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HO
/J\»/CHO * H,N + HCN
HO
Chiral Zr Catalyst
{5 mol%) N
-45 °C )\/I\
CN
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Ed B ® & m BE/M N % ee/ %

1° ML MS4A 0. 04 63 65

2° VI MS4A 0. 04 49 79

3¢ CH,C1, MS4A 0. 04 6 3 85

4c¢ CH,C1, Bz U 0. 01 99 94

b: 7IFeR, 73 BEIUHCNZMERREICHRM

c HCNZ2ETRACMERKICENL., ROTHMERRETIVTERETI Y

DESWMIZEM,
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FLCEROFI-6-AFIN T I/ -3-AFNTF - 1-hBR= kU (20 :  HPLC
(Daice! Chiralpak AS, hexane/PrOH = 9/1, flow rate = 1.0 ml/min): g = 8.3 min
(major), tg = 10.2 min (minor).

- Q-AFFL-6-AFINTI)-3-AFNTI - 1-HVRZPUIL: | H  NMR
(CDCl3) 8 = 1.00 (d, 3H, J = 6.6 Hz), 1.03 (d, 3H, J = 6.6 Hz), 1.80-1.83 (m, 2H), 1.99-
2.07 (m, 1H), 2.30 (s, 3H), 3.71 (m, LH), 3.85 (s, 3H), 4.20 (1, 1H, J = 7.6 Hz), 6.76-
6.79 (m, 2H), 6.95 (t, 1H, J = 7.8 Hz); 13C NMR (CDCl3) § = 17.8, 22.0, 22.5, 24.§,
43.2, 47.4, 55.8, 105.0, 120.6, 123.3, 123.5, 130.5, 132.8, 152.0. HRMS caled for
C14H20N20 (M+) 232.1576, found 232.1589,
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HO

R'CHO + +  HCN
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Chiral Zr Catalyst
(1-5 mol9%)

CH,Cl,, -45 °C H"’\ R2
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R! R? Mgt /mol I % ec/%
Ph H 5 80 86
a-Nap H 5 83 85
Ph(CHy);  CHj 25 85 94
CeHyy CH, 2.5 76 92
CeHys CH,4 1 86 84
CgH), CH, 2.5 93 91°
CgH,, CH, 2.5 95 91 (5)°
‘Bu CH; 5 99 94
Bu CH; 2.5 94 91
¢-CeH, CH, 2.5 95 94
Bu CH, 5 guant 86
‘Bu CH;, 2.5 quant 88d

b:Zr(O"P,),2Z1r (O'B,) ,ORbDIZHHA,

c:(S)-3-Br-BINOLBXU(S)-6-Br-BINOL &5,
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Qe ROFS TN T I /--Tx T k= b )L . HPLC (Daicel Chiralcel OD,
hexane/'PrOH = 9/1, flow rate = 1.0 ml/min): | = 40.0 min (major), fz = 49.7 min
(minor). 'H NMR (CDCl3) 8 = 4.43 (br, 1H), 5.40 (d, H, J = 7.2 Hz), 6.72-6.93 (m,
4H), 7.43-7.61 (m, 6H); 13C NMR(CDCl3) § = 50.6, 114.2, 114.9, 118.4, 120.7, 1215,
127.2,129.3, 129.5, 133.3, 134.0, 144.5.

-Q-ARFITTIZNTI/--TxATE =YL THNMR: (CDCl3) § = 3.81
(s, 3H), 4.67 (d, 1H, J = 8.3 Hz), 543 (d, 1H, J = 8.3 Hz), 6.90-6.95 (m, 4H), 7.42-7.47
(m, 3H), 7.59-7.62 (m, 2H); '3C NMR (CDCl3) & = 49.8, 55.4, 1100, 111.6, 118.2,

119.6, 1212, 127.2, 129.2, 129.4, 134.1, 134.5, 147.4. HRMS calcd for C;sH4N,O
(M*) 238.1107, found 238.1093.

L T e T e T e T e T e T e T e T e T e B e T e T e B e B e T e R e

oooooo
oooao
-Q-eROFL T2V T I /-2-a-F7FNAT b= bYJL . HPLC (Daicel Chiralpak
AD, hexane/iPrOH = 9/1, flow rate = 1.0 ml/min): fx = 28.5 min {minor), fg = 33.7 min
(major). '"H NMR (CDCl3) § = 4.43 (d, IH, J=7.8 Hz), 5.73 (br, 1H), 585 (d, I{H, /=
7.8 H2), 6.67 (d, 1H, J = 6.8 Hz), 6.73 (t, LK, J = 6.8 Hz), 6.92 (t, 1H, J = 6.8 Hz), 6.98
(d, 1H, J = 6.8 Hz), 7.41-7.49 (m, 3H), 7.82-7.92 (m, 4H); 13C NMR(CDCl1) § = 48.5,
113.3,114.9, 118 .5, 120.4, 121.5, 122.7, 125.2, 126.2, 126.4, 127.3, 128.3, 129.0, 130.1,
130.5, 133.5, 133.9, 1442,
I-Q2-ARFL 722NV TR /-1-a-F7FATEIZMUI D IH NMR (CDCl) § =
3.96 (s, 3H), 4.92 (d, IH, J = 8.3 Hz), 6.?6 (d, 1H, J = 8.3 Hz), 7.05-7.15 (m, 2H), 7.24-
7.26 (m, 2H), 7.73-7.78 (m, 3H), 8.13-8.20 (m, 4H); !3C NMR(CDCls) & = 48.0, 55.3.
110.0, 111.2, 118.3, 119.5, 121.3, 122.8, 125.2, 126.3, 126.5, 127.3, 128.3, 129.0, 130.2,

130.5, 133.9, 134.7, 147.3. HRMS caled for CjoH¢N20 (M*) 288.1263, found
288.1277.
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FQ-EROFL6-RAFNT 22N T3 /-3-T 22— T O -1-H = UL (2D) :
HPLC (Daicel Chiralpak AS, hexane/PrOH = 19/1, flow rate = 1.0 ml/min): 1z = 30.7
min (major), fR = 34.2 min (minor). 'H NMR (CDCl3) § = 2.18 (s, 3H), 2.19-2.27 (m,
2H). 2.80-3.01(m, 2H), 3.79 (br, 1H), 4.14 (t, 1H, J = 6.7 Hz), 6.64-6.83 (m, 3H), 7.19-
7.34 (m, SH); 13C NMR(CDCl3) § = 17.6, 32.9, 35.5, 48.3, 113.4, 1203, 122.1, 123.7,
1262, 1282, 128.4, 130.9, 130.1, 139..7, 131.3, 139.7, 149.5. HRMS calcd for
C17H;8N20 (M*) 266.1420, found 266.1419.

I-2~E ROFI-6-AFATLZN) 73/ )Fo-1-pVE=RUL: HPLC (Daicel
Chiralpak AD, hexane/PrOH = 19/1, flow rate = 1.0 ml/min): tg = 10.4 min (major), tr
= 13.0 min (minor). 'HNMR (CDCl3) 8= 0.89 t, 3H,J = 6.7 Hz), 1.20-1.70 (m, 12H),
1.92 (dt, 2H. /=7.3,7.7 Ha), 2.33 (s, 3H), 4.00, (1, tH, J = 7.3 Hz), 6.70-6,93 (m, 3H);
13C NMR(CDCly) § = 14.0, 17.7, 22.6, 25.6, 29.0,29.1,29.3, 317, 342, 49.7, 1134,

1204, 123.0, 125.2, 130.6, 134.5, 150.1. HRMS caled for Ci7H26N20 (M+) 274.2047,
found 274,2045.
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[ L2 7OnFIN-2-(-E ROFL-AFN TN TI ) TP Ro R ) : HPLC (Daicel
[ Chiralpak AS, hexane/PrOH = 9/1, flow rate = 1.0 ml/min): s = 10.0 min (major), g =
E 13.1 min (minor). 'HNMR (CDCl3) § = 1.19-1.45 (m, SH), 1.67-2.08 (m, 6H), 2.33 s,
[ 3H), 3.84 (d, IH, J = 6.1 Ha), 6.70-6.92 (m, 3H); 13C NMR (CDCls) § = 17.7, 25.6,
[ 257, 25.9, 28.6, 29.5, 41.4, 55.3, 113.5, 119.6, 123.0, 125.1, 130.9, 132.3, 149,9,
[

[ HRMS calcd for CjsHppN20 (M+) 244. 1577, found 244.1577.

[

: 2, 8- XF)N-1-(2-k ROFS-6-RAFNT7 22N 73 270N -1-h Rk Db
[ HPLC (Daicel Chiralpak AD, hexane/'PrOH = 9/1, flow rate = }.0 ml/min): tg = 8.2
[ min (major), /g = 16.2 min (minor). 'H NMR (CDCl3) & =1.21 (s, 9H), 2.31 (s, 3K,
: .

[ 3.53 (br, 1H), 3.77 (br, [H), 6.65-6 89 (m, 3H); 13C NMR (CDCly) § = 17.6, 25.9, 348,
[ 59.8, 113.5, 119.5, 122.0, 124.6, 130.9, 131.9, 149.5, HRMS caled for Ci3H |3N,20
[

[ (M*) 218.1420, found 218.1419.
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2a: R = (CH;),CHCH,

R

CN

(14)

HaCO

L CHl, K, CO/7 & > iR

2. ff0 HC1 (g) /CH, OH, &%

2b: R =PhCH,CH,
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1. CG(NH4)2(N03,5, CFaCOOH/
-H;0, 0°C

CH4OH

HN

A

R”  CO,CH,

Ja: R = (CH3),CHCH;,
(54%, 2 steps)

3b: R =PhCH,CH,
(43%, 2 steps)

NH,HC|

2. #aF0 HC1/CH,0H
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R” “CO,CH,

4a: R = (CH3),CHCH, (>99% oe)
(70%, 2 steps)

4b: R =PhCH,CH, (>99% ee)
(568%, 2 steps)
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AFNL-Q-ANFL~6-AFIVN T2ZNT I ) A4-AFNR ¥ /) I—F(3a) : HPLC
(Daicel Chiralpak AS, hexane/PrOH = 1000/1, flow rate = 1.0 mU/min): tg = 8.1
(minor), fr = 11.0 (major). 'H NMR (CDCl3) § =095 (¢, 6H, J = 6.4 Hz), 1.58-1.63
(m, 2H), 1.75-1.86 (m, LH), 2.30 (s, 3H), 3.62 (s, 3H), 3.93 (bs, 1H),4.24 (¢, 1H, /= 7.2
Hz), 6.68 - 6.82 (m, 3H); 13C NMR (CDCl3) 3 = 18.2, 224, 22.6, 24.8, 434, 515,
55.6, 57.7, 109.1, 121.0, 123.4, 128.3, 134.8, 150.8, 175.7. HRMS caled for
C1sH23NO; (M~) 265.1679, found 265.1688.

AFNE-Q-AFT-6-AFW 72N TI)-4-7x2NTH /XT—h @b : HPLC
(Daicel Chiralcel OJ, hexane/'PrOH = 19/1, flow rate = 1.0 ml/min): g = 8.1 (minor),

R = 11.0 (major). 'H NMR (CDCl3) § =095 (d, 6H, J = 6.4 Hz), 1.58-1.63 (m, 2H),
1.75-1.86 (m, 1H), 2.30 (s, 3H), 3.62 (s, 3H), 3.93 (bs, 1H), 4.24 (1, IH, J = 7.2 Ha),
6.68 ~ 6.82 (m, 3H); 13C NMR (CDCls) § = 18.2, 22 HRMS caled for Cj9H23NO;3

(M+) 313.1679, found 313.1678.
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TH NMR § = 0.86-0.95 (m, 6H), 1.40-1.62 (m, 2H), 1.73-1.82 (m, 1H), 2.27 (bs,
2H), 3.52 (s, 3H); I3C NMR & = 21.8, 22.9, 24.7, 43.8, 51.9, 52.7, 176.8; HRMS calcd

for C7H{sNOy (M*) 145.1104, found 145.1103.
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HPLC (Daicel Chiralpak AS, hexane/PrOH = 19/1, flow rate 1.0 ml/min); rp = 19.1

(minor), tg = 26.7 (major),
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[
c B-7xZNWNT75= AFIIATINED) N-7UV-FI/TAFM : IHNMR § = 1.75 (br,
[ 2H), 1.83-1.90 (m, 1H), 2.04-2.11 (m, 1H), 2 68-2.78 (m, 2H), 3.47 (br, 1H), 3.71 (s,
[
' 3H), 7.18-7.30 (m, 5H); 13C NMR & = 31.9, 364,519, 53.9, 126.0, 128.39, 128.42,
E 141.2, 176 4. HRMS calcd for Cy HysNO, (M*) 193.1104, found 193.1102.
[ The optical purity of 4b was determined by HPLC analysis after benzoylation.
E HPLC (Daicel Chiralcel OD, hexane/iPrOH = 9/1, flow rate 1.0 ml/min); (g = 24.4
[ (major), g = 29.1 (minor),
[
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[
[ chiral Zr catalyst
(2.5 mol%)
[ TBSO(CH,)s,CHO + RNHy, + HCN -
[ 80%, 91% o6
[
: HO HsCO
: a
: HN “"'é‘é;"‘ HN
[ TBSO/\/\)\CN o~~~
[ 6
[ H4CO
[
( o
: 5 COchg
: COZCH;,
[
: 1. CH4l, KgCOg/?'H/ =il ; 2. Bu,NF/THF. 1. CBr,, PPhy/CH,Cl,; 2. it
: HCI (g)/CHaOH, ik . “Ce(NH,)2(NOg)s, CF3COOH/CH,0H-H,0, 0 °C
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FIVEZ MUV () © HPLC (Daicel Chiralpak AS, hexane/'PrOH = 24/1, flow rate = 0.5
mi/mun): 1g = 13.5 (major), fg = 15.3 (minor). 'H NMR (CDCl3) & = 0.00 (s, 6H), 0.84
(s, 9H), 1.50-1.70 (m, 4H), 1.83-1.87 (m, 2H), 2.23 (s, 3H), 3.59 (t, 2H, J = 5.6 Hz),
3.99 (t, 1H, J = 7.0 Hz), 6.59-7.28 (m, 3H); 13C NMR (CDCl3) 8 = -5.4, 17.7, 18.3,
220, 25.9, 31.9, 33.8, 494, 62.6, 113.4, 120.3, 122.8, 124.7, 130.8, 132.0, 149.8.
HRMS caled for CagH3aN20,2881 (M*) 362.2391, found 362.2390.

B-E ROFI-1-0-2 h¥3—6-k KOFS TN 73 ) RUF SANKZ R L () -

'B NMR (CDCl3) 8 = 1.55-1.72 (m, 4H),

1.88-1.98 (m, 2H), 2.27 (s, 3H), 3.62 (t, 2H, J = 5.9 Hz), 3.82 (s, 3H), 4.12 (1, I1H, / =

6.9 Hz). 6.74-7.35 (m, 3H): 13C NMR (CDCl3) § = 17.6, 21.8, 31.7, 33.7, 48.9, 55.7,
61.8,108.9, 120.2, 123.2, 123.5, 130.5, 132.6, 152.0.
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[ N-Q-A FFS-6-AFN T 22I)) -ERAY SBAFIIATL () ¢

E "HNMR (CDCl3) 3 =1.52-1.60 (m, 2H), 1.68-1.82 (m, 4H),
[ 229 (s, 3H), 3.51 (1, 2H, J = 6.6 Hz), 3.66 (5, 3H), 3.81 (s, 3H), 4.19 (&, 1H, /= 7.5 Hy),

[ 6.69-6.82 (m, 3H); 3C NMR (CDCly) 8= 18.2, 22,8, 32.2, 33.0, 44.6, 51.7, 55.6, 58.8,

E 109.0. 121.1, 1234, 1284, 134.5, 150.8, 175.0. HRMS calcd for CysHyN20s (M*)-
[ 263.1522, found 263.1521.

E EXIUCBAFALIZAFIL @ -

[ 'H NMR (CDCly) 8 = 1.55-1.76 (m, 2H), 1.78-1.82 (m, 4H), 2.97 (br,
: LH), 3.45-3.52 (m. IH), 3.54 (t, 2H, J = 6.7 Hz), 3.74 (s, 3H); 13C NMR (CDCl3) § =
E 23.0,29.7, 32.2, 44.6, 52.1, 52.9, 169.7.
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