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Abstract: Rhodium-catalyzed cyclic carbonylation of 2-ethynylbenzylalcohols 1 under water-gas shift reaction
conditions gives selectively 3-isochromanones 2 which are derived from 1 and one molecule each of hydrogen and
carbon monoxide with incorporation of the hydroxymethyl group adjacent to the ethynyl group. © 1998 Elsevier Science Lid.
All rights reserved.

Heterocycies are frequently invoived as a principal structure in medicines and pesticides.  The cyclic
carbonylation of alkenes and alkynes provides an important method for the synthesis of heterocyclic compounds. !
We have previously showed? that the rhodium-catalyzed carbonylation of alkynes under water-gas shift reaction
(WGSR) conditions proceeds with a different type of reaction from that under synthesis gas (hydrogen and
carbon monoxide), and affords selectively cyclic esters, i. e., lactones, although WGSR is usually used in the
industrial production of molecular hydrogen from water with carbon monoxide as well as in the hydrogenation
and hydroformylation of alkenes.> We have also paid attention to the carbonylation of alkynes having functional
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the carbonylation of 2-alkynylphenols gave two kinds of products, 3-substituted benzofuranone and coumarin in
atotal yield of 90% in a ratio of about 1 : I, but we were unable to improve the product selectivity toward
coumarin.” However, consideration of the reaction mechanism suggested to us that the hydroxy group of 2-
alkynylbenzylalcohol may participate more effectively in the cyclic carbonylation of alkynes. Here, we report
that the Rhg(CO),¢-catalyzed cyclic carbonylation of 2-alkynylbenzylalcohols under WGSR conditions gives

bioactive isochromanone derivatives in high yield with high selectivity (Scheme 1).
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Scheme 1

Thus, a mixture of 2-(1-hexynyl)benzy! alcohol 1a
irred at 175 °C for Shunder |

1,4-dioxane (60 ml) was stir r S h under 100 atm of carbon monoxide.  After usual work-up,
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in high yieid (91% HPLC yieid, and 72% isolated yieid). As a by-product, indanone 3a° was detected in 8%
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HPLC yield in which the hydroxy group remained intact. When the reaction of 1 was carried out under
svnt eic aac ('Y 4+ H. icnchroamancne darivativee were nat farmead
Jlluwn’la am \vv ¥ llz}, AV WAMNRAIGREAVEEW WWIA YU YWD VY Wi 1IUL LULILINVAL
Do drsnt P wnrnc tAdnmeifind ey 11F RIRAD TD nund tivnon cemvmden mnoerd 2lo 01 o1 o 4 o1 TP S
FIOUULT 438 OCIIULICU U TI-INIVERS, 1IN, allU HIadd dpiild dild CICIICILa] dlliilySCU. 1r INndass spectrum oI
2a showed an m/z of 218 (M*) corresponding to the sum of the mass number of 188 (starting substrate 1a) and

30 (CO+Hy). Inthe IR spectrum, a characteristic absorption appeared at 1747 cm! due to the carbonyl group
of a cyclic ester, and the 'H-NMR spectrum is consistent with the isochromanone structure of 2a.

Table 1 Cyclic carbonylation of 1

Entry Substrate Product Yield(%)?
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Reaction conditions: substrate, 1.0 mmol; Rhg(CO);6, 0.001 mmol; 1,4-dioxane, 15 mi;
tricthylamine, 15.0 mmol; water, 4.0 mmol; reaction temperature, 175 °C; CO pressure,
100 atm; reaction time, 5 h.

a) Yields are determined by HPLC; parentheses indicate isolated yields.
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Addition of triethvlamine to the reaction svstem stronelv affects the nroduct selectivity n the ahgence of
Aaqdition of tnethylamine to the reaction system strongly afiects the product selectivity In the absence of
triathvliamina tho raantinn did naf necnr and tha hansulalanhnl wac rarnvarad indicoting that triathorlomina 1o
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b Fad
1

he yield
of by-product 3a, although in the carbonylation of phenol derivatives the product selectivity did not depend on
the amount of additive triethylamine.’

The carbonylation of several kinds of 2-alkynylbenzylalcohol derivatives 1 with different substituent R on the
ethynyl group and R’ on the aromatic ring were carried out and the results obtained are summarized in Table 1.
Most of the reactions proceeded smoothly to give product 2 in excellent yield (Table 1, entries 1-7). The
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reaction of 2-(phenylethynyl)benzylalcohol 1h (R = phenyl group) gave the corresponding 3-isochroma:

SEERRS TEERAS PR SRR

/./\
\I
”
\\T
+
I
N
O
+
(@]
O
O::»
i
[
o
Yy
-
\C

Scheme 2
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followed by hydrogenation to 2 (Scheme 3). Hydrogenation of Si may be inhibited by steric hindrance of the
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The present cyclic carbonylation may provide a practical method for the synthesis of bioactive 3-
isochromanone derivatives because the starting materials, benzylalcohols, are easily prepared from a Pd-Cu

catalyzed C-C coupling reaction between alkynes and halobenzylalcohols.!!
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The structure of indanone 3a has been identified by spectral analysis:
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The molecular siruciure of 5i has been established by an X-ray crystaliographic analysis. Data for 5i:
collorless needles; Vi (neat)/em ! 1732 (C=0), 1626 (C=C) and 1230 (C-O); 'H-NMR (400 MHz, CDCl;)
8 2.06 (6H, s, 2 x CH3), 2.30 (3H, s, CH3), 5.31 (2H, s, CH,), 6.79 (1H, d, J=7.8, Ph), 6.86 (2H, s,
Ph), 7.00-7.04 (1H, t, J=6.3, Ph), 7.19-7.24 (2H, m, Ph); 13C-NMR(100 MHz, CDCl,) 8 19.9, 21.0,
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(EI) 280 (M+); (Found: C, 81.7; H, 6.4; C,oH 30, requires C, 81.9; H, 6.5%)
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