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In this study we used a tandem carbonylative Sonogashira
reaction/cyclisation process to construct alkylidene-function-
alized isochromans in high yields with complete stereoselec-
tivity (only Z isomers were formed). The reaction was per-

Introduction

Isochromans (Figure 1) are an important class of mo-
lecules in medicinal chemistry because of their biological
properties. Indeed, some of them exhibit hypotensive,[1] an-
titumor,[2] antibacterial,[3] and antioxidant[4] activities and
plant grow-regulating potential.[5] Some others are neuro-
kinin-1-receptor antagonists[6] or have a specific effect on
the dopaminergic system.[7] Moreover, isochromans can be
precursors for the synthesis of isochromanones,[8] tetra-
hydrobenzazepines,[9] and benzodiazepine-4-ones,[10] all of
which are important building blocks in organic chemistry.

Figure 1. Isochroman structure.

Several excellent methods for the formation of the iso-
chroman skeleton are described in the literature. Many of
them are based on the oxa-Pictet–Spengler reaction,[11–15]

which consists of the condensation of a β-arylethanol deriv-
ative with a carbonyl compound to form a hemiacetal; this
intermediate undergoes cyclization to give the isochroman
ring. The reaction is often promoted by acid catalysts such
as H2SO4, HCl, p-toluenesulfonic acid, acetic acid, oleic
acid, AlCl3, TiCl4, and ZnCl2, but zeolites[16] and bismuth
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formed in the absence of a CuI co-catalyst with a small
amount of PdCl2(PPh3)2 (0.2–0.5 mol-%), and aryl iodides
bearing both electron-donating and electron-withdrawing
substituents were successfully employed.

triflate[17] have also been shown to be effective. A different
approach was reported by Florio[18] et al. and is based on
the sequence of lithiation/acid-catalyzed cyclization of N-
alkyl-(o-tolyl)aziridines. Later on, the same group described
the preparation of polysubstituted isochromans by means
of a one-pot procedure based on the addition of ortho-lith-
iated aryloxiranes to enaminones.[19] Ramana and co-
workers[20,21] reported the application of [2+2+2] alkyne–
diyne cyclotrimerization to the preparation of enantiopure
isochromans catalyzed by a rhodium species. Function-
alized diynes were also used in a Heck carbopalladation/
cyclization sequence[22] for the synthesis of highly substi-
tuted isochromans. Finally, palladium catalysts have been
employed in cyclization reactions[23–26] of benzyl and homo-
benzyl alcohols derivatives.

Recently, a few examples of the synthesis of heterocyclic
derivatives such as isoquinolones, isoindolinones,[27] flav-
ones, chromones,[28] and benzofurans[29] based on palla-
dium-catalyzed Sonogashira reactions were described. In
particular, 2-iodophenols and 2-iodoaniline were treated
with terminal acetylenes under a carbon monoxide atmo-
sphere to generate acetylenic ketones that underwent cycli-
zation to afford the heterocyclic derivatives depicted in
Scheme 1.

Scheme 1. Sonogashira reaction for the synthesis of heterocyclic
compounds.

Intrigued by this data and prompted by our recent results
on the Sonogashira carbonylative reaction,[30] we decided
to investigate the possibility to apply a carbonylative Sono-
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gashira reaction/cyclization sequence to the synthesis of
isochromans. Indeed, starting from a suitable substrate, this
tandem process afforded 2-alkylideneisochromans
(Scheme 2), the preparation of which is seldom reported.[31]

Scheme 2. Possible synthesis of isochroman through cyclocarb-
onylative Sonogashira reaction.

Results and Discussion

2-(2-Ethynylphenyl)ethanol (1) was chosen as a model
substrate and was prepared according to the method de-
scribed in Scheme 3. 2-Iodophenylacetic acid (2) was easily
reduced to corresponding benzyl alcohol 3 in high yield
(89%) by means of NaBH4/BF3·OEt2.[32] The acetylenic
moiety was then introduced with a cross-coupling Sonoga-
shira reaction with trimethysilylacetylene to yield desired
product 4 (88%).[33] Finally, the trimethylsilyl group was
smoothly removed by treatment of 4 with an excess amount
of tetrabutylammonium fluoride (TBAF, 90 %).[33]

Scheme 3. Synthetic sequence for the preparation of 2-(2-ethyn-
ylphenyl)ethanol (1).

A preliminary cyclocarbonylative Sonogashira reaction
was performed by treating 1 with iodobenzene in triethyl-
amine chosen as both the solvent and the base at 100 °C
for 24 h with PdCl2(PPh3)2 (0.2 mol-%) and under an atmo-
sphere of CO (2.0 MPa, Scheme 4). To our delight, analysis
of the crude mixture by NMR spectroscopy indicated the
complete conversion of the reagents and the formation of
2-(isochroman-1-ylidene)-1-phenylethanone (6a) as the
principal product, which was isolated in a chemically pure
form (column chromatography) in high yield (89%). The
configuration of the double bond of the olefinic moiety was
then determined by analysis of the results obtained with a
NOESY (nuclear Overhauser effect spectroscopy) experi-
ment. Relevant NOE effects were detected between vinylic
Ha and aromatic Hb and Hc, as shown in Figure 2, which
thus indicated the exclusive formation of the Z isomer of
isochroman 6a with two conjugated double bonds in an
s-cis geometry.
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Scheme 4. Preliminary carbonylative reaction between 2-(2-ethyn-
ylphenyl)ethanol and iodobenzene.

Figure 2. Isochroman structure.

Notably, according to Baldwin’s rules,[34] only six-mem-
bered ring 6a was generated during the cyclization process
(6-exo-dig), whereas no trace amounts of the possible tetra-
hydrobenzoxepine derivative were detected. In addition to
isochroman derivative 6a, a small amount (5% purified
yield) of 3-[2-(2-phenoxyethyl)phenyl]-1-phenyl-2-yn-1-one
(7a) was isolated (Figure 3).

Figure 3. Structure of 3-[2-(2-phenoxyethyl)phenyl]-1-phenyl-2-yn-
1-one.

A plausible mechanism for the formation of both prod-
ucts 6a and 7a is described in Scheme 5. It involves, first,
the Sonogashira carbonylative reaction between iodo-
benzene (5a) and ethynyl alcohol 1, which should form 3-[2-
(2-hydroxyethyl)phenyl]-1-phenylprop-2-yn-1-one (8) as the
intermediate of both derivatives. At this point, Pd0 insertion
into the O–H bond would generate palladium hydride spe-
cie I, which can undergo two different transformations.
Hydropalladation to the triple bond (Scheme 5, II) followed
by reductive elimination could afford isochroman 6a with
regeneration of the palladium catalyst. On the other hand,
the presence of ether 7a can be explained with a direct in-
sertion of palladium into the C–I bond of iodobenzene
(Scheme 5, III) with subsequent reductive elimination of
Pd0. As a matter of fact, a few examples of the arylation of
benzylic or homobenzylic alcohols catalyzed by transition-
metal-based species have been described.[35]
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Scheme 5. Hypothetical mechanism for the formation of iso-
chroman 6 and ether 7.

Moreover, the carbonylation of the triple bond was
found to be fundamental for the cyclization process. Indeed,
if a reaction between ethynyl alcohol 1 and iodobenzene
(5a) was performed in the absence of carbon monoxide,
only 2-[2-(phenylethynyl)phenyl]ethanol (9) was formed
(56 % purified yield, Scheme 6).

Scheme 6. Sonogashira reaction between 2-(2-ethynylphenyl)eth-
anol and iodobenzene.

The cyclocarbonylative Sonogashira reaction was then
extended to several aryl iodides 5 possessing electron-do-
nating and electron-withdrawing substituents in the ortho
and para positions. As described in Table 1, quantitative
conversion of the reagents was detected in all experiments.
The reactions generated isochroman derivatives 6a–i in
good to excellent yields (68–89%) with complete stereose-
lectivity towards the formation of the Z isomer, regardless
of the stereoelectronic features of employed aryl iodides 5.
A small decrease in the chemoselectivity was observed if the
steric requirements of 5 increased, such as in the cases of
α-naphthyl and o-tolyl derivatives (Table 1, entries 2 and 3).
However, upon performing the reactions between 1 and aryl
iodides 5b and 5c with a small excess amount of alcohol 1
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with respect to the iodoarenes (2.5 mmol vs. 2 mmol) and
in the presence of a slightly higher amount of the catalyst
(0.5 instead of 0.2 mol-%), ether byproducts 7b and 7c com-
pletely disappeared and improved yields (87–89 % vs. 73–
75%) of isochromans 6b and 6c were obtained (Table 1, en-
tries 4 and 5).

Table 1. Cyclocarbonylative reaction of 2-(2-ethynylphenyl)ethanol
and aryl iodides.[a]

Entry 5 Ar (Z)-6 Yield[b] 7 Yield[b]

[%] [%]

1 a Ph a 89 a 5
2 b 1-naphthyl b 75 b 7
3 c 2-MeC6H4 c 73 c 8
4[c] b 1-naphthyl b 87 – –
5[c] c 2-MeC6H4 c 89 – –
6 d 4-MeC6H4 d 81 – –
7 e 2-MeOC6H4 e 75 – –
8 f 4-MeOC6H4 f 80 – –
9 g 4-ClC6H4 g 83 – –
10 h 4-NCC6H4 h 72 – –
11 i 2-NCC6H4 i 68 – –

[a] Reactions were performed with 1 (2 mmol), 5 (2 mmol), Et3N
(5 mL), and PdCl2(PPh3)3 (0.004 mmol) at 100 °C for 24 h under
an atmosphere of CO (2.0 MPa). [b] Yield of isolated product after
purification by silica gel column chromatography. [c] Reaction was
performed with 1 (2.5 mmol) and PdCl2(PPh3)2 (0.5 mol-%).

Moreover, upon performing the reaction with 2-iodo-
benzonitrile (5i), that is, in the presence of a strong electron-
withdrawing group in the ortho position, a small amount
(16%, Figure 4) of 2-{[2-(2-hydroxyethyl)phenyl]ethynyl}-
benzonitrile (10) was isolated.

Figure 4. Byproduct of the Sonogashira cyclocarbonylation of 2-
iodobenzonitrile.

This result can be explained with a competitive noncarb-
onylative Sonogashira reaction that determined the forma-
tion of direct coupling product 10. According to the results
previously observed in the noncarbonylative experiment
(Scheme 6), 10 did not cyclize because of the absence of the
CO moiety.

Finally, upon testing 4-iodonitrobenzene in the cyclo-
carbonylative reaction, an unexpected result was obtained.
Indeed, the reaction afforded (Z)-1-(4-aminophenyl)-2-
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(isochroman-1-ylidene) ethanone (11) exclusively
(Scheme 7, path I). The structure of this product was con-
firmed by means of a cyclocarbonylative reaction per-
formed between 1 and 4-iodoaniline (5k; Scheme 7,
path II). In this case, the chemoselective formation of
amino derivative 11 was detected, and the product was iso-
lated in chemically pure form in a good yield (53 %). These
results indicate that the Sonogashira cyclocarbonylative
process can take place successfully even in the presence of a
free NH2 group, whereas the NO2 moiety is reduced in situ.

Scheme 7. Sonogashira cyclocarbonylative reaction between 2-(2-
ethynylphenyl)ethanol and 4-iodonitrobenzene or 4-iodoianiline.

Conclusions

We developed a new approach for the synthesis of alkyl-
ideneisochromans through a Pd-catalyzed copper-free
cyclocarbonylative coupling reaction. This tandem process
involves a carbonylative Sonogashira reaction between a
suitable ethynyl alcohol and iodoarenes followed by a spon-
taneous cyclization process. The reaction proceeds with
complete regio- and stereoselectivity towards the exclusive
formation of the six-membered isochroman derivatives with
a (Z)-s-cis configuration of the double bonds, and aryl iod-
ides possessing electron-withdrawing and electron-donating
groups can be successfully employed.

Experimental Section

Typical Procedure for the Synthesis of (Z)-2-(Isochroman-1-ylidene)-
1-phenyletanone (6a): A Pyrex Schlenk tube was charged with 2-
(2-ethynylphenyl)ethanol (0.292 g, 2 mmol), iodobenzene (0.22 mL,
2 mmol), and Et3N (5 mL). This solution was introduced by a steel
siphon into the autoclave, previously charged with PdCl2(PPh3)2

(2.91 mg, 0.004 mmol) and placed under vacuum (13.3 Pa). The re-
actor was pressurized with CO (2.0 MPa), and the mixture was
stirred for 24 h at 100 °C. After removal of the excess amount of
CO (fume hood), the mixture was diluted with CH2Cl2, filtered
through Celite, and concentrated under vacuum. The crude prod-
uct was purified by column chromatography (silica gel 60, 230–
400 mesh, CHCl3) to yield 6a (0.446 g, 1.78 mmol, 89%) and
3-[2-(2-phenoxyethyl)phenyl]-1-phenyl-2-yn-1-one (7a; 0.034 g,
0.1 mmol, 5%).

Supporting Information (see footnote on the first page of this arti-
cle): Detailed experimental procedures, spectroscopic data, and
copies of the 1H NMR and 13C NMR spectra

Eur. J. Org. Chem. 2014, 6858–6862 © 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjoc.org 6861

[1] J. M. McCall, R. B. McCall, R. E. Tenbrink, B. V. Kamdsar,
S. J. Humphrey, V. H. Sethy, D. W. Harri, C. Daenzer, J. Med.
Chem. 1982, 25, 75–81.

[2] M. Tobe, T. Tashiro, M. Sasaki, H. Takikawa, Tetrahedron
2007, 63, 9333–9337.

[3] K. Trisuwan, V. Rukachaisirikul, Y. Sukpondma, S. Phong-
paichit, S. Preedanon, J. Sakayaroj, Tetrahedron 2010, 66,
4484–4489.

[4] a) G. I. Togna, A. R. Togna, M. Franconi, C. Marra, M. Gu-
iso, J. Nutr. 2003, 133, 2532–2536; b) A. Bendini, L. Cerretani,
A. Carrasco-Pancorbo, A. M. Gómez-Caravaca, A. Segura-
Carretero, A. Fernández-Gutiérrez, G. Lercker, Molecules
2007, 12, 1679–1719; c) M. Guiso, C. Marra, R. R. Arcos, Nat.
Prod. Res. 2008, 1403–1409.

[5] H. G. Cutler, G. Majetich, X. Tian, P. Spearing, J. Agric. Food
Chem. 1997, 45, 1422–1429.

[6] Y. Shishido, H. Wakabayashi, H. Koike, N. Ueno, S. Nukui, T.
Yamagishi, Y. Murata, F. Naganeo, M. Mizutani, K. Shimada,
Y. Fujiwara, A. Sakakibara, O. Suga, R. Kusano, S. Ueda, Y.
Kanai, M. Tsuchiya, K. Satake, Bioorg. Med. Chem. 2008, 16,
7193–7205.

[7] M. P. DeNinno, R. Schoenleber, R. J. Perner, L. Lijewski, K. E.
Asin, D. R. Brittom, R. Mackenzie, J. W. Kebabian, J. Med.
Chem. 1991, 34, 2561–2569.

[8] a) P. P. Pradhan, J. M. Bobbit, W. F. Bailey, J. Org. Chem. 2009,
74, 9524–9527; b) J. Wegner, S. Ceyla, C. Friese, A. Kirschnu-
ing, Eur. J. Org. Chem. 2010, 4372–4375.

[9] D. Garcia, F. Foubelo, M. Yus, Eur. J. Org. Chem. 2010, 2893–
2903.

[10] A. Chimirri, G. De Sarro, A. De Sarro, R. Gitto, S. Grasso, S.
Quartatone, M. Zappalà, P. Giusti, V. Libri, A. Constantini,
A. G. Chapman, J. Med. Chem. 1997, 40, 1258–1269.

[11] E. Larghi, T. S. Kaufman, Eur. J. Org. Chem. 2011, 5195–5231
and references cited therein.

[12] a) M. Guiso, C. Marra, C. Cavarischia, Tetrahedron Lett. 2001,
42, 6531–6534; b) M. Guiso, a. Bianco, C. Marra, C. Cavaris-
chia, Eur. J. Org. Chem. 2003, 3407–3411; c) M. Guiso, A. Be-
trow, C. Marra, Eur. J. Org. Chem. 2008, 1967–1976.

[13] P. Lorenz, M. Zeh, J. Martens-lobenhoffer, H. Schmidt, G.
Wolf, T. F. W. Horn, Free Radical Res. 2005, 39, 535–545.

[14] Saito, M. Takayama, A. Yamazaki, J. Numaguchi, Y. Han-
zawa, Tetrahedron 2007, 63, 4039–4047.

[15] a) R. Bernini, F. Crisante, G. Fabrizi, P. Gentili, Curr. Org.
Chem. 2012, 16, 1051–1057; b) R. C. Simon, E. Busto, N. Rich-
ter, F. Belaj, W. Kroutil, Eur. J. Org. Chem. 2014, 111–121.

[16] A. Hegedus, Z. Hell, Org. Biomol. Chem. 2006, 4, 1220–1222.
[17] B. Buoguerne, P. Hoffmann, C. Lherbet, Synth. Commun. 2010,

40, 915–926.
[18] M. Dalmacco, L. Degennaro, S. Florio, R. Luisi, B. Musio, A.

Altomare, J. Org. Chem. 2009, 74, 6319–6322.
[19] a) A. Salomone, F. M. Perna, F. C. Sassone, A. Falcicchio, J.

Bezensek, J. Svete, B. Stanovnik, S. Florio, V. Capriati, J. Org.
Chem. 2013, 78, 11059–11065; b) S. Florio, Synlett 2013, 24,
1061–1085.

[20] C. V. Ramana, S. B. Suryawanshi, Tetrahedron Lett. 2008, 49,
445–448.

[21] S. B. Suryawanshi, M. P. Dushing, R. G. Gonnade, C. V. Ram-
ana, Tetrahedron 2010, 66, 6085–6096.

[22] M. Leibeling, D. C. Koester, M. Pawliczek, D. Kratzert, B. Dit-
trich, D. B. Werz, Bioorg. Med. Chem. 2010, 18, 3656–3667.

[23] E. M. Mutlane, J. P. Michael, I. R. Green, C. B. de Koning,
Org. Biomol. Chem. 2004, 2, 2461–2470.

[24] P. Liu, L. Huang, Y. Lu, M. Dilmeghani, J. Baum, T. Xiang,
J. Adams, A. Tasker, R. Larsen, M. M. Faul, Tetrahedron Lett.
2007, 48, 2307–2310.

[25] S. Ueno, M. Ohtsubo, R. Kuwano, Org. Lett. 2010, 12, 4332–
4334.

[26] X. F. Wu, H. Neumann, M. Beller, Chem. Rev. 2013, 113, 1–
35.



L. A. Aronica, L. Giannotti, S. Giuntini, A. M. CaporussoSHORT COMMUNICATION
[27] a) Z. An, M. Catellani, G. P. Chiusoli, J. Organomet. Chem.

1990, 397, C31–C32; b) M. Genelot, A. Baendjeriou, V. De-
faud, L. Djakovitch, Appl. Catal. A 2009, 369, 125–132.

[28] a) S. Torii, H. Okumoto, L. H. Xu, M. Sadakane, M. V. Shos-
takovsky, A. B. Ponomnaryov, V. N. Kalinin, Tetrahedron 1993,
49, 6773–6784; b) B. Liang, M. Huang, Z. You, Z. Xiong, K.
Lu, R. Fathi, J. Chen, Z. Yang, J. Org. Chem. 2005, 70, 6097–
6100; c) E. Awuah, A. Capretta, Org. Lett. 2009, 11, 3210–
3213.

[29] A. Zanardi, J. A. Mata, E. Peris, Organometallics 2009, 28,
4335–4339.

[30] L. A. Aronica, A. M. Caporusso, G. Tuci, C. Evangelisti, M.
Manzoli, M. Botavina, G. Martra, Appl. Catal. A 2014, 480,
1–9.

www.eurjoc.org © 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Org. Chem. 2014, 6858–68626862

[31] a) Y. Lu, D. H. Wang, K. M. Engle, J. Q. Yu, J. Am. Chem.
Soc. 2010, 132, 5916–5921; b) H. Yanai, T. Taguchi, Chem.
Commun. 2012, 48, 8967–8969; c) H. Yanai, T. Yoshino, M.
Fujita, H. Fukaya, A. Kotani, F. F. Kusu, T. Taguchi, Angew.
Chem. Int. Ed. 2013, 52, 1560–1563; Angew. Chem. 2013, 125,
1600–1603.

[32] A. Minatti, S. L. Buchwald, Org. Lett. 2008, 10, 2721–2724.
[33] K. Hiroya, R. Jouka, M. Kameda, A. Yasuhara, T. Sakamoto,

Tetrahedron 2001, 57, 9697–9710.
[34] J. E. Baldwin, J. Chem. Soc., Chem. Commun. 1976, 734–736.
[35] S. Gowrisankar, A. G. Sergeev, P. Anbarasan, A. Spannenberg,

H. Neumann, M. Beller, J. Am. Chem. Soc. 2010, 132, 11592–
11598.

Received: July 23, 2014
Published Online: September 24, 2014


