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General Information

Alrleacti ons were carried out u rdd e gel dasns waatrneo.s pep eer  oc
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NMR spectra webD@bm e 04 0dle dMHzn spectrometer; chemical
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i nstrument using el ecft rioGRB ¥ )H.ii @m i zoeetrif omr md n ane [

chromatography (HPLQ)s twasmemer fcoornnse ds tehB 0o fi ndt A3 C 0O gread
HPLC pump anmoddel-ASBB i nt evlilsi gdeende admr u(s2 ;g Dai cel Ch
IB, | C, (®, 61 BmM 1 F250Merhm)i ngo lputmenrsnms nveedr-8u sahenlgt i YnRgr
point apparatus. Optical rotations PaleariTreetaesru.r ed v
instrumentation used forOxt bed c 6y miagl <shraeyagdti@rie ment
di ffr acClimea lelr®]l Ghgyadnrdei xnyd ash“danrech i t r oldlwefrienssynt hesi zed
according t®thkbe Fretbgeatsr eere obtained from comme
further purification.

General Procedure for optimizdion of the reaction conditions

NO
0 Ph O L (x mol%) o 2
ZnEt, (2x mol% ;
on + Mph 2 = ° o Ph
NO, additive, T /g
1a 2a solvent, 48 h Ph o)
3a

Ar__ OH |
! Ar OH A" a=b=2 1
A A" L1 (Ar=Ph) a=b=1 :
N OH N )b L2 (Ar=4-CHsCeHs) L6 (Ar = Ph) !
‘ L3 (Ar = 4-CICgH,) L7 (Ar = 4-CH3CgH4)

; L4 (Ar=4-CF3CeHs) L8 (Ar = 4-CF3CeH,) !
l L5 (Ar = 2-thienyl) ‘

Under a nitrogen atmosphere, a solution of diethylzince(201.0 M in hexane, 0.02 mmol) was
added dropwise to a solution bf(0.01 mmol) insolvent(2 mL). After the mixture was stirred for 30
min, U-hydroxy-1-indanonela (0.1 mmol, 14.8 mg) and Z2n i lr-d8i p h e n3el Apa ro2pa
(0.1 mmo| 25.3 mg) were added. The reaction mixture was stirred4®h at the same temperature.
The reaction was quenched with M solution (2 mL), and the orga layer was extracted with
CH.CI; (3 x5 mL). The combined organic layer was washed with brine and dried og&QNarhe
solvent was removed under reduced pressure by using a rotary evaporator. The residudi ahdyuri
flashchromatography with petroleum ether/ethyl acetdtefo dford the desired produBg

General Procedure Synthesis of ra@
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NO,

0
0o RZ O
X 4 ZnEt; ( 20 mol%) R R?
R OH + R > o
1

NO MeCN, 30 °C, 48h
2 R1&O
2 rac-3

Under a nitrogen atmosphere, a solution of diethylz#tcel, 1.0 M in hexane, 0.0 mmol) was
added in MeCN (2 mL). After the mixture was stirred 36r min at 30°C, -hyroxy-1-indanonela
(0.2 mmol, 29.6 mg) an@ Z22n i {lr-a@8i p h e n3el fba nMH0.2 mmo) 50.6 mg) were added.
The reaction mixture was stirrddr 48 h at thesame temperature. The reaction was quenched with
HCI solution (1 M, 2 mL), and the organic layer was extracted @#hCl, (3 x5 mL). The combined
organic layer was washed withine and dried over N8Qs. The solvent was removed under reduced
pressure by using a rotary evaporator. The residue waé goufdy flash chromatography with
petroleum ether/ethyl acetat () tb &fordthe desiredacemicproduct3a.

General ProcedureSynthesis of chiral3

[e) N02
0 RZ 0O L4 (5 mol%)
N 4 ZnEt, (10 mol%) R R?
R OH + R > i
NO MeCN, 30 °C, 48h
2 YN}
1 2 3

Under a nitrogen atmosphere, a solution of diethylzRB&el, 1.0 M in hexane, 0.B mmol) was
added dropwise to a solution b# (0.01 mmol, 9.6 mg) in MeCN (2 mL). After the mixture was
stired for 30 min at 30 °C, Uhydroxy-l-indanone 1 (0.2 mmol, 29.6 mg) and
( Z22ni Ar-a8i p h e nZrel ipa mMA0.2 mmo) 50.6 mg) wereadded. The reaction mixture was
stirredfor 48 h at the same temperature. The reaction was quenchedi@itkolution (1 M, 2 mL),
and the organic layer was extracted WitH.Cl, (3 x5 mL). The combined organic layer was washed
with brine and dried over N&8Qs. The solvent was removed undeducedpressure by using a rotary
evaporator. The residue was fiied byflashchromatography with petroleum ether/ethyl acetéte)l
to dfordthe desireathiral product3.

(R)-2-( K)-2-n i tlypdr e ny |-leot xkdy,-tB) h i cndZ2ynl benzoate (3a)

o _NO,
CO%TS
o
3a
Pale yellow sol imp (66B.%2; UffF) ,+43:.10 drc, =HRL:OO, in

Chiralpak I C -eoOdmna 960e,uame fmkdwniEmm2irbedinor product
t;= 26.04 min (minor),4= 48.46 min (major), ee = 43%najor product t; = 31.33 min (minor),#=

34.11 min (major), ee =88%+H NMR400 MH2{0 €60@B ¢[.3 Hz, 2=0H), 8.

7.3 Hz, O0.66HJ.,6 7THHE 7RHIH3H)7 Hz, -0.68HY M 726 33H)

7.49 (m, PR733H)(m7.37966H)(,m,7.8¥89®H)(m7.L1BHH), 5.

(3

TH

01
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13.7, 3.8B. 4HEZJA{ dy).,7, 4.7 HZ= Q@333H) 1053%2a6dy7, 5. 05(
9.3 Hz, 0. 333HpP, 34.417( HaJ= 01®B.34, ,3.38 73%z ,AddKB) ,Hz3,. 58
0. 33BH)4,22=(d7.3 Hz, 1=323H)5 '@z NMRHMP1 MHU £Z£OCI 0,
200.3, 165.1, 165.0, 149.0, 148.8, 136.2, 136.0, 13
129.3, 129.25, 129.15, 128.89, 128.86, 128.77, 128.
125. 1, 123.7, 8%5.038,8#482 0HRNBBEIIL YV B.7M2ecall oid +f dHr]

[ eHNQ]": 402.1336, found: 402.1337.

(R)-2-( K)-2-n i tlypdh e ny |-leot xkdy,-tB8) h yvdH 0 d2ynl-Met hoxybenzoate (3b)

White solid (63.9 mg), 74% vyield, 8.3:1 dnp. 134.3134.9°C; Z[=0+P9.0 (c = 0.98, in THF);

HPLC: Chiralpak IC column (hexaneirOH = 90/10, flow rate 1.0 mL/mih & = ket nm) ,
product t;= 33.25 min (minor), 4= 61.00 min (major), ee = 45%najor product t; = 35.74 min

(minor), = 42.39 min (major), ee = 88%H NMR (400 MHz, CDC4}) 0 1 §.970(18, 2H), 7.97

7.92 (m, 0.24H), 7.85 (dl = 7.7 Hz, 1H), 7.71 (d) = 7.7 Hz, 0.12H), 7.62 (tdl = 7.5, 1.1 Hz, 1H),

7.511 7.26 (m, 7.36H), 7.107.03 (m, 0.60H), 7.0R 6.98 (m, 2H), 6.97 6.93 (m, 0.24H), 5.58 (dd,

=13.7, 3.9 Hz, 1H), 5.51 (dd,= 13.7, 4.8 Hz, 0.12H), 5.10 (dd= 13.7, 10.5 Hz, 1H), 5.02 (dd=

13.7, 9.1 Hz, 0.12H), 4.39 (dd= 9.1, 4.8 Hz, 0.12H), 3.90 (s, 3H), 3.88 (s, 0.36H), 3.78J¢d10.4,

3.9 Hz, 1H), 3.57 (dJ = 17.2 Hz, 0.12H), 3.45 3.34 (m, 1.12H), 3.23 (d,= 17.5 Hz, 1H)13C NMR

(101 MHz,CDC) it 200 . 5, 148.8, 135.9, 136.8,43338,,132D0, 129.3, 129.1, 128.7, 128.2,
126.2, 125.1, 121.1, 114.1, 85.0, 75.9, 55.6, 48.0, HRMS (ESI): m/z [M + HJ calcd for
[CasH2oNOg] *: 432. 1442, found: 432.1438.

(R-2-(K)-2-n i tlypd e ny |-leot xkdy,-tB) h y-dHi on dZ2ynl-c 41 or obenzoate (3c)
NO,

(@)

Pale yellow solid (57.6 mg), 66% yield, 1.5:1 ohp. 180.2180.8°C ; 2’[ =+18.0 (c = 0.99, in THF);

HPLC: Chiralpak IC column (hexanefrOH = 80/20, flow rate 1.0 mL/nih & = 2Inker nm) ,
product ti= 10.42 min (minor), 4= 35.92 min (major), ee = 30%najor product t; = 11.86 min

(minor), £ = 22.15 min (major), ee = 82%4 NMR (400 MHz, CDC}) G 81. 7099 (m, 2H), 7.94

7.89 (m, 1H), 7.84 (d, J = 7.7 Hz, 1H), 7.71 (d, J = 7.7 Hz, 0.5H), 7.63 (td, J = 7.5, 1.1 Hz, 1H), 7.53
7.47 (m, 2H), 7.47 7.43 (m, 2H), 7.43 7.35 (m, 3.0H), 7.35 7.27 (m, 4H), 7.14 7.00 (m, 3H),

5.571 5.46 (m, 1.B1), 5.08 (dd, J = 13.7, 10.2 Hz, 1H), 4.98 (dd, J = 13.7, 8.7 Hz, 0.5H), 4.41 (dd, J =
8.7, 5.1 Hz, 0.5H), 3.82 (dd, J = 10.2, 4.1 Hz, 1H), 3.56 (d, J = 17.2 Hz, 0.5H), 3.41 (d, J = 19.2 Hz,
1.5H), 3.27 (d, J = 17.5 Hz, 1H¥C NMR (101 MHz, CDC}) i 290 aD0.1, 164.3, 164.2, 149.0,

148.7, 140.6, 140.5, 136.1, 136.1, 135.6, 135.4, 133.7, 131.3, 131.1, 129.3, 129.2, 129.2, 129.2, 129.1,
128.8, 128.6, 128.4, 128.3, 127.9, 127.3, 127.1, 126.2, 126.1, 125.6, 125.1, 123.8, 85.6, 84.5, 75.7, 75.2,

{4



50.7, 47.9,38.1, 37.0.HRMS (ESI): m/z[M + HJ calcd for [GaH1sCINOs]*: 436.0946, found:
436.0945.

(R-2-( R)-2-n i tlypdh e ny |-lect xkdy,-tB8) h yvdH cn d2ynl-f Auor obenzoate (3d)

O
6}

F 3d

Pale yellow solid (6 7187%5C007[=2% +yi9elod, c3:=1 0dmMw,5, i
HPL:.C Chiralpak | EPrcOH u=mn7 0(/h3e0x,a nfeftdw =r a2htpdindr . 0 mL/ mi n
product t;= 9.43 min (minor), 4 = 34.41 min (major), ee = 29%najor product t, = 10.37 min

(minor), = 21.78 min (major), ee = 82%4 NMR4 00 MH32ZU &DBCDOOB (2 H)T, 8. 03
7.98 (m, O0.JF2H).,6 H.z8 4JHHJ7,. 77 .HZ1L, (OI36H)5, 7163 Hrd, 1F
7.44=(7,5 Hzji718y, (M, 487 48H)(m,7.R2BOBH)(m7.2008H), 5
5.46 (m, 1.3B6H)3. 75. 0190 .(2d d+4z ,131LH),, 84 .89 Hz]~BdD,7 36H), 4.
5.1 Hz, O0.3¥%H)1,0.32.,824.(1dddiz, 112 H2 , HB, $W=¢ @tr). .4 Hz,
1.36H),J=8.27. 5(dffz NMREHDP1 MH2{I €DCl 0,6.B6D5KR) 16

164. 1, 164. 0, 149. 0, 148.67,, 113326..514,, 113352..64,8 ,1 3153.25.,4,1
129.15, 128.8, 128.6, 128.4, 128.3, 1221%Y 1126.2, I
=2H3 1B&.G, 84.4, 75.7, TB.RMRS06. 7MH2AI71.QB CHK318,. 1, 37
-103 HRMS ESI ) : mical[cM. HBME] C420. 1242, found: 420.123
(R)-2-(R)-2-n i tlypch e ny |-leot xkdy,-tB) h yvMdH an d2ynl-m&t hyl benzoate (3e)

o
0]
Me

3e

Pale yellow solid (4n®. 51 310Q@)8C 0K P=% +y3i7e.10d,( c5:=1 0d.r8 9, i
HPL.C Chiralpak | @rcH u=mn7 O(/h3e0x,a nfeltdw =r a2hBmindk . 0 mL/ mi n
product t;= 9.20 min (minor), 4 = 12.52 min (major), ee = 45%najor product t; = 10.26 min

(minor), §=11.16 min (major), ee =84%4 NMR4 00 MHZU TD/REZOM7, (3. 4H) , 7.76
i7.68 (m, 1i07..4519) ,( nv,.i@8H5Q (7m,5 707..43F9) ,( nv,. 44B..H6) ,( nv,. 40
4. 6H)176.799 2( m, 1H) ,135..75,7 3(.dd ,H=, 1BH), 9. 4&8Hdd,0. 2H)
5.09 (m, 1.JZHP, 34. 417( HHaJ= @.02H),, 33.97 Hz(dd,H) ,Hz3,. 56
0.28)40=(d, 7.5 Hz, 1= 2H).5 H2AA YHy,,, 3H)LE NMR1L (s, O0.
(101 MH@u20@€CDCI, 200.3, 165.3, 165.2, 149.0, 148. 8,
134.72, 134.68, 133.8, 132.5, 130.5, 130.4, 129. 4,
128. 4, 128.3, 127.8, 127.0, 84.62,9,75.28,. 275 .12,5.%Q. 81,
37.2, 2HRM$EZ3L)3. mffezal MdkbMNaaNs|:C 438. 1312, found: 43¢
(R-2-(R)-2-n i tlypdh e n y |-leot xkdy,-t8) h ydH a0 dZ2ynl-m@&t hoxybenzoate (3f)
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White solid (52.6 mg),1BAIYPJ{e!l #+,558 .03:(1c dr ,0. 99, i |
HPL:.C Chiralpak | BPrcOoH u=mn7 /h3e0x,a nfelfdw =r a2bBpinadk . 0 mL/ mi n
product t; = 21.46 min (minor), = 31.79 min (major), ee = 77%najor product t;= 19.76 min
(minor), & = 25.48 min (major), ee =94%4 NMR4 00 MHZU TiD/ghai, ((2H)i, 7. 75
7.66 (m, D728#H)(m7i.768)0 (7/m,5157 3B58#H)(my7.B&Z8AH)(m7. 13
3.12H)5. 53 66m, i58.H)3 (Gm,291. 12H)0. @6, 39. gddz, O0.12H),
3.9.84 (m, D03 4BH)(m3I.TFAx2HY, 63 H21 J¢edib, 63H35 Q. d2H)
3.17J=(d, 7.5 % NMREPI1I MH2I eDOCL 5, 165. 0, 159. 7, 148.
135. 0, 31.303,.81,29.3, 129.0, 128.6, 128.1, 126.2, 125.
37 HRMS ESI ): mical[cM bENB]:[ @32. 1442, found: 432.1437.

(R-2-(R)-2-n i tlypd e ny |-leotxkdy,-tB) h ydH s d2ynl-ndpht hoate (3g)
[e) N02

CL0)

O o}

g

39
Pale yellow solid (5mp6188)46355]9% Y3 k. l®,( 3.3:0. WG, i
HPL:C Chiralpak | e&rcOH 6 40hexXdmet, g at en2nBindr mL / mi n
product t;= 9.77 min (minor), 4 = 12.02 min (major), ee = 17%najor product t, = 10.53 min
(minor), = 11.23 min (major), ee =82%4 NMR (400 HNHz 8. 8&C &G (1. 3 H) , 8.06
i7.94 (m, i7.388B) (m7. 83H)7. & . B, i(7@.5832H)(,m,71B.96H) (m7.50
3H) , i7.26 (m, i%6..38) ,(nm;. U%.5B) ,(mM. 605IJFHN13.5,180(&d Hz,
1H), 5J900713.dd,, 9.1 Hisz 9D.BH)4. ¥ HB=(HAIRA), 33986z(dd,
3.63)=(d,7.2 Hz,i30.3FH)(,m,3.1898H) 7. 3.%H NMRH)(.101 MHz,
cbgiu 201. 1, 200. 4, 165. 3, 16592, 138971, 138868, 133
132. 4, 131. 9, 131. 8, 129. 62, 129. 58, 129. 4, 129. 3,
128. 3, 127.9, 127.8, 127.1, 127.0, 126. 2, 126. 0, 1
75.9, 7504, 3BOHPRBMBESBR): mical[cM N®B]"[ @52. 1492, foun
452.1487.
(R-2-(R)-1-( et hoxy{@henhy b-kd X2y i3 h ydH o dZ2ynl benzoate (3h)

o _NO,
LY
OM
@O e
3h

Pale yellow solid (4. 313MB)HCHGI2%6 7.0 d(c 9=11d01, in
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HPLC: Chiralpak -PCOHokFumA/ 8O ex aHelvi=rnanbigs 11720 mL/ mi n
min (minor), & = 20.05 min (major), ee = 20%ajor productt, = 13.84 min (major)tz = 16.31 min

(minor),ee =91%H NMR (400 HHWHzg8isco@ (@2H)I,7.980d m, 0.22H), 7
(dd 7.6 Hz, 1H), 7.72i@fdsl)(m, (R2H)Hz7. B21LT1H}Y, 2. 69¢H
7.42 (m, 17.13H)(m,7.3633H), 7.07 J=d,8.3J7 =Hz7,. 60 .Hz2,H)0,. 1
(dd= 8.8 Hz, 2H), 6.57 (d7f 13=58.3.%¥HzHz012Bp) B.638 (
Hz, 0.11H), 5.08 (dd,i4J 98 I, 50.310H)., H2a,48.40H)Hz5.®.31
3.79 (s, 3JIH)L1L037733(€8dHz, 1H)I= 3764 Hg,  D.BRH), 3.8
( m, 1. 11H)= 137..256 H2zd NMRH)(.101 HHEHzZ 20CDE]| 165. 1, 159. 8
136. 0, 133.9, 133. 8, 130. 4, 129. 8, 128.9, 128. 8, 1
47. 33HRBRESI ): mical[cMH:N®]"[ @32. 1442, found: 432.14
(R)-2-(R)-2ni tlr(g ol y | -1-e x-& 3d3i )h yMdH o dZ2ynl benzoate (3i)

o _NO,

O
M
o

3i
Pale yellow solid (4wMmp8 999 °C 1EDP=2% 48 .e0 d(,c 6= 71 .11 0d,r ,i n
HPL:C Chiralpak | @rcH u=mn7 O(/h3e0x,a nfeftdw =r a2oBmindt . 0 mL/ mi r
product t;= 9.58 min (minor), 4 = 14.78 min (major), ee = 37%najor product t; = 10.47 min
(minor), = 11.55 min (major), ee =89%4 NMR4 00 MHZU E&DBCraB (2 H)T, 8.02

7.98 (m, 0.30H), 7.85 (d, J = 7®775@z(mlHR, 1BHJ1 (d5
= 7.7 Hz, iZ.B9HY(m, 712 B3D68).(Im6M)36 7.16 (d, J = 7.9 Hz
7.6 Hz, 0.15H), 6.96 (d, J = 8.1 Hz, 0.30H), 6.85 (
5.45 (dd, J = 13.6, 4.7 Hz, 0.15H), 5.10H()dd, J = 1
4.36 (dd, J = 9.4, 4.6 Hz, O0.15H), 3.73 (idd, J = 11
3.35 (m, 1.15H), 3.26 (d, J =.'£7 NMRH&@1 NMH), @DGI2 (s

it 165.1, 148.8, 138.6, 13%.%, 133.8%8, 133.3, 132.1,
125. 2, 85. 4, 75HRMY B3l b, BFfedI[dvR#LHH"[ G16. 1492,
found: 416.1489.

(R-2-(R)-1-(4 | uor of2he by b-pd b2y A3 hydH cmdzynbenzoate (3j)

o _NO,
U0
Sl
3j
Pale yellow solid (66mp3 mgy44q¥=yi+®19d,0 Z.c8:=1 1drl,1,
THFHPL.C Chiral pak | FPrdOdH u=mn7 0(/h3e0x, a nfeftopw =r a2nBe4, 1. 0 mL/
minor product t;= 5.62 min (minor),4= 15.37 min (major), ee = 55%najor product t, = 6.05 min
(minor), = 9.43 min (major),ee =79%4 NMR4 00 MHZU E&D@IrNG (2. 70H), 7. 85
(7 7.6 Hz, 1H), 7.72 i(7d60J (m,728.38H)(M,73BKWRS5HY, 68.
7.45 (m, 1733H)(m7.240%F5H) 9 Hz34IEHJ7,. 57 .HXQ 1i0d ,35H), 7

7.01 (m, 3J958H)5 Bz 75080FQ0H}.,75.368 (Hz, 13HY, &.86Htd
0.35H)-4.8718m, 1.35H). 6,4.4.96 (Hizd)= 01 B.564) ,3.38 818z ,( dUH)
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(dd= 17.2 Hz, 18.38HIm, 31485H)7. B 2, NMRI0.1 MHz,
cCbud 200.9, 200.1,d1652408. a6H42)8, 288288 HEJ , 148. 9,
136.1, 135.8, 134.0, 134=08.23BzYy, 130.9¢, 13293%.48, 13
128.8, 128.4, 128.0, 61.226J2d2 11 5 .H&,) ,128.52,6,12358 4, 1:
50.1, 47.3F RNBR317,6 3WVWHIN-1CRCHI72 HRMF ESI ): mfz [ M + H]
cal cdHioNg[ C420. 1242, found: 420.1237.
(R-2-(R)-2ni tlf( vt ol y | -l-e x-; 3d3i )h ydH ondZ2ynl benzoate (3k)
o _NO,
O’ Me
2 (0
o
3k
Pale yellow solid ( 5n4. 81 310@)8C 0B P=2% +52.10d,( c4:=1 0d.r9 9, i
HPL:C Chi r al pa(khelxEno®Hiu=mn70/ 30, f [toow =r p2hgdindc . 0 mL/ mi n
product t;= 11.20 min (minor), 4= 49.69 min (major), ee = 50%najor product t; = 12.69 min
(minor), = 29.66 min (major), ee = 82%4 NMR4 00 MH32ZU &DBCBOM (2 H)T, 8.02
7.99 (m, 0J=5H).,7 ™Hz8&z 1(HY,, (M, 767 2%5H)( m,7.HB82459H)(,m,7. 56
2.5H);7.74148( m, 2H) 7. 7. 84, (J&&H)3,. 97 .HZ5 (1d,25H), 7.20 (.
7.11 (m 1H) ,7.76. OH4z ,(1d6,. 832 H)Y m, 6 1J8y ,135.756 3( ®d Hz, 1H),
J= 13.7, 4.7 Hz= Q0325H) 10541%z(dxdH),, 95.301Hz(,dd0,. 25H) ,
J= 9.3, 4.7 HzJ=01Q@5#4), 33878z (dd.H) ,HAB, -5B.3365(HH,, 3. 43
1. 25H)(,d&1=3.1276. 5 Hz, 1H), 2.3 NMRLGBH)MHZU 1BOCLIsQ, 0. 75
200.3, 165.3, 165.2, 149.0, 148.7, 138.7, 136.0, 13
129.1, 128.8, 128.7, 128.727.112,8.162,6 .192,8 .162 6 .122,8 . 142, 5 . 16-
85. 2, 84. 2, 75. 8, 75. 4, BRMI,ES48:0,m/ 2Ba[lld d +3f7H a2], 2
[ eHoNa NP 438. 1312, found: 438.1308.
(R)-2-(K)-1-( na p h tlydPreint r o-&d K2y B h y-WH n dZ2ynl benzoate (31)
o NO
LoD
o]
3l
Pale yellow solid (58p41a@)3°C86]i ydee.ld,(d.5:0. BT, i
HPL:C Chir al pa(khelxBRncoHiu=mn70/ 30, f [loesw =r a2hBmindt . 0 mL/ mi n
product t, = 20.43 min (major),st 28.36 min (minor), ee = 17%najor product t; = 11.16 min
(major),ts = 25.79 min (minor), ee =83%1 NMR4 00 MHU &DBCVOM (2.22H), 8.05
i7.99 (m, D7484H)(my7.BR22H)(m,7.B4L22H) 6 Hz73i0(d4H), 7
7.57 (m, B7A43H)(m,7.56888MHM) 7 HzZ281®8, (M, 2Q@.J44H), 6.92
7.5 Hz,5.06.722(H)d3,. 8, 3.7 Hz,13H), 45.65H£d4d00.(22H)LIH)5. 3
5.29%.09 (m, O0.22H9.,4.,4.46.76 (HdJ=01@2%H,) ,3 37 98z (ddH), 3
17.2 Hz, 0.J22HY, 23 H47 @d22H)5 Hz 339 @dy7,. 3 Rz, (WH) .
NMR(101 MHZO ZzOCI 3, 200.4, 165.2, 165.0, 149.1, 148

133.25, 133.19, 133.18, 132.9, 1.38,. 71,2 9.34,. 71,2 9.3301,3,
128. 9, 128. 8, 128. 7, 128. 5, 128. 4, 128. 3, 128. 0, 17
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125. 7, 125.2, 123.7, 85.4, IBRAMMESI7)5:. 9micAab[cMd, f BH]. O,
[ NG 492,14 o0und: 452.1494.

(R-2-(R)-1-( f u2wani t r o-&d 2y A3 h y-MdH o dzynl benzoate (3m)
o _NO,

o
3m

Bl axckl 4 7dmQ@) Q% & i el dmp 57711 B U3{=-20.0 (c = ®PRLE, in THF
Chiralpak I C -eoOdma 7[Oeganef itew =r m2rbeinot prdductmL / mi n
t1= 8.84 min (minor), 4= 12.94 min (major), ee = 31%najor product t; = 9.65 min (minor), 4=
11.49 min (major), ee =79%H4 NMR OO0 MHzl)iCBC®H.60nO, (2 H)i,7.8.60 0 m,
0. 34H) ,J=7.77.86 (Hz,, JEH)7,. 77 .HZ2 i(@d.,5BH) .m, 7 2EBAZH)(m,7.54
2.51H)I,7.B442 m,i72H)9, (7m,331. 34H) ,766.2987 ((ns ,j 610H)Q 7 H6).,2 56 .
(m, 1H)J)=63.16 Had, O0.17H)i5.6240 1( M,s,L501041)H{,)m,5 .51 806
i4.91 (m, D4 1H4H)(mM,4.0BA61TH)( m,4 3R2H)2, (3m,6 M3 34H)(,m,3. 51
2HYE NMR101 MH2U DOl 1, 164. 9, 148. 8, 148. 7, 148.0
135.4, 134.02, 133..98, 11226 .95, 112286 .72, 112285 .27, 112274 . 8,
84.3, 83.4, 73.7, M™RMSZ ES4).:4, m/42a [661d ~BFSNabNeD: B 6 . 6 .
414.0948, found: 414.0944.
(R-4-met h-8-kRy-2-n i tlipd e ny |-leot xHoy,-t3) h y-MdH on dz2ynl benzoate (3n)

White solid (72.8mmg)8swe®W]{yi ebd, 05(& eHPL:CO98, in Tt
Chiralpak | D -EoOHmn f{ bbavg & mad /eil, &. 8 nerBinon product

t;= 29.74 min (minor),4= 41.70 min (major), ee = 85%najor product t; = 24.18 min (minor),st=

33.12 min (major), ee =95%4 NMR400 MHz[i TCTDRBR&W (1. 2HY, 52. % &,

1. 2H)57.74.652( m, i1 72.H3)6, (7m,46Z. 218) ,( m7 . &5 DY) (m;.i0D3 4H), 7.
6.97 (m, 4H) 7.86. 82, (9.2H)(mS5.iB52H) ,(nb. 215.J2H), 4. 27
10.7, 3.7 Hz, 0.2H), 4.02 (§3.88) (ng3..409026HB7. D.6H),
Hz, O0.2HYs 3735 HHJ.3R712H)( h€ NMRNLO MHz ,6 ) ICDTO1. 2,

200. 7, 165. 0, 164. 6, 159. 9, 159. 6, 156. 4, 155. 9, 1
132.8, 132.5, 129. 6, 129.5, 129. 21, 129.18, 129. 0,
116.5, 116.1, ,18B%.8&, BU5.44, 7618.,1 75.8, HRAMS9, 55. 9,
(ESI): mlFfezal evdthNseaN/D:C 484. 1367, found: 484.1363.
(R-4-me t WY K)-2-ni tlipd e ny |-Jeot xkdy,-tB8) h ydHi an dZynl benzoate (30)

{9


javascript:;

0 N02

1Y

M 0

OMe

30
Pale yellow solid (6fMp7 70/962C9 UjB=% +y7i8e I0d ,( c4 .=3 :01. 9d9r,, i
HPL:C Chi r al pa(kh el xB® nc€&Hiu=mn70/ 30, f Loow =r m20Bdindt . 0 mL/ mi r
product t;= 23.23 min (minor), 4= 36.86 min (major), ee = 78%najor product t; = 19.07 min
(minor), & = 29.53 min (major), ee =95%4 NMR400 MHZI TCO@D= (7. 8, 1.8 Hz,
. 23H) ,3=7.77.05 (Hiz,,i 7162, (M, 587 4661) ( m7. B3223H). 4 Hz43 (d
.23H)y7.B83037Tm, #7.4BH)(m,7.0674BH)( m,7.85968BH)(m5.86.523H),
.P5.13 (m, 1.23HD)Q. &, 3. A dHz, O0.23H), 4.J3 (s, 3H)
0.9, 3.7 His 1M)0 BBz 43.. 2B H)m, 3L.223 MY, 43H28 @), 2.
s, 3H), 2'!®WINMRAO10 MHIPH) ZOLI 3, 20Q. 8,601 @®5. A,5916&4. 6 ¢
47.8, 136.4, 136.3, 135.9, 135.4, 135.0, 134.9, 1:¢
28. 6, 128.5, 128.3, 128.1, 127.8, 122.5, 121.2, 12
5.9, 55.0, 34.2, &3RMS EJI7). :8, m/léZa [5MMd A Na NelD: C
68.1418, found: 468.1415.
(R)-4-f | u-2(RY»-2-ni tlpd e ny I-lect xkdy,-tB) h ydH o dZzynl benzoate(3p)

0 NO2
O
F @o
OMe

3p

I I e T = B = =

Pale yellow solid (6Mp 48@y%L UJ7=2 %+ 89 .e0 d(,c 5= 11 .d¥1, i i
HPL:C Chiralpak | BPrcOoH u=mn7 O/h30x,a nfeffdw =r a2hBmindt . 0 mL/ mi r
product t;= 12.36 min (minor), 4= 20.93 min (major), ee = 88%najor product t; = 11.62 min

(minor), = 15.86 min (major), ee =94%4 NMR4 00 MHU TODOCHEB (1. 21H), 7.67
(dd= 7.5 Hz;7.1Hy ,( m, 6027 24MH)( m,7.B022ZH)( m,7.B7.056H) , 7. 14
(m, 3.8#H)46 5(m0 1520H)( m,5.2.82=1 H)0,. 44,. 331. 8 dHlz,, 0. 21H)
3H), 3.93 (s,J=010®3H) H)B3. AR A(dd/d,4 Hz, 0=21H)4 Hz A4 (.
0. 21HB. 29 179.,8 Wz NMRHO 1 MH2U C®TI 38, 199.35, 165. 1,
159.7, 159.4, 136.4, 135.7, 135.2, 134.99.134.7, 1:
128.72, 128.69, 128. 4, 122.0, 121.5, 121. 3, 120.90
83.9, 76.0, 75.5, 586. 8BMR35706. 9MH 2471l 3P C1b372 .HARMS3 3 . 1.
(ESI): mlFfezall dMdthBNwa @ 72. 1167, found: 472.1164.

(R)-4-c hl -8-(R-2ni tlypd e ny |-Teot xkdy,-tB8) h y-dHi an dz2ynl benzoate (3q)

1Y
‘o
OMe
3q



Pale yellow solid (7mp 414456 881=% +8le.l0d,( cl1 0= 11 .dorg8 , i
HPL:.C Chiralpak | BPrcOoH u=mn7 O/h3e0x,a nfelfdw =r a2bBpindk . 0 mL/ mi n
product t;= 13.18 min (minor), 4= 20.41 min (major), ee = 82%mnajor product t; = 11.73 min

(minor), = 14.87 min (major), ee =96%4 NMR4 00 MH{U TD/AZDSW”, (1. 1H), 7. 74
(dd= 7.5 Hz,ji716%, (#h, 62 .J2H)7,. 57. 47 7( A, 728) Hz7. 391H},
7.8BB.26 (m, i%.3H) (m/. 1R S5K) (m5. 64 1H) (m5. 25J1H), 4.32
= 10.4, 3.9 Hz, O0.1H), 4J6210s7, 3B). & 4BAAZL by ,HzQ. 3 H)
0.1H), J3%. 47z ,6dH BBH)29® (&. 0 Wz NMRHDP1 MHZ{I CDBEl 8,
165.0, 159.8, 146.7, 135.8, 135.5, 135.4, 135.2, 1:
120. 6, 117. 6, 117. 3, 112HRMY &1 B8 ; mBa3oOa[l MEd5+. O r 4 7 .
[ eH.6€1 NagtO 488. 0871, found: 488.0870, 490.0854.

(R-4-br o126R)-2-n i tlipd e ny |-lect xkdy,-tB) h ydH o dzynl benzoate (3r)

o) N02
O
‘o

OMe

Pale yellow solid (76.5 mg), 75% vyield, 5:1 dnp. 64.264.9°C ; 2’[=0+P9.0 (c = 0.95, in THF);

HPLC: Chiralpak ID column (hexaneRrOH = 70/30, flow rate 1.0 mL/mihi & = ket nm) ,
product t;= 16.04 min (minor), 4= 25.32 min (major), ee = 79%najor product: t; = 13.63 min

(minor), § = 17.84 min (major), ee = 94%4 NMR (400 MHz, CDC) i 7 . 8= 7@8,dldB Hz,

1.2H), 7.78 (ddJ = 7.6, 4.4 Hz, 2H), 7.65 7.55 (m, 1.4H), 7.52 (dl = 7.5 Hz, 0.2H), 7.49 7.42 (m,

2.2H), 7.38 7.27 (m, 3.8H), 7.11 6.97 (m, 3.8H), 5.635.51 (m, 1.2H), 5.295.07 (m 1.2H), 4.32

(dd,J = 10.3, 3.9 Hz, 0.20H), 4.03 (s, 3H), 3.93 (s, 0.6H), 3dtBJ = 10.7, 3.8 Hz, 1H), 3.50 (d,=

17.6 Hz, 0.2H), 3.37 (d] = 17.5 Hz, 0.2H), 3.29 (dl = 17.9 Hz, 1H), 3.19 (d] = 18.0 Hz, 1H)13C

NMR (101 MHz, CDC) it 199 . 9, 165. 0, 164. 6, 160. 1, 159. 7, 148
135.4, 135.1, 133.0, 132.8, 131.9, 129.8, 129.4, 129.3, 129.0, 128.7, 128.4, 123.8, 122.5, 121.5, 120.5,
120.4, 117.6, 117.3, 112.1, 110.5, 107.7, 84.9, 84.1, 75.9, 75.3,55/%,50.8, 47.9, 39.1, 38.2.

HRMS (ESI): m/z [M + Naj calcd for [GsH20BrNaNQs]*: 532.0366, found: 532.0361.

(R)-5-f | u-2(rRY»-2-n i tlypd e n y I-lect xkdy,-tB) h ydH a dZzynl benzoate (3s)

0 N02
CO%TY
F
0
OMe
3s
Pale yel bomg)2®w!l § del( & mp 106634 85 JJ{= +88.0 (c = 0.98, i

HPLC Chiralpak | @rcH u=mn8 0(/h2e0x,a nfeltdw =r a2hBindd . 5 mL/ mi n

product t;= 29.06 min (minor), 4= 35.32 min (major), ee = 88%mnajor product t; = 27.60 min

(minor), = 33.52 min (major), ee =94%4 NMR4 00 MH2ZU TiD/@hae 2H)I, 7. 71

7.65 (m,i71.H)5 (7/m,6T1L.HHY4, (/m,572.H)8 (7/m,393JH) 6. P, 13. 4t Hz,

1H) , i6.28 (m, 4H), 16.68 (ua, aAQBPBHHI(HGE.260FH), 4.30

10.5, 3.7 Hz, 0.11H), 4.04 (19, 83H)3,. BAIHEFH 7/(1H,) HEZ.,28H)
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0.12H) ,J3. 38 . (UWd2HH2,, B= 167 .(&8.,'Cz NMRHDP1 MHU COEI 6,
167.7F= (d57.9 Hz), 165= 11,0 .14 9HZ7),, 115316..80,( d,35. 1, 133.:
127.8, 127.7, 120.263. 7M1HzJ)?, 21P1%F.. BHH)dL, 1Y5.2, 85.9,
37.'F. NMR376 MHz),0i-10DCHLB0 .HBROMS ES I ) : m/ zc a[lM d+ f Na]
[ eHoFNaNO 472.1167, found: 472.1164.
(R-6-me t h-@8-kRy-2-n i tlpd e ny |-leot xFdy,-t8) h yMdH o dz2ynl benzoate (3t)

o _NO,

MeO
LT
o
OMe

3t

White solid (64.5 mg),6 668B0% Uffi=e|+dl,061 ®: I( cdr=, 1. 05, i
HPL:C Chi r al pa(khelxEno®Hiu=mn70/ 30, f [toow =r p2hgdindc . 0 mL/ mi n
product t= 30.16 min (minor), 4= 38.04 min (major), ee = 69%najor product t; = 26.51 min

(minor), = 33.84 min (major), ee =94%4 NMR4 00 MHU TD/@&b&a? (1. 1H) , 7.76
T7.69 (m, 107..15H) ,( nv,. b1B.. 24t5) ,( nV,. b22.. 2H) ,( n¥, i Z4A0H)Q (7m,2 3
2H), i8.283 (m, i2..68H8) ,( n6. 904JEH)1,3.8B.,5B.6d-bB,z111(bdH), 5.
1.1H), X 2180 .(6d,d,3.6 Hz, O0.1H), 4.04 (s, 3H), 3.92 (
(dd= 10.8, 3.6 Xz,161LH1) ,Hz3i 39032 5(Hd(,ns,.311036(H)7,. 1. Hz, 1H)
1€ NMR101 MHzI eDal 5, 165. 0, 159. 9, 159. 7, 141.6, 1
129.0, 128.5, 127.1, 125.3, 120.5, 1HBM®$®ES1})2.2, 10
m/ z [ Mcal NdJkbNaNPE€84. 1367, found: 484.1365.

(R)-6-me t Y K)-2-ni tlpd e ny I-leot xkdy,-t83) h ydH o dZzynl benzoate (3u)

o) NOZ

White solid (67.6 mg), 76% vield, 7:1 dnp. 78.479.1°C ; 2[=0+104.0 (c = 1.02, in THFHPLC:
Chiralpak IE column (hexanefirOH = 70/30, flow rate 1.0 mL/mih, & = 2nimct produc) |,
t;= 21.51 min (minor),4= 31.85 min (major), ee = 67%najor product t; = 18.23 min (minor),st=
28.62 min (major), ee = 92%1 NMR (400 MHz, CDC}) ti ~ 71. 783 (m, 1.15H), 7.67 (s, 1H), 7.59
i 7.52 (m, 1.15H), 7.51 7.42 (m, 3.15H), 7.37 7.28 (m, 3.15H), 7.20 (d = 7.8 Hz, 1.15H), 7.10
6.96 (M, 2.9H), 6.94 6.90 (m, 0.15H), 5.60 (dd] = 13.8, 3.6 Hz, 1.15H), 5.265.12 (m, 1.15H),
4.28 (dd,J=10.7, 3.6 Hz, 0.15H), 4.03 (s, 3H), 3.92 (s, 0.45H), 3.66dd10.9, 3.6 Hz, 1H), 3.56 (d,
J=16.9 Hz, 0.15H), 3.38 3.29 (m, 1.15H), 3.11 (dl = 17.4 Hz, 1H), 2.43 (s, 3H), 2.32 (s, OH4)5
3C NMR (101 MHz, CDCy)i 200 . 5, 165. 0, 159. 6, 146. 2, 138. 2, 1
129.5, 129.0, 128.5, 126.0, 125.1, 120.5, 118.0, 112.1, 85.5, 76.3, 55.9, 48.0, 37HRRS(ESI):
m/z [M + Na]J' calcd for [GeH2aNaNGs]*: 468.1418, found: 468.1414.

(R)-6-c hl -@-¢R-2ni tlipd e ny |-leot xky-tB8) h y-MdH o dzzynl benzoate (3v)
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White solid (67.1 npg) Z00P@RWIT=i erl9d, 01 3:c1l +HRAA:C98, in TI
Chiralpak | E -RoOHmn 60kLf@nef iloow =ra2bed=101G3. M6/ mi n
(mi noer )2,4.t129 meexn90%MaNMRYJ0O0 MHU TH&E (7.8, 1.8 Hz, 11
7.82=(4d,9 Hzj71%H2,(m.igGAH)3, (7m,5 02 H)9, (7m,373.H)4, (7m,28
1H) Ww77.081 (m, i3.5H) (m5. @&B80BH)(m5. 408H)Q. 4,. 23. § dHz,
0. 08H), 4.003s,(s0. B4HYy, BR.IRZ Edd, Hz,17L1) ,Hz3. 26 0(8H, ,
(dd= 12.6 Hz, Q@=08H),5 Hz35Ji(HJ,7. 8 .45 NMRHDP1I MHz,
CD@GIu 199. 3, 165. 1, 159. 7, 146. 9, 123650, 1235.18, 123’
127.5, 124.9, 120. 6, 117. 6HRMSRSR) : 8@m/.*"Bal A6+ 0N p 5. ¢
[ €H, €1 NaghtO 488 . 0871, found: 488.0868.
(R-6-b r o 126R)-2-n i tlipd e ny |-lect xkdy,-tB) h ydH o dzynl benzoate (3w)
o _NO,
Br
U
o]

OMe
3w

White solid (74.5 npg) z200P8WI{¥i el6d, 01F:cl HAL:CO5, in TI
Chiralpak | E -PoOHmna [ trkastéen elf.iQoowme /nBnBd= 1 9. 18 mi n
(mi np=r )33 .t13 meéer 9q%tHh | MMPB4,00 MH2I COPE (.6 Hz, 1H),
7.88JHdd.,8, 1.7 HF, 8LH),, 17..871 H.z§8 di(Hm,,i 7I7HH)&,1 (Tm,502 H) ,
7.8B.28 (m, 3H)8. T.HEAD;qHYHY , ( Mm,i52H)0, (5m,6515 . 0BMH), 5. 26
(m, 1.08HJ= 140..249, (3d.d7, Hz, O0.08H), 4.386210s7,3B)7 8z9
1HB, 53=(d7.4 Hz, i id.D28H()m, 31 3IB8H)7, 73 HEZ3INMRHD 1

MHz, g£DCRL99. 2, 165. 1, 159. 7, 147. 4, 138. 6, 136. 0,
128. 0, 127.9, 122. 2, 120. 6, IHRMS$ ESL)1 2. n/*z285 M2 + Na&
cal cdobbBIr Ng)LO 532. 035R2. GRANA340.

( Rgc hl -8t p-R)4et hoxy@henhy b-pdxzydd3 h yMdH o dzzynl

22met hoxybexpzoate (3

o _NO,
Cl
LY
cre

OMe
OMe
3x
White solid 67.4 mg), 68% yield, 10:1 dmp. 93.693.9°C; 2[=0+23.0 (c = 0.97, in THFHPLC:
Chiralpak IF column (hexaneirOH = 90/10, flow rate 1.0 mL/niih & = 2,5 46.4h mih , t

(minor), & = 50.02 min (major)ee = 86%H NMR (400 MHz, CDC}) i 71. 78BZ (m, 1H), 7.82 (d,
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J=1.9 Hz, 1H), 7.6 7.50 (m, 2H), 7.39 (d, J = 8z, 2H), 7.33 7.22 (m, 1H), 7.12 6.93 (m, 2H),

6.85 (d, J = 8.8 Hz, 2H), 5.565.44 (m, 1H), 5.23 5.10 (m, 1H), 4.03 (s, 3H), 3.78 (s, 3H), 3169

3.56 (m, 1H), 3.34 (d, J = 17.6 Hz, 1H), 3.16 (d, J = 17.7 Hz, BB)NMR (101 MHz, CDC}) Ui

199.4, 165.1, 159.7, 159.7, 147.0, 135.8, 135.3, 135.1, 134.4, 133.1, 130.6, 127.8, 127.5, 124.9, 120.6,
117.6, 114.4, 112.2, 85.5, 76.2, 55.9, 55.3, 47.2, FHRMS (ESI): m/z [M + Naf calcd for
[C26H22CINaNO;]*: 518.0977, found: 518.0977.

Grasncal e reaction

o _NO,
Standard W 2
Cé % cond|t|ons 0] O
(@)
1.48 g, 69% yield,

OMe
3f

5 mmol 5 mmol 10:1 dr, 93% ee

Under a nitrogen atmosphere, a solution of diethylzb@© €L, 1.0 M in hexane, 8. mmol) was
added dropwise to a solution b#l (0.25 mmo] 247 mg) in MeCN (15 mL). After the mixture was
stired for 30 min at 30 °C, -hydroxyl-indanone l1la (5 mmol, 0.74g) and
(2)-2-nitro-1,3-diphenylprop2-en-1-one 2f (5 mmol 1.41g) were added. The reaction mixture was
stirred for48 h at the same temperature. The reaction was quenched witl Mdlution(25mL), and
the organic layer was extracted with &Hp (3 x 15 mL). The combined organic layer was washed
with brine and dried over N&Qs. The solvent was removed under reduced pressure by using a rotary
evaporator. The residue was fiied byflashchromatography with petroleum ether/ethyl acetéte)l
to aford the desired produ8f (1.48 g) as awhite solid.

Derivatization

o _NO,
O. NaBH, (8.0 eq) N
0 O NiCly® 6H,0 (0.05 eq) O’
0 MeOH : CH,Cl, = 10 : 1 OH O
©j§ﬂe 42% yield

5 (94% ee)
3f (93% ee)

Synthesis ob: Compound3f (0.2 mmol, 86.2 mg andNiCl$6 H0 (0.01 mmol 2.5 mg were added to
a mixture of 1 mL MeOH/ CbkCl, (10:1), andNaBH: (1.6 mmo] 60.2 mg was added in portions, then
the mixture was stirred atfor 12 h. The reaction was quenched with water, and extractedGks1,
(3 x 5 mL). The organic layers were dd over NaSQ:» and concentrated. Thethe solvent was
removed under reduced pressure. The residue was purified by flash chromatography on silica gel
(petroleum etheethyl acetate 5: )1to give the producds as awhite solid.
(B Rp3phery-ddi hydroi hd oryBadBDM) ( 4)

N

4

s

5
White solid @1.3 mg),42% yield, mp. 216.0216.9°C ; 2[=UH169.0 (c = 1.05, in THF}PLC:
Chiralpak F column (hexane/PrOH =7/3, flow rate 1.0 mL/miht, & = 2:541.18 min,
(major), t; = 14.86 min (minor),ee = 94%:!H NMR (400 MHz, CDCY) i 7 . @€ 7.1 Hi, 1H),
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7.52i 7.40 (m, 4H), 7.38 7.31 (m, 1H), 7.25 7.16 (m, 2H), 6.89 (tJ = 7.1 Hz, 1H), 5.80 (s, 1H),

5.38 (dd,J = 13.1, 10.4 Hz, 1H), 4.43 (dd,= 13.1, 7.7 Hz, 1H), 3.93 (dd,= 10.0, 7.9 Hz, 1H), 3.20

(d,J = 16.2 Hz, 1H), 3.09 (d] = 16.2 Hz, 1H)3C NMR (101 MHz, CDC) i 154. 1, 149.0, 13
131.6, 128.8, 128.7, 127.9, 127.3, 127.3, 126.0, 86.8, 70.9, 51.5HRMS (ESI): m/z [M + HJ

calcd for [G7H1NOJ*: 250.1226, found: 250.1229.
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HPLC spectra of compounds

Co
e
i o

rac-3a

004

0.08

.08

34 36 38 40 42 44 46 48 S0 S2 5S4 S6 56 60 62

o 2z 4 6 8 10 12 14 16 18 20 22 24 28 2 3 2
Timeguiny
PR ) I Showii
[ ot Rl | Cacuston Fesut] TineT e | =
o, Retention Time | PeakArea | PeakHeight |  PeakArea(%) | Peak Width | PaakType
Gea182 12399 14.65% 2861 B8
2 3050 1637401 27621 36.90% 3,008 B8
33388 1620502 28182 3673% 342 B8
4470 525514 7171 1372% 4477 BB
Total 4,560,500 72,253 100.00%
018
016
014
012
o.10
0.8
o NO,
5 o B
o =
> 002 (o)
0.00
002 o
004 .
008 e 8 & 3a
= N A
-010
0 2z 4 €& & 10 12 14 18 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 S0 52 54 %6 S8 60 62 €4 66 68 0 T2
Time(uin}
o+t tdo I st
|| integreton Resut | Caculston Fresut | TimeTable
No Retention Time PeakArea Peak Height PeakArea(%) Peak Widlh Peak Type
26.04 211521 4266 437% 2339 BB
23133 250982 4415 535% 2462 BB
33am 3841418 57151 79.40% 4802 BB
4.48.46 526342 6233 10.88% 3323 BB
Total 4,838,263 72,065 100.00%
008
0.0
0.04
§ MeO
£ o2 rac-3b
g
0.00 < .
# 2
002 . 2
004
0 2 4 6 8 10 12 14 16 18 20 22 24 26 25 30 32 34 36 36 40 42 44 46 48 S0 S2 54 56 56 60 62 64 €6 68 70 72 74 76 786 80 82 B4
Time(Min)
+r3 140 k]
Integration Fiesul | Caieulstion Resk| TimeTble
No. Retention Time | PeakArea Peak Height PeakArea(%) | PeakWidth Peak Type
3316 386900 5293 15.32% 2825 BY
23546 869764 11283 34.43% 3426 VB
3 4263 885199 8582 35.05% 6.166 BB
4 60.69 383958 3108 15.20% 6.166 BB
Total 2,525,821 28,260 100.00%
vz
N
0.10 o 0z
0.08
Cl% @
0.06 0
g
g oo MeO
Z 3b
¥ o0z g
0.00
002 4 8
Lo S L
004
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 8 88 90 92
Time(Min)
1 F PO s
Inteqration Reesul | Calculation Resut | TimeTable
No Retention Time | PeakArea Peak Height PeakArea(®%) | Peak Width Peak Type
3335 67054 980 268% 2598 BB
23574 150780 2139 6.02% 3618 BB
3 4239 2117832 18599 8456% 10947 BB
4 61.00 168968 1408 6.75% 4917 BB
Total 2,504,534 23,126 100.00%

{45



0.4 o]
03 o
(¢]
£ 5
goz : cl
| rac-3c
0.1 5 =
o L_
o 2 4 s w0 oz 1 1.8 18 20 @ % 2 32 3 B w40 @ e
Timeuin)
S+t PO st
Itegration Resuit | Calculaion Resut| TimeTable |
No. Retention Time PeakArea Peak Height PeakArea(®) PeakWidth Peak Type
1012 728840 42377 12.20% 1322 88
2 147 1863008 30401 34.00% 204 BB
32101 1920189 51765 36.47% 2379 BB
43300 889988 14228 16.24% 3921 88
Total 5481725 197 864 100.00%
022
0.20
018
018
014
T 012
£on cl 3c
= 008 E
0.06
0.04
9 e
0.02 = = &
ol A A
-0.02
o 2z 4 8 10 12 14 16 18 20 22 26 2 30 32 34 36 38 40 42 “ 46 L] S0
Time{Min)
et PO [ sh
|| imegraton Recut | autetion Resut| TimeTssie |
o Retention Time PeakArea Peak Height PeakArea(®) Peak Width PeakType
1042 230411 10480 9.37% 1337 B8
21186 173134 8236 7.04% 149 88
32215 1618731 38508 65.82% 4728 BB
43592 437007 6713 17.77% 3.495 BB
Total 2,450,263 54,007 100.00%
0.34
= o _No,
0.30
02
026
024 ]
0.2
020 o
= 018
3 o6 F
& o1e o
2 = rac-3d
g o2 E
0.10
008 -
0.08 & vglj
0.04 A -
0.02 a
-0.02
004
o 2 6 8 10 12 14 16 18 20 2z 24 26 28 30 2 34 36 38
Time(Min)
Gt I Ho ! s
[ tegraion Resut | Cakuiston Resul| TineTable
No. Retention Time PeakArea Peak Height PeakArea(®) Peak Widh Peak Type
924 378032 24476 12.90% 0.883 BB
2 1013 1071729 58801 36.56% 1842 B8
3 2003 1064906 28526 36.33% 1918 B8
43300 416900 7371 14.22% 2955 B8
Total 2,931,567 19,174 100.00%
0.08 0o NO,
[ <5
o
S 004
5 F
= 3d
= 0.02 ®
0.0
e w
o 2 4 8 10 12 14 18 18 20 22 24 26 28 30 32z 34 368 38 40 2 “
Time(Min)
a2 ] st
Infegration Fiesut | Caloulstion Resut| TimeTable |
o Retention Time PeakArea Peak Height Peak Area(’) Peak Widh Peak Type
o4z 71201 3544 8.07% 0.076 BB
2 1037 50836 3432 5.89% 1.186 BB
32178 613071 15455 69.46% 3.656 BB
43441 137498 2325 15.58% 3.07 BB
Total 882,606 24756 10000%

{46



0.8
0.4
0.3
g
¥
£02
> o
0.1 -+ .
oo
0 1 2 3 4 5 6 7 8 El 10 " 12 14 15 16 7 18 19 20 21 22 23 24 25 26
Time{Min)
@t t PO I~ st
Integration Resul | Calcuiation Resut | TimeTable |
No Retention Time PeakArea Peak Height Peak Area(%) Peak Width Peak Type
924 661716 36701 16.16% 1128 BB
21029 1431790 71789 3497% 0.911 BB
31120 136999 51072 3346% 1258 BB
41256 631102 23708 15.41% 1785 BB
Total 4,004,607 103,270 100.00%
040
035
030
025
g
2 020 @
£ 015
o010
005 . a
000 LI -
A
005
o 1 2 3 &+ s & 7 8 8 W 1 12 13 s 16 7 18 19 20 2 23 24 25
Time(Min)
Gt IH0 s
Integration Flesut | Calculstion Riesut | TimeTable |
No Retention Time PeakArea Peak Height PeakArea() Peak Width Peak Tye
] < 20 89073 5135 353% 0828 BB
2 1026 174011 9067 6.90% 0.958 BB
3 1.6 2021400 89384 80.14% 1398 BB
41252 237985 8765 9.43% 1268 BB
Total 2,522,459 112,351 100.00%
0.32
0.30
0.28
026
024
022
020
0.18
£ 01e
T 01s
£ 012
Z 010 3
008 o
0.08 o
0.04 = ,; -
0.02 < |
0.00 5
002
-0.04
-0.08
o 2 4 6 8 10 12 14 16 13 20 22 24 26 28 30 32 34 36 38 40 42 44 45
Time(Min)
1wt FHoO st
Itegration Result | Caleuiation Resut | TimeTable |
No. Retention Time PeakArea Peak Height PeakArea(%) Peak Width Peak Type
1961 2284423 60166 3127% 2.168 BB
22129 1325486 32340 18.14% 2.262 BB
32597 2243782 24034 30.71% 4267 BB
43173 1452599 21458 19.88% 3.957 BB
Total 7,306,370 137,998 100.00%

{47



