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A general demonstration of orthogonal selectivity of the Liebeskind—Srogl cross-coupling protocol compared to the Suzuki—Miyaura and Stille
variants is reported.

Heterocyclic structures have long been important to the for traditional analogue synthesis and may have application
pharmaceutical industry. In recent years, heterocycles haveto parallel methodologies. This strategy can be envisioned
been successfully utilized as scaffold systems for lead as a combination of “graded functionality” and “orthogonal
discovery and prospecting for biological activities via the reactivity”* For selectivity, it relies upon the mechanistic
combinatorial and parallel medicinal chemistry formats differences between the Suzuk¥iyaure® and Stillé cross-
heterocycles can often be considered “condensed, confor-coupling of halides compared to the Liebeskifogl
mationally constrained” derivatives of amino acids, they are protocol for thioorganics.
ideal central platforms for the generation of peptide sur- Pyrimidinone scaffoldt was readily prepared from com-
rogates. These systems can be designed to spatially display mercially available thiouracil in three steps. Conversion
remnants of peptide secondary structure and side-chain
functionality to enable the preferred ligantsceptor con- oo 10N D A Bouie, & 1. syt . G Rey2003 102
formational ensemble in concordance with the strategic Krchnak, V.; Holladay, M. WChem Re2002,102, 61. Franzen, R. G.
movement from peptides to peptidomimetics possessing theCOFQ;JLngETJz.OGO?;'éérltlge%, b AJ. Comb. Chenr2003,5, 276, Ripka, A.
required pharmacokinetic characterisfics. S.: Rich, D. H.Curr. Opin. Chem. Biol1998,2, 441.

Herein, we report a modular synthesis of highly function-  (3) Bursavich, M. G.; Rich, D. HJ. Med. Chem2002,45, 541.
alized pyrimidinone heterocycles that has proven efficient ref(e4r)eﬁ(?eecljlYcict:é;d?rl:g‘raéin.s- F.Curr. Opin. Chem. Biol1999,3, 299 and

(5) Suzuki, A.Pure Appl. Chem1994,66, 213. Suzuki, A.; Miyaura,

TEmory University. N. Chem. Rev1995,95, 2457.
* Pfizer Global Research and Development. (6) Stille, J. K.Pure Appl. Chem1985,57, 1771.
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to thioether2 by reaction with sodium hydroxide and methyl
iodide followed by bromination afforded the known com-
pound 5-bromo-2-methylthiouraciB)® Synthesis o#t was
accomplished by regioselective N-alkylation widrt-butyl

bromoacetate as described in Scheme 1. It is important to
emphasize the simplicity of this rapid large scale assembly

of a heterocyclic scaffold with three orthogonal points of
reactivity.

Table 1 depicts the isolated and purified yiéldsstandard
Suzuki-Miyaura and Stille couplings at the bromide position

of 4. In all cases, the principal product observed by analysis

of the crude LCMS was formed via the desired bromide
cross-coupling reaction. No lone cross-coupling at the

thiomethyl center was detected, and only traces of double
coupling products were observed. In some cases (entries 1

and 2), anhydrous conditions with £0; afforded accept-

Table 1. Suzuki and Stille Couplings of Scaffoldi

able results. In reactions for which conversions were under 8

75% using Cg£C0; as base (entries 37), aqueous carbonate
conditions proved very effective for acceleration of the
transmetalation step. The Stille variants (entried.8) were

somewhat sluggish compared to the Suzuki cases and
required higher temperatures and additional catalyst to

proceed to completion. Still, under these more stringent

conditions, good conversions and excellent selectivities were

observed.

Table 2 depicts the isolated and purified yi€ldfselective
cross-couplings at the thiomethyl positiordah the presence
of the Suzuki- and Stille-active bromide. This unique
selectivity is effected by the use of a Cu(l) carboxylate as a
metal cofactor of higher thiophilicity than the Pd catal{st.
In addition to facilitating transmetalation from boron or tin

(7) (a) Heteroarylthioethers: Liebeskind, L. S.; Srogl, JOgg. Lett.
2002,4, 979. Egi, M. Liebeskind, L. Srg. Lett.2003,5, 801. Alphonse,
F.-A.; Suzenet, F.; Keromnes, A.; Lebret, B.; Guillaumet,@g. Lett.
2003,5, 803. For other thioorganic cross-couplings, see: Savarin, C.; Srogl,
J.; Liebeskind, L. SOrg. Lett.2001,3 (1), 91. Savarin, C.; Liebeskind, L.
S. Org. Lett. 2001, 3 (14), 2149. Srogl, J.; Liebeskind, L. ®rg. Lett.
2002,4 (6), 979. Kusturin, C. L.; Liebeskind, L. S.; Neumann, W.Qrg.
Lett.2002,4 (6), 983. Liebeskind, L. S.; Srogl, J.; Savarin, C.; Polanco, C.
Pure Appl. Chem2002,74 (1), 115. Egi, M.; Wittenberg, R.; Srogl, J.;
Liebeskind, L. SOrg. Lett.2003, in press.

(8) Barrett, H. W.; Goodman, I. Dittmer, KI. Am. Chem. Sod.948,
70, 1753.

(9) Unoptimized.
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to the—Pd—SMe bond,the results reported herein suggest
that interaction of the soft sulfur atom with the soft Cu(l)
metal facilitates selective oxidative addition at the thiomethyl
center through direct polarization of the-S bond and/or
through coordination of the adjacent pyrimidine nitrodg&n.
An elegant study reported by Jacobi, which supports this
hypothesis, details the activation of a methylthioimidateSC
bond for oxidative addition to Pd(0) by Lewis acid coordina-
tion of the imidate nitrogen. The study also found that direct

(10) An alternative explanation of the unique selectivity requires rapid
and reversible oxidative addition to both the-Br and C-SMe bonds
followed by highly selective Cu(l) carboxylate activation of transmetalation
at the C—Pd—SMe center under these nonbasic conditions.
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s By proceeding under nonbasic conditions, the Liebeskind

Table 2. Liebeskind—Srogl Couplings of Scaffolt Srogl cross-coupling is distinguished from the Suzuki reac-
tion, which requires a base or fluoride additive to activate

SCH, Ar- B(OH)Z N__ Ar . .
Y [ transmetalatiof. Furthermore, it is suggested by the ac-
Ar- Sn(n Bu); N .
;\ —raer Br J\ J< cumulated results that the Cu(l) carboxylate not only activates
)< THF or Dioxane ¢ o0 the carbon—sulfur bond for oxidative addition, but also
55-60°C & activates transmetalation by coordinative delivery of the
CuMeSal or CuTC . .
— carboxylate to the trivalent boron atofhFor the boronic
boronic acid”® or Cu(l) Product 6 % . . . .
stannane carboxylate acid cases (entries 1—7), all reactions afforded very high
conversions to the desired thiomethyl cross-coupling products
1 HaCOOB(OH)Z CuTC oct, 71 (often >85% purities were observed by direct analysis of
(1.5eq) IN\NY@ the crude LCMS traces). In all cases, less than 10% Suzuki
T )% P coupling was detected, which was presumed to occur after
<2 2 A the thiomethyl coupling reaction was compléte.
2 CuTC Y : © 74 Remarkably, for the organostannane cases (entrid9g—
OB@HH (1.5eq) Tk 6b which generally do not require an additive for transmetala-
tion, very high selectivity for thiomethyl cross-coupling was
3 Jé}m”)z CuTC . YQY‘V still observed. These results are a further testament to the
(1.5 ¢q) ) 69 ability of the Cu(l) carboxylate tswitchon catalysis at the
6¢ carbon—sulfur center. As was the case for the Suzuki
. CuTC Miyaura and Stille reactions demonstrated in Table 1, a wide
>_©_B(OH)2 a ge B range of functionality is compatible with the Liebeskind
Seq) . &N 66 : ) : .
I O;\o K 6d Srogl protocol as evident by the variety of substituted boronic
acids and stannanes exemplified in Table 2. A particular
5 @ noteworthy example is that of entry 7. Not only does cross-
@ CuTC 59 coupling occur selectively at the thiomethyl center but also
(1.5 eq) X generates a molecule with two differentially reactive bro-
mides.
{ )—sioH CuMeSal YQ - To fully |II_ustrate the switchable selectlylty and iterative
(2.2 eq) nature of this carbon—carbon bond forming chemistry, the
DY rapid assembly of compoun8 with three new points of
diversity is presented in Scheme 2. In this sequence, product
7 Br CuTC . YQ 6g was selected for by employing the previously described
GB(OH)z (1.5 eq) . ﬁf\N * 7 Cu(l) cofactor to activate the carbesulfur bond. By
oolok 6g substituting a base (N@G;) in place of the Cu(l) carboxy-
late, selective SuzukiMiyaura coupling chemistry can now
8§ Q CuMeSal O ; ; _ i
@_SMB% 2.2 Q) s - be syynched onat the more reactive 5 bromopyr|m|d|n9ne
. N)\ position. Thus, cross-coupling &g with 4-acetylboronic
g 0J< 6h acid afforded compound in 78% yield. The sequence can
of s CuMeSal . also be reversed by conducting the SuztMiyaura coupling
MS”(B“” (‘21 ZZq? N D g9° first. As described in Table 1 (entry 4), 4-acetylphenylboronic
o “;\ acid was coupled selectively at the bromide position using
%0 0J< 6i basic conditions to afford compousd. Intermediatéd was
0 N CuMeSal . then converted to compound by cross-coupling with
P )eon: (‘zl.ziq‘; e 47 3-bromophenylboronic acid in the presence of CuMé&al.
&J/YN Final Suzuki-Miyaura coupling with an olefinic boronic acid
J\ X 6j at the remaining 3-bromophenyl position afforded function-

. o . o
a29% catalyst? THF solvent/54C. ¢ Dioxane solvent/54C. 9 Dioxane alized pyrimidinone exgmple in 91% yl_eld'

solvent/80°C. € 10% catalyst. In summary, the design and synthesis of an orthogonally

functionalized pyrimidinone systert has been reported.

coordination of the sulfur with Zn is also effective at Using this system, we have demonstrated the selective nature

promoting Pd(0) oxidative additiott. Thus, in the pres-

ence of CuTC or CuMeSat, substrate4 undergoes selec- (12) CuTC= copper(l) thiophene-2-carboxylate. CuMeSatopper(l)
' 3-methylsalicylate.

tive Pd-catalyzed thiomethyl cross-coupling with boronic ~ (13) There was no evidence of bromide cross-coupling products in these
acids and organostannanes in the presence of the bromideeactions in the absence of thiomethyl coupling. Only small amounts of

double couplings could be detected as side products even though in most
which participated in standard coupling reactions shown in . ccc’1 52 o equiv of boronic acid was used.

Table 1. (14) This not only demonstrates the full selectivity of the coupling
methods but provides chemical correlation of produetith regard to the
(11) Ghosh, I.; Jacobi, P. Al. Org. Chem2002,67, 9304. differential reactivity of each bromide ifg.
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