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Figure S1 The crystal packing for the pyrido[1,2-a]indole 2j
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Figure S2 The crystal packing for the pyrido[1,2-a]indole 2d
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Figure S3 The crystal packing for the pyrido[1,2-a]indole 2d
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Figure S4 The crystal packing for the isoquinoline 3c
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Table S1. Crystallographic data for compounds 2d,2j,3c

Crystal data

Compound 2d

Compound 2j

Compound 3c

CCDC-No.

Temperature, K

Empirical formula

Formula weight

Crystal size, mm

Crystal system, space group
Unit cell dimensions:

a, A

b, A

c, A

a, °

B, °

o

v,
Volume, A3
Z

Calculated density, mg/mm?®

Linear absorbtion coefficient y, mm’

1

F(000)
20 range for data collection

Index ranges

150.00(10)
CaiH1BrN;
386.25

0.19 x 0.13 x 0.07

Monoclinic, P2;/c

18.8659(10)
10.1158(4)
8.8637(5)
90.00
99.138(6)
90.00
1670.12(15)

4

1.536

2.469

776.0

4.38 10 61.66°
27 <h<24 -14<k<
13,-12<1< 11

294(2)

C2gH22N402

446.50
0.25x0.2x0.15
Orthorhombic, Pbca

9.2421(5)
17.3468(11)
28.1793(14)
90.00

90.00

90.00
4517.7(4)

8

1313

0.085
1872.0
4710 61.9°
‘12<h<9,-23<k<7,-
35<1<39

120.01(10)
C21H13Ns

335.36

0.24 x0.19 x 0.14

Monoclinic, P2/c

13.2575(7)
15.3061(7)
7.8541(3)
90.00
98.654(5)
90.00
1575.61(13)
4

1.414

0.088

696.0

5.32 to 61.54°
9<h<19,-20<k<19, -
10<l<11
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Reflections collected
Independent reflections

R (int)
Data/restraints/parameters
Goodness-of-fit on F
Final R indexes [I>=2c (I)]

Final R indexes [all data]

Largest diff. peak/hole / 8A™

14628

4697

0.0428
4697/0/226
1.001
R1=0.0473,
WR; =0.1155
R1 =0.0792,
WR; =0.1341
1.18/-0.83

16469

6245

0.0798
6245/0/317
0.932
R1=0.0624,
WR; =0.1014
R: =0.2187,
WR, =0.1520
0.20/-0.21

8647

4303

0.0373
4303/0/287
1.002

R1 =0.0524,
WR; = 0.1202
R1 =0.0909,
WR, =0.1391
0.43/-0.35

S7




Possible reaction pathways (for DFT calculations) for the interactions of 1,2,4-triazine 1d with
benzyne and 4,5-difluoro-1,2-dehydro-benzene

Benzyne:
Ph_ N
I
N
CN N)\ﬂj
F
1d

Cycloaddition
Product 1 ID DA Product 1

Figure S5. Inverse Demand Diels-Alder reaction through TS1

Ph| Ney
CN N~ IN\ _ .
_
1d

TS2

Cycloaddition

Intermediate 1 Domino Product 1
(Cint1)

Figure S6. Aryne-mediated domino process through TS2
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4,5-Difluoro-1,2-Dehydro-benzene:

Ph Im [ IQ: }

N
CNN)\E\'j
-
1d
N
P i
NS
N
CNTNT N

Cycloaddition
Product 2 ID DA Product 2

Figure S7. Inverse Demand Diels-Alder reaction through TS3

Ph INQN
CN N |N\ .
-
1d

TS4

Cycloaddition
Intermediate 2
(CInt2)

Domino Product 2

Figure S8. Aryne-mediated domino process through TS4
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HOMO Benzyne' HOMO 4,5-difluoro-1,2-Dehydro-benzene
Figure S9 HOMO lobes distirbutions in benzyne vs 4,5-difluoro-1,2-dehydro-benzene

@

LUMO Benzyne LUMO 4,5-difluoro-1,2-Dehydro-benzene
Figure S10 LUMO distributions
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TS1

TS2
Figure S11 Two possible types of transition states in the reaction of 1d and benzyne
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TS3

TS4
Figure S12 Two possible types of transition states in the reaction of 1d and 4,5-

difluoro-1,2-dehydro-benzene

S12



Table S2. The activation enthalpy (AH#), activation free energy (AG#) and reaction free energy

(AGrxn) for the interaction of 1d and arynes

Transition AH*# AG* AG,,, k, (M*s™)

state

1,2-Dehydro-Benzene

TS1 -3.887 8.826 -141.039 2.10x10°

TS2 -2.040 11.594 -81.913 1.97x10"

4,5-Difluoro-1,2-Dehydro-benzene

TS3 -4.300 8.550 -144.821 3.36x10°

TS4 -4.715 9.004 -83.901 1.56x10°
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Table S3. DFT calculations (M062X, 6-311+G(d,p)) for AH# (Activation Enthalpy), AG# (Activation Free Energy), AGrxn (Reaction Free Energy)

for TS1-TS4 for interaction between 1,2,4-triazine 1d and arynes

AH"(298.15 AG”
Product Prdl (Eo + Prod2 (Eo+ | 4,H°(298.15 Prdl (Eo+ | Prod2 (Eo+ | A/G°(298.15 TS (Eo + K) TS (Eo + (298.15 K)
Heorr) Heorr) K) (kcal/mol) Georr) Georr) K) (kcal/mol) Heorr) (kcal/mol) Georr) (kcal/mol)
IDDA 1 9718685070 | -109,5132190 | -144,5637561 | -971,9356770 X -141,0390352 - -3.887 ; 8,826
Product 1 ' * : ’ 109,5349470 ’ 1081,1576340 1081,2317990 :
ID DA - _ -4,300 _
product2 | -1170.359337 | -109,5132190 | -148,2754748 | -1170,4307480 | g 5apq470 | 1448216625 | 1,00 04a1160 1279,7212830 8,549
Domino -1081,305845 |  0,0000000 -96,8912319 | -1081,3764020 | 0,0000000 | -81,9138351 : 2040 ; 11,504
Product 1 ' : : : : ’ 1081,1546900 1081,2273880 *
Domino - - -4,715 N
Product2 | 1279.7932510 0,0000000 -98,5108339 | -1279,8681340 | 0,0000000 | -83,6012082 | 1579 5437780 1279,7205590 9,004
Table S4. DFT calculations (M062X, 6-311+G(d,p)) for AH# (Activation Enthalpy), AG# (Activation Free Energy), AGrxn (Reaction Free Energy)

for TS1-TS4 for interaction between 1,2,4-triazine 1d and arynes

. « | dist_bnzy(/F) AE? AE* # . b “. .
Product TS (E) dist_phpy (E") € (dist_phpy) | (dist_brzy (F)) AE"(total_distor) | 4E(activation E) | AE"(interaction E)
PrI(I)DdBQ | | -1081,4611043 | -850,5815147 |-230,8665170 | 3,734 0,1514808 3,885 -4,318 8,203 1d + Benzyne
ID DA -8,301
Produst | -1279.9327849 | -850,5820011 | -429,3375560 | 3,428 0,1696158 3,508 -4,702 1d + F2-Benzyne
pomino 7682 | -230,8613277 | 2,320 3,4078158 ST d
PrOdUCt 1 -1081,4584468 '850,583 - , , , 5 5,727 —2,650 1d + Benzyne
i -10,082
P?gg;'g‘toz -1279,9337068 | -850,5838668 |-429,3337741| 2,258 2,5427940 4,801 -5,281 1d + F2-Benzyne
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Cartesian coordinates (Angstroms) and total energies (hartree) of the geometry-optimized

structures of all computed compounds:

1d (Gas phase), -850.5874647 hartree, Nimag = 0:

C
N
N
C
C
N
C
N
C
C
C
C
C
C
C
C
C
C
C
N
H
H
H
H
H
H
H
H
H

-1.46380700
-0.83235300
0.47559200
1.17679700
0.46698500
-0.85139000
-2.95337300
-3.57557800
-4.90251000
-5.66794000
-5.00971800
-3.62321600
2.64722600
3.25816700
4.63722400
5.41556300
4.81028900
3.43039800
1.14104700
1.67106100
-3.06047900
-5.56516500
-5.38022100
-6.74798300
2.64166100
2.96971700
5.10597300
5.41060400
6.49232500

-0.14429200
-1.31684000
-1.34563700
-0.21437500
0.98269900
1.02309400
-0.17633900
1.00161800
1.00059800
-0.16025900
-1.38211300
-1.39809000
-0.33150700
-1.46623500
-1.60656100
-0.62486000
0.49683100
0.64714500
2.22721400
3.21476200
-2.32094500
-2.31003700
1.97506300
-0.09935500
-2.22791400
1.51711300
-2.48283800
1.25667300
-0.73661100

0.00452600
0.12844600
0.14410700
0.01874100
-0.20469300
-0.19582100
0.06882300
0.04379000
0.10134100
0.18406800
0.21130100
0.15454100
0.08341400
-0.45875600
-0.40353900
0.20389200
0.75967700
0.69934800
-0.51049200
-0.76081100
0.17557600
0.27630700
0.08111900
0.22687800
-0.91947600
1.15116700
-0.83441200
1.24446500
0.24745200
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4a (Gas phase), -1065.5176721 hartree, Nimag = 0:

ITITITOIOITIOOOOOIITIIIIIIITOOOOOOOOOOOZO0Z00Z2ZO0

-1.49600000
-0.85600000
0.45600000
1.12600000
0.40300000
-0.91700000
-2.98000000
-3.61600000
-4.93500000
-5.68200000
-5.01000000
-3.63200000
2.60200000
3.18600000
4.56800000
5.37800000
4.80000000
3.41800000
1.05900000
-3.05800000
-5.55000000
-5.42300000
-6.75700000
2.54600000
2.97500000
5.01300000
5.42600000
6.45600000
1.64700000
2.38900000
3.76400000
1.75600000
4.49500000
4.24100000
2.49500000
0.69200000
3.86300000
5.55800000
2.00400000
4.43500000

-0.11100000
-1.28200000
-1.28900000
-0.14400000
1.07400000
1.07900000
-0.17000000
0.99300000
0.96200000
-0.21300000
-1.41900000
-1.40500000
-0.24600000
-1.29100000
-1.41700000
-0.51300000
0.51700000
0.65400000
2.31400000
-2.31400000
-2.35900000
1.92500000
-0.17500000
-1.99700000
1.45100000
-2.22500000
1.21100000
-0.61600000
3.33700000
4.52500000
4.43600000
5.77400000
5.58700000
3.46300000
6.91800000
5.83100000
6.82700000
5.51600000
7.88400000
7.72300000

0.06100000
0.06100000
-0.02000000
-0.11700000
-0.21100000
-0.09900000
0.22900000
0.36900000
0.52100000
0.53900000
0.39400000
0.23800000
-0.16700000
-0.88700000
-0.93800000
-0.25800000
0.47800000
0.52100000
-0.48100000
0.12600000
0.40200000
0.63500000
0.66400000
-1.40100000
1.10700000
-1.50700000
1.02600000
-0.29500000
-0.72600000
-1.00200000
-1.25300000
-1.02000000
-1.51700000
-1.24100000
-1.28500000
-0.82700000
-1.53300000
-1.71200000
-1.29800000
-1.74000000

S16



4b (Gas phase), -969.7286212 hartree, Nimag = 0:

ITTOITOOOIIIIIIIIIOOOOOOOOOOOOZOZO00ZZ0

-1.64460300
-1.01107800
0.30166800
0.93697800
0.17333000
-1.10848000
-3.09180100
-3.78271300
-5.06985300
-5.73021400
-5.00326500
-3.65890500
2.41641300
3.09896300
4.47978200
5.18891900
4.51032000
3.13066200
-3.04251900
-5.47460400
-5.60444100
-6.78154100
2.53461400
2.59822800
5.00337900
5.05472500
6.26499400
1.84907700
-0.20007500
1.67604700
1.82905100
2.78999400
0.16947100
0.03078000
-1.23944700

-0.16899300
-1.25973600
-1.17706400
-0.03082500
1.16950300
1.04013500
-0.33565500
0.77081700
0.63687500
-0.58743100
-1.73443900
-1.61238800
-0.12083900
-0.90956900
-1.04371200
-0.40648000
0.36474800
0.50939300
-2.46908000
-2.70998800
1.55594700
-0.63273800
-1.41871000
1.10890000
-1.65146800
0.85003900
-0.51608600
2.73556800
3.59737100
4.22093000
2.10437000
2.55012000
4.45251300
4.11614500
3.28074300

0.04339900
-0.38151100
-0.52338500
-0.36730400
-0.16074900

0.16335400

0.38243300

0.66017500

0.96492000

1.00720100

0.71524900

0.39718300
-0.32819300
-1.25485300
-1.17583300
-0.16155700
0.77738100
0.69299700

0.16262200

0.73699100

1.18572500

1.26209200
-2.02682600

1.42480300
-1.90421000

1.57877600
-0.09879800
-1.13640900
-0.15510900
-1.47992200
-2.03108700
-0.62063800
-1.36261500

0.78118700
-0.12787900
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ZITTITXT

2.20247200
2.08142000
-0.09617400
-0.34459500
0.68072400

4.83293300
4.45620800
5.50145800
4.07354700
2.42178200

-0.74299700
-2.46379600
-1.23107900
-2.25014400
-0.29040100

Benzyne (Gas phase), -230.8667584 hartree, Nimag = O:

l_.‘l-‘

ITTITOOOOOO

0.51800000
1.92200000
2.68000000
1.84100000
0.60200000
-0.23800000
-0.00500000
2.44500000
3.76100000
-1.32000000

0.21500000
0.21500000
1.39900000
2.49700000
2.49800000
1.40000000
-0.73500000
-0.73600000
1.40000000
1.40300000

-0.00300000
0.00000000
0.00500000
0.00400000
0.00100000
-0.00300000
-0.00600000
0.00000000
0.00700000
-0.00600000
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4,5-Dimethoxy-1,2-dehydro-benzene (Gas phase), -459.8815837 hartree, Nimag = O:

ITITITOIIITOOOITOOOOOO

4,5-Difluoro-1,2-dehydro-benzene (Gas phase), -429.3378263 hartree, Ninag = 0:

@

TMTMITTOOOOOO

-1.31986300
-2.41637600
-2.41636600
-1.31985100
-0.13936300
-0.13936800
-1.30049900
-1.30050300
1.06252900
1.06251600
1.72522000
2.66716800
1.11959500
1.91578300
1.72522300
2.66715500
1.11959400
1.91581300

-0.38958100
-0.38958200
0.77297000
1.86314700
1.86314800
0.77297000
0.75113100
0.75113200
-1.58115000
-1.58115000

1.37798900
0.58390100
-0.58391200
-1.37799400
-0.67321700
0.67322100
-2.39714100
2.39713500
-1.28514300
1.28515700
-1.70896500
-2.15476200
-2.45650700
-0.85875500
1.70896200
2.15478200
2.45648100
0.85873800

-0.70732200
0.70732200
1.47058400
0.61774100

-0.61774000

-1.47058300
2.55143500

-2.55143500
1.30886600

-1.30886700

-0.49257500
-0.20331500
0.20331400
0.49258100
0.23622000
-0.23621700
0.85464700
-0.85464500
0.46556300
-0.46556500
-0.72543400
-0.41165200
-1.24593100
-1.38372900
0.72543000
0.41163700
1.24595600
1.38370000

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
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TS1 (Gas phase), -1081.4611043 hartree, Nimag = 1:

C
C
C
C
C
C
C
N
N
C
C
N
C
C
C
C
C
H
H
H
H
H
H
N
C
N
H
H
C
C
C
C
H
C
H
C
H
H
H

-1.24331500
-0.47722000
0.77092900
1.66436300
0.97830800
-0.42248200
1.30245000
0.68232800
-0.60530600
-1.30079300
-0.62372400
0.68693000
2.78340000
4.66994100
5.47658400
4.87130500
3.49498300
2.97099200
5.46031300
5.10460400
6.54659000
2.74305400
-2.32419800
3.35150100
-1.34086900
-1.91726200
1.55355500
-0.89047000
-2.75286000
-3.43577900
-3.44623000
-4.80026400
-2.89918400
-4.81061600
-2.90649100
-5.49012600
-5.32322400
-5.34557200
-6.55515100

2.17928900
1.06563900
0.99145900
1.99174400
3.17875400
3.26924300
-1.39040000
-1.26270200
-1.19524900
-1.26627600
-1.85293700
-1.89255600
-1.22494400
-0.97315900
-0.89112300
-0.97680900
-1.14403300
-1.21286200
-0.91572200
-0.90284700
-0.76080500
1.90682900
2.23905800
-1.13346900
-2.46410900
-2.95137400
4.05709400
4.21504800
-1.00674800
-0.54379000
-1.20113100
-0.29362400
-0.36166400
-0.95138400
-1.54848900
-0.50017400
0.06395100
-1.11145800
-0.30740600

0.45908600
0.17454000
0.19187200
0.51459300
0.82348800
0.79575500
-0.42588200
-1.62479000
-1.64616900
-0.48790000
0.61175300
0.65211700
-0.41074900
0.83920700
-0.29333500
-1.54009100
-1.60805700
-2.55139500
-2.44743300
1.83148100
-0.19253200
0.54006300
0.43578700
0.79113100
1.70804500
2.57402900
1.09495600
1.04573700
-0.54550200
0.58237900
-1.74299300
0.51648700
1.50692900
-1.80197900
-2.61459900
-0.67414400
1.39502600
-2.73021600
-0.72350100
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TS2 (Gas phase), -1081.4584468 hartree, Nimag = 1:

C
N
N
C
C
N
C
N
C
C
C
C
C
C
C
C
C
C
C
N
H
H
H
H
H
H
H
H
H
C
C
C
C
C
C
H
H
H
H

-1.22254100
-0.56794600
0.73956600
1.38098700
0.65417600
-0.65924400
-2.69284200
-3.18840200
-4.48920600
-5.36301800
-4.84762100
-3.48540600
2.82034800
3.60591700
4.95855400
5.53092600
4.74691800
3.39350200
1.30435800
1.81393300
-3.03059800
-5.49682100
-4.83243900
-6.41629000
3.14505800
2.77914800
5.56802900
5.18696800
6.58723200
-0.55209000
0.34204000
0.11292300
-1.03096200
-1.76161300
-1.70043100
0.82624400
-2.39835500
1.23374900
-0.34678600

-1.12655300
-2.07035300
-1.98575400
-0.98051500
-0.17693500
-0.24700300
-1.04720600
0.18733100
0.34544500
-0.73201000
-2.01600300
-2.18246500
-0.82808200
-1.96195000
-1.82257500
-0.55474700
0.57581100
0.44311500
0.71752600
1.42164400
-3.16040400
-2.87923000
1.36778100
-0.56091200
-2.94077400
1.32665200
-2.70307100
1.56318000
-0.44874600
3.38412200
3.06066400
1.97588400
1.18708500
1.59889800
2.61513500
1.75092900
2.80164500
3.66624400
4.22778700

0.37443300
-0.29772600
-0.37087200
0.22896600

1.13446600

1.20153800

0.17217100

0.04500600
-0.17567000
-0.27119700
-0.15138800

0.06754000
-0.04840600
-0.27244000
-0.54763400
-0.61561100
-0.41210700
-0.12775700
2.06668900
2.81764900

0.15517800
-0.23333500
-0.29533300
-0.45092200
-0.22663100
0.00563900
-0.71061800
-0.47848000
-0.83227100
0.08043500
-0.95283300
-1.80639000
-1.57429800
-0.61540800
0.30258100
-2.59439900

1.10748700
-1.08154700

0.72921800
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TS3 (Gas phase), -1279.9327849 hartree, Nimag = 1:

C
C
C
C
C
C
C
N
N
C
C
N
C
C
C
C
C
H
H
H
H
H
H
N
C
N
C
C
C
C
H
C
H
C
H
H
H
F
F

-1.26788300
-0.47976900
0.76498700
1.66078400
0.95805600
-0.45201000
1.30851800
0.68410700
-0.60402000
-1.29779900
-0.61467800
0.69665100
2.78938400
4.66857900
5.48279400
4.88552500
3.50796100
2.98962900
5.48126900
5.09726500
6.55306500
2.74024000
-2.34737800
3.34922700
-1.32487300
-1.89548700
-2.75020800
-3.43232300
-3.44394000
-4.79634800
-2.89691200
-4.80798500
-2.90522500
-5.48638000
-5.31863300
-5.34347400
-6.55099100
1.61692900
-0.99617400

2.16865700
1.06675500
0.99877400
1.99408200
3.15572800
3.24001800
-1.37765100
-1.23386900
-1.16758900
-1.25996900
-1.84903900
-1.88236500
-1.21434900
-0.89407500
-0.89338300
-1.05513700
-1.21556300
-1.34045900
-1.05774600
-0.76036000
-0.76477300
1.93676100
2.24596600
-1.04805300
-2.46777200
-2.96171800
-1.00213200
-0.55407900
-1.17963100
-0.30066800
-0.38668300
-0.92762300
-1.51556100
-0.49031000
0.04601600
-1.07447000
-0.29491600
4.26124800
4.41732600

0.46051400
0.17988000
0.21062800
0.55128200
0.85333600
0.80856400
-0.44090700
-1.63516800
-1.65139100
-0.49343000
0.60140400
0.63793200
-0.42935900
0.81570600
-0.31475300
-1.55750400
-1.62439800
-2.56518700
-2.46240500
1.80395200
-0.21518000
0.59838300
0.43234700
0.76876000
1.69768200
2.56359200
-0.54521300
0.58952700
-1.74529400
0.52715500
1.51760200
-1.80021100
-2.62198200
-0.66622500
1.41037000
-2.73024800
-0.71285300
1.20832800
1.12539900
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TS4 (Gas phase), -1279.9337068 hartree, Nimag = 1:

TMTMITITOOOOOOIIIIIIIIIIZOOOOOOOOO0OO0Z0Z00Z220

-1.26731400
-0.60961300
0.69823100
1.33951400
0.60933300
-0.70498400
-2.73718000
-3.23355500
-4.53432300
-5.40506700
-4.88725600
-3.52582000
2.77710400
3.56123500
4.91104800
5.48233700
4.70046100
3.35008600
1.25270000
1.75227700
-3.06851200
-5.53377600
-4.88345600
-6.45802600
3.10155700
2.74545500
5.51928400
5.13692300
6.53639400
-0.40610300
0.48657800
0.21112000
-1.00615700
-1.73454100
-1.61396800
0.93955900
-2.29134100
-0.04910900
1.65002700

-1.09057200
-2.02800300
-1.94067700
-0.94039900
-0.14277000
-0.21250500
-1.00956900
0.22561100
0.37905800
-0.69998100
-1.98341900
-2.14697800
-0.78012200
-1.90930300
-1.76385600
-0.49445400
0.63166400
0.49283400
0.75194700
1.45932500
-3.12412500
-2.84789400
1.39996200
-0.53023800
-2.88922900
1.37833700
-2.64079600
1.62136300
-0.38389500
3.27793600
2.90608200
1.88531400
1.22130100
1.64234400
2.62143500
1.63630000
2.86470800
4.28126200
3.57220500

0.35340100
-0.32481700
-0.39642600
0.21258700

1.12119700

1.18285900

0.14555200

0.02332400
-0.20393300
-0.30988900
-0.19484900

0.02937500
-0.06836600
-0.32197800
-0.60662000
-0.65611000
-0.42293600
-0.12718200
2.05725000
2.81201100

0.11291400
-0.28439100
-0.31819700
-0.49275800
-0.29118000
0.03229800
-0.79182100
-0.47449300
-0.88124600

0.09504100
-0.92995400
-1.82800000
-1.61489600
-0.67211500

0.28522200
-2.59289400

1.09216700
0.90007000
-0.99302700
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ID DA Product 1 (Gas phase), -972.165126 hartree, Nimag = 0:

ITTITIITITITIIIIIITIITIZOOOOOOOOOOO0ZO0Z000000000

1.22859700
0.55545900
-0.86661000
-1.57201800
-0.89299100
0.51744700
-1.50964700
1.27001900
0.51893100
-0.83501100
-2.99437200
-3.71226100
-5.02584000
-5.68656400
-4.93462400
-3.56535000
2.75282300
3.41962300
4.80561300
5.53823800
4.88009000
3.49269900
1.16085300
1.66430200
-2.93117500
-5.40763100
-5.57487100
-6.75780400
2.84464400
2.97886900
5.31323800
5.44525500
6.61910000
-2.65075600
2.31047600
-1.44404400
1.04013400

2.32696300
1.08601000
1.06175200
2.28244800
3.46539200
3.48892100
-0.22041100
-0.14746300
-1.30189900
-1.34212100
-0.39935200
0.50390100
0.30749800
-0.77764700
-1.71167400
-1.52708300
-0.18848800
0.40630500
0.35653500
-0.28295600
-0.87634500
-0.83215800
-2.59650700
-3.62907500
-2.23475800
-2.57349400
1.05574800
-0.88378900
0.89778000
-1.30017900
0.81188700
-1.37948900
-0.32241900
2.27041300
2.34045500
4.39016200
4.43046000

-0.27016100
-0.12470900
-0.12669800
-0.28056200
-0.41572900
-0.40896200
-0.03073900
-0.02726900
-0.00259300
-0.00585600
0.03185000
0.70282100
0.80589900
0.24318800
-0.45989700
-0.56461000
0.04054200
1.11489000
1.19388000
0.19799300
-0.87340800
-0.95161800
0.06360800
0.10689700
-1.08077900
-0.91560200
1.36896800
0.35722300
1.89235000
-1.78367500
2.03572400
-1.64848900
0.26032100
-0.28208300
-0.29264000
-0.53702200
-0.52886200
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Domino Product 1 (Gas phase), -1081.614929 hartree, Nimag = O:

C
C
C
C
C
C
C
C
H
C
H
C
H
H
C
C
H
C
H
C
H
H
N
C
N
N
N
N
C
C
C
C
H
C
H
C
H
H
H

-2.42481100
-3.56452900
-0.01010400
0.93424700
0.65312000
2.02922500
0.87098100
2.01770300
-0.09502400
3.28120200
1.98241800
3.33763200
4.19477200
4.25388500
0.23180500
1.18109100
-0.81651300
2.54917100
0.87142500
2.99063700
3.26513500
4.04300300
2.18596300
-2.22272000
-2.07371800
-3.15137400
-1.86271000
-1.39059900
-4.98371100
-5.91762700
-5.42151400
-7.26628300
-5.57122900
-6.77303100
-4.71498800
-7.69832300
-7.98283600
-7.10219600
-8.75154000

0.17695000
-0.43070900
-0.17668400
-1.16701600

1.08226300

0.82136300
-2.58259200
-3.28495500
-3.06257500
-2.61614200
-4.36252900
-1.26983600
-3.17253000
-0.69782100

2.40828800

3.40776400

2.63967800

3.12667000

4.43417700

1.83273500

3.93873600

1.62004500
-0.55100900

1.13887400

1.92389900
-1.35108600
-1.33042100
-0.41547400
-0.22987100
-1.16174900

0.86886000
-0.99672100
-2.00780500

1.02690200

1.60807200

0.09613400
-1.72405100

1.88222700

0.22233100

-0.31815600
0.18543500
0.20931600
0.01281900
0.27261000
0.09296100
-0.11272900
-0.31187700
-0.03058900
-0.38565600
-0.40923100
-0.25613800
-0.53864500
-0.29685200
0.47587700
0.48357300
0.62052500
0.29172600
0.63671500
0.09646800
0.29886600
-0.04612400
-0.05907400
-1.33771600
-2.16594300
1.09517600
1.19466500
0.34940800
-0.12696000
0.33668100
-0.87093000
0.05423100
0.91690900
-1.15243300
-1.22867200
-0.69227200
0.41658400
-1.72993300
-0.91271000
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ID DA Product 2 (Gas phase), -1170.641652 hartree, Njmag = O:

C
C
C
C
C
C
C
C
C
N
C
N
C
C
C
C
C
C
C
C
C
C
C
N
H
H
H
H
H
H
H
H
H
H
H
F
F

1.23942200
0.55545600
-0.86726400
-1.57464400
-0.88484000
0.52440700
-1.51359700
1.27025700
0.51622000
-0.83551900
-2.99876400
-3.73258200
-5.04758700
-5.69421300
-4.92659300
-3.55593900
2.75301100
3.42646100
4.81320200
5.53869700
4.87353600
3.48563900
1.15732800
1.66041700
-2.91171600
-5.38883000
-5.60852500
-6.76712800
2.85737600
2.96624600
5.32660500
5.43377700
6.62008800
-2.65327800
2.32010500
-1.52057300
1.13215600

2.31887800
1.08296400
1.06219700
2.28415200
3.44979100
3.46888700
-0.21825800
-0.14856700
-1.30178500
-1.33869000
-0.39949600
0.54007900
0.34731100
-0.77294100
-1.74464800
-1.56257400
-0.18825000
0.40674900
0.36009700
-0.27676800
-0.87104900
-0.82997700
-2.59674700
-3.62928600
-2.29733700
-2.63366600
1.12774300
-0.87581900
0.89438700
-1.29819000
0.81583800
-1.37186900
-0.31326400
2.30700500
2.36072200
4.61288200
4.64433600

-0.25048400
-0.11345900
-0.11192700
-0.24757300
-0.37226500
-0.37384600
-0.02636500
-0.02278300
0.00403300
-0.00052300
0.02274200
0.62278900
0.71293400
0.20578100
-0.42534000
-0.51614200
0.03574000
1.10591900
1.17347200
0.17086500
-0.89577800
-0.96318300
0.07007000
0.11397900
-0.97880500
-0.83764500
1.21719000
0.30547500
1.89024100
-1.79167200
2.01146700
-1.67583100
0.22404900
-0.23708100
-0.28038300
-0.50676500
-0.51454100
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Domino Product 2 (Gas phase), -1280.0881859 hartree, Nimag = 0:

C
C
C
C
C
C
C
C
H
C
H
C
H
H
C
C
H
C
C
H
N
C
N
N
N
N
C
C
C
C
H
C
H
C
H
H
H
F
F

-2.42578900
-3.56538700
-0.01186500
0.93295600
0.65240000
2.02700100
0.86902500
2.01507600
-0.09711300
3.27855600
1.97959300
3.33731600
4.19142600
4.25412000
0.22393400
1.17604000
-0.81520000
2.54151400
2.99322300
4.05115600
2.18465100
-2.21692300
-2.05169700
-3.15212500
-1.86439100
-1.39174300
-4.98384900
-5.91824500
-5.41953900
-7.26623200
-5.57336000
-6.77030500
-4.71238800
-7.69632300
-7.98370700
-7.09841100
-8.74905500

0.17555200
-0.42906600
-0.17547800
-1.16490200

1.08161700

0.81979100
-2.57983100
-3.28212300
-3.05925800
-2.61346100
-4.35948000
-1.26791700
-3.17022800
-0.69678000

2.40549700

3.38934900

2.66891500

3.10811200

1.82864700

1.65180600
-0.54896400

1.13304700

1.91555100
-1.34390500
-1.32246000
-0.41212900
-0.23010500
-1.16072400

0.86644800
-0.99655300
-2.00488600

1.02362500

1.60514200

0.09399800
-1.72253300

1.87732600

0.21961400

-0.31607200
0.19008200
0.21473700
0.01338100
0.27680100
0.09223800
-0.11364500
-0.31644900
-0.02970700
-0.39258800
-0.41498400
-0.26202100
-0.54836900
-0.30441800
0.48297100
0.48722900
0.63320000
0.29118500
0.09295300
-0.04975200
-0.06131900
-1.33823400
-2.16580000
1.10655200
1.20779600
0.35713600
-0.12542900
0.33944200
-0.87380400
0.05333400
0.92332400
-1.15874900
-1.23163900
-0.69758200
0.41643900
-1.73915100
-0.92053000

3.40097800 4.13047900 0.30562800
0.83202300 4.66416200 0.68128600
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C NMR (100 MHz, CDCl5)
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C NMR (100 MHz, CDCl5)
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F1:376.498 |F2: 1.000 SW1: 75000 OF1:-52709.8 PTS1d: 65536 |
EX: zgthiggn PW:13.6us PD: 1.0 sec NA: 16 LB: 0.3 Nuts - $3687 19.1
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USER: nmr -- DATE: 12:43:26.564 +0600 nmr@EP-ZH070706

LB:0.3

OF1: 2461.2

NA: 11

PD: 1.0 sec

SW1: 8224
PW:11.6 us

Kopchuk IN 32-4
F1:400.130

EX: zg30
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Kopchuk IN 32 USER: nmr -- DATE: 13:01:27.427 +0600 nmr@EP-ZH070706
F1:376.498 |F2: 1.000 SW1: 75000 OF1:-52709.8 PTS1d: 65536
EX: zgfhigqn PW:13.6 us PD: 1.0 sec NA: 16 LB: 0.3 Nuts - $3706 19.1
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Kopchuk IN 26 USER: nmr -- DATE: 13:45:56.388 +0600 nmr@EP-ZH070706
F1:400.130 ‘F2: 1.000 SW1: 8224 OF1:2471.0 PTS1d: 32768
EX: zg30 PW:11.6 us PD: 1.0 sec NA: 12 LB: 0.3 Nuts - $3560 1.1

S39



194

141.473
131.227
130.053
129.090
128.317
125.189
125.160
124175
123 453
123.031
122.542
120.996
120.908
120.383
116.271
110.291

—
—
“
P~
o™
—

Vi

127

148405
T 148342
——— 133.969
104486
T 104.282

99601

99367

3C NMR (100 MHz,

N
W\
N
/
N
~ \
N
F =
F
il bl MLl bl U L L mw MN oL Dl iy IuIIu,I.MMMMMHMMul I
| ! l 140 13&) 1' 120 110 100PPM
Kopchuk IN26 USER: nmr -- DATE: 13:00:30.736 +0600 nmr@EP-ZH070706
F1:100.613 \FZ: 1.000 SW1: 24038 OF1: 10060.8 PTS1d: 32768 \
EX: zgig PW: 7.4 us PD: 2.0 sec NA: 332 LB: 1.0 Nuts - $3573 13.1
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EX: zgthiggn PW: 13.6 us PD: 1.0 sec NA: 16 LB: 0.3 Nuts - $3573 19.1
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Nuts - $273 1.1

USER: nmr -- DATE: 13:46:51.261 +0500 nmr@EP-ZH070706

LB: 0.3

OF1: 2464.4
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PD: 1.0 sec
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PW:11.6 us

Kopchuk IN 65
F1:400.130
EX: zg30
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Kopchuk IN65 USER: nmr -- DATE: 16:35:55.485 +0500 nmr@EP-ZH070706
F1:100.613 |F2: 1.000 SW1: 24038 OF1: 10060.8 PTS1d: 32768
EX: zgig PW:7.4 us PD: 5.0 sec NA: 178 LB: 1.0 Nuts - $490 13.1

S43



29°/99
T1.°0T9
¢L've9
0€'8¥9
€6'17/9
261769
€LVVL
9¥'¢SL
v1°29.
2€'08L
67 T6L
,2°C18
ST'v66
9%°0€0T
69°9v0T
(44 710)
SE'680T
EETVTT
ceevet
€9°9G¢T
9T'TCET
I8'V/ET
9C'E6ET
LT°CEVT
LLEYYT
8EVOVT
€9°8811
TO'SOST
6G'8EST
60'695T
69°¢8S9T
0€°,09T
0€°099T
702891
/8°0ELT

16'922¢
- 6g'EsET

L B

80°67/82
~_G0'8T6e
—0£'956¢

¥£'920€
—  /G6v08

,
00T

, ,
66'0 860

,
16°0

, , ,
960 S60 v6°0

500

1000

1500

2000

2500

3000

3500

Wavenumber cm-1




1921

TOF
90 L
L¥L
v L
8Z¥ L
09¥' L
£9¥' L
eIy L — N
9L¥ L

08¥'L
€8 L
26 L
56 L

)

6EL L
GhiL

052t i
0948 — T —
594°L
GLiL
€84
064'L

/N

6¥6°L
€96°L
896'L
€L6L
L86'L
C66'L

LEL'e
¥el'8
6¥1'8
ZSl'8

Uy

208’8
608'8
18’8
€18'8
6518'8
1288
€c8'8
G28'8
1288
€.8'8
518’8
88’8
068’8
568'8

N
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Nuts - $331 1.1

USER: nmr -- DATE: 13:49:25.357 +0500 nmr@EP-ZH070706
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Kopchuk IN67 USER: nmr -- DATE: 16:13:04.576 +0500 nmr@EP-ZH070706
F1:100.613 |F2: 1.000 SWI1: 24038 OF1: 10060.8 PTS1d: 32768
EX: zgig PW:7.4 us PD: 5.0 sec NA: 324 LB: 1.0 Nuts - $491 13.1
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F1:100.613 |F2: 1.000 SW1: 24038 OF1: 10060.8 PTS1d: 32768
EX: zgig PW: 74 us PD: 2.0 sec NA: 183 LB: 1.0 Nuts - $5010 13.1
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Kopchuk IN70-3K USER: nmr -- DATE: 15:32:19.329 +0500 nmr@EP-ZH070706
F1:400.130 |F2: 1.000 SWI1: 8224 OF1: 2460.4 PTS1d: 32768 |
EX: zg30 PW:11.6 us PD: 1.0 sec NA: 17 LB: 0.3 Nuts - $4961 1.1
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EX: zgig PW:7.4 us PD: 2.0 sec NA: 486 LB: 1.0 Nuts - $5011 13.1
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EX: zg30 PW:11.6 us PD: 1.0 sec NA: 29 LB:0.3 Nuts - $322 1.1
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F1:100.613 |P2: 1.000 SW1: 24038 OF1: 10060.8 PTS1d: 32768
EX: zgig30 PW: 7.4 us PD: 2.0 sec NA: 2487 LB:1.0 Nuts - $1478 13.1
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USER: nmr -- DATE: 15:17:09.351 +0500 nmr@EP-ZH070706

Kopchuk IN 116
F1:400.130
EX: zg30

PTS1d: 32768

Nuts - $2532 1.1

IB:0.3

OF1: 2460.9

NA: 160

PD: 1.0 sec

SWI1: 8224
PW:11.6 us

[E2: 1.000
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Kopchuk IN 116 USER: nmr -- DATE: 13:03:10.250 +0600 nmr@EP-ZH070706
F1:376.498 |F2: 1.000 SW1: 75000 OF1:-52709.8 PTS1d: 65536
EX: zgfhiggn PW:13.6 us PD: 1.0 sec NA: 16 LB: 0.3 Nuts - $814 19.1
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Kopchuk IN 116, USER: nmr -- DATE: 04:23:31.898 +0600 nmr@EP-ZH070706
F1:100.613 |F2: 1.000 SW1: 24038 OF1: 10060.8 PTS1d: 32768
EX: zgpg30 PW:74 us PD: 2.0 sec NA: 3840 LB: 1.0 Nuts - $814 13.1
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Kopchuk IN 84 USER: nmr -- DATE: 14:04:19.589 +0600 nmr@EP-ZH070706
F1:400.130 |F2: 1.000 SW1: 8224 OF1: 2459.9 PTS1d: 32768

EX: zg30 PW:11.6 us PD: 1.0 sec NA: 14 LB: 0.3 Nuts - $1287 1.1
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Kopchuk IN 84 USER: nmr -- DATE: 13:06:17.623 +0600 nmr@EP-ZH070706
F1:376.498 |F2: 1.000 SW1: 75000 OF1: -52709.8 PTS1d: 65536
EX: zgthigqn PW: 13.6 us PD: 1.0 sec NA: 16 LB: 0.3 Nuts - $815 19.1
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13C NMR (100 MHz, CDCly)
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USER: nmr -- DATE: 07:35:08.958 +0600 nmr@EP-ZH070706

PTS1d: 32768

Nuts - $815 13.1

LB: 1.0

OF1: 10060.8
NA: 3840

PD: 2.0 sec

SW1: 24038

PW:7.4 us

Kopchuk IN 84,
F1:100.613

EX: zgpg30

[F2: 1.000
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'H NMR (400 MHz, CDCls)
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USER: nmr -- DATE: 14:13:07.116 +0600 nmr@EP-ZH070706

7.5

PTS1d: 32768

Nuts - $1012 1.1

LB: 0.3

OF1: 2460.9
NA: 13

1.0 sec

PD:

SW1: 8224
PW:11.6us

Kopchuk IN77

F1:400.130
EX: zg30

|F2: 1.000
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Kopchuk IN-77 USER: nmr -- DATE: 12:15:35.700 +0600 nmr@EP-ZH070706
Fl:376.498 |F2: 1.000 SW1: 75000 OF1: -52709.8 PTS1d: 65536 ‘
EX: zgfhiggn PW:13.6 us PD: 1.0 sec NA: 16 LB: 0.3 Nuts - $816 19.1
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13C NMR (100 MHz, CDCly)
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USER: nmr -- DATE: 12:13:24.631 +0600 nmr@EP-ZH070706
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F1:100.613
EX: zgig30

PTS1d: 32768

Nuts - $1051 13.1

LB: 1.0

OF1: 10060.8
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PD: 2.0 sec
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|F2: 1.000
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Nuts - $4955 1.1

o
USER: nmr -- DATE: 14:55:15.206 +0500 nmr@EP-ZH070706
[PTS1d: 32768

|LB: 0.3
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NA: 12
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Kopchuck Meo-Ar, USER: nmr -- DATE: 07:47:45.871 +0600 nmr@EP-ZH070706
F1:100.613 [F2: 1.000 SW1: 24038 OF1: 10060.8 PTS1d: 32768
EX: zgpe30 PW:.7.4 us PD:2.0 sec NA: 4096 LB: 1.0 Nuts - $818 13.1
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*C NMR (100 MHz,

CDCls)

Ph

PPM

USER: nmr -- DATE: 08:16:27.840 +0500 nmr@EP-ZH070706
Nuts - $2473 13.1

50
PTS1d: 32768

LB: 1.0

OF1:10010.5
NA: 2601

100
S73

PD:2.0 sec

SW1: 24038

PW:7.4 us

150

[F2: 1.000

F1:100.613

AF462,
EX: zgpg30
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USER: nmr -- DATE: 14:23:11.312 +0500 nmur@EP-ZH070706

Kopchuk IN 114-6
F1:400.130
EX: zg30

PTS1d: 32768

Nuts - $2489 1.1

LB: 0.3

OF1: 2458.7
NA: 45

PD: 1.0 sec

SW1: 8224
PW:11.6us

[F2: 1.000
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Kopchuk IN 114-6, USER: nmr -- DATE: 20:42:12.354 +0500 nmr@EP-ZH070706
F1:100.613 ‘FZ: 1.000 SW1: 24038 OF1: 10060.8 PTS1d: 32768 |
EX: zgig30 PW:74 us PD: 2.0 sec NA: 3840 LB: 1.0 Nuts - $2786 13.1

S75




1091
8L9°L
GEO'L
¥l
LG9'L
6591
19971

16T
126'e
GC6'C
1€6'C
LE6'T
LVB'T
cLL'Y
LEV' Y
699°9
1199
£189°9
€0L°9
G0L'9
1S0°L
€601
L9071
0L0°L
Y0 L
9L0°L
060°L
€60°L
[4:TAVE
1Ge°L
69¢€°L
GLEL
339
98€°L
£6E°L
Oy L
90¥ L
Li¥ L

Ph

453

8EY L
cvy L
GGY L
8GY L
civ' L
9L¥ L
689°L
169°L
0L L
60L°L
I ¥ AF
9¢cl't
CVL L
0GL°L
99.°L

8€Z'8
9GZ'8

.

'H NMR (400 MHz, CDCl,)

)

PPM

2

PTS1d: 32768

Nuts - $1760_1.1

USER: nmr -- DATE: 13:57:52.336 +0600 nmr@EP-ZH070706

LB: 0.3

OF1:2461.7

NA: 32

PD: 1.0 sec

SWI1: 8224
PW:11.6 us

Kopchuk IN 98-6
F1:400.130
EX: zg30

[F2: 1.000
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Kopchuk IN-114K USER: nmr -- DATE: 14:11:37.746 +0500 nmr@EP-ZH070706
F1:400.130 ‘FZ: 1.000 SW1: 8224 OF1: 2460.2 PTS1d: 32768
EX: zg30 PW:11.6 us PD: 1.0 sec NA: 12 LB:0.3 Nuts - $3044 1.1
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13C NMR (100 MHz, CDCly)
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Kopchuk IN 114K USER: nmr -- DATE: 17:11:04.520 +0500 nmr@EP-ZH070706
F1:100.613 |F2: 1.000 SW1: 24038 OF1: 10060.8 PTS1d: 32768 ‘
EX: zgig PW:74 us PD: 5.0 sec NA: 681 1IB: 1.0 Nuts - $3310 13.1
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Kopchuk IN 125 USER: nmr -- DATE: 14:42:20.676 +0500 nmr@EP-ZH070706
F1:400.130 |1—'2: 1.000 SW1: 8224 OF1: 2460.4 PTS1d: 32768 ‘
EX: zg30 PW:11.6 us PD: 1.0 sec NA: 12 LB: 0.3 Nuts - $2937 1.1
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F NMR (376.5 MHz,
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Kopchuk IN 125, USER: nmr -- DATE: 14:14:01.132 +0500 nmr@EP-ZH070706
F1:376.498 [F2: 1.000 [sw1: 75000 | [OF1: -52709.8 [ [PTS1d: 65536 |
EX: zgfhigqn |[PW: 13.6us [PD: 1.0 sec |NA: 16 ILB: 0.3 Nuts - $2937 19.1
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13C NMR (100 MHz, CDCls)

el

PPM

USER: nmr -- DATE: 01:11:36.517 +0600 nmr@EP-ZH070706

PTS1d: 32768

Nuts - $812 13.1

LB: 1.0

OF1: 10060.8
NA: 3840

sec

PD: 2.0

SW1: 24038

PW:74 us

Kopchuk IN 125,

F1:100.613

EX: zgpg30

[F2: 1.000
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'H NMR (400 MHz, CDCls)
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Kopchuk IN 65-3 USER: nmr -- DATE: 14:52:23.228 40600 nmr@EP-ZH070706
F1:400.130 [F2: 1.000 SW1: 8224 OF1: 2460.4 PTS1d: 32768 ‘
EX: zg30 PW:11.6 us PD: 1.0 sec NA: 21 LB: 0.3 Nuts - $953 1.1
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H NMR (400 MHz,
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Hasanov AF448 USER: nmr -- DATE: 16:55:30.414 +0600 nmr@EP-ZH070706
F1:400.130 F2:1.000 SW1: 8224 OF1: 2458.2 PTS1d: 32768
EX: zg30 PW:11.6us PD: 1.0 sec NA: 10 LB: 0.3 Nuts - $1581 1.1
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C NMR (100 MHz,
CDCls)
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Hasanov AF448 USER: nmr -- DATE: 19:58:22.684 +0600 nmr@EP-ZH070706
F1:100.613 |F2:].OOO SW1: 24038 OF1: 10060.8 PTS1d: 32768
EX: zgig30 PW: 7.4 us PD:2.0 sec NA: 3938 LB: 1.0 Nuts - $1581_13.1
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H NMR (400 MHz,
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Hasanov AF454-1 USER: nmr -- DATE: 15:04:03.548 +0500 nmr@EP-ZH070706
F1:400.130 ‘FZ: 1.000 SW1: 8224 OF1: 2460.9 PTS1d: 32768
EX: zg30 PW:11.6 us PD: 1.0 sec NA:32 LB:0.3 Nuts - $1804 1.1
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3C NMR (100 MHz, CDCls)
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Hasanov AF454-1 USER: nmr -- DATE: 11:44:11.468 +0500 nmr@EP-ZH070706
F1:100.613 ‘FZ: 1.000 SW1: 24038 OF1: 10060.8 PTS1d: 32768 |
EX: zgig30 PW:74 us PD: 2.0 sec NA: 20480 LB: 1.0 Nuts - $1837 14.1

S86



@ = ~ — D R =]
n - o N o oo oow
= o oo S W<
1 M~ M~ LI -] NN NN
H NMR (400 MHz, DMSO-
ds)
580
MeO COOH
MeO NO,
1.05
0.88 1’03("
J
L J
T T T T T T T T T T T T
12 10 8 6 4 PPM
Kopchuk IN 134 USER: nmr -- DATE: 14:57:28.529 +0500 nmr@EP-ZH070706
F1:400.130 |1—'2: 1.000 SW1: 8224 OF1: 2464.7 PTS1d: 32768
EX: zg30 PW:11.6us PD: 1.0 sec NA: 11 LB: 0.3 Nuts - $3612 1.1

S87




~ ~ © @ =
- (%] — o) w
~ N 1 ~ Q A
~ w © ™ ©
H NMR (400 MHz, DMSO-ds)
3.26
MeO COOH 278
MeO NH2
1.10 F“
| T T | T T | T T T T T | T T T T T
8 7 B 4 3 PPM
Kopchuk 1315 USER: nmr -- DATE: 13:29:52.732 +0600 nmr({@EP-ZH070706
F1:400.130 F2:1.000 SW1: 8224 OF1:2464.4 PTS1d: 32768
EX: zg30 PW:11.6us PD: 1.0 sec NA: 34 IB:0.3 Nuts - $1572 1.1

S88



'H NMR (400 MHz,
CDCls)

7.601
7.593
7.580
7.462
7.260
7.237
7.217

4.130]
4.113]
4.095]
4.083|
4.064]
3.725

N 432
MeO /
296
246
236 MeO
212
143
1.27, 129
11 117
1.00
089
o

T T T T T T T T T T T T T T T T T T T T T T T
10 9 8 7 6 5 4 3 PPM
Kopchuk IN-127 USER: nmr — DATE: 14:17:58.522 40500 nmr@EP-ZH070706

F1: 400.130 F2: 1.000 [swi: 8224 | [OF1: 2460.9 \ [PTS1d: 32768 \
EX: 7230 [PW: 11.6 us |PD: 1.0 sec |NA: 24 ILB: 0.3 Nuts - $3047 1.1

S89




obL'9G ——
81596 —

01292

GCC LL
GPe LL o

veyes ———— L

\\\\N
/
e
100

016'L6

N

8¢l zol
GhY 0L [
ch@Frxxifrftl

091611
6£9°0Z1
5.0'2Z1
058'ZZ1
118221
LED'EZL
zev ezl
50G°€Z)
¥96'€ZL
112521
530°.Z1
197 121
CEYAEA
182821
860'6Z1
551°0€L
201 LEL
£ro'LEL

[LR=a]

el

Wi

3C NMR (100 MHz

CDCI

2)
T
140

224 41

026 9¥1
€LL 6L

Nuts - $3372 14.1

USER: nmr — DATE: 09:28:33.669 +0500 nmr@EP-ZH070706
[PTS1d: 32768

ILB: 1.0

[OF1: 10060.8
|NA: 4096

S90

|PD: 2.0 sec

[SW1: 24038

[PW:7.4 us

[F2: 1.000

Kopchuk IN 127,
F1:100.613
EX: zgig30




@ < I~ DO TN P A —NDNOO—MON O~ O — =t w
NN O O~ OO N NOWUNHFOONNT O W0M~©O oo P~
M~~~ MOOOMOONNNNNNNNNN= —— — — =31 ~
P~ P~ I~ L e N O e L o S e N N e S N A Rl S SN S <+ @ @
H NMR (400 MHz, CDCl5)
8.04
N\
\/N
N
~ \
N
3.3 MeO =
289
272
2.00 MeO
177
1.01
0.85 /
T T T T T T T T T T T T T T T T T T T
8 7 6 5 4 PPM
Kopchuk IN 100K USER: nmr -- DATE: 13:28:22.197 +0600 nmr@EP-ZH070706
F1:400.130 ‘FZ: 1.000 SW1: 8224 OF1:2461.4 PTS1d: 32768
EX:zg30 PW:11.6 us PD: 1.0 sec NA: 48 LB: 0.3 Nuts - $1949 1.1

S91



TODNO OO0 T DO —ODO~~OOW O~~~ O~ —
TN T RN OCNOOUO~DO~NDOS®© DEeodoo— 0w
Mmoo T oMo OT o NOOoo®m 0oaqgooTd 0
CCN T T OO0~~~ ON—OonEe - ~o~Moooooe
TR O N NNNNNNNNNT—DO oOo~MM~M~M~DD
—Fr T T T T T T T T T T — — —

W= |

3C NMR (100 MHz, CDCl5)

il
QQ\N
/s
|
ST Ty
M el " "‘/’J

o m atdbiilaifhsuds wm.um.m.u.‘.uJMMMMMMMM ot i il o o ]
200 150 100 50 PPM

Kopchuk DS-100 USER: nmr -- DATE: 09:26:08.495 +0600 nmr@EP-ZH070706
F1:100.613 F2: 1.000 SW1: 24038 OF1: 10060.8 PTS1d: 32768

EX: zgig30 PW:74 us PD: 2.0 sec NA: 22513 LB: 1.0 Nuts - $1382 13.1




N @M <& O WD —10HOo oD «Q wn = [=2]
oo NOoOM OO OoOoOO oo [Tell=>] (==} -—
ORNNMRIORG O I0NN N o S o
W WwWwaowmMMe M~~~ M~ © 1 -+ s
OMe
OMe
5.35
Ph
N
B35 B.36
NC X
0.98 009 098 f”“ 103 r04
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9 8 6 5 4 PPM
Kopchuk IN 105-6 USER: nmr -- DATE: 13:05:23.293 +0600 nmr{@EP-ZH070706
F1:400.130 [F2: 1.000 SWI1: 8224 OF1: 2460.4 PTS1d: 32768 \

EX: zg30 PW:11.6us PD: 1.0 sec NA: 51 LB: 0.3 Nuts - $2055 1.1




152.319
149.708

—T——148.053

146.865

T T———143.087

133.622
132.156
129.064
127.628
124.762
124.105

_

123.748
— T 120.401
119.132
118.782
X 118.556
112.751
_/_
/

101.565

72112

71995

71.791
71478

50.862
50.717

o
Fh I‘

N
MC

3C NMR (100 MHz,
CDCls)

Chde

ke

Ty

=

T
160 140

I I T
40 20 0PPM

120 100 80 60
Kopchuck IN-105, USER: nmr -- DATE: 07:15:09.643 +0600 nmr@EP-ZH070706
F1:100.613 |F2: 1.000 SW1: 24038 OF1: 10010.5 PTS1d: 32768 |
EX: zgpe30 PW:7.4 us PD:2.0 sec NA: 4096 LB: 1.0 Nuts - $1338 13.1

SY4




O T OO0 0O O0OTMNOMMOD M TOTNONOOOWODMNOLLW o

QOO - NN T O N~ O~ODU TR N0 OCOoOOd®M~DLW O @~

ERERREONNOORTITIINNOONANNNNNNNNNT == =8 o~

00 00 00 00 €O €0 00 P~ P~ P~ P~ P~ = I~ P~ P~ P~ P~ P~ P~ P~ I~ P~ P~ P~ P~ P~ [~ I~ I~ [~ [~ P~ [~ @© X

1
H NMR (400 MHz, CDCls)
OMe
6.40
3.62
3|tH!
R0
1.09
0.82 0.83104
i
. |
T T T T T T T T T T T T T T T T T T T T T T T T
14 12 10 8 6 4 2 PPM
Kopchuk IN-100-5 USER: nmr -- DATE: 15:08:01.304 +0600 nmr@EP-ZH070706
F1:400.130 ‘PZ: 1.000 SW1: 8224 OF1: 2461.7 PTS1d: 32768

EX: zg30 PW:11.6us PD: 1.0 sec NA: 32 LB: 0.3 Nuts - $1337 1.1

S95



\\ 3C NMR (100 MHz,
Nl

1S9°0G

866'86 ——— ___
VY66 — _—
169'001
SOYOLL
ZIgLLL
G9¢°0Z1

+09°LZL
L0l'eeh
89c'¢eclh
Ls1°gel TN

€CB'ESL

OMe

PTS1d: 32768

Nuts - $1380 13.1

USER: nmr -- DATE: 03:53:03.603 +0600 nmr@EP-ZH070706

LB: 1.0

OF1:10010.5
NA.: 4096

PD:2.0 sec

Kopchuck IN-100-5,

F1:100.613

EX: zgpg30

SW1: 24038

PW:74 us

[F2: 1.000

S96



~— N — =t WD NO < 9
w @ o~ OO WY o mNO ¢ 0w
= @99 BE T T E G NN 1 2SS o
s r-r-r/- M/M-r-r-w H NMR (400 MHz, CDCls) R
N\
/N
N
(.42
\ \
29
274
N
MeO /
200
178
MeO
120
109 107 1.05
1 3/ / /
__J M ULV\ A -
T T T T T T T T T T T T T T T
8 7 6 5 4 PPM
Kopchuk IN105 27 Grad USER: nmr -- DATE: 10:59:07.620 +0500 nmr@EP-ZH070706
F1:400.130 |F2: 1.000 SW1: 8224 OF1:2461.1 PTS1d: 32768
EX: zg30 PW: 11.6 us PD: 1.0 sec NA: 16 LB: 0.0 Nuts - $Kopchuk IN105 1.1

S97



—ow ~® LoD OO IO~ DO~ 0 NOO 0~
DD D= R e R R == K R - oY
NN @ HwEFTITITLTANNNTCSOOOO (=R X1
®wW M~ L N S S N e S S S S = - = V=) < @ ¢

'H NMR (400 MHz, CDCls), 56

=— 6.652
[0

G W

N\
4.03 /N
N
~ AN 310
B/07
N
MeO Z
181 184
MeO
odo 095094 0.94
A
T T T ‘ T T ‘ T T T | T T | T T | T T T
8 7 6 5 4 PPM
Kopchuk IN105  -56 Grad + rotation USER: nmr -- DATE: 11:57:29.069 +0500 nmr@EP-ZH070706
F1:400.130 [F2: 1.000 SW1: 8224 OF1:2459.3 PTS1d: 32768 |
EX: zg30 PW:11.6us PD: 1.0 sec NA: 16 LB: 0.0 Nuts - $Kopchuk IN105 6.1

S98



w0 — N OOt WO~ ®D wn w w [=}] [ =N=] w o
o« W W WD OO~ OdmOM~dD (=] o P~ w (o s i = @
2 s ® C—oeNONNOooN© 2 - ™~ 2 @ N~ = N
@~ © OO WOW N NT = M~ @ © r~ ) P~~~ © © ©
T3 SESSANSNAET g g s B r\?m S 8
13
C NMR (100 MHz, CDCls)
Ml
\N
Ml
‘H\-\-H\\-\. \\\
]
MeO =
hl el
T T T T T T T T T T T T T T T T
140 120 100 80 60 PPM
Kopchuk IN 105 USER: nmr -- DATE: 16:29:53.602 +0500 nmr@EP-ZH070706
F1:100.613 |F2: 1.000 SW1: 24038 OF1: 10060.8 PTS1d: 32768
EX: zgig PW:74 us PD: 5.0 sec NA: 451 LB: 1.0 Nuts - $3026 13.1




0 = =D DT O WO~ N O N WO w ) <t o™

o 0 O WOt O WO WO WWwTFTONN—TO® O T o) W [=>]

ERArY R0 TEIILILTTIAONS R <

O 00 00 0o P~ P~ I~ P~ P~ P~ I~ P~ P~~~ P~ =~ [~ P~ P~ =~ 1 R ) o

\/ H NMR (400 MHz, CDCls) \/

OMe
535
445346
14

0s6 097 og7 106 1.08

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9 8 7 6 5 4 3 2 PPM

Kopchuk IN-126-1 USER: nmr -- DATE: 14:08:25.550 0500 nmr@EP-ZH070706
F1: 400.130 [F2: 1.000 SW1: 8224 OF1: 2462.9 PTS1d: 32768 \
EX: zg30 PW:1l.6us PD: 1.0 sec NA: 8 IB:0.3 Nuts - $3042 1.1

S100



~N oW Ee0 - NOPh M~ NO S — 0 M S © ~ == (=D
M~ COM~TOONONN~MDOO0OO0 VOO0 0o © [=] o o|lo g
QFON@MA OB NNNNNNNNT = =M~ OO0 ™~ S ele g
L == = el e i e e e e e e o o o i (= (=R o T T o] © ODOIC
1
l%/ H NMR (400 MHz,
CDCls)
A\
432
N/
IS \
\O
2.68
.45
1.71
1.07
nes 069 0.64
0/65
LJJW\LL | | 1 IJJL\\_... JU'”L \;UL,L_
| T T T | T T T | T T | T T T ‘ T |
10 8 6 4 2 PPM
Kopchuk IN 69-7 USER: nmr -- DATE: 14:49:14.189 +0500 nmr({@EP-ZH070706
F1:400.130 F2: 1.000 SW1: 8224 OF1: 2460.2 PTS1d: 32768 ‘

EX: zg30 PW:11.6us PD: 1.0 sec NA: 80 ILB:0.3 Nuts - $433 1.1

S101



w MmO NN O W — N~ w (=] — M~ (=]
8 HHconngd38882C ] s 222 2
=) €0 €O 60 00 00 0 00 OO €O 00 M~ M I~ o © ool o
NN 'H NMR (400 MHz, DMSO-
‘ N ds)
= N
N ‘ X 344
MeO
216 218
110 mowlﬁ 11 108
_

| T
2 0 PPM

10 8 8 4
Kopchuk AF-32 USER: nmr -- DATE: 15:34:48.796 +0500 nmr@EP-ZH070706
F1:400.130 |F2: 1.000 SW1: 8224 OF1: 2650.7 PTS1d: 32768
EX: zg30 PW:11.6us PD: 1.0 sec NA: 38 LB: 0.3 Nuts - $4956 1.1

S102




'H NMR (400 MHz, CDCls)

11

2.03

2.14

1.00

06

[1.48

L[ i

[l =]
oo g oM®
P~ P~ P~ P~ =~

108 ———n__

6LE8

|

ZT

1.36

PPM

7.5 7.0 6.5
USER: nmr -- DATE: 14:59:41.699 +0600 nmr@EP-ZH070706

8.0

8.5
Kopchuk IN 40K

F1:400.130
EX: zg30

PTS1d: 32768

Nuts - $4171 1.1

LB:0.3

OF1: 2460.9

NA: 418

PD: 1.0 sec

SW1: 8224
PW:11.6us

[F2: 1.000

S103



P~ = = =] — D O C OO DHDFTCOCOHOL OO ND
n DO N—TCOC WO g T O WOOM~MRON—TODC OO WO
@ COMNMNMRNOLNOS MROOCULUMNMOVWIEETITMNMA— — — ©
- 0O 00 oo Lot o i el e e e e L T T e
1
H NMR (400 MHz, DMSO-
AN
416
N\
= N
«
- -
HN =
208
1.00 f f 1.06 1.00
| T T ‘ T | T | | T | T T T
12 1 10 9 8 7 PPM
Kopchuk U-1 USER: nmr -- DATE: 12:47:43.005 +0600 nmr@EP-ZH070706
F1: 400.130 F2:1.000 SW1: 8224 OF1: 2464.4 PTS1d: 32768
EX: zg30 PW: 11.6 us PD: 1.0 sec NA: 16 LB: 0.0 Nuts - $4001 1.1

S104




____—— B.757
T TT—— 8.746
____—— 8525
T T——— B.506

7.952,
7.948)

N

R

'H NMR (400 MHz, DMSO-
de)

N 407
/ N \
" ‘
NO, /
202
J 1.06 96
py imsy S lﬂ ,UL'»\M—J A pri AJUL« - y wdhs
T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.5 90 85 8.0 75 7.0 6.5 6.0 PPM
Kopchuk IN 119 USER: nmr -- DATE: 15:22:38.661 +0500 nmr@EP-ZH070706
F1: 400.130 [F2: 1.000 [sW1: 8224 | [OF1: 2464.4 | [PTS1d: 32768
EX: zg30 [Pw:11.6us [PD: 1.0 sec [NA: 16 |LB: 0.3 Nuts - $2632 1.1

S105




'H NMR (400 MHz, CDCls)

e e

806"
9C6'L
0€6'L
886°L
6008

L T

£5¥'8
Liv'8

Ph

Ph

1.83

1.0

0.94

— =

PPM

USER: nmr -- DATE: 14:20:46.320 +0600 nmr@EP-ZH070706

Hasanov AF 291-20
F1:400.130
EX: zg30

PTS1d: 32768

Nuts - $562 1.1

1LB: 0.3

OF1: 2459.7
NA: 29

1.0 sec

PD:

SW1: 8224
PW:11.6 us

[F2: 1.000

S106



[=2] — = Lo Tl i s T I e - o i T B i o s ] -~ 9] @ o I~ o
wn gl vl WMOO—O®W-= 0o ©— 0 m I~ [l @ ¢ [= (=
S om A-dIaTodNdaTIond o = © S S
© © ON— OO OWOOOOoLWwt — = 3] @ o [=] (=1
s @M MO NN NN NN NN — — — -— o
2 o2 egfooodouooooagod - = -= h =
13
C NMR (100 MHz, DMSO- Ph
d6) N\
N

Ph

b

/

~

N

\

I I T
110 100 PPM

140 130 120
Hasanov AF291-20 USER: nmr -- DATE: 13:20:58.449 +0600 nmr@EP-ZH070706
F1:100.613 |F2: 1.000 SW1: 24038 OF1: 10060.8 PTS1d: 32768
EX: zgpg30 PW:7.4 us PD: 2.0 sec NA: 2805 LB:1.0 Nuts - $1049 13.1

S107



Ph

Ph

A=Y
GE 809
T
65 169
L6DLL
1) N
GEEL4L
D5 era
G0 GEG
0EZ06
8 fo0l

BEFO9L
Zlegol
GG FROL
£B GO
bEGELL

Feeeererrecr o () Dy

00k

660

860

L6°0

960

G660

200

1000

1500

2000

2500

3000

3500

Wavenumber cm-1

S108



¥eL'9
96.°9
G9.°9
LLL9
181°9
ce6'9
¥L6°9
8L0°L
¥80°L
880°L
S60°L
ol
PGl L
LS L
€LVL
[4:1 9
0612
€61°L
8614
0se°L
€LEL
OL¥ L
EL¥L

Moo
NN
RN
P~ P~ I~

L s

ov¥ L
ev¥ L
LS¥ L
L9¥ L
S8rL
£€e5°L
€65°L
19572
LLS'L

668°L
FAL: )
0¢6°L

YLL'8
B6L1'8
5618

¢69'8
oLLe

'H NMR (400 MHz, CDsCN)

3.74

1.89

0.99

1.00

PPM

8.0

8.5

USER: nmr -- DATE: 15:41:08.989 +0600 nmr@EP-ZH070706

Hasanov AF 291-20
F1:400.130

EX: zg30

PTS1d: 32768

Nuts - $1131 1.1

1B:0.3

OF1: 2458.7
NA: 10

PD: 1.0 sec

SW1: 8224
PW:11.6us

[F2: 1.000

S109



8.824)
8.822

8.814]

8.812

8.810

8.673|
8.651

8.219

8.199

oSN — N
w O WO <
- - K-
I~ I~ I~ =

7.589
7.572
7.568]
7.554]
7.543]
7.539

7.535)

7.532

7.520

7.512
7.502
7.495)
7.450

7.447)

7.438)

7.435)

7431
7.428)
7423
7.418)
7.402
7.400]

7.381

7.285)

7.267

7.248)
7.240
7211

7.194]
7.102
7.063)

e T, L s

'H NMR (400 MHz, CDCls)

\
9.5

|
7.5

|
7.0

T T T
6.5 PPM

9.0 8.5 8.0
Hasanov AF 291-17 USER: nmr -- DATE: 14:12:51.315 +0600 nmr@EP-ZH070706
F1:400.130 |F2: 1.000 SW1: 8224 OF1:2452.9 PTS1d: 32768 ‘
EX: zg30 PW:11.6us PD: 1.0 sec NA: 26 LB: 0.3 Nuts - $561 1.1

S110




€049
0.9
rAN:)
1809
6229
¥¥e'9
€I0°L
280°2
180°2
960°L
G012
oLL2
¥61°L
€0T L
60T L
nei
6LT L
8z — N
15TL ——
6V L
19€°L
eIe s
z6E°L
666 L —-n_
9ZrL ——
)
6hyL —
092
€9V,
905 2
9251
6552
evsL

P

'H NMR (400 MHz, CDCl5)

)

G\

oL’ L
0844
880’1
+08'L

L68°L
806'L
Cl6'L

G

N

Ph

082'8
862'8

1.02

J

2.86

3(40

85
1
1.82

2
88 /

1.90

J/

0
Hasanov AF 308
F1:400.130

Ph
F
EX: zg30

7.8

8.0

USER: nmr -- DATE: 15:56:00.178 +0600 nmr@EP-ZH070706

PTS1d: 32768

Nuts - $1132 1.1

LB: 0.3

OF1:2455.9

NA: 9

PD: 1.0 sec

SWI1: 8224
PW:11.6us

[F2: 1.000




-138.341
-138.395

YF NMR (376.5 MHz, CDCl5)

-141.444
-141.499

Fh
I
I
M
Ph
M
F
F
T T T T T T T T T T T T T T T T T T T T T
-138 -139 -140 -141 -142 PPM
Hasanov AF 308 USER: nmr -- DATE: 16:22:25.185 +0600 nmr@EP-ZH070706
F1:376.498 |F2: 1.000 SW1: 75000 QF1: -52709.8 PTS1d: 65536 |
EX: zgthiggn PW:13.6 us PD: 1.0 sec NA: 16 LB: 0.3 Nuts - $1156 19.1

S112




- oo e 2wy il T 0wty Ry R o L =T T Il i = =

@ mEmwe g SrERRE-—RoOaaaRE G0 D@D 5 @9

Wy b i i . L o R e N R L R I el =

2 2XIXXX e NN N NN N OO AN EEETE S =

13C NMR (100 MHz, CDCl3) Ph
i
|

I

uh]ﬁ-lLMJ. a'dhl.llmhrn.lhtmw ﬂl 'NM

I.LI

Mush e s G kL il s bl e

. Ll
150 140 130 120 110 100 a0 a0 PPM
Hasanov AF 308, USER: nmr -- DATE: 07:45:06.996 +0500 nmr@EP-ZHOT0T706
Fl: 100.613 [F2: 1.000 SW1: 24038 OF1: 10060.8 PTS1d: 32768 |
EX: zgig30 PW: 7.4 us PD: 2.0 MA: 16542 LB: 1.0 Nuts -51156 15.1

S113



6¥8'¢

150

1€9°9
+£9'9
6¥9°0
599'9
8990
181°9
9689
0¥6'9
6¥6'9
996'9
v.6'9
L8690
180°L
£80°L
G60°L
SoL'L
€61°L
86171
90¢'L
60¢°L
6le'L
19¢°L
€LeL
62¢°L
fAt1
L1€°1
98¢"L
90t L
0L¥'L
Let' L
9L
oet' L
eeY'L
6t L
8SY'L
9057,

£6C'8
oLe's
Ges'L
€¥SL

616°L
LS6°L
0¥6'L

N

'H NMR (400 MHz, CDCl5)

Ph

465 2[57

Ph

MeO

MeO

N

W

1.34[1.92

245

35

215

1.61

PPM

USER: nmr -- DATE: 14:33:52.479 +0600 nmr@EP-ZH070706

Hasanov AF 311-2

F1:400.130
EX: zg30

PTS1d: 32768

Nuts - $1181 1.1

LB: 0.3

OF1:2461.4

NA: 80

PD: 1.0 sec

SW1: 8224
PW:1l.6us

[F2:1.000
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1
H NMR (400 MHz, CDsCN)
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Hasanov AF 311 USER: nmr -- DATE: 13:32:26.542 +0600 nmr@EP-ZH070706

F1:400.130 |F2: 1.000 SW1: 8224 OF1:2459.2 PTS1d: 32768

EX: zg30 PW:11.6 us PD: 1.0 sec NA: 15 LB: 0.3 Nuts - $1273 1.1
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13
C NMR (100 MHz, CDCls)
Ph
il
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150 100 50 PPM
Hasanov AF311 (TE=40 Grad.C), USER: nmr -- DATE: 02:53:14.557 +0600 nmr@EP-ZH070706
F1:100.613 ‘FZ: 1.000 SWI: 24038 OF1: 10060.8 PTS1d: 32768
EX: zgig30 PW:74 us PD: 2.0 sec NA: 2560 LB: 1.0 Nuts - $1479 13.1

S116



References:
1. http://www.chemgapedia.de/vsengine/vlu/vsc/en/ch/12/oc/vlu_organik/aromaten/reaktionen/reaktionen_aromaten.vlu/Page/vsc/en/ch/12/oc/aro

maten/reaktionen/ar_sn/arine/arine.vscml.html

S117



