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Materials, methods and instruments

All chemicals used were reagent grade and were used as received without further
purification. 'H NMR, 13C NMR, "N NMR and F NMR spectra were recorded at 25 °C at 400
MHz, 100 MHz, 40.55 MHz and 376.58 MHz (Bruker Avance) instrument respectively, using
TMS as internal standard. Chemical shifts are given in parts per million (ppm). The FT-IR
spectroscopy of samples was carried out on a Perkin Elmer Perkin Elmer Precisely 100 FT-IR
spectrometer in the 400-4000 cm!' region. The HRMS were recorded on a waters micromass
LCT premier mass spectrometer using electrospray ionization in the positive or negative mode.
The ultrasonic assisted reactions are carried out in a ‘‘Spectralab model UMC 20 Ultrsonic
cleaner” with a frequency of 40 kHz and a nominal power 250 W. Melting points were recorded
on a hot stage melting point apparatus Ernst Leitz Wetzlar, Germany and were uncorrected. All
the reactions and the purity of products were monitored using thin layer chromatography (TLC)
on aluminum-backed plates coated with Merck Kieselgel 60 F254 silica gel, visualizing the spots

under ultraviolet light and iodine chamber.
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150 100 50 [ppm]
13C NMR spectra of 5a
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 100.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
12 formula(e) evaluated with 1 results within limits (up to 20 closest results for each mass)
Elements Used:
C:20-25 H:15-20 N:0-5 0:0-5 F:1-1 Na:1-1
2FA19 44 (1.451) Cm (1:61)
TOF MS ES+
5.68e+004
100 4301179
%7
. 431.1209
7 428.1026
422 1628 4231904 4252816 427 2509 4291031 432.1250 455 1056 435.1103 i
T I I 1 I 1 1 T T I 1 I
4220 424.0 426.0 4280 430.0 4320 434.0
Mass Calc Mz=s mDa DEM DEE i-FIT i-FIT (Norn Formuala
430.1179 430.1179 0 14.5 489 .0 c22 H1 N3 04 F Na
HRMS spectra of 5a
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13C NMR spectra of 5b

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min =-1.5, max = 100.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons
37 formula(e) evaluated with 1 results within imits (up to 20 closest results for each mass)
Elements Used:

C:20-25 H:15-20 N:0-5 0:0-5 F:1-1 Br:0-1

F4 2 (0.034) Cm (1:61)
TOF MS ES+

486.0345

4 484 0314

4 486.0447
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] _469.0696 472.1030 p il 480.9576.482. 0156 ‘
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HRMS spectra of 5b
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SN NMR spectra of 5¢
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150 100 50 [ppm]
I3C NMR spectra of 5¢
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 100.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
38 formula(e) evaluated with 1 results within limits (up to 20 closest results for each mass)
Elements Used:
C:20-25 H:15-25 N:0-5 0O:0-10 F:1-1 HNa:1-1
2FA2 14 (0.439) Cm (1:61)
TOF MS ES+
2 47e+005
1004 460.1287
%_
] 461.1320
] 458.1131
4531717 4549135 4973485 | , 4621345 4631371 o0 50554657842 450 9a31 469 5002 4?0'5950”12
T 1 1 I T 1 1 1 1 1 I 1 T
452 0 454.0 456.0 4580 450.0 462.0 464.0 466.0 468.0 470.0
M o
M 5 5 100.0
Mass calc Mass mDa EEM DBE 1—FIT 1—FIT {(Norm Formula
460.1287 460.1285 0.2 4 14.5 5 23 H2 3 05 F Na

HRMS spectra of 5¢
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SN NMR spectra of 5d
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13C NMR spectra of 5d
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 PPM 7 DBE: min = -1.5. max = 100.0
Element prediction: Off
Mumber of isctope peaks used for i-FIT=3
Monoisolopic Mass, Even Electron bons
27 formulale) evaluated with 1 results within Bmits (up o 20 closest resulls for each mass)
Elements Lisad
Cr20-25 HI20-25 MNI0-5 OiS-10 FIO-1 MNal 11
2FAS 55 (1. 8232) Cm (1:61)
TOF MS ES+
3. B8e+005
q 450 13559
491 1432
A75 1330 485 2731 AG2 1455 495 1803
Y e 479 1358481 2616 % "\ ABT 3525 i % A8 9167 501.3TaT 5061145 ik
-I.f:‘- i} -‘I.-‘:f‘.: -H%;.'I o -1.11-!) -] -1H‘:r o -IH-:( =] -1.‘.li:I 0 -I‘Es!/‘ o -1.‘.llfr|.'|- -I‘.iln" = !-I:Ii:l o :ﬂ.'.'!r‘ =1 !.-I:II‘.:-I.'I-

HRMS spectra of 5d
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"H NMR spectra of 5e
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160 140 120 100 80 60 40 20 [ppm]
13C NMR spectra of Se
HRMS spectra of Se
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 100.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
47 formula(e) evaluated with 1 results within limits (up to 20 closest results for each mass)
Elements Used:
C:20-25 H:15-25 N:0-5 0:0-10 F:2-2 Na:1-1
2FA1T 61 (2.025) Cm (1:61)
TOF MS ES+
4 22e+004
s 448.1087
o
1 446.0933
| 4491122
] 4470954 .
O OO L. O OO OO .1 OIS R . 1 .. <L D Sl
4440 446.0 4480 450.0 452.0 4540 456.0
Mass calc Mass mDa PEM DEE 1-FIT 1-FIT (Norm Formula
a4 5 448 5 2 4 4.5 48 c22 H17 N3 04 F2Z Na
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160 140 120 100 80 60 40 20 [ppm]
13C NMR spectra of 5f
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 100.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
47 formula(e) evaluated with 1 results within limits (up to 20 closest results for each mass)
Elements Used:
C:20-25 H:15-25 NMN:0-5 ©O:0-10 F:1-1 Na:1-1 CI: 11
2FA14 16 (0.507) Cm (1:61)
TOF MS ES+
1.79e+005
10 464 0785
%
466.0771
462 0637 467 0798
451.2216 4531743 457 3494 461.0693 ; 469 2152 473.3460 475.1316 areposs
45'0.0 45!2.5 45'5.0 45'?'.5 46|0_D 46'2.5 46|5.0 46'?.5 47'0.0 4?'2.5 4?'5.0 4?'7.5
Mass Calc Mass mD= oM DBE 1—FIT 1—FIT (MNorm Formula
464 .0785 464 0785 —0.4 -0, 5 14.5 527.9 22 H17 N3 04 F HNa

HRMS spectra of 5f
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'"H NMR spectra of 5g
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150 100 50 [ppm]
3C NMR spectra of 5g
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 100.0
Element prediction: Off
MNumber of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
27 formula(e) evaluated with 1 results within limits (up to 20 closest results for each mass)
Elements Used:
C:20-25 H:20-25 MN:0-5 0:5-10 F:0-1 Na:1-1
2FA3 6 (0.169)
TOF MS ES+
2 73e+003
1o 490 1405
%
491.1436
475.3309 477.3768479.1887 481.0724 485.0448 487 3577 488.3558 492_|144o §93.1428 4951247 496 9271 5013734
T T T T T T T T T T T T T T T T T T T T T
476.0 478.0 480.0 482.0 484.0 486.0 4880 490.0 492.0 494.0 496.0 498.0 500.0 502.0
Mass Calc Mass I DPPM DBE L=FET i-FIT

(&)

HRMS spectra of 5g
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SN NMR spectra of 5h
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13C NMR spectra of 5h
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 100.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
45 formula(e) evaluated with 1 results within limits (up to 20 closest results for each mass)
Elements Used:
C:20-25 H:1525 N:0-5 0:0-10 F: 1-1
F5 23 (0.742) Cm (1:61)
TOF MS ES+
9.40e+004

o 468.1578

1 466.1420

0’57
] 469.1608
J 467.1458
458.0573 $59.0848 462 3373 464.1266 470.[1624 4711654 473.1375474.7476 4 0 o)0n 4801555
T I 1 1 1 1 1 1 I I 1 1 1 1 1 1 1 T 1 1 1 1 I 1

456.0 458.0 460.0 462.0 4640 466.0 468.0 470.0 472.0 4740 476.0 478.0 480.0

Mass Calc Mass mDa pEM DEE Ii=-FEILT 1-FIT (Norm) Formula

HRMS spectra of Sh
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SN NMR spectra of 5i




_— 165.4622
—— 163.2634
—— 160.8234
—— 149.0800

133.0247

— 140.3850
—_ 132.9459

1289349
—_125.1530
1200124

115.6964
—__ 115.4855

— 106.2252

— 63.9601

527456
=._52.1293

[rel]

——38.1708
2.0

150 100 50 [ppm]
I3C NMR spectra of 5i
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min = -1.5, max = 100.0
Element prediction: Off
MNumber of isotope peaks used for i-FIT =3
Monoisotopic Mass, Even Eleciron lons
18 formula(e) evaluated with 1 results within limits (up to 20 closest results for each mass)
Elements Used-
C:20-25 H:15-25 N:0-5 ©O:0-5 F:2-2
F9 45 (1.484) Cm (1:61)
TOF MS ES+
1.71e+005
10 4241101
426.1273
%
425 1149
427.1313
415.9323 417.3521 2193438 4od t0hg 4221028 4281350 430.3357 433.0828
416.0 ' 418.0 420.0 4220 4240 426.0 428.0 430.0 432.0

on

HRMS spectra of 5i
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SN NMR spectra of 5j
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160 140 120 100 80 €0 40 20 [ppm]
I3C NMR spectra of 5j
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 50 PPM / DBE: min =-1.5 max = 100.0
Element prediction: Off
Number of isoctope peaks used for i-FIT = 3
Monoisolopic Mass, Even Electron lons
39 formulaie) evaluated with 1 results within limits (up to 20 closest results for each mass)
Elemenis Used
C:20-25 H: 1525 N:0-5 O:010 F:1-1 Na 141
2FA1E 53 (1.990) Cm (1:60)
TOF MS ES+
7. 70e+004
SO0 4581490
459 1524
P Bl S, S M o i BOAS8 463 3024 4673741 V692071473 3455474124157 12&-Bm£
4475 4500 4525 4550 4575 4600 4625 4650 4675 4700 4725 4750

HRMS spectra of 5j
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160 140 120 100 80 60 40 20 [ppm]
I3C NMR spectra of 5k
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 100.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
28 formula(e) evaluated with 1 results within limits (up to 20 closest results for each mass)
Elements Used:
C:20-25 H:20-25 N:0-5 0O:0-5 F:0-1
F12(0.034) Cm (1:61)
TOF MS ES+
9 44e+004
100+ 438.1461
1 436.1307
o
i 439 1495
] 434.1098 4401522
4241147 430.3363433.034&j e ‘ / 4433788 4,0 1o77450.1413 4921414 4551400 40 o0 "
o e e T e R = e e e LR 7= B o I ) e . Ay
4250 430.0 435.0 440.0 4450 450.0 455.0 460.0
alc. Mass I j=3s)] == i-FIT i-FIT (Norm) F

HRMS spectra of 5k
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