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Compound Stability Studies:

A. Differential Scanning Calorimetry (DSC).

An example of a DSC experiment for compound 1a' is shown (Figure S1). These data

show the temperature at which the crystals of 1a began to melt (endotherm, positive peak,

75.5 °C) and began to decompose (exotherm, negative peak, 127 °C to 168 °C). The heat

released after the decomposition is about 1730 J/g material.

'Bott, T. M..; Atienza, B. J.; West, F. G. RSC Adv. 2014, 4,31955-31959.
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Figure S1: Differential Scanning Calorimetry (DSC) data for 1a.
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B. Thermogravimetric analysis (TGA)
The decomposition pattern was further monitored using a TGA experiment. An example
of a TGA experiment for compound 1a is shown in Figure S2. We found that dicarbonyl
stabilized diazo crystals of 1a generally exhibited one sharp inflection point, starting at
temperatures around 130 °C, in agreement with the DSC experiment. No substantial mass
change was noticed during the solid to liquid phase transition, indicative of no

decomposition of material during melting phase transition.
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Figure S2: Thermogravimetric analysis (TGA) data for 1a.

Both of these experiments shed some light on the thermal stability of 1a. These experiments
provide clear and compelling evidence that the metal catalyzed transformation, associated
with the starting material 1a, at ambient temperature (22 °C to 40 °C), described in the
manuscript, is not merely heat driven as the starting material 1a is stable at this temperature
range. Moreover, using the DSC data, we anticipated that there would be significantly less
risk of detonation, due to thermal runaway, associated with compound 1la, or analogous

diazoazides, provided the material is stored at freezer temperature (< 0 °C) when not in use.
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Long-term storage (> 1 week) is generally not advisable for compound 1a, especially for a
large-scale preparation, but we noticed that compound 1a and the other analogues survived
with little or no decomposition during storage at freezer temperature (—20 °C) for >3 months

(monitored weekly using 'H NMR).

These experiments (DSC and TGA) alone should not, however, be taken as an indication that
the material is completely safe for handling. Other parameters, for example potential shock
sensitivity, are equally important. Attempts to carry out a hammer test for compound 1a (ca.
0.5 mg) to evaluate its shock sensitivity were inconclusive. A small spark was observed, but
in the absence of a reliable benchmark, we are unable to draw any conclusions regarding the
shock sensitivity of la. Similar to other common potentially explosive materials used in
organic synthesis laboratories, such as peroxides, we caution potential users to treat the
starting material 1a and analogues with due care and respect. In our hands, we did not
observe any unanticipated detonation of these diazo azide starting materials and we
performed most of our large-scale reactions involving these substrates in a well-ventilated
fume hood equipped with a blast shield. We also recommend wearing a Kevlar® apron and
safety gloves and using earplugs as added safety precautions, especially for large-scale

reactions.

Mechanistic Considerations:

A. Copper Oxidation State in the Catalytic Cycle
Conversion Studies (% Recovery):

Copper (II) oxidation state:

O O
Cu(OTf), (0.1 equiv) . .
OMe no substantial decomposition
N3N2 DCM (0.02 M), rt of 1a
1a

A solution of diazo-azide 1a (50 mg, 0.20 mmol) in DCM (5 mL) was added to a solution
of Cu(OTY). (7.3 mg, 0.020 mmol) in DCM (5 mL) at room temperature via syringe pump
over 1 h. Once the addition was complete, the reaction was monitored by TLC for

consumption of the diazo-azide starting material. After 24 h, the solution was extracted
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with water (10 mL, 3X) to remove the copper salt, and the DCM solution was dried with
MgSO.,, filtered and concentrated under reduced pressure. The crude oil was purified
using silica gel flash column chromatography eluting with 20% EtOAc/Hexanes. This
procedure resulted in the recovery of diazo-azide 1la, in 81-93% (three repeats). Using
identical conditions but allowing the mixture to stir for 5 d instead of 24 h resulted to the
recovery of 73-84% (three repeats) starting material 1a. Analysis of the TLC and NMR
spectra of the crude mixture revealed the presence of starting material, and a faint spot on

the baseline using 20% EtOAc/Hexanes as the eluent (TLC).

Copper (I) oxidation state:

O o o
Cu(OTf) (0.1 equiv) .
OMe complete consumption ©f/g_/<0
NNz DCM (0.02 M), rt of 1a. N  OMe

3

1a short-lived and unstable

A solution of diazo-azide 1a (50 mg, 0.20 mmol) in DCM (5 mL) was added to a solution
of Cu(OTf)(PhMe) (10 mg, 0.020 mmol) in DCM (5 mL) at room temperature via
syringe pump over 1 h. Once the addition was complete, the reaction was monitored by
TLC for consumption of the diazo-azide starting material. After 24 h, the solution was
extracted with water (10 mL, 3X) to remove the copper salt, the DCM solution was dried
with MgSQO,, filtered and concentrated under reduced pressure. The crude oil was purified
using silica gel flash column chromatography eluting with 20% EtOAc/Hexanes. This
procedure resulted to the recovery of trace amount of 1a (< 5%). Analysis of the TLC
chromatogram of the crude mixture revealed the presence of multiple colored spots. The

crude NMR spectra revealed an intractable mixture of multiple compounds.

Conversion Studies (in-situ IR analysis and 'H-NMR spectroscopy)

Copper (II) oxidation state:

O o
Cu(OTf), (0.1 equiv) . .
OMe no substantial decomposition
N2 DCM (0.02 M), rt of 1a
1a
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A solution of diazo-azide 1a (50 mg, 0.20 mmol) in DCM (5 mL) was added to a solution
of Cu(OTY), (7.6 mg, 0.02 mmol) in DCM (5 mL) at room temperature via syringe pump
over 1 h. Once the addition was complete, the reaction was monitored by TLC for
consumption of the diazo-azide starting material. An aliquot of the stirred solution (0.5
mL), was taken after ca. 5 min, 1 h, 2 h, 3 h, and 24 h of stirring, each aliquot was diluted
with DCM (1 mL). The diluted solution was analyzed using IR spectroscopy and plotted

as overlaid spectra (Figure S3a).

Copper (I) oxidation state:

O O 0
Cu(OTY) (0.1 equiv) .
OMe complete consumption @ﬁg_/(o
/
N3N2 DCM (0.02 M), rt of 1a. N OMe

1a short-lived and unstable

Using IR spectroscopy

A solution of diazo-azide 1a (50 mg, 0.20 mmol) in DCM (5 mL) was added to a solution
of Cu(OTf)(PhMe) (10 mg, 0.020 mmol) in DCM (5 mL) at room temperature via
syringe pump over 1 h. Once the addition was complete, the reaction was monitored by
TLC for consumption of the diazo-azide starting material. An aliquot of the stirred
solution (0.5 mL), was taken after ca. 5 min, 1 h, 2 h, 3 h and 24 h of stirring, each
aliquot was diluted with DCM (1 mL). The diluted solution was analyzed using IR
spectroscopy and plotted as overlaid spectra (Figure S3b).
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Figure S3: In-situ IR spectroscopic analysis of the decomposition of compound 1a.
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Discussion of in-situ IR analysis:

The complete absence of a broad peak at 2137 cm* indicated complete decomposition of
the diazoketone and the azide functional groups. An increase in the absorbance and
broadening of signal around 1730 cm* was noticed on diazo-azide starting material upon
exposure with copper (II) triflate over 24 h, indicative of carbonyl interaction (dative
bond) with copper (II), which did not progress to substantial diazo-ketone decomposition
(notice the continued substantial absorbance at 2137 cm*). However, a notable decrease
in the absorbance of the signal around 2137 cm' was noticed on diazo-azide starting
material upon exposure with copper (I) triflate over 24 h, indicative of complete
decomposition of diazoketone and azide over a 24 h period. This time period is within the
observed optimized reaction time (16-36 h, depending on the substitution of indole
substrate) for azide-metallocarbene coupling, followed by Friedel-Crafts alkylation with
indole. This pair of experiments, together with the recovery analysis, and 'H NMR
spectroscopy (vide infra) provided a clear distinction between the catalytic behaviors of

the two copper oxidation states.

Using 'H-NMR spectroscopy

O O o
Cu(OTY) (0.1 equiv) .
OMe complete consumption @/g_/(o
N f 1a. /
Ny 2 DCM (0.02 M), rt of 1a N OMe
1a short-lived and unstable

In a 2.0 mL vial, a solution of diazo-azide 1a (10 mg, 0.040 mmol) in deuterated DCM
(0.5 mL) at room temperature was added to Cu(OTf)(PhMe) (ca. 2.0 mg, 0.0039 mmol)

as a solid. The solution was quickly transferred in an NMR tube, capped with septum,
and purged with argon. NMR spectra (400 MHz) were acquired once per hour over a 10 h
period. The array of spectra was plotted. After 8-10 h, the starting material 1la was
completely consumed. These data, corroborated with the IR results, provide compelling
evidence that copper (I) is the kinetically competent oxidation state during the conversion

of diazoazide into C-acylimine.
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Figure S4: Decomposition analysis of 1a, in the presence of Cu (I) catalyst, using
NMR.

After extensive analysis of the copper oxidation state necessary for the decomposition of
the starting material 1la, we posited that copper (I) was the kinetically competent
oxidation state. This, however, was not expected since our initially loaded catalyst was
copper (II) triflate. A logical next step was to examine whether the indole could function

as a competent reductant.

Formation of Active Copper (I) Catalyst from Copper (II) Precatalyst

Using UV spectroscopy, formation of a new c-copper indole complex.

Cu(OT
@ Cu(OTH), [ C“°Tf] Cu(OTf), \”( )2
N\ [ I/\/
u DCM (0.02 M), rt [ ©\/,> J DCM (0.02 M), rt N + CuOTf
H (disproportionation) H
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Solution A: A solution of indole (55 mg, 0.47 mmol) was added to Cu(OTY), (7.3 mg,
0.020 mmol) in DCM (5 mL) at room temperature. Once the addition was complete,
noticeable formation of light green solution occurred after 1 h. An aliquot of this solution
(1 mL) was diluted with 5 mL of DCM and was subjected to UV spectroscopy. Solution
B: An aliquot (1 mL) of a solution of indole dissolved in DCM (0.02 M, 10 mL) at room
temperature was also subjected to UV spectroscopy. Solution C: An aliquot (1 mL) of a
solution of Cu(OTY), dissolved in DCM (0.02 M, 10 mL) at room temperature was also
subjected to UV spectroscopy. Further dilution was necessary until the peaks (> 300 nm)
can be seen. After analysis of the three spectra, formation a broad new peak at 395 nm
was seen from Solution A, indicating the formation of a new colored complex (Figure
S5). This new peak at 395 nm does not persist and generally has low relative
concentration. Hence, a concentrated reaction mixture was needed to observe the
absorption at 395 nm. Notably, similar copper-indole species was detected by Toste et. al.

upon mixing of Cu(II) chiral phosphate and indole.?
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Figure S5: UV-VIS spectra of solution A.

2Rauniyar, V.; Wang,Z.J.; Burks, H. E.; Toste, F. D. J. Am. Chem. Soc. 2011, 133, 8486-8489.
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Using ESI-MS, detection of the mass fragments corresponding to the dimer and the

copper-indole complex.

Primary reaction:

Cu(OTf
N' DCM (0.02 M), r | N | Dpcm (0.02m), rt \ +  CuOTf
+ HOTF (disproportionation) H

Possible pathway to dimer:

H
HOTf H O
Y (<
N DCM (0.02 M), rt N NH
H H, -
TfO
(mass detected in crude reaction)

CuOTf NH
7
o
N H
N )
A B

A solution of indole (55 mg, 0.47 mmol) in DCM (5 mL) was added to Cu(OTf), (7.3 mg,
0.020 mmol) in DCM (5 mL) at room temperature. Once the addition was done,
noticeable formation of light green solution occurred after one hour. An aliquot of this
solution (1 mL) was diluted with acetonitrile and directly subjected to ESI-MS analysis.
After analysis of the ESI-MS (Figure 6), the following fragments were detected and
partially ascribed to the formation: A HRMS calc’d for CHCuF.NO.S [M]- 327.9316,
found 327.9645 (fleeting), for B HRMS calc’d for C H.N.O [M+H]- 235.1230, found
235.1230, and protonated and sodiated 2a. N.B.: Compound B was likewise detected in

the crude reaction mixture to make 2a.
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Figure S6: Electrospray mass spectra of the crude reaction mixture to make 2a.

Discussion. Given an apparent reaction between the indole and copper (II) triflate to
afford an initially colored complex, the absorption detected through UV-VIS
spectroscopy, and literature precedent; we posit the reduction of copper (II) triflate
through the initially formed metallated indole, followed by disproportionation reaction.
This disproportation reaction could theoretically generate copper (I) triflate, and copper
(IIT) triflate indole complex. The latter could, conceivably, reductively eliminate to
copper (I) triflate and indole triflate. Based on these experiments, the kinetically
competent copper (I) triflate is proposed to result from a redox process involving copper
(IT) precatalyst and indole. However, this proposal on its own cannot explain the
substantial difference in isolated yield of 2a between Cu(OTf), and CuOTf. An additional
component in the reaction, presumably derived from the activation reaction of Cu(OT¥).
and indole, was necessary for efficient Friedel Crafts alkylation with indole. We took a
cue from the reduction reaction scheme and the result of ESI-MS analysis of the crude

reaction. We propose a Brgnsted acid catalyst, either TfOH or its salt with indole dimer B,
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acts to catalyze Friedel-Crafts addition of indole to the intermediate C-acylimine formed

from metallocarbene-azide coupling.

Evidence for Brgnsted Acid Catalysis of Friedel-Crafts Alkylation
NOTE: Since the putative C-acylimine occuring in the Cu(l)-catalyzed coupling step is
transient and cannot be isolated, we used isolable C-acylimine 6 as a model to help

understand the second catalytic cycle.

Stirring C-acylimine 6 with Indole in the Presence of Cu(OTf)(PhMe):

o O CuOTH, @

O N \NH DCM (0.02 M), rt
6

A solution of C-acylimine 6 (50 mg, 0.20 mmol) and indole (50 mg, 0.43 mmol) in DCM

(5 mL) was added to Cu(OTf)(PhMe) (9.7 mg, ca 0.020 mmol) in DCM (5 mL) at room

IZz

no substantial conversion of 6

temperature. Once the addition was complete, the solution was allowed to stir overnight.
After stirring for 16 h, the solution was extracted with water (5 mL, 2x), and the organic
layer was dried with MgSO.,, filtered and concentrated under reduced pressure. Analysis
of crude reaction mixture indicated that substantial quantities of 6 were present. Upon
purification via a short pad of silica (20% EtOAc/Hexanes), ca. 91% of 6 was recovered.
This model reaction showed that, although copper (I) triflate can convert 1a to the C-
acylimine (see the previous experiments), copper (I) could not efficiently catalyze the

Friedel-Crafts alkylation reaction with indole.

Stirring C-acylimine 6 with Indole in the Presence of TfOH:

Co
o Q HOTY, N

H

O N \NH DCM (0.02 M), rt
6

A solution of C-acylimine 6 (50 mg, 0.20 mmol) and indole (50 mg, 0.43 mmol) in DCM

(5 mL) was mixed with excess TfOH (ca. 50 pL, ca. 0.57 mmol) in DCM (5 mL) at room
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temperature. Once the mixing was complete, within 5 minutes a change in color was
noticed, from deep purple to light orange. The solution was diluted with water (5 mL)
and extracted with DCM (5 mL, 3x). The organic layer was dried using MgSO., and
concentrated under reduced pressure. Analysis of the crude mixture indicated that 6 was
completely consumed, and adduct 7 can be detected using crude NMR. The purification

of 7, however, was hampered by the presence of several side products.

Stirring C-acylimine 6 with Indole in the Presence of CSA:

Co
0 Q CSA, N

H
O N \NH DCM (0.02 M), rt

6
A solution of C-acylimine 6 (50 mg, 0.20 mmol) and indole (50 mg, 0.43 mmol) in DCM
(5 mL) was mixed with camphorsulfonic acid (CSA; 4.0 mg, ca. 0.020 mmol) in DCM (5

mL) at room temperature. Once the addition was complete, the solution gradually
(overnight) changed color from deep purple to a yellow suspension. Analysis of the TLC
indicated that 6 was completely consumed. The suspension was filtered. The filtered solid
was dissolved in deuterated DMSO and was analyzed using NMR spectroscopy. Analysis
of the spectra revealed that the 2:1 adduct, 7, (indole:indol-3-one), along with water and

DMSO, were the only detectable components present in the solution.
These results indicate that Brgnsted acid, produced during the reduction of copper (II)

triflate by indole, could activate the C-acylimine towards Friedel-Crafts alkylation

reaction.
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Using a (+)-Camphorsulfonic Acid as a Chiral Co-catalyst:

O O Cu(OTf), (0.1 equiv) 0]
(+)-CSA (0.1 equiv) CO,Me
| OMe |ndole (2.0 equiv) O N
, —
N3 DCM (0.02 M), rt H_(NH
1a 2a |Il:

A solution of diazo-azide 1a (50 mg, 0.20 mmol) in DCM (5 mL) was added to a solution
of indole (46 mg, 0.39 mmol), Cu(OTf), (7.3 mg, 0.020 mmol), and (+)-CSA (4.0 mg, ca.
0.02 mmol) in DCM (5 mL) at room temperature via syringe pump over 1 h. The
reaction mixture turned light green over 2 h, then slowly turned dark brown over 24 h.
Once the addition was complete, the reaction was monitored by TLC for consumption of
1a. Upon consumption of 1la, the reaction mixture was poured in an Erlenmeyer flask,
thoroughly dissolved in ethyl acetate (ca. 10 mL), dried over MgSQO,, filtered,
concentrated under reduced pressure and purified by flash chromatography. (N.B.: the
crude mixture after concentration was noticeably insoluble in DCM. In this case,
necessarily, ethyl acetate was used as a solvent to load the sample onto silica gel (silica
gel, 7:3 hexanes:EtOAc). All pure fractions of 2a were concentrated together to afford
yellow oil. Upon standing for at least 24 h, this oil slowly formed a yellow solid.
Analysis of the yellow oil using chiral HPLC revealed that the product was formed in a
68:32 enantiomeric ratio. HPLC condition: Chiralpak AD-H, 80:20, Hexanes:i-PrOH, rt,

retention time = 33.77 min (major), 37.71 min (minor).
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X-ray Crystallographic Data
Compound:  Methyl 2-diazo-3-(2-azido-3-methylphenyl)-3-oxopropanoate (1b)

Formula: C11H9N503

Procedure: Following the steps to make 1b (see the manuscript), and purification using
EtOAc:Hexanes (1:9)—>EtOAc:Hexanes (2:8)—>EtOAc:Hexanes (3:7). The
yellow oil, after reduced pressure evaporation of solvent was left undisturbed at
room temperature until yellow crystals suitable for X-ray crystallography were
obtained.

Crystallographic Experimental Details:

A. Crystal Data

formula C11H9N503
formula weight 259.23
crystal dimensions (mm) 0.26 x 0.18 x 0.06
crystal system triclinic
space group P1 (No.?2)
unit cell parameters?
a(A) 7.3874 (3)
b (A) 8.0591 (4)
c(A) 10.8556 (5)
a (deg) 96.711 (2)
f(deg) 104.962 (2)
y (deg) 105.019 (2)
V (A3) 591.25 (5)
Z 2
Pealed (8 cm3) 1.456
u (mm1) 0.938
B. Data Collection and Refinement Conditions
diffractometer Bruker D8/APEX 11 CCD
radiation (A [A]) Cu Ko (1.54178) (microfocus source)
temperature (°C) -100
scan type @ and ¢ scans (1.0°) (5 s exposures)
data collection 26 limit (deg) 148.11
total data collected 4241 ((9<h<9,-10<k<10,-12<1L10)
independent reflections 2302 (Rint =0.0177)
number of observed reflections (NO) 2041 [Fo2 > 20(Fy2)]
structure solution method direct methods/dual space (SHELXD)
refinement method full-matrix least-squares on F2 (SHELXL-2014)
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absorption correction method Gaussian integration (face-indexed)

range of transmission factors 1.0000-0.7941
data/restraints/parameters 2302/0/ 173
goodness-of-fit (S)¢ [all data] 1.056
final R indices/

R1 [Fo2 2 20(F?)] 0.0328

wR> [all data] 0.0919
largest difference peak and hole 0.205 and -0.202 e A-3

ORTEP Structure for compound 1b.

Perspective view of methyl 2-diazo-3-(2-azido-3-methylphenyl)-3-oxopropanoate. Non-
hydrogen atoms are represented by Gaussian ellipsoids at 30% probability level. Hydrogen
atoms are shown with arbitrarily small thermal parameters.
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Compound: Methyl 3-oxo-1,3-dihydro-1’H,2H-2,3’-biindole-2-carboxylate (2a)

Formula: Ci1gH14N20O3

Procedure: Following the steps to make 2a (see the manuscript), and purification using flash
column chromatography on silica gel [eluent, EtOAc:Hexanes (3:7)]. The yellow
oil, after reduced pressure evaporation of solvent, was added with minimum
amount of MeOH:EtOAc (1:1), and was left undisturbed at room temperature
until yellow crystals suitable for X-ray crystallography were obtained.

Crystallographic Experimental Details:

A. Crystal Data

formula C18H14N203
formula weight 306.31
crystal dimensions (mm) 026 x0.26 x0.11
crystal system monoclinic
space group P2i/c (No. 14)
unit cell parameters
a(A) 11.9170 (4)
b (A) 7.9729 (3)
c(A) 153812 (5)
L (deg) 92.5421 (4)
V (A3) 1459.98 (9)
Z 4
Pealed (g cm3) 1.394
u (mm1) 0.097
B. Data Collection and Refinement Conditions
diffractometer Bruker PLATFORM/APEX II CCD
radiation (A [A]) graphite-monochromated Mo Kea (0.71073)
temperature (°C) -100
scan type  scans (0.3°) (15 s exposures)
data collection 26 limit (deg) 54 .96
total data collected 12628 (-15<h<15,-10k<10,-19<51<19)
independent reflections 3347 (Rint = 0.0219)
number of observed reflections (NO) 2932 [Fo? = 20(F2)]
structure solution method direct methods/dual space (SHELXD)
refinement method full-matrix least-squares on F2 (SHELXL-2013)
absorption correction method Gaussian integration (face-indexed)
range of transmission factors 1.0000-0.9333
data/restraints/parameters 3347/0/216
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goodness-of-fit (S)¢ [all data] 1.042

final R indices/
R1 [Fo?2 2 20(F2)] 0.0355
wR> [all data] 0.0965

largest difference peak and hole 0.301 and -0.203 e A-3

ORTEP Structure for compound 2a.

Perspective view of methyl 3-oxo-1,3-dihydro-1’H,2H-2,3’-biindole-2-carboxylate. Non-
hydrogen atoms are represented by Gaussian ellipsoids at 30% probability level. Hydrogen
atoms are shown with arbitrarily small thermal parameters.
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Compound: Methyl 6-chloro-3-oxo-1,3-dihydro-1’H,2H-2,3’-biindole-2 carboxylate (20)

Formula: C18H13CIN203

Procedure: Following the steps to make 20 (see the manuscript), and purification using flash
column chromatography on silica gel [eluent, EtOAc:Hexanes (3:7)]. The yellow
oil, after reduced pressure evaporation of solvent, was left undisturbed at room
temperature until yellow crystals suitable for X-ray crystallography were obtained.

Crystallographic Experimental Details:

A. Crystal Data

formula C18H13CIN203
formula weight 340.75
crystal dimensions (mm) 0.28 x 0.12 x 0.06
crystal system monoclinic
space group P21/c (No. 14)
unit cell parameters?

a(A) 12.1387 (2)

b (A) 8.0853 (2)

c(A) 15.9792 (3)

F(deg) 98.1986 (6)

V(A3) 1552.25 (5)

Z 4
pealed (g cm3) 1.458
p (mm-1) 2351
B. Data Collection and Refinement Conditions
diffractometer Bruker D8/APEX 11 CCD
radiation (A [A]) Cu Ko (1.54178) (microfocus source)
temperature (°C) -100
scan type @ and ¢ scans (1.0°) (5 s exposures)
data collection 26 limit (deg) 148.09
total data collected 10664 (-15<h<15,-10<k<9,-19<1<19)
independent reflections 3143 (Rint =0.0134)
number of observed reflections (NO) 3010 [F 02 >20(F 02)]
structure solution method direct methods/dual space (SHELXD)
refinement method full-matrix least-squares on F- 2 (SHELXL-2014)
absorption correction method Gaussian integration (face-indexed)
range of transmission factors 0.9006-0.6955
data/restraints/parameters 3143 /0/225
goodness-of-fit (5)€ [all data] 1.061
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final R indices/
R1 [Fo2 = 20(Fo2)] 0.0303
wR? [all data] 0.0822

largest difference peak and hole 0.283 and —0.266 ¢ A-3

ORTEP Structure for compound 20.

Perspective view of methyl 6-chloro-3-oxo-1,3-dihydro-1’H,2H-2,3’-biindole-2 carboxylate.
Non-hydrogen atoms are represented by Gaussian ellipsoids at 30% probability level. Hydrogen
atoms are shown with arbitrarily small thermal parameters.
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Compound: (-)-Menthyl (2R)-1’-benzyl-3-oxo-1,3-dihydro-1’H,2H-2,3’-biindole-2-
carboxylate (2za)

Formula: C34H36N203

Procedure: Following the steps to make 2z (1.0 mmol scale, see the manuscript), and
purification using flash column chromatography on silica gel [eluent,
EtOAc:Hexanes (1:9)—>EtOAc:Hexanes (2:8)—>EtOAc:Hexanes (3:7)]. Fractions
containing the major diastereomer (2za) slowly formed needles. These needles
were filtered and dried under vacuum, and were suitable enough for X-ray
crystallography.

Crystallographic Experimental Details:

A. Crystal Data

formula C34H36N203
formula weight 520.65
crystal dimensions (mm) 0.75x0.14 x0.12
crystal system monoclinic
space group P21 (No. 4)
unit cell parameters
a(A) 11.0321 (5)
b (A) 11.4646 (5)
c(A) 11.5824 (5)
f(deg) 95.6775 (6)
V (A3) 1457.74 (11)
Z 2
Pealed (g cm3) 1.186
u (mm1) 0.075
B. Data Collection and Refinement Conditions
diffractometer Bruker D8/APEX II CCD
radiation (A [A]) graphite-monochromated Mo K« (0.71073)
temperature (°C) -100
scan type  scans (0.3°) (20 s exposures)
data collection 26 limit (deg) 56.62
total data collected 13193 (-14<h<14,-15<k<15,-14<[<14)
independent reflections 6914 (Rint =0.0192)
number of observed reflections (NO) 6090 [Fo? = 20(F2)]
structure solution method direct methods/dual space (SHELXD)
refinement method full-matrix least-squares on F2 (SHELXL-2013)
absorption correction method Gaussian integration (face-indexed)
range of transmission factors 1.0000-0.9186
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data/restraints/parameters 6914 /0/356

Flack absolute structure parameter® -0.1(3)
goodness-of-fit (S)/ [all data] 1.033
final R indices8
R [Fo? > 20(F?)] 0.0385
wR> [all data] 0.0952

largest difference peak and hole 0.203 and -0.207 e A-3

ORTEP structure for compound 2za.

Perspective view of (-)-Menthyl (2R)-1’-benzyl-3-oxo0-1,3-dihydro-1’H,2H-2,3’-biindole-2-
carboxylate. Non-hydrogen atoms are represented by Gaussian ellipsoids at 30% probability
level. Hydrogen atoms are shown with arbitrarily small thermal parameters. Assignment of
absolute structure for this compound is based on the known stereochemistry of the (-)-menthyl

group.
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NMR spectra of the starting materials and products:

N.B.: The presence of significant signals for residual water in the 'H NMR spectra of 2a, 2e, 21,
20, 2t and 2v may raise questions about proof of purity. It should be noted that the presence of
one or more heavy halogen atoms and/or an unprotected indole nitrogen atom render these
compounds only sparingly soluble in common deuterated NMR solvents (CDCl,, CD.CL, CD,,
CD,O, CDOD, and C.D,SO). Consequently, minor amounts of water contaminant in these
solvents may appear to have anomalously enhanced signals relative to the those of the
compounds of interest. The 'H NMR spectra of these compounds are not representative of the
bulk material, and cannot be used as the sole judge or proof of purity. Also, regardless of these
trace impurities, we deemed the spectra suitable for characterization purposes.

However, we would to like to point out the following observations from the data presented
earlier as reasonable proof of purity, apart from the 'H NMR spectra presented in the next
section:

(1) Reasonable accuracy of experimental elemental analysis (C, H, and N) compared to the
theoretical value (0.05-0.34 %) in those cases where combustion analysis was performed.

(2) Sharp (1-3 °C) and high (> 100 °C) melting points.

(3) Substantially higher melting points compared to the reported literature value (2a and 2b).:

(4) High degree of crystallinity, and with X-ray crystal structures and measurements for 2a,
20, and 2za.
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Pulse Sequence: s2pul Department of Chemistry, University of Alberta

Dimethoxydiazoazide
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Pulse Sequence: s2pul Department of Chemistry, University of Alberta

S-26



Naphthalenediazoazide
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Diazo-azide with vinyl side chain (ester)
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Pulse Sequence: s2pul Department of Chemistry, University of Alberta
Diazo-azide with allyl sidechain (ester)
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Pulse Sequence: s2pul Department of Chemistry, University of Alberta
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BA DIAZOAZIDE WITH MENTHOL SIDE CHAIN CLEAN
399 794 MHz H1 1D in cdcl3 (ref. Lo ch13 @ 2 26 ppm), temp 26.5 C el actual temp = 27.0 C, autoxdb prohe
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UL J
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
s - — e e
0.991.97 1.07 3.30 1.03.8100
0.97 0.04 1.02 1.14 1.1904

BA DIAZOAZIDE WITH MENTHOL SIDECHAIN 13C
100.539 MHz C13[H1] APT ad in cdcl3 (ref. to CDC3 @ 77.06 ppm), temp zs 5 c —> actual temp = 27.0 C, autoxdb probe

damd, 20i3s 26054 Rof s 29581 relax # scans: dig.res.: 0.2 Hz/pt hz/mm:112.

spectrometer dEOZ file: /mnt/dsoo/homel]/westnmr/nmrdata/bren]ordan/zol] 07.31. 1.4 BA DIAZO_AZIDE WITH MENTHOL_ SIDE cm@%qlwwd
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Bromodiazoazide
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Phenyldiazoketoneazide
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Pulse Sequence

indole trap
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N-benzylindole trap on parent diazoazide
499.806 MHz H1 PRESAT in cdcl3 (ref. to CDCl3 @ 7.26 ppm), temp 27.7 C -> actual temp = 27.0 C, colddual probe
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Pulse Sequence: PRESAT Department of Chemistry, University of Alberta

N-benzylindole trap on parent diazoazide
125.691 MHz C13[H1] 1D in cdcl3 (ref. to CDC1l3 @ 77.06 ppm), temp 27.7 C -> actual temp = 27.0 C, colddual probe
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Pulse Sequence: s2pul Department of Chemistry, University of Alberta
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Phenyl indole trap
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Methoxyindole trap
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Pulse Sequence: PRESAT Department of Chemistry, University of Alberta
Methoxyindole trap
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Benzofuran trap
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Pulse Sequence: s2pul Department of Chemistry, University of Alberta

S-38



Pyrrole trap
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Furan trap

499.806 MHz H1 PRESAT in cdcl3 (ref. to CDC13 @ 7.26 ppm), temp 27.7 C —-> actual temp = 27.0 C, colddual probe
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Pulse Sequence: PRESAT Department of Chemistry, University of Alberta

Furan trap

125.691 MHz C13[H1] 1D in cdcl3 (ref. to CDC13 @ 77.06 ppm), temp 27.7 C -> actual temp = 27.0 C, colddual probe
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Pulse Sequence: s2pul Department of Chemistry, University of Alberta
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Thiophene trap

11

Pulse Sequence:

Thiophene trap

499.806 MHz H1 PRESAT in cdcl3 (ref. to CDC1l3 @ 7.26 ppm), temp 27.7 C -> actual temp = 27.0 C, colddual probe
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125.691 MHz C13[H1] 1D in cdcl3 (ref. to CDC13 @ 77.06 ppm), temp 27.7 C -> actual temp = 27.0 C, colddual probe
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2 5 g ansss3s8833 L)
e e L L e e R e
240 220 200 180 160 140 120 100 80 60 40 20 Ppm
s2pul Department of Chemistry, University of Alberta

Pulse Sequence:
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(:()zhne

~"NH

2T

Me

21

BA MeO 1H

9LS'T
T0€° 2T
T08°€
962°S
pes's
998°9
188°9
968°9
680°L
160°L
€0T"L
S0T°L
LOT L
6TT"L
1L
6LTL

281°L
96T°L
86T°L
o1z L
el
6S2°L
reTL
9YE"L
8¥E"L
TSE°L
ESE°L
T9€°L
€9€°L
S9€°L
L9g"L
9LE"L
T8€°L
1686°L
2887 L
€857 L
998°L
L9S"L
69S°L
8LS"L
765" L
787°8

ppm

10

HToo.m

%aﬁﬂ

160°0

Q!mm.o

3-00°T

10°T
uuMNc.ﬁ
1-€6°C
1-56°T

J-€6°0

University of Alberta

Department of Chemistry,

s2pul

Pulse Sequence

BA MeO 13C

G8L*ST

ST8°€ES

£19°2L
$18°9L

|

GLOLE

€TETLL

TL9"TIT
T6L°TIT
TOS 61T
TSS°6TT
96€°0ZT
185021
vL9°eet
8L ezt
T98° 2T
8L9"€ZT
€967 62T
YLS"9ET
886°LET

07€°091T

L9T 69T

8LT"G6T

001°80Z

i

T

=

University of Alberta

Department of Chemistry,

s2pul

Pulse Sequence
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N-methylindole trap on methyldiazoazide
499.806 MHz H1 PRESAT in cdcl3 (ref.

to CDC13 @ 7.26

Ppm) ,

Me

temp 27.7 C

-> actual

CO,Me

2m

temp

NMe

27.0 c,

colddual probe

Pulse Sequence:

oM Nmwe eEm o e me e o o -
22 o5 RRg8533523892 22 2
E325HESE558S8E883S 28 g
)/ 7 §
Al - L A
— —— —— — e e e —— :
10 8 7 6 5 4 3 2 1 o Ppm
By g —_ 7 -
o mN S L os o
2 238 B g 8
2333 S g -
PRESAT Department of Chemistry, University of Alberta
N-methylindole trap on methyldiazoazide
125.691 MHz C13[H1] 1D in cdcl3 (ref. to CDCl3 @ 77.06 ppm), temp 27.7 C —-> actual temp = 27.0 C, colddual probe
= o 1w e mEwEoDoen s 3@ P o n o
2 g © BE5353233533T85 2383 g 5 ]
g € K EBSEEZFESNEIESZE 2283 g 2 g
P D I S S i Sd e o S 5
8 g § sSss8sddgsadas¢g Sgdeg @ o F
£ € & S585838588\3§8333538
R e R e R B R e e A S
240 220 200 180 160 140 120 100 80 60 40 20 Ppm

Pulse Sequence:

s2pul

S-43

Department of Chemistry,

University of Alberta



MeO CO,Me
N g
MeO H NBn

2n

N-benzylindoletrap on dimethoxydiazoazide
499.806 MHz H1 PRESAT in cdcl3 (ref. to CDCl3 @ 7.26 ppm), temp 27.7 C -> actual temp = 27.0 C, colddual probe

1=
—

A !
L B e e e L A S S e e e e L S e e e s L e B e e B LA B e e B LA e B e e |
10 9 8 7 6 5 4 3 2 1 o ppm
TR T T I
= 2 nao = ~ oo
S e a9 < 8 c99
R N - ~ Moo
Pulse Sequence: PRESAT Department of Chemistry, University of Alberta

N-benzylindole trap on dimethoxydiazoazide
125.691 MHz C13[H1] 1D in cdcl3 (ref. to CDCl3 @ 77.06 ppm), temp 27.7 C -> actual temp = 27.0 C, colddual probe

© S ¥ O 40 ®O e NN O YW OIS YO RC NN W W © & v
S < IE B 2R AT ARSI Mo N0 NS D8 S R B 4o
= 3 S ® 9 9 X~ OoN®IANSNITEALDEO@mO DO L=
o 2 P R R EEEEE ] © 8 m o
) 2 R I R S T NI SIS BRI S R B ST~ - A N N SN i )
T T o HF‘F‘HH\HJF‘W/ KJ)
R L L B o B B B B B L L B B L B B L B o B I S B R |
240 220 200 180 160 140 120 100 80 60 40 20 Ppm
Pulse Sequence: s2pul Department of Chemistry, University of Alberta
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COZMe

NH

ZI

Cl

20

gl

cio

99T'T

09z°'1
BLZ°T

186°T

§%0°C

ST8°¢€
9TT'%
00€°S

Ott*§

688°9

068°9
268°9
506°9
L06°9
806°9
$00°L
900°L
201" L
LIT L
EET"L
T0T°L
9Tz L
TeTTL
192°L
TLE'L

88E°L
T6E°L
L6E" L
8%S°L
$9S°L

§09°L
9L
¥12°8

ppm

10

HTom.o

L €670

Q!._”o.m
J-geo

University of Alberta

Department of Chemistry,

PRESAT

Pulse Sequence

cio

T06°€S

TI8°ZL
808" 9L

TSUtE

STE"LL

TZETIT
989°T1T
29E°ETT—/

T8Z°81T
0S%°6TT
TLS"0ZT
9ze 1zt
sL8°2zT
$SS°€CT

1140149
29%°9z1
TPST9ET
20S° 99T
TST 9T
89T° 19T
T09°89T

Il

G8T°€6T

ppm

220 200 i80 160 140 120 100 80 60 40 20

240

University of Alberta

Department of Chemistry,

s2pul

Pulse Sequence
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C02M9

Cl

Iz

NMe

2p

N-methylindole trap on chlorodiazoazide
399.984 MHz H1 1D in cdcl3 (ref. to CDCl3 @ 7.26 ppm), temp 25.9 C —> actual temp = 27.0 C, onenmr probe

10 ° 8 7 6 5 a 3 2 1 o ppm
PR R A - ™
oo onwen o o
28 89383 3 9
S5 Aanen = s
Pulse Sequence: s2pul Department of Chemistry, University of Alberta

N-methylindole trap on chlorodiazoazide
100.587 MHz C13[H1] 1D in cdcl3 (ref. to CDCl3 @ 77.06 ppm), temp 25.9 C -> actual temp = 27.0 C, onenmr probe

193.354
168.661
144.490
137.353
128.063
126.422
125.798
122.374
17.371
77.057
76.740
72.778
53.900
32.984

121.131

—120.092

161.112
118.169
113.308
109.855
109.342

—119.377
a
.

Pulse Sequence: s2pul Department of Chemistry, University of Alberta
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CO,Me

NBn

2q

N-Benzylindole trap on chlorodiazoazide
499.806 MHz H1 PRESAT in cdcl3 (ref. to CDC13 @ 7.26 ppm), temp 27.7 C -> actual temp = 27.0 C, colddual probe

[t er uy B
— — — — —r — — — — — — :
10 B) 8 7 6 5 4 3 2 1 o ppm
A - v -
5 S833%33 S 8 8
A HAdAcoA s - -
Pulse Sequence: PRESAT Department of Chemistry, University of Alberta

N-benzylindole trap on chlorodiazoazide
125.691 MHz C13[H1] 1D in cdcl3 (ref. to CDCl3 @ 77.06 ppm), temp 27.7 C -> actual temp = 27.0 C, colddual probe

o . e o s s -
= TsgseSsoEssgLgesEes g 2gss 33
E 283555288538 ¢8885¢883 5888 ER]
3 e B S B B e B S e s e B O R 22
8 gisssssssssagsasnss Eced g8
1 F‘Tﬁﬂﬂﬂﬁﬁﬁlﬂﬂﬂﬁﬁ L
S R S
240 220 200 180 160 140 120 100 80 60 40 20 Ppm
Pulse Sequence: s2pul Department of Chemistry, University of Alberta
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CO,Me

NBn

2T

2s

ht.

on

a

N-benzyli

colddual probe

27.0 c,

to CDC13 @ 7.26 ppm), temp 27.7 C —-> actual temp

499.806 MHz H1 PRESAT in cdcl3 (ref.

978" €
90€°S
88L"S
860°L
00T" L
ETT°L
PITL
LT L
62T°L
TET"L
0PT L
€ST°L
LST L
€8T°L
S8T°L
66T°L
T0z°L
€12 L
9TT"L
192°L
el
182°L
¥8T L
982" L
T6T°L
v6T°L
962°L
20€°L
90€° L.
0TE"L
ETE"L
8TE"L
vee L
9ze"L
957" L
96%°L
667" L
015" L
E16°L
ST1S°L
978" L
628°L
299°L
$99°L
8L9°L
089°L
769°L
oTL L
098" L.
198°L
9L8" L
LL8"L
£71°8
9ze’8

ppm

10

Feete

J-10'2

Foot

860

University of Alberta

Department of Chemistry,

PRESAT

Pulse Sequence

N-benzylindole trap on Napthalenediazoazide

colddual probe

g

temp 27.7 C

to CDC13 @ 77.06 ppm),

dcl3 (ref.

in o

125.691 MHz C13[H1] 1D

VLEOS
€TL ES
859°ZL
T08°9L
§S0°LL
OTE"LL
6T0°LOT
962°0TT

i

T8L7OTT
£90°0ZT
s0z°0zT
99L*TZT
Ley eer
6TL €TT
091" 92T
TEL"9ZT
[4%:149
pSTCLIT
Lr9° Lzt
6zL"LTT

2567821
908°8ZT
2€9°62T
9T8°0€T
€26°9€T
LSO"LET
GS8°6ET
LS9°€ST

LTE" 69T

L99°G6T

120

ppm

80 60 40 20

100

220 200 180 160 140

240

University of Alberta

Department of Chemistry,

s2pul

Pulse Sequence
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o
COZCH20H=CH2

N T 'NH
H

2t

Indole trap on allyldiazoazide

2
%

I
4 3 2 1 o Ppm
s TR PRES RN o BN hn s
- My o aoam wo wo s 2 = =
a uieg-ig-ga g 2% {2 8 3 2 S
5 SSS H A S Se ~ = s s
Pulse Sequence: s2pul Department of Chemistry, University of Alberta
Indole trap on allyldiazoazide
° P E R EEEEEEEREEEEES © m v ©mn
2 S R2823E83233gIFeISS 23 8RS8
< 8 aRI2ISSRLHSISHIFEI S8R h A
< P e R R N
2 A i s B B B S R = s s e e o ToroT e
240 220 200 180 160 140 120 100 80 60 40 20 o Ppm

Pulse Sequence: s2pul Department of Chemistry, University of Alberta
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0O
COZCH20H=CH2

N [ NMe
H

2u

N-methyl indole trap on allyldiazoazide

c
C
=
1=
S

I
2 1 PpPm
TRY TR T T T T 0 T T
woo —Dwoso a win = EN s a 0
KR 7835 & B S a 8 Q B
SSS Anrcs - So - S - S S
Pulse Sequence: s2pul Department of Chemistry, University of Alberta
N-methylindole trap on allyl diazoazide
- W O ® Y wwOoWoMmao®|mo v N @ @ e ¢ ©
=] & B RE8BRIBLSI833833818 283388 S
= 2 8§ ERSsEga2s8RgERE =88 %38 8
< ® S EEd®mmNS e ®@ma e e 8o o
3 € 8 5593888382338 088 ERER2RE S
| [ 11:511iﬂ1r512;;lj ki)
L J
L B e e e T I L L e B i AR e
240 220 200 180 160 140 120 100 80 60 40 20 o Ppm
Pulse Sequence: s2pul Department of Chemistry, University of Alberta
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2v

BA Indole(VINYL DIAZOAZIDE)
Pulse Sequence: PRESAT

U

7.7 7.5 7.3 7.1 ppm
e e e e e I

1.04 1.08 1.09 1.08 1.04 1.00
1.03 1.04 3.03 1.02 0.98
A l ! 1 R .
e
10 9 8 7 6 5 4 3 2 1 o ppm
G b - s
1.03 1.03(B. 0B.02 0.98 0.99
1.0408049.0804 1.00

Pulse Sequence: s2pul
< n o PR R R EEEEEE R I~ © o
7 \\x\\%u////z«% B
[
240 220 200 180 160 140 120 100 80 60 40 20 Ppm

S-51



COPh

NMe

P

2w

BA Acl

99L°E
§92°9
568°9
T16°9
7669
666°9
020°L
9€0° L
8€0°L
¥S0°L
950° L
6S0°L
WLOL
9L0°L
€6T°L
86T"L
o1z L
€T L
91Z°L
T€T°L
veT L
09Z°L
SLTL

082t
962" L
0TE"L
PIETL
6TE"L
LLe'L
6LEL
00%°L
[ASANA
9TH"L
0To L
TEPL
SEP°L
0v%°L
0S%° L
SPL
LSL
88%°L
267 L
905" L
60S°L
TIs°L
Les L
0€S°L
S99°L
8%9°L
L99°L
0L9°L
1°8
wie
671°8
8ST°8
291°8
§91°8

L

W

s2pul

ppm

10

J-o00°€

1-76°T

University of Alberta

Department of Chemistry,

Pulse Sequence

BA Acl

£20°€E

¥hLO9L
190°LL—

2

6LE" :.\\

STO'6L

|

68L°60T
050°2TT
600° 71T
8GE"6TT
p91°0ZT
Leerozt
£€55°02T

({33449

6¥2°6ZT
STT°9ZT
£69°LZT
788" LZT
SOE"TET
SSTTEET
8TZ°ET
8TF°LET
0S8°LET
62T°19T

i

L8S E6T—\
2ETG6T—

ppm

220 200 180 160 140 120 100 80 60 40 20

240

University of Alberta

Department of Chemistry,

s2pul

Pulse Sequence
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0o
o'

N =

H NH

2xa:2xb, 1.1:1

BA CAMO
Pulse Sequence: PRESAT
T T T T I T T T
7.7 7.5 7.3 7.1 ppm 2.0 1.6 1.2 0.8 ppm
e e i . e
1.99 2.06 2.08 2.09 1.95 - 2.17 7.95 2.27 16.14 2.68
2.06 1.96 2.15 1.95 a.02 1.27 3.47 1.14 3.07 2.61
——— 7 [ T [ T T [ T ]
11 10 9 8 7 6 5 a 3 2 1 o ppm
o P L ] — L W
1.89 2.06. 95. 1595 0.84 1.92 1.27 3.421.14 3 .61
1.29Q@608.0995 0.94 2.177.952.2716.14 2.68
BA CAMO

Pulse Sequence: s2pul
o~ <

76.786

deae wmeolomeozsesoeanow
3238 BISMSINEZIZIITEIEaLS
o 2L BIIRSRITLIIE8SEITZ2SR
S8 o R 2o P R R R R G L R
T8 3 o SOd4d EREERARRSESSLSSSIILLELEIRS
2o 8, 8a78g < 77T
Sl a8 a2y,
22837588483
5 o wn . N SN —
A9 8 g Sy T8 o 2
2792858 S g d
= ] 5] I
- « =
g 83y w83
n 9 g o %o
o 8
- =™ . © un
=24 sS4
3 ] ]
~ ]
o 5 :
N N b1
]
g &=
o 3
2
3
s
o 8
IS
33
2 3
< ©
a3
e o L o i o e e L LA e e o B ARaEanas
240 220 200 180 160 140 120 100 80 60 40 20 ppm
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0o
‘\%(\)\‘
N —
H
N\

2ya:2yb; 1.3:1
(after column chromatography)

BA CAM1
Pul
T T T T T T T
7.8 7.6 7.4 7.2 7.0 ppm 2.0 1.6 1.2 0.8 ppm
R A S i P
2.07 2.14 2.18 2.07 5. A8l 2.23 7.45 1.03 16.44 2.53
2.06 4.89 2.15 1.98 2.p8 1.33 3.35 1.02 3.24 2.51
L e L A e e e L A A B e e e B e L s e e e B B N H
8 7 6 5 a 3 2 1 0 ppm
i gy [ — o b e e
2.072.14 2.12.07 0.86 2.09 2.23 7.451.03 16.44 2.53
2.06 4.82.15.98 1.04 6.67 1.33 3.351.02 3.22.51
BA CAM1
3 S LI SRR 8 888 T Buflelsdyuehce: szpul
hi ISIERPFESIIJAS AT
28 SCoYdldewoo e s dowon
88 FRERENRSSSSIIIILRYR
X ™
:2353 w
;S o =3
B 8 S8 a8 g - 38
NS e N3~ ~ 8 g %33 3 224
o2 T8 R o S8 cs 2 ge o S R
5 e N - - 8 c 99 o - LN
woe S8 ES S &g = 8 - = b4
s 257938 s InEE SN o 28w =
5 < S8 293 8
5 S = o s S
n - os 22
= 283
TS w
s 1
- ]
388 °
35S
slcs / g
-8 2 B
® 3
2 2
3
- =
23
2
B L L e L e e e
240 220 200 180 160 140 120 100 80 60 40 20 Ppm
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Benzylindole trap on mentholdiazoazide(single diastereomer,

with X-ray)

0 o

I=z

2za

PN RN R EE R EE R E R EEE EEE R E R E EE R EE N E R R R E R E R EEEEE]
R - - B A i A I I - R B A B - S > R N - S B - G A A AR I B NI = I - B A A A A I - ]
N e B A RIS NIRIAASTAS853388atml@aAamNnterlNodsonosoowine=sIISSSIaeeeeesenms e
B N LT S S T I T T T T T T T T T S St S S - S S - S = S IR IR

LJ L L
L B e e e L B B e e e s L S B e e e L e o e S [ S S e s e e e e B S S B B s e
10 9 8 7 6 5 4 3 2 1 o ppm
Snowmoams o n o TN wao + o o
RARRRRRES S < & TS IER %3 R
NNNNmRNNS ~ w ~ N en g
Pulse Sequence: PRESAT Department of Chemistry, University of Alberta
Benzylindole trap on mentholdiazoazide (single diastereomer, with X-ray)
@ R EEE R EEEEEEE o nle v o O ¥ o YN ®a 9 N e
S SR IrAI AR TIaaSTE832R e o883 IR B I
= S eWw3IasT N8I mMIIIITRAT3S - als e A8 IA2S=EIILS
< ESE N $®monowinaoo oo oo o s efs e PR EEEEREE]
e S8R s i&8SSRII_ygRI’An=IA [N BN RSSTSTSIIIRA
i m\} NGRS
0 e O g O M N YA oA PRI N
240 220 200 i80 160 140 120 100 80 60 40 20 ppm
Pulse Sequence: s2pul Department of Chemistry, University of Alberta
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(3()2hne

Cl

Ir=z

NH

5a

2-phenylindole trap on chlorodiazoazide
499.806 MHz H1 PRESAT in cdcl3 (ref. to CDCl3 @ 7.26 ppm), temp 27.7 C -> actual temp = 27.0 C, colddual probe

C MM m o N EE N EEEDmE S TR e Ee e m s e <
S-sssLsgEsSIsEossSTEsIRIdssoes S
SE58888838388358388¢g833888¢8¢8 §

. }h{Iiizzijj;;j;;;ﬁlj 7 T
I // A
JL Jk .
— ———— — — — — e e I — ‘
10 ° 8 7 6 5 a 3 2 1 o ppm
- g - -
z TILTLE T z
g 58588 3 3
2 22333 2 2
Pulse Sequence: PRESAT Department of Chemistry, University of Alberta

2-phenylindole trap on chlorodiazide
125.691 MHz C13[H1] 1D in cdcl3 (ref. to CDCl3 @ 77.06 ppm), temp 27.7 C —-> actual temp = 27.0 C, colddual probe

-

|

240 220 200 180 160 140 120 100 80 60 40 20 PpPm

77.316
77.061
76.807
73.612
53.207

193.742
168.460
160.802
144.329
138.033
135.409
132.374
129.502
128.783
128.310
126.669
126.141
122.651
120.975
120.556
119.396
118.405
112.964
111.334
107.536

»

Pulse Sequence: s2pul Department of Chemistry, University of Alberta
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clo2me

c02M9 OMe

Cl

Iz

NH

5b

I R R R 0 n °
S80S 20 SSS28883R85 s3I es883a Q 2 8
R R R R e R R R R E R EE R R R S - 2
ﬁhhhﬁ%’m T T I
I T I I T I | I I T I
9 8 7 6 5 4 3 2 Ppm
— e e BN o =
s o oo oo « = o
3 3 3 3333 A S 3
- e e S - ~
Pulse Sequence: PRESAT Department of Chemistry, University of Alberta
Cl020Me
= R E R EEEEEEEE T o e~ o o ©
S 8883883333y sse I8 a9 2 s
3 BE8I3S 88 SRITESTALe838 IR S &= & s 3
- X S S T E WS Y S YN DS % Mmoo s S e n o
b} 8383323333988 32222233 TTTT 1(‘
L L L o o o L  LLL AL o L e o e
240 220 200 180 160 140 120 100 80 60 40 20 o Ppm
Pulse Sequence: s2pul Department of Chemistry, University of Alberta
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COZM9

Cl

Iz

NH

5¢c

ClO2F
T T T T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 o pPpm
h PRS- e ha

= oo N o o
@ 2o qnSane e 2
S SHhc-cnco - -

Pulse Sequence: PRESAT Department of Chemistry, University of Alberta

Bren+Jordan, BA_ClO2F_clean
125.688 MHz C13{H1} 1D in cdcl3 (ref. to CDCl3 @ 77.06 ppm)
temp 27.7 C -> actual temp = 27.0 C, colddual probe

= wmgwosssnnsosssteeanzaltos e ey
5 cgs8g5s88R583888sesssnsslkasggss
g 5888583883823 8K838R83RR87883%
s O . . B i R I v
g EEg2z2a8a888sS88833333$ s+~
e A N L M Y AT L
240 220 200 i80 160 140 120 100 80 60 40 20 o pPpm
Pulse Sequence: s2pul Department of Chemistry, University of Alberta
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COzMe

Cl

ZI

Cl

o

NH

5d

clo2Fcl

e
89 €
T99°S
106"9
506°9
816°9
126°9
900°L
010" L
0L0° L
TLoL
580°L
L80° L
680°L
660" L
T0T L
€0T°L
9TT"L
EET L
90Z°L
80Z°L
0z L
L
el
LET L
6£T°L
692" L
0SZ°L
09Z°L
S9Z°L
S0E"L
60€°L
BIEL
8TE"L
TeeL
9ze" L
TEE'L
SEE°L
09€°L
9LE"L
09%°L
9% L
VL
8LV L
T6%°L
oLT*8

ppm

7

Ty

8

10

Q!mc.m

%S.o

®wvoNaw
BRAR MR DR
~oo<roco

L

[—
n
ES
B3

University of Alberta

Department of Chemistry,

0

i e

PRESAT

Pulse Sequence

269°¢€S
T6T"EL
T18°9L
§90°LL
0ZE"LL
L58°80T

TST TIT
S6T"ETT
T16°91T
6L9°9TT
0pL8TT
6ST°6TT
050° 12T
8Ly TZT
TLzUELT
PITC 92T
£18°92T
LO%"62T
S9%°62T
£29°62T
L96°TET
BET"GET
TLY SET
8£9° YT
TLETLST
£8€°09T
0L5°89T

$8T°€6T

thanditil ol b il

.

deh Ll b b ki |

P O T Ty YT

ppm

220 200 i8o0 160 140 120 100 80 60 40 20

240
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C02M9

5e

2-phenylindole trap on bromo diazo azide
499.806 MHz H1 PRESAT in cdcl3 (ref. to CDCl3 @ 7.26 ppm), temp 27.7 C -> actual temp = 27.0 C, colddual probe

© WO o @I NI NEL B MO O ®YNLEDQ O LN T d M Odn Y@ML Y ®IN O NS T o©
2822828383288 RRRSTIITFTERESEEEIEBISETIZTEgSESIS s Iasaes
MY T A SRS SRR emMenanmMAdSAISESSSS28833338338353553 6
B N T I A T T T T i S
-
f J’ P
}\ L
L e e e e e e L e e e e e L e e e e L s e e IR A s s s e e T e s e e
10 9 8 7 6 5 4 3 2 1 o ppm
s AN BN -
= ©om s s
s S 888 8 8
S NPT - -
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