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The methanolysis of 2-(2-aryl ethy nyl)benzonitrilesisac cel er ated when the po lar aprotic solvents are
added, which could en hance the 6-endo path way and give isoquinolones, though the 5-exo path way i soc cu-
pied mostly. Theyieldsof prod uctswould also bein creased.

The biradical cycloaromatization of enediynes have at-
tractedextensiveattention,' and enor mousef fort hasbeen
pouredintoeluci datingthebi ologi cal modesof action of
these novel natural products.? The synthesis of natural
enediynes’andthedevel opment of simpli fiedsyntheticana-
logues* haveal so been pur suedin ear nest. How ever, many re-
actionsinwhich enediynes could pro ceed still remain un-
solved.

Wehaveprevi ously reportedanionic cycloaromatiza
tion of 2-(2-substituted- ethy nyl)benzonitriles’ to give the
3-benzylideneisoindol-2-ones (equ. 1) in mod est yield. Itis
considered that the low yield could be due to the poor
regiosel ectivity of thenucleophilicad di tiontotheconju gate
system. Wethenantici patedthatintroducingapolar aprotic
sol vent could in crease the nucleophilicity of nucleophile
which would pro mote the cycloaromati zation of 2-(2- sub-
stituted-ethynyl)benzonitriles in better yields and regio-
selectivity.
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Our first at tempt wascar ried out by mix ing 2-(2-phenyl
ethy nyl)benzonitrilel with so dium methoxidein meth anol
containing 10% THF, and thereaction mix turewasrefluxed
for 16 hrs. Af ter theusual workup and chromatography, com
pound 2wasobtainedin88%yield. Vari ousper cent agesand
po lar aprotic sol ventswerethen em ployed inthe samere ac-
tion. The results are summarized in Table 1. When the
amount of THF wasin creased to 30%, isoindolone 2 was ob-
tained in 65% yield along with 7% yield of isoquinolone3. In
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additive yield
i 10% THF 88%
ii 30%THF 56% 7%
iii 10%DMF no reaction
iv 10%DMSO 50% 12%
% 30%DMSO 45% 17%

the 10% DMF condi tion, noex pectedreactionoccurred,
which perhaps is owing to the reaction between sodium
methoxide and DMF. On the other hand, when & ther 10% or
30% DM SO wasmin gled, ei ther isoindolone 2 or iso quino-
lone 3were ob tained. Theisoqunolone 3 could not be sep &
rated from isoindolone 2 by column chromatography; it
would only be ob served from the NM R spec trum.

The ap pear ance of isoquinolone 3 was unexpected,
which sug gested that when the amount of po lar aprotic sol-
ventwasin creased, theregiosel ectivity of thereactionwould
below ered. Itrevealed that theen ergy dif fer enceof thetran
si tion states be tween 6-endo and 5-exo path way would be
lessened, al though the 5-exo path way wasmostly oc cu pied
(Schemel).

Preparation of 2-(2-aryl ethynyl)benzonitriles 9-12
wereac com plished by thedi rect pal ladium-catalyzed cou
pling reac tion of 2-ethynylbenzonitrile 4 with aryl io dides
5-8 (Schemell). Com pounds 9-12werethen heated to re flux
withsodiummethoxideinmethanol containing10% THF, re
spectively. Theresultsaresummarizedin Schemelll.

Whenthearyl group had the el ec tron-donating group at
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12 R=0-CF3-CgH, 12a (65%)

J. Chin. Chem. Soc., Vol. 48, No. 2, 2001

the para-position, both isoindolone and isoquinolone prod-
uctswereob served. How ever, cyclization of 2-(2-(2- meth-
oxyphenyl)ethynyl)benzonitrile 11 gave theisoindolone 11a
in 94% yield asthe only prod uct. This could be dueto the ex-
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trastabi li zationof the5-exocyclizationintermedi atel by the
coordi nationof oxy genwithsodium.
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Therearesev eral signif i cant pointsarisingfromthis
study includingthefol lowing: (1) Theanioniccycloarc
matiz ation of 2-(2-arylethynyl)benzonitriles would be pro-
moted by adding polar aproticsol vents. (2) Thegener ation of
6-endo prod ucts ex plored anovel re ac tion mode of the aza-

anionic cycloaromatization of enediynes. (3) Theyields of
cyclized prod uctswere aug mented,® while po lar aprotic sol-
vents were added; as the amount of aprotic sol ventswerein
creased, theyield of 6-endo prod uctswerealsoin creased.

EXPERIMENTAL SECTION

General Procedure for Coupling of 2-Ethynylbenzonitrile
with Aryl lodide

To a degassed solution of 2-ethynylbenzonitrile (1
mmol) in dry ether (20 mL) containing Cul (0.03g, 0.15
mmol), n-BuNH, (0.2 g, 0.25 mmol) was added a de gassed
solutionof aryl iodide(1.2mmoal) containing Pd(PPhs)4 (0.03
0,0.15mmol) indry ether (10 mL). Thereaction mix turewas
stirred for 6 hrs and quenched with sat. NH4Cl(aq). The aque-
ous layer was ex tracted with EtOAc (30 mL*3) and the com-
bined or ganic lay erswerewashed with sat. NaHCOs(ag) and
driedoveranhy drousMgSO.(s). Af terfil trationand removal
of sol ventin vacuo, theresi duewaspuri fied by col umnchre
matog raphy to givethesoleprod ucts.

2-(2-(4-Methyl)phenyl)ethynyl)benzonitrile (9)°

Obtainedin 69% asayel low oil."H NMR (CDCl3, 200
MHz) & 7.68~7.49 (m, 5H), 7.39 (td, 1H,J = 7.8, 2.0 Hz),
7.18 (d, 2H,J=8.0 Hz), 2.38 (s, 3H).

2-(2-(4-M ethoxy)phenyl)ethynyl)benzonitrile (10)°
Obtainedin45% asayel low oil."H NMR (CDCl3, 200

MHz) & 7.69~7.51 (m, 5H), 7.38 (td, 1H,J = 7.8, 2.0 Hz),

6.89 (dd, 2H,J = 7.8, 2.0 Hz), 3.83 (s, 3H), ®*CNMR (CDCl3,
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50 MHz) & 160.4, 133.6, 132.6, 132.3, 132.1, 131.8, 127.8,
127.7,117.7,115.1, 114.1, 96.4, 84.6, 55.3.

2-(2-(2-Methoxy)phenyl)ethynyl)benzonitrile (11)°

Ob tained in 48% asayel low oil.*H NMR (CDCl;, 200
MHz) & 7.67~7.64 (m, 2H), 7.59~7.53 (m, 2H), 6.97~6.91
(m, 2H), 3.94 (s, 3H), *C NMR (CDCl;, 50 MHZ) i 160.4,
133.9,132.6, 132.2, 132.1, 130.8, 127.9, 127.6, 120.5, 117.6,
115.2, 111.4,110.8, 92.7, 89.5, 55.8.

2-(2-(2-Trifluoromethyl)phenyl)ethynyl)benzonitrile (12)°

Obtained in 55% asacol or lessoil."H NMR (CDCls,
200 MHz) & 7.80 (d, 1H, J = 8.0 Hz), 7.73~7.59 (m, 4H),
7.56~7.41 (m, 3H).

General Procedure for Methanolysis of 2-Alkynyl-
benzonitrile

Toaso lution of 2-alkynylbenzonitrile (1 mmol) in 10
mL of methanol was added freshly cut sodium metal (5
mmol); thesolutionwasheatedtoreflux andstirredfor 16 hr.
After cool ingto roomtem per ature, the meth anol wasre-
moved in vacuo. Totheresi due, sat NaCl (ag) wasadded and
ex tractedwith EtOA c. Thecombined or ganiclayer wasdried
over anhy drousMgSO4(s). Af ter fil tration and removal of
sol vent, theresi duewaspuri fiedby col umnchromatography
togivethesoleprod ucts.

3-(4-Methylbenzylidene)isoindol-1-one (9a)° and
3-(4-Methylphenyl)isoquinolin-1-one (9b)

Ob tained in 79% as awhite solid, from *H NMR spec-
trum, it shows asamix ture of 9a (67%) and 9b (12%). The
fol low ing peaksof spectrumbelongto9a. *H NMR (CDCl,
200 MHZ) i 8.18 (bs, 1H), 7.88 (dt, 2H,J= 8.0, 0.8 Hz), 7.63
(td, 1H,J=6.6,1.2Hz), 7.51 (td, 1H,J=6.6, 1.2 Hz), 7.35(d,
2H,J=8.0Hz), 7.25(d, 2H,J=8.0Hz), 6.53 (s, 1H), 2.39 (s,
3H), 3C NMR (CDCl;, 50 MHz) & 168.8, 137.8, 132.4,
132.2,132.1, 129.9, 129.0, 128.3, 123.5, 119.7, 106.0, 21.3.
The following peaks of spectrum belong to 9b. *"H NMR
(CDCl3, 200 MHZ) & 9.71 (bs, 0.2H), 6.83 (s, 0.2H), 2.45 (s,
0.6H); the other peaks of ar o matic could not be sep arated
from 9a.

3-(4-Methoxybenzylidene)isoindol-1-one (10a)’ and
3-(4-M ethoxyphenyl)isoquinalin-1-one (10b)

10a and 10b obtainedin 52% asayel low solid, from'H
NMR spec trum, it showsasamix ture of 10a (45%) and 10b
(7%). The following spectrum belong to 10a. ‘H NMR
(CDCl3, 200 MHz) & 8.15 (bs, 1H), 7.87 (dd, 1H,J=7.6, 1.2
Hz), 7.77 (dd, 1H,J=7.6, 1.2 Hz), 7.62 (td, 1H, J= 7.6, 1.2
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Hz), 7.49 (td, 1H,J = 7.6, 1.2 HZz), 7.39 (dd, 2H, J=7.4, 2.0
Hz), 6.97 (dd, 2H, J=7.4,2.0Hz), 6.52 (s, 1H), 3.86 (s, 3H),
3C NMR (CDCls, 50 MHz) f 168.9, 159.2, 138.2, 132.2,
131.7, 129.8, 128.9, 127.5, 123.6, 119.6, 114.8, 105.9, 55.4.
Thefol low ing peaksof spectrumbelongto 10b. *H NMR
(CDCls, 200 MHz) & 9.37 (bs, 0.16H), 6.72 (s, 0.16H), 3.87
(s, 0.5H), the other peaks of ar o matic could not be sep arated
from 10a.

3-(2-Methoxybenzylidene)isodol-1-one (11a)®

Ob tained in 94% asayel low solid. *H NMR (CDCls,
200 MHz) & 8.33 (bs, 1H), 7.84 (t, 2H, J = 8.4 Hz), 7.62 (td,
1H,J=7.4,1.4Hz),7.51(dd, 1H, J= 7.4, 1.4 HZ), 7.46~7.27
(m, 2H), 7.06~6.95 (m, 2H), 6.63 (s, 1H), 3.93 (s, 3H), **C
NMR (CDCl;, 50 MHz) & 168.5, 156.4, 138.4, 132.9, 132.0,
130.4,130.3, 129.4, 128.9, 123.8, 123.5, 121.4, 119.9, 111.6,
102.3, 55.8; mp = 196-197 “C.

3-(2-Trifluoromethylbenzylidene)isoindol-1-one (12a)

Ob tained in 65% asawhite solid.*H NMR (CDCl 5, 200
MHz) & 7.89 (dd, 1H, J = 3.6, 0.4 Hz), 7.84 (dd, 1H, J = 3.6,
0.4 Hz), 7.76 (d, 1H, J = 4.2 Hz), 7.68 (td, 1H, J= 3.6, 0.4
Hz), 7.63~7.44 (m, 3H), 7.48~7.42 (m, 1H), 6.76 (s, 1H); mp
= 206-207 =C.
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