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Abstract: A novel and efficient two-step synthesis of 5-aroyl-3,4- 0 R_ B(OH) o
dihydropyrimidin-2-ones is reported. These privileged ketongz Il [Pd]. ligand, CuTC 3J\ )
structures are readily generated by microwave-assisted Liebeskir S~ "R THF, 50 T, 18 h R R

Srogl-type coupling of boronic acids with the corresponding pyr-

imidone thiol esters. The thiol esters themselves are easily prepaféfieme 1 Palladium-catalyzed Liebeskind—Srogl ketone synthesis

using Biginelli multicomponent chemistry.

Key words: transition metals, cross-coupling, catalysis, ketonef)espite the apparent attractiveness of this general and

heterocycles mild transition-metal-mediated protocol reported by
Liebeskind and Srogl in 200Ghere are surprisingly few
applications of this ketone synthesis for the preparation of

Transition-metal-catalyzed carbon—carbon cross-comore complex target structur€sin continuation of our

pling procedures have revolutionized the art and practioggerest in the generation of diversely substituted and

of organic synthesis in the last two decati€ke typically novel types of privileged scaffolds based on 3,4-dihydro-

mild reaction conditions, high functional group tolerancpyrimidin-2-one (DHPMs}!}-** we herein report the

and broad availability of starting materials have contrifficient synthesis of 5-aroyldihydropyrimidinonek

buted to the growing success of e.g. palladium-catalyzéeigure 1) via Liebeskind—Srogl ketone synthesis starting

carbon—carbon bond formation methods. Apart from tHeom the corresponding DHPM-5-carboxylic acid thiol

well-known Suzuki—Miyaura biaryl cross-coupliAga esters2.

growing number of related transition-metal-catalyzed

carbon—carbot¥ and carbon-heteroatom coupling o r:

protocold have been reported in the recent literature, ul g W ,
derpinning the versatility and importance of transition | /& ; Esfgg
metal-mediated reactions for organic synthesis. Me™ N T
Recently, Liebeskind and Srogl developed a novel cau- R?

bon-carbon cross-coupling protocol, involving the Pd(O)igure 1 General structure of target 5-aroyldihydropyrimidin-2-
catalyzed, Cu(l)-mediated coupling of thiol esters withnesl

boronic acids to form ketones under neutral conditions

(Scheme 1}.A key feature of this protocol, and of closelyour strategy toward ketondsfirst required an efficient
related procedures involving thioethérsis the require- access to the corresponding DHPM thiol ester precursors
ment of stoichiometric amounts of a Cu(l) carboxylate, To the best of our knowledge there is only one reference
[e.g. Cu(l) thiophene-2-carboxylate, CuP@ metal co- tg the synthesis of a DHPM-5-carboxylic acid thiol ester
factor. Due to the higher thiophilicity of the soft Cu(l)in the literature, utilizing a Biginelli-type three-compo-
metal, selective sulfide coupling under Liebeskind-Sroglent cyclocondensation involving ethyl thioacetoacetate,

conditions can be performed even in the presence of a, g7 aromatic aldehyde and urea under acidic conditfons.
example, Suzuki-active bromideA variety of palladium

precatalysts/ligand systems such ag(dlzh)/tris(2-fur-
yl)phosphine (TFP) are effective in this transformatio

For Biginelli multicomponent reactions of this type a
tqlethora of highly efficient synthetic methods is available

; 7 .
(Scheme 1), and moderate to excellent yields of 3 the literaturé? including protocols that make use of

. . PP
desired ketones can typically be achieved by coupling G ntrolled microwave irradiatiot:'® In contrast to many

. . . : .~ 0Of the recently reported methods involving the use of an
Z{f?g:zgfsgriggpggg?alkyl andS-aryl thiol esters with expensive Lewis acid catalyst such as Yb(@Q¥Tf)we

have utilized trimethylsilyl chloride (TMSCI) in the cur-
rent protocol as an inexpensive mediator of the Biginelli
reaction’ Gratifyingly, a high yield of DHPM-5-carbox-
ylic acid S-ethyl thiol esteRawas obtained by microwave
%ygﬂzg igﬁrz’el\;laﬂbﬁ’cggo?]?;ilo%goe heating® (120 °C, 10 min) of a mixture of ethyl thioace-
DOI: 10.1055/5-2006-958443: Art ID: D23806ST toacetate, benzaldehyde and urea (1:1:3) in MeCN with

© Georg Thieme Verlag Stuttgart - New York




44 H. Prokopcova et al. LETTER

one equivalent of TMSCI in a sealed reaction vessehble 2 Microwave-Assisted Liebeskind—Srogl Thiol Ester—
(Table 1). The isolated yield of 90% obtained from theggoronic Acid Coupling for the Synthesis of 5-Aroyldihydro-
optimized conditions compared very favorably wittPyrimidinonesl
microwave experiments using 10 mol% of Yb(QTds o R . o Rt

) 1 . R3-B(OH),
catalyst (86% yield)! and with room temperature proto- _H PA(OAC),, PPhs , J _H
cols involving TMSCI as a mediator requiring severe®™ || CuTC, dioxane AN

hours of reaction tim&. The high-speed microwave e N/&o /&

Me N ]
. . . MW, 130 C, 1 h
method proved applicable for a variety of different suk g2 e
strates, including the use of sterically demandirtfyo- 2a-e 1a-l
substituted aromatic aldehy@e as well aN-alkylureas " Z° ) R? =2 vield ()"
2d,e as building blocks (see Table 1). Although the re- >
qguired key precursor for this synthesis, ethyl thioacetaa Ph H Ph 86
acetate, is not commercially available, it can be rapidl N |
prepared in large quantities starting from inexpensi P H 3-ClGH, 80
starting material&® therefore allowing efficient access to1¢ Ph H 4-MeGH, 78
DHPM-5-carboxylic acid thiol esters of ty@ein suffi-
cient quantities. Ph H 3-MeOGH, 74
_ _ o . 1e Ph H 3,4-(F)CH; 88
Table 1 Synthesis of Dihydropyrimidine-5-carboxylic Acid Thiol
Esters2 via Microwave-Assisted Biginelli Reaction 1f 3-BrCH, H Ph 66
1
o /i Q R 19 3-BrCgH, H 4-MeCgH, 61
fs W0 TMSCI, MeCN ST /’\Q 1h 3-BrCsH, H 34-(F)CH; 68
2
" /g MW, 120 <, 10 min Me N o) 1 2-CE.C.H H Ph &5
Me” 0 NS0 2 36l
2a-e 1 2-CF,CeH, H 3-CIC¢H, 70
DHPM 2 R! R2 Yield (%)? 1k Thiophen-2-yl  Me Ph 82
2a Ph H 90 1 3,4-(F)CgH; Et Ph 73
2b 3-BrGH, H 86 2|solated yields of pure product after column chromatography.
2¢c 2-CFyCeHy H 66
2d 3,4-(FRCeMs Et 53 Pd(PPh),/Zn(OAc),, Hermann’s catalyst/dppf,
2e Thiophen-2-yl Me 62 Pd,dba,- CHCL/TFP, PdCJ(dppf)/TFP] were found to be

useful for this transformation. We do find that for the spe-
cific carbon—carbon coupling discussed herein, the use of
comparatively inexpensive Pd(OA@s a precatalyst and
With the required DHPM thiol esteBsin hand, we next PPhas aligand consistently provided the best results and
set out to evaluate the suitability of these multifunctionaWwas most convenient to work with. Our optimized reac-
ized heterocycles to serve as starting materials in ttien conditions utilized 2.0 equivalents of phenylboronic
Liebeskind—Srogl ketone synthesis. As a model systemid, 10 mol% of Pd(OAg) 20 mol% of PPhand 3.0

for our optimization studies, the reaction of thiol e@eer equivalents of CuTC in anhydrous dioxane as solvent,
with phenylboronic acid was selected (Table 2). applying an Ar atmosphere. Lower catalyst loadings (e.g.
Under controlled single-mode microwave heating irf > MOI%) led to significantly decreased yields. The

sealed vessel$ the reaction conditions were refined withCIe"j?neSt conver5|orjza—> 1a(mon'|tored' by HPLC) were
ﬂ(éhleved by exposing the reaction mixture to controlled

respect to the solvent, the type and concentration of t X o .
Pd(0) catalyst, the number of equivalents of the CuTC cgucrowave heating at 130 °C for one hour. Higher reac-

factor, the amount of boranicid, the reaction tempera—t'or.' temperatures rgsultgd in more by-product formation,
ture and irradiation time. Since coordinating solvents su&‘h'le short_e.r reaction times led to mcqmpletg conver-
as DMF are not useful in this protocol,our attention sions. Purification of the cru_de reaction mixture by
focused on the use of THF and dioxane as solvents. In Ilumn ch.romatog.raphy proylded the de.swed DH.PM
hands the highest yields were typically obtained by usi tonela in 86% isolated yield. Comparison studies

anhydrous dioxane as solvent. As far as the Pd catalysyfi"d fraditional heating in an oil bath (reflux, 110 °C) re-

concerned, most of the catalyst/ligand systems reportgHIreOI 12 hours to reach completion an_d pro_vided a 63%
by Liebeskind and Srogl for this and related thio|_solated product yield under otherwise identical reaction

organics—boronic acid cross-couplings [e.g. Pd{RPh conditions.
PdCL(PPHh),, Pd(OACc)/P(t-Bu)s, Pd(dbayPPh,

2 |solated yields of pure product.
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In order to explore the general scope of this novel 5-aroylses commercially available building blocks (aldehydes,

DHPM synthesis a small collection of 12 ketone productsoronic acids, ureas) to generate diversity on the DHPM

was generated, using a combination of the five DHPBcaffold that is otherwise not easily availalflBoth steps

thiol esters2a—e discussed above (Table 1) and fivecan be carried out efficiently throug the use of controlled

boronic acids (see’# Table 2). As can be seen from themicrowave irradiation.

isolated yields presented in Table 2 the reaction is very

general, allowing different substitution patterns on the

DHPM scaffold (R, R?), but also tolerating both electron-Typical Procedure for the Microwave-Assisted TMSCI-

rich and electron-poor aryl boronic acids’\Bs coupling Promoted Biginelli Reaction (Table 1)

partners. Without any further optimization of the reactiom a 10 mL Pyrex microwave process vial, the appropriate aldehyde

conditions, good product yields (61-88%) were obtaing@.5 mmol), urea (1.5 mmol)Sf-ethyl thioacetoacetate (0.5 mmol),

for all cases. and MeCN (0.75 mL) were placed. After the addition of TMSCI
.. (0.5 mmol) the vessel was sealed and subsequently irradiated for 10

Importantly, the completely neutral, base-free conditionsin at 120 °C with magnetic stirring. After cooling to ambient tem-

used here allow total selectivity for the Liebeskind—Sroglerature, the mixture was poured onto crushed ice (10 g) and al-

carbon—carbon bond formation (ketone synthesis), withpwed to stand at r.t. for 18 h. The resulting precipitated solid was

out any Suzuki Coup“ng (blaryl synthe5|s) belng Observéellected by filtration and washed with a cold 11 mixture OfEtOH—

for cases where ‘Suzuki-active’ aryl bromides are incofiz®: Providing the desired DHPM produds-e in 53-90% yield

porated on the scaffold (DHPM$-h).%19 and high purity (>98% by HPLC).

Finally, we were interested in performing LiebeskindFypical Procedure for the Liebeskind—Srogl DHPM Ketone
Srogl-type bis-couplings on a DHPM substrate that cofynthesis (Table 2) _ _ _
tained two independent carbon—sulfur connections. |n%ry microwave process vial was charged with the corresponding

. PM 2 (0.15 mmol), the appropriate boronic acid (0.3 mmol),
recent study, we demonstrated that direct Pd(0)-catalyzed/:~ (0.45 mmol), PAd(OAg)(10 mol%) and PR(20 mol%).

Cu(l)-mediated carbon—carbon cross-coupling of 3,4en the reaction vessel was sealed and flushed with Ar. Through
dihydropyrimidine-2-thiones and boronic acids undehe septum of the microwave vessel, anhyd and degassed dioxane (1
Liebeskind—Srogl conditions leads to 2-aryl-1,4-dihydromL) was added and the mixture was subsequently heated for 1 h at
pyrimidines?3 In order to evaluate the potential to com130 °C using microwave irradiation. After cooling to ambient tem-
bine both carbon—carbon bond-forming events in a onkerature, the solvent was evaporated and the crude mixture diluted
pot reaction, a suitable 2—thioxo—1,2,3,4—tetrahydropyi?—"th EtOAc (50 mL) and extracted with 10% aq N8 x 15 mL).

imidine-5-carboxvlic acid thiol ester was svnthesized and'¢ organic layer was dried over MgsSénd then concentrated
imidine-o- Xyl ! : w y 1z der reduced pressure to afford a semisolid that was subsequently

treated with excess of phenylboronic acid using our stafyiied by silica gel column chromatography, using a 5:1 mixture
dard Liebeskind—Srogl conditions (Scheme 2). In thef CHCl—acetone or CHGHPE eluent. This procedure provides
event, microwave irradiation of a reaction mixture cornthe pure ketonesa- in 61-88% yield. Spectroscopic data @
taining pyrimidine-2-thione thiol est&; 4.0 equivalents CigH:eN,O,, white solid, mp 212-213 °C (fit mp 214-216 °C).

of phenyiboronic acid, 15 mol% of Pd(OAC30 mol% of H NMR (360 MHz, DMSOe,): § = 1.66 (s, 3 H), 5.29 (s, 1 H),

D 5 s o CATC 1 rsions B 2 (150153 S T iy
provided bis-coupling produétin 55% (non-optimized) ., - 353" Al compounds were fully identified by NMR and MS

isolated yield after purification by column chromatogragnaysis.

phy.
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