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NMR SPECTRA, HPLC CHROMATOGRAMS AND HRMS SPECTRA

(3S,3'R,4'R,4a’S,8a'S)-1-(4-bromobenzyl)-8a’-hydroxy-3'-nitro-2-oxo-4'-phenyl-
3'4'4a',5',6',7",8",8a"-octahydro-1"H-spiro[indoline-3,2'-naphthalene]-1°,1'-dicarbonitrile (5a)
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PDA Multi 1 254nm,4nm

0 5 10 15 20 25 30 35
min
PDA Ch1 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 13,116 41243019 1206820 51,187 M
2 19,040 39329827 660092 48,813 M
Total 80572846 1866912
mAU
] 2 PDA Multi 1 254nm,4nm
300+
200+
100+
7 @D
] <
0_
| I T I l
10,0 12,5 15,0 17,5 20,0
min
PDA Ch1 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 11,469 1387260 23620 4,098 M
2 15,250 32461677 308595 95,902 M
Total 33848936 332215
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L5121 #295 RT: 069 Awv: 1 ML 399E7
T: FTMS +p ESI Full ms [500.0000-700.0000]

B13 1267
C 3 Han Og Mg Br
611.1234 23 Hao Ug Mg
103 CazHzs OaMaBr
o
a
==
=
7
™
&
o 55
2 3
= -
5 &
=
= |
2 %
£ 1
5
T 4
g B4 1256
E B121315 C1aHar O1s N Br
== CzaHzi Do MsBr
I
=
2
15
= BI5 156
E 107342 g Haz Og Mz Br
5: 68,3237 B16.1343
3 C27 Hga Os NaBr CziHas D N3 Br
B o 0 0 LA e e L e e A LI
605 ez} 610 511 &2 613 B4 G5 B16 &7 518 619 [} 621 77} 7} 524 7]

m'z



(3S,3'R,4'R,4a'S,8a'S)-1-benzyl-8a’-hydroxy-3'-nitro-2-oxo-4'-phenyl-3',4' ,4a" 5°,6',7",8",8a'-
octahydro-1'H-spiro[indoline-3,2'-naphthalene]-1",1'-dicarbonitrile (5b)

H NMR (CDCls, 400 MHz)
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] ) PDA Multi 1 254nm,4nm
1250 3
1000 ©
1 ©
750 "
500
250
0
. —— —— — — — —— —
0,0 2,5 5,0 7.5 10,0 12,5 15,0 17,5
min
PDA Ch1 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 9,805 33585958 1324829 48,597 M
2 13,156 35525057 769282 51,403 M
Total 69111015 2094112
mAU
] ] PDA Multi 1 254nm,4nm
500
250
i o~
1 8
] «©
0,
T — — ‘ ‘ — — T
7.5 10,0 12,5 15,0 17,5 20,0
min
PDA Ch1 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 8,952 2024020 45852 4,426 | M
2 10,936 43703724 567601 95,574 | M
Total 45727745 613452
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LS46 #2056 RT D48 Av: 1 NL 300E7
T: FTMS +p ESI Full ms [400.0000-550.0000]
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(3S,3'R,4'R,4a'S,8a’S)-1-benzyl-5-chloro-8a’-hydroxy-3'-nitro-2-oxo-4'-phenyl-
3'4'4a',5',6',7",8",8a'-octahydro-1"H-spiro[indoline-3,2'-naphthalene]-1',1"-dicarbonitrile (5¢)
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IH NMR (CDCls, 400 MHz)
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13C{!H} NMR (CDCl;, 101 MHz)

T T T T T
150 140 130 120 110 100
f1 (ppm)

S9
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| b PDA Multi 1 254nm,4nm|
1500+ =
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4 @
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j o
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07
: . — : —— — —— : : : —
0,0 2,5 5,0 7.5 10,0 12,5 15,0 17,5
min
PDA Ch1 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 9,821 52685758 1596186 51,850 M
2 12,848 48925444 667175 48,150 M
Total 101611202 2263361
mAU
J = PDA Multi 1 254nm,4nm
40-
30-
20-
10 S
] 2
o
— —— — —— ——— :
5,0 7.5 10,0 12,5 15,0 17,5 20,0
min
PDA Ch1 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 10,478 187162 3360 3,952 M
2 12,811 4548302 44276 96,048 | M
Total 4735464 47635
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LS42#431 RT 100 AV: 1 NL 211EB
T: FTMS - p ESI Full ms [400.0000-600.0000]
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(3S,3'R,4'R,4a'S,8a’S)-1-benzyl-5-bromo-8a’-hydroxy-3'-nitro-2-oxo-4'-phenyl-
3'4'4a',5',6',7",8",8a'-octahydro-1"H-spiro[indoline-3,2'-naphthalene]-1',1"-dicarbonitrile (5d)
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mAU

] 1© PDA Multi 1 254nm,4nm
] 3
1000i -
] o
750 3
. o
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0-
\ \ T \ \
0 5 10 15 20 25
min
PDA Ch1 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 10,575 41662998 1117514 48,076 M
2 13,473| 44996923 612734 51,924 M
Total 86659921 1730248
<Chromatogram>
uAU
PDA Multi 1 254nm . 4nm
50000
1 §
1 I
25000
i 3
1 @
D;— A/ T~ -
10,0 T '|2|,5 o 15“0 '|7|,5 26,0 22'5 és,o
min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Area Height Area%
1 11,644 191403 3666 5,353
2 14,228 3384015 27399 94,647
Total 3575418 31066 100,000
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LE4B#207 RT- 048 AV:1 NL: 199E5
T: FTMS - p ESI Full ms [500.0000-650.0000]

Relative Abundance
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(3S,3'R,4'R,4a'S,8a’S)-1-benzyl-8a'-hydroxy-5-methyl-3'-nitro-2-oxo-4'-phenyl-
3'4'4a',5',6',7",8",8a'-octahydro-1"H-spiro[indoline-3,2'-naphthalene]-1',1"-dicarbonitrile (5e)
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mAU

_ nE PDA Multi 1 254nm,4nm
| It
4 ||
750 '
] | 8
] | =
] ‘ |
500 '|
: |
250- || \
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G.D T T T T 2.|5 T T T 5!0 T T T ?|,5 T T T T 10',0 T T 12|.5 T T T T 15|Io T T
min
PDA Ch1 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 8,779 22163078 922671 49,397 M
2 10,820 22704417 545795 50,603 M
Tota 44867496 1468466
<Chromatogram>
mAU
3007 PDA Multi 1 254nm 4nm
200 <
100
o = .
7!5 15,0 1;1,5 15',0 '|?|,5 '20,0
min
<Peak Table>
PDA Ch1 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 9,347 472637 6004 4,089 M
2 12,716 11085423 144679 95,911 M
Total 11558060 150683
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L549#133 RT 031 AV 1 NL 104E7
T: FTMS +p ESI Full ms [500.0000-650.0000]
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(3S,3'R,4'R,4a’S,8a'S)-8a’-hydroxy-1-methyl-3'-nitro-2-oxo-4'-phenyl-3*,4' 4a*,5',6°,7",8",8a’-
octahydro-1'H-spiro[indoline-3,2'-naphthalene]-1,1'-dicarbonitrile (5f)
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mAU

10,976

13,331

PDA Multi 1 254nm,4nm

0,0 25 5,0 7.5 10,0 12,5 150 17,5
min
PDA Ch1 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 10,976 20193590 682610 47,520 M
2 12,027 1203268 41767 2,832 VM
3 13,331 20372904 592141 47,942 M
4 15,135 725158 24646 1,706 VM
Total 42494919 1341164
mAU
] @ PDA Multi 1 264nm,4nm|
400-| l
300-|
200-|
100-] 5
i 3
] 2
a
8 é 1b 1‘1 1‘2 1‘3 1‘4 1‘5 1‘6 17
min
PDA Ch1 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 10,207 1259437 26801 3,927 M
2 12,493 30813386 434631 96,073 M
Total 32072823 461433
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LS107 #431 RT: 100 AV 1 MNL:B5S1E7
T: FTMS +p ESI Full ms [300.0000-500.0000]
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(3S,3'R,4'R,4a'S,8a’S)-5-chloro-8a’-hydroxy-1-methyl-3'-nitro-2-oxo-4'-phenyl-
3'4'4a',5',6',7",8",8a'-octahydro-1"H-spiro[indoline-3,2'-naphthalene]-1',1"-dicarbonitrile (5g)

H NMR (CDCls, 300 MHz)
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PDA Multi 1 254nm,4nm

5 10

PDA Ch1 254nm
Peak# Ret. Time Area
1 12,705 33985775
2 14,622 41185706
Total 75171481

mAU

Height
501598
487092
988690

Conc.
45,211
54,789

Unit

Mark

M

25 30 35
min

Name

VM

250

PDA Multi 1 254nm,4nm

PDA Ch1 254nm
Peak# Ret. Time Area

1 12,895 971148
2 14,991 22367689
Total 23338837

Height
14945
261478
276423

Conc.
4,161
95,839

Unit

17 18 19 20
min
Mark Name
M
M
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LS109#146 RT:0.34 AV:1 NL: 1.60E7
T: FTMS + p ESI Full ms [250.0000-600.0000]
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(3S,3'R,4'R,4a’S,8a'S)-8a’-hydroxy-1,5-dimethyl-3'-nitro-2-oxo-4'-phenyl-3',4' 4a",5',6',7',8",8a’-
octahydro-1'H-spiro[indoline-3,2'-naphthalene]-1,1'-dicarbonitrile (5h)
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10.0 9.5 9.0 8.5 8.0 5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0
f1 (ppm)

= 8 LB-REER8WESR 0 ~

g ¢ 3sssssssaiEs : EREe 3598 B Rhaae

| [ e | S AN YEES

BC{*H} NMR (CDCls, 75 MHz)

T T T T T T T T T T T
100 190 180 170 160 150 140 130 120 110 100 90 80 70
1 (ppm)
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mAU

] 8 3 PDA Multi 1 254nm 4nm
] N
] M=
500
250-|
0
-250-|
-500-
7 . 7 — — — — —
7.5 10,0 12,5 15,0 17,5 20,0 225 25,0 27,5 30,0
min
PDA Ch1 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 9,652 52886476 1164120 45,199 M
2 10,754 64121295 1136693 54,801 VM
Total 117007771 2300813
mAU
PDA Multi 1 254nm,4nm

518

8,0 8,5 9,0

PDA Ch1 254nm
Peak# Ret. Time Area

1 9,217 973022
2 10,518 24918183
Total 25891206

T T T T T
9,5 10,0 10,5 11,0 11,5

Height Conc. Unit Mark
28347 3,758 M
447555 96,242 M
475902

T T
12,0 12,5 13,0 135
min

Name
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LS108 #2210 RT: D49 Av: 1 NL 1.51E
T: FTMS +p ESIFull ms [300.0000-550 DDDD]

Relative Abundance

471 2
g Har Dall

100 v Hzr Ua g

7

o]

=

]

&

b=

==

=

%]

7

r=

]

k=

Eis

E 45223

E ichalel 285,159 C 12 Hag On Ns

25; C1g Hzz Os Mg C1sHzr Os Ng

E Fladec=c!

ZDE ¢ ?21§1N CweH310aNs 2951 A7 216 S18H7

= e e 265 20 cz,aHaaom4 a7 Har O Mg CaaHas ONa 11,2975
B C21Haz Os Me CaﬁHaﬁONa Cag Har ONg
104

5;|\‘ fIn o ‘HH Tl m ‘ ‘ il | |
Elfninnit \|| Il \HH A0 O A L X T T 1l

\.......\.\...\.\...\H.\.H.\.\..HH \.\.‘HH o
"5i0
rn/z
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(3S,3'R,4'R,4a'S,8a'S)-1-ethyl-8a'-hydroxy-3'-nitro-2-oxo-4'-phenyl-3',4',4a',5',6",7*,8",8a"-
octahydro-1'H-spiro[indoline-3,2'-naphthalene]-1",1'-dicarbonitrile (5i)

30

CESRSBRLIUE ARBHSNCRABORGELRHBARRANRY
L e R R R ] o e el Kol

@
-+

2
-

2

_1.89
786
151

H NMR (CDCls, 300 MHz)

1009
203

6.5 6.0 55 5.0 4.5 4.0 35 30 25 20 15 1.0 0.5

10.0 9.5 9.0 8.5
1 (ppm)
5 SBYRITLEERT 5o 5888 N38  oF
8 g3dnRAsNaas g9 8 ERES 3938 8 88 &
| | S e Y N PRSIV

B3C{'H} NMR (CDCls, 101 MHz)

T T T T
200 150 180 170 160 150 140 130 120 110 100
f1 (ppm)
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Chromatogram

mAU
(lg 1PDA Multi 1 254nm.4nm
A =
500 [ :-“
[ [
| |
IR
| |
250 [ |
\ \
| |
.;.‘ \ , | \
5.0 5,5 6,0 6,‘5I ‘ ‘?io‘ B '715' ‘810 8.5 9,0' ‘915‘ N '10|,0 16,5 11,0 11‘35
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 8,006 10422698 658312 50,378 M
2 8,884 10266235 543883 | 49,622 M
Total 20688933 1202195
Chromatogram
mAU
[\g IPDA Multi 1 254nm 4nm|
JI ‘\@F
|
[ |
500 [
-
|" \
|
\' \I‘
250 Jl |
‘ \
\
] ‘I’ \\\
AN |
) x\ / \,k_ - -
0_7""‘""i L L (LR I L R L L DL B R I B ML T
6,0 6,5 7,0 7.5 8,0 8,5 9,0 9,5 10,0 10,5 11,0 1,5 12,0
min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 8,215 582040 40088 4,238 M
2 9,144| 13151724 685933 95,762 | M
Total 13733764 726022
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VF43#253 RT: 059 AV:1 NL:1.49E7
T: FTMS + p ESIFull ms [250.0000-600.0000]
471.2010
100 C27H2704Ng

399.1990
369.1883 C16H27 06 Ng 4252125
C15H25 Os Ng C17H33 O10N2
483.2547
4111975 439.2284 457.2388 C20Hse 011 N2
Ci6Ha1 010N C1sHas 010 N2 CigHay Oz N 499.2491 557.2932
16 M31 O10 N2 18 F35 O10 N2 18 H37 O11 N2 C20H39012N2 C24Har Og N
527.2812 571.3060 587.3008
C22Haz 012 N2 CoaHar 013N .
24114713 N2 Cp4 Hg7 014 N2
i \‘u “M\I \H M’ g Ll i‘ HI\ Il
370 380 390 400 410 420 430 440 450 460 470 480 490 500 510 520 O 540 550 560 570 580 590 600
miz
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(3S,3'R,4'R,4a'S,8a'S)-5-chloro-1-ethyl-8a’-hydroxy-3'-nitro-2-oxo-4'-phenyl-
3'4'4a',5',6',7",8",8a'-octahydro-1"H-spiro[indoline-3,2'-naphthalene]-1',1'-dicarbonitrile (5j)

H NMR (CDCls, 300 MHz)

FEASTUNN VTt

H o
g 2 8
- - o~
T T T T T T T T T T T
10.0 9.5 9.0 8.5 6.5 [ 5.5 5.0 4.5 4.0 35 3.0
1 (ppm)
g 8 RERRYIRSAgE A =s% 3% FeG
§ § InsAssETrE SREE 3288 5 Naig  ©
| |\ Ym0 v AITNS N VYA |

13C{!H} NMR (CDCls, 101 MHz)

T T T T T T T T T
200 150 180 170 160 150 140 130 120 110

T
100
f1 (ppm)
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Chromatogram

mAU
1 = IPDA Multi 1 254nm,4nm
300-| fi=
(|
I 2
[ A%
200 [ |
1 [ | |
[
100 [
|
0 ] ; ; — -
4 8 9 10 1 12
min
<Peak Table>
PDA Ch1 254nm :
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 7,777 4539867 326794 50,291 M
2 9,864 4487340 227804 49,709 M
Total 9027207 554598
Chromatogram
mAU
% 1PDA Multi 1 254nm,4nm)|
200
150
100-
s x
6,0‘ o ‘6,‘5‘ o '7,‘0‘ o ‘gfol - ISjS‘ - ‘910‘ s '16,0 ‘ ‘10',5‘ - '11‘,0‘ - '11',5‘ ‘ '12,0
min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Area Height Conc. Unit Mark Name
1 7,798 265651 18356 4,662 M
2 9,798 5432799 247416 95,338 M
Total 5698450 265772

S31



VF41#76 RT:0.18 AV:1 NL: 1.12E7
T: FTMS + p ESI Full ms [400.0000-600.0000]
505.1634
C27H26 04 N4 Cl

=
A o 9 @ © N N ® ® © © o
6 e o o A S & S & o & S

L

N
S

455.2245
C3oH32N2Cl
443.2248
C29Ha2 N2 Cl 513.2668
483.2563 C33H3g ON2Cl

499.2508
469.2409 Co2HasN2Cl - ¢ g oN, Ol

C31Haa N2 Cl 531.2775

| .ﬂn i

T
490 500 510

w
G

w
S

N
a

Cas Hao 02N, CI
R 557.2925 571.3109 585.2876

CasHaz 02N, €I C2¢Has 09N Cl ¢y oo, ¢

| ‘ | ‘ l‘lw‘\ ‘| "I ‘Hjjéiolj | l" ‘H‘I“ n'i

T 1
550 560 570 590 600

[N
o o o
sl b T sl Tt e Trenn Tl T b T b i T

o

o

I mlHl ‘| “"‘LL“‘”

530

Al ‘HM‘ Il HIH N IMII I ] ‘l"\

T T
440 450 460 470 48
m/z
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(3S,3'R,4'R,4a’S,8a'S)-1-ethyl-8a’-hydroxy-5-methyl-3'-nitro-2-oxo-4"-phenyl-
3'4'4a',5',6',7",8",8a'-octahydro-1"H-spiro[indoline-3,2'-naphthalene]-1',1"-dicarbonitrile (5k)

CPEHEEREE3RHERR FARR-ESRHEERREUERIRAHAERE
R i e R N R B B R B e o N E Ea Ry R Ea e ol ol ol ol ol ol ol ol ol ol ol ol ol o ol
T A T i
f.
I
|
[
A
{ I f/ |';Ir
;'r .-"I /J _/Rl ,-’J J
]
1
| |
1
I
[ |
A
e, G i by e
grg23g 8 g =
T R P = o
1[;.0 9‘.5 9:0 8.5 BID ?.IS ?ID 6‘.5 610 5:5 5.‘0 4‘.5 4‘.0 3‘5 3‘.0 2‘5 2:0 ll5 ll.[l 05 l]:D
1 (ppm)
2 PECCZEERERYE 389
8 B3INERENSIS yas - g 3949 $8 ssag o
| eSS AW | | AENS N NS |

13C{!H} NMR (CDCls, 75 MHz)

T T
70 &0 50

T T T T
130 120 110 100 90
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T T T T T
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Chromatogram

mAU
] 1PDA Multi 1 254nm,4nm|
A
§ [\ .
200+ N 2
‘. e
| [\
150 [ | [
] | ‘.
] | |
100 | "
] \ " \
I‘ﬂ. \I "\‘
501 \ | \
/’I‘ \\\7 —— J"II \\\‘ ~—
G"“'I"'W““\‘ L T T T L L
5,0 55 6,0 6,5 7,0 7,5 8.0 8.5 9.0 9.5 10,0
min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Area Height Conc. Unit | Mark | Name
1 6,432 3063889 234266 52,467
2 7,603 2775764 181635 47,533 \'
| Total 5839653 415901
<Chromatogram>
uAU
500000 PDA Multi 1 254nm,4nm
g
| ~
4000007 ~
300000 | [N
200000 | "'
100000 | 5 ; \
] < { N,
@ / S
| e //' — o
0_ — _— S it —
6,0 6,5 7,0 7.5 8,0 8,5 9,0
min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Area Height Area%
1 6,424 365596 30537 4,426
2 7,504 7894499 393399 95,574
Total 8260095 423937 100,000
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VF40#280 RT:0.65 AV:1 NL:226E7
T: FTMS + p ESI Full ms [400.0000-600.0000]

100

4852171
C28H29 04 Ny

459.2550 481.2399
C18H39 011 N2 C21H33 07 Ng 513.2656
499.2495 Co b OaN
471.2555 C20Hag O12 N2 21 Ha1012 N2
C20H3s 07 Ne 517.2604 531.2763 541.2974 557.2913 571.3072
C20Ha1013N2  Cpy Hag O13 N2 CoaHas O12 N2 CasHa7 Oz Na C24Ha7 013 N2 585.2873
A [ ‘ ’ ‘ C25Ha1 010 Ns
ImnARR AR N Al Hml:ll\’. L tual bt bl L st
e e At s e e e e e e e
460 470 480 490 500 510 520 530 540 550 560 570 580

miz
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