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Tripodal Phosphine Ligands. Syntheses and Coordination Chemistry
Toward Mn(l}

Shiuh-Tzung Liu { $ig5E )
Department of Chemistry, National Taiwan University, Taipei, Taiwan 106, Republic of China

The recent development of ligand syntheses and coordination chemistry-toward manganese(T) involv-

ing tripodal phosphines is sumrnarized and discussed.

INTRODUCTION

Tripodal ligands are those donors disposed at the
base of a "tripad”, which provides the most characteristic
arrangement for formation of mononuclear complexes with
various stereochemistry.” However, such a feature disap-
pears as the length of the carbon chain increases. The most
suitable distance is less than two carbon units from the
donor center to the connective atom. Several tripod-like
phosphine polydentates”™ are summarized in Scheme 1.
Although all these tripodal ligands comprise a field under
development by many research groups, this account
describes recent progress on work on the tripodal system I
with the backbone in carbon atoms, especially with the
donor atom being one carbon away from the connective
carbon center (n = 1in1).*
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In terms of the properties of donor atoms, phosphine
is considered to be a good o-donor and moderate w-ac-
ceptor, which might stabilize various transition-metal com-
plexes. Since the tripodal phosphine ligand 1,1,1-tris
(diphenylphosphinomethyl)ethane (P} was reported in
1962, the coordination and organometallic chemistry in-
volving P3 have received considetable attention, with the
latest review in 1982." 1,1,1-Tris(phenylthiomethyl)ethane
Ss, a potential analog to phosphine but exhibting a
moderate coordinating ability of sulfur atoms, has been less
investigated.” A review concerning the nitrogen donor

1,1,1-tris(aminomethyl)ethane Na describes the complexa-
tion of this ligand with higher-oxidation metal complexes.®
These tripodal ligands containing the same donors com-
prise the early work in this figld. Chemists have become in-
terested in not only "homo-donor” but also "heter-donor”
ones, due to the versatile coordination behaviors of mixed
donor systems. Despite the existence of these reviews, a
summary of recent progress on work of the tripodal phos-
phine system and the coordination behavior toward Mn(l)
is nceded.

The abbreviation of tripodal ligands throughout this
text is simply based on the donor atoms; the particular sub-
stituent oa the donor atom is given in parentheses right
after the donor atom. For example, P:O(H) indicates that
the oxygen donor is a hydroxyl function.

PPhy SPh PPh, OH
PPh, SPh OH OH
P, S, -P,0(H) 1

SYNTHESES OF TRIPODAL PHOSPHINES

All tripodal ligands of I (n = 1) are based on 1,1,1-
tris(hydroxymethyl)ethane 1 as a precursor, which is cheap
and commercial available, The first such tripod-like phos-
phine P;, reported by Hewertson and Watson,” was
prepared from nucleophilic displacement of 1,1,1-
tris{chloromethyl}ethape by sodium diphenylphosphide.
This triphosphine was isolated as a white solid {mp 100-161
°C), which slowly oxidized in air. Dimethylphosphino
P;(Me)® and diethylphosphino Py(Et)” analogues were
prepared similarly. Both P;(Me) and P3(Et) are marketed
commercially.

In order to prepare mixed donor ligands, one requires
differentiation of functional groups among triol 1 during
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the synthesis. This problem is casily solved with a ketal
protection procedure. Thus 2,2-bis(diphenylphosphino-
methyl)-1-methoxypropane (P:0)," 2,2-bis (diphenylphos-
phinomethyl)-i-phenylthiopropane (P,$)* and 2,2-bis-
{diphenylphosphinomethyl)-1-(N,N-diethylamino) pro-
pane (P;N)" were prepared by a similar strategy and sum-
marized in Schemes IL, II1, and IV respectively; all steps are
manipulations of typical organic functional groups general-
ly in high yields except those involving nucleophilic sub-
stitution. Due to the substituted spot being a neopentyl
site, the reaction requires much more severe condition and
provides only moderate yield. Tn P:N, the introduction of
nitrogen donor requires much effort. Thus such donor is
incorporated by a sequence: () substitution by azide, (ii)
reduction and (iii) alkyfation; the direct amination accom-
modates a low yield for the desired product.™
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on the synthetic sequence of the incorporation of those

donor groups. All donor atoms are potential nucleophiles,
which might undergo intramolecular reaction to give un-
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necessary side products. To avoid this problem, the deposi-
tion of donor groups follows sequence oxygen < nitrogen
~ sulfur < phosphorus. For ¢xample, the route to PS,"
and PS;(Me)" is designed to attach the phenylthio group
first (Scheme V); so is the amino group in PN2.” Another
advantage of the incorporation of phosphorus moieties at
the last step of the synthesis is to save effort of handling air-
sensitive phosphines.
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Instead of the ketal protection method, the oxetane
derivative 2 is also a good source for preparation of
tripodal ligands, especially for those with three differ-
ent donor systems. As shown in scheme VI the synthesis
of 2-(diphenylphosphinomethyl)-2-(phenylthiomethyl)-1-
methoxypropane (PSO)" used 2 as starting material. The
donor sites were disposed in the order cther, sulfide and
phosphine. By a similar strategy, the synthetic approach to
2-(diphenylphosphinomethyl)-2-(phenylthiomethyl)-1-(N,
N-diethylamino)propane (PSN)® was accomplished,
Ligands with different substituents on donor atoms of the
same kind such as PSS(Me)" are prepared according to

Scheme VI
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Scheme VII. However, all of these potential chiral ligands
are obtained in recemic form from these synthetic routes.
The transformation of the hydroxyl function of 2 into
the corresponding mesylate followed by treatment excess
diphenylphosphide provides the desired compound
P,O(H)® in reasonable yield {(Scheme VHI). The sulfur
analog P.S(H)" is obtained in a similar procedure from

thietane 3.
S PPh,
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Scheme VIII
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A convenient and short approach to a tripodal ligand
containing a primary amino group was accomplished by
using iminophosphorane as protecting group for a primary
amine.”? The azide alcohol 4, obtained from the hydrolysis
of azide ketal, was treated with mesy! chloride to provide
the desired mesylate 5. Conversion of § to the desired
phosphine P,N(H) was achieved in a one-pot reaction ac-
cording to the following sequence: reaction with triphenyl-
phosphine to generate the corresponding iminophosphane;
replacement of mesylate with the diphenylphosphino
moiety, and removal of the iminophosphorane protecting
group (Scheme IX). The route indeed saves the steps of
protection and deprotection of the amino group during the
synthesis,

Scheme IX
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All tripodal phosphines are air-sensitive compounds
and must be handled anaercobically, especially those having
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a dialkylphosphino moiety. Crystal structure of these free
tripodal ligands has not been reported.

COORDINATION CHEMISTRY OF Mn(l)

Although the coerdination chemistry with mixed
tripodal phosphine ligands toward various transition-metal
ions has been investigated, > I briefly describe here the
chemistry involving Mn(T),

Ligand substitution of {CpMn(CO)NOQ] with P; in
methanol gives a dimeric manganese complex [Cp,Mn»-
(COYNQY.P(PFs)2 6 in which two phosphine moieties are
coordinate to one metallic center in a bidentate mode and
the third phosphine coordinates to the second metallic cen-
ter.”* The P; ligand acts in a tridentate mode in the complex
[Mn(COY{#’-P:}IMr(CO)s] 7 resulting from the reaction
of Mny(CO) with the ligand.? The reaction of Py with
Mn(CO)sBr in refluxing chloroform provides only a
stercoisomeric mixture of monomeric metal complexes
syn-8 and anti-8 (Eq. 1).%¢
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The interconversion of Ps in a bidentate or tridentate
mode with manganese(I} complexes is illustrated in
Scheme X% Anion metathesis of 7 with aqueous HX
gives 9. Upon irradiation with ultraviolet Jight, complexcs 9
undergo dissociation of phosphine and coordination of
halides to form fac-[(BP’-P;)Mn{CO0):X], in which P; be-
haves as a bidentate ligand. Thermal reaction of these

" complexes fac-[(FP'-Ps)Mn(CO):X] in a polar solvent

results in the formation of #°-complexes 10. A complex of
this type is attained in a simple way by the direct photo
chemical reaction of 11, generated from anion exchange of
7, with alkali metal halides and psuedohalides MX [M =
Na, K; X = Cl, Br, I, N3, NCO] in methanolic solution,
Tripodal ligands containing various mixed donor
atoms underge complexation with Mn(CQ);sBr to form fac-
[(nz-tripodal)MnBr(CO)g. The selectivity of donor atoms
from tripodal ligands coordinating to the metal center fol-
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lows tendency phosphorus > sulfur > > nitrogen or
oxygen. Thus in case of P:S,” PN,” P,0™ and PO(H),”
two phosphorus atoms of each tripodal ligand coordinate
to the metallic center to form fac-BP-(PY)Mn{CO):Br],
Y = SPh, NE;, OMe, OH, where one phosphorus and one
sulfur atoms in PS;* and PSO" are bonded to manganese.
Unlike Ps, the potential tridentate ligand P2S reacts with
Mnx{CO)y does not provide the desired [Mn(CO) {7 -
P.S}H[Mn(CO)s]. Under mild conditions, a dimeric
species {{(PSO)Mn(CO)):is isolated from the reaction
of Mm(CO)1 with ligand PSO in chloroform. Such
dimetallic species readily decomposes to yield a
monomeric complex fuc-[RS-(PSO)Mn(CO):Br] upon
treatment with bromine."” The coordination chemistry in-
volving these tripodal phosphine ligands is similar to that of
PhyPCH;CH:P(Ph)YCH,CH;PPh; (triphos), which also acts
as bidentate in fac-Br (CO);Mn(triphos).”

Different from the most mixed tripodal ligands, PN,
allows only bond of the phosphine moiety to the man-
ganese(1) center without the formation of a P-N chelation
complex.™ This effect is believed duc to both the weak

electronic ability of the amine donor toward Mn(I} and the-

steric bulkiness of diethylamino moiety of that donor.

Each of complex in fac-[(5*-tripodal)MnBr{CQ);]
form exists as a pair of stercoisomers: one is the uncoor-
dinated dosior remaining on the same side of the bromide
ligand along the chelating ring (syn isomer); the other is on
the opposite side (endi isomer). The conversion of these
stereoisomers in both fac-{(FP'-P:8)MnBr{CO); and fac-
({ES-PS:)MnBr(CO); was carefully investigated (Scheme
X0
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In fac-|(RP'-P:S)MnBr(CQO);, both isomers (syn-12
and agnti-12} were isolated and their structures confirmed
by analysis of a single crystal.” The 'H NMR chemical
shifts of methyl groups in both isomers proved an uwniquely
distingishing characteristic. In general the shift of the
methyl group in syn isomer is more upfield by about 0.5
ppm than that in the anti isomer, The equilibrium between
syn-12 and anti-12 is in the ratio of 3:2. Hence syn-12 is
more stable than the enti-12 by only 1 kJ mol”. The equi-
librium constant for fac-[(FS-PS:)MnBr(CO)3) is unity, in-
dicating both isomers to have the same energy. Activation
parameters obtained from kinetic studies of isomerization
of syn-12 to anti-12 are AH™ = 130 KJ mol* AS™ = 46J
K mol™; whereas AH™ = 105 KJ mol®, AS™ = 8 J K*
mol™ for fac-[(BES-PS;)MnBr(CO)s. The bond strength of
Mn-P is stronger than Mn-S by about 25 kJ mol”* This
result is consistent with the isomerization following the
mechanism shown in Scheme XT; dissociation of one donor
(phosphorus in P.S; sulfur in PS;) gives the pentavalent in-
termediate, which is rapidly converted into another isomer,
followed by re-coordination.

About the conformation of the chelating ring in syn-
12 and anti-12, a chair form is adopted for sy#-12 in the
solid state but the boat form for anti-12. In both cases, as
with other (L-L)Mn(CO);Br complexes, the bromide
ligand is favored to point over the chelating ring, due to the
attractive interaction between the halide and axial
hydrogens of the ring.® The chelating rings in (L-
L)Mn{CQ)sBr remain in chair confromation in solutions.”

Thermal or photochemical reaction of fac-[{(FP'-
P,S)MnBr{CO); provided no formation of [BP'S-
(tripodal)Mn(CO}]* or {BP'S-(tripodal)Mn(CO);Br).
The formation of tridentate mode of mixed tripodal ligand
in metal complexes was achieved by the treatment of either
stereoisomer of fac-{(n*-tripodal)MnBr(CQ}s] with silver
nitrate, tetrafluoroborate and hexaflnorophosphate. Thus
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fac-In’*(tripodah)Mn(CO)s]* species 14-16 were ob-
tained.” Crystal analysis of [EP'S-(P:S)Mn{CO)s]* shows
the bond distances of Mn-P and Mn-S and bond angles
along all bonds to lie in normal ranges, except that one
angle S-Mn-P (80.88°) deviated from normal 90°. Due to
the chelation effect, these #°-complexes exhibit particular
thermal stability. [BE'S-(P,S)Mn(COIPF; is stable
under refluxing THF or acetonitrlie. No exchange of CO
ligand was observed when the complex was exposed to
PCO at atmospheric pressure. Photochemically, 16 under-
went ligand substitution of CO by pbosphines, such as
diphenylphosphine, triethylphosphine and triethyl-
phsophite, togive 17. Such a complex reacts with halides
and psuedoha-lides stercospecifically to give syn-fac-[n*-
{tripodal)Mn-(CO)X], in where tripodal = BS, PS;,
P:0(H); X = Br, I, SCN. The rate taw has the form

rate = K, [(7°-P:S)Mn(CO),* J[X')

consistent with a second-order reaction. Thus the
mechanism of such stereospecificity is believed to proceed
through a seven-coordinated species 18 (X = Br, I, SCN).
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When tripodal P.S(H) reacts with Mn(CO)sBr a
neutral ”-complex 19 is produced directly, accompanied
with [BP'-{P,S(H)}Mn(CO);Br] in minor portion (Eq.
2)."' Complex 19 is inert toward halides even at higher
temperature of reaction, Crystal analysis of 19 reveals that
the bond distance Mn-§ (2.367 &) is simitar to that in 14
(2.380 A); the charge interaction between incoming ligand
and metallic center is important in accelerating the reac-

tion.
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Besides carbonyl complexes, dienyl manganese(T)
complexes were also reported. Reaction of MaBr; with
pentadienide in the presence of Ps(Me) or P;(Et) would
produce (77'-pentadienyl)Mn[BP’ P’ -Py(Me)} 20 or (-
pentadieny)Mn[BEP' ,P''-Py(ED)]® In (5’-pentadienyl)-
Mn{BP' P''-P5(ES)}, the dienyl lignad rotates with respect
to the MnFP; fragment with a barrier of 18.3 kcal/mol. The
mechanism of this fluxional behavior involves (a) rearran-
gement of 7°- to 7°- of dienyl ligand (b) rotation of 5™
ligand (c) conversion of - back to #*- mode. Interestingly,
complex 20 reacted with H* to form the protonated species
21, in which the added proton had an agostic interaction
with manganese metal center.*

Me:jn’ﬂe} p/ Me:}in e P/
e \PMeg \PMEZ
¥ . ‘:’:/?} ‘K\(T ’
20 21
PROSPECTS

Most work involving tripodal ligands has so far con-
centrated on the synthesis and coordination chemistry. In
future the reactivity of transition metal complexes will be
an important subject of research. Stereospecific reaction
of [*-(tripodal)Mn(CO);]* by hatides provides significant
mechanistic information about ligand substitution and the
interaction of C-H-M in 21 accommodates an impotant in-
formation conceming the agostic interaction. Although in
this account I emphasize phosphine chemistry, the inter-
mediates in syntheses of tripodal ligands, which contain dif-
ferent types of oxygen or nitrogen donors, are potential
tripodal ligands for various metallic ions.
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