F&-

1H, 13C, and®P NMR spectra were recorded on Bruker AMX400 CI(PP) + 1, 5), 391 (FECI(PR), 21), 390 (FECI(PR) + 1, 15), 389
or AMX600 spectrometers at the temperatures quotid.and 13C (FE*CI(PR), 65), 354 (Fe(PP, 14), 331 ((PRYO;, 27), 327 (32), 315
chemical shifts were internally referenced to residual solvent resonances ((PR)O, 25), 300 ((PB) + 2, 15), 299 ((PE) + 1, 100), 283 ((PF) —
31p spectra were referenced to external neat trimethyl phosphite atCHa 24), 209 (P(CHCHPMey),, 11).
140.85 ppm. Infrared spectra were recorded on a Perkin-Elmer 1600 FeHCI(PP;) (3). A THF solution of lithium aluminum hydride was
series FTIR; all frequencies are quoted inémEl (electron ionization) added dropwise to a solution @f(116 mg, 0.27 mmol) in THF (30
mass spectra (both low and high resolution) were recorded on a KratosML), resulting in a color change from deep red to bright yellow. The
MS9/MS50 double-focusing mass spectrometer with an accelerating reaction was rapid at room temperature, and the color change allowed
voltage of 8000 V, a source temperature of $860°C, and an electron the end point to be determined accurately. The reaction mixture was
energy of 70 eV. Perfluorokerosene was used as a calibrant for high-filtered, the solvent removeith vacug and the residue extracted into
resolution spectra. Chemical ionization (Cl) mass spectra were recordedoenzene (20 mL). The volume of the solution was redunecacuo
on a Finnigan MAT TSQ-46 mass spectrometer (San Jose, CA) fitted to approximately 3 mL, and the addition of hexane (10 mL) resulted
with a desorption probe, with a source temperature of @@&nd an in the precipitation of the product, which was collected by filtrati®n.
electron energy of 100 eV. The ionization gas, methar@9(999%) was obtained as bright yellow needles (83 mg, 78%; mp 176/5.5
or ammonia ¥ 99.999%), is as quoted. Elemental analyses were carried °C).
out at the Joint Elemental Analysis Facility, The University of Sydney.
Melting points were recorded on a Gallenkamp heating stage and are(11) texsan: Crystal Structure Analysis Packaddolecular Structure
uncorrected. Corporation: The Woodlands, TX, 1985, 1992.

Crystal Structure Determination. The crystallographic data for ~ (12) SIR92: Altomare, A.; Burla, M. C.; Camalli, M.; Cascarano, M.;

9 (BPh, salt) are summarized in Table 1. The complex decayed rapidly r?rlggg:/;izozr?’ C.; Guagliardi, A.; Polidori, G. Appl. Crystallogr, in

on exposure to the atmosphere. Accordingly, a red prismsgfids (13) DIRDIF94: Beurskens, P. T.; Admiraal, G.; Beurskens, G.; Bosman,
BCIFeR having approximate dimensions of 0.500.38 x 0.38 mm W. P.; de Gelder, R.; Israel, R..; Smits, J. M. M. The DIRDIF-94
was coated with a heavy hydrocarbon oil and inserted in a thin glass program system. Technical Report; Crystallography Laboratory:
capillary. The capillary was then mounted on an Enraf-Nonius CAD4 University of Nijmegen, The Netherlands, 1994.

i i ite- iati (14) Cromer, D. T.; Waber, J. Tnternational Tables for X-ray Crystal-
diffractometer employing graphite-monochromated Ma Kdiation. lography, The Kynoch Press: Birmingham, England, 1974- Vol. IV,

Cell constants obtained from a least-squares refinement using the setting 13510 22 A
angles of 24 reflections in the range 19.1220 < 24.24 corresponded (15) Ibers, J. A.; Hamilton, W. CActa Crystallogr.1964 17, 781.

to a primitive monoclinic cell, and systematic absencels0bfl = 2n, (16) Creagh, D. C.; McAuley, W. J. Imternational Tables for Crystal-
and &0, k = 2n, uniquely determined the space group toR#&/c lography; Wilson, A. J. C., Ed.; Kluwer Academic Publishers: Boston,
(No. 14). Diffraction data were collected at a temperature of:21 an Eaziéxot)cb-ramfbéézllﬁjg' |_F|)I0 Iiitgriitional Tables for Crystal

C usingw/§ scans tg a maX|m_um62vaIue 0f 44.9. The intensities Iographgg V\iilsdﬁ, A. J. C Ed.; kluwer Academic Publishers: Boston,
of three representative reflections measured ye2=h decreased by 1992; Vol. C, Table 4.2.4.3, pp 26206.

10.1% during the course of the data collection, and a linear correction (18) Johnson C. K. ORTEP, A Thermal Ellipsoid Plotting Program; Report
factor was accordingly applied to the data. The linear absorption ORNL-5138; Oak Ridge National Laboratories: Oak Ridge, TN, 1976.
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S1P{*H} NMR spectrum (162 MHz, toluends, 300 K): 6 184.8
(dt, lP,Pc, ZJp(Cyp(T) = 30.5 HZ,2Jp(cyp(U) =229 HZ); 61.3 (dd, ZP,
PT, ZJP(T)_p(U) =229 HZ); 60.0 (dt, 1P|,Du)

1H{3P} NMR spectrum (600 MHz, toluends, 303 K): 6 —11.63
(s, H, FeH); 1.30, 1.70 (2x m, 2 x 2H, —PcCH,CHHP—); 1.21,
1.34 (2x m, 2 x 2H, —PcCHHCH,Pr—); 1.07 (m, 2H,—PcCH>-
CH,Py—); 1.22 (m, 2H,—PcCH,CH,Py—); 1.40, 1.88 (2x s, 2 x 6H,

2 x Pr(CHa)); 1.45 (s, 6H, B(CHs)2).

13C{1H} NMR spectrum (101 MHz, benzemk) 6 25.1 (dt, R(CH3),
Up(ry-c = 16.3 Hz,3Jpu)-c = 6.8 Hz); 18.7 (m, RCHy)); 19.1 (dt,
Pu(CHg)z, 1Jp(uyc = 10.5 HZ, 3\]p(-|—),c =34 HZ); 27.1 (ddt,—PT-
CH2CH2PC—, 1Jp(c)—c =226 HZ,ZJP(T)—C =8.9 HZ,3JP(U)—C =1.6 HZ);
34.4 (dt,_PTCHchzpc_, 1Jp('|')7(; =15.3 HZ,ZJp(cyC = 15.3 HZ);
27.7 (dd,—PUCHZCHch—, 1Jp(cyc =18.4 HZ,ZJP(U)fc 18.4 HZ);
33.4 (dd,*PUcHzCHQPc*, 1JP(U)—C = 25.8 HZ,ZJp(cyc 15.3 HZ).

MS (El) m/z 392 (FeH'CI(PRy), 16), 391 (F&'CI(PR), 21), 390
(FeH*CI(PPRy), 45), 389 (F&CI(PR,), 44), 388 (15), 354 (Fe(RR 49),
338 (Fe(PB) — CHa, 59), 300 ((PB) + 2, 59), 283 ((PE) — CHs, 30),
272 (26), 238 (42), 211 (34), 209 (P(@EH.PMe,),, 66), 61 (100).

HRMS: Calcd for GoH3:3°CIFePR, 390.0414; found 390.0428.

Anal. Calcd for G,H3;,CIFeR: C, 36.90; H, 8.00. Found: C, 36.5;
H, 8.0.

FeHy(PPs) (4). A THF solution of 3 was prepared as above. A
THF solution of lithium aluminum hydride was added dropwise,
resulting in a distinct color change from bright to very pale yellow.
The reaction mixture was filtered and the solvent remowvedacuq
leaving a pale yellow gum, which was extracted into benzene (15 mL).
The benzene extract was filtered and the solvent remavegcua

Field et al.

FeMey(PPs) (6). A solution of 5 in THF was prepared as above.

A hexane solution of methyllithium was added, resulting in a color
change from deep orange to pale yellow. The reaction was rapid at
room temperature, and the color change allowed the end point to be
determined accurately. The reaction mixture was filtered, the solvent
removedin vacug and the residue extracted into benzene (20 mL).
The solvent was removed vacuq affording6 (52 mg, 82% fronb),

as a waxy, air-sensitive, yellow solid.

31P{1H} NMR spectrum (162 MHz, toluends, 220 K): 6 179.8 (t,
1P, Pc, ZJp(cyp(T) = 14.4 HZ,2Jp(cyp(u) =0 HZ); 69.5 (dd, ZPPT,
ZJP(T),P(U) =274 HZ); 67.5 (t, lPPU)

IH{3P} NMR spectrum (600 MHz, toluends, 303 K): ¢ —0.88,
0.12 (2x s, 2x 3H, 2 x Fe(3); 1.38, 2.13 (2x m, 2 x 2H, —Pc-
CH,CHHPr—); 1.59, 1.61 (2x m, 2 x 2H, —PcCHHCH,P;—); 1.26,

1.26 (m, 2x 2H, —PcCH,CH,Py—); 1.14, 1.41 (2x s, 2 x 6H, 2 x
Pr(CHg)); 1.23 (s, 6H, B(CHa)y).

13C{*H,*P} NMR spectrum (101 MHz, benzemfg; 300 K): 6 1.8,

25 (2 x s, 2x FeCHy); 12.5, 21.7 (2x s, 2 x Pr(CHg)); 22.9 (s,
PU(CHa)); 24.8 (5,—PrCH,CHoPc—); 35.7 (5,— PrCH,CHoPc—); 29.2
(S, _PuCHchzpc—); 36.0 (S,—PucHchzpc_).

MS (+CI, CHs) m/z>135: 385 (M+ 1, 13), 384 (M, 95), 369
(FeMe(PR), 98), 354 (Fe(PB, 11), 353 (Fe(P§ — 1, 19), 299 ((PR)

+ 1, 21), 181 (15), 153 (13), 135 (100).

[Fe(CO)CI(PPs)]" (7 and 8). An atmosphere of carbon monoxide
was introduced over a solution &f(30 mg, 71umol) in ethanol (5
mL), resulting in a rapid color change from deep red to bright yellow.
A solution of sodium tetraphenylborate (40 mg, &@ol) in ethanol
(2 mL) was added immediately, resulting in the formation of a yellow

The residue was extracted into hexane (10 mL) and the resultant mixtureprecipitate, which was isolated by filtration. The crude product was

filtered. Removal of the hexani@ vacuo afforded4 (68 mg, 90%
from 3) as a highly air-sensitive, waxy, pale yellow solid.

31P{*H} NMR spectrum (162 MHz, toluends, 300 K): 6 187.2 (q,
1P, Pc, ZJp(cyp(E) = 20.9 HZ); 68.7 (d, 3PPE)

31P{1H} NMR spectrum (162 MHz, toluends, 198 K): § 185.6
(br, 1P,Pc); 67.7 (br, 2P Py); 70.5 (br, 1P Py).

1H{3P} NMR spectrum (400 MHz, benzern; 300 K): 6 —11.03
(s, 2H, Fé); 1.62 (m, 6H, —PcCH,CH,P:—), 1.55 (m, 6H,—Pc-
CH2CH2PE_); 1.54 (S, 18H, ECH3)

IH{3P} NMR spectrum (high-field region only, 400 MHz, toluene-
ds, 198 K): 6 —14.20,—7.70 (2x br, 2 x H, 2 x FeH).

13C{*H} NMR spectrum (101 MHz, benzerl; 300 K) 6 26.6 (m,
PECH;;); 38.8 (m,*PECHQCHzpc*); 27.9 (m,*PECHchQPCf).

MS (El) m/z 356 (M, 1), 355 (FeH(P%, 5), 354 (Fe(Pp), 29),
283 ((PR) — CHs, 14), 266 (11), 210 (HP(C¥H.PMe,),, 12), 209
(P(CHCH.PMe,),, 33), 31 (100).

FeMeCI(PP;) (5). A hexane solution of methyllithium was added
dropwise to a solution o2 (100 mg, 0.24 mmol) in THF (30 mL),

washed with ethanol (10 mL) and dri@dvacuoto give 7 (BPh, salt)
as a pale yellow powder (35 mg, 67%; mp 2880 °C dec).

Heating of an ethanol solution &f (chloride salt) resulted in the
formation of a second product, assigned as the isomeric carbonyl
chloride complexX8. The reaction could not be forced to completion,
apparently reaching equilibrium (ratib8 = 1:5) on heating at 60C
for 10 days. A solution of sodium tetraphenylborate (10 mgu2®l)
in ethanol (2 mL) was added, resulting in the formation of a yellow
precipitate, which was isolated by filtration, washed with ethanol (10
mL), and driedin vacuoto afford a mixture of the carbonyl chloride
complexes7 and8 (BPhy salts).

A. [Fe(CO)CI(PP3)]* (7) (Kinetic Product, CO Transto Py). 3P-
{*H} NMR spectrum (BPhsalt, 162 MHz, acetonds, 300 K): 6 163.9
(dt, 1P,Pc, ZJP((;yp(T) =19.8 HZ,ZJp(cyp(U) =443 HZ); 44.4 (dd, 2P,
PT, 2‘]p('r)q:’(u) =549 HZ); 58.6 (dt, 1P,Pu)

1H{3P} NMR spectrum (BPhsalt, 600 MHz, acetonds, 288 K):
02.25,2.74 (2x m, 2 x 2H, —PcCH,CHHP;—); 2.14, 2.71 (2x m,

2 x 2H, =PcCHHCH,Pr—); 2.40 (m, 2H,—PcCH,CH,P,—); 2.28 (m,

resulting in a color change from deep red to orange. The reaction was 2H, ~PcCHCHzPy—); 1.85, 2.01 (2x s, 2x 6H, 2 XspT(CH3))? 1.83
rapid at room temperature and the color change allowed the end point(S: 6H, R(CHz)2); 7.46 (br, 8H, BPhonnd); 7.08 (t, 8H,°Jn-n = 7.1 Hz,
to be determined accurately. The reaction mixture was filtered, the BPhnet; 6.93 (t, 4H, BPhyarg.

solvent removedn vacuq and the residue extracted into benzene (20
mL). The solvent was removed vacuqg affording5 (67 mg, 70%)
as an orange-yellow powder.

31P{*H} NMR spectrum (162 MHz, benzerk; 300 K): & 188.4
(dt, 1P,Pc, ZJp(cyp(T) = 30.0 HZ,ZJP(Cyp(U) =114 HZ); 64.1 (dd, 2P,
PT, 2Jp(‘r)fp(u) =254 HZ); 59.8 (dt, 1PPU)

1H{3P} NMR spectrum (600 MHz, benzemk; 303 K): 6 —0.10
(s, 3H, FeC®ls); 1.24, 2.08 (2x m, 2 x 2H, —PcCH,CHHPr—); 1.37,
1.37 (2 x m, 2 x 2H, —PcCHHCH,Pr—); 0.99 (m, 2H,—PcCH,-
CH,Py—); 1.17 (m, 2H,—PcCH,CH,Py—); 1.38, 1.80 (2x s, 2 x 6H,
2 x Pr(CHg)); 1.56 (s, 6H, B(CHz3),).

3C{*H,*P} NMR spectrum (101 MHz, benzeml; 300 K) 6 2.0
(s, F&CHg); 13.1, 20.4 (2x s, 2 x Pr(CH3)); 22.0 (s, B(CH3)); 32.1
(S, —PTCHchzpc—); 25.5 (S,—PTCHchzpc—); 33.2 (S,—PUcHz-
CHzpc_); 28.7 (S,_PUCHZCHZPC_).

MS (+Cl, CH,) m/z>300: 407 (FE&CIMe(PR) + 1, 4), 405 (F&-
CIMe(PR) + 1, 11), 391 (F&CI(PR), 11), 390 (12), 389 (F&CI-
(PPRy), 44), 363 ((PBO. + 1, 15), 359 (17), 355 (Fe(RP+ 1, 16),
347 ((PR)Os + 1, 30), 343 (17), 332(13), 331 (AP, + 1, 100),
329 (16), 327 (41), 316 (15), 315 (AP + 1, 100), 313 (12), 311
(10).

13C{*H} NMR spectrum (BPhsalt, carbonyl region ofCO-labeled
complex, 101 MHz, acetongs;, 300 K): 6 212.9 (ddt, FEO, 2Jp(c)-c
=159 HZ,ZJP(T)_C =451 HZ,ZJP(U)_C =318 HZ)

B3C{'H} NMR spectrum (chloride salt, 101 MHz, MeOH, 300 K):
0145 (t, H‘CH3, 1\]p('|')7c =10.0 HZ); 17.3 (dt, FCHQ,, 1‘]p('|')7c =15.3
HZ, BJP(U)—C =3.8 HZ); 15.3 (dt, B(CHg)z, lJp(u)_C =24.3 HZ,3JP(T)_C
= 3.8 Hz); 26.0 (dt,~PcCH,CH.Pr—, l.]p(cyc = 30.0 HZ,ZJP(T)fc =
6.7 HZ); 30.5 (dt,_PcCHchsz—, 1JP(T)—C =157 HZ,ZJp(c)—c =8.1
HZ); 24.8 (dd,_P(;CHchgPU—, lJp(cyc = 25.7 HZ,ZJP(U)fc = 13.8
HZ); 31.5 (dd,_PcCHchzpu—, 1Jp(u)7c = 31.0 HZ,ZJP(C%C =95
Hz).

MS (+ClI, NHs) m/z >200: 437 (FeCOCI(PR) + NH,, 4), 435
(FeCCG*CI(PBR;) + NHy4, 11), 391 (F&'CI(PR), 18), 390 (F&CI(PPR)
+ 1, 33), 389 (F&CI(PPRy), 78), 384 (FeCO(P#+ 2, 12), 383 (FeCO-
(PR) + 1, 100), 377 (11), 376 (53), 370 (12), 354 (Fe{pPR2), 299
((PRy) + 1, 38), 279 (25), 260 (28), 259 (13).

IR vmax (BPhy salt, Nujol): 1952 cm®.

Anal. Calcd for G;HsoBCIFeOR: C, 60.31; H, 6.84. Found: C,
60.2; H, 7.4.

B. [Fe(CO)CI(PPs)]*" (8) (Thermodynamic Product, CO Trans
to Pc). 3'P{*H} NMR spectrum (BPhsalt, 162 MHz, acetonds, 300
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Scheme 1
Pr
PMe, PMe, \ . |
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Me,P 1 k/ Pr 2
K): 5 168.9 (dt, 1PPc, 2Jp(c)-p(‘|') = 30.5 HZ,ZJp(c)—p(U) =38.1 HZ);

60.5 (dd, 2PPr, ZJP(T)fp(u) = 40.1 Hz); 77.9 (dt, 1PRy).

1H{3P} NMR spectrum (BPhsalt, 600 MHz, acetonds, 283 K):
0 2.35,2.81 (2x m, 2 x 2H, —PcCH,CHHP—); 2.74, 2.74 (2x m,
2 x 2H, —PcCHHCH,Pr—); 2.55 (m, 2H,~PcCH,CHPy—); 2.16 (m,
2H, —PcCH,CHzPy—); 1.85, 1.93 (2 s, 2 x 6H, 2 x Pr(CHs)); 1.58
(s, 6H, R(CHs)y); 7.46 (br, 8H, BPhorno); 7.08 (t, 8H,234- = 7.1 Hz,
BPhmety; 6.93 (t, 4H, BPhpary.

BC{*H} NMR spectrum (BPhsalt, carbonyl region 0fCO-labeled
complex, 101 MHz, acetonds, 300 K): 6 214.5 (ddt, FEO, 2Jpcy-c
=439 HZ,ZJP(T)—C =17.2 HZ,ZJP(U)—C =21.0 HZ)

13C{*H} NMR spectrum (chloride salt, 101 MHz, MeOH, 300 K):
0 15.8 (dt, RCHg, Jpm-c = 17.6 Hz,3Jpuy-c = 1.9 Hz); 19.0 (t, PCHg,
lJp(TyC =114 HZ); 19.1 (dt, E(CH3)2, 1Jp(uyc =28.1 HZ,3JP(T)7C =
2.4 HZ); 24.0 (dt,—PcCHchsz—, 1Jp(c)—c = 26.7 HZ,ZJP(T)—C =8.1
HZ); 32.3 (dt,—PcCHQCHsz—, IJP(T)fc = 15.7 HZ,Z\]p(Cy(; =114
HZ); 24.9 (dd,—PcCHchzpu_, 1Jp(cyc =27.2 HZ,ZJP(U)fc =129
HZ); 32.9 (dd,chCH2CH2PU7, 1JP(U%C = 30.5 HZ,ZJP(CyQ =124
Hz).

IR vmax (BPhy salt, Nujol): 1913 cm™.

[FeCI(PPhg)(PP3)]* (9). Triphenylphosphine (50 mg, 19mol)
was added to a solution @f(50 mg, 118mol) in methanol (10 mL).
The resultant red solution was indistinguishable in color from the
starting complex. A solution of sodium tetraphenylborate (50 mg, 146
umol) in methanol (2 mL) was added, resulting in the formation of a
red precipitate, which was isolated by filtration. The crude product
was washed with methanol (10 mL) and driedvacuoto afford 9
(BPh, salt) as a red crystalline solid (87 mg, 76%; mp +882 °C
dec).

31P{*H} NMR spectrum (BPhsalt, 162 MHz, acetonds, 300 K):

o 167.6 (ddt, lP,Pc, 2\]p(0yp('r) = 28.6 HZ,ZJP(Cyp(U) = 324 HZ,
2JP(c)—PPh3: 104.9 HZ); 39.6 (ddd, 2PPr, zJp(T)_p(U) = 36.2 Hz,
ZJP(Typphsz 36.2 HZ); 56.9 (ddt, 1PRy, ZJP(U)7PPh3: 34.3 HZ); 41.8
(ddt, 1P,PPhy).

IH{3P} NMR spectrum (BPhsalt, 600 MHz, acetonds, 283 K):
0 2.09, 2.35 (2x m, 2 x 2H, —PcCH,CHHPr—); 2.41, 2.43 (2x m,
2 x 2H, =PcCHHCH,Pr—); 2.14 (m, 2H,—PcCH,CH,Py—); 2.73 (m,
2H, —PcCH,CH,Py—); 0.61, 1.57 (2x s, 2x 6H, 2 x Pr(CHg)); 1.14
(s, 6H, Ry(CHa)2); 7.72 (M, 2H, Phomno); 7.68 (M, 3H, Phnera PPhyary);
7.46 (br, 8H, BPhorno); 7.08 (t, 8H,23u— = 7.1 Hz, BPhyer); 6.93 (1,
4H, BPhyary.

13C{*H} NMR spectrum (chloride salt, 101 MHz, EtOH, 300 KJ:
14.9 (t, H’CHg, lJp(T)_c =137 HZ), 19.5 (t, ECH3, 1JP(T)—C =8.2 HZ),
20.0 (d, EJ(CH3)2, lJp(uyC = 19.2 HZ); 24.1 (dt,—PcCHchsz—,
lJp(c)—c = 28.4 HZ,ZJP(T)—C = 6.2 HZ); 35.2 (m,_PcCHchsz_);
245 (dd,—P(;CHchzPU—, lJp(c%c =24.3 HZ,ZJP(U)fc =10.2 HZ);
37.6 (dm,— PcCHzCHzPU—, 1Jp(uyc =33.6 HZ); 137.5 (d, Phpso, lprc
= 28.4 Hz); 129.3 (d, Ph, Jp-c = 8.2 Hz); 135.5 (d, Ph, Jp-c = 9.7
Hz); 131.4 (d, Phpara “Jp-c = 1.7 Hz).

Crystal data fo® (BPh, salt) are summarized in Table 1. The atom
numbering is given in Figure 8.

Results and Discussion

Preparation of 2. The iron(ll) dichloride complex2 was
synthesized by the simultaneous, dropwise addition of a THF
solution of1 and a THF solution of anhydrous iron(ll) chloride
to rapidly stirring THF (Scheme 1). This procedure resulted
in the instantaneous formation of a deep red solution with some
orange-brown precipitate, which was removed by filtration.

At 300 K, only broad resonances were detected in®fe
NMR spectrum oR. Sharper resonances were detected at lower

Inorganic Chemistry, Vol. 36, No. 13, 1992887

o

83 ppm 54
Figure 1. 3P{*H} NMR spectrum (162 MHz, 233 K, THEz) of 2.

Scheme 2
8 _‘ +
=N
PR, PR, | PR
FeCl, + _ e
2 K/P] —_— R,P Fe\PR
’ 2
R2P Cl
R=Cy 12 R=Cy 13
Ph 11 Ph 14

temperatures (Figure 1). Similar behavior has been noted for
the octahedral iron dichloride complexes containing the hindered
bis(phosphine) ligands DEPE and DPrPE, and the spectral
broadness was attributed to temperature dependent paramagnet-
ism1® At 233 K, the3P{1H} NMR spectrum of2 contains
three sharp multiplet resonances)at79.3 (dt), 83.1 (dt), and
53.2 (dd) ppm in the ratio 1:1:2, respectively (Figure 1). The
central phosphorus of the tripodal liganat#s easily identified

as the resonance at179.3 ppm due to its extreme low-field
shift, which is due to Pbeing at the bridgehead of three fused
five-membered chelate ring%. An apparent plane of symmetry
through the iron and two chloro ligands renders two of the three
terminal phosphorus atoms equivalentr)(Pand these are
assigned to the resonance @t53.2 ppm. The remaining
resonance ai 83.1 ppm was assigned to the remaining unique
terminal phosphorus (. ThelH NMR spectrum of contains
three methyl and six methylene resonances and was assigned
by analysis of the 2D COSY spectrum.

Crystals of2 were obtained by slow cooling of a saturated
benzene/hexane solution to approximate®C0 The solid was
extremely air- and moisture-sensitive, and X-ray diffraction data
were collected at low temperature %5 °C). The data could
not be fully refined, and although only a poor quality structure
was obtained, it nonetheless supports the proposed structure of
2_21

Other tripodal tetraphosphine ligands with ethylen€H,-
CH,—) linkages between the central and terminal phosphorus
atoms react with iron(ll) chloride to give trigonal bipyramidal
monochloride complexes (Scheme 2) rather than octahedral
complexes analogous t@ Reaction of the cyclohexyl-
substituted tripodal ligand P(GBH,PCy)3 (12) or the phenyl-
substituted tripodal ligand P(GBH,PPh); (10) with iron(Il)
chloride in dichloromethane affords the cationic complexes
[FEP(CHCH,PR,)sCI] ™, 13 or 14,22 respectively (Scheme 2).

(19) Baker, M. V.; Field, L. D.; Hambley, T. Winorg. Chem.1988 27,
2872.

(20) (a) Garrou, P. Bnorg. Chem1975 14, 1435. (b) Garrou, P. EEhem.
Rev. 1981, 81, 229.

(21) Details of crystal structure determination #rCi,HzoCloFeR, M =
425.02, red, space grol2i/a, a = 15.312(6) Ab = 16.398(8) A,
c = 15.469(5) A,p = 93.12(4y, V = 3878(2) &, Deac = 1.456 g
cm3, Z = 8, F(000) = 1776.00,R = 11.5%.
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Pr

P(oridging)

150 100 50 ppm
Figure 2. 3P{1H} NMR spectrum (162 MHz, 300 K, MeOH) df7.

Both 13 and 14 are paramagnetic, artB was reported to Figure 3. Schematic representation showing significant NOESY
- 31 ! interactions between the hydride ligand and thg Rfand in 3. The
give no*P NMR s_pectr_ur’r?. In contrast, at low temperatures thickness of the arrows indicates the relative intensity of the NOESY
(233 K), the iron dichloride complex [FeP(GEH;PMe,)sCls] cross peak.
(2) gives rise to sharp'P NMR spectra in all solvents, including

methanol. However, the addition of a methanol solution of Scheme 3

sodium tetraphenylborate to a methanol solutior2 oésulted P, /\ Py
in the immediate precipitation of a red solid, which has not been )
further characterizetf -Py ‘ e LAR/THF \ Pu ’ al
Byproducts in the Preparation of 2. Simultaneous addition Cpc —Fe gy —> tpc/ Fe <y
of iron(Il) chloride and the ligand P(GI€H,PMey)s, where ’ ‘ ‘
neither species was in excess of the other, gave the highest yields N Pr 2 b pr 3
of 2. When either species is in excess, a larger quantity of the
orange-brown precipitate is formed, and this has been attributed P
to the multi-iron complexe$7 containing bridging PHligands. T
' LiAIHy THF
— _ C_PU‘Fe““ H
/\ P P —’ ar Pc™ ' TH
/ﬁ
:\—P Rl i} P ""'F1e"' i _7 k/PT ¢
P=— | T~clI clI— | —p
‘ Decomposition is more rapid at higher temperatures, occurring
P P within seconds at 150C in the solid state. The phosphorus
L s 17 atoms of the bridging PHigand in 17 are bound strongly to
the metal and cannot easily be displaced in subsequent reactions.

The multinuclear comple%7is not a single compound, and its Preparation of 3 and 4. The iron chloro hydride complex

structure is poorly defined. The material is soluble in alcohol 3 Was synthesized by the careful reduction of the dichloride
solvents (methanol and ethanol) and was precipitated as thecOmplex2 with lithium aluminum hydride in THF, and more
tetraphenylborate salt by the addition of sodium tetraphenylbo- forcing reduction conditions afforded the dihydrid¢Scheme
rate. In17, the bridging phosphorus could be either the central 3)- A THF solution of LiAlH, was added dropwise to a THF
or a terminal phosphorus of RPand there are a number of Solution of2, resulting in a color change from red to bright
possible isomeric tetranuclear complexes (or complexes of Yellow. The reaction was rapid at room temperature, and the
higher nuclearity). As would be expected, tR#® NMR color change allowed the end point to be determined accurately.
spectrum contains broad signals resulting from the overlap of a Complex3is soluble in most organic solvents, although it reacts
number of similar environments. TH& NMR spectrum of with methanol and haloalkan&s.The complex is least soluble
17 contains four broad resonancesdat69.2, 67.4, 47.8, and in alkanes and can be recrystallized from alkane solvent (pentane
19.0 ppm (Figure 2). The resonances d69.2 (R, P¢), 67.4 or hexane) to afford_ br?ght yellow, needle-like cr_ystals.
(Pr, Pr), and 47.8 (B, Py') ppm are assigned to the PP _3_1P{1I_—|} NMR of 3 indicated the presence of a single product
phosphorus atoms complexed to a single iron center, while the9iving rise to three mulltiplets at 184.8 (dt, i2), 61.3 (dd, R),
resonance at 19.0 ppm is assigned to the bridgingsigand and_ 60.0 (dt, B) ppm in the ratio 1:2:1, respectively. _Complete
(Ps, P'). The low-field shift for the central phosphorus of the assignment of théH NMR resonances o8 was achieved by
nonbridging PR ligand is consistent with all four phosphorus ~analysis of théH and*H{*'P} NMR spectra as well as the 2D
atoms of this ligand being bound to the same metal center. COSY and NOESY spectra. The resonance due to the hydride
The dichloride complex2 is thermally unstable, and it ~ligand of 3 appears ab —11.63 ppm and in the phosphorus-
decomposes to givé7 both in the solid state and in solution. ~coupled spectrum is split into a doublet of doublets of triplets
This decomposition is slow at ambient temperature in the solid (ddt) by the®!P nuclei. Assignment of heteronuclear-R
state, allowing? to be stored for days with little degradation. Ccouplings was achieved by selectit® decoupling {n-p(c)
=44.4 HZ,ZJH_p(T) =69.1 HZ,ZJH_p(U) =441 HZ).
(22) King, R. B.; Kapoor, R. N.; Saran, M. S.; Kapoor, P.Ihbrg. Chem. There are two possible stereoisomers3ofvhich can be
1971 10, 1851. formed, with the hydride eithecis or trans to the central

(23) The_31P{1H} NMR spectrum of the red solid, at low temperature (203 phosphorus atom,  The position of the hydride was
K), in acetoneds, shows the presence of at least three complexes. . .
Major product ¢a.65%)3IP{1H} NMR spectrum (162 MHz, acetone-  determined from the NOESY spectrum. Strong correlations

de, 203 K): 6 167.3 (br, 1PPc), 86.8 (br, 1PPy), 51.4 (br, 2PPr). were observed between the hydride resonance ang Mg

Minor product €a. 30%)31P{1H} NMR spectrum (162 MHz, acetone- and Figure 3). A very weak correlation was observed
ds, 203 K): ¢ 172.6 (dt, 1PPc, ZJP(CH:’(L” =244 HZ,ZJP(C%p(T) = H ( 9 ) Y

21.4 Hz), 78.8 (dt, 1PPy, 2Jp(ry-puy = 42.7 Hz), 48.7 (dd. 2FBy); between the hydride and Mgand no correlation was observed
minor product ¢a. 5%) 3'P{*H} NMR spectrum (162 MHz, acetone-
de, 203 K): ¢ 171.1 (dt, 1PPc, 2Jpcy-puy = 30.5 Hz,2pcy-pm) = (24) Details of the chemistry of alkoxy complexes will be published

22.9 HZ), 77.4 (dt, 1PRy, ZJP(T)fp(U) =427 HZ), 495 (dd, ZH?T). elsewhere.
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modeled the exchange in terms of the concerted “tetrahedral
243K jump” mechanisn?¥’ However, the bulky, monodentate phos-
e phite ligands are quite different from RPAlternative mech-
J’A\ M\ ‘m‘\, M\,

o

anisms include the reversible loss of a hydride ligand or the

temporary detachment of one of the bound phosphines to give
T L 300 K a five-coordinate complex which could undergo facile pseu-
dorotation before recoordination of the pendant phosphine.
Facile substitution of a phosphingans to hydride is not
Figure 5. Va_riable t_emperaturéH l_\lMR spectra (400_MHz, toluene-_ unexpected since hydride ligands have a strvags effect.
ds) of 4 (hydride region only). The inset is an expansion of the hydride The observed exchange of hydride ligands and phosphine
resonance showing fine structure at 300 K. . ; -

ligands occurs at approximately the same rate. This may be

because they are part of the same process; however, separate
mechanisms for each exchange process occurring at similar rates
cannot be ruled out.

When dissolved in methanol or ethanol, the dihydriéle
affords an equilibrium mixture of [FeH@E(PR)]™ and the
alkoxy hydride complexes FeH(OMe)(pRr FeH(OEL)(PB),
respectively. The alkoxy complexes are unstable and on
standing or heating undergo further reactiéhs.

Preparation of 5 and 6. The iron methyl chloride complex
5 was prepared by the reaction of the iron dichloride complex
2 with either dimethylmagnesium or methyllithium, in THF
solution (Scheme 4). A THF solution of either dimethylmag-
nesium or methyllithium was added dropwise to a THF solution
of 2, resulting in a color change from red to orange. The
reaction was rapid at room temperature, and the color change
allowed the end point to be determined accurately. The chloro
methyl comple)s is soluble in most organic solvents, although
it reacts rapidly with alcohols or other protic solvents.

In the monomethylation d?, there are two possible isomers
which could be formedi.e., with the methyl ligand eithecis
or trans to the central phosphorus atomg. P31P{'H} NMR
indicated the presence of a single isomer giving rise to three
multiplets até 188.4 (dt, R), 64.1 (dd, R), and 59.8 (dt, B)
ppm in the ratio 1:2:1, respectively.

Complete assignment of théd NMR spectrum of5 was
achieved by analysis of th# and *H{3P} NMR spectra as
rwell as the 2D COSY and NOESY spectra. The resonance due
t0 the methyl ligand ob appears ad —0.26 ppm and in the

T

T é -1,0 — ‘v——1v2 — 17 bprﬁ

between the hydride and Me This clearly locates the hydride
cis to the central phosphorus atom, since if it wérans a
NOESY correlation would be expected between the hydride and
the methyl groups on the unique phosphorus {Mé

Reaction of a THF solution of the chloro hydride comp&x
with lithium aluminum hydride afforded the dihydride complex
4 (Scheme 3). Extraction into an aromatic solvent (benzene or
toluene) followed by extraction into an alkane solvent (pentane
or hexane) afforded as a very pale yellow, highly air-sensitive
solid which was soluble in most organic solvents.

The 31P{1H} NMR spectrum of4, at 300 K, contains only
two sharp resonances, atl87.2 (q, R) and 68.7 ppm (d, P
and R)) in the ratio 1:3, with &P—3!P coupling constant of
20.9 Hz (Figure 4). This spectrum is consistent with fast
exchange occurring between the terminal phosphorus environ-
ments, R and R;. At 223 K the exchange was slowed, causing
significant broadening of the resonances duet@aid R). At
198 K, two broad resonances were observed for the terminal
phosphorus nuclei, @&70.5 (R)) and 67.7 () ppm in the ratio
1:2, respectively.

ThelH NMR spectrum of4 shows similar exchange (Figure
5), with the two hydride resonances in fast exchange at 300 K
and giving rise to a single sharp multiplet resonancg-at1.03
ppm (dq,ZJpr(C) =449 HZ:ZJHfP(terminaI): 7.2 HZ). At 243
K, the hydride resonance is very broad. At 198 K, two broad
resonances are apparentbat-7.70 and—14.21 ppm.

The broadness of the resonances precluded the measureme

31p_31 3lp_1 i
of *'P—%P and*P—"H coupling constants and also precjuded phosphorus-coupled spectrum is split (ddt) by tHe nuclei.

the use of 2D COSY and/or NOESY experiments to make Selective?'P decoupling allowed the assignment3#—CHs

unambiguous assignment of the two hydride resonances. The ; .
31p and!H spectra of4 are very similar to those reported for couplings (3.2, 9.7, and 1.6 Hz tgPr, and R, respectively).

The position of the iron-bound methyl relative to the central
25,26
Fetb[(PCH,CHoPPh),]. . . hosphorus atom was established from the NOESY spectrum.
There are a number of possible mechanisms for the observe

. i : trong NOEs were observed between the iron-bound methyl
exchange between hydride and terminal phosphine resonances.
Studies of tetraphosphite dihydride complexes of iron have (27) (a) Tebbe, F. N.; Meakin, P.; Jesson, J. P.; Muetterties, & Am.
Chem. Socl97Q 92, 1068. (b) Meakin, P.; Muetterties, E. L.; Tebbe,
(25) Bianchini, C.; Laschi, F.; Peruzzini, M.; Ottaviani, F. M.; Vacca, A,; F. N.; Jesson, J. B. Am. Chem. S0d971, 93, 4701. (c) Meakin, P.;

Zanello, P.Inorg. Chem.199Q 29, 3394. Muetterties, E. L.; Jesson, J. B.Am. Chem. Sod.973 95, 75. (d)
(26) Heinekey, D. M.; van Roon, M. Am. Chem. S0d996 118 12134. Jesson, J. P.; Meakin, Rcc. Chem. Red.973 6, 269.
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Figure 6. Variable temperaturéP{H} NMR spectra (162 MHz,
tolueneds) of 6.

Figure 7. Schematic representation showing significant NOESY
interactions between the methyl ligands and the IRfand in 6.

and Me,, Hi, and B. No correlations were observed to Me
or Mec. This set of results unambiguously places the iron-
bound methykis to the central phosphorus atom, the same site
as the hydride ligand occupies in the chloro hydride complex
3.

Reaction of dimethylmagnesium or methyllithium with the
methyl chloride complex or reaction of excess methylating
reagent with the dichloride complex afforded the dimethyl
complex6 (Scheme 4). ThéP NMR spectrum o6 at 300 K
contains two complex multiplet resonances, centerédlat.7
ppm, due to the central phosphorus, &nd atd 67.8 ppm, due
to the terminal phosphorus atoms; &d R, in the ratio 1:3.

Field et al.

Preparation of 7 and 8. Substitution of a chloro ligand of
the iron(ll) dichloride complex by carbon monoxide yielded
two isomeric iron(ll) carbonyl chloride complexésand 8
(Scheme 5). The introduction of an atmosphere of carbon
monoxide over a degassed ethanol solution of the dichloride
complex2 resulted in a rapid color change from red to yellow.
The addition of an ethanol solution of sodium tetraphenylborate
precipitated7 as the tetraphenylborate salt. TR¥ NMR
spectrum contained three signalsdai63.9 (dt, R), 58.6 (dt,

Pu), and 44.9 (dd, P ppm in the ratio 1:1:2, respectively.

By using °C-labeled carbon monoxidé!P—13C coupling
constants to the carbonyl ligand were determined fron?iRe
and3C NMR spectra. ThéP NMR spectrum of thé3CO-
labeled complex contained an extra doublet coupling in each
resonance?Jc—p(cy = 15.9 Hz,2Jc pw) = 31.8 Hz,2Jc_p(m) =
45.1 Hz. The'3CO ligand gave rise to a ddt resonancedat
212.9 ppm in thé3C NMR spectrum.

Heating an ethanol solution of the carbonyl chloride complex
7 (chloride salt) at 60C resulted in the formation of another
product, assigned as the isomeric carbonyl chloride contplex
This reaction was followed by'P NMR, which showed the
depletion of the signals due #in favor of the three new signals
of 8 atd 168.9 (dt, R), 77.9 (dt, R), and 60.5 (dd, P ppm.
The reaction could not be forced to completion, the two
complexes,7 and 8, apparently reaching equilibrium after
heating at 60°C for 10 days with a rati®:7 of 5:1.

The use of3CO confirmed that this second product also has
one carbonyl ligand. Th&C—3P coupling constant$Jc_p(c)
= 43.9 Hz,2Jc_puy = 21.0 Hz,2Jc_pm) = 17.2 HZ) are very
different from those o¥. The!3C NMR spectrum contained a
ddt resonance at 213.3 ppm assigned to the carbonyl ligand
of 8. The relative stereochemistry @fand8 was tentatively
assigned from the relative magnitudes of tA&@—31P coupling
constant®8

Preparation of 9. The preparation 0P was achieved by
the addition of triphenylphosphine to a methanol solutior of
(Scheme 6). No notable color change occurred, the resultant

The appearance of only one terminal phosphorus resonance irsolution being.t_essentially indistinguishable from_the red color
this complex is due to the near coincidence of the chemical of 2. The addition of a methanol solution of sodium tetraphe-

shifts of B and R,. The chemical shift of P is notably
temperature dependent, and first-ord# spectra are clearly
resolved at lower temperatures (Figure 6).

Two iron-bound methyl resonances appear in tHeNMR
spectrum, at 0.12 ppm (Mg and —0.88 ppm (Meg), each
appearing as a ddt3'P couplings to Mg were 1.4, 8.7, and
8.7 Hz to R, Pr, and R, respectively. 3P couplings to Mg
were 5.9, 9.7, and 8.3 Hz tacPPy, and R, respectively.

The resonances of the PRyand in the!H NMR spectrum

nylborate resulted in the precipitation of the tetraphenylborate
salt of 9, which was soluble in acetone.

The 3P NMR spectrum oB contained four resonancesdt
167.6, 56.9, 41.8, and 39.6 ppm in the ratio 1:1:1:2, respectively.
The central phosphoruscPwas assigned to the resonancé at
167.6 ppm due to its extreme low-field shift; Ras also easily
assigned to the resonancedB9.6 ppm by reference to the
relative integrated intensities. The resonance &1.8 ppm
was assigned to the bound triphenylphosphine due to the large,

of 6 were assigned using the 2D COSY and NOESY spectra in 104.9 Hz coupling to £ which is characteristic of theans
a fashion analogous to that used for the chloro hydride complex 3*P—3!P coupling constant. The resonance&6.9 ppm was

3. The positions of the methyl ligands relative tg Rere
determined from the NOESY spectrum. Strong correlations
were observed between Mand all three methyl groups Me
Meg, and Me, showing Me to be trans to the central
phosphorus, £ Strong correlations between Mand Me,

H,, and B showed Me to becisto the central phosphorusg P
(Figure 7).

Scheme 5

assigned to i,

The full assignment of théH NMR spectrum of9 was
achieved using 2D COSY and NOESY experiments. The
NOESY spectrum contained roughly equal enhancements from
the ortho phenyl protons of the bound triphenylphosphine to
all three PR methyl resonances, confirming that the tri-
phenylphosphine igransto Pc.

e

.. cl Ay \—P } ... co

‘\CO < cPcu/':e‘\c:l
EtOH ’ \

7 \/pT 8
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C(11) Table 3. Selected Bond Angles (deg) for Iron(ll) Complex@s
@ c2n  c@2) (This Work), 152! and 16°2
=< 9 15 16
‘\cao) Y((DS cas) Pe—Fe—P, 83.8509)  97.1(2) 85.3(1)
) Pc—Fe—Ppa 83.24(9) 95.4(2) 86.3(1)
caz P—Fe—Pya 83.66(9) 88.9 (2) 82.7(1)
s Pc—Fe—Cl[1] 82.14(9) 85.6(2)
Pc—Fe-CI[2)/PPh; 174.5(1) 179.0(2)
Py—Fe—Ps 93.40(9) 99.7(2) 97.1(1)
Py—Fe—Ps 98.71(9) 95.3(2) 98.9(1)
P,—Fe—CI[1] 165.22(9)  176.9(2)
Pu—Fe—CI[2]/PPh 101.59(8) 83.7(2)
Pr—Fe—Pr 161.07(9)  168.8(2)  159.7(2)
Pr—Fe—CI[1] 80.32(8) 81.5(2)
Pr—Fe—Cl[1] 84.41(8) 83.2(2)
Pr—Fe—CI[2]/PPh? 97.40(8) 83.7(2)
Pr—Fe—CI[2]/PPh? 94.37(8) 91.5(2)
\@X) Cl[1]-Fe—CI[2]/PPh, 92.52(8) 93.6(2)

@ CG3) C(28)

Figure 8. ORTEP plot (25% thermal ellipsoids, non-hydrogen atoms) ligands containing phosphine groups separated by an ethylene
bridge. For example, the chelation angle in the iron dichloride
complexes of the diphosphines DMPH)EPE! and DPrPES

of the complex cation o9 (BPh, salt).

Scheme 6 are 85.8, 85.3, and 84.8, respectively. The chelation angles
Pr /\PT _‘ + in 9 (Table 3) are 839and 83.5 for Pc—Fe—Py and R—
b ‘ o PPhs \ b | Fe—Pr (average), respectively. The distortion is most noticeable
“Po -Pu. . PPhy in the angle between theansphosphines (161.0¥, nearly 20
F ! . )
CPC — e ~~ cl EH» CPC -— Fe

k/PT 2 '\/PT 9

aTwo transterminal phosphines,P

. ~~c from the ideal octahedral angle. Many octahedral iron(ll)
complexes oflO have been synthesized, and an X-ray diffraction
structure of they2-pentynato compled6 has been reported.

The Fe-P bond lengths and angles ftB are included in Tables

Table 2. Selected Bond Lengths (A) for Iron(ll) Complex8s 2 and 3.
(This Work), 153 and 16*
9 15 16 Me /4 Me
Fe—Pc 2.202(2) 2.202(5) 2.151(3) Pr—Me /4 Py —=Me
Fe-Py 2.234(2) 2.231(5) 2.224(3) . | - \ . -
Fe—Pp2 2.312(2) 2.338(5) 2.259(4) TV R 3 < U g Cl2
Fe—Pr2 2.312(2) 2.306(5) 2.297(3) Pc ~~ci1] Pc= | T~clI)
Fe—CI[1] 2.356(2) 2.388(4) [ | l
Fe—CI[2)/PPh 2.361(2) 2.410(4) \/PT 9 Pr 15
aTwo trans terminal phosphines,P
pRose Ph T +
X-ray Crystal Structure of 9 (BPh, Salt). Crystals of9, /\Pr_‘ Ph
suitable for X-ray diffraction, were obtained by cooling a ’
saturated acetone solution 98fto 5 °C. The structure deter- P 0.,
Fe' C
mination confirmed thetrans arrangement of @ and tri- CF’C'/ ~o~ ~ “—c=cH

phenylphosphine (Figure 8). The crystal data parameters are
summarized in Table 1. Selected bond lengths and angles are
listed in Tables 2 and 3, respectively.

The four phosphorus atoms of the #ARand and the two

The Fe-P bond lengths 016 on average are slightly shorter
chloro ligands oB are arranged in a distorted octahedron. The than those of9 and 15, due to the presence of the harder

distortion from an octahedral arrangement is due to the natural @rboxylate ligand. The-PFe—P bond angles fot6 are very

bite angl@® of PP being less than the required 90Chelation similar to those for9; in both cases the chelation angles are

angles of less than 9@re also observed in complexes of other Significantly less than 90 . _
Comparison of9 with the iron dichloride complex 5! of

(28) The related iron(Il) carbonyl complexes [FeH(COXpPand [FeMe-

the related tripodal tetraphosphine ligaad, with three carbon

(CO)(PR)]* have also been prepar@iThe carbonyl ligand in both links between the phosphorus atoms, highlights the differences
}hesle complexes was shown (unambiguously) tudmsstlo Pc using imparted to complexes by the two ligands (Table 3). Whereas
H—1H NOESY experiments. The magnitudes of t#&—*'P coupling 1 has a natural bite angle of less tharf 901 has a natural bite
constants for thé3CO-labeled complexes are as follows: [FeH(CO)- .

(PPY]*, 2)c-p(c)= 31.5 Hz,2Jc_pm = 20.0 Hz,2Jc-pu) = 17.2 Hz; angle of greater than 90 In 15, thetrans phosphines are bent
[FeMe(CO)(PB)]*, 2Jc—p(c) = 40.7 Hz,2Jc_pm) = 19.6 Hz,2Jc_p(y) toward the front chloro ligand (CI[1]) by 11°2whereas irQ

= 16.0 Hz. The similarity of these coupling constants to those of the they are bent by 1809 essen“a"y away from the chloro and

second (thermodynamically favored) carbonyl chloride comg@ex

(@le_p(c) = 43.9 Hz,2Jc_pm = 17.2 Hz,2Je_puy = 21.0 Hz) and triphenylphosphine ligands.

their marked difference from those of the first (kinetically favored)

carbonyl chloride compleX (3Jc-pcy= 15.9 Hz,2Jc—pr) = 45.1 Hz, (30) DiVaira, M.; Midollini, S.; Sacconi, LInorg. Chem1981, 20, 3430.
2Jc-puy = 31.8 Hz) indicate that the carbonylti®nsto Pc in 8 and (31) Antberg, M.; Dahlenburg, Linorg. Chim. Acta1985 104, 51.
transto Ry in 7. The synthesis and full characterization of [FeH(CO)- (32) Linn, K.; Masi, D.; Mealli, C.; Bianchini, C.; Peruzzini, MActa

(PR)]* and [FeMe(CO)(PB]™ will be reported elsewhere.

Crystallogr. 1992 C48 2220.

(29) Casey, C. P.; Whittaker, G. Tsr. J. Chem199Q 30, 299. (33) Smernik, R. J. Ph.D. Thesis, University of Sydney, 1996.
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bite angle of the PHigand. The dihydride complex FetPF)

(4) shows dynamic NMR behavior in both tHél and 3P
spectra. IC970030B



