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efficient two-step process.

We report our results on the construction of a morpholine ring system from the corresponding epoxide
and amino alcohol. From this study, we were able to convert a previous four-step synthesis into a more

© 2010 Elsevier Ltd. All rights reserved.

The morpholine ring structure is an important heterocycle
present in many compounds of biological and pharmaceutical rel-
evance.! (5,5)-Reboxetine free base 1 is an example of a morpho-
line-containing compound that displays strong activity against
many diseases including neuropathic pain.? The initial manufac-
turing process involved a four-step synthesis from epoxide 2 and
was successfully applied to synthesize Reboxetine in its racemic®
and enantiopure® forms. This strategy has also been used in the
synthesis of various analogues.” The epoxide 2 was converted into
the amino alcohol 3 with ammonia followed by reaction with chlo-
roacetyl chloride to form the amide 4. This compound was con-
verted into the lactam 5 by reaction with a strong base and was
subsequently reduced to the morpholine 1 in the presence of a
suitable reducing agent (Scheme 1).

This well-established procedure has some drawbacks for a com-
mercial scale manufacturing process:

(1) The length of the synthesis (four steps) requires time in
expensive facilities increasing manufacturing costs and
waste produced.

(2) The chlorinated intermediates have a potential toxicity that
may also impact workers’ health and safety.

(3) The significant aluminium waste produced in the reduction
step.

(4) The overall yield is moderate to low (30-40%).

There is scope to optimize the published procedures in terms of
yield, stoichiometries, and concentrations. However, these ap-
proaches do not address the issues of some of the reagents and
by-products, or the throughput and overall step count. Our work
therefore focused on the alternative strategies to build the target
morpholine ring guided by the SELECT criteria.®

The first strategies examined utilized the amino alcohol inter-
mediate 3 as the starting point. We targeted removing 1-2 steps
by replacing chloroacetyl chloride by a suitable two-carbon
synthon at the correct oxidation level, thus avoiding the lactam
reduction stage in the original process. A further chemical step
could be removed if the two bonds (N-C and O-C) could be formed
in one pot. A large set of conditions, including over 200 reactions,
was designed and run in our screening facilities with 10 different
reagents (symmetrical and unsymmetrical two-carbon units, see
Table 1) and using the most common combinations of solvents
and bases for alkylation reactions.

The majority of the reactions did not give the desired product or
were lacking in selectivity giving multiple alkylation products.
Only the two cyclic substrates gave interpretable reaction profiles.
Ethylene carbonate reacted at the carbonyl centre to yield the
carbamate 6 that rapidly and quantitatively converted into the
oxazolidinone 7 in the presence of a base. The cyclic sulfate, on
the other hand, reacted at the desired carbon centre to yield a mix-
ture of mono-alkylated 8 and bis-alkylated 9 products (Scheme 2).
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Scheme 1. Reagents: (i) NH4OH; (ii) THF, chloroacetyl chloride, H,0, NaOH; (iii) KOtBu; (iv) RedAl or LAH.
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Table 1
List of two-carbon units screened
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Scheme 2. Reactions of amino alcohol 3 with cyclic substrates.

The resulting mixture of mono-alkylated 8 and bis-alkylated 9
compounds was treated with a base and the formation of the
expected morpholines 1 and 10 was observed. After optimization,
the selectivity’ was increased from 57% to 82% by running the
chemistry as a flow process: the separate reagent streams were
combined in a plug flow reactor before quenching. As the conver-
sion could not be increased above 70% without impacting on the
selectivity we looked at alternative strategies to achieve the
desired transformations.

We believed that a reductive alkylation of the amino alcohol 3
with chloroacetaldehyde would provide the same type of interme-
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diate 11 and would avoid bis-alkylated by-products. Using hetero-
geneous hydrogenation conditions we found that only platinum
could be used to facilitate this transformation as other metals in-
duced partial or complete loss of the 2-ethoxyphenol fragment.
The selectivity was also poor with the major component identified
as the fully reduced compound 12. The amount of desired product
11 could be increased to 70%, this however required the use of
toxic sodium cyanoborohydride as the reductant. On treating the
crude mixture with aqueous sodium hydroxide, we observed the
formation of the desired morpholine 1 as well as the terminal alco-
hol 13 (Scheme 3).
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Scheme 3. Reductive amination of 3 with chloroacetaldehyde.
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Scheme 4. An attempted route to Reboxetine via acetal intermediates.

Table 2 allow for telescoping with the first step. Unfortunately, most of

Comparison of the bases used: base (5 equiv); 2-AEHS (5 equiv); solvent = methanol; the reactions did not yield the desired morpholine, but many

70°C impurities instead. Some reaction conditions produced up to 10%
Base Product” 8 (%)  Dimer® 17 (%)  Adduct® 18 (%) of the desired morpholine but they were not reproc'lucible.
Imidazole = . - . The lntroduFtlop of add1§10na1 steps cou}d b.e a\{o1ded by revert-
DBU 92 6 2 ing to the epoxide intermediate 2 and opening it with a fragment at
Triethylamine 40 15 45 the correct oxidation state with the leaving group already in place.
N-Methyl morpholine 21 8 71 Clearly 2-aminoethanol hydrogen sulfate (2-AEHS) should facili-
26-Lutidine 0 0 0 tate this as it is precedented in the literature, and we had already
;f;rirgﬁtsgy lrfualr:ilir:z 23 23 1(2) shown that the sulfate intermediate 8 can be converted into the
DA§CO PropY 1 0 99 target molecule."' 2-AEHS exists as a zwitterion and needs to

2 % Area by HPLC, adducts were confirmed by LC-MS.
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be activated by deprotonation. We screened a range of bases suit-
able for this transformation (Table 2), targeting bases strong en-
ough to activate 2-AEHS (pK,=9.25 in water) and with low
nucleophilicity to minimize the formation of by-products 18 due
The use of toxic chloroacetaldehyde and cyanoborohydride to nucleophilic addition to the epoxide (Scheme 5).

could be avoided by switching to the less toxic acetal 3. In this ap- The bases screened confirmed the need for activation of 2-AEHS
proach, reductive amination was followed by acid-catalyzed ring- by deprotonation (no reaction with 2,6-lutidine due to its basicity
closure and silane reduction. being too weak) and demonstrated that even relatively non-nucle-

We were delighted to find that the first step worked well using ophilic amines (triethylamine and N-methyl morpholine) opened
Pt/C as the catalyst (75% isolated yield) and treatment of the result- the epoxide to give the undesired adduct 18. The most suitable
ing acetal 14 with hydrochloric acid delivered the target interme- base identified for this transformation was 1,8-diazobicyclo-
diate as a 9:1 mixture of acetals 15 and hemiacetals 16 (Scheme 4). [5.4.0]undec-7-ene (DBU; pK, = 11.5) as this minimized the adduct
The third transformation was well precedented in the literature? 18 formation. We also repeated the literature conditions using so-

typically using triethylsilane with trifluoroacetic acid in dichloro- dium hydroxide,'° but with the expectation of high diol impurity
methane. We used this in the design of a reaction screen combin- formation. The diol 13 and ether by-products were formed when
ing a range of silanes and acids (Lewis and Brensted). We also using alcohol/water systems, however, the major impurity was

screened metal-catalyzed reductions. The most attractive from a now dimer 17. To overcome this issue, large excesses of 2-AEHS
process point of view was the use of a specific platinum-based and sodium hydroxide were needed (see Table 3). With DBU, high-
hydrogenation catalyst® for reductive etherification as this may er selectivities could be achieved with lower equivalents of 2-AEHS
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Scheme 5. Epoxide opening with 2-aminoethanol hydrogen sulfate in the presence of a tertiary amine as a base (NR'R?R%).

Table 3
Comparison of NaOH and DBU for epoxide opening with different amounts of 2-AEHS and base

EtO EtO EtO0 co
t
NH, :@ :@
0=s—0~ ¢ ) j@
ﬁ/‘\Ph +
P

OSO,H OSO,H

Base 2-AEHS (equiv) Base (equiv) Epoxide® 1 (%) Product® 8 (%) Dimer?® 17 (%) Others®® (%)
NaOH 5 5 3 84 9 4
NaOH 10 10 2 90 5 3
DBU 3 3 0 92 7 1
DBU 5 5 0 96 3 1

¢ % Area by HPLC, conversion measured after 3 h at 65 °C.

b Others refer to the sum of all other impurities present. Solvent = water/methanol for NaOH and methanol only for DBU.
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Scheme 6. Behaviour of zwitterion 8 in the presence of dilute and concentrated
base.

and it was therefore selected as the optimum base. The solvent sys-
tem was also optimized and resulted in a further decrease of the
stoichiometry of base and 2-AEHS. Most of the screened solvents
tried gave at least 70% (in situ) product but only the alcohol-based
solvent mixtures gave a yield greater than 80% while providing a
convenient work-up.

With the target intermediate in hand, the base-mediated ring-
closure was explored, by screening a range of bases and solvents.
KOH and NaOH were identified as optimum bases in toluene and
high concentrations were required to minimize the formation of
the diol impurity 13 (Scheme 6).

With other bases in anhydrous systems (typically KOtBu/THF)
many side products were observed and the desired morpholine 1
was formed in only 60-70% yield. Amongst the side products, 2-
ethoxyphenol and the amino alcohol 3 were observed. We found
that the use of solid sodium hydroxide in THF combined with an
additive in the solvent (water or alcohol at 1-5% levels) increased
dramatically the reaction rate and improved the yield from 65% to
90%.

The effect of water and ethanol was compared and we found
that the use of water required very tight control: while 1% water
proved beneficial, 3% or more retarded considerably the desired
reaction rate and favoured the formation of the amino diol 13. In
comparison, ethanol could be tolerated at higher levels (up to
20% volume in THF) without interfering with the reaction rate
and purity profile, typically more than 99% conversion within
3-4 h producing the morpholine 1 in 90-95% yield. Common alco-
hols were investigated and we found that methanol, isopropanol,
tert-butanol and tert-amyl alcohol gave equivalent results.

This process was successfully scaled up to kilogram-scale deliv-
ering (S,S)-Reboxetine succinate in high yield and chemical
purity.!!

In conclusion, we have explored a number of approaches to syn-
thesize the morpholine ring of (5,5)-Reboxetine from both the ami-

no alcohol 3 and the epoxide 2. We have demonstrated that the
synthesis described in Scheme 1 can be replaced effectively by a
shorter and more efficient two-step process via epoxide opening
with 2-AEHS and base-mediated ring-closure using an atypical
solid NaOH/THF/EtOH system. The combined transformations
delivered (S,S)-Reboxetine in more than 60% overall yield through
a more efficient process both in an environmental and in an eco-
nomical respect.
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