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Thiazolo ring-fused 2-pyridones have proven to be highly interesting scaffolds for the development of
biologically active compounds. Many methods are today available to introduce a variety of substituents
in the 2-pyridone part of the heterocycle. Herein we disclose how a diverse set of substituents can be
introduced in the thiazolo ring, with possibilities to vary also the spatial arrangement of the substituents.
A key intermediate is the oxidized framewdKor which an effective synthesis is described. The thiazolo

part of this system can be substituted either via conjugate additions, resulting in trans selectivity, or via
microwave-assisted Heck couplings that result in unsaturated aryl-substituted analogues. The scaffold
can also be lithiated followed by the addition of various electrophiles, which increases the diversification
potential substantially, as exemplified with the introduction of halogens, alkyl, acyl, and amide substituents.

Introduction

Ring-fused 2-pyridones can be found in many biologically

are highly interesting as scaffolds for the development of
compounds that inhibit proteirprotein interaction8-1° Hence,
both novel antibacterial agents, termed pilicides, that target the

active compounds and natural products ranging from the multi- molecular machinery of pilus assembly in uropathogefse

ring-fused natural product Nauclefiné and Camptothecig,

where the latter has proven to be a potent anticancerig,
bicyclic systems where the 2-pyridone acid A58365has been
found to be an ACE inhibitor at nanomolar concentratfohs

cherichia coli® as well as compounds that inhibit amyloid
formation!! have been developed (e.g., pilicideand amyloid
inhibitor 5, Figure 1).

Due to the great interest in these systems, several synthetic

(Figure 1). The rigidity of these systems has also attracted nethodologies have been developed through the years, and two

researchers to construct peptidomimetics in order to probe

conformation-activity relationships in peptide scien®é.In
addition, we have shown that thiazolo ring-fused 2-pyridones

(1) Kametani, T.; Takeshita, M.; Ihara, M.; Fukumoto,XOrg. Chem.
1976 41, 2542-2545.

(2) Du, W. Tetrahedron2003 59, 8649-8687 and references cited
therein.

(3) Hunt, A. H.; Mynderse, J. S.; Samlaska, S. K.; Fukuda, D. S.; Maciak,
G. M; Kirst, H. A.; Occolowitz, J. L.; Swartzendruber, J. K.; Jones, N. D.
J. Antibiot. 1988 41, 771-774.

(4) Mynderse, J. S.; Samlaska, S. K.; Fukuda, D. S.; Du Bus, R. H,;
Baker, P. JJ. Antibiot. 1985 38, 1003-1007.

(5) O’'Connor, S.; Somers, B. Antibiot. 1985 38, 993—-996.

(6) Polyak, F.; Lubell, W. DJ. Org. Chem2001, 66, 1171-1180.

(7) Hanessian, S.; McNaughtonSmith, G.; Lombart, H. G.; Lubell, W.
D. Tetrahedron1997, 53, 12789-12854.
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of these, a cyclobutenedione-based method developed in the
Liebeskind laboratoriéd and an isoriinchnone-based method

(8) Aberg, V.; Hedenstrom, M.; Pinkner, J. S.; Hultgren, S. J.; Almgvist,
F. Org. Biomol. Chem2005 3, 3886-3892.

(9) Pinkner, J. S.; Remaut, H.; Buelens, F.; Miller, E.; Aberg, V.;
Pemberton, N.; Hedenstmg M.; Larsson, A.; Seed, P.; Waksman, G;
Hultgren, S. J.; Almqvist, FProc. Natl. Acad. Sci. U.S.A2006 103
1789717902.

(10) Svensson, A.; Larsson, A.; Emtenas, H.; Hedenstrom, M.; Fex, T.;
Hultgren, S. J.; Pinkner, J. S.; Almqvist, F.; Kihlberg,ChemBioChem
2001 2, 915-918.

(11) Aberg, V.; Norman, F.; Chorell, E.; Westermark, A.; Olofsson,
A.; Sauer-Eriksson, A. E.; Aimgvist, rg. Biomol. Chem2005 3, 2817
2823.

(12) Zhang, S. J.; Liebeskind, L. S. Org. Chem.1999 64, 4042-
4049.
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FIGURE 1. Ring-fused 2-pyridones can be found in biologically active
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FIGURE 3. Synthetic outline.

compounds and natural products. Thiazolo-fused 2-pyridones haveat positions 7 and 8 directly in the 2-pyridone forming step

proven to be interesting scaffolds for the development of novel
antibacterial agentgilicides as well as amyloid inhibitors4(and5,
respectively).
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FIGURE 2. Synthesis of the thiazolo ring-fused 2-pyridone scaffold
via Meldrum’s acid derivatives7j and A-thiazolines ). Methods to
introduce substituents in position 6 JRon the scaffold have been
developed using different electrophilic reagetits?

developed by Padwa and co-workétsire attractive examples
that result in highly substituted ring-fused 2-pyridones. Our

contribution to the synthesis of ring-fused 2-pyridones is based
upon an acyl ketene imine cyclocondensation. The synthesis

starts withA2-thiazolines6é and Meldrum’s acid derivative®
derived from commercially available nitriles and carboxylic
acids* (Figure 2).

Besides being fairly mild and scalable, this methodology also
allows substituents to be introduced independent of each other

(13) Padwa, A.; Sheehan, S. M.; Straub, C3.S0rg. Chem1999 64,
8648-8659.

(14) Emtenas, H.; Alderin, L.; Almqvist, RI. Org. Chem2001, 66,
6756-6761.

(15) Pemberton, N.; Aberg, V.; Almstedt, T.; Westermark, A.; Almqvist,
F.J. Org. Chem2004 69, 7830-7835.

(Figure 2). This methodology has been modified and transferred
to solid phase chemistf and also proven to be ideal for
microwave-assisted synthe&fsyhich substantially shortens the
reaction times. In addition, the use of imines other than
thiazolines has proven to work well, resulting in multi-ring-
fused 2-pyridones in high yield8.Furthermore, position 6 in
this scaffold can be substituted with a variety of substituents
by using electrophilic reagents and efficient methods to introduce
functional groups, such as nitriles, aminomethylenes, aldehydes,
nitro groups, and halogens have been develdpéd.

The highly interesting biological activity seen for the ring-
fused 2-pyridonegt and5 (Figure 1) and their more general
use as scaffolds for development of peptidomimetics motivated
further studies to develop efficient methods to introduce diverse
substituents also in the thiazolo part of the framework. Indeed,
tools to fine-tune the substitution pattern, also in the previously
never varied thiazolo part of the scaffold, would be important
to gain further knowledge about underlying molecular mecha-
nisms and structureactivity relationships. Besides the need for
methods to introduce diverse substituents, it is also important
to be able to study the effect of the spatial arrangement of the
substituents. Herein we now present methods to introduce
substituents in a new position on biologically active thiazolo
ring-fused 2-pyridones. Pivotal to the work is the formation of
an a,p-unsaturated methyl ester to which substituents are
introduced via either conjugate additions, microwave-accelerated
Heck couplings, or lithiation followed by reaction with a diverse
set of electrophiles (Figure 3), thus making it possible to
independently vary all positions in the core structure. Further-
more, the displayed methods for substitution presented in this
work open up possibilities for future design and development
of both pilicides and amyloid aggregation inhibitors.

Results and Discussion

With the aim to introduce a diverse set of substituents in the
thiazolo part of the scaffold and also to be able to vary the spatial

(18) Emtenas, H.; Ahlin, K.; Pinkner, J. S.; Hultgren, S. J.; Almqyvist,

(16) Pemberton, N.; Pinkner, J. S.; Jones, J. M.; Jakobsson, L.; Hultgren, F. J. Comb. Chem2002 4, 630-639.

S. J.; Almqvist, F.Tetrahedron Lett. published online http://dx.doi.org/
10.1016/j.tetlet.2007.04.142.

(17) Aberg, V.; Sellstedt, M.; Hedenstrom, M.; Pinkner, J. S.; Hultgren,
S. J.; Almgvist, FBioorg. Med. Chem2006 14, 7563-7581.
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(19) Emtenas, H.; Taflin, C.; Almqvist, ®Mol. Diversity2003 7, 165~
169.

(20) Pemberton, N.; Jakobsson, L.; Almqvist, ®tg. Lett. 2006 8,
935-938.
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SCHEME 1 SCHEME 22

CO R BrCCls, NaH OO R OO Al

MeOH (1.5 equiv) NS
X X5 R2,CuCNLiy (1,5 equiv) | R2
| MeCN, 1,5 h | . N
N rt N / THF, -78 °C,
20 min o) COyMe
O  COsMe O  COuMe .
o . R 10a: R'= Cyclopropyl-, R2 = Ph-, 77% °
8a: R'= Cyclopropyl- 9a: R = Cyclopropyl-, 89% NS 10b: R'= 4-CF4-Ph-, R? = Ph-, 76%©
8b: R'= 4-CF3-Ph- 9b: R'= 4-CF3-Ph-, 83% | N/ 11a: R'= Cyclopropyl-, R2 = Me-, 75% P
11b: R'= 4-CF3-Ph-, R%= Me-, 77%°
O  COxMe
arrangement of these substituents, an oxidized interme8iate 9a: R'= Cyclopropyl-
appeared attractive. The,-unsaturated methyl ester thus 9b: R'= 4-CFg-Ph- O 1
obtained could serve as a handle to perform conjugate additions PhMgCI, R
with different nucleophiles onto the scaffold. Thus compounds BF3Et20, CuCN | x-S
substitutedn to the sulfur with an sphybridization would be THF, -78 °C N
accessible. Furthermore, transition-metal-catalyzed reactions, O  COuMe
such as the Heck reaction, using the same intermediate would
result in substituted compounds with thé bgbridization intact. 12: R'= Cyclopropyl-, 77%?

As a complement to these two approaches, intermefliedelld
also potentially be lithiated and used as a nucleophile with
various electrophiles, thus increasing the diversification power hiazoll d H Seebach and K q
substantially. Consequently, it was crucial to find a convenient Ehlazo Ines fat;[](atr:]te us(.j ere, ete achan it co-V\t/or ters re?orte
and high yielding reaction to convert the dihydro thiazolo-fused € use of higher order cuprales, in atempls 1o periorm
2-pyridone8 to its unsaturated counterp&rtTo our knowledge, stereoselective C-alk_ylat!on of cysteiffeThis strategy de-
there are no methods reported for this transformation on this mancjed BE'EIZO activation O.f the cuprate and prolonged
system in the literature, although there are several methods'action times to give the desired product. L.lnfo'rtu.natgly, the
reported for the preparation of-unsaturated esters on similar y'felﬁ waslfpoor, probably due to problems wikelimination
substrates. The most frequently used methods to oxidize ' t e suflur. )

thiazolines or imidazolines are using Mgf® 22 or a combina- Our initial attempts were based upon this method, and
tion of BrCCk and DBUS-25 that both successfully have given the first screen showed that in our system the reaction did not
the dehydrogenated analogues in high yields. Somewhat surpris-req“'re any BeesEt,O activation. Instead a nice conversion was

ing, the use of Mn@gave no reaction and the use of Brgcl oPserved within 15 min by using the in situ prepared
and DBU gave only low yields with poor consumption of PngCNle reagent, and the 2-phenyl-substltuted rllng-fused
starting material when applied to our ring-fused systems. 2-pyridoneslOaand10bwere obtained in 77 and 76% isolated

Nevertheless, efforts to improve the BrGTIBU method by yields, respectively, as the pure trans stereoisomers (Scheme

varying base strength (NaOMeBUOK, NaH, and LDA) were 2). Also, an aIkyI substituent qould be efﬁcier}tly _and
performed, giving NaH as the base of choice. Still, the stereoselectlyely introduced via this methpd, resulting in the
conversion of starting material was not yet satisfactory, and Methyl-substituted analoguekla and 11b in 75 and 77%
hydrolysis of the methyl ester during the reaction was significant. iSelated yields. _

Hence, different solvents, such as THF, MeCN, DCE, and  Copper-catalyzed Grignard reagents are also known to react
MeOH, and combinations thereof were investigated. By using N conjugate additions, but although the yield of conjugate
acetonitrile as solvent, the hydrolysis problem was substantially 2ddition remained high (77% yield), the stereoselectivity was
suppressed, but the conversion of starting material was still low. Very low and 2-pyridoné.2 was obtained as a 1:1 mixture of
After further fine-tuning of the conditions, this could finally be  Cis and trans stereoisoméfgScheme 2). The higher order
circumvented by the addition of MeOH to the reaction; higher Cuprate reagents proceeded with compllete trans selectivity for
amounts of MeOH gave considerable amounts of hydro- the transfer of both aryl and alkyl substituents, and_ thu?s—s_p
lysis, but with the addition of 1.5 equiv of MeOH, the sp2 as well as sp-sp* carbon-carbon bonds are available via
2-pyridones9aand9b could be isolated in 89 and 83% yields, this method.

respectively (Scheme 1).With the oxidation reaction to the key  In fine-tuning biological activity, the introduction of heteroa-
intermediated in hand, the attention was then directed toward toms obviously can play an important role via their ability to
further substitution of the scaffold. No methods for conjugate act as hydrogen bond acceptors, and fortunately, methoxy-
addition to this type of ring-fused heterocycle could be found Substituted analogues were obtained by the use of LiOMe in

in the literature, but a method for addition ¢gs-unsaturated ~ THF/MeOH (3:1). Also, in this case, the pure trans products
were obtained; however, the products were also hydrolyzed

during the reaction to afford carboxylic acids3a and

a As diastereoisomeric mixtur@Pure trans diastereomer.

(21) Bagley, M. C.; Chapaneri, K.; Dale, J. W.; Xiong, X.; Bower]J.

Org. Chem 2005 70, 1389-1399. 13b (Scheme 3). This was consistent with what had earlier
(22) Ramasamy, K. S.; Bandaru, R.; Averett,.D.Org. Chem200Q been observed in the oxidation to the unsaturated methyl ester,
65, 5849-5851. where the use of higher amounts of MeOH in basic con-

(23) You, S. L.; Kelly, J. WOrg. Lett.2004 6, 1681-1683.
(24) Mislin, G. L.; Burger, A.; Abdallah, M. ATetrahedron2004 60,

12139-12145. (26) Jeanguenat, A.; Seebach,DChem. Soc., Perkin Trans.1B91
(25) Williams, D. R.; Lowder, P. D.; Gu, Y. G.; Brooks, D. A. 2291-2298.
Tetrahedron Lett1997 38, 331—-334. (27) J coupling= 9.13 Hz for cis compared to 2.87 Hz for trans.
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SCHEME 32 SCHEME 4
OO R OO R OO Rl Pd(OAc),, R, OO R
s 4 equiv LiOMe s s K>CO5; DMF
AN A S —_— S
. . " MW: 105 °C, 25 min 2
| THF.MH??‘E @311) | N\e ‘OMe | ) | )"
O  CO.Me O  COnH O  COuMe O  CO.Me
9a: R'= Cyclopropyl- 13a: R'= Cyclopropyk, 75% 9a: R'= Cyclopropyl- 14a: R'= Cyclopropyl-,
9b: R'= 4-CF5-Ph- 13b: 4-CF5-Ph-, 77% 2 9b: R'= 4-CF4-Ph- R2=Ph-, 83%
14b: R'= 4-CF5-Ph-,

R2 = 4-MeO-Ph-, 82%
R'= Cyclopropyl-,

R2 = Ph-, 82%

R'= 4-CF3-Ph-,

R2 = 4-MeO-Ph-, 81%

@ Pure trans diastereomer.

15a:
ditions gave hydrolysis. However, in the conjugate addition
reaction, the use of higher amounts of MeOH is crucial for
the LiOMe to dissolve properly. Still, taking into consideration
that the carboxylic acids are the active species in both the
pilicide and the amyloid inhibitor projects, this is not a major
problem. Typically, by using 4 equiv of LIOMe, the 2-pyridones
13aand13bwere obtained in 75 and 77% yields, respectively
(Scheme 3). these conditions to9ab resulted in the formation of

At this point, all reactions employed have resulted in the @Tyl-substituted 2-pyridone$4ab and 15ab in high yields

saturated product and thereby the formation of two new (Scheme 4).
stereocenters. To further increase the structural diversity, we In a recent report, the possibility of direct lithiatfnof
wished to introduce substituentsto the sulfur while keeping  thiazoles, followed by reaction with different electrophiles, was
the double bond intact. Although palladium-catalyzed Heck described® To be able to introduce a more diverse set of
couplingg® to a,B-unsaturated carboxylic esters are well substituents to our system, this approach would be an excellent
established in the literatufé2%31 more sophisticated ex- complement to the Heck reaction. However, in the thiazolo-
amples with S-sulfide substituents and other heteroatoms fused 2-pyridone system, there are several positions that
in the vicinity are rare. To the best of our knowledge, no potentially can be lithiated (e.g., position 6 and the naphthyl
examples where Heck couplings have been performed onlinkage). This was experienced with a decarboxylated analogue
structures like ours in the intended position have been published.that gave a complex mixture of products when reacted with LDA
We had previously experienced problems when applying followed by methyl iodide. Nevertheless, with the ester func-
transition-metal-catalyzed reactions at position 6 on this tionality intact, the acidity of thes-hydrogen at the desired
scaffold!® and we were therefore not surprised when our 2-position is substantially lower, and indeed, treatagr 9b
initial trials were unsuccessful. The reaction demanded the in THF at—78 °C with 1.05 equiv of LDA gave exclusively
extensive study of the choice of reaction conditions. Conven- 2-pyridones lithiated in the desired position. These could be
tional heating using Pd(OAg)and NaCO; in DMF resulted reacted with bromotrichloromethane to give brominated 2-py-
in low yield of the desired product after prolonged reaction ridonesl6aand16bin good to excellent yields (Table 1, entries
times (24 h). Microwave-assisted organic synthesis (MAOS) 1 and 2).
has been shown to often improve transition-metal-catalyzed Introduction of halogens has previously been performed
reactiong®3133 and since we have had very good experience by methods other than direct lithiation on thiazoles by using
in many other reactions with these heterocycles performed halogenating agen§:3” However, looking at our system,
under MAOS condition$>1%it was also applied this time. The  there are other feasible positions able to react with halogenating
microwave-accelerated reaction was improved by changing agents, which also was confirmed when the lithiated 2-pyri-
to different solvents (NMP, DMF, toluene, MeCN), catalysts dones were reacted with bromine as electrophile, giving mixtures

15b:

unconsumed starting material. The base of choice proved
to be KCO;, the solvent DMF, and the best temperature and
time was found to be 105°C for 25 min. Applying

(Pd(OACc), Pd(dba), tetrakis(triphenylphosphine)palladium-
(0)), ligands (PP¥ BINAP), bases (TEA, N&Os, KoCOs),
temperatures (80150 °C), and reaction times (560 min).
The best conversion and yield was obtained by using 9 mol %
of Pd(OAc) without any catalyst precursors. Lowering the
Pd(OAc) loading to 4 mol % significantly reduced the
yield, from 83 to 53%, leaving considerable amounts of

(28) Beletskaya, I. P.; Cheprakov, A. €hem. Re. 200Q 100, 3009~
3066 and references cited therein.

(29) Glasnov, T. N.; Stadlbauer, W.; Kappe, C.JOOrg. Chem2005
70, 3864-3870.

(30) Glover, B.; Harvey, K. A.; Liu, B.; Sharp, M. J.; Tymoschenko,
M. F. Org. Lett.2003 5, 301—304.

(31) Kappe, C. OAngew. Chem., Int. EQR004 43, 6250-6284.

(32) Topics in Heterocyclic Chemistry: Microwa-Assisted
Synthesis of HeterocycleGupta, R. R., Ed.; Springer: Berlin, 2006; pp
1-30.

(33) Larhed, M.; Hallberg, AJ. Org. Chem1996 61, 9582-9584.
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of brominated products. This problem was easily circum-
vented by exchanging the bromine source with bromotrichlo-
romethane. These brominated compounds together with the
chlorinated compounds7aand17b (entries 3 and 4), formed

by reaction with benzenesulfonyl chloride, are also interesting
as substrates for further transition-metal-catalyzed cross-coupling
reactions. In addition to the halogenated products, the incorpora-
tion of a methyl substituent proved to work well, givii@a
and18b. Furthermore, acylations turned out to be straightfor-
ward, as exemplified with benzoyl chloride as acylating agent,
which resulted in19a and 19b (entries 7 and 8). Finally, the

(34) Chinchilla, R.; Najera, C.; Yus, MChem. Re. 2004 104, 2667
2722 and references cited therein.

(35) Deng, S. J.; Taunton, @rg. Lett.2005 7, 299-301.

(36) Hodgetts, K. J.; Kershaw, M. Drg. Lett.2002 4, 1363-1365.

(37) Okonya, J. F.; Al-Obeidi, FTetrahedron Lett2002 43, 7051~
7053.
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TABLE 1. Lithiation Followed by Reaction with Different

Electrophiles
OO Rt 1A_|;g/§(1.05equiy), THF, OO R1

C, 0.5-1 min
XS T x-S
2. Electrophile,
PV, -78°C, 5 min PV
O  COuMe O  COMe
9a, b 16a, b to 20a, b
entry R electrophile E product yield (%)
1  cyclopropyl- BrCc} -Br 16a 93
2 4-CR-Ph- BrCCk -Br 16b 87
3 cyclopropyl- PhSECI -Cl 17a 75
4 4-CRs-Ph- PhSGCI -Cl 17b 76
5  cyclopropyl- Me-I -Me 18a el
6 4-CR-Ph- Me—1 -Me 18b 65°
7  cyclopropyl- PhCOCI -COPh 19a 72
8 4-CFR-Ph- PhCOCI -COPh 19b 74
9  cyclopropyl- PR-NCO -CONHPh 20a 78
10 4-Ck-Ph- PR-NCO  -CONHPh  20b 75

a]solated yield? Prolonged reaction time to 15 min.

reaction with isocyanates gave the amid@aand20bin good
yields (entries 9 and 10).

Conclusion

JOC Article

(NaeSQOy), filtered, and concentrated. Purification by silica gel
chromatography (heptane/EtOAc, 1/1) ga@eeas a white foam
(266 mg, 89%): mp 176171 °C; IR (neat) 3003, 2942, 1719,
1649, 1464, 1248, and 780 cfm H NMR (400 MHz, CDC}) 6
0.73-0.79 (m, 2H), 1.06-1.07 (m, 2H), 1.741.83 (m, 1H), 3.92
(s, 3H), 4.54 (s, 2H), 5.93 (s, 1H), 7.07 (s, 1H), #1225 (m,
1H), 7.36-7.43 (m, 1H), 7.43-7.50 (m, 2H), 7.757.90 (m, 3H);
13C NMR (100 MHz, CDC}) 6 7.8 (2C), 10.9, 36.2, 53.2, 111.8,
112.2,113.8,123.6, 125.5, 125.7, 126.2, 127.3, 127.6, 128.8, 131.5,
131.9, 133.9, 134.1, 147.2, 153.8, 159.0, 161.1; HRMS (FAB) calcd
for [M + H]" CyH1dNO3S 390.1164, obsd 390.1174.
7-Naphthalen-1-ylmethyl-5-oxo-8-(3-trifluoromethylphenyl)-
5H-thiazolo[3,2-a]pyridine-3-carboxylic Acid Methyl Ester (9b).
By following the procedure described for the preparatiofafrom
8a, 8b (126 mg, 0.255 mmol) gav@b, after purification by silica
gel chromatography (heptane/EtOAc, 3/2), as a white foam (105
mg, 83%): mp 106102 °C; IR (neat) 3058, 2949, 1738, 1654,
1467, 1119, and 777 crl *H NMR (400 MHz, CDC}) 6 3.95 (s,
3H), 4.10 (s, 2H), 6.14 (s, 1H), 7.02 (s, 1H), 7-1217 (m, 1H),
7.31-7.49 (m, 4H), 7.56-7.65 (m, 4H), 7.76-7.74 (m, 1H), 7.79
7.83 (m, 1H);13C NMR (100 MHz, CDC}) ¢ 36.7, 53.4, 111.9,
113.5, 113.8, 123.3, 125.3, 125.58 Jg+ 3.70 Hz), 125.64, 126.2,
126.3 (q,J = 272.55 Hz) 126.8 (q) = 3.70 Hz), 127.7, 127.8,
128.8,130.1, 131.5, 131.7, 131.9 §g= 32.76 Hz), 133.4, 133.6,
133.8, 136.5, 147.4, 151.2, 158.9, 160.6; HRMS (FAB) calcd for
[M + H]Jr C27H13F3NO3S 494.1038, obsd 494.1038.
General Procedure for the Preparation of 10a,b and 11a,b.
Preparation of cuprate: A solution of RLi (R Ph for10 (2.0 M
in dibutyl ether, 0.5 mL, 1.0 mmol) and R Me for 11 (1.6 M in

In summary, methods to introduce a diverse set of sub- diethyl ether, 0.625 mL, 1.0 mmol)) was added dropwise to CuCN

stituents onto the thiazolo part of biologically active ring-fused
2-pyridones have been developed. The methods have bee
chosen to complement each other regarding the spatial arrange
ment of the obtained products as well as their diversifying

(45 mg, 0.50 mmol) in 2 mL of THF at78 °C. The mixture was

r§tirred at—78 °C for 10 min before being warmed to @ and

was stirred there for 10 min before the clear solution was again
cooled to—78 °C.
Cuprate (1.5 equiv) (REUCNLI;, 0.2 M for 10, Me;CuCNLIy,

potential. The key intermediate for all of these transformations .19 M for 11) was added t® in 2 mL of THF at—78 °C. After

is ana,f-unsaturated methyl est@robtained from the dihydro
thiazolo-fused pyridon8 in a brominatior-elimination reaction.

stirring for 20 min, the reaction was quenched with aqueous
saturated NRECI, and the solution was extracted three times with

To this intermediate were introduced a variety of substituents DCM. The combined organic layers were dried {8@), filtered,
in the desired position. Conjugate addition using higher order and concentrated; the residue was purified by column chromatog-
cuprates or lithium methoxide resulted in saturated products, raphy (heptane/EtOAc, 3/2 fd0, 2/3 for 11) giving 10 or 11

microwave-accelerated Heck couplings, and lithiations followed
by reactions with different electrophiles that gave unsaturate
products. The compounds obtained in this study will be
biologically evaluated in due course, and the generated structur

8-Cyclopropyl-7-naphthalen-1-ylmethyl-5-ox0-2-phenyl-2,3-

d dihydro-5H-thiazolo[3,2-a]pyridine-3-carboxylic Acid Methyl

Ester (10a). 9a(40 mg, 0.103 mmol) gavéOa as a foam (37.0
mg, 77%): mp 96-91°C; IR (neat) 3063, 2952, 1746, 1648, 1481,

€1208, and 779 cmi; H NMR (400 MHz, CDC}) 6 0.71-0.82

activity data together with the synthetic methods described in (m, 2H), 0.87-1.01 (m, 2H), 1.641.72 (m, 1H), 3.82 (s, 3H),
this article will constitute an important platform in future design  4.40-4.52 (m, 2H), 4.99 (dJ = 2.88 Hz, 1H), 5.58 (dJ = 2.88

and development of pilicides and inhibitors of Alzheimer

amyloids.

Experimental Section

2-Pyridonecarboxylic Acid Methyl Esters (8a and 8b).
These were prepared according to previously published proce-

durestt19
8-Cyclopropyl-7-naphthalen-1-ylmethyl-5-oxo-%1-thiazolo-

[3,2-a]pyridine-3-carboxylic Acid Methyl Ester (9a). NaH (36.8
mg, 1.53 mmol, washed with-pentane) was added & (300 mg,

0.77 mmol) dissolved in 6 mL of dry MeCN at@ while stirring.

Hz, 1H), 5.77 (s, 1H), 7.2#7.52 (m, 9H), 7.767.91 (m, 3H);
13C NMR (100 MHz, CDC4) 6 7.5, 7.9, 11.2, 36.3, 50.6, 53.3,
69.8, 113.2, 115.7, 123.8, 125.5, 125.7, 126.2, 126.6 (2C), 127.6,
127.7,128.7,128.8, 129.2 (2C), 132.0, 133.9, 134.0, 139.2, 146.5,
156.9, 161.2, 168.3; HRMS (FAB) calcd for [M H]™ CygHos
NOsS 468.1633, obsd 468.1636.
7-Naphthalen-1-ylmethyl-5-oxo-2-phenyl-8-(3-trifluoromethyl-
phenyl)-2,3-dihydro-5H-thiazolo[3,2-a]pyridine-3-carboxylic Acid
Methyl Ester (10b). 9b (40 mg, 0.081 mmol) gav&éOb as a foam
(35.0 mg, 76%): mp 9899°C; IR (neat) 3044, 2956, 1748, 1652,
1482, 1330, 1119, and 778 cfhm 'H NMR (400 MHz, CDC}) 6
3.86 (s, 3H), 4.00 (s, 2H), 5.00 (d,= 3.34 Hz, 1H), 5.66-5.66

After 10 min, BrCC} (0.076 mL, 0.76 mmol) was added, and the (m, 1H), 5.98 (s, 1H), 7.187.23 (m, 1H), 7.287.52 (m, 10H),
mixture was allowed to attain rt and was stirred for an additional 7.54-7.66 (m, 3H), 7.727.77 (m, 1H), 7.86-7.86 (m, 1H);13C

10 min followed by the addition of dry MeOH (0.047 mL, 1.15

NMR (100 MHz, CDC}) 6 36.8, 51.0, 53.5, 70.8, 114.2, 116.1,

mmol). After approximately 1.5 h of stirring at rt, the reaction was 123.5, 123.8 (qJ) = 272.55 Hz), 125.2 (q) = 3.73 Hz), 125.4,

guenched by dropwise addition of 2% aqueous Kk 8ke reaction

125.7,126.2, 126.6 (broad), 127.1 (broad split), 127.8, 127.9, 128.8,

was carefully monitored with TLC, and one could also observe a 129.0, 129.3 (2C), 129.5, 131.4 (§= 32.64 Hz), 131.7, 133.3,
color change from pale yellow to yellow-orange upon completion). 133.5 (d,J = 29.33 Hz), 133.9, 136.9, 138.3, 146.8, 154.1, 161.1,
The mixture was acidified and then extracted three times with 168.1 (broad and splil = 4.26 Hz); HRMS (FAB) calcd for [M
EtOAc. The combined organic layers were washed with brine, dried + H]™ CasH24FsNOsS 572.1507, obsd 572.1506.
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8-Cyclopropyl-2-methyl-7-naphthalen-1-ylmethyl-5-oxo0-2,3- organic phases were washed two times with water/brine (50/50),
dihydro-5H-thiazolo[3,2-a]pyridine-3-carboxylic Acid Methyl dried (NaSQy), filtered, and concentrated; the residue was
Ester (11a). 9a(20 mg, 0.051 mmol) gavélaas a foam (15.5 purified by column chromatography (DCM/EtOAc 95/5) givihg
mg, 75%): mp 84-85°C; IR (neat) 3042, 2948, 1720, 1649, 1477, or 15.

1431, 1204, and 779 cry *H NMR (400 MHz, CDC}) 6 0.70- 8-Cyclopropyl-7-naphthalen-1-ylmethyl-5-oxo-2-phenyl-5i-
0.76 (m, 2H), 0.86-1.00 (m, 2H), 1.57 (d) = 6.93 Hz, 3H), 1.66 thiazolo[3,2-a]pyridine-3-carboxylic Acid Methyl Ester (14a).
1.68 (m, 1H), 3.77 (s, 3H), 3.96 (dg~= 2.32, 6.93 Hz, 1H), 4.35 9a(24 mg, 0.061 mmol), X= iodobenzene (0.013 mL, 0.12 mmol),
4.51 (m, 2H), 5.21 (d) = 2.32 Hz, 1H), 5.74 (s, 1H), 7.257.31 gaveldaas a foam (23.7 mg, 83%): mp 13118°C; IR (neat)
(m, 1H), 7.38-7.51 (m, 3H), 7.757.84 (m, 2H), 7.847.90 (m, 3003, 2946, 1731, 1650, and 1466 dm!H NMR (400 MHz,
1H); 3C NMR (100 MHz, CDC}) 6 7.5, 7.9, 11.1, 23.1, 36.3,  CDCl) 6 0.76-0.86 (m, 2H), 1.06-1.11 (m, 2H), 1.76-1.88 (m,
42.9,53.1, 69.3, 1135, 115.3, 123.8, 125.6, 125.7, 126.2, 127.6,1H), 3.89 (s, 3H), 4.56 (s, 2H), 5.95 (s, 1H), 7-Z1.26 (M, 1H),
127.7, 128.8, 132.0, 133.97, 133.99, 146.5, 156.8, 161.6, 168.4;7 33-7.52 (m, 6H), 7.577.63 (M, 2H), 7.777.81 (m, 1H), 7.8%

HRMS (FAB) calcd for [M+ H]™ Cy4H23NO3S 406.1477, obsd 7.93 (m, 2H);13C NMR (100 MHz, CDC}) 6 7.8 (2C), 10.8, 36.1,

406.1482. _ 53.2,111.6,111.8, 123.5, 125.4, 125.5, 125.6, 126.1, 127.2, 127.5,
2-Methyl-7-naphthalen-1-ylmethyl-5-oxo-8-(3-trifluoromethyl- 128.4 (2C), 128.59, 128.64, 128.7, 129.1 (2C), 129.8, 131.8, 133.8,
phenyl)-2,3-dihydro-5H-thiazolo[3,2-a]pyridine-3-carboxylic Acid 134.1, 146.2, 153.3, 158.8, 161.6; HRMS (FAB) calcd for {m

Methyl Ester (11b). 9b (40 mg, 0.081 mmol) gavélb as a foam H]*™ CaeH2aNO3S 466.1477, obsd 466.1479.
(31.8 mg, 77%): mp 8889°C; IR (neat) 3040, 2955, 1750, 1654,
1482, 1330, 1121, and 778 cf *H NMR (400 MHz, CDC}) 6
1.56 (d,J = 6.73 Hz, 3H), 3.81 (s, 3H), 3.8%4.05 (m, 3H), 5.28
(d,J = 2.58 Hz, 1H), 5.94 (s, 1H), 7.167.22 (m, 1H), 7.327.52
(m, 5H), 7.53-7.64 (m, 3H), 7.7+7.76 (m, 1H), 7.79-7.85 (m,
1H); 13C NMR (100 MHz, CDC}) ¢ 22.8, 36.8, 43.3, 53.2, 70.2,
114.5, 115.6, 123.4, 123.8 (= 272.50 Hz), 125.1 (m] = 3.87
Hz), 125.3, 125.6, 126.2, 126.9 (broad and split 24.20 Hz),
127.7,127.8, 128.7, 129.4, 131.3 §g= 32.79 Hz), 131.6, 133.3,
133.5 (broad and splif] = 28.18 Hz), 133.8, 137.0, 146.8, 153.9,

161.4, 168.1; HRMS (FAB) calcd for [M- HI™ CosHoaFaNOsS 1565 "126.8 (q) = 3.66 Hz), 127.7, 127.8, 128.2, 128.4 (2C),

510.1351, obsd 510.1349.
' 128.8,128.9, 129.2 (2C), 130.09, 130.14, 131.5, 131.9432.58
8-Cyclopropyl-2-methoxy-7-naphthalen-1-yimethyl-5-0x0-2,3- 1,y 133 4 (proad), §33.)6, 133.8, 136.6, 146.5, 150.8, ﬁs.e, 161.4;

dihydro-5H-thiazolo[3,2-a]pyridine-3-carboxylic Acid (13a). T
LiOMe (7.7 mg, 0.204 mmol) was added3a (20 mg, 0.051 mmol) I5-|7RZ)M1%5(ISAB) calcd for [M-+ H]™ CaaH2oRsNO,S 5701351, obsd

dissolved in 0.6 mL of THF and 0.2 mL of MeOH at rt while
stirring. The solution was stirred fo4 h at rt before being 8-Cyclopropyl-2-(4-methoxyphenyl)-7-naphthalen-1-ylmethyl-

concentrated. Purification by silica gel chromatography 2-0X0-3H-thiazolo[3,2a]pyridine-3-carboxylic Acid Methyl Es-
(DCM/MeOH/ACOH, 95/4/1) gavel3a as a white solid (15.6 ~ tef (152). 9a(24 mg, 0.061 mmol), X= 4-iodoanisole (29 mg,
mg, 75%): mp 138140 °C: IR (neat) 3005, 2947, 1719, 0.12 mmol), gavd 5aas a foam (24.9 mg, 812%). mp 16608°C;

S5 0.71—-0.83 (m’ 2H), 0.931.08 (m’ ZH), 1.74+1.81 (m’ lH), CDC|3) 0 0.75-0.84 (m, 2H), 1.031.08 (m, 2H), 1.751.84 (m,

(m, 2H), 7.32-7.36 (m’ 1H), 7.437.53 (m, 3H), 7.867.94 6.99 (m, 2H), 7.2%7.25 (m, 1H), 7.3%+7.43 (m, 1H), 7.447.51

(m, 3H); 13C NMR (100 MHz, CDC}) ¢ 7.0, 7.2, 10.7, 35.9, (m, 2H), 7.5%7.57 (m, 2H), 7.757.80 (m, 1H), 7.8%7.90 (m,
55.4, 70.4, 87.8, 114.0, 115.4, 1237, 125.3, 125.5, 126.1, 127.52H); “*C NMR (100 MHz, CDCY) ¢ 8.0 (broad), 11.0, 11.1, 36.3,
(20) 1285, 132.0, 134.1 1342, 146.6, 156.5. 162.2. 167.0; 534, 555, 111.8, 112.0, 1147, 121.0, 123.7, 123.8, 124.8, 125.6,
HRMS (FAB) calcd for V- HI* CoHNOWS 408.1270, obsd | 125.8,126.3,127.4,127.7, 127.8, 128.9, 129.0, 130.0, 132.0, 134.0,
A08.1264. 134.4, 146.3, 153.3, 159.0, 161.0, 162.0; HRMS (FAB) calcd for

2-Methoxy-7-naphthalen-1-ylmethyl-5-oxo-8-(3-trifluoromethyl- [M + H]" CaoH2sNO4S 496.1583, obsd 496.1587. _
phenyl)-2,3-dihydro-5H-thiazolo[3,2-a]pyridine-3-carboxylic Acid 2-(4-Methoxyphenyl)-7-naphthalen-1-ylmethyl-5-0ox0-8-(3-tri-
(13b). By following the procedure described for the preparation of fluoromethylphenyl)-5H-thiazolo[3,2-a]pyridine-3-carboxylic Acid
13afrom 9a, 9b (20 mg, 0.041 mmol) gavé3b as a white solid ~ Methyl Ester (15b). 9b(30 mg, 0.061 mmol), X= 4-iodoanisole
(15.9 mg, 77%): mp 137138 °C; IR (neat) 2927, 1736, 1639, (29 mg, 0.12 mmol), gavé5b as a foam (29.6 mg, 81%): mp
1485, 1334, 1087, and 778 cfn H NMR (400 MHz, CDC}) & 200-202°C; IR (neat) 3060, 2955, 1738, 1652, 1472, 1119, and
3.38 (s, 3H), 4.0%4.15 (m, 2H), 5.66-5.67 (M, 2H), 5.98 (d) = 776 cmt; 1H NMR (400 MHz, CDCh) ¢ 3.82 (s, 3H), 3.91 (s,
6.26 Hz, 1H), 7.26-7.26 (m, 1H), 7.347.46 (m, 3H), 7.49-7.63 3H), 4.11 (s, 2H), 6.14 (s, 1H), 6.8%.94 (m, 2H), 7.147.18
(m, 4H), 7.63-7.70 (m, 1H), 7.727.78 (m, 1H), 7.86-7.86 (m, (m, 1H), 7.3%-7.65 (m, 10H), 7.7£7.75 (m, 1H), 7.79-7.84 (m,
1H); 13C NMR (100 MHz, CDC}) 6 36.2, 55.5, 71.4, 88.7, 114.6,  1H);*C NMR (100 MHz, CDC}) 6 36.8, 53.4, 55.4, 111.8, 113.1,
114.7,116.2, 123.3, 124.0 (@= 272.49 Hz), 124.9 (broad), 125.1, 114.6 (2C), 120.3, 123.4, 123.7 @= 272.64 Hz), 124.8, 125.3,
125.4, 125.9, 126.6 (broad), 126.9 (broad), 127.5, 128.4, 129.6,125.5 (qJ = 3.64 Hz), 125.7, 126.2, 126.9 (@= 3.65 Hz), 127.7,
130.9 (q,J = 31.57 Hz), 131.6, 133.6, 133.7, 134.0, 137.1)e: 127.8,128.8, 129.1, 129.9 (2C), 130.1, 131.6, 131.9 (9,32.58
6.70 Hz), 146.9, 155.3, 162.2; HRMS (FAB) calcd for fMH]* Hz), 133.4, 133.7, 133.9, 136.7, 146.4, 150.6, 158.8, 161.1, 161.6;

7-Naphthalen-1-ylmethyl-5-oxo-2-phenyl-8-(3-trifluoromethyl-
phenyl)-5H-thiazolo[3,2-a]pyridine-3-carboxylic Acid Methyl
Ester (14b). 9b(30 mg, 0.061 mmol), X= iodobenzene (0.013
mL, 0.12 mmol), gavdl4b as a foam (28.3 mg, 82%): mp 114
115°C; IR (neat) 3042, 2963, 1747, 1650, 1330, 1120, and 778
cm™%; *H NMR (400 MHz, CDC}) 6 3.92 (s, 3H), 4.12 (s, 2H),
6.16 (s, 1H), 7.147.19 (m, 1H), 7.3+7.46 (m, 6H), 7.46:7.57
(m, 4H), 7.577.66 (m, 3H), 7.7+7.76 (m, 1H), 7.79-7.85 (m,
1H); 13C NMR (100 MHz, CDC}) ¢ 36.7, 53.5,111.8, 113.3, 123.4,
123.7 (q,J = 272.88 Hz), 125.3, 125.6 (d,= 3.62 Hz), 125.7,

CoHadFsNO,S 512.1143, obsd 512.1144. HRMS (FAB) calcd for [M+ H]* CagH24F3NO,S 600.1456, obsd
General Procedure for the Preparation of 14a,b and 15a,b. ~ 600.1450.
X (iodobenzene for the preparation @ and 4-iodoanisole for General Procedure for the Preparation of 16a,b to 20a,bTo

the preparation ol5) was added t® (0.061 mmol), KCO; (17 a solution of9 in 1.5 mL of THF at—78 °C was rapidly added
mg, 0.12 mmol), and Pd(OAg]1.2 mg, 0.0055 mmol) in 1.2 mL  freshly prepared LDA (1.05 equiv). After stirring for 30 s at

of DMF. Nx(g) was led through the reaction mixture for 1 min —78°C, the electrophile was added and the solution was left stirring
followed by heating using microwave irradiation for 25 min at for 2—15 min at —78 °C before quenching with 2% aqueous
105 °C. The mixture was cooled to rt, filtered through a plug KHSO,. The solution was extracted three times with DCM, and
of Celite, and rinsed three times with EtOAc. The combined the combined organic layers were dried {N@y), filtered, and
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concentrated; the residue was purified by column chromatography (m, 2H), 7.74-7.79 (m, 1H), 7.86-7.90 (m, 2H); 3C NMR
(heptane/EtOAc, 5/2 fot6, 17, and18, 2/1 for 19 and20) giving (100 MHz, CDC}) 6 7.8 (2C), 10.9, 11.8, 36.1, 53.1, 111.7,

16—20. 111.9, 123.6, 125.5, 125.7, 126.2, 126.3, 127.0, 127.3, 127.6,
2_Brom0_8_cyc|Opropy|-7-naphtha]en_1_y|methy|_5_oxo_5|_ 1288, 1319, 1339, 1343, 3.465, 1531, 1586, 1615, HRMS

thiazolo[3,2-a]pyridine-3-carboxylic Acid Methyl Ester (16a). (FAB) calcd for [M + H]" CpH2NOsS 404.1320, obsd

9a (24 mg, 0.061 mmol), electrophile bromotrichloromethane 404.1313.

(0.015 mL, 0.153 mmol), gavé6a as a foam (26.7 mg, 93%): 2-Methyl-7-naphthalen-1-ylmethyl-5-oxo-8-(3-trifluoromethyl-

mp 99-100°C; IR (neat) 3009, 1740, 1655, 1468, and 775&m phenyl)-5H-thiazolo[3,2-a]pyridine-3-carboxylic Acid Methyl

IH NMR (400 MHz, CDC}) 6 0.72-0.78 (m, 2H), 1.06-1.07 (m, Ester (18b). 9b(30 mg, 0.061 mmol), electrophite iodomethane
2H), 1.71-1.80 (m, 1H), 3.96 (s, 3H), 4.51 (s, 2H), 5.90 (s, 1H), (0.0095 mL, 0.153 mmol), gavé8b as a foam (20.0 mg, 65%):
7.19-7.23 (m, 1H), 7.3%7.51 (m, 3H), 7.757.81 (m, 2H), 7.84 mp 107-108°C; IR (neat) 3042, 2950, 1734, 1656, 1470, 1120,
7.90 (m, 1H):3C NMR (100 MHz, CDC}) ¢ 7.8 (2C), 10.9, 36.2,  and 778 cm*; *H NMR (400 MHz, CDC}) 6 2.31 (s, 3H), 3.96
53.5,103.5,112.1, 112.2, 123.5, 125.5, 125.8, 126.3, 127.3, 127.7,(S, 3H), 4.09 (s, 2H), 6.11 (s, 1H), 7.32.17 (m, 1H), 7.36-7.64
128.9, 130.6, 131.8, 133.8, 133.9, 146.6, 153.9, 158.0, 160.0; HRMS(M, 8H), 7.76-7.75 (m, 1H), 7.79-7.83 (m, 1H);**C NMR (100

(FAB) calcd for [M + HJ* CysHigBrNOsS 468.0269, obsd  MHz, CDCk) 6 11.8, 36.7, 53.3, 111.9, 113.1, 123.4, 123.7)q,
468.0260. = 272.45 Hz), 125.3, 125.5 (d,= 3.80 Hz), 125.6, 126.2, 126.5,

126.8 (q,J = 3.66 Hz), 127.7, 127.8, 128.8, 130.0, 131.6, 131.9
(q,J = 32.61 Hz), 133.4 (broad), 133.7, 133.9, 136.7, 146.7, 150.5,

: +
Ester (16b). 9b (30 mg, 0.061 mmol), electrophile= bromot- 158.6, 161.0; HRMS (FAB) calcd for [M- H]™ CogHadFaNOsS

richloromethane (0.015 mL, 0.153 mmol), gat6éb as a foam 208.1194, obsd 508.1191.

(30.4 mg, 87%): mp 100102 °C; IR (neat) 3051, 2954, 1740, 2-Benzoyl-8-cyclopropyl-7-naphthalen-1-ylmethyl-5-oxo-8-
1657, 1469, 1121, and 778 cf1 H NMR (400 MHz, CDC}) thiazolo[3,2-a]pyridine-3-carboxylic  Acid ~ Methyl  Ester

d 4.00 (s, 3H), 4.08 (s, 2H), 6.12 (s, 1H), 74116 (m, 1H), (19a). 9a(24 mg, 0.061 mmol), electrophite benzoyl chloride
7.30-7.47 (M, 4H), 7.56-7.58 (m, 3H), 7.6+-7.65 (m, 1H), 7.76-  (0:018 mL, 0.153 mmol), gavé9a as a foam (21.7 mg, 72%):

7.75 (mY 1H), 7.797.84 (m’ 1H);13C NMR (100 MHz, CDC&) B} mp 10%1102 °C; IR (neat) 1747, 1666, 1241, 1003, and
36.8, 53.7, 103.3, 112.3, 113.3, 123.2, 123.5)(; 272.63 Hz), /13 cnm% *H NMR (400 MHz, CDC) 0 0.76-0.83 (m, 2H),

" > 1.04-1.12 (m, 2H), 1.76-1.85 (m, 1H), 3.71 (s, 3H), 4.55 (s, 2H),
125.3, 125.7, 125.8 (g] = 3.65 Hz), 126.2, 126.6 (q] = 3.7
53, 125.7, 1258 (gl = 3.65 Hz), 126.2, 126.6 (Al = 3.75 o) ("111) ¥ 227,26 (m, 1H), 7.38.7.56 (m, 5H), 7.62.7.68
Hz), 127.7, 127.9, 128.8, 130.2, 130.7, 131.5, 132.1 ¢g,32.61 (S 1H). 7.227.26 (m. 1H). 7.387.56 (m, SH). 7627 68
Hz), 133.2, 133.3, 133.8, 136.0, 146.9, 151.3, 157.9, 159.6; HRMs (M. 1H), 7.76-7.91 (m, S5H); ( z, CDCY o 8.

2 (2C), 10.9, 36.4, 53.3, 112.0, 112.1, 123.6, 125.5, 125.7, 125.8,
(FAB) caled for [M + HI™ CoHuBrRNOsS 572.0143, obsd Yo 0157 1 7127.8. 128.6 (2C). 126.8 (2C), 128.9, 131.8, 133.6.

2-Bromo-7-naphthalen-1-ylmethyl-5-oxo-8-(3-trifluoromethyl-
phenyl)-5H-thiazolo[3,2-a]pyridine-3-carboxylic Acid Methyl

>72.0129. 133.8, 134.0, 134.8, 136.8, 146.4, 155.4, 159.1, 160.2, 186.5;
2-Chloro-8-cyclopropyl-7-naphthalen-1-ylmethyl-5-0x0-5- - RS (FAB) calcd for [M+ H]* CagHasNO4S 494.1426, obsd
thiazolo[3,2-a]pyridine-3-carboxylic Acid Methyl Ester (17a). 494.1424.

9a (24 mg, 0.061 mmol), electrophite benzenesulfonyl chloride
(0.020 mL, 0.153 mmol), gavé7a as a foam (19.4 mg, 75%):
mp 94-95 °C; IR (neat) 3002, 2949, 1738, 1654, 1469, and 778
cm-% IH NMR (400 MHz, CDCH) 6 0.72-0.79 (m, 2H), 1.0
1.08 (m, 2H), 1.7+1.81 (m, 1H), 3.96 (s, 3H), 4.51 (s, 2H), 5.91
(s, 1H), 7.19-7.24 (m, 1H), 7.377.52 (m, 3H), 7.757.82 (M, 1558 and 1122 crk: 1H NMR (400 MHz, CDCh) 6 3.76 (s, 3H),
2H), 7.85-7.91 (m, 1H)*C NMR (100 MHz, CDCY) 0 7.8 (2C), 4 105 2H), 6.14 (s, 1H), 7.3%.17 (m, 1H), 7.327.65 (m, 11H)
109, 363, 536, 112.2, 112.4, 1200, 1236, 1255, 125.8, 1263775785 (m. 4H) %G NMR (100 MHz. COCY) 5 37.0, 53.5.
159.5; HRMS (FAB) caled for [+ H] ™ CodHisCINOSS 424.0774,  195.9'(q,) = 3.72 Hz), 126.3, 126.7 (d,= 3.46 Hz), 127.7, 128.0,

2-Benzoyl-7-naphthalen-1-ylmethyl-5-ox0-8-(3-trifluoromethyl-
phenyl)-5H-thiazolo[3,2-a]pyridine-3-carboxylic Acid Methyl
Ester (19b). 9b (30 mg, 0.061 mmol), electrophilee benzoyl
chloride (0.018 mL, 0.153 mmol), gad®db as a foam (27.0 mg,
74%): mp 114-115°C; IR (neat) 3057, 2951, 1740, 1662, 1470,

obsd 424.0778. 128.6 (2C), 128.7 (2C), 128.8, 130.3, 131.5, 132.1)(e; 32.54
2-Chloro-7-naphthalen-1-ylmethyl-5-oxo-8-(3-trifluoromethyl- Hz), 133.2, 133.3, 133.7, 133.9, 134.8, 136.0, 136.5, 146.6, 152.7,

phenyl)-5H-thiazolo[3,2-a]pyridine-3-carboxylic Acid Methyl 159.0, 159.9, 185.9; HRMS (FAB) calcd for [M H]™ CajH2oF3-

Ester (17b). 9b(30 mg, 0.061 mmol), electrophile benzene- NO,S 598.1300, obsd 598.1296.

sulfonyl chloride (0.020 mL, 0.153 mmol), gavé7rb as a 8-Cyclopropyl-7-naphthalen-1-ylmethyl-5-oxo-2-phenylcar-

foam (24.4 mg, 76%): mp 99100°C; IR (neat) 3022, 2945, 1741,  pamoyl-5H-thiazolo[3,2-a]pyridine-3-carboxylic Acid Methyl
1663, 1470, and 1120 crfy *H NMR (400 MHz, CDC}) 6 3.99 Ester (20a). 9a(24 mg, 0.061 mmol), electrophile= phenyl

(s, 3H), 4.08 (s, 2H), 6.13 (s, 1H), 7.37.16 (m, 1H), 7.36:7.48 isocyanate (0.017 mL, 0.153 mmol), ga@@aas a foam (24.2 mg,
(m, 4H), 7.50-7.59 (m, 3H), 7.6+7.66 (m, 1H), 7.7+7.75 78%): mp 138-139°C; IR (neat) 3009, 2950, 1742, 1654, 1467,
(m, 1H), 7.79-7.85 (m, 1H);**C NMR (100 MHz, CDC}) 1435, 1245, and 750 cri *H NMR (400 MHz, CDC}) 6 0.79—

0 36.8,53.7,112.5, 113.4, 119.9, 123.2, 123.6)(g;, 272.56 Hz), 0.85 (m, 2H), 1.071.14 (m, 2H), 1.79-1.88 (m, 1H), 3.98 (s,
125.3, 125.7, 125.9 (g} = 3.70 Hz), 126.3, 126.6 (q] = 3.67 3H), 4.55 (s, 2H), 5.90 (s, 1H), 7.3.22 (m, 1H), 7.247.28
Hz), 127.7, 127.9, 128.3, 128.8, 130.3, 131.5, 132.7 (,32.59 (m, 1H), 7.34-7.52 (m, 5H), 7.66-7.65 (m, 2H), 7.7#7.82 (m,
Hz), 133.16, 133.23, 133.8, 135.9, 145.2, 151.4, 158.0, 159.1; 2H), 7.86-7.91 (m, 1H), 9.09 (s, 1H)¥C NMR (100 MHz,
HRMS (FAB) calcd for [M+ H]* C7H17,CIFsNO3S 528.0648, obsd  CDCly) 6 8.0 (2C), 10.9, 36.4, 54.2, 111.7, 112.4, 120.1 (2C), 123.6,

528.0651. 125.4,125.5, 125.8, 126.3, 127.6, 127.8, 128.2, 128.8, 128.9, 129.2
8-Cyclopropyl-2-methyl-7-naphthalen-1-ylmethyl-5-0xo-51- (2C), 131.9, 133.8, 134.0, 137.0, 145.8, 155.2, 156.6, 159.3, 162.7;

thiazolo[3,2-a]pyridine-3-carboxylic Acid Methyl Ester (18a). HRMS (FAB) calcd for [M+ H]* CsH24N204S 509.1535, obsd

9a (24 mg, 0.061 mmol), electrophile= iodomethane (0.0095  509.1528.

mL, 0.153 mmol), gavéd8aas a foam (22.2 mg, 90%): mp 184 7-Naphthalen-1-ylmethyl-5-ox0-2-phenylcarbamoyl-8-(3-tri-

185 °C; IR (neat) 1731, 1646, 1465, and 777 ¢m'H NMR fluoromethylphenyl)-5H-thiazolo[3,2-a]pyridine-3-carboxylic Acid
(400 MHz, CDC}) 6 0.71-0.78 (m, 2H), 0.971.05 (m, 2H), Methyl Ester (20b). 9b (30 mg, 0.061 mmol), electrophiles
1.71-1.80 (m, 1H), 2.37 (s, 3H), 3.92 (s, 3H), 4.52 (s, 2H), phenyl isocyanate (0.017 mL, 0.153 mmol), g&@b as a foam
5.90 (s, 1H), 7.197.24 (m, 1H), 7.36-7.42 (m, 1H), 7.43-7.50 (28.1 mg, 75%): mp 139140 °C; IR (neat) 3047, 1735, 1657,
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1H); 13C NMR (100 MHz, CDC}) 6 36.9, 54.4,111.9, 113.6, 120.1

(2C), 123.3, 123.6 (q) = 272.75 Hz), 125.4, 125.5, 125.8, 125.9 Supporting Information Available: H NMR and13C NMR

(q, J = 3.69 Hz), 126.3, 126.8 (q] = 3.67 Hz), 127.9, 128.0, spectra 0@ab—20ab. Temperature, pressure, and power graphs
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