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Figure S1. 'H NMR spectrum of compound 1.
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Figure S2. 3C NMR spectrum of compound 1.
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Figure S3. 'TH NMR spectrum of compound 2a.
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Figure S4. 3C NMR spectrum of compound 2a.
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Figure S5. 'H NMR spectrum of compound 2b.
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Figure S6. 3C NMR spectrum of compound 2b.
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Figure 57. "H NMR spectrum of compound 2c.
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Figure S8. 3C NMR spectrum of compound 2c.
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Figure 59. "TH NMR spectrum of compound 3.
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Figure 510. 3C NMR spectrum of compound 3.

1700000

199.66
178.31
132,73
131.61
52.26
21.43

131.35

128.67
—108.57

©8.38

A
<
N

11600000
1500000
;1400000
O 11300000

| Me 1200000

o OMe

== 1100000

\ S -1000000

900000
800000
700000
600000
500000
400000
300000
200000
~100000
e A s oo -0

~-100000

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
ppm

14



Figure S11. 'H NMR spectrum of compound 4a.
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Figure 512. 13C NMR spectrum of compound 4a.
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Figure S13. '"H NMR spectrum of compound 4b.
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Figure S14. 3C NMR spectrum of compound 4b.
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Figure 515. "H NMR spectrum of compound 6.
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Figure 516. 3C NMR spectrum of compound 6.

-22000000

—192.75
—188.56
—161.14
~158.69
—151.46
_~143.63
~142,15
—135.30
—111.48
—108.35
60.80
26.71
14,05

21000000
20000000
19000000
| 18000000
L 17000000
mme 16000000
Pd-rq O 115000000
H 14000000

EtO,C

13000000
12000000
;11000000
;10000000
;9000000
8000000
7000000
-6000000
-5000000
-4000000
I-3000000

2000000

! ;1000000
_ A SO Y M y e "

--1000000

. --2000000

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
ppm

20



Figure 517. "TH NMR spectrum of compound 7a.
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Figure 518. 13C NMR spectrum of compound 7a.
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Figure S19. '"H NMR spectrum of compound 7b.
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Figure S20. 3C NMR spectrum of compound 7b.
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Figure 521. "H NMR spectrum of compound 7c.
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Figure 522. 3C NMR spectrum of compound 7c.
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Figure 523. 'H NMR spectrum of compound 7d.
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Figure 524. 3C NMR spectrum of compound 7d.
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Figure 525. F NMR spectrum of compound 7d.
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Figure 526. 'H NMR spectrum of compound 7e.
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Figure 527. 3C NMR spectrum of compound 7e.
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Figure 528. F NMR spectrum of compound 7e.
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Figure 529. 'H NMR spectrum of compound 7f.
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Figure S30. 3C NMR spectrum of compound 7f.
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Figure S31. 'H NMR spectrum of compound 7g.
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Figure 532. 3C NMR spectrum of compound 7g.
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Figure 534. 3C NMR spectrum of compound 7h.
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Figure 535. F NMR spectrum of compound 7h.
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Figure 536. 'H NMR spectrum of compound 7i.
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Figure S37. 13C NMR spectrum of compound 7i.
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Figure S38. 'TH NMR spectrum of compound 7j.
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Figure S39. 13C NMR spectrum of compound 7j.
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Figure 540. YF NMR spectrum of compound 7j.
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Figure 541. "H NMR spectrum of compound 7k.
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Figure 542. 3C NMR spectrum of compound 7k.
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Figure 543. "H NMR spectrum of compound 71.
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Figure 544. 3C NMR spectrum of compound 71.
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Figure 545. F NMR spectrum of compound 71.
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Figure 546. 'H NMR spectrum of compound 8.
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Figure 547. 3C NMR spectrum of compound 8.

164.03

—153.38
—150.32

133.36

132.25

/

oo ™~
— [+
S o )
ISR I=
— —
I~ |

15.49

7000000

6500000

6000000

5500000

5000000

4500000

4000000

3500000

3000000

2500000

2000000

1500000

1000000

500000

-0

-500000

0

190

180

170

160

150

140

T T T T T T T T T T T T T T T T T T T
130 120 110 100 90 80 70 60 50 40
ppm

51



Figure 548. 'H NMR spectrum of compound 9a.
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Figure 549. 3C NMR spectrum of compound 9a.
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Figure S50. 1H NMR spectrum of compound 9b.
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Figure S51. 3C NMR spectrum of compound 9b.
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Figure 552. "TH NMR spectrum of compound 10a.
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Figure 553. 3C NMR spectrum of compound 10a.
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Figure S54. "H NMR spectrum of compound 10b.
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Figure S55. 3C NMR spectrum of compound 10b.
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Figure S56. 'H NMR spectrum of compound 11.
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Figure S57. 13C NMR spectrum of compound 11.
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Figure S58. 'TH NMR spectrum of compound 12.
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Figure S59. 13C NMR spectrum of compound 12.
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Figure S60. "H NMR spectrum of compound 13a.
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Figure S561. 3C NMR spectrum of compound 13a.
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Figure S62. "H NMR spectrum of compound 13b.
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Figure S63. 3C NMR spectrum of compound 13b.
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Figure S64. 'H NMR spectrum of compound 14.

MH OO0 OO RRRNVVNINMOMINN OO 00O v}
momEAaAaANANNA NN NN A A S S o
[ S S S N A I T S N S A A O N S S S S A I e N N N - N
A N N .

TR —

|
|
| \ A A
| Llr .

M a @ o

M R <

O ¥ S ~

.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5
ppm

68

3.0

2.5

2.0

1.5

1.0

0.5

0.0



Figure S65. 13C NMR spectrum of compound 14.
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Figure 566. 'H NMR spectrum of compound 15a.
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Figure 567. 3C NMR spectrum of compound 15a.
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Figure S68. "H NMR spectrum of compound 15b.
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Figure S69. 3C NMR spectrum of compound 15b.
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Figure 570. 'H NMR spectrum of compound 16.
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Figure S71. 'H NMR spectrum of compound 17.
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Figure 572. 13C NMR spectrum of compound 17.
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Figure 573. "H NMR spectrum of compound 18a.
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Figure 574. 3C NMR spectrum of compound 18a.
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Figure S75. "H NMR spectrum of compound 18b.
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Figure S76. 3C NMR spectrum of compound 18b.
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Figure 577. "TH NMR spectrum of compound 18c.
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Figure S78. 3C NMR spectrum of compound 18c.
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Figure 579. 'TH NMR spectrum of compound 19a.
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Figure 580. 3C NMR spectrum of compound 19a.
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Figure S81. '"H NMR spectrum of compound 19b.
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Figure S82. 3C NMR spectrum of compound 19b.
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Figure 583. 'H NMR spectrum of compound 19c¢.
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Figure 584. 3C NMR spectrum of compound 19c.
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Figure 585. 'H NMR spectrum of compound 20a.
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Figure 586 13C NMR spectrum of compound 20a.
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Figure S87. "H NMR spectrum of compound 20b.
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Figure S88. 3C NMR spectrum of compound 20b.
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Figure 589. 'H NMR spectrum of compound 20c.
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Figure 590. 3C NMR spectrum of compound 20c.
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Figure S91. 'H NMR spectrum of compound 21a.

Me Me

Me = Me

OMe

6.62

—4.07

2.52
—1.44

-1.70x10°
-1.60x10°
L1.50x10°
;1.40x108
-1.30x10°
L1.20x10°
;1.10x108
-1.00x10°
19,0010
18.00%107
-7.00x10°
-6.00x107
1 5,00%107
-4.00x10
;3.00x107
12.00%107

-1.00%x10°

0.00

L-1.00%107

T T T T T T T T T T T T T T T T T T T

12.0 115 11.0 105 100 95 90 85 8.0 75

6.0

5.5
ppm

5.0

4.5

95

N 113.17 -

n ]9.10=

1.0

0.5

0.0

0.5

-1.0



Figure 592. 13C NMR spectrum of compound 21a.
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Figure S93. 'H NMR spectrum of compound 21b.
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Figure S94. 3C NMR spectrum of compound 21b.
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Figure 595. 'H NMR spectrum of compound 21c.
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Figure 596. 3C NMR spectrum of compound 21c.
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Figure S97. 'TH NMR spectrum of compound 22.
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Figure 598. 13C NMR spectrum of compound 22.
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Figure S100. Crystal packing of furanone 3 along b axis.
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Figure 5104. Crystal packing of pyridazinone 9a along a (a), b (b) and ¢ (c) axis.
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Figure 5106. Crystal packing of pyrazole 12 along a (a) and b (b) axis.
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Figure 5109. Crystal packing of pyrazole 21b along c axis.
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Table S1. Selected bond distances (A) in diketone 2c.

B-Diketone fragment
c-C c-O O-H O-H..O
1.358(9)-1.435(9) 1.257(9)-1.302(11) 1.027(93) 1.57(10)

Acetal fragment
1.569(12) 1.371(10)-1.42.7(11) - -

Table S2. Selected bond distances (A) in furanones 3 and 5.

Compound Furanone fragment
C=C c-C c-O C-Me
3 1.344(4) 1.408(4)-1.541(8) 1.322(4)-1.522(9) 1.503(2)
5 1.354(4) 1.402(6)-1.531(4) 1.336(4)-1.470(4) 1.505(5)

Aromatic ring
1.353(6)-1.409(5) - - -
1.349(8)-1.386(6) - - -

g1 W

Table S3. Dihedral angles between the azaheterocyclic and aryl planes in the crystals of compounds
71, 9a, 9b, 12, 14, 15b, 21b.

Compound Aromatic Aromatic substituent at Dihedral angle
substituent at heterocyclic atom C between planes (°)
heterocyclic atom
N
71 difluorophenyl - 63.19(23)
9a - thienyl 46.06(23)
9b phenyl 66.32(7)
- thienyl 65.84(25)
12 phenyl - 89.71(44)
14 phenyl 64.21(17)
- phenyl 68.20(24)
15b - phenyl 44.71(16)
21b - phenyl 53.05(13)

Table S4. Selected bond distances in pyrazoles 7a, 71, 12, 15b, 21b.

o

Parameter, A 7a 71 12 15b 21b
C-C (Ph) - 1.361(6)-1.391(5)  1.363(9)-1.382(9) 1.365(6)-1.398(4)  1.378(5)-1.388(5)
C-C (pyr) 1.374(3)-1.392(3) 1.377(5)-1.387(5)  1.374(1)-1.391(1) 1.370(4)-1.399(5)  1.356(4)-1.399(4)
N-N 1.335(3) 1.346(4) 1.366(9) 1.342(3) 1.363(4)
C-N (pyr) 1.345(3)-1.371(3)  1.336(5)-1.372(4)  1.322(8)-1.361(9)  1.322(8)-1.361(9)  1.327(3)-1.340(4)
C-N 1.451(3) 1.435(4) 1.446(8) 1.452(4) 1.412(3)
C-O (acetyl) 1.210(3) 1.218(5) 1.220(9) 1.218(4) 1.218(4)
C-O (ester) 1.207(3) 1.205(5) - - 1.193(4)
1.333(3) 1.317(5) 1.310(4)
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Table S5. Selected bond distances in pyridazinones 9a, 9b, 14.

Parameter, A

9a

9b

14

C-C (Ph)

C-C (thienyl)
C—C (pyridazinone)
N-N
C-N (pyridazinone)
C-N
C-O

1.329(6)-1.400(5)

1.370(4)-1.461(4)
1.354(4)

1.303(4)-1.353(4)
1.468(4)
1.249(4)

1.378(3)-1.389(3)
1.352(9)-1.440(2)
1.360(3)-1.469(3)
1.356(2)
1.304(3)-1.370(3)
1.444(2)
1.240(3)

1.361(5)-1.395(4)

1.358(3)-1.472(4)
1.359(3)

1.297(3)-1.363(3)
1.439(3)
1.254(3)
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Figure 5110. H-contacts in the crystal packing of 2c.
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Figure S111. H-contacts in the crystal packing of 3.

114



Figure S113. H-contacts in the crystal packing of 7a.
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Figure S114. H-contacts in the crystal packing of 71.
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Figure S115. H-contacts in the crystal packing of 9a.
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Figure S117. H-contacts in the crystal packing of 12.
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Figure 5119. H-contacts in the crystal packing of 15b.
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Figure 5120. H-contacts in the crystal packing of 21b.

Table S6. Intermolecular hydrogen bonds and hydrogen-contacts geometry (distances in A, angles in

degrees) in 2¢, 3, 5, 71, 9a, 9b, 12, 14, 15b, 21b.

Compound D-H--A D-H H--A ¢<D-H--A Symmetry
2c C(9)-H(9A)---O(1) 0.930(8) 2.548(7) 130 X,-1+y,z
3 C(7A)-H(7AA)---O(2A) 0.930(3) 2.475(2) 164 1-x,1/2+y,1/2-z
C(10B)-H(10])---O(2A) 0.960(3) 2.411(2) 163 1+x,3/2-y,1/2+z-
O(2B)-H(2B)--0O(3) 0.929(51) 1.778(52) 171 2-x,1-y,1-z
5 O(2)-H(2)-~-O(3A) 1.052(66) 1.680(62) 160 -1+x,y,2
O(2A)-H(2B)---O(3B) 1.008(56) 1.731(55) 169 -
C(9)-H(9C)--N(2) 0.960(3) 2.610(2) 174 1-x,1-y,-z
7a C(4)-H@4C)--0O(1) 0.987(2) 2.473(25) 156 -x,1-y,1-z
C(7)-H(7B)---O(1) 0.960(3) 2.680(2) 146 2-x,1-y,1-z
C(11)-H(11)--F(2) 0.907(37)  2.591(33) 146 2-x,-y,1-z
- C(13)-H(13)--N(2) 1.049(44)  2.719(43) 114 -1+x,y,2
C(1)-H(1B)---E(1) 0.971(4) 2.620(3) 163 x,1+y,z
C(4)-H4) --O(1) 0.825(45)  2.574(43) 165 1+x,y,1+z
9a C(1)-H(1A)--O(1) 0.960(4) 2.604(2) 121 -1/2+x,3/2-y,1-z
C(10)-H(10)--O(1) 0.929(4) 2.945(2) 125 -X,-1/2+y,z
9b C(9)-H(9)---O(1) 0.943(32)  2.518(31) 134 1/2+x,y,1/2-z
C(1)-H(1A)--O(1) 0.987(26)  2.488(24) 152 -1/2+x,y,1/2-z
12 C(10A)-H(10A)--O(1) 0.930(7) 2.510(5) 153 x,1+y,1+z
C(14)-H(14)--O(1) 0.969(27)  2.598(26) 156 -1/2+x,y,1/2-z
14 C(8)-H(8)---O(1) 0.930(3) 2.850(22) 134 -1/2+x,y,1/2-z
C(18)-H(18)--O(1) 0.919(26)  2.535(25) 138 -1/2+x,y,1/2-z
C(12)-H(12)--O(1) 0.930(3) 2.709(2) 152 1/2+x,y,1/2-z
15b C(8)-H(8)---N(2) 0.930(4) 2.944(2) 145 -1/2+x,1/2-y,1-z
C(9)-H(9)---O(1) 0.930(3) 2.730(3) 153 -1/2+x,-1+y,1/2-z
C(10)-H(10) --N(2) 0.930(4) 2.635(3) 164 -
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