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a b s t r a c t

A series of amino acid-derived enantiomerically pure substituted benzo[d][1,2,3,6]oxatriazocine deriva-
tives and 1-alkyl substituted benzotriazoles has been prepared by the diazotization of amino acid-derived
benzo-fused alicycles. The first unprecedented diazo-oxygen bond formation in acidic medium led to an
entirely new kind of substituted benzo[d][1,2,3,6]oxatriazocine heterocycles.

� 2011 Elsevier Ltd. All rights reserved.
Over the past decades, the design and synthesis of medium ring
heterocycles, having a ring size in the range of 7–11 with oxygen
and nitrogen atoms, have drawn a lot of attention as a consequence
of a wide variety of applications such as biologically active natural
products,1 drug candidates,2 materials,3 and for catalysis.4 For
example, the benzoxazocine ring is often present in many pharma-
ceutical agents.5 Nefopam hydrochloride,6 with a benzoxazocine
ring is a non-narcotic analgesic drug having antidepressant activity.7

Benzotriazoles are also important structural motifs, having a
wide range of biological activities, including antifungal,8 antitu-
mor,9 anti-inflammatory,10 antimicrobial,11 and antidepressant.12

In particular, 1-alkyl-benzotriazole derivatives are highly selective
agonists for human orphan G-protein coupled receptor GPR109b.13

Further, benzotriazole was found to be an efficient ligand for the
Cu-catalyzed N-arylation of imidazoles.14

We have been working on the synthesis and biology of S-amino
acid-based chiral heterocyles and natural product-like mole-
cules.15 Recently, we have published a new series of amino acid-
derived benzoxazepine derivatives as an antitumor agent in breast
cancer.15c In continuation of our studies in finding out the effect of
ring size on antitumor activity, we decided to synthesize and eval-
uate a series of amino acid-derived benzoxazine derivatives. We
planned to synthesize benzoxazines via tandem diazotization fol-
lowed by intramolecular nucleophilic displacement of diazonium
sulphate with amino acid-derived primary carbinol (Scheme 2).

S-amino acids 3a–e were reacted with 1-flouro-2-nitrobenzene
derivatives 1 and 2 in the presence of K2CO3 and dry DMF at 80 �C
to furnish 2-nitro benzene protected amino acid derivatives which
were converted to their methyl esters 4a–e and 5 in the presence
ll rights reserved.
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of SOCl2 and MeOH (Scheme 1). Nucleophilic aromatic substitution
of 2-nitro-fluoro benzene with amino acids occurs without any
racemization.15e LiBH4 reduction of 4a–e and 5 gave carbinols
6a–e and 7 in 80–90% yield. The alcohol of 6a–e and 7 was pro-
tected with TBDMS group by using TBDMSiCl, imidazole in dry
DCM to afford 8a–e and 9 in good yield. Aromatic nitro group
was reduced to amine by hydrogenolysis to provide TBDMS pro-
tected carbinol 10a–e and 11 with 65–75% yield.

The final diazotization of the intermediates 10a–e, 11 gave
12a–e16 and 13 (Scheme 2) by one-pot three step sequence, (i)
diazotization of the aromatic amine (ii) TBDMS deprotection, and
(iii) cyclization through diazo-oxygen (N@N–O) bond formation.
Instead of benzoxazine, benzo[d][1,2,3,6]oxatriazocines were
isolated.

Since the secondary amine of A is in conjugation with diazo
group, it is less reactive than primary carbinol (Scheme 3). Thus,
formation of benzotriazole does not take place (path b) (Fig. 1).
Benzoxazines do not form through elimination of diazo group
followed by subsequent attack of primary carbinol of A (path
c). It is noted that the formation of benzo[d][1,2,3,6]oxatriazo-
cines takes place through nucleophilic attack of primary carbinol
on electrophilic diazo group (path a). To the best of our knowl-
edge amino acid-derived chiral heterocycles containing diazo-
oxygen bond are not reported in the literature.

With benzo[d][1,2,3,6]oxatriazocines in hand, synthesis of ben-
zoxazine was attempted through thermal elimination of molecular
nitrogen in 12a. Thus, heating at 120 �C gave only recovery of start-
ing materials perhaps due to strong double bond character in
C–N@N–O of 12a, (Scheme 4). After failure of thermal elimination
of N2, the free radical reaction of 12a with Cu powder was at-
tempted at 70 �C. Starting material was fully consumed without
isolation of desired product. Further, one-pot diazotization of 10a
followed by heating at 70 �C in the presence of Cu powder afforded
uncharacterized complex mixture.
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Scheme 1. Preparation of intermediates 10a-e, 11.
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Scheme 2. Synthesis of benzo[d][1,2,3,6]oxatriazocines derivatives.
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Figure 1. Primary carbinol is more reactive than secondary amine.
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Scheme 4. Double bond character of C–N@N–O bond.
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The formation of 12a–e and 13 takes place through the reaction
of free primary carbinol on diazo group (Scheme 2). To prevent the
N@N–O bond formation as well as to facilitate the nucleophilic
secondary amine attack, primary carbinols 6a–e, 7 were protected
with acid stable pivaloyl group in the presence of pivaloyl chloride,
triethyl amine in dry DCM to provide 14a–e and 15 in 70–80% yield
(Scheme 5). Aromatic nitro groups of 14a–e, 15 were converted to
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Scheme 5. Synthesis of 1-alkyl benzotriazoles derivatives.
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amine by hydrogenolysis to afford pivaloyl protected amino carbi-
nols 16a–e and 17 in 65–75% yield. Then aromatic amines 16a–e
and 17 were diazotised in the presence of NaNO2 (1 equiv),
6 N�H2SO4 to provide amino acid-derived 1-alkyl substituted enan-
tiomerically pure benzotriazole derivatives 18a–e and 19 with
good yield through formation of (N–N@N) bond.

In conclusion, we have reported an unprecedented diazo-oxy-
gen (N@N–O) bond formation which led to an entirely new kind
of benzo[d][1,2,3,6]oxatriazocines via one-pot three step sequence,
(i) diazotisation (ii) TBDMS deprotection, and (iii) cyclization. We
have also synthesized amino acid-derived 1-alkyl benzotriazole
derivatives via diazotization of 16a–e and 17 through diazo-
nitrogen (N@N–N) bond formation. Although diazo-nitrogen bond
formation is known,17 diazo-oxygen bond formation in acidic
medium is not reported in the literature.
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