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We describe the diastereoselective synthesis of a pharmaceutically active drug candidate via a column-based system. This methodology is
complementary to classical solid-phase synthesis; individual columns are packed with resin-bound reagents and then linked in sequence
and/or in parallel. In contrast to the traditional solid-phase approach, substrates are introduced in the mobile phase where they build up
chemical complexity by percolating through the linked columns, ultimately eluting as the desired product.

It is no exaggeration to say that automated solid-phasesubstrate is introduced in the mobile phase, where it builds
synthesis has brought about a revolution in organic chemistryup chemical complexity by flowing through the linked
over the past 40 years. In its basic form, a substrate iscolumns. Such a system, once optimized, could allow for
attached to a solid support, while reagents and catalysts arg¢he rapid and efficient synthesis of potentially complex
introduced in solutiod. A series of manipulations can be molecules without the need for laborious, and often yield-
performed such that, upon detachment from the support, thelimiting, intermediate isolation steps.

final product can often be obtained in good chemical yféld. Previously, we reported the efficient synthesis of optically
Imagine instead a system in which the fundamental roles purecis3-lactams using a simple sequentially linked reaction
are reversed: catalysts and reagents are attached to solidolumn apparatu®. Currently, we are engaged in the
support$ in individual columns (which serve as reaction development of truly complex systems such as the one
vessels) that are lined up in sequence and/or in parallel. Thepictured in Figure 2, wherein columns loaded with reagents
and catalysts affixed to solid supports are used to modify
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and combine multiple substrates in a systematic fashion. Th
reaction sequence is orchestrated via a regulated flow system,

eventually yielding the desired product and allowing for easy OMe

regeneration and reuse of the resin-bound reagents; in {@ H@

essence, a “synthesis machine.” We are actively pursuing N~ | "
this as the ultimate goal of our sequentially linked column NN b
assembly methodology. o_o" Nsae
Several criteria guided the choice of our target molecule. I O/ ”/\’(j\
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We wanted it to be a structure with a degree of complexity

that could be assembled from readily available starting column

materials in four or more steps on the columns. We also o 0/“\\_2)

wanted one of the steps to be a new use of an asymmetric

reaction that we had developed in our own labs. In other ' [ &5)
steps, we wished to make new uses of solid-phase reagents. ___Celite HoN HN
Finally, the target had to have notable medicinal activity, I Q/ HEN/\/N\)

be a currently investigated drug candidate, or be a natural  columnE (] column D
product of importance. Along those lines, the metallopro-

teinase inhibitor BMS-2752911}, which is now in stage IlI ’! CHs
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column F

clinical trials as a treatment for cancer, seemed an attractive
candidaté.

Figure 1. Components of the solid-phase “synthesis machine”.
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( O tBu stoichiometric base for dehydrohalogenation and as the
catalyst for the chlorination (the beads can be regenerated
by a simple flush cycle with Htinig's base, followed by THF).
ve  Me The reaction mixture then flows into column B (Figure 1),
containing piperazino resi to remove any remaining acid
chloride? Next, the reaction mixture encounters column E,
where it is mixed with the peptide that is synthesized on
columns C and D (the second branch of the system). Two
simple amino acid derivatives are coupled on a column
containing the versatile carbodiimide-based resto yield

G N%O BMS-275291 (1)
Me TN

To assemblel on a sequentially linked system, we
envisaged an apparatus containing columns linked both in
parallel and in series, which reflects the convergent nature
of the proposed synthesis (Figure 1). While the concept is
intriguing, there are several limitations to this approach: most peptide10 using THF as the flow solvent. Removal of the
notable is the necessity for a “base solvent” that is introduced g )« group from product0is accomplished on column D,
at the top of the assembly in which g_ll subsgquent reactions,hich contains tris-(2-aminoethyl)amine re§i® Both of
must be conducted (although quantities of different solvents yneqe reactions are accomplished in relatively short periods
can be introduced along the way, producing admixtures). For ot ime ‘making them ideal for a column based flow system.

our purposes, we were lucky to discover that THF was a Tis palance between the residence time of the substrate on
nearly ideal solvent/cosolvent for all of our transformations. 14 column and the flow rate of the mobile phase is key to

In one branch of the assembly, acid halide precuBsor  the success of such a system. Rapid elution does not allow
undergoes asymmetric chlorinatidn yield the active ester o complete conversion, while excessive residence times
9in 88% eéin 3 h. This is the first instance in which our  ften promote undesired side reactidhit.is also important
cinchona alkaloid-catalyzed asymmetric halogenation reac-tq note that in all cases, the results appear to be better when
tion has been performed on a solid-phase system. Quinine-y olumn with a smaller inner diameter is employed (e.g.,

loaded Wang resin-based be@dsere packed into a jacketed 13 mm was found to be optimal for many steps); this allows
addition funnel, saturated with THF, and then cooled to O f5; maximum interaction with the reactant beads as the

°C. Acid chloride8 and chlorinating agerit are then added gy pstrate percolates through the solid phase.

in sequence to the top of the system and allowed to drip  N-peprotected peptidd1 in THF then flows to meet
through the column. The cinchona alkaloid serves as both ay_choroeste® in “junction” column E, which is loaded with

a simple diluant (Celite) that acts as a benign reaction
medium. A longer residence time at this step is necessary to
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Figure 2. Apparatus for the solid-phase synthesis of BMS-275291 (

ensure good conversion since the two substrates are interacteosolvent mixture from the previous step solved the problem
ing with each other and not the beads. Given the overall by helping to solubilize the SHions. We found that the
complexity of the column assembly, we feared that flow rates desired final product eluted from column F in 34% overall

would have to be timed like a “ballet dance.” Conversely,
we found that, in many cases, a slow drip (0.1 mL/min)

ensured smooth reaction. In the junction column, of course,

we had to time the arrival of compourgdto coincide with
that of compoundll, but otherwise flow rates posed no
special problems. On first attempts, the reaction tedi h

to reach completion in THF, however, upon introducing
MeOH, the amidation could be performed smoothly in less
than 5 h, affordingN-chloroamidel2, which then proceeds
to column F in the THF/MeOH solution.

Finally, CI” is displaced by SHon column F. Since most
hydrogen sulfide salts are insoluble in THF, we found it
necessary to find a way to immobilize Stbn a solid
supportt? We exchanged Clfor SH™ on the inexpensive
quaternary ammonium-based resin Amberlite-400(Cl) to
yield a solid-phase-based reagérih which SH™ could be
suitably solubilized in THF, at least enough to provide a
smooth reactio? Initial attempts in THF offered poor
conversion {30—40%) after extended times of elution. The

(12) Choi, J.; Yoon, N. MSynthesis995,4, 373—375.
(13) Use of tetraalkylammonium hydrogen sulfides, both on solid phase
and in solution, should provide a general method fg2-Based halide

yield (~ 55 mg of product, starting from 100 mg of acid
chloride8) and 83% diastereomeric excess, thus completing
the “proof of principle” for our synthesis machine concépt.
The complete synthesis can be performed in less than 1 day
(~15 h) on the solid-phase system as compared to several
days in our labs via “traditional” reaction%.While the
amount of product recovered in our initial system may seem
small, the system is fully scalable. The size of the reaction
is relative to the size of the glassware we used. For this trial
case, we chose columns with only a 20 cm inner diameter.
If columns with larger inner diameters are used with greater
amounts of the various resins, the scale of the reaction can
be increased proportionally.

To ready the apparatus for another catalytic cycle, the
columns were separated and regenerated. The quinine-loaded

(14) In initial test reactions, this step was performed independently of
the others using previously isolated starting materials.

(15) Elution times longer than 5 h for this step resulted in variable
amounts of disulfide formation.

(16) An alternative approach could involve the use of these resin-bound
reagents in a batch reaction. However, an important limitation of the batch
method is degradation of the polymer-bound reagents caused by mechanical
stirring. We have observed severe loss of activity from batch to batch due

displacement in organic solvents. Further studies on the displacement ofto this phenomenon, as compared to our column method (for example, after

optically activea-halo compounds will be reported in due course.
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>100 runs, our asymmetric catalyst beads display consistent reactivity).
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