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ABSTRACT

Efficient methods for stereoselective synthesis of various (E)-, (Z)-, and disubstituted 3-alkylideneoxindoles were investigated using tandem
In-mediated carbometalation and ligandless Pd-catalyzed coupling reaction.

Oxindoles are important constituents of natural indole
alkaloids! drug candidate%,and metabolic intermediates.
Among them, 3-alkylideneoxindoles are well-known to be
versatile compounds in terms of biological activity and
synthetic applicability. For exampleg)-alkylideneoxindoles
are important synthetic intermediates of TMC-9s well

as drug candidates of tyrosine kinase inhibitaaad anti-
rheumatic compoundsSimilarly, much attention has been
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directed to Z)-alkylideneoxindoles as promising inhibitors
of tyrosin kinasé and cyclin-dependent protein kinases.
However, despite their importance, stereoselective synthesis
of these (E)- and (Z)-3-alkylideneoxindoles remains a dif-
ficult problem?®” In addition, stereoselective synthesis of
3-disubstituted 3-alkylideneoxindoles, which are expected to
have unique biological activity, has not been achieved.
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Therefore, development of a stereoselective and diversity-
oriented approach for synthesis of such 3-alkylideneoxindoles t4p1e 1. Reductive Radical Cyclization Reaction
(A—C) are in high demand (Scheme 1). We have already
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NH, H o run condition 3a(E:z) 1la

R! Rt R’ 1 In (2 equiv) + 12 (1 equiv) 40 (E) 45

R3 2 In (2 equiv) + Br2 (1 equiv) 81 (E) 0

' I ] In InX R®X 32 In (2 equiv) + Py-HBr; (1 equiv) 80 (E) 0

” e| —— 4 In(2equiv) + NBS (1 equiv) 0 80

N> O gz 0 N 5  BusSnH (1.2 equiv) + EtsB (1.2 equiv) 59 (2:1) 0

AR B c R 6  InCls (0.1 equiv) + NaBH, (2.0 equiv) 19 (L1:1) 50
a Reaction mixture of compount(1 mmol), In (2 mmol), PyHBr3, or

Br, (1 mmol) in DMF (2 mL) was stirred for 12 h at room temperature
R A R under an argon atmosphere.
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qo potentiality of other reagentdawas treated with BgSnH'*
D E F and InCk—NaBH,,*? affording the mixture of E)- and (Z)-

alkenes3a in a ratio of 1/1 to 2/1 (runs 5 and 6). These
) o ) o results suggests that thE)¢selective production in the In-
reported reductive cyclization d with In and iodine o eqiated reaction was due to strong coordination of the

prepare 3-alkylidenehexahydrofuro[hfpyrans F.> The indium atom to the amidecarbonyl group of the intermediate
intramolecular carboindation @ occurred via vinylindium 52 |t nas been reported that the coordination of indium
intermediateE to give a mixture of £)- and ¢)-isomers- reagents to a hydroxy group of the substrate can be used to
in good yield with moderate stereoselectivity (£8/1) of control stereogenic centets.

E/Z (eq 1). We expected that in the case of iodo-ynamide  aying established the optimized reaction conditions for
A, stereochemically defined alker@ would be obtained 35 \ye next applied these conditions to synthesize various
predominantly if the indium atom coordinates to the amide- (E)-3-alkylideneoxindole8b—g. Representative results are

carbonyl group irB. Here we report the first stereoselective  ghown in Table 2. Except fotf and 1g, the In-mediated
synthesis of (E)-, (2)-, and disubstituted 3-alkylideneoxin-

dolesC using tandem indium-mediated carbometalation and
palladium-catalyzed cross-coupling reaction.
We initially examined the cyclization ofa under the Table 2. Reductive Radical Cyclization Reaction for Synthesis

reaction conditions developed previously (In apthIDMF, of (E)-Alkenes
Table 1)82cAlthough the cyclization produ@&awas obtained In 2 eq) R R
exclusively, the chemical yield @&a was only 40% due to ll Py HBrs J—H
recovery of the starting materidla in 45% vyield (run 1). ©i (tew 4 N |
After optimization of the reaction conditions, we found that N oReE;’\c/'t'i:Omime N So” N
additives had a dramatic effect on the reaction rate. When 1b-g  B" " 2b-g 3bg o
Br, was added to the reaction mixture instead Hf5kexo
cyclization proceeded smoothly to giviE)¢3ain 81% yield yield (%)
as a single isomer (run 2)° Furthermore, it was revealed (yn 1 R reaction time (h) 3 (E:2)
that pyncynlum(;nt:‘romgde (rI:’y-lBrg)bc_:ouI_d be ;Jsed fgr this 1 b Et o 3 750
reacyon instea 0 Br but the combination of In and NBS 22 1c  CH,OBn 2 3c 70 (E)
provided no desired product (runs 3 and 4). We preferredto 3 14 p-cFs—Ph 18 3d  75(E)
use PyHBr; due to its easy handling. To investigate the 4 le Ph 24 3e™@ 80 (E)
5 1f p-CH3—Ph 18 3f 84 (19:1)
(7)E:Z = 5:1-1:5, for example: (a) Mori, M.; Ban, YTetrahedron 6 1lg p-MeO-Ph 18 39 80 (10:1)
Lett. 1979, 20, 1133. (b) Fielding, M. R.; GrigdR.; Urch, C. J.Chem.
Commun2000, 2239. aTwo folds of In and PyHBr; was used.
(8) (a) Yanada, R.; Nishimori, N.; Matsumura, A.; Fujii, N.; Takemoto,
Y. Tetrahedron Lett2002 43, 4585. (b) Ueda, M.; Miyabe, H.; Nishimura,
A.; Miyata, O.; Takemoto, Y.; Naito, TOrg. Lett 2003 5, 3835. (c) Yanada,
ﬁ.; _lFoE Y.;tNis\r;iSn%i, N.(;:L\]/Iatszucr)gtiraégA-éﬁt;ik?a)S\-(: Mitzuyi;é Hal):_tlijii, cyclizations oflb—e under the same conditions gave the
.; Takemoto, Y.J. Org. Chem ,69, . anada, R.; ika, . - . . . .
S.; Nishimori, N.; Yamauchi, M.; Takemoto, Yetrahedron Lett2004, desired product8b—e as single isomers in good erlds (runs
45, 2331. 1-4). In contrast, treatment dff and 1g, each bearing an
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electron-donating group on the aromatic ring in the R group, could not be identified in the reaction mixture, the (2)-
with In and PyHBr; provided the corresponding)-isomers selectivity was revealed to be very high. To improve the
3f—g along with ¢)-isomers as minor products (runs 5 and chemical yield, we examined cross-coupling reactions with
6). The ratio ofZ/E was dependent on the substituents on various palladium catalysts other than Pd(BRMlthough
the aromatic ring in the R group. Substrates bearing a morethe reaction of2h with Pd(acac) gave a mixture of 4)-
electron-donating group in the R group tended to provide a alkene 3f and 3h, we found that the addition of LiBr (3
(2)-isomer with a higheZ/E ratio. equiv)&13together with Pd(acag)accelerated the coupling
To confirm the existence of the vinylindium intermediate reaction, giving the expected)talkene3f as a single isomer
2a, the reaction mixture dfa was quenched withN-DCI, in 60% vyield (runs 2 and 3). The same subjection of
resulting in the production of the deuterated prodd€)-(  vinylindium 2h to the coupling reaction with several aryl
3a-D (75% D) (eq 2). Since this observation confirmed the iodides produced the correspondin)-alkenes3e, 3d, and
3i exclusively (runs 46). In this way, we accomplished a
novel stereoselective synthesis of severgt3-alkylidene-
D oxindoles3 from 1h by a tandem intramolecular carbo-
(eq. 2) indation and ligandless Pd-catalyzed cross-coupling redttion
N 0 via 2h, though the chemical yields oZ)-3 need to be
3a-D improved. This ligandless process should be a useful method
from the viewpoint of cost, purification of the reaction
mixture, and atom economy.

Bu u

1N-DCI

Xy

o

Bu
@EE
N7 ~0
12 Bn

involvement of 2a, we next examined the reaction of
vinylindium intermediate2h and aryl halides in the presence Having succeeded in the synthesis &)« and (2)-3-

of a palladium catalyst to giveZf-alkenes3 stereoselectively  alkylideneoxindoles, we finally undertook the stereoselective
(Table 3). Pd-catalyzed cross-coupling reactions of vinyl- synthesis of disubstituted 3-alkylideneoxindofesTandem
cross-coupling reactions dfe with several aryl iodides via
vinylindium 2e were carried out under the conditions in the
presence of Pd(aca@nd LiBr. In all cases, the correspond-
ing disubstituted 3-alkylideneoxindoldswere obtained in
good yields with no contamination of other sterecisomers.

Table 3. Tandem Carboindation and Cross-Coupling Reaction
for (Z2)-Alkenes

él(aee% Al(2eq) Since stereoisoméia (E) of 4a(Z) could be prepared starting
/L M@\% from 1f and iodobenzene by the same procedure, the
DMF Pd cat (0.05eq) o) .. . .
Ort 8h additive (3eq) stereoselectivity was unambiguously determined by a com-
100°C,5-7h parison of theirH NMR spectra. In addition, it is notable
n Ar Pdcat.  additive yield (%) that ap-meth.oxyphenyl group cpulq be mtroduce@ with
32 3h perfect retention of the configuration in the synthesigdof
1 p-CHpPh Pd(PPhy), - 3f 30 30 in sharp contrast to the synthesis 8f. Generally, the
2 p-CHPh Pd(acac), _ 3f 32 28 coupling reaction into disubstituted 3-alkylideneoxindales
3 p-CHPh  Pd(acac), LiBr 3t 60 0 Erct)::eedg?dn?; onI;; r\]/w;ch [?e:;ect stereoselz_cnwty(;);t a;lso in
4 Ph Pd(acac), LiBr 367 60 0 etter yie an that of the correspon m@);@ ucts.
Consequently, this method provides an efficient route to
5  p-CFPh  Pd(acac), LiBr 3d 78 0 disubstituted 3-alkylideneoxindoles, which can be regarded
6 4@3 Pd(acac), LiBr 3i 55 0 as oxindole analogues of the anti-breast cancer drug tamox-

ifen.1® In summary, we have developed the first efficient
methods for stereoselective and diversity-oriented synthesis

indiums and aryl halides have already been reported by (11) Brunton, S. A.; Jones, K. Chem. Soc., Perkin Trans2000, 763.

Sarandeses, Yamamoto, Araki, Oshima, and our gfdtfg#
Treatment of the vinylindium intermedia®h prepared from
1h with 4-iodotoluene and 0.05 equiv Pd(PPh),*
afforded the coupling producZ)-3f in 30% yield along with
the protonated produ&h (run 1). Since the (E)-isomedf
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with Br, in DMF to consider the differences in the reactions, referring to Lett. 2002,43, 8033.
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(10) (a) Shabangi, M.; Kuhiman, M. L.; Flowers, R. A., Org. Lett.

1999,1, 2133. (b) Miller, R. S.; Sealy, J. M.; Shabangi, M.; Kuhiman, M.

L.; Fuchs, J. R.; Flowers, R. A., 1. Am. Chem. So000,122, 7718. (c)
Kuhlman, M. L.; Flowers, R. A., [ITetrahedron Lett2000,41, 8049. (d)
Knettle, B. W.; Flowers, R. A., [IOrg. Lett.2001,3, 2321.

Org. Lett., Vol. 6, No. 16, 2004

reactions: (a) Pérez, |.; Sestelo, J. P.; Sarandeses,QrA Lett.1999,1,
1267. (b) Hirashita, T.; Yamamura, H.; Kawai, M.; Araki, Shem.
Commun2001, 387. (c) Pérez, |.; Sestelo, J. P.; Sarandeses, L. Am.
Chem. Soc2001,123, 4155. (d) Takami, K.; Yorimitsu, H.; Shinokubo,
H.; Matsubara, S.; Oshima, KOrg. Lett.2001,3, 1997. (e) Hirashita, T.;
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Table 4. Tandem Carboindation and Cross-Coupling Reaction
for Disubstituted 3-Alkylideneoxindoles

R

In @ eqg

@[l Il B (eq
N DMF, 11,8 h

R
Arl (2
A 22 ~ /%
LiBr (3eq) N 0}

1e,1f BN 100°C,6-7h  , B0
run 1 R Ar yield (%)
4
1 le Ph p-CH,Ph 4a (Z) 80
2 le Ph p-CF,Ph 4b 78
3 le Ph p-MeOPh  4¢ 73
4 le Ph - 4d 70
s
5 1f p-CH,Ph Ph 4a(E) 80

of various (B-, (-, and disubstituted 3-alkylideneoxindoles

provides a versatile tool for the total synthesis of natural
products and for random screening to find drug candidates.
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