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Abstract

High yield methods for the synthesis of cis[MR,(COD)] (M =Pd, Pt; R=35-C4Cl,F;), cis[MR,(THF),] (M = Pd; Pb),
trans{PdR,L ,] (L = tht; SMe,), trans[PtR,(SMe,),], and [M,( n-C),R,L,] (M = Pd, L = NCPh, tht, SMe,; M = Pt, L = tht) are
reported. These complexes are general precursors for the preparation of other complexes containing cisMR,, transMR, and MCIR
moieties in almost quantitative yields. Thus, by displacement of COD, THF, tht or SMe, by other ligands, almost any isomer of any
complex with one or two aryl rings can be prepared. The ®E NMR spectra of these complexes are simple compared to those of other
polyfluorophenyl groups, and some examples of the spectral advantages of this partially fluorinated ligand are given. © 1998 Elsevier

Science SA.
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1. Introduction

Haloaryl ligands confer extra stability to the C—M
bond and consequently have been widely used to pre-
pare organometallic complexes of palladium and plat-
inum. Among them, C,;F; is the most extensively used
and has made possible the isolation of many new struc-
tural types of complexes [1-3]. However, other sym-
metrical polyfluorophenyl ligands are little represented
in the literature [4-7].

The advantages of **F NMR spectroscopy for charac-
terization and mechanistic studies, using fluoroaryl
complexes as models of aryl complexes, have been
discussed for C4F; in some previous papers. For in-
stance, it greatly facilitates the isolation and investiga
tion of intermediates and products formed by insertion
of one double bond of a diene into a Pd—C4zF; bond
[8-11]. It is also of great help in the recognition and
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interpretation of fluxional processes, including real or
apparent aryl rotation and dissociative or associative
processes occurring on palladium [12,13].

In the course of mechanistic investigations on
pentafluorophenyl complexes of palladium and plat-
inum, we became interested in the synthesis of analo-
gous stable polyfluorophenyl complexes with more sim-
ple but not less informative *F NMR spectra that
would further facilitate these spectroscopic studies and
interpretation, as well as computer simulations. This
directed our attention to the 3,5-dichlorotrifluorophenyl
ligand. Moreover, the availability of complexes with
very similar but distinguishable R groups, such as 3,5-
dichlorotrifluorophenyl and pentafluorophenyl, would
allow mechanistic studies to be made involving R or
ligand exchange.

In this paper, we report the synthesis of general
precursors containing MR, or MRX moieties (X =
halide; M = Pd, Pt; R= 3,5-C,Cl,F;) stabilized with
easily displaceable ligands (e.g., THF, PhCN, tht, SMe,)
or easily removable halides. From these precursors spe-
cific complexes are easily obtained. We aso illustrate
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with examples some of the spectral advantages of the
use of this partidly fluorinated ligand compared to
CsFs.

2. Reaults

The reaction of equimolar amounts of 1,3,5-C,Cl;F;
(RCl) and Li"Bu in dry diethyl ether at —78°C gives
the organolithium reagent LiR which has been used
directly to arylate severa palladium and platinum com-
pounds. The reaction conditions, products and yields are
listed in Table 1. The results obtained are similar to
those previously described for C4F; and C4Clg [2,14].
However, it must be noted that: (a) Arylation of cis-
[MCI,(COD)] (M =Pd, Pt) which affords the white
air-stable complexes cis[MR,(COD)] (M = Pd, 1a; P,
1b) in high yields is an excellent alternative method
(not used previoudly for CF; or similar ligands) to
prepare many complexes containing M—R bonds; (b)
(NBu,),[PdR,] (2a) is accessible in 93% yield from
(NBu,),[Pd,Brg] using only a slight excess of LiR
(molar ratio 1:8.5) in contrast with the results reported
for LiC¢F; (ratio 1:20, 64%) [15], or LiC4Cly (ratio
1:14, 64%) [16]; and (c) the products obtained from the
reactions of [MCl,L,] (M = Pd, Pt; L = tht, SMe,) and
LiR are mixtures of cis- and trans[MR,L,] (M = Pd,
4a—7a, Pt, 4b—7b) with variable ratios. The isomeriza-
tion process for these complexes is slow (unnoticeable
for Pt) and separation of cis- and trans isomers can be
achieved using fractional crystallization and column
chromatography as described in Section 5.

The products listed in Table 1 can be used to prepare
other complexes containing MR or MRX moieties, as
shown in Scheme 1.

2.1. Complexes with two R groups bonded to the metal
center

The complexes cis[MR,(COD)] (M = Pd, 1a; P,
1b) can be transformed into cis[MR,(THF),] (M = Pd,

Table 1

8a; Pt, 8b; THF = tetrahydrofuran), which contain two
neutral ligands more easily displaceable, in two steps:
the substitution of COD for halide gives the anionic
complexes [M,( u-X),R,1?~ (M =Pd, X =Br, 9a; M
=Pt, X =1, 9b), isolated as their (NBu,)™ salts. Sub-
sequent treatment of these with AgClIO, (1:2 molar
ratio) in THF under anhydrous conditions leads to cis-
[MR(THF),]. These compounds are not very stable
and must be stored in the solid state at —20°C [17,18].
The Pd complex is particularly unstable and the use of
cis[PdR,(NCPh),] (11a) as storable precursor is rec-
ommended.

Alternatively (NBu,),[M,( u-CD,R,] (M = Pd, 10a;
Pt, 10b) can be used as starting materials. They are
prepared in good yield by reaction of (NBu,),[MR,]
(M =Pd, 2a; Pt, 2b) with HCI (1:2 molar ratio) in a
methanol /acetone mixture, athough half of the R
groups are lost as RH in this operation. For M = Pd,
arylation of PdCI, with 2a (1:1 molar ratio) in refluxing
acetone gives 10a in 80% yield, saving the waste of the
valuable fluorinated material as RH in the previous
method. The reaction between (NBu,),{trans-
[PCI,R,]} (3b) and AgNO, or AgCIO, (1:2 molar
ratio) in acetonitrile followed by addition of a large
excess of SMe, causes AgCl precipitation and forma-
tion of trans[PtR,(SMe,),] (7b).

All these complexes, cis[MR,(COD)] (1a, 1b), cis-
[MR,(THF),] (8a, 8b), trans[PdR,L,] (L =tht, 5a;
SMe,, 7a) and trans{PtR,(SMe,),] (7b) provide very
simple entries to many cis and trans[MR,L,] by
direct substitution of COD, THF, tht or SMe, by other
ligands, with retention of the stereochemistry of the
starting products.

Neutral monodentate ligands L (L =tht, SMe,,
NCPh, PMe;, PPh,;, CNMe) easily displace THF from
cis[MR,(THF),] (ratio L:Pd = 2:1) to give the corre-
sponding neutral mononuclear compounds cis-[MR,L,]
(M =Pd, 4a, 6a, 11a—14a; Pt, 4b, 6b, 11b—14b). The
displacement of COD from cis[PdR,(COD)] (1a) is
more difficult, yet it works at room temperature for all
the mentioned ligands except the poorly coordinating

Arylation reactions of palladium and platinum compounds in diethyl ether using LiR

Starting material Molar ratio starting/LiR Product(s) Yield (%) Molar ratio cis:trans
[PACI,(COD)J? 1:2 [PdR,(COD)], 1a %5

[PtCl,(COD)] 1:2 [PtR,(COD)], 1b 85

(NBu,),[Pd,Brg] 185 (NBu,),[PdR,], 2a 93

Ptcl, 1.9 (NBu,),[PtR,], 2b 76

PtCl, 1.2 (NBuy),{trans[PtCI,R, 1}, 3b + 2b 70+7

[PACI ,(tht), ]P 1:2 cis- and trans[PdR ,(tht), ], 4a, 5a 80 151

[PCl ,(tht), ] 12 cis- and trans-[PtR,(tht),], 4b, 5b 70 5:1

[PACI ,(SMe,),] 1.2 cis- and trans{PdR,(SMe,),], 6a, 7a 80 12

[PtCl ,(SMe,), ] 1.2 cis- and trans{PtR,(SMe,),], 6b, 7b 82 22:1

4COD = 1,5-cyclooctadiene.
Ptht = tetrahydrothiophene.
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Table 2
Trans-arylation reactions described in this work
Starting material Arylating reagent  Solvent Product(s) Yield (%) Molar ratio
cisitransin
cDCl,
PdCl, (NBu,),[PdR,]  Refluxing (NBu,),[Pd,( u-Cl),R,], 10a 80
acetone
[PACI,(NCPh), ] cis[PdR,(THF),] CH,Cl, cis- and trans-[Pd,( u-Cl),R,(NCPh), ], 82 123
20a, 21a
PdCl, [PdR,(tht),] Acetone cis- and trans{Pd,( u-C),R,(tht),], 93 122
223, 23a
PtCl, [PtR,(tht),] Refluxing cis- and trans{Pt,( u-C),R,(tht),], 81 127
acetone 22b, 23b
PdCl, [PdR,(SMe,),]  THF cis- and trans{Pd,( u-Cl),R,(SMe,),], 95 121
24a, 25a
[PtCl ,(tht), ] [PtR,(tht), ] Refluxing trans[PtCIR(tht), ], 26b 85
toluene
[PtCI ,(SMe,),] [PtR,(SMe,),] Refluxing trans[PtCIR(SMe,), ], 27b 82
toluene

NCPh. However, analogous substitutions of the diene in
cis{PtR,(COD)] (1b) had to be carried out in refluxing
toluene. In addition to neutral ligands, we have investi-
gated severa reactions with the anionic ligand OH .
The reaction of Ccis[MR,THF),] (8a, 8b) with

NBu,OH(ag) in acetone leads to the formation of
(NBu,),[M ,( u-OH),R,1(M = Pd, 15a; Pt, 15b), which
react with weak protic acids such as acetylacetone
(Hacac) vyielding mononuclear complexes
(NBu,)IMR(acac)] (M = Pd, 16a; Pt, 16b). An alterna-

Table 3
Microanalytical, conductivity and selected IR data for the 3,5-dichlorotrifluorophenylpalladium derivatives

Complex Analysis? IR/cm? A,

%C %H %N R Ligand
la cis{PdR,(COD)] 38.93 (39.09) 2.01(1.97) 691, 680
2a (NBu,),[PdR,] 47.97 (48.35) 5.06 (5.22) 2.03(2.01D) 696, 687 201
4a cis{PdR,(tht), ] 35.46 (35.19) 2.54(2.36) 693, 684
5a trans-[PdR,(tht), ] 34.84(35.19)  2.17(2.36) 674
6a cis[PdR,(SMe,),] 30.31 (30.48) 2.04(1.92) 696, 686
7a trans{PdR,(SMe,), ] 30.21 (30.48) 2.02(1.92) 677
8a cis[PAR,(THF),] 36.67 (36.93) 2.54(2.48) 707, 697
% (NBu,),[Pd,( u-Br,R,]  4058(4058)  4.39(4.38) 176(1.69) 694, 685 202
10a (NBu,),[Pd,( u-CD,R,] 42.92 (42.88) 4.63(4.63) 1.79(1.79) 700, 689 180
1la cis{PdR,(NCPh), ] 44.02 (43.83) 1.73(1.4D) 3.60(3.93) 701, 693, 683° 2271 v(CN)
12a cis[PdR,(PMe;,),] 33.14(32.83) 2.74 (2.76) 693, 675
13a cis[PdR,(PPh,),] 55.76 (55.92) 3.05(2.93)
14a cis[PdR,(CNMe), ] 32.15(32.66) 1.33(1.03) 4.89 (4.76) 699, 691 2262, 2251 v(CN)
15a (NBuy),[Pd,( u-OH),R,] 44.02 (43.92) 4.89(4.87) 1.75(1.83) 694, 688 3627 v(OH) 126
16a (NBu[PdR ,(acac)] 46.42 (46.75) 492 (5.11) 1.54 (1.65)) 701, 690 109
17a trans[PdR,(PMe,),] 33.24(32.83) 2.66 (2.76) 673
18a trans{PdR,(PPh,), ] 55.54 (55.92) 2.89(2.93) 670
19a trans{PdR,(CNMe), ] 31.83(32.66) 1.14(1.03) 4.87 (4.76) 678 2253 v(CN)
20a-21a [Pd,( u-CI),R,(NCPh),]°  3471(3509)  1.33(1.13)  306(3.15 703,683 2279 v(CN)
22a-23a [Pd,( u-Cl),R,(tht),1¢ 27.76(27.93)  1.90(1.88) 702
24a-25a [Pd,( u-Cl),R,(SMe,), ]9  24.33(23.79)  1.65(1.50) 704 295 v(Pd-Cl)
26a trans[PdRCI(tht), ] 32.49 (32.45) 298 (3.1D 695 319 v(Pd-Cl)
27a trans-[PdRCI(SMe,), ] 699
29 trans[PdRCI(CNMe), ] 28.39(28.33) 1.47 (1.43) 6.88 (6.61) 697 2250 v(CN)
313 v(Pd-Cl)

30a trans[PdRCI(COD)] 37.34(37.37) 2.75(2.69) 699 330 v(Pd-Cl)

dCalculated values in parentheses.

®In acetone (5 x 10 M), values in Scm?mol .

°One of these signals belongs to the ligand NCPh.

deis + trans mixtures. The first number refers to the cis isomer.
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tive synthesis for 15b consists of the treatment of
(NBu,),[Pt,( u-Cl),R,] (10b) with 40% NBu,OH (ag).
Unlike 15b, complex 15a decomposes in acetone, and
its isolation is only possible after a very rapid workup.
The most convenient preparation of 16a is the addition
of 1a to a methanol solution containing (NBu,)acac.
The synthetic route to complexes containing the moi-
ety transMR, is the displacement of tht or SMe, in
trans[PdR,(tht),] (5a) or trans[MR,(SMe,),] (7a,
7b). These complexes react with stoichiometric amounts
(Pd) or slight excess (Pt) of ligands L (L = PMe;, PPh;,

CNMe) to give trans{MR,L,] (M = Pd, 17a—19a; Pt,
17b-19b).

2.2. Complexes with only one R group bonded to the
metal center

Several trans-arylation reactions have been carried
out and work similarly as for C4F; [19]. The results are
summarized in Table 2.

The mixture of ciss and trans-[Pd,( -
Cl),R,(NCPh),] (20a, 21a) is the most general precur-
sor for the preparation of complexes containing the

Table 4
9F NMR data at 293 K for the 3,5-dichlorotrifluorophenyl derivatives®?
Complex M = Pd M = Pt
F° FP Fo JPt-F°) FP JPt-FP)
1 -91.16 -117.32 -93.96 337.2 -117.78 16.1
2 -85.34 -126.07 -88.58 440.4 -127.60
3¢ -88.06 258.5 -127.31
4 -89.98 -118.24 -92.13 382.0 -119.04 16.1
5 -92.65 -117.16 -92.75 214.2 -117.99 11.6
6 -90.70 -118.04 -92.62 378.5 -118.87 16.4
7 -94.10 -116.98 -94.07 207.2 -117.85 11.7
8 -90.77 -118.18 -93.68 508.5 -117.78
8aa®d -88.22 -119.98
8ab®d -88.43 dd -119.57
(6.4, 4
-88.74 dd -119.45
6.4; 4
8ac®d -89.05 -119.10
8ba’ -91.20 512.2 -122.13 16.5
8bb¢ -91.251t (4.6) 510.3 -121.50 16.5
-91.821(4.6) 504.1 -121.39 15.6
8bc® -92.02 501.3 -120.76 16.3
9 -87.97 -121.68 -90.48 475.9 -123.15
10 -88.43 -121.61 -91.87 485.6 -122.81
11 -90.59 -118.98 -93.66 440.9 -119.60 115
12 -90.07 m -119.31m -91.93 m 316.4 -119.75m 13.7
13 -90.05 me¢ -120.72 m -91.71m 301.0 -121.24 m 13.2
14 -90.02 -119.01 -92.11 356.6 -118.97 14.4
15°¢ -86.49 -123.63 -91.54 494.7 -125.78
16 -89.21 -122.07 -90.80 488.7 -124.41
17 -91.25t -118.47t -92.31 294.0 -119.52t 14.1
(5] [2.5] [2.4]
18 -88.10t -120.83t -88.86 227.4 -121.94 t
[4.8] [2] [2]
20 -95.33 -116.30
21 -95.33 -116.60
22 -94.26 -116.11 -94.15 298.6 -117.23
23 -94.48 -116.27 -94.29 304.7 -117.48
24 -94.82 -115.99
25 -94.99 -116.11
26 -93.03 -116.05 -93.15 307.7 -117.80 17.9
27 -94.47 -116.06 -94.51 306.2 -117.85 18.0
28 -93.33 286.6 -118.07 12.1
29 -89.98 -116.63 -90.80 3575 -117.95 16.6
30 -95.21 -116.30 -96.26 257.6 -116.92 15.2

4CDCl3, unless otherwise indicated; XF-F) /Hz values are in parentheses and XP-F) /Hz in square brackets.

PAll the signals were singlets unless otherwise indicated.
“(CD,),CO.
9190 K.

Apparent triplet.lgF NMR data at 293 K for the 3,5-dichlorotrifluoropheny! derivates”
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moiety ‘PdCIR’. Thus, on reaction with neutral ligands
L, (L, = 2tht, 2 CNMe, COD) the mixture 20a—21a is
converted into [PACIRL ,] (26a, 29a, 30a) in high yield.
The chloro-bridged complexes cis- and trans-[Pd,( u-
Ch,R,L,] (L = tht, 22a, 23a; SMe,, 24a, 25a) can be
used also as precursors, but because of the better coor-
dination ability of tht or SMe, towards Pd or Pt com-
pared to PhCN, they are not as versatile as 20a—21a.

The mixture of cis- and trans[Pt,( u-Cl),R(tht),]
(22b, 23b) reacts with tht giving trans{PtCIR(tht),]
(26b), whereas reaction with CNMe generates a mixture
of cis- and trans[PtCIR(CNMe),] (28b, 29b). On the
other hand, reaction of the mixture 22b—23b with the
less coordinating COD affords cis-[PtCIR(COD)] (30b)
and 26b.

Attempts to prepare complexes [PtCIRL,] by aryla
tion of [PtCl,L ,] by LiR (molar ratio 1:1) were unsuc-
cessful leading to mixtures of [PtR, L ,] and the starting
material. However, equimolar amounts of [PtR,L ,] and
[PtCI,L,] (L =tht, SMe,) in refluxing toluene give
trans[PtCIRL ,] (26b, 27b) in very good yield.

3. Characterization of the complexes and discussion

Elemental analyses, IR spectral data and conductivi-
ties are listed in Tables 3 and 4, °F NMR data are
summarized in Table 5, and *H and *'P{*H} in Table 6.

The solid-state IR spectra for al the isolated com-
plexes exhibit characteristic absorptions for the R group
in the following regions: 1590-1560, 1450-1350,
1050-1040, 800—750 and 710-670 cm™*. As reported
for other polyfluorophenyl groups [2,5], one of the
absorption regions (710-670 cm™') associated to the
R—M fragment can be structuraly informative. In ef-
fect, the cis isomers exhibit two strong bands in this
range, whereas the trans isomers show only one.

The F NMR spectra of the complexes with 3,5
C,Cl,F; groups (Table 5) are simple compared to those
of the other polyfluorophenyl groups, and this greatly
facilitates their characterization and the study of their
behavior in solution. For instance, the CsF group
congtitutes a five-spin system involving three or five
(when the two halves of the ring become inequivalent)

Table 5
'H and *P NMR data at 293 K for the dichlorotrifluoropheny! derivatives®
Complex M = Pd M = Pt
'H NMR PNMR  'HNMR P NMR
1 COD: 5.78 (m, br, 4 H, CH), 2.74 COD: 5.34 (m, 4 H, CH) Jpry = 45.2; 2.59
(m, 8H, CH,) (m, 8H, CH,)
4 tht: 2.88 (m, 8 H), 1.87 (m, 8 H) tht: 3.02 (m, 8 H) Jp.y = 33.2; 1.86 (m, 8 H)
5 tht: 2.68 (m, 8 H), 1.85(m, 8 H) tht: 2.77 (m, br, 8 H) Jp_, = 61.9; 1.83,
(m, br, 8H)
6 SMe,: 2.15 (s, 12 H) SMe,: 2.30 (s, 12 H) Jo.py = 33.1
7 SMe,: 2.08 (s, 12 H) SMe,: 2.20 (s, 12 H) Jpy = 60
8 THF: 3.78 (m, 4 H) 1.82 (m, 4 H) THF: 3.93(m, 4 H), 1.87 (m, 4 H)
11 NCPh: 7.75-7.65 (m, 6 H), NCPh: 7.77-7.70 (m, 6 H), 7.57-7.50
7.57-7.48 (m, 4 H) (m,4H)
12 PMe;: 1.30 (m, 18H)[N= 8.5]b -189m PMe;: 1.43 (m,18H) [N= 9.2]b Jpr.y = 26.3 -26.8 M Jp p = 2276
13 PPh,: 7.40-7.10 (m, 30 H) 191 m PPhj: 7.41-7.05 (m, 30 H) 12.2 m Jp.p = 2376
14 CNMe: 3.39(s, 6 H) CNMe: 3.40 (s, 6 H) Jpy = 132
15°¢ u-OH: -2.89 (s, 2 H) n-OH: -0.97 (s, 2 H)
16 acac: 5.24 (s, 1 H), 1.84 acac: 5.29 (s, 1 H), 1.64 (s, 6 H, Me)
(s, 6 H, Me)
17 PMe,: 1.07 (m, 18 H) [N = 7]° -134m PMe,: 1.16 (m, 18 H) [N = 7.3]° J,,,, = 31 -19.1 Jp, p = 2484
18 PPh,: 7.50-7.20 (m, 30 H) 25m PPh,: 7.50-7.15 (m, 30 H) 14.8 Jp p = 2785
20-21 NCPh: 7.71-7.48 (m, 10 H)
22-23 tht: 3.30-2.60 (br, 8 H), 2.20-1.90 tht: 3.19 (m, 4 H), 2.83 (m, 4 H), 2.23
(br, 8 H) (m,4H),1.93(m, 4 H)
24-25 SMe,: 2.32 (s, 12H)
26 tht: 3.04 (br, 8 H), 2.02 (m, 8 H) tht: 3.37 (br, 4 H), 2.87 (br, 4 H), 1.85-2.25
(br, 8H)
27 SMe,: 2.35(s, 12 H) SMe,: 246 (s, 12 H) Jpp.y = 52
28 CNMe: 3.40 (s, 3H) oy = 19.3; 3.50
(s, 3H) Jopy = 119
29 CNMe: 3.40 (s, 6H) CNMe: 3.45(s, 6 H) Jp.y = 145
30 COD: 6.23 (m, 2 H, CH), 5.60 COD: 5.90 (M, 2 H, CH) Jo.y = 41.9; 4.92

(m, 2 H, CH), 2.87-2.60 (m, 8 H, CH,)

(M, 2 H, CH) Jo,, = 469.6; 2.67 (m, 4 H, CH,);

2.42(m, 4H, CH,)

4CDCl3, unless otherwise indicated; XP-H)/Hz values are in square brackets. Additional peaks from (NBu,)™, with the correct intensities, are

found in the spectra of the ionic complexes.
PX AA X'y spin system, N = XA-X) + XA-X"). %(CD,),CO.



Table 6

'H and **P NMR data at 293 K for the dichlorotrifluoropheny! derivatives®

Complex M = Pd M =Pt
'H NMR pPNMR 'H NMR P NMR
1 COD: 5.78 (m, br, 4 H, CH), 2.74 (m, 8 H, CH ) COD: 5.34 (m, 4 H, CH) Jp_,, = 45.2; 259 (m, 8 H, CH,)
4 tht: 2.88 (m, 8 H), 1.87 (m, 8 H) tht: 3.02 (m, 8 H) Jp_,; = 33.2; 1.86 (m, 8H)
5 tht: 2.68 (m, 8 H), 1.85 (m, 8 H) tht: 2.77 (m, br, 8 H) Jp_,; = 61.9; 1.83 (m, br, 8 H),
6 SMe,: 2.15 (s, 12 H) SMe,: 2.30 (s, 12 H) Jp_p = 33.1
7 SMe,: 2.08 (s, 12 H) SMe,: 2.20 (s, 12 H) Jg,_,, = 60
8 THF: 3.78 (m, 4 H), 1.82 (m, 4 H) THF: 3.93(m, 4 H), 1.87 (M, 4 H)
11 NCPh: 7.75-7.65 (m, 6 H), 7.57-7.48 (m, 4 H) NCPh: 7.77—7.70 (m, 6 H), 7.57—-7.50 (m, 4 H)
12 PMe,: 1.30 (m, 18 H) [N = 8.5]° —189m PMe,: 1.43 (m, 18 H) [N=9.2]° J,,_,, = 26.3 —26.8m Jpy_p = 2276
13 PPh,: 7.40-7.10 (m, 30 H) 19.1m PPh,: 7.41-7.05 (m, 30 H) 12.2m Jp_p = 2376
14 CNMe: 3.39(s, 6 H) CNMe: 340 (s, 6 H) Jp_y =132
15¢ w-OH: —2.89 (s, 2 H) u-OH: —0.97 (s, 2 H)
16 acac: 5.24 (s, 1 H), 1.84 (s, 6 H, Me) acac: 5.29 (s, 1 H), 1.64 (s, 6 H, Me)
17 PMe;: .07 (m, 18 H) [N = 7]° —134m PMe;: 1.16 (m, 18 H) [N = 7.3]° Jo_y =31 —19.1 Jp_p=2484
18 PPh,: 7.50—7.20 (m, 30 H) 25m PPh,: 7.50—7.15 (m, 30 H) 14.8 Jp_p = 2785
20-21 NCPh: 7.71-7.48 (m, 10 H)
22-23 tht: 3.30—2.60 (br, 8 H), 2.20-1.90 (br, 8 H) tht: 3.19 (m, 4 H), 2.83 (m, 4 H), 2.23(m, 4 H), 1.93(m, 4 H)
24-25 SMe,: 2.32(s, 12 H)
26 tht: 3.04 (br, 8 H), 2.02 (m, 8 H) tht: 3.37 (br, 4 H), 2.87 (br, 4 H), 1.85-2.25 (br, 8 H)
27 SMe,: 2.35(s, 12 H) SMe,: 2.46 (s, 12 H) Jpy_y, = 52
28 CNMe: 3.40 (s, 3H) Jp_y = 19.3; 350 (s, 3H) Jp_py = 11.9
29 CNMe: 3.40 (s, 6H) CNMe: 3.45(s, 6 H) Jp_y =145
30 COD: 6.23(m, 2 H, CH), 5.60 (m, 2 H, CH), COD: 5.90(m, 2H, CH) Iy = 41.9; 4.92 (m, 2H, CH)

2.87-2.60 (m, 8 H, CH,)

Jpt_y = 469.6; 2.67 (M, 4 H, CH,); 2.42(m, 4 H, CH,)

4CDCl,, unless otherwise indicated; J(P-H)/Hz values are in square brackets. Additional peaks from (NBu,)™*, with the correct intensities, are found in the spectra of the ionic complexes.

PXy AN X spin system, N= J(A— X)+ J(A— X).
¢(CD,),CO.

026 (866T) TSG AnsiusyD 21| [ewoue O Jo feulnor / e 1 Bulds3 'd

qT
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(b)

........................ T

ppm -94.5 ppm 116.5

(a)

.................................... R R RR s AARassual
ppm -121.0 ppm -158.0 ppm -162.0

Fig. 1. F NMR (CDCl,, 282.35 MHz) spectra of cis- and trans-
[Pd,(u-CD,R,(tht),] for R=CgF; (@ and 3,5-C4Cl,F; (b),
recorded using the same conditions (on 8 mM solutions, 8 pulses).
The predominant species are the trans isomers.

different chemical shifts and having very significant
3J(F°—F™) and *J(F™—FP) coupling constants (about
20 Hz) between mutualy ortho fluorine atoms [20].
This gives rise to multiplet signals, can produce often
overlapping of close signals, and complicates noticeably
the simulation of the spectra. On the contrary, the
complexes with 3,5-C,Cl,F; have only mutualy meta
fluorine atoms with very small *J(F°—FP) (usualy <
0.5 Hz). This small coupling can be suppressed by
reducing the digital resolution below this limit (which is
usually the case), whereupon al the signals become
singlets, unless other couplings are involved. Thus,
when the two halves of the aryl ring are equivalent they
display two sharp singlets of relative intensities 2:1. If
the two halves of the ring are inequivalent, three signals
with 1:1:1 intensities are observed. This simplification
of the spectral features can be seen in the examples
discussed below.

Fig. 1 shows the “°F NMR spectra of the complexes
[Pd,( u-C,R,(tht),] for R = C4F; (a) and 3,5-C,Cl,F,
(b) recorded under similar conditions. These neutral
binuclear double-bridged complexes (also the Pt com-
plex, see Table 2) turn out to be mixtures of the cis- and
trans isomers in CDCI, solutions. The advantages of
using 3,5-C4Cl,F; are obvious: Because their signals
are singlets, the signal-to-noise ratio is much better, and
their resonances do not overlap. Even when °F is a
nucleus with high receptivity, an improvement in the
signal-to-noise ratio can save much time when kinetic
experiments are undertaken. Moreover, the simplicity of
the signals makes line—shape analysis, when needed,
much easier than for C,F; systems [21]. Addition of
benzene to these CDCI , solutions produces, in all cases,
an increase of the more intense resonance; therefore, we
conclude that the complexes undergo exchange within

(a) (b)

— T T T T T
ppl -114.00 PPl -88.00 -88.25

Fig. 2. 3"F NMR signals of the F° atoms of trangdPdR,(PPh,),] for
R =C¢F; (@) and 3,5-C4Cl,F; (b).

seconds, and the predominant species are the trans
isomers that should be favored in less polar solvents
[22]. Addition of acetone to a mixture of cis- and
trans-[Pt,( u-Cl),R,(tht),] (22b, 23b) in CDCl, pro-
duces the contrary effect, whereas for the palladium
complexes, we observe that the signals become broader
probably due to an increase in the exchange rate.

Fig. 2 shows the F° resonances for the complexes
trans[PdR,(PPh,),] for R = C¢F; (& and 3,5-C4Cl,F;
(b). Where the signal is not clear for R = C¢F;, due to
the existence of large F°—F™ couplings, a characteristic
triplet can be easily seen for R = 3,5-C,Cl, F;.

A third simple illustration is given by the spectra of
the complexes cis[MR,(THF),] (M = Pd, 8a; Pt, 8b).
The THF ligand is very labile and can readily be
displaced even by weak ligands. In fact, the (CD;),CO
solutions of the platinum complex 8b (Fig. 3) show four
F° signals and four FP signals in the ®F NMR spec-
trum at 293 K, plus the corresponding Pt satellites. The
signals are assigned to the following products. cis-

o .
F° region %® M
AN
........ A S o o MM
pon  -90.5 91.0 91.5 92.0 92.5
. v
FP region o

T ] | T
ppn ~120.5 -121.0 -121.5 -122.0 -122.5

Fig. 3. F NMR spectrum of a solution of cis[PtR,(THF),] (8b,
R = 35-C4Cl,F;) in wet (CD;),CO. Signals of cis[PtR,(H,0),]
(8ba, =*) cis[PtR,(H,0)CO(CD,),)] (8bb, o), and cis
[PtR,(CO(CD,),),] (8bc, v) are observed (see text and Scheme 1).
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[PtR,(H,0),] (8ba), cis[PtR,(H,0)CO(CD,),)]
(8bb), and cis[PtR,(CO(CD,),),] (8bc). Their propor-
tions depend on the H,O contents in the deuterated
solvent, the amount of 8ba and 8bb increasing upon
addition of H,O to the solvent. The coordinated H,O
resonances are localized in the "H NMR spectrum at
6.65 and 6.78 ppm for 8ba and 8bb, respectively.

An interesting feature is that the F° resonances of the
two inequivalent R groups in 8bb appear as triplets
rather than as singlets. This reveals the existence of F—F
coupling between the rings. Moreover, the triplet ap-
pearance indicates that each F° in one ring couples
equally to the two F° of the other ring. This is only
possible if the rotation of the ring around the C—Pt bond
isfast, converting the syn- and anti positions relative to
the coordination plane. This kind of feature is impossi-
ble to observe in the corresponding C;F; derlvanveﬁ
due to the inherent complexity of the signals. The ™
coupling constants are in the order of values reported
for cis-Pt(C¢F;), moieties [21,23-25], and suggest that
the trans influence of H,O is slightly smaller than that
of (CD;),CO.

In the case of the palladium analog 8a, two broad
singlets were obtained in the F NMR spectrum in
(CD,),CO at 293 K, but they were resolved when the
temperature was lowered, to show those expected for
the presence of cis[PdR,(H,0),] (8aa), cis
[PdR ,(H ,0)(CO(CD;),)] (8ab), and cis-
[PdR,(CO(CD,),),] (8ac). At 190 K, the ortho fluorine
signals due to 8ab show a characteristic splitting pattern
of doublet of doublets (6.4 and 4 Hz), because the
rotation of the aryl group is slow at this temperature.
The H ,O resonances are localized at this temperature in
the H NMR spectrum at 6.30 and 6.40 ppm for 8aa
and 8ab, respectively. The fact that the exchange 8aa
= 8ab = 8ac is fast whereas the exchange 8ba = 8bb
= 8bc is too dow to be detected suggests that they
operate by associative mechanisms, fast for Pd but slow
for Pt.

4, Conclusions

The genera precursors described in this paper allow
to prepare amost any isomer of any complex containing
one or two aryl rings 3,5-C4Cl,F;, both for Pd and for
Pt. The sensitivity and S|mpI|C|ty of their *F spectra
make these complexes spectroscopically more conve-
nient than the corresponding C4F; complexes used so
far. In addition, some features hidden by the complexity
of the spectra in C4F; derivatives, can be seen in the
new 3,5-C,Cl,F, complexes, such as inter-ring F-F
couplings. Other advantages of the use of these 3,5-
C¢Cl,F; complexes, particularly for mechanistic stud-
ies, will be shown in forthcoming papers.

5. Experimental

All reactions involving LiR or PMe; were performed
under nitrogen atmosphere, although subsequent manip-
ulations were carried out in ar, except where otherwise
stated. Solvents were dried and purified according to
standard procedures [26]. 1,3,5-C4Cl ;F, was purchased
from Fluorochem and used as received. Methyl iso-
cyanide was prepared as described elsewhere [27]. All
other reagents were obtained from commercial sources
and used without further purification. The complexes
[MCI,(COD)], (NBu,),[Pd,Brs], [MCI,(tht),] and
[MCI,(SMe),] were prepared by reported methods
[15,28-32].

C, H and N analyses were carried out on a Perkin-
Elmer 2400B microanalyzer. IR spectra were recorded
(in the range 4000-200 cm™*) on a Perkin-Elmer 883
spectrophotometer using samples mulled in Nujol be-
tween polyethylene films. Conductivities were mea-
sured with a Crison 522 conductimeter. Conductivity
data were obtained at sample concentrations ca. 5 X
10~* M in acetone solutions at room temperature. *H,
¥F and *P{'H} NMR spectra were recorded on a
Bruker AC300 or ARX300 instruments (at 300.13,
282.35, and 121.44 MHz, respectively) at room temper-
ature unless otherwise stated. Chemical shifts are rela-
tiveto TMS (*H NMR), CFCl; at 293 K (**F NMR), or
external 85% H ;PO, (**P NMR), with downfield values
reported as positive.

5.1. Arylation reactions of palladium and platinum
compounds

5.1.1. Preparation of [MR,(COD)] (1a, 1b)
n-Buthyllithium (5 ml of 1.6 M solution in hexane, 8
mmol) was added dropwise to a solution of 1,3,5-
C.Cl,F; (1.88 g, 8 mmal) in dry Et,O (30 ml), at
—78°C, under N, atmosphere. After the reaction mix-
ture was dtirred at this temperature for 30 min.
[PdCI ,(COD)] (1.14 g, 4 mmol) was added, and the
suspension was alowed to warm to room temperature in
6 h. Moist Et,O (10 ml) was added and the suspension
evaporated to dryness. The residue was extracted with
CH,Cl, (3x 80 ml) and the resulting filtrates were
combined and evaporated to dryness. Addition of iso-
propanol (15 ml) to the residue and filtration gave a
white solid, which was washed with isopropanol and
air-dried (1a, 95%). 1b was prepared similarly (85%).

5.1.2. Preparation of (NBu,),[PdR,] (2a)

To a solution of LiR (10 mmol) in Et,O (50 ml), at
—78°C, under a N, atmosphere, was added
(NBu,),[Pd,Brg] (1.387 g, 1.18 mmol). The reaction
mixture was alowed to warm to room temperature, and
stirred overnight. Moist Et,O (10 ml) was added and
the suspension evaporated to dryness. The residue was
extracted with acetone (80 ml), NBu,Br (0.838 g, 2.6
mmol) was then added, and the resulting solution was
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evaporated to dryness. Addition of ethanol (25 ml) to
the residue and filtration gave a white solid, which was
washed with ethanol, and air-dried (2a, 93%).

5.1.3. Preparation of (NBu,),[PtR,] (2b) and (NBu,),
{trans-[PtCl,r,]}

To a solution of LiR (9 mmal) in Et,O (50 ml) at
—78°C, under N,, was added PtCl, (0.266 g, 1 mmol).
The reaction mixture was alowed to warm to room
temperature and stirred overnight. Et,O (10 ml), moist-
ened with some drops of water, was added and the
solution was evaporated. The residue was treated with
acetone (50 ml), filtered and the resulting solution
evaporated to dryness. The solid obtained was extracted
with ethanol (20 ml), and NBu,Br (0.645 g, 2 mmol)
was added to the filtrate to give a white solid, which
was filtered, washed with ethanol, and air-dried (2b,
76%). A similar procedure starting from LiR (11.28
mmol), PtCl, (1.5 g, 5.64 mmol), and NBu,Br (3.63 g,
11.28 mmol) gave a mixture of yellow 3b and 2b (10:1
proportion). The separation of 3b (65%) from the mix-
ture was achieved by recrystallization in acetone.

5.1.4. Preparation of [MR, L,] (L = tht, SMe,) (4-7)

To asolution of LiR (8.48 mmal) in Et,O (50 ml) at
—78°C, under N,, was added [PdCI ,(tht),] (1.5 g, 4.24
mmol), and the mixture was allowed to warm to room
temperature and stirred for 4 h. The resulting suspen-
sion was hydrolized with moist Et,O (10 ml), and
evaporated to dryness. The residue was extracted with
CH,CI, (100 ml), and the filtrate was evaporated to 5
ml, treated with ethanol (5 ml), and concentrated to 5
ml. The resulting suspension was filtered and the solid
washed with cold ethanol and air-dried (mixture of 4a
and 5a, 80%). The solid mixture was first extracted with
CH,Cl, (2x 30 ml) yielding a residue of pure trans
isomer 5a. The organic solution, which still contained
cis- and trans complexes, was evaporated to dryness
and the solid was chromatographied (silica gel 60,
CH,Cl,:n-hexane 1:5) giving pure fractions of 4a and
5a.

A mixture of cis- and trans[PdR,(SMe,),] (6a, 7a),
and the analogous Pt complexes (4b—7b) were prepared
similarly (see Table 1). Pure 7a can be separated from
the mixture of isomers by extraction in Et,O.

5.2. Complexes with two R groups bonded to the metal
center

5.2.1. Preparation of (NBu,),[Pd,(u-Br),R,] (9a)

To a solution of [PdR,(COD)] (0.8 g, 1.3 mmol) in
acetone (40 ml), was added NBu,Br (0.52 g, 1.6 mmol).
After 10 min the solvent was evaporated, and the
residue was stirred with isopropanol (10 ml) to give a
pale yellow solid (9a, 96%).

5.2.2. Preparation of (NBu,),[Pt,(u-1),R,] (9b)

A mixture of [PtR,(COD)] (1.5 g, 2.13 mmol) and
NBu,! (0.788 g, 2.13 mmol) was refluxed in toluene
(60 ml) for 4 h. The resulting colorless solution was
evaporated to dryness and the residue washed with
pentane (2 X 30 ml) to remove the free COD. After a
new addition of toluene (60 ml), the mixture was re-
fluxed for 3 h and concentrated in vacuo to dryness.
Addition of isopropanol to the resulting residue gave a
white solid, which was filtered, washed with iso-
propanol, and dried (9b, 88%).

5.2.3. Preparation of (NBu,),[M,(u-Cl), R,] (10a, 10b)

To a solution of (NBu,),[PtR,] (1.48 g, 1 mmol) in
a methanol /acetone (30:30, 50 ml) mixture was added
dropwise a solution of HCl (45 ml, 2 mmol) in
methanol. The solution was stirred for 90 min at room
temperature, then concentrated to 5 ml. The white pre-
cipitate was filtered, and washed with methanol (10b,
94%). 10a was prepared similarly (90%). An alternative
and more convenient synthesis of 10a is to reflux
(NBu,),[PdR,] (1.39 g, 1 mmol) and PdCl, (0.178 g, 1
mmol) in acetone for 8 h.

5.2.4. Preparation of [MR,(THF),] (8a, 8b)

To a solution of (NBu,),[M ,( ©-X),R,] (0.7 mmol)
in dry THF (25 ml) under N, was added AgClO, (0.29
g, 1.4 mmol). After 12 h stirring the precipitate (AgX)
was filtered off and the solution evaporated to dryness.
The residue was extracted with dry Et,O (2 X 70 ml)
under N,, and the insoluble NBu,ClIO, was removed.
The clear solution was vacuum-concentrated to ca. 5 ml.
Upon addition of pentane (10 ml), a white precipitate
appeared (8a, 84%; 8b, 77%).

5.2.5. Preparation of trans-[PtR,(SMe,),] (7b)

A mixture of (NBu,),[PtCl,R,](0.450 g, 0.39 mmol)
and AgNO;, (0.133 g, 0.78 mmol) in acetonitrile (40 ml)
was stirred for 10 min, and then SMe, (1 ml, 13.6
mmol) was added. After 2 h stirring, the AgCl was
filtered off, and the solution evaporated to dryness.
Addition of methanol (10 ml) to the residue gave a
white solid that was recrystallized from CH,Cl,—
methanol (7b, 65%).

5.2.6. Preparation of cis[MR,L,] (11-14)

To a solution of cis[MR,(THF),] (0.15 mmol) in
CH,Cl, (30 ml) was added L (0.30 mmol), and the
mixture was stirred for 15 min. The resulting colorless
solution was evaporated to dryness to give white cis-
[MR,L,], which was washed with n-pentane and air-
dried (quantitative yields). An alternative and more
convenient synthesis of cis[PdR,L,] (12a-14a) is
achieved starting from cis-[PdR,(COD)] (0.092 g, 0.15
mmol) and L (0.30 mmol), with similar work up.
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5.2.7. Preparation of (NBu,),[M,(u-OH),R,] (15a,
15b)

A 40% aqueous solution of NBu,OH (131 ul, 0.20
mmol) was added to an acetone (10 ml) solution of
cis[MR,(THF),] (0.20 mmol). The mixture was stirred
for 5 min and concentrated in vacuo to 2 ml. Addition
of water (5 ml) caused precipitation of a white solid,
which was collected by filtration, washed with water
and air-dried (15a, 85%; 15b, 91%). An alternative
synthesis of 15b isto start from (NBu,),[Pt,( u-Cl),R,]
(0.8 g, 0.46 mmol) and a 1.2 N aqueous solution of
NBu,OH (1.15 ml, 1.4 mmol), with 30 min stirring and
similar work up (97%).

5.2.8. Preparation of (NBu,)[PdR,(acac)] (16a)

A 40% aqueous solution of NBu,OH (160 ul, 0.244
mmol) was added to a methanol (30 ml) solution of
Hacac (25 ul, 0.244 mmol), and the mixture was stirred
for 15 min before adding cis-[PdR,(COD)] (0.15 g,
0.244 mmol). The suspension formed was stirred for 4 h
and concentrated in vacuo to 5 ml giving a white solid,
which was removed by filtration, washed with methanol
(5 ml) and air-dried (16a, 90%).

5.2.9. Preparation of (NBu,)[PtR,(acac)] (16b)

A mixture of (NBu,),[Pt,(u-OH),R,] (0.125 g,
0.073 mmol) and Hacac (15 wl, 0.146 mmol) was
refluxed in acetone (30 ml) for 6 h. The resulting
colorless solution was evaporated to dryness, and the
residue washed with methanol (5 ml) and dried (16b,
80%).

5.2.10. Preparation of trans-[MR, L,] (17-19)

To a solution of trans[MR,(SMe,),] (0.12 mmol)
in CH,CI, (30 ml) was added L (0.25 mmol), and the
mixture was stirred for 2 h. The resulting solution (or
suspension) was evaporated to dryness to give white
trans[MR,L ,], which was washed with n-pentane or
Et,O and air-dried (quantitative yields). trans-
[PdR,(tht),] can also be used as starting material.

For ligands of donor ability similar to SMe,, excess
must be used. Thus, a mixture of trans{PtR,(SMe,),]
(0.108 g, 0.15 mmol) and tht (53 wl, 0.6 mmol) was
refluxed in toluene (30 ml) for 6 h. The resulting
colorless solution was evaporated to dryness, and the
residue washed with methanol (5 ml) and dried (5b,
88%).

5.3. Complexes with only one R group bonded to the
metal center

5.3.1. Preparation of cis
Cl), R,(NCPh),] (20a-21a)

A mixture of cis{PdR,(THF),] (1 g, 1.54 mmol)
and [PdCI ,(NCPh), ] (0.59 g, 1.54 mmol) was stirred in
CH,CI, (30 ml) for 30 min. The resulting solution was

and trans-[Pd,(u-

evaporated to dryness and the oily residue was triturated
with pentane (10 ml) to give a yellow-brown solid,
which was filtered and air-dried (20a—21a, 82%).

5.3.2. Preparation of cis- and trans-[M,(u-Cl),R,L,]
(22-25)

A mixture of [PdR(tht),] (0.85 g, 1.245 mmol),
PdCl, (0.22 g, 1.245 mmol), and acetone (75 ml) was
stirred overnight. The resulting suspension was evapo-
rated to dryness, giving a yellow solid which was
washed with Et,O, filtered and air-dried (22a—23a,
93%). cis- and trans{Pd,( u-Cl),R,(SMe,),] was pre-
pared in the same way using THF as solvent (24a—25a,
95%). The platinum analogue to 22a—23a was prepared
in refluxing acetone with similar work up (22b—23b,
81%).

5.3.3. Preparation of trans[MCIRL,] (L =tht, 26;
Me,, 27)

To asuspension of [M ,( u-Cl),R(tht),](0.15 mmol)
in CHCI, (30 ml) was added an excess of tht (37 pul,
0.42 mmol). The resulting solution was stirred for 30
min and evaporated to dryness. The residue was tritu-
rated with n-pentane, filtered and air-dried (26a, 85%;
26b, 88%). Using the same procedure, it was not possi-
ble to prepare pure trans[PdCIR(SMe,),] (27a) be-
cause a small amount of [Pd,( «-Cl),R,(SMe,),] was
always present (they are in equilibrium).

Alternatively, a mixture of [PtR,L,] (0.15 mmol)
and [PtCl,L ,] (0.15 mmol) was refluxed in toluene (30
ml) for 8 h. The resulting colourless solution was
evaporated to dryness, and the residue washed with
n-pentane (15 ml) and dried (26b, 85%; 27b, 82%).

5.3.4. Preparation of [PdCIRL,] (L, =2CNMe, 29a;
COD, 30a)

To a solution of [Pd,( u-Cl),R,(NCPh),] (0.210 g,
0.236 mmol) in CHCI; (30 ml) was added L, (0.50
mmol). The resulting solution was stirred for 30 min
and evaporated to dryness. The residue was triturated
with methanol (10 ml), filtered and air-dried (29a, 88%;
30a, 85%).

5.3.5. Preparation of cis- and trans-[PtCIR(CNMe), ]
(280, 29Db)

To ayellow suspension of [Pt,( u-Cl),R,(tht),](0.15
g, 0.145 mmol) in CHCI; (30 ml) was added CNMe
(0.5 mmol), and the mixture was stirred for 1 h. The
resulting colourless solution was evaporated to dryness
and the residue was triturated with Et,O (20 ml), fil-
tered, washed with Et,O (2x 10 ml), and air-dried
(28b, 60%). The Et,O solution was evaporated to dry-
ness and the residue stirred with n-pentane giving a
solid that was identified as a mixture of 29b and a small
amount of 28b.
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5.3.6. Preparation of cis-[PtCIR(COD)] (30b)

To ayellow suspension of [Pt,( u-Cl),R,(tht),](0.15
g, 0.145 mmol) in CHCI; (30 ml) was added COD (106
wl, 0.864 mmol), and the mixture was stirred for 1 h.
The resulting colorless solution was evaporated to dry-
ness and the residue was triturated with Et,O (8 ml),
filtered, washed with Et,O (3 ml) and air-dried (30b,
40%). The Et,O solution was evaporated to dryness and
the residue stirred with n-pentane affording a solid that
was identified as a mixture of 26b and a small amount
of 30b.
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