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General remarks

All chemicals those syntheses are not reported hereafter were purchased from commercial sources
and used as received. Solvents were dried passing through alumina columns using an Inert® system
and were stored under nitrogen. Present visible-light promoted reactions did not required the use of
dry solvents but presence of molecular oxygen exerts a negative effect on their rate. Chromatographic
purifications were performed under gradient using a Combiflash® system and prepacked disposable
silica cartridges or through isocratic flash chromatography using commercial 60 A silica gel or via
preparative TLCs. Melting points were measured with an Electrothermal apparatus and are
uncorrected. All reactions that required heating were performed with the use of high-vacuum grade
silicon oil. Reactions promoted by visible light were performed into standard 5 mm NMR tubes,
surrounded by a commercial strip of 300 RGB household leds (12V). These were put a distance of ca
10 cm and irradiated white light (model SMD5050-300 ip65). The tubes were inside an oil bath fitted
with a thermometer to monitor the temperature. Cooling was ensured by two fans recovered by
outdated PCs to avoid reproducibility issues. During summer time, solutions are kept at 25 °C through
the addition of a rubber spire inside the silicon oil bath. The spire is linked to a chiller that keeps
pumping a cooled water/ethylene glycol solution to maintain the desired temperature. 'H and '3C
NMR spectra were recorded at 300 K on a Bruker 400 MHz or a Jeol 600 MHz spectrometers using
residual non-deuterated solvents as internal standards (7.26 ppm for "H NMR and 77.00 ppm for '3C-
NMR for CDCl3, 2.05 ppm for ' H NMR and 29.84 ppm for *C NMR for acetone-d6). "F-NMR
spectra were recorded in CDCl; at 298 K on a Jeol 600 spectrometer fitted with a BBFO probehead
at 564 MHz. The terms m, s, d, t, q and quint represent multiplet, singlet, doublet, triplet, quadruplet
and quintuplet respectively, and the term br means a broad signal. Reported assignments were based
on decoupling, COSY, NOESY, HSQC and HMBC correlation experiments. Mass analyses were
recorded on an Infusion Water Acquity Ultra Performance LC HO6UPS-823M instrument equipped
with a SQ detector (Electrospray source); high-resolution mass analyses were recorded on a LTQ
ORBITRAP XL Thermo Mass Spectrometer (Electrospray source). CCDC 2110024, 2110025,
2120965, 2120966 contain the supplementary crystallographic data for compounds 2a, and 4a,
respectively. Single crystal Data were collected with a Bruker D8 diffractometer equipped with
PhotonlI area detector, using a CuKa or a MoKa microfocus 4 radiation source. The data collection
strategy covered the sphere of reciprocal space. Absorption corrections were applied using the
program SADABS. The structure was solved with the SHELXT code. Fourier analysis and refinement
were performed by the full-matrix least-squares methods based on F2 using SHELXL-2014 as
implemented in Olex2. All the nonH atoms were refined with anisotropic displacement parameters.



Additional modeling details

Calculations were performed at the DFT level using Gaussian09.! The exchange/correlation hybrid
MO6 functional® was used as it proved to afford reliable results in related photochemical cascades
involving polyunsaturated substrates and Ir complexes (see ref 4 of the main manuscript).
Optimization were performed without any constraint using the Def2-SVP basis set.’ In order to
achieve more precise result, free optimization was then performed again using the Def2-TZVP basis
set.> The two sets of results were comparable, differences remaining around or below 3 kcal/mol.
Together with gas-phase geometries, solvated structures were then modeled using DMF as implicit
solvent through the use of the CPCM method.* All values and geometries reported hereafter thus
refers to freely optimized solvated structures. All intermediates, both in their ground and higher spin
states were characterized by the absence of any imaginary frequency in their Hessian matrix.

Calculated redox on substrate 1

In order to reduce the odds of modeling artefacts, two sets of redoxes were considered, using two
different Ir(IlI) catalysts. In particular, the complex Ir(ppy)s, which is the best one to perform desired
cascades, and Ir(ppy).bpy”, which was used as proxy for (Ir[dF(CF3)ppy]2(dtbpy))PFs (see Table 1,
entry 2, of the main manuscript), were evaluated. Overall, comparable results were obtained in both
cases, and the calculated properties of these Ir(Ill) complexes were in good agreement with their
experimental values regarding redox properties and triplet energies (see also references 5a and 5c of
the main manuscript).
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Both the substrate oxidation and reduction via SET from the photoexcited catalyst provide positive
variation of the Gibbs free energy, as calculated at 298.15 K. These values for redoxes suggests their
reduced likeliness under experimental conditions, in agreement with the literature on related
substrates that suggest the higher feasibility of their activation by means of eT in the presence of
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photoactive Ir(Ill) complexes as catalyst.
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calculated AG = +14.0 kcal/mol
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Substrate reduction:
calculated AG = +24.1 kcal/mol



Calculated triplet energies on their rotational isomers of 1 and 3
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As observed for the isomer of reagent that is prone to cyclization, also those in which the allenyl unit
and the cinnamoyl one are far apart show an energetic convenience favoring the localization of the
triplet on the three carbon atoms of the former cumulated double bonds rather than on the conjugated
alkene. Differences are comparable to those presented in the main manuscript (within 4 and 6
kcal/mol), confirming the main trend described.
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This trend is further observed removing the conjugated phenyl ring. The model substrate 31 was used
to this end, and its two corresponding a and f triplets paralleled the above-mentioned results in terms
of localization of their spin densities. Regarding their energies, the removal of the conjugated phenyl
group had a destabilizing effect on the relative stability of the a triplet, which is ca 12 kcal/mol less
stable than its cinnamoyl peer. On the contrary, the relative energy of the f triplet barely moved, in
agreement with the absence of any spin density on its acryloyl arm.



Detailed optimization study

o)

1 mol% cat.
@(\)J\ N . Bn
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1a
entry Catalyst (1 mol%) Solvent (0.1 M) Yield of
2a°
1 (Ir[dF(CF3)ppy]2(dtbpy))PFs DMF 45%
2¢ Ir(ppy)s DMF 47%
3 (Ir[dF(CF3)ppy]2(bpy))PFs DMF traces
4 Ru(bpy);Cl DMF --
5b Ir(p-F-ppy)s DMF 28%
6 2,4,6-Triphenylpyrylium DMF --
tetrafluoroborate
7 [Ir (dtbbpy) (ppy2)2] DMF --
8° Ir(ppy)s DMF 54%
9d Ir(ppy)s DMF -
10 Ir(ppy)s DMF 45%
11¢ Ir(ppy)s DMF --
12 Eosin y DMF --
13 Riboflavin CH3CN --
14 Thioxanthen-9-one DMF --
15 Ir(ppy)s dioxane 32%
16 Ir(ppy)s toluene 15%
17 Ir(ppy)s DCM 25%
18° Ir(ppy)s MeCN 48%
19 Ir(ppy)s ETOH -
20P Ir(ppy)3 DMSO 52%
21 Ir(ppy)s DMEF/DIPA 4:1 31%
22 Ir(ppy)s DMF/H20 19:1 52%

Table 1 1H NMR yield using 1,2,4,5-tetrachloro-3-nitrobenzene as internal standard, © isolated yield, < without irradiation, in
presence of oxygen, ¢ 2 mol % of photocatalyst.



Unsuccessful substrates

Figure S1. Enynes unable to isomerize under standard condition (GP1-b)



Figure S2. Enallenes that did not afford products 2 or 4 under standard condition
(GP-2)
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Coil reactor used for scale-up experiments

As mentioned in the main article, reactions performed using 1 gram of starting material were
performed in a coil type reactor, adapting a glass condenser, to maintain a high surface/volume ration
for the homogeneous, unstirred reaction mixture. Alternatively, the standard 0.2 mmol-scale reaction
performed into a 5-mm wide NMR tube can be scaled-up by preparing a stock solution of the catalyst
and the desired substrate in DMF, deoxygenate it by means of freezing-thaw, and then split it using
a syringe into multiple septum-capped NMR tubes. The number of parallel runs can be tuned to reach
the desired overall scale and the all of these samples can be collected together to perform a single
purification. This approach carries a minimal practical cost and avoids any loss in the reaction yield.

Figure S3. The coil reactor used for scale-up; from the left: filled with the reaction
mixture, with the wrapped LED strip and the cooling water stream, during irradiation.
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Synthesis and characterization of substrates

Representative procedure for the preparation of 1h, 1k, 3d, 3f ester precursors

Q J Pd(OAC),, P(o-tol)s, Arl O
:% > Ar /\Hko/
- TEA, DMF, 120 °C, 18h il
1h 4-OMe-CgHy H 80%
1k 3-OM6-C6H4 H 99%
3d 4-Cl-C¢Hy Me 27%
3f 4-OMe-CgHy Me 90%

In a Schlenk tube equipped with a magnetic stirring bar under nitrogen atmosphere, were added
Pd(OAc): (0.02 equiv.), P(o-tol); (0.04 equiv.), TEA (1.5 equiv.), acrylate (1.3 equiv.) and the aryl
halide (1 equiv.) in DMF (1 M). The resulting mixture was stirred at 120 °C for 18 h. After complete
conversion as monitored by TLC, the mixture was diluted with EtOAc, washed twice with water and
a saturated LiCl solution, dried with Na>xSO4 and concentrated under reduced pressure. The crude was
purified by chromatography on silica gel (n-hexane/EtOAc gradient).

Representative procedure for the preparation of 11 ester precursor
O

NaH » 0 \)kOEt
< PhSP\)J\OE THF, rt., 15h { :@A
t 78% 0

To a solution of triphenylphosphonium salt (1.15 equiv.) in THF (0.87 M) was added NaH (1.15
equiv., 60 % w in paraffin oil) at 0 °C and the resulting mixture was then stirred for 1 h. Then,
benzo[d][1,3]dioxole-5-carbaldehyde (1 equiv.) was added and the reaction was mixed at room
temperature overnight. After complete conversion as monitored by TLC, the solution was quenched
with a saturated NH4Cl solution, extracted with EtOAc (3 times) and washed with brine. The
combined organic phase was finally dried over Na>SOj, concentrated under reduced pressure, and
purified by chromatography on silica gel (n-hexane/EtOAc gradient).
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Representative procedure for the preparation of a-deutero-trans-cinnamic acid.
O

O O CHO D,0, piperidine Ar= CH 80°
= Cells %
+ > N OH Ar= 4-Cl-CgH, 74%
HOJ\)J\OH pyridine, reflux @ D ' o

In a 25 mL round bottom flask equipped with magnetic stirring bar connected to a water-cooled-
condenser a solution of malonic acid (1 equiv.), piperidine (0.35 equiv.) and D,O (14 equiv.) in
pyridine (1.5 M) were refluxed for 2 hours; the desired aryl aldehyde was then added and the mixture
was stirred for additional 3 hours. The resulting mixture was poured in a HCI solution (10% m/V),
the precipitate was filtered, washed with water and dried under vacuo affording the the corresponding
a-deutero-trans-cinnamic acid (deuterium incorporation: 88%).

Representative procedure for the preparation of (ds)-methyl cinnamate

D D
D Br o) Pd(OAc),, P(Ph)s, K,CO3 D \)kOMe
G Q >
D D OMe toluene, reflux, 15h. D D
D 43% D

In a Schlenk equipped with a magnetic stirring bar were added bromobenzene-ds (1 equiv.), methyl
acrylate (1.2 equiv.), K2COs3 (1.5 equiv.), P(Ph)3 (0.04 equiv.), PA(OAc)2 (0.02 equiv.) in toluene (3.3
M) and the resulting mixture was refluxed overnight. After complete conversion as monitored by
TLC, the reaction was filtered on celite, diluted with EtOAc and washed with water and brine. The
combined organic layers were finally dried over Na>;SO4, concentrated under reduced pressure, and
purified by chromatography on silica gel (n-hexane/EtOAc gradient).

Representative procedure for the preparation of 3¢ ester precursor?
(0]

o TiCl,, NEt
H *+ B > Ny Ot
O)L r\)]\OEt DCM, rt., 5 h i
65%

In a three-necked round bottom flask were added freshly distilled benzaldehyde (1 equiv.) and 2-
bromoethyl acetate (1.1 equiv.) in DCM (0.67 M). The mixture was stirred for 10 minutes and then
TiCl4 (1.2 equiv., I M solution in DCM) was added in drops over a period of 10 minutes. The solution
was stirred for 30 minutes at room temperature, then NEt; (2 equiv.) was added slowly, maintaining
the temperature under 30 °C, and the resulting mixture was then stirred for 5 h. After complete
conversion as monitored by TLC, the solution was diluted with DCM and washed with a 1 M HCI
solution, water and brine. The organic phase was dried over Na;SOa, concentrated under reduced
pressure and the resulting crude was purified by chromatography on silica gel (n-hexane/EtOAc
gradient).
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Representative procedure for the preparation of 3e, 3g ester precursors

CO,Et
PhsP o)

)OL - Ar= 4-OMe-CgHy 99%
X Ar= 2-Me-N-Boc-indole 27%
Ar” O H MeCN, reflux, 45 min Ar OFt

To a solution of phosphonium ylide in MeCN (0.12 M) the desired aryl aldehyde was added. The
resulting mixture was refluxed 45 min under stirring. After complete conversion of reagents, the

mixture was concentrated under reduced pressure and purified by chromatography on silica gel (n-
hexane/EtOAc gradient).

Preparation of enyne 3¢ precursor

0 0 0
N[ OBt Pd(PPhg), Cul N~ “OEt Sol 3 M KOH N “OH
T
Br TEA.CgHg, r.t., o.n. It THF, rt, 72 h l
* 66% 88%
Ph—— Ph Ph

In a Schlenk equipped with a magnetic stirring bar were added (Z)-ethyl 2-bromo-3-phenylacrylate
(1 equiv.), ethynylbenzene (1.2 equiv.), Pd(PPh3)4(0.05 equiv.), Cul (0.1 equiv.), TEA (2 equiv.) in
benzene (0.3 M) and the solution was stirred at room temperature overnight. After complete
conversion as monitored by TLC, the mixture was filtered on celite and concentrated under reduced
pressure. The crude was then purified by chromatography on silica gel (n-hexane/EtOAc gradient).
To a solution of (E)-ethyl 2-benzylidene-4-phenylbut-3-ynoate (1 equiv.) in THF (0.27 M) was added
a 3 M solution of KOH (10 equiv.). The biphasic mixture was vigorously stirred at room temperature
for 72 h. After complete conversion as monitored by TLC, the mixture was concentrated under
reduced pressure and acidified to pH = 1 with a 1 M HCI solution; during the process, the formation
of a precipitate was observed. The solid was filtered, washed with water, and dried under high vacuum
to afford (E)-2-benzylidene-4-phenylbut-3-ynoic acid.

) I
0 cl 0 J o)

Cl DMAP, TEA, HN BN
O AN | AN -

OH o (of Bn N
> \
I DCM, DMF (cat) ll DCM, r.t., 18 h l X
60°C,1h 75% over two steps
Ph Ph Ph

In a 25 mL round bottom flask equipped with a magnetic stirring bar were added (E)-2-benzylidene-
4-phenylbut-3-ynoic acid (1 equiv.), oxalyl chloride (1.5 equiv.), DMF (3 drops) in DCM (0.6 M)
and the solution was stirred at 60 °C for 1 h. The mixture was then concentrated under reduced
pressure to afford the desired acyl chloride.

To a solution of secondary amine (1 equiv.), TEA (1 equiv.), DMAP (0.02 equiv.) in DCM (0.25 M)
was added acyl chloride (1 equiv.) at 0 °C, and the solution was then stirred at room temperature for
18 h. After complete conversion as monitored by TLC, the solution was diluted with DCM and
washed with a saturated NH4Cl solution followed by a saturated NaHCO3 one. The aqueous layers
were extracted with DCM (3 times), and the combined organic phase was finally washed with brine,

13



dried over Na;SOs and concentrated under reduced pressure; the crude was purified by
chromatography on silica gel (n-hexane/EtOAc gradient).

Representative procedure for the preparation of cinnamic acids from the corresponding esters.

o Sol.1 M KOH Q
Ar/\)kORz > ArMOH
R EtOH (96%) R
1 45°C,18h !
R4 =H,Me
R, = Me, Et
ds-1a CeDs H Me 50%
1k 4-OMe-CeHa H Me 88%
11 3,4-methylendioxy- H Et 95%
CesH3
3b CgHs nPr Et 85%
3d 4-Cl-CeHy Me Me 99%
3e 4-OMe-CeHy Me Me 86%
3f 4-nBu-CeHa Me Me 68%
3g 2-Me-N-Boc-indole Me Et 81%

In a round bottom flask equipped with a stir bar were added the desired ester (1 equiv.), EtOH (0.15
M) and a 1 M solution of KOH (2.5 equiv.). The resulting mixture was stirred 18 h at 45 °C. After
complete conversion as monitored by TLC, the mixture was concentrated under reduced pressure and
acidified to pH = 1 with a 1 M HCI solution. During the process, the formation of a precipitate was
observed. The solid was filtered, washed with water and dried under high vacuum to afford the
corresponding cinnamic acid.

Representative procedure for the preparation of benzyl propargylamine

r.t., 18 h
80%

In a round bottom flask equipped with a magnetic stirring bar, propargyl bromide (1 equiv., 80% w
in toluene) was added at 0 °C to benzylamine (6 equiv.) and the resulting solution was stirred
overnight at room temperature. After complete conversion as monitored by TLC, the mixture was
quenched with a saturated NaHCO3 solution and extracted with Et;O (3 times). The combined organic
phase was washed with brine, dried over Na;SO4 and concentrated under reduced pressure. The crude
was finally purified by chromatography on silica gel (n-hexane/EtOAc gradient).
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Representative procedure for the preparation of substituted benzyl propargylamine

1) AcOH, MeOH

(0]
P r.t., 15h A /\N Ar = 4'OMe-CGH4 65 %
+ H2N\// - r % = !
AH 2) NaBHy, r.t., 1h H Ar=4-F-CgHy  65%

Ar

To a solution of propargyl amine (1 equiv.) and aryl aldehyde (1.08 equiv.) in MeOH (0.6 M) was
added AcOH (1 drop). The resulting mixture was then stirred overnight at room temperature. NaBH4
(1.5 equiv.) was added at 0 °C and the solution was then stirred for 1 h prior to the evaporation of the
solvent. The mixture was diluted with water, extracted with DCM (2 times), and the combined organic
layers were then washed with a 1 M HCI solution. Aqueous layers were neutralized, extracted with
DCM (2 times), and the resulting organic phase was finally washed with brine, dried over Na>SOs,
concentrated under reduced pressure, and purified by chromatography on silica gel (DCM/EtOAc
gradient).

Representative procedure for the preparation of 2-(prop-2-yn-1-ylamino)acetonitrile.
N

Br._~ ,DIPEA
al > ///”/\\\N

THF, reflux, 15h
66%

In a 25 mL round bottom flask equipped with a magnetic stirring bar were added propargyl amine (1
equiv.), 2-bromoacetonitrile (1.2 equiv.), DIPEA (1.2 equiv.) in THF (0.33 M) and the resulting
mixture was refluxed overnight. After complete conversion as monitored by TLC, the reaction was
diluted with EtOAc and washed with brine. The combined organic phase was dried over NaxSOs,
concentrated under reduced pressure, and purified by chromatography on silica gel (n-hexane/EtOAc
gradient).

Representative procedure for preparation of cinnamamide precursors

o 1) SOCl,, 60 °C /\)Oj\
' N R
Ar/\)J\OH 2)DMAP, TEA,RNH, AT N
DCM, rt., 18 h
dl-la C6H5 D Bn 92 %
1b CeHs H CoHi9 96 %
le CeHs H CsHs 94 %
1g 4-Br-CsHs H Bn 70 %
1i 2-Me-CsHa H Bn 77 %
3k CeHs Me CsHs 87 %

In a 25 mL round bottom flask equipped with a magnetic stirring bar, the desired acid was dissolved
in SOCl; (1.67 M) and a catalytic amount of DMF (3 drops) was added. The solution was stirred for
1 h at 60 °C. Then, the mixture was concentrated under reduced pressure to afford the acyl chloride,
that was added to a solution of DMAP (0.02 equiv.), TEA (1 equiv.) and primary amine (1 equiv.) in
DCM (0.25 M) at 0 °C. The mixture was stirred for 18 h at room temperature. After complete
conversion as monitored by TLC, the solution was diluted with DCM and washed with a saturated
NH4Cl solution followed by a saturated NaHCO3 one. The aqueous layers were extracted with DCM

15



(3 times), and the combined organic phase was finally washed with brine, dried over NaxSOs,
concentrated under reduced pressure and the crude was purified by chromatography on silica gel (n-
hexane/EtOAc gradient). Cinnamamide precursors of 1b, 1d, le were directly prepared from
commercially available cinnamoyl chloride.
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Representative procedure for the preparation of 1,6-enynes

o O
1) SOCl,, 60 °C R
~IN2
Ar/\HJ\OH . Ar/\HL N
Ri 2) DMAP, TEA, HN- 2 Ri \\\
DCM,
rt., 18 h \\
[ Preewsorof [ A [ R [ R [ Yed |
la C6H5 H Bn 71 %
ds-la C6D5 H Bn 60 %
1c C6H5 H CHan 74 %
1f 4-Cl-CsHy H CH,;Bn 76 %
1h 4-OMe-CeHy H Bn 80 %
1j 3-Me-CeHy H Bn 79 %
1k 3-OMe-CsHa H Bn 61 %
11 3,4-methylendioxy- H Bn 70 %
CeH3

1m 4-Cl-CsHy D Bn 58%
3b CeHs nPr Bn 65 %
3d 4-Cl-CsHy Me Bn 51%
3e 4-OMe-CeHy4 Me Bn 54 %
3f 4-nBu-CeHs Me Bn 53%
3g* 2-Me-N-Boc-indole Me Bn 55%
3h C6H5 Me PMB 68 %
3i C6H5 Me CH2-4-F-C6H4 78 %
3j CsHs Me CH,CN 72 %

In a 25 mL round bottom flask equipped with a magnetic stirring bar, the desired acid was dissolved
in SOCl; (1.67 M) and a catalytic amount of DMF (3 drops) was added. The solution was stirred for
1 h at 60 °C. Then, the mixture was concentrated under reduced pressure to afford the acyl chloride,
that was added to a solution of DMAP (0.02 equiv.), TEA (1 equiv.) and secondary amine (1 equiv.)
in DCM (0.25 M) at 0 °C. The mixture was stirred for 18 h at room temperature. After complete
conversion as monitored by TLC, the solution was diluted with DCM and washed with a saturated
NH4Cl solution followed by a saturated NaHCO3 one. The aqueous layers were extracted with DCM
(3 times), and the combined organic phase was finally washed with brine, dried over NaxSOs,
concentrated under reduced pressure and the crude was purified by chromatography on silica gel (n-
hexane/EtOAc gradient). Enyne precursors of 1a, 1c were directly prepared from commercially
available cinnamoyl chloride. Acyl chloride precursor of 3g was prepared using a solution of oxalyl
chloride (1.5 equiv.) in DCM (0.6 M) instead of SOCl..

17



Synthesis of 1-6 enallenes [GP-1a]:

To a solution of acrylamide (1 equiv.) in DMF at 0° C NaH (60% in paraffine oil, 1.3 equiv.) was
slowly added and the mixture was stirred 1h. Then a solution of propargyl bromide (80% in toluene,
1.5 equiv.) was slowly added and the reaction was stirred at r.t.. After complete conversion
monitoring by TLC, the mixture was quenched with a saturated NH4Cl solution and extracted with
EtOAc (3 times). The combined organic layers were washed with a saturated LiCl solution (3 times),
dried over over NaxSO4 and concentrated under reduced pressure. The crude was purified by
chromatography on silica gel (n-hexane/EtOAc gradient) affording the corresponding products 1.

Synthesis of 1-6 enallenes [GP-1b]:

O O

R t .
Ar/%HJ\N 2 KO'Bu » Ar/\)LN R2
R THF (0.2 M), r.t., 10-60 min R,
N

The desired enyne (1 equiv.) and THF (0.20 M) were sequentially added to a Schlenk tube equipped
with a magnetic stirring bar. The resulting mixture was stirred at room temperature for 10 minutes
prior to the addition of BuOK (0.2 equiv.). After complete conversion as monitored by TLC, a
saturated NH4Cl solution (15 ml) was added. The mixture was extracted with EtOAc (3 x 15 mL),
the organic layers separated and dried over Na>xSO4. The solution was concentrated under reduced
pressure and the crude purified by chromatography on silica gel (n-hexane/EtOAc gradient).
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N-benzyl-N-(propa-1,2-dien-1-yl)cinnamamide. 1a

1a

Allene 1a was prepared following general procedure GP-1b from the corresponding enyne (275 mg,
1.0 mmol). Yellow solid (132.7 mg, 48% yield). Two rotamers are observed due to the dynamic amide
group. "TH NMR (400 MHz, Acetone ds) 8 7.81 —7.70 (m, 3H RotA, 2H RotB), 7.65 — 7.59 (m, 1H
RotA, 1H RotB), 7.48 — 7.24 (m, 9H RotA, 9H RotB), 7.17 (d, J = 15.3 Hz, 1H RotB), 5.38 (d, J =
6.3 Hz, 2H RotA, 2H RotB), 4.99 (s, 2H RotB), 4.84 (s, 2H rotA). ¥C NMR (101 MHz, Acetone) &
202.7 (Cq, RotB), 202.1 (Cq, RotA), 164.2 (Cq, RotA), 164.1 (Cq, RotB), 143.8 (CH, RotB), 143.4
(CH, RotA), 138.21 (Cq, RotA), 138.18 (Cq, RotB), 135.3 (Cq, RotA), 135.2 (Cq, RotB), 129.9,
128.8, 128.7, 128.2, 128.1, 127.7, 127.2, 126.9, 126.3, 117.4 (CH, RotB), 117.2 (CH, RotA), 100.4
(CH, RotA), 99.5 (CH, RotB), 87.0 (CH2, RotB), 86.0 (CHz, RotA), 48.4 (CHz, RotB), 47.3 (CHa,
RotA). ESI-MS calcd for C19oH;sNO [M+H]* 276.14, found 276.16.

(E)-N-benzyl-3-(2,3,4,5,6-pentadeuterophenyl)-N-(propa-1,2-dien-1-yl)acrylamide. ds-1a

D @]
D AN N/\©
D D /

D
Allene ds-1a was prepared following general procedure GP-1b from the corresponding enyne (218
mg, 0.78 mmol). Yellow solid (119.8 mg, 55% yield). Two rotamers are observed due to the dynamic
amide group. '"H NMR (400 MHz, CDCl3) 8 7.79 (apparent dd, J = 10.6, 4.5 Hz, 1H RotA, 2H RotB),
7.41 —7.20 (m, 5SH RotA, 5H RotB), 7.00 (d, J = 15.4 Hz, 1H RotA), 6.91 (t,J=5.6 Hz, 1H RotA),
6.78 (d,J=15.8 Hz, 1H RotB), 5.33 (d, /= 6.4 Hz, 2H RotA, 2H RotB), 4.83 (s, 2H RotA, 2H RotB).
I3C NMR (101 MHz, CDCl3) 8 202.7, 202.4, 165.0, 144.6, 143.9, 137.6, 137.2, 134.8, 128.9, 128.8,

128.4, 128.1, 127.5, 127.1, 126.1, 116.9, 100.2, 100.0, 87.7, 86.8, 49.3, 48.2. ESI-MS calcd for
C1oH13DsNO [M+H]* 281.17, found 281.28.

(E)-N-benzyl-2-deutero-3-phenyl-N-(propa-1,2-dien-1-yl)acrylamide. di-1a
N N
2

Allene di-1a was prepared following general procedure GP-1b from the corresponding enyne (354.0
mg, 1.34 mmol). Dark orange solid (188.6 mg, 53% yield). Two rotamers are observed due to the
dynamic amide group. "H NMR (400 MHz, CDCl3) & 7.86 — 7.76 (m, 1H RotA, 1H RotB), 7.63 —
7.18 (m, 8H), 7.03 (d, J = 15.4 Hz, 0.12H RotA), 6.93 (brs, 1H RotA), 6.81 (d, J = 15.4 Hz, 0.12H
RotB), 5.36 (d, /= 6.0 Hz, 2H RotA, 2H RotB), 4.89 — 4.82 (m, 2H RotA, 2H RotB). *C NMR (101
MHz, CDCls) 6 202.7, 202.4, 165.0, 144.6, 143.9, 137.6, 137.2, 134.9, 130.0, 128.9, 128.8, 128.4,
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128.0, 127.5, 127.2, 126.1, 116.9, 116.6 (t, J = 24.0 Hz, CD), 100.2, 100.0, 87.7, 86.8, 49.3, 48.2.
ESI-MS calcd for Ci9H17D1NO [M+H]* 277.15, found 277.40.

N-nonyl-N-(propa-1,2-dien-1-yl)cinnamamide. 1b

Allene 1b was directly prepared following general procedure GP-la from the corresponding
cinnamamide (1.0 g, 3.65 mmol). Brown oil (306 mg, 31% yield). Two rotamers are observed due to
the dynamic amide group. 'TH NMR (400 MHz, CDCl3) 4 7.78 (d, J= 15.3 Hz, 1H RotB), 7.71 — 7.60
(m, 2H RotA), 7.54 (dd, J = 7.4, 2.0 Hz, 2H RotA, 2H RotB), 7.38 (brs, 2H RotA, 3H RotB), 7.05 —
6.79 (m, 3H RotA, 2H RotB), 5.47 — 5.32 (m, 2H), 3.69 — 3.41 (m, 2H), 1.73 — 1.53 (m, 2H), 1.45 —
1.15 (m, 14H), 0.88 (t, J= 6.8 Hz, 3H). 13C NMR (101 MHz, CDCl3) & 202.6 (Cq), 201.9 (Cq), 164.8
(CH), 164.3 (CH), 144.2 (CH), 143.2 (CH), 135.2 (CH), 129.9 (Cq), 129.8 (Cq), 128.9 (CH), 127.9
(CH), 117.3 (CH), 116.7 (CH), 100.3 (CH), 99.2 (CH), 86.8 (CH2), 86.1 (CH>), 45.9 (CH»), 45.0
(CH»), 31.9 (CH»), 29.5 (CH>), 29.4 (CH>), 29.3 (CH>), 29.3 (CHz), 29.2 (CH»), 29.0 (CH>), 26.9
(CH>), 26.7 (CHy), 22.7 (CHy), 14.1 (CHz3). ESI-MS calcd for C21H30NO [M+H]* 312.23, found
312.28.

N-phenethyl-N-(propa-1,2-dien-1-yl)cinnamamide. 1¢

Allene 1c was prepared following general procedure GP-1b from the corresponding enyne (200 mg,
0.69 mmol). Colourless viscous oil (81.3 mg, 40% yield). Two rotamers are observed due to the
dynamic amide group. "H NMR (400 MHz, CDCl3) 8 7.78 — 7.63 (m, 1H RotA, 2H RotB), 7.60 —
7.51 (m, 1H RotA, 1H RotB), 7.46 — 7.21 (m, 9H RotA, 9H RotB), 7.03 — 6.85 (m, 2H RotA), 6.60
(d, J=15.3 Hz, IH RotB), 5.51 (d, /= 6.5 Hz, 2H RotB), 5.44 (d, /= 5.9 Hz, 2H RotA), 3.83 (t, /=
7.0 Hz, 2H RotA, 2H RotB), 3.06 — 2.85 (m, 2H RotA, 2H RotB). 3C NMR (101 MHz, CDCls) §
202.6 (Cq, RotB), 201.8 (Cq, RotA), 164.7 (Cq, RotA), 164.5 (Cq, RotB), 144.0 (Cq, RotB), 143.5
(Cq, RotA), 138.4 (Cq, RotA), 135.1 (Cq, RotB), 129.9, 128.9, 128.8, 128.5, 127.9, 126.9, 126.4,
117.0 (CH, RotA), 116.6 (CH, RotB), 100.3 (CH, RotA), 98.9 (CH, RotB), 87.1 (CHz, RotB), 86.5
(CHaz, RotA), 47.6 (CHz, RotB), 46.7 (CHz, RotA), 35.0 (CHz, RotB), 33.7 (CHz, RotA). ESI-MS
caled for C2oH19NNaO [M+Na]* 312.14, found 312.06.
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N-phenyl-N-(propa-1,2-dien-1-yl)cinnamamide. 1d

Allene 1d was prepared following general procedure GP-1a from the corresponding cinnamamide
(350 mg, 1.34 mmol). Yellow oil (299 mg, 85% yield). 'TH NMR (400 MHz, CDCl3) 8 7.80 (t, J =
6.3 Hz, 1H), 7.73 (d, J = 15.5 Hz, 1H), 7.49 — 7.39 (m, 3H), 7.29 (s, 5SH), 7.27 — 7.22 (m, 2H), 6.27
(d, J=15.5Hz, 1H), 5.05 (d, J= 6.4 Hz, 2H). 3*C NMR (101 MHz, CDCl3)  203.2 (Cq), 163.9 (Cq),
143.2 (CH), 139.1 (Cq), 134.9 (Cq), 129.9 (CH), 129.4 (2CH), 128.9 (2CH), 128.7 (2CH), 128.6
(CH), 128.0 (2CH), 118.0 (CH), 101.4 (CH), 86.5 (CHz). ESI-MS calcd for C1sHisNNaO [M+Na]"
284.10, found 284.14.

N-cyclopropyl-N-(propa-1,2-dien-1-yl)cinnamamide. 1e
0]
w A
//N

Allene 1e was prepared following general procedure GP-1a from the corresponding cinnamamide
(225.3 mg, 1.0 mmol). Yellow liquid (127 mg, 56% yield). 'TH NMR (400 MHz, CDCls) 8 7.72 (d, J
= 15.6 Hz, 1H), 7.60 — 7.52 (m, 2H), 7.49 — 7.27 (m, 4H), 5.36 (d, J= 6.5 Hz, 1H), 2.76 (tt, J = 6.9,
3.9 Hz, 1H), 1.02 (q, J = 7.1 Hz, 1H), 0.91 — 0.81 (m, 2H). 1*C NMR (101 MHz, CDCl3) & 203.6
(Cq), 166.2 (Cq), 143.2 (CH), 135.3 (Cq), 129.9 (CH), 128.9 (CH), 128.0 (CH), 118.3 (CH), 99.6

(CH), 85.5 (CHa), 28.1 (CH), 10.1 (2CH,). ESI-MS calcd for C1sHigNO [M+H]" 226.29, found
226.24.

(E)-3-(4-chlorophenyl)-N-phenethyl-N-(propa-1,2-dien-1-yl)acrylamide. 1f
L~
o
Cl /

Allene 1f was prepared following general procedure GP-1b from the corresponding enyne (489.1
mg, 1.49 mmol). Orange oil (305 mg, 63% yield). Two rotamers are observed due to the dynamic
amide group. 'H NMR (400 MHz, CDCIl3) 8 7.8 — 7.0 (m, 4H RotA, 5H RotB), 6.9 — 6.8 (m, 2H
RotA), 6.5 (d, J=15.3 Hz, 1H RotB), 5.49 (d, /= 6.2 Hz, 2H RotA), 5.41 (d, J = 6.2 Hz, 2H RotB),
3.9 — 3.7 (m, 2H RotA, 2H RotB), 3.0 — 2.9 (m, 3H RotA, 3H RotB). 3C NMR (101 MHz, CDCls)
0 202.6, 201.8, 164.4, 164.3, 162.4, 145.6, 142.4, 142.1, 139.0, 138.4, 138.1, 135.7, 133.6, 129.5,
129.4,129.1, 129.0, 129.0, 128.9, 128.8, 128.7, 128.5, 126.9, 126.8, 126.4, 117.6, 117.2, 100.2, 98.8,
87.2, 86.6, 47.6, 46.8, 35.0, 33.7. ESI-MS calcd for C20H19CINO [M+H]" 324.11, found 324.21.
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(E)-N-benzyl-3-(4-bromophenyl)-N-(propa-1,2-dien-1-yl)acrylamide. 1g
0]

WNﬁ

Br /

Allene 1g was directly prepared following general procedure GP-la from the corresponding
cinnamamide (700 mg, 2.79 mmol). White solid (263 mg, 37% yield). Two rotamers are observed
due to the dynamic amide group. "H NMR (400 MHz, CDCls) 6 7.80 (t, J= 6.3 Hz, 1H RotB), 7.72
(d, J=15.3 Hz, IH RotA, 1H RotB), 7.58 — 7.24 (m, 9H RotA, 9H RotB), 7.02 (d, /= 15.4 Hz, 1H
RotA), 6.89 (t, J= 6.0 Hz, 1H RotA), 6.77 (d, J=15.3 Hz, 1H RotB), 5.36 (d, J = 6.4 Hz, 2H RotA,
2H RotB), 4.84 (d, J= 6.5 Hz, 2H RotA, 2H RotB). 13C NMR (101 MHz, CDCls) & 202.6 (Cq, RotB),
202.5 (Cq, RotA), 164.8 (Cq, RotA), 164.7 (Cq, RotB), 143.2 (CH, RotB), 142.6 (CH, RotA), 137.4

(Cq, RotA), 137.1 (Cq, RotB), 132.1, 129.4, 128.9, 127.6, 126.0, 124.2 (Cq RotA, Cq RotB), 117.6,
100.1, 100.0, 87.8, 86.9, 49.3, 48.3. ESI-MS calcd for C19H17BrNO [M+H]" 354.05, found 354.06.

(E)-N-benzyl-3-(4-methoxyphenyl)-N-(propa-1,2-dien-1-yl)acrylamide. 1h
O

Allene 1h was prepared following general procedure GP-1b from the corresponding enyne (289 mg,
0.94 mmol). White solid (245 mg, 85% yield). Two rotamers are observed due to the dynamic amide
group. '"H NMR (400 MHz, CDCl3) 8 7.89 —7.70 (m, 2H RotA, 1H RotB), 7.57 — 7.22 (m, 7H RotA,
7H RotB), 6.98 — 6.82 (m, 3H RotA, 3H RotB), 6.67 (d, /= 16.0 Hz, 1H RotB), 5.35 (d, /= 6.3 Hz,
2H RotA, 2H RotB), 4.84 (s, 2H RotA, 2H RotB), 3.92 — 3.79 (m, 3H RotA, 3H RotB). 13C NMR
(101 MHz, CDCl3) & 202.7, 202.4, 165.4, 165.3, 161.2, 144.4, 143.7, 137.7, 137.3, 129.6, 128.9,
128.3, 128.1, 127.7, 127.4, 126.1, 114.4, 114.3, 100.3, 100.1, 87.6, 86.7, 55.4, 49.2, 48.2. ESI-MS
caled for C20H20NO> [M+H]" 306.38, found 306.24.

(E)-N-benzyl-N-(propa-1,2-dien-1-yl)-3-(o-tolyl)acrylamide. 1i
0]

Allene 1i was prepared following general procedure GP-1a from the corresponding cinnamamide
(700.0 mg, 2.79 mmol). Orange solid (530.0 mg, 65% yield). Two rotamers are observed due to the
dynamic amide group. 'TH NMR (400 MHz, CDCl;3)  8.05 (d, /= 15.3 Hz, 1H RotA, 1H RotB), 7.80
(t,J=6.3 Hz, 1H RotB), 7.57 (d, J= 7.1 Hz, 1H RotA), 7.39 —7.08 (m, 7H RotA, 8H RotB), 6.95 —
6.87 (m, 2H RotA), 6.68 (d, J=15.1 Hz, 1H RotB), 5.34 (d, /= 6.4 Hz, 2H RotA, 2H RotB), 4.82 (s,
2H RotA, 2H RotB), 2.45 (s, 3H RotA), 2.40 (s, 3H RotB). 13C NMR (101 MHz, CDCI3) & 202.7,
202.4,165.0, 142.4,141.8,137.7,137.2,134.1,130.8, 129.7, 128.9, 128.4, 128.1, 127.5, 126.4, 126.3,

126.2, 126.2, 126.1, 118.2, 100.0, 87.7, 86.8, 49.3, 48.3, 19.9. ESI-MS calcd for C20H20NO [M+H]*
290.15, found 290.26.
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E)-N-benzyl-N—(propa-l 2-dien-1-yl)-3-(m-tolyl)acrylamide. 1j

Sag v

Allene 1j was prepared following general procedure GP-1b from the corresponding enyne (261.3
mg, 0.90 mmol). White solid (187.0 mg, 71% yield). Two rotamers are observed due to the dynamic
amide group. 'TH NMR (400 MHz, CDCI3) 6 7.89 — 7.73 (m, 1H RotA, 2H RotB), 7.45 - 7.13 (m, 9H
RotA, 9H RotB), 7.07 — 6.91 (m, 2H RotA), 6.80 (d, /= 15.3 Hz, 1H RotB), 5.35 (d, /= 6.2 Hz, 2H
RotA, 2H RotB), 4.85 (s, 2H RotA, 2H RotB), 2.38 (d, J = 18.9 Hz, 3H RotA, 3H RotB). *C NMR
(101 MHz, CDCls) & 202.7, 202.4, 165.2, 165.1, 144.9, 144.2, 138.5, 137.6, 137.2, 135.0, 134.9,
130.8, 128.9, 128.7, 128.6, 128.4, 128.0, 127.5, 127.1, 126.1, 125.2, 125.1, 116.6, 100.3, 100.0, 87.7,
86.8,49.3, 48.2, 21.3. ESI-MS calcd for C20H20NO [M+H]" 290.15, found 290.26.

(E)-N-benzyl-3-(3-methoxyphenyl)-N-(propa-1,2-dien-1-yl)acrylamide. 1k
| 0]

O@/\))/\@

Allene 1k was prepared following general procedure GP-1b from the corresponding enyne (298 mg,
0.98 mmol). Yellow solid (131.0 mg, 44% yield). Two rotamers are observed due to the dynamic
amide group. '"H NMR (400 MHz, CDCl3) 6 7.83 — 7.69 (m, 2H RotA, 1H RotB), 7.39 — 7.20 (m, 5H
RotA, 5H RotB), 7.15 (d, /= 7.4 Hz, 1H RotA), 7.10 — 6.85 (m, 3H RotA, 4H RotB), 6.76 (d, J =
15.4 Hz, 1H RotB), 5.34 (d, /= 6.4 Hz, 2H RotA, 2H RotB), 4.86 — 4.79 (m, 2H RotA, 2H RotB),
3.84 (s, 3H RotA), 3.79 (s, 3H RotB). *C NMR (101 MHz, CDCI3) § 202.7, 202.4, 165.1, 164.9,
159.9, 159.8, 144.5,143.9, 137.5,137.2, 136.4, 136.3, 129.8, 128.9, 128.4, 128.1,127.5, 127.2, 126.1,

120.6, 117.3, 117.3, 115.6, 113.2, 100.2, 100.0, 87.7, 86.8, 55.3, 53.4, 49.3, 48.2. ESI-MS calcd for
C20H20NO; [M+H]" 306.15, found 306.24.

(E)-3-(benzo[d][1,3]dioxol-5-yl)-N-benzyl-N-(propa-1,2-dien-1-yl)acrylamide. 11
)

Allene 11 was prepared following general procedure GP-1b from the corresponding enyne (250.0 mg,
0.78 mmol). White solid (154 mg, 62% yield). Two rotamers are observed due to the dynamic amide
group. 'H NMR (400 MHz, CDCls) § 7.81 (t, J= 6.2 Hz, 1H RotB), 7.71 (d, J = 15.2 Hz, 1H RotA,
1H RotB), 7.45 —7.19 (m, 5H RotA, 5H RotB), 7.13 — 6.76 (m, SH RotA, 3H RotB), 6.62 (d, J=15.2
Hz, 1H RotB), 6.03 (s, 2H RotA), 6.00 (s, 2H RotB), 5.37 — 5.33 (m, 2H RotA, 2H RotB), 4.83 (brs,
2H RotA, 2H RotB). 3C NMR (101 MHz, CDCl3) § 202.7, 202.4, 165.2, 165.1, 149.4, 148.3, 148.2,
144.4,143.8,137.5,137.2,129.4,128.9, 128.4, 128.0, 127.5, 127.1, 126.1, 124.4,124.2, 114.8, 108.6,
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106.4, 101.5, 100.2, 100.1, 87.6, 86.7, 49.2, 48.2. ESI-MS calcd for C20HisNO3; [M+H]" 320.13,
found 320.22.

(E)-N-benzyl-3-(4-chlorophenyl)-N-(propa-1,2-dien-1-yl)acrylamide. 1m
O

/@/\)J\N/\Q

Cl /

Allene 1m was prepared following general procedure GP-1b from the corresponding enyne (309.7
mg, 1.0 mmol). White solid (184.0 mg, 59% yield). Two rotamers are observed due to the dynamic
amide group. "H NMR (400 MHz, CDCl3) 6 7.78 (t, J = 6.2 Hz, 1H RotB), 7.72 (d, J= 15.3 Hz, 1H
RotA, 1H RotB), 7.52 — 7.20 (m, 9H RotA, 9H RotB), 6.98 (d, J = 15.4 Hz, 1H RotA), 6.87 (t, J =
5.8 Hz, 1H RotA), 6.74 (d, J=15.3 Hz, 1H RotB), 5.37 — 5.30 (m, 2H RotA, 2H RotB), 4.82 (d, J =
5.7 Hz, 2H RotA, 2H RotB). 13C NMR (101 MHz, CDCl3) § 202.7, 202.5, 164.8, 164.7, 143.2, 142.5,

137.5,137.1,135.8,133.5,133.4,129.1, 129.1, 128.9, 128.4, 128.0, 127.5, 127.2, 126.0, 117.5, 100.1,
100.0, 87.8, 86.8, 49.3, 48.3. ESI-MS calcd for C19H;7CINO [M+H]" 310.10, found 310.14.

(E)-N-benzyl-2-deutero-3-(4-chlorophenyl)-N-(propa-1,2-dien-1-yl)acrylamide. d/-1m

Allene 1m was prepared following general procedure GP-1b from the corresponding enyne (248.1
mg, 0.8 mmol). White solid (126.0 mg, 51% yield). Two rotamers are observed due to the dynamic
amide group. 'H NMR (400 MHz, CDCls) 7.8 (t,J = 6.3 Hz, IH RotB), 7.8 — 7.7 (m, 1H RotA, 1H
RotB), 7.5 — 7.2 (m, 9H RotA, 9H RotB), 7.0 (d, J = 15.0 Hz, 0.20H RotA), 6.9 (t, /= 5.8 Hz, 1H
RotA), 6.8 (d, J=15.3 Hz, 0.20H RotB), 5.4 (d, /= 6.3 Hz, 2H RotA, 2H RotB), 4.8 (d, /= 6.8 Hz,
2H RotA, 2H RotB). 3C NMR (101 MHz, CDCl3) § 202.7, 165.3, 164.7, 143.1, 142.5, 140.1, 137.1,
135.8, 133.4, 129.4, 129.18, 129.11, 129.0, 128.9, 128.8, 128.4, 128.0, 128.0, 127.7, 127.6, 127.2,
126.0, 117.5, 100.0, 87.8, 86.8, 49.3, 48.3. ESI-MS calcd for Ci1oH;sDCINO [M+H]* 311.11, found
311.48. (Slow decomposition during the measurement of the NMR sample was observed).

(E)-N-benzyl-2-methyl-3-phenyl-N-(propa-1,2-dien-1-yl)acrylamide. 3a
o)

SA s

Allene 3a was prepared following general procedure GP-1b from the corresponding enyne (587.0
mg, 2.03 mmol). White solid (475 mg, 80% yield). 'H NMR (400 MHz, CDCl3) § 7.57 — 6.96 (m,
12H), 6.69 (s, 1H), 5.32 (d, J = 6.2 Hz, 2H), 4.83 (s, 2H), 2.38 — 2.06 (m, 3H). 1*C NMR (101 MHz,
CDCl3) 6 201.2,171.1, 137.6, 135.6, 132.1, 129.1, 128.5, 128.4, 127.7, 127.2, 101.5, 87.3, 47.3, 16.1.
ESI-MS calcd for C20H20NO [M+H]" 290.15, found 290.20.
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(E)-N-benzyl-2-benzylidene-N-(propa-1,2-dien-1-yl)pentanamide. 3b

O
Sppas
Allene 3b was prepared following general procedure GP-1b from the corresponding enyne (587.0
mg, 1.85 mmol). Viscous oil (354.8 mg, 60% yield)."H NMR (400 MHz, CDCl3) § 7.43 —7.06 (m,
10H), 6.64 (brs, 1H), 5.30 (brs, 2H), 4.82 (s, 2H), 2.58 (brs, 2H), 1.64 — 1.46 (m, 2H), 0.95 (t,J=7.3
Hz, 3H). BC NMR (101 MHz, CDCl3) & 200.5 (Cq), 171.2 (Cq), 137.6 (Cq), 137.3 (CH), 135.7 (Cq),
131.7 (Cq), 128.9 (2CH), 128.4 (4CH), 127.9 (2CH), 127.7 (CH), 127.1 (CH), 102.0 (CH), 87.3

(CH»),47.1 (CH>), 31.7 (CH»), 21.6 (CH>), 14.2 (CH3). ESI-MS calcd for C22H24NO [M+H]" 318.18,
found 318.26.

(E)-N-benzyl-2-benzylidene-4-phenyl-N-(propa-1,2-dien-1-yl)but-3-ynamide. 3¢

Allene 3¢ was prepared following general procedure GP-1b from the corresponding enyne (389.0
mg, 0.85 mmol). Red viscous oil (121.3 mg, 60% yield). '"H NMR (400 MHz, CDCls) & 8.24 —7.77
(m, 2H), 7.64 — 7.00 (m, 15H), 5.45 — 5.20 (m, 2H), 5.15 — 4.80 (m, 2H). 13C NMR (101 MHz,
CDCl3) 6 202.6, 200.8, 166.4, 163.7, 143.9, 141.6, 137.3, 135.0, 131.5, 129.9, 129.5, 129.0, 128.5,
128.4,128.4,127.7,127.1,126.5, 122.7, 118.5, 116.7, 102.6, 100.3, 99.2, 87.6, 87.3, 85.2, 53.4,47.9,
47.0. ESI-MS calcd for Co7H22NO [M+H]" 376.17, found 376.29.

(E)-N-benzyl-3-(4-chlorophenyl)-2-methyl-N-(propa-1,2-dien-1-yl)acrylamide. 3d
0]

jonpas

Cl /

Allene 3d was prepared following general procedure GP-1b from the corresponding enyne (389.0
mg, 0.85 mmol). Red viscous oil (121.3 mg, 60% yield). Two rotamers are observed due to the
dynamic amide group. 'TH NMR (400 MHz, CDCl3) § 7.4 — 7.2 (m, 9H RotA, 10H RotB), 6.7 (t, J =
6.3 Hz, 1H RotA), 6.6 (brs, 1H RotA, 1H RotB), 5.4 — 5.3 (m, 2H RotA, 2H RotB), 4.8 (s, 2H RotA,
2H RotB), 2.2 — 2.0 (m, 3H RotA, 3H RotB). 3C NMR (101 MHz, CDCls) § 202.9, 200.8, 170.6,
169.9,137.5,136.5, 134.0, 133.9, 132.8, 132.7, 130.4, 129.0, 129.0, 128.9, 128.6, 128.6, 128.5, 128.4,

128.3, 127.9, 127.3, 127.2, 126.4, 100.5, 98.3, 87.5, 87.5, 49.9, 46.4, 22.1, 16.2. ESI-MS calcd for
Ca20H1oCINO [M+H]* 32411, found 324.04.
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(E)-N-benzyl-3-(4-methoxyphenyl)-2-methyl-N-(propa-1,2-dien-1-yl)acrylamide. 3e

Allene 3e was prepared following general procedure GP-1b from the corresponding enyne (434.4
mg, 1.36 mmol). Colourless viscous oil (334.6 mg, 77% yield). "TH NMR (400 MHz, CDCl3) § 7.36
—7.20 (m, 8H), 6.95 — 6.85 (m, 2H), 6.62 (brs, 1H), 5.32 — 5.25 (m, 2H), 4.80 (s, 2H), 3.82 (s, 3H),
2.13 (brs, 3H). 13C NMR (400 MHz, CDCl3) 8 200.9 (Cq), 172.2 (Cq), 159.2 (Cq), 137.7 (CH), 131.8
(Cq), 130.6 (2CH), 130.0 (Cq), 128.5 (2CH), 128.3 (Cq), 127.6 (2CH), 127.1 (CH), 113.8 (2CH),
101.5 (CH), 87.3 (CH>), 55.3 (CHz3), 47.7 (CH>), 16.2 (CH3). ESI-MS calcd for C21H22NO, [M+H]*
320.16, found 320.20.

(E)-N-benzyl-3-(4-butylphenyl)-2-methyl-N-(propa-1,2-dien-1-yl)acrylamide. 3f
O

peapae

Allene 3f was prepared following general procedure GP-1b from the corresponding enyne (232.0
mg, 0.7 mmol). Colourless oil (152.6 mg, 66% yield). '"H NMR (400 MHz, CDCl3) § 7.50 —7.11 (m,
10H), 6.67 (s, 1H), 5.31 (d, J = 6.4 Hz, 2H), 4.83 (s, 2H), 2.68 — 2.58 (m, 2H), 2.16 (s, 3H), 1.67 —
1.55 (m, 2H), 1.39 (hex, J = 7.3 Hz, 2H), 0.96 (t, J = 7.3 Hz, 3H). 13C NMR (101 MHz, CDCl;) §
200.9 (Cq), 172.0 (Cq), 142.7 (Cq), 137.6 (Cq), 133.0 (CH), 132.1 (Cq), 131.1 (CH), 129.1 (2CH),
128.5 (4CH), 127.7 (2CH), 127.1 (2CH), 101.9 (CH), 87.3 (CH2), 47.6 (CH>), 35.4 (CH>), 33.5 (CH>),
22.4 (CHy), 16.2 (CH3), 14.0 (CH3). ESI-MS calcd for C24H2sNO [M+H]* 346.22, found 346.25.

(E)-tert-butyl 3-(3-(benzyl(propa-1,2-dien-1-yl)amino)-2-methyl-3-oxoprop-1-en-1-yl)-2-
methyl-1H-indole-1-carboxylate. 3g

/I\l :

Allene 3g was prepared following general procedure GP-1b from the corresponding enyne (290.0
mg, 0.65 mmol). Red viscous oil (178.0 mg, 61% yield). "H NMR (400 MHz, CDCl3) 6 8.14 (d, J =
8.3 Hz, 1H), 7.50 — 7.10 (m, 9H), 6.68 (brs, 1H), 5.37 — 5.30 (m, 2H), 4.90 (s, 2H), 2.51 (s, 3H), 1.95
(s, 3H), 1.72 (s, 9H). 13C NMR (101 MHz, CDCls) 6 201.2 (Cq), 171.3 (Cq), 150.6 (Cq), 137.5 (Cq),
135.7 (Cq), 135.3 (Cq), 134.7 (Cq), 128.8 (Cq), 128.5 (2CH), 127.7 (2CH), 127.2 (2CH), 123.8 (CH),
122.8 (CH), 118.8 (CH), 115.5 (CH), 114.8 (Cq), 102.0 (CH), 87.4 (CH>), 84.1 (Cq), 47.4 (CH>),

28.3 (3CHs), 17.0 (CHs), 15.6 (CHs). ESI-MS caled for CasHzoNaNaO3 [M+Na]* 465.21, found
465.19.
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(E)-N-(4-methoxybenzyl)-2-methyl-3-phenyl-N-(propa-1,2-dien-1-yl)acrylamide. 3h
0

sasacE

Allene 3h was prepared following general procedure GP-1b from the corresponding enyne (319.4
mg, 1.0 mmol). White solid (163.3 mg, 51% yield). Two rotamers are observed due to the dynamic
amide group. 'H NMR (400 MHz, CDCl3) 6 7.44 —7.19 (m, 6H RotA, 6H RotB), 6.95 - 6.71 (m, 2H
RotA, 2H RotB), 6.48 (q, J = 1.7 Hz, 1H RotB), 6.42 (q, J =2.0 Hz, 1H RotA), 5.35 (d, /= 6.1 Hz,
2H RotA), 5.27 (d, J = 6.2 Hz, 2H RotB), 4.83 — 4.58 (m, 2H RotA, 2H RotB), 3.84 — 3.82 (m, 3H
RotA, 3H RotB), 2.16 (br s, 3H RotA), 2.15 (br s, 3H RotB). 13C NMR (101 MHz, CDCIs) & 203.0,
201.0, 171.0, 170.2, 158.8, 158.6, 135.7, 135.4, 132.2, 131.7, 130.0, 129.6, 129.1, 128.9, 128.7,
128.43, 128.38, 127.9, 127.8, 127.74, 127.68, 127.6, 113.8, 113.6, 100.5, 98.3, 87.3, 87.2, 55.33,
55.32,49.3,45.8,22.2, 16.1. ESI-MS calcd for C21H22NO> [M+H]" 320.16, found 320.09.

(E)-N-(4-fluorobenzyl)-2-methyl-3-phenyl-N-(propa-1,2-dien-1-yl)acrylamide. 3i
O

O,

Allene 3i was prepared following general procedure GP-1b from the corresponding enyne (245.9 mg,
0.8 mmol). White solid (192.0 mg, 49% yield). Two rotamers are observed due to the dynamic amide
group. TH NMR (400 MHz, CDCI3) 6 7.49 — 7.17 (m, 8H RotA, 8H RotB), 7.14 — 6.89 (m, 2H RotA,
3H RotB), 6.72 (br s, 1H RotA), 5.36 — 5.22 (m, 2H RotA, 2H RotB), 4.79 (s, 2H Rot A, 2H RotB),
2.16 (br s, 3H RotA, 3H RotB). 13C NMR (101 MHz, CDCls) § 200.8, 171.7, 170.2, 162.0 (d, J =
245.3 Hz), 135.5, 133.27 (d, J= 3.1 Hz), 131.9, 130.26 (d, J = 8.0 Hz), 129.3, 129.1, 128.4, 127.8,
127.7, 115.4, 115.2, 115.0, 101.8, 100.6, 87.5, 46.7, 22.1, 16.2. ¥F NMR (565 MHz, CDCl3) § -
115.31 (m). ESI-MS calcd for C2Hi9FNO [M+H]* 308.14, found 308.24. (Slow decomposition
during the measurement of the NMR sample was observed).

(E)-N-(cyanomethyl)-2-methyl-3-phenyl-N-(propa-1,2-dien-1-yl)acrylamide. 3j
0

Allene 3j was prepared following general procedure GP-1b from the corresponding enyne (200.0
mg, 0.84 mmol). Pale yellow solid (68.6 mg, 34% yield). 'H NMR (400 MHz, CDCl3) § 7.50 — 7.28
(m, 5H), 7.12 (brs, 1H), 6.81 (brs, 1H), 5.63 (d, J = 6.3 Hz, 2H), 4.53 (s, 2H), 2.20 (d, J = 1.5 Hz,
3H). BC NMR (101 MHz, CDCl3) § 199.5, 171.1, 135.0, 134.3, 130.1, 129.3, 128.6, 128.3, 115.2,
100.7, 89.7, 32.3, 16.0. ESI-MS calcd for Ci5Hi5N>O [M+H]* 239.12, found 239.09.
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(E)-N-cyclopropyl-2-methyl-3-phenyl-N-(propa-1,2-dien-1-yl)acrylamide. 3k
O
WL N

Allene 3k was prepared following general procedure GP-1b from the corresponding enyne (239.2
mg, 1.0 mmol). Pale yellow liquid (123.4 mg, 52% yield). 'TH NMR (400 MHz, CDCl3) § 7.52 —7.18
(m, 6H), 6.78 (s, 1H), 5.38 (d, J = 6.4 Hz, 2H), 2.71 (dt, J = 6.9, 3.0 Hz, 1H), 2.17 (d, J = 1.5 Hz,
3H), 0.95 — 0.88 (m, 2H), 0.77 (ddd, J = 3.9, 2.3, 1.3 Hz, 2H). 3C NMR (101 MHz, CDCl3) § =
202.8,172.8, 136.0, 133.1, 132.3,129.1, 128.4, 127.7, 100.6, 85.8, 29.6, 16.0, 9.8. ESI-MS calcd for
Ci6H1sNO [M+H]" 240.14, found 240.19.
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Characterization of products

Photocatalytic reactions [GP-2]:

0 L 4

R 1 mol % Ir (ppy)
Ar/\HJ\N 2 i .
Ry \ degassed

dry DMF (0.1 M)

rt,18h

R{#H R=H

To a vial charged with substrate 1 or 3 (1 equiv., 0.15-0.3 mmol) and Ir(ppy)s (1 mol%), dry and
degassed DMF (0.1 M) was added through a syringe. The solution was transferred in two NMR tubes
capped with a rubber septum and it was then degassed through three freeze-pump cycles. The
homogeneous solution was placed in an oil bath kept at 25 °C and irradiated with LED stripes for 18
hours indicatively. Conversion was monitored by TLC and the mixture was then concentrated in
vacuo. The residue was purified by chromatography on silica gel; the catalyst was removed using
toluene as eluent prior to the separation of desired products (n-hexane/EtOAc, under gradient).
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(R)-2-benzyl-9-((1S,2S,5R,6S)-3-benzyl-4-0x0-6-phenyl-3-azabicyclo[3.2.0] heptan-2-yl)-
2,3,4,9-tetrahydro-1H-benzo|f]isoindol-1-one. 2a

2a was isolated following the GP-2 using 1a as reagent (55.5 mg, 0.2 mmol). White crystals, m.p.
169-170 °C. Yield 25% (13.5 mg, 0.024 mmol). The reaction performed in a small Schlenk on 1.0
mmol of 1a (276 mg) led to the isolation of 2a in 18% yield (49.7 mg). The reaction conducted in a
coil reactor (5 mm inner diameter) using 1.04 g of 3a allowed to recover 208 mg of 2a (20%). 'H
NMR (400 MHz, CDCl3) 6 7.49 —7.03 (m, 19H, Ar-H), 5.32 (d, /= 14.2 Hz, H>»»), 4.83 (d, /= 15.1
Hz, H3»), 4.47 (d, J = 15.0 Hz, H3»), 4.28 — 4.21 (brs, Ho'), 4.03 — 3.72 (m, Hz, H3’, H3:, Hs, Hy»),
3.58 (dd, J = 22.1, 3.0 Hz, Hs"), 3.44 — 3.31 (m, Hs), 2.68 (q, J = 7.6 Hz, Hi), 2.09 — 1.87 (m, Hs,
2H7). 3C NMR (101 MHz, CDCl3) 8 177.2 (C4), 170.1 (Cr), 151.1 (Cq), 144.5 (Cq), 137.2 (Cq),
136.8 (Cq), 133.3 (Cq), 132.9 (Cq), 130.5 (Cq), 129.6 (CH), 129.0 (2CH), 128.9 (CH), 128.8 (4CH),
128.5 (2CH), 128.0 (2CH), 127.8 (CH), 127.7 (CH), 127.4 (CH), 127.1 (CH), 126.3 (2CH), 126.2
(CH), 66.2 (C2), 52.2 (C3’), 47.6 (Cs), 46.2 (C3»), 45.0 (Cz>), 42.8 (Cs), 38.5 (Co), 32.0 (C7), 31.8
(C1), 30.3 (Cy). ESI-MS calcd for C3gH34N2NaO; [M+Na]" 573.25, found 573.26. ESI-HRMS calcd
for C3sH34N>KO, [M+K]" 589.2252, found 589.2260.

(S)-2-benzyl-9-((1S,2S,5R,65)-3-benzyl-4-0x0-6-phenyl-3-azabicyclo[3.2.0] heptan-2-yl)-2,3,4,9-
tetrahydro-1H-benzo|f]isoindol-1-one. 2a’

2a’ was isolated following the GP-2 using 1a as reagent (55.5 mg, 0.2 mmol). Pale yellow solid, m.p.
106-107 °C. Yield 29% (16.2 mg, 0.029 mmol). The reaction performed in a small Schlenk on 1.0
mmol of 1a (276 mg) led to the isolation of 2a in 21% yield (57.8 mg). The reaction conducted in a
coil reactor (5 mm inner diameter) using 1.04 g of 3a allowed to recover 239 mg of 2a (23%). 'H
NMR (400 MHz, CDCl3) 6 7.53 — 7.16 (m, 18H), 6.96 (d, /= 7.2 Hz, 1H), 5.52 (d, J=15.1 Hz, 1H),
4.73 — 4.58 (m, 2H), 4.53 (d, J=15.1 Hz, 1H), 4.35 (brs, 1H), 3.98 — 3.68 (m, 3H), 3.62 — 3.49 (m,
3H), 2.75-2.69 (m, 1H), 2.51 (q,J=7.6 Hz, 1H), 2.11 — 1.96 (m, 2H). ¥*C NMR (101 MHz, CDCls)
0 175.8 (Cq), 170.0 (Cq), 150.9 (Cq), 144.4 (Cq), 137.5 (Cq), 137.4 (Cq), 134.4 (Cq), 133.4 (Cq),
130.7 (Cq), 129.1 (CH), 129.0 (2CH), 128.9 (CH), 128.9 (2CH), 128.8 (CH), 128.7 (2CH), 128.5
(2CH), 128.2 (2CH), 127.7 (CH), 127.6 (CH), 127.3 (CH), 127.1 (CH), 126.4 (CH), 126.2 (CH), 69.0
(CH), 52.0 (CH»), 48.2 (CH), 46.2 (CH»), 45.2 (CH>), 42.9 (CH), 38.7 (CH), 31.8 (CH2), 30.6 (CH),
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30.5 (CHz). ESI-MS calcd for C3gH34N2NaO; [M+Na]* 573.25, found 573.27. ESI-HRMS calcd for
C3sH35N20, [M+H]" 573.2693, found 573.2697.

(R)-2-benzyl-9-((1S,2S,5R,6S5)-3-benzyl-4-0x0-5-deutero-6-phenyl-3-azabicyclo[3.2.0] heptan-2-
yD-2,3,4,9-tetrahydro-1H-benzo|f]isoindol-1-one. d;-2a

d;-2a was isolated following the GP-2 using d;-1a as reagent (55.2 mg, 0.2 mmol). White solid, m.p.
114-115 °C. Yield 22% (12.3 mg, 0.022 mmol). 'TH NMR (400 MHz, CDCl3) § 7.52 — 6.99 (m, 19H),
5.31(d,J=14.2 Hz, 1H), 4.82 (d, /= 15.0 Hz, 1H), 4.48 (d, J = 15.0 Hz, 1H), 4.25 (brs, 1H), 4.04 —
3.71 (m, 5H), 3.58 (dd, J=22.1, 2.8 Hz, 1H), 3.37 (dd, /= 9.1, 3.8 Hz, 1H), 2.69 (t,J = 7.9 Hz, 1H),
2.10 —2.02 (m, 1H), 1.99 — 1.89 (m, 1H). ¥C NMR (101 MHz, CDCl3) § = 177.2 (Cq), 170.1 (Cq),
151.1 (Cq), 144.5 (Cq), 137.2 (Cq), 136.8 (Cq), 133.3 (Cq), 133.0 (Cq), 130.5 (Cq), 129.6 (CH),
129.0 (2CH), 128.9 (CH), 128.83 (2CH), 128.82 (2CH), 128.5 (2CH), 128.0 (2CH), 127.8 (CH),
127.7 (CH), 127.4 (CH), 127.1 (CH), 126.3 (2CH), 126.1 (CH), 66.2 (CH), 52.2 (CH>), 47.6 (CH,
residual peak), 46.2 (CH»), 45.0 (CH>), 42.7 (CH), 38.5 (CHz), 32.0 (CH>), 31.7 (CH), 30.3 (CH>).
ESI-HRMS calcd for C3sH3sDN>O> [M+H]* 552.2756, found 555.2748.

(S)-2-benzyl-9-((1S,2S,5R,6S5)-3-benzyl-4-0x0-5-deutero-6-phenyl-3-azabicyclo[3.2.0] heptan-2-
yD-2,3,4,9-tetrahydro-1H-benzo[f]isoindol-1-one. d;-2a’

d;-2a’ was isolated following the GP-2 using d;-1a as reagent (55.2 mg, 0.2 mmol). Pale yellow
solid, m.p. 111-112 °C. Yield 29% (16.1 mg, 0.029 mmol). '"H NMR (400 MHz, CDCl3) 8 7.53 —
7.02 (m, 18H), 6.94 (d, /= 7.0 Hz, 1H), 5.50 (d, J=15.1 Hz, 1H), 4.64 (q, /= 14.9 Hz, 2H), 4.50 (d,
J=15.1 Hz, 1H), 4.33 (brs, 1H), 3.90 (d, /= 19.1 Hz, 1H), 3.82 —3.67 (m, 2H), 3.63 — 3.47 (m, 3H),
2.49 (t,J=7.9 Hz, 1H), 2.10 — 1.95 (m, 2H). BC NMR (101 MHz, CDCl3) § 175.7 (Cq), 170.0 (Cq),
150.9 (Cq), 144.4 (Cq), 137.5 (Cq), 137.4 (Cq), 134.5 (Cq), 133.4 (Cq), 130.7 (Cq), 129.1 (CH),
128.9 (2CH), 128.9 (CH), 128.8 (2CH), 128.7 (2CH), 128.5 (2CH), 128.2 (2CH), 127.7 (CH), 127.6
(CH), 127.3 (CH), 127.1 (CH), 126.4 (2CH), 126.2 (CH), 69.0 (CH), 52.0 (CH>), 48.3 (CH, residual
peak), 46.2 (CH>), 45.2 (CH>), 42.8 (CH), 38.7 (CH), 31.8 (CH»), 30.52 (CH), 30.5 (CH). ESI-
HRMS calcd for C3sH34DN>O> [M+H]" 552.2756, found 555.2763.
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(R)-2-benzyl-9-((1S,2S,5R,6S5)-1-deutero-3-benzyl-4-ox0-6-pentadeuterophenyl-3-
azabicyclo[3.2.0]heptan-2-yl)-2,3,4,9-tetrahydro-5,6,7,8-tetradeutero-1H-benzo|[f]isoindol-1-
one. dip-2a

dip-2a was isolated following the GP-2 using ds-1a as reagent (56.0 mg, 0.2 mmol). Pale yellow
solid, m.p. 116-117 °C. Yield 26% (14.8 mg, 0.026 mmol). "H NMR (400 MHz, CDCl3) § 7.50 —
7.15 (m, 10H), 5.31 (d, J=14.2 Hz, 1H), 4.82 (d, J = 14.9 Hz, 1H), 4.48 (d, J = 15.0 Hz, 1H), 4.25
(s, 1H), 4.06 — 3.71 (m, 5H), 3.58 (dd, J = 22.1, 2.9 Hz, 1H), 3.44 — 3.33 (m, 1H), 2.17 — 1.86 (m,
3H). 3C NMR (101 MHz, CDCl3) § 177.2 (Cq), 170.1 (Cq), 151.1 (Cq), 144.4 (Cq), 137.2 (Cq), 136.9
(Cq), 133.2 (Cq), 132.9 (Cq), 130.5 (Cq), 129.0 (2CH), 128.8 (2CH), 128.8 (2CH), 128.0 (2CH), 127.8
(CH), 127.7 (CH), 66.1 (CH), 52.2 (CH>), 47.5 (CH), 46.2 (CH>), 45.1 (CH>), 42.8 (CH), 38.5 (CH),
31.9 (CHy), 31.8 — 31.4 (m, CD), 30.2 (CHz). ESI-HRMS calcd for C3sH2sD1oN2O> [M+H]*
561.3321, found 561.3329.

(S)-2-benzyl-9-((1S,2S,5R,6S)-1-deutero-3-benzyl-4-0xo0-6-pentadeuterophenyl-3-
azabicyclo[3.2.0]heptan-2-yl)-2,3,4,9-tetrahydro-5,6,7,8-tetradeutero-1H-benzo|[f]isoindol-1-
one.

dip-2a’ was isolated following the GP-2 using ds-1a as reagent (56.0 mg, 0.2 mmol). Pale yellow
solid, m.p. 111-112 °C. Yield 29% (16.5 mg, 0.029 mmol). "H NMR (400 MHz, CDCl3) § 7.48 —
7.17 (m, 10H), 5.50 (d, J=15.1 Hz, 1H), 4.64 (q, J = 14.9 Hz, 2H), 4.50 (d, J = 15.5 Hz, 1H), 4.33
(d, /J=3.9Hz, 1H), 3.90 (d, /= 19.2 Hz, 1H), 3.80 — 3.67 (m, 2H), 3.62 — 3.46 (m, 3H), 2.71 (s, 1H),
2.08 —1.93 (m, 2H). 3C NMR (101 MHz, CDCl3) § 175.8 (Cq), 170.0 (Cq), 150.9 (Cq), 144.3 (Cq),
137.5 (Cq), 137.4 (Cq), 134.4 (Cq), 133.3 (Cq), 130.8 (Cq), 128.9 (2CH), 128.8 (2CH), 128.7 (2CH),
128.2 (2CH), 127.7 (CH), 127.6 (CH), 68.9 (CH), 52.0 (CH>), 48.0 (CH), 46.2 (CH»), 45.3 (CH>),
42.8 (CH), 38.7 (CH), 31.7 (CH2), 30.4 (CH2). ESI-HRMS calcd for C3sHz5D1oN2O2 [M+H]"
561.3321, found 561.3331.
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(R)-2-nonyl-9-((1S,2S,5R,6S)-3-nonyl-4-0x0-6-phenyl-3-azabicyclo[3.2.0] heptan-2-yl)-2,3,4,9-
tetrahydro-1H-benzo|f]isoindol-1-one. 2b

N
H

HH

2b was isolated following the GP-2 using 1b as reagent (62.3 mg, 0.2 mmol). Pale yellow oil. Yield
15% (9.3 mg, 0.015 mmol). "H NMR (400 MHz, CDCl3) 4 7.42 — 7.12 (m, 6H), 7.11 (d, J= 7.3 Hz,
2H), 6.99 (d, J= 7.0 Hz, 1H), 4.20 — 4.03 (m, 3H), 4.02 — 3.91 (m, 1H), 3.89 (dd, J = 22.1, 3.9 Hz,
1H), 3.68 (dd, J=22.2, 3.2 Hz, 1H), 3.59 (dd, /= 14.4, 7.0 Hz, 1H), 3.42 (dt, J=13.9, 7.0 Hz, 2H),
3.19 (ddd, J = 13.5, 8.7, 5.2 Hz, 1H), 2.45 (q, J = 7.2 Hz, 1H), 2.37 — 2.25 (m, 1H), 2.21 (dtd, J =
12.5,6.9,3.5Hz, 1H), 1.93 (d, /= 6.7 Hz, 1H), 1.91 — 1.71 (m, 3H), 1.66 — 1.58 (m, 2H), 1.40 - 1.23
(m, 24H), 0.94 — 0.85 (m, 6H). 13C NMR (101 MHz, CDCl3) 8 177.1 (Cq), 170.1 (Cq), 149.8 (Cq),
144.5 (Cq), 133.0 (Cq), 132.1 (Cq), 130.8 (Cq), 129.5 (CH), 128.9 (CH), 128.4 (2CH), 127.3 (CH),
127.0 (CH), 126.3 (2CH), 126.1 (CH), 66.2 (CH), 52.7 (CH>), 47.8 (CH), 42.6 (CH), 42.2 (CH),
40.7 (CHz), 37.2 (CH), 32.6 (CH2), 31.89 (CH>), 31.85 (CH>), 31.0 (CH), 30.1 (CH>), 29.6 (CH>),
29.5 (CHz), 29.4 (CHy), 29.34 (CHy), 29.29 (CH2), 29.2 (CH>), 28.8 (CH>), 27.3 (CH2), 27.0 (CH>),
26.9 (CH), 22.71 (CH2), 22.67 (CH2), 14.14 (CH3), 14.12 (CH3). ESI-HRMS calcd for C42Hs0N202
[M+H]" 623.4571, found 623.4564.

(S)-2-nonyl-9-((1S,2S,5R,6S)-3-nonyl-4-0x0-6-phenyl-3-azabicyclo[3.2.0] heptan-2-yl)-2,3,4,9-
tetrahydro-1H-benzo|f]isoindol-1-one. 2b’

2b’ was isolated following the GP-2 using 1b as reagent (62.3 mg, 0.2 mmol). Pale yellow oil. Yield
21% (13.1 mg, 0.021 mmol). '"H NMR (400 MHz, CDCl3) 8 7.45 — 7.13 (m, 9H), 4.22 (s, 1H), 4.13
—3.96 (m, 2H), 3.90 — 3.81 (m, 2H), 3.64 (dd, J = 21.9, 2.5 Hz, 1H), 3.48 (quint, J = 7.4 Hz, 2H),
3.43 -3.33 (m, 1H), 3.31 - 3.17 (m, 1H), 2.72 (q,J = 7.6 Hz, 1H), 2.64 (d, J= 6.8 Hz, 1H), 2.23 (t,
J=7.4Hz, 2H), 1.80 — 1.60 (m, 2H), 1.58 — 1.49 (m, 2H), 1.37 — 1.17 (m, 24H), 0.96 — 0.82 (m, 6H).
13C NMR (101 MHz, CDCl3) & 175.9 (Cq), 169.8 (Cq), 149.9 (Cq), 144.6 (Cq), 134.5 (Cq), 133.7
(Cq), 131.4 (Cq), 129.1 (CH), 129.0 (CH), 128.5 (2CH), 127.2 (CH), 127.1 (CH), 126.4 (CH), 126.2
(2CH), 69.4 (CH), 52.6 (CH»), 48.2 (CH), 42.9 (CH), 42.3 (CH»), 41.2 (CH>), 39.6 (CH), 32.4 (CH>),
31.9 (CH), 31.8 (CH>), 31.6 (CH>), 30.5 (CH»), 29.6 (CH>), 29.5 (CH), 29.5 (CH>), 29.4 (CH>), 29.3
(CH»), 29.3 (CH»), 28.7 (CH>), 27.3 (CH>), 27.1 (CH>), 26.9 (CH»), 22.7 (CH»), 22.7 (CH>), 14.1
(CH3), 14.1 (CHs). ESI-HRMS calcd for C42HsoN202 [M+H]™ 623.4571, found 623.4580.
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(R)-9-((1S,2S,5R,6S)-4-0x0-3-phenethyl-6-phenyl-3-azabicyclo[3.2.0]heptan-2-yl)-2-phenethyl-
2,3,4,9-tetrahydro-1H-benzo|f]isoindol-1-one. 2¢

2¢ was isolated following the GP-2 using 1c as reagent (57.9 mg, 0.2 mmol). Colorless oil. Yield
26% (14.9 mg, 0.026 mmol). 'H NMR (400 MHz, CDCI3) & 7.43 (d, J = 7.3 Hz, 2H), 7.37 — 7.10
(m, 15H), 7.03 (d, J = 7.4 Hz, 2H), 4.47 (dt, J = 13.8, 8.3 Hz, 1H), 4.14 (s, 1H), 3.99 (s, 1H), 3.89 —
3.67 (m, 5H), 3.55 (dd, J=22.2, 3.3 Hz, 1H), 3.44 (dt, J = 12.2, 5.6 Hz, 1H), 3.28 — 3.21 (m, 2H),
3.16 — 3.07 (m, 1H), 2.99 — 2.91 (m, 2H), 2.28 (q, J = 7.2 Hz, 1H), 1.99 (ddt, J = 13.0, 7.0, 2.8 Hz,
1H), 1.92 — 1.86 (m, 1H), 1.74 — 1.66 (m, 1H). 13C NMR (101 MHz, CDCls3) § 177.2 (Cq), 170.0
(Cq), 149.9 (Cq), 144.5 (Cq), 138.8 (Cq), 138.3 (Cq), 133.0(Cq), 132.1 (Cq), 130.6 (Cq), 129.4 (CH),
129.1 (2CH), 128.9 (CH), 128.7 (2CH), 128.6 (2CH), 128.5 (2CH), 128.4 (2CH), 127.3 (CH), 127.0
(CH), 126.6 (CH), 126.5 (CH), 126.3 (2CH), 126.1 (CH), 66.3 (CH), 53.4 (CH>), 47.7 (CH), 43.9
(CH»), 42.4 (CH), 40.8 (CH>), 37.2 (CH), 35.1 (CH»), 32.9 (CH), 32.1 (CH>), 30.6 (CH), 30.0 (CH>).
ESI-HRMS calcd for C40H3sN2NaO, [M+Na]" 601.2855, found 601.2862.

(S)-9-((1S,2S,5R,6S)-4-0x0-3-phenethyl-6-phenyl-3-azabicyclo[3.2.0]heptan-2-yl)-2-phenethyl-
2,3,4,9-tetrahydro-1H-benzo|f]isoindol-1-one. 2¢’

2¢’ was isolated following the GP-2 using 1c as reagent (57.9 mg, 0.2 mmol). Colorless oil. Yield
22% (12.8 mg, 0.022 mmol). 'H NMR (400 MHz, CDCl3) § 7.41 — 7.14 (m, 18H), 7.06 — 7.01 (m,
1H), 4.50 (dt, J = 14.1, 6.9 Hz, 1H), 4.16 (brs, 1H), 3.81 — 3.43 (m, 7H), 3.31 (d, J = 8.9 Hz, 1H),
3.08 (q, J = 7.1 Hz, 2H), 2.86 (t, /= 6.8 Hz, 2H), 2.50 (d, /= 6.6 Hz, 1H), 2.41 (q, J= 7.1 Hz, 1H),
1.95 (tq, J = 8.9, 3.2 Hz, 1H), 1.74 (ddd, J = 12.8, 9.1, 7.0 Hz, 1H). 3C NMR (101 MHz, CDCl3) §
175.9 (Cq), 169.8 (Cq), 150.3 (Cq), 144.7 (Cq), 139.3 (Cq), 139.0 (Cq), 134.4 (Cq), 133.5 (Cq), 130.9
(Cq), 129.0 (CH), 128.93 (2CH), 128.92 (CH), 128.8 (2CH), 128.6 (4CH), 128.5 (2CH), 127.2 (CH),
127.0 (CH), 126.5 (CH), 126.40 (CH), 126.38 (2CH), 126.2 (CH), 70.2 (CH), 53.5 (CH), 47.8 (CH),
43.8,42.7 (CH), 41.9 (CH>), 39.1 (CH), 35.1 (CH>), 33.9 (CH>), 31.9 (CH>), 30.9 (CH), 30.4 (CH>).
ESI-HRMS calcd for C40H3sN2NaO, [M+Na]" 601.2855, found 601.2861.
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(S)-9-((1S,2S,5R,6S)-4-0x0-3,6-diphenyl-3-azabicyclo[3.2.0]heptan-2-yl)-2-phenyl-2,3,4,9-
tetrahydro-1H-benzo|f]isoindol-1-one. 2d’

2d’ was isolated following the GP-2 using 1d as reagent (57.5 mg, 0.22 mmol). Pale yellow solid,
m.p. 133-134 °C. Yield 17% (9.7 mg, 0.022 mmol). 'H NMR (400 MHz, CDCl;3) 6 8.34 (d,J=7.9
Hz, 2H), 7.80 (dd, J = 8.7, 1.0 Hz, 2H), 7.61 (t, J = 8.0 Hz, 2H), 7.45 (t, J = 8.0 Hz, 2H). 7.34 — 7.10 (m,
10H), 7.07 (d, J= 7.2 Hz, 1H) 5.01 (d, J=2.0 Hz, 1H), 4.64 (d, J = 18.2 Hz, 1H), 4.42 (dd, J = 18.3,
2.0 Hz, 1H), 4.34 (brs, 1H), 3.99 (dd, J = 22.4, 4.1 Hz, 1H), 3.77 (dd, J=22.5, 3.5 Hz, 1H), 3.52 (dt,
J=18.5,4.0 Hz, 1H), 2.54 — 2.42 (m, 2H), 2.42 — 2.32 (m, 1H), 2.18 — 2.11 (m, 1H). 13C NMR (101
MHz, CDCIs) 6 176.4 (Cq), 169.1 (Cq), 150.0 (Cq), 144.1 (Cq), 139.1 (Cq), 138.2 (Cq), 132.4 (Cq),
131.8 (Cq), 131.7 (Cq), 129.6 (CH), 129.5 (2CH), 129.3 (2CH), 129.0 (CH), 128.5 (2CH), 127.6
(CH), 127.2 (CH), 126.3 (2CH), 125.0 (CH), 124.3 (CH), 122.6 (CH), 121.5 (2CH), 118.8 (2CH),
67.0 (CH), 53.3 (CH>), 49.1 (CH), 42.6 (CH), 37.0 (CH), 32.8 (CH>), 30.0 (CH2), 29.7 (CH). ESI-
HRMS calcd for C40H33N2NaO> [M+Na]* 545.2199, found 545.2206.
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(R)-2-cyclopropyl-9-((1S,2S,5R,6S)-3-cyclopropyl-4-oxo-6-phenyl-3-azabicyclo[3.2.0|heptan-2-
yD-2,3,4,9-tetrahydro-1H-benzo[f]isoindol-1-one. 2e

2e was isolated following the GP-2 using 1e as reagent (45.1 mg, 0.2 mmol). Pale yellow oil. Yield
24% (10.8 mg, 0.024 mmol). '"H NMR (400 MHz, CDCl3) & 7.50 — 6.99 (m, 9H), 4.25 (brs, 1H),
4.07 (d,J=19.1 Hz, 1H), 3.97 — 3.82 (m, 3H), 3.65 (dd, J=22.2, 3.3 Hz, 1H), 3.38 —3.27 (m, 1H),
2.93 —2.85 (m, 1H), 2.83 —2.73 (m, 1H), 2.42 (q, J = 8.0 Hz, 1H), 2.18 (t, /= 7.5 Hz, 2H), 1.92 (d,
J=8.4 Hz, 1H), 1.21 — 1.12 (m, 2H), 1.03 — 0.70 (m, 6H). 13C NMR (101 MHz, CDCl3) § 178.5
(Cq), 171.5 (Cq), 150.2 (Cq), 144.4 (Cq), 132.9 (Cq), 132.0 (Cq), 131.1 (Cq), 129.6 (CH), 129.0
(CH), 128.4 (2CH), 127.3 (CH), 127.1 (CH), 126.3 (2CH), 126.1 (CH), 67.9 (CH), 53.4 (CH>), 48.4
(CH), 42.3 (CH), 38.4 (CH), 32.6 (CH>), 30.9 (CH), 30.1 (CH»), 24.7 (CH), 24.6 (CH»), 7.8 (CH>),
5.6 (CHy), 5.4 (CH»), 5.2 (CHz). ESI-HRMS calcd for C30H30N2NaO> [M+Na]" 473.2199, found
473.2191.

(S)-6-chloro-9-((1S,2S,5R,6S)-6-(4-chlorophenyl)-3-cyclopropyl-4-oxo-3-
azabicyclo[3.2.0]heptan-2-yl)-2-cyclopropyl-2,3,4,9-tetrahydro-1H-benzo[f]isoindol-1-one. 2¢’

2¢’ was isolated following the GP-2 using 1e as reagent (45.1 mg, 0.2 mmol). Pale yellow oil. Yield
30% (13.5 mg, 0.030 mmol). 'H NMR (400 MHz, CDCl3)  7.35 - 7.16 (m, 9H), 4.28 (brs, 1H), 3.97
(d, J=19.0 Hz, 1H), 3.83 (d, /= 20.4 Hz, 2H), 3.74 (d, J=3.0 Hz, 1H), 3.62 (dd, J = 21.9, 2.6 Hz,
1H), 3.41 - 3.31 (m, 1H), 3.12 (tt, J=7.5, 4.1 Hz, 1H), 2.81 — 2.70 (m, 2H), 2.60 (d, /= 6.7 Hz, 1H),
2.28 = 2.15 (m, 1H), 2.13 = 2.02 (m, 1H), 1.14 (ddd, J=12.3, 9.6, 6.8 Hz, 2H), 0.97 — 0.64 (m, 6H).
13C NMR (101 MHz, CDCls) & 177.3 (Cq), 171.2 (Cq), 150.1 (Cq), 144.4 (Cq), 134.3 (Cq), 133.6
(Cq), 131.6 (Cq), 129.2 (CH), 129.0 (CH), 128.5 (2CH), 127.2 (CH), 127.2 (CH), 126.4 (CH), 126.3
(2CH), 71.5 (CH), 53.2 (CH»), 48.8 (CH), 42.6 (CH), 40.5 (CH), 32.4 (CH»), 31.8 (CH), 30.5 (CH>),
24.8 (CH), 24.6 (CH), 8.7 (CHz), 5.8 (CH2), 5.6 (CHz), 4.9 (CHz). ESI-HRMS calcd for
C30H30N2NaO; [M+Na]" 473.2199, found 473.2208.
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(R)-6-chloro-9-((1S,2S,5R,6S)-6-(4-chlorophenyl)-4-oxo-3-phenethyl-3-
azabicyclo[3.2.0]heptan-2-yl)-2-phenethyl-2,3,4,9-tetrahydro-1H-benzo|f]isoindol-1-one. 2f

2f was isolated following the GP-2 using 1f as reagent (65.0 mg, 0.2 mmol). Colorless oil. Yield 15%
(9.7 mg, 0.015 mmol). '"H NMR (400 MHz, CDCl3) 8 7.41 (d, J = 7.3 Hz, 2H), 7.35 - 7.13 (m, 13H),
6.96 (d, J=8.4 Hz, 2H), 4.47 (dt, J= 13.8, 8.3 Hz, 1H), 4.09 (brs, 1H), 3.99 (s, 1H), 3.84 —3.67 (m,
5H), 3.61 — 3.54 (m, 1H), 3.41 (dt, J = 13.1, 6.2 Hz, 1H), 3.23 (t, J = 7.6 Hz, 2H), 3.09 — 3.00 (m,
1H), 2.99 —2.90 (m, 2H), 2.20 (dt, J = 13.0, 6.3 Hz, 1H), 2.10 — 1.89 (m, 2H), 1.71 — 1.57 (m, 1H).
13C NMR (101 MHz, CDCls) & 176.8 (Cq), 169.7 (Cq), 149.2 (Cq), 142.7 (Cq), 138.7 (Cq), 138.0
(Cq), 135.0 (Cq), 133.2 (Cq), 131.9 (Cq), 130.7 (Cq), 130.53 (CH), 130.50 (Cq), 129.1 (2CH), 128.9
(CH), 128.67 (2CH), 128.66 (2CH), 128.53 (2CH), 128.50 (2CH), 127.7 (2CH), 127.3 (CH), 126.63
(CH), 126.59 (CH), 66.1 (CH), 53.3 (CHz), 47.8 (CH), 43.9 (CH>), 41.9 (CH), 40.7 (CH>), 36.8 (CH),
35.0 (CH>), 32.8 (CH>), 31.9 (CHz), 30.3 (CH), 29.4 (CHz). ESI-HRMS calcd for C40H37C2N20;
[M+H]" 647.2267, found 647.2274.

(S)-6-chloro-9-((1S,2S,5R,6S)-6-(4-chlorophenyl)-4-0x0-3-phenethyl-3-
azabicyclo[3.2.0]heptan-2-yl)-2-phenethyl-2,3,4,9-tetrahydro-1H-benzo|[f]isoindol-1-one. 2f

21’ was isolated following the GP-2 using 1f as reagent (65.0 mg, 0.2 mmol). Pale yellow oil. Yield
17% (10.9 mg, 0.017 mmol). 'H NMR (400 MHz, CDCl3) § 7.43 —7.06 (m, 16H), 6.92 (d, J= 8.4
Hz, 1H), 4.51 (dt, J=13.8, 6.6 Hz, 1H), 4.13 (s, 1H), 3.84 —3.73 (m, 1H), 3.72 - 3.53 (m, 5H), 3.53
—3.42 (m, 2H), 3.30 (d, J = 7.9 Hz, 1H), 3.16 — 2.98 (m, J = 6.6 Hz, 2H), 2.88 (t, J = 6.6 Hz, 2H),
2.47(d,J=7.1 Hz, 1H), 2.34 (q, J= 7.2 Hz, 1H), 1.95 (t,J=10.6 Hz, 1H), 1.83 — 1.68 (m, 1H). 3C
NMR (101 MHz, CDCL) 6 175.7 (Cq), 169.4 (Cq), 149.6 (Cq), 142.8 (Cq), 139.3 (Cq), 138.8 (Cq),
135.3 (Cq), 132.9 (Cq), 132.8 (Cq), 132.0 (Cq), 130.7 (Cq), 130.2 (CH), 128.9 (2CH), 128.8 (CH),
128.7 (2CH), 128.7 (2CH), 128.63 (2CH), 128.62 (2CH), 127.8 (2CH), 127.5 (CH), 126.6 (CH),
126.5 (CH), 70.2 (CH), 53.4 (CH»), 47.8 (CH), 43.8 (CH>), 42.2 (CH), 42.0 (CH»), 38.5 (CH), 35.0
(CH2), 33.9 (CH2), 31.7 (CH2), 30.7 (CH), 30.2 (CH2). ESI-HRMS calcd for C4H37C2N202 [M+H]*
647.2267, found 647.2259.
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(R)-2-benzyl-9-((1S,2S,5R,6S)-3-benzyl-6-(4-bromophenyl)-4-oxo-3-azabicyclo[3.2.0]heptan-2-
yl)-6-bromo-2,3,4,9-tetrahydro-1H-benzo|[f]isoindol-1-one. 2g
Br.

2g was isolated with traces of 2g’ following the GP-2 using 1g as reagent (59.2 mg, 0.167 mmol).
Pale yellow solid, m.p. 124-125 °C. Yield 17% (10.9 mg, 0.014 mmol). "TH NMR (400 MHz, CDCls)
0 7.51 =7.29 (m, 12H), 7.24 (dd, J=7.5, 1.8 Hz, 2H), 7.03 (d, J = 8.4 Hz, 2H), 6.96 (d, J = 8.2 Hz,
Hg), 5.31 (d, J = 14.2 Hz, H3»), 4.83 (d, J = 14.9 Hz, H>), 4.50 (d, J = 14.9 Hz, H»-), 4.21 (brs,
Ho), 4.05 —3.74 (m, Hz, Hs, H3:, H3°, He'), 3.57 (dd, /= 22.2, 2.8 Hz, Hs’), 3.36 (dt, /= 6.5, 3.1 Hz,
He), 2.62 (q, J = 7.5 Hz, Hy), 2.13 — 2.01 (m, Hs, Hy), 2.02 — 1.90 (m, H7). ®C NMR (101 MHz,
CDCl) 6 176.8 (Cs), 169.7 (Cy°), 150.3 (Cq), 143.2 (Cq), 137.0 (Cq), 136.5 (Cq), 135.6 (Cq), 131.9
(Cq), 131.8 (CH), 131.6 (2CH), 131.0 (Cs), 130.3 (Cq), 130.2 (CH), 129.0 (2CH), 128.9 (2CH),
128.9 (2CH), 128.1 (2CH), 128.0 (2CH), 128.0 (CH), 127.8 (CH), 121.4 (Cq), 120.0 (Cq), 66.0 (C2),
52.1 (C3’), 47.6 (Cs), 46.2 (Ca), 45.2 (C3»), 42.3 (Cs), 38.1 (Co’), 31.8 (C7), 31.5 (C1), 30.0 (Cy).
ESI-MS calcd for C3sH3BroN:NaO, [M+Na]® 731.07, found 731.14. ESI-HRMS calcd for
C3sH32”"BraN2KO, [M+K]" 745.0462, found 745.0455.

(S)-2-benzyl-9-((1S,2S,5R,65)-3-benzyl-6-(4-bromophenyl)-4-o0xo0-3-azabicyclo[3.2.0] heptan-2-
yl)-6-bromo-2,3,4,9-tetrahydro-1H-benzo|[f]isoindol-1-one. 2g’
Br

2g’ was isolated following the GP-2 using 1g as reagent (59.2 mg, 0.167 mmol). Pale yellow solid,
m.p. 113-114 °C. Yield 27% (16.0 mg, 0.022 mmol). "TH NMR (400 MHz, CDCl3) 6 7.51 —7.21 (m,
14H), 7.08 (d, J = 8.3 Hz, 2H), 6.79 (d, J = 8.3 Hz, Hs), 5.50 (d, /= 15.1 Hz, H3>), 4.71 — 4.58 (m,
2H»»), 4.51 (d, J=15.2 Hz, H3~), 4.32 - 4.25 (m, Hy’), 3.91 (d, /= 19.2 Hz, H3), 3.80 — 3.68 (m, Ha,
H3), 3.58 — 3.47 (m, Hs, H4, H2), 2.63 (d, J = 6.6 Hz, Hs), 2.42 (q, J = 7.3 Hz, H1), 2.11 — 1.96 (m,
2H7). ®C NMR (101 MHz, CDCl;) 8 175.4 (Ca), 169.6 (C1), 150.1 (Cq), 143.1 (Cq), 137.3 (Cq),
137.1 (Cq), 136.4 (Cq), 135.6 (Cq), 133.4 (Cq), 131.7 (CH), 131.6 (2CH), 130.5 (CH), 130.5 (CH),
129.0 (2CH), 128.9 (2CH), 128.7 (2CH), 128.2 (2CH), 128.2 (2CH), 127.8 (CH), 127.7 (CH), 120.9
(Cq), 120.0 (Cq), 68.8 (C2), 51.9 (CH3'), 48.2 (Cs), 46.2 (C2), 45.3 (Cs), 42.4 (Ce), 38.3 (Co’), 31.5
(C7), 30.5 (C1), 30.2 (Cs). ESI-HRMS calcd for C3gHz2””BroN>NaO, [M+Na]* 729.0723, found
745.0717.
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(R)-2-benzyl-9-((1S,2S,5R,6S)-3-benzyl-6-(4-methoxyphenyl)-4-oxo-3-azabicyclo[3.2.0]heptan-
2-yl)-6-methoxy-2,3,4,9-tetrahydro-1H-benzo[f]isoindol-1-one. 2h

/
(@)
@'ﬂop
N
H

2h was isolated following the GP-2 using 1h as reagent (61.1 mg, 0.2 mmol). White crystals, m.p.
169 °C (dec.). Yield 18% (11.0 mg, 0.018 mmol). '"H NMR (400 MHz, CDCl3) § 7.52 (d, J = 7.2
Hz, 2H), 7.42 (t, J=7.5 Hz, 2H), 7.37 — 7.21 (m, 6H), 7.07 (d, J = 8.6 Hz, 2H), 7.02 (d, J = 8.6 Hz,
1H), 6.86 — 6.78 (m, 3H), 6.76 (d, J= 2.6 Hz, 1H), 5.34 (d, /= 13.6 Hz, 1H), 4.85 (d, /= 15.0 Hz,
1H), 4.49 (d, J = 15.0 Hz, 1H), 4.22 (brs, 1H), 4.04 (d, J = 14.2 Hz, 1H), 3.95 (d, /= 19.1 Hz, 1H),
3.88 (d, J=2.2 Hz, 1H), 3.85 —3.75 (m, 8H), 3.55 (dd, J = 22.1, 2.8 Hz, 1H), 3.35 (dt, /= 6.4, 3.1
Hz, 1H), 2.60 (q, J = 7.5 Hz, 1H), 2.16 — 1.91 (m, 3H). 3C NMR (101 MHz, CDCls) § 177.2 (Cq),
170.1 (Cq), 158.7 (Cq), 157.9 (Cq), 150.7 (Cq), 137.2 (Cq), 136.9 (Cq), 136.7 (Cq), 134.6 (Cq), 130.9
(Cq), 130.5 (CH), 129.0 (2CH), 128.8 (4CH), 128.0 (2CH), 127.8 (CH), 127.7 (CH), 127.3 (2CH),
124.8 (Cq), 114.4 (CH), 113.8 (2CH), 112.3 (CH), 66.2 (CH), 55.3 (2CH3), 52.2 (CH>»), 48.0 (CH),
46.2 (CH2), 45.0 (CH2), 42.2 (CH), 37.5 (CH), 32.2 (CH2), 31.5 (CH), 30.5 (CHz). ESI-HRMS calcd
for C40H39N204 [M+H]" 611.2904, found 611.2897.

(S)-2-benzyl-9-((1S,2S,5R,6S)-3-benzyl-6-(4-methoxyphenyl)-4-oxo0-3-azabicyclo[3.2.0] heptan-
2-yl)-6-methoxy-2,3,4,9-tetrahydro-1H-benzo[f]isoindol-1-one. 2h’

2h’ was isolated with traces of 2h following the GP-2 using 1h as reagent (61.1 mg, 0.2 mmol).
White solid, m.p. 128-129 °C. Yield 29% (17.6 mg, 0.029 mmol). 'TH NMR (400 MHz, CDCls) &
7.51 —7.27 (m, 9H), 7.25 — 7.20 (m, 2H), 7.12 (d, J = 8.6 Hz, 2H), 6.88 — 6.80 (m, 2H), 6.75 — 6.70
(m, 2H), 5.50 (d, J = 15.1 Hz, 1H), 4.75 — 4.55 (m, 2H), 4.50 (d, J = 15.2 Hz, 1H), 4.28 (brs, 1H),
3.88 (d, J=18.9 Hz, 1H), 3.81 — 3.68 (m, 8H), 3.60 — 3.46 (m, 3H), 2.67 (d, J= 6.8 Hz, 1H), 2.51 (q,
J=7.4Hz, 1H), 2.12 - 1.91 (m, 2H). 13C NMR (101 MHz, CDCl3) § 175.9 (Cq), 170.0 (Cq), 158.4
(Cq), 158.0(Cq), 150.6 (Cq), 137.5(Cq), 137.4 (Cq), 136.6 (Cq), 134.6 (Cq), 131.1 (Cq), 129.9 (CH),
128.9 (2CH), 128.8 (2CH), 128.7 (2CH), 128.2 (2CH), 127.7 (CH), 127.6 (CH), 127.4 (2CH), 126.5
(Cq), 113.9 (CH), 113.7 (2CH), 113.2 (CH), 68.9 (CH), 55.3 (CH3), 55.3 (CH3), 52.0 (CH>), 48.5
(CH), 46.2 (CH»), 45.3 (CH»), 42.3 (CH), 38.0 (CH), 32.0 (CH>), 30.7 (CH), 30.7(CH>). ESI-HRMS
calcd for CaoH39N204 [M+H]+ 611.2904, found 611.2910.
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(R)-2-benzyl-9-((1S,2S,5R,6S5)-3-benzyl-4-0x0-6-(0-tolyl)-3-azabicyclo[3.2.0] heptan-2-yl)-8-
methyl-2,3,4,9-tetrahydro-1H-benzo|f]isoindol-1-one. 2i

2i was isolated with traces of an additional isomer following the GP-2 using 1i as reagent (59.7 mg,
0.206 mmol). Colorless oil. Yield 25% (14.9 mg, 0.025 mmol). "H NMR (400 MHz, CDCls) § 7.48
—7.07 (m, 15H), 6.87 — 6.82 (m, 2H), 5.00 (d, /= 14.1 Hz, 1H), 4.74 (d, J= 14.8 Hz, 1H), 4.49 (d, J
= 14.9 Hz, 1H), 4.29 (s, 1H), 3.98 (d, J = 19.2 Hz, 1H), 3.79 — 3.63 (m, 3H), 3.61 — 3.45 (m, 3H),
2.66 —2.52 (m, 2H), 2.37 (s, 3H), 2.24 (s, 3H), 2.13 — 2.06 (m, 1H), 1.83 — 1.73 (m, 1H). ¥C NMR
(101 MHz, CDCl;) 6 178.1 (Cq), 170.5 (Cq), 153.6 (Cq), 142.0 (Cq), 137.4 (Cq), 136.6 (Cq), 136.6
(Cq), 135.8 (Cq), 135.5 (Cq), 134.7 (Cq), 131.0 (Cq), 130.2 (CH), 129.5 (CH), 128.82 (2CH), 128.79
(2CH), 128.5 (2CH), 128.0 (2CH), 127.8 (CH), 127.6 (CH), 127.4 (CH), 126.9 (CH), 126.4 (CH),
126.2 (CH), 124.3 (CH), 64.2 (CH), 52.1 (CH>), 47.2 (CH), 46.3 (CH>), 46.1 (CH»), 40.1 (CH), 40.0
(CH), 33.5 (CH), 31.3 (CH>), 29.9 (CH>), 19.7 (CHz3), 19.6 (CH3). ESI-HRMS calcd for C4H39N>O2
[M+H]* 579.3006, found 579.3011.

(S)-2-benzyl-9-((1S,2S,5R,65)-3-benzyl-4-0x0-6-(0-tolyl)-3-azabicyclo[3.2.0] heptan-2-yl)-8-
methyl-2,3,4,9-tetrahydro-1H-benzo|f]isoindol-1-one. 21’

2i” was isolated following the GP-2 using 1i as reagent (59.7 mg, 0.206 mmol). Colorless oil. Yield
36% (21.6 mg, 0.037 mmol). "H NMR (400 MHz, CDCl3) § 7.51 — 7.03 (m, 17H), 5.60 (d, J=15.5
Hz, 1H), 4.75 — 4.58 (m, 3H), 4.56 (brs, 1H), 3.92 (d, /= 19.1 Hz, 1H), 3.84 — 3.66 (m, 3H), 3.61 —
3.45 (m, 2H), 2.67 (d, J= 6.6 Hz, 1H), 2.52 (dt, J=16.3, 8.1 Hz, 1H), 2.32 (s, 3H), 2.16 (s, 3H), 2.13
—2.01 (m, 2H). 3C NMR (101 MHz, CDCl3) § 176.0 (Cq), 170.1 (Cq), 151.1 (Cq), 141.5 (Cq), 137.6
(Cq), 137.5 (Cq), 136.8 (Cq), 136.3 (Cq), 134.1 (Cq), 133.2 (Cq), 131.8 (Cq), 130.6 (CH), 129.5
(CH), 128.8 (2CH), 128.8 (2CH), 128.6 (2CH), 128.0 (2CH), 127.6 (2CH), 127.04 (CH), 126.95
(CH), 126.3 (CH), 125.8 (CH), 123.4 (CH), 66.4 (CH), 51.9 (CH), 47.0 (CH), 46.2 (CH»), 45.0
(CH>), 40.2 (CH), 35.5(CH), 31.6 (CH>), 30.6 (CH), 30.2 (CH>), 19.6 (CH3), 19.5 (CH3). ESI-HRMS
caled for C40H39N20, [M+H]* 579.3006, found 579.3013.
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(R)-2-benzyl-9-((1S,2S,5R,6S)-3-benzyl-4-0x0-6-(m-tolyl)-3-azabicyclo[3.2.0]heptan-2-yl)-5-
methyl-2,3,4,9-tetrahydro-1H-benzo[f]isoindol-1-one (A) compound with (R)-2-benzyl-9-
((1S,2S,5R,6S5)-3-benzyl-4-0x0-6-(m-tolyl)-3-azabicyclo[3.2.0] heptan-2-yl)-7-methyl-2,3,4,9-
tetrahydro-1H-benzo[f]isoindol-1-one (B). 2j/2js

H 6.98 ppm, d, j=7.33 Hz
ortho

NOE

2ja/2jB mixture was isolated following the GP-2 using 1j as reagent (58.1 mg, 0.20 mmol). Colorless
oil. Yield 25% (14.5 mg, 0.025 mmol, 'H NMR ratio: 1:0.65). "TH NMR (400 MHz, CDCl3) § 7.54 —
6.84 (m, 17Ha, 17HB), 5.35 — 5.22 (m, 1Ha, 1Hg), 4.86 (d, J=15.0 Hz, 1Hs), 4.82 (d, /= 15.0 Hz,
1Ha), 4.57 — 4.45 (m, 1Ha, 1HB), 4.28 (brs, 1Hg), 4.20 (brs, 1Ha), 4.05 — 3.72 (m, 5Ha, 4Hg), 3.65 —
3.46 (m, 1Ha, 2Hg), 3.41 —3.32 (m, 1Ha, 1Hg), 2.80 (q, J = 7.7 Hz, 1Ha), 2.70 (q, /= 7.5 Hz, 1Hs),
2.41 —2.26 (m, 6Ha, 6Hg), 2.25 — 1.84 (m, 3Ha, 3Hg). *C NMR (101 MHz, CDCl3) 8 177.33 (Cq),
177.32 (Cq), 170.23 (Cq), 170.18 (Cq), 151.5 (Cq), 150.7 (Cq), 144.6 (Cq), 144.5 (Cq), 138.03 (Cq),
138.00 (Cq), 137.3 (Cq), 137.2 (Cq), 137.0 (Cq), 136.9 (Cq), 136.7 (Cq), 136.2 (Cq), 133.1 (Cq),
132.8 (Cq), 131.9 (Cq), 130.5 (Cq), 130.4 (Cq), 130.3 (CH), 130.2 (Cq), 129.04 (CH), 128.99 (CH),
128.82 (CH), 128.78 (CH), 128.7 (CH), 128.6 (CH), 128.40 (CH), 128.37 (CH), 128.1 (CH), 128.0
(CH), 127.77 (CH), 127.75 (CH), 127.65 (CH), 127.64 (CH), 127.4 (CH), 127.3 (CH), 126.9 (CH),
126.86 (CH), 126.84 (CH), 123.2 (CH), 123.1 (CH), 66.4 (CH), 66.3 (CH), 52.3 (CH>), 52.2 (CHa),
47.6 (CH), 47.5 (CH), 46.19 (CH>), 46.18 (CH>), 45.2 (CH>), 45.0 (CH>), 42.9 (CH), 42.7 (CH), 38.9
(CH>), 38.7 (CH2), 32.01 (CH), 31.96 (CH>), 31.93 (CH>), 31.89 (CH), 29.9 (CHz), 28.2 (CH>), 21.47
(CH3), 21.46 (CH3), 21.1 (CHs), 19.9 (CH3). ESI-HRMS calcd for C40H39N20, [M+H]* 579.3006,
found 579.3012.
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(S)-2-benzyl-9-((1S,2S,5R,6S5)-3-benzyl-4-0x0-6-(m-tolyl)-3-azabicyclo[3.2.0] heptan-2-yl)-5-
methyl-2,3,4,9-tetrahydro-1H-benzo[f]isoindol-1-one =~ compound  with  (S)-2-benzyl-9-
((1S,2S,5R,6S5)-3-benzyl-4-0x0-6-(m-tolyl)-3-azabicyclo[3.2.0] heptan-2-yl)-7-methyl-2,3,4,9-
tetrahydro-1H-benzo[f]isoindol-1-one. 2j’A/2j’s

2j’A/2j’s mixture was isolated following the GP-2 using 1j as reagent (58.1 mg, 0.20 mmol).
Colorless oil. Yield 29% (16.7 mg, 0.029 mmol, "H NMR ratio: 0.91:1). 'TH NMR (400 MHz, CDCls)
0 7.57 - 6.90 (m, 16Ha, 16Hg), 6.78 (dd, J= 6.8, 1.9 Hz, 1HB), 6.71 (s, 1Ha), 5.51 (d, /= 15.1 Hz,
1Ha, 1Hg), 4.71 — 4.57 (m, 2Ha, 2HB), 4.59 — 4.46 (m, 1Ha, 1Hg), 4.34 (brs, 1Hg), 4.27 (s, 1Ha),
3.96 —3.81 (m, 1Ha, 1Hg), 3.77 — 3.62 (m, 2Ha, 1Hg), 3.58 — 3.43 (m, 3Ha, 4Hg), 2.74 — 2.63 (m,
1Ha, 1Hg), 2.52 — 2.37 (m, 1Ha, 1Hg), 2.34 — 1.91 (m, 8Ha, 8Hg). 13C NMR (101 MHz, CDCl3) §
175.84 (Cq), 175.82 (Cq), 170.1 (Cq), 170.0 (Cq), 151.1 (Cq), 150.5 (Cq), 144.33 (Cq), 144.28 (Cq),
138.07 (Cq), 138.05 (Cq), 137.6 (2Cq), 137.5 (Cq), 137.4 (Cq), 136.8 (Cq), 136.2 (Cq), 134.4 (Cq),
134.3 (Cq), 131.9 (Cq), 130.7 (Cq), 130.4 (Cq), 130.3 (Cq), 129.6 (CH), 128.91 (CH), 128.88 (CH),
128.83 (CH), 128.82 (CH), 128.78 (CH), 128.75 (CH), 128.69 (CH), 128.6 (CH), 128.40 (CH),
128.37 (CH), 128.19 (CH), 128.16 (CH), 127.9 (CH), 127.64 (CH), 127.62 (CH), 127.58 (CH),
127.56 (CH), 127.49 (CH), 127.47 (CH), 127.0 (CH), 126.91 (CH), 126.89 (CH), 126.87 (CH), 123.1
(CH), 69.4 (CH), 69.1 (CH), 52.1 (CH>), 52.0 (CH»), 48.2 (CH), 48.1 (CH), 46.2 (CH>), 45.3 (CH),
45.2 (CH»), 42.8 (CH), 42.7 (CH), 38.7 (CH), 38.6 (CH), 31.7 (CH»), 31.6 (CH>), 30.6 (CH), 30.4
(CH), 30.1 (CH2), 28.3 (CH2), 21.5 (2CH3), 21.0 (CH3), 19.9 (CHs). ESI-HRMS calcd for
C40H39N202 [M+H]" 579.3006, found 579.3000.
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(R)-2-benzyl-9-((1S,2S,5R,6S)-3-benzyl-6-(3-methoxyphenyl)-4-oxo-3-azabicyclo[3.2.0]heptan-
2-yl)-5-methoxy-2,3,4,9-tetrahydro-1H-benzo[f]isoindol-1-one compound with (R)-2-benzyl-9-
((1S,28,5R,65)-3-benzyl-6-(3-methoxyphenyl)-4-0xo0-3-azabicyclo[3.2.0]heptan-2-yl)-7-
methoxy-2,3,4,9-tetrahydro-1H-benzo|f]isoindol-1-one. 2ka/2kg

e O e O
N N

6.56 ppm, d, j = 2.65 Hz 6.70 ppm, d, j = 7.75 Hz
t H
H meta O— H ortho

2ka/2kg mixture was isolated following the GP-2 using 1k as reagent (61.1 mg, 0.20 mmol). Pale
yellow oil. Yield 28% (17.0 mg, 0.028 mmol, 'H NMR ratio: 1:1). "H NMR (400 MHz, CDCls) &
7.51 — 7.44 (m, 2Ha, 2HB), 7.39 (t, J = 7.6 Hz, 2Ha, 2HB), 7.35 — 7.08 (m, 8Ha, 8HB), 6.84 — 6.76
(m, 1Ha, 1HB), 6.75 — 6.63 (m, 4Ha, 3Hg), 6.57 (d, J=2.6 Hz, Hg), 5.30 (d, /= 14.2 Hz, Ha), 5.26
(d,J=14.1 Hz, Hg), 4.84 (d, J= 7.6 Hz, Ha), 4.80 (d, /= 7.6 Hz, Hg), 4.49 (d, J = 8.0 Hz, Hp), 4.45
(d, J=8.1 Hz, Ha), 4.25 (s, Ha), 4.18 (s, Hg), 4.11 — 3.40 (m, 12Ha, 12Hg), 3.35 (t, /= 7.8 Hz, Ha,
Hg), 2.76 — 2.59 (m, Ha, Hg), 2.13 — 1.86 (m, 3Ha, 3Hg). 13C NMR (101 MHz, CDCl3) § 177.24
(Cq), 177.21 (Cq), 170.3 (Cq), 170.2 (Cq), 159.69 (Cq), 159.68 (Cq), 158.2 (Cq), 156.9 (Cq), 151.6
(Cq), 151.2 (Cq), 146.2 (2Cq), 137.3 (Cq), 137.2 (Cq), 136.88 (Cq), 136.85 (Cq), 134.1 (Cq), 134.0
(Cq), 130.2 (Cq), 129.8 (Cq), 129.7 (CH), 129.49 (CH), 129.45 (CH), 129.1 (2CH), 129.0 (2CH),
128.83 (2CH), 128.82 (2CH), 128.81 (4CH), 127.99 (2CH), 127.94 (2CH), 127.84 (CH), 127.79
(CH), 127.67 (CH), 127.64 (CH), 127.63 (CH), 125.1 (Cq), 122.3 (Cq), 121.7 (CH), 118.8 (CH),
118.7 (CH), 114.5 (CH), 113.5 (CH), 112.1 (CH), 111.8 (CH), 111.7 (CH), 111.6 (CH), 108.6 (CH),
66.4 (CH), 66.1 (CH), 55.5 (CH3), 55.4 (CHs), 55.2 (CH3), 55.1 (CH3), 52.4 (CH>), 52.2 (CH>), 47.70
(CH), 47.66 (CH), 46.19 (CH»), 46.16 (CH»), 45.2 (CH>), 45.0 (CH>), 42.93 (CH), 42.88 (CH), 38.7
(CH), 38.1 (CH), 32.1 (CH»), 32.0 (CH), 31.7 (CH), 29.5 (CH>), 25.1 (CHz). ESI-HRMS calcd for
C40H30N204 [M+H]" 611.2904, found 611.2895.
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(S)-2-benzyl-9-((1S,2S,5R,65)-3-benzyl-6-(3-methoxyphenyl)-4-oxo-3-azabicyclo[3.2.0]heptan-
2-yl)-5-methoxy-2,3,4,9-tetrahydro-1H-benzo[f]isoindol-1-one. 2k’

2Kk’a was isolated following the GP-2 using 1k as reagent (61.1 mg, 0.20 mmol). Pale yellow solid,
m.p. 145-147 °C. Yield 17% (10.3 mg, 0.017 mmol). "TH NMR (400 MHz, CDCl3) 6 7.57 — 7.43 (m,
4H), 7.43 -7.17 (m, 7H), 7.12 (d, J = 8.5 Hz, 1H), 6.87 — 6.72 (m, 4H), 6.39 (d, /= 2.6 Hz, 1H), 5.53
(d, J=15.1 Hz, 1H), 4.72 — 4.55 (m, 3H), 4.29 (brs, 1H), 4.01 — 3.63 (m, 9H), 3.65 — 3.45 (m, 3H),
2.72 (d, J=6.7 Hz, 1H), 2.47 (q, J=7.5 Hz, 1H), 2.19 — 1.99 (m, 2H). 13C NMR (101 MHz, CDCl5)
0 175.6 (Cq), 170.0 (Cq), 159.7 (Cq), 158.5 (Cq), 151.3 (Cq), 146.1 (Cq), 137.5 (Cq), 137.3 (Cq),
135.8 (Cq), 130.3 (Cq), 129.7 (CH), 129.5 (CH), 128.92 (2CH), 128.86 (2CH), 128.8 (2CH), 128.1
(2CH), 127.7 (CH), 127.6 (CH), 125.2 (Cq), 118.6 (CH), 113.6 (CH), 113.2 (CH), 112.5 (CH), 111.3
(CH), 69.2 (CH), 55.3 (CH3), 55.2 (CH3) , 52.0 (CH»), 48.2 (CH), 46.2 (CH»), 45.3 (CH>), 43.0 (CH),
38.7 (CH), 31.9 (CH»), 30.6 (CH), 29.7 (CH). ESI-HRMS calcd for C40H3oN>04 [M+H]" 611.2904,
found 611.2908.

(S)-2-benzyl-9-((1S,2S,5R,6S)-3-benzyl-6-(3-methoxyphenyl)-4-oxo0-3-azabicyclo[3.2.0] heptan-
2-yl)-7-methoxy-2,3,4,9-tetrahydro-1H-benzo[f]isoindol-1-one. 2k’s

2k’ was isolated following the GP-2 using 1k as reagent (61.1 mg, 0.20 mmol). Pale yellow solid,
m.p. 122-123 °C. Yield 18% (10.9 mg, 0.018 mmol). "TH NMR (400 MHz, CDCl3) 6 7.52 —7.30 (m,
8H), 7.27 — 7.12 (m, 4H), 6.84 — 6.72 (m, 4H), 6.55 (d, J= 7.7 Hz, 1H), 5.52 (d, /= 15.2 Hz, 1H),
4.74 — 4.52 (m, 3H), 4.36 (brs, 1H), 3.94 (d, J=19.2 Hz, 1H), 3.89 —3.62 (m, 8H), 3.59 — 3.50 (m,
2H), 3.42 (dd, J = 22.9, 3.5 Hz, 1H), 2.72 (d, J = 6.5 Hz, 1H), 2.51 (q, J= 7.3 Hz, 1H), 2.13 — 1.94
(m, 2H). BC NMR (101 MHz, CDCl3) 4 175.7 (Cq), 170.1 (Cq), 159.7 (Cq), 156.9 (Cq), 151.0 (Cq),
146.2 (Cq), 137.6 (Cq), 137.4 (Cq), 135.7 (Cq), 130.0 (Cq), 129.5 (CH), 128.9 (2CH), 128.8 (2CH),
128.7 (2CH), 128.1 (2CH), 127.9 (CH), 127.7 (CH), 127.5 (CH), 122.4 (Cq), 120.9 (CH), 118.6 (CH),
112.5(CH), 111.4 (CH), 108.2 (CH), 69.2 (CH), 55.3 (CH3), 55.2 (CHz3), 52.2 (CH»), 48.2 (CH), 46.2
(CH>), 45.2 (CH>), 43.0 (CH), 38.4 (CH), 31.9 (CH>), 30.6 (CH), 25.2 (CHz). ESI-HRMS calcd for
C40H30N204 [M+H]" 611.2904, found 611.2910.
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(R)-5-((1S,2S,5R,65)-6-(benzo[d][1,3]dioxol-5-yl)-3-benzyl-4-0x0-3-azabicyclo[3.2.0|heptan-2-
yl)-7-benzyl-7,8-dihydro-5H-[1,3]dioxolo[4',5':4,5]benzo[1,2-f]isoindol-6(9H)-one. 21

O/\O

@HO
A
o HHa

Qs

21 was isolated following the GP-2 using 1n as reagent (63.7 mg, 0.2 mmol). Pale yellow solid, m.p.
131-132 °C. Yield 26% (16.7 mg, 0.026 mmol). 'TH NMR (400 MHz, CDCl3) § 7.53 — 7.18 (m, 1 1H),
6.70 (d, J= 8.0 Hz, 1H), 6.65 (d, J=2.4 Hz, 1H), 6.59 (dd, J= 8.1, 1.8 Hz, 1H), 6.51 (s, 1H), 5.96 —
5.92 (m, 2H), 5.90 (s, 2H), 5.28 (d, /= 14.8 Hz, 1H), 4.81 (d, J = 15.0 Hz, 1H), 4.47 (d, /= 15.0 Hz,
1H), 4.15—-4.09 (m, 1H), 4.03 — 3.65 (m, 5H), 3.50 (td, J =22.7, 21.9, 3.1 Hz, 1H), 3.34 — 3.25 (m,
1H), 2.63 (q, J=7.4 Hz, 1H), 2.20 — 2.14 (m, 1H), 2.03 — 1.85 (m, 2H). 13C NMR (101 MHz, CDCl5)
0 177.0 (Cq), 170.0 (Cq), 151.0 (Cq), 147.8 (Cq), 147.1 (Cq), 146.8 (Cq), 145.8 (Cq), 138.6 (Cq),
137.2 (Cq), 136.8 (Cq), 130.5 (Cq), 129.0 (2CH), 128.8 (2CH), 128.8 (2CH), 128.0 (2CH), 127.8
(CH), 127.7 (CH), 126.5 (Cq), 126.0 (Cq), 119.3 (CH), 109.2 (CH), 108.4 (CH), 108.1 (CH), 106.9
(CH), 101.3 (CH), 100.9 (CH2), 66.3 (CH), 52.1 (CH»), 48.0 (CH), 46.2 (CH>), 45.1 (CH>), 42.9
(CH), 38.5 (CHy), 32.3 (CH2), 31.5 (CH), 30.5 (CH2). ESI-HRMS calcd for C40H3sN2NaOg [M+Na]*
661.2309, found 661.2313.

6.53 ppm, s

O NOE

—

(S)-5-((1S,28,5R,6S)-6-(benzo[d][1,3]dioxol-5-yl)-3-benzyl-4-0x0-3-azabicyclo[3.2.0] heptan-2-
yl)-7-benzyl-7,8-dihydro-5H-[1,3]dioxolo[4',5':4,5]benzo[1,2-f]isoindol-6(9H)-one. 21’

20 was isolated following the GP-2 using 1n as reagent (63.7 mg, 0.206 mmol). Pale yellow solid,
m.p. 99-101 °C. Yield 35% (22.1 mg, 0.035 mmol). 'H NMR (400 MHz, CDCl3) § 7.48 — 7.29 (m,
8H), 7.25—7.21 (m, 2H), 6.74 — 6.67 (m, 2H), 6.66 — 6.61 (m, 2H), 6.31 (s, 1H), 5.95 — 5.88 (m, 4H),
5.48 (d,J=15.1 Hz, 1H), 4.68 —4.56 (m, 2H), 4.53 (d, /= 15.4 Hz, 1H), 4.21 (brs, 1H), 3.87 (d, J =
19.1 Hz, 1H), 3.75 — 3.62 (m, 2H), 3.53 — 3.39 (m, 3H), 2.60 (d, /= 7.7 Hz, 1H), 2.40 (q, /= 7.6 Hz,
1H), 2.00 (ddt, J = 14.1, 8.4, 4.0 Hz, 2H). 3C NMR (101 MHz, CDCls) § 175.5 (Cq), 169.9 (Cq),
150.7 (Cq), 147.8 (Cq), 146.9 (Cq), 146.9 (Cq), 145.9 (Cq), 138.5(Cq), 137.5 (Cq), 137.3 (Cq), 130.5
(Cq), 129.0 (2CH), 128.8 (2CH), 128.7 (2CH), 128.2 (2CH), 127.8 (CH), 127.6 (CH), 127.5 (Cq),
126.4 (Cq), 119.3 (CH), 108.4 (CH), 108.4 (CH), 108.1 (CH), 106.9 (CH), 101.3 (CH2), 100.9 (CH>),
68.9 (CH), 51.9 (CH>), 48.5 (CH), 46.2 (CH>), 45.2 (CH>), 42.9 (CH), 38.5 (CH), 32.2 (CH»), 30.7
(CHz), 30.3 (CH). ESI-HRMS calcd for C4H34N2NaOs [M+Na]" 661.2309, found 661.2301.
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(R)-2-benzyl-9-((1S,2S,5R,6S5)-3-benzyl-5-deutero-6-(4-chlorophenyl)-4-oxo-3-
azabicyclo[3.2.0]heptan-2-yl)-6-chloro-2,3,4,9-tetrahydro-1H-benzo|[f]isoindol-1-one. 2m

2m was isolated following the GP-2 using 1m as reagent (63.6 mg, 0.2 mmol). Pale yellow solid,
m.p. 126-127 °C. Yield 20% (12.4 mg, 0.019 mmol)."H NMR (400 MHz, CDCl3) 4 7.54 —7.17 (m,
15H), 7.07 (d, J = 8.4 Hz, 2H), 7.02 (d, /= 8.0 Hz, 1H), 5.32 (d, /= 14.2 Hz, 1H), 4.84 (d, J = 14.9
Hz, 1H), 4.50 (d, J=15.0 Hz, 1H), 4.23 (brs, 1H), 4.05 — 3.94 (m, 2H), 3.90 (d, /= 2.4 Hz, 1H), 3.87
—3.74 (m, 2H), 3.57 (dd, J=22.2, 2.9 Hz, 1H), 3.37 (dd, J =9.0, 3.9 Hz, 1H), 2.67 — 2.56 (m, 1H),
2.07 (ddt,J=13.0, 9.0, 4.1 Hz, 1H), 2.01 — 1.91 (m, 1H). 3C NMR (101 MHz, CDCl3) § 176.9 (Cq),
169.8 (Cq), 150.4 (Cq), 142.6 (Cq), 137.0 (Cq), 136.5 (Cq), 135.2 (Cq), 133.3 (Cq), 132.0 (Cq), 130.7
(Cq), 130.4 (Cq), 129.0 (2CH), 128.9 (2CH), 128.9 (CH), 128.9 (2CH), 128.6 (2CH), 128.3 (CH),
128.0 (CH), 128.0 (2CH), 127.8 (CH), 127.7 (2CH), 127.3 (CH), 66.1 (CH), 52.2 (CH>), 47.6 (CH,
residual peak), 46.3 (CHz), 45.2 (CHz), 42.2 (CH), 38.0 (CH), 31.8 (CH>), 31.4 (CH), 30.1 (CHy).
ESI-HRMS calcd for C3sH32CL.N2NaO2 [M+Na]* 642.1796, found 642.1802.

(S)-2-benzyl-9-((1S,2S,5R,6S5)-3-benzyl-5-deutero-6-(4-chlorophenyl)-4-oxo-3-
azabicyclo[3.2.0]heptan-2-yl)-6-chloro-2,3,4,9-tetrahydro-1H-benzo|f]isoindol-1-one. 2m’

2m’ was isolated following the GP-2 using 1m as reagent (63.6 mg, 0.2 mmol). Colorless oil. Yield
17% (11.1 mg, 0.017 mmol). 'H NMR (400 MHz, CDCl3) & 7.51 — 7.00 (m, 16H), 6.83 (d, J = 8.3
Hz, 1H), 5.48 (d, /= 15.2 Hz, 1H), 4.61 (s, 2H), 4.50 (d, J = 14.8 Hz, 1H), 4.28 (s, 1H), 3.89 (d, J =
19.2 Hz, 1H), 3.81 — 3.65 (m, 2H), 3.58 — 3.43 (m, 3H), 2.46 — 2.36 (m, 1H), 2.14 — 1.90 (m, 2H).
13C NMR (101 MHz, CDCls) & 175.5 (Cq), 169.7 (Cq), 150.3 (Cq), 142.5 (Cq), 137.3 (Cq), 137.0
(Cq), 135.2 (Cq), 132.9 (Cq), 132.8 (Cq), 132.0 (Cq), 130.5 (Cq), 130.2 (CH), 129.0 (2CH), 128.9
(2CH), 128.8 (CH), 128.7 (2CH), 128.6 (2CH), 128.2 (2CH), 127.9 (CH), 127.7 (2CH), 127.7 (CH),
127.6 (CH), 68.9 (CH), 51.9 (CH), 48.3 (CH, residual peak), 46.2 (CH>), 45.4 (CH>), 42.2 (CH),
38.2 (CH), 31.5 (CH2), 30.3 (CH), 30.3 (CHz). ESI-HRMS calcd for C3gH32CbN2NaO; [M+Na]*
642.1796, found 642.1805.
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(1R,2S,8R,12R,13R)-4,10-dibenzyl-2,8-dimethyl-11-methylene-12,13-diphenyl-4,10-
diazatricyclo[6.2.2.12,6]tridec-5-ene-3,9-dione. 4a

8

4a was isolated via recrystallization from the 4a/4a’ mixture. White crystals, m.p. 221 °C (dec.). 'H
NMR (400 MHz, CDCl3) & 7.50 (dd, J = 7.5, 1.9 Hz, 2H), 7.43 — 7.35 (m, 8H), 7.20 — 6.98 (m, 8H),
6.74 — 6.44 (m, 2H), 6.12 (s, Hs), 5.65 (d, J=14.0 Hz, Hio’), 5.18 (d, /= 14.0 Hz, Hy"), 4.82 (s, Hir®),
4.65 (s, Hi), 4.27 (d, J = 14.0 Hz, Hy'), 4.22 (d, J= 14.0 Hz, Hi¢), 3.43 (s, Hi2), 3.26 (s, Hi3), 2.79
(d, J=12.7 Hz, Hy), 2.21 (d, J = 12.8 Hz, H7), 1.41 (s, 3H2’), 0.88 (s, 3Hs’). *C NMR (101 MHz,
CDCI3) 6 176.6 (Co), 172.9 (C3), 146.6 (C11), 145.2 (Cq Ar), 136.1 (C3), 136.0 (Cq), 135.7 (Cq), 130.0
(2CH), 129.7 (2CH), 129.3 (2CH), 128.9 (Cs), 128.7 (2CH), 128.7 (2CH), 128.25 (4CH), 128.20
(2CH), 128.1 (2CH), 127.2 (CH), 126.2 (CH), 118.2 (Cs), 115.7 (Ci1°), 71.0 (C1), 56.2 (C12), 54.6
(C2), 53.9 (Ci0°), 50.1 (Cs), 49.0 (C7), 46.4 (Ci3), 46.2 (Cs), 26.5 (Csg), 24.2 (Cz’). ESI-MS calcd for
Cs0H30N202 [M+H]* 579.30, found 579.26. ESI-HRMS calcd for C4oH39N20, [M+H]" 579.3006,
found 579.3011.

(1R,2S,8R,12R,13R)-4,10-dibenzyl-2,8-dimethyl-11-methylene-12,13-diphenyl-4,10-
diazatricyclo[6.2.2.12,6]tridec-5-ene-3,9-dione  compound with  (1S,2S,8S,12S,13R)-4,10-
dibenzyl-2,8-dimethyl-11-methylene-12,13-diphenyl-4,10-diazatricyclo[6.2.2.12,6]tridec-5-ene-
3,9-dione 4a/4a’

4a/4a’ mixture was isolated following the GP-2 using 3a as reagent (28.9 mg, 0.1 mmol). White
solid. Yield 64% (18.5 mg, 0.032 mmol, dr 55:45). The reaction performed in a small Schlenk on 1.0
mmol of 3a (289 mg) led to the isolation of the mixture in 63% yield (182 mg). The reaction conducted
in a coil reactor (5 mm inner diameter) using 1.03 g of 3a allowed to recover 422 mg of polycycles
(41%). "TH NMR (400 MHz,3 CDCI3) 6 7.54 — 6.90 (m, 18Ha, 18Hg), 6.73 — 6.42 (m, 2Ha, 2Hg) 6.31
(s, 1Ha), 6.12 (s, 1HB), 5.65 (d, J = 14.0 Hz, 1HB), 5.39 (d, J = 13.8 Hz, 1Ha), 5.32 (d, J = 14.2 Hz,
1Ha), 5.18 (d, /= 14.0 Hz, 1HB), 5.03 (d, /= 2.3 Hz, 1Ha), 4.82 (s, 1Hg), 4.78 (d, J= 2.0 Hz, 1Ha),
4.65 (s, 1Hg), 4.49 —4.38 (m, 1Ha, 1Hg), 4.28 (d, /= 14.1 Hz, 1Ha, 1Hg), 4.22 (d, /= 14.0 Hz, 1Hg),
3.98 (s, 1Ha), 3.51 (d, J = 14.2 Hz, 1H,), 3.47 — 3.40 (m, 1Ha, 1Hg), 3.26 (s, 1Hg), 2.79 (d, J = 12.7
Hz, 1 Hg), 2.66 (d, J = 12.7 Hz, 1H), 2.46 (d, J = 12.7 Hz, 1H), 2.21 (d, J = 12.7 Hz, 1Hg), 1.41 (s,
3Ha), 1.21 (s, 3Ha), 0.88 (s, 3Hg), 0.86 (s, 3Ha). *C NMR (101 MHz, CDCl3) § 176.6 (Cq), 174.1
(Cq), 173.7 (Cq), 172.9 (Cq), 146.7 (Cq), 146.6 (Cq), 145.2 (Cq), 144.9 (Cq), 136.9 (Cq), 136.09
(Cq), 136.08 (Cq), 136.0 (Cq), 135.9 (Cq), 135.7 (Cq), 130.0 (2CH), 129.9 (2CH), 129.7 (2CH),
129.32 (2CH), 129.28 (2CH), 129.0 (2CH), 128.9 (CH), 128.8 (4CH), 128.72 (2CH), 128.67 (2CH),
128.5 (2CH), 128.24 (brs, 6CH), 128.20 (2CH), 128.19 (CH), 128.11 (2CH), 128.07 (2CH), 127.8
(CH), 127.4 (CH), 127.2 (CH), 127.1 (CH), 126.3 (CH), 126.2 (CH), 121.0 (CH), 119.0 (Cq), 118.2
(Cq), 115.7 (CH2), 72.1 (CH), 71.0 (CH), 57.9 (CH), 56.2 (CH), 54.6 (Cq), 53.9 (CH2), 50.9 (CH>),
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50.8 (CHz), 50.2 (CH), 50.1 (CH>), 50.0 (Cq), 49.0 (CH»), 48.9 (Cq), 47.4 (CH), 46.4 (CH), 46.2
(Cq), 26.7 (CH3), 26.5 (CH3), 24.2 (CH3), 21.6 (CH3). ESI-MS calcd for C40H30N202 [M+H]* 579.30,
found 579.26.

(1R,2S,8R,12R,13R)-4,10-dibenzyl-11-methylene-12,13-diphenyl-2,8-dipropyl-4,10-
diazatricyclo[6.2.2.12,6]tridec-5-ene-3,9-dione  compound with  (1S,2S,8S,12S,13R)-4,10-
dibenzyl-11-methylene-12,13-diphenyl-2,8-dipropyl-4,10-diazatricyclo[6.2.2.12,6]tridec-5-ene-
3,9-dione. 4b/4b’

4b/4b’ mixture was isolated following the GP-2 using 3b as reagent (65.5 mg, 0.206 mmol). White
solid. Yield 54% (35.1 mg, 0.055 mmol, dr 61:39). 'TH NMR (400 MHz, CDCls) & 7.59 — 6.80 (m,
20Ha, 18HB), 6.64 — 6.39 (m, 2Hg) 6.24 (s, 1Ha), 6.03 (s, 1Hs), 5.43 (d, /= 13.8 Hz, 1Hg), 5.35 (d,
J=13.7 Hz, 1Ha), 5.29 (d, J=13.9 Hz, 1Ha), 5.18 (d, J = 13.9 Hz, 1HB), 4.96 (s, 1Hg), 4.91 (d, /=
6.5 Hz, 1Ha, 1Hsg), 4.86 (d, /= 1.5 Hz, 1Hs), 4.74 (s, 1Hg), 4.43 (s, 1Hg), 4.28 —4.20 (m, 1Ha, 1Hg),
4.11 (d, J=13.8 Hz, 1Ha), 3.98 (s, 1Ha), 3.51 — 3.43 (m, 1Ha, 1Hg), 3.32 (s, 1Ha), 3.19 (s, 1Hg),
2.60 — 2.39 (m, 2Ha, 2Hg), 2.09 — 1.87 (m, 3H), 1.80 — 1.12 (m, 10H), 1.05 — 0.93 (m, 3H), 0.92 —
0.80 (m, 6Hg), 0.57 — 0.45 (m, 6Ha). 13C NMR (101 MHz, CDCl3) 8 177.2 (Cq), 174.5 (Cq), 173.7
(Cq), 172.7 (Cq), 146.7 (Cq), 146.4 (Cq), 144.9 (Cq), 144.7 (Cq), 136.55 (Cq), 136.53 (Cq), 136.4
(Cq), 136.12 (Cq), 136.07 (Cq), 135.9 (Cq), 129.9 (2CH), 129.74 (2CH), 129.72 (2CH), 129.6 (2CH),
129.4 (2CH), 129.3 (2CH), 128.9, 128.8 (2CH), 128.7 (4CH), 128.6 (2CH), 128.23 (10CH), 128.16
(2CH), 128.1 (2CH), 127.93 (2CH), 127.89 (CH), 127.23 (CH), 127.16 (CH), 127.0 (CH), 126.04
(CH), 126.02 (CH), 119.17 (Cq), 119.15 (CH>), 118.6 (Cq), 114.7 (CH), 65.8 (CH), 65.1 (CH), 56.8
(CH2), 55.6 (CH), 54.4 (CH), 52.4 (CH2), 51.8 (CH2), 51.3 (CH>), 50.9 (CH>), 50.2 (CHy), 50.1 (CHz),
49.0 (CH), 48.4 (CH>), 47.6 (CH), 47.0 (CH>), 43.9 (CH2), 39.3 (CH»), 38.7 (CH2), 38.6 (CH), 37.1
(CHz), 19.9 (CH>), 19.1 (CH>), 16.9 (CH>), 15.6 (CH»), 14.93 (CHz3), 14.86 (CH3), 14.5 (CH3), 14.4
(CH3). ESI-HRMS calcd for C44Hs6N2NaO, [M+Na]* 657.3451, found 657.3458.

(1S,2R,8S,128,13R)-4,10-dibenzyl-11-methylene-12,13-diphenyl-2,8-bis(phenylethynyl)-4,10-
diazatricyclo[6.2.2.12,6]tridec-5-ene-3,9-dione 4¢

4c¢ was isolated following the GP-2 using 3¢ as reagent (60.5 mg, 0.16 mmol). White solid, m.p. 122-
123 °C. Yield 34% (20.8 mg, 0.028 mmol). 'TH NMR (400 MHz, CDCl3) & 7.60 — 7.54 (m, 2H), 7.48
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~ 6.96 (m, 26H), 6.84 — 6.77 (m, 2H), 6.23 (s, 1H), 5.94 (d, J= 14.1 Hz, 1H), 5.29 (s, 1H), 5.08 (d, J
= 14.2 Hz, 1H), 5.02 (d, J = 14.1 Hz, 1H), 4.96 (s, 1H), 4.49 (s, 1H), 4.39 (d, J = 14.3 Hz, 1H), 3.78
(s, 1H), 3.75 (s, 1H), 3.46 (d, J = 13.0 Hz, 1H), 2.90 (d, J = 13.2 Hz, 1H). 3C NMR (101 MHz,
CDCls) 8 171.1 (Cq), 168.0 (Cq), 144.7 (Cq), 142.4 (Cq), 135.7 (Cq), 135.5 (Cq), 134.9 (Cq), 131.7
(CH), 131.6 (CH), 130.8 (CH), 130.2 (CH), 129.5 (CH), 129.2 (CH), 128.8 (CH), 128.74 (CH),
128.71 (CH), 128.68 (CH), 128.4 (CH), 128.2 (CH), 128.0 (CH), 127.94 (CH), 127.88 (CH), 127.8
(CH), 127.4 (CH), 126.6 (CH), 123.0 (Cq), 122.4 (Cq), 117.4 (CHa), 115.7 (Cq), 90.5 (Cq), 89.8 (Cq),
89.5 (Cq), 87.7 (Cq), 67.1 (CH), 56.8 (Cq), 55.5 (CH), 50.6 (Cq), 50.3 (CHa), 50.2 (CH,), 48.8 (CHa),
45.8 (CH). ESI-HRMS calcd for CssHasN>0> [M+H]* 751.3319, found 751.3326.

(1S,28,8S,12S,13R)-4,10-dibenzyl-12,13-bis(4-chlorophenyl)-2,8-dimethyl-11-methylene-4,10-
diazatricyclo[6.2.2.12,6]tridec-5-ene-3,9-dione compound with (1R,2S,8R,12S,13R)-4,10-
dibenzyl-12,13-bis(4-chlorophenyl)-2,8-dimethyl-11-methylene-4,10-
diazatricyclo[6.2.2.12,6]tridec-5-ene-3,9-dione. 4d/4d’

R= 4-Cl-CgH,

4d/4d’ mixture was isolated following the GP-2 using (Ir[dF(CF3)ppy]2(dtbpy))PF¢ instead of
Ir(ppy)s and 3d as reagent (65.3 mg, 0.202 mmol, dr 50:50). White solid. Yield 31% (20.5 mg, 0.029
mmol). "TH NMR (400 MHz, CDCl3) 6 7.49 — 7.13 (m, 14Ha, 14Hg), 7.00 (d, J = 8.5 Hz, 2Hg), 6.96
(d, J=8.5Hz, 2Ha), 6.86 (d, J = 8.5 Hz, 2Hg), 6.79 (d, J = 8.5 Hz, 2Ha), 6.28 (s, 1Ha), 6.09 (s, 1Hg),
5.61 (d, J=13.9 Hz, 1Hs), 5.40 (d, J = 13.8 Hz, 1Ha), 5.30 (d, /= 14.1 Hz, 1Ha), 5.20 (d, /= 14.0
Hz, 1Hg), 5.02 (d, J = 2.1 Hz, 1Ha), 4.81 (s, 1Hg), 4.74 (d, /= 2.0 Hz, 1Ha), 4.63 (s, 1Hs), 4.40 (d,
J=10.6 Hz, 1Ha, 1Hg), 4.20 — 4.09 (m, 1Ha, 2Hg), 3.90 (s, 1Ha), 3.47 (d, /= 14.1 Hz, 1Ha), 3.38
(s, 1HB), 3.33 (s, 1Ha), 3.19 (s, 1HB), 2.72 (d, J=12.8 Hz, 1HB), 2.63 (d, J= 12.8 Hz, 1Ha), 2.39 (d,
J=12.8 Hz, 1Ha), 2.17 (d, J=12.8 Hz, 1Hg), 1.38 (s, 3Hs), 1.16 (s, 3Ha), 0.83 (d, J=2.0 Hz, 3Ha,
3Hg). 13C NMR (101 MHz, CDCls) § 176.1 (Cq), 173.7 (Cq), 173.2 (Cq), 172.4 (Cq), 146.3 (Cq),
145.2 (Cq), 144.5 (Cq), 143.6 (Cq), 136.7 (Cq), 136.0 (Cq), 135.82 (Cq), 135.76 (Cq), 134.3 (Cq),
134.0 (Cq), 133.18 (Cq), 133.14 (Cq), 132.2 (Cq), 132.1 (Cq), 130.7 (2CH), 130.6 (2CH), 130.0
(2CH), 129.8 (2CH), 129.6 (2CH), 129.2 (CH), 129.1 (2CH), 128.9 (2CH), 128.8 (4CH), 128.8
(2CH), 128.7 (CH), 128.6 (2CH), 128.4 (CH), 128.37 (CH), 128.33 (2CH), 128.2 (2CH), 128.0 (CH),
127.8 (CH), 127.73 (CH), 127.66 (2CH), 126.5 (CH), 123.0 (Cq), 121.4 (CH»), 117.8 (Cq), 116.0
(CH2), 71.8 (CH), 71.0 (CH), 57.1 (CH), 55.6 (CH), 54.6 (Cq), 54.0 (CH2), 50.9 (CH2), 50.6 (CH>),
50.3 (CH2), 50.2 (CH), 50.0 (Cq), 48.8 (Cq), 48.7 (CH>), 46.8 (CH), 46.1 (Cq), 45.8 (CH), 26.8
(CH3), 26.5 (CH3), 24.2 (CH3), 21.6 (CH3). ESI-HRMS calcd for CsH36CIoN2NaO» [M+Na]+
669.2046, found 669.2039.
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(1S,28S,8S,12S,13R)-4,10-dibenzyl-12,13-bis(4-methoxyphenyl)-2,8-dimethyl-11-methylene-
4,10-diazatricyclo[6.2.2.12,6]tridec-5-ene-3,9-dione compound with (1R,2S,8R,12S,13R)-4,10-
dibenzyl-12,13-bis(4-methoxyphenyl)-2,8-dimethyl-11-methylene-4,10-
diazatricyclo[6.2.2.12,6]tridec-5-ene-3,9-dione 4e/4¢’

R= 4-OMe-CgH,

4e/4¢’ mixture was isolated following the GP-2 using 3e as reagent (65.2 mg, 0.204 mmol). White
solid. Yield 41% (27.0 mg, 0.041 mmol, dr 53:47). 'H NMR (400 MHz, CDCl3) § 7.50 — 7.28 (m,
12Ha, 12HB), 6.88 (d, J = 8.7 Hz, 2Hp), 6.81 (d, J = 8.7 Hz, 2Ha), 6.68 — 6.43 (m, 4Ha, 4H3), 6.26
(s, 1Ha), 6.06 (s, 1H), 5.61 (d, J= 14.0 Hz, 1HB), 5.36 (d, J = 13.8 Hz, 1Ha), 5.28 (d, J = 14.3 Hz,
1Ha), 5.16 (d, J=14.0 Hz, 1Hg), 4.99 (d, /= 2.2 Hz, 1Ha), 4.83 —4.72 (m, 1Ha, 1Hg), 4.61 (s, 1HB),
4.39 (s, 1Ha, 1Hg), 4.29 —4.12 (m, 2Ha, 1Hg), 3.90 (d, /= 6.3 Hz, 1Ha), 3.78 — 3.68 (m, 6Ha, 6Hp),
3.47 (d, J=14.2 Hz, 1Ha), 3.35 (d, J= 6.7 Hz, 1Ha, 1Hg), 3.17 (s, 1Hg), 2.74 (d, /= 12.7 Hz, 1Hg),
2.61 (d, J=12.7 Hz, 1Ha), 2.40 (d, J= 12.6 Hz, 1Ha), 2.16 (d, J=12.7 Hz, 1Hg), 1.37 (s, 3Hg), 1.17
(s, 3Ha), 0.85 (s, 3Hg), 0.83 (s, 3HA). ¥C NMR (101 MHz, CDCl3) 6 176.7 (Cq), 174.2 (Cq), 173.7
(Cq), 172.9 (Cq), 158.73 (Cq), 158.66 (Cq), 158.0 (Cq), 157.9 (Cq), 147.1 (Cq), 145.2 (Cq), 139.1
(Cq), 137.6 (Cq), 137.0 (Cq), 136.2 (Cq), 136.1 (Cq), 136.0 (Cq), 130.34 (2CH), 130.32 (2CH), 130.0
(3CH), 129.9 (2CH), 129.7 (2CH), 129.3 (2CH), 129.2 (2CH), 129.0 (2CH), 128.8 (2CH), 128.72
(4CH), 128.67 (2CH), 128.5 (3CH), 128.1 (CH), 128.04 (2CH), 127.97 (Cq), 127.7 (CH), 127.6 (Cq),
127.2 (CH), 120.8 (CH>), 119.4 (Cq), 118.6 (Cq), 115.4 (CH»), 113.5 (2CH), 113.4 (2CH), 72.0 (CH),
71.0 (CH), 57.1 (CH), 55.4 (CH»), 55.20 (CH3), 55.19 (CH3), 55.18 (CHs), 55.1 (CH3), 54.7 (Cq),
53.9 (CHy), 50.8 (2CH>), 50.2 (CH2), 50.14 (CH), 50.14 (Cq), 49.2 (Cq), 48.9 (CH), 46.6 (CH),
46.4 (Cq), 45.6 (CH), 26.8 (CH3), 26.6 (CH3), 24.2 (CH3), 21.6 (CH3). ESI-HRMS calcd for
C42H43N204 [M+H]" 639.3217, found 639.3211.
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(1S,28,8S,128,13R)-4,10-dibenzyl-12,13-bis(4-butylphenyl)-2,8-dimethyl-11-methylene-4,10-
diazatricyclo[6.2.2.12,6]tridec-5-ene-3,9-dione 4f

8

R= 4-nBu-CgH,4

4f was isolated following the GP-2 using 3f as reagent (66.3 mg, 0.20 mmol). White solid, m.p. 175-
176 °C. Yield 22% (14.5 mg, 0.022 mmol). "TH NMR (400 MHz, CDCl3) 6 7.51 — 7.32 (m, 12H),
7.01 —6.37 (m, 6H), 6.05 (s, Hs), 5.61 (d, /= 14.0 Hz, Hi¢), 5.12 (d, J= 14.0 Hz, Hs'), 4.77 (s, Hir),
4.60 (s, Hi),4.40 —4.33 (m, Hir°), 4.27 (d, J = 14.1 Hz, Hy'), 4.20 (d, J = 14.0 Hz, Hi0’), 3.36 (s, H12),
3.19 (s, Hi3), 2.75 (d, J= 12.7 Hz, Hy), 2.60 — 2.42 (m, 4H), 2.16 (d, /= 12.8 Hz, Hy), 1.52 (tdd, J =
15.3, 11.0, 7.5 Hz, 4H), 1.38 — 1.25 (m, 4H + 3H»), 1.00 — 0.87 (m, 6H), 0.84 (s, 3Hg"). 3C NMR
(101 MHz, CDCl3) 6 176.8 (Co), 173.1 (Cs3), 146.8 (Ci1), 142.5 (Cq), 141.8 (Cq), 140.7 (Cq), 136.1
(Cq), 136.0 (Cq), 132.9 (Cq), 130.0 (2CH), 129.7 (2CH), 129.1 (2CH), 128.7 (2CH), 128.67 (Cs),
128.6 (2CH), 128.21 (2CH), 128.15 (brs, 4CH) 128.0 (2CH), 118.5 (C¢), 115.5 (Ci1°), 70.9 (C1), 55.8
(C12), 54.6 (Cq), 53.8 (Ci0), 50.1 (Cs), 49.0 (C7), 46.3 (Cq), 46.1 (C13), 35.11 (CH>), 35.09 (CH>),
33.5 (CH»), 33.4 (CH»), 26.6 (Cy’), 24.2 (C2), 22.39 (CH>), 22.37 (CH»), 14.1 (CH3), 14.0 (CH3).
ESI-HRMS calcd for C49HssN2O2 [M+H]" 691.4258, found 691.4265.

(1R,2S,8R,12S,13R)-4,10-dibenzyl-12,13-bis(4-butylphenyl)-2,8-dimethyl-11-methylene-4,10-
diazatricyclo[6.2.2.12,6]tridec-5-ene-3,9-dione 4f’

8

R=4-nBu-CgH,

41’ was isolated following the GP-2 using 3f as reagent (66.3 mg, 0.20 mmol). White solid, m.p. 146-
147 °C. Yield 20% (13.5 mg, 0.020 mmol). "TH NMR (400 MHz, CDCl3) 6 7.51 — 7.31 (m, 12H),
7.03 — 6.72 (m, 6H), 6.27 (s, Hs), 5.36 (d, J = 13.8 Hz, Hs’), 5.30 (d, /= 14.3 Hz, Hio’), 5.01 (d, J =
2.2Hz,Hir),4.79 (d,J= 1.9 Hz, Hir), 4.41 (s, Hr’), 4.28 (d, /= 13.8 Hz, Hs), 3.94 (s, Hi2), 3.50 (d,
J=14.2 Hz, Hi¢), 3.40 (s, Hi13), 2.63 (d, J = 12.7 Hz, H7), 2.54 (td, /= 8.0, 2.8 Hz, 4H), 2.44 (d, J =
12.7 Hz, Hy), 1.55 (dtt, J=12.5, 7.8, 3.4 Hz, 4H), 1.44 — 1.24 (m, 4H), 1.21 (s, 3H2’), 1.02 — 0.89 (m,
6H), 0.84 (s, 3Hs’). 3C NMR (101 MHz, CDCl3)  174.3 (Cq), 173.9 (Cq), 145.0 (Cq), 143.9 (Cq),
141.8 (Cq), 140.9 (Cq), 136.9 (Cq), 135.9 (Cq), 133.2 (Cq), 129.9 (2CH), 129.1 (4CH), 129.0 (2CH),
128.7 (4CH), 128.5 (2CH), 128.14 (CH), 128.13 (2CH), 127.7 (CH), 127.1 (Cs), 120.9 (Ci1°), 119.3
(Ce), 72.1 (C1), 57.5 (C12), 50.9 (C7), 50.8 (Ci0), 50.2 (C4), 50.0 (Cq), 49.0 (Cq), 47.0 (C13), 35.2
(CHy), 35.1 (CH>), 33.5 (2CH>), 26.7 (Cs’), 22.40 (CH2), 22.36 (CH2), 21.6 (C>’), 14.0 (2CH3). ESI-
HRMS calcd for C49HssN2O2 [M+H]* 691.4258, found 691.4254.

51



di-tert-butyl 3,3'-((1S,28S,8S,12R,13S)-4,10-dibenzyl-2,8-dimethyl-11-methylene-3,9-dioxo-
4,10-diazatricyclo[6.2.2.12,6]tridec-5-ene-12,13-diyl)bis(2-methyl-1H-indole-1-carboxylate) 4g
Boc

4g was isolated following the GP-2 using 3g as reagent (65.0 mg, 0.147 mmol). White solid, m.p.
195 °C (dec.). Yield 31% (20.6 mg, 0.023 mmol). "H NMR (400 MHz, CDCl3) & 8.16 (d, J = 8.1
Hz, 1H), 7.94 (d, J = 8.4 Hz, 1H), 7.51 — 7.19 (m, 12H), 7.13 (d, J = 6.9 Hz, 1H), 7.08 — 7.01 (m,
1H), 6.70 (d, J = 7.7 Hz, 1H), 6.61 (t, J= 7.5 Hz, 1H), 6.16 (s, 1H), 5.66 (d, J = 14.3 Hz, 1H), 5.44
(d, J=13.8 Hz, 1H), 4.77 (s, 1H), 4.66 (s, 1H), 4.29 (d, J = 14.4 Hz, 1H), 4.21 — 4.08 (m, 2H), 3.84
(s, 1H), 3.72 (s, 1H), 2.93 (d, /= 12.5 Hz, 1H), 2.72 (s, 3H), 2.24 (s, 3H), 1.97 (d, J = 12.6 Hz, 1H),
1.69 (s, 9H), 1.69 (s, 9H), 1.37 (s, 3H), 0.92 (s, 3H). 3C NMR (101 MHz, CDCl3) 8 178.1 (Cq),
174.2 (Cq), 150.7 (Cq), 150.4 (Cq), 141.7 (Cq), 136.6 (Cq), 136.2 (Cq), 135.5 (2Cq), 135.4 (Cq),
134.5 (Cq), 130.2 (2CH), 130.1 (2CH), 128.9 (2CH), 128.7 (2CH), 128.2 (CH), 128.0 (CH), 127.6
(CH), 127.53 (Cq), 126.6 (CH), 123.2 (2CH), 122.6 (Cq), 122.5 (CH), 121.0 (Cq), 120.2 (CH),
120.1(CH), 118.3 (CH), 116.1 (2Cq), 115.2 (CH), 115.0 (CH), 84.1 (Cq), 83.8 (Cq), 71.3 (CH), 53.4
(CH), 52.9 (Cq), 50.9 (CH2), 49.2 (CHz), 44.2 (Cq), 44.1 (CH), 38.1 (CH), 28.34 (3CH3), 28.30
(3CH3), 25.1 (CHs), 24.0 (CHz3), 15.1 (CH3), 13.8 (CHs). ESI-HRMS calcd for CssHgoNaNaOs
[M+Na]" 907.4405 found 907.4418.

di-tert-butyl 3,3'-((1R,2S,8R,12R,135)-4,10-dibenzyl-2,8-dimethyl-11-methylene-3,9-dioxo-
4,10-diazatricyclo[6.2.2.12,6]tridec-5-ene-12,13-diyl)bis(2-methyl-1H-indole-1-carboxylate).

R = 2-Me-N-Boc-indole

4g’ was isolated as a mixture of atropisomers following the GP-2 using 3g as reagent (65.0 mg, 0.147
mmol). White solid, m.p. 162 °C (dec.). Yield 12% (7.7 mg, 0.087 mmol). "H NMR (400 MHz,
CDCI3) ¢ 8.09 (dd, J = 8.4, 3.8 Hz, 1H), 7.97 (d, J = 8.4 Hz, 1H), 7.56 (d, J = 7.7 Hz, 2H), 7.46 —
7.33 (m, 8H), 7.21 — 7.13 (m, 2H), 7.10 — 7.03 (m, 2H), 6.79 (d, J= 3.5 Hz, 1H), 6.53 (t, J=7.2 Hz,
1H), 6.40 (s, 1H), 6.29 (d, J = 7.8 Hz, 1H), 5.64 (d, J = 14.5 Hz, 1H), 4.99 — 4.93 (m, 2H), 4.90 —
4.70 (m, 4H), 4.56 (s, 1H), 4.12 (d, J= 14.6 Hz, 1H), 2.68 — 2.48 (m, 8H), 1.71 (s, 9H), 1.70 (s, 9H),
1.28 (s, 3H), 0.91 (s, 3H). '3C NMR (101 MHz, CDCls) § 173.9 (Cq), 172.9 (Cq), 150.7 (Cq), 150.5
(Cq), 144.4 (Cq), 136.3 (Cq), 136.1 (Cq), 135.9 (Cq), 135.8 (Cq), 135.5 (Cq), 135.1 (Cq), 134.6 (Cq),
130.4 (2CH), 130.0 (CH), 129.9 (2CH), 128.9 (2CH), 128.8 (CH), 128.6 (2CH), 128.4 (CH), 128.0
(CH), 127.8 (CH), 127.4 (Cq), 127.0 (Cq), 123.3 (CH), 122.43 (CH), 122.41 (CH), 120.8 (Cq), 120.5
(CH), 120.1 (CH»), 117.6 (Cq), 114.98 (CH), 114.95 (CH), 83.91 (Cq), 83.89 (Cq), 73.4 (CH), 52.0
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(CH,), 51.45 (Cq), 51.43 (CHa), 51.0 (CH,), 48.5 (Cq), 48.2 (CH), 43.2 (CH), 28.3 (3CH3), 28.3
(3CHs), 24.6 (CHs), 20.1 (CH3), 14.0 (CHs), 13.6 (CHs). ESI-HRMS caled for CsHeoN4NaOg
[M+Na]* 907.4405 found 907.4440.

(1S,2S,8S,12R,13R)-4,10-bis(4-methoxybenzyl)-2,8-dimethyl-11-methylene-12,13-diphenyl-
4,10-diazatricyclo[6.2.2.12,6]tridec-5-ene-3,9-dione compound with (1R,2S,8R,12S,13R)-4,10-
bis(4-methoxybenzyl)-2,8-dimethyl-11-methylene-12,13-diphenyl-4,10-
diazatricyclo[6.2.2.12,6]tridec-5-ene-3,9-dione 4h/4h’

4h/4h’ mixture was isolated following the GP-2 using 2h as reagent (63.8 mg, 0.20 mmol). White
solid. Yield 39% (25.2 mg, 0.039 mmol, dr 53:47). 'TH NMR (400 MHz, CDCls) & 7.44 — 7.28 (m,
4Ha, 4Hg), 7.20 — 6.86 (m, 14Ha, 12Hg), 6.71 — 6.38 (m, 2H3), 6.25 (1Ha), 6.07 (1Hg), 5.60 (d, J =
14.0 Hz, 1Hg), 5.34 — 5.24 (m, 2Ha), 5.07 (d, J = 14.0 Hz, 1Hg), 5.00 (d, J = 2.1 Hz, 1Ha), 4.78 (s,
1Ha), 4.75 (d, J = 1.9 Hz, 1Hg), 4.60 (s, 1Hg), 4.41 — 4.38 (m, 1Ha, 1Hg), 4.27 —4.15 (m, 1Ha, 1Hg),
4.11 (d, J = 14.0 Hz, 1HB), 3.93 (brs, 1Ha), 3.87 — 3.78 (m, 6Ha, 6Hs), 3.47 — 3.36 (m, 2Ha, 1Hp),
3.22 (s, 1Hg), 2.75 (d, J=12.7 Hz, 1HB), 2.62 (d, /= 12.7 Hz, 1Ha), 2.42 (d, J=12.7 Hz, 1Ha), 2.17
(d, J=12.8 Hz, 1H3), 1.38 (s, 3Hs), 1.18 (s, 3Ha), 0.85 (s, 3Hg), 0.83 (s, 3Ha). *C NMR (101 MHz,
CDCl) 6 176.5 (Cq), 174.0 (Cq), 173.6 (Cq), 172.8 (Cq), 159.5 (Cq), 159.41 (Cq), 159.36 (Cq),
159.2 (Cq), 146.8 (Cq), 146.7 (Cq), 145.3 (Cq), 145.0 (Cq), 136.2 (Cq), 135.8 (Cq), 131.3 (4CH),
131.1 (2CH), 131.0 (2CH), 130.4 (2CH), 129.33 (2CH), 129.29 (2CH), 129.0 (Cq), 128.8 (CH), 128.3
(Cq), 128.2 (6CH), 128.18 (Cq), 128.16 (Cq), 128.1 (4CH), 127.4 (CH), 127.2 (CH), 127.1 (CH),
126.3 (CH), 126.2 (CH), 120.9 (CH»), 118.9 (Cq), 118.1 (Cq), 115.6 (CH2), 114.1 (2CH), 114.00
(2CH), 113.98 (2CH), 113.8 (2CH), 71.6 (CH), 70.6 (CH), 57.9 (CH), 56.2 (CH), 55.37 (CH3), 55.35
(CH3), 55.34 (CH3), 55.28 (CHs), 54.6 (Cq), 53.2 (CHz), 50.8 (CH2), 50.1 (CH2), 50.0 (Cq), 49.5
(CHz), 49.4 (CH>), 49.0 (CH>), 48.9 (Cq), 47.4 (CH), 46.4 (CH), 46.2 (Cq), 26.7 (CH3), 26.5 (CHa),
24.2 (CH3), 21.6 (CH3s). ESI-HRMS calcd for C42H43N204 [M+H]" 639.3217, found 639.3215.
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(1S,28,8S,12S,13R)-4,10-bis(4-fluorobenzyl)-2,8-dimethyl-11-methylene-12,13-diphenyl-4,10-
diazatricyclo[6.2.2.12,6]tridec-5-ene-3,9-dione compound with (1R,2S,8R,12S,13R)-4,10-bis(4-
fluorobenzyl)-2,8-dimethyl-11-methylene-12,13-diphenyl-4,10-diazatricyclo[6.2.2.12,6]tridec-
5-ene-3,9-dione. 4i/4i’

R=4-F-CgH,

4i/4i’ mixture was isolated following the GP-2 using 2i as reagent (67.2 mg, 0.22 mmol). White solid.
Yield 49% (32.6 mg, 0.053 mmol, dr 48:52). 'H NMR (400 MHz, CDCl3) § 7.51 — 7.31 (m, 4Ha,
4Hg), 7.20 — 6.88 (m, 14Ha, 14HB), 6.24 (s, 1Ha), 6.07 (s, 1HB), 5.57 (d, J = 14.0 Hz, 1HB), 5.32 (d,
J=13.9 Hz, 1Ha), 5.24 (d, J=14.2 Hz, 1Ha), 5.13 (d, /= 14.1 Hz, 1Hg), 5.03 (d, J = 2.1 Hz, 1Ha),
4.82 —4.75 (m, 1Ha, 1HB), 4.60 (s, 1Hg), 4.43 —4.36 (m, 1Ha, 1Hg), 4.27 —4.18 (m, 1Ha, 1Hg), 4.15
(d, J=14.0 Hz, 1Hg), 3.95 (s, 1Ha), 3.50 — 3.37 (m, 2Ha, 1Hg), 3.22 (s, 1Hg), 2.77 (d, J = 12.7 Hz,
1Hg), 2.63 (d, J = 12.8 Hz, 1Ha), 2.45 (d, J = 12.7 Hz, 1Ha), 2.19 (d, J = 12.8 Hz, 1Hg), 1.38 (s,
3Ha), 1.19 (s, 3Ha), 0.85 (s, 3Hg), 0.83 (s, 3Ha). *C NMR (101 MHz, CDCl3) 8 176.6 (Cq), 174.2
(Cq), 173.8 (Cq), 172.9 (Cq), 162.6 (d, J = 246.8 Hz, Cq), 162.54 (d, J=246.8 Hz, Cq), 162.51 (d, J
=246.7 Hz, Cq) 162.4 (d, J = 245.9 Hz, Cq), 146.7 (Cq), 146.6 (Cq), 145.1 (Cq), 144.8 (Cq), 135.9
(Cq), 135.6 (Cq), 132.7 (d, J=3.3 Hz, Cq), 132.1 (d, J=3.4 Hz, Cq), 131.9 (d, /=3.3 Hz, Cq), 131.8
(d, J=3.3 Hz, Cq), 131.8 (d, J = 8.4 Hz, 2CH), 131.6 (d, J = 8.2 Hz, 2CH), 131.4 (d, /= 8.2 Hz,
2CH), 130.8 (d, /= 8.1 Hz, 2CH), 129.2 (2CH), 129.2 (2CH), 128.9 (CH), 128.3 (brs, 6CH), 128.2
(4CH), 128.1 (2CH), 127.3 (CH), 127.3 (CH), 127.2 (CH), 126.4 (CH), 126.4 (CH), 121.2 (CHa),
119.2 (Cq), 118.4 (Cq), 115.7 (CH»), 115.6 (d, J = 21.6 Hz, 2CH), 115.53 (d, J = 21.5 Hz, 2CH),
115.53 (d, J=21.5 Hz, 2CH), 115.4 (d, J = 21.5 Hz, 2CH), 72.0 (CH), 71.4 (CH), 57.8 (CH), 56.2
(CH), 54.5 (Cq), 53.4 (CH»), 50.8 (CH>), 50.1 (CH>), 50.0 (Cq), 49.5 (CH>), 49.5 (CHz), 48.93 (Cq),
48.90 (CH>), 47.3 (CH), 46.4 (CH), 46.2 (Cq), 26.7 (CHz3), 26.5 (CH3), 24.2 (CHz3), 21.6 (CH3). 1F
NMR (565 MHz, CDCl3) 6 -113.6 (tt, J = 8.7, 5.3 Hz), -113.7 — -113.8 (m), -114.3 (tt, J=8.7, 5.4
Hz). ESI-HRMS calcd for C40H37F2N202 [M+H]" 615.2818, found 615.2823.
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2,2'-((18,2S,8S,128,13R)-2,8-dimethyl-11-methylene-3,9-dioxo-12,13-diphenyl-4,10-
diazatricyclo[6.2.2.12,6]tridec-5-ene-4,10-diyl)diacetonitrile 4j

4j was isolated with traces of 4j’ following the GP-2 using 3j as reagent (42.0 mg, 0.18 mmol). White
solid, m.p. 147-149 °C. Yield 38% (16.0 mg, 0.034 mmol). 'H NMR (400 MHz, CDCl3) & 7.39 —
7.15 (m, 8H), 6.91 (d, J= 6.5 Hz, 2H), 6.24 (s, 1H), 4.93 (s, 1H), 4.82 (s, 1H), 4.64 (d, J=17.3 Hz,
1H), 4.59 (d, /= 16.8 Hz, 1H), 4.47 (s, 1H), 4.40 (d, /= 17.3 Hz, 1H), 4.27 (d, J=16.7 Hz, 1H), 3.62
(s, 1H), 3.26 (s, 1H), 2.86 (d, /= 13.0 Hz, 1H), 2.38 (d, /= 13.0 Hz, 1H), 1.43 (s, 3H), 0.96 (s, 3H).
13C NMR (101 MHz, CDCls) § 176.5 (Cq), 172.3 (Cq), 145.6 (Cq), 144.4 (Cq), 133.7 (Cq), 129.1
(2CH), 128.9 (brs, 4CH), 128.8 (2CH), 127.9 (CH), 127.5 (CH), 127.0 (CH), 119.9 (Cq), 116.9 (CH>),
114.8 (Cq), 114.2 (Cq), 73.5 (CH), 56.2 (CH), 53.8 (Cq), 48.2 (CH>), 46.6 (Cq), 46.2 (CH), 40.1
(CH»), 33.0 (CH>), 25.8 (CH3), 22.6 (CH3). ESI-HRMS calcd for C30H2sN4NaO, [M+Na]* 499.2104,
found 499.2098.

2,2'-((1R,2S,8R,12R,13R)-2,8-dimethyl-11-methylene-3,9-dioxo0-12,13-diphenyl-4,10-
diazatricyclo[6.2.2.12,6]tridec-5-ene-4,10-diyl)diacetonitrile 4j’

4j’> was isolated, with traces of 4j, following the GP-2 using 3j as reagent (42.0 mg, 0.18 mmol).
White solid. Yield 20% (8.4 mg, 0.018 mmol). 'TH NMR (400 MHz, CDCls) & 7.5 — 7.1 (m, 10H),
6.15 (s, 1H), 5.31 (d, J =2.0 Hz, 1H), 5.05 (d, /=2.1 Hz, 1H), 4.72 (d, /= 17.3 Hz, 1H), 4.63 (d, J
=16.8 Hz, 1H), 4.42 (s, 1H), 4.38 (d, /= 17.3 Hz, 1H), 4.09 (s, 1H), 3.90 (d, J= 16.8 Hz, 1H), 3.60
(s, 1H), 2.73 (d, J = 12.9 Hz, 1H), 2.61 (d, J = 12.9 Hz, 1H), 1.27 (s, 3H), 0.91 (s, 3H). ¥C NMR
(101 MHz, CDCl3) 6 174.7 (Cq), 174.0 (Cq), 145.8 (Cq), 143.5 (Cq), 134.5 (Cq), 129.0 (2CH), 128.8
(brs,4CH), 128.7 (2CH), 127.9 (CH), 127.0 (CH), 125.3 (CH), 122.7 (CH»), 121.6 (Cq), 114.8 (Cq),
114.2 (Cq), 74.3 (CH), 58.0 (CH), 50.6 (Cq), 49.9 (CH>), 48.8 (Cq), 47.3 (CH), 37.5 (CH»), 33.5
(CH2), 26.4 (CH), 21.5 (CH). ESI-HRMS calcd for C3oH2sNsNaO, [M+Na]* 499.2104, found
499.2099.
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(1S,28,8S,128,13R)-4,10-dicyclopropyl-2,8-dimethyl-11-methylene-12,13-diphenyl-4,10-
diazatricyclo[6.2.2.12,6]tridec-5-ene-3,9-dione 4k

4k was isolated following the GP-2 using 3k as reagent (47.9 mg, 0.20 mmol). Colorless viscous oil.
Yield 29% (13.9 mg, 0.029 mmol). 'H NMR (400 MHz, CDCl3) 8 7.23 — 7.10 (m, 6H), 7.05 (dd, J
=7.5, 1.9 Hz, 2H), 6.93 — 6.74 (m, 2H), 6.10 (s, 1H), 4.91 (s, 1H), 4.66 (s, 1H), 4.47 (s, 1H), 3.52 (s,
1H), 3.12 (s, 1H), 3.04 — 2.92 (m, 1H), 2.91 —2.72 (m, 2H), 2.26 (d, J= 12.7 Hz, 1H), 1.42 (s, 3H),
1.06 —0.56 (m, 1 1H). ¥C NMR (101 MHz, CDCl3) 8 178.8 (Cq), 174.6 (Cq), 147.7 (Cq), 145.7 (Cq),
135.9 (Cq), 130.1 (CH), 129.1 (2CH), 128.4 (brs, 4CH), 128.1 (2CH), 127.2 (CH), 126.5 (CH), 117.0
(Cq), 114.8 (CH2), 70.8 (CH), 55.5 (CH), 55.4 (CH>), 49.5 (Cq), 46.6 (Cq), 45.6 (CH), 33.4 (CH),
29.1 (CH), 25.9 (CH3), 22.6 (CH3), 12.3 (CH>), 6.7 (CH»), 6.4 (CHz2), 4.9 (CH>). ESI-HRMS calcd
for C3H34N>NaO, [M+Na]" 501.2512, found 501.2503.

(1R,2S,8R,12R,13R)-4,10-dicyclopropyl-2,8-dimethyl-11-methylene-12,13-diphenyl-4,10-
diazatricyclo[6.2.2.12,6]tridec-5-ene-3,9-dione 4k’

4k’ was isolated following the GP-2 using 3k as reagent (47.9 mg, 0.20 mmol). Colorless viscous
oil. Yield 26% (12.6 mg, 0.026 mmol). "H NMR (400 MHz, CDCl3) 8 7.24 — 7.12 (m, 6H), 7.08 (dd,
J=17.7,1.6 Hz, 2H), 7.00 — 6.77 (m, 2H), 6.22 (s, 1H), 5.17 (d, /= 2.2 Hz, 1H), 4.87 (d, /= 2.0 Hz,
1H), 4.40 (s, 1H), 3.93 (s, 1H), 3.40 (s, 1H), 2.89 (ddd, /= 9.6, 6.8, 4.5 Hz, 1H), 2.63 (d, /= 12.7 Hz,
1H), 2.53 — 2.46 (m, 1H), 2.43 (d, J = 12.7 Hz, 1H), 1.19 (s, 3H), 1.00 — 0.91 (m, 2H), 0.90 — 0.76
(m, 7H), 0.74 — 0.65 (m, 1H), 0.64 — 0.57 (m, 1H). 13C NMR (101 MHz, CDCl3) § = 176.2 (Cq),
175.5 (Cq), 147.2 (Cq), 145.7 (Cq), 136.5 (Cq), 129.1 (2CH), 128.5 (brs, 4CH), 128.1 (2CH), 127.2
(CH), 127.2(CH), 126.4 (CH), 120.5 (CH»), 118.2 (Cq), 73.3 (CH), 56.8 (CH), 51.2 (Cq), 51.0 (CH>),
49.1 (Cq), 46.9 (CH), 31.7 (CH), 28.9 (CH), 26.3 (CH3), 21.8 (CH3), 11.7 (CH2), 6.6 (CHz), 6.6
(CH2), 5.0 (CHz). ESI-HRMS calcd for C32H34N2NaOz [M+Na]* 501.2512, found 501.2505.
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(E)-3-(4-chlorophenyl)-1-((3ar,6r)-6,7-dihydro-3a,6-ethenoisoindol-2(3H)-yl)prop-2-en-1-one.
2 299 m

Cl—©_\\_/<o

N
N\

Tetraene 2°°’m was prepared following general procedure GP-2 using 1m as reagent. (62.3 mg, 0.20
mmol). White crystals, m.p. 123-124 °C. Yield 14% (9.0 mg, 0.03 mmol). Two rotamers are observed
due to the dynamic amide group. "TH NMR (400 MHz, Acetone) 6 .78 —7.69 (m, 1H RotA, 1H RotB),
7.66 — 7.55 (1H RotA, 1H RotB), 7.50 — 7.37 (m, 2H RotA, 2H RotB), 7.19 (d, J = 15.4 Hz, 1H
RotB), 7.10 (d, /= 15.4 Hz, 1H RotA), 6.86 (t,J = 1.8 Hz, 1H RotB), 6.65 (t,J= 1.8 Hz, 1H RotA),
6.44 — 6.28 (m, 4H RotA, 4H RotB), 4.61 (s, 2H RotA), 4.31 (s, 2H RotB), 3.97 — 3.89 (m, 1H RotA,
1H RotB), 2.11 —2.07 (m, 2H RotA, 2H RotB). 3C NMR (101 MHz, Acetone) & = 160.7 (Cq), 160.2
(Cq), 139.8 (CH), 139.5 (CH), 138.4 (2CH), 138.3 (2CH), 134.7 (Cq), 134.6 (Cq), 134.47 (Cq),
134.45 (Cq), 133.64 (2CH), 133.63 (2CH), 129.6 (2CH), 129.5 (2CH), 128.9 (2CH), 128.82 (2CH),
128.76 (2Cq), 119.9 (CH), 119.4 (CH), 117.0 (CH), 116.9 (CH), 58.0 (Cq), 55.6 (Cq), 53.64 (CH>),
53.57 (CH>), 40.0 (CH), 39.9 (CH), 27.72 (CHz), 27.67 (CHz). ESI-HRMS calcd for C19H1sCINNaO
[M+Na]" 332,0813, found 332,0817.
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Selected correlation NMR experiments

r@
6
7

om

B

N
pd
T T
mu

H
OH H
QL4

8’ 3” 9 2 1

AS606 F2 NOESY.10.ser
3 -
‘ a
1 v
=
2
9'
=
3 7 —_
8’

T T T T T T

T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
2 (ppm)

4.5

5.0

5.5

6.0

6.5

7.0

7.5

f1 (ppm)

58



Br

3.0

it
o
1

(wdd) 14

<
<+
1

!
<
I

<
v
1

i
w
1

6.0

6.5

+7.0

7.5

AS606A F3 NOESY.10.ser

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f2 (ppm)

7.5

59



-
EH
<O

|

4.20.

£.09
Q

<

6.98 ppm, d, J =7.33Hz
ortho

T ¥ N
5.0 1.5 -
11 (ppm)
B
i
.

60



6.56 ppm, d, j = 2.65 Hz
meta O—

8 o ) [ [ %) (] 1 1.0 ( 0 1 ) [
1 {ppm)
- u
™~ D n
Xt ~1
ka
‘s z
., -

6.70 ppm, d, j=7.75 Hz
ortho

61



-6.51

NOE

412

" Al r v
T T T T T T T T T T T T
9.5 5.0 8.5 8.0 7.5 ) 0.5 50 1.5 1.0 3.5 Q0
f1 (ppm)
~ —
~ e~
e o

62



[V
oo NN

AS660 12-20 NOESY.10.ser

f1 (ppm)

C.
L
~

T
4.5
2 (ppm)

T T T T T T T T
3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

63



AS660 22-30.13.ser

T T T
9.5 9.0 8.5

T
5.5

T
5.0

T
4.5
2 (ppm)

T
4.0

T
3.5

T
3.0

T
2.5

T
2.0

T
1.5

T
1.0

T
0.5

T
0.0

f1 (ppm)

64



MHMJLMMMJM

AS665 NOESY.10.ser

T T T T T T T T T T T T T
78 76 74 72 7.0 68 66 64 62 6.0 58 56 54

T T T T T
52 5.0 48 4.6 4.4
f2 (ppm)

T T T T T T T T T T T
42 40 3.8 3.6 34 32 3.0 28 26 24 22

2.0

2.5

3.0

4.0

4.5

5.0

5.5

6.0

6.5

7.0

~7.5

8.0

8.5

f1 (ppm)

65



Copies of NMR spectra

e
66'b—
LS~
6€'s”
ST'L
61'L1
2L
(2L
62" L
€' L1
€'
&'
&'
[SOFA\
'L
S
Sk
't

294 o

2L

2t \
o'
8L’

~ 95T

—— T S07

1a

— 19°¢

I

<

|IJ¢

—

E
=~ 00¢

]
Illlﬂ = Ty

TE Lo~
Sb'ay”

$0'98~.
10487

25'66~
8001

€211
i’
62'91
S8'971 ¢
At |
L'zt
10821
12821
gat |
mwwmi
06'621
mﬁmmi
cESEn
ar'sel
Ob'EpT ;
z8epl
11591
bz b1

-

110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

120

190 180 170 160 150 140 130

200

210



08¢

Ll T

=p0C

=00¢

=850
T PED
H,/mm.o
I

A

Z6'9TT—

01'921
Exmp
604217
50821
(821
wk.mmg
om.mms
08'bET
8T'LETH
LS'LET
om.mv:
8S'bbT
oo.mm:\

e e

bb'c0C
69'¢0C

20

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
f1 (ppm)

T
200

67



(@]

di-1a

Foot

k660

900
=510
p00

~E6'S

=zZL0

1.0 0.5 0.0

15

2.0

£2'8b~.
8z'6b”

<+ 7898\
2L L8’

4.5

10'00T
om.ooHv

o 68911
£9'011
(8911
26'911
01'9ZT~
91421
om_.\.miw
oo_mmi

]
n

(ppm)

6.0 5.5

6.5

6€'82T
8'8zT
a_mmi
00'0€ T

Z6'bET
ZO'SET
ar'LeT]
a5z
16'€hT
86'Sh T
B_vi
S9'bbT

86'H9T-

8.0 7.5 7.0

i

8.5

9.0

9.5

[qgava
mw_momv

10.0

20

40

50

70

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90

T
200

T
210

f1 (ppm)

68



8|0
wm.oW
e8'0
L3~

1€°7T

65'T
Q1
So'T

iR %
™o
S~}

oL'L

Ay

1b

= 01'g

=~ 00

¢
8C'C
560
c9q

1.5 1.0 0.5 0.0

2.0

2.5

3.0

3.5

11T
89'CC
L'
6’
L6'&
pC' e
SC'eC
8C'eC
ov'eC
6b'6C
98'Te
E0'Sb~\
68'Sk~"

5.5 5.0 45 4.0
f1 (ppm)

6.0

6.5

80'9B~\.
p8'8””

ST'E6~
2’0017

TL9TT~
ANl
06'£21
b6 2T
18'8217
Hm.mN%
26621 \
LT'SET
mH.mE\
oF bt

82'P9T~
08'pa1”

26'T02~
(o sXdvad

69

10

20

i

30

70 60 50 40

80

AL

90

1
1
110 100
f1 (ppm)

o

120

L

130

190 180 170 160 150 140

200

A



6'c
'
S6'cC
%'
&'
&'
€6'C
€6'C

8'€
vm.mv

BB E
Sb'S
05'G7
25'Sy
85'97
29'91
26'91
#6'91
86'9
2z L
v L
SC'LY
1217
&' L7
1€'£9
€€ LY
SE'LN
€€ LA

ny

op' £
w2
'L
2L
b
752
€571
b5
(51
89'¢]
69'L1
1]

Nm.i
EL'L

S

1c

= Sb'g

oY

8
o —

0.0

0.5

1.0

1.5

2.0

2.5

3.0

35

]
<

7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

7.5

CLEEN
bO'SE”

ZL'9~
65'Lb”"

1598\
€187

16'86~
€€°001

09'9TT~,
20117
L£'9TT
06'91 A
b6 LT
Sb'8zT
18821
16821
83621
LO'SET
LE7SET
€S'EPT
L6'EPT
SS'bOT
69'v91 y

- —

B

T T T
110 100 90

T
120

f1 (ppm)

70



S0'S
0'S

>

.

1d

|

A

—80¢

=007

791
AR
‘ez
“1T'7
/80

o
h 58—
ee' 10T —

€0'81T—
66'LT1
e ss8t
£4'821
n (8821
LR o

8621
2 S6VET
ET'6ET

PCEPT

E6'€9T—

9.5

L1e0C—

10.0

20

60 50 40

70

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90

T
200

10

f1 (ppm)

71



s
L
£

L
Wi
£

L
L
£

.\

n
N
~

-
e~

)
N

1e

Fee
=02

60

02

op
e
MOT

o —

209z —

£S5E

s8I =
08zt
8841
LB6ZT
LT A
BIEPT —

NS

gra91 =

BSE0Z —

10 160

=0

11 (ppm)

72



b2 L7

9L
894

Cl

~ 00g

)

m

1f

1.0 0.5 0.0

1.5

3.0 2.5 2.0

3.5

4.0

5.0

ot
[

10.0 9.5 9.0 8.5 8.0 7.5

10.5

0L€E~
96'bE”

8L'9b~\.
65'Lb”

95'98~,
61'£87

28'86
NN_OOH%
LTLTT
om_tL
= mm_wmﬂ

(ppm)

8.'92T
b6'9T T
9b'8T T
89'82 14
78'821
€6'821
86'821
€0'621
80'6214
LE'62T
€562
95'€E T
S9'SET
pT'8ET
gc'ge T
06T
mo_mi
L£°TvT]
95'SpT

€b'zoT
€497
Tb'bOT

£8'T0Z~.
852027

—_—

i

-

20

60 50 40

70

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90

T
200

T
210

f1 (ppm)

73



50
2t
R.m%
9L'N
64'9N
63'91
00'£7
PO LY
STl
'L
'L
0€' L7
£e' L
vE'L
e LA
1E'L~
€c'2)
ovm;
'L
Sb'£]
'L
6t/
€521
ss'L
ot
e L1
082!

Br

)

19

s65'0
—LE'0
~1P0

256
7460
€50

1.0 0.5

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

f1 (ppm)

EE'8r~
62 6"

98'98~.
18487

86'66
80'00T >

mm_m:
:_vﬁ/
YO'9ZT
B.E/
v'8CI\
(E'62T
w0'zer’
L0'L€T
b LET
85'zhT
sTEpT

69'9o1
£8'POT >

T T
190 180

T
200

20

40

70

T T T T T T T T
160 150 140 130 120 110 100 90

T
170

f1 (ppm)

74



p8'E
mw_mv.

b8'b—
bE'S
&8
%L

68'97

d.

i U

1h

|
1

I

Fsee

Fooz

=a0¢

F£90
Fisz

~96'8

Fogt

7.0

7.5

818y -;
szeb’
8655~

€198~
65187

80°001
0£'00T

LTPIT

8E'PIT
cr'oct
«v.nmﬁw
TL'L2T
90'8CT
pE'8CT
98'8CT
€9'6CT
€E€°LET
EL'LET

ELEPT
SE'PPT

L1791~
0£'S9T
8€'591

40

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

T
200

75



op'Z~
sp'z”

.

1i

ITY

n O
=

9.5

10.0

88'61—

92'8b~.
62'6v7

28'98~.
1187

12'811—
60'SZT
12'921
zz' ozt
Lzt
6c'9z 1
Ay
80821
op'8z1
88'8211
€162
6L'0ET
LOPET]
9.5{
L LET
oL 1
Tb'2bT-
96 91

LE'202~,
69'20z”

20

40

70

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90

T
200

f1 (ppm)

76



e\
o'z’

A

—0c€

—00¢

~60¢

4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.0

f1 (ppm)

€ere—

eT'8r~
8z'6b~"

78'8\\
99'/8”"

LE'E6
wm.ooﬁv

LE'PET ﬁ

JAR724%
(8'PbT
0'So1
81'S91

L7202~
sLeoe”

20

40

60

70

T T T
110 100 90

T
120

T
200

T
210

f1 (ppm)

77



6LE~
e

1k

~8T¢

~Z90
~CS'€
~0S'0
—€4'9

s66'0
NZs0

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

9.5

10.0

€280\
0E 6~
b EG—
62'557

£8'98~\.
€L'18”

€007
om.oev
€TETT
B.m:/
R.EW
€411
95'0eT—
11921~
o1'£21
05'£21
50’821
%.wu;
8.%;
€8'621 ﬁ
vm.omi
Tr'9ET
0T LET
ssrzet]
mw,mvl
S'bbT
18651
06'65T %

£6'pO1
£0'SO1

ch'eae
nw.NoNv.

20

40

60

70

80

T
90

T
110

T
190

T
200

T
210

f1 (ppm)

78



E8'y—
ve'S
mm.mv

009y
88
$L,
&L'9
08'9
£8'9%
169

U

J

I

169
602
%L
&' L]
&L
e
ze L]
€'t

o]
&L
ob']
69'1
€'t

18

11

|

J

~00¢

—80¢

—c0¢

~£5'0
—8L€
~$8S

~86'0
~$S'0

1.0 0.5 0.0

1.5

2.0

]

o
o

n
[

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0
f1 (ppm)

10.0

cT'8p\
<2l

A

20001
£2°001
05101
€b90T
o5'801
PRBTT
A
SE'bTT
80921
11°L21
&Lt
€08zt
se'8el
63821~
o6zt
bz LET
Loier”
AL EPT~
& pbT
zz'8pt
1€°8bT
EBbT

11'591
ﬁm.mmﬁv

Sb'c0C
ww.NoNv.

20

80 70 60 50 40

T
90

T
110

T
190

T
200

f1 (ppm)

79



Cl

im

J

Fooz

Faet

650
¥SE0
Azpof
fﬁmm

Fest

1.0 0.5 0.0

1.5

2.0

25

3.0

3.5

4.0

4.5

0

5
f1 (ppm)

7.5 7.0 6.5 6.0 5.5

8.0

9.5 9.0 8.5

10.0

ZE'8p~.
62’6

b8'98~.
6L'L8”

66'66
oﬁ.ooﬁv

6v'LTT—
b0'9ZT

mEQV
§5'£21
50821/
6821
b6'82 T
606211
p1621]
ZH'EET
zseeT]
p'SET]

]

f

5

wv.mm:
Hm.mv:
8T'EpT

T4'p9T

mo.mmﬁ#

9

b8'HoT

mv.momv

§9'¢0C

R

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
200

80



€8,
a8y’

SE'G~\

Cl

-Im

di1

J

"

0.5

1.0

1.5

2.5

3.0

3.5

4.0

4.5

0

5
f1 (ppm)

T
5.5

6.0

6.5

7.0

9.0

T1€'8b~
8z'6v”

§8'98~\
08'£8”

LE6'66
mo_ogv

A
et
pO'9ZT

0221
mm_nml
1621
p0'8Z T
66821
18821
b6'82T ]
11621
sTezT
geeeT
15°€€T]
vm_mmi
80'LET

S0'0pT

ob'zbT

TTEpT
61'EbT]
0L'b9T]
(z'sor)

05¢0C
mw_momv

—

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90

T
200

f1 (ppm)

81



ST'C
DNW
8r'c

(Vaya

E8'y—

€S\
ge's”
69'9
00'L7
201
b0
0L
804
ore
€144
9T £
8T'LN
61t
2L
22t
v L]
&L
o€
e
v
ge'/
6]

WL
'L
'L
eb'L

b

3a

unll J‘ . ,

y

n

— €0°¢

~ 0T'g

— 00

- 60

—86'CT

0.5

1.0

1.5

25

T
8.5

9.5

).0

p1orT—

0 tbh—

' TLT—

1cee—

A e Lokl
Ll

B

T PP — WWMAL'

bl

T
190

T
200

f1 (ppm)

82



83

10

20

30

40

50

60

70

_— b2 T —
- Fzod e
85'12—
_ S A
- peq - 99'1e—
&
. . 20Llb—
k - oseT
]
L2
-
28—
o
28— < Food g .
L= § 8,101~
0E'5— . Feag *
]
4%
L 89Tl
rS  1642T
8217
) | S88ILT
b9'9— < Fq® E9IElY
17 S9'SET
1L . ~ . |m wN.hm._”
b1 L _ = [~ €9'LET
wﬁ_&m | -
oL o~
8141
0z'£1 L2
€21 o
o'/ 9T’ 14T
mN_A z Lo
9L
R.A o -
8L Mo
€L 4
€€'] | in
SE'L] ®  €500z—
oL
= -3

100 90 80
f1 (ppm)

110

120

130

190 180 170 160 150 140

200

10



(8
63
66’
20'S
2z'S
€2'S
€S
ZE'S
€e's
€0,
bO'L
e
a1’/
1L
1L
'L
€L
bzl
ve'L
XL
z'L
&L
el
1€'49
ze' L
€L
€L
€84
PE' L
bE' £
€L
Se' L
e
o LA
€1
&
&'
6]
65
Ob' £
b’/
6t L]
05'L
o521
1521

Nmi
5t
£5'¢
6]
208

pd

Ph

3c

1.0 0.5

1.5

2.0

2.5

3.0

4.0

4.5

L2
n

7.5 7.0 6.5 6.0 5.5
f1 (ppm)

8.0

8.5

T
9.5

T
10.0

S6'%~
€6t
bbES—

"L-v-

bS8
bE'[8
b5/

€266
Z€'00T—
sszor’
£L°9T1
Sp'8TT
oLzet
mm.oﬁ/
z1 .5/
TR
ge'8e1
€821
6b'82T
%6'8e1]
£5'621
(3621
Z5'1eT
%6'bET
SE'/ET
S5 THT
®|epT
(9691
Tb'991

££'00C~
ESpdvad

|
A, L

20

40

70

T T T
110 100 90

T
120

f1 (ppm)

84



L0¢

91r'e

o1r'e
e1'c
oc'e

18'p—
8C'S
6C'S
ce's
€€'S

Cl

3d

I ogg

= 009

4.5

L2
n

6.5 6.0 5.5
f1 (ppm)

7.0

9.5 9.0 8.5

T
10.0

S1'91—
cree—

LE9p—
88'6p—

s

JA A
vS'L8

9C'86~
€5'001"

%€ 'Se T
aaras
PE'LTT
(8 (2T
6821
£b'821
£5'821
298214
b8z
98’8z
96'82T1
p0'62T
SE'0ET
69°ZeT
peZET]
sgeet]
€0bET]
759 T
o' LET
wm_mﬁ
95041

€8'00C~
98'z0c”

L

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210

f1 (ppm)

85



ST'¢—

S8'€—

88—

0£'S~\,
zes”

9’9
16'9
£6'9
'L
L't
8C'L
og'sL
ce'L
€eL
SE'L
LEL

.

e8¢

=86'C

Fooz

=6E'T

Feso
£20¢

Fuae

1.0 0.5 0.C

1.5

2.0

2.5

3.0

3.5

4.0

4.5

e
%

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5
f1 (ppm)

10.0

0c'91—

LS'Lp—

0g'ss—

SC'L8—
8p'101—

P8ETT—

11421
mm_mmﬂ/
9C'8ct
mv.wNHV
SO'0ET

LS'0ET
Hm.HmH\
L9LET

ST'651—

orzLT—

06'00c—

=

e

20

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

T
200

f1 (ppm)

86



60

99'¢C

£8'v—

0£'S,
ze's”

£9'9—
oc'L
ﬁm.m%
'L
'L
8C'L
8L
og'sL
og'sL
peL
SE'L
LEL

A

X

3f

n-Bu

Fooz

Fare

Wow.o

Hva.m

0.C

0.5

1.0

1.5

2.5

35

4.0

4.5

—
[

T
5.5

6.0

7.0

7.5

9.0 85

T
9.5

T
10.0

f1 (ppm)

9B'ET—
ezor’/
L£T2~

CSEE~
h'SE”

9S'Lp—

6C'L8—

P6'10T—

mENH
%_5/
Sp'azi~t
116217
pT'TET

€1¢eT
66'CET
mm_mmﬂ\

LT

S0CLT—

€6'00C—

10

40

60

70

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90

T
200

10

f1 (ppm)

87



L1
S6'T—

18'¢—

06'v—
ce's
€€'S
pE'S
SE'S

—
™
rd

i

39

9807
F obd

N

m
~
—
ol

Eoery

15 1.0

2.0

2.5

3.0

4.0

T
4.5

-2
n

5.5

6.0

7.0

7.5

8.5

9.5

T
10.0

f1 (ppm)

Z9'ST~
6691

0g'8c—

b Lp—

SO'v8—
Ep'L8—

96'101—

8'pIT
wv_m:/
8.'811
on_mmﬂﬂ
LLETT~
8141+
1442t
€9'8¢T
64'8C1
CLPET
CE'SET
bLSET
nv_mmﬂ\
£5'0ST

TETLT—

12'10C—

——

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 4 30 20 10
f1 (ppm)

T
200

88



ST'C

=16¢C
N

3h

=0T€E

~00Z

= 9T
790

6.5 6.0 5.5 5.0 4.5
f1 (ppm)

7.0

7.5

e
=

8.5

9.0

9.5

S1'91—
1¢'ce—

9L'Sh~
1€'6b~
9C'SS

mm.mmv.

"

68'/LCT
8€'8¢CT
€p'8CT
£9'8C1
88'8¢CT
11'6CT
€9'6C1
T0°0ET
SLTET
oc'zer
LE'SET
L9'SET
65'857
9£'857

8T'0LT~
001417

S6'00C2~
liydvad

MR

T
170

T
200

20

40

T T T T T T T T
150 140 130 120 110 100 90 80 70 60

T
160

T
180

T
190

T
210

f1 (ppm)

89



ar'e
mH,Nv

0.0

0.5

o

1.

.
15

2.0

Fgoe

)

=z

3i
0.0

ST9T —
€TCc—

YL oY —

Jrym—

<+
fog| E9S00T~

08'00C —

86'PTT
[4419) W
€P'STT

125 120 115
f1 (ppm)

130

135

A

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

90



O —= 0oy
N @M mm
nmmnwmuwmuwm
—_—
R lban B an B BE o |
1 ) 1 1 1
W

[ONeR NN

N @A mmm

nmmwmwmum

~— —

PR S S

D VT

—A
T T T T T T
-1140 -114.5 -115.0 -1155 -116.0 -116.5
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T
-10 20 -30 40 -50 -60 -70 -80 -90 -100  -110  -120  -130  -140  -150  -160  -170  -180  -190  -2C
f1 (ppm)

91



oc'e
oc'e

ES'P—

£9'S
r9'S
18'9y

=zoe

Fooz

=661

Lss0
Fogo
TS

0.5 0.0

1.0

9.5

10.0

66'ST—

9c'ceE—

ST'ST1—
pE'8CT

SOTLT—

£9'661—

-10

f1 (ppm)

92



E/RV
L0
L0
L0
L0
&0
06’0
16'0
16'0
6’0
6’0
€6'0
a1
L1'e

69'C
oLe
1L¢C
e
€L'C

62'L
0€' £
omﬁﬁ
1€
€L
€L
e/
ge ]
be' L]
o€
£
g

m“ﬁ

ec'sL
ec'sL
jir4
[ir4
'L

3k

I

|

~65'p

=0S'€

—€07

~60¢

~00'7

~8L'9

n S9E—

[ L’ML.JW

W

8L'88—

4.5

T
5.0

f1 (ppm)

95'00T—

5.5

T
6.0

B.RH/
L2 ee'szin
or'6z1~
| mm,mm%
~ B0'EET \

£0'9€T

7.0

7.5

o

40

50

70

80

T
200

T
110

f1 (ppm)

93



-

15

" L Tall} /

19°€ e

I 50°ZE
e | .
- 6Tt
oL’ — T

2.0

P8~
e 526\
o8'e | i z0 ..e\
. a_.f.\
i Y
P8'EN Le 1728

2.5

—

5)

m

|

(-
~
=
—

N ozotl 51'g9g =
5ort
HBEY g

3.5

Fort
== F IT'T

&'’ w
18'b~ - 201

= I 007

T
110

120

81'L R
'L ELXA
_VNAM o OEEEr 7
T ~ o IRegl
%L e HEE -

IS —

2a

'L

94

rm)

(P

1



—

0.0

0.5

6" 0E
$9'0F
mm.;\
99°3E~
E6' 2\
. b SE
001 B9y
660 .;.M.:.\
oo es

1.5

JL_QL

F 80

20

I
I I
4’ L.JJ
I[<
25

|

663 B39 —
bZ'g

o

860
€071
961

Se'0L

\ 1l
|
‘ Ii \I
]
-
Pr ?I' r]bq Iq
o
Q
—
T T T T T
. . B . . . s 6.5 6.0 5.5 5.0 4.5 4.0
f1 (ppm)
f @ ! WVIYMN @ AN v Ot O™
o o S oa@BM M NNV MmN Qe oy
. ©O 0O 20 00 00 Q0 0O 00 G0 20 I M= = I WD D
~ ¢ f NN AN NN MN NN SN NS NN N
vt oni vad omi oni vat wmi oni vad veq oni vat ved onf ved ved
NP RPN
«© NN NONN— T O™~ OO ™M
& OO atsN NNV nTT IO NG ™~
SO OO @O0 WO ™M WO WD
000NN ON O RON OO RN e
SigABARASABARARARARARASLRARLRA R RLBA A
i ] 1
T T T L T
132 131 130 129 128 12 3
£1 (ppen}
T T T T T T T T T
o 180 170 160 150 1 10 120 1 ao E] 80

95

rm)

(P



PO OO ANN—"CSOMITOORNDUM—=ONT OO~ SO ™™ O ~W
NANNNNANANNNANNNMSNCERN TN DRODD O EMMmmo S o
Poo P P P P P P P P P P P N - MMM MMM MMM Mo m Mmoo N e e
NN e " o BN
ey ——
Iy I mdeT TR 23
0w =] == NS o =
w ~N - O e - n—~oc fp—
T T T
4.5 5 is 25 1.0
o SO MN U M NN N D o
- EMNTNO U O ® O Mo m ooy
O =T OMMNS O WL WM - W S
o W TN NN O R PN S N N O o m —-—
Vel ved va{ vet veq oui vad veq nd eni ved omi oni veq 5o P
o~ o~
-} ~
m m -~

T T
0 20

96



L

U

!
Ly

'LMMJLMM

|

|

I

|

|

e L]

|

u

N

\

vy \“WLN.._MPJ_J

O

g

I

v

SO'el

86'(Q

06'cl
S0
LT'T

86

10T
86'1

S0

0.0

0.5

20 1.5 1.0

3.0 2.5

3.5

9.5

10.0

Eb 0~
0L TE—
89'8C

vw_mvﬂ
S5Z'Sh
0z’ b~
po'ap”
00257

1L8'89—

Er'E—

oL 1e—

[M.JWWM

e

28

29

30

32

33

34

f1 (ppm)

h

S1'8C1T
0£'8C1
£8'8CT
6'8ct
8L'0ET
CEET
Zh'pET
ec'LET

0S'ZET

LTPhT

S8'0ST

&'LCT
mw.mmﬁ%

66'691 —
LLSLT—

L

90

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
200

97



S0'Cy
0y
69'C
x'E
&£'E
ec'e
09'e
19'€
9L'E
6L'E
o8'e
®\EY
B'EY
6'€Y
£€6'€Y
S6'EY
16'E9
'
Lb'P
051
08't
81
62'S
€€'GY

(o] W4
1394
€T'L
ar'L
8r'sL
0c' L9
s
'L
€L
v L
SZ'LA
X' LA
12
'L
8L
&' LA

——

62 L]
€L
1€
1€
€e'
e
e

d1-23

it PN

i b

P

Bt

01
95’7

reQ

66’0l
07
86

SO'T
66
60

007

9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

9.5

0.0

pO'Sh— - r
e
_ _ &
62'06\ 61'9b— -
oz'1E La -
€0'ze TE
€58~ LR
EL'Th~ T
b0'Sh~— L _
09'Lb L2 -
e/ -
['2]
e
61'99— L2
-+
s1'9zt
ozt
60'LTT
Ob'£2T1
(9'(TT
z8'L2t
00’821
058211
78'8T1
£8'821+
69'821
€0'62T 7
B.mNrW _
15'0ET~E =
66'2€T ;
T€'€eT : L
. ST'9ZT~ _ g _
Bht— 60'£2T N
. ovsm» - =
g0 1St L9L2IN - -
z8LTI~ -
00'82T— — 8
05821~ g
z88ely, = =
moLT— mm”mw\ J..U &
2L — €06ct -
roect’ L2
1S08T— -

20

40

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

T
190

98



€0y
b0'CH
S0'C

S0'TY
0T
6b'C
Hm.mg
S'e

'€
LS'Eq
85'€
CLEY
€L'E

SL'EY
L8'EY
6'€E
€E'p
8b'i
2S'p
29'p1
S99
8'S
ZS'S
£€6'9

S6'9

—

L \ /Jlxxjg_&_l_

T

|

J

i

|

i

el B
5
o~

J

dq-2a'

= 91'qQ

LAY
4
ol

F isor

= SO'TL

9.5 9.0 8.5 8.0 7.5 7.0

10.0

0S'CE
2oL
z81e’
T4~
08'Zh.
bZ'Sh~
9@@
wm_mv\
66'15

16'89—

v Sb—

61—

qWMWW‘mJWw

45

46

48

49

f1 (ppm)

12'921
%€'9z1

%021
&'L21]
6521

894211
ST'871H
25'821
12'821
bR'871
'8zl
£6'821

80621
b2 'OET

.mm.mmg
15'bET

m.hm;
6 €T
17bb1 |
(3051

86'631 —

ELSLT—

e

——

ETITI | . TN T

f1 (ppm)

99



(80
630
0650
160
«z'1
€7
€T
091
291
€91
7
Hm.b
€8'1
v8' 1
s8'1/
(8T
631
26'T1
€6'11
oz

e

bz’
op'€)
e
€p's

&5
09'€
19
So'e
So'€

L€

2b

—

i

J\UU:U

R N
[ B
n—=0
WO

907
ST'C
177
17T
o1'7
007
0C'y

0.0

0.5

1.0

1.5

2.0

25

ARY]
pTbT
1922
1222
06'%
z0'ez
8z' 1z
6527\
b2 62
6262
bE'6z]
L£'62]
0562
5962

2T CE
10'TE
S8TE
68'1€

b9'ZE

zz e

24 Op]

B e R )

SC'ch
SS'ch
8Lty
99'CS
£1'99°

£0'9Ct
6c'oct
£6'9CT
1€La1
1P'8C1
06'8¢1
PS'6CT 7
8L'0ET
or'cer
€0'eeT
S'pbl—
18'6pT—

e0'0LT—
e0'LLT—

06'92
0Lz—
&'z’
6082
vm_mm/
6262
VE'6Z
LE'6T
om_m&
s9'6z
2roe
107~
e1e7
eg1e’
pozE—

f1 (ppm)

20

40

T
190

T
200

f1 (ppm)

100



B0
83'07
68'0
06'0
060y
16'0A

SBERHERARA
N o o
——

—
-

SE'L

2b’

U

y

|

Lk

P iy
o
Q
—

_

kW

1y

L

= 11

~80'£Lg
- ST'
= 1€

o'

—L9TT

0.0

0.5

1.0

1.5

2.0

2.5

9.5

T
10.0

~
o
o
[Nl
_
et

ol

ogoct
cb'oct
s
cecLet
Zs'8ct
1061
mﬁ.mmﬁw
LE'TET
vﬁmﬂ&
e bET
65T —
L8'6bT—

9L'691 —
S8'SLT—

wm_wmm
orzzy
8212

oL'se
R_mm/
1€'62
9€'62
662
mv.mmw
2962
z5'0E—

291
vm_mw

0e'TE—
Zh'zen

by

| N

A

J

27

28

29

30

31

32

f1 (ppm)

|

20

40

50

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70

T
190

f1 (ppm)

101



2c

A

Eldd
Sl 4
96'9
86'9]

Ep'L

bt

N

i L

4

=

Fep1T

iy
)

117
96'(
€07
00T

61'q
[N
20
1T
9T
forags
<0
07
L6'(

60'7
STg
90'9
60q

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

7.0

09211
(2'9TT
609211
859211
20°£2TH
iTa
6€'82T Y

909ZT~
LT'9CT~
Bp'9CT~
85'92T”

co0Ler—
1€421—

mm_mmﬁ/
LY'STT

vm_mﬁ%
0L'8TT~
£6'S2T~
01’621~
TP6zT~

L

]

Nl

T T T T T T T

129.5 129.0 128.5 128.0 127.5 127.0 126.5 126.0

f1 (ppm)

T T T
180 170 160

T
190

T T T T T
130 120 110 100 90
f1 (ppm)

T
140

T
150

T
200

102



SL'T
LT

S6'TH
0’29
'
6b'C
15'¢C
S8'C
Esxa |
83'CH
SO'E
LO'EY
80'E
or'ey
CE'EY
CE'EN
Sb'EY
=2\
1S'€
zs'e
€5
(5€]

—

[0=R%
19°€]

SE'L

P

.w L0
007

— 660

= p0O'T
- S60F

- 107
~TpIe

1.0 0.5 0.0

1.5

2.0

2.5

9.5 9.0 8.5 8.0 7.5 7.0

10.0

6e'Ce
98'Ce
16'7E~
93'EE 7
mo_mm.“
80'€e
o' Ty

SL'cy
E8'Ey
ﬁw.nv\

0S'€S

EC0L—

819zl
gzl
Ob' 92T
15'9211
10'£2T1
61'L217
05821
19821
oL'8z1f
z6'se1 ¥
£6'821
£0'621 1
o80T
1S'EET
Ob'bET
865'8¢eT
€€'6ET
Q'bbT
62'031
&7'631—

e —

[R

06'SLT—

8191
8E'9CT
Op'SCT
15'9C1
10421
6142t

6’81
€6'8CT
€0'6CT

98'0ET

\ ]

v|||‘lw

=

7

Vi —

130 129 128 127 126

131

f1 (ppm)

N 1 T

20

40

70

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
190

T
200

103



o]

a

l
—

2d'

=

107
96
Pb'g

86']
007
6]
96'(
107
€07

007

P17

MEYT

-

¥

£1'q
S0'g
[

6T

2.5

3.5

4.0

4.5

——
%

5.5

6.5

7.0

7.5

8.5

9.0

9.5

f1 (ppm)

ww.mmﬂ
S0'0€ \
LLTE

z0'L€E

sz’
0T '6b—
LTES~

S0'£L9—

18811
Sb'1ZTH
82'beTd
L6'bTT
22921
82'921H
ST'L2T4
95421
66821
96'821
62'6217
Sp'621
996z
zLTET
08'TETH
bbzeT
€z'8e T
4RSS
ZTbbT
00'05T?
17'69T—

=l T

6E'9LT—

ST Y e

f1 (ppm)

104



b1
109
v 6T

960
=96'T
SE0T

veTT
BTT

Yoot
vor't
S E0E
50T
7660

1.0

1.5

2.0

2.5

4.0

4.5

5.5

f1 (ppm)

§8'/9—

1'9et
Yraleras
0421
Se'zet
282t
00621t
(S'6217F
60'TET
00'ZET
£6'2E]
£pbT—

ST'0ST—

ST~

18841

40 20

60

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
190

T
00

105



$9'0
L0y
SL'07
SL'On
LL0-%
08'0

08'0/

vm_o_ﬁ
58'0
980
880
68'0]
T

zr T
€T T
STT
21
€1z

——

zz'e
Viska
85z
652
b
SL'T
9z
Lz
6L'C
or's
se's
L€
65'S

i

-

e

e

Fose

€54

ey
20T

86
90'q
96'()
SO'T
807
007
S6'T
960
007

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

=]

9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

9.5

10.0

[4)4
mm.mW
Hm.m\
148

9G'be
FYREAY
8b'0E~
S'ze

€500
0ozh’
08 Sh—
b S5

Ly TL—

o¢'9ct
Op'9Ct
81421
e1'4cl
S5'8¢T
1061
NN.mNﬁW
PO TET
C9'EET
LT PET
P bl —

1051 —

er'TLT—
vE'LLT—

XX~
op'eeT—

81’21
Q.mmﬁv.

SS'8C1
TOEZT~
e~

126

127

128

129

130

f1 (ppm)

20

60 50 40

70

T T T T T T T T T
180 170 160 150 140 130 120 110 100 90

T
190

f1 (ppm)

106



i)
Q
o

Cl

| \\J\___I_

(S o} /

i

U

I
;

-

il

|

-Lui

A

L ort
- sz
s EET

s €T
~ 61'T
~ 007
~ pTT
~ 61T
~ 8L'S
= 00'T
N~ zoT

— 00T

T
0.0

0.5

1.0

1.5

2.0

2.5

3.0

T T T
6.0 5.5 5.0
f1 (ppm)

6.5

7.0

7.5

8.5

9.0

9.5

T
10.0

™y oo

OO
C N A8 N B0

" 0 0
4N
)

-~ M

L
o

”
v

69°
(8

=1

36

o

N N e Yy

oxr
ot Py

&=

nel

‘eel

51—

o~
— et et gt ot

o

T wryp—

€O Q0 = ™ WO WO
N NN
—

NS

_..Zg
0817

0£1
11

—

pET “
8ET
8el

]

91—

b5 521 N
£99521 7
bL 221 =
99

120

107



b T
ST
TA

o'
S6'11
€871
ST
W'T

8’
Ea |
8371

ez
'€
80'E
60'€1
oT'€
mm.m)
€€
bb'e

mv.mu
IP'E
05
Sg'e]
wer
09'€
19'¢
£9°€ 1
goed
%€

89'c]
oL'e]
mw&
78>

os'e

€T
05y
1Sy
€S
169
£6'97
€0'2
¢
pT'2]
ST
T/
A
61"
12'¢
€241
sz
2]

T

vE' /]
%L
&l

7
< N
——
—

0'd
L0
Ho'1
w1
r'H
Tt
10T

e

- €07
~09'81

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0
f1 (ppm)

10.0

_ 3
610E— -
S90E— !

o0r1E— \M

z6€E— —

66 bE— —

f1 (ppm)

Lb'9TT
€9'9zt
B £TT 1
&L'LTT
28Tl
€9'8zt
69'82T1
14821 ,w
£3'8TT

16'82T \w
8r'oeT
2L 0ET
8s'TeT
orze
S8'ZET
veer]
z8'seT
ST'6ET

Nw.NvJ

Epegl—

L9'SLT—

€99t — -

’W
_

ey Lct—
8L'L2T— -

c9'8ct
£9'8C1

69'8C1T y\r ——

14821 -
mw_wmﬁ\
16821

I

T
128.5

T
129.0

T T T T
127.5 127.0 1265 126.0
f1 (ppm)

T
128.0

20

40

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

T
190

T
00

108



%1
07
07

e
or'es
1974
e
e

LE°€]
e
eS|
wef
s
wn.m;
e

£9°€
G8'E
06°€1
06°€1
g6

10'p~

Br

~ 660
~ 66T

— 00T

00'T
pT'T
\ op'g
- (0T
pT'T
% 560

- L60

1.0 0.5 0.C

1.5

2.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5

10.0

f1 (ppm)

86'62
Nm_HmW
oL'1E

T8~
bE'Th
LT'Sh~
v %
£9'th

srze/

00'9—

0002
LE12T
L2 Lz
86'LZT1
€0'82T
€1'82T1 f
(8'STT

a.mmé
00'62T

£2°0S1F
GE'0ET
€0'TET
09'1€T
6L TET
b6 TET
95'SET]
b5 OET -
10°£ET
aC'Evl |

€88t

6L'9LT—

Lean
86'£21:
0T
€Tt

(8T
1621
ooeet!

ECOET~
GE'CET

€0'1ET—
09'1€T

mm.ﬁmHM
e T1ET—

130 129 128 12%
f1 (ppm)

T
131

T
132

T T
180 170

T
190

T T T T T T T
150 140 130 120 110 100 90
f1 (ppm)

T
160

T
200

109



00'Z)
20°Z]
v0'Z
50'Z1
0T
Vioka
80'21
02
[(xa
£'21
29'27
€9
wv.mw
6b'E
05'€q
15°€1
€S'EY
ba'Ey
@m.m#
oL'E
ﬁ.mk
mm.m%
S

T —

T

6’

Br

— $0¢

= LOT
= 10T

=~ pO'¢
= ET'Z
= 10T
= 0T
» ET'T
= 60

— 00T

\ 507

72T'ST

1.0 0.5 0.0

1.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 20
f1 (ppm)

10.0

LT0E
8b'0E

ap'1e/
ST~
8E'Th~.
£€'Sh~
Nm_wvw
81’87
1615

8L'89—

20021
£€6'021
oL L2t
Vel
S1'821
02’8zl
99'821
83'821
10621
05'0ET 7
es'oeT/f
19'TET w
b TET]
prestyf
85'GET ]
ceoet]
o0'LET
Ze LT
TrET |
b1'0ST
09'63T —

SE'SLT—

P eET—

——

133 132 131 130 129 128 127

134

f1 (ppm)

ST T T

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
200

110



e

Ll

J'

|

5.5

—66'C

—86'0

=107
=L0'T
sPE'8
5007
woo.ﬁ

60

007
/HO.H
—€0'T

—€E'T

00’7
067
50T

wmm.ﬁ

=Z1'C
182k

TO.N
SLT

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

10.0

f1 (ppm)

mv_om
8t Hmw
612e”
8b'LE—
122~
66"t~
8T _wvw
% Lv's
oz
[2'SS

91'e—

CE2IT
PRETT
LE'DTTH
LLVTT
bE L2
S9'£2T
08'£211
66'£21
Z8'82T1
£0'6214
8b'0€ET
seoe1”
SSET
b2 '9ET
83'9€T
12 LET
12051 —

V6 LST
59'8517"

——

croLr—

v LLT—

ez
59T
B 2T~
66'£2T,

88T —
06T —

129.0 128.5 128.0 127.5 127.0

129.5

f1 (ppm)

20

40

50

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

T
190

T
00

111



ze' L]

e

15'¢2
€S,

il

J'

|

T
5.5

I

—66'C

—86'0

=107
=L0'T
sPE'8
5007
woo.ﬁ

60

007
/HO.H
—€0'T

—€E'T

00’7
067
50T

wmm.ﬁ

=Z1'C
182k

TO.N
SLT

0.0

0.5

1.5

2.5

4.5 4.0 3.5

5.0
f1 (ppm)

7.0 6.5

7.5

8.5

Nw.m:
mwmi
(8ETT
1b'9TT
&2t
(5'(TT
8,5;
S1'82TH
69'82T 1
£8'82T Y
8@&%
€6'62T~
orier’
bO'pET
09'9€T
LE'L€T
05'LET
[5'0ST—

86'£5T~
et

66'691 —
&'SLT—

OT'TET—

T T
127 126

T
128

|
lJ
129

f1 (ppm)

.
T T
131 130

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
190

0

112



v’

164
ge'sd

op'L

S

0.0

0.5

8561
mn.mﬁv.
68'6C
1€ ﬁmM
Sp'eE—
T 1'0p
194 mo.va
86'] T€'9p
67 o'ty
o1 .Nm\

1.0

1.5

b
2.0

LR

d
2.5

3.0

[

n

4

00'g -ﬁ.vNT
864 o Sz'ozT
860 ¥ ppozT
MM €691
e d
% 09'£21

6L'L2T
86'£211
55'8Z 11
6’8211
78'8z 1A
0S'6211
6T°0ETH
00'TETH

LS

4.5

W

f1 (ppm)

T
5.5

6.5

-. om_vmﬂm
Q_mm@
= (1 €8'GeT
) 95'9€T
Fosar €9'9ET

ovxﬂ\

S6'ThT
29'€ST—

75

8.5

SP'OLT—

9.0

L0'8LT—

T
9.5

T
10.0

Sz9T~
bboeT—
£6'9TT~
9 L2,
09421~
61421~
621/
sg'8eT—
6051

288el

05621~

61'0ET—

00'TET—

131 130 129 128 127 126

32

f1 (ppm)

TN

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
200

113



S0'Zy
L0
0T

60
912
€T
S'E
€S'E
LS'E
LS'E
SL'E
68'E
P'E
190
SO
SOt
89
85'S
29'S
Q0L
e0'L
[
(a4
ST
'L
JAWA
81's

81

61’

0z
oz'L
ve' L
XL
XL

8L
8" L7
8" L7
'L
[4owa

[4owa

28/

T—

T P pppm——

|

€e'L]
e
e
se'z]
se'/
se'z

12°g
LOg]
LT'E]
L07
€07

P AN

= 61'g
-~ 61'g
= SOT

< POT
~org

- 860

—99'C

0.0

0.5

3.5 3.0 2.5 2.0 1.5 1.0

4.0

7.0 6.5 6.0 55 5.0
f1 (ppm)

7.5

|I
ijl[/
T T
129 128
1

|
1
T T T
133 132 130
f1 (ppm)

8.0

8.5

9.5 9.0

10.0

66T
oo
b2 CE

B_RW
95'T€

15667
STOp
£0'Sh~
81/
L6

og1s/

Sp'RO—

01’041 —
€0'9LT—

b8STT
0E'9CT~
mm_omﬁ/
PO LT~
95 L2T~
SO'8CT~
L5821~
64'8C1

P88C1

Hm,mmﬁ.\.
65'0ET—

LLTET—

CTEET—
ETPET—

Afinby

L

T
127

T
131

T
134
(LU

20

40

50

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

T
190

114



J,

I,

|

i

L

I

.

— 95'§

= (6'()
80

4

[ e e
m
) 1N
—

S
¢
—

—SL'EE

0.0

0.5

1.0

1.5

2.0

T T T T
7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

7.5

8.5

9.0

9.5

=pEYer

€6'6T7
60121
9 T2
Ly T2
fag:a
26'621
68'TE
£6'TEA
96'T€
T0°ZE W

—

69'8€
£8'8E

89'Ch
S8'Ch
66" b

8T'Sk

8T'9%
619
154y

S9'Ly
cc'es
ce'es
62'99
Sb'99
cr'eet
9T'ECT

b8zt
98921
6242t
ZvLzt
b9L2T
59421
SCLTT
LLLTT
86'£2T1
01’827
L£82T
ov'8zT
198211
S82TY
82821
Z8.821~
668211
bO'6ZT
Zz ot
SZOETH
SE'0ET
6b'0T [
88TET

£8zeM
60EET
6T'9ET
69'9ET
06'9€T
L6'9€ET
ST LET i
8TLET

00'8ET
cosery]
ZSbbT]
95 bbT
€005

8bTST
8T0LT
£2°0LT
zeLLT
zeL

$8'9CT
$8'9CT W
98'9CT
62'LCT~
[
P9 LT

S9'LCT
SLLET
LLLen \\

86'£2T \
o182t
L£'82T
0b'8eT
19'82T
GL'8TT
8L'82T
z8'seT
66'82T
b0'62T
TTOET~
mm.oﬂ%
SE0ETy
6b'0CT

T T T T T T
130.5 130.0 129.5 129.0 128.5 128.0 127.5 127.0

f1 (ppm)

20

0

3

40

70

90

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
200

115



“L0v2
v €7
7 %61

S
—
R
Q

0
Il
0
™

T 20T
1 o1'7
G088t
rOELT

T
0.0

0.5

1.0

1.5

2.0

2.5

T
9.5

T
10.0

T6'6T
0’121
6b' 121
sz
zrogy
b 0E
€908
85 1€}
59'TE
09'8¢1
££8€7
b Th
8LTh
6T St
ST'Sb
191
bT'8by
£2'8by
0025
TSy
L0697
8691

soezt

8921

68'92T

16921

bOLZT

V' ran

T —

Bb'LCT
95'L2T
85'LTT
z9'Let
b9'L2T
26'L2T
or'8zT
61'82T
LE'82T
0b'82T 1
29827
69'82T
S£'82TY
8£'82T
29821
£8'821
89'82T
16'82T
65627
LZ0ETH
e |
E_omJ [
06'TET

EEPET
9E'bET
£2'9€T
6L'9€T
Sb'LET
Bb'LET
SSLET
so8eT]
LO'SET
82 bbT]
£ShbT]
15057
17157
bO'0LT]
S004T
28'SLT
pa'SLT

———

68'9C1T
LP'LTT
ev'LZT
95'£L2T
85'LCT
p9'LTT
91'8C1
61'8C1
£E'8CT
Ob'8C1T
c9'8cl
69'8C1T
S£'8C1
8£'8C1
Z8'8cl
£8'8C1T
88'8C1
16'8C1

7

llJu‘J’u‘

J

J

131 130 129 128 127 126

132

f1 (ppm)

f1 (ppm)

116



2k

g

4

A, By

90°SC
€9°6¢
PLTE
96'T€ 1
£0°CE A
88'Ch
£6'¢P
86'tb
ST'SP 1
9T°9%
6T°9%
99° /b
0L LP A

==

-

ST'SS
0Z'SS
0b'sS
05'SS
ST'99
6€'99
[ 29'80T)
LS°TTT

T/ 11T

T

o
P8I
05'0 L0°TTT
050w 8HEITY
60 ¥ 0SHITY
107 69°'8TT {
L2 E 9£'8TT]
£ 69121 §
00T = 9zreeiy
F o €9zeTy
$9°£TT
L9°LTT

FE 6LLTTN
Y8LTT

050 @
85'¢ 18'821
2 . eeser
(EY ~  eggeT
€% p0'6eT]
¥’ n  0T°6CT ]
07 ™~ speer]
6v°62T |
-3 896aT]
S8'9€T
88°9€T
-2 o&ser]

sget |
€T
Fo  ®&8ST]
BL6ST
BE6GT |
9B0s1

n
o

¥6'22T\
66'221 f

B e —

———

]
M&RS

= MMmE

130 129 128 127
f1 (ppm)

131

132

T T T T T T T
180 170 160 150 140 130 120 110

T
190

T
200

f1 (ppm)

117



cs'e

'L

—

——

—

9z'L
8zt
zeL
ge' L]

4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0

4.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.0

f1 (ppm)

SETTT
OP'ZIT
0Z'ETT
1911
29'81T
£2'S211
(52217
24121

E_wmi
£8'821

og'8zi{
26'82T
15621
12621
ocroer”
LLSET
62'LET

15261

AR A
€€ 16T~
9b'85T

£1'657

66'69T—
PO'SLT—

[5'L21—
Aracs
p1'82T~
€8'8zT
mw.mﬁw
z6'82T

1S'6CT~
14621

0g0eT—

T T T T T T T T T

131.0 130.5 130.0 129.5 129.0 128.5 128.0 127.5 127.0 126.5

f1 (ppm)

T
180

T
190

T T T T T T T T
160 150 140 130 120 110 100 90
f1 (ppm)

T
170

T
200

118



cs'e

™
) O
3

1.0 0.5 0.0

1.5

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0
f1 (ppm)

10.0

ST'8p~
0c'eS~
12'SS

mm.mmw.

91'69—

91’801
% TIT
Sb2TT
298111
260211
652211
bS 2211
994211
684211
or'seI
L8z
2881
26521
15621
666217

{—

T T T T T T T T

131.0 130.5 130.0 129.5 129.0 128.5 128.0 127.5 127.0

f1 (ppm)

T
170

T
190

40

T T T T T T T
150 140 130 120 110 100 90 80 70
f1 (ppm)

T
160

T
180

T
00

119



10°Cq
91'C
L1'c
L1°T
0g'e
4
bbEq
pbEq
6p'€
0S'€
69°€1
0L'€q
L€
SL'E
8L°€7
8L°€
28'€
€8¢
06'€
S6'EY
96°€
66'CY
T b
TP

€T b
Sk
b b

6Ly
mm.v%

9C's
mm.m/
06'S

26'S
€6'S
b6's
S6'S
S6'S
159
859
65°9
09'9
199
b9'9
59'9
99'9
69'9
1279
0z'L]
zzt
2z
oL
1zt
fra
og'L
g/
8L
ob'L
Tl
bb'L]
bl
6b°L
05

0.0

1.0

Nm_om
Toqe
6zze”
b8~
(8T~
1S~
0z’
008y

e

1.5

2.0

2.5

3.0

9Z'R—

3.5

T ROt

€€'1071
8’907
Z1'807
£b'807
ST'60T 1
€E'61T
20'92T
iy
8921
58'£2T
ok |
A

4.5

T
5.0

— =

f1 (ppm)

T
5.5

6.0

6.5

PR'SZT
soezi
15'0ET~
29T

02 LET

Lo es'eer’
ST

LL901
o 8NEN

wn,nvﬁ\

96'0ST

7.0

8.0

8.5

8'691—

SO'LLT—

9.5

T T
180 170

T
190

T T T T T T
140 130 120 110 100 90
f1 (ppm)

T
150

T
160

0

120



00y
10Ty
0'¢

€0'C
6€'C
T7'CH
65'CY
19'C

b€
St'Eq
'€
LP'E
6b'EY
£€9'€
P9'Eq
89'€
€L'E
¥8'EY
68'EY
12"t
15"t
GG
190
£9'p
Lb'SY
05'G
06'G7
06'G
6'S

£€6'GY
#6'Gy
#6'GY
S6'G|

799
€99
99
$'9
69'9)
69'91
oh.&
29

zzL]
ez
vz

1€'9
Nw@/

e

I

|

»

|

i

=66'T

=007
=507

Mre
g1z
z01
10T

6610
7912

koot
=ST'p
=960

L0C
W\.\mo.m

=01'C
~zes

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)

10.0

nm.Om/

99'CE

(e’
268~
88'Zh~.
02'Sb~
mﬂ_m@
Sb'gp
/

88'1S

06'89—

001

|

il

o' 10T
88'90T 1
2180
SE'80T
66'80T
626111
b’ 92T
8 (2T
19'£21
S (2T
8181
9982t
Ak
(6'STTA

f

W

PS'0ET~

CceLeT
8y LET

araer”
83'ShT

€4'0ST

£8'9p1
83'9p1
Nw.mvﬁ\

B'E9T—
ES'SLT—

Vot "H‘—m

il

[

LT

dat vy

f1 (ppm)

121



SOTT
00T
e
Mpzg

2.0 1.5 1.0 0.5 0.0

2.5

5.0
f1 (ppm)

5.5

9.5

10.0

mo.om
mm.ﬁmw
eg1e”
90'8E~
' Th~
9T'Sp—
sz'opf
b9'Lb

s1'2S

S0'99—

o1'Sp—

SC'op—

P9 Lb—

44.5

45.5 45.0

48.0 47.5 47.0 46.5 46.0
f1 (ppm)

48.5

3
2L

oL (2T
L6 (2T
E0'8ZTY
9821
288zt

98'821
06'821
00’621
£b'0ET
bLOETY
Ep1ET

LETETY

0E'EETAE
0Z'SET—

SL'69T—

08'9LT—

129.0 128.5  128.0 127.5 127.0

129.5

f1 (ppm)

20

40

70

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
200

122



8’9
014
Aa
ava
=19 |
0z' LA

2z LN

Cl

vl
9z'L
o€
ze')
pE'L]
€'
LE'L

8€'L
6L
A
s

koot

o7
vse'lL
Trere

0.0

\n
=]

e
-

]
o

Q
™

n
™

.0

<

4.5

5.0

f1 (ppm)

62'0€
Se'08
(s1e”
b2'8E~
[dara-aN
£€'Sh~
vN.ov\
8c'ap
16'15

18'89—

EE'Sh—

PO —

8E'8pr—

47
f1 (ppm)

45

46

48

49

65421
69'LZT1
At
z8¢z1
02’z
99'82T1
8L'82TH
(8821
00'62T1
bZ'0ET
S9'0ET
00'ZETY
68°2E T

C6'CET~
0Z'SET—
60'LET
pELET
om_mvﬂ\
€1'051—

19'69T—
8E'SLT—

65 2T
69 £2T~
SLeT—
28217

0C'&1—

99'&T
8L &T—
L8'8&T—
00ecT—

129.0 128.6

129.4

f1 (ppm)

T T T
180 170 160

T
190

40 20

60

70

T T T T T T
140 130 120 110 100 90
f1 (ppm)

T
150

00

123



88'0—

W i1—

612~
e

LLT
1877

9C'E—
EP'E—
o'y
vy
oK'y
6C'
1344

=9rg

=v0E

=007

=860

=860
=907

£ €01
90T
og0
=007
107

=£60
660
=160
Fest

r8v's
S9E6
11T

0.0

0.5

1.0

1.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
f1 (ppm)

10.0

0Z'p~
s8'9c—

0Z'op
r'op
L6'8p~
€105
88'€ST
19'vS
cg'os

1074—

sL'sTy
craty
129211
At
80’8

Rt
s
(98T
MNrif
16'S211

s
69'621

1007
0L'SET
mmmmﬁw
L0'5ET

EC'SPT~
€991

68'CLT—
P9'9LT—

T
180

T T T T T T T
160 150 140 130 120 110 100 90
f1 (ppm)

T
170

T
190

T
'00

124



9
“

—

4a’

) LLU» m_i_

|

JJJJLJU

e

L

—

!

]

4a

LU

TR

Py

oy

609
'
ca'e]

L0717
LLq
€L0
60

L0717
P81
[ZA¢
8.'C)
12T
81
€81
107
9L'Q
SO'T
c8q
ST'T
680
98Q
L0717
007
180
[

0.0

0.5

1.0

8.0 7.5 7.0 6.5

8.5

9.5 9.0

10.0

19'T2q
02 b2
€5'9C1
€492
129k
Eb 9P
6€ 'L
16'8b
86'8b
20'05
€7°'05
vZ 05
18'05
£8'05

L8'ES

T9'PS~
€295,
om.nm\

c0'TL
S0'2L
SL'STT
81811

CoorT

€012t

=ra

€92t

qiras
0z L2t

b2t

se'ety
808211
2182t
618211
02'8211
£5'82T1
£9'82T+
24821
6L'82TA
16821
50'621
82'62T
ze 62T
69'62T
98'62TH
TO'0ET
2LGET
88'5ET
16'SET
8097
6095
ogoet ]
26 b1
£2'5uT
vm@i
TL9pT

68'2LT

w

—

89'€LTH
TTbLT
€991/

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

200

125



8p'0

80

P

~PO R

1

N

el

=

€07
99
997

69'(
PO
SLT

00T
£9(
69'(
€07

007
90
e
9
10§
$S'q
62'87]
£33

9.5 9.0 8.5 8.0 7.5 7.0 6.5

10.0

6€'pT1
Z5'PT
9811 Lo
€61 169~ [~
L899 85 Lb~ M ]
98'617 LE'Sb~ -2
mm.mw f 00'6b~\ I
1 8005 —
g 81'05~ FR ——
wm”mw 605~ Lae
1 9215~ E _
00'6b1 28157 i
8005 By = ]
s omﬁ 1525 " p—
wm.ﬁw -% E—
wwmmw evs’ i =
eveh 555~ o —
N n
(555 L9 -
1195 i ———]
Q.mm\
6459
LV ]
65'8TTY
816111
Z0'seTy
p0'9ZTH
96'92TH
E\Wras
€2'L2T1
68'£2T1 ]
€621 1
90'8Z T
or'szi~¢ —
€z'821 ‘lh
19'821 . I
o821 .
08'821 v0 el -8 .
held orLel B—
iatd €z ezt
ce'6eT . ©
atd 68'L2T -
e
B ~
. oy
el 5% :
e e —
LOE g\ = ]
_ 08'821 -7 L g
€G'9€T o | o
_ £6'821
GG'9ET ce6z] Y
bl vbl £b'621 -8
16bb1 ] (5621
ot bl 62T
LTLLT

88'6CT

32

-10

f1 (ppm)

126



882~
1677

PhEN
Lre”
SL'E~
are’
(£

ov_vw
6b'y

wm.v
oo_mV

90'S
or's
6C'S

0

I

o e

F

26
P0'q

oy
L6'(
96'(
4%
06'G
90T

P07
86

L6
Eb'H
e

reeel

7

S0'q

7.5

8.5

9.0

9.5

10.0

SC'08
8C'05

Z8'sk
74 wv#

owom\

PS'SS
18'95

90'£9—

£9'(8

wv.mmv

6L'68
9’06
2SIy
SELITY
Eas
66'221+
€9'9ZTY
Op'£2T1
PR LZT
R'/2T
b6 L2T
66'£217
oz'8et
%821
89'8eT
12821
bL'821
'8t
b2 621
96T
b2 OET
9L'0ET
[S'TET
69'TET
[8'VET
op'GET

(o

|

69'SET
'kl
[# 24
00'891

TTTLT

£99¢1
ob LT\
vmﬁ/
mmRL,
b6 LTI
6621,
T8zt

7
9€'8CT
89'8CT
14821
bL'8CT
28'8et

W

pc'ect
op'6CT
PC'OET
9L'0ET
LS'TET
69'1€T

A

Jo

|

1
\

J

|

|

'J

]

|

129

L

)

S

127

128

131 130

132

f1 (ppm)

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
200

127



—

4d

4-Cl-CgH,

R=

q
'8

Ve

N
~ w0

4

60
10T
o'q
180
107

AVSR S S S
o

ST'Z
152
\ogez

0.5

1.0

1.5

2.0

25

3.0

ﬂw.ﬂmg
LT
Slaca
64'Sb7
£1'9p1
£8'9p1
L8
188

96'6b1
61'057
92'051
98'051
SE6'ES

09'51
95'S5

T4

£0'TL7
28127
pO'9TT
(LT
8811

fe'Mlaval

6L'Sh~
€T
€8'%
L'sy
18'8p
t 96’6k
61'05
mm_omw
85'05
®|'05

W S6'€S—
r 0=R-a
95'85~

18—

J

58 57 56 55 54 53 52 51 50 49 48 47 46 45

|

i

L

., JLUJM

|

T

T

%9421

€421

18'£2T
[6'L2T
02’8211
'8l

€e'8eT

LE'8TT 1
298211
0L'82T 1
648211
821
068211
01621
52621
S9'621
08621
10'0€T
59061
(9'0ET
SE'TET

80'Z€ET

81'ZET 1
61'ZET 1
P1EET
L6°EET
z8'seT

L6'SET
89'9ET1
09'EbT
£5'bbT

1€°9pT

2L

80'CET
81T
61'cET
mo.mmﬂ\
PTEET
LEEET—
EEPET—

ﬁo_mﬂx

|

LT
L
651’

cr'oLT-

KT~
KT~

|
i

.' L

ol

- oN.wNﬁ/

T T T T T T T T

1315 131.0 130.5 130.0 129.5 129.0 128.5 128.0 127.5

T
180

T
190

20

40

8 70

T
90

T T T T T T T
160 150 140 130 120 110 100
f1 (ppm)

T
170

T
200

128



[9)]
—

TR TR ———

4-0Me-CﬁH4

R=

\ 965
2Lz
s bO€

<

/

007
98(
v80Q
PO'T

(RSN

P L
~
()]
—-

4
—
Q
—

P07
-~ 60
s8T'TT

16T
w 4%

~96'0¢]

0.5

1.0

1.5

25

4.5

5.5

6.0

6.5

7.0

7.5

9.0

T
9.5

T
10.0

-3 "EPTIT

f1 (ppm)

09'12;
81'vC
85'%
b9'Sh
8E'%1
£5'%
98'sy
oT'6pr
p1°05
p1'051
120651
8L'05
98'€S
£L'b51
80'SS
81'55
61'55

T

s

0Z'SS
PSS
01'4S

96 0L~
8612/

|

|

|

£5'ETT
E'STTH
198111
6111
o121
09'£21
12211
(6'LT11
H0'82T
b1'82T1
15°82T
[9'821H
zL'8eT
8’821~
85'821
oL'621)
(8621
8.8@
ey
bE'0ET

86'SET1
S0°9ET
61'9ET
69T
09'£ETH
L0'6ET
£2'SbT
0’ LbT
S8'£STH
%6'£ST
€851 |
£6'2L1

L

ﬁ
W

f

]

ﬁ

——

oo’

or'L21
09'£21 L
16 -
L6'LTT W
bO'8ZT 2
pTaCI -H@
15821 -
L9821 W

84'8C1—
86'8¢1

0L'62T

L8621~

000ET—

ZECEL ]
bE'OET

T
31.0 130.5 130.0 129.5 129.0 1285 128.0 1275 127.0

f1 (ppm)

10

30 20

40

50

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70

T
190

f1 (ppm)

129



#8'0q
(807
680
16'01
£6'0
vmd#
A

RL
121
62' 1
€' 14
1€
€T
e 1
ve' 1]
£
0571
ST
5T
ST
Stz
iga
6]

——mr

257
€5z
61'¢]
e
ar'y

2z
ST
v
&'
&£'h

09'p
e
oT'S
1G]
65'S

£9'g1
mo.&
89

Ve
se'l]
et
et
E2
%€
o]
£
£
/]
&'/
6L
W'/
WL

?

T

—

|

4-nBU-C6H4

R=

s CO0€
~pE9

= E6'Y|
~ ES'Y

L oot

s 160

= bO'T
= b0'T

€07
0T
P07
€07
907
00’7

= 007

= 007

—€L'TT

2.0 1.5 1.0 0.5 0.0

25

9.5 9.0 8.5 8.0 7.5

10.0

wm_m
mH _v;,
L£22
6622
zThe
Bmmw
Sb'EE
pS'EE
60'SE
Tree/
80'%
25
8687
(0ce/,
8L'€S
09'%5
£8'S5

88'0L—

€5'GTT~
W'8IT—
€082t
12'821
£9'821
(9'8T1
0,821
1621
%.mmi
66'621 |
B'ZET
10'9€T -
pT'OET
20T
bR THT
g
Nw,oE\
B0'ELT \
08'9LT

===

€082T—
1¢8T—

mw_wmﬂ/

T
mwwm\

04'8CT

pT'ecT—

69'6CT—
66'6CT—

129.5 129.0 128.5 128.0
f1 (ppm)

130.0

130.5

30 20

40

70

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
200

130



bt

B

n
)N
o

4f

‘ MIL uNUw I

L

JL

.

L

J

|

= ET'¢
A
= 88
~ €9
- 96

SO'7
12T
-~ pO'T
~ 680
e

01
86

S

10T
160
680
680
80C

AN

= 00T

- 86

~8L'TT

3.0 25 2.0 1.5 1.0 0.5 0.0

3.5

9.5 9.0 8.5 8.0 7.5

10.0

86'€l
08121\
mm.NNW
ob'ze
KN
e
SS'EEN.
o1'sE
81'SE
66'%
00'6"
£0'05
61'05
LL05
(805 \
55'LS

S0CL—

vUJmem

I

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
200

131



Nm.ﬁ

o

™~

N
e e

[os)
=
3

—

™

A0
—

™~
) Q
~

\

b

SN

7

i,

i

i

T

81’4

00'g
Ob'87]
[o!
€1'g

06'd
907

00T
16'0

007

L0
607
0z’
86’

mm.m
0E'TT

807
6

1.0 0.5 0.0

1.5

2.5 2.0

3.0

10.0 9.5 9.0 8.5 8.0 7.5 7.0

10.5

LLET~
ET'ST7
PO'vC
mo.mNM
0g'8c
vm.wNW
60'8€
mo.vv/
12'vb
126k
mm.omM
S6'¢ST
Ob'€S
L1
6L'€8
Nﬁ.vm#
S6'PIT
QLGII

Z1'9TTH
ze'8IT
ivas
61'0211
96021
92T
29721
0T'€2T
859211
€542
09'£2T
20'8zTH
€282
0L'8ZT
88'821
E_omg
€20ET

€S'bET
Zb'SET
8b'SET
0Z'9E T
ZE'9E T
99' b1
mv.oi
£9'0ST

pCrLT—
01'8L1—

—_———— S

——

3 20

40

60

70

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90

T
190

f1 (ppm)

132



680
SZ'TY

[v9]

(o]

—
—
—

o]
n
D)
—_——

08'p
18'y
S8'
£6't
€6’
S6't
92’9
8C'9
LE'9
05'9%
9L'9
L4799
10'Ly
10'ZL9
€0'Ly
mo_Dﬁ

€gL
ge'L]

2-Me-N-Boc-indole

R =

-

SL'g

v1'g

=0p'€EQ

i
T

95'g

S9'(Q
8g'g
L6

[aa

[o!
86'(}
007
ET'T
A
[
87'g
617

£0'7
ST

)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

.
o

]
<

5.5 5.0 4.5

6.0

\n

9.5 9.0 8.5 8.0 7.5 7.0

10.0

1.5

€9°€T
20'bT
£1°027
85
62821
1€'82}
81Eby
£2'8b/

—

——

8’81
50'151
£b'151
Sac |
P0'ZSY
8E'€L
68°€8]
16'€8]

S6'bTT

86'pT1

85411 f

rrr——

90'0CT
8b'0CT1

TEoCT
Tr'cet
£yt
9z'ect
om.wm.:
b 211
18211
008271
Ob'82T1
29'8c1
64'8CT1
£6'8211
16'6ZTH
E0'0ETH

—

f1 (ppm)

TP'0ETA
PSPET~
90'SET
PS'SET
9L'SET
C6'SET
ET9ET
pPE'9ET
14444
15°0ST
69057

06'ZLT~
88'eL1”

9%6'KT—
bb'L2T
18221y
00T
Oy
2T
6L'LT\
£6'LT~

16'62T~
coceT”
TP oET—

131.0 130.5 130.0 129.5 129.0 128.5 128.0 127.5 127.0 126.5

f1 (ppm)

40

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

T
190

T
00

133



T 65
1 1T°¢

~ ¢S

—

JJML_J

L

M

= 8T'¢

107
#8Q
c8q
107

[
(NS

L0717

L9
S9'G

99
€80
or'?
987
€87
177
81
c8q

|
L»LJ .
A Bl b A

d

or't
80
960

4

007
88(
< - S0¢

4

~$8'Sg
~ €98

0.5

1.0

1.5

2.0

2.5

3.5

| o -
€2'9b— - Fa
61'%C zvop’ S o _ g
£5'9 Ob'Lb— A Loy
€21 16'8p &3 3
' 968y -2 & 1
Or'zb srer, o ) :
. n
168y 10'05 _ L
96'8p or'os’f rmo 6T - —
Tt 61 28'0s e~ L
6b'6r W [ =
ﬁO_BH“ LT'ES— -3 g —
LT'€S e Th o esoe~ - E
2 P
82’551 SE'SS [ o
PE'SSY LE'SS o
€51 be9s oA
L'S5+¢ s8'25— — g
b5 o
S8'4LS n
ay owEm |,
29T oo.v:w -IJJ -
PS'ETT 6011 -
86'ETT ; - 3
00'pTT €9'STT— — |e
60'PTT1 E :
£9'STT1 [~
b1'8TT1 = £
98811 =
zToeTy bT8TT— —3 =
8¢'9Cl 98'8TT— — La :
A4t | = -
61'L2TA 5 ;
9€'£2TH ~ S
11821~k 16'02T— - | = _—
orge1f - ==
b 1
81'8¢1 B
61'821 | zz ozt -f = -eeTf .“.M 1
et e | SR .
11221 FR
mo,mmﬁ; sTiz— = [~ -2
626211 sz
. 11821 —_—]
3 | e s )
EP'0ET aT'8zeT e TO'SHT~ I
96'0ET 61'82T u Mwwl 1t |
1€ €e'8et ~ - —_)
OTIENY z8'8z1, T lg  tewt/ T —3
1eTery e/ =
18'SET 62621 - -2
10°SpT £€'62T - 3
TE'SPT ro
89'9p1 groeT— - "
9€'65T 1 scoet M K
Tb'65T1 qer T P8 rest
£8'¢LT WMMM\ - J 9E'6T L ]
S'9LT TH'6ST = o
8b'6ST ~ 2

-10

f1 (ppm)

134



—

135

90

100
f1 (ppm)

110

120

FS 09TEy seont ]
L1VCY gegry €b'azT
Lwn 890 mtm:/ 3 erzer g
< 69'9C1 nwnmﬂ/ = 9z'£2T B
! - o EE'LZT N
= s il mm_mdN TH pree = 3
L2 8E9h|loran Py —
= z1'g MMMWA |y ozt g —3
-w0d, 2% " s —
- mmmw | @ oz'6zT & 3
bod 6E'8TT— — | T eoer
R esen e : 4
o 1 =y a 3
& oo €T'0GprE6TT— - ~ OpTET =
T . . 3 cS'TET — —
v8sd,  8ros | S0 i |
v 8E'EST ~ 1T
v L6 om.vm\ 08'TET n T
Lo bz 9g . AN OERTET ol
o o) FIET - ™ sgTer
= 001 08'4S 06'TET o
R L oodw € Hmv F& gsTET -
< T e voTe
[=I=3~ N3
b J e  EPSTIY 3
Locod T bSSTY
x T 0d  vosT
A ;e 2o
= i €0 1
L 1f M €0 _E 6'81T4
3 I 860w pI'6TT
T v 07 ®georiy
© SV, epoeTy
Q v 860n ezt
\ o - 9z LT
z M . 3 EELn
v _ 007 °  pI'8eI~
x 2 Mmﬁ MN.wNJw |ﬁ
x f ‘T8 ozset n —
- mw”wmﬁ LA = | oy SSSET~ ] -
= 61'd o LVECTY 6z1om 2 68'SET— e
LeagR ozecrf w p——
essr oroet] I =rs 1
F19gn pgoet] prear -8
~ozeer] wes L8 L2
oF'T1ET S8'E9T -
Le esterd L2 F=
om.ﬁmi - Lg
- mm.ﬁmﬂ ) Lo —_
[ G8TET - M —_—
SS'SET [ o rs
Fa mmmwT 98'zLT— — LY
27 s~ I 74 7% o - [
19 wv: 12pLT— — R 90SKT A
2 99T e
@ 211 © T9'9T =
ss Ll ‘T — 1[5 e - LS
L LSt 90 3

170 160 150 140 130

180

190

200




0E'bTT-
62 b 111
82'bTT-1
82'pTT-
(T HTT
LZT1T-
9ZHIT-
P11
STHTT-]
08'ETT-
6L ETT-
8L'ETT-
8L'ETT-
LLETT
YL ETT
9L ETT
SLETT-
bLETT-
€LETT-
€LETT
ZLETT-
ZLETT
89'eT1-}
LOETT-
99ETT-
99ETT-
99'€1T-4
SOETT
SOETT
pOETT-

E9ETT-

e

|

oY

-114.0 -114.4 -114.8
f1 (ppm)

-113.6

-113.2

4-F-CgH,

R =

J
<

60
9%6'T
00T

T T T T T T T
-130 -140 -150 -160 -170 -180 -190 -2C

T
-120

T
-100 -110

f1 (ppm)

T
-90

T
-60

T T T
-20 -30 40

-10

136



96'0—

Ep'T—

9E'T\
6’

p8T~
187"

o9'E—

Lz
62"
1]
ze'L
ze'
pe' L]

LeL

I
~
—
m

W
T
—
—
m

Eoon

o

60T

i

107

i

00T

€07
0T
ST'T
0T'T
177
60T
PO'T

— A

= 86(

= geq

FEP'TT

0.0

0.5

1.0

1.5

2.0

2.5

09z’
2852/
8626~
01’0
ST'9b
mm_mv%
5Z'8p~
S8'€S
a_wmw

SpEL—

B_v:
R.EL»
(8911
Rm_m:w
bO'£21

Sb'/2T

b6'L2T7
wmmﬁ\
:_mﬁ\
bL'EET

T hT~
pO'SHT

SC'CLT—
€9'9LT—

T T T T T T
130.0 129.5 129.0 128.5 128.0 127.5 127.0 126.5

f1 (ppm)

V.

20

40

80 70 60

90

T T T T T T T T T
180 170 160 150 140 130 120 110 100

T
190

f1 (ppm)

137



16'0—

L1

65'¢C

£9'C~t
wef
mm.m\

09'e~
L8'EN

» 007
®E0T

=80

LEL
LEL
8L
Oob'sL

4j’

4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

0

5.5 5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

10.0

EE€PL—

EIN4N
08'v11
S9'1CT
£9'cct
L2'SCT
L6'9CT
pe'LCT
14'8CT
Nw_wmﬂw
86'8C1
1S'PET
SP'EPT~
P8'SPT-—

86'SLT~
89vL1”

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90

T
190

T
0o

f1 (ppm)

138



=

y !?o

/

v

V/N

4k

"

N

i

AR RN

LR

A

N

g

66

66T
SO
4ol

€07

66
107
007

007

167
00'g
109

E6'P\

8’97

S :_m\
e’

98'cC—
68'SC—
orec—
PEE—

-

1.5

2.0

85'Sh\
(S'H—
bS 6~
6€'SS

Lo osse/

3.5

8'0L—

4.0

I«

f1 (ppm)

5.5

28 PTT~
0411
05'%21
@221
s1'gel
66'821
=
£T'08T
16'GET
om_mi
69'2t1

6.0

6.5

7.0

7.5

8.5

b9'bpLT—
FS €88/1—

10.0

Dl

20

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

T
190

T
200

f1 (ppm)

139



4k’

'L

Mmo_H

PO'T
w/m:
a1

=€01
=001
=001

=107
=960

=660

Fest
= 60T
=085

.0

=]

5.0 4.5 4.0

f1 (ppm)

5.5

n
=]

<
~

\n
~

8.0

9.5 9.0 8.5

10.0

20'S

55'9

9’9
se1”

9L~
TE'X~\
P68~
0L 1€~

689
60'6b~
00'15
b2 15
e85’

9C'EL—

az'8tt
L' 0ZT
op'9z1
8’9zt
61'L21
0Lzt
11'821¢
Ay
E1'621
€5'9ET—

bL'SPT~
JAVA ed

6b'SLT~
AN-Tacd

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90

T
190

0

f1 (ppm)

140



L0¢
L0¢
80'¢C
8072

60'¢c
60'¢C
ore
[0) 574

£6'€
£6'€Y
£6'EY
1€ r

(51> ﬂlg

19
0€'9
ZE€'9
bE'9
9’9 f
LE'D
86’91
6€'91
0p'91
0b'91
591
Zb'9y
59'9)
98'9
98'9
(89

804
Nﬁ_m%
LTI

1z
A
A
A
b/
Sb'L
b1
(5L
65'2]
1941
€9'¢
€Lt
€]

2lllm

Cl

0.0

0.5

1.0

1.5

2.0

=8¢

2.5

=001

4.0

=gI'T

4.5

=80

<2
]

5.5

6.0

Legel
~8E0
LS50
oL
wow.o
61
wmm_o L
Ye0t

6.5

7.0

7.5

8.5

9.0

9.5

T
10.0

f1 (ppm)

L9'LC

p6'6e
mm_mmv

LS'ES
vo_mmw
c9'SS
No_wm\

b6'9TT
00411
65611
16611/
91821
Nw.wﬁw
06'821c
Nm.mmd
sg'ezTf
€9'EETH
bO'EET
Sh'pET
LY bET
8s'beT
89bET
62'8E T
Sh'8ET
LY'6ET
08'6€1
L1091
89'091”

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90

T
200

f1 (ppm)

141



XYZ Coordinates

bl
28

scf done: -632.892887

TZITDTTZTTTZITIIODIDITZTOOOOQO0ZOOO000000O00

21-
28

-1.582367
-0.448461
0.821456
0.911971
-0.224268
-1.475220
2.049339
2.164421
3.500026
4.484054
3.597816
4.853305
2.580579
2.643444
2.655848
1.703061
2.972406
3.042387
2.283291
1.282754
1.893683
-0.132698
-2.368233
-2.560064
-0.550001
4.684290
5.539470
5.288170

0.288462
-0.004206
0.175114
0.658699
0.949959
0.765556
-0.116901
-0.648918
-0.844452
-0.262709
-1.692260
-1.782691
-2.561643
-3.342875
-4.148053
-2.607449
0.124096
-5.161366
-3.845175
-0.908689
0.803890
1.323205
0.994539
0.146135
-0.372731
-1.604050
-1.040404
-2.778854

scf done: -632.985531

TTZITTDTITZITZITOOOOOQZOOOO0OOOOOO

-1.560653
-0.395059
0.878700
0.870135
-0.298610
-1.538180
2.104017
2.278437
3.561277
4.621339
3.652904
4.825045
2.660264
2.611260
2.528025
1.877082
3.006797
2.990926
1.991817
1.405869
1.824902
-0.253605
-2.459222
-2.513432

0.169759
-0.136521
0.179892
0.831193
1.131916
0.806104
-0.121435
-0.779885
-0.991830
-0.511869
-1.805460
-1.724478
-2.677182
-3.330474
-4.023626
-2.854963
0.187493
-5.003707
-3.661251
-1.108100
1.092397
1.629033
1.043251
-0.090685

2.466943
1.737355
2.291581
3.597086
4.330191
3.766606
1.570103
0.351710
-0.243708
0.185311
-1.326463
-2.042360
-1.736226
-2.781965
-3.798464
-1.103839
2.093371
-3.723710
-4.773774
-0.220028
4.036050
5.343331
4.336113
2.021700
0.722869
-3.106528
-1.648681
-1.927872

2.446909
1.777560
2.320662
3.581151
4.240712
3.685686
1.679779
0.461369
-0.097093
0.345184
-1.264819
-2.097296
-1.664845
-2.802695
-3.899577
-0.933816
2.203111
-4.004774
-4.775173
-0.089872
4.030259
5.204781
4.204808
1.995616

142



-0.455149
4.572037
5.536793
5.286745

anjjasfaniian

21+
28

-0.629827
-1.352231
-1.051050
-2.710232

scf done: -632.675670

-1.567164
-0.433398
0.829529
0.915715
-0.222117
-1.464761
2.050431
2.175074
3.497580
4.547663
3.566935
4.814839
2.608479
2.650534
2.635252
1.753914
2.969006
3.068958
2.196982
1.310061
1.892720
-0.141287
-2.359937
-2.540585
-0.527215
4.707342
5.066204
5.609704

TZITTZTTZTIODIDIIDITZIOOOQ0ZOOO0000O00O0A0

r(III) ppys
61

0.367757
0.017454
0.144195
0.633346
0.982398
0.849434
-0.212288
-0.731215
-0.998459
-0.648508
-1.763306
-1.642512
-2.612937
-3.388357
-4.150468
-2.700288
-0.047002
-5.148349
-3.824457
-0.916944
0.734486
1.358546
1.121987
0.266652
-0.357191
-2.102550
-0.588988
-2.136207

scf done: -1540.113588

2.359371
2.038270
0.760093
-0.190193
0.069225
1.375257
2.984120
2.449079
3.353661
4.701015
5.204006
4.343306
0.453509
-0.070334
-1.461089
-1.952882
-1.088630
0.280991
0.774579
-2.341497
-1.708141
-2.414592

NnzoooaocoaFaooonononononazao

-2.691904
-1.592451
-1.397980
-2.256263
-3.360820
-3.576960
-0.586422
0.459176
1.423116
1.372360
0.342577
-0.632898
0.379345
1.373919
1.475863
2.156188
2.745254
2.648645
1.973523
0.853838
0.250715
-0.346092

0.813051
-3.097135
-1.628675
-2.218160

2.429960
1.730422
2.319642
3.625942
4.326530
3.729374
1.639841
0.405991
-0.110239
0.350199
-1.366951
-2.102877
-1.721540
-2.831543
-3.859196
-1.059313
2.199061
-3.830094
-4.800620
-0.215805
4.086146
5.338938
4.275674
1.965723
0.717877
-3.080290
-2.202669
-1.543480

-1.727104
-0.933868
-0.542583
-0.915605
-1.696009
-2.108528
-0.461173
0.328619
0.786613
0.471534
-0.314559
-0.775236
0.654465
-1.028569
-1.271689
-2.386939
-3.287176
-3.072605
-1.969030
-0.287862
0.741653
1.702415

143



-3.790963
-4.459306
-3.733683
0.383528
0.632480
0.646159
0.404871
0.142222
0.131112
0.876478
0.838132
1.030683
1.270456
1.318620
1.122410
4.737816
5.369858
6.257846
2.990541
3.382023
1.622585
-0.733591
-1.195108
-3.022069
-1.475458
0.969546
1.850455
-4.243641
-5.541718
-4.321884
-1.842067
1.155884
1.507397
1.417085
0.984874
0.847003
0.417762
-0.053730
-0.071404

esjjasfaniiasfaniiasfasiianfasfanfasfanfasfanfasfasfasfasfaspasanfarfarfefoNONoNO N Ao o N o NO O NO RO NGO RO NQ!

SIr(110) ppys3
61

-0.387025
0.224564
0.845222
1.987085
1.724425
2.753170
4.057592
4.335128
3.318972
0.331534

-0.538100

-1.840063

-2.359401

-1.481994

-0.136406

-1.438303
2.143506
0.303258
2.243359

-2.848044

-4.432314
-4.030528
-2.038113
2.230805
3.274846
3.106998
1.919761

1.326910
0.216701

-0.883827
-0.807020
0.558619

-1.848653

-3.423457

-2.480894
2.537299
4.852582
5.357095
3.569209

scf done: -1540.020005

2.349290
2.031177
0.749108
-0.210193
0.047727
1.358026
2.984388
2.467004
3.374424
4.721130
5.210114
4.341951
0.457185
-0.024499
-1.477304
-1.941541
-1.053800
0.345215
0.825814

o¥oXoloRoRokiioo koo ko Xo ko Xo Xo W Aok

-2.786579
-1.631157
-1.404853
-2.273584
-3.428524
-3.683842
-0.605281
0.481439
1.455773
1.379248
0.312511
-0.676633
0.423105
1.436585
1.545354
2.291897
2.878991
2.767183
2.050673

1.698547
0.648843
-0.343838
1.882988
3.251203
4.194581
3.813835
2477714
1.537167
3.612005
2.578998
2.794567
4.047226
5.119914
4.901251
-1.386121
0.840793
-0.563581
1.399362
-2.044497
-2.725655
-1.973581
-0.567474
-2.556322
-4.149799
-3.775506
-1.828227
-1.167651
0.606962
2.499363
2.501099
5.729992
6.121682
4.174895
1.919738
5.238825
4.550052
2.168812
0.499581

-1.594677
-0.885002
-0.524709
-0.846601
-1.548753
-1.926109
-0.469066
0.272104
0.689531
0.373626
-0.369960
-0.785370
0.601022
-1.022996
-1.239922
-2.359384
-3.214422
-3.027174
-1.946488
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-2.318932
-1.671992
-2.393081
-3.773322
-4.455892
-3.739556
0.354571
0.592342
0.554916
0.276137
0.027495
0.066168
0.868318
0.862122
1.097944
1.346170
1.355539
1.118259
4.728320
5.398439
6.262226
3.015602
3.373939
1.603697
-0.757185
-1.213095
-3.005493
-1.429692
1.023553
1.898665
-4.248280
-5.537846
-4.302633
-1.833926
1.123718
1.547513
1.527344
1.079385
0.742835
0.249553
-0.196841
-0.121126
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*Ir(Il) ppys
61

0.896589
0.233453
-0.375233
-0.422287
0.217531
0.862302
2.006209
1.724809
2.740132
4.040844
4.331805
3.331227
0.334072
-0.525764
-1.822366
-2.346188
-1.479091
-0.138051
-1.508772
2.159303
0.254988
2.304210
-2.978031
-4.582425
-4.107966
-2.014365
2.399980
3.445820
3.244410
1.973579
1.354469
0.193334
-0.939489
-0.860032
0.548162
-1.850338
-3.405894
-2.455783
2.515256
4.823856
5.350825
3.586476

scf done: -1540.186513

2.258279
1.992040
0.736959
-0.243032
-0.038876
1.243037
2.975732
2.492989
3.448111
4.782305
5.227394
4.322237
0.500548
-0.035534
-1.450188
-1.940242

nooFancacocncacacanzZoon

-2.630761
-1.546692
-1.348121
-2.182635
-3.266901
-3.489611
-0.571089
0.462640
1.375719
1.299893
0.289921
-0.642300
0.423433
1.413401
1.432247
2.108105

-0.326871
0.721799
1.652139
1.642291
0.579345
-0.380264
1.863028
3.226898
4.183562
3.817330
2.482377
1.526349
3.575343
2.536155
2.736177
3.985086
5.066808
4.861675
-1.364337
0.706091
-0.622432
1.265545
-1.884294
-2.479175
-1.793864
-0.520862
-2.537209
-4.060049
-3.724065
-1.798218
-1.200321
0.531288
2.430692
2.448890
5.698047
6.066180
4.103193
1.854873
5.227801
4.565646
2.184685
0.487224

-1.819384
-0.982726
-0.522673
-0.869952
-1.695646
-2.177656
-0.523756
0.319470
0.786287
0.424887
-0.421751
-0.887711
0.695461
-1.001547
-1.249191
-2.390782
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-1.082057
0.289913
0.787466

-2.286925
-1.629449

-2.338773

-3.702267

-4.395035

-3.689493
0.453940
0.624518
0.618080
0.439996
0.262104
0.267905
0.823566
0.851941
1.034266
1.189651
1.156144
0.975229
4.672407
5.487021
6.270584
3.128212
3.262427

1.446819

-0.864373
-1.223662
-3.009401
-1.485886
0.968492

1.863113

-4.208076
-5.469355
-4.214848
-1.763762
0.946380

1.270531
1.331803
1.048112
0.754768
0.436838
0.116538
0.129067
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Ir(IV) ppys*
61

2.741093
2.720519
2.052849
0.771326
0.217101
-0.410669
-0.578699
-0.045600
0.612414
2.034045
1.779337
2.816096
4.124044
4.397911
3.375917
0.386682
-0.484333
-1.784963
-2.305241
-1.427754
-0.082813
-1.434523
2.034816
0.231268
2.180138
-2.793714
-4.330141
-3.916324
-1.954996
2.144049
3.256943
3.214205
2.051403
1.018059
-0.161193
-1.098340
-0.808048
0.611951
-1.794934
-3.368884
-2.425065
2.601325
4.924508
5.423581
3.618335

scf done: -1539.922312

2.193279
1.913904
0.644945
-0.340773
-0.122550
1.173833
2.905239
2435191
3.364223
4.708706
5.162122
4.261549
0.427129

Faonoocaonoocaazaao

-2.687244
-1.579033
-1.329617
-2.144947
-3.255371
-3.527139
-0.618039
0.445749
1.373043
1.259326
0.209331
-0.724626
0.489223

-3.269491
-3.044509
-1.916382
-0.303804
0.798815
1.736583
1.695351
0.571274
-0.393912
1.903149
3.288377
4.225363
3.825119
2.472061
1.539760
3.668441
2.635224
2.865215
4.130918
5.205899
4.973464
-1.542162
0.802445
-0.709899
1.444004
-2.188993
-2.830442
-1.955227
-0.460892
-2.581829
-4.135719
-3.733018
-1.750255
-1.256227
0.480191
2.493900
2.572107
5.802989
6.218882
4.268385
1.987987
5.280619
4.555839
2.146472
0.489817

-1.693690
-0.900790
-0.513470
-0.894640
-1.677454
-2.083117
-0.427534
0.363935
0.833378
0.519398
-0.265064
-0.734052
0.716727
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-0.069532
-1.446347
-1.925579
-1.054888
0.303283
0.787872
-2.319352
-1.701853
-2.397755
-3.754021
-4.407526
-3.692691
0.383334
0.711328
0.768452
0.495082
0.149903
0.086714
0.962697
0.856206
1.062986
1.381934
1.492567
1.282205
4.620873
5.408397
6.213453
3.036058
3.209702
1.387345
-0.952423
-1.340304
-2.985179
-1.430633
0.991009
1.853195
-4.194619
-5.475557
-4.284074
-1.832576
1.364266
1.741854
1.538251
0.962327
1.023819
0.545998
-0.065432
-0.174216

esiiasfiasiiasfasfiasfiasfiasiiasfasficsfiasfiasiiasfasiisfasficsfiasfasfiasfasfasi-HoNoNoNo - HoNoNoNoNoNo oo No o No Ao No oo NoNo X!

1.482279
1.478170
2.139672
2.807431
2.812794
2.154918
0.764632
0.224449
-0.459220
-0.650615
-0.110014
0.597744
2.051267
1.795355
2.836893
4.133464
4.402942
3.380287
0.405413
-0.472534
-1.769278
-2.270563
-1.384631
-0.038594
-1.544928
2.000470
0.121600
2.210485
-2.885592
-4.390354
-3.888392
-1.897637
2.139519
3.324374
3.337662
2.179512
1.019818
-0.243157
-1.207343
-0.859661
0.665821
-1.740954
-3.332565
-2.421729
2.652276
4.940532
5.420661
3.599194

r(III) ppy2bpy*

61

scf done: -1556.639223

0.317735
0.554940
0.551876
0.307752
0.063011
0.066924
0.809881
0.792198
1.004275
1.237731

naOzooaoaonoaan

1.999514
1.743238
2.773926
4.072863
4.341296
3.319322
0.352256
-0.497230
-1.804786
-2.341316

-0.983500
-1.290705
-2.421861
-3.257751
-2.968676
-1.849676
-0.368302
0.708188
1.622211
1.516873
0.418027
-0.521794
1.909962
3.279274
4.190005
3.785064
2.461510
1.544006
3.647369
2.629654
2.839821
4.085308
5.142315
4.923455
-1.344876
0.890196
-0.510375
1.440129
-2.005304
-2.701310
-1.959864
-0.554637
-2.651884
-4.132340
-3.622816
-1.642893
-1.381712
0.297662
2.277061
2.456324
5.740144
6.133963
4.215885
1.979027
5.226574
4.505780
2.158515
0.514849

1.848537
3.213802
4.152467
3.753546
2.412895
1.476548
3.551913
2.495096
2.682073
3.926477
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1.260733
1.047721
0.406494
-1.755985
-2.364151
-3.747268
-4.505381
-3.868107
-2.488916
-1.468132
-0.142853
0.730375
0.332825
-1.018840
-1.923163
2.414992
2.952334
4.316009
5.168223
4.656344
3.302730
2.013395
0.729838
-0.212390
0.063070
1.374633
2.350478
4.721109
5.319158
6.225924
2.930098
3.377169
1.634165
-0.731704
-1.221734
-2.984670
-1.367552
1.079804
1.778153
-4.232706
-5.586030
-4.424621
-1.943547
1.060630
1.443494
1.399963
0.979211
0.742133
0.306789
-0.130838
-0.121122

-1.489237
-0.142461
0.367781
0.274215
0.902482
0.952304
0.349494
-0.291909
-0.304688
1.510188
1.366129
1.900570
2.604947
2.763291
2.208472
0.437401
-0.601012
-0.644756
0.325899
1.349236
1.399204
-1.604339
-1.421131
-2.280623
-3.374620
-3.577437
-2.691837
-1.443942
2.115934
0.286390
2.213510
-2.840219
-4.424927
-4.047253
-2.077121
2.321032
3.313850
3.021226
1.757303
1.457074
0.381431
-0.775827
-0.793245
0.538190
-1.876833
-3.405287
-2.425589
2.565015
4.874742
5.360356
3.567817

*Ir(III) ppy:bpy*

61

scf done: -1556.555704

oloNoNoRo OO

0.372363
0.634810
0.678829
0.462226
0.191762
0.143673
0.848440

2.094261
1.853584
2.904164
4.200050
4.455378
3.420437
0.461794

5.019828
4.829330
0.660289
0.716982
-0.305283
-0.387053
0.596395
1.642511
1.665218
-1.295850
-1.068411
-1.927872
-3.043206
-3.284063
-2.402456
0.365843
-0.426443
-0.717297
-0.230814
0.554099
0.847628
-0.925348
-0.549020
-0.939614
-1.728710
-2.128059
-1.725939
-1.328312
0.941201
-0.461740
1.461440
-2.032757
-2.750690
-2.021010
-0.596849
-2.572752
-4.148162
-3.705106
-1.693582
-1.210668
0.544645
2.433468
2.465388
5.670282
6.014390
4.030294
1.794525
5.199882
4.481883
2.095304
0.435511

1.887135
3.268423
4.167202
3.724005
2.380127
1.474209
3.631753
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*Ir(IT) ppy:bpy

61

oNoNoNe!

0.773815
0.958579
1.215586
1.289250
1.106232
0.388985
-1.682962
-2.293839
-3.690150
-4.409995
-3.760051
-2.413311
-1.454019
-0.107990
0.745821
0.350285
-1.014808
-1.896163
2.413297
2.871479
4.227963
5.138768
4.696786
3.351271
1.872899
0.610698
-0.380368
-0.171609
1.119108
2.144599
4.580385
5.404181
6.190432
3.034134
3.156860
1.324687
-1.004622
-1.373259
-2.947625
-1.364814
1.079763
1.782617
-4.185699
-5.478591
-4.303076
-1.865162
1.160947
1.489097
1.354259
0.887492
0.881061
0.500553
0.019022
-0.070296

0.349573
0.570175
0.561035
0.327310

-0.397016
-1.703429
-2.228118
-1.365992
-0.013203
0.504495
0.164487
0.739030
0.584436
-0.121845
-0.695779
-0.519082
1.438254
1.480359
2.148523
2.808268
2.779256
2.105949
0.417171
-0.621475
-0.734463
0.166687
1.189089
1.309853
-1.557963
-1.325441
-2.122027
-3.196607
-3.449464
-2.628213
-1.536155
1.902900
0.072071
2.124971
-2.812886
-4.284126
-3.817345
-1.886785
2.083221
3.292102
3.333914
2.147627
1.028786
-0.242084
-1.257010
-0.936175
0.677356
-1.746710
-3.294204
-2.334260
2.727899
5.019754
5.473256
3.628750

2.030860
1.788336
2.827518
4.124178

2.589044
2.779927
4.028397
5.108254
4.908270
0.751297
0.694495
-0.410091
-0.559308
0.354762
1.474088
1.593216
-1.305694
-0.992501
-1.782492
-2.913607
-3.259861
-2.468778
0.403883
-0.424396
-0.726348
-0.214087
0.610416
0.920044
-0.935320
-0.523264
-0.926940
-1.762096
-2.195243
-1.780461
-1.365044
1.017996
-0.455288
1.561618
-2.113116
-2.854075
-2.062230
-0.559600
-2.723751
-4.147241
-3.513443
-1.464686
-1.412794
0.226021
2.221221
2.431710
5.739123
6.101784
4.142284
1.901754
5.217097
4.430940
2.051903
0.431981

1.861850
3.235059
4.165656
3.754502
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0.096322
0.105464
0.809668
0.795901
0.995276
1.212033
1.230610
1.030603
0.428073
-1.710707
-2.319452
-3.730684
-4.468585
-3.822766
-2.452446
-1.464754
-0.101022
0.751022
0.355643
-1.025887
-1.911667
2.437638
2.941301
4.300094
5.186391
4.712184
3.364191
1.971021
0.699747
-0.270630
-0.037078
1.262217
2.267076
4.675338
5.401878
6.240003
3.019563
3.283706
1.489444
-0.853269
-1.266897
-2.974624
-1.382505
1.094494
1.801253
-4.223648
-5.547729
-4.373155
-1.905052
1.040186
1.399470
1.363868
0.971566
0.736680
0.320974
-0.093158
-0.078671
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4.380962
3.352418
0.398862
-0.458325
-1.765022
-2.295143
-1.434389
-0.087666
0.401490
0.242736
0.841037
0.781405
0.148843
-0.447830
-0.364436
1.468428
1.395411
1.997304
2.694693
2.779268
2.175850
0.432445
-0.611231
-0.689952
0.249436
1.276525
1.359732
-1.585786
-1.383026
-2.208302
-3.291573
-3.518135
-2.665085
-1.493337
2.018613
0.182968
2.175956
-2.831372
-4.357908
-3.937469
-1.978083
2241991
3.323174
3.159561
1.909883
1.238630
0.106009
-0.955147
-0.808469
0.599793
-1.815533
-3.359782
-2.391528
2.625401
4.932415
5.398343
3.584332

Ir(IV)ppy:bpy*™*

61

scf done: -1556.426938

C  0.369987

2.056372

2.407263
1.479939
3.588449
2.537680
2.739341
3.990038
5.077452
4.873338
0.689077
0.736305
-0.346821
-0.452436
0.503419
1.605031
1.662419
-1.283060
-1.040605
-1.879644
-2.991952
-3.264492
-2.424258
0.368449
-0.443206
-0.751271
-0.263500
0.541816
0.851032
-0.942001
-0.536896
-0.928007
-1.746251
-2.173203
-1.771212
-1.376490
0.931110
-0.507648
1.479890
-2.102115
-2.818807
-2.040617
-0.561366
-2.619589
-4.131157
-3.629939
-1.620900
-1.301269
0.413448
2.385240
2.490123
5.709129
6.077125
4.104265
1.854977
5.217400
4.476072
2.080278
0.434161

1.882142
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nlicrlicolicoliarlicnllcslicslicolicolicslicollcslicslicoficslicolicrllcsllcsleolic -l i--Ro N o N o Yo VAo ko N o ko Xo X o ko ko ko ko o VAo ko ko ko R o X VAo Ro ko o VAo ko ko ko R o Ko

—-
(]

0.675221
0.756981
0.538114
0.227337
0.142846
0.884521
0.771231
0.938596
1.219121
1.336382
1.168598
0.369271
-1.773932
-2.363446
-3.729806
-4.484836
-3.865289
-2.501267
-1.470028
-0.154773
0.719943
0.328006
-1.012061
-1.916342
2.389864
2.875277
4.235625
5.121296
4.650379
3.300284
1.901595
0.626497
-0.346756
-0.106362
1.196875
2.202675
4.610500
5.337473
6.176119
2.960006
3.223686
1.427275
-0.924568
-1.351318
-2.968504
-1.355322
1.070561
1.757243
-4.206480
-5.553811
-4.422940
-1.965659
1.255352
1.557024
1.342188
0.835591
0.991404
0.606978
0.056025
-0.095844

1.799995
2.838999
4.139888
4.414546
3.395724
0.405011
-0.441278
-1.752017
-2.292208
-1.444682
-0.086791

0.476581
0.232015
0.775368
0.658075

-0.022845

-0.574135

-0.424613
1.468833
1.468122
2.085489
2.736434
2.746737
2.107291
0.462281

-0.584780

-0.671809
0.262645
1.295479
1.391515

-1.549128

-1.324376

-2.145850

-3.237593

-3.482641

-2.636798

-1.478471
2.036867
0.187212
2.217089

-2.816428

-4.331487

-3.877662

-1.921069
2.109623
3.250977
3.226260
2.057556
1.091012

-0.121840

-1.112602

-0.839594
0.593998

-1.839255

-3.361609

-2.375204
2.653131
4.953367
5.438339
3.624211

3.262121
4.168115
3.741226
2403114
1.491240
3.600911
2.548634
2.721234
3.959324
5.045490
4.864476
0.737725
0.693758
-0.389656
-0.576076
0.359348
1.465388
1.596489
-1.325234
-1.011179
-1.809325
-2.958949
-3.292853
-2.468477
0.419264
-0.385093
-0.675406
-0.178932
0.614934
0.913468
-0.890213
-0.510427
-0.912761
-1.714318
-2.114354
-1.701295
-1.294346
1.006842
-0.411992
1.529647
-2.008511
-2.745980
-2.013823
-0.572677
-2.714779
-4.186764
-3.573209
-1.498880
-1.444193
0.221980
2.218822
2.442341
5.700333
6.028904
4.057711
1.841546
5.209042
4.452837
2.094554
0.459361
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31

scf done: -672.184525

-1.364584
-1.614161
-0.568553
0.757324
0.989170
-0.055112
1.917769
2.021699
3.400894
3.569829
2.622579
2.714486
2.767262
4.323111
4.822122
1.784032
2.844158
3.254984
2.327849
0.937604
2.013685
0.152637
-2.186971
-2.634645
-0.790644
4.635003
5.452600
5.330362
1.362018
0.285542
0.302183

IZICZITIZITIIODIDIIDIOQOIDITIDITIOOOOO0ZOOO0O0O0O0O000

iso
28

0.522320
0.062131
-0.215376
-0.035839
0.402076
0.686941
-0.296649
-0.351191
-0.574073
-1.611967
-2.631089
-3.614845
-4.619480
0.162268
-1.752801
-2.595383
-0.432839
-5.553265
-4.572885
-0.072963
0.523981
1.033811
0.740681
-0.089015
-0.602229
-1.798126
-0.899008
-2.672328
0.209516
-0.932278
0.745907

scf done: -632.893681

-1.450346
-1.577198
-0.454964
0.823443
0.933472
-0.191113
2.039590
2.136799
3.460417
3.507927
4.721120
4.928723
5.185838
4.473900
2.382779
5.516316
2.970021
5.049668
5.547105
1.248146
1.921551
-0.083923
-2.334429
-2.561374
-0.572229

TITITZITIT D@D DD DOOoOOOOZOOOO0O0O0O0O0

0.863260
0.238172
-0.099172
0.181677
0.811082
1.149144
-0.152411
-0.766415
-1.002555
-1.833480
-1.930717
-2.646785
-3.335608
-0.476567
-2.591453
-1.334770
0.130621
-2.920990
-4.359716
-1.066554
1.033809
1.636545
1.126090
0.013867
-0.586588

3.966428
2.683543
1.821380
2.224212
3.531726
4.389851
1.381277
0.048821
-0.494136
-1.377158
-1.531722
-2.385661
-3.204095
-0.192837
-2.090897
-0.844924
1.936380
-2.935963
-4.197224
-0.947341
3.868408
5.395399
4.637386
2.351088
0.835880
-3.165925
-1.863630
-1.791071
-1.912373
-1.127372
-0.604566

3.779423
2.545928
1.817803
2.307473
3.547882
4.278803
1.585724
0.404041
-0.197350
-1.296771
-1.986996
-3.059122
-4.127961
0.237951
-1.809699
-1.553916
2.073540
-5.123722
-4.078043
-0.135297
3.937277
5.240628
4.348220
2.151652
0.856640
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H
H
H

2.753840
1.678871
1.865485

13iso0

31

-3.533438
-2.829122
-2.056489

scf done: -672.185157

IZICICZIICZITTIODIDIOQOIDIZIROOOO0ZOO000000000

0.008192
-1.313707
-1.602080
-0.582979

0.755915

1.026079

1.893866

1.967372

3.335575

4.281379

3.467705

2.481881

4.668875

4.958974

5.291658

5.369729

2.835813

5.059628

5.816702

0.855774

2.060235

0.246343
-2.115850
-2.632792
-0.837664

2.977344

1.738353

1.987482

1.251013

0.165828

0.266557

31alpha

28

0.860339
0.700693
0.194797
-0.134483
0.035581
0.522921
-0.278338
-0.438418
-0.693829
0.017779
-1.738776
-2.785766
-1.861028
-2.831740
-3.768216
-1.054040
-0.364232
-3.700693
-4.663711
-0.251044
0.640565
1.244049
0.959472
0.049442
-0.551664
-3.756516
-2.732485
-2.718689
-0.115643
-1.098313
0.633194

scf done: -632.810997

TDTTTZTOQoOOOzZzOOCOOOOOO0

-1.089063
-0.889866
0.144495
1.025784
0.805586
-0.232113
2.090171
2.368403
3.288930
3.419186
2.466058
1.172079
-0.109941
3.976002
4.496017
2.885117
2.747317
-0.569004
-0.777937
1.976075

-0.057483
-0.807273
-0.508822
0.563574
1.309195
1.001429
0.885648
0.191623
-0.932745
-1.622829
-1.628143
-1.535763
-1.389474
-1.228624
-2.588606
-1.746665
1.705830
-0.403770
-2.241395
0.576907

-2.213941
-1.018080
-2.610760

4.399941
4.015263
2.757982
1.882492
2.246516
3.529354
1.392166
0.065384
-0.486004
-0.196088
-1.369560
-1.537463
-2.078722
-2.901869
-3.735909
-1.896847
1.930519
-4.795749
-3.413480
-0.921457
3.836551
5.385132
4.696297
2.455924
0.917836
-1.471266
-0.747461
-2.510301
-1.929426
-0.960278
-0.669970

3.890534
2.735273
1.877394
2.149614
3.331368
4.179601
1.289935
0.049229
0.023406
-1.163409
-2.195334
-2.046391
-1.926442
0.995885
-1.268090
-3.192439
1.577715
-1.901492
-1.838367
-0.887940
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H
H
H
H
H
H
H

an)

1.473377
-0.382870
-1.904954
-1.553392
0.297473
4.714891
5.383762
4.226138

31alpha iso

28

2.134223

1.586917
-0.297192
-1.634133
-1.098408
-2.757052
-2.206905
-3.544854

scf done: -632.813467

TZITCTTZTTTEZITIZITIIDITZIOOOOQO0ZOOO0000O00O00

-0.110915
-0.978813
-0.858248
0.111965
1.004392
0.862028
2.005005
2.201325
3.070131
3.715309
3.150643
2.347822
4.089303
4318711
4.588767
4.650856
2.672352
5.341652
4.073378
1.738517
1.538687
-0.201341
-1.743166
-1.532277
0.202227
2.300435
1.329800
2.777492

33alpha

31

1.110744
0.037032
-0.761508
-0.497893
0.587246
1.385003
0.868487
0.100967
-1.063582
-1.365897
-1.806427
-1.544508
-2.839662
-3.623978
-4.425706
-2.950885
1.707662
-4.185343
-5.374905
0.437981
2.221457
1.734527
-0.175765
-1.598267
-1.123951
-2.454399
-1.277672
-0.752057

scf done: -672.109699

TD T OO0 Z0oO0O0OO0O0O0O0O0

-0.210275
-1.197482
-1.062775
0.034141
1.046919
0.889929
2.173878
2.410853
3.308478
4.017777
3.427727
4.553789
2.380061
1.105568
-0.174178
2.707825
2.917481
-0.769823

0.932474
0.045645
-0.596980
-0.361165
0.539069
1.177282
0.800671
0.242786
-0.907282
-1.198938
-1.608956
-2.517808
-1.821952
-1.878023
-1.892239
-1.982587
1.498148
-0.982701

3.557744
5.079392
4.561861
2.508719
0.978068
-2.322310
-0.768419
-0.810878

4.249048
4.067660
2.934414
1.994508
2.157636
3.316415
1.211344
-0.001561
0.008643
1.008259
-1.153622
-2.333550
-1.196960
-2.216641
-3.199651
-0.276155
1.403105
-3.946237
-3.324381
-0.924004
3.458048
5.130898
4.805365
2.790898
1.111550
-2.929634
-2.057814
-2.951263

4.180119
3.757027
2.529998
1.732615
2.139143
3.392677
1.344285
0.015547
-0.055265
0.903733
-1.240331
-1.360493
-2.152309
-1.877957
-1.671571
-3.177738
1.730678
-1.708839
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-0.707004
1.965929
1.658529

-0.309255

-2.063276

-1.826909
0.138553
4.716139
5.447212
4.374029
2.420308
0.875989
2.207724

esjjasfaniasfanfiasiianfianiiasfaniiasi@as

33alpha iso
31

-2.812108
1.059148
1.868500
1.433095

-0.144461

-1.291489

-0.872097

-2.732824

-2.057103

-3.461005
0.755580
1.014189
2.110654

scf done: -672.106340

0.864496
-0.219358
-1.128094
-0.932982

0.148406

1.083566

2.191077

2455315

1.937194

3.435991

3.355153

4.400173

5.578726

6.779959

4.331061

2.146917

4.165909

2.872298

6.972871

7.645778

1.571718
-0.366634
-1.981217
-1.636808

0.295796

1.927471

1.299242

2.250385

2.369454

0.844965

2.154560

asiasfiasiiasfasiiasfasfasfiasfasfasfasfasfasfsioNoNoNoNoN-HoloNoNoNoNoNO RO RO NQ!

31beta
28

1.158064
0.805137
-0.146612
-0.744154
-0.399886
0.567144
0.937717
0.414172
1.197235
-0.670271
-1.538069
-2.429216
-2.552257
-2.800679
-0.774965
-1.731970
-3.095735
1.688541
-3.519491
-2.279624
1.900458

1.271389
-0.421275
-1.487415
-0.875660
-2.798658
-1.252237
-1.336037

0.900046
1.120237
2.258976

scf done: -632.824276

4.785145
3.641705
2.725027
2.796563
2222106
3.591144
4.555985
2.330470
4.433704
1.958504

joloNoNoNoNo NI A

-1.531073
-1.563803
-2.577723
-3.438744
-4.503392
-0.642264

0.064274
-0.536031
-1.531358
-2.695735

-1.447195
-1.143636
3.723490
5.136639
4.379903
2.199315
0.780049
-2.416837
-0.944593
-0.836108
-2.085299
-1.261590
-0.958117

3.380421
4.149657
3.694048
2.452631
1.674157
2.113443
1.333316
-0.002670
-1.156377
-0.112038
-1.178063
-1.459839
-0.908208
-0.485900
0.717794
-1.964246
-2.285763
1.733419
0.306135
-0.886117
3.736112
5.117252
4.302816
2.095633
0.709032
-2.029966
-1.482610
-2.977375
-2.111251
-1.231609
-1.000471

-2.721532
-1.824400
-2.016200
-3.068182
-3.637788
-0.787096
-0.543932
-0.037948
-3.754890
-1.256519
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ToDEITZTTOO0O0ODQTTAQOS DT

1.332727
2.613611
5.362962
5.414019
2.294903
1.429189
1.138025
3.234069
1.304344
0.235170
-1.022789
-1.204009
-0.137250
2.291238
0.384424
-1.863622
-2.186778
-0.295158

31beta iso

28

-4.970216
-4.948896
-0.634548
-2.411406
0.141330
-0.968476
0.396469
0.562239
1.181399
1.471762
0.976754
0.188776
-0.099344
1.568934
2.085770
1.201148
-0.203205
-0.718553

scf done: -632.825848

esliasfiasfiasfasfiasfiesfiasfiasfiasfiasiasfslOoNoNONo W HoloNo oo NoNo o No X!

1.288635
0.244105
-0.971569
-1.135500
-0.093009
1.141021
2.271965
2.329753
3.562220
4.557344
3.556614
2.405072
4.692801
4.823850
5.662822
2.669203
5.494996
6.665299
5.386141
2.138495
1.543492
1.471570
3.170175
2.242209
0.379192
-1.792851
-2.086104
-0.238939

33beta

31

1.361102

1.633929
0.991298
0.074761
-0.197523
0.442124
0.196572
-0.652507
-0.767319
-0.094741
-1.691507
-2.533151
-1.808156
-2.673959
-3.095293
-3.188283
-1.138076
-2.678448
-3.869191
-3.153713
-1.935132
-1.255969
0.772014

1.863916
2.350725

1.202233
-0.429183
-0.914799

scf done: -672.115521

C

C
C
C
C
C
C
C

-0.243716
1.080835
1.408434
0.450456

-0.861824

-1.200454
2.153641
2.102573

-0.198654
0.211734
0.881847
1.165254
0.764496
0.074336

-0.031086

-0.288393

-3.212842
-4.546715
-2.523000
-2.571833
1.112780
-0.453383
1.953144
1.466005
3.094944
3.922772
3.624191
2.494969
1.668791
3.325629
4.802870
4.269806
2.260852
0.793108

2.967527
3.831808
3.670274
2.639802
1.778421
1.927347
1.051116
0.019342
-0.765556
-0.540328
-1.804472
-2.102573
-2.574525
-3.618415
-4.567672
-2.930903
-2.277509
-4.672185
-5.276503
-1.247315
-2.400133
-0.243509
1.265345
3.091251
4.633085
4.344959
2.510257
0.978657

1.735884
1.909130
3.091764
4.045654
3.849713
2.697105
0.953238

-0.359685
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3.426085
4.311074
3.598164
2.801283
2.955367
2.508736
4.753961
4.441077
2.068822
1.687767
2.942316
5.180849
5.508243
0.870544
3.150835
2.437256
0.728993
-1.615820
-2.220128
-0.528579
0.307484
0.194682
1.123675

I TTOITCTOD TN QOENZIONDZICTTOO0O0Z00

33beta iso
31

-0.417022

0.405096
-1.495683
-2.624031
-3.672548
-4.891303
-1.522590
-1.851570
-2.649214
-5.362938
-5.463324
-0.526290
-2.219170
-0.311241
0.044229

1.187672

1.695363

0.978649
-0.260481
-0.761631
-1.245225
0.495784
-0.175583

scf done: -672.115877

-1.189355
-0.246629
1.084239
1.431650
0.487636
-0.830687
2.144363
2.078674
0.837627
3.394465
3.537020
2.642947
4.300761
4.632894
4.895824
5.734838
3.239062
5.261665
6.596859
5.596112
2.033081
1.997360
3.146773
2.465242
0.781824
-1.573818
-2.214044
-0.547828
0.264182
0.174927
1.079207

esliasfiasiiasfasfiasliasfasfiasfasficsiiasfasiiasBasioNoNoNoNo N -HoNo oo No oo No RO Ne!

131
21

0.123247
-0.172678
0.225723
0.909717
1.216118
0.825527
-0.044531
-0.330141
-0.358133
-0.485953
-1.562398
-2.707286
0.312901
-1.603691
-2.656375
-3.123434
-3.621393
-0.718105
-2.545439
-4.095331
-2.703043
-2.711989
0.030683
1.207279
1.756136
1.057446
-0.203095
-0.744617
-1.282849
0.463631
-0.247993

scf done: -441.231182

-1.044136
-0.893153
-1.891722
-1.840584
-2.692204
-3.014465
-2.771339
-3.763728
-1.037257
-2.473481
-3.828478
-2.826419
-2.397997
-1.213117

1.382337
3.252306
4.948952
4.597908

2.545656

0.857203
-1.138622
-0.923353
-2.265625

2.735221
1.767050
1.919743
3.088907
4.049517
3.874422
0.957821
-0.349034
-1.188154
-1.039801
-1.900026
-1.896086
-0.886894
-2.740200
-3.559769
-4.490987
-1.901299
-2.703315
-4.826102
-4.953747
-0.997014
-2.777610
1.374314
3.233598
4.941903
4.628132
2.599979
0.899786
-1.085053
-0.909659
-2.246505
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0.679952
1.504429
1.646230
0.721773
2.873652
3.568355
3.201219
4.465768
2.329009
2.619706
2.849610
1.346276
2.208424
3.259195
2.646088
4.299924
5.051558
5.005796
1.259076
0.296332
-0.095373

TZITTTZIOITZITTTZOOOOOQ0ZOOOOOT

331 alpha
21

-0.874702
-1.024885
-0.257689
0.856611
-0.352404
0.638940
-1.553864
-1.682039
-2.649581
-3.800283
-4.961295
-2.487256
-1.813961
-5.785091
-5.163508
-1.819238
-0.783646
-2.551932
1.807137
0.712752
0.926877

scf done: -441.134853

0.687180
1.643703
2.178525
1.886570
3.129428
3.227096
2.116123
0.868390
-0.378112
3.857826
4.343522
2.363846
2.158133
-0.934185
-0.920479
4.463766
5.254630
4.183373
2.452047
0.820378
2.128872

CTODCZICD DI T T TZTOQOOOO0O0ZOOO0OT

331 beta
21

0.160574
0.549243
0.181710
1.060300
-0.928299
-1.652974
-1.897899
-1.891356
-1.833258
-1.179434
-2.568565
-2.124077
1.248103
-0.898543
-2.713013
-2.813082
-2.099311
-3.496435
0.784104
1.050135
2.096916

scf done: -441.161699

0.997819
1.756521
1.691608
0.610308
2.818945
3.255763
4.467779
3.346931
2.550177
3.008438
2.725064
4.228661

TOOO00OQZaooaooxm

-0.707085
-0.847851
-0.197312
0.769103
-0.260270
-1.490352
-1.547256

0.773022
-2.671352
-3.863556
-5.167536
-1.791670

1.838343

1.150047

0.077604
-0.275432
-0.773512
-0.917887
-1.345289
-2.042024
-1.407826
-1.952340
-2.483075
-0.981847

1.389738
-1.904127
-3.531571
-3.113290
-1.877495
-1.663300
-0.294712
-1.272671

0.442275

1.737715
1.399972
0.105712
-1.058596
0.060089
-1.111754
-1.938559
-1.554121
-1.202256
1.014202
-1.252709
-2.973310
2.052294
-1.223806
-0.867732
-2.308356
-0.887662
-0.695406
-1.948296
-1.311759
-0.801013

1.552151

0.790279
-0.364062
-0.709839
-1.343055
-1.788258
-2.589697
-1.713169
-1.624292
-2.088362
-2.195644
-3.626978
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esjasijaniasiianjiasiiasianiias

1.590560
1.799237
3.401924
4.964198
5.123915
2.569352
0.114634
-0.138142
1.024182

Reagent 1

28

-2.583352
-5.586169
-5.863995
-0.583388
-2.324697
-1.525122
0.487275
0.813508
1.768269

scf done: -632.892887

esliasfiasfiasfasfiasfiesfiasfiesficnfiasiasfslONoNONo - HoNo ol oo NoNo o No X!

-1.582367
-0.448461
0.821456
0.911971
-0.224268
-1.475220
2.049339
2.164421
3.500026
4.484054
3.597816
4.853305
2.580579
2.643444
2.655848
1.703061
2.972406
3.042387
2.283291
1.282754
1.893683
-0.132698
-2.368233
-2.560064
-0.550001
4.684290
5.539470
5.288170

31 alpha

28

0.288462
-0.004206
0.175114
0.658699
0.949959
0.765556
-0.116901
-0.648918
-0.844452
-0.262709
-1.692260
-1.782691
-2.561643
-3.342875
-4.148053
-2.607449
0.124096
-5.161366
-3.845175
-0.908689
0.803890
1.323205
0.994539
0.146135
-0.372731
-1.604050
-1.040404
-2.778854

scf done: -632.810997

TTZTOO0OQOOZOOOOOOOOO

-1.089063
-0.889866
0.144495
1.025784
0.805586
-0.232113
2.090171
2.368403
3.288930
3.419186
2.466058
1.172079
-0.109941
3.976002
4.496017
2.885117
2.747317

-0.057483
-0.807273
-0.508822
0.563574
1.309195
1.001429
0.885648
0.191623
-0.932745
-1.622829
-1.628143
-1.535763
-1.389474
-1.228624
-2.588606
-1.746665
1.705830

-1.123340
-1.799542
-2.679801
-2.548880
-2.194747

1.026796
-1.642887

0.080815
-0.861250

2.466943
1.737355
2.291581
3.597086
4.330191
3.766606
1.570103
0.351710
-0.243708
0.185311
-1.326463
-2.042360
-1.736226
-2.781965
-3.798464
-1.103839
2.093371
-3.723710
-4.773774
-0.220028
4.036050
5.343331
4.336113
2.021700
0.722869
-3.106528
-1.648681
-1.927872

3.890534
2.735273
1.877394
2.149614
3.331368
4.179601
1.289935
0.049229
0.023406
-1.163409
-2.195334
-2.046391
-1.926442
0.995885
-1.268090
-3.192439
1.577715
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-0.569004
-0.777937
1.976075
1.473377
-0.382870
-1.904954
-1.553392
0.297473
4.714891
5.383762
4.226138

esjjasfieniianiianfiasiiasianiiasfaniias

TS 5-endo
28

-0.403770
-2.241395
0.576907
2.134223

1.586917
-0.297192
-1.634133
-1.098408
-2.757052
-2.206905
-3.544854

scf done: -632.798579

-0.048713
0.136635
1.355920
2.368635
2.171293
0.962878
1.571252
0.591318
0.400124
0.135265

-0.187859
0.454470
1.095247
1.783390
0.089298
2.532506
1.399018
2.798207

-0.296426
3.310835
2.961687
0.810735

-0.991397

-0.655994

-0.677484

-0.863381
0.706551
0.463920

OEDIITZZITIZITITITZTTIOQOOQQZOOOOOOOOAO

3] beta
28

0.164084
-0.119706
0.190281
0.802455
1.082552
0.765807
-0.078613
-0.676192
-2.137956
-2.554131
-3.935088
-1.667171
-0.539020
0.564616
-1.933568
0.208349
1.545577
0.526353
-0.098682
1.050169
1.553106
0.987631
-0.082751
-0.589936
-3.999228
-4.312283
-4.563857
-2.905650

scf done: -632.824276

4.785145
3.641705
2.725027
2.796563
2222106
3.591144
4.555985
2.330470
4.433704
1.958504
1.332727
2.613611
5.362962
5.414019
2.294903

ONDEDNTZITTZDOOoOOO0O00ZO

-1.531073
-1.563803
-2.577723
-3.438744
-4.503392
-0.642264
0.064274
-0.536031
-1.531358
-2.695735
-4.970216
-4.948896
-0.634548
-2.411406
0.141330

-1.901492
-1.838367
-0.887940
3.557744
5.079392
4.561861
2.508719
0.978068
-2.322310
-0.768419
-0.810878

-0.103667
1.230194
1.876592
1.100459

-0.231517

-0.846398
3.239807
4.131379
4.208200
5.489076
5.765941
6.516705
6.291229
6.533917
7.503700
3.665297
6.267490
6.919888
4.393188
1.579142

-0.805203

-1.895999
-0.578969
1.802038
6.736733
5.000444
5.779816
3.265050

-2.721532
-1.824400
-2.016200
-3.068182
-3.637788
-0.787096
-0.543932
-0.037948
-3.754890
-1.256519
-3.212842
-4.546715
-2.523000
-2.571833
1.112780
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TTTTTITOOQQOOITOD

1.429189
1.138025
3.234069
1.304344
0.235170
-1.022789
-1.204009
-0.137250
2.291238
0.384424
-1.863622
-2.186778
-0.295158

TS rot

28

-0.968476
0.396469
0.562239
1.181399
1.471762
0.976754
0.188776

-0.099344
1.568934
2.085770

1.201148

-0.203205

-0.718553

scf done: -632.811238

TZITDTTIODT IO IODIDITDOOOO0ZOOO00000O000

-0.257463
-0.192793

1.043697
2.178934
2.097280
0.874718
-1.352566
-2.617126
-3.677841
-3.443534
-4.950370
-5.285205
-5.677267
-6.099414
-6.067624
-6.761606
-5.293547
-6.233754
-6.324969
-5.686798
-6.607158
-2.897040
-1.158591

1.105622

3.129476

2.983678

0.807718
-1.203668

Irot

28

0.480569
-0.070499
-0.517358
-0.424534

0.122539

0.575672
-0.196153

0.116348
-0.065577
-0.439023

0.216483

0.630987
-0.247044
-0.326145

0.105629
-0.669342

1.707933

0.566327
-1.276671
-0.150341

1.054520

0.508646
-0.595143
-0.943712
-0.779179

0.198601

1.006661

0.841455

scf done: -632.823198

NOzooaoaonoaoaonoaan

-0.516881
-0.413978
0.825583
1.932600
1.817032
0.586965
-1.544200
-2.728941
-3.784161
-3.556043
-5.089094
-5.510171
-4.775133

0.482410
-0.162057
-0.682213
-0.544411
0.106583
0.615097
-0.321325
0.289822
0.053291
-0.297035
0.291153
0.327892
-0.085263

-0.453383
1.953144
1.466005
3.094944
3.922772
3.624191
2.494969
1.668791
3.325629
4.802870
4.269806
2.260852
0.793108

0.069696
1.352125
1.818605
1.033465
-0.235594
-0.713371
2.219808
1.934091
2.943651
4.083687
2.526381
1.213114
0.256404
-1.012914
3.445016
3.109436
1.021617
-1.625247
-1.485750
4.430717
3.497449
0.962680
3.213726
2.814565
1.414113
-0.854150
-1.705453
-0.317481

0.017253
1.253208
1.628098
0.810846
-0.406204
-0.801007
2.151694
2.054790
3.048466
4.194805
2.645523
1.329945
0.259637
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esjjasfasiianfaniiasfanfiasiiasfasfiasfarfas RO N Q!

-4.755869
-6.102347
-6.337297
-6.528475
-5.601060
-3.903767
-5.746992
-7.005567
-2.923514
-1.400693
0.913127
2.887810
2.680560
0.489360
-1.476061

TS (I rot-I)

28

-0.182284
0.309276
-0.702156
0.692160
0.136595
-0.595424
0.882684
0.768843
1.015433
-1.011694
-1.196067
-0.949945
0.211281
1.112314
0.866690

scf done: -632.821239

TZITDT T TT IO IODIDITDIOOOOQZOOO000000O00

I

28

-0.581258
-0.556669
0.596410

1.687776

1.649771
0.508632
-1.671636
-2.809787
-3.833242
-3.574068
-5.137975
-5.423529
-4.435071
-4.117458
-6.204377
-6.321669
-6.472499
-4.865537
-3.094822
-5.981946
-7.134587
-2.905763
-1.586067
0.626291
2.572353
2.502440
0.469166
-1.472084

0.737305
-0.141115
-0.905235
-0.786967

0.094339

0.853656
-0.291445

0.435554

0.268663

0.102908

0.333525

0.166961
-0.127300
-0.353173

0.346303
-0.634697

0.264223
-0.347338
-0.570496

1.072268

0.619908

1.319360
-1.089619
-1.595943
-1.387070

0.186125

1.537059

1.323881

scf done: -632.883367

ZzoOOoaoonoaonoaan

-0.499319
-0.715893
0.356301

1.557107

1.746401
0.707630
-1.921503
-3.128337
-3.828382
-3.330725
-5.146676

0.870351
-0.194076
-1.097975
-0.940557
0.119038
1.017166
-0.387006
0.466877
0.659520
1.033370
0.332401

-1.071355
3.688407
4.026335
1.198683

-1.682226
-1.602361
4.541755
3.292275
1.273853
2.980462
2.579890
1.122871

-1.052243

-1.759037

-0.313978

0.090260
1.179865
1.383068
0.543323
-0.525455
-0.748349
2.089703
2.083669
3.137829
4.316085
2.694494
1.352715
0.463228
-0.813055
3.676268
4.141710
1.080836
-1.605779
-1.109910
4.456137
3.182797
1.460120
2.824247
2.219643
0.721882
-1.187641
-1.588635
-0.108670

0.101233
1.008923
1.210774
0.560659
-0.322552
-0.544691
1.701528
1.592666
2.931919
3.970627
2.745140
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-5.385370
-4.220759
-4.041390
-6.151050
-6.596832
-6.377374
-4.866746
-3.066314
-5.676724
-6.939336
-2.861129
-1.998228
0.211925
2.360167
2.693483
0.846921
-1.295063

esjjasfaniianfaniiasfaniiasfasfiasasfarfar RO NONONQ!

11
56

-0.112777
-0.094162
-0.494976
0.409940
-0.570866
-0.429282
-0.881297
-0.444627
0.756536
1.109350
1.472017
-1.259355
-1.924708
-1.647011
0.241958
1.841372
1.580426

scf done: -1265.789684

-4.684947
-4.171105
-3.977845
-4.261053
-4.681135
-5.063663
-4.638645
-5.603189
-5.230859
-3.883730
-2.916588
-3.274887
-3.586720
-5.060235
-5.017970
-3.184212
-4.215007
-6.132741
-6.653954
-5.991217
-3.591260
-1.866237
-2.497734
-3.395944
-3.450468
-4.196356
-5.458587
-5.824505
-0.466612
-0.204485
-0.517421
0.173189
-0.805369
-0.686206
-1.212834
-1.337579
-1.599344
-1.966016
-2.373431
-0.339364
-0.109216

o000 Z0O0O00N0QXITNIODNIT NI TSI DD TDOOOOO0OOOOOZOOON

-2.960284
-3.380894
-2.060767
-1.056287
-1.589256
-4.345580
-5.433233
-6.262790
-7.337571
-7.634960
-6.834119
-5.754415
-1.930919
-0.803170
-3.686391
-3.830493
0.015535
-4.159308
-6.032226
-7.955167
-8.481684
-7.059541
-5.141761
-2.801540
-0.952729
-0.274737
-1.473640
-0.075327
-1.032730
0.251371
-1.307013
1.389049
-2.683239
-3.636063
-2.873370
-4.222978
-1.836977
-1.997641
-2.103643
0.355315
1.553963

1.455597
0.695766
-0.592375
3.774638
3.949557
1.167295
-1.177976
-1.061696
4.690377
3.490845
1.245083
2.346027
1.898863
0.737329
-0.834114
-1.234971
-0.096084

-3.967379
-2.597222
-1.868265
-2.787146
-3.994225
-1.912976
-1.134152
-0.510388
0.261358
0.450272
-0.148510
-0.924824
-0.571005
-5.139825
-4.878909
-2.774200
-2.653911
-1.981919
-0.654862
0.725760
1.059665
-0.001717
-1.371848
0.045375
-0.123822
-5.550458
-5.898886
-4.863728
-1.272716
-0.646675
-2.578161
-1.364425
-3.015557
-2.258455
-4.320461
-4.836792
-5.179015
-6.422983
-7.649484
0.738464
1.389036

163



C 0264447 2.672187 0.663146
C  0.405539 2.584504 -0.715592
H -1.633398 -0.843937 -4.746560
H -0.667455 -1.856388 -0.590860
H -3.420625 -2.276079 -7.888288
H -1.690466 -2.031477 -8.491752
H -0.336897 -0.535333 -3.315168
H -0.630203 -0.524351 1.304104
H -0.218935 1.614981 2.465191
H 0448836 3.613004 1.168389
H 0.701365 3.457258 -1.285779
H 0293343 1.335355 -2.440512
H -0.715480 -4.337873 -5.727072
H -1.019030 -4.925400 -4.072985
H -2.374926 -4.430010 -5.114878
TS (IL_1-1V)

56

scf done: -1265.766306

0.194877 0.054051 0.110214
0.105525 -0.067816 1.496679
1.290207 -0.154479 2.226194
2.518227 -0.105678 1.590808
2.590287 0.023064 0.212316
1.421609 0.101608 -0.527139
-1.232088 -0.122961 2.110546
-1.462928 0.157073 3.451889
-2.826793  0.372266  3.908036
-3.104279 0.252416 5.259543
-2.198066 -0.218420 6.214772
-2.477772  -0.415072  7.476650
-2.699983 -0.633006 8.735513
-3.732471 0.628725 3.117684
-4.464085 0.462430 5.712138
-1.731024 -2.146734 1.862445
-1.609584 -2.831127 3.066512
-2.821007 -3.134073 3.641356
-3.904666 -2.583758 2.731254
-3.134579 -2.193848 1.489382
-5.067685 -3.477781 2.543467
-6.396212 -3.035500 2.441925
-6.758205 -1.666607 2.488211
-8.076862 -1.282132 2.393238
-9.085144 -2.229365 2.246729
-8.753761 -3.580563 2.191637
-7.441078 -3.978162 2.283624
-2.972062 -3.712383  4.692217
-0.348181 -3.085246 3.709624
-3.631882 -1.967745 0.277149
-4.228280 -1.653925 3.220882
-0.952714 -2.316988 1.123605
-4.873804 -4.543641 2.457391
-7.184460 -5.031823 2.242536
-0.533888 -4.324206 2.075188
-10.120151 -1.917616 2.174114
-8.329880 -0.228663 2.430367
-5.988688 -0.906986 2.592372
-4.694676 -2.045287 0.079323
-2.985012 -1.701593 -0.551745
0.047958 -2.173603 4.167518
-0.495471 -3.832507 4.486707
0.375323 -3.451688 2.979582

TDZITTZITIDITITID I T TZTOOOOOOOOO0O0O0O0OOZOOOOO0OZOOOOOOOOO
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esjjasfianiasfanfiasiianfaniiasfaniiasaniias

v

56

-1.199323
-2.041903
-3.054145
-2.546327
-0.639291
-0.720057
1.465199
3.553873
3.427159
1.260673
-4.463381
-5.037230
-4.928586

-0.447671
0.152138
-1.595110
0.137037
0.174160
0.119829
0.202603
0.061246
-0.168828
-0.256995
1.102256
0.929364
-0.492246

scf done: -1265.788179

TODITCTTITTCZIDITITTDIZITIDTITOOOOOO0ZOOOOaoooonooonoaazaonooaonoanonan

-6.413418
-6.075164
-7.055111
-8.285808
-8.595812
-7.649252
-4.826448
-3.733656
-2.787221
-1.492141
-1.534593
-2.771834
-1.412529
-1.637688
-2.855900
-3.866364
-3.000736
-3.063782
-0.369258
-0.098273
-0.087494

1.107648
2.310374
2.310009

1.114716
-2.858333
-4.124813
-1.692356
-0.625452
0.452084
-0.633843
-4.151605
-4.637424
-6.815367
-9.017936
-9.565626
-7.884319
-5.686817
-0.046202
0.457035
-0.610913
-1.732714
-2.220400
0.631395

1.216420

-1.082847
-2.420748
-3.198156
-2.674827
-1.356528
-0.570798
-2.983313
-2.267325
-1.467484
-1.397444
-2.620322
-3.170725
-0.130560
1.099601
1.869561
1.412095
-0.980098
-4.196655
-3.222205
-0.016489
0.118104
0.235826
0.225827
0.101923
-0.013603
3.130384
3.823556
3.890775
3.833529
3.742368
-1.416821
-1.580682
-4.008201
-4.225928
-3.292938
-0.945355
0.457390
-0.447831
-2.696127
-3.216587
-4.251408
4.579331
-0.212780
4.395558
2.998275

5.865677
1.438790
9.097275
9.487419
4.152364
-0.471432
-1.605248
-0.281822
2.177754
3.305471
6.596475
4.918071
5.980307

3.623793
3.941528
4.604857
4.924001
4.600058
3.950013
3.633160
2.940836
3.795428
3.037941
2.250516
2.175719
2.146746
2.939713
2.803166
2.276802
5.003086
1.596336
1.653513
1.408175
0.025976
-0.665443
0.021129
1.402246
2.089983
3.362204
3.487440
3.555204
2.803007
2.088772
3.720435
2.185474
3.940508
4.858439
5.431131
4.853488
3.698233
3.126754
0.751579
2.368010
1.392129
4.396242
1.411483
1.239636
2.304558

165



esjjasfieniianiianfiasiiasianiiasfaniias

-0.901329
-1.028996
1.097936
3.246718
3.246939
1.130877
-4.029856
-4.419754
-4.903093
-2.219272
-3.959458

TS (IV-V)

56

1.385469
0.121085
0.333138
0.315493
0.096668
-0.104616
4.591539
4.303009
3.119249
-0.452315
-1.090329

scf done: -1265.772199

TIDZITCTTITCZTITINIITIITITDTIIITIDTITDTIDITOOOOO0ZOOO0O0O00O00O00OO00O0ZOOOOCOOOOOAO

-0.024348
-0.016887
1.243475
2.407308
2.373396
1.145715
-1.227964
-1.339863
-1.247464
-1.997180
-2.986892
-2.675502
-1.116579
0.098955
1.377686
1.490765
-0.731413
-3.343305
-4.226653
-1.933673
-2.672401
-3.426718
-3.447381
-2.704648
-1.954135
2.457159
3.800750
2.194520
0.985703
0.094558
-2.499520
-0.571158
-2.149867
-0.980520
1.110720
3.294664
3.361557
1.294299
-4.081307
-4.708093
-4.878163
3.051501
-0.767962
-0.169974
-0.510787
-0.045030
-1.380565

0.006176
-0.023478
-0.088318
-0.125277
-0.098474
-0.031700

0.020530
-0.007418

1.311383

1.144160

0.136594
-0.537114

0.678202

1.541609

1.035554

0.224979

2.438754
-1.408263
-0.061147

0.585535

1.665541

1.558076

0.367541
-0.710556
-0.598991

1.538914

1.188811

2.055784

2.071335

2.356082

2.079725
-0.670846

0.100536

0.058771
-0.009216
-0.127298
-0.172626
-0.096289
-0.558819

0.902916
-0.674458

2.452393
-0.331641

1.633463

3.258065

2.616908
-1.448855

3.683099
-0.514214
-1.744756
-0.516872

1.947161

3.171886

4.255132

2.549494

3.774613

5.539874

5.497425

0.016445
1.432032
2.074807
1.339451
-0.051145
-0.705040
2.140810
3.615624
4.335512
5.627015
5.262509
4.126918
6.821254
6.974803
6.451895
5.545429
3.883336
3.607797
5.971247
8.088482
8.557715
9.712560
10.423231
9.971684
8.811814
7.125644
6.725870
8.393026
8.910786
9.863416
5.900519
4.044435
1.571112
-0.494775
-1.788285
-0.620758
1.852507
3.159074
6.933146
6.153989
5.350495
8.927790
6.575856
10.631945
9.826694
6.879062
8.455002
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esjasijaniasiianjiasiiasianiias

v

56

-2.712882
-4.040648
-4.000266
-2.658248
4.501313
4.065832
3.884239
-0.778322
-0.243166

-1.645328
0.282207
2.408869
2.608398
1.892224
0.175512
1.244924
3.353170
2.487326

scf done: -1265.856785

TIDITCTTITCZTTIDITITITNITITD TN ITIZDTIOOOOOOOOOO0OOZOOOOOOOZOOOOOOOOAO

0.307742
-0.098062
0.877409
2.220173
2.609618

1.648739
-1.549452
-2.143513
-1.371394
-0.916886
-1.332074
-2.090868
-2.696654
-2.413987
-3.790862
-3.731346
-2.609125
-1.892180
-4.990723
-5.947821
-5.810339
-6.777942
-7.917421
-8.078472
-7.118735
-4.868224
-0.818563
-2.397343
-1.171723
-0.124749
-2.464890
-3.345636
-5.198541
-7.245379
-8.964811
-8.674469
-6.649819
-4.935407
0.167455
-0.890963
-0.916559
-1.085825
-1.582731
-2.595502
-3.294033
-3.175152
0.572781
2.962862

3.658425

-0.472933
-0.439101
-0.328335
-0.240519
-0.266370
-0.386316
-0.508186
-1.918743
-2.880938
-3.895318
-3.727252
-2.569688
-2.151317
0.603565
0.670436
1.696689
2.607257
1.936330
2.410941
1.991318
0.810450
0.438763
1.216226
2.380161
2.762036
0.025347
2.564831
3.738667
-2.773884
-5.003281
0.475543
1.210402
3.312998
3.669765
2.989579
0.916829
-0.470503
0.183101
2.263610
2.303913
3.644021
-4.467939
-0.334508
-2.729710
-1.251097
-1.893905
-0.309122
-0.148974
-0.195178

10.520341
11.325958
10.061956
8.018618
7.173233
7.041125
5.642187
4.464816
2.916274

0.830338
2.161991
3.147075
2.817583
1.489152
0.497775
2.568173
2.387835
3.278540
2.477923
1.169307
1.023996
-0.124677
1.937476
2.547806
3.652350
3.171439
2.238186
3.957056
4.894214
5.662638
6.568959
6.749257
6.002144
5.094836
2.138096
1.506873
3.557265
4.468906
2.947052
0.850586
4.562099
3.387890
4.513665
6.136183
7.464053
7.145106
5.530359
1.868028
0.449277
1.617348
0.422277
3.652140
-1.035580
-0.177926
2.756256
4.188735
3.601632
1.225858

167



H
H
H
H
H
H
H

1.944483
-0.429953
-0.645498

0.835861

0.046098
-4.840134
-5.825999

TS (V_1,7)

56

-0.407826
-0.554301
-5.947590
-5.033450
-4.873340
-0.666357

0.170244

scf done: -1265.815407

TITTIIITIONODIODONIONCOD I DD T T TI T I DN TOOOOO0O0O0O0OOZOOO00000O00ZOOO0O0O0O0O0O00

0.005499
0.004580

1.236866
2.425507
2411355

1.199361
-1.235562
-2.511725
-3.285021
-4.517380
-4.656130
-3.566626
-2.939431
-5.460731
-3.510139
-1.418456
-2.464930
-3.570753
-3.006230
-1.827773
-4.527766
-5.856336
-6.482078
-7.794339
-8.542086
-7.948109
-6.637894
-2.322726
-1.028304
-3.516358
-0.438271
-4.283660
-4.149906
-6.178073
-8.520457
-9.574672
-8.247262
-5.907846
-1.075993
0.016105
-1.402330
-5.668208
-0.987557
-4.323198
-2.652431
-2.196064

1.264831
3.367352
3.340779

1.173365
-0.933724

-0.084647
0.015088
0.095537
0.089961

-0.001985

-0.091872
0.001353
-0.620964
0.169928
0.459272
0.045383
-0.878985
0.459671

1.348098

-1.777699

1.356159
2.308507
2.330672
1.784651
1.182091
3.444771
3.438368
2.317865
2.375225
3.538127
4.657128
4.612802
3.030103
0.480911
1.810179
1.849103
1.186701
4.388196
5.486654
5.569162
3.573591
1.505256
1.415029

-0.604988
0.795791
0.715214
-0.164929
-0.710573
-1.887445
-2.430231
-1.562892
0.147212
0.147963

-0.008948

-0.168853
-0.143142

-0.544726
0.039493
2.778621
2.430023
4.013717
1.303118
2.625698

0.017663
1.402005
2.053470
1.349882
-0.034075
-0.692080
2.273129
1.651495
0.588061
1.109390
2.443189
2.702654
-0.536035
0.486182
3.684120
3.032196
2.507666
3.456441
4.729300
4.414145
3.445096
3.895348
4.495757
4.905732
4.742666
4.164848
3.752095
1.391825
5.377328
5.834414
3.018263
3.114265
3.053889
3.301256
4.039331
5.068357
5.367889
4.664160
5.240828
5.306428
6.372627
2.784590
3.070030
4.392743
3.804606
1.189984
3.138640
1.883281
-0.591449
-1.773199
-0.516721
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-6.449345
-5.534656
-5.119092
-1.427251
-3.095565

esjjaniiasiianiias

V. 1,7
56

0.887566
2.280376
1.571262
2.951209
3.706959

scf done: -1265.857617

-5.996004
-5.102133
-4.347453
-3.360068
-3.534555
-2.371713
-2.088204
-4.505833
-2.074442
-1.519781
-1.374651
-0.788342
0.537635

1.672767
2.912170
-0.538679
-1.718237
-1.158402
-1.775027
-2.999449
-3.084959
-1.864010

3.040213

1.919814
0.681069
-6.727392
-6.605650
-5.741773
-5.000496
-4.081913
-4.043621
-0.346345
-0.519488
-1.141167
-4.510993
-6.089169
-7.402175
-7.183204
-5.653383
-4.348882
-2.072467
-1.117575
-2.864650
-1.987283
-0.043170

0.045292

1.579142

3.781248

4.009177

2.006930
-0.180882
-4.490513

TONITCTTITICZTTTONICSITITOC IS TDITITOTIT TN T T OOOOOOO0O0OO0OTOOZOOOZDOOOOOOOOOOZOOOOANO

-2.091569
-1.583000
-2.465484
-2.072269
-2.270413
-1.868517
-2.057715
-2.731250
-1.584772
-1.373074
-1.419782
-0.033849
0.175603
-0.411817
-0.283098
-0.125541
1.197630
2.302798
2.143205
1.428531
0.988636
1.485386
0.445824
1.036550
0.901571
-1.248337
0.132706
0.655358
-0.175969
0.537248
1.290656
3.281367
-2.112271
1.570449
-3.532876
-3.167572
-1.660845
0.795429
1.730082
0.236217
-1.114070
-2.546403
-2.690760
3.107148
4.040721
3.363015
-0.978405
-0.748086
0.555480
1.609677
1.368469
2.258208

0.443359
1.058583
-0.522322
0.785712
1.046128

5.740615
4.766732
3.977492
2.989544
1.544818
0.952238
-0.441495
0.968123
3.228209
4.457472
1.899346
1.539387
2.239342
1.689237
2.291620
0.473560
1.651721
0.796270
-0.565528
-0.274919
1.001925
2.695408
3.462358
4.021738
3.415518
6.542436
6.406842
5.449182
4.639821
1.529523
-1.250276
1.151886
1.861103
-1.258114
4.119645
5.847718
7.283870
7.040311
5.336103
3.875623
-0.997052
-0.569936
-0.869020
-1.038398
0.439195
2.158968
0.766429
1.840748
3.934944
4.937456
3.878918
-1.496364
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anjjasfaniian

-3.643394
-4.815499
-0.491961
-2.106191

V_1,7 rot)

56

0.853869
0.634281
-1.060821
-1.553760

scf done: -1265.858463

esliasfianfiasfanfiasfasfiasfasfasfiasfiasfiasfiasfasfiasfasfiafasfiafafiasfis - HoNoNo oo NoReRoNo o HoNo o No XoNo XeXo oW Ao No N o No Xo No Xo No X!

-0.112668
0.224226
1.592136
2.551349
2.193656
0.856765

-0.736291

-2.163876

-2.792523

-4.137142

-4.496953

-3.164539

-2.243602

-5.106765

-2.985650

-5.331256

-4.615510

-3.792705

-4.551138

-5.608125

-5.700224

-2.566769

-6.508698

-6.528611

-6.108020

-7.407063

-8.179491

-7.665243

-6.376803

-5.604539

-6.099074

-4.014651

-5.146230

-4.972431

-0.385209
1.870475
3.591559
2.951846
0.576022

-1.149560

-5.536282

-5.920035

-4.612608

-3.918089

-2.070477

-2.014367

-7.818527

-9.187632

-8.266365

-5.963365

-4.595485

-5.965237

-7.025814

-7.242947

0.621534
-0.463206
-0.820124
-0.143971

0.914210

1.288426
-1.177641
-0.911518

0.285493

0.144368
-1.080230
-1.763269

1.223105

1.089441
-3.036911
-0.772197

0.103593
-0.485520
-0.300381

0.617156

0.884008
-0.979268

1.125370

1.602251
-1.960277
-2.140021
-3.215126
-4.137112
-3.973183
-2.898930
-0.091959

0.830270
-1.683726
-1.242832
-1.982576
-1.646288
-0.437028

1.446409

2.116169

0.932312

1.686874

0.569884

1.760916

0.113571
-1.298459
-1.094779
-1.415586
-3.327832
-4.978374
-4.689266
-2.797427

1.702604

0.304085

1.767463

-2.169416
-0.850210
4.581983
5.351159

0.193651
1.040025
1.128383
0.413451
-0.418748
-0.519167
1.771864
1.740997
2.322445
2.133570
1.450700
1.279801
2.876361
2.612463
0.813711
0.185661
-0.866064
-1.985935
-3.272112
-2.922076
-1.605357
-1.943467
-3.918190
-1.075962
-0.331226
0.139371
-0.265110
-1.161008
-1.640334
-1.227669
0.573794
-0.303850
2.103434
-3.649828
2.415321
1.774785
0.497197
-0.980583
-1.160373
0.115891
1.801647
3.126193
3.313016
-4.064251
-2.854195
-1.020257
0.836739
0.116577
-1.485599
-2.341273
-1.607338
-4.670701
-4.422124
-3.435674
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H
H

-3.821550
-1.986380

TS (V_1,5)

56

-3.671316
-3.447880

scf done: -1265.818083

I I T I I OI I OISO IR IR DTN TN TOQOOO0O0O0O00O00O0ZOOOOO0ZOOOOOOOOONO

-0.002576
-0.004790

1.224047
2.413249
2.400908

1.190031
-1.251756
-1.362935
-0.789489
-0.657479
-0.927373
-1.311328
-0.459088
-0.898574
-1.605590
-2.595847
-3.573139
-4.352930
-3.915792
-3.234507
-4.630970
-4.717502
-4.210725
-4.317108
-4.919507
-5.436008
-5.345207
-5.188479
-3.476101
-3.122895
-1.152837
-2.686719
-2.435703
0.342090
-5.126480
-5.749203
-5.913727
-4.996622
-3.940484
-3.775554
-2.688380
-3.269053
-4.425318
-1.382438
-0.067370
-0.556484

1.243044
3.355434
3.331395

1.164646
-0.933011
-1.575770
0.107850
-1.215183
-2.577548
-3.598139

-0.033418
0.004249
0.036583
0.011318

-0.041511

-0.058222
0.035951

-1.127390

-2.456042

-3.044010
-1.934776

-0.809558

-3.113038

-2.082563
0.257134
0.263550
0.851098

-0.096815

-1.402701

-1.052955

-2.662742

-3.385382

-2.909792

-3.667221

-4.921800

-5.406501

-4.657858
0.091182
2.202839

-1.774544
0.917481
-1.423310
0.918920

-3.456416
-3.081761
-5.035676
-6.379040
-5.511139
-3.274383
-1.917525
2.312159
2.876610
2.482592
-3.852495
-4.122736
-2.667205
0.080465
0.036819

-0.062724

-0.091256
-0.046566
-2.883116

-2.328576
-1.146088
-1.413376
-2.744469

0.550131
0.720782

0.019108
1.405937
2.063358
1.361567
-0.024725
-0.691144
2.257998
3.231517
3.076076
4.455844
5.336899
4.688323
1.960729
6.763263
5.202497
1.489714
2.394296
2.986019
2.395318
1.164763
2.584693
3.780867
5.017536
6.161686
6.131612
4.931704
3.784237
3.847377
2.872131
0.047504
2.904778
3.098470
0.631015
4.631508
1.711021
2.850627
4.903502
7.037260
7.099621
5.072899
3.625752
2.039241
3.326743
4.625567
2.012813
0.979861
3.149260
1.896826
-0.579625
-1.774096
-0.535438
7.077996
7.112082
7.219525
-0.815278
-0.040199
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VI
56

scf done: -1265.861571

T TSI OI T OD IO IODIOTSI TSSO TIOD IO TN IO ZOOOOO0OOOZOOOOOOOON

-0.229916
0.037624
1.388711
2.396866
2.107778
0.787764

-0.961670

-2.402377

-3.170821

-4.351778

-4.589189

-3.205835

-2.785364

-5.342964

-2.746778

-5.685026

-5.189690

-4.504478

-4.156649

-4.711154

-5.357806

-4.157137

-4.641666

-5.963153

-6.390547

-7.376614

-8.085829

-7.826705

-6.862754

-6.154459

-6.452673

-2.524334

-4.952220

-4.589528

-0.667213
1.617132
3.422517
2.903295
0.555208

-1.253002

-6.112406

-5.809585

-4.849799

-3.070869

-3.603498

-4.431107

-7.585099

-8.847025

-8.377502

-6.653364

-5.414627

-3.601567

-5.137533

-5.137554

-3.361968

-1.722536

1.211859
0.195979
0.007627
0.771377
1.758436
1.970421
-0.614179
-0.528138
0.482782
-0.074884
-1.391048
-1.786823
1.591194
0.607106
-3.015651
-1.319718
-0.603225
-1.081794
0.097588
1.218571
0.853314
-2.358692
2.557495
1.606042
-2.623434
-2.605405
-3.743948
-4.938531
-4.969601
-3.821509
-0.658224
-0.165708
-2.052245
0.009885
-1.332346
-0.761869
0.602963
2.359500
2.743449
1.409689
1.063335
-0.099237
1.391822
0.199635
-2.558251
-3.205020
-1.674556
-3.699859
-5.835551
-5.892901
-3.883374
2.874352
2.636505
3.221475
-3.892095
-3.189288

-0.508882
0.439864
0.820100
0.280691
-0.657561
-1.042130
1.002609
0.680967
1.541413
1.879454
1.309036
0.851675
1.851899
2.671429
0.693261
0.205596
-1.006411
-2.126350
-2.993257
-2.286379
-1.144274
-2.457949
-2.792592
-0.395380
-0.107939
-1.093809
-1.421834
-0.765295
0.224381
0.552459
0.632594
-0.351912
2.103478
-3.997051
1.763391
1.550659
0.588900
-1.081437
-1.765810
-0.810110
2.043519
3.361069
3.242869
-3.116950
-3.368310
-1.841509
-1.613089
-2.192149
-1.022461
0.752135
1.340391
-2.910622
-3.764501
-2.086475
0.856759
0.381326
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TS (VI-VII)

56

scf done: -1265.817817

TIDT T T OI IO IODIODIIOTTSI ST IO IO IDID IO ZOOOOOOCOOOZOOOOOOOON

-0.028165
-0.034928

1.210471
2.395040
2.368732

1.158138
-1.284006
-1.212830
-2.098637
-1.286491
0.037682
0.146418
-3.293611
-1.736691

1.307327
-1.602727
-2.931453
-3.954287
-3.125270
-1.816830
-5.198248
-6.338994
-7.472845
-8.606787
-8.663736
-7.562062
-6.419951
-3.137621
-0.744738
-3.563439
-0.795589
-4.192422
-5.215922
-7.430850
-9.460555
-9.557719
-7.599656
-5.569644
-0.201565
-0.037870
-1.172611
0.808393
-2.133175
2.273494

1.268157
-1.584865
-0.972124

1.134252
3.289713
3.332582

1.201909
-1.578032
-1.206141
-2.801180
-2.318234
-4.133172

0.040801
0.006025
-0.053789
-0.257036
-0.212087
-0.062943
0.348879
1.852908
2.698656
3.623751
3.455933
2.461563
2.572417
4.639736
1.836201
-0.574125
-0.253836
-1.079315
-2.296140
-1.949773
-1.409762
-0.593382
-1.015007
-0.240893
0.986106
1.425209
0.659931
0.502138
-2.873354
-3.379633
-0.537302
-0.562424
-2.344263
-1.971692
-0.588801
1.595401
2.381774
1.029405
-2.618515
-2.878451
-3.868648
4.095221
0.252965
2.233055
1.502575
1.956348
0.159359
-0.043659
-0.323450
-0.410212
-0.473461
5.637158
4.567145
4.492843
0.995145
0.645025

-0.023481
1.352015
2.058939
1.298344

-0.074585

-0.750896
2.104321
2.528951
1.632781
1.039604
1.456545
2.360187
1.455320
0.125458
2.886641
3.297675
3.925543
3.187733
2.786674
2.858663
3.915238
3.963289
4.699111
4.770464
4.114835
3.387386
3.309121
4.988584
2.590726
2.459463
4.040460
2.243049
4.469397
5.210026
5.340761
4.172047
2.878511
2.744819
1.677427
3.424343
2.481379
1.048319
1.417030
2.588250
3.919382
3.553600

-0.548781

-1.833678

-0.635889
1.821363
3.061238
0.540743

-0.825718

-0.047989
5.500484
5.393951
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vl
56

scf done: -1265.855952

I I T OI T OI I D IS DS T T OIS DTSN TN TIOQOOOO0O0O0O0O0O0O00O0ZO0OOO00ZOOO0O0O0O0O0OOO

0.350066
-0.107786

0.485931

1.554638

2.051432

1.502230
-1.263006
-1.244326
-0.405232
-0.625265
-1.676176
-2.042718
0.638993
-2.182807
-2.856920
-2.601098
-3.697728
-4.654037
-4.231310
-3.175870
-5.344750
-6.116013
-5.914563
-6.690822
-7.696675
-7.920065
-7.151577
-5.659815
-3.694914
-2.876564
-1.131677
-3.742462
-2.392684

0.280327
-5.609878
-7.327415
-8.704213
-8.303423
-6.518008
-5.149334
-2.998239
-3.417476
-4.696421
-0.916163

1.614795

0.719717

0.121029
2.003512
2.891511

1.898726
-0.500936
-2.598299
-1.398433
-2.970650
-2.142925
-3.353211

-1.565827
-0.154146
0.886415
0.706601
-0.594146
-1.670326
0.080073
-0.933819
-1.971613
-2.734337
-1.999601
-0.898137
-2.284996
-2.338910
-0.061759
0.186345
0.723355
-0.176280
-1.528648
-1.114689
-2.351441
-3.228238
-3.410584
-4.291393
-5.023576
-4.857092
-3.979767
0.032274
2.073930
-1.701492
1.074613
-2.049850
0.860999
-2.770441
-2.236145
-3.851900
-5.421318
-5.714483
-4.410572
-2.837079
2.194006
2.760930
2.317821
-3.773869
-1.965766
-3.364061
1.893636
1.560619
-0.728634
-2.665859
-2.123586
-3.350124
-2.284271
-1.632421
-1.273749
-2.625596

1.329431
1.556650
0.908227
0.015154
-0.216862
0.392701
2.494706
3.593202
3.655118
4911640
5.558388
4.843379
2.658100
6.855738
5.197884
1.695443
2.477151
2.790872
2.188439
1.206478
1.677640
2.457558
3.847120
4.566168
3.943539
2.579478
1.851273
3.434731
2.966498
0.060995
2.943270
3.027494
0.855084
5.531781
0.629875
0.787853
2.087563
4.516591
5.629884
4.360178
3.800302
2.163348
3.317130
4.711431
3.047168
2.490975
1.097397
-0.476493
-0.889910
0.215398
0.897851
6.861791
7.616445
7.113499
-0.614827
-0.245951
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TS (VII-VIII)

56

scf done: -1265.811466

I I OITIOIIOIIOIIOICI T T DTSN TID TN TIOOOO0OOO0O0O0O0ZOOOOOO0OO0OZOOOOOOOOO

0.009709
-0.013476

1.237151
2.420681
2415571

1.201241
-1.195534
-2.569166
-3.095852
-4.377474
-4.912238
-3.653779
-5.959988
-5.490669
-4.837512
-4.525084
-5.007167
-6.104468
-4.500865
-5.059578
-5.685584
-4.899180
-5.747157
-6.787841
-6.931617
-6.298163
-5.033565
-5.150244
-2.458826
-3.399430
-6.892260
-2.577163
-5.442885
-4.937497
-1.095316

1.244359

3.362500

3.348893

1.190669
-0.923203
-6.064397
-5.401997
-4.551174
-3.415266
-5.003840
-3.450159
-7.692370
-7.464354
-5.627439
-4.124366
-4.087084
-4.006233
-5.553709
-5.531420
-4.211207
-2.433446

-0.150647
0.006114
0.094962
0.029541

-0.125378

-0.213635
0.085018
0.039227
1.450874

1.534884
0.309733

-0.506042

-0.382161

-0.420182

-1.446508

-2.701596

-2.645101

-1.764548

-1.142352
0.169252
0.625518

-3.854202

-4.120879

-3.245039

-2.059197

1.676144
0.848738
2.750904
2.327865

-0.906650
0.186096
-0.492169
0.523639
-1.869435
0.280569
0.217580
0.101548

-0.173479

-0.328142
-0.206349
2.621413
3.050213
3.531594
-1.149154
-3.543410
-2.917805
-1.338192

-3.472132

-5.037906

-4.564896

-1.776289
1.020100
0.272588
1.810527

-0.995161

-1.299254

0.013240
1.419623
2.079066
1.382886
-0.000740
-0.673911
2.172912
1.628274
1.301110
1.720312
2.268540
2.551094
1.311307
-0.102298
-0.647826
0.061582
1.507262

1.851130
-2.063309
-2.252674
-1.130877

2.266995

3.311760

3.629110

2.904362
-1.029989
-3.514705

1.701507

0.755660

3.848102

1.390730

0.667884

3.203824
-2.760199

3.237194
3.157453

1.915036
-0.548870
-1.751888
-0.536633

1.122442

2.722863

1.235851
-2.231758
-0.455771

0.026954

3.190970

4.443734

3.877952

1.995834

1.993285
-3.846620
-4.285484
-3.399820

4.561693

4.141758
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VIII

56

scf done: -1265.874469

TICT T T OI IO IODIODIIOTTSI ST IO IO IDODID IO ZOOO0OO0OO0OO0ZOOON

0.414597
0.244604
1.443629
2.507893
1.760636
-1.040660
-0.863049
0.390820
1.664190
0.474512
-0.654732
-1.900233
-1.994014
-1.661677
-2.085250
-1.294308
-0.163742
-0.715799
0.282713
1.279360
1.621355
2.594377
3.271502
2.952812
1.979670
-1.437317
-3.207079
-1.458795
2.379738
-0.451886
-1.778580
0.663037
-2.542410
3.134424
-0.229844
1.094943
2.834027
4.037040
3.471284
1.737046
-2.974896
-4.069790
-3.451645
3.179414
2.417162
2.103780
-2.968276
-2.794889
-0.564953
1.454317
0.102096
3.097170
2.906192
1.603513
-2.420409
-1.033340

0.665111
0.163528
-0.104271
0.249809
0.726956
-0.007550
-0.920046
-1.201525
-0.668840
-2.015789
-2.553393
-2.288414
-1.479498
1.333828
2.193125
3.267871
3.212968
2.238054
4.539150
5.316677
6.577100
7.365428
6.937985
5.705617
4.908686
4.113641
1.863303
2.920094
1.140434
0.963190
-0.457377
2.710590
1.075504
-0.612179
4.961741
6.913551
8.325725
7.560692
5.368824
3.960767
1.026838
1.603255
2.731135
1.025617
-1.464213
0.093788
-1.278355
-2.715042
-3.186383
-2.232065
1.652890
1.946334
0.311541
1.501965
3.376759
3.057742

0.451687
1.833474
2.348159
1.372594
0.239310
2.557374
3.750310
4.294897
3.693916
5.420183
6.004899
5.456113
4.340812
3.027573
1.944718
1.740652
2.774213
3.845403
3.245025
2.632581
3.180671
2.612717
1.473695
0.912000
1.471906
0.880984
1.108397
4.928326
-0.986183
-0.353171
1.879166
2.253490
3.629814
1.109430
4.106733
4.068293
3.055184
1.026560
0.021185
1.003751
0.444935
1.726614
0.497975
1.766937
3.652569
4.351998
3.904261
5.894218
6.879811
5.835547
4.270800
-0.808527
-1.468434
-1.659390
4.717358
5.912787
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Product 2

56

scf done: -1265.958130

TICT T T OI IO IODIODIIOTTSI ST IO IO IDODID IO ZOOO0OO0OO0OO0ZOOON

0.070622
0.093768
1.220713
2.071065
1.275690
-0.965398
-0.857197
0.318400
1.538359
0.362904
-0.731223
-1.903149
-1.956937
-0.921843
-1.188662
-0.105177
1.057239
0.428590
1.377041
1.230717
0.040657
-0.061772
1.024555
2218114
2.316363
-0.086268
-2.474019
0.408900
1.652804
-0.835807
-1.950868
1.899372
-1.693687
2.279363
2.404188
-0.825353
-0.998874
0.943883
3.077087
3.254242
-2.585101
-3.262045
-2.569111
3.041776
1.979830
2.322058
-2.876343
-2.773807
-0.675210
1.278830
1.046938
2.610943
1.737660
0.886861
-0.584660
0.753259

0.014075
-0.205033
-0.839132
-1.014843
-0.425931

0.161931
-0.689673
-1.359958
-1.331454
-2.092824
-2.170247
-1.512785
-0.782331

1.658343

2.549163

3.216602

2.946581

2.150266

4.099588

5.519927

6.227615

7.530274

8.148203

7.453932

6.156040

3.918181

2.597364

3.441129
-0.464004

0.459064
-0.001681

2.539295

1.806386

-2.073375

3.944412

5.762060

8.064869

9.167224

7.928519

5.616474

1.785005

2.524563

3.547308
-0.512457
-2.332986
-0.709357
-0.273541
-1.574710
-2.750540
-2.617599

1.365227

0.037497
-1.492732

0.049859

3.894965

3.368121

0.243919
1.707882
2.030168
0.823981
-0.219511
2.684093
3.927945
4.269054
3.386025
5.450702
6.289799
5.947825
4.776787
3.087778
1.974093
1.504977
2.428739
3.583344
3.424789
2.984163
3.104406
2.641695
2.046431
1.919665
2.387381
0.509338
1.327215
4.423215
-1.602196
-0.440960
2.227834
1.864584
3.855697
0.619285
3.767259
3.562594
2.748780
1.686312
1.458858
2.291185
0.603638
2.079387
0.802237
0.929526
3.329894
3.840507
4.500869
6.589916
7.203337
5.705825
4.013789
-1.759648
-1.965515
-2.181160
4.424442
5.454124
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Reagent 3
31

scf done: -672.184525

-1.364584
-1.614161
-0.568553
0.757324
0.989170
-0.055112
1.917769
2.021699
3.400894
3.569829
2.622579
2.714486
2.767262
4.323111
4.822122
1.784032
2.844158
3.254984
2.327849
0.937604
2.013685
0.152637
-2.186971
-2.634645
-0.790644
4.635003
5.452600
5.330362
1.362018
0.285542
0.302183

IZICZTIDITIIODIIODIIDIOQOIDIZ D TOOOO0O0ZOOO00O00O0O00

I beta Me
31

0.522320
0.062131
-0.215376
-0.035839
0.402076
0.686941
-0.296649
-0.351191
-0.574073
-1.611967
-2.631089
-3.614845
-4.619480
0.162268
-1.752801
-2.595383
-0.432839
-5.553265
-4.572885
-0.072963
0.523981
1.033811
0.740681
-0.089015
-0.602229
-1.798126
-0.899008
-2.672328
0.209516
-0.932278
0.745907

scf done: -672.115521

-0.243716
1.080835
1.408434
0.450456

-0.861824

-1.200454
2.153641
2.102573
3.426085
4.311074
3.598164
2.801283
2.955367
2.508736
4.753961
4.441077
2.068822
1.687767
2.942316
5.180849
5.508243
0.870544
3.150835

TOZTZTTZTIZDTOOOOQZOOO0O0O0O0O0O0O0

-0.198654
0.211734
0.881847
1.165254
0.764496
0.074336

-0.031086

-0.288393

-0.417022
0.405096

-1.495683

-2.624031

-3.672548

-4.891303

-1.522590

-1.851570

-2.649214

-5.362938

-5.463324

-0.526290

-2.219170

-0.311241
0.044229

3.966428
2.683543
1.821380
2.224212
3.531726
4.389851
1.381277
0.048821
-0.494136
-1.377158
-1.531722
-2.385661
-3.204095
-0.192837
-2.090897
-0.844924
1.936380
-2.935963
-4.197224
-0.947341
3.868408
5.395399
4.637386
2.351088
0.835880
-3.165925
-1.863630
-1.791071
-1.912373
-1.127372
-0.604566

1.735884
1.909130
3.091764
4.045654
3.849713
2.697105
0.953238
-0.359685
-1.044136
-0.893153
-1.891722
-1.840584
-2.692204
-3.014465
-2.771339
-3.763728
-1.037257
-2.473481
-3.828478
-2.826419
-2.397997
-1.213117

1.382337
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esjjasianiiasaniiasfaniian

2.437256
0.728993
-1.615820
-2.220128
-0.528579
0.307484
0.194682

1.123675

TS rot Me

31

1.187672
1.695363
0.978649
-0.260481
-0.761631
-1.245225
0.495784
-0.175583

scf done: -672.101595

TZIZITIOIITIODIDITDITDTIZIOOOO0ZO0O0000000O00

0.015558
-0.043603
1.117841
2.370221
2.409570
1.249864
3.636222
3.928534
5.353440
6.282524
2.990442
5.576934
4.574425
4.397087
3.678544
6.949476
7.007054
4.000460
2.926399
3.808281
7.604297
7.286690
4.466181
3.374670
1.308096
-0.896441
-1.004689
1.046445
2.378103
2.306632
3.537472

I rot Me

31

-0.198704
-0.159710
-0.133721
-0.144941
-0.151967
-0.190401
-0.112228
-0.553475
-0.366881
-0.552624
-1.292690
0.019423
0.591147
1.934832
2.875306
0.253837
0.151038
-0.085472
2.613432
3.932879
-0.476641
1.257762
0.306340
-0.133236
-0.206303
-0.222086
-0.142297
-0.070658
-0.631704
-1.906961
-1.952884

scf done: -672.114528

aoaQzoaoaonoaoaonoaan

-1.191995
-0.207109
1.101508
1.390159
0.403552
-0.894477
2.186950
2.129393
0.917455
3.435554
3.525577
4.696492
4.387396
2.710027

0.031080
-0.236535
0.211662
0.910876
1.190036
0.753437
-0.050135
-0.241669
-0.071634
-0.461071
-1.517187
-1.552650
0.281529
-2.637039

3.252306
4.948952
4.597908
2.545656
0.857203
-1.138622
-0.923353
-2.265625

-0.233948
1.149535
1.900281
1.281607

-0.115575

-0.865490
2.004449
3.234246
3.657511
2.889309
4.136242

4.952295

5.776498

5.862966

6.489537

5.374200

6.457279
6.412323
7.234840
6.283287
4.904314
5.097299
1.439554

-0.611809

-1.947506

-0.818703
1.650391
2.978069
4.755274
3.547302
4.812006

2.664983
1.730893
1.924486
3.099256
4.025257
3.809337
0.988428
-0.336256
-1.204058
-1.025614
-1.913979
-2.776002
-0.864587
-1.878496
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1.868115 -2.947563
0.940351 -3.795919
4.517279 -2.262593
2.820738 -3.293121
0.643998 -4.679650
0.448591 -3.647539
4.878073 -0.566157
5.585232 -1.861113
3.177132  -0.078723
2.408456 1.242581
0.648681  1.744409
-1.668825  0.963685
-2.199260 -0.334028
-0.450577 -0.827777
0.288565 -0.962892
0.299250  0.746371
1.211126  0.167801

esjjasieniianfaniiasfaniiasfasfiasiiasfasfiasfarfas RO N Q!

TS 5-exo
31

scf done: -672.113852
0.299542  0.560234
0.112687 0.692872
0.989367 0.085903
2.071878 -0.631933
2.252522 -0.769387
1.362069 -0.176834
0.867618 0.170569
-0.239077  0.320849
-0.031381 0.513934
-0.427651 -0.514459
-0.329265 -0.321338
0.429113  1.544595
-0.813994 -1.740116
-0.807094 -1.950970
-1.005456 -2.763188
0.714426 -0.270342
-1.107484 -2.483377
-1.359570 -3.788072
-0.810023 -2.420066
-0.818810 0.608817
-0.814824 -1.154263
-1.624696  0.654308
1.794656 -0.024524
2.774415 -1.092467
3.094867 -1.338292
1.502387 -0.278520
-0.389068 1.046178
-0.705181 1.302649
-2.361822  0.407544
-1.713231 1.725844
-1.888737 0.111808

ITITZTTODTITTDTOTIZI DT TIOOO00OQZOO00000O00

III 5-exo
31

scf done: -672.174709

C -4.275794 -0.026673
C -3.201752 0.712721
C -3.818317 0.785035
N -5.050939 0.194049
C -5.326887 -0.283662
C -1.980342 -0.143670

-0.856530
-0.410397
-3.581019
-2.741139
-0.976616
0.547048
-3.197110
-2.221559
1.439049
3.275486
4.923781
4.537673
2.500779
0.856228
-1.252599
-0.829756
-2.227890

-0.174231
1.189786
2.097212
1.572291
0.210278

-0.672703
3.541530
4.306748
5.779962
6.598562
8.033067
6.236429
6.075720
4.735363
3.697390
8.347853
6.814229
3.806588
2.682392
8.318215
8.535958
3.840788
4.079173
2.259760

-0.166052

-1.742285

-0.855934
1.549493
4.606919
3.635534
2.932065

0.655410
1.451288
2.856553
2.796680
1.526127
1.551703
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-0.712847
-0.274538
0.993993

1.886079

1.482673
0.219637
-3.316612
-5.953586
-4.166283
-6.180165
-6.265220
-4.962883
-3.274176
-5.474573
-6.885931
-3.059273
-2.137621
-0.087509

2.165942
2.881439

1.296340
-0.938109
-4.004959
-2.279976
-2.838601

esjjasfanfiasfasfiasiiasfasiasf@Rasfasfasfanfasf-HoNoNoNONONONORONQ!

-0.077247
0.910778
0.871961

-0.137976

-1.125259

-1.098395

1.285855
0.093184

-0.352353
-0.952261
-0.781858
-0.871917
-0.104967
0.543566
0.620192
2.151221
-1.021780
-1.873003

-1.921446

-0.157687
1.642822
1.709713
2.677404
2.676149
2.197106

TS (I rot Me-IIT)

31

scf done: -672.111140

0.163493
0.020750
1.121083
2.369569
2.510283
1.405160
1.032259
0.024253
0.154553
0.655343
0.827524
-0.181198
0.718929
0.717121
0.691529
-0.135146
0.769848
0.623542
0.742500
1.385970
1.381836
-1.215999
1.971362
3.236962
3.486926
1.513159
-0.700087
-0.949010
-1.508915
-1.078061
-2.055162

ITITZTTDTTITZTQOTITZ DT TIOOO00OZOO000O00O00

-0.162936
-0.197863
0.004893
0.209976
0.256764
0.073699
-0.053512
0.388538
0.190275
-1.027016
-1.143629
1.039695
-2.208607
-2.326572
-3.248990
-1.179748
-3.098405
-4.314630
-2.975696
-2.051584
-0.286499
1.079903
-0.305194
0.340282
0.428401
0.102175
-0.329964
-0.417169
1.818607
1.582691
0.383788

0.945093
0.028725
-0.506934
-0.165940
0.728621
1.268410
3.838675
3.915280
-0.662651
4.131508
1.328864
-1.181099
-1.226742
4.782207
3.704911
0.966319
2.177756
1.963709
1.001652
-0.593192
-1.206822
-0.267408
1.121102
1.521940
-0.099353

-0.097539
1.278047
2.112901
1.524601
0.150274
-0.665995
3.569371
4.363796
5.818720
6.263983
7.705325
6.629697
5.529583
4.172006
3.203621
8.219538
6.155749
3.426670
2.153116
7.920376
8.081934
3.914214
4.056355
2.163533
-0.286929
-1.743799
-0.730518
1.709694
4.661517
2.956973
3.805527
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I
31

scf done: -672.181624

1.849081
1.008516
1.221750
2.286631
3.158237
2.967242
1.233116
0.199293
0.418749
1.678087
2.719266
2.497398
0.360527
4.273833
3.729144
1.613985
-0.045454
2.486197
0.480802
-0.460143
2.293674
0.595681
1.796746
-0.788229
3.312061
1.851364
3.708360
-0.398984
4.353195
4.136563
5.201855

IZICDTIOITIIODIODIDIIDIOZIDIOOOOOO0O0O0OO0OZOOON

I3
62

6.453203
6.667526
5.625593
4.755606
4.743251
5.535322
8.071470
8.993662
10.270699
10.636339
9.720338
8.447747
5.580174
3.819307
5.447917
7.305989
6.621989
4.016545
4.846120
6.282893
8.167991
7.700001
6.763113
8.706324
7.729486
11.633840
10.001467
10.981081
3.344613
3.049941
4.348245

scf done: -1344.378840

2.236489
1.026150
-0.067555
0.040678
1.247419
2.347712
0.932692
1.812182
2.933642
3.150635
2.302891
1.210360
1.597032
0.385937
4.273218
3.677666
-0.107693
2.554935
0.567095
-0.456530
2.093120
0.532465
2.001428

TDTTTZTZOoOOOOOzZzOOOOOOOO0N

8.422345
7.866201
8.696619
10.063184
10.609021
9.783607
6.370401
5.998511
5.089255
4.519859
4.734022
5.580048
6.680272
5.731894
3.613178
4.819397
6.171656
4.201728
5.187025
6.412713
7.659039
6.866187
6.098804

7.451668
8.661652
9.732659
9.610320
8.539233
7.423072
9.203054
9.255412
9.750813
10.192769
10.137241
9.644081
10.802864
8.521958
6.463600
6.267938
8.347465
10.376752
11.590638
10.886254
6.264298
6.266702
5.339787
8.906774
9.602491
10.579218
10.480245
9.790270
9.497071
7.759187
8.304715

9.486869
9.085959
8.899323
9.114037
9.514931
9.700926
8.829300
7.683574
7.804217
9.046445
10.114863
10.085609
6.390090
11.175087
9.181554
6.866172
8.521751
11.025259
12.095774
11.144152
6.379158
6.222243
5.562857

182



TODEIIT TS IODEONTTDTIOD TSI OOO0000O000OQ0ZAOTT N OTZ T T T D

-1.013153
3.098423
1.334229
3.296136

-0.822501
4.375145
4.125772
5.194394

-0.189625

-1.023798

-1.931872

-1.062502

-1.946601

-0.012254
0.166826
0.059548
1.440919

-0.298070
0.497875

-0.185283
0.483345
1.863889
2.558845
1.888887
0.289871

-1.368108

-0.483519
0.982666

-1.265161

-0.073835
2.394953
3.637267
2.463166

-1.368282

-2.530989

-2.586947
1.426442
2.105817
1.894605

8.268238
7.776006
11.676357
10.205310
10.701652
3.331414
2.713185
4.093141
2.798910
1.710878
1.269409
1.120597
0.344579
3.295435
3.822802
1.450895
1.110016
1.963810
2421811
3.052760
3.576467
3.480199
2.842656
2.315318
3.271614
2.102982
4.605022
3.511871
3.140253
4.064974
3.893547
2.751260
1.814879
0.934860
0.449823
2.088638
0.705246
1.978797
0.354685

TS (ITL_3-IX iso)

62

scf done: -1344.339170

olololokeXoloRoloV-HoNoloNoNoNoNoNo X!

0.031183
0.022468
1.255930
2.441200
2.430930
1.218757
-1.246859
-1.672170
-0.768684
0.086002
0.125609
0.979672
1.791271
-2.573548
-0.813448
1.000191
-3.263005
-2.868762
-2.648620

-0.041598
-0.020761
0.017748
-0.009745
-0.076083
-0.084724
-0.005241
-0.590857
-1.388473
-2.349992
-2.784802
-3.638676
-4.478790

0.314502
-1.187781
-3.012151
-1.956979
-3.348507
-4.027410

8.580573
9.631257
9.680942
10.013293
8.965723
10.227995
8.579652
8.851661
7.989835
8.280591
7.242197
9.520052
9.834739
6.794523
5.623637
10.453467
9.985407
11.637174
12.767130
13.812629
14.901918
14.978411
13.963240
12.873553
8.845628
11.781686
5.240277
4.975570
13.751291
15.692605
15.827554
14.020019
12.107029
6.368384
7.626282
6.937585
8.973250
9.980485
10.631551

0.001440
1.403502
2.067568
1.360060
-0.026206
-0.702687
2.092659
3.300214
4.200635
3.705677
2.383323
1.886035
1.319586
4.120584
5.405030
4.614256
2.757908
2.767526
1.434483
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esjjasiianfiasiianfiasiiasfiasfiasfasfasanfanfiasiianfiasiiasfasfiasfarfiasfanfasfiasiianfiasarfasiarBerfo oo RO N NONO RO NO RO I/ HONQ!

-2.490322
-3.264804
-3.788790
-3.759639
-5.098895
-6.090527
-5.759496
-4.430412
-3.437622
-2.715237
-4.734088
-3.493583
-1.720272
-0.626426
-1.726326
-2.013996
-3.825877
-3.123775
-3.282871
-1.968024
-2.885586
-2.412850
-0.675899
-1.746667
-2.109027
-0.919378

1.278716
-2.395508

1.201487

3.363414

3.384508
-5.371874
-6.537395
-7.129254
-4.161861
-5.207235
-4.261163
-5.499866

2.025703

0.903017

0.774081

1.592415

2.713715

IX iso

62

OOTCTOZaoooaoooaan

0477817
1.258861
1.544945
1.083568
0.315683
0.020644
1.732412
1.606331
0.189597
-0.930813
-0.953635
0.016798
2.114800
1.058193

-3.039443
-1.812539
-1.448062
-5.004412
-4.626562
-5.518324
-6.799709
-7.183639
-6.289320
-4.025173
-0.349826
-1.147144
-3.421202
-2.364467
-4.617343

0.573997
-1.645242
-0.221103

0.835344

1.072140
-3.558229
-5.066890
-3.624901
-2.642084
-4.349571
-0.055118
0.077370
-6.592463
-0.122889
-0.105042
0.026020
-3.627064
-7.497178
-5.211255
-8.184429
-0.303960

0.612429
-0.517932
-2.891390
-2.576203
-4.081192
-5.547602
-4.150410

0.450254
1.479075
1.355409
0.281261
-0.717316
-0.621344
2.625889
2.886318
2.694168
3.147303
3.752892
3.897643
4.344641
5.350605

0.324071
0.339285
1.566223
1.076506
1.112873
0.745015
0.331217
0.290749
0.660459
3.912580
1.583152
-0.665221
-0.873530
1.728708
1.495319
1.579019
3.629580
4.894561
3.478347
4.622726
4.876776
3.908807
-0.604054
-1.632981
-1.309523
-0.526130
3.150392
0.629708
-1.785747
-0.577320
1.893030
1.436891
0.043724
0.781138
-0.027296
2.562102
1.367247
0.825836
4.254451
5.602238
4.661099
1.297601
0.846146

7.703368
7.109251
5.722067
4981312
5.589242
6.951815
7.801113
9.273709
9.862337
9.181260
7.920335
7.430411
9.721925
10.125081
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0.527397
1.266042
2.627472
3.057191
0.496581
-0.692784
-0.711350
0.465512
1.660414
1.675803
0.622332
4.419899
3.359761
0.703828
2.527483
-2.211451
0.069636
-0.526093
-2.035211
2.338498
2.678620
2.471974
3.567136
2.248437
0.986560
-0.128151
0.778967
-0.371781
1.249766
2.143037
0.228321
-1.619247
1.320553
-0.049497
-0.577624
2.613938
0.455101
2.589242
-1.652645
4.757593
4.542809
5.065753
-2.933785
-2.076866
-2.612779
-3.066826
-3.431351
-3.619144

eefi=sii@asiarfianfianiiasiianfesfianiianiianfiasfiesiianfanfarfianfiesiiasfarfianficnafanfieagesicfo s oo oNoNoNoNoNo oo No NoNo iAo NoN@!

TS (IIL_3-1X)
62

6.302366
6.209790
5.681474
4.947804
7.749849
8.479242
9.821583
10.448525
9.727565
8.389313
5.395291
4.470281
5.876653
6.873192
1.877112
3.058252
2.180573
6.024887
4.173512
3.319398
4.143966
2.002354
2.025044
0.839096
4.692358
6.129290
7.975327
6.643076
6.579659
2.136948
0.490077
7.986605
0.216331
-1.565902
-1.399014
7.822658
11.501034
10.215713
10.378833
4.249016
3.559098
5.242312
2.511771
2.539079
4.071915
4.621009
5.651133
3.988118

scf done: -1344.352364

-0.001682
-0.003324
1.215718
2.406141
2.397530
1.190249
-1.315603
-1.513739
-1.121177
-0.919966

ZzoOooOoaoooaooo

-0.101691
-0.087902
-0.109332
-0.141133
-0.150617
-0.130068
-0.062327
-1.319985
-1.363821
-0.153851

9.073893
7.774735
7.704453
8.799187
9.535702
9.517888
9.897885
10.295125
10.311549
9.934510
11.386035
8.768292
6.742415
6.577975
9.989018
9.855634
10.957295
8.863062
7.298709
7.205730
10.648342
11.080219
9.659586
9.757228
12.141943
11.699989
6.662691
6.466443
5.670594
5.240997
8.767917
9.199335
3.915309
5.003991
7.435798
9.952259
10.592518
10.621200
9.882379
9.792522
8.150799
8.328621
9.227981
10.810114
10.036084
6.632159
6.749573
5.924668

0.095384
1.482927
2.154118
1.450428
0.063372
-0.612891
2.247443
3.043964
4.456675
5.086507
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IX

62

-1.145665
-1.412622
-1.383776
-1.719534
-0.565735
-1.000901
-3.666222
-4.263768
-5.019936
-4.634614
-5.066434
-3.960529
-3.621862
-3.636941
-2.584465
-4.298187
-4.093757
-3.834960
-3.629841
-3.672368
-3.946166
-4.169754
-2.113643
-6.103966
-1.100028
-3.726885
-3.572341
-1.787729
-1.894345
-0.328448
-1.827964
-1.855136
-0.948778

1.234787

3.330917

3.347973

1.172620
-0.127442
-1.444881
0.157877
-6.098577
-5.003720
-4.437470
-2.125649
-1.806801
-3.007994
-5.049733
-4.394928
-3.991910
-3.504504
-3.438815
-3.820520

1.055944
1.175761
-2.607494
2.379986
-0.177219
-2.415074
-1.355097
-0.205429
0.800156
2.143808
3.047874
2.663717
3.840597
1.856699
2.490484
0.744239
-0.115905
0.350629
-0.536363
-1.902735
-2.382109
-1.496782
-0.019784
0.648669
1.932915
-1.711925
-2.123715
3.288009
2.452288
-2.870546
-2.530969
-3.429859
-0.089174
-0.098364
-0.174369
-0.158017
-0.136589
0.781042
-0.360747
-0.968656
2.814353
4.075302
2.927611
1.766656
2.956546
3.291029
0.365916
-1.869804
-3.449441
-2.593727
-0.155170
1.415896

scf done: -1344.392635

oloNoNoNoXe!

3.138030
1.760612
1.264492
2.113039
3.479290
3.988206

7.396945
7.534150
8.759177
9.823909
9.677843
8.458851

4.454959
3.103177
2.305778
2.522587
6.493085
5.073579
3.345410
3.646804
3.972707
4.232652
3.179036
5.304524
5.295491
6.524666
7.378615
6.867129
8.032600
9.321033
10.364104
10.141252
8.869063
7.831997
1.492919
3.976123
5.088552
2.320567
4.110454
3.111052
1.454960
2.174509
1.309985
2.844484
-0.435979
3.239695
-0.486716
1.986826
-1.696591
6.764757
7.119970
6.675910
2.906924
3.525461
2.291362
8.050498
6.773343
7.991335
6.185538
6.836489
8.687218
10.958839
11.360502
9.516668

8.823581
8.977403
9.405104
9.664982
9.498539
9.077440
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0.806110
0.661406
1.769217
2.302384
1.977836
1.194614
-0.684418
-1.010423
-1.992617
-2.259579
-1.408502
-0.253516
-0.414731
0.627602
0.827383
3.297513
2.142219
-3.435371
-1.618144
0.957962
-0.186568
-2.751987
2.380306
-1.479723
-0.700697
1.135139
0.221872
1.593789
-0.114257
0.353950
0.192709
3.558123
4.146631
5.057142
1.702817
3.548525
2.903792
4.201912
-4.162952
-3.878299
-3.182769
1.855728
1.100942
0.858586
0.534262
-1.365272
0.492562
1.375596
2.305731
2.337379
1.463408
-0.245951
1.334940
2.995188
3.045932
1.482963

I TZOOQOQOOQOOQOIDQENEIT IS OIS ONIOIONCTICIC IS DTN TQOoOO0OO0O0O0O0O0Zaoonoaonzaonn

TS (IX-X)
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6.398075
6.092578
5.193030
4.274810
4.219792
5.174707
5.368844
4.212308
3.936447
2.794021
1.748945
1.430603
1.456580
7.375639
5.061109
3.355607
5.244095
2.880554
1.043150
0.956784
6.721606
4.707813
3.374154
6.121621
5.101954
4.211751
5.823718
7.881177
8.059135
7.162047
8.879851
6.448368
10.507667
8.332925
10.769992
2.629889
2.835194
3.892700
3.542828
1.894963
3.265586
1.041742
1.527543
-0.090963
1.107512
1.825727
1.854094
1.607238
0.584948
-0.187267
0.070529
2.645282
2.209861
0.382400
-1.002891
-0.560795

scf done: -1344.382835

C -0.237564
C -0.216732

0.043439
0.007176

8.680041
7.172211
6.639454
7.506897
8.848977
9.477650
6.900669
7.728168
8.550102
9.330787
9.614964
8.733020
7.405745
6.353924
10.790598
6.976652
5.480723
10.188073
10.589491
9.465643
9.019734
8.701730
9.391484
7.037561
5.835961
11.390006
11.266709
6.350103
6.774956
5.320737
9.531634
8.503928
9.699198
8.948892
9.999170
7.747206
6.102392
6.685004
9.724069
10.309917
11.179581
8.853302
10.385756
9.762389
6.351921
7.029469
5.172163
4.138173
4.251923
5.402070
6.443973
5.079430
3.238346
3.440929
5.487691
7.323732

-0.069918
1.324581
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0.995197

2.135397

2.091844

0.903323
-1.387248
-2.676239
-3.646223
-3.268826
-3.905581
-3.137679
-3.715546
-2.515327
-1.741805
-0.952789
-1.242937
-2.733364
-3.624514
-3.084723
-1.742425
-0.791310
-3.007847
-2.824669
-3.083604
-3.541399
-3.735456
-3.467900
-0.348171

0.381792
-1.288422
-4.938158
-1.118127
-3.700059
-3.027264
-2.717182
-4.463488
-3.157964
-4.106610
-1.070238
0.113043
-5.612181
-5.344525
-0.354143
-0.699200
0.680749

1.030910
-1.144579
-3.617290

3.064107
2.984514
0.866784
-2.473777
-3.746999
-2.929657
-4.096055
-0.927956
-2.119191
-0.470378
-3.588669
-3.216567
-4.777218

0.252933
0.569231
0.635891
0.364460
-0.336484
-0.546388
-1.340045
0.134025
-0.462576
1.497226
2.167982
2.281985
1.903693
2.702812
2.626490
2.929214
1.725742
0.476196
0.273137
1.252424
3.517072
2.781462
3.342615
4.648267
5.386547
4.822433
3.681494
1.004036
-1.045419
1.892488
-0.765945
-0.413836
3.691851
3.347148
-0.716548
-1.829851
-2.110410
3.762571
2.473954
1.047805
2.881624
3.614310
4.677955
3.568232
0.198300
-0.204864
5.407220
0.760076
0.880348
0.386751
1.755305
5.085182
2.755187
6.407033
-1.026049
-1.743665
-1.383719
3.241808
1.846667
1.938300

1.973430
1.259360
-0.124636
-0.783700
2.144691
1.753682
2.556392
0.583917
-0.272613
0.546058
-0.605994
1.532960
2.527704
3.467752
4.988363
5.264749
5.063941
5.322757
5.586537
5.462974
6.632558
7.800882
9.038742
9.133622
7.979587
6.741381
5.631797
5.683265
5.997676
4.721673
3.109616
5.328199
4.532118
1.402802
2.937230
3.399540
1.931129
3.185761
3.333756
4.637364
4.544392
6.720119
5.351192
5.291596
3.058804
-0.610484
5.838590
1.784662
-0.688159
-1.866667
7.748703
10.103765
9.936640
8.039294
7.027274
5.924481
5.360548
-0.492933
-1.522950
-0.698830
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scf done: -1344.459590
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1.305157
1.289972
2.318240
0.297677
1.137118
0.162146
0.146538
1.259467
2.385991
2.400058
2229147
-0.063310
-1.038717
-2.222988
-0.796967
0.560115
1.458207
2.895991
1.379598
3.600463
3.368558
4.697096
0.927650
1.286753
2.583427
1.342030
0.536618
2.577979
2.980820
-0.237710
2.876182
1.877480
0.583888
0.295823
-0.166228
-1.565619
2.057230
3.190420
2.334370
-0.390753
1.015357
0.838573
-0.428303
2.091791
0.374744
1.586615
3.285159
-0.712036
-0.720626
3.259167
1.246140
-0.737829
3.377499
2.108098
3.892100
-0.207217
5.000251
4.705523
5.408160

2.781451
1.805033
3.209987
3.875501
2.058189
1.031400
0.134594
0.000434
0.766405
1.662784
1.167912
2.163118
3.020391
3.199301
3.893601
4.947336
6.146967
5.655532
7.169671
5.519905
5.313313
4.728562
6.748269
8.203748
8.613187
5.938702
5.872421
5.318968
4.787133
1.534061
9.951905
10.908794
10.514279
9.173140
6.710559
4.647151
0.786797
1.695729
0.311975
5.395423
4.526350
5.322299
6.366805
7.984442
7.598360
6.696932
2.262719
1.133414
8.869318
0.668429
-0.700944
-0.464071
7.879237
11.956013
10.249822
11.251610
4.665131
3.726086
5.344945

8.191578
7.020251
8.193773
8.003817
9.484632
6.768666
5.715815
4.898104
5.142311
6.200896
9.924406
10.284383
9.813652
10.626936
8.760881
7.002733
7.451465
7.553235
6.323175
6.568662
8.797437
8.867719
8.774603
8.990004
9.291849
9.981702
11.087592
9.935687
10.789578
11.326486
9.485813
9.389483
9.096129
8.897416
8.704844
8.621892
10.929008
9.895584
9.246315
6.695444
6.097548
11.972009
11.103741
6.460543
6.288245
5.363233
6.394202
7.405022
8.665690
4.507810
4.072154
5.530516
9.383876
9.546277
9.718798
9.022043
9.909920
8.428459
8.321336

189



H
H
H

-2.950653
-2.660137
-1.983999

Product 4

62

3.784666
2.234601
3.720912

scf done: -1344.511102
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14.089658
14.474037
15.817763
16.762168
16.370713
15.028249
13.459427
12.892421
11.715608
10.853123
10.960311
12.410826
9.723120
10.068108
11.523776
12.401145
11.082386
10.993337
10.170406
8.803895
8.769478
9.962923
13.981824
12.781647
9.916002
10.516648
11.095434
10.697300
9.706061
9.130442
9.533299
7.533453
7.279836
7.811057
10.485195
9.155691
9.060377
9.940677
11.993739
14.005294
12.327428
13.187046
7.635597
6.736879
16.130338
11.877493
9.081810
13.041147
10.852391
9.279230
9.414552
13.609703
14.829028
14.345129
11.167823

10.644016
10.389522
10.171331
10.213736
10.481107
10.697210
10.356865
11.772442
12.081424
11.068260
9.699085
9.298539
11.407656
11.850092
13.204976
11.938262
11.310738
9.817605
9.355062
10.055171
11.313707
11.977194
12.825119
8.054784
7.856961
9.299199
8.134757
7.592771
8.212064
9.378120
9.917994
12.066147
12.323704
9.519183
9.074844
10.505552
12.131248
13.053501
9.393471
10.040285
13.014485
11.544273
12.990511
11.464153
9.967653
7.646198
10.843155
10.802926
7.307760
7.595109
7.528975
13.807222
12.574475
12.892379
6.687147

10.068893
10.880422
11.559020

8.456556
7.142001
6.876795
7.892628
9.191933
9.470003
6.016417
5.702329
6.618378
6.906289
6.401817
6.329095
7.753818
8.689862
7.056814
4.218097
3.966670
3.851671
5.069102
5.077758
4.534816
4.233256
5.873406
6.599726
5.039415
2.509451
2.010391
0.801201
0.057785
0.532803
1.744155
4.492765
3.461917
5.529708
7.164365
7.973376
7.269619
4.385642
3.981053
5.117888
4.037595
3.564270
5.067867
4.920441
5.856912
2.584151
2.082396
8.693703
4.936752
4.193957
5.950487
5.585543
5.228552
6.898068
0.435986
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14.711196
17.806840
12.069157
13.825456
9.390891

8.362505

17.105451

10.903298 10.485865
10.037094  7.663322
7.290467  6.885370
7.760658  6.564376
7.793878 -0.890999
9.879205 -0.045367
10.517724  9.987599
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Comprehensive Table in Atomic Unit

Part 1. Substrate activations and photocatalysts

MO06/Def2-TZVP, CPCM = dmf H (Hartrees) S (cal/K*mol)

Reagent 1 -632.667649 125.921
31 alpha -632.589801 126.412
31 beta -632.601477 126.235
1liso -632.668363 126.351
31iso alpha -632.591991 128.063
31iso beta -632.602878 125.832
Reagent 3 -671.930842 128.888
33 alpha -671.859936 130.165
33 beta -671.864472 133.721
3iso -671.931735 128.662
33iso alpha -671.857104 134.505
33iso beta -671.864605 130.497
Reagent 3l -441.059570 106.502
33l alpha -440.967842 107.892
33| beta -440.992467 107.672
Lr(1l)ppy2bpy * -1556.158575 188.462
31r(11)ppy2bpy * -1556.078310 193.662
2Ir(11)ppy2bpy -1556.273358 192.329
2Ir(IV)ppy2bpy ** -1555.946098 190.783
r(11)ppys -1539.635775 191.664
31r(111)ppys -1539.545823 196.190
21r(1)ppys - -1539.713463 194.086
2Ir(IV)ppys * -1539.443413 192.542
21- -632.763854 123.841
21+ -632.451506 126.899
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Part II. Cascades of 1 and 3

MO6 def2-TZVP

H (Hartrees)

CPCM =dmf

Reagent 1 -632.667649
lo -632.589801
TSs5-endo -632.578219
I3 -632.601477
TS rot -632.589881
| rot -632.600386
TS (Irot-11) -632.599432
Il -632.658893
I_1 -1265.337079
TS (1I_1-1V) -1265.314034
v -1265.333908
TS (IV-V) -1265.318438
Vv -1265.399105
TS (V_1,7) -1265.361893
V1,7 -1265.399388
V1,70t -1265.400327
TS (V-1,5) -1265.364662
VI -1265.403408
TS (VI-VII) -1265.361129
Vil -1265.396496
TS (VII-VIII) -1265.356803
Vi -1265.415290
Product 2 -1265.492364
Reagent 3 -671.930842
IBme -671.864472
TS rot me -671.851669
| rot Me -671.864117
TSs5.ex0 -671.861066
ls5.exo -671.922333
TS (I rot Me -l11) -671.864195
1l -671.928127
n_3 -1343.869944
TS (11_3-1Xis0) -1343.829719
Xiso -1343.858348
TS (I1_3-1X) -1343.842782
IX -1343.874503
TS (IX-X) -1343.870492
X -1343.943827
Product 4 -1343.988870

S (kcal/K*mol)

125.921
126.412
121.362
126.235
125.073
123.607
120.319
119.200
195.744
190.510
191.041
184.344
184.441
174.282
182.461
183.102
177.478
181.825
181.694
188.583
174.606
179.656
173.032

128.888
133.721
129.917
131.336
126.986
125.249
125.924
123.684
210.651
196.671
199.352
196.236
191.154
191.857
191.055
177.144

imaginary
frequency (cm-1)

-578.5805

-139.6421

-251.6237

-574.8447

-605.2125

-1775.2805

-1606.7717

-641.4471

-1778.0965

-98.6443

-248.9556

-248.4242

-580.3611

-550.1971

-464.5808
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