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1. Synthesis of bifunctional squaramides C2 and C8.

1.1. Preparation of squaramide organocatalyst C2.
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3-Ethoxy-4-(phenethylamino)cyclobut-3-ene-1,2-dione (A).
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To a solution of diethyl squarate (955 mg, 5.60 mmol) in CH2Cl2 (6 mL) was added a 2-
phenylethan-1-amine (712 mg, 5.88 mmol, 1.05 equiv) and the mixture was stirred at
room temperature for 48 h. The reaction mixture was concentrated and purified by
column chromatography on silica gel (Hexane/EtOAc = 1:1) to afford the desired
product as a white solid: 989 mg (4.03 mmol, 72% yield). Mp 104-105 °C. '"H-NMR
(500 MHz, CDClI3) 6 7.31 (m, 2H, Har), 7.25 (m, 1H, Har), 7.18 (m, 2H, Har), 6.71 (br
s, IH, NH), 4.73 (q, J = 7.1 Hz, 2H, CH2CH3), 3.69 (m, 2H, CH2CH2), 2.92 (t, J = 7.0
Hz, 2H, CHCH»), 1.45 (t, J = 7.2 Hz, 3H, CH2CH3). ¥C-NMR (101 MHz, CDCl3): &
189.6 (CO), 182.6 (CO), 177.6 (C=C), 172.3 (C=C), 137.4 (Car), 128.9 (CHar), 128.7
(CHar), 126.9 (CHar), 69.7 (CH2CH3), 46.1 (CH2N), 37.0 (CH2Ph), 15.8 (CH3) ppm. IR
(ATR): 3255, 3044, 3024, 2937, 1807, 1690, 1596, 1522, 1334, 1116, 1059, 1019, 838,
751, 691 cm!. HRMS (ESI-QTOF) m/z: [M+H]" Calcd. For C1sHisNO3 246.1125;
Found 246.1129.

3-(((S)-(6-methoxyquinolin-4-yl)((1S,2S,4S,5R)-5-vinylquinuclidin-2-
y)methyl)amino)-4-(phenethylamino)cyclobut-3-ene-1,2-dione (C2).
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To a stirred solution of 9-amino-(9-deoxy)epiquinine (162 mg, 0.5 mmol) in methanol
(6 mL) was added 3-ethoxy-4-(phenethylamino)cyclobut-3-ene-1,2-dione (1) (123 g,
0.5 mmol). After stirring for 48 h, a white precipitate formed, which was filtered and
washed with methanol (3 x 5 mL) yielding the squaramide IV (204 mg, 0.39 mmol,
78%). Colorless solid. Mp 279-280 °C. [a]p® = +4.52 (¢ = 0.4, DMSO). 'H NMR (500
MHz, DMSO-ds) 6 8.77 (d, J = 4.6 Hz, 1H, NH), 7.95 (d, J = 9.2 Hz, 1H, Har), 7.83 (br
s, 1H, Har), 7.77 (br s, 1H, Har), 7.55 (br s, 1H, Har), 7.42 (dd, J = 9.2, 2.6 Hz, 2H,
Har), 7.17 (m, 5H, Har), 5.94 (m, 2H, CH=CH2 and NH), 4.98 (m, 2H, CH>=CH), 3.90
(s, 3H, CH30), 3.70 (m, 2H, CH2NH), 3.37 (m, 1H), 3.28 (m, 1H), 3.16 (dd, J = 13.6,
10.0 Hz, 1H), 2.78 (br s, 2H), 2.61 (m, 2H), 2.25 (br s, 1H), 1.54 (br s, 1H), 1.47 (br s,
2H), 0.56 (br s, 1H) ppm. ¥C-NMR (101 MHz, DMSO-ds): & 182.8 (CO), 182.4 (CO),
168.1 (C=C), 167.0 (C=C), 158.3 (Car), 148.2 (CHar), 144.7 (Car), 144.1 (Car), 142.7
(CHar), 138.8 (Car), 131.9 (CHar), 129.1 (CHar), 128.8 (CHar), 126.7 (CHar), 122.3
(CHar), 114.7 (CH2=CH), 102.1 (CHar), 59.1 (CHN), 56.2 (CH2N), 56.1 (CH30), 45.0
(CH2N), 40.5 (CH2) 39.8 (CHCH=CH2), 37.3 (CH2Ph), 27.8 (CH2), 26.7 (CH2) ppm. IR
(ATR): 3159, 2935, 1800, 1638, 1567, 1360, 1240, 1033, 840, 747, 700 cm'. HRMS
(ESI-QTOF) m/z: [M+H]" Calcd. For C32H35N403 523.2704; Found 523.2708.

1.2. Preparation of squaramide organocatalyst C8.
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To a stirred solution of (S)-N!,N! 3-trimethylbutane-1,2-diamine' (169 mg, 1.3 mmol) in
CHCl2 (5 mL) was added 3-((3,5-bis(trifluoromethyl)phenyl)amino)-4-
ethoxycyclobutane-1,2-dione (459 mg, 1.3 mmol). After stirring for 48 h, a precipitate
was formed, which was filtered and washed with diethyl ether, yielding the catalyst C8
as a white solid (420 mg, 0.96 mmol, 74% yield). Mp 208-210 °C. [a]p® = -11.6 (c =
0.4, acetone). 'H-NMR (400 MHz, DMSO-ds) & 8.06 (s, 2H, Har), 7.78 (br s, 1H, NH),
7.62 (s, 1H, Har), 4.09 (br s, 1H, CHN), 2.46 (m, 1H, CHHNMe2), 2.28 (m, 1H,
CHHNMe»), 2.15 (s, 6H, CH3N), 1.84 (m, 1H, CHMe2), 0.89 (d, J = 6.5 Hz, 3H,
CH3CH), 0.87 (d, J = 6.5 Hz, 3H, CH3CH) ppm. *C-NMR (101 MHz, DMSO-d¢): &
185.0 (CO), 180.6 (CO), 170.5 (C=C), 162.6 (C=C), 141.6 (Car), 131.8 (q, J = 32.9 Hz,
CCF3), 123.6 (q, J = 272.8 Hz, CF3), 118.5 (CHar), 115.1 (CHar), 61.7 (CH2NMe»),
57.7 (CHN), 45.7 (CH3N), 31.1 (CHMe»), 19.7 (CHsCH), 17.1 (CH3CH) ppm. °F-
NMR (376 MHz, CDCl:): & -61.8 ppm. IR (ATR): 3135, 2948, 1798, 1662, 1578,
1542, 1457, 1377, 1274, 1124, 940, 882, 743, 699, 685 cm™'. HRMS (ESI-QTOF) m/z:
[M+H]" Calced. For C19H22FsN302 438,1611; Found 438,1614.

1J. M. Andrés, R. Manzano, R. Pedrosa. Chem. Eur. J. 2008, 14, 5116.
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2. NMR Spectra for New Compounds
3-Ethoxy-4-(phenethylamino)cyclobut-3-ene-1,2-dione (A).
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Figure S1. 'H NMR spectrum of A (CDCls, 500 MHz).
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Figure S2. *C NMR spectrum of A (CDCls, 101 MHz).
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3-(((S)-(6-Methoxyquinolin-4-yl)((1S,2S,4S,5R)-5-vinylquinuclidin-2-
yl)methyl)amino)-4-(phenethylamino)cyclobut-3-ene-1,2-dione (C2).
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Figure S3. "H NMR spectrum of C2 (DMSO-d6, 500 MHz).
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Figure S4. *C NMR spectrum of C2 (DMSO-ds, 101 MHz).
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(5)-3-((3,5-Bis(trifluoromethyl)phenyl)amino)-4-((1-(dimethylamino)-3-
methylbutan-2-yl)amino)cyclobut-3-ene-1,2-dione (C8).
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Figure S5. '"H NMR spectrum of C8 (DMSO-d6, 400 MHz).
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Figure S6. *C NMR spectrum of C8 (DMSO-ds, 101 MHz).
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tert-Butyl (S)-(4-(2,4-dioxopentan-3-yl)-3-methyl-5-oxo-1-phenyl-4,5-dihydro-1H-
pyrazol-4-yl)carbamate (3a).
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Figure S7. "H NMR spectrum of 3a (CDCls, 500 MHz).
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Figure S8. °C NMR spectrum of 3a (CDCl;, 126 MHz).
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tert-Butyl (S)-(4-(2,4-dioxopentan-3-yl)-3-ethyl-5-0xo-1-phenyl-4,5-dihydro-1H-

pyrazol-4-yl)carbamate (3b).
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Figure S9. 'H NMR spectrum of 3b (CDCl;, 500 MHz).
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Figure S10. *C NMR spectrum of 3b (CDCls, 126 MHz).
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tert-Butyl  (S)-(4-(2,4-dioxopentan-3-yl)-3-isopropyl-5-oxo-1-phenyl-4,5-dihydro-
1H-pyrazol-4-yl)carbamate (3c¢).
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Figure S11. 'H NMR spectrum of 3¢ (CDCls, 500 MHz).
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Figure S12. °C NMR spectrum of 3¢ (CDCls, 126 MHz).
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tert-Butyl (S)-(4-(2,4-dioxopentan-3-yl)-5-oxo-1,3-diphenyl-4,5-dihydro-1H-
pyrazol-4-yl)carbamate (3e).
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Figure S13. '"H NMR spectrum of 3e (CDCls, 500 MHz).
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Figure S14. °C NMR spectrum of 3e (CDCls, 126 MHz).
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tert-Butyl (S)-(1-(4-chlorophenyl)-4-(2,4-dioxopentan-3-yl)-3-methyl-5-0xo0-4,5-
dihydro-1H-pyrazol-4-yl)carbamate (3f).
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Figure S15. '"H NMR spectrum of 3f (CDCls, 500 MHz).
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Figure S16. °C NMR spectrum of 3f (CDCls, 126 MHz).
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tert-Butyl (S)-(4-(2,4-dioxopentan-3-yl)-3-methyl-5-oxo-1-(p-tolyl)-4,5-dihydro-1H-

pyrazol-4-yl)carbamate (3g).

RNV | i W T
39
i d B} g ghz 4 gz
‘5 8‘.0 7‘5 7‘A0 6‘5 G‘AO 5‘.5 5‘.0 4‘.5 4‘.0 3‘5 3‘A0 2‘5 Z‘AO 1‘.5 1‘.0 0‘.5 O‘AO -C
f1 (ppm)
Figure S17. '"H NMR spectrum of 3g (CDCls, 500 MHz).
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Figure S18. C NMR spectrum of 3g (CDCl;, 126 MHz).
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tert-Butyl (S)-(4-(3,5-dioxoheptan-4-yl)-3-methyl-5-oxo-1-phenyl-4,5-dihydro-1H-
pyrazol-4-yl)carbamate (3h).
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Figure S19. '"H NMR spectrum of 3h (CDCl;, 500 MHz).
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Figure S20. °C NMR spectrum of 3h (CDCls, 126 MHz).
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tert-Butyl (S)-(4-(1,3-dioxo-1,3-diphenylpropan-2-yl)-3-methyl-5-oxo-1-phenyl-4,5-
dihydro-1H-pyrazol-4-yl)carbamate (3i).
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Figure S21. '"H NMR spectrum of 3i (CDCl3;, 500 MHz).
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Figure S22. C NMR spectrum of 3i (CDCl;, 126 MHz).
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tert-Butyl (S)-(4-(3,5-dioxoheptan-4-yl)-5-oxo-1,3-diphenyl-4,5-dihydro-1H-
pyrazol-4-yl)carbamate (3j).
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Figure S23. 'H NMR spectrum of 3j (CDCls, 500 MHz).
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Figure S24. C NMR spectrum of 3j (CDCls, 126 MHz).
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tert-Butyl (S)-(4-(1,3-dioxo-1,3-diphenylpropan-2-yl)-5-oxo-1,3-diphenyl-4,5-
dihydro-1H-pyrazol-4-yl)carbamate (3k).
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Figure S25. '"H NMR spectrum of 3k (CDCl;, 500 MHz).
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Figure S26. *C NMR spectrum of 3k (CDCls, 126 MHz).
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tert-Butyl (S)-(4-(2,4-dioxopentan-3-yl)-1-methyl-5-0x0-3-phenyl-4,5-dihydro-1H-
pyrazol-4-yl)carbamate (31).
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Figure S27. '"H NMR spectrum of 31 (CDCl;, 500 MHz).
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Figure S28. *C NMR spectrum of 31 (CDCl;, 126 MHz).
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tert-Butyl (S)-(3,3',5-trimethyl-5'-oxo-1'-phenyl-1',5'-dihydro-1H,4'H-[4,4'-
bipyrazol]-4'-yl)carbamate (4a).
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Figure S29. '"H NMR spectrum of 4a (CDCls, 400 MHz).
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Figure S30. *C NMR spectrum of 4a (CDCls, 126 MHz).
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tert-Butyl (S)-( 3'-ethyl-3,5-dimethyl-5'-0x0-1'-phenyl-1',5'-dihydro-1H,4'H-[4,4'-
bipyrazol]-4'-yl)carbamate (4b).
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Figure S31. 'H NMR spectrum of 4b (CDCl;, 500 MHz).
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Figure S32. C NMR spectrum of 4b (CDCls, 126 MHz).
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tert-Butyl (S)-( 3'-isopropyl-3,5-dimethyl-5'-oxo-1'-phenyl-1',5'-dihydro-1H,4'H-

[4,4'-bipyrazol]-4'-yl)carbamate (4¢).
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Figure S33. 'H NMR spectrum of 4¢ (CDCls, 500 MHz).
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Figure S34. *C NMR spectrum of 4¢ (CDCls, 126 MHz).
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tert-Butyl (S)-(3,5-dimethyl-5'-oxo0-1',3’-diphenyl-1',5'-dihydro-1H,4'H-[4,4'-
bipyrazol]-4'-yl)carbamate (4e).
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Figure S35. "H NMR spectrum of 4e (CDCl;, 500 MHz).

CN 39A%

IN 8 ! 8RS 8 R ~A o n N @
- o N BB @B w0 @ % RE I Q a o]
5 a L 29 8888 4 =1 RER 3 N al
I (S Nl
‘ —— ' Iy e x ‘ \ J
80 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)

Figure $36. *C NMR spectrum of 4e (CDCls, 126 MHz).
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tert-Butyl  (S)-(1'-(4-chlorophenyl)-3,3',5-trimethyl-5'-oxo-1',5'-dihydro-1H,4'H-
[4,4'-bipyrazol]-4'-yl)carbamate (4f).
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Figure S37. "H NMR spectrum of 4f (CDCls, 500 MHz).
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Figure S38. *C NMR spectrum of 4f (CDCls, 126 MHz).
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tert-Butyl (5)-(3,3',5-trimethyl-5'-oxo-1'-(p-tolyl)-1',5'-dihydro-1H,4'H-[4,4'-
bipyrazol]-4'-yl)carbamate (4g).
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Figure S39. 'H NMR spectrum of 4g (CDCls, 500 MHz).
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Figure S40. *C NMR spectrum of 4g (CDCl;, 126 MHz).
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tert-Butyl (S)-(3,5-diethyl-5'-oxo0-1',3"-diphenyl-1',5'-dihydro-1H,4'H-[4,4'-

bipyrazol]-4'-yl)carbamate (4j).
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Figure S41. '"H NMR spectrum of 4j (CDCls, 500 MHz).
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Figure S42. C NMR spectrum of 4j (CDCls, 126 MHz).
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tert-Butyl  (S)-(3-methyl-5-0x0-4-(2-0x0-2-phenylethyl)-1-phenyl-4,5-dihydro-1H-
pyrazol-4-yl)carbamate (5i).
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Figure S43. '"H NMR spectrum of 5i (DMSO-ds, 400 MHz).
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Figure S44. °C NMR spectrum of 5i (DMSO-ds, 100 MHz).
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tert-Butyl (S)-(1-(4-chlorophenyl)-3,3',5-trimethyl-5'-oxo-1'-phenyl-1',5'-dihydro-
1H,4'H-[4,4'-bipyrazol]-4'-yl)carbamate (6a).
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Figure S45. "H NMR spectrum of 6a (CDCls, 500 MHz).
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Figure S46. *C NMR spectrum of 6a (CDCl;, 126 MHz).
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tert-Butyl (S)-(1-(4-chlorophenyl)-3,5-dimethyl-5'-oxo0-1',3'-diphenyl-1',5'-dihydro-
1H.,4'H-[4,4'-bipyrazol]-4'-yl)carbamate (6e).

CN 63A EE E
|1
Cl
-N
N7
=
2  Ph
BocHNaZ
N
fN
o~ N
Ph
6e
ML , | ] ] J
i 144 g a7 )
‘0 8‘.5 B‘AO 7‘ 5 7‘0 é.S éO 5‘5 5‘0 ‘ ‘ 3‘5 3‘A0 2‘5 2‘.0 1‘.5 1‘.0 0‘5 O‘AO -(

Figure S47. '"H NMR spectrum of 6e (CDCl;, 500 MHz).
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Figure S48. '°C NMR spectrum of 6e (CDCl, 126 MHz).
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tert-Butyl (S)-(4-(3,5-dimethylisoxazol-4-yl)-3-methyl-5-oxo-1-phenyl-4,5-dihydro-
1H-pyrazol-4-yl)carbamate (7a).
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Figure S49. 'H NMR spectrum of 7a (CDCls, 500 MHz).
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Figure S50. *C NMR spectrum of 7a (CDCl;, 126 MHz).
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tert-Butyl (S)-(4-(3,5-dimethylisoxazol-4-yl)-5-oxo0-1,3-diphenyl-4,5-dihydro-1H-
pyrazol-4-yl)carbamate (7e).
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Figure S51. "H NMR spectrum of 7e (CDCl;, 500 MHz).
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Figure S52. *C NMR spectrum of 7e (CDCls, 100 MHz).
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3. HPLC Profiles of the isolated compounds.

tert-Butyl (S)-(4-(2,4-dioxopentan-3-yl)-3-methyl-5-oxo-1-phenyl-4,5-dihydro-1H-
pyrazol-4-yl)carbamate (3a).
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200000 -

T T T T T T
5,0 10,0 15,0 20,0 25,0 30,0

Peak Number | tr(min) Area Height | Area (%) | Symmetry Factor
1 11.900 | 11954241 | 722346 | 50.613 1.104
2 25.608 | 11664640 | 323407 | 49.387 1.005

Figure S53. HPLC profile for 3a (racemic).
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0,0 5,0 10,0 15,0 20,0 25,0 30,0 35,0 40,0 45,0 50,0

Peak Number | tr(min) | Area | Height | Area (%) | Symmetry Factor
1 11.492 | 5090147 | 185674 | 84.771 1.000
2 26.058 | 914451 | 16821 15.229 1.136

Figure S54. HPLC Profile for 3a compound. Scheme 2, er 85:15.
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200000 3a
0 [y L j\A
Peak Number | tr(min) Area Height | Area (%) | Symmetry Factor
1 11.325 | 18650197 | 636380 | 95.160 0.817
2 25.342 | 948603 18462 4.840 1.000

Figure S55. HPLC Profile for 3a from liquor mothers, er 95:5.
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tert-Butyl (S)-(4-(2,4-dioxopentan-3-yl)-3-ethyl-5-oxo-1-phenyl-4,5-dihydro-1H-
pyrazol-4-yl)carbamate (3b).

—MP 23A pur_003_30,66min - CH1

100000
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50000

T T T T T T
0,0 5,0 10,0 15,0 20,0 25,0 30,0

Peak Number | tr(min) | Area | Height | Area (%) | Symmetry Factor
1 10.492 | 3268688 | 132530 | 50.530 1.275
2 21.850 | 3200091 | 64980 | 49.470 1.175

Figure S56. HPLC profile for 3b (racemic).
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0,0 5,0 10,0 15,0 20,0 25,0 30,0

PeakNumber | tr(min) | Area | Height | Area (%) | SymmetryFactor
1 10.025 | 4156356 | 206525 | 83.853 1.260
2 20.033 | 800333 | 19632 16.147 1.159

Figure S57. HPLC Profile for 3b compound. Scheme 2, er 84:16.
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tert-Butyl  (S)-(4-(2,4-dioxopentan-3-yl)-3-isopropyl-5-oxo-1-phenyl-4,5-dihydro-

1H-pyrazol-4-yl)carbamate (3c¢).
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25,0 30,0 35,0 40,0 45,0

Peak Number | tr(min) | Area | Height | Area (%) | Symmetry Factor
1 17.708 | 1750023 | 29389 | 50.474 0.953
2 25.042 | 1717121 | 30883 | 49.526 1.401

Figure S58. HPLC profile for 3¢ (racemic).
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Peak Number | (R Area | Height | Area% | Height% | Symmetry Factor
1 18,600 | 5241997 | 112514 | 88,074 | 90,758 1,437
2 27,017 | 709806 | 11458 | 11,926 9,242 1,290

Figure S59. HPLC Profile for 3¢ compound. Scheme 2, er 88:12.
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tert-Butyl (S)-(4-(2,4-dioxopentan-3-yl)-5-oxo-1,3-diphenyl-4,5-dihydro-1H-

pyrazol-4-yl)carbamate (3e).
!
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T T T T T T T T T T T T
0,0 50 10,0 15,0 20,0 25,0 30,0 35,0 40,0 45,0 50,0 550 60,0

Peak Number | tr(min) | Area | Height | Area (%) | Symmetry Factor
1 11.842 | 4548326 | 135340 | 50.294 0.868
2 26.292 | 4495142 | 64882 | 49.706 1.450

Figure S60. HPLC profile for 3e (racemic).
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1 12,683 | 7750572 | 278161 | 93,900 97,052
2 29,083 | 503455 | 8450 6,100 2,948
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Figure S61. HPLC Profile for 3e compound. Scheme 2, er 94:6.




tert-Butyl

(S)-(1-(4-Chlorophenyl)-4-(2,4-dioxopentan-3-yl)-3-methyl-5-ox0-4,5-

dihydro-1H-pyrazol-4-yl)carbamate (3f).
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Peak Number | tr(min) | Area | Height | Area (%) | Symmetry Factor
1 9.867 | 5291635 | 236518 | 54.969 1.361
2 31.225 | 4335008 | 61417 | 45.031 1.171
Figure S62. HPLC profile for 3f (racemic).
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Peak Number | tr(min) Area Height | Area (%) | Symmetry Factor
1 10.017 | 19795438 | 583412 | 87.847 1.624
2 31.858 | 2738504 | 31178 12.153 1.341

Figure S63. HPLC Profile for 3f compound. Scheme 2, er 88:12.
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Peak Number | tr(min) Area Height | Area (%) | Symmetry Factor
1 10.200 | 14221584 | 623717 | 96.180 1.191
2 32.892 | 564856 9087 3.820 1.044

Figure S64. HPLC Profile for 3f from liquor mothers, er 96:4.
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tert-Butyl (S)-(4-(2,4-dioxopentan-3-yl)-3-methyl-5-oxo-1-(p-tolyl)-4,5-dihydro-1H-
pyrazol-4-yl)carbamate (3g).
!
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Peak Number | tr(min) | Area | Height | Area (%) | Symmetry Factor
1 11,383 | 5657641 | 211401 | 51,305 79,505
2 44,117 | 5369868 | 54496 | 48,695 20,495

Figure S65. HPLC profile for 3g (racemic).
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Intensity [pV]

Peak Number | tr(min) | Area | Height | Area (%) | Symmetry Factor
1 11.492 | 5695956 | 191925 | 89.075 0.839
2 44.775 | 698588 | 7276 10.925 1.120

Figure S66. HPLC Profile for 3g compound. Scheme 2, er 89:11.
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tert-Butyl (S)-(4-(3,5-dioxoheptan-4-yl)-3-methyl-5-0xo-1-phenyl-4,5-dihydro-1H-

pyrazol-4-yl)carbamate (3h).
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Peak Number | tr(min) | Area | Height | Area (%) | Symmetry Factor
1 9.425 | 8614606 | 529030 | 50.208 1.248
2 25.325 | 8543387 | 178745 | 49.792 1.197

Figure S67. HPLC profile for 3h (racemic).
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b L A,
Peak Number | tr(min) | Area | Height | Area (%) | Symmetry Factor
1 9.167 | 5289670 | 257882 | 85.194 1.507
2 23.792 | 919285 | 18509 14.806 1.196

Figure S68. HPLC Profile for 3h compound. Scheme 2, er 85:15.
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tert-Butyl (S)-(4-(1,3-dioxo-1,3-diphenylpropan-2-yl)-3-methyl-5-o0xo-1-phenyl-4,5-
dihydro-1H-pyrazol-4-yl)carbamate (3i).
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Peak Number | tr(min) Area Height | Area (%) | Symmetry Factor
1 15.075 | 11929079 | 408849 | 50.462 1.166
2 40.100 | 11710796 | 134520 | 49.538 1.099

Figure S69. HPLC profile for 3i (racemic).
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Peak Number | tr(min) Area Height | Area (%) | Symmetry Factor
1 14.242 | 12504213 | 383289 | 88.315 1.271
2 35.833 | 1654430 | 20551 11.685 1.106

Figure S70. HPLC Profile for 3i compound. Scheme 2, er 88:12.
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tert-Butyl
pyrazol-4-yl)carbamate (3j).
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1 8,908 | 8625302 | 476025 | 50,756 | 72,324 1,599
2 21,867 | 8368363 | 182162 | 49,244 | 27,676 1,118
Figure S71. HPLC profile for 3j (racemic).
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1 8,933 | 8714793 | 433523 | 93,270 | 96,913 1,473
2 22,308 | 628810 | 13809 | 6,730 3,087 1,093

Figure S72. HPLC Profile for 3j compound. Scheme 2, er 93:7.
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tert-Butyl (S)-(4-(1,3-dioxo-1,3-diphenylpropan-2-yl)-5-oxo-1,3-diphenyl-4,5-
dihydro-1H-pyrazol-4-yl)carbamate (3k).

1 —CN 17C 20% IPA_001_47,56min - CH1
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Peak Number tR Area | Height | Area% | Height% | Symmetry Factor

1 10,517 | 3074291 | 105439 | 52,217 | 70,114 1,020

2 22,317 | 2813199 | 44943 | 47,783 | 29,886 1,060

Figure S73. HPLC profile for 3k (racemic).
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1 10,892 | 5164528 | 148763 | 92,597 | 96,113 1,004

2 23,792 | 412913 | 6017 7,403 3,887 1,032

Figure S74. HPLC Profile for 3k compound. Scheme 2, er 93:7.
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tert-Butyl

pyrazol-4-yl)carbamate (31).
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Peak Number | tr(min) | Area | Height | Area (%) | Symmetry Factor
1 31,500 | 2377916 | 21054 | 49,268 2,110
2 42,900 | 2448559 | 16867 | 50,732 2,115

Figure S75. HPLC profile for 31 (racemic).
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1 31,608 | 8642626 | 68202 | 90,288 1,851
2 43,067 | 929657 | 7151 9,712 1,601

Figure S76. HPLC Profile for 31 compound. Scheme 2, er 90:10.
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tert-Butyl (5)-(3,3',5-trimethyl-5'-oxo-1'-phenyl-1',5'-dihydro-1H,4'H-[4,4'-
bipyrazol]-4'-yl)carbamate (4a).

—CN 5A prueba3_002 - CH1
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Peak Number | tr(min) | Area | Height | Area (%) | Symmetry Factor
1 20.017 | 3270382 | 29798 | 48.354 2.003
2 29.900 | 3493034 | 19375 | 51.646 1.664
Figure S77. HPLC profile for 4a (racemic).
[—ca 53003 - ci]
| —N
N
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P
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7N
E 10000 Ph
4a
Peak Number | tr(min) | Area | Height | Area (%) | Symmetry Factor
1 19.950 | 211642 | 2157 5.740 1.597
2 29.050 | 3475661 | 20826 | 94.260 1.852

S44

Figure S78. HPLC Profile for 4a compound. Scheme 3, er 94:6.




—CA 53A recrist_001_59,84min - CH1
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0,0 5,0 10,0 15,0 20,0 25,0 30,0 35,0 40,0 45,0 50,0 55,0

PeakNumber | tr(min) | Area | Height (uV) | Area (%) | SymmetryFactor

1 22,233 6459 81 0,175 0,521

2 32,008 | 3693654 15551 99,825 99,479

Figure S79. HPLC Profile for 4a after recrystallization. er > 99:1.
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tert-Butyl

(S)-(3'-ethyl-3,5-dimethyl-5'-oxo0-1'-phenyl-1',5'-dihydro-1H,4'H-[4,4'-

bipyrazol]-4'-yl)carbamate (4b).
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40,0

Peak Number tR Area | Height | Area% | Height% | Symmetry Factor
1 25,242 | 2685984 | 24175 | 49,291 | 52,631 1,011
2 31,242 | 2763309 | 21758 | 50,709 | 47,369 1,098

Figure S80. HPLC profile for 4b (racemic).
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Peak Number | tR Area | Height | Area% | Height% | Symmetry Factor
1 25,767 | 3406140 | 44845 | 85,215 | 87,294 1,200
2 31,767 | 590969 | 6528 | 14,785 | 12,706 1,122

Figure S81. HPLC Profile for 4b compound. Scheme 3, er 85:15.
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tert-Butyl (S)-( 3'-isopropyl-3,5-dimethyl-5'-oxo-1'-phenyl-1',5'-dihydro-1H,4'H-

[4,4'-bipyrazol]-4'-yl)carbamate (4¢).
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Peak Name | tR Area | Height | Area% | Height% | Symmetry Factor
1 16,775 | 934391 | 6310 | 48,848 | 40,085 1,837
2 23,200 | 978461 | 9432 | 51,152 | 59,915 1,588

Figure S82. HPLC profile for 4¢ (racemic).
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o A
Peak Number tR Area | Height | Area% | Height% | Symmetry Factor
1 17,475 | 515449 | 3760 9,790 8,094 1,660
2 23,533 | 4749472 | 42690 | 90,210 | 91,906 1,998

Figure S83. HPLC Profile for 4¢ compound. Scheme 3, er 90:10.
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tert-Butyl

(S)-(3,5-dimethyl-5'-oxo0-1',3’-diphenyl-1',5'-dihydro-1H,4'H-[4,4'-

bipyrazol]-4'-yl)carbamate (4e).
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Peak Number | tr(min) | Area | Height | Area (%) | Symmetry Factor
1 12.717 | 2931594 | 84826 | 50.086 1.487
2 31.350 | 2921501 | 32808 | 49.914 1.364

Figure S84. HPLC profile for 4e (racemic).
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—CA66A_001 - CH1

Peak Number | tr(min) | Area | Height | Area (%) | Symmetry Factor
1 12.850 | 4772695 | 138915 | 94.217 1.496
2 32.458 | 292947 | 3283 5.783 1.184

Figure S85. HPLC Profile for 4e compound. Scheme 3, er 94:6.
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tert-Butyl  (S)-(1'-(4-chlorophenyl)-3,3',5-trimethyl-5'-0xo0-1',5'-dihydro-1H,4'H-
[4,4'-bipyrazol]-4'-yl)carbamate (4f).

1 —CA 60.2.A_001_65,85min - CH1
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Lo U A

T T T T T T T T T T
0,0 5,0 10,0 15,0 20,0 25,0 30,0 35,0 40,0 45,0 50,0 55,0 60,0 65,0

Peak Number | tr(min) | Area | Height | Area (%) | Symmetry Factor
1 27,467 | 3337320 | 52765 | 50,307 1,272
2 53,942 | 3296547 | 23760 | 49,693 1,652

Figure S86. HPLC profile for 4f (racemic).
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00 50 10,0 150 20,0 250 30,0 350 40,0 450 50,0 550 60,0

Peak Number | tr(min) | Area | Height | Area (%) | Symmetry Factor
1 26,483 | 6760936 | 116665 | 94,340 1,327
2 52,483 | 405643 | 3514 5,660 1,230

Figure S87. HPLC Profile for 4f compound. Scheme 3, er 94:6.
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tert-Butyl
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(S)-(3,3',5-trimethyl-5'-oxo0-1'-(p-tolyl)-1',5'-dihydro-1H,4'H-[4,4'-
bipyrazol]-4'-yl)carbamate (4g).

—CA 58A TA_001_67,40min - CH1
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Peak Number | tR Area | Height | Area% | Height% | Symmetry Factor
1 22,700 | 3206770 | 62887 | 50,486 | 67,922 1,266
2 45,425 | 3145023 | 29700 | 49,514 | 32,078 1,360
Figure S88. HPLC profile for 4g (racemic).
1 “CA 68A PUR_001_59,18min - CH1
80000 —N
HN N\
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60000 | BocHN~G
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0 N?
20000 4g
Peak Number tR Area Height | Area% | Height% | Symmetry Factor
1 23,492 | 4908020 | 89812 | 88,051 | 93,426 1,382
2 47,217 | 666014 | 6319 | 11,949 | 6,574 1,289

Figure S89. HPLC Profile for 4g compound. Scheme 3, er 88:12.
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tert-Butyl (S)-(3,5-diethyl-5'-oxo0-1',3'-diphenyl-1',5'-dihydro-1H,4'H-[4,4'-
bipyrazol]-4'-yl)carbamate (4j).

—CN 29A IA 5%IPA_001_45,12min - CH1
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0,0 5,0 10,0 15,0 20,0 25,0 30,0 35,0 40,0 45,0

Peak Number | tR Area | Height | Area% | Height% | Symmetry Factor

1 19,725 | 276801 | 61716 | 51,125 | 54,161 1,299

2 24,550 | 2646161 | 52232 | 48,875 | 45,839 1,205

Figure S90. HPLC profile for 4j (racemic).

——CN 30A IA 5%]IPA_002_45,16min - CH1
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L e L
0,0 5,0 10,0 15,0 20,0 25,0 30,0 35,0 40,0 45,0

Peak Number | tR Area | Height | Area% | Height% | Symmetry Factor

1 20,158 | 185714 | 4311 5,273 6,349 1,125

2 25,042 | 3336290 | 63586 | 94,727 | 93,651 1,118

Figure S91. HPLC Profile for 4j compound. Scheme 3, er 95:5.
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tert-Butyl  (S)-(3-methyl-5-0x0-4-(2-0x0-2-phenylethyl)-1-phenyl-4,5-dihydro-1H-
pyrazol-4-yl)carbamate (5i).
Peak Name | tR Area | Height | Area% | Height% | Symmetry Factor
1 7,875 | 3002905 | 249516 | 50,441 | 83,214 1,226
2 33,517 | 2950438 | 50333 | 49,559 | 16,786 1,058
Figure S92. HPLC profile for 5i (racemic).
100000 - )Ox\
BPh HN E
oc :
5 o N
£ 5i Pn
1l |
Peak Name | tR Area | Height | Area% | Height% | Symmetry Factor
1 6,875 | 1551170 | 122385 | 23,092 | 58,562 1,260
2 32,358 | 5166215 | 86600 | 76,908 | 41,438 1,074

Figure S93. HPLC Profile for Si compound. Scheme 3, er 77:23.
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tert-Butyl (S)-(1-(4-chlorophenyl)-3,3',5-trimethyl-5'-oxo-1'-phenyl-1',5'-dihydro-
1H,4'H-[4,4'-bipyrazol]-4'-yl)carbamate (6a).

—CN 45B ADH_002_88,80min - CH1
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Peak Number | tR Area | Height | Area% | Height% | Symmetry Factor
1 47,758 | 2305688 | 15319 | 50,132 | 60,338 1,173
2 79,067 | 2293573 | 10070 | 49,868 | 39,662 1,157
Figure S94. HPLC profile for 6a (racemic).
1h ——CN 54A_001_104,69min - CH1
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10,0 20,0 30,0 50,0 60,0 70,0 80,0 90,0 100,0

Peak Number | tR Area | Height | Area% | Height% | Symmetry Factor
| 44,967 | 8828181 | 62101 | 83,614 | 88,009 1,296
2 74,183 | 1730125 | 8461 | 16,386 | 11,991 1,217

Figure S95. HPLC Profile for 6a compound. Scheme 5, er 84:16.
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tert-Butyl (S)-(1-(4-chlorophenyl)-3,5-dimethyl-5'-oxo0-1',3'-diphenyl-1',5'-dihydro-
1H.,4'H-[4,4'-bipyrazol]-4'-yl)carbamate (6e).
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AN

] ,M T
Peak Number | tR Area | Height | Area% | Height% | Symmetry Factor
1 9,275 | 7170915 | 261657 | 50,261 | 89,668 1,120
2 66,267 | 7096443 | 30149 | 49,739 | 10,332 1,008
Figure S96. HPLC profile for 6e (racemic).
Cl.
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0 ,_,.J\_Jll_,_‘ v_%_A
Peak Number | (R Area | Height | Area% | Height% | Symmetry Factor
1 10,075 | 4591426 | 187683 | 96,419 | 99,392 1,124
2 63,700 | 170512 | 1149 3,581 0,608 1,007

Figure S97. HPLC Profile for 6e compound. Scheme 5, er 96:4.
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tert-Butyl (S)-(4-(3,5-dimethylisoxazol-4-yl)-3-methyl-5-oxo-1-phenyl-4,5-dihydro-
1H-pyrazol-4-yl)carbamate (7a).
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Peak Number | (R Area | Height | Area% | Height% | Symmetry Factor
1 10,867 | 2829567 | 105132 | 50,156 | 64,746 1,257
2 20,142 | 2811934 | 57245 | 49,844 | 35,254 1,182
Figure S98. HPLC profile for 7a (racemic).
]ﬁ —CN 58A_003_21,48min - CH1
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0,0 2,‘0 4,‘0 6,‘0 8,‘0 10‘,0 12‘,0 14‘,0 15;,0 lé,O 20‘,0
Peak Number | tR Area | Height | Area% | Height% | Symmetry Factor
1 10,608 | 1618696 | 63025 | 83,159 | 89,543 1,271
2 19,475 | 327817 | 7360 | 16,841 | 10,457 1,195

Figure S99. HPLC Profile for 7a compound. Scheme 5, er 83:17.
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tert-Butyl

pyrazol-4-yl)carbamate (7e).
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Peak Number | (R Area | Height | Area% | Height% | Symmetry Factor
1 10,067 | 3046066 | 118497 | 49,751 | 60,739 1,178
2 14,792 | 3076553 | 76594 | 50,249 | 39,261 1,099

Figure S100. HPLC profile for 7e (racemic).
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Peak Number | tR Area | Height | Area% | Height% | Symmetry Factor
1 10,075 | 246531 | 10010 | 7,067 10,659 1,139
2 14,633 | 3242092 | 83894 | 92,933 | 89,341 1,109

Figure S101. HPLC Profile for 7e compound. Scheme 5, er 93:7.
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