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Palladium-catalyzed site-selective cross-coupling reactions of 3-bromo-4-trifloxycoumarin or 3-bromo-
4-tosyloxycoumarin provide an efficient and facile route for the synthesis of 3,4-disubstituted coumarins,

which include 3,4-diarylcoumarins, 3-amino-4-arylcoumarins, and 3-aryl-4-aminocoumarins. The order
of reactivity of the (pseudo)halide substituents in the coumarins was found to be #-@'Bfr > 4-OTs.

Introduction

The prominence of coumarin in natural products and biologi-
cally active moleculéshas promoted considerable efforts toward
their synthesis. As a “privileged” scaffold, coumarins show
interesting biological properties, especially for their anti-HIV
and antibiotic activitied. For example, Novobiocin is a cou-
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marin-derived antibiotic used as a competitive inhibitor of the
bacterial ATP binding gyrase B subunit, blocking the negative
supercoiling of relaxed DNA2¢ Lamellarin is utilized as a
selective inhibitor of HIV-1 integras®. Recently, we also
discovered that 4-substituted coumarins showed good anti-HCV
activity 3 The discovery of promising lead antivirus compounds
and their moderate activity warranted the development of
efficient and rapid syntheses and evaluations of analogous
structures in the search for better inhibitors. Thus, we initiated
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of a variety of 3,4-disubstituted coumarins by using the

R! palladium-catalyzed coupling daf-iodophenols with internal
X alkynes and carbon monoxide. When a series of phenylalky-
R—: lacetylenes was employed in the reaction, mixtures of regioi-
= somers were obtained in all cases with modest regioselectivity.
O O Thus, it is of great interest to develop general protocols for the
FIGURE 1. Diversified coumarins. synthesis of 3,4-disubstituted coumarins under mild reaction
conditions.

a program to develop efficient methods for the synthesis of _ Transition-metal-catalyzed cross-coupling reactions with mul-
diversified coumarin molecules (Figure 1), with the hope of tifunctional substrates which proceed stepwise and display site-

finding more active hits or leads for our particular biological Selectivity are particularly attractive for synthetic chemists.
assays. Diversified structures, often containing bioactive scaffolds, could

JPe generated via successive introduction of various substituents
in specific positions of the molecular skeleton. A number of
gompounds bearing two or more leaving groups, especially

Although there are classical methods, such as the Perkin an
Pechman reactiorfsfor the synthesis of a wide variety of
substituted coumarins, these methods often require the use of”; : i
strong acids and high temperatures. The scope of thesed_lhaloheteroarenee,, have proven to be suitable partners fer this
transformations is therefore somewhat limited. Recent researchind OT transfor_rr)atlor'?.lnsplred by the recent. advances of site-
has centered on the use of palladium-catalyzeeCCbond selective transition-metal-catalyzed dicoupling reactfnse
formation leading to the 3- or 4-substituted coumaFiasd the conceived that the synthesis of differentially 3,4-disubstituted

number of transition-metal-catalyzed approaches for accessingceumarins could be achieved via Pd-catalyzed regioselective

coumarins is increasirfgjHowever, most of these approaches .crossl,l-.couF%Iingd r;actions. Thﬁ key stejp in our .progr?n;] is
are focused on monosubstituted coumarins. Only limited ap- INStalling R and K groups to the C-4 and C-3 positions of the

plications of transition-metal-catalyzed reactions for the syn- coumarin scaffold. By attaching leaving groups of different
.reactivities to the electronically different C-3 and C-4 positions,

thesis of 3,4-disubstituted coumarins have been reported; ; . . .
however, these impose restrictions upon substituent diversitthO substltu.ents were expected to be suceesswely.ln.stalled into
the coumarin moiety. This controllable site-selectivity comes

and also suffer from regioselectivity problefmBor example, . . )
Larocki reported a novel synthetic method for the synthesis O™ the chemoselectivity. We envisioned this strategy should
be particularly useful for the facile and concise synthesis of
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SCHEME 1. Synthesis of 3-Bromo-4-trifloxycoumarin 2a or 3-Bromo-4-tosyloxycoumarin 3a from 4-Hydroxycoumarin

oTf OH OTs
mBr 1. NBS, Mg(ClOy), in 1. NBS, Mg(ClOy), Cji[\ Br
o g 2 Th0, EtN o g 2 TsCl, EtN oo
2a 1a 3a
TABLE 1. Monocoupling of 2a with 4-Methoxyphenylboronic SCHEME 2. Synthesis of 3-Bromo-4-arylcoumarin 4

Acid? ]

R
Pd(PhCN),Cl, Br
5 mol?
OMe RI-BOH): Ifl o ::1) OH @ﬁi
T aHCO3, Me
't 0 N r.t.,, 15-30 min (S
-8 [Pd] (5 mol%) 4
¥ b se, MeOH N
a
(O 0] OMe

B(OH) r.t., 15 min 0 0
: C
OMe
entry catalyst base yield (%) B
Pd(OAc) K2HPOy+3H,0 72 O o X0
Pd(OAc) KoHPOy:3H0 ¢
Pd(OAc) KoHP Oy 3H,O 68! 4a: 98% yield 4b: 67% yield 4c: 88% yield
Pd(PhCN)CI, KoHPOy:3H,0 75
Pd(PhCNYCI, KF-2H,0O 30 OCF, CO,Me

OCO~NOOTAWNE

Pd(PhCN)Cl, KsPOy 40
Pd(PhCN)CI, NaCOs 85
Pd(PhCN)ClI, NaHCGy 98
Pd(PhCN)Cl, K2COs 38
10 Pd(PhCN)CI, CsOAc 63
aReaction conditions: substrate (0.30 mmol), arylboronic acid (1.1 o X0 o o 0 X0

equiv), [Pd] (5 mol %), methanol (2.0 mL), base (3.0 equiv), rt, 15 min.
b|solated yield.c With 10 mol % of PCy. At 0 °C, 3 h. 4d: 96% yield 4e: 66% yield 4f: 77% yield

yield), although combined with a small amount of bis-arylated
product as a slight excess of the boronic acid was needed to
ensure complete conversion of starting mate?al(Table 1,
entry 1). This result established that the coupling reaction
proceeds essentially at C-4 rather than at C-3. The yielthof
could not be improved by the addition of a phosphine ligand or
changing reaction temperature (Table 1, entries 2 and 3). To
our delight, excellent yield was obtained when Pd(PhCii}

was employed as a catalyst and NaHG@as used as a base
(Table 1, entry 8, 98% vyield).

To demonstrate the generality of this strategy, the method
was applied to other arylboronic acids. Remarkably, both
electron-rich and electron-poor arylboronic acids are suitable
reactivity of the vinyl trifloxy group is favored over vinyl partners in this process, affording the corresponding monosub-

bromide in cross-coupling reactiotfand we reasoned that the ~ Stituted products in good to excellent yields (Scheme 2).
electron-withdrawing property of the ester group in compound 10 further diversify the monocoupled coumarins, we then
2a may also facilitate the oxidative addition step of the C-4 €xplored the reactivity of the remaining bromide atom at the
trifloxy group. As expected, we observed the formation of the C-3 position. After screening, Pd(OAcjvas found to be the
4-arylcoumarin4a as the only monocoupled product (72% best catalyst, and #&iPC,-3H,0 was the choice of base. The
corresponding disubstituted products were afforded in good to
excellent yields by using tricyclohexylphosphine as the ligand

hydroxycoumarin could be generated by treatment of 4-hy-
droxycoumarin with NBS/Mg(CI@),. Further treatment with
Tf,0 or TsCl in the presence of base afforded the 3-bromo-4-
trifloxycoumarin 2a or 3-bromo-4-tosyloxycoumarida, re-
spectively (Scheme 1).

Among transition-metal-catalyzed cross-coupling reactions,
the Suzuki-Miyaura coupling is probably most widely used in
both the laboratory and industry, due to the great functional
group tolerance of this transformation and the innocuous nature
of boronic acids, which are generally nontoxic and thermally,
air, and moisture stabfé.Thus, initial studies were carried out
for the palladium-catalyzed reaction of 3-bromo-4-trifloxycou-
marin 2a with 4-methoxyphenylboronic acid (Table 1). The

(10) Yang, D.; Yan, Y.-L.; Lui, B.J. Org. Chem2002 67, 7429.

(11) For recent reviews, see: (a) Miyaura, Tap. Curr. Chem2002 at 60°C (Table 2). It was found that electron-withdrawing as
219 11. (b) Suzuki, AJ. Organomet. Chenl999 576, 147. (c) Littke, A. well as electron-donating substituents attached on arylboronic
F.; Fu, G. C.Angew. Chemlnt. Ed. 2002 41, 4176. acids are tolerated under these conditions. The success of this

(12) For selected examples, see: (a) De Meijere, A.; DiederidWiekal- . .
Catalyzed Cross-Coupling Reactiongnd ed.. John Wiley & Sons: ~ Method opens a new access to unsymmetrically bis-arylated

Weinheim, Germany, 2004. (b) Lesuisse, D.; Albert, E.; Bouchoux, F.; coumarins.

Cerede, E.; Lefrancois, J.; Levif, M.; Tessier, S.; Trica, B.; Teutscha. G. ; i ; ;
Bioorg. Med. Chem. Let2001, 1709. (c) Echavarren, A. M.. Stille, J. K. Symmetrically 3,4-diarylated coumarins can also be directly
J. Am. Chem. Sod987, 109, 5478. (d) Chan, D. C. M.; Fu, H.; Forsch, R.  generated under suitable conditions. For example, by increasing
A Quet;ner. S. F.; Rosowsky, A]H Mlead. Chem2005h48, 4420. (e) the amount of arylboronic acid to 3.0 equiv compared to
Vorogushin, A. V.; Huang, X.; Buchwald, S. U. Am. Chem. So2005 ; _ _A-tri i

127, 8146. (f) Spivey, A. C.; Zhu, F.; Mitchell, M. B.; Davey, S. G.; Jarvest, substrate, reaction Of. s brqmo 4-trifloxycoumarita with .

R. L. J. Org. Chem2003 68, 7379. (g) Wu, X.; Nilsson, P.; Larhed, M. 4-methoxyphenylboronic acid leads to the corresponding

J. Org. Chem2005 70, 346. symmetrically 3,4-diarylated coumarbe in 81% yield. This
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TABLE 2. Cross-Coupling Reaction of 4 with Arylboronic Acids?

R1 R1

(Br Pd(OAc), (5 mol%) (R
o0 Yo o0 Yo

PCy3 (10 mol%)

KoHPO#3H,0, MeOH
60 °C, 30-60 min

+

R2-B(OH),

4 5
entry substratd R? products yield (%)
1 4a 4-MeOGH4 5a 98
2 4a 4-CROCsHa 5b 96
3 4a 4-MeGsHa 5c 92
4 4a CaHs 5d 83
5 4a 4-NOCeH4 5e 46
6 4a 4-MeO,CCsH4 5f 68
7 4c C5H5 59 94
8 4c 4-MeOGH4 5h 96
9 4e 4-MeOGH4 5i 81
10 Af 4-MeOGH4 5j 83

aReaction conditions: substrate (0.30 mmol), arylboronic acid (1.5
equiv), Pd(OAc) (5 mol %), PCy (10 mol %), KkHPO,-3H,0 (3.0 equiv),
methanol (2.0 mL), 60C, 0.5-1.0 h.?Isolated yield.

SCHEME 3. Synthesis of 3,4-Diarylcoumarin 5 or 6

OTf R!
Br Pd(OAc), (5 mol%) R
A P 1 19 A
+  R-B(OH), Cy3 (10 mol%)
. KoHPO£#3H,0, MeOH
o0 30equiv. e Oé, 30-60 min o0
2a 50r6

6b, 76% yield

6c, 81% yield

protocol proved to be very useful for a range of arylbor-
onic acids, affording the desired products in good yields
(Scheme 3).

Toward the goal of a diversified library of coumarins,
different consecutive transformations were expected to furnish
coumarin derivatives of more molecular complexity. However,
in some cases initial functionalization at C-3 of the coumarin
nucleus is required. That means a C-3/C-4 reaction order. Suc
a reverse site-selectivity in favor of the less electron-deficient
position may be expected if a newly introduced leaving group

deactivates the usual preference for C-4 regioselectivity. Con-

sidering the inert reactivity of tosylate over bromide in Suzuki
Miyaura cross-coupling reactiod%!* we hypothesized that a
tosyloxy group at the C-4 position of the coumarin core would
decrease the reactivity of this more electron-deficient position,
and that the site-selectivity may even be redirected to the C-

(13) For examples, see: (a) Tang, Z.-Y.; Hu, Q3SAm. Chem. Soc.
2004 126, 3058. (b) Nguyen, H. N.; Huang, X.; Buchwald, S.1.Am.
Chem. Soc2003 125, 11818.
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position. Tosylate was also selected because 3-bromo-4-tosy-
loxycoumarin3a could be easily accessed as described previ-

ously, and has the additional benefit of being more stable than
3-bromo-4-trifloxycoumarirRa.

To explore the possibility of C-3/C-4 selectivity, we again
choose arylboronic acid as the reaction partner (screening results
are shown in Table 3). Treatment of 3-bromo-4-tosyloxycou-
marin 3a with 2-methoxyphenylboronic acid under modified
conditions from Scheme 2 did afford the desired C-3 mono-
coupled producfain 9% yield (Table 3, entry 4). Encouraged
by this result, reaction conditions were systematically investi-
gated. It was noted that Pd(0) catalysts and phosphine ligand-
containing palladium complexes improved the yield 7d
dramatically (Table 3, entries—36). In conjunction with Pd-
(PPh)4, NaHCG was the best base after screening (Table 3,
entry 14). Sterically hindered electron-rich phosphine ligands
were found to be somewhat beneficial to this transformation
(Table 3, entries 1524), and 62% vyield of producta was
generated when P(2,6-dimethoxyphegyl)as utilized as the
ligand (Table 3, entry 22). The THF/® cosolvent remained
the one of choice. Meanwhile, it was found that water was
crucial to the reaction with only a trace amount of product was
detected in the absence of water. Increasing the amount of
2-methoxyphenylboronic acid (1.5 equiv) reducéd yield
(47%) as the excess boronic acid facilitated the generation of
disubstituted product (result not shown in Table 3).

The optimized conditions showed that the coupling reaction
proceeded essentially at the C-3 position. Thus, reverse site-
selectivity was displayed by replacing the trifloxy group with a
tosyloxy group at the C-4 position of the coumarin scaffold.
Selectivity of C-3 to C-4 substitution would be helpful at this
point. Modulation of site-selectivity based on this strategy is
of great significance since more complexity can now be
introduced. The generality of this new protocol was thus further
investigated (Table 4). As shown, in most of cases, different
substituted arylboronic acids furnished the corresponding
3-monoarylated products in moderate to good yields. Better
results were observed when arylboronic acids bearing electron-
donation groups were utilized. For instance, compo®ad
reacted with 4-methoxyphenylboronic acid, leading to the
desired productein 75% vyield (Table 4, entry 5), while 24%
yield of product7f was afforded when 4-(methoxycarbonyl)-
phenylboronic acid was employed in the reaction (Table 4, entry
6). These conditions also proved to be useful for fluoro-
substituted coumarin derivativgb as well (entries 7 and 8).

As the remaining tosyloxy group at the C-4 position of
compound¢ is in principle coupling with another arylboronic
acid, the 3-monoarylated coumarins could be further elaborated
to unsymmetrically diarylated coumarin derivatives. To our
delight, this protocol proceeded successfully under the conditions

hshown in Table 2, although a slightly longer reaction time was

needed (Table 5). The reactions of various arylboronic acids
with different 3-monoarylated coumarins occurred smoothly,
leading to the corresponding 3,4-disubstituted coumarins in
excellent yields. For example, 4-(trifluoromethoxy)phenylbo-

(14) For examples, see: (a) Santana, L.; Uriarte, E.; Gonzalez-Diaz, H.;
Zagotto, G.; Soto-Otero, R.; Mendez-Alvarez,JEMed. Chem2006 49,
1149. (b) Rivkin, A.; Adams, BTetrahedron Lett2006 47, 2395. (c)

3 Yamaguchi, T.; Fukuda, T.; Ishibashi, F.; lwao, Wetrahedron Lett2006

47, 3755 and references cited therein. (d) Gellert, M.; O’'Dea, M. H.; Itoh,
T.; Tomizawa, J. IProc. Natl. Acad. Sci. U.S.A976 73, 4474. (e) Pereira,

N. A.; Pereira, B. M. R.; Celia do Nascimento, M.; Parente, J. P.; Mors,
W. B. Planta Med.1994 60, 99. (f) Levine, C.; Hiasa, H.; Marians, K. J.
Biochim. Biophys. Actd998 29.
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TABLE 3. Conditions Screened for Monocoupling of 3-Bromo-4-tosyloxycoumarin 3a with 2-Methoxyphenylboronic Acitl

OTs B(OH), OTs O
: \)\/\ ;Br i _OMe [Pd] (5 mol%), Ligand O AN
+ N
o o Base (1.0 M in water) o o OMe

Solvent, 60 °C, 24 h

3a Ta
Entry [Pd] (5 mol%) Ligand (10 mol%) Base Solvent Yield (%)

1 Pd(PPhs), - CsF THF 48
2 Pdx(dba)s - CsF THF 27
3 Pd(PPhs),Cl - CsF THF 22
4 Pd(PhCN)Cl, - CsF THF 9

5 Pd(OAc), - CsF THF trace
6  Pd(dpphHCl - CsF THF 38
7 Pd(PPhs)4 - Na,COs3 THF 38
8 Pd(PPhs)4 - K,CO3 THF 43
9 Pd(PPh;), - Cs,CO; THF 46
10 Pd(PPhs), - KF THF 21
11 Pd(PPhs)s - NaOH THF NR
12 Pd(PPh;), - K>HPO, THF trace
13 Pd(PPhs), - K3PO4 THF 33
14 Pd(PPhs)4 - NaHCOs3 THF 50
15 Pd(PPhs)4 PCys NaHCOs3 THF 42
16 Pd(PPhs)4 PPh; NaHCOs3 THF 29
17 Pd(PPhs), dppp NaHCO; THF 19
18 Pd(PPhs), dppf NaHCO3 THF trace
19 Pd(PPhs), P'Bu, NaHCO3 THF trace
20 Pd(PPhs)4 PCy, NaHCOs3 THF 47
21 Pd(PPhs), P(o-tol)s NaHCO3 THF 59
22 Pd(PPhs)4 P(2,6-dimethoxyphenyl); NaHCO; THF 62
23 Pd(PPhs)4 NaHCO; THF 27

e
PPh,  PPh,

24 Pd(PPhy), P(2-furyl); NaHCO; THF 27
25 Pd(PPhs)4 P(2,6-dimethoxyphenyl); NaHCO; MeCN trace
26 Pd(PPhs)4 P(2,6-dimethoxyphenyl); NaHCO; toluene 20
27 Pd(PPhs)s  P(2,6-dimethoxyphenyl); NaHCO; DCE 49
28 Pd(PPhs)4 P(2,6-dimethoxyphenyl); NaHCO; dioxane trace
29 Pd(PPh;), P(2,6-dimethoxyphenyl); NaHCO; PrOH trace

aReaction conditions: substrate (0.30 mmol), arylboronic acid (1.1 equiv), [Pd] catalyst (5 mol %), ligand (10 mol %), solvent (2.0 mL), bas&,(4.0 equi
1.0 M in H,0), 60°C, 24 h.?Isolated yield.
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TABLE 4. Monocoupling of 3-Bromo-4-tosyloxycoumarin 3 with Arylboronic Acid?
OTs OTs

Br Pd(PPh3), (5 mol%) Rl
R A + R-B(OH), P(2,6-dimethoxyphenyl)s (10 mol%) R X
Ao X0 NaHCO; (1.0 M in water) A o X0

THF, 60 °C, 24 h

3a:R=H 7
3b: R=6-F
entry substrate R product yield (%)

1 3a 2-MeOGH4 7a 62
2 3a 4-CR0CsH4 b 70
3 3a 4-MeGgHgy 7c 42
4 3a CeHs 7d 54
5 3a 4-MeOGH4 Te 75
6 3a 4-MeO,CCsHa 7f 24
7 3b 4-MeOGH4 79 48
8 3b 2-MeOGH4 7h 32

aReaction conditions: substrate (0.30 mmol), arylboronic acid (1.1 equiv), Pg¢RBmol %), P(2,6-dimethoxyphenygl{10 mol %), THF (2.0 mL),
NaHCGQ; (4.0 equiv, 1.0 M in HO), 60°C, 24 h.?Isolated yield.

TABLE 5. Second Monocoupling of Compound 7 with SCHEME 4. Synthesis of 3,4-Diarylcoumarin 5 or 6
Arylboronic Acids @ oT ’
s Pd(0AG), (5 mol%) R ]
2
OTs o PA(OAC), (5 mol%) R o ©5\IBF + R-BOH), PCys (10 mol%) ©\)IR
X ) PCy; (10 mol%) X K HPO4#3H,0, MeOH
+ REBOM), — e o "0 3.0 equiv. 60 °C, 1-5h oo
[ONe} ! 0~ o
KoHPO43H,0
7 1-5h 50r6
entry substrate R product yield (%)
1 Te 4-MeOGH4 5a 92
2 e 4-CROCsH4 5k 99
3 7e 4-MeGsH4 5l 93
4 Te CsHs 5f 94
5 Te 4-MeO,CCsHa4 5j 74
6 7c 4-MeGsHa 6a 92
7 7c 4-MeOGH4 5c 93

aReaction conditions: substrate (0.30 mmol), arylboronic acid
(1.5 equiv), Pd(OAg) (5 mol %), PCy (10 mol %), KkHPOs3H,0 (3.0
equiv., methanol (2.0 mL), 66C, 1-5 h.?Isolated yield.

ronic acid coupled with compounte gave the producbg in
almost quantitative yield (Table 5, entry 2). Reaction of
compoundrewith 4-(methoxycarbonyl)phenylboronic acid also

) . : 6b, 98% yield 6c, 56% vield
gave the corresponding produsf in 74% vyield (Table 5, ye ¢ ve
entry 5). SCHEME 5. One-Pot Synthesis of Bis-Arylated Coumarins
Similarly, symmetrically 3,4-diarylated coumariris or 6 OMe

could be generated under the conditions shown in Scheme 3,
from the reactions of 3-bromo-4-tosyloxycoumaBa with

oTf 1. Pd(PhCN),Cl, (5%)
Br 4-methoxyphenylboronic acid

arylboronic acid (3.0 equiv). Again, excellent yields were x NaHCOs, methanol, r.t
observed for this kind of transformation when arylboronic acids D g—(triﬂporon;ethoxy)phenyl—
bearing electron-donation groups were used (Scheme 4). Inferior oronic act
results was displayed in the presence of 4-(methoxycarbonyl)- 1. P4(PPh
. . - . 3)4

phenylboronic acid (56% vyield). P(2,6-dioxymethylphenyl);

We also tried the one-pot synthesis of the 3,4-disubstituted OTs ﬁ;ﬂ‘g%‘;r?{‘,'j B o)
coumarins from 3-bromo-4-trifloxycoumarRe or 3-bromo-4- X B THF,60C
tosyloxycoumarin3a (Scheme 5). For example, reaction of N 2. 4-methoxyphenylboronic @)
3-bromo-4-trifloxycoumarira with 4-methoxyphenylboronic 3a acid

acid and 4-(trifluoromethoxy)phenylboronic acid subsequently
afforded the desire produb in 16% vyield (Scheme 5, eq 1).
However, only a trace amount of prodittwas detected when  Hartwig amination of bromine derivativéc with p-anisidine
3-bromo-4-tosyloxycoumariBa was utilized as the substrate in the presence of R@bal and Xantphos provided the
(Scheme 5, eq 2). corresponding 3-amino-4-aryl couma#iin 74% yield (Scheme
Armed with this encouraging strategy of tunable site-selective 6, eq 1). While the 3-aminocoumarin core is a ubiquitous subunit
dicouplings, we briefly explored the synthetic application of in many natural products with remarkable biological activittes,
this work for diversified coumarins. For example, Buchwald  the 4-aminocoumarin scaffold is extensively incorporated in

7284 J. Org. Chem.Vol. 72, No. 19, 2007
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SCHEME 6. Synthesis of 3-Amino-4-arylcoumarin or
3-Aryl-4-aminocoumarin

OOCL

sz(dba)3 (2.5 mol%)
Xantphos (5 mol%)
p—an|S|d|ne K,CO3
toluene, 80 °C
74%

X

(@)

MeO
OMe
OMe
p-anisidine, K,CO3 NH O
ethanol, 60 °C A @
60%
[O )
Te 9

fluorescent brightenerS. 4-Amino-3-aryl coumarin9 was
generated by consecutive Suztkliyaura reaction/nucleophilic
substitution of 3-aryl-4-tosyloxy coumarine (Scheme 6, eq
2). These promising results displayed the potential of this
strategy for numerous synthetic applications to diversified
coumarins.

In summary, on the basis of different selectivities of 3-bromo-
4-trifloxycoumarins and 3-bromo-4-tosyloxycoumarins in Su-

zuki—Miyaura cross-couplings, we have developed a tunable

JOC Article

m/z 385 (Mt). Anal. Calcd for GeHgBrF;Os: C, 49.90; H, 2.09.
Found: C, 50.05; H, 2.10.

General Procedure for the Pd-Catalyzed Cross-Coupling of
Compound 4 with Arylboronic Acids (Table 2). K,;HPOy-3H,0
(0.90 mmol, 3.0 equiv) was added to a mixture of compodnd
(0.30 mmoal), arylboronic acid (1.5 equiv), Pd(OA¢H mol %),
and PCy (10 mol %) in methanol (2.0 mL). The reaction mixture
was stirred at 60C for a period of time. After completion of the
reaction as indicated by TLC, the mixture was cooled to room
temperature and purified directly by flash column chromatography
on silica gel to afford the corresponding produgt Selected
examples: 4-(4-Methoxyphenyl)-3-(4-(trifluoromethoxy)phenyl)-
2H-chromen-2-onegb): 96% yield.'H NMR (400 MHz, CDC})

J (ppm) 3.80 (s, 3H), 6.83 (d] = 8.7 Hz, 2H), 7.06-7.05 (m,

4H), 7.14-7.22 (m, 3H), 7.29 (dJ = 8.3 Hz, 1H), 7.40 (d] =

8.2 Hz, 1H), 7.52 (tJ = 7.8 Hz, 1H).13C NMR (100 MHz) ¢
(ppm) 161.2, 159.8, 153.4, 152.2, 148.5, 132.9, 132.4, 131.8, 130.9,
128.0,126.2, 125.5, 124.3,121.7, 120.6, 120.2, 119.2, 116.9, 116.6,
114.0, 55.3. MSz 413 (M* + 1). Anal. Calcd for G3H1sF304:

C, 66.99; H, 3.67. Found: C, 66.72; H, 3.52. 4-(4-Methoxyphenyl)-
3-phenyl-H-chromen-2-one 5d):1%¢ 83% yield. '"H NMR (400
MHz, CDCk) 6 (ppm) 3.78 (s, 3H), 6.81 (dl = 8.7 Hz, 2H), 7.02

(d, J = 8.2 Hz, 2H), 7.1%+7.21 (m, 6H), 7.28 (ddJ = 8.3, 1.4

Hz, 1H), 7.40 (dJ = 8.2 Hz, 1H), 7.50 (tJ = 8.3 Hz, 1H).13C
NMR (100 MHz)6 (ppm) 161.5, 159.5, 153.3, 151.5, 134.2, 131.5,
130.9, 130.7,127.9 (5), 127.9 (1), 127.6, 127.0, 126.6, 124.2, 120.8,
116.9, 113.8, 55.3.

General Procedure for the Pd-Catalyzed Cross-Coupling of

strategy that allows Pd-catalyzed dicoupling reactions to proceed2a with Arylboronic Acids (Scheme 3).A mixture of compound
in reversible sequences. This new protocol tremendously 2a (0.30 mmol), arylboronic acid (3.0 equiv), Pd(OAdqp mol
facilitates the concise synthesis of diversified 3,4-diarylated %), PC¥% (10 mol %), and KHPQ,-3H,0 (3.0 equiv) in methanol

coumarins, especially unsymmetrically 3,4-diarylated ones.
Since both monocoupled intermediates from 3-bromo-4-tri-
floxycoumarins and 3-bromo-4-tosyloxycoumarins can be fur-

ther elaborated by many other transformations, this work now

(2.0 mL) was stirred at 6€C for a period of time. After completion

of the reaction as indicated by TLC, the mixture was cooled to

room temperature and purified directly by flash column chroma-

tography on silica gel to afford the corresponding product. Selected
examples: 3,4-Diphenylt2-chromen-2-one5g):16¢83% yield.H

opens the door for numerous synthetic applications to diversified NVR (400 MHz, CDCh): 6 (ppm) 7.117.22 (m, 9H), 7.26

coumarins. Efforts toward this goal and screening for biological

7.32 (m, 3H), 7.42 (dJ = 8.3 Hz, 1H), 7.5+7.55 (m, 1H).13C

activity of these small molecules are being undertaken in our NMR (100 MHz) 6 (ppm) 161.3, 153.2, 151.6, 134.5, 133.9, 131.4,

laboratory.

Experiment Section

General Procedure for the Pd-Catalyzed Monocoupling of
2a with Arylboronic Acids (Scheme 2).Under nitrogen atmo-
sphere, a mixture of compourh (0.30 mmol), arylboronic acid
(1.1 equiv), Pd(PhCNLEI, (5 mol %), and NaHC®(3.0 equiv) in

130.5, 129.4,128.3 (3), 128.2 (5), 127.8, 127.7, 127.6, 127.0, 124.1,
120.5, 116.8. 3,4-Di(4-(methoxycarbonyl)phenyh-2hromen-2-

one Bc): 81% vyield.'H NMR (400 MHz, CDC}) 6 (ppm) 3.85

(s, 3H), 3.89 (s, 3H), 7.127.21 (m, 6H), 7.42 (dJ = 7.8 Hz,

1H), 7.53-7.58 (m, 1H), 7.83 (dJ = 8.7 Hz, 2H), 7.96 (d,) =

8.7 Hz, 2H). 13C NMR (100 MHz) (ppm) 166.6, 166.3, 160.6,
153.4,151.3,138.8, 138.4, 132.2, 130.7, 130.5, 129.8, 129.6, 129.5,
129.2, 127.6, 126.4, 124.6, 119.8, 117.1,52.4, 52.2.nviB415

methanol (2.0 mL) was stirred at room temperature for a period of (M* + 1). Anal. Calcd for GsH1s0s: C, 72.46; H, 4.38. Found:

time. After completion of the reaction as indicated by TLC, the
reaction mixture was purified directly by flash column chroma-
tography on silica gel to afford the corresponding proddct
Selected examples: 3-Bromo-4-(4-methoxypheny}eéhromen-
2-one @a): 98% yield.'H NMR (400 MHz, CDC}) 6 (ppm) 3.91

(s, 3H), 7.07 (dJ = 8.8 Hz, 2H), 7.157.27 (m, 4H), 7.39 (dJ

= 8.0 Hz, 1H), 7.54-7.58 (m, 1H).13C NMR (100 MHz)d (ppm)

C, 72.51; H, 4.00.

General Procedure for the Pd-Catalyzed Monocoupling of
Compound 3 with Arylboronic Acids (Table 4). NaHCG; (4.0
equiv, 1.0 M in HO) was added to a mixture of compoud¢0.30
mmol), arylboronic acid (1.1 equiv), Pd(P$h(5 mol %), and
P(2,6-dimethoxypheny)(10 mol %) in THF (2.0 mL) at 60C.
After completion of the reaction as indicated by TLC, the mixture

160.3, 157.4,154.5, 152.4, 131.9, 129.8, 127.7, 127.3, 124.6, 120.5was cooled to room temperatureand extracted with EtOAe @3

116.8,114.2,112.8, 55.4. M8z 331 (M"). Anal. Calcd for GgH1s-
BrOs: C, 58.03; H, 3.35. Found: C, 58.05; H, 3.15. 3-Bromo-4-
(4-(trifluoromethoxy)phenyl)-B-chromen-2-one4d): 96% yield.
1H NMR (400 MHz, CDC}) 6 (ppm) 7.03 (d,J = 7.8 Hz, 1H),
7.21 (t,J = 7.6 Hz, 1H), 7.347.43 (m, 5H), 7.58 (1) = 7.8 Hz,
1H). 1%F NMR (376 MHz)d (ppm) —57.6.13C NMR (100 MHz)

5 (ppm) 157.2, 153.4, 152.5, 149.9, 133.7, 132.4, 130.1, 127.4,
125.0, 124.4, 121.8, 121.4, 120.1, 119.2, 117.1, 116.7, 113.2. MS

(15) (a) Chavan, A. Rl. Chem. Re006 3, 179. (b) Rana, B. J.; Desai,
K. R.J. Inst. Chem(India) 1996 68, 85. (c) Zhao, D.; Li, Z.; Xiu, JChin.
J. Chem. Eng200Q 8, 366. (d) Sivakumar, K.; Xie, F.; Cash, B. M.; Long,
S.; Barnhill, H. N.; Wang, QOrg. Lett 2004 6, 4603.

mL). The organic phase was concentrated under reduced pressure.
Purification by flash column chromatography on silica gel afforded
the corresponding product. Selected examples: 2-Oxo-3-(4-
(trifluoromethoxy)phenyl)-Bli-chromen-4-yl 4-methylbenzene-
sulfonate {h): 70% yield.'H NMR (400 MHz, CDC}) 6 (ppm)

2.40 (s, 3H), 6.99 (dJ = 8.2 Hz, 2H), 7.08 (dJ = 8.2 Hz, 2H),

(16) (a) Chatterjea, J. N.; Prasad Gupta, S. N.; Prasa€Hem. Ber.
1966 99, 2699. (b) Rossi, R.; Bellina, F.; Carpita, A.; Mazzarella, F.
Tetrahedron1996 52, 4095. (¢) Kadnikov, D. V.; Larock, R. Cl. Org.
Chem 2003 68, 9423. (d) Reed, M. A.; Chang, M. T.; Snieckus, ®tg.
Lett 2004 6, 2297. (e) Sabitha, G.; Reddy, G. J; Rao, A. V.Synth.
Commun 198§ 18, 639.

J. Org. ChemVol. 72, No. 19, 2007 7285



JOC Article

7.27-7.33 (M, 4H), 7.397.43 (m, 2H), 7.64 (t) = 7.8 Hz, 1H),
8.01 (d,J = 8.2 Hz, 1H).13C NMR (100 MHz) 6 (ppm) 161.2,

Zhang et al.

for Cy3H104: C, 77.08; H, 5.06. Found: C, 76.83; H, 5.01. 3,4-
Di-4-tolyl-2H-chromen-2-oné6a): 88% yield.'"H NMR (400 MHz,

154.2, 152.5, 149.2, 146.1, 133.0, 132.6, 132.2, 129.7, 128.4, 128.0CDCL): & (ppm) 2.26, (s, 3H), 2.36, (s, 3H), 6.99.03 (m, 6H),
127.7,125.5, 124.8, 121.6, 120.0, 119.6, 119.1, 117.1, 116.5, 21.5.7.11-7.19 (m, 3H), 7.22 (ddJ = 7.8, 1.4, 1H), 7.40 (d) = 8.2,

MS m/z 477 (M™ + 1). Anal. Calcd for GsH1sF:06S: C, 57.98;
H, 3.17. Found: C, 57.88; H, 2.93. 2-Oxop3olyl-2H-chromen-
4-yl 4-methylbenzenesulfonat&d): 42% yield.'H NMR (400
MHz, CDCk) ¢ (ppm) 2.32 (s, 3H), 2.40 (s, 3H), 6.95 (@= 7.8
Hz, 2H), 7.20 (dJ = 8.2 Hz, 2H), 7.11 (dJ = 7.3 Hz, 2H), 7.27
7.40 (m, 4H), 7.60 () = 7.8 Hz, 1H), 7.98 (dJ = 8.2 Hz, 1H).
13C NMR (100 MHz) 6 (ppm) 161.6, 153.6, 152.3, 145.3, 138.6,

1H), 7.48-7.52 (m, 1H).13C NMR (100 MHz): 6 (ppm) 161.5,
153.1,151.3,138.1, 137.3, 131.6, 131.2, 131.0, 130.4, 129.3, 129.0,
128.5, 127.8, 126.9, 124.0, 120.8, 116.7, 21.2 (9), 21.2 (5). MS:
m/z 327 (M +1). Anal. Calcd for GsH150,: C, 84.64; H, 5.56.
Found: C, 84.37; H, 5.70.

Pd-Catalyzed Buchwald-Hartwig Amination of Compound
4c with p-Anisidine (Scheme 6, eq 1). 3-(4-Methoxypheny-

133.0, 132.5, 130.4, 129.5, 128.6, 127.8, 126.9, 125.3, 124.7, 121.1)Jamino)-4-phenyl-2H-chromen-2-one (8):A mixture of compound

117.4, 116.4, 21.7, 21.4. M®/z 407 (M" + 1). Anal. Calcd for
Cy3H1g05S: C, 67.97; H, 4.46. Found: C, 67.66; H, 4.43.
General Procedure for the Pd-Catalyzed Cross-Coupling of
Compound 7 with Arylboronic Acids (Table 5). A mixture of
compound? (0.30 mmol), arylboronic acid (1.5 equiv), Pd(OAc)
(5 mol %), PCy (10 mol %), and KHPO,-3H,0 (3.0 equiv) in
methanol (2.0 mL) was stirred at 6C for a period of time. After
completion of the reaction as indicated by TLC, the mixture was
cooled to room temperature and purified directly by flash column
chromatography on silica gel to afford the corresponding product.
Selected examples: 3-(4-Methoxyphenyl)-4-pherttchromen-
2-one bf):16e 94% yield.'H NMR (400 MHz, CDC}) 6 (ppm)
3.72, (s, 3H), 6.70 (d] = 9.2 Hz, 2H), 7.05-7.21 (m, 6H), 7.36-
7.33 (m, 3H), 7.40 (dJ = 8.2 Hz, 1H), 7.49-7.51 (m, 1H).:°C
NMR (100 MHz)6 (ppm) 161.5, 158.9, 153.1, 151.0, 134.7, 131.9,

4c (0.15 mmol),p-anisidine (1.2 equiv), Rfdba) (2.5 mol %),
Xantphos (5 mol %), and ¥CO; (2.0 equiv) in toluene (1.0 mL)
was stirred at 80C for 12 h. After completion of the reaction as
indicated by TLC, the mixture was cooled to room temperature
and purified directly by flash column chromatography on silica gel
to afford the corresponding product in 74% yielti NMR (400
MHz, CDCl) 6 (ppm) 3.68 (s, 3H), 6.19 (s, 1H), 6.49 @= 8.7
Hz, 2H), 6.59 (dJ = 9.2 Hz, 2H), 7.1+7.25 (m, 7H), 7.3%+7.39
(m, 2H).13C NMR (100 MHz)d (ppm) 160.4, 155.7, 149.4, 134.3,
133.4,129.6,128.6, 128.2, 128.0, 127.8, 127.4, 125.1, 124.5, 123.4,
121.9, 116.5, 113.7, 55.6. M®/z 344 (M™ + 1). Anal. Calcd for
CooH17NOs: C, 76.95; H, 4.99; N, 4.08. Found: C, 76.57; H, 4.97;
N, 3.91.

Nucleophilic Substitution of Compound 7e withp-Anisidine
(Scheme 6, eq 2). 3-(4-Methoxyphenyl)-4-(4-methoxypheny-

131.2,129.4,128.4,128.3, 127.7, 126.6, 126.0, 124.1, 120.6, 116.7 Jamino)-2H-chromen-2-one (9): A mixture of compound’e(0.15

113.3, 55.1. 3-(4-Methoxyphenyl)-4-(4-(trifluoromethoxy)phenyl)-
2H-chromen-2-oné5g): 99% yield.'H NMR (400 MHz, CDC}):
0 (ppm) 3.74 (s, 3H), 6.71 (d, = 8.2, 2H), 7.01 (dJ = 9.2, 2H),
7.14-7.22 (m, 6H), 7.41 (d) = 8.7, 1H), 7.5%7.55 (m, 1H)13C
NMR (100 MHz): 6 (ppm) 161.3, 159.2, 153.2, 149.6, 149.1, 133.4,

mmol), p-anisidine (1.2 equiv), and &0; (2.0 equiv) in ethanol
(1.0 mL) was stirred at 60C for 3 h. After completion of the
reaction as indicated by TLC, the mixture was cooled to room
temperature and purified directly by flash column chromatography
on silica gel to afford the corresponding product in 60% yié#dl.

131.9,131.6,131.2,127.4,127.2,125.7, 124.4,121.7, 120.9, 120.3NMR (400 MHz, CDC¥}) 6 (ppm) 3.78 (s, 3H), 3.81 (s, 3H), 6.17

119.2, 117.0, 116.6, 113.5, 55.2. M&vz 413 (M" +1). Anal.
Calcd for G3H15F304: C, 66.99; H, 3.67. Found: C, 66.98; H,
3.64.

General Procedure for the Pd-Catalyzed Cross-Coupling of
Compound 3a with Arylboronic Acids (Scheme 4).A mixture
of compound3a (0.30 mmol), arylboronic acid (3.0 equiv), Pd-
(OAC), (5 mol %), PCy (10 mol %), and KHPO,-3H,0 (3.0 equiv)
in methanol (2.0 mL) was stirred at 6@ for a period of time.

(s, 1H), 6.78 (d,) = 8.7 Hz, 2H), 6.96-7.00 (m, 5H), 7.257.43

(m, 5H).13C NMR (100 MHz)d (ppm) 162.2, 159.7, 157.1, 153.6,
149.5,135.3,131.7,131.2,126.3, 124.4,123.0, 117.4,115.4, 115.0,
114.8, 109.9, 55.6, 55.4. M&/z 374 (M™ + 1). Anal. Calcd for
CaxHi1gNOy: C, 73.98; H, 5.13; N, 3.75. Found: C, 73.64; H, 5.35;
N, 3.86.

Acknowledgment. Financial support from National Natural

After completion of the reaction as indicated by TLC, the mixture Scjence Foundation of China (20502004) and the Science &
was cooled to room temperature and purified directly by flash Technology Commission of Shanghai Municipality (05ZR14013)
column chromatography on silica gel to afford the corresponding g gratefully acknowledged. We also thank Dr. Jason Wong for

product. Selected examples: 3,4-Bis(4-methoxypheriysromen-
2-one 6a): 99% vyield.'H NMR (400 MHz, CDC}) 6 (ppm) 3.74
(s, 3H), 3.80 (s, 3H), 6.72 (dl = 8.7 Hz, 2H), 6.83 (dJ = 8.7
Hz, 2H), 7.03-7.07 (m, 4H), 7.17 (t) = 7.6 Hz, 1H), 7.27 (ddJ
=8.2, 1.4 Hz, 1H), 7.39 (d] = 8.2 Hz, 1H), 7.50 (tJ = 7.8 Hz,
1H). 13C NMR (100 MHz) 6 (ppm) 161.6, 159.4, 158.8, 153.1,

150.9, 131.9, 131.1, 130.9, 127.7, 126.8, 126.5, 126.3, 124.0, 120.9

116.7,113.8, 113.3, 55.2, 55.2. M¥z 359 (Mt + 1). Anal. Calcd

7286 J. Org. Chem.Vol. 72, No. 19, 2007

polishing the English.

Supporting Information Available: Experimental procedures,
characterization data, and copiestdfand3C NMR spectra of all
new compounds. This material is available free of charge via the
Internet at http://pubs.acs.org.

JO071117+



