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Copper-catalyzed coupling of imines, dienylstannanes, and

acryloyl chlorides followed by a DielsAlder reaction
afforded hexahydroH-isoindolones. Diversification of the

core via Pd-catalyzed cross-coupling defines a new modular

approach to isoindolone combinatorial libraries.

Multicomponent and cascade reactions represent a cornerston

of combinatorial chemistry.Given the role of heterocyles in
drug discovery, the present lack of methods for combinatorial
synthesis of biologically relevahisoindolone cores is quite
surprising? Herein, we report a new tandem copper-catalyzed
three-component coupling/Dietg\lder sequence for a modular
assembly of substituted isoindolones (Figure 1). For the first
time, dienylstannanel$l and substituted acryloyl chloridék
were used in a three-component coupling with imires
developed by Arndtsehand an appropriate choice of catalyst
permitted the use of iminek bearing an aryl bromide func-

tionality. In most cases, the entire reaction sequence providing

heterocyclesV occurred in a one-pot operation. Only the
synthesis of isoindoloneg bearing a substituent®RR = Me)
required the isolation of amidé¥ .6 Elaboration of the Csp-
Br bond in template¥/ via Pd-catalyzed €C bond-forming
reactions afforded diversified product .’ In contrast to
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FIGURE 1. Synthetic strategy.

traditional isoindolone synthes@sljverse substitution patterns
could be created via the choice of the building blocks. This
study provides a proof of concept for a general application of
a-N-substituted amid@sas templates in diversity oriented
synthesis, exploiting just one of many possible methods for an
intramolecular cyclization of two of the four available side
chains.

Initially, the Pd-catalyzed model reactions of benzoyl chloride,
(ethenyl)tributylstannane, amebromo- orm- bromo-substituted
imines of arylcarboxaldehydéds,b afforded low yields of the
desireda-substituted amide®a,b (method A, Scheme 2f.In
contrast, the Cu-catalyzed protocol (method®Bgd to good
(>70%) yields of the corresponding amid2ab (Scheme 1).

To establish the substitution pattern required for Diditder

éeaction in amidedV, the unprecedented application of a

dienylstannane in the three-component coupling préoeas
investigated (Table 1). Gratifyingly, under the conditions of the
Cu-catalyzed protocol (method B, Scheme 1) the intramolecular
Diels—Alder reaction proved to be quite facile, providing
isoindolones3 and5 in a single step, albeit in low yields (30
40%)1! Reasoning that the SrCu transmetalatidd might
represent a slow step, an excess of the dienylstannane was
employed (2 equiv, method C, Table 1) providing the best yields
(71—-75%) of isoindolone8—5 as inseparable mixtures of major
exo(vide infra) and minor diastereomers accompanied by traces
of a third diastereomer (entries-B, Table 1)!3
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SCHEME 12 TABLE 1. Reactions with Unsubstituted Acyl Chloride and Diene
Building Blocks
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1a: R'=H,R?=Br BusSn
1b: R'=Br, R2=H 1a-e
Bn Method?
R! N
R? _~ (0]
"
2a: R'=H, R2=Br; 16% (Method A); 77% (Method B) <_a
2b: R' = Br, R? = H; 20% (Method A); 73% (Method B) Method
aMethod A: Pddba (2.5%), MeCN/CHClIy, rt, 24 h, molar ratios of major (exo) 3-7
reagents: imine/acyl chloride/stannanel:1:1. Method B: CuCl (10%),
MeCN/ CH,Cl,, 45°C, 16 h, molar ratios of reagents: imine/acyl chloride/
stannane= 1:1.3:1. subst R R? R3 method@ prdt vyield (%)  dP
1 la H Br Bn C 3 74 5.0:F
The N-protecting group provides an additional point of 2 1b  Br H Bn C 4 75 2.6:F
diversity. N-Allyl imine 1d reacted with acryloyl chloride and 2 ig mg : El?yld ((;: 2 Z;é ggi
the dienylstannane (Method C) to afford the corresponding ¢ i. & B puP D 71 5 (ex0)

isoindolone6 (entry 4, Table 1) as an inseparable mixture of 7.2 5f
diastereomers with compositions analogous to isoindol8nés % Method C (one potione step): CuCl (10%), MeCNACH, 45°C, 16
In contrast, using method @J-PMP iminele provided only |, imine/acyl chioride/stannare 1:1.3:2.0. Method D (one pot/two steps):

the corresponding amide, and heating in toluene was required(j) CucCl (10%), MeCN/ CHCl,, 45°C, 16 h, imine/acy! chloride/stannane
to induce the intramolecular DietdAlder reaction. Ultimately, = 1:1.3:2.0; (i) remove solvents under reduced pressure; (iii) toluene, 110
a one-pot preparation of isoindolor was realized via & %SRS Tk Sseeares s o s el
modified protocol (method D), involving the remoyal of MeCN/ . diastereomers! Allyl = CH,CH=CH,. ¢ PMP = p-MF:eOCGH4. fYield of
CHCl; solvent under reduced pressure and heating to reflux in an isolated single diastereomer.
toluene to afford two diastereomers of isoindolofiek(52%)
and7.2(5%) as pure compounds (entry 5, Table 1). The relative
stereochemistry of the major diastereomer of isoindol@i€s
was assigned asxoon the basis of the comparison of tfe
coupling constants for protons on the adjacent carbons C3, C3a
and C7a, e.gJP2"2andJ?22with the data for structurally closely
related compound3, the structure of which could be established
by X-ray crystallography

Aiming to expand the structural diversity of the diene and
acyl chloride building blocks, the reactivity of substituted
acryloyl chlorides as well as 1-tributylstannyl-1,3-pentadiene,
prepared as a mixture d&/Z isomers (1:2.5} was studied
(Table 2). Reactions of iminglsa and1cwith acryloyl chloride
and the terminally substituted dienylstannane employing method
C afforded exclusively the corresponding amid@ssand 8c.
Application of method D (Table 1) gave mixtures of hetero-
cycles9 and 10 with amides8. The best results were realized
in a two-pot protocol (method E), incorporating the isolation
and purification of amide8a,cprior to a reflux in toluene. Imine
layielded isoindolone$.1(69%) and9.2 (11%), each as one
diastereomer, anél.1 accompanied by traces of an additional

diastereoméf (entry 1, Table 2). Imind.c gave a mixture of
four diastereomers of isoindolori® consisting of a major, a
minor, and two trace diastereom&gentry 2, Table 2).
Experiments outlined in entries-® (Table 2) demonstrate for
the first time a successful coupling with substituted acryloyl
chlorides, as well as a minimal effect of the additional
substitution on the rates of intramolecular Die/slder reac-
tions® The coupling of iminelawith the a-substituted acryloyl
chloride and 1-butadienyl(tributyl)stannane proceeded in one
step (method C) to afford isoindolordd. (66%, entry 3, Table

2). The one-pot/two-step protocol (method D) afforded good
yields of isoindoloned.2—14 from the reactions of iminesc,

1b, andlawith g-substituted acryloyl chloride and 1-butadienyl-
(tributyl)stannane (entries—6, Table 2). Isoindolond 1 was
isolated as a mixture of two (major and minor) inseparable
diastereomers accompanied by traces of a third unidentified
diastereomet? In contrast, a single diastereomer of isoindolones
12—14 was produced. Crystallization of the mixture of diaster-
eomersll afforded a single crystal of the major diastereomer
11.1, and a single crystal of isoindolont3 has also been

(14) The values of the coupling constadt&“2and J*32for the major obtained. X-ray crystallographic analyses indicated éhe

products3—7.1were analogous to those found for prodiii(see reference StereO'ChemiSt.ry in .bOth the heterocycles.1 and 13, with
18). In the majo (exg products3—7.1, the ¥ 72coupling constants equal  opposite configurations at the C3a carbdn@able 2). The

approximately 7.0 Hz, ana*coupling constants are in the range 6f45 ~ re|ative stereochemistry in the major diastereomers of hetero-

Hz. However, the structures of the minor produ8ts7.2 could not be . .
assigned. The following values for the coupling constants were found in cycles3—7, 9-10, 12, and 14 was assigned on the basis of

the minor products: 372 equal approximately 12.5 Hz, ani#32 are comparable values of the kel coupling constants with the

approximately 7.5 Hz. Results of additional NOE experiments are presentedyalues for isoindolonel3 (Tables 1 and 2)¢ The available

in the Supporting Information. - . . .
(15) Wgrr)\der, Ig:’.; Sieburth, S. M.; Petraitis, J. J.; Singh, Sidtrahedron spectral data did not permit an unequivocal assignment of the

1981, 37, 3967. relative stereochemistry at the remote C-6 stereocenter in

(16) The presence of additional diastereomers arises likely from the two isoindolones9—10, and the stereochemistry of the minor and
different configurations at the C-6 positionYjRreflecting the presence of trace diastereometd.18
E/Z isomers of the diene. . . .

(17) The spectroscopic data available for the minor proditicdid not The configurations of the major products suggest the opera-

permit a conclusive assignment of the relative stereochemistry. tion of transition state¥Il andVIIl (Figure 2). The relative
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TABLE 2. Reactions with Substituted Acyl Chloride and Diene
Building Blocks

RS i R
R‘ /N.Bn+ | cl + /(n‘ -
R4
" BugSn | R=H, Me major (exo)
- 3!
1ae ez 28 3-7,0-10, 12-14
R®=H, Me @ H,
4 A | E> Br 'N:E;Me
R Bn
RZ  NBnCOCH=CH, %
favored TS VIII major (exo)
8a: R'=H, R?=Br; 81% from 1a 11.1
8C:R'=Me, R2=H;80%from1c ~ Method”
FIGURE 2. Proposed transition states for Diel&lder reactions.
l TABLE 3
11.1 (note the different relative conditions
stereochemistry) A, BorC
—T
H
! - R O 6 RS 13-14
R?_ N~("ga R subst condn® R' R2 RS R* prdt vield
Bn o (%)
major (exo) 9'10,12'14 minor i 13 A Br H MeO—@&- H 15 83
OMe
method R! RZ R® R* RS oprdt vyield(%) dp 2 13 B Br H 0=§; H 16 70
1 E H B H H Me 91 6%  (exo) s
2 B Me H H H e 1 g 2.0:F 818 C B H m=% H 17 6
e e .0:
3 C H Br Me H H 11 66 7.0:1 o s
4 D Me H H Me H 12 700 (exo) 4 14 A H Br H Ve ‘@ 18 88
5 D Br H H Me H 13 69 (exo)
6 D H Br H Me H 14 667 (exo) a8 Conditions A: p-MeOGH4B(OH),;, PACL(PPh), (10%), KCOs,

o b HY . 0,
aMethods C and D (see Table 1). Method E (two pot/two steps): step BZE&ZOBS%(? ’ 1DZMr|]5 gg TdcltgzshB; g:)entgi)t/iloi(;ryéa.teé:edﬁﬁyfgr’]e
1: CuCl (10%), MeCN/CHCI,, 45°C, 16 h, imine/acyl chloride/stannane PdCh (2’0%) PP’b (400/;)) cul ’(40%)' diethylamine 48 h ’
= 1:1.3:2.0; step 2: toluene reflux (LEC). P dr = molar ratio of major/ ! ’ ’ ’ ’
minor diastereomers as shown; note the different structuté 4f °Yield
of an isolated mixture of the major diastereomer accompanied by traces of lones13 and 14 afforded the anticipated functionalized hetero-
an additional diastereomer. Yield is based on an@ae Isolated yield of cycles15—18in excellent yields (76-95%), demonstrating the

a pure single diastereomérTrace quantities of two additional diastereomers value of the protocol for the construction of diverse combina-
were detected in the inseparable mixture of two (major and minor) torial libraries

diastereomers. Yield is based on am#ie f Trace quantities of a third A )
diastereomer were detected in the inseparable mixture of two diastereomers. [N conclusion, a new convergent method for a rapid construc-
Structure of compound1.1shown indicates the different relative stereo- tion of hexahydro-H-isoindolones via a tandem Cu-catalyzed
chemistry observed in this case. three-component coupling/intramolecular Diefsder reaction

has been described. The structures of the isoindolone products

stereochemistry at C3 and C3a is reversed in transition statefeature up to six substituents that can be diversified by the new

VIII , apparently due to the presence of thenethyl group in protocol, showcasing the utility af-N-substituted amides as

the amide side-chain, seeking to relieve the strain that would templates in diversity oriented synthesis. Studies toward the

be caused by the eclipsed Me and Ar substituents (Figure 2).application of the protocol to the construction of combinatorial
Additional diversification of both then-bromophenyl and  libraries are ongoing.

o-bromophenyl substituted isoindolones was achieved via clas-

sical Pd-catalyzed carberarbon bond-forming reactions (Table ~Experimental Section
7 - . . NG _ _
3)." Thus, Suzuki, Heck, and Sonogashira coupling to isoindo-  General Procedure for One-Pot/One-Step Synthesis of Isoin-
dolones (Method C).A solution of the imine (0.5 mmol, 1.0 equiv)
(18) In the major ¢x9 products9.1-10 and 12—14 the J**7acoupling and acid chloride (0.65 mmol, 1.3 equiv) in acetonitrile (3 mL)
constants equal approximately 7.0 Hz, alid? coupling constants are in  \vas added to a solution of CuCl (5.0 mg, 0.05 mmol, 10 mol %)
the range of 84.5 Hz (compare to data in reference 14). In the minor ; [en : = '
products9.2—10, the J®73equals approximately 12 Hz, adé*2coupling g‘g‘cet‘?”'tf"e & rr]nIL) A sr?IIUt.'gn %f thf dlenylztgmc?aned(lh.o mmo_l,
constant are 7 Hz. Notably, tié32coupling constant for isoindolorfel. 1 - equiv) in methylene chloride ( ? mL) was a e, ’ an. the reaction
equals 10.6 Hz. Results of additional NOE experiments are presented inMixture was heated to 4% overnight. The reaction mixture was
the Supporting Information. then concentrated in vacuo and redissolved in ethyl acetate (50 mL).
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Saturated aqueous KF solution (15 mL) was added, the mixture (dtd, J = 10.0 Hz, 7.8 Hz, 1.7 Hz, 1 H{5), 5.52 (ddt,J = 10.0

was stirred for 2 h, and the resulting white solid was filtered off

Hz, 3.4 Hz, 1.8 Hz, 1 HH4), 5.23 (d,J = 14.9 Hz, 1 H, G1,Ph),

through Celite. The organic layer was separated, and the aqueous.98 (d,J = 4.5 Hz, 1 H,H3), 3.53 (d,J = 15.0 Hz, 1 H, ®&i,Ph),

layer was extracted with ethyl acetatexZ0 mL). The combined
organic layers were dried (MgSy solvents were removed in

2.70-2.63 (M, 1 H,H3a), 2,57 (t,J = 7.1 Hz, 1 H,H7a), 2.27
(dm,J = 17.6 Hz, 1 HH6a), 2.19 (heptet) = 6.0 Hz, 1 H,H7),

vacuo, and the crude product was purified by flash chromatography 1.80 (dm,J = 17.5 Hz, 1 HH6p), 1.05 (d,J = 6.8 Hz, 3H, G3);

over silica eluting with ethyl acetate/hexanes (1:9 followed by 1:4)
to afford the corresponding heterocycles.

(+)-(3R,38S,7a9)-2,3,34a,6,7,7a-Hexahydro-3-(2-bromophenyl)-
2-(phenylmethyl)-1H-isoindol-1-one (Exo) and 2,3,3a,6,7,7a-
Hexahydro-3-(2-bromophenyl)-2-(phenylmethyl)-H-isoindol-1-
one (3). According to the general method C described above,
isoindolone3 was isolated as a pale yellow oil (0.141 g, 74%) as
a mixture of major (exo) and minor diastereomers in a 5:1 ratio
(containing trace amount of a third diastereomer detected by GC
MS): R = 0.26 (EtOAc/hexane 1:4)!H NMR (400 MHz,
CDCly): ¢ 7.63 (dd,J = 7.9 Hz, 1.2 Hz, 1 H), 7.456.90 (m, 8
H), 5.93 (dm,J = 10.0 Hz, 0.83 H), 5.82 (dm] = 10.0 Hz, 0.17
H), 5.77 (dm,J = 10.0 Hz, 0.83 H), 5.48 (ddt] = 10.0 Hz, 6.5
Hz, 3.2 Hz, 0.17 H), 5.27 (d] = 14.8 Hz, 0.83 H), 5.17 (d] =
14.8 Hz, 0.17 H), 5.02 (d) = 7.7 Hz, 0.17 HH3), 4.45 (br s,
0.83 H,H3), 3.59 (d,J = 14.8 Hz, 1 H), 2.982.88 (m, 0.17 H,
H3a), 2.84 (dt,J = 7.2 Hz, 3.7 Hz, 0.83 HH7a), 2.77—2.70 (m,
0.83 H,H3a), 2.47 (td,d = 12.5 Hz, 2.4 Hz, 0.17 Hi74), 2.42-
1.96 (m, 3 H), 1.741.61 (m, 1 H);*3C NMR (125 MHz, CDC})
and DEPTS 176.5 (C),175.9(C), 175.6(C), 138.6(C), 136.4 (C),
135.9(C), 134.4 (C),133.7(CH), 133.2 (CH), 130.2 (CH).30.0
(CH), 129.6 (CH), 129.6 (CH), 129.5 (CH)29.2(CH), 128.8 (CH),
128.7 (CH), 128.7 (CH)128.5(3 CH), 128.5 (CH),127.9(CH),
127.8(CH), 127.5(CH), 126.7(CH), 126.3(CH), 124.8 (CH), 124.4
(CH), 124.0 (C)123.3(C), 64.8(CH), 62.3 (CH), 60.9 (CH), 49.6
(CH), 46.2 (CH), 44.8 (Ch), 44.7 (CH,), 44.0 (CH), 51.5 (CH),
40.9 (CH), 38.1(CH), 25.9 (CH), 22.3 (CH), 21.3(CHy), 20.2
(CHy,) (peaks of major isomers are printed in bold, and peaks of
the third isomers (trace amount) are printedtatic if identifiable);
IR (neat, cmt) 1695 (s); HRMS (ES) calcd for GiH,:BrNO (M
+ H*), 382.0807, found 382.0789.

General Procedure for Two-Step Synthesis of Isoindolones.
Method D (One Pot/Two Step).The three-component coupling

13C NMR (125 MHz, CDC}) and DEPT$ 175.9 (C), 142.1 (C),
136.1 (C), 131.2 (CH), 130.6 (CH), 129.6 (CH), 128.5 (2 CH),
128.3 (CH), 128.0 (2 CH), 127.5 (CH), 125.2 (CH), 124.9 (CH),
123.2 (C), 65.8 (CH), 45.3 (CH), 44.3 (G}141.5 (CH), 30.2 (CH),
26.0 (CH), 19.1 (CH); IR (neat, cml) 1695 (s); HRMS (ES)
calcd for GoH3BrNO (M + H™), 396.0963, found 396.0955.
General Procedure for Suzuki Coupling (Conditions A).To
a solution of isoindolone (0.1 mmol) in DMFA@ (0.6 mL, 5:1)
were added sodium carbonate (0.2 mmol), boronic acid (0.2 mmol),
and PdCJ(PPh), (0.01 mmol,10 mol %). The flask was flushed
with Ar and sealed, and the reaction mixture was stirred &t@0
for 12 h. The reaction mixture was poured into water (3 mL) and
extracted with dichloromethane 310 mL). The combined organic
layers were dried (MgS%) and concentrated in vacuo to afford
the crude product, which was purified by flash chromatography
over silica eluting with ethyl acetate/hexanes (1:4) to afford the
isoindolonesl5 or 18. ()-(3R,3aS,7R,7a5)-2,3,3a,6,7,7a-Hexahy-
dro-3-(3-p-methoxyphenylphenyl)-7-methyl-2-(phenylmethyl)-
1H-isoindol-1-one (15)According to conditions A described above,
isoindolonel5 was isolated as a colorless oil (0.035 g, 83%):
= 0.31 (EtOAc/hexane 1:43H NMR (400 MHz, CDC}) 6 7.57—
7.54 (m, 1 H), 7.53 (d) = 8.8 Hz, 2 H), 7.45 (t) = 7.6 Hz, 1 H),
7.33-7.26 (m, 4 H), 7.10 (dJ = 7.6 Hz, 1 H), 7.09-7.05 (m, 2
H), 7.01 (d,J = 8.8 Hz, 2 H), 5.82 (dtdJ = 10.0 Hz, 3.8 Hz, 1.7
Hz, 1 H, H5), 5.58 (ddt,J = 10.0 Hz, 3.4 Hz, 1.8 Hz, 1 H4),
5.25 (d,J = 14.8 Hz, 1 H, ®i,Ph), 4.10 (d,J = 4.7 Hz, 1 H,H3),
3.89 (s, 3 H, OEiy), 3.61 (d,J = 14.8 Hz, 1 H, Gi,Ph), 2.79-
2.72 (m, 1 HH3a), 2.62 (t,J = 7.2 Hz, 1 H,H7a), 2.28 (dm,J =
17.5 Hz, 1 H,H6w), 2.21 (heptJ = 6.1 Hz, 1 H,H7), 1.81 (dm,
J=17.3 Hz, 1 HH6p), 1.17 (d,J = 6.8 Hz, 3 H, (H3); 13C NMR
(125 MHz, CDC}) 6 176.1, 159.4, 141.6, 140.0, 136.4, 133.0,
129.4, 128.5 (2 CH), 128.2 (2 CH), 128.0 (2 CH), 128.0, 127.4,
126.4, 125.2, 124.9, 124.8, 114.3 (2 CH), 66.4, 55.4, 45.6, 44.2,

reaction was run as described in method C, heating the reaction41.7, 30.3, 26.1, 19.2; IR (neat, cf 1690 (s); HRMS (ES) calcd

mixture at 45°C overnight. Solvents were then 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, and solvent was removed in vacuo providing the crude
product, which was purified by flash chromatography over silica

for CogH3oNO, (M + HT), 424.2277, found 424.2267.
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