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6 benzodiazepines

Abstract: Benzodiazepines possess a wide spectrum of valuable pharmacological effects and are
among the leading drugs, commonly prescribed ones for various pathologies. Herein we describe the
continuous flow synthesis of six benzodiazepines from aminobenzophenones: diazepam, fludiazepam,

nordazepam, nitrazepam, clonazepam, oxazepam.
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The 1,4-benzodiazepine-2-ones backbone is an essential pharmacophore in the pharmaceutical
industry,* and the first benzodiazepine was developed in 1960 by Hoffmann-La Roche and marketed
as Librium (Scheme 1).? This class of compounds exhibits a highly significant clinical activity and

finds various therapeutic applications as anxiolytics,*” hypnotic,®® antiarrhythmics,'

vasopressin
antagonists,"™* HIV reverse transcriptase inhibitors,** and cholecystokinin antagonists,"* among others.
Some studies even demonstrated the antiproliferative effect of benzodiazepines against cellular
tumors.™* This huge, continuously expanding class, might be as well a key synthon in the synthetic
pathways of other fused ring compounds, such as triazolo-, oxadiazolo-, oxazino-, or
furanobenzodiazepine, for instance.™ In spite of the widespread adoption of various dibenzodiazepine
scaffolds as molecules possessing psychoactive activity to treat anxiety disorders, the pioneering work
of Schmutz in the early 1960s remains to be a significant contribution in the area of the

benzodiazepine pharmacophore synthesis.*¢ 8

Fludiazepam Diazepam Oxazepam

Scheme 1. Some relevant examples of benzodiazepines

On another hand, continuous flow chemistry is an attractive tool that can allow chemists to
access efficiently to highly demanded active pharmaceutical ingredients.’*?* In this context, the flow
synthesis of benzodiazepines has been reported by several groups. Thus, Baxendale described a flow
synthesis of benzodiazepines as a combination of a SyAr reaction to produce a nitrodiarylamine
intermediate, which upon reduction of the nitro group subsequently underwent a cyclocondensation
(Scheme 2a).?® Thompson and colleagues demonstrated the ability of MS analysis and droplet reaction
to guide microfluidic synthesis, performing continuous synthesis of diazepam in two steps on a
microscale (Scheme 2b).?" In 2016, the group of Jamison described the preparation of diazepam in
flow, starting from the acylation of 5-chloro-2-(methylamino) benzophenone with neat bromoacetyl

chloride in NMP, followed by an intramolecular cyclization reaction upon addition of a stream of NH;



in a MeOH/H,0O mixture. This method implied an elevated pressure (250 psi) and temperatures (90 °C
and 130 °C; Scheme 2c).?® One year later, the same group depicted a 2-steps process, including the
amidation reaction between a solution of benzophenone and neat chloroacetyl chloride, followed by a
reaction with aqueous ammonia solution; in-system dilution to avoid clogging and sonicating bath and
a static mixer (Scheme 2d).?° Recently, the report on an automated multistep chemical synthesizer
AutoSyn was disclosed, showing the syntheses of ten FDA approved drugs, including diazepam
(Scheme 2e).%° Herein, within the framework of our research program dedicated to the API continuous
flow manufacturing,®***® we describe a general synthesis of 1,4-benzodiazepine-2-one scaffolds. Our
flow synthesis of the benzodiazepines is shown in Scheme 2. The installation does not require an
additional special equipment or high temperature and allows the access to 6 different benzodiapines,

the largest number of such APIs accessible by a single platform approach reported so far.
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Scheme 2. State of the art and present work.

The first step of the synthesis consisted in the formation of N-(2-Benzoylphenyl)-2-
bromoacetamides 3, directly starting from the unprotected 2-amino-benzophenone 1 (Scheme 3). 2-
Amino-5-chloro-2-fluorobenzophenone 1a was chosen as a model substrate, in order to facilitate the
determination of the conversion of the transformations by °F NMR spectroscopy monitoring. The
selected compound was diluted in toluene (inlet 1) and then was mixed with a 0.44 M solution of
bromoacetyl bromide 2 in toluene (inlet 2), the resulting solution passed through a 10 mL PTFE
reactor afterwards. We checked several concentrations of 1 and found that the optimum one was 0.4
M; when working above this value, yield decreased. The excellent conversion and yield were
achieved, performing the reaction at room temperature, at the flow rate of 0.25 ml/min of each stream
and at the concentration of 0.4 M. The first drop of the solution was furnished after 20 min, while it
takes 2 hours to complete this reaction in batch. The product 3a was formed in 88% yield, calculated
on 4 mmol (1.96 g/h, 0.196 kg/h/L) (Scheme 3). Since, the nitro-derivatives 1c-d are poorly soluble in



toluene, the solvent can be replaced with DMF and the concentration of the starting solution could be
reduced by a factor of 2 and the flow rates increased twice, keeping therefore the same productivity
and yield.
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Scheme 3. Synthesis of N-(2-Benzoylphenyl)-2-bromoacetamides 3a-d (4 mmol scale). [a] Yield of
isolated products. [b] Reaction performed on 24 mmol scale.

To demonstrate the synthetic utility of our process, we performed a reaction on a larger 24
mmol scale with 2-amino-5-chlorobenzophenone 1b, using Syrris Asia pump, and the corresponding

product 3b was isolated in 94% vyield.

Then, to reach the final targets, the acylated products should be subjected to cyclisation,
resulting in the formation of 1,4-benzodiazepine-2-ones,* and wich might then undergo a N-
methylation or a C-acylation,® as precursors of various benzodiazepins. The flow system for these
transformations was set up using a R-series Vapourtec® flow reactor (R2+ pumps, R4 heater/cooler
module) with two pumps. Thus, the next step involved nucleophilic substitution of the bromine by a
convenient methanolic solution of NHjs, followed by the dehydrative cyclisation toward the formation
of the benzodiazepine 5. There was a slight formation of 2-amino-benzophenone 1, ie the starting
material of the preceding step, resulting from the transamidification side reaction rather than the
bromine substitution (8-24%). We have performed numerous trials to optimize this transformation and
avoid the undesired reaction For instance, we diluted in various ways a commercially available 7 M
solution of NH; in MeOH, but it did not influence the outcome of the reaction. Pleasingly, the ratio
product/byproduct increased according to the temperature from 30 to 110 °C, whereas exceeding the

latter resulted in lower yield. It was also preferable to use a larger reactor (10 mL) with a fast flow



rate, rather than a small reactor (2-5 mL) along with a low flow rate. The total flow rate of 0.5 mL/min
(0.25 mL/min + 0.25 mL/min) was the most beneficial (t* = 20 min). DMF was superior to toluene and
1,4-dioxane, and the maximum concentration of the substrate was 0.2 M in DMF. The solutions of
ammonia in different solvents were also tried, among 7 M methanol, 0.4 M THF, 2 M ethanol, the
former gave the best results. The reaction was performed on 4 mmol scale and the product 5a was
obtained in a very good 94% vield (0.814 g/h, 0.081 kg/h/L) (Scheme 4).

0.25 mL/min

0.2 M in DMF %)Em)—’
110 °C, 20 min
NH; (7M MeOH) @

4 0.25 mL/min

5a, 94% 5b, 88%l@l | 75%°]
Nordazepam

Scheme 4. Formation of benzodiazepines using NH; in MeOH (4 mmol scale). [a] Yield of isolated
products. [b] Overall yield.

Alternatively, since the above-mentioned method was ineffective for the nitro-derivatives 3c-
d, we applied the hexamethylenetetramine/ammonium acetate 6/7 system (Scheme 5). A 0.25 M
solution of N-(2-Benzoylphenyl)-2-bromoacetamide 3c-d in DMF was combined within the T-piece of
the R2/R4 unit with a second stream containing HMTM 6 and NH,;OAc 7 (0.275 M in EtOH) at the
flow rates of 0.125 mL/min and 0.25 mL/min, respectively. The united stream was then directed into a
PTFE reactor (10 mL) at 120 °C, (t* =27 min), the Nitrazepam 5c was obtained in a modest 36% vyield
(0.190 g/h, 0.019 kg/h/L) (Scheme 4). Note that the overall yield of the nitrazepam was 31% over 2
steps. Finally, this protocol was applied to the synthesis of clonazepam 5d, which was isolated in a

good 64% yield and a 37% yield over 2 steps.
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Scheme 5. Synthesis of nitrazepam and clonazepam using HMTM/NH,OAc (2 mmol scale). [a] Yield
of isolated products. [b] Overall yield.

With the goal to carry out efficiently the N-alkylation of the obtained heterocycles, we
examined many conditions, which could be readily applied in flow chemistry. A small part of what we
tried comprises Me,SO4,/K,CO; neat, Me,SO,/t-BUOK/CH;CN, MeOTf, MeO'BF,, Me,SO, neat,
NaH/methylating agent, LDA/methylating agent, nBuLi/methylating agent at different temperatures,
ratios and solvents. The results were ranged from bad to moderately good, especially, LDA/Mel was
remarkable at low temperatures. After further investigations, we were finally satisfied with the
conversion and yield and turned our attention to conditions in flow. Three syringes were loaded with 3
solutions : benzodiazepine 5a-b in dry THF (0.2 M), LDA 8 freshly prepared and Mel 9, both at 0.22
M in dry THF. The two first solutions were simultaneously passed through two 2 mL pre-cooling
loops at —35 °C both at a 1 mL/min flow rate and were combined within a T-mixer. Then, the flow
passed a 0.5 mL reactor at —35 °C, and then it was combined with a flow of the electrophile, which
was pre-cooled as well at —35 °C by passing through a 2 mL pre-cooling loop at 1 mL/min. Eventually
the combined solution was directed in a 11 mL reactor. The total residence time of this reaction came
up to (15 sec + 3 min 40 sec) 3 min 55 sec. The solution was finally quenched with the solution of
ammonia chloride, extracted with EtOAc and after a simple column, the product 10a was obtained in
64% yield, based on 0.8 mmol scale (2.33 g/h, 0.2 kg/h/L, Scheme 6).
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Scheme 6. Synthesis of fludiazepam and diazepam through N-alkylation of benzodiazepines (0.8
mmol scale). [a] Yield of isolated products. [b] Overall yield.

From the class of 3-hydroxy-1,4-benzodiazepines, oxazepam 15 and lorazepam are widely
used for the treatment of anxiety.*® To synthesize 3-hydroxy derivatives of 1,4-benzodiazepines, first
of all it is necessary to address the direct acetoxylation of the 3 position of the benzodiazepine
backbone. As an oxidant we aimed at finding one, which could easily fill in a column reactor and not
create a clogging. Among K,S,0g, NaNO,, MnO, and BaMnQO,, the latter was the easiest to deal with.
The solution of benzodiazepine 5b, iodine 12, KOAc 11 in acetic acid (0.2 M) was flowed through a
column reactor heated at 90 °C at 0.05 mL/min, the column was filled with mixture of BaMnO, (2
equiv) and silica (1 g total). The residence time of the transformation was 30 min, after that the
solution was diluted with EtOAc, washed with the solutions of sodium thiosulfate and bicarbonate,
extracted with EtOAc, passed through a shot plug of silica and evaporated, the product 13 was
obtained in an excellent yield 91%, based on 2 mmol scale (0.18 g/h) (Scheme 7).

H O
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Scheme 7. Acetoxylation reaction of the 3-position of the 1,4-benzodiazepine ring (2 mmol scale). [a]

Yield of isolated product.
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The obtained product 13 was converted by basic ester hydrolysis at 0 °C, followed by
acidification with AcOH, into oxazepam 15, in a yield of 69%, based on 0.5 mmol scale (0.89 g/h,
0.089 kg/h/L; Scheme 8).

_N (Sml/min
H O
N
O o
13, 0.3 M in EtOH —%—» cl —N
0°C,

25 min :.n
NaOH 1.1 M <>
14 0.15 ml/min 15, 69%[%, 47%!
Oxazepam

Scheme 8. Hydrolysis of 13 into oxazepam (0.5 mmol scale). [a] Yield of isolated product. [b] Overall

yield.

Conclusion

To conclude, robust flow chemical routes towards the valuable bioactive entities 1,4-benzodiazepine-
2-ones has described. The protocol needs minimum requirements and could be applied for a great
number of starting materials, providing a reliable route to this vital class of compounds. The use of
flow chemistry translated to increased safety and shorter processing times. On a global standpoint, we
performed the complete syntheses of 6 important 1,4-benzodiazepine-2-ones, with overall yields
ranging from 31 to 75%. In the current post-pandemic situation, these syntheses offer a
straightforward platform for the continuous flow synthesis of strategic entities 1,4-benzodiazepine-2-

ones.
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