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EXPERIMENTAL SECTION

General: 3P, 13C and 'H NMR spectra were recorded with a Bruker AMX 400 (162.0 MHz for
31p, 100.6 MHz for 13C and 400.1 MHz for 'H) and a Bruker Avance 11l 600 (242.9 MHz for 31P,
150.9 MHz for 3C and 600.1 MHz for 'H) instruments. Complete assignment of all the
resonances in 'H and 3C NMR spectra was achieved by the use of APT, DEPT, COSY, ROESY,
HSQC and HMBC techniques. The chemical shifts are referenced to residual solvent peaks (*H,
13C NMR) or H3PO, 85% as external standard (3P NMR). 1°>N-'H HMBC NMR spectra were
recorded with a Bruker Avance Il 600 (60.8 MHz) spectrometer. All chemical shifts are
reported with respect to liquid NH; at O ppm. Data are represented as follows: chemical shift,
multiplicity (br = broad, s = singlet, d = doublet, t = triplet, m = multiplet); coupling constants
"J in Hertz (Hz), «n» values are reported in the case of their unambiguous determination.
DOSY diffusion experiments were performed with double-stimulated echo dstegp3s pulse
sequence from TopSpin 3.2 program package. The molecular structures of L1a and L1c were
confirmed by X-ray structure determination from powder data measured at room
temperature on the laboratory diffractometers. The X-ray powder diffraction data for Lla
were collected using a Huber G670 Guinier camera (Cu K4 radiation, A = 1.54059 A)
equipped with an imaging-plate detector. The X-ray powder diffraction data for L1c were
collected using a Panalytical EMPYREAN instrument with a linear Xcelerator detector using
nonmonochromated Cu K, radiation. The powder patterns were indexed, and the crystal
structures were solved with the use of simulated annealing technique [ and refined with
the program MRIA 2! following the known procedures described by us earlier.3] The crystal
data, data collection and refinement parameters are given in Table S1. The diffraction
profiles after the final bond-restrained Rietveld refinement are shown in Fig. S1. The
structures of L2 and L5 were determined from X-ray single crystal diffraction data. Both
intensity data sets were collected at room temperature using a CAD4 (for L2) and STADIVARI
Pilatus100K (for L5) diffractometers, Cu K, radiation in both cases (A = 1.54186 A). The
crystal structures were solved by direct methods. Crystallographic programs used for
structure solution and refinement, respectively, were SHELXS and SHELXL."¥] The structures
were refined by full-matrix least-squares on F2. The diffraction data set for L5 was obtained
from a very small crystal, that is why the isotropic displacement parameters were refined for
non-H atoms. Hydrogen atoms were placed geometrically and refined using a riding model

with Ujs, constrained at 1.2-1.5 times U, of the carrier C or N atoms. The crystal data, data



collection and refinement parameters are given in Table S2. The molecular structures of L1a,
L1lc, L2 and L5 are shown on Fig. 1 prepared with Mercury.! High resolution electrospray
ionization (HR ESI) mass spectra were recorded on a Bruker MAXIS Impact instrument. HPLC
analyses were performed on a Stayer instrument using Kromasil®, Chiralcel® and Knauer®
columns. Optical rotations were measured with an Atago AP-300 polarimeter. Elemental
analyses were performed on a CHN-microanalyzer Carlo Erba EA1108 CHNS-O. Density
functional theory (DFT) calculations have been performed using the B3LYP exchange
correlation functionall® with the 6-31G(d) (for H, C, N, O, P, Cl ) and the LANL2DZ (for Pd)

basis sets, as implemented in the Spartan’14 program package.

All reactions were carried out under a dry argon atmosphere in flame-dried glassware and in
freshly dried and distilled solvents. For example, toluene and tetrahydrofuran were freshly
distilled from sodium benzophenone ketyl before use; dichloromethane was distilled from
NaH. Triethylamine and pyrrolidine were distilled over KOH and then over a small amount of
LiAlH, before use. PCl; was freshly distilled. Thin-layer chromatography was performed on E.
Merck pre-coated silica gel 60 F254 and Macherey-Nagel Alugram Alox N/UV,s, plates.
Column chromatography was performed using silica gel MN Kieselgel 60 (230 — 400 mesh)
and MN-Aluminum oxide, basic, Brockmann Activity 1.

The following compounds were synthesized according to literature procedures: N,N2-bis(1-
hydroxy-2-methylpropan-2-yl)oxalamide (1a),”? N-((S)-1-hydroxy-3-methylbutan-2-yl)-N?-
((2S,35)-1-hydroxy-3- methylpentan-2-yl)oxalamide (1b),’8 N,N2-bis((1R,2S)-2-hydroxy-2,3-
dihydro-1H-inden-1-yl)oxalamide (2),! (S)-3-(anilinomethyl)-1,2,3,4-
tetrahydroisoquinoline,[1®  (55)-2-chloro-3-phenyl-1,3-diaza-2-phosphabicyclo[3.3.0]octane
(3),1  2-chloro-1,3-diphenyl-1,3,2-diazaphospholidine  (5),[221  [Pd(allyl)Cl],,  (E)-1,3-
diphenylallyl acetate (8),1'3 diethyl aminomethylphosphonate,* cyclohex-2-en-1-yl ethyl
carbonate (15),1*3 [Pd,(dba)s]-CHCl;, 16! [Pd(Cod)Cl,],'7!  methyl (Z)-2-acetamido-3-
phenylacrylate (20b),[*8 methyl (2)-2-acetamido-3-(4-fluorophenyl)acrylate (20c),!*! methyl
(Z)-2-acetamido-3-(naphthalen-2-yl)acrylate (20d)!2®) and [Rh(Cod),]BF,.[211 Pd-catalyzed
allylic sulfonylation of 8 with sodium para-toluene sulfinate, alkylation with dimethyl
malonate and 1-cyclohexenylpyrrolidine (10), amination with pyrrolidine and diethyl
aminomethylphosphonate, allylic alkylation of cinnamyl acetate (12) witn ethyl 2-

oxocyclohexane-1-carboxylate (13), allylic amination of cyclohex-2-en-1-yl ethyl carbonate



(15) with dibenzylamine, desymmetrization of 18 and Rh-catalyzed hydrogenation of
substrates 20a-d were performed according to the appropriate procedures.[30:11,22,3¢,23-28]

Octane-1,8-diol, sodium para-toluene sulfinate, dimethyl malonate, BSA (N,O-
bis(trimethylsilyl) acetamide), 1-cyclohexenylpyrrolidine (10), cinnamyl acetate (12), ethyl 2-
oxocyclohexane-1-carboxylate (13), dibenzylamine, meso-cyclopent-4-ene-1,3-diol (17),
tosyl isocyanate and dimethyl itaconate (20a) were purchased from Aldrich and Acros

Organics.

Procedure for the Preparation of Phosphorylating Reagent 4: A solution of (S)-3-
(anilinomethyl)-1,2,3,4-tetrahydroisoquinoline (0.98 g, 4.1 mmol) in benzene (20 mL) was
added dropwise at 0 °C over 15 min to a vigorously stirred solution of PCl; (0.36 mL, 4.1
mmol) and EtsN (1.14 mL, 8.2 mmol) in benzene (40 mL). The mixture was then briefly
heated to boiling point and cooled down to 20 °C. Solid EtsN-HCl was filtered off, and the
filtrate was concentrated in vacuum (40 Torr). The residue was dried for 30 min at 10 Torr
and distilled in vacuum (1 Torr). The product was obtained as a light yellow solid, yield 1.08 g
(87 %).

(3aS)-1-Chloro-2-phenyl-1,2,3,3a,4,9-hexahydro-[1,3,2]diazaphospholo[1,5-blisoquinoline

(4): *H NMR (400.1 MHz, CDCls, 26 °C): & = 7.33-7.28 (m, 2 H), 7.23-7.07 (m, 6 H), 7.00-6.95
(m, 1 H), 4.52-4.45 (m, 1 H), 4.42-4.33 (m, 1 H), 4.01-3.90 (m, 2 H), 3.53-3.46 (m, 1 H), 3.09-
3.01 (m, 2 H) ppm. 3C{H} NMR (100.6 MHz, CDCl;, 26 °C): § = 142.8 (d, 2J(C,P) = 16.2 Hz, Cpp),
132.5 (br. d, J(C,P) = 12.7 Hz, Ca,), 132.3 (br. d, J(C,P) = 13.9 Hz, Cp,), 129.4 (CHpp), 129.2
(CHar), 126.7 (CHa;), 126.6 (CHa;), 126.3 (CHga(), 121.6 (CHpp), 116.4 (d, 3J(C,P) = 15.0 Hz, CHpy),
56.8 (d, 2J(C,P) = 10.4 Hz, NCH), 54.3 (d, %(C,P) = 10.4 Hz, NCH,CH), 45.4 (d, 2(C,P) = 15.0 Hz,
NCH,), 34.6 (d, 3J(C,P) = 4.6 Hz, CH,) ppm. 3!P{*H} NMR (162.0 MHz, CDCl;, 26 °C): § = 148.8

ppm.

General Procedure for the Preparation of Ligands: The relevant oxalamide 1a,b, 2 or
octane-1,8-diol (1 mmol) was added in one portion to a vigorously stirred solution of the
appropriate phosphorylating reagent 3, 4 or 5 (2 mmol) and EtsN (0.56 mL, 4 mmol) in
toluene (20 mL). The mixture that obtained was stirred for 24 h at 20 °C, then heated to 45

°C, stirred at this temperature for 1 h, and cooled to 20 °C. The resulting suspension was



filtered through a short plug of SiO,/Al,03, the column was washed twice with toluene (5
mL), and the solvent was evaporated under reduced pressure (40 Torr). Products L1a,b, L2,
L4 and L5 were additionally purified by flash chromatography on SiO, (toluene) followed by
crystallization from heptane, product L3 — by flash chromatography on Al,0; (toluene). The
obtained ligands were dried in vacuum (1 Torr) for 1 h (16 h of further high vacuum (103

Torr) drying is necessary for the preparation of analytically pure samples).

N1,N2-Bis[1-((2R,5S)-3-phenyl-1,3-diaza-2-phosphabicyclo[3.3.0]octyloxy)-2-methylpropan-
2-yl]Joxalamide (L1a): White solid, yield 0.51 g (80 %). 'H NMR (600.1 MHz, CDCls, 26 °C): 6 =
7.64 (br.'s, 2H; NH), 7.26 (t, 3J(H,H) = 7.8 Hz, 4H; CHyne1a), 7.04 (d, 3J(H,H) = 7.8 Hz, 4H; CHortho),
6.86 (t, 3J(H,H) = 7.8 Hz, 2H; CHyara), 4.22-4.16 (m, 2H; NCH), 3.83-3.77 (m, 2H; POCH,), 3.82-
3.77 (m, 2H; NCH,CH), 3.61-3.53 (m, 2H; NCH,CH,), 3.43 (dd, 2(H,H) = 10.2 Hz, 3J(H,P) = 4.8
Hz, 2H; POCH,), 3.26-3.18 (m, 2H; NCH,CH,), 3.23-3.17 (m, 2H; NCH,CH), 2.12-2.04 (m, 2H;
NCHCH,), 1.92-1.84 (m, 2H; NCH,CH,), 1.81-1.72 (m, 2H; NCH,CH,), 1.69-1.62 (m, 2H;
NCHCH,), 1.35 (s, 6H; CHs), 1.33 (s, 6H; CHs) ppm. 3C{*H} NMR (150.9 MHz, CDCls, 27 °C): & =
159.71 (CO), 145.57 (d, 2(C,P) = 16.1 Hz; PNC), 129.15 (CHmeta), 119.01 (CH,ar), 114.75 (d,
3J(C,P) = 11.6 Hz; CHoppo), 67.81 (d, 2(C,P) = 5.9 Hz; POCH,), 63.21 (d, 2J(C,P) = 8.8 Hz; NCH),
55.11 (d, (C,P) = 7.1 Hz; NCH,CH), 53.95 (d, 3J(C,P) = 2.0 Hz; C(CHs),), 48.68 (d, 2J(C,P) = 38.3
Hz; NCH,CH,), 32.12 (NCHCH,), 26.21 (d, 3J(C,P) = 3.6 Hz; NCH,CH,), 23.26 (CH5), 23.19 (CHs)
ppm. 31P{*H} NMR (242.9 MHz, CDCl5, 26 °C): 6 = 122.68 ppm. 1*N-'H HMBC NMR (60.8 MHz,
CDCls, 27 °C): & = 122.6 (d, Y(N,H) = 91 Hz; NH), 92.5 (PNPh), 79.0 (PN). HR MS (ESI): Calcd.
for [C3,H47Ng04P,]* 641.3129, Found 641.3151 [M+H]*. C3,H46N604P;, (640.71): calcd. C 59.99,
H7.24, N 13.12; found C 60.21, H 7.28, N 13.04.

N*,N2-Bis[(2S,3S5)-1-((2R,5S5)-3-phenyl-1,3-diaza-2-phosphabicyclo[3.3.0]octyloxy)-3-

methylpentan-2-ylJoxalamide (L1b): White solid, yield 0.52 g (75 %). 'H NMR (600.1 MHz,
CDCls, 30 °C): & = 7.54 (d, 3J(H,H) = 9.6 Hz, 2H; NH), 7.23 (t, 3J(H,H) = 7.8 Hz, 4H; CH era), 7.00
(d, 3J(H,H) = 8.4 Hz, 4H; CHortho), 6.83 (t, 3J(H,H) = 7.8 Hz, 2H; CHpara), 4.19-4.13 (m, 2H; NCH),
3.86-3.80 (m, 2H; POCH,), 3.83-3.78 (m, 2H; NHCH), 3.75 (t, J(H,H) = 8.1 Hz, 2H; NCH,CH),
3.58-3.52 (m, 2H; NCH,CH,), 3.56-3.50 (m, 2H; POCH,), 3.24-3.18 (m, 2H; NCH,CH), 3.23-3.17
(m, 2H; NCH,CH,), 2.11-2.04 (m, 2H; NCHCH,), 1.91-1.83 (m, 2H; NCH,CH,), 1.81-1.73 (m, 2H;
NCH,CH,), 1.78-1.71 (m, 2H; CHCH;), 1.68-1.61 (m, 2H; NCHCH,), 1.47-1.39 (m, 2H; CH,CHs),



1.10-1.00 (m, 2H; CH,CH3), 0.91 (d, 3J(H,H) = 7.2 Hz, 6H; CHCH3), 0.85 (t, 3J(H,H) = 7.5 Hz, 6H;
CH,CH3) ppm. 3C{*H} NMR (150.9 MHz, CDCls, 30 °C): 6 = 159.51 (CO), 145.49 (d, %J(C,P) =
15.8 Hz; PNC), 129.16 (CHpeta), 119.08 (CHyara), 114.83 (d, 3/(C,P) = 11.8 Hz; CHoreno), 63.31 (d,
2J(C,P) = 8.6 Hz; NCH), 61.14 (d, 2J(C,P) = 3.8 Hz; POCH,), 54.93 (d, %J(C,P) = 6.9 Hz; NCH,CH),
54.35 (d, 3J(C,P) = 2.9 Hz; NHCH), 48.63 (d, 2J(C,P) = 38.2 Hz; NCH,CH,), 35.19 (CHCH;), 32.13
(NCHCH,), 26.21 (d, 3J(C,P) = 3.8 Hz; NCH,CH), 24.88 (CH,CH3), 15.30 (CHCH3), 11.36 (CH,CH3)
ppm. 3P{*H} NMR (242.9 MHz, CDClz, 30 °C): & = 123.82 ppm. HR MS (ESI): Calcd. for
[C36H55NG04P,]Y 697.3755, Found 697.3760 [M+H]*. C36Hs54NgO4P, (696.81): caled. C 62.05, H
7.81, N 12.06; found C62.36, H 7.88, N 12.11.

N*,N2-Bis[(1R,2S5)-2-((2R,5S)-3-phenyl-1,3-diaza-2-phosphabicyclo[3.3.0]octyloxy)-2,3-

dihydro-1H-inden-1-ylJoxalamide (L2): White solid, yield 0.46 g (60 %). *H NMR (400.1 MHz,
CDCls, 27 °C): & = 8.31 (d, 3J(H,H) = 8.8 Hz, 2H; NH), 7.33-7.19 (m, 12H; CHaom), 7.01-6.96 (m,
4H; CHortho), 6.88 (t, 3J(H,H) = 7.2 Hz, 2H; CHo.ra), 5.42 (dd, J = 8.8 Hz, J = 5.6 Hz, 2H; NHCH),
5.00-4.92 (m, 2H), 4.23 (ddd, J = 4.8 Hz, J = 7.2 Hz, J = 12.0 Hz, 2H), 3.74 (t, J = 8.0 Hz, 2H),
3.48-3.37 (m, 2H), 3.24-3.07 (m, 8H), 2.14-2.043 (m, 2H; CH,), 1.91-1.59 (m, 6H; CH,) ppm.
13C{1H} NMR (100.6 MHz, CDCls, 27 °C): & = 159.74 (CO), 145.22 (d, (C,P) = 15.4 Hz; PNC),
140.46 (C,, arom.), 139.69 (C,, arom.), 129.08 (CHpeta), 127.91 (CH, arom.), 126.85 (CH,
arom.), 124.88 (CH, arom.), 124.35 (CH, arom.), 118.99 (CHyara), 114.85 (d, 3J(C,P) = 12.7 Hz;
CHortho), 74.93 (d, 2J(C,P) = 9.3 Hz; POCH), 62.48 (d, 2J(C,P) = 8.3 Hz; NCH), 57.10 (NHCH),
54.01 (d, 2J(C,P) = 6.5 Hz; NCH,CH), 48.14 (d, 2J(C,P) = 35.6 Hz; NCH,CH,), 39.52 (d, 3J(C,P) =
2.7 Hz; OCHCH,), 31.66 (NCHCH,), 26.10 (d, 3J(C,P) = 3.8 Hz; NCH,CH,) ppm. 31P{tH} NMR
(162.0 MHz, CDCls, 27 °C): 6 = 132.00 ppm. HR MS (ESI): Calcd. for [C4,H47NgO4P,]* 761.3129,
Found 761.3134 [M+H]*; Calcd. for [C4HagNgO4P,Na]* 783.2953, Found 783.2951 [M+Na]*.
Ca2H46NgO4P, (760.82): caled. C 66.31, H 6.09, N 11.05; found C 66.57, H 6.04, N 10.94.

1,8-Bis((2R,5S)-3-phenyl-1,3-diaza-2-phosphabicyclo[3.3.0]octyloxy)octane (L3): Colorless
viscous oil that solidified on standing, yield 0.47 g (85 %). *H NMR (400.1 MHz, CDCl;, 27 °C):
8 =7.24 (t, 3J(H,H) = 8.0 Hz, 4H; CHneta), 7.03 (d, 3J(H,H) = 8.0 Hz, 4H; CHoptno), 6.83 (t, 3J(H,H)
= 7.2 Hz, 2H; CHpgra), 4.21-4.09 (m, 2H; NCH), 3.82-3.46 (m, 8H; CH,), 3.25-3.13 (m, 4H; CH,),
2.11-1.98 (m, 2H; CH;), 1.91-1.70 (m, 4H; CH;), 1.70-1.58 (m, 2H; CH;), 1.54-1.42 (m, 4H; CH,),
1.31-1.09 (m, 8H; CH,) ppm. 3C{*H} NMR (100.6 MHz, CDCls, 27 °C): 6 = 145.73 (d, 2J(C,P) =



15.7 Hz; PNC), 128.92 (CHpeta), 118.62 (CHpara), 114.68 (d, 3/(C,P) = 11.6 Hz; CHorno), 63.18 (d,
2J(C,P) = 8.5 Hz; NCH), 62.19 (d, 2J(C,P) = 2.7 Hz; POCH,), 54.77 (d, %J(C,P) = 7.2 Hz; NCH,CH),
48.63 (d, 2J(C,P) = 38.3 Hz; NCH,CH,), 32.00 (CH,), 30.73 (d, J(C,P) = 2.6 Hz; CH,), 29.05 (CH,),
26.05 (d, 3J(C,P) = 3.8 Hz; NCH,CH,), 25.81 (CH,) ppm. 3'P{*H} NMR (162.0 MHz, CDCl;, 27 °C):
8 = 122.60 ppm. C3oHaaN4O,P; (554.66): calcd. C 64.96, H 8.00, N 10.10; found C 65.16, H
7.95, N 10.00.

N1,N2-Bis[1-(((3aS)-2-phenyl-3,3a,4,9-tetrahydro-[1,3,2]diazaphospholo[1,5-b]isoquinolin-

1(2H)-yl)oxy)-2-methylpropan-2-ylJoxalamide (L4): White solid, yield 0.54 g (70 %). 'H NMR
(600.1 MHz, CDCls, 26 °C): & = 7.48 (br. s, 2H; NH), 7.43 (br. s, 2H; NH), 7.32-7.27 (m, 18H; NH
+ CHarom), 7.25 (br. s, 2H; NH), 7.22-7.08 (m, 48H; CHaom), 6.92-6.87 (m, 8H; CHa.0om), 4.60 (dd,
J=16.2 Hz,J=3.0 Hz, 4H), 4.52 (dd, J/ = 16.2 Hz, J = 8.4 Hz, 4H), 4.45 (dd, J = 16.2 Hz, J = 11.4
Hz, 4H), 4.34-4.28 (m, 4H), 4.05-3.96 (m, 8H), 3.96-3.90 (m, 4H), 3.79-3.72 (m, 8H), 3.71-3.62
(m, 8H), 3.56-3.47 (m, 8H), 3.41-3.34 (m, 4H), 3.16-3.08 (m, 4H), 3.02-2.94 (m, 8H), 2.81-2.72
(m, 4H), 1.35 (s, 6H; CHs), 1.34 (s, 6H; CHs), 1.33 (s, 6H; CHs), 1.325 (s, 6H; CHs), 1.122 (s, 6H;
CHs), 1.118 (s, 6H; CHs), 1.03 (s, 6H; CHs), 1.00 (s, 6H; CH3) ppm. 3C{*H} NMR (150.9 MHz,
CDCls, 30 °C): & = 159.48 (CO), 159.47 (CO), 159.29 (CO), 159.27 (CO), 145.44 (d, 2(C,P) =
17.2 Hz; PNC), 145.35 (d, 2J(C,P) = 15.4 Hz; PNC),145.30 (d, 2J(C,P) = 15.4 Hz; PNC), 134.74 (d,
J(C,P) = 6.6 Hz; Cg), 134.69 (d, J(C,P) = 6.9 Hz; C,), 134.13 (d, J(C,P) = 4.4 Hz; C,), 134.08 (d,
J(C,P) = 1.4 Hz; C,), 134.00 (d, J(C,P) = 1.4 Hz; C,), 133.46 (d, J(C,P) = 0.8 Hz; C,), 133.44 (d,
J(C,P) = 0.8 Hz; Cy), 129.40 (CHarom), 129.39 (CHarom), 129.30 (CHarom), 129.26 (CHarom), 129.24
(CHarom), 126.35 (CHarom), 126.34 (CHarom), 126.29 (CHarom), 126.28 (CHarom), 126.27 (CHarom),
126.24 (CHarom), 126.18 (CHarom), 126.16 (CHarom), 119.47 (CHpara), 119.44 (CHoara), 119.43
(CHpara), 115.04 (d, 3J(C,P) = 13.7 Hz; CHorno), 115.03 (d, 3J(C,P) = 13.7 Hz; CHopno), 114.90 (d,
3J(C,P) = 14.0 Hz; CHopeno), 114.88 (d, 3J(C,P) = 13.9 Hz; CHopino), 68.88 (POCH,), 68.77 (POCH,),
68.03 (d, 2J(C,P) = 3.8 Hz; POCH,), 68.01 (d, 2J(C,P) = 4.7 Hz; POCH,), 56.29 (d, 2(C,P) = 9.7 Hz;
NCH), 56.28 (d, 2(C,P) = 10.0 Hz; NCH), 55.74 (d, 2J(C,P) = 10.6 Hz; NCH), 54.50 (d, J(C,P) =
9.4 Hz; NCH,), 54.30 (d, 3J(C,P) = 2.6 Hz; C(CHs),), 54.26 (d, 3J(C,P) = 2.6 Hz; C(CHs),), 54.09 (d,
3J(C,P) = 1.7 Hz; C(CHs),), 54.07 (d, 3J(C,P) = 1.8 Hz; C(CHs),), 53.95 (d, J(C,P) = 9.5 Hz; NCH,),
46.28 (d, 2J(C,P) = 28.8 Hz; NCH,), 45.32 (d, 2J(C,P) = 22.0 Hz; NCH,), 45.27 (d, 2(C,P) = 22.1
Hz; NCH,), 35.54 (d, 3J(C,P) = 2.9 Hz; CH,), 35.51 (d, 3J(C,P) = 2.9 Hz; CH,), 34.41 (CH,), 23.50
(CH3), 23.49 (CHs), 23.41 (CH3), 23.34 (CHs), 23.09 (CHs), 22.94 (CH3), 22.90 (CHs) ppm. 31P{1H}



NMR (242.9 MHz, CDCls, 30 °C): 6 = 120.61 (23%), 120.37 (25%), 112.21 (26%), 111.75 (26%)
ppm. HR MS (ESI): Calcd. for [CsHs5iNgO4P,]*  765.3442, Found 765.3472 [M+H]*.
CaHs50NgO4P, (764.85): caled. C 65.96, H 6.59, N 10.99; found C 66.30, H 6.50, N 11.11.

N*,N2-Bis((2S,3S)-1-((1,3-diphenyl-1,3,2-diazaphospholidin-2-yl)oxy)-3-methylpentan-2
yl)oxalamide (L5): White solid, yield 0.65 g (84 %). 'H NMR (600.1 MHz, CDCls, 30 °C): 6 =
7.32 (d, 3J(H,H) ~ 9.6 Hz, 2H; NHCH), 7.32 (t, 3J(H,H) = 7.8 Hz, 4H; CHneta), 7.26 (t, 3J(H,H) = 7.8
Hz, 4H; CHeta), 7.18 (d, 3J(H,H) = 7.8 Hz, 4H; CHgpho), 7.13 (d, 3J(H,H) = 7.8 Hz, 4H; CHqrtho),
6.94 (t, 3J(H,H) = 7.5 Hz, 2H; CHyara), 6.87 (t, 3J(H,H) = 7.2 Hz, 2H; CHyara), 3.95-3.77 (m, 8H;
PNCH,), 3.71-3.62 (m, 4H; POCH, + NHCH), 3.55-3.50 (m, 2H; POCH,), 1.64-1.56 (m, 2H;
CHCHs), 1.36-1.27 (m, 2H; CH,CHs), 1.00-0.85 (m, 2H; CH,CHs), 0.76 (t, 3J(H,H) = 7.5 Hz, 6H;
CH,CHs), 0.67 (d, 3J(H,H) = 6.6 Hz, 6H; CHCH5) ppm. 3C{'H} NMR (150.9 MHz, CDCls, 30 °C): &
= 159.16 (CO), 144.91 (d, 2J(C,P) = 5.7 Hz; PNC), 144.79 (d, 2J(C,P) = 6.5 Hz; PNC), 129.38
(CHmeta), 129.37 (CHmeta), 120.27 (br. s, CHyara), 115.43 (d, 3J(C,P) = 2.7 Hz; CHorno), 115.34 (d,
3J(C,P) = 3.0 Hz; CHopno), 62.21 (d, 2J(C,P) = 2.0 Hz; POCH,), 54.19 (d, 3J(C,P) = 2.9 Hz; NHCH),
47.53 (d, 2J(C,P) = 10.1 Hz; PNCH,), 47.38 (d, 2(C,P) = 10.1 Hz; PNCH,), 34.68 (CHCH3), 24.55
(CH,CHs), 15.23 (CHCHs), 11.15 (CH,CHs) ppm. 3LP{!H} NMR (242.9 MHz, CDCls, 30 °C): & =
104.13 ppm. HR MS (ESI): Calcd. for [C4;HssNgO4P,]* 769.3755, Found 769.3742 [M+H]*;
Calcd. for [CayHsaNgO4P,Na]* 791.3579, Found 791.3564 [M+Nal*. CsHssNgO4P, (768.88):
calcd. C65.61, H 7.08, N 10.93; found C 65.78, H 7.12, N 10.99.

General Procedure for the NMR Investigations of the Reactions L1a with [Pd(Cod)Cl,] at 1:1
and 1:2 Molar Ratio.

An argon-flushed Schlenk tube equipped with magnetic stirring bar and septum was charged
with 2 (or 1) equiv of L1la (0.0128 g (0.02 mmol) or 0.0064 g (0.01 mmol)) and 2 equiv of
[Pd(Cod)Cl,] (0.0057 g, 0.02 mmol), freshly distilled solvent CDCl; (1 mL) was added, and the
mixture was stirred for 30 min at room temperature. Subsequently the samples were

transferred to an argon-flushed NMR tubes and spectroscopic experiments were carried out.

Trans-[Pd(p-L1a)Cl,]; (6): H NMR (600.1 MHz, CDCls, 27 °C): & = 7.45 (d, 3J(H,H) = 7.8 Hz, 4H;
CHortho), 7-31 (t, 3J(H,H) = 7.8 Hz, 4H; CHpera), 7.23 (br. s, 2H; NH), 7.01 (t, 3J(H,H) = 7.8 Hz, 2H;
CHpara), 4.57-4.49 (m, 2H; NCH,CH,), 4.16-4.08 (m, 2H; NCH), 4.00-3.94 (m, 2H; NCH,CH),



3.97-3.92 (m, 2H; POCH,), 3.76 (d, 2J(H,H) = 9.6 Hz, 2H; POCH,), 3.66 (t, J(H,H) = 9.9 Hz, 2H;
NCH,CH), 3.31-3.23 (m, 2H; NCH,CH,), 2.36-2.27 (m, 2H; NCH,CH,), 2.14-2.05 (m, 2H;
NCHCH,), 2.05-1.97 (m, 2H; NCH,CH5), 2.00-1.93 (m, 2H; NCHCH,), 1.23 (s, 6H; CH3), 1.04 (s,
6H; CHs) ppm. 13C{!H} NMR (150.9 MHz, CDCls, 27 °C): & = 159.22 (CO), 141.37 (vt, J(C,P) =
4.2 Hz; PNC), 129.18 (CHmeta), 122.44 (CHyara), 118.96 (vt, J(C,P) = 2.7 Hz; CHoptno), 69.37 (Vt,
J(C,P) = 4.5 Hz; POCH,), 61.47 (br. s; NCH), 56.41 (br. s; NCH,CH), 53.86 (vt, J(C,P) = 3.9 Hz;
C(CHs),), 51.59 (vt, J(C,P) = 10.3 Hz; NCH,CH,), 30.53 (br. s; NCHCH,), 26.17 (br. s; NCH,CH,),
25.13 (CH;), 22.43 (CH5) ppm. 3'P{H} NMR (242.9 MHz, CDCls, 27 °C): & = 103.46 ppm. N-1H
HMBC NMR (60.8 MHz, CDCls, 27 °C): & = 122.1 (Y(N,H) = 91 Hz; NH). DOSY NMR (600.1 MHz,
CDCls, 26 °C): D = 4.188x10°10 m?/s, ry, = 10.17 A.

[(PACI(p-C1))(L1a)] (7): *H NMR (600.1 MHz, CDCls, 27 °C): & = 7.41 (t, 3J(H,H) = 7.8 Hz, 4H;
CHmeta), 7.34 (d, 3J(H,H) = 7.8 Hz, 4H; CHouno), 7.15 (br. s, 2H; NH), 7.10 (t, 3J(H,H) = 7.2 Hz, 2H;
CHpara), 4.72-4.65 (m, 2H; POCH,), 4.66-4.58 (m, 2H; NCH,CH,), 4.12-4.04 (m, 2H; NCH), 3.87-
3.79 (m, 2H; NCH,CH), 3.69-3.62 (m, 2H; POCH,), 3.55 (t, J(H,H) = 9.3 Hz, 2H; NCH,CH), 3.43-
3.35 (m, 2H; NCH,CH,), 2.40-2.33 (m, 2H; NCH,CH,), 2.16-2.09 (m, 1H; NCHCH,), 2.13-2.06
(m, 2H; NCH,CH,), 1.89-1.82 (m, 2H; NCHCH,), 1.29 (s, 6H; CHs), 1.21 (s, 6H; CH3) ppm. 3C{*H}
NMR (150.9 MHz, CDCls, 28 °C): & = 159.20 (CO), 141.68 (br. d, 2J(C,P) = 8.9 Hz; PNC), 129.45
(CHmeta), 122.24 (br. s; CHyara), 116.68 (br. s; CHortno), 67.43 (br. d, 2J(C,P) = 14.0 Hz; POCH,),
61.81 (br. s; NCH), 55.04 (br. s; NCH,CH), 53.06 (br. s; C(CHs),), 48.65 (br. d, 2J(C,P) = 15.2 Hz;
NCH,CH,), 31.02 (br. s; NCHCH,), 27.58 (br. d, 3J(C,P) = 5.3 Hz; NCH,CH,), 25.96 (br. s; CHs),
23.63 (br. s; CHs) ppm. 3'P{!H} NMR (242.9 MHz, CDCls, 27 °C): & = 72.74 ppm. SN-'H HMBC
NMR (60.8 MHz, CDCl3, 27 °C): & = 119.8 ((N,H) = 92 Hz; NH), 88.6 (PNPh), 73.2 (PN). DOSY
NMR (600.1 MHz, CDCls, 28 °C): D = 6.011x1020 m?/s, r, = 7.13 A.

Catalytic Experiments

Palladium-Catalyzed Asymmetric Allylic Sulfonylation of (E)-1,3-Diphenylallyl Acetate with
Sodium para-Toluene Sulfinate: A solution of [Pd(allyl)Cl], (0.0019 g, 0.005 mmol) and the
appropriate ligand (0.01 mmol or 0.02 mmol) in THF (1.5 mL) was stirred for 40 min. In the
case of the formation of complex 6, a solution of [Pd(Cod)Cl,] (0.0029 g, 0.01 mmol) and the
ligand L1a (0.0064 g, 0.01 mmol) in THF (1.5 mL) was stirred for 24 h. (E)-1,3-Diphenylallyl

acetate (8) (0.05 mL, 0.25 mmol) was added and the solution stirred for 15 min, then sodium
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para-toluene sulfinate (0.089 g, 0.5 mmol) was added and the reaction mixture stirred for a
further 48 h, quenched with brine (3 mL) and extracted with THF (3 x 2 mL). The combined
organic extracts were washed brine (2 x 2 mL), dried over Na,SQ,, filtered and concentrated
under reduced pressure (40 Torr) after filtration. Crystallization of the residue from EtOH,
followed by desiccation in vacuum (10 Torr, 12 h), gave (E)-1,3-diphenyl-3-tosylprop-1-ene

(9a) as white crystals.?°] Enantiomeric excess of 9a was determined by HPLC.

Palladium-Catalyzed Asymmetric Allylic Alkylation of (E)-1,3-Diphenylallyl Acetate with
Dimethyl Malonate: A solution of [Pd(allyl)Cl], (0.0019 g, 0.005 mmol) and the appropriate
ligand (0.01 mmol or 0.02 mmol) in the appropriate solvent (1.5 mL) was stirred for 40 min.
In the case of the formation of complex 6, a solution of [Pd(Cod)Cl,] (0.0029 g, 0.01 mmol)
and the ligand L1a (0.0064 g, 0.01 mmol) in the appropriate solvent (1.5 mL) was stirred for
24 h. (E)-1,3-Diphenylallyl acetate (8) (0.05 mL, 0.25 mmol) was added and the solution
stirred for 15 min. Dimethyl malonate (0.05 mL, 0.44 mmol), BSA (0.11 mL, 0.44 mmol) and
potassium acetate (0.002 g) were added. The reaction mixture was stirred for 48 h, diluted
with CH,Cl, or THF (2 mL) and filtered through a thin layer of SiO,. The filtrate was
evaporated at reduced pressure (40 Torr) and dried in vacuum (10 Torr, 12 h) affording a
residue containing (E)-dimethyl 2-(1,3-diphenylallyl)malonate (9b).13% In order to evaluate ee
and conversion, the obtained residue was dissolved in an appropriate eluent mixture (8 mL)

and a sample was taken for HPLC analysis.

Palladium-Catalyzed Asymmetric Allylic Amination of (E)-1,3-Diphenylallyl Acetate with
Pyrrolidine: A solution of [Pd(allyl)Cl], (0.0019 g, 0.005 mmol) and the appropriate ligand
(0.01 mmol or 0.02 mmol) in the appropriate solvent (1.5 mL) was stirred for 40 min. In the
case of the formation of complex 6, a solution of [Pd(Cod)Cl;] (0.0029 g, 0.01 mmol) and the
ligand L1a (0.0064 g, 0.01 mmol) in the appropriate solvent (1.5 mL) was stirred for 24 h. (E)-
1,3-Diphenylallyl acetate (8) (0.05 mL, 0.25 mmol) was added and the solution stirred for 15
min, then freshly distilled pyrrolidine (0.06 mL, 0.75 mmol) was added. The reaction mixture
was stirred for 48 h, diluted with CH,Cl, or THF (2 mL) and filtered through a thin layer of
SiO,. The filtrate was evaporated at reduced pressure (40 Torr) and dried in vacuum (10 Torr,

12 h) affording a residue containing (E)-1-(1,3-diphenylallyl)pyrrolidine (9¢).[31 In order to
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evaluate ee and conversion, the obtained residue was dissolved in an appropriate eluent

mixture (8 mL) and a sample was taken for HPLC analysis.

Palladium-Catalyzed Asymmetric Allylic Amination of (E)-1,3-Diphenylallyl Acetate with
Diethyl Aminomethylphosphonate: A solution of [Pd(allyl)Cl], (0.0019 g, 0.005 mmol) and
the appropriate ligand (0.01 mmol or 0.02 mmol) in the appropriate solvent (1.5 mL) was
stirred for 40 min. (E)-1,3-Diphenylallyl acetate (8) (0.05 mL, 0.25 mmol) was added and the
solution stirred for 15 min, then diethyl aminomethylphosphonate (0.05 g, 0.3 mmol) was
added. The reaction mixture was stirred for 48 h, diluted with CH,Cl, or THF (2 mL) and
filtered through a thin layer of SiO,. The filtrate was evaporated at reduced pressure (40 Torr)
and dried in vacuum (10 Torr, 12 h) affording a residue containing diethyl (E)-(((1,3-
diphenylallyl)amino)methyl)phosphonate (9d).3¢ In order to evaluate ee and conversion,
the obtained residue was dissolved in an appropriate eluent mixture (8 mL) and a sample

was taken for HPLC analysis.

Palladium-Catalyzed Asymmetric Allylic Alkylation of (E)-1,3-Diphenylallyl Acetate with 1-
Cyclohexenylpyrrolidine: A solution of [Pd(allyl)Cl], (0.0019 g, 0.005 mmol) and the
appropriate ligand (0.01 mmol or 0.02 mmol) in the appropriate solvent (1.5 mL) was stirred
for 40 min. (E)-1,3-Diphenylallyl acetate (8) (0.05 mL, 0.25 mmol) was added and the
solution stirred for 15 min, then freshly distilled 1-cyclohexenylpyrrolidine (10) (0.115 g, 0.75
mmol) was added and the reaction mixture was stirred for further 48 h, quenched with
saturated NH,CI solution (5 mL) for 2 h and extracted with CH,Cl, (3 x 3 mL). The combined
organic extracts were washed with water (3 mL), brine (3 mL), dried over Na,SO,, filtered
and concentrated under reduced pressure (40 Torr) after filtration. The residue was
dissolved in EtOAc/hexane (1:10) and filtered through a thin layer of SiO,. The filtrate was
evaporated at reduced pressure (40 Torr) and dried in vacuum (10 Torr, 12 h) affording a
residue containing (E)-2-(1,3-diphenylallyl)cyclohexanone of anti-configuration (11a) and
syn-configuration (11b).[221 The ratio of anti- and syn-configuration was determined by H
NMR. In order to evaluate ee and conversion, the obtained residue was dissolved in an

appropriate eluent mixture (8 mL) and a sample was taken for *H NMR and HPLC analysis.
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Pd-Catalyzed Asymmetric Allylic Alkylation of Cinnamyl Acetate with Ethyl 2-
Oxocyclohexane-1-carboxylate: A solution of [Pd(allyl)Cl], (0.0019 g, 0.005 mmol) and the
appropriate ligand (0.01 mmol or 0.02 mmol) in toluene (1.5 mL) was stirred for 40 min.
Cinnamyl acetate (12) (0.04 mL, 0.25 mmol) was added and the solution stirred for 15 min.
Ethyl 2-oxocyclohexane-1-carboxylate (13) (0.06 mL, 0.375 mmol), BSA (0.25 mL, 1 mmol)
and Zn(OAc), (0.005 g) were added. The reaction mixture was stirred for 48 h, diluted with
toluene (2 mL) and filtered through a thin layer of SiO,. The filtrate was evaporated at
reduced pressure (40 Torr) and dried in vacuum (10 Torr, 12 h) affording a residue
containing ethyl 1-cinnamyl-2-oxocyclohexane-1-carboxylate (14).[23] In order to evaluate ee
and conversion, the obtained residue was dissolved in an appropriate eluent mixture (8 mL)

and a sample was taken for HPLC analysis.

Palladium-Catalyzed Asymmetric Allylic Amination of Cyclohex-2-en-1-yl Ethyl Carbonate
with Dibenzylamine: A solution of [Pd(allyl)Cl], (0.0019 g, 0.005 mmol) and the appropriate
ligand (0.01 mmol or 0.02 mmol) in the appropriate solvent (1.5 mL) was stirred for 40 min.
Cyclohex-2-en-1-yl ethyl carbonate (15) (0.043 g, 0.25 mmol) was added and the solution
stirred for 15 min, then dibenzylamine (0.06 mL, 0.3 mmol) was added. The reaction mixture
was stirred for 48 h, quenched with saturated NH,Cl solution (5 mL) for 30 min and extracted
with CH,Cl, (3 x 3 mL). The combined organic extracts were washed with saturated NH,CI
solution (2 x 2 mL), dried over Na,SO,, filtered and concentrated under reduced pressure (40
Torr) after filtration. The residue was purified by column chromatography on SiO,
(EtOAc/hexane 1:20 ) affording N,N-dibenzylcyclohex-2-en-1-amine (16) as yellowish oil.12432]

Enantiomeric excess of 16 was determined by HPLC.

Palladium-Catalyzed Desymmetrization of N,N'-Ditosyl-meso-cyclopent-4-ene-1,3-diol
Biscarbamate: A solution of [Pd,(dba)s]'CHCI; (0.005 g, 0.005 mmol) and the appropriate
ligand (0.01 mmol or 0.02 mmol) in THF (1 mL) was stirred for 40 min. A solution of N,N’-
ditosyl-meso-cyclopent-4-ene-1,3-diol biscarbamate (18) and EtsN (14 uL, 0.099 mmol) in
THF (0.5 mL) was added dropwise with vigorous stirring at -15 °C (compound 18 was
prepared in situ as follows: to a solution of the meso-cyclopent-4-ene-1,3-diol 17 (0.01 g,
0.099 mmol) in THF (0.5 mL), tosyl isocyanate (35 pL, 0.232 mmol) was added; the mixture
was stirred at 20 °C for 15 min, heated to 55 °C for 1 h, and cooled down to 20 °C). The
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reaction mixture was stirred for 24 h at -15 °C and then warmed to room temperature. The
solvent was removed under reduced pressure (40 Torr) and the residue was purified by flash
chromatography on a short pad of SiO, (toluene). The solvent was evaporated at reduced
pressure (40 Torr) and the residue was dried in vacuum (1 Torr, 2 h) gave the desired 3-tosyl-
3,3a,6,6a-tetrahydro-2H-cyclopenta[d]oxazol-2-one (19) as a slightly yellow oil that solidified

on standing.[26%33] Enantiomeric excess of 19 was determined by HPLC.

Rhodium-Catalyzed Asymmetric Hydrogenation of Dimethyl Itaconate, Methyl (2)-2-
Acetamido-3-phenylacrylate, Methyl (Z)-2-Acetamido-3-(4-fluorophenyl)acrylate or Methyl
(Z)-2-Acetamido-3-(naphthalen-2-yl)acrylate: A solution of [Rh(Cod),]BF,; (0.001 g, 0.0025
mmol) and the appropriate ligand (0.0025 mmol) in CH,Cl, (2 mL) was stirred for 40 min.
Then appropriate substrate (0.25 mmol) was added. Catalytic vessel containing the resulting
solution was filled with hydrogen to a pressure of 1.5 atm and the reaction mixture was
stirred for 24 h. The solvent was evaporated at reduced pressure (40 Torr), the residue was
dissolved in diethyl ether (2 mL) and filtered through a thin layer of SiO,. The filtrate was
evaporated at reduced pressure (40 Torr) and dried in vacuum (10 Torr, 12 h) affording a
residue containing dimethyl 2-methylsuccinate (21a), methyl 2-acetamido-3-
phenylpropanoate (21b), methyl 2-acetamido-3-(4-fluorophenyl)propanoate (21c) or methyl
2-acetamido-3-(naphthalen-2-yl)propanoate (21d).34 In order to evaluate ee and conversion,
the obtained residue was dissolved in an appropriate eluent mixture (8 mL) and a sample

was taken for chiral HPLC analysis.

Crystallographic data for L2, L5, L1c and Lla have been deposited with the Cambridge
Crystallographic Data Centre as supplementary publication nos. CCDC 1818463, 1818465,
1818468 and 1818470, respectively. Copies of data can be obtained free of charge on
application to CCDC, 12 Union Road, Cambridge CB21EZ, UK (fax: (44)1223-336-033; e-mail:

deposit@ccdc.cam.ac.uk).
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POWDER X-RAY AND SINGLE-CRYSTAL X-RAY STRUCTURE DETERMINATIONS

S [LLIE

x5

5 My 15 2 25 HF O35 400 45 B0 OS5 60 63 TO TS

()

27000 <
x10

[ VT IR T N BN

-

D5 W 15 X 25 3 35 4 45 S0 55 o 65 TH TS

% ()

Figure S1. The final Rietveld plots for Lla (top) and L1lc (bottom). The experimental and
difference (experimental minus calculated) diffraction profiles are shown as the black and
red lines, respectively. The vertical blue bars correspond to the calculated positions of the

Bragg peaks.
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Table S1. Crystal data for L1a and L1c.

Lla Lic
empirical formula C3,Hy6NgO4P> C;6H54NgO4P5
M, 640.69 696.79
crystal system Orthorhombic Orthorhombic
space group P2,2,2 P2,2,2,
diffractometer Huber G670 EMPYREAN
wavelength, A 1.54059 1.5418
unit cell dimensions
a, A 32.0633(18) 30.7745(19)
b, A 17.0210(13) 19.6066(15)
c, A 6.3381(7) 6.2335(7)
volume, A3 3459.0(5) 3761.2(6)

Z 4 4
D, (Mg m) 1.230 1.231
u, mm-! 1.494 1.413

29min - 26max > A20 (0)
no. params/restraints

Rpa RWp) Rexp

4.00 - 75.00, 0.01

327/402

0.0175, 0.0219, 0.0135

4.006 — 75.015,0.017

225/157

0.0264, 0.0345, 0.0211
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Table S2. Crystal data for L2 and L5.

L2 L5
empirical formula C4oHy6NgO4P» C4H54NgO4P»
M; 760.79 764.82
crystal size, mm? 0.26x0.17x0.16 0.08 x 0.06 x 0.04
crystal form, color prism, colorless irregular, colorless
crystal system Orthorhombic Monoclinic
space group P2,2,:2; P2,
unit cell dimensions:
a, A 10.0150(4) 5.3423(7)
b, A 15.4660(7) 23.445(5)
c, A 25.1897(8) 16.708(3)
B,° 90 95.088(2)
volume, A3 3901.7(3) 2084.4(6)
Z 4 2
u, mm-! 1.417 1.326
Flack parameter -0.04(4) 0.29(19)
no. reflections 7318/3898 4579/2895
collected/independent [R(int) = 0.1358] [R(int) = 0.13770]
no. parameters 487 174
GOF 0.840 0.742

final R indices [/>2011)]

R=0.0627, wR = 0.1489

R=0.1181, wR=0.3797
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NMR SIGNAL ASSIGNMENT

129.15
119.01
114.75,d, J =11.6
145.57,d, J =16.1
3.53-3.61, m; _
1.72-1.81, m;  318-3.26. m 1.35,s 1.33,s N 55.11,d,J=7.1

1.84-1.92, m ) ’
I 63.21,d,J=8.8
. "'/,Il
/3212
1.62-1.69, m; N O NH -2, )
159.71

204212, m 111, P 3.43,dd, 3y p = 4.8,
4.16-4.22, m 2 102 764b”
16-4.22,m Ty =102; 26.21,d
N 3.77-3.83,m @) 2326  23.19 48.68,d, 3¢
3.17-3.23, m; =383
3.77-3.82,m
7.04, d,
J=18 6.86, t,
J=18
7.26, 1,
J=18
Figure S2. NMR Signal Assignment for L1a.
129.16
0.85, ¢, 119.08
I=15 114.83,d,J=11.8
0.91,d,
139147, m , J=172 145.49,d,J=15.8
3.52-3.58, m 1.00-1.10, m , 54.93,d,J=6.9
1.83-1.91,m  3.17-3.23,m T1.71-1.78 O N
1.73-1.81, m 61.14,d, I 6331,d,J =8.6
_ 3 II[II//
7, 32.13
2.04-2.11,m N /O
161-1.68, m /1y, P 3.80-3.86, m NH
' B -00,
4.13-4.19,m | 3.50-3.56, m T 26.21, 4,
N . J=38
3.75,6, 0 =8.1
3.18-3.24,m 15.30
7.00, d, 11.36
J=84 6.83, 1,
723, 1778
J=18

Figure S3. NMR Signal Assignment for L1b.

21



129.18

122.44
118.96, vt, J = 2.7
14137, vt, J = 4.2
323331, m; 56.41, br.
1.97-2.05, m; 1.23,s 1.04,s
IS 449457,
2.27-236, m m N
156 / 61.47
53.86, vt, "4, 30.53, br
- 7t
1.93-2.00, m; N—_ NH_s=39 ” P—_
2.05-2.14,m /14, NH 159.22 37,vt,Q N
3.76,d,0=9.65 ;3 —4
4.08-4.16, m 3.92-3.97, m 2617 b
.17, br.
O 2513 22.43 51.59, vt,
3.66,t,J =9.9; J=103
3.94-4.00, m
7 45 d
7 01 t
731, t,
J=18
Figure S4. Full assignment of all 13C and *H resonances for complex 6.
129.45, br.
122.24, br.
116.68, br.
141.68, br. d, J = 8.9
206213 3.35-3.. 43 m; ’ 29 ’ 2] 55.04, br.
00-2.13, m;5 4.58-4.66, m s s
2.33-2.40, m O N
/ 61.81, br.
N NH 53.06, br, "1y, 3102, br.
1.82-1.89, m; [, .
2.09-2.16, m ////,,' P 3.62-3.69, m; 159.20 .
4.04-4.12,m , 4.65-4.72,m 715 br : =
’ 27.58, br. d,
N O 2596,br. 23.63, br. 48.65, br. d, J=53

3.55,t, 0= 9.3; J=152
3.79-3.87, m
7.34,d,
J=18 7.10, t,

Figure S5. Full assignment of all 3C and 'H resonances for complex 7.
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NMR SPECTRA OF NEW COMPOUNDS

L1a, 31P{1H}

®
«©
8
i
T . \ . . . . T . T ‘
150 100 50 0 PPM
31P{1H. inv.gated} USER: operator -- DATE: 18:25:44.859 0400 operator@avance-600
F1:242 937 [F2: 1000 [sw1: 73529 [ [OF1- 194350 [PTS1d: 262144
EX zoio [PW:60 us [PD-40 sec [NA-32 [LB: 20 Nuts - SMI_G-L-2_311.1
5 N2LIRBET
o NONNOO®@®®
~ L A A e R -]
— S
R
5
I I I/ f
[ . ‘ |
[ |
[ | f " /
7
g ( r | (] [
( [ | | I | | [
| | | |
b y BV J T P N A
‘ ! )" l A J r'u*' ﬂ‘_/j]' L
I\ (N N MooV, . o IR AL
. T — T —r—T . T . —r— —r— — T —
9 8 i 6 5 4 3 2 1 PPM
1H USER: operator -- DATE: 19:03:01 552 +0300 operator/@avance-600
F1- 600130 [F2: 1.000 [sw1: 12019 [ [oF1: 3000.7 [ [pTs1d: 131072 [
EX. zg30 [pw. 138 us [PD. 15 sec [xa: 16 [LB.-05 Nuts - SMIGE3_1.1
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L1a, 13C{!H}

3 R ] =88 85 9835 AIBIIS Q 458CE8
= © in = SRR AS® DB@AT TOGIND e b
8 g & g3z EE¢ shgd H2dgge § 8688
\J N \[) U\ \)}] e
"‘.f \I‘ \( w \ / | ‘ Y
. winn \ W L il
T T T T T T T T T T T T T T T T T T T T T T T T T
160 140 120 100 80 80 40 20 PPM
13C{1H) USER.: operator -- DATE. 11:31:34.193 0300 operator@avance-600
F1- 150903 [F2-1.000 [SW1- 27174 [ [OF1- 12826 7 [ [PTs1d: 262144 [
EX: zepg [Pw:12.5us [PD: 40 sec [Na: 512 [LB-0s [ Nuts - SMIGS3_131.1
L1a, 13C DEPT
3 g 52 REIE I8 9% a8 abod
= o ~~ @~ o4 o @w = N-NT
& 232z 5588 BH 9% 8 L8AQ
\ ] U \1)
\ / \/ o\ \o ANV,
‘.,' \/ \/ \/f \ |
| | [ | [/
. | N |
: ; | T
T T T T T T T T T T T T T T T T T T T T T
160 140 120 100 80 60 40 20 PPM
13C{1H}-DEPT135 USER: operator -- DATE: 11:32:42 177 +0300 operator/@avance-600
F1:-150903 [F2: 1.000 [ [oF1: 128267 [pTsid: 262144
EX. depisp [PD. 20 sec [xa: 256 [LB.0s [ Nus - SMIG83_ 1351
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L1a, H-H COSY

Acquisition Time (sec)

(0.2135, 0.1066)

| Gomment

5 mm PABBO BB-1

H/D Z-GRD 7856701/0030

Darte

18 Jun 2015 16:57:48

File Name
Nucleus

C:Users\MIG\Documents\NMR_FILES_IPCEWI_G-L-2\M|_G-L-211010\pdata\1\2rr

(1H, 1H)

Number of Transients

Freguency (MHz)

(600.13, 600.13)

8

Origin spect

Qriginal Points Count

(1024, 512)

Owner

operator

Points Count

(4096, 1024)

Pulse Sequence cosyapqaf

Solvent

cDCI3

Specuum Type

COSY

Sweep Width (Hz)

(4794 23 4798 38)

Temperawre (degree C) 26 300

Title

1H 1H-COSY

MI_G-1-2.1010.001 2 esp

LAl

-

|

N - - o
o o 5] o

™~
o

~ -
in o
F1 Chemical Shift (ppm)

o
o

o
o

—
o

~
n

5 4
F2 Chemical Shift (ppm)

L1a, *H-'H ROESY

Acquisition Time (sec)

(0.2135, 0.1066)

\ Comment

5 mm PABBO BB-1H/D Z-GRD Z856701/0030

Dare

18 Jun 2015 16:57:56

File Name

CAUsers\MIG\Documents\NMR_FILES_IPCEWMI_G-L-2\MI_G-L-2\10103\pdata\1\2rr

Frequency (MHz)

(600.13, 600.13)

Nucleus (1H. 1H) Number of Transients 8 Origin spect Original Points Count (1024, 512)
Owner ‘operator Points Count (4096, 1024) Fuise Sequeice roesyph 2 Solvent cDcB
Spectrum Type ROESY Sweep Width (Hz) (4794.23, 4798.38) Temperature (degree C) 26.400 Title 1H.1H-ROESY

MI_G-L-2.10103.001.2m.esp

BT

]

4
F2 Chemical Shift (ppm)

T T
3
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F1 Chemical Shift (ppm)




L1a, *H-13C HSQC

Acquisition Time (sec) (02135, 0.0324) \ Comiment 5 mm PABBO BB-1H/D Z-GRD Z856701/0030 Dare 18 Jun 2015 16:58:00
File Name C:\Users\MIG\Documents\NMR_FILES_IPCE\MI_G-L-2MI_G-L-2\1013\pdata\1\2mm Frequency (MHz) (600.13, 150.92)
Nucileus {1H. 13C) Number of Transients 6 Origin spect Original Points Count (1024, 1024)
Owner operator Points Count (2043, 1024) Pulse Sequence hsqcetgp Solvent cbciB
Spectrum Type HsQC Sweep Width (Hz) (479306, 31614.67) | Temperature (degree C) 26 300 Title 1H.13C-HSQC
MI_G-L-2.1013.001 2 esp
8
16
— - 24
—
- - 3z
40
4 .
— - = 48
e . . 56
SR - 64
— P
2
— E
80 &
88 5
96 2
@
=
104 ©
o
j - 112
-
i 120
- 128
136
. 144
152
= 160
168
T T T T T T T T T T T T T T
T 6 4 2 1
F2 Chemical Shift (ppm)
14.13
L1a, ‘H-*C HMBC
Acquisition Time (sec) (0.2135, 0.0647) | Comment 5 mm PABBO BB-1H/D Z-GRD Z856701/0030 Date 18 Jun 2015 16:58:02
File Name C\Users\MIG\Documents\NMR_FILES_IPCE\MI_G-L-2\MI_G-L-2110131\pdata\ 12 Frequency (MHz) (600.13, 150.92)
Nucleus (1H, 13C) Number of Transients 12 Origin spect Original Points Count (1024, 2048)
Owner operator Points Count (2048, 1024) Pulse Segquence hmbegpndaf Solvent CDCI3
Spectrum Type HMBC Sweep Width (Hz) (4793.06, 31614.67) | Temperature {degree C) 26.000 Title 1H,13C-HMBC

MI_G-L-2.10131.001.2m.esp

L

32
40
43
56
64
72
80
a8
96
104
112
120
128
136
144
152
160
168
176

4
F2 Chemical Shift (ppm)

26

F1 Chemical Shift (ppm)




L1a, *H->N HMBC

Acquisition Time (sec) (0.4538, 0.0281) \ Comment 5 mm PABBQ BB-1H/D Z-GRD Z856701/0030 Date 23 Mar 2017 10:06:44
File Name C\Users\MIG\Documenis\NMR_FILES_IPCE\MIG83\1015\pdata\ 112 Frequency (MHz) (600.13, 60.82)
Nucleus (1H, 15N) Number of Transients 42 | Origin spect Original Points Count (2176, 512)

Owner operator Points Count (2048 1024) | Pulse Sequence hmbegpndgf Solvent CDCI3

Spectrum Type HMBC Sweep Width (Hz) (4793.06, 18230.36) Temperature (degree C) 27.300

Title hmbc 1H 15N

MIG83.1015.001 2rr esp

I I_JU\M_L«MJIL_

=

100

F1 Chemical Shift (ppm)

140

180

I I T T I T I T T T
6

5 4
F2 Chemical Shift (ppm)

L1b, 31P{H}

123.825

T T T T T T T T T T T T T T T
150 100 50 0 PPM

USER. operator -- DATE: 17:17:12.373 +0300 operator@avance-600
[swi- 73529 [ [oF1- 121469 [ [PTS1d: 262144
[PD: 30 sec [va: 3 [LB:10 [ Nuts - SMIG89 311

31P{1H. v gated}
F1: 242 937 ‘FJ 1.000
EX: zgig [pw: 6.0 us
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/‘ - o« J 7 i o L ¢ VARV
| J ' ﬁ " A \ J)
" (eYAN | [ W JL \
— \ —r e e B e — —r
8 6 5 4 3 2 1 PPM
1H USER. operator -- DATE: 17:19:04.545 +0300 operator@avance-600
F1: 600130 [F2-1.000 [swi1- 12019 [ [oF1-3000.7 [ [PTS1d: 131072 [
EX: zg30 [pw: 138 us [PD: 15 sec [na: 16 [LB: 05 [ Nuts - SMIG9_1.1
1341
L1b, 3C{2H}
5 29 2 88 E3S IE889338388 23 288 g 8
] @ T - o~ No® NN aOO NS = - =@ @ @
] 2% 2 exI Rk LRI IRIISR 88 883 e F
N ) VA J |
| ] F’ [ I‘ /
\FJ ‘ ‘”’ - |‘ {/
ina l; . L L L wld
—— T . — . — —— — T — —
160 140 120 100 20 60 40 20 PPM
13C{1H} USER: operator -- DATE: 117,201 +0300 operator@avance-600
F1. 150903 [F2:1.000 [swi 27174 [ [OF1- 128267 [ [PTS1d: 262144
EX: zope [Pw-125us [PD:4.0 sec [na- 1004 [LB-0s [ Nuts - SMIG89 131 1
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L1b, 13C DEPT

3 PEB B85 88 RER 8 &
- S @~ ~ o - - drw® a o
& gad 22 88 883 © ¢
§ AR
\ ( I
(W N I
r v o )
T T T T T T T T T T T T T T T T T T T T T
160 140 120 100 80 60 40 20 PPM
13C{1H}-DEPT135 USER: operator -- DATE: 22:37:32 936 +0300 operator(@avance-600
F1: 150,903 [F2: 1.000 [swi: 27174 [ [OF1: 128267 [ [PTS1d: 262144
EX_ deptsp [pw: 125 us [PD- 20 sec [xa 512 [LB-0s [ Nuts - SMIG89_135 1
1.1
L1b, H-1H COSY
Al Time (sec) (04271, 0.4264) ‘ Comment 5 mm PABBO BB-1H/D Z-GRD Z856701/0030 Date 17 May 2017 22:38:10
File Name C:\Users\MIG\Documents\NMR_FILES_IPCE\MIGS89\1010\pdata\1\2m Frequency (MHz) (600.13, 600.13)
Nucleus (1H, 1H) Number of Transients 3 Origin spect Original Points Count (2048, 2048)
Owner ‘operator Points Count (4096, 1024) Pulse Sequence cosyopaf Soivent CDCI3
Spectrum Type Cosy Sweep Width (Hz) (4794 23 4798.38 Temperature (degree C) 29754 Title 1H,1H-COSY

MIG89.1010.001 2 esp

,LLU_L—A_LML_;MML

LA LA L L) Ll s et
50 45 40
F2 Chemical Shift (ppm)

TrereT
35

29

F1 Chemical Shift (ppm)




L1b, *H-'H ROESY

Acquisition Time (sec) (04271, 0.1066) \ Comment 5 mm PABBO BB-1H/D Z-GRD Z856701/0030 Date 18 May 2017 11:17:00
File Name C:\Users\MIG\Documents\NMR_FILES_IPCE\MIG89\10102\pdata1\2rr Frequency (MHz) (600.13, 600.13)
Nucleus (1H, 1H) Number of Transienis 16 Origin spect Original Points Count (2048 512)
Owner operator Points Count (4096, 1024) Puise Sequence roesyph.2 Solvent CDCI3
Specuum Type ROESY Sweep Width (Hz) (4794 23 4798.38) Temperature (degree C) 30124 Title 1H.1H-ROESY
MIG89.10102.001 2rr.esp
MUMJ bn AJU'
% E
=4
=
=
]
3
E
2
5]
i
qw|\-\w|-|w|\w|w\-|w\-|w|-\w
75 70 65 60 55 50 45 40 35 30 25 20 15 10
F2 Chemical Shift (ppm)
14413
L1b, *H-13C HSQC
Time (sec) (0.4271,0.0754) \ Comment 5 mm PABBO BB-1H/D Z-GRD Z856701/0030 Dare 18 May 2017 01:10:08
File Name C:\Users\MIG\Documents\NMR_FILES_IPCE\MIGS89\1013\pdata\ 1\2rr Freguency (MHz) (600.13, 150.92)
Nucleus (1H, 13C) Number of Transienis 2 | Origin spect Original Points Count (2048, 2048)
Owner operator Points Count (2048, 1024) | Pulse Sequence hsqcetgp Soivent CDCI3
Specuum Type HSQC Sweep Width (Hz) (4793.08, 27147.38) Temperature (degree C) 30 046
Title 1H,13C-HSQC
MIG89.1013.001.2rr.esp
yy . AL ol
8
7 4 16
— - - 24
- . 32
40
J— - » 48
— - - 56
] “ -
— - 64
2 E
— =
80 £
]
88 B
E
% £
[+
104 &
4 112
-
— A 120
e 128
136
—] 144
152
— 160
T T T T T T T T T T T T T T T
T 6 3 2 1

4
F2 Chemical Shift (ppm)
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L1b, *H-13C HMBC

Acquisition Time (sec) (04271, 0.0754) | Gomment 5 mm PABBO BB-1H/D Z-GRD Z856701/0030 Date 18 May 2017 10:38:10
File Name C:\Users\MIG\Documents\NMR_FILES_IPCE\MIGS89110132\pdata\1\2rr Frequency (MHz) (600.13, 150.92)
Nucleus (1H. 13C) Number of Transients 4 Origin spect Original Points Count (2048, 2048)

Owner operator Points Count (2048, 1024) Puise Sequence hmbcgpndaf Solvent CDCI3

Spectrum Type HMBC Sweep Width (Hz) (4793 06, 27147 38) | Temperature {degree C) 29817 Title 1H,13C-HMBC

MIG89.10132.001 2 esp

JJUJ&H____LJLL;

.
E
g
g
%
0
g
E
e
o
T
— .
wEiE
— .
T T T T T T T T T T T T T T T T T T T T T T T T T
75 70 6.5 6.0 55 5 4 4 a5 30 25 20 15
F2 Chemical Shift (ppm)
31 {1 }
L2, 3'P{*H

3

8

b

T T T T T T T T T T T
150 100 50 0 PPM
USER: root -- DATE: Jun 24 17:06:54 2014 MSK (UT=4h) mres-
F1: 161976 [F2: 1000 [swi- 75188 [ [oF1- 8098 8 PTS1d: 65536
EX: zgpg [pw: 106 us [PD: 0.8 sec NA Nuts - 2591 4.1
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L2, *H

|

PPM

2014 MSK (UT+4h) mres-

USER. root -- DATE: Jun 24 17.0

[PTS1d: 32768

[OF1-3198.4

[Na-s

[SW1-8013

[F2- 1000

[LB-00

[PD- 01 sec

[Pw:-93 us

F1:400.130
EX: 2030

Nuts - $g591_1.1

L2, 13C{1H}

L0798 ——_

sl —
P99 I ————
£05 6 ——

0ES 68—

096 1 ——
ple gy —
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BEOVS —
560° 45

BEV'Z9 ——
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088 %L

(71371
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158°9L H:/I
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29z LL

veg Pl ——
oLo'sLL

Z66'8LL —
0SE ¥ZL

098 ¥Z1 HV
PSa 9z ~——
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989'6EL —
6SF OFL
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26T Sl

EVLBSL

T T T T T T T T T T T T T
60 40 20 PPM

|

T T 1] T T T T
60 140

7:34:25 2014 MSK (UT+4h) mres-

USER: root -- DATE: Jun 24 17

[PTS1d: 65536

7.3

[OF1: 1004

NA:- 116

[F2: 1.000 [SW1: 25126

F1:100.613
EX: zope30

1B 20

[PD.0

[PW- 91 us

Nuts - $g597 2.1
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L2, 3C APT

2 a2 EEEEEREEE] BB BRe C38 53 B 5 8 B5
@ o @ No@aNr— «—o [EE=2=] QB NT+O YO ©© N~ N
2 ¢8 REERILEE Ees dd tiZge 22 = EE
| Ny ooyt oy Yy
\ v 1 \ ] -“.‘ \/ w \ \/
\ \ / | \ i
| ) [N | Lo 1
" T T T T T T T T T T T T T T T T T T T T
160 140 120 100 0 80 40 20 PPM
USER: root -- DATE: Jun 24 17:37:37 2014 MSK (UT+4h) mres-
F1- 100613 [F2: 1000 [sw1 22075 [ [oF1- 100606 [ [pTs1d- 16384 [
EX: jmod [pw: 78 us [PD: 03 sec [Na: 179 [LB: 20 Nuts - §g597 31
31pJl
L3, 31P{*H}
=]
=
8
\
|
. ‘ \ ‘ : . . . . ‘ : \ ‘
150 100 50 0 PPM
USER: root -- DATE: Oct 24 17:57:23 2016 MSK (UT=3h) mres-
F1: 161976 [F2: 1000 [swi- 75188 [ [OF1: 45476 [ PTS1d: 635536 [
EX zeps [PW: 106 us [PD: 08 sec [NA:s [LB:20 \ Nuts - §G1177 4.1
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L3, !H

PPM

USER: root -- DATE: Oct 24 17:58:10 2016 MSK (UT+3h) mres-
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[~va- 4

[F2: 1.000 [swi: 8013
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[PD-05 sec

[pw- 93 us

Nuts - $G1177_1.1
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USER.: root -- DATE: Nov 14 19:08:13 2016 MSK (UT=+3h) mres-

[pTs1d: 65536

[oF1- 110534

[va:s1

25126

[swi

[F2-1000

F1:100.613
EX: zgpg30

[LB: 20

[PD: 02 sec

[pw: 78 us

Nuts - §g1196_2.1
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L3, 13C APT
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USER: root — DATE: Nov 14 19:01:11 2016 MSK (UT+3k) mres-
F1 100613 [F2: 1.000 [sw1: 22075 [ [OF1: 100606 [ [PTs14: 16384 [
EX jmod [pw-75 us [PD 03 sec NA:-512 [LB-20 [ Nuts - $g1196_3.1
31 {1 }
L4, >‘P{*H
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w
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‘ e — T —— _— — —
140 120 100 80 60 40 20 PPM
31P{1H. v gated] USER- operator - DATE: 11:31:34 271 <0300 operator@avance-600
F1:242 937 [F2: 1.000 [swi- 73529 [ [oF1-121469 [ [PTS1d: 262144
EX: zziz [pw: 6.0 us [PD:3.0 sec NA: 64 [LB: 10 Nuts - SMIG109_31.1
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L4, 13C DEPT

CRB IS RTIRCICITIRBEZRSIBA
TONNNOOSONNNN - TTTOODD DD OO
GEEEEEARRR LR ERELEERR R
LLL \ ) ) JI1J
L | /2 - L
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160 140 120 100 20 60 40 20 PPM
13C {1H}-DEPTI35 USER. operator -- DATE. 13:40:30 959 0300 operator@avance-600
F1: 150903 [F2: 1.000 [SW1- 28846 [ [OF1- 13581 3 [ [PTS1d: 262144 [

EX. deptsp [Pw: 125 us [PD: 20 sec NA: 312 [LB:0s Nuts - SMIG109_135.1
31pJl
L5, 31P{*H}
&
3
-7 —— T — T
140 120 100 80 80 40 20 0 20 PPM
31P{1H. inv gated} USER: operator -- DATE: 17:23-57 115 +0300 operator/@avance-600
F1: 242937 [F2:1.000 [swi: 73509 [ [OF1: 121469 [ PTS1d: 262144
EX. zzig [Pw: 6.0 us [PD: 3.0 sec NA: 32 [LB 10 Nuts - SMIG108_31.1
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[F2: 1.000

AT

F1:600.130
EX: zg30

PPM

Nuts - SMIG108_131.1

[PTs1d: 262144

USER: operator -- DATE: 22:18:05.365 +0300 operator@avance-600

[LB-0

3

[oF1- 135813
[va: 51
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L5, 13C DEPT

888 FEEERE 28 &R 85:dF 2 5 8 2
RRE gEews e TE SENS 3 S e =
\/ \ |/ K\'i \ \'
‘ { | |
" 1
T T T T T T T T T T T T T T T T T T T T T T
160 140 120 100 80 60 40 20 PPM
13C{1H}-DEPT135 USER: operator -- DATE: 22:18:22 521 0300 operator@avance-600
F1: 150903 [F2: 1000 [SW1: 28846 [ [OF1- 135813 [ PTS1d: 262144 [
EX: deptsp [PW-1254s [PD:20 sec NA: 256 lLB:0s Nuts - SMIG108 1351
141
L5, ‘*H-‘H COSY

Acquisition Time (sec) (0.4874, 0.3656) | Comment 5 mm PABBO BB-1H/D Z-GRD Z856701/0030 Dare 15 Mar 2018 22:19:00
File Name C\Users\MIG\Documenis\MIG 10811010\pdata\ 1\2rr Freguency (MHz) (600.13, 600.13) Nucleus (1H, 1H)
Number of Transients 1 | Origin spect Original Points Count (2048, 1536) Owner operator
Points Count (4096_1024) | Puise Sequence cosygpar Solvent CcDCI3 ecirum Type COSY.
Sweep Width (Hz) (4200.65, 4197.58) Temperature (degree C} 23.834 Title 1H,1H-COSY

MIG108.1010.001 2fr.esp

j
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o = b 15 o P
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in o
F1 Chemical Shift (ppm)

o o
n o
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T
2500
F2 Frequency (Hz)

T T
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T
2000

T T T
1500 1000 500
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L5, 1H-13C HSQC

Acquisition Time (sec) (04874 0.0356) \ Gomment

5 mm PABBO BB-1H/D Z-GRD 7856701/0030

Date 15 Mar 2018 22-20:54

File Name C:\Users\MIG\Documents\MIG 1081101 3\pdata\1\2rr
Number of Transients 1 Origin spect

Points Count (2048, 1024) \ Puise Sequence hsqcetgp

Solvent

Frequency (MHz)

(600.13, 150.92)

Nucieus (1H, 13C)

Original Peints Count

(2048, 1024)

Owner ‘operator

cDCI3

Spectrum Type HSQC

Sweep Width (Hz) (4199 63, 28707 57)
MIG108.1013.001 Jrr.esp

BT

Temperature (degree C) 30015

Title

1H.13C-HSQC

A A A

24

32

40

43

56

64

72

80

88

120

128

136

144

T T
2500 2000
F2 Frequency (Hz)

T T T
4000 3500 3000 1500

F1 Chemical Shift (ppm)

trans-[Pd(p-L1a)Cl,], (6), 31P{*H}

———— 104.787
T —— 103.457

T T
150 100

31P{1H. inv gated}

T
50

T
0 PPM

USER. operator -- DATE: 11:22:27 046 0300 operator@avance-600

F1: 242 937 ‘Fl"lEOO

[oF1: 121469

[ PTS1d: 262144

[sw1: 73529 }

EX:zaig [pw: 6.0 us

[na: 64

[LB:10 Nuts - SMIGT7 33.1
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trans-[Pd(p-L1a)Cl,], (6), H
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— : . e e T e e e
7 6 5 4 3 1 PPM
1H USER. operator -- DATE: 11:16:31.671 +0300 operator@avance-600
F1: 600130 [F2-1.000 [swi1- 12019 [ [oF1-3000.7 [ [PTS1d: 131072 [
EX: zg30 [pw: 138 us [PD: 15 sec [na: 16 [LB: 05 [ Nuts - SMIGT7 3.1
1341
trans-[Pd(u-L1a)Cl,], (6), 13C{*H}
& SRe S-R8KkYR farc 5] 2 58382858 Se3BERR
o~ TOM ON~MM~MOT D o~ O W ~ - T WO VOOO«~=—
@ v o = [ e - el =] M~ w m - 3 B3 B o el sl g QWO W w0
@ IET g'r:‘{:'n_jﬁg: EEE ] > BB3B3555 38888849
RN \J y |/
\/ \/ / "I"l / |
\ ' \
L J._ ]. oA R | J\ l j " [ " L
T T T Iy T T T T T T T T T T
160 140 120 100 80 50 40 20 PPM
13C{1H} USER: operator -- DATE: 20:12:40 078 +0300 operator/@avance-600
F1: 150,903 [F2: 1.000 [swi: 27174 [ [oF1: 128267 [ [pTs1d: 262144
EX. zops [pw: 125us [PD. 40 sec [Nva: 2048 [LB.0s [ Nuts - SMIGT?7_131.1
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trans-[Pd(p-L1a)Cl,], (6), 13C DEPT

88 9 & 2 = 8838
-~ T @ © T TOoOWw
m o o @ @ - E L~
& ® 2 ied o bbb
| | \l’
. e - " J '
I T
T T T T T T T T T T T T T T T T T T T T T T T T T T
160 140 120 100 80 60 40 20 PPM
13C{1H}-DEPT135 USER: operator -- DATE: 20:13:29 984 ~0300 operator(@avance-600
F1: 150,903 [F2: 1.000 [swi: 27174 [ [OF1:12826.7 [ [PTS1d: 262144 [
EX: deptsp [PW. 125 us [PD. 20 sec [NA: 1004 LB 05 Nuts - SMIGTT 135.1
141
trans-[Pd(p-L1a)Cl,], (6), *H-'H COSY
A Time (sec) (0.4271, 0.4264) | Comment 5 mm PABBO BB-1H/D Z-GRD Z856701/0030 Dare 27 Jan 2017 15:05:26
File Name C:\Users\MIG\Documents\NMR_FILES_IPCE\MIGT7\1010\pdata\1\2m Frequency (MHz) (600.13, 600.13)
Nucleus (1H, 1H) Number of Transients 4 Origin spect Original Points Count (2048, 2048)
Owner operator Points Count (4096, 1024) Pulse Sequence cosygpaf Solvent CcDCI3
Spectrum Type Cosy Sweep Width (Hz) (4794 23 4798.38 Temperature (degree C) 25 300 Title 1H,1H-COSY

MIG77.1010.001 2 esp

ML

'LJU.LJ-_ J N N

J\ﬂj\_—‘wj__ﬂi__)'ut__‘yu;_g
iy o N ES w
o = n b=y I
F1 Chemical Shift (ppm)

LA B s DAL LA MR s MARL A ARl T T T
55 50 45 40 35
F2 Chemical Shift (ppm)
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trans-[Pd(p-L1a)Cl,], (6), *H-'*H ROESY

A Time (sec) (0.4271, 0.1066) | Comment 5 mm PABBO BB-1H/D Z-GRD Z856701/0030 Date 01 Feb 2017 17:13:46
File Name C\Users\MIG\Documents\NMR_FILES_IPCE\MIGT77\10102\pdata\1\2rr Freguency (MHz) (600.13, 600.13)
Nucleus (1H. 1H) Number of Transients 8 Origin spect Qriginal Points Count (2048, 512)

Owner ‘operator Points Count (4096, 1024) Pulse Sequence roesyph 2 Soivent CcDCI3

Spectrum Type ROESY Sweep Width (Hz) (4794.23, 4798.38) | Temperature (degree C) 26.600 Title 1H,1H-ROESY

MIG77.10102.001 2rr.esp

,u“ , i

F1 Chemical Shift (ppm)

70

75

T
35 30 25 20 15 10 05

75 70 65 6.0 55 50 45 4.0 X
F2 Chemical Shift (ppm)
14_13
trans-[Pd(u-L1a)Cl,], (6), *H-3C HSQC
Acquisition Time (sec) (0.4271, 0.0754) Comiment 5 mm PABBO BB-1H/D Z-GRD Z856701/0030 Date 01 Feb 2017 21:36:10
File Name CAUsers\MIG\Documents\NMR_FILES_IPCEWMIGT77\1013\pdata\1\2m Freguency (MHz) (600.13, 150.92)
Nucleus (1H, 13C) Number of Transients 4 | Origin spect Original Points Count (2048, 2048)
Owner ‘operator Poinis Count (2048, 1024) | Pulse Sequence hsqceigp Solvent cDcB
Spectrum Type HSQC Sweep Width (Hz) (4793.06, 27147.38) Temperature (degree C) 27.100
Title 1H.13C-HSQC
MIG77.1013.001 2 esp
' |
agpl iy v oo A A |
L]
& 24
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—3 .
64
J . —
7 E
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w
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- 160
% T % T a T T T T T T T T T T
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4
F2 Chemical Shift (ppm)
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trans-[Pd(p-L1a)Cl,], (6), H-13C HMBC

Acquisition Time (sec) (04271, 0.0754) \ Gomment 5 mm PABBO BB-1H/D Z-GRD 7856701/0030 Date 02 Feb 2017 10:32:22
File Name C:\Users\MIG\Documents\NMR_FILES_IPCEWMIGT77T\10132\pdata\1\2rr Frequency (MHz) (600.13, 150.92)
Nucleus (1H, 13C) Number of Transients 8 Origin spect Original Points Count (2048, 2048)

Owner operator Points Count (2048, 1024) Pulse Sequence hmbegpndaf Solvent cDci3

Specuum Type HMBC Sweep Width (Hz) (4793 06, 27147 38) | Temperature (degree C) 26 600 Title 1H.13C-HMBC

MIGT77.10132.001 2rr.esp

) “J i | LJ_MLA Ja

S

24

32

40

48

56

64

72

80

88

96

104

12

120

55 50 45 40 35
F2 Chemical Shift (ppm)

F1 Chemical Shift (ppm)

trans-[Pd(p-L1a)Cl,], (6), DOSY

MIG77.100.001.2m.esp

L_JL_J\JL T
;105
-—100
O
¥ 82
[o5 E
ro3
' ' l g
K 1 R
i Q
r o
;-QD
| ] i
;-85
j 7!5 70 j E!E i 6.0 5‘5 L 30 25 20 1!5 10 0.5

0 . 0 .5
F2 Chemical Shift (ppm)
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Acquisition Time (sec) (1.7061, 0.0381) | Comiment 5 mm PABBO BB-1H/D Z-GRD Z856701/0030 Date 02 Feb 2017 13:00:52
File Name CAUsers\MIG\Documents\NMR_FILES_IPCEWIGT/\100\pdatal\ 112 Frequency (MHz) (600.13, 600.13)
Nucleus (1H, 1H) Number of Transients 16 Origin spect Original Poims Count {8192, 64)

Owner ‘operator Points Count (16384, 64) Pulse Sequence dstegp3s Solvent CDCI3

Sweep Width (Hz) (4801.24, 1654.11) | Temperature (degree C) 26.100 Title 1H




PdCI(u-Cl)),(L1a)] (7), 31P{*H}

£ 8
=T ~
g IS
f /
| i
T . T , ‘ . : T T . ; : T
150 100 50 0 FPM
31P{1H. inv.gated} USER: operator -- DATE: 15:34:22.084 +0300 operator@avance-600
F1: 242937 [F2: 1000 [SW1: 73529 [ [OF1: 121469 [ [PTS1d: 267144
EX: zgic [PW-60 us [PD-30 sec [Na- 256 [LB-30 Nuts - SMIGS2_33 1
S53353I8FIT°82T = FrgaIrgad
TTOOOO NN T O (=] O @O NN
Ptk e B =S Qo o o i e o i o e e BTSRRI B =
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|
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et \‘\JU'\.“_ i A\ M _)A\,,__L*L._f\ A lfL,_}'\__A‘ Nz 'M v o N S
. — . — — : : : : o — 1
8 i 8 5 4 3 2 1 PPM
1H USER. operator -- DATE: 14:53:52 646 <0300 operator@avance-600
F1: 600130 [F2-1.000 [swi1- 12019 [ [oF1- 3000.7 [ [pTS1d: 131072
EX: zg30 [pw: 138 us [PD: 15 sec [nva: 16 [LB: 05 Nuts - SMIGE2_3.1
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[(PACI(u-Cl))x(L1a)] (7), *C{*H

169,198

141707

141.648
53.060)
48.702|

~— 61.495)
— 55.044 -

—
e

—— 48.601

Al

N \ ot . J\L \ M‘J_u IJJ .

g : it
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
160 140 120 100 80 80 40 20 PPM
13C{1H} USER: operator - DATE: 22:05:36.163 0300 operator@avance-600
F1- 150903 [F2-1.000 [SW1- 27174 [ [OF1- 12826 7 [ [PTs1d: 262144 [
EX: zepe [Pw:12.5us [PD: 40 sec [Na- 1004 [LB:10 [ Nuts - SMIGS1_131.1
[(PACI(u-Cl))(L1a)] (7), 13C DEPT
BEHRE? s8E8 28 88 UEE EEEEREE R
TH RN O ®©® o 40 D S~© CWOoCQA—©
@D D DD ©OOm P = w0 W w —OMOM~WnWM
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s . ety # g " +
‘ — . . — — — — — ;
180 140 120 100 20 60 40 20 PPM
13C{1H)}-DEPT135 USER: operator -- DATE: 22:0555 257 <0300 _operator@avance-600
F1:150.903 F2:1.000 [swi: 27174 [ [OF1: 12826 7 \ PTS1d: 262144 [
EX_ deptsp [PW. 125 us [PD: 20 sec [Na 510 [1B.10 Nuts - SMIGS1 1351
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[(PACI(p-Cl))2(L1a)] (7), tH-1H COSY

Acquisition Time (sec)

(0.4271,0.1548) | Comment 5 mm PABBO BB-1H/D Z-GRD Z856701/0030 Dare

03 Mar 2017 01:19:06

File Name
Nucleus

C:\Users\MIG\Documents\NMR_FILES_IPCE\MIGS111010\pdata\1\2rr Frequency (MHz)

(600.13, 600.13)

(1H, 1H) Number of Transients 6 Origin spect

Owner

operator Points Count {4096, 1024) Pulse Sequence cosyopaf Solvent

QOriginal Poims Count

(2048, 744)

cbci3

Specuum Type

COSY. Sweep Width (Hz] (4794 23 4798 38 Temperature (degree C) 28 100 Title

1H1H-COSY

MIG81.1010.001 2rr esp

L

e s

|

-

mL_JwJJL_Jl_U\JU,, ! ke

\L___dl-.__l

o
o

o

F1 Chemical Shift (ppm)

o
o

@
o

~
=

UL NS WARRERS SR R
70 65 60 55 50 45

| BARL A LA L L
40 35 30 25 20 15 10 05

75
F2 Chemical Shift (ppm)
[(PACI(p-Cl)),(L1a)] (7), *H-H ROESY
A Time (sec) (04271, 0.1066) ‘ Comment 5 mm PABBO BB-1H/D Z-GRD Z856701/0030 Date 03 Mar 2017 12:29:06
File Name C:\Users\MIG\Documents\NMR_FILES_IPCE\MIGS1110102\pdata\1\2rr Frequency (MHz) (600.13, 600.13)
Nucleus (1H, 1H) Number of Transients 16 QOrigin spect Original Points Count (2043, 512)
Owner operator Poinis Count (4096, 1024) Pulse Sequence roesyph 2 Solvent CDCI3
Spectrum Type ROESY Sweep Width (Hz} (4794.23, 4798.38) | Temperature (degree C) 28.400 Title 1H,1H-ROESY

MIGE1.10102.001 2m.esp

|

N bk My,

F1 Chemical Shift (ppm)

>
3
é
j
|
-
9

(A ELRANMALAS Ldad wALAAAR) WARAL LA AL RALAN WAL AR ML LLLA) AL AL RS LiAad LR RALAY WAL LAl MR AL MARAE L |
70 65 60 55 65
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[(PACI(u-Cl)),(L1a)] (7), *H-13C HSQC

A Time (sec) (0.2135, 0.0377) | Comment 5 mm PABBO BB-1H/D Z-GRD Z856701/0030 Date 03 Mar 2017 12:02:34
File Name C\Users\MIG\Documents\NMR_FILES_IPCE\MIGS111013\pdata\ 12 Frequency (MHz) (600.13, 150.92)
Nucleus (1H, 13C) Number of Transients 2 \ Qrigin spect Original Points Count (1024, 1024)

Owner ‘operator Points Count (2048, 1024) ‘ Pulise Sequeice hsqceigp Solvent CDCI3

Spectrum Type HSQC Sweep Width (Hz) (4793.06, 27147.38) Temperature (degree C) 28.100

Title 1H.13C-HSQC

MIG81.1013.001 2 esp

l i HJ‘J 1

L

B .

L,MJJL_LJUULLJ U N

i
@

32

40

48

72

30

38

96

F1 Chemical Shift (ppm)

104

12

120

128

136

144

5 4
F2 Chemical Shift (ppm)

[(PACI(p-Cl))2(L1a)] (7), tH-13C HMBC

File Name

Acquisition Time (sec) (0.2135, 0.0377) | Comment

5 mm PABBO BB-1H/D Z-GRD Z856701/0030

Dare

30 Mar 2017 14:1%:18

CAUsers\MIG\Documents\NMR_FILES_IPCE\MIGB2110132\pdata\ 1\2rr

Frequency (MHz)

(600.13, 150.92)

Nucleus

(1H, 13C) Number of Transients 10 Origin spect

Owner

‘operator Points Count (2048, 1024) Pulse Sequence hmbcgpndaf

Solvent

riginal Points Count

(1024, 1024)

CDCI3

Spectrum Type

HMBC Sweep Width (Hz) (4793.06, 27147.38) | Temperature (degree C) 28.600

Title

1H,13C-HMBC

MIGE2.10132.001 2rr.es5)

uLJWML

——

104

112

120

136

144

LA LA A R LA LAt AR A AL A LA IR MR MR e M Ml
7.0 65 6.0 b il o4 35 30 25 20 15 10
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[(PACI(u-Cl)),(L1a)] (7), tH->N HMBC
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HPLC TRACES FOR THE Pd-CATALYZED ALLYLIC SUBSTITUTION AND Rh-CATALYZED
HYDROGENATION

Chiral HPLC trace for a racemic mixture of (E)-1,3-diphenyl-3-tosylprop-1-ene (9a)

Chiral HPLC trace for the Pd-catalyzed asymmetric allylic sulfonylation of (E)-1,3-diphenylallyl
acetate (8) with sodium para-toluene sulfinate (entry 3 in Table 1)
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Chiral HPLC trace for a racemic mixture of (E)-dimethyl 2-(1,3-diphenylallyl)malonate (9b)

Chiral HPLC trace for the Pd-catalyzed asymmetric allylic alkylation of (E)-1,3-diphenylallyl
acetate (8) with dimethyl malonate (entry 1 in Table 2)
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Chiral HPLC trace for a racemic mixture of (E)-1-(1,3-diphenylallyl)pyrrolidine (9c)
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Chiral HPLC trace for the Pd-catalyzed asymmetric allylic amination of (E)-1,3-diphenylallyl
acetate (8) with pyrrolidine (entry 7 in Table 3)
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Chiral HPLC trace for a racemic mixture of diethyl (E)-(((1,3-
diphenylallyllamino)methyl)phosphonate (9d)

Chiral HPLC trace for the Pd-catalyzed asymmetric allylic amination of (E)-1,3-diphenylallyl
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Chiral HPLC trace for a racemic mixture of (E)-2-(1,3-diphenylallyl)cyclohexanone of anti-
configuration (11a) (right) and syn-configuration (11b) (left)

Chiral HPLC trace for the Pd-catalyzed asymmetric allylic alkylation of (E)-1,3-diphenylallyl
acetate (8) with 1-cyclohexenylpyrrolidine (10) (entry 4 in Table 5)
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Chiral HPLC trace for a racemic mixture of ethyl 1-cinnamyl-2-oxocyclohexanecarboxylate
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Chiral HPLC trace for the Pd-catalyzed asymmetric allylic alkylation of cinnamyl acetate (12)
with ethyl 2-oxocyclohexane-1-carboxylate (13) (entry 10 in Table 6)
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Chiral HPLC trace for a racemic mixture of N,N-dibenzylcyclohex-2-en-1-amine (16)

Chiral HPLC trace for the Pd-catalyzed asymmetric allylic amination of cyclohex-2-en-1-yl
ethyl carbonate (15) with dibenzylamine (entry 12 in Table 7)
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Chiral HPLC trace for a racemic mixture of 3-tosyl-3,3a,6,6a-tetrahydro-2H-
cyclopenta[d]oxazol-2-one (19)

Chiral HPLC trace for the Pd-catalyzed desymmetrization of N,N'-ditosyl-meso-cyclopent-4-
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ene-1,3-diol biscarbamate (18) (entry 4 in Table 8)




Chiral HPLC trace for a racemic mixture of dimethyl 2-methylsuccinate (21a)
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Chiral HPLC trace for the Rh-catalyzed asymmetric hydrogenation of dimethyl itaconate
(20a) (entry 1 in Table 9).
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Chiral HPLC trace for a racemic mixture of methyl 2-acetamido-3-phenylpropanoate (21b)
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Chiral HPLC trace for the Rh-catalyzed asymmetric hydrogenation of methyl (2)-2-
acetamido-3-phenylacrylate (20b) (entry 6 in Table 9).
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Chiral HPLC trace for a racemic mixture of methyl 2-acetamido-3-(4-
fluorophenyl)propanoate (21c)
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Chiral HPLC trace for the Rh-catalyzed asymmetric hydrogenation of methyl (2)-2-
acetamido-3-(4-fluorophenyl)acrylate (20c) (entry 11 in Table 9).
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Chiral HPLC trace for a racemic mixture of methyl 2-acetamido-3-(naphthalen-2-
yl)propanoate (21d)
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Chiral HPLC trace for the Rh-catalyzed asymmetric hydrogenation of methyl (2)-2-
acetamido-3-(naphthalen-2-yl)acrylate (20d) (entry 16 in Table 9).
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