Angewandte
A @ T-1 (I

Supporting Information
© Wiley-VCH 2013

69451 Weinheim, Germany

Palladium-Catalyzed Allylic Substitution at Four-Membered-Ring
Systems: Formation of n1'-Allyl Complexes and Electrocyclic Ring
Opening**

Davide Audisio, Gopinadhanpillai Gopakumar, Lan-Gui Xie, Luis G. Alves, Cornelia Wirtz,
Ana M. Martins, Walter Thiel, Christophe Farés, and Nuno Maulide*

ange_201301034_sm_miscellaneous_information.pdf



Table of Contents

1. General Methods

2. Synthesis of intermediate 3

3. Synthesis of (E,E)-diene-complex-4

4. Synthesis of 77-allyl complex 7a - 7b

5. (E,E)-diene-complex-8

6. Synthesis of 7'-allyl complex 7a - 7b (with R = Bn)
7. (E,E)-diene-complex-8 (with R = Bn)

8. Synthesis of 7'-allyl complex 7a - 7b (with R = Me)
9. (E,E)-diene-complex-8 (with R = Me)

10. Synthesis of (rac)-cis-amide-9

11. Procedure for the preparation of crystal of complex 10
12. Crystal data and structure refinement for complex 10

13. List of C-C bond distances and angles in cyclobutene carboxylic acids

14. NMR and HPLC

S2

S3

S4

S6

S11
S14
S15
S16
S17
S18
S19
S21
S23
S27
S29



1. General Methods

All reactions were carried out in flame-dried glassware under an atmosphere of argon. All
solvents were distilled from appropriate drying agents prior to use. All reagents were
used as received from commercial suppliers unless otherwise stated. Neat infra-red
spectra were recorded using a Perkin-Elmer Spectrum 100 FT-IR spectrometer.
Wavelengths (v) are reported in cm™'. Mass spectra were obtained using a Finnigan MAT
8200 (70 eV) or an Agilent 5973 (70 eV) spectrometer, using electrospray ionization
(ESI). Accurate mass determinations were obtained on a Brucker APEX III FT-MS (7 T
magnet). All '"H-NMR and "C-NMR experiments were recorded using Bruker AV-400,
AV-500 and AV-600 spectrometers at 300 K. Chemical shifts (d) are quoted in ppm and
coupling constants (J) are quoted in Hz. The 7.27, 2.50 and 2.05 ppm resonance of
residual CHCI3, DsH-DMSO and CD3COCD2H for proton spectra and 77.16, 39.52,
29.84 ppm resonance of CDCl3, Ds-DMSO and CD3COCD:3 for carbon spectra were used
as internal references. Reaction progress was monitored by thin layer chromatography
(TLC) performed on aluminum plates coated with keiselgel F254 with 0.2 mm thickness.
Visualization was achieved by a combination of ultraviolet light (254 nm) and acidic
potassium permanganate or anisaldehyde. Flash column chromatography was performed
using silica gel 60 (230-400 mesh, Merck and co.).
Bis(dibenzylideneacetone)palladium(0) Pd(dba), was purchased from Sigma-Aldrich.
(S)-(+)-2-[2-(Diphenylphosphino)phenyl]-4-phenyl-2-oxazoline L-Ph was purchased
from Sigma-Aldrich or prepared according to the procedure described in the literature.'

(rac)-cis-2 was prepared according to the procedure described in the literature.’

" M. R. Krout, J. T. Mohr, B. M. Stoltz Org. Synth. 2009, 86, 181-193.
2 D. Audisio, M. Luparia, M. T. Oliveira, D. Kliitt, N. Maulide, Angew. Chem. Int. Ed. 2012, 51, 7314-
7317.
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2. Synthesis of n;-allyl complex 3

COOH COOH
E(COOH @\( Pd(dba), (leq.)
+ O ——
T )

Cl PPh, N 4 THE P___P:d—Cl Cl_P:d"“*P

e | (U )

1 eq. 1 eq. * *
(rac)-cis-2 L-Ph — 7 : 1 -

(S)-Ph-Phox
eta-1-allyl complex 3

In a flame-dried schlenk flask under Argon atmosphere, Pd(dba); (28 mg, 0.049 mmol, 1
equiv.), the L-Ph ligand (20 mg, 0.049 mmol, 1 equiv.) and (rac)-cis-chlorocarboxylic
acid-2 (6.5 mg, 0.049 mmol, 1 equiv.) were added. After three vacuum-Argon cycles, the
schlenk is cooled at 0 °C and 1.0 mL THF-4s3 was added. The solution was stirred at the
same temperature 10 minutes. The mixture is then transferred to a schlenk NMR tube and
the top is melted with a flame. The mixture was analyzed at 283 K.

When unreacted starting material was still observed in the mixture, the NMR tube was
shaken mechanically, avoiding the rise of temperature, to push the reaction to full
conversion.

The sample is composed of two diastereoisomers (ratio 1:7). Only the major isomer has

been investigated.

na-allyl complex 3

3'P_NMR (202 MHz, THF-gs): 30.9 (minor isomer), 27.2 (major isomer).

"H-NMR (600 MHz, THF-gg): & 11.00 (bs, 1H), 8.16 (ddd, J = 7.8, 4.0, 1.2 Hz, H,), 7.70
(m, Hy»), 7.57-7.73 (m, Hi3, Hi9, Has), 7.48-7.45 (m, Ha4, Hae), 7.35-7.32 (m, His, Hao),
7.27-7.21 (m, Ha7, Has, Ha, Ha1, Hi7), 7.12-7.09 (m, Hs, Hs), 7.07 (d, J = 7.4 Hz, Ha; Hp),
6.96 (ddd, J=10.3, 7.9, 1.0 Hz, Hy4), 6.25 (dd, J = 10.3, 5.5 Hz, Hy), 5.58 (d, ] = 2.7 Hz,
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Hy.), 5.08 (t, J = 5.08 Hz, Hy.3), 4.81 (dd, J = 10.1, 9.1 Hz, Hs,), 4.49 (dd, J = 9.0, 6.5 Hz,
Hgy), 4.11 (s, Hy.p), 3.30 (s, Hysg).

3C-NMR (150 MHz, THF-g): & 172.3 (COOH), 163.2 (d, J = 3.3 Hz, Co), 147.8 (d, J =
6.3 Hz, Cy.3), 141 (C)), 135.4 (d, J = 2.3 Hz, Cy4), 135.3 (d, J = 13.6 Hz, Cy7, Ca)), 134.3
(d,J = 12.1 Hz, Ca3, Ca7), 133.6 (d, J = 6.9 Hz, Cy3), 132.9 (d, J = 7.4 Hz, Cyy), 132.4 (d,
J=12.0 Hz, C», C1o), 132.3 (d, J = 2.3 Hz, C»s), 131.6 (d, J = 43.2, Cis), 1302 (d, J =
11.2 Hz, Cs, Cao), 130.1 (d, J = 11.0, Cas, Ca), 129.8 (d, J = 56 Hz, C1, Ca2), 129.6 (d, J
=20 Hz, C1o), 129.5 (Cs, Cs), 129.1 (d, J = 7.2 Hz, Cy.2), 128.6 (Cs), 128.4 (Ca, Cs), 75.8
(Cs), 69.4 (C7), 55.7 (d, J = 1.9 Hz, Cy.1), 46.0 (d, J = 4.3 Hz, Cy.4).
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3. Synthesis of (E,E)-diene-complex-4

COOH COOH
Pd(dba), (1eq.)
COOH  L-Ph(1eq.)
g _~—
E( THF p---Pd—Cl Cl—Pd--__
Cl T<+10°C N

(rac)-cis-2

]
]
U
,&__N
— 7

i
v
1 J

eta-1-allyl complex 3

Ph,R
—> \
Hp

)

v,

P
h

Cl

o Hs 4
T>+10°C W "
=
HoocC” £ HvE H,

In a flame-dried schlenk flask under Argon atmosphere, Pd(dba), (345 mg, 0.60 mmol, 1
equiv.), the ligand L-Ph ((S)-Phenyl-PHOX 244 mg, 0.60 mmol, 1 equiv.) and the (rac)-

cis-cyclobutene-2 (79 mg, 0.60 mmol, 1 equiv.) were evacuated three times with Ar and

dissolved in THF (15 mL). The mixture was stirred 18h at r.t. then filtered through a 0.2

um PTFE filter. Purification: SiO, was added to the solution and the solvent was

evaporated. The powder was added to a short column and eluted with DCM, to remove

the dba (dibenzylidenacetone) by-product, then with DCM:EtOH 98:2 to give the Pd-

complex. The solution was concentrated in vacuo to give the (E,E)-diene-complex-4 (152

mg, 0.24 mmol, 39 %).

(E,E)-diene-complex-4

Rr0.36 (DCM/EtOH : 95/5).

o

-/

/N -

Hs Pg_ PN
~

Hooc £\ £ 4

31p = 26.3 ppm
‘J(Ha-P) =13.3Hz
J(Hﬁ-P) =3.6 Hz

'H-NMR (600 MHz, THF-dg): & 10.4 (bs, 1H), 8.25 (m, 1H), 7.74 (t, J = 7.7. Hz, 1H),
7.61 (t, J = 7.7. Hz, 1H), 7.52 (m, 1H), 7.44 (m , 1H), 7.41-7.30 (m, 6H), 7.22-7.19 (m,
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2H). 7.17-7.05 (m, 6H), 6.70 (dd, J; = 14.8 Hz, J, = 13.3 Hz, 1H), 6.54 (dd, J; = 10.0 Hz,
J;=4.5 Hz, 1H), 6.52 (ddd, J; = 15.1 Hz, J, = 10.8 Hz, J3= 0.3 Hz, 1H), 6.03 (ddd, J; =
14.9 Hz, J, = 10.9 Hz, J3 = 3.6 Hz, 1H), 5.09 (d, J = 15.2 Hz, 1H), 4.82 (dd, J; = 9.9 Hz,
J,=9.1 Hz, 1H), 4.55 (dd, J, = 9.0 Hz, J, = 4.5 Hz, 1H).

BCNMR (150 MHz, THF-dg) 8 168.9, 163.3 (d, Jep = 5.0 Hz), 161.8, 147.0 (d, Jep =
3.0 Hz), 142.0, 136.2 (d, Jc.p = 3.5 Hz), 135.4 (d, Jc.p = 1.0 Hz), 135.3 (d, Jc-p = 13.6 Hz,
2C), 134.6 (d, Jep = 11.1 Hz, 2C), 133.8 (d, Jep = 6.6 Hz), 133.2 (d, Jep = 7.6 Hz),
132.6 (d, Jop = 1.7 Hz), 132.3 (d, Jop = 2.4 Hz), 131.7 (d, Jep = 2.3 Hz), 1312 (d, Jop =
41.0 Hz), 130.1 (d, Jep = 11.3 Hz, 2C), 129.9 (d, Jor = 20.0 Hz), 129.7 (d, Jep = 56.1
Hz), 129.4 (d, Jep = 11 Hz, 2C), 129.3 (2C), 129.0 (d, Je.p = 56.1 Hz), 128.4, 128.3 (2C),
113.8, 75.9, 68.9.

3'P_NMR (162 MHz, THF-dg) § 26.3.

N-NMR (61 MHz, THF-dsg) 5 -190.4.

HRMS (ESI’): exact mass calculated for [M-C1]™ (C3,H,7>°C1,N;05P,Pd,) requires m/z
610.0774, found m/z 610.0772.

Stoichiometric experiment performed with diethyl-(2-methyl)malonate salt

COOH COOH Na  OOE
Pd(dba), (1eq.)
COOH  L-Ph(leq) - - COOEt cooH
[( —_— -~ —_—
THFE _.-Pd—Cl Cl—Pd-~ “, ~COOEt
P‘ i
cl T=0°C, 1 i P THF, wd “cooE
K‘ ' NJ 0°C, 15h €
N
* *
L 7 : 1 -
trans-5
(rac)-cis-2 eta-1-allyl complex 3 d.r. > 955
ee = 96%

In a schlenk flask (dry and under Argon atmosphere), Pd(dba), (28 mg, 0.049 mmol, 1
equiv.), L-Ph ((S)-Ph-Phox, 20 mg, 0.049 mmol, 1 equiv.) and (rac)-cis-chlorocarboxylic
acid-2 (6.5 mg, 0.049 mmol, 1 equiv.) were added. After three vacuum-Argon cycles, the
schlenk is cooled at 0 °C and 1.5 mL THF was added. The solution was stirred at the

same temperature 60 minutes.
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In a second dry flask (under Argon atmosphere), to a suspension of sodium hydride (3.9
mg of 60% dispersion in mineral oil, 0.098 mmol, 2.0 equiv.) in THF (1.0 mL), diethyl
methylmalonate (18 pL, 0.108 mmol, 2.2 equiv.) was added dropwise at room
temperature and the resulting solution was stirred for 10 min.

The solution of the sodium salt of the malonate is then added dropwise with a syringe to
the schlenk containing the palladium/ligand/cyclobutene complex. The mixture was

allowed to stir at 0 °C for 15hrs.

After 15h, the mixture was quenched with NaHCO; sat. (5 mL) and allowed to warm to
room temperature. The aqueous layer was washed with MTBE (3 x 7 mL), slowly
acidified with 1.2N HCI (pH ~ 2) and extracted with EtOAc (3 x 7 mL). The combined
organic layers were washed with brine (5 mL), dried (Na2SO4) and concentrated under
reduced pressure to yield the crude cyclobutene carboxylic acid trans-5 (d.r. > 95/5).

For HPLC purposes, to determine the enantiomeric excess, trans-5 was subjected to N-
benzylamide formation without further purification according to the following procedure.
The crude product was dissolved in CH,ClI, (1.0 mL) and cooled to 0 °C. Benzyl amine
(6.0 uL, 0.054 mmol, 1.1 equiv.), HOBt (8.0 mg, 0.054 mmol, 1.1 equiv.) and EDCI
(10.5 mg, 0.054 mmol, 1.1 equiv.) were added in this order and the resulting mixture was
warmed to room temperature. After being stirred for 16h, CH,Cl, (10 mL) was added and
the organic layer was washed successively with aqueous 1N HCI solution (5 mL), brine
(5 mL), dried (Na2SO4) and concentrated under reduced pressure. The residue was
purified by flash column chromatography on silica gel (pentane/EtOAc, 7/3) to give pure

cyclobutene amide.
Spectroscopic properties in agreement with those reported in the literature.” The

enantiomeric purity was measured through chiral HPLC for the corresponding N-

benzylamide, according to the procedure previously reported.” e.e. measured: 96%.
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e Temperature resolved *'P-NMR spectra showing the conversion of complex 3a

(major isomer) and 3b (minor isomer) into the (E,E)-diene 4.
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e Temperature resolved 'H-NMR spectra showing the conversion of complex 3a

(major isomer) and 3b (minor isomer) into the (E,E)-diene 4.
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4. Synthesis of n;-allyl complex 7a - 7b (with R = CH,CH,TMS)

COOR COOR
COOCH,CH,TMS
E( o Pd(dba), (1eq.)
+ — .
\ —_— _—
Cl PPh, N p---Pd—Cl Cl—Pd-._
- THF ! OTep
Ph . ' !
e | K v
1 eq. 1eq.
(rac)-cis-ester-6 L-Ph 7a : 7b
(S)-Ph-Phox

two cyclobutene complexes (ca. 1:1)

R = CH,CH,TMS

In a schlenk flask (dry and under Argon atmosphere), Pd(dba), (28 mg, 0.049 mmol, 1
equiv.), the Ph-Phox ligand (20 mg, 0.049 mmol, 1 equiv.) and (rac)-cis-chlorocarboxylic
ester-6 (11.5 mg, 0.049 mmol, 1 equiv.) were added. After three vacuum-Argon cycles,
the schlank is cooled at 0 °C and 1.0 mLL THF-45 was added. The solution was stirred at
the same temperature 10 minutes. The mixture is then transferred to a schlenk NMR tube
and the top is melted with a flame. The mixture was studied at +5 °C by multinuclear 2D-
NMR analysis.

When unreacted starting material was still observed in the mixture, the NMR tube was
shaken mechanically, avoiding the rise of temperature, to push the reaction to full
conversion.

Two diastereoisomeric species are observed (ratio ca. 1:1).
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na-allyl complex 7a - 7b (with R = CH,CH,TMYS)

'H-NMR (600 MHz, THF-gg): & 8.14 (m, Hyy, Hy)), 7.68 (m, Hys, Hyo), 7.55 (t, J = 7.5
Hz, Ci3, C13), 7.51-7.15 (m, Ha, Hy, Ha, He, Hi7, Ha1, Hiz, Hai, Hosa, Has, Hoe, Hae, Hio,
Hio, Hos, Hyps), 7.12 (d, J = 7.3 Hz, Hy, He), 7.08-7.02 (m, Hs, Hs, H3, Hs), 6.98-6.92 (m,
Hi4, Hig), 6.65 (dd, J = 10.0, 4.6 Hz, Hy), 6.53 (dd, J = 10.0, 4.6 Hz, Hy), 6.35 (d, H,.3),
5.58 (d, J=2.4 Hz, H,.,), 5.57-5.56 (Hy.3, Hy-»), 4.72 (m, Hg,, Hga), 4.53 (dd, J=9.0, 4.4
Hz, Hgy), 4.51 (dd, J = 9.0, 4.6 Hz, Hgy), 4.35 (s, Hy-1), 4.03-3.98 (m, Hyoa, Haop), 3.83 (a,
Hy.1), 3.76 (m, Hag,), 3.72 (m, Haoy), 3.39 (d, 8.3 Hz, Hy.4), 3.22 (d, J = 12.9 Hz, H,.4),
0.92-0.90 (m, Hz0a, H30p), 0.72 (m, H30a, H30p), 0.02 (s, 3x H3;), -0.03 (s, 3x H3)).

Due to presence of residual dba (dibenzylideneacetone), only a partial assignment of the

aromatic region was carried out.

BC-NMR (150 MHz, THF-gg): & 173.8 (Cys), 173.5 (Cag), 162.7 (Co), 162.6 (Cy), 150.3
(d, J=2.4 Hz, C,3), 149.3 (d, J = 2.7 Hz, C,.3), 142.1 (C,, C)), 135.6-135.1 (C17 Ca1, C14,
C17 Ca1, Ca), 134.6-134.3 (Cp3, Ca7, Caz, Ca7) 133.4 (d, J = 6.4 Hz, C13), 133.3 (d, J = 6.3
Hz, C13), 132.8 (d, J = 7.3 Hz, Cy3), 132.1 (C12, C12), 131.8 (Cy, Cy9), 131.7 (Cas), 131.6
(Cas), 130.5-129.4 (Cis, Cis, Cao, Cao, Cas, Cas, Cas, Cas, Cis, Cis, Ca2, Caz, Cio, Cho),
129.3 (Cs, Cs, Cs, Cs), 128.5-128.4 (C,, Cs, Ca, Ce), 128.3 (Cy-p), 128.2 (C4, Cy), 126.6
(Cy2), 69.2 (C7), 69.0 (C7), 61.6 (Cag), 61.4 (Ca9), 56.7 (d, J = 2.4 Hz, Cy.1), 56.5 (d, ] =
1.4 Hz, C,.1), 44.9 (d, ] = 3.7 Hz, Cy.4), 44.5 (d, J = 3.1 Hz, Cy4), 17.9 (C30), 17.8 (Ca0), -
1.3 (3x C3)), -1.4 (3x C3)).
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3'P_NMR (202 MHz, THF-gs): 30.5, 28.7.
HRMS (ESI+): exact mass calculated for [M-Cl]+ (C37H39NO335CIPPdSi) requires m/z
710.1483, found m/z 710.1477.

For comparison, in the table below, the chemical shifts (reported in ppm) of 'H- and C-

NMR for the 7;-allyl complexes 3, 7a and 7b are shown.

o] 0 O
\Nj"’Ph <i%__<\Nj"’ph Q_QN]"'%
PhoP. PP | PhyP. {
“pd—cl " Pd—Cl o Pd—Cl
COOH COOR COOR
) ) B 7a 7b B
R= CH,CH,TMS
H, H,
H43 2H|
pd”* N0
RO
H; H, H; H4 Ci Co C; Cy
55.73 129.06 147.86 46.05
3| 4.11 6.58 5.08 3.30
(1.9) (7.2) (6.3) 4.3)
56.68 126.62 150.30 44.50
7a | 3.83 5.58 6.34 3.22
(2.4) (3.6) (2.4) (3.1)
56.50 128.39 149.28 44.94
b | 4.35 5.56 5.57 3.39
(1.4) (-) (2.7) (3.7)

The chemical shifts (9) are reported in ppm.

The values between brackets represent the Jc.p (reported in Hz)
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5. (E,E)-diene-complex-8 (with R = CH,CH,TMS)
After standing for 3 hrs at room temperature, the isomeric complexes 7a and 7b

(prepared according to the previously described procedure) disappear and the

corresponding (E,E)-diene-8 is formed.

COOR COOR
COOCH,CH,TMS ~ Pd(dba), (1eq.),
[( L-Ph (1 eq.) Ql . $ \ 0o

—_— — Ph,P NJ
— e <N v <
Cl THE P__—P:d Cl Cl p:d\_P “Pﬁl o
T=+5°C ! \
*&_N NJ /§/§/ Cl
* ROOC
1eq. L ]
7a : 7b 8

(rac)-cis-ester-6

two cyclobutene complexes (ca. 1:1) R =CH,CH,TMS

R = CH,CH,TMS

TMSCH,CH,00C" 1\

The (E,E)-diene-8 has a very similar 'H-NMR pattern to the (E,E)-diene-4.

'H-NMR (300 MHz, THF-gg): 8.24 (dd, J = 7.2, 4.3 Hz, 1Haom.), 7.75-7.06 (18Hurom. +
dba byproduct), 6.71 (dd, Jpy = 14.0, Jun = 15.2, Hy4), 6.65-6.51 (m, 2H, Hs, Hoxazoline),
6.04 (ddd, Jun = 14.6, Jyn = 11.1, Jup = 3.7 Hz, H»), 5.11 (d, J = 15.2 Hz, H;), 4.79 (t, J
= 9.4 Hz, 1Hoxazoline), 4.54 (dd, J = 8.9, 4.6 Hz, 1Hoxazoline), 4.06 (t, J = 8.0 Hz,
2Hch2cmztvs), 0.91 (t, J = 8.1 Hz, 2HcnacHzrvms), 0.01 (s, 9H1ums).

3'P_NMR (121 MHz, THF-g): 26.1.

HRMS (ESI"): exact mass calculated for [M-CI]" (C37H3oNO5* CIPPdSi) requires m/z
710.1483, found m/z 710.1487.

Attempts to further purify intermediate 8 by column chromatography have been

unsuccessful.
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6. Synthesis of n;-allyl complex 7a - 7b (with R = Bn)

COOR COOR

COOBn
E( o  Pd(dba, (leq)
' ) T =
(o] PPh, N _.-Pd—clI Cl—Pd-~ -
: Bh THF P TP
e | G J
1 eq. 1 eq. L i
(rac)-cis-ester-6 L-Ph 7a : 7b

(S)-Ph-Phox two cyclobutene complexes (ca. 1:1)

R=Bn

In a schlenk flask (dry and under Argon atmosphere), Pd(dba), (28 mg, 0.049 mmol, 1
equiv.), the Ph-PHOX ligand (20 mg, 0.049 mmol, 1 equiv.) and (rac)-cis-
chlorocarboxylic benzyl ester-6 (11.0 mg, 0.049 mmol, 1 equiv.) were added. After three
vacuum-Argon cycles, the schlenk is cooled to 0 °C and 1.5 mL THF-4g was added. The
solution was stirred at the same temperature 10 minutes. The mixture is then transferred
to a schlenk NMR tube and the top is melted with a flame. The mixture was studied by
NMR at 0 °C.

Two diastereisomeric species are observed (ratio ca. 1:1).

'H-NMR (300 MHz, THF-gg): & 8.20-8.07 (m, 2H, Hyrom ), 7.76-6.94 (m, 36Hrom. + dba)
6.59 (dd, J = 10.1, 5.0 Hz, 2H, Hoxazoline), 6.30 (s, 1H), 5.58 (s, 3H), 4.97 (m, 2H crcsts),
4.74 (m, 4H, 2Hoxazoline + 2Hchzcsne), 4.52 (dt, J = 9.1, 4.7 Hz, 2H, Hoxazoline), 4.44 (s,
1H), 3.97 (s, 1H), 3.45 (d, J = 8.2 Hz, 1H), 3.27 (d, J = 13.0 Hz, 1H).

3P_.NMR (121 MHz, THF-gg): 33.4, 31.4.
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7. (E,E)-diene-complex-8 (with R = Bn)

After 5 hrs at room temperature, the isomeric complexes 7a and 7b (prepared according
to the previously described procedure) disappear and the corresponding (E,E)-diene-8 is

formed.

COOBN PdL(dFl’)ﬁ)(21 (1e(§_)’ COOR COOR @\(O
- eq.
2 % +
X o L

—_— > — PhyP,

Cl THF P,_.F':d—CI Cl_P:d"“P \Pé/ ;’ph
T=+5°C k : . J .
SN N = Cl
. BnOOC/§/\/
1eq. L ]
(rac)-cis-ester-6 7a : 7b 8

two cyclobutene complexes (ca. 1:1)
R=Bn

Ha P4,
S~
BnOOC b,

'H-NMR (300 MHz, THF-gg): & 8.24 (dd, J = 7.7, 4.1 Hz, 1Hyrom.), 7.76-7.04 (m, 18H,om.
+ dba) 6.85-6.68 (m, 1H, H)), 6.66-6.46 (m, 2H, Hs, Hoxazoline), 6.06 (ddd, J = 14.6, 10.9,
3.5 Hz, 1H, H,), 5.18 (d, J = 15.0 Hz, 1H, H,), 5.01 (d, J = 1.6 Hz, 2H, Hchacens), 4.79 (t,
J=9.5Hz, 1H, Hoxazoline), 4.53 (dd, J = 8.9, 4.5 Hz, 1H, Hoxazoline)-

3'P_NMR (121 MHz, THF-g): 28.8.
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8. Synthesis of n;-allyl complex 7a - 7b (with R = Me)

COOMe

Cl

1eq. 1eq.
(rac)-cis-ester-6 L-Ph
(S)-Ph-Phox

In a schlenk flask (dry and under Argon atmosphere), Pd(dba), (28 mg, 0.049 mmol, 1
equiv.), the Ph-PHOX ligand (20 mg, 0.049 mmol,
chlorocarboxylic methyl ester-6 (7.2 mg, 0.049 mmol, 1 equiv.) were added. After three
vacuum-Argon cycles, the schlenk is cooled at 0 °C and 1.5 mL THF-g3 was added. The
solution was stirred at the same temperature 10 minutes. The mixture is then transferred

to a schlenk NMR tube and the top is melted with a flame. The mixture was studied by

NMR at 0 °C.

E( @YO Pd(dba), (1eq.)
+ —_—
PPh, N\J

> THF
Ph T=+5°C

N "

COOMe COOMe
+

--Pd—cCl Cl—Pd-_

P P

7a : 7b

two cyclobutene complexes (ca. 1:1)

Two diastereisomeric species are observed (ratio ca. 1:1).

'"H NMR (300 MHz, THF) & 8.22-8.09 (m, 2H), 7.76-6.98 (m, Harom + dba) 6.60-6.53 (m,
2H, Hoxazoline), 6.34 (5, 1H), 5.63 (s, 1H), 5.56 (s, 2H), 4.74 (t, J = 9.4 Hz, 2H, Hoxazoline),
4.56-4.48 (m, 2H, Hoxazoline), 4.36 (s, 1H), 3.81 (s, 1H), 3.4 (s, 3H), 3.34 (d, J = 9.5 Hz,

1H), 3.26-3.22 (m, 4H).
3'P_NMR (121 MHz, THF-gs): 30.2, 28.6.
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9. (E,E)-diene-complex-8 (with R = Me)
After 3 hrs at room temperature, the isomeric complexes 7a and 7b (prepared according

to the previously described procedure) disappear and the corresponding (E,E)-diene-8 is

formed.

COOMe Pdl_(d':l’aﬁ)a (1eo)|_), COOMe COOMe @\(O
- eq.

—_— PhP, N~/
Cl THF P_,—F’:d Cl Cl_P:d\“P \P,é ;Ph
T=+5°C k ! ' J X
SN N = Cl
. Meooc/§/\/
1eq. L ]
(rac)-cis-ester-6 7a : 7b 8

two cyclobutene complexes (ca. 1:1)

'H-NMR (300 MHz, THF-gg): & 8.28-8.17 (m, 1Hyrom), 7.75-7.68 (m, Hyrom +dba), 7.60 (t,
J =17.6 Hz, 2H), 7.55-7.46 (m, 2H), 7.43-7.07 (m, Hyom, + dba), 6.75 (t, J = 14.1 Hz, 1H,
H)), 6.57-6.52 (m, 2H, H3, Hoxazoline), 6.05 (t, J = 12.8 Hz, 1H, Hy), 5.12 (d, J = 15.2 Hz,
1H, Hy), 4.79 (t, 3 = 9.3 Hz, 1H, Hoxazoline), 4.54 (dd, J = 8.7, 4.3 Hz, 1H, Hoxazoline), 3.50
(s, 3H).

3'P_NMR (121 MHz, THF-gg): 25.9.
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10. Synthesis of (rac)-cis-amide-9

NH,

(1.1eq.)
Q EDCI (1.1 eq.), Q
OH HOBr (1.1. eq) ”
—_—

(o] cl

cis-2 : trans-2 (rac)-cis-amide 9

6 = 1

To a cold (0°C) stirred solution of a crude mixture of cis-2 and trans-2 isomers (6:1 ratio
cis-2 / trans-3, 1.50 mmol, 1.0 equiv.)2 in dry DCM (15 mL), under Argon, EDCI (315
mg, 1.65 mmol, 1.1 equiv.), HOBt (222 mg, 1.65 mmol, 1.1 equiv.) and p-toluidine (178
mg, 1.65 mmol, 1.1 equiv.) were added in this order and the resulting mixture was stirred
at room temperature. After 14h, an aqueous solution of NaHCO; (30 mL) was added and
the mixture was extracted successively with DCM (10 mL x 3 times). The combined
organic phases were dried (Na,SO,) and concentrated under reduced pressure. 'H-NMR
analysis of the crude mixture showed that the ratio between trans-amide-9 and cis-amide-
9 was 1:4. This crude material was carefully separated by flash column chromatography
on silica gel (n-pentane/EtOAc, 8/2 to 6/4) to afford trans-amide-9b (43 mg, 0.196 mmol,
13 %) as yellow solid, followed by the more polar cis-9b (172 mg, 0.777 mmol, 52 %) as

a yellow solid.
cis-4-chloro-N-(p-tolyl)cyclobut-2-enecarboxamide (cis-amide-9)

Ef*u

Cl

(rac)-cis-amide-9

Yellow solid; Ry 0.34 (n-pentane/EtOAc : 7/3); IR (neat) vmax 3296, 3262, 3133, 3082,
1661, 1608, 1543, 1512, 1405, 1356, 1304, 1282, 1250, 1188, 1132, 999, 902, 813, 774,
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746; "H-NMR (500 MHz, CDCl;): & 7.15 (bs, 1H), 7.42 (d, J = 8.4, 2H), 7.12 (d, ) = 8.4
Hz, 2H), 6.42 (d, J =2.6 Hz, 1H), 6.38 (m, 1H), 5.12 (d, J=4.3, 1H), 4.10 (d, J =4.3 Hz,
1H), 2.30 (d, 3H); "C-NMR (125 MHz, CDCl;) & 167.4, 142.8, 136.5, 134.8, 134.4,
129.5 (2C), 120.5 (2C), 56.8, 56.6, 20.9; HRMS (ESI"): exact mass calculated for
[M+Na]" (C1,H,,> CINNaO) requires m/z 244.0500, found m/z 244.0501.
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11. Procedure for the preparation of crystal of complex 10

0 ?j
NHR F’cli_(clijbha)ﬁ (1eq.) N""’pp
-Ph(Tea) PhoP._ /
—> ~ _
Cl THF, 30min, 0 °C pd—cl
(rac)-cis-amide-9 CONHR
R = p-Tol
p-1o L 10 .
31p = 28.6 ppm
2Jcp=4.6 Hz

In a schlenk flask (dry and under Argon atmosphere), Pd(dba), (57.5 mg, 0.1 mmol, 1.0
equiv.), the ligand L-Ph (40.75 mg, 0.1 mmol, 1.0 equiv.) and cis-chlorocarboxylic
amide-9 (22.17 mg, 0.1 mmol, 1.0 equiv.) were added. After three vacuum-Argon cycles,
the solids were cooled at 0 °C. After 5 min., 3.0 mL THF was added. The solution was
stirred at 0 °C for 30 min. After removing the solvent under vacuum, DCM (5 mL) was
added to dissolve the solid residue. The resulting mixture was then filtered and
concentrated carefully to about 1.5 mL volume. 0.5 mL n-pentane was added dropwise. A
precipitate of complex 10 containing residual dba as the main impurity was found after 2
days of standing at low temperature (-20 °C). Attempting to recrystallize this precipitate
resulted in decomposition. X-ray quality crystals were obtained when a similar procedure

was employed but replacing Pd(dba), with Pd(mtdba), for enhanced removal.

IR (neat): vinax 3240, 3181, 3052, 2170, 1980, 1667, 1635, 1599, 1512, 1481, 1455, 1435,
1403, 1372, 1318, 1264, 1236, 1185, 1142, 1111, 1098, 1047, 997, 946, 886, 862, 840,
821, 751, 727, 694;

'H-NMR (600 MHz, THF-gg): & 10.17 (s, 1Hx-n1), 8.18 (m, 1Hurom), 7.75-6.97 (22Harom. +
dba byproduct), 6.42-6.39 (m, 1H, Hoxazoline), 5.63 (d, Jupt = 2.58 Hz, 1Hcy), 5.11 (s, 1He
1), 4.86 (t, 3 = 9.2 Hz, 1Hoxazoline), 4.54 (dd, 3 = 9.1, 3.7 Hz, 1Hoxazoline), 4.26 (s, 1Hcon),
3.29 (s, 1Hea), 223 (s, 3Hwme);

BC-NMR (150 MHz, THF-gg): & 188.1, 171.3, 163.1, 147.3 (d, J = 5.56 Hz), 143.1,
141.8, 139.2, 136.3, 135.6, 135.5, 135.4 (d, J = 2.2 Hz), 134.2 (d, J = 11.57 Hz), 133.5
(d, J=6.89 Hz), 133.8 (d, J = 7.71 Hz), 132.8 (d, J = 7.3 Hz), 132.2, 131.9, 131.3, 130.9,
130.1-129.4, 129.1, 128.5, 128.4, 126.4, 118.6, 75.8, 69.1, 58.1, 48.2, 20.9;
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3'P.NMR (121 MHz, THF-g): & 28.6. (the complex underwent partial decomposition
during the measurement)

HRMS (ESI"): exact mass calculated for [M-CI]" (C39H34N20,PP) requires m/z 699.1405,
found m/z 699.1404.

Pd(mtdba), was prepared according to the literature procedure.’

N. H. Sherden, D. C. Behenna, S. C. Virgil, B. M. Stoltz Angew. Chem. Int. Ed. 2009, 48, 6840-
6843.
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12. Crystal data and structure refinement for complex 10.

Identification code
Empirical formula
Color

Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

0 range for data collection
Index ranges

Reflections collected
Independent reflections
Reflections with [>2c(I)
Completeness to 6 = 27.50°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2c(])]

R indices (all data)
Absolute structure parameter
Largest diff. peak and hole
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8030sadabs

C, H;CI,N,O,PPd
yellow

905.35 g'mol

100 K

0.71073 A
MONOCLINIC

P2, (no.4)

a= 93374 (1) A
b=19.234 (2)A
c=10.9480 (13) A
1942.8(4) A3

2

1.548 Mg - m?

0.902 mm!

920 e

0.32x0.28 x 0.26 mm’
2.83 to 31.00°.
-13<h<13,-27<k <27,-15<1<L 15
55178
12209 [R,,
12110

98.9 %

Gaussian

0.87172 and 0.83024
Full-matrix least-squares on F?
12209 /1/470

o= 90°.
B=98.851(2)°.
v = 90°.

=0.0165]

1.088
R, = 0.0445 wR2 = 0.1401
R, =0.0448 wR2 = 0.1404
-0.01(2)

1.440 and -1.933 e - A3



Selected bond lengths [A] and angles [°] for complex 10.

C(1)-C(2)
1.599(5)
C(2)-C(3)
1.511(5)
C(5)-0(1)
1.357(4)
C(6)-C(7)
1.417(4)
C(8)-C(9)
1.386(5)
C(10)-C(11)
1.270(5)
C(13)-C(22)
1.462(5)
C(15)-N(2)
1.513(5)
C(16)-C(17)
1.383(6)
C(19)-C(20)
1.404(6)
C(22)-C(27)
1.378(5)
C(25)-C(26)
1.395(5)
C(28)-C(29)
1.400(5)
C(29)-C(30)
1.395(6)
C(32)-C(33)
1.390(5)
C(34)-P(1)
1.395(6)
C(37)-C(38)
1.401(6)

1.513(5)
C(1)-Pd(1)
1.335(5)
C(4)-C(5)
1.235(4)
C(6)-C(11)
1.415(5)
C(7)-C(8)
1.399(6)
C(9)-C(12)
1.399(5)
C(13)-0(2)
1.483(5)
C(14)-C(15)
1.504(5)
C(16)-C(21)
1.396(5)
C(18)-C(19)
1.391(9)
C(22)-C(23)
1.417(4)
C(24)-C(25)
1.396(4)
C(27)-P(1)
1.399(5)
C(28)-P(1)
1.387(5)
C(31)-C(32)
1.384(5)
C(34)-C(39)
1.828(3)
C(36)-C(37)
1.378(7)
C(40)-CI(3)
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C(1)-C(4)
2.055(3)
C(3)-C(4)
1.515(5)
C(5)-N(1)
1.396(5)
C(6)-N(1)
1.391(5)
C(9)-C(10)
1.498(5)
C(13)-N(2)
1.352(4)
C(14)-0(2)
1.524(5)
C(15)-C(16)
1.379(6)
C(17)-C(18)
1.402(9)
C(20)-C(21)
1.401(4)
C(23)-C(24)
1.399(5)
C(26)-C(27)
1.836(3)
C(28)-C(33)
1.818(3)
C(30)-C(31)
1.393(6)
C(34)-C(35)
1.404(5)
C(35)-C(36)
1.400(7)
C(38)-C(39)
1.741(9)



C(40)-C1(2)
1.721(8)
CI(1)-Pd(1)
2.120(2)

C(2)-C(1)-C(4)
119.0(2)
C(3)-C(2)-C(1)
94.7(3)
C(3)-C(4)-C(1)
114.9(3)
0(1)-C(5)-C(4)
114.0(3)
C(11)-C(6)-N(1)
116.3(3)
C(7)-C(8)-C(9)
117.5(3)
C(8)-C(9)-C(12)
121.9(3)
N(2)-C(13)-0(2)
127.2(3)
0(2)-C(14)-C(15)
111.2(3)
C(16)-C(15)-C(14)
119.0(4)
C(17)-C(16)-C(15)
120.5(4)
C(20)-C(19)-C(18)
119.4(5)
C(23)-C(22)-C(27)
118.5(3)
C(24)-C(23)-C(22)
119.8(3)
C(27)-C(26)-C(25)
118.8(3)
C(22)-C(27)-P(1)

1.763(8)
C(41)-Cl(4)
2.4200(8)
P(1)-Pd(1)

84.7(2)
C(4)-C(1)-Pd(1)
95.2(3)
C(3)-C(4)-C(5)
85.2(2)
O(1)-C(5)-N(1)
121.2(3)
C(11)-C(6)-C(7)
123.6(3)
C(8)-C(7)-C(6)
122.8(3)
C(10)-C(9)-C(12)
121.3(4)
C(6)-C(11)-C(10)
117.8(3)
0(2)-C(13)-C(22)
105.6(3)
N(2)-C(15)-C(14)
115.5(3)
C(21)-C(16)-C(15)
121.5(4)
C(17)-C(18)-C(19)
119.3(4)
C(16)-C(21)-C(20)
119.3(3)
C(27)-C(22)-C(13)
121.3(3)
C(26)-C(25)-C(24)
121.2(3)
C(26)-C(27)-P(1)
122.2(2)
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C(41)-CI(5)
1.760(8)
N(2)-Pd(1)
2.2108(9)

C(2)-C(1)-Pd(1)
111.5(2)
C(2)-C(3)-C(4)
114.9(3)
C(5)-C(4)-C(1)
124.7(3)
N(1)-C(5)-C(4)
120.1(3)
C(7)-C(6)-N(1)
118.2(3)
C(10)-C(9)-C(8)
121.1(4)
C(9)-C(10)-C(11)
119.4(3)
N(2)-C(13)-C(22)
115.0(3)
N(2)-C(15)-C(16)
102.4(3)
C(21)-C(16)-C(17)
119.5(4)
C(18)-C(17)-C(16)
120.4(5)
C(19)-C(20)-C(21)
121.2(5)
C(23)-C(22)-C(13)
122.2(3)
C(23)-C(24)-C(25)
119.6(3)
C(26)-C(27)-C(22)
118.8(2)
C(29)-C(28)-C(33)



120.1(3)
C(33)-C(28)-P(1)
119.2(3)
C(32)-C(31)-C(30)
119.5(4)
C(35)-C(34)-C(39)
118.4(3)
C(34)-C(35)-C(36)
119.5(4)
C(37)-C(38)-C(39)
119.6(4)
CI(5)-C(41)-Cl(4)
128.6(3)
C(13)-N(2)-Pd(1)
118.9(3)
C(28)-P(1)-C(34)
103.27(15)
C(28)-P(1)-Pd(1)
115.60(11)
C(1)-Pd(1)-N(2)
93.68(12)
C(1)-Pd(1)-CI(1)
90.43(10)

C(29)-C(28)-P(1)
117.1(2)
C(29)-C(30)-C(31)
120.2(3)
C(32)-C(33)-C(28)
119.7(3)
C(39)-C(34)-P(1)
120.5(4)
C(38)-C(37)-C(36)
120.3(4)
CI(3)-C(40)-Cl(2)
113.5(5)
C(13)-N(2)-C(15)
133.03)
C(13)-0(2)-C(14)
107.15(15)
C(34)-P(1)-C(27)
116.55(11)
C(27)-P(1)-Pd(1)
172.81(14)
N(2)-Pd(1)-P(1)
91.04(11)
P(1)-Pd(1)-CI(1)

122.6(3)
C(30)-C(29)-C(28)
120.6(4)
C(33)-C(32)-C(31)
120.4(3)
C(35)-C(34)-P(1)
121.9(3)
C(35)-C(36)-C(37)
120.4(4)
C(38)-C(39)-C(34)
113.0(5)
C(5)-N(1)-C(6)
108.0(3)
C(15)-N(2)-Pd(1)
105.8(3)
C(28)-P(1)-C(27)
102.49(15)
C(34)-P(1)-Pd(1)
110.19(11)
C(1)-Pd(1)-P(1)
86.28(10)
N(2)-Pd(1)-CI(1)
167.88(3)
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13. Comparative list of C-C bond distances and selected dihedral angles
in cyclobutene carboxylic acids.

The central C-C [C(1)-C(4)] (A) bond lengths and the angles [C(2)-C(1)-C(4)] (°) in
cyclobutenes derivatives are listed below.

Bond Angles
o lengths of | of C(2)-
Cyclobutene derivatives Crystal structures
Y Y C(1)-(4) | C(1)-(4)
[A] [°]
COOH
lE( 1.574 86.3
Cl
cis
o ()
N N
H 1.566 97.06
“l
trans
COOH
,',t OH
Cl
1.57 85.61
Cl
trans
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Br

1.585

85.71
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T AUD-AB-209-00

#Heb < S5 by e
AP h ______—— 283K after shaking
L________/-\&___‘__ '
1H

N ) £ a R S T
et o T AT S | T L R i i i B R RN S A S S R T T o i i e e A g i | (R e el R e
4.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 ppm e
Scale: 0.2037 ppm/cm, 122.3 Hz/cm




AUD - AB-205 -00

audab20900 110 1 /opt/topspin wir

[rel]

1 ; ; : { ‘ ] auda520900 140 1 /bpt/topspin wir

audab20900 130 1 /opt/topspin wir
i : : : : i Scale : 1.3401

if | | } i : : audab20900 120 1 /optftopspin wir

80

audab209007 110 T /opty topspin T wit

i ; I i 4
R N R RO ¢ SR SIS (e RS AUD-AB-028 -04

oy

A3

£r26h

/3«71
A ¥4Sh

A2.4,
1407 A

A2,
A2 (%60




188.188
172.336
147.878
147.837

143.123

141.632
136.260
135.460
135.444
135.399
135.309
134.306
134.226
133.661
133.616
132.904

132.361

132.348

129.631
129.567
129.520

129.321
129.283

129.173

129.086
129.038
128.608
128.434

128.318

126.497
75.849
69.358
67.677
67.590
67.530
67.384
67.237
67.090
55.733
55.720
46.066
46.038
25.624
25.565
25.491
25.433
25.300
25.157
25.024

e

Vorschlag aus NMR:
/12
137 X1t
/18\\171|L 1|0 le)
T gl g N
16 | 8
4 >.|: V- /
24/ X7 \ 4 \
Pd 1
\ /
VA I AN
26 v—S/\ \ 7
a2 =
v-2/
OH
|
|
[
'H |
| ' ! |
| [ IH
|
| il I | ! |
ki L L e L. L L n
T I I T I hikias) g T I I T I I I I I i T T I I I I I
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

Scale: 11.05 ppm/cm, 1667 Hz/cm

C616737

NAME audab20900

EXPNO 111

PROCNO 1

Date 20120412

Time 13.21

INSTRUM ave00

PROBHD 5 mm CPTCI 1H-

PULPROG 2gdc30

TD 80908

SOLVENT THF

NS 00

DS 8

SWH 46296.297 Hz

FIDRES 0.572209 Hz

AQ 0.8738564 sec

RG 512

DW 10.800 usec

DE 50.99 usec

TE 283.0 K

D1 0.03000000 sec

D11 0.03000000 sec

TDO 1

zzz===== CHANNEL f1 s=======

NUC1 13C

1 11.00 usec

RL1 -1.00 dB

PL1W 109.73103333 W

SFO1 150.9419956 MHz

======== CHANNEL f2 ========

CPDPRG2 waltz65
uC2 1H

PCPD2 70.00 usec

RL2 4.20 dB

PL12 22.51dB

PL2W 5.30020905 W

PL12W 0.07821552 W

SFO2 600.2223000 MHz

SI 131072

SF 150.9252999 MHz

Wi EM

SSB 0

LB 0.80 Hz

GB 0

PC 1.00

AUD-AB-209-00
13C{1H} @ 283K
after shaking

aveoo



Scale: 2.249 ppm/cm, 339.4 Hz/cm

C616737

o K O ™M N O O~ ™M NN
[¢e] m ™ N~ n &~m N M
Ll i ™ [ ] o 0 @ e B e Y
w IR ™ 0 o~ o~ ™ N NAME audab20900
[os] ™~ | W0 0 S R o EXPNO g B2
o] 1 Ll e o1 e e e e PROCNO 1
Date. 20120412
Time 13.21
INSTRUM av600
PROBHD & mm CPTCI 1H~
PULPROG zgde30
D 80908
SOLVENT THF
NS 2000
DS 128
SWH 16296.297 Hz
FIDRES 0.572209 Hz
AQ 0.8738564 sec
RG 512
DW 10.800 use
DE 50.99 use
TE 283.0 K
D1 0.03000000 sec
pil 0.03000000 sec
TDO 1
mmmmmm=n CHANNEL £l sessemees
NUC1L 13c
Pl 11.00 use
PL1 -1.00 dB
PL1W 109.73103333 W
SFO1 150.9419956 MHz
s====s== CHANNEL f2 P
CPDPRG2 waltz65
NUC2 1H
PCPD2 70.00 use
PL2 4.20 dB
dba PL12 22.51 dB
6 PL2W 5.30020905 W
P PL12W 0.07821552 W
ﬂ(/Qs ~ SFO2 600.2223000 MAz
SI 131072
SF 150.9252999 MHz
WDW EM
SSB 0
; LB 0.80 Hz
GB 0
dba PC 1.00
SR -139.10 Hz
0
/U\ A41.86
coot ®,
: ®
' @ o s
s
v |
| : I Jpce6:3
t : N [ | AUD-AB-209-00
« 1 At 13C{1H} @ 283K
a b ¢ d after shaking
— I I r— B e e e e e
185 180 175 170 165 160 155 150 145 pprm av600
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dba
p- Ph
d
A30.5€
dba
;pso—?f\
S £32.36
' @
5,386
1368 tivia 134,27
/;ms@ @ o[ (3462
(3364 132,86 i
y ©
[ |
: X2
el Zg h . 20k L
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Scale: 0.2847 ppm/cm, 42.96 Hz/cm

C616737

NAME audab20900
111

EXPNO

PROCNO i)
Date_ 20120412
Time 13.2

.21
INSTRUM ave00
PROBHD 5 mm CPTCI 1H-
PULPROG 2gdc30

0

D 80908
SOLVENT THF
NS 2000

DS

128
SWH 46296.297 Hz
FIDRES 0.572209 Hz

AQ 0.8738564 sec
RG 512

DW 10.800 usec
DE 50.99 usec
TE 283.0 K

D1 0.03000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1 ========
NUC1 13C

P1 11.00 usec
PEY

PLIW  109.73103333 W
SFO1 1509419956 MHz

======== CHANNEL f2 ========
CPDPRG2 waltz65

NUC2 1H

PCPD2 70.00 usec

PL2 4.20 dB

PL12 2251 dB

PL2W 5.30020905 W

PL12W 0.07821552 W

SFO2 600.2223000 MHz
131

S 072

SF 150.9252999 MHz
WDW EM

SSB 0

LB 0.80 Hz

GB 0

PC 1.00

AUD-AB-209-00
13C{1H} @ 283K
after shaking

av600
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0{ ba déa
NAME audab20900
EXPNO 111
PROCNO 1
Date_ 20120412
Time 13.21
o
- ROBHD 5mm | 1H-
129,52 PULPROG  2zgdc30
D 80908
SOLVENT  THF
@ A2 wy3 DS 128
SWH 46296.297 Hz
FIDRES  0.572209 Hz
fig AQ 0.8738564 sec
RG 512
DW 10.800 usec
DE 50.99 usec
TE 283.0 K
d 6 D1 0.03000000 sec
s D11 0.03000000 sec
TDO 1
| 0( ======== CHANNEL f] ========
NUC1 13C
P 11.00 usec
| PL1 -1.00 dB
PLIW  109.73103333 W
SFO1  150.9419956 MHz
sEzzc=== CHANNEL f2 S:SsEnER
CPDPRG2  waltz65
I
k usec
0 123 '33 Eﬁz 3'2221d53
(30,43 130,08 PLOW 530020905 W
PL12W  0.07821552 W
16 428.64 SFO2  600.2223000 MHz
S 131072
SF 150.9252999 MHz
WDW EM
® @, u @ o
» 0.80 Hz
GB 0
]fc: .l )° Jre 1256 PC 1.00

AUD-AB-209-00
13C{1H} @ 283K
after shaking

. 2y

T I T I I I I I
129.8 129.6 129.4 129.2 129.0 128.8 128.6 128.4 ppm av600
Scale: 0.1037 ppm/cm, 15.65 Hz/cm

T T
130.2 130.0



N O O DO OO NN Mo O
W0 00 NOMMSOAMTOOMN O MmN 0w m
o < o MmMo™~WwNNTOMONO O 0~ DO
06 @ B S © 00 @ ©
i o o v WWWwWwWwWwWwwwww [Taltemte} <o
|
I
65.36
»5ds 56,73 %.08
2 @ (9
¢
| I A 4
| ]FZ" /.9 1
b : I l 1
sk i A
v w X Y
TN T O E ISR A s T T
76 74 72 70 68 66 56 ppm

Scale: 1.403 ppm/cm,
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C616737

NAME audab20900
EXPNO k1 11
PROCNO 1
Date__ 20120412
Time 13.231
INSTRUM av600
PROBHD 5 mm CPTCI 1H~-
PULPROG zgdec30
D 80908
SOLVENT THF
NS 2000
DS 128
SWH 46296.297 Hz
FIDRES 0.572209 Hz
AQ 0.8738564 sec
RG 512
DW 10.800 use
DE 50.99 use
TE 283.0 K
D1 0.03000000 sec
D11 0.03000000 sec
DO 1

mwmem CHANNEL £l sessmmmes
NUC1 13¢
Pl 11.00 use
PL1 -1.00 dB
PL1W 109.73103333 W
SFO1 150.9419956 MHz
=mm===== CHANNEL f2 =======
CPDPRG2 waltz65
NUC2 1H
PCPD2 70.00 use
BL.2 4.20 dB
PL12 22.51 dB
PL2W 5.30020905 W
PL12W 0.07821552 W
SF02 600.2223000 MHz
SI 131072
SF 150.9252999 MHz
WDW EM
88B 0
LB 0.80 Hz
GB 0
PC 1.00
SR -139.10 Ha

AUD-AB-209-00
13C{1H} @ 283K
after shaking

ave00



147.837

147.878
143.123

|
|

135.459
135.444
135.399
135.309
134.306
134.226
133.662

133:617
132.904

132.856
182,362
132.349
132.302
132.287

130.950

130.205
130,131

130.111
130.038
129.677

129.520
129.284
329.173
129.085
129.037
128.607
128.434
128.318
126.496

— 75.848

—69.357

562731
55.719
46.065
46.037

<
<

!
200

T
180

160

140

120

100

80

60

| |
40 20
Scale: 10.36 ppm/cm,

ppm
1564 Hz/cm

C616738

NAME audab20900
EXPNO 112
PROCNO 1
Date_ 20120412
Time 13.34
INSTRUM av600
PROBHD 5 mm CPTCI 1H-
PULPROG deptspl35
TD 65536
SOLVENT THF
NS 256
DS 4
SWH 36057.691
FIDRES 0.550197
AQ 0.9088159
RG 512
DW 13.867
DE 51324
TE 283.0
CNST2 145.0000000
D1 2.00000000
D2 0.00344828
D12 0.00002000
TDO L
======== CHANNEL fl ===
NUC1 13c
Pl 11.00
P12 2000.00
PLO 120.00
PL1 -1.00
PLOW 0.00000000
PL1W 109.73103333
SFO1 150.9405316
SP2 6.33
SPNAM2 Crp60comp. 4
SPOAL2 0.500
SPOFFS2 0.00
======== CHANNEL f2 ===
CPDPRG2 waltzl6
NUC2 1H
P3 8..50
P4 17.00
PCPD2 70.00
PL2 4.20
PL12 20 . b3
PL2W 5.30020905
PL12W 0.07821552
SF02 600.2223000
SI 65536
SF 150.9252999
WDW EM
SSB 0
LB 1.00
GB 0
PC 1.00

AUD-AB-209-00
dept135 @ 283K
after shaking

avéo0

sec

Hz

use
use
use
dB

W
w
MHz

MHz

Hz
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aud-ab-201-01 &
aud-ab-208-01 A
31P{1H} zgdc30
— 0 ;I,/.—_ O--.,
', ! j —{H\
% 4 A - N g \N’FJ"
4{ N "Ph - \ \ ph
PhP. ! L PhP
4. — 1
el s
= 5 2 oo
Y% coomH
eta-1-allyl complex 3 (ca. 7:1)
|
|_|_|
8
—

48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31

f1 (ppm)

30 29 28 27 26 25 24 23 22 21 20 19

18 17

16 15

14

—2E+05

—2E+05

~2E+05

~1E+05

—1E+05
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~1E+05

—1E+05

—~90000

80000

—70000

—60000

50000

~40000

—~30000

—20000

—10000

—-10000
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H615630

NAME audabl25H
EXPNO 10
PROCNGC 3
Date_ 20110810
Time 11.31

INSTRUM avsd0
PROBHD 5 mm CPTCt 1H-
PULPROG zg30

TQ 65536
SOLVENT THF
NS R

DS 2
SWH 120%9.230 Hz
FIDRES 0.183399 Hz

AQ 2.72683477 sec
RG ]

Dw 41 600 usec
DE 10.00 usec
TE 280.5K

D1 1.00000000 sec
TDO 1
se====== CHANNEL {1 ========
NUC1 1H

P1 8.50 usec
PL1 4.20dB

PLIW 530020905 W
SFO1 8002242403 MHz

sl 131072

SF 600.2200208 MHz
whw no

558 0

LB 0.00 Kz

GB o

PC 1.00

AUD-AB-025-01
] 3mm

TH

:|||||||:I;ru...-..l--...-:--I|||||||\;Ia|||.....|.---..--.I---s;r.|||;.|:|||||I......---Iu..xxunuuluuurr:z||||\rvruuurl.....

0

11 10 ppm
e

11 10 9

3 2 1 ppm
Scale: 0.5643 ppm/cm, 338.7 Hz/cm av600
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H615630

NAME  Budab02501
EXPNO 10
PROCNO 1
Date_ 20110810
Time 11.31

INSTRUM ave00
PROBHD 5 mim CPTG! tH-
PULPROG 2930

) 65536
SOLVENT THF

NS a2

SWH 12019.230 Hz
FIDAES 0.183399 Hz
AQ 2.72B3477 sec
RG ]

ow 41.800 usec
DE 10,00 usec
TE 280.5 K

[=4] 1.00000006 sec
TDOO 1
sumimminein CHANNEL 1 wmmmumau
NUC1 1H

P1 8.50 usec

PL3 4.20 dB
PLIW 5.30020805 W
8FO1 600.2242403 MHz
S 135072

SF 600.2200208 MHz
WDW no

S8B 0

LB 0,004z

QB 0

PC 1,00

SR 20.80 Hz

23,27 4,6

3,8
a4 24,2 et
122k " 34r =08

20,48
152 24l ... .20 24

(4

N0

hty

AUD-AB-025-01

I 1H

A B ¢ D E F 6 Hr FuL
AR AR T BARARRSRS IERRARARS ARARARAALS AAAEAM A BARRARARS e BARARARRS BARRARARS BARRARSAS ARAAAAAAN BAREARARS AR 600
8.3 8.2 8.1 8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 7.1 ppm av

" Scale: 0.0643 ppm/om, 38.59 Hz/om
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Scale: 0.0643 ppm/om,

38.58 Hz/lom

NAME dab02501
EXPNO 10
PROCNOC 1
Data_ 20110810
Time 11,31
INSTRUM aved
PROBHE 5 mm CPTCI 1H-
PULPROG 930
T 5
SOLVENT THF
NS

DS 2

SWH 12018.230 Hz
FIDRES 0.183388 Hz
AQ 2,7263477 sec
RG ]

Dw 41,600 usec
DE 10.00 usec
TE 290.5 K

D1 1.00000000 soc
TDO 1
mmmanans CHANNEL [
NUC1 1H

P1 8.50 usec
PL1 4,20 0B

5.30020905 W
SFO1 £00.2242403 MHz
sl 131072

SF 600.2200208 MHz
ne

AUD-AB-025-01

1H

0
0.00 Hz
4]

1.00
20.80 Hz

avéoo



4.33090
4.31750

—/_
e X

431420
4.30090

mmmmmmmmmmm

\\\\/////

mmmmm

—5.18970
—5.16450

—— 404120

T 4.02930

=3
e

405310
TT— 4.01750

<08 &2 .55
@
dd %759 s882 = 3.0
— 0= 452 La/pp=9.4 2/ 7z %
o jbt f‘jbk:“ J“ht 1“1 i

41 40 39 rem
5cajo 0.07691 ppm/om, 46.17 Hz/cm

H615630

EXPNO 10
PROCN

Cate_ 2011 0610
Time 11‘31
INSTAUM

PocRGa” °iz.'§§' "
D 65538
SOLVENT THF
NS

D8 2

SWH 12019,230 Hz
FIDRES 0.183398 Hz
AQ 2.7263477 3ec
RG ]

oW 41.600 ugac
DE 10.00 usec
TE 200.5 K

2k} 1,00000000 sec
Tl 1
it GHANNEL [ o i m
NUGC3 1H

P1 8.50 usac
PL1 4,20 dB

PL1W 5.30020805 W

SFO1 600,2242403 MHz
131072
SF 600.2200208 MHz.
W no

[1]
.00 Hz
0

1.00
2080 Hz

AUD-AB-025-01

1H

aveoo



615630

NAME audab1002501

NO 1
Date_ 201 10810
INSTRUM ' "avego
PROBHD 5 min CPTCI 1H=-
PULPROG 2930
10 65536
SOLVENT THF
NS 32

ps
SWH 12019 230 Hz
FIDRES 0.1832:

Qg 2. 726347? soc

Dw 41 .sDo usec

DE 10,00 usec

TE 280.5 K

1 100000000 sec

TDO 1

mumnanrn GHANNEL 1 e m————

1H

Pi 8.50 ussc

PL1 4.20 dB

PLIW 5.30020805 W

SFO 600.2242403 MHz
131072

SF 2200208 MHz

WDW ne

558 ]

LB 0.00 Hz

GB a

PG 1.00

SA 206,80 Hz

AUD-AB-025-01

— 1 L L "

2.4 2.3 2.2 2.1 2,0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 1.0 O9ppm
Scale: 0.07691 ppm/fcem, 46,17 lHz/cm

ave0o
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NAME audabb2501
H

EXPNO

PROCNO 3
Daig_ 20110870
Time 11.53
INSTRUM avB00

PRCBHD 5 mm CPTCI 1H-
PULPROG zgde30

D 80008
SOLVENT THF

NS 2000

bs 128

SWH 46296.297 Hz
FIDRES 0.572209 Hz

AQ 3.8738564 sec
RG 512
ow 10.800 usec
DE 50,99 usec
TE 2905 K
D1 0.03000000 sac
D11 0.03000000 sec
e 1
=szz==z= CHANNEL 1 ========
NUC1 13C

1 11.00 usec
PL1 -1.00 B

PL1W  109.73103333 W
$FOT  150.9419956 MRz

= == CHANNEL fz Sroz====
CPDPRG2  wallz65
NUCZ i
I PCPD2 70.00 usec
! PL2 4.20dB
PL12 22.51dB

PL2W 5.30020905 W

PL12W 0.07821552 W

SFOZ 600.222300C Miz
1310

Sl 72

SF 1509252981 MHz
WDw EM

S5B Q

LB 0.80 Hz

GB o]

PC 1.00

AUD-AB-025-01
13C{1H}

|
!
‘ . L]
T T T AR T N T T T T | AR | T T e

T T T 1 T
220 210 200 180 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm avboo
Scale: 11.51 ppm/cm, 1737 Hz/em
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168.913

——161.829

fi28

147.058
147.036
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142.038
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150
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' 1
140 ppm

Scale: 1.436 ppm/cm, 216.8 Hz/cm

C615631

NEME audab02501
EXPNC 11
PROCNO 1
Date_ 20110810
Time 11.53
INSTRUM ave00
PRCBHD 5 mm CPTCI 1H-
PULPROG zgde30

D 80508
SOLVENT THE

NS 2000

D5 128

SWH 46296.297 Hz
FIDRES 0.572209 Hz
AQ G.8738564 sec
RG 512

bW 10.800 use
DE 50.99 use
TE 280.5 K
»l . 0.03000000 sec
Dil 0.03000000 sec
D0 1
mmmmmamm CHANNEL f1 =m=mmme
NUCl1 13cC

Pl 11.00 use
PL1 -1.00 dB
PL1W 109.73103333 W
5Fol 150.9419956 MBz
soazsxas CHANNEL £ =mmmmms
CPDPRG2 waltzé5
Nuc2 1H
PCPD2 70.00 use
PL2 4,20 dB
PL12 22.51 dB
PL2W 5.30020903 W
PL12W 0.07821552 W
SFQ2 600,2223000 MHz
SI 131072

SF 150.9252981 MHz
WDOW EM
SSB 0

LB 0.80 Hz
GB 0

PC 1.00

5R -140.93 Hz

AUD-AB-025-01
13C{1H}

aveoo
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Vorschlag aus NMR.:
12
NA dab02501
137 gy Skbno ]
8 | [P)RIOCNO 201105‘}0
7 ia o ate..
e o} Time 11.53
g SN INSTRUM av600
L\a e | I e FROBHD 5 mm CPTCI 1H-
1// ~_l+ 4 PULPROG 2gdc30
\223 P N— Sovent 0%
N
4/ ~::;:.2/ \ { NS 2000
ZLL L Fd ////1"_"2 S 46598.297 H
H A F4
7 FIDRES  0.575209 Hz
\26// 23/ \ § A\ AQ 0.8738564 sec
\} / RG 512
i°] =y DW 19.800 usec
30/ DE 50.69 usec
TE 2905 K
\\.n B S
HO-.___:’{ Too e e
\\ ======== CHANNEL {{ ss======
NUCH 13C
P1 11.00 usec
PLY -1.00 o
PLAW 10972103333 W
SFO1  150.9419955 MHz
s======x CHANNEL {2 ========
CPDPRGZ  waltz65
NUCZ 1H
PCPD2 70.00 usec
PL2 426dB
PL1Z 2251d8
o, sy
/.3543‘{ X
SFOZ  600.2223000 MHz
3660 sl 131072
SF 15092520871 MHz
47 WDW EM
23 558 a
- LB 0,80 Hz
. GB a
@ PC 1.00
- 27
36.49 .2
£ Vel / 4Gy A2 s A24:22
Q ¢ £33.28 133.23 ‘ o
4 Y ¢
[ | /{@ e (A9 k/
[ A4 Joc = as
o | lpe =43¢ A /
o of 4 5

AUD-AB-025-01
13C{1H}

T T I I 7 T N T T T
135.0 134.5 134.0 133.5 133.0 132.5 132.0 131.5 ppm aveon
Scale: 0.2575 ppm/fcm, 38.86 Hz/cm
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Vorschlag aus NMR:
12 NAME audab02501
1377 ey EXPNO 11
9/1-8-:1:17 “4 lo EES_CNO 201150510
QO Time 11.
1 \ N N INSTRUM avBDo
L\J e I 'l‘l a PROBHD 5 mm CPTCI 1H-
e % \P+ N+ / _F'nlilLPROG aogggdcao
P — &
23 SOLVENT THF
o e’ \ 5/ \ N 2000
—_— 128
l i /f‘l R SWH 46296.297 Hz
Py a/ \ s \ FIDRES 0572209 Hz
~& A o) 3 AQ 05736564 sec
E\ / RG 512
9 =y ow 10.800 usec
30/ DE 099 usec
TE 2905 K

0.03000000 sec
D11 0,03000000 sac
o 1

=zz===== CHANNEL {1 z=======
13C

\é) NUCA
| 6 P1 11.00 usac
S PL1 -1.00 B
"‘ PLAW 10973103333 W

SFO1 150.9415956 MHz

g( 0{ ======== CHANNEL {2 ==s=s===
CPDPRGZ  wallz85
NUC2 tH
| PCPD2 70.00 usec
| PL2 4.20dB
PL12 22.51d8

PL2W 5.30020905 W

PL12W 0.07821552 W

SFO2 600.2223000 MHz
131072

z sl
4odZ [70.39 SF  150.9252081 MHz
Wow EM

£28.58 @

£58 o
LB 0.80 Hz
GB i)
PC 1.00

AUD-AB-025-01
13C{1H}

r q r s ¢ i Vow

| T I T ] T I T ’ T T T T T T I
130.2 130.0 129.8 129.6 129.4 129.2 128.0 128.8 128.6 128.4 1282 128.0 127.8  ppm aveon
Scale: 0.1245 ppm/em, 18.79 Hz/cm



C615631

w0 I
At o~ o OO~ o
< e o~ O O =)
e m : : : ::: : 3 NAME audab02501
— - EXPNO 11
r~ W0 W00 Ww W W Ly PROCNO ]
Date_ 20110810
I \\[/ I Time 11.53
INSTRUM av600
PROBHD 5 mm CPTCI 1H~
| FULPROG zgde30
D Boaos
SOLVENT THF
NS 2000
bs§ 128
SWH 46296.297 Hz
FIDRES 0.57220% Hz
aQ 0.8738564 sec
RG 512
DWW 10.800 use
DE 50.98 use
TE 290.5 K
D1 0.03000000 sec
Dil 0.03000000 cec
TDO 1
-------- CHANNEL f1 =mmmmm=
NUCl 13C
| =31 11.00 use
[ PLl -1.60 dB
PL1W 109.73103333 W
SFOL 150.9419956 MHz
unmuxwnw CHANNEL £2 =mamec=m
CPLPRG2 waltz6d
NUC2 1H
FCFD2 70.00 use
PL2 4,20 dB
PL12 22.51 dB
PL2W 5.30020903 W
PL12W 0.07821552 W
SFQ2 600.2223000 MHz
51 131072
SE 150.%252981 ME:
Wh EM
55B 0
@ | LB 0.80 Hz
GB 0
f PC 1.00
{{ SR -140,5%3 Hz
£
(@) |
|
d
i
. J . L LL |
y p 4 AUD-AB-025-01
T SN BN S S e B e 1 R B e we e e e | —~ 130{1H}
125 120 115 110 105 100 95 90 85 80 75 70 65 60 Ppm ave00

Scale: 3.354 ppm/cm, 506.3 Hz/cm
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RO MMM O MmN MmN N NN NN NN NN N NN AN O wmnwn -
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Il
|
I ||I
1 I
|
I
‘ I |
- " R n N N . | L ]
o SE—— .
| " T y | ; T T ; T ' ; " T ' T ; T ' T '
200 180 160 140 120 100 80 60 40 20 0 Ppm
Scale: 10.75 ppm/cm, 1622 Hz/cm

C615632

NAME audah02501
EXPNO 12
PROCNC 1
Date_ 20110810
Time 12.19
INSTRUM ave0l
PROBHD 5 mm CPTCI 1iH-
PULPROG deptsepl3s

D £5538
SOLVENT THF

NS 320

Ds§ 4
SWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.98088158 sec
RG 512

DW 13,867 use
DE 51.34 use
TE 290.5 K
CNST2 145.0000000

Dl 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TCO 1
momnnoxes CHANNEL 1 ===
NYCl 13¢

Pl 11.00 use
Pl2 2000.00 use
PLO 120.00 dB
PL1 -1.00 dB
PLOW 0.00000000 W
PL1W 109.73103333 W
SFC1 150.%405316 MHz
SF2 6.33 dB
SPNAM2 Crp60comp. ¢
SPOALZ 0.300
SPOFFS52 0.00 Hz
rxmmmane CHANNEL £2 comscox
CPDPRG2 waltzlé
NUC2 1H

P3 8.50 use
=2 ] 17.00 use
PCPD2 70.00 unse
PL2 4,20 dB8
PL12 22.51 dB
PL2W 5.30020005 W
PL12W 0.07821882 W
SFO2 600,2223000 MHz
5I 65536

5F 150.9252981 MHz
WDW EM
SSB 0

LB 1.00 Hz
GB 0

PC 1.00

AUD-AB-025-01

dept135

ave00



aud-ab-201-01
aud-ab-208-01
31P{1H} zgdc30

26.27
-8.12

~3E+05
~3E+05
~2E+05
~2E+05
fﬁj\ -—2E+05
e 0 I

~2E+05
~2E+05
0 -1E+05
~1E+05
-1E+05
~80000
~60000
-40000

—20000

—-20000

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 T T T T T
100 90 80 70 60 50 40 30 20 10 0 -10 -20 -30 -40 -50 -60
f1 (ppm)
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R N e Wl b

—190 4 ppm

W s dn e e o r FI g N1 TemaB s Sl R keI B

141

IEL LY

ext.

20% CH3NOZ2 in CDCI3 =

LL“ pPM

_ 450
C _400
350

- -300

--250

~-200

150
--100
-~ 50
-0
~ 50
100

150

LI R I S N DA DA IR T T T
8.0 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 1.0

(R A

200
ppm

Standard
0 ppm

Vorschlag aus NMR:

il
18
1f/‘th1t\ﬁﬁquﬁffo\
16 8
20\22‘;’ >.|=+ n:‘_‘_r/
N ‘*‘*2\2 \P dz/- \
—2
\2\5\ /27 za/ \CI 6// \\
£ \__/
/29 5=z
20
i,
HO\32/

N615638

NAME andab02501
EXPNOC 152
PROGNC 1
Daw 2011309810
INSTFIUM avei)
PROBHD 5 mm CPTGI 1H-
PUL ROG hq“owq, rdqf_wz

SOLVENT THF
NS 4

08 16

SWH 4881.648 Hz
FIDRES 4 571922 Hz
AQ 0.1094132 gec
RG 512

Dw 106.800 usec
DE 6.50 useo
TE 2005 K
ONST13  10.0000000
Do 00000300 sec
D1 00000000 sec
D& 9.05000000 sec

INO 0.00001175 nec

GHANNEL f1
NUCT 1H
P1 8.50 usec
P2 17.00 usec:
PL1 4,20
PLIW 5.30020805 W
BFO1 £00.2228450 MHz
CHANNEL 13
NUC3 15N
P21 34.00 ugac
PL3 -3.00 dB
PL3W  121.78846792 W
SFO3 60.8337638 MHz

wwmmmm GRADIENT CHANNEL mumm=
GPNAM1 SINE. 100

GPNAM? SINE. 100
GPNAM3 SINE.100
[<l3] 70.00 %
QP 30,00 %
GPZ3 5014 %
P16 1000.00 usec
NDO 2
TD 1024

FO1 6083376 MHz
FIDRES 41.585579 Hz

W .000 ppm
FAMODE o4 Q
SF 500.2200208 MHz
WDW QSINE
S8B 2
4] 0.00 Hz
GB a
PG 1.40
SR 20.80 Hz
Sl 1024

2 QF

£F 508428780 MHz
WDW QSIN
88B 2
] 000 Hz
<l:] [}

AUD-AB-025-01

15N via 1H

HMBC nJd(NH)=10 Hz

aveoo



h_E

-190.4 ppm

--------- IBARRRARRE

6.8

]lrvvln|||I:n|||||||I::r:::nuuluuvurnrxul—;—u ....... [T B IBERRRAREE IR

6.4 6.3

6.0 59

ext,

——-200

—-198

—-196

- _194

--192

--190

——188

—-186

- _184

--182

—-180

--178

Standard
90% CH3NOZ in CDCI3

h

N615638

NAME audab02501
EXPNOQ 1
PROGN 1
Date_ 20110810
Tima 1 E.GS

INSTRI
PROBHD 5 mm CP’TCi 1H-
PULPROG hmbct3gnnadat_wz

0 1024

SOL THF

NS 4

D8 16

& 4681648 Hz

FIDRES 4571922 Mz

AQ 10684132 sec

ARG 512

Dw 106,800 usec

DE 6.50

TE 2005 K

CHNST12  10,0000000
01 20

D1 4.00000000 sec

N0 0.00001 175 sec
GHANNEL H
1H

NUC1

P1 §.50 usac

23 17.00 usac

PL{ 4.20 dB

PLIW 5.30020006 W

SFO1 600.2226450 MHz
GHANNEL 13

NUC3 15N

P21 34.00 usec

PL3 -3.00 08

PL3W  121.788407892 W
BFO3 60.8327636 MHZ

wannuu GRADENT CHANNEL manes
GPNAM1 SINE.100

GPNAM2 SINE.100

GPNAM3 SINE.100

GPZ1 70.00 %

apz2 30.00 %
Gpza 50.10 %
P18 1000.00 ussc
NDO
10 1024
SFO1 60.83378 MHz
FIDRES 41585579 Hz
700.000 pom

FNMODE

024
SF 600.2200208 MHz
Wow QSINE
888 2
LB 0.00 Hz
GB 9
PC 140
SR 20.80 Hz
8l 1624
MC2 QF
aF 60.542B780 MHz
WDw QSINE
588 2
LB .00 Hz
GB a

AUD-AB-025-01

15N via 1H

HMBC nJ(NH)=10 Hz

avboo



2930
THF

65536
32
2

“ave0o

PROBHD 5 mm CPTCI 1H-

PULPROG
™

0.183399 Hz
2.7263477 sec
9
41.800 usec
10.00 usec

278.0 K
600.2242403 MHz

131072

12019.230 Hz
600.2200218 MHz

H616833

TDO

1.00000000 sec
1
mmmamm=e CHANNEL f1 ssnmmm

02ee00—
029000
012200 /

AUD-AB-231
1H
ave00

278K

ppm

024800

060200

b

09£02°0

0L0LLO

088LL0

0902.°0

012220

027880

020680

000060

082060 o
o0zE2L'L = O\

303.9 Hz/cm

0.5064 ppm/cm,

Scale

0BSSY'L
ovesy'L -
0£0LY'L 4
0028%'L
00t6Y'2
05252
0LSYS'L
06/85°L
08549°L
018892
0060L'2
050222
050822
OLLLLL
050718
089v1'8
oLesL'e

10

,-||-|||--.x.-.luxxuunuxul--.--y..-Ixyu--...-Irunuuxulnluuv|----.Ixuuuvuuruluu..--unvluu-:-..-v||-|»|-|rx"|--




.................... '\.....’....,....‘.‘.‘..........'.4..“.'\.“..’\.'\....'\.'\,'\.'\,’\..'\;

\\\\\x\\\\\\ﬁz\\\\\\\\\\\\ Wi/

8
7
7
7
7
7
7

- P
o-Pk ™, P
O(LQ déﬁt
o
Ph N\ ’”\
0
g, A "
ql'fl;'vé
(2,44 63,04
oléa lﬁ, 3,24
ZU,Z‘/,Z{I{Z
19,45 250

8.2 8.1 8.0 7.9 7.8 Vo 7.6 Teb 7.4 713 T2 AP 7.0 ppm
Scale: 0.06212 ppm/cm, 37.28 Hz/cm

H616833

NAME audab231
30

EXPNO

PROCNO 1
Date_ 20120508
Time 103
INSTRUM

PROBHD 5 mm CPTCI 1H-
PULPROG . 6zg

855!
SOLVENT THF
NS 32

DS 2

SWH 12019.230 Hz
FIDRES 0.183389 Hz
AQ 2.7283477 sec
RG 9

bDw 41.600 usec
DE 10.00 usec
TE 2780 K

D1 1.00000000 sec
TDO 1
————— CHANNEL f1 mememmm e
NUC1 1H

P1 8.50 usec
PL1 4.20dB

SFO1 800.2242403 MHz

8l 131072

SF 800.2200218 MHz
WDW no

SSB 0

LB 0.00 Hz

GB 0

PC 1.00

SR 21.84 Hz

AUD-AB-231
278K

1H

avéeoo



H616833

NAME audab231
30

EXPNO

PROCNO 1
Date__ 20120508
Time 10.39
INSTRUM ave0o
PROBHD 5 mm CPTC| 1H-
PgLPROG 2g30
SOLVENT THF
NS

DS 2

SWH 12019.230 Hz
FIDRES 0.183399 Hz
AQ 27283477 sec
RG 9

Dw 41.800 usec
DE 10.00 usec
TE 278.0 K

D1 1.00000000 sec
TDO 1

memm=m== CHANNEL {1 ssssmmee

NUC1 1H
P1 8.50 usec
PL1 4.20 dB

PLIW 5.30020905 W
SFO1 600.2242403 MHz
131072

S|

SF 800.2200218 MHz
WDW no

§88 0

LB 0.00 Hz

GB 0

PC 1.00

SR 21.84 Hz

S56
M
SSH
@
4,0
@ 0 3293 739 322
) N
e DRON @ ® @
—_ > — K s
(2 (%) Gk & e « AUD-AB-231
d (2 \2) —
Z QO et 278K
¥ Jpw = 42.9 1H
| ' ' ! ) | ) ' ! ) | ) ' ' ' [ ' ' i ) | ! N ' ! | ' ' ! 3V600
6.0 5.5 5.0 4.5 4.0 3.5 ppm

Scale: 0.1616 ppm/cm, 97.02 Hz/cm



10.39

H616833

PROCNO

Date
Time

0983910~
099vL°0—
0SeEEL 0~
0LGLL0—
0SE€60°0—
028400~
02EE00—

029000

0Leeoo

0LL¥0°0

N~
OF

avé00
2g30
65536
THF
9
41.800 usec
1H
8.50 usec
ave00

1

32
)
12018.230 Hz

0.183399 Hz

2.7283477 sec
5.30020905 W
600.2242403 MHz

10.00 usec
278.0 K

1.00000000 sec

4.20dB

1H

PROBHD 5 mm CPTCI 1H-
smmmmmms CHANNEL f1 sescmmae

INSTRUM
PULPROG

AUD-AB-231

278K

ppm

97.02 Hz/cm

024800
080200

08/LL°0
0LS¥L'0
08EGL'0 ——=
028910 ——~
092810

0EPLZ0 .\.
009/9°0
0€£89°0
016690
09€0L°0
0LOLLO
08GLL0
090220
oL/2L0
0BLELD

oveEYL'0
008620 /

0S€LL°0
0€98.°0 —=
081080
00080
0€L08°0
0gEL8’0
061280
09LE8°0
081Ls8°0
0€€98°0
0L98°0
oisze0
006480
02880
020680
000060
082060
050160
025160
02€26°0
0€926°0
OV8E6 0
002960
09€.60
0v/86°0
02€66°0
0€000°L
09¥00°1L
oL8Lo'L
08.20°'L
0veeo’t
0L80°L
08090t
06490°L
06vL0'L
0€280°L
0Le80’L
006601
0L¥0L'L
ovoLL’L
oigel’t
0£002°%
oeove’L
09/82°1
0BeBE’L
0200¥'L
0609G°L
ov0LS'L
08LL9’L
ocgeel’L
0669L°L
0ze2g’t
006€8°L
0/968°L
0€LE02
000S0°2
066902
0v280'2
ovvege

iz

rﬂ )

0.0

0.1616 ppm/cm,

|

67
30,
Scale:

‘J——J_/_/_

e

L




AUD-AB-231 1

[ *1e6]

15
|

10

1 C:\Bruker\TOPSPIN wir

:=§§§§§§§%E§EEEEEEE£::___ _—

LA

1

audab231 90 1 C:\Bruker\TOPSPIN}| wir
Scale : B[L[531
AUD-AB-231 1 1 C:\Bruker\TOPSPINj| wir

| L J{_H_MM

2 [ppm]

i
600 MHz

“H-{%p]
YooMH 2



[ *1e6]

15

1

AUD-AB-231 1 1 C:\Bruker\TOPSPIN wir

audab231 90 1 C:\Bruker\TOPSPIN wir
Scale : 3.4531
AUD-AB-231 1 1 C:\Bruker\TOPSPIN wir

WMLJ/‘M\Jt b LMW,J!MMW .

600 MHz
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AUD-AB-227-0 C
AUD-AB-227-0 C

\-30.61
~28.70
26,10

| !
ngOR i 100&

gta-1-allyl complex Ta and Th (ca. 1:1)

R= CHJCHJ s

7a | '7b

(E,E)-diene-8

| /

150

-8.20

140

130

~120

110

—100

L-Ph

1.05—=
1.00—=

75 70 65 60 55 50 45 40 35 30 25

T T T T T T T T
20 15 10 5 0 -5
f1 (ppm)

-10 -15 -20 -25 -30 -35



C616834

NTOUNDNDN O r O W) D = N = O MU e N O 0O s
~

AMNMOOWWL0PSHW ™0 N \180\2% “x,r\:(\‘c:)io’(ﬁc&migg:K'J".I)OL()CJ()QII)(Vﬁ!\CJO\E\}CD'Q‘O\(\\_;CQl\r—i\oz\ﬂ(:ix*!"’)m\QLA’)\.{)(\)Q‘CJF*LDF!\O N e
OO NONMNHHQOUOMNOMEHEAOONOCOANANVXVOEWETOWWOWNNSHLTMANNHWONDOODONNAITINANAT O -HONNEHOASODOSTOWMOr N e S
LN SN N SRS A N B DRSS B GRS B B TR RS L AN RN TR . B A "-4'<"'""'4"<r‘(Y)r-4CD\DLﬂ‘.ﬂ(’)NOu’)("}@k@UWU":O\O\Lﬂ“:‘l.(’)LﬂQ"(‘ﬁr»lCD(X"(X)O:)N\‘:‘Iﬂ 5
mmmNN\ommmmu.nqu::rv:w;rNN(\]Nr-M—ﬂcommmmmmmmmmmmm<1'>mw<um\oa-'~~--"~<~--'-.¢--<-~-----m.- NAME audab231
QL LLOOMONOMOONMOOMOMOMNMMOMNMONNNNNNNNNNNNNNNNNNNN.D I.ﬂ 3o [l Sl el o B o BN @ BV e ] \D O o [TolTolTolTo ol ol r'1 r'"l r--% EXPNO 31
E I T o T T o I S B B R B o T B e T B B e B R R T B B B B e B e B I i \o W WY WwWwWwwwmwiwnw <r* L NN NN N e m
PROCNO 1
Date_ 20120508
Time 10.47
INSTRUM avé00
PROBHD 5 mm CPTCI 1H~
PULPROG 2gde30
| 1 D 80908
SOLVENT g
187 X NS 1325
8|l | DS 128
{ 1§/'\§:1714 10 o SWH 46296.297 Hz
Mgt Nge \ FIDRES 0.572209 Hz
“ 6 l “ 8 AQ 0.8738564 sec
I Z N VA RG 512
il P N—_ DW 10.800
%3 7 / 7 v . use
0 \ DE 50:99 use
24 P 2 — TE 278.0 K
“ N 47 D1 0.03000000 sec
»_ o7 // 6 Y§ D11 0.03000000 sec
~% _va G \ 3 TDO 1
v-3 s — /
\ P /f) T4 - = CHANNEL
w2 o8 NUC1
\ Pl
o PL1
29 PL1W 109.73103333 W
\ 31 SFO1 150.9419956 MHz
30 /
SL\\ == CHANNEL
/ T3 coopacz
31 NUC2
PCPD2 70.00 use
PL2 4.20 dB
PL12 22.51 dB
PL2W 5.30020905 W
PL12W 0.07821552 W
SFO2 600.2223000 MHz
SI 131072
SF 150.9252989 MHz
WDW EM
SSB 0
LB 0.80 Hz
| GB 0
PC 1.00
SR -140.11 Hz
I

220

60 40 20

Scale: 10.77 ppm/cm,

1626 Hz/cm

ppm

AUD-AB-231
13C{1H} @ 278K

avB00
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=

0 o C616834

ak

cel

_
O s
- Se—

[ B
180 175 170 165

I I B
160 155 150

Scale: 2.239 ppm/cm,

@
™N M 0
et O
M NN NAME audab231
2;§;§; EXPNO 31
PROCNO 1
Date__ 20120508
Time 10.47
INSTRUM av600
PROBHD 5 mm CPTCI 1H~
PULPROG zgde30
D 80908
SOLVENT THF
NS 1320
DS 128
SWH 46296.297 Hz
FIDRES 0.572209 Hz
AQ 0.8738564 sec
RG 512
DW 10.800 use
DE 50.99 use
TE 278.0 K
D1 0.03000000 sec
D11 0.03000000 sec
TDO 1
= CHANNEL f1 s
NUC1l 13¢
Pl 11.00 use
PL1 -1.00 dB
PL1W 109.73103333 W
SFOL 150.9419956 MHz
===m=mm= CHANNEL f2 ==smme=
CPDPRG2 waltz65
NUC2 1H
PCPD2 70.00 use
PL2 4.20 dB
PL12 22.51 dB
PL2W 5.30020905 w
PL12W 0.07821552 W
SFO2 600.2223000 MHz
SI 131072
d SF 150.9252989 MHz
WDW EM
| SSB 0
LB 0.80 Hz
GB 0
PC 1.00
SR -140.11 Hz
©
A
4!
ss
|
14 AUD-AB-231
—————— 13C{1H} @ 278K
145 ppm av600

337.9 Hz/cm
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C616834

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
™D
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

Dw

DE

TE

D1

D11

TDO

NUC1l

== CHANNEL £l ===

audab231
31

1

20120508
10.47
avée00

5 mm CPTCI 1H-
z2gde 30
80908

THF

1320

128
46296.297
0.572209
0.8738564
512
10.800
50.99
278.0
0.03000000
0.03000000
1

Hz

sec

use
use

sec
sec

13¢
Pl 11.00 use
PL1 -1.00 dB
PL1W 109.73103333 W
SFO1 150.9419956 MHz
mmmmm=m= CHANNEL f2 ===
CPDPRG2 waltzé5
NUC2 1H
PCPD2 70.00 use
PL2 4.20 dB
PL12 22.51 dB
PL2W 5.30020905 W
PL12W 0.07821552 W
SFO2 600.2223000 MHz
ST 131072
SF 150.9252989 MHz
WDW EM
88B 0
LB 0.80 Hz
GB 0
PC 1.00
SR -140.11 Hz
AUD-AB-231
13C{1H} @ 278K
av600
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dba o
TE

o D1
D11
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37
9
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S

3
5

1E
4
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[Fplee] [e0}
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28.3

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM

el

30.968
29.929
129.881

8
129.758
129.695
129.640
128.959
2
128.095
.6
.6
126.47

29.83
28.401
28.2

8

N
N

129.802

129.782
’28.992

128.934
128.913
51

129.394

———

e

NucCl
Bl
PL1

|
~ N PL1W
adhad SFOL

NUC2

p( 501 PCPD2
PL2
PL12
PL2W

d PL12W
SFO2
ST

| SF

WDW

SSB

LB

GB

PC

SR

®
o |
®

18, 4% ) 20,20, 2% 2

2,26, xé//Z,zz,ﬁ

40, AO | <:::>

CHANNEL £2

C616834

audab231
31

1

20120508
10.47
av600

5 mn CPTECE: AH-=
zgde30
80908

THF

1320

128
46296.297
0.572209
0.8738564
512

10.800
50.99
278.0
0.03000000
0.03000000
1

13C

11.00

-1.00
109.73103333
150.9419956

waltz65

1H

70.00

4.20

22551,
5.30020905
0.07821552
600.2223000
131072
150.9252989
EM

0

0.80

0

1.00
-140.11

AUD-AB-231
e e e e e ————————  13C{1H} @ 278K

1310 130:6 130.0 129.5 129.0 128.5 128.0 127.5 127:0 ppm
Scale: 0.2246 ppm/cm, 33.9 Hz/cm

avB800

Hz

sec

use
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K

sec
sec

use
dB
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w
w
MHz

MHz

Hz

Hz
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C616834

NAME audab231
EXPNO 31
PROCNO 1
Date_ 20120508
Time 10.47
INSTRUM av600
PROBHD 5 mm CPTCI 1H-
PULPROG zgde 30
D 80908
SOLVENT THF
NS 1320
DS 128
SWH 46296.297
FIDRES 0.572209
AQ 0.8738564
RG 512
DW 10.800
DE 50.99
TE 278.0
D1 0.03000000
D11 0.03000000
TDO 1
= = CHANNEL £l =

NUC1 13C
P1 11.00
PL1 ~1.00
PL1W 109.73103333
SFO1 150.9419956
= = CHANNEL f£2 =ws
CPDPRG2 waltz65
NUC2 1H
PCPD2 70.00
PL2 4.20
PL12 22.51
PL2W 5.30020905
PL12W 0.07821552
SF02 600.2223000
SI 131072
SF 150.9252989
WDW EM
88B 0
LB 0.80
GB 0
PC 1.00
SR -140.11

AUD-AB-231

Hz
Hz
sec

use
use

sec
sec

use
dB

MHz

use
dB
dB
w

w
MHz

MHz

Hz

13C{1H} @ 278K

av600



C616834

O e O LD LY N I g [
SRt e 2835493
r‘r-:b‘r" ™ R NAME audab2 31
oF e o o \li r‘\ v[{ rll r‘t xli }';XPNO 31
PROCNO 1
Date_ 20120508
Time 10.47
INSTRUM ave00
PROBHD 5 mm CPTCI 1H-
PULPROG zgdc 30
D 80908
SOLVENT THF
NS 1320
DS 128
SWH 46296.297 Hz
FIDRES 0,572209 Hz
AQ 0.8738564 sec
RG 512
DW 10.800 use
DE 50.99 use
TE 278.0 K
o= D1 0.03000000 sec
34 D11 0.03000000 sec
e 7 TDO 1
7 mmmmm===m CHANNEL fl s==s=es=
I NUC1 13C
| Pl 11.00 use
PL1 -1.00 dB
PL1W 109.73103333 W
SFO1 150.9419956 MHz
= CHANNEL f£2 -
waltzé
70.00 use
22.51 dB
5.30020905 W
0.07821552 W
@ 600.2223000 MHz
131072
150.9252989 MHz
® ;
0
0.80 Hz
0
1.00
tt -140.11 Hz
I
' |
; |
|
AUD-AB-231
13C{1H} @ 278K
18 17 16 15 14 13 12 11 10 9 8 7 6 3 4 3 2 1 0 -1 ppm av600

Scale: 0.9352 ppm/cm, 141.1 Hz/cm
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C616835

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

Ds

SWH
FIDRES
AQ

RG

DW

DE

TE
CNST2
D1

D2

SPNAMZ
SPOAL2
SPOFFS2

CHANNEL

CHANNEL f£2 =

audab231
32
1
20120508
11.08
ave00
5 mm CPTCI 1H-
deptspl 35
65536
THF
256
4
36057.691 Hz
0.550197 Hz
0.9088159 sec
512
13.867 use
51.34 use
278.0 K
145.0000000
2.00000000 sec
0.00344828 sec
0.00002000 sec
1
f1

13C
11.00 use
2000.00 use
120.00 dB
-1.00 dB
0.00000000 W
109.73103333 W
150.9405316 MHz
6.33 dB
Crpé60comp .4
0.500
0.00 Hz

waltz1lé

5.30020905 W
0.07821552 W
600.2223000 MHz

65536
150.9252989 MHz
EM
0
1.00 Hz
0
1.00

AUD-AB-231
dept135 @ 278K

aveoo
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H6168 Y2

NAME audab231
EXPNO 36
PROCNO 1
Date_ 20120508
Time 13.48

INSTRUM  av600

PROBHD 5 mm CPTCI 1H-

PULPROG noesygpph
102

D
SOLVENT THF
NS 4

DS 16

SWH 5411.255 Hz
FIDRES 5.284429 Hz
AQ 0.0946676 sec
RG 32

bw 92.400 usec
DE 10.00 usec
TE 278.0 K

Do 0.00008158 sec
D1 4.00000000 sec
D8 1.20000005 sec

D16 0.00020000 sec
INO 0.00018480 sec

CHANNEL f1
NUC1 1H
P1 8.50 usec
P2 17.00 usec
PL1 4.20 dB

PLIW 5.30020905 W
SFO1 600.2224440 MHz

= GRADIENT CHANNEL
GPNAM1 SINE.100
GPNAM2 SINE.100

GPZ1 40.00 %
GPZ2 -40.00 %
P16 1000.00 usec
NDO 1

D

SFO1 600.2224 MHz
FIDRES 10.568839 Hz
SW 9.015 ppm

FnMODE  States-TPPI
S| 1024

SF 600.2200196 MHz
WD QSINE

SSB

LB 0.00 Hz
GB 0

PC 1.00

S| 1024

MC2 States-TPPI
SF 600.2200198 MHz

WDW QSINE
SSB 2

LB 0.00 Hz
GB 0

AUD-AB-231

NOESY @ 278K

av-600
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H616842

NAME audab231
EXPNO 36
PROCNO 1
Date_ 20120508
Time 13.48
INSTRUM av600
PROBHD 5 mm CPTCI 1H-
— _F;BJLPROG no‘esygpph
= -
, 0:
v=-3 “V r SoLveNT THF
4

S 5412
= SWH 411,265 Hz
-y = v~2 ‘ FIDRES 5284429 Hz
V9 00945676 sec
_ )
V- v-Z ° ow 92.400 usec
DE 10.00 usec

278.0 K
Do 0.00008158 sec
D1 4.00000000 sec
D8 1.20000005 sec
D16 0.00020000 sec
INO 0.00018480 sec

CHANNEL f1
NuUC1 1H
P1 8.50 usec
P2 17.00 usec
PL1

4.20 dB
PLIW 5.30020905 W
SFO1 600.2224440 MHz

====== GRADIENT CHANNEL =====

GPNAM1 SINE.100
GPNAM2 SINE.100
GPZ1 40.00 %
GPZ2 -40.00 %
P16 1000.00 usec
NDO 1

D 512

SFO1 600.2224 MHz
FIDRES 10.568839 Hz
S

W 9.015 ppm
FnMODE  States-TPPI
Sl 1024
SF 600.2200196 MHz
WDW QSINE

SSB

LB 0.00 Hz
GB 0

PC 1.00

S| 1024
MC2 States-TPPI
SF 600.2200198 MHz
WDW QSINE
SSB 2

LB 0.00 Hz
GB 0

V-3 -v-¢Y AUD-AB-231

NOESY @ 278K

av-600



H616842

NAME audab231
EXPNO 36
PROCNO 1
Date_ 20120508
Time 13.48

INSTRUM  av600
PROBHD 5 mm CPTCI 1H-

ppm PULPROG  noesygpph
™ 1024
. SOLVENT THF
F ) NS 4
F R DS 16
F P 2 SWH 5411265 Hz
N r//’//%_:’—’r x\ 3.2 y4 -v-<L FIDRES 5284429 Hz
j o e Y ég 0.09;2676 sec
F ﬂq [
% K\ ///4//—/ F 2 bW 92.400 usec
F DE 10.00 usec

TE 278.0 K

- 3 3 DO 0.00008158 sec
r . D1 4.00000000 sec
D8 1.20000005 sec
c D16 0.00020000 sec
F 0.00018480 sec
. g E v-% -v-2 ll;fl‘b
v Eo 3 4 CHANNEL 1
F 5 NUC1 1H
B S e P1 8.50 usec
v "(f - V-3 P2 17.00 usec
PL1 420 dB

PLIW 5.30020905 W
SFO1 600.2224440 MHz

F 3 - 5 ====== GRADIENT CHANNEL =====
E GPNAM1  SINE.100
GPNAM2  SINE.100

u GPZ1 40.00 %
8 GPZ2 -40.00 %
'_ 3 6 P16 1000.00 usec
E . NDO 1

& D

512
SFO1 600.2224 MHz
FIDRES 10.568839 Hz

o SwW 9.015 ppm

F 3 7 FnMODE  States-TPPI
F S| 1024

r SF 600.2200196 MHz
F WDW QSINE

r SSB 2

F LB 0.00 Hz

E GB 0

— PC 1.00
-3.8 VA — v-2 si 1024

E MC2  States-TPPI
E SF_ 600.2200198 MHz
F WD! QSINE

-3.9 E oms

TTTTTTT

— _ o5 o5 AUD-AB-231

///// I — : p-A —v-z,v3

) = — ; 1“’NOESY @ 278K

s R R AT

l |
5.61 5.60 5.59 5.58 5.57 5.56 5.55 5.54 ppm

T T T A T T R e [ A R

av-600



v 7y V-1 H616842

250 29 294
NAME audab231
EXPNO 36
PROCNO 1
Date_ 20120508
Time 13.48
INSTRUM av600
PROBHD 5 mm CPTCI 1H-
pp m PULPROG  noesygpph
™ 1024
. SOLVENT THF
\/ i NS 4
E 16
r SWH 5411.265 Hz
r FIDRES 5284429 Hz
r A 0.0946676 sec
| ~ R 32
—37 NJU'\/ 284 2804 DW 92.400 usec
3 DE 10.00 usec
(572 r TE 278.0K
DO 0.00008158 sec
D1 4.00000000 sec
By e D8 1.20000005 sec
5 4 — y-4 D6 000020000 sec
”“,9 aliv v- v INO  0.00018480 sec
- 38 CHANNEL f1
s NUCH H
B P1 8.50 usec
v-{ P2 17.00 usec
PL1 4208
PLIW 530020905 W
SFO1  600.2224440 MHz
====== GRADIENT CHANNEL =====
r GPNAM1  SINE.100
3.9 GPNAM2  SINE.100
. GPZ1 40.00%
GPZ2 -40.00 %
P16 10001.00 usec
T 12
SFO1 600.2224 MHz
FIDRES 105686839 Hz
: BIMODE  Statow TAPI
———— — n tates-
Ll R r ! -84 s 1024
Za, br —4.0 Mf?"/“’ 2900 Y.
r wpw QSINE
B SSB 2
r LB 0.00 Hz
r cB 0
B PC 1.00
X ) 1024
B Mc2 States-TPPI
r SF 600.2200198 MHz
5 WDW QSINE
=41 SSB 2
r LB 0.00 Hz
X GB 0
— .~ —
]
v-4 /mé-a//./ V-d —v-4

.y.vu-::||.|.vvv-..'n.uvv-x||'|-v-v-.v-l||||||||.'|||n|:v.wlrvvrvrv-||u|v

4.4 4.3 4.2 4.1 4.0 3.9 3.8 37 ppm oo
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~1300

1200

~1100

—~1000
—~900

—800

~700

—600

~500

—400

300
—200
—100
—-100

0

—-200

UT—

STE~
60~
bh'E~C
e
85 c—

16—

r—

89'6—

dba

dba

COOR

eta-1-allyl complex Ta and 7b (ca. 1:1)

dba

K =EBn

Solv.

Solv.

/

5.0
f1 (ppm)

€80
[4axé

€&y

§59°¢

ﬁmm.m

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.5

6.0

6.5

7.0

7.5

8.0

8.5



apl17027 .
AUD-AB-216-0A°C

—33.42
—31.40
—28.84

-34000
;32000
;30000
;28000
N~ ;26000

Pd—Cl ———— Pd—Cl 4000
= ;22000

COOR COOR

7b -20000
| eta-1-allyl complex 7Ta and 7b (ca. 1:1)
18000

7a F=Bn
—16000
—14000
—12000

—10000
( (E,E)-diene-8 6000

/ 6000

4000

j 2000

i%* 2; --2000
— o B

65 60 55 50 45 40 35 30 25 20 15 10 5 0 -5 -10 -15 -20 -25
f1 (ppm)



1800

1700

1600

—1500

1400

1300

1200

—~1100

1000

~900
—800
~700

—600

—~500

400

300

—200

—100
—0

—-100

—-200

UT—

6v'¢—

85€—

8%

mmf/
PSP —~%
mm.vy

20'S
ST'S—
0zs~"

[44]

888
AUD-AB-216-E11S 3

ap18008

dba

Solv.

Solv

H,0

L

B

—00°T

—c0'¢

wmm.ﬁ L

—90°T [

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

f1 (ppm)



ap18008
AUD-AB-216-rt 16h

Brn2C

28.80

85000
;80000
;75000
;70000
;65000
;60000
;55000
;50000
;45000
;40000
;35000
;30000
;25000
;20000
;15000
;10000

5000

—-5000

140 130 120

110 100 90 80 70 60 50 40 30 20 10 0 -10  -20

f1 (ppm)

-30

-40

-50

-60

-70

-80

-90



1000

—~900
~800

~700
—600

—500

—400

~300

—200
100

—-100

we—
9ze~"
s
se€

e/
85—

18'¢—

99'6—
€9'6—

CO0OMe

--Pd

— I

-z

a

=

dba

o

Ta

two cyclobulens complexes (ca. 1:1)

L-Ph

dba

dba

Fstt

b1 |
€01

Feso [

wmm.m

149 %
ar'T |

34 32 30 28

50 48 46 44 42 40 38 3.6

56 54 5.2
f1 (ppm)

5.8

6.8 6.6 64 6.2 6.0

76 74 72 70

7.8

84 8.2 8.0



—40000

35000

30000

—25000

—20000

—15000

—10000

5000

—-5000

S 3 3 a
] X < o8
| |
COOMe COOMe
--Pd—0ClI Cl—Fd-.
1 ' |
\_ N
7a : b
two cyclobulzne complexes (ca. 1:1)
7a 7b
|
|
1 L-Ph
_y (EE)-diene-8
.Juud J — J i
T
2 8
T T T T T T T T T T T T T T T T T T T
45 40 35 30 25 20 15 5 -5 -10 -15 -20 -25

10
f1 (ppm)



6000

5500

—~5000
4500
4000

3500

3000

2500

—2000

1500

1000

—500

—0

—-500

—-1000

UT—

05°€—
8G°€—

[4°h4
304
104
SS'v

LY~
6LYv—T
8%

116~
45

MeOOC

Solv.

Solv.

AUD-AB-260-r.t. 3
AUD-AB-260-r.t. 3

86

Foo1

Fezr |

Fo80

F160

Frez

Frot

Fove
Feg

Feet |

4.0 3.5 3.0 2.5 2.0 1.5

5.0 4.5
f1 (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 5.5

9.0
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€CC’L
GZZ L
LeEC" L
6€C"L
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Computational Methods

Density functional theory (DFT) was applied to study the ring opening reaction catalysed by
the palladium complex. Geometry optimizations were carried out using the BP86'* functional
in combination with def2-SVP basis sets.>” In the case of palladium, 28 inner-shell core
electrons were replaced by an effective core potential (ECP) generated for the neutral atom
using quasi-relativistic methods, while the explicitly treated electrons were described by the
standard def2-ECP basis set.® The resolution-of-identity (RI) approximation’” was applied in
conjunction with the appropriate auxiliary basis sets to speed up the calculations. All relevant
stationary points were characterized as minima or first-order transition states by evaluating
the harmonic vibrational frequencies at the same level (RI-BP86/def2-SVP) that had been
applied for geometry optimization.

To check the sensitivity of the computed energy profiles, single-point energies at the
optimized RI-BP86/def2-SVP geometries were calculated using the standard B3LYP"'*!
hybrid functional and the modern M06 functional,'? in conjunction with different basis sets,
i.e., def2-TZVP" and 6-31G*.'* For the M06 calculations, the palladium was described by
the LANL2DZ effective core potential (ECP) and the associated double-C basis set. The
influence of the solvent environment (THF, dielectric constant € = 7.426) on the relative
energies was investigated through single-point calculations with the conductor-like screening
model (COSMO)."> Empirical Grimme-type dispersion corrections were incorporated at the
B3LYP level using the latest parametrization (DFT-D3);'® the corresponding results are
denoted as B3LYP-D.

Zero-point energies (ZPE) were computed from the harmonic vibrational frequencies (RI-
BP86/def2-SVP). Relative free energies (AG) at standard pressure (1 bar) and 298.15K were
determined at the RI-BP86/def2-SVP level. The required thermal and entropic contributions

were evaluated within the rigid-rotor harmonic-oscillator approximation.
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The DFT computations were performed with TURBOMOLE (version-6.4)'"'"® and

. 19
Gaussian09.

Survey of Computational Results Presented as Supporting Information

Table S1 summarizes relative energies (with and without considering the zero-point
energy corrections) and relative free energies with respect to the energetically lowest-lying
complex 7a. Table S2 lists the single-point results for relative energies evaluated at different
levels. Figures S1-S13 show the optimized geometries of the stationary points along the
reaction profile and selected values for important bond lengths. The free energy profile
(evaluated at 25°C) for ring opening and 7'-7°-5" isomerization is presented in Figure S14,
and the shape of highest occupied molecular orbital (HOMO) of TSying-1 (see below) is
illustrated in Figure S15. The following summary of the DFT results for these reactions

focuses on the geometries and relative free energies calculated at the BP86/def2-SVP level.

A total of 49 starting geometric configurations were considered for the isomer screening
of nl-complexes, from which we identified the energetically lowest-lying isomer 7a (Figure
S1) and an almost as stable diastereomer 7b (Figure S2). In both species, the cyclobutene unit
contains rather long C-C bonds (1.58 A) between the carbon atoms bonded to palladium and
the ester group. The ring opening reaction in 7a and 7b proceeds via the transition states
TSring-1 (Figure S3) and TSying-2 (Figure S4) and yields the products E,E-(8) [7a] (Figure
S5) and E,E-(8) [7b] (Figure S6), respectively. The corresponding barriers are computed to
be 17.3 and 19.8 kcal/mol, respectively, at the BP86/def2-SVP level. In an attempt to
characterize the 7' 773-771 isomerization pathway, starting from 7a, the palladium atom was
moved along on top of the cyclobutene unit by performing relaxed potential energy surface
scans. The transition state TS-1 at the beginning of the 7'-7® isomerization reaction (Figure
S7, 14.9 kcal/mol) lies energetically below the ring opening transition state TSying-1. The
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resulting ns-isomer T]3-1 (Figure S8) has a relatively long Pd-N bond (2.23 A) and lies 10.1
kcal/mol above 7a. A facile rearrangement via TSjn-1 (Figure S9) with a barrier of 2.1
kcal/mol leads to an intermediate minimum INT (Figure S10, 6.9 kcal/mol), in which the Pd-
N bond of the ligand unit has been cleaved. In the next step, the palladium-bound chlorine
atom adopts a new orientation (facing the forefront) followed by re-coordination of the
ruptured Pd-N bond. This rearrangement via transition state TSijn-2 (Figure S11) with a
barrier of 5.2 kcal/mol gives rise to the ng-complex n3-2 (Figure S12, 7.7 kcal/mol), which
isomerizes via another low-lying transition TS-2 (Figure S13, 9.8 kcal/mol) to 7b (Figure S2,
0.8 kcal/mol). Note that all stationary points along the 7™-7°-7" isomerization pathway are of
lower energy than the ring opening transition states (see Figure S14), which explains the slow

interconversion observed during the EXSY/NOESY experiments.

The single-point energies for the computed reaction profile (Table S2) generally show the
same trend as the BP86/def2-SVP gas-phase energies at fully optimized geometries (Table
S1). In view of the fact that the actual reaction has been carried out in solution, the
BP86/def2-TZVP results from solvent single-point energy calculations should be considered
most realistic. They differ from the BP86/def2-SVP relative energies typically by only 1-2

kcal/mol.
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TABLES

Table S1. Relative total energies (with and without ZPE corrections) and free energies (in kcal/mol) with respect to complex 7a obtained at the
BP86/def2-SVP level.

Stationary points
E,E-8[7a] TSing-1 7a TS-1 7-1  TSinrl INT T Sint-2 -2 TS-2 7b TSring-2 E,E-8[7D]

Rel. Total Energy -15.54 19.35 0 1729 1247 14.07 10.07 13.92 10.00 1093  0.78 21.80 -15.03

Rel. Total Energy

+ -15.73 18.09 0 16.43  11.87 13.15 9.35 13.18 9.68 10.37  0.93 20.56 -15.30
ZPE
Rel. Free Energy -17.34 17.26 0 1493  10.14 12.24 6.86 12.09 7.66 9.80 0.84 19.84 -18.66
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Table S2. Relative energies (in kcal/mol) with respect to complex 7a obtained from single-point calculations at different levels of theory (see methodology
section).

Method Stationary points

EE-8[7a] TSigl 78 TSI 771  TSmel INT  TSw2 72 TS2 7b  TSug2 EE-8[7b]

B3LYP/def2-TZVP -20.88 19.24 0 2024 17.12 16.63° 10.04 15.90 13.84 13.87 2.15 22.98 -20.31

B3LYP-D/def2-TZVP -15.06 23.09 0 24770 21.44 21.80 16.22 21.18 18.45 18.87 6.92 27.94 -13.03

BP86/def2-TZVP

. : -20.22 16.30 0 15.12  12.04 13.67 8.89 11.99 6.67 937 237 20.09 -19.59
(solvent single-point)

MO06/6-31G** -6.80 31.20 0 19.61 16.39 15.56° 12.14 15.59 1427  15.16  6.55 34.13 -4.18

% Palladium was described by the LANL2DZ effective core potential (ECP) and the associated double- basis set.

b The single-point energy of the transition state lies below that of the preceding minimum due to the fact that the geometries were not re-optimized.
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Figures

Figure S1. Optimized geometry of 7' complex, 7a at BP86/def2-SVP level. The hydrogen
atoms are omitted for clarity (color code: gray balls are carbon; orange ball is phosphorus;
red balls are oxygen; green ball is chlorine, blue ball is nitrogen and dark cyan is palladium).
Some important bond lengths are also given.
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Figure S2. Optimized geometry of 77* complex, 7b at BP86/def2-SVP level. The hydrogen
atoms are omitted for clarity (please refer Figure S1 for color code). Some important bond
lengths are also given.
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Figure S3. Optimized geometry of TSying-1 at BP86/def2-SVP level. The hydrogen atoms
are omitted for clarity (please refer Figure S1 for color code). Some important bond lengths
are also given.
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Figure S4. Optimized geometry of TSying-2 at BP86/def2-SVP level. The hydrogen atoms
are omitted for clarity (please refer Figure S1 for color code). Some important bond lengths
are also given.
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Figure S5. Optimized geometry of E,E-(8) [7a] at BP86/def2-SVP level. The hydrogen
atoms are omitted for clarity (please refer Figure S1 for color code). Some important bond
lengths are also given.

E,E-(8) [7a]
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Figure S6. Optimized geometry of E,E-(8) [7b] at BP86/def2-SVP level. The hydrogen
atoms are omitted for clarity (please refer Figure S1 for color code). Some important bond
lengths are also given.
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Figure S7. Optimized geometry of TS-1 at BP86/def2-SVP level. The hydrogen atoms are
omitted for clarity (please refer Figure S1 for color code). Some important bond lengths are
also given.

TS-1
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Figure S8. Optimized geometry of n3-1 at BP86/def2-SVP level. The hydrogen atoms are
omitted for clarity (please refer Figure S1 for color code). Some important bond lengths are
also given.
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Figure S9. Optimized geometry of TSjn-1 at BP86/def2-SVP level. The hydrogen atoms are
omitted for clarity (please refer Figure S1 for color code). Some important bond lengths are
also given.
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Figure S10. Optimized geometry of INT at BP86/def2-SVP level. The hydrogen atoms are
omitted for clarity (please refer Figure S1 for color code). Some important bond lengths are
also given.
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Figure S11. Optimized geometry of TSjn-2 at BP86/def2-SVP level. The hydrogen atoms
are omitted for clarity (please refer Figure S1 for color code). Some important bond lengths
are also given.

TS -2
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Figure S12. Optimized geometry of 113-2 at BP86/def2-SVP level. The hydrogen atoms are
omitted for clarity (please refer Figure S1 for color code). Some important bond lengths are
also given.
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Figure S13. Optimized geometry of TS-2 at BP86/def2-SVP level. The hydrogen atoms are
omitted for clarity (please refer Figure S1 for color code). Some important bond lengths are
also given.

TS-2
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Figure S14. Free energy profile (25°C) for the ring opening and 7'- 773- 17" interconversion
pathway at BP86/def2-SVP level.
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Figure S15. Plot of the highest occupied molecular orbital (HOMO) of the conrotatory ring
opening transition state (T Sying-1) for complex 7a at BP86/def2-SVP level.
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CARTESIAN COORDINATES OF OPTIMIZED GEOMETRIES (BP86/def2-SVP, A)

E,E (8) [7a]
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0.5456076191
-0.4713467353
-1.7690299957

0.5524990271

2.2848320463
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0.6317895344
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-3.9961996446
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-3.0779445800
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3.0159507846
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2.0892081694
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-1.1396157950
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2.7072264488
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3.8735576037
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3.3881425983
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2.9723442651
-2.4031894074
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-4.2616679429
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-3.2475157813
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-2.9056929380
-3.8677509344
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-2.6637863608
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-1.0344643434
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2.6692649516
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0.9834281463
0.6558695887
0.4041953668
0.4604196147
0.7631851763
1.0284496150
0.5617894592
2.1142808911
3.6805256334
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3.8526460963
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-1.1325652406
-1.5504492153
-2.8663863303
-3.7650136236
-3.3548904467
-2.0551569712
-0.6743793325
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1.5696711670
0.6989531518
1.2100124453
2.5992701025
3.4726903812
2.9624199674
0.3113796865
1.4058408871
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0.0613406569
-1.0370603129
-0.9154781427
3.5323999602
4.1797506515
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0.3791758955
-0.4238476963
-1.6537041692
-2.7700751106
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0.2865364767
0.0352802109
-0.7245486872
-1.2444367104
-0.9904326733
1.0680241887
1.1682752243
2.1161407168
2.2330968611
1.7376239272
3.4179315905
4.4240386383
5.6157495049
5.8143126627
4.8115266789
3.6185573476
1.7383861488
2.6285273155
3.8603737794
4.2195288082
3.3450583650
2.1098801222
0.0203785250
-1.3348569487
1.6160373255
1.5830912772
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0.4424938575
-0.9145081794
-1.8513115367
-1.4036181148
0.1496118185

-4.6445161038
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-5.5960899898
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-4.7168112420
-5.5493402011
-5.1336073866
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-1.2585246339
-2.0172788786
-3.2523637767
-3.7225145021
-0.8201197665
-0.8600678707
0.2114589134
1.0589918404
0.1852231153
-0.3831410697
-0.8530661609
-1.3917703433
-1.4707376082
-1.0169856238
-0.4789752982
-4.5716644566
-4.6301498794
-5.2928161963
-5.8910777247
-5.8223718747
-5.1650232618
-0.1443927625
-6.8777651680
0.7600316531
1.9583150042
1.3589773614
-0.2840927291
-1.6385123230
-3.8600667601
-4.6944991425
-6.7178228553
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0.8029584974
1.2926847472
1.2169772067
1.7852975503
1.9981063787
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2.1397917927
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3.6373633487
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-1.6834493191
-4.0296719279
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-2.6833450267
1.4375458095
3.6274523830
5.1885523074
4.5468446498
2.3569343365
2.8140327281
4.9574427351
6.7515217625
6.3938014791
4.2800932309
-1.6967232206
0.1737207735
0.8798406005
0.4865193808
-2.4013311201
-1.9789078096
-2.7773319125
-3.2497898123

-0.9034789009
0.0357587998
1.3672702378
0.2785293960
-1.0381125195
-1.2573999009
-0.1679575254
1.1412795342
0.4465443924
-3.2617761713
2.2812447192
3.0869602315
4.4696425190
5.0634634124
4.2679422090
2.8831772060
-0.0287026604
-0.3437705070
-0.6527599809
-0.6853022034

-8.4071379765
-7.6950526642
-5.2801045105
-3.5895200681
-5.1069926615
-6.2793606627
-6.4044588886
-5.3290409772
-4.1364010107
-0.1451457824
-1.0810109176
-1.8871235473
-1.7509360612
-0.8043365463
-2.8371702001
-5.2268226453
-4.9649735248
-2.1063417791
-7.7575261286
-8.7785984667
-7.5141094121
-7.6810979261

0.1604840303
-0.4597909040
-3.3921903428
-2.5174808764
-3.0371459300
-4.3997612223
-5.2665056088
-4.7610492909
-0.7228940115

0.7419775234
-0.4164340648
-0.3923672573
-0.1665194495

0.0379151783
0.0253639393
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-5.2438522738
-4.0207156887
-1.6712887223
-0.4131574717
0.3809519116
-0.6606098893
-1.9349699940
1.6310916246
1.5872092095
2.7416493689
3.9561159380
4.0097702795
2.8537658660
1.6977172551
2.6309813791
2.2069752974
3.2959206185
4.2752162598
3.0234240881
3.9746256092
0.6725464872
-0.6794964073
-0.5347403587
-4.1242628202
-6.2387506538
-6.1621545258
-3.9971307860
-1.8091295189
-2.2158601864
-2.2856600519
-1.9194266589
-1.4623146305
-3.3389462552
-3.1598284291
-0.9142922686
1.1547631934
0.9681364963
2.9000463017
4.9581457354
4.8611699253
2.6939469694
0.6426140298
1.4350619082
1.4571297120
3.3655312159
3.0458309192
3.6091438577
4.9835876903
4.0435033713

-0.4065758139
-0.0787838340
-0.4274814350
-0.4473505000
-0.7864573307
-0.6355757640
-0.5834384598
0.0543796564
1.4591496748
2.2296509012
1.6063374386
0.2081325356
-0.5618747905
-1.4078836031
-1.3428171658
-0.0030199168
-0.1081436386
-0.8295406189
0.7161525680
0.6773405244
-1.8520301475
-1.4887638112
0.3097437606
-0.8904032507
-0.9400897936
-0.4386694788
0.1431656514
2.3971493156
1.9986179666
-0.3415285238
-2.2865388166
-1.8896693119
2.6311140793
5.0868472342
6.1474771478
4.7252950205
2.2472932570
-1.6593705866
-0.2882417683
2.2110999907
3.3247914418
1.9515748335
-2.2624954166
0.7463380382
0.8059735536
-2.0881364767
1.3919780508
0.9711791335
-0.3419921471

-0.0026427399
-0.6092230800
2.3947183696
2.0640815071
3.2666432595
4.4069830423
3.7193657869
3.4433567312
3.3186752745
3.5282209409
3.8669726629
3.9887896387
3.7751014451
-1.4172731207
-0.2820899893
-1.8860347841
-2.9525026831
-2.9062256055
-4.0009165846
-5.0754219028
3.1289043501
5.1109635638
4.9760998494
3.1906266296
1.8614911967
-0.6089427649
-1.6861775930
-3.0061417775
-5.4353039500
-6.3384240033
-4.7903204419
-2.3630542947
-0.5429107596
-0.1472111923
0.2150021391
0.1939850492
-0.1735195660
3.8590760821
4.2459614558
4.0317107574
3.4247669654
3.0379095235
-2.0611128791
-2.2037976548
0.0786171147
0.4074323854
-5.8343202500
-4.7216620912
-5.5061802861
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0.4707460690
2.4276657524
-2.1419363749
-1.9012893287
-1.9903708608
-2.3369578490
-2.5762666649
-2.4743011234
-1.3613231317
-0.9579899724
-1.2615456330
-2.3582998421
-2.2010971617
-0.9512268805
0.1464897346
-0.0050897730
-2.8877808730
-2.8329306560
-4.0366246820
-5.2713537195
-5.3250667761
-4.1425474052
-1.5908383119
-0.3516810810
0.5084505844
-0.4901036182
-1.7898298219
1.6893109614
1.5553469404
2.6382837548
3.8676637613
4.0100569099
2.9268049145
1.8421176859
2.4849395745
2.3061026038
3.6604681485
4.6519869552
3.6239095188
4.8466775767
0.8990639569
-0.4586734859
-0.3572572714
-3.9846502779
-6.1883014017
-6.2864478389
-4.1925638085
-2.0695806572
-2.6578106695

-1.0592024155
-0.1762215521
1.4125052544
0.2984209549
-1.0082297148
-1.1860569291
-0.0730014370
1.2237885853
0.4264641871
-3.0358512031
2.2546325588
3.0418831126
4.4197009644
5.0316426401
4.2571403228
2.8773867256
-0.0480430459
-0.4396579568
-0.7674065385
-0.7385222969
-0.3713934228
-0.0286768288
-0.5516978282
-0.5733871758
-0.8297545692
-0.7424590971
-0.6924273233
0.1178642674
1.4884620884
2.3645682612
1.8838694878
0.5196971736
-0.3570167279
-1.6774092528
-1.6227634425
-0.2355440020
-0.1935095748
-0.8225371773
0.6555266904
0.7625789824
-1.8655459153
-1.6207290039
0.1830518472
-1.0668673042
-1.0109780931
-0.3482073420
0.2581711595
2.4317886227
2.0991914282

-0.0690972065
-0.3152824636
-3.3783970126
-2.5462661053
-3.0859338524
-4.4336476433
-5.2606857338
-4.7316501465
-0.7841170609
-0.1435090614
-0.4713125719
-0.0552296172

0.1718580276
-0.0211844895
-0.4346540670
-0.6468950804

0.1650525845

1.5373719703

2.2083454318

1.5500589123

0.1982832639
-0.4767248533
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3.6751380431
3.2376409120
2.9330547248
3.1079814555
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3.8954345549

3.7154225109
-1.5314763241
-0.2299439726
-1.8654920666
-2.5725171695
-2.2508789004
-3.6347471940
-4.3797346562

3.0047316514

4.9770719083

4.9024059304

3.2630412809

2.0938934241
-0.3377062691
-1.5373207797
-2.9697973722
-5.3740719400
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-2.8391231342
-2.4121320141
-1.7870275439
-3.3435490350
-3.0643270821
-0.8311263441
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0.8622362924
3.0458681547
4.9715126949
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0.3212688299
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1.6960355990
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-5.0574281796
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-1.1494413724
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-2.2051494118
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5.0192883489
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2.2684571043
-1.4288656520
0.1325907390
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3.4306373242
1.8651120529
-2.5147512251
0.4360678278
0.6151478769
-2.3556111354
1.4842730180
1.1230075465
-0.2205807514
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-0.4624945984
-0.0597661633
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2.1434228397

2.8748610094
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-0.7074996698
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-0.5843195031
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-2.8556270191
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0.1236201182
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0.2774064888
1.4767405935
1.5457305468
0.4170233919
-0.7845506888
-0.8506065111
1.7655955465
2.8845955488
4.0898136362
4.2083387305
3.1120505429
1.9092129672
2.8653852381
2.3199479918
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1.9480974829
0.5137490913
3.2558085849
3.0050842605
4.0643684480
5.3864957788
5.6443808598
4.5849608380
1.1978391999
2.2055697852
1.0057046521
1.8983063276
3.0734899567
1.2042802352
1.9518503547
2.3298961193
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2.3515645892
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-4.0462182370
-5.3820761649
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-5.1513650026
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-4.7223577318
-2.8040745395
-1.5927843058
-0.8369324259
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0.3802905281
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4.7930804576
6.6760167212
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3.8524836952
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-1.8804597146
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0.4409141794
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-2.0128119299
-1.8294628084
2.3986132873
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2.5340384517
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-1.8229251027
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-0.6066285699

-0.9845403176

-0.1245378924

3.8458155907
4.0160425123
1.9866670098
1.7904679827
1.5347729645
1.4758025689
1.6668156671
1.9162274267
-2.3062516381
-1.4398834599
-3.0058019635
-4.2379969575
-4.3070131227
-5.2663854646
-6.4763719245
1.8003222192
4.1990987599
4.4610551795
4.9374401737
5.1561119748
3.1866675588
1.0547264303
-1.1284064562
-2.7495855823
-3.5687752028
-2.7577635737
-1.1498240659
2.3641714236
2.4900999668
0.4711489768
-1.6753493625
-1.7904528336
2.0527828950
1.6127728524
1.2734731990
1.3758591759
1.8204637220
-2.6397327584
-3.2399605905
-1.4591096767
-0.8691736361
-7.1962705860
-6.2985568983
-6.8690241351

-0.9383919082
1.9753394914
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1.1987108978
-3.5513351806
-2.8918493153
-3.3575008996
-4.4640076252
-5.1109262472
-4.6526871733
-1.4062561392
-0.8427729639
-0.9274022981
-0.9797691054
-0.5778032551
-0.1253659697
-0.0750698561
-0.4674066189
-2.1764863235
-1.4303017522
-2.0992200069
-3.4868766028
-4.2249978305
-3.5736949676

0.0337186857

2.1695383043

2.0218175571

0.5914960247

3.2877428088

3.0225454458

4.0767377782

5.4082698300

5.6813918766

4.6276297181

1.5541634499

2.1199611984

0.9199710273

1.8244667646

3.0151350318

1.1190467311

1.8765425228

2.3584119316

2.4888843947

2.4040588027
-1.5006031937
-3.9896550811
-5.3167406938
-4.1730878522
-3.2069212636
-5.1562669156
-5.9731762151
-4.8191366002
-2.8485506210
-1.3374040655
-0.6240143278

0.1866962963

0.2761085928
-0.4288641836

0.1536954981
1.7922074192
0.5831379407
-0.6240996768
-0.6142420763
0.5951925697
1.7959775502
0.4592573201
-2.9141868989
2.2236059646
2.8247407107
4.1602050803
4.9133534489
4.3232216196
2.9870479871
-0.0675098347
-0.6387736975
-1.0943255593
-0.9668669685
-0.3827568989
0.0507806486
-0.7710372739
-0.6809120562
-1.4949606345
-1.6596222176
0.3444424215
1.7126030424
2.6386869199
2.2104912860
0.8484317998
-0.0763426114
-1.8530862227
-0.6878132902
-0.9853951980
-0.8903005525
-0.6389505672
-1.1293713380
-1.0786396289
-1.3836925800
-2.4971656383
-0.9335161141
-1.5513836994
-1.3243393891
-0.2706686827
0.4813275081
2.7376862223
2.7462888082
0.6014673008
-1.5600643763
-1.5720598005
2.2472032092
4.6153340173
5.9600557594
4.9054177260
2.5336358746

-2.4141387209
-1.2932756392
-0.9860738301
-1.5598281190
-2.4229756297
-2.7336373307
-2.1676111216
0.1272122628
0.0546796178
0.4106710683
1.6850518366
1.8585187619
0.7628773624
-0.5117577990
-0.6851569302
1.7440071746
2.8154292260
3.9737234772
4.1038226381
3.0641878241
1.8982903731
2.7653363408
2.1800350699
3.5022820964
3.6415982837
2.2089367933
2.4154707123
2.4863710229
2.3544379161
2.1410378450
2.0649864569
-2.3155486434
-1.7025175301
-3.4387643176
-4.6700160582
-4.6540169963
-5.8042559389
-7.0245343490
1.3348055847
3.4732786478
4.3831778958
4.7736900523
5.0151944124
3.1490424343
1.0841553275
-0.8484956249
-2.4039812258
-3.4184118862
-2.8606246861
-1.3129730135
2.5498961292
2.8601946341
0.9007529023
-1.3776073734
-1.6872218524
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4.8492568468
6.7209810358
6.2330537326
3.8541492366
1.9765924210
1.8251141440
-0.1229521953
1.1666844886
2.9315002749
1.1617498783
2.3287491163
2.6927077801
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-0.8940265972

-0.1751036293

0.3677369996
-0.7808431453
4.6461032836
3.8055449412
3.8398438562
4.7025309222
5.5437999359
5.5128450648
2.9206649519
1.7212914461
1.5922471150
2.5891047664
3.6196424313
0.4759380458
-0.6932900375
-1.7074410866
-1.5875250088
-0.4354178314
0.5819285193
-0.9364918136
-0.1953072143
-0.0493158876
0.5067358344
0.9200632393
0.7811082795
0.2359177412
0.6344089292
-1.0782581155
-1.1724398975
-2.2355979324
-2.4157500543
-2.7593736310

-1.1416963167
0.5045011734
2.9376587885
3.7059481371
2.0426181225

-2.9179209072
-1.1880680494
1.2438065055

-0.4999063417

-1.2981098706

-0.0764963136

-1.8289034674

-2.7180496059
-0.4261462431
-0.6691632994
0.9231029116
-0.6412168971
-0.3392593260
0.9592511598
1.9327352865
1.6208361960
0.3299781954
-1.4196759005
-0.9162840903
-1.5860856894
-2.4704204967
-2.2785680826
-1.5380199779
-0.7385071544
-0.8118231491
-1.6367427738
-2.4151680693
-2.3632887485
0.4069776146
1.9969593718
2.3056666443
3.5340046717
4.4684623419
4.1679135704
2.9365560027
0.6866793890
-0.2848550883
0.1234767498
-0.4729594040
-0.1646995069
0.7181200110

1.8867155155
2.0261246723
2.4100052275
2.6413381632
2.5006127569
-2.3020358469
-3.7535925842
-2.5504984817
-0.9865934671
-7.8371569228
-7.1664665697
-7.0130135818

-0.3208976854
-0.8381150060
-2.9042473183
-2.3998010855
-1.6190850217
-0.5273543594
0.0205923719
-0.5098618501
-1.5917969478
-2.1461311943
0.0674768011
0.7557784315
1.8556228831
2.1582388685
1.1624294615
2.8206616714
2.6451821771
3.6215334148
4.7518206612
4.9248871426
3.9647395815
1.1974514664
1.8024151041
3.1726471517
3.5686200996
2.6042263643
1.2383575250
0.8407817256
-2.4698200538
-3.3276747958
-4.7990526859
-5.3972549938
-6.7883514378
1.2002357456
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-3.3466857852
-4.7393596719
-5.5506520738
-4.9668964102
-3.5774355598
-0.4096691584
2.5625469358
3.9567115638
4.4718488402
1.4837565399
-0.3285439260
-2.4016887673
-2.6215194168
-2.7169181399
-5.1899380239
-6.6408025560
-5.5989187228
-3.1089756609
0.3685733161
0.6185810345
1.3556552094
1.1083448084
0.1501266216
4.6157604761
6.1606650354
6.2179973071
4.7141570866
3.1668361372
1.0153927482
-1.9072777277
-1.3814519067
1.5373518981
-3.3070650280
-2.5729492181
-1.5278669202

-1.1438630999

0.0451698859

0.6878282322
-0.9501620786
4.5030258628
3.6922284221
3.7343813472
4.5740594096
5.3847668167
5.3473112612

1.9246758010
2.1014409388
1.0761828892
-0.1284846031
-0.3097811965
0.8769940526
-2.0770452467
-3.2714494110
-1.7438073377
-2.9787884034
-3.0701845911
-1.6685918131
-0.2144447402
2.7309135531
3.0480251394
1.2166570958
-0.9333770445
-1.2460858651
1.5818475435
3.7603675249
54297343119
4.8916158889
2.6897909876
-1.6477390780
0.0800808685
2.3852600400
2.9446551823
1.2044019386
-1.4719000198
-0.9689083487
1.8260240437
1.2910544121
-0.7300009087
0.9230614556
-0.4689159604

-2.4808882785
-0.2091303216
-0.3013952435
0.7666852477
-0.7014406733
-0.4233362950
0.8651688967
1.8535419677
1.5661535794
0.2852849449

1.6348356752
1.5482127895
1.0359331410
0.6020057308
0.6722035812
-5.3767680093
-0.7578741605
0.8101871098
1.6344542280
4.0805326928
5.8027396434
54921531391
3.4911986626
2.0404506852
1.8851018880
0.9703265183
0.1958733054
0.3187473013
3.9374108891
4.6404120443
2.9177523333
0.4760259930
-0.2282365682
-2.0677457560
-3.0005542968
-2.0077183927
-0.0759706520
0.8562085435
-3.2850471918
-3.0637363320
-2.2102772106
-2.3143455332
-7.1138782345
-6.9349695177
-7.3784726403

-0.4844250738
-0.7138420495
-2.8003106733
-2.2920361982
-1.8345787285
-0.7153170797
-0.1444302098
-0.6829980573
-1.7949320153
-2.3702374128
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2.8455732643
1.6014213287
1.5054612096
2.5573789978
3.5613501677
0.4002304739
-0.7180628755
-1.7124568527
-1.6258057240
-0.5220040187
0.4788653948
-0.9124310218
-0.2102940859
0.1456509794
0.6978050882
0.8920479739
0.5407503123
0.0054277490
0.4715686160
-0.7927411456
-1.0162364149
-1.8475139856
-2.1322373097
-2.7322291762
-3.3326548770
-4.7207394238
-5.5139351213
-4.9157702720
-3.5299609224
-0.5333656860
2.5405858058
3.8877406463
4.4246402225
1.3404098345
-0.4398864468
-2.4261202218
-2.5853364791
-2.7175355153
-5.1817944400
-6.6010186319
-5.5334177764
-3.0488711162
-0.0083447860
0.9751375557
1.3221250287
0.6943439153
-0.2451802516
4.4688534229
5.9722485167
6.0405374383
4.5915400356
3.0885258688
1.5862118466
-1.3218196703
-1.8296531931

-1.5274348974
-1.0601947165
-1.6197659151
-2.3995489869
-2.2934118437
-1.5673714484
-0.6850743390
-0.7645007525
-1.6825204132
-2.5418644054
-2.4785389542
0.5698883548
2.1162967314
2.2403050778
3.4397082669
4.5296672135
4.4144664928
3.2133569248
1.0564444296
-0.4587631622
-0.0966644324
-0.9904391671
-0.7388607415
0.8805247426
2.0449804710
2.2351561477
1.2657308143
0.1046228696
-0.0929423693
0.8599792596
-2.2298359309
-3.3135969983
-1.7289247335
-3.1566218072
-3.2706629733
-1.7241234736
-0.0978546692
2.8077964859
3.1477332047
1.4164506026
-0.6568756853
-0.9998298169
1.3958699985
3.5207860401
5.4683285903
5.2625105297
3.1180355900
1.7016880679
0.0543579520
2.3429184125
2.8578060509
1.0964792236
-0.8308416274
-1.3913672818
1.4106989971

-0.1058086349
0.5370881839
1.7072277816
2.0778986861
1.0441226311
2.6883907420
2.6095453630
3.6043110463
4.6630533865
4.7459057336
3.7696321377
1.2559747243
1.9997205044
3.3599986753
3.8436066343
2.9797600317
1.6224902407
1.1336811115

-2.3668371655

-3.2361279542

-4.7023385650
-5.2995019812

-6.6832583569
1.1906547684
1.7160108277
1.5976861961
0.9624337946
0.4399596423
0.5429109408

-5.2836371821

-0.9124732063
0.7662636562
1.4540520219
3.8217310111
5.5663139245
5.4177476265
3.5406922954
2.2168339313
2.0065599384
0.8718524386
-0.0611806248
0.1268514093
4.0478796904
4.9061236917
3.3617471096
0.9374515379
0.0654366578

-2.2968568232

-3.2465982665

-2.2171893990

-0.2321678077
0.7164272568

-3.1514045030
-2.9593708673

-2.1331140026
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1.1017036703
-2.8172194215
-2.6105619695
-1.2031989537

-0.1148603515

-1.1016361280
-0.1656791799
-0.1796917103
-0.0157701496
0.1437151415
0.1465995904
-0.0049475794
-0.4133297623
-2.0124644695
-2.3771435826
-3.6320392901
-4.5523257811
-4.2076526248
-2.9465276828
-1.3589953296
-2.0442445843
-2.0571616443
-3.4022130756
-4.1907831100
0.1304022485
2.0034926493
2.9371622897
4.2400426590
4.0248997859
2.6958267786
3.0383441193
2.3815893055
2.4730262419
3.2088523737
3.8526693868
3.7676430135
2.2408122447
0.8855594876
0.5726819672
1.5572573188
2.8923613367
3.2272108241
-3.6267568794
-4.8671280472

1.9487427188
-1.5430432984
0.2527758736
-0.7563042992

-0.1715016099

0.8950259917
-2.6949634793
-1.4600835522
-1.4308610208
-2.6273563845
-3.8593355914
-3.8892227463

0.0986678043

0.7943337147

2.1037282049

2.6292199023

1.8481163737

0.5404262001

0.0137801502

1.4512331922

0.2335957693
-0.2860766154
-0.0709010299

0.8272377004
-2.4883654678
-0.1400743337
-0.8056246878
-0.8923740107

0.0156082786

0.3001330888
-0.0252858527
-0.5094628696

0.1896797797

1.3841351885

1.8818091738

1.1804357883

1.1380856579

1.2111536281

2.0998080285

2.8920392184

2.7953921968

1.9196741012
-1.0282110751
-0.9152569681

-2.2634074224
-7.0061906366
-6.8155503292
-7.2882881528

-0.5684743390
-2.8935407919
1.9673586235
2.6491351574
4.0533667019
4.7686572381
4.0889952017
2.6937457293
1.6705816930
2.2658298925
1.8689748307
2.2102678329
2.9316607185
3.3099856626
2.9818565471
-1.6452850718
-1.1830445832
-2.6622224988
-3.3446498717
-3.1040939194
-1.5999197325
-0.1908157630
-1.1447607080
-0.3166767986
0.8002213615
0.8182227599
-2.4508632505
-3.6005931215
-4.8162793553
-4.8938938535
-3.7472620766
-2.5340159139
1.9478796028
2.3941855209
3.4456337050
4.0564534746
3.6353649020
2.5959418425
-4.2837626772
-4.9953701322
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2.4997467085
4.4114937119
5.1451360625
4.2682603462
3.6753631045
1.2781791523
0.4662070907
0.0102293618
0.2706435301
0.2743985258
0.0071884281
0.2549855013
1.6693578108
3.8974503862
5.5409428710
4.9254639955
2.6881402304
1.7788487901
1.9628747771
3.2805344626
4.4263135251
4.2754345145
-0.5449091833
-1.6745704011
-2.8809039509
-1.1623115759
-4.8982046775
-5.7286085011
-4.9197369452

0.2316236616
-2.5601963433
-1.6684971781
-0.7122544732
-0.0830702166
-0.4073054303
-1.3666948748
-1.9971647853
-0.3035131960
-1.7123944793
-1.7031550937
-2.7392267538
-3.8043663655
-3.8265611163
-2.7839337104
-1.9604727671

-1.8030098909
-1.9047842190
-0.5643727051
1.8363044796
3.4021022639
3.5746323293
2.1662115416
-0.4707080255
-2.5974498268
-4.7971449189
-4.8488016098
-2.7234085494
2.7184423601
3.6512511815
2.2567492777
-0.0806297934
-1.0118240711
-1.4287369328
-0.2030074378
1.9299641288
2.8202282132
1.5823635269
1.2281362251
-1.3097638856
0.1463630325
2.4393186080
-1.7701528425
-0.9550632040
0.0414985589

-0.3229772197
-0.0418374347
-2.2654018401
-1.3816927394
-1.7217017811
-2.9220137965
-3.7892557463
-3.4538211153

0.1694800639

1.3205030073

2.5704476111

3.4911730187

3.1669037993

1.9202692197

0.9981402764

0.8225107439

-1.3635938661
0.1042334687
-0.8613774147
2.2556809715
4.1144052846
4.8738252395
3.8004529735

4.5922627506
5.8619645378
4.6519064739
2.1541226942
0.8647404129
1.2909075814
1.8994947620
3.1906096458
3.8677816875
3.2832782054
-3.5169176376
-5.7097986777
-5.8475014853
-3.7987796291
-1.6420271112
-3.7815064308
-2.8435763363
-0.4699240818
-1.2059761425
-5.6944137008
-4.2984511014
-5.5539050448

-0.9143422867
-3.4135876817
1.5876086868
2.1407251551
3.3589124565
4.0139193388
3.4680505154
2.2578199285
1.2049166406
1.5436534149
0.8841866354
1.0987676878
1.9586823209
2.6042825633
2.4015812529
-2.5561505265
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-1.7682617915
-2.4017715831
-3.6132793651
-3.7905436228
0.7512587058
2.3448792547
3.4071827262
4.5835243472
4.2971524482
2.9597674697
3.6552715919
3.0664469278
3.2888507102
4.0952992665
4.6783852735
4.4595143089
2.4455517327
1.0674950555
0.7290754539
1.7080788099
3.0612266928
3.4211418111
-4.5088665348
-5.6695282756
3.0397012111
4.6103768721
5.5728290709
4.4786728794
3.8415286620
1.4079667356
-0.3314849550
0.6689456666
0.0975810568
-1.6188754223
-2.7491094818
-2.1754418833
-0.8809513621
-2.7215145672
-4.6228652335
-4.6623319392
-2.8077864872
2.4091091418
2.8235019489
4.2684136855
5.3096940009
4.9213116283
-2.9945404280
-1.6339672453
-2.4141165837
-1.6952556841
-6.2865568533
-5.3872737533
-6.2365630411

-0.2046905109
-1.2336700400
-2.0077287660
-2.4684379469
-1.5203370175
-0.1518232354
-0.4068791346
-0.8427827370
-0.2140786706
0.0496433738
0.8596984506
0.9979900617
2.1549505021
3.1921040405
3.0678283865
1.9112321320
0.6611434616
0.8975887388
1.6290617898
2.1018382445
1.8314647039
1.1181938675
-2.1808244630
-2.9574640862
-1.2107277633
-1.9415905983
-0.4906898745
0.9191211298
2.1825376131
2.6693077100
1.8206406448
1.0544075268
3.1775818516
-4.7291837126
-4.1222390696
-2.0505183178
2.8152901069
4.4633116853
3.8855353268
1.6572912816
0.0217958368
0.1945492337
2.2450160573
4.0977649213
3.8763015398
1.8342719516
0.0472617172
-1.9564366550
-0.0464642511
1.8892044989
-2.9845105702
-3.9861925104
-2.4947070574

-1.4656251424
-2.4807936989
-2.0280257106
-0.9085274711
-2.9292103425
-0.4326637921
-1.4636422387
-0.5799821817
0.7017851346
0.6975744238
-2.2852204971
-3.5591400574
-4.3246000440
-3.8277826175
-2.5551420850
-1.7899089503
1.9413263465
2.2214027396
3.3803413018
4.2670092677
4.0131025590
2.8645393148
-3.0365073437
-2.7109735495
-2.1312678928
-0.4196999489
-0.9239866981
2.6481433984
4.7050234339
5.1609835946
3.5986990008
3.8038562937
4.9585360548
3.9832312018
1.8120053146
0.6328808744
0.1926281343
0.5826239479
2.1180517219
3.2707651684
2.9079001173
-3.9278884002
-5.3184853157
-4.4296995843
-2.1546036078
-0.7929720361
-4.4210232727
-2.8433720808
-0.5777695871
-2.6200144905
-3.6270211864
-2.4075687781
-1.8780722866
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-2.9936060245
-1.4483036253
3.0332044258
2.1278437886
0.9477063266
0.7630032344
1.6878479936
2.8188783669
2.5517021432
2.1392466862
3.1636721526
3.8427229060
3.6142848186
0.2415879291
0.5816427417
4.0814921609
3.8392653639
4.6699148054
5.7495685417
5.9938760445
5.1659577291
-0.4086813935
-1.2934496305
-0.7056068790
-1.3318727885
-2.5587202402
-3.1559563453
-2.5266297321
-4.3358081851
-5.3259840932
-6.6583627519
-1.5545375594
-2.4120423173
-3.3308998439
-3.3869793275
-2.5251614819
-1.6150754797
-1.5308406884
-2.6941213603
-4.5803924525
2.6206645426
3.3615335770
4.9328766580
3.9306139392
3.5458992946
1.5138568466
-0.1337068206

-0.0957403222
0.7939877561
-0.7780924362
-0.6084155238
0.1654633841
0.7974965470
0.6486631550
-0.1595184524
-1.1693528160
-0.8598925827
-1.3899170004
-2.4696134473
-2.0164591634
-0.0382439356
-0.8651381636
-0.2558113459
0.3882825081
1.4356783183
1.8584036151
1.2283214077
0.1800599510
0.2638794618
1.8254920701
3.0461626521
4.2638231761
4.2752260707
3.0646884413
1.8406578283
-0.6052379985
0.2845541439
-0.1503794500
-1.1040665699
-1.6567157273
-2.6606893205
-3.1408680228
-2.6091537914
-1.5930004427
1.6033852848
1.1972326452
-1.6816388528
-1.7983797224
-3.4645233370
-2.5625365586
-1.3892823950
-0.3002942627
1.1559624781
1.4146663430

-2.7623787855
-1.5148536204
3.3921623188
2.3144665851
2.5219569006
3.7701661448
4.8149743668
4.6289890516
1.0127217511
-0.1841229510
-1.1470596754
-0.2938277861
1.0727898368
-0.8684417504
-3.0807803126
-1.6053229477
-2.8364741578
-3.2673292076
-2.4750087351
-1.2431170096
-0.8115264806
1.2631542187
1.7041231136
1.3018220892
1.6039354917
2.2923388730
2.6777961542
2.3878887415
-2.4345187378
-2.7664083863
-2.4868587614
1.7728908456
0.7951469323
1.1398594377
2.4585854067
3.4336001202
3.0974509591
-2.7081335549
-3.3313347769
-1.8948746340
-2.0217146392
-0.4037324997
-0.4485078737
3.2301895256
5.4429869775
5.7760624236
3.9289566716
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-0.9465863561
-2.5573928705
-4.0998530632
-3.9946878373
-2.3720055457

0.2406246715
-0.8665127080
-3.0543279918
-4.1218120194
-3.0000253814

2.9726357114
4.4680168074

6.4002096385

6.8364467014

5.3714844626
-3.3063525577
-2.2294637115
-2.2653296747
-0.7606899514
-7.3249143123
-6.9053653532
-6.7931772621
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-4.5525824369
-1.5165302211
3.3553637454
2.5075979333
1.1593559077
0.7200210590
1.5721031197
2.8962238749
3.0990340710
2.4976439183
3.5479985144
4.7990246366
4.4531926107

0.4102650307
0.9320748949
3.6218495711
2.9918364487
3.0532943276
3.7384307518
4.3578048468
4.2985664780
-0.0414202915
0.0890747285

-1.1903015973
-2.9879065883
-3.9356297128
-3.0494500474
-1.3127464849
3.0369206518
5.2099404878
5.2316845771
3.0677179209
0.8946271881
0.0715163160
1.9262772667
2.6793317447
1.5533685570
-0.2979393415
1.7353301688
-0.8850972582
0.9374058145
2.3078514882
0.6725800186
-1.0777290997
-0.3583088563

-1.1077105976
-1.2016907334
-0.7464329051
-0.5229516043
-0.1109503145
0.0538990477
-0.1757428557
-0.5782360988
-0.7286136886
-0.8213536898
-0.8972829524
-1.2502593250
-0.8438548576
-1.0206101554
-2.3871873482
0.4082487942
0.4954314207
1.6849993414
2.8024893293
2.7280383016
1.5391295352
0.2256040525
2.0440003788

3.8725660310
4.4670160202
2.7280165583
0.3536545284
-0.2481050146
0.7374030584
1.2878529118
2.5188826088
3.2059312925
2.6908773111
-3.4388193897
-4.2322069522
-2.8145276270
-0.6129286288
0.1592684630
-4.0749010327
-2.8527661570
-0.7875463926
-3.0617904282
-2.8036621410
-3.0445117174
-1.4051774260

-1.5362397318
-0.9275675226
3.6036520047
2.4919245294
2.7159452259
4.0465440350
5.1390651662
4.9155054863
1.1533602729
0.0052241585
-1.0569030515
-0.2290399666
1.1266784394
-0.4901522939
-2.3521551549
-1.8434963477
-3.1023875140
-3.8468542924
-3.3414082436
-2.0818419597
-1.3371836073
1.3338728043
1.0323814228
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-0.3972728220
-0.3559908953
0.1844298326
0.6811120254
0.6327358669
-5.9739464377
-6.1899115151
-7.5580638526
-1.6811992169
-2.5815356226
-3.8390111669
-4.2048913145
-3.3110871696
-2.0590644682
-2.0958914767
-3.5224148875
-6.8913406568
3.2450608715
5.0022622509
5.7149148126
4.3895015950
3.5742054297
1.1934401160
-0.3190207926
-1.3701191401
-3.5971172585
-5.1933446535
-4.5387731929
2.3046648808
0.8033800529
0.7391759572
0.2247542435
1.1118914562
1.0251649130
2.4338311502
2.5610896558
3.7892219427
4.8916334181
4.7846867387
-3.7937364313
-4.3803135987
-2.1614511930
-1.4510908419
-7.5616827775
-8.0100860047
-8.1607214540

2.5336537509
3.9091164122
4.8031654258
4.3190717798
2.9447384171
-1.2040378892
-1.1214792697
-1.2059934499
-0.0023370366
1.0619458332
0.8177176895
-0.4843448752
-1.5501678943
-1.3144323035
-0.8667127785
-0.9507922783
-1.3399605949
-1.7132938155
-2.3416518364
-0.7088277943
-1.0641237263
-0.7669552870
-0.0404859440
0.3629052100
-2.1557241710
-2.5748468376
-0.6729927773
1.6535965096
2.0848774891
1.8279136382
4.2818601295
5.8804991131
5.0148892290
2.5754670720
0.3778342271
1.7367740807
3.7332897186
3.6012865232
1.4990987756
-0.8646020235
-1.1642645995
-1.6030331237
-0.5405829652
-1.1233671991
-2.1700561618
-0.3883021729

-0.2008953170
-0.4772291137
0.4631998477
1.6849455256
1.9729902394
-1.9050433951
-3.2575449819
-3.6590990762
2.1495869491
2.3583427505
2.9382992567
3.3138362783
3.1051067088
2.5187454070
-2.1155554816
-2.4185478322
-1.1041474760
-1.7428647628
-0.2115661994
-0.5288336836
3.4154929414
5.7613358627
6.1635763436
4.2322727123
2.3386920264
3.3871517485
3.7593979090
3.0908447053
2.0631299799
-0.9427944757
-1.4392381977
0.2402987610
24213251412
2.9323868060
-3.4769428122
-4.8303472003
-3.9273403295
-1.6759165457
-0.3490417325
-3.4847849679
-0.4501854516
-0.1209913819
-2.9491099661
-4.7614677056
-3.3466060047
-3.2119626585
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