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A Convenient Synthesis of 1,2-Dihydro-3H-indol-3-ones and 1,2-Dihydro-2 H-indol-2-ones by

Baeyer—Villiger Oxidation
A.S. Bourlot, E. Desarbre, J.Y, Mérour*

LCBA, URA-CNRS 499, Université d'Orléans, BP 6759, F-45067 Orléans Cedex 2, France
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The Baeyer-Villiger rearrangement aof substituted | H<indole-3-
carbaldehydes afforded the corresponding substituted 1,2-dihydro-
3f-indol-3-oncs. The inBucuce of 3-carbonyl and I-protecting
groups has been cxamined. Reaction has been cxtended to 1H-
indole-2-carbaldehydes and used for synthesis of 1-(phenylsulfonyl)-
Lfi-indol-2-yl trifuoromethanesullonate,

1,2-Dihydro-3H-indel-3-ones or indelinones 3 are useful
synthetic intermediates for the synthesis of biologically
active compounds such as indomethacin, tryptamines >3
and elfipticine (via aldo! reaction)** or alkaloids. This
framework is also found in natural compounds like aust-
amide’ or brevianamide D.?

Austamide Brevlanamide D

Although several methods of synthezing 1,2-dihydro-34-
indol-3-ones are known,”*3 they are restricted by the
limited number of substituents available in the i- or 2-

Q. g
‘C’R

position; for example the 1-phenylsulforyl group, which
directed the 2-lithiation in indolic compounds, is not
easily accessible. Therefore methods allowing the forma-
tion of different l-substituted 1,2-dihydro-3&-indol-3-
ones 3 will be of considerable use for further synthetic
transformations.

We now wish to report an eflicient synthesis of these
compounds by Baeyer-Villiger-type oxidations on indo-
lic substrates which are substituted in the 3-position by
either a formyl or an acetyl group as shown in Scheme 1.

Oxidation of the indole nucleus is essentially under the
infiuence of the substituents in the 1-, 2- or 3-positions;
alky? or aryl substituted indoles have been oxidized to
give various compounds which depend on the different
experimental conditions used.’®*¢ The oxidation of te-
trahydro-9-{(10)-acridone by sodium dichloroisocyanu-
rate led to rearranged compounds which have the indo-
linone {framework.'” Hino has also reported the lead
tetraacetate oxidation of compound ia.'? Curicusly, the
Baeyer-Villiger oxidation has not been exploited much
in heterocyclic chemistry and among the few exampies,
it was reported that only 5-chloroacetylindole, but not
5-acetylindole, gave 5-hydroxyindole'? which shows the
influence of the carbony! moiety.
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Table 1, Experimental Conditions and Results

SYNTRESig

Equiv of Reaction Temperature Yield (%)
1 m-CPBA time (h) conditions (*C} Eslers Z Indolinones 3 2-Hydroxy Ketones 4
a 1-3 24-192 25-40 no reaction
b 19 48 25 80* L= . -
e 1.4 24 5 not isolated 60 -
[ 1.5 24 5 not isclated 55%. -

* Petermined by 'H NMR.
b solated yield.

The réquircd indolic products 1a—j were casily obtained
by Vi]imcier—l{aack formylation from commercial pro-
ducts, /fellowed by acetylation or phenylsulfonylation
since protection of the nitrogen atom of indole is neces-
sary to stabilize the final indolincnes 3,42 Phenylsulfo-
aylation was carried out by a phase-transfer reaction?®,
1g,k and acetylation in the 1-position was performed
according to various methods using acetic anhydride in
the presence of triethylamine with dimethylaminopyridi-
ne in dichtoramethane, 1f, with sodium acetate, 1i,},], or
simply in refluxing acetic anhydride, le,

Methylation (CH,I/NaH) of methyl 3-formyl-1#-indole-
Z-carboxylate gives 1K since acetylation or phenylsulfo-
nylation only led to degradation.

When 1-substituted 3-acetyl-1 H-indoles 1a,b were treated
with m-chloroperbenzoic acid {m-CPBA) at room tem-
perature for 48 hours with 1.9 equivalents of peracid, the
acetate 2a was not isolated nor identified in the crude
reaclion mixture, but acetate 2b was obtained in 80%
yield (Table 1), Changing experimental conditions to ob-
tain 2a or 3a (temperature, oxidizing agents, quantitics
and reaction fime) met with failure (Scheme 1, Table 1).

The nature of the N-prolecting group in the 1-position
greatly influenced the course of oxidation sinee only 1b
reacted and not 1a. in the case of compeounds 1a,b the
oxidizing agents used in the reaction have a determining
influence on the sutcome; magnesium monoperphthalate
MMPPR," m-CPBA with KF? or dimethyloxirane?® did
not afford 2 or 3. ’

In the literature, some methods (Na, 80,1 or NaHCO,/
NaHS0,**) are avaitable for the acetate hydrolysis of
2a to obtain 3a. All these methods gave degradation with
acelate 2b.

The nature of e N-protecting group is less important
for the oxidation step when the indole ring is substituted
by a formyl group in the 3-position. The oxidation of 1e
and Id was performed at 5°C for 24 hours with only 1.1
equivalents of m-CPBA (Table 1). At room temperature,
degradation can be immediately observed. During the
purification step on silica gel, the formates 2c and 2d are
converted to 3e and 3d with 60% and 55% yields re-
spectively,

5-Substituted 1 H-indole-3-carbaldehyde  derivatives
le—h rapidly gave access to 5-bromoindolinones 3e,g and
S-methoxyindolinones 36,k (Table 2).

te,f were treated with 1.3 equivaients of m-CPBA in.

dichloromethane at room temperature and led to indo-

linones 3e,f affer silica gel chromatography; {slow rea
tion at 0°C}. As with formates 2¢,d, formates 2e—h wer.
not isolated but the "HNMR speetra of crude produc
after oxidation of 1g and 1h have shown shiclded H-

proton signals which can be attributed to 2 (§ = 6.34);

and 2h (5 = 6.37).

During the oxidation of 1g,h, 2-hydroxy ketones 4g,h in:
18% and 15%, yiclds, respectively, were formed (Tabt

2). Vicinal coupling constants between OH and H-2 ap-

peared if DMSO-d was used instead of CDC, as solvent
in the '"HNMR spectrum of 4g,h. 2-Hydroxy ketones

4e,f have not been obscrved during the oxidation of lef, -

Hydroxylation in the 2-position wilk be discussed Iater, 2

Compounds 1i-1 gave aceess 1o 1,2-dihydro-35-indoi-
3-ones i1 substituted in the 2-position, which were not
casily accessible (Scheme 1, Table 2).%2% The products
Hi-k were treated with 1.3 equivalents of m-CPBA. at
5°C in dichloromethane for 24 hours and either led to
the formates 24, k, or to a mixtuze of the formates 2j and
the indolinones 3j. 1 was treated in the same way (but

3 hours instead of 24 hours) to give indolinone 31 after |

silica gel chromatography.

‘Table 2. Oxidation of Le-I.

1 Yield (%)

Formates 2 Indolinones 3 2-Hydroxy Ketones 4

- 55 -
- 54 -
- 40 18
- 34 15
27 - -
30 25 -
23 = -
- 48 -

—_—t o m o

These results indicate that 1he yields arc lower than those
obtained with indole-3-carbaldehydes unsubstituted in
the 2-position,

The Baeyer-Viltiger rearrangement has been extended 1o
the 1-substituted 1 H-indole-2-carbaldehydes to obtain
oxindoles*” which are synthons in the preparation of
inier alfa anti-inflammatory drugs.?”

e m-CPBA L GH,Cly Re
2to2ah/se G

2671 %

\ "
5mn §mn ‘
56 Rl Ré
A  -bm SO,Ph - H
o COCH; o
Scheme 2 . ; )

Compound Sm is obtained by'for‘ﬁiylalipn of 2-lithjo:’

1-(phenylsulfonyl)-1#-indole?® and compeound Sn by
formylation of compound 3a?® (Scheine 2). The oxidation
at 5°C leads directly to the oxindoles 6m in 71 % yield
{reaction time: 2 hours} and 6n in 26% yield (reaction
time: 24 hours). In both cases, the rearranged formates
have not been jsclated. Attempts 1o obtain an authentic
sample of Gm, by phenylsulfonylation of 1he 2,3-dikydro-

¢ 2H-indol-2-one, met with failure as Gribble has also re-

ported recently.>®

i Compound 6m reacts easily with trifluoromethanesnifo-

{5 nic anhydride to obtain compound 7 which is an inter-

{7 mediate for the synthesis of 2-substituted indoles via the
« Heck procedure,®!

m-osozcs,

!
ST

Table 3. Compounds 3e—h and 4g,h Prepared
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The Bacy_*cr—VilIigcr rearrangement described is a simple
an_d eflicient way to obtain subslituled indolinones and
oxindoles from easily accessible starling materials,

Melting points were measured using a Koplier apparatus and are
uncorrected, IR spectra were recorded on a Perkin-Elmer 257 spec-
trometer, ' NMR spesira were recorded on 4 Bruker AM 300
speetromeler using TMS as internal reference and mass spectra on
a Nlcrmag R-10-10C spectromelter. Column chromalography was
cargied out with Merck Kicselgel 60 {230~ 400 mesh). Satisfactory
microanalyses were ebtained for ail compounds 2, 3, 6 and 7,

Compounds £a,%2 15,37 1, 14,8 5m2® apd 5u?® were prepared
according to reported procedures, 2-Methyl-1.indole-3-carbalde-
hyde was obtained from Aldrick: Commercial #t-chloroperbenzoic
acid was dried in a desicentor wnder reduced pressure with P,0,
for 1 week before vse,

l-.Ac.elyI-S-_hrmno-lIl—indolc-ﬁ—cnrbaldehydc {le)

A suspension of S-bromo-1/-indole-3-carbaldchyde?s {0.4350 g,
2.0mmol) in Ac,O (5 mL) was refluxed until the solution turned
ciear, After caoling, the precipitate was fillered and washed with
cp_ld H,0 (llS mL). The crude product was chromatographed over
stlica gel using CH,Cl, as cluent to give le; yicld 0,452 g (85%);
mp 198-200°C (EtQH),

IR (KBr): v = 1675 (COCHy), 1730 (CHOY em ™.

"HNMR (CDClY § = 2.74 (8, 3H,CH,), 7.56(dd, J = 2.2, 8.8 Hz,
1H, H-6), 8.06 (s, 11, H-2), 8.31 (d, J = £.8 Hz, 1 H, H-7), 8.46~
{d, /=22 Hz, 111, H-4), 10,11 (s, 114, CHO).

M3 (NH): oz = 266 {M*), 268 (M*42).

I-Acelyl-s-mcthnxy-]H—indolc-3-c=1rhaldelu‘de {1y

I CH,CL, (4 mL) were added A0 (0,50 g, 2.90 mmol), NE1,
(0.30 g, 3.0 mmal}, GMAP (0.03 2, 0.25 mmal) and 3-methoxy-14-
indaie-3-carbildehyde (0.175 g, 1.0 mmol).>® The mixture was stir-
red for 1 hat'r.t 1,0 (SmL)and CH,CI, (3 mL) were added; the
organic layer was scparated and the aq layer was extracted twice
with CH,Ci, (2 10mLY). The orpanic extracts were washed with
a solution of sat, NaHCO, (30 mL) then with H,0 (10 mL), and
dried (MgS0,) and the solvent removed under reduced pressure.
The crude product was chromatographed over silica gel using

Prod.

Yield mp (*C) Lit. mp °C) IR (KBr) TH NMR {CDCH,/TMS) MS (CI, NH,)
uet* (%) v(em1) 8,/ (1) mfz
Lo 35 IBESIS6 (187-188Y) 1670 (NCOCH,) 2.0 (s, 3H, CH ) 4.30 6 2 H,CH) 773 -
) (E:CH) 1710 (C=0) {dd,/=2.2,88,1H, H-6), 7.85(d, /= 2.2,
1 14, H-4), 8.47 (d, /= 8.8, 1 H, H-»)
;A 34 i86-188 (184-187'% 1660 (NCOCH,) 2.30 {s, 3H, CH,), 3.88 (s, IH, OCH,), -~
(510} 1710 (C=0) 430 (5, 2H, CI), 706 {d, J= 2.2, 111, -
H-4}, 1,27 (dd, /= 2.2, 9.5, 1H, 11.6), 8.5
: @, J=9.6, 1H, 1-7
: g 404 J'Iﬂm]?Z 1713 (C=0) 412 {s, 21%, CH,), 7.40-7.62 {m, 3H, 352 (M), 354 (M*+2)
i (E0H) Ho), 7-72-7.86 fm, 4 H, 1, ), 7.95 (d.
J=9.5 1H, H-7)
N 4g 18 i58-160 3480 (OR) 543 (5, 1 H, CHOH), 7.50-0.77 (m, 7H, 368 (M*), 370 (M +2) 350
: (E1OH} 1730 (C=0) Hyon), 7.99 (6, J2 7.3, 1H, H,,.) (M* —18), 352 (M* — 16)
i 3h 4 140-142 1705 (C=0) 379 (s, 3H, OCH,), 412 (5, 2H, CH,), 304 (M* +1)
(E1OM) 7.04 (d, J=28, 1H, H-4), 7.28 {dd,
J=28,90,1H, H-6), 7.40-7.80 {m, 5H,
H,), 797 (d, 1= 90, 1H, H.7)
4h 15 ]‘14—146 3460 {OH} 3.4 {s, 3H, OCH,), 5.35 (5, 1H, CHOL}, 320 (M* 1), 302 (M* — 1
(EIOH) 1706 {C=0} 705 (d, =29, 1H, H4), 722 (dd, 337 (M* 1 18)

J=2.9,8.8, 11, H-6), 7.40-7.60 (m, 3 H.
H,on), 2.674d, /= 8.8, 11, 11.7), 7.86 (d,

J=73,2H, 1

sram)

* Salisfactory microanalyses obtained: C +0.29, 1 £0,16, N+ 0.15,
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Table 4. Compounds 2i-K and 3}, 1 Prepared

SYNTEHESIS

Prod- Yild mp Q) Lit mp °C) IR (KB4
uct® (%) v {em™)

*H NMR (CDCL/TMS)
8, 7 (Mz)

MBS {CI, NH;)
iz

2i 27 Gil 1700 (OCHO,

NCOCH,)

254 (s, 3H, CHy. 275 (5, 3H, COCH,, -
7.20~1.37 (m, 3F,H,,, ), 8.04 (d, J= 6.3, | .

Hyom), 8.04 (d,J = 6.3, 1 H, H,,,..), 8.40, (3, 1 H,
OCHO)

2.03 (s, 3H, CH,), 7.25-7.54 (m, 8H, H
8.22(s,1 H,OCHO), 8.45(d,/= 6.8, | H, H
391 (s, 3H, CH,), 405 (s, 3H, CO,CH,), -
7.06-7.23 (m, 2H, H,,,,}, 740 (d, J= 6.3, 1 FI.
Hood 157 (d, J= 7.5, TH, H,,,,), 8.36 (s, 1 .
GCHO}

arambs

3ot

203 (s, 3H, CH,), 5.20 (5, L I, CHD, 7.24~739 -
(m, SH, F,,,.), 7.70~7.76 (m, 31, H,,., ), 870

(d, J= 7.6, | F[, H.7}

2 30 %092 1740 (OCHO)
(EOH) 1700 (NCOCH,)

2k W R 1760 {CO,CH,)
(ELOH) 1700 (OCHO)

3j 25 138-140 (139%) 1720 (C=0),
(ELOH) 1670 (NCOCH,)

348 od 1740 (C=0),

1690 (NCOCH;)

2.53 (s, 3H, CH,), 5.80 (s, 1 H, CEICl), 7.30 (ft,
= AR M0, 772 (0, S T LR H,omh

200(M*), 211 (M* 12

7.82(d, /= 7.4, LH, H,,, ), 844 (d, /= 7.4, T L1,

H

arom)

* Satisfactory microanalyses obtained: C +0.27, H 1018, N+ 0.21.

CH,C, as eluent to pive IF; yield 9.186 g (36%); mp 175-177°C
(EtOH).

IR (KBr): v = 1670 {COCH,), 1730 (CEIOjcm !,

'HNMR (CDCL): 8 = 2.72 (s, 3H, CH,), 3.90 (s, 3H, OCHL),
7.05(dd, J = 2.9, 88 Hz, 1 H, }-6), 7,76 {d, J = 2.9 Hy, § E, H-4y,
803 {s, 1H, H-2), 8.29 (d, J = 8.8 Hz, |11, H.7), 10.1] (s, 1H,
CHO).

MS (NH): mifz = 218 (M* + 1)

S-Brumo~1-(phcuylsu!fnny])-EH—iudolc-:!-carbultiehyde (Ig)
NaOH (1.00 g, 25,00 mmo), previously ground, was dissolved ia
H,G (3 mLl}. After cooting, 3-bromo-t Fl-indole-3-carbaldshydg?*
(0.430 g, 2.00 mmol} dilieted in totuenc {15 mL), was added to the
basic solution.  Bunzyltriethylammonimn chloride  {0.045 g,
0.20 mmol} and phenylsulfonyl ckloride 0.380 mL, 3 mmol) were
added at r.t. The salution was stirved for 24 b, After cooling, H,O
(30mL) and CH,CI, (30 mL) were poured inte the mixture. The
aq layer was ncutralized with 2 solwtion of 10% HCL untit
pH = 7-8, decanted and cxtracted with CH,Ct, 2% 20 mL). The
organic extracts were washed with N0 (#0mL) dricd (MgS0H
and evaporated under reduced pressure. The residue wits chroma-
tographed over silica gel using CH,CL, a5 cluent to give g yield
0.730 g {90%); mp 232-234°C (EtOH). .

IR A(KBr) v = 1680(C=0) em™! ,
'HNMR (CDCL): § 2 7.50-7.70 (m, 4H, H,.), 784 (d,
J =83 Hz, {H, H.7), 195 (&d, J = 7.5 Lz, 2H, H, .., 8.20 (5,
PEL H-2), 8.40 (d, S = 2.7 Hz, | H, H-4), 10.06 (s, LH, CHO),
MS (NEL): mifz = 364 (M* + 1. L

5-Mct!mxy-1-(phenylsulfonyI}-IH-illdole-}ca-rf:aldeh);de (1R} -
S-Mcthoxy-lH-indolc-3-carbnldchydc“ was treated by the same

procedure wsed for 1g. The vesiduc was chromatographed over silica .

¢l using CH,Ci, as elwent to give 1h; yield 0.181 g (58%); mp
159-161°C (EtQH), - - - -

IR {KBr): v = 1680 (C=0)cm™!, .. -

'HNMR (CDCL): 6 = 3.84 (s, 3H, CH,), 7.01 (dd, J = 2.8,9.5 Hz,
1 H, H-6), 7.45-7.65 {m, 3H, H,,,, ), 7.71 (4, J=28Hz, t H, H-4),
7.83(d, J =9.5Hz, 1 H, H-7), 7.94 (3, J = 7.6 Flz, 28, H, .0, 8.17
(s, UH, H-2), 10,06 (s, 1 H, CHO),

S {NH): ntfz = 316 (M* + 1).
l-Acetyl-l—mclI:yl-IH—Indole-]-cnrhatdehyde [ENH

NaOAc (2.33 g, 28.4 mmol) was added to 2 solution of 2-methyl.
[ f-indole-3-carbaldehydc {2 g, 12,6 mmel) in Ac,0 (15 mi). The

mixture was stirred for 45 min at r.t. then at H0°C for the sume
time, After cooling, the solution was diluted with a mixture of
icg-warter (20 mL). The resulting previpitate was filtered and washed
with P.[,O (30 mL). The residue was chromatogruphed over silica
gel using CH,CI, as eluent to give 1i; yield 1.42g (56%) mp
132-134°C (EtOH).

IR (KBrev = 1730 (C=0), 1630 (NCOCH,)cm ™,

PHNMR {CDCL): § = 2.82 (s, 3 H, CH;) 2,95 (5, 3H, COCE,),
725-7.38 {m, 2, H,,,.) 776-7.81 {m, LE, 0.} '8.32_837
(my TH, H,,.). 1036 (s, 1E, CHO).
l-,\cetyl-z-pheny]-]}[-lndnlc-J-curhnldchyde (1j)

Compound 1j was obtained by the sanve procedure used for com-
pound 1i from 2-phcny|-lH-in(lolc'J-Curbalduhydc;’7 yield 9,836
(73%; wp 128-130°C (EI1OFH).

IR (K Br): v = 1720, 1660 (C=0) cm ™.

'HNMR (CDCL,): § = 2.04 (s, 311, COCH,), 7.45(m, 2 4, Hloomh
757 (m, SH, H,,,.), 8.30 (m, 1 H, Flopon), .40 (m, 1 H, 1,0, 9.78
(s, 1 H, CHO).

1-AcclyI~2-chIoro-lH-indolc-i!-cnrhnldehytl’e {y:

Compound 11 was obtained by the sume procedure used for com-
pound 1i from 2-chlora-.|H-indo|c~3-cnrbﬂldchydc,’° yicld 0.152¢
{92%); mp 98-100°C (E1OH). - :
IR (KBr): v = 1720, 1560 (C=0yem™!,

'HINMR (CDCL): 6= 2.90 (s, 3 H, COCH,), 7.39 (m, 2L, H,,,.h

821 (m, 1H, H,,,,.), 829 (m, 1 H, H,,,.), 9.28 {5, 1 H, CHOY).

Methyl 3-Formyl-1-methyl-1ff-indoic-z-cnrbox.yfate (Ek):

A solution of methy| 3-(‘omlyl-lH-indolu-z-carhoxylutc” {0.500g,

2.46 memol) in dry THF {10 mL) was added to n suspension of Nal
(0.074 g, 2,46 mmoi) in dry THF (5 mL) at 0°C under an argon
atmosphere. After stirring for 1 b at 06°C, Mel (0.7mL, 1§ mmol)
was then added dropwise and the mixture was allowed to warm to
rt. overnight. The solvent was evaporated and the residue was
quenched with H,0 (I5mL) and extracted with CH,Ch
(3% 20 mL). The organic extracts were washed with H,0 (40 mL),
then dried (MgSO,) and concentrated in vacuo to give Lk; yield
0.400 2 (75%); mp 150-152°C (BeQEH). :
IR {(KBr): v = 1750, 1630 (C=0)em~L.

THNMR (CDCL): § = 4.06 (s, 3 H, NCH,), 4.10 (s, 3 [T, OCH,}

728-7.47 G, IH, H,,,), 8.50 (d, /= 7.9, HHL, H,...), 1059 (5,
IH, CHO).

April 1994

1.{Phenylsulfonyl)-1 H-ludol-3-yl Acetate (2h):

Atr.t, compound 1b(5.00 g, 16.70 mmol) was dissolved in CH,Cl,
(160 mL). m-Chloroperbenzoic acid (5.20 g, 30.00 mmol) was added
and the solution was stirred for 2 duys at r.t. H;0 (200 msL.) was
added and the wmixture was neutealized with an aq solutica of 10%
MNa,80;, The ag layer was cxtracted with CH,Cl, (2% 75mL).
Organie extracts were dried (MgS0,) and evaporated under reduced
pressure to leave 2b (80 %) as a solid contaminated with 1b (20%).
IR (X8 v = 110 (CO esteryom ™.

'HNMR (CDCLY: § = 2.48(s, 3H, OCOCH,), 6.22 (s, 1 H, H-2),
747809 (m, 9H, H,,,.)

L-Acetyl-3-formyloxy-2-mothyt-L Fl-indole (2i):
Compour! 2i was obtuined by the same procedure used for com-
pound Je; yicld 0.145 g (27%) {sec Tuble 4).

I-Acetyl-3-formyloxy-2-phenyl-1 #-indole (2j) and [-Acetyl-1,2-
dihydro-2-phenyl-3F indot-3-0ne (3)):

Compounds 2j and 3j were obtained by the same proceduse used
for compound 3e: yiekl 2j; 0.160 g (30 %), yield 3j; 0,117 g (25%)
(sec Table 4).

ivlethyl 3-Furm:,'luxy-I-mcthyl-lH—iudole—2-cnrhoxylnle (2k)
Compound 2k was obisined by the same procedure used for com-
pound 3¢ yield 0.107 g (209%) {sec Table 4).

1-Acetyl-1,2-dihydro-3H-indol-3-one (3c): ’

At 5°C, compound 1¢?* (0.560 g, 3.00 mmal) was dissolved in
CH,C, 20 mL), m-Chloroperbenzoie acid (0.520 g. 3.30 nzmol)
was added and the mixture was sticred at $°C for 24 . ELG (20 mL)
was added and the aq kiyer was neutratized with an aq solution of
10% Na,50;, The organic layer was separated and the aq layer
extraeted with CH,Cl, (2 x 15 mL). Grganic extracts were dried
(MgS0,) und evapazuted, The residue was chromatographed over
silicu gel using CH,LCL, as eluent to give 3c; yield 0.530 g (60%);
mp 75--77°C (EWOH) (Lit.'* 77°C).

IR (KBr): v = 1670, [710{C =Oyem 1,

'H NMR (CDCLY & = 2.34 (5,3 He, CH,), 4.29 (s, 2H, CH,),
120 (4 S = T3 e, TH, o), 7.66 (4, S = 7.3z, (1, M),
TI5(d, S = 7.3 Ha, | H, H-4), 8.55 (d, J = 7.3 Hz, 1H, 1£.6).
1,2-Dihydro-[-(phenylsulfonyt)-3 Heindol-3-one {3d):>*°
Compound 34 waus obtained by the same proceduse used lfor
compound 3e; yicid 0.430 g (55 %); mp 129~131°C (E(OH) (Lit.*
128-130°C).

IR (KB): v = (730 (C=0) cm™".

SHONMR (CDCL) 8 = .t {5, 21, CH,), 7.14-7.21 (m, 11,
Flygoh 744953 (m, 2H, ), 7.56-7.71 (m, 3H, Hypom)s
7.80-7.89 (m, 2H, H,,,,), 8.04'(d, J = 8.4 Hz 1 H, H,_).

1-Acetyl-5-bromo-1,2-dikydro-3 H-tndol-3-one {3e):

Compound le (0.270g, 1.00mmol) was dissolved in CH,CI,
(10 mL}and sr-chloroperbenzoic acid 0.220 g, 1.3 mmol) was added
te the solution. The suspension was stirced for 3h at rt. H,0
(20 mL) was added and the aq layer was newtralized with an aq
selution of 10% N«,50,. The erganic layer was separated and the
aq lnyer was extracted with CH,CI, (2 10 mL), The combined
organic layers were dried (MgS0,) and the solvent was evaporated
in wacuo. The residue was chromatographed over silica el using
CEHLCI, as cluent to give 3e; yield 0.156 g (54 %) (see Table 3).
L-Acetyl-1,2-dthydro-5-nsethoxy-34-Indol-3-one {30

Compound 3f was obtained by the similar procedure used for com-
pound Je; the solution was stirred for 5h at o.t. and the residue
was chromatographed over silica ge! using CH,Cl, a3 eluent; yield
0.090 g (54 %) (sce Table 3).

3-Brotno-1,2-dibydro- 1-(phenylsutfonyl)-3H-Indel-3-one {3g) and
S-Bromn-1,2-IJIhydro-Z-hydroxy-l-(phenylsuIfonyl)-SH-indol-B-ouc
(g

Compound 1g (0.330g, 0.91 mmel) was dissolved in CH,Cl,
(10 mL)and m-chloroperhenzoic acid (.20 g, 1.18 mmol) was added
to the solution. The suspension was stirced for 24 h at r.t.. H,0
{20 mL) was added and the nq layer was neutralized with an aq
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solution of 10 % Na,S0,. The organic lnyer was separated and the
aq layer was extracted with CH,CI, (2% 10mL). The combined
orgaric layers were dried (Mg8O,) and evaporated. The residuc
was chromatographed over silica gel using first CH,Cl, as ¢luent
1o give 3g; yield 0,128 ¢ (40%) and then CH,ClL/MeOH (99/1, viv)
as eluent to give dg; yield 0.060 g (18%) {sec Table 3).

1,2-Bihydro-5-methoxy-5-(phenylsulfony)-3H-indol-3-onc {3h) and
1,2-Dihydrn-2-hydruxy—S-methnxy-1-(11henylsuIfnr:yl)-SH-indo]-}
one (4h);

Compounds 3h and 4k were obtnined by the same procedure used
for compound 3g; yield of 3h; 0,041 g (34%), yicld of dh; 0.020 g
(15%) {se Table 3). :

I-Acetyl-2-chlorn-1,2-dihydro-3f-Indol-3-one (3t):
Compound 3l was oblained by n similur procedure used for com-
pound 3c but the reaction time was reduced to 3 h; yicld 0.020 g
(48 %) {sce Tuble 4).

1,3-Dihydro-1-phenylsultonyt-2 #-indol-2-one (6m):

Compound 6m was obtained by a similac procedure used for com-
pound Je but the reaction time was reduced (o 2 h: vield 0.336 g
(F1%); mp 70-72°C (E1OFD).

R (KBr): v = 1760 {C=0), 1370 (S0,)em !,

"HINMR (CDC),Y: 6 = 3.57 (5, 21, ¢ [ 030/ = 7.5 H, 1 H,
H,omh 7.22(d, J = 7.3 Hz, 1 H, H L) (/L 8.1 Hz, 1 H, H,,,.),
153t S =80 Hz, 21, B, Y, 7607667 = 7.8 Hz, 1H, H,amh
7.93 (d, J = 7.8 Hz, L M, H,.,), 8.2 (d, J = 7.8 Hz, 2 H, Horom}-
MS NH): mifz = 274 (M * + 1),

[-Acetyl-3-chlors-1,3-dihydro-2A-indol-2-one (6n):

Cempound 6a was vbtained by the same procedure used for com-
pouad 3e; yield 0.037 2 (26%); mp 154-156°C (EIOH).

IR (KBr): v = 1760 (C=0 lactam), 1710 (C=0 amideyem ™!,
'HNMR (CDCL): 6 = 270 (s, 3H, CH,), 5.31 (5, L L, CHCD,
T2T S= T2 He, TH, 0 792 &, F=83Hz, 1H, Hyamh
47 (@, J=T7He, LH, M, 3,822 (d, J =83 Hz, 1 H, Houm)
MS (NEY mfz =250 (M 4 1), 203 (M* + 3.

E-{Phenylsulfony Dindol-2-yl Trifueromethanesulfonate (7x
Compound 6m {0.070 g, 0.25 mmol) and diisopropylethylamine
{0.05 k., 0.3 mmol) was dissolved in CH,Cly (2mL) and cooled
16 0°C under azgon. Triluocomethanesullonic anhydride {0.05 mL,
0.3 mmol) wus added deopwise, After 0.75 h at 0°C, H,0 (2mL)
was added to the brown solution and the aq layer wns neutralized
with 2n ag solulion ol sat. NaHCO,. The aq layer was extracted with
CH,CI, (2% 3 mL) and the organic extracls were dried (Mg80,)
and ¢vaporited in vacuo, The residus was chronmuatographed over
silica gel using CH,CL, a5 ¢luent to give 7; yiekd 0.071 g (70 %% mp
0-12°C (EtGH)

IR (KBr): v = 1440, 1380 (SO em ™.

'HNMR (CDCL): § = 643 (s, 1 1, H-3), 7.26-7.62 (n, GH,
Haoom) 789 (¢, J = 74 Hz, 2H, H,,. ), 8.19 (d, / = 8.83 Hz, | H,

2rom} N

MS (NEL): mfz =406 (M * + 1).

(1) Mérour,J.Y,; Coadou, J. Y.; Tatibout, F, Synthesis 1982, 1053.
(2) Buzas, A.; Herisson, C.; Lavielle, G. Synshesis 1977, 129,
(3) Buzas, A,; Mérour, 1. Y. Synthesis 1989, 457.

() Mérour, 1.Y,; Savelon, L. Heterocpeles 1991, 12, 849,

{5} Nivaliers, F; Decormeille, A Godard, A.; Queguines, G. Te-
trahedron Lett, 1980, 21, 4485,

(6) Kutney, 1B, In The Total Synthesis of Nutural Broduets: The
Spnthesis of Indote Alkealoids, Wiley: New York, 1977; Vol. 3,
pp273-438.

(7} Hutchison, A.; Kiski, Y. J, Am. Chem. Soc. 1979, 101, 6786,

(8) Willinms, R.M.; Glinska, T.; Kwast, £.; Coflman, HL; Stille,
LK. J Am, Chem, Soc. 1990, 112, 808,

(9) Conway, §.C.; Gribble, G.W. Heterocyeics 1998, 30, 627.

'7‘) vk,




416 Papers

(10) Nimtz, M.; Halelinger, G. Liebigs Ann. Chem. 1987, ‘165,

(11} Raileany, D.; Constantinescu-Simon, O.; Mosanu, E.; Nenit
zescw, C. I3, Rev. Rown. Chim, 1967, 12, 105; Chem. Abstr,
1968, 68, 21775, .

(12 Hampel, W. J, Prakr. Chem. 1969, 311, 78,

(13) Etienne, A, Bull. Sec. Chine. Fr, 1948, 651,

(14) Sugawa, T, Adachi, M.; Sasakura, K.; Kitagawa, A. J. Org.
Chenr. 1979, 44, 578, = .

{15) Hino, T; Yamaguchi, H.; Matsuki, K.; Nakano, K.; Sodeoka,
M., Nagagawa, M. /. Chem. Soc., Perkin Trans, { 1983, 141.

(16} Chier, C.-5.; Takanami, T.; Kawasaki, T,; Sakamaoto, M. Chem,
Pharm, Bull, 1985, 33, 1843. .

(17) Marais, J.L.C.; Pickl, W.,; Staskun, B. J. Org, Chem. 1990, 55,
1969, . -

{i8) Hino, T; Torisawa, Y.; Nagagawa, M. Chem. Pharm. Bull.
1982, 20, 2349, L . ' .

(19} Nakatsuka, 5.; Asano, O.; Uedn, K.; Goto, T. Heterocreles
1987, 26, 1471,

(20) 110, V.Q. Synvhesis 1979, 136, o B

{21) Brougham, P,; Cooper, M. S.; Cuminersan, DA ; Hezney, H.:
Thempson, N. Synrrhesis 1985, 1615, : .

(22) Camps, F; Colb, I; Messeger, A.; Pujol, F. J. Org. Chens,
£982, 47, 5402,

(23) Murray, R, W. Chem. Rev, 1989, 89, 1187,

(24) Misuer, LW, Org, Prep. Proced. Ini, 1988, 20, 100.

{25) Mérour, J.Y.; Desarbre, E.; Savelon, L. manuscript in prepa-
ration.

(26} Kawasaki, T; Nonaka, Y.; Uemura, M.; Sakamoto, M. Syn-
thesis 1991, 701.

SYNTUESIS

{27) For an averview of the synthesis and chemistry of oxindoles
see
Sundberg, R.J. In The Cheniisiry of Indoles; Academic: New
York, 197, p 341, . Lo .
Quallich, G.J.; Morrisey, .M, Synthesis 1993, 51, .
Oilertness, 1; Lewis, A.; Capelola, R, In Advances in Inflam-
.- mations Research, Ravon: Mew York, 1986; Vol, 11. .
+(28) Saulnicr, M:G.; Gribble, G. W, J. Org. Chem. 1982, 47, 757.
(29) Velezheva, V.5.; Smushkevich, V.Y,; Romanova, C.B,; Kay.
kovskaya, L. N.; Suvorov, N.N. Zh, Org. Khiti. 1986, 22, 2434,
(30) Conway, 8.C.; Gribble, G, W, Synth. Connmui, 1992, 22, 2987,
(31} Gribble, G, W,; Conway, $.C. Syurh. Cottmnpr, 1992, 22, 2129,
{32) Saxton, J.E. J. Chem. Soe. 1932, 3592, S P
(33) Ketcha, D.M.; Gribble, G.W. J. Org. Chem, 1985, 30, 3451;
(34) Majima, K., fBer. 1925, 58, 2037. — - = .
(35) Nolund, W.B.; Reich, C. J. Org. Chem, 1967, 32, 328,
(36) Alemany, A.; Fernandez Alvarcz, E.; Marlinez Lopez, .M,
Buff; Soe, Chim. Fr. 1975, 56, 1223; v e
(37) Hornig, D.E.; Muchowski, J.M. Cen. J. Chem, 1970, 48, 193,
(38) Shibica, A.C.; Howe, E.E.; Zicgler, J.B.; Tisller, M. J. Ans.
Chen, Soc. 1946, 68, 1156.
(39) Schulte, K. E.; Reisch, 1.; Stocss, U. Areh. Pharm, 1972, 305,
523

{40) Lebedev, A T,; Sharbatyan, P.A.; Sipayagin, A, M.; Kartsey,
V.G.; Petrosyan, V.8, Khinr. Geterotsikl. Soedin, 1982, 8, 1056,

(41) Chien, C.5,; Hasegana, A; Kanasaki, T, Sukamoto, M. Chen:.
Pharm. Buil, 1986, 34, 1493,

{42) 1fd-Indole-3-carbaldehyde under Iakin conditions afferded
indigo; Chatlerjee, A.; Biswas, G, K.: Kundu, A.B, J. {ndian
Chem. Sec. 1969, 46, 429,

April 1994

Kenji Mori,* Yoshitaka Matsushima
Received 30 August 1993

{E}-cndo-Bergamoten-1 2-oi¢ acids {e-form: 1, f-forna: 2), math ovi-
positien stimulants isolated from wild tomato teaves, were synthe-
sized starting from the lactone 7.

* (E)-endo-Bergamoten-12-oie acids (a-form: 1, f-form: 2)
are sesquiterpenes isolated from the leaves of wild tomato
{Lycapersicon hirsuttan) by Coates, Juvik, and their co-
workers together with (4 )-(E)-o-santalen-12-oic acid (3).
They (1 and 2) stimulate the oviposition behavieur of
female gravid moths (Heliothis 2e4), whose larvae are
major agricultura pests of tomatoes, corn, and cotton.?
The activity of these compounds prompted us to attempt
a synthesis of enantiomerically pure 1 and 2.

(E)‘endo-'Bergamo!en-‘lZ-oic
acid (#-form) 2

pcoz*‘

{E)-a-Santalen-12-oi¢ acid 3

7
|E)~endo~Bergamotlen-12-oic
acid lo-Torm) t

Our retrosynthetic analysis is shown in Scheme 1. We
recently reported the synthesis of (+)-pinthunamide.! To
construct the pinane-type curbon skeleton of the berga-
melenoic acids we can use the intramalecular alkylation
of the tosyloxylactone 6 as the key reaction as in the
synthesis of (+)-pinthunamide.! The first stage of our
work was the preparation of tosyloxylacione 6 as shown
in Scheme 2. The starling material 7, an intermediate in
the synthesis of (+)-pinthunamide,’ was obtained in
cnantiomericatly pure form in three steps from f-hydroxy
ketone 8, the yeast reduetion product.® The lactone 7
was alkylated with methyl iodide using Hthium
1,1,1,3,3,3-hexamethyldisilazide [LIN(SiMe,),] as & basc
to give 9. After the removal of the 1-cthoxyethyl (EE)
protecting group, the resulting alcohol 10 was treated
with p-totuenesulfony! chloride (TsCI} in the presence of
4-(dimethylamino)pyridine (DMAP) to give the key in-
lermediate 6 as crystals,?

The next step was the crucial key intramolecular atkyla-
tion us shown in Scheme 3. We successfully executed this
reaction by employing LiN(SiMe,), in tetrahydrofuran/
hexamethylphosphoric triamide (HMPA) as the base. In
addition to the desired tricyclic lactone 5 (ca. $2% yield)
with v = 1770 e ™!, an undesired byproduet, a nitrile
1 (v = 2245cm™!) was oblained in accord with our
expericnce in the course of pinthunamide synthesis.!

Synthesis of Mono- and Sesquiterpenoids; XXIIL! Synthesis of {E)-endo-Bergamoten-12-oic
Acids {¢-form, f-form), Moth Oviposition Stimulanis Isolated from Wild Tomato Leaves?
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Scheme 3

The remaining steps of the synthesis were the construc-
tion of the side chain and dehydration 1o afford berga-
moten-12-oic acids as shown in Scheme 4. The lactone
5 was reduced wilh lithium aluminum hydride to give
diol 12, whose enantiomeric purity was determined o be
almost 100% ce by the 300 MHz 'H NMR analysis of
the corresponding (£)- and (S)-MTPA monoesters, The
primary hiydroxy group of 12 was selectively protected
as pivaloyl {Piv) ester, Compound 13 was then converted
to the unsaturated ester 16 by the following sequence:
() protection of the tertiary hydroxy group of 13 as
trimethylsilyl ether to give 14, (i) removal of the Piv
protective group of 14 with methyllithium to afford 15,
and (jii} Swern oxidation® of 15 to give crude unstable
aldehyde, which was immediately submitted to Horner
reaction. The double bond of the resulting ester 16 was
hydogenated in the presence of Adams’ platinum dioxide
catalyst to furnish 17, whose trimethylsilyl proteeting
group was removed to give hydroxy ester 4. For the
dehydration we used trifuoromethanesulfonyl chloride
in the presence of excess DMAP to avoid acidic rearran-




