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Materials  and  Methods.  All  chemicals  and  solvents  were  purchased  from  M/S  Sigma

Aldrich,  S.  D. Fine Chemicals,  Avra synthesis  and commercial  suppliers.  Reactions were

performed using oven dried round bottom flask under an air or nitrogen atmosphere. The

reaction progress was monitored by analytical thin layer chromatography (TLC) using Merck

silica  gel  60  F254  plates.  Starting  materials  and  products  were  purified  by  column

chromatography on silica gel (60-120 mesh). The 1H and 13C NMR spectra were recorded at

400 MHz spectrometer in either CDCl3. The enantiomeric excess values (ee) of the products

were determined by HPLC analysis with an Agilent 1260 Infinity-HPLC on Daicel Chiralcel

OD-H and  AD-H chiral  columns  using  propan-2-ol/n-hexane  as  the  eluent.  The  starting

material 1a-1o was prepared according to the reported procedure.9 The Optical rotations were

measured by using a Rudolph Autopol IV Polarimeter and also compared with reported chiral

HPLC graphs on Diacel Chiralcel OD-H column.9 

General procedure for Ru-catalyzed asymmetric transfer hydrogenation (ATH) of cyclic

imines: Imine 1a (0.5 mmol) and (R,R)-Ru-TsDPEN (1mol%) were placed in round bottom

flask under  nitrogen or  air  atmosphere.  To this  mixture,  1M  aqueous HCOOH-HCOONa

solution (5 mL) was added. After stirring at 40 °C temperature for appropriate time, then

reaction mixture was diluted with ethyl acetate (EtOAc) and washed with water. The organic

layer was dried over anhydrous Na2SO4 and then the resultant residue was purified by column

chromatography on silica gel to give the desired cyclic amine 2a.

 (R)-2,11-dimethyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (2a).9 

 The ee was determined by HPLC using a Daicel Chiralcel OD-H column, n-hexane/ i- PrOH

= 90/10, flow rate = 0.7 mL/min, 254nm; t1 = 8.0 min (major), t2 = 8.9 min (minor); 93% ee;

[α]D
20 = +20 (Conc. 0.11 in CHCl3);  1H NMR (400 MHz, CDCl3): δ 7.07-6.99(m, 4H), 6.81

(t,  J=8Hz, 1H), 6.64(t,  J=7.2 Hz, 1H), 6.51(d,  J=7.6Hz, 1H), 5.01(dd, J=13.6, 6.8 Hz, 1H),

3.66(br  1H),  2.30(s,  3H),  1.62  (d,  J=6.8Hz,3H);  13C NMR  (100  MHz,  CDCl3):  155.34,

1

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2017



144.36,138.12,  134.67,  133.87,  129.10,  125.76,  124.37,  121.66,  120.43,  118.85,  118.33,

49.76, 20.98, 19.88; GC-MS: (EI, 70 eV): m/z: 225, 210, 180,167, 152,128, 115, 91.

(R)-11-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (2b). 9 

The ee was determined by HPLC using a Daicel Chiralcel OD-H column, n-hexane/ i-PrOH

= 90/10, flow rate = 0.7 mL/min, 254nm; t1 = 9.1 min (major), t2 = 10.0 min (minor); 91% ee;

[α]D
20 = +26.1 (Conc. 0.13 in CHCl3);  1H NMR (400 MHz, CDCl3): δ 7.23-7.19 (m, 3H),

7.10 (t, J=7.6 Hz, 2H), 6.84 (t, J=7.2 Hz, 1H), 6.66 (t, J=7.2 Hz, 1H), 6.53 (d, J=6.4 Hz, 1H),

5.06(dd,  J=13.6,6.4 Hz, 1H), 3.54 (br, 1H), 1.63 (d,  J=6.8 Hz, 3H);  13C NMR (100 MHz,

CDCl3):  157.52, 144.19, 138.13, 135.12, 128.81, 125.21, 124.48, 124.41, 121.74, 120.76,

118.91, 118.33, 49.80, 19.89; GC-MS: (EI, 70 eV): m/z: 211, 196, 167, 139, 115, 98, 91. 

(R)-4-chloro-11-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (2c). 9 

The ee was determined by HPLC using a Daicel Chiralcel OD-H column, n- hexane/ i-PrOH

= 95/05, flow rate = 0.5 mL/min, 254nm; t1 = 12.9 min (major), t2 = 13.7 min (minor); 80%

ee; [α]D
20 = -28.18 (Conc. 0.11 in CHCl3);  1H NMR (400 MHz, CDCl3): δ 7.32-7.24(m, 2H),

7.10-7.0 (m, 2H), 6.86(t, J=7.6Hz, 1H), 6.66(t, J=8 Hz, 1H), 6.51(d, J=7.6 Hz, 1H), 5.10(dd,

J=13.2,  6.8  Hz,  1H),  3.71(br,  1H),  1.62(d,  J=6.8  Hz,  3H);  13C  NMR  (100  MHz,

CDCl3):153.06,  143.0,  138.07,  137.23,  129.38,  126.29,  125.0,  124.98,  123.38,  122.56,

118.74,  117.95,  49.39,  19.58;  GC-MS: (EI,  70 eV):  m/z:  245,230,209,  167,139,  115,105,

90,77.

(R)-2-bromo-11-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (2d). 9 

The ee was determined by HPLC using a Daicel Chiralcel OD-H column, n-hexane/ i- PrOH

= 95/05, flow rate = 0.5 mL/min, 254nm; t1 = 14.7 min (major), t2 = 17.8 min (minor); 85%

ee; [α]D
20 =  29 (Conc. 0.10 in CHCl3);  1H NMR (400 MHz, CDCl3):  δ  7.35-7.30(m,2H),

7.04(t,  J=8Hz,  2H),  6.84(t,  J=7.6 Hz,  1H),  6.65(t,  J=7.6 Hz,  1H),  6.52(d,  J=8 Hz,  1H),

5.01(dd, J= 13.6, 6.8 Hz, 1H), 3.65 (br, 1H), 1.60 (d, J= 6.8 Hz, 3H); 13C NMR (100 MHz,

CDCl3):  156.46, 143.80, 137.73, 137.18, 131.61, 128.30, 124.72, 122.66, 121.64, 119.18,

118.40, 117.02, 49.48, 19.59; GC-MS: (EI, 70 eV): m/z: 289, 274, 260, 246, 209, 195, 167,

139, 117, 105, 91.

(R)-2-fluoro-11-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (2e). 9 

The ee was determined by HPLC using a Daicel Chiralcel OD-H column, n-hexane/ i-PrOH

= 95/05, flow rate = 0.5 mL/min, 254nm; t1 = 15.4 min (major), t2 = 19.1 min (minor); 87%

ee; [α]D
20 = +51(Conc. 0.11 in CHCl3);   1H NMR (400 MHz, CDCl3): δ 7.12-7.06 (m, 2H),
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6.92- 6.82(m, 3H), 6.65(t, J=7.2 Hz, 1H), 6.52 (dd, J=6.8 Hz, 1H), 5.07(dd, J=13.2, 6.8 Hz,

1H), 3.67(br, 1H), 1.59(d, J=6.8 Hz, 3H) ; 13C NMR (100 MHz, CDCl3): δ 159.17 (d, JC-F=

241Hz), 153.48, 144.12, 136.91, 136.84, 124.69, 122.0, 121.91, 119.0, 118.27, 114.84 (d, JC-

F= 23Hz),111.95 (d, JC-F= 24Hz),49.06, 19.35; GC-MS: (EI, 70 eV):  m/z: 229, 214, 200,

185, 170, 159, 133, 107, 92, 77.

(R)-4-bromo-11-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (2f). 9

The ee was determined by HPLC using a Daicel Chiralcel OD-H column, n- hexane/ i-PrOH

= 99/01, flow rate = 0.8 mL/min, 254nm; t1 = 15.4 min (major), t2 = 17.6 min (minor); 90%

ee; [α]D
20 = +21 (Conc. 0.10 in CHCl3);  1H NMR (400 MHz, CDCl3): δ 7.24-7.07 (m, 4H),

6.83(t, J=7.6Hz, 1H), 6.64 (t, J=8Hz, 1H), 6.52 (dd, J=6.4, 1.6Hz, 1H), 5.05(dd, J=13.7, 6.8

Hz,  1H),  3.73(br,  1H),  1.62(d,  J=6.8Hz,  3H)  ;  13C NMR (100 MHz,  CDCl3):  δ  157.52,

144.20,  138.11,  135.11,  128.79,  125.20,  124.46,  124.38,  121.72,  120.75,  118.91,  118.33,

49.82, 19.90.

(R)-4,11-dimethyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (2g). 9 

The ee was determined by HPLC using a Daicel Chiralpak AD-H column, n-hexane/ i-PrOH

= 95/05, flow rate = 0.7 mL/min, 254nm; t1 = 10.0 min (minor), t2 = 10.7 min (major); 83%

ee; [α]D
20 = +19 (Conc. 0.10 in CHCl3);   1H NMR (400 MHz, CDCl3):  δ 7.125(t,  J=7.8 Hz,

2H), 7.05- 6.98(m, 2H), 6.83 (t,  J=7.2 Hz, 1H), 6.64(t,  J= 8Hz, 1H), 6.51(d,  J=8Hz, 1H),

5.09(dd,  J=13.6, 6.8 Hz, 1H), 3.69(br, 1H), 2.41(s, 3H), 1.62(d,  J=6.8 Hz, 3H);  13C NMR

(100  MHz,  CDCl3):  δ  155.71,  143.50,  138.61,  135.29,  130.33,  130.15,  124.47,  124.12,

122.49, 122.05, 118.47, 118.13, 49.31, 19.64, 16.25; GC-MS: (EI, 70 eV):  m/z:  225, 210,

180, 167, 152, 115, 105, 91, 77.

(R)-11-methyl-4-phenyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (2h). 9 

The ee was determined by HPLC using a Daicel Chiralcel OD-H column, n- hexane/ i-PrOH

= 99/01, flow rate = 0.8 mL/min, 254nm; t1 = 18.7 min (major), t2 = 27.4 min (minor); 91%

ee; [α]D
20 =10 (Conc. 0.10 in CHCl3);  1H NMR (400 MHz, CDCl3): δ 7.52 (d, J=6.8Hz, 2H),

7.46- 7.36(m, 3H), 7.30(d, J=7.6Hz, 1H), 7.24-7.14 (m, 2H), 6.77 (dd, J= 11.4 , 7.2 Hz, 1H),

6.47-6.49 (m, 3H),  5.17(dd, J=14, 6.8Hz, 1H), 3.75(br, 1H), 1.67(d, J=6.8Hz, 3H); 13H NMR

(100  MHz,  CDCl3):  δ  154.42,  143.79,  138.46,  137.94,  136.17,  134.77,  130.15,  129.94,

127.82, 127.19, 124.40, 124.35, 124.22, 122.0, 118.62, 117.93, 49.61, 19.66.
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(R)-11-methyl-2-phenyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (2i). 9 

The ee was determined by HPLC using a Daicel Chiralcel OD-H column, n-hexane/ i-PrOH

= 99/01, flow rate = 0.8 mL/min, 254nm; t1 = 28.3 min (major), t2 = 32.7 min (minor); 82%

ee; [α]D
20 = +17 (Conc. 0.10 in CHCl3);  1H NMR (400 MHz, CDCl3): δ 7.53(t, J=1.2Hz, 2H),

7.45-7.38(m, 4H), 7.32(t,  J=7.6Hz, 1H), 7.23(t,  J=8.4Hz, 1H), 7.10(dd, J=6.4, 1.6 Hz, 1H),

6.87-6.83 (m, 1H), 6.69-6.65 (m, 1H), 6.56 (dd, J= 6.4, 1.2 Hz, 1H), 5.08 (dd, J=13.6, 6.8Hz,

1H), 1.68(d, J=6.8Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 156.93, 144.26, 140.79, 137.94,

137.55,  135.19,  128.72,  127.45,  127.09,  127.06,  124.50,  124.26,  121.71,  121.11,  119.10,

118.48, 50.17, 20.04.

(R)-11-ethyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (2j). 9

The ee was determined by HPLC using a Daicel Chiralcel OD-H column, n-hexane/ i-PrOH

= 95/05, flow rate = 0.5 mL/min, 254nm; t1 = 15.4 min (major), t2 = 17.4 min (minor); 80%

ee; [α]D
20 = 9 (Conc. 0.11 in CHCl3);  1H NMR (400 MHz, CDCl3): δ 7.24-7.18 (m, 1H), 7.12

(t,  J=7.6 Hz, 2H), 7.06 (t,  J=7.6 Hz, 2H), 6.83(t,  J=7.6 Hz, 1H), 6.65( t,  J=7.2 Hz, 1H),

6.55(d, J=8 Hz, 1H), 4.31(t, J=7.6 Hz, 1H), 3.98(br, 1H), 2.13-1.99(m, 2H), 1.0(t, J=7.6 Hz,

3H);  13C NMR (100 MHz, CDCl3):157.11, 143.89, 137.62, 133.99, 128.71, 127.09, 124.34,

124.12, 121.68, 121.0, 118.73, 118.48, 58.73, 27.75, 11.43; GC-MS: (EI, 70 eV):  m/z: 225,

196, 167, 139, 115, 98, 91.

(R)-11-ethyl-2-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (2k).

The ee was determined by HPLC using a Daicel Chiralcel OD-H column, n-hexane/ i-PrOH

= 95/05, flow rate = 0.5 mL/min, 254nm; t1 = 13.6 min (major), t2 = 15.0 min (minor); 82%

ee; [α]D
20 = -40 (Conc. 0. 10 in CHCl3);  1H NMR (400 MHz, CDCl3): δ 7.05-6.99 (m, 3H),

6.95 (t,  J=6.4Hz, 1H), 6.82 (t,  J= 7.6 Hz, 1H), 6.63 (t,  J= 6.4 Hz, 1H), 6.50 (d, J= 6.4 Hz,

1H), 4.26 ( t, J= 7.6 Hz, 1H), 2.28 (s, 3H), 2.09-2.0 (m, 2H), 1.0 (t, J= 7.6 Hz, 3H) ; 13C NMR

(100 MHz, CDCl3): 154.92, 147.10, 143.88, 137.58, 133.58, 129.02, 127.62, 124.22, 121.61,

120.67, 118.69, 118.48, 58.75, 27.73, 20.83, 11.45. 

(R)-2-methoxy-11-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (2l).

The ee was determined by HPLC using a Daicel Chiralcel OD-H column, n-hexane/ i-PrOH

= 97/03, flow rate = 0.5 mL/min, 254nm; t1 = 25.6 min (major), t2 = 27.2 min (minor); 71%

ee; [α]D
20 = 8 (Conc. 0.10 in CHCl3); 1H NMR (400 MHz, CDCl3): δ 7.09-7.04 (m, 2H), 6.82

(t, J=7.2 Hz, 1H), 6.72 (t, J= 7.2 Hz, 2H), 6.63 (t, J= 8.8 Hz, 1H), 6.50 (d, J= 8 Hz, 1H), 5.04

(  dd,  J= 13.6  Hz,  1H),  3.76  (s,  3H),  1.60  (d,  J=  6.8  Hz,  3H) ;  13C NMR (100  MHz,
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CDCl3):156.12,  151.39,  144.52,  138.07,  136.09,  124.42,  121.59,  121.32,  118.80,  118.24,

112.59, 111.17, 55.59, 49.50, 19.58. 

(R)-2,4-dichloro-11-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (2m).

The ee was determined by HPLC using a Daicel Chiralcel AD-H column, n-hexane/ i-PrOH =

99/02, flow rate = 0.7 mL/min, 254nm; t1 = 11.3min (major), t2 = 13.9min (minor); 77 % ee;

[α]D
22 = 27 (Conc. 0.10 in CHCl3);  1H NMR (400 MHz, CDCl3): δ 7.32 (s, 1H), 7.31-7.21 (m,

1H), 7.07 (s, 1H), 6.87 (t, J=7.66 Hz, 1H), 6.67 (t, J= 8 Hz, 1H), 6.51 (d, J= 7.6 Hz, 1H), 5.09

(dd, J= 13.6 Hz, 1H), 3.69 (br, 1H), 1.60 (d, J= 6.8 Hz, 3H) ; 13C NMR (100 MHz, CDCl3):

151.74,  142.77,  138.71,  137.71,  129.53,  128.90,  127.16,  125.25,  123.74,  122.45,  118.98,

118.02, 49.17, 19.27.

(R)-3,4,11-trimethyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine(2n).

The ee was determined by HPLC using a Daicel Chiralcel AD-H column, n-hexane/ i-PrOH =

98/02, flow rate = 0.7 mL/min, 254nm; t1 = 12.7min (major), t2 = 13.6min (minor); 88 % ee;

[α]D
22 =  19 (Conc. 0.10 in CHCl3);   1H NMR (400 MHz, CDCl3):  δ 7.13 (d,  J= 8 Hz, 1H),

6.94-6.88 (m, 2H), 6.81 (t, J=7.6 Hz, 1H), 6.62 (t, J= 8 Hz, 1H), 6.50 (d, J= 7.6 Hz, 1H), 5.07

(dd,  J= 13.6 Hz, 1H), 2.32 (s, 3H), 2.23 (s, 3H), 1.60 (d,  J= 6.8 Hz, 3H) ;  13C NMR (100

MHz,  CDCl3):  155.71,  143.58,  138.79,  137.47,  132.79,  128.68,  125.36,  124.45,  121.99,

121.47, 118.34, 118.09, 49.12, 19.98, 19.57, 12.35. 

(R)-2-methyl-11-phenyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine(2o).

The ee was determined by HPLC using a Daicel Chiralcel OD-H column, n-hexane/ i-PrOH

95/05, flow rate = 0.5 mL/min, 254nm; t1 = 13.8 min (major), t2 = 15.7 min (minor); 80 %

ee; [α]D
20 =11 (Conc. 0.10 in CHCl3);   1H NMR (400 MHz, CDCl3):  δ  7.42-7.31 (m, 5H),

7.07-7.02 (m, 3H), 6.87 (t,  J= 8Hz, 1H), 6.70-6.66 (m, 2H), 6.62 (d,  J=8 Hz, 1H), 5.83 (s,

1H), 4.09 (br, 1H), 2.23 (s,  3H)  ;  13C NMR (100 MHz, CDCl3):  155.27, 144.84, 141.83,

138.73,  133.80,  133.73,  129.51,  128.82,  128.61,  127.58,  127.08,  124.55,  121.75,  120.82,

119.30, 118.54, 60.21, 20.87. 
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(R)-2,11-dimethyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (2a): (Table 3, entry 1)
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(R)-11-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (2b):  (Table 3, entry 2)
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(R)-4-chloro-11-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (2c) : (Table 3, entry 3)
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(R)-2-bromo-11-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (2d): (Table 3, entry 4)

14



15



16



(R)-2-fluoro-11-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (2e): (Table 3, entry 5)
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(R)-4-bromo-11-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (2f) : (Table 3, entry 6)
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(R)-4,11-dimethyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine(2g): (Table 3, entry 7)
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(R)-11-methyl-4-phenyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (2h): (Table 3 entry 8)
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(R)-11-methyl-2-phenyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (2i): (Table 3, entry 9)
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(R)-11-ethyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine(2j): (Table 3, entry 10)
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(R)-11-ethyl-2-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (2k): (Table 3, entry 11) 
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 (R)-2-methoxy-11-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (2m): (Table 3, entry 12)
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(R)-2,4-dichloro-11-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (2m): (Table 3, entry

13)
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(R)-3,4,11-trimethyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (2n): (Table 3, entry 14)
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 (R)-2-methyl-11-phenyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (2o): (Table 3, entry 15)
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Comparison of chiral HPLC graphs by OD-H column for
configuration. 

Reported HPLC graphs:

(+)-(S)-11-methyl-4-phenyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine: This compound was
reported in Chem. Commun., 2011, 47, 7845-7847 ( see supporting information compound 9f)

HPLC (OD-H, elute: Hexanes/i-PrOH = 99/1, detector: 254 nm, flow rate: 0.8 mL/min).

Present Manuscript HPLC graphs: 

(R)-11-methyl-4-phenyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (2h): 

The ee was determined by HPLC (OD-H, hexane/ i-PrOH = 99/01, flow rate = 0.8 mL/min) 

The reported chiral HPLC graphs shows (S)-Configuration, and present manuscript chiral HPLC 
graphs shows opposite observation as (R)-configuration. 
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Reported HPLC graphs:

 (-)-(S)-2-fluoro-11-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine: This compound was 
reported in Chem. Commun., 2011, 47, 7845-7847 ( see supporting information compound 
9h)

HPLC (OD-H, elute: Hexanes/i-PrOH = 95/5, detector: 254 nm, flow rate: 0.7 mL/min)

Present Manuscript HPLC graphs: 

(R)-2-fluoro-11-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (2e). 

The ee was determined by HPLC (OD-H, n-hexane/ i-PrOH = 95/05, flow rate = 0.5 mL/min)

The reported chiral HPLC graphs shows (S)-Configuration, and present manuscript chiral HPLC 
graphs shows opposite observation as (R)-configuration.
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