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Crystal Structure Determinations

Crystallographic data for the structures were collected at 100(2) K (180(2) K for 17) on either an Oxford
Diffraction Xcalibur or an Oxford Diffraction Gemini diffractometer using monochromated Mo Ka or
CuKoa radiation. Following multi-scan absorption corrections and solution by direct methods, the
structures were refined against /2 with full-matrix least-squares using the program SHELXL-2017.
Except for the amide hydrogen atoms in 25a and 27a, all hydrogen atoms were added at calculated
positions and refined by use of a riding model with isotropic displacement parameters based on those of

the parent atom. Anisotropic displacement parameters were employed for all the non-hydrogen atoms.



Figure S1. Representation of the crystal structure of 14. Ellipsoids are shown at 50% probability

amplitudes with hydrogen atoms assigned arbitrary radii.

Figure S2. Representation of the crystal structure of 17. Ellipsoids are shown at 50% probability

amplitudes with hydrogen atoms assigned arbitrary radii.



Table S1. Crystal data and structure refinement for 14

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

VA

Density (calculated)

0

Crystal size

0 range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to 8 = 67.30°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [/>26(])]

R indices (all data)
Absolute structure parameter
Largest diff. peak and hole
CCDC No.

Ci12H13F3N4O2

302.26

100(2) K

1.54178 A

Monoclinic

P2,

a=5.59850(10) A
b=17.6657(2) A
c=15.0325(4) A
B=96.928(2)°

640.43(3) A®

2

1.567 Mg/m?

1.212 mm™!

0.25 % 0.09 x 0.02 mm’

2.96 to 67.30°

—6<=h<=6, -5<=k<=9, —17<=I<=17
4496

1606 [R(int) = 0.0254]

99.7 %

Semi-empirical from equivalents
1.00/0.93

Full-matrix least-squares on F>
1606/ 1/ 191

1.035

R1=0.0258, wR2 =0.0667
R1=0.0269, wR2 =0.0677
—0.01(14)

0.140 and —0.177 e A"
1846771



Table S2. Crystal data and structure refinement for 17

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

VA

Density (calculated)

u

F(000)

Crystal size

0 range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to 6§ = 28.500°
Absorption correction
Max./min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [/>20(])]

R indices (all data)

Absolute structure parameter
Largest diff. peak and hole
CCDC No.

CioH13CIN4

224.69

180(2) K

0.71073 A

Orthorhombic

P2:1212:

a=5.36630(10) A
b=5.40550(10) A
c=39.3933(9) A

1142.70(4) A3

4

1.306 Mg/m?

0.308 mm™!

472

0.20 x 0.18 x 0.02 mm’

3.103 to 29.442°.

—7<=h<=6, —6<=k<=7, -54<=I<=53
10374

2977 [R(int) = 0.0353]

99.8 %

Semi-empirical from equivalents
1.00/0.991

Full-matrix least-squares on F2
2977/0/ 138

1.073

R1=0.0433, wR2=0.0913
R1=0.0508, wR2 =0.0943
0.25(10)

0.255 and —0.157 e A"
1846844



Table S3. Crystal data and structure refinement for 25a

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

VA

Density (calculated)

0

Crystal size

0 range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to 6 = 27.00°
Absorption correction
Max./min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [/>26(])]

R indices (all data)

Largest diff. peak and hole
CCDC No.

Ci5H20N4O2
288.35

100(2) K

0.71073 A
Monoclinic

P2i/c
a=13.8888(13) A
b=11.5000(7) A
c=9.9679(7) A
B=107.959(8)°
1514.5(2) A®

4

1.265 Mg/m®
0.087 mm™!

0.44 x 0.10 x 0.05 mm’
3.63 to 27.50°.

—17<=h<=16, —-14<=k<=14, —12<=I<=12

11821
3390 [R(int) = 0.0500]
98.9 %

Semi-empirical from equivalents

1.00/0.96

Full-matrix least-squares on F2

3390/1/197

1.036

R1=0.0463, wR2 = 0.0930
R1=0.0768, wR2 =0.1024
0.177 and —0.262 e.A"3
1846871



Table S4. Crystal data and structure refinement for 27a

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

VA

Density (calculated)

0

Crystal size

0 range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to 6 = 30.50°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [/>26(])]

R indices (all data)

Largest diff. peak and hole
CCDC No.

Ci14H19N502

289.34

100(2) K

0.71073 A

Monoclinic

P2i/c

a=13.8479(6) A
b=11.5901(4) A
c=9.8993(4) A
B=108.077(5)°

1510.40(10) A3

4

1.272 Mg/m?

0.089 mm™!

0.41 x 0.21 x 0.16 mm’

2.79 to 32.26°.

—11<=h<=20, -14<=k<=17, —14<=I<=14
16149

4989 [R(int) = 0.0340]

100.0 %

Semi-empirical from equivalents
1.00000 and 0.97156
Full-matrix least-squares on F>
4989 /1/197

1.029

R1=0.0457, wR2 =0.1035
R1=0.0601, wR2=0.1124
0.353 and —0.194 e.A"3
1846727



Table S5. Hydrogen bonds for 14 [A and °]

D-H..A d(D-H) d(H...A) d(D...A) <(DHA)
N(11)-H(11A)..0(1) 091 1.95 2.810(3) 156.1
N(11D)-H(11B)...0(1)! 091 1.92 2.785(2) 157.7
N(11)-H(11C)..N(2)> 091 2.34 3.054(2) 135.4

Symmetry transformations used to generate equivalent atoms: ! 1-x,y+1/2,~z ; ? x-1,y,z

Table S6. Hydrogen bonds for 17 [A and °]

D-H..A d(D-H) d(H...A) d(D...A) <(DHA)
N(11)-H(11A)..CI(1)  0.91 2.29 3.142(2) 155.1
N(11)-H(11B)..CI(1)! 091 2.25 3.157(2) 171.6
N(11)-H(11C)..CI(1)>  0.91 2.24 3.141(2) 170.3

Symmetry transformations used to generate equivalent atoms: ' x-1,y,z; 21-x,y+1/2,3/2-z

Table S7. Hydrogen bonds for 25a [A and °]

D-H..A d(D-H) d(H...A) d(D...A) <(DHA)

N(33)-H(33)..0(34)'  0.871(9)  2.114(10)  2.9460(14)  159.4(13)

Symmetry transformations used to generate equivalent atoms: ! x,~y+1/2,z-1/2

Table S8. Hydrogen bonds for 25a [A and °]

D-H..A d(D-H) d(H...A) d(D...A) <(DHA)

N(33)-H(33)..0(34)!  0.879(8)  2.044(10)  2.8586(11)  153.5(13)

Symmetry transformations used to generate equivalent atoms: ' x,1/2-y,z—1/2



Representative NMR spectra of target compounds

400 MHz "H NMR spectrum of 30¢ in CDCl3
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500 MHz '"H NMR spectrum of 37 in CDCl3
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500 MHz 'H NMR spectrum of 52 in CDCl3
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Representative HPLC traces of target compounds

Data File C:\HPCHEM)1%

DATRWHARRIETY 21081303,

e

njection Date Br217201% 10:08:28 AM Eeg. Line 3
Sample MName : HM3i=076 Location vial 5
hog. Operator HARRIET Inj 1

Inj Volume 20 ul
heg. Method 1 S \HPCHEM\1AMETHODS\HARRIETL .M
Last changed 1 BFE1SZ015 B:d4E:21 AM by HARRIET
analysis Method : C:\HPCHEF\.1AMETHODS\HARRIETL.M
Last changed : Br2472015 B:22:04 AM by HARRIET
imedified after loading)
- = - CEL LS L LT T

0ADT B, Sig=254.8 Ret=of (HARRIETE 1081 508 0)

2500

2000

16040

1000

504

T | R - S

External Standard Report

T O T T N O B B O

Sorted By
Multiplier
Dilution

L LT E T EEE =

: Retentlion Time
5 1.0000
1.0000

O . I O O

Sorted By
Multiplier
Dilutiomn

Signal 1: DADL B,

Rrea Percent Report

- Retentlon Time
: 1.0000
: 1,0000

Gig=254,8 Ref=off

Peak RetTime Sig Type Rraa Height Lrea

H [min]

[maU=a] [mau] ]

Rl T Tl T e L L T T Ty
1 21.243 1 PB 5.0783%d4 4041.341B0 ©G5%.3&06
2 25.367 1 BP 263.259187 24.12458 0.5151
3 27.174 1 BF £3. 50833 E.A3eBE 0.1243

Tatals

Fesults cbtalned

5.11107e4 4070.90325

with enhanced integrator!

#*+ End of Report

Instrument 1 B/24/2015 B:28:37 AM HARRIET

28

dample Hame: HN3-O

0O
<:::>r—4§;:l\v/A\H’ﬁL
49

Page 1 of 1
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K
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Daka File C:\HPCHEM\1%DATA\HRRRIET\Z1081504.D

Sample Hame: HN3I-0B2

Injection Date
Sample Hams
Bog. Operator

hog. Method
Last changed

Analysis Methed 3
: B/2472015 B:22:04 RM by HARRIET

Last changed

1 BS21/2015 10:45:06 AM
1 HH3-082
i HARRIET

ey =

Inj

: €31 \HMPCHEM\ 14 METHODSYHARRIETL .M

/2172005 Br46rll AM by HARRIET
2:\HPCHEMA\1\METHCODS Y HARRIETL .M

(modified after loading)

Seq. Line :
Location ¢

Inj Velums :

vial 6

1
20 ul

CADT B Sig=254 & Refeoll (HARRIETZ10E1G04E,

mal -
- 1
|
| 1
i 4
| 2000
[ |
| i
! 1500 -
1000 - i
|
2]
a
L —— P ——
S T 0 s m
EEEEETEEEESEE=EETET ¥ ¥ F 3 8 &£ 1 = F 3 5 & § 3¢ SR LR T T T T
External Standard Report
- ——— - = == -
Sprted By Retention Tims
Multiplier 1.0000
pilution 1.0000
- . ‘____:::::::_ - A L R T R -
Area Percent Report
————————————— EEETE T e —————— Eo-—=—————=— -
Sorted By Retention Time
Hultiplisr 1.0000
Dilutien 1.0000

Signal l: DARL B,

Peak RetTime Sig Type

5ig=-254,8 Bef=off

Area Helght Araa
|mBU*s] [mf ] | 1
e === === | ————— === | ==mm———— |
BY 12E.03724 @,01200 0.3831
LY N7, z0449 22.B1759 0.9202
BE 110.49821 5.B3373  D.3307
BP 3.274%ed  2447.27124 497 .0843
VB 127.56327  10.36617 D.3817
3.3417T404  2495,29073

Results

cbtalned with enhanced integrator!

Instrument 1

& End of Report

BS24/201% B:25:25 AM HARRIET

Page 1 of 1
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Data File D:\EZXDATAYCHEMIST\858115-LF-397-172-8111-12832.D
Sample Mame: LF-397-172-81

Acg. Operator i
Acg. Instrument :
Injection Date :

1268ANALYTICAL
578172815 S5:@1:58 PM

Location

Inj Volume
Acq. Method £
Last changed 1 5/81/2815 5:@1:28 PM
[(modified after loading)
C:%WCHEM32%1\METHODS\DEF_LC.M

Easy-Access Method: 'PP Gradient®

analysis Method :
Sample Info H

additional Info : Peak(s) manually integrated

: P1-D-83 |

: l.888 pl

C:\CHEM32\1\METHODS\ROUTINE_PEAK PURITY GRAD METHODH1.M

70

DCADH A, Sig=204. 4 RAef=off (0501 15-LF-387-172-0111-12032.0)
mAll ] =
7 &
- w
00 -
1 I
o= L T
T T T T T T T T T T
2 4 a 3 min
DADH B, Sig=214.4 Aef=off (0801 15-LF-387-172-0111-12032.0)
méL S @
] =3
1000 -
3 z
- TR g 2
3] e o e - ol i I & e il s ol
LB
500
1000
L - ) N 1 I N ) R
z 4 a a min|
aArea Percent Report
Sorted By H Signal
Multiplier H 1.8688
Dilution H 1.08888

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DADL A, Sig=254,4 Ref=off

Feak RetTime Type Width Area Height Area
# [min] [min] [maw®s] [maw] x
1 5.878 BV 8.8318 2820.32568 1985.78721 180.8082
Totals : 2829.32568 18685.78721

126BAMALYTICAL 5/@1/2815 6:28:28 PM

g

(=]
(o]

La
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Data File D:\EZXDATA\CHEMIST\@58115-LF-397-174-8111-12833.D
Sample MName: LF-397-174-81

RN NS S S S S EE S S S SESEsE s SEEmEmEEEEEEEEEEEEEE \
Acq. Operator NI _
Acg. Instrument : 1268ANALYTICAL Location : PL-D-84
Injection Date : 5/81/2815 5:17:46 PM
Inj volume : 2.88@ pl 7

acg. Method 1 CIZCHEM3Z\1\METHODS\ROUTINE_PEAK PURITY GRAD METHODH1.M
Last changed : 5/81/2815 5:17:88 PM

(modified after loading)

C:\CHEM32'\ 1\METHODS\DEF_LC.M

Easy-aAccess Method: 'PP Gradient”

Analysis Method
Sample Info

additional Info : Peak(s) manually integrated

DAD1T A, Sig=20<4 4 Ref=off (501 15-LF-337-174-01 11-12033.0)

4 a4 [} a

DAD1 B, Sig=214,4 Ref=off (501 15-LF-Z37-174-01 11-12033.0)
o g ¥
o€

= |

Sorted By i Signal
Multiplier i 1.8888
Dilution H 1.8088
Use Multiplier & Dilution Factor with ISTDs

Signal 1: DADL A, Sig=254,4 Ref=off
Peak RetTime Type wWidth Area Height Area
7 [min] [min] [maw*s] [maus] X

1 5.485 BV B8.8325 4595.76758 2199.63208 160.0008

Totals 4595.76758 219@.63288

1268AMALYTICAL 5/81/2815 6:21:83 PM Page 1 of
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Data File D:WEZMDATAYCHEMIST\118315-LF-413-194-8111-13838.D
cample Mame: LF-413-194-81

Acq. Operator
Acg. Instrument
Injection Date :

Acqg. Method g
Last changed H

analysis Method :
Last changed :

1268ANALYTICAL Locatiom : PLl-D-89
11/83/2815 2:27:14 PM

Inj Volume : 1.888 pl
C:YWCHEM32%1YMETHODS\ROUTINE_FEAK PURITY GRAD METHODH1.M
11/83/2815 2:26:37 PM
[(modified after loading)
C:%CHEM32% 1\ METHODS\DEF_LC.M
11/83,/2815 5:21:209 PM

[(modified after loading)
sample Info : Easy-Access Method: 'PP Gradient’

Additional Info : Peak(s) manually integrated

DADT A, Sig=204 4 Ref=off (1103153-LF-413-184-01 11-13030.0)

:

-

- B 8B B EBE

I~|. N T

T T T T T T T T
2 4 L]

DADY B, Sig=214 4 Raf=off {110313-LF-413-184-0111-13030.0)

Area Percent Report

sorted By H signal
Multiplier 1.8688
Dilution 1. 8088

- T

Do not use Multiplier B Dilution Factor with ISTDs

Sipnal 1: DaDl A, Sip=254,4 Ref=off

Feak RetTime Type Width Area Height Area
# [min] [min] [maw*s] [maw] x
1 5.874 wW a.8308 55.72231 21.29487 1.6818

2 5.968 VB @.8373 3257.47846 1341.81258 9B.31B2

Totals : 3313.19276 1363.18737

126BAMALYTICAL 11/83/2815 18:33:58 PM
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