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The reactions of the trans-Fe(DMeOPrPE),Cl, complex (I; DMeOPrPE = 1,2-bis(bis(methoxypropyl)phosphino)-
ethane) and its derivatives were studied in aqueous and nonaqueous solvents with a particular emphasis on the
binding and activation of H, and N,. The results show there are distinct differences in the reaction pathways
between aqueous and nonagueous solvents. In water, | immediately reacts to form trans-Fe(DMeOPrPE),(H,0)-
CI*. Subsequent reaction with H, or N, yields trans-Fe(DMeOPIPE),(X,)Cl* (X;=H, or Ny). In the case of H,,
further reactivity occurs to ultimately give the trans-Fe(DMeOPrPE),(H2)H* product (1Il). The pathway for the reaction
| — IIl was spectroscopically examined: following the initial loss of chloride and replacement with H,, heterolysis
of the H; ligand occurs to form Fe(DMeOPrPE),(H)CI; substitution of the remaining chloride ligand by another H,
molecule then occurs to produce trans-Fe(DMeOPIPE),(H;)H*. In the absence of H, or Ny, trans-Fe(DMeOPrPE),-
(H0)CI* slowly reacts in water to form Fe(DMeOPrPE)s?*, II. Experiments showed that this species forms by
reaction of free DMeOPYPE ligand with trans-Fe(DMeOPrPE),(H,O)CI*, where the free DMeOPIPE ligand comes
from dissociation from the trans-Fe(DMeOPrPE),(H,0)CI* complex. In nonaqueous solvents, the chloride ligand in
I is not labile, and a reaction with H, only occurs if a chloride abstracting reagent is present. Complex Il is a useful
synthon for the formation of other water-soluble metal hydrides. For example, the trans-[Fe(DMeOPrPE);H(N,)]*
complex was generated in H,O by substitution of N, for the H, ligand in Ill. The trans-Fe(DHBUPE),HCI complex
(DHBUPE = 1,2-his(bis(hydroxybutyl)phosphino)ethane, another water-solubilizing phosphine) was shown to be a
viable absorbent for the separation of N, from CH, in a pressure swing scheme. X-ray crystallographic analysis of
Il is the first crystal structure report of a homoleptic tris chelate of Fe" containing bidentate phosphine ligands. The
structure reveals severe steric crowding at the Fe center.

Introduction beginning with the seminal papers by KuBsnd Allen and
Senoff!! Very few studies, however, have dealt with the

The coordination chemistry of +and N with transition  pinding and subsequent activation of these small molecules
metal complexes has been comprehensively investigafed,
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in H,0.12717 Given the fundamental importance of such able to bind N in aqueous solution is extremely attractive
binding in the realm of metalloenzymes (e.g., hydrogenase for this purpose.

and nitrogenasé 2?), it is surprising that so few reports to  We recently reported the synthesis of the water-solubilizing
date have examined the coordination chemistry of thesephosphines DMeOPrPE (1,2-bis(bis(methoxypropyl)phos-
molecules in water. Outside of biomimicry, the coordination phino)ethane) and DHBUPE (1,2-bis(bis(hydroxybutyl)phos-
chemistry of these small molecules in water is important for phino)ethane) and their water-soluble complexes df2#e

a number of reasons. For example, one relevant industrialAs we reported, these complexes bind and heterolytically
application for transition metal complexes that are capable cleave H in aqueous solutioff, and they are active in a
of binding H and N in aqueous solution is as gas Leigh-type reduction cycle of Nto ammonia and hydra-
“scrubbers.” In particular, the behavior of hydrogen in zine3! We report here the full details of the aqueous
aqueous systems has drawn considerable attention to theoordination chemistry of these 'Fphosphine complexes,
detrimental process of hydrogen embrittlem®&it. This including their ability to bind N and H.

industrial problem results from the interaction of a metal

surface with absorbed hydrogen (formed in situ by galvanic HOCH,CHzCHzCHa, /7, CH2CHzCHZCHZOH
splitting of H,O), causing a reduction of tensile strength and HOCH;CH,CH,CH; "CH,CH,CH,CH,OH
ductility of the metals. Embrittlement eventually leads to DHBUPE

cracking and therefore severely reduces the lifetime of these

metals. Relatively small amounts of hydrogen are needed to CH3OCH,CH,CHy /\ CH,CH,CH,OCH,
cause embrittlement, and high strength steel, titanium and CHIOCH,CH,CHY CH,CH,CH,OCH,
aluminum alloys are particularly susceptible. To prevent DMeOPIPE

embrittlement, the development of an aqueous phase H
scrubber is desirable. Experimental

There is also considerable interest in aqueous phase
dinitrogen scrubbers. Natural gas currently accounts for Unless otherwise noted, all manipulations were carried out
approximately 25% of the total energy consumed in the U.S. I €ither a Vacuum Atmospheres Co. glove box (argon or N
annually?> However, 15-20% of current feedstocks are filed) or on a Schlenk line using argon or nitrogemans Fe-
deemed unusable due to contamination by(N4% N,).26 (DMeOPrPE)CI, (1) was prepared as reported previol®SHPLC-

h hni . b b . /grade THF and diethyl ether (Burdick and Jackson) were dried and
e current techniques (cryogenic, membrane, or absorption deoxygenated by passing it through commercial columns of CuO

adsorption) for I separation from Clrigas streams are costly  fo|iowed by alumina under an argon atmosphere. Toluene (Aldrich)
and inefficient. It has been noted that pressure swing was distilled under Nfrom Catb and degassed via three freeze
adsorption (PSA) techniques (binding at high pressure, pump-thaw cycles. Water was purified to a resistivity of-178
releasing at low pressure) utilizing a cheap medium such asMQ cm with a Barnstead Ultrapure system and deoxygenated with
water in which N and CH, are poorly soluble could anargon purge before use. Ba(@$and Ba(NQ). (Aldrich) were
potentially be deployed in a successfuy Kemoval pro- used as receivedP{*H} and'H NMR spectra were recorded on

cess?’28 A water-soluble transition metal complex that is either a Varian Unity/Inova 300 spectrometer at an operating
frequency of 299.941H) and 121.42 ¥P) MHz or a Varian

(12) Only two water-solubley®H, complexes have previously been Unity/Inova 500 spectrometer at an operating frequency of 500.62
reportedt314 For the case of bzlbinding in KO, see refs 16 and 17. (*H) and 202.45%P) MHz. The!H and3!P chemical shifts were

(13) Li, Z. W.; Taube, HSciencel992 256, 210-13. referenced to the solvent peak and to an external standard of 1%

(14) gggfc“erv N.; Frey, U.; Merbach, A. Ehem. Commuri998 2303~ HsPO, in DO, respectively. When required, the samples were

(15) Grundler, P. V.; Yazyev, O. V.: Aebischer, N.; Helm, L.; Laurenczy, sealed under argon in 7 mm tubes fitted with Teflon valves. Samples
G.; Merbach, A. Elnorg. Chim. Acta2006 359, 1795-1806. that were run under pressure were sealed in high-pressure tubes

(16) kggie?géy,lgi: Igelm, L.; Merbach, A. E.; Ludi, org. Chim. Acta and sealed with a Teflon valve. Note that thé NMR data for

(17) Loy, M.: Laurenczy, GHely. Chim. Acta2005 88, 557-565. complexes containing the DMeOPrPE ligand were generally broad
(18) Nicolet, Y.; Cavazza, C.; Fontecilla-Camps, JJCInorg. Biochem. and uninformative. Infrared spectra were recorded on a Nicolet
2002 91, 1-8. Magna 550 FT-IR with OMNIC software. Samples were prepared

(19) Georgakaki, 1. P.; Thomson, L. M.; Lyon, E. J.; Hall, M. B

Darensbourg, M. YCoord. Chem. Re 2003 238239, 255-266. as either neat oils using NaCl windows or in solution using a;CaF
(20) Evans, D. J.; Pickett, C. Chem. Soc. Re 2003 32, 268-275. cell. Mass spectra were obtained using a Thermo Finnigan LCQ
(21) Holland, P. L.Comprehensie Coord. Chem. 12004 8, 569-599. DECA XPplus Spectrometer. The samples were dissolved in metha-
g%g gﬁgﬂé_BA,ﬁ}gi_ryéi'f;’n“&h%ﬁh%";egggzgggﬂé g%?;ggé: nol or 50:50 methanol:water and introduced into the ionization head
(24) Carter, T. J.; Cornish, L. AEng. Failure Anal.2001, 8, 113-121. (ESI) using the infusion method. The experimental isotope patterns

(25) Annual Egef%ol?zﬂev\f, United States Department of Energy: Wash-  of the parent peaks are shown in the Supporting Information.
ington, DC, .

(26) Hugman, R. H.; Springer, P. S.; Vidas, E.Ehemical Composition
of Discavered and Undisceered Natural Gas in the United States-  (29) Miller, W. K.; Gilbertson, J. D.; Leiva-Paredes, C.; Bernatis, P. R.;

1993 Update Final Report to the Gas Research Institute, Report No. Weakley, T. J. R.; Lyon, D. K,; Tyler, D. Rnorg. Chem2002 41,
GRI-93/0456.1; Gas Research Institute: Chicago, 1993; Vol. 1. 5453-5465.

(27) Friesen, D. T.; Babcock, W. C.; Edlund, D. J.; Lyon, D. K.; Miller,  (30) Gilbertson, J. D.; Szymczak, N. K.; Tyler, D. Rorg. Chem2004
W. K. US Patent 6,136,222, October 24, 2000. 43, 3341-3343.

(28) Friesen, D. T.; Babcock, W. C.; Edlund, D. J.; Miller, W. K. US Patent (31) Gilbertson, J. D.; Szymczak, N. K.; Tyler, D. R.Am. Chem. Soc.
5,225,174, July 6, 1993. 2005 127, 10184-10185.
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Magnetic MeasurementsMeasurements were carried out using mmol) was then added to the solution, producing a white precipitate
a Johnson-Matthey Evans Balance. Samples were loaded unde(BaSQ) that was removed by filtration. The,B was removed by
argon and sealed with clay. Data were recorded at room temperaturevacuum, leaving an orange oil. X-ray quality crystals were obtained
The magnetic susceptibility was corrected for diamagnetic contribu- by layering EfO on top of a concentrated solution of the oil in
tions using the appropriate Pascal’s constétitfie molar magnetic EtOH and allowing the solution to stand sealed in the freezer at
susceptibility, ym, was calculated by multiplying, (calculated —10 °C. 31P{1H} NMR of the crystals (CBOD): & 49.5 (s).H
magnetic susceptibility) by the molecular weight of the sample. NMR (D,0): ¢ 3.4 (br, m), 1.9 (br, m), 1.5 (br, m), 1.3 (br).
The effective magnetic moment was calculated using the formula, Yield: 23 mg, 30%. Anal. Found: C, 45.83; H, 8.11. Calcd for
Uert = 2.828fmT)Y2. Solution magnetic moments were measured CssH120ClFeQPs: C, 46.26; H 8.63.
using the Evans method in toluene, THF, or methanol sol#iéh. Generation of trans-[Fe(DMeOPrPE),H(H)]CI (1l —ClI).

X-ray Crystallography. Single crystals suitable for diffraction  transFe(DMeOPrPECI, (0.100 g, 0.112 mmol) was dissolved in
were grown as stated in the experimental procedure for each5 mL of deionized water in a sealed Fisch®orter tube, producing
complex. The crystals were mounted on a glass fiber under Paratonea deep purple solution. The resultant solution was immediately
N oil, and diffraction data were collected on a Bruker-AXS SMART charged with -2 atm H and stirred at ambient temperature. The
APEX/CCD diffractometer using Mg radiation ¢ = 0.71073 A) solution changed color from deep purple to transparent yellow over
at 152 K. Data were corrected for Lorentz and polarization effects, a period of 20 min but was stirred overnight to ensure completion
and for absorption using the SADABS v2.02 area-detector absorp- of the reaction. Th&'P{H} NMR spectrum of the reaction mixture
tion correction program (Siemens Industrial Automation, Inc., showed a major resonance @88.9 (s). The'H NMR spectrum
1996). The structures were solved by direct methods; refinement (ethanoles) of the hydride region at- 40 °C showed resonances
was based ofF|?, and hydrogen atoms were placed in calculated at 6 —10.9 (s, br) andd —15.1 (quinte€l—H = 45 Hz),
positions and given isotropid values 1.2 times that of the atom  respectively. This complex could not be isolated pure (see Discus-
to which they are bonded. All crystallographic calculations were sion section) because it formed an oil when the solvent was
conducted with the Oxfor€rystals for Windowgrogram pack- removed. Furthermore, the oil decomposed when thatitdosphere
agess36 was removed. Mass spectrometric analysis showed that the complex

N, Binding Experiments. The apparatus used to measurg N reacted with the Mpurge gas to form [Fe(DMeOPrPE)N,)"]
binding by the Fe-phosphine compounds consisted of Fiseher in the mass spectrometenyvz calcd for [Fe(DMeOPrPEH(N,)*]
Porter tubes fitted with a pressure transducer, which was interfaced849.43. Found: [M], 849.33. The complete mass spectrum and
to a personal computer running OPTO 22 data-collection software isotope pattern, which matches the calculated pattern, are found in
(OPTO 22, Temecula, CA). For pressures exceeding 150 psia, thethe Supporting Information.
experiments were conducted in a stainless-steel Parr reactor (Parr Generation of trans-[Fe(DMeOPrPE);H(H )|PFs (Il —PFe).
Co., Moline, IL). The temperature of the apparatus was maintained trans-Fe(DMeOPrPECI, (0.100 g, 0.112 mmol), TIRF0.076 g,
at 40.0+ 0.1 °C by immersing the apparatus in a temperature- 0.224 mmol), and Proton Sponge (0.024 g, 0.112 mmol) were

controlled water bath.
In the experiment, a known pressure and volume poftipically

combined as solids in a 120 mL Fischd?orter tube. Diethyl ether
(5 mL) was added, and the resulting solution was immediately

45 — 90 mL of gas at pressures between 1 and 10 atm) was charged with 1 atm K The solution turned from green to orange

contacted with a known volume {8.0 mL) and concentration (0.1
— 0.5 M) of a solution of an N absorbent in the sealed vessel.
When stirring is commenced, the, ldressure decreased and was

to a faint yellow with the production of a white precipitate (TICI
and protonated Proton Sponge) over a periot o but was allowed
to stir overnight to ensure completion of the reaction. The solution

recorded as a function of time until no further pressure decreasewas then filtered through celite under an argon atmosphere. The

was noted. The amount oflthat physically dissolved in the solvent

3IP{1H} NMR spectrum of the reaction mixture showed a resonance

(measured independently) was subtracted from the total amount ofat & 88.9 (s), as well as at —143.0 (septetJp—F = 709 Hz).1H

N, absorbed to give Ncomplexed by the transition-metal com-
pound. The amount of Nabsorbed was then confirmed during the

NMR spectrum (ethandds, —40 °C): 6 3.4 (br, m), 2.0 (br, m),
1.7 (br, m), 1.6 (m);=10.9 (s, br), and-15.1 (quinte€Jp—H = 45

desorption experiment, which was conducted under a known Hz). As was the case for the complex with the chloride counterion

pressure of argon (the JNpartial pressure is negligible at the

beginning of the desorption). Thus, during the desorption experi-

above, this complex with the BFcounterion could not be isolated
(see Discussion section).

ment, N release was measured by the pressure increase in the Alternative Generation of trans-[Fe(DMeOPrPE),H(H »)]PFs

apparatus and by the,Nontent in the headgas at the end of the
experiment, as determined by gas chromatography.

Synthesis of [Fe(DMeOPrPE]J[CIO 4], (Il —=CIOy,). cisFe-
(DMeOPrPE)SQ, (0.10 g, 0.112 mmol) was dissolved in 5.0 mL
of water and stirred for 24 h at ambient temperature, initially giving
a purple solution but which turned orange over the 24 h period.
The 31P{'H} NMR spectrum at 23°C of the reaction mixture
showed one resonance @t49.5 (s). Ba(ClQ), (0.037 g, 0.112

(32) Selwood, P. WMagnetochemistry2nd ed.; Interscience Publishers:
New York, 1956.

(33) Sur, S. KJ. Mag. Res. (19691992)1989 82, 169-73.

(34) Evans, D. FJ. Chem. Socl959 2003-5.

(35) Betteridge, P. W.; Carruthers, J. R.; Cooper, R. |.; Prout, K.; Watkin,
D. J.J. Appl. Crystallogr.2003 36, 1487.

(36) Watkin, D. J. P.,, C. K.; Pearce, L. LAMERON Chemical
Crystallography Laboratory, University of Oxford: Oxford, U.K.,
2002.

(Il =PFg). transFe(DMeOPrPEXCI; (0.4167 g, 0.4673 mmol),
TIPFs (0.2579 g, 0.7382 mmol), and NaBk0.0713 g, 1.886 mmol)
were combined in a Schlenk flask and cooled-td0 °C. The
addition of 150 mL of pre-cooled ethanol (150 mL) resulted in a
yellow-green turbid solution. After 6 h, the solution was transparent
bright yellow and contained a metallic solid. The solution was
filtered, and the solvent was removed usingds a sweeping gas,
yielding a yellow oil. Repeated attempts to obtain a solid from the
oil were unsuccessfuBP{IH} spectra of the reaction mixture
showed major resonancesd88.9 (s) as well aé —143.0 (septet,
Jp—r = 709 Hz).'H NMR (CD-OD) of the hydride region at 40
°C showed resonancesdat-10.9 (s, br) and —15.1 (quint2Jyp=
45 Hz).

Generation of trans-[Fe(DMeOPrPE),H(N,)]". A solution
containingtrans[Fe(DMeOPrPEMH(H,)]* was prepared by either
method described above. That solution was charged with 2 atm of

Inorganic Chemistry, Vol. 46, No. 4, 2007 1207



Scheme 1. Reaction oftransFe(DMeOPrPEXLI; (1) with H,O over
24 h
Cl
[P"'IJ Pj fast 24 h
"Fel =——= purple ——>  dark orange
ARG Ho0 2
cl §49.5 (s)
|
green F P = DMeOPPE

N, and then stirred for 24 h. When the reaction is carried out in
diethyl ether, the solution turns light yellow. When the reaction is
carried out in HO, the solution turns from light yellow to light
brown. The solvent in each case was removed usiagdNthe
sweeping gas, yielding an oil. Repeated attempts to obtain a solid
from the oil were unsuccessful. IR(neat)yn() 2093 cm?,
(toluene) 2089 cmt, 31P{1H} NMR (CD;OD): 6 77.5 (s)3P NMR
(CDs0D): 6 77.5 (d2Jp_ = 49 Hz).*H NMR (CDs;OD): 6 3.6

(br, m), 3.3 (br, s), 2.0 (br, m), 1.6 (br, m), 1.2 (s), and8.5
(quintet2Jp—H = 49 Hz).

Results and Discussion

Reactivity of trans-Fe(DMeOPrPE)LCI, (I) in H ;0.
When green crystals dfwere added to water, the crystals
instantly dissolved to form a purple solution. No resonances
were observed in th#P{*H} NMR spectrum of the purple

Gilbertson et al.

Figure 1. ORTEP plot (ellipsoids at 50% probability) of [Fe(DMeOPTrEE)
[CIO4]2 (I —=ClO4). The hydrogen atoms and counterions have been omitted
for clarity.

solution at room temperature. (The absence of resonanceSable 1. Selected Bond Lengths (A) and Angles (deg) for

at room temperature is not unusual for F2{R,-type
complexes, wherefs a bidentate phosphine. As shown in
prior papers, this result can be attributed to either a
diamagnetic/paramagnetic spin crossover or a rapid coordi-
nation/decoordination of the phosphine ligadgsif the
reaction ofl in H,O was allowed to proceed for 24 h at
room temperature, the solution changed from purple to dark
orange (Scheme 1). Th&P{'H} NMR spectrum of the
orange solution at room temperature showed only a single
sharp resonance at49.5 (s)3® Repeated attempts to isolate
the orange product by precipitation or by solvent removal
were unsuccessful. Attempts to isolate the purple product

[Fe(DMeOPrPE)[2CIO4]

Fe(1y-P(4) 2.3484(13) Fe(HP(5) 2.3482(14)
Fe(1-P(1) 2.3668(14) Fe(HP(2) 2.3296(13)
Fe(1)-P(6) 2.3554(13) Fe(HP(3) 2.3548(14)
Fe—P (mean) 2.3505(5) MeP(bidentate) (meafm) 2.282(2)
P(4y-Fe(1y-P(1) 94.73(5) P(6YFe(1)-P(2) 95.07(5)
P(4)-Fe(1)-P(6) 88.21(5) P(5yFe(1)y-P(2) 89.46(5)
P(1)-Fe(1)-P(6) 93.86(5) P(4yFe(1-P(3) 83.16(5)
P(4y-Fe(1y-P(5) 94.21(5) P(BFe(1)y-P(3) 90.77(5)
P(1)-Fe(1-P(5) 170.29(5) P(6)Fe(1)}-P(3) 170.53(5)
P(6)-Fe(1)-P(5) 82.60(5) P(5yFe(1)-P(3) 94.09(5)
P(4y-Fe(1-P(2) 175.38(5) P(2Fe(1}-P(3) 93.77(5)
P(1y-Fe(1y-P(2) 81.82(5)

a2The average FeP distance from the complexéstransFe(DHBuU-

were also unsuccessful because removing the water solvenpEe)Cl,, trans[Fe(DHBUPE)CO)(0SQ), transFe(DMeOPrPEBT;, trans

merely regenerated

The orange product was successfully isolated by reacting
cisFe(DMeOPrPESQ, (instead ofl ) with H,O. Dissolution
of the purplecis-Fe(DMeOPrPESQO, complex in HO gave
a purple solution that turned dark orange over a period of
24 h. The®P{H} NMR spectrum of the reaction mixture
showed a single resonance @t49.5 (s), identical to the
resonance that formed whémwas dissolved and reacted in
H,O. On addition of BaX (where X=CIlO,~ or NO;), a
white precipitate of BaS©formed. On removing the
solvent from the filtered reaction mixture, an orange oil

(37) Baker, M. V.; Field, L. D.; Hambley, T. Winorg. Chem.1988 27,
2872-6.

(38) ThelH NMR spectra of the molecules reported herein are relatively
broad and generally similar to the spectra of the uncoordinated
phosphine ligand. Consequently, they were nondiagnostic in terms of
checking for either purity of the sample or the identity of the molecule.
In contrast, thé'P{1H} NMR spectra, when observable, were simple,
had no overlapping resonances, and were spread over a wide range 0
chemical shifts. Thus, they provided an excellent means for character-
izing and identifying the products and for checking their purity. For
free ligandH NMR spectra, see Herbowski, A.; Deutsch, E.JA.
Organomet. Cheml993 460, 19 and reference 29.
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[Fe(DHBUPE) (CO)CI]*, andtrans-Fe(DHPrPE)CO)(OSQ) (DHPrPE
= 1,2-bis(bis(hydroxypropyl)phosphine)ethane).

resulted, which still showed #&P{*H} NMR resonance ai
49.5 (s; ethanotk).

X-ray analysis of orange crystals grown from the orange
oil revealed that the product was the octahedral, homoleptic
tris—chelate complex, [Fe(DMeOPrPHLIO 4], (Il —CIOq;
Figure 1; Tables 1 and 2). To our knowledge, this is the
first X-ray structural report of a homoleptic 'Feomplex
containing three bidentate phosphine ligands. (Although
homoleptic F& complexes with the bidentate DMPE and
DEPE phosphine ligands were recently synthes®eath
structural data were reported.) The average [Falistance
in Il —ClOy is 2.35 A, which is relatively long and indicative
of severe steric crowding at the'Feenter. (For comparison,
the average of the FeP distances iih, transFe(DHBUPE)CI,,
trans[Fe(DHBUPE)(CO)(OSQ), transFe(DMeOPrPEBT,,

ftrans‘r[Fe(DHBuPE) (CO)CII*, and transFe(DHPrPEy

(39) La Pensee, A. A.; Bickley, J.; Higgins, S.Jl.Chem. Soc. Dalton
Trans.2002 3241-3244.
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Table 2. Crystal Data and Structure Refinement for
[Fe(DMeOPIPEJ[2CIO,]

identification code jdg16sx
empirical formula GuH12CloFeQoPs
fw 1401.62

temp 153(2) K
wavelength 0.71073 A

cryst syst monoclinic
space group C2/c

a=25.5544(19) A
b=14.0778(10) A
c=41.888(3) A

unit cell dimens
£ =106.718(2)

vol 14432.2(18) A

z 8

density (calcd) 1.290 Mg/ftn
absorption coefficient 0.480 mrh

F(000) 6027.966

cryst size 0.11x 0.23x 0.27 mn¥

0 range for data collection 1.66(28.304

index ranges —10=h=32
—-18< k=18
—49<1=<43
reflns collected 26 802
independent reflns 14 383, 8436 2.00(1))
Rint 0.026
absorption correction none
refinement method full-matrix least-squaresFén
data/restraints/params 8436/0/757
GOF onF? 0.94

final Rindices | > 20(1)] R1 = 0.0585, wR2=0.1280
Rindices (all data) R%* 0.1094, wR2=0.1516
largest diff. peak and hole 0.86 anrd®.44 e A3

(CO)(0SQ) (DHPrPE = 1,2-bis(bis(hydroxypropyl)phos-
phine)ethane) is 2.28 &Y.

In order to investigate the mechanism by whikhis
formed, | was reacted in EtOH with excess DMeOPrPE
ligand. However, a solution ¢fwith 10 equiv of DMeOPrPE
in EtOH heated to 80C for 24 h gave ndl (eq 1), as
indicated by the absence of a pealdat9.5 in the>'P{*H}
NMR spectrum.

xs DMeOPrPE
EtOH, 80 °C, 24 hr

no reaction

M

c|:|
P, 1P
[P/ Ff\P]
cl
1 /\

F P = DMeOPIPE

Only on addition of 2 equiv of TIP& a CI- abstractor,
did Il form (eq 2):

P/»—|2+
"y DMeOPIPE, TIPF,
[ Fe\ j = EtOHrso c : [ ’ ‘ @
\/
| I
/\

P P = DMeOPrPE

The mechanistic implication of these results is that a

chloride ligand must be removed fromin order forll to

form. It is suggested that, because water is an excellent ;)

medium for solvating chloride ions, a chloride ligand will
dissociate from complex in H,O but will not dissociate
from | in EtOH. In support of this suggestion, it was found
that added chloride inhibited the formation of the purple
intermediate (and consequently alspsee Scheme 1) when
crystals ofl were added to an aqueous solution of NaCl
(1M).%° Following chloride loss in water, it is proposed that

some dissociation of DMeOPrPE ligand occurs from the

Scheme 2. Reactivity of thetransFe(DMeOPrPE)CI, Complex in
Aqueous Solution

” _H0,-Cr ” slow S\
[Fe\j [(Fe\j—>PP

P, | P
| fast EP;FE\V

+ Fe species

P P = DMeOPrPE

purple intermediate, which can then react with the purple
intermediate to formll .#* A straightforward experiment
confirmed this last suggestion: addition of free DMeOPrPE
ligand to an aqueous solution of the purple intermediate
resulted in the immediate formation of a dark orange solution.
The3!P NMR spectrum of this solution showed the formation
of [Fe(DMeOPrPE)?" (4 49.5), eq 3. To reiterate, the slow
formation ofll over 24 h in Scheme 1 is likely due to slow
dissociation of DMeOPrPE ligand from the purple complex.

P/\—| 2+
E ’Fe
J

DMeOPrPE

3)

purple intermediate

The stoichiometry of the reaction that forfisfrom | in
Scheme 1 was established by integrating the resonante at
49.5 in an inverse-gatédP{*H} NMR spectrum of a solution
of | reacted in HO for 24 h. The integration, referenced to
an internal [PBu4]Br standard, revealédithat 9.74x 102
mmols of Il formed from 1.85x 10°* mmol of I. (The
integration did not change after the addition of 10 equiv of
DMeOPrPE and 2 equiv of TIRFo the reaction solution.)
The 2:1 stoichiometry in eq 4 is thus suggested:

H,0

I
[Fe(F;Iz)sl[X] + Py + Fe'X )

P, = DMeOP(PE
X = 80,2 or 2Cr

2 Fe(Py),X

Identification of the Purple Intermediate. Although the
purple intermediate formed on addition lofo water could
not be isolated, several experiments suggest that this species
is thetransFe(DMeOPrPE)(H,0)CI" complex: (1) Addi-
tion of excess NaCl to an aqueous solution of the purple
complex (generated by the additionlofo water) results in

(40) The inhibition was complete because crystald did not dissolve
when they were added to the aqueous solution of NaCl.
In a similar set of experiments, no reactivity was observed veien
Fe(DMeOPrPESO, was heated to 80C in EtOH in the presence of
10 equivalents of DMeOPrPE. In this case, conversionl tavas
achieved only on addition of Ba(CKD, as monitored byP{1H}
NMR spectroscopy. The interpretation of these results is analogous
to the interpretation above for the reactivity lof addition of B&*
removes the sulfate ligand as BagS@®), which leads to DMeOPrPE
ligand dissociation from the complex. The uncoordinated ligand in
turn reacts with an aquated Fe(ll) species to fdkm
(42) See Supporting Information for details.
(43) No free phosphine is observed. It is likely bound to FeXee refs.
44—146.
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Scheme 3. Possible Pathways for the Heterolysis of id
Nonaqueous Solvents

[,J
C| —Mf \
[/ \]

cl
P, |
(oo \]
cl
1 -CI' Hy H—\ZJ'/(BH m
E, J

H—|+

the rapid re-formation (and precipitation) lof(2) Formation
of the purple complex is inhibited whdris added to a 1M
NaCl aqueous solution. (3) Compléxs regenerated when

the water is removed from an aqueous solution of the purple

intermediate generated from(4) The analogouans-Fe-
(DHBUPE)(H,0)(0SQ) complex forms whencis-Fe-
(DHBUPE)SQ, is dissolved in watet? In summary of these
results, it is proposed thdtreacts in water according to
Scheme 2.

Reactivity of trans-Fe(DMeOPrPE)CI, with H,. Het-
erolytic Actwation of H.. Previously, we reported thdt
reacted with Hin aqueous solvents to give products resulting
from H, heterolysis (eq 5¥° Specifically, it was shown that
| reacted with 2 equiv of KHin H,O to producetrans[Fe-
(DMeOPrPE)H(H,)ICI (Il —Cl) and H". The protons
released in the formation ¢t —Cl were shown to react with
complex! to degrade it and form [DMeOPrPEH3° and
the reaction stoichiometry in eq 5 was established. The
present study found thatcould be quantitatively converted
to Ill —ClI by addition of Proton Sponge (1,8 bis-(dimethy-
lamino)napthalenéj to the reaction solution (eq 6). Alter-
natively, Il —Cl was quantitatively formed if the reaction
of I with H, was run in a pH 7 aqueous solution buffered

with MOPS (3-(N-morpholino)propanesulfonic acid).
(fl Hz T c " (i)l "
P, | P n P )
3 [P/F‘e\P] 2[ ¥ 2Hpj + F|e +20!
cl ® cl ©)
| ni-c1
C|)I
PodoPy __HaPS . * 4+ 205
[P /F‘e\P] — e > [ PSH* + 2CI o
Cl

I m
PS = Proton Sponge

Complexlll —Cl is fluxional, as shown by the variable
temperaturéH NMR spectra of the hydride region (Figure
S3 in the Supporting Information). At temperatures above
253 K, the hydride region in thtH NMR spectra can be
explained by an intramolecular exchange processiM,)-
(HHP]" = [M(5>HH")(H)P4] ", as has been reported for

(44) Levason, W.; McAuliffe, C. A.; Khan, M. M.; Nelson, S. M. Chem.
Soc., Dalton Trans1975 1778-83.

(45) Baker, W. A. Jr.; Lutz, P. MInorg. Chim. Actal976 16, 5—8.

(46) Hermes, A. R.; Girolami, G. organometallics1987, 6, 763-8.

(47) Decomposition of was observed when conventional bases, such as
hydroxide or an amine, were used.
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other [Fef;?-H,)(H)P4] " complexeg®4° AH* andAS' for the
exchange of the hydrogen atomdians[Fe(DMeOPrPEy
(H)H]™ are 12.0& 1.3 kcal/mol and 4.6t 3.2 cal/mol K,
respectively, as measured by the line broadening method over
the temperature range-20 to 25 °C2 (See Supporting
Information for the Eyring plot.) These values are similar to
values reported for analogous complexes. (See Table 10, page
197 in reference 2.)

Although complexIll —ClI is stable in HO for weeks,
attempts to isolate the complex were unsuccessful because
it degraded when the solvent was removed under vacuum.
Likewise, removing the solvent with +hs a sweeping gas
yielded a yellow oil oflll —CI that decomposed when the
H, atmosphere was removét Finally, it is noted that
attempts to isolatdl —Cl by adding a nonpolar solvent and
precipitating the complex were also unsuccessful. The reason
is that the DMeOPrPE ligand imparts solubility to many
complexes in solvents spanning a wide range of polarities
(generally from HO to hexanes)* Thus, addition of a
nonpolar solvent had no effect on the solubility and the
complex could not be precipitated from solutitn.

The H-heterolysis reactions in eqs 5 and 6 were also
investigated in nonpolar solvents. When solutiond ai
diethyl ether, THF, or toluene were charged with 2 atm of
H>, no reaction occurred. Addition of Proton Sponge to the
reaction mixture also yielded no reaction. However, on
addition of a chloride abstractor (such as TR immediate
reaction was observed, as indicated by a color change (from
green to orange to yellow) and by the appearance if'fhe
{H} NMR spectrum of a resonance @88.9 (s), assigned
to complexlll —PF (eq 7). Additional NMR experiments
using an internal standard indicated quantitative conversion

of I to Ill —=PFs in these reaction®
(\;I H-|—H I
PP Ha, PS, 2TIPF, P, | P _
“Fet 2) i 6 1y W PSH+ PE TGl
[P’ F\Pj THF, ether, toluene [P/F‘e\Pj * + PFg + o
el L

1 mn
PS = Proton Sponge

The Hx-Heterolysis Pathway.As discussed in a prior
section, chloride ligand dissociation from complexioes
not occur spontaneously in nonaqueous solvents, and there-
fore addition of a chloride abstractor is required to produce
an open coordination site for bonding the, Hgand.
Following the addition of Hthere are two possible pathways
for the formation oflll —Cl (Scheme 3). The Hcan either
be heterolytically cleaved by reaction with a base (top path,

(48) Bautista, M. T.; Cappellani, E. P.; Drouin, S. D.; Morris, R. H;
Schweitzer, C. T.; Sella, A.; Zubkowski, J. Am. Chem. S0d.991,

113 4876-87.

(49) An example of intramolecular exchange by a pendant amine base was
recently reported by Dubois and Dubois. See Henry, R. M.; Shoe-
maker, R. K.; Newell, R. H.; Jacobsen, G. M.; Dubois, D. L.; Dubois,
M. R. Organometallic2005 24, 2481.

(50) Hydrogen bonding (DHHB) with the solvent is proposed to be
responsible for the observed stabilityldfCl in H,O. Szymczak, N.

K.; Zakharov, L. N.; Tyler, D. RJ. Am. Chem. SoQ006 128
15830-15835.

(51) All of the complexes mentioned in this paper are soluble,@ kEixcept
trans[Fe(DMeOPrPE)CHsCN),][PFe]2, which is described in the
Supporting Information.
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Figure 2. S1P{IH} NMR spectra (toluenesg) of I, 2 equiv of TIPF, 1
equiv of Proton Sponge, and: KL atm) after (a) 3 min at-15°C, (b) 16
min at 0°C, (c) 19 min at C°C, (d) 22 min at 15C, and (e) 12 h at room
temperature. Species are as follows: 60, (); 6 69.8, trans[Fe-
(DMeOPrPE)(H2)CI]™; 6 83.5,trans-Fe(DMeOPrPEHCI; 6 88.9, (II ).

85 80

Scheme 3), or a second-+4dubstitution may occur to give a
bis-y?-H, species (bottom path, Scheme 3). Note thiat
n?>-H, complexes are uncommon and typically are only
stabilized by second- and third-row transition metals such
as ruthenium or osmiuf#:>

NMR spectroscopy provided evidence for the upper
pathway in Scheme 3. Immediately after the addition of two
equivalents of TIPFand one equivalent of Proton Sponge
to a tolueneds solution of I in an NMR tube, the solution
was frozen in liquid nitrogen. While frozen, the headspace
of the NMR tube was evacuated and backfilled with an
atmosphere of H As shown in Figure 2, thé'P{‘H}
spectrum shows that after approximately 3 min-45 °C a
new species was formed. (THel NMR spectrum of the

By analogy to othetrans[Fe(P,).(H2)CI]* complexes (where
P, = a bidentate phosphine), the, Hgand in trans[Fe-
(DMeOPrPE)(H,)CI] ™ is likely acidic? and is subsequently
deprotonated to yieldransFe(DMeOPrPEYH)CI. This
argument is supported by the observation that aftE® min

at —15 °C the resonance characteristic tfansFe-
(DMeOPrPE)(H)CI at 6 83.5 began to appear with a
concomitant decrease in the resonances assigntdris
[Fe(DMeOPrPEXH,)CI]t (Figure 2). Similar observations
were observed in theH NMR spectrum; Figure S4. Note
that transFe(DMeOPrPE)YH)CI was generated indepen-
dently*? and has a characteristic resonance in ¥mg¢1H}
NMR spectrum abd 83.5, identical to that observed in Figure
2. That this species is a hydride is indicated by the doublet
in the 3P (uncoupled) NMR spectrum &t 83.5 and the
quintet observed in th#H NMR spectrum at —31.8. Both
resonances havk= 45 Hz, indicative ofis P—H coupling®®
The subsequent substitution of the secondIs H, to yield

[l —Cl is slow in the NMR tube, likely because of poor
mixing. As shown in Figures 2 and S4, after 12 h at room
temperature all of the orangeans-Fe(DMeOPrPE)H)CI
was converted tdll —Cl. In summary, these data strongly
suggest that the pathway for the heterolysis in nonaqueous
solvents occurs through the top pathway in Schem& 3.

In H,O, the mechanism of the reaction with kb give
trans[Fe(DMeOPrPEH,H]* is proposed to be the same as
in nonaqueous solvents. Recall that, in water, chloride
dissociates from compldxwithout assistance from a chloride
abstractor. A vacant coordination site is thus available for
the entering Hligand, if it is introduced immediately to the
system. (Control experiments showed thats inert to the
reaction with H.) The reaction ofl with H, is evident by
the immediate color change from purple to light yellow upon
charging the system with 44As shown in Figure S5 in the
Supporting Information, both the intermediate spetiass
[Fe(DMeOPrPEXH,)CI]*™ and transFe(DMeOPrPEHCI
are observed after 6 min at15 °C in an NMR experiment
similar to the one described above in toluene (with ethanol-
de/D,0, 60/40 wt %, substituted for toluerg). After 9 min
at —15 °C, lll —Cl is present in significant quantity,
suggesting that the deprotonation and subsequent substitution
(Scheme 3, top) are very fast.

reaction solution shows the same result. See Figure S4 in While intermolecular heterolysis cannot be ruled out, the

the Supporting Information). This new species is assigned
as thetrans[Fe(DMeOPrPEXH,)CI]* complex. This as-
signment is based on observation of a singlet resonante at
69.8 (s) in the’'P{*H} NMR spectrum, indicative of a trans
geometry, and a broad resonancedat24.2 (s, br) in the

IH NMR spectrum, which is typical of ap?-H, ligand!?

(52) The ligand DMeOPrPE is somewhat of a “universal solubilizer.”
Neutral complexes, such &sand even cationic species, such as of
trans[Fe(DMeOPrPEH(H2)]PFs (I1I-PF 6) (discussed below), are
soluble in solvents ranging from & to hexane. This selectivity
obstacle is another corollary (the first beingdHas a ligand or reactant)
that needs to be considered when bridging traditional nonaqueous
chemistry with aqueous chemistry.

(53) Smith, K.-T.; Tilset, M.; Kuhlman, R.; Caulton, K. @. Am. Chem.
Soc.1995 117, 9473-80.

(54) Sabo-Etienne, S.; Chaudret, ®oord. Chem. Re 1998 178-180,
381-407.

fact that the heterolysis of coordinated isl achieved without

the addition of an external base (and that a protonated
phosphine forms) suggests that the deprotonation step occurs
in an intramolecular step. Restated, it is suggested that an
uncoordinated arm of the phosphine ligand may act as the
base. Alternatively, because most dihydrogen complexes are
known to be acidic (K. < 15.7)%it is possible that KD is

basic enough to deprotonate thens[Fe(DMeOPrPEXH,)-

CI]* intermediate. This latter suggestion is consistent with
the observation that no free phosphine was observed and that

(55) See the references in Table 1 of ref 30.

(56) A similar mechanism has been proposed in ta@s-Fe(depe)Cl,
system.

(57) Fong, T. P.; Lough, A. J.; Morris, R. H.; Mezzetti, A.; Rocchini, E.;
Rigo, P.J. Chem. Soc., Dalton Tran&998 2111-2114.
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Table 3. Effective Magnetic Momentsug) at 23°C of a Series of
trans-Fe(R).Cl, Complexes in Various Solvents

complex tolueneads THF-dg MeOH-ds
transFe(DEPE)CI? 0.59 0.73
transFe(DMeOPrPEJCI; 0.63 1.03 1.18
trans-Fe(DPrPE)CI2 0.69 1.23

2Values taken from ref 37.

(DMeOPTE)Cl,. Although water is the solvent of choice for

N2-scrubbing reactions, it was not possible to tre@s-Fe-

(DMeOPTE)CI, in agueous solution because the complex

reacts with water (Scheme 2). Diglyme was therefore used

in its place. The isotherm for the uptake of by trans-Fe-

(DHBUPE)YHCI in diglyme is also shown in Figure 3. Note
Figure 3. N2 binding isotherms foil in dyglme (blue) andransFe- that_the_trans-Fe(DMeOPrEQClz complexis not as efficient
(DHBuPE)ZHCI in H2O (red). The chloride abstractor, NaBRl equiv) at binding N as transFe(DHBUPE)HCI. (Also note that
was used in the experiments involvihigThe physical solubilities of N the solubility of N, in H,O and diglyme is essentially the
and CH, are also shown. The metal complex concentrations were 0.2 M. Same‘?:s indicating that the increase inzl\absorption with
the Fe complexes present is attributed only to an-Rg
bonding interaction.)

A likely explanation for the difference in Nbinding ability
comes from the work of TuczeR;5°who reported that the
Pability of the Fe-N, bond in the [FeCI(M)(DEPE)]*
complex compared to [FeEHENDEPE)] " (where DEPE is
1,2-bis(diethylphosphino)ethane) is due to thermal population
(at room temperature) of a dissociative triplet state along
the Fe-N coordinate in [FeCI(B)(DEPE)Y]*. In contrast,
the Fe-N reaction coordinate for the [FEH{NDEPE)] "
complex does not have such a spin crossover, and hence this
inolecule is more thermally stable.

The substantially stronger ;Mbinding isotherm for the
transFe(DHBUPE)HCI complex compared tdransFe-
(DMeOPTE)CI; is also apparent from the reversibility of
the reaction of these complexes with,. NAs previously
reported, the reaction dfansFe(DMeOPrEXCI, with N,
was completely reversible at room temperatiiréhat is, a
reversible disappearance/reappearance of the IR stretch and
resonance in th&P{H} NMR spectrum was observed after
venting the reaction vessel and subsequently re-exposing it
to Np. The transFe(DHBUPE)HCI complex, on the other
hand, requires heating to 8& under reduced pressure to
achieve desorption of the,N

the conversion of to lll —Cl was quantitative in agqueous
solution buffered at pH 7 with MOPS.

In summary,l is inert to H in nonaqueous solvents in
the absence of a chloride abstractor and extraneous base. |
H.O, however, the reaction with Hs facile. In this latter
reaction, HO provides the medium necessary for the
dissociation of the chloride ligand(s), which allows for the
coordination and subsequent cleavage ef H

Reactivity of trans-Fe(DMeOPrPE)CI, and trans-Fe-
(DHBUPE),(H)CI with N ,. In order to utilize a reversibly
binding Nb—metal complex in a natural gas purification
scheme, the absorbent complex must be soluble in a solven
in which methane is not (e.g.,,B) and the absorbent must
be able to reversibly bind Nunder relatively gentle
conditions (i.e., at low temperature and pressures). In an
earlier pape?; we reported thatrans-Fe(DHBUPE)CI, and
trans-Fe(DMeOPrE)CI, reacted in methanol with Nn the
presence of NaBRIto yield the productgrans[Fe(DHBUPE)-
(N2)CIIBPh, and trans[Fe(DMeOPrPE)XN,)CI|BPh,, re-
spectively (eq 8). IR spectroscopy showed this reaction was
reversible, as indicated by the appearance of @iNNtretch
at 2094 cm?® when the solution was exposed tg &hd the
disappearance of the peak whepWwas removed.

BPh In summary of this section, it is noted that these complexes
¢] N, —| 4 . . . ..
P, | P Ny, BPh, P, | P ) fulfill the three requirements of a viable dinitrogen scrubber.
[P/Fiexpj MeOH [P/fopj v @® First, the complexes are soluble in solvents in which
cl cl dinitrogen and methane are not appreciably solublgd(H
b and, for the purpose of this study, diglyme). Second, they

P P = DMeOPrPE or DHBUPE . . ..
o or PR have a propensity to bind and release the dinitrogen under

The present study extended this result to aqueous solution "0n-severe conditions. And finally, the complexes are stable
in which it was found that theransFe(DHBUPE)HCI for Wee_ks under ab_sorptlon/c_iesorptlon conditions. _
complex reacted with Nin a reaction analogous to that in SQ'”“;)_” Magnetic Behavior of I and II. In prior
eq 8. (Thetrans Fe(DHBUPE)HCI complex was used in this ~ Studies}’ it was shown that water-insoluble FelfXx-type
study because it can be isolated and purifeRecall that complexes are paramagnetic in solution (although not in the
the trans-Fe(DMeOPrE)HCI species could not be isolated - - - —

. 58) Digl tilized in th tudies due to th tivity with
pure.) The isotherm for the uptake of, Ny transFe- ( )H;%Yme was utiized In these studies due to the reactivity
(DHBUPE)HCl in H>,O is shown in Figure 3. (59) Franke, O.; Wiesler, B. E.; Lehnert, N.; Naether, C.; Ksenofontov,

- T V.; Neuhausen, J.; Tuczek, Fhorg. Chem.2002 41, 3491-3499.

The effect of thgtrans I|gand on the N blndlng was (60) Franke, O.; Wiesler, B. E.; Lehn%rt, N.; Tuczek,Z.Anorg. Allg.

studied by comparingransFe(DHBUPE)HCI to trans-Fe- Chem.2002 628 2395-2402.
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Scheme 4. Coordination Equilibria of the Ligands in theansFe(DMeOPrPEXCI, Complex in Solution
Cl

nonaqueous solvent ) P”// Cl /—\
e [T
S | P Cl
Cl Cl
[P.,,,/F| \\.Pj
e\
G
Cl

L " )
S Fe(P” “P),CI* + Cl

H0, - Cr

result which suggests that +€I bond dissociation is likely
not involved in the solution paramagnetism.)

Additional experiments showed that the solution para-
magnetism of (and the othetrans-Fe(R).Cl, complexes)
increases with increasing solvent polarity (Table 3). Presum-
ably, the species in which one arm of the bidentate phosphine
is uncoordinated, and the species in which total loss of the
bidentate ligand occuts“ (top reaction in Scheme 4) are
polar and are stabilized in a more polar solvent.

One final observation about the magnetic properties of
these species needs comment, namely, the observation that
the 3'P{'H} NMR resonance ofl is observable at room
temperature, while that of is only observable at lower
temperatures (e.g40 °C). Apparently, ligand decoordi-
nation/recoordination il is slow on the NMR time scale.

Eigureé‘rl- P|0tS|0f magnetic ml;?g\ents in Sholutiﬁ_n fora Serifeﬂrafﬁs . This result is attributed to the higher molecular charg in
te%%)ezratzrg?g)pif)t(glie(feIragsF;(eS;?;eEa%ISZﬁ d't?gzlsa}fe(%E“P”S'Colz %" compared td. Consistent with this observation, experiments
data from ref 37. to measure the magnetic moment by the Evans method
showed that solutions of pulé are diamagnetic at room
solid state), and the magnetic moment in solution typically temperature. Note, however, that the product-containing
increases with increasing temperature. (Their paramagnetisnsolution from the reaction of with H,O (which contains
in solution explains why there are no observable resonanced!) has a magnetic moment that increases with increasing
in the 32P{*H} NMR spectrum at room temperature.) The temperature. This observation can be explained by the fact
solution paramagnetism and the increase in the magneticthat whenll is formed (eq 1), unligated (or low-coordinate)
moment with increasing temperature were attributed to F€' is also formed. Aqueous Fe(ll) is high spin (as is low-
equilibria involving decoordination/recoordination of a bi- Ccoordinate F&§)*#¢ and this accounts for the observation
dentate phosphine ligand (top reaction in Scheme 4). To of the high solution moments._ sz_ally, recall thatachlorlde
probe the magnetic behavior bfin nonaqueous solvents, abstractor such as TIRIs required in the reaction afwith

the solution paramagnetism was measured by the EvandizN nonaqueous solvents. This result suggests thatiti
method in toluene at various temperatures. A plot of magnetic not react at a vacant coordination site created by dissociation

moment versus temperature is shown in Figure 4. Note that,Of a phosphorus atom of_a coordinated phosphl_ne im
. . . other words, the mechanism for the reactionl afith H,
as in the case of the water-insoluble analogues, the magnetic . : g
) . ) does not involve the sequence: dissociation of afF&ond,

moment increases with increasing temperature.

- ) addition of H,, followed by displacement of chloride by a
Additional measurements showed that complexs recoordinating P atom.

diamagnetic in the solid state. To probe if the solution
paramagnetism is caused by rapid decoordination/recoordi-Key Insights and Conclusions

nation of a phosphine ligand, the room temperattiPgH} Water-soluble complexes with sHand N ligands are
NMR spectra of andcis-Fe(DMeOPTPEBQ, were obtained ncommon, and this study reports a number of new such
in EtOH both with and without 10 added equivalents of complexes based on an-Feis(bidentate phosphine) scaffold.
DMeOPTrPE. Consistent with the decoordination/ recoordi- gecause of their ability to bind Nor H, in aqueous solution,
nation hypothesis, resonances were observed only in thea potential application for these complexes is as gas scrubbers
solutions containing the added DMeOPrfi.is suggested o separate Nor H, from gas streams. This study demon-
that addition of the ligand drives the equilibria toward a strated that complexels Il and trans-Fe(DHBUPE)HCI
diamagnetic six-coordinate species. (In a related experiment,all bind N.. Because of its high Noinding, the latter complex
addition of 10 equiv of LiCl to an ethanol solution bhad in particular may be potentially useful for the separation of
no effect on the room temperatuf® NMR spectrum, a N, from CH, in a pressure swing scheme. The ease of N
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release in these complexes is affected by the trans ligand;reactions of polar double boné&®1f an appropriate catalyst
the N ligand is bound more strongly trans to hydride than could be developed that was soluble in a range of solvents
trans to chloride, a result likely explained by the presence then a wider array of molecules with varying functional
or absence of spin crossover in these complexes. With regardyroups would be accessible for such hydrogenations.

to Hy binding, it is noted that the Higand is acidic, which

often leads to the formation of a hydride complex, as was Acknowledgment. We thank the NSF for funding (NSF-
observed in the reaction dfansFe(DMeOPrPeLl, with CHE-0452004 and an IGERT fellowship to N.K.S and

H, to form transFe(DMeOPrPefH)H™ . J.D.G). W.K.M. and D.K.L acknowledge support from DOE-
A fundamental concern when doing aqueous transition METC and internal R&D funds from Bend Research, Inc.
metal chemistry is that water is a potential reacfartor Dr. M. Bushey is acknowledged for assistance with the mass

example, the ability of water to substitute for ligands or to spectrometer.

hydrolyze complexes is well-known. This study highlighted

another characteristic of water that must be considered when Supporting Information Available: Syntheses ofrans[Fe-
doing aqueous chemistry, namely the ability of water to (DMeOPrPE)(MeCN)][PFe],, transFe(DHBUPE)HCI, andtrans-
induce ligand dissociation from a complex because of its Fe(DMeOPrPEHCI. Crystallographic information fotrans[Fe-
increased polarity and solvating ability compared to organic (DMeOPrPEXMeCN)|[PFe], andcis-Fe(DHBUPEXSQ), including
solvents. In particular, it was found that chloride ligand the .cif files and tables of bond lengths and angles. Mass spectra,
readily dissociates fromin aqueous solution. This reactivity ~including isotope patterns, ofrans{Fe(DMeOPrPEX(CO)]",

is not found in nonaqueous solvents, where instead ant@ns[Fe(DMeOPrPEH(CHCN)]", trans{Fe(DMeOPrPEH-

T . . . . + i " 1]
equilibrium involving coordinated and uncoordinated phos- f\IN'\jl)g{ ' andt" ' \ﬁrr']ab]!e tenzperztf 2?; ';‘HMRNif;Ctra Otﬂ”' 1';
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demonstrated herein, has potential applications in a number

of areas. For example, the heterolytic cleavage efiged 10615700
proposed to be an important step in ionic hydrogenation
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