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The highly regio- and stereoselective 6-exo-dig mode cyclization of N-acyl-o-alkynylanilines producing 4-alkylidene-3,1-benzoxazines occurred
unpredictably by use of a proper catalyst [Pd(OAc),] and an effective additive (acetic acid) under suitable reaction conditions.

3,1-Benzoxazines are attractive targets for medicinal
chemists because some 3,1-benzoxazine derivatives are
known to show interesting biological activities and have
been used as potent progesterone-receptor agonists, DNA-
binding antitumor agents," human leukocyte elastase
(HLE) inhibitors,” and Clr serine protease inhibitors, as
well as fungicidal, anti-inflammatory, and anticonvulsant
drugs.’ The indole ring system is among the most important
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heterocycles owing to its existence in nature and in many
pharmaceutical agents,* and numerous methods for syn-
thesizing indoles,” including functionalization of indoles, >
have been developed. Recent new methodologies for indole
synthesis have involved the catalytic cyclization of a variety
of o-alkynylaniline derivatives as a key step. When a sub-
strate, for example, of type I (N-acylated) is employed
(Scheme 1), formal cyclization in a 5-endo-dig mode yields
indoles (III), while cyclization in a 6-exo-dig mode yields
3,1-benzoxazines (II). Therefore, highly effective regio-
control of the cyclization mode is essential for selective
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Scheme 1. Cyclizations of 6-Exo-dig vs 5-Endo-dig Mode
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preparation of either indoles (III) or 3,1-benzoxazines (II).
A survey of the literature on SciFinder Scholar (up to
December 2010) for both reactions reveals, surprisingly,
that there are only 4 reports’® in which the formation of 3,1-
benzoxazines (I and congeners) from I'is described, despite
146 reports demonstrating the transformation to indoles
(IIT and congeners) and a vast number of examples of indole
formation if the N-substituent of I are not limited to an acyl
group (R’C=0).>%7 4

The development of methodologies for the highly selec-
tive synthesis of different products from the same starting
materials by simple modification of catalysts/promoters
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and/or reaction conditions is attractive to chemists.'> This
prompted us to develop a reaction involving the alternative
pathway of 6-endo-dig mode cyclization of I. We have realized
a highly regio- and stereoselective synthesis of 4-alkylidene-
4H-3,1-benzoxazines II from o-alkynyl- N-carboxanilides I by
seeking a competent catalyst, an effective additive, and appro-
priate reaction conditions. We report the results herein.

N-Acyl-o-alkynylanilines 1, the key substrates bearing
various substituents (R', R% R?), were prepared in good
yields from 2-iodoanilines via the Sonogashira coupling
reaction with 1-alkynes, followed by acylation with acyl
chlorides (Scheme 2).

Scheme 2. Preparation of Substrates 1
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Initially, to examine the regioselectivity (6-exo-dig vs
S-endo-dig cyclization mode) of the reaction to be con-
trolled, we selected palladium catalysts and screened them
in a model reaction of 2-(3,3-dimethyl-1-butynyl)phenyl-
acetamide (1a) and benzamide (1¢). The results are shown
in Table 1. In the presence of Pd(dba),, Pd(PPhs),, PdCl,-
(PPhj),, or Pd(PPh3),/K,COs, the reaction proceeded very
slowly at room temperature even by use of 20 mol % of the
catalyst and appreciable amounts of the starting material
1a remained (runs 1—3), while at higher temperatures, the
formation of indoles 3a/c predominated (runs 4—6). In
addition, the PdCl, catalyst clearly promoted the forma-
tion of indoles 3a/c (runs 7 and 8). Interestingly, Pd-
(OCOCF,), preferentially provided 3,1-benzoxazine 2a
(58% yield) along with a small amount of indole 3a (6%)
(run 9). We finally found that Pd(OAc), was most efficient
in controlling the regioselectivity of the formation of 3,1-
benzoxazines 2a/c in the model reaction in an acetonitrile
solution (runs 10—12).

To effectively accelerate the reaction and to obtain
2a selectively in high yield, the Pd(OAc),-catalyzed
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Angew. Chem., Int. Ed. 2003, 42, 2406.
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2004, 60, 10983.

(14) InBrj: (a) Sakai, N.; Annaka, K.; Fujita, A.; Sato, A.; Konakahara,
T.J. Org. Chem. 2008, 73,4160. (b) Sakai, N.; Annaka, K.; Konakahara, T.
Tetrahedron Lett. 2006, 47, 631.

(15) For selected recent examples, see: (a) Bianchi, G.; Chiarini, M.;
Marinelli, F.; Rossi, L.; Arcadi, A. Adv. Synth. Catal. 2010, 352, 136. (b)
Gimeno, A.; Medio-Simén, M.; Ramirez de Arellano, C.; Asencio, G.;
Cuenca, A. B. Org. Lett. 2010, 12,1900. (¢) Li, L.; Wang, M.; Zhang, X.;
Jiang, Y.;Ma, D. Org. Lett. 2009, 11, 1309. (d) Xiao, Y.; Zhang, J. Chem.
Commun. 2009, 3594. (e) Masters, K.-S.; Flynn, B. L. Adv. Synth. Catal.
2009, 351, 530. (f) Liu, L.; Zhang, J. Angew. Chem., Int. Ed. 2009, 48,
6093. (g) Wang, H.; Liu, L.; Wang, Y.; Peng, C.; Zhang, J.; Zhu, Q.
Tetrahedron Lett. 2009, 50, 6841 and references cited therein. For our
previous examples, see: (h) Saito, T.; Ohmori, H.; Furuno, E.; Motoki,
S. J. Chem. Soc., Chem. Commun. 1992, 22 (thermal electrocyclization).
(i) Saito, T.; Ohmori, H.; Ohkubo, T.; Motoki, S. J. Chem. Soc., Chem.
Commun. 1993, 1802 (Lewis acid-induced intramolecular Diels—Alder).
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Table 1. Screening of Palladium Catalysts®

'Bu catalyst Bu
©\/o (10—20 mol %) C\/[l o + @:}"B“
ﬁJ\RZ a R2=Me N Re RS0
] ¢ R2=Ph 2 3
yield,® %
run substrate catalyst (mol %) conditions la/c 2a/c 3a/c
1 la Pd(dba), (20) THF 98
rt, 7d
2 la Pd(PPhs), (20) THF 96 trace
rt, 7d
3 la PdCly(PPhg)s (20) THF 85 10
rt, 7d
4 1a PdCly(PPhj)s (20) DMF 18 50
reflux, 25 h
5 1c PdCly(PPhs), (20) DMF 68
reflux, 25 h
6 1c Pd(PPhs), (10)/KyCO3 toluene 76
reflux, 4 d
7 la PdCl, (20) THF 82
rt, 2d
8 1c PdCl, (10) MeCN 96
rt, 12 h
9 la PdA(OCOCFs3), (20) THF 27 58 6
rt, 7d
10 la Pd(OAc), (20) THF 72
rt,3d
11 la Pd(OAc), (10) MeCN 87
rt,3d
12 1c Pd(OAc), (10) MeCN 87
rt, 2d

“ Reaction was carried out in the presence of Pd catalyst in each solvent (1.0 mL) with substrate 1a/c (0.24 mmol). ? Yields of isolated 1a/c, 2a/c, and 3a/c.

reaction was further examined in the presence of an
additive in refluxing acetonitrile (Table 2). Additives
such as MnQO,, CuO, Cu(OAc),, and AcONa were not
sufficiently effective, as the starting material la still
remained after 10 h, although benzoxazine 2a was
obtained in appreciable amounts by use of 20 mol %
of the catalyst (runs 1—4). Compound 4a was formed in
variable amounts from 2a by hydrolysis during the
reaction and/or separation/purification procedure. Ac-
tually, when 2a was treated with acidic water, 4a was
formed exclusively. AcOH (300 mol %) as an additive
clearly accelerated the reaction to produce 2a in 72%
yield and the hydrolyzed form 4a in 18% yield in 2.5 h
with consumption of the starting material 1a in the
presence of 10 mol % of Pd(OAc), (run 5). However,
the reaction in the absence of Pd(OAc), did not yield any
product even in the presence of AcOH (300 mol %).
Reducing the amount of AcOH to 200 mol % slightly
improved the yield of 2a (75%; run 6). The reaction in
the presence of 100 mol % of AcOH for 2.5 h gave the
best result; benzoxazine 2a was exclusively obtained in
83% yield without formation of 4a (run 7). In the
reaction with 50 mol % AcOH (run 8) for 2.5 h, 1a was
not completely consumed, but a prolonged reaction time

1100

(10 h) under acidic conditions caused hydrolysis of some of
the preformed 2a to give 4a (run 9). The reaction in the
absence of any additive in refluxing acetonitrile for 12 h
produced 2a exclusively in 92% yield, although 30 mol %
of Pd(OAc), was required (run 10).

After establishing the optimized reaction conditions
(Table 2, run 7), we examined the generality of this inter-
esting 6-endo-dig mode cyclization using substrates 1 bear-
ing a variety of alkyl and aryl substituents in R' and R?
(Table 3) and Me and ClI substituents in R (Scheme 3). A
tolerable range of the substituted 3,1-benzoxazines 2'% was
obtained in good-to-excellent yields (62—90%, not thor-
oughly optimized) within a reasonable reaction time
(0.2—5 h). In the reaction of the R'-unsubstituted sub-
strates 1 (R' = H, R? = Me, ‘Bu, Ph, p-NO,CgH,), the

(16) The structures of 4-methylene-4H-3,1-benzoxazines 2 were de-
termined spectroscopycally (‘"H NMR, 3C NMR, IR, HRMS) and
confirmed by X-ray crystallography of 2d and 2r: The crystallographic
coordinates for 2r have been deposited with the Cambridge Crystal-
lographic Data Centre; deposition no. 769241. These data can be
obtained free of charge from the Cambridge Crystallographic Data
Centre, 12 Union Rd., Cambridge CB2 1EZ, UK or via www.ccdc.cam.
ac.uk/conts/retrieving.html. (see the Supporting Information). Noe was
also observed between the olefinic-H and the peri-position-H of the
benzene ring of 2, suggesting the Z-configuration.
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Table 2. Screening of Additives”

Scheme 3. Palladium-Catalyzed Cyclization of 1 To Yield 2

‘Bu { f
B PaOAd, | Y RS 2™ PaOAe) (10 mol %) | .
- 3
Cﬁ (X mol %) o . @\)V j’\ AcOH (100 mol %), R o
”JLMe gdl_?igvﬁ reflux N/)\Me JN\H H Me CHICN, reflox S N/)\Me
3N, 0% " Me s: R®=Me Yield 62%
1a 2a 4a 1 t:R®=Cl Yield 72% 2
yield,® %

run Pd(OAc)y, mol % additive (mol %) time, h la 2a 4a

1 20 MnO, (300) 10 9 68 17
2 20 CuO (300) 10 39 42 10
3 20 Cu(OAc); (40) 10 58 39
4 20 AcONa (300) 10 10 62
5 10 AcOH (300) 2.5 72 18
6 10 AcOH (200) 2.5 75 12
7 10 AcOH (100) 2.5 83
8 10 AcOH (50) 2.5 28 56
9 10 AcOH (50) 10 35 55
10 30 none 12 92

“Reaction was carried out in refluxing MeCN (1.0 mL) with
substrate 1a (0.24 mmol) in the presence of 10—30 mol % of Pd(OAc),
and 50—300 mol % of AcOH. ?Yields of isolated 1a, 2a, and 4a.

Table 3. Palladium-Catalyzed Regioselective Cyclization of
Various N-Acyl-o-alkynylanilines 1 to Produce 3,1-Benzoxazines 2“

R! R!
PA(OAC), (10 mol %)

&
O _—
N)LRZ CH3CN, reflux

ACOH (100 mol %)

H
1 2

run R! R? 1 time,h product yield, %
1 ‘Bu Me la 2.5 2a 83
2 ‘Bu 1b 0.5 2b 70
3 Ph 1c 0.5 2c 75
4 p-NOzCGH4 1d 1 2d 90
5 Me Me le 0.5 2e 77
6 ‘Bu 1f 0.5 2f 70
7 Ph 1g 02 2g 77
9 "Pr Me 1i 0.5 2i 65
10 Bu 1j 05 2 89
11 Ph 1k 1 2k 74
12 p-MeOCGH, 11 1 21 65
13 Ph Me Im 3 2m 65
14 ‘Bu In 0.5 2n 89
15 Ph 1o 1 20 79
16 p-NOzCGH4 ].p 1.5 2p 72
17 p-MeOCGH, Me 1q 3 2q 67
18 p-NOzCGH4 1r 10 2r 72

“Reaction was carried out in refluxing MeCN (1.0 mL) with
substrate 1 (0.24 mmol) in the presence of 10 mol % of Pd(OAc), and
100 mol % of AcOH. ® Yields of isolated 2.
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Scheme 4. A Possible Mechanism for the Palladium Acetate-
Catalyzed Cyclization of 1 To Produce 2

H_R! R

 a
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2
Pd(OAC) N" 'R
ZX H 1
MeO,C

ACO~ OAc
1 1
Pd” AcO- f?,/R
Me020 7> 3
S AcOH ﬂ R

3,1-benzoxazines 2 formed tended to hydrolyze to afford
compounds 4 (R' = H), and only 3,1-benzoxazine 2u
(R? = p-NO,Cg¢H,) was isolated, albeit in 25% yield, when
the reaction was carried out in the absence of AcOH under
the conditions of Table 1, run 11, for 7 d.

Although the precise mechanism for this reaction is not
clear, a plausible mechanism is illustrated in Scheme 4.
Initially, the catalyst Pd(OAc), attacks the alkyne 7-bond
of 1 to form a palladium s-complex. The 6-e¢xo-dig mode
cyclization by the intramolecular nucleophilic attack of the
relatively harder carbonyl oxygen rather than the nitrogen
at the alkyne carbon (the former is harder than the latter)
occurs preferentially, together with elimination of AcOH
to form a palladium o-complex. The AcOH added in
adjusted amounts (100 mol %) promotes the catalytic
cycle by accelerating the formation of 2 and regeneration
of the Pd(OAc), catalyst from the o-complex without
hydrolysis of 2 formed under the optimized conditions.
The existence of the o-complex is supported by the ob-
servation that in the presence of methyl acrylate the
reaction yielded the Michael addition product 5.

In conclusion, we have developed a Pd(OAc),-catalyzed
new, straightforward and highly regio- and stereoselective
synthetic method for 4-alkylidene-4H-3,1-benzoxazines
from readily available o-alkynyl-/N-carboxanilides. A fur-
ther investigation directed toward the utilization of this
reaction and elucidation of the regioselectivity is in progress.

Supporting Information Available. Typical experimen-
tal procedure, spectroscopic data, and copies of 'H and
3C NMR spectra. This material is available free of charge
via the Internet at http://pubs.acs.org.
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