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An interesting sequential three-component copper-catalyzed coupling/propargyl-allenyl isomerization/[4 + 2] cyclization reaction, providing a
facile synthesis of highly substituted tetrahydro-1H-isoindolones from conjugated vinylic alkynes, imines, and a,f-unsaturated enoic acid
chlorides is reported. The most attractive feature of this transformation is that three stereogenic centers could be generated in one step with

high diastereoselectivity.

Multicomponent reactions (MCRs) have attracted consider-
able attention due to the fact that complex molecules can be
easily prepared from simple compounds in one reaction
sequence. Allenes show unique reactivity in organic syn-
thesis® and many studies have been performed on their
preparation and reactivity.® [4 + 2] cycloaddition of ene/
yne-allenes provides a convenient route for the construction
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of complex ring systems.* Miiller et al. pioneered the
Sonogashira coupling/propargyl-allenyl isomerization reac-
tions for the synthesis of a variety of useful compounds
including chalcones, pyrazolines, pyrroles, fluorescent spi-
rocycles, and some other pharmaceutically interesting het-
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erocycles.® Previously, we also established a series of
sequential reactions wherein an allene intermediate, generated
in situ, would undergo [4 + 2] cycloaddition reaction under
mild conditions, providing an efficient synthesis of structur-
ally complex polycycles with 2,3-dihydrofuran units,® struc-
turally diverse fused dihydroisobenzofuran derivatives,” and
polysubstituted pyridines and isoquinolines.®

The hydroisoindolone core is present in both synthetic and
naturally occurring compounds that exert a wide range of
pharmacological activities.® For example, naturally occurring
fungal metabolites such as cytotoxic cytochalasin B° and
recently discovered anti-HIV cytochalasin L-696,474" both
contain the hydroisoindolone skeleton (Figure 1).
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Figure 1. Several hydroisoindolone derivatives reported as biologi-
cally active compounds and pharmaceutical products.

While numerous methods have been reported for the
synthesis of isoindolone derivatives, they are generally
limited with respect to stereoselectivity and the types and
locations of substituents. In our continuous efforts to design
sequential reactions via allene intermediates,™* we report here
a sequential three-component copper-catalyzed coupling/
propargyl-allenyl isomerization/[4 + 2] cyclization reaction:
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the intermediate N-(alk-4-en-2-ynyl)alk-2-enamides 4 which
would be generated from copper-catalyzed coupling of
vinylalkynes 1, imines 2, and o,(-unsaturated enoic acid
chlorides 3,* may undergo subsequent propargyl-allenyl
isomerization reaction in the presence of a base leading to
the vinylallenes 5. An intramolecular [4 + 2] cycloaddition
may then proceed to furnish the highly substituted tetrahydro-
1H-isoindolones 6 (Scheme 1). Thus, by our strategy, three
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new carbon—carbon bonds and one carbon—nitrogen bond
could be formed in a single stroke with the efficient assembly
of two rings from readily available starting materials.
Furthermore, because of the rigidity of the intermediate
vinylallenes 5, this intramolecular [4 + 2] cyclization was
anticipated to lead to polycycle 6 in a highly diastereose-
lective manner.**

We initiated our study by attempting the reaction of 1a,
2a, and 3a (1.2:1:1.2) (Scheme 2). After being stirred at room
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temperature for 1 h in the presence of Cul and Et;N, the
reaction gave N-(alk-4-en-2-ynyl)alk-2-enamide 4a in 85%
yield and no vinylallene or Diels—Alder product was
detected.

Subsequently, different bases were tested to promote the
propargyl-to-allenyl isomerization and [4 + 2] cycloaddition
reaction (Table 1). Weak bases such as triethylamine or
K,CO; could not trigger the reaction, while a stronger
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Table 1. Base Effect on the Propargyl-Allenyl Isomerization
and Diels—Alder Reaction®

Ph
S base = N-CgHM
)\[( CHACN | eraviep
o)
4a

“CeHMe-p T H  Mep
6a
entry base time (h) yield of 6a
1 EtsN (1.2 equiv) 12 NR
2 KyCOj; (1.2 equiv) 12 NR
3 t-BuOK (1.2 equiv) 0.5 unidentified mixture
4 t-BuOK (0.1 equiv) 0.5 unidentified mixture
5 DBU (1.2 equiv) 0.5 91
6 DBN (1.2 equiv) 0.5 88
7 DBU (0.1 equiv) 0.5 93
a

The reaction was carried out with 4a (0.28 mmol) in MeCN (1 mL)
at rt.

base such as t-BuOK gave an unidentified mixture. DBU
(1,8-diazabicyclo[5.4.0Jundec-7-ene) and DBN (1,5-dia-
zabicyclo[4.3.0]non-5-ene) proved to be suitable options,
however, and gave 6a as the sole product in good yields at
room temperature. Further study showed that a catalytic
amount of DBU was sufficient to promote this reaction.
We then tried to combine these two steps into a one-pot
reaction, without the isolation of N-(alk-4-en-2-ynyl)alk-2-
enamide 4a. When the copper-catalyzed coupling reaction
was complete, DBU was added to the reaction mixture, and
after 12 h the tetrahydro-1H-isoindolone 6a was obtained in
80% overall yield. It should be noted that 3.0 equiv of DBU
was required to promote the propargyl-allenyl isomerization

reaction probably because of the effect of byproduct
EtsNH'CI™ in the coupling reaction. Then we carried out
the reaction using various vinylalkynes 1, imines 2, and o.,3-
unsaturated enoic acid chlorides 3. As indicated in Table 2,
the reactions proceeded smoothly to afford the corresponding
tetrahydro-1H-isoindolones 6 in moderate to good yields. R*
and R? in vinylalkynes 1 can be H, alkyl, and aryl group
(Table 2, entries 1, 2, 7, and 8). Various C-aryl/heteroaryl-
and N-alkyl/aryl-substituted imines were also successful
(entries 1 and 3—6). Similar alkyl and aryl diversity can be
incorporated with the a,f-unsaturated enoic acid chloride
(entries 1, 9, and 10).

This approach is not limited to the isolated C=N bond of
imines. The C=N bond in nitrogen-containing aromatic
heterocycles such as quinoline and isoquinoline can also be
employed in this reaction. As shown in Scheme 3, the one-

Scheme 3
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pot reaction of quinoline or isoquinoline, vinylalkyne 1b,
and a,fB-unsaturated enoic acid chlorides 3a and 3c gave

Table 2. Synthesis of Tetrahydro-1H-isoindolones 6%

3
. 1) Cul ELN s R
2 \/\ . . vk CH,CN A g
X R4 COCl oypBU R =
RS R o
1 2 3 6
1 3
entry R! R? R? R* R® R® yield of 6 (%)
1 —(CHy)3— (1a) Ph p-tol (2a) Me H (3a) 80 (6a)
2 —(CHgy)s— (1b) Ph p-tol (2a) Me H (3a) 84 (6b)
3 —(CHg)s— (1b) p-MeOCeH, Bn (2b) Me H (3a) 92 (6¢)
4 ~(CHy)s— (1b) p-tol p-MeOCgH, (2¢) Me H (3a) 78 (6d)
5 —(CHy)s— (1b) a-furyl n-Pr (2d) Me H (3a) 81 (6e)
6 —(CHy)s— (1b) p-ClCsH, allyl (2e) Me H (3a) 55 (6f)
7 H Ph (1¢) p-tol p-MeOCGH, (2¢) Me H (3a) 74 (6g)
8 p-MeOCgH, H1d) p-MeOCeH, Bn (2b) Me H (3a) 73 (6h)
9 —(CHg)s— (1b) p-MeOCeH, Bn (2b) Ph H (3b) 58 (61)
10 —(CHy)s— (1b) p-MeOCgH, Bn (2b) Me Ph (3¢) 41 (65)

2 Unless otherwise specified, the reaction was carried out with 1 (1.2 equiv), 2 (1.0 equiv), 3 (1.2 equiv), Cul (0.1 equiv), and Et3N (1.5 equiv) in MeCN

at rt for 1 h and then with DBU (3.0 equiv) for 8—12 h.
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fused polycycles 6k—m under the same conditions as those
employed with normal imines.

All products were afforded as single stereoisomers and
the stereochemistry was revealed by X-ray diffraction of 6g,*°
6l,*® and 6m*’ (Figure 2).

In conclusion, we have realized a highly diastereoselective
sequential three-component copper-catalyzed coupling/pro-

Figure 2. ORTEP representations of 6g, 6l, and 6m.
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pargyl-allenyl isomerization/[4 + 2] cyclization reaction,
affording bicyclic tetrahydro-1H-isoindolones from readily
available vinylalkynes, imines, and a,/3-unsaturated enoic
acid chlorides efficiently. Furthermore, the C=N bond in
heteroaromatic compounds such as quinoline and isoquino-
line can also be employed in this sequential one-step reaction
affording fused polycycles incorporating three adjacent
stereocenters with excellent diastereoselectivity. Further
explorations in this area are currently underway.
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(15) Crystal data for 6g: CyoH2;NO,, MW = 421.52, triclinic, space
group P1, final Rindices [l > 20(1)], R1 = 0.0385, wR2 = 0.0954; R indices
Sfll data), R1 = 0.0587, wR2 = 0.0998; a = 10.1023(4) A, b = 10.2563(6)

, c=12.5612(6) A, o. = 78.656(4)°, B = 74.978(4)°, y = 68.060(5)°, V
= 1158.71(10) A%, T = 293(2) K, Z = 2, reflections collected/unique 7635/
4067 (Riy = 0.0149), number of observations [I > 20(1)] 2749, parameters
292. Supplementary crystallographic data have been deposited at the
Cambridge Crystallographic Data Centre, CCDC 793327.

(16) Crystal data for 6l: C,H,;NO, MW = 303.39, monoclinic, space
group P2(1)/n, final Rindices [l > 20(1)], R1 = 0.0507, wR2 = 0.1128; R
indices (all data), R1 = 0.0689, wR2 = 0.1214; a = 11.5025(12) A, b =
9.3758(10) A, ¢ = 15.0540(16) A, a. = 90°, f = 101.188(2)°, y = 90°, V
= 1592.6(3) A%, T = 293(2) K, Z = 4, reflections collected/unique 8873/
3299 (Ry = 0.0337), number of observations [l > 20(1)] 2405, parameters
210. Supplementary crystallographic data have been deposited at the
Cambridge Crystallographic Data Centre, CCDC 793326.

(17) Crystal data for 6m: Cy7HsNO, MW = 379.48, triclinic, space
group P1, final Rindices [I > 20(1)], R1 = 0.0399, wR2 = 0.0835; Rindices
f" data), R1 = 0.0943, wR2 = 0.0948; a = 9.0955(10) A, b = 11.2163(14)

, ¢ = 11.8083(15) A, a = 113.640(12)°, f = 108.357(11)°, y =
96.114(10)°, V = 1009.2(2) A3, T = 293(2) K, Z = 2, reflections collected/
unique 7886/3670 (Riy; = 0.0320), number of observations [l > 2¢(1)] 1893,
parameters 263. Supplementary crystallographic data have been deposited
at the Cambridge Crystallographic Data Centre, CCDC 793328.
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