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Abstract — A practical synthesis of chiral (-)-a-aminobenzolactam (2) is

described. The target compound (2) was prepared from commercially available
L-homophenylalanine ethyl ester hydrochloride (LHPE-HCl 1) with a highly
enantiomeric purity (>98% e.e.) by employing simple nitration and

hydrogenation-cyclization reactions.

INTRODUCTION
Optically active a-aminobenzolactam (2) is the key building blocks of many important biologically active
compounds or drugs, such as anti-hypertensive drug benazepril-HCI (3),' antithrombotic agent (4)* and

growth hormone secretagogue (GHS) (5)° (Figure 1).
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Figure 1

In the literatures, the synthesis of (-)-a-aminobenzolactam (2) was mostly prepared through resolution of
racemic enantiomers' by fractional crystallization of the diastercomeric tartaric acid salts,” or
enantioselective synthesis by employing asymmetric catalytic hydrogenation.® These methods usually
suffered low yields, high cost, and tedious operations which made them unpractical for industrial use. The
use of “chiral pool” for the synthesis of 2 was reported by Jackson who used an amino acid-derived
organozinc reagent to react with 2-iodoaniline followed by cyclization and hydrogenation to prepare
(-)-o-aminobenzolactam (2),” however, the overall yield was only 9%. Recently we reported an
alternative approach to enantiopure (-)-a-aminobenzolactam (2) based on the oxidative-cyclization of the
N-methoxyamide of LHPE-HCI (1) which gave a much better overall yield (35%).® Unfortunately, the use
of expensive reagents in Chang’s method such as iodomethane and [bis(trifluoroacetoxy)iodo]benzene
(PIFA) was still an obstacle for industrial use. Herein, we reported a simple and economic methodology
through nitration of LHPE (6), followed by hydrogenation and cyclization to produce
(-)-a-aminobenzolactam (2) in good yield with high optical purity (>98% e.e.).

RESULTS AND DISCUSSION
According to our synthetic protocol illustrated in Scheme 1, the major task is to obtain a high
regioselectivity toward O-substitution product in the nitration reaction and a facial process in the

separation of ortho- and para-substituted products. On the other hand, we found no racemization occurred
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at the C2 chiral center through the whole process from LHPE to the target compound (2).

NH, NH, NH,
O/\/\coza . O\/\/-\coza . O\/\/-\COZEt .
NO, NH,
LHPE (6) 7 8
Scheme 1

In our early study, we tried to obtain only ortho-nitrated product by pre-occupation of para-position of
LHPE (6) (or LHPE-HCI 1) through the transformation of LHPE (6) into its sulfate compound (9) or
brominated compound (10) (Scheme 2). However, the conversion of LHPE (6) to compound (9) was
difficult due to the solubility problem. On the other hand, the bromination reaction occurred well but led

to messy side products.

Scheme 2

The direct nitration of LHPE-HCI (1) was the only choice after we failed on the pre-occupation strategy
of para-position of LHPE (6). Various nitration reagents and conditions, such as HNO3, Fuming HNOs3,
HOACc/HNOs (1:2), Ac;O/HNO; (1:2), HOAc/fuming HNO; (1:1) and Ac,O/fuming HNO; (1:1), were
tested on LHPE-HCI (1). Unfortunately, all of these methods resulted in vigorous reactions and formed
messy products. Accidentally, we found the nitration for acetic acid salt of LHPE (6) led to the desired
products in a much better yield than the hydrochloric acid salt (1) (Table 1). Therefore, we neutralized
LHPE-HCI (1) to LHPE (6) by Na,CO; with a yield of 99%. However, the free base from LHPE (6) was
not so stable that would slowly form a dimeric lactam even at room temperature over a few days.
Therefore, the amino group of LHPE (6) needed to be quickly converted into a stable salt by dissolving in
an acid as the solvent for nitration reaction. We found that varying salts of LHPE (6) would lead to

various products in the nitration reactions, as listed in Table 1.
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Table 1. The Nitration of LHPE-H,SO, and LHPE-HOAc

Entry Substrate Solvent Nitration reagent® Ortho/Para®  7+7’ (%)°
1 LHPE-H,SO4 H,SOs  H,SO4+65%HNO; (1:2) 0.25 90%
2 LHPE-H,SOq4 H,SOs  HOACc+65%HNO; (1:2) no reaction -

3 LHPE-H,SO4 H,SOs  AcyO+65%HNO; (1:1) 0.29 89%
4 LHPE-H,SO4 H,SOs  HSO4+fumingHNO3(1:2) messy products -
5 LHPE-H,SO4 H,SOs  HOAc+HumingHNO;(1:1) 0.28 85%
6 LHPE-H,SOq4 H,SO4  Ac,O+fuming HNO; (1:2) messy products -
7 LHPE-HOACc H,SOs  H,SO4+65%HNO; (1:2) 0.27 90%
8 LHPE-HOACc HOAc HOAc+65%HNO; (1:2) no reaction --
9 LHPE-HOAc HOAc  Ac,0+65%HNO; (1:1) no reaction --
10 LHPE-HOACc HOAc  Ac,0+65%HNO; (1:2) 0.33 67%
11 LHPE-HOACc HOAc H;SO4+fumingHNO3(1:2) messy products --
12 LHPE-HOACc HOAc HOAc+HumingHNO;(1:1) incompletion --
13 LHPE-HOAc HOAc  Ac,O-+fumingHNO; (1:1) 0.35 77%
14 LHPE-HOACc HOAc  Ac,O+fumingHNO;(1:2) 0.40 90%
15 LHPE-HOACc HOAc  Ac,O+fumingHNOs(1:3) 0.36 86%
16 LHPE-HOACc HOAc HOAc+HumingHNO;(1:2) 0.34 84%
17 LHPE-HOAc HOAc HOAc+fumingHNOs(1:3) 0.30 76%

*The ratio of mixture nitration reagent was reported by ratios in volume (v/v).

® The ratio of 0-nitrated compound (7) to p-nitrated compound (7’) was measured by gas chromatography.
“The combination yields of para- and ortho-nitrated compounds were determined by GC analysis of the
crude products.

From Table 1, the nitration system of (Ac,O/fuming HNO; in HOACc) (entry 14) gave the best yield and
ratio of O-substitution product. Operationally, LHPE (6) first reacted with acetic acid to become
LHPE-HOACc and then this salt was dissolved in acetic acid before the treatment of nitration agents. The
nitration reagent, acetyl nitrate, was formed efficiently by simply mixing of nitric acid and acetic

anhydride at ambient temperature.’
Ac,0 +HNO; =— AcONO, + AcOH

Experiments indicated that the nitration reagent prepared from a 1:1 mixture of Ac;O and HNO3(65%)
gave no nitration reaction for LHPE-HOACc (entry 9), but a low yield of nitration product (7) was obtained
when we changed the ratio to 1:2 (entry 10). We also found that the concentration of nitric acid had a
significant influence on the nitration. Our observations indicated that the nitration of LHPE (6) with

reagents prepared from fuming HNO; and Ac,O gave higher ratio of 0-substitution than the other reagents
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we used. In principle, the 0-substitution product should be preferred due to kinetic reason while we use a
highly reactive and small size electrophile, and the nitronium ion which is generated from Ac,O and
HNO; mixture is a very strong electrophile relatively. On the other hand, a similar hypothetic mechanism
for o-substitution and solvent effects had been reported by Schofield."” However, the p-substitution

product still remained as the major product in nitration due to steric effect.

From the economic view, the nitration system of (H,SO4 or H,SO4/HNO3 ) should be selected (entry 1).
But the whole reaction is not homogeneous, thus a suddenly occurred exothermal reaction would raise the
reaction temperature and generated messy products. Our observation indicated that the nitration reaction
at the temperatures higher than 40 °C would lead to messy side products. Thus, the reproducibility was
poor in such reaction which prevents its usage in practical purpose (entry 1). As a result, the combination
of HNO; with either acetic anhydride or acetic acid should be prefer for such nitration (entries 13~17)
with the advantages of good solubility and mild exothermicity to give higher content of 0-substitution

product (7).

The nitrated products (7) and (7’) were hydrogenated by H; (1 atm)/Pd-C in ethanol at room temperature.
After the nitro group was converted to amino group completely, Pd-C was filtered off and the resulting

solution was refluxed for ten hours under the catalysis of HOAc to give the cyclized product (2) (Scheme

3).

NH; 1) H,/Pd-C, 1atm NH,
A CO,Et 2) HOAC, reflux CO,Et
| > WINH, 4
’\ EtOH N H,N
7+7" 2 11
Scheme 3

The final cyclized product (2) was obtained as a mixture with para-amino compound (11) after removing
the ethanol. The separation of compounds (2) and (11) could be achieved by simple extraction through the
selective hydrolysis of ester (11) by 30% NaOH aqueous solution into its corresponding acid. The
cyclized product (2) could be extracted by ethyl acetate while p-substitution compound (11) and the other
side products retained in the alkali aqueous layer. HPLC analysis showed that no ring open reaction
occurred on compound (2) through the whole separation process. After recrystallization, optically pure
(-)-a-aminobenzolactam (2) was successfully obtained with a highly enantiomeric purity (> 98% e.e) and

an overall yield of 30% (from LHPE 6). In addition, the compound (11) could be extracted after
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acidifying the aqueous solution, and its re-use in synthesis of (-)-a-aminobenzolactam (2) is currently

under investigation.

In summary, we have reported an efficient synthesis of (-)-a-aminobenzolactam (2) by employing
commercially available L-homophenylalanine ethyl ester hydrochloride (LHPE-HCI 1) as the chiral
source. The target compound (2) was successfully prepared with retained chirality at C2 through nitration
of the benzene ring, reduction of nitro group by hydrogenation, and acid catalyzed cyclization reaction.
This process presented a very economic way to transform L-homophenylalanine ethyl ester hydrochloride

into (-)-ai-aminobenzolactam (2) in an overall yield of 30% with >98% e.e.

EXPERIMENTAL

Starting materials were obtained from commercial suppliers and used without further purification unless
otherwise stated. Gas chromatography was carried out using SHIMADZU 2010 and HPLC using
SHIMADZU SPD-10A. Melting points are uncorrected. Optical rotations were measured on a
Perkins—Elmer 241 polarimeter. Infrared spectra were recorded on a Hitachi 270-30 infrared
spectrophotometer. NMR spectra were recorded on a Varian Mercury 400 or Varian Inova 600. The
chemical shifts are reported as 6 value in ppm relative to TMS (6 = 0), which was used as the internal
standard in CDCl; for '"H NMR spectra and the center peak of CDCl; (& = 77.0 ppm), which was used as
the internal standard in C NMR spectra. Elemental analyses were collected on a Foss Heraeus

CHN-O-Rapid elemental analyzer.

L-Homophenylalanine ethyl ester (LHPE 6):

To a stirring solution of H,O (180 mL) and Na,COs (13.10 g, 123.60 mmol) was added EtOAc (100 mL),
then LHPE-HCI (1) (40.18 g, 164.85 mmol) was slowly added into the mixture at temperature between
20~30 °C. The organic layer was separated and concentrated to give 33.50 g of LHPE (2) as a colorless
liquid in 98 % yield. [a]p = +39.1 (¢ 1.0, CHCl3); '"H NMR (300 MHz, CDCl3) & 7.18-7.33 (m, 5H, PhH),
4.18 (q, J = 7.1, 2H, OCH,), 3.40-3.55 (br, 2H, CH), 2.76 (t, J = 7.0, 2H, PhCHy), 2.15-2.40 (br, 2H,
NH,), 2.05-2.20 (m, 1H, CH,), 1.85-2.00 (m, 1H, CH>), 1.29(t, J = 7.1, 3H, CH3); °C NMR (100 MHz,
CDCls) 6 175.6, 141.1, 128.2, 128.1, 125.7, 60.5, 53.7, 36.2, 31.7, 14.0.

Nitration reaction procedure:
To a flask contained HOAc (35 mL) was added slowly LHPE (2) (33.12 g, 159.79 mmol) and kept
stirring until the resulting salt (LHPE-HOAc) was dissolved. The solution was then cooled in an ice

bath and was added dropwise the cold (0 °C) mixture of Ac,O/fuming HNO; (30 mL + 30 mL) while the

reaction temperature was controlled below 10°C. After addition, the mixture was stirred at the same
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temperature for 0.5 hr and the completion of the nitration reaction was checked by GC. The resulting
solution was neutralized with saturated aqueous NaHCOs until pH 8 and was directly extracted with
CHCI, (100 mL x 3). The combined organic solution was washed with 100 mL of water, dried over
MgSOs, and concentrated in vacuum to give the 40.40 g of nitro compounds (a mixture of 0-, p-, m-
nitrated compounds and other side products) as a brownish oil with a ratio of 1:1.50 (O-nitrated
compound : p-nitrated compound, by GC), and the total yield of 0-nitrated and p-nitrated compounds was
90% that was determined by GC chromatography analysis. Other nitration reactions were carried out in

similar way but using different nitration systems, the results are showed in Table 1.

(-)-a-Aminobenzolactam (2):

To a solution of nitrated compound (a mixture of 40.00 g of 0-, p-, m-nitrated compounds from the
nitration reaction) in EtOH (200 mL) was added 5% Pd-C (18.00 g). The resulting mixture was bubbled
with a slow stream of hydrogen and the mixture was hydrogenated under atmosphere of hydrogen for 1 h
at ambient temperature. After the GC chromatography indicated the completion of reaction, Pd-C was
filtered off and the solution was used directly for the next cyclization reaction without purification.
Additional EtOH (400 mL) and HOAc (35 mL) were added and the resulting solution was refluxed for 10
h and the completion of the reaction was checked by GC. After evaporation of the solvent, the residual oil
was dissolved in 200 mL of 30% aqueous NaOH solution to adjust the pH to above 11, and then the basic
solution was extracted with EtOAc (100 mL x 5). The combined organic layers were added HCI until pH
6~7 and a yellowish solid appeared. After the solid was collected by filteration, stirred with 100 mL of
7% NaCOs3 aqueous solution and extracted with EtOAc (200 mL x 2). The organic layer was
concentrated in  vacuum to give (-)-o-aminobenzolactam  (2)  [(3S)-3-amino-1,3,4,5-
tetrahydrobenzo[b]azepin-2-one] (8.45 g) as a white solid in a total yield of 30% (from LHPE 6) with
e.e.> 98 % based on the HPLC analysis with chiral column (Daicel, CROWNPAK CR(+)); [a]p= —447.0
(c 1.02, CH;0H) [lit.,” [a]p = —446.0 (¢ 1.0, CH;0H)]; mp 151-152 °C (lit.,” mp 147-149°C); '"H NMR
(400 MHz, CDs0D) 6 7.31-7.25 (m, 2H, ArH), 7.21-7.15 (m, 1H, ArH), 7.10 (d, J = 8.0 Hz, 1H, ArH),
3.47-3.42 (m, 1H, CHNH,), 2.92-2.86 (m, 1H, ArCH,), 2.75-2.69 (m, 1H, ArCH,), 2.58-2.45 (m, 1H,
CH,), 2.05-1.95 (m, 1H, CH,); >C NMR (150 MHz, CD;0D) & 177.0, 139.1, 136.3, 131.3, 129.4, 127.9,
124.2, 52.5, 39.6, 30.3; Anal. Calcd for C;oH2N,O: C, 68.16; H, 6.86; N, 15.90. Found: C, 68.09; H,
6.84; N, 15.84.
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