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General Methods

Cu(OAc),, +BuOH, methyldiethoxysilane (DEMS), and other commercial reagents were purchased
from Aldrich and used as received. Chiral ligands were purchased from TCl and Strem. 1a-1s were
prepared by following literature procedures."? Toluene was purified using PureSolv solvent
purification system (Innovative Technology, Inc). All reactions were carried out with standard
Schlenk technique. Flash chromatography was performed on silica gel (70-230 mesh) from Merch.
All 'TH NMR spectra were obtained on Bruker at 500 systems and reported in parts per million
(ppm) downfield from tetramethylsilane. 3C NMR spectra were reported in ppm referenced to
deuteriochloroform (77.16 ppm). "B NMR spectra were obtained on Bruker at 400 systems at
Kyonggi University, Suwon, Korea. High performance liquid chromatography (HPLC) was
performed using Younglin Acme 9100 series. Gas chromatography (GC) was performed using
Younglin Acme 6100 series. Infrared spectra (IR) were obtained on Nicolet 205 FT-IR and were
recorded in cm™. High resolution mass spectra (HRMS) were obtained at Korea Basic Science

Institutes (Daegu, Korea and Cheongju, Korea) and reported in form of m/z.

Procedure A: Preparation of (£)-f,B-Disubstituted Alkenylboramides (1a-1f, 1h
-1n)’

3.0 mol % IMesCuCl
1.5 equiv KOt-Bu Me

= 3.0 equiv Mel x_Bpin
+  Bypin,
THF, rt, 12 h
(1.3 equiv)
84% yield
NH, NH,
3.0 equiv NalO, Me Me
0.7 equiv HCI (1 M) WB(OH)z 1.0 equiv WBdan
THF/H0, rt, 12 h toluene, reflux, 3 h
1a
52% yield

To an oven dried round bottomed flask, IMesCuCl (0.015 mmol, 61 mg), KO#-Bu (7.5 mmol, 842

mg), B,pin, (6.5 mmol, 1.65 g) and anhydrous THF (20 mL) were charged under an atmosphere of

nitrogen and cooled to 0 °C. The mixture was allowed to stir at 0 °C for 10 min. Then, alkyne (5.0

mmol) in THF (5 mL) and iodomethane (15 mmol, 0.95 mL) were added to the solution. The

reaction mixture was stirred at room temperature for 12 h. The resulting mixture was quenched

by adding saturated aq. NH4Cl solution and extracted three times with diethyl ether. The
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combined organic layers were dried over MgSQO,, filtered, and concentrated in vacuo. The crude
was purified by silica gel column chromatography to give alkenyl pinacol boronate.

To a solution of the alkenyl pinacol boronate (4.2 mmol) in THF (12 mL) and H,O (3 mL) was
added NalOy4 (12.6 mmol, 2.7 g), and the reaction mixture was stirred at room temperature for 30
min. Then, ag. HCI (1.0 M, 3.0 mL) was added to the reaction mixture and allowed to stir at room
temperature for 12 h. Upon completion of the reaction, the resulting mixture was extracted with
ethyl acetate and washed with brine. The combined organic layers were dried over MgSQ,, filtered,
concentrated in vacuo, and used for next reaction without further purification. The crude product
and 1,8-diaminonaphthalene (4.2 mmol, 664 mg) were dissolved in toluene (17 mL) equipped with
Dean-Stark apparatus and the reaction mixture was heated to reflux for 3 h. After cooled to room
temperature, the reaction mixture was concentrated in vacuo and purified by silica gel

chromatography.

Procedure B: Preparation of (£)-B,B-Disubstituted Alkenylboramides (1g, 1o-
1s)2

Me _ Me v S Me
«_Bpin 5:0equivKHF;(4.5M) ~_BFK 1.0 equiv SiO; x_ B(OH),
MeOH, tt, 1 h HyO, 1t 1 h
62% yield

Aryl-substituted alkenyl boronic acids were synthesized via the corresponding trifluoroborate salts
from alkenyl pinacol boronate that was prepared by procedure A using LiO#Bu base, due to
isolation problem; To a solution of the alkenyl pinacol boronate (3.9 mmol) in MeOH (8 mL) was
added ag. KHF, (4.5 M, 4.3 mL) slowly. After the reaction mixture was stirred at room temperature
for 1 h, the solution was concentrated in vacuo and dried. The excess KHF, was filtered off by
washing with acetone. Then, filtrate was concentrated and a mixture of diethyl ether and hexanes
were added to form a precipitate, which was filtered to give alkenyltrifluoroborate.

To a flask the alkenyltrifluoroborate (2.4 mmol) and SiO, (2.4 mmol, 144 mg) was added H,O (8
mL). The reaction mixture was stirred at room temperature for 1 h. Then, the mixture was
extracted with ethyl acetate and washed with H,O. The combined organic layers were dried over

MgSQ,, filtered, and concentrated in vacuo.
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General Procedure for the Copper-Catalyzed Asymmetric Reduction of (,B-

Disubstituted Alkenylboramides (Scheme 2)

5 mol % Cu(OAc),

N 5 mol % (R,S)-Josiphos R
R)\/Bdan 4 equiv t-BuOH R R/:\/Bdan
2 equiv (EtO),MeSiH
1 toluene, 60 °C, 12 h 2

A mixture of Cu(OAc), (0.015 mmol, 2.7 mg) and (R.S)-Josiphos (0.015 mmol, 9.6 mg) in toluene
(0.5 mL) was stirred for 10 min in a Schlenk tube under an atmosphere of nitrogen. DEMS (0.6
mmol, 96 ulL) was added to the reaction mixture and stirred for another 10 min at room
temperature. Substrate 1 dissolved in toluene (1.0 mL) and #BuOH (1.2 mmol, 114 ul) were
added. The reaction mixture was stirred at 60 °C for 12 h and monitored by NMR. Upon
completion of the reaction, the reaction mixture was diluted with diethyl ether (5 mL). The mixture
was quenched by the adding saturated NH4F/MeOH (5 mL) and stirred for 20 min. The solution
was extracted three times with diethyl ether, washed with brine, and dried over MgSQO,. After

evaporating the solvent under vacuo, the residue was purified by silica gel chromatography.

Procedure for Gram-Scale Asymmetric Reduction of 1a (Scheme 3a)

2 mol % Cu(OAc),
Me 2 mol % (R,S)-Josiphos Me

X _Bdan 4 equiv t-BuOH R Bdan
2 equiv (EtO),MeSiH ©/\/\/

toluene, rt, 36 h

1a

5mmol 2a

A mixture of Cu(OAc), (0.1 mmol, 18.2 mg) and (R $)-Josiphos (0.1 mmol, 64.1 mg) in toluene (8.0
mL) was stirred for 10 min in a Schlenk tube under an atmosphere of nitrogen. DEMS (10 mmol,
1.6 mL) was added to the reaction mixture and stirred for another 10 min at room temperature.
Substrate 1a (5.0 mmol, 1.56 g) dissolved in toluene (2.0 mL) and #BuOH (20 mmol, 1.9 mL) were
added. The reaction mixture was stirred at rt for 36 h and monitored by NMR. Upon completion
of the reaction, the reaction mixture was diluted with diethyl ether (10 mL). The mixture was
quenched by the adding saturated NH4F/MeOH (20 mL) slowly and stirred for 20 min. The
solution was extracted three times with diethyl ether, washed with brine, and dried over MgSO,.
After evaporating the solvent under vacuo, the residue was purified by silica gel chromatography.

(NEts:hexanes = 1:40). 2a was obtained in 89% yield (1.40 g).
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Charaterization of 2 (Scheme 2)
(R)-2-(2-methyl-4-phenylbutyl)-2,3-dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (2a)

By following the general procedure, 2a was obtained in 95% vyield

Me H'ET: ‘ (colorless oil, 89.8 mg) by column chromatography (NEts:hexanes =
©/\/\/ \H 1:40). "H NMR (500 MHz, CDCl3) & 7.30-7.27 (m, 2H), 7.21-7.18 (m, 3H),
2a 7.10-7.06 (m, 2H), 6.99 (d, / = 8.2 Hz, 2H), 6.23 (d, / = 7.3 Hz, 2H) 5.50

(brs, 2H), 2.75-2.66 (m, 1H), 2.64-2.56 (m, 1H), 1.70-1.60 (m, 2H), 1.57-1.49 (m, 1H), 1.02 (d, / =
6.2 Hz, 3H), 0.95 (dd, / = 15.0, 6.0 Hz, 1H), 0.71 (dd, / = 15.0, 7.8 Hz, T1H); '*C NMR (125 MHz,
CDCl3) 6 142.8, 141.1, 136.3, 128.5, 1284, 127.6, 1257, 119.6, 117.4, 1054, 41.3, 33.7, 29.4, 22.4,;
"B NMR (128 MHz, CDCl3) & 32.2; IR (neat) 3409, 3054, 2951, 1600, 1506, 1411 cm™'; HRMS (El)
calcd for [Cy1H23BN,*]: 314.1954, found: 314.1952; 95% ee was measured by chiral HPLC on OZ-H

column (~PrOH:hexanes = 1:99, 0.5 mL/min); &= 12.03 min (minor), & = 12.77 min (major).

[rac-2a] [chi-2a]

00 .00

3267

A100.00)
200,00

50.00 20000

a
Pm 0zs0
>12 7733

00004

11.73580

0.00]

0,00 oo
-50.00

-100.00]
-100.00) -200.00)

1080 1100 1150 4200 41250 1300 4250 1400 1450 1000 11.00 1z.00 1z.00 1200

RT [min] | Area [mVs] Areate RT [min] | Area [mV/s] Area%
12.0250: 4472379 50.728 11.7350 161.6908 252
127733 4335020 49.22 123267 6263.3828 97.48
880.7399 £425.0737

(R)-2-(2-methyl-5-phenylpentyl)-2,3-dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (2b)

O By following the general procedure, 2b was obtained in 98% yield

@\/\/Mi'/"’}‘ O (colorless oil, 96.4 mg) by column chromatography (NEts:hexanes =
B\H 1:40). "H NMR (500 MHz, CDCl3) & 7.29-7.26 (m, 2H), 7.20-7.17 (m,

2b 3H), 710 (t, / = 7.8 Hz, 2H), 7.00 (d, /= 8.2 Hz, 2H), 629 (d, /= 7.3

Hz, 2H), 5.58 (brs, 2H), 2.66-2.56 (m, 2H), 1.74-1.59 (m, 3H), 1.44-1.36 (m, 1H), 1.31-1.24 (m, TH),
0.96 (d, /= 6.5 Hz, 3H), 0.94 (dd, / = 15.0, 5.9 Hz, 1H), 0.69 (dd, / = 15.0, 8.6 Hz, 1H); *C NMR
(125 MHz, CDCl3) &. 142.8, 141.2, 136.3, 1284, 128.3, 127.6, 125.7, 119.5, 117.4, 105.4, 39.4, 36.2,
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30.2, 29.3, 22.5; IR (neat) 3408, 3054, 2932, 1600, 1505 cm™'; HRMS (ESI) calcd for [CooH2sBN,+H*]:
329.2189, found: 329.2188; 97% ee was measured by chiral HPLC on OJ-H column with the

corresponding alcohol obtained after oxidation® (/-PrOH:hexanes = 3:97, 0.5 mL/min); &= 17.91

min (minor), & = 18.81 min (major).
[rac-2b]

20,00 o

50.00 2 E
40.00 ; =2
20.00 7
g FANWAN
-20.00

-40,00)

-60.00|

-80.00|

-100.00]

1400 1500 1600 17.00

RT [min] Area [my-s] Are,
17.9100 462.6696
18.8117 470.9311

933 6007

3%

4956
50.44

1§00 19.00 2000 2100 2200 2300

[chi-2b]
200.00) T
fin)
-
150.00 o
100.00
0
50.00) r~
@
0.00)
-50.00)

12.00 14.00 1600 1200 2000 OO 2400 26.00

RT [min] Area [my'-s] Area%e
18.1733 115.3188 172
18.7767. ©632.0635 98.28

6748.3823

(R)-2-(2-methylhexyl)-2,3-dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (2c)

Me HITJ
8 N
H

2c

(colorless oil, 65.1 mg) by column chromatography (NEts:hexanes
1:40). "H NMR (500 MHz, CDCl5) & 7.09 (t, /= 7.8 Hz, 2H), 7.00 (d, / =
8.2 Hz, 2H), 6.30 (d, / = 7.3 Hz, 2H), 5.60 (brs, 2H), 1.68-1.59 (m, 1H),

By following the general procedure, 2c was obtained in 81% yield

1.31-1.19 (m, 6H), 0.96 (d, / = 6.5 Hz, 3H), 0.93-0.89 (m, 4H), 0.69 (dd, / = 15.0, 8.5 Hz, 1H); *C
NMR (125 MHz, CDCl5) & 141.2, 136.3, 127.6, 119.6, 117.3, 105.4, 39.5, 30.3, 29.7, 23.0, 22.5, 14.2;
IR (neat) 3435, 3054, 2956, 1601, 1506, 1412 cm™"; HRMS (El) calcd for [Ci7H23BN,*]: 266.1954,
found: 266.1956; 97% ee was measured by chiral HPLC on OD-H column (~PrOH:hexanes = 1:99,

0.5 mL/min); &= 30.92 min (minor), & = 33.41 min (major).

[rac-2c]

[chi-2c]

25.00
30 .00

209233

25.00
Z0.00
15,00
A40.00
5.00
0.00

334133

200 00|

150.00|

400 .00

50.00|

32,7083

311967

-5.00

24.00 26.00 Z5.00 30.00 3Z.00

3400

36.00
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RT [min] Area [mi-s] Area%t RT [min] Area [miy-s] Area

30,9233 012.44386 4983 31.1467 137.4159 160
334133 918.7720 5017 32,7083 84343711 98.40
1831.2206 8571.7871

(R)-2-(5-chloro-2-methylpentyl)-2,3-dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (2d)

O By following the general procedure, 2d was obtained in 97% vyield (pale

Me HN O yellow oil, 83.3 mg) by column chromatography (NEts:hexanes = 1:40).
CI\/\/\/B\H "H NMR (500 MHz, CDCls) & 7.12-7.09 (m, 2H) 7.01 (d, / = 8.3 Hz, 2H),
2d 6.31 (d, / = 7.3 Hz, 2H), 5.62 (brs, 2H), 3.56 (t, / = 6.7 Hz, 2H), 1.88-

1.77(m, 2H), 1.74-1.65 (m, 1H), 1.54-1.47 (m, 1H), 1.39-1.32 (m, 1H), 0.99 (d, / = 6.6 Hz, 3H), 0.95
(dd, /= 15.0, 6.1 Hz, 1H), 0.73 (dd, / = 15.0, 8.5 Hz, 1H); 1*C NMR (125 MHz, CDCl3) 6 141.1, 136.3,
127.6, 119.6, 117.5, 105.5, 45.4, 36.7, 30.5, 29.7, 24.1 (C-B), 22.4; IR (neat) 3412, 3053, 2954, 1599,
1507, 1412 cm™; HRMS (El) caled for [CigH20BCIN,*]: 286.1408, found: 286.1405; 95% ee was
measured by chiral HPLC on IA column (~PrOH:hexanes = 1:99, 1.0 mL/min); &= 14.84 min

(major), & = 15.48 min (minor).

[rac-2d] [chi-2d]
G000y 200 00| [
&
40.00 ] 150.00) g
i
20,00 o4 100.00)
JAVAN :
o A0.00| E
0
0.00|
-20.00
-50.00|
-40.00
100, 00|
11.00 12,00 1z.00 1400 1500 1600 1700 1200 1900 11.00 42.00 41300 41400 1500 41600 17.00 41800 19.00 2000
RT [min] Area [mV-s] Area%t RT [min] Area [mVy-s] Areatc
14 8350 3421762 50.34 14 7867 31732722 97.60
154833 3375298 49 66 126100 78.1778 240
679.7061 32514500

(R)-5-methyl-6-(1 H-naphtho[1,8-de€][1,3,2]diazaborinin-2(3 H)-yl)hexanenitrile (2e)

O By following the general procedure, 2e was obtained in 72% yield
Me HN O (white solid, 60.0mg) by column chromatography (NEts:Et,O:hexanes =

NC - B.
TN 1:4:40). TH NMR (500 MHz, CDCI5) & 7.12-7.08 (m, 2H), 7.01 (d, J = 8.0

2 Hz, 2H), 6.31 (d, / = 7.3 Hz, 2H), 5.62 (s, 2H), 2.35 (td, / = 7.1, 3.0 Hz,
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2H), 1.78-1.64 (m, 3H), 1.53-1.46 (m, TH), 1.43-1.35 (m, 1H), 0.99 (d, / = 6.6 Hz, 3H), 0.96 (dd, / =
14.9, 6.0 Hz, 1H), 0.72 (dd, / = 14.9, 8.8 Hz, 1H); 3C NMR (125 MHz, CDCl;) & 141.0, 136.3, 127.6,
119.9, 119.6, 117.5, 105.5, 38.7, 29.8, 23,3, 22.2, 17.4; IR (neat) 3398, 3054, 2955, 2245, 1599, 1509,
1412 cm™™; HRMS (FAB) calcd for [C17H20BNs*]: 277.1750, found: 277.1746; 96% ee was measured
by chiral HPLC on IA column (~PrOH:hexanes = 10:90, 0.5 mL/min); &= 23.43 min (minor), & =
24.56 min (major).

[rac-2e] [chi-2e]
20,00 .
=]
G0.00) $ % 100.00| r;f
g 5 3
40.00) = e
(' (2}
20.00) ,i\ /\ 50.00) o
0.00 §
v}
20.00 10.00
-40.00
5000 -50.00)
Z1.00 700 2300 2400 500 26.00 27.00 21.00 2z2.00 Z3.00 24.00 25.00 26.00 2F.oo
RT [min] Area [my-s] Area% RT [min] Area [miy-s] Area%
234283 7435322 4944 234450 42 5782 201
24 5633 760.3132 50.56 24 4767 2078.3989 9799
1503.8455 21209771

(R)-2-(2-methyl-3-phenoxypropyl)-2,3-dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (2f)

O By following the general procedure, 2f was obtained in 80% yield

Me HN O (white solid, 76.0 mg) by column chromatography (NEts:hexanes = 1:40).
©/O\/\/B\ﬁ "H NMR (500 MHz, CDCl3) & 7.29-7.28 (m, 2H), 7.11-7.07 (m, 2H), 7.00
(d, /= 8.1 Hz 2H), 6.94 (t, / = 7.4 Hz, 1H), 6.90 (d, / = 7.9 Hz, 2H), 6.27
(d, /= 7.3 Hz 2H), 5.70 (brs, 2H), 3.84 (dd, / = 8.9, 6.0 Hz, 1H), 3.77 (dd,
/=89, 6.9 Hz, TH), 2.24-2.15 (m, 1H), 1.14-1.10 (m, 4H), 0.86 (dd, / = 15.0, 8.0 Hz, 1H); *C NMR
(125 MHz, CDCl;) & 159.0, 141.1, 136.3, 129.5, 127.6, 120.7, 119.6, 117.4, 114.6, 105.5, 74.7, 30.5,
20.8 (C-B), 19.7; IR (neat) 3406, 3053, 2956, 1599, 1506, 1243 cm™; HRMS (FAB) calcd for
[Ca0H21BNO*]: 316.1747, found: 316.1748; 92% ee was measured by chiral HPLC on IA column (-

2f

PrOH:hexanes = 1:99, 0.5 mL/min); &= 30.00 min (major), & = 33.03 min (minor).

[rac-2f] [chi-2f]

250,00 250,00

200.00)
150.00)
A00.00)
50.004
0.00)
-50.00)
-100.00)

200.00
160.00
400.00

S0.00)

wooss
>3 0300

>Q.Q4&?
23,2367

0.00

-50.00

2400 2500 2500 3000 3200 3400 3600 3500 4000 2600  28.00 3000 3200 34.00 3600 33.00
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RT [min] Area [mV-s] Areatc RT [min] Area [mV-s] Areatc

30.0033:  6897.0752 50.04 299467 57098350 96.10
3303000 6887.3687 4996 33.2367 231.8996 3.90
137844434 5941.7344

(R)- N, N-dibenzyl-4-methyl-5-(1 H-naphtho[1,8-de][1,3,2]diazaborinin-2(3 H)-yl)pentan-1-amine

(29)
Me HN O By following the general procedure, 2g was obtained in 75% yield
anN\/\/\/B\N
H (colorless oil, 100.6 mg) by column chromatography (NEt;:Et,O:hexanes
2g = 1:4:40). "H NMR (500 MHz, CDCls) 6 7.39-7.37 (m, 4H), 7.32-7.29 (m,

4H), 7.25-7.22 (m, 2H), 7.10 (t, / = 7.8 Hz, 2H), 7.01 (d, / = 8.2 Hz, 2H), 6.28 (d, / = 7.3 Hz, 2H)
5.54 (brs, 2H), 3.56 (s, 4H), 2.41 (t, / = 6.9 Hz, 2H), 1.61-1.48 (m, 3H), 1.36-1.29 (m, 1H), 1.23-1.16
(m, TH), 0.92-0.88 (m, 3H), 0.63 (dd, / = 14.8, 8.8 Hz, 1H); *C NMR (125 MHz, CDCl3) § 141.2,
140.1, 1364, 128.8, 128.2, 127.6, 126.8, 119.6, 117.4, 105.4, 58.4, 53.4, 37.1, 29.8, 24.7, 24.2 (C-B),
22.5; IR (neat) 3411, 3027, 2946, 1600, 1411 cm™; HRMS (ESI) calcd for [C3oH34BN3+H*]: 448.2924,
found: 448.2926; >99% ee was measured by chiral HPLC on IA column (/~PrOH:hexanes = 3:97, 0.3

mL/min); &= 26.74 min (major), & = 27.54 min (minor).

[rac-29] [chi-2g]
50.00) =
o [ 50.00) 2
40.00| ] T r
= o 40.00) o
™,
20.00) /\7—\ 2000 j(\_
0.00) 0.00)
-20.00 -20.00|
a0 -40.00)
-50.00)
-60.00|
2400 2500 2600 2700 2800 2900 3000 24.00 26.00 28.00 30,00 32.00

RT [min] Area [my'-s] Area%e - -
RT [min] Area [my'-s] Areatt

26.7383 622.2554 45944
267600 1081.9417 100.00
27.5417 6364290 50.56
1081.9417
1255.6843

(R)-tert-butyl 4-methyl-5-(1H-naphthol[1,8-del][1,3,2]diazaborinin-2(3 H)-yl)pentanoate (2h)

By following the general procedure, 2h was obtained in 98% yield

Me HN ‘O (colorless oil, 99.1mg) by column chromatography (NEts:hexanes =

PO 1:40). '"H NMR (500 MHz, CDCl3) & 7.11-7.08 (m, 2H), 7.00 (dd, J =

7 2h 8.2, 0.5 Hz, 2H), 6.32 (dd, / = 7.3, 0.8 Hz, 2H), 5.90 (brs, 2H), 2.31-

2.28 (m, 2H), 1.78-1.66 (m, 2H), 1.48 (s, 9H), 1.42-1.35 (m, 1H), 0.97 (d, / = 6.5 Hz, 3H), 0.91 (dd, /
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= 154, 7.2 Hz, 1H), 0.77 (dd, /= 15.4, 6.9 Hz, 1H); 3C NMR (125 MHz, CDCl5) & 173.8, 141.4, 136.3,
127.6, 119.6, 117.2, 105.4, 80.3, 34.1, 33.2, 29.3, 28.2, 24.1 (C-B), 22.4; IR (neat) 3431, 3054, 2978,
1715, 1601, 1150 cm™; HRMS (ESI) calcd for [CaoH»7BN,O,+H*]: 339.2244, found: 339.2244; 95% ee
was measured by chiral HPLC on OD-H column (~PrOH:hexanes = 1:99, 1.0 mL/min); &= 24.90

min (major), & = 28.39 min (minor).

[rac-2h] [chi-2h]
100,00 2
30,00 § N aoon §
20,00 @ o _ 5000 B
E % '—'E’ 4000 B
10,00 §1 2000 b
3] .00 Ao
0.00) 20,00
10,00 0.0
-G0.00|
%00 Za.00 600 & .00 Z0.00 Z.00 400 20.00 2z.00 24.00 2}332 28.00 30.00 3z.00 34.00
: ’ ‘ ’ ’ ’ : ZHE]
RT [min] Area [mVy-s] Areatt RT [min] Area [mV-s] Areat
24 8950 657.2397 49.18 241150: 37415073 97.43
28.3917 679.1615 50.82 291167 08.5888 2.57
1336.4012 3840.0962

(R)-3-methyl-4-(1 H-naphtho[1,8-de€][1,3,2]diazaborinin-2(3 H)-yl)butyl acetate (2i)

O By following the general procedure, 2i was obtained in 93% vyield

o] Me HN O (yellow solid, 82.6 mg) by column chromatography (NEt;:Et,O:hexanes

< B\
Me)ko/\/\/ N = 1:4:40). 'H NMR (500 MHz, CDCl3) 6 7.12-7.08 (m, 2H), 7.01 (d, / =
2i 7.8 Hz, 2H), 6.31 (dd, / = 7.3, 0.8 Hz, 2H), 5.67 (brs, 2H), 4.20-4.11 (m,

2H), 2.07 (s, 3H), 1.85-1.75 (m, 1H), 1.73-1.66 (m, 1H), 1.60-1.53 (m, 1H), 1.01 (d, / = 6.6 Hz, 3H),
0.98 (dd, /= 14.9, 6.1 Hz, 1H), 0.76 (dd, / = 14.9, 8.3 Hz, 1H); *C NMR (125 MHz, CDCls) & 171.3,
141.1, 136.3, 127.6, 119.6, 117.5, 105.5, 63.0, 38.0, 27.3, 24.0 (C-B), 22.5, 21.1; IR (neat) 3398, 3053,
2956, 1724, 1600, 1251 cm™; HRMS (ESI) calcd for [Ci7H21BN,O,+H*]: 297.1774, found: 297.1776;
96% ee was measured by chiral HPLC on AD-H column (/~PrOH:hexanes = 10:90, 0.5 mL/min); &=

16.95 min (minor), & = 18.20 min (major).

[rac-2i] [chi-2i]

500,00}

400,00}

16.9517

o
o
o
;
2&
o o
s =
17 0883
>183133

£.1950

300004

200,00}

100,00}

-100.00|

-200.00|

1400 1500 1600 17.00 1200 41900 2000 2100 15.00 18.00 17.00 18.00 18.00 20.00 2100
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RT [min] Area [mV-s] Area%t RT [min] Area [mV-s] Area

169517 B6980.8672 50.00 17.0983 27.2640 215
18.1950: 6981.7334 50.00 18.3133; 12432694 97.85
13962.6006 1270.5333

(R)-2-(2-cyclopentylpropyl)-2,3-dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (2j)

By following the general procedure, 2j was obtained in 97% vyield (yellow

Me HN O solid, 81.0 mg) by column chromatography (NEts:hexanes = 1:40). "H NMR

@NB\N (500 MHz, CDCl3) 6 7.09 (t, / = 7.8 Hz, 2H), 7.00 (d, / = 8.3 Hz, 2H), 6.29 (d,

2j J =17.3 Hz, 2H), 5.60 (s, 2H), 1.81-1.72 (m, 2H), 1.64-1.57 (m, 3H), 1.56-1.47

(m, 3H), 1.20-1.10 (m, 2H), 1.07 (dd, / = 14.9, 4.5 Hz, 1H), 0.96 (d, / = 6.6 Hz, 3H), 0.63 (dd, / =

14.9, 9.7 Hz, 1H); *C NMR (125 MHz, CDCls) & 1413, 136.3, 127.6, 119.5, 117.3, 105.4, 48.7, 35.7,

31.1, 304, 25.7, 25.6, 21.1; IR (neat) 3435, 3049, 2949, 1600, 1505, 1411 cm™"; HRMS (FAB) calcd for

[CisH23BN*]: 278.1954, found: 278.1951; 96% ee was measured by chiral HPLC on OD-H column
(~PrOH:hexanes = 5:95, 1.0 mL/min); &= 12.54 min (minor), & = 14.39 min (major).

[rac-2j] [chi-2j]
60.00| =
- w
- =1 o
2 " 100.00 [
40.00| w0 4 o
- s
-
20.00 /\ /\ £0.00) =
@
(]
0.00| .00 =
-20.00|
-50.00]
-40.00)|
2.00 10,00 12.00 14.00 16.00 18.00 2.00 10,00 12.00 14.00 16.00 18.00

RT [min] Area [mV-s] Areat RT [min] Area [mi-s] Areatc
12,5417 5624398 50.11 12.8917 422858 2.14
14,3850 559.9915 49.89 145550 1937.8265 97.86

11224313 1980.1123

(R)-2-(2-cyclohexylpropyl)-2,3-dihydro-1H-naphtho[1,8-de€][1,3,2]diazaborinine (2k)

By following the general procedure, 2k was obtained in 94% yield (pale

We H:TB' ‘ yellow oil, 82.3 mg) by column chromatography (NEts:hexanes = 1:40). 'H

ON N NMR (500 MHz, CDCl3) 6 7.10 (dd, / = 8.2, 7.4 Hz, 2H), 7.00 (dd, / = 83,

2k 0.7 Hz, 2H), 6.30 (dd, / = 7.3, 0.8 Hz, 2H), 5.60 (brs, 2H), 1.77-1.74 (m, 2H),

1.70-1.66 (m, 3H), 1.56-1.48 (m, TH), 1.27-1.11 (m, 4H), 1.07-0.98 (m, 3H), 0.92 (d, / = 6.8 Hz, 3H),

0.64 (dd, / = 14.9, 9.9 Hz 1H); 3C NMR (125 MHz, CDCl3) § 141.3, 136.3, 127.6, 119.5, 117.3, 105.4,

44.9, 354, 30.5, 29.2, 26.9, 26.8, 26.8, 19.2; "B NMR (128 MHz, CDCl;) & 32.5; IR (neat) 3434, 3053,
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2924, 1601, 1505, 1411 cm'; HRMS (El) calcd for [C19H25BN,*]: 292.2111, found: 292.2113 ; 94% ee
was measured by chiral HPLC on OD-H column (/~PrOH:hexanes = 1:99, 1.0 mL/min); &= 24.56

min (minor), & = 30.07 min (major).

[rac-2k] [chi-2k]
5000
25.00 a
20.00 o 40,00 Q
15.00] 2 g 30.00)
10.00| g § 20,00 g
5.00 _/\
oo /\ 10.00 2
500 0.00 e
-10.00 -10.00]
-15.00] 2000
18.00 2000 2200 2400 2500 2ZE00 3000 3200 2400 32600
20.00 26.00 20.00 36.00
RT [min] Area [my-s] Area%t RT [min] Area [mW-s] Areat
24 5583 369.2576 48 59 248483 66.0549 317
30.0700 3753123 5041 294383, 20204320 096.83
744 5699 2086.4868

(R)-2-(2-(trimethylsilyl)propyl)-2,3-dihydro-1HAH-naphthol[1,8-del[1,3,2]diazaborinine (2I)

By following the general procedure, 21 was obtained in 91% yield (white solid,

'\—f'e HN O 76.5 mg) by column chromatography (NEts:Et,O:hexanes = 1:2:40). 'TH NMR
s (500 MHz, CDCl5) § 7.11-7.08 (m, 2H), 7.00 (d, / = 8.2 Hz, 2H), 630 (d, /= 7.3
2 Hz, 2H), 5.62 (brs, 2H), 1.04-0.99 (m, 4H), 0.80-0.73 (m, 1H), 0.60 (dd, / = 15.1,

11.1 Hz, 1H), -0.01 (s, 9H); *C NMR (125 MHz, CDCl5) & 141.2, 136.3, 127.6, 119.6, 117.3, 1054,
17.0, 15.9, 3.5; "B NMR (128 MHz, CDCl3) 6 32.7; IR (neat) 3434, 3053, 2952, 1601, 1504, 1411 cm-
1. HRMS (El) calcd for [CigH23BN,Si*]: 282.1724, found: 282.1725; >99% ee was measured by chiral
HPLC on OD-H column (+~PrOH:hexanes = 1:99, 1.0 mL/min); &= 17.49 min (minor), & = 20.04 min

(major).
[rac-2I] [chi-2I]
100,00 100,00
&0.00) 2 = 20.00] @
0,00 ¥ g 50.00| %
- Y o
40.00 - = 40,00 a@
20.00] /\ I E 20100 T
0.00 o.00 /\
-20.00| 2000
~40.00 -40.00]
-60.00) o
1400 1600 1200 2000 2200 2400 2600 14.00 1600 1500 Z0.00 2700 24.00

RT [min] Area [my-s] AreaSt : -
RT [min] Area [mW-s] Areat

174883 12474319 50.25
19.9433 096.8141 100.00
20,0367 12349851 49.75
996.8141
24824170
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(5)-2-(2-(trimethylsilyl)butyl)-2,3-dihydro-1H-naphthol1,8-de][1,3,2]diazaborinine (2m)

O By following the general procedure, 2m was obtained in 97% vyield (pale

Et HN O yellow oil, 86.2 mg) by column chromatography (NEt;:Et,0O:hexanes = 1:2:40).
sy H NMR (500 MHz, CDCl5) 8 7.10 (t, / = 7.8 Hz, 2H), 7.00 (d, / = 8.2 Hz, 2H),
6.30 (d, / = 7.3 Hz, 2H), 5.60 (brs, 2H), 1.62-1.54 (m, 1H), 1.38-1.31 (m, 1H),
0.96 (t, /= 7.4 Hz, 3H), 0.90 (dd, /= 15.5, 6.3 Hz, 1H), 0.81 (dd, / = 15.5, 8.7 Hz, 1H), 0.66-0.61 (m,
1H) 0.01 (s, 9H); 3C NMR (125 MHz, CDCl3) & 141.2, 136.3, 127.5, 119.5, 117.3, 1054, 25.5, 23.7,
14.0, -2.4; IR (neat) 3433, 3053, 2957, 1601, 1505, 1411 cm™"; HRMS (FAB) calcd for [C;7H25BN,Si*]:
296.1880, found: 296.1877; 96% ee was measured by chiral HPLC on OD-H column (F

2m

PrOH:hexanes

1:99, 1.0 mL/min); &= 17.00 min (minor), & = 19.27 min (major).

[rac-2m] [chi-2m]
50.00 80.00 —
2 o =
o
40.00| g E 60.00) o
= 2
~ 2 40.00]
20.00) o
(=)
0.00| w
0.00
-20.00)
-20.00
-40.00)
16.00 17.00 12.00 19.00 20.00 21.00 16.00 17.00 13.00 19.00 2000 21.00 22.00

RT [min] Area [mi-s] Areatc RT [min] Area [my-s] Areat
17 0000 6699557 50.10: 17.1200 35.0374 191
192733 6674044 49.90 19.8067  1802.5686 98.09

1337.3601 1837.6060

(5)-2-(2-ethyl-4-phenylbutyl)-2,3-dihydro-1H-naphthol[1,8-del[1,3,2]diazaborinine (2n)

By following the general procedure, 2n was obtained in 98% yield

. O (colorless oil, 96.6 mg) by column chromatography (NEts:hexanes =

©/\N H 1:40). '"H NMR (500 MHz, CDCls) 6 7.30 (t, /= 7.5 Hz, 2H), 7.20 (t, / =

2n 7.9 Hz, 3H), 7.10 (t, / = 7.8 Hz, 2H), 7.00 (d, / = 8.2 Hz, 2H), 6.25 (d, / =

7.3 Hz, 2H), 5.51 (brs, 2H), 2.66 (t, / = 7.8 Hz, 2H), 1.73-1.66 (m, 1H), 1.63-1.56 (m, 1H), 1.53-1.45

(m, 2H), 1.41-1.34 (m, 1H), 0.92 (t, /= 7.2 Hz, 3H), 0.89-0.87 (m, 2H); 3C NMR (125 MHz, CDCl3) 6

142.8, 141.2, 136.3, 128.5, 1284, 127.6, 125.7, 119.5, 117.4, 105.5, 37.8, 35.6, 33.3, 28.7, 20.5 (C-B),

11.1; IR (neat) 3432, 3054, 2962, 1601, 1506, 1412 cm™; HRMS (FAB) calcd for [CoH»5BN,*]:

328.2111, found: 328.2109; 90% ee was measured by chiral HPLC on OZ-H column (-
PrOH:hexanes = 1:99, 0.5 mL/min); &= 11.75 min (minor), & = 12.39 min (major).
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[rac-2n] [chi-2n]

1500.00 =
1000.00 @ b 4R0.00 o &
=M 2
J— = o 200.00 E:_j\
! S 0.00 =
0.00)
-200.00
-500.00|
-400.00
10.00 14.00 12.00 13.00 14.00 15.00 16.00 10.00 14.00 12.00 13.00 14.00 15.00
RT [min] Area [my'-s] Area%e RT [min] Area [my-s] Areast
11.7483  7027.0947 50.88 119600 346.0340 496
12,3867 6782.7642 49,12 12,3683 6636.0103 95.04
13809.8594 6082.0444

(R)-2-(2-phenylpropyl)-2,3-dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (20)

O By following the general procedure, 20 was obtained in 98% yield (colorless

Me HN O oil, 84.0 mg) by column chromatography (NEts:Et,O:hexanes = 1:4:40). 'H
©/\/B\H NMR (500 MHz, CDCl3) & 7.34 (t, / = 7.5 Hz, 2H), 729 (d, / = 7.2 Hz, 2H),
20 723 (t, /=71 Hz 1H), 7.06 (t, /= 7.8 Hz, 2H), 6.98 (d, / = 8.3 Hz, 2H), 6.17

(d, /= 7.3 Hz, 2H), 5.40 (brs, 2H), 2.99 (sext, / = 6.9 Hz, 1H), 1.35 (d, / = 6.9 Hz, 3H), 1.31 (dd, / =
15.2, 8.4 Hz, 1H), 1.20 (dd, / = 15.2, 6.8 Hz, 1H); 3C NMR (125 MHz, CDCl;) & 148.6, 141.1, 136.3,
128.6, 127.5, 126.7, 126.2, 119.5, 117.3, 1054, 36.7, 25.4; IR (neat) 3416, 3054, 2956, 1598, 1506,
1411 cm™™; HRMS (ESI) calcd for [CioH19BN,+H*]: 287.1720, found: 287.1719; 87% ee was measured
by chiral HPLC on AS-H column with the corresponding alcohol obtained after oxidation® (-

PrOH:hexanes = 1:99, 0.5 mL/min); &= 28.89 min (major), & = 30.50 min (minor).

[rac-20] [chi-20]
20.00)
50.00 OB Bo.o :
502 60.00 pii
<4000 0w =1
LS. 40.00] |II a
20.00 |' \ f '_- g
0.00| 2000 5
-20.00| a.00
40,00 -20.00)
-60.00) ~48.00
20.00 26.00 =0.00 26.00 000 2200 2400 2600 2800 32000 3200 2400 3500 2200
RT [min] Area [mi-s] Areat RT [min] Area [mi-s] Area%t
28.8917  1065.8917 49.86 28.5117. 27014102 93.49
304930 10720725 50.14 30.1333 187.9556 6.51
21379644 2B89.3657
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(R)-2-(2-(p-tolyl)propyl)-2,3-dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (2p)

By following the general procedure, 2p was obtained in 98% yield

! (colorless oil, 87.8 mg) by column chromatography (NEt;:Et,O:hexanes

I\:/Ie HN
/@/‘yé\,\, = 1:4:40). "H NMR (500 MHz, CDCl5) & 7.18 (d, / = 8.1 Hz, 2H), 7.14 (d,
H
Me J = 8.0 Hz, 2H), 7.08-7.05 (m, 2H), 6.98 (dd, / = 8.3, 0.7 Hz, 2H), 6.17
2p (dd, /=73, 0.8 Hz, 2H), 5.42 (brs, 2H), 2.96 (sext, / = 6.9 Hz, 1H), 2.35

(s, 3H), 1.32 (d, /= 6.9 Hz, 3H), 1.29 (dd, / = 15.2, 85 Hz, 1H), 1.18 (dd, / = 15.2, 6.7 Hz, 1H); B3C
NMR (125 MHz, CDCl;) & 145.6, 141.1, 136.3, 135.6, 129.3, 127.5, 126.5, 119.5, 117.3, 1054, 36.2,
25.5, 25.3 (C-B), 21.0; IR (neat) 3418, 3051, 2957, 1600, 1506, 1412 cm™; HRMS (ESI) calcd for
[CooH21BN,+H*]: 301.1876, found: 301.1874; 83% ee was measured by chiral HPLC on AD-H
column with the corresponding alcohol obtained after oxidation® (~PrOH:hexanes = 1:99, 1.0

mL/min); &= 15.54 min (minor), & = 17.23 min (major).

[rac-2p] [chi-2p]
[yl
H0.00) 100,00 2
40.00) ] s @ :
ia ﬁ 50.00) =
20.00 2 = 5
/\_ £ N 0.00)
0.00]
-20.00) -50.00
1300 1400 1500 4600 4700 1500 19.00 1200 1400 1500 1600 47.00 1800 4900 2000 2100
RT [min] Area [my-s] Area%c RT [min] Area [mVy'-s] Areatt
15.5383 301.9670 50.92 156033 170.9006 8.36
17.2267 291.0564 49.08 17.2083 18727242 91 64
5930234 2043.6249

(R)-2-(2-(4-chlorophenyl)propyl)-2,3-dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (2q)

By following the general procedure, 2q was obtained in 89% yield

Me HN ‘O (colorless oil, 86.0 mg) by column chromatography (NEts:Et,O:hexanes =
Q/VB‘N 1:4:40). "TH NMR (500 MHz, CDCly) § 7.29 (d, / = 8.4 Hz, 2H), 7.21 (d, / =
c 8.4 Hz, 2H), 7.09-7.06 (m, 2H), 6.99 (d, / = 83 Hz, 2H), 6.21 (d, / = 7.3
Hz, 2H), 5.43 (brs, 2H), 2.97 (sext, /= 6.9 Hz, 1H), 1.31 (d, / = 6.9 Hz, 3H),

1.26 (dd, /= 15.1, 8.1 Hz, 1H), 1.17 (dd, / = 15.1, 7.2 Hz, 1H); 3C NMR (125 MHz, CDCl3) & 147.1,
140.9, 136.3, 131.7, 128.7, 128.0, 127.5, 119.5, 117.5, 105.5, 36.1, 25.2; IR (neat) 3431, 3053, 2962,
1601, 1507, 1412, 1264 cm™’; HRMS (ESI) caled for [CigH1sBCIN,+H*]: 321.1330, found: 321.1327;
91% ee was measured by chiral HPLC on OZ-H column (~PrOH:hexanes = 1:99, 0.5 mL/min); &=

2q
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17.59 min (minor),

& = 18.35 min (major).

200,00

200.00

00004

0,00y

- 100,00

-200.00)

[rac-2q] [chi-2q]

£00.00 —

% E 400,00 o E

= w 200,00 L

M 0.00) E:.Dk_

-200.00
-400.00
-600.00

16.00 17.00 18.00 19.00 20.00 21.00 16.00 17.00 15.00 19.00 20.00
RT [min] Area [mW-s] Areatt RT [min] Area [mV-s] Area%t
175917 1753.9846 50.54 177633 3241522 455
183517 17164236 49 46 18.1767. 6801.0806 9545
3470.4082 7125.2329

(R)-methyl 4-(1-(1

Me HITI
- B
N
OMe
2r

H-naphtho[1,8-del[1,3,2]diazaborinin-2(3 H)-yl)propan-2-yl)benzoate (2r)

By following the general procedure, 2r was obtained in 88% yield (pale
yellow solid, 91.1 mg) by column chromatography (NEt;:Et,O:hexanes =
1:4:40). "H NMR (500 MHz, CDCl;) 6 8.00 (d, / = 8.3 Hz, 2H), 7.35 (d, /
= 8.2 Hz, 2H), 7.08-7.05 (m, 2H), 6.98 (d, / = 8.1 Hz, 2H), 6.20 (d, / =
7.3 Hz, 2H), 5.44 (brs, 2H), 3.91 (s, 3H), 3.04 (sext, /= 6.9 Hz, 1H), 1.35

(d, /= 6.9 Hz, 3H), 1.31 (dd, / = 15.2, 8.0 Hz, 1H), 1.21 (dd, / = 15.2, 7.3 Hz, 1H); 3C NMR (125
MHz, CDCl3) & 167.1, 154.2, 140.9, 136.2, 130.0, 128.1, 127.5, 126.6, 119.5, 117.5, 105.5, 52.0, 36.8,
25.1 (C-B), 24.9; B NMR (128 MHz, CDCls) 6 32.2; IR (neat) 3431, 3054, 2957, 1716, 1601, 1282
cm’; HRMS (ESI) caled for [Co1H21BN,O,+H*]: 3451774, found: 345.1772; 87% ee was measured by
chiral HPLC on AD-H column (~PrOH:hexanes

= 793, 1.0 mL/min); &= 19.86 min (minor), & =

22.19 min (major).

[rac-2r] [chi-2r]
100.00) 2 . 20.00) =
W oy (=]
] @ 15.00) o
2 o o}
£0.00 o 10.00] r
-
A /\ oo : j\-
0.00 oo 0.00| 91—¢“°—"—'
-5.00)
50,00 -10.00
-15.00
1400 1600 1800 2000 2200 2400 2600 2300 3000 1400 1600 1800 2000 2200 2400 2600 2500 3000
RT [min] Area [mV-s] Area% RT [min] Area [mV-s] Areat
19.8550: 1664.4202 4999 196717 290859 631
221917.  1664.8469 50.01 22 0000 4319191 93.69
3329.2671 461.0050
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(R)-2-(2-(thiophen-3-yl)propyl)-2,3-dihydro-1H-naphtho[1,8-de][1,3,2]diazaborinine (2s)

By following the general procedure, 2s was obtained in 97% vyield (yellow
Me HE ‘ oil, 85.3 mg) by column chromatography (NEt;:Et,O:hexanes = 1:4:40).

g\/ \H NMR (500 MHz, CDCls) 6 7.31 (dd, / = 4.8, 3.0 Hz, 1H), 7.09-7.06 (m, 3H),

2s 7.02-6.98 (m, 3H), 6.19 (d, / = 7.3 Hz, 2H), 543 (brs, 2H), 3.13 (sext, J =

6.8 Hz, 1H), 1.35 (d, / = 6.8 Hz, 3H), 1.29 (dd, / = 15.1, 8.0 Hz, 1H), 1.20 (dd, / = 15.1, 6.6 Hz, TH);

3C NMR (125 MHz, CDCls) 6 149.7, 141.0, 136.3, 127.5, 126.8, 125.8, 119.6, 118.8, 117.4, 105.5,

31.9, 25.1 (C-B), 24.7; IR (neat) 3430, 3053, 2961, 1600, 1507, 1413, 1264 cm™"; HRMS (FAB) calcd

for [Ci7H17BNLS*]: 292.1205, found: 292.1207; 89% ee was measured by chiral HPLC on OZ-H
column (~PrOH:hexanes = 1:99, 0.5 mL/min); &= 14.90 min (minor), & = 15.57 min (major).

[rac-2s] [chi-2s]
B 3 2
15,00 3 B 300.00| 3
Kr o,
1000 200.00)|
B
100.00) 5
5.00| ]
0.00|
0,00 -100.00]
14.00 14.50 15.00 15.50 A6.00 16.50 17.00 17.50 14.00 15.00 16.00 17.00 1800
RT [min] Area [mW-s] Area% RT [min] Area [miy-s] Areatc
14,8983 195.0424 50.15 15.3783 319.0046 5.60
15.5700 193.8764 49.85 15.9800. 5376.0610 9440
388.9188 5695.0654

Derivatizations of B-Chiral Dialkyl Boron (Scheme 3b)
(R)-4,4,5,5-tetramethyl-2-(2-methyl-5-phenylpentyl)-1,3,2-dioxaborolane (3b)

To a solution of 2b (0.17 mmol, 56 mg) in THF (1 mL) was added ag.
@\/W /? H,SO4 (2.0 M, 0.51 mmol, 0.26 mL) and pinacol (0.85 mmol, 100.5 mg)

sequentially. Then, the reaction mixture was stirred for 24 h at rt. Upon
complet|on of the reaction, the reaction mixture was extracted three times with diethyl ether and
washed with H,O. The combined organic layers were dried over MgSQ,, filtered, and concentrated
in vacuo. The crude was purified by silica gel chromatography (EtOActhexanes = 1:20). 3b was
obtained in 84% yield (colorless oil, 41.0 mg). '"H NMR (500 MHz, CDCl3) & 7.28-7.25 (m, 2H), 7.18
=715 (m, 3H), 2.59 (t, / = 7.8 Hz, 2H), 1.77-1.69 (m, 1H), 1.68-1.55 (m, 2H), 1.36-1.29 (m, TH), 1.27
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-1.19 (m, TH), 1.23 (s, 12H), 0.92 (d, / = 6.6 Hz, 3H), 0.89 (dd, / = 15.3, 5.9 Hz, 1H), 0.66 (dd, / =
15.3, 8.3 Hz, 1H); '*C NMR (125 MHz, CDCl3) 6 143.0, 128.4, 128.2, 125.5, 82.8, 39.2, 36.2, 29.5, 29.2,
249, 24.8, 224, 19.8 (C-B); IR (neat) 2978, 1454, 1370, 1316, 1145 cm'; HRMS (ESI) calcd for
[CigH29BO,+Na*]: 311.2158, found: 311.2156; 97% ee was measured by chiral HPLC on OJ-H
column with the corresponding alcohol obtained after oxidation® (/-PrOH:hexanes = 3:97, 0.5

mL/min); &= 21.18 min (minor), & = 21.22 min (major).

[rac-3b] [chi-3b]

3000 150.00]

2000 400,00

10.00] 50.00

>21.1?6?
>22.2150

11217
EEEE

0.00

0.00

-50.00)
-10.00]

-100.00

1000 2000 2100 ZzOO 2300 2400 2500 18.00 20,00 22.00 2400 26.00
RT [min] Area [my-s] Areat RT [min] Area [mW-s] Area%
21.1767 390.9311 50.14 211217 61.8685 1.55
222150 388.6917 49,86 21,6283  3925.6167 958.45
7796228 3987 4854

Enantioselective synthesis of (S)-Rosaphen (4b)

Me To a solution of 2b (1 equiv, 0.3 mmol) in THF (0.1 M) was added aq. HCI
A OH (5.0 M, 3.0 mmol). The mixture was stirred at rt for 24 h and monitored by

4b TLC. The resulting mixture was extracted three times with ethyl acetate and
washed with H,O. The combined organic layers were dried over MgSQO,, filtered, and concentrated
in vacuo. After the crude was dissolved in MeOH (0.63 M) and THF (0.63 M), hydrogen peroxide
35% (100 eqiuv, 30 mmol) was added at 0 °C and stirred at room temperature for 12 h. Upon
completion of the reaction, saturated ag. Na,S,0; solution was added to the reaction mixture. The
resulting mixture was extracted with ethyl acetate and washed with brine. The combined organic
layers were dried over MgSO,, filtered, and concentrated in vacuo. It was purified by silica gel
chromatography (EtOAc:hexanes = 1:5). 4b was obtained in 61% yield (pale yellow oil, 32.8 mg).
H NMR (500 MHz, CDCl3) § 7.30-7.26 (m, 2H), 7.19-7.17 (m, 3H), 3.49-3.44 (m, TH), 3.44-3.41 (m,
1H), 2.66-2.56 (m, 2H), 1.75-1.59 (m, 3H), 1.47 (ddt, / = 13.4, 10.8, 5.4 Hz, 1H), 1.25 (brs, TH), 1.17
(dddd, /= 13.3, 10.6, 8.1, 5.2 Hz, 1H), 0.92 (d, / = 6.7 Hz, 3H); 3C NMR (125 MHz, CDCl;) & 142.6,

1284, 128.3, 125.7, 68.3, 36.2, 35.7, 32.8, 28.9, 16.5; [a]p= —12.8 (c = 1.0, EtOH) (lit.* [a]p= +10.9 (c
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= 1.0, EtOH)). 97% ee was measured by chiral HPLC on OJ-H column (/-PrOH:hexanes = 3:97, 0.5

mL/min); &= 17.91 min (minor), & = 18.81 min (major).

[rac-4b] [chi-4b]
20.00 - . 20.00 %
=] -
20 : =
22:22 /'/\.../\ 20.00) §
-20.00) .00 E-
-40.00| =20 .00
-60.00 4000
20,00 ’
-100.00 -60.00
14.00 4500 4600 47.00 4500 19.00 2000 241.00 2200 2300 12.00 1400 A16.00 18.00 20.00 2z2.00 24.00 25.00
RT [min] Area [mV-s] Area%t RT [min] Area [mV-s] Area%t
17.9100 462 6696 49 56 18.0017 224628 172
188117 4709311 50.44 186633 12856307 08.28
933.6007 1308.1434

(5)- N-methyl- N-(2-methyl-5-phenylpentyl)aniline (5b)

Me A solution of Cu(OAc); (10 mol %, 0.03 mmol) in toluene (0.5 mL) was
©\/\/:VNMePh stirred for 10 min in a Schlenk tube under an atmosphere of nitrogen. 2b
5b (1 equiv, 0.3 mmol) dissolved in toluene (0.7 mL), (BuO), (3.0 equiv, 0.9
mmol) and A-methylaniline (1 equiv, 0.3 mmol) were added. The reaction mixture was stirred at
85 °C and monitored by GC. The resulting mixture was filtered by pad of Celite and concentrated.
It was purified by silica gel chromatography (EtOAc:hexanes = 1:20). 5b was obtained in 48% yield
(yellow oil, 38.7 mg). '"H NMR (500 MHz, CDCl3) & 7.30-7.27 (m, 2H), 7.24-7.21 (m, 2H), 7.20-7.17
(m, 3H), 6.68-6.67 (m, 3H), 3.21 (dd, / = 14.5, 6.6 Hz, 1H), 3.04 (dd, / = 14.5, 7.8 Hz, 1H), 2.94 (s,
3H), 2.66-2.54 (m, 2H), 2.00-1.91 (m, 1H), 1.78-1.69 (m, 1H), 1.65-1.58 (m, 1H), 1.50-1.43 (m, 1H),
1.21-1.13 (m, 1H), 0.91 (d, / = 6.6 Hz, 3H); "*C NMR (125 MHz, CDCl;) 6 149.7, 142.6, 129.1, 128.4,
1283, 125.7, 115.6, 111.8, 59.8, 39.5, 36.3, 34.3, 32.1, 29.0, 17.7; IR (neat) 2933, 1599, 1506, 1343
cm™; HRMS (ESI) calcd for [CigHasN+H*]: 268.2065, found: 268.2064; 97% ee was measured by
chiral HPLC on OJ-H column (/-PrOH:hexanes = 1:99, 0.5 mL/min); &= 42.79 min (minor), & =
46.36 min (major).

[rac-5b] [chi-5b]

3560.00, 200,00 8
30000 &
250,00 @ 150.00) o
200.00 = o 100.00)

150.00) g & ’ o
100.00| g 50.00] §

50.00] /h\‘-\,___ gl

000 0.00)

-50.00| s0.00

-100.00

40.00 45.00 50.00 55.00 S1¢, 600 40.00 45.00 50,00 55.00 50.00



RT [min] Area [my'-s] Area%e RT [min] Area [miy-s] Area%e

427883 0953.0835 30.82 42.6900 341.0244 172
463583 £720.5283 49.18 445900 19507.9043 98.28
13682.5918 198489297

Determination of Absolute Configuration of 2a and 2p

1) 5.0 equiv Pinacol

Me 3.0 eqUiV HQSO4 Me
r Bdan THF, rt, 12 h - OH
@/\/\/ 2) 3.0 equiv NaBO, ©/\/\/
THF/H,O, rt, 3 h
2a 4a
95% ee 61% yield
97% ee

(5)-2-methyl-4-phenylbutan-1-ol (4a) '"H NMR (500 MHz, CDCl;) & 7.30-7.26 (m, 2H), 7.20-7.16
(m, 3H), 3.56-3.53 (m, 1H), 3.49-3.46 (m, 1H), 2.71 (ddd, / = 13.8, 10.1, 5.6 Hz, 1H), 2.60 (ddd, / =
13.8, 10.1, 6.4 Hz, 1H), 1.80-1.73 (m, 1H), 1.71-1.64 (m, TH), 1.49-1.41 (m, 1H), 1.26 (brs, TH), 0.99
(d, /= 6.7 Hz, 3H); 3C NMR (125 MHz, CDCl3) 6 142.6, 128.3, 125.7, 68.2, 35.4, 35.0, 33.3, 16.5; [alp
= -18.7 (c = 1.03, CHCl3) (lit°> [o]p = =12.3 (¢ = 1.01, CHCl3)). 97% ee was measured by chiral
HPLC on AS-H column (~PrOH:hexanes = 2:98, 0.5 mL/min); & = 15.76 min (major), & = 16.66 min

(minor).

[rac-4a] [chi-4a]

=]
=]
Dy

280,001 200.00)

200.00
140,00
100.00]
40,00
0.00)
-50.00)
-100.00) 0.00)
-150.00)

iril=ry
SS50

150.00)

100.00)

g

50.00|

16,7183

-50.00)
1200 13.00 1400 1500 1600 17.00 1300 1900 2000

14.00 15.00 16.00 17.00 18.00 19,00 2000

RT [min] Area [miy-s] Areatc RT [min] Area [mv-s] Areatc
15,7567 39498521 5047 1576000 51117822 98.71
16.6550; 3876.1938 4953 16.7183 66.7460 129

7826.0439 51785283

1) 5.0 equiv Pinacol

Me 3.0 equiv H,SO, Me
© pgan | THR.L12h T o
/@N 2) 3.0 equiv NaBO, /Ej/V
Me THFH,O, 1, 3h  Me
2p 4p
60% yield
83% ee
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(5)-2-(p-tolyl)propan-1-ol (4p) '"H NMR (500 MHz, CDCls) & 7.21-7.10 (m, 4H), 3.68 (t, / = 6.2 Hz
2H), 2.92 (sext, / = 7.0 Hz, TH), 2.34 (s, 3H), 1.37 (t, / = 5.6 Hz, 1H), 1.26 (d, / = 7.0 Hz, 3H); '3C
NMR (125 MHz, CDCls) & 140.6, 136.2, 129.4, 1274, 68.8, 42.0, 21.0, 17.7; [alp= -13.1 (c = 24,
CHCl3) (lit® [a]p= +14.1 (c = 2.75, CHCl3)). 83% ee was measured by chiral HPLC on AD-H column
(~PrOH:hexanes = 1:99, 1.0 mL/min); & = 15.54 min (minor), &= 17.23 min (major).

[rac-4p] [chi-4p]
o
soee 100.00] ]
40.00) 3 3 o :
iz & £0.00) ]
20,00 2 = @
/\ N 0.00 b=
0.00|
20,00 -60.00
12.00 14.00 1600 16.00 17.00 12.00 19.00 13.00 14.00 15.00 AG.00 17.00 15.00 19.00 2000 21.00
RT [min] Area [mi-s] Areatc RT [min] Area [mV-s] Areat
15.5383;  301.8670 50.82 15.6033  170.9006 8.36
172267 291.0564 49.08 172083 18727242 91.64
593.0234 2043.6249

Scheme S1. Reduction of (,B-Disubstituted Alkenyl Pinacol Boronates

5 mol % Cu(OAc),
Me 5 mol % (R,S)-Josiphos Me Me

~_Bpin 4 equiv{-BuOH Z__Bpin .
2 equiv (EtO),MeSiH

toluene, 60 °C, 12 h

GC conversion : 26%
NMR vyield : 9% NMR vyield : 5%

5 mol % Cu(OAc),
Me 5 mol % dppbz Me Me

x_Bpin 2 equivt-BuOH Bpin
2 equiv (EtO),MeSiH

toluene, 60 °C, 24 h

GC conversion : 88%
PPh, NMR vyield : 31% NMR vyield : 45%

e
PPh,

) °
Bdan = —§—B\ Bpin = -§-B
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Scheme S2. Inefficient Substrates under the Standard Reaction Conditions

Me Me n-Pr Me
t-Bu/\/ Bdan TBDMS/\/ Bdan ©/\/’\/Bdan @(\/Bdan
Me
NMR conversion : 51% NMR conversion : 30% NMR conversion : 59% NMR conversion : 33%
ee : 45% ee : 93% ee : 95%
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