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Abstract—A convenient and diversity-oriented method for synthesis of the novel 7-aryl-3,4,5,6-tetrahydro-2H-pyrido[4,5-b]-1,5-
oxazocine-6-one skeleton 1 and the very rarely described 7-aryl-3,4,5,6-tetrahydro-2H-pyrido[2,3-b]-1,5-oxazocine-6-one skeleton
2, featuring cyclization using nucleophilic aromatic substitution (SNAr) and Suzuki coupling, is described.
� 2004 Elsevier Ltd. All rights reserved.
In the course of our drug discovery programs targeting
potent and selective NK1 antagonists, potentially useful
for the clinical treatment of a wide range of conditions
such as pain, migraine, nausea, and urinary inconti-
nence,1 we required a convenient method for general
synthesis of 7-aryl-3,4,5,6-tetrahydro-2H-pyrido[4,5-b]-
1,5-oxazocine-6-one and 7-aryl-3,4,5,6-tetrahydro-2H-
pyrido[2,3-b]-1,5-oxazocine-6-one skeletons (1 and 2 in
Fig. 1).

Interestingly, the 7-aryl-3,4,5,6-tetrahydro-2H-pyrido-
[4,5-b]-1,5-oxazocine-6-one skeleton 1 constitutes a no-
vel class of compound whose synthesis has not been
reported previously. On the other hand, there has been
only one precedent for synthesis of the 7-aryl-3,4,5,6-
tetrahydro-2H-pyrido[2,3-b]-1,5-oxazocine-6-one skele-
ton 2 reported by the Takeda group.2 Their method,
0040-4039/$ - see front matter � 2004 Elsevier Ltd. All rights reserved.
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Figure 1.
however, involves a seven-step process from acetophe-
none, which is not only inefficient for the synthesis of
many compounds with structural diversity for com-
pound 2, but is also unavailable for the synthesis of
the desired compound 1. We therefore developed a con-
venient method for the synthesis of 1 and 2. Herein, we
describe a novel diversity-oriented approach for synthe-
sis of the 7-aryl-3,4,5,6-tetrahydro-2H-pyrido[4,5-b]-1,5-
oxazocine-6-one and 7-aryl-3,4,5,6-tetrahydro-2H-pyr-
ido[2,3-b]-1,5-oxazocine-6-one skeletons.

The retrosynthetic scheme for the pyridooxazocines is
shown in Scheme 1. The desired compounds 1 and 2
might be constructed from the chloride 3 or iodide 4
by the Suzuki coupling reaction. The bicyclic com-
pounds 3 and 4 could be constructed from the carboxy-
lic acid 7 by condensation with aminopropanol 8 and a
subsequent nucleophilic intramolecular cyclization reac-
tion using nucleophilic aromatic substitution (SNAr).
The regioselectivity of the cyclization could be control-
led because the different leaving groups at the C-2 and
C-4 positions in the pyridine ring (chloride and iodide,
respectively) might create a difference of reactivity in
the SNAr reaction.

2-Chloro-4-iodopyridine-3-carboxylic acid 7 was pre-
pared from 2-chloro-3-iodopyridine 93 by the known
method4 with slight modification. Treatment of 2-
chloro-3-iodopyridine 9 with LDA at �78 �C, followed
by quenching with carbon dioxide, and then hydrolyza-
tion with hydrochloric acid gave the 2-chloro-4-iodopyr-
idine-3-carboxylic acid 7 in good yield. Subsequent
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Scheme 2. Reagents and conditions: (a) 1. LDA, THF, �78�C, 5h, 2. CO2, 1h, 3. HCl, rt, 1h, 81%; (b) 1. SOCl2, DMF, reflux, 3h, 2. 3-[[3,5-

bis(trifluoromethyl)benzyl]amino]-1-propanol, THF, 0 �C, 1h then rt, 2h, 92%.
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treatment with thionyl chloride under reflux, followed
by condensation with 3-[[3,5-bis(trifluoromethyl)benz-
yl]amino]-1-propanol, afforded the alcohol 10 (Scheme
2).

Conversion of the alcohol 10 to bicyclic compounds 11
and 12 was carried out under several conditions and
the results are summarized in Table 1. Less-polar-apro-
tic conditions in the presence of a strong base (entries 1
and 2) afforded only 12 as a single regio-isomer, that is,
only the C-2 position on the pyridine ring underwent a
nucleophilic reaction. Interestingly, polar-protic condi-
tions with various bases (entries 4–9) gave a mixture
of 11 and 12, in different respective ratios. In particular,
use of K2CO3 as the base (entry 7) gave a good yield of
11. Next, the effect of solvent was studied (entries 10–
12). In particular, H2O–EtOH was found to be a suita-
ble solvent for obtaining 11. The exact mechanism
responsible for the regioselectivity of this cyclization is
unclear. The formation of 12, where chloride was re-
placed prior to iodide, seems to fit reasonably well with
the results of common SNAr;5 however, the formation of
11 cannot be interpreted. Compounds 11 and 12 were
easily separable by column chromatography and iso-
lated in reasonable yields.6 These compounds were iden-
tified by MS and 1H NMR, respectively,7,8 and it was
possible to differentiate between them by MS (chloride
or iodide) and 1H NMR (aromatic protons at C-10 for
11 and C-8 for 12; d 6.80 and 7.69, respectively).

The Suzuki coupling reaction of 11 and 12 with arylbo-
ronic acids (1.5equiv) yielded the desired 7-aryl-3,4,5,6-
tetrahydro-2H-pyrido[2,3-b]- and [4,5-b]-1,5-oxazocine-
6-ones (1a–d, 2a–e) in good yield, using 10mol%
Pd(PPh3)4 and 2M Na2CO3 (5equiv) in a 2:1 toluene/
1,4-dioxane mixture for 5–7h.9 The coupling reaction
proceeded equally well using chloride 11 or iodide 12.

In the 1H NMR spectra of 2d, the aryl protons and oxa-
zocine ring protons appeared as broad signals, but the
benzylic methylene proton signals did not change. These
data indicate that the rotation about the biaryl bond
could be restricted for 2d on a NMR timescale at room
temperature.2 Thus, although the separation of the iso-
mers of 2d using high-performance liquid chromatogra-
phy has not been a success, 2d presumably exists as a
mixture of diastereomers,2,10 which result from the two
axial chiralities (aryl and amide). The compounds other
than 2d did not exhibit these effects (Table 2).

In summary, we have developed a convenient method
for synthesis of the very rarely described 7-aryl-3,4,5,6-
tetrahydro-2H-pyrido[4,5-b]-1,5-oxazocine-6-one and
7-aryl-3,4,5,6-tetrahydro-2H-pyrido[2,3-b]-1,5-oxazo-



Table 1. Studies of cyclization of alcohol 10
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Entry Base Solvent Condition Total yield (%) Ratio (11:12)

1 NaH THF rt, 1h 42 Only 12

2 NaH Toluene 50�C, 8h 53 Only 12

3 NaH DMF 0 �C, 1h —a —

4 t-BuOK EtOH rt, 10h 70 79:21

5 KOH EtOH rt, 1h 59 68:32

6 Cs2CO3 EtOH 50�C, 8h 59 66:34

7 K2CO3 EtOH 50�C, 8h 80 84:16

8 Na2CO3 EtOH 80�C, 16h 14 71:29

9 KHCO3 EtOH 80�C, 16h 70 80:20

10 K2CO3 DMF 100�C, 1h 28 71:29

11 K2CO3 i-PrOH 80�C, 12h 54 41:59

12 K2CO3 H2O–EtOH (1:1 v/v) 100�C, 12h 87 83:17

a Decomposition.

Table 2. The Suzuki coupling reaction 11 and 12 with substituted boronic acid

11, X=N, Y=CH, Z=Cl
12, X=CH, Y=N, Z=I 1a-d, 2a-e

10 mol% Pd(PPh3)4
2M Na2CO3

Ar B(OH)2

Toluene, 1,4-dioxane
reflux, 5-7 h
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Entry 12 or 13 Ar Products Yield (%)

1 11 1a11 60

2 12 2a12 80

3 11 F 1b 87

4 12 2b 77

5 11
Cl

1c 83

6 12 2c 87

7 11
Me

1d 98

8 12 2d 99

9 12
MeO

2e 86
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cine-6-one skeletons starting from 2-chloro-3-iodopyr-
idine, making good use of intramolecular cyclization
using SNAr for formation of the oxazocine ring and
Suzuki coupling for formation of the biaryl bond.
Details of the NK1 antagonist activity of these com-
pounds will be published separately.
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