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Abstract

The synthesis of pentafluorophenyl mono- or poly-nuclear gold(I) and/or gold(lll) complexes with the tridentate ligand
(PPh,CH,),CCH, (tdppme) are described in different coordination modes not represented thus far. The reaction of the free phosphine
with gold(I) or gold(Ill) derivatives in different molar ratios gives [{Au(C¢Fy)),( py-n>tdppme)], [{Au(C4Fy)),( u-n’tdppme0)},
[Au(C4Fy)y(n'-tdppme)] or [Au(C¢F;),(n*tdppme)]CI. The mononuclear derivatives further react with gold(I) or gold(IlI) species giving
rise to di- or tri-nuclear complexes which contain the triphosphine acting as a uy-1°, p-92, p-n* or #? ligand.
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1. Introduction

Although in recent years the chemistry of diphos-
phines, as bis(diphenylphosphino)methane [1,2] or its
methanide (PPh,),CH" [3], has received a great deal of
attention, and some examples of gold derivatives have
been prepared [3-7], the chemistry of triphosphines is
less developed. Thus, only a few complexes containing
the ligand (PPh,),CH or (PPh,),C~ have been synthe-
sized [8]. Some transition-metal complexes with
(PPh,CH,),CCH, (tdppme) have been prepared, but in
most of them the phosphine is acting as a tridentate-
chelating ligand (Fig. 1(A)), as in [RuH(BH ,)(n*-tdp-
pme)], [RuH,(AsPh,)(n’-tdppme)] [9] or
[Ru(MeCN),(n*tdppme)** [10] und in the carbonyl
derivatives fac-{Mn(CO),(n*-tdppme)]* [11] or fac-
[Mo(CO)(n*-tdppme)] [12]. The same coordination
mode appears in the heteropolynucicar clusters [(n*-tdp-
pme)MH,(AuL),J"* (M =Rh, I; n=1, 2), [(n*-tdp-
pme)MH ,(AuL),’* (M = Rh, Ir), [(n’-tdppme)-
RuH, (AuL),J*"* (n=1, 2, 3) or [(n*tdppme)
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RuH,(AuL),]* (L=PR, or AsR,) [9,13,14], which
contain Au-Rh, ~Ir or -Ru bonds supported by bridg-
ing hydrides.

A few transition-metal complexes in which the
triphosphine acts as bidentate-chelating (Fig. 1(B)) have
been prepared: fac-[Mn(CO),Br(n*tdppme)] [15] or
[M(CO)(n*-tdppme)] (M = Cr, Mo, W) [16], and there
is only one example of its coordination as a tridentate-
bridging ligand (Fig. 1(C)) [17], in which the phosphine
bridges three chlorogold(I) fragments.

In this paper we describe the synthesis of mono-, di-
or tri-nuclear gold(I) and/or gold(IIl) compounds con-
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Fig. 1. Different coordination modes of the 1,1,1-tris(diphenylphos-
phinomethyl)ethane ligand.
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taining (PPh,CH,),CCH, in different coordination
modes, some of which are unprecedented (Figs. 1(D)-
1(F).

2. Results and discussion

The reaction of (PPh,CH,);CCH; with
[Au(CFXth)] (1:3) (tht = tetrahydrothiophene) in
dichloromethane leads to the synthesis of the trinuclear
Oomplex [(AU(Cer»g{(Pthcnz)3CCH 3}] (l) (SCheme
1, reaction (i)). The same reaction in a different molar
ratio (1:2) (Scheme 1, reaction (ii)) produces the dis-
placement of the S-donor ligands for two phosphorus
atoms, and the free phosphorus is oxidized by atmo-
spheric oxygen, leading to the dinuclear complex
[{Au(C4F;)),{(PPh,CH,),C(CH,)CH,PPh,0}] (2). All
our trials to obtain the unoxidized phosphine derivative
by using a nitrogen atmosphere and deoxygenated sol-
vents were unsuccessful. Similarly, we could not pre-
pare a gold(I) compound with the triphosphine as a
monodentate ligand. Similar behaviour was previously
observed by us in the reaction of [Au(C4F;Xtht)] with
bidentate phosphines [18}.

Although it is not possible to prepare a monodentate
derivative with gold(I), when a similar reaction is car-
ried out with [Au(C¢Fy)(tht)] and (PPh,CH,);CCH in
a molar ratio 1:1, the first monodentate compound
described with this ligand, [Au(C¢F;),{PPh,CH,C-
(CH,XCH,PPh,),)] (3) is obtained and no oxidation of
the phosphine is observed. A similar result was de-
scribed for the reaction of [Au(CyF),(tht)] and
PPh,CH,PPh, [18].

Complexes 1-3 are white solids, air- and moisture-
stable at room temperature and non-conducting in ace-
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tone solutions. They are very soluble in chlorinated
solvents, acetone and diethyl ether, and partially soluble
in hexane (this could explain the low yields obtained).
Moreover, the solubility of complex 3 in hexane is so
high that it is necessary to evaporate the solvent io
dryness to obtain the solid. The *' P(*H} NMR spectrum
of 1 shows one multiplet and in the spectra of 2 and 3
there are two resonances with different intensities. In no
case was P-P coupling observed between the phospho-
rus of the triphosphine. The signals corresponding to the
phosphorus trans to C¢F; always appear as multiplets
because of their coupling with the fluorine atoms. In
their '’F NMR spectra there are three resonances due to
only one type of pentafluorophenyl group bonded to
gold(D) (1, 2) or the characteristic pattern of Au(C¢F),
groups (3) [18}. The 'H NMR spectrum of 1 shows a
singlet for the methyl protons and a doublet for the
three methylene groups. In contrast, the 'H spectra of 2
and 3 show two different types of mett:ylene proton,
which appear as a doublet (2H) and an ABX system
(4H), where X is a phosphorus atom. The mass spectra
(FAB +) of 1 and 2 contain the parent ion at m/z =
1716 (1, 17%) or 1368 (2, 12%); in both of them the
base peak corresponds to the fragment [M-~C,F]*. In
the mass spectrum of 3 the parent ion appears proto-
nated at m/z= 1323 (4%) and peaks due to the frag-
ments [M—(C,F;),I* (n=1, 2, 3) can also be ob-
served.

The tetrahydrothiophene ligand in gold(I) complexes
can be easily displaced by the free phosphorus atoms of
[Au(C¢Fy),(PPh,CH,C(CH XCH,PPh,),}] (3). Thus,
its reaction with [AuCI(thti] or [Au(C,FyXtht)] (1:2)
results in the formation of the trinuclear gold(l)-
gold(lll)  derivatives [Au(C,F,),{PPh,CH,C(CH,)-
(CH,PPh,),(AuX),] (X = Cl (4), C,F, (8)), in which
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the phosphine acts as a u,-n' ligand and bridges
different metallic fragments.

Complex 3 can also react with equimolar quantities
of [AuL(tht)IClO, (L =PPh,, CH,PPh,) to obtain
[Au(CF;),{PPh,CH,C(CH ;(CH,PPh,),}AuLICIO,
(L = PPh, (6), CH,PPh, (7)), which contain
(PPh,CH,),CCH;, in a new coordination mode ( z-1%)
not represented to date. These two complexes are
three-coordinated gold(I) derivatives. which is not the
most commonly cbserved geometry for this centre, al-
though some three- and four-coordinated gold(I) species
have been described.

The reaction of 3 with [Au(tht), |C10, (2:1) leads to
the trinuclear derivative {{Au(C¢F;),(PPh,CH,C(CH,)-
(CH,PPh,),}}, AulCIO, (8), in which a gold(I) centre
bridges two molecules of 3.

Complexes 4-8 are white air-stable solids, soluble in
dichloromethane, chloroform and acetone, and partially
soluble in diethyl ether and hexane (which causes their
low yizlds). 4 and § are non-conducting in acetone
solutions, and 6-8 behave as 1:1 electrolytes. The IR
spectra of these compounds show the characteristic
vibrations of tris(pentafluorophenyl)gold(III) groups
[18), and in the spectra of 6-8 bands at 1100 (s, br) and
620 (m) cm™"', due to the C1O,™ anion [19) appear. The
3'p('H)} NMR spectra of 4 and 5 show two signals with
different intensities, due to the phosphorus bonded to
gold(I) (2P) or gold(1II) (1P). A new resonance appears
in the spectra of 6 and 7, corresponding to the L
ligands. In the spectrum of complex 6, where L = PPh,,
the three-coordinated geometry of the gold(I) centre is
easily proved, because of the presence of a doublet
(28.1 ppm) and a triplet (45.3 ppm, 2J(P-P) = 121.3
Hz) for the different types of phosphorus bonded to
gold(1). The "P{*H} NMR spectrum of 8 at room
temperature shows a multiplet for the P-Au(Ill) atoms
and a broad signal (ca. ~7 ppm) due to the P-Au(l)
atoms; however, on cooling to 223 K this signal splits
into two multiplets centred at —11.4 and —=3.1 ppm,
which looks like an AABB’ system, similar to those
found for related systems Au;(dppm), [20]. These spec-
tra are consistent with a fluxional equilibrium at room
temperature, which makes the phosphorus close to the
gold(I) centre equivalent (Fig. 2).

The 'F NMR spectra for 4-8 show the characteristic
pattern for an Au(C¢F;), fragment, and in complex §
there are three more groups of signals for the two
equivalent C(F; groups bonded to gold(I). Their 'H
NMR spectra show three resonances assigned to the
CH, (s), Au(Il)-P-CH, (d) and Au(D)-P-CH, (m)
protons. For complex 7, an additional doublet arising at
the ylide ligand appears at 1.54 ppm ("J(H-P) =89
Hz).

In all the mass spectra (FAB + ) the cation fragment
ion appears at m/z= 1751 (4, 17%), 2050 (8, 23%),
1781 (6, 75%), 1795 (7, 20%) and 2841 (8, 52%). They

[RyAu -P><:PA 1+
P Au—Ps
) pDQP—Au&
I

RyAu-P P .-
X
P p. P- AuR;

f

Py +

R;Au -PXPA—AII —PA‘ P-AuR,
Pa

Fig. 2. Fluxional behaviour of complex 8 in solution.

also present the peak due to the loss of an Au(C,F;),
group and those corresponding to the fragments
[Au(tdppme)]* and [Au,(C.F;)tdppme)l* at m/z=
821 and 1185 respectively.

Taking into account that the reaction of (PPh,CH,),-
CCH, with [Au(C/F),(tht)] gives the monodentate
complex 3, we tried to prepare a similar monodentate
derivative through the reaction of (PPh,CH,),CCH,
and [Au( u-CINC(F), ), (2:1). Surprisingly, this reac-
tion produces not only the rupture of the Au-Cl-Au
bridges, but also the displacement of the chloride by
one phosphorus, leading to [Au(C,F.),{(PPh,CH,),-
C(CH;)CH,PPh,}ICI (9). It is necessary to work under
nitrogen atmosphere, because in otherwise a partial
oxidation of the free phosphorus takes place.

The free phosphorus can also displace tetrahydrothio-
phene from [Au(C,F;),(tht)] to give the new dinuclear
Complex [Au(c(, Fs)z{(pph 2CH 2 )2C(CH 3)CH ) Pphz)'
Au(C¢Fy),ICI (10). The same cation with perchlorate
(11) instead of chloride can be obtained by the reaction
of 10 with an excess of NaClO, - H,0. Complexes 10
and 11 can also be synthesized from [Au(C,F,),{PPh,-
CH,C(CH,)(CH,PPh,),}] (3) and [Au( u-CIXC4Fs), ),
or [Au(C,F),(OEt,),1C10, in molar ratios of 2:1 or
1:1 respectively (see Scheme 1).

Complexes 9-11 were olitained as white solids. 9 is
air-sensitive, but 10 and 11 are air-stable at room
temperature. All of them behave as 1:1 electrolytes in
acetone solutions and their IR spectra show the presence
of C,F; groups bonded to gold(IIl) centres. In the IR
spectrum of 11 the characteristic vibrations of the ClO,~
anion also appear. The ”F NMR spectrum of 9 contains
five groups of signals with similar intensity, which
means that the free rotation around the Au-C¢F; bonds
is not possible. The "“F NMR spectra of 10 and 11 are
more complicated, because of the presence of two more
types of pentafluorophenyl ring with relative intensities
2:1. Moreover, some resonances are superposed, which
makes their assignment more difficult.

The mass spectra of 9-11 show, as in the rest of the
complexes, the [M-X]* (X = Cl or ClO,) ion at m/z
= 1155 (9, 60%), 1853 (10, 100%) and 1853 (11, 52%).
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The spectrum of 9 also shows peaks due to the loss of
one or two pentafluorophenyl groups at m/z = 988 or
821 respectively; also, the spectra of 10 and 11 show
peaks at m/z= 1519, 1185 and 821 due to the ions
[Au,(C4F;),(tdppme)]*, [Au,(C F;Xtdppme)]* and
[Au(tdppme)]* respectively.

3. Experimental

Instrumentation and general experimental techniques
were described previously [21]. The NMR spectra were
recorded on Bruker ARX 300 in CDCl,. Chemical
shifts are cited relative to SiMe, (‘H), 85% H,PO,
(extemal *'P) and CFCl; (extenal "F). Mass spectra
were recorded on a VG Autospec, FAB technique, using
3-nitrobenzylalcohol as matrix. All the reactions were
performed in air (except for complex 9) and at room
temperature. (PPh,CH,),CCH; was purchased from
Strem. The yields, melting points, elemental analyses
and conductivities for the new complexes are listed in
Table 1 and the NMR data in Table 2.

3.1. HAWC,F, },{(PPh,CH, ),CCH,}] (1)

To a solution of (PPh,CH,),CCH, (0.062 g, 0.1
mmol) in dichloromethane (20 cm®) was added
[Au(C,FXtht)] {22] (0.136 g, 0.3 mmol) and the mix-
ture was stirred for 30 min. Concentration of the solu-
tion to ca. 5 cm* and addition of hexane (15 cm®) led to
the precipitation of 1 as a white solid. Yield: 44%.

NMR: “F, & —115.2 (m, 6F, o-F), —158.5 (t, 3F,
p-F) (J(Fp-Fm) = 19.8 Hz) and — 162.4 (m, 6F, m-F).

3.2. [{Au(C,F,)},{(PPh,CH,),C(CH,CH, PPh,0}]
2)

To a dichloromethane solution (20 cm?®) of
(PPh,CH,);CCH; (0.094 g, 0.15 mmol) was added
[Au(CFy)tht)] [22] (0.136 g, 0.3 mmol). After 1 h
stirring at room temperature the solution was evaporated
to ca. 5 cm®. Addition of hexane (15 cm?) gave com-
plex 2 as a white solid. Yield: 64%. NMR: “F, &
~115.6 (m, 4F, 0-F), —158.5 (t, 2F, p-F) (J(Fp-Fm)
= 19.6 Hz) and - 162.4 (m, 4F, m-F).

3.3. [Au(C, F;),{PPh,CH,C(CH, )(CH, PPh, ),}] (3)

To a solution of (PPh,CH,),CCH, (0.125 g, 0.2
mmol) in dichloromethane (20 cm®) was added
[Au(C¢F;)y(tht)] [22] (0.157 g, 0.2 mmol) and the mix-
ture was stirred for 30 min. Evaporation of the solvent
to dryness gave complex 3 as a white solid. Yield: 92%.
NMR: “F, & —~119.8 (m, 4F, o-F), —156.7 (t, 2F,
p-F) (J(Fp-Fm) =198 Hz), —160.1 (m, 4F, m-F),
—121.3 (m, 2F, o-F), —1573 (4, IF, p-F) (J(Fp-Fm)
= 20.0 Hz) and - 161.2 (m, 2F, m-F).

3-4- [Au(C6F5)3{PPh2CH2C(CHJ)(CHzpphz)2}'

To a solution of 3 (0.132 g, 0.1 mmol) in 20 cm® of
dichloromethane was added [AuCI(tht)] [22] (0.064 g,

Table 1

Analytical data of complexes

Complex Yield Analysis (%) * M.p. A"

% c H o

H{Au(C, Fy)}((PPh,CH,,),CCH )] 44 41.6 2.45 95°¢ 31
(41.3) (2.3)

2 “A\l(ch F; )h«Pph QCH 2 );(CH S)CH 3 PPh ;0)] 64 46.55 2.7 95¢ 4
(46.55) (2.85)

3[Au(CbF,)_\(PPh,CH,C(CH3)(CH,PPh,),}J 92 53.0 3.25 65 6
(53.55) (2.95)

4 lAII(CoF, )Q(MQCH;C(CH“XCHQPPhQ )2)(A“Cl)z] 81 39.7 2-3 150 7
(39.65) (2.2)

5lAu(C,PS)JPPh;CH;C(CH,XCH,PPh,);)(Au(CgF,));l 39 20 20 125 10
(41.6) (1.9

6 [Au(C,F,),{PPh,CH,C(CH yXCH,PPh,),}Au(PPh,,)ICIO, 4?2 49.15 285 140 © 129
(49.15) 2.9)

7 [Au(CF)\(PPh,CH,C(CH yXCH,PPh,),)Au(CH,PPh VICIO, 63 49.3 2.58 108 135
(49.45) (2.95)

8l(Au(CQFs),(PPthH2CH;C(CH,XCH;PPh;);}leu]Ct(), 57 @84 2.35 168 137
(48.15) (2.65)

9(Au(CbFs);((PPh,CH;),O(CH,)CH;PPh;)lCI %0 $3.4 35 130 70

. (53.45) 3.3)

10 [AW(C(Fy),{(PPh,CH 1,C(CH,\)CH,PPh JAUCF), Ic 84 45.2 215 120 75
(45.15) 2.1)

11 {AW(C,F;),{(PPh,CH 1), C(CH,)CH, PPh,}Au(CF), ICIO, 86 43.35 215 140 80

(43.65) (20)

* Calculated values are given in parentheses, © In acetone, 27! cm? mol~'. ¢ With decomposition.
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0.2 mmol) or [Au(C,FsXtht)] [22] (0.090 g, 0.2 mmol).
After stirring for 2 h the solution was evaporated to ca.
5 cm®. Addition of hexane (20 cm®) led to the precipita-
tion of the white solids 4 (yield: 81%) or § (yield:
39%). NMR: 4, °F, § —119.5 (m, 4F, o-F), —155.0
(t, 2F, p-F) (J(Fp-Fm)=19.8 Hz), —159.1 (m, 4F,
m-F), —121.7 (m, 2F, o-F), —1563 {t, 1F, p-F)
(J(Fp-Fm) = 19.9 Hz) and —160.7 (m, 2F, m-F); §,
®E '8 —1195 (m, 4F, o-F), —1555 (&, 2F, p-F)
(J(Fp-Fm) = 19.3 Hz), —159.3 (m, 4F, m-F), —121.6
(m, 2F, o-F), —156.3 (t, IF, p-F) (J(Fp-Fm) = 20.0
Hz), —160.6 (m, 2F, m-F), —115.0 (m, 4F, o-F),
-159.0 (t, 2F, p-P) (J(Fp-Fm)=20.1 Hz) and
—162.6 (m, 4F, m-F).

3-5. [Au(C,f})_;{PthCbe(CH, )(CHz Pth )2}A“L"
CIO, (L = PPh, (6), CH, PPh; (7))

To a solution of 3 (0.132 g, 0.1 mmol) in 20 cm® of
dichloromethane was added [Au(PPh,Xtht)]CIO, [23)
(0.065 g, 0.1 mmol) or [Au(CH,PPh,Xth1)]CIO, [24]
(0.066 g, 0.1 mmol) and the mixture was stirred for 1 h.
Concentration of the solution to ca. 5 cm® and addition
of hexane (20 cm®) gave the white solids 6 (yield: 42%)
or 7 (yield: 63%). NMR: 6, °F, 8§ —119.4 (m, 4F,
o-F), —1559 (, 2F, p-F) (J(Fp-Fm)=19.9 Hz),
=159.8 (m, 4F, m-F), =121.5 (m, 2F, o-F), —157.1
(t, 1IF, p-F) (J(Fp=Fm) = 20,0 Hz) and —161.1 (m,
2F, m-F), 7, °F, § —119.4 (m, 4F, o-F), —156.1 (¢,
2F, p-F) (J(Fp-Fm) = 19.5 Hz), = 159.7 (m, 4F, m-F),
=121.5 (m, 2F, o-F), = 156.8 (1, IF, p-F) (J(Fp~Fm)
= 19,8 Hz) and = 160.9 (m, 2F, m-F).

3.6. [{Au(C,Fy),(PPh,CH,C(CH,CH, PPh, ), }},-
Aulcio, (8)

To a solution of 3 (0,264 g, 02 mmol) in
dichloromethane (20 ¢m®) was added [Au(tht),]CIO,
[23) (0.047 g, 0.1 mmol). After stirring for 30 min the
solution was concentrated to ca. 5§ cm®. Addition of
hexane led to the grecipitation of 8 as a white solid.
Yield: 57%. NMR: "F, 6 —119.5 (m, 8F, o-F), - 156.0
(t, 4F, p-F) (J(Fp-Fm) = 20,0 Hz), —159.9 (m, 8F,
mF), —121.4 (m, 4F, o-F), —1570 (t, 2F, p-F)
(J(Fp—Fm) = 20.0 Hz) and — 161.2 (m, 4F, m-F).

3.7. {AW(C 4 F;),{(PPh,CH, ),C(CH, )CH, PPh,}ICI (9)

To an anhydrous deoxygenated dichloromethane so-
lution (20 Cms) of (PthCHz)JCCHQ (0‘125 £, 0.2
mmol) and under nitrogen atmosphere was added
{Au( u-CIXC,F;), ), [25](0.113 g, 0.1 mmol). The mix-
ture was stirred for 1 h. Concentration of the solution to
ca. 5 cm’ and addition of diethyl ether (20 cm®) gave
complex 9 as a white solid. Yield: 90%. NMR: °F, &

~116.7 (m, 2F, o-F), —118.8 (m, 2F, o-F), —156.1
(v, 2F, p-F) (N(Fp-—Fm)= 19.8 Hz), —158.9 (m,
2F, m-F) and —160.1 (m, 2F, m-F).

(C4F;),ICL (10)

(a) To « solution of 9 (0.119 g, 0.1 mmol) in
dichloromethane (20 cm®) was added [Au(C,F;),(tht)]
[22] (0.079 g, 0.1 mmol). After stirring for 30 min the
solvent was evaporated to ca. 5 cm®. Addition of hexane
(20 cm®) led to the precipitation of complex 10 as a
white solid. Yield: 84%.

(b) To a dichloromethane solution (20 cm®) of 3
(0.264 g, 0.2 mmol) was added [Au( u-CIXC,F),),
[25] (0.113 g, 0.1 mmol). The mixture was stirred for 1
h. Concentration of the solvent to ca. 5 cm® and addi-
tion of hexane (20 cm®) gave complex 10 as a white
solid. Yield: 64%. NMR: °F, 8 —116.5 (m, 2F, o-F),
-121.9 (m, 2F, o-F), —155.2 (**t”, 2F, p-F), —157.5
(m, 2F, m-F), —160.1 (m, 2F, m-F), —119.8 (m, 4F,
o-F), —1553 (t, 2F, p-F), —159.5 (m, 4F, m-F),
—=121.9 (m, 2F, o-F), —156.6 (t, IF, p-F) (J(Fp-Fm)
= 18.9 Hz) and —160.8 (m, 2F, m-F).

3.9 [Au(c6 F5 )2{(PthCH2 )2C(CH3 )CHZ Pth}Au'
(C,F,),]CIO, (11)

(a) To a freshly prepared solution of [Au-
(C4Fy),(OEt,),ICIO, in diethyl ether [26] (0.1 mmol)
was added complex 3 (0.132 g, 0.1 mmol) and the
mixture was stirred for 2 h. Concentration of the solu-
tion to ca. S cm® and addition of hexane (20 cm®) gave
11 as a white solid. Yield: 80%.

(b) To a solution of 10 (0.189 g, 0.1 mmol) in
dichloromethane (20 cm®) was added an excess of
NaClO, : H,0. After stirring for 2 h, the resulting mix-
ture was filtered through a 1 cm layer of Celite and
washed with dichloromethane (3 X 5 cm®). Concentra-
tion of the filtrate to ca. S cm® and addition of hexane
(20 em®) gave 11 as a white solid. Yield: 86%. NMR:
®F, 8§ —115.7 (m, 2F, o-F), —1219 (m, 2F, o-P),
-1548 (*‘t", 2F, p-F) (N(Fp-Fm) =200 H2),
~157.1 (m, 2F, m-F), —159.9 (m, 2F, m-F), —119.9
(m, 4F, o-F), —1549 (1, 2F, p-F) (J(Fp-Fm) = 20.7
Hz), —159.2 (m, 4F, m-F), -121.9 (m, 2F, o-F),
=1565 (t, IF, p-F) (J(Fp~-Fm)=19.9 Hz) and
-160.7 (m, 2F, m-F).
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