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General introduction

All commercially available reagents and solvents were used as received except in the case
of N-bromosuccinimide (NBS), which was recrystallized from water (see details below). The
CH,Cl, used in the acylation of the amines and in the thermolysis reactions was obtained
from an MBraun MB SPS-800 solvent purification system and is dry, but more importantly free
of alcoholic stabilizers. Alcohol-stabilized CH,Cl, does not completely inhibit the reactions
in question, but traces of ethyl esters (O-acylation) and ethyl ethers (carbene O-H insertion
product) have been been observed spectroscopically when running the reactions in alcohol-
stabilized CH,Cl,. The prepared/recrystallized N-bromoimides and diazoamides were stored
in a freezer at —20 °C to ensure their integrity and were left in ambient temperature for about 5
minutes before exposing them to air in order to minimize weighing errors caused by condensed
water.

Except for the above stated routine, no special precautions were taken to exclude air or
airborne moisture at any point during the syntheses described in this work, except in the
acylation reactions where it was clearly detrimental. Inert atmosphere (Ar or N,) is used only
where stated specifically (acylations and catalyzed reactions). Stirring refers to magnetic stirring
in all the procedures. Heating was performed with fluoropolymer-coated all-metal heating
mantles.

Chromatography was performed on silica gel (Merck 60, 40-63 ym) and thin layer chromatog-
raphy (TLC) on aluminium sheets coated with silica gel (Fluka 6607780, 20 mm, fluorescent
coating for 254 nm) or neutral alumina (Macherey Nagel Alugram Alox N, 0.20 mm, unacti-
vated, no fluorescent coating). The plates were visualized with KMnO,, K,CO; and NaOH
in water for the a-bromo amides (alumina) and UV-light and/or a solution of p-anisaldehyde,
concentrated H,SO, and glacial CH;CO,H in 96% EtOH for the a-diazoacetamides (silica gel),
followed by heating with a heat gun for both. The B-lactams (alumina) were visualized with
a solution of ninhydrin and pyridine in absolute EtOH followed by heating or with a solution
containing AgNO,, H,0, 2-phenoxyethanol, acetone and H,O, (30 %, aq) followed by exposing
the plate to UV-light for about 10 minutes (white spots on beige background).

Nuclear magnetic resonance (NMR) spectroscopy was performed on Bruker DXP300/DXP200
spectrometers operating at 300/200 MHz for 'H and 75/50 MHz for '3C. The chemical shifts are
reported in parts per million (6) relative to the residual solvent signal in general accordance
with the literature!: 6-'H/3-*C (Solvent); 7.26/77.00 (CDCl,), 5.32/53.80 (CD,Cl,), 2.50/39.52
(DMSO—dg) and 1.94/118.26 (CD;CN). Chemical shifts are given in the section for physical
data for each compound. Additionally, the spectra for the reported compounds are included in
the appendix where their signals are tentatively assigned to numbered structures appearing on
each spectrum, based on the information gained from the performed NMR experiments. The
DEPT-135 spectra were referenced using the 3C-NMR, as noted in the spectra. The NMR data
were processed with ACD/Labs NMR Processor Academic Edition.

Mass spectrometry experiments were carried out with a Fisons VG ProSpec for electron
impact ionisation (EI) and a Micromass Q-TOF 2 or a Bruker Apex FIMS (FT-ICR, 4.7 T) for
electrospray ionisation (ESI). The data from the three instruments are marked (EI), (ESI, Q-
TOF) and (ESI, FT-ICR), respectively. The solvent used and other essential details are noted
in each case. NOTE: Diazo compounds are prone to dinitrogen extrusion, a process that can
be effected by means of both heat and acidic media. While the obtention of molecular ions
using electron impact ionisation (EI) was straightforward, like others,”® we did not observe



molecular ions using electrospray ionisation (ESI) with added HCOOH. The ESI-data for the
diazoacetamides could indicate, however, that the observed radical cations are produced upon
extrusion of dinitrogen and the inclusion of a molecule of solvent (tentatively assigned). One
can speculate if this owes to an interaction of the carbene produced upon nitrogen extrusion
with a molecule of solvent.? Such a reproducible m/z, not corresponding to the molecular ion,
has also been noted by others in ESI experiments with EDA.?® Interestingly, when running the
ESI without added HCOOH, simple sodium adducts of the molecular ions was observed, except
in the case of 3f.

Melting points were measured using a Stuart SMP10 melting point apparatus (Barloworld
Scientific Ltd., UK) and are uncorrected.

Yield measurement using an internal standard: The reactions were left to expire overnight,
before evaporating the solvent under reduced pressure at or below 23 °C. 0.5 molar equivalents
of 2-naphthaldehyde was then added and the exact weight noted, before dissolving the entire
crude material in CDCl,. The solution was transferred to an NMR-tube and a '"H-NMR spectrum
recorded. The integral of the aldehyde proton of the internal standard was calculated based on
its molar fraction in relation to the starting material. Thus, the yields can be read out from the
integral of the signal from the S--lactam a--proton in the NMR spectra in the appendix.

1 N-bromoimides

1.1 N-bromophthalimide

N-bromophthalimide was prepared from phthalimide by extending =
a procedure published by Souza et. al* for the preparation of Br—N
N-chloro- and N-bromosaccharin, in which bromine is generated

in situ by oxidation of KBr in water. The original procedure is o

modified by an additional 0.25 eq of Na,CO;.

The reaction proceeds noticeably slower than in the case of sodium saccharin (as in the original
publication - preparation not shown), possibly due to the fairly low solubility of phthalimide
even in basic water. Another consequence of this, was a prolonged and more visible release
of bromine. As the consumption of the released bromine is slower than with saccharin, it was
necessary to close the reaction vessel with a glass stopper to contain the evolution of bromine
gas. The yield was 65 %. The obtained spectroscopic data were in accordance with the published
data.® The measured melting point was lower, however, possibly owing to the fact that the
recrystallization from toluene left a slightly amorphous crystal mass.

1.1.1 Experimental procedure

Phthalimide (7.36 g, 50.0 mmol, 1.0 eq), Na,CO; (3.98 g, 37.6 mmol, 0.75 eq) and KBr (5.95 g,
50.0 mmol, 1.0 eq) were added through a solid addition funnel to a 500 mL round bottom flask
followed by H,O (Type II, 200 mL). The flask was cooled on an ice/water bath for 10 minutes,
after which potassium peroxymonosulfate (as its triple salt 2 KHSO5 - KHSO, - K,50,, oxone®)
(30.8 g, 50.1 mmol, 1.0 eq) suspended in H,O (Type II, 75 mL) was added in small aliquots, with
vigorous stirring (700 rpm), over a period of 10 minutes. The addition of the oxidant resulted
in vigorous release of bromine gas, and thus the flask was capped with a glass stopper between
additions. The mixture quickly turned into an orange frothing suspension with visible bromine
gas above it. The suspension was left to stir for 24 hours, at which point it had become a yellow
solution with a white precipitate. Stirring was continued another 24 hours, until the solution



above the precipitate was almost clear. The suspension was filtered on a Biichner-funnel and the
filter cake sucked dry for a period of 30 minutes. The white precipitate was dissolved in boiling
toluene (150 mL), hot filtered into a beaker and left to cool slowly to ambient temperature,
covered with an aluminium foil. Upon reaching ambient temperature, precipitation had begun
and the beaker was placed in a refrigerator at 4 °C for a period of 17 hours, before filtering the
precipitate on a Biichner-funnel. The filter cake was washed with n-pentane (30 mL) to give 6.52
g (57 %) of small white crystals. The mother liquor was concentrated, filtered and the filter cake
washed with toluene (5 mL) and n-pentane (10 mL) to give 0.91 g (8 %). Both crops were of
equal purity by 'H-NMR. The total yield was 65%.

Physical data
e 'H-NMR (200 MHz, CDCl,) 6 7.95 — 7.81 (m, 2H), 7.81 — 7.68 (m, 2H)

¢ Melting point: 176 — 184 °C (C4H5CHj;, decomposition)
(lit. 199 - 200 °C,°> CH,Cl,)

1.2 N-bromosuccinimide

@)
N-bromosuccinimide was purchased from Sigma-Aldrich and re-
crystallized from boiling water (10mL g~ !) to give thin transparent Br—N
plates in accordance with the literature (purification method “Aa”).% &

2 N,N’-ditosylhydrazine

Synthesis route and comments

N,N’-ditosylhydrazine was synthesized in 92 % yield
in one step by the reaction of tosylhydrazine with tosyl

chloride in the presence of pyridine, as described by 00
Toma et al.,” albeit with a slight modification of the H N7
S/N\ S

work-up procedure. The modified procedure requires N~ \@\
less methanol than the original procedure, making the 4. H

work-up easier and safer to perform on a preparative scale ©0

(~ 100 g), without compromising the purity of the isolated

product.

The reaction was performed once following the original procedure, affording a yield compa-
rable to that reported (~ 15 g, 85 %). The procedure was originally performed on a 50 mmol
scale and employed a recrystallization from 400 mL of boiling MeOH as the final purification
step.

In the modified work-up procedure, the crude precipitate (see experimental details below) is
simply slurried in methanol at reflux, lowering the expenditure of MeOH considerably.

The reaction could thus be performed at various scales with a low methanol expenditure:

Scale (mmol) MeOH volume (mL) Yield (g) Yield (%)

100 400 31 92
192 500 61 93
300 800 95 93
350 900 109 92




The 'H-NMR and ¥C-NMR spectra of the obtained products were identical to those of the
product obtained using the original procedure, and are in accordance with the published
spectroscopic data.” An X-ray structure can also be found in the literature.®

Representative experimental procedure
Tosyl chloride (100.0 g, 524.5 mmol, 1.5 eq) and tosylhy-

drazide (65.12 g, 349.7 mmol, 1.0 eq) were added to a 1000
mL round-bottom flask through a solid addition funnel, and
dissolved /suspended in anhydrous CH,Cl, (250 mL), giving
a concentration of approximately 1 M based on the limiting
reactant. An oval stir bar (3.5 x 1.5 cm) was added and the
suspension stirred (700 rpm) while cooling on an ice/water
bath, until an internal temperature of 3 °C was reached.
Addition of a solution of pyridine (41.49 g, 524.5 mmol, 1.5
eq) in anhydrous CH,Cl, (80 mL) over a period of 10 minutes,
in such a way that the internal temperature did not rise
above 20 °C. This gave a transparent yellow solution which
soon deposited a white precipitate, upon which stirring was
increased to 1000 rpm, and continued for a period of 3 hours.
Et,0O (200 mL) was added and the suspension solidified. The
heavy precipitation was broken up with a spatula and the
suspension was transferred to a 1500 mL beaker, where it
was stirred with a triangular stir bar (5 x 1 x 1 cm). H,O
(Type 1I, 200 mL) and Et,O (200 mL) was added in the given
order. Stirring was continued for 10 minutes, before filtering
the precipitate on a 13 cm Biichner-funnel, where it was left
to air dry with suction for a period of 5 minutes.

The solid was transferred directly to a 2000 mL round bottom
flask and suspended in MeOH (900 mL). The flask was
equipped with a reflux-condenser and an oval stir bar (5
x 2 cm) before heating the suspension to reflux (mantle
temperature 67 °C) and stirring for a period of 3 hours.

The suspension, which at this point would separate to slightly yellow solution above a bright
white precipitate, was allowed to cool before filtering on a 13 cm Biichner-funnel. The filter
cake was washed with MeOH (300 mL) and Et,O (300 mL). The filtrate was then concentrated
on a rotary evaporator (bath temperature ~ 45 °C) to a volume of approximately 150 mL,
before cooling the flask under running tap water. The precipitate was filtered on a Biichner-
funnel, washed with MeOH (200 mL) and Et,O (200 mL) giving a second crop. The first crop
was a voluminous white powder, while the second more crystalline crop consisted of short
white needles. Both crops were dried in air in a fume hood over a period of 48 hours before
determining the yield. Crop I: 97.60 g (81 %), crop 1I: 12.34 g (10 %). The total yield was 109.94
g (92 %). Both crops were of equal purity by NMR analysis and were subsequently mixed and
stored in a screw-capped PTFE jar at ambient temperature.

Physical data

¢ 'H-NMR (300 MHz, DMSO—d,) 6 2.40 (s, 6H), 7.37 — 7.40 (m, 4H), 7.64 — 7.67 (m, 4H), 9.59
(s, 2H)

o I3C-NMR (75 MHz, DMSO—dy) 6 21.0, 127.8, 129.4, 135.5, 143.4
* Melting point: 212 — 215 °C (decomposition)



3 a-bromoacetamides

Synthesis route and comments

The a-bromoacetamides were synthesized by the dropwise addition of the amine in CH,Cl,
to bromoacetyl bromide and tribasic potassium phosphate in dry, alcohol-free CH,Cl,. The
procedure was based on a recent publication where the authors investigated the effect of
different bases on the formation of amides from amines and acid chlorides.® The obtained
a-bromoacetamides were sufficiently pure after work-up to be used in the next step without
turther purification.

Representative experimental procedure

A 250 mL round bottom flask was charged, in the given order, with bromoacetyl bromide (30
mmol, 1.5 eq), anhydrous CH,Cl, (20 mL) and K3PO, (50 mmol, 2.5 eq). An oval stir bar (3.5 x
1.5 cm) was added and the flask was fitted with a 100 mL addition funnel, containing the amine
(20 mmol, 1 eq) in CH,Cl, (30 mL). The flask was cooled on an ice/water bath, while purging
the system with argon for a period of 5 minutes. Stirring (500 rpm) was commenced and the
amine solution added dropwise over a period of 30 minutes, after which the addition funnel
was washed with CH,Cl, (5 mL). Stirring was then continued for a period of 3 hours, before
quenching the excess acid bromide with aqueous HCI (0.5 M, 30 mL). After stirring another
5 minutes, H,O (10 mL) and brine (10 mL) were added and the now transparent two phases
transferred to a separatory funnel and the organic phase drained off. The aqueous phase was
extracted with CH,Cl, (1 x 20 mL), before washing the joint organic phases with a mixture
of aqueous KHCO; (10 %wt, 20 mL) and brine (10 mL), and then with brine (20 mL). Drying
over MgSO, and evaporating under reduced pressure at 30 °C bath temperature, afforded the
a-bromoacetamides. The crude material was stored at —20 °C before submission to the next
step.

3.1 2-bromo-1-(pyrrolidin-1-yl)ethanone (2a)

O
Yield: 3.466 g (90 %) from 20.01 mmol of pyrrolidine.

Br
NMR spectra can be found on page 28. \)k NQ

Physical data
e 'H-NMR (300 MHz, CDCl,) 6 3.77 (s, 2H), 3.51 — 3.42 (m, 4H), 2.03 — 1.80 (m, 4H)

IBC-NMR (75 MHz, CDCl,) § 164.9, 46.9, 46.3, 27.3, 26.0, 24.2

MS (EI) m/z (% rel. int.) 193/191 (M*, 16/16), 121/123 (4/4), 112 (100), 98 (81), 93/95 (6/6),
70 (48)

HRMS (EI) Caled. for C¢H; 7BrNO [M*]: 190.9946; found 190.9950 (—2.2 ppm)
TLC (Neutral A].zO3, CH2C12) Rf. 0.35



3.2 2-bromo-1-(piperidin-1-yl)ethanone (2b)

O

Yield: 7.750 g (94 %) from 40.01 mmol of piperidine. BI’\)J\ I\O

NMR spectra can be found on page 30.

Physical data

¢ 1H-NMR (300 MHz, CDCl,) 6 3.84 (s, 2H), 3.57 — 3.49 (m, 2H), 3.46 — 3.36 (m, 2H), 1.69 —
1.59 (m, 4H), 1.59 — 1.48 (m, 2H)

e BC-NMR (75 MHz, CDCl,) 6 165.0, 47.8, 43.2, 26.1,26.1, 25.3, 24.2

o MS (EI) m/z (% rel. int.) 207/205 (M, 4/4), 126 (100), 123/121 (3/4), 112 (20), 95/93 (2/2),
84 (18)

e MS (ESI, Q-TOF) (MeOH) m/z 230.0/228.0 [M + Na]", 208.0/206.0 [M + H]*
* HRMS (EI) Calcd. for C;H;, 7BrNO) [M*]: 205.0102; found 205.0104 (—1.0 ppm)
* TLC (Neutral Al,03, CH,Cl,) Ry: 0.54

3.3 1-(azepan-1-yl)-2-bromoethanone (2c)

O

Yield: 4.151 g (94 %) from 20.01 mmol of azepane. Br\)J\ I\O

NMR spectra can be found on page 32.

Physical data

o 'H-NMR (300 MHz, CDCl,) 6 3.84 (s, 2H), 3.54 — 3.42 (m, 4H), 1.82 - 1.62 (m, 4H), 1.62 -
1.47 (m, 4H)

e BC-NMR (75 MHz, CDCl,) 6 166.3, 48.5, 46.3,28.9, 27.2,27.1, 26.4, 26.4

e MS (EI) m/z (% rel. int.) 221/219 (M*, 1/1), 140 (100), 126 (7), 123/121 (2/3), 98(8), 95/93
(2/2)

e HRMS (EI) Calcd. for CgH;, 7BrNO) [M*]: 219.0259; found 219.0257 (0.6 ppm)
* TLC (Neutral Al,O3, CH,Cl,) Ry: 0.45



3.4 tert-butyl 4-(2-bromoacetyl)piperazine-1-carboxylate (2d)

O
Yield: 5.885 g (95 %) from 20.00 mmol of tert-butyl Br
piperazine-1-carboxylate. \)k N /\
NMR spectra can be found on page 35. K/ N T O\K
o)

Physical data
e 'H-NMR (300 MHz, CDCl,) & 3.85 (s, 2H), 3.62 — 3.38 (m, 8H), 1.45 (s, 9H)

BC-NMR (75 MHz, CDCl,) & 165.4, 154.4, 80.4, 46.5 (2C), 41.9 (2C), 28.3 (3C), 25.6

MS (EI) m/z (% rel. int.) 308/306 (M*, 4/4), 252/250 (9/9), 235/233 (9/9), 207/205 (2/1),
171 (22), 170 (37), 127 (16), 123/121 (3/3), 113 (14), 95/93 (1/2), ( 85 (35), 57 (100)

HRMS (EI) Calcd. for C;;Hye 7”BrN,O5) [M*]: 306.0579; found 306.0587 (—2.7 ppm)
TLC (Neutral A1203, CH2C12) Rf. 0.14

3.5 2-bromo-1-morpholinoethanone (2e)

Yield: 3.737 g (89 %) from 20.00 mmol of morpholine. Br\)J\
NMR spectra can be found on page 37. N

Physical data

¢ 'H-NMR (300 MHz, CDCl;) & 3.83 (s, 2H), 3.75 — 3.64 (m, 4H), 3.64 — 3.56 (m, 2H), 3.54 —
3.47 (m, 2H)

e BC-NMR (75 MHz, CDCl,) 6 165.3, 66.5, 66.3, 47.1, 42.3, 25.4

e MS (EI) m/z (% rel. int.) 209/207 (M*, 21/21), 194/192 (14/15), 128 (100), 123/121 (14/14),
114 (16), 95/93 (5/5), 86 (79)

e HRMS (EI) Calcd. for CcH;, 7BrNO,) [M*]: 206.9895; found 206.9888 (3.5 ppm)
* TLC (Neutral Al,05;, CH,Cl,) Ry: 0.37

10



3.6 2-bromo-1-(1,1-dioxidothiomorpholino)ethanone (2f)

The solubilities of both the amine thiomorpholine-1,1-dioxide and
the obtained amide are relatively low in CH,Cl,. As such, the
volume of CH,Cl, in which the amine was initially dissolved was

increased to 7.40 mmol/30 mL. Additionally, on the same scale, the O

reaction mixture was diluted with CH,Cl, (100 mL) after quenching Br\)J\

with HCl (aq), before separating the phases. A longer reaction time N/\

of 24 hours was also needed to achieve full conversion of the amine. K/S\ =0
O

Yield: 1.733 g (91 %) from 7.40 mmol of thiomorpholine-1,1-dioxide.
NMR spectra can be found on page 39.

Physical data
e 'H-NMR (300 MHz, CD5CN) 6 4.06 (s, 2H), 4.01 - 3.86 (m, 4H), 3.20 — 2.96 (m, 4H)

I3C-NMR (75 MHz, CD,CN) § 163.2, 52.3,52.1, 45.7, 41.6, 27.8

MS (EI) m/z (% rel. int.) 257/255 (M*, 1/1), 193/191 (1/1), 192/190 (2/2), 176 (41), 162 (9),
134 (45), 123/121 (14/14), 112 (100), 95/93 (8/9), 70 (44)

HRMS (EI) Calcd. for CgH; 7BrNO,S) [M*]: 254.9565; found 254.9565 (—0.2 ppm)

TLC (Neutra]. A1203, CH2C12) Rf 0.29

4 «-diazoacetamides

4.0.1 Synthesis route and comments

In the procedure reported by Toma et al. the amidine base 1,8-Diazabicyclo-[5.4.0]-undec-7-
ene (DBU) was used to effect the nucleophilic attack of the N,N’-ditosylhydrazine anion on
the a-carbon of a-bromoacetic esters, as well as the subsequent decomposition of the resulting
hydrazide/hydrazone intermediate to yield an a-diazo group.7 The lower cost and similar base
strength!? of 1,1,3,3-Tetramethylguanidine (TMG), as well as its properties as a nucleophilic
catalyst,!! made it an interesting alternative to DBU in this transformation. Furthermore, in
the original procedure, the crude reaction mixture was quenched with NaHCO;(aq) and then
extracted with Et,O. In our experience it was problematic to perform a clean aqueous extraction
in the presence of the at least 2 molar equivalents of DBU—-HO,S-C,H,CH; produced during the
reaction. This situation manifested itself more gravely on a > 5 mmol scale. The problem could
lie in the intermediate solubility of the DBU—-HO,S-C;H,CH; complex between the aqueous
phase and the Et,O phase. What further complicated the matter of an aqueous extraction
procedure, was the aqueous solubility of some of the obtained a-diazoacetamides.

The use of TMG instead of DBU resulted in the partial precipitation of the TMG - HO,S-C,H,CHj
salt from THF during the reaction. Thus, in the cases where the diazoamide was soluble in
Et,O (products 3a - e), the reaction solvent (THF) could be destilled off under reduced pressure
and the diazoamide extracted from the resulting solid with Et,O (the TMG - HO,S5-C,H,CH;,
salt is poorly soluble in Et,O). A final clearing of the Et,O-phase by slurrying with silica gel
and filtering, yielded the diazoamides with decent purities, without the need for an aqueous
work-up. As noted by Toma et al.,, we also observed the formation of the corresponding
a-tosylacetamides, resulting from the nucleophilic attack of the produced p-toluenesulfinic
acid on the substrate a-bromoacetamides. This side-reaction can however be minimized by
maintaining the reaction temperature below 0 °C (see procedure below).
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In the case where the diazoamide was not soluble in Et,O (product 3f), a THF/Et,O (2:1)
mixture could be used to extract the diazoamide with adequate results (see the experimental
procedure for product 3f below).

All the obtained diazoamides were subsequently chromatographed on silica gel to ensure
that they were free of contaminations (e.g. their corresponding a-tosylacetamides) that could
interfere in the investigation of their halogenation and subsequent reactions. The details
pertaining to the chromatography for each compound are given below.

4.0.2 Representative experimental procedure (products 3a - e)

To a 250 mL round bottom flask containing the a-bromoacetamide (20 mmol, 1 eq), were added
through a solid addition funnel; N,N’-ditosylhydrazine (40 mmol, 2 eq), THF (35 mL) and an
oval stir bar (3.5 x 1.5 cm). The suspension was cooled on an acetone/CO, (s) bath with stirring
(400 rpm) until reaching an internal temperature of —10°C, upon which a solution of 1,1,3,3-
tetramethylguanidine (100 mmol, 5 eq) in THF (10 mL) was added in aliquots using a pasteur
pipette, while maintaining the internal temperature below 0 °C by the addition of CO, (s). The
resulting yellow solution was removed from the cooling bath and allowed to warm to ambient
temperature over a period of 30 minutes, during which time a white precipitate is deposited.
This suspension was stirred for a period of 90 minutes, before removing the THF under reduced
pressure at or below 23 °C. The resulting solid was treated with anhydrous Et,O (150 mL) and
vigorously stirred for 10 minutes, before being filtered on a Biichner-funnel. The filter cake
was washed with anhydrous Et,O (2 - 5 x 50 mL), until leaving an almost white filter cake.
Approximately 25 g (1 large tablespoon) of silica gel was added to the filtrate and the suspension
stirred for 5 minutes, followed by vacuum filtration through a pad of silica gel (~ 25 g, column &
3.5cm). The column was washed with Et,O (50 mL) and the Et,O evaporated under reduced
pressure at or below 23 °C. The thus obtained crude diazoacetamides were then subjected to
flash chromatography on silica gel eluting increasing amounts of Et,O in Pet.Ether. The products
were stored at —20 °C before submission to the next step.

4.1 2-diazo-1-(pyrrolidin-1-yl)ethanone (3a)

Yield: 1.706g (67 %) as a yellow oil o)
starting from 18.05mmol 2a. The
compound is a solid at —20°C (pic- No YJ\

ture), and is previously reported in the

literature. 12/ 13

NMR spectra can be found on page 41.

Physical data
TH-NMR (300 MHz, CD,Cl,) § 4.92 (s, 1H), 3.54 — 2.98 (m, 4H), 2.06 — 1.64 (m, 4H)

IBC-NMR (75 MHz, CD,Cl,) 6 163.8, 46.4, 46.2 (2C), 26.1, 24.8
MS (ESI, FT-ICR) (MeCN, no HCOOH) m/z 162.0 [M + Na]*
TLC (SiO,, Et,0) Rf: 0.13
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4.2 2-diazo-1-(piperidin-1-yl)ethanone (3b)

Yield: 3.008g (52 %) as a yellow oil @)

starting from 37.61 mmol 2b. The com-
pound is a solid at —20°C (picture), N> N
and is previously reported in several

publications. 1421 H
NMR spectra can be found on page 43.

Physical data

¢ 1H-NMR (300 MHz, CD,Cl,) § 5.16 (s, 1H), 3.30 (bs, 4H), 1.66 — 1.55 (m, 2H), 1.55 — 1.42 (m,
4H)

¢ BC-NMR (75 MHz, CD,Cl,) § 164.3, 46.1, 45.2 (2C), 26.2, 24.8 (2C)

o MS (EI) m/z (% rel. int.) 154 (5), 153 (M*, 25), 125 (19), 112 (11), 96 (45), 84 (38), 69 (53), 55
(71), 42 (100), 41 (79)

e MS (ESI, Q-TOF) (MeCN) m/z 167.1 [M + H—N, + MeCN]"

e MS (ESI, Q-TOF) (MeOH) m/z 180.1 [M + Na—N, + MeOH]", 158.1 [M + H—N, + MeOH]"
e MS (ESI, FT-ICR) (MeCN, no HCOOH) m/z 176.1 [M + Na]*

e HRMS (EI) Calcd. for C;H;;N;0) [M*]: 153.0902; found 153.0891 (7.2 ppm)

e TLC (SiO,, Et,0) R¢:0.28

1-(piperidin-1-yl)-2-tosylethanone — a commonly observed by-product.” See NMR-spectra on page 46:

o MS (EI) m/z (% rel. int.) 282 (M*+1, 1), 217 (26), 155 (6), 127 (14), 126 (100), 112 (42), 110
(30), 97 (29), 91 (43), 84 (34)

e MS (ESI, Q-TOF) (MeCN) m/z 282.2 [M + H]J*, 585.3 [,M -+ Na]*

4.3 1-(azepan-1-yl)-2-diazoethanone (3c)

Yield: 2.217g (66 %) as a soft yellow 0
solid starting from 18.85 mmol 2c.

The compound is previously reported NZ%N
as a reagent,21 however no details on

its synthesis were disclosed. H

NMR spectra can be found on page 48.

Physical data

¢ 'H-NMR (300 MHz, CD,Cl,) 6 5.07 (s, 1H), 3.68 — 3.00 (m, 4H), 1.79 — 1.61 (m, 4H), 1.61 —
1.43 (m, 4H)

o BC-NMR (75 MHz, CD,Cl,) § 165.2, 47.8, 46.2 (2C), 28.8 (2C), 27.5, 27.3
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MS (EI) m/z (% rel. int.) 168 (7), 167 (M*, 16), 139 (7), 138 (15), 126 (8), 111 (9), 110 (21), 96
(61), 69 (64), 55 (65), 41 (100)

MS (ESI, FT-ICR) (MeCN, no HCOOH) m/z 190.1 [M + Na]*

HRMS (EI) Caled. for CgH;3N;0 [M*]: 167.1059; found 167.1060 (—0.6 ppm)

TLC (SiO,, Et,0) Rf: 0.39

Melting point: 48 — 50 °C

Dimerization was observed in the mass spectrometer (EI) as has been noted by others.?
The dimer radical cation had the following characteristics:

o MS (ED) m/z (% rel. int.) 279 (5), 278 (M*, 4), 181 (12), 180 (12), 152 (8), 149 (17), 110 (13), 98
(100)

e HRMS (EI) Calcd. for C;cH,,N,O, [M*]: 278.1994; found 278.1984 (3.8 ppm)

4.4 tert-butyl 4-(2-diazoacetyl)piperazine-1-carboxylate (3d)

Yield: 2.938 g (60 %) as a bright yellow

solid starting from 19.16 mmol 2d. o

The compound is to the best of our NZYJ\ 2
knowledge previously unreported as a P
reagent. Our group recently reported H K/N\H/O\K L ‘ »H
the x-ray structure of 3e.? o) LY e

NMR spectra can be found on page 51.

Physical data
e 'H-NMR (300 MHz, CD,Cl,) 6 5.13 (s, 1H), 3.47 — 3.21 (m, 8H), 1.42 (s, 9H)
e BC-NMR (75 MHz, CD,Cl,) 6 165.0, 154.6, 80.1, 46.5, 43.9 (br, 4C), 28.4

o MS (EI) m/z (% rel. int.) 255 (1), 254 (M*, 10), 198 (11), 181 (6), 170 (64), 128 (8), 125 (6), 97
(10), 85 (31), 69 (20), 57 (100), 41 (32)

e MS (ESI, Q-TOF) (MeCN) m/z 308.2 [M—N, + 2MeCNJ*, 2682 [M + H—N, + MeCN[*,
212.1 [M + H—N, —56 (iso—butene) + MeCN]"

e MS (ESI, Q-TOF) (MeOH) m/z 539.3 [,M 4+ Na—2N, + 2MeOH]*, 281.1 [M + Na—N, +
MeOH]*, 203.1 [M + H—N,—56 (iso—butene) + MeOH]*

e MS (ESI, Q-TOF) (MeCN, no HCOOH) m/z 277.1 [M + Na]*
e HRMS (EI) Calcd. for C;;H;sN,O;5) [M*]: 253.1379; found 254.1374 (2.1 ppm)
e TLC (SiO,, Et,0) R¢:0.20

* Melting point: 108 — 111 °C

14



4.5 2-diazo-1-morpholinoethanone (3e)

Yield: 1.677g (54 %) as a yellow oil @)

starting from 17.97 mmol 2e.

The compound is previously Na YJ\ N /\
reported in several publications. 17-20-23

NMR spectra can be found on page 53. H K/O

Physical data
e 'H-NMR (300 MHz, CD,Cl,) 6 5.05 (s, 1H), 3.68 — 3.56 (m, 4H), 3.37 — 3.23 (m, 4H)
e BC-NMR (75 MHz, CD,Cl,) 6 165.1, 66.9 (2C), 46.3, 44.4 (2C)

o MS (EI) m/z (% rel. int.) 156 (10), 155 (M*, 74), 140 (13), 127(8), 114 (6), 98 (22), 86 (25), 69
(65), 56 (81), 41 (100)

¢ MS (ESI, FT-ICR) (MeCN, no HCOOH) m/z 178.0 [M + Na]*
e HRMS (EI) Calcd. for C4HgN;O,) [M*]: 155.0695; found 155.0693 (1.1 ppm)
e TLC (SiO,, Et,0) Rf:0.15

4.6 2-diazo-1-(1,1-dioxido-4-thiomorpholinyl)ethanone (3f)
Yield: 0.987g (64 %) as a light yellow
solid starting from 7.53 mmol 2f.

0 ———

The compound is generally poorly

soluble in common solvents, and is to Nzﬁ)J\ A
the best of our knowledge previously N/\ ;

unreported as a reagent. Our group H K/ S -
recently published the x-ray structure

of 3£.%4
NMR spectra can be found on page 56.

4.6.1 Experimental procedure

To a 250 mL round bottom flask containing 2-bromo-1-(1,1-dioxidothiomorpholino)ethanone
(1.928 g, 7.53 mmol, 1 eq), were added through a solid addition funnel N,N’-ditosylhydrazine
(5.129 g, 15.07 mmol, 2 eq), THF (50 mL) and an oval stir bar (3.5 x 1.5 cm). The suspension was
cooled on an ice/water bath with stirring (400 rpm) for a period of 15 minutes, upon which a
solution of 1,1,3,3-tetramethylguanidine (4.337 g, 37.65 mmol, 5 eq) in THF (10 mL) was added
in bulk. The white suspension quickly became yellow, and was then stirred for a period of 70
minutes, before adding Et,O (100 mL) causing the disappearance of the yellow colour from the
THF/Et,O phase, as the product was no longer soluble. Removal of some of the Et,O under
reduced pressure, brought the yellow colour back to the liquid phase in the suspension. The
mixture was filtered on a Biichner-funnel and the filter cake washed with THF/Et,O (2:1, 75
mL) and THF (30 mL), leaving an almost white filter cake.

A preliminary purification was performed by adding Celite (~ 60g, 3 tablespoons) to the
filtrate, and evaporating the solvents under reduced pressure at or below 23 °C. The resulting
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slightly sticky powder, was suspended in CH,Cl, (15 mL) and loaded on top of 1 cm of sea-sand
covering a column of silica gel (8.0 x 3.5 cm) packed in CH,Cl,. A yellow band was eluted with
MeOH/CH,Cl, (5:95). To this fraction was added silica gel (~ 50 g, 2 large tablespoons) and the
solvents evaporated, leaving a pale yellow powder. The powder was loaded on top of a column
(5.5 x 3.5 cm) of silica gel packed in CH,Cl,, and the product slowly eluted with CH,Cl, and
from the point of elution CHCl;. The solvents were evaporated under reduced pressure at or
below 23 °C affording 0.987 g (64 %) of a pale yellow powder which was stored at —20 °C.

Physical data
e 'H-NMR (300 MHz, CD,Cl,) 6 5.13 (s, 1H), 3.94 — 3.80 (m, 4H), 3.07 — 2.97 (m, 4H)
e BC-NMR (75 MHz, CD,Cl,) § 165.1, 52.4 (2C), 47.2, 42.8 (2C)

o MS (EI) m/z (% rel. int.) 205 (1), 204 (2), 203 (M*, 19), 175 (2), 162 (5), 134 (21), 118 (6), 111
(5), 83 (100), 70 (30), 69 (94)

e MS (ESI, FT-ICR) (MeCN, no HCOOH) m/z 227.1 [M + Na + H]*
e HRMS (EI) Calcd. for C4HgN;O5S) [M*]: 203.0365; found 203.0366 (—0.7 ppm)

* Melting point: 165 — 176 °C (decomposition)

5 B-lactams

The halogenated a-bromodiazoacetic ethyl esters were reported to be stable for days at
0 °C.% The a-halodiazoamides, however, appear less stable. In our experience the 2 — 5 °C
temperatures, obtainable with a common ice/water bath, were not sufficiently low to work
with the a-halodiazoacetamides with adequate reproducibility. Therefore, all procedures were
carried out at —5 °C using an acetone bath in which the temperature was controlled by a cryostat.

In the summaries from the mass spectrometry experiments, the R-group in “a, «’-Br,—NR,”
refers to the cyclic amide side chain of the respective compound.

Representative experimental procedure

The diazoacetamide (0.5 mmol, 1.0 eq) was weighed out in a 25 mL pear shaped flask, DBU (0.7
mmol, 1.4 eq) in a 10 mL beaker and the N-halo compound (0.65 mmol, 1.3 eq) in a weighing
funnel. The flask was charged with a small magnetic stir bar (10 x 2 mm) and CH,Cl, (2
mL, ambient temperature), and was subsequently mounted alongside a 250 mL round bottom
flask containing CH,Cl, (250 mL) in an acetone bath cooled by a cryostat to —5 °C (measured
with an alcohol thermometer at the surface). Stirring (300 RPM) was commenced and after
2 minutes the base in CH,Cl, (2 mL, ambient temperature) was added. After 2 minutes the
N-halo compound was added in bulk through the funnel and the funnel rinsed with CH,Cl,
(1 mL, ambient temperature). The addition effected a colour change from bright yellow to
bright red. While the reaction was stirring, a short plug of silica gel (2 x 2 cm) was packed
in CH,Cl, (ambient temperature) in a fritted flash chromatography column (15 x 2 cm) and
mounted inside a holder which allows for the filling of dry ice around the column (covering
~ 300°, leaving an observation window, see figure 5.1 on the facing page). After stirring for 5
minutes, the thermometer was placed in the 250 mL flask and CO,(s) was added to the bath until
the internal temperature of the CH,Cl, had reached —15 °C. The space between the jacket and
the chromatography column was filled with dry ice, and the column equilibrated with CH,Cl,
(=15 °C, 20 mL). The reaction mixture was then poured directly onto the column, and the flask
rinsed with two pipette volumes of CH,Cl, (—15 °C). The reaction mixture was run into the
column using pressurized air (ambient temperature), and the column filled up with CH,Cl,
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(=15 °C). The column was then run with CH,Cl, (—15 °C, ~ 200 mL) under air pressure to
completely elute a bright red band into a new 250 mL flask in the cooling bath. The eluted
solution is bright red/pink in colour with a temperature of approximately —30 °C.

Thermolysis: The flask was placed on the bench without stirring
while the temperature rose from —30 °C towards ambient
temperature. The solution became clear in approximately 60
minutes. In the chromatographic step, for the more polar
analogues, it was necessary to add Et,O (5 mL) to the last 50
mL of the eluent to completely collect the red band. It should
be noted that Et,O has a much higher elution strength than
CH,Cl, under these conditions and fortunately does not seem to
interfere with the C-H insertion reaction at this concentration. We
have however observed that higher concentrations of Et,O will
make intermolecular reactions (ylide formation, C-H insertion)
sufficiently favoured so as to compete with the intramolecular
C-H insertions.

Catalyzed reactions: The flask was charged with a stir bar, capped with a septum and
maintained in the cooling bath at —15 °C (cryostat) while degassing with argon (5 minutes). The
flask was then taken out of the cooling bath and a degassed solution of the catalyst in CH,Cl, (2
mL) was added via syringe under vigorous stirring. The solution was then left to heat towards
room temperature.

For an illustration of the CO,(s)-cooled column used in this procedure, see figure 5.1 below.

CO,(s) CO,(s)

Figure 5.1: An illustration of the column with a compartment for CO,(s)
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5.1 6-bromo-1-azabicyclo[3.2.0]heptan-7-one (5a)

The compound was prepared following the general procedure for
thermolysis given above. In CDCl;, the compound decomposes over
time as indicated by a 'H-NMR spectrum recorded 48 hours after the first
(data not shown). This could owe to the oxidative accumulation of HCI1 @)

in the CDCl; resulting in B--lactam hydrolysis, and would be consistent N
with the reported rapid hydrolysis of B-lactams fused with 5-membered

rings. !4 Br
An NMR spectrum of the crude reaction mixture, added internal
standard, can be found on page 58.

Physical data

Crude reaction mixture from thermolysis:

e Partial 'TH-NMR (300 MHz, CDCl,) § 4.395 (d, ] = 1.7 Hz, 1H)

¢ MS (ESI, FT-ICR) (MeCN) m/z 274/272/270 [a, a'-Br,—NR, + HJ*, 210/208 [M + H,O +
H]* (hydrolysis)

5.2 7-bromo-1-azabicyclo[4.2.0]octan-8-one (5b)

The compound was prepared both following the general procedure for

thermolysis and that for catalysis, given above. O N
NMR spectra of the crude reaction mixtures and crude reactions mixture
added internal standard, can be found on page 59. Br

Physical data

Crude reaction mixture from thermolysis, mixture of endo/exo-isomers:

o 'H-NMR (300 MHz, CDCl;) & 4.945 (dd, ] = 4.43, 1.60 Hz, 1H, endo), 4.395 (d, ] = 1.13 Hz,
1H, exo), 3.805 (dd, J = 13.19, 4.52 Hz, 1H), 3.50 (ddd, ] = 10.69, 4.47, 1.04 Hz, 1H), 2.735
(ddd, ] = 13.47, 11.77, 4.33 Hz, 1H), 2.10 (m, 1H), 1.95 — 1.10 (comp, 5H)

Crude reaction mixture from dirhodium(II) catalysis:

e MS (ESI, Q-TOF) (MeOH) m/z 433/431/429 [C1;,Hy,Br,N,O, + Na]" (formal carbene
dimer), 288/286/284 [«,a’-Br,—NR, + H]*, 206/204 [M + H]"

Isolated by preparative TLC:

o MS (EI) m/z (% rel. int.) 205/203 (M*, 6/6), 134/132 (22/22), 124 (100), 121/119 (7/7), 96
(8), 84 (11), 81 (22), 69 (9)

* HRMS (EI) Calcd. for C;H;, 7BrNO [M*]: 202.9946; found 202.9938 (3.6 ppm)
* TLC (SiO,, Et,0) Ry exo: 0.29, endo: 0.19
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o, 0'-Br,—piperidine acetamide — a common by-product. See 'H-NMR spectrum on page 70:

¢ 'H-NMR (300 MHz, CDCly) 6 6.21 (s, HCBr,—NR,), 6.14 (s, HCBr,—NR,), 3.75 — 3.50 (m,
4H), 1.80 — 1.50 (m, 6H)

o MS (EI) m/z (% rel. int.) 287/285/283 (M*, 6/13/6), 206,/204 (56/57), 175/173 /171
(4/9/4),122/120 (6/6), 112 (100), 84 (21), 69 (69)

* TLC (SiO,, Et,0) Ry 0.54

5.3 8-bromo-1-azabicyclo[5.2.0]nonan-9-one (5¢)
The compound was prepared following the general procedure for

thermolysis given above. 0
NMR spectra of the crude reaction mixture added internal standard, as N
well as the exo/endo isomers isolated by chromatography, can be found

on page 61. Br

Chromatographic procedure

The diastereomers exo-3e and endo-3e were separated on a column of neutral alumina (10 x 2.5
cm &), using Et,O as the eluent.

Physical data

Isolated by chromatography:

exo-8-bromo-1-azabicyclo[5.2.0[nonan-9-one

o 'H-NMR (300 MHz, CDCly) 6 4.255 (dd, ] = 1.13, 1.13 Hz, 1H), 3.765 (ddd, ] = 9.61, 2.83,
1.70 Hz, 1H), 3.45 — 3.23 (m, 2H), 2.15 — 2.05 (m, 1H), 1.95 — 1.70 (m, 3H), 1.60 — 1.25 (m,
4H)

e IBC-NMR (75 MHz, CDCl,) 6 162.5, 64.6, 45.7,43.4, 33.7,29.2, 27.2, 26.6
endo-8-bromo-1-azabicyclo[5.2.0]Jnonan-9-one

o 'H-NMR (300 MHz, CDCl,) 6 4.905 (ddd, | = 4.62, 1.79, 0.75 Hz, 1H), 3.85 (ddd, ] = 10.13,
4.66,2.17 Hz, 1H), 3.40 - 3.25 (m, 2H), 2.00 — 1.75 (m, 5H), 1.60 — 1.20 (m, 5H)

e I3C-NMR (75 MHz, CDCl,) 6 163.2,57.1, 47.9, 43.5, 33.3,28.9, 28.1, 26.7

Crude reaction mixture from thermolysis, mixture of endo/exo-isomers:

e MS (ESI, FT-ICR) (MeCN) m/z 220/218 [M + H]*
e TLC (5i0,, Et,0) Rf exo: 0.49, endo: 0.36, a, &’-Br,—NR,: 0.65
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5.4 tert-butyl 7-bromo-8-0x0-1,4-diazabicyclo[4.2.0]octane-4-carboxylate (5d)

The compound was prepared following the general procedure for 0

thermolysis given above. N/\

An NMR spectrum of the crude reaction mixture, added internal )EI\/N o
standard, can be found on page 66. Br bl 7<

Physical data

Crude reaction mixture from thermolysis:

e Partial 'H-NMR (300 MHz, CDCl,) § 4.935 (dd, | = 4.52, 1.13 Hz, 1H, endo), 4.495 (d,
J =1.32 Hz, 1H, exo)

e MS (ESL, FT-ICR) (MeCN) m/z 325/323 [M + H,O + H]" (hydrolysis), 251/249
[M—56 (iso—butene) + H]" (Boc-degradation pathway to carboxylate)

5.5 7-bromo-4-oxa-1-azabicyclo[4.2.0]octan-8-one (5e)

The compound was prepared following the general procedure for

thermolysis given above. Q N/\
An NMR spectrum of the crude reaction mixture, added internal j:&/ o
standard, can be found on page 67. Br
Physical data
Crude reaction mixture from thermolysis:
e Partial 'H-NMR (300 MHz, CDCl,) 6 4.935 (dd, | = 4.52, 1.32 Hz, 1H, endo), 4.485 (d,
J =1.32 Hz, 1H, exo)
e MS (ESI, FT-ICR) (MeCN) m/z 415/413 /411 [C;,H;(Br,N,O, + H]" (formal carbene
dimer), 208/206 [M + H]*
5.6 7-bromo-4-thia-1-azabicyclo[4.2.0]octan-8-one 4,4-dioxide (5f)
The compound was prepared following the general procedure for
. O
thermolysis given above. N/\
An NMR spectrum of the crude reaction mixture, added internal jtK/SZO
standard, can be found on page 68. Br be)

Physical data

Crude reaction mixture from thermolysis:

e Partial 'H-NMR (300 MHz, CDCl,) § 5.20 (dd, ] = 4.71, 1.32 Hz, 1H, endo), 4.70 (d, ] = 1.51
Hz, 1H, exo)

e MS (ESI, FT-ICR) (MeCN) m/z 274/272 [M 4+ H,0O + H]* (hydrolysis)
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5.7 Synthesis and thermolysis of x-chloro- and x-iodo-4d

It was desirable to investigate whether the reaction of the a-bromodiazoacetamides could be
extended to its chlorine and iodine analogues. The piperazine-derivative 3d was chosen as the
model compound, since the C-H insertion reaction of Br-4d gave a moderate to low yield,
which provided an opportunity for its chlorine and iodine analogues to expose their
differential reactivity. The halogenation reactions were carried out using DBU/NXS (X = Cl, B,
I), due to the availability of the halosuccinimides.

Table 5.1: Yields”? in % of exo/endo-tert-butyl 7-halo-8-oxo-1,4-
diazabicyclo[4.2.0]octane-4-carboxylate X-5d (X = Cl, Br, I) obtained
from the thermolysis of a-chloro-, a-bromo- and a-iodo-tert-butyl 4-(2-
diazoacetyl)piperazine-1-carboxylate

exo/endo
Diazo compound exo endo ratio Total
Cl-4d 10 2 5:1 12
Br-4d 34 2 17:1 36
I-4d 2! - be n/a 2

? Determined by 'H-NMR (method described above)

b The bright red solution turned purple when passed through the short silica gel
column used (see experimental procedure), possibly indicating a release of I,.

¢ Not detected by 'H-NMR

5.8 Dirhodium(ll) catalysis results

The results were obtained following the representative experimental procedure for catalyzed
reactions given above. NBS was used instead of NBP, due to the higher retention of
succinimide vs phthalimide on the short column used to purify the g-diazoacetamide.

Table 5.2: Yields” in % of exo/endo-7-bromo-1-azabicyclo[4.2.0]octan-8-one (5b) obtained from the
catalytic dediazotization of 4b.

Nominal
catalyst loading exo/endo a, o’ — Brp-
Catalyst (% mol) exo endo ratio Total Amide
Cu(acac), 3 2 b n/a 2 2
Rh,(tfa), 3 22 6 3.7:1 28 25
Rh,(OAc),(pc), % 1 30 4 7.5:1 34 10
Rhy(cap), ¥ 3 38 6 6.3:1 44 14

? Determined by 'H-NMR (method described above)
b Not detected by '"H-NMR
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6 Additional procedures

6.1 1,1,3,3-tetramethylguanidine p-toluenesulfinate

The precipitation of this salt occurred during the prepa-
rations of the w-diazoacetamides as described in their
experimental procedure. In one instance, the precipitate
was weighed dry and it accounted for 98 %wt of the
theoretical amount. = For the characterization of the
salt, a small amount of the precipitation was dried
and stored under an argon atmosphere to ensure a low
degree of oxidation before submitting the sample to
mass spectrometry (ESI). The spontanous oxidation of
p-toluenesulfinates to p-toluenesulfinatessulfonates have
been noted by others.?® The 'H-NMR shows a mixture
of 1,1,3,3-tetramethylguanidine p-toluenesulfinate and
1,1,3,3-tetramethylguanidine p-toluenesulfonate (a tenta-
tive assignment of the peaks can be found in the spectrum
on page 69).

Physical data

¢ 'H-NMR (200 MHz, CDCl;) 6 8.92 (bs), 7.72 (m), 7.53 (m), 7.11 (m), 7.08 (m), 3.87 (bs), 2.80
(s), 2.28 (s)

o MS (ESI) (H,0) (ES+) m/z 510/508/506 [2 TMG + 2 HBr + H]*, 403 4
[2TMG + p—Ts—SO,H + HJ", 387.5 2 TMG + p—Ts—SO,H + HI*, 313/311
[2TMG + HBr]", 231.3 [2TMG + HJ", 116.2 [TMG + HJ*

o MS (ESI) (H,0) (ES-) m/z 171 [p—Ts—SO5]", 155 [p—Ts—SO,|”
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N-bromophthalimide — 'H-NMR
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TH-NMR — N,N’-ditosylhydrazine
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N,N’-ditosylhydrazine — 13C-NMR
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Acquisition Time (sec) 5.3084 | Frequency (MHz) 300.13 | Nucleus 1H Origin Bruker Original Points Count 32768 Points Count 65536

TH-NMR - 2-bromo-1-(pyrrolidin-1-yl)ethanone (2a)

28
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2-bromo-1-(pyrrolidin-1-yl)ethanone (2a) — 3C-NMR & DEPT-135
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TH-NMR — 2-bromo-1-(piperidin-1-yl)ethanone (2b)
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2-bromo-1-(piperidin-1-yl)ethanone (2b) — 3*C-NMR & DEPT-135
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TH-NMR ~ 1-(azepan-1-yl)-2-bromoethanone (2c)
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1-(azepan-1-yl)-2-bromoethanone (2c) — 1>*C-NMR & DEPT-135
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HMQC (]3¢ 1py) — 1-(azepan-1-yl)-2-bromoethanone (2c)
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tert-butyl 4-(2-bromoacetyl)piperazine-1-carboxylate (2d) — 'H-NMR
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I3C-NMR & DEPT-135 — tert-butyl 4-(2-bromoacetyl)piperazine-1-carboxylate (2d)

A Time (sec) 1.8219 Comment C13CPD CDCI3 D: {UIO\aasmuk} 46 ‘ Frequency (MHz) 75.48 Nucleus 13C
Number of Tr i 1024 Origin DPX300 Original Points Count 32768 ‘ Points Count 32768 Pulse 2gpg30
Receiver Gain 13004.00 SW(cyclical) (Hz) 17985.61 Solvent CHLOROFORM-d Offset (Hz)  7541.9336
Type STANDARD Sweep Width (Hz) 17985.06 ‘ Te (degree C) 25.160
Formula C H BNO_
28.29(10,14,15), Fw 307.1842
o
12
Br. 11 3
17\16/ \N/ \2
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5 N o]
\6/ 1 7/ 13
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Chemical Shift (ppm)
Time (sec) 1.8219 Comment C13DEPT135 CDCI3 D: {UlO\aasmuk} 46 [ Frequency (MHz) 75.48 Nucleus 13C
Number of T i 256 Origin DPX300 Original Points Count 32768 [ Points count 32768 Pulse dept135
Receiver Gain 13004.00 SW(cyclical) (Hz) 17985.61 Solvent CHLOROFORM-d Spectrum Offset (Hz)  7541.8994
Spectrum Type DEPT135 Sweep Width (Hz) 17985.06 Temperature (degree C) 25.160 ‘ Formula C H BrN O
1o 2 s
28.20(10,14,15, FW 307.1842
o
I
Br, 11 3
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2-bromo-1-morpholinoethanone (2e) — 'H-NMR
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I3C-NMR & DEPT-135 - 2-bromo-1-morpholinoethanone (2e)

A Time (sec) 1.8219 Comment C13CPD CDCI3 D: {UIO\aasmuk} 52 ‘ Frequency (MHz) 75.48 Nucleus 13C
Number of Tr i 1024 Origin DPX300 Original Points Count 32768 ‘ Points Count 32768 Pulse 2gpg30
Receiver Gain 10321.30 SW(cyclical) (Hz) 17985.61 Solvent CHLOROFORM-d Offset (Hz)  7539.7378
Type STANDARD Sweep Width (Hz) 17985.06 ‘ Te (degree C) 25.160 Formula CSHmBrNoz W 208.0531
] 25.36(16)
1.0
0.9
E 77.00
3 o
E 12
0.84 H
E Br 11 3
] 17 / ~ / \
3 16 N 2
0.7
3 5 o
_ 067 ~. "1
@ 3 6
@ | 66.26(6,2)
S 057 66.49(2,6) 42.31(5,3)
8 3 47.05(3,5)
5 7
5 0.4
z
033 4652501 M
0.2 *;
0.1 *;
0 M
T [ e
170 160 150 140 130 120 110 100 920 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)
Time (sec) 1.8219 Comment C13DEPT135 CDCI3 D: {UlO\aasmuk} 52 [ Frequency (MHz) 75.48 Nucleus 13C
Number of T i 256 Origin DPX300 Original Points Count 32768 [ Points count 32768 Pulse dept135
Receiver Gain 16384.00 SW(cyclical) (Hz) 17985.61 Solvent CHLOROFORM-d Spectrum Offset (Hz)  7539.7715
Spectrum Type DEPT135 Sweep Width (Hz) 17985.06 Temperature (degree C) 25.160 ‘
Formula CH BINO,  FW 208.0531
5
° 47.05(3,5)-
g5 G266
= " 42.313,5)-
£ (@)
<23 12
06 o
AN M ~y N
16 4 2
0.7 \ |
5 0}
~ 1
6
-0.8
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2-bromo-1-(1,1-dioxidothiomorpholino)ethanone (2f) — 'H-NMR
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I3C-NMR & DEPT-135 - 2-bromo-1-(1,1-dioxidothiomorpholino)ethanone (2f)

A Time (sec) 1.8219 Comment C13CPD CD3CN D: {UlO\aasmuk} 57 ‘ F (MHz) 75.48 Nucleus 13C
Number of Tr i 2048 Origin DPX300 Original Points Count 32768 ‘ Points Count 32768 Pulse 2gpg30
Receiver Gain 11585.20 SW(cyclical) (Hz) 17985.61 Solvent ACETONITRILE-d3 Offset (Hz)  7617.4600
Type STANDARD Sweep Width (Hz) 17985.06 ‘ T (degree C) 25.160
1.0 Formula CH BNO S
El W 2563‘10175 3 ACETONITRILE-d3
g 1.294
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E o
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El 12 / \ / \
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Time (sec) 1.8219 Comment C13DEPT135 CD3CN D: {UIO\aasmuk} 57 ‘ (MHz) 75.48 Nucleus 13C
Number of T 512 Origin DPX300 Original Points Count 32768 | Points count 32768 Pulse dept135
Receiver Gain 13004.00 (Hz) 17985.61 Solvent ACETONITRILE-d3 Spectrum Offset (Hz)  7617.6548
p m Type DEPT135 | Sweep Width (Hz) 17985.06 T (degree C) 25.160 |
Formula CH BrNO S
0.2 Fw 256.1175
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2-diazo-1-(pyrrolidin-1-yl)ethanone (3a) — 'H-NMR
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I3C-NMR & DEPT-135 - 2-diazo-1-(pyrrolidin-1-yl)ethanone (3a)

A Time (sec) 1.8219 Comment C13CPD CD2CI2 D: {UIO\aasmuk} 27 ‘ F (MHz) 75.48 Nucleus 13C
Number of Tr i 1024 Origin DPX300 Original Points Count 32768 ‘ Points Count 32768 Pulse 2gpg30
Receiver Gain 11585.20 SW (Hz) 17985.61 Solvent DICHLOROMETHANE-d2 Offset (Hz)  7568.7197
Type STANDARD | Sweep Width (Hz) 17985.06 Temperature (degree C) 25.160
Formula CngNao Fw 139.1552
1 53.80
1.0
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El o]
0.85 : 7
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Time (sec) 1.8219 Comment C13DEPT135 CD2CI2 D: {UlO\aasmuk} 27 [ Frequency (MHz) 75.48 Nucleus 13C
Number of T 1024 Origin DPX300 Original Points Count 32768 | Points count 32768 Pulse dept135
Receiver Gain 16384.00 (Hz) 17985.61 Solvent DICHLOROMETHANE-d2 Offset (Hz)  7570.8491
p m Type DEPT135 Sweep Width (Hz) 17985.06 T (degree C) 25.160
0.4 4640817 Formula CHNO  FW 139.1552
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B "
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2-diazo-1-(piperidin-1-yl)ethanone (3b) — 'H-NMR

(wdd) Yys [esrwsyd

0 S0 0l Sl 0¢ g 0€ R 0¥ Sy G'S 09 S'9 0. S/
AT T T T T 0 T I T A A VA B VAV AR ANV AV ON OO AN SR A AN Y
=11 = 1 1
mOJ.v NM.N €0y 00l
S A < £ 0
& zes E
(av'ev)es’L F 1o
ag'eg'azez)os'e F
A
=€0
L(ageg ag ec)or'L EL
0
E P
-
“co 3
-0 3
eg qg E M.
ay I/ A 90 =
H ¢ H -3
ey 7 q9 FJo0 "
f—" Dy €6 =40
Qm_ F _ =80
— 6 F
//// \Z/ \ 0k =
eg’ N F e
N 2 T FN =60
az/ ez : N d
H H - F o
8 L F0'L
o (e6)9L's
¢P-INVHLIWOHOTHOIA
€ ML
LI8L'ESL M4 ON HO gnuoq &
091°5Z (3 921b3p) ainjeiaduid | G9T/19 (zH) wpim deams QYVANVLS 8dA] wnpoads
1866'C¥8lL  (zH) 39sHO wniydads ¢P-ANVHL13IWOHOTHOIA jusajos ¥8'¢L19 (zH) (1eaipAo)ms 08°0S ure9 JaA1eo9y
0€bz aouanbag os[nd 8972 Junoy sjuiod 89/Z€  Juno) sjujod [Euibio 00€Xdd uiBrio 9l SJus/suei] Jo JequinN
HL snsjonN €1°00¢€ (zHw) Aousnbaig 0200/11L080Z JLE/OEL/NGL/HL dND Ww g juswiwo ¥80€’S (2as) awiy uonisinbay

43




I3C-NMR & DEPT-135 - 2-diazo-1-(piperidin-1-yl)ethanone (3b)

Comment

C13CPD CD2

CI2 D: {UIO\aasmuk} 23

75.48

Nucleus

13C

(MHz)

Acquisition Time (sec) 1.8219

Number of Tr
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2-diazo-1-(piperidin-1-yl)ethanone (3b) - HMQC (*Jisc1pp)
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TH-NMR — 1-(piperidin-1-yl)-2-tosylethanone

Acquisition Time (sec) 2.9999 Frequency (MHz) 200.13 Nucleus 1H Number of Transients 16 Origin DPX200
Original Points Count 12417 Points Count 16384 Pulse Sequence zg30 Receiver Gain 406.40 SW(cyclical) (Hz) 4139.07
Solvent CHLOROFORM-d Spectrum Offset (Hz)  1227.4727 Spectrum Type STANDARD
Sweep Width (Hz) 4138.82 | Temperature (degree C) 25.160
2a,20.63,60 Formula C H NOS FW 2813706
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1-(piperidin-1-yl)-2-tosylethanone — 13C-NMR
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TH-NMR — 1-(azepan-1-yl)-2-diazoethanone (3c)

Acquisition Time (sec) 5.3084 Co 1t 5 mm QNP _1H/15N/13C/31P Z08011/0020 Frequency (MHz) 300.13 Nucleus 1H
Number of Transients 16 Origin DPX300 Original Points Count 32768 Points Count 32768 Pulse Sequence zg30
Receiver Gain 80.60 SW(cyclical) (Hz) 6172.84 Solvent DICHLOROMETHANE-d2 Spectrum Offset (Hz) 1853.4263
Spectrum Type STANDARD Sweep Width (Hz) 6172.65 Temperature (degree C) 25.160
] O\u m.oi‘_omj Formula OmIaZwO Fw 167.2083
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1-(azepan-1-yl)-2-diazoethanone (3c) — *C-NMR & DEPT-135

C t

[ Frequency (MHz)

A isition Time (sec) 1.8219 C13CPD CD2CI2 D: {UIO\aasmuk} 59 75.48 Nucleus 13C
Number of Tr ie 1024 Origin DPX300 Original Points Count 32768 ‘ Points Count 32768 Pulse 2gpg30
Receiver Gain 10321.30 SW(cyclical) (Hz) 17985.61 Solvent DICHLOROMETHANE-d2 Spectrum Offset (Hz)  7572.5620
Spectrum Type STANDARD | Sweep Width (Hz) 17985.06 (degree C) 25.160
10 53807 Formula CH NO FW 1672083
. s 13 s
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Time (sec) 1.8219 Ci C13DEPT135 CD2CI2 D: {UIO\aasmuk} 28 ‘ Frequency (MHz) 75.48 Nucleus 13C
Number of Transients 1024 Origin DPX300 Original Points Count 32768 ‘ Points Count 32768 Pulse dept135
Receiver Gain 11585.20 SWcyclical) (Hz) 17985.61 Solvent DICHLOROMETHANE-d2 Offset (Hz)  7572.8574
Spectrum Type DEPT135 Sweep Width (Hz) 17985.06 Temperature (degree C) 25.160
Formula CH NO  FW 167.2083
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HMQC (Jisc1py) — 1-(azepan-1-yl)-2-diazoethanone (3c)

3.55, 46.06, 0.17 (2a, 2)(2b, 2)(7a, 7)(7b, 7)
5.08, 46.13, 0.41 (10a, 10)

3.23,47.71,0.17 (2a, 2)(2b, 2)(7a, 7)(7b, 7)

1.58, 27.46, 0.94 (4a, 4)(4b, 4)(5a,

Acquisition Time (sec) (0.3244, 0.0092) | Co it 5 mm QNP _1H/15N/13C/31P Z08011/0020 Frequency (MHz) (300.13, 75.47)
Nucleus (1H, 13C) Origin DPX300 Original Points Count (512, 128) Points Count (512, 1024)
Pulse Sequence hmgcqgf Solvent CD2CI2 Spectrum Type HMQC Sweep Width (Hz) (1575.20, 13952.84)
FormulaCH NO FW 167.2083
8 13 3
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tert-butyl 4-(2-diazoacetyl)piperazine-1-carboxylate (3d) — 'H-NMR
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I3C-NMR & DEPT-135 — tert-butyl 4-(2-diazoacetyl)piperazine-1-carboxylate (3d)

A isition Time (sec) 1.8219 Comment C13CPD CD2CI2 D: {UlO\aasmuk} 1 ‘ Frequency (MHz) 75.47 Nucleus 13C
Number of Tr i 512 Origin DPX300 Original Points Count 32768 ‘ Points Count 32768 Pulse 2gpg30
Receiver Gain 10321.30 SW(cyclical) (Hz) 17985.61 Solvent DICHLOROMETHANE-d2 Offset (Hz)  7571.0566
T TANDARD Width (H: 17 T 251
ype S Sweep Width (Hz) 985.06 (degree C) 25.160 Formula CHNO, W 2542856
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Receiver Gain 16384.00 SV (Hz) 17985.61 Solvent DICHLOROMETHANE-d2 Offset (Hz)  7571.5518
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2-diazo-1-morpholinoethanone (3e) — 'H-NMR
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I3C-NMR & DEPT-135 - 2-diazo-1-morpholinoethanone (3e)

A isition Time (sec) 1.8219 Comment C13CPD CD2CI2 D: {UIO\aasmuk} 19 ‘ F (MHz) 75.48 Nucleus 13C
Number of Tr i 1024 Origin DPX300 Original Points Count 32768 ‘ Points Count 32768 Pulse 2gpg30
Receiver Gain 11585.20 | SW (Hz) 17985.61 Solvent DICHLOROMETHANE-d2 Offset (Hz) 75720137
Type STANDARD | Sweep Width (Hz) 17985.06 Temperature (degree C) 25.160
ﬁ Formula CHNO,  FW 156.1546
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Time (sec) 1.8219 Comment C13DEPT135 CD2CI2 D: {UIO\aasmuk} 19 [ Frequency (MHz) 75.48 Nucleus 13C
Number of Ti 1024 Origin DPX300 Original Points Count 32768 | Points count 32768 Pulse dept135
Receiver Gain 16384.00 (Hz) 17985.61 Solvent DICHLOROMETHANE-d2 Offset (Hz)  7571.7314
pectrum Type DEPT135 | Sweep Width (Hz) 17985.06 T (degree C) 25.160
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2-diazo-1-morpholinoethanone (3e) - HMQC (*iac1py)
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TH-NMR - 2-diazo-1-(1,1-dioxido-4-thiomorpholinyl)ethanone (3f)

Acquisition Time (sec) 5.3084 Cc t PROTON CD2CI2 D: {UlO\aasmuk} 1 Frequency (MHz) 300.13 Nucleus 1H
Number of Transients 16 Origin DPX300 Original Points Count 32768 Points Count 32768 Pulse Sequence zg30
Receiver Gain 1448.20 SW(cyclical) (Hz) 6172.84 Solvent DICHLOROMETHANE-d2 Spectrum Offset (Hz)  1842.8202
Spectrum Type STANDARD Sweep Width (Hz) 6172.65 Temperature (degree C) 25.160
DICHLOROMETHANE-d2 Formula CHNOS FW 203.2190
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2-diazo-1-(1,1-dioxido-4-thiomorpholinyl)ethanone (3f) — 13C-NMR
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TH-NMR ~ Crude 6-bromo-1-azabicyclo[3.2.0]heptan-7-one (5a)

Acquisition Time (sec) 5.3084 Co it 5 mm QNP_1H/15N/13C/31P Z08011/0020 Frequency (MHz) 300.13 Nucleus 1H
Number of Transients 16 Origin DPX300 Original Points Count 32768 Points Count 32768 Pulse Sequence zg30
Receiver Gain 128.00 SW(cyclical) (Hz) 6172.84 Solvent CHLOROFORM-d Spectrum Offset (Hz)  1847.3009
Spectrum Type STANDARD Sweep Width (Hz) 6172.65 Temperature (degree C) 25.160
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Crude 7-bromo-1-azabicyclo[4.2.0]octan-8-one (5b) — 'H-NMR
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TH-NMR — Crude 7-bromo-1-azabicyclo[4.2.0]octan-8-one (5b) without int. standard

60

Acquisition Time (sec) 5.3084 Co it 5 mm QNP_1H/15N/13C/31P Z08011/0020 Frequency (MHz) 300.13 Nucleus 1H
Number of Transients 16 Origin DPX300 Original Points Count 32768 Points Count 32768 Pulse Sequence zg30
Receiver Gain 101.60 SW(cyclical) (Hz) 6172.84 Solvent CHLOROFORM-d Spectrum Offset (Hz)  1847.3009
Spectrum Type STANDARD Sweep Width (Hz) 6172.65 Temperature (degree C) 25.160
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Crude 8-bromo-1-azabicyclo[5.2.0]nonan-9-one (5¢) — ' H-NMR
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TH-NMR ~ exo-8-bromo-1-azabicyclo[5.2.0]nonan-9-one (exo-5¢)

Acquisition Time (sec) 5.3084 Comment 5 mm QNP 1H/15N/13C/31P Z08011/0020 Frequency (MHz) 300.13 Nucleus 1H
Number of Transients 16 Origin DPX300 Original Points Count 32768 Points Count 32768 Pulse Sequence zg30
Receiver Gain 101.60 SW(cyclical) (Hz) 6172.84 Solvent CHLOROFORM-d Spectrum Offset (Hz)  1847.3009
Spectrum Type STANDARD Sweep Width (Hz) 6172.65 7 Temperature (degree C) 25.160
M02(dd,8a) Formula CH BINO FW 218.0910
1 H m
1.0 H H
1 2b
] 2a., 3a
| O e = H
3 27—
0.9- :/// y v 3
3 9—N / H
E 1 L.\ 4b
087 _ “ H 4.26
E TRILY: 7 \ . “lazs
- 8a \ k —5, a MO1(ddd,7a) 2a,2b
E , — ==
0.7 B Br H \@. A \I E
% 56 H H 5o 6b 3b,3a,6a
c 0.6 _J 4a,4b,5a,5b
206 6a [rze o, tndbsas
£ 3 1.359
M ]
N 0.5 E 138
© E 3.78
m 3 : Jﬁu.d jmm
3 r3.763.30 1.81
zZ O.m_.\u -3.75 | :
B 3.75
= 3.36
3 -3.74 |
0.3 7
3 CHLOROFORM-d 3.78
] 7.26 A.Aug
0.2 3.79
B w.boq
0.1
0 1 A | I
1.00 0.98 2.06 1.01 312 4.19
= 4 E— = o —
,,,,7,,,,77,,,7,,,,77,,,7,,,,77,,,7,,,,77,,,7,,,,77,,,7,,,,77,,,7,,,,77,,,7,,,,77,,,7,,,,77,,,7,,,,7,,,,7,,,,77,,,7,,,,77,,,7,,,,77,,,7,,,,7,,,,7,,,,7,,,,7,,,,77
7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)
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exo-8-bromo-1-azabicyclo[5.2.0lnonan-9-one (exo-5¢) — 13C-NMR & DEPT-135

[A Time (sec) 1.8219 | F (MHz) 7548 | Nucleus 13C___ | Origin Bruker | Original Points Count 32768 | Points Count 65536
| Pulse Sequence ZGPG30 | Spectrum Offset (Hz) _7536.3345 | spectrum Type STANDARD Sweep Width (Hz) ___ 17985.61
Formula CH _BiNO  FW 218.0910
E 29.17(3)
1.0 [27.24
E 337061 24(4)
- [26.59(5)
0
E 11 e 273
E A\ \ 64.60(7) 43.36(2)
il 9—__N
0.8 , i %
E / 45.69(8)
q .\\\\8 7\ —5
0.7 He 6
E Br H
] 77.007
2067
(7] ]
=4 ]
2 -
£ 1
B 057
N ]
s 4
E ]
2 047
0.3 162.52(9)
0.2
0.1
i . . N
0 !
e e e T T T T T T e T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)
Time (sec) 1.8219 F (MHz) 75.48 Nucleus 13C ‘ Origin Bruker ‘ Original Points Count 32768 Points Count 65536
Pulse Sequence DEPT135 Offset (Hz) 7536.2251 ‘ Spectrum Type DEPT135
Sweep Width (Hz) __ 17985.61
64.60(7)7 Formula CH _BINO  FW 218.0910
45.69(8)7 o —
11\ Ve 3
N\ \
9
| “
,\\\\8 7\ /5/
H 1 ‘ 6
Br H
2 4 I
2 | [
2o
E
el
(7]
N
©
E
o
z
29.17(3)-
27.24(4)7
33.70(6)7
26.59(5)
3 43.36(2)
R RN AR RARR AR A AR AR R RARRRRRARR AR Rt AR RN R RN R RN R R N R R R R SN RN R R RS RN RO
70 65 60 55 50 45 40 35 30 25 20 15 10 5 0

Chemical Shift (ppm)
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TH-NMR ~ endo-8-bromo-1-azabicyclo[5.2.0lnonan-9-one (endo-5c)

Acquisition Time (sec) 5.3084 Comment 5 mm QNP_1H/15N/13C/31P Z08011/0020 Frequency (MHz) 300.13 Nucleus 1H
Number of Transients 16 Origin DPX300 Original Points Count 32768 Points Count 32768 Pulse Sequence zg30
Receiver Gain 143.70 SW(cyclical) (Hz) 6172.84 Solvent CHLOROFORM-d Spectrum Offset (Hz) 1847.1124
Spectrum Type STANDARD Sweep Width (Hz) 6172.65 7 Temperature (degree C) 26.160
M01(ddd) ‘E Formula CH BiNO FW 218.0910
y m_c Ny E 3a,3b,6a,6b
i 2a., 3a E 1.89
1.0~ 0 — o |
Y 27— 3b
E DN ; E
E N . Forsr
09- 1 N_.\ b 3.34
7 _ ", 4.91-4.90 Moa(ddd.7 w.wL
E I::_\,m|q \ M_ 4.914.89 (ddd.7a) 1.95-
E = a
E 8a = —5, 3.36
0.8 Br a \m‘ A "1y 333 4a,4b,5a,5b
= 10 - 5b
E 7a H o4 H 1.36
3 5a
L 0.7 6a 6p
R -4.89
0.6
3 E CHLOROFORM-d
m 1 7.26
e 0.5
IS E
] 1.99 1.51
z E j j
0.4
0.3
0.2
0.1
0 w y . ¥
i 1.00 1.04 2.15 5.04
H [ [ [—
,,,77,,,7,,,,77,,,7,,,,77,,,7,,,,77,,,7,,,,77,,,7,,,,77,,,7,,,,77,,,7,,,,77,,,7,,,,7,,,,7,,,,7,,,,7,,,,7,,,,7,,,,7,,,,7,,,,77,,,7,,,,77,,,7,,,,77,,,7,,,,77,,,7,,,,77,,,7,,,,77,
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Chemical Shift (ppm)
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endo-8-bromo-1-azabicyclo[5.2.0lnonan-9-one (endo-5¢) — 3*C-NMR & DEPT-135

A Time (sec) 1.8219 Comment C13CPD CDCI3 D: {UIO\aasmuk} 1 ‘ F (MHz) 75.48 Nucleus 13C
Number of Tr 512 Origin DPX300 Original Points Count 32768 ‘ Points Count 32768 Pulse zgpg30
Receiver Gain 10321.30 SW(cyclical) (Hz) 17985.61 Solvent CHLOROFORM-d Spectrum Offset (Hz)  7538.6401
Spectrum Type STANDARD Sweep Width (Hz) 17985.06 | (degree C) 25.160 Formula Cjt BNO  FW 218.0910
CHLOROFORM-d
> — = = =
& = 2 o =2
S =) S S o S
@ < NG R @
] N ~ N @
T T i TT i
1.0
0.9
0.8 o 2~
E 1 yd 3
> E \ —N
B 0.7 9
c E 1
2 E
< o] - *
B 064 B —
87 Ho'le 7\ /
© 3 =
£ El = —5
S5 057 Br - 6
b4 E| H
0.4
0.3
0.2
0.1
0]
T T T T [ e e
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)
Time (sec) 1.8219 Ce C13DEPT135 CDCI3 D: {UlO\aasmuk} 1 ‘ Frequency (MHz) 75.48 Nucleus 13C
Number of T 256 Origin DPX300 Original Points Count 32768 ‘ Points Count 32768 Pulse dept135
Receiver Gain 16384.00 SW(cyclical) (Hz) 17985.61 Solvent CHLOROFORM-d Offset (Hz)  7538.7485
Spectrum Type DEPT135 Sweep Width (Hz) 17985.06 T (degree C) 25.160 ‘
47910 Formula CH BNO FW 218.0910
57.10(7) 8
0.
0.
0.
= ’
0 M " Vi b W bt U iy oy i g l— U o #
-0. ‘
=
e
o -0.
£
5 (0]
(<) 27—
T AN 3
£ 9g—N
-0 J
2 1 28.89(3)
' 4 28.14(4)~
H 1\ 8_7\ /
N 6/5
Br
H
33.32(6)
43.49(2)
65 60 55 50 45 40 35 30 25

Chemical Shift (ppm)
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TH-NMR — Crude tert-butyl 7-bromo-8-oxo-1,4-diazabicyclo[4.2.0]octane-4-carboxylate (5d)

Acquisition Time (sec) 5.3084 Co 1t 5 mm QNP _1H/15N/13C/31P Z08011/0020 Frequency (MHz) 300.13 Nucleus 1H
Number of Transients 16 Origin DPX300 Original Points Count 32768 Points Count 32768 Pulse Sequence zg30
Receiver Gain 90.50 SW(cyclical) (Hz) 6172.84 Solvent CHLOROFORM-d Spectrum Offset (Hz) 1847.4891
mtmom_wmi Type STANDARD Sweep Width (Hz) 6172.65 7 Temperature (degree C) 25.160
E (o] H H Formula C H BrNO | The tert-butyl ester
E 64 62a 60a FW 1152.5974 signal is cut off to
0.147 _m_u m_wm m_wo H (156.1806+386.0802+305.1683+305.1683) increase the visibility of
- I\ /mm\ y?\ ymm\mwm the other signals
0.13— 63a _ o R 0 oM
E 2 mmﬂ J38a by NEA J21a
E W N KN \ \w/m 37b N\ 21 200
0.12 4 55 57 A2~y N el 25~ e ~N e
e 54a _ _ 58a 37 H N 20 H
3 1011633 H H 268" \B _ e
E : i 26~
0.11- 55a 57a 23 N (o]
E S NN
E o} 32 H N
0.104 12 o A N _
E Br 1 ucm/, 3a Y H H o CHy
E 3\/3\ N~ /m,,,m,f 24b  24a Nm/m%c 35
0.093 H™ 4 | 2a ~
- 3 16aBr H-isa N O _ CHy
....w. E 18 mf\ ,,m/ 1 w 13 H4C 34
= ] | 47 30
§ 0087 satl Moo .CH ﬁ;wmz_ 8-0x0.1 4-diazabiovol tert-butyl
< 3 8 w/mm_._u o\__mmm Shso- woxo-c_ A _JNm icyclo M02(d,26a) trans-7-bromo-8-oxo-1,4-diazabicyclo
B 0.073 HsC 14 [4.2.0]octane-4-carboxylate ' [4.2.0]octane-4-carboxylate
m 3 10 CHLOROFORM-d E
m O.Om\w 7.26
o E
CRENE GETS
E MO01(dd,43a)
0.0545 "
3 8.29(62a)
0.04 7
3 6.13(16a)
0.03
0.02
0.01 E ©
E 6.21(16a) o
N I R BN |
0.5011 0.5041 0.2146 0.02920.3408
[ H = d !
7,,,,7,,,,7,,,7,,,,77,,,7,,,,77,,,7,,,,7,,,,7,,,,7,,,,7,,,,7,,,,7,,,,7,,,,7,,,,7,,,,7,,,,77,,,7,,,,77,,,7,,,,77
11 10 9 8 7 6 5 4 3 2 1 0

Chemical Shift (ppm)



Crude 7-bromo-4-oxa-1-azabicyclo[4.2.0]octan-8-one (5e) — ' H-NMR
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TH-NMR — Crude 7-bromo-4-thia-1-azabicyclo[4.2.0]octan-8-one 4,4-dioxide (5f)

Acquisition Time (sec) 5.3084 Co t 5 mm QNP _1H/15N/13C/31P Z08011/0020 Frequency (MHz) 300.13 Nucleus 1H
Number of Transients 16 Origin DPX300 Original Points Count 32768 Points Count 32768 Pulse Sequence zg30
Receiver Gain 143.70 SW(cyclical) (Hz) 6172.84 Solvent CHLOROFORM-d Spectrum Offset (Hz)  1847.3009
Spectrum Type STANDARD Sweep Width (Hz) 6172.65 Temperature (degree C) 25.160
. 10.13(48a)
1.03 o H H Formula C,H _BrNO S
E 40 472 452 FwW 999.3974
] Am I (156.1806+335.0136+254.1016+254.1016)
0.9 _._\ 4 \ X, \ AN 7 442
] 48a __ _ _ o) mo
= ~ 24 H
1 \ww/»\ﬁ/ \3/_._ CHLOROFORM-d // ”_mm // 28a
0.8 39a _ _ 43a 7.26 20 - gt 32 =A%
] N, = 16b N—
] H H He. N 1% Hoy, & y
3 40a  42a iy \Q / H 33a 133 \ / i
] 21a 21 - »
] o \ ™~ W' 153 \ / I
0.7+ H H Br \18 15 ~
1 10 3peS3a - / v, w / VAR
E Br [ N 25 H mo \31—S>~ _  27b
] 12N\ N N \mc 18a M9 mﬁo 15b a3 N \mm/o
] 1 N AL o » " 5 H » Y
- 0.6 H _ N__ _ 2a 192 g o) 3a o
A ] 11a ' —o0 23
2 A Br M \w/ 7 19b >
QQ 9 13 5b \ 6 1 . . X . .
S 051 H > o cis-7-bromo-4-thia-1-azabicyclo[4.2.0] :m:m-u-c_dBO-h-E_mﬂ_-mNmU_Qo_oE.m.o_
I 5a 4 Ny 8 octan-8-one 4,4-dioxide octan-8-one 4,4-dioxide
N i 6b 6a
e .
m 0.4 8.31(47a), M02(d,33a)
Z 3 E
0.3 E
E 6.16(11a) M01(dd 21a)
0.2 ‘ﬁ
= 4.70
] A.woub
0.14 m.\_wg
= 5.19
] 6.26(11a) 5219 _
0 i L g. L AN . . ol
0.6105 0.6157 0.1265 0.0397 0.1478
] d = ! d
7,,,,7,,,,77,,,7,,,,7,,,,7,,,,77,,,7,,,,77,,,7,,,,7,,,,7,,,,77,,,7,,,,77,,,7,,,,7,,,,7,,,,7,,,,7,,,,77,,,7,,,,77
11 10 9 8 7 6 5 4 3 2 1 0

Chemical Shift (ppm)
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1,1,3,3-tetramethylguanidine sulfinate (and sulfonate) — 'H-NMR

69

M I = A A A =
ere 0Lyl S¥'0 82T ooJ.wa.o €1z
y =0
T T
ﬁ Lagz'esz)s8€ B.L& ( TE % B
602 ¢ Jm.mi Wagz'eg2)z6'8 E
4 rmg =10
9z'L F
P-NHOH0HOTHI |eg) ‘g 'Rg ) BZ) =
] eg'esec ez ~c0
(061'061.'861'96'96'86)8Z Z N B
e9|‘egLBEL ‘BT) -
eg‘egeg'ez €0
E z
E¥0
F7 3
SR
=2 N
opz a6z F ... a
H H FG0 =
z z eg 26 C —
arz = eyzoez = ez H @ egl 6L = @
H70——H  Hm62—H _ _._) H H H 96 B @,
eeg _ _ az mw_ s m/c, ool m_F AQ/,, H =90
e oz e r
_._/ z/ N H /o\ /w\ m I/wr\ ”3\ 261 g
. " /R/o _ _ v " B
agz _t< V0.2 ol Fo.
WY dez I 22/ 7w ° h\_ \m e N el E40
H H - / / ~N T Y \ JEEL E
I =
sz w—m - _w_ _N o w/\ /N“\\ H E
~N eg =
N H 8 H A\ TS 80
o o) H F
60
(2vBLOLL+CVEL LLL+8Y6LGSL) EELG ThY md F
NmeanNImvo N§BEK \‘O _\
2z a6z ez oLz ALz eIz oV v ere 082 as2 082)08° F
091Gz (D 9aBap) sinjeioduis | G9z/19 (ZH) WP doams QuUVaNVIS 8dA] wnijoeds
16VL9v8L  (ZH) 19SHO Wnij2ads P-WHO40LOTHD JUBAIOS | 78219 (zH) (1ea12A2)MS 00 VT uren 1oAY
0€bz 9uanbag os|id 89/¢¢ Junoy sjujog 80/z€ Juno) sjujod [euiblo | 00£Xdd [777770) 9l SjusIsuEI] jO JoqUINN
HY STaonN €100¢8 (ZH) Aouanbaij Z1 PINWsee\0INy :d €000 NOLOdd JuBWIio) V80EG (095) oWI] UORISINBOY




TH-NMR - 2,2-dibromo-1-(piperidin-1-yl)ethanone

Acquisition Time (sec) 2.9999 Frequency (MHz) 200.13 Nucleus 1H Number of Transients 16 Origin DPX200
Original Points Count 12417 Points Count 16384 Pulse Sequence zg30 Receiver Gain 2580.30 | SW(cyclical) (Hz) 4139.07
Solvent CHLOROFORM-d Spectrum Offset (Hz)  1227.2200 Spectrum Type STANDARD
Sweep Width (Hz) 4138.82 | Temperature (degree C) 25.160
CHLOROFORM-d Formula CH wmzo Fw 284.9763
7 1"
3 6.14(9a)
1.07
E o
09~ 8 H H
] I 2b., f2a H
- 7
E Br, 7 I~ P
0.8- 107 27 N ONS
] 9 ) 3Ty
1 7.26 H _ _ 3a
0.7 %2 g, I::\m A:_..I
] 11 6a / \ 4b
= g 35 3a,3b,4a,4,5a,5b
g 0.6 H o / H
2 | ) Signal pregent in all the fractions isolated
c B 6b H H 4a from preparative TLC on regular TLC plates
M 05 E 5a 5b Possibly residues from the plate bonder.
N E
m E Signal prgsent in all the fractions isolated
m 0.4 from .vqmﬂmﬂm.?m TLC on regular TLC plates
] Possibly fesidues from the plate bonder.
0.3~ 1671
= mm_NU_J,mmbU
0.2 3.61
] u.miﬁm.mw
\m -3.56 163
0.1
E 6.21(9a)
0 w ) A AL .
i 1.00 4.42
[ [E—
,::t:;::t:;::t:;::t,:i::::i::::i::::i: :i::::i::::i::::i::::i:: :t:;:,:::i::::i: ,i::::i::::7::7::7:
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 1.0 0.5 0

Chemical Shift (ppm)
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