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Abstract: This account depicts strategies adopted during the development of the κ-opioid receptor agonist CJ-
15,161. While the original discovery synthesis was enabled for scale-up, concomitant process research aimed at 
identifying a novel and more efficient route was undertaken. In the former case, an efficient four-step sequence 
has been developed, where the process features four consecutive regioselective and stereospecific inversions at a 
single aziridinium stereogenic center, which leads to overall retention of stereochemistry in a single operation. The 
search for novel routes has also resulted in two converging methods involving efficient intermolecular N-arylation 
strategies. The first approach involves Pd-catalyzed intermolecular N-arylation of an appropriately functionalized 
diamine, obtained from the precursor α-amino acids or, more conveniently, from the corresponding 1,2-amino al-
cohols. The second approach exploits efficient intermolecular N-arylation of oxazolidinones using catalytic copper 
in the presence of a bidentate ligand leading to a straightforward and practical synthesis of CJ-15,161. 
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sources in such a way as not to impede rapid 
bulk manufacture to support ongoing devel-
opment activities, all the while developing 
a robust manufacturing process should the 
drug candidate make it to the market. Such 
was the case in the development program of 
CJ-15,161 (1), a selective κ-opioid receptor 
agonist drug candidate as a potentially non-
addictive analgesic [1]. 

At the outset, the original discovery 
route was deemed straightforward from a 
bond disconnection point of view, but was 
not amenable to large-scale preparation and 
long-term manufacture (Scheme 1). More 
specifically, there were no crystalline in-
termediates throughout the synthesis, the 
styrene oxide ring opening by the pyrro-
lidine lacked regioselectivity, the reactions 
did not lend themselves to easy manipula-
tions, and the actual drug substance was 
an amorphous hydrochloride salt. Herein, 
we describe process improvements made 
on this original synthesis and strategies 
adopted to enable timely bulk production 
for supporting toxicological screening and 
early clinical trials, together with concomi-
tant process research activities aimed at 
developing a fundamentally different syn-
thetic strategy that would present synthetic 
advantages as well as ensure our freedom to 
operate in this area. 

2.1. Enabling the Original Discovery 
Route for Scale-up [2] 

As mentioned above, the major draw-
back of the original discovery synthesis was 
the total lack of isolable crystalline inter-
mediates requiring several chromatograph-
ic separations. Hence, one of our first goals 
was to identify a crystalline final form for 
the drug substance, and salt screens showed 
that the benzoic acid salt mono-hydrate was 
a stable polymorph suitable for formulation. 
We therefore had a non-chromatographic 
means to purify the drug substance. With 
this mindset, we then sought an alternate 
protecting group that would impart crystal-
linity to the penultimate intermediate and 
would allow purification by simple crystal-
lization, as this was not the case with the 
original MOM-protected intermediate 4. A 
crystalline penultimate intermediate would 
offer an additional safety net in terms of 
reaching desired specifications for the drug 
substance as impurity removal could be 
achieved prior to the last step. The addi-
tional driver in changing the MOM protect-
ing group was to remove sodium hydride 
and chloromethyl methyl ether, a known 
carcinogen, from the process. Due to time 
constraints, we deemed that derivatization 
of pyrrolidinol 3 with several protecting 
groups, and advancing these to the penul-
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1. Introduction 

The syntheses of drug candidates originally 
discovered by medicinal chemists are most 
often not amenable to larger scale prepara-
tion. Although the ultimate goal is to de-
velop the optimal manufacturing process, 
the requisite research activities are time 
consuming and labor intensive, and there-
fore not appropriate for the preparation of 
bulk material required for early studies. For 
obvious reasons, time is of essence to prog-
ress the drug candidate rapidly through the 
development echelons. With less than per-
fect chemistry in hand, one must balance re-
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timate stage would be too time consuming. 
Instead, we reasoned that sacrificing some 
of the scarce drug-substance to directly in-
stall the protecting group would provide 
the answer we were seeking in a single step 
instead of four. 

Thus, using the bottom-up approach 
[3], we derivatized the alcohol group of 

1 in various protected forms (Scheme 2) 
compatible with the previous chemistry, 
and quickly identified the benzoate ester 5 
as a stable crystalline intermediate, easily 
isolable from ethyl acetate/hexane. On the 
basis of this approach N-benzyl pyrrodinol 
(3) was protected as the benzoate ester 6 
(Scheme 3). By performing the reaction in 

the absence of base, the hydrogen chloride 
generated in the process provided the hy-
drochloride salt, which was conveniently 
isolated as a crystalline solid by addition of 
MTBE upon reaction completion. In addi-
tion to the hydrochloride’s crystallinity, the 
subsequent N-benzyl hydrogenolysis with 
10% Pd/C in isopropanol is accelerated as 
compared to the corresponding oily free-
base, which actually stalls at some point. 
Upon completion of the reaction and filtra-
tion to remove the catalyst, the solvent is 
concentrated with concomitant azeotropic 
removal of water originating from the wet 
catalyst. The resulting solution was then 
diluted with diisopropyl ether, from which 
pyrrolidine 7 crystallized out of the solu-
tion. When performed on multi-kilo scale, 
the reactions yielded respectively 97 and 
87% of easily filterable crystalline solids. 

With the requisite pyrrolidine 7 in hand, 
the key coupling with (S)-styrene oxide was 
investigated. To that effect, the preparation 
of β-substituted amines from mixtures of 
styrene oxide opening products via a com-
mon aziridinium ion intermediate was re-
cently communicated [4]. In essence, the 
production of the two regioisomers 8 and 9 
is not problematic since they both indepen-
dently lead to the desired diamine 5 via the 
intermediacy of aziridinium 10 (Scheme 4). 

The regioisomeric mixture of 8 and 9 
was an oil, whereas the isolated benzylic 
alcohol 8 is a stable, crystalline interme-
diate with a melting point of 103–104 °C. 
Therefore, from a process chemistry per-
spective it would be desirable to identify a 
regioselective synthesis of 8, which could 
be purified by simple crystallization, and 
thus provide an additional point of purity 
control in the synthesis. 

The preferred solvent for the free-basing 
procedure was 2-MeTHF, which provided 
good solubility for the free base, and ex-
cellent separation from water, as compared 
to THF. It was later observed that while 
residual amounts of up to 10% 2-MeTHF 
left behind after displacement in the reac-
tion solvent slowed the reaction slightly, 
it did not adversely affect the isomer ratio 
or impurity profile. Solvent screening was 
performed to optimize the 65:35 regiose-
lectivity (8:9) observed in the original cou-
pling reaction when performed in ethanol. 
In general, higher boiling, more polar sol-
vents both increased the reaction rate and 
the ratio of 8:9. Performing the coupling in 
N-methylpyrrolidinone at 100 °C offered 
the best regioselectivity (12:1), with reac-
tion completion after 12 h. 

In the course of our experiments, we 
found that combination of NMP with wa-
ter as an anti-solvent selectively crystal-
lized the predominant regioisomer 8. The 
optimized procedure for coupling was to 
prepare the free-base of pyrrolidinium 7 in 

Scheme 1. Original discovery route 

Scheme 2.

Scheme 3.

Scheme 4.
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2-MeTHF, displace into NMP, add styrene 
oxide, heat to 100 ºC for 12 h, cool, add 
water, and filter. This procedure was exem-
plified in the kilo-lab facility [5] on 7.2 kg 
scale, resulting in isolation of 5.9 kg (60%) 
of crystalline aminoalcohol 8. 

As this compound was considered to 
be a potential regulatory starting mate-
rial in the NDA filing it would be desir-
able to have several suppliers and several 
syntheses would facilitate cost reduction. 
So while the above chemistry was being 
developed, we sought an alternative syn-
thesis of the crystalline aminoalcohol 8. It 
is noteworthy that long-term stability test-
ing of 8 at 25 °C, 70% relative humidity 
showed no detectable formation of impu-
rities. Thus, starting from the current ami-
nobenzoate 7, alkylation with bromoace-
tophenone was performed to access the 
requisite ketone 11, which we hoped to 
reduce diastereoselectively to the enantio-
merically pure alcohol 8 (Scheme 5). Cat-
alyst screening was undertaken and led to 
identification of highly diastereoselective 
reactions conditions using Ir(COD)2BF4 
in combination with (R)-(S)-Josiphos li-
gand to provide the crystalline aminoal-
cohol 8 in 95% de. 

With alcohol 8 in hand, we proceeded 
with the key aziridinium formation and 
coupling (Scheme 6). We found that meth-
ylene chloride was an ideal solvent for the 
mesylation/chloride displacement reaction, 
and that triethylamine, required for both 
the activation and coupling steps, could be 
added in one initial charge. We also found 
that dichloromethane could advantageously 
be used in the coupling step instead of etha-
nol. Exclusion of the latter offered a single 
solvent process, eliminating a reaction 
quench and solvent swap. Additionally, the 
coupling occurred at a lower temperature, 
and there was no longer the need to remove 
the ethanol prior to the aqueous quench. 
Furthermore any residual pyrrolidine 7 was 
purged with two 1 M hydrochloric acid 
washes. Methylene chloride, with its low 
boiling point, made for easy displacement 
with ethyl acetate, and subsequent crystal-
lization of product via hexane addition and 
seeding. The penultimate intermediate was 
isolated in 87% yield (>99% purity) as a 
crystalline free-base. The process was test-
ed on 5.9 kg scale providing 7.2 kg of pure 
(99%), crystalline material. 

The final transformation leading to the 
drug substance entails a saponification, 
followed by salt formation using benzoic 
acid in the presence of water to produce the 
mono-hydrated salt. Since the conjugate 
acid of the sodium benzoate produced in 
the saponification is the actual acid used 
to produce the final salt form, there lies an 
opportunity to neutralize the saponifica-
tion reaction mixture with benzoic acid, in 

which case there cannot be scrambling be-
tween different counter-ions. Accordingly, 
instead of going through the usual series of 
pH adjustments and biphasic extractions, 
we devised a simple one-pot, one-isolation 
process. Following treatment of benzoate 5 
with 1.2 equiv. of 1 M sodium hydroxide for 
4 h at 50 °C in 5 volumes (l of solvent per 
kg of substrate) of isopropanol, 2.3 equiv. 
of benzoic acid were added to neutralize 
the excess sodium hydroxide and form the 
desired benzoate salt. The procedure was 
tailored such that when the clear solution 
is cooled to room temperature, the product 
crystallized out while the sodium benzoate 
by-product remained soluble. Following 
this simple process, the crystalline material 
was isolated by filtration to provide an 83% 
yield of drug substance 1, in the correct 
polymorphic state on multi-kilo scale. 

2.2. Process Research Towards 
Alternative Routes 

As mentioned earlier, a major limita-
tion to the original synthetic route involv-
ing chiral oxirane 2, besides low overall 
yield and the non-crystalline nature of the 
intermediates, was the poor regioselectiv-
ity during epoxide ring-opening resulting 
in an inseparable mixture of regioisomers 
8,9. Most of the problems were addressed 
during the aforementioned bulk campaign 
that made the process more efficient with a 
better control over the synthetic sequences 
and secured the supply for pharmacologi-
cal studies. A rewarding outcome of this 
development work was the ability to obtain 
the crystalline penultimate intermediate 5. 
However, while improvement of the exist-
ing route was in progress for timely deliv-
ery of the initial bulk material, the search 

for new syntheses for long-term commer-
cial production was initiated. The following 
sections describe two alternative approaches 
to 5 that resulted from our ongoing search 
for improvement, and explore an alterna-
tive disconnection relying on formation of 
the aniline residue by a C–N bond form-
ing step. Thus, for long-term commercial 
production of the API, we envisioned that a 
straightforward approach to these systems 
could rely on a transition metal-mediated 
amination as the key step involving deriva-
tives of phenylglycine as the chiral amine 
source, and would also help eliminate some 
of those limitations of the early discovery 
route (Scheme 7). 

2.2.1. The Evolution of the  
Pd-Catalyzed Amination Strategy [6] 

Significant progress has been made in 
the development of Pd-catalyzed cross-
coupling of amines and aryl halides in re-
cent years [7]. The industrial scope of these 
processes has further improved due to the 
availability of conditions to utilize rela-
tively inexpensive aryl chlorides [8]. We 
became interested in this area in the course 
of developing a fundamentally different 
synthetic strategy to 1 that would present 
regulatory and synthetic advantages (e.g. 
convergent, amenable to scale up). 

2.2.1.1. SNAr vs. Pd-Catalyzed 
Amination: A Model Study 

Preliminary experiments with N-meth-
yl benzyl amine and 4-fluorobenzamide 
showed an extremely sluggish SNAr (at best 
40% in situ yield in DMSO) even at elevated 
temperature. On the other hand, the corre-
sponding aryl bromides showed promising 
results when palladium-mediated coupling 

Scheme 5.

Scheme 6.

Scheme 7.
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conditions were used with either the ester or 
the amide (Scheme 8). 

2.2.1.2. First Synthesis of 1 involving 
Amide Reduction and Pd-catalyzed 
Amination 

Encouraged by the results from the am-
ination sequence, we prepared the desired 
secondary amine following standard pro-
cedures. 3-Pyrrolidinol benzoate (7) was 
coupled (DCC/HOBT) with Boc-protected 
Ph-Gly to obtain the corresponding amide 
12 in high yield with no detectable epimer-
ization (Scheme 9). Simultaneous reduction 
of the amide carbonyl, reductive removal of 
the benzoate, and reduction of the N-Boc of 
12 to the N-Me derivative 13 was efficiently 
done in one pot in presence of excess LAH. 
Although exhaustive reduction of the car-
bamate required heating to about 80 °C, re-
duction of the amide and the benzoate were 
rapid at 0 °C. Thus, a controlled reduction 
followed by quench at 0 °C could be used 
to isolate Boc-protected amine 14 in high 
yield, cleanly. 

With the desired amine 13 in hand, we 
next attempted the aryl amination sequence. 
However, amination using amino alcohol 
13 proved to be extremely sluggish under a 
variety of conditions. Using Pd(OAc)2/(S)-
BINAP reagent system very little reaction 
was observed with amide 15, and less than 
20% isolated yield with the ester 16, prob-
ably due to the very nature of the amino 
alcohol 14 as well as the amide-containing 
aryl bromide 15 [9]. Brief attempts to im-
prove the yield by changing the Pd or phos-
phine source, reaction conditions, and with 
protection of the hydroxy group (TBDMS) 
did not show improvement to any appre-
ciable extent. We were, however, pleased to 
find that the corresponding primary amine 
19 as the TBDMS ether 20 did produce the 
coupled product 21 in a reasonable yield 
(Scheme 10). Amination using the combi-
nation of Pd(Oac)2, t-BuONa and an appro-
priate phosphine ligand [10] in toluene at 
100 °C overnight followed by acidic (aque-
ous HCl at 50 °C) deprotection provided 
the desired alcohol 22 in 80 % yield. Meth-

ylation of the aryl amine 22 under usual 
conditions produced the desired N-methyl 
derivative 1 in ~40% yield. It is, however, 
noteworthy to mention that the palladium-
mediated coupling was not successful even 
with the primary amine 19 when the alcohol 
was unprotected. 

Although we were able to demonstrate 
the feasibility of the synthetic sequence de-
scribed above for production of CJ-15,161 
(1), several issues remained to be addressed 
before we could consider it for scale-up. 
One difficulty in using the primary amino 
alcohol 19 as substrate was its high hy-
drophilicity. When the BOC deprotection 
was performed with acid to generate the 
primary amine 19, recovery was low from 
the aqueous work-up even after proper pH 
adjustment. Thus, the need for a protecting 
group stable to the LAH reduction as well 
as BOC deprotection conditions was appar-
ent. Such protecting groups would ideally 
serve to improve the hydrophobic proper-
ties of the molecule and ease the work up 
procedure. 

2.2.1.3. Exploring Alternatives to 
‘­Amide Reduction’ Approach 

While proper choice of protection/de-
protection strategy remained a challenge, 
we evaluated a modified approach to our 

key amine fragment. To avoid scale-up 
related issues including epimerization of 
amide 12, we decide to use phenylglycinol 
24 instead of the amino acid as the chiral 
amine source (Scheme 11). Preparation of 
the Boc-protected mesylate 25 and tosyl-
ate 26 were straightforward on the basis of 
precedent in the literature [11]. Protection 
of phenylglycinol with Boc2O followed 
by treatment with either mesyl or tosyl 
chloride proceeded in high yield, however, 
coupling of either 25 or 26 with pyrolidinol 
27 was not efficient. The most common by-
product observed from these reactions was 
the oxazolidinone 30, presumably by intra-
molecular displacement of the intermediate 
thioester with the carbamate carbonyl [12]. 

Attempts to displace the mesylate of 
Boc-protected phenylglycinol with excess 
aminobenzoate (45–50 °C; THF, toluene 
or DMF) produced a mixture of starting 
materials 25 and 7, desired product 29, and 
oxazolidinone 30 [13], which were difficult 
to separate. 

2.2.1.4. ‘Simultaneous Protection/­
Activation’ Strategy via Oxathiazolidine 
Formation 

In order to minimize byproduct (e.g. 
oxazolidinone 30) formation, and to pro-
vide an effective leaving group compatible 

Scheme 8. Pd-catalyzed amination of the model Scheme 9. Amide reduction approach to CJ-15,161 

Scheme 10. First generation synthesis of CJ-15,161 (1) via C–N coupling 
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with protection of the amine, an alterna-
tive strategy was followed (Scheme 12). To 
this end, treatment of Boc or Cbz protected 
phenyl glycinols 31 with SOCl2 in presence 
of Et3N produced the cyclic 1,2,3-oxathia-
zolidine 2-oxide 32 which after oxidation 
provided 1,2,3-oxathiazolidine 2,2-dioxide 
33 (~50–60%). Two major impurities were 
identified from the SOCl2 step during scale-
up runs; the oxazolidinone 30 was generat-
ed once again and the dimer 34 was formed 
[14]. With appropriate choice of the base 
(pyridine) and reaction conditions (reverse 
addition), formation of these impurities was 
nearly eliminated and isolated yield of 32 
increased significantly (98%). 

For the oxidation of the oxathiazoli-
dine oxides 32 to the dioxides 33, a variety 
of oxidation conditions were screened to 
avoid decomposition due to over oxidation, 
partial deprotection (e.g. Boc), or hydro-
lytic cleavage. Among them, NaIO4/RuCl3 
conditions proved superior providing a very 
clean product. Poor yield due to over oxida-
tion was controlled by proper optimization 
of the reaction conditions, and the desired 
dioxides 33a,b were isolated in excellent 
yield with Boc-or Cbz-phenylglycinol 
(22a,b) as the only detectable byproducts. 

Nucleophilic displacement of the cy-
clic sulfamidates 33a,b with the benzoate 
protected pyrrolidinol [15] and removal of 
protecting groups was straightforward and 
high yielding. Both protected substrates 
33a,b coupled easily at room temperature 
with the aminobenzoate. 

The sulfamic acids 34a,b could be iso-
lated in 60–70% recrystallized yield as the 
stable zwitterion, which after hydrolysis 
with acid gave the desired amines 35a,b 
quantitatively (Scheme 13) [16]. The Boc-
protecting group was also removed under 
these conditions and provided the prima-
ry amine 35a directly. The Cbz group of 
35b was removed to obtain 35a cleanly 
under transfer hydrogenation conditions 
(HCO2NH4, Pd/C). 

A variety of palladium/ligand combina-
tions under a wide range of conditions were 
explored for the key amination sequence. 
The palladium-mediated coupling of the 
benzylamine 35a with the aryl bromide 15 
using Pd(OAc)2/BINAP catalyst system 
provided a modest ~39% yield [17]. Nota-
bly, Pd2(dba)3/(o-biphen)P(t-Bu)2 combi-
nation proved to be more efficient when the 
corresponding aryl chloride was used (ca. 
42%). The separation of residual starting 
material proved to be very difficult. So an 
effort was made to identify a process that 
would cleanly produce the N-methylated 
product. 

Reductive alkylation in presence of 
paraformaldehyde, using NaBH4/Lewis ac-
ids or aqueous formaldehyde and STAB or 
NaH2PO3 combination showed some prod-

uct but the reaction did not go to comple-
tion even after prolonged reaction time with 
excess reagent. However, a combination of 
NaCNBH3, TMSCl, and MgSO4 proved to 
be the most promising conditions in pro-
ducing the desired N-methylated product 
in good yield. Scheme 14 summarizes the 
successful completion of the synthetic se-
quence for the synthesis of penultimate in-
termediate 5. 

Although more work still needs to be 
done to optimize and improve the effi-
ciency of this process for practical appli-
cation in an industrial sense, it constitutes 
a formal scalable synthesis of CJ-15,161 
(1) involving Pd-catalyzed aryl amination 

as the key-step. The direct amination of an 
amide-containing aryl halide as well as ef-
ficient preparation of the substrate amine 
by dual protection/activation involving ox-
athiazolidinone formation are two notable 
features of the synthetic scheme. 

While this work was in progress, we 
were also exploring other cross-coupling 
strategies that would give us easy access to 
the desired framework. As the Buchwald 
[18] and Hartwig [7b] groups have inde-
pendently demonstrated, the generality of 
Pd-catalyzed N-arylation could be extended 
to amides and acyclic carbamates [19]. We 
reasoned that the byproduct oxazolidinone 
30 could also potentially serve as the sub-

Scheme 11. Towards a preferred route to CJ-15,161 

Scheme 12. Simultaneous protection/activation strategy via oxathiazolidine formation

Scheme 13. Preparation of 1,2-diamine via β-aminosulfamic acids
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strate for amidation. Thus, we explored 
N-arylation of oxazolidinones [20], and re-
ported a method involving a Pd-catalyzed 
C–N cross-coupling process between aryl 
chlorides and oxazolidinones which pro-
vided a convergent access to such systems 
in relatively few steps (Scheme 15). These 
derivatives could also be used as surrogates 
to produce a diverse array of enantiopure 
β-amino alcohols for further synthetic ma-
nipulation. 

2.2.2. Cu-catalyzed N-Arylation of 
Oxazolidinones: An Efficient Approach 
to 1 [21] 

Recently, Buchwald and coworkers 
have further improved the scope of tradi-
tional Cu-catalyzed cross-couplings under 
Goldberg-type conditions [22]. Tradition-
ally these involved stoichiometric copper 
reagents in a high boiling solvent at high 
temperature. These reactions can now be 
performed using catalytic copper (<1–10 
mol%) in the presence of a bidentate amine 
ligand, and an industrially accessible base 
(e.g. K3PO4 or K2CO3). These conditions 
tolerate many functional groups that are 
known to be problematic in palladium-
catalyzed coupling reactions, and provide a 
cost-effective and practical method for N-
arylation. Thus, concurrent to developing 
conditions for Pd-catalyzed N-arylation of 
oxazolidinones, we explored Cu-catalyzed 
conditions as a more viable commercial al-
ternative. This concluding section describes 
a mild, practical, and scalable synthetic 
method for N-arylation of oxazolidinones 
in general using relatively efficient (cost, 
operational) Cu-catalyzed conditions. 

The reaction of oxazolidinones with 
aryl halides in the presence of catalytic Cu 
was demonstrated to be fairly general over 
a variety of substrates. The coupled N-ary-
lated oxazolidinones were obtained in high 
yield in most of the cases. Interestingly, 
the reaction turned out to be less sensitive 

Scheme 14. Synthesis of penultimate intermediate 5 involving Pd-catalyzed 
aryl amination

aminoalcohol 37. Efficient conversion of 37 
to 5 involved dual protection/activation in-
volving oxathiazolidinone 39, nucleophilic 
ring opening of 39 to the 1,2-diamine 40 
with pyrrolidinol benzoate ester derivative 
followed by reductive methylation. 

3. Concluding Remarks. 

The strategies adopted during process 
research and scale-up of the κ-opioid re-
ceptor agonist CJ-15,161 drug candidate 
are a typical example of process chemistry. 
The first part of this account demonstrates 
how rapid improvement of the existing 
protocol enabled the large-scale synthesis 
of CJ-15,161, where all the intermediates 
are crystalline solids, and only one bipha-
sic extraction is utilized throughout the 
synthesis. The end-game of this route fea-
tures a saponification quench with benzoic 
acid, which concomitantly produces the 
desired benzoate final salt form directly in 
the correct polymorphic state. An efficient 
four-step sequence was developed during 
this work, where four consecutive regiose-
lective and stereospecific inversions at a 
single aziridinium stereogenic center lead 

Scheme 15. Pd-or Cu-Catalyzed N-Arylation of Oxazolidinones with aryl 
halide 

Scheme 16. Formal synthesis of 1 involving Cu-catalyzed aryl amination 

to the electronic nature of the substituent 
of the substrate aryl halides (compared to 
Pd-catalyzed coupling conditions), and the 
oxidation state of the copper catalyst (0, 1 
or 2) proved not to be as crucial as is usu-
ally thought. The mechanism of this pro-
cess is not well established. It is possible 
that the addition of a bidentate amine ligand 
not only helps solubilize copper salts, but 
also promotes the copper (i)/(ii) dispropor-
tionation and stabilizes the active copper (i) 
species. 

Thus, the key step in the synthesis was 
the coupling of the p-amido aryl bromide 
(15) with the oxazolidinone 21 (Scheme 16). 
Hydrolytic deprotection of the N-aryl oxa-
zolidinone 36 in ethanolic NaOH gave the 
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to overall retention of the stereochemistry, 
in a single operation. The concluding parts 
describe two convergent methods involv-
ing efficient intermolecular N-arylation 
strategies. The first approach involves Pd-
catalyzed cross-coupling between an aryl 
halide and an appropriately functionalized 
diamine, obtained from the precursor α-
amino acids or, more conveniently, from 
the corresponding 1,2-amino alcohols. The 
direct amination of 4-halo benzamide [22a] 
as the halide counterpart, and efficient prep-
aration of the substrate amine by dual pro-
tection/activation involving oxathiazolidine 
formation are two noteworthy transforma-
tions of the synthetic scheme. The second 
approach exploits efficient intermolecular 
N-arylation of oxazolidinones using cata-
lytic copper in the presence of a bidentate 
ligand leading to a straightforward and 
practical synthesis of CJ-15,161. 

In summary, this article illustrates a 
typical process evolution paradigm cur-
rently observed within the pharmaceutical 
industry. The time-driven early exercise 
involves safe and rapid execution of multi-
kilogram campaigns to supply material 
for early studies, often using a less than 
perfect synthetic protocols that require 
utmost emergency readiness, while long-
term commercial synthetic designs con-
sider efficiency, robustness, safety, and 
greenness of the processes for long-term 
production. 
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