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Additional Data on the Alkylated Hydrazine Salts

The C-N Cross-Coupling Reaction: 

We explored a C-N coupling approach due to the ready accessibility of haloarenes and commercial 
availability of 7 and significant optionality of the cross-coupling conditions.1  Bromobenzene and 7 under 
known palladium-catalyzed conditions2 gave a significant amounts of N,N-diarylation byproducts (15-
20%),3,4 therefore we screened alternative conditions.  The copper conditions recently reported by Singer 
et. al.5 (CuI, L1, K2CO3, DMSO) worked well for unencumbered substrates (Figure 1).  However, during 
the course of the reaction the ligand becomes arylated by the haloarene at the 6-hydroxy position, which 
consumes the arene and arrests catalysis (see next section below).  A limited screen of modified ligands, 
for example the 4-hydroxy isomer (much reduced reaction rate), or a 6-mercapto variant (no conversion) 
were not successful.  Therefore, for substrates that were aminated poorly with copper, whether it be due to 
too rapid ligand arylation or presence of ortho substitution on the aryl bromide (generally challenging 
substrates for Cu catalysis), we reinvestigated palladium-catalyzed conditions.  The conditions developed 
by Mauger and Mignani6 (Pd(OAc)2, X-Phos, NaOH, tert-amyl alcohol) for the formation of N-aryl 
benzophenone hydrazones proved successful.  Even these conditions fared poorly though, with 1-bromo-
2,6-dichlorobenzene (18% isolated yield after 16 h), so for this particular substrate 44, we prepared it in a 
similar way to the reported conditions7 via terminal formylation of 2,6-dichlorophenylhydrazine, 
methylation and deprotection/salt formation (see the experimental section for details).

Characterization of the N-Methylated Arylhydrazine Salts

The Boc-protected intermediates were cleanly deprotected with acids in appropriate solvents that 
allowed for the direct precipitation or crystallization of the salt.  We defaulted to the HCl salt, though for 
instances where the HCl salts were problematic, we chose the HBF4 salt form.  The salts examined herein 
were free flowing, easily filterable solids.  For the salts 8-11 and 44, 1H NMR clearly indicated a 
stoichiometry of 1:1 between the acid and the methylhydrazine.  For the remainder it was not clear due to 
significantly broadened 1H NMR resonances of the nitrogen-bound protons.  We therefore calculated wt% 
potency of the free base by quantitative NMR analysis and surmised the remaining mass as due to the acid.  
For all the pyridine-containing salts 13-17 a reasonable 2:1 stoichiometry was observed, while interestingly, 
the thiophene ester salt 12, was obtained as a sesquihydrochloride. 

Solution Stability Studies and Salt DSC Studies:

We examined the salts 8-17, 44 using differential scanning calorimetry (for traces see page S76) 
and found left-limit onsets in the range of 104 °C (10) to 155 °C (11).  For comparison, desmethyl salts 8H, 
11H, and 16H, had left-limit onsets of 157 °C, 204 °C and 141 °C respectively.  Barring a full safety study, 
we stored all the salts under nitrogen at -20 °C.  A solution of salt 8 in deuterated ethanol was stable over 
24 h at room temperature and opened to the atmosphere as monitored by NMR.  The addition of 1.00 
equivalent of triethylamine or DBU causes a bright yellow coloration at the air-liquid interface within ~2 
min.  This was due to the rapid formation of 1-phenyl-2-methyldiazene (see page S10) confirmed by 
preparation of an authentic sample.8  
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Ligand Byproduct Formation

The ligand was shown to be arylated by bromobenzene through the following experiment.  
Monitoring the reaction between bromobenzene and 7 to give 8Boc by UPLCMS revealed a new peak 
corresponding to an m/z of 319.  This corresponds to a protonated L1+Ph.

UPLCMS of a Standard Reaction (Bromobenzene + 7 → 8Boc):

Sample preparation: 20 μL reaction sample diluted to 1.5 mL with 10 mM ammonium acetate in 
MeCN:Water (95:5 v/v%).  Column: Waters Acquity BEH C8, 1.7 μm, 2.1 x 50 mm.  Oven temperature: 
40 °C.  Injection volume: 1.0 μL.  Flow rate: 1.0 mL/min.  Detector wavelength: 220 nm.  Mobile phase 
“A”:  10 mM ammonium acetate in MeCN:Water (5:95 v/v%).  Mobile phase “B”: 10 mM ammonium 
acetate in MeCN:Water (95:5 v/v%).  Gradient, 0% “B” ramp to 100% “B” over 4 min, then hold for 0.5 
min.

Based on retention times of authentic markers, retention time 1.097 min is consistent with phenol, 
1.242 min with aniline and 1.380 min is the free ligand L1.  The major peak at 2.213 is 8Boc product.  The 
peak at 2.672 min has an m/z of 319, which corresponds to a protonated L1+Ph.  We repeated the cross-
coupling reaction, but omitted 7 and this peak was now a major product: 

To a 20 mL scintillation vial was charged CuI (76.2 mg, 0.40 mmol, 0.04 equiv.), the ligand L1 
(145 mg, 0.60 mmol, 0.06 equiv.), potassium carbonate (2.07 g, 15.0 mmol, 1.50 equiv.) and bromobenzene 
(1.06 mL, 10.00 mmol, 1.00 equiv.) and the vial was placed under nitrogen.  Dimethylsulfoxide (10 mL, 
deoxygenated by nitrogen sparging for 30 min) was added and the vial was heated in a 75 °C bath for 24 h.  
The vial was cooled to room temperature, then poured into a 1.0 N aqueous solution of hydrochloric acid 
(75 mL) and extracted with ethyl acetate (3 x 25 mL).  The combined organic extracts were washed with 
water (2 x 50 mL), then a saturated aqueous solution of brine (50 mL).  The solution was dried over 
anhydrous sodium sulfate, filtered and concentrated in vacuo to afford and orange gel.  The gel was purified 
by flash column chromatography, monitoring by UPLCMS for m/z of 319, over silica gel (0 to 5% methanol 
in dichloromethane gradient) to afford 113 mg of a reddish brown oil that slowly solidifies.  
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1H NMR (400 MHz, DMSO-d6) of the m/z 319 peak:
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7.44 (m, 2H), 7.32 - 7.23 (m, 3H), 7.20 (d, J = 8.3 Hz, 1H), 7.14 - 7.06 (m, 3H), 2.09 (s, 6H).

13C{1H} NMR (101 MHz, DMSO-d6) of the m/z 319 peak:
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13C{1H} NMR (101 MHz, DMSO-d6): δ 162.0, 161.5, 153.4, 148.1, 141.9, 134.8, 134.4, 129.9, 127.7, 
126.6, 125.0, 121.1, 117.2, 114.3, 18.1.



On the Effect of Terminal Alkylation of Aryl and Heteroaryl Hydrazines in the Fischer Indole Synthesis                       S5/S127               

We could conclusively determine that amide nitrogen was not phenylated by 2D NMR analysis:

HMBC (400 MHz, DMSO-d6) of L1-Ph

HMBC (400 MHz, DMSO-d6) of L1-Ph Cropped to Show N-H Correlations:

9.42

NH

O
Me

Me

N O

161.5

134.8

134.8

161.5

To determine the position of the phenyl group (i.e. on either the pyridine nitrogen, or the oxygen), 
we prepared the phenylated ligands through amidation.9

Me

Me

NH2
N OPh

O

OH

TCFH, NMI

MeCN

N OPh
O

NH
Me

Me L1-OPhS2S1

To a round-bottomed flask was added 6-phenoxypicolinic acid (S1, 900 mg, 3.97 mmol, 1.00 
equiv.) and acetonitrile (14.5 mL).  2,6-dimethylaniline (S2, 544 μL, 4.37 mmol, 1.10 equiv.) was added 
followed by N-methylimidazole (1.13 mL, 13.9 mmol, 3.50 equiv.) and N,N,N’,N’-
tetramethylchloroformamidium hexafluorophosphate (1.41 g, 4.77 mmol, 1.20 equiv.).  The reaction 
produced an exotherm and was stirred for 4 h, reaching completion.  The solvent was concentrated in vacuo 
and partitioned between ethyl acetate (25 mL) and water (25 mL).  The layers were separated, and the 
aqueous was extracted with ethyl acetate (25 mL).  The combined organic layers were dried over anhydrous 
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sodium sulfate, filtered and concentrated in vacuo to afford a residue that was purified by flash column 
chromatography over silica gel (5 to 25% ethyl acetate in hexanes gradient) affording the product L1-OPh 
(886 mg) in ~90% purity.  Recrystallization from acetone (3 mL) layered with hexanes (6 mL) afforded 
pure product (631 mg, 50%).  Comparison of this product by 1H and 13C NMR and UPLCMS to the product 
isolated from the reaction (vide supra) shows they are identical:

1H NMR (400 MHz, DMSO-d6) of L1-OPh from the Cross-Coupling Reaction and the Amidation:
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Expanded Region

13C{1H} NMR (101 MHz, DMSO-d6) of L1-OPh from the Cross-Coupling Reaction and the Amidation:

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

DMSO

160 155 150 145 140 135 130 125 120 115

Expanded Region

From Cross Coupling Reaction

From Amidation Reaction

The N-phenylated ligand was prepared similarly:
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N O
O

MeO Ph

1 N NaOH
EtOH

80 °C, 4 h
N O

O

Ph

N O
O

NH Ph

Me

Me

OH

2,6-Dimethylaniline

TCFH, NMI, MeCN

S3 S4 L1-NPh

Methyl 6-oxo-1-phenyl-1,6-dihydropyridine-2-carboxylate (S3) was prepared according to Yao 
et.al.10  Ester S3 (537 mg, 2.34 mmol, 1.00 equiv.) was suspended in a mixture of an aqueous solution of 
sodium hydroxide (1.0 M, 5.5 mL) and ethanol (5.5 mL) and heated in an 80 °C bath for 4 h.  The solution 
was cooled to room temperature concentrated in vacuo by 50%.  The aqueous solution was brought to pH 
<1 with a solution of aqueous hydrochloric acid (25 wt%, ~2 mL), forming a white precipitate of S4.  The 
acid was collected by filtration and washed with water (3 x 10 mL), then dried in a vacuum oven at 50 °C 
until constant weight was achieved (~16 h).  The acid S4 was obtained as a white solid (385 mg, 76%).

To a round-bottomed flask was added the acid S4 (300 mg, 1.39 mmol, 1.00 equiv.) and acetonitrile 
(4.8 mL).  2,6-dimethylaniline (S2, 191 μL, 1.53 mmol, 1.10 equiv.) was added followed by N-
methylimidazole (393 μL, 4.88 mmol, 3.50 equiv.) and N,N,N’,N’-tetramethylchloroformamidium 
hexafluorophosphate (479 mg, 1.67 mmol, 1.20 equiv.).  The reaction produced an exotherm and was stirred 
for 6 h, reaching completion.  The solvent was concentrated in vacuo and partitioned between ethyl acetate 
(12 mL) and water (12 mL).  The layers were separated, and the organic layer was washed with an aqueous 
solution of hydrochloric acid (1.0 M, 12 mL), water (12 mL) then a saturated aqueous solution of sodium 
chloride (12 mL).  The organic layer was dried over anhydrous sodium sulfate, filtered and concentrated in 
vacuo to afford a residue that was purified by flash column chromatography over silica gel (0 to 10% 
methanol in dichloromethane gradient) affording the product L1-NPh (167 mg) as a white foam.
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1H NMR (400 MHz, DMSO-d6) of L1-NPh:
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1H NMR (400 MHz, DMSO-d6): δ 10.11 (s, 1H), 7.60-7.67 (m, 1H), 7.38-7.50 (m, 3H), 7.28-7.34 (m, 
2H), 6.95-7.08 (m, 3H), 6.58-6.65 (m, 2H), 1.91 (s, 6H).

13C{1H} NMR (101 MHz, DMSO-d6) of L1-NPh:
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13C{1H} NMR (101 MHz, DMSO-d6): δ 161.3, 160.6, 144.9, 140.0, 138.1, 135.2, 133.5, 128.7, 128.5, 
128.4, 127.7, 126.9, 121.6, 105.3, 17.7.
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An overlay of the phenylated ligand from the reaction mixture and L1-NPh show they are not the same.  

1H NMR (400 MHz, DMSO-d6) of L1-OPh from the Cross-Coupling Reaction and L1-NPh:
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13C{1H} NMR (101 MHz, DMSO-d6) of L1-OPh from the Cross-Coupling Reaction and L1-NPh:
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Salt 8 Stability Study

Samples of 8 dissolved in 20 mL/g EtOH-d6 in an NMR tube, uncapped and open to the air.  Three 
experiments were set up.  To one was added nothing (control), to the other two were added 1.00 equivalent 
of triethylamine or DBU.  A rapid (within 2 min) yellow coloration was observed on the air-liquid interface.  
1-Methyl-2-phenyldiazene was observed to have formed rapidly and steadily grows over the course of 24 
h.  There was no change in the control experiment.    

1H NMR (400 MHz, EtOH-d6) of 8:   
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1H NMR (400 MHz, EtOH-d6) of an Authentic Sample of 1-Methyl-2-Phenyldiazene:
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1H NMR (400 MHz, EtOD-d6) of 8 in the presence of 1.00 equiv. triethylamine open to the air t=15 min:
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The molar ratio at t=15 min is approximately 2%.

1H NMR (400 MHz, EtOD-d6) of 8 in the presence of 1.00 equiv. triethylamine open to the air t=24 h:
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The molar ratio at t=24 h is approximately 28%.
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1H NMR (400 MHz, EtOD-d6) of 8 in the presence of 1.00 equiv. DBU open to the air t=24 h:
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 The molar ratio at t=24 h is approximately 16%.
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Observation of Methylamine Hydrochloride (8 + 18 → 19)

1H NMR (400 MHz, EtOH-d6) of Methylamine Hydrochloride:
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1H NMR (400 MHz, EtOH-d6) of 19:
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1H NMR (400 MHz, EtOH-d6) of a Crude Reaction Mixture of 8 and 18 at Reaction Completion: 

MeNH2HCl
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Reaction Profiles in Various Solvents

Reactions were set up according to the text.  Salt 8 (1.00 equivalent) and ketone 18 (1.00 equivalent) 
were mixed in the solvents shown below (10 mL/mg 8) and the reactions were heated to 50 °C and 
monitored periodically for 10 hours or until no further conversion.  The yields were calculated 
quantitatively by calibrated HPLC analysis.
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 1
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After fixing ethanol as the preferred solvent, we examined the effect of additives on the reaction.  
Deliberate addition of HCl (via TMSCl), acetic acid or methylamine hydrochloride (1.00 equiv.) did not 
affect the reaction.  The addition of trimethylamine or DBU (1.00 equiv.) decelerated the reaction and 8 
became susceptible to aerobic oxidation to the diazene (vide supra).  Water (1.00 equiv.) had no impact on 
the reaction, in fact the reaction proceeded cleanly in water as the solvent, though 18 was not soluble, 
hampering the rate and analysis.   
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Reaction Rates of 18 with Different Alkyl Hydrazines (8Et, 8i-Pr, 8Bn)

Each salt was reacted with 18 under identical conditions (0.63 M in ethanol) at 23 °C.  The yields 
were calculated quantitatively by calibrated HPLC analysis.
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The lower reactivity of 8Et and 8i-Pr, can be explained by the reduced bond lengths in hydrazines.  
The lengths of the N-N bond (~1.45 Å) and C-N bonds (~1.47 Å) of substituted hydrazines are shorter than 
average C-C bonds (~1.54 Å).11  This would amplify steric crowding effects (A values Me = 1.74, Et = 
1.75, i-Pr = 2.15 kcal/mol-1).  The performance of 8Bn deserves a brief comment.  Based solely on A values, 
we had assumed 8Bn would perform slightly slower than 8Et (A values Bn = 1.81 kcal/mol-1)12, though we 
found it performed more similarly to 8.  A possible explanation may lie in the pKa of the species in the 
reaction.  Replacing the terminal methyl for a benzyl group is expected to reduce the pKa of the hydrazinium 
salt by ~1.  While the pKa’s of 8 and 8Bn have not been reported, the pKa of MeNHNH3 is 7.87 and the pKa 
of BnNHNH3 is 6.83.13 The final product (i.e. MeNH3Cl for 8 and BnNH3Cl for 8Bn) by ~1.3.  The pKa of 
ions NH4, MeNH3, EtNH3, i-PrNH3 and BnNH3 are 9.21, 10.62, 10.63, 10.63 and 9.34 respectively.14  The 
increased acidic environment may accelerate the reaction relative to 8Et, and/or more subtle additional 
effects may be responsible.  
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Initial Reaction Profile of the Reaction of 9H and 22 by HPLC analysis

The reaction of 9H and 22 was performed in the presence of an internal standard (4,4’-di tert-
butylbiphenyl) and the relative amounts of the reaction components were measured and normalized.  The 
purpose of this experiment was to semiquantitatively observe the interconversion of the species in the 
reaction in the initial period of 9.5 h.  The structure of compounds 9H, 22, 23 and 24 were verified 
spectroscopically.    For compounds 9H, 22 and 23 please see the text for analysis.  For compound 24 please 
see the 1H NMR below.  The structures of compounds 25, 26 and 27 were deduced from UPLCMS analysis.  
Though not fully characterized spectroscopically, they are highly reasonable based on the limited chemistry 
available to this system, under these conditions, that would afford products of these observed molecular 
weights.
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Mixing 22 (48.7 mg) and 9H (47.3 mg) in ethanol (470 μL) and heating to 75 °C for 30 min, afforded 
a thick beige slurry.  Cooling to room temperature, then filtering the mixture then washing the cake with 
water (2 x 1 mL) then ethanol (2 x 1 mL) afforded a beige solid.  This was clean enough to assign a structure 
based on 1H NMR.  

1H NMR (400 MHz, CDCl3) of Compound 22: 
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1H NMR (400 MHz, CDCl3) of Compound 24 (Crude):
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Note the shift of the methyl group from 2.65 ppm in 22 to 2.28 ppm in 24.

Corroborating this, the spectra of acetophenone and acetophenone 4-chlorophenylhydrazone were 
recorded and a similar change in the chemical shift was observed.  Acetophenone’s methyl group resonated 
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at 2.60 ppm and the methyl group of the hydrazone resonated at 2.25 ppm.  In attempting to synthesize the 
hydrazone between 9H and 1-tetralone, we observed only the Fischer indole product.

1H NMR (400 MHz, CDCl3) Acetophenone and Acetophenone 4-Chlorophenyl Hydrazone (Overlay):
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Asymmetric Ketone 28 Deuterium Incorporation Study

A 1 L round bottomed flask was charged with 850 mL deionized water and stir bar were brought 
to an internal temperature of 50 °C (±1.0 °C) and equilibrated for 30 min.  The bath temperature was 63.5 
°C.  To an NMR tube was added 13.8 mg of 28 (48.4 μmol) and EtOH-d6 (750 μL).  The ketone is not fully 
soluble at this concentration at room temperature, however upon mild heating with a heat gun, the ketone 
fully dissolves.  The NMR tube was sealed with electrical tape and immersed into the water bath, ensuring 
the meniscus in the NMR tube was fully submerged.  Standard NMR spectra (16 scans, d1 = 20 sec) were 
taken at time points as noted below.  Importantly, the NMR tube was examined after each spectra to ensure 
that the sample was homogeneous (i.e. that the ketone had not crystallized from solution).  The ketone was 
fully characterized in EtOH-d6.  The methylene adjacent to the p-nitrophenyl group resonated at 3.97 ppm.  
The methylene adjacent to the p-methoxyphenyl resonated at 3.79 ppm and was completely coincident with 
the p-methoxy group (-OCH3).  Therefore the H/D exchange at the methylene adjacent to the p-methoxy 
group was determined by the difference, subtracting out the –OCH3 3H.  Attempts to trap out an 
enehydrazine by repeating this experiment in the presence of 1,1,2-trimethylhydrazine afforded nothing 
that could be characterized as the enehydrazine.  We speculate that aldol-type reactions occurred instead. 

1H NMR (400 MHz, EtOH-d6) of 28:
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1H NMR (400 MHZ, EtOH-d6) of 28 at t=24 h (Representative Spectra):
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Legend:  28 in EtOH-d6 (solid colored points), 28 and 1.00 equivalent methylamine hydrochloride in 
EtOH-d6 (hollow points)
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The methylene adjacent to the p-nitrophenyl group exchanges more rapidly under these conditions.  
The presence of methylamine hydrochloride increases the rate, though it brings in 3.00 equivalents of 
protons, and this may account for the lowered amount of deuterium incorporation.  We did not attempt to 
make or use MeND3Cl. 

Control Experiments:  Reactions to Probe Product 29 Stability Toward H/D Exchange in the Presence of 
the Reaction Components.

1H NMR (400 MHz, EtOH-d6) of 29:
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1H NMR (400 MHz, EtOH-d6) of 29 and 1.0 equiv. MeNH2•HCl after 24 h at 80 °C:

In a one-dram vial, 15.0 mg of 29 was mixed with 2.4 mg methylamine hydrochloride (1.00 equiv.) 
and 900 μL of EtOH-d6 was added.  The slurry was heated to an internal temperature of 80 °C and monitored 
by 1H NMR for 24 h.  The methylene protons did not exchange with deuterium, however, there was facile 
exchange at the indole C5 and C7 positions indicated by the absence of the protons at 6.15 ppm and 6.52 
ppm.  Some minor, uncharacterized degradation was seen.
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1H NMR (400 MHz, EtOD-d6) Reaction After 24 h at 80 °C (Representative Spectra):
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The methylene singlet at 4.14 remains.  Methylamine hydrochloride resonates at 2.57 ppm.

1H NMR (400 MHz, EtOD-d6) Reaction of Salt 10 with Ketone 28:

The reaction was set up in an identical fashion to the reaction described in the text, with deuterated 
ethanol-d6 as the solvent.  Upon reaction completion (22 h), a crude NMR was taken (d1 set to 20 sec) and 
revealed a 71% incorporation of deuterium at the methylene position.  There was also significant 
incorporation at the indole N1 (84%), C5 (81%) and C7 (81%) positions. 
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The deuterated ethanol was concentrated in vacuo and the crude was slurried in water (10 mL/g) 
for 15 min, the solids were collected by filtration and the cake was washed with water (2 x 10 mL/g).  The 
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dried solid was identical to 29.  A significant amount of deuterium was washed out of the crude from the 
water washes N1 (24% deuterium remained), C5 (52% deuterium remained) and C7 (27% deuterium 
remained).    

1H NMR (400 MHz, DMSO-d6) Isolated Indole 29:

11 10 9 8 7 6 5 4 3 2

2.966.110.590.480.732.001.992.002.000.76

DMSO-d6

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

3.
62

3.
62

3.
62

3.
62

3.
62

3.
62

3.
62

3.
62

3.
62

3.
62

3.
62

3.
62

3.
62

3.
62

3.
62

3.
62

3.
62

3.
62

3.
62

3.
62

3.
62

3.
62

3.
75

3.
75

3.
75

3.
75

3.
75

3.
75

3.
75

3.
75

3.
75

3.
75

3.
75

3.
75

3.
75

3.
75

3.
75

3.
75

3.
75

3.
75

3.
75

3.
75

3.
75

3.
75

3.
76

3.
76

3.
76

3.
76

3.
76

3.
76

3.
76

3.
76

3.
76

3.
76

3.
76

3.
76

3.
76

3.
76

3.
76

3.
76

3.
76

3.
76

3.
76

3.
76

3.
76

3.
76

4.
07

4.
07

4.
07

4.
07

4.
07

4.
07

4.
07

4.
07

4.
07

4.
07

4.
07

4.
07

4.
07

4.
07

4.
07

4.
07

4.
07

4.
07

4.
07

4.
07

4.
07

4.
07

4.
09

4.
09

4.
09

4.
09

4.
09

4.
09

4.
09

4.
09

4.
09

4.
09

4.
09

4.
09

4.
09

4.
09

4.
09

4.
09

4.
09

4.
09

4.
09

4.
09

4.
09

4.
09

6.
15

6.
15

6.
15

6.
15

6.
15

6.
15

6.
15

6.
15

6.
15

6.
15

6.
15

6.
15

6.
15

6.
15

6.
15

6.
15

6.
15

6.
15

6.
15

6.
15

6.
15

6.
15

6.
46

6.
46

6.
46

6.
46

6.
46

6.
46

6.
46

6.
46

6.
46

6.
46

6.
46

6.
46

6.
46

6.
46

6.
46

6.
46

6.
46

6.
46

6.
46

6.
46

6.
46

6.
466.

88
6.

88
6.

88
6.

88
6.

88
6.

88
6.

88
6.

88
6.

88
6.

88
6.

88
6.

88
6.

88
6.

88
6.

88
6.

88
6.

88
6.

88
6.

88
6.

88
6.

88
6.

886.
90

6.
90

6.
90

6.
90

6.
90

6.
90

6.
90

6.
90

6.
90

6.
90

6.
90

6.
90

6.
90

6.
90

6.
90

6.
90

6.
90

6.
90

6.
90

6.
90

6.
90

6.
90

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
227.

33
7.

33
7.

33
7.

33
7.

33
7.

33
7.

33
7.

33
7.

33
7.

33
7.

33
7.

33
7.

33
7.

33
7.

33
7.

33
7.

33
7.

33
7.

33
7.

33
7.

33
7.

337.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
358.
13

8.
13

8.
13

8.
13

8.
13

8.
13

8.
13

8.
13

8.
13

8.
13

8.
13

8.
13

8.
13

8.
13

8.
13

8.
13

8.
13

8.
13

8.
13

8.
13

8.
13

8.
13

8.
15

8.
15

8.
15

8.
15

8.
15

8.
15

8.
15

8.
15

8.
15

8.
15

8.
15

8.
15

8.
15

8.
15

8.
15

8.
15

8.
15

8.
15

8.
15

8.
15

8.
15

8.
15

10
.9

7
10

.9
7

10
.9

7
10

.9
7

10
.9

7
10

.9
7

10
.9

7
10

.9
7

10
.9

7
10

.9
7

10
.9

7
10

.9
7

10
.9

7
10

.9
7

10
.9

7
10

.9
7

10
.9

7
10

.9
7

10
.9

7
10

.9
7

10
.9

7
10

.9
7

N
H

OMe

MeO

OMe

NO2
29



On the Effect of Terminal Alkylation of Aryl and Heteroaryl Hydrazines in the Fischer Indole Synthesis                       S25/S127               

Stability Study of Thiophene Sesquihydrochloride Salt 12

A suspension of salt thiophene sesquihydrochloride salt 12 (78.3 wt% as free base, 100 mg, 0.391 
mmol) and an internal standard (19.2 mg, 4,4’-di tert-butylbiphenyl) in 1-butanol (1.00 mL) was charged 
with pyridine (16 μL, 0.195 mmol, 0.50 equiv.) and the mixture was brought to an internal temperature of 
90 °C under nitrogen and periodically monitored as shown below.  Salt 12 was normalized to the internal 
standard.  Representative spectra are shown below.  Sample preparation: 20 μL reaction sample diluted to 
1.5 mL with 10 mM ammonium acetate in MeCN:Water (95:5 v/v%).  Column: Waters Acquity BEH C8, 
1.7 μm, 2.1 x 50 mm.  Oven temperature: 40 °C.  Injection volume: 1.0 μL.  Flow rate: 1.0 mL/min.  Detector 
wavelength: 220 nm.  Mobile phase “A”:  10 mM ammonium acetate in MeCN:Water (5:95 v/v%).  Mobile 
phase “B”: 10 mM ammonium acetate in MeCN:Water (95:5 v/v%).  Gradient, 0% “B” ramp to 100% “B” 
over 4 min, then hold for 0.5 min.

Representative Spectra t=1.25 h:

The peak at 1.785 min is salt 12, the peak at 4.184 min is the internal standard, 4,4’-di tert-
butylbiphenyl.

Representative Spectra t=8 h:

The large peak at 3.175 min is tricycle 42.
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The results show that the salt degrades under the reaction conditions forming multiple products, 
the major of which is 42.  In the Fischer indole reaction, this decomposition is competitive with forming 
the desired product 41, explaining the need for additional charges of 12 and pyridine.
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Identification of Products in the Reactions with Dichloro Salt 44

The reaction of 44 and 18 was carried out as described in the text.  Isolation of a clean sample of 
monochloride product 47 was achievable by flash column chromatography.  The remainder of the indole 
products 45, 48, 49, and 50 all co-eluted.   Each product had key, diagnostic resonances in the 1H NMR and 
the products could be identified and quantified.  The spectrum of the mixture is shown in black, the authentic 
samples of the products are shown in the representative colors as shown below.  

Cl

Cl

N
H

H
N

Me

HCl

44

Ph

O

18

i-PrOH

N
H

Ph

N
H

Ph

N
H

Ph

N
H

Ph

Cl

Cl Cl Cl Cl

45

Cl

Cl

48

i-PrO

49 50

1H NMR (400 MHz, DMSO-d6) of Isolated Mixture of Indoles:
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Zoom Region (5.5 ppm to 8.0 ppm) and Overlays with Authentic Samples

1H NMR (400 MHz, DMSO-d6) With 45:

The two doublets at 7.39 and 7.13 ppm (J = 1.6 Hz) of the 5 and 7 positions of the 
tetrahydrocarbazole are diagnostic.
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1H NMR (400 MHz, DMSO-d6) With 48:

The doublet at 7.12 ppm (J = 8.3 Hz) of the 6 position of tetrahydrocarbazole is diagnostic.
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1H NMR (400 MHz, DMSO-d6) With 49:

This compound was observed in low amounts.  Both spectra, the isolated reaction mixture and the 
authentic standard are shown separately for clarity.  The two doublets at 7.03 and 6.92 ppm (J = 8.2 Hz) of 
the 6 and 7 positions of the tetrahydrocarbazole are diagnostic.
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1H NMR (400 MHz, DMSO-d6) With 50:

The two doublets at 6.87 and 6.71 ppm (J = 2.1 Hz) of the 5 and 7 positions of the 
tetrahydrocarbazole are diagnostic.
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Analysis of Labeled Compounds in the Reaction of 13 with 51 (Table 2, Entry 1)

The unlabeled salt 13 and the three labeled salts 13OCD3, 13NHCD3, and 1315N were all subjected to 
the same reaction conditions (1.10 equiv. hexanal, 10 mL/g ethanol, 50 °C, 2 h), and then analyzed by 
UPLCMS.  

N

OMe
N
H

H
N

Me

2 HBF4

O Me

51

N

OMe
N
H

Me

13 52

N

OMe
N

MeEthanol N

N
H

Me

Me

EtO

54 55

Sample preparation: 20 μL reaction sample diluted to 1.5 mL with 10 mM ammonium acetate in 
MeCN:Water (95:5 v/v%).  Column: Agilent Poroshell EC-C18, 1.9 μm, 2.1 x 50 mm.  Oven temperature: 
40 °C.  Injection volume: 1.0 μL.  Flow rate: 1.0 mL/min.  Detector wavelength: 220 nm.  Mobile phase 
“A”:  10 mM ammonium acetate in MeCN:Water (5:95 v/v%).  Mobile phase “B”: 10 mM ammonium 
acetate in MeCN:Water (95:5 v/v%).  Gradient, 0% “B” ramp to 100% “B” over 4 min, then hold for 0.5 
min.

Retention Time of Standards:

N N
H

Me

52

Chemical Formula: C12H16N2O
Exact Mass: 204.1

Retention Time: 2.53 min

OMe

N

N
H

Me

55

Chemical Formula: C13H18N2O
Exact Mass: 218.1

Retention Time: 2.88 min

EtO
N N

Me

54

Chemical Formula: C13H18N2O
Exact Mass: 218.1

Retention Time: 3.02 min

OMe Me

Crude Reaction Profiles Using Differently Labeled Methylhydrazines:

A representative UPLC trace of a reaction at completion is shown below for 13.
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The traces using 13 and the three labeled salts 13OCD3, 13NHCD3, and 1315N are cropped and shown 
together for comparison:

UV Trace

Peak Label Key:
Peak Number,
Retention Time,
Area Percent

TIC (M+H)+

Peak Label Key:
Peak Number,
Retention Time,
Mass (LRMS)

N

OCH3

N
H

H
N

CH3

2 HBF4

N

OCD3

N
H

H
N

CH3

2 HBF4

N

OCH3

N
H

H
N

CD3

2 HBF4

N

OCH3

15NH
H
N

CH3

2 HBF4

13 13OCD3 13NHCD3 1315N

52
55 54

The data in tabular form is below.  Note the ions observed will be the [M+H]+:

52 55 54
13 205 219 219
13OCD3 208 219 222
13NHCD3 205 219 222
1315N 206 220 219

The structures corresponding to these molecular weights are shown below
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N

OMe
N
H

Me

N

OMe
N

Me
N

N
H

Me

Me

EtO

Exact Mass: 204.1 Exact Mass: 218.1Exact Mass: 218.1

N

OCD3

N
H

Me

Exact Mass: 207.1

N

N
H

MeEtO

Exact Mass: 218.1

N

OCD3

N

Me

Me

Exact Mass: 221.2

N

OMe
N
H

Me

N

OMe
N

Me
N

N
H

Me

CD3

EtO

Exact Mass: 204.1 Exact Mass: 221.2Exact Mass: 218.1

N

OMe

15N

Me

N

OMe
N

Me
N

15N

Me

Me

EtO

Exact Mass: 205.1 Exact Mass: 218.1Exact Mass: 219.1

H H

52 & Labeled 52 55 & Labeled 55 54 & Labeled 54

With Salt 13

With Salt 13OCD3

With Salt 13NHCD3

With Salt 1315N

UPLCMS Mass Spectrometry Trace of 54 from the Reaction of 1315N and Hexanal (51):

N N

OMe
Chemical Formula: C13H18N2O

Exact Mass: 218.1419
Molecular Weight: 218.3000

Me

[M+H]+

[M+MeCN+H]+

Me
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The dimethyl compound 54 was fully characterized by NMR.

1H NMR (400 MHz, DMSO-d6) of 54:

N
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N

Me

Me
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The identification of the singlet at 3.95 ppm to be the methyl group on the indole nitrogen and the singlet 
at 3.96 ppm to be the methyl group on the oxygen was performed through HSQC/HMBC analysis.

 HSQC-DEPT (400 MHz, DMSO-d6) of 54:

3.96 ppm
52.6 ppm

3.95 ppm
35.5 ppm
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HMBC (400 MHz, DMSO-d6) of 54:

N

OMe

N

Me

Me
151.2

3.96

120.7

130.1

3.95

Dimethyl product 54 from 13, 13OCD3 and 13NHCD3 overlaid shows the expected methyl groups silenced.

NMR (400 MHz, DMSO-d6) of 54 (Black) Overlaid with 54 from 13OCD3 (Orange) and 54 from 13NHCD3 
(Green), Cropped:
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Chiral HPLC Analysis: Methods and Spectra

Isopropyl (S)-2-(tert-Butylsulfonamido)-4-oxo-4-phenylbutanoate (40):
Sample preparation: 2.0 mg 40 per mL in methanol.  Column: Chiralpak IG, 5 μm, 4.6 x 150 mm.  Oven 
temperature: 30 °C.  Injection volume: 10 μL.  Flow rate: 1.2 mL/min.  Detector Wavelength: 240 nm.  
Mobile Phase “A”: Heptane.  Mobile Phase “B”: Methanol:Ethanol (50:50 v/v%).  Simple gradient, 5% 
“B” ramp to 60% “B” over 20 min, then hold for an additional 4 min.  Approximate retention times: 12.0 
min (40) and 15.4 min (Ent-40).  Absolute configuration was based on Tian, S.-K. et.al.Error! Bookmark not 

defined. 

Prepared Mixture of Both Enantiomers

Retention Time (min)20181614121086420
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Peak ID Retention Time (min) Peak Area Area Percent
(S)-Enantiomer (40) 12.02 6264.419 49.418

(R)-Enantiomer (Ent-40) 15.38 6411.961 50.582

Isopropyl (S)-2-(tert-Butylsulfonamido)-4-oxo-4-phenylbutanoate (40):

Retention Time (min)20181614121086420
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Peak ID Retention Time (min) Peak Area Area Percent
(S)-Enantiomer (40) 11.95 12518.566 94.019

(R)-Enantiomer (Ent-40) 15.41 796.371 5.981
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Ethyl (S)-4-1-tert-Butylsulfonamido-2-isopropoxy-2-oxoethyl-5-phenyl-6H-thieno[2,3-b]pyrrole-2-
carboxylate (41):
Sample preparation: 2.0 mg 41 per mL in methanol.  Column: Chiralpak IC, 5 μm, 4.6 x 150 mm.  Oven 
temperature: 30 °C.  Injection volume: 10 μL.  Flow rate: 1.2 mL/min.  Detector Wavelength: 325 nm.  
Mobile Phase “A”: Heptane.  Mobile Phase “B”: Isopropanol.  Simple gradient, 5% “B” ramp to 60% “B” 
over 20 min, then hold for an additional 4 min.  Approximate retention times: 9.3 min (41) and 15.7 min 
(Ent-41).  

Prepared Mixture of Both Enantiomers

Peak ID Retention Time (min) Peak Area Area Percent
(S)-Enantiomer (41) 9.34 6069.600 56.038

(R)-Enantiomer (Ent-41) 15.74 4761.673 43.962

Ethyl (S)-4-1-tert-Butylsulfonamido-2-isopropoxy-2-oxoethyl-5-phenyl-6H-thieno[2,3-b]pyrrole-2-
carboxylate (41):

Peak ID Retention Time (min) Peak Area Area Percent
(S)-Enantiomer (41) 9.32 11260.971 94.068

(R)-Enantiomer (Ent-41) 15.77 710.062 5.932
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Spectra of Methylated Hydrazine Salts
1H NMR (400 MHz, DMSO-d6) 8Boc
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1H NMR (400 MHz, DMSO-d6) 8i-Pr
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1H NMR (400 MHz, DMSO-d6) 8Bn
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1H NMR (400 MHz, DMSO-d6) 11
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1H NMR (400 MHZ, DMSO-d6) 12
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The syrup 14Boc contains trace ethyl acetate which was difficult to completely remove.  The residual 
solvent does not impact the next step. 
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1H NMR (400 MHz, DMSO-d6) 16
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1H NMR (400 MHz, DMSO-d6) 17Boc
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The gel 17Boc contains trace dichloromethane and ethyl acetate which was difficult to completely remove.  
The residual solvent does not impact the next step. 
13C{1H} NMR (101 MHz, DMSO-d6) 17Boc
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1H NMR (400 MHz, DMSO-d6) 17
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1H NMR (400 MHz, DMSO-d6) 44
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Spectra of Desmethylated Hydrazine Salts
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1H NMR (400 MHz, DMSO-d6) 11H

N
H

NH2

11H

HCl
NO2

O2N

11 10 9 8 7 6 5 4 3 2

2.100.990.971.72

DMSO-d6

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
18

8.
31

8.
31

8.
31

8.
31

8.
31

8.
31

8.
31

8.
31

8.
31

8.
31

8.
31

8.
31

8.
31

8.
31

8.
31

8.
31

8.
31

8.
31

8.
31

8.
31

8.
31

8.
31

8.
32

8.
32

8.
32

8.
32

8.
32

8.
32

8.
32

8.
32

8.
32

8.
32

8.
32

8.
32

8.
32

8.
32

8.
32

8.
32

8.
32

8.
32

8.
32

8.
32

8.
32

8.
32

9.
48

9.
48

9.
48

9.
48

9.
48

9.
48

9.
48

9.
48

9.
48

9.
48

9.
48

9.
48

9.
48

9.
48

9.
48

9.
48

9.
48

9.
48

9.
48

9.
48

9.
48

9.
48

10
.5

4
10

.5
4

10
.5

4
10

.5
4

10
.5

4
10

.5
4

10
.5

4
10

.5
4

10
.5

4
10

.5
4

10
.5

4
10

.5
4

10
.5

4
10

.5
4

10
.5

4
10

.5
4

10
.5

4
10

.5
4

10
.5

4
10

.5
4

10
.5

4
10

.5
4

13C{1H} NMR (101 MHz, DMSO-d6) 11H

N
H

NH2

11H

HCl
NO2

O2N

152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24

DMSO-d6

10
9.

49
10

9.
49

10
9.

49
10

9.
49

10
9.

49
10

9.
49

10
9.

49
10

9.
49

10
9.

49
10

9.
49

10
9.

49
10

9.
49

10
9.

49
10

9.
49

10
9.

49
10

9.
49

10
9.

49
10

9.
49

10
9.

49
10

9.
49

10
9.

49
10

9.
49

11
3.

56
11

3.
56

11
3.

56
11

3.
56

11
3.

56
11

3.
56

11
3.

56
11

3.
56

11
3.

56
11

3.
56

11
3.

56
11

3.
56

11
3.

56
11

3.
56

11
3.

56
11

3.
56

11
3.

56
11

3.
56

11
3.

56
11

3.
56

11
3.

56
11

3.
56

14
8.

00
14

8.
00

14
8.

00
14

8.
00

14
8.

00
14

8.
00

14
8.

00
14

8.
00

14
8.

00
14

8.
00

14
8.

00
14

8.
00

14
8.

00
14

8.
00

14
8.

00
14

8.
00

14
8.

00
14

8.
00

14
8.

00
14

8.
00

14
8.

00
14

8.
00

14
8.

45
14

8.
45

14
8.

45
14

8.
45

14
8.

45
14

8.
45

14
8.

45
14

8.
45

14
8.

45
14

8.
45

14
8.

45
14

8.
45

14
8.

45
14

8.
45

14
8.

45
14

8.
45

14
8.

45
14

8.
45

14
8.

45
14

8.
45

14
8.

45
14

8.
45



On the Effect of Terminal Alkylation of Aryl and Heteroaryl Hydrazines in the Fischer Indole Synthesis                       S67/S127               

1H NMR (400 MHz, DMSO-d6) 12H

N
H

NH2

12H

HCl

S
EtO2C

11 10 9 8 7 6 5 4 3 2 1

2.961.951.001.000.952.61

DMSO-d6 1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
27

1.
27

1.
27

1.
27

1.
27

1.
27

1.
27

1.
27

1.
27

1.
27

1.
27

1.
27

1.
27

1.
27

1.
27

1.
27

1.
27

1.
27

1.
27

1.
27

1.
27

1.
27

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
23

4.
23

4.
23

4.
23

4.
23

4.
23

4.
23

4.
23

4.
23

4.
23

4.
23

4.
23

4.
23

4.
23

4.
23

4.
23

4.
23

4.
23

4.
23

4.
23

4.
23

4.
23

4.
25

4.
25

4.
25

4.
25

4.
25

4.
25

4.
25

4.
25

4.
25

4.
25

4.
25

4.
25

4.
25

4.
25

4.
25

4.
25

4.
25

4.
25

4.
25

4.
25

4.
25

4.
25

6.
54

6.
54

6.
54

6.
54

6.
54

6.
54

6.
54

6.
54

6.
54

6.
54

6.
54

6.
54

6.
54

6.
54

6.
54

6.
54

6.
54

6.
54

6.
54

6.
54

6.
54

6.
546.
55

6.
55

6.
55

6.
55

6.
55

6.
55

6.
55

6.
55

6.
55

6.
55

6.
55

6.
55

6.
55

6.
55

6.
55

6.
55

6.
55

6.
55

6.
55

6.
55

6.
55

6.
55

7.
53

7.
53

7.
53

7.
53

7.
53

7.
53

7.
53

7.
53

7.
53

7.
53

7.
53

7.
53

7.
53

7.
53

7.
53

7.
53

7.
53

7.
53

7.
53

7.
53

7.
53

7.
53

7.
54

7.
54

7.
54

7.
54

7.
54

7.
54

7.
54

7.
54

7.
54

7.
54

7.
54

7.
54

7.
54

7.
54

7.
54

7.
54

7.
54

7.
54

7.
54

7.
54

7.
54

7.
54

9.
40

9.
40

9.
40

9.
40

9.
40

9.
40

9.
40

9.
40

9.
40

9.
40

9.
40

9.
40

9.
40

9.
40

9.
40

9.
40

9.
40

9.
40

9.
40

9.
40

9.
40

9.
4010
.3

9
10

.3
9

10
.3

9
10

.3
9

10
.3

9
10

.3
9

10
.3

9
10

.3
9

10
.3

9
10

.3
9

10
.3

9
10

.3
9

10
.3

9
10

.3
9

10
.3

9
10

.3
9

10
.3

9
10

.3
9

10
.3

9
10

.3
9

10
.3

9
10

.3
9

13C{1H} NMR (101 MHz, DMSO-d6) 12H

N
H

NH2

12H

HCl

S
EtO2C

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

DMSO-d6

14
.3

0
14

.3
0

14
.3

0
14

.3
0

14
.3

0
14

.3
0

14
.3

0
14

.3
0

14
.3

0
14

.3
0

14
.3

0
14

.3
0

14
.3

0
14

.3
0

14
.3

0
14

.3
0

14
.3

0
14

.3
0

14
.3

0
14

.3
0

14
.3

0
14

.3
0

60
.5

3
60

.5
3

60
.5

3
60

.5
3

60
.5

3
60

.5
3

60
.5

3
60

.5
3

60
.5

3
60

.5
3

60
.5

3
60

.5
3

60
.5

3
60

.5
3

60
.5

3
60

.5
3

60
.5

3
60

.5
3

60
.5

3
60

.5
3

60
.5

3
60

.5
3

10
9.

97
10

9.
97

10
9.

97
10

9.
97

10
9.

97
10

9.
97

10
9.

97
10

9.
97

10
9.

97
10

9.
97

10
9.

97
10

9.
97

10
9.

97
10

9.
97

10
9.

97
10

9.
97

10
9.

97
10

9.
97

10
9.

97
10

9.
97

10
9.

97
10

9.
97

12
0.

71
12

0.
71

12
0.

71
12

0.
71

12
0.

71
12

0.
71

12
0.

71
12

0.
71

12
0.

71
12

0.
71

12
0.

71
12

0.
71

12
0.

71
12

0.
71

12
0.

71
12

0.
71

12
0.

71
12

0.
71

12
0.

71
12

0.
71

12
0.

71
12

0.
71

13
3.

80
13

3.
80

13
3.

80
13

3.
80

13
3.

80
13

3.
80

13
3.

80
13

3.
80

13
3.

80
13

3.
80

13
3.

80
13

3.
80

13
3.

80
13

3.
80

13
3.

80
13

3.
80

13
3.

80
13

3.
80

13
3.

80
13

3.
80

13
3.

80
13

3.
80

15
7.

05
15

7.
05

15
7.

05
15

7.
05

15
7.

05
15

7.
05

15
7.

05
15

7.
05

15
7.

05
15

7.
05

15
7.

05
15

7.
05

15
7.

05
15

7.
05

15
7.

05
15

7.
05

15
7.

05
15

7.
05

15
7.

05
15

7.
05

15
7.

05
15

7.
05

16
1.

55
16

1.
55

16
1.

55
16

1.
55

16
1.

55
16

1.
55

16
1.

55
16

1.
55

16
1.

55
16

1.
55

16
1.

55
16

1.
55

16
1.

55
16

1.
55

16
1.

55
16

1.
55

16
1.

55
16

1.
55

16
1.

55
16

1.
55

16
1.

55
16

1.
55



On the Effect of Terminal Alkylation of Aryl and Heteroaryl Hydrazines in the Fischer Indole Synthesis                       S68/S127               

1H NMR (400 MHz, DMSO-d6) 13H

N
H

NH2

13H

2 HBF4

N

OMe

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0

3.131.041.001.032.96

DMSO-d6

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

3.
93

3.
93

3.
93

3.
93

3.
93

3.
93

3.
93

3.
93

3.
93

3.
93

3.
93

3.
93

3.
93

3.
93

3.
93

3.
93

3.
93

3.
93

3.
93

3.
93

3.
93

3.
93

6.
98

6.
98

6.
98

6.
98

6.
98

6.
98

6.
98

6.
98

6.
98

6.
98

6.
98

6.
98

6.
98

6.
98

6.
98

6.
98

6.
98

6.
98

6.
98

6.
98

6.
98

6.
986.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
996.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

6.
99

7.
00

7.
00

7.
00

7.
00

7.
00

7.
00

7.
00

7.
00

7.
00

7.
00

7.
00

7.
00

7.
00

7.
00

7.
00

7.
00

7.
00

7.
00

7.
00

7.
00

7.
00

7.
00

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
20

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
217.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

77
7.

78
7.

78
7.

78
7.

78
7.

78
7.

78
7.

78
7.

78
7.

78
7.

78
7.

78
7.

78
7.

78
7.

78
7.

78
7.

78
7.

78
7.

78
7.

78
7.

78
7.

78
7.

78

9.
90

9.
90

9.
90

9.
90

9.
90

9.
90

9.
90

9.
90

9.
90

9.
90

9.
90

9.
90

9.
90

9.
90

9.
90

9.
90

9.
90

9.
90

9.
90

9.
90

9.
90

9.
90

13C{1H} NMR (101 MHz, DMSO-d6) 13H

N

OMe
N
H

NH2

2 HBF4

13H

168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32

DMSO-d6

53
.5

8
53

.5
8

53
.5

8
53

.5
8

53
.5

8
53

.5
8

53
.5

8
53

.5
8

53
.5

8
53

.5
8

53
.5

8
53

.5
8

53
.5

8
53

.5
8

53
.5

8
53

.5
8

53
.5

8
53

.5
8

53
.5

8
53

.5
8

53
.5

8
53

.5
8

11
7.

23
11

7.
23

11
7.

23
11

7.
23

11
7.

23
11

7.
23

11
7.

23
11

7.
23

11
7.

23
11

7.
23

11
7.

23
11

7.
23

11
7.

23
11

7.
23

11
7.

23
11

7.
23

11
7.

23
11

7.
23

11
7.

23
11

7.
23

11
7.

23
11

7.
23

12
0.

76
12

0.
76

12
0.

76
12

0.
76

12
0.

76
12

0.
76

12
0.

76
12

0.
76

12
0.

76
12

0.
76

12
0.

76
12

0.
76

12
0.

76
12

0.
76

12
0.

76
12

0.
76

12
0.

76
12

0.
76

12
0.

76
12

0.
76

12
0.

76
12

0.
76

12
9.

39
12

9.
39

12
9.

39
12

9.
39

12
9.

39
12

9.
39

12
9.

39
12

9.
39

12
9.

39
12

9.
39

12
9.

39
12

9.
39

12
9.

39
12

9.
39

12
9.

39
12

9.
39

12
9.

39
12

9.
39

12
9.

39
12

9.
39

12
9.

39
12

9.
39

13
8.

56
13

8.
56

13
8.

56
13

8.
56

13
8.

56
13

8.
56

13
8.

56
13

8.
56

13
8.

56
13

8.
56

13
8.

56
13

8.
56

13
8.

56
13

8.
56

13
8.

56
13

8.
56

13
8.

56
13

8.
56

13
8.

56
13

8.
56

13
8.

56
13

8.
56

15
2.

63
15

2.
63

15
2.

63
15

2.
63

15
2.

63
15

2.
63

15
2.

63
15

2.
63

15
2.

63
15

2.
63

15
2.

63
15

2.
63

15
2.

63
15

2.
63

15
2.

63
15

2.
63

15
2.

63
15

2.
63

15
2.

63
15

2.
63

15
2.

63
15

2.
63



On the Effect of Terminal Alkylation of Aryl and Heteroaryl Hydrazines in the Fischer Indole Synthesis                       S69/S127               

1H NMR (400 MHz, DMSO-d6) 14H
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1H NMR (400 MHz, DMSO-d6) 15H
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Note!  This compound decomposed upon attempted collection of a 13C NMR spectrum on a more 
concentrated sample.  Compound 15H appeared to have better solution stability in MeOD-d4.  This 
instability was not investigated.
1H NMR (400 MHz, MeOD-d4) 15H
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13C{1H} NMR (101 MHz, MeOD-d4) 15H
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Note!  Due to concentration-dependent solution instability, this 13C NMR spectrum was collected on a dilute 
sample.  Resonances were confirmed though 2D HSQC and HMBC analysis.
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HMBC (400 MHz, MeOD-d4) of 15H
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1H NMR (400 MHz, DMSO-d6) 16H
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DSC of Hydrazine Salts

For a majority of these methylated salts, we observed a small endotherm that precedes a major 
exotherm.  We did not fully investigate the source of the endotherm, and speculate that it could be possibly 
the beginning of a melt.  Since the subsequent exotherm is likely related to the endotherm, we calculated 
the left-limit onset to begin with the endotherm.  Further thermochemical data would need to be collected 
to make any definitive conclusions on the stability of these compounds.   
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For comparison, we ran DSC on desmethylated hydrazine salts 8H, 11H and 16H

N
H

NH2

HCl

8H

N
H

NH2

HCl

11H

NO2

O2N

Caution with this compound.  Further shock/friction studies are warranted.  Store in plastic vials, not glass. 
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2 HBF4
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Spectra of Carbonyl Compounds (22):
1H NMR (400 MHz, CDCl3) 22

22
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Spectra of Products and Byproducts
1H NMR (400 MHz, CDCl3) 19
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The connectivity of 29 was confirmed through 2D NMR analysis:
1H (400 MHz, DMSO-d6) nOesy of 29.  Indole N-H correlations shown.  
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HSQC-DEPT (400 MHz, DMSO-d6) of 29.
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HSQC-DEPT (400 MHz, DMSO-d6) of 29 cropped to show aromatic correlations not on the indole nucleus.
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HMBC (400 MHz, DMSO-d6) of 29, cropped to show key methylene correlation at 4.08 ppm.  There is a 
strong three-bond coupling of the methylene at 4.08 ppm to the aryl protons of the nitrophenyl ring indicated 
by the solid orange arrow.  Small four-bond couplings were observed indicated by the dashed blue and 
maroon lines. 
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1H NMR (400 MHz, DMSO-d6) 30
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The position of the ethoxy group was determined by HMBC (400 MHz, DMSO-d6).

O2N
O

OEt

OMe

30

HMBC (400 MHz, DMSO-d6) of 30, cropped to show key correlations.
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1H NMR (400 MHz, DMSO-d6) 33

33
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1H NMR (400 MHz, DMSO-d6) 34

34
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1H NMR (400 MHz, DMSO-d6) 35 and 36 (54:46 molar ratio).  The methoxyphenylpropanone backbone 
could be identified. The resonances for the 3,5-dinitroaniline fragment of both 35 and 36 could be identified, 
however could not be conclusively linked to a propanone backbone.
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13C{1H} NMR (101 MHz, DMSO-d6) 38
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1H NMR (400 MHz, DMSO-d6) 39
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The stereochemistry of the hydrazone was determined to be (E) by nOesy analysis.
nOesy (400 MHz, DMSO-d6):

NO2

O2N N
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N

Me

NO2

39
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1H NMR (400 MHz, DMSO-d6) 41
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Trace methyl tert-butyl ether present.
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1H NMR (400 MHz, CDCl3) 42
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13C{1H} NMR (101 MHz, CDCl3) 42
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nOesy (400 MHz, CDCl3) 42, cropped to show correlation.
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1H NMR (400 MHz, DMSO-d6) 47
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1H NMR (400 MHz, DMSO-d6) 48
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1H NMR (400 MHz, DMSO-d6) 49
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1H NMR (400 MHz, DMSO-d6) 50

N
H

Ph

Cl
50

i-PrO

11 10 9 8 7 6 5 4 3 2

6.112.051.023.051.030.991.001.001.014.050.99

DMSO-d6

1.
21

1.
21

1.
21

1.
21

1.
21

1.
21

1.
21

1.
21

1.
21

1.
21

1.
21

1.
21

1.
21

1.
21

1.
21

1.
21

1.
21

1.
21

1.
21

1.
21

1.
21

1.
211.

23
1.

23
1.

23
1.

23
1.

23
1.

23
1.

23
1.

23
1.

23
1.

23
1.

23
1.

23
1.

23
1.

23
1.

23
1.

23
1.

23
1.

23
1.

23
1.

23
1.

23
1.

23

1.
99

1.
99

1.
99

1.
99

1.
99

1.
99

1.
99

1.
99

1.
99

1.
99

1.
99

1.
99

1.
99

1.
99

1.
99

1.
99

1.
99

1.
99

1.
99

1.
99

1.
99

1.
992.

02
2.

02
2.

02
2.

02
2.

02
2.

02
2.

02
2.

02
2.

02
2.

02
2.

02
2.

02
2.

02
2.

02
2.

02
2.

02
2.

02
2.

02
2.

02
2.

02
2.

02
2.

022.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
042.

05
2.

05
2.

05
2.

05
2.

05
2.

05
2.

05
2.

05
2.

05
2.

05
2.

05
2.

05
2.

05
2.

05
2.

05
2.

05
2.

05
2.

05
2.

05
2.

05
2.

05
2.

052.
06

2.
06

2.
06

2.
06

2.
06

2.
06

2.
06

2.
06

2.
06

2.
06

2.
06

2.
06

2.
06

2.
06

2.
06

2.
06

2.
06

2.
06

2.
06

2.
06

2.
06

2.
06

2.
07

2.
07

2.
07

2.
07

2.
07

2.
07

2.
07

2.
07

2.
07

2.
07

2.
07

2.
07

2.
07

2.
07

2.
07

2.
07

2.
07

2.
07

2.
07

2.
07

2.
07

2.
07

2.
08

2.
08

2.
08

2.
08

2.
08

2.
08

2.
08

2.
08

2.
08

2.
08

2.
08

2.
08

2.
08

2.
08

2.
08

2.
08

2.
08

2.
08

2.
08

2.
08

2.
08

2.
08

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
67

2.
67

2.
67

2.
67

2.
67

2.
67

2.
67

2.
67

2.
67

2.
67

2.
67

2.
67

2.
67

2.
67

2.
67

2.
67

2.
67

2.
67

2.
67

2.
67

2.
67

2.
67

2.
82

2.
82

2.
82

2.
82

2.
82

2.
82

2.
82

2.
82

2.
82

2.
82

2.
82

2.
82

2.
82

2.
82

2.
82

2.
82

2.
82

2.
82

2.
82

2.
82

2.
82

2.
82

2.
83

2.
83

2.
83

2.
83

2.
83

2.
83

2.
83

2.
83

2.
83

2.
83

2.
83

2.
83

2.
83

2.
83

2.
83

2.
83

2.
83

2.
83

2.
83

2.
83

2.
83

2.
83

2.
87

2.
87

2.
87

2.
87

2.
87

2.
87

2.
87

2.
87

2.
87

2.
87

2.
87

2.
87

2.
87

2.
87

2.
87

2.
87

2.
87

2.
87

2.
87

2.
87

2.
87

2.
87

2.
88

2.
88

2.
88

2.
88

2.
88

2.
88

2.
88

2.
88

2.
88

2.
88

2.
88

2.
88

2.
88

2.
88

2.
88

2.
88

2.
88

2.
88

2.
88

2.
88

2.
88

2.
88

2.
92

2.
92

2.
92

2.
92

2.
92

2.
92

2.
92

2.
92

2.
92

2.
92

2.
92

2.
92

2.
92

2.
92

2.
92

2.
92

2.
92

2.
92

2.
92

2.
92

2.
92

2.
92

2.
99

2.
99

2.
99

2.
99

2.
99

2.
99

2.
99

2.
99

2.
99

2.
99

2.
99

2.
99

2.
99

2.
99

2.
99

2.
99

2.
99

2.
99

2.
99

2.
99

2.
99

2.
99

4.
45

4.
45

4.
45

4.
45

4.
45

4.
45

4.
45

4.
45

4.
45

4.
45

4.
45

4.
45

4.
45

4.
45

4.
45

4.
45

4.
45

4.
45

4.
45

4.
45

4.
45

4.
454.

46
4.

46
4.

46
4.

46
4.

46
4.

46
4.

46
4.

46
4.

46
4.

46
4.

46
4.

46
4.

46
4.

46
4.

46
4.

46
4.

46
4.

46
4.

46
4.

46
4.

46
4.

464.
48

4.
48

4.
48

4.
48

4.
48

4.
48

4.
48

4.
48

4.
48

4.
48

4.
48

4.
48

4.
48

4.
48

4.
48

4.
48

4.
48

4.
48

4.
48

4.
48

4.
48

4.
484.

49
4.

49
4.

49
4.

49
4.

49
4.

49
4.

49
4.

49
4.

49
4.

49
4.

49
4.

49
4.

49
4.

49
4.

49
4.

49
4.

49
4.

49
4.

49
4.

49
4.

49
4.

49
4.

51
4.

51
4.

51
4.

51
4.

51
4.

51
4.

51
4.

51
4.

51
4.

51
4.

51
4.

51
4.

51
4.

51
4.

51
4.

51
4.

51
4.

51
4.

51
4.

51
4.

51
4.

51
4.

52
4.

52
4.

52
4.

52
4.

52
4.

52
4.

52
4.

52
4.

52
4.

52
4.

52
4.

52
4.

52
4.

52
4.

52
4.

52
4.

52
4.

52
4.

52
4.

52
4.

52
4.

52
4.

54
4.

54
4.

54
4.

54
4.

54
4.

54
4.

54
4.

54
4.

54
4.

54
4.

54
4.

54
4.

54
4.

54
4.

54
4.

54
4.

54
4.

54
4.

54
4.

54
4.

54
4.

54

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
716.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
71

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

6.
86

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
21

7.
23

7.
23

7.
23

7.
23

7.
23

7.
23

7.
23

7.
23

7.
23

7.
23

7.
23

7.
23

7.
23

7.
23

7.
23

7.
23

7.
23

7.
23

7.
23

7.
23

7.
23

7.
237.
30

7.
30

7.
30

7.
30

7.
30

7.
30

7.
30

7.
30

7.
30

7.
30

7.
30

7.
30

7.
30

7.
30

7.
30

7.
30

7.
30

7.
30

7.
30

7.
30

7.
30

7.
30

7.
32

7.
32

7.
32

7.
32

7.
32

7.
32

7.
32

7.
32

7.
32

7.
32

7.
32

7.
32

7.
32

7.
32

7.
32

7.
32

7.
32

7.
32

7.
32

7.
32

7.
32

7.
32

7.
33

7.
33

7.
33

7.
33

7.
33

7.
33

7.
33

7.
33

7.
33

7.
33

7.
33

7.
33

7.
33

7.
33

7.
33

7.
33

7.
33

7.
33

7.
33

7.
33

7.
33

7.
33

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

7.
35

10
.8

3
10

.8
3

10
.8

3
10

.8
3

10
.8

3
10

.8
3

10
.8

3
10

.8
3

10
.8

3
10

.8
3

10
.8

3
10

.8
3

10
.8

3
10

.8
3

10
.8

3
10

.8
3

10
.8

3
10

.8
3

10
.8

3
10

.8
3

10
.8

3
10

.8
3

13C{1H} NMR (101 MHz, DMSO-d6) 50

N
H

Ph

Cl
50

i-PrO

152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24

DMSO-d6

21
.9

0
21

.9
0

21
.9

0
21

.9
0

21
.9

0
21

.9
0

21
.9

0
21

.9
0

21
.9

0
21

.9
0

21
.9

0
21

.9
0

21
.9

0
21

.9
0

21
.9

0
21

.9
0

21
.9

0
21

.9
0

21
.9

0
21

.9
0

21
.9

0
21

.9
0

23
.1

0
23

.1
0

23
.1

0
23

.1
0

23
.1

0
23

.1
0

23
.1

0
23

.1
0

23
.1

0
23

.1
0

23
.1

0
23

.1
0

23
.1

0
23

.1
0

23
.1

0
23

.1
0

23
.1

0
23

.1
0

23
.1

0
23

.1
0

23
.1

0
23

.1
0

29
.2

1
29

.2
1

29
.2

1
29

.2
1

29
.2

1
29

.2
1

29
.2

1
29

.2
1

29
.2

1
29

.2
1

29
.2

1
29

.2
1

29
.2

1
29

.2
1

29
.2

1
29

.2
1

29
.2

1
29

.2
1

29
.2

1
29

.2
1

29
.2

1
29

.2
1

29
.8

3
29

.8
3

29
.8

3
29

.8
3

29
.8

3
29

.8
3

29
.8

3
29

.8
3

29
.8

3
29

.8
3

29
.8

3
29

.8
3

29
.8

3
29

.8
3

29
.8

3
29

.8
3

29
.8

3
29

.8
3

29
.8

3
29

.8
3

29
.8

3
29

.8
3

40
.4

9
40

.4
9

40
.4

9
40

.4
9

40
.4

9
40

.4
9

40
.4

9
40

.4
9

40
.4

9
40

.4
9

40
.4

9
40

.4
9

40
.4

9
40

.4
9

40
.4

9
40

.4
9

40
.4

9
40

.4
9

40
.4

9
40

.4
9

40
.4

9
40

.4
970

.6
1

70
.6

1
70

.6
1

70
.6

1
70

.6
1

70
.6

1
70

.6
1

70
.6

1
70

.6
1

70
.6

1
70

.6
1

70
.6

1
70

.6
1

70
.6

1
70

.6
1

70
.6

1
70

.6
1

70
.6

1
70

.6
1

70
.6

1
70

.6
1

70
.6

1

10
2.

67
10

2.
67

10
2.

67
10

2.
67

10
2.

67
10

2.
67

10
2.

67
10

2.
67

10
2.

67
10

2.
67

10
2.

67
10

2.
67

10
2.

67
10

2.
67

10
2.

67
10

2.
67

10
2.

67
10

2.
67

10
2.

67
10

2.
67

10
2.

67
10

2.
67

10
9.

32
10

9.
32

10
9.

32
10

9.
32

10
9.

32
10

9.
32

10
9.

32
10

9.
32

10
9.

32
10

9.
32

10
9.

32
10

9.
32

10
9.

32
10

9.
32

10
9.

32
10

9.
32

10
9.

32
10

9.
32

10
9.

32
10

9.
32

10
9.

32
10

9.
32

11
1.

11
11

1.
11

11
1.

11
11

1.
11

11
1.

11
11

1.
11

11
1.

11
11

1.
11

11
1.

11
11

1.
11

11
1.

11
11

1.
11

11
1.

11
11

1.
11

11
1.

11
11

1.
11

11
1.

11
11

1.
11

11
1.

11
11

1.
11

11
1.

11
11

1.
1111

4.
98

11
4.

98
11

4.
98

11
4.

98
11

4.
98

11
4.

98
11

4.
98

11
4.

98
11

4.
98

11
4.

98
11

4.
98

11
4.

98
11

4.
98

11
4.

98
11

4.
98

11
4.

98
11

4.
98

11
4.

98
11

4.
98

11
4.

98
11

4.
98

11
4.

98

12
5.

96
12

5.
96

12
5.

96
12

5.
96

12
5.

96
12

5.
96

12
5.

96
12

5.
96

12
5.

96
12

5.
96

12
5.

96
12

5.
96

12
5.

96
12

5.
96

12
5.

96
12

5.
96

12
5.

96
12

5.
96

12
5.

96
12

5.
96

12
5.

96
12

5.
96

12
6.

83
12

6.
83

12
6.

83
12

6.
83

12
6.

83
12

6.
83

12
6.

83
12

6.
83

12
6.

83
12

6.
83

12
6.

83
12

6.
83

12
6.

83
12

6.
83

12
6.

83
12

6.
83

12
6.

83
12

6.
83

12
6.

83
12

6.
83

12
6.

83
12

6.
83

12
8.

24
12

8.
24

12
8.

24
12

8.
24

12
8.

24
12

8.
24

12
8.

24
12

8.
24

12
8.

24
12

8.
24

12
8.

24
12

8.
24

12
8.

24
12

8.
24

12
8.

24
12

8.
24

12
8.

24
12

8.
24

12
8.

24
12

8.
24

12
8.

24
12

8.
24

12
8.

92
12

8.
92

12
8.

92
12

8.
92

12
8.

92
12

8.
92

12
8.

92
12

8.
92

12
8.

92
12

8.
92

12
8.

92
12

8.
92

12
8.

92
12

8.
92

12
8.

92
12

8.
92

12
8.

92
12

8.
92

12
8.

92
12

8.
92

12
8.

92
12

8.
9213

6.
62

13
6.

62
13

6.
62

13
6.

62
13

6.
62

13
6.

62
13

6.
62

13
6.

62
13

6.
62

13
6.

62
13

6.
62

13
6.

62
13

6.
62

13
6.

62
13

6.
62

13
6.

62
13

6.
62

13
6.

62
13

6.
62

13
6.

62
13

6.
62

13
6.

62

14
6.

49
14

6.
49

14
6.

49
14

6.
49

14
6.

49
14

6.
49

14
6.

49
14

6.
49

14
6.

49
14

6.
49

14
6.

49
14

6.
49

14
6.

49
14

6.
49

14
6.

49
14

6.
49

14
6.

49
14

6.
49

14
6.

49
14

6.
49

14
6.

49
14

6.
49

15
0.

96
15

0.
96

15
0.

96
15

0.
96

15
0.

96
15

0.
96

15
0.

96
15

0.
96

15
0.

96
15

0.
96

15
0.

96
15

0.
96

15
0.

96
15

0.
96

15
0.

96
15

0.
96

15
0.

96
15

0.
96

15
0.

96
15

0.
96

15
0.

96
15

0.
96



On the Effect of Terminal Alkylation of Aryl and Heteroaryl Hydrazines in the Fischer Indole Synthesis                       S108/S127               

1H NMR (400 MHz, DMSO-d6) 52
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1H NMR (400 MHz, DMSO-d6) 53
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1H NMR (400 MHz, DMSO-d6) 54
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1H NMR (400 MHz, DMSO-d6) 55

11 10 9 8 7 6 5 4 3 2 1

3.085.111.992.001.991.000.981.010.82

DMSO-d6

0.
89

0.
89

0.
89

0.
89

0.
89

0.
89

0.
89

0.
89

0.
89

0.
89

0.
89

0.
89

0.
89

0.
89

0.
89

0.
89

0.
89

0.
89

0.
89

0.
89

0.
89

0.
89

0.
91

0.
91

0.
91

0.
91

0.
91

0.
91

0.
91

0.
91

0.
91

0.
91

0.
91

0.
91

0.
91

0.
91

0.
91

0.
91

0.
91

0.
91

0.
91

0.
91

0.
91

0.
91

0.
93

0.
93

0.
93

0.
93

0.
93

0.
93

0.
93

0.
93

0.
93

0.
93

0.
93

0.
93

0.
93

0.
93

0.
93

0.
93

0.
93

0.
93

0.
93

0.
93

0.
93

0.
93

1.
29

1.
29

1.
29

1.
29

1.
29

1.
29

1.
29

1.
29

1.
29

1.
29

1.
29

1.
29

1.
29

1.
29

1.
29

1.
29

1.
29

1.
29

1.
29

1.
29

1.
29

1.
29

1.
31

1.
31

1.
31

1.
31

1.
31

1.
31

1.
31

1.
31

1.
31

1.
31

1.
31

1.
31

1.
31

1.
31

1.
31

1.
31

1.
31

1.
31

1.
31

1.
31

1.
31

1.
31

1.
33

1.
33

1.
33

1.
33

1.
33

1.
33

1.
33

1.
33

1.
33

1.
33

1.
33

1.
33

1.
33

1.
33

1.
33

1.
33

1.
33

1.
33

1.
33

1.
33

1.
33

1.
33

1.
34

1.
34

1.
34

1.
34

1.
34

1.
34

1.
34

1.
34

1.
34

1.
34

1.
34

1.
34

1.
34

1.
34

1.
34

1.
34

1.
34

1.
34

1.
34

1.
34

1.
34

1.
34

1.
35

1.
35

1.
35

1.
35

1.
35

1.
35

1.
35

1.
35

1.
35

1.
35

1.
35

1.
35

1.
35

1.
35

1.
35

1.
35

1.
35

1.
35

1.
35

1.
35

1.
35

1.
35

1.
37

1.
37

1.
37

1.
37

1.
37

1.
37

1.
37

1.
37

1.
37

1.
37

1.
37

1.
37

1.
37

1.
37

1.
37

1.
37

1.
37

1.
37

1.
37

1.
37

1.
37

1.
37

1.
39

1.
39

1.
39

1.
39

1.
39

1.
39

1.
39

1.
39

1.
39

1.
39

1.
39

1.
39

1.
39

1.
39

1.
39

1.
39

1.
39

1.
39

1.
39

1.
39

1.
39

1.
39

1.
66

1.
66

1.
66

1.
66

1.
66

1.
66

1.
66

1.
66

1.
66

1.
66

1.
66

1.
66

1.
66

1.
66

1.
66

1.
66

1.
66

1.
66

1.
66

1.
66

1.
66

1.
66

1.
67

1.
67

1.
67

1.
67

1.
67

1.
67

1.
67

1.
67

1.
67

1.
67

1.
67

1.
67

1.
67

1.
67

1.
67

1.
67

1.
67

1.
67

1.
67

1.
67

1.
67

1.
67

1.
69

1.
69

1.
69

1.
69

1.
69

1.
69

1.
69

1.
69

1.
69

1.
69

1.
69

1.
69

1.
69

1.
69

1.
69

1.
69

1.
69

1.
69

1.
69

1.
69

1.
69

1.
69

1.
71

1.
71

1.
71

1.
71

1.
71

1.
71

1.
71

1.
71

1.
71

1.
71

1.
71

1.
71

1.
71

1.
71

1.
71

1.
71

1.
71

1.
71

1.
71

1.
71

1.
71

1.
71

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
64

2.
66

2.
66

2.
66

2.
66

2.
66

2.
66

2.
66

2.
66

2.
66

2.
66

2.
66

2.
66

2.
66

2.
66

2.
66

2.
66

2.
66

2.
66

2.
66

2.
66

2.
66

2.
66

2.
68

2.
68

2.
68

2.
68

2.
68

2.
68

2.
68

2.
68

2.
68

2.
68

2.
68

2.
68

2.
68

2.
68

2.
68

2.
68

2.
68

2.
68

2.
68

2.
68

2.
68

2.
68

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
32

4.
32

4.
32

4.
32

4.
32

4.
32

4.
32

4.
32

4.
32

4.
32

4.
32

4.
32

4.
32

4.
32

4.
32

4.
32

4.
32

4.
32

4.
32

4.
32

4.
32

4.
32

4.
34

4.
34

4.
34

4.
34

4.
34

4.
34

4.
34

4.
34

4.
34

4.
34

4.
34

4.
34

4.
34

4.
34

4.
34

4.
34

4.
34

4.
34

4.
34

4.
34

4.
34

4.
34

6.
45

6.
45

6.
45

6.
45

6.
45

6.
45

6.
45

6.
45

6.
45

6.
45

6.
45

6.
45

6.
45

6.
45

6.
45

6.
45

6.
45

6.
45

6.
45

6.
45

6.
45

6.
456.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
22

7.
227.

23
7.

23
7.

23
7.

23
7.

23
7.

23
7.

23
7.

23
7.

23
7.

23
7.

23
7.

23
7.

23
7.

23
7.

23
7.

23
7.

23
7.

23
7.

23
7.

23
7.

23
7.

23

7.
59

7.
59

7.
59

7.
59

7.
59

7.
59

7.
59

7.
59

7.
59

7.
59

7.
59

7.
59

7.
59

7.
59

7.
59

7.
59

7.
59

7.
59

7.
59

7.
59

7.
59

7.
59

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

10
.7

5
10

.7
5

10
.7

5
10

.7
5

10
.7

5
10

.7
5

10
.7

5
10

.7
5

10
.7

5
10

.7
5

10
.7

5
10

.7
5

10
.7

5
10

.7
5

10
.7

5
10

.7
5

10
.7

5
10

.7
5

10
.7

5
10

.7
5

10
.7

5
10

.7
5

N

N
H

EtO Me

55

13C{1H} NMR (101 MHz, DMSO-d6) 55

N

N
H

EtO Me

55

160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8

DMSO-d6

13
.8

2
13

.8
2

13
.8

2
13

.8
2

13
.8

2
13

.8
2

13
.8

2
13

.8
2

13
.8

2
13

.8
2

13
.8

2
13

.8
2

13
.8

2
13

.8
2

13
.8

2
13

.8
2

13
.8

2
13

.8
2

13
.8

2
13

.8
2

13
.8

2
13

.8
2

14
.6

6
14

.6
6

14
.6

6
14

.6
6

14
.6

6
14

.6
6

14
.6

6
14

.6
6

14
.6

6
14

.6
6

14
.6

6
14

.6
6

14
.6

6
14

.6
6

14
.6

6
14

.6
6

14
.6

6
14

.6
6

14
.6

6
14

.6
6

14
.6

6
14

.6
621
.9

2
21

.9
2

21
.9

2
21

.9
2

21
.9

2
21

.9
2

21
.9

2
21

.9
2

21
.9

2
21

.9
2

21
.9

2
21

.9
2

21
.9

2
21

.9
2

21
.9

2
21

.9
2

21
.9

2
21

.9
2

21
.9

2
21

.9
2

21
.9

2
21

.9
2

23
.2

4
23

.2
4

23
.2

4
23

.2
4

23
.2

4
23

.2
4

23
.2

4
23

.2
4

23
.2

4
23

.2
4

23
.2

4
23

.2
4

23
.2

4
23

.2
4

23
.2

4
23

.2
4

23
.2

4
23

.2
4

23
.2

4
23

.2
4

23
.2

4
23

.2
4

31
.7

7
31

.7
7

31
.7

7
31

.7
7

31
.7

7
31

.7
7

31
.7

7
31

.7
7

31
.7

7
31

.7
7

31
.7

7
31

.7
7

31
.7

7
31

.7
7

31
.7

7
31

.7
7

31
.7

7
31

.7
7

31
.7

7
31

.7
7

31
.7

7
31

.7
7

60
.2

4
60

.2
4

60
.2

4
60

.2
4

60
.2

4
60

.2
4

60
.2

4
60

.2
4

60
.2

4
60

.2
4

60
.2

4
60

.2
4

60
.2

4
60

.2
4

60
.2

4
60

.2
4

60
.2

4
60

.2
4

60
.2

4
60

.2
4

60
.2

4
60

.2
4

10
4.

14
10

4.
14

10
4.

14
10

4.
14

10
4.

14
10

4.
14

10
4.

14
10

4.
14

10
4.

14
10

4.
14

10
4.

14
10

4.
14

10
4.

14
10

4.
14

10
4.

14
10

4.
14

10
4.

14
10

4.
14

10
4.

14
10

4.
14

10
4.

14
10

4.
14

11
4.

37
11

4.
37

11
4.

37
11

4.
37

11
4.

37
11

4.
37

11
4.

37
11

4.
37

11
4.

37
11

4.
37

11
4.

37
11

4.
37

11
4.

37
11

4.
37

11
4.

37
11

4.
37

11
4.

37
11

4.
37

11
4.

37
11

4.
37

11
4.

37
11

4.
37

12
1.

96
12

1.
96

12
1.

96
12

1.
96

12
1.

96
12

1.
96

12
1.

96
12

1.
96

12
1.

96
12

1.
96

12
1.

96
12

1.
96

12
1.

96
12

1.
96

12
1.

96
12

1.
96

12
1.

96
12

1.
96

12
1.

96
12

1.
96

12
1.

96
12

1.
96

12
4.

50
12

4.
50

12
4.

50
12

4.
50

12
4.

50
12

4.
50

12
4.

50
12

4.
50

12
4.

50
12

4.
50

12
4.

50
12

4.
50

12
4.

50
12

4.
50

12
4.

50
12

4.
50

12
4.

50
12

4.
50

12
4.

50
12

4.
50

12
4.

50
12

4.
5012

4.
78

12
4.

78
12

4.
78

12
4.

78
12

4.
78

12
4.

78
12

4.
78

12
4.

78
12

4.
78

12
4.

78
12

4.
78

12
4.

78
12

4.
78

12
4.

78
12

4.
78

12
4.

78
12

4.
78

12
4.

78
12

4.
78

12
4.

78
12

4.
78

12
4.

78

14
1.

22
14

1.
22

14
1.

22
14

1.
22

14
1.

22
14

1.
22

14
1.

22
14

1.
22

14
1.

22
14

1.
22

14
1.

22
14

1.
22

14
1.

22
14

1.
22

14
1.

22
14

1.
22

14
1.

22
14

1.
22

14
1.

22
14

1.
22

14
1.

22
14

1.
22

15
7.

97
15

7.
97

15
7.

97
15

7.
97

15
7.

97
15

7.
97

15
7.

97
15

7.
97

15
7.

97
15

7.
97

15
7.

97
15

7.
97

15
7.

97
15

7.
97

15
7.

97
15

7.
97

15
7.

97
15

7.
97

15
7.

97
15

7.
97

15
7.

97
15

7.
97



On the Effect of Terminal Alkylation of Aryl and Heteroaryl Hydrazines in the Fischer Indole Synthesis                       S112/S127               

1H NMR (400 MHz, DMSO-d6) 57
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1H NMR (400 MHz, C6D6) 58.  Isolated sample (top of page).  Authentic sample (bottom of page).
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1H NMR (400 MHz, DMSO-d6) 59

59

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5

3.043.023.032.021.011.011.000.91

DMSO-d6

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
24

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
26

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
04

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

3.
80

3.
80

3.
80

3.
80

3.
80

3.
80

3.
80

3.
80

3.
80

3.
80

3.
80

3.
80

3.
80

3.
80

3.
80

3.
80

3.
80

3.
80

3.
80

3.
80

3.
80

3.
80

4.
15

4.
15

4.
15

4.
15

4.
15

4.
15

4.
15

4.
15

4.
15

4.
15

4.
15

4.
15

4.
15

4.
15

4.
15

4.
15

4.
15

4.
15

4.
15

4.
15

4.
15

4.
15

4.
17

4.
17

4.
17

4.
17

4.
17

4.
17

4.
17

4.
17

4.
17

4.
17

4.
17

4.
17

4.
17

4.
17

4.
17

4.
17

4.
17

4.
17

4.
17

4.
17

4.
17

4.
17

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
19

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

4.
21

6.
78

6.
78

6.
78

6.
78

6.
78

6.
78

6.
78

6.
78

6.
78

6.
78

6.
78

6.
78

6.
78

6.
78

6.
78

6.
78

6.
78

6.
78

6.
78

6.
78

6.
78

6.
786.
80

6.
80

6.
80

6.
80

6.
80

6.
80

6.
80

6.
80

6.
80

6.
80

6.
80

6.
80

6.
80

6.
80

6.
80

6.
80

6.
80

6.
80

6.
80

6.
80

6.
80

6.
80

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
61

7.
617.
62

7.
62

7.
62

7.
62

7.
62

7.
62

7.
62

7.
62

7.
62

7.
62

7.
62

7.
62

7.
62

7.
62

7.
62

7.
62

7.
62

7.
62

7.
62

7.
62

7.
62

7.
62

7.
63

7.
63

7.
63

7.
63

7.
63

7.
63

7.
63

7.
63

7.
63

7.
63

7.
63

7.
63

7.
63

7.
63

7.
63

7.
63

7.
63

7.
63

7.
63

7.
63

7.
63

7.
637.
64

7.
64

7.
64

7.
64

7.
64

7.
64

7.
64

7.
64

7.
64

7.
64

7.
64

7.
64

7.
64

7.
64

7.
64

7.
64

7.
64

7.
64

7.
64

7.
64

7.
64

7.
64

8.
08

8.
08

8.
08

8.
08

8.
08

8.
08

8.
08

8.
08

8.
08

8.
08

8.
08

8.
08

8.
08

8.
08

8.
08

8.
08

8.
08

8.
08

8.
08

8.
08

8.
08

8.
08

8.
09

8.
09

8.
09

8.
09

8.
09

8.
09

8.
09

8.
09

8.
09

8.
09

8.
09

8.
09

8.
09

8.
09

8.
09

8.
09

8.
09

8.
09

8.
09

8.
09

8.
09

8.
09

9.
81

9.
81

9.
81

9.
81

9.
81

9.
81

9.
81

9.
81

9.
81

9.
81

9.
81

9.
81

9.
81

9.
81

9.
81

9.
81

9.
81

9.
81

9.
81

9.
81

9.
81

9.
81

NMeO

N
H

N CO2Et

Me

13C{1H} NMR (101 MHz, DMSO-d6) 59

59

NMeO

N
H

N CO2Et

Me

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

DMSO-d6

11
.6

9
11

.6
9

11
.6

9
11

.6
9

11
.6

9
11

.6
9

11
.6

9
11

.6
9

11
.6

9
11

.6
9

11
.6

9
11

.6
9

11
.6

9
11

.6
9

11
.6

9
11

.6
9

11
.6

9
11

.6
9

11
.6

9
11

.6
9

11
.6

9
11

.6
9

14
.2

1
14

.2
1

14
.2

1
14

.2
1

14
.2

1
14

.2
1

14
.2

1
14

.2
1

14
.2

1
14

.2
1

14
.2

1
14

.2
1

14
.2

1
14

.2
1

14
.2

1
14

.2
1

14
.2

1
14

.2
1

14
.2

1
14

.2
1

14
.2

1
14

.2
1

53
.0

1
53

.0
1

53
.0

1
53

.0
1

53
.0

1
53

.0
1

53
.0

1
53

.0
1

53
.0

1
53

.0
1

53
.0

1
53

.0
1

53
.0

1
53

.0
1

53
.0

1
53

.0
1

53
.0

1
53

.0
1

53
.0

1
53

.0
1

53
.0

1
53

.0
1

60
.2

0
60

.2
0

60
.2

0
60

.2
0

60
.2

0
60

.2
0

60
.2

0
60

.2
0

60
.2

0
60

.2
0

60
.2

0
60

.2
0

60
.2

0
60

.2
0

60
.2

0
60

.2
0

60
.2

0
60

.2
0

60
.2

0
60

.2
0

60
.2

0
60

.2
0

11
0.

51
11

0.
51

11
0.

51
11

0.
51

11
0.

51
11

0.
51

11
0.

51
11

0.
51

11
0.

51
11

0.
51

11
0.

51
11

0.
51

11
0.

51
11

0.
51

11
0.

51
11

0.
51

11
0.

51
11

0.
51

11
0.

51
11

0.
51

11
0.

51
11

0.
51

12
5.

74
12

5.
74

12
5.

74
12

5.
74

12
5.

74
12

5.
74

12
5.

74
12

5.
74

12
5.

74
12

5.
74

12
5.

74
12

5.
74

12
5.

74
12

5.
74

12
5.

74
12

5.
74

12
5.

74
12

5.
74

12
5.

74
12

5.
74

12
5.

74
12

5.
7413

1.
74

13
1.

74
13

1.
74

13
1.

74
13

1.
74

13
1.

74
13

1.
74

13
1.

74
13

1.
74

13
1.

74
13

1.
74

13
1.

74
13

1.
74

13
1.

74
13

1.
74

13
1.

74
13

1.
74

13
1.

74
13

1.
74

13
1.

74
13

1.
74

13
1.

74
13

2.
00

13
2.

00
13

2.
00

13
2.

00
13

2.
00

13
2.

00
13

2.
00

13
2.

00
13

2.
00

13
2.

00
13

2.
00

13
2.

00
13

2.
00

13
2.

00
13

2.
00

13
2.

00
13

2.
00

13
2.

00
13

2.
00

13
2.

00
13

2.
00

13
2.

00

13
5.

89
13

5.
89

13
5.

89
13

5.
89

13
5.

89
13

5.
89

13
5.

89
13

5.
89

13
5.

89
13

5.
89

13
5.

89
13

5.
89

13
5.

89
13

5.
89

13
5.

89
13

5.
89

13
5.

89
13

5.
89

13
5.

89
13

5.
89

13
5.

89
13

5.
89

15
8.

58
15

8.
58

15
8.

58
15

8.
58

15
8.

58
15

8.
58

15
8.

58
15

8.
58

15
8.

58
15

8.
58

15
8.

58
15

8.
58

15
8.

58
15

8.
58

15
8.

58
15

8.
58

15
8.

58
15

8.
58

15
8.

58
15

8.
58

15
8.

58
15

8.
58

16
4.

79
16

4.
79

16
4.

79
16

4.
79

16
4.

79
16

4.
79

16
4.

79
16

4.
79

16
4.

79
16

4.
79

16
4.

79
16

4.
79

16
4.

79
16

4.
79

16
4.

79
16

4.
79

16
4.

79
16

4.
79

16
4.

79
16

4.
79

16
4.

79
16

4.
79



On the Effect of Terminal Alkylation of Aryl and Heteroaryl Hydrazines in the Fischer Indole Synthesis                       S115/S127               

The stereochemistry of the hydrazone was determined to be (E) by nOesy analysis.
nOsey (400 MHz, DMSO-d6):

9.81

2.04

59

NMeO

N
H

N CO2Et

Me



On the Effect of Terminal Alkylation of Aryl and Heteroaryl Hydrazines in the Fischer Indole Synthesis                       S116/S127               

1H NMR (400 MHz, DMSO-d6) 60

60

NHO

N
H

CO2Et

12 11 10 9 8 7 6 5 4 3 2 1

3.002.001.010.991.000.940.97

DMSO-d6

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
28

1.
30

1.
30

1.
30

1.
30

1.
30

1.
30

1.
30

1.
30

1.
30

1.
30

1.
30

1.
30

1.
30

1.
30

1.
30

1.
30

1.
30

1.
30

1.
30

1.
30

1.
30

1.
30

1.
32

1.
32

1.
32

1.
32

1.
32

1.
32

1.
32

1.
32

1.
32

1.
32

1.
32

1.
32

1.
32

1.
32

1.
32

1.
32

1.
32

1.
32

1.
32

1.
32

1.
32

1.
32

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

2.
50

4.
26

4.
26

4.
26

4.
26

4.
26

4.
26

4.
26

4.
26

4.
26

4.
26

4.
26

4.
26

4.
26

4.
26

4.
26

4.
26

4.
26

4.
26

4.
26

4.
26

4.
26

4.
26

4.
28

4.
28

4.
28

4.
28

4.
28

4.
28

4.
28

4.
28

4.
28

4.
28

4.
28

4.
28

4.
28

4.
28

4.
28

4.
28

4.
28

4.
28

4.
28

4.
28

4.
28

4.
28

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
29

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

4.
31

6.
24

6.
24

6.
24

6.
24

6.
24

6.
24

6.
24

6.
24

6.
24

6.
24

6.
24

6.
24

6.
24

6.
24

6.
24

6.
24

6.
24

6.
24

6.
24

6.
24

6.
24

6.
246.
26

6.
26

6.
26

6.
26

6.
26

6.
26

6.
26

6.
26

6.
26

6.
26

6.
26

6.
26

6.
26

6.
26

6.
26

6.
26

6.
26

6.
26

6.
26

6.
26

6.
26

6.
26

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

6.
48

7.
56

7.
56

7.
56

7.
56

7.
56

7.
56

7.
56

7.
56

7.
56

7.
56

7.
56

7.
56

7.
56

7.
56

7.
56

7.
56

7.
56

7.
56

7.
56

7.
56

7.
56

7.
56

7.
58

7.
58

7.
58

7.
58

7.
58

7.
58

7.
58

7.
58

7.
58

7.
58

7.
58

7.
58

7.
58

7.
58

7.
58

7.
58

7.
58

7.
58

7.
58

7.
58

7.
58

7.
58

11
.4

7
11

.4
7

11
.4

7
11

.4
7

11
.4

7
11

.4
7

11
.4

7
11

.4
7

11
.4

7
11

.4
7

11
.4

7
11

.4
7

11
.4

7
11

.4
7

11
.4

7
11

.4
7

11
.4

7
11

.4
7

11
.4

7
11

.4
7

11
.4

7
11

.4
7

12
.1

1
12

.1
1

12
.1

1
12

.1
1

12
.1

1
12

.1
1

12
.1

1
12

.1
1

12
.1

1
12

.1
1

12
.1

1
12

.1
1

12
.1

1
12

.1
1

12
.1

1
12

.1
1

12
.1

1
12

.1
1

12
.1

1
12

.1
1

12
.1

1
12

.1
1

13C{1H} NMR (101 MHz, DMSO-d6) 60

60

NHO

N
H

CO2Et

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

DMSO-d6

14
.2

5
14

.2
5

14
.2

5
14

.2
5

14
.2

5
14

.2
5

14
.2

5
14

.2
5

14
.2

5
14

.2
5

14
.2

5
14

.2
5

14
.2

5
14

.2
5

14
.2

5
14

.2
5

14
.2

5
14

.2
5

14
.2

5
14

.2
5

14
.2

5
14

.2
5

60
.4

2
60

.4
2

60
.4

2
60

.4
2

60
.4

2
60

.4
2

60
.4

2
60

.4
2

60
.4

2
60

.4
2

60
.4

2
60

.4
2

60
.4

2
60

.4
2

60
.4

2
60

.4
2

60
.4

2
60

.4
2

60
.4

2
60

.4
2

60
.4

2
60

.4
2

98
.7

9
98

.7
9

98
.7

9
98

.7
9

98
.7

9
98

.7
9

98
.7

9
98

.7
9

98
.7

9
98

.7
9

98
.7

9
98

.7
9

98
.7

9
98

.7
9

98
.7

9
98

.7
9

98
.7

9
98

.7
9

98
.7

9
98

.7
9

98
.7

9
98

.7
9

11
8.

35
11

8.
35

11
8.

35
11

8.
35

11
8.

35
11

8.
35

11
8.

35
11

8.
35

11
8.

35
11

8.
35

11
8.

35
11

8.
35

11
8.

35
11

8.
35

11
8.

35
11

8.
35

11
8.

35
11

8.
35

11
8.

35
11

8.
35

11
8.

35
11

8.
35

12
1.

18
12

1.
18

12
1.

18
12

1.
18

12
1.

18
12

1.
18

12
1.

18
12

1.
18

12
1.

18
12

1.
18

12
1.

18
12

1.
18

12
1.

18
12

1.
18

12
1.

18
12

1.
18

12
1.

18
12

1.
18

12
1.

18
12

1.
18

12
1.

18
12

1.
18

12
5.

43
12

5.
43

12
5.

43
12

5.
43

12
5.

43
12

5.
43

12
5.

43
12

5.
43

12
5.

43
12

5.
43

12
5.

43
12

5.
43

12
5.

43
12

5.
43

12
5.

43
12

5.
43

12
5.

43
12

5.
43

12
5.

43
12

5.
43

12
5.

43
12

5.
43

12
8.

20
12

8.
20

12
8.

20
12

8.
20

12
8.

20
12

8.
20

12
8.

20
12

8.
20

12
8.

20
12

8.
20

12
8.

20
12

8.
20

12
8.

20
12

8.
20

12
8.

20
12

8.
20

12
8.

20
12

8.
20

12
8.

20
12

8.
20

12
8.

20
12

8.
20

13
0.

39
13

0.
39

13
0.

39
13

0.
39

13
0.

39
13

0.
39

13
0.

39
13

0.
39

13
0.

39
13

0.
39

13
0.

39
13

0.
39

13
0.

39
13

0.
39

13
0.

39
13

0.
39

13
0.

39
13

0.
39

13
0.

39
13

0.
39

13
0.

39
13

0.
39

16
0.

53
16

0.
53

16
0.

53
16

0.
53

16
0.

53
16

0.
53

16
0.

53
16

0.
53

16
0.

53
16

0.
53

16
0.

53
16

0.
53

16
0.

53
16

0.
53

16
0.

53
16

0.
53

16
0.

53
16

0.
53

16
0.

53
16

0.
53

16
0.

53
16

0.
5316

1.
75

16
1.

75
16

1.
75

16
1.

75
16

1.
75

16
1.

75
16

1.
75

16
1.

75
16

1.
75

16
1.

75
16

1.
75

16
1.

75
16

1.
75

16
1.

75
16

1.
75

16
1.

75
16

1.
75

16
1.

75
16

1.
75

16
1.

75
16

1.
75

16
1.

75



On the Effect of Terminal Alkylation of Aryl and Heteroaryl Hydrazines in the Fischer Indole Synthesis                       S117/S127               

1H NMR (400 MHz, DMSO-d6) 62
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1H NMR (400 MHz, C6D6) 63
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1H NMR (400 MHz, DMSO-d6) 67
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1H NMR (400 MHz, DMSO-d6) 68
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13C{1H} NMR (101 MHz, DMSO-d6) 68
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1H NMR (400 MHz, DMSO-d6) 71
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1H NMR (400 MHz, DMSO-d6) 72
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1H NMR (400 MHz, DMSO-d6) 74
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