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Abstract — The facial approach to 3-benzazepine-2-carboxylic acid derivatives
(1) via the ring expansion reactions of 10b-hydroxymethyloxazoloisoquinolines
(3) to 3-benzazepines (2) is described. Utilizing enzymatic resolution, the

synthesis of (-)-(S)-N-Cbz-3-benzazepine-2-carboxylic acid (1b) was achieved.

2,3,4,5-Tetrahydro-1H-3-benzazepine derivatives have been of interest in synthesis' due to their
pharmacological activities,” such as dopaminometric or antidopaminergic agents’ and the inhibitory
effect’ of reverse transcriptase. In our laboratory, the synthesis of isoindolobenzazepine alkaloids, such as
lennoxamine and chilenine, utilizing the ring expansion reaction of isoindoloisoquinoline to
isoindolobenzazepine has been reported.” We attempted to apply this strategy to the synthesis of 2,3,4,5-
tetrahydro-1H-3-benzazepine derivatives. In this paper, the facial synthesis of benzazepine derivatives,
especially 2,3,4,5-tetrahydro-1H-3-benzazepine-2-carboxylic acid (1)(R', R?, R* = H),*’” which is the used
as a replacement for phenylalanine in the peptide,® via the ring-expansion reaction of 10b-

hydroxymethyloxazoloisoquinolines (3) is described (Figure 1).
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There are many reports involving the ring expansions of isoquinoline-rings to 3-benzazepine rings via
azirizines.” In a similar method, the ring expansion of spirocyclic ammonium ylides for the synthesis of 3-
benzazepines has been reported by Padwa er al.'’ In addition, ring expansions through the 1,2-aryl
migrated reaction without the formation of azirizine have been reported.” However, only one such
example of a ring expansion to form an acyliminium ion intermediate has been reported by ourselves.” At
first, the synthesis of isoquinoline derivatives (3) as key compounds from alkylidenelactams (4)"' via the

acyliminium ion equivalents (5) was conducted according to our previous report.'> The results are shown

in Scheme 1.
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Scheme 1 Reagents and conditions: (a) MCPBA (1.2 equiv.), MeOH, -50 °C to rt; (b) BF;-OEt, (2.1
equiv.), CH,CI,, -40 to 0 °C; (c) SO,CI, (3 equiv.), Et;N (5 equiv.), CHCI,/Py (4:1), -78 °C to rt.

The conversion of 4 into the acyliminium ion equivalent (5) through the oxidation" of the exocyclic
enamide moiety with MCPBA was performed in quantitative yields, followed by cyclization'* via an
acyliminium ion in the presence of BF;-OEt, to afford 3" in a satisfactory isolated yield. The obtained
isoquinoline derivatives (3) in hand were then applied to the ring expansion’ with SO,Cl, in the presence
of Et;N and pyridine in order to construct the 3-benzazepine ring system. When the ring expansion of 3a
was conducted with 3 equiv. of SO,Cl,, the reaction proceeded smoothly to give the corresponding seven-
membered ring compound (2a) in a good yield (85%).'° Furthermore, the ring expansion of 3b (R = Ph)
possessing the secondary hydroxy group at the 10b-position of the oxazoloisoquinoline ring progressed to
1-phenyl-3-benzazepine (2b) in 84% yield. After this efficient synthesis of 3-benzazepines (2), compound
(2a) was used for the synthesis of tetrahydrobenzazepine-2-carboxylic acid (Scheme 2).

We initially attempted to convert 2a into 6 or 7, however, neither the catalytic reduction of enamide (2a)
to 6 nor the hydrolysis of the carbamate moiety of 2a occurred. Then, the reduction of 2a utilizing
BF,-2AcOH-Et,SiH system via an acyliminium ion intermediate was conducted to afford 6 in 94% yield.
Saponification (10% KOH-MeOH) of 6 followed by protection of the amino moiety of 7 afforded 8 in
92% vyield. Next, the asymmetric synthesis of 1 was attempted by enzyme-mediated chiral resolution
utilizing lipase. To the best of our knowledge, there is no report for asymmetric synthesis of 1. The lipase
(Novozym 435%)-catalyzed acylation of alcohol (8) was performed with vinyl acetate as the acylating

agent in THF at 20 °C. The ca. 50%-conversion was achieved within 30 min, and then the acylated



alcohol and the unreacted alcohol were separated by silica gel column to give (S5)-(-)-9 (97% ee) in 49%
isolated yields.'” However, in the gram-scales, their enantiomeric excess yields decreased to 92—94% ee.
The low-temperature method' (at 0 °C for 45 min) in the gram-scale resolution of 8 succeeded in
overcoming this disadvantage and the reproducible ee yields (96-97.8%) of (S5)-9 were obtained.

The removal of the acetyl group on (S5)-9 using 0.05N NaOH" gave (S5)-8 in a good isolated yield."” On
the other hand, the conversion of 7 to 1a by Jones oxidation was carried out, but the isolation of amino
acid (1a) was unsuccessful. Then, the oxidation of (S)-8 was carried out according to Zao's method™ to
afford (S)-1b*' in 92% yield. The subsequent hydrogenolysis of the Cbz-group of (S)-1b proceeded
smoothly to afford (S)-1a as a rigid analogue of L-(S)-phenylalanine.*
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Scheme 2 Reagents and conditions: (a) Et;SiH (5 equiv.), BF;:2AcOH (1.2 equiv.), CH,CI,, rt,
94%; (b) KOH (10 equiv.), MeOH, reflux; (c) CbzCI (1.3 equiv.), NaHCO; (1.3 equiv.), THF—-H,O
(1:1), rt, 92% (from 6); (d) Novozym 435°, CH,=CHOAc, THF, 0 °C, 46 %; (e) 0.05N NaOH, MeOH,
0 °C, 94%; (f) NaCIO, (2 equiv.), 5% NaCIO (cat.), TEMPO (cat.), MeCN, pH 6.86 buffer, 35 °C,
92%; (g) 5% Pd-C (cat.), H, (1 atm), MeOH, rt, then, 4N HCI, AcOEt, 88%.

The absolute configuration of (S)-9 was determined by single-crystal X-Ray diffraction analysis. Figure 2
shows the crystal structure of the salt (10) consisting of (R)-mandelic acid and amino alcohol (($)-7)

obtained by saponification of (-)-9 (Figure 2).”
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In conclusion, the authors have established a new method for the synthesis of 3-benzazepine-2-carboxylic

acid derivatives utilizing the ring-expansion of isoquinolines. Furthermore, the synthesis of (S)-1b was

achieved. The investigations into their biological activities are now in progress.
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