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Efficient Syntheses of New Heteroarotinoids through Functional Pyridylzinc
Reagents and Palladium-Catalyzed Cross-Coupling Reactions
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A convergent synthesis of heteroarotinoids 4, 5a, and 5b,
bearing chromene rings in association with pyridyl or ethyn-
ylpyridyl moieties, from 6-bromo-2-pyridylzinc chloride (11)
is described. This new functional heteroarylzinc reagent,
readily accessible from 2,6-dibromopyridine, may undergo a
selective palladium-catalyzed carbon—-carbon bond-forming
reaction to yield the corresponding 6-substituted-2-bromopy-

ridines 13. Further manipulation of the remaining bromine
atom in 13 to give the zinc derivative 14, and subsequent
coupling with ethyl 4-iodobenzoate under palladium cata-
lysis conditions afforded heteroarotinoid 4. Coupling of the
substituted bromopyridines 13 or the triflate 22 with appro-
priate alkynes under Sonogashira conditions give the corres-
ponding heteroarotinoids 5a, 5b, and 6.

Introduction

The important roles of retinoids, including retinoic acid
1 and its analogues, in a large variety of biological processes
(proliferation, differentiation, apoptosis, ....) have been
demonstrated during last decade.['!l Their ability to restore
regulation of differentiation and growth in certain premalig-
nant and malignant cells in vitro and in vivo should par-
ticularly be emphasized.l” Retinoids have demonstrated sig-
nificant results in the treatment of dermatological dis-
ordersP! (psoriasis, acne) and chemopreventable cancerst
(renal cell carcinoma, acute promyelocytic leukemia, breast
cancer). Additionally, recent results have demonstrated that
retinoids may act as potent inhibitors of angiogenesis,® a
phenomenon involving the formation of new blood vessels,
required for the growth of solid tumors. All these biological
properties have made retinoids an attractive target for
therapeutic chemistry and have in recent years resulted in
significant development of syntheses of new retinoid ana-
logues.!'! When these compounds are used at pharmacolo-
gical doses, however, they may display important undesir-
able side effects, including teratogenesis and bone toxicity,
rendering them unfit for clinical application.['l One of to-
day’s challenges in this field is to devise and develop com-
pounds at least as efficacious as 1 and yet less toxic.

Recent studies from our laboratory®® have shown that
this toxicity may be considerably reduced [relative to that
of retinoic acid (1)] if a heterocyclic ring is incorporated.”!
For instance, the presence of a substituted chromene moiety
in the retinoic acid backbone, such as in the oxaretinoids 2,
considerably reduced the toxicity of the compounds. More-
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over, 2¢ exhibited an interesting bone anti-resorptive activ-

ity (Scheme 1).
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Scheme 1

These results prompted us to synthesize new heteroaroti-
noids 4—6, incorporating chromene rings associated with
pyridyl or ethynylpyridyl moieties (Scheme 2), in the hope
that the presence of pyridyl rings would increase hydro-
philicity and stability. Moreover, further comparative biolo-
gical studies would contribute to better understanding of
the pharmacophore in such compounds (triple bond vs. het-
eroaryl ring, for example). Compounds 5—6 may be viewed
as analogues of tazarotene (3; Zorac"), currently used for
the treatment of psoriasis.®! In this paper we describe our
efforts towards the development of an efficient and flexible
synthesis of heteroarotinoids 4—6. Compounds 4 and
5a—b, characterized by the presence of 2,6-disubstituted
pyridine rings, may be obtained from readily available 2,6-
dibromopyridine (10). This compound, thanks to the pres-
ence of two reactive functions, may act as a multi-coupling
reagent and is synthetically equivalent to the synthons
7—-9P1 (Scheme 2).
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Results and Discussion

The devised synthetic approach to 2,6-disubstituted pyr-
idine compounds 4 and Sa—b involves as a key step the
formation of 6-bromo-2-pyridylzinc chloride (11), which is
synthetically equivalent to the synthons 7 and 8. This new
polyfunctional heteroarylzinc reagent may undergo two
successive Negishil!?l cross-coupling reactions to give het-
eroarotinoid 4, or two sequential cross-coupling reactions
under palladium catalysis conditions to give Sa—b, through
Negishi and Sonogashira reactions, respectively (Scheme 3).
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Our attention was first directed towards the preparation
of substituted bromopyridine 13a. Thus, the required func-
tional heteroarylzinc reagent 11 was obtained by conversion
of 2,6-dibromopyridine (10), in the presence of nBuLi at
—78 °C, into the corresponding monolithium compound
according to the method of Cai,l'"! to avoid production of
the 2,6-dilithiopyridine derivative. Subsequent trans-
metallation with anhydrous zinc chloridel'? furnished the
expected zinc reagent 11, characterized by a typical blue-
green color. Coupling of 11 (1.1 equiv.) with methyl 4-iodo-
benzoate (12a) occurred smoothly at 60 °C in THF in the
presence of PACl,(dppf)'3! (5%) to give the coupling prod-
uct 13a in 58% isolated yield in 12 h (Table 1, entry 3). At-
tempts to improve the chemical yield by the use of other
palladium catalysts, including PdCl,(dppp) and Pd(PPhs),,
gave either similar or lower yields (entries 1 and 2). The
addition of a polar cosolvent (DME), however, as we have
previously reported,!'¥ improved the chemical yield. The
best result was finally obtained when the reaction was per-
formed in the presence of PdCl,(PPhjs), in a medium con-
sisting of 3:1 THF/DME, at 65 °C. Under these conditions,
the desired coupling product 13a was obtained in 80% isol-
ated yield (entry 7). It should be noted that the yield of 13a
was lower in the absence of DME (entry 4, 32% instead
of 80%).

Table 1. Palladium-catalyzed cross coupling reaction between or-
ganozinc derivative 11 and methyl 4-iodobenzoate (12a)

Entryl#] PdLn! Cosolvent(®! Yield ! of 13a (%)
1 Pd(PPhs), - 42
2 PdCl,(dppp) - 53
3 PACl,(dppf) - 58
4 PACL(PPh),  — 30
5 PACL(dppf) DME 7
6 Pd(PPhs), DME 75
7 PdCL(PPh;),  DME 80

[l 1.2 equiv. of 11 was used. All reactions were performed in THF
at 60 °C for 12 h. — [ 5 mol % of palladium catalyst was used. —
[l 5 equiv. of DME was used. — [ Isolated yields based on 12a.

The selectivity of this coupling reaction must be particu-
larly emphasized, since the remaining electrophilic C—Br
bond in 13 does not react under these mild conditions. Sim-
ilarly, no reaction occurred when 11 was treated with methyl
4-bromobenzoate. However, the palladium-catalyzed cross-
coupling reaction of functional heteroarylzinc reagent 11
with chromene triflate 12b!*3 in the presence of tetrakis(tri-
phenylphosphane)palladium (5 mol %) in THF/DME at 60
°C furnished the desired coupling product 13b in 53% yield.
The chromene triflate 12b was prepared in a four-step se-
quence from salicylic aldehyde 16 using Corey’s proced-
urel'® (60% overall yield, Scheme 4). Thus, sequential O-
cyanoethylation, aldol cyclization, and hydrolysis gave the
corresponding chromene acid 18. Conversion of 18 into the
acyl azide, Curtius rearrangement, and acid-catalyzed hy-
drolysis provided ketone 19, which, when subjected to the
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presence of Tf,O and iPr,NEt, afforded the enol triflate
12b.

The prepared substituted bromopyridine compounds 13a
and 13b were then converted into heteroarotinoids 4 and
S5a—b according to Scheme 3. Lithiation of 13b, followed by
formation of the heteroarylzinc reagent 14 and coupling
with ethyl 4-iodobenzoate in the presence of palladium
catalyst Pd(PPhs), in THF/DME, afforded polyfunctional
heteroarotinoid 4 in 52% isolated yield.

For the synthesis of heteroarotinoids Sa—b from 13a—b
we planned to introduce alkynyl moieties by means of the
palladium-mediated Sonogashira coupling reaction.l'”l In
order to study the best approach to the required ethynyl
chromene 15a, three synthetic pathways were investigated
(Scheme 5). The first (pathway A) involved the
Corey—Fuchs homologation'® of aldehyde 20a'°! (98%)
followed by an elimination reaction performed on the inter-
mediate 1,1-dibromo derivative 21 in the presence of LDA
or nBuLi (61%). Attempts to improve the chemical yield of
the elimination step by the use of a variety of bases includ-
ing MeLi, iPrMgCl, and rBuOK were unsuccessful. The se-
cond (pathway B), based on the Wittig-type condensation
of the aldehyde 20a with dibromomethyltriphenylphos-
phonium bromide in the presence of tBuOK, allowed ethy-
nyl chromene 15a (49%) to be obtained in a one-pot pro-
cedure.*1 Finally, the best yield of 15a was obtained when
the reaction was carried out starting from the chromene
ketone 20b (pathway C). Thus, treatment of 20b with Tf,O
in the presence of an excess of Hiinig base gave the terminal
alkyne 15a in 81% yield. It should be pointed out that the
resulting vinyl triflate intermediate was not stable under
these conditions and could not be isolated even by use of a
stoichiometric amount of Hiinig base.

Coupling of substituted bromopyridine 13a—b with read-
ily accessible terminal alkynes/?!! 15a—b in the presence of
catalytic amounts of Pd(PPhs), and Cul in Et;N afforded
heteroarotinoids Sa—b in 70% and 66% isolated yields, re-
spectively. It should be noted that of all the palladium cata-
lysts examined, Pd(PPhs), in Et;N turned out to be the best
suited for a rapid and selective transformation. Interest-
ingly, the Sonogashira procedure could also successfully be
applied to the synthesis of heteroarotinoid 6. Thus, treat-
ment of ethynyl chromene 15a with pyridinyl triflate 22[>?]
under conditions identical to those used for the preparation
of 5a—b afforded 6 in 65% isolated yield (Scheme 5).

In summary, we have succeeded in the development of a
convergent and flexible synthetic route to four heteroaroti-
noids 4—6, each containing a chromene ring associated
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Scheme 5. a: CBry (2 equiv.), PPhs (2 equiv.), Zn (2 equiv.), CH,Cl,
(98%). — b: LDA or nBuLi (2.2 equiv.), =78 °C (61%). — ¢: tBuOK
(1.9 equiv.), [(PhsPCHBr,)"Br~] (2.0 equiv.), THF then rBuOK
(5.0 equiv.) (49%). — d: iPr,NEt (4 equiv.), CH,Cl,, =78 °C, Tf,0
(1.2 equiv.), 0 °C (81%). e/ Pd(PPhs), (5%), Cul (10%), Et;N, 60
°C (65%).

with a pyridyl or an ethynylpyridyl core. The key step is the
use of multicoupling reagent 11, which allowed sequential
and selective formation of carbon—carbon bonds to be per-
formed under palladium catalysis conditions, resulting in
various functionalized disubstituted pyridine compounds.
Compounds 4—6 are currently being evaluated in vitro; the
results emerging from these studies will be published else-
where.

Experimental Section

All experiments were carried out in flame-dried glassware under an
inert atmosphere. — All NMR spectra were recorded on Bruker
AC 200 or ARX 400 MHz spectrometers in deuteriochloroform
[CDCl;, & (ppm), J (Hz)]. — Mass spectra were recorded on Ner-
mag R 10/10 or Esquire Bruker (electrospray) instruments. — IR
spectra were measured on a Perkin—Elmer 841 (neat, cm™!). —
Analytical TLC was performed on 0.25 mm precoated silica gel
plates (Merck). Products were purified by column chromatography
(silica gel 60 230—400 mesh ASTM, 0.040—0.063 mm) purchased
from E. Merck. — Satisfactory microanalyses were obtained for all
new compounds. — Melting points are uncorrected. THF and
DME were distilled from sodium and benzophenone. — Catalysts:
Pd(PPh;),,>31 PdCl,(PPh3),,24 PdCl,y(dppp),?* PdCl,(dppf),1!
and alkyne 15bP!1 were prepared following literature procedures.
2,6-Dibromopyridine was obtained from Acros Chemical Com-
pany, Inc., its purity was 98% and was used without further puri-
fication. Acrolein, methyl vinyl ketone, and salicylaldehyde 16,
available from Aldrich Chemical Company, Inc., were distilled
prior to use.

General Procedure for the Cross-Coupling Reaction of 6-Bromo-2-
pyridylzinc Chloride (11): A solution of 2,6-dibromopyridine
(2.24 mmol, 526 mg) in THF (4 mL) was added dropwise at —78
°C to a solution of nBuLi (1.6 mL, 1.6 M in hexanes, 2.48 mmol)
in THF, and the resulting dark green mixture was stirred for 15
min at this temperature. A solution of anhydrous zinc chloride
(2.50 mmol, 335 mg) in DME (1 mL, 9.8 mmol) was then added,
and stirring was continued for 15 min at —78 °C. A solution of
PdCl,(PPhj), (0.098 mmol, 5 mol %, 70 mg) and compound 12a or
12b (1.95 mmol) in THF (5 mL) was then added dropwise, and the
reaction mixture was slowly allowed to warm to room temperature
and then heated at 60 °C for 12 h. After cooling, the reaction was
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quenched with water. The mixture was extracted with ethyl acetate,
and the combined organic layers were dried with Na,SOy, filtered,
and concentrated under vacuum. The crude products were purified
by silica gel column chromatography.

Methyl 4-(6-Bromopyridin-2-yl)benzoate (13a): 454 mg (80%, beige
solid) obtained from methyl 4-iodobenzoate (12a, 1.95 mmol,
511 mg). — Ry = 0.35 (cyclohexane/EtOAc 9:1). — M.p. 142—144
°C. — IR (KBr): v = 1718, 1608, 1571, 1549, 1276, 1106, 766 cm .
— 'H NMR (CDCls, 200 MHz): § = 3.95 (s, 3 H), 7.46 (dd, J =
7.6, 1.0Hz, 1 H), 7.62 (t, J = 7.6 Hz, 1 H), 7.73 (dd, J = 7.6,
1.0 Hz, 1 H), 8.01-8.15 (AA’BB’, 4 H). — 3C NMR (CDCls,
50 MHz): 6 = 52.3, 119.5, 126.9, 127.2, 130.1, 131.0, 139.2, 141.7,
142.4, 157.3, 166.7. — MS (GCMS, electrospray): m/z (rel. int.):
293 (82) [M ™1, 292 (19), 291 (76) [M "], 262 (100), 260 (96), 232
(25), 153 (41). — C3H(BrNO,; (292.0): caled. C 53.45, H 3.45;
found C 52.89, H 3.57.

2-Bromo-6-(2 H-chromen-3-yl)pyridine (13b): 297 mg (53%, yellow
solid) obtained from the chromene triflate 12b (1.95 mmol,
546 mg). — Ry = 0.40 (cyclohexane/EtOAc 9:1). — M.p. 163—165
°C. — IR (KBr): v = 1610, 1560, 1490, 1460, 1110, 940 cm~!. —
'H NMR (CDCls, 200 MHz): § = 5.28 (s, 2 H), 6.85—7.22 (m, 5
H), 7.35—-7.53 (m, 3 H). — 13C NMR (CDCl;, 50 MHz): § = 66.0,
88.4, 115.7, 121.8, 122.2, 127.1, 127.3, 128.6, 130.1, 134.9, 153.6.
— MS (GCMS, electrospray): m/z (rel. int.): 289 (97) [M "], 288
(58), 287 (100) [M*], 260 (47), 258 (96), 208 (37), 180 (31), 131
(57). — C14H;¢BrNO (288.0) caled. C 85.36, H 3.50; found C 85.52,
H 3.62.

Ethyl 4-[6-(2H-Chromen-3-yl)pyridin-2-yl]benzoate (4): nBuLi
(0.26 mL, 1.6 M in hexanes, 0.40 mmol) was added dropwise at —78
°C to a solution of substituted bromopyridine 13b (0.34 mmol,
98 mg) in THF (2 mL), and the resulting mixture was stirred for
20 min at this temperature. A solution of anhydrous zinc chloride
(0.40 mmol, 54 mg) in THF (2 mL) was added, and stirring was
continued for an additional 20 min. The mixture was treated with
a solution of Pd(PPhs), (0.017 mmol, 5 mol %, 20 mg) and ethyl 4-
iodobenzoate (12a, 0.40 mmol, 111 mg) in DME (2 mL), allowed
to warm slowly to room temperature, and then heated at 60 °C for
12 h. After cooling, the reaction was quenched with water. The
mixture was extracted with ethyl acetate, and the combined organic
layers were dried with Na,SO,, filtered, and concentrated under
vacuum. Purification by silica gel column chromatography (cyclo-
hexane/EtOAc 9:1) afforded retinoid 4 as a white solid in 52% yield
(63 mg). — M.p. 170—172 °C. — IR (KBr): v = 2972, 1714, 1588,
1453, 1272 cm !, — '"H NMR (CDCl;, 400 MHz): § = 1.45 (t, J =
7.1Hz, 3 H), 443 (q, J = 7.1 Hz, 2 H), 5.49 (s, 2 H), 6.91 (br. d,
J=80Hz 2H), 695 (td, J =74, 1.4Hz, 1 H), 7.17 (dd, J = 7.3,
1.4 Hz, 1 H), 7.18 (td, J = 7.4, 1.4 Hz, 1 H), 7.27 (s, 1| H), 7.58
(dd, J = 7.8, 0.6 Hz, 1 H), 7.69 (dd, J = 7.8, 0.6 Hz, 1 H), 7.79 (t,
J = 78Hz, 1 H), 8.15-8.16 (m, 4 H). — 3C NMR (CDCl;,
100 MHz): § = 14.3, 61.0, 66.2, 115.7, 117.9, 119.00, 121.5, 122.4,
123.0, 126.6 (2 C), 127.6, 129.9 (3 C), 130.8, 131.5, 137.1, 143.1,
154.3 (2 C), 155.0, 166.4. — MS (electrospray): m/z (rel. int.): 358
(100), 326 (81), 219 (8). — C3H oNO; (357.1) caled. C 77.29, H
5.36; found C 77.02, H 5.49.

2 H-Chromene-3-carbonitrile (17): Salicylaldehyde 16 (81.96 mmol,
10 g), acrylonitrile (409 mmol, 21.7g), and 1,4-diazabicy-
clo[2.2.2]octane (18.3 mmol, 2.10 g) were stirred for 24 h at 90 °C.
The reaction mixture was concentrated under vacuum and the
crude residue was then dissolved in CH,Cl, (150 mL) and washed
with saturated NaHCOj; (50 mL) and brine (50 mL). The organic
layers were dried with Na,SO, and concentrated under vacuum.
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Purification by silica gel column chromatography (R; = 0.30, cyclo-
hexane/CH,Cl, 70:30) afforded nitrile 17 as a yellow solid in 85%
yield (10.94 g). — M.p. 42—43 °C (ref.['*2% = 45 °C). — IR (KBr):
v o= 2212, 1634, 1600, 1573, 1140, 1010, 750 cm~!. — 'H
NMR (CDCl;, 200 MHz): § = 4.82 (d, J = 1.2 Hz, 2 H), 6.85 (dd,
J =18.0,1.2Hz, 1 H), 698 (td, J = 8.0, 1.2Hz, 1 H), 7.12 (dd,
J=128.0,12Hz 1 H), 7.28 (dt, J/ = 8.0, 1.2 Hz, 1 H). — 3C NMR
(CDCl;, 100 MHz): & = 63.9, 103.0, 116.2, 119.7, 122.1, 128.2,
132.4, 132.9, 138.4, 153.9. — C;oH;NO (157.0) caled. C 76.42, H
4.49; found C 75.89, H 4.61.

2H-Chromene-3-carboxylic Acid (18): Nitrile 17 (64.10 mmol,
10.1 g) was treated with a 10% aqueous solution of NaOH
(180 mL) and heated at 100 °C for 6 h. After this had cooled, an
aqueous solution of HCI (5 W was added dropwise until pH = 3
was attained and the produced precipitate was filtered. The pure
acid 18 was obtained by recrystallization (petroleum ether/Et,O
25:75) as a yellow solid in 95% yield (10.72 g). — M.p. 192—19%4
°C. — IR (KBr): ¥ = 3300—-2700, 1690, 1165 cm~!. — 'H
NMR (CDCl;, 200 MHz): 6 = 4.80 (d, / = 1.2 Hz, 2 H), 6.78 (dd,
J=18.0,1.2Hz, 1 H), 695 (td, J = 8.0, 1.2 Hz, 1 H), 7.25 (dd, J =
8.0, 1.2 Hz, 1 H), 7.30 (dt, J = 8.0, 1.2 Hz, 1 H), 12.04 (br. s, 1 H).
— IBC NMR (DMSO, 50 MHz): § = 64.4, 115.8, 121.1, 121.9,
123.6, 129.3, 1319, 132.5, 154.7, 165.7. — MS (GCMS,
electrospray): m/z (rel. int.): 176 (42) [M™], 175 (35), 131 (100), 77
(27). The spectral properties were in good agreement with the liter-
ature. 2l

Chroman-3-one (19): A solution of (PhO),P(O)N3; (50 mmol,
13.75 g) in toluene (40 mL) was added dropwise at room temper-
ature over a period of 25 min to a solution of acid 18 (45.41 mmol,
8.0 g) in triethylamine (8 mL) and CH,Cl, (100 mL). The reaction
mixture was warmed to 50 °C for 1 h, toluene (100 mL) was then
added, and the reaction mixture was heated to 85 °C for 3 h. After
this had cooled to room temperature, an aqueous solution of HCI
(6 N, 80 mL) was added and the reaction mixture was then heated
at reflux for an additional 3 h. The layers were separated, and the
organic extracts were washed with a saturated solution of NaHCO;
and with brine. The organic layers were dried with Na,SO,4 and
concentrated under vacuum. Purification by silica gel column chro-
matography (R; = 0.26, cyclohexane/EtOAc 80:20) afforded ketone
19 as a yellow oil in 78% yield (5.25 g). — IR?78 (KBr): v = 2860,
1720, 1660, 1180 cm~!. — "H NMR[P74 (CDCl;, 200 MHz): § =
3.61 (s, 2 H), 442 (s, 2 H), 7.02 (dd, J = 8.0, 1.2 Hz, 1 H), 7.05
(td, J = 8.0, 1.2 Hz, 1 H), 7.23 (dd, J = 8.0, 1.2 Hz, 1 H), 7.35 (td,
J =8.0,1.2Hz, 1 H). — '3C NMR (CDCl;, 100 MHz): § = 40.9,
72.9, 117.7, 120.2, 123.3, 128.4, 128.9, 176.7, 207.5. — MSP7I
(GCMS, electrospray): mi/z (rel. int.): 148 (78) [M ™7, 119 (31), 91
(100), 89 (39).

2H-Chromen-3-yl Trifluoromethanesulfonate (12b): A solution of
KHMDS (9.78 mmol, 1.95 g) in THF (10 mL) was slowly added to
a solution of ketone 19 (6.75 mmol, 1.0 g) in THF (10 mL) at —78
°C and the resulting mixture was stirred for 25 min at this temper-
ature. A solution of PhNTf, (9.8 mmol, 3.50 g) in THF (6 mL) was
then added, and stirring was continued for 3 h at —48 °C. The
reaction mixture was quenched with water and extracted with ethyl
acetate, and the combined organic layers were dried with Na,SO,,
filtered, and concentrated under vacuum. Purification by silica gel
column chromatography (R; = 0.80, cyclohexane/EtOAc 80:20) af-
forded the triflate 12b as a yellow oil in 95% yield (1.55 g). — IR
(KBr): v = 1610, 1185, 1060—1020 cm~!. — 'H NMR (CDCl;,
200 MHz): 6 = 4.78 (d, J = 1.2 Hz, 2 H), 6.55 (br. s, 1 H), 6.80
(dd, J = 8.0, 1.2 Hz, 1 H), 6.92 (dt, J = 8.0, 1.2 Hz, 1 H), 7.08
(dd, J = 8.0, 1.2 Hz, 1 H), 7.21 (td, J = 8.0, 1.2 Hz, 1 H). — 13C
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NMR (CDCl3, 50 MHz): 6 = 64.8, 1154, 116.1, 122.5, 127.8, 130.4
(2 C), 142.7, 155.4. — MS (GCMS, electrospray): m/z (rel. int.):
248 (80), 220 (21), 121 (87), 80 (100), 52 (50).

2 H-Chromene-3-carbaldehyde (20a): K,CO; (136 mmol, 18.80 g)
was added to a solution of salicylaldehyde 16 (136 mmol, 16.6 g)
and propenal (150 mmol, 8.40 g) in dioxane (100 mL), and the re-
action mixture was then heated at reflux for 2h before being
treated with water (100 mL). The layers were separated and ex-
tracted with ether, and the combined organic layers were dried with
Na,S0,, filtered, and concentrated under vacuum. Purification by
silica gel column chromatography (R; = 0.53, cyclohexane/CH,Cl,
70:30) afforded the aldehyde 20a as a yellow solid in 72% yield
(15.67 g). — M.p. 42—43 °C (ref.l'1 = 44 °C). — IR (KBr): v =
2827, 1730, 1662, 1600, 754 cm~'. — 'H NMRE® (CDCl,,
200 MHz): § = 5.02 (s, 2 H), 6.86—7.00 (m, 2 H), 7.20—7.34 (m,
3 H), 9.59 (s, 1 H). — *C NMR (CDCl;, 100 MHz): § = 62.6,
115.8, 119.9, 121.4, 128.9, 131.0, 132.6, 140.3, 155.4, 189.0. — MS
(electrospray): m/z (rel. int.): 183 (8) [M + Na], 161 (100) [M +
H™*], 175 (10).

1-(2H-Chromen-3-yl)ethanone (20b): K,CO; (82 mmol, 11.33 g)
was added to a solution of salicylaldehyde 16 (82 mmol, 10 g) and
but-3-en-2-one (90.20 mmol, 6.31 g) in 2-butanone (100 mL), and
the reaction mixture was then heated at reflux for 2 h before being
treated with water (150 mL). The layers were separated and ex-
tracted with ether, and the combined organic layers were dried with
Na,SO,, filtered, and concentrated under vacuum. Purification by
silica gel column chromatography (R; = 0.54, cyclohexane/EtOAc,
80:20) afforded the ketone 20b as a yellow solid, in 80% yield
(11.43 g). — M.p. 48 °C (ref.l'”) = 48 °C). — IR (KBr): ¥ = 2865,
1634, 1600, 1211, 754 cm~'. — 'H NMRE81(CDCls, 200 MHz):
& = 2.41(s, 3 H), 5.00 (s, 2 H), 6.83—6.97 (m, 2 H), 7.14—7.22 (m,
2 H), 7.30 (s, 1 H). — 3C NMR (CDCl;, 100 MHz): § = 24.6,
63.9, 120.4, 130.4, 115.9, 121.5, 128.9, 132.1, 133.6, 155.2, 195.5.
— MS (electrospray): m/z (rel. int.): 175 (100) [M + H™], 141 (7).

3-(2,2-Dibromovinyl)-2H-chromene ~ (21):  Triphenylphosphane
(10 mmol, 2.62 g), zinc powder (10 mmol, 654 mg), and carbon
tetrabromide (10 mmol, 3.32 g) were successively added to a solu-
tion of aldehyde 20 (5 mmol, 800 mg) in CH,Cl, (25 mL). After
stirring at room temperature for 3 h, the reaction mixture was
quenched with water (20 mL) and extracted with ethyl acetate. The
combined organic layers were dried with Na,SOy, filtered, and con-
centrated under vacuum. Purification by silica gel column chroma-
tography (Ry = 0.91, cyclohexane/CH,Cl, 70:30) afforded com-
pound 21 as a yellow solid in 98% yield (1.54 g). — M.p. 131133
°C. — IR (KBr): ¥ = 1605, 1560, 1485, 1455, 1109, 1038 cm~!. —
'"H NMR (CDCl;, 200 MHz): § = 5.11 (s, 2 H), 6.66 (br. s, 1 H),
6.83 (dd, J = 7.6, 1.2Hz, 1 H), 6.88 (td, J = 7.3, 1.2 Hz, 1 H),
7.03 (dd, J = 7.6, 1.2 Hz, 1 H), 7.16 (td, J = 7.6, 1.2 Hz, 1 H). —
13C NMR (CDCls, 50 MHz): 8 = 66.1, 87.9, 115.7, 121.8, 122.3,
127.1, 127.3, 128.7, 130.1, 1349, 153.6. — MS (GCMS,
electrospray): m/z (rel. int.): 318 (47) [M*7], 317 (44), 316 (100)
M*], 315 (71), 314 (52) [M*], 238 (52), 235 (58),156 (78), 155
(91), 131 (56), 128 (90).

3-Ethynyl-2H-chromene (15a). — From 21: A solution of LDA
(3.3 mL, 1.5 M in cyclohexane, 4.83 mmol) was slowly added at —78
°C to a solution of 21 (2.20 mmol, 691 mg) in THF (5 mL), and
the resulting mixture was allowed to warm slowly to room temper-
ature and stirred for 4 h. After addition of water (20 mL), the layers
were separated and extracted with ethyl acetate, and the combined
organic layers were dried with Na,SOy, filtered, and concentrated
under vacuum. Purification by silica gel column chromatography
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(R = 0.49, cyclohexane/CH,Cl,, 60:40) afforded terminal alkyne
15a as a yellow oil, in 61% yield (210 mg).

From 20b: /Pr,NEt (23.25 mmol, 3.0g) and Tf,0 (6.88 mmol,
1.94 g) were successively added at —78 °C to a solution of 20b
(5.74 mmol, 1.0 g) in CH»Cl, (30 mL). After stirring at —10 °C for
1 h, the reaction mixture was quenched with aqueous hydrochloric
acid (1 m) and extracted with Et,O. The combined organic layers
were then dried with MgSO, and the solvent was removed in vacuo.
Purification by silica gel column chromatography afforded terminal
alkyne 15a in 81% yield (726 mg). — IR (KBr): v = 3284, 2090,
1603, 1484, 1203, 1035, 750 cm™!. — "H NMR (CDCl;, 200 MHz):
6 =3.15(s, 1 H),4.75(d, J = 1.2 Hz, 2 H), 6.78 (br. s, 1 H), 6.82
(dd, J = 8.0, 1.2 Hz, 1 H), 6.90 (td, J = 8.0, 1.2 Hz, 1 H), 7.02
(dd, J = 8.0, 1.2 Hz, 1 H), 7.15 (td, J = 8.0, 1.2 Hz, 1 H). — 13C
NMR (CDCl;, 50 MHz): 6 = 67.1, 80.9, 81.3, 114.3, 116.0, 121.9,
127.1, 128.3, 130.2, 131.2, 153.6. — MS (GCMS, electrospray): m/
z (rel. int.): 156 (80) [M*1, 155 (100), 128 (30), 127 (26).

General Procedure for the Sonogashira Coupling Reaction: A solu-
tion of 1-alkyne (1.44 mmol) in triethylamine (2 mL) was slowly
added at 60 °C to a degassed solution of Pd(PPhs), (0.06 mmol, 5
mol %, 70 mg), bromopyridine 13 or triflate 23 (1.2 mmol), and
Cul (0.12 mmol, 23 mg) in triethylamine (3 mL). The reaction was
stirred at 60 °C and monitored by TLC until complete consump-
tion of starting materials. After evaporation of the solvent in vacuo,
the crude material was purified by silica gel column chromato-

graphy.

Methyl 4-[6-|(2H-Chromen-3-yl)ethynyl]pyridin-2-yl|benzoate (5a):
308 mg (70%, beige solid) obtained from 13a (1.20 mmol, 350 mg)
and 15a (1.44 mmol, 225 mg). — Ry = 0.30 (cyclohexane/EtOAc:
80:20). — IR (KBr): ¥ = 1710, 1600, 1450, 1270, 1210 cm~!. — 'H
NMR (CDCl;, 400 MHz): 6 = 3.86 (s, 3 H), 4.80 (d, J = 1.2 Hz,
2 H), 6.75 (d, J = 8.0Hz, 1 H), 6.83 (td, J = 7.5, 1.5Hz, 1 H),
6.85 (1 H, br. s), 6.95(dd, J = 7.5, 1.7Hz, 1 H), 7.07 (td, J = 7.8,
1.7Hz, 1 H), 7.37 (br. d, J = 7.8 Hz, 1 H), 7.62 (br. d, J = 7.4 Hz,
1 H), 7.68 (dd, J = 7.8, 7.4 Hz, 1 H), 8.03 (m, 4 H). — 13C NMR
(CDCl3, 100 MHz): & = 52.2, 67.0, 86.4, 92.7, 114.3, 115.9, 120.3,
121.9, 126.4, 127.1 (2 C), 127.2, 130.0 (2 C), 130.3, 130.7, 131.6,
137.0, 142.8, 143.2, 153.7, 156.8, 166.8. — MS (electrospray): m/z
(rel. int.): 757 (100) [2 M + Na™], 404 (33), 368 (63) [MH*], 150
(38). — Co4H{7NO; (367.1): caled. C 78.46, H 4.66; found C 78.63,
H 4.78.

Ethyl 4-|[6-(2H-Chromen-3-yl)pyridin-2-yllethynyl]benzoate (5b):
302 mg (66%, beige solid) obtained from 13b (1.20 mmol, 345 mg)
and 15b (1.44 mmol, 251 mg). — Ry = 0.30 (cyclohexane/EtOAc:
80:20). — IR (KBr): ¥ = 1712, 1603, 1453, 1272, 1214 cm™!. — 'H
NMR (CDCl;, 400 MHz): 6 = 1.39 (t, J/ = 7.0 Hz, 3 H), 4.38 (q,
J =7.0Hz, 2 H), 5.36 (s, 2 H), 6.87 (br. d, J = 8.5 Hz, 1 H), 6.90
(td, J = 7.5, 1.5Hz, 1 H), 7.12 (br. d, J = 7.5 Hz, 1 H), 7.15 (td,
J=175,15Hz 1H),7.23 (s, 1 H), 740 (d, J = 7.6 Hz, | H), 7.48
(d,J=7.6Hz, 1H),7.65(t,J=7.6Hz 1H),7.66(d,J=8.0Hz
2 H), 8.03 (d, J = 8.0 Hz, 2 H). — '3C NMR (CDCl;, 100 MHz):
6 = 14.3, 61.2, 66.1, 88.0, 91.3, 115.7, 118.5, 121.5, 122.3, 123.6,
125.9, 126.8, 127.7, 129.4 (2 C), 130.0, 130.5, 130.8, 131.9 (2 C),
136.4, 142.4, 154.3, 154.9, 165.9. — MS (electrospray): m/z (rel.
int.): 404 (3) [M + Na™], 382 (100) [MH™*], 279 (10). — C55sHoNO;
(381.1): caled. C 78.72, H 5.02; found C 78.51, H 5.15.

Ethyl 6-[(2H-Chromen-3-yl)ethynyl]nicotinate (6): 227 mg (65%, yel-
low solid) obtained from 22 (1.20 mmol, 342mg) and 15b
(1.44 mmol, 251 mg). — Ry = 0.40 (CH,Cl,). — M.p. 157—159 °C.
— IR (KBr): v = 2260, 1730, 1620, 1615, 1160 cm~'. — 'H
NMR (CDCls, 400 MHz): 6 = 3.98 (s, 3 H), 4.89 (br. s, 2 H), 6.78
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(br. d, J = 8.0 Hz, 1 H), 6.88 (dt, J = 8.0, 2.0 Hz, 1 H), 7.04 (br.
s, 1 H), 7.15 (d, J = 8.0 Hz, 1 H), 7.16 (dt, J = 8.0, 2.0 Hz, 1 H),
7.57(d, J = 8.0 Hz, 1 H), 8.29 (dd, J = 8.0, 2.0 Hz, 1 H), 9.18 (d,
J = 2.0Hz, 1 H). — *C NMR (CDCl;, 100 MHz): § = 52.6, 66.2,
91.1, 104.7, 116.1, 121.9, 122.4, 126.8, 127.5, 129.3, 130.7, 132.7 (2
C), 137.3, 140.0, 147.5, 151.3, 166.1. — C,sH,3NO; (291.1): caled.
C 74.22, H 4.50; found C 75.03, H 4.71.

Acknowledgments
The CNRS is gratefully thanked for support of this research.

[l For reviews on retinoids see: ['¥ M. B. Sporn, A. B. Roberts,
D. S. Goodman, The Retinoids, Biology, Chemistry and Medi-
cine, 2nd ed., Raven Press, New York, 1994. — ['®] J. D. Brion,
in: Medicaments en relation avec les systemes hormonaux 1995,
vol. 4 du traité de Chimie Thérapeutique, AFECT eds, Tec et
Doc Lavoisier, Paris, p. 745. — [1¢l M. A. Livrea, G. Vidali, in:
Retinoids from basic science to clinical applications, Birkhauser,
Basel, 1994. — ' E. E. Bittar, G. V. Sherbet, Advances in Or-
gan Biology, vol. 3, Retinoids: Their psychological function and
therapeutic potential, JAI Press Inc., 1997, p. 277.

[2I R. Lotan, Biochim. Biophys. Acta 1980, 605, 33—91.

131 R. Kaplan, D. H. Russel, N. J. Lowe, J. Am. Acad. Dermatol.
1983, 8, 95—102.

(41 Hal H, Mori, T. Tanaka, Drugs of the Future 1993, 18, 737—742.
— [ S Nagpal, R. A. S. Chandraratna, Curr. Pharmac. Des.
1996, 2, 295-316.

131 [3al J, L. Clifford, J. M. Miano, S. M. Lippman, in: Antiangiog-
enic Agents in Cancer Therapy (Ed.: B. A. Teicher); Humana
Press Inc., Totowa, NJ; p. 335, 1999. — B® R, Pakala, C. R.
Benedict, Eur. J. Pharmacology 1999, 385, 255—261.

[l [6al J D. Brion, G. Lebaut, G. Poissonnet, L. De Montarby, L.

Belachmi, J. Bonnet, M. Sabatini, C. Tordjman, European Pa-

tent Application B.591046 (April 06, 1994); U. S. Patent

A.5391569 (February 21, 1995). — [l J. D, Brion, G. Lebaut,

P. Ducrey, S. Robert-Piessard, C. A. Cudennec, G. Seurre,

European Patent Application B.338895 (March 23, 1990); U.

S. Patent A.4975455 (December 04, 1990). — ¢l J. D. Brion,

G. Lebaut, P. Ducrey, S. Robert-Piessard; C. A. Cudennec, G.

Seurre, European Patent Application B.337885 (March 17,

1993); U. S. Patent A.4975454 (December 04, 1990).

[7al K. M. Waugh, K. D. Berlin, W. T. Ford, E. M. Holt, J. P.

Carrol, P. A. Schomber, M. D. Thompson, L. J. Schiff, J. Med.

Chem. 1985, 28, 116—124. — "1 D, M. Benbrook, M. M.

Madler, L. W. Spruce, P. J. Birckbichler, E. C. Nelson, S. Subra-

manian, G. M. Weerasekare, J. B. Gale, M. K. Jr. Patterson,

B. Wang, W. Wang, S. Lu, T. C. Rowland, P. DiSivestro, C.

Lindamood III, D. L. Hill, K. D. Berlin, J Med. Chem. 1997,

40, 3567—3583. — U’ D. M. Benbrook, S. Subramanian, J. B.

Gale, S. Liu, C. W. Brown, M. F. Boehm, K. D. Berlin, J Med.

Chem. 1998, 41, 3753—3757. — 1V, Vuligonda, A. M. Stand-

even, M. Escobar, R. A. S. Chandraratna, Bioorg. Med. Chem.

Lett. 1999, 9, 743—748. — *1 V. Vuligonda, R. A. S. Chandrar-

atna, Bioorg. Med. Chem. Lett. 1999, 9, 2289—2290.

T. Esgleyes-Ribot, R. A. S. Chandraratna, D. Lew-Kaya, J. Sef-

ton, M. Duvic, J. Am. Acad. Dermatol. 1994, 30, 581—590.

[7

8

4212

T The use of 2,6-dibromopyridine as a synthetic equivalent for
the synthon 9 is well documented; see: 1 J. J. Li, G. W. Gribble
(Eds.), in: Palladium in Heterocyclic Chemistry. A Guide for the
Synthetic Chemist; Pergamon, Elsevier Science, Oxford, 2000.
— PPy, N. Kalinin, Synthesis 1991, 413—432. For recent work
see: °I R. A. Fallahpour, Synthesis 2000, 1138—1142.

101 E. Negishi, A. O. King, N. Okukado, J Org Chem. 1977, 42,
1821—1823.

(1 al D Cai, D. L. Hughes, T. R. Verhoeven, Tetrahedron Lett.
1996, 37, 2537—2540. — U161 M. A. Peterson, J. R. Mitchell, J
Org. Chem. 1997, 62, 8237—8239 and references therein. For
the preparation of 6-bromo-2-pyridylmagnesium chloride and
reaction with various electrophiles see: 'l F. Trécourt, G. Bre-
ton, V. Bonnet, F. Mongin, F. Marsais, G. Quéguiner, Tetrahed-
ron 2000, 56, 1349—1360. — 14 A Boudier, L. O. Bromm, M.
Lotz, P. Knochel, Angew. Chem. Int. Ed. 2000, 39, 4414—4435.

[12] For the transmetallation to the tin derivative see: M. Benaglia,
S. Toyota, C. R. Woods, J. S. Siegel, Tetrahedron Lett. 1997,
38, 4737—4740.

(131 The use of PdCl,(dppf) as a highly effective catalyst for the
coupling of organozinc reagents is well known; see: 133 T. Hay-
ashi, M. Konishi, Y. Kobri, M. Kumada, T. Higuchi, K. Hir-
otsu, J Am. Chem. Soc. 1984, 106, 158—163. — [3b] M.
Rottlander, P. Knochel, Tetrahedron Lett. 1997, 38, 1749—1752
and references therein.

(141 (142l M, Alami, G. Cahiez, B. Castro, E. Riguet, European Pa-
tent Application 97940192.4—2103 (September 08, 1997). — [14P]
M. Alami, G. Cahiez, B. Castro, J. R. Dormoy, E. Riguet, Pa-
tent 96 11514 (September 20, 1996). — 141 E. Riguet, M. Al-
ami, G. Cahiez, Tetrahedron Lett. 1997, 38, 4397—4400.

(151 For the coupling of 12b with alkyl or aryltin reagents and bor-
ane derivatives under palladium catalysis conditions see: S.
Usse, G. Guillaumet, M. C. Viaud, Tetrahedron Lett. 1997,
38, 5501—5502.

161 E. J. Corey, L. I. Wu, J. Am. Chem. Soc. 1993, 115, 9327—9328.

71 K. Sonogashira, Y. Tohda, N. Hagihara, Tetrahedron Lett.
1975, 4467—4470.

U8 E. J. Corey, P. L. Fuchs, Tetrahedron Lett. 1972, 3769—3772.

91 L. René, R. Royer, Eur. J. Med. Chem. Chim. Ther. 1975, 10,
72-179.

(201 P Michel, D. Gennet, A. Rassat, Tetrahedron Lett. 1999, 40,
8575—8578.

211 For the synthesis of terminal alkyne 15b see: N. A. Bumagin,
A. B. Ponomaryov, 1. P. Beletskaya, Synthesis 1984, 728 —729.

(221 A, Torrado, B. Imperiali, J. Org. Chem. 1996, 25, 8940—8948
and references therein.

231 R. D. Coulson, Inorg. Synth. 1972, 13, 121—124.

241 H. Itatani, J. C. Bailer, J Am. Oil. Chem. Soc. 1967, 44,
147—149.

(251 R. Takeuchi, N. Ishii, M. Sugiura, N. Sato, J. Org. Chem. 1992,
57,4189—4194.

(261 M. Pigini, L. Brasili, A. Cassinelli, D. Giardina, U. Gulini, Eur.
J. Med. Chem. Ther. 1987, 22, 273—276.

[271 27a] G, Ariamala, K. K. Balasubramanian, Tetrahedron 1989,
45, 3769—3774. — 127°1 C. Walling, G. M. El-Taliawi, C. Zhao,
J. Org. Chem. 1983, 48, 4914—4917.

281 B. Gopalan, K. Rajagopalan, S. Swaminathan, Synthesis
1976, 752—754.

Received April 24, 2001
[001202]

Eur. J. Org. Chem. 2001, 4207—4212



