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Iron- and Zinc-mediated Synthetic Approach to Enantiopure 
Dihydroquinoxalinones 
Dazhi Li,[a] and Thierry Ollevier*[a] 
Abstract: A general and efficient synthesis of enantiopure dihydro-
quinoxalinones has been developed using naturally occurring amino 
acids as starting materials. The reductive cyclization of N-(o-
nitroaryl)amino esters was performed by using iron and zinc metal 
under mild conditions in a water/ethyl acetate mixture. The 
corresponding dihydroquinoxalinones were obtained in moderate to 
high yields and high enantiomeric purity, among which 7 new 
compounds were unprecedented in the literature. 

Introduction 

As the core structure of many pharmaceuticals and biologically 
active compounds, quinoxalinone derivatives serve as important 
building blocks in drug synthesis and agrochemistry.[1] Non-
nucleoside HIV-1 reverse transcriptase inhibitor GW420867X[2] 
is a good example of chiral drugs with the dihydroquinoxalinone 
core. In addition, dihydroquinoxalinone motifs are present in 
bromodomain inhibitors,[3] cholesteryl ester transfer protein 
inhibitors,[4] antagonists of the selective human A3 adenosine 
receptor[5] and other non-nucleoside reverse transcriptase 
inhibitors.[6] Hence, the synthesis of dihydroquinoxalinones has 
attracted considerable attention in the past decades, and 
remains of great interest today.[7] 

Several methods have been reported for the synthesis of 
chiral dihydroquinoxalinones.[8] The first method involved the 
coupling of o-nitroaryl- or o-aminoaryl halides with natural amino 
acids (Scheme 1a).[8a, 8b] o-Nitroaryl bromides/iodides and o-
aminoaryl bromides were coupled with amino acids using a CuI 
catalyst, followed by reduction and cyclization. By using o-
aminoaryl bromides, the reaction conditions were harsh.[8b] In 
these two cases, the requirement of air-sensitive catalysts, toxic 
organic solvents and ligands was a major disadvantage. More 
frequently, o-nitroaryl fluorides were reacted through SNAr with 
amino acids[8i-q] or their esters[8r-t] using a base without catalyst. 
Subsequently, the nitro group was reduced by H2,[8o] SnCl2,[8n] 
Zn,[8s] Fe,[8m] or Na2S2O4.[8p] The drawbacks of the methods 
using H2 or SnCl2 are the use of expensive noble Pd catalyst or 
toxic Sn pollutants, respectively. When Zn and Fe were 
employed, the reactions suffered from narrow scopes with low to 
moderate yields,  and because of the harsh conditions of the 
reductive cyclization, up to 10% of dihydroquinoxalinone was 
potentially racemized.[8r] When Na2S2O4 was employed in water, 
the yield was low as well. The second method used the kinetic 
resolution of a-bromoacid esters with diaminobenzenes 

(Scheme 1b).[8c-g] However, the enantiopurity varied for each of 
the obtained compounds. Moreover, various toxic organic 
solvents, such as MeCN and CH2Cl2, were used. The third 
method used solid-phase synthesis starting from o-nitro-
benzenesulfonyl chloride (Scheme 1c)[8h] and numerous steps 
were necessary. The fourth method emerged in recent years 
involving asymmetric catalysis using rhodium,[1, 8z] Lewis 
bases,[7b, 8aa] Brønsted acids[8y] and Lewis acids[7a] as catalysts 
(Scheme 1d). Despite the good results disclosed, most studies 
were run in non-environmentally-benign organic solvents.[9] Also, 
the fact that the ligands were expensive or not commercially 
available and the reaction required inert atmosphere or 
produced toxic waste made these methods problematic.[10]  

So far, there has been no general method using Fe for the 
synthesis of chiral dihydroquinoxalinones from amino acids 
under benign conditions. Thus, using Fe as reagent for both the 
reduction and the cyclization steps leaves space for milder 
conditions to be explored, since Fe is an abundant, cheap,[11] 
and non-toxic element.[12] Herein, we report a new approach for 
the synthesis of enantiopure dihydroquinoxalinones with an 
expanded scope of substrates (Scheme 1e). The final products 
were obtained in high yields by reductive cyclization using Fe as 
reductant in a H2O/EtOAc solvent at room temperature. All 
reactions were carried out under air. 

 

 
Scheme 1. Synthetic routes of chiral dihydroquinoxalinones. 
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Results and Discussion 

o-Nitrofluorobenzene was first reacted with various amino acids 
in a H2O/EtOH mixture as solvent (Scheme 2). Although 
microwave-assisted conditions have been reported to provide 
shorter reaction times,[13] conventional heating was chosen 
because, under microwave-assisted conditions, the product was 
racemized to some extent.[8h, 8r] The yields of 1 were usually high 
(> 90%).[14] 

In the next step, (o-nitrophenyl)-amino acids from L-valine and 
(R)-phenylglycine were selected firstly in the optimization study 
of the preparation of 2. Several esterification methods have 
been reported: using SOCl2,[15] CH3I[8l] or (CH3)2SO4.[8k] At first, 
stoichiometric SOCl2 was used and 90% isolated yield was 
obtained for both 2a and 2b. Considering the acid waste 
generated by using stoichiometric SOCl2 and trace pollutants of 
sulfur which could poison some metal catalyst,[16] SOCl2 was 
replaced with catalytic HCl (10 mol%, 12 M in water). By heating 
1 in methanol with HCl, esters 2 were successfully obtained. The 
use of catalytic HCl required no aqueous work-up and almost 
quantitative yields of the esters were obtained for all cases. 

 

 
Scheme 2. Synthesis of N-(o-nitroaryl) amino acid esters. 

In the last step, different conditions were tested for the 
reductive cyclization of dihydroquinoxalinones. First, Zn and Fe 
were used in H2O/EtOAc (Table 1, Entries 1–8). The reaction of 
acid 1a and Zn gave 36% yield (Entry 1). A faster reaction was 
observed with ester 2a and a better yield (58%) was obtained 
with less Zn (Entry 2). The best result (93% yield, 99.2% ee) 
was obtained with Fe instead of Zn, although the reaction 
needed a longer time (Entry 3). Substrates 1b and 2b from L-
valine shared a similar trend (Entries 4–8). According to the 
stoichiometry of the reaction, the reduction of –NO2 to –NH2 
requires 3 equiv. of Fe, where only a moderate yield of 3b (70%) 
was obtained (Entry 6). A full conversion was only obtained 
when 6 equiv. of Fe were used (Entry 8 vs. 7 and 6). Iron was 
believed to be partially poisoned with reaction conditions 
comprising an air-saturated solution. In addition to Zn and Fe, 
Mg and Al were tested as well (Entries 9–10), but most of 2b 
remained unreacted. The reaction using NaBH4/BiCl3[17] was fast 
and 77% yield was obtained (Entry 11). Using Fe/CaCl2 in 
H2O/EtOH[18] gave 78% yield (Entry 12) and changing the 
solvent to H2O/EtOAc gave a slightly better 84% yield (Entry 13). 
Recently iron-catalyzed reductive cyclization of o-nitrostyrenes 

into indoles using a silane as terminal reductant has been 
reported.[19] However, such catalytic conditions have  
Table 1. Optimization of the reaction conditions. 

 

Entry 1 or 2 Reductant (equiv.)/Additive 
T 

(oC) 
t 

(h) 
Yield 
(%)[h] 

1[a] 1a Zn (10)/NH4Cl 22 2 36 

2[a] 2a Zn (5)/NH4Cl 22 0.5 58 

3[a] 2a Fe (8)/NH4Cl 22 16 93 

4[a] 1b Zn (10)/NH4Cl 22 2 27 

5[a] 2b Zn (5)/NH4Cl 22 2 98 

6[a] 2b Fe (3)/NH4Cl 22 16 70 

7[a] 2b Fe (5)/NH4Cl 22 16 88 

8[a] 2b Fe (6)/NH4Cl 22 8 96 

9[a] 2b Mg (6)/NH4Cl 80 24 <5[i] 

10[a] 2b Al (6)/NH4Cl 80 24 <1[i] 

11[b] 2b NaBH4 (8)/BiCl3 22 0.2 77 

12[c] 2b Fe (3)/CaCl2 80 24 78 

13[d] 2b Fe (3)/CaCl2 80 24 84 

14[e] 2b PhSiH3 (3)/Fe(OAc)2 80 48 <9[i] 

15[e, f] 2b PhSiH3 (3)/Fe(OAc)2 80 48 71 

16[e, f] 2b Ph2SiH2 (3)/Fe(OAc)2 80 48 11[j] 

17[e, f] 2b PhMe2SiH (3)/Fe(OAc)2 80 48 NR[k] 

18[e, f] 2b PMHS (15)/Fe(OAc)2 80 48 24[l] 

19[e, g] 2b PhSiH3 (3)/Fe(OAc)2 80 48 27 

Reaction conditions: [a] acid 1 or ester 2 (0.8 mmol), reductant, NH4Cl (10 
mmol), H2O/EtOAc (6 mL/6 mL). [b] 2 (0.8 mmol), NaBH4, BiCl3 (1.2 mmol), 
EtOH (5 mL). [c] 2 (0.8 mmol), Fe, CaCl2 (0.8 mmol), H2O/EtOH (0.2 mL/2 mL). 
[d] Using H2O/EtOAc (1 mL/1 mL) as solvent compared to entry 11. [e] 2 (0.8 
mmol), reductant, Fe(OAc)2 (10 mol%), 1,2-dimethoxyethane (2 mL). [f] f1,10-
phenanthroline (L1, 10 mol%) was added as ligand. [g] [2,2'-bipyridine]-6,6'-
diyldimethanol (L2, 10 mol%) was added as ligand. [h] Isolated yield. [i] Yield 
estimated by 1H NMR; most of 2b remained. [j] 32% of 3bb also isolated. [k] 
NR = no reaction. [l] 44% of 3bb was also isolated. 

not been applied in the reductive cyclization of N-(o-nitroaryl)-
amino esters into dihydro-quinoxalinones. Thus, the conditions 
using silanes and catalytic Fe(OAc)2 were tested (Entries 14–19). 
Without any ligand, PhSiH3 with Fe(OAc)2 gave less than 9% 
yield (Entry 14). With 1,10-phenanthroline (L1) as ligand, the 
reaction gave 71% yield (Entry 15). Changing the PhSiH3 to 
Ph2SiH2, the yield dropped to 11% (Entry 16) and 32% of by-
product 3bb was also isolated. Using PhMe2SiH, no conversion 
was observed (Entry 17). Using polymethylhydrosiloxane 
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(PMHS), 24% yield was obtained (Entry 18). With ligand L2 
([2,2'-bipyridine]-6,6'-diyldimethanol) and PhSiH3, the reaction 
afforded 27% yield (Entry 19). In addition to the conditions 
above, many other known conditions to reduce aromatic nitro 
groups were tested as well. By using Bi/(NH4)2SO4[20] or 
Fe/Zn/BiCl3[21] no conversion was obtained. When 
Zn/Mg/hydrazine[22] were used, most esters were hydrazinolyzed. 
In the case of 3b, the use of Zn (Entry 5) gave better yield than 
Fe (Entry 7; 100% ee), but for the most of other cases (3a, 3e, 3i, 
3k, 3m and 3r, Table 1 and Scheme 3) the use of Zn resulted in 
less clean reactions and gave lower yields than Fe. Thus, the 
conditions using Fe/NH4Cl were selected for the reaction scope 
since they provided the best yields of cyclized products at room 
temperature. 
 

 
Scheme 3. Reductive cyclization reaction into of 3,4-dihydroquinoxalin-2(1H)-
ones–Scope. [a, b]  
[a] Reaction conditions: 2 (0.8 mmol), Fe (6.0 equiv; other cases are 
specifically indicated), saturated aqueous solution of NH4Cl (6 mL), EtOAc (6 
mL). [b] Isolated yields; ee was determined by chiral HPLC.  

As shown in Scheme 3, most of substrates underwent the 
reductive cyclization to give the corresponding chiral 
dihydroquinoxalinones in good to excellent yields under mild 

conditions. In addition to phenyl (3a), alkyl (3b–e), benzyl (3f, 
3g), alkoxy (3i, 3j), sulfide (3k) and ester (3l, 3m) substituted 
groups, this study expanded the substrate scope to 
dihydroxybenzyl (3h), sulfone (3n), guanidyl (3o) and amide 
(3w) groups (Schemes 3 and 4a). In addition to the 
unsubstituted substrates on the benzene ring of 
dihydroquinoxalinones, other substituted substrates were 
studied. Seven substituents were chosen, including electron-
withdrawing (3p–r) and electron-donating (3s–v) groups. 
Starting with substrates possessing electron-withdrawing groups, 
the yields were 95–99%, whereas, with electron-donating groups, 
the yields were 48–87%. For the synthesis of 3h (Scheme 3) 
and 3w (Scheme 4a), Fe was not an efficient reductant and the 
reason remained unclear. However, 3h and 3w were obtained 
by using Zn instead.  

 

 
Scheme 4. Synthesis of 3,4-dihydroquinoxalin-2(1H)-ones 3w, 3x, and 3y. 

The obtention of 3w and 3ww (Scheme 4a) showed that the 
cyclization happened both at the amide and the ester group of L-
asparagine. During the synthesis of 3u (Scheme 3), it was found 
that 3u was air-oxidized slowly in an EtOAc solution to give the 
corresponding quinoxalinone. The oxidation of 3x (with a –NH2 
at C7 position, Scheme 4b) was even faster compared to 3u 
(see Supporting Information Figure S1 and S2). According to 
Krchňák,[8h] 3c was air-oxidized in AcOH solution. The oxidation 
cases of 3u and 3x are thus consistent with this previous report. 
The observation of the easy oxidation of 3u and 3x explained 
the reason why dihydroquinoxalinones with an electron-donating 
group on the benzene ring were rarely met in the literature. 
Using mild conditions, these two molecules could be obtained 
(3u and crude 3x were stable as solids). The oxidation problem 
was solved by using substrates with a substituent at the N4 
position, such as 3v. During the synthesis of 3y, the non-
cyclized by-product 3yy was isolated in a 20% yield (Scheme 
4c). It was found that 3yy did not cyclize completely after 19 
days, as monitored by 1H NMR (see Supporting Information 
Figure S3). 

Starting from L-glutamine, 3z (Scheme 5a) could not be 
obtained due to the hydrolysis of the amide group under the 
optimized conditions. Fortunately, 3z (60%) and a by-product 
3zz (32%) were obtained by the ammonolysis of 3l. Because the 
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reductive cyclization towards 3w gave a low yield (Scheme 4a), 
the ammonolysis method is also valuable and 3w was obtained 
in 89% yield (Scheme 5b). 

 
Scheme 5. Ammonolysis of substrates 3l and 3m. 

 
In this study, the enantiopurity of the obtained products was a 

major aspect to address. The enantiopurities of 23 final products 
were determined by chiral HPLC and were found in the range of 
98.4–100% ee. Furthermore, each step of the synthesis of 3l 
was studied in extended reaction times.[23] In all steps, the 
enantiopurity of (S)-3l remained intact. This further proves that 
the whole synthetic procedure to obtain enantiopure 
dihydroquinoxalinones was reliable.  

Conclusions 

In conclusion, a general and efficient synthetic approach was 
developed for the efficient synthesis of enantiopure 
dihydroquinoxalinones. It involves a reductive cyclization using 
cheap and non-toxic Fe under mild conditions in water and ethyl 
acetate. The scope of reaction appeared to be general and 
various functional groups were tolerated. Dihydroquinoxalinones 
with electron-donating groups on the benzene ring were found 
air-oxidized in solution. Moreover, the enantiopurity of the 
dihydroquinoxalinones was determined by chiral HPLC and it 
was demonstrated that no racemization occurs during the 
process. Other studies involving Fe as a mediator in reductive 
cyclization transformations are in progress. Further 
developments will be reported in due course.  

Experimental Section 

General information: All experiments were run under air without using 
an inert atmosphere. All materials are commercially available and were 
used as received without further purification. Thin-layer chromatography 
(TLC) was performed on commercial silica gel plates (250 μm; Silicycle 
F254) and compounds were visualized using UV light. The compounds 
were purified on silica gel column (200–300 mesh) unless stated 
otherwise. IR spectra were measured on a Bomem Michelson 100 Series 
FTIR spectrometer using NaCl window. 1H, 13C, and 19F NMR spectra 
were recorded on a Varian Inova 400 MHz or Agilent Technologies DD2 
500 MHz spectrometers. Chemical shifts are given in ppm and residual 
solvent peaks were used as reference. The coupling constants were 
reported in hertz. High-resolution mass spectra (HRMS) were recorded 
on a LC/MS-TOF Agilent 6210 mass spectrometer (electrospray 
ionization). Melting points are uncorrected and were recorded on a MEL-
TEMP® capillary melting point apparatus. Optical rotations were 
measured on a Jasco DIP-360 digital polarimeter using sodium lamp at 

room temperature. Enantiopurities were determined on an Agilent 1100 
Series HPLC system using Daicel ChiralCel® OJ–H, OD–H, and AD–H 
columns. 

Typical procedure of the synthesis of 3,4-dihydro-quinoxalin-2(1H)-
ones 3: To a stirred solution of N-(o-nitroaryl) amino acid methyl esters 2 
(0.8 mmol, 1.0 equiv.) in EtOAc (6 mL) was added a saturated aqueous 
NH4Cl solution (6 mL), followed by the addition of Fe or Zn powder (4.8 
mmol, 6.0 equiv.). The yellow-gray mixture was stirred strongly (1000 
r/min) at 20–25 oC for 2–16 h and finally it became a black mixture (For 
zinc, the mixture finally became a white-gray mixture from yellow-gray 
suspension). After completion of reaction monitored by TLC, the mixture 
was diluted with EtOAc (30 mL) and filtered through filter paper. The 
filtrate was extracted with ethyl acetate (2´10 mL). The organic solution 
was dried over Na2SO4 and concentrated to give a brown crude product, 
which was purified on silica gel column chromatography using 
hexane/EtOAc or CH2Cl2/MeOH as eluent to give the 
dihydroquinoxalinones (25–100% yield). The characterization data for 
each compound is shown below. 

(R)-3-Phenyl-3,4-dihydroquinoxalin-2(1H)-one (3a):[8f] 0.166 g, 93% 
yield, 99.2% ee. White solid; m.p. 147–148 °C. Rf = 0.60 (hexane/EtOAc 
= 1:1, v/v). [α]D20 = –94.8 (c = 0.25, MeOH). IR: ṽ = 3322, 3204, 3063, 
2964, 1677, 1604, 1507, 1376, 741, 700 cm-1. 1H NMR (400 MHz, CDCl3) 
d = 8.50 (s, 1H), 7.47–7.38 (m, 2H), 7.37–7.27 (m, 3H), 6.92 (t, J = 7.5 
Hz, 1H), 6.79–6.64 (m, 3H), 5.08 (s, 1H), 4.29 (s, 1H) ppm. 13C NMR 
(101 MHz, CDCl3) d = 167.52, 139.14, 132.89, 128.81, 128.45, 127.19, 
124.70, 124.10, 119.30, 115.82, 113.65, 60.61 ppm. HRMS (ESI-TOF): 
m/z calcd for [C14H12N2O+H]+ [M+H]+ 225.1022, found 225.1027. Chiral 
HPLC conditions: Chiralcel® OJ–H column (4.6 mm´250 mm), 
hexane/iPrOH = 75:25, flow rate: 0.5 mL/min, detected wavelength: 240 
nm, retention time: 36.26 min ((R)-enantiomer), 41.11 min ((S)-
enantiomer) (lit.,[8g] 35.7 min ((R)-enantiomer); 38.3 min ((S)-enantiomer)). 

(S)-3-Isopropyl-3,4-dihydroquinoxalin-2(1H)-one (3b):[8b] 0.145 g, 96% 
yield, 100% ee. White solid; m.p. 84–85 °C. Rf = 0.62 (hexane/EtOAc = 
1:1, v/v). [α]D20 = +24.1 (c 0.6, CHCl3) (lit.,[8b] [α]D22 = +21.1 (c = 0.6, 
CHCl3)).  [α]D20 = +46.9 (c 0.25, MeOH). IR: ṽ = 3343, 3208, 3066, 2962, 
2932, 2873, 1674, 1605, 1507, 1377, 1297, 1253, 741 cm–1. 1H NMR 
(400 MHz, CDCl3) d = 8.91 (s, 1H), 6.93–6.80 (m, 1H), 6.73–6.53 (m, 
3H), 4.01 (s, 1H), 3.77 (d, J = 5.3 Hz), 2.34–2.14 (m, 1H), 1.05 (d, J = 7.0 
Hz, 3H), 0.98 (d, J = 6.8 Hz, 3H) ppm. 13C NMR (101 MHz, CDCl3) d = 
168.82, 133.31, 124.92, 123.84, 118.70, 115.49, 113.35, 61.73, 30.87, 
19.02, 17.51 ppm. HRMS (ESI-TOF): m/z calcd for [C11H14N2O+H]+ 

[M+H]+ 191.1179, found 191.1178. Chiral HPLC conditions: Chiralcel® 
OJ–H column (4.6 mm´250 mm), hexane/iPrOH = 75:25, flow rate: 1 
mL/min, detected wavelength: 240 nm, retention time: 6.935 min ((S)-
enantiomer); Chiralcel® OD–H column (4.6 mm´250 mm), hexane:iPrOH 
= 99:1, flow rate: 0.5 mL/min, detected wavelength: 230 nm, retention 
time: 54.77 min ((S)-enantiomer) (lit.,[7a] 57.70 min ((S)-enantiomer); 
65.83 min ((R)-enantiomer)). 

(S)-3-Methyl-3,4-dihydroquinoxalin-2(1H)-one (3c):[8b] 0.128 g, 98% 
yield, 100% ee. White solid; m.p. 111–113 °C. Rf = 0.37 (hexane/EtOAc 
= 1:1, v/v). [α]D20 = +95.0 (c = 0.25, MeOH). IR: ṽ = 3320, 3216, 3064, 
2975, 1678, 1606, 1506, 1376, 1311, 745 cm-1. 1H NMR (400 MHz, 
CDCl3) d = 8.64 (s, 1H), 6.95–6.84 (m, 1H), 6.80–6.72 (m, 2H), 6.68 (d, J 
= 7.8 Hz, 1H), 4.02 (q, J = 6.7 Hz, 1H), 3.85 (s, 1H), 1.47 (d, J = 6.6 Hz, 
3H) ppm. 13C NMR (101 MHz, CDCl3) d = 169.47, 133.44, 125.62, 
123.77, 119.59, 115.40, 114.09, 51.94, 17.88 ppm. HRMS (ESI-TOF): 
m/z calcd for [C9H10N2O+H]+ [M+H]+ 163.0866, found 163.0866. Chiral 
HPLC conditions: Chiralcel® AD–H column (4.6 mm´250 mm), hexane/ 
iPrOH = 70:30, flow rate: 1 mL/min, detected wavelength: 254 nm, 
retention time: 6.02 min ((S)-enantiomer).  
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(S)-3-Isobutyl-3,4-dihydroquinoxalin-2(1H)-one (3d):[8b] 0.161 g, 98% 
yield, 100% ee. Yellow viscous oil. Rf = 0.75 (hexane/EtOAc = 1:1, v/v). 
[α]D20 = +47.2 (c = 0.75, MeOH). IR: ṽ = 3333, 3211, 3066, 2956, 2870, 
1677, 1605, 1507, 1377, 1303, 744 cm–1. 1H NMR (400 MHz, CDCl3) d = 
8.68 (s, 1H), 6.99–6.86 (m, 1H), 6.80–6.72 (m, 2H), 6.68 (d, J = 7.8 Hz, 
1H), 3.93–3.97 (m, 2H), 1.83–1.59 (m, 3H), 0.98 (d, J = 6.5 Hz, 3H), 0.96 
(d, J = 6.5 Hz, 3H) ppm. 13C NMR (101 MHz, CDCl3) d = 169.40, 132.82, 
125.43, 123.80, 119.44, 115.34, 114.26, 54.55, 40.16, 24.25, 23.29, 
21.46 ppm. HRMS (ESI-TOF): m/z calcd for [C12H16N2O+H]+ [M+H]+  

205.1335, found 205.1334. Chiral HPLC conditions: Chiralcel® OJ–H 
column (4.6 mm´250 mm), hexane/iPrOH = 75:25, flow rate: 1 mL/min, 
detected wavelength: 240 nm, retention time: 6.35 min ((S)-enantiomer). 

(S)-1,2,3,3a-Tetrahydropyrrolo[1,2-a]quinoxalin-4(5H)-one (3e):[8b] 
0.116 g, 78% yield, 99.4% ee; Light yellow solid; m.p. 164–165 °C. Rf = 
0.55 (hexane/EtOAc = 1:1, v/v). [α]D20 = –94.0 (c = 0.25, MeOH); IR: ṽ = 
3198, 3075, 2979, 2927, 1679, 1612, 1509, 1405, 1365, 1321, 741 cm–1. 
1H NMR (400 MHz, CDCl3) d = 8.82 (s, 1H), 6.98 (t, J = 7.6 Hz, 1H), 6.82 
(d, J = 7.6 Hz, 1H), 6.75 (t, J = 7.6 Hz, 1H), 6.59 (d, J = 7.6 Hz, 1H), 3.73 
(dd, J = 9.0, 7.0 Hz, 1H), 3.49 (td, J = 8.6, 5.2 Hz, 1H), 3.19 (td, J = 9.2, 
6.0 Hz, 1H), 2.37–2.27 (m, 1H), 2.22–1.98 (m, 3H) ppm. 13C NMR (101 
MHz, CDCl3) d = 168.71, 135.16, 126.86, 123.98, 118.46, 115.12, 
111.96, 60.07, 46.42, 26.75, 22.20 ppm. HRMS (ESI-TOF): m/z calcd for 
[C11H12N2O+H]+ [M+H]+ 189.1022, found 189.1022. Chiral HPLC 
conditions: Chiralcel® OJ–H column (4.6 mm´250 mm), hexane/iPrOH = 
75:25, flow rate: 0.5 mL/min, detected wavelength: 240 nm, retention 
time: 17.51 min ((S)-enantiomer), 19.68 min ((R)-enantiomer).  

(S)-3-Benzyl-3,4-dihydroquinoxalin-2(1H)-one (3f):[8b] 0.186 g, 97% 
yield, 100% ee; Light yellow solid; m.p. 189–190 °C. Rf = 0.67 
(hexane/EtOAc = 1:1, v/v). [α]D20 = -45.34 (c = 0.5, CHCl3) (lit.,[8b] [α]D22 = 
-45.90 (c = 0.5, CHCl3)). [α]D20 = -57.6 (c = 0.18, MeOH). IR: ṽ = 3371, 
3208, 3062, 2961, 2923, 1680, 1604, 1506, 1376, 1307, 745, 700 cm–1. 
1H NMR (400 MHz, CDCl3) d = 8.88 (s, 1H), 7.43–7.27 (m, 3H), 7.22 (d, J 
= 7.5 Hz, 2H), 6.97–6.87 (m, 1H), 6.85–6.73 (m, 2H), 6.59 (d, J = 7.6 Hz, 
1H), 4.15–4.01 (m, 1H), 3.86 (s, 1H), 3.27 (dd, J = 13.0, 2.7 Hz, 1H), 2.86 
(dd, J = 13.0, 11.8 Hz, 1H) ppm. 13C NMR (126 MHz, CDCl3) d = 168.66, 
136.82, 132.41, 129.40 (d, JNC = 13.3 Hz), 128.96 (d, JNC = 11.2 Hz), 
127.10, 125.38, 124.07, 119.58, 115.48, 114.61, 57.82 (d, JNC = 10.5 
Hz), 37.52 (d, JNC = 6.7 Hz) ppm. HRMS (ESI-TOF): m/z calcd for 
[C15H14N2O+H]+ [M+H]+ 239.1179, found 239.1178. Chiral HPLC 
conditions: Chiralcel® OJ–H column (4.6 mm´250 mm), hexane/iPrOH = 
75:25, flow rate: 1 mL/min, detected wavelength: 240 nm, retention time: 
9.162 min ((S)-enantiomer);[8g] Chiralcel® OD–H column (4.6 mm´250 
mm), hexane:iPrOH = 85:15, flow rate: 1 mL/min, detected wavelength: 
240 nm, retention time: 11.78 min ((S)-enantiomer) (lit.,[7a] 17.717 min 
((S)-enantiomer), 26.785 ((R)-enantiomer)). 

(S)-3-((1H-Indol-3-yl)methyl)-3,4-dihydroquinoxalin-2(1H)-one (3g):[8b] 
0.167 g, 100% yield, 99.6% ee (0.60 mmol of 2g used); Yellow solid; m.p. 
89–90 °C. Rf = 0.34 (hexane/EtOAc = 1:1, v/v); [α]D20 = +3.0 (c = 0.25, 
MeOH). IR: ṽ = 3366, 3056, 2957, 2927, 1674, 1604, 1506, 1422, 1376, 
1307, 1234, 1119, 741 cm–1. 1H NMR (400 MHz, CDCl3) d = 8.80 (s, 1H), 
8.23 (s, 1H), 7.63 (d, J = 8.0 Hz, 1H), 7.42 (d, J = 8.0 Hz, 1H), 7.25 (t, J = 
8.0,1H), 7.15 (t, J = 8.0 Hz, 1H), 7.09 (d, J = 1.8 Hz, 1H), 6.92–6.84 (m, 
1H), 6.83–6.72 (m, 2H), 6.52 (d, J = 7.7 Hz, 1H), 4.18 (dd, J = 11.2, 2.7 
Hz, 1H), 3.98 (s, 1H), 3.48 (dd, J = 14.4, 2.7 Hz, 1H), 3.07 (dd, J = 14.4, 
11.2 Hz, 1H) ppm. 13C NMR (101 MHz, CDCl3) d = 169.03, 136.45, 
132.70, 127.17, 125.34, 123.92, 123.30, 122.50, 119.80, 119.35, 118.87, 
115.38, 114.55, 111.35, 110.84, 56.71, 27.60 ppm. HRMS (ESI-TOF): 
m/z calcd for [C17H15N3O+H]+ [M+H]+ 278.1288, found 278.1287. Chiral 
HPLC conditions: Chiralcel® OJ–H column (4.6 mm´250 mm), 
hexane/iPrOH = 75:25, flow rate: 0.5 mL/min, detected wavelength: 240 
nm, retention time: 9.74 min ((S)-enantiomer), 11.83 min ((R)-
enantiomer).  

(S)-3-(3,4-Dihydroxybenzyl)-3,4-dihydroquinoxalin-2(1H)-one (3h):[24] 
16.7 mg, 68% yield , 99.2% ee (0.090 mmol of 2h used, 12 equiv. of Zn 
used). White solid; m.p. 86–90 °C. Rf = 0.44 (CH2Cl2/MeOH = 10:1, v/v). 
[α]D20 = –84.8 (c = 0.07, MeOH). IR: ṽ = 3330, 3067, 2960, 2919, 1673, 
1604, 1507, 1425, 1367, 1288, 1230, 749 cm–1. 1H NMR (400 MHz, 
CD3COCD3) d = 9.31 (s, 1H), 7.85 (s, 2H), 6.88–6.63 (m, 6H), 6.54 (d, J 
= 7.7 Hz, 1H), 5.04 (s, 1H), 3.97–3.86 (m, 1H), 2.96 (dd, J = 13.4, 3.4 Hz, 
1H), 2.65 (dd, J = 13.4, 10.0 Hz, 1H) ppm. 13C NMR (101 MHz, 
CD3COCD3) d = 167.40, 144.96, 143.71, 133.49, 128.86, 126.34, 122.95, 
120.75, 118.34, 116.35, 115.26, 114.67, 114.27, 57.92, 36.88 ppm. 
HRMS (ESI-TOF): m/z calcd for [C15H14N2O3+H]+ [M+H]+ 271.1077, 
found 271.1079. Chiral HPLC conditions: Chiralcel® OJ–H column (4.6 
mm´250 mm), hexane/iPrOH = 20:80, flow rate: 0.5 mL/min, detected 
wavelength: 240 nm, retention time: 9.02 min ((R)-enantiomer), 9.46 min 
((S)-enantiomer).  

(S)-3-(Hydroxymethyl)-3,4-dihydroquinoxalin-2(1H)-one (3i):[8b] 0.141 
g, 99% yield, 100% ee; White solid; m.p. 123–125 °C. Rf = 0.10 
(hexane/EtOAc = 1:1, v/v). [α]D20 = +34.3 (c = 0.25, MeOH). IR: ṽ = 3318, 
3069, 2918, 1674, 1606, 1507, 1428, 1383, 1309, 1060, 746 cm–1. 1H 
NMR (400 MHz, CD3SOCD3) d = 10.17 (s, 1H), 6.76 – 6.61 (m, 3H), 6.49 
(dp, J = 7.8, 3.8 Hz, 1H), 5.87 (s, 1H), 4.84 (t, J = 5.2 Hz, 1H), 3.75 (dd, J 
= 6.8, 3.1 Hz, 1H), 3.68–3.56 (m, 1H), 3.55–3.44 (m, 1H) ppm. 13C NMR 
(101 MHz, CD3SOCD3) d = 166.57, 134.39, 125.82, 123.11, 117.62, 
114.94, 113.71, 62.34, 58.09 ppm. HRMS (ESI-TOF): m/z calcd for 
[C9H10N2O2+H]+ [M+H]+ 179.0815, found 179.0815. Chiral HPLC 
conditions: Chiralcel® OJ–H column (4.6 mm´250 mm), hexane/iPrOH = 
75:25, flow rate: 0.5 mL/min, detected wavelength: 240 nm, retention 
time: 15.89 min ((S)-enantiomer).  

(S)-3-((R)-1-Hydroxyethyl)-3,4-dihydroquinoxalin-2(1H)-one (3j): 
0.149 g, 95% yield, 99.4% ee. Yellow solid; m.p. 39–41 °C. Rf = 0.16 
(hexane/EtOAc = 1:1, v/v). [α]D20 = +30.9 (c = 0.60, MeOH); IR: ṽ = 3333, 
3220, 3065, 2973, 2932, 1673, 1606, 1507, 1425, 1378, 1300, 1075, 
919, 741 cm–1. 1H NMR (400 MHz, CDCl3) d = 8.89 (s, 1H), 7.01–6.84 
(m, 1H), 6.79–6.62 (m, 3H), 4.21 (s, 1H), 4.16–4.05 (m, 1H), 3.94 (d, J = 
5.1 Hz, 1H), 2.92 (d, J = 6.1 Hz, 1H), 1.36 (d, J = 6.4 Hz, 3H) ppm. 13C 
NMR (126 MHz, CDCl3) d = 167.55, 132.70, 124.51, 124.18, 119.39, 
115.46, 114.20, 67.71, 61.05, 19.32 ppm. HRMS (ESI-TOF): m/z calcd 
for [C10H12N2O2+H] + [M+H]+ 193.0972, found 193.0974. Chiral HPLC 
conditions: Chiralcel® OJ–H column (4.6 mm´250 mm), hexane/iPrOH = 
75:25, flow rate: 1 mL/min, detected wavelength: 240 nm, retention time: 
6.77 min ((S)-enantiomer), 9.66 min ((R)-enantiomer). 

(S)-3-(2-(Methylthio)ethyl)-3,4-dihydroquinoxalin-2(1H)-one (3k):[8m] 
0.173 g, 97% yield, 100% ee. Yellow viscous oil. Rf = 0.51 
(hexane/EtOAc = 1:1, v/v). [α]D20 = +34.2 (c = 0.71, MeOH). IR: ṽ = 3326, 
3213, 3066, 2965, 2915, 1677, 1605, 1507, 1426, 1376, 1309, 745 cm–1. 
1H NMR (400 MHz, CDCl3) d = 8.97 (s, 1H), 6.95–6.84 (m, 1H), 6.79–
6.72 (m, 2H), 6.70 (d, J = 7.8 Hz, 1H), 4.26 (s, 1H), 4.16–4.05 (m, 1H), 
2.81–2.56 (m, 2H), 2.24–2.13 (m, 1H), 2.13 (s, 3H), 2.09–1.97 (m, 1H) 
ppm. 13C NMR (101 MHz, CDCl3) d = 168.73, 132.85, 125.25, 123.95, 
119.53, 115.46, 114.27, 55.66 (d, JNC = 4.9 Hz), 30.39, 30.35, 15.35 ppm. 
HRMS (ESI-TOF): m/z calcd for [C11H14N2OS+H]+ [M+H]+ 223.0900, 
found 223.0900. Chiral HPLC conditions: Chiralcel® OJ–H column (4.6 
mm´250 mm), hexane/iPrOH = 75:25, flow rate: 1 mL/min, detected 
wavelength: 240 nm, retention time: 11.65 min ((S)-enantiomer).  

Methyl (S)-3-(3-oxo-1,2,3,4-tetrahydroquinoxalin-2-yl)-propanoate 
(3l): 0.179 g, 95% yield, 100% ee. Light yellow solid; m.p. 73–74 °C. Rf = 
0.39 (hexane/EtOAc = 1:1, v/v). [α]D20 = +42.8 (c = 0.25, MeOH). IR: ṽ = 
3334, 3067, 2952, 1723, 1678, 1606, 1507, 1436, 1375, 1307, 746 cm–1. 
1H NMR (400 MHz, CDCl3) d = 9.09 (s, 1H), 6.93–6.85 (m, 1H), 6.78–
6.71 (m, 2H), 6.67 (d, J = 7.9 Hz, 1H), 4.16 (s, 1H), 4.02 (t, J = 5.6 Hz, 
1H), 3.67 (s, 3H), 2.66–2.45 (m, 2H), 2.30–2.09 (m, 2H) ppm. 13C NMR 
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(101 MHz, CDCl3) d = 174.01, 168.34, 133.09, 125.16, 123.91, 119.45, 
115.44, 114.16, 55.55, 51.83 (d, JNC = 4.1 Hz), 29.92, 26.83 ppm. HRMS 
(ESI-TOF): m/z calcd for [C12H14N2O3+H]+ [M+H]+ 235.1077, found 
235.1079. Chiral HPLC conditions: Chiralcel® AD–H column (4.6 
mm´250 mm), hexane/iPrOH = 70:30, flow rate: 1 mL/min, detected 
wavelength: 254 nm, retention time: 7.70 min ((S)-enantiomer). 

Methyl (S)-2-(3-oxo-1,2,3,4-tetrahydroquinoxalin-2-yl)acetate (3m):[8m] 
0.177 g, 100% yield, 100% ee. White solid; m.p. = 83–84 °C. Rf = 0.54 
(hexane/EtOAc = 1:1, v/v). [α]D20 = –21.7 (c = 0.25, MeOH). IR: ṽ = 3330, 
3212, 3067, 2953, 1728, 1683, 1606, 1508, 1434, 1365, 1309, 1176, 746 
cm–1. 1H NMR (400 MHz, CDCl3) d = 8.93 (s, 1H), 6.95–6.86 (m, 1H), 
6.81–6.73 (m, 2H), 6.70 (d, J = 7.9 Hz, 1H), 4.73 (s, 1H), 4.35 (dt, J = 
10.4, 2.0 Hz, 1H), 3.75 (s, 3H), 3.14 (dd, J = 17.3, 2.0 Hz, 1H), 2.75 (dd, 
J = 17.3, 10.4 Hz, 1H) ppm. 13C NMR (101 MHz, CDCl3) d = 172.32, 
167.42, 132.85, 125.00, 124.08, 119.67, 115.47, 114.44, 52.83, 52.08, 
35.82 ppm. HRMS (ESI-TOF): m/z calcd for [C11H12N2O3+H]+ [M+H]+  

221.0921, found 221.0920. Chiral HPLC conditions: Chiralcel® OJ–H 
column (4.6 mm´250 mm), hexane/iPrOH = 60:40, flow rate: 0.5 mL/min, 
detected wavelength: 240 nm, retention time: 20.07 min ((S)-enantiomer).  

3-(2-(Methylsulfonyl)ethyl)-3,4-dihydroquinoxalin-2(1H)-one (3n): 
0.114 g (racemic starting material used), 75% yield (0.60 mmol of 
racemic 2n used). Yellow solid; m.p. 174–179 °C. Rf = 0.38 
(CH2Cl2/MeOH = 10:1, v/v). IR: ṽ = 3343, 3067, 3013, 2927, 1681, 1608, 
1508, 1377, 1303, 1132, 750 cm–1. 1H NMR (500 MHz, CD3SOCD3) d = 
10.35 (s, 1H), 6.78 (t, J = 7.6 Hz, 1H), 6.73 (d, J = 7.6 Hz, 1H), 6.71 (d, J 
= 7.6 Hz, 1H), 6.61 (t, J = 7.6 Hz, 1H), 6.15 (s, 1H), 3.91 (t, J = 5.3 Hz, 
1H), 3.32–3.18 (m, 2H), 2.99 (s, 3H), 2.15–1.96 (m, 2H) ppm. 13C NMR 
(101 MHz, CD3SOCD3) d = 166.69, 133.77, 125.74, 122.94, 118.09, 
114.83, 113.69, 53.81, 50.09, 40.22, 24.16 ppm. HRMS (ESI-TOF): m/z 
calcd for [C11H14N2O3S+H]+ [M+H]+ 225.0798, found 225.0796. 

(S)-1-(3-(3-Oxo-1,2,3,4-tetrahydroquinoxalin-2-yl)propyl)-guanidine 
(3o): 85.1 mg, 43% yield. Yellow viscous oil. Rf = 0.07 (CH2Cl2/MeOH = 
10:1, v/v). [α]D20 = +42.2 (c = 0.32, MeOH). IR: ṽ = 3332, 3168, 2962, 
1667, 1651, 1506, 1424, 1379, 1310, 749 cm–1. 1H NMR (400 MHz, D2O) 
d = 7.03–6.95 (m, 1H), 6.93–6.76 (m, 3H), 3.88 (t, J = 5.6 Hz, 1H), 3.14 
(t, J = 6.0 Hz, 2H), 1.77–1.60 (m, 4H) ppm. 13C NMR (101 MHz, D2O) d = 
171.48, 157.26, 133.43, 125.80, 125.36, 120.80, 116.49, 115.71, 55.90, 
41.33, 28.48, 24.37 ppm. HRMS (ESI-TOF): m/z calcd for 
[C12H17N5O+H]+ [M+H]+ 248.1506, found 248.1507. ee was not 
determined successfully using HPLC. 

(S)-6-Fluoro-3-methyl-3,4-dihydroquinoxalin-2(1H)-one (3p):[8m] 0.424 
g, 95% yield, 99.6 % ee (2.48 mmol of 2p used). Brown solid; m.p. = 
110–112 °C. Rf = 0.46 (hexane/EtOAc = 1:1, v/v). [α]D20 = +72.2 (c = 
0.17, MeOH); IR: ṽ = 3320, 3225, 3087, 2977, 2934, 1681, 1629, 1520, 
1449, 1371, 1310, 1167, 838, 795 cm–1. 1H NMR (400 MHz, CDCl3) d = 
9.43 (s, 1H), 6.71 (dd, J = 8.5, 5.2 Hz, 1H), 6.53–6.31 (m, 2H), 4.02 (q, J 
= 6.7 Hz, 1H), 3.97 (s, 1H), 1.46 (d, J = 6.7 Hz, 3H) ppm. 13C NMR (101 
MHz, CDCl3) d = 169.29, 159.46 (d, JFC = 240.4 Hz), 134.53 (d, JFC = 
10.7 Hz), 121.69 (d, JFC= 2.3 Hz), 116.13 (d, JFC= 9.8 Hz), 105.51 (d, JFC 
= 23.2 Hz), 101.26 (d, JFC = 26.6 Hz), 51.57, 18.04 ppm. 19F NMR (376 
MHz, CDCl3) d = –118.97 (td, JFH = 9.0, 5.2 Hz) ppm. HRMS (ESI-TOF): 
m/z calcd for [C9H9FN2O+H]+ 1[M+H]+ 81.0772, found 181.0772. Chiral 
HPLC conditions: Chiralcel® OJ–H column (4.6 mm´250 mm), 
hexane/iPrOH = 75:25, flow rate: 1 mL/min, detected wavelength: 240 
nm, retention time: 8.60 min ((S)-enantiomer), 10.83 min ((R)-
enantiomer).  

(S)-6-Bromo-3-methyl-3,4-dihydroquinoxalin-2(1H)-one (3q):[8p] 0.138 
g, 95% yield, 100% ee (0.60 mmol of 2q used); White solid; m.p. 132–
134 °C. Rf = 0.49 (hexane/EtOAc = 1:1, v/v). [α]D20 = +74.4 (c = 0.25, 
MeOH); IR: ṽ = 3381, 3205, 3070, 2969, 2921, 1683, 1611, 1505, 1400, 

1359, 1307, 795 cm–1. 1H NMR (400 MHz, CDCl3) d = 9.38 (s, 1H), 6.85 
(dd, J = 8.2, 1.9 Hz, 1H), 6.80 (d, J = 1.9 Hz, 1H), 6.65 (d, J = 8.2 Hz, 
1H), 4.02 (qd, J = 6.7, 1.4 Hz, 1H), 3.92 (s, 1H), 1.45 (d, J = 6.7 Hz, 3H) 
ppm. 13C NMR (101 MHz, CDCl3) d = 169.45, 134.60, 124.63, 122.09, 
116.71, 116.65, 116.04, 51.67, 18.09 ppm. HRMS (ESI-TOF): m/z calcd 
for [C9H9BrN2O+H]+ [M+H]+ 240.9971 (100%), 242.9951 (97%), found 
240.9966 (100%), 242.9946 (97%). Chiral HPLC conditions: Chiralcel® 
OJ–H column (4.6 mm´250 mm), hexane/iPrOH = 75:25, flow rate: 1 
mL/min, detected wavelength: 240 nm, retention time: 11.69 min ((S)-
enantiomer).  

(S)-3-Methyl-7-(trifluoromethyl)-3,4-dihydroquinoxalin-2(1H)-one 
(3r):[8n] 0.159 g, 99% yield, 100% ee (0.70 mmol of 2r used); White solid; 
m.p. 149–150 °C. Rf = 0.51 (hexane/EtOAc = 1:1, v/v). [α]D20 = +41.0 (c 
0.25, MeOH). IR: ṽ = 3331, 3222, 3128, 2987, 2881, 1682, 1627, 1514, 
1380, 1330,1170, 1111, 892, 812, 713, 647 cm–1. 1H NMR (500 MHz, 
CDCl3) d = 9.30 (s, 1H), 7.15 (d, J = 8.2 Hz, 1H), 7.02 (s, 1H), 6.71 (d, J = 
8.2 Hz, 1H), 4.16 (s, 1H), 4.13 (q, J = 6.8 Hz, 1H), 1.51 (d, J = 6.7 Hz, 
3H) ppm. 13C NMR (126 MHz, CDCl3) d = 169.17, 136.12, 125.18, 124.32 
(q, JFC = 270.9 Hz), 121.28 (q, JFC = 34.0 Hz), 121.12 (q, JFC = 3.8 Hz), 
113.36, 112.48 (q, JFC = 3.8 Hz), 51.65, 18.36 ppm. 19F NMR (470 MHz, 
CDCl3) d = –61.34 ppm. HRMS (ESI-TOF): m/z calcd for 
[C10H10F3N2O+H]+ [M+H]+ 231.0740, found 231.0740. Chiral HPLC 
conditions: Chiralcel® AD–H column (4.6 mm´250 mm), hexane/iPrOH = 
80: 20, flow rate: 1 mL/min, detected wavelength: 254 nm, retention time: 
5.54 min ((S)-enantiomer). 

(S)-3,5-Dimethyl-3,4-dihydroquinoxalin-2(1H)-one (3s):[8g] 74.7 mg, 
53% yield, 100% ee (7.5 equiv of Fe used). White solid; m.p. 113–114 °C. 
Rf = 0.42 (hexane/EtOAc = 1:1, v/v). [α]D20 = +93.8 (c = 0.17, MeOH). IR: 
ṽ = 3356, 3207, 3055, 2980, 2938, 1681, 1600, 1488, 1444, 1376, 1312, 
767, 734 cm–1. 1H NMR (400 MHz, CDCl3) d = 8.80 (s, 1H), 6.79 (d, J = 
7.2 Hz, 1H), 6.74–6.60 (m, 2H), 4.06 (q, J = 6.7 Hz, 1H), 3.72 (s, 1H), 
2.18 (s, 3H), 1.49 (d, J = 6.7 Hz, 3H) ppm. 13C NMR (101 MHz, CDCl3) 
d = 169.44, 131.49, 125.26, 125.16, 121.91, 118.95, 113.54, 51.87, 
18.19, 16.68 ppm. HRMS (ESI-TOF): m/z calcd for [C10H12N2O+H]+ 
[M+H]+ 177.1022, found 177.1023. Chiral HPLC conditions: Chiralcel® 
OJ–H column (4.6 mm´250 mm), conditions A: hexane/iPrOH = 75:25, 
flow rate: 0.5 mL/min, detected wavelength: 230 nm, retention time: 
17.404 min ((S)-enantiomer); conditions B: hexane/iPrOH = 95:5, flow 
rate: 0.5 mL/min, retention time: 56.95 min ((S)-enantiomer) (lit.,[8g] 54.6 
min ((S)-enantiomer), 74.2 min ((R)-enantiomer). 

(S)-3,6-Dimethyl-3,4-dihydroquinoxalin-2(1H)-one (3t):[8ab] 0.123 g, 
87% yield, 98.4% ee. White solid; m.p. 128–129 °C. Rf = 0.46 
(hexane/EtOAc = 1:1, v/v). [α]D20 = +102.6 (c = 0.25, MeOH); IR: ṽ = 
3326, 3220, 3064, 2975, 2923, 1681, 1620, 1525, 1445, 1361, 1309, 
1256, 1135, 802, 737 cm–1. 1H NMR (400 MHz, CDCl3) d = 9.08 (s, 1H), 
6.67 (d, J = 7.9 Hz, 1H), 6.56 (d, J = 7.9 Hz, 1H), 6.49 (s, 1H), 4.00 (q, J 
= 6.6 Hz, 1H), 3.80 (s, 1H), 2.24 (s, 3H), 1.45 (d, J = 6.6 Hz, 3H) ppm. 
13C NMR (101 MHz, CDCl3) d = 169.62, 133.50, 133.26, 123.29, 120.10, 
115.35, 114.74, 51.96, 20.99, 17.94 ppm. HRMS (ESI-TOF): m/z calcd 
for [C10H12N2O+H]+ [M+H]+ 177.1022, found 177.1021. Chiral HPLC 
conditions: Chiralcel® OJ–H column (4.6 mm´250 mm), hexane/iPrOH = 
75:25, flow rate: 1 mL/min, detected wavelength: 240 nm, retention time: 
8.50 min ((R)-enantiomer), 8.83 min ((S)-enantiomer).  

(S)-7-Methoxy-3-methyl-3,4-dihydroquinoxalin-2(1H)-one (3u):[25] 
76.8 mg, 80% yield, 100% ee (0.50 mmol of 2u used); White solid; m.p. 
134–136 °C. Rf = 0.29 (hexane/EtOAc = 1:1, v/v). [α]D20 = +96.5 (c = 
0.15, MeOH). IR: ṽ = 3340, 3230, 2976, 2934, 1684, 1606, 1520, 1394, 
1267, 1242, 1042, 804 cm–1. 1H NMR (400 MHz, CDCl3) d = 8.25 (s, 1H), 
6.64 (d, J = 8.5 Hz, 1H), 6.47 (dd, J = 8.5, 2.7 Hz, 1H), 6.36 (d, J = 2.6 
Hz, 1H), 3.93 (q, J = 6.7 Hz, 1H), 3.75 (s, 3H), 3.61 (s, 1H), 1.44 (d, J = 
6.7 Hz, 3H) ppm. 13C NMR (101 MHz, CDCl3) d = 169.60, 153.83, 
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127.24, 126.93, 115.20, 108.49, 102.02, 55.78, 52.25, 17.36 ppm. HRMS 
(ESI-TOF): m/z calcd for [C10H12N2O2+H]+ [M+H]+ 193.0972, found 
193.0971. Chiral HPLC conditions: Chiralcel® OJ–H column (4.6 
mm´250 mm), hexane/iPrOH = 75:25, flow rate: 1 mL/min, detected 
wavelength: 240 nm, retention time: 11.23 min ((S)-enantiomer).  

(S)-7-Amino-1,2,3,3a-tetrahydropyrrolo[1,2-a]quinoxalin-4(5H)-one 
(3v):[26] 0.123 g, 86% yield (0.70 mmol of 2v used; 10 equiv. of Fe used; 
purified by trituration in ethyl ether). Green-brown solid; m.p. > 200 °C 
(decomposed). Rf = 0.42 (CH2Cl2/MeOH = 10:1, v/v). (Due to the dark 
color of compound, optical rotation could not be measured successfully); 
IR: ṽ = 3313, 3212, 2953, 2927, 1668, 1623, 1523, 1298, 850, 795 cm–1. 
1H NMR (500 MHz, CDCl3) d = 8.14 (s, 1H), 6.47 (d, J = 8.2 Hz, 1H), 6.37 
(d, J = 6.7 Hz, 1H), 6.22 (s, 1H), 3.53 (t, J = 8.0 Hz, 1H), 3.50 – 3.30 (m, 
3H), 3.04 (dd, J = 15.8, 8.7 Hz, 1H), 2.32 – 2.13 (m, 2H), 2.12 – 1.89 (m, 
2H) ppm. 13C NMR (101 MHz, CDCl3) d = 169.36, 139.24, 128.49, 
128.12, 113.59, 110.71, 103.32 (d, JNC = 6.3 Hz), 60.77, 47.17, 26.15, 
22.15 ppm. HRMS (ESI-TOF): m/z calcd for [C11H13N3O+H]+ [M+H]+  

204.1131, found 204.1128. ee was not determined successfully using 
HPLC. 

(S)-2-(3-Oxo-1,2,3,4-tetrahydroquinoxalin-2-yl)acetamide (3w):[27] 
28.9 mg, 25% yield, 99.4% ee (0.56 mmol of 2w used; 6.0 equiv. of Zn 
used). Yellow solid; m.p. > 260 °C (decomposed). Rf = 0.30 
(CH2Cl2/MeOH = 10:1, v/v). (Due to the low solubility, the optical rotation 
was not measured successfully). IR: ṽ = 3397, 3346, 3194, 3036, 2921, 
1691, 1610, 1509, 1434, 1396, 735 cm–1. 1H NMR (400 MHz, 
CD3SOCD3) d = 10.25 (s, 1H), 7.43 (s, 1H), 6.95 (s, 1H), 6.81–6.69 (m, 
3H), 6.65–6.55 (m, 1H), 5.84 (s, 1H), 4.12–4.01 (m, 1H), 2.63 (dd, J = 
16.4, 3.5 Hz, 1H), 2.32 (dd, J = 16.4, 8.3 Hz, 1H) ppm. 13C NMR (101 
MHz, CD3SOCD3) d = 172.05, 167.53, 134.30, 126.33, 123.15, 118.40, 
115.12, 114.27, 53.00, 37.34 ppm. HRMS (ESI-TOF): m/z calcd for 
[C10H11N3O2+H]+ [M+H]+  206.0924, found 206.0920. Chiral HPLC 
conditions: Chiralcel® OJ–H column (4.6 mm´250 mm), hexane/iPrOH = 
30:70, flow rate: 1 mL/min, detected wavelength: 240 nm, retention time: 
7.41 min ((R)-enantiomer), 9.05 min ((S)-enantiomer).  

Methyl (S)-4-oxo-2,3,4,5-tetrahydro-1H-benzo[b][1,4]-diazepine-2-
carboxylate (3ww): 24.0 mg, 19% yield, 99.0% ee (0.56 mmol of 2w 
used; 6.0 equiv. of Zn used). Brown solid; m.p. = 82–83 °C. Rf = 0.45 
(hexane/EtOAc = 1:1, v/v). [α]D20 = –15.0 (c = 0.11, MeOH). IR: ṽ = 3333, 
3216, 3066, 2954, 2925, 1728, 1682, 1606, 1508, 1434, 1366, 1309, 
1176, 746 cm–1. 1H NMR (400 MHz, CDCl3) d = 9.09 (s, 1H, 11-H), 6.93–
6.86 (m, 1H, 3-H), 6.79–6.73 (m, 2H), 6.70 (d, J = 7.8 Hz, 1H), 4.74 (s, 
1H), 4.35 (d, J = 10.4 Hz, 1H), 3.74 (s, 3H), 3.14 (dd, J = 17.3, 2.5 Hz, 
1H), 2.75 (dd, J = 17.3, 10.4 Hz, 1H) ppm. 13C NMR (101 MHz, CDCl3) d 
= 172.34, 167.54, 132.84, 124.99, 124.11, 119.67, 115.53, 114.44, 
52.82, 52.11 (d, JNC = 5.1 Hz), 35.82 ppm. HRMS (ESI-TOF): m/z calcd 
for [C11H12N2O3+H]+ [M+H]+ 221.0921, found 221.0921. Chiral HPLC 
conditions: Chiralcel® OJ–H column (4.6 mm´250 mm), hexane/iPrOH = 
75:25, flow rate: 1.0 mL/min, detected wavelength: 240 nm, retention 
time: 13.04 min ((S)-enantiomer), 15.19 min ((R)-enantiomer).  

7-Amino-3-methylquinoxalin-2(1H)-one (3xx):[28] 58.8 mg, 48% yield 
(0.70 mmol of 2x used; 10 equiv. of Fe used). Yellow solid; Rf = 0.20 
(EtOAc); IR: ṽ = 3337, 3224, 2972, 2917, 1667, 1619, 1520, 1370, 1312, 
1252, 809 cm–1. 1H NMR (400 MHz, CD3SOCD3) d = 11.86 (s, 1H), 7.26 
(d, J = 8.6 Hz, 1H), 6.46 (dd, J = 8.6, 2.0 Hz, 1H), 6.27 (d, J = 2.0 Hz, 
1H), 3.40 (s, 2H), 2.22 (s, 3H) ppm. 13C NMR (126 MHz, CD3SOCD3) d = 
156.07, 151.06, 150.72, 134.26, 129.15, 124.58, 111.89 (d, JNC = 3.8 
Hz), 96.45 (d, JNC = 7.4 Hz), 20.31 (d, JNC = 2.0 Hz) ppm. HRMS (ESI-
TOF): m/z calcd for [C9H9N3O+H]+ [M+H]+ 176.0818, found 176.0820. 

(S)-3-((S)-sec-Butyl)-3,4-dihydroquinoxalin-2(1H)-one (3y):[8b] 0.131 g, 
80% yield, 100% ee. Yellow viscous oil. Rf = 0.72 (hexane/EtOAc = 1:1, 

v/v); [α]D20 = +54.5 (c = 0.58, MeOH). IR: ṽ = 3341, 3210, 3071, 2963, 
2930, 2875, 1673, 1605, 1507, 1382, 1310, 1254, 741 cm–1. 1H NMR 
(400 MHz, CDCl3) d = 8.72 (s, 1H), 6.92–6.82 (m, 1H), 6.75–6.68 (m, 
2H), 6.64 (d, J = 7.8 Hz, 1H), 3.98 (s, 1H), 3.84 (d, J = 5.2 Hz, 1H), 2.07–
1.92 (m, 1H), 1.63–1.52 (m, 1H), 1.33–1.18 (m, 1H), 1.02 (d, J = 7.0 Hz, 
3H), 0.90 (t, J = 7.4 Hz, 3H) ppm. 13C NMR (101 MHz, CDCl3) d = 
168.17, 133.25, 124.80, 123.83, 118.73, 115.17, 113.39, 61.19, 37.41, 
24.46, 15.40, 11.46 ppm. HRMS (ESI-TOF): m/z calcd for 
[C12H16N2O+H]+ [M+H]+ 205.1335, found 205.1336. Chiral HPLC 
conditions: Chiralcel® OJ–H column (4.6 mm´250 mm), hexane/iPrOH = 
75:25, flow rate: 1.0 mL/min, detected wavelength: 240 nm, retention 
time: 6.70 min ((S)-enantiomer). 
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