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R) R = Ph (2a), Cy (2b), Bu (2c), iPr (2d), and 2-picolylamine (P,NN-R) R = Ph (3a), Cy (3b), ‘Bu (3c), have been synthesized via
a versatile, one-pot, single-step, reductive amination of tertiary phosphine acetaldehydes with the amine by reaction with

STAB (where STAB is sodium(triacetoxy)borohydride). Ligands 1b and 1c bridge between paramagnetic Co(ll) and form

dimeric complexes Co,Cl,(APyPNN-R), (4 and 5) when reacted with cobalt dichloride. Ligands 2a-c coordinate in a tridentate
fashion forming chelate complexes MCl,(AQPNN-R) M = Co(ll) (6-8), and, for 2d, the Fe(ll) complex FeCl,(AQPNN-Pr) (9). A
solution magnetic susceptibility value for 9 of 3.9 g4 is consistent with a monomer-dimer equilibrium. The synthesis of the

dimeric complex [FeCl,(AQPNN-Ph)], (10) using 2a as well as solid state magnetic susceptibility measurements on 9 and 10

confirm this phenomenon. Ligand 3a coordinates to Fe(ll) in an interesting tetradentate fashion despite bearing a tertiary

amine moiety giving octahedral FeCl,(P,NN’) (11). All of the metal complexes have been characterized by elemental analysis,

paramagnetic *H NMR spectroscopy, solution magnetic susceptibility, and single crystal X-ray diffraction (XRD).

Introduction

A broadly successful strategy for the synthesis of base metal
catalysts is the use of chelating ligands based on phosphorus
and nitrogen. A preference for the use of base-metals such as
iron, cobalt, and manganese has gathered momentum in recent
years due to their cost-effectiveness and environmentally
benign properties. The well-known PNP pincer framework has
been used with cobalt,’® manganese,”'* and iron'>=3° for a
wide variety of different catalytic applications. Replacing a
phosphorus donor with nitrogen to give PNN pincer ligands
such as those reported by Milstein for water oxidation3! have
seen use with noble,32%2 and base-metals.*3%¢ Popular PNN
ligand scaffolds used with iron are bipyridine-based,**’
however other scaffolds based on pyridine-pyrazole, 334849
iminopyridine,”® and picolylamine as well as 2-
methanaminemethylimidazole®! have been reported with iron
and cobalt. The use of phosphonium dimers has been
instrumental in the synthesis of iron complexes in our
group.242>3052-62 Theijr air and moisture stability, ease of
synthesis,®® and handling make them an important class of
reagents to perform metal-mediated template synthesis or
reductive aminations. Typically, other syntheses of PNP and
PNN ligands require multiple steps and the use of highly
reactive, air-sensitive PR,™ phosphides. In this study, we report
the synthesis of novel PNN’ and P,NN’ pincer ligands in a single
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step via reductive amination between in situ generated
phosphine aldehydes and inexpensive commercially available
primary amines. This synthetic method utilizes easy-to-handle
reagents, and is a convenient alternative to conventional
phosphide nucleophilic substitution that is typically
encountered for the synthesis of this class of ligand. In the case
of 2a-d, these ligands have a preference to bind the metal
centre in a fac geometry which although is known for some
pincer type ligands, it is uncommon.®* Their coordination
chemistry with earth-abundant transition metals iron and
cobalt is investigated.

Results and Discussion

Synthesis and Coordination Chemistry of Ligands 1 & 2

Adopting synthetic methodology from a study published
recently in our group utilizing phosphonium dimers to
synthesize a variety of chiral P-NH-P’ ligands,>> a reductive
amination of a-phosphinoacetaldehydes with 2-aminopyridine
was carried out leading to the synthesis of PNN’ ligands 1a-c in
40-45% yield (Eq 1, Scheme 1). The a-phosphinoacetaldehydes
are generated in-situ upon deprotonation by two equivalents of
base. The hydride of STAB acts as the base as confirmed by the
observation of vigorous H, gas evolution. These ligands have
been fully characterized by *H and 3P NMR spectroscopy and
mass spectrometry and, in the case of 1a, single crystal X-ray
diffraction (see experimental section and supporting
information). In the synthesis of 1la where the phosphine
moiety contains aromatic substituents, an alcohol side product
(approx. 50% of total) was characterized by 3P NMR
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spectroscopy (8 = -23.9 ppm) and mass spectrometry (m/z =
231[M+H]*) to be 2-diphenylphosphinoethanol.

1.2 STAB
OH—l (Br), N THF, 3 A sieves, @
R,P + |l rt,18h
05 _ J Ny~ PR Eq. 1
Hoﬂ.\/Pnz N7 NH, 2. ag. workup NTON
APYPNN-R (1)
R = Ph (a), Cy (b), i-Bu (c)
40-45%
1.2 STAB N
o}-r| (B2 | = THF, 3 A sieves, | _
ReP + N7 rt, 18 h N Eq.2
HO,JJK/F’Rz NH, 2. aq. workup HN\/\PRz
AQPNN-R (2)
R =Ph (a), Cy (b), i-Bu (c), i-Pr (d)
54-59%
1.4 STAB
OH—| (Br) \ THF, 3 A sieves, O (\PRZ
AP Y . | rt,18h D Eq.3
o PR, N NHz 2. ag. workup N ~" PR,
P,NN'-R (3)

R =Ph (a), Cy (b), i-Bu (c)
32-61%

Scheme 1. Synthesis of PNN’ & P,NN’ ligands via reductive amination.

Although STAB is known to be a relatively mild reducing agent
and a popular choice for reductive amination reactions, the
reagent is known to reduce aldehydes.?> 2-aminopyridine acts
as a poor nucleophile in this reductive amination owing to the
nitrogen lone pair being in conjugation with the aromatic m
system of the pyridine ring. The slow reactivity of this amine
with respect to nucleophilic attack combined with an increased
stability of the in-situ generated aromatic phosphine aldehyde
as opposed to an alkyl phosphine aldehyde may lead to the
reduction of the aldehyde to the corresponding phosphine
alcohol. Conventional methods to try and remove the alcohol
side product such as washing the residue with dilute KOtBu
were unsuccessful. Due to the ligand being an air-stable solid as
opposed to an oil as with 1b and 1c, the alcohol could be
removed by crystallization of 1a from a THF solution (Figure
S46).

When reacted in slight excess with anhydrous cobalt dichloride
in THF at room temperature, ligands 1b and 1c do not form a
chelate with the metal but rather act as bridging ligands,

A

RoP { /
\ H
Q 0.9 CoCl, \ ci=Co~g
N/ N/\/PRz THE c-CoiCl \
H H PR,
N N\/
—
|

R = Cy (4) 30%
i-Bu (5) 40%

Scheme 2. Synthesis of cobalt dimers 4 and 5

forming dimeric cobalt complexes 4 and 5 (Scheme 2). Single
crystal XRD studies of 4 and 5 (Fig. 1) show that the cobalt(ll)
centres are crystallographically equivalent and distorted
tetrahedral, with one tertiary phosphorus, one pyridyl and two
chloride ligands. The aniline-like moieties are planar, resulting

2| J. Name., 2012, 00, 1-3

in an extended structure with large Co-Co distances . .of
7.2481(9) and 7.8882(8) A for 4 and 5)I:FéspBetively 0B6tR
structures have NH..Cl hydrogen bonds with d(H..Cl) 2.54(4) A
for4 and 2.52(5) for 5. The inability of ligand 1 to chelate is likely
due to the weakly basic nature of the aniline-like amino group
and the unfavourable ring strain that would be present in a 4-
membered Co-N-C-N ring. The only example reported in the
Cambridge Structural Database (CSD) of a transition metal
forming such a chelate is the octahedral nickel complex
[NiBr{N(CH,CH,;NHpy)s}]* that has one chelated NHpy group
with an N-Ni-N bite angle of 63.3°.6¢ Only two other dimeric
structures Co,(p-PN),Cl, with phosphino-oxazoline ligands have
been reported; however the Co-Co distances were shorter
(5.81, 6.02 A) and monomeric complexes could be isolated by
increasing the steric bulk o to the nitrogen atom in the

oxazoline ring.%”

Fig. 1. X-ray structures of 4 (top) and 5 (bottom). Ellipsoids are shown at 50% probability.
Carbon-bound hydrogen atoms have been omitted for clarity. Selected bond lengths (A)
and angles (deg) for 4: Co(1)-N(1) 2.056(3), Co(1)-Cl(1) 2.2252(11), Co(1)-Cl(2)
2.2573(11), Co(1)-P(1) 2.3764(10), N(1)-Co(1)-Cl(1) 109.19(9), N(1)-Co(1)-Cl(2)
109.65(9), Cl(1)-Co(1)-CI(2) 115.31(5), N(1)-Co(1)-P(1) 106.04(9), CI(1)-Co(1)-P(1)

108.19(4), Cl(2)-Co(1)-P(1) 108.03(4); for 5: Co(1)-N(1) 2.057(3), Co(1)-Cl(1) 2.2348(9),
Co(1)—CI(2) 2.2573(9), Co(1)}-P(1) 2.3846(9), N(1)-Co(1)}-Cl(1) 105.13(8), N(1)-Co(1)-
Cl(2) 110.69(8), CI(1)-Co(1)~Cl(2) 111.57(4), N(1}-Co(1)-P(1) 106.52(8), Cl(1)-Co(1)-P(1)
121.05(4), Cl(2)-Co(1)-P(1) 101.72(4).

Taking into consideration the unfavourable formation of a 4-
membered ring about the metal centre, ligands 2a-d were

This journal is © The Royal Society of Chemistry 20xx
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designed to prevent the dimerization observed with 1b and 1c.
Following the same reaction procedure as in the synthesis of 1a-
¢, reductive amination of the a-phosphinoacetaldehydes with
8-aminoquinoline proceeds very rapidly as judged by the
appearance of a deep red colour (Eq 2, Scheme 1). In all cases,
the reaction appeared to be complete after 90 minutes,
however stirring was continued overnight as a precaution. The
synthesis of 2a was also conducted using “wet” benchtop
solvent, and the workup was done without using air-free
Schlenk techniques. This did not have any detrimental impact
on the yield or purity of the final product. No reactions in air
were attempted for non-aromatic phosphines and ligand 2a
that was used for the synthesis of 6 was made air-free.

The 'H and 13C NMR of 2c and 2d are particularly interesting as
chemical inequivalence is observed for the terminal methyl
groups of the P'Bu, and P'Pr, moieties (see Sl for full spectra). In
the 'H NMR of 2c the methyl groups are observed as two
distinct doublets and for 2d, the methyl groups are observed as
two distinct overlapping doublets of doublets. Similarly, in the
13C NMR an extra doublet is observed in the aliphatic region.
This has also been observed in a related PNP ligand in which
PiPr, methyl groups were observed by 'H and 3C NMR to
display chemical inequivalence.®® The diastereotopic nature of
the methyl groups arise from the pyramidal geometry about the
phosphorous atom. Diastereotopic methyl groups were also
found to be present in 1c. When R = Ph or Cy as in 2a/2b and
1a/1b, diastereotopic CH or CH, protons were not observed due
to a large number of overlapping signals.

Compounds 2a-d were reacted with an equimolar amount of
anhydrous MCl, (M = Co, Fe) to afford the corresponding 5-
coordinate pincer complexes 6-9 (Scheme 3).

The two 5-membered rings formed about the metal centre, as
confirmed by single crystal XRD (Fig. 2-4), promote the
formation of a mononuclear chelate complex as opposed to the
bridged binuclear complexes observed with ligands 1b and 1c.
Complexes 6-9 adopt a distorted trigonal bipyramidal (TBP)
geometry with the NH and a Cl in the axial positions and the
imine, phosphorus, and chloride ligands in the equatorial
Complexes 6-8 have solution magnetic susceptibilities of g =
3.9, 4.2, and 4.2 ug respectively. These values are consistent
with a high-spin (HS) 5-coordinate cobalt(ll) centre with 3
unpaired electrons. In the sold state, 8 crystallizes as a 1:1
mixture of enantiomers (Fig. 3) that are assigned (R)/(S)-

M = Co, R = Ph (6) 91%
M = Co, R =Cy (7) 81%
M = Co, R = i-Bu (8) 75%
M = Fe, R = i-Pr (9) 87%
Scheme 3. Synthesis of 6-9.

A similar phenomenon was observed by our group with cis-f
iron(ll) complexes that exist in the solid state as 1:1 mixtures of

This journal is © The Royal Society of Chemistry 20xx
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diastereomers.>® Unfortunately, due to the paramagnetic
nature of these metal complexes, the usbfAL0EY S NIMRES
futile for determining the ratio of the diastereomers in solution
(see Sl for paramagnetic H NMR spectra). The presence of both
diastereomers in the solid state is possibly due to the steric bulk
of the phosphine moiety being located further away from the
metal centre. Isobutyl substituents are more flexible than
isopropyl and cyclohexyl substituents respectively in addition to
the bulky CH(CHs), fragments being located B to the
phosphorus atom as opposed to a for isopropyl and o for the
CH(CH,;), fragments in cyclohexyl. position. Related dichloride
cobalt(ll) complexes bearing picolyl-based PNN ligands have
been reported and are useful for the transfer hydrogenation of
nitriles®! and isomerization of olefins.®®

J. Name., 2013, 00, 1-3 | 3
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Fig. 2. X-ray structures of 6 (left) and 7 (right). Ellipsoids are shown at 50% probability. Carbon-bound hydrogen atoms have been omitted for clarity. Selected bond lengths (A) and
angles (deg) for 6: Co(1)-N(2) 2.098(2), Co(1)-N(1) 2.285(3), Co(1)-CI(1) 2.3087(8), Co(1)-Cl(2) 2.3283(9), Co(1)-P(1) 2.4013(8), N(2)-Co(1)-N(1) 74.94(9), N(2)-Co(1)-Cl(1)
125.15(7), N(1)-Co(1)-Cl(1) 87.08(7), N(2)-Co(1)-Cl(2) 95.07(7), N(1)-Co(1)-Cl(2) 170.00(7), Cl(1)-Co(1)-Cl(2) 98.68(3), N(2)-Co(1)-P(1) 114.69(7), N(1)-Co(1)-P(1) 79.85(6), Cl(1)}—
Co(1)-P(1) 112.20(3), CI(2)-Co(1)-P(1) 105.21(3); for 7: Co(1)-N(2) 2.078(4), Co(1)-N(1) 2.277(4), Co(1)-CI(1) 2.2988(14), Co(1)-Cl(2) 2.3232(14), Co(1)-P(1) 2.3812(15), N(2)-Co(1)-
N(1) 77.09(16), N(2)-Co(1)-CI(1) 115.14(12), N(1)—-Co(1)-CI(1) 84.11(11), N(2)-Co(1)-Cl(2) 98.06(12), N(1)—-Co(1)-Cl(2) 174.04(12), CI(1)-Co(1)-CI(2) 101.21(6), N(2)-Co(1)-P(1)
120.05(13), N(1)-Co(1)-P(1) 79.56(11), CI(1)—-Co(1)-P(1) 116.26(6), Cl(2)-Co(1)-P(1) 100.22(6);

C15A

C16A C178

C18A c198

Fig. 3. X-ray structures of 8 depicting the two configurations (R)-NH (left) and (S)-NH (right). Ellipsoids are shown at 50% probability. Carbon-bound hydrogen atoms have been
omitted for clarity. Selected bond lengths (A) and angles (deg) for (R)-NH: Co(1A)-N(2A) 2.108(4), Co(1A)-N(1A) 2.260(5), Co(1A)—CI(1A) 2.3032(16), Co(1A)—CI(2A) 2.3243(16),
Co(1A)-P(1A) 2.4108(14), N(2A)—-Co(1A)-N(1A) 75.59(16), N(2A)-Co(1A)—CI(1A) 95.54(13), N(1A)—-Co(1A)-CI(1A) 169.17(12), N(2A)—-Co(1A)-CI(2A) 114.50(13), N(1A)-Co(1A)-CI(2A)
85.79(13), CI(1A)—Co(1A)-Cl(2A) 103.77(6), N(2A)—-Co(1A)-P(1A) 128.78(13), N(1A)—-Co(1A)-P(1A) 79.47(11), CI(1A)-Co(1A)-P(1A) 102.07(5), CI(2A)—-Co(1A)-P(1A) 107.32(5); for (S)-
NH: Co(1B)-N(2B) 2.111(4), Co(1B)-N(1B) 2.279(5), Co(1B)-CI(1B) 2.2941(16), Co(1B)—Cl(2B) 2.3265(16), Co(1B)-P(1B) 2.4106(14), N(2B)-Co(1B)-N(1B) 75.46(16), N(2B)-Co(1B)—
CI(1B) 95.22(13), N(1B)-Co(1B)-CI(1B) 169.19(12), N(2B)-Co(1B)-Cl(2B) 115.10(13), N(1B)-Co(1B)-Cl(2B) 85.62(13), Cl(1B)-Co(1B)-Cl(2B) 103.55(7), N(2B)-Co(1B)-P(1B)
127.77(13), N(1B)-Co(1B)-P(1B) 79.44(11), CI(1B)-Co(1B)-P(1B) 102.76(5), C/(2B)—-Co(1B)-P(1B) 107.63(5).

4| J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins



http://dx.doi.org/10.1039/c8dt04058c

Page 5 of 12

Published on 16 January 2019. Downloaded on 1/21/2019 2:05:15 AM.

Fig. 4. X-ray structures of 9. Ellipsoids are shown at 50% probability. Carbon-bound
hydrogen atoms have been omitted for clarity. Selected bond lengths (A) and angles
(deg): Fe(1)-N(2) 2.1626(15), Fe(1)-N(1) 2.2942(16), Fe(1)-CI(2) 2.3205(5), Fe(1)-Cl(1)
2.3359(5), Fe(1)-P(1) 2.4462(5), N(2)-Fe(1)-N(1) 74.53(6), N(2)-Fe(1)-Cl(2) 94.79(4),
N(1)-Fe(1)-CI(2) 167.97(5), N(2)-Fe(1)-Cl(1) 119.57(4), N(1)-Fe(1)-Cl(1) 86.01(4), CI(2)-
Fe(1)-Cl(1) 104.39(2), N(2)-Fe(1)-P(1) 115.22(4), N(1)-Fe(1)-P(1) 80.49(4), Cl(2)-Fe(1)—
P(1) 99.63(2), CI(1)-Fe(1)-P(1) 116.94(2).

8 is also much more distorted from ideal TBP geometry with a
75 value’® of 0.67 whereas 6, 7 and 9 experience less distortion
and have 75 values of 0.75, 0.90, and 0.81 respectively.
Solution magnetic susceptibility measurements of 9 did not give
a Les value consistent with what would be expected for HS 5-
coordinate iron(ll). A value of tef = 3.9 1z was measured. We
believe that in solution, an equilibrium between monomeric 9
and a dimeric complex exists that heavily favours the dimeric
form. A dimeric complex will experience some degree of
antiferromagnetic coupling between the two metal centres and
therefore have a lower effective magnetic moment per metal
centre than its corresponding monomer. Evidence for the
existence of a potential dimeric form of 9 was obtained when
ligand 2a is reacted with an equivalent of FeCl, to give dimeric
complex 10 (Scheme 4).

_ FeCl,

ol THF
" ppn,

(10) 91%

Scheme 4. Synthesis of dimeric complex 10.

Complex 10 exists exclusively as a dimer in the solid and
solution state and has been characterized by elemental
analysis, paramagnetic 'H NMR, and single crystal XRD (Fig. 5).
The low solubility of 10 in common NMR solvents did not allow
an accurate solution magnetic susceptibility value to be

This journal is © The Royal Society of Chemistry 20xx
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Fig. 5. X-ray structure of 10. Ellipsoids are shown at 50% probability. Carbon-bound
hydrogen atoms have been omitted for clarity. Selected bond lengths (A) and angles
(deg): Fe(1)-N(2) 2.211(2), Fe(1)-N(1) 2.259(2), Fe(1)-CI(2) 2.3455(7), Fe(1)-Cl(1)
2.4872(7), Fe(1)-P(1) 2.5485(7), N(2)-Fe(1)-P(1) 84.08(5), N(1)-Fe(1)-P(1) 81.60(6),
Cl(2)-Fe(1)-P(1) 103.09(3), Cl(1)-Fe(1)-P(1) 94.29(2)..

measured. In order to further investigate the proposed dimeric
complex formation in solution for 9, the solid state magnetic
susceptibility of 9 and 10 were measured. Variable
temperature SQUID measurements from 5-300 K in a constant
magnetic field of 1000 Oe (0.1 T) gave a calculated ¢ value of
5.2 pp for 9 and 7.4 ug for 10 with an average ¢ of 3.7 1 per
iron centre. This value for 9 is in agreement with a 5-coordinate
HS iron(ll) centre with 4 unpaired electrons. The value of 7.4 4
for 10 is consistent with other chloride-bridged dinuclear
iron(ll) complexes with multiple nitrogen donors.”>72 A solid
state magnetic moment measurement of 5.2 z for 9 indicates
that in solution, a monomeric structure is not retained. A
potential dimeric species can be observed when the 'H NMR
spectra of 9 and 10 are compared (Fig. S45). Complexes 9 and
10 share two common peaks in their 'H NMR at ~43 and 30
ppm. These peaks can be assigned as part of the
aminoquinoline ligand in a dimeric compound as it is the only
common functionality between 9 and 10 apart from the
ethylene linker. Additionally, at reduced concentration, less
dimer is expected to be present in solution. When the *H NMR
is measured for 9 at half concentration (Fig. S45-lIll) the
resonance at 43 ppm assigned to a dimeric complex reduces in
intensity and the resonance at 24 ppm experiences a 1 ppm
shift approximately to 23 ppm. These changes are attributed
to a small drop in concentration of the dimeric species.

Synthesis and Coordination Chemistry of Ligand 3

If reductive amination is carried out with a primary amine
substrate that lacks substitution o to nitrogen, the tertiary
amine is preferentially produced. Performing reductive
amination with 2-picolylamine affords the tripodal ligands 3a-c
(Eq 3, Scheme 1). Using the same 2:1 molar equivalent of

J. Name., 2013, 00, 1-3 | 5
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phosphonium dimer to amine as in the synthesis of 1 and 2
results in the formation of a minor amount of mono-alkylated
product, as observed by 3!P NMR and mass spectrometry.
Attempts to isolate the mono-alkylated product were carried
out through N-atom protection using BOC (tert-
butyloxycarbonyl) and tosyl (p-toluenesulfonyl) groups;
however, this rendered the amine too weakly nucleophilic to
participate in the reaction. Recovery of the N-protected starting
material and reduction of the phosphine aldehyde to the
phosphino alcohol were observed. Altering the stoichiometry to
a 1:1 ratio of phosphonium dimer and amine affords the di-
alkylated compound as the only product. Iron(ll) was selected
as the metal of choice to coordinate this ligand due to the
favourable formation of a d® octahedral 18-electron complex as
opposed to a 19-electron complex with cobalt(lIl). Reaction with
[Co(NH3)sCI]Cl, was attempted; however the insolubility of the
salt in organic solvents left coordination to cobalt(lll)
unsuccessful. When reacted with an equivalent of FeCl, in THF
(Scheme 5), 3a coordinates in a tetradentate fashion forming a
pseudo-octahedral complex 11.

S (\Pth FeCl, N—Te’;C'
N/ N\/\Pph THF =N —Pphz
\
(11) 83%

Scheme 5. Synthesis of 11.

Fig. 6. X-ray structure of 11. Ellipsoids are shown at 50% probability. Hydrogen atoms
have been omitted for clarity. Selected bond lengths (A) and angles (deg): Fe(1)-N(2)
2.229(2), Fe(1)-N(1) 2.325(2), Fe(1)-Cl(1) 2.3307(8), Fe(1)-Cl(2) 2.4470(8), Fe(1)-P(2)
2.5079(9), Fe(1)-P(1) 2.6110(9), N(2)-Fe(1)-N(1) 75.36(8), N(2)-Fe(1)-Cl(1) 95.37(6),
N(1)-Fe(1)-Cl(1) 170.64(6), N(2)-Fe(1)-Cl(2) 162.97(6), N(1)-Fe(1)-CI(2) 88.34(6), CI(1)—
Fe(1)-CI(2) 101.01(3), N(2)-Fe(1)-P(2) 94.56(6), N(1)-Fe(1)-P(2) 80.32(6), Cl(1)-Fe(1)-
P(2) 99.33(3), Cl(2)-Fe(1)-P(2) 87.40(3), N(2)-Fe(1)-P(1) 81.84(6), N(1)-Fe(1)-P(1)
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80.29(6), CI(1)-Fe(1)-P(1) 100.01(3), Cl(2)-Fe(1)-P(1) 90.69(3), P(Z/l—Fe(l —P(1)
View Article Online
160.57(3).

DOI: 10.1039/C8DT04058C
The phosphines coordinate trans as confirmed by single crystal
XRD (Fig. 6) having a P—Fe—P bond angle of 160.57(3) °. Complex
11 exists as a paramagnetic compound and as such is 3P NMR
silent. To our knowledge, complex 11 is only the second
reported iron(ll) complex bearing two phosphine, two nitrogen,
and two chloride ligands and the first utilizing a tetradentate
ligand framework. The first, reported by Kirchner et. al.”® was
found to be a spin crossover complex. A preliminary
magnetochemistry investigation of 11 did not provide evidence
for similar spin crossover properties.

Conclusions

A variety of novel PNN’ & P,NN’ ligands 1-3 have been
synthesized via a one-pot reductive amination with phosphine
aldehydes. This one step reaction with minimal product
purification allows a convenient access to useful multidentate
phosphorous-nitrogen ligands. Compounds 1 behave as
bridging ligands between two metal centres and form dimeric
cobalt complexes 4 and 5. Compounds 2 coordinate iron and
cobalt dichloride as tridentate ligands forming 5-coordinate
paramagnetic mononuclear complexes 6- 9. The cobalt complex
8 exists in the solid state as a 1:1 mixture of enantiomers with
chirality at nitrogen. Compound 3a coordinates iron dichloride
as a tetradentate ligand giving rise to 6-coordinate complex 11.
Complexes 4-11 have been crystallographically characterized.
The use of 4-11 in catalytic applications is currently under
investigation.

Experimental Section

General Considerations

All experimental procedures and manipulations were
conducted under a dinitrogen or argon atmosphere using
standard Schlenk-line and glove box procedures unless
otherwise stated. All solvents were degassed and dried using
standard procedures prior to all procedures. Washing solutions
were degassed prior to use. 2-aminopyridine, and 2-
picolylamine were purchased from Sigma Aldrich and used
without further purifications. 8-aminoquinoline was purchased
from Alfa Aesar and used without further purification.
Phosphonium dimers were synthesized according to literature
procedures®33° or received from Digital Specialty Chemicals. All
other reagents were purchased from commercial sources and
used without further purification. NMR spectra were recorded
at ambient temperature and pressure using an Agilent 500 MHz
spectrometer with a OneNMR H/F{X} Probe (500 MHz for H,
126 MHz for 13C, 202 MHz for 3P, and 160 MHz for 11B), or an
Agilent DD2-600 MHz spectrometer (600 MHz for 'H, 151 MHz
for 13C, and 242 MHz for 3'P) unless stated otherwise. The H
and 13C NMR were measured relative to partially deuterated
solvent peaks. 3P chemical shifts were measured relative to
85% phosphoric acid as an external reference. B chemical
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shifts were measured relative to BF3Et,0 as an external
reference. NMR assignments were made based on *H-COSY,
and H-13C-HSQC NMR spectroscopy. The elemental analyses
were performed on a Perkin-Elmer 2400 CHN elemental
analyser. Solution magnetic susceptibilities were measured at
25 °C by a method originally described by Evans. A solution of
the compound in CDClsz/cyclohexane (95/5 v/v) was prepared.
The external standard consisted of a flame-sealed capillary
containing CDClz/cyclohexane (95/5 v/v). The chemical shift
difference of cyclohexane between the inset and the solution
was used to determine the magnetic moment peg All
measurements were run in duplicate at minimum.

N-(2-(diphenylphosphinyl)ethyl)pyridin-2-amine (1a)

A vial was charged with 2-aminopyridine (94 mg, 1.0 mmol),
phenyl-substituted phosphonium dimer (309 mg, 0.5 mmol),
and sodium(triacetoxy)borohydride (424 mg, 2.0 mmol). THF (6
mL) was added and the mixture was stirred over 3 A MS for 18
hours. The solvent was removed in vacuo and the residue was
dissolved in DCM (10 mL) and transferred to a 25 mL Schlenk
flask. On the Schlenk line under argon, an air-free wash with
saturated, degassed NH,Cl (2x10 mL), and degassed H,0 (2x10
mL) was conducted. The solution was dried over MgSQO,,
filtered, and passed through a short neutral alumina plug. The
solvent was removed to give a white solid that was
recrystallized by slow evaporation of a THF/pentane mixture
(125 mg, 41%). 3'P{*H} NMR (202 MHz, CDCl5) &: -21.38 ppm.
1H NMR (500 MHz CDCls;) 8: 2.39-2.42, m, 2H, (CH.,), 3.42-3.48,
m, 2H, (CH.,), 4.62, s(br), 1H, (NH), 6.23-6.25, d (J = 8.4 Hz), 1H,
(Py-H), 6.53-6.56, m, 1H, (Py-H), 7.32-7.47, m, 11H, (PPh,, Py-
H), 8.06-8.08, m, 1H, (Py-H). MS-DART m/z calculated for
[Ci9H20N,P]*: 307.1359, found: 307.1358.

N-(2-(dicyclohexylphosphinyl)ethyl)pyridin-2-amine (1b)

The same general procedure was followed as in the synthesis of
1a but using the cyclohexyl-substituted phosphonium dimer
(321 mg, 0.5 mmol). Pale-yellow oil that was used without
further purification (136 mg, 43%). 3!P{!H} NMR (242 MHz,
CDCl5) 8: -10.57 ppm. H (500 MHz, CDCl5) &: 1.16-1.24, m(br),
10H, (Cy-CH,), 1.52-1.57, m(br), 2H, (Cy-CH), 1.66-1.78, m(br),
12H, (Cy-CH, & P-CH,), 3.35-3.40, q(br), 2H (P-CH,), 4.90, s(br),
1H (NH), 6.36, d(br), 1H, (py-H), 6.52-6.55, m, 1H, (py-H), 7.36-
7.40, m, 1H, (py-H), 8.07, s(br), 1H, (py-H). MS-DART m/z
calculated for [CigH3;N,P]*: 319.2298, found: 319.2304.

N-(2-(diisobutylphosphinyl)ethyl)pyridin-2-amine (1c)

The same general procedure was followed as in the synthesis of
1a but using the isobutyl-substituted phosphonium dimer (269
mg, 0.5 mmol). Colourless oil that was used without further
purification (106 mg, 40%). 3'P{*H} NMR (242 MHz, CDCl3) 3: -
44.19 ppm. H (600 MHz, CDCl5) &: 0.96, d (J = 3.2 Hz), 6H, (Bu-
CHs), 0.97, d (J = 3.2 Hz), 6H, (Bu-CH;), 1.28-1.36, m, 4H, (Bu-
CH,), 1.65-1.70, m, 4H, (‘Bu-CH & CH,), 3.35-3.40, m, 2H, (CH,),
4.68, s(br), 1H, (NH), 6.34-6.35, dd (J = 8.4, 1.0 Hz), 1H, (py-H),
6.51-6.53, m, 1H, (py-H), 7.35-7.38, m, 1H, (py-H), 8.05-8.06, m,
1H, (py-H). MS-DART m/z calculated for [C;15H,7N,P]*: 267.1985,
found: 267.1992.
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N-(2-(diphenylphosphinyl)ethyl)quinolin-8-amine (2a).., Articie Oniine

. . . . . DOl 10.1OS9/C8DTO4OS?C
A vial was charged with 8-aminoquinoline (144 mg, 1.0 mmol),

the phenyl-substituted phosphonium dimer (309 mg, 0.5
mmol), and sodium(triacetoxy)borohydride (424 mg, 2.0
mmol). 3 A molecular sieves were added. THF (8 mL) was added
and the blood-red mixture was stirred for 18 h at room
temperature. The solvent was evaporated under vacuum and
the residue was dissolved in DCM (10 mL). An air-free wash of
the organic layer with saturated NH,4Cl (2x 10 mL) and water (2x
10 mL) was carried out. The organic layer was dried over
Na,S0,, filtered and dried under vacuum to give an orange-red
oil that was used without further purification (191 mg, 54%).
31p{1H} NMR (202 MHz, CDCl5) 8: -21.09 ppm. *H NMR (500 MHz,
CDCls) &: 2.55-2.59, m, 2H, (CH,), 3.48-3.53, m, 2H, (CH,), 6.33,
s(br), 1H, (NH), 6.54-6.56, dd (J = 7.7, 1.1 Hz), 1H, (Ar-H), 7.04-
7.06, dd (J = 8.2, 1.2 Hz), 1H, (Ar-H), 7.33-7.52, m, 12H, (Ar-H,
PPh,), 8.04-8.05, dd (J = 8.2, 1.7 Hz), 1H, (Ar-H), 8.71-8.72, dd (J
=4.2,1.7 Hz), 1H, (Ar-H). 13C NMR (126 MHz, CDCls) : 28.39, d,
(/= 13.2 Hz) (CH,), 40.47, d, (J = 23.7 Hz) (CH,), 104.73, 114.02,
121.45, 127.80 (Ar—C), 128.63, d, (3Jep = 6.8 Hz) (P—PhCH),
128.74 (P-Ph; paraCH), 128.84 (Ar—C), 132.87, d, (Jcp = 18.7 Hz)
(P—PhCH), 136.03 (Ar—C), 138.18, d, (Ye = 12.3 Hz) (P—PhC),
138.32, 144.33, 146.92 (Ar—C). MS-DART m/z calculated for
[Ca3H5:N,P]*: 357.1515, found: 357.1525.

N-(2-(dicyclohexylphosphinyl)ethyl)quinolin-8-amine (2b)

The same general procedure was followed as in the synthesis of
2a but using the cyclohexyl-substituted phosphonium dimer
(321 mg, 0.5 mmol). Orange-red oil that was used without
further purification (209 mg, 57%). 3'P{*H} NMR (202 MHz,
CDCI3) &: -8.61 ppm. *H NMR (500 MHz, CDCI3) &: 1.17-1.30,
m(br), 10H, (Cy-CH,), 1.57-1.62, m(br), 2H, (Cy-CH) (Cy 1.69-
1.79, m(br), 10H, (Cy), 1.85-1.89, m, 2H, (CH,), 3.41-3.46, m, 2H,
(CH,), 6.30, s(br), 1H, (NH), 6.66-6.67, dd (J = 7.7, 1.1 Hz), 1H,
(Ar-H), 7.02-7.05, m, 1H, (Ar-H), 7.34-7.40, m, 2H, (Ar-H), 8.03-
8.05, dd (J = 8.3, 1.7 Hz), 1H, (Ar-H), 8.70-8.71, dd (J = 4.2, 1.7
Hz), 1H, (Ar-H). 13C NMR (126 MHz, CDCI3) &:21.83, d, () = 17.7
Hz) (P-CH2), 27.36, d, (J = 7.5 Hz) (Cy-CH2), 27.46, d, (J = 11.6
Hz) (Cy-CH2), 29.07, d, (J = 7.7 Hz) (Cy-CH2), 30.41, d, (J = 14.5
Hz) (Cy-CH2), 33.37, d, (J = 11.6 Hz) (Cy-CH), 43.23, d, () = 30.8
Hz) (P-CH2), Ar—C: 104.84, 113.88, 121.46, 127.92, 128.79,
136.08, 138.31, 144.58, 146.92. MS-DART m/z calculated for
[CasH33N,P]*: 369.2454, found: 369.2459.

N-(2-(diisobutylphosphinyl)ethyl)quinolin-8-amine (2c)

The same general procedure was followed as in the synthesis of
2a but using the isobutyl-substituted -phosphonium dimer (269
mg, 0.5 mmol). Orange-red oil that was used without further
purification (187 mg, 59%). 3'P{*H} NMR (202 MHz, CDCls) &: -
42.60 ppm. 'H NMR (500 MHz, CDCl5) &: 1.02, d (J = 4.0 Hz), 6H,
(iBu-CHj), 1.03, d (J = 4.0 Hz), 6H, (Bu-CHj;), 1.35-1.45, m, 4H,
(iBu-CH,), 1.70-1.80, m, 2H, (Bu-CH), 1.85-1.89, m, 2H, (CH.,),
3.44-3.48, m, 2H, (CH,), 6.23, s(br), 1H, (NH), 6.66-6.68, m, 1H,
(Ar-H), 7.03-7.06, m, 1H, (Ar-H), 7.34-7.41, m, 2H, (Ar-H), 8.03-
8.05, dd (J = 8.2, 1.7 Hz), 1H, (Ar-H), 8.71-8.72,dd (J = 4.2, 1.7
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Hz), 1H, (Ar-H). 3C NMR (126 MHz, CDCls) &: 24.42, d, (J = 9.2
Hz) (CHs), 24.52, d, (J = 9.0 Hz) (CH), 26.68, d, (J = 13.3 Hz) (CH),
29.06, d, (J = 14.2 Hz) (CH.), 39.35, d, (J = 12.7 Hz) (i-Bu CH,),
40.98, d, (J = 20.5 Hz) (CH,), Ar-C: 104.72, 113.91, 121.47,
127.88, 128.72, 136.06, 138.33, 144.62, 146.92. MS-DART m/z
calculated for [CiHoN,P]*: 317.2141, found: 317.2144.

N-(2-(diisopropylphosphinyl)ethyl)quinolin-8-amine (2d)

The same general procedure was followed as in the synthesis of
2a but using isopropyl-substituted phosphonium dimer (241
mg, 0.5 mmol). Orange-red oil that was used without further
purification (164 mg, 57%). 3'P{*H} NMR (202 MHz, CDCI3) &: -
0.33 ppm. *H NMR (500 MHz, CDCI3) &: 1.09-1.15, m, 12H, (iPr-
CH3), 1.78-1.82, qd (J = 7.1, 2.4 Hz), 2H, (CH), 1.83-1.87, m, 2H,
(CH2) 3.45-3.50, m, 2H, (CH2), 6.28, s(br), 1H, (NH), 6.66-6.68,
m, 1H, (Ar-H), 7.03-7.05, m, 1H, (Ar-H), 7.34-7.40, m, 2H, (Ar-H),
8.04-8.06, dd (J = 8.3, 1.7 Hz), 1H, (Ar-H), 8.71-8.71,dd (J = 4.2,
1.6 Hz), 1H, (Ar-H). 13C NMR (126 MHz, CDCI3) &: 18.85, d, (J =
9.0 Hz) (CH3), 20.21, d, (J = 16.0 Hz) (CH3), 22.00, d, (J = 18.3 Hz)
(CH2), 23.47, d, (J = 11.3 Hz) (CH), 42.98, d, (J = 29.7 Hz) (CH2),
Ar—C: 104.82, 113.93, 121.47, 127.92, 128.80, 136.08, 138.34,
144.57, 146.95. MS-DART m/z calculated for [Ci7H,s5N,P]*:
289.1828, found: 289.1830.

2-(diphenylphosphinyl)-N-(2-(diphenylphosphaneyl)ethyl)-N-
(pyridin-2-ylmethyl)ethan-1-amine (3a)

A vial was charged with 2-picolylamine (54 mg, 0.5 mmol),
phenyl-substituted phosphonium dimer (309 mg, 0.5 mmol),
and sodium(triacetoxy)borohydride (424 mg, 2.0 mmol). 3 A
molecular sieves were added. THF (6 mL) was added and the
mixture was stirred for 18 h at room temperature. The solvent
was evaporated under reduced pressure and the residue was
dissolved in DCM (10 mL). An air-free wash of the organic layer
with saturated NH4Cl (2x 10 mL) and water (2x 10 mL) was
carried out. The organic layer was dried over Na,SO,, filtered
and was dried under vacuum to give a viscous yellow oil that
solidified on standing that was used without further purification
(161 mg, 61%). 3'P{*H} NMR (202 MHz, CDCl5) &: -20.16 ppm. *H
NMR (500 MHz, CDCls) &: 2.15, s(br), 4H, (CH.), 2.64, s(br), 4H,
(CH>), 3.75, s(br), 2H, (picolyl-CH,), 7.10, s(br), 1H, (Py-H), 7.27-
7.36, m, 22H, (PPh,, Py-H), 8.45-8.47, m, 1H, (Py-H). MS-DART
m/z calculated for [C34H34N,P>]*: 533.2270, found: 533.2279.

2-(dicyclohexylphosphinyl)-N-(2-(dicyclohexylphosphaneyl)ethyl)-
N-(pyridin-2-ylmethyl)ethan-1-amine (3b)

The same general procedure was followed as in the synthesis of
3a but with Cy-phosphonium dimer (321 mg, 0.5 mmol). The
filtrate was passed through a short neutral alumina plug.
Colourless oil (105 mg, 38%). 31P{*"H} NMR (202 MHz, CDCls) &: -
7.79 ppm. 'H NMR (500 MHz, CDCls) 8: 1.07-1.24, m, 20H,
(PCy>), 1.45-1.50, m, 4H, (Cy-CH), 1.54-1.58, m, 4H, (CH,), 1.64-
1.75, m, 20H, (PCy,), 2.63-2.67, m, 4H, (CH,), 3.77, s, 2H,
(picolyl-CH,), 7.11-7.13, m, 1H, (Py-H), 7.45-7.46, d (J = 7.8 Hz),
1H, (Py-H), 7.60-7.63, td (J = 7.7, 1.9 Hz), 1H, (Py-H), 8.51-8.52,
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m, 1H, (Py-H). MS-DART m/z calculated for [GzqHseNoBalie
557.4148, found: 557.4151. DOI: 10.1039/C8DT04058C

2-(diisobutylphosphinyl)-N-(2-(diisobutylphosphaneyl)ethyl)-N-
(pyridin-2-ylmethyl)ethan-1-amine (3c)

The same general procedure was followed as in the synthesis of
3a but with the isobutyl-substituted -phosphonium dimer (269
mg, 0.5 mmol). The filtrate was passed through a short neutral
alumina plug. Colourless oil (73 mg, 32%). 3!P{*H} NMR (202
MHz, CDCl3) &: -42.00 ppm. *H NMR (500 MHz, CDCl5) &: 0.93-
0.95, m, 24H, (‘Bu-CH3), 1.20-1.29, m, 8H, (‘Bu-CH,), 1.52-1.54,
m, 4H, (CH,), 1.57-1.67, m, 4H, (Bu-CH), 2.61-2.65, m, 4H, (CH,),
3.73, s, 2H, (picolyl-CH,), 7.10-7.12, ddd (J = 7.5, 4.9, 1.8 Hz), 1H,
(Py-H), 7.45-7.46, m, 1H, (Py-H), 7.59-7.62, td (J = 7.6, 1.8 Hz),
1H, (Py-H), 8.49-8.50, ddd (J = 4.9, 1.9, 0.9 Hz), 1H, (Py-H). MS-
DART m/z calculated for [CysHsoN,P,]*: 453.3522, found:
453.3526.

C02C|4(APyPNN-Cy)2 (4)

A vial was charged with CoCl, (50 mg, 0.38 mmol) and THF (6
mL) and stirred for 30 min. 1a (136 mg, 0.43 mmol) was
dissolved in THF (2 mL) and added dropwise. The solution
immediately darkened to a navy-blue colour. Stirring was
continued overnight. The solvent volume was reduced to ~1 mL
under reduced pressure and then 4 mL of pentane was added
to the rapidly stirring solution to which a blue-green solid
precipitated out. The solid was collected via filtration, washed
with pentane (4 mL), and dried under vacuum to give a blue-
green solid (100 mg, 30%). Crystals suitable for X-ray diffraction
were grown by layering Et,O on top of a saturated toluene
solution. g (Evans Method) = 5.4 + 0.2. Anal. Calcd for
CsgHg,Cl4Co,N4P5: C, 50.91; H, 6.97; N, 6.25. Found: C, 50.15; H,
7.16; N, 4.71*%. *EA was attempted three times and a low
nitrogen content was observed in all cases.

C02C|4(APyPNN-iBu)2 (5)

A vial was charged with CoCl, (25 mg, 0.19 mmol) and THF (6
mL) and stirred for 30 min. 1b (57 mg, 0.21 mmol) was dissolved
in THF (1 mL) and added dropwise. An immediate darkening of
the solution was observed and stirring continued overnight. The
solution was concentrated to dryness and the residue re-
dissolved in THF (3 mL). The solution was added to a rapidly
stirring vial containing pentane (10 mL) and a navy blue solid
precipitated, stirring continued overnight. The solid was
isolated by filtration and dried under vacuum to give a navy blue
solid powder (60 mg, 40%). Crystals suitable for X-ray diffraction
were grown via slow evaporation of a toluene/DCM/THF
solution. g (Evans Method) = 5.8 + 0.3. Anal. calcd for
C30Hs54Cl4Co,N4P;: C, 45.47; H, 6.87; N, 7.07. Found: C, 45.71; H,
6.88; N, 6.77.

CoCl,(AQPNN-Ph) (6)

A vial was charged with CoCl, (54 mg, 0.42 mmol) and THF (6
mL) and stirred for 30 min. 2a (150 mg, 0.42 mmol) was
dissolved in THF (2 mL) and added dropwise to which an
immediate colour change to dark blue-green occurred and then
to purple upon complete addition of the ligand. The mixture
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was stirred overnight and the appearance of a precipitate was
observed. The mixture was filtered and the solid was collected
on a frit, washed with pentane (8 mL), and dried under vacuum
to give a magenta coloured solid (186 mg, 91%). Crystals
suitable for X-ray diffraction were grown via slow diffusion of
pentane into a saturated DCM solution. 75 = 0.75. L (Evans
Method) = 3.9 £ 0.1. Anal. calcd for C,3H;;Cl,CoN,P: C, 56.81; H,
4.35; N, 5.76. Found: C, 56.75; H, 4.59; N, 5.31.

CoCl,(AQPNN-Cy) (7)

A vial was charged with CoCl, (55 mg, 0.43 mmol) and THF (6
mL) and stirred for 30 min. 2b (175 mg, 0.48 mmol) was
dissolved in THF (2 mL) and added dropwise to which an
immediate colour change to magenta occurred. The mixture
was stirred for an additional 1 h and then the solvent volume
was reduced to ~¥1 mL under vacuum. 6 mL of pentane was
added to the rapidly stirring solution and a magenta solid
precipitated out. The solid was collected via filtration and
washed with pentane (5 mL), Et20 (2 mL), and dried under
vacuum to yield a magenta coloured solid (172 mg, 81%).
Crystals suitable for X-ray diffraction were grown via slow
diffusion of pentane into a saturated DCM solution. 75 = 0.90.
Lefr (Evans Method) = 4.2 £ 0.1. Anal. calcd for C;3H33CI,CoN,P:
C,55.43; H, 6.67; N, 5.62. Found: C, 55.67; H, 6.65; N, 5.34.

CoCl,(AQPNN-Bu) (8)

A vial was charged with CoCl, (59 mg, 0.46 mmol) and THF (6
mL) and stirred for 30 min. 2d (148 mg, 0.46 mmol) was
dissolved in THF (2 mL) and added dropwise to which an
immediate colour change to dark blue-green occurred and then
to magenta upon complete addition of the ligand. The mixture
was stirred overnight and the appearance of a precipitate was
observed. The mixture was filtered and the solid was collected
on a frit, washed with pentane (8 mL), and dried under vacuum
to give a fluffy magenta coloured solid (154 mg, 75%). Crystals
suitable for X-ray diffraction were grown via slow diffusion of
pentane into a saturated DCM solution. 75 = 0.67. Lk (Evans
Method) = 4.2 £ 0.3. Anal. calcd for C;9H»9Cl,CoN,P: C, 51.14; H,
6.55; N, 6.28. Found: C, 50.85; H, 6.56; N, 6.12.

FeCl,(AQPNN-Pr) (9)

A vial was charged with FeCl, (59 mg, 0.47 mmol) and THF (8
mL). 2c (136 mg, 0.47 mmol) was dissolved in THF (2 mL) and
added dropwise. An immediate colour change to blood-red was
observed along with the precipitation of a solid. The mixture
was stirred overnight and then the solvent volume was reduced
to ~1 mL under reduced pressure. 8 mL of pentane was added
to the rapidly stirring solution. The product was collected via
filtration and dried under vacuum to give a blood-red solid
powder (169 mg, 87%). Crystals suitable for XRD were grown by
slow diffusion of pentane into a saturated DCM solution. 75 =
0.81. Uess (Evans Method) = 3.9 + 0.3. pg (solid) = 5.2. Anal.
Calcd for Cy7H,5Cl,FeN,P: C, 49.19; H, 6.07; N, 6.75. Found: C,
49.25; H, 5.93; N, 6.53.
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[FeCl,(AQPNN-Ph)], (10)
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A vial was charged with FeCl, (80 mg, 0.63 mmol? and THF ?8

mL) and stirred for 2 h. 2a (225 mg, 0.63 mmol) was dissolved
in THF (2 mL) and added dropwise. An immediate colour change
to red was observed along with precipitation of a solid. The
mixture was stirred overnight and then the solvent volume was
reduced to ~1 mL under reduced pressure. 8 mL of pentane was
added to the rapidly stirring solution. The product was collected
via filtration and dried under vacuum to give a red powder (276
mg, 91%). Crystals suitable for XRD were grown by slow
diffusion of pentane into a DCM solution. s (solid) = 7.4. Anal.
Calcd for CygHa2ClFesNgP5: C, 57.18; H, 4.38; N, 5.80. Found: C,
57.33; H, 4.84; N, 5.27.

FeCl,(P,NN’) (11)

A vial was charged with FeCl, (23 mg, 0.18 mmol) and THF (10
mL). Fe powder was added (120 mg) and the mixture was stirred
overnight. The mixture was filtered over a pad of celite to give
a colourless solution of FeCl, in THF. 3a (98 mg, 0.18 mmol) was
dissolved in THF (1 mL) and added dropwise. An immediate
colour change to yellow was observed and then orange upon
full addition of the ligand. After ~2 h of continued stirring a
yellow solid precipitated out of solution. Stirring continued
overnight and then the precipitate was collected by filtration to
give a yellow solid (100 mg, 83%). Crystals suitable for X-ray
diffraction were grown by slow diffusion of pentane into a
saturated DCM solution. pes (Evans Method) = 4.7 + 0.3. Anal.
Calcd for Cs4H34Cl,FeN,P,: C, 61.94; H, 5.20; N, 4.25. Found: C,
59.77%; H, 5.07; N, 4.21. *EA was attempted three times and a
low carbon weight was observed in all cases.
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Phosphorus-donor “arms” are readily added to amines in order to enable sturdy base metal

coordination.
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