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1. General information

Proton (‘H) and carbon (*C) NMR spectra were recorded on 400 MHz instrument
(400 MHz for 'H NMR, 100 MHz for C NMR) and calibrated using
tetramethylsilane (TMS) as internal reference. High resolution mass spectra (HRMS)
were recorded under electrospray ionization (ESI) conditions. The melting point of
compounds was determined by a melting point instrument. Flash column
chromatography was performed on silica gel (0.035—0.070 mm) using compressed air.
Thin layer chromatography (TLC) was carried out on 0.25 mm SDS silica gel coated
glass plates (60F254). Eluted plates were visualized using a 254 nm UV lamp. Unless
otherwise indicated, all reagents were commercially available and used without
further purification. All solvents were distilled from the appropriate drying agents
immediately before using. HPLC analysis was performed on Waters equipment using
Chiralpak AD-H (25 cm X 0.46 cm) and OD-H (25 cm X% 0.46 cm) columns.
Substituted isatin-based o-(trifluoromethyl)imines (1a—1q) were prepared according
to literature procedures,’ N, N'-dialkyloxyureas (2a—2e) were synthesized according
to the reported procedures.’

2. General procedure for synthesis of compounds trans-3

CF3 qu
o
N o PhI(OH)(OTS) F3CYN\|7
il o Rl A ord L HNS Noor?
Z~N H H TFP-DME RI-- /=0
R2 0C tort Z N
2
1 2 trans-3 R

At 0 °C, to a well-stirred solution of NaH (0.3 mmol, 3.0 equiv.) in TFP (0.5 mL) was
added a mixture of isatin-based a-(trifluoromethyl)imines 1 (0.2 mmol, 2.0 equiv.)
and N, N’-dialkyloxyureas 2 (0.1 mmol, 1.0 equiv.) in DME (0.5 mL) slowly. Then,
oxidant PhI(OH)(OTs) (0.2 mmol, 2.0 equiv.) in DME (1.5 mL) was added dropwise
over 1 min. After addition, the resultant reaction mixture was stirred at room
temperature for 2 h. The reaction mixture was concentrated under reduced pressure
and the crude products were purified by flash column chromatography on silica gel
(petroleum ether/ethyl acetate = 5:1) to afford products trans-3 (50—81% yields).
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3. Screening of the ratio of 1a/2a/PhI(OH)(OTs)/NaH

At 0 °C, to a well-stirred solution of NaH in TFP (0.5 mL) was added a mixture of
isatin-based o-(trifluoromethyl)imines 1a and N, N’-dialkyloxyureas 2a in DME (0.5
mL) slowly. Then, oxidant PhI(OH)(OTs) in DME (1.5 mL) was added dropwise over
I min. After addition, the resultant reaction mixture was stirred at room temperature
for 2 h. The reaction mixture was concentrated under reduced pressure and the crude
products were purified by flash column chromatography on silica gel (petroleum
ether/ethyl acetate = 5:1) to afford products trans-3aa (15-44% yields).

Table S1  Screening of the ratio of 1a/2a/PhI(OH)(OTs)/NaH"

CF3 BnO
W i PhI(OH)(OTs) F3C\( N
+ R B OBn
O oo™ ot @ff
la 2a trans- 3aa
(1a/2a/PhI(OH)(OTs)/NaH) . o .
Entry Time (h) Yield’(%) dr
(mmol/mmol/mmol/mmol)
1 0.1:0.1:0.2:0.3 18 15 >99:1
2 0.15:0.1:0.2:0.3 18 23 >99:1
3 0.2:0.1:0.2:0.3 18 55 >99:1
4 0.1:0.2:0.2:0.3 18 44 >99:1
5 0.1:0.3:0.2:0.3 18 43 >99:1
6 0.1:0.3:0.2:0.3 36 44 >99:1
7 0.2:0.1:0.1:0.3 18 26 >99:1
8 0.2:0.1:0.3:0.3 18 30 >99:1
9 0.2:0.1:0.2:0.1 18 29 >99:1
10 0.2:0.1:0.2:0.2 18 27 >99:1
11 0.2:0.1:0.2:0.4 18 18 >99:1

“ Unless otherwise noted, all reactions were conducted by adding PhI(OH)(OTs) in DME (1.5 mL)
to a stirred solution of NaH, isatin-based a-(trifluoromethyl)imine 1a and N, N’-dialkyloxyurea 2a
in TFP (0.5 mL) over 30 min at 0 °C. ” Isolated yield. ¢ Determined by chiral HPLC analysis.

We explored the effect of the ratio of 1a/2a/PhI(OH)(OTs)/NaH on the [3 + 3]
cycloaddition between 1a and 2a as summarized in Table S2. Apparently, the tested
ratios affected the chemical yield of 3aa significantly, and generally delivered
trans-3aa in > 20:1 dr. Initially, by keeping the ratio of PhI(OH)(OTs)/NaH as 0.2:0.3
(mmol/mmol), we optimized the ratio of 1a/2a and found that the ratio of 0.2:0.1 gave
cycloadduct 3aa in the highest chemical yield (entries 1-5). Meanwhile, the
prolonged reaction time did not improve the chemical yield greatly (entries 5 vs. 6).
Finally, by using 1a/2a in the ratio of 0.2:0.1, we screened the different ratios of
PhI(OH)(OTs)/NaH. Unfortunately, in all these cases, the chemical yield remained
quite low (entries 7-11). Currently, we finalized the optimal ratio of
1a/2a/PhI(OH)(OTs)/NaH as 0.2:0.1:0.2:0.3 (entry 3).
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4. Screening of bases

At 0 °C, to a well-stirred solution of base (0.3 mmol, 3.0 equiv.) in TFP (0.5 mL) was
added a mixture of isatin-based a-(trifluoromethyl)imines 1a (0.1 mmol, 1.0 equiv.)
and N, N’-dialkyloxyureas 2a (0.2 mmol, 2.0 equiv.) in DME (0.5 mL) slowly. Then,
oxidant PhI(OH)(OTs) (0.2 mmol, 2.0 equiv.) in DME (1.5 mL) was added dropwise
over 30 min. After addition, the resultant reaction mixture was stirred at room
temperature for 2 h. The reaction mixture was concentrated under reduced pressure
and the crude products were purified by flash column chromatography on silica gel
(petroleum ether/ethyl acetate = 5:1) to afford products trans-3aa (trace—33% yields).

Table S2  Screening of bases”

CFs BnO

{ F,C N._O
N 0 PhI(OH)(OTs) H\N( \,\T
m 4+ Bno. J _oBn _base 7 "0Bn
(@] N N “—0
N H H TFP-DME /—
\ 0Ctort N
1a 2a trans-3aa
Entry Base Time (h) Yield” (%) dr*
1 Et;N 18 trace -
2 DIPEA 18 trace -
3 DABCO 18 33 >99:1
4 DMAP 18 trace -
5 K,CO;, 18 trace -
6 Cs,COs 18 trace -
74 Cs,CO;s 18 trace -

“ Unless otherwise noted, all reactions were conducted by adding PhI(OH)(OTs) (0.2 mmol, 2.0 equiv.)
in DME (1.5 mL) to a stirred solution of base (0.3 mmol, 3.0 equiv.), isatin-based
a-(trifluoromethyl)imine 1a (0.1 mmol, 1.0 equiv.) and N, N’ -dialkyloxyurea 2a (0.2 mmol, 2.0
equiv.) in TFP (0.5 mL) over 30 min at 0 ‘C. ? Isolated yield. ¢ Determined by chiral HPLC analysis. ¢
the reactions were conducted by adding PhI(OH)(OTs) (0.2 mmol, 2.0 equiv.) in MeCN (1.5 mL) to a
stirred solution of Cs,COs (0.3 mmol, 3.0 equiv.), isatin-based a-(trifluoromethyl)imine 1a (0.1 mmol,
1.0 equiv.) and N, N~ -dialkyloxyurea 2a (0.2 mmol, 2.0 equiv.) in MeCN (0.5 mL) over 30 min at
0 C.

We examined the base effect on the [3 + 3] cycloaddition between 1a and 2a as
shown in Table S1. Concerning the bases such as Et;N, DIPEA, DMAP, K,CO; and
Cs,COs, they furnished product 3aa only in a trace amount (entries 1-2 & 4-7). In
the case of DABCO, it gave 3aa in 33% chemical yield (entry 3).
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5. Screening of the addition time of PhI(OH)(OTs)

At 0 °C, to a well-stirred solution of NaH (0.3 mmol, 3.0 equiv.) in TFP (0.5 mL) was
added a mixture of isatin-based a-(trifluoromethyl)imine 1a (0.2 mmol, 2.0 equiv.)
and N, N’-dialkyloxyurea 2a (0.1 mmol, 1.0 equiv.) in DME (0.5 mL) slowly. Then,
oxidant PhI(OH)(OTs) (0.2 mmol, 2.0 equiv.) in DME (1.5 mL) was added over the
indicated time. After addition, the resultant reaction mixture was stirred at room
temperature. The reaction mixture was concentrated under reduced pressure and the
crude products were purified by flash column chromatography on silica gel
(petroleum ether/ethyl acetate = 5:1) to afford products trans-3aa (46—65% yields).

Table S3  Screening of the addition time of PhI(OH)(OTs)“

CF, BnO
<N o PhI(OH)(OTSs) F3C N
/
+ eno. U ogn 2, N-oBn
0 NN TPF-DME /—
N\ 0°C tort
la 2a trans- 3aa
Addition time of . . b ,
Entry . Time(h) Yield’(%) dr
PhI(OH)(OTs) (min)
1 180 18 50 >99:1
2 60 18 46 >99:1
3 30 18 55 >99:1
4 1 2 65 >99:1

“ Unless otherwise noted, all reactions were conducted by adding PhI(OH)(OTs) (0.2 mmol, 2.0
equiv.) in DME (1.5 mL) to a stirred solution of the NaH (0.3 mmol, 3.0 equiv.), isatin-based
a~(trifluoromethyl)imine 1a (0.2 mmol, 2.0 equiv.) and N, N’-dialkyloxyurea 2a (0.1 mmol, 1.0
equiv.) in TFP (0.5 mL) at 0 “C. ” Isolated yield. © Determined by chiral HPLC analysis.

S5



6. Characterization of compounds trans-3

1',5'-bis(benzyloxy)-1-methyl-4'-(trifluoromethyl)spiro[indoline-3,2'-[1,3,5]triazinane]-2,

6'-dione (trans-3aa):

BnO White solid, yield: 33.3 mg, 65%; M.P. = 176.2 — 177.0 C; 'H NMR (400 MHz,

FsCYN\fO CDCLy): § 7.56 — 7.49 (m, 3H), 7.42 — 7.35 (m, 4H), 7.26 — 7.22 (m, 1H), 7.21 - 7.16

$ -,ﬂ‘an (m, 3H), 6.93 (d, /= 8.0 Hz, 1H), 6.84 (d, J= 6.8 Hz, 2H), 5.62 — 5.56 (m, 1H), 5.34
N\/— (d, J=8.8 Hz, 1H), 5.03 —4.97 (m, 2H), 4.49 (d, /= 9.6 Hz, 1H), 3.18 (s, 3H), 3.14 (d,

J =12.4 Hz, 1H) ppm; “C NMR (100 MHz, CDCL3):  171.4, 161.9, 144.4, 134.9,

134.5, 131.7, 129.7, 129.4, 128.7, 128.5, 128.4, 128.2, 124.4, 123.5, 123.1, 122.5 (q, Jcr = 280.0 Hz),
109.4, 78.8, 77.9, 75.7, 68.3 (q, Jcr = 32.0 Hz), 26.4 ppm; HRMS (ESI) calculated for CysH»;F3N404
[M + H]: 513.1744, found 513.1730. HPLC separation (Chiralpak AD-H column, solvent:
hexane/ethanol = 80/20, flow rate = 1.0 mL/min, A = 254 nm): retention times tg (minor) = 6.145 min,

tg (major) = 16.011 min.

1',5'-bis(benzyloxy)-4-bromo-1-methyl-4'-(trifluoromethyl)spiro[indoline-3,2'-[1,3,5]tria

-zinane]-2,6'-dione (trans-3ba):

B0 White solid, yield: 29.5 mg, 50%; M.P. = 184.8 — 186.0 ‘C; 'H NMR (400 MHz,
F3°YN\(° CDCLy): 'H NMR (400 MHz, CDCLy): 6 7.56 — 7.53 (m, 2H), 7.42 — 7.36 (m, 4H),
QN -.,i‘an 7.32 =730 (m, 1H), 7.24 — 7.15 (m, 3H), 6.88 — 6.85 (m, 3H), 5.60 — 5.56 (m, 1H),
N 535(d,J=88Hz, 1H), 5.12 (d, J= 9.6 Hz, 1H), 4.98 (d, J = 8.8 Hz, 1H), 4.62 (d, J

\
= 9.6 Hz, 1H), 4.17 (d, J = 12.4 Hz, 1H), 3.15 (s, 3H) ppm; °C NMR (100 MHz,

CDCl;): 6 170.6, 161.6, 146.8, 134.9, 134.7, 133.0, 129.6, 129.0, 128.6, 128.4, 128.3, 128.2, 127.2,
122.5 (q, Jcr = 280.0 Hz), 122.1, 118.8, 108.5, 78.6, 78.0, 76.6, 67.9 (q, Jcr = 32.0 Hz), 26.6 ppm;
HRMS (ESI) calculated for CpsH,,BrFsN,O, [M + H]": 591.0849, found 591.0833. HPLC separation
(Chiralpak AD-H column, solvent: hexane/ethanol = 80/20, flow rate = 1.0 mL/min, A = 254 nm):

retention times tg (minor) = 6.505 min, tg (major) = 9.824 min.

1',5'-bis(benzyloxy)-5-bromo-1-methyl-4'-(trifluoromethyl)spiro[indoline-3,2'-[1,3,5] tria
-zinane]-2,6'-dione (trans-3ca):

BnO White solid, yield: 47.2 mg, 80%; M.P. = 205.9 — 207.0 C; 'H NMR (400 MHz,
FaCYN\(O CDCly): 6 7.60 — 7.54 (m, 3H), 7.43 — 7.38 (m, 4H), 7.30 — 7.28 (m, 1H), 7.25 —
Br_N>-Nogn  7.21 (m, 2H), 6.95 — 6.93 (m, 2H), 6.78 (d, J = 8.4 Hz, 1H), 5.58 — 5.53 (m, 1H),

NFO 5.33(d, J=8.8 Hz, 1H), 5.02 (d, J=10.0 Hz, 1H), 4.99 (d, J= 8.8 Hz, 1H), 4.59 (d,
' J=10.0 Hz, 1H), 3.14 (s, 3H), 3.12 (d, J = 12.4 Hz, 1H) ppm; C NMR (100 MHz,
CDCly): 6 170.8, 161.7, 143.4, 134.7, 134.4, 129.7, 129.4, 128.8, 128.7, 128.4, 128.3, 127.9, 126.4,
126.2, 122.3 (q, Jcr = 280.0 Hz), 115.9, 110.8, 78.8, 78.0, 75.5, 68.2 (q, Jcr = 32.0 Hz), 26.6 ppm;
HRMS (ESI) calculated for CpH,,BrFsN,O, [M + H]": 591.0849, found 591.0846. HPLC separation
(Chiralpak AD-H column, solvent: hexane/ethanol = 80/20, flow rate = 1.0 mL/min, A = 254 nm):

retention times tg (minor) = 5.900 min, tg (major) = 17.709 min.
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1',5'-bis(benzyloxy)-6-bromo-1-methyl-4'-(trifluoromethyl)spiro[indoline-3,2'-[1,3,5]tria
-zinane]-2,6'-dione (trans-3da):
BnO White solid, yield: 41.8 mg, 71%; M.P. = 151.5 — 152.4 “C; '"H NMR (400 MHz,

O
R CDCLy): 9 7.56 — 7.53 (m, 2H), 7.43 — 7.37 (m, 3H), 7.29 — 7.20 (m, 4H), 7.15 (d, J

No
B>"0Bn = 8.0 Hz, 1H), 7.05 (d, J = 1.2 Hz, 1H), 6.92 — 6.89 (m, 2H), 5.57 — 5.51 (m, 1H),

Br N\/—O 5.32 (d, J = 8.8 Hz, 1H), 5.02 — 4.96 (m, 2H), 4.53 (d, J = 10.0 Hz, 1H), 3.16 (s,

3H), 3.12 (d, J = 12.0 Hz, 1H) ppm; *C NMR (100 MHz, CDCLy): ¢ 171.2, 161.7,
145.6, 134.7, 134.6, 129.6, 129.3, 128.7, 128.6, 128.4, 128.3, 126.2, 125.4, 124.1, 123.4, 122.3 (q, Jcr
= 280.0 Hz), 112.8, 78.8, 77.9, 75.3, 68.2 (q, Jcr = 32.0 Hz), 26.7 ppm; HRMS (ESI) calculated for
CyH2BrF;N,0, [M + H]': 591.0849, found 591.0833. HPLC separation (Chiralpak AD-H column,
solvent: hexane/ethanol = 80/20, flow rate = 1.0 mL/min, A = 254 nm): retention times tz (minor) =

6.145 min, tg (major) = 11.851 min.

1',5'-bis(benzyloxy)-5-chloro-1-methyl-4'-(trifluoromethyl)spiro[indoline-3,2'-[1,3,5]tria-
zinane]-2,6'-dione (trans-3ea):

BnO White solid, yield: 37.1 mg, 68%; M.P. = 185.9 — 187.2 ‘C; 'H NMR (400 MHz,

FaCYN\(O CDCly): 6 7.56 — 7.54 (m, 2H), 7.45 — 7.37 (m, 4H), 7.31 — 7.27 (m, 1H), 7.24 —

el AN Nogn 721 (m, 3H), 6.94 — 6.92 (m, 2H), 6.83 (d, J = 8.0 Hz, 1H), 5.57 — 5.53 (m, 1H),

N O 533(d,J=88 Hz IH), 5.03 — 5.98 (m, 2H), 4.59 (d, J = 10.0 Hz, 1H), 3.16 (s,

' 3H), 3.10 (d, J = 12.0 Hz, 1H) ppm; *C NMR (100 MHz, CDCl;): § 170.88, 161.79,

142.90, 134.67, 134.42, 131.46, 129.65, 129.38, 128.81, 128.77, 128.70, 128.43, 128.24, 126.00,

123.50, 122.31 (q, Jcr = 280.0 Hz), 110.29, 78.72, 77.93, 75.50, 68.16 (q, Jcr = 32.0 Hz), 26.61 ppm;

HRMS (ESI) calculated for CoH,,CIF3N4O4 [M + H]™: 547.1354, found 547.1352. HPLC separation

(Chiralpak AD-H column, solvent: hexane/ethanol = 80/20, flow rate = 1.0 mL/min, A = 254 nm):

retention times tg (minor) = 5.481 min, tz (major) = 15.266 min.

1',5'-bis(benzyloxy)-6-chloro-1-methyl-4'-(trifluoromethyl)spiro[indoline-3,2'-[1,3,5]tria-
zinane]-2,6'-dione (trans-3fa):
BnO White solid, yield: 39.8 mg, 73%; M.P. = 157.9 — 158.8 ‘C; "H NMR (400 MHz,
FaCYN\(O CDCly): 6 7.55 — 7.53 (m, 2H), 7.43 — 7.37 (m, 3H), 7.30 — 7.26 (m, 1H), 7.24 —
BN Noogn  7.19 (m, 3H), 7.09 (dd, J = 8.0, 1.6 Hz, 1H), 6.92 — 6.90 (m, 3H), 5.56 — 5.51 (m,
o N\FO 1H), 5.31 (d, J = 8.4 Hz, 1H), 5.00 (d, /= 10.0 Hz, 1H), 4.97 (d, J = 8.8 Hz, 1H),
4.53 (d, J=10.0 Hz, 1H), 3.17 (s, 3H), 3.08 (d, J = 12.0 Hz, 1H) ppm; °C NMR
(100 MHz, CDCl,): 6 171.3, 161.7, 145.5, 137.5, 134.7, 134.6, 129.6, 129.3, 128.7, 128.6, 128.4, 128.3,
124.0, 123.2, 122.8, 122.4 (q, Jcr = 280.0 Hz), 110.0, 78.8, 77.9, 75.3, 68.2 (q, Jcr = 32.0 Hz), 26.6
ppm; HRMS (ESI) calculated for C,gH»,CIFsN,O, [M + H]™: 547.1354, found 547.1338. HPLC
separation (Chiralpak AD-H column, solvent: hexane/ethanol = 80/20, flow rate = 1.0 mL/min, A = 254

nm): retention times tg (minor) = 6.141 min, tg (major) = 11.986 min.
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1',5'-bis(benzyloxy)-5-fluoro-1-methyl-4'-(trifluoromethyl)spiro[indoline-3,2'-[1,3,5]triaz
-inane|-2,6'-dione (trans-3ga):
BnO White solid, yield: 29.1 mg, 55%; M.P. = 164.7 — 166.0 C; '"H NMR (400 MHz,
FsCYN\fO CDCly): § 7.56 — 7.53 (m, 2H), 7.42 — 7.37 (m, 3H), 7.27 — 7.26 (m, 1H), 7.23 —
FAN .,/N‘OBn 7.14 (m, 3H), 6.97 (dd, J = 7.2, 2.8 Hz, 1H), 6.94 — 6.91 (m, 2H), 6.84 (dd, J = 8.4,
N O 3.6 Hz 1H), 5.58 — 5.53 (m, 1H), 5.32 (d, J = 8.4 Hz, 1H), 5.01 — 4.97 (m, 2H),
' 4.59 (d, J =10.0 Hz, 1H), 3.17 (s, 3H), 3.07 (d, J = 12.0 Hz, 1H) ppm; *C NMR
(100 MHz, CDCl;): 6 171.1, 161.8, 159.2 (d, Jcr =242.0 Hz), 140.3 (d, Jcr =3.0 Hz), 134.7, 134.5,
129.6, 129.4, 128.7 (d, Jcr =2.0 Hz), 128.4, 128.2, 125.8 (d, Jcr =8.0 Hz), 122.3 (q, Jcr = 280.0 Hz),
117.8 (d, Jor =23.0 Hz), 111.4 (d, Jcr =24.0 Hz), 110.0, 109.9, 78.6, 77.9, 75.6, 638.2 (q, Jcr = 32.0
Hz), 26.7 ppm; HRMS (ESI) calculated for CosH,,F4sN,O4 [M + H]™: 531.1650, found 531.1639. HPLC
separation (Chiralpak AD-H column, solvent: hexane/ethanol = 80/20, flow rate = 1.0 mL/min, A = 254

nm): retention times tg (minor) = 5.828 min, tg (major) = 15.268 min.

1',5'-bis(benzyloxy)-1,5-dimethyl-4'-(trifluoromethyl)spiro[indoline-3,2'-[1,3,5] triazinan-
e]-2,6'-dione (trans-3ha):
Bn® White solid, yield: 34.7 mg, 66%; M.P. = 187.6 — 188.4 ‘C; '"H NMR (400 MHz,
FBCYNYO CDCly): 6 7.57 — 7.54 (m, 2H), 7.42 — 7.36 (m, 3H), 7.30 — 7.23 (m, 2H), 7.21 —
< '171‘83” 7.16 (m, 3H), 6.87 — 6.84 (m, 2H), 6.82 (d, J = 8.0 Hz, 1H), 5.63 — 5.59 (m, 1H),
N 5.34 (d, J=8.8 Hz, 1H), 5.02 (d, J= 5.6 Hz, 1H), 4.99 (d, J=4.4 Hz, 1H), 4.54 (d, J
=9.6 Hz, 1H), 3.15 — 3.12 (m, 4H), 2.39 (s, 3H) ppm; C NMR (100 MHz, CDCl;):
0171.3,161.9, 142.1, 134.9, 134.6, 133.1, 131.8, 129.6, 129.3, 128.6, 128.5, 128.4 128.1, 124.5, 123.6,
122.4 (q, Jcr = 280.0 Hz), 109.1, 78.7, 77.8, 75.7, 68.2 (q, Jcr = 32.0 Hz), 26.5, 21.1 ppm; HRMS
(ESI) calculated for C,7H,sF3N,O,4 [M + H]™: 527.1901, found 527.1888. HPLC separation (Chiralpak
AD-H column, solvent: hexane/ethanol = 80/20, flow rate = 1.0 mL/min, A = 254 nm): retention times

tg (minor) = 5.147 min, tg (major) = 16.877 min.

1',5'-bis(benzyloxy)-5-methoxy-1-methyl-4'-(trifluoromethyl)spiro[indoline-3,2'-[1,3,5]tr
-iazinane]-2,6'-dione (trans-3ia):

BnO White solid, yield: 28.1 mg, 52%; M.P. = 189.1 — 190.2 °C; 'H NMR (400 MHz,
F3CYN\(° CDCLy): 6 7.56 — 7.53 (m, 2H), 7.42 — 7.36 (m, 3H), 7.25 — 7.16 (m, 3H), 7.02 —

o A Mosn 6,98 (m, 2H), 6.89 - 6.86 (m, 2H), 6.84 (dd, J =7.6, 1.6 Hz, 1H), 5.62 — 5.57 (m,
o 1H), 5.32 (d, J = 8.8 Hz, 1H), 5.02 (d, J = 9.6 Hz, 1H), 4.98 (d, J = 8.8 Hz, 1H),

\
4.55(d, J=10.0 Hz, 1H), 3.84 (s, 3H), 3.16 (s, 3H), 3.09 (d, /=12.4 Hz, 1H) ppm;

C NMR (100 MHz, CDCly): d 171.1, 161.9, 156.6, 137.7, 134.8, 134.6, 129.6, 129.2, 128.6, 128.4,
128.3, 128.1, 125.6, 121.4 (q, Jcr = 280.0 Hz), 115.7, 110.5, 109.9, 78.7, 77.8, 75.8, 68.3 (q, Jcr =
32.0 Hz), 56.0, 26.6 ppm; HRMS (ESI) calculated for C,;H,sF3N,Os [M + H]": 543.1850, found
543.1846. HPLC separation (Chiralpak AD-H column, solvent: hexane/ethanol = 80/20, flow rate = 1.0

mL/min, A =254 nm): retention times tg (minor) = 12.844 min, tz (major) = 26.065 min.

1-allyl-1',5'-bis(benzyloxy)-4'-(trifluoromethyl)spiro[indoline-3,2'-[1,3,5]triazinane]-2,6'-
dione (trans-3ja):

BnO Colorless transparent semisolid, yield: 41.9 mg, 78%; 'H NMR (400 MHz, CDCl;): 6
FacYN\(O 7.57 — 7.54 (m, 2H), 7.50 — 7.46 (m, 2H), 7.42 — 7.37 (m, 3H), 7.24 — 7.21 (m, 2H),
AN N-o8n
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N
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7.16 — 7.14 (m, 2H), 6.90 (d, J = 7.6 Hz, 1H), 6.79 — 6.77 (m, 2H), 5.68 — 5.60 (m, 2H), 5.34 (d, J =
8.8 Hz, 1H), 5.06 (d, J= 9.2 Hz, 1H), 5.01 (s, 1H), 4.98 — 4.94 (m, 2H), 4.46 — 4.40 (m, 2H), 4.16 —
4.10 (m, 1H), 3.19 (d, J = 12.0 Hz, 1H) ppm; *C NMR (100 MHz, CDCl;): 6 171.2, 161.9, 143.7,
134.8, 134.3, 131.5, 129.7, 129.6, 129.4, 128.6, 128.5, 128.4, 128.1, 124.6, 123.3, 122.9, 122.4 (q, Jcr
=280.0 Hz), 117.7, 110.4, 78.9, 77.8, 75.6, 68.2 (q, Jc.r = 32.0 Hz), 42.3 ppm; HRMS (ESI) calculated
for CpsH,sF3N4O4 [M + H]™: 539.1901, found 539.1896. HPLC separation (Chiralpak AD-H column,
solvent: hexane/ethanol = 80/20, flow rate = 1.0 mL/min, A = 254 nm): retention times tz (minor) =
5.366 min, tg (major) = 19.029 min.

1-allyl-1',5'-bis(benzyloxy)-5-bromo-4'-(trifluoromethyl)spiro[indoline-3,2'-[1,3,5]triazin
-ane]-2,6'-dione (trans-3ka):

BnO White semisolid, yield: 49.7 mg, 81%; M.P. = 56.4 — 57.5 “C; "H NMR (400 MHz,
RN CDCL): 57.58 - 7.54 (m, 3H), 7.48 (d, J = 2.0 Hz, 1H), 7.20 — 7.37 (m, 4H), 7.27
B~ -.,i‘an —7.19 (m, 2H), 6.89 — 6.87 (m, 2H), 6.75 (d, J = 8.4 Hz, 1H), 5.58 — 5.54 (m, 2H),
N;L 532 (d, J = 8.4 Hz, 1H), 5.07 (d, J = 9.6 Hz, 1H), 5.01 — 4.97 (m, 3H), 4.53 (d, J

y

=9.6 Hz, 1H), 4.40 — 4.39 (m, 1H), 4.14 — 4.12 (m, 1H), 3.11 (d, J =12.0 Hz, 1H)
ppm; *C NMR (100 MHz, CDCly): § 170.7, 161.8, 142.6, 134.7, 134.3, 134.2, 129.6, 129.4, 129.2,
128.8, 128.7, 128.4, 128.2, 126.5, 126.3, 122.3 (q, Jcr = 280.0 Hz), 118.0, 115.8, 111.9, 79.0, 78.0,
75.5, 68.2 (q, Jor = 32.0 Hz), 42.4 ppm; HRMS (ESI) calculated for CpsHy,BrFsN,0, [M + HJ":
617.1006, found 617.0992. HPLC separation (Chiralpak AD-H column, solvent: hexane/ethanol =
80/20, flow rate = 1.0 mL/min, A = 254 nm): retention times tzx (minor) = 5.102 min, tg (major) =
22.363 min.

1-allyl-1',5'-bis(benzyloxy)-5-methoxy-4'-(trifluoromethyl)spiro[indoline-3,2'-[1,3,5] triaz
-inane]-2,6'-dione (trans-3la):

fc B”ﬁ o Colorless transparent semisolid, yield: 42.6 mg, 75%; 'H NMR (400 MHz, CDCls):
o \EOBH §7.56 — 7.53 (m, 2H), 7.41 — 7.36 (m, 3H), 7.24 — 7.22 (m, 1H), 7.19 — 7.15 (m,
=0 2H), 7.04 (d, J= 2.4 Hz, 1H), 6.98 (dd, J = 8.4, 2.4 Hz, 1H), 6.84 — 6.80 (m, 3H),

N\A”yl 5.64 — 5.59 (m, 2H), 5.32 (d, J = 8.8 Hz, 1H), 5.07 — 4.97 (m, 4H), 4.51 (d, J=9.2

Hz, 1H), 4.40 — 4.39 (m, 1H), 4.14 — 4.10 (m, 1H), 3.85 (s, 3H), 3.11 (d, J =12.0

Hz, 1H) ppm; >C NMR (100 MHz, CDCly): d 170.9, 161.9, 156.5, 136.8, 134.8, 134.4, 130.0, 129.6,
129.4, 128.6, 128.5, 128.4, 128.1, 125.6, 122.4 (q, Jcr = 280.0 Hz), 117.7, 115.7, 111.0, 110.3, 78.8,
77.8,75.8, 68.2 (q, Jcr = 32.0 Hz), 56.0, 42.4 ppm; HRMS (ESI) calculated for CyoH»;F3N,O5 [M +
H]": 569.2006, found 569.1991. HPLC separation (Chiralpak OD-H column, solvent: hexane/ethanol =
80/20, flow rate = 1.0 mL/min, A = 254 nm): retention times tz (minor) = 6.358 min, tg (major) = 7.149

'

min.

1',5'-bis(benzyloxy)-1-(methoxymethyl)-4'-(trifluoromethyl)spiro[indoline-3,2'-[1,3,5] tri-
azinane]-2,6'-dione (trans-3ma):
BnO White solid, yield: 36.3 mg, 67%; M.P. = 141.0 — 142.3 “C; 'H NMR (400 MHz,
FsC\("“\(O CDCly): § 7.56 — 7.51 (m, 4H), 7.41 — 7.38 (m, 3H), 7.29 — 7.27 (m, 1H), 7.26 — 7.21
AN .,i\osn (m, 1H), 7.18 — 7.14 (m, 3H), 6.76 — 6.74 (m, 2H), 5.57 — 5.34 (m, 1H), 5.33 (d, J =

(o]
N 8.0 Hz, 1H), 5.15 (d, J= 11.2 Hz, 1H), 5.06 (d, J= 9.2 Hz, 1H), 5.02 (d, /= 11.2 Hz,
MOM " 1H), 4.98 (d, J= 8.4 Hz, 1H), 4.41 (d, J= 8.8 Hz, 1H), 3.17 (d, /= 12.0 Hz, 1H), 2.92
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(s, 3H) ppm; °C NMR (100 MHz, CDCl3): 6 172.0, 161.9, 142.7, 134.7, 134.1, 131.7, 129.7, 129.4,
128.7, 128.6, 128.4, 128.2, 124.2, 123.9, 122.9, 122.3 (q, Jc = 280.0 Hz), 111.2, 79.0, 77.9, 76.0, 71.3,
68.3 (q, Jer = 32.0 Hz), 55.9 ppm; HRMS (ESI) calculated for Co;H,sF3N4Os [M + H]™: 543.1850,
found 543.1830. HPLC separation (Chiralpak AD-H column, solvent: hexane/ethanol = 80/20, flow

rate = 1.0 mL/min, A = 254 nm): retention times tz (minor) = 5.132 min, tg (major) = 8.517 min.

1',5'-bis(benzyloxy)-1-phenyl-4'-(trifluoromethyl)spiro[indoline-3,2'-[1,3,5]triazinane]-2,
6'-dione (trans-3na):
BnO White solid, yield: 39.0 mg, 68%; M.P. = 68.2 — 69.5 ‘C; '"H NMR (400 MHz,
FaCY“"\fO CDCly): § 7.55 — 7.52 (m, 3H), 7.49 — 7.45 (m, 3H), 7.43 — 7.35 (m, 4H), 7.29 — 7.22
N Neogn  (m, 4H), 7.20 — 7.17 (m, 2H), 6.91 (d, J = 8.0 Hz, 1H), 6.85 — 6.83 (m, 2H), 5.66 —
NFO 5.61 (m, 1H), 5.32 (d, J = 8.4 Hz, 1H), 5.09 (d, J = 9.2 Hz, 1H), 5.00 (d, J = 8.4 Hz,
Ph 1H), 4.51 (d, J = 9.6 Hz, 1H), 3.22 (d, J = 12.0 Hz, 1H) ppm; *C NMR (100 MHz,
CDClL): 6 171.0, 166.7, 144.8, 134.8, 134.5, 133.3, 131.6, 129.7, 129.6, 129.2, 128.7, 128.6, 128.5,
128.4, 128.2, 126.4, 124.4, 123.8, 123.2, 122.4 (q, Jcr = 280.0 Hz), 110.7, 78.9, 77.7, 75.7, 68.2 (q,
Jer = 32.0 Hz) ppm; HRMS (ESI) calculated for C3H,sF3N4O4 [M + H]': 575.1901, found 575.1891.
HPLC separation (Chiralpak AD-H column, solvent: hexane/ethanol = 80/20, flow rate = 1.0 mL/min,

A =254 nm): retention times tg (minor) = 5.717 min, tg (major) = 7.440 min.

1-benzyl-1',5'-bis(benzyloxy)-4'-(trifluoromethyl)spiro[indoline-3,2'-[1,3,5]triazinane]-2,
6'-dione (trans-3o0a):
BnO White solid, yield: 41.1 mg, 70%; M.P. = 97.7 — 984 ‘C; 'H NMR (400 MHz,

FaC\(”\(O CDCly): 6 7.58 — 7.56 (m, 2H), 7.52 (d, J = 6.8 Hz, 1H), 7.43 — 7.35 (m, 4H), 7.26 —

NS Non 724 (m, 1H), 7.21 — 7.17 (m, 1H), 7.16 — 7.11 (m, 3H), 7.06 (d, J = 7.6 Hz, 2H), 6.98

N/—O - 6.94 (m, 2H), 6.78 — 6.76 (m, 2H), 6.71 (d, J = 7.6 Hz, 1H), 5.70 — 5.65 (m, 1H),

Bn 5.37 (d, J=8.8 Hz, 1H), 5.24 (d, /= 16.0 Hz, 1H), 5.11 (d, J= 8.8 Hz, 1H), 5.02 (d, J
= 8.8 Hz, 1H), 4.55 (d, J = 16.0 Hz, 1H), 4.45 (d, J = 9.2 Hz, 1H), 3.26 (d, J = 12.4 Hz, 1H) ppm; "°C
NMR (100 MHz, CDCl3): 6 171.5, 162.0, 143.6, 134.8, 134.2, 134.0, 131.5, 129.7, 129.5, 128.7, 128.6,
128.5, 128.4, 128.3, 127.5, 126.7, 124.6, 123.4, 122.9,122.4 (q, Jcr = 280.0 Hz), 110.7, 79.0, 77.9,
75.6, 68.2 (q, Jor = 32.0 Hz), 43.9 ppm; HRMS (ESI) calculated for C3,H,,F3N,04 [M + H]": 589.2057,
found 589.2044. HPLC separation (Chiralpak AD-H column, solvent: hexane/ethanol = 80/20, flow

rate = 1.0 mL/min, A = 254 nm): retention times tz (minor) = 8.322 min, tg (major) = 22.662 min.

5-chloro-1',5'-bis((4-fluorobenzyl)oxy)-1-methyl-4'-(trifluoromethyl)spiro[indoline-3,2'-|
1,3,5]triazinane]-2,6'-dione (trans-3eb):

i White solid, yield: 36.6 mg, 63%; M.P. =72.9 — 73.8 “C; '"H NMR (400 MHz,

@ CDCly): 6 7.54 — 7.50 (m, 2H), 7.45 (dd, J = 8.4 Hz, 2.0 Hz, 1H), 7.19 (d, J =

o 2.0 Hz, 1H), 7.08 (t, J = 8.8 Hz, 2H), 6.92 — 6.90 (m, 4H), 6.84 (d, J = 8.4 Hz,

F3°;N(“\N?° 1H), 5.54-5.49 (m, 1H), 5.25 (d, J = 8.8 Hz, 1H), 4.96 — 4.92 (m, 2H), 4.55 (d,
“ fé’“@F J=10.4 Hz, 1H), 3.18 (s, 3H), 3.06 (d, J = 12.0 Hz, 1H) ppm; *C NMR (100
\ MHz, CDCLy): & 170.8, 163.1 (d, Jcr = 245.0 Hz), 163.0 (d, Jor = 246.0 Hz),

161.8, 142.9,131.6 (d, Jcr = 9.0 Hz), 131.4, 131.3 (d, Jcr= 8.0 Hz), 130.5 (d, Jcr= 3.0 Hz), 130.4 (d,
Jer=3.0 Hz), 128.9, 125.9, 123.5, 122.2 (q, Jcr = 280.0 Hz), 115.4 (d, Jcr = 8.0 Hz), 115.2 (d, Jcr =
8.0 Hz), 110.3, 77.8, 76.9, 75.5, 68.2 (q, Jcr = 32.0 Hz), 26.7 ppm; HRMS (ESI) calculated for
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Cy6HaCIFsN4O4 [M + H]": 583.1166, found 583.1153. HPLC separation (Chiralpak AD-H column,
solvent: hexane/ethanol = 80/20, flow rate = 1.0 mL/min, A = 254 nm): retention times tz (minor) =
5.893 min, tg (major) = 16.830 min.

5-bromo-1',5'-bis((4-fluorobenzyl)oxy)-1-methyl-4'-(trifluoromethyl)spiro[indoline-3,2'-|
1,3,5]triazinane]-2,6'-dione (trans-3cb):

F White solid, yield: 43.9 mg, 70%; M.P. = 62.0 — 63.1 C; '"H NMR (400 MHz,

@ CDClLy): § 7.61 (dd, J = 8.4, 2.0 Hz, 1H), 7.54 — 7.50 (m, 2H), 7.35 (d, J = 2.0

0 Hz, 1H), 7.10 — 7.06 (m, 2H), 6.92 — 6.90 (m, 4H), 6.80 (d, J = 8.4 Hz, 1H),

FSCJN(”\NKO 5.54 — 5.48 (m, 1H), 5.25 (d, J= 9.2 Hz, 1H), 4.96 — 4.92 (m, 2H), 4.55 (d, J =

B“@%S“@F 10.0 Hz, 1H), 3.17 (s, 3H), 3.05 (d, J = 12.0 Hz, 1H) ppm; *C NMR (100 MHz,
\

CDCl): 6 170.7, 163.0 (d, Jcr = 245.0 Hz), 162.9 (d, Jcr = 296.0 Hz), 161.8,
143.4, 134.4,131.6 (d, Jcr = 8.0 Hz), 131.3 (d, Jcr = 8.0 Hz), 130.5 (d, Jcr = 3.0 Hz), 130.3 (d, Jcr =
3.0 Hz), 126.3, 126.2, 122.2 (q, Jcr = 280.0 Hz), 115.9, 115.4 (d, Jcr = 5.0 Hz), 115.2 (d, Jcr = 5.0
Hz), 110.7, 77.8, 76.9, 75.5, 68.2 (q, Jcr = 32.0 Hz), 26.6 ppm; HRMS (ESI) calculated for
CysHaoBrFsN,O, [M + H]": 627.0661, found 627.0646. HPLC separation (Chiralpak AD-H column,
solvent: hexane/ethanol = 80/20, flow rate = 1.0 mL/min, A = 254 nm): retention times tz (minor) =
6.305 min, tg (major) = 19.609 min.

1',5'-bis((4-fluorobenzyl)oxy)-1,5-dimethyl-4'-(trifluoromethyl)spiro[indoline-3,2'-[1,3,5]
triazinane]-2,6'-dione (trans-3hb):
White solid, yield: 32.5 mg, 58%; M.P. = 70.3 — 71.5 “C; '"H NMR (400 MHz,

.
%j CDCly): 6 7.57 — 7.50 (m, 2H), 7.31 — 7.30 (m, 1H), 7.15 — 7.14 (m, 1H), 7.10 —

7.05 (m, 2H), 6.89 — 6.79 (m, 5H), 5.58 — 5.54 (m, 1H), 5.26 (d, J = 8.8 Hz, 1H),

FSC\(‘NYO 4.95 — 4.93 (m, 2H), 4.49 (d, J = 10.0 Hz, 1H), 3.16 (s, 3H), 3.08 (d, /= 12.0 Hz,
ﬁ“i;gAQF 1H), 2.39 (s, 3H) ppm; *C NMR (100 MHz, CDCls): 6 171.2, 163.0 (d, Jor =
N 246.0 Hz), 162.8 (d, Jor = 246.0 Hz), 162.0, 142.1, 133.2, 131.8, 131.5 (d, Jo.r

= 8.0 Hz), 131.2 (d, Jcr = 8.0 Hz), 130.7 (d, Jcr = 4.0 Hz), 130.5 (d, Jcr = 4.0 Hz), 124.4, 123.5,
122.4 (q, Jcr = 280.0 Hz), 115.3 (d, Jcr = 22.0 Hz), 115.1 (d, Jcr = 21.0 Hz), 109.1, 77.8, 77.0, 75.7,
68.2 (q, Jor = 32.0 Hz), 26.5, 21.1 ppm; HRMS (ESI) calculated for Co;Hp3FsN,O4 [M + H]™: 563.1712,
found 563.1702. HPLC separation (Chiralpak AD-H column, solvent: hexane/ethanol = 80/20, flow

rate = 1.0 mL/min, A = 254 nm): retention times tz (minor) = 5.624 min, tg (major) = 22.851 min.
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Z116098_0406 |
2030

65536

cncl3

16

2
8012.820 Hz
0.122266 Hz

4.0894966 sec
97.09
62.400 usec
6.50 n

trans-3ga

294.1 K
1.00000000 sec
400.1324708 MHz
10,00 usec
65536
400.1300000 MHz
EM

[
0.30 Hz
L]

1.00

U

T
75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 0S5 ppm
’,JJ | L
Sl
ol e | S ed| =] ei| =

EE G @ ki

mEEETEEEE T BRUKER
LaPss)

HAME 20190617
EXPND 13
PROCNO 1
Date_ 20120817
Time 13.28 h
INSTROM spect
PROBHD  Z116098_0406 [
PULPROG
i+ 65536
cDpC13
2048
4
24038.461

D.366798
1.3631988
196.12

trans-3ga

usec
299.5 K

2.00000000 sec

©.03000000 sec

1
100.6228298 MHz
13C
10.00 usec

32768
100.6127685 MHz

o
1.40

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

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

S18



OO M NEr- NN NN PO OO N T @000 OO M M@ T OMNe o
G M T 0000 @ M- 0 O D - L MM 50 h G0 A AD S S 04O M 04 O O M0 04 04 O 00 OO U0 T O TR
NN T TTAMMAANENNENENNNNNAAFAATOCECDOOEN MmO oN RN -m
P~ M- r=P-f~F- T F=[- [~ F- [T~ M0~ [- [~ - [~ [~ [~ [~ [~ [~ A0 40 W5 4 \D 17 1 00 6N ) 0 U0 i % =P <P or ™1 o4 B R

SAME 20150603

EAPHO £

FROCHD 1

Data_ 20150603

ima 13.05 k

INSTRIM Szt

PROBHD  ZI16036_0408 |

HILEROG =33

™ 65536

SOLVENT £DE13

s 1€

s 2

EWH BO1Z.E30 Bx

FIDRES 0.122266 B

A 4.0ES4B66 sme

R 6347

N 62.400 usas

. LE 6.50 waws

trans-3ha TE 2991 K

m 100000000 Séc

™o

aFO1 4001324708 M=

sUC1 18

F1 1000 uses

51 E5536

=F 4001300000 MHs

D N

538 o

LE 0.30 Ex

E o

e 108
dl_l Ll_ﬂ I l K 1

T T T T T T T T T T T T T T T T T
75 .5 60 55 50 45 40 35 30 25 20 15 10 OS5 Ppm
S

Aekedh BEEE k 4 A

e 20190603
EXFHD 5
Bn(l) FROCHO 1
Bata 20150603
FsC. N (0] Tima 13.45 b
\( \f IHATRN spct
N bROBAL 2116098 DDE |
N 2opg
HN OBn ™ 5536
- SOLVENT chell
™ 701
DS 4
e 24038.461 Hz
FIDRES 0366738 He
g P
— >
trans-3ha i .
B2 mac
™= ®
B1 3 s
Bl1 003000000 se=
00 1
EFOL 100. 6228298 HEz
weL 13
¥l 10.00 usee
21 32768
e 100. 6137685 HE:
I =
258 []
s L.o0 He
Ga ]
" L.40

T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 10 ppm

S19



7.556
7.552
7.537
7.533
7.414
7.400
7.391
7.386
7.382
T377
7.367
7.285
7.245
7.231
7.227
7.224
7.204
7.189
7.186
7.168
7.165
7.013
7.007
6.988
6.886
6.869
6.865
6.850
6.846
6.831
6.827
5.614
5.603
5.583
5.573
5.332
5.310
5.032
5.008
4.991
4.969
4.561
4.536
3.844
3.163
3.101
3.070

HAME 20191012
EXPNO 3
PROCNO 1
Date_ 20191012
Time 17.43 h
INSTRUM spect
PROBHD  2116098_0406 (
PULPROG 2g30
T! 65536
SOLVENT cpcl3
NS 16
Ds 2
SwH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 156.17
. oW 62.400 usec

trans-3ia DE 6.50 usec
TE 295.2 K
ol 1.00000000 sec
™00
seol 400.1324708 Mz
NUCL E
el 10.00 usec
st 65536
SF 400.1300000 MHz
WOW EM
5S8B ']
LB 0.30 Hz
GB Q
BC 1.00

T T T T T T T
80 75 70 65 60 55 30 25 20 15 10 05 ppm

JU UL | I ] S
Geds [eskE B e
ol || o | | | = =l |=ll=] = le3 o3|
HAME 201806058
EXPHO 5
FROCHO 1
Dats_ 20190605
T s 13.24
INSTROM ApREL
PROBHD .lL'.ED!E_D{SE ]
HILFROG 3
™ LEEEBE
SOLVENT cOCLY
NS 773
s &
SWH 24038 461 He
FIDRES 0.36675%8 Hz
AQ ET
Ao 1
. D T
trans-3ia oE usee
= | 4
531 T
b1l -
o0 1
SFO1L 100 6228258 MHs
HUCL 13
Fl 10.00 o
81 32768
8F 100.6127685 MHz
wiW EM
25 a
Ly 1.00 Hz
Ga a
M 1.40
|. Ll ‘ 0l 1

e =

T T T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 10 0 ppm

S20



trans-3ja

{
PULPROG zg30

T™ 65516
SOLVENT cocl3
NS 16
DS 2
SWH 8012.820
FIDRES 0.122266
AQ 4._0B94966
ERG 87.14
DW 62.400
DE 6.50
TE 295.1
Dl 1.00000000
00 1
SFO1 400.1324708
NUC1 1H
Pl 10.00
51 6553

SF 400.1300000
WOW EM
88B 0
LI 0.30
GB 0
eBC 1.00

80 75 7.0 65 60 50 4. 40 35 3.0
J L]
LS
cl|ed| 3 ed]| | = e

55 5
] ARG |
g (583 18 g

trans-3ja

25

T T T T T T T T T
170 160 150 140 130 120 110 10O

S21

20 15 1.0 05 ppm
HAME 20180531
EXMNO 10
FROCH0 1
Dave_ 20190531
Tims 1B.02 &
IRSTROM tEd:r.
PROBHD 2116098_0406 |
FOLFROS E 340
™ EEEEE
SOLVENT [« k)
HE 1024
4
24038461 H=
0.366798 H:
1.3631968 sac
186,12
20.800 saws
6.50
299.1 K
2.00000000 &ec
0.03000000 sec
1
100. 6228258 MHs
13
10.00 wses
32788
100.6127685 MHs
EM
0
1.00 Bz
0
1.40
"
T T T T T
40 30 20 10 ppm




7.582
7877
7.561
7.557
7.540
7.536
7.479
7.474
7.419
7.405
7.387
7.374
7371
7.285
7.268
7.265
7.262
7.226
7.207
7.190
6.892
6.875
6.871
6.760
6.739
5.581
5.570
5.551
5.540
5.326
5.305
5.077
5.053
5.013
5.007
4.989
4.967
4.545
4.521
4.401
4,395
4.390
4.144
4.131
3.12e
3.096

e ===~

20191012
B

=
Z116098_0406 |(

PROBHD
2g30
65536
CDC13
16
2
2012.820
¥ 0.122266
AQ 4.0894966
RG 97.09
trans-3ka oW 62.400
DE 6.50
TE 295.2
D1 1.00000000

TDO

sFo1 400.1324708
NUC1 1H
Pl 10.00
s1 65536
sF 400.1300000
WDW EM
558 0
LB 0.30
GB ]
pe 1.00

[T

T T T T T T T T T T T T T
80 75 70 65 6.0 40 3 30 25 2 0.5

BRUKER
EutBod

1
20181012
18.06 h

Hz

sec
usec
usec
K
sec
MHz

usec

MHz

Hz

55 50 45 5 0 15 1.0 ppm
rlwkl\‘flk ‘J‘ KJ‘ k
—(Qwio] (2|2 o (=115 ) ] (e b=
o ‘?[‘?1 = ‘-—_|qq | [".} bt
o= |l o] = il [=ll=lesl el e -
) | L.X)
= 20190612
EXENO E
FROCNG 1
Date_ 20130612
ime 14.32 b
INSTRO =pect
PROBHD  Z1160%8_0406 (
zgpg30
£5536
€DC13
779
bs 4
SHH 24038461 Hz
FIDRES 0.366736 Hz
AQ 1.3631988 sec
trans-3ka RG 196.12
oW 20.800 usec
DE 6.50 usec
TE 299.5 K
bl 2.00000000 sec
D11 0.03000000 sec
D0 1
£ro1 100.6228298 MHz
NDC1 13c
Bl 10.00 usec
51 3276
sF 100.6127685 MHz
WD EM
ssB [}
1B 1.00 Hz
GB ]
O 1.40
L |
T T I I T 1 T T I I I I I I T 1 L) T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm

S22



7.557
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7.205
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8. Copies of chiral HPLC spectra of compounds trans-3

AU

AL

035] G BnO
; T Rt
037 HN- N-oBn
] =0
0.25 N
] \
] trans-3aa
0.207
o15] g
] @
0.104
ocs:
0.0 5 % x =
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
min
<Column Performance Report>
entry RT Area %Area Height
1 6.145 6378349 49.26 372915
2 16.011 6569801 50.74 118328
0.20
018] BrQ
] F3Ca N O
] NY
016 BN Noogn
] =0
014 N
1 \
042 trans-3ba
1 o
0101 b3
] i
oce]
0.06
0]
0.02]
UOI}: A -1 = =
‘200 4 eo0 &l 100 1200 1400 1600

mim

<Column Performance Report>

entry RT Area %Area Height
1 6.505 3252896 50.04 192136
2 9.824 3247418 49.96 86791

S30




050 "
4 qp
qd
) BnO
0.40] FchN\[//O
] Bro NS Nogy
] =0
0301 \
= ] trans-3ca
x
020/
[=1]
] R
010 =
O.CG- _;J'LAA - Aﬂ;
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
min
<Column Performance Report>
entry RT Area %Area Height
1 5.900 10124105 49.37 503934
2 17.709 10381129 50.63 85601
4 E!
0.10+ ; BnO
1 FsC N\(O
] H\N( N-ogn
i 7=0
Br N\
0[‘.6: trans-3da
o ) 4
< -
] 3
0,04 =
0]
G.m—- .y = &
) zbo I 4.I(I) C E.}D I B.ICO I I 10?()1]' I 12|1'.Z1I.'lI 14?013I 16?ml 18?{){)' 20|(IJ
min
<Column Performance Report>
entry RT Area %Area Height
1 6.145 1629599 50.26 108845
2 11.851 1612803 49.74 36814

S31




060
050 3 BnQ o
k F3C\\/N\(
g cl AN .,N‘OBn
0.40+ 7:0
] N
] \
1 trans-3ea
- 03
< ]
o] o
)
o
o.m—:
O.G()—i T I
ZICOI 4.ICOI I IS.I(IJI IBJI'JOI I Imfm' I '12|00' I '14[00' I I16?1’.}0‘.}I I I18|03 zc{m' 22|(IJ '24fm'
min
<Column Performance Report>
entry RT Area %Area Height
1 5.481 9669617 49.08 573248
2 15.266 10031076 50.92 111866
027 ¥
o % a0
X ] FsC NYO
0.1&; H\N( .,’N‘OBn
0.14] =0
] cl "\
0.12 trans-3fa
2 010
] 2
] o
0.08 -
006
0.0+
0,02
0.00] < = =
"7 200 400 €00 800 1000 1200 1400 1800 1800 2000 2200 2400
min
<Column Performance Report>
entry RT Area %Area Height
1 6.141 3194481 49.62 207519
2 11.986 3242855 50.38 69514

S32




012 ﬁ
y
Bn(?
0.10H F3CYN\[//O
. AN ,_/N\OBn
008 =0
N
\
2 trans-3ga
< 006+
o
004+ &
wn
0.024
0.00 .y x
" 200 a0 s0 &0 1w 1200 100 1800 1800 2000
mirn
<Column Performance Report>
entry RT Area %Area Height
1 5.828 2180863 50.00 125650
2 15.268 2181089 50.00 29766
50
q
045 N
] y BnO
040+ FsCaN._O
3 \\/ \\%
03] AN N-ogn,
=0
03 N\
2 0.25— trans-3ha
020
0157 oy
&
0.1 2
1 /\
0.00 o1 = = -y
ZICOI 4.II" E\ll.'I.TII I IE.:.'.OI 1I:F!CICII I‘IZ!I:I:!I I M-!l:l:lI I I15!'.'.'3!I I ‘IE!I:I]I I IZJI.CI]I IZZII.'.O I 211\.|I:I2lI I
frin
<Column Performance Report>
entry RT Area %Area Height
1 5.147 8032637 49.21 492457
2 16.877 8289598 50.79 76196

S33




ocer]
000 FAC Bnorlxl o)
1 o N
] PP N~0Bn
[l Sl 7:0
1 N
\
i trans-3ia
= 00GH
<L 4
[Te]
] S
U_UQU—_ g
111]10—:
0.[[)3: .3 = 1
0,00 T 5_|IIJ T I‘1Dl|IJI I 15?0[!I I IZJ[ED I ZE!OI}I I.'IJ.ICCI SE?ODI I4IIJ.IEZCI
min
<Column Performance Report>
entry RT Area %Area Height
1 12.844 5073460 49.86 58197
2 26.065 5102193 50.14 17110
020 ? BnO
] FaCa N~ 0
| 't
025 AN N5,
] s
] N
020 Allyl
] trans-3ja
ES
015
iRl 2
] =
(=]
D-m: o o -3 )
a0 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000

min

<Column Performance Report>

entry RT Area %Area
1 5.366 5627363 49.02
2 19.029 5853036 50.98

S34

Height
334468
51899




AU

a1z o
1 :
1]
i Bn(?
010+ F3Ca N0
3 Y \[//
Br NS Noog,
0.08+ =0
1 N
Allyl
0.0 trans-3ka
004
002 §
8
- — _ N
000 " s 1000 800 2000 "S- 3500
min
<Column Performance Report>
entry RT Area %Area Height
1 5.102 2278160 49.40 122188
2 22.363 2333877 50.60 7473
070
] BnQ
] o
oo oy
] o W N-ogn
] 0
050 N\/ﬂ
] Allyl
0.401 trans-3la
o]
o]
0.10
0.
10 2m 300 a0 500 600 700 800
min
<Column Performance Report>
entry RT Area %Area Height
1 6.358 19919519 48.93 757421
2 7.149 20794850 51.07 750494

S35




o 2 oo
] 4 F3Ca N~ O
3 H\N( \'\T
~"0B
010+ 0 n
N
~ MOM
D_CB—_ E trans-3ma
e
2 ]
0.0
0.04
002 |
0.00 = = ruy
I?_llil]I I I4]']]I I I6.:3(]I I IB.I[I(flI I I‘I[JI.CI]I I I12|[ICII I I14?[}(]I I I16?0[!I I I1!3?0[!I I IZO?ODI I IZZICI]
min
<Column Performance Report>
entry RT Area %Area Height
1 5.132 2055873 49.57 131951
2 8.517 2091959 50.43 70398
050
1 Bncl)
F3CYN\\¢O
4 o
0.40- HN. N-ogn 3
] 7:0 P~
N
] Ph
0.30+ trans-3na
3
0201
0.10:
O.Cﬂ- T
I I Zill] 4.ICO I I 6&! I I ELIEI] 10‘03 I I I 12IED I ‘I4.I[D
min
<Column Performance Report>
entry RT Area %Area Height
1 5.717 10577915 48.90 520646
2 7.440 11053306 51.10 365973

S36




0.07
] BnO
0060 Fsc\(N\{/o
HN, N-ogn
0.050H /=0
] N
] Bn
0.040—_ trans-3oa
E
0.08H o4
1 w
]
] o™
0020+ ph
0010
ﬂ.‘ln: = T yil yol
" '200 400 600 800 1000 1200 1400 1600 1800 00 2200 2400 2600 2800  30.00
min
<Column Performance Report>
entry RT Area %Area Height
1 8.322 3518651 50.38 70592
2 22.662 3466017 49.62 19841
035
a F
030+ 4
025—_ fo)
] FiCu_N._O
0201 I—T\N/ N<
2 L Uk
015 \
1 trans-3eb
0.1 =
@
o
u_m—_ 3 y.3 = L]
20 40 ebo a0 000 1200 1400 1800 1800 200 = 2200
min

<Column Performance Report>

entry RT Area %Area Height
1 5.893 5777365 49.64 341575
2 16.830 5860462 50.36 54165

S37



& ane

030

025

020
BN ,_N‘om
= /=0
< 015 N\ F
trans-3cb
010
b (=}
B
0,05 2
o— "z ri .3
I2I[Z(] 4I[II E.IIIFI IEMIIIOI I1CFI|ZI:| 1200 I14?[}(:; I I16?0!3I I I11311]0I I IZD[[ZDI I IZP_I[ICII I I24?0!3I I Izﬁlﬂ(l IEBLIIZCI
min
<Column Performance Report>
entry RT Area %Area Height
1 6.305 6898638 50.69 329715
2 19.609 6711614 49.31 43934
022]
020 E‘ F
0.18]
0.16]
0.14] 9
] F3Ca N0
0.12]
5 o
< 010 \©f/’;:o .
] N
0.8 \
4 trans-3hb
0.06]
001 2
] JL a
0.02]
O.m: A Fiy p:y
00 © s T1000 s " 20 " T sw R
min
<Column Performance Report>
entry RT Area %Area Height
1 5.624 3450658 49.99 214192
2 22.851 3452080 50.01 21576

S38



9. X-Ray crystal data of compound trans-3ba

trans-3ba

Fig. 1 X-ray single crystal structure of trans-3ba (with thermal ellipsoils shown at the 50%

probability level)
Identification code trans-3ba
Empirical formula Cy6H2,BrF3N4O4
Formula weight 591.38
Temperature/K 133.15
Crystal system monoclinic
Space group P2i/c
a/A 9.2204(18)
b/A 24.665(5)
c/A 11.584(2)
o/° 90
Bl 105.11(3)
v/° 90
Volume/A? 2543.4(9)
z 4
pca|cg/cm3 1.544
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pu/mm-1 1.679

F(000) 1200.0

Crystal size/mm? 0.2x0.18x0.12

Radiation MoKa (A =0.71073)

2 ® range for data collection/’ 3.302 to 55.776

Index ranges -11<h<12,-32<k<32,-15<1<15
Reflections collected 25176

Independent reflections 6038 [Rint = 0.0641, Rsigma = 0.0570]
Data/restraints/parameters 6038/1/348

Goodness-of-fit on F 1.047

Final R indexes [I>=2 0 ()] R; =0.0556, wR,=0.1249

Final R indexes [all data] R;=0.0779, wR, =0.1370

Largest diff. peak/hole / e A 0.67/-0.58
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