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Magno Agostinho and Pierre Braunstein*

Laboratoire de Chimie de Coordination (UMR 7177 CNRS), Université Louis Pasteur, 4 rue
Blaise Pascal, F-67070 Strasbourg Cédex, France. Fax: +33 390 241 322; Tel: +33 390 241
308; E-mail: braunst@chimie.u-strasbg.fr

1. Experimental

General considerations

All manipulations were carried out under inert dinitrogen atmosphere, using standard
Schlenk-line conditions and dried and freshly distilled solvents. The 'H, “C{'H}, *'P{'H}
and ""F{'"H} NMR spectra were recorded unless otherwise stated on a Bruker Avance 300
instrument at 300.13, 75.48, 121.49 and 282.38 MHz, respectively, using TMS, or H;PO4
(85% in D,0O) as external standards with downfield shifts reported as positive. All NMR
spectra were measured at 25 °C, unless otherwise specified. The assignment of the chemical
shifts and coupling constants of the complex spin systems formed by the CHCH, protons in
complexes 7a,b was made by 'H,'H-COSY and 'H,"?C-HMQC, decoupled *'P and dept135
NMR experiments. IR spectra in the range 4000-400 cm” were recorded on a Bruker
IFS66FT and a Perkin Elmer 1600 Series FTIR. Elemental analyses were preformed by the
“Service de Microanalyse, Université Louis Pasteur (Strasbourg, France)”. [PdMeCI(COD)]
and [PdCI,(COD)] (COD is 1,5-cyclooctadiene, CsHj») were prepared according to literature

procedures, ' as were ligands 1a,b, complexes 2a,b and 3ab’

Preparation and Spectroscopic Data for 4a

A solution of 2a (0.31 g, 0.73 mmol) in CH,Cl, (50 mL) was stirred under 1 atm CO
at room temperature over 1 h. After removal of the solvent under vacuum, the residue was
washed with pentane (20 mL) and dried in vacuum, to afford 4a as a yellow powder (0.30 g,
91% yield). IR (KBr): vco = 1684 s, ven = 1642 s cm™; 'TH NMR (CDCls): & = 2.20 [d, *Jup =
1.4 Hz, 3H, C(O)CHs], 3.28 (dt, 2Jup = 10.1 Hz, *Jyu= 1.9 Hz, 2H, PCH>), 3.94 (tt, *Jyu = 9.7
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Hz, *Jun= 1.9 Hz, 2H, NCH,), 4.55 (t, *Jun = 9.7 Hz, 2H, OCH,), 7.45-7.55 (complex m, 6H),
7.66-7.74 (m, 4H); *'P{'H} NMR (CDCl;): & 18.2 (s); Anal. Calcd for C;sH;oCINO,PPd: C
47.60, H 4.22, N 3.08, Found: C 47.51; H4.11; N 2.90.

Preparation and Spectroscopic Data for 4b

Complex 4b was obtained in a similar manner to 4a from 2b (0.25g, 0.55 mmol).
Yellow powder (0.25 g, 95% yield). IR (KBr): vco = 1685 s, ven = 1632 s cm™; 'H NMR
(CDCl3): 8= 1.54 [s, 6H, NC(CH3),], 2.17 [d, *Jup = 1.6 Hz, 3H, C(O)CHj3], 3.28 (d, *Jup =
10.4 Hz, 2H, CH,P), 4.12 (s, 2H, OCH,), 7.45-7.55 (complex m, 6H), 7.67-7.75 (complex m,
4H); *'P{'"H} NMR (CDCls): & 18.0 (s); Anal. Calcd for CoHy3CINO,PPd: C 49.81, H 4.81,
N 2.90, Found: C 51.10; H 4.90; N 2.60.

Variable temperature NMR measurements with 3b

A solution of 3b (ca 0.020 g, 3.5 x 10* mmol) in CD,CL, (ca 0.6 mL) in a NMR tube

with Teflon seal was exposed to an atmosphere of *CO.
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Complex 5b was identified by its NMR spectra at room temperature. Selected data: 'H
NMR (CD.Cl): &= 1.38 [s, 6H, NC(CHs),], 2.09 [dd, *Jup = 2.0 Hz, “Juc = 6.0 Hz, 3H,
C(O)CHs], 3.37 (d, *Jup = 11.2 Hz, 2H, CH,P), 4.18 (s, 2H, OCH,); *'P{'"H} NMR (CD,Cl,):
821.6 (d, 2pc = 9.7 Hz); “C{'H} NMR (CD,Cl,):  222.7 [d, *Jpc = 9.7 Hz, C(O)CHs].

At -100 °C, the equilibrium between 5b and the palladium acyl carbonyl complex
[Pd{C(O)Me}(CO)(P,N)]OTTf (P,N = 1b) is completely shifted towards the latter as shown by
NMR spectroscopy. Selected data: 'H NMR (CD,Cl,, -100 °C): & = 1.27 [s, 6H, NC(CHs)],
2.00 [d, 2Juc = 5.0 Hz, 3H, C(O)CHs], 3.71 (d, *Jup = 9.7 Hz, 2H, CH,P), 4.29 (s, 2H, OCH,);
SIp{'"H} NMR (CD,Cl,, -100 °C): & 18.3 (dd, *Jpctrans = 83.8 Hz, “Jpceis = 4.1 Hz); “C{'H}
NMR (CD,Cl,, -100 °C): & 223.1 [d, *Jpc = 4.1 Hz, C(O)CH3], 175.3 [d, “Jpc = 83.8 Hz,
PdC(0O)].
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Figure S-1  *P{'H} NMR (CD,CL, -100 °C) spectrum of complex
[Pd{C(O)Me}(CO)(P,N)]OTf (P,N = 1b).
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Figure S-2: Portion of the “C{'H} NMR (CD,Cl,, -100 °C) spectrum of complex
[Pd{C(O)Me}(CO)(P,N)]OTf (P,N = 1b) showing the peaks corresponding to the acyl carbon
(left) and coordinated *CO (right).

— <= (<= B
I3 8 B -
o o o < — 8000
INEEN] ~ ~ L
o N - —
) —7000
— 6000
I B
M —5000
[ C
| ‘ |— 4000
I L
[
1 L
| If A L
|
| I \ r
‘ | I ‘l — 2000
| | M \ ‘ 2000
| \ [ L C
| || a -
II | [ ‘l | L
[ [ || — 1000
fo I I
| \ [ [ L
! | | | | \ L
/ | I [ B
S\ 2 J a
MVt A A Sy *f\f"\,/x-«\/"\/ \\_V\"r” " \\\"“-»v’ S =0
\\‘\\\\‘IIII|IIII|IIII|IIII|IIII III\‘\II\‘\III‘\\II‘\\II'I\II'II\
22450 22400 22350 223.00 22250 222.00 176.50  176.00 17550  175.00 17450  174.00
ppm (1) ppm (t1)
-3-

PRIVILEGED DOCUMENT FOR REVIEW PURPOSES ONLY



Preparation and Spectroscopic Data for 6a

A solution of 3a (0.48 g, 0.89 mmol) in CH,Cl, (50 mL) was stirred under 1 atm CO
at room temperature for 1 h, which was then replaced by 1 atm ethylene and the solution was
further stirred for 1 h. After filtration and removal of the volatiles under vacuum, the residue
was washed with diethylether (20 mL) and pentane (2 x 20 mL) and dried under vacuum, to
afford 6a as yellow powder (0.46 g, 87% yield). IR (KBr): vcoien= 1634 s cm™; '"H NMR
(CDCl3): & = 1.65 (td, *Juu= 6.1, *Jup= 1.9 Hz, 2H, PAdCH>), 2.45 [s, 3H, C(O)CHs], 3.08 (brt,
3Jun= 6.1 Hz, 2H, PACH,CH,), 3.55 (dt, *Jup= 10.8 Hz, *Juu= 1.8 Hz, 2H, CH,P), 4.05 (it,
i = 9.6 Hz, “Jyu = 1.8 Hz, 2H, NCH,), 4.74 (t, *Jun = 9.6 Hz, 2H, OCH,), 7.51-7.59
(complex m, 6H), 7.64-7.73 (m, 4H); *'P{'"H} NMR (CDCL): & 34.4 (s); “"F{'H} NMR
(CDCl3): 6 -78.6 (s); Anal. Calcd for C,;Ha3F3sNOsPPdS: C 42.33, H 3.89, N 2.35, Found: C
42.51; H4.01; N 2.28.

Preparation and Spectroscopic Data for 6b

Complex 6b was obtained in a similar manner to 6a from 3b (0.37 g, 0.65 mmol).
White pale powder (0.37 g, 91% yield). IR (KBr): veoen= 1629 s cm™; 'H NMR (CDCls):
8= 1.47 [s, 6H, NC(CHa),], 1.67 (td, *Juyu = 6.2, *Jup = 1.9 Hz, 2H, PdCH,), 2.49 [s, 3H,
C(O)CHs3], 3.12 (brt, *Jyu = 6.2 Hz, 2H, PACH,CH,), 3.58 (d, *Jup= 11.0 Hz, 2H, CH,P), 4.36
(s, 2H, OCH,), 7.52-7.60 (complex m, 6H), 7.65-7.73 (m, 4H); *'P{'"H} NMR (CDCl;): &
34.7 (s); "F{'H} NMR (CDCls): & -78.5 (s); Anal. Calcd for C,3H,;FsNOsPPdS: C 44.28, H
4.36, N 2.24, Found: C 44.45; H 4.40; N 2.05.

Preparation and Spectroscopic Data for 7a

A solution of 3a (0.96 g, 1.78 mmol) and methyl acrylate (160 uL, lequiv.) in CH,Cl,
(50 mL) was stirred under 1 atm CO at room temperature for 1 h. The workup as described for
6a, afforded 7a as a yellow powder (1.09 g, 93.6% yield). IR (KBr): vcojome = 1683 m,
veoren = 1633 s em™; "H NMR (500.13 MHz, CDCls): spin system for PACH,CH,H,: & = 2.46
(appearance of dt, *Jyars = 1.2, *Jparic = 6.2, *Jnap= 1.5 Hz, 1H, H,), 2.90 (brd, “Jppu.= 18.7
Hz, 1H, Hy), 3.26 (brdd, *Juane = 6.2, “Jnpne = 18.7 Hz, 1H, H,, partial overlap with
C(O)OCH3), 2.52 [s, 3H, C(O)CH3], ABMNX spin system (A=B=M=N=H, X =P, §,
3.15, 85 4.14, 2Jap=17.6, 2Jax=12.7, 2px= 9.2, Jau= 1.0, *Jpu= 1.6, "I = 1.9, *Jgu=2.2,
Hz, 2H, CH,P, 83 partial overlap with NCHH) 3.24 [s, 3H, C(O)OCH3], 3.90 (m, 1H, NCHH),
4.19 (m, 1H, NCHH) ABMN spin system (A =B =M = N = H, 64 4.62, 0 4.81, 2Ja=10.8,
3Jan= 8.3, *Jgu= 8.6 Hz, 2H, OCH,), 7.52-7.67 (complex m, 6H), 7.79-7.91 (m, 4H); *'P{'H}
NMR (CDCL): & 32.8 (s); “F{'H} NMR (CDCL): & -78.6 (s); Anal. Calcd for

Cy3H,5F3NO7PPdS: C 42.25, H 3.85, N 2.14, Found: C 42.22; H 3.99; N 2.00.
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Preparation and Spectroscopic Data for 7b

Complex 7a was obtained in a similar manner to 7a from 3b (0.54 g, 0.95 mmol) and
methyl acrylate (85.6 pL, 1 equiv.). Yellow powder (0.53 g, 82% yield). IR (KBr): vcoyome =
1684 m, veoen = 1629 s ecm™; 'H NMR (500.13 MHz, CDCly): 8= 1.45 [s, 3H,
NC(CH3)(CH3)], 1.51 [s, 3H, NC(CHj3)(CHs)], spin system for PdCH,CHyH.: 2.46
(appearance of dt, *Jyamy = 1.4, *Jparic = 6.3, *Juap= 1.8 Hz, 1H, H,), 2.87 (brd, “Jppuc= 18.7
Hz, 1H, Hy), 3.27 (brdd, *Jyane = 6.3, *Juwne= 18.7 Hz, 1H, H,), 2.55 [s, 3H, C(O)CH;], ABX
spin system (A = B = H, X =P, §, 3.08, 85 4.38, 5= 17.6, 2Jsx= 13.6, 2Jgx= 9.6 Hz, 2H,
CH,P, 0p partially overlapping with OCH,), 3.22 [s, 3H, C(O)OCHs;], AB spin system (A = B
=H, 55 4.2, 85 4.4, *Jas= 8.5 Hz, 2H, OCH,), 7.54-7.67 (complex m, 6H), 7.81-7.94 (m, 4H);
S'P{'"H} NMR (CDCls): & 34.3 (s); "F{'H} NMR (CDCl): & -78.6 (s); Anal. Calcd for
CasHaoF3NO,PPdS: C 44.03, H 4.29, N 2.05, Found: C 44.28; H 4.44; N 1.80.

Complexes 23a,b, 4a,b, and 7a,b can be stored for several months in a Schlenk flask under N,
atmosphere, whereas complexes 3a,b and 6a,b start to show signs of decomposition into

palladium black after 3-4 weeks.

2. Crystal Structure Determinations

Crystals suitable for X-ray determination were obtained for of 2a (Figure S-3), 2b
(Figure S-4), 3a (Figure S-5), 3b (Figure S-6), 4b (Figure S-7) and 6b (Figure S-8) by slow
diffusion of hexane into a CH,Cl, solution of the respective complex at 5 °C, and for 7a
(Figure S-9) and 7b (Figure S-10) by slow diffusion of pentane into a THF solution of the
respective complex also at 5 °C. Diffraction data were collected on a Kappa CCD
diffractometer using graphite-monochromated Mo Ka radiation (A = 0.71073 A) (Tables S-1
and S-2). Data were collected using phi-scans and the structures were solved by direct
methods using the SHELX 97 software,* > and the refinement was by full-matrix least squares
on F%. No absorption correction was used. All non-hydrogen atoms were refined
anisotropically with H atoms introduced as fixed contributors (dc.y = 0.95 A, U, = 0.04).
Crystallographic data (excluding structure factors) have been deposited in the Cambridge
Crystallographic Data Centre as Supplementary publication n® CCDC ******_(Copies of the
data can be obtained free of charge on application to CCDC, 12 Union Road, Cambridge CB2
1EZ, UK (fax: (+44)1223-336-033; e-mail: deposit@ccdc.cam.ac.uk).
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Complex 2a crystallized with two independent molecules in the asymmetric unit
(Figure S-3). A comparison between the bond lengths and angles (Table S-3) of the
independent molecules reveals that they present approximately the same conformation around
the metal centre.

Complex 2b crystallized in a chiral space group (P2;2,2;), however, in solution the
complex is not chiral.

The structure of 3a (Figure S-5) contains three independent molecules in the
asymmetric unit with approximately the same conformation around the metal centre (Table S-
3).

Insertion products 6b and 7a crystallized with two independent cations and two triflate
anions in the asymmetric unit (Figures S-8 and S-9 respectively). In the structure of 6b the
two independent cations have very similar bonding parameters (Table S-4), however the
comparison between these 2 cations (Figure S-8 b)) reveals that the ellipsoids of the cation
containing Pd2 are larger than those of the cation containing Pdl. This is probably due to a
less efficient stabilization by the neighbouring triflate anions thus leading to higher thermal
parameters in the Pd2 than in the Pd1 cation. In 7a the two slightly different cations found in
the asymmetric unit also have very similar bonding parameters (Table S-4), but present
stereogenic centres of opposite chirality. This is confirmed by their opposite torsion-angle
values [02-Pd1-C17-C21 = 87.2 (3)] and [O6-Pd2-C39-C43 = -87.2 (3)]. The symmetry-

equivalent asymmetric units contain enantiomers of these cations.

Figure S-3 ORTEP view of the molecular structure of compound 2a (H atoms omitted for

clarity). Thermal ellipsoids include 50% of the electron density
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Figure S-4 ORTEP view of the molecular structure of compound 2b (H atoms omitted for

clarity). Thermal ellipsoids include 50% of the electron density
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Figure S-5: @) ORTEP view of the molecular structure of compound 3a; b) Comparative
views of the three different molecules in 3a (H atoms omitted for clarity). Thermal ellipsoids

include 50% of the electron density.

a)
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Figure S-6: ORTEP view of the molecular structure of compound 3b (H atoms omitted for

clarity). Thermal ellipsoids include 50% of the electron density

c18
F3 F1
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Figure S-7: ORTEP view of the molecular structure of compound 4b (H atoms omitted for

clarity). Thermal ellipsoids include 50% of the electron density
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Figure S-8: @) ORTEP view of the molecular structure of compound 6b; b) Comparative
view of the two different cations in 6b (H atoms omitted for clarity). Thermal ellipsoids

include 50% of the electron density

a)
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Figure S-9: ORTEP view of the molecular structure of compound 7a; b) Comparative view
of the two different cations in 7a (on the left cation with stereogenic centre of configuration S
and on the right of configuration R) (H atoms omitted for clarity). Thermal ellipsoids include

50% of the electron density.

a)
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Figure S-10: ORTEP view of the molecular structure of the cation in complex 7b (H atoms

omitted for clarity). Thermal ellipsoids include 50% of the electron density

-13 -
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