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Communications to the Editor

Kilogram-Scale Synthesis of the CXCR4 Antagonist GSK812397
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Abstract:

An improved, scalable synthesis of the CXCR4 antagonist
GSK 812397 is described. This new route was recently scaled up
in 50 L fixed equipment to afford 1.2 kg of drug substancein five
steps with an overall yield of 20% and >99% chemical and
enantiomeric purity.

Introduction

CXC chemokine receptor 4 (CXCR4) is a 7-transmembrane
protein which functions in part as a host co-receptor for a
number of HIV-1 strains.! It is believed that targeting CXCR4
would be beneficial in suppressing the replication of several
cytopathic late-stage viruses; therefore, CXCR4 antagonists are
among the most promising new classes of experimental anti-
HIV drugs.® GSK812397 is a potent antagonist of CXCR4,*
and thus a candidate for the treatment of HIV infection.® In
order to evaluate the clinical potential of GSK812397, kilogram
quantities of the drug candidate were required. The original
synthetic route to GSK812397 is shown in Scheme 1. While
this route was used for the synthesis of up to several grams of
drug substance, it suffered from a number of safety and
throughput issues which made it unsuitable for the synthesis
of larger quantities. Benzylidine 2, while obtainable in high yield
from tetrahydroquinoline 1, required purification by high-
vacuum distillation. Next, cleavage of the olefin to generate
ketone 3 was cleanly conducted on small scale by ozonolysis/
crystallization from diethyl ether. Due to the inherent instability
of the intermediate ozonide and the well-documented propensity
of diethyl ether to form explosive peroxides,” we felt that scaling
up this reaction would be unsafe. The synthesis of aldehyde 9
was quite laborious and low-yielding, required two high-
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temperature fluoride displacement processes (the second of
which was found to badly etch glassware), and utilized a MnQO,/
chloroform oxidation which posed significant waste disposal
concerns. The overall route required 12 steps with a yield of
5—7%, and several highly colored intermediates necessitated
purification by silica gel chromatography.

Results and Discussion

We saw several opportunities to reduce the overall step
count, make the synthesis more convergent and scalable, and
introduce safer and more environmentally benign reagents and
intermediates. The two key fragments we envisioned were
imidazopyridine aldehyde 9 and N-methyl quinolineamine 12,
Scheme 2.

We felt that 9 could be accessed without the multiple changes
in oxidation state by conducting the nucleophilic aromatic
substitution with N-methylpiperazine directly on fluoroaldehyde
intermediate 8. This indeed turned out to be the case, and we
were able to achieve an 80% vyield of 9 directly from 8 by
running the reaction at 80 °C using N-methylpiperazine as the
solvent. We then turned our attention to the use of the 5-bromo
analogue 13 (Scheme 3). Since the starting material 2-amino-
6-bromopyridine (14) is commercially available, use of this
intermediate would allow us to avoid the high-pressure ami-
nation and fluorinated intermediates. While the bromoimida-
zopyridine 13 could be formed in good yield, substitution of
the less reactive bromide with N-methylpiperazine required
elevated temperatures and suffered from extensive decomposi-
tion. By preforming the lithium salt of N-methylpiperazine with
n-butyl lithium, however, we were able to obtain excellent
conversion to 9. Presumably, the first equivalent of piperazine
serves the dual role of protecting the aldehyde as the lithio
hemiaminal 15 while simultaneously activating the imidazopy-
ridine ring for nucleophilic attack wzia chelation with the
imidazole nitrogen. After acidic workup and rebasification/
extraction, the desired product was crystallized as the oxalate
salt, providing up to 70% isolated yields for this stage.®

Concurrently with the efforts described above, we were
pursuing a scalable alternative to (89-N-methyl-5,6,7,8-tet-
rahydro-8-quinolinamine (12). We were aware of a number of

(8) The high pH needed to extract 9 from water leads to competitive
disproportionation to the corresponding alcohol and carboxylic acid
via the Cannizarro reaction. We have more recently found that
phosphate buffer considerably reduces the rate of disproportionation
and aids in extracting the product into an organic phase.
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literature reports describing the synthesis of the requisite ketone
3.59 However, we found it more prudent to purchase ketone 3

which is available from a number of suppliers.’® Reductive
amination with (19-1-[4-(methyloxy)phenyl]ethylamine (4)
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installed the desired stereogenic center with approximately 9:1
diastereoselectivity. The product was isolated as a crystalline
solid in 97:3 diastereomeric ratio (63% yield). We found that
this reaction could be conducted in the absence of acetic acid
and with the crystallization solvent replaced with heptane.** An
alternative approach to 5 comprising imine isolation and
subsequent treatment with NaBH, in ethanol at 0 °C or below
led to comparable yields but inferior diastereoselectivity (5:1
dr). Lastly, N-methylation, removal of the chiral auxiliary, and
treatment of the free base with oxalic acid in 2-propanol afforded
12 as the oxalate salt*? in 65—75% isolated yield.

To complete the synthesis, the key coupling of 9 and 12
and subsequent APl formation was achieved via reductive
amination in the presence of triethylamine followed by heating
the corresponding tertiary amine intermediate 16 with aqueous
formaldehyde. GSK812397 was isolated as the crystalline free
base and its absolute stereochemistry confirmed by single crystal
X-ray (Figure 1), which also revealed an intramolecular
hydrogen bond between the pyridine nitrogen and the hydroxyl
proton.

Conclusion

Our team was able to reduce the overall step count from 12
to 5 steps by purchasing ketone 3 and streamlining the syntheses
of 9and 12. In so doing, we increased the yield to 20% overall
(with >99% purity and 99.4% ee) and were able to scale up
the chemistry described in Scheme 3 in 50-L fixed equipment
to produce 1.2 kg of GSK812397 for use in 28-day tox and
phase I clinical studies.

(11) Hexane is generally not preferred due to its longer static charge
relaxation time, see: Lewis, R. J. Hazardous Chemicals Desk Refer-
ence, 6th ed.; Wiley-Interscience: New York, 2008.

(12) The free base of 12 was found to be unstable upon storage.
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Experimental Section
HPLC purity was determined on a Hewlett-Packard series
1100 system using Agilent Eclipse XDB C18 columns (150

Figure 1. X-ray crystal structure of GSK812397.

mm x 4.6 mm, 3.5 um), and a mixture of water and acetonitrile
as mobile phase (an 8-min linear gradient from 0 to 95%
acetonitrile with constant 0.05% v/v TFA at a flow rate of 1.0
mL/min and UV detector at 220 nm). Chiral HPLC was
obtained on an Agilent 1100 HPLC system with a ChiralPak
AD column (240 mm x 4.6 mm, 5 um) and 98:2:0.1 mixture
of heptane/ethanol/diethylamine as mobile phase (gradient at a
flow rate of 1.0 mL/min and UV detector at 218 nm).
5-Bromoimidazo[1,2-a]pyridine-2-car baldehyde (13).
2-Amino-6-bromopyridine (3.0 kg, 17.3 mol) and dimethoxy-
ethane (12 L) were combined and stirred at 25 °C under
nitrogen. 1,1,3-Trichloroacetone (5.6 kg, 30.3 mol) was added
to the solution in a single portion, and the reaction was warmed
to 65 °C (jacket temperature) and maintained for ~2—4 h until
judged complete by HPLC. The reaction was cooled to 10 °C,
held for ~1 h and filtered. The solids were rinsed with
dimethoxyethane (6 L). The solids were placed back in the
reactor and treated with dimethoxyethane (12 L) and 2 N HCI
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(12 L) and warmed to ~75 °C for 16—20 h or until judged
complete by HPLC. The reaction was cooled to ~10 °C, and
the pH was adjusted to ~8 with 3 N NaOH. The resulting solids
were filtered and washed with water (10 L). The solids were
dried at 50 °C for 16 h to yield 13 as an off-white solid (2.81
kg, 72% yield) *H NMR (400 MHz, DMSO-ds) ¢ 10.05 (s, 1
H) 8.66 (s, 1 H) 7.72 (s, 1 H) 7.42 (s, 1 H) 7.35 (s, L H). HPLC
tg = 4.09 min.

5-(4-M ethyl-1-piperazinyl)imidazo[ 1,2-a] pyridine-2-car -
baldehyde, Oxalic Acid Salt (9 Oxalate). N-Methylpiperazine
(3.1 kg, 31 mol) and tetrahydrofuran (10 L) were combined
and stirred under nitrogen while cooling to —20 °C. n-Butyl
lithium (2.5 M in hexanes, 10.4 L, 26.0 mol) was added to the
reaction at a rate to maintain the temperature <—20 °C.
The contents were stirred for 15—30 min after the end of the
addition. A slurry of 13 (2.79 kg, 12.4 mol) in tetrahydrofuran
(10 L) was added at a rate to maintain the reaction temperature
<0 °C. The slurry was washed with additional tetrahydrofuran
(6 L). The reaction was stirred for 30 min and warmed to ~—10
°C. After completion as determined by HPLC, the reaction was
quenched by the addition of 6 N HCI to achieve pH 4.0 while
maintaining the temperature <15 °C. The reaction was diluted
with heptane (14 L), and the layers were separated. The lower
(aqueous) layer was drained from the reactor, and the upper
(organic layer) was washed with 1 N HCI (2 x 1.5 L). The
combined aqueous layers were stirred at 20 °C and adjusted to
pH 9 with 4 N NaOH. The aqueous layer was extracted with
10% iPrOH/CH,CI, (3 x 28 L), and the combined organic
layers were washed with saturated NaHCO5 solution (14 L)
and evaporated at <25 °C to ~8.5 L. Isopropanol (28 L) was
added, and the solution was concentrated under reduced pressure
to ~8.5 L. Isopropanol (17 L) was added, and the reaction was
treated with a solution of oxalic acid (1.0 kg, 11.1 mol) in
isopropanol (7 L) at a rate to maintain good stirring and the
temperature between ~25—40 °C. The reaction was stirred for
30 min, and the solids were collected and washed with
isopropanol (8.5 L). The solids were dried at 50 °C to yield 9
oxalate as a white solid (2.25 kg, 54% yield) *H NMR (400
MHz, DMSO-d;) 6 10.01 (s, 1 H) 8.47 (s, 1 H) 7.41 (m, 2 H)
6.65 (m, 1 H) 3.34 (s, 8 H) 2.78 (s, 3 H); HPLC tr = 2.69 min.

(89)-N-{(19)-1-[4-(M ethyloxy)phenyl]ethyl}-5,6,7,8-tet-
rahydro-8-quinolinamine (5). A slurry of sodium triacetoxy-
borohydride (4.54 kg, 21.4 mol) in dichloromethane (22 L) was
treated with 6,7-dihydro-8(5H)-quinolinone (1.8 kg, 12.3 mol),
followed by (19)-1-[4-(methyloxy)phenyl]ethanamine (1.8 kg,
11.9 mol). The reaction was stirred vigorously at 22 °C for 24 h.
The reaction was quenched with 1 N NaOH (27 L) to achieve
pH 8 in the aqueous layer. The phases were separated, and
the organic phase was treated with 1 N NaOH (3.5 L) to achieve
pH 11 in the aqueous layer. The phases were separated. The
dichloromethane solution was then concentrated to ~6 L and
treated with heptane (18 L). The volume was concentrated to
9 L. Precipitation occurred upon cooling to 22 °C. The
suspension was further cooled to 0 °C and filtered. The solids
were dried at ambient temperature under vacuum with a slight
nitrogen bleed to give 5 as a light brown solid (2.18 kg, 63%).
H NMR (400 MHz, DMSO-dg) 6 8.36 (m, 1 H) 7.44 (m, 1 H)
7.29 (m, 2 H) 7.15 (m, 1 H) 6.83 (m, 2 H) 4.00 (m, 1 H) 3.70
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(s, 3H) 3.59—3.64 (m, 1 H) 2.66 (m, 1 H) 2.64 (s, 1 H) 2.53
(s,1H) 176 (s, 1 H) 1.64 (s, 1 H) 1.50 (s, 1 H) 1.39 (s, 1 H)
1.24 (m, 3 H). 97:3 dr by achiral HPLC. Achiral HPLC tg’s
for each diastereomer: major = 3.40 min, minor = 3.52 min.

(85)-N-Methyl-5,6,7,8-tetr ahydr o-8-quinolinamine, Ox-
alic Acid Salt (12 Oxalate). A slurry of sodium triacetoxy-
borohydride (2.44 kg, 11.5 mol) and 5 (2.17 kg, 7.7 mol) in
dichloromethane (21.8 L) was cooled to 5 °C. Formaldehyde
solution (37 wt % in water, 744 mL, 10 mol) was added slowly
to maintain the temperature <25 °C. The solution was stirred
for 30 min at 22 °C. The reaction was then quenched slowly
with trifluoroacetic acid (7.3 L, 95 mol). Upon completion of
the addition, the reaction was warmed up to 30 °C and stirred
for 16 h. Water (11 L) was added, and the two phases were
separated. The aqueous phase was washed with dichloromethane
(14 L), and the combined organic phases were washed with
water (2 x 5.5 L). The organic phase was discarded. The pH
of the aqueous phase was raised to 8.5—9 by the addition of 6
N NaOH and the aqueous layer extracted with dichloromethane
(3 x 13 L). The dichloromethane was exchanged for isopro-
panol by vacuum distillation to achieve a final volume of ~7
5 L. This solution was then treated with a solution of oxalic
acid (588 g, 6.5 mol) in isopropanol (2.2 L) to induce
precipitation. After stirring for 2 h, the suspension was filtered
at 22 °C, and the solids were dried under vacuum at 22 °C to
afford 12 oxalate as a white solid (1.07 kg, 55% yield) *H NMR
(300 MHz, DMSO-ds) 6 9.25 (brs, 1 H) 8.52 (s, 1 H) 7.69 (s,
1H)7.39(s,1H)4.39 (s, 1 H) 282 (s, 2 H) 2.65 (s, 3 H) 2.50
(s,1H)2.32(s,1H)1.99 (s, 1 H) 1.80 (s, 1 H). Achiral HPLC
tr = 1.87 min.

For (89-N-methyl-5,6,7,8-tetrahydro-8-quinolinamine as free
base: *H NMR (CDCls) ¢ 8.37 (d, 1H), 7.36 (d, 1H), 7.06 (dd,
1H), 3.65 (m, 1H), 2.76 (m, 2H), 2.53 (s, 3H), 2.11 (m, 1H),
1.97 (m, 1H), 1.75 (m, 2H); MS m/z 163 (M + 1).

[5-(4-Methyl-1-piper azinyl)-2-({methyl[(8S)-5,6,7,8-tet-
rahydr o-8-quinolinylJamino}methyl)imidazo[1,2-a]pyridin-
3-yllmethanol (GSK812397). A slurry of sodium triacetoxy-
borohydride (1.86 kg, 8.78 mol) and 12 oxalate (1.3 kg, 5.15
mol) in dichloromethane (13 L) was stirred at 20 °C. A solution
of 9 oxalate (2.07 kg, 6.18 mol) and triethylamine (1.25 kg,
12.4 mol) in dichloromethane (6.5 L) was added to the reaction
at a rate to maintain the temperature <30 °C. The reaction was
stirred at 20 °C for 16 h. The reaction was then quenched with
2 N NaOH to achieve pH 12 (~13 L). Methanol (6 L) was
added to obtain a bilayer. The lower (organic) layer was
separated and the aqueous layer washed with dichloromethane
(4 x 5 L). The combined organic layers were evaporated to
minimum stir volume (~6 L), and the solvent was exchanged
for water to achieve a final volume of 6.5 L. This solution was
maintained at 40 °C and treated with 37% aqueous formalde-
hyde (2.7 L, 35 mol). The solution was stirred at 40 °C for
24 h, and additional formaldehyde solution was added (1.35 L,
18 mol). The reaction was stirred for 72 h, cooled to 25 °C,
and treated with saturated aqueous sodium bicarbonate (5.2 L)
and dichloromethane (6.5 L). The layers were separated, and
the aqueous layer was washed with additional dichloromethane
(2 x 6.5 L). The combined organic layers were washed with
saturated aqueous sodium bicarbonate (4 L), and the organic



layer was filtered through a bed of silica gel 60 (3.9 kg). The
silica bed was washed with additional dichloromethane (3 x
6.5 L),and the combined organic solutions were concentrated
to minimum stirring volume (~6.5 L). Ethyl acetate (13 L) was
added and the solvent again evaporated to a final volume of
6.5 L. The solution was cooled slowly and crystallization
occurred. The solids were filtered and rinsed with ethyl acetate
(2.6 L). The solids were dried at 45 °C to give GSK812397 as
a white solid (1.15 kg, 53%) *H NMR (400 MHz, DMSO-d;)
0747 (s,1H)7.23(s, 1 H) 7.12 (s, 2 H) 6.53 (5, 1 H) 5.95 (s,
1H)5.09(s,2H)3.89(s,3H)3.30 (s, 4 H) 2.77 (5, 5 H) 2.64
(s, 1 H) 2.47 (s, 1 H) 2.27 (s, 5 H) 2.01 (s, 4 H) 1.89 (s, 2 H)
1.58 (s, 1 H). Purity by HPLC = 99.6% (tg = 5.63 min),
enantiopurity by Chiral HPLC = 99.8% (tz = 6.49 min). [o]p?®
= +65.3 (¢ = 0.7 MeOH).
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