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Abstract; Scheme 1. Discovery synthesis route
The stepwise optimization towards a safe, reproducible, and OH NH
high-yielding oxidation of azepine 2 into the prochiral nitrone ©\/N\ H2S0,
4 is described, with emphasis on the elimination of Davis reagent H

3. m-Chloroperoxybenzoic acid (mCPBA) was found to be an 1 2
elegant and scalable alternative oxidant regarding safety, yield,

and easy workup procedures. Nitrone 4 was obtained in 95% 0 o
yield and used without purification or isolation in the cycload- @J? N

dition step to provide oxazolidone 6 in high yield. The process 3 H 3 —N/
X 0
was scaled up successfully to an 800-L scale (60 mol of starting Q O 4

material).
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N
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Introduction =/ \ 8

o]
Chiral tetracyclic isoxazolidin& (R107500) was dis- N d o
covered in the Medicinal Research labs of Johnson & Q O * regio isomers
Johnson Pharmaceutical Research and Development, a divi-
sion of Janssen Pharmaceutica.

The compound shows affinity for 5-HTreceptors,
particularly for 5-HTE4 and 5-HTc receptors. Furthermore,
in central nervous system(CNS)-related tests on rats, such
as the “mCPPrtr-chlorophenylpiperazine) Test on ratsthe
“Tail Suspension Test®and the “LSD Drug Discrimination
Test”} interesting pharmacological activities have been
observed. Another interesting property of this compound is
that it suppresses amphetamine-induced stereotypical behav- R107500
iour in rats.

In view of these pharmacological properties, R107500 was On its large-scale synthesis and application, however, are
selected to be used as an anxiolytic, an antidepressant, anéfs potential hazards and the formation of a sulfonylimine
an agent having the potential to overrule the addictive byproduct. Removal of this byproduct could not be ac-

1) SiO,
2) Si0, chiral phase
3) HO Ho H

Hoog” ~CO0H Hoog” N~C00H

properties of drugs of abuse. complished by crystallization due to instability of the nitrone
In the discovery synthesis route, the oxidation to convert 4 and had to be performed by column chromatography.

amine 2 to nitrone 4 was performed with isolated Davis This oxidation procedure was acceptable to synthesize the

reagent3®~° (Scheme 1). first 500 g of drug substance for early toxicology and

The Davis reagent was reported to be a versitale reagenformulation tests.
in the oxygenation of various functional groups. Drawbacks ~ However, since larger amounts of drug substance were
needed for clinical batches and further testing, this oxidation
“To whom correspondence should be addressed. Fe2 14 605755. process was unacceptable, mainly because of safety concerns.
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Scheme 2. Oxidation using isolated Davis reagent Scheme 3. Oxidation using a catalytic amount of

sulfonylimine 8
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isoxazolidine6 as a mixture of all four possible diastereo-
mers, along with small amounts of regio isomers. Tiw
trans-diastereomers were separated on silica gel, whereas
the enantiomers were separated using a chiral solid phase.
The desired enantiom&rwas isolated as th&j-malic acid o
mCBA (m-chlorobenzoic acid) mCPBA

salt.
In this synthesis the isolated oxaziridiBewas used to Scheme 4. Direct oxidation with mCPBA

oxidize amine2 (Scheme 2). NH cl CO4H
Davis reagent, prepared by the oxidation of sulfonylimine + 2 \©/ _
2

8 with mCPBA, according to a literature meth8dwas
obtained as a solution in GBl,. Evaporation and crystal-
lization from hexane yielded the oxidant as a white solid.
One mole of azeping was oxidized with 2 mol of reagent P
3 within 2 h at room temperature in Ci€l,. This also =N cl COOH
resulted in the formation of 2 mol of sulfonylimirg which O Q + 2 \©/ + H0
were separated from nitroreby preparative chromatogra- 4
phy.

A safety study using differential scanning calorimetry
(DSC) revealed the decomposition of oxaziridbhat 75°C N
after 9 min and at 60C after 1.5 h in both air and N 5
atmosphere. In a mini-autoclave, a decomposition with a
strong and fast exothermic signal was observed around 80 P
°C with a strong energy release of 1000 J/g. Therefore, N
isolation and storage of large quantities were to be avoided.
Furthermore, isolated nitrong was found to be thermally NQ 6
unstable. A DSC experiment showed exothermic decomposi- Q O + regio isomers
tion starting off at 110°C. These data prompted us to

redesign the oxidation process. We decided to investigate the direct mMCPBA oxidation
Optimization of the Oxidation Process. Oxidation of the amine2 because in the catalytic cycle, this could be

Using a Catalytic Amount of Sulfonylimine 8. The safety ~ a competitive reaction for the oxaziridifeformation.

issue was adequately addressed by adding mCPBA to a Direct Oxidation with mCPBA. mCPBA oxidation

mixture of amine2 and a catalytic amount of the sulfo- worked fine when a solution of the peracid in @H, was

nylimine 8 (Scheme 3). The in situ generated oxaziridhe  added dropwise to a solution of amién CH,Cl, (Scheme

oxidized the amino compound to the nitrone4. This 4).

catalytic version, as depicted in Scheme 3, was tested. Note: only toluene (cycloaddition solvent for compound

Complete conversion could still be obtained using only 5 6) was tested as an alternative solvent for,CH but the

mol % of the imine8, thus avoiding the difficult workup to  reaction was incomplete.

remove the large quantities of imine. The reaction was completed within 15 min, and the
nitrone4 was formed in 95% yield. This solution, after basic
(10) Davis, F. A.J. Org. Chem1982,47, 1774—1775. workup to remove the benzoic acid byproduct, was intro-
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Figure 1. Dilution: 5 L/mol, adiabatic RC1 experiment
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Figure 2. mCPBA in four portions, isothermal RC1 experiment

duced in the next step without further purification. By doing Scalability. The oxidation procedure and ratio of reagents,
so, we avoided the isolation of the nitrone which, in its pure as described in the Experimental Section (experiment C),
form, was not stable. Moreover, combining steps is time- was successfully scaled up to a 60 M batch in the pilot plant.

and labour-saving and therefore economically attractive. The quality and yield of the nitroréfrom the 60 M batch
The next project objective was to demonstrate the safety were comparable with those from the lab-scale resullts.
and scalability of this methodology. No problems were encountered regarding processability

Safety Experiments.Two experiments were carried out safety.
using a Mettler RC1 reaction calorimeter to determine heat |1 \yas clear that, in this case, the mCPBA oxidation
evolution.

RC1 Calorimetric Experiments. The reaction was
performed at 0°C. In adiabatic conditions, the reaction
temperature rose by 4ZC at a concentration of 5 L/mol
amine2 and by 24°C for a more dilute (10 L/mol) solution
of amine2. Therefore, to avoid exceeding the boiling point
of CH,Cl,, the diluted concentration was preferred for ! )
upscaling (Figure 1). intermediated (Scheme 5).

From the calorimetric experiments we also concluded that ~ OXidation may proceed via the hydroxylamihioxide
the reaction was dose-controlled: when the addition of the 10that dehydrates to the nitrodeAlternatively, dehydration
mCPBA solution was interrupted, the reaction heat im- Of the hydroxylamined leads to the imind.1 which can be
mediately dropped to the baseline, proving there was no oxidized either to nitroned or to oxaziridine 12 that

showed a number of advantages compared to those of the
Davis oxidation. The high yield and easy workup and
safeness of the procedure made this an excellent alternative
for the Davis oxidation.

Reaction Mechanism. The mechanism is thought to
proceed in at least two stages via the hydroxylamine

accumulation (Figure 2). rearranges into thdl-formyl compoundl3. The formation
These results showed us that this oxidation was a safeof imine 11 as an intermediate was, however, excluded; a
and dose-controlled reaction. separate experiment starting from imith& supported this
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Scheme 5. Proposed reaction mechanism 7.26—7.46 (m, 7H), 8.11 (dd, 1H; = 8.1 Hz,J, = 1.5

H Hz), 8.61 (s, 1H).

/—N\ (B) In Situ Davis Reagent with Catalytic Amount of
N Sulfonylimine 8. Benzyltriethylammonium chloride (5.38 g,
2 0.0236 mol) was added to a stirred solution Mfben-

zylidenebenzene sulfonamide(0.125 g, 0.0005 mol) and
mCPBA amine2 (1.95 g, 0.01 mol) in 50 mL of CCl,. A solution

of NaHCG; (4.87 g, 0.058 mol) in 50 mL of water was

o added. To this vigourously stirred two-phase system was

N -mo_ =N mopea /L‘N EHO added a solution of mMCPBA (5.7 g, 0.023 mol; containing

Q E—— \/\ — \_/\ — & 24 wt % water and 7 wt % 3-Cl-benzoic acid in 50 mL of

. py 12 13 CH,CI,) dropwise over a 15 min period at-Q0 °C. The

mixture was stirred for another 15 min at-@0 °C and for

lmCPBA lmCPBA 6 h at room temperature. The organic layer was washed with
an aquous 10% sodium carbonate solution and evaporated

OH

Q oH o to dryness. The oily residue (2.6 g, yield 124%) contained
/—N< -H,0 /=7\1\ 60% of the desired nitroné by HPLC (wt/wt %) analysis
N — (retention time 3.88).

10 4 (C) Direct mCPBA Oxidation. Amine 2 (68.3 g, 0.35

mol) was dissolved in 1750 mL of GBI, and cooled to 5
rationale because compouh8was isolated and identifiéd °C (ice bath)— solution A.

as the main product, whereas no nitréheras detected. mCPBA (175.1 g, 0.7 mol; containing 24 wt % water
and 7 wt % 3-Cl-benzoic acid) was dissolved in 1750 mL
Conclusions of CH,CI, and cooled to 5C (ice bath)— solution B.

The laborious and potentially unsafe Davis oxidation was  Solution B was added dropwise to solution A over a
replaced by a safe, reproducible, and scalable oxidation usingperiod of 45 min at 5—10C
MCPBA. The adequate process design allowed us to im- Note: water from mCPBA (upper layer solution B) was
mediately further process the nitrone in the subsequentnot added.
reaction step without isolation. The applicability of the The mixture was stirred for another 30 min at11b °C.
concept on a large scale was proven in an 800-L reactor (60 A sample was taken for in-process control by HPLC

mol of starting material). analysis. The oxidation was considered complete when the
amine2 content was less than 6%. The reaction mixture was
Experimental Section washed with 750 mL of a 10% N@G; solution. The layers

The oxidation was carried out under an inert atmosphere Were separated, and the organic phase was vigourously stirred
of nitrogen. All solvents and reagents used in this processWith 280 mL of 10% aqueous N&G; solution for 1 h.
are commercially available. The structure of the nitrone has  Note: a sample of the organic layer was tested for
been confirmed by proton NMR using a Bruker AM-360 peroxide content that should be lower than 50 ppm. If not,
spectrometer with TMS as an internal standard. the NaSQ; treatment had to be repeated.

HPLC analysis was performed on a HP 1090 instrument ~ The organic layer was evaporated to half its volume, and
using a Hypersil BDS-C18 column,8n particle size (4.0 1050 mL of toluene was added. This mixture was heated to
mm x 100 mm), and UV detection at 220 nm. 80°C, while distilling off the remaining CKCl,. The mixture

Mobile phase was 10 mM tetrabutylammonium hydrogen was kept at 80°C until the reflux stopped. The resulting
sulfate in water/acetonitrile/tetrahydrofuran 85:10:5 (v/v). toluene solution (HPLC 95.5%) was processed in the
Flow rate was 1.5 mL/min. cycloaddition step without purification.

Oxidation of Amine 2 to Nitrone 4. (A) Using Isolated Note: during workup (solvent exchange from i to
Davis Reagent.To a stirred and cooled solution (ice bath) toluene at 80C as described above) we observed no thermal
of amine2 (19.8 g, 0.102 mol) in 350 mL of Ci&l, was decomposition of nitronel as a solution in toluene, in
added oxaziriding (53.5 g, 0.204 mol) portion-wise over contrast with the instability of the isolated nitrode
30 min, while maintaining the temperaturesa10 °C. The
mixture was stirred for anoth@ h atroom temperature and ~ Acknowledgment
evaporated to dryness. Nitrodeand sulfonylimine8 were We thank Bart Van Hoof (NMR) and llse De Jongh
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