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Synthesis of New Thiophene-Substituted 3,3-Diphenyl-3 H-naphtho|2,1-b]pyrans
by Cross-Coupling Reactions, Precursors of Photomodulated Materials
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3,3-Diphenyl-3H-naphtho[2,1-b]|pyrans linked to one, two, or
three thiophene nuclei in different positions of the naph-
thalene moiety (5, 6, 8, and 9) by a covalent bond have been
prepared in good yields. A Suzuki cross-coupling reaction
was used with two possible strategies: chromenization before
the coupling with oligothiophenes or chromenization after
the coupling, the main intermediates being the diphenyl pro-
pargylic alcohol, the functionalized naphthol derivatives, and

the thiophenic boronates. The overall yields for obtaining
such photochromic compounds are generally quite satisfying.
For the 7-position, the coupling reaction has been realized
using a Grignard reaction between a tetralone derivative and
a thiophenic bromo magnesium intermediate.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2003)

Introduction

In the last decade, the design and synthesis of organic
molecular materials, whose structure and macroscopic
properties can be controlled by external triggers, has be-
come a challenging topic of multidisciplinary research. This
considerable research effort is justified by the potential ap-
plications of these materials in emerging opto-electronic
and photonic technologies.['l In this context, a photo-
chromic system, working through an external light stimulus,
can be the basic unit for a molecular switch.” Then, under
appropriate light irradiation, intrinsic changes of the geo-
metry and polarity of the chromophoric entity can lead to
a topological change of an attached molecular system,
modifying in turn the physical properties of the material
under consideration.>~! So, our attention has been focused
on the synthesis of 3H-naphtho[2,1-b]pyrans (or, 2H-chro-
menes) linked to a thiophene moiety, because first, this fam-
ily of organic pigments exhibits interesting photochromic
properties'®”! (good fatigue resistance, wide range of ab-
sorption in the visible region) and then, oligothiophenes
are well known for their fascinating electronic properties.-!
These individual molecules are attractive building blocks
for the design of molecular switches on a meso- or macro-
scopic scale.

Exposure of these naphthopyrans to UV irradiation,
either in liquid solution or in a rigid polymer matrix, results
in a drastic color change. The naphthopyran closed form
absorbs in the UV region and, through excited intermedi-
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ates, gives cleavage of the Csp>—O bond and isomerization,
leading to a set of quasi-planar open colored forms (photo-
merocyanines), highly conjugated, absorbing in the visible
range. The molecule reverts to its original colorless form
either thermally or photochemicallyl!®!'!l as depicted in
Scheme 1.

Closed Form (CF)
n=0,1and 2

Open Form (OF)

Scheme 1. Photochromic equilibrium between Closed Form (CF)
and Open Form (OF) (the most stable stereoisomer)

The change from the closed form to open forms results
in the expansion of m-electron delocalization over the whole
skeleton. The reverse reaction, the closing of the chromene
ring, leads to the interruption of conjugation between the
left and right sides. This concomitant electronic change can
be used to control and modulate the intrinsic electrical con-
ductivity of the molecular system, which depends on the
conjugation state. Thus, the tetrahedral carbon atom, which
changes its hybridization reversibly from sp’ to sp? al-
lowing or stopping the electron flow between the different
parts of the molecular system, plays the role of a switch.
Our molecular switches based on oligothiophenes operate
at a molecular level, where the photo-switching occurs, in
turn resulting in a macroscopic change of the electrical and
optical properties.
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In the present work, we report the synthesis of a series
of thiophene-substituted 3H-naphtho[2,1-b]pyrans, in
which the thiophene moiety is linked directly to the naph-
thopyran photochromic skeleton. The participation of the
thiophene entity in the m-electronic delocalization, de-
pending on its linkage to positions 5 to 9 of the naphtha-
lenic nucleus, has been investigated (Scheme 2).
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Scheme 2. Structures of the target molecules VI to XVII

Results and Discussion

The building of the 3,3-diphenyl-3H-naphtho[2,1-b]pyr-
ans can be achieved by a “one-pot reaction” starting from
a suitable naphthol and the commercially available 1,1-di-
phenyl-2-yn-1-0L.I'>131 This condensation reaction takes
place in an apolar solvent (toluene, CH,Cl,) under acid ca-
talysist!*131 (Scheme 3). The reaction proceeds via a Claisen
rearrangement of alkynyl aryl ethers resulting from naph-
thol “O-alkylation”, followed by an H-shift and electro-
cyclic ring closure.
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Scheme 3. General synthesis of 3H-naphtho[2,1-b]pyranic structures
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In a previous work,!'® we have shown that the PTSA (p-
toluenesulfonic acid) originally used, can be advantageously
replaced by PPTS!'”! (pyridinium p-toluenesulfonate), in or-
der to avoid subsequent degradation of the highly acid-sen-
sitive product, and to limit the formation of by-products.
Although longer reaction times are required, varying from
one to a few days, the yield increases by an average of 20%.

In order to introduce directly the thiophene moiety on
positions 5 to 9 of the naphthopyran, three different syn-
thetic approaches (retrosyntheses A, B, and C) have been
developed, which are based on a convergent route, as out-
lined in Scheme 4. Substitution on the 10-position has not
been targeted. Indeed, it has been proved that substituents
on this position lead to colored forms having very low half-
life times due to steric hindrance.!'8!

Linkage of the thiophene entity, performed via a Suzuki
cross-coupling reaction, can occur after (pathway A) or be-
fore (pathway B) the formation of the chromenic structure.

CH
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Scheme 5. Synthesis of the thiophene boronates 1, 2, and 3
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Scheme 4. Retrosynthetic analysis and strategies for the total synthesis of the target molecules VI to XVII
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A comparison of these two synthetic approaches allowing
the linkage of thiophene units on positions 5, 6, 8, and 9
has been performed. Both synthetic routes involve thio-
phene boronic esters 1—3 (Scheme 5) and suitable prefunc-
tionalized naphth-2-ols (5, 8, 9, 10, and 11) as common
target building blocks.

Synthesis of thiophenic boronic esters 2 and 3, requires
the preliminary preparation of 2,2'-bithiophen!® and
2,2':5" 2""-terthiophen,!'%?% which are obtained according
to literature methods.

The o-metallation reaction!! of mono-, bi-, and terthi-
ophene with nBuLi, in THF at —40 °C for 1 h, followed by
quenching with an excess of tributylborate at —90 °C, re-
sulted in the formation of the crude corresponding boronic
esters, not isolated.

Transesterification of these crude intermediates into their
cyclic homologues was achieved using an excess of the com-
mercially available 2,2-dimethylpropane-1,3-diol. This reac-
tion proceeds rapidly (15 min) and smoothly at room tem-
perature, in a very simple procedure. Furthermore, it is
noteworthy that acidic conditions are never used.

The thiophene boronic esters 1, 2, and 3 were con-
veniently obtained with 92, 86, and 64% yield, respectively.
The second key-intermediates needed in both A and B stra-
tegies are naphth-2-ols functionalized by a bromine atom
or a triflate group. This latest substitution allows the intro-
duction of the thiophene moiety via the Suzuki method,
efficient for Csp>—Csp?> bond formation.?>?3 Bromo-
naphth-2-ols are not commercially available, except for 6-
bromonaphth-2-ol. The preparation of these bifunctional
key intermediates is generally non-univocal. The purifi-
cation of crude product is often tricky and the isolated
yields are generally moderate to low and fickle. In this con-
text, the chemistry of aryl triflates, which has been exten-
sively explored and applied to a variety of chemical trans-
formations of aromatic compounds,”* constitutes an
alternative solution. Moreover, 2,3-dihydroxynaphthalene
(4), 2,6-dihydroxynaphthalene (5), and 2,7-dihydroxynaph-
thalene (6) are commercially available. Triflation of 4, 5, and
6 with triflic anhydride, carried out at 0 °C in pyridine,>’!
afforded the required monotriflated naphth-2-ols, together
with the corresponding ditriflates (Scheme 6).

The mixture of these two products was easily purified via
column chromatography on silica gel. The triflated naph-
thols were obtained in variable yield ranging from 24 to
48%. Attempts to optimize the yield of triflated naphth-2-
ol by modifying the reaction temperature and the concen-

OH (CE80,0 X
O°C pyridine

OTf

trations were unsuccessful. Independently of the selected
synthetic pathway (A or B), the triflated naphth-2-ols 8, 10,
and 12 allow the introduction of the thiophene entity on
positions 5, 8, and 9 of the chromenic structure, respec-
tively.

As for the 6-position, the preparation of 4-bromonaphth-
2-ol or its triflated homologue was essential, so 4-bromo-
naphth-2-ol was prepared from 1-naphthylamine in three
steps?®l and 49% overall yield, according to a literature pro-
cedure. The previous triflated and brominated naphth-2-ols
were subsequently involved in the standard chromenization
procedures as outlined in Scheme 7.
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Scheme 7. Preparation of the chromeric key intermediates I to V

The photochromic compounds I—V were obtained in sat-
isfactory yields, varying between 66 and 80%, from conden-
sation of triflated or brominated naphth-2-ol with the com-
mercially available 1,1-diphenyl-2-yn-1-ol. The reaction was
monitored by TLC and was stopped when one of the start-
ing materials had been consumed. For monotriflated naph-
thols (8, 10, and 12), the reaction proceeds in refluxing di-
chloromethane, in the presence of a catalytic amount of
PTSA, for five days. For both brominated naphthols (13
and 14), the condensation takes place at room temperature.
The use of PTSA instead of PPTS, brings down the reaction
time to 2 h. After successfully accomplishing the synthesis
of key intermediates 1—3 and I-V, our attention turned
towards the Suzuki cross-coupling reaction, which consti-
tutes the ultimate step of synthetic path A (Scheme 8).

The palladium-catalyzed cross-coupling reaction of tri-
flated and brominated intermediates with thiophene bo-
ronic ester, under classic Suzuki conditions,*??! was investi-
gated by using tetrakis(triphenylphosphane)palladium (5
mol %) and anhydrous K;PO, as base. The reaction was

2 x!

X
| 4 5 6 | 7 9 11 | 8 10 12
X'\ oH H H X'| orff H H x'| ot H H
X} H OH H x*| H OTf H x| H OTtH
X} H H OH x*l"d8 H orf X H H Off

Scheme 6. Preparation of the monotriflated naphthols 8, 10, and 12
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performed in DMF at 90 °C for 15 h. The results are sum-
marized in Table 1.

X Pd(PPhs),, K5PO,
DMF, 90°C

ItoV,X=Bror OTf

Scheme 8. Suzuki cross-coupling reaction of prefunctionalized 3,3-
diphenyl-3H-naphtho[2,1-b]pyrans (I to V) with thiophene bo-
ronates

Table 1. Yields in the synthesis of 3H-naphtho[2,1-b]pyrans VI to
XVII

CH;  Product and

#cm Yield® [%)
%

Entry  Starting materials

1 I (5-OTH) 1(n=0) VI (87)
2 1(5-0T) 2(n=1) XI (82)
3 IV (6-Br) 1(n=0) VII (38)
4 1V (6-Br) 2(n=1) XII (42)
5 II (8-OTf) 1(n=0) IX (94)
6 II (8-OTf) 2(n=1) XIV (88)
7 11 (8-OTH) 3(n=2) XVI (64)
8 V (8-Br) 1(n=0) IX (89)
9 V (8-Br) 2(n=1) X1V (86)
10 V (8-Br) 3(n=2) XVI (54)
11 IH (9-OTf) 1(1=0) X (81)
12 111 (9-OT) 2(n=1) XV (83)
13 I (9-0Tf) 3(n=2) XVII (65)

[a"All the yields are for pure, isolated products.

According to data reported in this table, except for the 6-
position (entries 3 and 4), the linkage of the thiophene and
bithiophene moiety to the prefunctionalized 3H-naph-
tho[2,1-b]pyrans, was accomplished efficiently, the yield va-
rying from 81 to 94%. Although the reactivity of electro-
philes towards organoboron compounds decreases in the
order R—Br > R—OT(,?*! the obtained yields in coupling
products (entries 5, 6, 8, and 9) did not vary in a significant
way. By comparison with their thiophene and bithiophene
homologues, the terthiophene-substituted 3 H-naphtho[2,1-

blpyrans XVI and XVII are obtained in moderate yields.
This high decrease in yield is attributed to the low solubility
of the formed products. We note that compounds XVI and
XVII do not exhibit photochromic properties. The intro-
duction of a terthiophene moiety onto the right side, which
brings about a too-large extension of the m-system, inhibits
the photoreactivity of the naphthopyran unit (C—O bond
breaking) and favors the luminescence: fluorescence is
qualitatively observed. A similar result had been already
observed, when a terthiophene entity is introduced onto the
8-position of the naphthalenic nucleus via an acetylenic
junction.?”! Thus, the introduction of an oligothiophene at-
tached to the naphthalenic nucleus must be restricted to a
bithiophen if the photochromic properties have to be re-
tained.

Naphthopyran-linked thiophene or oligothiophenes on
positions 5, 6, 8, and 9 have, for comparison, also been
synthesized via retrosynthesis B (Scheme 4). This conver-
gent synthetic strategy involves the grafting of the thio-
phene moiety onto the prefunctionalized naphthols 8, 12,
13, and 14 previously synthesized (Scheme 9), just before
the final step of chromenization.

o CH,
\ </ Vs p ¢
3 x! 6©©/3$ / \)
X X2 Pd(PPhs)4, K5PO, a N
DMF, 90°C
8,12,13 or 14 1523 (n=0,10r2)
(see table 2)

Scheme 9. Synthesis of thiophenic naphth-2-ols via the Suzuki
cross-coupling reaction

The results are collected in Table 2.

Except for brominated naphth-2-ol 13 (entries 3 and 4),
the coupling products were obtained in excellent yields,
ranging from 78 to 89%. Surprisingly, product 21 (entry 7),
bearing a terthiophene entity was isolated in a yield of 81%.
For compound 13 (entries 3 and 4), the coupling products
are obtained in moderate yields of 54 and 49%, respectively.
This decrease in yield is similar to the one observed during
the coupling reaction of prefunctionalized 3 H-naphtho[2,1-

Table 2. Yields in the synthesis of the thiophene naphthols and of the 3H-naphtho[2,1-b]pyrans

Entry Starting triflated CH;  Product and Product and
or brominated cross-coupling | chromenization
naphthol ﬁé yield BI[%] yield PI[%]

'\ /
1 8 1(n=0) 15 (89) VI (62)
2 8 2(n=1) 16 (84) XI (47)
3 13 1(n=0) 17 (54) VII (58)
4 13 2(n=1) 18 (49) XTI (51)
5 14 1(n=0) 19 (88) IX (62)
6 14 2(n=1) 20 (78) X1V (22)
7 14 3(n=2) 21 (81) XVI (9)
8 12 1(n=0) 22 (86) X (59)
9 12 2(n=1) 23 (82) XV (54)

[al All the yields are for pure, isolated products.
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b]lpyrans (Table 1, entries 3 and 4). These results suggest
that the a-position of the naphthalenic nucleus is less reac-
tive than the B- position, the oxidative addition step being
more difficult. The Suzuki cross-coupling reaction is an ef-
ficient method for Csp?>—Csp? bond formation, perfectly
compatible with the presence of a free hydroxyl group.

The key intermediates 15—23 were condensed with com-
mercially available 1,1-diphenyl-2-yn-1-ol. PTSA cannot be
used as catalyst: in these experimental conditions, the ex-
pected products are formed, but they were gradually de-
graded. When the starting materials had been totally con-
sumed, only decomposition products were obtained. In
contrast, the reaction works using the less-acidic pyridin-
ium salt of PTSA (Scheme 10).

) =
e @Q
7~ -OH 9 A\
@s /\> CH,C = )
Waye PPTS,r.t. o O
5 6

15-23

OH+
N

VI, VII, IX-XII, XIV-XVI
(n=0, 1 or 2; sec table 2)

Scheme 10. Chromenization of thiophenic naphth-2-ols with 1,1-
diphenyl-2-yn-1-ol

As can be seen from Table 2, the photochromic com-
pounds bearing a mono- or bithiophene were isolated in
low to moderate yield, varying from 22 to 62%. The terthi-
ophene compound XVI was obtained in very low yield
(9%). This result is attributed to the poor solubility of the
starting naphthol.

The attachment of a mono or bithiophene moiety to the
7-position of the photochromic structure, has been per-
formed via retrosynthetic pathway C (Scheme 4). This con-
vergent synthetic strategy, required the preparation of two
key intermediates 27 and 30 (Scheme 11).

OH 1° <%MgBr
@@( 19) K,COs, acetone E;@OCHZ%HS ANIAY,
2°) CH.CH,Br

2°) H,OH"
O 2% ) Hy
/ WS . T\ s
8 ST\ 4 4-chloroanil, A “ s
26 29 Benzene O 25 28
CeHsCH,O 7|51 CeHsCH,O _‘ =
Nal/(CH;)SiCl
acetonitrile, 60°C
OIS 27 30

0 1

§) "

HO

Scheme 11. Synthesis of the thiophene naphth-2-ols 27 and 30

The synthesis of 27 and 30 from commercially available
6-hydroxy-1-tetralone, were carried out in four steps with
overall yields of 56 and 58%, respectively. Conversion of 6-
hydroxy-1-tetralone to its benzyl ether was efficiently ac-

Eur. J. Org. Chem. 2003, 2799—2812 WWw.eurjoc.org

complished in 92% yield, by treatment with benzyl bromide
and K,COs; in refluxing acetone.”®! The reaction of (thi-
ophen-2-yl)magnesium bromidel'*¥l and of (2,2'-bithien-5-
yl)magnesium bromide?*?! with 24, followed by acid hy-
drolysis?’! afforded 25 and 28 in over 80% yield. Sub-
sequent oxidation of 25 and 28 with an excess of 4-chlo-
roanil,’% in refluxing benzene, gave 26 and 29 in high
yields. The benzyl group was removed by treatment with
(CH3);SiCl/Nal in acetonitrilel*!] at 60 °C, to lead to the
key derivatives 27 and 30 in yields of 82 and 88% respec-
tively.

The target molecules VIII and XIIT were synthesized (in
yields over 60%) respectively by condensation of 27 or 30
with 3,3-diphenylprop-1-yn-3-ol in dry CH,Cl,, at room
temperature, in the presence of a catalytic amount of
PPTS (Scheme 12).

A ) Ol on pbie
W ’ N
HO

27 or 30

Qo -

| vir - XImx
n | 0 1

Scheme 12. Synthesis of the target molecules VIII and XIII

Conclusion

We have described different synthetic approaches, via
coupling reactions to naphtho[2,1-b]pyrans bearing one,
two, or three thiophene units on different positions of the
naphthalenic ring. Access to naphthopyrans substituted on
the 5, 6, 8, or 9 positions has been achieved using Suzuki
cross-coupling reactions. Of the two different ways investi-
gated, pathway A (the chromenization reaction before the
coupling reaction) showed undoubtedly better results than
pathway B (the coupling reaction before the chromenization
reaction). For substitution on the 7-position of the naph-
thopyran, the final cyclization to a pyran ring is “essential”,
but in this case the thiophene-linked naphthol was obtained
through a Grignard reaction.

Most of the prepared compounds show photochromic
behavior under UV irradiation as well in solutions as in a
polymeric matrix. In recent papers we described the spec-
troscopic properties (absorption, emission)i*?! and the pho-
tochromic characteristics®*3 of compounds IX, XIV, XVI,
and XVII. It has been demonstrated that the photochromic
properties strongly depend on the number and position of
the thienyl units. For instance, the switching wavelengths
(from closed to open forms) range from 346 nm to 397 nm,
the absorption of the colored forms ranges from 470 nm to
520 nm and an important observation concerns the lack of
photochromism when a terthienyl group is linked either on
the 8 or on the 9-position. In these last cases (XVI and
XVII), the fluorescence of the oligothiophenic substituent
totally inhibits the photochromic process.

© 2003 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 2803
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The set of described compounds including one or two
thiophene units, are good candidates for the design of mo-
lecular optical switches devoted to photomodulation of the
electric properties of conducting materials.

Experimental Section

General Remarks: Melting points were determined in capillary
tubes on a Buchi 510 apparatus and are uncorrected. Glassware
used in the reactions described below was dried for a minimum of
12 hin an oven at 120 °C. All reactions were performed in standard
glassware under an inert atmosphere of Ar. A positive pressure of
Ar was essential to the success of all Pd-catalyzed reactions. Degas-
sing of solvents was accomplished by vigorously bubbling Ar
through the solution for at least 40 min. Fourier transform IR spec-
tra were recorded on a Matson Polaris spectrophotometer from
samples as KBr pellets or as solutions in CCly. The frequencies of
band positions are given in cm ™! (V). Nuclear magnetic resonance
("H and '*C NMR) spectra were recorded on either a Bruker
AC250 (250 and 62.5 MHz, respectively), or a Bruker AMX400
(400 and 100 MHz, respectively) spectrometer. Chemical shifts are
reported in parts per million (8) relative to the nondeuterated sol-
vent peak. Coupling constants (J values) are expressed in Hertz
(Hz), and spin multiplicities are indicated by the following symbols:
s (singlet), d (doublet), t (triplet), q (quadruplet), m (multiplet), br.
s (broad singlet). Elemental analyses were performed on an LECO-
932-CNS analyzer.

Column chromatography was carried out using silica gel 60
230—400 mesh (Merck & Co.). Silica TLC was conducted on pre-
coated aluminum sheets (60 F,s4) with a 0.2 mm thickness (Aldrich
Chemical Co.).

Chemicals: THF and Et,O were distilled prior to use from sodium
benzophenone ketyl under argon, while dichloromethane (CH,Cl)
was distilled from calcium hydride, and stored over 3-A molecular
sieves. Benzene, acetonitrile, pyridine, and DMF were purchased
from S.D.S. Chemicals Co. and used as supplied. 2,2’-bithiophen!!’]
and 2,2:5",2"'-terthiophen!!*2"! were synthesized according to the
literature procedure. 4-bromonaphth-2-ol was prepared by stand-
ard methods?® from 1-naphthylamine (three steps, 49% overall
yield).

Commercial [Pd(PPh3),] was purchased from Strem and used as re-
ceived.

General Procedure (1) for the Synthesis of Thiopheneboroxines 1, 2,
and 3: A stirred solution of thiophenic compound (30 mmol) in
anhydrous THF (120 mL) under an Ar atmosphere was cooled to
—40 °C. A 2.5 M solution of nBuLi in hexane (13.25mL,
31.5 mmol) was added dropwise, and the solution was stirred at
—40 °C for 1 h. The solution was cooled to —90 °C, and tributylb-
orate (20 mL, 90 mmol) was added rapidly via syringe. The re-
sulting solution was maintained at —90 °C for 1h, and then al-
lowed to warm to room temperature. 2,2-dimethylpropane-1,3-diol
(15.62 g, 150 mmol) was then added, and the resulting mixture
stirred for a further 15 min. The reaction was quenched with water
(100 mL), and extracted with benzene (4 X 50 mL). The combined
organic layers were washed well with brine (3 X 100 mL), dried
(MgS0O,), and the solvents were evaporated. Details for purification
and data of the individual compounds are given below.

As a consequence of incomplete decoupling of the B—C spin-spin
coupling by ''B (or '°B) quadrupolar relaxation,*¥ the signal of

2804 © 2003 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

carbon bonded to the boron atom, which should be very broad,
was not observed.

General Procedure (2) for the Preparation of Monotriflated Naph-
thols 8, 10 and 12: Trifluoromethanesulfonic anhydride (2.1 mL,
12 mmol) was added dropwise over a 10 min period to a stirred
solution of dihydroxynaphthalene (2 g, 12 mmol) in dry pyridine
(20 mL) at 0 °C under Ar. The purple mixture was then warmed
to room temperature, and stirring was continued for 16 h. The reac-
tion mixture was poured onto ice-cooled water (30 mL), and ex-
tracted with diethyl ether (3 X 20 mL). The organic layers were
combined, washed with 1 N aqueous HCI (2 X 25 mL), water (3 X
20 mL), and brine (3 X 20 mL), dried with anhydrous MgSO,, fil-
tered, and concentrated under reduced pressure. Purification by
column chromatography (SiO,; Et,O/cyclohexane gradient 100:0 to
60:40 furnished, by order of elution, the bitriflated naphthol fol-
lowed by the monotriflated naphthol.

General Procedure (3) for the Synthesis of Triflated Naphthopyrans
I, II, and III: A round-bottomed flask, equipped with a magnetic
stirrer and a reflux condenser, was charged with triflic naphthol
(1.50 g, 5.1 mmol), 3,3-diphenylprop-1-yn-3-ol (1.17 g, 5.6 mmol),
a catalytic amount of pyridinium p-toluenesulfonate (PPTS), and
dry dichloromethane (15 mL), purged with Ar and stirred for five
days in an oil bath at 70 °C. The progress of the reaction was
monitored by TLC (pentane/diethyl ether, 1:1). The reaction mix-
ture was allowed to come to ambient temperature. The solvent was
removed under reduced pressure and the solution concentrated to
dryness. The crude material was purified by column chromatogra-
phy and recrystallization to afford the product. Details for purifi-
cation and data of the individual compounds are given below.

For compounds I, 11, and III, the signal of the quaternary carbon
bonded to fluorine atoms does not appear under registration con-
ditions.

General Procedure (4) for the Synthesis of Brominated Naphthopyr-
ans IV and V: A 50-mL round-bottomed flask was charged with
3,3-diphenylprop-1-yn-3-ol (2.46 g, 11 mmol), the appropriate
bromonaphthol (2.08 g, 10 mmol) (4-bromonaphth-2-ol or 6-
bromonaphth-2-o0l), a catalytic amount of p-toluenesulfonic acid
(PTSA), and anhydrous dichloromethane (20 mL), purged with Ar
and stirred at room temperature. The reaction was monitored by
TLC (pentane/Et,O, 1:1) and was judged complete after 12 h. The
reaction mixture was washed with 5% w/v aqueous NaHCOj solu-
tion (2 X 20 mL) and brine (2 X 20 mL). The organic layer was
dried with MgSQ,, filtered, and concentrated to dryness under re-
duced pressure. The crude material was purified by column chro-
matography and recrystallization to afford the product. Details for
purification and data of the individual compounds are given below.

General Procedure (5) for the Suzuki Cross-coupling Reaction, Syn-
thesis of VI to XVII: A 15-mL round-bottomed flask, equipped
with a reflux condenser, a septum inlet and a magnetic stirrer bar,
was charged with triflated or brominated naphthopyran (1 mmol),
the glycol ester of the appropriate boronic acid (1.2 mmol),
Pd(PPhs), (58 mg, 5 X 1072 mmol), K5PO, (318 mg, 1.5 mmol),
and dry degassed DMF (6—8 mL), and purged with Ar. The reac-
tion mixture was heated at 110 °C in an oil bath for 15 h, cooled to
ambient temperature, and then quenched by addition of saturated
aqueous NH4CI (8 mL). The resulting mixture was filtered through
a Celite pad, the filter cake being thoroughly rinsed with benzene
(2 X 10 mL). The organic layer was separated, and the aqueous
layer was extracted with benzene (2 X 10 mL). The organic layers
were combined, washed with brine (4 X 15mL), and dried with
MgSO,. The solvent was removed under reduced pressure to give
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a crude solid residue, which was subjected to column chromatogra-
phy. Details for purification by column chromatography and recrys-
tallization, together with the data for the individual compounds,
are given below.

General Procedure (6) for the Synthesis of Thiophenic Naphthols 15
to 24: Triflic or brominated naphthol (1 mmol), the glycol ester of
the appropriate boronic acid (1.2 mmol), Pd(PPhs), (58 mg, 51072
mmol), and K3PO,4 (318 mg, 1.5 mmol) were placed in a 20-mL
round-bottomed flask fitted with a condenser. The system was
flushed with Ar and dry degassed DMF (15 mL) was added via
syringe to the flask. This heterogeneous mixture was stirred at 100
°C, under an Ar atmosphere for 20 h. After cooling, the crude reac-
tion was filtered through a plug of Celite, the filter cake being thor-
oughly rinsed with benzene (2 X 15mL), and washed with satu-
rated NaCl solution. The organic layer was dried with MgSO, and
the solvent was removed in vacuo. The resulting residue was sub-
jected to column chromatography to yield the cross-coupling prod-
uct as a powdery colored solid.

Details for purification, together with the data for the individual
compounds, are given below.

General Procedure (7) of “Chromenization” from Thiophene Naph-
thol: A 50-mL round-bottomed flask equipped with a magnetic
stirrer and a reflux condenser, was charged with the thiophenic
naphthol (10 mmol), 3,3-diphenylprop-1-yn-3-o0l (2.30 g, 11 mmol),
a catalytic amount of pyridinium toluene-p-sulfonate (PPTS), and
dry dichloromethane (20 mL), purged with Ar and refluxed for
3—6 days. The progress of the reaction was monitored by TLC
(pentane/Et,0, 1:1). After complete disappearance of the thioph-
enic naphthol, the reaction mixture was cooled to ambient tem-
perature and the solvent was removed under reduced pressure. The
crude material was purified by column chromatography and recrys-
tallization to yield the product. Details for purification and data of
the individual compounds are given below.

5,5-Dimethyl-2-thien-2-yl[1,3,2]dioxoborinane (1): This compound
was prepared by General Procedure (1), starting from thiophene
(2.52 g, 30 mmol). Purification by column chromatography of the
concentrate (SiO,; eluent: pentane/dichloromethane, 4:1) yielded
the pure compound 1 (5.40 g, 27.56 mmol, 92%) as a white powder;
m.p. 96 °C. IR (KBr): ¥ = 3110, 2970, 2959, 2873, 1517, 1480,
1422, 1378, 1365, 1345, 1283, 1254, 1107, 1043, 918, 850, 812, 738,
696, 660 cm~!. '"H NMR (250 MHz, [Dg]benzene): § = 0.65 (s, 6
H), 3.46 (s, 4 H), 7.01 (dd, J = 3.4, 47Hz, 1 H), 7.36 (dd, J =
0.9, 4.7 Hz, 1 H), 8.05 (dd, J = 0.9, 3.4 Hz, 1 H) ppm. *C NMR
(62.5 MHz, [Dg]benzene): 6 = 21.8 (2 X CH3—), 31.9 (C), 72.3 (2 X
—OCH,—), 128.0 (—CH=), 131.2 (—CH=), 135.5 (—CH=) ppm.
CyH3BO,S: C 55.13, H 6.68, S 16.3; found C 55.14, H 6.62, S 16.1.

5,5-Dimethyl-2-(2,2'-bithien-5-yl)[1,3,2]dioxoborinane ~ (2):  This
compound was prepared by General Procedure (1), starting from
2,2'-bithiophene (4.98 g, 30 mmol). Purification by column chro-
matography of the concentrate (SiO,; pentane/dichloromethane,
4:1) yielded the pure compound 2 (7.17 g, 25.8 mmol, 86%) as a
pale-greenish powder, m.p. 80—81 °C. IR (KBr): ¥ = 3074, 2959,
2933, 2901, 2873, 1537, 1511, 1480, 1457, 1419, 1375, 1369, 1333,
1317, 1298, 1254, 1242, 1109, 1075, 1047, 901, 843, 828, 809 cm!.
'"H NMR (250 MHz, [Dg]benzene): & = 0.71 (s, 6 H), 3.49 (s, 4 H),
6.77 (dd, J = 3.6, 5.1 Hz, 1 H), 6.85 (dd, J = 1.1, 5.1 Hz, 1 H),
7.23(dd, J = 1.1,3.6 Hz, 1 H), 7.30 (d, J = 3.5Hz, 1 H), 7.93 (d,
J = 3.5Hz, 1 H) ppm. *C NMR (62.5 MHz, [D¢]benzene): § =
21.9 (2 X CH3—), 32.1 (C), 72.4 2 X —OCH,—), 124.1 (-=CH=),
124.7 (-CH=), 1249 (-CH=), 127.9 (-CH=), 136.4 (—CH=),
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137.6 (C), 143.1 (C) ppm. C,3H,sBO,S,: C 56.12, H 5.43, S 23.0;
found C 56.13, H 5.47, S 22.9.

5,5-Dimethyl-2-(2,2":5’,2" -terthien-5-yl)[1,3,2]dioxoborinane A3):
This compound was prepared by General Procedure (1), starting
from 2,2":5',2"'-terthiophene (7.44 g, 30 mmol). Purification by col-
umn chromatography (SiO,; pentane/dichloromethane, 4:1) yielded
the pure compound 3 (6.91 g, 19.2 mmol, 64%) as a pale-greenish
powder, m.p. 174 °C. IR (KBr): ¥ = 3106, 3072, 3061, 2957, 2938,
2899, 2872, 1531, 1504, 1479, 1463, 1445, 1416, 1374, 1365, 1337,
1301, 1274, 1255, 1240, 1106, 1065, 1047, 867, 837, 828, 802 cm 1.
'H NMR (250 MHz, [D¢]benzene): § = 0.82 (s, 6 H), 3.55 (s, 4 H),
6.80 (dd, J = 3.7, 5.1 Hz, 1 H), 6.86 (d, J = 3.8 Hz, 1 H), 6.91 (d,
J=3.8Hz 1 H), 696 (dd, J = 3.7, 1.0 Hz, 1 H), 6.97—7.02 (m, 2
H), 7.24 (d, J = 3.6 Hz, 1 H) ppm. '*C NMR (62.5 MHz, [D¢]ben-
zene): & = 21.9 (2 X CH;3—), 32.1 (C), 72.4 (2 X —OCH,—), 123.8
(—=CH=), 124.4 (-=CH=), 124.5 (—=CH=), 124.7 (-CH=), 124.8
(—=CH=), 127.9 (—=CH=), 136.4 (C), 136.5 (—CH=), 136.6 (C),
137.1 (C), 142.7 (C) ppm. C;H;7;BO,S;5: C 56.66, H 4.75, S 26.7;
found C 56.55, H 4.74, S 26.7.

Naphthalene-2,3-diyl Bis(trifluoromethanesulfonate) (7): This com-
pound was obtained by General Procedure of triflation (2), as a
by-product in the synthesis of 8, in 31% yield (1.57 g, 3.70 mmol)
as white spangles, m.p. 83.5 °C. IR (KBr): v = 3072, 1601, 1513,
1466, 1434, 1253, 1231, 1212, 1140, 1130, 1054, 905, 900, 884, 827,
757, 686, 610 cm~!. 'TH NMR (250 MHz, CDCl;): § = 7.48 (d, J =
6.3Hz, 1 H), 7.49 (d, J = 6.3 Hz, 1 H), 7.70—7.76 (m, 4 H) ppm.
13C NMR (62.5 MHz, CDCl;): § = 118.9 (q, Jcr = 320.9 Hz, 2
X C), 1224 (2 X —CH=), 1283 (2 X —CH=), 129.0 2 X
—CH=), 132.0 (2 X C), 138.2 (2 X C) ppm. C,H4Fs0¢S,: C 33.97,
H 1.42, S 15.1; found C 33.95, H 1.51, S 15.2.

3-(Trifluoromethylsulfonyl)naphth-2-ol (8): This compound was ob-
tained by General Procedure of triflation (2), from 2,3-dihydroxyna-
phthalene in 24% yield (840 mg, 2.87 mmol) as a pale-pink powder,
m.p. 64—65 °C. IR (KBr): ¥ = 3499, 3063, 3034, 1633, 1605, 1524,
1480, 1414, 1397, 1221, 1211, 1164, 1137, 1074, 924, 880, 803, 752,
619 cm~'. '"H NMR (250 MHz, CDCl5): § = 5.64 (br. s, 1 H), 7.47
(s, 1 H), 7.50—7.66 (m, 2 H), 7.82 (d, J = 8.5Hz, 1 H), 7.85 (s, 1
H), 7.89 (d, J = 8.1 Hz, 1 H) ppm. '3C NMR (62.5 MHz, CDCl;):
8 = 1134 (—CH=), 119.0 (q, Jcr = 320.6 Hz, C), 121.0 (—CH=),
125.5 (=CH=), 126.6 (—CH=), 127.9 (-CH=), 128.1 (-CH=),
128.4 (C), 133.5 (C), 138.4 (C), 1455 (C) ppm. C;H;F;0,S: C
4521, H 2.41, S 11.0; found C 45.09, H 2.51, S 10.9.

Naphthalene-2,6-diyl Bis(trifluoromethanesulfonate) (9): This com-
pound was obtained by General Procedure of triflation (2), as a
by-product in the synthesis of 10, in 24% yield (1.22 g, 2.87 mmol)
as white spangles, m.p. 83 °C. IR (KBr): v = 3077, 1603, 1513,
1425, 1223, 1200, 1139, 1110, 940, 899, 850 cm™!. 'H NMR
(250 MHz, CDCly): 6 = 7.40 (dd, J = 2.4,9.0 Hz, 2 H),7.73 (d, J =
2.4 Hz, 2 H), 7.88 (d, J = 9.0 Hz, 2 H) ppm. '*C NMR (62.5 MHz,
CDCl3): & = 1189 (q, Jcr = 3209Hz 2 X C), 119.6 (2 X
—CH=), 121.6 (2 X —CH=), 131.0 (2 X —CH=), 1325 (2 X O),
148.0 (2 X C) ppm. C,HgFsO¢S,: C 33.97, H 1.42, S 15.1; found
C 33.94, H 1.46, S 14.8.

6-(Trifluoromethylsulfonyl)naphth-2-ol (10): This compound was
obtained by General Procedure of triflation (2), from 2,6-di-
hydroxynaphthalene in 48% yield (1.68 g, 5.74 mmol) as a pale-
pink powder, m.p. 80 °C. IR (KBr): ¥ = 3600—3200, 1603, 1527,
1429, 1393, 1254, 1206, 1131, 1108, 938, 893, 805 cm~!. '"H NMR
(250 MHz, CDCl;): 8 = 5.48 (s, 1 H), 7.00—7.10 (m, 2 H), 7.18
(dd, J = 2.6,8.9 Hz, 1 H), 7.50—7.58 (m, 2 H), 7.60 (d, J = 8.6 Hz,
1 H) ppm. 3C NMR (62.5 MHz, CDCls): 5 = 109.7 (-CH=),
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1188 (q, Jer = 3208 Hz, C), 119.2 (~CH=), 119.5 (~CH=),
120.1 (—CH=), 128.5 (C), 128.8 (—~CH=), 129.9 (—CH=), 133.7
(C), 145.5 (C), 154.4 (C) ppm. C,,H,F;0,S: C 45.21, H 2.41, S
11.0; found C 45.12, H 2.4, S 11.2.

Naphthalene-2,7-diyl Bis(trifluoromethanesulfonate) (11): This com-
pound was obtained by General Procedure of triflation (2), as a
by-product in the synthesis of 12, in 27% yield (1.38 g, 3.25 mmol)
as white spangles, m.p. 59.5 °C. IR (KBr): v = 3093, 1634, 1582,
1513, 1415, 1251, 1216, 1143, 1113, 970, 959, 898, 885, 852, 841
cm~'. 'TH NMR (250 MHz, CDCl5): 6 = 7.40 (dd, J = 2.4, 9.1 Hz,
2 H), 773 (d, J = 24Hz, 2 H), 7.92 (d, J = 9.1 Hz, 2 H) ppm.
13C NMR (62.5 MHz, CDCly): § = 119.0 (q, Jcr = 320.8 Hz, 2
X C), 119.7 (2 X —CH=), 121.3 (2 X —CH=), 131.0 (2 X
—CH=), 131.5 (C), 133.8 (C), 148.4 (2 X C) ppm. C,H¢FO4S,:
C 33.97, H 1.42, S 15.1; found C 33.98, H 1.43, S 15.2.

7-(Trifluoromethylsulfonyl)naphth-2-ol (12): This compound was
obtained by General Procedure of triflation (2), from 2,7-di-
hydroxynaphthalene in 39% yield (1.37 g, 4.68 mmol) as a pale-
orange powder, m.p. 55.5—60 °C. IR (KBr): v = 3650—3100, 1637,
1584, 1515, 1450, 1421, 1244, 1213, 1140, 1109, 972, 957, 889, 874,
835 cm~!'. 'TH NMR (250 MHz, CDCl;): § = 5.89 (br. s, 1 H),
7.10—7.25 (m, 3 H), 7.53 (d, J = 2.4 Hz, 1 H), 7.74 (d, J = 8.9 Hz,
1 H), 779 (d, J = 89Hz, 1 H) ppm. '3C NMR (62.5 MHz,
CDCl;): 6 = 110.0 (—CH=), 117.2 (-CH=), 117.9 (—CH=), 119.1
(q, Jer = 320.7, C), 119.3 (—CH=), 128.0 (C), 130.2 (—CH=),
130.7 (—CH=), 135.0 (C); 148.0 (C), 154.8 (C) ppm. C;;H;F;0,S:
C 4521, H 2.41, S 11.0; found C 45.15, H 2.39, S 10.7.

3-(Thien-2-yl)naphth-2-ol (15): This compound was prepared by
General Procedure (6) from 1 (235 mg, 1.20 mmol) and 8 (292 mg,
1.00 mmol). Purification by column chromatography (SiO,; cyclo-
hexane/Et,0, 90:10) afforded the pure compound 15 (145 mg,
0.64 mmol, 64%) as a beige solid after recrystallization (cyclohex-
ane/EtOH), m.p. 103 °C. IR (KBr): ¥ = 3550—3200, 3100, 1628,
1600, 1510, 1449, 1436, 1398, 1366, 1321, 1260, 1208, 1165, 1122,
1077, 1058, 953, 905, 877, 867, 849, 743, 711 cm~'. 'H NMR
(250 MHz, CDCly): 8 = 5.52 (br. s, 1 H), 7.11 (dd, J = 3.6, 5.1 Hz,
1 H), 7.22-7.28 (m, 2 H), 7.31 (dd, J = 1.5, 8.5Hz, 1 H),
7.34—7.41 (m, 2 H), 7.62 (d, J = 8.0 Hz, 1 H), 7.70 (d, J = 8.0 Hz,
1 H), 7.85 (br. s, 1 H) ppm. '3 C NMR (250 MHz, CDCl): § =
110.49 (-CH=), 110.50 (—CH=), 123.1 (C), 124.1 (—CH=), 126.1
(=CH=), 126.7 (—CH=), 126.8 (-CH=), 127.8 (-CH=), 128.0
(—=CH=), 128.8 (C), 129.4 (—CH=), 134.2 (C), 138.5 (C), 150.5
(C) ppm. C4H(OS: C 74.31, H 4.45, S 14.2; found C 74.29, H
4.40, S 14.1.

3-(2,2'-Bithien-5-yl)naphth-2-ol (16): This compound was prepared
by General Procedure (6), from 2 (333 mg, 1.20 mmol) and 8
(292 mg, 1.00 mmol). Purification by column chromatography
(SiO,; CH,Cl,) afforded the pure compound 16 (259 mg,
0.84 mmol, 84%) as a beige solid after recrystallization (heptane/
THF), m.p. 172 °C. IR (KBr): ¥ = 3556—3300, 1621, 1598, 1516,
1497, 1468, 1443, 1423, 1384, 1359, 1338, 1315, 1261, 1181, 1155,
1116, 1066, 869, 841, 800, 746, 695 cm~!. '"H NMR (250 MHz,
[Dg]DMSO): § = 7.16 (dd, J = 3.8, 4.8 Hz, 1 H), 7.32—7.48 (m, 5
H), 7.56 (br. d, J = 5.0 Hz, 1 H), 7.76 (br. d, J/ = 8.1 Hz, 1 H),
7.82 (d, J = 39Hz, 1 H), 7.92 (br. d, J = 8.0 Hz, 1 H), 8.32 (br.
s, 1 H), 10.79 (s, 1 H) ppm. '3C NMR (62.5 MHz, [Dc]DMSO):
& = 109.6 (—CH=), 1229 (C), 123.3 (-CH=), 123.6 (—CH=),
123.7 (—CH=), 125.1 (—CH=), 1254 (-CH=), 126.1 (—CH=),
126.2 (—CH=), 126.6 (—CH=), 127.6 (—CH=), 127.7 (-CH=),
128.3 (—CH=), 133.4 (C), 136.5 (C), 136.6 (C), 137.9 (C), 151.8
(C) ppm. C3H,0S,: C 70.10, H 3.92, S 20.8; found C 70.14, H
3.90, S 20.8.
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4-(Thien-2-yl)naphth-2-ol (17): This compound was prepared by
General Procedure (6), from 1 (235mg, 1.20 mmol) and 13
(199 mg, 1.00 mmol). Purification by column chromatography
(SiO,; n-pentane/EtOAc, 95:5) afforded the pure compound 17
(122 mg, 0.54 mmol, 54%) as a white solid after recrystallization
(heptane/Et,0), m.p. 69 °C. IR (KBr): ¥ = 3450—3100, 3061, 1630,
1606, 1564, 1506, 1435, 1374, 1348, 1278, 1228, 1171, 1123, 983,
915, 840, 823, 760, 739 cm™~!. 'TH NMR (250 MHz, [Dg]DMSO):
8 =7.31(dd, J = 3.8, 5.0Hz, 1 H), 7.52—-7.75 (m, 7 H), 8.08 (br.
s, 1 H), 10.61 (s, 1 H) ppm. 3C NMR (62.5 MHz, [Dg]DMSO):
8 = 109.6 (-CH=), 123.2 (C), 123.5 (-CH=), 123.7 (—CH=),
125.2 (—=CH=), 125.5 (-=CH=), 126.3 (—CH=), 126.5 (—CH=),
127.6 (-CH=), 128.7 (-CH=), 133.3 (C), 136.6 (C), 138.6 (C),
152.4 (C) ppm. C14H,,0OS: C 74.31, H 4.45, S 14.2; found C 74.21,
H 4.38, S 14.1.

4-(2,2’'-Bithien-5-yl)naphth-2-ol (18): This compound was prepared
by General Procedure (6), from 2 (333 mg, 1.20 mmol) and 13
(199 mg, 1.00 mmol). Purification by column chromatography
(SiO,; m-pentane/EtOAc, 95:5) yielded the pure compound 18
(151 mg, 0.49 mmol, 49%) as a beige solid after recrystallization
(heptane/THF), m.p. 97 °C. IR (KBr): ¥ = 3450-3110, 3100, 3081,
1621, 1596, 1513, 1451, 1428, 1391, 1372, 1344, 1307, 1275, 1224,
1159, 1138, 1079, 1058, 986, 907, 860, 839, 797, 773, 742, 678 cm !,
'H NMR (250 MHz, [Dg]DMSO): § = 7.22 (dd, J = 3.8, 4.8 Hz,
1 H), 7.48—7.65 (m, 7 H), 7.80 (d, J = 3.9 Hz, 1 H), 8.19 (br. s, 1
H), 9.89 (s, 1 H) ppm. 3C NMR (62.5 MHz, [Dg]DMSO): § =
109.6 (—CH=), 123.1 (C), 123.4 (-CH=), 123.6 (-CH=), 123.8
(=CH=), 125.1 (—=CH=), 125.5 (=CH=), 126.2 (—CH=), 126.4
(=CH=), 126.8 (C), 127.6 (—CH=), 128.0 (—CH=), 128.5
(—=CH=), 133.4 (C), 136.7 (C), 136.8 (C), 138.9 (C), 152.7 (C) ppm.
CgH,08,: C 70.10, H 3.92, S 20.8; found C 70.28, H 3.84, S 20.8.

6-(Thien-2-yl)naphth-2-ol (19): This compound was prepared by
General Procedure (6), from 1 (235mg, 1.20 mmol) and 14
(199 mg, 1.00 mmol). Purification by column chromatography
(SiO,; CH,Cl,) yielded the pure compound 19 (199 mg, 0.88 mmol,
88%) as a white solid after recrystallization (heptane/Et,O), m.p.
120 °C. IR (KBr): ¥ = 3500—3075, 3067, 1632, 1603, 1573, 1507,
1481, 1449, 1427, 1369, 1244, 1207, 1188, 1151, 959, 904, 887, 878,
868, 853, 812 cm~!. 'H NMR (250 MHz, [Dg]DMSO): § =
7.24—7.42 (m, 3 H), 7.57 (dd, J = 1.1, 5.1 Hz, 1 H), 7.66 (dd, J =
1.1, 3.6 Hz, 1 H), 7.96—8.10 (m, 3 H), 8.18 (s, 1 H), 10.74 (s, 1 H)
ppm. 3C NMR (62.5 MHz, [Dg]DMSO): § = 109.0 (—CH=),
117.9 (=CH=), 122.8 (—CH=), 123.6 (—CH=), 125.3 (—CH=),
126.2 (—CH=), 126.4 (—CH=), 127.5 (—CH=), 128.7 (C), 129.8
(=CH=), 132.5 (C), 1339 (C), 142.6 (C), 156.5 (C) ppm.
C4H,(OS: C 74.31, H 4.45, S 14.2; found C 74.29, H 4.47, S 14.1.

6-(2,2'-Bithien-5-yl)naphth-2-ol (20): This compound was prepared
by General Procedure (6), from 2 (333 mg, 1.20 mmol) and 14
(199 mg, 1.00 mmol). Purification by column chromatography
(SiO,; CH,Cl,) afforded the pure compound 20 (241 mg,
0.78 mmol, 78%) as yellow crystals after recrystallization (heptane/
THF), m.p. 241 °C. IR (KBr): v = 3500—3120, 3100, 3061, 1624,
1602, 1569, 1501, 1483, 1452, 1427, 1397, 1366, 1352, 1280, 1257,
1218, 1186, 1155, 1125, 1082, 1066, 1046, 960, 904, 881, 860, 838,
810, 795, 694 cm~!. 'H NMR (250 MHz, [Dg]DMSO): § =
6.91—-7.34 (m, 7 H), 7.56 (br. s, 2 H), 7.65 (d, J = 8.5Hz, 1 H),
7.89 (br. s, 1 H), 9.72 (s, 1 H) ppm. 3C NMR (62.5 MHz,
[Dg]DMSO): § = 109.1 (—CH=), 119.7 (—CH=), 123.6 (—CH=),
124.0 (=CH=), 124.1 (-CH=), 124.3 (-CH=), 125.3 (-CH=),
125.5 (=CH=), 127.1 (=CH=), 1279 (C), 128.0 (C), 128.6
(=CH=), 129.9 (-CH=), 134.3 (C), 135.5 (C), 136.8 (C), 142.9
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(©), 156.1 (C) ppm. C;gH,,0S,: C 70.10, H 3.92, S 20.8; found C
70.08, H 3.87, S 20.7.

6-(2,2":5',2""-Terthien-5-yl)naphth-2-0l (21): This compound was
prepared by General Procedure (6), from 3 (432 mg, 1.20 mmol)
and 14 (199 mg, 1.00 mmol). Purification by column chromatogra-
phy (SiO,; CH,CL/Et,0O, 80:20) gave the pure compound 21
(317 mg, 0.81 mmol, 81%) as a yellow solid after recrystallization
(heptane/benzene), m.p. 271 °C. IR (KBr): v = 3560—3100, 3063,
1729, 1623, 1600, 1576, 1498, 1483, 1438, 1426, 1391, 1376, 1353,
1285, 1207, 1183, 1152, 1134, 1072, 1039, 960, 903, 881, 860, 834,
815, 792, 688 cm~!. 'H NMR (250 MHz, [Dg]DMSO): § = 7.16
(dd, J = 3.8, 4.8 Hz, 1 H), 7.32—7.48 (m, 6 H), 7.56 (br. d, J =
5.0Hz, 1 H), 7.76 (br. d, J = 8.1 Hz, 1 H), 7.82 (d, J = 3.9 Hz, 2
H), 7.92 (br. d, J = 8.0 Hz, 1 H), 8.32 (br. s, 1 H), 10.79 (s, 1 H)
ppm. 3C NMR (62.5 MHz, [D¢]DMSO): § = 109.6 (—CH=),
122.9 (C), 123.3 (=CH=), 123.6 (-CH=), 123.7 (-CH=), 124.1
(—=CH=), 125.1 (—=CH=), 125.4 (—-CH=), 126.1 (-CH=), 126.2
(=CH=), 126.6 (C), 127.6 (—CH=), 127.7 (—CH=), 1283
(=CH=), 1294 (C), 133.4 (C), 136.5 (C), 136.6 (C), 137.9 (O),
151.8 (C) ppm. C»,H408S;: C 67.66, H 3.61, S 24.6; found C 67.58,
H 3.70, S 24.7.

7-(Thien-2-yl)naphth-2-0l (22): This compound was prepared by
General Procedure (6), from 1 (235mg, 1.20 mmol) and 12
(292 mg, 1.00 mmol). Purification by column chromatography
(SiO,; cyclohexane/Et,O, 90:10) gave the pure compound 22
(195 mg, 0.86 mmol, 86%) as a white solid after recrystallization
(n-pentane/EtOH), m.p. 164 °C. IR (KBr): ¥ = 3600—3114, 3095,
1627, 1608, 1576, 1529, 1508, 1471, 1438, 1350, 1362, 1256, 1247,
1223, 1180, 1070, 1050, 963, 886, 847, 829, 809, 750, 703 cm~'. 'H
NMR (250 MHz, CDCls): 6 = 4.95 (s, 1 H), 7.04 (dd, J = 2.5,
8.8 Hz, 1 H), 7.09 (dd, J = 3.6, 5.1 Hz, 1 H), 7.13 (d, J = 2.5 Hz,
1 H), 7.29 (dd, J = 1.1, 5.1 Hz, 1 H), 7.40 (dd, J = 1.1, 3.6 Hz, 1
H), 7.57 (dd, J = 2.0, 8.5Hz, 1 H), 7.70 (d, J = 9.0 Hz, 1 H), 7.74
(d, J = 8.8 Hz, 1 H), 7.86 (br ppm. s, 1 H). '3C NMR (62.5 MHz,
CDCl3): & = 108.29 (—CH=), 108.31 (-CH=), 116.4 (-CH=),
121.0 (=CH=), 121.4 (-CH=), 122.2 (-CH=), 123.7 (—CH=),
126.8 (C), 126.9 (C), 127.1 (=CH=), 128.3 (~CH=), 131.1 (C),
133.5(C), 152.6 (C) ppm. C;4H,,0S: C 74.31, H 4.45, S 14.2; found
C 74.22, H 4.37, S 14.0.

7-(2,2'-Bithien-5-yl)naphth-2-ol (23): This compound was prepared
by General Procedure (6), from 2 (333 mg, 1.20 mmol) and 12
(292 mg, 1.00 mmol). Purification by column chromatography
(SiO,; heptane/EtOAc, 95:5) yielded the pure compound 23
(253 mg, 0.82 mmol, 82%) as a yellow solid after recrystallization
(heptane/Et,0), m.p. 232 °C. IR (KBr): ¥ = 3523, 3105, 3061, 1621,
1600, 1521, 1506, 1451, 1430, 1387, 1367, 1317, 1277, 1249, 1228,
1194, 1177, 1150, 1128, 1065, 1045, 884, 840, 806, 792, 697 cm ™.
'H NMR (250 MHz, [D¢]DMSO): § = 7.23—7.44 (m, 5 H), 7.61
(d, J = 5.0Hz, 1 H), 7.68—7.78 (m, 2 H), 7.86 (d, J = 9.1 Hz, |
H), 791 (d, J = 8.8 Hz, 1 H), 8.10 (br. s, 1 H), 10.00 (s, 1 H) ppm.
13C NMR (62.5 MHz, [D¢]DMSO): § = 108.8 (—CH=), 118.8 (C),
120.2 (—=CH=), 121.6 (-=CH=), 123.9 (-CH=), 124.8 (—CH=),
125.0 (=CH=), 125.3 (=CH=), 127.0 (-CH=), 128.2 (—CH=),
128.4 (-CH=), 129.1 (=CH=), 130.8 (C), 134.8 (C), 135.8 (O),
136.3 (C), 142.4 (C), 155.9 (C) ppm. CgH,0S,: C 70.10, H 3.92,
S 20.8; found C 70.24, H 3.85, S 20.0.

5-(Thien-2-yl)naphth-2-ol (27): This compound was prepared in
four steps (56.5% overall yield) from 6-hydroxy-1-tetralone as fol-
lows:

(a) 6-Benzyloxy-1-tetralone (24): A solution of 6-hydroxy-1-tetra-
lone (5 g, 30.8 mmol) and K,COj; (8.29 g, 61.20 mmol) in anhy-
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drous acetone (100 mL) was refluxed for 2h, benzyl bromide
(4.30 mL, 36 mmol) was added via syringe, and the resulting mix-
ture stirred at reflux for a further 3 h. After cooling to room tem-
perature, inorganic salts were filtered off, the filtrate was concen-
trated and the residue was recrystallized from dichloromethane/
heptane to afford 24 (7.78 g, 92%) as pale-yellow crystals, m.p. 98
°C. IR (KBr): ¥ = 3072, 3042, 2938, 2870, 1656, 1623, 1599, 1498,
1452, 1432, 1392, 1353, 1323, 1287, 1250, 1189, 1160, 1113, 1067,
998, 927, 896, 872, 826, 764, 724, 708, 698 cm !. 'H NMR
(250 MHz, CDCl;): 6 = 1.90 (q, J = 6.1 Hz, 2 H), 2.40 (t, J =
6.1Hz, 2 H), 2.71 (t, J = 6.1 Hz, 2 H), 4.90 (s, 2 H), 6.58 (d, J =
2.3Hz, 1 H), 6.69 (dd, J = 2.3, 8.5Hz, | H), 7.12—7.24 (m, 5 H),
7.84 (d, J = 8.5 Hz, 1 H) ppm. '3C NMR (62.5 MHz, CDCl;): § =
23.6 (—CH,—), 30.4 (=CH,—), 39.1 (—=CH,—), 70.3 (—OCH,—),
113.8 (-=CH=), 113.9 (-=CH=), 126.8 (C), 127.7 (2 X —CH=),
128.4 (-=CH=), 128.9 (2 X —CH=), 129.9 (-=CH=), 136.5 (C),
147.2 (C), 162.9 (C), 197.3 (C=0) ppm. C;H;c0,: C 80.93, H
6.39; found C 80.91, H 6.39.

(b) 4-(Thien-2-yl)-7-benzyloxy-1,2-dihydronaphthalene (25): Mg
turnings (0.46 g, 18.73 mmol) and dry Et,O (7 mL) were intro-
duced successively to a flask equipped with a magnetic stirrer and
a reflux condenser under Ar flow. A solution of 2-bromothiophene
(2.9 g, 17.84 mmol) in dry Et,O (25 mL) was added dropwise. The
rate of addition was adjusted so as to maintain the reflux of the
reaction mixture. Once the addition was complete, stirring was con-
tinued at room temperature for 30 min, the Grignard solution was
transferred to the pressure-equalizing dropping funnel of a second
apparatus via a cannula, and added dropwise over a period of
30 min to an ice-cooled solution of 24 (3 g, 11.90 mmol) in dry
Et,O (70 mL) while the reaction flask temperature was maintained
below 5 °C. After completion of the addition, the ice bath was
removed. The resulting mixture was allowed to warm to room tem-
perature with stirring and refluxed for 3 h under argon. After cool-
ing (ice-bath), the reaction was quenched with 1 N aqueous HCI
(100 mL). The separated aqueous layer was extracted with Et,O (3
X 50 mL), and the combined organic solutions were washed with
water (2 X 50 mL), brine (2 X 50 mL), dried with MgSOy,, filtered,
and concentrated under reduced pressure. The oily residue obtained
was purified by column chromatography (dichloromethane) yield-
ing 25 (3.34 g, 88%) as a pale-yellow oil. IR (film): ¥ = 3104, 3069,
3027, 2998, 2936, 2883, 2830, 1606, 1567, 1496, 1454, 1432, 1361,
1303, 1279, 1219, 1166, 1152, 1109, 1022, 943, 922, 868, 853, 825,
798, 748, 739, 698 cm~!. TH NMR (250 MHz, CDCls): § = 2.26
(m, 2 H), 2.68 (t, J = 7.7Hz, 2 H), 494 (s, 2 H), 6.10 (t, J =
4.8Hz, 1 H), 6.65 (dd, J = 2.6, 85Hz, 1 H), 6.74 (br. d, J =
8.5Hz, 1 H), 7.09—7.33 (m, 9 H) ppm. 3C NMR (62.5 MHz,
CDCly): 8 = 23.6 (—CH,—), 28.7 (—=CH,—), 70.0 (—OCH,—),
111.9 (=CH=), 1149 (-CH=), 124.1 (-CH=), 125.6 (—CH=),
126.7 (—CH=), 126.8 (-CH=), 127.2 (-=CH=), 127.6 (2 X
—CH=), 127.9 (C), 128.1 (—CH=), 128.7 (2 X —CH=), 132.6 (C),
137.2 (C), 138.8 (C), 143.0 (C), 158.2 (C) ppm. C,;H30S: C 79.21,
H 5.70, S 10.1; found C 79.15, H 5.73, S 10.1.

(c) 2-Benzyloxy-5-(thien-2-yl)naphthalene (26): A heterogeneous
mixture of 25 (2.80g, 8.80 mmol) and 4-chloroanil (6.49 g,
26.4 mmol) in dry benzene (70 mL) was heated to reflux under ar-
gon for 5 h. After being cooled to room temperature, the resulting
brown solution was filtered through a bed of Celite, washed with
saturated aqueous sodium bicarbonate solution (2 X 20 mL), dried
with anhydrous Na,SQy,, filtered, and concentrated under vacuum.
The crude product was purified by column chromatography (di-
chloromethane) yielding the desired compound 26 (2.38 g, 85%) as
a white crystalline solid, m.p. 77 °C. IR (KBr): v = 3103, 3069,
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3050, 2956, 2933, 2905, 2885, 2834, 1623, 1594, 1526, 1507, 1445,
1434, 1376, 1349, 1334, 1257, 1229, 1169, 1100, 1055, 1027, 951,
906, 848, 829, 754, 699, 646 cm~'. '"H NMR (250 MHz, CDCl,):
§ = 5.08 (s, 2 H), 7.06 (dd, J = 3.5, 5.1 Hz, 1 H), 7.15—7.68 (m,
12 H), 8.05 (d, J = 9.0Hz, 1 H) ppm. 3C NMR (62.5 MHz,
CDCly): § = 70.3 (—~OCH,—), 107.9 (—~CH=), 119.7 (~CH=),
1259 (~CH=), 126.2 (—~CH=), 126.4 (—CH=), 127.6 (—CH=),
127.7 (~CH=), 127.8 (2 X —CH= and C), 127.9 (2 X —CH=),
128.4 (—CH=), 128.9 (2 x —CH=), 132.7 (C), 135.4 (C), 137.1
(C), 142.2 (C), 157.1 (C) ppm. C»,H,,08: C 79.71, H 5.10, S 10.1;
found C 79.65, H 5.15, S 10.1.

(d) 5-(Thien-2-yl)naphth-2-ol (27): Distilled trimethylsilyl chloride
(1.70 g, 15.80 mmol) was added via syringe to a solution of Nal
(2.36 g, 15.80 mmol) in dry acetonitrile (20 mL) at 25 °C. The re-
sulting mixture was purged with Ar and stirred at the same tem-
perature for 20 min before 26 (2 g, 7.90 mmol) dissolved in dry
acetonitrile (70 mL) was added dropwise over 15 min. The resulting
mixture was heated at 60 °C. The disappearance of the benzyl ether
was monitored by TLC (pentane/diethyl ether, 1:1), and the reac-
tion was judged complete after 3 h. After cooling to ambient tem-
perature, water (30 mL) was added, and stirring was continued for
30 min. The separated aqueous layer was extracted with Et,O (3 X
30 mL), and the combined organic layers were washed with aque-
ous saturated sodium sulfite, filtered, and the solvents were re-
moved under reduced pressure. The crude residue was purified by
column chromatography (dichloromethane) to yield 27 (1.17 g,
82%) as a white crystalline solid, m.p. 75 °C. IR (KBr): ¥ = 3622,
3444-3249, 3102, 2924, 1627, 1511, 1465, 1435, 1393, 1293, 1261,
1227, 1162, 1098, 1074, 1036, 958, 908, 854, 837, 789, 756, 703
cm~'. '"H NMR (250 MHz, CDCl;): § = 5.14 (br. s, 1 H), 7.05 (dd,
J =26,92Hz 1 H), 7.10-7.20 (m, 4 H), 7.30—7.41 (m, 2 H),
7.63 (dd, J = 2.6, 6.8 Hz, 1 H), 8.08 (d, J = 9.1 Hz, 1 H) ppm. 13C
NMR (62.5 MHz, CDCl;): 6 = 110.4 (—CH=), 118.4 (—CH=),
1259 (=CH=), 126.3 (-CH= and C), 1264 (—CH=), 127.2
(=CH=), 127.6 (2 X —CH=), 128.3 (—CH=), 132.7 (C), 1354
(0), 142.1 (C), 153.4 (C) ppm. C4H,(,0S: C 74.31, H 4.45, S 14.2;
found C 74.25, H 4.40, S 14.3.

5-(2,2'-Bithien-5-yl)naphth-2-ol (30): This compound was prepared
in four steps (58.5% overall yield) from 6-hydroxy-1-tetralone.

(a) 7-Benzyloxy-4-(2,2'-bithien-5-yl)-1,2-dihydronaphthalene (28): A
stirred solution of 2,2'-bithiophene (3.95 g, 23.78 mmol) in anhy-
drous Et,O (70 mL), under an Ar atmosphere was cooled to 0 °C
and treated dropwise over a period of 10 min with nBuLi (10.46 mL
of 2.5 m solution in hexane, 26.15 mmol). The reaction mixture was
stirred at the same temperature for an additional 1 h, before further
portions of MgBr,. Et,O (7.68 g, 29.7 mmol) were added from a
tip tube over 30 min. After completion of the addition, the reaction
mixture was allowed to warm to ambient temperature and stirred
for 2h. The Grignard solution was transferred to the pressure-
equalizing dropping funnel of a second apparatus via a cannula,
and added dropwise over a period of 35 min, maintaining the reac-
tion temperature below 5 °C, to an ice-cooled solution of 24 (3 g,
11.90 mmol) in dry Et,O (70 mL). Subsequently, the reaction mix-
ture was allowed to warm to ambient temperature and heated to
reflux for 3 h, under argon. Upon cooling (ice-bath), the reaction
was quenched by addition of 1 N aqueous HCI (100 mL). The sepa-
rated aqueous layer was extracted with Et,O (3 X 50 mL), and the
combined organic solutions were washed with water (2 X 60 mL),
brine (2 X 50 mL), dried with MgSO,, and filtered. The solvent
was removed under reduced pressure, and the remaining residue
was purified by column chromatography (dichloromethane) yield-
ing the desired compound (3.90 g, 82%) as a powdery pale-yellow
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solid, after recrystallization from ethanol/heptane, m.p. 101 °C. IR
(KBr): ¥ = 3096, 3067, 3035, 2928, 2888, 2827, 1606, 1564, 1490,
1453, 1423, 1382, 1282, 1246, 1149, 1112, 1035, 1023, 938, 910,
868, 839, 797, 742, 729, 699 cm~!. TH NMR (250 MHz, CDCl;):
8§ =227 (m, 2 H), 2.69 (t, J = 7.6 Hz, 2 H), 4.97 (s, 2 H), 6.08 (t,
J =48Hz, 1 H), 6.68 (dd, J = 2.6, 8.5Hz, 1 H), 6.76 (d, J =
2.5Hz, 1 H), 6.85 (d, J/ = 3.7Hz, 1 H), 691 (dd, J = 3.6, 5.1 Hz,
1 H), 7.01 (d, J = 3.7Hz, 1 H), 7.06 (dd, J = 1.1, 3.6 Hz, 1 H),
7.09 (dd, J = 1.1, 5.1 Hz, 1 H), 7.24—7.35 (m, 6 H) ppm. '3C NMR
(62.5 MHz, CDCl3): 6 = 23.5 (—CH,—), 28.6 (—CH,—), 70.1
(=OCH,—), 111.8 (—CH=), 114.9 (—CH=), 123.6 (—CH=), 123.8
(—=CH=), 1242 (—CH=), 126.2 (—CH=), 126.6 (—CH=), 126.8
(0), 127.5(C), 127.6 (2 X —CH=), 127.9 (-CH=), 128.1 (-CH=
), 128.7 (2 X —CH=), 132.4 (C), 135.8 (C), 137.1 (-CH=), 137.7
(C), 138.8 (C), 142.1 (C), 158.2 (C) ppm. C,5H,,0S,: C 7431, H
5.03, S 16.0; found C 75.01, H 4.95, S 15.8.

(b) 2-Benzyloxy-5-(2,2'-bithien-5-yl)naphthalene (29): Under an at-
mosphere of Ar, a 150-mL round-bottomed flask equipped with a
condenser, was charged with 28 (3 g, 7.48 mmol), 4-chloroanil
(6.49 g, 26.4 mmol) and dry benzene (70 mL). The heterogeneous
reaction mixture was refluxed for 6 h, cooled to ambient tempera-
ture, and filtered through a plug of Celite, which was then thor-
oughly rinsed with benzene (3 X 10 mL). The resulting solution
was washed with saturated aqueous sodium bicarbonate solution
(2 X 40 mL), dried with anhydrous Na,SO,, and concentrated in
vacuo. The oily crude residue was subjected to column chromatog-
raphy (dichloromethane) to afford 29 (2.63 g, 88%) as a highly vis-
cous pale-yellow oil that solidified upon storage, m.p. 115 °C. IR
(KBr): v = 3106, 3082, 3064, 3019, 2924, 2883, 2866, 2828, 1625,
1598, 1527, 1475, 1439, 1382, 1349, 1326, 1299, 1246, 1209, 1209,
1168, 1145, 1120, 1085, 1037, 863, 841, 818, 795, 760, 753, 701
cm~ . 'TH NMR (250 MHz, CDCls): = 5.10 (s, 2 H), 7.08 (dd,
J =3.6,5.1Hz, 1 H), 7.15-7.68 (m, 14 H), 8.12 (d, J = 9.0 Hz, 1
H) ppm. 3C NMR (62.5 MHz, CDCl;): § = 70.4 (—OCH,—),
108.2 (—CH=), 119.8 (-=CH=), 124.1 (—~CH=), 1244 (—CH=),
124.8 (—CH=), 126.3 (—CH=), 127.5 (C), 127.78 (—CH=), 127.85
(=CH=), 128.0 (3 X —CH=), 128.3 (—CH=), 128.4 (—CH=),
129.0 (3 X —CH=), 132.3 (C), 135.7 (C), 137.2 (C), 137.7 (C),
137.9 (C), 141.3 (C), 157.2 (C) ppm. C,5H30S,: C 75.34, H 4.55,
S 16.1; found C 75.48, H 4.50, S 15.9.

(¢) 5-(2,2'-Bithien-5-yl)naphth-2-0l (30): Distilled trimethylsilyl
chloride (1.35 g, 12.48 mmol) was added via syringe to a solution
of Nal (1.87 g, 12.48 mmol) in dry acetonitrile (16 mL) at 25 °C.
The resulting mixture was flushed with Ar and stirred at the same
temperature for 20 min before 29 (2 g, 5 mmol) dissolved in dry
acetonitrile (70 mL) was added dropwise over 15 min. The resulting
mixture was heated at 60 °C. The disappearance of the benzyl ether
was monitored by TLC (pentane/diethyl ether, 1:1) and the reaction
was found to be complete after 2 h. Workup was carried out as
given for compound 27. The crude material was purified by column
chromatography (dichloromethane) yielding the title compound
(1.17 g, 88%) as a powdery yellow solid, m.p. 139 °C. IR (KBr):
Vv = 3492, 3106, 3082, 3064, 1621, 1595, 1522, 1460, 1439, 1385,
1347, 1324, 1233, 1209, 1185, 1170, 1098, 1040, 958, 900, 858, 842,
816, 790, 760, 704 cm~!. 'TH NMR (250 MHz, CDCls): § = 5.09
(br. s, 1 H), 7.05 (dd, J = 3.7, 5.0 Hz, 1 H), 7.11 (d, J = 2.7 Hz, 1
H), 7.12—7.30 (m, 5 H), 7.43 (br. s, 1 H), 749 (d, J = 5.1 Hz, 1
H), 7.64—7.74 (m, 1 H), 8.22 (d, J = 9.1 Hz, 1 H) ppm. '3C NMR
(62.5 MHz, CDCl;): 6 = 110.3 (-CH=), 118.5 (—CH=), 124.0
(=CH=), 124.3 (—=CH=), 124.7 (-CH=), 126.2 (—CH=), 1264
(=CH=), 1273 (—CH=), 1274 (C), 128.1 (—CH=), 128.2
(=CH=), 128.3 (-CH=), 132.3 (C), 135.5 (C), 137.6 (C), 137.8
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(©), 141.1 (C), 153.7 (C) ppm. C,gH,,0S,: C 70.10, H 3.92, S 20.8;
found C 70.32, H 3.95, S 20.8.

3,3-Diphenyl-5-(trifluoromethylsulfonyl)-3 H-naphtho|2,1-b]pyran (I):
This compound was prepared according to General Procedure (3),
from 8. Purification by column chromatography (SiO,; cyclohex-
ane/Et,0, gradient 100:0 to 70:30), followed by recrystallization (n-
pentane/CHCl;) afforded I (1.77 g, 3.66 mmol, 72%) as a white
solid, m.p. 145 °C. IR (KBr): ¥ = 3085, 3064, 3027, 1632, 1513,
1491, 1456, 1447, 1426, 1409, 1267, 1245, 1206, 1143, 1106, 1039,
1024, 1008, 890, 825, 808, 750, 700, 630, 620 cm~!. 'H NMR
(250 MHz, CDCls): 6 = 6.45 (d, J = 10.1 Hz, 1 H), 7.30—7.77 (m,
14 H), 7.82(d, J = 8.1 Hz, 1 H), 8.08 (d, J/ = 8.5 Hz, 1 H) ppm. 13C
NMR (62.5 MHz, CDCl;): & = 84.2 (C), 117.3 (C), 119.1 (—CH=),
120.7 (=CH=), 121.7 (—CH=), 1254 (—-CH=), 1262 (4 X
—CH=), 127.1 (-CH=), 127.8 (2 X —CH=), 128.0 (C), 128.4 (4
X —CH=), 128.5 (C), 128.8 (—CH=), 129.8 (—CH=), 138.1 (C),
144.0 (C), 144.6 (2 X C) ppm. CocH;F;0,4S: C 64.72, H 3.55, S
6.6; found C 64.69, H 3.61, S 6.7.

3,3-Diphenyl-8-(trifluoromethylsulfonyl)-3 H-naphtho[2,1-b]pyran
(IT): This compound was prepared according to General Procedure
(3), from 10. Purification by column chromatography (SiO,; cyclo-
hexane/Et,0, gradient 100:0 to 70:30), followed by recrystallization
(n-pentane/CHC];) afforded II (1.63 g, 3.37 mmol, 66%) as a white
solid, m.p. 107 °C. IR (KBr): ¥ = 3057, 3019, 1634, 1614, 1596,
1518, 1493, 1447, 1420, 1239, 1222, 1140, 1097, 1097, 1084, 1013,
939, 884, 857, 833, 813, 766, 701, 625, 601 cm !. 'H NMR
(250 MHz, CDCl;): 6 = 6.29 (d, J = 99 Hz, 1 H), 7.15—-7.50 (m,
13 H), 7.56 (d, J = 2.5Hz, 1 H), 7.62 (d, J = 8.8 Hz, 1 H), 7.96
(d, J = 9.3 Hz, 1 H) ppm. *C NMR (62.5 MHz, CDCls): § = 82.9
(C), 114.3 (C), 118.9 (—CH=), 119.8 (-CH=), 120.1 (—CH=),
120.3 (=CH=), 124.0 (—CH=), 127.0 (4 X —CH=), 127.8 (2 X
—CH=), 128.2 (4 X —CH=), 128.8 (—CH=), 128.9 (C), 129.2 (C),
129.7 (—=CH=), 1444 (2 X C), 145.6 (C), 151.5 (C) ppm.
Co6H17F30,4S: C 64.72, H 3.55, S 6.6; found C 64.69, H 3.54, S 6.6.

3,3-Diphenyl-9-(trifluoromethylsulfonyl)-3 H-naphtho[2,1-b]pyran
(III): This compound was prepared according to General Pro-
cedure (3), from 12. Purification by column chromatography (SiO,;
cyclohexane/Et,0, gradient 100:0 to 70:30), followed by recrystalli-
zation (n-pentane/CHCIs) afforded I (1.82 g, 3.77 mmol, 74%) as
a white solid, m.p. 154 °C. IR (KBr): ¥ = 3062, 1638, 1623, 1515,
1492, 1453, 1404, 1241, 1231, 1213, 1134, 1123, 960, 890, 865, 839,
765, 734, 700, 642 cm~!. 'H NMR (250 MHz, CDCls): § = 6.22
(d, J = 10.0Hz, 1 H), 7.00—7.45 (m, 13 H), 7.58 (d, J/ = 8.9 Hz,
1 H),7.68 (d, J =9.2Hz, 1 H),7.70 (d, J = 2.8 Hz, 1 H) ppm. 13C
NMR (62.5 MHz, CDCls): = 84.0 (C), 117.2 (C), 119.0 (—CH=),
120.6 (—CH=), 121.6 (—CH=), 125.3 (-CH=), 127.0 (4 X
—CH=), 127.7 (-CH=), 127.9 (2 X —CH=), 128.2 (C), 128.3 (4
X —CH=), 128.7 (—CH=), 129.7 (—CH=), 130.1 (C), 138.0 (C),
142.5 (C), 1439 (2 X C) ppm. Cy¢H7F;0,S: C 64.72, H 3.55, S
6.6; found C 64.70, H 3.58, S 6.6.

6-Bromo-3,3-diphenyl-3 H-naphtho[2,1-b]pyran (IV): This com-
pound was prepared according to General Procedure (4), from 13.
Purification by column chromatography (SiO,; n-pentane/Et,O,
gradient 100:0 to 60:40), followed by recrystallization (cyclohexane/
CHC,) afforded IV (2.77 g, 6.70 mmol, 67%) as a white solid, m.p.
167 °C. IR (KBr): v = 3092, 3056, 3024, 1637, 1598, 1583, 1500,
1444, 1238, 1210, 1089, 998, 879, 804, 756, 765, 698 cm !. 'H
NMR (250 MHz, CDCl;): 6 = 6.28 (d, J = 10.0Hz, 1 H),
7.03—7.43 (m, 12 H), 7.46 (dd, J = 1.5, 8.2 Hz, 1 H), 7.56 (br. s, 1
H), 7.95(d, J = 8.1 Hz, 1 H), 8.12 (d, J/ = 7.5 Hz, 1 H) ppm. 13C
NMR (62.5 MHz, CDCl;): & = 84.0 (C), 116.3 (C), 117.2 (C), 119.0
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(—=CH=), 120.6 (—CH=), 121.6 (—CH=), 125.3 (-CH=), 126.9
(4 X —CH=),127.7(—=CH=), 1279 (2 X —CH=), 128.2 (C), 128.3
(4 X —CH=), 128.7 (—CH=), 129.7 (-=CH=), 130.1 (C), 138.0
(0), 1439 (2 X C) ppm. C,5sH;BrO: C 72.64, H 4.14; found C
72.50, H 4.10.

8-Bromo-3,3-diphenyl-3 H-naphtho|[2,1-b]pyran (V): This compound
was prepared according to General Procedure (4), from 14. Purifi-
cation by column chromatography (SiO,; n-pentane/Et,0, gradient
100:0 to 60:40), followed by recrystallization (toluene), yielded V
(3.30 g, 7.99 mmol, 80%) as a white solid, m.p. 149.5 °C. IR (KBr):
v = 3084, 3055, 3024, 1634, 1582, 1499, 1446, 1244, 1213, 1092,
1000, 878, 809, 771, 763, 752, 733, 700 cm~'. '"H NMR (250 MHz,
CDCl3): 6 = 6.19 (d, J = 10.0 Hz, 1 H), 7.05—7.50 (m, 14 H), 7.71
(d, J =9.1Hz, 1 H), 7.75 (d, J = 2.0 Hz, 1 H) ppm. 3C NMR
(62.5MHz, CDCl;): § = 829 (C), 114.3 (C), 117.5 (C), 119.2
(—=CH=), 119.6 (—CH= and C), 123.3 (-=CH=), 127.1 (4 X
—CH=), 127.8 2 X —CH=), 128.3 (4 X —CH=), 1284 (—CH=),
129.0 (—=CH=), 129.9 (-=CH=), 130.5 (—=CH=), 130.6 (C), 144.8
(2 X C©), 150.9 (C) ppm. C,sH;;BrO: C 72.64, H 4.14; found C
72.60, H 4.13.

3,3-Diphenyl-5-(thien-2-yl)-3H-naphtho|2,1-b]pyran (VI): This com-
pound was obtained by General Procedure (5), from I (482 mg,
1.00 mmol) and 1 (235 mg, 1.20 mmol). Purification by column
chromatography (SiO,; n-pentane/CH,Cl,, gradient 100:0 to 70:30)
afforded the pure compound VI (362 mg, 0.87 mmol, 87%) as a
white solid after recrystallization from EtOH. This compound was
also prepared by General Procedure (7), from 15 (2.26 g, 10 mmol).
The reaction mixture was stirred under reflux for four days. Purifi-
cation of the concentrate by column chromatography and recrystal-
lization carried out as mentioned above, yielded VI (2.58 g,
6.19 mmol, 62%) as a white solid, m.p. 161 °C. IR (KBr): v = 3061,
3021, 1635, 1520, 1488, 1436, 1344, 1290, 1257, 1219, 1207, 1093,
1055, 1004, 947, 899, 882, 851, 825, 765, 735, 698, 689 cm~!. 'H
NMR (100 MHz, CDCl;): 6 = 6.32(d, / = 9.9 Hz, 1 H), 7.16 (dd,
J =37,51Hz 1 H), 7.21-7.60 (m, 14 H), 7.72 (dd, J = 1.1,
3.7Hz, 1 H), 7.77 (d, J/ = 8.0 Hz, 1 H), 7.98 (d, J = 8.4 Hz, 1 H),
8.06 (br ppm. s, 1 H). 3C NMR (62.5 MHz, CDCI5): § = 83.8 (C),
1149 (C), 120.0 (-CH=), 121.3 (=CH=), 1239 (C), 124.2
(—=CH=), 126.1 (—CH=); 126.4 (—CH=), 126.6 (—CH=), 127.1
(=CH=), 127.2 (4 X —CH=), 127.6 (2 X —CH=), 127.9 (—CH=),
128.08 (—CH=), 128.12 (4 X —CH=), 128.6 (—CH=), 129.0
(C), 129.1 (C), 138.9 (C), 144.5 (2 X C), 147.2 (C) ppm. C59H,,0S:
C 83.62, H 4.84, S 7.7; found C 83.61, H 4.87, S 7.5.

3,3-Diphenyl-6-(thien-2-yl)-3H-naphtho|2,1-b]pyran  (VII):  This
compound was obtained by General Procedure (5), from IV
(413 mg, 1.00 mmol) and 1 (235 mg, 1.20 mmol). Purification by
column chromatography (SiO,; n-pentane/CH,Cl,, gradient 100:0
to 70:30) afforded the pure compound VII (158 mg, 0.38 mmol,
38%) as a pale-yellow solid after recrystallization (cyclohexane/
CHCIs). This compound was also prepared by General Procedure
(7), from 17 (2.26 g, 10 mmol). The reaction mixture was stirred
under reflux for four days. Purification of the concentrate by col-
umn chromatography and recrystallization carried out as men-
tioned above, yielded VII (2.42 g, 5.81 mmol, 58%) as a pale-yellow
solid, m.p. 152 °C. IR (KBr): ¥ = 3055, 3025, 2853, 2924, 1637,
1567, 1510, 1488, 1445, 1365, 1325, 1263, 1215, 1105, 1057, 1007,
943, 912, 866, 846, 756, 736, 698 cm~!. 'TH NMR (400 MHz,
[Ds]pyridine): & = 6.55 (d, J = 10.0 Hz, 1 H), 7.03 (dd, J = 3.6,
5.1Hz, 1 H), 7.28 (m, 2 H), 7.32 (dd, J = 1.1, 5.1 Hz, 1 H), 7.40
(m, 4 H), 7.41 (ddd, J = 1.1, 6.7, 8.6 Hz, 1 H), 7.47 (dd, J = 1.1,
3.6 Hz, 1 H), 7.58 (s, 1 H), 7.58 (d, J = 10.0 Hz, 1 H), 7.56 (ddd,
J=13,69,83Hz 1 H), 7.75 (m, 4 H), 8.20 (br. d, J = 8.4 Hz,
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1 H), 8.28 (br. d, J = 8.4Hz, 1 H) ppm. 3C NMR (100 MHz,
[Ds]pyridine): § = 83.5 (C), 115.3 (C), 120.2 (—~CH=), 120.7
(—CH=), 123.0 (—~CH=), 124.5 (—~CH=), 125.2 (—~CH=), 127.0
(~CH=), 127.78 (4 X —CH=), 127.82 (—~CH=), 128.0 (—CH=),
128.48 (C), 128.5 (2 X —CH=), 1292 (4 X —CH=), 129.6
(~CH=), 131.4 (C), 132.8 (—CH=), 134.6 (C), 141.6 (C), 146.0
(2 X C), 150.7 (C) ppm. CaoH,,0S: C 83.62, H 4.84, S 7.7; found
C 83.70, H 4.80, S 7.7.

3,3-Diphenyl-7-(thien-2-yl)-3H-naphtho|2,1-b]pyran  (VIII): This
compound was obtained by General Procedure (7), from 27 (2.26 g,
10 mmol). The reaction mixture was stirred under reflux for five
days. The residue was purified by column chromatography (SiO-;
n-pentane/CH,Cl,, gradient 100:0 to 70:30) to afford the pure com-
pound VIII (2.84 g, 6.81 mmol, 68%) as a white solid after recrys-
tallization from EtOH, m.p. 82 °C. IR (KBr): ¥ = 3100, 3000, 1629,
1585, 1489, 1446, 1405, 1252, 1216, 1066, 983, 947, 903, 849, 831,
763, 698 cm~!. 'TH NMR (400 MHz, [Ds]pyridine): & = 6.55 (d,
J =10.0Hz, 1 H), 7.21 (dd, J = 3.5, 4.6 Hz, | H), 7.22 (dd, J =
1.7,3.5Hz, 1 H), 7.27 (m, 2 H), 7.37 (m, 4 H), 7.42 (d, / = 9.3 Hz,
1 H), 745 (dd, J = 1.7, 4.6 Hz, 1 H), 7.48 (t, J = 7.6 Hz, 1 H),
7.57 (dd, J = 1.6, 7.6 Hz, 1 H), 7.58 (d, J = 10.0 Hz, 1 H), 7.71
(m, 4 H), 8.13 (dd, J = 1.6, 7.6 Hz, 1 H), 8.14 (d, J = 9.3 Hz, 1
H) ppm. '*C NMR (100 MHz, [Ds]pyridine): & = 83.4 (C), 115.6
(C), 119.6 (—CH=), 120.7 (—CH=), 123.0 (—CH=), 1249
(=CH=), 126.9 (—CH=), 127.1 (—=CH=), 127.8 (4 X —CH=),
1284 (2 X —CH=), 128.58 (C), 128.64 (—CH=), 129.08 (4 X
—CH=), 129.09 (-CH=), 129.4 (-CH=), 131.4 (C), 133.8 (C),
138.0 (—CH=), 1425 (C), 1459 (2 x C), 151.5 (C) ppm.
Co9H00S: C 83.62, H 4.84, S 7.7; found C 83.64, H 4.84, S 7.6.

3,3-Diphenyl-8-(thien-2-yl)-3 H-naphtho|2,1-b]pyran (IX): This com-
pound was obtained by General Procedure (5), from II (482 mg,
1.00 mmol) and 1 (235 mg, 1.20 mmol). Purification by column
chromatography (SiO,; n-pentane/CH,Cl,, gradient 100:0 to 70:30)
afforded the pure compound IX (392 mg, 0.94 mmol, 94%) as a
white solid after recrystallization from heptane/CHCl;. This com-
pound was also prepared by General Procedure (5), from V
(413 mg, 1.00 mmol) and 1 (235 mg, 1.20 mmol). Purification by
column chromatography and recrystallization carried out as men-
tioned above, yielded IX (371 mg, 0.89 mmol, 89%) as a white solid.
This compound was also prepared by General Procedure (7), from
19 (2.26 g, 10 mmol). The reaction mixture was stirred under reflux
for four days. Purification of the concentrate by column chroma-
tography and recrystallization carried out as mentioned above, af-
forded IX (2.58 g, 6.19 mmol, 62%) as a white solid, m.p. 216—217
°C. IR (KBr): ¥ = 3102, 3058, 3027, 1630, 1589, 1502, 1491, 1467,
1449, 1427, 1381, 1372, 1244, 1219, 1209, 1183, 1093, 1055, 1009,
961, 882, 849, 817, 778, 762, 744, 726, 702 cm !. 'H NMR
(400 MHz, [Ds]pyridine): 8 = 6.52 (d, J = 10.0 Hz, 1 H), 7.16 (dd,
J =3.6,51Hz, 1 H), 7.27 (m, 2 H), 7.37 (m, 4 H), 741 (d, J =
89Hz, | H), 745 (dd, J = 1.1, 5.1 Hz, 1 H), 7.52 (d, J = 10.0 Hz,
1 H), 7.56 (dd, J = 1.1, 3.6 Hz, 1 H), 7.70 (m, 4 H), 7.76 (d, J =
89Hz, 1 H), 792 (dd, J = 1.8, 89 Hz, 1 H), 8.14 (d, / = 1.9 Hz,
1 H), 8.14(d, J = 8.9 Hz, 1 H) ppm. '3C NMR (100 MHz, [Ds]pyr-
idine): & = 83.5 (C), 115.2 (C), 119.8 (—CH=), 120.3 (—CH=),
123.3 (=CH=), 124.4 (-CH=), 125.7 (=CH=), 125.9 (—CH=),
126.0 (—CH=), 127.8 (4 X —CH=), 128.4 (2 X —CH=), 129.1 (4
X —CH=), 129.21 (-=CH=), 129.24 (-CH=), 130.0 (C), 130.6 (C),
130.8 (C), 130.9 (—CH=), 145.0 (C), 146.0 (2 X C), 151.6 (C) ppm.
CyoH,,OS: C 83.62, H 4.84, S 7.7; found C 83.60, H 4.90, S 7.7.

3,3-Diphenyl-9-(thien-2-yl)-3H-naphtho|2,1-b]pyran (X): This com-
pound was obtained by General Procedure (5), from III (482 mg,
1.00 mmol) and 1 (235 mg, 1.20 mmol). Purification by column
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chromatography (SiO,; n-pentane/CH,Cl,, gradient 100:0 to 60:40)
afforded the pure compound X (337 mg, 0.81 mmol, 81%) as a
white solid after recrystallization from heptane/CH,Cl,. This com-
pound was also prepared by General Procedure (7), from 22
(2.26 g, 10 mmol). The reaction mixture was stirred under reflux
for four days. Purification of the concentrate by column chroma-
tography and recrystallization carried out as mentioned above,
yielded X (2.46 g, 5.90 mmol, 59%) as a white solid, m.p. 154 °C.
IR (KBr): v = 3067, 3057, 3021, 1634, 1616, 1592, 1506, 1490,
1447, 1379, 1252, 1238, 1220, 1209, 1202, 1094, 1057, 1022, 981,
941, 835, 816, 765, 753, 734, 695, 674 cm~!. '"H NMR (400 MHz,
[Ds]pyridine): 6 = 6.54 (d, J = 10.0 Hz, 1 H), 7.18 (dd, J = 3.6,
5.0 Hz, 1 H), 7.27 (m, 2 H), 7.37 (m, 4 H), 7.38 (d, J = 8.6 Hz, 1
H), 7.50 (dd, J = 1.1, 5.1 Hz, 1 H), 7.63 (d, J = 10.0 Hz, 1 H),
7.65(dd, J = 1.1, 3.6 Hz, 1 H), 7.71 (m, 4 H), 7.71 (d, J = 8.6 Hz,
1 H), 772 (dd, J = 1.7, 8.5Hz, 1 H), 7.77 (d, J = 8.4 Hz, 1 H),
7.95 (br ppm. s, 1 H). 3C NMR (100 MHz, [Ds]pyridine): § = 83.4
(O), 115.3 (C), 1189 (=CH=), 119.2 (-=CH=), 120.5 (—CH=),
123.2 (=CH=), 125.1 (—CH=), 126.5 (-CH=), 1278 (4 X
—CH=), 1284 (2 X —CH=), 129.0 (-CH=), 129.1 (4 X —CH=),
129.3 (—=CH=), 129.6 (C), 130.2 (-CH=), 130.7 (-CH=), 131.1
(C), 133.7 (C), 145.3 (C), 146.0 (2 X C), 152.0 (C) ppm. C59H,(,OS:
C 83.62, H 4.84, S 7.7, found C 83.43, H4.77, S 7.4.

5-(2,2'-Bithien-5-yl)-3,3-diphenyl-3 H-naphtho|2,1-b]pyran (XI): This
compound was obtained by General Procedure (5), from I (482 mg,
1.00 mmol) and 2 (333 mg, 1.20 mmol). Purification by column
chromatography (SiO,; n-pentane/CH,Cl,, gradient 100:0 to 60:40)
afforded the pure compound XI (409 mg, 0.82 mmol, 82%) as a
yellow solid after recrystallization (heptane/benzene). This com-
pound was also prepared by General Procedure (7), from 16
(3.08 g, 10 mmol). The reaction mixture was stirred under reflux
for four days. Purification of the concentrate by column chroma-
tography and recrystallization carried out as mentioned above,
yielded XI (2.34 g, 4.69 mmol, 47%) as a yellow solid, m.p. 159 °C.
IR (KBr): v = 3104, 3059, 3024, 1630, 1490, 1458, 1447, 1433,
1257, 1222, 1155, 1081, 1005, 957, 840, 794, 734, 696 cm™'. 'H
NMR (400 MHz, [Ds]pyridine): 6 = 6.55 (d, J = 10.0 Hz, 1 H),
7.38 (dd, J = 3.6, 5.1 Hz, 1 H), 7.16 (d, J = 3.7 Hz, 1 H), 7.28 (m,
2 H), 7.37 (d, J = 3.7Hz, 1 H), 7.40 (m, 4 H), 7.40 (dd, J = 1.1,
3.6Hz 1 H), 741 (ddd, J = 1.1, 3.6, 8.6 Hz, 1 H), 7.43 (dd, J =
1.1, 5.1 Hz, 1 H), 7.58 (s, 1 H), 7.58 (d, J = 10.0 Hz, 1 H), 7.56
(ddd, J = 1.3, 6.9, 8.3Hz, 1 H), 7.75 (m, 4 H), 8.20 (br. d, J =
8.4Hz, 1 H), 828 (br. d, / = 8.4Hz, 1 H) ppm. *C NMR
(100 MHz, [Ds]pyridine): 6 = 83.5 (C), 115.5 (C), 120.2 (—CH=),
120.7 (C), 122.9 (=CH=), 125.00 (—CH=), 125.2 (-CH=), 125.3
(=CH=), 126.0 (-CH=), 127.0 (=CH=), 127.8 (4 X —CH=),
127.9 (-CH=), 128.4 (C), 128.5 (2 X —CH=), 129.1 (5 X —CH=),
129.5 (=CH=), 129.6 (—CH=), 131.4 (C), 134.5 (-CH=), 137.9
(C), 138.7 (C), 140.7 (C), 146.0 (2 X C), 150.6 (C) ppm. C33H,,0S,:
C 79.48, H 4.45, S 12.8; found C 79.32, H 4.51, S 12.6.

6-(2,2'-Bithien-5-yl)-3,3-diphenyl-3 H-naphtho[2,1-b]pyran (XII):
This compound was obtained by General Procedure (5), from IV
(413 mg, 1.00 mmol) and 2 (333 mg, 1.20 mmol). Purification by
column chromatography (SiO,; n-pentane/CH,Cl,, gradient 100:0
to 60:40) afforded the pure compound XII (210 mg, 0.42 mmol,
42%) as a pale-orange solid after recrystallization (heptane/ben-
zene). This compound was also prepared by General Procedure (7),
from 18 (3.08 g, 10 mmol). The reaction mixture was stirred under
reflux for six days. Purification of the concentrate by column chro-
matography and recrystallization carried out as mentioned above,
yielded XII (2.54 g, 5.09 mmol, 51%) as a pale-orange solid, m.p.
175 °C. IR (KBr): v = 3062, 3028, 2923, 2854, 1630, 1578, 1561,
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1489, 1445, 1341, 1276, 1212, 1195, 1132, 1089, 1051, 1002, 949,
907, 877, 836, 805, 764, 741, 696 cm~!. 'H NMR (400 MHz,
[Ds]pyridine): 5 = 6.5 (d, J = 10.0 Hz, 1 H), 7.10 (dd, J = 3.6,
5.1Hz, 1 H), 7.16 (d, J = 3.7 Hz, 1 H), 7.28 (m, 2 H), 7.37 (d, J =
3.7Hz, 1 H), 7.40 (m, 4 H), 7.40 (dd, J = 1.1, 3.6 Hz, 1 H), 7.41
(ddd, J = 1.1, 6.7, 8.6 Hz, 1 H), 7.43 (dd, J = 1.1, 5.1 Hz, 1 H),
7.58 (s, 1 H), 7.58 (d, J = 10.0 Hz, 1 H), 7.56 (ddd, J = 1.3, 6.9,
8.3 Hz, 1 H), 7.75 (m, 4 H), 8.20 (br. d, J = 8.4 Hz, 1 H), 8.28 (br.
d, J = 8.4 Hz, 1 H) ppm. '*C NMR (100 MHz, [Ds]pyridine): § =
83.5 (O), 1155 (C), 120.2 (—CH=), 120.7 (—=CH=), 1229
(—~CH=), 125.00 (—CH=), 125.2 (—~CH=), 125.3 (—CH=), 126.0
(—~CH=), 127.0 (~CH=), 127.8 (4 X —CH=), 127.9 (~CH=),
128.4 (C), 128.5 (2 X —CH=), 129.1 (5 X —CH=), 129.5 (—~CH=),
129.6 (—~CH=), 131.4 (C), 134.5 (C), 137.9 (C), 138.7 (C), 140.7
(C), 146.0 (2 X C), 150.6 (C) ppm. C33H,,08S,: C 79.48, H 4.45, S
12.8; found C 79.38, H 4.48, S 13.0.

7-(2,2'-Bithien-5-yl)-3,3-diphenyl-3 H-naphtho|2,1-b]pyran  (XIII):
This compound was obtained by General Procedure (7), from 30
(3.08 g, 10 mmol). The reaction mixture was stirred under reflux
for six days. The residue was purified by column chromatography
(SiO,; n-pentane/CH,Cl,, gradient 100:0 to 60:40) to afford the
pure compound XIII (3.19 mg, 6.39 mmol, 64%) as a pale-yellow
solid after recrystallization (heptane/benzene), m.p. 155 °C. IR
(KBr): v = 3102, 3063, 3023, 2954, 2923, 2853, 1630, 1602, 1583,
1516, 1491, 1458, 1447, 1409, 1373, 1355, 1321, 1255, 1219, 1202,
1157, 1093, 1071, 1052, 1031, 907, 822, 805, 767, 760, 696 cm .
'H NMR (400 MHz, [Ds]pyridine): 8 = 6.56 (d, J = 10.0 Hz, 1
H), 7.06 (d, J = 3.8 Hz, 1 H), 7.10 (dd, J = 3.6, 5.1 Hz, 1 H), 7.12
(dd, J = 1.7,3.5Hz, | H), 7.28 (m, 2 H), 7.37 (dd, J = 1.1, 3.6 Hz,
1 H), 7.38 (m, 4 H), 7.43 (dd, J = 1.1, 5.1 Hz, 1 H), 7.46 (dd, J =
2.3,7.1Hz, 1 H), 748 (d, J = 9.3Hz, 1 H), 7.50 (t, / = 7.1 Hz, 1
H), 7.58 (d, J/ = 10.0 Hz, 1 H), 7.72 (m, 4 H), 8.14 (dd, J = 2.3,
7.1 Hz, 1 H), 8.21 (d, J = 9.3 Hz, 1 H) ppm. '*C NMR (100 MHz,
[Dslpyridine): & = 83.3 (C), 1155 (C), 1194 (-CH=), 120.7
(=CH=), 122.8 (—CH=), 1259 (—CH=), 126.9 (C), 127.07
(—=CH=), 127.09 (—CH=), 127.8 (4 X —CH=), 128.38 (-CH=),
128.43 (3 X —CH=), 128.48 (—CH=), 128.50 (C), 128.54 (—CH=),
129.1 4 X —CH=), 129.3 (—CH=), 129.4 (—CH=), 131.4 (C),
133.2 (C), 138.5 (C), 141.5 (C), 1459 (2 X C), 151.6 (C) ppm.
C33H,,08,: C 79.48, H 4.45, S 12.8; found C 79.55, H 4.43, S 12.7.

8-(2,2'-Bithien-5-yl)-3,3-diphenyl-3 H-naphtho|[2,1-b]pyran  (XIV):
This compound was obtained by General Procedure (5), from II
(482 mg, 1.00 mmol) and 2 (333 mg, 1.20 mmol). Purification by
column chromatography (SiO,; n-pentane/CH,Cl,, gradient 100:0
to 50:50) afforded the pure compound XIV (439 mg, 0.88 mmol,
88%) as a yellow solid after recrystallization from heptane/benzene.
This compound was also prepared by General Procedure (5), from
V (413 mg, 1.00 mmol) and 2 (333 mg, 1.20 mmol). Purification by
column chromatography and recrystallization carried out as men-
tioned above, yielded XIV (429 mg, 0.86 mmol, 86%) as a yellow
solid. This compound was also prepared by General Procedure (7),
from 20 (3.08 g, 10 mmol). The reaction mixture was stirred under
reflux for six days. Purification of the concentrate by column chro-
matography and recrystallization carried out as mentioned above,
afforded XIV (1.10 g, 2.20 mmol, 22%) as a yellow solid, m.p. 244
°C. IR (KBr): v = 3059, 3024, 1628, 1587, 1493, 1447, 1243, 1219,
1094, 1009, 949, 883, 813, 795, 751, 696 cm™'. "H NMR (400 MHz,
[Ds]pyridine): 6 = 6.53 (d, J = 10.0 Hz, 1 H), 7.09 (dd, J = 3.6,
5.1Hz, 1 H), 7.28 (m, 2 H), 7.32 (d, J = 3.8 Hz, 1 H), 7.38 (m, 4
H), 7.39 (dd, J = 1.1, 3.6 Hz, 1 H), 7.41 (dd, J = 1.1, 5.1 Hz, 1
H), 744 (d, J = 9.0Hz, 1 H), 748 (d, J/ = 3.7Hz, 1 H), 7.53 (d,
J =10.0Hz, 1 H), 7.71 (m, 4 H), 7.81 (d, J = 9.0 Hz, 1 H), 7.88
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(dd, J =2.0,88Hz, 1 H), 811 (d,J = 1.8Hz, 1 H), 8.16 (d, J =
8.8 Hz, 1 H) ppm. '*C NMR (100 MHz, [Ds]pyridine): § = 83.3
(©), 115.5 (C), 119.9 (=CH=), 120.3 (-CH=), 1234 (-CH=),
124.8 (—~CH=), 125.2 (—~CH=), 125.4 (—~CH=), 125.6 (—~CH=),
125.8 (—CH=), 125.9 (—~CH=), 127.8 (4 X —CH=), 128.4 (2 X
—CH=), 129.1 (5 X —CH=), 129.3 (—~CH=), 130.1 (C), 130.3 (C),
130.6 (C), 131.0 (—~CH=), 137.3 (C), 138.2 (C), 143.8 (C), 146.0 (2
X C), 151.7 (C) ppm. Cy3H»0S,: C 79.48, H 4.45, S 12.8; found
C 79.38, H 4.51, S 12.6.

9-(2,2'-Bithien-5-yl)-3,3-diphenyl-3 H-naphtho|2,1-b]pyran XV):
This compound was obtained by General Procedure (5), from III
(482 mg, 1.00 mmol) and 2 (333 mg, 1.20 mmol). Purification by
column chromatography (SiO,; n-pentane/CH,Cl,, gradient 100:0
to 50:50) afforded the pure compound XV (414 mg, 0.83 mmol,
83%) as a yellow solid after recrystallization (heptane/benzene).
This compound was also prepared by General Procedure (7), from
23 (3.08 mg, 10 mmol). The reaction mixture was stirred under re-
flux for six days. Purification of the concentrate by column chroma-
tography and recrystallization carried out as mentioned above, af-
forded XV (2.69 g, 5.39 mmol, 54%) as a yellow solid, m.p. 211 °C.
IR (KBr): v = 3076, 3064, 3022, 1630, 1614, 1589, 1504, 1447,
1425, 1375, 1243, 1230, 1201, 1086, 1051, 1020, 975, 952, 838, 801,
729, 700 cm~'. 'TH NMR (400 MHz, [Ds]pyridine): & = 6.58 (d,
J =10.0Hz, 1 H), 7.11 (dd, J = 3.7, 5.0 Hz, 1 H), 7.29 (m, 2 H),
7.35(d, J = 3.8Hz, 1 H), 7.38 (d, J = 8.8 Hz, | H), 7.39 (m, 4 H),
7.41 (dd, J = 1.1, 5.0 Hz, 1 H), 743 (dd, J = 1.1, 3.7Hz, 1 H),
7.57(d, J = 3.8 Hz, 1 H), 7.68 (d, J = 10.0 Hz, 1 H), 7.70 (d, J =
8.8 Hz, 1 H), 7.72 (br. d, J = 8.6 Hz, 1 H), 7.73 (m, 4 H), 7.79 (d,
J = 8.6Hz, 1 H), 8.43 (br. s, 1 H) ppm. '3C NMR (100 MHz,
[Ds]pyridine): 8 = 83.4 (C), 1154 (C), 118.7 (=CH=), 119.3
(—=CH=), 120.5 (~CH=), 122.8 (-CH=), 1249 (-CH=), 125.9
(3 X =CH=), 127.8 (4 X —CH=), 128.4 (2 X —CH=), 129.08 (5
X —CH=), 129.1 (-=CH=), 129.7 (C), 130.3 (-CH=), 130.7
(—=CH= and C), 133.2 (C), 137.9 (C), 138.1 (C), 144.0 (C), 146.0
(2 X C), 152.1 (C) ppm. C33H»,0S,: C 79.48, H 4.45, S 12.8; found
C 7941, H 4.53, S 12.8.

3,3-Diphenyl-8-(2,2':5',2"'-terthien-5-yl)-3 H-naphtho[2,1-b]pyran
(XVI): This compound was obtained by General Procedure (5),
from II (482 mg, 1.00 mmol) and 3 (432 mg, 1.20 mmol). Purifi-
cation by column chromatography (SiO»; n-pentane/CH,Cl,, gradi-
ent 100:0 to 50:50) afforded the pure compound XVI (372 mg,
0.64 mmol, 64%) as a yellow solid after recrystallization from ben-
zene. This compound was also prepared by General Procedure (95),
from V (413 mg, 1.00 mmol) and 3 (432 mg, 1.20 mmol). Purifi-
cation by column chromatography and recrystallization carried out
as mentioned above, yielded XVI (314 mg, 0.54 mmol, 54%) as a
yellow solid. This compound was also prepared by General Pro-
cedure (7), from 21 (3.90 g, 10 mmol). The reaction mixture was
stirred under reflux for six days. Purification of the concentrate by
column chromatography and recrystallization carried out as men-
tioned above, afforded XVI (522 mg, 0.09 mmol, 9%) as a yellow
solid, m.p. 262 °C. IR (KBr): ¥ = 3060, 3027, 2925, 2854, 1631,
1588, 1495, 1450, 1378, 1345, 1273, 1244, 1220, 1184, 1094, 1075,
1008, 954, 881, 830, 813, 795, 754, 698 cm~'. 'H NMR (400 MHz,
[Ds]pyridine): & = 6.53 (d, J = 10.0 Hz, 1 H), 7.09 (dd, J = 3.6,
5.1Hz, 1 H),7.24 (d,J =39Hz, 1 H), 7.28 (d, J = 3.9Hz, 1 H),
7.29—7.33 (m, 2 H), 7.33 (d, J = 3.8 Hz, 1 H), 7.36 (dd, J = 1.1,
3.6 Hz, 1 H), 7.40 (dd, J = 1.1, 5.1 Hz, 1 H), 7.41-7.46 (m, 4 H),
7.41(d,J =88Hz, | H), 744 (d,J =38Hz, | H),749 (d, J =
10.0 Hz, 1 H), 7.72-7.76 (m, 4 H), 7.79 (d, J = 8.8 Hz, 1 H), 7.86
(dd, J =1.9,88Hz, 1 H),809(d,J=15Hz, 1 H),8.13(d, J =
9.0 Hz, 1 H) ppm. '3C NMR (100 MHz, [Ds]pyridine): & = 83.9
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(C), 115.1 (C), 119.8 (—CH=), 120.0 (—CH=), 123.1 (—CH=),
124.9 (~CH=), 125.1 (~CH=), 125.4 (—~CH=), 125.6 (—~CH=),
125.8 (—CH=), 125.9 (—CH=), 127.8 (4 X —CH=), 128.3 (2 X
—CH=), 128.8 (~CH=), 128.9 (4 X —CH=), 129.0 (—CH=),
129.9 (C), 130.4 (C), 130.7 (C), 130.9 (—~CH=), 137.1 (C), 137.4 (2
X C), 138.0 (C), 144.6 (C), 146.1 (2 X C), 152.0 (C) ppm.
C3,H,,085: C 76.52, H 4.17, S 16.7; found C 76.40, H 4.20, S 16.8.

3,3-Diphenyl-9-(2,2':5',2"'-terthien-5-yl)-3 H-naphtho[2,1-b|pyran
(XVII): This compound was obtained by General Procedure (5),
from III (482 mg, 1.00 mmol) and 3 (432 mg, 1.20 mmol). Purifi-
cation by column chromatography (SiO,; n-pentane/CH,Cl,, gradi-
ent 100:0 to 50:50) afforded the pure compound XVII (378 mg,
0.65 mmol, 65%) as a yellow solid after recrystallization from ben-
zene, m.p. 271 °C. IR (KBr): v = 3057, 3020, 1629, 1614, 1593,
1536, 1495, 1445, 1427, 1378, 1319, 1240, 1208, 1180, 1093, 1065,
1024, 989, 949, 909, 868, 834, 791, 756, 729, 697 cm~'. '"H NMR
(400 MHz, [Ds]pyridine): § = 6.59 (d, J = 9.9 Hz, 1 H), 7.09 (dd,
J =136,51Hz, 1 H), 7.26 (d, J = 3.8 Hz, 1 H), 7.27—7.33 (m, 2
H), 7.32 (d, J = 3.8 Hz, 1 H), 7.36 (d, J/ = 3.8 Hz, 1 H), 7.36 (dd,
J=12,3.6Hz, | H), 7.38—7.43 (m, 4 H), 7.39 (d, J = 8.7 Hz, | H),
740 (dd, J = 1.1, 5.1 Hz, 1 H), 7.56 (d, J = 3.8 Hz, 1 H), 7.68 (d,
J =99Hz, 1 H), 7.70-7.77 (m, 4 H), 7.72 (dd, J = 1.7, 8.6 Hz, 1
H), 7.73 (d, J = 8.7Hz, 1 H),7.80 (d, / = 8.5Hz, 1 H), 843 (d, J =
1.2 Hz, 1 H) ppm. '*C NMR (100 MHz, [Ds]pyridine): & = 83.6 (C),
1153 (C), 118.8 (—CH=), 119.3 (—CH=), 1204 (—CH=), 122.7
(=CH=), 1250 (—-CH=), 1256 (—CH=), 1257 (—CH=),
125.95 (-CH=), 125.96 (-CH=), 12598 (-CH=), 127.8 (4 X
—CH=), 1284 (2 X —CH=), 129.0 (6 X —CH=), 129.8 (C), 130.3
(=CH=), 130.7 (-CH=), 131.2 (C), 133.2 (C), 137.0 (C), 137.3
(C), 137.5 (C), 137.8 (C), 144.4 (C), 146.0 (2 X C), 152.2 (C) ppm.
C3,H,4085: C 76.52, H4.17, S 16.7; found C 76.42, H 4.21, S 16.9.
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