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and the Center for Methodology and Library DeVelopment at the UniVersity of Kansas,

1501 Wakarusa DriVe, Lawrence, Kansas 66047
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Parallel solution-phase synthesis of combinatorial libraries of hexahydro-1H-isoindolones exploiting a novel
“tactical combination” of Cu-catalyzed three-component coupling and Diels–Alder reactions was ac-
complished. Three distinct libraries consisting of 24 members (library I), 60 members (library II), and 32
members (library III) were constructed. Variation of three substituents on the isoindolone scaffold in library
I was exclusively achieved by the choice of the building blocks. In the syntheses of libraries II and III,
sublibraries of isoindolone scaffolds were prepared initially in a one-pot/two-step process and were further
diversified via Pd-catalyzed Suzuki cross-coupling reaction with boronic acids at two different diversification
points. The Lipinski profiles and calculated ADME properties of the compounds are also reported.

Introduction

Solution-phase parallel synthesis of combinatorial libraries
has proven to be a valuable tool in drug discovery.1 For this
reason, the development of novel and synthetically powerful
combinations of reactions or reaction cascades,2 which would
deliver medicinally relevant heterocyclic scaffolds, is critical
to further advancement in the combinatorial chemistry field.
In particular, transformations that would dramatically in-
crease molecular complexity in just a few synthetic steps
and be well-suited for automated parallel solution-phase
synthesis are of substantial interest.

Considering that an overwhelming majority of currently
marketed medicinal agents possess a nitrogen-containing
heterocyclic skeleton,3 we were attracted to the possibility
to design tactical combinations of reactions,2 which would
first assemble an R-N-substituted amide scaffold I, and
subsequently realize different modes of cyclization among
the substituents R1-R4 to afford hypothetical heterocyclic
scaffolds II, III, and IV (Figure 1). Recently, we have
reported the first demonstration of this concept,4 involving
a new tandem copper-catalyzed three-component coupling/
Diels–Alder sequence for a modular assembly of substituted
isoindolones III (pathway i, Figure 1). In this study,4 we
have extended the scope of the copper-catalyzed three-
component coupling originally reported by Arndtsen5 to
permit an in situ assembly of R-N-substituted amides I with
functional groups poised for a facile intramolecular Diels/
Alder reaction.

Preparation of discovery libraries of hexahydro-1H-isoin-
dolones represents a valuable goal because the hydroisoin-

doline core is present in both synthetic and naturally
occurring compounds that exert a wide range of pharmaco-
logical activities. For example, heterocycles V and VI (Figure
2), have been recognized as tachykinin NK1 receptor
antagonists useful in the treatment of variety of disorders
associated with an excess of tachykinines, including emesis,
urinary incontinence, depression, and anxiety.6 Naturally
occurring cytotoxic fungal metabolites cytochalasins (cy-
tochalasin B, Figure 2) also possess the hydroisoindolone
skeleton along with a macrocyclic ring.7 The principal
activity of cytochalasins involves disruption of actin filaments
and actin-associated structures. Structure–activity studies
indicated that certain important activities, for example, a
strong acceleration of the actin assembly, are retained in
analogs lacking the macrocyclic ring.8 Thus, compound VII
was shown to possess similar accelerating activity to cy-
tochalasin B in the fluorescence photobleaching recovery
assay (Figure 2).8

The more recently discovered cytochalasin L-696,474
exhibited inhibitory activity against HIV-1 protease.9 To the
best of our knowledge, no combinatorial libraries of hexahy-
dro-1H-isoindolones have been synthesized to date. There
are few reports on the synthesis of libraries of isoindolines
possessing an aromatic ring fused to the pyrrole or pyrroli-
done rings. Thus, a 1000-member library of dimeric isoin-
doline-5,6-diamides was synthesized in solution phase and
screened for binding to erythropoietin receptor (EPOr).10 A
solid-phase synthesis of isoindoline libraries was realized via
Rh-catalyzed [2 + 2 + 2]-cyclotrimerization.11 As a part of
a program aimed at the diversity-oriented synthesis (DOS)
of natural-product-like molecules, a solution-phase protocol
exploiting a tandem Ugi four-component coupling/intramo-
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lecular Diels–Alder reaction for the preparation of isoindo-
lones have been described.12 Among the established classical
procedures for the synthesis of hydroisoindolines and hy-
droisoindolones,13 methods exploiting an intramolecular
Diels–Alder reactions of amides are known.14 In comparison
to these traditional approaches, our three-component coupling/
Diels–Alder reaction sequence offers the advantage of
modularity, allowing us to incorporate up to three elements
of diversity into the automated parallel synthesis of combi-
natorial libraries.

Herein, we report parallel solution phase synthesis of three
combinatorial libraries I-III (Figure 3) of hexahydro-1H-
isoindolones consisting of 24, 60, and 32 members, respec-
tively, using our three-component coupling/Diels–Alder
methodology with subsequent diversification of the scaffolds
via Pd-catalyzed Suzuki cross-coupling reaction. The study
demonstrates the value of our method in parallel synthesis,
delivering all the libraries in excellent purities (measured
by UV at 214 nm) reaching >95% purity for 89% of the
library members.15

Results and Discussion

For the synthesis of library I, the design involving a one-
pot/two-step three-component coupling of N-benzyl imines
with differentially substituted acroyl chlorides and 1,3-
butadienyl(tributyl)stannane was chosen (Scheme 1). The
design endows the library with two elements of diversity,
and both the imine component (six building blocks) and the
acroyl chloride component (four building blocks) were
chosen to contribute substantially to the diversity of library
I. We anticipated that the diversity in the imine component
1{1–6} (Figure 4), using electron-rich or -deficient aromatic
and heteroaromatic N-benzyl-protected imines, would be
well-tolerated. Our prior studies confirmed that the R- or
�-methyl-substituted acroyl chlorides 2{1–2} were compat-

ible with the reaction sequence,4 and the extension to �-ethyl-
substituted acroyl chlorides appeared obvious. In contrast,
we opted to evaluate the reactivity of conjugated trans-
cinnamoyl chloride 2{4} (Figure 4) in a classical synthetic
format prior to the library synthesis (Scheme 2). Gratifyingly,
the treatment of the N-benzylimine of 2-bromophenylcar-
boxaldehyde with trans-cinnamoyl chloride 2{4} and di-
enylstannane 3 under CuCl catalysis in acetonitrile/methylene
chloride mixture at room temperature, followed by solvent
removal under reduced pressure, injection of toluene, and
heating to reflux (16 h), afforded a good yield of the
anticipated hexahydro-1H-isoindolone 4d as a mixture of two
diastereomers 4da and 4db in a 2:1 ratio as established by
1H NMR. Diffusion-controlled crystallization of the mixture
afforded single crystals of the minor diastereomer 4db. X-ray
crystallographic analysis of the singles crystals of 4db
revealed the relative stereochemistry at carbons C-3, C-3a,
C-7, and C-7a as shown in Scheme 2. However, the relative
stereochemistry of the major diastereomer 4da (Scheme 2)
could not be unequivocally assigned in the absence of the

Figure 1. Tactical combination of reactions using R-N-substituted
amides.

Figure 2. Biologically active hydroisoindolines and hydroisoindo-
lones.

Figure 3. Overview of the prepared libraries.
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X-ray crystallographic evidence because the comparison of
the J coupling constants in the 1H NMR spectra to the data
for isoindolones with known stereochemistry4 proved to be
inconclusive, and the NOE analyses were found not to be
informative in our prior studies.4 The success in the synthesis
of isoindolones 4d led us to include trans-cinnamoyl chloride
2{4} among the library components 2 for the synthesis of
library I (Figure 4). We aimed to produce 24 distinct
hexahydro-1H-isoindolones according to the process outlined
in Scheme 1. The library synthesis was carried out in
MiniBlock XT synthesizer fitted with 24 (17 × 110 mm)
reaction vials. The vials were charged with the CuCl catalyst
(10 mol%), stock solutions of imines 1{1–6}16 in acetonitrile
(1.0 equiv), and neat commercially available acroyl chlorides
2{1–4} (1.3 equiv), consecutively. To the stirred reaction
vessels was injected the stock solution of dienylstannane 317

in methylene chloride (2.0 equiv), and the reaction system
was heated to 45 °C under a stream of dry argon overnight.
Solvents were removed by parallel evaporation in the
GeneVac EZ-2 plus evaporator, and toluene (5 mL) was
added to each vial. The reaction vials were heated in the
MiniBlock XT synthesizer to reflux overnight, and the crude
mixtures were individually filtered through 24 PrepSep silica
columns. To remove tin-containing byproducts, the filtrates
were treated overnight with KF on Celite (50%). The crude
products obtained after filtration through 24 individual
PrepSep silica columns and evaporation (GeneVac EZ-2)
were analyzed by HPLC (UV 214 nm) and purified via
preparative HPLC with mass-directed fractionation to obtain
the final 24 library members 4{1–6,1–4} (Table 1). Seven
of the twelve isoindolones 4a{1–6,2–3} (entries 7–18, Table
1) were obtained as single diastereomers, and six products
4b{1–6,1} were isolated in diastereomeric ratios of 1:0-3:1
(entries 1–6, Table 1). The relative stereochemistry of the
major diastereomers 4a and 4b as shown in Scheme 1 and
Table 1 was assigned on the basis of the structure elucidation
studies described in our prior communication and the
comparison of the characteristic J coupling constants in the

1H NMR spectra (see Tables S-10 and Tables S-11 in the
Supporting Information),4 whereas the relative stereochem-
istry for the major diastereomer in products 4c{1–6,4} could
not be unequivocally assigned (vide supra).

As summarized in Table 1, the above-described one-pot/
two-step protocol successfully afforded all anticipated 24
library I members in 37–64% isolated yields (21–67 mg).
Purities measured by UV detection at 214 nm of 21 members
(87%) were higher than 97%, and the remaining three
products were obtained in 92%, 90%, and 63% UV (214
nm) purity.

Aiming to further expand the diversity of hexahydro-1H-
isoindolone libraries accessible by our methodology, we
incorporated a subsequent diversification via palladium-
catalyzed Suzuki cross-coupling into the library design
(libraries II and III), endowing the libraries with three
elements of diversity. In the first approach, the requisite Csp2-
Br-activating functionality was placed into the N-benzyl
imine component, employing both electron-rich and -deficient
bromoaryl imines 5{1–4} (Figure 4) in the initial one-pot/
two-step three-component coupling with R- and �-methyl-
substituted acroyl chlorides 2{1–2} and dienylstannane 3
(Scheme 3). The preparation of a series of eight bromoisoin-
dolones was performed in a parallel format using the
MiniBlock XT synthesizer fitted with 8 (24 × 150 mm)
reaction vials according to the experimental protocol de-
scribed above for the synthesis of isoindolones 4 except for
the purification procedure. Thus, filtration of the crude
solutions of the reaction mixtures in toluene through Celite
and evaporation (GeneVac EZ-2) was followed by individual
flash chromatography over silica to afford the corresponding
bromoisoindolones 6{1–4,1–2} as pure compounds in 55–71%
yields (0.49–0.60 g) (Scheme 3). Bromoisoindolones
6{1–4,2} bearing a methyl substituent (R3) at C7 were
isolated as single diastereomers,18 whereas bromoisoindo-
lones 6{1–4,1} bearing a methyl substituent (R2) at C7a were
obtained as mixtures of three diastereomers with diastereo-
meric ratios ranging from dr ) 4:92:4 to 7:84:9 (by GC).19

Bromoisoindolones 6 were fully characterized. Subsequently,
the stock solutions of the eight bromoisoindolones
6{1–4,1–2} in THF (1 equiv) were added to 48 vials (11.5
× 110 mm) in the 8 × 6 position MiniBlock XT synthesizer
containing Pd(OAc)2 (5 mol%), 2-(dicyclohexylphosphino)-
2′-(N,N-dimethylamine)biphenyl (ligand L1, Scheme 3) (10
mol %), CsF (4 equiv), and boronic acids 7{1–6} (Figure
4) to perform the final diversification using modified literature
conditions for the Suzuki cross-coupling (reflux at 60 °C
overnight).20 The boronic acids 7{1–6} were selected to
evaluate the efficiency of coupling to electron-rich and
-deficient aromatic, as well as vinylic, boronic acids. The
crude reaction mixtures were concentrated and filtered
through 48 individual PrepSep silica columns eluting with
methylene chloride, and the solutions were evaporated
(GeneVac EZ-2) to afford crude products 8. The crude
products were analyzed by HPLC (UV 214 nm) and purified
via preparative HPLC with mass-directed fractionation to
obtain the final 48 library members 8{1–4,1–2,1–6} (Scheme
3). The structures of the major diastereomers 8a{1–4,1,1–6}
arising from the coupling to the diastereomeric mixtures of

Scheme 1. Synthetic Route to Library I
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the corresponding bromoisoindolones 6{1–4,1} (vide infra),
as well as the structure of the single diastereomers 8b{1–4,
2, 1–6} from coupling to single diastereomers of bro-
moisoindolones 6{1–4, 2} are shown in Scheme 3.19 The
assignment of the relative stereochemistry for major diaster-
eomers of heterocycles 6 and 8 is based on analogy with
our results reported in prior communication.4

The results of the synthesis of library II (part I) are
summarized in Table 2. Overall, only two entries (entries
43 and 45, Table 2) failed to afford the anticipated
heterocycles 8. However, the yields of Suzuki cross-coupling
to isoindolones 6{4,1–2}, featuring the naphthalene ring at
C3 (R1), proved to be rather low (7–19%) regardless of the
structure of the boronic acid, affording the corresponding

twelve isoindolones 8{4,1–2,1–6} in 5–10% yields over the
entire three-step reaction sequence. In contrast, the remaining
36 library members underwent the cross-coupling in 9–74%
yields, corresponding to 6–53% overall yields, providing
4–34 mg of the heterocycles 8{1–3,1–2,1–6} (Table 2).
Consistently, somewhat lower yields were noted in the cross-
coupling reactions with the electron deficient boronic acid
7{3} (Figure 4). The purities measured by UV detection at
214 nm for 42 members (88%) were higher than 94%, and
for 4 members were 26%, 57%, 87%, and 91% (Table 2),
attesting to the effectiveness of the preparative HPLC
purification. Overall, analysis of the data in Table 2 indicates
that the scope and economy (overall yields) in the preparation
of library II could be significantly improved by optimization
of the conditions for the Suzuki cross-coupling to the
challenging sterically hindered naphthyl-substituted isoin-
dolones 6{4,1–2}. Indeed, a brief survey of the effect of the
choice of the auxiliary phosphine ligand on the yields of the
Suzuki cross-coupling between the isoindolone 6{4,2} and
p-methoxyphenylboronic acid 7{2} revealed that a significant
increase in the yield of the corresponding isoindolone
8{4,2,2} resulted from replacing 2-(dicyclohexylphosphino)-
2′-(N,N-dimethylamine)biphenyl (L1) (16% yield) with 2-di-
cyclohexylphosphino-2′,6′-dimethoxy-1,1′-biphenyl (L2) (90%)
(Scheme 4).21 To evaluate the generality of these improved
Suzuki conditions in the context of parallel library synthesis,
we decided to prepare a part II of library II, aiming to repeat
the coupling of boronic acids 7{1–6} to naphthyl-substituted
sterically encumbered isoindolones 6{4,1–2}, as well as to
expand the diversity of the boronic acid components to
encompass heteroaryl and vinyl boronic acids. Thus, we

Figure 4. Library components for libraries I-III.

Scheme 2. Preliminary Study on the Reactivity of
trans-Cinnamoyl Chloride
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tested the coupling of isoindolones 6{1–2,2} to boronic acids
7{7–12} leading to 12 new library members 8{1–2,2,7–12}

(Scheme 5). A protocol identical to that for the synthesis of
library II (part I) was employed. The results of the synthesis
of library II (Part II) are summarized in Table 3. Indeed,
the yields of Suzuki cross-coupling to isoindolones 6{4,1–2}
featuring the naphthalene ring at C3 (R1) dramatically
improved reaching 24–86% to afford the corresponding
isoindolones 8{4,1–2,1–6} in 16–56% yield (11–41 mg) over
the entire three-step sequence. Furthermore, products 8 were
obtained in excellent purities (98%–100% by UV at 214 nm)
(entries 1–12, Table 3). The additional boronic acids 7{7–12}
proved to be competent coupling partners, providing the
corresponding new isoindolones 8{1–2,2,7–12} in 24–100%
cross-coupling yields, 15–60% overall yields (12–47 mg),
and purities higher than 95% (UV at 214 nm) (entries 13–24,
Table 3). In only two cases involving the cross-coupling of
2-benzothiophenyl boronic acids, the cross-coupling yields
dropped to 43% and 24%, respectively (entries 14 and 20,
Table 3).

In summary, when the initial low-yielding preparation of
isoindolones 8{4,1–2,1–6} (Table 2, entries 37–48) is
disregarded, the two-pot three-step protocol for the synthesis
of isoindolones, followed by diversification via Suzuki cross-
coupling at a carbon in the aryl substituent at C3 (R1),
afforded 60 new isoindolones 8 (3–49 mg) in 6–60% overall
yields and higher than 90% purity in 59 cases (one compound
had a purity of 87% by UV at 214 nm) (Tables 2 and 3).

Table 1. Results Summary for Library I

entry compd R1 R2 R3 yielda (%) drb purityc (%) HRMSd

1 4{1,1} 4-MeO-3-ClC6H3 Me H 64 9:1 100 382.1584
2 4{2,1} 4-CF3C6H4 Me H 48 5:1 99 386.1738
3 4{3,1} 2-F-3-MeC6H3 Me H 57 1:0 100 350.1952
4 4{4,1} C10H7 naphthyl Me H 63 7:1 99 368.2022
5 4{5,1} 3-NO2C6H4 Me H 47 3:1 98 373.1723
6 4{6,1} C4H3O 3-furyl Me H 56 6:1 63 308.1612
7 4{1,2} 4-MeO-3-ClC6H3 H Me 42 8:1 99 382.1559
8 4{2,2} 4-CF3C6H4 H Me 43 1:0 91 386.1714
9 4{3,2} 2-F-3-MeC6H3 H Me 44 1:0 99 350.1925
10 4{4,2} C10H7 naphthyl H Me 61 7:1 100 368.2012
11 4{5,2} 3-NO2C6H4 H Me 41 1:0 97 363.1708
12 4{6,2} C4H3O 3-furyl H Me 37 3:1 92 308.1655
13 4{1,3} 4-MeO-3-ClC6H3 H Et 38 1:0 99 396.1741
14 4{2,3} 4-CF3C6H4 H Et 51 4:1 99 400.1871
15 4{3,3} 2-F-3-MeC6H3 H Et 52 1:0 100 364.2074
16 4{4,3} C10H7 naphthyl H Et 34 1:0 99 382.2191

4{4,3}e 17 1:0 99
17 4{5,3} 3-NO2C6H4 H Et 59 2:1 90 377.1877
18 4{6,3} C4H3O 3-furyl H Et 47 1:0 99 322.1795
19 4{1,4} 4-MeO-3-ClC6H3 H Ph 46 2:1 99 444.1718
20 4{2,4} 4-CF3C6H4 H Ph 60 2:1 99 448.1909
21 4{3,4} 2-F-3-MeC6H3 H Ph 55 2:1 99 412.2061
22 4{4,4} C10H7 naphthyl H Ph 20 1:0 99 430.2187

4{4,4}e 34 2:1 99
23 4{5,4} 3-NO2C6H4 H Ph 47 2:1 98 425.1862
24 4{6,4} C4H3O 3-furyl H Ph 37 2:1 98 370.1802

a Isolated yield after HPLC purification. b dr ) ratio of the diastereomers in the final product established by HPLC. c UV purity determined at 214
nm after HPLC purification. d The HRMS data for the M + 1 molecular ion of the compound 4 detected in the corresponding product. e A second minor
fraction of the product was separated and isolated by the HPLC with mass-directed fractionation. The identity of the product in the minor fraction was
confirmed by 1H NMR.

Scheme 3. Synthetic Route to Library II (Part I)
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Successful application of trans-cinnamoyl chloride 2{4} as
a diversity element in the synthesis of library I opened up
an access to isoindolones bearing the phenyl substituent at
the C7 position. Following the precedent of library II, we
decided to investigate further diversification of hexahydro-
1H-isoindolones bearing bromoaryl substituents at the C7
position via the Suzuki cross-coupling reaction. Our strategy
for the construction of library III is outlined in Scheme 6.
According to this plan (Scheme 6), library III was designed

to feature two elements of diversity, for example, the imines
1{1–4} and boronic acids 7{1,2,4,6} (Scheme 6). The
preparation of a series of four C7-bromoarylisoindolones 10
via coupling of four imines 1{1–4} with m-bromocinnamoyl
chloride 9 and diennylstannene 3 was performed in a parallel
format using the MiniBlock XT synthesizer fitted with 4 (24
× 150 mm) reaction vials proceeding according to the
experimental protocol described above for the synthesis of
isoindolones 4 and 6. Thus, filtration of the crude reaction

Table 2. Results Summary for Library II (Part I)

entry compd R1 R2 R3 R4 yield (1)a (%) yield (2)b (%) drc purityd (%) HRMSe

1 8{1,1,1} 2-F-4-C6H4- Me H 4-MeC6H4 70 43 6:1 99 426.2233
2 8{1,1,2} 2-F-4-C6H4- Me H 4-MeOC6H4 61 37 6:1 100 442.2173
3 8{1,1,3} 2-F-4-C6H4- Me H 4-Me(CdO)C6H4 44 27 6:1 99 454.2187
4 8{1,1,4} 2-F-4-C6H4- Me H 4-Me2NC6H4 62 38 6:1 94 455.2485
5 8{1,1,5} 2-F-4-C6H4- Me H 4,3-(MeO)2C6H3 56 34 6:1 99 472.2295
6 8{1,1,6} 2-F-4-C6H4- Me H trans-PhCHdCH 65 40 6:1 100 438.2234
7 8{1,2,1} 2-F-4-C6H4- H Me 4-MeC6H4 65 39 1:0 100 426.2253
8 8{1,2,2} 2-F-4-C6H4- H Me 4-MeOC6H4 65 39 1:0 100 442.2182
9 8{1,2,3} 2-F-4-C6H4- H Me 4-Me(CdO)C6H4 14 8 1:0 100 454.2189
10 8{1,2,4} 2-F-4-C6H4- H Me 4-Me2NC6H4 64 38 1:0 95 455.2494
11 8{1,2,5} 2-F-4-C6H4- H Me 4,3-(MeO)2C6H3 43 26 1:0 99 472.2284
12 8{1,2,6} 2-F-4-C6H4- H Me trans-PhCHdCH 67 40 1:0 100 438.2242
13 8{2,1,1} 2-MeO-5-C6H4- Me H 4-MeC6H4 74 53 6:1 91 438.2433
14 8{2,1,2} 2-MeO-5-C6H4- Me H 4-MeOC6H4 71 50 6:1 100 454.2394
15 8{2,1,3} 2-MeO-5-C6H4- Me H 4-Me(CdO)C6H4 41 29 6:1 99 466.2394
16 8{2,1,4} 2-MeO-5-C6H4- Me H 4-Me2NC6H4 73 52 6:1 96 467.2698
17 8{2,1,5} 2-MeO-5-C6H4- Me H 4,3-(MeO)2C6H3 71 51 6:1 99 484.2491
18 8{2,1,6} 2-MeO-5-C6H4- Me H trans-PhCH)CH 66 47 6:1 96 450.2439
19 8{2,2,1} 2-MeO-5-C6H4- H Me 4-MeC6H4 74 47 1:0 100 438.2422
20 8{2,2,2} 2-MeO-5-C6H4- H Me 4-MeOC6H4 59 37 1:0 100 454.2404
21 8{2,2,3} 2-MeO-5-C6H4- H Me 4-Me(CdO)C6H4 28 18 1:0 99 466.2367
22 8{2,2,4} 2-MeO-5-C6H4- H Me 4-Me2NC6H4 67 42 1:0 94 467.2680
23 8{2,2,5} 2-MeO-5-C6H4- H Me 4,3-(MeO)2C6H3 51 32 1:0 91 484.2476
24 8{2,2,6} 2-MeO-5-C6H4- H Me trans-PhCHdCH 60 38 1:0 100 450.2435
25 8{3,1,1} 4-F-3-C6H4- Me H 4-MeC6H4 31 21 9:1 99 426.2220
26 8{3,1,2} 4-F-3-C6H4- Me H 4-MeOC6H4 58 40 9:1 100 442.2180
27 8{3,1,3} 4-F-3-C6H4- Me H 4-Me(CdO)C6H4 9 6 9:1 96 454.2189
28 8{3,1,4} 4-F-3-C6H4- Me H 4-Me2NC6H4 56 39 9:1 94 455.2491
29 8{3,1,5} 4-F-3-C6H4- Me H 4,3-(MeO)2C6H3 49 34 9:1 87 472.2291
30 8{3,1,6} 4-F-3-C6H4- Me H trans-PhCHdCH 49 34 9:1 100 438.2219
31 8{3,2,1} 4-F-3-C6H4- H Me 4-MeC6H4 64 43 1:0 100 426.2218
32 8{3,2,2} 4-F-3-C6H4- H Me 4-MeOC6H4 52 35 1:0 100 442.2177
33 8{3,2,3} 4-F-3-C6H4- H Me 4-Me(CdO)C6H4 38 25 1:0 98 454.2190
34 8{3,2,4} 4-F-3-C6H4- H Me 4-Me2NC6H4 31 21 1:0 94 455.2501
35 8{3,2,5} 4-F-3-C6H4- H Me 4,3-(MeO)2C6H3 31 21 1:0 97 472.2271
36 8{3,2,6} 4-F-3-C6H4- H Me trans-PhCHdCH 63 42 1:0 100 438.2227
37 8{4,1,1} 2-naphthalene-1-yl Me H 4-MeC6H4 11 7 12:1 100 458.2465
38 8{4,1,2} 2-naphthalene-1-yl Me H 4-MeOC6H4 10 6 12:1 95 474.2432
39 8{4,1,3} 2-naphthalene-1-yl Me H 4-Me(CdO)C6H4 15 9 12:1 26 486.2428
40 8{4,1,4} 2-naphthalene-1-yl Me H 4-Me2NC6H4 7 5 12:1 97 487.2738
41 8{4,1,5} 2-naphthalene-1-yl Me H 4,3-(MeO)2C6H3 10 6 12:1 99 504.2527
42 8{4,1,6} 2-naphthalene-1-yl Me H trans-PhCHdCH 19 12 12:1 100 470.2485
43 8{4,2,1} 2-naphthalene-1-yl H Me 4-MeC6H4 0 0 1:0 NA NA
44 8{4,2,2} 2-naphthalene-1-yl H Me 4-MeOC6H4 19 11 1:0 96 474.2416
45 8{4,2,3} 2-naphthalene-1-yl H Me 4-Me(CdO)C6H4 2 1 1:0 57 486.2455
46 8{4,2,4} 2-naphthalene-1-yl H Me 4-Me2NC6H4 11 6 1:0 97 487.2715
47 8{4,2,5} 2-naphthalene-1-yl H Me 4,3-(MeO)2C6H3 16 9 1:0 90 504.2539
48 8{4,2,6} 2-naphthalene-1-yl H Me trans-PhCHdCH 15 8 1:0 100 470.2479
a Isolated yield after HPLC purification calculated for the final cross-coupling step. b Overall yield for the entire sequence of the three steps

(three-component coupling, Diels–Alder, cross-coupling). c dr ) ratio of the diastereomers in the final product established by HPLC. d UV purity
determined at 214 nm after HPLC purification. e The HRMS data for the M + 1 molecular ion of the compound 8 detected in the corresponding
product.
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mixtures in toluene through Celite and evaporation (GeneVac
EZ-2) was followed by individual flash chromatography over
silica to afford the corresponding bromoisoindolones
10{1-4} as pure compounds in 58–70% yields. Isoindolones
10 were obtained as mixtures of two diastereomers insepa-
rable on a preparative scale in dr 2:1 and were fully
characterized. However, as discussed above for compounds
4da and 4db, the relative stereochemistry for the major
diastereomer of isoindolones 10 could not be unequivocally
assigned in the absence of X-ray crystallographic evidence.22

Subsequently, the stock solutions of the four bromoisoin-
dolones 10{1–4} in THF (1 equiv) were added to 16 vials
(11.5 × 110 mm) in the 8 × 6 position MiniBlock XT

synthesizer containing Pd(OAc)2 (5 mol%), 2-(dicyclohexy-
lphosphino)-2′-(N,N-dimethylamine)biphenyl (10 mol %),
CsF (4 equiv), and selected boronic acids 7{1,2,4,6} (Figure
4) to perform the final diversification via Suzuki cross-
coupling. The crude reaction mixtures were concentrated and
filtered through 16 individual PrepSep silica columns eluting
with methylene chloride, and the solutions were evaporated
(GeneVac EZ-2) to afford crude products 11. The crude
products were analyzed by HPLC (UV 214 nm) and purified
via preparative HPLC with mass-directed fractionation. The
preparative HPLC succeeded in separating each product 11
into two fractions, each significantly enriched or exclusively
containing either the major or minor diastereomers of
isoindolones 11{1–4,1,2,4,6}. Thus, the synthesis of library
III in fact delivered 32 distinct library members 11. The
results from preparation of the library III are summarized
in Table 4. Combined yields of the Suzuki cross-coupling
for both fractions of diastereomers of isoindolones 11 ranged
from 27 to 76%, corresponding to 17–53% yields over the
entire three-step sequence, affording acceptable quantities
of products, for example, 8–29 mg for fractions with major
diastereomers of 11 and 5–25 mg for fractions with the mi-
nor diastereomers of 11 (Table 4). The fractions with major
diastereomers were isolated in high diastereomeric purities,
for example, 1:0 (six entries) and 9:1–33:1 (10 entries) as
established by HPLC and 1H NMR. Diastereomeric ratios
in the fractions featuring predominantly the minor diastere-
omer varied more broadly from 1:1 to 9/10:1 ratios (Table
4). The purities of isoindolones 11 contained in all the
fractions were excellent (99–100% by UV at 214 nm) with
a single exception for the major diastereomer of isoindolone
11{3,4}, which was isolated in 80% UV purity (entry 11a,
Table 4). Interestingly, the yields of the cross-coupling to
the isoindolone 10{1} proved to be consistently lower
27–44% than the yields of the coupling to the remaining
isoindolones 10{2–4},which were between 49% and 76%
with a single exception (33% yield of 11{4,4} (entry 16a,
Table 4). It is not clear if these results are connected to the
presence of the potentially reactive aryl chloride functionality.
Further improvements in the efficiency of the cross-coupling
protocol might be achieved by replacing the ligand 2-(di-
cyclohexylphosphino)-2′-(N,N-dimethylamine)biphenyl (L1)
with the ligand 2-dicyclohexylphosphino-2′,6′-dimethoxy-
1,1′-biphenyl used in the preparation of library II (part II,
vide supra), and this possibility will be explored in future
studies. Success in preparation of library III opens up an
access to scaffolds with quite distinct shapes and therefore
possibly extends the range of biologically relevant properties
of the isoindolones available by this methodology.

To confirm the purity and identity of compounds in
libraries I-III, additional analyses were performed. The
bromophenyl isoindolones 6{1–4,1–2} and 10{1–4} were
fully characterized following the preparation as described
above without further purification. In addition to the purities
established by UV (214 nm) and the structure confirmation
via MS detection of the corresponding molecular ion
indicated for each entry from libraries I-III in Tables 1-4,
all the members of libraries I-III were analyzed by 1H
NMR, and selected members of libraries I (6 compounds),

Scheme 4. Ligand Effects in the Suzuki Cross-Coupling

Scheme 5. Synthetic Route to Library II (Part II)
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II (10 compounds), and (8 compounds) were fully character-
ized after the mass-directed fractionation by HPLC without
further purification (data is provided in the Experimental
Section (see below)). These analyses provided in all cases
satisfactory evidence of the compound identity and purity,
comparable to the results of the purity measurements by UV
(214 nm). All the compounds reported herein were produced
as racemates.

Prior to screening of the compounds for biological activity,
a total of one hundred compounds prepared in this study,
including 24 members 4 of library I, 60 members of library
II represented by 8{1–4,1–2,1–6} and 8{1–2,2,7–12}, and
the 16 major diastereomer fractions containing products 11
from library III were evaluated computationally for their
drug-like properties on the basis of Lipinski’s “rule of five”.23

Overall, 23% of compounds had two or more Lipinski’s rule
violations; 65% had one violation, and 12% had zero. The
most common violation was ClogP (88% of compounds) for
which the mean value over the entire library was 6.37
(standard deviation ) 1.25). The molecular weight distribu-
tion shown in Figure 5 indicates the desirable centering
around 400–500 g/mol23 with 50% of compounds having
the molecular weight in this range. Standard absorption-dis-
tribution-metabolism-excretion (ADME) properties were
calculated using the VolSurf24 program and are presented
in the Supporting Information. Finally, chemical diversity

analysis relative to the PubChem collection (performed via
DiverseSolutions)25 revealed that approximately 35% of
compounds occupy rather unexplored regions of the Pub-
Chem space (diversity scores < 24), and 48% of compounds
was found in moderately explored PubChem space (diversity
scores from 24 to 94). Only the balance (17%) of compounds
are present in regions of PubChem space that already have
substantial populations (diversity scores from 95 to 146),
albeit without duplicating any known entities.

Conclusions

A new and highly efficient method for synthesis of
combinatorial libraries of hexahydro-1H-isoindolones relying
on a tactical combination2 of Cu-catalyzed three-component
coupling process with an intramolecular Diels–Alder reaction
was applied to the preparation of combinatorial libraries. The
one-pot/two-step sequence rapidly assembled substituted
isoindolone scaffolds, which were further diversified by Pd-
catalyzed Suzuki cross-coupling reactions. Overall, three
distinct combinatorial libraries comprising a total of 116 pure
compounds or mixtures of diastereomers were synthesized
in high purities (>95% for 89 compounds) and good
quantities (5–50 mg). The application of parallel synthesis
methods and automated purification techniques allowed us
to complete the library preparation within only three weeks.

Table 3. Results Summary for Library II (Part II)

entry compd R1 R2 R3 R4 yield (1)a (%) yield (2)b (%) drc purityd (%) HRMSe

1 8{4,1,1} 2-naphthalene-1-yl Me H 4-MeC6H4 52 34 12:1 100 485.2500
2 8{4,1,2} 2-naphthalene-1-yl Me H 4-MeOC6H4 24 16 12:1 100 474.2451
3 8{4,1,3} 2-naphthalene-1-yl Me H 4-Me(CdO)C6H4 37 24 12:1 100 486.2434
4 8{4,1,4} 2-naphthalene-1-yl Me H 4-Me2NC6H4 60 39 12:1 100 487.2748
5 8{4,1,5} 2-naphthalene-1-yl Me H 4,3-(MeO)2C6H3 38 25 12:1 100 504.2521
6 8{4,1,6} 2-naphthalene-1-yl Me H trans-PhCHdCH 86 56 12:1 100 470.2475
7 8{4,2,1} 2-naphthalene-1-yl H Me 4-MeC6H4 53 29 1:0 100 458.2503
8 8{4,2,2} 2-naphthalene-1-yl H Me 4-MeOC6H4 76 42 1:0 99 474.2420
9 8{4,2,3} 2-naphthalene-1-yl H Me 4-Me(CdO)C6H4 27 15 1:0 98 486.2419
10 8{4,2,4} 2-naphthalene-1-yl H Me 4-Me2NC6H4 48 27 1:0 100 487.2742
11 8{4,2,5} 2-naphthalene-1-yl H Me 4,3-(MeO)2C6H3 55 30 1:0 100 504.2525
12 8{4,3,6} 2-naphthalene-1-yl H Me trans-PhCHdCH 85 47 1:0 100 470.2469
13 8{1,2,7} 2-F-4-C6H4- H Me 4-Me-4-MeOC6H3 92 55 1:0 100 456.2324
14 8{1,2,8} 2-F-4-C6H4- H Me 2-benzothiophenyl 43 26 1:0 100 468.1783
15 8{1,2,9} 2-F-4-C6H4- H Me 4-MeO(CdO)C6H4 99 59 1:0 100 470.2130
16 8{1,2,10} 2-F-4-C6H4- H Me 4-FC6H4 100 60 1:0 100 430.1981
17 8{1,2,11} 2-F-4-C6H4- H Me 3-furyl 56 34 1:0 98 402.1868
18 8{1,2,12} 2-F-4-C6H4- H Me trans-1-octene1-yl 77 46 1:0 97 446.2854
19 8{2,2,7} 2-MeO-5-C6H4- H Me 4-Me-4-MeOC6H3 100 63 1:0 95 468.2540
20 8{2,2,8} 2-MeO-5-C6H4- H Me 2-benzothiophenyl 24 15 1:0 100 480.1978
21 8{2,2,9} 2-MeO-5-C6H4- H Me 4-MeO(CdO)C6H4 55 35 1:0 100 482.2320
22 8{2,2,10} 2-MeO-5-C6H4- H Me 4-FC6H4 88 55 1:0 100 442.2174
23 8{2,2,11} 2-MeO-5-C6H4- H Me 3-furyl 78 49 1:0 100 414.2075
24 8{2,2,12} 2-MeO-5-C6H4- H Me trans-1-octene-1-yl 90 57 1:0 100 458.3060
a Isolated yield after HPLC purification calculated for the final cross-coupling step. b Overall yield for the entire sequence of the three steps

(three-component coupling, Diels–Alder, cross-coupling). c dr ) ratio of the diastereomers in the final product established by HPLC. d UV purity
determined at 214 nm after HPLC purification. e The HRMS data for the M + 1 molecular ion of the compound 8 detected in the corresponding
product.
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The evaluation of biological activities of the compounds
prepared in this study in high-throughput screens is currently
underway.

Experimental Section

General. All imines were prepared according to a modified
literature procedure26 by condensation of a 1:1 mixture of
aldehyde and amine in benzene at 65 °C in the presence of
activated 3 Å (8–12 mesh) molecular sieves (4–6 h,
monitored by GC), followed by filtration through Celite and
removal of solvent under vacuum. Dienylstannane 3 was
prepared according to a modified literature protocol.27 Other
chemicals were used as purchased from commercial suppli-
ers. Tetrahedrofuran (THF) was freshly distilled from
sodium/benzophenone. Benzene, acetonitrile, toluene, and
methylene chloride were kept over 3 Å (8–12 mesh)
molecular sieves under an atmosphere of dry argon; other
solvents were used as received. Reactions with air-sensitive
materials were carried out in oven-dried (at least 6 h at 140
°C) glassware under a stream of dry argon using standard
syringe techniques. The parallel syntheses were performed
on a MiniBlock XT synthesizer obtained from Mettler-
Toledo AutoChem. PrepSep silica gel SPE cartridges were
obtained from Fisher Scientific. Automated weighing was
performed using the Bohdan Balance Automator (Mettler-
Toledo Auto-Chem). Parallel evaporation was performed on
the GeneVac EZ-2 plus evaporator system. Flash chroma-
tography was performed with 32–63 µm silica gel (Sorbent).
Analytical thin-layer chromatography (TLC) was carried out
on commercial Merck silica gel 60 plates, 250 µm thickness,

with fluorescent indicator (F-254) or stained with aqueous
KMnO4 solution. IR spectra were measured as thin films on
salt (NaCl) plates on a Shimadzu FTIR-8400S spectropho-
tometer. Melting points were determined using the Thomas-
Hoover capillary melting-point apparatus (Uni-Melt).

1H NMR spectra were recorded on a Bruker-500 DRX
(500 MHz) or a Bruker Avance 400 (400 MHz) spectrometer.
Chemical shifts are reported in parts per million (ppm)
downfield from TMS (0 ppm). Data are reported as follows:
chemical shift, multiplicity (app ) apparent, s ) singlet, d
) doublet, t ) triplet, q ) quartet, dd ) doublets of doublets,
m ) multiplet, br ) broad), coupling constants, and
integration. 13C NMR spectra were recorded on a Bruker-
500 DRX (125 MHz) spectrometer using broadband proton
decoupling. Chemical shifts are reported in parts per million
(ppm) downfield from TMS, using the middle resonance of
CDCl3 (77.2 ppm) as an internal standard.

HPLC analyses were carried out using a Xterra MS C-18
column (5 µm, 4.6 × 150 mm) and gradient elution (10%
CH3CN/water to 100% CH3CN) on a Waters mass-directed
fractionation instrument using a Waters 2767 sample man-
ager, Waters 2525 HPLC pump, a 2487 dual λ absorbance
detector, and Waters/MicroMass ZQ (quadrupole) MS ELSD
detector (Sedex 85) connected to a PC with a MassLynx
workstation. Purification was carried out using an Xterra MS
C-18 column (5 µm, 10 × 150 mm), a gradient elution (40%
CH3CN/water to 100% CH3CN) with a UV fraction trigger.
High-resolution mass spectra (HRMS) [ESI+] were obtained
using Waters/MicroMass LCT Premier (TOF instrument).

(()-2-Benzyl-3-(2-bromophenyl)-7-phenyl-2,3,3a,6,7,7a-
hexahydro-1H-isoindol-1-one(4da)and(()-(3R,3aR,7R,7aS)-
2-Benzyl-3-(2-bromophenyl)-7-phenyl-2,3,3a,6,7,7a-hexahy-
dro-1H-isoindol-1-one (4db). To a solution of N-(2-bro-
mobenzylidene)-1-phenylmethanamine (0.137 g, 0.5 mmol,
1.0 equiv) and acid chloride 2{4} (0.109 g, 0.65 mmol, 1.3
equiv) in acetonitrile (4 mL) was added CuCl (5.0 mg, 0.05
mmol, 10 mol%) while stirring. Dienylstannane 3 (0.343 g,
1.0 mmol, 2.0 equiv) in methylene chloride (3 mL) was
added, and the reaction mixture was heated to 45 °C
overnight. Solvents were removed in vacuo; the crude
product was dissolved in toluene (10 mL), and the reaction
mixture was refluxed overnight. The resulting dark precipitate
was filtered off; the solvent was removed in vacuo providing
the crude product, which was purified by flash chromatog-
raphy over silica, eluting with ethyl acetate/hexanes (1:4) to
afford a mixture of isoindolones 4da and 4db (0.161 g, 70%,
4da/4db ) 2:1). Partial separation of 4da and 4db was
realized via preparative TLC to afford 4da as a colorless oil
and 4db as a white solid, which was further purified by
recystallization (CH2Cl2/pentane) providing a single crystal
for X-ray crystallographic analysis. 4da: Rf ) 0.45 (EtOAc/
hexane 1:4); 1H NMR (400 MHz, CDCl3) δ 7.67 (d, J )
7.9 Hz, 1 H), 7.44–7.21 (m, 10 H), 7.20–7.11 (m, 3 H), 5.92
(dq, J ) 9.9, 2.0 Hz, 1 H), 5.57 (dq, J ) 9.9, 3.3 Hz, 1 H),
5.07 (d, J ) 14.5 Hz, 1 H), 5.05 (d, J ) 8.3 Hz, 1 H), 3.53
(d, J ) 14.5 Hz, 1 H), 3.20 (td, J ) 10.6, 7.0 Hz, 1 H),
3.18–3.12 (m, 1 H), 2.87 (t, J ) 12.1 Hz, 1 H), 2.58–2.48
(m, 1 H), 2.15 (ddq, J ) 19.2, 9.7, 3.2 Hz, 1 H); 13C NMR
(125 MHz, CDCl3) δ 173.8, 143.6, 136.4, 134.5, 133.7,

Scheme 6. Synthetic Route to Library III
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129.9, 129.5, 128.9 (2C), 128.7 (2C), 128.6 (2C), 128.5 (2C),
128.0, 127.8, 127.6, 126.5, 124.9, 124.1, 59.9, 44.7, 44.4,
44.2, 42.4, 37.3; IR (neat, cm-1) 1699 (s); HRMS (ES+)
calcd for C27H25BrNO (M + H+) 458.1119, found 458.1120.
4db: mp 100–102 °C; Rf ) 0.42 (EtOAc/hexane 1:4); 1H
NMR (400 MHz, CDCl3) δ 7.67 (d, J ) 7.9 Hz, 1 H),

7.44–7.10 (m, 12 H), 7.08 (d, J ) 7.7 Hz, 1 H), 6.12–6.05
(m, 1 H), 5.92–5.85 (m, 1 H), 5.31 (d, J ) 15.0 Hz, 1 H),
4.50 (s, 1 H), 3.75–3.71 (m, 1 H), 3.64 (d, J ) 15.0 Hz, 1
H), 2.93 (d, J ) 7.0 Hz, 1 H), 2.70–2.60 (m, 2 H), 2.40–2.29
(m, 1 H); 13C NMR (125 MHz, CDCl3) δ 175.6, 144.9,
138.1, 135.8, 133.7, 129.3, 128.9, 128.6 (2C), 128.5 (2C),
127.9 (2C), 127.8 (2C), 127.6, 127.5, 127.4, 126.3, 126.1,
123.3, 64.8, 44.8, 44.6, 38.7, 35.7, 26.6; IR (neat, cm-1)
1695 (s); HRMS (ES+) calcd for C27H25BrNO (M + H+)
458.1119, found 458.1127.

General Procedure for the Synthesis of Library 4{1–6,
1–4}. Initially, stock solutions of six imines 1{1–6} in
acetonitrile and dienylstannane 3 in methylene chloride were
prepared. To a 4 × 6 position Bohdan MiniBlock fitted with
24 (17 × 110 mm) reaction vials, under an atmosphere of
argon, were added CuCl (2.5 mg, 0.025 mmol, 10 mol%)
and solutions of imines 1{1-6} (2 mL, 0.25 mmol, 1.0 equiv)
at the appropriate positions, followed by the addition of neat
acyl chlorides 2{1-4} (0.33 mmol, 1.3 equiv). While stirring,

Table 4. Results Summary for Library III

entry compd R1 R4 yield (1)a (%) yield (2)b (%) yield (3)c (%) drd puritye (%) HRMSf

1a 11{1,1} 3-Cl-4-MeOC6H3 4-MeC6H4 25 42 25 14:1 99 534.2165
1bg 17 9:1 100
2a 11{1,2} 3-Cl-4-MeOC6H3 4-MeOC6H4 18 30 17 33:1 100 550.2137
2b 12 1:0 99
3a 11{1,4} 3-Cl-4-MeOC6H3 4-Me2NC6H4 28 44 26 16:1 100 563.2479
3b 16 1:0 100
4a 11{1,6} 3-Cl-4-MeOC6H3 trans-PhCHdCH 18 27 17 16:1 99 546.2171
4b 9 1:0 100
5a 11{2,1} 4-CF3C6H4 4-MeC6H4 35 59 35 1:0 100 538.2318
5b 24 9:1 100
6a 11{2,2} 4-CF3C6H4 4-MeOC6H4 35 65 38 1:0 100 554.2302
6b 30 3:1 100
7a 11{2,4} 4-CF3OC6H4 4-Me2NC6H4 34 49 29 1:0 99 567.2589
7b 15 1:0 100
8a 11{2,6} 4-CF3C6H4 trans-PhCHdCH 29 50 30 33:1 100 550.2402
8b 21 3:1 100
9a 11{3,1} 2-F-5-MeC6H4 4-MeC6H4 24 53 33 1:0 99 502.2555
9b 29 2:1 100
10a 11{3,2} 2-F-5-MeC6H4 4-MeOC6H4 21 70 43 1:0 100 518.2457
10b 49 1:1 99
11a 11{3,4} 2-F-5-MeC6H4 4-Me2NC6H4 17 58 36 24:1 99 531.2798
11b 41 1:1 100
12a 11{3,6} 2-F-5-MeC6H4 trans-PhCHdCH 21 55 34 26:1 80 514.2573
12b 34 1:1 100
13a 11{4,1} 2-naphthyl 4-MeC6H4 47 67 47 19:1 99 520.2629
13b 20 1:0 99
14a 11{4,2} 2-naphthyl 4-MeOC6H4 36 56 40 1:0 100 536.2560
14b 20 1:0 99
15a 11{4,4} 2-naphthyl 4-Me2NC6H4 53 76 53 9:1 100 549.2891
15b 23 10:1 100
16a 11{4,6} 2-naphthyl trans-PhCH)CH 24 33 23 14:1 99 532.2654
16b 9 1:0 100

a Isolated yield after HPLC purification calculated for the final cross-coupling step. b Combined yield of the cross-coupling step for both the major and
minor diastereomer fractions. c Overall yield for the entire sequence of the three steps (three-component coupling, Diels–Alder, cross-coupling)
combined for both the major and minor diastereomer fractions. d dr ) ratio of the diastereomers in the final product established by HPLC. e UV purity
determined at 214 nm after HPLC purification. f The HRMS data for the M + 1 molecular ion of the compound 11 detected in the corresponding
product. g Entries xxb give data for the fraction containing the minor diastereomer.

Figure 5. Molecular weight distribution diagram for members of
libraries I-III.
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dienylstannane 3 (1.5 mL, 0.5 mmol, 2.0 equiv) was added,
and the 24 reaction vials were heated to 45 °C overnight.
After removal of solvents by parallel evaporation in the
GeneVac EZ-2 plus evaporator, the reaction vials were
transferred back to the MiniBlock. Toluene (5 mL) was
added, and the reaction mixture was refluxed overnight under
Ar. Then toluene was removed by parallel evaporation, and
the residue was dissolved in ethyl acetate (EtOAc, 1 mL).
The EtOAc solutions were transferred individually to 24
PrepSep silica gel columns (500 mg/6 mL). The PrepSep
columns containing the crude products were then washed
with EtOAc (4 mL). To the EtOAc fractions was added 50%
KF on Celite (1 g), and the 24 suspensions were stirred
overnight, followed by filtration though 24 PrepSep silica
gel columns (500 mg/6 mL). Filtrates were evaporated in
parallel to dryness in a GeneVac EZ-2 plus evaporator. The
products were submitted for LC/MS analyses followed by
preparative LC to obtain the pure products.

(()-(3R,3aR,7aR)-2-Benzyl-3-(3-chloro-4-methoxyphe-
nyl)-7a-methyl-2,3,3a,6,7,7a-hexahydro-1H-isoindol-1-
one 4{1,1}: 1H NMR (500 MHz, CDCl3) δ 7.28–7.24 (m, 3
H), 7.18 (s, 1 H), 7.04–6.94 (m, 4 H), 5.60 (dq, J ) 10.0,
3.1 Hz, 1 H), 5.54–5.41 (m, 1 H), 5.11 (d, J ) 14.3 Hz, 1
H), 3.95 (s, 3 H), 3.85 (d, J ) 10.9 Hz, 1 H), 3.46 (d, J )
14.3 Hz, 1 H), 2,71–2.56 (m, 1 H), 2.26–2.20 (m, 2 H),
2.05–1.99 (m, 1 H), 1.84 (q, J ) 10.5 Hz, 1 H), 0.96 (s, 3
H); 13C NMR (125 MHz, CDCl3) δ 177.9, 153.0, 134.6,
128.5, 127.7, 127.6 (2C), 127.2 (2C), 127.0, 126.8, 126.6,
125.6, 120.1, 110.3, 59.2, 54.3, 49.6, 42.3, 40.8, 27.1, 21.8,
12.0; IR (neat, cm-1) 1689; HRMS (ES+) calcd for
C23H25ClNO2 (M + H+) 382.1574, found 382.1584.

(()-(3R,3aS,7R,7aS)-2-Benzyl-3-(2-fluoro-5-methylphe-
nyl)-7-methyl-2,3,3a,6,7,7a-hexahydro-1H-isoindol-1-
one 4{3,2}: 1H NMR (500 MHz, CDCl3) δ 7.34–7.06 (m, 6
H), 6.98 (dd, J ) 10.0, 8.3, 1 H), 6.89 (d, J ) 7.1 Hz, 1 H),
5.83–5.77 (m, 1 H), 5.65–5.58 (m, 1 H), 5.23 (d, J ) 15.0
Hz, 1 H), 4.40 (d, J ) 2.9 Hz, 1 H), 3.62 (d, J ) 15.0 Hz,
1 H), 2.73–2.68 (m, 1 H), 2.60 (dd, J ) 7.3, 5.2 Hz, 1 H),
2.42–2.28 (m, 1 H), 2.33 (s, 3 H), 1.86–1.77 (m, 1 H),
1.72–1.64 (m, 1 H), 1.10 (d, J ) 7.0 Hz, 3 H); 13C NMR
(125 MHz, CDCl3) δ 174.2, 158.2, 156.2, 134.2, 132.1,
127.9, 126.5 (2C), 126.2, 126.0 (2C), 125.8, 125.7, 124.3,
113.8, 57.7, 42.8, 42.6, 38.0, 27.3, 22.5, 18.9, 17.1; IR (neat,
cm-1) 1692; HRMS (ES+) calcd for C23H25FNO (M + H+)
350.1920, found 350.1925.

(()-(3R,3aS,7R,7aS)-2-Benzyl-7-ethyl-3-(2-fluoro-5-
methylphenyl)-2,3,3a,6,7,7a-hexahydro-1H-isoindol-1-
one4{3,3}: 1H NMR (500 MHz, CDCl3): δ 7.18–7.08 (m, 4
H), 6.96–6.91 (m, 2 H), 6.82 (dd, J ) 10.0, 8.3 Hz, 1 H),
6.72 (d, J ) 7.2 Hz, 1 H), 5.66–5.61 (m, 1 H), 5.48–5.42
(m, 1 H), 5.10 (d, J ) 15.0 Hz, 1 H), 4.23 (br s, 1 H), 3.47
(d, J ) 15.0 Hz, 1 H), 2.58 (dd, J ) 7.3, 4.4 Hz, 1 H),
2.52–2.48 (m, 1 H), 2.18 (s, 3 H), 2.18–2.09 (m, 1 H),
2.06–2.00 (m, 1 H), 1.79–1.72 (m, 1 H), 1.35–1.15 (m, 2
H), 0.98 (d, J ) 7.0 Hz, 3 H); 13C NMR (125 MHz, CDCl3)
δ 174.4, 157.8, 155.9, 134.2, 132.1, 127.9, 127.8 (2C), 126.6,
126.0 (2C), 125.5, 124.5, 114.0, 113.6, 57.7, 42.7, 41.0, 37.7,

30.4, 24.0, 23.5, 19.0, 10.1; IR (neat, cm-1) 1699; HRMS
(ES+) calcd for C24H27FNO (M + H+) 364.2077, found
364.2074.

(()-(3R,3aR,7aR)-2-Benzyl-7a-methyl-3-(naphthalen-2-
yl)-2,3,3a,6,7,7a-hexahydro-1H-isoindol-1-one 4{4,1} (Ma-
jor Isomer): 1H NMR (500 MHz, CDCl3) δ 7.95–7.83 (m,
3 H), 7.65 (s, 1 H), 7.58–7.40 (m, 2 H), 7.35–7.22 (m, 4 H),
6.97 (d, J ) 5.7 Hz, 2 H), 5.63–5.55 (m, 1 H), 5.52–5.47
(m, 1 H), 5.20 (d, J ) 14.3 Hz, 1 H), 4.12 (d, J ) 10.7 Hz,
1 H), 3.52 (d, J ) 14.3 Hz, 1 H), 2.82–2.77 (m, 1 H),
2.30–2.25 (m, 2 H), 2.07 (dd, J ) 13.4, 7.3 Hz, 1 H), 1.90
(q, J ) 10.7 Hz, 1 H), 1.03 (s, 3 H); 13C NMR (125 MHz,
CDCl3) δ 177.9, 134.7, 133.0, 131.4, 127.1 (2C), 126.9 (2C),
126.8, 126.6, 126.5, 126.4, 126.3, 126.2, 126.0, 125.9, 124.1,
123.6, 119.6, 60.2, 49.5, 42.0, 40.9, 24.8, 21.7, 12.0; IR (neat,
cm-1) 1690; HRMS (ES+) calcd for C26H26NO (M + H+)
368.2014, found 368.2022.

(()-2-Benzyl-3-(3-nitrophenyl)-7-phenyl-2,3,3a,6,7,7a-
hexahydro-1H-isoindol-1-one 4{5,4}: 1H NMR (500 MHz,
CDCl3, major product reported, 1:1 rotamers) δ 8.24 (t, J )
8.9 Hz, 1 H), 8.03 (br s, 1 H), 7.64–7.15 (m, 11 H), 7.85 (d,
J ) 7.5 Hz, 1 H), 5.78 (dq, J ) 10.0, 3.3 Hz, 0.5 H),
5.72–5.60 (m, 1.5 H), 5.15 (d, J ) 15.0 Hz, 0.5 H), 4.95 (d,
J ) 14.8 Hz, 0.5 H), 4.66 (d, J ) 7.6 Hz, 0.5 H), 4.12 (d,
J ) 9.9 Hz, 0.5 H), 3.64 (d, J ) 15.0 Hz, 0.5 H), 3.61 (d,
J ) 14.8 Hz, 0.5 H), 3.30–3.18 (m, 1 H), 2.79 (t, J ) 12.1
Hz, 0.5 H), 2.71 (t, J ) 11.8 Hz, 0.5 H), 2.65–2.50 (m, 2
H), 2.39–2.29 (m, 0.5 H), 2.20–2.10 (m, 0.5 H); 13C NMR
(125 MHz, CDCl3, all isomers reported) δ (174.9, 173.9,
173.6), (148.8, 148.7, 148.6), (144.1, 143.1, 143.0), (141.9,
139.9, 138.0), (136.3, 136.2, 135.7), (133.9, 132.9, 132.2),
(130.5, 130.4, 130.2), (130.1, 130.0, 129.7), 128.8, 128.7,
128.6 (3 C), 128.4, 128.1, 127.8, 127.7, 127.5 (2C), 127.4,
126.8, 126.7, 126.6, 126.1, 123.6, 125.5, 123.2 (3 C), 122.9,
122.0, 121.5, (65.3, 63.6, 60.4), 49.5, 48.8, 44.8, 44.7, 44.6,
44.4, 44.0, 42.3, 42.2, 41.2, 37.5, 37.4, 36.3, 28.2; IR (neat,
cm-1) 1689; HRMS (ES+) calcd for C27H25N2O3 (M + H+)
425.1865, found 425.1862.

(()-(3R,3aS,7R,7aS)-2-Benzyl-3-(furan-3-yl)-7-methyl-
2,3,3a,6,7,7a-hexahydro-1H-isoindol-1-one 4{6,2} (Major
Isomer): 1H NMR (400 MHz, CDCl3) δ 7.47 (br s, 1 H),
7.34–7.24 (m, 4 H), 7.09 (d, J ) 7.1 Hz, 2 H), 6.32 (br s, 1
H), 5.84–5.77 (m, 1 H), 5.56–5.49 (m, 1 H), 5.18 (d, J )
14.9 Hz, 1 H), 4.01 (d, J ) 5.1 Hz, 1 H), 3.60 (d, J ) 14.8
Hz, 1 H), 2.77–2.70 (m, 1 H), 2.56 (t, J ) 7.4 Hz, 1 H),
2.29–2.25 (m, 0.5 H), 2.25–2.21 (m, 0.5 H), 2.17–2.05 (m,
1 H), 1.90–1.75 (m, 1 H), 1.19 (d, J ) 6.8 Hz, 3 H); 13C
NMR (125 MHz, CDCl3) δ 175.4, 144.2, 140.4, 136.6, 128.5
(2C), 128.3, 127.9 (2C), 127.3, 124.9, 124.0, 108.6, 57.8,
45.9, 43.9, 40.2, 30.6, 26.2, 19.2; IR (neat, cm-1) 1685;
HRMS (ESI+, m/z) calcd for C20H22NO2(M+H+) 308.1651,
found 308.1655.

General Procedure for the Synthesis of Bromoisoin-
dolones 6{1–4,1–2}. Initially, stock solutions of four imines
5{1–4} in acetonitrile and dienylstannane 3 in methylene
chloride were prepared. To a 4 × 3 position Bohdan
MiniBlock fitted with 8 (24 × 150 mm) reaction vials, under
an atmosphere of argon, were added CuCl (40.0 mg, 0.40
mmol, 20 mol%) and solutions of imines 5{1-4} (10 mL,
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2.0 mmol, 1.0 equiv) at the appropriate positions, followed
by the addition of neat acyl chlorides 2{1-2} (2.6 mmol,
1.3 equiv). While the mixture was stirred, dienylstannane 3
(10 mL, 3.0 mmol, 1.5 equiv) was added, and the 8 reaction
vials were heated to 45 °C overnight. Solvents were removed
by parallel evaporation in the GeneVac EZ-2 plus evaporator.
The reaction vials were then transferred back to the
MiniBlock. The residue was dissolved in toluene (15 mL),
and the reaction mixture was refluxed overnight. The
resulting dark precipitate was filtered off though Celite, and
the solvent was removed in a GeneVac EZ-2 plus evaporator
providing the crude product, which was purified individually
by flash chromatography over silica gel, eluting with ethyl
acetate/hexanes (1:4) to afford the corresponding bromoiso-
indolones.

(()-(3R,3aR,7aR)-2-Benzyl-3-(4-bromo-2-fluorophenyl)-
7a-methyl-2,3,3a,6,7,7a-hexahydro-1H-isoindol-1-one 6{1,
1}: 0.505 g; yield 61%; dr ) 7:84:9 (GC); major diastere-
omer reported; 1H NMR (400 MHz, CDCl3) δ 7.42–7.10
(m, 6 H), 7.00–6.94 (m, 2 H), 5.60 (dq, J ) 9.9, 3.3 Hz, 1
H), 5.55–5.45 (m, 1 H), 5.14 (d, J ) 14.3 Hz, 1 H), 4.40 (br
s, 1 H), 3.50 (d, J ) 14.3 Hz, 1 H), 2.55 (br s, 1 H),
2.30–2.20 (m, 2 H), 2.03 (ddd, J ) 12.8, 6.6, 1.6 Hz, 1 H),
1.82 (dt, J ) 12.8, 9.3 Hz, 1 H), 0.96 (s, 3 H); 13C NMR
(125 MHz, CDCl3) δ 179.6, 161.6, 159.7, 129.4 (2C), 128.8
(3 C), 128.6, 128.3, 127.7, 124.0, 122.3, 121.2, 119.5, 53.2,
51.5, 44.2, 42.9, 29.0, 23.5, 13.9; IR (neat, cm-1) 1699;
HRMS (ESI+, m/z) calcd for C22H22BrFNO (M + H+)
414.0869, found 414.0865.

(()-(3R,3aS,7R,7aS)-2-Benzyl-3-(4-bromo-2-fluorophe-
nyl)-7-methyl-2,3,3a,6,7,7a-hexahydro-1H-isoindol-1-
one 6{1,2}: 0.498 g; yield 60%; 1H NMR (400 MHz, CDCl3)
δ 7.36–7.26 (m, 5 H), 7.19 (d, J ) 7.6 Hz, 2 H), 6.93 (t, J
) 8.0 Hz, 1 H), 5.67–5.59 (m, 1 H), 5.52 (dq, J ) 10.0, 3.3
Hz, 1 H), 5.19 (d, J ) 14.8 Hz, 1 H), 4.81 (d, J ) 7.9 Hz,
1 H), 3.64 (d, J ) 14.8 Hz, 1 H), 3.03–2.94 (m, 1 H),
2.36–2.31 (m, 0.5 H), 2.31–2.26 (m, 0.5 H), 2.19–2.06 (m,
1 H), 2.02 (t, J ) 12.0 Hz, 1 H), 1.72–1.62 (m, 1 H), 1.39
(d, J ) 6.3 Hz, 3 H); 13C NMR (125 MHz, CDCl3) δ 175.5,
161.7, 159.7, 136.5, 130.7, 128.7 (2C), 128.2 (2C), 127.7,
123.6, 122.2, 121.8, 119.7, 119.5, 55.0, 45.5, 44.7, 44.4, 36.5,
30.9, 18.9; IR (neat, cm-1) 1699; HRMS (ESI+, m/z) calcd
for C22H22BrFNO (M+H+) 414.0869, found 414.0875.

(()-(3R,3aR,7aR)-2-Benzyl-3-(5-bromo-2-methoxyphe-
nyl)-7a-methyl-2,3,3a,6,7,7a-hexahydro-1H-isoindol-1-
one 6{2,1}: 0.605 g; yield 71%; dr ) 6:85:9 (GC); major
diastereomer reported. 1H NMR (400 MHz, CDCl3) δ 7.41
(dd, J ) 8.7, 2.4 Hz, 1 H), 7.31 (d, J ) 2.4 Hz, 1 H),
7.26–7.20 (m, 3 H), 6.98–6.92 (m, 2 H), 6.79 (d, J ) 8.8
Hz, 1 H), 5.57 (dq, J ) 9.8, 3.0 Hz, 1 H), 5.50 (dq,J ) 9.8,
1.8 Hz, 1 H), 5.09 (d, J ) 14.2 Hz, 1 H), 4.56 (d, J ) 10.7
Hz, 1 H), 3.67 (s, 3 H), 3.53 (d, J ) 14.2 Hz, 1 H), 2.55 (dt,
J ) 8.2, 2.4 Hz, 1 H), 2.28–2.20 (m, 2 H), 2.01 (ddd, J )
12.7, 6.5, 2.2 Hz, 1 H), 1.84 (dt, J ) 12.9, 9.3 Hz, 1 H),
0.96 (s, 3 H); 13C NMR (125 MHz, CDCl3) δ 180.0, 157.0,
136.4, 132.5, 131.6, 130.5 (2C), 129.4 (2C), 128.4, 127.4,
125.7, 122.1, 113.6, 112.8, 55.6, 53.4, 52.0, 44.2, 43.0, 29.1,
23.6, 14.1; IR (neat, cm-1) 1692; HRMS (ESI+, m/z) calcd
for C23H25BrNO2(M+H+) 426.1069, found 426.1070.

(()-(3R,3aS,7R,7aS)-2-Benzyl-3-(5-bromo-2-methoxy-
phenyl)-7-methyl-2,3,3a,6,7,7a-hexahydro-1H-isoindol-1-
one 6{2,2}: 0.538 g; yield 63%; 1H NMR (400 MHz, CDCl3)
δ 7.40 (dd, J ) 8.6, 2.4 Hz, 1 H), 7.31–7.22 (m, 3 H), 7.12
(d, J ) 2.4 Hz, 1 H), 7.09 (d, J ) 7.6 Hz, 2 H), 6.79 (d,J )
8.7 Hz, 1 H), 5.79 (dq, J ) 9.9, 2.6 Hz, 1 H), 5.62–5.59 (m,
1 H), 5.26 (d, J ) 15.1 Hz, 1 H), 4.43 (br s, 1 H), 3.80 (s,
3 H), 3.63 (d, J ) 15.1 Hz, 1 H), 2.64–2.56 (m, 2 H),
2.52–2.46 (m, 1 H), 2.39–2.34 (m, 0.5 H), 2.34–2.30 (m,
0.5 H), 1.80 (d, J ) 19.6 Hz, 1 H), 1.05 (d, J ) 7.1 Hz, 3
H); 13C NMR (125 MHz, CDCl3) δ 176.2, 156.2, 136.3,
131.4, 130.2, 128.7 (2C), 128.4 (2C), 127.7, 127.4, 127.3,
126.2, 113.2, 112.5, 60.3, 55.7, 44.5, 44.3, 39.0, 28.6, 25.3,
19.1; IR (neat, cm-1) 1692; HRMS (ESI+, m/z) calcd for
C23H25BrNO2(M+H+) 426.1069, found 426.1078.

(()-(3R,3aR,7aR)-2-Benzyl-3-(3-bromo-4-fluorophenyl)-
7a-methyl-2,3,3a,6,7,7a-hexahydro-1H-isoindol-1-one 6{3,
1}: 0.572 g; yield 69%; dr ) 6:85:9 (GC); major diastere-
omer reported. 1H NMR (400 MHz, CDCl3) δ 7.36 (dd, J )
6.5, 2.1 Hz, 1 H), 7.32–7.24 (m, 3 H), 7.20–7.06 (m, 2 H),
6.98–6.94 (m, 2 H), 5.63 (dq, J ) 9.8, 3.3 Hz, 1 H), 5.45
(dq, J ) 9.8, 2.2 Hz, 1 H), 5.13 (d, J ) 14.4 Hz, 1 H), 3.87
(d, J ) 10.8 Hz, 1 H), 3.48 (d, J ) 14.4 Hz, 1 H), 2.60 (dt,
J ) 10.6, 2.7 Hz, 1 H), 2.26–2.20 (m, 2 H), 2.03 (ddd, J )
13.0, 6.8, 1.6 Hz, 1 H), 1.84 (dt, J ) 13.0, 9.2 Hz, 1 H),
0.96 (s, 3 H); 13C NMR (125 MHz, CDCl3) δ 179.6, 159.9,
157.9, 136.2, 135.2, 132.8, 129.5, 128.7 (2C), 128.4 (2C),
127.7, 120.9, 116.9, 116.4, 61.0, 51.7, 44.0, 42.7, 29.0, 23.6,
13.9; IR (neat, cm-1) 1699; HRMS (ESI+, m/z) calcd for
C22H22BrFNO (M + H+) 414.0869, found 414.0864.

(()-(3R,3aS,7R,7aS)-2-Benzyl-3-(3-bromo-4-fluorophe-
nyl)-7-methyl-2,3,3a,6,7,7a-hexahydro-1H-isoindol-1-
one 6{3,2}: 0.556 g; yield 67%; 1H NMR (400 MHz, CDCl3)
δ 7.34 (dd, J ) 6.5, 2.2 Hz, 1 H), 7.32–7.24 (m, 3 H), 7.14
(t, J ) 8.3 Hz, 1 H), 7.09–7.00 (m, 3 H), 5.82 (dtd, J )
10.0, 3.9, 1.8 Hz, 1 H), 5.50 (ddt, J ) 10.0, 3.4, 1.8 Hz, 1
H), 5.20 (d, J ) 14.8 Hz, 1 H), 3.97 (d, J ) 4.8 Hz, 1 H),
3.50 (d, J ) 14.8 Hz, 1 H), 2.68–2.60 (m, 1 H), 2.55 (t, J )
7.8 Hz, 1 H), 2.31–2.26 (m. 0.5 H), 2.26–2.21 (m, 0.5 H),
2.16 (quint, J ) 6.2 Hz, 1 H), 2.85–1.75 (m, 1 H), 1.16 (d,
J ) 6.8 Hz, 3 H); 13C NMR (125 MHz, CDCl3) δ 175.9,
159.7, 157.8, 137.1, 136.0, 131.7, 128.6 (2C), 127.5 (2C),
127.2, 126.9, 124.6, 117.1, 116.9, 65.3, 45.4, 44.2, 41.7, 30.4,
26.1, 19.1; IR (neat, cm-1) 1699; HRMS (ESI+, m/z) calcd
for C22H22BrFNO (M + H+) 414.0869, found 414.0874.

(()-(3R,3aR,7aR)-2-Benzyl-3-(1-bromonaphthalen-2-
yl)-7a-methyl-2,3,3a,6,7,7a-hexahydro-1H-isoindol-1-
one 6{4,1}: 0.584 g; yield 65%; dr ) 4:94:4 (GC); major
diastereomer reported; 1H NMR (400 MHz, CDCl3) δ 8.38
(d, J ) 8.5 Hz, 1 H), 7.91 (t, J ) 7.9 Hz, 2 H), 7.68 (t, J )
7.5 Hz, 1 H), 7.62 (t, J ) 7.5 Hz, 1 H), 7.38 (d, J ) 8.6 Hz,
1 H), 7.30–7.20 (m, 3 H), 7.00–6.94 (m, 2 H), 5.67 (dq, J )
9.9, 1.9 Hz, 1 H), 5.58 (dq, J ) 9.9, 3.0 Hz, 1 H), 5.20 (d,
J ) 14.2 Hz, 1 H), 4.96 (d, J ) 10.6 Hz, 1 H), 3.46 (d, J )
14.2 Hz, 1 H), 2.69 (dt, J ) 10.6, 2.5 Hz, 1 H), 2.29–2.22
(m, 2 H), 2.06 (ddd, J ) 13.0, 5.6, 3.0 Hz, 1 H), 1.87 (dt, J
) 13.0, 9.2 Hz, 1 H), 1.02 (s, 3 H); 13C NMR (125 MHz,
CDCl3) δ 179.9, 136.0, 134.8, 134.3, 132.4, 129.1 (2C),
128.8 (2C), 128.6, 128.2, 127.9, 127.7, 127.6, 127.2, 127.1,
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127.0, 124.7, 121.8, 61.0, 51.9, 44.5, 43.2, 29.2, 23.6, 14.1;
IR (neat, cm-1) 1692; HRMS (ESI+, m/z) calcd for C26H25

BrNO (M + H+) 446.1120, found 446.1112.

(()-(3R,3aS,7R,7aS)-2-Benzyl-3-(1-bromonaphthalen-
2-yl)-7-methyl-2,3,3a,6,7,7a-hexahydro-1H-isoindol-1-
one 6{4,2}: 0.492 g; yield 55%; 1H NMR (400 MHz, CDCl3)
δ 8.36 (d, J ) 8.5 Hz, 1 H), 7.88 (dd, J ) 7.8, 4.1 Hz, 2 H),
7.66 (t, J ) 7.3 Hz, 1 H), 7.59 (t, J ) 7.4 Hz, 1 H), 7.30–7.20
(m, 4 H), 7.12–7.05 (m, 2 H), 5.82 (br s, 2 H), 5.34 (d, J )
14.9 Hz, 1 H), 4.82 (br s, 1 H), 3.59 (d, J ) 14.9 Hz, 1 H),
2.82–2.76 (m, 1 H), 2.63 (dd, J ) 7.1, 4.7 Hz, 1 H),
2.52–2.43 (m, 1 H), 2.42–2.33 (m, 1 H), 1.86–1.82 (m, 0.5
H), 1.82–1.77 (m, 0.5 H), 1.07 (d, J ) 7.0 Hz, 3 H); 13C
NMR (125 MHz, CDCl3) δ 176.3, 136.9, 136.0, 134.1, 132.7,
128.5 (2C), 128.4, 128.2 (2C), 128.0, 127.9, 127.7, 127.5,
127.2, 126.9, 125.8, 123.7, 123.3, 65.7, 44.8 (2C), 39.9, 28.9,
25.5, 19.1; IR (neat, cm-1) 1692; HRMS (ESI+, m/z) calcd
for C26H25BrNO (M + H+) 446.1120, found 446.1112.

General Procedure for the Synthesis of Library
8{1–4,1–2,1–6}. Initially, stock solutions of eight bro-
moisoindolones 6{1–4,1–2} in THF were prepared. To a 8
× 6 position Bohdan MiniBlock fitted with 48 (11.5 × 110
mm) reaction vials, under an atmosphere of argon, were
added palladium acetate (1.2 mg, 0.005 mmol, 5 mol%),
2-(dicyclohexylphosphino)-2′-(N,N-dimethylamino)biphe-
nyl (3.6 mg, 0.010 mmol, 10 mmol%), cesium fluoride (0.061
g, 0.4 mmol, 4.0 equiv), and boronic acids 7{1-6} (0.2
mmol, 2.0 equiv) at the appropriate positions, followed by
addition of solutions of bromoisoindolones 6{1-4,1–2} (1.0
mL, 0.1 mmol, 1.0 equiv). After they were refluxed at 60
°C overnight, the reaction mixtures were concentrated via
parallel evaporation. The residues were transferred individu-
ally to 48 PrepSep silica gel columns (500 mg/6 mL). The
PrepSep columns containing the crude products were then
washed with methylene chloride (5 mL). Filtrates were
evaporated in parallel to dryness in a GeneVac EZ-2 plus
evaporator. The crude products were submitted for LC/MS
analyses, followed by preparative LC to obtain the pure
products.

General Procedure for the Synthesis of Libraries
8{4,1–2,1–6} and 8{1–2,2,7–12}. Initially, stock solutions
of eight bromoisoindolones 6{4,1–2} and 6{1–2,2} in THF
were prepared. To a 8 × 6 position Bohdan MiniBlock fitted
with 24 (11.5 × 110 mm) reaction vials, under an atmosphere
of argon, were added palladium acetate (1.2 mg, 0.005 mmol,
5 mol %), 2-dicyclohexylphosphino-2′,6′-dimethoxy-1,1′-
biphenyl (4.1 mg, 0.010 mmol, 10 mmol%), cesium fluoride
(0.061 g, 0.4 mmol, 4.0 equiv), and boronic acids 7{1-6}
for library 8{4,1–2,1–6} or boronic acids 7{7–12} for library
8{1–2,2,7–12} (0.2 mmol, 2.0 equiv) at the appropriate
positions, followed by the addition of solutions of isoindo-
lones 6{4,1–2} for library 8{4,1–2,1–6} or 6{1–2,2} for
library 8{1–2,2,7–12} (1.0 mL, 0.1 mmol, 1.0 equiv). After
they were refluxed at 60 °C overnight, the reaction mixtures
were concentrated via parallel evaporation. The residues were
transferred individually to 24 PrepSep silica gel columns (500
mg/6 mL). The PrepSep columns containing the crude
products were then washed with methylene chloride (5 mL).
Filtrates were evaporated in parallel to dryness in a GeneVac

EZ-2 plus evaporator. The crude products were submitted
for LC/MS analyses, followed by preparative LC to obtain
the pure products.

(()-(3R,3aS,7R,7aS)-2-Benzyl-3-(3-fluoro-4′-methoxy-
biphenyl-4-yl)-7-methyl-2,3,3a,6,7,7a-hexahydro-1H-isoin-
dol-1-one 8{1,2,2}: 1H NMR (400 MHz, CDCl3) δ 7.54 (d,
J ) 8.7 Hz, 2 H), 7.36 (d, J ) 8.0 Hz, 1 H), 7.32–7.26 (m,
4 H), 7.15 (t, J ) 8.0 Hz, 1 H), 7.09 (d, J ) 7.7 Hz, 2 H),
7.01 (d, J ) 8.7 Hz, 2 H), 5.85–5.78 (m, 1 H), 5.65–5.60
(m, 1 H), 5.27 (d, J ) 15.0 Hz, 1 H), 4.43 (d, J ) 3.1 Hz,
1 H), 3.89 (s, 3 H), 3.64 (d, J ) 15.0 Hz, 1 H), 2.78–2.74
(m, 1 H), 2.63 (dd, J ) 7.3, 5.3 Hz, 1 H), 2.41–2.34 (m, 1
H), 2.32 (dm, J ) 17.5 Hz, 1 H), 1.80 (dm, J ) 17.5 Hz, 1
H), 1.12 (d, J ) 6.8 Hz, 3 H); 13C NMR (125 MHz, CDCl3)
δ 176.1, 160.0, 142.7, 136.7, 131.8, 130.5 (3 C), 128.7 (3
C), 128.2 (2C), 128.0 (2C), 127.2, 122.5, 114.4 (3 C), 114.0,
59.6, 55.4, 44.9, 44.4, 40.0, 29.3, 26.5, 19.1; IR (neat, cm-1)
1690; HRMS (ES+) calcd for C29H29FNO2 (M + H+)
442.2182, found 442.2182.

(()-(3R,3aS,7R,7aS)-2-Benzyl-3-(4′-(dimethylamino)-4-
methoxybiphenyl-3-yl)-7-methyl-2,3,3a,6,7,7a-hexahydro-
1H-isoindol-1-one 8{2,2,4}: 1H NMR (400 MHz, CDCl3)
δ 7.49 (dd, J ) 8.4, 2.3 Hz, 1 H), 7.45 (d, J ) 8.7 Hz, 2 H),
7.30–7.24 (m, 3 H), 7.18 (d, J ) 2.3 Hz, 1 H), 7.11 (d, J )
7.9 Hz, 2 H), 6.96 (d, J ) 8.5 Hz, 1 H), 6.90–6.80 (m, 2 H),
5.80 (dquint, J ) 10.0, 2.5 Hz, 1 H), 5.71–5.65 (m, 1 H),
5.27 (d, J ) 15.2 Hz, 1 H), 4.53 (d, J ) 1.5 Hz, 1 H), 3.86
(s, 3 H), 3.70 (d, J ) 15.2 Hz, 1 H), 3.04 (s, 6 H), 2.74–2.68
(m, 1 H), 2.64 (dd, J ) 7.4, 4.0 Hz, 1 H), 2.52–2.45 (m, 1
H), 2.41–2.36 (m, 0.5 H), 2.36–2.31 (m, 0.5 H), 1.83–1.80
(m, 0.5 H), 1.80–1.75 (m, 0.5 H), 1.06 (d, J ) 6.8 Hz, 3 H);
13C NMR (125 MHz, CDCl3) δ 176.4, 155.8, 149.8, 136.7,
134.0, 129.9, 129.3 (2C), 128.3 (2C), 128.0 (2C), 127.9,
127.7, 127.4, 127.3, 127.1, 127.0, 126.2, 112.9, 111.1, 60.7,
55.6, 44.4 (2C), 40.7, 40.5, 39.1, 28.8, 25.4, 19.1; IR (neat,
cm-1) 1695; HRMS (ES+) calcd for C31H35N2O2 (M + H+)
467.2699, found 467.2680.

(()-(3R,3aS,7R,7aS)-2-Benzyl-3-(4-fluoro-3-styrylphe-
nyl)-7-methyl-2,3,3a,6,7,7a-hexahydro-1H-isoindol-1-
one 8{3,2,6}: 1H NMR (400 MHz, CDCl3) δ 7.57 (d, J )
7.5 Hz, 2 H), 7.41 (t, J ) 7.5 Hz, 2 H), 7.38–6.98 (m, 11
H), 5.86–5.80 (m, 1 H), 5.58–5.53 (m, 1 H), 5.22 (d, J )
14.8 Hz, 1 H), 4.03 (d, J ) 5.2 Hz, 1 H), 3.56 (d, J ) 14.8
Hz, 1 H), 2.74–2.68 (m, 1 H), 2.58 (t, J ) 7.5 Hz, 1 H),
2.32–2.27 (m, 0.5 H), 2.27–2.22 (m, 0.5 H), 2.15 (quint, J
) 6.4 Hz, 1 H), 1.87–1.82 (m, 0.5 H), 1.82–1.77 (m, 0.5
H), 1.20 (d, J ) 6.8 Hz, 3 H); 13C NMR (125 MHz, CDCl3)
δ 176.1, 161.0, 159.0, 136.9, 136.3, 135.3, 133.3, 129.2 (2C),
128.5 (2C), 128.3, 128.1 (2C), 127.5, 127.2, 127.0 (2C),
126.5, 126.2, 120.3, 116.5, 116.4, 65.9, 45.7, 44.0, 41.9, 30.7,
26.3, 19.2; IR (neat, cm-1) 1692; HRMS (ES+) calcd for
C30H29FNO (M + H+) 438.2233, found 438.2227.

(()-(3R,3aS,7R,7aS)-3-(4-(Benzo[b]thiophen-2-yl)-2-
fluorophenyl)-2-benzyl-7-methyl-2,3,3a,6,7,7a-hexahydro-
1H-isoindol-1-one 8{1,2,8}: 1H NMR (400 MHz, CDCl3)
δ 7.87 (d, J ) 7.5 Hz, 1 H), 7.83 (dd, J ) 6.9, 1.7 Hz, 1 H),
5.79 (s, 1 H), 5.52 (dd, J ) 8.0, 1.6 Hz, 1 H), 7.46 (dd, J )
11.2, 1.6 Hz, 1 H), 7.39 (quintd, J ) 7.1, 1.6 Hz, 2 H),
7.34–7.23 (m, 3 H), 7.18 (t, J ) 8.0 Hz, 1 H), 7.10 (d, J )
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7.7 Hz, 2 H), 5.87–5.80 (m, 1 H), 5.67–5.60 (m, 1 H), 5.29
(d, J ) 15.0 Hz, 1 H), 4.44 (d, J ) 3.1 Hz, 1 H), 3.65 (d, J
) 15.0 Hz, 1 H), 2.80–2.74 (m, 1 H), 2.62 (t, J ) 6.3 Hz,
1 H), 2.42–2.28 (m, 2 H), 1.87–1.82 (m, 0.5 H), 1.82–1.77
(m, 0.5 H), 1.15 (d, J ) 6.9 Hz, 3 H); 13C NMR (125 MHz,
CDCl3) δ 176.0, 161.9, 159.9, 142.1, 140.4, 139.6, 136.0,
128.8 (2C), 128.6, 128.0 (2C), 127.7, 127.6, 127.5, 126.6,
125.3, 124.9, 123.9, 122.5, 120.6, 114.0, 113.8, 59.7, 44.9,
44.5, 40.0, 29.3, 25.6, 19.1; IR (neat, cm-1) 1695; HRMS
(ESI+, m/z) calcd for C30H27FNOS (M + H+) 468.1797,
found 468.1783.

(()-(3R,3aS,7R,7aS)-2-Benzyl-3-(2-fluoro-4-(furan-3-
yl)phenyl)-7-methyl-2,3,3a,6,7,7a-hexahydro-1H-isoindol-
1-one 8{1,2,11}: 1H NMR (400 MHz, CDCl3) δ 7.78 (t, J
) 1.1 Hz, 1 H), 7.52 (t, J ) 1.7 Hz, 1 H), 7.33–7.25 (m, 4
H), 7.22 (dd, J ) 11.3, 1.6 Hz, 1 H), 7.12 (t, J ) 7.9 Hz, 1
H), 7.09–7.06 (m, 2 H), 6.70 (dd, J ) 1.7, 1.1 Hz, 1 H),
5.85–5.78 (m, 1 H), 5.61 (dq, J ) 10.2, 2.5 Hz, 1 H), 5.26
(d, J ) 15.0 Hz, 1 H), 4.41 (d, J ) 7.2 Hz, 1 H), 3.60 (d, J
) 15.0 Hz, 1 H), 2.77–2.71 (m, 1 H), 2.60 (dd, J ) 7.4, 5.2
Hz, 1 H), 2.40–2.33 (m, 1 H), 2.32 (dquint, J ) 17.5, 2.7
Hz, 1 H), 1.85–1.80 (m, 0.5 H), 1.80–1.75 (m, 0.5 H), 1.12
(d, J ) 6.9 Hz, 3 H); 13C NMR (125 MHz, CDCl3) δ 176.0,
162.0, 160.0, 144.1, 139.1, 136.1, 134.3, 128.8 (2C), 127.9
(2C), 127.6, 127.4, 125.4, 125.2, 121.8, 113.4, 113.2, 108.6,
59.6, 44.9, 44.7, 40.0, 29.4, 25.6, 19.1; IR (neat, cm-1) 1685;
HRMS (ESI+, m/z) calcd for C26H25FNO2 (M + H+)
402.1869, found 402.1868.

(()-(3R,3aS,7R,7aS)-2-Benzyl-3-(2-fluoro-4-((E)-oct-1-
enyl)phenyl)-7-methyl-2,3,3a,6,7,7a-hexahydro-1H-isoin-
dol-1-one 8{1,2,12}: 1H NMR (400 MHz, CDCl3) δ 7.30–7.24
(m, 3 H), 7.15–7.01 (m, 5 H), 6.37 (d, J ) 16.0 Hz, 1 H),
6.28 (dt, J ) 15.8, 6.5 Hz, 1 H), 5.83–5.77 (m, 1 H),
5.62–5.56 (m, 1 H), 5.25 (d, J ) 14.9 Hz, 1 H), 4.37 (d, J
) 3.2 Hz, 1 H), 3.58 (d, J ) 14.9 Hz, 1 H), 2.74–2.68 (m,
1 H), 2.58 (t, J ) 6.3 Hz, 1 H), 2.38–2.27 (m, 2 H), 2.24 (q,
J ) 7.1 Hz, 2 H), 1.84–1.79 (m, 0.5 H), 1.79–1.74 (m, 0.5
H), 1.50 (quint, J ) 7.1 Hz, 2 H), 1.42–1.28 (m, 6 H), 1.11
(d, J ) 6.9 Hz, 3 H), 0.93 (t, J ) 6.9 Hz, 3 H); 13C NMR
(125 MHz, CDCl3) δ 176.0, 161.9, 160.0, 140.0, 136.2,
133.3, 128.6 (2C), 128.5, 127.9 (2C), 127.3, 127.0, 125.4,
124.8, 113.0, 112.8, 59.7, 45.0, 44.4, 40.0, 33.0, 31.7, 29.4,
29.2, 28.9, 25.7, 22.6, 19.1, 14.1; IR (neat, cm-1) 1692; HRMS
(ESI+, m/z) calcd for C30H37FNO (M + H+) 446.2859, found
446.2854.

(()-Methyl 3′-((1R,3aS,4R,7aS)-2-benzyl-4-methyl-3-
oxo-2,3,3a,4,5,7a-hexahydro-1H-isoindol-1-yl)-4′-methoxy-
biphenyl-4-carboxylate 8{2,2,9}: 1H NMR (400 MHz,
CDCl3) δ 8.10 (d, J ) 8.5 Hz, 2 H), 7.58 (d, J ) 8.5 Hz, 3
H), 7.30–7.25 (m, 4 H), 7.12 (d, J ) 7.8 Hz, 2 H), 7.01 (d,
J ) 8.5 Hz, 1 H), 5.80 (dq, J ) 10.0, 2.5 Hz, 1 H), 5.71–5.65
(m, 1 H), 5.25 (d, J ) 15.1 Hz, 1 H), 4.55 (d, J ) 1.6 Hz,
1 H), 3.97 (s, 3 H), 3.87 (s, 3 H), 3.74 (d, J ) 15.1 Hz, 1
H), 2.74–2.68 (m, 1 H), 2.62 (dd, J ) 7.2, 4.1 Hz, 1 H),
2.53–2.44 (m, 1 H), 2.36 (dquint, J ) 17.7, 2.7 Hz, 1 H),
1.86–1.81 (m, 0.5 H), 1.81–1.76 (m, 0.5 H), 1.07 (d, J )
7.1 Hz, 3 H); 13C NMR (125 MHz, CDCl3) δ 176.4, 167.0,
157.4, 144.8, 136.5, 132.5, 130.2 (2C), 128.6 (2C), 128.5
(2C), 128.4 (2C), 127.8 (2C), 127.5, 126.6 (2C), 126.4, 124.4,

111.2, 60.8, 55.7, 52.1, 44.6, 44.5, 39.2, 28.8, 25.4, 19.1;
IR (neat, cm-1) 1723, 1692; HRMS (ESI+, m/z) calcd for
C31H32NO4 (M + H+) 482.2331, found 482.2320.

(()-(3R,3aR,7aR)-3-(1-(4-Acetylphenyl)naphthalen-2-
yl)-2-benzyl-7a-methyl-2,3,3a,6,7,7a-hexahydro-1H-isoin-
dol-1-one 8{4,1,3}: 1H NMR (400 MHz, CDCl3, major
diasteromer reported) δ 8.01 (d, J ) 8.3 Hz, 2 H), 7.94 (d,
J ) 8.3 Hz, 1 H), 7.59 (dd, J ) 8.3, 1.6 Hz, 1 H), 7.53 (d,
J ) 8.3 Hz, 1 H), 7.47 (d, J ) 8.3 Hz, 1 H), 7.39 (td, J )
8.3, 1.6 Hz, 1 H), 7.34–7.21 (m, 4 H), 7.18 (d, J ) 8.3 Hz,
1 H), 6.87 (d, J ) 7.4 Hz, 2 H), 6.08 (dd, J ) 8.0, 1.6 Hz,
1 H), 5.55 (dq, J ) 9.9, 3.2 Hz, 1 H), 5.43 (dq, J ) 9.9, 2.1
Hz, 1 H), 5.31 (d, J ) 15.2 Hz, 1 H), 4.24 (d, J ) 10.6 Hz,
1 H), 3.59 (d, J ) 15.2 Hz, 1 H), 2.82–2.74 (m, 1 H), 2.67
(s, 3 H), 2.31–2.15 (m, 2 H), 2.08–1.98 (m, 1 H), 1.88 (dt,
J ) 13.6, 9.7 Hz, 1 H), 0.94 (s, 3 H); 13C NMR (125 MHz,
CDCl3) δ 197.8, 180.1, 142.6, 138.9, 137.0, 136.0, 133.5,
132.9, 131.5, 131.2, 129.1, 128.9 (3 C), 128.7, 128.1 (2C),
127.9, 127.7, 127.6, 127.5, 126.8, 126.6, 126.3, 123.8, 121.9,
58.4, 52.2, 42.9, 42.8, 29.3, 26.6, 23.5, 14.6; IR (neat, cm-1)
1689; HRMS (ESI+, m/z) calcd for C34H32NO2 (M + H+)
486.2437, found 486.2434.

(()-(3R,3aR,7aR)-2-Benzyl-3-(1-(4-(dimethylamino)phe-
nyl)naphthalen-2-yl)-7a-methyl-2,3,3a,6,7,7a-hexahydro-
1H-isoindol-1-one 8{4,1,4}: 1H NMR (400 MHz, CDCl3,
major diasteromer reported) δ 7.91 (d, J ) 9.5 Hz, 2 H),
7.50 (t, J ) 7.2 Hz, 1 H), 7.42 (d, J ) 9.5 Hz, 2 H), 7.37 (t,
J ) 7.2 Hz, 1 H), 7.30–7.18 (m, 3 H), 7.03 (dd, J ) 8.5, 2.1
Hz, 1 H), 6.91 (d, J ) 7.2 Hz, 2 H), 6.77 (dd, J ) 8.5, 2.8
Hz, 1 H), 6.39 (dd, J ) 8.5, 2.8 Hz, 1 H), 6.04 (dd, J ) 8.5,
2.2 Hz, 1 H), 5.52 (br s, 2 H), 5.22 (d, J ) 15.0 Hz, 1 H),
4.49 (d, J ) 10.6 Hz, 1 H), 3.62 (d, J ) 15.0 Hz, 1 H), 3.00
(s, 6 H), 2.81–2.74 (m, 1 H), 2.30–2.18 (m, 2 H), 2.06–1.98
(m, 1 H), 1.88 (dt, J ) 13.6, 9.7 Hz, 1 H), 0.96 (s, 3 H); 13C
NMR (125 MHz, CDCl3) δ 180.3, 149.4, 140.9, 137.2, 133.7,
133.0, 132.1, 131.5, 130.3, 129.1, 128.6 (3 C), 128.0 (3 C),
127.7, 127.5, 127.4, 127.1, 126.0, 124.9, 123.9, 122.2, 112.0,
111.8, 58.7, 52.3, 44.5, 43.7, 40.5, 29.7, 29.3, 23.6, 14.7;
IR (neat, cm-1) 1692; HRMS (ESI+, m/z) calcd for
C34H35N2O (M + H+) 487.2739, found 487.2748.

(()-(3R,3aS,7R,7aS)-2-Benzyl-3-(1-(4-methoxyphenyl)-
naphthalen-2-yl)-7-methyl-2,3,3a,6,7,7a-hexahydro-1H-
isoindol-1-one 8{4,2,2}: 1H NMR (400 MHz, CDCl3) δ 7.92
(d, J ) 7.5 Hz, 2 H), 7.50 (ddd, J ) 7.9, 4.8, 3.1 Hz, 1 H),
7.45–7.17 (m, 6 H), 7.11 (dd, J ) 8.3, 2.0 Hz, 1 H), 6.98
(dd, J ) 8.4, 2.6 Hz, 1 H), 6.96–6.93 (m, 2 H), 6.70 (dd, J
) 8.4, 2.6 Hz, 1 H), 6.58 (dd, J ) 8.4, 2.0 Hz, 1 H),
5.66–5.57 (m, 1 H), 5.25 (d, J ) 15.1 Hz, 1 H), 5.02–4.93
(m, 1 H), 4.19 (d, J ) 2.5 Hz, 1 H), 3.87 (s, 3 H), 3.57 (d,
J ) 15.1 Hz, 1 H), 2.75 (dd, J ) 7.2, 4.9 Hz, 1 H), 2.68–2.62
(m, 1 H), 2.47–2.38 (m, 1 H), 2.30–2.25 (m, 0.5 H),
2.25–2.20 (m, 0.5 H), 1.82–1.67 (m, 1 H), 1.06 (d, J ) 7.0
Hz, 3 H); 13C NMR (125 MHz, CDCl3) δ 176.1, 158.8,
138.7, 136.2, 135.1, 133.5, 132.9, 131.5, 130.5, 129.7, 128.5
(2C), 128.4 (3 C), 127.8, 127.2, 127.0, 126.7, 126.3, 125.9,
125.6, 112.4, 113.9, 113.6, 62.9, 55.3, 45.1, 44.4, 40.2, 28.9,
25.6, 20.7; IR (neat, cm-1) 1692; HRMS (ESI+, m/z) calcd
for C33H32NO2 (M + H+) 474.2433, found 474.2420.
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General Procedure for the Synthesis of Bromoisoin-
dolones 10{1–4}. Initially, stock solutions of four imines
1{1–4} in acetonitrile and dienylstannane 3 in methylene
chloride were prepared. To a 4 × 3 position Bohdan
MiniBlock fitted with 4 (24 × 150 mm) reaction vials, under
an atmosphere of argon, were added CuCl (40.0 mg, 0.40
mmol, 20 mol%) and the solutions of imines 1{1-4} (10
mL, 2.0 mmol, 1.0 equiv) at the appropriate positions,
followed by the addition of neat acyl chloride 9 (2.6 mmol,
1.3 equiv). While the mixture was stirred, the solution of
dienylstannane 3 (10 mL, 3.0 mmol, 1.5 equiv) was added.
The General Procedure for Synthesis of Bromosoindolones
6{1–4,1–2} was followed to carry out the reactions to afford
the corresponding bromoisoindolones as mixtures of dias-
teromers (dr ≈ 2:1). For analytical purposes, small samples
of isoindolones 6 were partially separated via preparative
TLC to afford small amounts of pure diastereomers in each
case.

(()-2-Benzyl-3-(3-chloro-4-methoxyphenyl)-7-(3-bro-
mophenyl)-2,3,3a,6,7,7a-hexahydro-1H-isoindol-1-one (ma-
jor) and (()-(3R,3aR,7R,7aS)-2-Benzyl-3-(3-chloro-4-
methoxyphenyl)-7-(3-bromophenyl)-2,3,3a,6,7,7a-
hexahydro-1H-isoindol-1-one (minor) 10{1}: 0.300 g; yield
58%; dr ) 2:1. Major isomer: 1H NMR (400 MHz, CDCl3)
δ 7.48 (br s, 1 H), 7.42 (dt, J ) 7.3, 1.7 Hz, 1 H), 7.32–7.22
(m, 5 H), 7.17 (d, J ) 2.0 Hz, 1 H), 7.03 (dd, J ) 8.4, 2.0
Hz, 1 H), 6.98–6.90 (m, 3 H), 5.73 (dq, J ) 11.2, 2.7 Hz, 1
H), 5.77–5.65 (m, 1 H), 4.95 (d, J ) 14.6 Hz, 1 H), 3.97 (s,
3 H), 3.93 (d, J ) 10.0 Hz, 1 H), 3.54 (d, J ) 14.6 Hz, 1
H), 3.19 (td, J ) 10.6, 6.8 Hz, 1 H), 2.73–2.64 (m, 1 H),
2.59 (t, J ) 11.8 Hz, 1 H), 2.62–2.57 (m, 0.5 H), 2.57–2.52
(m, 0.5 H), 2.32–2.20 (m, 1 H); 13C NMR (125 MHz, CDCl3)
δ 173.5, 155.2, 145.7, 136.5, 130.6, 130.0 (2C), 129.8, 129.4,
128.6 (3 C), 128.5 (4 C), 127.4, 126.3, 124.0, 122.5, 112.2,
63.2, 56.3, 49.2, 48.7, 44.0, 42.0, 37.3; IR (neat, cm-1) 1700;
HRMS (ESI+, m/z) calcd for C28H26BrClNO2 (M + H+)
522.0835, found 522.0829. Minor isomer: 1H NMR (400
MHz, CDCl3) δ 7.05–6.95 (m, 12 H), 5.71–5.56 (m, 1 H),
5.58 (dq,J ) 10.1, 2.9 Hz, 1 H), 5.16 (d, J ) 14.8 Hz, 1 H),
4.47 (d, J ) 7.4 Hz, 1 H), 3.96 (s, 3 H), 3.54 (d, J ) 14.8
Hz, 1 H), 3.16 (td, J ) 10.7, 6.9 Hz, 1 H), 3.10–3.00 (m, 1
H), 2.78 (t, J ) 12.1 Hz, 1 H), 2.57–2.52 (m, 0.5 H),
2.52–2.47 (m, 0.5 H), 2.18–2.05 (m, 1 H); 13C NMR (125
MHz, CDCl3) δ 173.5, 154.8, 145.9, 136.5, 130.6, 130.5,
130.3, 130.1, 129.7 (2C), 128.8 (2C), 128.7, 128.6, 128.5,
128.4, 128.2, 127.8, 126.4, 124.4, 112.3, 59.9, 56.2, 46.0,
44.6, 44.0, 42.1, 37.2; IR (neat, cm-1) 1700; HRMS (ESI+,
m/z) calcd for C28H26BrClNO2 (M + H+) 522.0835, found
522.0858.

(()-2-Benzyl-3-(4-(trifluoromethyl)phenyl)-7-(3-bro-
mophenyl)-2,3,3a,6,7,7a-hexahydro-1H-isoindol-1-one (ma-
jor) and (()-(3R,3aR,7R,7aS)-2-Benzyl-3-(4-(trifluoro-
methyl)phenyl)-7-(3-bromophenyl)-2,3,3a,6,7,7a-hexahydro-
1H-isoindol-1-one (minor) 10{2}: 0.311 g; yield 59%; dr
) 2:1. Major isomer: 1H NMR (400 MHz, CDCl3) δ 7.68
(d, J ) 8.1 Hz, 2 H), 7.49 (br s, 1 H), 7.43 (dt, J ) 7.2, 1.8
Hz, 1 H), 7.35–7.20 (m, 7 H), 6.90–6.85 (m, 2 H), 5.74 (dq,
J ) 9.8, 3.0 Hz, 1 H), 5.71–5.65 (m, 1 H), 5.00 (d, J ) 14.6
Hz, 1 H), 4.05 (d, J ) 9.9 Hz, 1 H), 3.54 (d, J ) 14.6 Hz,

1 H), 3.19 (td, J ) 10.7, 6.9 Hz, 1 H), 2.77–2.72 (m, 0.5
H), 2.72–2.67 (m, 0.5 H), 2.63 (t, J ) 11.7 Hz, 1 H), 2.58
(d, J ) 19.0 Hz, 1 H), 2.34–2.22 (m, 1 H); 13C NMR (125
MHz, CDCl3) δ 173.6, 145.5, 141.5, 136.2, 131.0, 130.8,
130.6, 130.0, 129.8, 129.7, 128.6 (4 C), 128.3, 127.6, 126.3,
126.0 (2C), 125.0, 123.6, 122.6, 63.7, 49.4, 48.8, 44.2, 42.0,
37.2; IR (neat, cm-1) 1706; HRMS (ESI+, m/z) calcd for
C28H24BrF3NO (M + H+) 526.0993, found 526.0984. Minor
isomer: 1H NMR (400 MHz, CDCl3) δ 7.70 (d, J ) 8.1 Hz,
2 H), 7.45 (br s, 1 H), 7.41 (dt, J ) 7.2, 1.8 Hz, 1 H),
7.35–7.24 (m, 7 H), 7.19–7.14 (m, 2 H), 5.67–5.61 (m, 1
H), 5.57 (dq, J ) 9.9, 3.0 Hz, 1 H), 5.19 (d, J ) 14.8 Hz,
1 H), 4.60 (d, J ) 7.5 Hz, 1 H), 3.59 (d, J ) 14.8 Hz, 1 H),
3.18 (td, J ) 10.5, 6.9 Hz, 1 H), 3.16–3.10 (m, 1 H), 2.76
(t, J ) 12.2 Hz, 1 H), 2.60–2.51 (m, 0.5 H), 2.51–2.45 (m,
0.5 H), 2.16–2.03 (m, 1 H); 13C NMR (125 MHz, CDCl3) δ
173.4, 145.7, 139.5, 136.4, 130.5, 130.3, 130.0, 129.8, 129.7,
128.6 (2C), 128.4 (2C), 128.1, 127.8, 127.4 (2C), 126.3,
126.0 (2C), 124.0, 122.6, 60.5, 44.6, 44.5, 44.0, 42.0, 37.1;
IR (neat, cm-1) 1706; HRMS (ESI+, m/z) calcd for
C28H24BrF3NO (M + H+) 526.0993, found 526.1002.

(()-2-Benzyl-3-(2-fluoro-5-methylphenyl)-7-(3-bromophe-
nyl)-2,3,3a,6,7,7a-hexahydro-1H-isoindol-1-one (major)
and (()-(3R,3aR,7R,7aS)-2-Benzyl-3-(2-fluoro-5-meth-
ylphenyl)-7-(3-bromophenyl)-2,3,3a,6,7,7a-hexahydro-1H-
isoindol-1-one (minor) 10{3}: 0.304 g; yield 62%; dr ) 2:1.
Major isomer: 1H NMR (400 MHz, CDCl3) δ 7.50–7.02
(m, 10 H), 6.96 (dd, J ) 10.0, 8.5 Hz, 1 H), 6.85 (d, J ) 7.2
Hz, 1 H), 6.03 (dq, J ) 10.0, 2.4 Hz, 1 H), 5.79–5.73 (m, 1
H), 5.25 (d, J ) 14.9 Hz, 1 H), 4.46 (br s, 1 H), 3.67 (d, J
) 14.9 Hz, 1 H), 3.62–3.58 (m, 1 H), 2.96 (dd, J ) 7.0, 4.0
Hz, 1 H), 2.70–2.63 (m, 1 H), 2.59 (dquint, J ) 18.2, 3.1
Hz, 1 H), 2.32 (s, 3 H), 2.34–2.29 (m, 0.5 H), 2.29–2.24
(m, 0.5 H); 13C NMR (125 MHz, CDCl3) δ 174.9, 159.8,
157.8, 147.1, 136.0, 134.1, 130.6, 130.0, 129.9, 129.5 (2C),
128.6 (2C), 128.4, 128.0, 127.6, 126.7, 126.2, 122.5, 115.8,
115.6, 59.5, 44.8, 44.7, 39.6, 36.1, 27.1, 20.9; IR (neat, cm-1)
1702; HRMS (ESI+, m/z) calcd for C28H26BrFNO (M + H+)
490.1182, found 490.1175. Minor isomer: 1H NMR (400
MHz, CDCl3) δ 7.48 (d, J ) 10.4 Hz, 1 H), 7.45–7.10 (m,
7 H), 7.03 (dd,J ) 10.0, 8.5 Hz, 1 H), 7.00 (dd, J ) 9.9, 8.5
Hz, 1 H), 6.96–6.91 (m, 1 H), 6.89 (d, J ) 7.0 Hz, 1 H),
5.87–5.57 (m, 2 H), 5.14 (d, J ) 14.7 Hz, 1 H), 4.92 (d, J
) 7.5 Hz, 1 H), 3.63 (d, J ) 14.8 Hz, 1 H), 3.25–3.14 (m,
1 H), 2.77 (t, J ) 12.1 Hz, 1 H), 2.63 (t, J ) 11.9 Hz, 1 H),
2.56–2.52 (m, 0.5 H), 2.51–2.46 (m, 0.5 H), 2.39 (s, 3 H),
2.35–2.20 (m, 1 H); 13C NMR (125 MHz, CDCl3) δ 173.8,
160.1, 158.2, 146.0, 136.5, 134.1, 130.7, 130.6, 130.4, 130.2,
130.0 (2C), 129.9 (2C), 129.2, 127.6, 126.2, 124.5, 122.5,
121.9, 115.7, 55.1, 48.8, 44.9, 44.0, 42.1, 37.2, 21.0; IR (neat,
cm-1) 1696; HRMS (ESI+, m/z) calcd for C28H26BrFNO (M
+ H+) 490.1182, found 490.1187.

(()-2-Benzyl-3-(naphthalen-2-yl)-7-(3-bromophenyl)-
2,3,3a,6,7,7a-hexahydro-1H-isoindol-1-one (major) and
(()-(3R,3aR,7R,7aS)-2-Benzyl-3-(naphthalen-2-yl)-7-(3-
bromophenyl)-2,3,3a,6,7,7a-hexahydro-1H-isoindol-1-
one (minor) 10{4}: 0.356 g; yield 70%; dr ) 2:1. Major
isomer: 1H NMR (400 MHz, CDCl3, 1:1 rotamers) δ
7.97–7.90 (m, 2.5 H), 7.89–7.83 (m, 0.5 H), 7.66 (br s, 1
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H), 7.64–7.48 (m, 3 H), 7.44 (t, J ) 7.6 Hz, 1 H), 7.38–7.18
(m, 7 H), 6.95–6.90 (m, 1 H), 5.79–5.69 (m, 1.5 H), 5.52
(dq, J ) 10.0, 3.2 Hz, 0.5 H), 5.29 (d, J ) 14.9 Hz, 0.5 H),
5.06 (d, J ) 14.6 Hz, 0.5 H), 4.75 (d, J ) 7.4 Hz, 0.5 H),
4.21 (d, J ) 10.2 Hz, 0.5 H), 3.68 (d, J ) 14.8 Hz, 0.5 H),
3.58 (d, J ) 14.6 Hz, 0.5 H), 3.24 (td, J ) 11.2, 6.8 Hz, 0.5
H), 3.22 (td, J ) 11.2, 6.8 Hz, 0.5 H), 3.20–3.15 (m, 0.5
H), 2.93 (t, J ) 12.0 Hz, 0.5 H), 2.92–2.84 (m, 0.5 H), 2.68
(t, J ) 11.9 Hz, 0.5 H), 2.64–2.45 (m, 1 H), 2.34–2.25 (m,
0.5 H), 2.22–2.03 (m, 0.5 H); 13C NMR (125 MHz, CDCl3)
δ (173.7 and 173.6), (146.0 and 145.8), (136.8 and 136.7),
134.5, 133.5, 133.4, 133.3, 133.1, 132.6, 130.7, 130.6, 130.0
(2C), 129.7, 129.6, 129.3, 129.2, 129.0, 128.8, 128.7 (2C),
128.4 (2C), 128.0, 127.9, 127.8 (2C), 127.6, 127.4, 126.6,
126.5, 126.3 (2C), 125.6, 125.2, 124.6, 124.3, 122.5, (64.3,
60.9), (49.2, 48.9), (44.9, 44.1), (44.6, 44.2), (42.2, 42.1),
(37.3, 37.1); IR (neat, cm-1) 1699; HRMS (ESI+, m/z) calcd
for C31H27BrNO (M + H+) 508.1276, found 508.1274.
Minor isomer: 1H NMR (400 MHz, CDCl3) δ 7.92–7.82
(m, 3 H), 7.60 (br s, 1 H), 7.58–7.50 (m, 2 H), 7.43 (br s, 1
H), 7.36–7.25 (m, 5 H), 7.24 (d, J ) 5.7 Hz, 1 H), 7.15 (t,
J ) 6.0 Hz, 1 H), 7.12–7.08 (m, 2 H), 6.07–6.01 (m, 1 H),
5.78–5.72 (m, 1 H), 5.31 (d, J ) 14.3 Hz, 1 H), 4.30 (d, J
) 3.3 Hz, 1 H), 3.63 (d, J ) 14.8 Hz, 1 H), 3.46 (q, J ) 5.2
Hz, 1 H), 3.08 (t, J ) 6.5 Hz, 1 H), 2.76 (m, 1 H), 2.57
(dhex, J ) 18.2, 2.8 Hz, 1 H), 2.36–2.31 (m, 0.5 H),
2.31–2.26 (m, 0.5 H); 13C NMR (125 MHz, CDCl3) δ 174.8,
146.8, 136.5, 136.3, 133.1, 130.7, 133.3, 130.0, 129.6, 129.3,
128.6, 128.5 (2C), 128.2 (2C), 127.9, 127.8, 127.6, 127.0,
126.7, 126.3, 126.2, 125.1, 124.1, 122.5, 66.0, 45.0, 44.5,
41.1, 36.7, 28.3; IR (neat, cm-1) 1692; HRMS (ESI+, m/z)
calcd for C31H27BrNO (M + H+) 508.1276, found 508.1269.

General Procedure for Synthesis of Library 11{1–4,
1,2,4,6}. Initially, stock solutions of four bromoisoindolones
(mixtures of diastereomers in each case) 10{1–4} in THF
were prepared. To a 8 × 6 position Bohdan MiniBlock fitted
with 24 (11.5 × 110 mm) reaction vials, under an atmosphere
of argon, were added palladium acetate (1.2 mg, 0.005 mmol,
5 mol%), 2-(dicyclohexylphosphino)-2′-(N,N-dimethylami-
no)biphenyl (3.6 mg, 0.010 mmol, 10 mmol%), cesium
fluoride (0.061 g, 0.4 mmol, 4.0 equiv), and boronic acids
7{1,2,4,6} (0.2 mmol, 2.0 equiv) at the appropriate positions,
followed by the addition of solutions of isoindolones 10{1–4}
(1.0 mL, 0.1 mmol, 1.0 equiv). After they were refluxed at
60 °C overnight, the reaction mixtures were concentrated
via parallel evaporation. The residues were transferred
individually to 48 PrepSep silica gel columns (500 mg/6 mL).
The PrepSep columns containing the crude products were
then washed with methylene chloride (5 mL). Filtrates were
evaporated in parallel to dryness in a GeneVac EZ-2 plus
evaporator. The products were submitted for LC/MS analy-
ses, followed by preparative LC to obtain the pure products.

(()-2-Benzyl-3-(3-chloro-4-methoxyphenyl)-7-(4′-(dim-
ethylamino)biphenyl-3-yl)-2,3,3a,6,7,7a-hexahydro-1H-
isoindol-1-one (Major) and (()-(3R,3aR,7R,7aS)-2-Benzyl-
3-(3-chloro-4-methoxyphenyl)-7-(4′-(dimethylamino)biphenyl-
3-yl)-2,3,3a,6,7,7a-hexahydro-1H-isoindol-1-one (Minor)
11{1,4}. Major isomer: 1H NMR (500 MHz, CDCl3) δ 7.57
(d, J ) 8.9 Hz, 2 H), 7.54–6.90 (m, 12 H), 6.85 (d, J ) 8.9

Hz, 2 H), 5.76 (dq, J ) 10.0, 3.0 Hz, 1 H), 5.72–5.67 (m, 1
H); 4.99 (d, J ) 14.7 Hz, 1 H), 3.97 (s, 3 H), 3.93 (d, J )
9.9 Hz, 1 H), 3.54 (d, J ) 14.7 Hz, 1 H), 3.29 (td, J ) 10.6,
7.0 Hz, 1 H), 3.04 (s, 6 H), 2.77–2.70 (m, 1 H), 2.68 (t, J )
11.6 Hz, 1 H), 2.68–2.63 (m, 0.5 H), 2.63–2.58 (m, 0.5 H),
2.40–2.30 (m, 1 H); 13C NMR (125 MHz, CDCl3) δ 173.9,
155.1, 149.9, 143.7, 141.1, 136.7, 130.5, 129.8, 129.7, 128.9,
128.8 (2C), 128.7 (2C), 128.5, 128.3, 128.0 (2C), 127.8,
127.5, 125.9, 125.2, 124.9, 124.0, 112.9 (2C), 112.2, 63.2,
56.2, 49.4, 48.9, 44.1, 42.5, 40.7 (2C), 37.6; IR (neat, cm-1)
1696; HRMS (ES+) calcd for C36H36ClN2O2 (M + H+)
563.2465, found 563.2479. Minor isomer: 1H NMR (500
MHz, CDCl3) δ 7.55 (d, J ) 8.9 Hz, 2 H), 7.50–7.15 (m, 10
H), 7.05 (d, J ) 8.9 Hz, 1 H), 6.98 (d, J ) 8.9 Hz, 1 H),
6.83 (d, J ) 8.9 Hz, 2 H), 5.68–5.64 (m, 1 H), 5.63–5.59
(m, 1 H), 5.18 (d, J ) 14.7 Hz, 1 H), 4.48 (d, J ) 7.4 Hz,
1 H), 3.95 (s, 3 H), 3.59 (d, J ) 14.7 Hz, 1 H), 3.27 (td, J
) 10.6, 7.0 Hz, 1 H), 3.13–3.05 (m, 1 H), 3.02 (s, 6 H),
2.86 (t, J ) 12.1 Hz, 1 H), 2.62–2.57 (m, 0.5 H), 2.57–2.52
(m, 0.5 H), 2.25–2.16 (m, 1 H); 13C NMR (125 MHz, CDCl3)
δ 173.7, 154.7, 149.9, 143.8, 141.3, 136.8, 129.9, 129.7,
129.0, 128.9, 128.8 (2C), 128.4 (2C), 128.0 (2C), 127.7,
127.4, 126.5, 125.9, 125.1, 124.9, 124.4, 123.0, 112.8 (2C),
112.3, 59.9, 56.2, 44.8, 44.4, 44.1, 42.5, 40.7 (2C), 37.5.

(()-2-Benzyl-7-(4′-methylbiphenyl-3-yl)-3-(4-(trifluo-
romethyl)phenyl)-2,3,3a,6,7,7a-hexahydro-1H-isoindol-1-
one (Major) and (()-(3R,3aR,7R,7aS)-2-Benzyl-7-(4′-
methylbiphenyl-3-yl)-3-(4-(trifluoromethyl)phenyl)-
2,3,3a,6,7,7a-hexahydro-1H-isoindol-1-one (Major) 11{2,
1}: Major isomer: (1: 1 rotamers) 1H NMR (500 MHz,
CDCl3): δ 7.65–6.75 (m, 17 H), 6.08–6.03 (m, 0.5 H),
6.02–5.95 (m, 0.5 H), 5.63–5.55 (m, 1 H), 5.18 (d, J ) 15.0
Hz, 0.5 H), 5.05 (d, J ) 15.1 Hz, 0.5 H), 4.08 (d, J ) 2.8
Hz, 0.5 H), 4.03 (s, 0.5 H), 3.44 (d, J ) 15.1 Hz, 0.5 H),
3.42 (d, J ) 15.0 Hz, 0.5 H), 3.26–3.14 (m, 1 H), 2.98 (t, J
) 6.1 Hz, 0.5 H), 2.87–2.83 (m, 0.5 H), 2.77 (ddd, J ) 17.1,
10.8, 2.6 Hz, 0.5 H), 2.65–2.47 (m, 1.5 H), 2.39–2.25 (m, 1
H), 2.30 (s, 3 H); 13C NMR (125 MHz, CDCl3) δ (174.1,
173.9), 144.7, 143.6, 141.3, 141.0, 138.7, 138.4, 137.1, 136.9,
135.9, 135.7, 130.9, 130.0, 129.6 (2C), 129.5 (2C), 129.4
(2C), 129.0, 128.9, 128.7 (2C), 128.6, 128.5 (2C), 128.4,
128.3, 128.1 (2C), 128.0, 127.7, 127.6, 127.5, 127.4, 127.3,
127.2 (2C), 127.0 (2C), 126.8, 126.7 (2C), 126.6 (2C), 126.5,
126.4, 126.2, 126.1, 125.5, 125.4, 125.3, 123.6, (65.5, 64.6),
(45.1, 44.6), (44.4, 44.0), (42.4, 41.0), (38.9, 36.6), (28.1,
27.0), 21.1; IR (neat, cm-1) 1695; HRMS (ES+) calcd for
C35H31F3NO (M + H+) 538.2358, found 538.2318. Minor
isomer: 1H NMR (500 MHz, CDCl3): δ 7.70 (d, J ) 8.6
Hz, 2 H), 7.55 (d, J ) 8.6 Hz, 2 H), 7.52–7.48 (m, 2 H),
7.46 (t, J ) 7.6 Hz, 1 H), 7.35–7.25 (m, 8 H), 7.18 (d, J )
7.6 Hz, 2 H), 5.68–5.63 (m, 1 H), 5.62 (dq, J ) 10.0, 3.5
Hz, 1 H), 5.20 (d, J ) 14.9 Hz, 1 H), 4.61 (d, J ) 7.6 Hz,
1 H), 3.59 (d, J ) 14.9 Hz, 1 H), 3.29 (td, J ) 10.6, 7.0 Hz,
1 H), 3.21–3.14 (m, 1 H), 2.85 (t, J ) 12.1 Hz, 1 H),
2.62–2.57 (m, 0.5 H), 2,57–2.52 (m, 0.5 H), 2.43 (s, 3 H),
2.25–2.16 (m, 1 H); 13C NMR (125 MHz, CDCl3) δ 173.6,
143.6, 141.3, 139.7, 138.7, 136.8, 136.5, 131.0, 129.4 (2C),
128.8, 128.7 (2C), 128.4 (2C), 127.7, 127.5 (2C), 127.3 (2C),
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126.3, 126.2, 125.9 (4 C), 125.4, 123.9, 60.5, 44.7, 44.6,
44.2, 42.4, 37.4, 21.1.

(()-2-Benzyl-3-(2-fluoro-5-methylphenyl)-7-(4′-methyl-
biphenyl-3-yl)-2,3,3a,6,7,7a-hexahydro-1H-isoindol-1-
one (Major) and (()-(3R,3aR,7R,7aS)-2-Benzyl-3-(2-
fluoro-5-methylphenyl)-7-(4′ -methylbiphenyl-3-yl)-
2,3,3a,6,7,7a-hexahydro-1H-isoindol-1-one (Minor) 11{3,
1}. Major isomer: (1: 1 rotamers) 1H NMR (500 MHz,
CDCl3) δ 7.65 (s, 0.5 H), 7.55–6.85 (m, 13.5 H), 6.79 (t, J
) 7.1 Hz, 1 H), 6.10–6.02 (m, 1 H), 5.75–5.71 (m, 1 H),
5.70–5.67 (m, 0.5 H), 5.25 (d, J ) 15.0 Hz, 0.5 H), 5.13 (d,
J ) 15.1 Hz, 0.5 H), 4.43 (s, 0.5 H), 4.37 (s, 0.5 H),
3.72–3.69 (m, 0.5 H), 3.63 (d, J ) 15.0 Hz, 0.5 H), 3.57 (d,
J ) 15.1 Hz, 0.5 H), 2.60 (dm, J ) 15.1 Hz, 0.5 H) 3.22
(dd, J ) 6.6, 3.0 Hz, 0.5 H), 3.18 (dt, J ) 11.4, 3.9 Hz, 0.5
H), 2.99 (dd, J ) 6.8, 3.5 Hz, 0.5 H), 2.97–2.93 (m, 1 H),
2.90–2.81 (m, 1 H), 2.42–2.30 (m, 1 H), 2.37 (s, 3 H), 2.26
(s, 1.5 H), 2.24 (s, 1.5 H); 13C NMR (125 MHz, CDCl3) δ
(174.0, 173.1), (158.3, 158.2), (156.4, 156.3), (143.9, 141.7),
(139.8, 139.4), (137.3, 136.9), (135.6, 135.4), (134.6, 134.5),
(132.6, 132.5), 129.0, 128.4, 128.3 (2C), 128.2, 128.1 (2C),
128.0 (2C), 127.9, 127.4 (2C), 127.2, 127.1, 127.0 (2C),
126.9, 126.5, 126.4 (2C), 126.1 (2C), 126.0, 125.9, 125.8,
125.7 (2C), 125.6, 125.2, 125.1, 124.9, 124.6, 123.8, 123.6,
(114.3, 114.1), (58.0, 57.2), (43.5, 43.3), (43.0, 42.9), (42.4,
38.0), (37.7, 34.7), (25.6, 25.3), 19.7, (19.5, 19.4); IR (neat,
cm-1) 1692; HRMS (ES+) calcd for C35H32FNO (M + H+)
502.2546, found 502.2555. Minor isomer: 1H NMR (500
MHz, CDCl3) δ 7.56 (d, J ) 8.1 Hz, 2 H), 7.53–6.85 (m, 13
H), 5.86–5.81 (m, 1 H), 5.62 (dq, J ) 10.0, 3.3 Hz, 1 H),
5.18 (d, J ) 14.9 Hz, 1 H), 4.92 (d, J ) 7.6 Hz, 1 H), 3.62
(d, J ) 14.9 Hz, 1 H), 3.29 (td, J ) 10.9, 6.6 Hz, 1 H),
3.22–3.14 (m, 1 H), 2.85 (t, J ) 12.1 Hz, 1 H), 2.62–2.57
(m, 0.5 H), 2.57–2.52 (m, 0.5 H), 2.43 (s, 3 H), 2.38 (s, 3
H), 2.26–2.18 (m, 1 H); 13C NMR (125 MHz, CDCl3) δ
174.1, 160.1, 158.2, 144.0, 141.2, 138.7, 136.8, 136.6, 134.0,
130.3, 130.1, 129.5, 128.9 (2C), 128.8, 128.6 (2C), 128.5
(2C), 128.3, 127.9, 127.6, 127.2, 127.0, 126.0, 115.7, 115.5,
55.0, 45.0, 44.7, 44.0, 42.4, 37.5, 21.1, 20.9.

(()-2-Benzyl-7-(4′-methoxybiphenyl-3-yl)-3-(naphtha-
len-2-yl)-2,3,3a,6,7,7a-hexahydro-1H-isoindol-1-one (Ma-
jor) and (()-(3R,3aR,7R,7aS)-2-Benzyl-7-(4′-methoxybi-
phenyl-3-yl)-3-(naphthalen-2-yl)-2,3,3a,6,7,7a-hexahydro-
1H-isoindol-1-one (major) 11{4,2}: Major isomer: (3:2
rotamers) 1H NMR (400 MHz, CDCl3,) δ 8.20–6.88 (m, 20
H), 5.81–5.76 (m, 0.4 H), 5.75 (br s, 1.2 H), 5.56 (dq, J )
10.0, 3.1 Hz, 0.4 H), 5.29 (d, J ) 14.8 Hz, 0.4 H), 5.07 (d,
J ) 14.9 Hz, 0.6 H), 4.76 (d, J ) 7.5 Hz, 0.4 H), 4.22 (d,
J ) 10.0 Hz, 0.6 H), 3.99 (s, 1.8 H), 3.98 (s, 1.2 H), 3.68
(d, J ) 14.8 Hz, 0.4 H), 3.58 (d, J ) 14.6 Hz, 0.6 H),
3.42–3.31 (m, 1 H), 3.28–3.18 (m, 0.4 H), 3.01 (t, J ) 12.1
Hz, 0.4 H), 2.92 (t, J ) 11.1 Hz, 0.6 H), 2.78 (t, J ) 11.9
Hz, 0.6 H), 2.70–2.50 (m, 1 H), 2.38 (ddd, J ) 18.7, 10.3,
3.7 Hz, 0.6 H), 2.24–2.14 (m, 0.4 H); 13C NMR (125 MHz,
CDCl3) δ 174.0 (2C), 167.2, 146.1, 146.0, 144.4, 144.2,
140.1, 140.0, 136.8, 136.7, 134.7 (2C), 133.5, 133.4, 133.3,
133.1, 132.7, 131.7, 130.0 (2C), 129.5, 129.4, 129.0 (2C),
128.7 (4 C), 128.4 (2C), 128.0, 127.9, 127.8, 127.6 (2C),
127.4, 127.3, 127.2, 126.8, 126.7, 126.6, 126.5, 126.3, 125.7,

125.6, 125.3, 124.7, 124.3, 115.2, (64.4, 60.9), 52.1, (49.3,
49.0), (45.0, 44.6), (44.3, 44.1), (42.6, 42.5), (37.6, 37.4);
IR (neat, cm-1) 1694; HRMS (ES+) calcd for C38H34NO2

(M + H+) 536.2589, found 536.2560. Minor isomer: 1H
NMR (400 MHz, CDCl3) δ 8.10 (d, J ) 8.4 Hz, 2 H),
7.90–7.07 (m, 18 H), 6.11–6.05 (m, 1 H), 5.80–5.74 (m, 1
H), 5.32 (d, J ) 14.9 Hz, 1 H), 4.32 (d, J ) 3.3 Hz, 1 H),
3.96 (s, 3 H), 3.64 (d, J ) 14.9 Hz, 1 H), 3.62–3.54 (m, 1
H), 3.16 (t, J ) 6.4 Hz, 1 H), 2.84–2.76 (m, 1 H), 2.67–2.62
(m, 0.5 H), 2.62–2.57 (m, 0.5 H), 2.45–2.41 (m, 0.5 H),
2.40–2.36 (m, 0.5 H); 13C NMR (125 MHz, CDCl3) δ 175.0,
167.0, 145.8, 145.2, 140.1, 136.6, 136.3, 133.3, 133.1, 130.0
(2C), 129.2, 129.0, 128.6 (2C), 128.4 (2C), 128.1 (2C), 127.8,
127.7, 127.5, 127.3, 127.1, 127.0, 126.7, 126.6, 126.3, 125.4,
125.1, 124.2, 66.1, 52.1, 45.2, 44.5, 41.2, 37.0, 28.6.
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