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Abstract: Several 2-(azidomethyl)arylboronic acids were synthe-
sized. Their involvement into organolead-mediated Pinhey aryla-
tion reaction with 4-hydroxycoumarins afforded 3-[2-
(azidomethyl)aryl]-4-hydroxycoumarins or [4,3-c]isoquinolino-
coumarins in reasonable yields via two- or four-step one-pot reac-
tion sequence. Palladium-catalyzed cross-coupling of organoboron
reagents with 4-trifluoromethylsulfonyloxycoumarins under Suzuki
reaction conditions gave 4-[2-(azidomethyl)aryl]coumarins in good
yields. 2-(Azidomethyl)arylboronic acid, as well as azide-contain-
ing iso- and neoflavonoid compounds underwent catalytic alkyne-
azide cycloaddition in THF-water, providing 1,4-triazole com-
pounds regioselectively in good to excellent yields.

Key words: coumarins, azides, arylation, cross-coupling, cyclo-
addition

3-Arylcoumarins, 4-arylcoumarins, and related com-
pounds represent a class of naturally occurring flavonoids
found in plants belonging to the families Guttiferae, Rubi-
aceae, Leguminosae, Passifloraceae, and Millettia grifo-
nianas." The presence of two noncoplanar syn-aryl
fragments linked by a rigid C—C bond in 4-arylcoumarins
determines their structural analogies with combretastatin
A-4 — a promising natural molecule able to disrupt effi-
ciently normal mitotic spindle functions (Figure 1).? In-
deed, neoflavonoid 1a, isolated recently from endophytic
Streptomyces aureofaciens, inhibits cell proliferation and
acts on oncoprotein expression.® Its synthetic analogues
1b.c display potent antimitotic properties.* On the other
hand, the effects of soy isoflavones® daidzein 2a and
genistein 2b are associated with a decreased incidence of
hormone dependent cancers® and have been also implicat-
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ed in the prevention of cardiovascular diseases,’ lessening
the symptoms of menopause,® and protection against os-
teoporosis.’ This type of compounds, due to the presence
of two anti-aryl fragments A and B is close to resveratrol
(Figure 1),'° a trans-stilbene, which is present in grapes
and manifests preventive activity against cardiovascular
diseases'! and cancer.?
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Figure 1 Naturally occurring stilbenes and their structural ana-
logues

Herein, we report the synthesis of several families of fla-
vonoid compounds (Scheme 1) — rigid analogues of res-
veratrol (compounds A, B, and D) and combretastatin A-
4 (molecules C and E). Derivatives A-D are stable to-
wards isomerization, in contrast to their stilbene proto-
types. Importantly, such easy cis-frans isomerization of
stilbenes can dramatically influence on the biological ac-
tivity of combretastatin A-4 and resveratrol molecules.'?
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Scheme 1 Synthetic pathways to compounds A-E

The key step for the synthesis of A-D derivatives is ary-
lation at positions 3 and 4 of the coumarin skeleton using
azide-containing boronic acid 4. Due to the good toler-
ance to functional groups, air and moisture stability and
low toxicity‘4 of boronic acids, the Suzuki—-Miyaura reac-
tion has become one of the most useful catalytic ap-
proaches to a new C—C bond formation.!> It can be also
used for the synthesis of C and E types of our neofla-
vonoid compounds, starting from 4-trifluoromethylsulfo-
nyloxycoumarins (Scheme 1).

Besides cross-coupling reactions, arylboronic acids can
be easily transformed into the corresponding aryllead
triacetates'® — efficient C-arylating agents, permitting to
activate directly C—H bonds of phenols or enolizable sub-
strates.!”!® This synthetic methodology can be used as a
good alternative to the Suzuki arylation' and to the palla-
dium-catalyzed a-arylation of enolizable substrates.'® It
has been applied to the synthesis of a number of naturally
occurring molecules.'™*?° We were interested in the appli-
cation of this procedure to the synthesis of A, B, and D
families of the flavonoid compounds.

Arylboronic acids bearing an azido group are very scarce-
ly documented in literature. In a recent precedent, three
examples of 2-(azidomethyl-2,3-dihydrobenzo[b]furan-
7-yDboronic acid and 5-(2-azidoethyl)-2-methoxyphenyl-
boronic acids were synthesized using halogen—lithium—
boron exchange.?! Preparation of these arylboronic acids
was performed via the formation of aryllithium intermedi-
ates 5a,b, stabilized by an intramolecular chelation
(Figure 2). The lithiation of 2-(azidomethyl)aryl bromide
or iodide, necessary for the synthesis of boronic acid 4,
gives nonstabilized aryllithium reagent Sc (Figure 2).
This last reagent is able to attack intramolecularly or inter-
molecularly another azido group, leading to a complex
mixture of nitrogen-containing compounds.??

Application of the Knochel’s metalation procedure® for
modification of 2-(azidomethyl)aryl bromide as well as
i-PrMgCl  (or n-BuLi)/bis[2-(V,N-dimethylamino)eth-
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Figure 2 Azide-bearing organolithium intermediates

yllether complex?*? did not afford the desired product 4.
On the other hand, the treatment of 2-(bromomethyl)aryl-
boronic acids 6a,b?® with NaN; in THF-water afforded
boronic acids 4a,b in 61 and 63% yield, respectively
(Scheme 2), which can exist along with boroxine forms of
boronic acids.”’

Br N3
NaN3
R B(OHpy —> R B(OH),
THF-H,0
6aR=H 4aR=H,61%
6b R = OMe 4b R = OMe, 63%

Scheme 2 Synthesis of 2-(azidomethyl)arylboronic acids 4a,b

The synthesis of type A isoflavonoid compounds implies
a two-step one-pot reaction sequence (Scheme 3). The
transmetalation of arylboronic acids 4a,b with lead tri-
acetate in the presence of a catalytic amount of mercuric
acetate according to the Pinhey’s procedure'® afforded the
aryllead triacetates 7a,b, which reacted in situ with 4-hy-
droxycoumarins 8a—d in the presence of pyridine.

This step involves a reductive ligand coupling®® C-aryla-
tion reaction, which has been realized by using aryl deriv-
atives of lead,!”!8 bismuth,'”?* iodine,!”*° and some other
heteroatoms.!” Supposedly, this process involves the for-
mation of the covalent intermediate 9,'%3! which under-
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Scheme 3 Synthesis of isoflavonoids 10a,b and 11a—d and isoquinol

goes a reductive elimination leading to the a-arylation
products 10a,b and 11a—-d in 45-68% yields (Table 1).
Although organolead-mediated arylation reactions some-
times give mixtures of mono- and polyarylated prod-
ucts,'”'8 only mono-o-arylated products 10a,b and 11a—d
were isolated in all of the presently reported cases. The
good yields of the desired isoflavonoid products demon-
strate the high efficiency of organolead-mediated aryla-
tion reactions for the transfer of aryl fragments bearing a
susceptible group in the side chain of the aryl moiety.

Table 1 Isoflavonoids 10a,b, 11a—d, and Isoquinolinocoumarins
12a,b

Product R! R? R3 R* Yield (%)
10a H H H H 45
10b OMe OMe H H 51
11a H H H OMe 68
11b OMe OMe H OMe 44
11c OMe H OMe OMe 62
11d OMe OMe OMe OMe 62
12a H H H H 21
12b OMe OMe H H 15

In situ reduction of the azido group of isoflavonoid com-
pounds 10a,b with triphenylphosphine?? afforded the cor-
responding isoquinolinocoumarins 12a and 12b in 21 and
15% overall yield, respectively (Table 1). The synthesis
of these compounds implies four-step one-pot reaction se-
quence, namely: the preparation of the arylation agent, the
ligand coupling stage, Staudinger reaction, aza-Wittig re-
action, and finally, isomerization of the imine product into
the enamine form.

hsP

10a,b
11a—d

inocoumarins 12a,b

The regioselectivity of the reactions presented in
Scheme 3 and the nature of the resulting products show
that the reactive center on the aryl moiety, bonded directly
to the boron or to the lead atoms in compounds 4a,b and
7a.b, is more reactive in comparison with the ortho-ben-
zylic electrophilic center. This observation prompted us to
test the behavior of 2-(azidomethyl)arylboronic acids in
the Suzuki-Miyaura reaction'’ in order to obtain azide-
containing analogues of naturally occurring 4-arylcou-
marin 1a. The azido function is known to undergo numer-
ous transformations in the presence of transition metal
complexes.’*** To our delight, the cross-coupling of 4-
trifluoromethylsulfonyloxycoumarins 13a—c¢ with boronic
acid 4b using Pd(dppf)Cl, (0.05 equiv)/K;PO, (3.0
equiv)/Bu,NBr (0.1 equiv) catalytic system** afforded the
neoflavonoid derivatives 14a—c in good yields (Scheme 4,
Table 2). These coupling reactions have to be performed
under mild conditions, since above 45 °C decomposition
processes, probably involving the azide group, take place
leading to a complex mixture of products.

14a-c OMe

13a—c 4b

Scheme 4 Reagents and conditions: i) Pd(dppf)Cl, (0.05 equiv),
K;PO, (3.0 equiv), Bu,NBr (0.1 equiv), MeCN, 4045 °C.

Table 2 Neoflavonoids 14

Product R! R? R? Yield (%)
14a H H H 58
14b OMe H OMe 74
14c OMe OMe OMe 82

Synthesis 2009, No. 10, 1673-1682 © Thieme Stuttgart - New York
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Iso- and neoflavonoid compounds 11a—d and 14a—c bear-
ing a benzylic azide group smoothly undergo a copper-
mediated [3+2] dipolar cycloaddition reactions®-37 with
terminal alkynes in the presence of copper sulfate and so-
dium ascorbate (AscNa) in THF-water (Schemes 5
and 6). These reactions lead to corresponding triazole
compounds 15-20. In the case of the functionalization of
3-arylcoumarins 1la—d (Scheme 5, Table 3), the pro-
posed methodology permitted the synthesis of exclusively
1,4-regioisomers 15-17a—c in good to excellent yields,
carrying different substitution patterns in the azole site of
the flavonoid molecule.

11a—d 15-17a—c

Scheme S Reagents and conditions: i) terminal acetylene (1.5
equiv), CuSO, (0.07 equiv), AscNa (0.2 equiv), THF-H,O emulsion
(1:1).

Table 3 Triazoles 15-17

Product R! R? R3 R* Yield (%)
15a H H Pr 62
15b H H Ph 84
15¢ H H OEt 61
16a OMe H OMe Pr 96
16b OMe H OMe HO >E> 95
16¢ OMe H OMe CH,0OAc 98
17a OMe OMe OMe Pr 95
17b OMe OMe OMe HO >E> 48
17¢ OMe OMe OMe OEt 97

4-[2-(Azidomethyl)arylJcoumarins 14a—c manifest al-
most the same reactivity in the Cu(I)-catalyzed alkyne-
azide cycloaddition as their isoflavonoid analogues 11a—
d. The 1,4-substituted triazoles 18-20a—c were obtained
regioselectively in good to high yields (Scheme 6,
Table 4) independent of the number of methoxy groups in
the coumarin substrate and the nature of the substituent in
the terminal acetylene.

The scope of the performed copper-mediated reactions led
us to consider whether it is possible to accomplish the
‘click’ transformations using directly 2-(azidometh-
yl)phenylboronic acids 4a,b. Such cycloaddition proce-
dures can give a simple synthetic way to arylboronic acids
bearing 1,4-substituted triazole fragment in the side chain

Synthesis 2009, No. 10, 1673-1682 © Thieme Stuttgart - New York

14a—c 18-20a-c

Scheme 6 Reagents and conditions: i) terminal acetylene (1.5
equiv), CuSO, (0.07 equiv), AscNa (0.2 equiv), THF-H,0 emulsion
(1:1).

Table 4 Triazoles 18-20

Product R! R? R3 R* Yield (%)
18a H H H CH,0Ac 71
18b H H H HO >E> 85
18c H H H Pr 86
19a OMe H OMe CH,0Ac 91
19b OMe H OMe H O>E> 47
20a OMe OMe OMe CH,0Ac 85
20b OMe OMe OMe H 0>E> 73
20c OMe OMe OMe Pr 49

of the aryl moiety. Indeed, the use of 10 mol% of CuSO,
as a catalyst led to triazole-containing arylboronic acids in
good yields, partly in the forms of boroxines®® (Scheme 7,
Table 5).

NaHo\B/OH HO\B/OH
i N/N\\N
\Q<
OMe OMe R
4b 21a-c

Scheme 7 Reagents and conditions: i) terminal acetylene (1.5
equiv), CuSO, (0.01 equiv), AscNa (0.3 equiv), THF-H,O emulsion
(1:1).

Table 5 Triazoles 21 Prepared

R Yield (%)
21a CH,0Ac 73
21b HO>E> 75
21c Pr 71
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Compounds 21a—c smoothly react with the coumarin tri-
flate 13a under palladium catalysis to form the neofla-
vonoid compounds 18a-c¢ in 85, 61, and 67% yield,
respectively (Scheme 8).

HO\B/OH

OMe

21a-c

Scheme 8 Reagents and conditions: i) 13a (1.0 equiv), Pd(dppf)Cl,
(0.05 equiv), K;PO, (3.0 equiv), BuyNBr (0.1 equiv), MeCN, 80 °C.

In conclusion, new 2-(azidomethyl)arylboronic acids
showed to be useful reagents for the lead- or palladium-
mediated arylation reactions, as well as for the copper-cat-
alyzed [3+2] cycloadditions. This broad range of transfor-
mations, involving application of newly synthesized
azido-containing boronic acids permitted to prepare dif-
ferent families of flavonoid compounds in reasonable
yields. The presence of an azido group in the vicinity to
the boron, lead or palladium heteroatomic center does not
interfere with the arylating ability of this type of reagents,
useful for the transfer of aryl fragments bearing easily
functionalizable groups.

Melting points were recorded with a Biichi capillary apparatus and
are uncorrected. 'H NMR and *C NMR spectra were obtained with
Bruker AC-200P spectrometer. Chemical shifts (8) are reported in
ppm for a solution in CDCl,, with SiMe, as an internal reference. J
values are given in Hertz. Separations by column chromatography
(CC) were performed using Merck Kieselgel 60 (70-230 mesh). All
solvents were purified by standard techniques. 4-Hydroxycou-
marins 8a—d and 4-trifluoromethylsulfonyloxycoumarins 13a—c
were prepared as previously reported.!®<4%3° All commercially
available reagents were obtained from Aldrich and used as received
without further purification. Light petroleum (PE) used refers to the
fraction boiling in the range 40-70 °C.

2-(Azidomethyl)phenylboronic Acid (4a); Typical Procedure
2-(Bromomethyl)phenylboronic acid (6a;? 1 g, 4.6 mmol) was dis-
solved in THF (7 mL) and distilled H,O (2 mL) was added. After
the addition of NaN; (0.9 g, 13.8 mmol), the reaction mixture was
vigorously stirred at r.t. for 12 h. The resulting mixture was extract-
ed with Et,0 (40 mL) and the organic layer was washed by H,O
(3 x 10 mL) and dried (Na,SO,). After removal of the solvent under
reduced pressure, the residue was recrystallized from CH,Cl,—PE
(1:1) to give 4a (0.5 g, 61%) as white crystals; mp 64 °C.

IR (KBr): 2105 cm™! (N5).

'HNMR (200 MHz, CDCL,): § = 4.89 (s, 2 H), 7.31-7.66 (m, 3 H),
8.28 (dd,J=7.1, 1.2 Hz, 1 H).

13C NMR (50 MHz, CDCL,): & = 54.2, 128.2, 129.8, 132.9, 137.5,
142.3.

Anal. Calcd for C;HgBN,0,: C, 47.51; H, 4.56; N, 23.74. Found: C,
47.32; H, 4.84; N, 23.91.

2-(Azidomethyl)-4-methoxyphenylboronic Acid (4b)
Prepared as stated above starting from 6b;?® recrystallized from
CH,C1,—-Et,0-PE; pale yellow solid (63%); mp 64 °C.

IR (KBr): 2103 cm™! (N5).

"H NMR (200 MHz, CDCl,): & = 3.89 (s, 3 H), 4.87 (s, 2 H), 6.99—
7.05 (m, 2 H), 8.24 (d, / = 8.4 Hz, 1 H).

BC NMR (50 MHz, CDCLy): & =54.1, 55.2, 55.3, 56.2, 112.8,
113.0,115.8,116.4, 137.9, 139.8, 141.2, 144.6, 161.5, 163.3.

Anal. Calcd for CgH,,BN;05: C, 46.42; H, 4.87; N, 20.30. Found:
C, 46.28; H, 4.88; N, 20.34.

Compounds 10a,b and 11a—-d; 3-(2’-Azidomethylphenyl)-4-hy-
droxychromen-2-one (10a); Typical Procedure

A solution of boronic acid 4a (0.107 g, 0.6 mmol) in CHCl; (2 mL)
was added dropwise at 35 °C under an inert atmosphere to a stirred
mixture of Pb(OAc), (0.266 g, 0.6 mmol) and Hg(OAc), (0.019 g,
0.06 mmol) in anhyd CHCI; (3 mL). The reaction mixture was
stirred at 45 °C for 1.5 h and then kept at r.t. for 20 h. The substrate
8a (0.089 g, 0.55 mmol) and pyridine (1.8 mmol, 3.0 equiv) in an-
hyd CHCI; (2 mL) were added. The mixture was stirred at 40 °C for
1 h and then atr.t. for 12 h. The solvent was removed under reduced
pressure. The residue was purified by column chromatography on
silica gel (eluent: Et,0-PE, 4:1) to afford 10a (0.073 g, 45%) as col-
orless crystals; mp 173-174 °C.

IR (Nujol): 2090 (N3), 3210 cm™ (OH).

'H NMR (200 MHz, CDCl,): § =4.28 (d, J = 14.0 Hz, 1 H), 4.38
(d,J = 14.0 Hz, 1 H), 7.30-7.63 (m, 7 H), 7.93 (dd, J = 7.6, 1.2 Hz,
1 H).

13C NMR (50 MHz, CDCly): § =52.9, 104.5, 114.8, 117.0, 123.8,
124.2,128.5,129.4, 130.1, 130.2, 131.7, 132.8, 137.0, 153.2, 160.8,
161.7.

Anal. Calcd for C,¢H,;N;0;: C, 65.53; H, 3.78; N, 14.33. Found: C,
65.24; H, 3.47; N, 14.16.

3-(2’-Azidomethylphenyl)-4-hydroxy-6,7-dimethoxychromen-
2-one (10b)

CC (eluent: Et,0-PE, 1:1); colorless crystals (51%); mp 176—
177 °C.

IR (Nujol): 2095 (N3), 3205 cm™ (OH).

"H NMR (200 MHz, CDCl5): § =3.93 (s, 3 H), 3.99 (s, 3 H), 4.26
(d,J=143Hz,1H),4.38(d,J = 143 Hz, 1 H), 6.83 (s, 1 H), 6.94
(s, 1 H), 7.31-7.50 (m, 4 H).

BC NMR (50 MHz, CDCl,): 8 =56.5, 56.6, 67.9, 100.1, 103.4,
108.4,115.6,128.1,128.7,129.4, 129.8, 130.5, 135.5, 149.4, 154.1,
156.8, 161.4, 166.6.

Anal. Calcd for CgH;sOsN;: C, 61.19; H, 4.28; N, 11.89. Found: C,
60.90; H, 3.97; N, 12.01.

3-(2’-Azidomethyl-4’-methoxyphenyl)-4-hydroxychromen-2-
one (11a)

CC (eluent: EtOAc-PE, 1:1); polycrystalline colorless solid (68%);
mp 65 °C.

IR (KBr): 2105 (N;), 3207 cm™' (OH).

'H NMR (200 MHz, CDCl): § =3.82 (s, 3 H) 4.41 (s, 2 H), 6.89
(dd, J=8.4,2.6 Hz, 1 H), 7.04 (d, J = 2.6 Hz, 1 H), 7.26-7.38 (m,
3 H), 7.48-7.57 (m, 1 H), 7.92 (dd, J = 7.8, 1.2 Hz, 1 H).

13C NMR (50 MHz, CDCl,): § =52.9, 55.4, 104.2, 114.6, 114.8,
115.7,116.7,119.9, 123.8, 124.2, 132.7, 132.9, 138.5, 153.2, 160.8,
160.9, 161.9.

Anal. Calcd for C;;H,3N;0,: C, 63.16; H, 4.05; N, 13.00. Found: C,
63.29; H, 4.11; N, 12.96.

Synthesis 2009, No. 10, 1673-1682 © Thieme Stuttgart - New York
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3-(2’-Azidomethyl-4’-methoxyphenyl)-4-hydroxy-6,7-
dimethoxychromen-2-one (11b)

CC (eluent: EtOAc-PE, 2:3); polycrystalline colorless solid (44%);
mp 136 °C.

IR (KBr): 2096 (N3), 3207 cm™ (OH).

'H NMR (200 MHz, CDCL,): § = 3.84 (s, 3 H), 3.96 (s, 3 H), 3.98
(s,3H),4.32(d, J = 4.2 Hz, 2 H), 6.88 (s, 1 H), 6.94 (dd, J = 8.2,
24 Hz, 1 H), 7.06 (d, J = 2.4 Hz, 1 H), 7.25 (d, J = 8.2 Hz, 1 H),
7.34 (s, 1 H).

BC NMR (50 MHz, CDCly): § = 52.9, 55.4, 56.4, 56.4, 99.6, 101.8,
103.9,107.0, 114.4, 115.5,120.7, 133.0, 138.5, 141.7, 146.4, 149.2,
153.6, 160.5, 161.3.

Anal. Calcd for C;yH;N;O4: C, 59.53; H, 4.47; N, 10.96. Found: C,
59.26; H, 4.44; N, 10.88.

3-(2’-Azidomethyl-4’-methoxyphenyl)-4-hydroxy-5,7-
dimethoxychromen-2-one (11c)

CC (eluent: EtOAc-PE, 1:1); polycrystalline colorless solid (62%);
mp 141 °C.

IR (KBr): 2090 (N;), 3210 cm™' (OH).

'H NMR (200 MHz, CDCL,): & = 3.85 (s, 3 H), 3.89 (s, 3 H), 4.03
(s,3H),4.31 (s,2 H), 6.40 (d, J = 2.2 Hz, 1 H), 6.55(d, J = 2.2 Hz,
1 H), 6.93 (dd, J = 8.2, 2.4 Hz, 1 H), 7.03 (d, J = 2.8 Hz, 1 H), 7.24
(d,J =82 Hz, 1 H).

13C NMR (50 MHz, CDCl,): § = 52.9, 55.3, 56.0, 57.0, 94.4, 95.7,
98.6, 100.0, 101.4, 113.8, 114.2, 122.6, 132.8, 136.8, 156.0, 157.1,
159.6, 162.4, 163.4.

Anal. Calcd for C;oH;N;O4: C, 59.53; H, 4.47; N, 10.96. Found: C,
59.38; H, 4.48; N, 10.95.

3-(2’-Azidomethyl-4'-methoxyphenyl)-4-hydroxy-5,6,7-tri-
methoxychromen-2-one (11d)

CC (eluent: EtOAc-PE, 2:3); polycrystalline colorless solid (62%);
mp 136 °C.

IR (KBr): 2098 (N3), 3209 cm™ (OH).

'H NMR (200 MHz, CDCl,): & = 3.86 (s, 3 H), 3.89 (s, 3 H), 3.95
(s, 3H), 4.18 (s, 3 H), 4.31 (s, 2 H), 6.72 (s, 1 H), 6.94 (dd, J = 8.4,
2.6 Hz, 1 H), 7.03 (d, J = 2.6 Hz, 1 H), 7.25 (d, J = 8.4 Hz, 1 H),
10.10 (s, 1 H).

13C NMR (50 MHz, CDCly): § = 52.9, 55.3, 56.5, 61.4, 62.8, 96.9,
100.9,102.4,113.8,114.3,122.4, 132.7,136.8, 137.6, 149.1, 150.4,
157.2,159.7,162.1, 162.3.

Anal. Calcd for C,0H(N;0,: C, 58.11; H, 4.63; N, 10.16. Found: C,
58.05; H, 4.63; N, 10.12.

5,6-Dihydro-11H-[1]benzopyrano[4,3-c]isoquinolin-11-one
(12a); Typical Procedure

A solution of boronic acid 4a (0.112 g, 0.63 mmol) in CHCI; (2 mL)
was added dropwise at 45 °C under an inert atmosphere to a stirred
mixture of Pb(OAc), (0.28 g, 0.63 mmol) and Hg(OAc), (0.020 g,
0.063 mmol) in anhyd CHCI; (3 mL). The reaction mixture was
stirred at this temperature for 1.5 h and then at r.t. for 20 h. The sub-
strate 8a (0.071 g, 0.44 mmol) and pyridine (0.104 g, 1.32 mmol) in
anhyd CHCI; (2 mL) were added and the mixture was stirred at
40 °C for 1 h and at 20 °C for 12 h. Then Ph,;P (0.115 g, 0.44 mmol)
was added and the stirring was continued at 40 °C for 12 h. The sol-
vent was removed under reduced pressure. The residue was purified
by column chromatography on silica gel (eluent CHCl;-Et,O-PE,
2:2:1) followed by preparative TLC on silica gel with the same elu-
ent to afford 12a (0.023 g, 21%) as colorless crystals; mp 138 °C.

IR (Nujol): 3375 cm™! (NH).
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'H NMR (200 MHz, CDCL,): & = 5.50 (s, 2 H), 7.10 (d, J = 7.4 Hz,
1 H),7.26 (t,J = 6.8 Hz, 1 H), 7.35-7.52 (m, 3 H), 7.68 (dt, J = 7.4,
1.3 Hz, 1 H), 8.29 (d, J = 7.6 Hz, 1 H), 8.83 (d, J = 7.8 Hz, 1 H).

13C NMR (50 MHz, CDCl,): § =71.7, 98.0, 117.1, 123.6, 123.7,
125.2,125.4,125.8,126.4,127.0, 129.0, 127.9, 133.1, 152.3, 165.8,
176.0.

Anal. Calcd for C,¢H;;NO,: C, 77.10; H, 4.45; N, 5.62. Found: C,
77.23; H, 4.68; N, 5.67.

2,3-Dimethoxy-5,6-dihydro-11H-[1]benzopyrano[4,3-c]iso-
quinolin-11-one (12b)

CC (eluent: CHCI,—EtOH, 44:1); colorless crystals (15%); mp
158 °C.

IR (Nujol): 3380 cm™! (NH).

'H NMR (200 MHz, CDCl,): & = 3.97 (s, 3 H), 4.00 (s, 3 H), 5.47
(s, 2 H), 6.84 (s, 1 H), 7.09 (d, J = 6.1 Hz, 1 H), 7.26 (dt, J = 6.5,
1.7 Hz, 1 H), 7.40 (dt, J = 6.6, 1.8 Hz, 1 H), 7.64 (s, 1 H), 8.83 (d,
J =6.6Hz, 1 H).

13C NMR (50 MHz, CDCly): § =56.3, 56.4, 71.67, 97.4, 99.2,
105.4,116.8,123.6,125.2,125.9, 126.9, 128.2, 128.9, 147.6, 147.8,
153.8,165.4, 175.5.

Anal. Calcd for CgH,sNO,: C, 69.89; H, 4.89; N, 4.53. Found: C,
69.81; H, 4.75; N, 4.56.

4-(2’-Azidomethyl-4’-methoxyphenyl)chromen-2-one (14a);
Typical Procedure

A mixture of 4-trifluoromethylsylfonyloxycoumarin (13a; 0.088 g,
0.30 mmol), arylboronic acid 4b (0.068 g, 0.33 mmol), 1,1’-
bis(diphenylphosphino)ferrocene-palladium(II) dichloride chloro-
form complex (0.009 g, 0.015 mmol), Bu,NBr (0.0096 g, 0.03
mmol), and K;PO, (0.127 g, 0.60 mmol) in anhyd MeCN (2-3 mL)
was stirred at 45 ° under argon until the substrate was completely
consumed (4 h, monitored by TLC). The solvent was removed un-
der reduced pressure. The residue was purified by column chroma-
tography on silica gel (eluent EtOAc-PE, 1:5) to afford 14a (0.053
g, 58%) as viscous colorless oil.

IR (KBr): 2096 cm™ (N,).

'HNMR (200 MHz, CDCly): & = 3.91 (s, 3 H), 4.16 (d, J = 14.4 Hz,
1H),4.25(d, J = 14.4 Hz, 1 H), 6.34 (s, 1 H), 7.01 (dd, J = 6.0, 2.6
Hz, 1 H), 7.07-7.11 (m, 2 H), 7.16-7.23 (m, 2 H), 7.40 (dd, J = 8.3,
1.7 Hz, 1 H), 7.55 (dt, J = 8.4, 1.7 Hz, 1 H).

13C NMR (50 MHz, CDCl,): § = 52.3, 55.3, 114.0, 114.9, 116.5,
117.2,119.8,124.4,126.4,126.4, 126.7, 130.5, 132.2, 134.8, 154.1,
160.4, 160.5.

Anal. Calcd for C;H3N;05: C, 66.44; H, 4.26; N, 13.67. Found: C,
66.60; H, 4.26; N, 13.71.

4-(2’-Azidomethyl-4’-methoxyphenyl)-5,7-dimethoxychromen-
2-one (14b)
CC (eluent: EtOAc-PE, 1:4); polycrystalline colorless solid (74%);
mp 122 °C.

IR (KBr): 2097 cm™! (N3).

'H NMR (200 MHz, CDCL,): & =3.40 (s, 3 H), 3.87 (s, 3 H), 3.88
(s, 3H), 4.15 (s, 2 H), 5.95 (s, 1 H), 6.20 (d, J = 2.2 Hz, 1 H), 6.52
(d,J=22Hz, 1H),6.88(dd,J = 8.6,2.4 Hz, 1 H),6.96(d, J = 2.4
Hz, 1 H), 7.09 (d, J = 8.6 Hz, 1 H).

13C NMR (50 MHz, CDCL,): § = 52.4, 55.4, 55.8, 55.8, 93.6, 95.6,

103.9,111.7,113.0, 113.5, 128.7, 131.6, 133.6, 153.7, 156.9, 158.1,
159.4, 160.6, 163.5.

Anal. Calcd for C,gH;;N;05: C, 62.12; H, 4.66; N, 11.44. Found: C;
61.96, H; 4.64, N, 11.39.
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4-(2’-Azidomethyl-4’-methoxyphenyl)-5,6,7-trimethoxy-
chromen-2-one (14¢)
CC (eluent: EtOAc-PE, 3:7); colorless oil (82%).

IR (KBr): 2099 cm™! (N5).

'H NMR (200 MHz, CDCLy): & = 3.22 (s, 3 H), 3.77 (s, 3 H), 3.89
(s,3H),3.94 (s,3H),4.14 (d, J = 144 Hz, 1 H), 425 (d, J = 14.4
Hz, 1 H), 6.04 (s, 1 H), 6.72 (s, 1 H), 6.89 (dd, J = 8.2, 2.4 Hz, 1 H),
6.99 (d,J = 2.4 Hz, 1 H), 7.14 (d, J = 8.2 Hz, 1 H).

13C NMR (50 MHz, CDCl,): § = 52.5, 55.4, 56.3, 60.9, 61.0, 96.4,
107.6,112.5,113.6, 114.6, 128.7, 130.7, 134.6, 139.4, 150.8, 151.3,
153.4, 157.0, 159.6, 160.4.

Anal. Calcd for C,,H,(N;0¢: C, 60.45; H, 4.82; N, 10.57. Found: C,
60.54; H, 4.83; N, 10.61.

Triazoles 15a—c, 16a—c, 17a—c, 18a—c, 19a,b, and 20a—c; 4-Hy-
droxy-3-{4’-methoxy-2’-[(4”-propyl-1H-1",2",3"-triazol-1"-
yDmethyl]phenyl}chromen-2-one (15a) Typical Procedure
Compound 11a (0.075 g, 0.208 mmol) and pent-1-yne (0.021 g,
0.312 mmol) were dissolved in H,O-THF mixture (1:1, 1.5 mL).
Sodium ascorbate (0.42 mL, 0.042 mmol of freshly prepared 0.1 M
aqueous solution) was added to a vigorously stirred mixture, fol-
lowed by addition of aq 0.1 M CuSO, (0.15 mL, 0.015 mmol). The
resulting mixture was stirred at r.t. until the substrate was complete-
ly consumed (TLC monitoring). After removal of the solvent, the
product 15a was isolated using column chromatography on silica
gel (eluent: EtOAc-EtOH, 9:1) as polycrystalline colorless solid
(0.050 g, 62%); mp 91 °C.

'H NMR (200 MHz, CDCl,): & = 0.82 (t, J = 7.0 Hz, 3 H), 1.41—
1.52 (m, 2 H), 2.40 (t, J = 7.4 Hz, 2 H), 3.61 (s, 3 H), 5.16 (d,
J=15.6Hz, 1 H),5.39(d,J = 15.6 Hz, 1 H), 6.34 (d,J = 1.8 Hz, |
H), 6.78 (dd, J = 8.2, 1.8 Hz, 1 H), 7.19-7.31 (m, 4 H), 7.52 (t,
J=78Hz 1H),791(,J=78Hz 1 H).

13C NMR (50 MHz, CDCly): § = 13.7,22.3,27.3, 51.8, 55.3, 103.8,
110.1,113.9,114.5,116.3,116.5, 122.1, 124.0, 124.3, 132.4, 133.1,
137.5, 153.2, 158.0, 160.3, 162.8, 163.0.

Anal. Calcd for C,,H,N;0,: C, 67.51; H, 5.41; N, 10.74. Found: C,
67.21; H, 5.42; N, 10.70.

4-Hydroxy-3-{4’-methoxy-2’-[(4”-phenyl-1H-1",2",3"-triazol-
1”-yl)methyl]phenyl}chromen-2-one (15b)

CC (eluent: EtOAc-EtOH, 9:1); polycrystalline colorless solid
(84%); mp 144 °C.

'HNMR (200 MHz, CDCl,): = 3.55 (s, 3H), 5.36 (d,J = 15.4 Hz,
1 H),5.52(d, J = 15.4 Hz, 1 H), 6.37 (d, J = 2.2 Hz, 1 H), 6.55 (dd,
J=7.1,22Hz, 1 H), 7.17-7.41 (m, 6 H), 7.49-7.61 (m, 3 H), 7.72
(s, 1 H), 8.00 (m, 1 H).

13C NMR (50 MHz, CDCl,): § =51.9, 55.2, 103.7, 113.6, 114.3,
116.0,116.5,121.5, 124.1,124.2,125.7, 128.3, 128.7, 129.7, 132.5,
133.1, 137.1, 147.2, 153.2, 160.3, 162.7, 162.9.

Anal. Calcd for C,sH,,N;0,: C, 70.58; H, 4.50; N, 9.88. Found: C,
70.69; H, 4.49; N, 9.94.

3-{2’-[(4”-Ethoxy-1H-1",2",3"-triazol-1"-yl)methyl]-4’-meth-
oxyphenyl}-4-hydroxychromen-2-one (15c)
CC (eluent: EtOAc-EtOH, 9:1); colorless oil (61%).

'H NMR (200 MHz, CDCLy): § = 1.25 (t, J = 7.1 Hz, 3 H), 3.72 (s,
3H),4.11(q,J = 7.1 Hz, 2 H), 5.20 (d, J = 15.0 Hz, 1 H), 5.37 (d,
J=15.0Hz, 1 H), 6.63(d,J = 1.8 Hz, 1 H), 6.91 (dd, J = 7.4, 1.8
Hz, 1 H), 7.05 (s, 1 H), 7.23 (d, J = 7.6 Hz, 1 H), 7.32-7.38 (m, 2
H), 7.59 (t, J = 7.6 Hz, 1 H), 7.94 (d, J = 7.4 Hz, 1 H).

13C NMR (50 MHz, CDCly): & = 14.1, 52.6, 55.3, 66.3, 104.1,

114.5,114.9,116.6, 121.6, 124.1, 132.5, 135.2, 137.1, 144.6, 153.1,
160.5, 162.4, 162.8.

Anal. Calcd for C,;H;(N;05 (433.16): C, 64.12; H, 4.87; N, 10.68.
Found: C, 64.34; H, 4.90; N, 10.71.

4-Hydroxy-5,7-dimethoxy-3-{4’-methoxy-2'-[ (4”-propyl-1H-
17,2”,3”-triazol-1”-yl)methyl]phenyl}chromen-2-one (16a)

CC (eluent: EtOAc-PE, 7:3); polycrystalline colorless solid (96%);
mp 174 °C.

'H NMR (200 MHz, CDCl,): 6 =0.91 (t, J = 7.2 Hz, 3 H), 1.56—
1.67 (m, 2 H), 2.60 (t, J = 7.2 Hz, 2 H), 3.76 (s, 3 H), 3.88 (s, 3 H),
4.03 (s,3H),5.34(d,J = 15.1 Hz, 1 H), 5.52(d, J = 15.1 Hz, 1 H),
6.39(d,J=1.8Hz, 1 H),6.54 (d,J=1.8Hz,1H),6.72(d,J =2.4
Hz, 1 H), 6.95 (dd, J = 8.6, 2.4 Hz, 1 H), 7.25-7.29 (m, 2 H), 9.59
(brs, 1 H).

3C NMR (50 MHz, CDCl,): § = 13.8, 22.6, 27.7, 52.1, 55.3, 56.0,
57.1, 94.4, 98.5, 95.8, 100.9, 114.1, 114.4, 121.0, 122.8, 133.1,
136.1, 148.4, 156.0, 157.1, 159.8, 162.6, 162.7, 163.5.

Anal. Calcd for C,,H,5N;O,: C, 63.85; H, 5.58; N, 9.31. Found: C,
64.29; H, 5.59; N, 9.33.

4-Hydroxy-3-(2'-{[4”-(1""-hydroxycyclopentyl)-1H-1",2",3"-
triazol-1”-yllmethyl}-4’-methoxyphenyl)-5,7-dimethoxy-
chromen-2-one (16b)

CC (eluent: EtOAc); polycrystalline colorless solid (95%); mp
126 °C.

'H NMR (200 MHz, CDCL,): § = 1.74-2.08 (m, 8 H), 3.80 (s, 3 H),
3.89 (s, 3 H), 4.02 (s, 3 H), 5.37 (d, J = 15.1 Hz, 1 H), 5.53 (d,
J=15.1Hz, 1 H), 639 (d,J = 1.8 Hz, 1 H), 6.53 (d,J = 1.8 Hz, 1
H), 6.83 (d, J = 2.4 Hz, 1 H), 6.97 (dd, J = 8.4, 2.4 Hz, 1 H), 7.23
(d,J = 8.4 Hz, 1 H),7.39 (s, | H),9.60 (brs, 1 H).

13C NMR (50 MHz, CDCl,): § = 23.5, 23.6, 40.8, 41.0, 52.7, 55.4,
56.0,57.0,78.8,94.4,95.8,98.4,100.7,114.3, 114.9, 123.1, 133.3,
135.6, 155.9, 157.1, 159.8, 162.6, 162.7, 163.5.

Anal. Caled for C,cH,;N;0,: C, 63.28; H, 5.51; N, 8.51. Found: C,
63.15; H, 5.51; N, 8.50.

3-{2'-[(4”-Acetyloxymethyl-1H-1",2",3"-triazol-1"-yl)methyl]-
4’-methoxyphenyl}-4-hydroxy-5,7-dimethoxychromen-2-one
(16¢)

CC (eluent: EtOAc); polycrystalline colorless solid (98%); mp
137 °C.

'H NMR (200 MHz, CDCl,): § = 2.04 (s, 3 H), 3.77 (s, 3 H), 3.89
(s, 3H),4.04 (s, 3H),5.12 (s, 2 H), 5.38 (d, J = 14.8 Hz, 1 H), 5.50
(d,J = 14.8 Hz, 1 H), 6.40 (d,J = 1.8 Hz, 1 H), 6.54 (d, J = 1.8 Hz,
1 H), 6.76 (d,J = 2.6 Hz, 1 H), 6.96 (dd, J = 8.4, 2.6 Hz, 1 H), 7.24
(d,J =84 Hz, 1 H),7.58 (s, | H),9.62 (s, | H).

13C NMR (50 MHz, CDCl,): 8 = 20.9, 52.2, 55.3, 56.0, 57.1, 57.7,
944, 95.8, 98.5, 100.8, 114.3, 114.5, 123.0, 123.9, 133.2, 135.7,
156.0, 157.2, 159.8, 162.5, 162.8, 163.6, 170.7.

Anal. Calcd for C,,H,;N;04: C, 59.87; H, 4.82; N, 8.73. Found: C,
59.75; H, 4.80; N, 8.76.

4-Hydroxy-5,6,7-trimethoxy-3-{4’-methoxy-2'-[(4”-propyl-1H-
17,2”,3”-triazol-1”-yl)methyl]phenyl}chromen-2-one (17a)

CC (eluent: EtOAc-PE, 1:1); polycrystalline colorless solid (95%);
mp 152 °C.

'H NMR (200 MHz, CDCL,): 5 =0.84 (t, J = 7.2 Hz, 3 H), 1.48—
1.60 (m, 2 H), 2.52 (t, J = 7.3 Hz, 2 H), 3.70 (s, 3 H), 3.81 (s, 3 H),
3.88 (s, 3 H), 4.11 (s, 3 H), 5.27 (d, J = 14.8 Hz, 1 H), 5.45 (d,
J=14.8Hz, 1 H), 6.63 (s, 1 H), 6.69 (d, J = 2.6 Hz, 1 H), 6.89 (dd,
J=84,2.6Hz, 1H),7.19 (s, | H),7.20 (d, J = 8.4 Hz, 1 H), 10.03
(s, 1 H).
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13C NMR (50 MHz, CDCLy): § = 14.1, 22.6, 27.6, 52.2, 55.3, 56.4,
61.4, 62.9, 96.8, 100.7, 101.7, 114.3, 121.0, 122.7, 133.0, 136.1,
137.5, 148.4, 149.0, 150.3, 157.3, 159.8, 162.3, 162.4.

Anal. Caled for C,sH,;N;0,: C, 62.36; H, 5.65; N, 8.73. Found: C,
62.19; H, 5.67; N, 8.74.

4-Hydroxy-3-(2’-{[4”-(1""-hydroxycyclopentyl)-1H-1",2",3"-
triazol-1”-ylJmethyl}-4’-methoxyphenyl)-5,6,7-trimethoxy-
chromen-2-one (17b)

CC (eluent: EtOAc-EtOH, 9:1); polycrystalline colorless solid
(48%); mp 184 °C.

'HNMR (200 MHz, CDCLy): § = 1.74-2.00 (m, 8 H), 3.80 (s, 3 H),
3.87 (s, 3H),3.94 (s, 3H), 4.18 (s, 3H), 5.40 (d, J = 15.0 Hz, 1 H),
550 (d,J = 15.0 Hz, 1 H), 6.68 (s, 1 H), 6.85 (d, J = 2.7 Hz, 1 H),
6.98 (dd, J = 8.4,2.7 Hz, 1 H), 7.23 (d, J = 8.4 Hz, 1 H), 7.39 (s, 1
H), 10.11 (s, 1 H).

BC NMR (50 MHz, CDCl,): 8 = 23.5, 23.6, 41.0, 41.3, 52.6, 55.4,
56.5, 61.4, 62.9, 78.8, 96.8, 100.7, 101.6, 114.3, 114.9, 119.9,
122.9,133.3,135.8,137.5,149.0, 150.3, 154.2, 157.3, 159.8, 162.2,
162.4.

Anal. Caled for C,;H,)N;O4: C, 61.94; H, 5.58; N, 8.03. Found: C,
61.89; H, 5.59; N, 8.00.

3-{2’-[(4”-Ethoxy-1H-1",2",3"-triazol-1"-yl)methyl]-4'-meth-
oxyphenyl}-4-hydroxy-5,6,7-trimethoxychromen-2-one (17¢)
CC (eluent: EtOAc); polycrystalline colorless solid (97%); mp
180 °C.

'H NMR (200 MHz, CDCL,): § = 1.34 (t, J = 7.1 Hz, 3 H), 3.77 (s,
3 H),3.87 (s, 3 H), 3.94 (s, 3 H), 4.15 (q, J = 7.1 Hz, 2 H), 4.18 (s,
3H),5.28(d,J = 152 Hz, 1 H), 5.42 (d, J = 15.2 Hz, 1 H), 6.69 (d,
J=2.7Hz, 1 H),6.77 (s, 1 H), 6.93-6.95 (m, 2 H), 7.23 (d, J = 8.3
Hz, 1 H), 10.11 (s, 1 H).

13C NMR (50 MHz, CDCl,): § = 14.7, 53.1, 55.3, 56.4, 61.3, 62.9,
66.2, 96.7, 100.7, 101.6, 106.2, 114.3, 122.7, 133.0, 135.8, 137.5,
149.0, 150.3, 157.3, 159.8, 161.0, 162.3, 162.4.

Anal. Calcd for C,4H,sN;04: C, 59.62; H, 5.21; N, 8.69. Found: C,
59.80; H, 5.21; N, 8.66.

4-{2'-[(4”-Acetyloxymethyl-1H-1",2",3"-triazol-1"-yl)methyl]-
4’-methoxyphenyl}chromen-2-one (18a)

CC (eluent: EtOAc-PE, 7:3); polycrystalline colorless solid (71%);
mp 100 °C.

'H NMR (200 MHz, CDCLy): & =2.05 (s, 3 H), 3.85 (s, 3 H), 5.08
(s,2H),5.29 (d,J = 15.2 Hz, 1 H), 542 (d, J = 15.2 Hz, 1 H), 6.28
(s, 1 H), 6.86 (d, J = 2.2 Hz, 1 H), 7.00-7.04 (m, 2 H), 7.16-7.28
(m, 2 H), 7.35-7.42 (m, 2 H), 7.56 (dt, J = 7.9, 1.3 Hz, 1 H).

13C NMR (50 MHz, CDCl,): §=20.8, 51.5, 57.8, 57.3, 114.4,
115.0,116.5,117.3,119.4,123.8, 124.5, 126.2, 126.4, 130.7, 132.1,
133.7, 143.1, 153.6, 153.7, 160.0, 160.7, 170.8.

Anal. Calcd for C,,H,N;05: C, 65.18; H, 4.72; N, 10.37. Found: C,
65.02; H, 4.70; N, 10.39.

4-(2’-{[4”-(1"”-Hydroxycyclopentyl)-1H-1",2",3"-triazol-1"-
yllmethyl}-4’-methoxyphenyl)chromen-2-one (18b)

CC (eluent: EtOAc-PE, 7:3); polycrystalline colorless solid (85%);
mp 74 °C.

'H NMR (200 MHz, CDCL,): § = 1.78-1.93 (m, 8 H), 3.85 (s, 3 H),
5.26(d,J = 154 Hz, 1 H),5.38 (d,J = 15.4 Hz, 1 H), 6.24 (s, 1 H),
6.89 (d, J = 2.0 Hz, 1 H), 7.00-7.04 (m, 2 H), 7.15-7.23 (m, 3 H),
740 (d,J = 7.8 Hz, 1 H), 7.59 (dt, J = 8.5, 1.5 Hz, 1 H).

3C NMR (50 MHz, CDCly): § = 23.6, 23.7, 41.2, 41.3, 51.6, 55.5,
78.7,114.4, 1153, 116.5, 117.4, 119.6, 119.8, 124.5, 126.3, 126.5,
130.7, 132.4, 134.0, 153.7, 153.8, 160.2, 160.7.
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Anal. Calcd for C,,H,;N;0,: C, 69.05; H, 5.55; N, 10.07. Found: C,
69.21; H, 5.57; N, 10.06.

4-{4’-Methoxy-2'-[(4”-propyl-1H-1",2",3"-triazol-1"-yl)meth-
yllphenyl}chromen-2-one (18c)

CC (eluent: EtOAc-PE, 3:2); polycrystalline colorless solid (86%);
mp 74-76 °C.

'H NMR (200 MHz, CDCl,): & = 0.91 (t, J = 7.4 Hz, 3 H), 1.50-
1.69 (m, 2 H), 2.58 (t, J = 7.4 Hz, 2 H), 3.83 (s, 3 H), 5.24 (d,
J=15.6Hz, 1 H),5.38(d,J = 15.6 Hz, 1 H), 6.31 (s, 1 H), 6.81 (d,
J =2.6Hz, 1 H), 6.98-7.07 (m, 3 H), 7.16-7.23 (m, 2 H), 7.41 (d,
J =7.4Hz, 1 H), 7.50-7.57 (m, 1 H).

13C NMR (50 MHz, CDCly): § = 13.7,22.5,27.5,51.3,55.5, 114.4,
114.6,116.5,117.3,119.6,120.7, 124.5, 126.0, 126.5, 130.5, 132.4,
134.4, 148.6, 153.7, 153.9, 160.2, 160.7.

Anal. Calcd for C,,H,N;05: C, 70.38; H, 5.64; N, 11.19. Found: C,
70.55; H, 5.60; N, 11.21.

4-{2'-[(4”-Acetyloxymethyl-1H-1",2",3"-triazol-1"-yl)methyl]-
4’-methoxyphenyl}-5,7-dimethoxychromen-2-one (19a)

CC (eluent: EtOAc-PE, 7:3); polycrystalline colorless solid (91%);
mp 83 °C.

'H NMR (200 MHz, CDCLy): & = 2.05 (s, 3 H), 3.39 (s, 3 H), 3.81
(s,3H),3.87(s,3H),5.11 (5,2 H), 5.25(d, J = 15.47 Hz, 1 H), 5.36
(d,J = 15.47 Hz, 1 H), 5.90 (s, 1 H), 6.20 (d, J = 2.0 Hz, 1 H), 6.52
(d,J=2.0Hz, 1H),6.70(d,J = 2.0 Hz, 1 H), 6.89 (dd, J = 8.4, 1.8
Hz, 1 H), 7.09 (d, J = 8.4 Hz, 1 H), 7.31 (s, 1 H).

13C NMR (50 MHz, CDCly): § =20.8, 51.7, 55.4, 55.8, 55.8, 57.5,
93.8,95.8, 103.7, 113.0, 113.3, 113.6, 128.9, 131.5, 132.7, 153.1,
156.9, 157.9, 159.6, 160.3, 163.8, 170.8.

Anal. Calcd for C,,H,3N;0;: C, 61.93; H, 4.98; N, 9.03. Found: C,
61.77; H, 5.00; N, 8.99.

4-(2’-{[4”-(1""-Hydroxycyclopentyl)-1H-1",2",3"-triazol-1"-
yllmethyl}-4’-methoxyphenyl)-5,7-dimethoxychromen-2-one
(19b)

CC (eluent: EtOAc); polycrystalline colorless solid (47%); mp 88
°C.

'H NMR (200 MHz, CDCL,): § = 1.76-2.08 (m, 8 H), 3.39 (s, 3 H),
3.82 (s, 3 H), 3.86 (s, 3 H), 5.23 (d, J = 15.1 Hz, 1 H), 5.34 (d,
J=15.1Hz, 1 H), 5.85 (s, | H), 6.19 (d, J = 2.4 Hz, 1 H), 6.52 (d,
J=24Hz, 1H),6.76 (d,J = 2.4 Hz, 1 H), 6.89 (dd, J = 8.3, 2.4 Hz,
1 H),7.07 (d, J = 8.4 Hz, 1 H), 7.15 (s, 1 H).

13C NMR (50 MHz, CDCl,): § =23.5, 23.5,41.0, 41.1, 51.9, 55.4,
55.8, 55.8, 78.7, 93.8, 95.8, 103.8, 112.9, 113.1, 114.0, 120.0,
128.9,131.6, 132.9, 153.2, 154.3, 156.9, 157.9, 159.6, 160.5, 163.7.

Anal. Caled for C,cH,;N;O4: C, 65.40; H, 5.70; N, 8.80. Found: C,
65.62; H, 5.72; N, 8.83.

4-{2'-[(4”-Acetyloxymethyl-1H-1",2",3"-triazol-1"-yl)methyl]-
4’-methoxyphenyl}-5,6,7-trimethoxychromen-2-one (20a)

CC (eluent: EtOAc-PE, 7:3); polycrystalline colorless solid (85%);
mp 71-72 °C.

'H NMR (200 MHz, CDCLy): & =2.05 (s, 3 H), 3.22 (s, 3 H), 3.80
(s, 6 H), 3.94 (s, 3H), 5.14 (s, 2 H), 5.36 (5, 2 H), 5.95 (s, 1 H), 6.15
(m, 1 H), 6.59-6.79 (m, 2 H), 6.91 (dd, J = 8.4, 1.9 Hz, 1 H), 7.17
(d,J = 8.4 Hz, 1 H), 7.43 (s, | H).

13C NMR (50 MHz, CDCL,): & = 20.8, 29.7, 51.9, 55.4, 56.3, 57.5,

61.1, 96.7, 107.4, 112.9, 113.7, 114.8, 123.9, 129.0, 130.5, 134.0,
139.6, 150.5, 151.4, 152.8, 157.3, 159.5, 160.0, 170.8.

Anal. Calcd for C,5H,5N;04: C, 60.60; H, 5.09; N, 8.48. Found: C,
60.70; H, 5.08; N, 8.50.
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4-(2’-{[4”-(1""-Hydroxycyclopentyl)-1H-1",2",3"-triazol-1"-
yllmethyl}-4’-methoxyphenyl)-5,6,7-trimethoxychromen-2-one
(20b)

CC (eluent: EtOAc); polycrystalline colorless solid (73%); mp 72
°C.

'HNMR (200 MHz, CDCLy): § = 1.78-2.05 (m, 8 H), 3.24 (s, 3 H),
3.81 (s, 3 H),3.82 (s, 3 H), 3.95 (s, 3 H), 5.34 (s, 2 H), 5.87 (s, 1 H),
6.70-6.76 (m, 2 H), 6.92 (dd, J = 8.4, 2.4 Hz, 1 H), 7.16 (d, J = 8.4
Hz, 1 H), 7.27 (s, 1 H).

13C NMR (50 MHz, CDCl,): § = 23.5, 23.6, 41.0, 41.1, 52.1, 55.4,
56.3, 61.0, 61.1, 78.8, 96.6, 107.4, 112.8, 114.1, 114.5, 120.1,
128.9,130.6, 134.2, 139.5,150.4, 151.3, 152.8, 157.2, 159.8, 160.3.

Anal. Calcd for C,;H,oN;0;: C, 63.89; H, 5.76; N, 8.28. Found: C,
63.69; H, 5.77; N, 8.28.

5,6,7-Trimethoxy-4-{4’-methoxy-2'-[(4”-propyl-1H-1",2",3"-
triazol-1”-yl)methyl]phenyl}chromen-2-one (20c)

CC (eluent: EtOAc-PE, 7:3); polycrystalline colorless solid (49%);
mp 63 °C.

'H NMR (200 MHz, CDCL,): § = 0.92 (t, J = 7.1 Hz, 3 H), 1.62—
1.65 (m, 2 H), 2.62 (t, J = 6.9 Hz, 2 H), 3.23 (s, 3 H), 3.78 (s, 3 H),
3.80 (s, 3 H), 3.94 (s, 3 H), 5.26 (d, J = 15.5 Hz, 2 H), 5.38 (d,
J=155Hz, 2 H), 598 (5, | H), 6.62 (d, J = 2.4 Hz, 1 H), 6.73 (s,
1 H), 6.89 (dd, J = 8.4, 2.4 Hz, 1 H), 7.10-7.19 (m, 2 H).

BC NMR (50 MHz, CDCl,): § = 13.7, 22.5, 27.6, 51.6, 55.4, 56.3,
61.0, 61.1, 96.6, 107.5, 112.9, 113.2, 114.7, 128.8, 130.3, 134.6,
139.6, 140.8, 150.5, 151.3, 153.0, 157.2, 159.9, 160.2.

Anal. Calcd for C,5H,,N;0,: C, 64.50; H, 5.85; N, 9.03. Found: C,
64.62; H, 5.84; N, 9.00.

2-[(4’-Acetyloxymethyl-1H-1",2,3'-triazol-1’-yl)methyl]-4-
methoxyphenylboronic Acid (21a); Typical Procedure
Compound 4b (0.062 g, 0.3 mmol) and propargyl acetate (0.044 g,
0.45 mmol) were dissolved in H,O-THF mixture (1:1, 1.5 mL). So-
dium ascorbate (1.2 mL, 0.12 mmol of freshly prepared 0.1 M aque-
ous solution) was added to a virgiously stirred mixture, followed by
the addition of aq 0.1 M CuSO, (0.3 mL, 0.03 mmol). The resulting
mixture was stirred at r.t. until the substrate was completely con-
sumed (TLC monitoring). After removal of the solvent, the product
21a was isolated by recrystallization from PE-CHCIl;-Et,0 as poly-
crystalline colorless solid (0.067 g, 73%); mp 48 °C.

'H NMR (200 MHz, CDCl,): 8 = 2.00 (s, 3 H), 3.80 (s, 3 H), 5.05
(s,2H), 5.84 (brs,2 H), 6.8 (brs, 1 H), 6.93 (dd, /= 8.2,1.8 Hz, 1
H), 7.70 (brs, 1 H), 7.96 (d, J = 8.2 Hz, 1 H).

3C NMR (50 MHz, CDCl): § =20.7, 53.8, 55.1, 57.1, 113.2,
114.5, 136.8, 138.0, 139.1, 141.3, 161.1, 170.6.

Anal. Caled for C3H;BN;Os: C, 51.18; H, 5.29; N, 13.77. Found:
C,51.43; H,491; N, 13.96.

2-{[4-(1”-Hydroxycyclopentyl)-1H-1",2’,3 ’-triazol-1’-ylJmeth-
yl}-4-methoxyphenylboronic Acid (21b)

Purified by recrystallization from PE-CHCIL,—Et,0; colorless oil
(75%).

"H NMR (200 MHz, CDCl,): & = 1.80-1.86 (m, 8 H), 3.80 (brs, 3
H),5.79 (brs,2 H), 6.83 (d,/ =2.2Hz, 1 H), 6.93 (dd, J = 8.3,2.3
Hz, 1 H), 7.54 (s, 1 H), 7.95 (d, J/ = 8.3 Hz, 1 H).

13C NMR (50 MHz, CDCly): § = 23.4, 23.5, 40.7, 40.8, 53.7, 55.2,
78.8, 113.3, 114.7, 121.5, 136.6, 139.3, 153.5, 161.0.

Anal. Calcd for C,sH,,BN;0,: C, 56.81; H, 6.36; N, 13.25. Found:
C, 56.94; H, 6.36; N, 13.29.

4-Methoxy-2-[(4’-propyl-1H-1’,2",3'-triazol-1"-yl)methyl]phe-
nylboronic Acid (21¢)

Purified by recrystallization from PE-CHCIL;—Et,0; colorless oil
(71%).

'H NMR (200 MHz, CDCl,): § = 0.88 (t, J = 7.1 Hz, 3 H), 1.56 (m,
2 H), 2.53 (m, 2 H), 3.80 (s, 3 H), 5.80 (br s, 2 H), 6.78 (d, J = 2.0
Hz, 1 H), 6.92 (dd, J = 8.2, 2.0 Hz, 1 H), 7.35 (br s, 1 H), 7.98 (d,
J=82Hz, 1 H).

13C NMR (50 MHz, CDCly): § = 13.7,22.4, 27.6, 53.6, 55.2, 113.3,
114.1, 122.3, 130.1, 136.6, 139.6, 161.0.

Anal. Calcd for C;3HgBN;O;: C, 56.75; H, 6.59; N, 15.27. Found:
C,56.92; H, 6.56; N, 15.32.

Compounds 18a—c Starting from Arylboronic Acids 21a—c; 4-
{2’-[(4”"-Acetyloxymethyl-1H-1",2",3"-triazol-1"-yl)methyl]-4'-
methoxyphenyl}chromen-2-one (18a); Typical Procedure

A mixture of 4-trifluoromethylsylfonyloxycoumarin (13a; 0.035 g,
0.113 mmol), arylboronic acid 21a (0.038 g, 0.125 mmol), 1,1’-
bis(diphenylphosphino)ferrocene-palladium(II) dichloride chloro-
form complex (0.0034 g, 0.0057 mmol), Bu,NBr (0.0035 g, 0.011
mmol), and K;PO, (0.0718 g, 0.339 mmol) in anhyd MeCN (2-3
mL) was stirred at 80 °C under argon until the substrate was com-
pletely consumed (1.5 h, monitored by TLC). The solvent was re-
moved under reduced pressure. The residue was purified by column
chromatography on silica gel (eluent EtOAc-PE, 7:3) to afford 18a
(0.039 g, 85%) as polycrystalline colorless solid; mp 100 °C.

18b
CC (eluent EtOAc-PE, 7:3); polycrystalline colorless solid (61%);
mp 74 °C.

18¢c
CC (eluent EtOAc-PE, 2:3); polycrystalline colorless solid (67%);
mp 74-76 °C.
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