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Pd catalyzed allylic C H activation of simple olefins allows an easy
entry to seven membered N,O heterocycles such as 1,4
benzoxazepines (1,4 BZOs), 1,4 benzodiazepinones (1,4 BZDs) and
1,4 oxazepanes in good to excellent yields. Straightforward
derivatizations of the olefinated 1,4 BZO shows the synthetic utility
of this methodology.

Seven membered heterocycles bearing two heteroatoms (N, O)
compose a well known family of bioactive drugs and
pharmaceuticals.1 In particular, the benzofused members 1,4
benzoxazepines (1,4 BZOs) and 1,4 benzodiazepines (1,4 BZDs)
are well recognized useful drugs that possess anti Alzheimer,2

psychotropic,3 antiinflammatory,4 schizophrenia5 or anti
cancer6 activities (Figure 1).

Figure 1. Bioactive 1,4 benzodiazepines (1,4 BZDs) and 1,4 benzoxazepines (1,4
BZOs).

Their great relevance as widely used drugs have inspired the
development of many synthetic strategies throughout the last
decades.1b, d Classical Friedel Crafts cyclization,7 click
chemistry,8 or lactonization9 have been employed as key steps
in the synthesis of these seven membered benzofused
heterocyclic rings. However, although all of them are
considered very useful, they lack in sustainability owing to the
generation of stoichiometric amounts of hazardous waste. In
this regard, trapping of electrophilic metal allylic
intermediates from functionalized allylic substrates (Tsuji Trost
type reaction)10 has been employed as an efficient tool to
progress to a more sustainable approaches. In fact, this
methodology has been successfully applied to the synthesis of
benzofused seven membered heterocycles. In 2012, Kitamura
described the formation of azepane type N heterocycles in a
Ru catalyzed asymmetric dehydrative functionalization of
terminal allylic alcohols.11 In 2018, Shi/Mei’s group reported a
new access to 1,4 BZOs through an Iridium catalyzed (4+3)
cyclization of vinyl aziridines with p quinone methide
derivatives and its asymmetric reaction using a Pd/Trost ligand
system.12 More recently, our group described the Rh catalyzed
asymmetric hydrofunctionalization of internal alkynes and
allenes to 1,4 BZDs and 1,4 BZOs.13 On the other hand, Carreira
also applied the powerful Ir catalyzed asymmetric
functionalization of internal allylic alcohols to the syntheses of
non benzofused oxazepane and diazepanes cores.14

The main drawback of all these synthetic strategies is probably
the necessity of using prefunctionalized bonds (external and
internal allylic alcohols, allenes, alkynes) to create the key
electrophilic intermediates to be trapped with the
corresponding heteronucleophile. In an attempt to move
forward to a more sustainable approach, we were inspired by
White’s pioneer work on Pd(sulfoxide) catalyzed acetoxylation
of simple alkenes through electrophilic Pd allyl intermediates
(Scheme 1, eq 1).15 An extensive study to create new C–C, C–O
and C–N bonds through intermolecular reactions to afford
branched16/linear17 products was then developed.
Furthermore, benzofused six membered N and O heterocycles
has been successfully synthesized by White18 and Gong19
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(Scheme 1, eq 2).20 Herein, we now expand the boundary of this
methodology with the report of a novel Pd catalyzed allylic C H
activation of simple alkenes to seven membered N,O
heterocycles (Scheme 1, eq 3).

Scheme 1. Pd catalyzed Allylic C H Functionalization to N,O heterocycles

We initiated our investigation by examining the conditions for
the cyclization of benzylic alcohol 1a (Table 1). Firstly, the
combination of White’s catalyst and Cr salts as co catalyst18a

gave a low 20% yield of the desired product 2a (entry 1) or a
moderate 40 % yield when using rac BNP as Brønsted acid
(entry 2). Application of slightly modified White’s conditions,18b

10 mol% of Pd(OAc)2, 11 mol% of rac BNP acid, 11 mol% of rac
L1 SOX, 1.5 equiv 2,5 DtBBQ in toluene 0.15 M at 60 °C, gave a
45% yield of 2a after 24 h of reaction (entry 3),18b that could be
increased to 90% when the reaction was carried out for 2 days
(entry 4). The reaction resulted very sensitive to the Brønsted
acid used since typical PPTS and chloroacetic acid failed in the
cyclization (entries 5 and 6). Changes in solvent polarity by using
ethereal solvents gave lower yields (entries 7 and 8), and even
the reaction under non polar chlorinated DCE failed to give the
desired product (entry 9). Finally, some control experiments
were performed that showed temperature as an important
factor since the reaction did not start after 10 days at rt (entry
10). In the absence of palladium catalyst or rac L1 SOX ligand
the reaction met with failure (entries 11 and 12) whereas with
chiral (S) BNP acid afforded 2a in a 92% yield as a racemic
mixture (entry 13). Interestingly, when chiral L SOX ligands were
employed promising results were obtained. Thus, L1 SOX(R,S)
gave a 90% yield of 2a in a 70:30 er (entry 14). Unfortunately,
modification of the size of the substituent in L2 SOX(R,S) or L3
SOX(S,R) did not improve the enantiomeric ratio (entries 15 and
16).

Table 1. Optimization of Reaction Conditionsa

Entry Catalyst Additive Solvent 2a (%)b

1c,d White’s cat Cr(Salen)Cl DCE 20
2c White’s cat rac BNP acid Tol 40
3e Pd(OAc)2 rac BNP acid Tol 45
4 Pd(OAc)2 rac BNP acid Tol 90
5 Pd(OAc)2 PPTS Tol traces
6 Pd(OAc)2 Chloroacetic acid Tol traces
7 Pd(OAc)2 rac BNP acid 1,4 dioxane 60
8 Pd(OAc)2 rac BNP acid THF 45
9 Pd(OAc)2 rac BNP acid DCE traces
10f Pd(OAc)2 rac BNP acid Tol traces
11 rac BNP acid Tol
12c Pd(OAc)2 rac BNP acid Tol
13 Pd(OAc)2 (S) BNP acid Tol 92

14g Pd(OAc)2 rac BNP acid Tol
90
(70:30 er)

15h Pd(OAc)2 rac BNP acid Tol
80
(56:44 er)

16i Pd(OAc)2 rac BNP acid Tol
97
(34:66 er)

a) 1a (0.1 mmol), 0.15 M. b) Isolated yields c) Without rac L1 SOX. d) BQ instead of
2,5 DtBBQ. e) 1 day. f) rt, 10 days. g) L1 SOX(R,S). h) L2 SOX(R,S). i) L3 SOX(S,R).
Tol= toluene, 2,5 DtBBQ= 2,5 di tert butyl 1,4 benzoquinone, White’s cat = 1,2
Bis(phenylsulfinyl)ethane palladium(II) acetate, rac BNP acid = binaphthyl
hydrogen phosphate.

Having established the optimized conditions, we next turned to
explore the scope of the cyclization of N (buten 3 1 yl) N (2
hydroxymethyl)phenyl sulfonamides 1 (Scheme 2). The reaction
tolerates different sulfonamides 1a 1d (Ts, 2 Ns, 4 Ns and Ms)
asN protecting groups giving the corresponding 1,4 BZOs 2a 2d
in good to excellent yields. In addition, aryl substituted with
EWG (CF3) and EDG (OMe), halides (Cl, Br, F) and alkyl (Me)
groups are well tolerated in any position giving the
corresponding substituted 1,4 BZOs 2e 2p in moderate to
excellent yields.21
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a 15 mol% Pd(OAc)2, 16 mol% rac BNP acid, 16 mol% rac L1 SOX.

Scheme 2. Pd catalyzed Allylic C H Activation of N protected Alkenols 1a o to 1,4
Benzoxazepines 2a o

Diastereoselectivity of the reaction was next explored (Scheme
3). Firstly, the secondary benzylic alcohol 1q bearing a small Me
substituent gave rise to the 1,4 BZO 2q in a 70% yield with a low
2:1 dr. Pleasingly, on changing the nature of the substituent to
a Ph group (1r) the diastereoselectivity of the reaction increased
to a 10:1 dr but with a moderate 52% yield of 1,4 BZO 2r. When
the Me substituent is located in the alkyl chain to the N atom
(1s) the reaction smoothly proceeded to give 2s with an
excellent 88% yield and a good 5:1 dr.

Scheme 3. Diastereoselectivity of the Cyclization

We then pursued the evaluation of the Thorpe Ingold effect in
the course of the cyclization (Table 2).22 The reaction resulted
unaffected on changing the nature of the carbon tether (Csp3 vs
Csp2) between functionalities. Thus, the cyclization of the
neopentyl alcohol derivative 1t under standard conditions gave
the expected dimethyl substituted oxazepane 2t in 65% yield.
Moreover, the parent unsubstituted primary alcohol 1u, with no
added beneficial Thorpe Ingold effect, could be cyclized to the

oxazepane 2u in a very good 72 % yield, although a bit more
loading of Pd catalyst was needed (entry 1). Regarding the
nature of the nucleophile, phenol 1v can also be cyclized under
standard conditions to give the 1,4 BZO 2v in a reasonable 60%
yield (entry 2). Satisfactorily, even the less nucleophilic benzoic
acid 1w can also be transformed into the expected 1,4
benzoxazepanone 2w in a very good 75% yield (entry 3). On
changing the nature of the heteronucleophile (1x), the
cyclization also smoothly occurred to give the desired 1,4
benzodiazepinone 2x in 55% yield (entry 4).

Table 2. Non benzofused Oxazepanes and Nucleophile Range

Entry Olefin 1 Product 2

1

R

N

O

Ts
2t, R = Me, 65%
2u, R = H , 72%a

R

2

3

4

a 15 mol% Pd(OAc)2, 16 mol% rac BNP acid, 16 mol% rac L1 SOX.

Derivatizations of 1,4 BZO 2a were then analyzed (Scheme 4).
The protecting tosyl group can be removed under mild
conditions (Na, naphthalene) to afford the aniline 3 in 70% yield.
The alkene of 2a participate in a Hoveyda Grubbs 2ndG
catalyzed cross metathesis with methyl acrylate to provide the
ester 4 in an excellent 90% yield. Interestingly, a Ru catalyzed
oxidative cleavage of the alkene provides the alkoxy
carboxylic acid 5 in an excellent 87% yield. Finally,
hydroboration of the alkene followed by oxidation provides the
primary alcohol 6 in 72% yield.
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Conditions: (a) Na (6 equiv), naphthalene (10 mol%), THF, rt, 16 h, 70% yield. (b) Methyl
acrylate (10 equiv), Hoveyda Grubbs 2nd G. catalyst (10 mol%), toluene, 55 °C, 90% yield.
(c) RuCl3 (2 mol%), NaIO4 (6 equiv), MeCN/H2O/AcOEt, rt, 2 h, 85% yield. (d) (i) 9 BBN (2
equiv), THF, overnight, 60 °C. (ii) NaBO3 4H2O (7 equiv), THF/H2O, overnight, rt, 72% yield.

Scheme 4. Derivatizations of 1,4 BZO 2a

In summary, we have developed a new Pd catalyzed allylic C H
activation of simple alkenes to bioactive benzofused seven
membered N,O heterocycles, such as, 1,4 benzoxazepines 1,4
BZOs, non benzofused 1,4 oxazepanes and other 1,4 BZOs and
1,4 benzodiazepinones derivatives. The alkene functionality of
1,4 BZO 2a shows a rich synthetic versatility that highlights the
potential utility of our approach.
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