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1. General Information

All reactions involving air- or moisture-sensitive reagents or intermediates were carried out
in preheated glassware under a nitrogen atmosphere using standard Schlenk techniques. LED
lights were purchased from Shenzhen Xinxingyuan Co., Ltd. (20 W/5313 A)- 395 nm with 3
cm from the reaction tube made up of borosilicate glass without any filter. All reactions
involving heating were carried out on the heated magnetic stirrer from DALB: model MS-
H280-Pro. All reagents were weighed and handled in air at room temperature. All chemical
reagents were purchased from Energy Chemical and aladdin and used without further
purification.

Chromatography: Analytical thin layer chromatography was performed using Qingdao
Ocean Chemical Co., Ltd silica gel plates (Silica gel GF254). Visualisation was conducted
under ultraviolet (A = 254 nm). Flash column chromatography was performed using 200-300
mesh silica gel.

'H NMR and *C NMR: Spectra were recorded on Bruker spectrometer and the chemical
shifts were reported in parts per million (8) relative to internal standard TMS (0 ppm) for CDCls.
Spectra were calibrated relative to solvent’s residual proton and carbon chemical shift: CHCI3
(8=7.26 for 'H NMR and & = 77.16 for *C NMR). Data are reported as follows: chemical shift
&/ppm, integration (*H only), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, dd =
doublet of doublets, m = multiplet or combinations thereof, coupling constants J in Hz,
assignment.

High Resolution Mass Spectrometry (HRMS): All were recorded on Thermo Q-Exactive
instrument (quadrupole mass analyzer) using a positive electrospray ionization (ESI). Measured
values were reported to 4 decimal places of the calculated value. The calculated values were
based on the most abundant isotope.

UV-vis spectrophotometer: UV-vis absorption spectra were recorded on Shimadzu UV-
1900i in DMSO.

Gas Chromatography-Mass Spectrometry (GC-MS): GC-MS were determined by
Thermo Scientific Trace1300-ISQ7000.

Melting points (MP) were determined by WRS-1B.

Electrochemical workstation: CHI6G034E Apparatuses.



2. Complete Optimization Table

Table S1. Screening of the reaction conditions
[e]

CF,4
Bn\NH N,o\r(@ Purple light (395 nm) Bn‘N%(\/\CN
OJ\I}I’N : <'> o} DMSO, Ny, 35°C, 16 h O)\l}l’N
Bn Bn
1a 2a 3aa
entrya variation from standard condition yield (%)°
1 None 94
2 425 nm instead of 395 nm 42
3 455 nm instead of 395 nm Trace
4 DMA instead of DMSO 80
5 DMF instead of DMSO 44
6 H0 instead of DMSO 0
7 MeCN instead of DMSO 0
8 DMC instead of DMSO 0
9 1.0 eq. 2a was used 79
10 1.2 eq. 2a was used 80
11 In the dark 0
12 Under air 0

@ Reaction conditions: 1a (0.24 mmol), 2a (0.2 mmol), in DMSO (3.0 mL) at 35 °C for 16 h
under the irradiation of purple LED (395 nm, 20 W) in the N, atmosphere. ¢ isolated yields.

3. Starting Material Preparation

3.1 General procedure for the synthesis of azauracils

o} o} e}

R! R!
HN Y R'X, K,CO3 N | R2X, K,CO3 °N I

N _N _N
o DMF, 1, 16h N DMF 160 Py

Scheme S1. Synthesis of for azauracils

Alkyl halide (3.6 mmol, 0.9 equiv.) was added dropwise to a stirring solution of 6-azauracil
(4.0 mmol, 1.0 equiv.), KoCO3 (2.0 mmol, 0.5 equiv.) in DMF (40 mL). The reaction mixture
was allowed to stir at room temperature for 16 h. Then, the mixture was quenched with saturated
Na,COs solution and extracted with DCM for three times. The organic layers were combined,
dried over anhydrous Na;SO4, and concentrated under reduced pressure. The crude products
were purified through silica gel column chromatography using petroleum ether/ethyl acetate as
eluent to give to afford the corresponding N-2-alkyl-6-azauracils.

Alkyl halide (2.0 mmol, 1.0 equiv.) was added dropwise to a stirring solution of N-1- alkyl-
6-azauracil (2.0 mmol, 1.0 equiv.), K.CO3 (1.0 mmol, 0.5 equiv.) in DMF (20 mL). The reaction

mixture was allowed to stir at room temperature for 16 h. Then, the mixture was quenched with
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saturated Na,COj3 solution and extracted with DCM for three times. The organic layers were
combined, dried over anhydrous Na,SO4, and concentrated under reduced pressure. The crude
products were purified through silica gel column chromatography using petroleum ether/ethyl

acetate as eluent to give to afford the corresponding azauracils.*

3.2 General procedure for the synthesis of cycloketone oxime esters

OH OR
/ /

o NaOAc NI NI
R1A)n NH,OH+HCI R1A)n p-CF3CgH,COCI R1A)n
Y. Y, Y.

R? \R3 MeOH R? \R3 EtzN, DCM R? \R3

Scheme S2. Synthesis for cyclobutanone oxime ester

To a stirred solution of cycloketone (1.0 equiv.) in MeOH (0.5 M) was added hydroxylamine
hydrochloride (2.0 equiv.) at room temperature. After stirring for 2 h, pyridine was removed
under reduced pressure. The residue was diluted with water and extracted with EtOAc. The
aqueous layer was extracted with EtOAc and the combined organic extracts were washed with
brine, dried over MgSQO., and evaporated under reduced pressure to give the crude material,
which were used in the next step without further purification.

To a mixture of cyclokeone oxime (1.0 equiv.), triethylamine (2.0 equiv.) and CH.Cl, (0.5
M) in a 30 mL two-necked flask was added acyl chloride (1.5 equiv.) at 0 <C. After 6 h, water
was added to the above solution, and the mixture was diluted with diethyl ether. The organic
layer was washed with water and dried over MgSO4. The solvent was removed under vacuum
and the residue was subjected to column chromatography with EtOAc-hexane as an eluent to

give cycloketone oxime esters.2
4. Experimental Procedure

4.1 Representative procedure for the synthesis of products

o]

CFs

Bn\NJH Purple light (395 nm) Bn\N)K(\/\CN
Jé IR e ple lig T |

o\ <|> o DMSO, Ny, 35 °C, 16 h oZN

Bn Bn

1a 2a 3aa

Scheme S3. Synthesis of cyanoalkylated azauracils
Azauracil 1a (0.24 mmol, 1.2 equiv.), cyclobutanone oxime ester 2a (0.2 mmol, 1.0 equiv.)
were sequentially added in a pre-dried 25 mL Schlenk tube under N, atmosphere. The tube was
degassed and purged with N2 three times. Then dry dimethyl sulfoxide (2.0 mL) was added
under the N, atmosphere. The resulting reaction mixture was allowed to stir for 16 h at 35 °C
under the irradiation of 20 W purple LED light. After completion, the mixture was extracted

three times with water and ethyl acetate, organic layers were combined, dried over anhydrous



sodium sulfate, and concentrated under reduced pressure. Using a mixture of petroleum ether
and ethyl acetate as eluent, the mixture was purified through silica gel chromatography to obtain

the desired product 3aa.

4.2 Gram-scale synthesis

(0] CF3 (o]
Bn< BnJ
NJ\l + N’O\(@ 2 x 20 W Purple light (395 nm) NJ\l(\/\CN

J\ N I J\ N
07N <> 0 DMSO, Ny, 35 °C o7 N
Bn Bn
1a 3.6 mmol 2a 3 mmol 3aa, 75% yield (0.810 g)

Scheme S4. Gram-scale synthesis of product 3aa

The mixture of 2,4-dibenzyl-1,2,4-triazine-3,5 (2H,4H) -dione l1a (1.056 g, 3.60 mmol, 1.2
equiv.), cyclobutanone oxime ester 2a (0.771 g, 3.0 mmol, 1.0 equiv.) were added in a pre-
dried 100 mL schlenk flask under N, atmosphere. The flask was degassed and purged with N
three times. Then dry dimethyl sulfoxide (45 mL) was added under the N, atmosphere, and the
resulting solution was allowed to stir for 72 h at 35 °C under irradiation of 2 x 20 W blue LED
light. After completion, the mixture was extracted three times with water and ethyl acetate,
organic layers were combined, dried over anhydrous sodium sulfate, and concentrated under
reduced pressure. Using a mixture of petroleum ether and ethyl acetate as eluent, the mixture

was purified through silica gel chromatography to obtain the desired product 3aa in 75% yield



5. X-ray Crystallography Date of 3ak

The crystal of 3ak was grown in the air by slow evaporation of the solvents (a mixture of n-

hexane/dichloromethane) at room temperature.

P

™ PLATON-Dec 12 2:50:48 2024 - (111124)

-112 =zl P12l/c1 R=0.06 RES= 0 -92 X 3ak

Figure S1. The thermal ellipsoid plot of 3ak.

Table S2. Crystal data and structure refinement for 3ak.

Identification code 2417115
Empirical formula C21H19BrN4O»
Formula weight 439.30
Temperature/K 293
Wavelength/A 0.71073
Crystal system monoclinic
Space group P 24
a(A) 13.6693(11)
b (A) 14.0976(9)
c(A) 11.4593(7)
a(°) 90
B 113.319(8)
Y (©) 90
Volume/ A3 2027.9(3)
Z 4
Pealeg/cm’ 1.439\
wmm-! 2.051
F(000) 896.0



6. Mechanistic studies

6.1 GC-MS analysis of the reaction

. CF4 .
n\NH 0 Purple light (395 nm) n\NJ\lf\ACN
)\ N . )\
o

N | >
N f 0 DMSO, 35 °C, N, 16 h o

1a 2a 3aa

Azauracil 1a (0.24 mmol, 1.5 equiv.) and cyclobutanone oxime ester 2a (0.2 mmol, 1.0
equiv.) were sequentially added in a pre-dried 25 mL Schlenk tube under N, atmosphere. The
tube was degassed and purged with Ny three times. Then dry dimethyl sulfoxide (2.0 mL) was
added under the N atmosphere. The resulting reaction mixture was allowed to stir for 16 h at
35 °C under the irradiation of 20 W purple LED light. After completion (16 h), The reaction
solution was extracted, dried, diluted and detected by GC-MS. The experimental results

indicated that trifluoromethyl benzoic acid was indeed formed.

5086 3 hxl.2024.8.9-1 81 hxl.2024-1 TICTIC
counts
55064
50857 |
.l TN
45064 -
4066 ~ LLI
3526 _ o}
2066 HO)\\D\
CF3
25e8] g
5 il ‘ ‘\ I

Figure S2. Determination of trifluoromethyl benzoic acid by GC-MS



6.2 Radical trapping experiments

0 CFs3
TEMPO (1.0 equiv.)
B”‘NJ\ o or (PhSe), (1.0 equiv.) Bn‘NJ\(\/\CN
| - 21 . |

N
+
OJ\N'N ?I o Standard conditions O)\l}l'

1a 2a 3aa, yield 0%

| Detected by HRMS |

- N

( )

N,O\/\/CN ©/Se\/\/CN
4 5

m/z: [M+H]* Calcd for m/z: [M+H]+ Calcd for

C13H5N,0" 225.1961 CqoH12NSe* 226.0129

Found 225.1958 Found 226.0125

(. v

©/59ch
5

N-OS N
4

miz: [M+H]+ Calcd for
m/z: [M+H]* Calcd for C1gHy2NSe* 226.0129
C13HasN20" 225.1961 Found 226.0125

Found 225.1958

27008

Figure S3. Compound 4 and 5 were detected by HR-MS analysis

6.3 UV-vis absorption experiments

UV-vis spectroscopic measurements were performed in DMSO at 0.1 M concentration for

each species.
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Figure S4. UV-vis absorption spectra.

6.4 Light-dark experiment
The mixture of 2,4-dibenzyl-1,2,4-triazine-3,5 (2H,4H) -dione 1a (0.24 mmol, 1.2 equiv.),

cyclobutanone oxime ester 2a (0.2 mmol, 1.0 equiv.) were added in a pre-dried 25 mL Schlenk



tube under N, atmosphere. The tube was degassed and purged with N2 three times. Then dry
dimethyl sulfoxide (2.0 mL) was added under the N> atmosphere. The resulting reaction mixture
was allowed to stir at 35 °C under the irradiation of 20 W purple LED light. The reaction was
placed in light and dark in every alternative 1 h. After completion, the mixture was extracted
three times with water and ethyl acetate, organic layers were combined, dried over anhydrous
sodium sulfate, and concentrated under reduced pressure. Using a mixture of petroleum ether
and ethyl acetate as eluent, the mixture was purified through silica gel chromatography to obtain

the desired product 3aa.

Entry Time (h) Light Source Yield (%)
1 2 On 25
2 3 Off 25
3 4 On 38
4 5 Off 38
5 6 On 56
6 7 Off 56

=

= 304

2 dark
& .

201 dark
dark

o 1 2 3 4 5 6 1
Time (h)

Figure S5. Light-dark experiment

6.5 Quantum yield determination?

Azauracil 1a (0.24 mmol, 1.2 equiv.), and cyclobutanone oxime ester 2a (0.2 mmol, 1.0
equiv.) were combined in dimethyl sulfoxide (2.0 mL) under N, atmosphere. The reaction
mixture was stirred and irradiated (A = 395 nm) for 2 h. After irradiation, the solution was
measured the unit area photon flux (MQ-500 photosynthetic active radiation meter). And the

yield of product was 25% after being irradiated for 2 hours.

_ mol product
"~ fiux-S-t

Where, @ is quantum yield, S (m?) is the irradiation area and t (s) is the photoreaction time.
Experiment: the unit photon flux was 123 pmol-s'-m™ (average of three experiments), the
irradiation area was 3.38x10"* m?, and the product yield was 25% after 2 h (7200 s). Quantum

yield calculation:

0= mol product _ 0.1x0.25%103

= 0.0917
fiux-S-t 112%3.38Xx1074x7200



Figure S6. Placement of 395 nm LED and MQ-500 photosynthetic active radiation meter.

6.6 The experiments of photocurrent and Cyclic voltammetry

8
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Figure S7. Photocurrent and CV experiments at glass carbon as the work electrode, Pt (1.5
x 1.5 cm?) as the counter electrode, Ag/AgCl as the reference electrode, "BusNBF4 (0.1 M). (a)
Photocurrent tests were performed in corresponding reaction solvents, 1a (0.05 M), 2a (0.05
M), purple LEDs (390 nm). (b) Cyclic voltammetry, scan rate = 100 mV/s, CH3CN (20.0 mL),
1a (0.3 mM), 2a (0.3 mM).

6.7 Determination of the binding ratio by Job’s plot

Job’s plot was performed according to the literature method.® Cyclobutanone oxime 2a was
dissolved in DMSO-d6 (3.0 mL) to give a stock solution at 0.1 mol/L concentration. Similarly,
2,4-dibenzyl-1,2,4-triazine-3,5 (2H,4H) -dione 1a was added to DMSO-ds (3.0 mL) solution to
provide a 0.1 mol/L solution. Then, the solutions of 1a and 2a were added to the NMR tube
based on the specific ratio in Table. The *H (Ar-H) chemical shift of free 2a solution (0.1 mol/L)
is 8.1646 ppm. The job’s plot had a maximum when X (2a) equals to 0.5, suggesting that the
binding stoichiometry between la and 2ais 1:1.
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Figure S8. 'H NMR shift of 1a with 2a

Table S2. *H NMR experimental data for Job’s plot

V (la, A8*X (2a) *10-
Entry | V (2a,mL) mL() X S(*H(Ar-H), ppm) | Ad(ppm) | , 22)
1 0.45 0.05 0.9 8.1658 0.0010 0.90
2 0.40 0.10 0.8 8.1665 0.0025 2.00
3 0.35 0.15 0.7 8.1676 0.0035 2.45
4 0.30 0.20 0.6 8.1685 0.0046 2.76
5 0.25 0.25 0.5 8.1695 0.0060 3.00
6 0.20 0.30 0.4 8.1703 0.0071 2.84
7 0.15 0.35 0.3 8.1714 0.0083 2.49
8 0.10 0.40 0.2 8.1722 0.0086 1.72
9 0.05 0.45 0.1 8.1731 0.00106 1.06
0.0030 .
0.0025 1
Z=)
<]
= 0.0020 5
o
w4 .
0.0015 -
0.0010 1 \

00 02 04 06 08 10
Mole fraction of 2a X (2a)

Figure S9. Job’s plot
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7. Density Functional Theory Calculations

7.1 Computational details
Gaussian 16 software was used to do theoretical computations. Geometrical optimization
was performed at the M062X/6-311+g (d, p) level, and frequency analysis was performed to
ensure the complex did not have any imaginary frequencies [*. In the computations, the implicit
solvent model (SMD) was utilized using DMSO as the solvent, the temperature was set to
308.15 K, and the dispersion correction was applied with the keyword em = gd3. Calculations
using time-dependent density-functional theory were done on the EDA complex's excited state.
The gaussian16 output files were analyzed using Multiwfn 3.8 and VMDU® software to
depict the complexes' HOMO and LUMO molecular orbitals in the ground and excited states,
as well as the electrostatic potential.
The Quantum Theory of Atoms in Molecules (QTAIM) analysis was done on both the
ground and excited states of the EDA complex using Multiwfn3.8. The default settings of the
Multiwfn 3.8 software were used to compute the five files required to draw the electrostatic

potential map, which were then passed to VMD 1.3.9 for plotting the ESP map.

Excited State

H » Ground State -~ »
-59.09 kcal/mol ¥

N -
X / ) i . S_H14 250A K (X i
v,«&("jj S d o N3 390k ol \ R
= & H12 /C2 \ 2.65A,

460R s B
Y N4, 265A273A @

" . % 7 f 5 2 NFZen
4 -y A :’J'.* X § ’I\j < & / e “‘-FS}( CZ}B\QSA 021"!{20 ks .csN4 "/353;\ » &
BEES g y I Yo ] ca g R
y | H13-749 274A ° s &
i H12-F51273A . ¢
(a) Electrostatic potential diagram of the complex with ground (b) Calculated geometries, bond lengths of the EDA complex with
or excited state ground or excited state

Ground State
HOMO: -8.4207 eV

Gi S Excited State
Ground State
LUMO: -1.1243 eV 5 LUMO: -2.1994 eV

Excited State
/ HOMO: -7.4580 eV
.. b o

(c) Calculated Homo and Lumo plot of the EDA complex with
ground state

(d) Calculated Homo and Lumo of the EDA complex with excited state

Figure S10. DFT calculations

For the ground and excited states of the complex, the atomic connections and numbering
are shown in Figure S11. The detailed geometric parameters are shown in Figures S12 and S13,

respectively.
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Figure S12. The geometric parameters of the ground state and excited state of the complex

7.2 Initial and optimized geometrical parameters of the ground and excited state
of the EDA complex

Initial geometrical parameters of ground state of complexes

-0.92124 1.85191 0.49029
0.02449 1.52199 -0.47633
1.34313 1.58887 -0.05476
1.73597 2.04619 1.14349
0.84819 2.41633 1.99585
-0.59368 2.40747 1.72032
-1.43528 2.84916 2.48369
-0.27959 1.17895 -1.6041
-2.33994 1.79751 0.10614
2.41588 1.35567 -1.02884
1.18851 2.78626 2.95663
-2.44974 0.95686 -0.57794
-2.8965 1.5833 1.02023

T T ZT 0 0O O 0O a0 a z Z o Z
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T T D O @I @D &K O @D @D @D @D T @D @D DT @D o000 o0o0oo0o 0oz o000 0o@mm@

3.27692 1.01937 -0.44805
2.09373 0.54513 -1.68277
3.81167 -1.8103 -1.55288
5.2131 -1.19444 -1.81873
5.54429 -1.30994 -0.30248
4.06931 -1.53022 -0.09744
3.36315 -1.31089 0.93315
2.00102 -1.48852 0.57224
1.13414 -1.22082 1.57058
1.44377 -0.93358 2.69875
-0.27332 -1.3002 1.07354
-1.27588 -0.82165 1.92107
-2.5945 -0.80838 1.49095
-2.89934 -1.27702 0.21329
-1.90935 -1.77205 -0.63047
-0.58754 -1.78434 -0.19783
-4.32811 -1.24354 -0.24673
3.78197 -2.88655 -1.74842
2.93749 -1.32422 -1.98793
5.12874 -0.15299 -2.13042
5.8653 -1.74108 -2.49947
6.12108 -2.21057 -0.07378
5.98385 -0.4493 0.2042

-1.00752 -0.44645 2.90244
-3.37871 -0.42037 2.13288
-2.16311 -2.12807 -1.62301
0.19343 -2.1534 -0.85307
-2.79336 3.10126 -0.53192
-2.22057 3.30413 -1.44044
-3.85134 3.03494 -0.79824
-2.6634 3.93461 0.1631

2.73397 2.61651 -1.81576
3.55629 2.42449 -2.50963
1.86386 2.94067 -2.3926
3.03084 3.42389 -1.1403

13



F -4.75635 0.03593 -0.29223
-5.09498 -1.94436 0.6154
-4.41772 -1.79209 -1.477

The optimized geometric parameters of the ground state of the complex

N,0,-1.2149309644,1.921224904,0.2120955628
C,0,-0.2743109377,1.6514241408,-0.7754264373
N,0,1.0253241597,1.497329064, -0.3271554394
N,0,1.42214026,1.6963456147,0.937629026
C,0,0.5478449999,1.9940786629,1.8270705303
C,0,-0.8822994766,2.154686597,1.5369415304
0,0,-1.7052563986,2.4655927059,2.3748477379
0,0,-0.5692485101,1.5365741478,-1.9472262018
C,0,-2.6130800263,2.1094862536,-0.2054499818
C,0,2.091064072,1.2399371298,-1.3037959041
H,0,0.8879569694,2.1421995416,2.8446064043
H,0,-2.7895363882,1.4404563394,-1.0453252656
H,0,-3.2317581359,1.79677304,0.6342288158
H,0,2.8972545425,0.7729250947,-0.739985917
H,0,1.7063648517,0.5227342545,-2.0281195317
C,0,4.0302309439,-1.9357222626,-1.4010547383
C,0,5.4695294305,-1.422165328,-1.6923149784
C,0,5.7598160218,-1.3987260726,-0.1624166519
C,0,4.2736130942,-1.5352215977,0.0295480722
N,0,3.5608653587,-1.2074576555,1.0234936224
0,0,2.1964853596,-1.3632395765,0.6691815635
C,0,1.3431392478,-1.2574936996,1.707140728
0,0,1.6684418132,-1.1786322453,2.8581420082
C,0,-0.0731223619,-1.2595963698,1.2219507054
C,0,-1.0772500354,-1.0406676937,2.1650732582
C,0,-2.4053360207,-0.9972230723,1.7659549679
C,0,-2.7157982032,-1.1816289757,0.4215115173
C,0,-1.7226005041,-1.4023512358,-0.527118487
C,0,-0.3934502593,-1.4365224749,-0.1250154773
C,0,-4.1553143825,-1.1838809587,-0.0038394733
H,0,3.9485208235,-3.0217156539,-1.4914528052
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H,0,3.1891674418,-1.4603119451,-1.9049324432
H,0,5.4581305304,-0.4175149944,-2.1140341465
H,0,6.1019005343,-2.0721659602,-2.2929083336
H,0,6.2827019117,-2.2983382619,0.1693657889
H,0,6.2286148972,-0.5144047571,0.2672068902
H,0,-0.8115577451,-0.8922498098,3.2048728786
H,0,-3.1888393239,-0.8158126341,2.4920074236
H,0,-1.9786594096,-1.5366510604,-1.5710795577
H,0,0.3867921693,-1.5933489559,-0.8595714539
C,0,-2.8894226275,3.5568550206,-0.5831708465
H,0,-2.2655766377,3.8633486122,-1.4250302697
H,0,-3.9365266354,3.6651957587,-0.8730174669
H,0,-2.6949287801,4.221225669,0.2610820771
C,0,2.5609948832,2.5191625762,-1.9766979863
H,0,3.3739514675,2.2915469803,-2.6694920932
H,0,1.7500697957,2.9869107824,-2.5376532811
H,0,2.9310970776,3.2265935508,-1.2308626934
F,0,-4.9110908825,-0.3648556213,0.743357273
F,0,-4.7049983299,-2.4100871784,0.1033353847
F,0,-4.3141111507,-0.8085704997,-1.2818263249

Initial geometric parameters of excited states of complexes

(==

-1.21493 1.92123 0.2121

-0.27431 1.65143 -0.77542
1.02533 1.49733 -0.32715
1.42214 1.69634 0.93763
0.54785 1.99407 1.82708
-0.8823 2.15468 1.53695
-1.70525 2.46559 2.37485
-0.56925 1.53658 -1.94722
-2.61308 2.10949 -0.20545
2.09107 1.23994 -1.30379
0.88796 2.14219 2.84461
-2.78953 1.44046 -1.04532
-3.23176 1.79678 0.63423
2.89726 0.77292 -0.73998
1.70637 0.52274 -2.02812
4.03023 -1.93572 -1.40106
5.46953 -1.42217 -1.69232

OOz Z T ZTO0O00O0OZZ AOZ
C oo oo 00000 00O oo O
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5.75981 -1.39873 -0.16242
4.27361 -1.53523 0.02954
3.56086 -1.20747 1.02349
2.19648 -1.36324 0.66918
1.34314 -1.2575 1.70714
1.66844 -1.17864 2.85814
-0.07312 -1.2596 1.22195
-1.07725 -1.04067 2.16507
-2.40534 -0.99722 1.76595
-2.7158 -1.18163 0.42151
-1.7226 -1.40235 -0.52712
-0.39345 -1.43652 -0.12502
-4.15532 -1.18387 -0.00384
3.94852 -3.02172 -1.49146
3.18916 -1.46031 -1.90494
5.45813 -0.41751 -2.11403
6.1019 -2.07216 -2.29292
6.2827 -2.29835 0.16936
6.22861 -0.51441 0.26721
-0.81156 -0.89226 3.20487
-3.18884 -0.81581 2.49201
-1.97866 -1.53664 -1.57108
0.38679 -1.59335 -0.85958
-2.88942 3.55686 -0.58316
-2.26557 3.86336 -1.42502
-3.93652 3.6652 -0.87301
-2.69492 4.22123 0.26109
2.561 2.51916 -1.97669

3.37396 2.29155 -2.66949
1.75007 2.98691 -2.53765
29311 3.22659 -1.23085
-4.91109 -0.36485 0.74336
-4.705 -2.41008 0.10333

-4.31411 -0.80856 -1.28183

m T T I T OD I DI OQOIIIDI I D I DI D I D IO 00 z0an
S O O O O O OO OO OO OO OO OO0 OO OO0 OO0 OO0 o0 o o0

The optimized geometric parameters of the excited state of the complex

N,0,-0.6408516883,1.4622025176,-0.1298506355
C,0,0.351181121,0.8903791508,-0.8708021885
N,0,1.6271713206,1.0529496269,-0.1791141573
N,0,1.5468958014,0.8946506414,1.1161323313
C,0,0.8117033119,1.7952588946,1.8138485735
C,0,-0.4222774232,2.1237391925,1.1446040535
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0,0,-1.3045068398,2.8277084079,1.6024874697
0,0,0.2704089147,0.4495740465,-1.9844302086
C,0,-1.9449423299,1.6622317395,-0.7833096474
C,0,2.5183886277,2.0971286726,-0.7521447546
H,0,0.9162369371,1.9067116006,2.8821738242
H,0,-2.1332218266,0.7807135069,-1.3944110793
H,0,-2.6899743076,1.7039967893,0.0099466731
H,0,3.3424690409,2.1885694751,-0.045683134
H,0,2.8980882645,1.67453795,-1.6851598559
C,0,3.4643825228,-1.4427741251,-1.7057095302
C,0,4.8963544617,-0.8760234189,-1.9254510297
C,0,5.3637177278,-1.5768310657,-0.6154020261
C,0,3.9042112378,-1.7729277057,-0.3046184922
N,0,3.3402619409,-1.9639975178,0.8127570615
0,0,1.9375618257,-1.9741640564,0.6093136269
C,0,1.2204600751,-1.7969099027,1.7383701794
0,0,1.6739969762,-1.7623448555,2.8474802912
C,0,-0.2269427714,-1.6240947378,1.4057113049
C,0,-1.0326761604,-1.0047844146,2.3599037042
C,0,-2.3642243051,-0.738271986,2.0742550502
C,0,-2.8802318659,-1.1140210991,0.8378069453
C,0,-2.0901804115,-1.7545667267,-0.1117636644
C,0,-0.7531213715,-2.0009946992,0.1695444492
C,0,-4.3243414391,-0.8509226042,0.5288642902
H,0,3.2839149558,-2.3537866215,-2.282245156
H,0,2.6079404678,-0.775082679,-1.8019165966
H,0,4.9186928301,0.2092613575,-1.8312589864
H,0,5.4006357233,-1.1811767176,-2.8397462619
H,0,5.8552376957,-2.5317491607,-0.8138738604
H,0,5.9438425702,-1.0022685135,0.1057491725
H,0,-0.6068098671,-0.7130406879,3.3121831748
H,0,-2.9893404024,-0.2354479941,2.8022154481
H,0,-2.5076700923,-2.0420145448,-1.0696290092
H,0,-0.1253050606,-2.4776791194,-0.5724574845
C,0,-1.9667078714,2.928633709,-1.6251874633
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H,0,-1.2414043189,2.8689087811,-2.4394149557
H,0,-2.9595254428,3.058966029,-2.0613936649
H,0,-1.7407001827,3.8032280029,-1.0118564385
C,0,1.8325055923,3.4346541642,-1.0054938418
H,0,2.5701102836,4.1138717463,-1.4381290374
H,0,1.009245028,3.3383234467,-1.7164403596
H,0,1.461256863,3.875297804,-0.0784689278
F,0,-4.8111646326,0.1996301785,1.2063083038
F,0,-5.1068762889,-1.90273309,0.8452582482
F,0,-4.5308666879,-0.6064694976,-0.7748821478

7.3 QTAIM analysis with multiwfn 3.08

For the ground and excited states of the EDA complex, the BCP paths are shown in
Figure S13 and S14, respectively. The QTAIM analysis outcome are listed in table S3-
S4.

Figure S13. The BCPs path for ground state of the EDA complex by QTAIM analysis

18



Figure S14. The BCPs path for excited state of the EDA complex by QTAIM analysis

Table S3. QTAIM analysis of excited state of the EDA complex

No
conne H eta V(r BE(ke
-of ct atoms P v M »2 3 v (r) G index )/G|(r) | al/mol)
BCP
91 F51-- 0.00 0.01 - - 0.02 - 0.00 0.003 0.09 0.777 -
H12 446 886 0.00213 0.00175 27 0.00300 086 855 37 1 0.9398
35 C28-- 0.00 0.02 - - 0.02 - 0.00 0.004 0.15 0.778 -
H12 678 110 0.00416 0.00121 65 0.00336 096 319 73 5 1.0550
30 C29-- 0.00 0.01 - - 0.02 - 0.00 0.004 0.08 0.804 -
NI 640 950 0.00194 0.00046 19 0.00328 080 078 84 8 1.0298
71 C22-- 0.01 0.04 - - 0.06 - 0.00 0.010 0.12 0.841 -
N4 282 924 0.00768 0.00682 37 0.00893 169 622 04 0 2.8029
08 H32-- 0.00 0.02 - - 0.02 - 0.00 0.004 0.18 0.878 -
08 662 053 0.00542 0.00374 97 0.00402 056 577 26 7 1.2618
94 H32-- 0.00 0.02 - - 0.04 - 0.00 0.005 0.18 0.886 -
N3 905 587 0.00745 0.00695 03 0.00514 066 806 50 0 1.6140
11 H33-- 0.00 0.01 - - 0.01 - 0.00 0.002 0.16 0.805 -
HI15 417 331 0.00317 0.00253 90 0.00224 054 784 67 3 0.7035
12 H42-- 0.00 0.01 - - 0.02 - 0.00 0.003 0.16 0.803 -
1 H47 527 598 0.00379 0.00312 29 0.00268 066 338 58 5 0.8416

Table S4. QTAIM analysis of ground state of the EDA complex

No
conne > eta V(r BE(ke
-of ct atoms P v M a2 » v H(®) G index )/G|(r) | al/mol)
BCP
31 F49-- 0.00 0.01 - - 0.026 - 0.000 0.004 0.1 0.80 -
H13 485 938 0.00369 0.00295 0 0.00327 79 06 417 57 1.0256
” F51-- 0.00 0.01 - - 0.025 - 0.000 0.004 0.1 0.81 -
H12 488 926 0.00379 0.00290 9 0.00328 77 05 461 10 1.0303
35 C27- 0.00 0.02 - - 0.024 - 0.000 0.004 0.1 0.77 -
Cc9 620 132 0.00263 0.00066 6 0.00336 98 35 069 35 1.0545
74 C25-- 0.00 0.02 - - 0.022 - 0.001 0.004 0.0 0.75 -
Cé6 641 048 0.00198 0.00040 9 0.00313 00 12 867 86 0.9815
90 C29-- 0.00 0.02 - - 0.028 - 0.000 0.004 0.1 0.83 -
N3 786 307 0.00382 0.00174 6 0.00416 80 96 334 79 1.3046
30 C22-- 0.00 0.02 - - 0.033 - 0.001 0.005 0.0 0.78 -
N4 760 830 0.00331 0.00164 3 0.00453 27 80 996 10 1.4222
95 021-- 0.00 0.02 - - 0.037 - 0.000 0.006 0.1 0.86 -
H14 755 723 0.00580 0.00391 0 0.00521 80 01 571 73 1.6357
08 N20-- 0.00 0.02 - - 0.027 - 0.000 0.004 0.1 0.83 -
H14 668 168 0.00388 0.00157 1 0.00385 79 63 429 00 1.2066
10 H32- 0.00 0.01 - - 0.023 - 0.000 0.003 0.1 0.77 -
1 H14 543 861 0.00424 0.00100 8 0.00294 86 79 777 39 0.9213

MO062X/6-311+G(d,p) computed QTAIM topological parameters at the BCPs(bond critical
points) of the Ground and Excited states of the EDA complex . p = electron density. V’p =

Laplacian of electron density. A= eigenvalues of hessian. V(r) potential energy density. H(r) =

19



energy density. G(r) = Lagrangian kinetic energy. p, V°p, V(r), H(r), G(r) are in atomic units.
Binding energy (BE) in kcal/mol.

The QTAIM analysis results are listed in table 1 and table 2. The Laplacian of electron
densities at the bond critical points (BCPs) of complex are positive, Hessian matrix with two
negative and one positive eigenvalues. Based on existing literature (>3, the eta index >4 and
| V({)/G(r) | 1 at the BCPs in complex are less than 1, and the Binding energies lie between -
0.8 and -3.0 kcal/mol, indicating that these atom pairs in both ground and excited states of the

EDA complex exist weak interactions, which can be classified as closed-shell interactions.

8. Characterization Data for Products
(@]
©/\N/u\l(\/\CN
O)\N’N

4-(2,4-Dibenzyl-3,5-dioxo-2,3,4,5-tetrahydro-1,2 4-triazin-6-yl)butanenitrile(3aa)'2:
purification by flash column chromatography (petroleum ether/ethyl acetate = 5:1), colorless oil
was obtained with 94% isolated yield (67.7 mg).

TH NMR (500 MHz, CDCls) 67.50 — 7.46 (m, 2H), 7.42 — 7.38 (m, 2H), 7.38 — 7.28 (m, 6H),
5.10 (s, 2H), 5.08 (s, 2H), 2.76 (t,J=7.3 Hz, 2H), 2.36 (t, /= 7.2 Hz, 2H), 2.05 — 1.97 (m, 2H). 13C
NMR (125 MHz, CDCl3) 6 155.6, 148.9, 143.4, 135.6, 135.5, 129.5, 1289, 128.7, 128.5, 128.2,
119.3,55.3,44.4,29.0,219, 16.6.

4-(2,4-Bis(4-methylbenzyl)-3,5-diox0-2,3,4,5-tetrahydro-1,2,4-triazin-6-yl)butanenitrile
(3ab)'3: purification by flash column chromatography (petroleum ether/ethyl acetate = 5:1),
colorless oil was obtained with 79% isolated yield (61.3 mg).

TH NMR (500 MHz, CDCl3) 8 7.39 (d, J= 79 Hz, 2H), 7.30 (d, /= 7.9 Hz, 2H), 7.17 (d,J="7.9
Hz, 2H), 7.13 (d,J=7.9 Hz, 2H), 5.05 (s, 2H), 5.04 (s, 2H), 2.75 (t,J = 7.3 Hz, 2H), 2.37 (t, /=7
Hz, 2H), 2.35 (s, 3H), 2.33 (s, 3H), 2.05 — 1.97 (m, 2H). 3C NMR (125 MHz, CDCl3) & 1559,
1489, 143.3, 138.3, 138.0, 132.7, 132.6, 129.6, 129.5, 129.3, 128.9, 119.3, 55.0, 44.1, 28.9, 21.9,
21.3, 16.6. HRMS (ESI) m/z: [M+H]" Calcd for C23H25N402, 389.1972; Found: 389.1975.
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4-(2,4-Bis(4-bromobenzyl)-3,5-dioxo-2,3,4,5-tetrahydro-1,2 4-triazin-6-yl)butanenitrile

(3ac)!2: purification by flash column chromatography (petroleum ether/ethyl acetate = 5:1), white
solid was obtained with 86% isolated yield (76.6 mg), m. p.=108.6 — 110.8 °C.

'HNMR (500 MHz, CDCl3) 6 7.48 (d, J= 8.4 Hz, 2H), 7.43 (d, J= 8.4 Hz, 2H), 7.35 (d, /=8 4
Hz, 2H), 7.27 (d,J = 8.4 Hz, 2H), 5.03 (s, 2H), 5.01 (s, 2H), 2.76 (t,J=7.4 Hz,2H),2.39 (t, /J="7.1
Hz, 2H), 2.05 — 1.97 (m, 2H). 13C NMR (125 MHz, CDCl3) & 155.7, 148.8, 143.8, 1344, 1343,
132.1,131.8,131.4,130.6, 122.7,122.4,119.2,54.7,43.8,29.1,21.9, 16.7.

0

\/\NJKI(\/\CN

O)\N'N
I

4-(2,4-Diallyl-3,5-diox0-2,3.4,5-tetrahydro-1,2,4-triazin-6-yl)butanenitrile(3ad)'?:
purification by flash column chromatography (petroleum ether/ethyl acetate = 5:1), colorless oil
was obtained with 78% isolated yield (40.5mg).

TH NMR (500 MHz, CDCl3) 6 5.98 — 5.80 (m, 2H), 5.34 — 522 (m, 4H), 4.58 —4.50 (m, 4H),
2.77 (t,J=1.3 Hz, 2H), 2.44 (t,J = 7.2 Hz, 2H), 2.07-1.99 (m, 2H). 3C NMR (125 MHz, CDCl3)
0 155.7,148.5,143.4,131.5, 1304, 1195, 119.3,119.3,54.1,43.1,29.1,22.1, 16.8.

4-(2,4-Diethyl-3,5-dioxo-2,3.4,5-tetrahydro-1,2 4-triazin-6-yl)butanenitrile(3ae):
purification by flash column chromatography (petroleum ether/ethyl acetate = 5:1), colorless oil
was obtained with 70% isolated yield (33.0 mg).

THNMR (500 MHz, CDCl3) 6 4.04 —3.94 (m, 4H), 2.76 (t, J= 7.3 Hz, 2H), 2.45 (t,J=7.1 Hz,
2H), 2.08 — 2.00 (m, 2H), 1.31 (t, J= 7.2 Hz, 3H), 1.23 (t, J=7.1 Hz, 3H). 3C NMR (125 MHz,
CDCl3) 6 156.0, 148.5, 143.1, 119.3, 469, 36.3, 29.1, 22.1, 16.8, 13.5, 12.6. HRMS (ESI) m/z:
[M+H]* Calcd for C11H17N4O2, 237.1346; Found: 237.1350.
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4-(4-Benzyl-2-ethyl-3,5-diox0-2,3,4,5-tetrahydro-1,2,4-triazin-6-yl)butanenitrile(3af)'2:
purification by flash column chromatography (petroleum ether/ethyl acetate = 5:1), colorless oil
was obtained with 88% isolated yield (52.5 mg).

TH NMR (500 MHz, CDCls) 6 7.48 (d, J= 6.6 Hz, 2H), 7.34 — 7.28 (m, 3H), 5.09 (s, 2H), 4.01
(q,J=7.2Hz,2H),2.76 (t,J= 7.4 Hz,2H), 2.44 (t,J="7.2 Hz, 2H), 2.07 — 1.99 (m, 2H), 1.31 (t, J
= 7.2 Hz, 3H). 3C NMR (125 MHz, CDCl3) 8 156.0, 148.7, 143.2, 135.6, 129.6, 128.7, 1282,
119.3,47.0,44.3,29.1,22.1,16.8, 13.5.

4-(4-Benzyl-3,5-dioxo-2-(pent-4-en-1-yl)-2,3.4,5-tetrahydro-1,2 ,4-triazin-6-yl)butanenitrile
(3ag): purification by flash column chromatography (petroleum ether/ethyl acetate = 5:1), colorless
oil was obtained with 73% isolated yield (49.4 mg).

THNMR (500 MHz, CDCl3) 6 7.48 (d,J=7.9 Hz, 2H), 7.34 —7.28 (m, 3H), 5.84 — 5.74 (m, 1H),
5.09 (s, 2H), 5.06 — 5.00 (m, 1H), 4.98 (d, J=10.2 Hz, 1H)), 3.99 — 392 (m, 2H),2.76 (t, /= 7.4
Hz, 2H), 2.43 (t,J= 7.2 Hz, 2H), 2.15 — 2.07 (m, 2H), 2.07 — 1.99 (m, 2H), 1.88 — 1.80 (m, 2H).
I3CNMR (125 MHz, CDCl3) 8 156.0,148.9,143.2,137.2,135.6,129.6,128.7,128.2,119.3, 115.6,
51.4,44.3,30.7,29.2,27.4,22.1, 16.8. HRMS (ESI) m/z: [M+H]" Calcd for C19H23N40>, 339.1816;
Found: 339.1821.

o}
AN
o} N
0,

Ph
4-(4-Benzyl-3,5-diox0-2-(2-0x0-2-phenylethyl)-2,3.4,5-tetrahydro-1,2,4-triazin-6-yl)but-
ane-nitrile (3ah)!2: purification by flash column chromatography (petroleum ether/ethyl acetate =

5:1), colorless oil was obtained with 99% isolated yield (76.9 mg).

TH NMR (500 MHz, CDCl3) 6 7.97 (d,J= 7.3 Hz, 2H), 7.64 (t,J= 6.9 Hz, 1H), 7.51 (t, J=7.1
Hz, 2H), 7.46 (d, J= 7.4 Hz, 2H), 7.39 — 7.26 (m, 3H), 5.39 (s, 2H), 5.11 (s, 2H), 2.78 (t, J= 7.3
Hz,2H), 2.40 (t, J= 7.2 Hz, 2H), 2.05 - 1.97 (m, 2H). 13C NMR (125 MHz, CDCl3) 5 191.8,156.0,
1494, 144.0, 135.4,134.4, 134.3, 129.3, 129.1, 128.7, 128.2, 128.1, 119.3, 57.4, 44.4, 29.0, 219,
16.6.
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Ethyl 2-(4-benzyl-6-(3-cyanopropyl)-3,5-dioxo-4,5-dihydro-1,2,4-triazin-2(3H)-yl)acetate-
(3ai)!2: purification by flash column chromatography (petroleum ether/ethyl acetate = 5:1),
colorless oil was obtained with 94% isolated yield (66.9 mg).

THNMR (500 MHz, CDCls) 6 7.45 (d, J= 6.7 Hz, 2H), 7.34 — 7.27 (m, 3H), 5.09 (s, 2H), 4.67
(s,2H),4.24 (q,J= 7.1 Hz, 2H), 2.77 (t, /= 7.3 Hz, 2H), 2.41 (t, J= 7.2 Hz, 2H), 2.05 — 1.98 (m,
2H), 1.28 (t,J = 7.1 Hz, 3H). 3C NMR (125 MHz, CDCl3) 6 167.6, 155.9, 149.1, 144.1, 135.3,
1294,128.7,128.3,119.3,62.1,52.7,44.4,29.0,21.9, 16.6, 14 2.

4-(2-Benzyl4-(4-methylbenzyl)-3,5-dioxo-2,3,4,5-tetrahydro-1,2,4-triazin-6-yl)butanenitri-
le(3aj): purification by flash column chromatography (petroleum ether/ethyl acetate = 5:1),
colorless oil was obtained with 92% isolated yield (68.8 mg).

TH NMR (500 MHz, CDCl3) & 7.42 — 7.32 (m, 7H), 7.13 (d, /= 7.7 Hz, 2H), 5.09 (s, 2H), 5.05
(s, 2H), 2.75 (t, J = 7.3 Hz, 2H), 2.36 (t, J = 7.2 Hz, 2H), 2.33 (s, 3H), 2.05 — 1.97 (m, 2H). 3C
NMR (125 MHz, CDCl3) 6 155.8, 148.9, 143.4, 138.1, 135.7, 132.6, 129.6, 129.3, 128.9, 1284,
119.3, 55.2, 44.1, 28.9, 219, 21.3, 16.6. HRMS (ESI) m/z: [M+H]* Caled for CxH23N4O,,
375.1816; Found: 375.1819.

4-(2-Benzyl4-(4-bromobenzyl)-3,5-dioxo-2,3.4,5-tetrahydro-1,2 4-triazin-6-yl)butanenit-
rile (3ak)'?: purification by flash column chromatography (petroleum ether/ethyl acetate = 5:1),
white solid was obtained with 87% isolated yield (76.2 mg), m. p.=122.6 — 123.8 °C.

TH NMR (500 MHz, CDCl3) 6 7.43 (d, J= 8.4 Hz, 2H), 7.41 — 7.30 (m, 8H), 5.09 (s, 2H), 5.02
(s,2H), 2.75 (t, J="7.3 Hz, 2H), 2.36 (t, J=7.2 Hz, 2H), 2.05 — 1.97 (m, 2H). 3C NMR (125 MHz,
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CDCl3) 6 155.8,148.8, 143.4, 135.5,134.4, 131.8, 131.4, 128.9, 128.6, 128.5, 1224, 119.2, 553,
43.7,28.9,21.38,16.6.

4-(2-Benzyl4-ethyl-3,5-diox0-2,3,4,5-tetrahydro-1,2,4-triazin-6-yl)butanenitrile(3al):

purify-cation by flash column chromatography (petroleum ether/ethyl acetate = 5:1), colorless oil
was obtained with 82% isolated yield (48.9 mg).

THNMR (500 MHz, CDCls) & 7.40 (d, J= 7.4 Hz, 2H), 7.38 — 7.30 (m, 3H), 5.09 (s, 2H), 3.98
(q,J=7.1 Hz, 2H), 2.75 (t, J=7.3 Hz, 2H), 2.38 (t, /= 7.2 Hz, 2H), 2.06 — 1.98 (m, 2H), 1.23 (t, J
= 7.1 Hz, 3H). 3C NMR (125 MHz, CDCl3) é 155.8, 148.7, 143.3, 135.8, 128.92, 128.88, 128 4,
1193, 55.2, 36.4, 29.0, 219, 16.6, 12.6. HRMS (ESI) m/z: [M+H]* Caled for CisHi9N4O2,
299.1503; Found: 299.1507.
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4-(4-Benzyl-3,5-diox0-2,3,4,5-tetrahydro-1,2,4-triazin-6-yl)butanenitrile(3am)!2:
purification by flash column chromatography (petroleum ether/ethyl acetate = 5:1), white solid was
obtained with 94% isolated yield (50.8 mg), m. p.=114.6 — 115.2 °C.

TH NMR (500 MHz, CDCl3) 6 10.56 (s, 1H), 7.47 (d, J= 6.4 Hz, 2H), 7.34 — 728 (m, 3H), 5.08
(s, 2H), 2.76 (t,J="7.3 Hz, 2H), 2.43 (t, J=7.1 Hz, 2H), 2.06 — 1.98 (m, 2H). 3C NMR (125 MHz,
CDCl3) 6 156.0, 150.2, 144.5,135.2, 129.5, 128.7, 128.4, 119.3,43 .8, 29.0, 21.8, 16.8.

/@AN)I\IK\/\CN
Me OJ\H/N
4-(4-(4-Methylbenzyl)-3,5-dioxo-2,3,4,5-tetrahydro-1,2 4-triazin-6-yl)butanenitrile(3an):
purification by flash column chromatography (petroleum ether/ethyl acetate = 5:1), white solid was
obtained with 75% isolated yield (42.6 mg), m. p. =49 — 50.2 °C.
TH NMR (500 MHz, CDCl3) § 10.17 — 9.94 (m, 1H), 7.38 (d, /=79 Hz, 2H), 7.13 (d, J= 7.8
Hz, 2H), 5.04 (s, 2H),2.76 (t, J= 7.3 Hz, 2H), 2.44 (t, J=7.1 Hz, 2H), 2.32 (s, 3H), 2.06 — 1.98 (m,
2H). BC NMR (125 MHz, CDCls) 6 156.0, 150.0, 144.5, 138.3, 132.3, 129.6, 1294, 119.3, 436,
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29.0, 21.8, 21.3, 16.8. HRMS (ESI) m/z: [M+H]* Calcd for CisH7N4O2, 285.1346; Found:
285.1345.

(0]
o AN
H

4-(4-(4-Bromobenzyl)-3,5-dioxo-2,3,4,5-tetrahydro-1,2,4-triazin-6-yl)butanenitrile(3a0)!2:
purification by flash column chromatography (petroleum ether/ethyl acetate = 5:1), white solid was
obtained with 96% isolated yield (66.8 mg), m. p. = 134.5 — 135.2 °C.

THNMR (500 MHz, CDCls) 6 10.35 (s, 1H), 7.44 (d, J= 8.4 Hz, 2H), 7.36 (d, /= 8.4 Hz, 2H),
5.02 (s,2H),2.77 (t,J=17.3 Hz, 2H), 2.44 (t,J= 7.1 Hz, 2H), 2.06 — 1.98 (m, 2H). 13C NMR (125
MHz, CDCl3) 6 155.9,149.9, 144.5,134.2, 1319, 131.4,122.5,119.3,43.2,29.0,21.8, 16.8.

0
Me Me NJWCN
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Me Me
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0
Bis(2,6-dimethylhept-5-en-1-yl)4,4'-((6-(3-cyanopropyl)-3,5-dioxo-1,2 4-triazine-2,4(3H,-
SH)diyl)bis(methylene))dibenzoate(3ap): purification by flash column chromatography
(petroleum ether/ethyl acetate = 5:1), colorless oil was obtained with 73% isolated yield (101.7 mg).

THNMR (500 MHz, CDCl3) 6 8.01 (d, J= 8.2 Hz, 2H), 7.97 (d, /= 8.2 Hz, 2H), 7.49 (d, /=8 .2
Hz, 2H), 7.43 (d, J= 8.2 Hz, 2H), 5.13 (s, 2H), 5.11 (s, 2H), 5.08 (t, /= 7.1 Hz, 2H), 4.38 — 4.30
(m, 4H), 2.77 (t, J="74 Hz, 2H), 2.38 (t, /=7.1 Hz, 2H), 2.05 - 1.95 (m, 6H), 1.82 — 1.76 (m, 2H),
1.65 (s, 6H), 1.62 (d, J= 6.1 Hz, 2H), 1.59 (s, 6H), 1.42 — 1.35 (m, 2H), 1.26 — 1.20 (m, 2H), 0.96
—0.94 (2d,J=6.5Hz, 6H). BC NMR (125 MHz, CDCl3) 6 166.3,166.2,155.7, 148.8, 143.9, 140.2,
140.1, 131.4, 130.6, 130.4, 130.1, 130.0, 129.2, 128.6, 124.6, 119.1, 63.74, 63.66, 55.0, 44.1, 370,
35.5,29.6,29.1,25.8,25.5,21.9,19.6,17.7,16.7. HRMS (ESI) m/z: [M+H]* Calcd for C43H57N4Os,
7254273; Found: 725.4274
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2,6-Dimethylhept-5-en-1-yl4-((6-(3-cyanopropyl)-3,5-dioxo-2,5-dihydro-1,2 4-triazin-
4(3H)y)methyl)benzoate(3aq): purification by flash column chromatography (petroleum
ether/ethyl acetate = 5:1), colorless oil was obtained with 68% isolated yield (59.6 mg).

TH NMR (500 MHz, CDCl3) 6 10.27 (s, 1H), 7.98 (d, J=8.2 Hz, 2H), 7.51 (d, /= 8.2 Hz, 2H),
5.12 (s,2H), 5.08 (t,J= 7.0 Hz, 1H), 4.38 — 4.29 (m, 2H), 2.77 (t,J= 7.3 Hz, 2H),2.44 (t, J=T7.1
Hz, 2H), 2.05- 191 (m, 4H), 1.83 — 1.75 (m, 1H), 1.66 (s, 3H), 1.64 — 1.60 (m, 1H), 1.59 (s, 3H),
1.57-1.50 (m, 1H), 1.42 — 1.34 (m, 1H), 1.24 — 1.17 (m, 1H), 0.95 (d, J= 6.5 Hz, 3H). 3C NMR
(125 MHz, CDCl3) 6 166.4, 155.9, 1499, 144.5, 140.0, 131.5, 130.4, 130.0, 129.2, 124.6, 1192,
63.8,434,37.1, 355, 29.7, 290, 25.8, 25.5, 21.8, 19.6, 17.8, 16.7. HRMS (ESI) m/z: [M+H]*
Calcd for Co5H33N404, 453.2496; Found: 453.2500.
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4-(2-(3,5-Dichloro-4-((4-chlorophenyl)(isocyano)methyl)phenyl)-3,5-dioxo-2,3,4,5-tetrahy-
dro-1,2,4-triazin-6-yl)butanenitrile(3ar)!?: purification by flash column chromatography
(petroleum ether/ethyl acetate = 3:1), red solid was obtained with 74% isolated yield (70.0 mg), m.
p.-=215.1-216.2°C.

TH NMR (500 MHz, DMSO-d6) 8 12.53 (s, 1H), 7.85 (s, 2H), 7.50 (d, J= 8.5 Hz, 2H), 7.28 (d,
J=8.4 Hz, 2H), 6.55 (s, 1H), 2.67 (t, J="7.3 Hz, 2H), 2.61 (t, /= 7.1 Hz, 2H), 1.95 — 1.87 (m, 2H).
13C NMR (125 MHz, DMSO-d6) 5 146.1, 141.8, 134.6, 132.8, 131.9, 129.1, 129.0, 128.5, 125.5,
1206, 117.0,36.7,28.2,21.5, 15.6.
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(18,2545)-4,7,7-Trimethylbicyclo[2.2.1]heptan-2-yl 4-((6-(3-cyanopropyl)-3,5-dioxo-2,5-di-

W
"y

hydro-1,2 4-triazin-4(3H)-yl)methyl)benzoate(3as): purification by flash column
chromatography (petroleum ether/ethyl acetate = 3:1), colorless oil was obtained with 95% isolated
yield (85.5 mg).

TH NMR (500 MHz, DMSO-d6) § 10.37 (s, 1H), 7.96 (d, J= 8.2 Hz, 2H), 7.51 (d, /= 8.1 Hz,
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2H), 5.11 (s, 2H), 4.88 (dd, /= 7.6, 3.8 Hz, 1H), 2.76 (t, J = 7.3 Hz, 2H), 2.44 (t, J="7.1 Hz, 2H),
2.04-1.99 (m, 2H), 1.94 — 1.82 (m, 2H), 1.79 (t,J=4.0 Hz, 1H), 1.78 — 1.67 (m, 2H), 1.63 - 1.55
(m, 1H), 1.23 - 1.17 (m, 1H), 1.09 (s, 3H), 0.89 (s, 3H), 0.87 (s, 3H). 3C NMR (125 MHz, DMSO-
d6) 6 170.01, 16144, 154.61, 148.54, 146.70, 134.38, 134.25, 133.09, 86.00, 53.81, 51.86, 49.64,
47.59, 43.56, 38.34, 33.78, 31.81, 26.75, 25.14, 25.03, 20.84, 16.62. HRMS (ESI) m/z: [M+H]*
Calcd for C2sH31N404%, 451.2340; Found: 451.2324.
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2-(6-(3-Cyanopropyl)-3,5-dioxo-2,5-dihydro-1,2 ,4-triazin4(3H)-yl)ethyl 2-(4-isobutylphen-
yl) propanoate(3at) purification by flash column chromatography (petroleum ether/ethyl acetate =
4:1), colorless oil was obtained with 83% isolated yield (68.4 mg).

TH NMR (500 MHz, CDCl3) 6 9.98 (s, 1H), 7.15 (d, J= 8.0 Hz, 2H), 7.07 (d, J= 8.0 Hz, 2H),
446 —4.40 (m, 1H), 4.30 —4.22 (m, 2H), 4.20 —4.13 (m, 1H), 3.64 (q, /= 7.1 Hz, 1H),2.74 (t,J =
7.3 Hz,2H), 2.44 (t,J=7.6 Hz,4H),2.07 — 1.98 (m, 2H), 1.88 - 1.78 (m, 1H), 1.45 (d,/=7.2 Hz,
3H), 0.89 (d, /= 6.6 Hz, 6H). 13C NMR (125 MHz, CDCl3) 6 174.9, 156.0, 149.8, 144.2, 140.8,
137.4,129.4,127.3,119.2,61.0, 45.1, 45.1, 39.5, 30.3,29.0, 22.5, 21.8, 18.5, 16.7. HRMS (ESI)

m/z: [M+H]* Calcd for C22H29N404, 413.2183; Found: 413.2180.
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2-(6-(3-Cyanopropyl)-3,5-dioxo-2,5-dihydro-1,2,4-triazin4(3H)-yl)ethyl 5-(2,5-dimethylp-
henyl)2,2-dimethylpentanoate(3au): purification by flash column chromatography (petroleum
ether/ethyl acetate = 4:1), colorless oil was obtained with 90% isolated yield (79.2 mg).

THNMR (500 MHz, CDCls) 6 10.35 (s, 1H), 6.99 (d,J=7.5 Hz, 1H), 6.65 (d, J= 7.4 Hz, 1H),
6.59 (s, 1H), 4.35 (t, J=5.1 Hz, 2H), 4.22 (t, J= 5.1 Hz, 2H), 3.89 (t, /= 5.6 Hz, 2H), 2.73 (t,J =
7.3 Hz,2H), 2.39 (t,J=7.1 Hz,2H), 2.30 (s, 3H), 2.15 (s, 3H), 2.03 — 1.95 (m, 2H), 1.72 — 1.64 (m,
4H), 1.17 (s, 6H). 3C NMR (125 MHz, CDCl3) § 177.9, 157.0, 156.0, 150.0, 144.3, 136.6, 130.4,
123.6, 120.8, 119.2, 112.0, 68.0, 60.8, 42.2, 39.5, 36.9, 29.0, 25.1, 21.8, 21.5, 16.6, 15.9. HRMS
(ESI) m/z: [M+H]* Caled for C24H33N4Os, 457.2445; Found: 457.2446.
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tert-Butyl (1-cyano-3-(2,4-dibenzyl-3,5-diox0-2,3,4,5-tetrahydro-1,2,4-triazin-6-yl)propan-
2-yl)carbamate(3ba)!2: purification by flash column chromatography (petroleum ether/ethyl
acetate = 5:1), colorless oil was obtained with 93% isolated yield (88.4 mg).

TH NMR (500 MHz, CDCl3) 6 746 (d,J=7.1 Hz, 2H), 7.39 (d, J= 7.2 Hz, 2H), 7.37 — 7.27 (m,
6H), 5.16 (d, /= 7.8 Hz, 1H), 5.12 — 5.04 (m, 4H), 427 — 4.19 (m, 1H), 2.91 (d, J= 5.8 Hz, 2H),
2.76 (dd, J=16.8,5.5 Hz, 1H), 2.61 (dd, /= 16.8, 4.3 Hz, 1H), 1.39 (s, 9H). 3C NMR (125 MHz,
CDCl3) 6 156.4,155.0,148.7,141.3,135.4,135.3,129.4,128.93, 128.86, 128.7, 128.5, 128.2, 117.1,
80.4,55.5,45.7,44.5,34.4,28.3,23 4.
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4-(2,4-Dibenzyl-3,5-dioxo0-2,3.4,5-tetrahydro-1,2 4-triazin-6-yl)-3-phenylbutanenitri-
le(3ca)?: purification by flash column chromatography (petroleum ether/ethyl acetate = 5:1),
colorless oil was obtained with 90% isolated yield (78.5 mg).

TH NMR (500 MHz, CDCl3) 6 7.42 — 7.38 (m, 2H), 7.33 — 7.30 (m, 4H), 7.30 — 7.24 (m, 5H),
7.21(dd,J=6.6,2.9 Hz, 2H), 7.18 (dd, /= 7.6, 1.9 Hz, 2H), 5.04 (d, J= 6.5 Hz, 2H), 5.01 (d, J=
6.2 Hz, 2H), 3.61 — 3.54 (m, 1H), 3.15 - 3.05 (m, 2H), 2.69 — 2.59 (m, 2H). 3C NMR (125 MHz,
CDCI3) 6 155.9, 148.7,142.4, 140.3, 135.6, 135.4, 129.3,129.0, 128.8, 128.7, 128.6, 128.3, 128 .2,
127.8,127.3,118.2, 55.3, 443, 39.0, 35.3, 24.6.
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Ethyl 3-cyano-2-((2,4-dibenzyl-3,5-dioxo-2,3,4,5-tetrahydro-1,2 4-triazin-6-yl)methyl)pr-
opanoate(3da)'2: purification by flash column chromatography (petroleum ether/ethyl acetate =
5:1), colorless oil was obtained with 91% isolated yield (78.6 mg).

THNMR (500 MHz, CDCl3) § 7.47 (d,J= 6.9 Hz, 2H), 7.39 — 7.28 (m, 8H), 5.12 — 5.01 (m, 4H),
4.14-4.06 (m, 1H), 4.06 —3.98 (m, 1H), 326 —3.19 (m, 1H), 3.12 (dd, /= 16.4,7.1 Hz, 1H), 2.96
(dd,J=16.4,6.6 Hz, 1H), 2.68 (dd, J=17.0, 6.7 Hz, 1H), 2.59 (dd, /= 17.0, 6.8 Hz, 1H), 1.14 (t,
J=7.1 Hz, 3H). 3C NMR (125 MHz, CDCl3) 6 171.3, 155.7, 148.8, 141.7, 135.5, 135.4, 129.5,
1289, 128.8,128.7,128.5,128.3,117.5,61.8,55.3,44.4,38.5,31.3,19.1, 14.1.
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tert-Butyl 3-cyano-2-((2,4-dibenzyl-3,5-dioxo-23,4,5-tetrahydro-1,2 4-triazin-6-yl)methy-
I)propanoate(3ea)'2: purification by flash column chromatography (petroleum ether/ethyl acetate
=5:1), colorless oil was obtained with 83% isolated yield (76.4 mg).

THNMR (500 MHz, CDCl3) 6 7.48 (d,J= 6.7 Hz, 2H), 7.41 — 7.28 (m, 8H), 5.12 — 5.05 (m, 4H),
3.20-3.12 (m, 1H), 3.08 (dd, J=16.2, 7.2 Hz, 1H), 2.89 (dd, J = 16.2, 6.7 Hz, 1H), 2.62 (dd, J =
16.6, 6.4 Hz, 1H), 2.55 (dd, J=16.9, 6.4 Hz, 1H), 1.37 (s, 9H). 13C NMR (125 MHz, CDCl3) §

1704, 1558, 1489, 142.1, 135.5, 135.4, 129.6, 128.93, 128.87, 128.7, 128.5, 128.3, 117.6, §82.6,
55.3,44.5,392,31.4,27.9,19.3.
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2-((2,4-Dibenzyl-3,5-dioxo-2,3.4,5-tetrahydro-1,2 4-triazin-6-yl)methyl)succinonit-
rile(3fa)!2: purification by flash column chromatography (petroleum ether/ethyl acetate = 5:1),
white solid was obtained with 95% isolated yield (73.2 mg), m. p.=119.6 - 122.9 °C.

H NMR (500 MHz, CDCls) § 746 (d, J = 6.5 Hz, 2H), 7.42 (d, J= 6.7 Hz, 2H), 7.39 — 7.27 (m,
6H), 5.13 (s, 2H), 5.08 (s, 2H), 3.46 — 3.38 (m, 1H), 3.10 (dd, J = 16.4, 8.3 Hz, 1H), 3.02 (dd, J =
16.4, 6.1 Hz, 1H), 2.72 (d, J = 6.6 Hz, 2H). 3C NMR (125 MHz, CDCls) 5 155.6, 148.6, 1393,

135.10,135.09,129.5,129.03, 128.99, 128.8, 128.7, 128 4, 118.1, 115.3,55.6,44.6,31.8,25.3,20.7.
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tert-Butyl  3-(cyanomethyl)-3-((2,4-dibenzyl-3,5-dioxo0-2,3.4,5-tetrahydro-1,2,4-triazin-6-
yl)m-ethyl)azetidine-1-carboxylate(3ga)'?: purification by flash column chromatography
(petroleum ether/ethyl acetate = 5:1), colorless oil was obtained with 79% isolated yield (79.2 mg).

TH NMR (500 MHz, CDCl3) 6 7.48 (d, J= 6.6 Hz, 2H), 7.40 — 7.27 (m, 8H), 5.09 (s, 2H), 5.07
(s,2H), 3.81 (d,J=9.2 Hz, 2H), 3.71 (d, J=9.2 Hz, 2H), 3.04 (s, 2H), 2.59 (s, 2H), 1.44 (s, 9H).
13C NMR (125 MHz, CDCl3) & 156.1, 156.0, 148.7, 141.0, 135.3, 130.5, 129.6, 129.1, 128.74,
128.68,128.4,117.1, 80.3,55.1,44.6, 35.8,34.2,28.4, 25 .5.
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tert-Butyl  4-(cyanomethyl)<4-((2.4-dibenzyl-3,5-dioxo-2,3.4,5-tetrahydro-1,2,4-triazin-6-
yl)m-ethyl)piperidine-1-carboxylate(3ha)'2: purification by flash column chromatography
(petroleum ether/ethyl acetate = 5:1), colorless oil was obtained with 69% isolated yield (73.0 mg).

TH NMR (500 MHz, CDCls) 6 7.46 (d, J= 6.7 Hz, 2H), 7.40 — 7.28 (m, 8H), 5.11 (s, 2H), 5.09(s,
2H), 3.48 —3.35 (m, 4H), 2.81 (s, 2H), 2.30 (s, 2H), 1.52 — 1.42 (m, 13H). 3C NMR (125 MHz,
CDCl3) 6 156.5, 154.7, 148.7, 141.8, 135.5, 135.4, 129.5, 129.1, 128.9, 128.7, 128.6, 128.3, 117.6,
80.0,55.2,44.7,35.8,35.0,34.2,28.5, 26.6.

2-((2,4-Dibenzyl-3,5-diox0-2,3,4,5-tetrahydro-1,2 4-triazin-6-yl)methoxy)acetonitrile(3ia) 12:
purification by flash column chromatography (petroleum ether/ethyl acetate = 5:1), colorless oil
was obtained with 79% isolated yield (57.2 mg).

TH NMR (500 MHz, CDCl3) 6 748 (d, J= 6.4 Hz, 2H), 7.41 (d, J= 6.4 Hz, 2H), 7.39 — 7.27 (m,
6H), 5.13 (s, 2H), 5.08 (s, 2H), 4.56 (s, 2H), 4.34 (s, 2H). 3C NMR (125 MHz, CDCl3) § 155.5,
148.8, 139.6, 13523, 135.19, 129.6, 128.93, 128.89, 128.7, 128.6, 128.4, 115.8, 67.8, 56.4, 55.7,
44.5.
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tert-Butyl (cyanomethyl)((2,4-dibenzyl-3,5-dioxo-2,3.4,5-tetrahydro-1,2,4-triazin-6-yl)met-
hyl)carbamate(3ja)!2: purification by flash column chromatography (petroleum ether/ethyl acetate
=5:1), colorless oil was obtained with 96% isolated yield (88.5 mg).

'H NMR (500 MHz, CDCl3) 6 748 (s, 2H), 7.42 — 7.27(m, 8H), 5.11 (s, 2H), 5.07 (d, J=15.3
Hz, 2H), 4.45 (d, J= 14.8 Hz, 2H), 4.25 (s, 1H), 4.12 (s, 1H), 1.52 (s, 4.5H), 1.37 (s, 4.5H). 3C
NMR (125 MHz, CDCl3) 8 155.54,155.51,154.4,153.8,148.8,139.7, 1394, 135.43, 13536, 135.3,
129.6, 128.9, 128.8, 128.7, 128.5, 128.41, 128.35, 128.3, 116.1, 82.7, 82.3, 55.6, 55.5, 47.2, 467,
44.4,44.3,37.1,36.1, 28.23, 28.15.
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Benzyl (cyanomethyl)((2,4-dibenzyl-3,5-dioxo-23,4,5-tetrahydro-1,2 4-triazin-6-yl)methy-
I)carbamatee(3ka)!2: purification by flash column chromatography (petroleum ether/ethyl acetate
= 5:1), colorless oil was obtained with 82% isolated yield (81.2 mg).

TH NMR (500 MHz, CDCl3) 6 7.48 (d, J= 6.6 Hz, 2H), 7.44 — 7.27 (m, 12H), 7.21 (d, /= 6.9
Hz, 1H), 5.22 (s, 1H), 5.07 (s, 2H), 5.05 (s, 2H), 4.97 (s, 1H), 4.53 (s, 1H), 4.49 (s, 1H), 4.31 (s,
1H),4.19 (s, IH). BCNMR (125 MHz, CDCl3) 6 155.5,155.4,154.7, 148.74, 148.66, 139.0, 138.9,
1355, 135.32, 135.29, 135.2, 129.6 129.1 129.0, 128.9, 128.8, 128.74, 128.66, 128.62, 128.55,
128.5,128.4,128.2,115.7,68.7, 68.5, 55.5, 55.3,47.6,46.9, 44 .4, 36.8, 36.6.

5-(2,4-Dibenzyl-3.,5-dioxo-2,3.4,5-tetrahydro-1,2 4-triazin-6-yl)-5-methylhexanenitr-
ile(31a)!2: purification by flash column chromatography (petroleum ether/ethyl acetate = 5:1),
colorless oil was obtained with 78% isolated yield (62.7 mg).

THNMR (500 MHz, CDCl3) 8 7.46 (d,J= 6.8 Hz, 2H), 7.42 — 7.39 (m, 2H), 7.39 — 7.28 (m, 6H),
5.09 (s, 2H), 5.08 (s, 2H), 2.23 (t, J="7.2 Hz, 2H), 1.93 — 1.87 (m, 2H), 1.47 — 1.38 (m, 2H), 1.31
(s, 6H). 3C NMR (125 MHz, CDCl3) 6 154.8, 148.9, 148.6, 135.8, 135.7, 129.3, 1289, 12828,
128.7,128.4,128.1, 119.6, 55.3,44.1,40.2, 38.8,25.9,21.2, 17.6.

(0]
Bn CN
sN/U\IH\O/\/

(0] l}l'
Bn

3-(1-(2,4-Dibenzyl-3,5-diox0-2,3.,4,5-tetrahydro-1,2 ,4-triazin-6-yl)ethoxy)propanenitrile-
(3ma)'2: purification by flash column chromatography (petroleum ether/ethyl acetate = 5:1),
colorless oil was obtained with 55% isolated yield (42.9 mg).

TH NMR (500 MHz, CDCl3) 8 748 (d, J= 6.9 Hz, 2H), 7.42 (d, J= 7.2 Hz, 2H), 7.38 — 7.29 (mm,
6H), 5.18 — 5.06 (m, 4H), 4.70 (q, J = 6.5 Hz, 1H), 3.73 — 3.67 (m, 2H), 2.58 — 2.53 (m, 2H), 1.48
(d, J= 6.6 Hz, 3H). 3C NMR (125 MHz, CDCl3) & 155.5, 148.8, 143.3, 135.52, 135.46, 129.6,
129.0,128.9, 128.7,128.5,128.3, 117.8, 72.6, 64.6, 55.5,44.4, 19.1, 18.0.
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10. NMR Spectra of Products

TH NMR

-0.5

B80T —
PSR —

1.0 05 00

LLET LS6'8T —

~

e

NN
1.5

2.0

L FOLTF —
960's Y| H,E.m
EIDAD 097°L 0T |
serL || o7
roTL
66T'L
T0E°L
80€°L
TIEL
61EL L
£7€°L
RTEL L
SEEL
T J gert
SrEL ) et
6FEL L
TSEL
09E°L |
POEL
€LEL
LLEL T
08€°L 1
9REL
T6E°L N.NE
POEL | E0'T |
LOEL ] J_E.m
£OFL |
Love ]
oIL
LOVL
UL
SLYL

o z 3
BLP'L NIA
rREL M o

2.5

T97'es —

A 09T°LL —

40 35 30

4.5
fl (ppm)

5.0

5.5

GITGIL —

CET'BIT
LFF'BTT
FRORII
FLE'BTI
£FS6T1
Fos"sL1
TEesel \‘
FFErL
GLG'BFL
zsgsst <

7.0 65 6.0

CN
85 80 75

9.5 9.0

88F'L
76F'L

I3C NMR

1oo 90 30 o 60 £0 40 30
1l (ppm)
33

110

120

CN
180 170 1s0 150 140 130

190




'HNMR

s
aI._.nv.

ETIL
BET'L
9L
OLT'L
£loaoD 09TL §
BET'L
POEL
BLE'L
PoEL

CN

Me

Me

3ab

ST

6T
S0'E
‘T

oz

T
£ 8

~

1.0 05 00 -0.5

1.5

2.0

15

35 30

4.0

50 4.5
fl (ppm)

70 65 60 55

9.0 85 80 75

0.0 9.5

13C NMR

L6S91 ~
08T1T
£8R1T

TF6'BT —

He0rr —

T1Zhss —

LD WL —

GRTTGIT —

_Kn.qﬂ
_w»,r,.rz
6Ts6Ll
S6S6LT
SHSTET
BG9TET
BFIBLT
BLTBLT
STEEHT %
S6RBFT
SLBSSL /

CN

|
N

A

Me'

Me'

3ab

80

IJIJD 90
fl (ppm)

T
110

T
120

T
130

34



'HNMR

BL6'1
€661
LOOT
[adlys
9€0°T
SLET
6RET %
£OF'T
L
BSL'T
€LLT

oLors
Qmo,mv.

1000 09T°L
£9TL
OLTL
6EE°L
95€°L
STFL
WL
TLv'L
BRP'L

CN

Br

Br

|

30

3ac

1

5.0

urw—..ﬂ

=0T

L0 05 00 -05

1.5

85 80 75 7.0 65 60 55 4.5 4.0 35
fl (ppm)

9.5 9.0

13C NMR

88991 —
LBRIZ —

QL0 6T —

GBLEF —

GELTE —

LA 09T°LL —

TRLUGIL ~
SFFTTL
89971 >
DI 0ET ~_
D6ETET
BER'ILT
[N
GIETLL
rrrel \‘
TILErl
GLLRFIL
s1esst

N CN
OJ\N’
3ac

Br’

Br

30

50

60

T
100 90

T
110

T
180

fl (ppm)

35



'HNMR

LONT
1Zne
9E0°T
080T
90T
e
T
sere
65L°C
£LLT
8BL°C
1Z5F
£E5F
LEST
0FEE
e6t
rize
sy
SKTs

wos
LST'S
6LTS
167°S
€167
IS
GOR°S
IZ8s
6IR'S
£ER'S
H8°S
ser's
£98's
L98S
SLE'S
188°S
888°S f

£68°5
10675
S06°5
97675
S£6°s
8E6'C
LF6's
096's
420D 09TL—

CN

-0.5

0.0

iy

13C NMR

otL 91
0svzz
PLOGE

rer—

LEIFs —

LA 09T°LL —

9RTGII
GEEGII W
GOV LI

GEEDET
£sPIer

6IFEFL —
GEF8FT —

QELGST —

CN

10

20

40

T T
110 100 90 30
fl (ppm)

0

T
170

T
190

36



FIT'L
BZT'L
i
(1§
FIET W
BZET
Tz
90T
11
=507
690"
8L
L
09T
LT
19L°C
SLLT
LS6°E
TL6°E
SB6'E
Fe6'E

£T0F

LA 09T°L —

'HNMR

CN

FLIUE

e

Hor

T T
4.5 4.0 35 30
1l (ppm)

55

6.0

8.0

8.5

9.0

13C NMR

SESET
€6L°0T

|TI'TT /
orrez
£R8T9E

98E'TL M
LLE O —

ELDAD 09T°LL —

L1€6IL —

700°¢p1 ¢
YOF'REL 7
T96'SST N,

CN

180 170 160 150 140 130 120 110 100 90 80 70 60 S50 40 30
fl (ppm)

190

37



'HNMR

(115}
FIEL W.
6TEL
£00°C
LINE
E0g
LF0'T
190°C
1ZF'T
9ErT
13N 4
6FLT
roLT
GLLTT

SBEE
666"
rinr

#Z0°F

LBOS —

£10d0 097°L
IBT°L
£61°L
LLTA
6677
£0£7L
BIEL
BLEL
1€E°L
SEE7L
DEFTL
GBFL

CN

e
[

o 05

n.s

Lo

4.0 35 30

4.5
1l (ppm)

£0

]
w

6.5

8.0

uy

13C NMR

LIS B
sLLor
BPOTTT

T1Zre —

LA 4 el
rouir—

2D 09T°LL—

I8Call —

861871
0LOBT1 W
Fos6T1

roosen
GRLEPL —
£9UBF1 —

FTrest —

CN

N
N

PN

3af

T T r T
120 110 100 90 80 T [11]
1l (ppm)

T
130

T
180

T
190

oo

38



'HNMR

ore'E
SS6'E W.
OL6'E
0LE'Y
066'F
oL
rios
SHO'S
|F0'S w
980°S
09L's
LOL'S 4
€LL°S
1816
voL's |
RS
808'S
SI®'S
EIDAD 097'L %
£87°L
887'L
£6T'L
96T'L
00E'L
£0E°L
RIEL
€L
SECL
Ll
L8P'L

CN

ooy
mwﬂ.ﬂ

17
%17

BT

=07

0
mm.-
{0

96'0

6T
007

0 15 10 05 00 -05

35 3.0 15

4.5 4.0

fl (ppm)

6.5 60 55 50

7.5 T

8.0

8.5

9.0

9.5

13C NMR

1g9 —
160 gT ~
[t i

mm_.aNW
6L90E—

FLEYE —

6L Ts —

A 09T°LL —

£00si —
BOTGIT —

TETRTI
T69'8T1 W
965°6T1
TIosLn f
LR
FOLErL 4
O88°8FL —

EL6SEl —

CN

o)\N’

3ag,

40

T T r T
120 110 100 90 30
fl (ppm)

T
130

39



'HNMR

BL6T
66°1
LWE
1Z0°e
TENT

FBET
66L°T w.

D6L'T

£
19L°T
BLLT

ris—
£68s —

L1 09T°L
LBTL
gL
0rEL
£T0°L
GELTL A

e,
69F L L

1oL
S1s°L
625°L )
879°L |
oL
9597,

ﬁ

]

ﬁ

BS6°L
£L6°L

CN

Rl
i)

e
=0°T
1T
C0L

Faoz

0.5

1.0

15

4.0

55 5.0

6.0

7.0

75

8.0

8.5

9.0

1l (ppm)

13C NMR

prsor ¥
P ata
066'8T

O6LEFF —

SIPLs —

ELDAD 091°LL —

7igell —
671871
T0T'8/TL
60OL'8TT
0L0°6TT
96T 6Tl
FTEFET
TLEFEL
BOE'SET
CEOFPT
80 6r 1
T96'ssT

LOL'TGT —

CN

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
fl (ppm)

200

40



'HNMR

LTl
SBI'T W
66T
986°T
(L1114
ST
gz

e
nor
FIre

8T
£5L°T
89T
BT

£ITr
BET'F
sir

9Tr
£L97 —

hans —

€120 09T°L
UL
CLTL
08Z°L Y
SBT'L
H'ﬂ.h.,r
66z L
FIEL
£TeL
Lz
T€€°L
6EF°L
5L

CN

A

BT
88T

uy

13C NMR

£0TF1 —
Lreor
BRI~

B66'BT —

FeETE —
LIS —

e —

LAY 0917LL —

96l —

SOTBTL

LILBTI W
ssE6Tl Y
£8T°SET

erorrr /.
HI6H
OLB'SET

ELELOT —

CN

40

T
80 70 6

90
1l (ppm)

T
100

T
110

T
130

T
130

T
190

41



'HNMR

£loaon

23
i o
!

STrLY
L |
097 1
6TEL T

€PEL

S6E°L

CN

|
N

A

Me’

3aj

—

N

*60'T
oot

e
E0T

=0z
T

e
FoirL

20 15 1.0 05 0.0 -05

15

35 30

50 4.5 4.0
fl (ppm)

7.5 70 65 60 55

8.5 8.0

9.0

0.0 9.5

13C NMR

QLS OT —
S9TIT
09817 /
HE6'8T —

LOUFF —

OETss —

EIDAD 09T°LL —

69T 6IL —
9TH' 8T
LORRTT
6EL°6TL
985 67T
LOSTET
TEOSET
£O0'BET
EEFEPL %
£76'8FT g_w
THR'SST

CN

Me'

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20
fl (ppm)

190

42



'HNMR

8L6'1
£66'1
LOOT
T
o9E0'T
6FeT
£9F°T N
BLET
BEL'T
£SLT
LOL'T

8IS~
LBOS

£1DUD 097°L |
9TE'L |
6£€°L 1
PreL |
1SEL
D9EL .,T

fows -
7eL
LLEL
£65°L %
]

STFL
FPL

CN

|
N

oA

ke

Br

3ak

M

L6l
H‘Fm.-

6T
61

O
T

-0.5

0.0

1.0 05

6.0 55 50 45 40 35 30 25 20 1.5

6.5

9.0 85 80 75 7.0

0.0 9.5

fl (ppm)

13C NMR

DLE9T —
[18°% i

FEGRT —

BTLEF —

Toges —

ALY 0917LL —

LET 1T
BIETTI #

BEF'BT1
GFE'RTI W

rIrrel %ﬂ
91 sEl

BEFCFL 4
86L'8FT

TILSST

CN

Br

60

T r T
120 110 100 90 80
fl (ppm)

T
130

T T
180 170

T
190

43



'HNMR

FITL

BZT'T W
farA s

66T
Lwg
IZne
90T
0z
£9€°7
BLET
6T
LT
S8l
69L°T

Le6'E
LL6™E
SBE'E

666°E

s

£60°s —

LD 09T°L
GOE°L
TTEL
LEETL
el
[ 31
£LE°L
G6BETL
rorL

CN

3al

1
0T

-0.5

0.0

uy

1l (ppm)

SLETL “_ﬂ
[rae ]} 7
61T
FE68T
9TF9E J_f

T91'ee —

LA 0917 LL—

el —

1£r821
T88°BTI
FOLEEL
creer
E0L'8FT 7
THLSET ~

13C NMR

CN

3al

A

6l

70

T T T
110 100 90
1l (ppm)

T
120

T
130

T T
190 180

T
200

44



'HNMR

Z66°T
9z
IZnT
SE0T
sz
6IF°T
££9°T W.
LFPL
BFLT
€907
LLLT

80—

LD 09T°L
SBTL
06T°L
S6L°L
B6T°L
ToE"L
aMEL
9TEL
6TEL
FECTL
YorL
BEPTL

095701 —

CN

Hie
T
0T

FORT
61

0.0

iy

iy

wy

T
10.0

T
10.5

R

13C NMR

SS9 —
roR 1z —

£B6'BT —

LsL'er —

ALY 0917LL —

FREGIT —

0SE81
cevsu
005621

wzsel

£15FF1 s
65101 —
TLe™ssl ~y

CN

A

3am

10

20

40

£0

T T T
110 100 90 80
1l (ppm)

T
180

45



'HNMR

766'T
LT
1707
9€0°T

SPT
6EV'T N
€51 T
SFLT
65L°T
FLLT

s —

€T1'L
8ET'L p.
E1D0D 09T'L =

€LEL %

886'6
€100t
STO0T
0F0'ot
FROOT
10101
rZrot

CN

Me’

|

0T
06T
o
HOT

e

el
06’1

Frort

T

T

T

T

1.5 1.0 05 0.0 -0.5

2.0

2.5

4.0 35 30

70 65 6.0 55 50 45

1.0 10.5 10.0 95 9.0 85 8.0 7.5

fl (ppm)

13C NMR

LBLOT ~
S0ETT,
6wz

6B6'BT —

aeer —

LA 09T°LL —

SOTGIT —

sTrell
FOS6LT
6TETED
TISTRET
crsrrn
TLESHT —
086°S5T

CN

|
N

B

Me’

3an

50 30

30

o0
1l (ppm)

T T T T
160 140 110 100

T
180

46



'HNMR

s —

£10d0 097°L
a-.ﬂ‘___.W

0sE01 —

CN

Br

0L
0T

SLET
6T

-0.4

0.0

iy

10.5 10,0 9.5

Lo

13C NMR

QLLOT —
f4: Ty i

S66°BT —

BOT'EF —

A 09T°LL —

L5611 —
WsTil —

LBELEL
£6B°1EL W
ELIFED

9E5FFL s
66861 —
(1711 I

CN

Br

1]

40 30 20 10

£

T T T
120 110 100 90 80

T
130

T T
180 170

T
190

1l (ppm)

47



'HNMR

e
a.__-.m‘ﬂ
=0°T
L]
L
Jn_ o
1T
=09
4

=or

L6'T
LOF

{4
L4
Ll
'z

uy
i

4.0 RES 30

4.8
1l (ppm)

7.5 7.0 6.5 6.0

8.0

13C NMR

899791
£FLLL W
9561 ~~
TORIT
E£SFST

FRLUST
1] 0 ¥4

FEo'el
9TEsE

Se0'EY
e

LA 0917 LL —

Zirsll
Meril
BOO'BLI
EFTeil
ceetel
TEInET
TOHEDET
GI9°0ET
LEF'TEL L__w
BOL"0F1 M‘
£FTF1 .\_.
FEREFL Vs
TER'8FL
LILssl —

Tz a9
LLE 99T

e

T T T T
120 110 100 90 30 70 60 £0
1l (ppm)

T
130

T T T
200 190 180

T
210

48



'HNMR

LO8T
1281
861
£961
0861
66T
00T
rd g
LEDT
=0T
VIFL
[l
tsrL
LT
89T
8T
Legy
SICE
6TET
I
frsn
oS
BLO'E
60°s
L1I8N
LD 09T°L
soEL
1Z8°L
Ti6'L
686°L
L9T'0T

CN

[o]
N
H

=61

IH_ -
=Wz

0.0

0.5

Lo

58 5.0 4.5 4.0 3= 3.0
1l (ppm)

6.0

7.8 70

8.0

1.0 95 9.0

10.5

1o

L9l
901 M
L9661 —
G081z
LIF'ST

66L"ST
B66'8T
T199'6T
IPssE
9S0LE
DEFEr gﬁ

FATAS

LMD 091°LL —

GLT6IT
frd:h rd |
BLE 6T /.
TOH6'6T1 W
91F 0Ll
06F'TET s

1zoort /.
vl <
126°6+1 —
BZ6'SST

967991 —

CN

[o]
N
H

3aq

I

o

il

30

r T
120 110 90 30
1l (ppm)

T
130

T T
180 170

T
190

49



'HNMR

IB8’I
w681
60671
Fee’l
BEGT
OSNT 0087
6657 A
£19°1
LIvT
LS9T
Lot
9B9°T

(1394

CN

e}
=
=
[ —
y
[* -
s7* =
U L=
uy
sgT [
[ars
=
[ =
]
]
=
[ =
w
[ =
=
[
w
[ e
=
[ e
Is
T | e
=
e
87 [
Morz [T
EELE IS
e
uy
[ e
-
[ =
-]
e
=
=
=2
w
e
=
=
b=
-
]
L=
-
-
Foei
=
]
T_:.n
=
(ar]

fl (ppm)

13C NMR

rissi/
51T
POTHT

[RY79E —
OSINA 0TS6E —

00 LT
_am__.w;»
:.q_r.w_/
£5P8LL
£o6'8T1
BEIGTI
OLETEL 5
Eu_nn—;_x__”
0TYFET
LELIPL —
0s0arl —

CN

70

T T
120 110

T
130

T
180

T
190

fl (ppm)

50



'HNMR

L8O
PGS0
SRO'1
88T'T
96T'1
PITT
T
£E€7°1 1
ros1
TLS'T
L8ET ]
965°T
€191
1797 4
20L'T
SILT
€7LT
0EL'L
8€L°T
95L'T
1901
LLL'T
SRL1
€601
PSR
09R'1
LOR'T
0BR'T
<68'1
7761
POU'T
6107
£E0°7
£I'T
LEPT
ST
6hL'T
YoL'T
8LLT
ELEY
I88'F
688
968
7Irs

EIDAD 097L
FOS'L
07EL
1S6'L

o

LOe'L
TLEOT

CN

(2]
©
3]

o

=’
FT

TET

T

o1

T

T

T

T

T

T

T

T

-1,

L5 1.0 05 0.0 -0.5

2.0

2.5

20115110 105 10.0 95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 30

fl (ppm)

13C NMR

H_G.E
IFR0T /
PE0'ST

EPI'ST

LFLOT —
SOR'TE ~
oLL€E
0rEse =
09s°€r —
06S'LE —
6£9°61 w
7RIS \.
SO8'ES

266'S8 —

GHO'EEL ./.
0sTreEL W
T8EFET

FOL OFT M
THS'8FT

0209 +s1 7
SEFTIT ~

TLOOLT =

CN

()
©
©

.HMHI L | |

L

||

i

180 170 160 150 140 130 120 110 100 90 80 70 60 S50 40 30
fl (ppm)

190

51



—_—

CN

3at

'HNMR

B6'S

grg
ozt
w17
HTF
AT

=0T
ot
T
AT

LE0

-0.5 -1

L0 0.5 0.0

2.5 2.0 15

2.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 60 55 50 45 4.0 3.5 3.0
fl (ppm)

13C NMR

6OL™9T .,__.,
6T B
PreIT
€177
LOG'BT L_\__‘
60e"0E

[EFHE
£80°sF

FeLUSE V

L6009 —

ELDAD 09T°LL —

T eIl /
10€°L7T —
stHerL
TPPLET N,
LPLOPT ~
€7 FHT ~
TZ86FT ~,
IPOST

OF8'FLT —

50 40 30

60

70

CN
3at
L L
170 160 150 140 130 120 110 100 90 80
fl (ppm)
52

180

190




b:g
1™
~

®
=z
~
-+

-
53
i

8599
786'9
LO6'9
ELDAD 09T°L

'HNMR

CN

19
o
'z

067

67

o'z

e

*R6'L
96T
€6l

0T
L
“L60

060

11.5 11.0 10.5 10.0 9.5 9.0 85 80 75 70 65 6.0 55 50 45 4.0 35 3.0 2.5

20 1.5 10 0.5 0.0 -0.5 -1

fl (ppm)

13C NMR

TLEST

L1991 W
[1] £ ird W
TBLIT L\_‘
DULET \._x
SS0RT

=T69Y —
8EC6E H._ﬂ
DsT°TF

0809 —

OL6'LY —

ELDAD 09T°LL —

PTOTIT L___‘
CET'GIT U\_w
6TR 0TI \_x
88<€TT

T6E0EL s,
LOS'9ET —
19T'FFL ).,.
8866l /.
S86'SST

£96'951 W

6FR'LLL —

CN

L

|

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
fl (ppm)

00

53



'HNMR

w
<
=
. e
Wy
re
(=]
- e6eer”
IL £1ERT
1681 — 76 | LOPPE
0687
- e
865'7 e T
ot
e i
nva,n 0T [ o 98155 —
L'z 0L
TsL'T gz b 2
SLLT o
98L'T w
06T [ LA 091°LL —
RI6'T - £TF 08—
faaa I
4 < Igg -
€€TH > oo w 2
oS =&
0s0'S 7l =®
LLVS A Mz [
GRO'S ._.
9IS ™
0zrs L6 LI —
SIS L= -
s : e
E1DAD 097°L | w “aw.:_
LLTL e 198871
T6T'L EE6'RTT
067L L m T 621
ZTEL A I'o 1€ Sl
paivd 7 | £0F'S1
STEL - R et et
STEL e rILRPL
678°L < S66'FS1 %
7€6L A ] TLe9st
(1% '8 wy
PSEL 5 o Fes
BOE'L 2
LOEL Z LS =4
Tov'L T ° =
95¥L —z © v 2
oL 2.5 3 [
o |A S @)
Q
o)

Bn.
"N

[ 50 40 an

70

80

100
fl (ppm)
54

110

160 150 140 130

CN
Boc
170

180

N HNC
N
Bn
3ba

190

o~

Bn.
N



'HNMR

0£9'7
9T
SH9'T
£59'7
680°€
Tore
£01°€
LITE
SFI'E
195°€
9LeE
065'€
800'S
070'S
9E0'S
ors
TLTL
PLTL
8LT'L
98T'L
06I'L
SOT'L
60T'L
PITL
LITL
PITL
£ETL i_
YSTL
ElDUD 09T°L
8OT'L
WUTL
OLTL
187°L
PRTL
88T'L 1
T6TL
96T'L |
00€°L ]
POCL |
TeL
Lres

PIEL -
67E°L
EEEL
PREL
06g'L
£6E°L
LEEL
SOFL
60F'L

ooz

ooz

HOT

LT

(L4

i

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 L0 05 0.0 -05

o 95

fl (ppm)

13C NMR

LEYFT —

(A0
666'8E <
£67H ~-

9ELTEE —

LA 09T°LL —

GFIRIT—
£6T°LTN
608'LTT
8O1°8Z1
B6TBTI
S85°8TL Y
79981 “ L
[ATTTE |
6Tl
00£°621
FTrsel
osssel ff
88Z°0F1

SOP'THT
SLO'RET
£LB'SST

]

30

r T
110 1om o0 30
1l (ppm)

0

T
180

T
190

oo

55



'HNMR

FiRTIN]

P4
O

"1
(nt
LT
=TT

B0t
0t

01

iy

s
i [

iy

4.0

4‘.5
fl (ppm)

5.0

7.0

uy

uy

13C NMR

LLvPl —
Fil'al —

L 1E—
FeF'8E —
WEFFE —

9slss —

L0819 —

OrLL =

LLF'LTT
69T7'8T1 A\t
L6+ 8T1
£69°8T1
YIRBTI
LeR'8TI
(134741
DRESET m\
[
LOLTFT L.__-
TOREFT —

BILesST —

£9T0LT —

60

90 80
1l (ppm)

T
100

T
110

T
180

T
150

56



'HNMR

99£°1
€287
9657 1
9557 1
6957 1
P65 ] 7#
L09T 1
L1797 1
097 |
8947 1
1887 1
0067 |
FI6T
6=0°E
rLE
T60'E
901°¢
SEr'E
(a8
g
9LI'g
681°¢

Bs0°S
LS
LIS
9R0°S
LOT°S
s

097°L
0§z |
667°L |
FOLL
61E°L Y
FEELA
e f
95£°L )
69€°L ]
18E°L
96E°L |
1L L]
N

zZ
O

=f _“.”.—

L}

FO60
M ()

[}

.
=

Lo

30

4.0

4.5
1l (ppm)

6.0

u

8.0

8.5

9.0

13C NMR

SLT6T —

DE6"LT —
FoeEIE —
0T 6E —
T r —

1688 —

LA 09T°LL —
VZeTE —

LEOLI—

TLTRTI
Livs"8T1
TOL'BTT
OLE'BTT
976°8T1
Lrs'etl
B6ESEL
61575E1
wozrl \‘
TOREFI
GrLssl L_\‘

99ET0LL —

zZ
O

40

r T
120 110 90 30
1l (ppm)

T
130

T
160

T
170

T
190

57



'HNMR

TILT
Feie
g
FIg
SE0E
LPE
HLNE
Y07t
e
GZIE
S6EE
BOF'E
Bray
BEF'E
ISF'E

BLOTS
oz~

10a) 097°L
6LTL
181
SRITL
P6T'L
LOE°L
neL
9ZE°L 1
FEEL
6EE°L
FHETL
[
0s€7L
567 ]
0LE°L
£RETL
9ge"L
SIFL
8TF'L
sep'L
890°L

13C NMR

ez
st
FTRTE N

BOSHF —

(1804

LD 0LL—

SPESIL
GRORIL —
SIF il
19982l
ELLBEI
BR6°BIT
TEN6TT
G1="6L1
GRO"SET
£01°sE1
£5T'6L1 \'
6LERBYL
Lresst L__w

30

40

&0

To

90 80

100
fl (ppm)
58

110

120

140 130

0

180 170 160 5

190




'HNMR

LEFTT —

€200 097°L
08TL
FezL
B0E°L
£1€°L 7
LTELA
[T
oreL ]
SreL
96e7L
L9cL 4
£8LL
0L
68rL

z
O

=10z
P61

iy
T

-0.5

0.0

fl (ppm)

13C NMR

WIS
[11% o
TITFPE
LIRS —

A o

DL sy —

WY WL~
oeog —

BONLIT —
1 d |
FRIBLI
SEL'RTI
£50°6T1
LO9'6T1
LBFDET \
ERTSEL
Lo6™0rL
BLOBFL —
L6551
L1951 v

z
O

3o

0

60

r T T
110 100 90 20
fl (ppm)

T
120

T
130

T
190

59



'HNMR

SIF'L
!
£5P'1
o'l
78F'1
7681
(118 §
6151
B6T'T

ELDAD 09T°L
98T L
00gL
FOEL
61€°L
EEEL
LEEL
IFeL
LEE'L
LLEL
T6Y'L
Pl
BOF'L

CN

M€

=061
=161

F oo+

78T
Ahn..n

¥R
6T

20 15 1.0 05 0.0 -0.5

15

35 3.0

4.0

5.0

7.5 70 65 60 55

9.0 8.5 8.0

0.0 9.5

SE£9°9T

6T 8T M
LOTFEN
S96'FE
96L°8E !
(A5

LET'GE =

LMD 091°LL —~
656°6L

fl (ppm)

GIS°LIT —
9LTBIT
135514 )
CIL'RTI
FEO'BTL
060°6T1
(45 1)
Irrsel

69F 5L
OLR°IFI \‘
G BT
0ZLFEl

Li="9s]

13C NMR

CN

T T T T T
120 110 100 90 B30 70 60 £0
1l (ppm)

T
130

T T T
200 190 180

T
210

60



'HNMR

faielite]

BECTY —
LssF —

£80°5
15

097°L
087°L
8L
SBT'L
relL
10§°L
80€°L
EL
97E°L
TECL
REE°L
SPELY
el
PoE°L
LiEL
18E°L
LOFL
0zrL
£iL
9Br°L

I.H 00T

; e
61

0T

uy

iy

13C NMR

L1

26965,
cBe9s

BOLLO—

LMD 091°LL —

LOLEI
LSERTI A}
£8S°RTI
6£L°RTI
688°8T1
LTG'BTI
16561 7
061°SET A.
62TSEL
s 6LL
CORRET —

65551 —

50

80

T
110

T
120

T
130

T
180

T
190

fl (ppm)

61



'HNMR

[
TZETL

L1103
[4 T g
SEFF
rory

(318N
h&n"s
s

LD 09T°L
GLEL
TEETL
L9
8RE°L
LEFTL

—

Y

~

7

A\
7

\
f

6
Fge
P

81
61

FeoL
4

-1

wy

4.0

iy

fl (ppm)

13C NMR

aw._.wﬂv:

TET'RT

GLOTOE
611°LE "

£EEFF
FEFT

mcn_aw&n

20T LF

—m-..r.m Mﬂ

18555

A 09T LL ~
wan.ﬂav.

£99°78

GLOTOIT —

FOERIT
LrERTI
£IF°8TI
SotRTI
TN TAR
S6LBTT
LSBRTI %
ros6l |
SrEUsEl
95£°5E1
6IFSE1
Z8E6ET
01L6ET
06L°8FT
LLLEST
69EFST

e

r

Lbsssl
[ =R |

I

L

T
40 30 20 10

£0

r T
120 110 90 30
1l (ppm)

T
130

T
170

T
180

62



'HNMR

I
En.vM
SRE'P
sy’
696'F
FSU'S

mo:.n.\
LITS

LOTL
SITL
1000 09T°L
LLTL
967T°L
ETE'L

9€e’L
PLEL
BREL
PIv'L
8BIF'L
PLV'L
LBP'L

N eN
o’go

Bn

|
N

Bny

oA

Bn

3ka

80
%aﬂ..ﬂ

177
%ﬁ_w.o
(1
a.ﬂoh.._.
%ww..ﬂ

080

20 L5 10 05 00 -05

2.5

35 30

4.0

90 85 80 75 70 65 6.0

9.5

fl (ppm)

13C NMR

TE£9°9¢

FIR79E v.
[ 2 4 SN
LER'OF ~=
srsir s
69T°5%

Tir'es v.

O 89
SEL'RY b

LA 09T°LL —

£L0SI —
TrTRIL
99E°RTL M
SSPRTL
0558271
819821
c99'871
IR TR
LIR'BII
QLR'BII
0565871
6LO6TT q
SBS6T1
SeLsEL
LBT'SEL
TTESLL
£25SE1
OLEBEL
10°6£1
8S0'RHT
LELBFT
GELFET
16£°551
005551

I N eN
N o’&o

3ka

BnJ

T
40 30

£0

r T T
120 110 100 90 30
1l (ppm)

T
130

T
170

T
180

63



'HNMR

71T
1661
0P
9011
SIF1 |
79T
PIFT Y
ey

GEP'T %
Sad

129 |
188'7
6881 ]
R68'T
9061
SI6'T
e
STTT
orTT

BLO'S
reU's b
ElDUD 09T°L
SLTL
I87T'L
LRTL
€6T°L
TOEL 1
€1€L 1
RIEL |
EPEL
7SEL ]
FotL
L9¢L
08e'L |
EREL
PeE'L
96¢°L
G0F'L
€L
LSFL
0LFL

CN

ALY
817

0T
BT

0T
e

20 15 10 05 00 -0.5

40 35 30 25

4.5
fl (ppm)

5.5

6.0

70 6.5

9.0 85 80 75

0.0 9.5

13C NMR

LIE A
Iz —
TSEsT ~

LIRRE~
FLrE
PEOTE

Fogss —

LA 09T°LL —

GEETGTT —
BOORTL
EEERIL
LRl
TIg8L1
0T68Tl
LTI
TFLsEl
A g a )
(3350} &-
ET6'8F1
SIRFEl \

P4
(]

r T r T
] 110 loo o0 B30
1l (ppm)

12

T
130

T T
180 170

T
190

64



'HNMR

D 09TL

167°L
86771
NIt
onEL |
£26°L
9TE"L
9EEL
6857
£reL
85e°L
i
(118
FarL
LivL

|

T6F°L

L6

St

Foor

s
6T

J.:,H

-0.5

0.0

wy

y

13C NMR

FAN N
el

£IFPr —
£Fetes —
CO9Fd —

DZ¥IL—
A 09T°LL —

BELLIT

LLT'RTI
98F°RIL
BIL'RTL
LLERTL
FLORTL
el
£9r°sLl
TTestl
QEEEFT \‘
FER'BFT
FISEET \

30

w0 %0
fl (ppm)

T
110

0

65



