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1.General information:

All reagents and dry solvents were purchased from commercial vendors and used
directly without further purification. All reactions were placed in dried sample vials
inserted with magnetic beads. Thin-layer chromatography (TLC) was performed on
Mereck silica gel 60 F,s, plates and the analytes were identified under UV light. Flash
column chromatography was performed using silica gel pore size 60x (40-100 pm).
Melting points were recorded with a micro-melting point apparatus. IR spectra were
recorded with a JASCO-4100 Fourier transform infrared spectrophotometer. 'H and
13C NMR spectroscopic data were recorded using a JEOL JNM-ECA500 instrument
with tetramethyl silane as the internal standard. HPLC data were collected using the
TOSOH instrument equipped with (UV-8020, DP-8020, and SD-8022) detectors using
CHIRALPAK IB column. Optical rotations were recorded using a JASCO DIP-360
digital polarimeter. High-resolution mass spectrometry (HRMS) data were collected
by electron impact (EI) modes using Hitachi RMG-GMG and JEOL JNX-DX303

sector instruments.

2. General procedure for the Hetero Diels-Alder (HAD) reaction of isatins (6a-
f) with enones (7a-e)

o catalyst
/ N 2a -e or 4a-e
R—r o + “co-catalyst
\ AN CO- cata yst
H

6a-f 7a-e ) 8a-j
isatins enones chiral spirooxindole-

tetrhydrapyranones

To a solution of the corresponding isatins 6a-f (0.2 mmol, 1 eq.) and enones 7a-e
(0.8 mmol, 4 eq.) in anhydrous toluene (0.3 mL) were added catalysts 2a-e or 4a-e
(0.04 mmol, 20 mol%) and co-catalysts Sa-k (0.08 mmol, 40 mol%) at room
temperature and the mixture were stirred at that temperature for 48 h. The mixture was
purified by flash column chromatography (SiO.: hexane/ethyl acetate, 7:3) to afford
the corresponding major HDA adducts 8a-j°. The diastereoselectivity (dr) of the
obtained HDA adducts were determined by the crude reaction mixture by 'H-NMR.’
The enantiomeric excess (ee) of 8a-j were determined by HPLC (CHIRALPAK-IB,
hexane/i-PrOH = 70:30, 90:10 and 95:5, 1.0mL and 0.6mL/min, A = 245 nm).’



3. Large scale synthesis of 8a using Hetero Diels-Alder (HAD) reaction of
isatins (6a) with enones (7a)

()
>L‘/\OH HL OH
NH; HN \Boc
2a
(20 mol %) (40 moI %) HsC
0 catalyst system 9
: )))‘\ tolune, 48 h, rt (
isatin enone (1.52 g), 87% yield,
(1.0 9) (3.05 mL) dr = 80:20, 85% ee

To a solution of the corresponding isatins 6a (6.79 mmol, 1 eq.) and enones 7a
(27.1 mmol, 4 eq.) in anhydrous toluene (15 mL) were added catalysts 2a and (1.35
mmol, 20 mol%) and co-catalysts 5¢ (2.71 mmol, 40 mol%) at room temperature and
the mixture were stirred at that temperature for 48 h. The mixture was purified by
column chromatography (SiO»: hexane/ethyl acetate, 7:3) to afford the corresponding
major HDA adducts 8a° as a pale yellow amorphous solid (1.52g, 87% yield, dr= 80:20
and major diastereomer 85% ee). The diastereoselectivity (dr) of the obtained HDA
adducts were determined by the crude reaction mixture by 'H NMR. The enantiomeric
excess (ee) of 8a were determined by HPLC (CHIRALPAK-IB, hexane/i-PrOH =
90:10 1.0mL /min, A = 245 nm).’



4. High Performance Liquid Chromatography (HPLC) data of HDA
adducts (8a-i)

(28,6R)- 6’-propyl-5’,6’-dihydrospiro(indoline-3,2’-pyran)-2,4’(3’ H)-dione
(8a): Daicel chiralpak IB, hexane/i-PrOH = 70/30, 1.0ml/min, A=254 nm).

Racemic 8a + diastereomer
110702

1 2607

80000+

racemic-8a

g
W
400004
0F
7270 : |
203 300 400 453
Time [min]
S.NO Rt(min) Area Area % Height NTP Symmetry Resolution
1 26.07 3969172.8 27.73 88773 7046.8 1.867 2.08
2 28.94  3728728.6 26.0502 69566 5842.6 2.175 1.706
3 31.55 3214591.4 22.4583 57734 6635.2 1.939 2.26
4 35.49 3401132.4 23.7615 49149 5368.5 2.113 ARk
14313625.2 100 265222

Chiral 8a + diastereomer

374630

30

[2S,6R]-8a

| [N
18816 : ' ! |
23 300 400 408
Tire [min]

S.NO Rt(min) Area Area % Height NTP  Symmetry Resolution
1 25.86 1632598.8 6.4164 41464 9074.1 1.513 2.21
2 28.53  3670713.8 14.4265 76315 7354.8 1.897 1.34
3 30.56 19307107.2 75.8803 319917 5173.9 2.536 2.877
4 35.18 833745 3.2768 15120 8610 1.61 HAAAK

25444164.8 100 452816



(2S,6R)- (5-methyl-6’-propyl-5°,6’-dihydrospiro(indoline-3,2’-pyran)-2,4°(3’ H)-dione
(8b): HPLC (Daicel chiralpak IB, hexane/i-PrOH = 90/10, 0.6ml/min, A=254 nm)

Racemic 8b + diastereomer
343688

300000+ f i o
= HiC
o o}
2000004 N
g racemic-8b
tﬁ J
1000004+
0 I
60800 : | :
133 160 200 240 272
Tirre [min]
S.NO Rt(min) Area Area % Height NTP Symmetry Resolution
1 17.6 2342131 9.8417 84785 9178.2 Ak 0.677
2 18.29 12701307 53.3711 257164 3101.9 oK 2.347
3 21.15 8754651 36.7872 207209 5168.4 2.108 HHHkx
23798089 100 549158

Chiral 8b + distereomer

1245151 —
800000+
Eﬂ [25,6R]-8b J
I
400000+
0 i — I
-122408 : : ;
123 160 200 240 266
Tirre [min]
S.NO Rt(min) Area Area % Height NTP  Symmetry Resolution
1 17.45 1213559 2.5552 83185 32350 ok Ak 0.577
2 17.91 45497860 95.7991 984894 3401.2 oAk 3.11
3 21.35 781560.9 1.6456 21130 7342.4 1.559 (*x¥Ex
47492979 100 1089209



Racemic 8b: after separation of minor diastereomer

138918
5 J 0
: = HoC
1000004 o | o)
Z N
H
= racemic-8b
£
o I ! I
14773
14 200 27
Tirre [mind
S.NO Rt(min) Area Area % Height NTP Symmetry Resolution
1 18.72 3941972 50.4765 101149 4813.2 1.81 2.648
2 21.73 3867546  49.5235 89525 5296.2 1.948 rokrk K
7809518 100 190674
Chiral 8b
259829
2000004
g [25,6R]-8b
%4 00000}
of . H
21151 |
12 200 285
Tire [min
S.NO Rt(min) Area Area % Height NTP Symmetry Resolution
1 18.48 7832636  93.0814 205808 4918.3 1.972 3.04
2 21.78 582190.6 6.9186 14366 6102.4 1.444 ok kA
8414826 100 220174



(2S,6R)-4-bromo-6’-propyl-5’,6’-dihydrospiro(indoline-3,2’-pyran)-2,4°(3’ H)-dione
(8¢): HPLC (Daicel chiralpak IB, hexane/i-PrOH = 90/10, 0.6ml/min, A=254 nm)

Racemic 8c
484132

1 2528

400000+

3 3113

racemic-8c

200

00

3 392
Tire [min]
S.NO Rt(min) Area Area % Height NTP Symmetry Resolution
1 25.28 19003631  48.0353 370874 4911.4 2.412 2.145
2 28.25 1655904 4.1856 35498 7287.2 1.825 1.572
3 31.13 18902308 47.7791 233267 2822 3.504 HAAAK
39561843 100 639639
Chiral 8c
421852
3000004
52000004 [25,6R]-8¢
3
m w
1000004 i
B398 L— : :
191200 300 404
Tire [min]
S.NO Rt(min) Area Area % Height NTP Symmetry Resolution
1 25.44 16507190 78.1396 319586 4889.8 2.415 3.633
2 31.76 4618058 21.8604 65520 3927.1 2.861 HAAAK
21125248 100 385106



(2S,6R)-4-chloro-6’-propyl-5°,6’-dihydrospiro(indoline-3,2’-pyran)-2,4°(3’ H)-dione
(8d): HPLC (Daicel chiralpak IB, hexane/i-PrOH = 90/10, 0.6ml/min, A=254 nm)

Racemic 8d

258951

1 2428

Sigral

2 2795

racemic-8d

28319 : : :
132 200 300 400 448
Tire [min]
S.NO  Rt(min) Area Area % Height NTP  Symmety Resolution
1 24.28 7438325  49.4096 188809 8589.3 1.751 2.93
2 27.95 7616076 50.5904 138589 5852.5 2.427 ok Ak
15054401 100 327398
Chiral 8d
445274
4000004
EZOCDOO [2S,6R]-8d
i
0 i . I/\i
57937 : : a
160 200 300 402
Tirre [min]
S.NO  Rt(min) Area Area % Height NTP Symmetry Resolution
1 24.41 1144227 834758 277134 7440.3 1.869 3.13
2 28.33 2265008 16.5242 46062 6837.5 1.952 ok Ak
1370725 100 323196



(2S,6R)- (5-Bromo-6’-propyl-5’,6’-dihydrospiro(indoline-3,2’-pyran)-2,4°(3’ H)-dione
(8e): HPLC (Daicel chiralpak IB, hexane/i-PrOH = 90/10, 1.0ml/min, A=254 nm)

Racemic 8e + diastereomer

440628

4000004 (
s )
= o
- 2 Br
3000004 - N
H
E racemic-8e
32000001
1000004
0 I
-30039 : :
68 100 200 227
Tire [min
S.NO Rt(min) Area Area%  Height NTP Symmety
1 12.43 5455406 19.0679 217857 5576.3 1.705
2 13.67 9126375 31.8988 310044 4878.3 1.928
3 15.7 4214367 14.7302 173433 9438.3 oAk
4 16.3 9814227 34.303 264477 4366.2 oAk
28610375 100 965811

Chiral 8e + diastereomer

485482

4000004 f
Br
gﬁ [25,6R]-8e
92000004 .
0 f\\_‘
41442 : : :
83 120 160 200 224
Tirre [min]
S.NO Rt(min) Area Area%  Height NTP Symmety
1 12.63 1383292 8.4274 57945 6331.3 1.494
2 13.76 11117674 67.7321 365975 4638.6 2.114
3 15.93 3337446  20.3327 102534 5417.8 oAk
4 16.61 575775.4 3.5078 24008 10849.9 oAk
16414187 100 550462

Resolution
1.707
2.836
0.743

%k Kk 3k

Resolution
1.562
2.597
0.905

%k Kk %k



Racemic 8e after separation of minor diastereomer

3.379

%k Kk %k

Symmetry Resolution

3.826

%k Kk %k

324812
3000004 f )
@ (0]
&~ (0]
] Br
2000004 N N
E) racemic-8e
& J
1000004
0 i I
05100 : a
73 100 200 236
Time [min]
S.NO Rt(min) Area Area % Height NTP Symmetry Resolution
1 13.26 5060467 50.5643 210447 6360.9 1.563
2 15.69 4947526 49.4357 174190 6589.6 1.582
1000792 100 384637
Chiral 8e
349331
8000004 3
: Br
B 40000 [256R18e |
W
04
122408 : a e
93 120 160 200 205
Tirme: [min]
S.NO Rt(min) Area Area % Height NTP
1 13.02 1540325 94.4043 632995 5868.6 1.859
2 15.64 913011.5 5.5957 36401 8225.6 1.493
16316262 100 669396



(2S,6R)- 6-chloro-6’-propyl-5’,6’-dihydrospiro(indoline-3,2’-pyran)-2,4’(3’ H)-dione

(8f): HPLC (Daicel chiralpak IB, hexane/i-PrOH = 90/10, 1.0ml/min, A=254 nm)

Racemic 8f + diastereomer

220628

200000+

Sigral

N
H

racemic-8f

44516

96

120

140

160

180 192

Tirme [min]
S.NO Rt(min) Area Area % Height NTP  Symmetry
1 12.18 4932215 4.3038 16763 3874 KA A K
2 13.16 1066845 9.3091 46753 7523.3 KA A K
3 13.82 5544759 48.3828 169718 4047.5 oAk
4 15.35 4355363 38.0043 132738 4952.6 2.012
11460188 100 365972
Chiral 8f + diastereomer
613186
4000004
T [2S,6R]-8f
£
2000004
0
51401 : :
92 120 160 194
Time [min]
S.NO Rt(min) Area Area % Height NTP Symmetry
1 12.05 558248 2.5635 23169 5660.5 1.495
2 13.07 684906.6 3.1451 41667  14307.9 KA A K
3 13.52 19957025 91.6425 538712 3011.2 KA A K
4 15.51 576851.2 2.6489 16987 4716.6 oAk
21777031 100 620535

Resolution
1.415
0.894
1.761

%k %k %k k ok

Resolution
1.892
0.623
2.108

%k %k %k k ok



Racemic 8f after separation of minor diastereomer

NTP Symmetry Resolution

1.897

% %k %k k ok

Symmetry Resolution

91392
800004 g .
5 40000 racemic-8f
£
04 |
I
20147 : : :
105 120 160 200 212
Tirre [min]
S.NO Rt(min) Area Area % Height
1 13.66 1841968 49.7642 64527 5179.7 1.856
2 15.17 1859426 50.2358 59161 5271.8 1.827
3701394 100 123688
Chiral 8f
174510 =
1000004
= [2S,6R]-8f
£
: = :
32063 | :
93 120 160 201
Time [min]
S.NO Rt(min) Area Area % Height NTP
1 13.53 4161655 93.2789 140767 4257.3 2.051
2 15.3 299865.2 6.7211 10129 5630.9 1.553
4461520 100 150896

2.156

%k %k k k ok



(2S,6R)- 6°’-hexyl-5’,6’-dihydrospiro(indoline-3,2’-pyran-2,4’)(3’ H)-dione (8g): HPLC
(Daicel chiralpak IB, hexane/i-PrOH = 90/10, 1.0ml/min, A=254 nm)

Racemic 8g + diastereomer
306540

N o}
o}
2000004 o
N
H
gﬂ racemic-8g
W
1000004
0 !
21736 L : : : :
77 100 120 140 160 168
Tire [min
S.NO Rt(min) Area Area % Height NTP  Symmetry Resolution
1 10.09 1903566 14.5692 93937 5604.2 1.545 1.902
2 11.28 6654146 50.9282 248510 4011.9 1.429 1.974
3 12.71 4508016 34.5026 162691 4756.7 2.04 Hokrk K
13065728 100 505138

Chiral 8g + diastereomer

900836 _
800000+ "
600000+
§4m__ [25,6R]-8g
w
2000004
0- @
69064 : : |
65 80 120 160 174
Tirre [min
S.NO Rt(min) Area Area % Height NTP Symmetry Resolution
1 10.09 1511949 6.9328 74487 5592.9 1.455 1.734
2 11.17 20029190 91.8406 758895 4051.6 1.872 2.378
3 12.92 267500.6 1.2266 9244 4509 oAk rokrk K
21808640 100 842626



Racemic 8g after separation of minor diastereomer

265697

- g o
2000004 ~ o
o
N
H
E racemic-8g
9400000+
0 | H I
28608 : : ; :
89 100 120 140 160 165
Tirme [min]
S.NO Rt(min) Area Area % Height NTP Symmetry Resolution
1 11.26 4992970  50.1257 211282 4683.9 1.763 1.945
2 12.64 4967923  49.8743 182595 4458.7 2.062 oAk x
9960893 100 393877
Chiral 8g
731498 _
N /\/\//,,
6000004+ i
4000004
& [25,6R]-8g ]
W
2000004 2
0 1 I
69518 : | |
56 80 120 160 192
Tirme [min]
S.NO Rt(min) Area Area % Height NTP Symmetry Resolution
1 11.26 16816346  89.0849 650461 4288.3 2.172 2.252
2 12.9 2060416 10.9151 71255 4499.4 Hok Ak oAk
18876762 100 721716



(2S,6R)- 6’-(but-3-en-1-yl)-5°,6’-dihydrospiro(indoline-3,2’-pyran)-2,4°(3’ H)-dione (8h):
HPLC (Daicel chiralpak IB, hexane/i-PrOH = 90/10, 1.0ml/min, A=254 nm)

Racemic 8h + diastereomer
170098

1000004
— racemic-8h
L
o4
21483 : :
89 120 160 195
Tirme [mind
S.NO Rt(min) Area Area % Height NTP  Symmetry
1 12.24 2564291 24.8408 109123 6140.2 oAk
2 13.31 5284556 51.1925 150953 3268 oAk
3 14.84 2474071 23.9668 78750 5049.2 1.819
10322918 100 338826

Chiral 8h + diastereomer

421000
400000+
3000004
= [25,6R]-8h
§2000004
W
1000004
v 1 |
-31387 | : :
80 120 160 195
Time [min]
S.NO Rt(min) Area Area % Height NTP Symmetry
1 12.4  296696.6 2.6784 13464 7162.2 KA A K
2 13.25 10456903 94.4004 370662 4992.1 2.145
3 15.03  323586.2 2.9212 10964 5866.2 KA A K
11077186 100 395090

Resolution
1.367
1.74

%k %k %k k ok

Resolution
1.277
2.314

%k %k %k k k



Racemic 8h after separation of minor diastereomer

NTP Symmetry Resolution

1.753

%k %k %k k k

Symmetry Resolution

304875 -
2000004
— racemic-8h
&
W
1000004
or | |
39257 : | |
96 120 160 200 21
Time [min]
S.NO Rt(min) Area Area % Height
1 13.47 7383695 50.4758 258352 5024.5 2.129
2 149 7244482  49.5242 220250 4643.7 2.24
14628177 100 478602
Chiral 8h
480179 -
4000004 R
B [25,6R]-8h
2000004
o | |
44800 : |
72 100 200 237
Tirme [min]
S.NO Rt(min) Area Area % Height NTP
1 13.2 11612010 96.9259 403276 4751.2 2.24
2 15.02 368284.1 3.0741 12152 5553.4 oAk
11980294 100 415428

2.316

%k %k %k k ok



(28,6R)- 6’-(isopropyl)-5°,6’-dihydrospiro(indoline-3,2’-pyran)-2,4’(3’ H)-dione (8i):

HPLC (Daicel chiralpak IB, hexane/i-PrOH = 95/5, 0.6ml/min, A=254 nm)

Racemic 8i + diastereomer
64706

60000+ e
& 0
w (0]
400004 N
H
é racemic-8i
W
200004
&yh__,_#ﬁ___rﬂ____J/\\\m { :
-6760 : : :
247 300 400 500 540
Tirme [mind
S.NO Rt(min) Area Area%  Height NTP Symmety
1 38.46 3787346 33.86 53568 6693.3 1.894
2 42.39 1548167 13.8411 23017 8982.6 oAk
3 43,99 3981689 35.5974 45532 5723 oAk
4 47.19 1868121 16.7015 18667 5028.8 oAk
11185322 100 140784

Chiral 8i + diastereomer

124066 -
80000+
En [2S,6R]-8i
w |
400004
=
-10621 L— t t t
288 400 500 600 632
Time [min]
S.NO Rt(min) Area Area%  Height NTP Symmety
1 38.14 2486018 15.8015 36262 7000.7 2.053
2 41.78 6392030 40.6287 87086 7327.7 oAk
3 43.59 6440601 40.9374 65435 4435.6 oAk
4 47.54 414153.8 2.6324 3808 4322.5 oAk

15732803 100 192591

Resolution
2.14

0.778
1.283

%k Kk %k

Resolution
1.926
0.792
1.436

%k k k%



Racemic 8i after separation of minor diastereomer
143539

- = 0
1000004 s °
- o
N
_ H
é racemic-8i
W
of | |
19167 : :
334 400 500 575
Tire [min
S.N . . Symmetr Resolutio
0 Rt(min) Area Area%  Height NTP yy 0
1 38.89 8051751 50.9401 103938 5701.7 2.376 2.03
2 43.41 7754572  49.0599 86449 5296.6 2.404 (RExxx
158063; 100 190387
Chiral 8i
260095
2000004 -
E [2S,6R]-8i
1000004 )
0 I I
28019 L+ : : :
289 400 500 600 627
Tirre [min
S.NO Rt(min) Area Area%  Height NTP Symmetry Resolution
1 38.27 15433990 94.1491 189474 4992.8 2.707 2.459
2 44.09 959145.3 5.8509 9929 4712.7 Hokk kK Hokk A x

16393135 100 199403



5. 'H NMR and *C NMR spectrum of compounds 8a-i

'H NMR Spectra of 8a

g
g
X : parts per Million : Carbon13

<
3
[2S,6R]-8a
<
5
:
8
L
:
_§ .
12‘ 0 1 l‘.() 16 0 9.‘0 l‘.O 2‘.0
|
2
3
X : parts per Million : Proton
13
C NMR Spectra of 8a
|
3
[2S,6R]-8a
o
o
8
g,
8
é )
_g ) A ) )
226.0 21‘0.0 206.0 19‘0.0 18‘01] 176.0 lﬁb.O 156.0 14‘0.0 136.0 le.O lll‘).O 106.0 90‘.0 86.0 70‘0 66.0 56,0 46.0 36.0 20‘.0 16.0 6 —16,0 —2(‘).0
I | | | L] Ll
g b 2 8 & = 2g 9 a3
g @ E = £ @ 5% 0% % 4




'H NMR Spectra of 8b
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'"H NMR Spectra of 8¢
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'H NMR Spectra of 8d
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'"H NMR Spectra of 8e

)

° 10 w

e B

P )
)

o, 160

)

080 L

€1 w

iy =

e

Fo__ ot
== 0£0°€

T
12.0

o1
2ouepunqe

X : parts per Million : Proton

13C NMR Spectra of 8¢

J

[2S,6R]-8e

L

o

T
110.0

120.0

130.0

T T T T T T T
1T0 TO0 610 8I'0 LI'0 910 SI'0

T T T T T T T T T T T T T T T
PI°0 €1°0 TI'0 11°0 10 600 80°0 L0'0 90°0 SO0 ¥0°0 €0°0 TO'0 100 O

aouepunqe

40.0 300 200 10.0 0 -10.0  -20.0

50.0

100.0  90.0

180.0 170.0 160.0 150.0 140.0

190.0

220.0 210.0 200.0

—— 868°€1l
—— 0681

—— T8E8E

p— i
— 6ES°LY

— PT9°TI
—— EepsIl

—— 96£'8T1
—— 08¥°0¢€1
—— 80¢°EEl

—— S9L°6E1

—— 186'%LI

J—E

X : parts per Million : Carbon13




'"H NMR Spectra of 8f
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'H NMR Spectra of 8g
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'H NMR Spectra of 8h

660

7610
e —————

2.0

-1.0

oY

o1
Qouepunqe

X : parts per Million : Proton

13C NMR Spectra of 8h

-8h

T
©

28

|

120.0 110.0

160.0  150.0

220.0 210.0 200.0

T T T T T T T T
810 LI'0 910 SI'0 +¥I'0 €10 TIO 110

T
o

T T T T T T T T T f
600 800 L0O0 900 SO0 ¥00 €00 TOO 100 O
2ouepunqe

40.0 300 200 100 0 -10.0  -20.0

50.0

100.0  90.0

140.0  130.0

170.0

190.0 180.0

9TT6T

—— T0g'sE

—— Sop'St
—— L89'LY

—— LO0'TTT
—— 60§ST1

68T
J—
—— 00€'8TI
—— S9F0EL

S6T'LEL
—— £ OFL

——pIrsLL

— €0£°50C

X : parts per Million : Carbon13




'H NMR Spectra of 8i
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