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ABSTRACT

H Et;N/ Py (1:2),
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c N s MW, 0°C

Optimized conditions for the decoration of the 2(1  H)-pyrazinone scaffold were developed by applying the Chan ~ —Lam protocol. It was demonstrated
that this Cu(ll)-mediated cross-coupling reaction resulted in significantly improved yields and rates when performed under microwave irradiatio n
with simultaneous cooling at 0 °C, applying a mixture of bases Et 3N/pyridine.

The 2(1H)-pyrazinones have received considerable interesttion with acetylenes to generate a number of richly func-
due to their valuable application as scaffolds for the tionalized heterocyclic targets such as pyridines and
generation of a diverse array of biologically interesting pyridinones,a-carbolines ang-carbolinones, (benzo)furo/
compound libraries. Some of the recently developedi{(1  pyrano-pyridines and -pyridinones, and pyrrolopyridin(on)-
pyrazinone-derived molecules show very promising activities es and naphthyridin(on)é®iels—Alder reactions of 2(H)-

as nonnucleoside HIV-1 reverse transcriptase inhibitors pyrazinones with ethylefeafford bicyclic products which
(NNRTIs) (Figure 1) u-opioid receptor agonists,and provide access to various scaffolds of pharmaceutical interest
selective tissue factor Vlla inhibitoPsFurthermore, the  such ass-turn mimics®

2-azadiene system of the pyrazinone skeleton easily under-

goes an inter- and intramolecular hetero-Diefdder reac-
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Recently, our group has developed a microwave-assisted ||| |  EGTNGNGEGEGEEEEEEEEEEEEE

transition-metal-mediated decoration of thel2($pyrazinone Table 1. N-Arylation of Pyrazinonel with Various Boronic
scaffold in solution phase and on solid supgois part of Acids 2a—f

these studies toward the development of new NNRTIs SR
(Figure 1), we started to explore the Cu(ll)-mediated Chan—

H B(OH), |
N. O
Lam cross-coupling reactidfor generating a variety of N1- /[ I /@ N @ Cu(OAC), EtsN NIO
CI” NS 5 i /@
; /[N/ s

\
arylated pyrazinones. However, we found that these reactions R aogatl
were rather sluggish at room temperature, affording the final * ¢
compounds in moderate yields. During the course of our

2a 3af

explorations, we observed that the rate and the yield of these yield (%)*

couplings could be greatly improved when performed under  entry R product 3 b 0 °C, MWe

microwave irradiation in combination with simultaneous

. . L . ) 1 3-CF; a 33 69
cooling at 0°C. In this contribution, we would like to disclose 9 3.CIPh b 75 90
the preliminary results of our investigations. 3 3-BrPh c 36 49
The Chan—Lam cross-coupling classically allows Cu(ll)- 4 3-EtO d 28 64
mediated aryl carbon—heteroatom bond formation via an 5 4-MeO e 44 69
f 64 87

oxidative coupling of arylboronic acids, stannanes, or silox- 6 Ph
anes with amines, alcohols, or thiols and may be conducted aRreactions were run on a 0.21 mmol scale of pyrazinbreith 2.0

at room temperature in air. To evaluate the decoration of eqLuinofC E'O(r:cinig ?Cig,ZZHOC%qgg Ol\f/l \(IZVU(OAzg)atnd 2 eq;l_iv of ElaN irt1 t3h

the N1-position of the 2(H)-pyrazinone scaffold applying maxi?num E)ovzv'errc;f 300 W for lyh; the ltré?npl)eelrlgtrzjrgovr\]/allgurg:zlzu?ed Weith a
the Chanr-Lam protocol, we chose the coupling between fiber optic device inserted into the reaction vessel.

pyrazinonel* and 3-(trifluoromethyl)phenylboronic ackh
(Table 1). Pyrazinon& was chosen as a model because the
thiophenyl group at C3 will allow further decoration of the as focused microwave irradiation (50 W maximum power).
scaffold via substitution, after being activated by oxidation In both cases, when the reaction was carried out at®0

to the corresponding sulforfdn a typical run, a mixture of ~ for 30 s, the same low yield of 36% was obtained. When
pyrazinonel (0.21 mmol), boronic aci@a (2.0 equiv), and the reaction time was increased to 2 min, the yield sharply
Cu(OAc) (2.0 equiv) as catalyst was stirred at room decreased to a mere 16% under conventional heating
temperature using BN (2 equiv) as base in Ci&l,, without conditions and to 19% upon microwave irradiation. Interest-
any precaution to exclude air and moisture. The reaction wasingly, reducing the reaction time to less than 30 s leads to
found to proceed slowly over 12 h affording the N-arylated incomplete conversion of pyrazinofieThese results clearly
product3a in a moderate yield of 33% (Table 1, entry 1). show that, under these reaction conditions, the pro8act
This prompted us to investigate the cross-coupling of is rapidly decomposing after formation, when the reaction
pyrazinonel with a number of differently functionalized s run at elevated temperature.

arylboronic acid2b—f under similar conditions (Table 1, We therefore decided to investigate the reaction upon

entries 2—-6). However, we found that the yields were Ot microwave irradiation with simultaneous cooling. As advo-
satisfactory in most cases, yielding even a mere 28% in the .51eq in the literaturé this should allow for higher levels

case of boronic aci@d (Table 1, entry 4). To improve the ¢ nicrowave energy to be introduced into the reaction
ylglds, we investigated the cross-cc_)upllrjg of pyrazinane mixture, while maintaining the bulk of the material at a
with 3-(tr|fluororrllgthyl)phenyl.borcl)rk]:c §C|12a atd.ellevated I relatively low temperature by cooling the vial with a stream
temperature applying conventional heating conditions as well ¢ compressed air or a microwave transparent cooling liquid.

(4) Kaval, N.; Van der Eycken, J.; Caroen, J.; Dehaen, W.; Strohmeier, TO our knowledge, only a limited number of publications

G. A.; Kappe, C. O.; Van der Eycken, B Comb. Chem2003,5, 560~ dealing with this topic have appeared in the literatire,
568 and references therein. N . )

_(5) Kaval, N.; Dehaen, W.; Kappe, C. O.; Van der Eycken,Cg. describing higher product yields and new pathways compared
Biomol. Chem2004,2, 154—156. with the uncooled experiments. As high temperature seemed
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(7) (a) Kaval, N.; Appukkuttan, P.; Van der Eycken, ETime Chemistry investigate the reaction upon microwave irradiation, keeping

of 2(1H)-pyrazinones in Solution and on Solid Support in Microsva 11 -
Assisted Synthesis of Heterocycles, Topics in Heterocyclic ChenVistny the temperature at 0C.** This should also allow us to

der Eycken, E., Kappe, O., Eds.; Springer-Verlag GmbH, 2006. (b) Kaval, maintain the maximum power input of 300 W during the
N.; Dehaen, W.; Van der Eycken, E. Comb. Chen005,7, 90-95. (c)
Kaval, N.; Ermolat’ev, D.; Appukkuttan, P.; Dehaen, W.; Kappe, C. O;

Van der Eycken, EJ. Comb. Chem2005,7, 490—502. (d) Ermolat’ev, (10) (a) For microwave irradiation with simultaneous cooling, using
D.; Dehaen, W.; Van der Eycken, RSAR Comb. Sck004,23, 915— pressed air, see: Arvela, R. K.; Leadbeater, NOEy. Lett.2005 7, 2101~
918. (e) Kaval, N.; Bisztray, K.; Dehaen, W.; Kappe, C. O.; Van der Eycken, 2104. (b) Chen, J. J.; Deshpande, ST¢trahedron Lett2003,44, 8873—
E. Mol. Diversity 2003,7, 125—133. 8876. (c) Katritzky, A. R.; Zhang, Y.; Singh, S. K.; Steel, PARKIVOC,

(8) (@) Chan, D. M. T.; Monaco, K. L.; Wang, R.-P.; Winters, M. P. 2003 XV, 47-64. (d) For microwave irradiation with simultaneous cooling
Tetrahedron Lett1998,39, 2933—2936. (b) Lam, P. Y. S.; Clark, C. G.;  at low temperature, see: Kurfirstova, J.; Hajek,Rés. Chem. Intermed.
Saubern, S.; Adams, J.; Winters, M. P.; Chan, D. M. T.; Combs, A. 2004,30, 673—681.

Tetrahedron Lett1998,39, 2941—-2944. (c) Ley, S. V.; Thomas, A. W. (11) Experiments were carried out in an open and cooled vial applying
Angew. Chem., Int. EQ2003,42, 5400—5449. a dedicated CEM-Discover-Coolmate monomode microwave apparatus
(9) Ding, S.; Gray, N. S.; Ding, Q.; Wu, X.; Schultz, P. G.Comb. operating at a frequency of 2.45 GHz with continuous irradiation power
Chem.2002,4, 183—186. from 0 to 300 W (CEM Corporation, P.O. Box 200, Matthews, NC 28106).
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full run of the irradiation. To ensure a correct temperature 4—6). On the contrary a high concentration offtwas
measurement, a fiber optic sensor was used. Using the saméound to inhibit the reaction (Table 2, entry 3). To our
reagent ratios and solvent as those for the reactions run asurprise, we found that simultaneous use gNEtnd pyridine
room temperature, we performed the coupling of pyrazinone improved the yield significantly when an equivalent ratio of
1 with arylboronic acid2a—f upon microwave irradiation  1:2 of the respective bases was used (Table 2, entry 8). The
with simultaneous cooling at @C (Table 1, entries 1—6).  success of this mixture of bases could probably be explained
The cross-couplings proceeded smoothly, furnishing thein terms of the different roles of the two bases in the
corresponding N-arylated products in increased yields 6f 49 mechanistic pathway of the reaction. AlthoughNEts a
90%; this is 13-36% higher compared to the conventional better base in capturing the NH-proton and thus promoting
reactions at room temperature. It is noteworthy that the the formation of the Cu(ll) complex of the substrate, pyridine
reactions could be performed using continuously the full could form a complex with the catayst, making it probably
irradiation power of 300 W during the total run, as the high more efficient in the catalytic cycle. It could be reasoned
power level was needed to maintain the temperature’@ 0  that the use of the combination fulfills both aspects and
because of the efficient external cooling. The differences in therefore is a better choice in comparison with their
yield could be attributed to a lower rate of decomposition individual use.
of the compounds when using simultaneous cooling. When the cross-coupling of pyrazinohe&vith boronic acid
Because the literature advocates the significance of the2a was run under conventional conditions at room temper-
base in Cu(ll)-mediated couplings,we investigated the  ature, using the same 1:2 mixture ofsltand pyridine
influence of this parameter on the outcome of the reaction. (applying the same ratios and solvent as those for entry 8,
Thus, the cross-coupling of pyrazinodeand 3-(trifluoro- Table 2), a yield of only 52% was obtained, which is indeed
methyl)phenylboronic aci®a was carried out under the better compared to the 33% yield obtained under conven-
microwave-assisted conditions with simultaneous cooling at tional conditions with EN (2 equiv, same ratios and solvent;
0 °C, switching the base from g to pyridine (Table 2, Table 1, entry 1) but represents a much lower yield than the
93% obtained upon microwave irradiation with simultaneous
_ cooling at 0°C (Table 2, entry 8). Moreover, when this
Table 2. Investigation of the Influence of the Base and the reaction yvas tried at 6C WIthOUF microwave irradiation,
Solvent Applying MW~ Cooling (0°C) Conditions no reactpn was observed. Thls clearly proves that the
increase in yield could be ascribed not only solely to the
use of a mixture of BN and pyridine but also to the
Cu(OAc),, base, application of the technique of microwave irradiation with

CF3

u
N0 FaC B(OH), N.__O ! . ==
JI I O + \© solvent /[ I /@ simultaneous cooling, which is most probably advantageous
Cl N S 0°C, Cl N ) il 13
MW cont. at 300 W for the stability of the formed compouri?h.
1 2 % Altering the solvent from CKCl, to EtOH or MeCN
entry base equiv solvent yield (%) resulted in a retardation of the reaction (Table 2, entries 11
) N s e " and 12). Attempts to improve the yields by prolonging the
3 . 20U12 - . .
9 EtN 30 CH,Cl, 60 reaction time to even 2 h wgrg not effective.
3 EtsN 5.0 CH,Cl, 39 We then explored this optimized prototbior the cross-
4 Py 1.2 CHCly 70 coupling of pyrazinoné with boronic acid2b—f. Strongly
5 Py 5.0 CH,Cly 70 increased yields were observed ranging from 84 to 97%
6 Py 10.0 CH:Cls 68 (Table 3, entries 26). To further investigate the scope and
7 EtzN+Py 141 CH:Cly 72 limitations of our optimized conditions, the coupling of
8 EtsN + Py 1+2 CH,Cl 93 ; : ; ;
pyrazinonel was investigated with the structurally and
9 Et;N + Py 2+1 CH,Cly 67 . ) . : .
10 EtsN + Py 949 CH,Cl, 66 electronically diverse boronic acidg—I (Table 3, entries
1 Et;N + Py 149 EtOH 3gb 7—12). Although the reactions with the 4-phenoxy- and
12 Et:N + Py 149 MeCN 196 2-naphthylboronic acid2i,j worked satisfactorily (Table 3,
a All reactions were run on a 0.21 mmol scale of pyrazinareith 2.0 - -
equiv of 3-(trifluoromethyl)phenylboronic aci®a and 2.0 equiv of (13) A solution of3a (0.13 mmol) in CHCI (2 mL) was brought to 50
Cu(OAc), in 3.0 mL of the appropriate solvent, at @ under MW °C by conventional heating or microwave irradiation (50 W maximum
irradiation continuously at the maximum power of 300 W for 1 fhe power) and checked by TLC after 5 and 60 min; only starting material was
starting material could not be completely reacted, as determined by CI found without any trace of decomposition. To a solutio8a{0.13 mmol)
MS. in CHxCl, (2 mL) were added all reagents as to perform the arylation

according to the procedure described in footnote 14. This mixture was

brought to 50°C by conventional heating or microwave irradiation and

checked by TLC after 5 and 60 min; partial decomposition3afwas

; i ; noticed.

entngs 1 and 4). However, no ;lgnlﬂcant |mprove_ment of (14) To a suspension of pyrazinotd0.05 g, 0.21 mmol) in CkCla (3

the yield was observed. Increasing the concentration of themL) were added boronic acigla—f,ij (0.42 mmol, 2 equiv), Cu(OAg)
ridine had no notable effect on the yield (Table 2, entries (0-076 g, 0.42 mmol, 2 equiv), & (0.025 g, 0.25 mmol, 1 equiv), and

Py y ( pyridine (0.033 g, 0.84 mmol, 2 equiv). The mixture was irradiated°& 0

continuously at the maximum power of 300 W for 1 h. After completion

(12) (a) Wang, Z.; Zhang, Jetrahedron Lett2005,46, 4997—4999. of the reaction, the solvent was removed under reduced pressure and the
(b) Petrassi, H. M.; Sharpless, K. B.; Kelly, J. ®rg. Lett.2001,3, 139— residue was purified by column chromatography [silica gehexane-
142. CH,Cl> (1:1)] to furnish the product8a—f,i,j.
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Table 3. N-Arylation of Pyrazinonel Applying Optimized
MW + Cooling (0°C) Conditions

$r
N O
(X
Cl N S

3a-l

entry boronic acid product yield (%)
1  3-(trifluoromethyl)phenylboronic 3a 93
acid 2a
2 3-chlorophenylboronic acid 2b 3b 97
3  3-bromophenylboronic acid 2¢ 3c 88
4  3-ethoxyphenylboronic acid 2d 3d 84
5  4-methoxyphenylboronic acid 2e 3e 89
6  phenylboronic acid 2f 3f 94
7  2-bromophenylboronic acid 2g 3g traces®
8  2-fluorophenylboronic acid 2h 3h traces®
9  4-phenoxyphenylboronic acid 2i 3i 83
10  2-naphthylboronic acid 2j 3j 91
11  pyridine-4-boronic acid 2k 3k no
reaction®
12 5-methylthiophene-2-boronic acid 21 31 no
reaction®

aReactions were run on a 0.21 mmol scale of pyrazinbnith 2.0

equiv of boronic acid, 2.0 equiv of Cu(OAg)L equiv of E§N, and 2 equiv

of pyridine in 3 mL of CHCl; at 0°C under MW irradiation continuously

at the maximum power of 300 W for 1 h; the temperature was measured
with a fiber optic device inserted into the reaction ves%&letermined by

CI—-MS. ¢ Starting material was recovered.

entries 9 and 10), only trace amounts of the desired

This can presumably be attributed to the steric hindrance
caused by the ortho substituents present in the boronic acids
2g,h. Cross-coupling of the heterocyclic boronic acké

met with failure (Table 3, entries 11 and 12).

In conclusion, we have developed an optimized protocol
for the decoration of the 2H)-pyrazinone scaffold at
position N1 via Cu(ll)-mediated cross-coupling. The reac-
tions were performed at 0C upon microwave irradiation
under simultaneous cooling. Even though these cross-
coupling reactions furnished only moderate yields under
conventional conditions at room temperature, the new
protocol was found to be highly beneficial in promoting the
cross-couplings as well as in preventing the decomposition
of the compounds observed during heating experiments. The
choice of the base seems to play an important role. The
investigation of the scope and limitations of this cross-
coupling protocol is under current investigation.
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