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Abstract: A novel synthetic procedure is presented to modify 1,3-bis{(dimethyiamino)methyijbenzene to
accommodate perfluoro alkyl c.h..ms These ligands are then converted into nickel- and platinum-chloride

organometallic derivatives, which can serve as model compounds for use in homogeneous catalysis. A
nickel complex is shown to be an active catalyst for the 1 : 1 addition of CCl, to methylmethacrylate
(Kharasch addition reaction) in dichloromethane but lacks sufficient solubility for use under fluorous
biphase conditions. The structure in the solid state of this fluorous Ni species, which is a rare exampie of

a structurally characterised perfluore organometallic compound, was elucidated by sin

diffraction. © 1998 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

product and substrate selectivity characteristics and proceed under milder reaction conditions.! Unfortunately,
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separation of the dissolved catalyst from the product mixture can be difficult, expensive, and in some cases
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impossible.! This has led to considerable effort o

he design of systems which combine the recovery advantages
of heterogeneous conditions with the reactivity properties of 1solabie homogeneous catalysts. This can be
accomplished in a number of ways. For example, the immobilisation of homogeneous catalytic sites onto soluble
polymers? or via connection to the periphery of dendrimers? allows the catalyst and its inert support to be readily
filtered (i.e. recovered) from the product stream.!-4 A second method that is used to facilitate catalyst recovery
involves the use of a biphasic system, usually water and an organic solvent, in which the catalyst is soluble in
water but the Droduct( s) are only miscible in the organic layer, e.g., the use of water soluble sulfonated

mphenylphosphm h complexes for olefin hydroformylation.! Unfortunately, many homogeneous catalysts are

Recentiy, Horvéth and Rébai have developed a new Fluorous Biphase System [FBS] in which a
~ 1 - a1t b 1 el 2 .l DL andaleranAd
combination o a periluoro- and an organic-solventis used and nave applicd uiis meaiuin ii ithe ki Ce yse€a
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Several known combinations of perfiuoro- and organic-solvents show unusual behaviour and properties.
For example, a mixture of perfluoro-methylcyclohexane and octane forms a biphasic system at temperatures
below 36.5°C. Above this temperature, however, a homogeneous solvent mixture is obtained. This allows one to
catalyse a reaction under single phase conditions at elevated temperatures and then perform catalyst/product
separation under biphasic conditions at room temperature (rt).> As organometallics are generally unreactive
towards perfluoro solvents, we became interested in using this novel technology with our own catalyst

tems.2-3:6,7 In this report we describe our first results in the area of FBS chemistry.
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RESULTS

We have previously shown that aryldiamines 1 (Fig 1; Y = H or halogen) are valuable ligand precursors to
a number of organometallic complexes that are active in homogeneous catalysis.2:3:6 Examples of this include the
Kharasch addition of haloalkanes to olefins [1: Y = NiX; X = halogen],2.3.6 selective olefin hydrogenation
processes and in hydrogen transfer reactions [1: Y = RuX(PPh,); X = Cl or OTf].7
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Figure 1

It is thus a challenge to modify amine 1 in such a way that its organometallic derivatives will be suitable for
use in a FBS (i.e., soluble in perfluoro- organic solvents). Generally, this involves the synthesis of ligands
which contain long chain groups containing a number of perfluoro substituents. Simple modification of ligand 1

with perfluoroalkyl chains at the aromatic nucleus is one obvious approach, but we wished to avoid the strong

electron-withdrawing properties of the perfluoroalkyl groups. Electron-withdrawing groups (R) have been
nravinncly chawn tn radinecs the natalutie antivity af tha racenltineg ramnlavec 8 Thie a enacar grann ic reairirad
bevu)uaj_y DLIUWIL LU 1UVUULVL LIV vAdlalyuiv aulivity Ul uiv l\/aullllls VULLIPIIVALVD 11usd, a Dl_lab\zl EIUUP 1D lb\iu.l.l\/\.l
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which contains at least two, preferably carbon and/or silicon, atoms beiween the fluoroaikyl groups and the
metal-bound aryl ring. Moreover, the fluorous containing building block must contain a suitable reactive
functionality for coupling to an aryldiamine. We therefore used perfluoroalkyl chains which terminate with a
CH,CH,SiMe,Cl group as the synthon.

The synthesis of compounds 3a and 3b (Scheme 1) is straightforward starting from 5-bromo-1,3-
arried out by treatment wi
of {-BuLi in Et,O at -78°C followed by reaction with (1H, 1H, 2H, 2H-perfluoro-1-octyl)dimethylsilyl chioride
or the corresponding (1H, 1H, 2H, 2H-perfluoro-1-dodecyl)dimethylsilyl chloride. This procedure afforded the
desired ligands in high yields. These compounds were characterised by elemental analysis, 'H, 1B3c{1H}, and
19r{1H} NMR spectroscopy and by mass spectrometry.
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assisted lithiation. Thus, the treatment of 3a or 3b with one equiv. of +-BuLi in pentane at room temperature
resulted in the selective and quantitative formation of 4a and 4b. This was suggested by the reaction with D,0,
in which complete incorporation of deuterium was observed via 'H and !3C{{H} NMR and mass spectrometry
of the resulting amines. Reaction of in situ prepared 4a and 4b with PtCl,(SEt,), or NiCl,(PEt;), afforded
compound S5a, 5b, and 6a, 6b, respectively. These novel perfluoralkyl functionalised organometallic complexes
were fully characterised spectroscopically and by elemental analysis.

NMe; /—NMez /‘NMez
ll"l 6 t-BULi M Iv‘l 1= MCI L M llV.} E :
Me‘Si—/@\ — e‘s.—/(_—)\— i — e'Si—@—M- o
CnF2n+1(CHz)2 < CnFan+1(CHz)2 < CoFanst(CHa)p SK !
—NMe> —NMe; —NMe,
3a n=56 4a n=06 Ba n=6 M=Pt
3 n=10 4db n=10 5b n=10; M=Pt
6a n=6; M=Ni
6b n=10; M = Ni
Scheme 2
The solid state structure of the nickel compound 6a was elucidated by single crystal X-ray diffraction and
is very similar to the previously characterised 2,6-bis[2-(8)-2-methyl-1-pyrrolidinyl)methyllphenyl-1-nickel
*J re J L g rJ* 7 Pt} o J

bromide.!0 Both complexes have an approx1mately square-planar coordination around the Ni centre which is

N,C,N’-bonded to the ligand system. The halogen atom occupies ihe fourth coordination site trans to Llpso of the

metai-bound aryi ring. The bmnezu,nz)z(.ér 13 “tail” shows a linear chain structure with the substituents in a
staggered conformation. The carbon chain shows a torsion of 30° over its entire length. An ORTEP diagram of
complex 6a appears in Figure 2; a listing of selected bond length and angles is tabulated in Table 1.
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Figure 2. ORTEP drawing of 6a (at the 30% probability level) showing the adopted numbering scheme.
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Bond Lengths Bond Angles
Nil-Cl1 1.823(9) CI-Nil-Cll  179.1(4)
Nil-Cli 2.233(3) Ni-Nil-N2  167.5(3)
Nil-N1 1.983(8) C4-Sil-C15  106.5(5)
Nil-N2 1.971(8)

Sii-C4 1.876(4)

Perfluoro compounds show a great tendency to form waxes and for this reason very few examples of
organometallics containing perfluorous tails such as C¢F;3 have been crystallographically characterised.!! Our
attempts to grow suitable crystals of 6b were probably unsuccessful for this reason. The new nickel compounds
6a and 6b were tested also in a standard Kharasch addition reaction of CCly to methylmethacrylate in

i diec 2,3,6,8

methane solution (Scheme 3) following the standard p

Scheme 3

The results were then compared with those of the parent compound 1 (Fig. 1; Y=NiBr, R = H).3:8b All

. S s RSN R-TTenpy e M |
PICVYIOUDSLY dLUUICU dalld H1VO1YOS INI-HICULIdlcu

to the aikene. Reaction of the olefin is the rate determining step in this chemistry.”%°% Unfortunately, neither
compound 6a nor 6b was found to be of sufficient solubility (UV/Vis. spectroscopy)®? for use in a FBS
experiment. Thus, these compounds can only serve as model complexes in terms of their spectroscopic features,
catalytic activity and the synthetic protocol used in their production. For improved solubility of perfluoro
organometallics in perfluoro solvents, it is known that instead of one perfluorotail, that often three perfluoro tails
(ponytails) are necessary to obtain good partition characteristics over the two phases.>!2 We are currently
applying the synthetic techniques described herein to attach such ponytails to our bis-ortho-(diamino)aryl ligand

o Sl At < H

systems.

We have demonstrated an effective procedure for the synthesis of perfiuoro-modified bis-ortho-(diamino)aryi
ligand precursors 3. These compounds have been shown to produce the corresponding Ni and Pt organometallic
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comnlexec in a facile manner from readilv availahle ctartineg materiale In addition tha Ni camnlevac have chawn
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catalysis involves the 1 : 1 Kharasch addition of polyhalogenated alkanes to olefins. The presence of a single
perfluoro “tail” is not effective in facilitating solubility of the organometallic derivatives in a Fluorous Biphase
System.

EXPERIMENTAL SECTION

General. Allsynthetic manipulations with air-sensitive reagents were carried out under a dry, dinitrogen

atmosphere usmg standard Schlenk techniques. Solvents were dried and distilled by hteratu e methods
rature method 1314

were purchased commercially. The instru
previously described.® All NMR chemical shifts are referenced to TMS (‘H and 3C{'H}) or CFCly
(1F{'H}). General directions concerning the catalytic testing of complexes 6a and 6b can be found in reference

8.

Preparation of 5-[(tridecafluoroe-1,1,2,2-tetrahydrooctyl)-1-dimethylsilyl]-1,3-
[(dimethylamino)methyl]benzene (3a): To a stirred solution of 2.7 g (10 mmol) of 22 in hexanes (10 mL)

at -70 °C was added -BuLi (13.3 mL, 1.5 M, pentane). The reaction mixture was allowed to raise to rt after

which stm*mg was continued for 30 min. Subsequently, 4.4 g (10 mmol) of (tridecafluoro-1,1,2,2-
. ‘.M.L-..l .|\ I 4- wrlailes]l ALl ncldn sesne A dad Mha Acebairbo zermses $leae 2o 1 o2 Le Mho —oolelo o
w auyul y Ya ‘Ul CULYISH YL CIHULIUC Wad aUUucd, 1 HC COLLCIILD WEIT LTI SLTITU OVCIIIEIIL. 1 IO 1esulunyg

mixture was then poured into water and the aqueous portion extracted twice with pentane (25 mL). The combined
organic layers were dried (Na;SOy), filtered and concentrated to yield 5.53 g (92%) of crude product. The
product was further purified by shortpath distillation; bp 135-140°C /0.5 mm Hg; '"H NMR, (CDCl3): & 7.46 (s,
2H, aromatic ortho H); 7.27 (s, 1H, aromatic H); 3.41 (s, 4H, CH,N); 2.17 (s, 12H, NCH3); 2.06-1.88 (m,
2H, CF,CH);); 1.00-0.84 (m, 2H, CH,Si); 0.32 (s, 6H, SiCHj3); BC{IH} NMR, (CDCl3): 6 138.6, 137.2,
133.2 and 131.4 (aromatic C), 64.6 (CH;N); 45.5 (NCH3); 26.2 (t, Jg.¢c = 24 Hz, CF,CH,); 5.5 (SiCH;); -3.2
(SiCH3); 19FIIH} NMR (CgDg): 6 -81.2 (3F), -115.6 (2F), -122.0 (4F), -123.2 (2F), -126.3 (2F). MS (70

U - SEsr= \NT= /73 T EEE A== 77 =

eV): M+596. Anal. caled. for CoyHygF3N»Si: C 44.29, H 4.90, N 4.70, Si4.71; found: C 44.31 , H5.06 , N
AALE Ci A TQ

“4.UU, Ol *.70.

Preparation of 5-[(henicofiuoro-1,1,2,2-tetrahydrododecyl)-I1-dimethyisilyl] 1,3-
bis(dimethylaminomethyl)benzene (3b): This compound was synthesized according to the procedure
described for 3a using the appropriate silyl chloride. After short path distillation, a white solid was obtained; 98
% bp 160-180°C /0.5 mm Hg. IH NMR, (CDCl3): 8 7.30 (s, 2H, aromatic ortho H); 7.28 (s, 1H, aromatic H);
3.42 (s, 4H, CH;N); 2.22 (s, 12H, NCHj3); 2.06-1.94 (m, 2H, CF,CH>); 1.00-0.89 (m, 2H, CH,Si); 0.32 (s,
6H, SiCH3)' I3C{1H} NMR (CDCL,): & 138.3, 136.0, 133.9 and 131.2 (aromatic C); 64.3 (CH,N); 45.2
(NCH»); 25.9 (1, Jg_c = 24 Hz, CFyCH,); 5.2 (SiCH,); -3.5 (SiCH3); 19F{1H} NMR (C¢Dg): & -81.3 (3F), -

1 -C Al

157 ;)_r:\ 2121.7 (10F), -122.9 (2F), -123.2 (2 F), -126.4 (2F). MS (70 eV): M*796. Anal. calcd

Js L. R a2vE g, 1l T L j A Py Js ALST &l je AR TV Y g aVA 7 U, Saaaia. S 3
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Prenaration aof d.l(tridacaflnara-.1.1 2 2 totrahvdrannctv.1_dimothvlcilvll.? &
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viSplalimcuny iaming )meiay jphaeiiyi-1-piatinuim Cmioriae (oa): 10 a Stred sotion or >a (1.4 g, 2.3

mmol) in hexane (10 mL), was added a pentane solution of -BuLi (1.5 mL, 1.5 M). After stirring for 0.5 h.,
bis(diethylsulfide)platinum dichloride (1 g, 2.2 mmotl) in THF (10 mL) was added. The reaction was then stirred
overnight at rt. The organic solvents were evaporated in vacuo and the residue dissolved in warm benzene (25
mL). After rapid filtration through filter paper, the benzene was evaporated and the solid thus obtained was
washed with pentane. The product was isolated as a brown solid which contained traces of Pt(0). These
impurities can be removed by treating the product in hot ethanol with activated carbon; 'H NMR (CgDg): 6 6.80
(s, 2H, aromatic H); 3.35 (t, 4H, Jp, ;g = 22.2 Hz, CH,N); 2.71 (t, 12H, Jp, y = 18.8 Hz, NCH3); 2.16-1.90

fg et rt-n A 1

(m, 2H, CF,CH,); 1.01-0.96 (m, 2H, CH,Si); 0.19 (s, 6H, SiCH3); 13C{!H} NMR (C¢Dg): 8 150.4 (t, Jp,.c

- A77 7 imnen £ 144 1 (¢ T . — 12AQ 7 aramatic Y 120N faramatic £ 17207+ T e 17 I asrnmatin
= W ALy POV ),y 1T AL JPC YU 114, diVIHAUL U ), L JOVLU daluLIAUL Uy 140 T L th_c - 1/ 114, aiulliaue
SN, TT 7T e ¥ _ 2N TIT. T AT, EA N AATZAIT (. YL £ 72 T e NATY. MIT YIY \, & £ /Q27TY Lo Na BVA T a5 DY
L 5% DOny B N B U JP‘_C = J4& IlL, Ln21‘), J4.U \XVLH3}, 4.3 (1, JF_C = L4nZ, Lr‘zbnz), 2.0 k‘)lbﬂz), =3.£L 01 H3),
10w - ra on -~ o A T~ - Am O T o T o

Yr{!H} NMR (CgDg): 6 -80.9 (3F), -115.3(2F), -121.7 (4F), -122.8 (2F), -126.0 (2F). Anal. caicd. for

9 ( 3 F 2
CyoHgCIF 3N, PtSi: C 31.99, H 3.42, N 3.39, Si 3.40; found: C 32.09 , H 3.48, N 3.31, Si 3.52.

Preparation of 4-[(henicofluoreo-1,1,2,2-tetrahydrododecyl)-1-dimethylsilyl]-2,6-
[(dimethylamino)methyl]phenyl-1-platinum chloride (5b): The product was synthesized according to
the method described for complex Sa using the appropriate ligand precursor 3b. Yield: 82%; 'H NMR (CDCl,):
8 6.70 (s, 2H, aromatic H); 4.04 (t, 4H, Jp, 4y = 22.7 Hz, CH,N); 3.09 (t, 12H, Jpiy = 17.1 Hz, NCH3);

re-in

2.17-1.87 (m, 2H, CF,CH,); 0.97-0.89 (m, 2H, CH,Si); 0.27 (s, 6H, SiCH};); 13C{1H} NMR (CDCly): 8
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:-115.8 (2F); -121.8 (105) -122.7 (2F); -123.1
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(SxCHz), -3.3 (bl(,H3),
2.79, N 2.72, Si 2.79.
Preparation of 4-[(tridecafluoro-1,1,2,2-tetrahydrooctyl)-1-dimethylsilyl]-2,6-

[(dimethylamino)methyl]phenyl-1-nickel chloride (6a): To a stirred solution of 3a (1.1 g, 1.8 mmol)

in hexane (10 m

t—
\—/
3
pov)
w
[
Q)
=V

in hexan 10m ded #~BulLi (1.2 mL, 1.5 M). The reaction mixture w red for 0.5 h., then
hicftriathuvlnhaenhinalnickal dichlaride (N A6 o Q maolwae added after which the rad cnlar chanoad directly
Ulb\ulblll lyllubl,'lullbllllbl\bl Uiviiiviiiuv \v.uu 5, 4.0 HHIVLI ] W aAD Auuvu Qitvl VWLV LIV 1V vuiug bllalls\du AS S ERA VLS )

to orange-yellow. After overnight stirring, the solid was separated from the solvent by centrifugation and then
washed 3 times with pentane. The yellow solid was then dissolved in benzene and centrifuged to remove lithium
chloride. The benzene solution was subsequently concentrated to yield 1 g (83%) of the pure product; 'H NMR
(CgDg): © 6.62 (s, 2H, aromatic H); 3.07 (s, 4H, CH;N); 2.40 (s, 12H, NCH3); 2.16-1.94 (m, 2H, CF,CH));
1.08-0.92 (m, 2H, CH,Si); 0.16 (s, 6H, SiCH3); 13C{'H} NMR (C¢Dg): & 155.6, 147.3, 132.2 and 123.3
(aromatic C); 73.7 (CH,N); 51.0 (NCH3); 26.4 (t, Jg.c = 24 Hz, CF,CH,); 5.7 (SiCHy); -3.2 (SiCHj);
PE{IH} NMR (CgDg): & -80.9 (3F); -115.3 (2F); -121.7 (2F); 122.8 (4F); -126.0 (2F). Anal. calcd. for

CoH,gCIF | 3N,NiSi: C 38.31, H 4.09, N 4.06; found: C 38.41, H 4.15, N 3.96.
nnnnnnnnn nf A (hanisafluarn, 1 o I8 roahvdradandoarv_1_dimathvlecilvll D £_
rlcp«uauuu Ul = luaciiivviiuvi v [ XY Ty GIYULI UUUVUCL YL T2 UIIIC LAY ASIL Y I [FayU
[(dimethylamino)methyl]phenyl-1-nickel chloride (6b): The product was synthesized according to the
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method descri

N1 10N {c AH O
1), 3.1V (8, 411, AT

(s, 6H, SiCH3). 13C{'H

(NCHj3); 26.6 (t, Jp.c = 24 Hz, CF,CH,) 5.8 (SiCH,); -3.3 (blCHg) °F{!H} NMR (CeDg): 0 -80.9 (3F); -
114.9 (2F); -121.4 (10F); -122.6 (4F); -125.7 (2F). Anal. calc. for CogH,3CIF,{N,NiSi: C 35.10, H 3.17, N
3.15, Si 3.16; found: C 35.26 , H 3.23 , N 3.24, Si 3.19.

z
EE g

Crystal Structure Determination of Complex 6a: CyHygCIF{3N,NiSi, M, = 689.69, yellow,
needle-shaped crystal (0.05 x 0.05 x 0.25 mm), monoclinic, space group P2,/c (no. 14) with a= 5.9623(6), b =
12.2472(17), c = 39.868(5) A, 8= 91.805(9)", V = 2909.8(6), Z = 4, D, = 1.5744(3) g cm™3, F(000) = 1400,

114 nl(rv\;q ong. () qa /ﬂ /”( n" m coan T: 150 Mo vy radiatinn

PI(\AV‘V l‘“} PEA S 2 ¥ 2 4 - xuwyvuuv A AL NFLiOy \V =~ N el . W a\.«mx, x L\T l\, ERZAV N ANV lwlﬂllull’

A NTINT2 AN manciiea A e a Baraf Nanine AT Thaalan 330 n b irimtas mos mmdetio o noda Mo cbos abocmn

A= ULJIUTS A) MCasuica Ot a COfa-inonius CAU4 1UI00 GiliraCtometer on rotating anoae. 1ne structure was
1 NITDTNTTALY T - -

solved Dy automated Patterson methods (DIKDIFY0). Kefinement on < was carried out Dy fuli-matrix ieast-

squares techniques (SHELXL-96). Hydrogen atoms were included in the refinement on calculated positions
riding on their carrier atoms. Refinement converged at a final wR2 value of 0.1899, w = U[o2(F?) +
(0.0508P)?], where P = (max(Fo2, 0) + 2F,2)/3, R1 = 0.0843 (for 1990 I > 26(])), S = 0.978, for 367
parameters. A final difference Fourier showed no residual density outside -0.50 and 0.66 e A-3.

Crystallographic data (excluding structure factors) have been deposited with the Cambridge
Crystallographic Data Centre. Copies of the data can be obtained free of charge on application to The Director,
CCDC, 12 Union Road, Cambridge, CB2 1EZ, UK.
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