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Photoinduced Cyclization of Mono- and Dianions of
N-Acyl-o-chloranilines. A General Oxindole Synthesis
Sir:

Although a variety of methods for the synthesis of oxindoles
appear in the literature,' one of the conceptually most at-
tractive, i.e., cyclization of « carbanions of N-acyl-o-chlo-
roanilines (2) has not proved to be efficient or general in
scope.2? We now report that N-alkyl-N-acyl-o-chloroanil-
ines la-d as well as N-acyl-o-chloranilines le-g undergo
smooth cyclization to afford oxindoles 3a-g upon treatment
with excess lithium diisopropylamide (LDA) in THF-hexane
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Table 1. Photoinduced Cyclization of N-Acyl-o-chloranilines 1 to
Form Oxindoles 3

starting anilide product isolated
no. R, R; no.4 yield, %?
la CH3 C6H5 3ac 64
1b CH; H 3be 82
1c CH; n-CsHg 3cd 73
1d C¢HsCH; H 3de/s 32¢
le H CeHs 3e” 63
1f H H 3f 74
1g H CH; 3g/ 73

@ IH NMR spectra of all products were consistent with assigned
structures. Physical constants of known compounds were in agreement
with published values. # Unless noted otherwise, irradiation was
conducted for 3 h. ¢ Reference 3. 4 Daisley, R. W.; Walker, J. J.
Chem. Soc. C 1971, 1375, ¢ Satisfactory elemental analysis was ob-
tained for this compound. / Yield was determined by GC. ¢ Irradiated
for 0.5 h. # Bruce, J. M.; Sutcliffe, F. K. J. Chem. Soc. 1957, 4789.
i Bayer, A. Ber. 1878, 11, 583./ Reference 8.

followed by near-UV irradiation of the resulting monoanions
2a-d (R, = CH3, C4HsCH>) and dianions 2e-g (R, = Li).

Results of a representative series of reactions are presented
in Table I, where it may be seen that this mild procedure af-
fords generally good yields of oxindoles with various alkyl
substitution patterns at positions 1 and 3. Comparison of these
results with those of earlier efforts?® to effect cyclization of
anilides 1b, 1e, and 1f through intramolecular addition of the
laterial carbanions to an aryne intermediate clearly demon-
strates the advantages of the photostimulated process. More-
over, the present method provides a route to oxindoles from
anilides which cannot be converted into the required arynes
because of substituents flanking the halogen of the benzene
ring (vida infra).

2-Chloro-3-(N-methylacetamido)pyridine (4a) also un-
derwent photocyclization to afford azaoxindole* 5a (83%). In

N~_-Cl CH N
L e (e
————————

XN hv . -78C Xy N

R

R
4a,R= CH; 5a,R=CH;
b,R=H b,R=H

this case it was necessary to maintain the reaction mixture at
—78 °C to prevent decomposition of the intermediate carb-
anion. Interestingly, the unmethylated pyridine 4b was not
converted into the expected 5b under similar conditions. In-
stead, 4b was recovered.

Photocyclization of 1d with KNH in liquid NH 3 afforded
57% oxindole 3d along with 8% aryne-derived N-benzyl-m-
aminoacetanilide. Attempted cyclizations of 1b and 1f under
similar conditions led to much lower yields of the desired ox-
indoles than obtained with LDA.

Preliminary mechanistic studies with 1d and 1f reveal that
the LDA-mediated reactions involve initial side-chain carb-
anion formation, but do not proceed via nucleophilic addition
to an aryne intermediate. Thus, reaction of 1d and 1f with
excess LDA in THF without illumination, followed by
quenching with D,O, resulted in quantitative recovery of
starting materials containing >0.95 deuterium atom (‘H
NMR) in the respective acetyl methyl group. Isolation of ox-
indoles 7a* (87%) and 7b° (76%) from 3-substituted 2-chlo-
roanilides 6a and 6b, respectively, rule out an aryne mecha-
nism. The requirement for Pyrex-filtered light and the inhib-
itory action of di-zerz-butyl nitroxide indicate that the present
reactions may represent one of the few reported examples of
an intramolecular Sgx1 mechanism.®7 Additional studies
concerning the mechanistic details of these reactions are in
progress.
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CH, CH,
Cl cH,
LDA o
N hv N
R R
6a,R= CH, 7a,R= CH;
b,R= H b, R=H

A typical reaction procedure follows. To a solution of LDA
(10 mmol) in 30 mL of THF, maintained at =78 °C under an
argon atmosphere, was added a solution of 0.46 g (2.5 mmol)
of N-propionyl-o-chloroaniline (1g) in 20 mL of THF. After
addition was complete, the solution of the dianion was allowed
to come to 25 °C and then irradiated for 3 h in a Rayonet
Model RPR-240 photoreactor equipped with four 12.5-W
lamps emitting at 350 mm. The reaction mixture was quenched
with H-0, acidified to pH 1 with 6 M HCIl, and extracted with
ether. The extracts were dried (MgSOy), filtered, and con-
centrated. Purification of the crude product by medium pres-
sure chromatography (1:3 diisopropylamine-hexane) followed
by recrystallization from ether-hexane afforded 0.27 g (73%)
of 3g, mp 120-121 °C (lit.¥2 mp 124 °C).
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Unsymmetrical Cleavage of Boranes
by Bis(trimethylphosphine)-Diborane(4).
Formation of a Triboron Cation.

Sir:
Certain Lewis bases are known to react with diborane(6)

and/or tetraborane(10) to give unsymmetrical cleavage!
products of the boranes:

BzH(, + 2L — HgBL2+ + BH4_
B4H o + 2L — H,BL,* + BiHg™

where L represents the Lewis base. Ammonia,? mono- and
dimethylamine,’ tetrahydrofuran,* and dimethyl sulfoxide’
are typical of the bases that can effect the unsymmetrical
cleavage of the boranes, and extensive work has been reported
in the literatures® on the chemistry of the boronium cation
H>BL>*. Many other Lewis bases cleave the boranes “sym-
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Figure 1. ''B NMR spectra of B3H(,[P(CH3)3]2+B2H7_ HSB;HG +
1.0B2H4[P(CH3)s3],) in dichloromethane at =20 °C: upper, normal
spectrum; lower, proton spin decoupled spectrum.

metrically”! to give the base adducts of borane(3) and tribo-
rane(7).

We now report that the reactions of an unconventional base
bis(trimethylphosphine)-diborane(4) with B;H¢ and B4H o
result in the unsymmetrical cleavage of the boranes, and that
the cation produced by the reaction is a previously unreported
triboron complex cation. The equations for the reactions
are

3,BaHg + BaH4[P(CH3)3]2

—20 °C
—>  B3H¢[P(CH3);3],* + BoHy™
in CH2Cl
BsH o + BaH4[P(CH3)3]

rooni temp
—>  B3He[P(CH3)3)2" + B3Hs™
in CH2Cl»
The ''B NMR spectra of the reaction products are shown in
Figure 1 and 2. In addition to the signals of the B,H7~ ion at
—25.8 ppm’ [BF3.O(C,Hs); standard] and the B;Hg ™ ion at
—30.5 ppm,? a doublet signal (I, Jgp = 114 Hz) and a broad
singlet signal (1) are seen at —39.0 and —10.5 ppm, respec-
tively, The two signals are attributed to the new
B3;Hg[P(CH3)3]2™ cation. The B3Hg™ salt can be isolated as
a fairly stable solid at room temperature. The ByH;~ salt,
however, is unstable at room temperature and decomposes
according to the equation

B3H¢[P(CH3)3]2*B>H5™
— (CH3)3PBH3; + (CH3)3PB3H7 + '4ByHe

On the basis of the established donor property of boron-
boron single bonds®

~o o
P

and the known chelating property of two terminal hydrogen
atoms attached to adjacent boron atoms!'®

H/ ~

—\-—B—Bé

e ~

the structure!! shown in Figure 3 is proposed for the cation.
Signals I and I1 are then assigned to the B(1,2) and B(3) atoms,

H
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