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further azeotropically distilled at constant volume with n-heptane (220 mL)
under reduced pressure (jacket temperature: 30 °C, batch temperature: 14 °C,
vacuum: 75 mmHg) to a final volume of 110 mL. The batch is cooled to
between —10 °C and -5 °C, and a red solid forms during cooling (Figure 13).
The slurry is stirred at this temperature for 18 h. The mixture is filtered, and
the cake dried under vacuum (vacuum: 40 mmhg) below 30 °C for 2 h
(Note 41). ABNO is obtained as a red solid (8.79 g, 68%) (Note 42) (Figure 14)
in 99% purity as determined by GC analysis (Note 43).

Figure 13. Red solid formation (Photo provided by checkers)

!
Figure 14. ABNO solid product (Photo provided by submitters)

Org. Synth. 2022, 99, 251-273 261 DOI: 10.15227 / orgsyn.99.0251



o)

rganic
—
S yntheses

Notes

Prior to performing each reaction, a thorough hazard analysis and risk
assessment should be carried out about each chemical substance and
experimental operation on the scale planned and in the context of the
laboratory where the procedures will be carried out. Guidelines for
carrying out risk assessments and for analyzing the hazards associated
with chemicals can be found in references such as Chapter 4 of “Prudent
Practices in the Laboratory” (The National Academies Press, Washington,
D.C, 2011; the full text can be accessed free of charge at
https:/ /www.nap.edu/ catalog /12654 / prudent-practices-in-the-
laboratory-handling-and-management-of-chemical. See also
“Identifying and Evaluating Hazards in Research Laboratories”
(American Chemical Society, 2015) which is available via the associated
website “Hazard Assessment in Research Laboratories” at
https: / /www.acs.org/content/acs/en/about/governance/ committees
/ chemicalsafety /hazard-assessment.html. In the case of this procedure,
the risk assessment should include (but not necessarily be limited to) an
evaluation of the potential hazards associated with benzylamine, sulfuric
acid, glutaraldehyde, acetone dicarboxylic acid, sodium acetate, MTBE,
silica gel, Na,COs, heptane, Na,SO,;, methanol, sodium borohydride,
hydrochloric acid, NaOH, hexanes, NaHCO;, ethyl acetate, isopropanol,
Pd(OH), on carbon, Na,WO,*2H,O, urea hydrogen peroxide,
dichloromethane, H;PO,, CDCl;, dimethylsulfone, dimethyl fumarate,
and 1,3,5-trimethoxybenzene, as well as the proper procedures for
running hydrogenations, running reactions that releases gas such as
carbon dioxide, oxygen.

The reaction is stirred at 180-200 rpm with an IKA mechanical stirrer with
a PTFE propeller with diameter of 65 mm. The reaction is run under a
slow nitrogen flow of rate about 0.6 L /min. The reaction flask is protected
from light with aluminum foil as a general precaution.

Reagents and raw materials are purchased from commercial suppliers
and used as is. The purity is >98% unless noted otherwise.

The benzylamine (>99.0%) is purchased from TCI.

The 18% sulfuric acid is made from 98% sulfuric acid purchased from
Oakwood Chemicals.

The glutaraldehyde (50% aqueous solution) is purchased from Sigma-
Aldrich.

Org. Synth. 2022, 99, 251-273 262 DOI: 10.15227 / orgsyn.99.0251



o)

7.

10.

11.

12.

13.

14.

15.
16.

rganic
—
S yntheses

One of the major challenges we faced for this step is the facile
decomposition of acetone dicarboxylic acid 1. Even the process of NMR
sample preparation and analysis led to partial decarboxylation. Similar
decarboxylation is also observed when 1 is analyzed by reverse phase
HPLC. Due to the lack of analytical standard of this compound, the
weight percentage purity of the material is not confirmed but only
estimated to be >90% by NMR. We suspect the different reported yields
of this step are largely due to the variable quality of the raw materials
used. Compound 1 refrigerated until needed for reaction.

Acetone dicarboxylic acid (technical) is purchased from Sigma-Aldrich.
The sodium acetate (=99.0%, anhydrous) is purchased from Sigma-
Aldrich.

Running this reaction at higher temperature (>30 °C) should be avoided
due the potential for rapid release of gas.

The conversion is determined by HPLC using a Waters Atlantis T3
(150 mm x 4.6 mm x 3.0 ym) operating at 40 °C with a flow rate of 0.5
mL/min using a gradient of solvents A) 0.1% H;PO, in water and B)
acetonitrile. t=0 min, A:B (95:5); t=5 min, A:B (75:25); t=10 min, A:B
(65:35); t=16 min, A:B (5:95); t=18 min, A:B (95:5); Retention times for the
following compounds are as indicated 1, 2.4 min; 3, 7.2 min; 4, 7.8 min; 5,
9.3 min. The reaction is complete when 1 is fully consumed and the ratio
of 3 to benzylamine is greater than 90:10.

n-Heptane is purchased from Oakwood Chemical. Silica gel (230-400
mesh) is purchased from Silicycle Inc.

The Na,COs (299.0%, anhydrous) is purchased from VWR Chemicals. A
slight exotherm is observed during addition of 20% Na,COs. The
temperature is easily controlled by ice bath.

Use of heptane as a co-solvent in addition to MTBE minimizes the
decomposition of 3 during the workup.

The NaxSO,4 (99.0%, anhydrous) is purchased from Fisher chemical.
Purity is determined by HPLC (Note 11) to be 98.2%. Analysis of the
solution by quantitative 'H NMR, using dimethy]l sulfone (99.6% purity)
as an internal standard, indicated the solution was determined to contain
19.1 wt% 3 (17.9 g). A second run on full scale provided 17.2 g (55%) at
97% purity. About 0.8 g pure sample of 3 was obtained for
characterization by silica gel column purification of about 1.1 g crude
compound and 24 g silica gel using 1:4 ethyl acetate /hexanes as eluent
(TLC: EA /hexanes=1/4, R¢ = 0.4), which results in a white solid. "H NMR
(600 MHz, CDCls) 8: 7.46-7.40 (m, 2H), 7.38-7.33 (m, 2H), 7.31-7.27 (m,
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1H), 3.93 (brs, 2H), 3.36-3.30 (m, 2H), 2.75 (dd, | = 6.4, 16.4 Hz, 2H),
2.27(d, ] =16.5 Hz, 2H), 2.01-1.93 (m, 2H), 1.62-1.46 (m, 4H); "C NMR
(151 MHz, CDCl;) 8: 211.6, 139.4, 128.5, 128.4, 127.3, 57.2, 53.7, 43.0, 29.5,
16.7.

The reaction is stirred at 180-200 rpm with an IKA mechanical stirrer with
a PTFE propeller with diameter of 65 mm. The rate of nitrogen is
approximately 0.6 L / min.

Sodium borohydride (>98%) is purchased from Sigma-Aldrich. Caution:
hydrogen gas evolution! A slow flow of nitrogen is maintained during
and after the addition of the NaBH, from the neck of the flask used for
addition of reagents by a glass joint with an open valve.

Completion of the reaction is determined by HPLC (Note 11). The
reaction is complete when 4 is consumed.

The 10% hydrochloric acid is made from 36.5-38% hydrochloric acid
which is purchased from Oakwood Chemical.

The MTBE is purchased from Oakwood Chemical.

The NaOH (299.0%, anhydrous) is purchased from Oakwood Chemical.
The NaHCO; (299.0%, anhydrous) is purchased from Oakwood
Chemical.

Purity is determined by quantitative "H NMR using dimethyl fumarate
(99% purity) as an internal standard and by HPLC (Note 11). The crude
product is determined to contain 93.0 wt% 4 by NMR with 95.5% purity
by HPLC. A second reaction at full scale provided 17.4 g (86%) of
compound 4 in 93% purity. For characterization purposes about 0.6 g
pure sample of 4 is obtained from 1 g crude compound by silica gel
column purification on 40 g silica gel with ethyl acetate as eluent (TLC:
R¢ = 0.5) as eluent which results in a white solid. "H NMR (400 MHz,
CDCl) 8: 7.38-7.29 (m, 4H), 7.27-7.21 (m, 1H), 4.34-4.25 (m, 1H), 3.81 (s,
2H), 3.09-3.03 (m, 2H), 2.45-2.36 (m, 2H), 2.29-2.15 (m, 1H), 2.01-1.90 (m,
3H), 1.58-151 (m, 1H), 141-1.33 (m, 2H), 1.18-1.10 (m, 2H)
BC NMR (151 MHz, CDCl;) 8: 140.5, 128.3, 128.2, 126.8, 64.1, 56.0, 49.8,
35.6,25.2,14.7.

The reaction is stirred at 180-200 rpm with an IKA mechanical stirrer with
a PTFE propeller with diameter of 65 mm. The rate of nitrogen is
approximately 0.6 L / min.

The 70% sulfuric acid is made from 98% sulfuric acid which is purchased
from Oakwood Chemical.
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Reaction completion is determined by HPLC (Figure 15). The reaction is
complete when less than 1% of 4 remains.

The NaOH (299.0%, anhydrous) is purchased from Oakwood Chemical.
The end pH is slightly basic, shown to be approximately 8-9 by pH paper.
A second reaction at full scale provided 14.5 g (17.2 g x 84.1 wt%) 5 by
quantitative '"H NMR analysis, using dimethylfumarate (99%) as an
internal standard, and 95% purity by HPLC analysis. About 0.5 g sample
of pure(>99%) 5 is obtained as a light-yellow oil via silica gel column
purification from 1.0 g crude product on 100 g silica with ethyl
acetate/heptane as eluent (TLC: EA/n-heptane = 1/3, R = 0.6-0.7).
"H NMR (600 MHz, CDCl;) 8: 7.45-7.38 (m, 2H), 7.37-7.33 (m, 2H), 7.31-
7.25 (m, 1H), 6.07 (td, ] = 3.5, 10.1 Hz, 1H), 5.61-5.60 (m, 1H), 3.78-3.63
(m, 2H), 3.19 (br. s, 1H), 3.03-2.95 (m, 1H), 2.48 (ddd, ] = 3.0, 4.3, 18.8 Hz,
1H), 1.93-1.68 (m, 4H), 1.56-1.38 (m, 3H); "C NMR (151 MHz, CDCl;)
5:140.4, 128.9, 128.3, 128.1, 127.4, 126.8, 58.0, 52.7, 50.8, 33.6, 28.6, 25.9,
16.3

The reaction is stirred using the overhead stirrer of the hydrogenation
apparatus.

The isopropanol (299.7%) is purchased from Sigma-Aldrich.

Palladium hydroxide on carbon is purchased from Sigma-Aldrich and
used as is. Caution: fire hazard! Proper precaution must be taken when
charging palladium hydroxide on activated carbon to organic solvents/
Purging the solvent with and operating under an atmosphere of nitrogen
or argon and cooling of the organic solvent prior to addition of palladium
hydroxide is highly recommended. It is also recommended that
palladium hydroxide be premixed with solvent before substrate is
added. When filtering off the palladium hydroxide on carbon after
reaction, an inverted funnel with a flow of nitrogen should be placed on
top of the filter to create an inert atmosphere and the catalyst should be
constantly submerged below the surface of solvent to avoid direct
exposure to air. The catalyst should be wetted with water before properly
disposed or collected for recovery.

Reaction conversion is determined by GC using a HP-5 (30.0 m x 0.25 mm
LD. x 0.25 ym) with nitrogen (400 mL/min) as the carrier gas. The
temperature gradient involved starting temperature gradient of
50 °C/min to 30 °C, then 15 °C/min to 160 °C, 5 °C/min to 180 °C,
20 °C/min to 280 °C, hold at 280 °C for 7 min. Retention times for the
following compounds are as indicated 6, 8.8 min; ABNO, 11.5 min; N-
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Benzyl-6, 16.0 min; 5, 16.4 min, 3, 16.5 min; The reaction is complete
when less than 1% of 5 remains.

34. The Solka-Floc cellulose powder (grade SF-40) is purchased from General
Filtration.

35. The internal standard for gNMR analysis was 1,3,5-trimethoxybenzene.
The reported chemical shifts of compound 6 do not match perfectly with
the 'TH NMR spectrum obtained in the Checking process; however, the
integral areas of signals match with compound 6 and "H NMR spectrum
of the author. To confirm the assigned structure, a detailed 2D NMR
analysis of compound 6 was performed. 'H-'H correlations were
established using 2D COSY NMR and confirmed a spin system consistent
with compound 6. HSQC spectrum clearly indicates 3C’s and associated
protons for 2 CH, and 1 CH moieties. Isopropyl alcohol impurity is also
detected in the sample containing compound 6. HMBC correlations
confirmed connectivity between carbons in compound 6. Overall, NMR
analysis confirms compound 6. '"H NMR (400 MHz, CDCls) 8: 3.57 (br. s,
2H), 2.41-2.18 (m, 2H), 2.05-1.88 (m, 4H), 1.80-1.59 (m, 6H); *C NMR
(101 MHz, CDCl;) 8: 46.39, 27.05, 18.65.

36. The Na;WO,2H,O (299.0%) is purchased from Sigma-Aldrich.

37. It is critical that a nitrogen flow is maintained during this reaction to
prevent oxygen build up in the headspace of the reaction flask.

38. The UHP (298%) is purchased from Sigma-Aldrich. Incomplete
conversion is observed when less UHP is used.

39. Reaction conversion is determined by GC (Note 33). The reaction is
complete when less than 3% of 6 remains.

40. The residual quantity of urea is determined by HPLC using a Waters
Atlantis T3 (150 mm x 4.6 mm x 3.0 ym) operating at 40 °C with a flow
rate of 1.2 mL/min using a stepped gradient of solvents A) 0.1% HsPO,
in water and B) acetonitrile. t=0 min, A:B (100:0); t=9 min, A:B (5:95);
t=20 min (stop); Retention times for the following compounds are as
indicated urea, 3.4 min; ABNO, 9.7 min. Residual urea is below 0.15% in
the combined organic layers, and below 0.05% after washing with water
(2 x 100 mL).

41. Prolonged heating and drying of ABNO is not recommended since it can

sublime over time. It is recommended ABNO be stored refrigerated. Solid

ABNO exhibits large exotherm of 960 J/ g in the temperature range of 80-

220 °C. In fall-hammer tests, it gave 3 positive (explosion) out of 8 tests at

impact energy level of 30 J, but 0 out of 8 at 20 J. Thus, ABNO is

potentially shock sensitive and proper precaution should be exercised
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when handling solids as to avoid compression and shock (for DSC data
see Appendix).

42. DSC showed two melting endotherms, 53 °C and 70 °C, indicating crystal
form conversions. 'H NMR (600 MHz, CD;CN) &: 166.7 (br. s, 2H),
96.7 (br. s, 2H), 74.7 (br. s, 4H), 26.2 (br. s, 2H), -45.5 (br. s, 4H). More
details on the peak assignments are described in the discussion section.

43. Purity is determined by GC (Note 33).

Working with Hazardous Chemicals

The procedures in Organic Syntheses are intended for use only by persons
with proper training in experimental organic chemistry. All hazardous
materials should be handled using the standard procedures for work with
chemicals described in references such as "Prudent Practices in the
Laboratory" (The National Academies Press, Washington, D.C., 2011; the full
text can be accessed free of charge at
http: / /www.nap.edu/catalog.php?record id=12654). All chemical waste
should be disposed of in accordance with local regulations. For general
guidelines for the management of chemical waste, see Chapter 8 of Prudent
Practices.

In some articles in Organic Syntheses, chemical-specific hazards are
highlighted in red “Caution Notes” within a procedure. It is important to
recognize that the absence of a caution note does not imply that no significant
hazards are associated with the chemicals involved in that procedure. Prior
to performing a reaction, a thorough risk assessment should be carried out
that includes a review of the potential hazards associated with each chemical
and experimental operation on the scale that is planned for the procedure.
Guidelines for carrying out a risk assessment and for analyzing the hazards
associated with chemicals can be found in Chapter 4 of Prudent Practices.

The procedures described in Organic Syntheses are provided as published
and are conducted at one's own risk. Organic Syntheses, Inc., its Editors, and
its Board of Directors do not warrant or guarantee the safety of individuals
using these procedures and hereby disclaim any liability for any injuries or
damages claimed to have resulted from or related in any way to the
procedures herein.
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Discussion

ABNO (9-azabicyclo[3.3.1]Jnonane-N-oxyl) is an effective catalyst for
aerobic oxidation of alcohols to ketones and aldehydes. This type of
oxidation is particularly attractive for large scale preparations because of the
potential to reduce cost and minimize waste. Typically, 1-10 mol% of the
catalyst is employed, which would represent significant quantities on scale.>?
The current procedure is developed to address the rather limited commercial
availability and high cost of ABNO on large quantities.* Compared to prior
syntheses, the current route starts with the same acetone-1,3-dicarboxylic
acid (1) and glutaraldehyde (2) and forms compound 6 which is oxidized to
the N-O radical. The key feature of the current route is that the benzylated
compound 3 is prepared readily from compound 1 and 2 and it can be easily
extracted into organic solvents. The crude 3 is reduced to alcohol 4 which is
through processed by treatment with sulfuric acid to form the olefin 5. Upon
hydrogenation, crude 5 is converted to 6. Crude 6 is again through processed
into the oxidation step with urea hydrogen peroxide catalyzed with sodium
tungstate to give ABNO which is purified by crystallization. This process
does not require any chromatographic purification, and the final product
(ABNO) is purified by crystallization.*

The purity analysis of ABNO poses unique challenges. Because of the
paramagnetic property of ABNO, its NMR spectra cannot be obtained under
normal conditions. However, proton NMR as shown in Figure 15 can be
obtained under special instrument settings.” It can otherwise be analyzed
with GC. The GCMS or LCMS under standard electron spray ionization
conditions exhibited the expected m/z = 140 but higher than expected m+1/z
=141 peak.*
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'H NMR (600 MHz, CD,CN) c
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Figure 15. NMR spectrum of a typical batch of ABNO. Note that
diamagnetic impurities include the HDO and residual acetonitrile-d,
peaks as the largest signals
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4. This procedure is first published in: Song, Z.].; Zhou, G.; Cohen, R.; Tan,

L. Org. Process Res. Dev. 2018, 22, 1257-1261 and references cited therein.
5. Proton NMR spectrum of ABNO is recorded on a Bruker AVANCE III
HD 600 MHz spectrometer equipped with a triple resonance (HCN)
helium cryoprobe. Sample is dissolved in CD;CN at 200 mg/ml
concentration because a high concentration resulted in markedly
narrower line widths due to the process of intermolecular spin exchange.
Proton NMR spectra are acquired using a 30° flip angle, 256 scans, 0.7 s
acquisition time, 0.1 s recovery delay, spectral width from -120 to 240
ppm and transmitter frequency set to 70 ppm. Spectra are processed in
Mnova, ver. 12.0 using backward linear prediction (20 points predicted
using the Toeplitz method with 262119 basis points and 24 coefficients),
which corrected the baseline distortion.

Appendix
Chemical Abstracts Nomenclature (Registry Number)

Benzylamine; (100-46-9)

Sulfuric acid; (7664-93-9)
Acetone-1,3-dicarboxylic acid (1); (542-05-2)
Glutaraldehyde (2); (111-30-8)

Sodium borohydride; (10940-66-2)
Hydrochloric acid; (7647-01-0)

Sodium hydroxide; (1310-73-2)

Palladium hydroxide (20% on activated carbon) (12135-22-7)
Sodium tungstate dihydrate (10213-22-7)
Urea-hydrogen peroxide (UHP) (124-43-6)
9-Benzyl-9-azabicyclo[3.3.1]nonan-3-one (3) (2291-58-9)
9-Benzyl-9-azabicyclo[3.3.1]nonan-3-ol (4) (289487-86-1)
9-Benzyl-9-azabicyclo[3.3.1]non-3-ene (5) (55286-17-4)
9-Azabicyclo[3.3.1]nonane (6) (280-97-7)
9-Azabicyclo[3.3.1]Jnonane-N-oxyl (ABNO) (31785-68-9)
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HAME TOG-NPR-003-122
EXPHD 1
FROCHO 1

FZ - Acguisition Paramatecs
Data_ 20210505
Tima 15.86 h
IHETRUM spach
FROBHD zldQESE_DDﬁ I
FULEROG zg30

D 65536
SOLVENT CDCl3

M= 14

D= 2
EWH 12019.230 Hz
FINREE D.366708 Hz
AQ 2.T262976 sac
R 31. 31

oW 41,600 usec
DE E. 50 usec
TE 296.6 K
D1 1. 00000000 sec
D0 1
EFO1 a00.00BTOE0 mmr
HUOC1 1H

Fl 15. 50 usec
FLW1 13. 23200035 W
F2 — Proocessing parametaers
5L 65536

EF &00.0050000 mmz
WO EH

=38 o

LB 0. 30 Hz
=B o

PC 1.00

pPpm



9-Benzyl-9-azabicyclo[3.3.1]nonan-3-one
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Current Data Parameters
HAME TCG-NPR-003-122
EXPHO 2
O PROCHO 1
F2 - Acquisition Parameters
Date 20210505
Time 16.22 h
NBn INSTRIM spect
3 PROBHD Z148658_0003 |
PULPROG T 3
D E];Eﬂi
SOLVENT CDCL13
HE 500
D= q
SWH 36231.883 Hx
FIDRES 1.105709 Hz
AQ 0. 9043368 sec
RG 139.73
oW 13.800 usec
DE G.50 usec
TE 208.4 K
D1 2.00000000 sec
D11 0.03000000 ==c
TDO 1
SFO1 150, BEE4E4q MHz
HUC1 13C
Pl 12.00 umec
PLW1 T7.E5639768 W
SFO2 EOD. DOT74000 MMz
Hucz 1H
CPDPRE[2 waltzlE
PCPDZ 70.00 usec
PLWZ 13.23200035 W
PLW12 0. 64876397 W
PLW13 0.3Z633001 W
F2 - Processing parame=ters
51 IETEE
S5F 150.B713604 MMz
WOW EM
358 [+]
LB 1.00 Hz
GH ]
PC 1.40




158.7 mg crude scluticn (93.82 g total)
32.1 mg stancdard (dimethyl sulfone, 99.65% purity)
PROTON CDC13

Ix Ncal Mx Wcal

Px = X X X X Pcal
Ical Nx  Mcal Wx
Py = 0.7776 y 6 y 229.32 gmol ™! y 32.1 mg « 0.9965 —|19.09%
* = 6.0000” 27 9413 gmolt 1587 mg . oo 27

Wpdt = Px X Wxg,, = 0.1909 x 93.82 g =[1791 g

<)
BRUKER
(><)

F2 - Acqgulsition Parameters
Date_ 20210525
Time 13.16 h
ITNSTRUM spect
PRCEBHD 2148658_0003
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 24

DS 2

SWH 12019.230 Hz
FIDRES 0.366798 Hz
AQ 2,7262976 sec
RG 18.2

DW 41.600 usec
DE 6.50 usec
TE 296.3 K
D1 4,00000000 sec
TDO 1
SEO1 600,0087050 MHz
NUC1 1H

Pl 15.50 usec
PLW1 13.23200035 W
F2 - Processing paramesters
ST 65536

SE 600,0049531 MHz
WDW EM

SSB 0

LB 0,30 Hz
GB 0

PC 1.00
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Current Data

Parameters

HAME ICE-NEFE-003-139
EXFNHO 10
PROCHKDO 1

F2 - Acguisitlon Parameters
Date_ 20220809

Time 18.10 h
IMETRIM Avance
PROBHD Z163T73% 0288 |
PULPROG Zg30

) B5536
SOLVENT COCl3

! 32

05 2

SWH 8196.722 Hz
FIDREES 0.250144 HZ
AQ 3.9976959 =ec
BG 30.42E1

i 61.000 usec
DE 13.55 usec
TE 298.0 K

Dl 4.00000000 =ec
DD 1

SF01 d00.1324706 MHzZ
NUC1 1H

PO 2.54 usec
Fl T.61 usec
PLN1 23.42000008 W

F2 - Processing parameters
SL 65536

5F d00.1300022 MHzZ
WD EM

55H i

LB 0.30 Hz
=H 0

FC 1.00



9-Benzyl-9-azabicyclo[3.3.1]nonan-3-0l
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Currant Dats Paramctars

HAME TCG~-NFR-003-139
EXPHD 2
PROCHO 1

FZ2 - Acquisition Parametars
Data_ 20210514

Timz 16.00 h
IHSTRUM spach
FROBHD Z14BE5E_00Q3 |
PULEROG zgpg30

] EER3E
SOLNENT CcoCl3

HE DO

na 4

SWH IEZ231.BE3 Hz
FIDRES 1.105709 mHx
AQ 0.90430ER8 mac
RL 104.73

o 13. BEDO usac
DE E.50 usac
TE 29E.3 K

ol 2.00000000 soc
o1l 0.03000000 sec
paali} 1

aFol 150.BBE4E44 MHz
HUC1 13C

Pl 12.00 usec
PLW1 T7.656007CE wW
FFod &00.0074000 MHZ
HOC2 1H
CPOERE[ 2 waltzrlid
PCPDZ 70.00 usac
PLW2 13.23200035 w
PLW1Z O0.64BTE59T W
PLW13 0.32633001 W

FZ - Processing parameters

=h
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WO
b=t=1=]
LB
CB
PC

3278
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23.4 mg product (19.2 g total)
18.0 mg standard (dimethyl fumarate, 99.0% purity)

PROTON CDC13 BRUKER

F2 - Acculsition Parameters
Date 20210626
Time 16.12 h
Ix Ncal Mx Wecal o o o L i
Px = X X X X Pcal o) O Ly PROBHD  %148658_0003 |
Ical  Nx  Mcal Wx © © o PULEROS 2330
. TD 55536
O oy oy SOLVENT CDC13
NS 32
p 1.5218 2 23134 gmol™! 18.0mg 0.990 —|93.0% \/ DS 2
X =————X—X X X 0. = .0% SWH 12019,230 Hz
2.0000 " 2" 144.13 gmol-! ~ 23.4 mg FIDRES 0.366798
20 2.7262976 =ec
r RG 78.64
DW 41,600 usec
Wpdt = Px X Wx ryg4e = 0.930X19.2g=|179¢ oe joudy mese
D1 4,00000000 zec
TDO 1
sFo1l 600.0087050 MHzZ
F1() NuCl 1H
P1 15.50 usec
PLWL 13.23200035 W
2 - Processing parameters
sI 65536
SE 600,0050000 MHz
NBn WDW EM
4 SSB 0
LB 0.30 Hz
JLA [ VRN S O WY ¥ | e 0
BC 1.00
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9-Benzyl-9-azabicyclo[3.3.1]non-3-ene

Corrant Data Faramatars

— AL ME TC-MK-001-085
ELFHD 2
PROCHD 1
F2 - Acguisition Parametars
NBn Date_ 20210804
5 Tima 1E.0% h
INETRLOM spact
PROBHD EBESEDL_01D4 ¢
PULFROGC zg3d
D ERE3E
SOLVENRT coCcll
N3 32
oS 2
SWH 1201%9. 230 Hz
FIDRES 0.366798 Hz
A Z.7262976 =ac
Rz 30.85
oW 41.600 usac
'rrI-l-rr|-rrrl-|-I-|-rrrrrr|-|-I-l-rrr|-rrl-rl-rl-rrrrrrl-l-l-rrrrl-IIIIIIIIIIIIIIIIIIIIIIIIIIII D& E.50 usac
TE 208.0 x
7.5 T.4 1.3 PPm 3.5 3.0 ppm z.0 1.8 1.6 ppm ol 1.00000000 =ec
oD 1
sFol OG0, ORETO4T MHz
WIRC! 1H
Pl T.75 usac
PLW1 11.90450980 W
Fl - Procassing parameatars
51 EEE3E
5F 00, OREDO1Y MHx
WowW EM
558 a
ﬂ FI La 0.30 Ez
[=:] a
PC 1.00

90 85 80 75 70 65 60 55 650 45 40 35 30 25 20 156 1.0 05 ppm
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9-Benzyl-9-azabicyclo[3.3.1]non-3-ene
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Curraent Data Faramabars
HAME TCC-NE-001-085
EXFHD 3
— FROCHO 1
FZ - Aoquisition Parametars
Data_ 20210805
NBn Tima 0.43 h
INETRIM spact
5 FROBHD GA55E01 0104 [
FULFROG zgpgdd
p o] E5536
SOLVENT cocl3
HE 500
DE 1
EWH 36231.8493 H=z
FIDEES 1.105709 E=z
AQ 0.90439649 =ac
RC 194.75
oW 13.800 usac
DE 6. 50 usac
TE 798.0 x
ol Z.00000000 =sac
Di1l 0.03000000 =ac
pylil 1
SFO1 150.8738906 MHz
NIC1 13c
Fl 11.40 usac
PLW1 17TE.19959895 W
SFOZ EG9. 95739098 MH=z
KUC2 1H
CPFDPRGE[2Z waltzlé
PCFDZ T0.00 usac
PLWZ 11.99459989 w
PLW1Z D.214703000 w
PLW13 D.07395500 w
FZ - ProDessing paranctars
51 32764
8F 150.85ETTTE MHz
WD EM
SEB a
LB 1.00 Hz
[ a
BC 1.40




82.5 mg preoduct (crude, 17.1 g toctal)
20.1 mg standard (dimethyl fumarate, 99.0% purity)

PROTON CDC13 BRUKER

F2 — Acquisition Parameters
Date 20220215
Ix Ncal Mx Wecal e o
Px = X X X X PCCll PROBHD 7148658 0003 (
Ical Nx  Mcal Wx PULPROG 2930
D 65536
SOLVENT opela
p 2.3293 2 213.32 gmol_l 20.1 mg 0.990 =| 83.5% gz’ 2;1
X = X =X X X 0. = . . -
2.0000 " 1~ 144.13 gmol-! ~ 82.5 mg ° SihREs e 3ae700 e
20 2.7262976 sec
l:D{TSET\T 4}5633 used
Wpdt = Px X chrude = 0835 x17.1 g = 14.3 g g% %gésg nace
( D1 5.00000000 sec
g]?gl 600.00870510 MHzZ
NUCT 1H
= o T s
PLW1 13.23200035 W
g% — Processing paé:glgn?)eg:ers
5 NBn ST 600.0050435 MHz
Wow EM
VL i o
cB 0
R L R N D R R e L I I I [ e L.oo
12 11 10 9 8 7 6 5 4 3 2 1 ppm

2.0000
2.3293
2.3393



9-Azabicyclo[3.3.1]nonane
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3.07
3.086
3.05
2.00
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Current Data Farameters

MAME MWD-6T
EXPNO 10
FROCHO 1

FZ - Acguisition Farameters
Date 20220608
Time 15.0B h
INSTRUM Avance
FROEBHD Z163739_0288 |
PULFROG zg3l

IO S0o0o
SOLWVENT CDcl3

NS 16

DS 2

EWH €250.000 Bz
FIDRES 0.250000 Hz
AQ 4.0000000 sec
RG £0.7317

oW B0.000 usec
DE 8.72 usec
TE 298.0 K
ol 1.00000000 sec
Toh 1
SFO1 400.1324008 MHz
NUC1 1H

Fl 2.50 usec
Fl 7.51 usec
FLW1 2342000008 w

FZ - Processing parameters
5I E5536

5F 400.1300103 MHZ
WD EM

S5H 0

LE 0.30 Hz
=H 0

PG 1.00



9-Azabicyclo[3.3.1]nonane

NH

~77.54

< 77.23

“-76.91

—46.56

—31.11

—20.91

C><)
B ESZSR

Curment OData Paramctaers

HAME
EXPHNO
FROCHO

HVD—-ET
17
1

F2 - Rcguisition Parameters
20

Daba_ Z2Z0E0E

T ima 15.53 h
IHS TR Avanoca
FROBHD Z1E£3739_024949 |
FULPROC zgpg 30

D T14ZE
EQLVENT Ccocl3

M= T1i

D= q

EWH 23B09.523 Hz
FIORES 0.8666T2 Hz
AQ 1. 49909 ED =ac
Rk 101

oW 21.000 usac
DE E. 50 usac
TE 299.1 E

ol 1. 50000000 =ac
Dil 0.03000000 =ac
oo 1

EFO1 100. EZ2Z92 5B Mz
HUC1 13C

4] 2. ET usac
F1 3. 00 usac
FLW1 98. 07000122 W
EFod 400. 1316005 mEz
NUOC2 18
CFDPRG[2 waltzEE
FCPD2 90. 0D usac
FLW2 23.4Z00000E W
FLW12 0.1E306995 W
FLW13 0.0BZ0240D0 W

F2 - Frocessing paramatars

EIl
EF
W
E58
LB
=B
FC

327EE

100. 61275159
M

o

1.00

o
1.4D

HHz

Hz



9-Azabicyclo[3.3.1]nonane

BERUKER
NH

Curraxt ODats Faramstscs
RAME

WeD-ET
A F - PRm ECFNO 18

FROCHO 1
r Fi - Aogulizibics Farsmstass
1 —0.0 Owta_ M220ED8
r Tims 15.28 &
[ [HETRH Awanss

u FRIGED T1EITIS_OZ88 |

L 0.5 o e

SOLVENT CDC13
- KS ]
- os 1k
L i £250.000 B
—1 .n FIORES £ 103516 B
= ag 0. 1638400 mc
' L B 0. 4348
L o= A0. 000 =msc
L 11 4 LS50 mmec
~1.5 ™= 296.0 K
L oo oO0003D0 msc
[ 01 1000003 =
D11 53000003 ==
[ o1z 002002 mc
013 SO0004D0 mmc
— lﬂ o1é 020000 msc
E I IHD MOLLNEZS mc
I Thaw 1
I ra1 30_ 1324008 BT
F KU1 1=
2.5 rO
F Pl
I + 7 250000 mmec
q - PLN1 23_42000008 W

3 PLE 12 146770000 W
_a_.u GFMAM[ 1] SRETLO. 100

—ﬁ 0 : L EFE1 10.08 W
L r1é 1000. 05 =msc
L1] | L
-

L memsesms [l JEDIRECT DINMENSTON s
— 3 5 Edl 1z8

| o aw_F1 16 DESssan

Fl - Roguizibtion parsmstera

™
I I 5ra1 400.1324 BEI
l i 4.0 FIORES 190, 032013 B
] 14002 ppm

' : FnMIDET o
I F2 - Froocsozing parssstscy
4.5 51 4Dn9E
r SF #0.1300105 FHT
+ 7] QS IME
r 550 o
L L o Ex
— 5.0 o :
PrC 1.40
: Fl - Frooszzing parsmstsrcy
L 51 2
_55 W3 or
F - 5F #33_1300105 FHx
AL LI R B L B Ly L L L L L L L L Ly B B L B | W BETHE

&5 50 45 40 35 30 25 20 15 10 05 ppm &

Br



9-Azabicyclo[3.3.1]nonane
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FI Aoguimitizn Faramiars
Oaka, ot ]
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THSTHIN
PR HD
PR ROC
TO

Fi Acpuimpitizsn paramiars
Th e

SFOL 100. L2035 MAx
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9-Azabicyclo[3.3.1]nonane

BRUKER
NH

mmant [ata Faramiacs

ME Wi-&?
Fitrwo
i
L ppm
FI - Acquisibtion Faramalars
Oata, ki 4
Tima iz.4a h
= i ] INSTEIM arca
FOHED IiLI710 LR
PILERDC hagadatge
TE: aC4d
- SOLVINT 1
BRI 2
Os:
SH Hr
- -raes
— - . 20 rimes 3
RS
A " o LT
- ™ K
CESTI i4
oe a Fz
| ‘u o L. mac
o4 a. [
oii . [
— 4 Oik a. Bz
- ol 1. FE
(314 1. Fz
Thare
ICORTHS
_ Eu SF0i 40 LI W
NITi iH
e 1. 51 umac
P 1502 umas
L PlEi 1. 4ZLDIC0E W
= 100, AITIE4S MEx
!._:FI';E"IJ 2
— FOPED garg
_ au Py .00 umec
P ih. 01 umac
BP0l 0. 0] umac
PIE2 Rl UIGERET W
| FINLT 0. S RTIC0D W
CFRAN| L] SRSGA0. 80
CFEi t SN
CFRAR| 2] EREA0. 0
| 1m CFE2 2.1 8
Pl LE00. D0 umas
—— Fi INCIGECT DINNNSEON -——-
Tk
B ma FL 15, QEOIED
L} Acguisition paramatara
TO Ini
— 120 =rmi 100. L1031 Wi
FIDAES IJl?.IulHHE Hr
- ikd, P pem
FrMODC Echo-dnt ischa
FI Procassing pasramtass
1 5F 400, LIDICRE MEr
[~ *: CHE
550 = 2
L& a Hx
C& a
- B L4
Fi - Frocansd aram iaza
1 mE LEza
I I I I I I I I I I I I I =]
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UsINE
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44.41 mg product (2%9.1 g total, soluticn)
12.74 mg standard (Crimethoxybenzene, 99.0% purity)

DROTON CDC13 BRUKER

Ix Ncal Mx Wcal F2z - Acguisiticon Parameters
Px = X X X X Pcal Date 20220729
Ical Nx  Mcal Wx T 20l
PROBHD  2163739%_0288 |
p,_ 37732 9 12522 gmol™! 12.74 mg 0990 39,99 e 6553
= X=X X X 0. = ) SOLVENT CDCL3
¥ 790000 2" 16819 gmol~1 ~ 44.41 mg ° s 10
p _ 15429 9 12522 gmol™? 12.74 mg 0.990 —|29.99 PIDRES 0238419 He
= X —X X X 0. = . AQ 4,1943040 sec
¥~ 9.0000 " 4" 16819 gmol-1 ~ 44.41 mg ° % 15,5710
DWW 64,000 usec
DE 11.40 usec
_ _ _ g? 30.000209080'000 Ksec
Wpdt = Px X Wxzryge = 0399 x29.1g=11.6g :
Sro1 400.1318006 MHz
I;[i](n 7%2 usec
PLW1 23.42000008 W
F2 - Processing paramsters
SI 65536
NH SF 400.1300204 MHe
6 L JEVY o .
| ! 4 L_ ég 0.28 Hz
PC 1.00
""""" | L L L L L L B L B |
9 8 7 6 5 4 3 2 1 0 ppm

9.0000
3.7732
7.5429



9-Azabicyclo[3.3.1]nonane

166.70

—96.71

—T74.686

26 .20

-4 5, 54

Current Data Parameters

HAME ABNOD
EXPHO 10
PROCHD 1

F2 - Acgulsitilon Parameters
Date_ 20220802
Time 16.25 h
IHNSTRI Avance
PRJEHD Z163739 _02BE |
PULPROG zg3ad

D 205882
SOLVENT CD3ICH

HE 256

D= 2

EWH 147058 .E28 H
FIDRES 1.42B574 H
AQ 0.63990288 =ec
RG 32

DW 3.400 usec
DE £.78 usec
TE Z298.0 K
D1 0.10000000 =ec
DO 1

SO 400.1580091 MHET
HOC1 1H

=41} 2.54 usec
= | 7. &1 usec
PLW1 2342000008 W

F2 - Processilng parameters
g1 G553&

2F 400.1299638 MHZ
WDW EM

SEB a

LB 0.30 H
GE a

FC 1.00





