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ABSTRACT: A novel synthesis of GSK1265744, a potent
HIV integrase inhibitor, is described. The synthesis is
highlighted by an efficient construction of the densely
functionalized pyridinone core as well as a highly diaster-
eoselective formation of the acyl oxazolidine moiety. The latter
exploits the target molecule’s ability to chelate to Mg*", a key
feature in the integrase inhibitor’s mechanism of action.

n important step in the replication of human immuno-

deficiency virus (HIV) in human cells is the integration of
the viral DNA into the host cell genome. Inhibition of HIV
integrase, the enzyme that mediates this integration process,
therefore can halt the further spread of HIV and represents a
viable treatment for HIV infection." Recently, GSK1265744
(1a, Figure 1) has emerged as a potent HIV integrase inhibitor.
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Figure 1. GSK1265744.

It is designed to function as a metal chelator and block the
binding of host DNA to metal cofactors in the active catalytic
site of the integrase.” Herein we report a highly diaster-
eoselective synthesis of this compound which exploits its
unique metal-binding affinity for Mg**.

There are two main challenges in the chemical synthesis of
la: the densely functionalized pyridinone core and the
stereocontrol of the C-11a center. In the construction of the
pyridinone, previous syntheses have taken advantage of the
existent ring structure of inexpensive maltol (2). >3 However,
oxidation state manipulation of the C-2 methyl and
functionalization of C-S require tedious sequences involving
toxic heavy metal-mediated transformations. Second, the
energy difference between the two C-1la epimers is small
(vide infra) and the diastereoselectivity needs to be carefully
managed by kinetic control.

In designing a more efficient and robust synthesis of 1a, it
was initially envisioned that the central pyridinone ring could
be derived from pyranone 3, which in turn would be accessed
via a reaction between a tertiary vinylogous amide 4 and oxalate
5 (Scheme 1). However, the f-ketoester functionality in 4 and

-4 ACS Publications  © 2015 American Chemical Society

564

61% over HOOC
o o -lsteps ‘"’ 300:1 /@:\
MEOM/OMG _ COOMe

OME GSK1285‘."44 0
Scheme 1
o o)
MeOOC Me %
ta > | > MeO 5 gk
OMe ©F “COOE!
COOEt RoN
4 5
4a NRy = N(CHz)s 5a X =Cl

4b NMe, 5b Ot

3 made this a particularly sensitive reaction. Although
vinylogous amide 4 did provide the desired product when
treated with oxalyl chloride Sa or oxalate Sb in the presence of
a base (LHMDS or an alkoxide), the reaction was sensitive to
the temperature, base, and N-substituents in 4, giving yields
ranging between <10% and 60%. This is presumably due to the
fact that pyranone 3 is an excellent Michael acceptor and thus
sensitive to reaction and purification conditions.”> The
sensitivity of 3 placed a great deal of restrictions on
downstream manipulations and made it difficult to develop a
synthesis that was amenable to large scale. Although this
transformation was feasible on laboratory scale, both in our
hands and by the independent effort of another group,’ a more
robust procedure was sought.

It was reasoned that the cyclization of a secondary vinylogous
amide might provide direct access to the target pyridinone and
circumvent the more electrophilic, sensitive pyranone.
Although the initial acylation could potentially occur on either
the nitrogen or the a-carbon, both should lead to the desired
pyridinone due to the symmetry of the electrophile. Literature
examples of this cyclization have been scarce. To our
knowledge, prior to this work, there has been only one report
for the direct formation of pyridinones from vinylogous
amides.”

Treatment of vinylogous amides 6 with dimethyl oxalate and
NaOMe in methanol at slightly elevated temperatures furnished
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the corresponding pyridinones 7 cleanly (Table 1). The major
side reaction was the hydrolysis of the C-2 ester (~5—15%).

Table 1. Direct Formation of Pyridinones from Secondary
Vinylogous Amides and Dimethyl Oxalate

Rz
(COOMe),, 3.5 equiv o
Ry o NaOMe, 2.5 equiv Ri&s A3 R
| — L

I‘:lH MeOH N"2
Rs Ry OMe
6a-h Ta-h
6, 7 R, R, R, t/°C yield/%
1 a CO,Me H Bn 30 71
2 b CO,Me H Ph 30-70 69
3 c CO,Me H iPr 30 70
4 d CO,Me OMe CH,CH(OMe), 30 73
S e Me H Bn S0 67
6 f Me Me Bn 50 60
7 g Ph H Bn S0 60
8 h H H Bn 50 23

This hydrolysis was more facile with pyridinones bearing a C-5
ester substituent; subsequently the cyclization to form these
substrates was carried out at lower temperature (entries 1—4).
Both aliphatic and aromatic N-substitutions were tolerated
(entries 1—3), although the lower nucleophilicity of the N-
anilino substrate 6b required a higher temperature for the ring
closure to reach full conversion (entry 2). The reaction also
tolerated different substitutions at C-5 (entries S—7) and C-3
(entries 4 and 6). However, the lack of substitution at C-S
resulted in a lower yield (entry 8).

This cyclization allowed for an efficient construction of the
pyridinone core in 1a (Scheme 2). -Ketoester 8 was converted
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to vinylogous amide 6d, which underwent cyclization with
dimethyl oxalate in the presence of LiOMe to give pyridinone
7d. Simple addition of LiOH effected selective hydrolysis of the
C-S ester of 7d,® furnishing advanced intermediate 9 as a white
solid in 61% vyield in a four-step, one-pot operation. The 2-
methyl ester could be further converted to the corresponding
Et or iPr esters (10 and 11) by transesterification.

The acetal deprotection of 9 proved challenging. Com-
petitive hydrolysis of the C-2 ester took place under a variety of
aqueous conditions, and the resultant C-2 acid failed to
undergo the subsequent ring closure reaction. It was found that
treatment of acetal 9 with excess HOAc and a catalytic amount
of CH;SO;H under anhydrous conditions led to a smooth
conversion to the corresponding aldehyde. Addition of excess
alaninol quenched CH3SO;H, and the ring closure proceeded
in the presence of HOAc. The desired product 12 was formed
in ~30:1 dr in the case of methyl ester 9, and the
diastereomeric purity of the isolated product could be further
enriched by crystallization. Increasing the steric bulk at the C-2
ester (10 and 11) greatly reduced the reaction rate, but did not
lead to a significant improvement in the diastereoselectivity of
the ring closure.

After amide 13 was obtained from coupling of 12 with 2,4-
difluorobenzylamine, demethylation to give 1a proved difficult
in the presence of the aminal moiety. Widely used boron- and
silicon-based demethylation reagents did not discriminate
between the two, leading to a large amount of ring-opened
product 14. This indicated that boron or silicon did not
coordinate selectively to the methyl ether, and an alternative
Lewis acid was needed.

Central to the solution to the demethylation selectivity
problem is the metal-chelating ability of 1a, which forms the
basis for its mechanism of action as an integrase inhibitor. It is
known that the integrase catalyzes the strand transfer process
by binding to two metals through a triad of amino acid
carboxylate residues in the active site. The two metals in turn
bind to the host DNA and activate a phosphoryl ester for attack
by the viral DNA, thus integrating the latter into the host
genome. The inhibitor functions by chelating to the metals,
occupying the catalytic triad and thus blocking the host DNA
from binding.9 In the case of 1a, the structural feature that
contains the chelating motif would be the C5-C6-C7
region.”” Since Mg** is believed by most to be the metal cofactor
involved in the integration process in vivo and 1a is designed as a
Mg’ chelator, it is reasoned that Mg** might selectively bind to the
C-6 oxygen of 13 and therefore facilitate a selective demethylation.

Indeed, treatment of 13 with a variety of magnesium salts
resulted in completely selective C-6 demethylation (Table 2,
entries 4—6). The coordination of Mg** to the C-6 oxygen is so
efficient that the demethylation was effected at toom

Table 2. Demethylation of 13

reagent conditions la:13:14
1 BBr, —78 °C to rt, 2 h® 0:46:54
2 TMSCI/NaBr 50 °C, overnight 0:71:29
3 TMSCI/Nal 50 °C, Sh 34:58:8
4 Mgl, rt, 1 h 100:0:0
S MgBr, 50 °C, 1 h° 100:0:0
6 MgCl, 70 °C, 7 h 100:0:0

“Reactions in CH;CN unless otherwise noted. YReaction in CH,Cl,.
“90% isolated yield.
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Table 3. Additive Effect on the dr of Ring Closure

o O
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J@CN OMe H,N
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F F N o - F F N o

OMe
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H OMe  CHCN g(N
15 A 60°C, 16.5h H of

additive (1.5 equiv) dr conv/% additive (1.5 equiv) dr conv/%
1 none 10:1 73 S HOACc 25:1 100
2 MeSO;H S:1 46 6 iPrCOOH 19:1 100
3 TEFA 4:1 83 7 tBuCOOH 16:1 100
4 CHCL,COOH 4:1 100 8 Mg(OT), 300:1 100

“80 °C, 12 h, 7% of 14 also formed.

temperature with iodide as the nucleophile (entry 4), and even
by MgCl, albeit at higher temperature (entry 6). This
completes an efficient and practical synthesis of 1a, which is
chromatography-free and performs very well on large scale.'’

The chelating ability of the target to Mg®" also had a
profound impact on the diastereoselectivity of the ring closure.
As shown in Table 3, the reaction between 15 and alaninol to
form 13 could be mediated by acids, with weak acids (pK, =~
4—S, entries 5—7) providing the highest diastereoselectivity (dr
# 20:1). The addition of a stoichiometric amount of Mg(OTf),
led to superior diastereoselectivity (dr = 300:1). The chelation
between Mg** and the substrate appeared critical. The use of
Mg(OAc), as the additive gave a low dr (~20:1). Coordinating
solvents led to complex reaction mixtures with inferior
selectivities, as did other metal triflates including Mn**, Ca*,
and Zn** (dr from 32:1 to 86:1)."" It should be further noted
that the observed dr resulted from kinetic control: when a
mixture of 13 with a dr of 33:1 was treated with CH;3SO;H in
refluxing CH;CN, the predominant product was 14 (63%). The
dr of remaining 13 eroded to 6:1,"2 indicating that the relative
thermodynamic stability of the pair did not favor the 11aR
isomer (13a) by a wide margin.m’14

One plausible mechanistic explanation is depicted in Scheme
3: the two oxazolidine intermediates 16a and 16b exist in
equilibrium via the open-chain imine form."® The predominant
formation of the desired product 13a is the result of a Curtin—
Hammet situation, where the less stable trans-oxazolidine 16a
undergoes a faster ring closure than the more stable 16b
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because of the lack of steric interaction between the oxazolidine
methyl and the ester in the transition state (17a and 18a).%™'®
This is consistent with the observed acid effect: the 16a/b
equilibrium is best facilitated by weak acids (pK, ~ 4—S5, entries
5—7 of Table 3) so that the diastereoselectivity reflects the
difference in the ring closure activation energy. Stronger acids
(pK, < 2, entries 2—4) hinder this interconversion, and thus the
selectivity reflects more the relative stability of intermediates
16a/16b, resulting in lower dr.

The addition of Mg** would change the geometry of the
transition state and the trajectory of the oxazolidine approach:
in the cyclization without Mg** (17a/b), the ester is
perpendicular to the ring system and the steric repulsion
results from the oxazolidine approaching from the side. In the
presence of Mg** (18a/b), its chelation in the C-S and C-6
pocket forces the oxazolidine to approach from the top or
bottom face.'” This results in a more rigid and sterically
discriminating transition state and a higher diastereoselectivity.

The success of Mg*"-mediated ring closure has led to a highly
diastereoselective ring closure—demethylation sequence shown
in Scheme 4. Coupling of 9 with 2,4-difluorobenzylamine

Scheme 4
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followed by acetal deprotection in formic acid provided
aldehyde 15, which underwent smooth ring closure with
alaninol in the presence of Mg(OTf),. When the ring closure
was complete, simple addition of NaBr in the same pot effected
demethylation to produce the desired product with a dr of
297:1, concluding a highly efficient and diastereoselective
synthesis of la.

B ASSOCIATED CONTENT
© Supporting Information
Experimental procedures and characterization. This material is

available free of charge via the Internet at http://pubs.acs.org.

DOI: 10.1021/01503580t
Org. Lett. 2015, 17, 564—567



Organic Letters

B AUTHOR INFORMATION
Corresponding Author
*E-mail: huan.2.wang@gsk.com.
Notes

The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

The authors thank Doug Mans and Steve Goodman of
GlaxoSmithKline for helpful suggestions as well as Connie Ye
and Sarah Chen of GlaxoSmithKline for analytical support.

B REFERENCES

(1) For reviews on HIV integrase inhibitors, see: (a) Pommier, Y.;
Johnson, A. A;; Marchand, C. Nat. Rev. Drug Discovery 20085, 4, 236.
(b) Savarino, A. Expert Opin. Invest. Drugs 2006, 15, 1507.

(2) (a) Johns, B. A.; Kawasuji, T.; Taishi, T.; Taoda, Y. PCT Int. Appl.
2006, WO 2006116764 Al. (b) Johns, B. A; Kawasuji, T.;
Weatherhead, J. G.; Taishi, T.; Temelkoff, D. P; Yoshida, H,;
Akiyama, T.; Taoda, Y.; Murai, H.; Kiyama, R.; Fuji, M.; Tanimoto, N.;
Jeffrey, J.; Foster, S. A,; Yoshinaga, T.; Seki, T.; Kobayashi, M.; Sato,
A; Johnson, M. N.; Garvey, E. P.; Fujiwara, T. J. Med. Chem. 2013, 56,
5901.

(3) (a) Johns, B. A,; Weatherhead, J. G. PCT Int. Appl. 2010, WO
2010011814 Al. (b) Johns, B. A,; Weatherhead, J. G. PCT Int. Appl.
2010, WO 2010011815 Al. (c) Yoshida, H.; Taoda, Y.; Johns, B. A.
PCT Int. Appl. 2010, WO 2010068253 Al.

(4) Although analogous reactions involving 4-alkoxy or 4-
dialkylamino-3-butene-2-ones and acid chlorides are known, there
are only limited literature examples for reactions between acid
chlorides and the doubly activated substrates: McCombie, S. W.; Metz,
W. A,; Nazareno, D.; Shankar, B. B.; Tagat, J. J. Org. Chem. 1991, S6,
4963.

(5) The product decomposed when the reaction mixture was heated.
Sensitivity toward chromatography has also been noted with
pyranone-3-carboxylates: See reference 4.

(6) Sumino, Y.; Okamoto, K.; Masui, M.; Yamada, D.; Ikarashi, F.
PCT Int. Appl. 2012, WO 2012018065.

(7) Kiyama, R; Fuji, M; Hara, M; Fujimoto, M.; Kawabata, T;
Nakamura, M.; Fujishita, T. Chem. Pharm. Bull. 1995, 43, 450.

(8) Although LiOH, NaOH, and KOH all led to somewhat selective
cleavage of the C-5 ester, the selectivity was higher when LiOH was
used (~10:1 vs 3:1 in the case of NaOH or KOH).

(9) (a) Reference la. (b) Espeseth, A. S.; Felock, P.; Wolfe, A;
Witmer, M.; Grobler, J.; Anthony, N.; Egbertson, M.; Melamed, J. Y.;
Young, S.; Hamill, T.; Cole, J. L.; Hazuda, D. J. Proc. Natl. Acad. Sci.
US.A. 2000, 97, 11244. (c) Grobler, J. A; Stillmock, K; Hu, B,;
Witmer, M,; Felock, P.; Espeseth, A. S.; Wolfe, A,; Egbertson, M,;
Bourgeois, M.; Melamed, J.; Wai, J. S.; Young, S.; Vacca, J.; Hazuda, D.
J. Proc. Natl. Acad. Sci. US.A. 2002, 99, 6661. (d) Johns, B. A.; Svolto,
A. C. Expert Opin. Ther. Patents 2008, 18, 1225.

(10) On kilogram scale the demethylation is better accomplished
with LiBr, which is lower in cost and gives an easily stirrable slurry.
However, the reaction is much slower (overnight in reflux THF) than
that with MgBr,, presumably due to the weaker chelation of Li* to 13.

(11) Involvement of other divalent metals as the metal cofactor in
integrase inhibition has also been speculated: (a) Chiu, T. K.; Davies,
D. R. Curr. Top. Med. Chem. 2004, 4, 965. (b) Bacchi, A.; Carcelli, M.;
Compari, C; Fisicaro, E.; Pala, N.; Rispoli, G.; Rogolino, D.; Sanchez,
T. W.,; Sechi, M.; Sinisi, V.; Neamati, N. J. Med. Chem. 2011, 54, 8407.

(12) The ring opening and dr erosion only occurred with strong
acids (HCI or CH;SO;H). No dr erosion was observed with TFA or
weaker acids.

(13) The equilibrium dr of 6:1 can be compared to a similar system,
where a trans:cis = 86:14 mixture was obtained from acid-catalyzed
equilibration: (a) Amat, M.; Bosch, J.; Hidalgo, J.; Canté, M.; Pérez,
M,; Llor, N.; Molins, E.; Miravitlles, C.; Orozco, M.; Luque, J. J. Org.
Chem. 2000, 65, 3074. (b) Amat, M.; Llor, N.; Escolano, C.; Huguet,

567

M.; Pérez, M.; Molins, E.; Bosch, J. Tetrahedron: Asymmetry 2003, 14,
293.

(14) The energy difference between the two diastereomers of 13 by
DFT calculation (B3LYP/lacvp**) is 0.7 kcal/mol favoring the
desired trans isomer 13a.

(15) Lazar, L; Fildp, F. Eur. J. Org. Chem. 2003, 3025 and the
references cited therein.

(16) The cis isomer 16b is more stable by 1.0 kcal/mol by DFT
calculation (B3LYP/lacvp**).

(17) C-S esters have shown promising potency in enzyme and
antiviral assays, demonstrating an ability to chelate metals: Kawasuji,
T.; Johns, B. A; Yoshida, H.; Taishi, T.; Taoda, Y.; Murai, H.; Kiyama,
R.; Fuji, M,; Yoshinaga, T.; Seki, T.; Kobayashi, M.; Sato, A.; Fujiwara,
T. J. Med. Chem. 2012, SS, 8735.

DOI: 10.1021/01503580t
Org. Lett. 2015, 17, 564—567



