The Reductive nitro-Mannich Route for the
Synthesis of 1,2-Diamine Containing Indolines

and Tetrahydroquinolines
James C. Anderson, * Adam Noble and Derek A. Tocher

Department of Chemistry, University College London, 20 Gordon Street, London, WC1H

0AJ, UK
j.c.anderson@ucl.ac.uk
Supplementary Information
Index Page
General eXPEriMENTAl..........ciiiiiieiiieeieeee e e et e e et e e e e ae e e enree e nnreeennns S7
Purification of solvents and reagents .........c.cccccueeiiiieeiiie e e S7
CharaCteTIZALION .....euveeutieiieitieie ettt ettt sb et ettt et et esbe e bt e st e sbe e bt e st e sbeeaeenee e S7
X-ray structures 6a, 6d and 19...........cccooiiiiiiiiiiiiee e e S8
Copies of 1H and 13C NMR spectra:
Sa LH e ettt ettt ettt as S11
1 TSRS S12
5b LH ettt ettt ettt b et naes S13
1 TP SSPRRPR S14
Sc LH et ettt ettt ettt as S15
1 LTSRS S16
5d LH e ettt ettt ettt aes S17
1 LTSRS S18
Se LH e ettt ettt et aes S19
LSRR R S20
5f LH ettt ettt ettt et et aes S21
LTSRS S22
S¢g LH e ettt sttt ettt S23
LTSRS S24
Sh LH e ettt ettt ettt b et S25



LH ettt ettt S27
L3 e e S28
LH ettt ettt et S29
L3 e e S30
LH ettt ettt S31
L3 e e e S32
LH ettt sttt S33
L3 e S34
LH ettt ettt S35
L3 e e S36
LH ettt ettt S37
L3 e e S38
LH ettt ettt S39
L3 e e S40
LH ettt S41
L3 e e e S42
LH ettt sttt S43
L3 e S44
LH ettt S45
L3 e e e S46
LH ettt sttt s S47
L3 e e S48
LH ettt sttt S49
L3 e S50
LH ettt sttt S51
L3 e e S52
LH ettt et S53
L3 e s S54
LH ettt sttt s S55
L3 e S56
LH ettt ettt et S57
L3 e e e S58
LH ettt sttt S59
L3 e e S60
LH ettt sttt Sé61
L3 e S62
LH ettt et S63
L3 e S64
LH ettt sttt S65
L3 e S66



L3 e s e s S68
LH e e S69
L3 et e S70
LH o e S71
L3 et e S72
LH e S73
L3 e S74
LH e e S75
L3 e s e S76
LH e e S77
L3 e e e s S78
LH e e S79
L3 et e S80
LH e e S81
L3 e e S82
LH e e S8&3
L3 e e e S84
LH e e e S8&5
L3 et S86
LH e e S87
L3 et S88
LH e S&9
L3 e S90
LH o e S91
L3 e s S92
LH e e S93
L3 e et e S94
LH e S95
L3 e e s S96
LH e S97
L3 e s e S98
LH e s S99
L3 e e e e S100
LH e e S101
L3 e e e S102
LH o S103
L3 e e e S104
LH e S105
L3 e e s S106
LH e S107



71

Tm

n

To

Tp

Tr

Ts

19

18a

18b

18¢c

18d

18e

18f

18¢

18h

18i

18j

18k

LH ettt S109
L3 e e S110
LH ettt S111
L3 e S112
LH ettt S113
L3 e S114
LH ettt S115
L3 e S116
LH ettt s S117
L3 e S118
LH ettt S119
L3 e S120
LH ettt e S121
L3 e S122
LH ettt S123
L3 e S124
LH ettt S125
L3 e S126
LH ettt S127
L3 e e S128
LH ettt S129
L3 e S130
LH ettt S131
L3 e S132
LH ettt e S133
L3 e S134
LH et ettt e S135
L3 e S136
LH ettt S137
L3 e S138
LH ettt e S139
L3 e S140
LH ettt e S141
L3 e e S142
LH et ettt S143
L3 e e e S144
LH ettt S145
L3 e S146
LH ettt e S147
L3 e S148



181 LH o S149

13C e eeeeeeeeeeeeeeesee e eeeee e e e e s e s s e s s enee e S150
I8IM  IHoooeoeeeeeoeeee oo eeee e e eeee e s e e e e eeeseseeeeeeeeesseeene S151
13 e eeeeeee e e eesee e eeee e e es e s e e e e s s s S152
I8N IHoooeoeeeeeeeeee oo eeeee e e e e e s e s se e e seeee e eeesseeene S153
13C e eeeeeeeeeeeeeeesee e esees e e et e e e s s enee e S154
180 IHlooeeeeeeeeeeeeee oo eeeee e e eeee e s e ee e s e e eeeseseeee e eees s S155
13C e e eeeeeeeeeeeeeees e eeees e e e e e s e e e se s s s S156
18D IHoooeeeeeeeeeeeee oo eeeee e oo eeee e s oo eees s S157
13 e e eeeeeeeeeeeeeeee e eeees e s e s e e e s s s S158
I8 IHeooeeeeeeeeeeeee oo eeeee e eeee e s e eeee s eeeseseeee e eees s S159
13C e e eeeeoeeeeeeeeeee e eeees e s e s s e e s s enee e S160
I8F  IHlooeoeeeeeeeeeeeee oo eeeee e s e eeee e s e s e e s s e eeessenene S161
13 e eeeeeeeeeeeeeeeee e eeese e ee e e s s s e s s enee e S162
185 IHloooooeoeeeeeeeeeee e eeeee e s oo eeeee e s e s e e e e e eeessenene S163
13C e oo eeeeeeeeeeeeeeee e eeee e s e e s e s e s e s s S164
13 LH oo e eeeee e s e e s e e e see e seeee e S165
13C e oo eeeee e eeees e eeeee e ee e e s e e e s s e S166
140 THoooooeoeeeeeeeeeeeeee oo eeee e eeee e eeee e s e se e eee e eeee e eeessenene S167
13C e eeeeee e eeeee e eeees e s e e s e e e s s s S168
1D THooooeeeeeeeeeee e e e eeee e s oo e e se s eeessenene S169
13C e eeeeeeeeeeeseeees e eeeee oo s e e s eeseeee e S170
TAC  THoeooeoeeeeeeeeeeee oo eeee e s e e s e ee s s e e seesseeene S171
13 e e eeeeeeeeeeeeeees e eeeee e e e e e e e e e s s enee e S172
TAA  THoooooeeeeeeeeeee oo eeee e eeee s ee s e e e sssee e eeessenene S173
13 e e eeeeeoeeeeeeeeeee e eeees e e e e s e e e s s s S174
14 THlooeoeeeeeeeeeeee oo eeeee e eeee e e eeee e e e ee e s e e e e e s eeees s S175
13C e eeeeeeeeeeeeesee e eeees e e e e e e e s s enee e S176
TAE  THoeooeeeeeeeeeeeeeee oo eeee e eeee e e e e e s e e sess e eeseessenene S177
13 e e eeeeeeeeeeeeeses e eeses e e e s e e s s s S178
TG THooooeoeeeeeeeeeeeeee oo e eeee e s e e e e e ee s s s e e eeessenene S179
13C e oo eeeeee e eeeses e eeees e e e e e s e e s s e S180
TAR THooooeeeeeeeeeee oo e e eeee e s e e e e e e s e s e seessenene S181
13 e oo eeeeee e eeees e eees e e e e s e eee e s e s s enee e S182
14i LH oo eeeee e eeeee e s e e s e e e s e see oo seeee e S183
13C eoveeeeeeeeeeeee e eesee e eees e ee e e e ee e e s s e S184
14j LH oo eeeee e eeeee e se e s e s eee e e eeee e eeseseeee e eeeeseeee e S185
13C e oo eeeeee e eeeee e eeees e e e e e s s e S186
TAK  THoooeoeeeeeeeeee oo eeee e s e e e eesesseee e seessenene S187
13 e e eeeeeeeeeeeeeesee e eeees e s e e e s e s s s S188
141 LH oo e eeeee e s e s e e s e ees s e e eeseeee e S189



14m

14n

140

14p

14q

14r

14s

23

22

20

21

LH ettt S191
L3 e e S192
LH ettt S193
L3 e S194
LH ettt S195
L3 e S196
LH ettt S197
L3 e S198
LH ettt s S199
L3 e S200
LH ettt S201
L3 e S202
LH ettt e S203
L3 e S204
LH ettt S205
L3 e S206
LH ettt S207
L3 e S208
LH ettt S209
L3 e e S210
LH ettt S211
L3 e S212

S6



General experimental

Unless otherwise stated, all reactions were carried out under an atmosphere of nitrogen. All
glassware was flame dried and allowed to cool under a stream of nitrogen before use. Cooling
to 0 °C was effected using an ice-water bath. Cooling to temperatures below 0 °C was
effected using dry ice-acetone mixtures. Reactions were monitored by thin layer
chromatography (TLC) using Polygram® SIL G/UV,s;s 0.25 mm silica gel precoated plastic
plates with fluorescent indicator. Sheets were visualised using ultra-violet light (254 nm)
and/or anisaldehyde or KMnOy solutions, as appropriate. Flash column chromatography was
performed using Fluorochem silica gel 60, 35-70 p. The liquid phase was analytical grade 40-
60 petroleum ether (petrol) and ethyl acetate (EtOAc) unless otherwise noted.

Purification of Solvents and Reagents:

Commercial solvents and reagents were used as supplied or purified in accordance with
standard procedures, as described below.

Tetrahydrofuran (THF) was pre-dried over sodium wire and distilled under an atmosphere of
dry nitrogen from sodium benzophenone ketal or obtained from a solvent tower, where
degassed THF was passed through two columns of activated alumina and a 7 micron filter
under 4 bar pressure.

Diethyl ether (Et,O) was pre-dried over sodium wire and distilled under an atmosphere of dry
nitrogen from sodium benzophenone ketal or obtained from a solvent tower, where degassed
Et,O was passed through two columns of activated alumina and a 7 micron filter under 4 bar
pressure.

Toluene was obtained form a solvent tower, where degassed toluene was passed through two
columns of activated alumina and a 7 micron filter under 4 bar pressure. Dichloromethane
was distilled from calcium hydride powder or purchased as an analytical grade and stored

over 4A molecular sieves. Anhydrous MeCN was used as supplied.

Characterization:

Melting points are uncorrected. Optical rotations were recorded at 25 °C and are reported in
deg cm” g, Infrared spectra were recorded as a thin film on sodium chloride discs or as
dilute chloroform solutions. 'H and >C NMR spectra were recorded as dilute solutions in
deuterochloroform unless otherwise stated. All chemical shifts (8) are reported in parts per
million (ppm) relative to residual solvent peaks. All chemical shifts are reported relative to

chloroform (6y = 7.27 ppm, d¢c = 77.1 ppm). Coupling constants (J) are reported in Hertz and
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are recorded as observed in the spectrum without averaging. The multiplicity of an 'H signal
is designated by the following abbreviations: m = multiplet, s = singlet, d = doublet, t =
triplet, q = quartet and quin = quintet, br = broad signal. *C multiplicities were assigned
using a DEPT sequence. Where appropriate, HMQC and NOE experiments were carried out
to aid assignment. For mass spectrometry, high resolution (HR) electrospray ionization (ES")
mass data was obtained using a time-of-flight (TOF) analyzer, and HR chemical ionization

(CI) or electron impact (EI) mass data were recorded using an ion trap.

Structures and X-ray structures:

Crystal data and structure refinement for BRNOCF at 150(2)K.

Empirical formula
Formula weight
Crystal description
Crystal size

Crystal system
Space group

Unit cell dimensions

Volume

Reflections for cell refinement

Range in 0

V4

Density (calculated)
Absorption coefficient
F(000)

Diffractometer type
Wavelength

Scan type

Reflections collected

6 range for data collection
Index ranges
Independent reflections
Observed reflections
Absorption correction
Decay correction
Structure solution by
Hydrogen atom location

Ca4H2oBrF;N,O4

537.33

colourless block

0.5x0.4 x0.3 mm

monoclinic

P2l/c

a=16.6075(12) A  a=90°
b=155958(11) A B =105.497Q2)°
c=9.3671(7) A vy =90°
2337.9(3) A®

3142

2.5t023.3°

4

1.527 Mg/m®

1.816 mm™"

1088

Bruker SMART1000 CCD area detector
0.71073 A

o

14556

2.55t0 27.47°

-21<=h<=21, -17<=k<=20, -7<=I<=12
5234 [R(int) = 0.025]

3976 [I>2sigma(D)]

Semi-empirical from equivalents (Tmin = 0.649, Tmax = 0.746)

none
direct methods
geometrically placed

S8



Hydrogen atom treatment riding model

5234/0/307 (least-squares on F?)
R1=0.0487, wR2 =0.126
R1=0.0665, wR2 =0.134

Data / restraints / parameters
Final R indices [I>20(I)]
Final R indices (all data)

Goodness-of-fit on F* 1.03

Final maximum delta/sigma 0.001

Weighting scheme cale w=1/[\s"2"(Fo"2")+(0.063P)"2"+3.031P]
where P=(Fo"2"+2Fc"2")/3

1.91 and -1.08 e.A”® (both near Brl)

Largest diff. peak and hole

Crystal data and structure refinement for str0815.

Identification code
Chemical formula

Formula weight
Temperature

Radiation, wavelength
Crystal system, space group
Unit cell parameters

Cell volume

Z

Calculated density
Absorption coefficient pu
F(000)

Crystal colour and size
Data collection method

0 range for data collection
Index ranges

Completeness to 6 =26.00°
Reflections collected
Independent reflections
Reflections with F>2¢
Absorption correction

Min. and max. transmission
Structure solution
Refinement method
Weighting parameters a, b
Data / restraints / parameters
Final R indices [F>>2c]

R indices (all data)
Goodness-of-fit on F*
Largest and mean shift/su

Largest diff. peak and hole

str0815
ngngBrF3N204S
543.35

150(2) K

MoKa, 0.71073 A
monoclinic, P2;/n

a=14.066(2) A
b=28.7343(13) A
c=185133) A

a=90°
B =93.425(2)°
¥=90°

2270.2(6) A°

4

1.590 g/em®

1.959 mm™'

1096

colourless, 0.46 x 0.46 x 0.10 mm?>
Bruker SMART APEX diffractometer
o rotation with narrow frames

2.58 t0 28.29°

h-18to 18, k—11to 11,1-23to 23

99.4 %

18148

5250 (Rine = 0.0378)

4218

semi-empirical from equivalents
0.4660 and 0.8282

direct methods

Full-matrix least-squares on F*
0.0810, 2.4371

5250/0/288

R1=0.0509, wR2 =0.1363
R1=0.0637, wR2 = 0.1469
1.024

0.001 and 0.000

1.300 and —-1.361 ¢ A
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Crystal data and structure refinement for str0847.

Identification code
Chemical formula

Formula weight
Temperature

Radiation, wavelength
Crystal system, space group
Unit cell parameters

Cell volume

z

Calculated density
Absorption coefficient pu
F(000)

Crystal colour and size
Data collection method

6 range for data collection
Index ranges

Completeness to 8 =26.00°
Reflections collected
Independent reflections
Reflections with F>>2¢
Absorption correction

Min. and max. transmission
Structure solution
Refinement method
Weighting parameters a, b
Data / restraints / parameters
Final R indices [F>>20]

R indices (all data)
Goodness-of-fit on F2
Largest and mean shift/su
Largest diff. peak and hole

str0847
C22H29BrN,O,
433.38

150(2) K

MoKa, 0.71073 A

triclinic, P 1

a=9.6156(18) A o =286.817(3)°
b=10.448(2) A B=74.115(3)°
c=12.197(2) A v =62.824(3)°
1045.0(3) A®

2

1.377 g/em®

1.986 mm™

452

colourless, 0.42 x 0.16 x 0.12 mm?>

Bruker SMART APEX diffractometer

2.20 to 28.31°

h-12to 12, k-13to 13,1-16to 16

96.7 %

8594

4589 (Rine = 0.0260)

3607

semi-empirical from equivalents

0.4893 and 0.7966

direct methods

Full-matrix least-squares on F

0.1049, 1.2112

4589/07/245

R1=0.0646, wR2 =0.1738

R1=0.0798, wR2 =0.1899

1.069

2.012 and 0.009

1.732 and -0.994 ¢ A”
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