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1. General information

Unless otherwise noted, all reactions were set up in a 10 mL Telfon-screw capped test
tubes under the atmosphere of Argon (Ar). Solvents were purified under Ar using a

solvent purification system.

Analytical thin layer chromatography (TLC) was performed using silica gel plates.
Visualisation was detected by ultraviolet fluorescence, and/or phosphomolybdic acid,

and/or KMnOs.

Flash column chromatography (FC) was performed using Qingdao (200-300 mesh)

silica gel.

NMR: 'H NMR, BC NMR, F NMR spectra were recorded on Bruker Avance 400
MHz, 500 MHz, 600 MHz Spectrometer. '"H and '*C chemical shifts were referenced
internally to residual solvent peaks relative to TMS (6 = 0 ppm) at 299 K. Chemical
shifts (8 (ppm)) are reported relative to TMS (8 (‘H) 0.0 ppm, & (**C) 0.0 ppm). The
solvents’ residual proton resonance and the respective carbon resonance (for CHCIs; &

("H) 7.26 ppm, & ('*C) 77.0 ppm) were used for calibration.

HPLC spectra were recorded on an Agilent HPLC. Column, eluent and retention
times for HPLC analysis used for the determination of enantiomeric ratios are given

below in the details of the relevant experiments.
Optical rotations were measured on a JASCO DIP-370 polarimeter.

High-resolution mass spectra (HRMS) was recorded on a VG Auto Spec-3000

spectrometer.

All reagents were either prepared acclording to known literatures or purchased from
Energy-chemical, TCI, Bide-pharmatech, Laajoo, Leyan, Adamas-beta® and Adamas-

life®.
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2. Competitive reaction pathways and optimization reaction

condition

2.1 Competitive reaction pathways
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Figure S1. The complex competitive reactions and side products.

2-Silyoxyfurans and oxabenzonobornadienes exhibits rich reactivity, and through

monitoring of the reaction system, we have discovered that this reaction involves

complex competitive reactions and diverse side products. In addition to obtaining

products 3a and 4a, we also detected several by-products. For example, the Cy of 2-

silyoxyfurans attacks the oxabenzonobornadienes, resulting in the dehydration

product 5a. The intermediate 6 or 7, generated by the Ca of 2-silyoxyfurans attacks

the oxabenzonobornadienes. It not only could undergo lactonization to afford products

3a or 4a, but also could further isomerization/dehydration to yield product 8 and
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isomerization to yield product 9. Raw material 1a can also be isomerized into 1a’'.
2.2 Optimization of reaction conditions

Table S1. Initial exploration!®

trans .
T G
COD J,0Tf (5 mol%) sl M A pH OO
0

ta (0.1 mmol LGEmo%) HY tOHY \77/ * o
\ O y/ oTiPS COC:LT\II)::t(i% T(c:) ) trans-transo3a ° trans-cis 42 ° 5a =
2a (0.3 mmol) (R,R,R)-3a (S,R,R)-4a
(S,S.5)-3a (RS,S)-4a
t Bu @
thp% gy MeN”  Fe 2 Ph P%:hMez CVZP%:hMez ArzP%‘:hMez
@ ’ Ar,P == NMe; \/@DP \/@DP \/@
P Me,N PPh, Me,N PCy, Me,N PAr,
Ar = 3,5-Me,-CgH3 Ar = 3,5-(CF3),-CgHs
L1 L2 L3 L4 L5
Ph t-Bu PPh
Ph>/@ PAT < =) < <
Ar=3,5-Mep-4-MeO-CgH,  Ar = 2-Me-CgHy Ar=4-CF3-CgHy  Ar=35-(CF3)-CeHz  Ar=3,5-(CF3),-CeH3
L6 L7 L8 L9 L10
. product of 3a+4a
entry L  co-catalyst  solvent (mL) tme yield ee i
(h) (%)) drlel (%)l (Co/Cy)
1 L1 THF (1) 3 - - - -
2 L1 - THF (1) 3 23 2:1  -89/-86 2:1
3 L1 Zn(OTH), THF (1) 12 27 2:1  -89/-86 2:1
4 L2 Zn(OTH), THF (1) 12 27 5:1 87/86 4:1
5 L2 Zn(OTH), PhCH3 (1) 12 12 3:1 87/85 1:2
6 L2 Zn(OTH), PhCI (1) 12 40 1:1 87/82 2:1
7 L2 Zn(0OT1), DCE (1) 12 69 6:1 85/82 3:1
8 L2 Zn(OTH), CHCIs (1) 12 47 12:1  92/86 15:1
9 L2 Zn(OTH), DCM (1) 12 32 3:1 85/83 2:1
10 L2 Zn(OT1), DMF (1) 12 trace - - -
11 L2 Zn(OTH), CH3CN (1) 12 43 4:1 87/87 6:1
12 L2 Zn(OTf), 1.4-dioxane (1) 12 27 2:1 80/82 5:1
13 L2 Zn(OTH), l(DIC E/(I:I:l(ljj 12 45 7:1 87/86 12:1
14 L2 Zn(OTH), 12 56 9:1 87/85 13:1
15 L1 Zn(OTH), 12 50 3:1  -72/-68 12:1
16 L3 Zn(OTH), 12 45 5:1  -71/-51 5:1
17 L4 Zn(OTH), DCE/CHCl3 12 35 1:1  -79/-84 2:1
18 L5 Zn(OTH), (1:1,2mL) 12 56 3:1  -79/-74 7:1
19 L6 Zn(OTH), 12 45 11:1  85/65 >20:1
20 L7  Zn(OTf) 12 trace - - -
21 L8 Zn(OTH), 12 25 2:1  -83/-89 5:1
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22 L9  Zn(OTf): 12 31 4:1  -91/-85 2:1
23 L10  Zn(OTf): 12 39 2:1  -84/-73 4:1

[a] According to the Lautens’ procedure,' the reaction was conducted with 1a (0.1 mmol), 2a (0.3
mmol), Rh(COD),OTf (5 mol%) and L (5.5 mol%) in solvent (1.0 mL) under argon atmosphere.
[b] Yield of isolated product refers to the total yield of 3a+4a. [c] The dr value was determined by
'"H-NMR spectroscopy and show 3a/4a. [d] The ee value of 3a or 4a was determined by HPLC

analysis on a chiral stationary phase and show 3a/4a, and their corresponding formula involved

were as following: ee((trans-trans)-3a) = Eﬁig:;:};{gig:;:} . ee((trans-cis)-4a) =

[(S.R,R)—4a] — [(R.S,S)—4a]
[(S.R,R)—4a] + [(R.S,S)—4a]

which is determined by '"H NMR spectroscopy. [f] Reaction time is 12 h. ND: not detected.

[e] rr refers to the regioselective ratio of Ca:Cy between (3a+4a) and 5a,?

Table S2. Screening the rhodium salts, ratios of substrate and chiral ligand @

[Rh] (5 mol%)
L2 (y mol%)

1a (0.1 mmol)

o ompg 20T (60 mol%), °
\@/ temp (°C) (RRR}3a 0 © (SRR14a© © 5a
2acmmoy  DCE/CHC(/1), 12h
2a L2 Product of 3a+4a
entry [Rh] salt (x (y temp. yield ee e
°C) drll (Co/Cy)
mmol) mol%) (%o)t®] (%)l
1 Rh(COD),OTf 3.0 5.5 45 56 9:1 87/85 13:1
2 Rh(COD).BF4 3.0 5.5 45 38 9:1 83/75 15:1
3 Rh(NBD),BF4 3.0 5.5 45 37 13:1  82/89  >20:1
4  [Rh(COD)CFs, 3.0 55 45 53 10:1 72/88  14:1
5 [Rh(COD)OMe], 3.0 55 45 13 61 79/56 91
6 [Rh(CO),C1] 30 55 45 16 511 5843 3:1
7 [RhNBD)Cl, 3.0 5.5 45 17 51 7775 4
8 [Rh(COD)OH]» 3.0 5.5 45 53 14:1  76/78 9:1
9 Rh(COD),OTf 1.0 5.5 45 32 6:1 86/85 4:1
10 Rh(COD),OTf 2.0 5.5 45 46 6:1 87/85 5:1
11 Rh(COD),OTf 4.0 5.5 45 57 7:1 88/85 10:1

12 Rh(COD)OTf 5.0 5.5 45 63 12:1  87/86 15:1

13 Rh(COD),OTf 6.0 5.5 45 57 81  87/85 12:1

14 Rh(COD),OTf 5.0 11 45 71 >20:1  92/- >20:1
15 Rh(COD),OTf 5.0 15 45 68 >20:1  92/- >20:1
16 Rh(COD),OTf 5.0 11 RT 56 10:1  91/- >20:1
17 Rh(COD)OTf 5.0 11 40 68 >20:1  92/- >20:1
18 Rh(COD),OTf 5.0 11 50 67 >20:1  91/- >20:1
19 Rh(COD),OTf 5.0 11 60 60 >20:1  90/- >20:1

20 Rh(COD),OTf 5.0 11 70 50 >20:1 87/- >20:1

[a] General reaction conditions: 1a (0.1 mmol), 2a (x mmol), Zn(OTf), (50 mol%), [Rh] salt (5
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mol%) and L2 (y mol%) in the mixture solvent of DCE (1.0 mL) and CHCl; (1.0 mL) under argon
atmosphere for 12 h. [b] Yield of isolated product refers to the total yield of 3a+4a. [c] The dr
value was determined by 'H-NMR spectroscopy and show 3a/4a. [d] The ee value of 3a or 4a was
determined by HPLC analysis on a chiral stationary phase and show 3a/4a. [e] 1t refers to the
regioselective ratio of Ca:Cy between (3a+4a) and 5a, which is determined by 'H NMR

spectroscopy.

Table S3. Screening Lewis acid co-catalysts and additives [@

Rh(COD),OTf (5 mol%)

1a (0.1 mmol) L2 (11 mol%)

o + oTIPS co-ca.tglyst (x rr;ol%) 4 ©
UL e gm0 ¢ srmed ¢
2a (0.5 mmol) 3 ’
product of 3a+4a
entry  CocAwlyst additives yield e
(x mol%) O drlc] o (Ca/Cy)
1 Zn(0OTf)2(0) none trace - - -
2 Zn(0T1)2(10) none 46 23:1  91/89  >20:1
3 Zn(OTf)2(20) none 52 3.7:1  92/91 >20:1
4 Zn(0T1)2(30) none 60 8:1 92/91  >20:1
5 Zn(0TH)2 (40) none 65 13:1 92/90  >20:1
6 Zn(0T1)2(50) none 71 >20:1 92/- >20:1
7 Zn(0OTf)2(80) none 69 10:1 91/90  >20:1
8 Zn(0Tf)2(100) none 63 9:1 92/90  >20:1
9 Zn(0T1)2(50) ZnF; (2.0 equiv) 39 4.6:1 87/98  >20:1
10 Zn(0T1)2(50) NaF (2.0 equiv) 37 43:1 86/98  >20:1
11 Zn(OT1)2(50)  NH4F (2.0 equiv) 80 7:1 86/98  >20:1
12 Zn(OAc)2(50) none ND - - -
13 KOTTf (50) none 37 1:13 76/59  >20:1
14 Bi(OTf); (50) none 18 12:1 93/95 4:1
15 Ca(OTf)2(50) none 63 1:23  82/78  >20:1
16 Cu(OT1)2(50) none 21 4.2:1  88/83 3:1
17 Sn(OTf)2 (50) none 40 1.4:1  93/91  >20:1
18 Sc(OT1);(50) none 27 8:1 95/89  >20:1
19 Mn(OTH)2(50) none 80 1.5:1  85/80  >20:1
20 Co(OT1)2(50) none 73 7:1 90/95  >20:1
21 Ni(OTf)2(50) none 74 1:1.4 90/88  >20:1
22 Mg(OTf)2(50) none 77 3.5:1  85/77  >20:1
23 Ga(OT1)3(50) none 48 >20:1  94/92 4:1
24 LiOTf(50) none 50 1:1.5  75/60  >20:1
25 ZnF>(50) none NR - - -
26 ZnCl2 (50) none 20 2:1 84/71  >20:1
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product of 3a+4a

co-catalyst "y . rrlel
entry additives yield . ee
(x mol%) %y drlel o (Ca/Cy)
27 Znl (50) none 32 3:1 39/40 5:1
28 Al(OT1); (50) none 53 >20:1  94/93 9:1

[a] General reaction conditions: 1a (0.1 mmol), 2a (0.5 mmol), co-catalyst (50 mol%),
Rh(COD),OTf (5 mol%) and L2 (11 mol%) in the mixture solvent of DCE (1.0 mL) and CHCI3
(1.0 mL) under argon atmosphere at 45 °C for 12 h. [b] Yield of isolated product refers to the total
yield of 3a+4a. [c] The dr value was determined by '"H-NMR spectroscopy and show 3a/4a. [d]
The ee value of 3a or 4a was determined by HPLC analysis on a chiral stationary phase and show
3a/4a. [e] rr refers to the regioselective ratio of Ca:Cy between (3a+4a) and Sa, which is

determined by 'H NMR spectroscopy.

Table S4. Screening the other unstabilized nucleophiles (@

Rh(COD),OTf (5 mol%)

L2 (11 mol%)
+ 2a-2d >
Zn(OTf), (50 mol%), 45 °C

1a DCE/CHCI; (1/1),12 h (RRR)-3a o © + (S,R,R)-4ao
OTIPS OTES OTMS OTBDMS OO Vo
70 Z 0 70 Z 0 © o
2a Me 2b Me 2c Me 2d Me 5a
) leophil product of 3a+4a rrlel yield of Cy-site
entry  nucleophiles yield (%)P! drle] ee (%)l (Ca/Cy) product (%)
1 2a 71 >20:1 92/- >20:1 -
2 2b trace - - - -
3 2¢ trace - - - -
4 2d 65 2:1 80/91 11:1 6 (5a)

[a] General reaction conditions: la (0.1 mmol), 2 (0.5 mmol), Zn(OTf), (50 mol%),
Rh(COD);OTf (5 mol%) and L2 (11 mol%) in DCE (1.0 mL)+CHCI3 (1.0 mL) under argon
atmosphere at 45 °C for 12 h. [b] Yield of isolated product refers to the total yield of 3a+4a. [c]
The dr value was determined by 'H-NMR spectroscopy and show 3a/4a. [d] The ee value of 3a or
4a was determined by HPLC analysis on a chiral stationary phase and show 3a/4a. [e] 1t refers to
the regioselective ratio of Ca:Cy between (3a+4a) and 5a, which is determined by 'H NMR

spectroscopy.
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Table S5. Screening the reaction time (4]

Rh(COD),OTf (5 mol%)

1a (0.1 mmol) L2 (11 mol%)

'—I

s

ot Zn(OTH)2 (50 mol%) +
UOT'PS% °C, DCE/CHCI, (1) (o R) 2a 0 © (SRR)-4a 0
2a (0.5 mmol) time (h)
: product of 3a+4a rriel
entry  time (h) vield (%) drlc ce (%) (Ca/Cy)

1 0.5 38 >20:1 94/- >20:1
2 1 63 >20:1 92/- >20:1
3 2 69 >20:1 92/- >20:1
4 3 70 >20:1 92/- >20:1
5 4 71 >20:1 92/- >20:1
6 5 71 >20:1 92/- >20:1
7 12 71 >20:1 92/- >20:1

[a] General reaction conditions: 1la (0.1 mmol), 2a (0.5 mmol), Zn(OTf), (50 mol%),
Rh(COD);OTf (5 mol%) and L2 (11 mol%) in DCE (1.0 mL)+CHCl; (1.0 mL) under argon
atmosphere at 45 °C. [b] Yield of isolated product refers to the total yield of 3a+4a. [c] The dr
value was determined by 'H-NMR spectroscopy and show 3a/4a. [d] The ee value of 3a or 4a was
determined by HPLC analysis on a chiral stationary phase and show 3a/4a. [e] 1t refers to the
regioselective ratio of Ca:Cy between (3a+4a) and 5a, which is determined by 'H NMR

spectroscopy.

Table S6. Screening the combined co-catalysts and additives for (S,R,R)-4a 12!

Rh(COD),OTf (5 mol%)

1a (0.1 mmol) L2 (11 mol%)

* co-catalyst (20 mol%)

O _ormips , S
\U additives (y equiv), 45 °C o
RRR)3a O
2a(©5mmol) DCE/CHCI; (1), 12h  (RR

5a

co-catalyst: (R)-LA1; M=Sc,x=3
(\o (R)-LA2: M=Yb,x=3

~ (R)-LA3: M =Zn, x = 2
OO OO ”/NJ (R)-LA4 M = Sn, x =
CHCl3, Ar, RT 0- (R)-LAS: M = Ni, x =
®) MOTH: + [ j T somn o (R)-LAB: M = Li, x = 1
W (R)-LA7: M=Bi, x=3
(NMM) N (R1-LA8:M=Co,x=2
K/O (R)-LA9: M= Mg, x =2
24 mol% 20 mol% 48 mol% (R)-LA10;: M =Ga,x=3
(R-LA11: M= Al x=3

. product of 3a+4a
entry co-catalyst addeeS yield ee e
(y equiv) (%) drlel %) (Ca/Cy)
1 KOTf none <10% - - -
2 Ca(OTf)2 none <10% - - -
3 (R)-LA1 (Sc*) none 77 1:11  79/97 9:1
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product of 3a+4a

entry co-catalyst addltlYeS yield ee '
(y equiv) ) drle] (%) (Co/Cy)
4 (R)-LA2 (Yb) none 37 1:46 9293 >20:1
5 (R)-LA3 (Zn*") none 50 1:2 96/97  >20:1
6 (R)-LA4 (Sn*") none 45 <1:20 -/93 >20:1
7 (R)-LAS (Ni*") none <10% - - -
8 (R)-LA6 (Li*) none <10% ; ; ;
9 (R)-LA7 (Bi*") none 28 <1:20 -/93 >20:1
10 (R)-LAS8 (Ni%") none trace - - -
11 (R)-LA9 (Mg*) none 32 <1:20  -/90 >20:1
12 (R)-LA10 (Ga*) none 20 <1:20  -/92  >20:1
13 (R):-LAIl (AP none 18 <120 -/93  >20:1
14 (R)-LA4 (Sn*") none 45 <1:20  -/93 >20:1
15 (R-LA4(Sn¥)  i-PrOH (2.0) 61 <120 -91  >20:1
16 (R)}-LA4 (Sn) H,0 (2.0) 44 <120 -85  >20:1
147 (R)-LA4 (Sn?)  £BuOH (2.0) 67 <120 -89  >20:1
18 (R)-LAd4 (Sn¥) HFIP (2.0) 65 <120 -/88  >20:1
19 (R)-LAd4 (Sn¥) TEE (2.0) 68 <120 -/88  >20:1
20 (R)-LA4(Sn*)  TMSOH (2.0) 51 <120 -/87  >20:1
21 (R)-LA4 (Sn*) TFE (1.0) 37 <120 -89 >20:1
22 (R)-LA4 (Sn*) TFE (2.0) 68 <120 -/88  >20:1
23 (R)-LAd4 (Sn) TFE (3.5) 73 <120 /89 >20:1
24 (R)-LAd4 (Sn*) TFE (5.0) 62 <120 /85  >20:1
25  (R)}-LAd4 (Sn) TFE (10.0) 67 <120 /79 >20:1
26 (R)-LA4 (Sn?) TFE (20.0) 66 <120 -/69  >20:1
27 (R)-LAI (S¢*) TFE (3.5) 83 1:13 80/97  >20:1
28 (R-LA2(Yb*)  TFE(3.5) 62 17 92/93  >20:1

[a] General reaction conditions: 1a (0.1 mmol), 2a (0.5 mmol), Rh(COD),OTf (5 mol%), L2 (11
mol%), cocatalyst (based on 20 mol% Lewis acid salt, in CHCI3) in the solvent of DCE (1.0 mL)

under argon atmosphere at 45 °C for 12 h. The solution of cocatalyst was prepared freshly in a
separate reaction tube with the indicated Lewis acid (0.02 mmol), (R)-BINOL (0.024 mmol) and
NMM (0.048 mmol) in CHCI3 (1.0 mL) at RT for 30 min. [b] Yield of isolated product refers to

the total yield of 3a+da. [c] The dr value was determined by '"H-NMR spectroscopy and show

3a/4a. [d] The ee value of 3a or 4a was determined by HPLC analysis on a chiral stationary phase

and show 3a/4a. [e] rr refers to the regioselective ratio of Ca:Cy between (3a+4a) and 5a, which is
determined by 'H NMR spectroscopy. HFIP: (CF3)CHOH. TFE: CF;CH,OH. TMSOH:
(Me)3SiOH.
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Table S7. Screening the solvents for (S,R,R)-4a 4]

Rh(COD),OTf (5 mol%)

1a (0.1 mmol) L2 (11 mol%)

(0) * co-catalyst (20 mol%)

OTIPS :
\@/ TFE (3.5 equiv), temp (°C)

o}
2a(05mmol)  solvent-1(1/1), 12h  (RRR)-3a o ° (SR.R)-4a© 5a
co-catalyst: . (\O
® | OO~
OH [N S(/)%I;/egtT-z O-g (OTf)
+Sn(OTh), + R --Sn(OTf),
2 OH " ’ (0] 30 min O\H
(NMM) OO /\N/\
Lo
24 mol% 20mol% 48 mol%
(R)-LA4
) solvent-1 ¢ ©0) . EOduCt of 3a+da rricl
entry emp. yie €] ee
[solvent-2] %) dr (%) (Co/Cy)
1 DCE [CHCI3] 45 73 <1:20  -/89 >20:1
2 DCE [DCE] 45 46 <1:20  -/68 >20:1
3 CHCI3 [CHCI;] 45 76 <1:20  -/95 >20:1
4 CHCI3 [CHCI3] RT NR - - -
5 CHCI3 [CHCI3] 40 70 <1:20  -/95 >20:1
6 CHCI3 [CHCI3] 50 72 <1:20  -/95 >20:1
7 CHCI; [CHCIl3] 70 54 1:10 95/94 >20:1
8 CHCI; [CHCI;] 90 31 1:5 95/93 >20:1

[a] General reaction conditions: 1a (0.1 mmol), 2a (0.5 mmol), Rh(COD),OTf (5 mol%), L2 (11
mol%), (R)-LA4 (based on 20 mol% Sn(OTf),, in solvent-2) and TFE (3.5 equiv) in the indicated
solvent-1 under argon atmosphere at 45 °C for 12 h. The solution of cocatalyst (R)-LA4 was
prepared freshly in a separate reaction tube with the Sn(OTf), (0.02 mmol), (R)-BINOL (0.024
mmol) and NMM (0.048 mmol) in the indicated solvent-2 (1.0 mL) at RT for 30 min. [b] Yield of
isolated product refers to the total yield of 3a+4a. [c¢] The dr value was determined by 'H-NMR
spectroscopy and show 3a/4a. [d] The ee value of 3a or 4a was determined by HPLC analysis on a
chiral stationary phase and show 3a/4a. [e] rr refers to the regioselective ratio of Ca:Cy between
(3a+4a) and 5a, which is determined by 'H NMR spectroscopy. NR: no reaction, both starting

materials didn’t react at RT.
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Table S8. The influence of combined catalysts for (S,R,R)-4a (@]

1a (0.1 mmol)

Rh(COD),OTf (5 mol%)

L2 (11 mol%)

(0) * OTIPS co-catalyst (20 mol%) ©
\U TFE (3.5 equiv), temp (°C) 4 X
2a(05mmol)  solvent-1(1/1), 12h  (RRR)-3a © (SRR)-4a 5a
co-catalyst: (\O
SN
solvent-2 Ct)-l
_ALRT >Sn(0Tf),
+ Sn(OTf), +
2 ? [ j 30 min OH
e OO N
24 mol% 20mol% 48 mol% K/o
(R)-LA4
| product of 3a+4a
-cat t : [e]
entry c0 c.a ? yS additives yield ] ee Crr/c
(x:y:z) (%) dr (%)) (Co/Cy)
1 (R)-LA4 TFE 76 <1:20 -/95 >20:1
2 (+)-LA4 TFE 71 <1:20 -/95 >20:1
3 (5)-LA4 TFE 69 <1:20 -/95 >20:1
(R)-BINOL:
4 TFE t - - >20:1
NMM = 1.2:0:2.4 race
:Sn(OTH).:
. > .
5 NMM = 0:1:2.4 TFE 73 1:9 99/94 20:1
R)-BINOL.: T1),:
¢  (R-BINOL:Sn(OTH), TFE 61 1.4 97/93  >20:1
=1.2:1:0
:Sn(OTf)2:
1:1 4 >20:1
7 NMM = 0:1:2.4 none 73 3 99/9 0
8 Sn(OTH) TFE 68 1:1.5 93/91 -
9 (R)-BINOL TFE trace - - -
10 NMM TFE trace - - -
11 - TFE trace - - -

[a] General reaction conditions: 1a (0.1 mmol), 2a (0.5 mmol), Rh(COD).OTf (5 mol%), L2 (11
mol%), cocatalyst (based on 20 mol% Sn(OTf),, in CHCls) and TFE (3.5 equiv) in the solvent of
CHCI3 (1.0 mL) under argon atmosphere for 12 h. The solution of cocatalyst (R)-LA4 was
prepared freshly in a separate reaction tube with the Sn(OTf), (x mmol), BINOL (y mmol) and
NMM (z mmol) in CHCI3 (1.0 mL) at RT for 30 min. [b] Yield of isolated product refers to the
total yield of 3a+4a. [c] The dr value was determined by 'H-NMR spectroscopy and show 3a/4a.
[d] The ee value of 3a or 4a was determined by HPLC analysis on a chiral stationary phase and
show 3a/4a. [e] rr refers to the regioselective ratio of Ca:Cy between (3a+4a) and 5a, which is

determined by 'H NMR spectroscopy.

S10



3. General procedures for catalytic asymmetric [3+2]-

annulation

3.1 General procedure A for the synthesis of (R,R,R)-3

R Rh(COD),OTf (5 mol%)

R2_O
OTIPS L2 (11 mol%)
PO

Zn(OTH), (50 mol%), 45 °C
1 2 DCE+CHCl3 (1/1) (RRR)-3 © ©

Under an argon atmosphere, Rh(COD),OTf (2.34 mg, 5.0 mol%) and L2 (10.3
mg, 11 mol%) were dissolved in the mixture solvents of DCE (1.0 mL) and CHCl;
(1.0 mL) and the resulting solution was stirred for 30 min at RT. Subsequently,
Zn(OTf)2 (18.2 mg, 50 mol%), 1 (0.1 mmol) and 2 (0.5 mmol) were added. The
reaction mixture was stirred under argon atmosphere at 45 °C for 4-12 h. After
reaction completion, the solvent was evaporated under reduced pressure. The residue
was purified by flash column chromatography on silica gel (petroleum ether/ ethyl
acetate = 10:1) to afford (R,R,R)-3.

Note: All racemic products 3 were synthesized in the presence of the racemic
ligands (L2 and ent-L2 (1:1)). Due to the error in the preparation of racemic ligand,

some racemic products mixture have a low ee values but below 5%.

o O
(RRR)-3a
According to the general procedure A: White solid, 17.2 mg, 71% yield, >20:1 dr,

92% ee;

'H NMR (600 MHz, CDCl3) 6 7.47-7.41 (m, 1H), 7.33-7.28 (m, 2H), 7.21-7.16 (m,
1H), 6.57 (dd, J = 9.5, 3.0 Hz, 1H), 6.30 (dd, J = 9.5, 2.3 Hz, 1H), 5.04 (d, J = 14.4
Hz, 1H), 3.28-3.14 (m, 2H), 2.75-2.59 (m, 2H), 2.25 (s, 3H);

13C NMR (101 MHz, CDCls) § 205.2, 176.8, 134.4, 132.8, 131.7, 128.2, 127.8, 127.0,
124.1, 123.9,79.1, 46.7,42.7, 40.4, 30.1;

HRMS (ESI) m/z: [M+H]" calculated for CisHi5s03": 243.1016, found: 243.1016;
HPLC analysis: Daicel CHIRALCEL® OD-H, n-hexane/i-PrOH = 85/15, flow rate =
1.0 mL/min, A = 254 nm, retention time: t major = 12.8 min, t minor = 15.6 min;

[0]p® = +48.3 (¢ = 0.1, CHCl3).
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(S,5,5)-3a
According to the general procedure A, ent-L2 was used as the ligand. White solid,

19.3 mg, 80% yield, 10:1 dr, 87% ee;

Spectral data were in agreement with those of the enantiomer reported above;

HRMS (ESI) m/z: [M+H]" calculated for Ci5H1503": 243.1016, found: 243.1017;
HPLC analysis: Daicel CHIRALCEL® OD-H, n-hexane/i-PrOH = 85/15, flow rate =

1.0 mL/min, A = 254 nm, retention time: t minor = 13.0 min, t major = 15.2 min;

[a]p? = -30.5 (c = 0.1, CHCL:).

Me

(RRR)-3b °
According to the general procedure A: White solid, 19.7 mg, 73% yield, 11:1 dr, 90%

ee;

TH NMR (600 MHz, CDCl3) 6 7.21 (s, 1H), 6.97 (s, 1H), 6.51 (dd, J = 9.5, 3.0 Hz,
1H), 6.21 (dd, J = 9.5, 2.2 Hz, 1H), 4.98 (d, J = 14.3 Hz, 1H), 3.25-3.15 (m, 2H),
2.69-2.57 (m, 2H), 2.28 (s, 3H), 2.25 (d, 6H);

13C NMR (151 MHz, CDCl;) § 205.3, 177.8, 136.6, 136.0, 131.6, 130.0, 129.5, 128.4,
124.8, 123.0, 80.8, 47.5,42.8, 40.7, 30.1, 19.7, 19.5;

HRMS (ESI) m/z: [M+H]" calculated for Ci17H1903": 271.1329, found: 271.1324;
HPLC analysis: Daicel CHIRALCEL® OD-H, n-hexane/i-PrOH = 90/10, flow rate =
1.0 mL/min, A = 254 nm, retention time: t major = 15.0 min, t minor = 17.5 min;

[0]p® = +6.5 (c = 0.1, CHCls).

(RRR)-3¢c

According to the general procedure A: White solid, 21.7 mg, 72% yield, 7:1 rr, 10:1
dr, 89% ee;
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TH NMR (400 MHz, CDCl3) § 7.00 (s, 1H), 6.74 (s, 1H), 6.48 (dd, J = 9.5, 3.0 Hz,
1H), 6.19 (dd, J = 9.5, 2.2 Hz, 1H), 4.97 (d, J = 14.6 Hz, 1H), 3.89 (d, J = 15.5 Hz,
6H), 3.27-3.13 (m, 2H), 2.72-2.57 (m, 2H), 2.25 (s, 3H);

13C NMR (101 MHz, CDCl;) 6 205.3, 177.8, 148.8, 148.3, 129.2, 127.2, 125.0, 124.0,
110.8, 105.6, 80.8, 56.1, 56.1, 47.5, 42.7, 40.7, 30.1;

HRMS (ESI) m/z: [M+H]" calculated for C17H1905": 303.1227, found: 303.1226;
HPLC analysis: Daicel CHIRALCEL® OD-H, n-hexane/i-PrOH = 80/20, flow rate =
1.0 mL/min, A = 254 nm, retention time: t major = 19.3 min, t minor = 23.0 min;

[0]p® = +25.8 (¢ = 0.092, CHCL).

(RRRK3d O ©

According to the general procedure A: White solid, 18.9 mg, 63% yield, 14:1 rr, 10:1
dr, 92% ee;

'TH NMR (600 MHz, CDCl3) § 6.94 (s, 1H), 6.72 (s, 1H), 6.43 (dd, J = 9.5, 2.9 Hz,
1H), 6.16 (dd, J = 9.5, 2.3 Hz, 1H), 4.92 (d, J = 14.2 Hz, 1H), 4.29-4.22 (m, 4H),
3.25-3.12 (m, 2H), 2.68-2.55 (m, 2H), 2.24 (s, 3H);

13C NMR (151 MHz, CDCls) § 205.3, 177.7, 143.2, 142.8, 129.0, 127.9, 126.0, 124.1,
116.3,111.4, 80.5, 64.5, 64.3, 47.4, 42.8, 40.7, 30.1;

HRMS (ESI) m/z: [M+H]" calculated for Ci7H705": 301.1071, found: 301.1068;
HPLC analysis: Daicel CHIRALCEL® OD-H, n-hexane/i-PrOH = 75/25, flow rate =
1.0 mL/min, A = 254 nm, retention time: t major = 17.6 min, t minor = 24.6 min;

[a]p? = -25.9 (c = 0.088, CHCls).

(RRR)-3e

According to the general procedure A: White solid, 18.3 mg, 64% yield, 14:1 rr, 13:1
dr, 92% ee;

TH NMR (600 MHz, CDCl3) § 6.95 (s, 1H), 6.69 (s, 1H), 6.44 (dd, J = 9.5, 2.9 Hz,
1H), 6.20 (dd, J=9.5, 2.2 Hz, 1H), 5.97 (d, /= 7.0 Hz, 2H), 4.91 (d, J= 14.7 Hz, 1H),

3.25-3.13 (m, 2H), 2.69-2.55 (m, 2H), 2.24 (s, 3H):;
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13C NMR (151 MHz, CDCl3) 6 205.3, 177.6, 147.2, 147.1, 129.4, 128.7, 126.4, 124.2,
107.8, 103.4, 101.2, 80.8, 47.3,42.7, 40.6, 30.1;

HRMS (ESI) m/z: [M+H]" calculated for Ci1sH1505": 287.0914, found: 287.0915;
HPLC analysis: Daicel CHIRALPAK® AD-H, n-hexane/i-PrOH = 80/20, flow rate =
1.0 mL/min, A = 254 nm, retention time: t major = 15.6 min, t minor = 19.8 min;

[a]p? = +56.5 (¢ = 0.1, CHCL;).

0
(RRR)-3f ©

According to the general procedure A, when Zn(OTf): as the co-catalyst: White solid,
19.8 mg, 68% yield, 8:1 dr, 92% ee;

Yb(OTf); was used as the co-catalyst instead of Zn(OTf).: 20.4 mg, 70% yield, >20:1
dr, 92% ee;

'TH NMR (400 MHz, CDCl;) 6 7.90-7.76 (m, 3H), 7.63 (s, 1H), 7.56-7.43 (m, 2H),
6.73 (dd, J = 9.6, 3.0 Hz, 1H), 6.33 (dd, J = 9.6, 2.2 Hz, 1H), 5.16 (d, J = 13.2 Hz,
1H), 3.34-3.20 (m, 2H), 2.81-2.62 (m, 2H), 2.26 (s, 3H);

3C NMR (101 MHz, CDCl5) 6 205.3, 177.6, 132.9, 132.6, 131.8, 130.5, 129.7, 128.1,
127.9, 126.7, 126.4, 126.2, 126.1, 120.3, 80.6, 47.2, 42.8, 40.8, 30.1;

HRMS (ESI) m/z: [M+H]" calculated for C1oH1703": 293.1172, found: 293.1176;
HPLC analysis: Daicel CHIRALCEL® OD-H, n-hexane/i-PrOH = 80/20, flow rate =
1.0 mL/min, A = 254 nm, retention time: t major = 17.8 min, t minor = 22.2 min,;

[a]p? = +45.0 (c = 0.1, CHCL;).

(RRR)-3g

According to the general procedure A: White solid, 20.8 mg, 75% yield, 11:1 dr, 90%
ee;

'"H NMR (500 MHz, CDCl3) § 7.29-7.23 (m, 1H), 7.02 (dd, J = 10.5, 7.5 Hz, 1H),
6.48 (dd, J = 9.6, 3.0 Hz, 1H), 6.36 (dd, J = 9.7, 2.2 Hz, 1H), 4.94 (d, J = 14.5 Hz,
1H), 3.25 (dd, J = 18.6, 3.6 Hz, 1H), 3.19 (ddd, J = 12.2, 8.3, 3.5 Hz, 1H), 2.71-2.61

(m, 2H), 2.25 (s, 3H);
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13C NMR (126 MHz, CDCl3) 6 205.3, 177.1, 150.7 (dd, J = 27.6, 13.0 Hz), 148.7 (dd, J
=31.1, 13.0 Hz), 130.9 (dd, J = 6.4, 3.6 Hz), 129.0 (dd, J = 6.4, 4.3 Hz), 128.0, 127.0 (d, J =
2.1 Hz), 116.2 (d,J=18.4Hz), 111.8 (d,J=19.7 Hz), 79.4, 46.7, 42.7, 40.4, 30.1;

YF NMR (471 MHz, CDCl3) § -136.72, -138.97;

HRMS (ESI) m/z: [M+H]" calculated for C1sHi3F203": 279.0827, found: 279.0827,
HPLC analysis: Daicel CHIRALCEL® OD-H, n-hexane/i-PrOH = 80/20, flow rate =
1.0 mL/min, A = 254 nm, retention time: t major = 15.1 min, t minor = 18.0 min;

[0]p? = -4.8 (c = 0.1, CHCl;).

(R,RR)-3h

According to the general procedure A, when Zn(OTY), was used as the co-catalyst:
White solid, 31 mg, 78% yield, 8:1 dr, 94% ee;

Lu(OTf)s was used as the co-catalyst at 50 °C: 29 mg, 73% yield, 11:1 dr, 94% ee;

'"H NMR (400 MHz, CDCl3) 6 7.67 (s, 1H), 7.44 (s, 1H), 6.51-6.37 (m, 2H), 4.92 (d,
J=14.4 Hz, 1H), 3.34-3.07 (m, 2H), 2.77-2.53 (m, 2H), 2.25 (s, 3H);

13C NMR (101 MHz, CDCl3) 6 205.2, 176.8, 134.4, 132.8, 131.7, 128.2, 127.8, 127.0,
124.1, 123.9,79.1, 46.7,42.7, 40.4, 30.1;

HRMS (ESI) m/z: [M+H]" calculated for CisH13Br,O3": 398.9226, found: 398.9222;
HPLC analysis: Daicel CHIRALCEL® OD-H, n-hexane/i-PrOH = 80/20, flow rate =
1.0 mL/min, A = 254 nm, retention time: t major = 18.3 min, t minor = 21.4 min;

[0]p® = +6.2 (c = 0.1, CHCls).

(RR,R)-3i

According to the general procedure A, when Zn(OTf), was used as the co-catalyst:
White solid, 17.9 mg, 70% yield, 7:1 dr, 91% ee;
Yb(OTf); was used as the co-catalyst: 18.9 mg, 74% yield, 10:1 dr, 91% ee;
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'H NMR (400 MHz, CDCl3) & 7.48-7.40 (m, 1H), 7.34-7.27 (m, 2H), 7.23-7.16 (m,
1H), 6.57 (dd, J = 9.6, 3.0 Hz, 1H), 6.30 (dd, J = 9.5, 2.2 Hz, 1H), 5.04 (d, J = 14.4
Hz, 1H), 3.31-3.14 (m, 2H), 2.77-2.41 (m, 4H), 1.11 (t, /= 7.3 Hz, 3H);

13C NMR (101 MHz, CDCl;) 6 208.3, 177.8, 134.1, 132.3, 129.6, 128.0, 127.9, 126.9,
126.1, 121.6, 80.6, 47.1, 41.4, 40.6, 36.2, 7.7,

HRMS (ESI) m/z: [M+H]" calculated for CisH17035": 257.1172, found: 257.1174;
HPLC analysis: Daicel CHIRALCEL® OD-H, n-hexane/i-PrOH = 90/10, flow rate =
1.0 mL/min, A = 254 nm, retention time: t major = 14.1 min, t minor = 17.0 min;

[0]p® = -4.75 (c = 0.08, CHCL).

n-CgHqz
o 0
(RR,R)-3j

According to the general procedure A, when Zn(OTf), was used as the co-catalyst:
White solid, 26.6 mg, 85% yield, 7:1 dr, 83% ee;

Al(OTY); was used as the co-catalyst: 25.0 mg, 80% yield, 15:1 dr, 89% ee;

'TH NMR (600 MHz, CDCl;) § 7.47-7.40 (m, 1H), 7.36-7.27 (m, 2H), 7.22-7.15 (m,
1H), 6.56 (dd, J = 9.5, 3.1 Hz, 1H), 6.29 (dd, J = 9.5, 2.2 Hz, 1H), 5.03 (d, J = 14.4
Hz, 1H), 3.31-3.14 (m, 2H), 2.67 (ddt, J = 14.3, 12.7, 2.6 Hz, 1H), 2.64-2.58 (m, 1H),
2.49 (tq, J = 16.6, 7.5 Hz, 2H), 1.62-1.55 (m, 2H), 1.36-1.26 (m, 6H), 0.92-0.82 (m,
3H);

13C NMR (151 MHz, CDCl;) § 208.0, 177.8, 134.1, 132.3, 129.6, 128.0, 127.9, 126.9,
126.1, 121.6, 80.6, 47.1,43.0, 41.8, 40.6, 31.5, 28.8, 23.7, 22.4, 14.0;

HRMS (ESI) m/z: [M+H]" calculated for C20H2503": 313.1798, found: 313.1795;
HPLC analysis: Daicel CHIRALPAK® AD-H, n-hexane/i-PrOH = 95/5, flow rate =
1.0 mL/min, A = 254 nm, retention time: t major = 11.2 min, t minor = 15.6 min;

[0]p® = -13.53 (c = 0.068, CHCL).

(R.RR)-3k
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According to the general procedure A, when Zn(OTf), was used as the co-catalyst:
White solid, 20.7 mg, 65% yield, 10:1 dr, 98% ee;

Lu(OTf)s was used as the co-catalyst: 21.0 mg, 66% yield, 10:1 dr, 94% ee;

'H NMR (500 MHz, CDCl3) 6 7.48-7.41 (m, 1H), 7.35-7.27 (m, 2H), 7.22-7.17 (m,
1H), 6.58 (dd, J = 9.5, 3.1 Hz, 1H), 6.28 (dd, J = 9.5, 2.3 Hz, 1H), 5.04 (d, J = 14.4
Hz, 1H), 3.60-3.50 (m, 2H), 3.27-3.20 (m, 1H), 3.18 (dd, J = 18.2, 4.1 Hz, 1H), 2.74-
2.47 (m, 4H), 1.86-1.73 (m, 4H);

13C NMR (101 MHz, CDCls) 6 207.1, 177.7, 134.0, 132.2, 129.7, 128.0, 127.9, 127.0,
125.9, 121.6, 80.6, 46.9, 44.5, 42.0, 41.7, 40.6, 31.7, 20.9;

HRMS (ESI) m/z: [M+H]" calculated for Ci1sH20C103™: 319.1095, found: 319.1094;
HPLC analysis: Daicel CHIRALPAK® AD-H, n-hexane/i-PrOH = 90/10, flow rate =
1.0 mL/min, A = 254 nm, retention time: t major = 18.0 min, t minor = 29.7 min;

[0]p® = +60.2 (¢ = 0.1, CHCl3).

5 O
(RR.R)3I

According to the general procedure A, when Zn(OTf), was used as the co-catalyst:
White solid, 19 mg, 71% yield, 7:1 dr, 89% ee;

Al(OTf); was used as the co-catalyst: 17.7 mg, 66% yield, >20:1 dr, 89% ee;

'H NMR (600 MHz, CDCls)  7.48-7.42 (m, 1H), 7.34-7.27 (m, 2H), 7.22-7.16 (m,
1H), 6.95 (dq, J = 15.8, 6.8 Hz, 1H), 6.56 (dd, J=9.5, 3.0 Hz, 1H), 6.32 (dd, /= 9.5,
2.3 Hz, 1H), 6.19 (dq, J = 15.7, 1.7 Hz, 1H), 5.05 (d, J = 14.5 Hz, 1H), 3.36 (dd, J =
18.1, 3.3 Hz, 1H), 3.28 (ddd, J = 12.4, 9.0, 3.3 Hz, 1H), 2.74 (dd, J = 18.1, 9.0 Hz,
1H), 2.68 (ddt, J=14.9, 12.7, 2.6 Hz, 1H), 1.94 (dd, /= 6.8, 1.7 Hz, 3H);

13C NMR (151 MHz, CDCl) § 196.6, 178.0, 144.2, 134.1, 132.3, 131.4, 129.5, 128.0,
127.9, 126.9, 126.4, 121.6, 80.6, 47.4, 40.7, 39.4, 18.4;

HRMS (ESI) m/z: [M+H]" calculated for C17H1705": 269.1172, found: 269.1177;
HPLC analysis: Daicel CHIRALPAK® AD-H, n-hexane/i-PrOH = 90/10, flow rate =
1.0 mL/min, A = 254 nm, retention time: t major = 13.7 min, t minor = 19.8 min;

[a]2° = +170.5 (c = 0.1, CHCL:).
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5 O
(R,R,R)-3m

According to the general procedure A: White solid, 24.8 mg, 78% yield, >20:1 dr,
90% ee;

'H NMR (600 MHz, CDCl3) 6 7.44-7.39 (m, 1H), 7.36-7.32 (m, 2H), 7.31-7.26 (m,
3H), 7.24-7.19 (m, 2H), 7.20-7.15 (m, 1H), 6.54 (dd, J=9.5, 2.9 Hz, 1H), 6.23 (dd, J
=9.6, 2.2 Hz, 1H), 5.01 (d, J = 14.4 Hz, 1H), 3.83-3.72 (m, 2H), 3.26-3.15 (m, 2H),
2.70-2.62 (m, 1H), 2.59 (ddt, J=14.9, 12.4, 2.6 Hz, 1H);

13C NMR (151 MHz, CDCl3) 6 205.4, 177.6, 134.0, 133.5, 132.2, 129.6, 129.4, 128.9,
128.0, 127.9, 127.3, 126.9, 126.0, 121.6, 80.6, 50.3, 47.0, 41.1, 40.7;

HRMS (ESI) m/z: [M+H]" calculated for C21H1903": 319.1329, found: 319.1324;
HPLC analysis: Daicel CHIRALPAK® AD-H, n-hexane/i-PrOH = 85/15, flow rate =
1.0 mL/min, A = 254 nm, retention time: t major = 14.4 min, t minor = 19.5 min;

[a]p? = +17.7 (¢ = 0.08, CHCL:).

5 O
(RRR)3n

According to the general procedure A, when Zn(OTf), was used as the co-catalyst:
White solid, 24.8 mg, 80% yield, 6:1 dr, 92% ee;

Ga(OTf); was used as the co-catalyst: 22.6 mg, 73% yield, 11:1 dr, 92% ee;

'TH NMR (500 MHz, CDCl;) & 7.48-7.39 (m, 1H), 7.35-7.27 (m, 2H), 7.21-7.16 (m,
1H), 6.56 (dd, J = 9.6, 3.0 Hz, 1H), 6.27 (dd, J = 9.6, 2.3 Hz, 1H), 5.03 (d, J = 14.4
Hz, 1H), 3.28-3.16 (m, 2H), 2.72-2.59 (m, 2H), 2.40 (tt, /= 11.2, 3.4 Hz, 1H), 1.94-
1.83 (m, 2H), 1.83-1.75 (m, 2H), 1.72-1.64 (m, 1H), 1.44-1.14 (m, SH);

3C NMR (126 MHz, CDCl3) 6 211.0, 178.0, 134.1, 132.3, 129.6, 128.0, 127.9, 126.9,
126.2, 121.6, 80.5, 50.9, 47.2, 40.6, 39.9, 28.4, 28.3, 25.7, 25.6, 25.5;

HRMS (ESI) m/z: [M+H]" calculated for C20H2303": 311.1642, found: 311.1645;
HPLC analysis: Daicel CHIRALPAK® AS-H, n-hexane/i-PrOH = 90/10, flow rate =
1.0 mL/min, A = 254 nm, retention time: t minor = 16.2 min, t major = 21.5 min;

[a]p? = +42 (c = 0.1, CHCls).
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3.2 General procedure B for the synthesis of (S,R,R)-4
Rh(COD),OTf (5 mol%)

R1
sz/j?/o.nps L2 (11 mol%)
+
R L/ (R)-LA4 (20 mol%)
1 2

TFE, 45°C, CHCl3, 12 h

co-catalyst:
O
S

O ' CO
OH CHCl3, Ar, RT 0

N
e, ~Sn(OTf),
‘ oH + Sn(OTh), + [oj 30 min ‘ 0\'
H.
O O N/\
~
o}
24 mol% 20 mol% 48 mol% (Ry-LA4 K/

In a reaction tube, Rh(COD),OTf (2.34 mg, 5.0 mol%) and L2 (10.3 mg, 11
mol%) were dissolved in CHCI3 (1.0 mL) and the resulting solution was stirred for 30
min at RT. In another reaction tube, (R)-BINOL (6.84 mg, 24 mol%), Sn(OTf). (8.34
mg, 20 mol%), NMM (4.9 mg, 48 mol%) were dissolved in CHCI3 (1.0 mL) and the
resulting solution of cocatalyst (R)-LLA4 also was stirred for 30 min at RT. Then, the
cocatalyst (R)-LA4 in CHCI; were added to the first reaction tube. Subsequently, TFE
(35 mg, 3.5 eq), 1 (0.1 mmol) and 2 (0.5 mmol) were added. The reaction mixture was
stirred under argon atmosphere at 45 °C for 12 h. After reaction completion, the
solvent was evaporated under reduced pressure. The residue was purified by flash
column chromatography on silica gel (petroleum ether/ ethyl acetate = 10:1) to afford
the (S,R,R)-4.

Note: All racemic products 4 were synthesized in the presence of the racemic
ligands (L2 and ent-L.2 (1:1)). Due to the error in the preparation of racemic ligand,

some racemic product mixture have a low ee values but below 5%.

(S,RR)-4a
According to the general procedure B: White solid, 18.4 mg, 76% yield, >20:1 dr,

95% ee;
'H NMR (400 MHz, CDCl3) 6 7.47-7.40 (m, 1H), 7.35-7.27 (m, 2H), 7.21-7.15 (m,
1H), 6.56 (dd, J = 9.6, 3.1 Hz, 1H), 5.99 (dd, J = 9.5, 2.4 Hz, 1H), 5.14 (d, J=15.0
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Hz, 1H), 3.41 (ddd, J = 10.7, 7.8, 3.2 Hz, 1H), 3.18 (ddt, J = 15.0, 7.8, 2.8 Hz, 1H),
3.00 (dd, J=18.4, 10.6 Hz, 1H), 2.85 (dd, J=18.4, 3.1 Hz, 1H), 2.28 (s, 3H);

3C NMR (101 MHz, CDCl;) 6 204.3, 178.8, 133.9, 132.0, 131.0, 128.2, 127.9, 127.0,
124.5, 121.8, 80.2, 44.4, 39.3, 38.6, 30.0;

HRMS (ESI) m/z: [M+H]" calculated for CisH;503": 243.1016, found: 243.1012;
HPLC analysis: Daicel CHIRALPAK® AS-H, n-hexane/i-PrOH = 85/15, flow rate =
1.0 mL/min, A = 254 nm, retention time: t minor = 26.5 min, t major = 30.0 min;

[a]p? = +118.3 (c = 0.1, CHCL:).

o ©
(R,S,S)-4a
According to the general procedure B: ent-L2 was used as the ligand. White solid,

16.9 mg, 70% yield, >20:1 dr, 96% ee;

Spectral data were in agreement with those of the enantiomer reported above;

HPLC analysis: Daicel CHIRALPAK® AS-H, n-hexane/i-PrOH = 85/15, flow rate =
1.0 mL/min, A = 254 nm,, retention time: t major = 26.6 min, t minor = 31.2 min;

HRMS (ESI) m/z: [M+H]" calculated for Ci5H1503": 243.1016, found: 243.1015;
[a]p® =-90.0 (c = 0.1, CHCly).

(S,R R)-4b

According to the general procedure B: White solid, 19.2 mg, 71% yield, >20:1 dr,
93% ee;

TH NMR (500 MHz, CDCl3) § 7.20 (s, 1H), 6.96 (s, 1H), 6.49 (dd, J = 9.6, 3.2 Hz,
1H), 5.90 (dd, J=9.5, 2.4 Hz, 1H), 5.08 (d, /= 15.0 Hz, 1H), 3.39 (ddd, J=10.7, 7.8,
3.1 Hz, 1H), 3.11 (ddt, J = 15.1, 7.8, 2.8 Hz, 1H), 2.99 (dd, J = 18.4, 10.6 Hz, 1H),
2.83 (dd, J=18.3, 3.1 Hz, 1H), 2.28 (d, 6H), 2.25 (s, 3H);

13C NMR (126 MHz, CDCl3) 6 204.3, 178.9, 136.8, 136.0, 131.4, 130.8, 129.7, 128.4,

123.3,123.1, 80.3, 44.8, 39.3, 38.6, 30.0, 19.7, 19.5;
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HRMS (ESI) m/z: [M+H]" calculated for Ci7H1903*: 271.1329, found: 271.1329;
HPLC analysis: Daicel CHIRALCEL® OD-H, n-hexane/i-PrOH = 90/10, flow rate =
1.0 mL/min, A = 254 nm, retention time: t minor = 15.4 min, t major = 17.4 min;

[a]p? = +124.6 (c = 0.1, CHCL:).

(S,R R)-4d

According to the general procedure B: White solid, 18.3 mg, 61% yield, >20:1 dr,
94% ee;

TH NMR (600 MHz, CDCl3) § 6.92 (s, 1H), 6.70 (s, 1H), 6.41 (dd, J = 9.5, 3.1 Hz,
1H), 5.85 (dd, /=9.5, 2.4 Hz, 1H), 5.01 (d, J = 14.8 Hz, 1H), 4.29-4.21 (m, 4H), 3.38
(ddd, J =10.7, 7.8, 3.1 Hz, 1H), 3.09 (ddt, J = 14.9, 7.7, 2.8 Hz, 1H), 2.97 (dd, J =
18.4,10.7 Hz, 1H), 2.81 (dd, J=18.4, 3.1 Hz, 1H), 2.26 (s, 3H);

13C NMR (151 MHz, CDCl3) 6 204.3, 178.8, 143.3, 142.8, 130.3, 127.6, 125.7, 122.6,
116.3, 111.5, 80.0, 64.5, 64.3, 44.6, 39.2, 38.6, 30.0;

HRMS (ESI) m/z: [M+H]" calculated for C17H1705": 301.1071, found: 301.1070;
HPLC analysis: Daicel CHIRALCEL® OD-H, n-hexane/i-PrOH = 80/20, flow rate =
1.0 mL/min, A = 254 nm, retention time: t minor = 25.2 min, t major = 29.0 min;

[a]p? = +141.9 (c = 0.1, CHCL).

(S,R,R)-4e

According to the general procedure B, 3.0 eq 2 was used at 40 °C: White solid, 16.6
mg, 58% yield, 92% ee;

'TH NMR (500 MHz, CDCl;) 3 6.93 (s, 1H), 6.68 (s, 1H), 6.42 (dd, J = 9.6, 3.1 Hz,
1H), 5.97 (dd, J = 5.6, 1.4 Hz, 2H), 5.89 (dd, J = 9.6, 2.4 Hz, 1H), 5.02 (d, J = 15.4
Hz, 1H), 3.38 (ddd, J = 10.8, 7.9, 3.1 Hz, 1H), 3.10 (ddt, J = 15.4, 7.8, 2.8 Hz, 1H),
2.99 (dd, J=18.5,10.7 Hz, 1H), 2.82 (dd, J = 18.5, 3.1 Hz, 1H), 2.27 (s, 3H);
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13C NMR (126 MHz, CDCl3) 6 204.3, 178.7, 147.3, 147.1, 130.7, 128.4, 126.1, 122.6,
107.9, 103.6, 101.2, 80.3, 44.6, 39.3, 38.6, 30.0;

HRMS (ESI) m/z: [M+H]" calculated for Ci1¢H1505": 287.0914, found: 287.0913;
HPLC analysis: Daicel CHIRALCEL® OD-H, n-hexane/i-PrOH = 70/30, flow rate =
1.0 mL/min, A = 254 nm, retention time: t minor = 13.7 min, t major = 15.8 min;

[a]p® =+171.8 (c = 0.084, CHCl3).

(S,R,R)-4f

According to the general procedure B: White solid, 22.2 mg, 76% yield, >20:1 dr,
94% ee;

TH NMR (600 MHz, CDCl;) 6 7.87-7.78 (m, 3H), 7.63 (s, 1H), 7.52-7.45 (m, 2H),
6.72 (dd, J=9.5, 3.1 Hz, 1H), 6.01 (dd, J = 9.5, 2.4 Hz, 1H), 5.25 (d, J = 13.9 Hz,
1H), 3.46 (ddd, J=10.7, 7.7, 3.1 Hz, 1H), 3.24 (ddt, J = 13.9, 7.7, 2.8 Hz, 1H), 3.02
(dd, J=18.4,10.6 Hz, 1H), 2.88 (dd, J = 18.4, 3.1 Hz, 1H), 2.30 (s, 3H);

3C NMR (151 MHz, CDCl;) 6 204.3, 178.7, 132.9, 132.8, 131.7, 131.2, 130.3, 128.1,
127.9, 126.8, 126.5, 126.4, 124.7, 120.6, 80.2, 44.4, 39.3, 38.8, 30.0;

HRMS (ESI) m/z: [M+H]" calculated for C19H1703": 293.1172, found: 293.1168;
HPLC analysis: Daicel CHIRALCEL® OD-H, n-hexane/i-PrOH = 80/20, flow rate =
1.0 mL/min, A = 254 nm, retention time: t minor = 21.3 min, t major = 25.8 min;

[a]p? = +145 (c = 0.1, CHCL).

(S,R.R)-4g

According to the general procedure B, the reaction was conducted at 40 °C: White
solid, 17.3 mg, 63% yield, >20:1 dr, 95% ee;
TH NMR (500 MHz, CDCl3) § 7.26-7.20 (m, 1H), 7.01 (dd, J = 10.6, 7.5 Hz, 1H),

6.46 (dd, J = 9.6, 3.1 Hz, 1H), 6.04 (dd, J = 9.7, 2.4 Hz, 1H), 5.03 (d, J = 15.2 Hz,
S22



1H), 3.41 (ddd, J=10.8, 7.8, 3.1 Hz, 1H), 3.14 (ddt, J = 15.2, 7.8, 2.8 Hz, 1H), 2.97
(dd, J=18.5,10.7 Hz, 1H), 2.85 (dd, J = 18.5, 3.1 Hz, 1H), 2.28 (s, 3H);

13C NMR (126 MHz, CDCl;3) 6 204.1, 178.1, 150.8 (dd, J=13.4, 9.5 Hz), 148.8 (t,
J=13.1 Hz), 130.8 (dd, J=5.8,4.0 Hz), 129.3 (d, J = 1.9 Hz), 128.8 (dd, J = 6.3,
4.4 Hz), 125.5 (d,J=2.3 Hz), 116.3 (d, J = 18.4 Hz), 112.0 (dd, J = 19.8 Hz),
79.0, 44.1, 39.3, 38.5, 30.0;

YF NMR (471 MHz, CDCl3) 6 -136.4, -138.9;

HRMS (ESI) m/z: [M+H]" calculated for CisH13F203": 279.0827, found: 279.0827;
HPLC analysis: Daicel CHIRALCEL® OD-H, n-hexane/i-PrOH = 80/20, flow rate =
1.0 mL/min, A = 254 nm, retention time: t minor = 16.1 min, t major = 18.5 min;

[a]p? = +92.4 (c = 0.088, CHCls).

(S,R R)-4h

According to the general procedure B: White solid, 25.9 mg, 65% yield, >20:1 dr,
90% ee;

'TH NMR (600 MHz, CDCl3) & 7.68 (s, 1H), 7.44 (s, 1H), 6.47 (dd, J = 9.5, 3.1 Hz,
1H), 6.09 (dd, J=9.5, 2.4 Hz, 1H), 5.02 (d, /= 15.1 Hz, 1H), 3.41 (ddd, J=10.7, 7.7,
3.0 Hz, 1H), 3.13 (ddt, J = 15.1, 7.8, 2.8 Hz, 1H), 2.96 (dd, J = 18.5, 10.6 Hz, 1H),
2.86 (dd, J=18.5, 3.1 Hz, 1H), 2.28 (s, 3H);

13C NMR (151 MHz, CDCl3) 6 204.1, 177.9, 134.3, 132.5, 131.8, 129.2, 127.3, 126.8,
124.2,124.1, 78.7, 44.0, 39.2, 38.4, 30.0;

HRMS (ESI) m/z: [M+H]" calculated for Ci1sH13Br,O3": 398.9226, found: 398.9230;
HPLC analysis: Daicel CHIRALCEL® OD-H, n-hexane/i-PrOH = 70/30, flow rate =
1.0 mL/min, A = 254 nm, retention time: t minor = 15.4 min, t major = 21.6 min;

[a]p? = +100.1 (c = 0.1, CHC:).

S23



(S,R,R)-4i

According to the general procedure B: White solid, 17.7 mg, 69% yield, >20:1 dr,
95% ee;

'TH NMR (500 MHz, CDCl;) § 7.46-7.40 (m, 1H), 7.34-7.27 (m, 2H), 7.21-7.15 (m,
1H), 6.55 (dd, J = 9.5, 3.1 Hz, 1H), 5.97 (dd, J = 9.5, 2.4 Hz, 1H), 5.14 (d, J = 15.0
Hz, 1H), 3.43 (ddd, J = 10.8, 7.8, 3.1 Hz, 1H), 3.17 (ddt, J = 15.1, 7.9, 2.8 Hz, 1H),
2.97 (dd, J=18.2, 10.7 Hz, 1H), 2.81 (dd, J = 18.2, 3.2 Hz, 1H), 2.61-2.49 (m, 2H),
1.14 (t,J = 7.4 Hz, 3H);

13C NMR (126 MHz, CDCl3) 6 207.2, 178.9, 133.9, 132.0, 131.0, 128.2, 127.9, 127.0,
124.6, 121.8, 80.1, 44.4, 38.6, 38.0, 36.1, 7.9;

HRMS (ESI) m/z: [M+H]" calculated for Ci1¢H1703": 257.1172, found: 257.1167,;
HPLC analysis: Daicel CHIRALPAK® AD-H, n-hexane/i-PrOH = 85/15, flow rate =
1.0 mL/min, A = 254 nm, retention time: t minor = 10.4 min, t major = 11.1 min;

[a]p? = +108.3 (c = 0.1, CHC:).

(S,R,R)-4j

According to the general procedure B: White solid, 20.3 mg, 65% yield, >20:1 dr,
95% ee;

TH NMR (500 MHz, CDCl3) § 7.47-7.40 (m, 1H), 7.34-7.27 (m, 2H), 7.21-7.15 (m,
1H), 6.55 (dd, J = 9.6, 3.1 Hz, 1H), 5.97 (dd, J = 9.6, 2.5 Hz, 1H), 5.13 (d, J = 15.0
Hz, 1H), 3.42 (ddd, J = 10.8, 7.8, 3.0 Hz, 1H), 3.17 (ddt, J = 15.1, 7.8, 2.8 Hz, 1H),
2.97 (dd, J = 18.3, 10.8 Hz, 1H), 2.80 (dd, J = 18.3, 3.1 Hz, 1H), 2.57-2.44 (m, 2H),
1.65-1.58 (m, 2H), 1.36-1.26 (m, 6H), 0.95-0.85 (m, 3H);

3C NMR (126 MHz, CDCl5) 6 206.9, 178.9, 133.9, 132.0, 130.9, 128.2, 127.9, 127.0,
124.6, 121.8, 80.1,44.4,42.9, 38.5, 38.4, 31.5, 28.8, 23.9, 22 .4, 14.0;

HRMS (ESI) m/z: [M+H]" calculated for C20H2503": 313.1798, found: 313.1801;

HPLC analysis: Daicel CHIRALCEL® OD-H, n-hexane/i-PrOH = 95/5, flow rate =
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1.0 mL/min, A = 254 nm, retention time: t minor = 22.9 min, t major = 24.1 min;

[a]p? = +107.2 (c = 0.1, CHCL:).

(S,R,R)-4k

According to the general procedure B: White solid, 19.1 mg, 60% yield, >20:1 dr,
97% ee;

TH NMR (600 MHz, CDCl;) § 7.47-7.40 (m, 1H), 7.34-7.28 (m, 2H), 7.21-7.15 (m,
1H), 6.56 (dd, J =9.5, 3.1 Hz, 1H), 5.96 (dd, J = 9.5, 2.4 Hz, 1H), 5.14 (d, J = 15.0
Hz, 1H), 3.62-3.53 (m, 2H), 3.42 (ddd, J=10.8, 7.7, 3.2 Hz, 1H), 3.18 (ddt, J = 15.1,
7.8, 2.8 Hz, 1H), 2.97 (dd, J = 18.2, 10.6 Hz, 1H), 2.82 (dd, J = 18.1, 3.3 Hz, 1H),
2.65-2.50 (m, 2H), 1.87-1.77 (m, 4H);

13C NMR (151 MHz, CDCl;) § 206.0, 178.7, 133.9, 132.0, 131.1, 128.3, 128.0, 127.1,
124.4,121.8, 80.2, 44.5,44.4, 41.9, 38.6, 38.5, 31.8, 21.1;

HRMS (ESI) m/z: [M+H]" calculated for Ci1gH20C103™: 319.1095, found: 319.1098;
HPLC analysis: Daicel CHIRALPAK® AD-H, n-hexane/i-PrOH = 90/10, flow rate =
1.0 mL/min, A = 254 nm, retention time: t minor = 28.6 min, t major = 31.8 min;

[a]p® = +113.9 (c = 0.1, CHC).

(S,RR)-4l

According to the general procedure B, 3.0 equiv of 2 was used at 40 °C: White solid,
16.6 mg, 62% yield, >20:1 dr, 93% ee;

'H NMR (500 MHz, CDCl3) § 7.47-7.41 (m, 1H), 7.34-7.27 (m, 2H), 7.21-7.14 (m,
1H), 6.97 (dq, J=15.9, 6.9 Hz, 1H), 6.53 (dd, J=9.6, 3.1 Hz, 1H), 6.23 (dd, J = 15.9,
1.7 Hz, 1H), 6.00 (dd, J = 9.5, 2.4 Hz, 1H), 5.16 (d, J = 15.1 Hz, 1H), 3.48 (ddd, J =
10.7, 7.8, 2.8 Hz, 1H), 3.20 (ddt, J = 15.1, 7.8, 2.8 Hz, 1H), 3.11 (dd, J = 18.0, 11.0
Hz, 1H), 2.94 (dd, J=17.9, 2.9 Hz, 1H), 1.96 (dd, J= 6.9, 1.7 Hz, 3H);
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13C NMR (126 MHz, CDCl3) 6 195.5, 179.1, 144.5, 134.0, 132.1, 131.1, 130.7, 128.1,
127.9, 127.0, 125.0, 121.8, 80.2, 44.5, 38.6, 35.9, 18.4;

HRMS (ESI) m/z: [M+H]" calculated for C17H1703": 269.1172, found: 269.1174;
HPLC analysis: Daicel CHIRALPAK® AD-H, n-hexane/i-PrOH = 90/10, flow rate =
1.0 mL/min, A = 254 nm, retention time: t major = 16.8 min, t minor = 17.8 min;

[a]p® = +230.0 (c = 0.024, CHCl3).

(S,R,R)-4m

According to the general procedure B, 3.0 equiv of 2 was used at 40 °C: White solid,
20.1 mg, 63% yield, >20:1 dr, 98% ee;

'H NMR (600 MHz, CDCls)  7.42-7.38 (m, 1H), 7.38-7.32 (m, 2H), 7.32-7.27 (m,
3H), 7.26-7.20 (m, 2H), 7.19-7.13 (m, 1H), 6.47 (dd, J = 9.6, 3.1 Hz, 1H), 5.84 (dd, J
=9.5, 2.4 Hz, 1H), 5.04 (d, J = 15.1 Hz, 1H), 3.80 (s, 2H), 3.39 (ddd, J = 10.8, 7.8,
3.0 Hz, 1H), 3.13 (ddt, J = 15.1, 7.7, 3.0 Hz, 1H), 3.01 (dd, J = 18.5, 10.9 Hz, 1H),
2.82 (dd, J=18.5, 3.0 Hz, 1H);

13C NMR (151 MHz, CDCls) 6 204.3, 178.7, 133.8, 133.3, 132.0, 130.8, 129.4, 129.0,
128.2,127.9, 127.5, 127.0, 124.3, 121.8, 80.1, 50.2, 44.3, 38.5, 37.6;

HRMS (ESI) m/z: [M+H]" calculated for C21H1903": 319.1329, found: 319.1326;
HPLC analysis: Daicel CHIRALPAK® AS-H, n-hexane/i-PrOH = 85/15, flow rate =

1.0 mL/min, A = 254 nm, retention time: t major = 19.7 min, t minor = 26.5 min;

[a]p? = +69.1 (c = 0.08, CHCL:).

(S,R.R)-4n

According to the general procedure B: White solid, 23.2 mg, 75% yield, >20:1 dr,
94% ee;
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TH NMR (500 MHz, CDCl3) 6 7.47-7.38 (m, 1H), 7.35-7.27 (m, 2H), 7.21-7.14 (m,
1H), 6.54 (dd, J = 9.5, 3.1 Hz, 1H), 5.92 (dd, J = 9.5, 2.4 Hz, 1H), 5.13 (d, J = 15.1
Hz, 1H), 3.42 (ddd, J = 10.8, 7.8, 2.8 Hz, 1H), 3.16 (ddt, J = 15.1, 7.8, 2.8 Hz, 1H),
3.03(dd, J=18.4,11.0 Hz, 1H), 2.81 (dd, /= 18.4, 2.8 Hz, 1H), 2.43 (tt, /J=11.4,3.4
Hz, 1H), 1.95-1.85 (m, 2H), 1.85-1.77 (m, 2H), 1.73-1.66 (m, 1H), 1.47-1.35 (m, 2H),
1.35-1.16 (m, 3H);

3C NMR (126 MHz, CDCl3) 6 209.8, 179.1, 133.9, 132.0, 130.9, 128.2, 127.9, 127.0,
124.6, 121.8, 80.1, 50.9, 44.3, 38.4, 36.4, 28.7, 28.5, 25.7, 25.5, 25 .4;

HRMS (ESI) m/z: [M+H]" calculated for C20H2303": 311.1642, found: 311.1647;
HPLC analysis: Daicel CHIRALCEL® OD-H, n-hexane/i-PrOH = 90/10, flow rate =
1.0 mL/min, A = 254 nm, retention time: t major = 11.3 min, t minor = 12.6 min,;

[a]p? = +98 (c = 0.1, CHCl;).

4. Mechanism studies

4.1 Discovery and isolation of intermediates

o]
DGE+CHCl; (1/1), 12 h 5 ©O

@ Rh(COD),0Tf (5 mol%) O‘
8 H
/ Zn(OTf, (50 mol%), 45 °C, Ar H
1a

2a (R,R,R)-3a
71% yield, >20:1 dr, 92% ee

Rh(CODY,0TF (5 mol%) O‘
9 H
/ Zn(OTH), (50 mol%), RT, Ar H'Y
DCE+CHCl; (1/1), 12 h 5 O

—
o
~

1a 2a (R,R,R)-3a
56% yield,10:1 dr, 91% ee

Rh(COD),OTf (5 mol%)

@) o

Zn(OTH), (50 mol%) R
DCE+CHCI3(1/1) O

45°C, air, 12 h 0
1a 2a (RR.R)-3a

78% yield, 7:1 dr, 91% ee

o)

Scheme S1. An unusual decrease of disastereoselectivity for (R,R,R)-3a

In the cooperative Rh(I)/Zn(OTf).-catalysis, we observed the erosion of
diastereomeric ratio, when the reaction was exposed to the atmosphere of air or at
room temperature (Scheme S1). During these two processes, a non-isolatable transient

adduct would be initially detected and finally converted to the product 3a or 4a. We
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suspected that the detected transient adduct is either 6 or its and a certain Co-
racemization of the lactone motif in the transient adduct occurred with the assistance
of water or at a lower temperature. Therefore, the reaction was then conducted in the
air at room temperature, and we detected that 6 can be produced in up to 89% nmr
yield with 11:1 dr in the mixture of reaction before purification (Scheme S2). Upon
flash chromatography for isolation, a variable dr of 6 & 7 ranging from 2:1 to 3:1 was

obtained in 89% yield, affirming that 6 is readily prone to Ca-racemization.

Rh(COD),OTf (5 mol%)
L2 (11 mol%)

Zn(OT), (50 mol%)
DCE/CHCI; (1:1)

(RRR)3a + (SRR}4a O +

inargon, 12 h
b1) T =45°C: drof (R R R)-3a:(S R R)4a =4.2:1 T(°C)
64%, 97% ee 14% 7%, 1.8:1dr .
not isolated | (p)
b2) T=90°C: drof (R R R)-3a:(S R R)4a=13:1
66%, 97% ee 5%

Rh(COD);OTf (5 mol%)
0,
/ Zn(OTA), (50 mol%) LA N—Me
DCE/CHCl (1:1), 12 h, t air, 12 |5 g 21O 70

1a 2a (a) 6 (89%, 11:1 dr)
(detected by nmr)

(c)

flash )
chromatography | Solated

(d)

Rh(COD),OTf (5 mol%
L2 (11 mol%)

cocatalyst, additive
solvent, T(°C), 12 h
O O Me
d1) Zn(OTf), (50 mol%), DCE/CHCI; (1:1), 45 °C: dr of (R R,R)-3a:(S,R,R)-4a =15
63%, 94% ee 12%, 93% ee 11%
d2) Zn(OTf), (50 mol%), DCE/CHCIs (1:1), 90 °C: dr of (R,R,R)-3a:(S,R R)-4a = 2:1
29%, 94% ee 59%, 93% ee
d3) (R)-LA4 (20 mol%), TFE (3.5 equiv), CHCI3, 45 °C: dr of (R,R R)-3a:(S,R,R)-4a < 1:20
93%, 93% ee -— -—

Scheme S2. Intramolecular cyclizations of 6

HO\<'
+

(SRR)4a o

(RRRy3a o (S,RR)-6:(R,R.R)-7

89%, 2:1~3:1dr

Scheme S2-a: Under an air atmosphere, Rh(COD),OTf (4.68 mg, 5.0 mol%) and
L2 (20.6 mg, 11 mol%) were dissolved in the mixture solvents of DCE (2.0 mL) and
CHCI; (2.0 mL) and the resulting solution was stirred for 30 min at RT. Subsequently,
Zn(0OTf)2 (36.4 mg, 50 mol%), 1a (28.8 mg, 0.2 mmol) and 2a (256 mg, 1.0 mmol)
were added. The reaction mixture was stirred at RT under air for 12 h. The reaction
mixture was directly determined by 'H NMR spectroscopy, giving 6 in 89% nmr yield

with 11:1 dr, when 1,4-benzodioxan was used as the internal standard.
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Scheme S2-b: The reaction mixture from Scheme S2-a was further stirred and
heated at 45 °C or 90 °C for 12 h. After reaction completion, the solvent was
evaporated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (petroleum ether/ ethyl acetate = 10:1) to afford the
product. At 45 °C, the reaction gave the mixture diastereomers of (R R,R)-3a and
(S,R,R)-4a with 4.2:1, along with the rest of 6 & 7 in the yield of 7% with 1.8:1 dr
(6:7) (Scheme S2-bl). At 90 °C, the reaction gave the mixture diastereomers of
(R,R,R)-3a and (S,R,R)-4a with 13:1, which is almost consistent with the dr of non-
isolatable 6 (11:1 dr) (Scheme S2-b2).

Scheme S2-c: The reaction mixture from Scheme S2-a was purified by quickly
flash column chromatography on silica gel (petroleum ether/ ethyl acetate = 6:1),
affording the 6 & 7 as a white liquid (21.5 mg, 89% yield, 2:1 to 3:1 dr).

Scheme S2-d: Under an argon atmosphere, Rh(COD),OTf (2.34 mg, 5.0 mol%)
and L2 (10.3 mg, 11 mol%) were dissolved in indicated (additives and) solvent, and
the resulting solution was stirred for 30 min at RT. Subsequently, the corresponding
cocatalyst and 6 & 7 (0.1 mmol, 24.2 mg) were added. The reaction mixture was
stirred at either 45 °C or 90 °C for 12 h. After reaction completion, the solvent was
evaporated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (petroleum ether/ ethyl acetate = 10:1) to afford the
product. As the Scheme S2-d1 shown, the reaction was conducted with the cocatalyst
of Zn(OTf)2 (18.2 mg, 50 mol%) in the mixture solvents of DCE (1.0 mL) and CHCl3
(1.0 mL) at 45 °C. That gave the mixture diastereomers of (R,R,R)-3a and (S,R,R)-4a
with the dr value of 1:5, in which (S,R,R)-4a is the major diastereomer. When the
reaction was conducted at a higher temperature of 90 °C (Scheme S2-d2), the reaction
gave the mixture diastereomers of (R,R,R)-3a and (S,R,R)-4a with the dr value of 2:1.

The value is closed to that of isolated 6 and (R,R,R)-3a is the major diastereomer.
Scheme S2-d3: Under an argon atmosphere, in a reaction tube, Rh(COD),OTf
(2.34 mg, 5.0 mol%) and L2 (10.3 mg, 11 mol%) were dissolved in CHCI3 (1.0 mL),
and the resulting solution was stirred for 30 min at RT. Meanwhile, in another reaction
tube, (R)-BINOL (6.84 mg, 24 mol%), Sn(OTf): (8.34 mg, 20 mol%), NMM (4.9 mg,
48 mol%) were dissolved in CHCI3 (1.0 mL) and stirred for 30 min at RT, to give the

solution of cocatalyst (R)-LLA4. Then, the solution of cocatalyst (R)-LA4 in CHCI;
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were added to the first reaction tube. Subsequently, TFE (35 mg, 3.5 eq), 6 (0.1 mmol,
24.2 mg) were added. The reaction mixture was stirred at 45 °C for 12 h. After
reaction completion, the solvent was evaporated under reduced pressure. The residue
was purified by flash column chromatography on silica gel (petroleum ether/ ethyl
acetate = 10:1) to afford the product (S,R,R)-4a as the single stereoisomer in 93%

yield with 93% ee.

4.2 Detection of the reaction processes

4.2.1 Detection of the reaction processes by 'H-NMR

Table S9. 'TH-NMR detection of the reaction process (General Procedure A) for
(R,R,R)-3a @

Rh(COD),OTf (5 mol%)

Zn(OTf), (50 mol%), 45 °C

d-DCE+CDCl3 (111/) o ©
1a 2a time, then quenched by H,0 (SRR)-6 (RRR)-3a
time S,R,R)-6 3at4a
MY (min) yield((%)[b] : T yiedene g RO a0
1 5 33 >20:1 - - 67 60
2 10 31 >20:1 11 >20:1 58 59
3 20 25 >20:1 22 >20:1 53 54
4 30 28 >20:1 28 >20:1 44 52
5 40 9 >20:1 45 >20:1 33 49
6 50 6 >20:1 55 >20:1 25 47
7 60 - - 63 >20:1 18 46
8 90 - - 65 >20:1 13 45
9 120 - - 70 >20:1 - 45
10 180 - - 71 >20:1 - 44

[a] As the General Procedure A shown: 1a (0.1 mmol), 2a (0.5 mmol), Zn(OTf), (50 mol%),
Rh(COD),OTf (5 mol%) and L2 (11 mol%) in the mixture solvent of d-DCE (1.0 mL) and CDCl3
(1.0 mL) react at 45 °C for stirring. At the indicated time, the reaction was monitored after

quenching with trace H>O. Then, 1,4-benzodioxan as the internal standard was added to the
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quenched mixture for the further detection by 'H-NMR. [b] NMR yield, 1,4-benzodioxan as the
internal standard, was determined by '"H NMR spectroscopy. [¢] Dr refers to the ratio of (S,R,R)-6
and (R,R,R)-7, determined by 'H NMR. [d] The dr value was determined by 'H-NMR

spectroscopy and show 3a/4a.

4.2.2 HRMS (ESI) analysis of reaction solution

Under the General Procedure A, the reaction mixture was stirred for 30 min, then the

reaction system was analyzed by high resolution mass spectrometry.

Rh(COD),0Tf (5 mol%)
Zn(OTf), (50 mol%), 45 °C

+
H N Me
HO
d-DCE+CDCls (1/1/) o7 O
1a 2a 30 min for HRMS (SR, \R)-G
\/

calculated for C45H4503
[M+H]*: 243.1016
Me found: 243.1013

]
calculated for Co4H3503Si

[M+H]*: 399.2350
found: 399.2345

¥10 1 |+ESI Scan (0.324 min) Frag=150.0V a1 30 mind Subtract
gl 2431013
354
8_
751
T’l,
6.5
-
g o 490
551 (R.RR)-3a N\
| calculated for CsH1403 g H b Me
197.0961 [M+H]": 243.1016 Q i
451 found: 243.1013 TIPS
44 o+
T [M+H]": 399 2350
354 found: 399.2345
1450657
3 2250899
254
2,
154 3812229
1_ 3992345
185.9753 2830035 309 1478 3692064
' | bk . |
o ol o Ll R ITA e Ay i bl sl e ol Dl ke

140 150 160 170 120 190 200 210 220 230 240 250 260 270 280 200 300 310 390 330 340 380 360 370 380 390 400 410
Counts (%) vs. Mass-to-Charge {miz)

Figure S2. HRMS analysis for general procedure A.
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Table S10. 'H-NMR detection of the reaction process (General Procedure B) for

(S.R,R)-4a [

Rh(COD),0Tf (5 mol%)
L2 (11 mol%)
+ (R)-LA4 (20 mol%)
\@/OTIPS TFE (3.5 equiv)
o]
2a 45 °C, CDCl3

co-catalyst: (\ o

+ Sn(OTf), + 30 min

(S,RR)-6

24 mol% 20 mol% 48 mol%
time 6&7 3a+t4a
MY i) yieldoo) ™ d yieldege a2 2a (o)
1 10 15 >20:1 - - 78 93
2 20 31 9:1 - - 56 90
3 30 37 5:1 - - 48 86
4 60 70 2.5:1 trace - - 78
5 120 58 1.4:1 19 <1:20 - 74
6 180 45 1.5:1 32 <1:20 - 74
7 240 38 1.3:1 39 <1:20 - 73
8 300 28 1.3:1 49 <1:20 - 73
9 360 20 1:1 57 <1:20 - 73
10 420 12 1:1 65 <1:20 - 73
11 480 6 1:1 70 <1:20 - 73
12 540 trace - 72 <1:20 - 73
13 600 trace - 73 <1:20 - 73
14 660 trace - 74 <1:20 - 73
15 720 - - 76 <1:20 - 73

[a] General reaction conditions: 1a (0.1 mmol), 2a (0.5 mmol), Rh(COD),OTf (5 mol%), L2 (11
mol%), cocatalyst (R)-LLA4 (20 mol% Lewis acid salt in CDCI3) and TFE (3.5 equiv) in CDCI3
(1.0 mL) under argon atmosphere at 45 °C. The solution of cocatalyst was prepared freshly in a
separate reaction tube with the Sn(OTf)2 (20 mol%), (R)-BINOL (24 mol%) and NMM (48 mol%)
in CDCl; (1.0 mL) at RT for 30 min. [b] NMR vyield, 1,4-benzodioxan as the internal standard,
determined by '"H NMR spectroscopy. [c] Dr of 6 & 7 refers to the ratio of (S,R,R)-6 and (R,R R)-
7, determined by '"H NMR. [d] The dr value was determined by "H-NMR spectroscopy and show
3a/4a.
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Figure S3. Comparison of "H-NMR spectra at different time points in general procedure B.

4.3 Deuterium-labeled experiments

Rh(COD),0Tf (5 mol%)

L2 (11 mol%) (5%)

Zn(OT), (50 mol%)

DCE+CHCl3 (1/1) o >
(@) RT, air, 12 h d-6 (RR,R)-d-3a (S,RR)-d-4a
85%, 13:1dr . )
detected by nmr 67% yield, 95% ee 10% yield, 91% ee
O@ dr of (R,R,R)-d-3a:(S,R,R)-d-4a = 6.7:1
1a

OTIPS

-
O +
=

D (93%)
d-2a

Rh(COD),OTf (5 mol%)
L2 (11 mol%)

(b)

Zn(OTf), (50 mol%), 45 °C

DCE+CHClj (1/1), 12 h > 5
in argon (R,R,R)-d-3a (S,R,R)-d-4a

64% yield, 89% ee 7% yield, 76% ee
dr of (R,R,R)-d-3a:(S,R,R)-d-4a = 9:1

Path (a): Under an argon atmosphere, Rh(COD),OTf (2.34 mg, 5.0 mol%) and
L2 (10.3 mg, 11 mol%) were dissolved in the mixture solvent of DCE (1.0 mL) and
CHCI; (1.0 mL), and the resulting solution was stirred for 30 min at RT. Subsequently,
Zn(OTf)2 (18.2 mg, 50 mol%), 1a (14.4 mg, 0.2 mmol) and d-2a (128 mg, 0.5 mmol)
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were added. The reaction mixture was stirred at RT under air for 12 h. The reaction
mixture was directly determined by '"H NMR spectroscopy, giving d-6 in 89% yield
with 13:1 dr, when 1,4-benzodioxan was used as the internal standard. Reaction
mixture was further stirred and heated at 45 °C for 12 h. After reaction completion,
the solvent was evaporated under reduced pressure. The residue was purified by flash
column chromatography on silica gel (petroleum ether/ ethyl acetate = 10:1) to afford
the product.

Path (b): Under an argon atmosphere, Rh(COD),OTf (2.34 mg, 5.0 mol%) and
L2 (10.3 mg, 11 mol%) were dissolved in the mixture solvent of DCE (1.0 mL) and
CHCIs (1.0 mL), and the resulting solution was stirred for 30 min at RT. Subsequently,
Zn(OTf)2 (18.2 mg, 50 mol%), 1a (14.1 mg, 0.1 mmol) and d-2a (128 mg, 0.5 mmol)
were added. The reaction mixture was stirred at 45 °C for 12 h. After reaction
completion, the solvent was evaporated under reduced pressure. The residue was
purified by flash column chromatography on silica gel (petroleum ether/ ethyl acetate

=10:1) to afford the product.

Rh(COD),0Tf (5 mol%)
L2 (11 mol%)

Zn(OTH); (50 mol%), 90 °C
DCE+CHCl5 (1/1), 12 h

d-6 (75%) (6%)
81dr (R,R,R)-d-3a (SR R)-d-4a
78% yield 11% yield
95% ee 91% ee

dr of (R,R,R)-d-3a:(S,R R)-d-4a=T7:1

Under an argon atmosphere, Rh(COD),OTf (2.34 mg, 5.0 mol%) and L2 (10.3
mg, 11 mol%) were dissolved in the mixture solvent of DCE (1.0 mL) and CHCI3 (1.0
mL), and the resulting solution was stirred for 30 min at RT. Subsequently, Zn(OTf):
(18.2 mg, 50 mol%), d-6 (0.1 mmol, 24.2 mg, 8:1 dr) were added. The reaction
mixture was stirred at 90 °C for 12 h. After reaction completion, the solvent was
evaporated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (petroleum ether/ ethyl acetate = 10:1) to afford the

product.
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4.4 Linear effect study

Rh(COD),OTf (5 mol%)

0 9
. \U/onps L2 (11 mol%)

Zn(QTf), (50 mol%), 45 °C d
1a 2a DCE+CHCI; (1/1) (RR,R)-3a 0

100
y = 0.9912x
90 R? = 0.9801

- .
70
60
50
40
30
20
10

e
0 20 40 60 80 100

L2 (ee,%) 0 20 40 60 80 99

(R.R,R)-3a 0 24 45 64 81 91
(ee,%)

Under an argon atmosphere, Rh(COD),OTf (2.34 mg, 5.0 mol%) and
enantiomeric composition of L2 (10.3 mg, 11 mol%) were dissolved in the mixture
solvents of DCE (1.0 mL) and CHCls (1.0 mL) and the resulting solution was stirred
for 30 min at RT. Subsequently, Zn(OTf), (18.2 mg, 50 mol%), 1a (0.1 mmol) and 2a
(0.5 mmol) were added. The reaction mixture was stirred under argon atmosphere at
45 °C for 12 h. After reaction completion, the solvent was evaporated under reduced
pressure. The residue was purified by flash column chromatography on silica gel

(petroleum ether/ ethyl acetate = 10:1) to afford (R,R,R)-3a.
4.5 Thermal stability investigation
4.5.1 Thermal stability investigation for (R,R,R)-3a and (S,R,R)-4a under

standard conditions
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Rh(COD),OTf (5 mol%)
L2 (11 mol%)

Zn(OTf), (50 mol%), 45 °C
DCE+CHCl, (1/1), 12 h

(S,R,R)-4a (S,R,R)-4a
<1:20 dr, 95% ee 98% yield, <1:20 dr, 95% ee

Under an argon atmosphere, Rh(COD).OTf (2.34 mg, 5.0 mol%) and L2 (10.3
mg, 11 mol%) were dissolved in DCE+CHCI; (1.0+1.0 mL) and the resulting solution
was stirred for 30 min at RT. Subsequently, Zn(OTf), (18.2 mg, 50 mol%), (S,R,R)-4a
(24.2 mg, 0.1 mmol) were added. The reaction mixture was stirred at 45 °C for 12 h.
After reaction completion, the solvent was evaporated under reduced pressure. The
residue was purified by flash column chromatography on silica gel (petroleum ether/
ethyl acetate = 10:1) to afford the product (white solid, 23.7 mg, 98% yield, <1:20 dr,
95% ee).

Rh(COD),OTf (5 mol%)
L2 (11 mol%)

(R)-LA4 (20 mol%)

o O TFE (3.5 equiv)
45°C, CHCI3, 12 h
(RRR)-3a (R R R)-3a
>20:1 dr, 92% ee 97% yield, >20:1 dr, 92% ee

co-catalyst:

9® | O
OH CHC|3, Ar, RT

N /
O-s
— ~Sn(OTf),
OO OH + Sn(OTf), + [Oj 30 min OO O\/
H.
N/\
e
0
24 mol% 20 mol% 48 mol% (R)-LA4 b

In a reaction tube, Rh(COD),OTf (2.34 mg, 5.0 mol%) and L2 (10.3 mg, 11
mol%) were dissolved in CHCI3 (1.0 mL) and the resulting solution was stirred for 30
min at RT. In another reaction tube, (R)-BINOL (6.84 mg, 24 mol%), Sn(OTf). (8.34
mg, 20 mol%), NMM (4.9 mg, 48 mol%) were dissolved in CHCI; (1.0 mL) and
stirred for 30 min at RT, to give the solution of cocatalyst (R)-L.A4. Then, the solution
of cocatalyst (R)-LLA4 in CHCI; were added to the first reaction tube. Subsequently,
TFE (35 mg, 3.5 equiv) and (R,R,R)-3a were added. The reaction mixture was stirred
at 45 °C for 12 h. After reaction completion, the solvent was evaporated under

reduced pressure. The residue was purified by flash column chromatography on silica
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gel (petroleum ether/ ethyl acetate = 10:1) to afford the product (white solid, 23.7 mg,
98% yield, >20:1 dr, 95% ee).
4.5.2 Base-assisted Co-epimerization between (R,R,R)-3a and (S,R,R)-4a

Table S11. Base-assisted Ca-epimerization of (S,R,R)-4a (8]

base (4.0 eq)

H >
‘}// THF (0.1 M), Temp.
o O

o ©
(SR.R)-4a (RRR)-3a
<1:20 dr, 96% ee
entry base temp. time Product of 3a+4a
(°C) (h) yield (%) drlel ee (%)

1 LiHMDS -78 5 >99 <1:20 -/96
2 LiHMDS RT 12 88 1:4 96/96
3 LiHMDS 70 6 48 1:1.3 96/96
4 LiHMDS 70 24 45 1:1.3 96/96
5 LiHMDS 90 24 43 15:1 97/96
6 LDA RT 12 decomposed - -

7 KHMDS 70 24 decomposed - -

8 DBU 70 24 decomposed - -

[a] General reaction conditions: (S,R,R)-4a is dissolved in THF and subsequently added base
under argon atmosphere. [b] Yield of isolated product refers to the total yield 3a+4a. [c] The dr
value was determined by 'H-NMR spectroscopy and show 3a/4a. [d] The ee value of 3a or 4a was
determined by HPLC analysis on a chiral stationary phase and show 3a/4a.

Table S12. Base-assisted Co-epimerization of (R,R,R)-3a (8]

LiIHMDS (4.0 eq)

-
’ o

THF, Temp.
o O
(RRR)3a
>20:1 dr, 92% ee
entry base temp.  time Product of 3a+4a
(°C) (h) yield (%) drlel ee (%)l

1 LiHMDS -78 5 100 >20:1 92/-
2 LiHMDS RT 12 98 >20:1 92/-
3 LiHMDS 70 6 90 >20:1 92/-
4 LiHMDS 90 24 85 >20:1 92/-

[a] General reaction conditions: (R,R,R)-3a is dissolved in THF and subsequently added LiHMDS
under argon atmosphere. [b] Yield of isolated product refers to the total yield 3a+4a. [c] The dr
value was determined by 'H-NMR spectroscopy and show 3a/4a. [d] The ee value of 3a or 4a was

determined by HPLC analysis on a chiral stationary phase and show 3a/4a.
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4.6 Computational details

All of the calculations were performed using the Gaussian 16 program.® Structures
were optimized at the (U)B3LYP level of density functional theory* with Grimme’s
D3(BJ) dispersion correction’ in gas phase. For optimizations, Ahlrichs’s def2SVP
basis set was used for all atoms.® Frequency calculations have been performed to
verify the optimized structures as local minima or transition state and to obtain Gibbs
free energy at 298 K. Intrinsic reaction coordinate (IRC) calculations were carried out
to make sure that every transition state links relevant intermediates.” The electronic
energies were further refined by carrying out single-point energy calculations using
(U)B3LYP functional with Grimme’s D3(BJ) dispersion correction. The def2TZVP
basis set was applied for all atoms.® The SMD solvation model with chloroform as the

solvent was employed to account for solvation effect.®!°

Additional computational results
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Figure S4. Calculated energy profiles for nucleophilic attack of 2a or 2e at C at the B3LYP-

D3(BJ)/PCM(chloroform)/ def2TZVP level of theory.
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Figure S5. IGMH analysis for stereo-determining and regio-determining transition states in the
nucleophilic attack process. Stronger non-covalent interaction between catalyst and 2a was
discovered in the most favorable transition state TS0-Si-Ca. The calculations were performed at

the B3LYP-D3(BJ)/PCM/def2TZVP level of theory.
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Figure S6. Distortion/interaction (DI) analysis on stereo-determining and regio-determining
transition states in the nucleophilic attack process indicate that the interactions between catalyst
and substrate 2a dominates the energy difference among different TSs. The DI analysis was
performed based on the calculations at the B3LYP-D3(BJ)/def2TZVP level of theory. Energies are

given in kcal/mol.
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Figure S8. Computational studies for the diastereodivergent synthesis. All energies are given in
kcal/mol.

Density functional theory (DFT) calculations validate the proposed mechanism

of the epimerization/lactonization process ((S,R,R)-6—(R R R)-7—(S,R,R)-4a),
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thereby elucidating the observed diastereoselective reversal. DFT results confirm that
the combined catalyst (R)-LLA4 acts as a multifunctional catalytic system, integrating
the capabilities of both a Lewis acid and a proton-transfer catalyst across the process.
It facilitates epimerization via the key transition state TSPT-1 ((S,R,R)-6 to (R,R,R)-7)
and lactonization via TS1a and TS2a, ultimately yielding the product (S,R,R)-4a.
Computational data indicate that these two diastereomers 6 and 7 are
thermodynamically similar, which is consistent with the experimental observation that
the epimerization from 6 to 7 occurs relatively easily while maintaining a consistently
low dr. Conversely, the pathway from 6 to (R,R,R)-3a was calculated to be disfavored
in energy. Additionally, both non-covalent interaction (NCI) analysis and
distortion/interaction analysis of the highest energy transition states reveal that a
significantly stronger interactions between the substrate and catalyst (R)-L.A4 presents

in the favored transition state TS2a, compared to TS2b.

TS2a TS2b

AAGT = 0.0 kcal/mol AAGT = 3.8 kcal/mol

Figure S9. IGM analysis for enantio-determining transition states reveals that the prominent lone-

pair-r interaction between oxygen and naphthalene sorely exists in TS2a.
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Figure S10. Possible reaction mechanism.

XYZ coordinate

2a
= -989.527574588 G =-989.199814
6 1.59176500 -0.89229700  -0.26559000
6 2.22948400 -1.56876900 0.73800800
6 3.57849700 -1.06279000 0.75269100
6 3.66493400 -0.12122400 0.23314200
8 2.44693600 -0.01579500  -0.86234700
1 1.78737700 -2.32784100 1.37729000
1 4.38617900 -1.36658800 1.41559800
8 0.35107300 -0.91877200  -0.73721900
6 4.75779000 0.74990900 -0.73595900
1 4.49452200 1.81853100 -0.65675900
1 5.67111100 0.57658000  -0.14993700
1 4.98439700 0.54602000 -1.79649100
14 -0.94278300 0.06946900 -0.16917600
6 -2.24896400 -0.12755500  -1.52863700
1 -1.94280900 0.60658200 -2.29890000
6 -0.27106300 1.84402200 -0.06896700
1 0.36041900 1.91916100 -0.97423500
6 -1.39263200 -0.63429600 1.53270600

S42

H

thermodynamical
stable product

1 -0.42751200 -0.59622000 2.07352300
6 -3.66665300 0.24283100 -1.06262600
1 -4.37039100 0.24058800 -1.91235600
1 -4.04664600 -0.48534200  -0.32810900
1 -3.71655700 1.23889600 -0.59648000
6 -2.22741800 -1.51838800  -2.18314500
1 -2.93098100 -1.55808800  -3.03252100
1 -1.22529400 -1.77845800  -2.55177800
1 -2.53060000 -2.30250600  -1.47092300
6 0.63893500 2.07392600 1.14931100
1 1.44646800 1.33044600 1.22028000
1 1.11044200 3.07050600 1.09979700
1 0.06866500 2.03315200  2.09154900
6 -1.35800300 2.92669900 -0.16299400
1 -1.95609200 2.83871300 -1.08310600
1 -2.05399600 2.88524600  0.69106900
1 -0.90611200 3.93356500 -0.16072400
6 -2.40263800 0.20909400  2.32581100
1 -2.07470000 1.25331600  2.44222900
1 -3.39043300 0.22615500 1.83959000
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-2.54745900
-1.82091900
-1.09848700
-1.91339300
-2.80191700

4955.28457767
2.43694800
-1.12295400
-1.18682100
-1.06372900
-0.90972500
-0.93471600
-1.44682700
2.04040300
-2.22976300
-2.84087300
-3.20414000
-4.31364000
-5.06345900
-4.74573000
-3.63294700
-1.44812800
-2.01949300
-3.39115900
-4.19533700
-3.60157600
0.60605300
2.12993900
2.46120200
1.98922100
2.19923800
-2.62292200
-3.40431100
-0.38093000
-4.22350100
-0.75770600
-0.82498100
2.62268600
2.11913000
2.62701000
-5.92837800
-3.84242400
0.42179100
3.77810200
4.11246300
4.79676800
5.45118200
3.33418700
6.14137600
4.54581500
6.44717900
7.49506000
2.02062600
1.52529200
2.50238200
1.52387300
1.12151700
2.51626900
2.90632700
2.03144500
2.03748000
5.80962400
6.62946900
6.14669200
4.94993400

-0.20378400
-2.10758800
-2.71368500
-2.54747700
-2.21495300

3.33910000
1.45486500
0.88675000
2.46280200
0.96372700

G =-4954.120258

1.95356300
2.19920600
0.76745500
0.14454700
1.15644100
2.41165600
-0.32231700
0.12224600
0.58878100
-1.37065000
-2.49941400
-3.27648900
-2.89033400
-1.74054600
-0.98725500
1.31779700
1.89629000
1.71703100
0.99816800
0.44145700
1.20877000
0.66853600
1.83213400
-0.26858800
0.47294600
-2.78514400
-0.08435000
1.42985100
-0.12775500
0.98869800
3.38720400
2.64479900
0.07919900
2.86222700
-3.49156300
2.14828900
-1.56022800
-0.45361700
-1.80282700
0.51183000
-2.20543600
-2.55840000
0.14038100
1.56991900
-1.22271800
-1.52449200
1.57544200
2.83028400
1.37076100
3.89679600
2.98200600
2.41186500
0.39833600
3.66904900
4.49103900
-3.66628200
-3.82866800
-4.06536900
-4.27163300

1.73743400
1.76752000
1.55666400
2.84945500
3.83116000
3.16829600
0.10835000
-0.53917900
-1.28899500
0.69903400
-0.04320300
0.32542100
1.43994700
2.18017300
1.79715500
-2.19369800
-3.33429600
-3.56233700
-2.67128800
-1.53043900
2.42887400
1.18493400
3.15276500
2.28273100
3.48831400
-0.91102800
2.35785400
-2.02543100
-0.84170000
4.89542000
3.63408000
3.85834800
4.49679500
1.17587000
1.73564300
-4.46012100
-0.66663000
-0.79135100
-0.91599000
-0.76214300
-1.02949500
-0.89662300
-0.86939000
-0.66109800
-1.00670600
-1.09715500
-1.65214100
-1.29280000
-2.95850200
-2.21000100
-0.29683900
-3.88966600
-3.24730700
-3.49168700
-4.21289300
-1.13895900
-1.85487700
-0.16704800
-1.46198200

S43

7.23940200
7.99483500
7.76463200
6.84633100
0.97192100
1.54272400
0.99372000
-0.06782800
3.03341500
2.24118200
3.85318300
3.40922200
-5.66345200
-6.02003600
-5.86457000
-6.26874200
-1.17875100
-0.96340000
-0.20624700
-1.68732600
-5.58549900
-5.27371800
-6.65201600
-5.50374000
-4.67223300
-5.55110800
-4.88773000
-3.83367600
-1.07298800
1.75967100
1.10610300
-1.44303700
-0.82492400
-2.81301800
-1.05951300
0.29101900
-2.02746600
0.66723900
1.06061300
-1.65749700
-3.08394500
-0.30979800
1.72643900
-2.43141100
-0.02102200
-3.17736200
-3.43924100
-2.34634300
-4.04262900
-3.89716800
-4.65877600
-3.53780100
-4.41585500
2.99067000
0.92626000
-0.25393900
1.34268400
-1.03633900
-0.56669800
0.56349500
2.28339400
-0.63472400
-1.96118600
0.89636800
-1.24395200
2.82068600
3.71373500

1.17294500
0.93913100
1.20681000
2.17900500
5.24393300
5.69336200
5.94302600
5.16410500
2.20272500
2.38373200
2.90268200
1.18020200
0.78298100
1.39120700
-0.27535700
1.03450500
2.69312200
3.69697200
2.21281800
2.82286100
-1.33480000
-0.35982900
-1.26900100
-2.07437800
-4.50157000
-5.01457900
-4.23913100
-5.21577300
-0.92166600
-1.75562100
-1.84726200
3.30821200
3.15859900
3.16935500
4.67315700
5.01065600
5.60105700
6.23548700
4.29352300
6.83285700
5.36578900
7.15662900
6.47260500
7.54131800
8.11814900
3.98011800
5.02908800
4.00782500
3.53080500
2.87400100
2.26671600
2.28895100
3.76803800
-2.44692300
-2.44555300
-3.10924500
-2.49717000
-3.75505500
-3.12614500
-3.14878900
-2.03600200
-3.76883300
-4.24941400
-3.17426400
-4.27294000
-3.85970900
-4.24278600

-0.85342500
-0.08641400
-1.82224900
-0.64879800
-1.82249900
-0.99569600
-2.66998100
-1.46937600
-5.28908600
-6.03406800
-5.51665200
-5.43530900
-2.93371200
-3.77700700
-3.17038700
-2.04860800
-4.29668100
-3.89495900
-4.47397200
-5.26254900
3.36468100
3.76625200
3.09654700
4.17857100
-0.47517900
-0.05966300
-1.52254100
-0.49394600
3.03914300
2.11118800
1.19071400
0.78685700
-0.11318200
0.31883100
1.37283500
1.54802700
1.77599100
2.09947100
1.26840200
2.32687100
1.66393100
2.48991700
2.22670200
2.63101400
2.91995200
-0.81736600
-0.56602000
-1.53731600
-1.32853900
1.22571700
0.70404900
2.08155100
1.63097100
1.77674000
3.18459900
2.81787100
4.52322600
3.77794400
1.77079900
5.48309200
4.82608700
5.11612900
3.47227100
6.52334400
5.86967600
1.51190500
0.99433000
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2.66596000
1.94614300
4.20344400
4.24287200
5.06316600
4.33621200
-1.20056900
-2.26703400
-2.31882500
-3.29143700
-4.12917800
-3.24898000
-4.05298600
-2.16924000
-2.12796100
-1.13439500
0.07539900
1.30827700
1.21202300
-0.18422800
-0.17829800
0.15522800
2.09682400
2.27324700
-0.52007500

1940.83469135

-2.37058800
-1.17664800
-0.13994400
-0.29251000
-1.47530400
-2.51242200
-3.18602800
-1.03859900
0.75811200
-1.58975300
-3.43618700
1.71686900
0.68702100
2.42369700
1.20131500
1.89625400
1.76524300
1.10753500
1.18584600
0.64392800
3.17702800
3.18486200
4.56039300
4.36533400
4.56251400
5.11325800
3.44155100
2.82520800
6.36331500
6.19211700
7.14548200
6.72713700
-5.97162700
-5.51666800
-4.12537600
-3.17931400
-3.68564900
-5.04130000
-4.36290200

-4.46980300
-4.01231700
-2.11512800
-2.52632500
-2.52316000
-1.02680600
-3.61914500
-4.41205200
-5.45693600
-3.86086200
-4.48616400
-2.51291600
-2.08029000
-1.71351700
-0.66443200
-2.26505100
-1.50628300
-2.27284800
-3.51360000
-4.03200500
-5.12706100
-0.50063200
-4.11585500
-1.84304300
-3.38709300

2.42422700

0.86002600

2.49361200

3.52431600

1.93970400

2.54521000
-2.74265600
-3.15044100
-2.83456900
-3.93538900
-4.25218900
-4.29714200
-4.89649400
-3.90627400
-4.19964800
-3.14479800
-2.77265600
-2.64001500
-2.06015300
-1.69475200
-1.55625900
-3.18730400
-1.84346600
-2.91198800
-0.49390700

G =-1940.370066

2.42057500
1.69026300
2.02095400
3.09252300
3.84440300
3.50932900
2.14220000
0.85487200
3.33502700
4.68072600
4.09285600
2.42566900
4.23590800
2.57776800
1.31293800
1.98085400
1.13256800
0.40533000
0.10192400
-0.52793300
0.48583600
-0.01072600
-0.34707600
1.37491100
2.30337900
0.86325400
-0.61241500
-1.64748100
1.27944700
1.41815400
0.51106200
2.22344600
-0.84840100
-1.15667000
-1.20001000
-0.89735900
-0.60343300
-0.57997700
-1.77396800

-3.15017000
-3.16250500
-2.29291000
-1.38527300
-1.41331500
-2.28660200
-3.82180300
-3.84997100
-0.39241600
-0.72016600
-2.28554300
-0.14597900
0.22096900
0.67252600
-2.34083200
-2.89012600
-0.91723500
-0.40946800
-3.04817800
-2.51520900
-1.02450600
-2.01489900
0.65993000
-0.80457300
-1.33511900
0.17787000
-0.02445800
0.17786300
0.85476500
1.93487500
0.74171200
0.42810900
1.12227600
-0.14143300
-0.42951400
0.60663300
1.90519700
2.15584200
-2.51152100
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-7.04354300
-6.22214500
-3.64353400
-1.77127700
-2.98032800
-5.40113000
-1.34923000
-2.29451600
-1.90775100
-0.77891500
-0.78940500
0.17521400
0.16652600
-1.71980000
1.12735500
1.12238900
0.13743200
-1.73627800
-2.42438100
1.85415600
1.85218200
-0.80249600
0.87384700
-2.47083500
-0.82534900
-0.02988600
0.24894200
1.03730700

327.262288517
0.23668900
-0.97918900
-0.97886700
0.23728400
-0.65593500
-1.64429700
-0.12903400
0.85269800
-0.65599800
-1.64377000
0.85376300
-0.12790100
-1.74387400
1.06264000
1.97191000
2.62222700
2.62074200
1.49304800

-2268.12227208
1.50197300
0.44627600
0.17771000
0.98559200
2.01737900
2.27717300
1.71516600

-0.17174400
0.76934000
2.64142000
3.09564200
0.03679200
1.31441800

-0.01035700

-0.82063200
-1.38158300
-1.55222600
-0.91209800
-0.40104300
-0.35570300
-1.32727400
-1.63469700
-1.92517100
-0.46982400
0.88136100
-1.36512000
1.28767800
1.85643200
-0.94166900
0.34220100
2.61541000
3.13141300
1.59063500
-1.68003900
0.65284900
3.52223500
2.90131700
3.85175400
4.53700300
-1.45141000
-2.64031700
-3.08295900

1.33191700
-0.94598800
-1.71892100

0.32162500

2.71079100

3.16301900
-0.94262100
-1.96066700
-2.93981600

1.34375000

1.83772400

1.83459300

2.82952400

1.37978200

2.80824300

3.29161900

3.33297800

1.90384400

0.59391400

3.15116600

4.04433900

2.89206100

4.08920000

1.53747000

3.29661700
-1.25242600

1.40727300
-0.43238100

G =-327.130251

-1.19673400
-1.17405100
1.17429100
1.19677600
-1.23764900
-2.02883400
-1.25802600
-2.09135600
1.23812300
2.02913000
2.09095200
1.25853700
0.00017000
-0.00023700
-0.00023000
0.88807100
-0.88962600
0.00066700

0.60336000
-0.32700400
-0.32683300

0.60318300
-1.38751600
-0.12778600

1.64450800

0.41477400
-1.38742400
-0.12720400

0.41407000

1.64447800
-0.12207100

0.47714700
-0.65173700
-0.60029800
-0.60125000
-1.65561900

G =-2267.499262

-0.08859000
-0.11212900
1.00003300
2.15343800
2.17845000
1.06494700
-0.97144900
-1.00429200
3.25031000
3.07147800
1.09245600
3.07672900
4.18294500
3.86504400

4.36494200
3.44577400
2.64953400
2.75402400
3.70254200
4.50390900
4.97222900
3.33748900
1.80973400
3.78274200
5.22741000
0.69676300
1.97092300
-0.05608200



-1.00319000
-1.80385200
-0.64841300
0.09807700
-1.54500100
-0.89333000
-1.82271500
-3.00573100
-3.41777600
-2.56375600
-2.38877400
-3.51277600
-2.39275900
-2.26190100
-4.53890700
-4.36189200
-5.55946900
-4.51448500
6.29248500
5.23650600
3.91596800
3.68007200
4.79299700
6.06052900
2.99487400
7.30256400
5.39644000
2.81509400
2.35342900
4.62743800
6.89381100
1.29670100
1.54173600
0.67975200
2.12585000
2.75545600
1.31997300
2.61301400
3.51213400
1.16096000
1.79697300
3.26253700
4.12956000
3.58900100
0.52000700
1.67507500
4.01654400
3.14446600
4.69939900
4.51446700
0.01015600
0.69189400
-0.85143100
-4.24270900
-5.56385700
-5.61109600
-4.29820300
-6.41812700
-5.61608400
-3.40545500
-4.12670300
-6.47604000
-5.68396300
-4.26707300
-3.44665900
-5.67504200
-4.06804300

1.05223100
1.64090500
1.76885600
1.12930500
-0.24037700
-0.76580600
1.93124500
-0.31715000
1.54099100
3.14540600
4.11710400
2.86783400
0.96880700
-0.31764300
3.68074500
3.70612000
3.28625100
4.71447900
-2.79552000
-3.41575000
-2.89861200
-1.69943200
-1.09730700
-1.62931600
-4.45708100
-3.20417900
-4.32555100
-3.54944200
-1.15207900
-0.20315000
-1.14799700
-1.86894200
-3.05895400
-3.56166600
0.17271600
1.34780100
0.29676500
2.61228800
1.32050100
1.57250800
2.68692100
3.76034900
2.45357600
0.38760500
1.61507000
3.65225700
3.68865600
4.71037200
2.39611900
4.57862900
-1.47369200
-0.73890300
-1.85310700
-1.80543600
-2.48669300
-1.59917000
-0.85720200
-1.86720400
-3.44477000
-2.46501500
-1.52846600
-0.93946400
-1.90215300
0.09214600
-1.46942000
-2.76919200
-0.55807500

1.69863500
2.19105900
0.38052800
-0.12367200
1.47092500
0.89350300
-0.54815100
1.04957200
-2.09190900
-0.80404400
-0.34681600
-1.74357700
-1.36439100
-1.51093000
-2.44634600
-3.53586400
-2.29546700
-2.07327400
-0.20260300
0.42903500
0.32979100
-0.42359200
-1.07826700
-0.97207400
1.53128900
-0.12089300
1.01432800
0.94890800
-0.51375700
-1.67839000
-1.49003400
0.05401600
0.79594000
1.24047300
-1.16184800
-0.61829100
-2.30265800
-1.28281200
0.58745800
-2.92558700
-2.44467100
-0.75929600
1.07331500
1.14390800
-3.80813900
-2.94363100
0.39299600
-1.28808400
2.00345900
0.78568600
-0.10657300
-2.86508500
-2.05354300
0.28028300
0.59611500
2.75853300
2.54186400
0.25571300
0.05993500
0.55177100
-0.77452800
2.54294900
3.81294700
3.09474000
2.86666000
1.97616200
1.09197800
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-4.85921900
-4.45923300
-4.74412100
-5.91863300

0.59967800
1.51353200
0.67740800
0.48070700

0.60148200
1.05683800
-0.48389900
0.86083200

1940.82006683 G =-1940.354517

-0.86643700
0.02642000
1.04759600
1.20291800
0.31762000

-0.71288000

-1.67544800

-0.07472900
2.26840200
0.42872600

-1.40145700
2.89808800
2.49613500
3.64338400
2.10811900
3.01430800
2.45864900
1.52334500
3.34120500
3.24858100
3.78529300
4.76000100
5.54435500
4.91976800
2.71174300
2.09541200
6.11488800
6.35111400
5.91893100
6.98605000

-1.03160100

-0.40740700

-0.48741900

-1.22889800

-1.85515800

-1.76052900
0.73756600

-0.95844500
0.16836800
0.17414900

-1.29433200

-2.40292800

-2.24134800

-0.60051600
0.13140300
0.65307200

-2.13507700

-3.56530900

-1.57708300

-4.35658800

-4.24037900

-2.35157900

-3.71412200

-5.76824100

-5.61164300

-3.65557700

-1.83453000

-4.31846400

-6.38632600

-6.35572500

2.74758300
1.78627700
2.16005700
3.51515300
4.46686500
4.08736400
2.44530900
0.74309700
3.88060300
5.51449700
4.84119500
2.95745200
4.94384700
3.24885300
1.23723700
1.38112500
1.53013700
1.41895800
0.32450400
0.05520900
-1.32020800
0.34620600
1.01000500
-0.59925500
-0.82204200
-1.79845500
-1.00227200
-2.06425500
-0.89260200
-0.39076900
3.91000900
2.97221900
1.58660000
1.15515300
2.15178500
3.48907300
0.93785800
4.97331500
3.28160300
0.60882500
-0.24325900
1.84999200
4.23020000
-1.16955800
-0.71981300
-1.47540900
-0.73025600
-0.57586700
-1.37230300
-1.03339900
-0.00202200
-1.84323100
-1.66553500
-0.86391900
0.13963800
0.32252200
-2.33179900
-2.01467900
-0.28518000
-1.21072700

-2.81393500
-2.32393300
-1.45585000
-1.06599400
-1.58935700
-2.45392100
-3.48276500
-2.62820600
-0.11758300
-1.29789100
-2.84290200
0.63731800
-0.00189300
1.38179600
-0.94071700
-1.56437400
0.50696400
1.08329300
0.86122300
1.92365300
-0.83798200
0.37030300
0.72898000
-0.56972600
-0.01734100
0.62686500
-1.35760400
-1.17879200
-2.43701300
-1.08737300
2.00445000
2.79879600
2.49682800
1.34650600
0.54664500
0.86735900
4.16930900
2.24387100
3.67521800
3.29193200
1.02875200
-0.34463900
0.22653000
1.81566800
2.95526200
3.54471500
-0.10005100
-0.07482800
-1.19459600
-1.18161500
1.03943000
-2.28008500
-2.27977200
-1.14763600
1.04568600
1.89900200
-3.10777600
-3.12041700
-0.06119900
-2.00176000
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-6.10574300
-7.47178600
-0.60545500
-0.21604800
0.70865000
1.78734500
0.40072700

806.074452955
-3.95646000
-2.58156600
-1.76164300
-2.30165700
-3.67613500
-4.49918700
-4.60218100
-2.13855800
-1.41264000
-4.10437800
-5.56986500
-0.20000400
-1.79224300
0.43347300
-0.27243100
0.17076500
0.20592600
-0.34632500
1.65831200
1.96417600
2.46888200
2.70765600
3.18992500
3.10157400
1.50033800
2.25203500
4.18257800
4.98784900
3.78533000
4.63091200
0.30068200
3.05036700

-1940.81375958
5.99814300
4.87867400
5.02849400
6.30556600
7.41732900
7.26525400
5.87937600
3.88282800
6.42021600
8.40830900
8.14023000
5.34784200
7.42101900
5.45249400
3.92462700
4.04447700
4.01795400
3.98164700
2.59919200

-0.28310100
2.66592700
2.74108600

0.58069000
-0.16215100
-2.47796900
-1.63605700
-3.28155900
-0.14889100
-0.85427700

1.91458900
-0.04565500
1.52775000
-1.27461600
0.14104500
-0.93246500
-1.10245100

G =-805.857419

1.15044500
1.36034200
0.30400200
-0.98898900
-1.18421100
-0.12147700
1.98195800
2.34435100
-2.07362600
-2.17668500
-0.28738200
-1.82050300
-3.09766300
-2.62354300
0.37923000
-0.08596100
-0.38131800
0.04434300
0.11836500
0.22550900
0.31248500
-0.71065800
-1.48568000
-0.58683100
1.56092400
2.47927000
-1.40005000
-0.74485500
-1.96523800
-2.10727200
1.67796900
0.58646000

0.72652800
0.55983200
0.17627400
-0.05248400
0.14445600
0.52800700
1.01862800
0.72536600
-0.50722000
-0.01977300
0.66884500
-1.04148000
-0.44831500
-1.42541200
0.05142000
0.95216500
-1.17667800
-2.03971600
-1.28445800
-2.33561600
1.50192000
-0.58878900
-1.18719600
0.68833100
-0.73107300
-0.86636900
1.33283100
1.71288700
2.19344400
0.62299400
-0.08733700
2.22301700

G =-1940.348623

-2.60280100
-1.94745600
-0.71392700
-0.10331800
-0.78610300
-2.02633700
-3.56756800
-2.38880700
1.23118400
-0.33131200
-2.54212900
2.03433800
1.57855000
3.04717000
0.03578500
-0.11030100
1.52952700
1.64752500
-0.30918100
-0.27369800
2.02214600
2.30770400

-1.67739300
-1.14872200
-0.52305400
-0.41967700
-0.93337800
-1.56012200
-2.17626800
-1.22243400
0.19516100
-0.85327400
-1.96271800
0.35528300
0.46727000
0.75328700
0.15251200
1.24965500
-0.12629700
-1.22731900
-0.21412600
-0.77041700
0.42613500
1.48652400
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0.79783800

1.91543600

2.16969300

0.91180300

1.78053700

1.16728600
-0.06761900

0.03768100
-1.09697000

0.09050700
-3.68494600
-3.05047100
-2.66852300
-2.95267300
-3.60310300
-3.95959300
-1.76664400
-3.97094600
-2.82415400
-1.98665100
-2.54564000
-3.81341300
-4.45407400
-1.86001600
-1.59089600
-1.04817600
-2.83370000
-4.17340700
-1.79817300
-4.40390500
-5.29522000
-2.01232400
-3.29383000
-5.73653800
-6.57423500
-5.12732900
-1.14421200
-3.47216800
-6.80160600
-5.89898800
-7.42033500
-7.82068200
-1.43728300
-0.46926300

0.37442600

-806.076338193
3.91573100
2.65536400
1.93188600
2.45133900
3.72594300
4.45203700
4.48170400
2.22726800
1.63246800
4.14319400
5.44026400
0.30051200
2.13157600

-0.31613100
0.61992100
0.81835000

-0.32501800

-0.43621200

-0.12459300

1.04086000
2.99870900
4.04877200
2.37399700
0.73569700
0.36211000
2.85469400
2.28532300
2.71342600
3.92012000
4.22292500
4.17157700
2.93254400
1.71118600
1.80039400
3.02145900
3.79766000
5.18348800
5.09173500
2.86627100
0.46108400
0.88443600
3.06046800
0.43845800
1.66364700
1.60447600
-0.82716500
-1.32207000
-1.60573600
-2.57507900
-0.61682700
-2.84835700
-3.31974700
-3.05102400
-1.10927700
0.32302900
-3.40081900
-4.27409000
-2.33424500
-4.00359100
-0.55177100
-2.71104100
-0.71214300
-1.23209500
-1.56864200

-0.72183100
-0.42996000
-0.56213600
-1.06384200
0.31722900
1.43901400
-2.07050600
-3.00909300
-1.71277000
-2.28187600
-1.24193500
-0.01772600
0.56055600
-0.13728200
-1.40165700
-1.93785700
2.33627300
-1.67642900
0.52775300
1.80793400
0.43336100
-1.95444900
-2.91157500
1.65323100
2.33317700
3.27750800
-0.25375100
-0.40069700
-0.74437300
-1.06215800
0.11853600
-1.38245900
-1.54433100
-1.20426000
-0.03026100
0.64384700
-1.74604000
-2.04553100
-0.70448300
-1.71528500
0.37836700
-0.81888600
2.19103000
-0.57535200
1.65109000

G =-805.859571

1.15220000
1.40865200
0.37213700
-0.94849300
-1.17891800
-0.13716100
1.96368200
2.41284800
-2.03448100
-2.18910000
-0.33446800
-1.90225200
-2.98274000
-2.73455000
0.53310900
0.50582200
-0.60493300
-0.61706600
1.71901000

0.99194900
0.43776900
-0.14318200
-0.17837400
0.35935300
0.94317700
1.45541700
0.45337100
-0.74668300
0.33229500
1.36531400
-0.92048400
-0.96563300
-1.26941500
-0.84389600
-1.93696600
-0.50271800
0.59846700
-0.56624800
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-3.02542600
-1.63980200
-1.61108600
-2.51966100
-2.92675400
-3.56767200
-3.34018800
-1.45738800
-2.29192300
-4.63871600
-4.46734700
-5.24709400
-5.22597600

-5944.83525721

1.59028900
4.18558100
3.49098400
3.86453900
4.73695100
4.93003300
2.28844300
-0.23109300
2.49832400
3.10675200
2.32133600
2.90756200
4.29348500
5.10598100
4.49929300
1.84138600
1.87002100
2.54133900
3.19059400
3.17066000
2.90874600
0.90514100
2.28971900
1.16209700
2.02239400
1.23881600
5.12389000
1.28168300
3.67099600
5.15382800
5.54586500
2.93749600
2.44583500
1.56683600
4.75955600
2.55133300
-0.12141600
-1.81135200
-2.58210600
-2.12332500
-3.63641800
-2.34469700
-3.18393700
-1.52640300
-3.92136700
-4.74355100
-0.10238600
1.04213400
-1.22000100
1.07795400
1.92556100

0.40050100
-0.05080500
-0.11958300

0.10462900
-0.63526900
-1.16848300
-0.51533600

1.45711700

2.30649100
-1.03183500
-1.74851200
-0.20271200
-1.52907400

2.37352900
-1.06569400
-2.16864700

1.60603300
-0.56707900
-1.26917700

0.70495400
-0.74127100
-0.66039300

1.24277600

2.06476900

1.64806900

0.45989600

G =-5943.309167

-3.42939800
-1.31904300
-0.16809400
-0.05982800
-1.12816400
-1.90366300
1.07567700
-1.42105700
1.25778900
2.62055100
3.75964700
4.98243900
5.03763500
3.90641000
2.70299400
0.37739800
0.57588800
1.69641900
2.60123600
2.36361500
-1.83925400
-2.17500000
-3.64052200
-1.61253900
-2.53739600
3.68032600
1.82570300
-0.46392800
3.07176600
-1.32729000
-2.79478700
-4.48530700
-2.40755100
-4.11053800
5.98406800
1.87098700
0.84002500
-2.13967900
-1.41337100
-3.48557700
-2.02640800
-0.36854600
-4.11495700
-4.05953200
-3.37075700
-3.85564700
-2.29419000
-2.94845200
-2.18069100
-3.51978300
-3.00278700

1.39073600
0.16753500
0.70307900
2.08572100
2.41407100
1.24131900
0.05972100
0.27146300
-1.77331700
0.64492800
0.83296600
1.19635500
1.37157400
1.18276900
0.81144200
-2.64372600
-4.03007200
-4.53639200
-3.69018400
-2.30917200
1.74963800
1.47434900
2.60766100
2.79001800
3.46592900
0.73713800
0.64449100
-2.24356100
-1.65055700
3.39926100
1.15572300
2.83398600
4.45620400
0.54651700
1.66271200
-5.61614200
0.41382900
0.93221400
1.84451300
0.68256900
2.54010500
2.03133800
1.34371100
-0.02924900
2.27766000
2.81247600
-1.33844100
-1.80341500
-2.18583400
-3.08798400
-1.17510500
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-1.21216400
-2.11459100
-0.05918700
-0.03872500
-4.40867600
-5.38368100
-3.85377600
-4.57452800
-3.49881500
-2.96608500
-4.57354000
-3.19245100
2.32306900
2.65608000
2.16241500
3.16348800
-2.41111100
-2.11366600
-3.11398500
-2.96636300
3.87052000
3.97587200
3.29083700
4.87279000
1.18069500
1.73649700
0.17618500
1.09030600
6.59674200
7.10867100
7.02612000
6.83924400
2.03825900
2.57930100
1.68122400
1.14480400
3.52201800
0.55830400
0.27384700
4.38761900
3.40099700
5.10842300
4.98766100
4.37325800
6.14307200
4.88111700
3.50045000
6.65576900
6.65823500
6.02584300
4.38292900
7.55812500
6.42695400
5.04734800
5.86257700
4.09425800
5.09200400
6.31724000
6.44277100
6.25819500
7.24421400
-0.71504400
1.49651600
1.60528700
2.22072100
2.47194500
1.01714100

-2.73770100
-1.66485300
-3.41377900
-3.84730500
-1.26652800
-1.73130000
-1.24942400
-0.21924500
-5.56794600
-6.21530200
-5.77544900
-5.87893000
-4.19612900
-4.99939000
-4.62488700
-3.48673900
-2.62472800
-2.65108300
-3.45980700
-1.69214700
3.83270100
3.79362200
4.73716300
3.96263300
-0.38911200
-1.33822800
-0.64923200
0.02408600
3.98985100
3.09563400
4.87260300
4.07677400
6.20125200
7.02062300
6.57487200
5.96339400
0.70717400
-0.32879500
0.25734300
-1.68321500
-1.69875000
-0.59947300
-3.08960100
-4.19954200
-3.31630800
-5.48870700
-4.04365900
-4.60751600
-2.47999200
-5.70116000
-6.33174700
-4.75385100
-6.70879900
-0.51917700
-1.05861800
-0.93075900
0.53492600
-0.06772500
0.98225800
-0.07787600
-0.60970400
-0.56193800
0.59851100
1.93212500
0.19705100
2.82041300
2.27756100

-3.46827300
-1.83366500
-3.89439400
-4.89798800
3.58760700
3.79355500
4.53914900
3.29409300
1.09241400
1.80993700
1.20643500
0.08256000
-3.59882800
-2.92570100
-4.59792100
-3.66228900
-4.37616300
-5.43476500
-4.21462500
-4.19819500
-4.23082100
-5.32473900
-3.97919300
-3.79344900
-4.95893400
-5.03276400
-4.59483200
-5.97406200
1.39363100
1.00918700
0.89403600
2.46642600
1.37820400
1.87351400
0.40350100
1.97686000
2.76778200
3.32974500
2.42503900
-1.29061900
-1.78203700
-1.94355100
-1.44554000
-0.84289400
-2.20379000
-1.00303300
-0.21364300
-2.37212500
-2.66985200
-1.77740800
-0.51739900
-2.97045900
-1.90735500
-3.38257700
-3.90931100
-3.73947700
-3.70107100
-1.36212400
-1.68003700
-0.26587300
-1.64878900
4.02114800
4.09509800
3.67274800
5.22858400
4.31328300
2.82128400



6
1
6
1
1
1

— e O\ = e e O\ e e N = e e AN = AN = N = AR e e N0 S 0NN NNk = AN RNANRN =N === NN = = O\ = s O

3.08123000

2.12963800

3.22304800

2.56878000

3.64740300

3.90873900
-1.39940900
-2.43273600
-0.91792800
-1.42533900
-0.70852800
-0.19659000
-1.74814300
-0.23552300
-1.00348300
-0.66199700
-0.79630800
-0.14408200

0.13365900

0.01888500

0.42210600
-0.31592700
-0.17821800
-0.81094700
-1.17232800
-2.12024900
-2.67500600
-1.50358300
-1.84225200
-1.05629200
-2.98987000
-2.74869700
-0.48490800
-4.87364900
-3.97903900
-3.77499300
-4.31060000
-4.98059000
-4.45919200
-3.22054100
-5.43996900
-4.34857800
-5.38261300
-3.82856100
-3.83694800
-6.64211000
-7.38570000
-6.68347400
-5.56312500
-4.71427000
-7.76713200
-7.08507000
-8.75892800
-9.09597400
-9.52582800
-8.74381500
-7.45078200
-7.84228000
-6.46244300
-8.12143500
-5.00589700
-4.42115100
-4.34221900
-5.80450700
-6.28062700
-6.58724200
-7.17511400

1.08658300
-0.81684300
2.39753100
3.84017600
0.75100800
3.08633500
0.68000800
0.46476300
1.26118200
1.32454400
-1.49590700
-1.11326700
-1.72456600
-2.44101500
3.75141800
5.05273400
5.86115900
5.32531700
6.34639600
4.28435400
4.48609200
2.97460300
2.16456200
2.69079200
1.32148700
1.12100500
2.34415700
3.36318800
4.26674300
0.55110800
2.08308800
0.22627200
2.72491200
1.80332300
2.94574000
3.54801700
2.75019200
1.65191900
3.62057400
4.45644700
1.01104500
2.70756700
2.69525800
3.58775200
1.80514000
-0.34827600
-0.45560300
-1.10907400
-1.82426000
-1.75869900
0.27215600
0.45731300
-1.15269600
-1.34378600
-0.52434000
-2.12055000
0.88529000
0.73179100
1.35837300
1.60082800
-1.78139000
-0.87040900
-2.64298500
-1.83078900
-3.15630600
-3.24704600
-3.29040000

5.87716700
5.61504100
5.41204400
3.93530500
6.74941800
5.91079000
4.33207300
4.63967000
5.14454900
3.43883800
5.12752100
6.03608300
5.41121200
4.82971400
-0.85688100
-1.21352400
-0.48958500
-2.48790300
-2.75936200
-3.40505200
-4.39986500
-3.04772300
-3.76290000
-1.77079000
-1.34763800
-0.28668600
0.40278200
0.52101800
1.06766200
-2.11406300
1.42451700
-0.30186000
1.20725200
-0.63840700
-0.29671300
-1.65948900
-2.58362800
-1.93091700
0.43023600
-1.86800200
0.15476400
-4.05891700
-4.43917100
-4.45884100
-4.43240500
-0.08961200
1.63953500
2.18380300
-0.53406500
0.16803800
-1.47447700
-2.32123900
1.62831400
2.65990100
1.14936900
1.10433100
2.38812600
3.40690700
2.47791400
1.88652200
-1.96255300
-2.15727200
-2.12943500
-2.72039100
-0.25157500
0.80060400
-0.88073600

S48

1

—_— O\ = — —m O\ —

-5.60120500
-8.76761900
-8.26555000
-9.48771600
-9.34895700
-8.47518100
-7.77308100
-9.03692400
-9.19759200

(R)-LA4

E=
6
6
6
6
6
6
1
1
1
6
6
1
1
6
6
1
6
6
6
6
6
6
6
6
6
1
1
1
6
1
1
1
8
8
0

5

-1134.71663293
-4.42851400
-3.64587800
-2.34100000
-1.83247900
-2.66106100
-3.92136500
-1.90462900
-5.42990000
-4.01600400
-1.51479000
-0.51413700
-2.28335400
-4.53153900

0.27949000
-0.24268900
0.41260200
-0.04894400
-0.74535400
1.04408300
-0.37238900
-1.79517700
1.40591300
0.70576600
-1.07518000
-2.45227600
-2.07412100
2.24499400
0.97989600
-2.09893700
-0.78172400
-3.25165400
-2.63089600
1.54986900
1.80484600
3.07916200

(RR.R)-3a

E=

6
6
6
6
6
6
1
1
6
1
1
6
1
1
6
1
6

-806.095919999
3.87505700
2.60848200
1.91482300
2.47076100
3.75082600
4.44704000
4.41729900
2.15268500
1.68346800
4.19589900
5.43970900
0.34828800
2.20955500

-0.23805500
0.59885200
0.79545300

-0.31554600

-3.99667400
-0.80839400
-1.73720900
-1.06517300
-0.44707300
1.59298200
2.38685900
1.96787900
1.46481800

-0.46216700
-1.92728200
-2.23765300
-1.13657300
-2.79119600
-1.13419100
-0.83192700
-2.00520000
-0.31313900

G =-1134.498246

-2.01492500
-2.82991900
-2.43239300
-1.15613600
-0.35027300
-0.76687000
-4.24802500
-2.33217100
-3.80406200
-3.27911300
-0.73903400
0.60889000
-0.12810500
-1.63516200
-2.89663300
-3.53966300
0.63761600
1.78456600
0.83849700
3.10270600
1.66651800
2.15708600
3.25164700
4.22879300
2.77971600
0.67549300
2.25416800
4.25546200
4.07613000
5.22429900
2.65967500
4.94949500
-1.37488800
-0.20414600
-0.64960200

1.07787600
0.28812600
-0.10803200
0.30353700
1.13569300
1.51118100
-1.22040400
1.37803900
-0.04271700
-0.89771900
-0.09966400
1.48815800
2.15440800
-0.82306700
-1.23429700
-1.82480700
0.22575100
-0.29375600
1.07812400
0.13408000
-1.24862900
1.49134400
1.04987700
-0.37311100
-1.72930600
-1.60550000
2.18371500
1.38478700
-1.28329400
-0.02934600
-2.46453100
-1.66765800
-1.19370400
1.50823400
-0.06957300

G =-805.879311

1.26036100
1.46464300
0.39029200
-0.91565800
-1.09392100
-0.01437000
2.10126300
2.45649100
-2.04062500
-2.09244200
-0.17065500
-1.95227400
-2.97944300
-2.81368100
0.49008000
0.43045900
-0.66327800

0.95173000
0.39001800
-0.15682800
-0.15075800
0.39334000
0.94380500
1.39024100
0.37588500
-0.68637900
0.39826700
1.37245600
-0.86326500
-0.88095300
-1.19442800
-0.86062900
-1.95251200
-0.47500000
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-0.41963400
-0.17763200
-3.78818300
-1.63434000
-1.61096600
-2.37916000
-2.95714500
-3.00979600
-3.23822800
-1.49476300
-2.37247000
-4.66350600
-5.08142200
-4.70990900
-5.28296400

(RR.R)-7

E=

6
6
6
6
6
6
1
1
6
1
1
6
1
1
6
1
6
1
6
1
8
6
1
6
6
8
6
1
1
1
8
1

-806.081788339
-3.90703800
-2.50771600
-1.82847800
-2.55508000
-3.95538200
-4.63020100
-4.43064100
-1.92957100
-1.81618100
-4.51745600
-5.72174900
-0.52466500
-2.36013200
-0.00108700
-0.31281200
-0.02736400

0.21022200
-0.00639900
1.74192600
2.02421500
3.38695900
2.36222500
2.11225300
3.28118700
2.45928500
2.30247500
4.18925300
5.24098700
3.98566300
4.05496600
0.32695700
0.20591800

(S,R.R)-4a

E=

6
6
6
6
6
6
1
1
6
1
1
6
1
1

-806.095225244
-4.33737500
-3.03275200
-1.95068700
-2.14818800
-3.46217100
-4.54914300
-5.18846200
-2.84942600
-0.98064400
-3.63075500
-5.56697600

0.23467400
-1.14533500
1.07430500

-0.64071500

1.66924200
-0.27755400
-0.15193700
-0.26823700
-0.05637200
-0.70406500
-1.79633700
-0.43942100

1.35890300

2.16963700
-0.66978600
-1.59506700
-0.69504000

0.16724300

0.62497300
-0.62750800
-1.12461800
-1.05322300
-2.15348100

1.69883800
-0.53956800
-0.69944900

0.93550500
-0.78403300
-0.72255100

1.38678600

0.95983200

2.48306400

1.02149000

G =-805.864416

-1.64971500
-1.62042400
-0.40404200
0.80974000
0.76772000
-0.45517700
-2.60849700
-2.54617700
2.07382400
1.70534500
-0.47473000
2.10776800
3.00036700
3.06231700
-0.33172400
-0.13376000
0.84041100
0.61551000
0.97681200
1.87981200
-0.69416500
0.97580100
1.64894900
0.00184400
-0.20011600
-0.65015600
-0.47175400
-0.40495000
-1.53024100
0.12627500
-1.54840500
-1.72422700

-0.23707600
-0.19551000
-0.16012200
-0.17363100
-0.23718700
-0.26430700
-0.25731000
-0.19962200
-0.09797700
-0.25380200
-0.30641700
0.27393100
-0.30216200
0.38139000
-0.20618600
-1.25616000
0.63591700
1.70175000
0.54035200
1.11436200
0.32751400
-0.82674100
-1.64417600
-0.87306900
1.20849800
2.30631000
-1.94574100
-1.62248100
-2.17670100
-2.85690200
0.11283800
1.05803900

G =-805.878863

0.59106500
1.09649700
0.23146100
-1.16029300
-1.64930400
-0.77982300
1.27002400
2.16275000
-2.03831900
-2.72003700
-1.17489200
-1.55218800
-3.11767600
-2.20819500

0.26234200
0.32491100
0.19822500
0.00421800
-0.02977200
0.09496700
0.35179200
0.47088400
-0.18662400
-0.17155900
0.05747700
-0.51587100
-0.12451400
-0.74979800

S49

6
1
6
1
6
1
8
6
1
6
6
8
6
1
1
1
8
1

-0.51647300
-0.18563800
0.35688200
-0.07666100
1.64859700
2.19406500
3.43841800
2.63727800
3.32847700
3.48821800
1.07920100
1.64051600
4.39326900
5.07659000
4.96257500
3.77609900
-0.21252300
2.13573300

(SR.R)-6
-806.081101518 G =-805.864167

E=
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4.58360800
3.32171900
2.16267000
2.26097300
3.53067200
4.68710900
5.48445300
3.22909400
1.03148900
3.60707300
5.66949100
-0.15660000
1.11462300
-1.05460300
0.78610100
0.50785900
-0.27327800
-0.07809400
0.77167900
1.07240000
-1.68492800
-1.62171700
-3.73481400
-2.32400600
-1.92829100
-3.48150700
-2.69482100
-2.64969000
-4.52914500
-4.66244100
-5.49989200
-4.25768000

0.63224500
0.32104500
-0.06494400
0.18138900
0.75108000
0.81605400
-1.35124400
0.31315000
1.14548500
-0.88255200
2.14289700
3.19676000
-1.44958300
-2.18775000
-0.65207600
-1.94027100
2.02087300
0.08471700

0.49823400
1.07631200
0.33108400
-1.02264100
-1.59555900
-0.84036100
1.09371800
2.11463600
-1.78077200
-2.64278800
-1.29847200
-1.16716100
-2.86339700
-1.74448300
0.91510400
0.63288800
0.33342400
0.75346200
2.32863600
2.62089700
0.81178000
1.90823600
-0.20588800
0.15644100
0.13905100
-0.39466300
0.50930400
0.78623000
-1.15268800
-2.15227200
-0.63476600
-1.26557000

0.33817300
1.35134000
-0.69492400
-1.68556500
-0.57744400
-1.52790400
-1.01750400
0.50541300
0.72950500
0.09837400
-0.23951800
-0.30384000
1.17061500
0.73184400
1.67364900
1.94246800
0.19259300
1.46188600

-0.29574600
-0.47960900
-0.26458600
0.13369000
0.29658600
0.08769600
-0.46178600
-0.80333900
0.38389600
0.60094700
0.22442700
0.51064000
0.51351200
0.74695400
-0.53572600
-1.56861600
0.41373500
1.42308400
-0.53002000
0.34307900
0.02122400
-0.09313900
0.57680500
-1.16913800
-2.18227000
-0.78139500
1.12741900
2.28903300
-1.50861200
-1.06320000
-1.43998400
-2.56665800

1940.81296969 G =-1940.351203

-1.39386100
-0.28278900

0.57569400

0.34500700
-0.74268000
-1.61368600
-2.07828900
-0.09020600

1.21801400
-0.92455700
-2.47067400

2.09039300
1.39836800
2.01353000
3.34965900
4.04316900
3.41673900
1.58996400
0.37536000
3.95434800
5.07538600
3.96438200

-3.04330100
-2.54580600
-1.63979000
-1.22562300
-1.77163400
-2.66673500
-3.73167000
-2.86922700
-0.20846600
-1.46223400
-3.06573400
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2.03865400
1.12560600
2.61815200
1.83966800
2.68327300
2.04457600
1.18237700
3.25408700
3.29666600
4.15634800
4.58130800
5.11060800
5.01760600
2.99991400
2.43612400
6.25056300
6.80993900
5.99501600
6.89722500
-1.65485200
-0.88274400
-0.70204300
-1.33194100
-2.09498500
-2.25881100
0.59318100
-1.79078500
-0.39385400
0.10688800
-1.16410700
-2.54182700
-2.84889800
-0.35798100
0.28213800
0.90546500
-1.87389400
-3.31130400
-1.16980800
-3.97856400
-4.11562800
-1.83235700
-3.20199300
-5.39943000
-5.49197300
-3.62569200
-1.21666100
-3.71037400
-6.14524200
-5.89017900
-6.08439500
-7.23653800
-0.16814400
0.19674500
1.13353100
1.96686800
0.98468900

3.21090600
5.03054900
3.66287400
1.40175900
1.83461900
1.72400800
1.30784700
0.86207200
0.69741600
-0.84384500
1.24211700
2.17717900
0.23885000
-0.50582600
-1.46633200
0.07188900
-0.81878300
-0.08077800
0.95467700
3.75826900
2.92531200
1.55898200
1.03180600
1.92964300
3.24917400
1.09824300
4.80665800
3.30451000
0.69518300
-0.35529000
1.56971600
3.91052000
-1.16921800
-0.61869800
-1.29105700
-0.93604000
-0.94707100
-1.47808000
-1.42042700
-0.51916000
-1.96427800
-1.91682200
-1.40407900
-0.52629900
-0.18820600
-2.36352700
-2.27731300
-0.96154700
-1.76029300
-0.19655000
-0.95632100
-2.46826100
-1.59493000
-3.12633800
-0.01378100
-0.67302700

0.55930600
-0.04022700
1.36822900
-1.10815400
-1.67993900
0.36197800
0.91255100
0.73618200
1.82439600
-0.66450000
0.13985900
0.31216500
-0.63604800
0.04045500
0.67349000
-1.44613900
-1.11579600
-2.50761800
-1.35584800
2.23010600
3.01144500
2.66952900
1.49121600
0.69290700
1.05695800
4.35151300
2.50581800
3.91303700
3.45893900
1.15112100
-0.23237000
0.41946400
1.95588000
3.10703400
3.69901500
-0.02355500
-0.08311200
-1.09400000
-1.26246400
1.01137900
-2.25063000
-2.34369600
-1.31673000
0.93242400
1.92618000
-3.05913400
-3.24150300
-0.24634600
-2.22643600
1.78926400
-0.29875100
1.69129200
-1.07373200
0.22863700
-1.20056500
-1.14180500

1940.80606878 G =-1940.343848

0.3834000
0.68860000
1.96185700
2.96131300
2.62788100
1.34786900
-0.61217500
-0.06152700

4.19882100
2.83719900
2.38539300
3.28716200
4.64266500
5.09625200
4.55225100
2.13430100

-0.72609400
-0.61526600
-0.94569000
-1.39034600
-1.52313900
-1.19072800
-0.44884300
-0.25382200

S50
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4.31591800
3.38567900
1.10599600
4.72926100
5.00250400
5.75409900
2.37316600
2.36675500
3.76648500
3.73636300
1.57205900
0.62967500
3.92515300
4.44946600
2.28466800
4.45037400
5.45291100
3.45591400
2.48480000
2.05425300
3.37818400
2.61782500
3.07083800
4.34919400
-1.14129900
-0.68950100
-0.80307000
-1.40914600
-1.86676600
-1.73203900
0.10846100
-1.04276900
-0.22714700
-0.32337900
-1.51505900
-2.32801100
-2.08545100
-0.94464500
-0.38126100
0.01396000
-2.22992500
-3.63317500
-1.54916800
-4.27994500
-4.42596500
-2.19104700
-3.52112000
-5.66561000
-5.77018500
-3.95372600
-1.59145700
-4.01393300
-6.39890300
-6.14119200
-6.35681200
-7.46359600
-0.92141100
-0.23763400
0.03089600

1940.79696341

-7.66028100
-6.26392600
-5.54358500
-6.20522300
-7.60129500

2.77773900
5.34859200
6.15715000
1.58245100
3.42665000
1.23455800
0.94395000
0.57130600
0.77743500
1.21924800
0.06760600
-0.18166500
-0.74807300
-1.20199600
-1.83432000
-1.14387900
-0.93950900
-1.68866200
-1.34758600
-2.09811000
-2.16484600
-1.58850600
-3.22282000
-2.05631200
2.58490100
1.30617400
0.28112500
0.57215600
1.90286900
2.88127800
-1.27004900
3.36583200
1.06116400
-1.03670700
-0.45722900
2.15039500
3.89470700
-1.71351800
-1.99342400
-2.99792200
-0.17833800
0.13375800
-0.20201000
0.47533700
0.09430400
0.12936100
0.47301600
0.79385100
0.39983200
-0.18948900
0.11313500
0.73995900
0.76291200
1.05885600
0.35798100
1.00780800
-2.69230200
-0.58900300
-2.78901200

-1.66370600
-1.87320800
-1.28874200
-1.19545900
-2.21460800
-1.34811800
-0.93813600
-1.98275500
-0.36635700
0.64848500
-0.15063800
-0.73717200
-0.18582700
-1.04057700
1.16071000
1.16638900
1.53739200
1.88196500
-0.12254600
-1.07359900
3.28510000
3.83586200
3.31714400
3.78594900
3.95900700
4.21053300
3.23486100
1.96806300
1.74433400
2.70814100
4.45167700
4.71654800
5.17086100
3.47429100
0.97024100
0.78831100
2.50207000
1.21385900
2.49577300
2.65242000
-0.30604200
-0.31730200
-1.51825200
-1.55253800
0.86465100
-2.74023500
-2.75461900
-1.55000600
0.83217000
1.80468800
-3.65244900
-3.69289900
-0.38381500
-2.49811800
1.75308300
-0.39515800
0.30163700
-1.58147800
-1.53861500

G =-1940.337234

0.45546300
0.35172500
0.28092100
0.31106200
0.44087600

-1.08321100
-1.12174600
0.06601700
1.32164300
1.33874400



6 -8.32471400
1 -8.22810100
1 -5.72693400
6 -5.41418900
1 -8.12412100
1 -9.41295300
6 -4.15467600
1 -5.90431000
1 -3.59718600
6 -4.05087800
1 -3.72522500
6 -3.58948000
1 -4.05122100
6 -2.08924600
1 -1.76650100
8 -1.38600300
6 -1.12061200
1 -1.08128400
6 -0.98373400
6 -2.05158800
8 -1.35315800
6 -0.41676100
1 0.03828200
1 -1.24475900
1 0.32355000
6 2.63683800
6 2.09574400
6 2.00790500
6 2.50409300
6 3.05180100
6 3.11449300
1 1.01370100
1 2.69475600
1 1.71347400
6 1.40131700
6 2.40381900
1 3.41836800
1 3.53595300
6 1.78376000
6 1.27983000
1 0.79630700
6 2.96969700
6 4.38128400
6 2.14517800
6 4.89363800
6 5.30990800
6 2.65283200
6 3.99347400
6 6.29036000
6 6.65987700
1 4.93724900
1 1.94688000
1 4.38523800
6 7.15840700
1 6.66400900
1 7.35223400
1 8.22987500
8 1.65995800
0 0.30199100
8 -3.34003100
8 0.80285800
1 0.05977000

TS2a

0.50885800
0.50145100
0.32430700
0.18476500
0.47409600
0.60096900
-0.29977500
0.44435700
-0.44755100
0.25518100
1.27498400
-0.72798700
-1.70064900
-0.85556600
-1.90374900
1.07988900
0.08640200
0.18657000
1.22099400
-0.41969900
-1.06039600
2.53593600
3.04681200
3.15911000
2.42074500
4.79201200
4.34613000
2.95913800
2.00184200
2.49846500
3.85218500
3.21734600
5.86155600
5.05831400
2.48850700
0.59919100
1.78959900
4.20158400
0.17917400
1.14557300
0.76916600
-0.40318300
-0.45426500
-1.31395000
-1.37365100
0.37243600
-2.22798400
-2.24699600
-1.40289700
0.31317100
1.05470300
-2.90501700
-2.94440600
-0.57547100
-2.10371100
0.95479900
-0.60908000
-1.11502500
-2.40977700
-0.13363300
-1.38622600
-0.58582100

0.14465300
-2.01544100
-2.07182200

2.55922400

2.29831600

0.17388000

2.55166200

3.50185600

3.47997100

0.15752700

0.45138100

1.22788800

0.96499600

0.91636600

0.99378900
-0.42838400

1.60245600

2.69033200

0.78500100
-0.60171000
-1.47412900

1.19176900

0.33637000

1.57117800

1.99294600

0.17862600
-1.00949000
-1.30363800
-0.35535300

0.86305000

1.12329800
-3.21752200

0.39331200
-1.74587800
-2.50096400
-0.64092400

1.60543700

2.06920200
-1.82403800
-2.74470900
-3.64747900

0.30511900

0.57229700

0.95786700

1.54868100
-0.12170500

1.91656500

2.21709100

1.81379600

0.15169600
-0.88508400

2.40159800

2.96172700

1.13548500

2.56505800
-0.39852600

1.34636700
-2.13644800
-1.27969400
-1.00690800

0.66424000

1.18756700

E= -1940.80947738 G =-1940.347715

6 -5.06673600
6 -4.07616000

1.31523200
0.61623500

-2.77361100
-2.07202700

6 -4.20340500
6 -5.34252300
6 -6.31000700
6 -6.17429000
1 -4.96682000
1 -3.20071600
6 -5.49217900
1 -7.18564300
1 -6.94048500
6 -4.78663700
1 -6.24528200
1 -4.94651300
6 -3.17967500
1 -2.64614600
6 -3.83652800
1 -4.43089500
6 -2.60925200
1 -2.82440900
8 -0.47257100
6 -1.95235600
1 -2.37703400
6 -0.82334200
6 -1.63970400
& -0.91090500
6 0.09077600
1 1.10202800
1 0.18804000
1 -0.27528200
6 0.02779200
6 -0.65172500
6 -0.17685100
6 1.03610400
6 1.71151900
6 1.21979400
1 -1.79306000
1 -0.35096700
1 -1.57808000
6 -0.88262600
6 1.50081000
1 2.62689400
1 1.75597800
6 0.71582700
6 -0.45058600
1 -0.99428500
6 2.78146500
6 4.04050900
6 2.78805700
6 5.25493700
6 4.13233200
6 3.98519300
6 5.19172600
6 6.49410500
6 5.35060200
1 3.21867500
1 3.91338700
1 6.11744200
6 6.54509500
1 7.41012400
1 5.39571500
1 7.50349300
8 1.00968100
8 1.62000000
0 0.94310800
& -2.19610500
1 0.69526700

0.41827200
0.90105500
1.62144600
1.82803100
1.46360300
0.22233200
0.60601800
2.00843200
2.38514000
-0.37434100
1.17043700
-0.62879300
-0.22252400
0.57907000
-1.16623000
-1.88829500
-1.91799000
-2.98366400
-0.63600400
-1.27404200
-1.32365200
-0.61205400
-1.81053500
-2.78281400
0.14922800
-0.29157500
1.18935200
0.14340800
4.42019800
3.84550500
2.65994700
2.05350600
2.67284800
3.82065100
2.51511700
5.32958600
4.29153100
2.04254100
0.83428100
2.21985400
4.26897500
0.20213200
0.85383800
0.34649000
0.22247600
0.87290700
-0.99878500
0.27321500
2.09825700
-1.59955500
-0.97166400
0.93034200
2.70687700
2.55051700
-2.55574100
-1.42489800
2.12419800
0.46471500
3.64603900
2.61895300
-1.01109400
-1.70329500
-2.85287500
-1.04425600
-1.10256000

-0.70094200
-0.00401400
-0.71888400
-2.09450400
-3.85132100
-2.58809500
1.43232400
-0.19103300
-2.63867600
2.03234400
1.98922100
3.08261900
0.18104700
0.72732100
1.18057900
0.58485200
1.73957200
1.91114200
1.31553400
2.92580900
3.92735700
2.62510300
0.51968900
0.13423100
3.52677500
3.50471700
3.17593200
4.56239400
1.30648000
0.25236000
-0.36775500
0.09926100
1.18917300
1.77829200
-1.81446000
1.77875000
-0.11989500
-1.43759900
-0.49850600
1.57054100
2.61853100
-1.46749900
-1.96337400
-2.76071000
-0.05196000
-0.28757500
0.60734600
0.18820500
-1.00598700
1.06979100
0.87127300
-0.04557500
-1.22139200
-1.39089600
1.59164800
1.23434300
-0.73148600
0.32757300
-1.77795800
-0.90559600
-1.96033200
0.80539200
-1.01763800
-0.45039200
1.08171300



-1940.80014385 G =-1940.341047

-7.23506400
-5.90607200
-4.87614900
-5.15277200
-6.48798200
-7.52248200
-8.04534600
-5.66094300
-4.04011500
-6.71641600
-8.55833100
-2.82974600
-4.24109000
-2.02129400
-3.41913400
-3.02269700
-2.65722800
-3.12925800
-3.06192100
0.61872800
-1.30548000
-0.68206700
-1.78504000
-0.57545000
-0.26051100
-1.11045900
-1.74576800
-0.98642500
-0.88659700
-1.85670200
-0.44903200
-0.23071000
-0.06860700
-0.50233400
0.06708600
1.12819000
1.53909400
0.95651300
-1.21831700
-0.5169580
-1.30827800
-0.40963000
1.70153000
2.32757100
1.29151700
1.16931200
0.11396900
-0.26288400
2.84996900
4.12699700
2.71953100
5.21010700
4.36980900
3.79314400
5.00673400
6.46506300
5.60081900
3.56469000
3.61932300
5.83264500
6.65972700
7.27805000
5.76234800
7.62925600
1.60493000
1.54005200

-0.17093500
-0.60900100
0.25033400
1.56985700
1.99686000
1.13222500
-0.84758900
-1.61855700
2.43506300
3.01300000
1.47768900
1.93151400
3.50476700
2.56879700
-0.06845800
0.45934800
0.44280000
-0.01385800
-1.44445600
-1.19459200
-0.23918700
0.33515900
-2.54189400
-0.70290800
-0.00725400
-1.95993500
-1.56110500
-2.16207300
-2.71571900
-2.89833800
-3.70053700
-2.16520700
4.53796600
3.88222200
2.64239500
2.06967900
2.76610200
3.96324200
2.36423100
5.48974200
4.29996400
1.92958000
0.81247800
2.33718100
4.47370000
0.11868500
0.70534500
0.13377400
0.23697400
0.89645700
-0.95292300
0.35271700
2.07833800
-1.49447800
-0.85176000
1.02104600
2.69886600
2.48765400
-2.42689300
-1.26415300
2.17280400
0.59714100
3.60268000
2.67625400
-1.09560000
-1.66011300

-0.47842000
-0.54209900
-0.17372100
0.27213200
0.30464500
-0.06483900
-0.76004100
-0.87759700
0.70498400
0.63729400
-0.02627900
1.02374800
0.81261400
1.38724700
-0.27943300
-1.17327900
0.93116200
1.82484900
-0.38689500
1.40929700
0.71372900
0.02490900
1.34873000
1.95146800
2.73424500
2.27995500
0.01246400
-0.84719800
3.54634400
4.03579300
3.31955900
4.23271600
0.44420300
-0.68868200
-1.08235700
-0.30250800
0.87114200
1.23448500
-2.81108900
0.73825400
-1.29738600
-2.21780100
-0.69069000
1.48993100
2.14088800
-1.78550000
-2.54936500
-3.39917300
0.06452700
0.07088000
0.77240400
0.84049600
-0.68516700
1.52491300
1.56685200
0.84796700
-0.66231700
-1.29459400
2.06559100
2.15182400
0.11727700
1.44337300
-1.25464100
0.12980200
-2.13176300
0.76235300
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1.02569500

-1940.80291188

6.57037100
5.42541900
5.33475900
6.38793500
7.53621100
7.62607600
6.63890400
4.59791000
6.23278500
8.35917400
8.52380100
5.02308200
7.12852400
4.90253100
4.21045500
4.56057200
3.82992900
3.59410000
2.98124900
0.14445000
2.48098700
2.61294000
1.08839200
1.47273000
1.37509200
0.78710500
1.96990500
1.08840700
-0.17108200
0.30267300
-1.06160100
-0.49808000
-3.21700400
-2.62032600
-2.38484200
-2.76485600
-3.38118100
-3.60232400
-1.48435300
-3.39473600
-2.31847700
-1.77211900
-2.49468000
-3.67375200
-4.07515200
-1.89239300
-1.53707600
-1.06181000
-2.84519300
-4.21361600
-1.85379900
-4.52212500
-5.29606800
-2.15991500
-3.46141900
-5.88052200
-6.60316500
-5.07551600
-1.33087600
-3.69637900
-6.90239700
-6.09865400
-7.41604400

-2.80707700

-1.10006400

G =-1940.341743

-2.27746000
-1.82842600
-0.49930400
0.41475000
-0.06085300
-1.39655000
-3.31901200
-2.50769800
1.82961600
0.62894000
-1.74971400
2.36166900
2.45696400
3.42699800
0.08214600
0.18592200
1.45802000
1.34010000
-0.65201000
-0.49994600
1.69616100
2.07571400
0.31308400
2.45395400
3.53760600
1.63964100
0.24122800
-0.10160100
1.98210300
1.81913100
1.34145500
3.02709100
4.49981100
4.28127000
2.96555900
1.83926100
2.10346200
3.39340900
3.59290600
5.51740400
5.12440000
2.73349200
0.50850700
1.26687400
3.56107100
0.32653300
1.45817800
1.26539900
-0.67678900
-0.98345600
-1.51793100
-2.08051900
-0.24114400
-2.60696600
-2.87222400
-2.36218400
-0.54639500
0.57563200
-3.21519400
-3.70471300
-1.61082300
-3.19585300
0.03569500

-1.46646500
-0.79625500
-0.39664900
-0.66298900
-1.31213200
-1.71398600
-1.78890900
-0.58268400
-0.27924200
-1.51708700
-2.22673100
-0.00544100
-0.28479600
0.20664800
0.39933400
1.44873900
-0.11534000
-1.19076200
0.43447600
-0.77589400
0.59232500
1.61828500
-0.90080100
-0.22159500
-0.21481200
-1.04152900
0.67568000
1.52700400
-2.12888300
-3.11200700
-2.08152500
-2.05371100
-0.84834800
0.37600000
0.85562200
0.05170500
-1.20581700
-1.64205400
2.72949500
-1.20395500
1.00354400
2.11804900
0.52084200
-1.83952600
-2.61293100
1.76912400
2.56067800
3.52380200
-0.31260000
-0.62830000
-0.81013300
-1.50080200
-0.07616500
-1.66518600
-2.01719600
-1.81358200
-0.39038400
0.61049100
-2.03183700
-2.68504700
-1.27577300
-2.48629400
0.05028800
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-7.94225100
-1.62895300
-0.53386600

0.01110600

-2268.09396792
1.89393100
0.74847800
0.25571400
0.92115300
2.04503200
2.53297200
2.28276100
0.22718400
0.46365300
2.55572500
3.41998900

-0.38066900
0.91387600
-0.61152600
-1.03361100
-1.82831800
-0.95620400
-0.24134700
-1.42941000
-0.77536000
-2.28878900
-3.24552300
-3.31411000
-3.10256200
-3.21421800
-3.70401400
-2.40401400
-1.93320700
-4.67853400
-4.29637300
-5.63822900
-4.87313300
6.60309900
5.63886100
4.25869000
3.86342000
4.88640100
6.21631300
3.55322500
7.66065700
5.92071800
3.25353700
2.47411000
4.60119100
6.97916400
1.52276200
1.92472600
1.13893700
2.05073600
2.45166200
1.25296800
2.04686000
3.24207500
0.83322300
1.22257200
2.47091800
3.65043000
3.51854200
0.19923300
0.90439100

-1.83882000
-0.89693400
-1.37630300
-1.98569400

-1.52152600
2.25402500
-0.43962100
1.64926000

G =-2267.475365

-0.51963400
-0.62670700
0.48454000
1.72495800
1.83031900
0.71468000
-1.40098100
-1.57921700
2.83753900
2.79245800
0.80656000
2.64241600
3.81973300
3.46312700
0.42213400
0.85627600
1.28072600
0.77365300
-0.89835400
-1.26079500
1.38268600
0.42566400
1.69620200
2.61880100
3.29605700
2.74510400
0.92664500
-0.05848600
3.70113100
4.13650100
3.20918800
4.51601900
-1.96689400
-2.74302800
-2.42448500
-1.26415600
-0.49717100
-0.83828700
-4.11439700
-2.22360700
-3.62597400
-3.23622600
-0.91663300
0.37000700
-0.23386000
-1.78365300
-2.93508200
-3.56116200
0.35648900
1.62480600
0.33017600
2.84175000
1.73562300
1.54926800
2.76480800
4.09161700
2.96332200
0.83208300
1.47175400
3.69213900

4.29446200
3.49708500
2.81537500
2.91772100
3.74908400
4.43291200
4.80998000
3.39495300
2.08363900
3.83164900
5.06444600
1.05728500
2.24316200
0.37523000
2.01332000
2.65489300
0.73852900
0.06632400
1.73313200
1.07973400
-0.01559600
0.44393100
-2.03659100
-0.00351300
0.84066300
-1.20221000
-1.37889700
-1.98578900
-1.78175400
-2.71973700
-2.01884000
-1.07094200
-0.23460500
0.37113100
0.25119800
-0.49598700
-1.12434300
-0.99805000
1.42030500
-0.13690500
0.95143200
0.84228800
-0.60458300
-1.71944700
-1.49507900
-0.06196600
0.67157200
1.09997600
-1.25619200
-0.71012900
-2.40471000
-1.35650600
0.46894400
-3.01527700
-2.51206400
-0.83212600
0.94443600
1.00952400
-3.90035600
-2.99642700
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3.26899100

2.15323800

4.26229900

3.59900700

0.19074400

0.84601000
-0.67858000
-3.99984900
-4.97572900
-5.39269900
-4.41901400
-5.99165700
-4.64241800
-2.98543100
-4.00478300
-6.43488000
-5.36849700
-4.71767100
-3.41517900
-5.01989800
-4.30730600
-5.47973200
-5.60763000
-5.30057800
-6.40546100

2268.10184256
3.33109200
2.14755900
0.93436700
0.89614800
2.07681500
3.29403300
4.28123800
2.16237000

-0.38188800
2.04198500
4.21411000

-1.38140000

-0.48509600

-2.32116700

-0.38158300

-0.95798700

-1.20141000

-0.59066600

-0.25630400
0.30176500

-2.48039100

-3.21787600

-3.41206300

-3.48363000

-3.75688300

-4.02591200

-2.43356500

-1.75999500

-5.08681500

-5.92028400

-4.68898700

-5.48617500
6.49285600
6.24745800
4.92412500
3.81853900
4.11403200
5.41038300
5.51024600

4.15831800
5.00468100
3.01146200
5.12500400
-1.56368000
-0.82161900
-1.91949500
-1.71516800
-2.79068300
-1.63733900
-0.52988200
-2.61064100
-3.77199500
-1.96439600
-1.61671700
-1.37729700
-1.77773400
0.43977900
-0.79381800
-2.86669400
-0.38801800
0.25726100
1.25542300
0.36635300
-0.31995400

0.28990900
-1.34344500
1.84793900
0.67814200
-0.21068700
-2.96485200
-2.12541800
0.14849500
0.61557300
2.61028700
2.21885700
0.20677100
0.24702700
0.48277100
-0.94624200
2.33121100
3.70089800
2.64450400
2.57442000
2.02401700
0.74453800
0.12941600
0.56609000
-0.94803800
0.27673100

G =-2267.483733

-0.30766600
-0.96159400
-0.27913700
1.08091100
1.71051400
1.02479600
-0.84448700
-2.00964400
1.79153700
2.75633300
1.53303200
1.31128500
2.74805600
1.86241300
-0.94954100
-1.06715900
0.02859200
0.25024100
-2.22571700
-2.17448200
-0.62891900
0.40535200
-2.49896100
-1.20351400
-0.81512500
-2.28650900
-1.56902400
-1.57147200
-3.25493400
-3.24756900
-4.28315100
-3.01051100
1.07935500
-0.12358000
-0.62158200
0.14796900
1.37337800
1.82600500
-2.46996800

3.40553400
3.04327100
3.04587400
3.43276600
3.84895800
3.82290200
3.36105000
2.74588300
3.33778900
4.16558400
4.12089500
2.57641900
3.85791500
2.49943700
2.68159000
3.62117600
1.79621500
0.89945200
2.14051300
1.32568900
1.32132500
0.61223200
0.40497300
2.23598200
3.21557100
1.63902700
0.23952600
-0.82209000
2.01053000
1.28697500
2.03808600
3.00452800
-1.31280000
-0.68658400
-0.54496700
-1.04266000
-1.70708800
-1.83696900
0.43523900



7.51515900
7.07301400
4.66818700
2.47305600
3.29527800
5.60338300
2.27825100
3.38581000
3.17056900
1.32123800
1.11060700
0.46755900
0.13358400
1.83481600
-0.49991800
-0.64496100
-0.04155200
1.62803000
2.54867500
-1.10560700
-1.39089600
0.68925300
-0.76947200
2.19180800
0.54652300
1.04456000
0.51630400
-0.12821700
-3.29264200
-3.90070400
-4.54183800
-3.94612100
-4.94036900
-3.31300600
-2.22504400
-3.38583700
-5.62713100
-4.42398300
-4.49371300
-2.90004400
-3.87119800
-3.94053400
-5.25413300
-5.63533800
-5.12713800
-5.98530100
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4.2584520
2.92066100
2.08678000
2.57618000
3.92547000
4.75899100
4.91009000
2.52316200
1.65725600
4.31998700
5.80537900
0.31805100
2.09775600
-0.36265700
0.67051600
0.64713100
-0.20915400
-0.00190800

1.45082600
-0.72272700
-1.88100300
-0.33400500

1.95719100

2.76899600
-1.58905800
-2.35805100
-3.33005300

0.50351900

1.80580900

0.06464000

2.69337600

2.26085500

0.96037000

2.24143900

3.99116400

3.51901900

1.58889600

0.58367100

2.90816400

4.40328600

4.66119500

3.83005100

5.40320300
-2.11044500
-1.17301400
-2.80978300

2.60438200

3.55733600

1.77380900

0.75873800

3.82568500

4.48607400

2.45772100

3.01452600

1.91165600

1.40894400
-0.19412700

0.55692100

3.01387900

1.26784100

1.22488200

0.19644600

1.50908600

1.90131600

-1.26592100
-1.39607100
-0.28257800
0.99384600
1.10724500
-0.01478700
-2.14248400
-2.36411500
2.14622600
2.08414500
0.08928900
1.98313900
3.14525500
2.83339500
-0.26226600
0.19641300
0.57541000
0.18721500

-1.41669000
-0.29236300
0.06182100
-0.87520400
-2.12551200
-2.35466900
-0.29894600
0.16022200
0.60923600
-1.31975300
-0.75122900
-2.34094600
-1.31890300
0.38807300
-2.88931900
-2.41930100
-0.76556900
0.91213300
0.86308400
-3.71683100
-2.85664800
0.32879500
-1.23289300
1.79370600
0.74590900
-0.13027700
-2.84694200
-1.74260300
0.01127000
-1.01256700
-2.39558600
-1.42746400
-0.73329800
-1.03476200
-0.19936200
1.02570500
-2.21090700
-3.42602500
-1.44827600
-1.69350200
-2.31449300
-0.02767400
0.63419800
0.60015000
1.68774700
0.1666850

-0.06039400
0.33357000
0.33058200

-0.05599800

-0.41947200

-0.42785300

-0.07103600
0.64574900

-0.07613100

-0.71082500

-0.72397300

-0.10028600

-0.13350900

-0.18317500
0.80663900
1.81389600

-0.12827900

-1.14888000
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-0.02812500
-0.41054000
-1.65141400
-1.05587500
-3.52051100
-2.82529400
-2.84963900
-3.90926000
-2.16639700
-1.52613100
-5.36995200
-5.79908500
-5.90381300
-5.56718100
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-5944.81596737
-3.67396600
-4.20779800
-2.78992800
-2.56247700
-3.79351300
-4.79943700
-1.32823600
-1.33633100
-1.86906100
-0.62495900
0.72482300
1.28429800
0.46158100
-0.90469400
-1.43642900
-2.28130600
-2.57368000
-2.41834500
-1.99630500
-1.73045800
-3.30018200
-2.31560700
-3.94119400
-1.72404100
-2.74860000
1.35606300
-2.49648300
-2.36054200
-1.39033100
-3.92694100
-5.85284700
-4.89947100
-2.65379200
-4.37601200
0.88787300
-2.62523800
0.19076900
-0.56955800
0.77377500
-1.39146100
1.31799000
1.40419700
-0.87892200
-2.44589100
0.48008000
0.89439700
-2.43781400
-3.77043700
-1.85143000
-4.54016600

-1.51814400
-1.87724600
0.21163100
-0.93749700
-0.85550100
1.03092300
1.99854900
0.35079100
-0.93083300
-1.92443700
0.60970100
0.59635200
-0.15598000
1.59263900

0.97520200
0.03255800
0.18307800
1.09646100
-0.56512500
0.46529300
0.96284300
0.01880500
-0.51619200
-0.93381100
0.05190400
-0.96425500
0.64056100
0.50185100

G =-5943.294337

2.57849700
-0.93278000
-1.13921500
-1.07846900
-0.81241000
-0.71506800
-1.44483900

2.04933400
-2.17311500
-2.92427200
-3.23240500
-4.38360300
-5.22559100
-4.94939400
-3.79574400
-1.33273000
-1.84696800
-3.22320100
-4.08273300
-3.54453600

0.69753400

2.16844900

2.60249100

1.96137600

2.23502600
-2.54373900
-3.58455300
-0.26167500
-4.21036600
-0.67243100
-0.50785000

2.83346300

2.13367200

2.83934500
-6.12357100
-3.63234900

0.35148400

3.73401300

3.92772900

4.84795900

5.21749500

3.06914300

6.14774500

4.70737100

6.31115400

7.32282100

2.19383100

1.77838500

2.68499000

1.86929200

1.30494700
1.18926700
1.39958100
2.81865600
3.47042900
2.47344800
0.32516100
-0.40860100
-1.28409900
1.17450900
0.99334900
1.57064900
2.32333300
2.50475000
1.92240700
-2.32663400
-3.59529300
-3.81402900
-2.79444200
-1.52737400
2.14521100
1.11538100
2.69996900
2.42385900
3.38583900
0.43881800
2.05083300
-2.16231800
-0.73527400
4.54121500
2.64092700
3.16119500
4.46230700
0.52002900
2.78110700
-4.80701300
-0.19873700
-0.40339300
-0.07611800
-0.63239100
-0.00061400
0.13642900
-0.55667800
-0.87991700
-0.24583200
-0.19378500
-1.86558900
-1.88601500
-3.04701800
-3.05967400
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-4.21583400
-2.59205000
-0.81179100
-3.93752100
-4.52590100

2.76810100

3.22767500

2.87563800

3.35386000
-1.75536300
-1.76707400
-1.38769200
-2.79274500
-5.97196100
-6.59895500
-6.40576700
-6.05422400
-1.97247400
-2.01598600
-2.51091200
-0.91943400
-1.79144400
-2.16094900
-0.72051700
-2.30784700
-3.03941300
-4.10713100
-2.49416800
-2.91477400
-1.77005200
-2.83195800
-1.66856800
-1.48234900

2.74722400

3.08825900

2.94496100

3.36682600
-1.60299500
-0.26788500

0.05451300
-5.01399900
-4.55553800
-4.87616800
-6.45034100
-6.70040000
-7.54295500
-7.99487600
-5.86445000
-8.84463500
-7.38387600
-9.07768400
-8.15980300
-9.67990200
10.09367800
-5.33286900
-6.42408100
-5.09262600
-4.80811700
-4.97354900
-4.29301600
-4.67388000
-5.98952100

0.57392000

0.02187100

0.71629000
-0.33397800

0.98239300

1.36298600
2.78998400
3.01926900
2.38609000
2.46194300
5.42208900
6.21989600
5.71589400
4.50182000
7.34823300
8.02282700
7.93648100
7.05350000
1.40078700
1.98782800
1.47873100
0.35361500
3.32074900
2.57060900
4.21170500
3.59899700
-5.55519000
-5.85741700
-5.81359100
-6.16425400
-0.93905900
-0.68838900
0.01533400
-1.40992100
-5.87431700
-5.59652800
-6.91951100
-5.84659200
-4.68414900
-5.51830900
-4.94956800
-3.80227400
-1.20068000
1.61592500
1.06545700
-1.15981600
-0.57209000
-2.54426900
-0.64692200
0.72780200
-1.52076200
1.21786800
1.42394600
-1.03639500
-2.59373100
0.33422200
2.29358200
-1.73944200
0.71248300
-2.85312000
-3.04479000
-2.02248500
-3.74626900
-3.63609700
-4.45137900
-3.31087000
-4.07643000
2.80739100
0.62771300
-0.55322400
0.87157300
-1.50317500

-0.98751500
-4.22673700
-3.04173200
-4.20938500
-5.12815300
0.36233100
-0.24117800
1.42034000
0.21815400
-0.80962600
0.06187700
-1.66639200
-1.02317100
-3.07694600
-2.38863100
-4.08366600
-2.74689100
-5.49375800
-6.30040000
-5.85515800
-5.34445800
-3.04189500
-4.03233300
-2.98590300
-2.28311300
-4.70345200
-4.58828600
-4.69793300
-5.68939600
3.32286300
3.25704500
2.98960400
4.38731200
1.36065300
1.99076000
0.30886000
1.58822100
3.30589100
2.66340900
1.74178000
-0.07379900
-0.88542300
-0.49959500
0.09782100
0.22676600
0.15667700
0.39942400
0.21705100
0.32669200
0.07239700
0.44683500
0.50005400
0.36691300
0.57984000
-1.83193800
-1.90863300
-2.51059500
-2.20555800
0.43920600
0.13290700
1.44333200
0.52608900
2.68589400
3.78726800
3.48336700
5.12223200
4.47172300
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1.04748500
-0.05924900
-0.82971000

0.58575400

1.49131200
-0.35366700

0.78616100

1.98684300

2.56831500

2.33054500

2.22389500

0.18248100

0.35473600

0.76709600
-0.87746700

2.52423000

3.15902100

4.03354200

2.66727500

3.15996300

1.54315800

1.15252900

0.90417400

0.02232600

1.37990000

0.74073900

1.53224600

2.77696200

2.87402800

3.87865600
-0.08263700

3.19181600

1.30673900

1.92748500

5.37039900

4.32145500

4.16058500

4.99567000

5.72897100

4.19028200

3.46043300

5.90654300

5.28777600

5.08251200

4.65077600

6.34336400

7.21432600

6.72026000

7.04936700

8.72255500

8.35435900

7.24103200

7.17206000

7.47798500

7.27238900

7.16275300

8.56907600

5.20206300

4.96970300

4.66393100

4.77917900

9.11752500

8.27141900

9.91084600

9.50732800

9.92625200

9.67211500

-0.73877700
-0.07320500
1.80156100
-1.27093400
-2.43069600
0.12724900
-2.01309600
2.50211300
3.39862700
2.15463100
1.70619300
3.92144500
3.75529000
4.80772400
4.16304900
-1.49472300
-2.72071200
-2.96294600
-3.64815500
-4.61612000
-3.33382200
-4.05215500
-2.10057800
-1.86207400
-1.17677000
0.13788600
1.22857200
0.92743900
-0.51542600
-0.72257100
0.37897300
1.66906900
2.25553900
-0.61877700
0.59389200
1.26618000
0.51417000
-0.54603200
-0.50556500
2.34291200
0.73710100
0.86851300
-1.68633400
-2.64330700
-1.62444100
-1.68410500
0.24959000
0.96481800
2.02046400
1.10924900
2.14006300
-1.63995100
-1.83607900
0.29191200
0.81364900
-0.75463800
0.29440300
0.96309700
1.41635600
1.53498500
-0.05332800
0.52702100
0.49198100
1.13370300
-0.49900000
1.20084100
1.71109200

2.46010400
6.11501300
5.40065400
5.79114500
4.19929900
7.14799400
6.56733600
2.74250100
2.47843800
3.73873800
2.01977000
3.52033200
4.60574500
3.22504200
3.36744600
-1.68804100
-1.85536500
-1.24799600
-2.78508200
-2.90431500
-3.55124100
-4.27527300
-3.38800500
-3.98153100
-2.45171600
-2.23487900
-1.71752500
-1.08099800
-0.58883800
-0.19028200
-2.91085200
-0.39346900
-2.00430700
0.42766400
-1.77057500
-2.44285000
-3.68596100
-3.64417700
-2.44107600
-2.35556900
-4.48687200
-0.63693900
-4.53993600
-4.03677000
-5.43194100
-4.85785400
0.38431100
2.06370000
2.01581500
-0.36555000
-0.53182700
0.25008300
-0.83416500
3.22275300
4.17162700
3.35566300
3.07728500
2.31055500
3.28813800
1.54249600
2.31727900
-1.73272100
-2.43618900
-2.19941400
-1.63841500
0.58710500
1.52866400
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10.32810900
10.74506500
8.57660100
9.44136000
8.74210700
8.58042700
6.05674600
5.08305300
6.06244600
6.10589100
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-5944.82335317

1.70228500
4.22250500
3.47669200
3.84261200
4.75953400
4.98647100
2.25830000
-0.17073200
2.45366300
3.06969600
2.29285700
2.90125200
4.29542600
5.09894900
4.47266300
1.83931600
1.87915400
2.52645600
3.12969900
3.09011800
2.96512700
0.98085700
2.40544400
1.21856400
2.10578400
1.20611800
5.08220500
1.30399700
3.55197400
5.18331900
5.64339700
3.07724500
2.52382400
1.71074500
4.77787400
2.54913200
-0.09833000
-1.74075200
-2.57661400
-1.98956700
-3.65242500
-2.38500900
-3.05932900
-1.33843900
-3.87387600
-4.71174100
-0.04309300
1.10699100
-1.18831200
1.11228700
2.01552700
-1.20919400
-2.08700400
-0.05421400

0.20793300

1.77046600
-2.22421500
-1.83246400
-2.01656600
-3.32016500
-2.33975200
-1.94382900
-3.41905400
-2.23903900

0.84234000
0.11748500
0.74893300
0.19434200
1.81761800

0.6286910
0.93620600
0.61782400
0.71042500
2.03124000

G =-5943.299493

-3.32842300
-1.22135200
-0.07077100
0.15455500
-0.84950500
-1.69666700
1.09715400
-1.43422200
1.13681200
2.68041000
3.82057900
5.05598000
5.11859900
3.98395800
2.76772200
0.16119800
0.23976800
1.33328000
2.33041500
2.21703600
-1.67953600
-2.09207700
-3.44426500
-1.44472400
-2.29936300
3.73790100
1.88373900
-0.66276300
2.99989300
-0.96248200
-2.56249900
-4.25443400
-2.09503400
-4.05264300
6.07526600
1.41263900
0.84775800
-2.11905500
-1.32943300
-3.49754600
-1.90207600
-0.26255700
-4.09157600
-4.12187900
-3.27680100
-3.73035100
-2.40062600
-3.06229500
-2.37966000
-3.73839400
-3.04606800
-3.04371000
-1.86132500
-3.72878000

1.62983100
0.27118800
0.73081400
2.10151000
2.50161200
1.38499600
-0.00749400
0.40469300
-1.85009200
0.45921000
0.66522100
0.94598000
1.01216200
0.79629400
0.51569500
-2.64932800
-4.04761500
-4.64113000
-3.86930900
-2.47244000
1.88988900
1.64117000
2.85810800
2.91926000
3.64928400
0.64181000
0.32176200
-2.18623200
-1.87349000
3.49740800
1.36535400
3.13559200
4.62942900
0.82180000
1.23498400
-5.73163900
0.41892500
1.11215300
1.90360300
1.00289000
2.60212800
1.99162900
1.67853400
0.38772800
2.48172200
3.01940100
-1.14773400
-1.59266900
-1.96413000
-2.82581000
-0.99508300
-3.19439600
-1.62603200
-3.59837000
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-0.05567200
-4.53583400
-5.52598300
-4.09559700
-4.67462100
-3.34315600
-3.38994700
-4.31570300
-2.57128100
2.35715200
2.80813000
2.14819600
3.12934200
-2.44674700
-2.19723800
-3.13144200
-3.00616500
3.79712000
3.78260100
3.29223600
4.84730100
1.22941100
1.81945300
0.23279000
1.13031100
6.60128900
7.08381900
6.98450800
6.92914600
2.04119000
2.63223600
1.52379700
1.25947800
3.46377000
0.56553200
0.30777800
4.48617900
3.54756800
5.39118300
4.93122500
4.47653600
5.76610700
4.83498400
3.83947300
6.12421000
6.14447700
5.65966000
4.46642600
6.77575100
5.94282700
5.32093900
6.04124100
4.31372700
5.53153700
6.72049100
7.14897900
6.69163100
7.42484700
-0.72570900
1.45328200
1.56818800
2.11892400
2.38605000
1.01989100
2.93052700
2.01343200
3.07999700

-4.25061400
-1.05485300
-1.51283500
-0.93446800
-0.04568900
-5.56640300
-6.05091700
-5.74360000
-6.07709600
-4.42026800
-5.06578900
-5.02820600
-3.68120800
-3.03949300
-3.18045800
-3.85555000
-2.09781100
3.52277700
3.46216900
4.45646100
3.60943700
-0.82048000
-1.75115200
-1.08517100
-0.49227500
4.08382400
3.14759200
4.89856600
4.29856300
6.27603100
7.14175200
6.55590600
6.08260300
0.95073600
-0.15423500
0.38808400
-1.61769500
-1.49975300
-0.60638800
-3.07854900
-4.10284600
-3.44220700
-5.43642700
-3.85069800
-4.77478400
-2.68011100
-5.78190300
-6.20857900
-5.02454800
-6.82310700
-0.28892000
-0.85175000
-0.48570300
0.78236400
-0.49786900
0.47911800
-0.54284900
-1.28132600
-0.39054900
0.82923500
2.13889500
0.49986400
3.07457800
2.42817300
1.43744100
-0.49226000
2.72356500

-4.55925100
3.48163000
3.61914000
4.48493600
3.06525100
1.55099400
2.53933800
1.06147500
0.95784200

-3.32723600

-2.56099600

-4.21861800

-3.59491800

-4.05574000

-5.11752900

-3.76866300

-3.95354400

-4.50374700

-5.60137100

-4.20560200

-4.18119200

-4.89782500

-4.89469200

-4.51690800

-5.94255800
0.87620200
0.56009400
0.24112700
1.90716400
1.15906700
1.49095100
0.22614600
1.91120400
2.72954800
3.37607800
2.43224800

-1.16990300

-1.73277100

-1.71985600

-1.34374700

-0.49850400

-2.41176900

-0.71071800
0.34406500

-2.63196000

-3.08865900

-1.78318600

-0.03061700

-3.47264200

-1.95255500

-3.12785500

-3.75910300

-3.51151800

-3.28500300

-1.16266800

-1.44176300

-0.06551900

-1.51571400
4.02183400
4.13054400
3.64110300
5.32111100
4.27759900
2.74339100
5.96563300
5.75847200
5.43798200
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2.48700800
3.45097800
3.72601200
-1.44427300
-2.48696400
-1.01226900
-1.44170600
-0.77449700
-0.31986000
-1.82743600
-0.27653100
-1.03968100
-0.75454500
-0.95617000
-0.21368400
0.01414800
0.03450200
0.45500800
-0.23921700
-0.03498400
-0.76430100
-1.08584100
-2.11772500
-2.60040900
-1.54563600
-1.96316600
-0.92420700
-3.13860200
-2.70608100
-0.49675600
-4.91922800
-4.20442500
-3.79201500
-4.06356900
-4.75502300
-4.46711700
-3.27303400
-5.55362600
-3.77537200
-4.69553600
-3.26340800
-3.11279900
-6.72985000
-7.65221400
-7.02376000
-5.68400900
-4.87480000
-7.71086200
-6.94385800
-9.03265300
-9.47692600
-9.73247300
-8.98897800
-7.76319100
-8.26654000
-6.77779700
-8.35585700
-5.03124200
-4.43497500
-4.36232900
-5.77906400
-6.44194900
-6.82173600
-7.29700700
-5.76930000
-8.69330200
-8.19371800

4.07547300
1.15968500
3.44985600
0.84007000
0.60722000
1.43568100
1.47750900
-1.33517200
-0.95807700
-1.57546100
-2.27312300
3.67207000
4.97194500
5.80447900
5.21283100
6.23427100
4.14157000
4.32013300
2.83271500
1.99934900
2.58337800
1.21947700
1.03728200
2.19645800
3.31992600
4.21379800
0.42150700
2.01042000
0.11935400
2.78423300
1.82302200
3.04160600
3.38584400
2.32952200
1.35687000
3.76021900
4.28671400
1.11962300
1.97016900
1.73538700
2.80836900
1.08984600
-0.21441000
-0.10984900
-0.69386600
-1.77904000
-1.61315100
0.21683000
0.27499200
-0.78843800
-0.84556000
-0.21625700
-1.81377600
1.31604700
1.30103700
1.78491500
1.96935500
-1.98168700
-1.11167200
-2.85644000
-2.16498600
-3.03963500
-2.95353900
-3.26655800
-3.91168000
-0.89872200
-1.87265300

3.85258400
6.88533800
5.93639400
4.29085800
4.55044800
5.12048700
3.39216200
5.11715600
6.05819700
5.33489100
4.83843000
-1.01998300
-1.42469500
-0.74518000
-2.69589200
-3.00898200
-3.55710100
-4.54913200
-3.14786700
-3.81898600
-1.87635500
-1.40589200
-0.41253000
0.28955700
0.36187000
0.86219500
-2.13410200
1.22462200
-0.39550900
1.10105800
-0.81030400
-0.64903100
-2.01165400
-2.80341300
-2.04360100
0.12613700
-2.32038400
0.05228800
-4.20858200
-4.76782700
-4.69883700
-4.25980300
-0.13534900
1.51229000
2.20716400
-0.27937300
0.45170800
-1.69266500
-2.48411600
1.45009100
2.45716200
0.82124000
1.05225300
2.07560800
3.05634600
2.20882100
1.41573000
-1.65363700
-1.96351000
-1.62695200
-2.44229300
0.16920200
1.19801700
-0.48788700
0.14469600
-2.09325400
-2.21008000
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-9.20578700

TS0-Re- Ca.

E=
6

—_——

5
5

2

6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
45
6
6
6
6
6
6
6
6
6
6
6
6
6

6
6
6
6
6
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

-5944.81596737
-3.67396600
-4.20779800
-2.78992800
-2.56247700
-3.79351300
-4.79943700
-1.32823600
-1.33633100
-1.86906100
-0.62495900
0.72482300
1.28429800
0.46158100
-0.90469400
-1.43642900
-2.28130600
-2.57368000
-2.41834500
-1.99630500
-1.73045800
-3.30018200
-2.31560700
-3.94119400
-1.72404100
-2.74860000
1.35606300
-2.49648300
-2.36054200
-1.39033100
-3.92694100
-5.85284700
-4.89947100
-2.65379200
-4.37601200
0.88787300
-2.62523800
0.19076900
-0.56955800
0.77377500
-1.39146100
1.31799000
1.40419700
-0.87892200
-2.44589100
0.48008000
0.89439700
-2.43781400
-3.77043700
-1.85143000
-4.54016600
-4.21583400
-2.59205000
-0.81179100
-3.93752100
-4.52590100
2.76810100
3.22767500
2.87563800

-1.02430400
-0.65868400
1.58394200
2.39807400
1.84402000
1.58415400

-1.35510100
-3.05748800
-1.60728200
-1.35113300
-2.57108400
-0.84870100

G =-5943.294337

2.57849700
-0.93278000
-1.13921500
-1.07846900
-0.81241000
-0.71506800
-1.44483900

2.04933400
-2.17311500
-2.92427200
-3.23240500
-4.38360300
-5.22559100
-4.94939400
-3.79574400
-1.33273000
-1.84696800
-3.22320100
-4.08273300
-3.54453600

0.69753400

2.16844900

2.60249100

1.96137600

2.23502600
-2.54373900
-3.58455300
-0.26167500
-4.21036600
-0.67243100
-0.50785000

2.83346300

2.13367200

2.83934500
-6.12357100
-3.63234900

0.35148400

3.73401300

3.92772900

4.84795900

5.21749500

3.06914300

6.14774500

4.70737100

6.31115400

7.32282100

2.19383100

1.77838500

2.68499000

1.86929200

1.36298600

2.78998400

3.01926900

2.38609000

2.46194300

5.42208900

6.21989600

5.71589400

1.30494700
1.18926700
1.39958100
2.81865600
3.47042900
2.47344800
0.32516100
-0.40860100
-1.28409900
1.17450900
0.99334900
1.57064900
2.32333300
2.50475000
1.92240700
-2.32663400
-3.59529300
-3.81402900
-2.79444200
-1.52737400
2.14521100
1.11538100
2.69996900
2.42385900
3.38583900
0.43881800
2.05083300
-2.16231800
-0.73527400
4.54121500
2.64092700
3.16119500
4.46230700
0.52002900
2.78110700
-4.80701300
-0.19873700
-0.40339300
-0.07611800
-0.63239100
-0.00061400
0.13642900
-0.55667800
-0.87991700
-0.24583200
-0.19378500
-1.86558900
-1.88601500
-3.04701800
-3.05967400
-0.98751500
-4.22673700
-3.04173200
-4.20938500
-5.12815300
0.36233100
-0.24117800
1.42034000
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3.35386000
-1.75536300
-1.76707400
-1.38769200
-2.79274500
-5.97196100
-6.59895500
-6.40576700
-6.05422400
-1.97247400
-2.01598600
-2.51091200
-0.91943400
-1.79144400
-2.16094900
-0.72051700
-2.30784700
-3.03941300
-4.10713100
-2.49416800
-2.91477400
-1.77005200
-2.83195800
-1.66856800
-1.48234900

2.74722400

3.08825900

2.94496100

3.36682600
-1.60299500
-0.26788500

0.05451300
-5.01399900
-4.55553800
-4.87616800
-6.45034100
-6.70040000
-7.54295500
-7.99487600
-5.86445000
-8.84463500
-7.38387600
-9.07768400
-8.15980300
-9.67990200
10.09367800
-5.33286900
-6.42408100
-5.09262600
-4.80811700
-4.97354900
-4.29301600
-4.67388000
-5.98952100

0.57392000

0.02187100

0.71629000
-0.33397800

0.98239300

1.04748500
-0.05924900
-0.82971000

0.58575400

1.49131200
-0.35366700

0.78616100

1.98684300

4.50182000
7.34823300
8.02282700
7.93648100
7.05350000
1.40078700
1.98782800
1.47873100
0.35361500
3.32074900
2.57060900
4.21170500
3.59899700
-5.55519000
-5.85741700
-5.81359100
-6.16425400
-0.93905900
-0.68838900
0.01533400
-1.40992100
-5.87431700
-5.59652800
-6.91951100
-5.84659200
-4.68414900
-5.51830900
-4.94956800
-3.80227400
-1.20068000
1.61592500
1.06545700
-1.15981600
-0.57209000
-2.54426900
-0.64692200
0.72780200
-1.52076200
1.21786800
1.42394600
-1.03639500
-2.59373100
0.33422200
2.29358200
-1.73944200
0.71248300
-2.85312000
-3.04479000
-2.02248500
-3.74626900
-3.63609700
-4.45137900
-3.31087000
-4.07643000
2.80739100
0.62771300
-0.55322400
0.87157300
-1.50317500
-0.73877700
-0.07320500
1.80156100
-1.27093400
-2.43069600
0.12724900
-2.01309600
2.50211300

0.21815400
-0.80962600
0.06187700
-1.66639200
-1.02317100
-3.07694600
-2.38863100
-4.08366600
-2.74689100
-5.49375800
-6.30040000
-5.85515800
-5.34445800
-3.04189500
-4.03233300
-2.98590300
-2.28311300
-4.70345200
-4.58828600
-4.69793300
-5.68939600
3.32286300
3.25704500
2.98960400
4.38731200
1.36065300
1.99076000
0.30886000
1.58822100
3.30589100
2.66340900
1.74178000
-0.07379900
-0.88542300
-0.49959500
0.09782100
0.22676600
0.15667700
0.39942400
0.21705100
0.32669200
0.07239700
0.44683500
0.50005400
0.36691300
0.57984000
-1.83193800
-1.90863300
-2.51059500
-2.20555800
0.43920600
0.13290700
1.44333200
0.52608900
2.68589400
3.78726800
3.48336700
5.12223200
4.47172300
2.46010400
6.11501300
5.40065400
5.79114500
4.19929900
7.14799400
6.56733600
2.74250100
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2.56831500
2.33054500
2.22389500
0.18248100
0.35473600
0.76709600
-0.87746700
2.52423000
3.15902100
4.03354200
2.66727500
3.15996300
1.54315800
1.15252900
0.90417400
0.02232600
1.37990000
0.74073900
1.53224600
2.77696200
2.87402800
3.87865600
-0.08263700
3.19181600
1.30673900
1.92748500
5.37039900
4.32145500
4.16058500
4.99567000
5.72897100
4.19028200
3.46043300
5.90654300
5.28777600
5.08251200
4.65077600
6.34336400
7.21432600
6.72026000
7.04936700
8.72255500
8.35435900
7.24103200
7.17206000
7.47798500
7.27238900
7.16275300
8.56907600
5.20206300
4.96970300
4.66393100
4.77917900
9.11752500
8.27141900
9.91084600
9.50732800
9.92625200
9.67211500
10.32810900
10.74506500
8.57660100
9.44136000
8.74210700
8.58042700
6.05674600
5.08305300

3.39862700
2.15463100
1.70619300
3.92144500
3.75529000
4.80772400
4.16304900
-1.49472300
-2.72071200
-2.96294600
-3.64815500
-4.61612000
-3.33382200
-4.05215500
-2.10057800
-1.86207400
-1.17677000
0.13788600
1.22857200
0.92743900
-0.51542600
-0.72257100
0.37897300
1.66906900
2.25553900
-0.61877700
0.59389200
1.26618000
0.51417000
-0.54603200
-0.50556500
2.34291200
0.73710100
0.86851300
-1.68633400
-2.64330700
-1.62444100
-1.68410500
0.24959000
0.96481800
2.02046400
1.10924900
2.14006300
-1.63995100
-1.83607900
0.29191200
0.81364900
-0.75463800
0.29440300
0.96309700
1.41635600
1.53498500
-0.05332800
0.52702100
0.49198100
1.13370300
-0.49900000
1.20084100
1.71109200
0.20793300
1.77046600
-2.22421500
-1.83246400
-2.01656600
-3.32016500
-2.33975200
-1.94382900

2.47843800
3.73873800
2.01977000
3.52033200
4.60574500
3.22504200
3.36744600
-1.68804100
-1.85536500
-1.24799600
-2.78508200
-2.90431500
-3.55124100
-4.27527300
-3.38800500
-3.98153100
-2.45171600
-2.23487900
-1.71752500
-1.08099800
-0.58883800
-0.19028200
-2.91085200
-0.39346900
-2.00430700
0.42766400
-1.77057500
-2.44285000
-3.68596100
-3.64417700
-2.44107600
-2.35556900
-4.48687200
-0.63693900
-4.53993600
-4.03677000
-5.43194100
-4.85785400
0.38431100
2.06370000
2.01581500
-0.36555000
-0.53182700
0.25008300
-0.83416500
3.22275300
4.17162700
3.35566300
3.07728500
2.31055500
3.28813800
1.54249600
2.31727900
-1.73272100
-2.43618900
-2.19941400
-1.63841500
0.58710500
1.52866400
0.84234000
0.11748500
0.74893300
0.19434200
1.81761800
0.62869100
0.93620600
0.61782400
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-5944.81910403
3.51887500
3.85108600
2.40854700
1.97417300
3.10830700
4.25609300
1.11872600
1.39486600
1.86004100
0.22323100

-1.05887800

-1.74000400

-1.11009300
0.18593000
0.84327900
2.45457200
2.91356900
2.73978900
2.13805000
1.70828200
2.90733700
2.17593000
3.58763800
1.39562700
2.28899400

-1.54575200
1.85418000
2.54688200
1.23230800
3.08869600
5.28293800
4.48536600
2.03297400
4.34155200

-1.63399900
3.07548200

-0.21766700
0.68320800

-0.68723200
1.55971400

-1.20106600

-1.36638800
1.07861100
2.63414100

-0.30518400

-0.69367500
2.68355600
3.97878200
2.29713600
4.90881100
4.26622200
3.20030700
1.28842800
4.50392700
5.21777000

-2.68429600

-3.06634200

-2.91931400

-3.25099000
2.01706600
3.06209800
1.94981200

-3.41905400
-2.23903900

0.71042500
2.03124000

G =-5943.296634

2.20337700
-1.29623100
-1.41663700
-1.49345200
-1.39697100
-1.26650100
-1.50051900

2.05063600
-2.05985500
-3.02363900
-3.26730400
-4.45440100
-5.39686000
-5.18669700
-3.99722800
-1.12509700
-1.49913900
-2.82812100
-3.77880200
-3.38290400

0.28068400

1.93051300

2.05164700

1.62967700

1.70861900
-2.50967200
-3.84196200
-0.08756900
-4.11969900
-1.38551700
-1.15640400

2.14974500

1.50142200

2.48753300
-6.32400800
-3.12622000

0.42919500

3.75500700

3.96930400

4.84934000

5.26313300

3.12172600

6.15239300

4.69205800

6.33889100

7.35444500

2.32057400

1.80668600

3.01507300

1.99874400

1.23185800

3.22302400

3.42572900

2.71635300

2.87166700

5.49655100

6.16801800

5.97188700

4.55587400

7.33185400

7.02168900

7.86269700

-1.85836100
-1.40463500
-1.38572400
-2.75560600
-3.60178200
-2.77602900
-0.08105200
0.18896400
1.51457000
-0.61516800
-0.11536000
-0.42756400
-1.24482400
-1.74461700
-1.41813900
2.37189700
3.64012500
4.05127700
3.22005700
1.94578400
-2.41119700
-1.44419000
-3.26983500
-2.62762300
-3.74326600
0.48997200
-1.78932100
2.06384600
1.30011700
-4.68963800
-3.11401300
-3.87716900
-4.77789600
-1.21103600
-1.49666700
5.04860800
0.41341700
0.05692500
-0.11177700
0.02477100
-0.27186400
-0.13370500
-0.15048500
0.14188800
-0.28808400
-0.41330800
1.46174100
1.37159200
2.62276800
2.40812500
0.49643300
3.66860800
2.70302700
3.53690400
4.35075600
-0.42411800
0.36212100
-1.39039900
-0.37087200
-0.18697000
-0.04473900
-1.15067400
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1.77002900
6.29897100
6.87367600
6.85722300
6.27356600
2.79593100
2.91397400
3.42657500
1.74857100
1.91229700
2.45517100
0.83978800
2.23430800
3.57124300
4.62814000
3.08612000
3.54882000
0.84498800
1.90209500
0.79607900
0.34241400
-3.12063200
-3.59468100
-3.08394400
-3.77158400
0.94684800
-0.10501400
-0.36229200
4.82128000
4.52261500
4.67346700
6.24120800
6.56501300
7.23869500
7.84133900
5.79909200
8.52177200
7.01790300
8.82980400
8.06578300
9.28341900
9.83152400
5.33853200
6.41915400
5.24723900
4.85248700
4.54316500
3.86482400
4.11039500
5.49927800
-0.80896300
-0.62604200
-1.31828700
-0.47285100
-1.78328000
-1.49728300
-0.94668200
0.01706500
-1.59076800
-2.28789900
-0.81079700
-1.94884200
-2.24578100
-2.69795000
-2.68301200
-2.54197200
-0.32222000

8.06260100
1.42652700
1.89938400
1.56610600
0.35013500
3.97123000
3.34156300
4.86261600
4.30179000
-5.19534200
-5.41184900
-5.37679900
-5.92198600
-0.49232000
-0.34058100
0.49137600
-0.82079900
-6.22016500
-5.97909500
-7.22308900
-6.28477300
-4.68971400
-5.57850300
-4.83010100
-3.82234700
-1.59376000
1.42464700
1.06418300
-1.42911400
-0.71334900
-2.73674300
-1.04916400
0.28978100
-2.01517100
0.65801200
1.05463800
-1.65326000
-3.06418300
-0.31600500
1.70865900
-2.42523700
-0.03343600
-2.91514600
-3.15783000
-1.99929400
-3.72792500
-3.93947500
-4.64735800
-3.71405200
-4.47613100
2.69287400
0.31581300
-0.76261800
0.35479000
-1.81466700
-0.78944900
-0.69137000
1.20472800
-1.78730800
-2.65955500
-0.65112600
-2.60908900
2.56666300
3.55196600
2.16660000
1.88734600
3.70203400

0.60025100
2.30776000
1.49634700
3.24402700
2.07864400
4.91259300
5.80957400
5.06119800
4.86457200
3.68222500
4.61349100
3.86652400
2.91988700
4.54748000
4.27138600
4.47666600
5.59678200
-2.62271100
-2.80580200
-2.16959100
-3.60247000
0.13081100
-0.31002200
1.22362100
-0.05542400
-3.08362900
-2.63676300
-1.60344400
-0.24868200
0.53434600
0.37129500
-0.68741900
-0.95144800
-0.86985500
-1.37765500
-0.84117700
-1.29407500
-0.68248600
-1.54908200
-1.57817200
-1.42628300
-1.88028800
1.63815100
1.55562300
2.23981900
2.19978000
-0.41604600
0.09438000
-1.39858600
-0.59267900
-2.77469500
-3.54376400
-2.97362700
-4.93777600
-3.76657400
-1.89684900
-5.73390000
-5.41420300
-5.14986200
-3.29196900
-6.81729300
-5.77422300
-2.73930800
-2.55055300
-3.67714800
-1.92420700
-3.68759900
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-0.50650000
-0.83072200

0.75334100
-2.36068300
-3.00763700
-3.96541900
-2.42259200
-2.92985000
-1.18684300
-0.72366100
-0.53480700

0.43084200
-1.10908000
-0.46322800
-1.28627400
-2.58843800
-2.82769300
-3.88785700

0.46189200
-3.01979300
-0.97229800
-2.04998700
-5.89781900
-5.45129900
-4.36181900
-4.15103100
-5.18376600
-5.84495000
-3.74077700
-6.79778100
-3.68530300
-4.48322200
-2.82449500
-3.37785000
-6.71661600
-6.08680600
-4.98467500
-5.46755400
-4.56620000
-8.51224100
-8.70080900
-6.46488400
-5.97101900
-7.54992800
-6.17272700
-6.50749300
-6.04978200
-6.20581100
-7.59851700
-5.94219300
-6.19905000
-5.15489200
-6.82834400
-5.05225200
-4.55311400
-5.90956100
-4.33547900
-8.75595000
-8.13959900
-8.54300900
-9.81060600
-9.48035500
-9.31974400
10.52599100
-9.37114600

3.47438500
4.65285800
3.86734300
-1.04465600
-2.19690400
-2.47681400
-3.00433800
-3.91261000
-2.64867500
-3.27564200
-1.49164000
-1.21884100
-0.68607800
0.54120700
1.58750600
1.26360300
-0.22916800
-0.44396800
0.83023700
1.90667100
2.62821900
-0.55127600
0.77580800
0.22429800
1.00412900
2.01022600
1.87249700
-0.67261700
0.85925300
0.37416000
3.41315500
4.02175700
3.40406100
3.89461200
-0.27727200
-2.05947000
-1.95503100
0.77104900
0.79091800
-0.05151300
1.01684300
-2.93645100
-3.91970900
-3.12070600
-2.49025500
-2.74037700
-3.74063000
-2.16486300
-2.87434000
2.21800600
2.69999800
2.82445200
2.26871800
0.10551700
-0.86006900
-0.06119800
0.73957800
-0.27213900
0.39100900
-1.30888800
-0.07135800
-0.87963800
-0.71376000
-0.61414300
-1.95842500

-4.76004800
-3.46097000
-3.54700100
2.49057400
2.92843400
2.48641400
3.91201400
4.24548000
4.45960000
5.22452600
4.02671100
4.45062600
3.03548600
2.53440700
1.98106100
1.50969300
1.30401200
1.09923900
3.03760800
0.73954000
2.04381200
0.19002000
2.12303500
3.32759100
3.72651300
2.75932600
1.81686500
3.79529900
4.60858900
1.28694600
2.98742700
3.44265100
3.67004400
2.0479810
-0.35097500
-0.16282300
-0.15707200
-1.31138700
-0.6738620
-0.87756600
-0.65953900
-1.37062800
-1.30033900
-1.40359100
-2.33220300
1.14805600
1.22709700
2.03343100
1.20222400
-1.51003800
-0.55464700
-1.98826800
-2.16288600
-2.63619000
-2.47186900
-3.30691300
-3.17855200
-2.37946300
-3.00486100
-2.68283400
-2.63029700
-0.01676300
1.05934700
-0.24379000
-0.21307500
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-5944.81900091
3.50816000
3.95047500
2.51237700
2.12942200
3.28596000
4.39936300
1.17724200
1.36356700
1.88293600
0.32524000

-0.99606300

-1.67260400

-0.99236600
0.34667500
0.99485500
2.44659900
2.88008000
2.71192600
2.13866200
1.73368400
2.98392400
2.16934800
3.61141700
1.42438900
2.33697000

-1.52138900
2.03436000
2.53596000
1.27718400
3.30223600
5.43229900
4.51608600
2.11332400
4.30541000

-1.50974700
3.02874900

-0.21554300
0.62423800

-0.74646300
1.47980100

-1.28223900

-1.40815000
0.97624100
2.55460200

-0.40863000

-0.81482300
2.62058800
3.93611200
2.18151100
4.83361900
4.26674800
3.05086400
1.15652400
4.37540800
5.06360500

-2.76452800

-3.14138100

-2.99780700

-3.33433000
1.89052600
2.94194200
1.80983800
1.63122900
6.24659500
6.81414300

G =-5943.296731

2.19339600
-1.27100000
-1.44603500
-1.60598400
-1.50347500
-1.29052100
-1.50507400

2.06081800
-1.98744500
-3.06114900
-3.26941900
-4.45498600
-5.43738900
-5.26601400
-4.07336300
-1.01059400
-1.32695800
-2.64017500
-3.63110600
-3.29276600

0.22120100

1.88676600

1.97638300

1.49670200

1.55939900
-2.47872000
-3.94266400

0.01454000
-4.05961700
-1.54455800
-1.15913100

2.08186000

1.28866600

2.54265300
-6.36470200
-2.89308000

0.41772100

3.74589500

3.92629500

4.85631600

5.20357200

3.06504600

6.14290400

4.72466200

6.29664800

7.29973700

2.40428200

1.93972200

3.10998400

2.19059100

1.36044800

3.37597100

3.48372400

2.91641200

3.11720400

5.39124700

6.27412100

5.54442400

4.51249700

7.34070000

7.05300100

7.86153700

8.07332400

1.67067900

2.12608200

-1.92495000
-1.28229300
-1.30297300
-2.68057700
-3.49450800
-2.64028200
-0.03912800
0.09551700
1.59642500
-0.54891200
-0.14730500
-0.47520800
-1.19909900
-1.59206800
-1.25943400
2.42750400
3.72001800
4.18167100
3.37785800
2.07887500
-2.39262300
-1.52124100
-3.32529700
-2.70332800
-3.80463500
0.37919500
-1.55493200
2.07851900
1.45417400
-4.58170900
-2.95071100
-3.92095700
-4.83179400
-1.27732400
-1.46367800
5.19747400
0.35120700
-0.11017600
-0.30746400
-0.16206500
-0.52184800
-0.30675600
-0.38615200
-0.01916100
-0.55530500
-0.71868700
1.38259300
1.33311600
2.51829900
2.38636400
0.47666100
3.57899000
2.56611600
3.48890000
4.31478500
-0.73459800
-0.19500600
-1.80193700
-0.39761300
-0.43682800
-0.29438100
-1.40480600
0.34493200
2.33165400
1.50559000



6.78457700
6.26685200
2.58917500
2.70216500
3.18710000
1.53354500
1.91543900
2.44332800
0.84115400
2.25611600
3.50569000
4.55871400
2.99308500
3.48800600
1.05987500
1.02751300
0.58700800
2.11462200
-3.10609600
-3.54546100
-3.18116900
-3.72660900
1.11916100
-0.06008600
-0.29698800
4.89097400
4.55008800
4.76533000
6.31109500
6.59677800
7.34832100
7.87420300
5.80005800
8.63281200
7.15777800
8.90275000
8.06805300
9.42544200
9.90547000
5.39477400
6.48093700
5.27271100
4.90462600
4.69483800
4.02473200
4.28407900
5.67194900
-0.85509700
-0.50465000
-1.17133500
-0.31290900
-1.56987500
-1.37731200
-0.72081100
0.15737900
-1.33662200
-2.05462900
-0.55427400
-1.64139600
-2.27654000
-2.79772600
-2.71982400
-2.48002400
-0.49925900
-0.77341900
-1.02288000
0.57785000

1.87661000
0.58437200
4.13508400
3.52696900
5.04887700
4.43072200
-5.02912000
-5.20247200
-5.21127300
-5.78401400
-0.27584100
-0.10179300
0.69116200
-0.57329500
-6.34742000
-7.31001900
-6.51057000
-6.09025600
-4.63393500
-5.55695900
-4.67280700
-3.78522600
-1.76348200
1.19477200
0.82770400
-1.32055900
-0.58011800
-2.60343700
-0.91730600
0.41183800
-1.85467600
0.79837200
1.15234500
-1.47402400
-2.89640800
-0.14648200
1.84048400
-2.22403000
0.15083100
-2.70676300
-2.93533300
-1.76350700
-3.49811600
-3.84329300
-4.54927100
-3.67592500
-4.35598300
2.40929800
0.04615700
-1.04361600
0.05318400
-2.13557600
-1.04562700
-1.03332500
0.90729000
-2.13860600
-2.98608900
-1.01716200
-2.99185500
2.17423600
3.12970400
1.69299300
1.51571700
3.36887800
3.05567200
4.31616100
3.57818400

3.26752800
2.15444300
4.79611600
5.70856900
4.94365700
4.71336500
3.89425100
4.84301700
4.06735000
3.16840200
4.59926600
4.32173700
4.49741000
5.65778800
-2.36381200
-1.82828700
-3.34652100
-2.53791900
-0.04093400
-0.44572600
1.05807900
-0.37127700
-3.03697500
-2.72306700
-1.69056300
-0.09504500
0.64644700
0.57936700
-0.51347900
-0.85965700
-0.59492600
-1.26561200
-0.83294800
-0.99817000
-0.34495400
-1.33373700
-1.53183200
-1.05074600
-1.64861100
1.87265200
1.83447300
2.42399100
2.46071600
-0.15619400
0.36767100
-1.15960800
-0.28245900
-2.86717300
-3.62083600
-3.04167800
-5.01071700
-3.81590600
-1.97016400
-5.78951800
-5.49844900
-5.19320900
-3.33128000
-6.86925100
-5.80344400
-2.75533700
-2.59225500
-3.65183500
-1.89606000
-3.88846100
-4.91908800
-3.68109700
-3.86186200

-2.37723100
-3.03375900
-3.99328800
-2.46159700
-2.97494900
-1.23341900
-0.78046900
-0.57748100

0.37648000
-1.13856700
-0.51220300
-1.34932100
-2.65886800
-2.84511500
-3.89168900

0.39283900
-3.10947000
-1.05825400
-2.03718500
-5.94269700
-5.51871800
-4.43275100
-4.15234100
-5.18958700
-5.96138300
-3.83237200
-6.87438900
-3.63340600
-3.47480500
-2.66962800
-4.33557200
-6.81925300
-6.41792000
-5.31656300
-5.42629000
-4.61552700
-8.54832800
-8.62284000
-6.81628100
-6.43447600
-7.91042700
-6.41739200
-6.98830500
-6.68564000
-6.63237100
-8.08881100
-5.84607700
-6.21254900
-4.99842200
-6.64734600
-4.84282000
-4.41404400
-5.59760400
-4.02550100
-8.73032300
-7.97427800
-8.67315700
-9.71942600
-9.65238500
-9.53253700
10.64575000
-9.66019900

— e e O\ e e O\ e e O\ e e O\ = e m N e e N = AN = N = AR = e = N0 = 0N DN NN =k = NN =A== O\ — O\

TS0’-Si-Ca
E= -5300.01076115
6 1.24289500
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-1.05008800
-2.17407500
-2.47002900
-2.92748100
-3.81455700
-2.54221500
-3.12595400
-1.40549700
-1.10382300
-0.65363400
0.57858500
1.59582200
1.24264300
-0.27019400
-0.51073600
0.90251100
1.84556100
2.64431100
-0.57194900
1.69508600
3.03478800
3.10087400
1.79641600
0.98071700
3.82255300
3.97920100
1.10158100
1.42798000
0.34650200
1.92918800
1.74380600
-0.28172900
-1.84657100
-1.84696000
0.20592100
0.56790700
-0.17770200
0.88162000
-3.11708800
-4.01358900
-3.22151700
-3.13500200
-1.86460100
-2.78929900
-1.01486900
-1.84054100
1.37514800
2.23655900
1.72061500
1.08236100
-0.96946000
-1.73793700
-1.44927100
-0.62442000
-1.04510000
-0.83207900
-2.11928300
-0.86368300
-0.43884600
0.18825000
-0.22419500
-1.49202900

2.41654300
2.90845700
2.47952300
3.94322400
4.32106500
4.48499900
5.28930100
4.00303900
4.43343600
2.96572400
2.44554000
1.85279300
1.40600900
1.20906600
0.98724500
2.96425500
0.61499800
1.90832000
0.11515700
1.47008200
1.45406000
2.32525900
2.80540000
2.31412700
0.85097800
2.55972000
0.80447500
4.15930200
4.23890200
4.32816800
4.94739700
-0.30041400
0.69144500
0.76883500
-1.48841900
-0.82961900
-1.04138600
-1.35055800
-0.08207000
0.43361200
-0.14600200
-1.10757300
2.11784200
2.63816000
2.71578400
2.11555700
-2.39319800
-1.81200300
-3.00496300
-3.08963300
-2.28721500
-1.62698700
-2.93104900
-2.93881700
-2.29849800
-3.06972500
-2.06642800
-2.75038500
-0.00439200
0.89245900
-0.43175200
0.31893600

G =-5298.747321

-3.17034500
-0.59215000

1.72294700
0.60856100
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2.42716300
2.57636900
3.62421600
4.14323500
1.10838200
-0.83323500
1.47002300
1.57691800
0.60082600
0.96545800
2.31962200
3.32177700
2.93697200
1.16164600
1.32323100
1.77236300
2.05879400
1.90970800
2.11439600
0.28941400
1.81879900
0.25573500
1.21234400
-0.45023200
3.70180900
0.77393700
2.12887500
3.94424300
4.95648900
2.60646700
1.47212500
1.48540200
2.61211100
1.88668900
-1.18268300
-2.32366700
-3.43901600
-2.27808300
-4.51888300
-3.46060900
-3.34011900
-1.40676600
-4.45512500
-5.29442300
-0.36001500
0.93901400
-1.39995400
1.20520800
1.76135900
-1.16248100
-2.41895000
0.14455700
0.34404300
-5.71023300
-6.65920700
-5.67410100
-5.74648200
-3.28646100
-3.17631800
-4.21066800
-2.43920100
2.60734700
3.08762700
2.62241700
3.24511200
-2.27329600
-2.12285700

0.38153300
0.66709600
-0.13487100
-0.91304000
1.30304200
-1.66865100
1.38291900
3.00369600
3.98763200
5.30494800
5.60789600
4.63397500
3.33221600
0.29633000
0.37868800
1.58632200
2.69472500
2.57716800
-1.30210000
-2.10597300
-3.14382600
-1.42681200
-2.08410700
3.71881800
2.56995700
-0.62350600
3.44291700
-0.16811800
-1.63089400
-3.80187200
-1.79836400
-3.87449900
6.63051200
1.66636100
0.59659500
-2.64505800
-2.03352400
-4.04337600
-2.79945400
-0.95268500
-4.83440100
-4.53139000
-4.19271200
-4.79949600
-2.58539500
-2.99314500
-2.81334100
-3.66189300
-2.78740200
-3.47114000
-2.50506500
-3.90217800
-4.42453300
-2.14428000
-2.59847600
-2.26502700
-1.06436500
-6.33820700
-6.79160400
-6.74678300
-6.67495400
-4.07709500
-4.63901500
-4.69524000
-3.19650500
-3.70252200
-3.09666200

0.95997200
2.36003100
2.87918300
1.81033900
0.06629800
0.28510500
-1.74830500
0.58903900
0.74502600
1.07534000
1.23486100
1.06733600
0.74179700
-2.58029400
-3.96918400
-4.52299700
-3.72085600
-2.33152800
2.08459900
1.63635000
3.02150500
2.91704100
3.75480000
0.62975100
0.58383900
-2.15191500
-1.70901000
3.91867300
1.88165600
3.38383100
4.76908300
0.93349900
1.49230600
-5.60770200
0.24120500
0.80176600
1.38133500
0.70489200
1.84348600
1.49130500
1.15911700
0.26316900
1.71806300
2.07218300
-1.23098600
-1.54899500
-2.15228100
-2.75892600
-0.86700900
-3.3604940
-1.90892500
-3.63723300
-4.57709900
2.49989700
2.16969400
3.59567300
2.29727100
1.06570900
2.06508200
0.62737500
0.45134800
-3.11579900
-2.30258700
-4.02427600
-3.29357700
-4.35268700
-5.26234400
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-2.31257300
-3.25412900
2.49330900
2.68960500
1.71394100
3.40734200
1.00687000
1.78424800
0.06113100
0.93785600
4.77546200
5.43238000
5.05313600
4.99226000
-0.10744600
0.31632200
-0.71673100
-0.79738200
1.97259600
-0.70204200
-0.91852500
3.92882800
3.05299300
4.67431700
4.66391800
4.33670100
5.65236600
4.96687900
3.58243500
6.28258000
5.93781600
5.94313000
4.69159200
7.04827900
6.43878500
4.68777800
5.56234800
3.78061100
4.70562700
5.89710500
6.15901500
5.76773500
6.76804500
-1.99782700
-0.15143000
-0.20179200
0.35531400
0.30417500
-0.63303600
0.85357200
0.36476200
0.84311000
0.28351700
1.25386600
1.24425900
-2.99198900
-3.98918600
-2.83121800
-2.98600900
-2.02321900
-1.80894700
-3.02631700
-1.30572400
-2.52996400
-2.51482100
-2.93570700
-1.95644000

-4.75542200
-3.44024600
4.00753300
3.91974000
4.77491100
4.38467500
-0.79995600
-1.57708600
-1.27755800
-0.50281000
4.99362100
4.15381800
5.85929100
5.26768000
6.35042500
7.33876700
6.44250100
6.07784800
1.36473500
-0.30636000
0.20409400
-0.91137800
-0.96895700
0.26533300
-2.25530700
-3.35568700
-2.43977400
-4.59202200
-3.24021200
-3.67505300
-1.61240900
-4.76054700
-5.42736400
-3.78616200
-5.72507100
0.59301800
0.18913300
0.21773300
1.68793000
0.60856500
1.65481400
0.53326200
-0.02056900
-0.82472200
0.80926300
2.12681800
0.58387800
3.18579800
2.32577200
1.64356200
-0.42086000
2.94607400
4.19742800
1.44940100
3.77015300
0.21303100
-0.24597600
0.83860300
0.88626900
-1.83061500
-1.43537000
-2.28622300
-2.63131100
3.13971300
4.44368600
5.25058400
4.72258600

-4.67307500
-3.92919100
-4.31854700
-5.39673500
-4.17610500
-3.83312000
-4.85259000
-4.77506600
-4.55939200
-5.90898000
1.24280700
0.97355900
0.62015200
2.28883100
1.24869000
1.47763800
0.33455500
2.06451300
2.92784900
3.26694500
2.29436800
-0.78995400
-1.45395400
-1.24301800
-0.90408500
-0.09649400
-1.88344000
-0.25953700
0.67646700
-2.05418600
-2.52886000
-1.24344400
0.38930000
-2.82552700
-1.37372400
-2.65091300
-3.20407800
-3.13717500
-2.78412600
-0.55236700
-0.78211600
0.53586300
-0.83498800
3.70121300
4.14631700
3.66734800
5.43504900
4.42351900
2.68477200
6.19815600
5.85737500
5.68999700
4.01230300
7.19609500
6.28426900
3.87760500
3.95878100
4.77927200
3.00511800
4.74088000
5.75691700
4.76924500
4.51845500
-1.44549400
-1.93044000
-1.32415200
-3.18646000
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-1.93821700
-1.42052100
-0.98246600
-1.43284600
-1.01160800
-1.97572500
-2.04853700
-3.10133700
-3.84967300
-3.03401800
-3.64716700
-1.68021400
-4.35065300
-3.51024900
-1.96525000
-6.03667000
-5.45943400
-5.08804400
-5.23226400
-5.82807500
-5.80403900
-4.66572000
-6.58129500
-4.90804000
-5.80361700
-4.46538900
-4.17782600
-6.72997700
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-5300.00817248
-2.39743900
-3.45946700
-2.12355900
-2.05044800
-3.29085400
-4.15056600
-0.61771200
-0.00251900
-1.07004800
-0.26006300
1.03635500
1.32864900
0.29508600
-1.02130300
-1.28659200
-1.23343900
-1.45080600
-1.47490300
-1.30294000
-1.10740800
-2.42207900
-1.10917000
-2.81248400
-0.70880600
-1.77862300
1.83316500
-2.30714400
-1.17651800
-0.96148400
-3.52108600
-5.17146200
-3.76740000
-1.82232500
-2.95653000
0.51291900
-1.62525000

5.74853900
3.68507500
3.89503200
2.37381000
1.56711200
2.08950200
0.71632900
0.37627800
1.45120400
2.76187900
3.57796600
-0.06516400
1.21398000
-0.63372400
2.46167400
0.60756400
1.89088500
1.91890300
0.67130300
-0.14519200
2.75242600
2.76440200
0.08569700
-0.01061000
-0.44939200
0.71645900
-0.82031900
-0.87047000

-3.56093200
-3.95294000
-4.93116500
-3.46759600
-4.06646800
-2.21065400
-1.67402900
-0.74575200
-0.13475200
-0.07072500
0.35655500
-2.34259000
0.81015100
-0.73981500
0.75994000
-1.00547900
-1.15909500
-2.57862000
-3.06683600
-2.05992500
-0.58797400
-3.11195800
0.06011300
-4.33809600
-4.80653500
-5.03164700
-4.17467700
-0.04850100
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2.79793900
-0.55471500
-1.00914100
-1.10762600
-0.69854200
-0.35217700
-1.47068200

2.01235500
-1.96644400
-3.10832100
-3.62225100
-4.90275700
-5.65816400
-5.16993300
-3.89293500
-0.99088400
-1.35010900
-2.71152300
-3.70561500
-3.31890800

0.81624000

2.18070900

2.74852800

1.76831800

2.12811900
-3.00173800
-3.51634900

0.06283600
-4.09163700
-0.63025800

0.01025600

3.09861600

1.92071500

3.23936600
-6.65571200
-3.00205700

1.35065600
0.82397300
1.14973700
2.58322800
3.13523100
2.05992300
0.20015100
-0.17319700
-1.52096800
0.96628900
0.89738200
1.39443100
1.95461200
2.02262100
1.52134100
-2.51329400
-3.84893500
-4.18315800
-3.21435000
-1.88106000
2.02558300
1.25323100
2.70826900
2.58524000
3.46570300
0.49525000
1.55809900
-2.25481200
-1.12768000
4.19650800
2.14416300
3.09553000
4.53019900
0.53238200
2.34825400
-5.22673800
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1.21566300
1.02116700
2.33429500
0.42161400
3.06976100
2.78908100
1.12707000
-0.60765700
2.45259900
3.01783200
-0.89921200
-2.27351200
-0.11214200
-2.88393800
-2.87989400
-0.69096700
0.96273300
-2.07998300
-2.54338300
4.48619400
5.13709900
4.52871600
4.91889600
0.48875000
0.47255900
1.04970900
-0.54659600
-4.36447900
-4.95171600
-4.67136900
-4.65592100
0.14481700
0.07875400
-0.20387300
1.20415100
-1.28957100
-1.58047900
-0.28245800
-1.97555000
-1.64962400
-2.66370500
-0.95065500
-1.51739800
-2.11660900
-3.10520600
-2.13861100
-1.96390000
2.73687800
2.86488500
3.00317700
3.46272400
-1.18221400
0.63936900
0.96506800
-4.14375700
-3.50875600
-4.17590000
-5.49137400
-5.53623000
-6.70625600
-6.74810000
-4.60728100
-7.92582400
-6.70960500
-7.95334200
-6.75298100
-8.85930700

0.07281500
3.53958600
3.48388200
4.78788900
4.65626300
2.52095300
5.97586300
4.84278400
5.88859400
6.81071100
2.44220900
2.27783500
2.89860500
2.58646600
1.89198900
3.21693100
3.03904500
3.06329100
3.30812100
4.59284100
5.31607300
4.83162900
3.58934700
7.31977200
7.92471700
7.89653400
7.21716300
2.38631000
3.00461000
2.63876100
1.34321500
3.70964300
3.02170200
4.69428200
3.80453400
-5.16733600
-5.32779400
-5.59428100
-5.74608300
-0.29526500
0.13426800
0.54285300
-0.70765400
-6.00522900
-5.54798900
-7.01857300
-6.12140500
-5.43360000
-6.35835200
-5.65185600
-4.69051400
-1.42635300
1.16920700
0.63296200
-0.54472000
0.01877500
-1.89637900
0.18641700
1.56233000
-0.48608200
2.24806400
2.09957100
0.19575300
-1.55531200
1.56547300
3.31915200
-0.35251200

0.02508100
0.04639200
0.51878300
-0.17805500
0.74187700
0.73155200
0.04521100
-0.53896300
0.49767600
0.66495000
-1.71203200
-1.89371200
-2.78613000
-3.12298800
-1.08051100
-4.01666100
-2.65387700
-4.16131100
-5.12115800
1.25801700
0.74276400
2.33421300
1.12975800
-0.19871400
0.72248600
-0.95213400
-0.55378000
-3.31648100
-2.62081600
-4.34104100
-3.11743900
-5.16962700
-6.02864500
-5.52018700
-4.89125300
-3.58061900
-4.62863600
-3.43870400
-2.94203200
-4.90572600
-4.85158800
-4.77393200
-5.91639300
2.63576200
2.48493300
2.20415100
3.72192400
1.30161800
1.88254800
0.25393900
1.66803800
3.14698900
2.93008300
2.00018700
-0.52844900
-1.23096000
-1.06618900
-0.45418200
-0.18109500
-0.63435900
-0.10005900
-0.00242300
-0.55749500
-0.83463300
-0.29271400
0.11724900
-0.70420800
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-8.90521500
-4.50217800
-5.59111900
-4.06354100
-4.06816700
-4.56548700
-3.99830600
-4.33804700
-5.64345700
1.65032600
0.64290100
1.15286100
0.19986200
1.15314300
1.54857600
0.20870000
-0.15516700
0.67077500
1.52492100
-0.14938800
0.66467100
2.98345200
3.72015900
3.14900300
3.17963100
1.34554700
1.36526800
2.09146000
0.36089700
3.39887200
3.85763000
4.61147400
3.34556900
3.70276200
2.37217700
1.96693400
1.90483400
1.13725800
2.40370600
1.93740900
2.82740000
3.92803200
3.77182400
4.69094800
1.23047800
4.35958300
2.76391900
2.71322700
7.24295700
6.78001400
5.83348300
5.70466300
6.66687600
7.07622600
5.25533700
8.09449700
5.54105200
6.48245200
4.76785700
5.23525000
8.24072800
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-5300.00667254
-2.82876800
-3.43018200
-2.10717200

2.09768500
-2.02598600
-2.04193100
-1.19117700
-2.95702800
-3.02177800
-3.91830300
-2.83146600
-3.28158100

2.20185900

0.07402700
-1.18887200

0.29008900
-2.23298900
-1.36290300
-0.75074200

1.27356600
-2.01986600
-3.21549100
-0.56878600
-2.83402300

1.66842500

2.47686600

1.20877600

0.89253000

3.31707400

3.06485900

4.11075700

3.73705100
-1.99418200
-3.28949000
-3.71531900
-4.04623100
-5.06497600
-3.49670000
-4.08209000
-2.19907100
-1.77762400
-1.44099100
-0.06977600

0.84030300

0.30764100
-1.17441700
-1.57355800

0.34808600

0.93099600

1.91160300
-1.21303300
-0.74596300
-1.44719100
-0.60525700

0.56868900

0.44668400
-2.45064700
-0.81057100
-1.12612000

1.96890300

2.33732900

1.98214800

2.65645900
-0.41417400

-0.23223900
-2.46498900
-2.68170300
-3.02929200
-2.86207800
-0.25055400
-0.56027500
0.80586500
-0.31264600
3.12968300
3.98987900
3.65296400
5.30339100
4.58017400
2.65080500
6.23621700
5.61180000
5.87402400
4.28039700
7.25233900
6.60233400
3.31128500
3.18505500
4.30725700
2.55394000
3.99890800
5.08094600
3.83119500
3.75570700
-1.41631200
-1.64061200
-0.97354500
-2.70191000
-2.86934800
-3.54128600
-4.36941900
-3.31913400
-3.96721000
-2.25247000
-1.96657400
-1.28535300
-0.55576200
-0.19850500
0.26693100
-2.68635700
0.23202400
-1.46768600
0.71027400
-0.72575900
-1.83355100
-2.42778400
-1.65082200
-0.61347000
-2.12357200
-3.32629900
0.19892600
-2.15649600
-2.59453200
-2.93600900
-1.35418500
0.84335700
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2.65553300
-0.83756800
-1.08267600

0.77203900
0.56464800
1.10108300
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-2.21460200
-3.55395700
-4.29665700
-0.44574700
-0.17137000
-0.62683500
-0.00475000
1.33999400
1.71500200
0.71584200
-0.64530800
-0.99256900
-0.76159800
-0.77743400
-0.62644100
-0.47775300
-0.48594100
-2.71702600
-1.47646300
-3.40942400
-1.20930900
-2.41928400
2.10299300
-2.04627700
-0.83761700
-0.35897300
-3.92797500
-5.35273300
-4.44077400
-2.57819900
-3.32304000
0.99760700
-0.61858100
1.21719200
0.61740700
1.85136100
-0.10202300
2.39255300
2.39371600
0.40868800
-1.07266600
1.66091500
2.07512200
-0.89440500
-2.19806800
-0.03422800
-2.67079900
-2.85220000
-0.47658900
0.98504700
-1.80130000
-2.15738800
3.72092600
4.32658400
3.58340000
4.30407800
-0.35728200
-0.57516600
0.22199200
-1.31342400
-4.07374200
-4.82403900
-4.25401400
-4.26994200
0.43627900
0.55054100
0.02888200

-1.00794500
-0.69531700
-0.58297500
-1.44415700
2.03892800
-2.17908900
-2.93360800
-3.29030100
-4.45941800
-5.26562800
-4.93727300
-3.76916800
-1.34193200
-1.86576100
-3.24968900
-4.10679000
-3.55793500
0.77885300
2.20487700
2.70900700
2.00209200
2.31875700
-2.62873400
-3.51898600
-0.26653000
-4.22262500
-0.53530600
-0.34159500
2.97346900
2.23177500
2.92304900
-6.17652200
-3.66726200
0.30278300
3.70466700
3.87405600
4.83267300
5.15336800
3.00470700
6.12228200
4.71116900
6.26097100
7.26423600
2.19127200
1.81544900
2.65166600
1.91640000
1.42309700
2.76544100
2.95683000
2.40219300
2.48556200
5.33394100
6.11563200
5.63796600
4.40085300
7.33766600
8.01102900
7.92089600
7.06095400
1.49198300
2.11611300
1.55803800
0.45687700
3.26534600
2.51316200
4.17384000

2.53367900
2.87859200
1.67412400
0.39859100
-0.34360700
-1.28734900
1.39245300
1.51374800
2.19485400
2.74690200
2.62649500
1.94238100
-2.40271800
-3.70073100
-3.86808600
-2.77279700
-1.48261600
1.69210800
0.90563200
2.06746100
2.31681600
3.01359300
1.11235000
1.83372900
-2.26874200
-0.62911100
3.88777800
1.59014200
2.29270000
4.08374900
-0.15590200
3.28394000
-4.87893500
0.22468400
-0.17353500
0.45718500
-0.59689200
0.64816500
0.81844400
-0.41344300
-1.08254900
0.20525700
0.34548500
-2.02020000
-2.34852900
-3.03453300
-3.66933500
-1.57620700
-4.35463800
-2.78829400
-4.64924100
-5.67992300
1.34002600
0.85627700
2.39159200
1.34485200
-0.87088300
-0.02589800
-1.60525800
-1.33760900
-4.01771200
-3.50860700
-5.09977900
-3.69825100
-5.44448900
-6.24220700
-5.91675800
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1.43663600
-0.27999800
-0.40519700

0.73109100
-0.99433100
-0.94631900
-2.00283700
-0.38444300
-0.61641400
-1.70316800
-2.71231200
-1.55626800
-1.67071700

3.17447800

3.33880700

3.57424900

3.77132100
-1.39975400

0.14202600

0.65734600
-3.92976800
-3.27913800
-3.74149100
-5.35046600
-5.57736900
-6.45745200
-6.86146500
-4.73712700
-7.74809800
-6.31903600
-7.95670000
-7.00906300
-8.59453500
-8.96420200
-3.90319300
-4.95697700
-3.48661600
-3.34361500
-4.07789100
-3.36705400
-4.00596300
-5.09806200

0.98448200

0.13035300

0.82780400
-0.51669200

0.81711000

1.37895600
-0.52002100
-1.02499300

0.13312000

1.33824900
-1.03819700

0.11708200

2.33487600

2.98050900

2.41779300

2.72296800

0.43387200

0.33325900

1.09755100
-0.54997200

3.76943600

4.37840900

5.08605300

4.06501500

4.53091800

3.50577600
-5.58968600
-5.89138000
-5.89080600
-6.16627000
-0.96057500
-0.67461000
-0.02380800
-1.45038300
-5.82177000
-5.52093700
-6.87684900
-5.77399000
-4.82243200
-5.64694000
-5.13336300
-3.95750800
-1.15195800

1.62418400

1.05568700
-1.05724300
-0.49283400
-2.45021700
-0.50108300

0.88302200
-1.34345300

1.41260400

1.55640900
-0.81958100
-2.42245000

0.55990200

2.49494600
-1.49847300

0.96898300
-2.76062600
-2.91327000
-1.94872200
-3.67738000
-3.52815600
-4.36323600
-3.19820800
-3.94284800

2.79506300

0.63879600
-0.57116600

0.91037600
-1.52123800
-0.78079800
-0.03449900

1.86223900
-1.26016500
-2.47030500

0.18799000
-2.00155000

2.46022300

3.34402800

2.11362400

1.65424500

3.93422600

3.78490200

4.80005400

4.19900400
-1.63440500
-2.88457500
-3.15183200
-3.80798400
-4.79623100

-5.05689400
-2.95553600
-4.00534800
-2.63360800
-2.34655000
-4.89297000
-5.02716600
-4.77054000
-5.82068000
3.23640500
2.91968000
2.95585900
4.33795100
2.30456400
3.01329800
1.32483900
2.63478600
3.23224100
2.89050400
2.07176500
-0.84915600
-1.53649300
-1.22516800
-1.01507400
-0.97875700
-1.17652700
-1.10691500
-0.82353200
-1.30886000
-1.19723200
-1.27649400
-1.07200900
-1.43609400
-1.37936600
-2.62395300
-2.93955200
-3.23697300
-2.86681000
-0.32616600
-0.46426900
0.71768500
-0.47020600
3.10390100
4.05338800
3.92086400
5.26827500
4.94429000
3.00257100
6.29808500
5.42260000
6.13419100
4.79923800
7.23395100
6.93634300
3.50293500
3.38584600
4.55342800
2.85941400
3.80445500
4.90109900
3.64894400
3.39585500
-0.70072400
-0.71959700
0.06953500
-1.72747900
-1.72848800
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3.14876000
2.89555700
2.54020400
1.81939500
2.83171400
2.20312700
2.88134200
3.97541300
3.90438600
4.78980200
1.56321100
4.23101400
2.76282000
2.75051400
6.61243400
5.66013100
5.56510600
6.30569400
6.94675700
5.65634500
4.94176600
7.12902100
6.55874200
6.17266100
6.04421800
7.63594600
7.71267400
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-5300.00627905
1.95994900
3.47200000
2.19668600
2.08009200
3.23103000
4.07934000
0.80480900

-0.25444200
1.40036500
0.62205500

-0.58204400

-0.74027400
0.33394000
1.56163000
1.69404500
1.46879900
1.79478000
2.02475700
1.95141100
1.64473100
2.21312800
0.76728900
2.31935000
0.36746700
1.34306500

-1.41709500
2.64842100
1.25007200
1.57702200
3.40673400
5.03797000
3.20396200
1.36768700
2.49240300
0.22000800
2.26019800

-1.20715700

-3.46142400
-4.17514300
-2.20213000
-1.94054400
-1.28402300
0.05224100
1.12241800
0.78701400
-0.65771400
-0.90088900
0.31431000
1.51141100
2.15319800
-0.70951300
0.26056400
1.09083600
0.50676700
-0.61783700
-0.77234800
2.16426500
0.87575600
0.38064800
-1.68706300
-2.65083900
-1.44320800
-1.79702700
-0.37059800

-2.72276500
-3.50969900
-2.71162600
-3.48529400
-1.69733100
-1.62792800
-0.93483400
-0.06295500
0.44689200
1.06321300
-2.47356600
0.71633700
-1.26927000
1.22097800
-0.46591500
-1.09746000
-2.44199000
-2.47297900
-1.21508900
-0.91115300
-3.25195600
0.73069000
-3.46126900
-3.09606400
-4.39977400
-3.66506700
0.93407300

G =-5298.743659

-2.99797800
0.17529700
0.80942900
0.94014100
0.37834700

-0.09727400
1.43932000

-1.94891400
1.83188000
3.12801800
3.81061900
5.12833100
5.74940600
5.09100100
3.78018400
0.82074700
1.11491800
2.45167900
3.48200000
3.15703600

-1.02555000

-2.22252800

-2.97851800

-1.73713100

-2.21660700
3.29763500
3.27269300

-0.20778000
3.95897500
0.29769400

-0.59163500

-3.44096000

-1.99868100

-3.52104500
6.77485800
2.69463400
0.13577100

1.45791200
0.93920100
1.20270700
2.63068600
3.23911200
2.20520400
0.17887800
-0.17752400
-1.52499000
0.89466700
0.70803600
1.16619500
1.80906600
1.99491900
1.52888200
-2.49225900
-3.82148100
-4.17636000
-3.23310800
-1.90421100
2.11006800
1.29581100
2.83211400
2.60337900
3.53504300
0.23946100
1.65669300
-2.21950400
-1.17034600
4.30989600
2.33633100
3.26566200
4.59807100
0.67059000
2.17368900
-5.21639500
-0.07089300
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6
6
6
1
6
1
6
1
6
6
6
6
1
6
1
6
1
6
1
1
1
6
1
1
1
6
1
1
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6
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1
1
6
1
1
1
6
1
1
1
6
1
1
1
6
1
1
1
1
6
1
6
1
7
6
6
6
6
1
6
1
6
1
1
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-1.47294800
-2.78030600
-1.03248200
-3.66435500
-3.11395900
-1.88969700
-0.00917500
-3.20428400
-3.88657200
0.63419800
2.02382500
-0.16372400
2.63567900
2.64255500
0.41559700
-1.25171800
1.81716700
2.28121700
-5.07233700
-5.80154200
-5.17500000
-5.35871300
-1.42130900
-0.38033100
-1.48122500
-2.04736300
4.13556000
4.61595400
4.44443300
4.54795600
-0.43238500
-0.25605500
-0.19073800
-1.50447200
2.15844400
2.53583600
1.21037500
2.87237200
1.88956100
2.84458800
1.09331000
1.82980000
2.70370800
3.63043700
2.89967300
2.47595000
-2.05087900
-2.09198700
-2.20780400
-2.89698000
1.24132800
-0.90404800
-1.13302700
4.20385900
3.53208300
4.43479500
5.44220800
5.29880300
6.73974000
6.40907200
4.30085100
7.85825500
6.88684700
7.69914500
6.26777400
8.85984100
8.57213900

-3.32671700
-3.09089800
-4.64724500
-4.15374800
-2.07199100
-5.72916500
-4.84303400
-5.46110000
-6.29872900
-2.53258700
-2.54042800
-2.92151100
-2.95676800
-2.20441900
-3.34323400
-2.92665000
-3.36345300
-3.69003300
-3.89580600
-4.52926400
-4.11954100
-2.84400600
-7.14978900
-7.18898400
-7.71573600
-7.68238700
-2.94314800
-3.63006900
-3.23371900
-1.94465600
-3.76369600
-3.11017500
-4.79101500
-3.72619600

4.92244800

5.01520300

5.48267200

5.42189700

0.01863800
-0.52575100
-0.72743800

0.41927200

5.78461600

5.19574400

6.77649400

5.94318200

5.84074800

6.79739100

6.04841300

5.21837200

1.38158500
-0.96035400
-0.42414900

0.04538800
-0.45069600

1.36656900
-0.84857700
-2.22125800
-0.32815900
-3.05067600
-2.64312400
-1.15439700

0.73428600
-2.51905200
-4.11598000
-0.72373000
-3.16416000

0.03937000
0.47053600
-0.13512300
0.70303200
0.64412200
0.09614600
-0.46241700
0.50754400
0.68288400
-1.66976600
-1.80221600
-2.76206800
-2.99833600
-0.97620700
-3.96105800
-2.66849800
-4.05506400
-4.98993400
1.18023000
0.65078000
2.25548000
1.03601600
-0.09234800
-0.44355300
0.85169900
-0.82659300
-3.13892700
-2.42561500
-4.15274500
-2.92636000
-5.13361600
-6.00386500
-5.45012400
-4.89295000
-3.62469600
-4.65316100
-3.55994000
-2.95090100
-4.85025200
-4.76270300
-4.71788700
-5.87256900
2.69343700
2.63407900
2.25591600
3.76094300
0.94667000
1.48717400
-0.12479700
1.27876900
3.15419700
2.88186600
1.92366300
-0.38162300
-1.10067800
-0.94518100
-0.23073600
0.02226700
-0.31113200
0.18088700
0.12138700
-0.15624500
-0.49359200
0.08834600
0.37996400
-0.22604500
0.20958100
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4.85850200

5.95006700

4.34143300

4.58320700

4.90749300

4.46211600

4.60704700

6.00981100
-2.04492400
-0.79772800
-1.12650700
-0.42237600
-1.00993300
-1.46773600
-0.31528800
-0.20936000
-0.59295200
-1.23674500
-0.01069300
-0.49492700
-3.30137100
-4.13416300
-3.43186100
-3.37390300
-1.91160200
-1.92357100
-2.75222400
-0.98616100
-3.03929200
-3.33439000
-4.06659100
-2.67977900
-2.90627200
-1.73204100
-1.21459100
-1.43797800
-0.69795500
-2.08232300
-1.82692500
-2.85244300
-3.90855500
-3.56898400
-4.44686800
-1.16073700
-4.40101500
-2.93029500
-2.55384000
-7.21173600
-7.05727800
-6.10403700
-5.62998000
-6.44050500
-7.57755600
-5.71154400
-7.96528700
-5.26122100
-4.43903100
-6.11869200
-4.92042700
-7.88046200

1.40973200
1.26816900
0.62800800
2.38007600
2.46327400
3.40930500
2.32918000
2.59843300
-1.84735100
0.16665100
1.47122700
-0.05316800
2.54297800
1.65715600
1.01639700
-1.06168000
2.32023200
3.55332700
0.82967800
3.15525300
-1.13951400
-1.84875400
-0.62712200
-0.37139300
-2.96111300
-2.67056800
-3.65482600
-3.51596400
2.43650400
3.76406000
4.30116300
4.41540200
5.46079300
3.72572600
4.22758000
2.38929400
1.85512700
1.73492700
0.31776400
-0.44769300
0.24393600
1.71465500
2.24074700
-0.21210800
-0.26782600
-1.52147600
1.62870400
0.38970200
-0.97881400
-1.06379400
0.23714400
1.11773200
-1.77550400
-1.97568300
0.99240000
0.74944900
0.14208400
0.68331600
1.78971700
1.95767600

-2.32281500
-2.47020100
-2.89724900
-2.76464200
-0.13458100
-0.49291300
0.91205100
-0.14533800
3.08329300
3.90269600
3.50484400
5.23653400
4.39247300
2.48503800
6.12985200
5.59132100
5.70717500
4.04446100
7.16242100
6.40465300
3.20682200
3.08288000
4.18204500
2.42016700
3.99627800
5.06886800
3.83322800
3.79461200
-1.65026800
-1.94418900
-1.33558700
-2.99934100
-3.22101900
-3.75843400
-4.57889100
-3.47148700
-4.06611800
-2.41646400
-2.08613700
-1.41604400
-0.74314300
-0.43193800
-0.01939400
-2.77058500
0.08773400
-1.58424800
0.51741000
-0.34695100
-0.58276500
-1.59677100
-1.90443400
-1.13858900
-0.05911300
-2.04491300
0.54109800
-3.26248100
-3.66609900
-3.95067500
-3.21366500
0.46700500



4.7 The key parameter for the diastereodivergent lactonization of 6 & 7
Table S13. The role of components in the catalysis system A for the direct

lactonization from 6 & 7 to 3al?!

Rh(COD),OTf (a mol%)
L2 (b mol%)
Zn(OTf), (¢ mol%)

6&7
dr(6:7) = 2:1~3:1

entry Rhsalt L2 Zn(0Tf); Temp. (RRR)-3a (S,RR)-4a 6 & 7 (recoveryed)

(a ® (c mol%) yield (%), yield (%), or 8
mol%)  mol%) ee ee
1 5 11 50 45 °C 12, 93% 63, 94% 8:11%
2 5 11 50 90°C  59,93% 29, 94% --
3 0 11 50 90°C  61,95% 30, 94% --
4[b] 0 11 50 90°C  57,95% 33,91% --
5 5 11 0 90 °C -- 18,94%  6+7: 72% (no loss dr)
6 0 11 0 90 °C -- 79, 94% 6+7: 18%, 1.5:1 dr
7 0 0 50 90 °C -- - 8:87%
8 5 0 0 90 °C -- - 8: 90%

[a] General reaction conditions: without otherwise noted, 6 & 7 (0.1 mmol), Rh(COD),OTf (a
mol%), L2 (b mol%) and Zn(OTf), (¢ mol%) are dissolved in the mixture solvent of DCE (1 mL)
and CHCIs (1 mL), and subsequently added additive under argon atmosphere. Yield refers to the
'"H-NMR yield, in which 1,4-benzodioxan was used as the internal standard. Dr values were
determined by '"H-NMR and show 3a/4a and dr of 7 refers to the diastereoselective ratio of
(S,R,R)-6 and (R, R R)-7. Ee values was determined by HPLC analysis on a chiral stationary phase

and show 3a/4a. [b] Racemic ligand L2 was used.

Under condition A, when the temperature increased from 45 °C to 90 °C, the

main product obtained from the intermediate changed from 4a to 3a, (entries 1-2)
further indicating that 3a is a thermodynamically controlled product. When there is a
lack of Rh(COD),OTf or a change in ligand configuration, the conversion of
intermediates is not affected. (entries 3-4) When lacking L2 or Zn(OTf),, there is no
generation of product 3a, only product 4a, recovered intermediates, and
isomerized/dehydrated product 8 can be detected. (entries 5-8) These experiments

indicate that 3a is not easily obtainable, and the isomerization of intermediates,
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followed by the formation of product 4a, is relatively easy to occur.

Table S14. The role of components in the catalyst system B on the Ca-

epimerization/lactonization of 6 & 7 [

Rh(COD),OTf (x mol%)
L2 (y mol%)
(R)-LA4 (z mol%)
[ D—Me TFE (g equiv) Me
o CHCl3, 12 h 6&7
6&7 in argon, 45 °C (RRR)X3a O (recovered)
dr(6:7) = 2:1~3:1
eniry Rh(;alt L2 Lé‘" TFE (R.R.R)-3a (}:S;,g,dR()(;l)a 6&7
0 . . o 0),
mol%) (y mol%) mol%) (d equiv) yield (%), ee ce (recovered)
1 5 11 20 0 - 93,92% -
2 5 11 20 3.5 - 93,93% -
3 0 11 20 0 - 95, 94% -
4 0 0 20 0 - 93,95% -
5 0 11 0 0 - 23,94% 67%, 2.4:1 dr
6 5 0 0 0 - - 94%, 3:1 dr
7] 0 0 20 0 8, 94% 84, 95% -

[a] General reaction conditions: without otherwise noted, 6 & 7 (0.1 mmol), Rh(COD),OTf (x
mol%), L2 (y mol%), (R)-LA4 ( based on z mol% Sn(OT¥)2), and TFE (d equiv) are dissolved in
CHCls, and subsequently added additive under argon atmosphere at 45 °C. Yield refers to the 'H-
NMR yield, in which 1,4-benzodioxan was used as the internal standard. Dr values were
determined by 'H NMR spectroscopy and show 3a/4a and dr of 6 & 7 refers to the
diastereoselective ratio of (S,R,R)-6 and (R,R,R)-7. Ee values was determined by HPLC analysis
on a chiral stationary phase and show 3a/4a. [b] At 90 °C.

Under condition B, we investigated the effects of each component on the
intramolecular lactonization of the intermediate. It was found that the cocatalyst LLA4
plays a crucial role in the lactonization of the intermediate. In the presence of LA4,
the intermediate could still afford the product 4a in high yield even when one or more
other components were absent from the system. (entries 1-4) Only a trace amount of
the lactonized product was obtained with a large excess of the intermediate remaining
when only the L2 was present in the system. (entry 5) No conversion of the
intermediate into the product was observed when only the Rh(COD),OTf was present.
(entry 6) When LLA4 was the sole component and the temperature was elevated to

90 °C, a small amount of product 3a was detected along with 4a. (entry 7) These
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experimental results demonstrate that LA4 is the only effective component
responsible for the transformation of the intermediate to the product, whereas the

Rh(COD),OTf, L2 and TFE do not contribute to this process.

Table S15. The roles of components of combined Lewis acid LA4 in the Ca-
epimerization/lactonization of 6 &-7

Sn(OTf), (a mol%)
BINOL (b mol%)
NMM (cmol%) (R RR,)-3a

TFE (dequiy) 1ot detected
CHCl3, 12 h in all cases
in argon, 45 °C

dr(6:7) = 2:1~3:1

entry Sn(OTf), BINOL NMM TFE (S,R,R)—4a 6 & 7 (recovered)
(amol%) (hbmol%) (cmol%) (dequiv) vyield (%), ee or9
1 20 24 48 0 93, 95% -
2 0 0 48 0 44, 95% 9:41%, 1:1 dr
3 24 0 0 -- 6+7: 95%, 3:1 dr
4 20 0 0 - complex
5 0 0 0 3.5 -- 6+7:94%, 3:1 dr
6 20 24 0 0 - complex
7 20 0 48 0 45,95% 6+7:45%, 1:1 dr
6+7: 18%, 1:1 dr
8 0 24 48 0 41, 92%
9:33%, 1:1dr
9 0 24 48 3.5 70, 93% 6+7:21%, 1:1 dr
10 0 0 48 3.5 41, 93% 6+7: 54%,1:1.2 dr

[a] General reaction conditions: without otherwise noted, 6 & 7 (0.1 mmol), Sn(OTf)2 (a mol%),
(R)-BINOL (b mol%), NMM (¢ mol%) and TFE (d equiv) are dissolved in CHClz and
subsequently added additive under argon atmosphere at 45 °C. Yield refers to the 'H-NMR yield,
in which 1,4-benzodioxan was used as the internal standard. Dr values were determined by 'H
NMR spectroscopy and show 3a/4a and dr of 6 & 7 refers to the diastereoselective ratio of
(S,R,R)-6 and (R,R,R)-7; drs of 3a/4a in all cases are >20:1. Ee values was determined by HPLC

analysis on a chiral stationary phase and show 3a/4a.

Finally, to elucidate the specific roles of the combined cocatalyst LA4 for the Ca-
epimerization/lactonization of 6 & 7 to (S,R,R)-4a, several control experiments were

conducted using 6 & 7 with 2:1~3:1 dr as the substrate. As summarized in Table S15,
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all the three components in LA4 (Sn(OTf),, BINOL, and NMM) were essential for
the efficient formation of (S,R,R)-4a (entry 1). Systematic omission experiments
revealed distinct functions for each component. The absence of NMM completely
suppressed the formation of either cyclized product (S,R,R)-4a or (R,R,R)-3a (entries
3-6) and with no change in the diastereomeric ratio (dr) of recovered 6 & 7. In
contrast, all reactions conducted in the presence of NMM led to the recovered 7 with a
decreased dr of approximately 1:1, along with varying yields of cyclized products 4a.
These observations suggest that NMM involves the deprotonation step to promote
keto-enol tautomerization or epimerization that is the rate-determining step. Without
BINOL, the yield of (S,R,R)-4a dropped to 45%, and 45% of 6 & 7 was recovered
(entry 7). Without Sn(OTY)2, (S,R,R)-4a was obtained in 41% yield along with the
formation of olefin isomerization byproduct 9 (33%) (entry 8). These control results
revealed that LA4 serves as a multifunctional catalyst that promote both
epimerization via a proton-shuttle catalysis and the following lactonization. Moreover,
TFE can effectively prevent the olefin isomerization of 6 & 7 to 9 (entries 8 vs 9; 2 vs
10). No (R,R,R)-3a formed in these control experiments further confirms that the
direct lactonization of (S,R,R)-6 to (R,R,R)-3a is an unfavorable process, likely
involving a high-energy transition state. In contrast, the transformation pathway—
epimerization of (S,R,R)-6 to (R,R,R)-7, followed by lactonization to afford (S,R,R)-

4a—is kinetically driven.

5. Gram-scale reaction

5.1 Gram-scale reaction of (R,R,R)-3a

Rh(COD),OTf (5 mol%)

o L2 (11 mol%)
. Uonps

Zn(OTf), (50 mol%), 45 °C

DCE+CHCl5 (1/1), 12 h o)
1a 2a 5 (1) (RRR)-3a O

Under an argon atmosphere, Rh(COD),OTf (117 mg, 5.0 mol%) and L2 (515 mg,
11 mol%) were dissolved in the mixture solvent of DCE (50 mL) and CHCI3 (50 mL)
and the resulting solution was stirred for 30 min at RT. Subsequently, Zn(OTf)2 (910
mg, 50 mol%), 1a (720 mg, 5 mmol) and 2a (6.4 g, 25 mmol) were added. The
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reaction mixture was stirred at 45 °C for 12 h. After reaction completion, the solvent
was evaporated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (petroleum ether/ ethyl acetate = 10:1) to afford the
(R,R,R)-3a (white solid, 0.82 g, 68% yield, 12:1 dr, 91% ee).

5.2 Gram-scale reaction of (S,R,R)-4a

5 Rh(COD),0Tf (5 mol%)
U (R)-LA4 (20 mol%)

TFE (3.5 eq), 45 °C
1a 2a CHCl3, 12 h

co-catalyst:
O
J$

N |

CHCls, Ar, RT O Ao
oH . Sn(OTf), + [ j —_— -S
OO i °

30 min Q
H.
OO ONTY

24 mol% 20mol% 48 mol% (R)-LA4

In a round-bottom flask, Rh(COD),OTf (117 mg, 5.0 mol%) and L2 (515 mg, 11
mol%) were dissolved in CHCl3 (50 mL) and the resulting solution was stirred for 30
min at RT. In another round-bottom flask, (R)-BINOL (342 mg, 24 mol%), Sn(OTf),
(417 mg, 20 mol%), NMM (245 mg, 48 mol%) were dissolved in CHCI3 (50.0 mL)
and stirred for 30 min at RT, to give the solution of cocatalyst (R)-LLA4. Then, the
solution of cocatalyst (R)-LLA4 in CHCI3 were added to the first round-bottom flask.
Subsequently, TFE (1.75 g, 3.5 eq), 1a (720 mg, 5 mmol) and 2a (6.4 g, 25 mmol)
were added. The reaction mixture was stirred at 45 °C for 12 h. After reaction
completion, the solvent was evaporated under reduced pressure. The residue was
purified by flash column chromatography on silica gel (petroleum ether/ ethyl acetate

=10:1) to afford the (S,R,R)-4a (white solid, 0.88 g, 73% yield, 94% ee).
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6. Synthetic transformations

We have successfully transformed the highly functionalized tricyclic y-lactones 3a
into privileged chiral scaffolds including terpenoid tricyclic y-lactones, monocyclic y-

lactones, dihydropyridazin-3(2H)-ones, and fused dioxabicyclo[3.2.1]octanes —

structural motifs which are widely represented in natural products and pharmaceutical
agents.

HE
H ©

tricyclic y-lactones bearing
chiral quate‘raary stereocenter

] e
e
- e CO, e
- E—— |
Lo : N
0O

v 2L
1]

monocyclic y-lactones

)

Ph

4
Y, X
0“ N
H
n

dihydropyridazin-3(2H)-ones

\\‘\“
oS
-0
e

fused dioxabicyclo[3.2.joctanes MT

Figure S11. Skeletal transformation in the late stage.

6.1 Late-stage functionalization of alkene moiety

In addition to quaternary carbonization at the Ca-position, we can also modify the
cyclic skeleton of the product, transforming it from the original 6,6,5-tricyclic
skeleton to monocyclic vy-aryl-y-lactone, dihydropyridazin-3(2H)-ones, fused
dioxabicyclo[3.2.1]octanes. These scaffolds are not only found in numerous natural
products but can also serve as key intermediates in the synthesis of certain natural

products.

6.1.1 Stereodivergent synthesis of two stereoisomers of monocyclic y-lactones

The skeleton containing monocyclic y-aryl-y-lactone exists in the natural products
nicotlactone B,! solanamide L2 isohydroxymatairesinol, epi-
isohydroxymatairesinol,!* pycnanolide B!4, gymnothelignan Xss,'> pharbilignanol

D,'¢ eupomatilone 4/7,'7 aminolactone,'® paraconic acids,'” and it also a butanolides-
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intermediate of (+)-porosin.?’

K,08040 2H,0 (2 mol%)

NalQ, (4 equiv) or

2,6-lutidine (2 equiv)

dioxane-H,0 (3:1) %
(RRR)-3aor (S,RR)-4a (RRR)10
>20:1 dr >20:1 dr

(SRR © ©
>20:1dr

monocyclic y-lactone

OH OMe o

e
O HO O (R)/(S? O/@‘ O o]
\\O

MeO
Isohydroxymatairesinol: (S) Pycnanolide B
epi-lsohydroxymatairesinol: (R) (antihyperglycemic activity)
R3
R* 0
R' r2 OF MeO
o]
HsCO O 0”0
s R R2R® R' RS MeO MeO
% 5§ H CH; OCH,0 H [¢] advanced precusor
6 CH; H OCH,0 H o)
H3CO 7 H CH; OCH; OCH; OCHs ﬂ I
HaCO 8 H CH; OCH,0O  OCH, R 7/ % OMe

Gymnothelignan Xsg R =3,4,5 (OCH3); MeO

. - Eupomatilone 4
(antifungal activity) R = 34 OCH,0

O Eupomatilone 7
N
J

(1)-Porosin

R = n-Cy3Hy7: 3a44 p-(+)-Roccellaric acid
HO,C, CH; | R = n-Cy1Hz3: 30,4 f(+)-Nephrosteranic acid
Br e R = (CH,);3CH(OH)CHj3: 3,4 —(+)-Neodihydromurolic acid
o R 0 R = n-Cy3H,7: 34,4 5—(+)-Dihydroprotolichesterinic acid
Y 5072 R = (CH,)43COCH3: 33,4 /4—(+)-Dihydropertusaric acid
fo) Paraconic acids R = n-CsH4q: 384a—(+)-Phaseolinic acid
Aminolactone R = Gy3H;7: 35,4a—(+)-Nephromopsinic acid
HO (treatment of infectious R = (CH,)13COCH;3: 3f,4a—(+)-Pertusarinic acids
Pharbilignanol D diseases)

To a solution of compound (R,R,R)-3a (24.2 mg, 0.1 mmol, 1.0 equiv) or (S,R,R)-4a
(24.2 mg, 0.1 mmol, 1.0 equiv) in dioxane-water (3:1, 1.0 mL) were added 2,6-
lutidine (23 pL, 0.2 mmol, 2.0 equiv), K2OsO4+2H,0 (0.6 mg, 0.002 mmol, 2 mol%),
and NalO4 (86.4 mg, 0.4 mmol, 4.0 equiv). The reaction was stirred at 25°C and
monitored by TLC. After the reaction was complete, water (10 mL) and CH2Cl» (20
mL) were added. The organic layer was separated, and the water layer was extracted
by CH>Cl> (10 mL) three times. The combined organic layer was washed with brine
and dried over Na>SO4. The solvent was removed, and the product was purified with

silica gel column chromatography to afford aldehyde 10 or 11 as a colorless o0il.?!
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17.5 mg, 64% yield, >20:1 dr.

'"H NMR (600 MHz, CDCl3) 6 10.00 (s, 1H), 9.86 (d, J = 3.2 Hz, 1H), 791 (d, J =
7.9 Hz, 1H), 7.85 (dd, /= 7.6, 1.4 Hz, 1H), 7.74 (td, J = 7.6, 1.5 Hz, 1H), 7.62 (t, J =
7.5 Hz, 1H), 6.45 (d, J = 8.3 Hz, 1H), 3.34 (ddd, J = 10.2, 7.1, 3.3 Hz, 1H), 3.12 —
2.98 (m, 3H), 2.16 (s, 3H);

13C NMR (151 MHz, CDCl;) § 205.1, 197.0, 193.8, 175.8, 139.7, 136.0, 134.9, 132.4,
129.3,127.3,75.6, 61.3,42.1, 37.9, 29.6;

HRMS (ESI) m/z: [M+Na]* calculated for CisH1405Na": 297.0733, found: 297.0736;
[a]p?® = +4.34 (¢ = 0.08, CHCI3).

16 mg, 58% yield, >20:1 dr.

'TH NMR (600 MHz, CDCls3) $ 10.07 (d, J = 0.8 Hz, 1H), 10.03 (dd, J = 1.8, 0.7 Hz,
1H), 7.97 (dd, J = 7.4, 1.5 Hz, 1H), 7.70 (td, J = 7.6, 1.5 Hz, 1H), 7.65 (tdd, J = 7.4,
1.3,0.6 Hz, 1H), 7.58 (dd, J=7.7, 1.1 Hz, 1H), 6.42 (s, 1H), 3.34 (dt, J= 9.5, 1.8 Hz,
1H), 3.15-3.07 (m, 2H), 2.97 — 2.90 (m, 1H), 2.17 (s, 3H).

13C NMR (151 MHz, CDCl;) § 206.1, 200.5, 193.8, 176.8, 140.4, 137.1, 134.6, 131.7,
129.0, 124.8, 54.8, 39.7, 35.3, 29.7.

HRMS (ESI) m/z: [M+Na]* calculated for C1sH1405Na": 297.0733, found: 297.0735;
[a]p?® = -3.50 (c = 0.08, CHCI;).
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6.1.2 Functionalization of (R,R,R)-3a olefins.

K50s804+2H,0 (2 mol%)
NMO (1.5 equiv)
2,6-1ut.(2.0 equiv)

then PhI(OAc), (1.5 equiv)
acetone-H,0 (10:1), 25 °C

0 0
(RR,R)-3a
>20:1 dr, 92% ee

To a solution of (R,R,R)-3a (24.2 mg, 0.1 mmol, 1.0 equiv) in 10:1 acetone:water (0.1
M) was added 2,6-lutidine (23 pL, 0.2 mmol, 2.0 equiv), 4-methylmorpholine N-
oxide (17.6 mg, 0.15 mmol, 1.5 equiv), and K2OsO4*2H>0 (0.6 mg, 0.002 mmol, 2
mol%). When the starting material had been consumed as monitored by TLC,
PhI(OAc): (48.3 mg, 0.15 mmol, 1.5 equiv) was added. After stirring for 2 h, the
reaction was quenched with saturated aqueous sodium thiosulfate (5 mL). The
mixture was extracted with ethyl acetate (3 x 10 mL), washed with saturated aqueous
copper sulfate (2 x 20 mL), dried over sodium sulfate, and concentrated in vacuo. The
crude residue was purified by flash column chromatography to give the product 12

(17.7 mg, 65% yield, >20:1 dr, 88% ee) .>

120o

'"H NMR (600 MHz, Acetone-ds) 4 7.99 (dd, J = 7.8, 1.3 Hz, 1H), 7.73 (td, J = 7.6,
1.4 Hz, 1H), 7.57 - 7.51 (m, 2H), 5.67 (d, /= 11.1 Hz, 1H), 5.44 — 5.38 (m, 1H), 4.44
(dd, J=4.6,2.7 Hz, 1H), 3.45 (ddd, J = 12.5, 6.8, 4.6 Hz, 1H), 3.13 (dd, J=18.5, 4.6
Hz, 1H), 2.91 (dd, J = 18.5, 6.8 Hz, 1H), 2.77 (ddd, J = 13.1, 11.1, 2.7 Hz, 1H), 2.20
(s, 3H);

3C NMR (151 MHz, Acetone-ds) 5 206.1, 194.7, 177.0, 142.1, 134.9, 130.2, 129.3,
129.1, 123.9, 73.7, 70.2, 53.0, 41.4, 38.2, 30.2, 30.1, 29.9, 29.8, 29.7, 3.5, 29.4;
HPLC analysis: Daicel CHIRALCEL® OD-H, n-hexane/i-PrOH = 80/20, flow rate =

1.0 mL/min, A = 254 nm, retention time: t minor = 18.0 min, t major = 20.1 min;
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HRMS (ESI) m/z: [M+Na]* calculated for CisH140sNa*: 297.0733, found: 297.0730;
[a]p® =-9.63 (c = 0.08, CHCly).

TMSN; ( 2 equiv)
Nano CuO (2 mol%)

O, (1 atm), 60 °C
CH4CN, 12 h

(RR,R)-3a
>20:1 dr, 92% ee

The solution of (R,R,R)-3a (24.2 mg, 0.1 mmol, 1.0 equiv), TMSN3 (23 mg, 0.2 mmol,

2.0 equiv), and nano CuO (0.2 mg, 2 mol%) in MeCN (1 mL) was stirred at 60 °C for
12 h under the atmosphere of O2 (1 atm). After cooling down to room temperature, the
mixture was concentrated in vacuum, the residue was purified through column

chromatography on silica gel to afford pure product 13 (10.8 mg, 36% yield, 5:1 dr,

78% ee).?

13 0 °
'"H NMR (600 MHz, CDCl3) 5 8.16 — 8.02 (m, 1H), 7.68 (t, /= 7.4 Hz, 1H), 7.58 (d,
J="7.8Hz, 1H), 7.50 (t, /= 8.1 Hz, 1H), 5.46 (d, /= 10.9 Hz, 1H), 4.41 (s, 1H), 3.35
(ddd, J=12.3, 8.7, 3.8 Hz, 1H), 3.24 (dd, J=18.7, 3.7 Hz, 1H), 2.72 (dt, J=18.7, 5.3
Hz, 1H), 2.66 — 2.57 (m, 1H), 2.25 (s, 3H);
13C NMR (151 MHz, CDCl;) § 205.2, 190.4, 175.7, 140.2, 134.9, 129.3, 128.9, 128.4,
123.4,73.2,62.1,50.9,42.2,4.25, 30.0;
HPLC analysis: Daicel CHIRALCEL® OD-H, n-hexane/i-PrOH = 85/15, flow rate =
1.0 mL/min, A = 254 nm, retention time: t minor = 29.6 min, t major = 32.2 min,;
HRMS (ESI) m/z: [M+Na]" calculated for CisHi304N3Na™: 322.0798, found:
322.0796;
[a]p® = +162.86 (c = 0.07, CHCl3).
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NBS (1.2 eq)

Y

THF/H,O, RT, 6 h

0
(RRR)-3a 14 O

>20:1 dr, 92% ee
To a stirred solution of (R,R,R)-3a (24.2 mg, 0.1 mmol, 1.0 eq.) in THF/H>O (1.0 mL,

v/v =9:1) was added N-bromosuccinimide (NBS, 21.4 mg, 0.12 mmol, 1.2 eq.) at RT.
After stirring for 6 h at RT, the reaction was extracted with ethyl acetate (2 x 20 mL)
and then washed with H>O and brine, dried over NaxSO4 and concentrated in vacuum.

The crude product was purified by flash column chromatography on silica gel to yield

the pure product 14 as white liquid (20.3 mg, 60% yield, >20:1 dr, 93% ee).>*

'"H NMR (500 MHz, DMSO-ds) & 7.51-7.46 (m, 1H), 7.43-7.37 (m, 2H), 7.37-7.33
(m, 1H), 6.34 (d, /= 6.1 Hz, 1H), 5.25 (d, J=10.9 Hz, 1H), 4.94 (dd, J= 6.1, 2.0 Hz,
1H), 4.63 (t,J=2.4 Hz, 1H), 3.13-2.99 (m, 2H), 2.88 (dd, J = 18.1, 5.7 Hz, 1H), 2.70
(td, J=11.3,2.8 Hz, 1H), 2.16 (s, 3H).

13C NMR (126 MHz, DMSO-ds) *C NMR (126 MHz, DMSO) 6 206.0, 176.4, 135.2,
133.45, 130.4, 128.1, 127.9, 122.9, 76.0, 73.3, 54.4, 45.2, 40.0, 39.9, 29.9.

HRMS (ESI) m/z: [M+Na]" calculated for CisHisBrOsNa*: 361.0046, found:
361.0049;

HPLC analysis: Daicel CHIRALPAK® AS-H, n-hexane/i-PrOH = 70/30, flow rate =
1.0 mL/min, A = 210 nm, retention time: t minor = 8.7 Min, t major = 11.5 min;

[a]p? = +7.63 (c = 0.08, CHCL:).
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Pd/C (10 mol%)

Y

H2, EtOAc
overnight

(R,R,R)-3a

>20:1 dr, 92% ee

To a stirring solution of (R R,R)-3a (24.2 mg, 0.1 mmol, 1.0 equiv) in ethyl
acetate (1.0 mL) was slowly added palladium on-activated-charcoal (10%, 20.0 mg) at
room temperature. The resulting mixture was stirred at room temperature in an
atmosphere of hydrogen gas for overnight. The mixture was filtered and concentrated
under reduced pressure. The residue was purified by column chromatography on silica

gel to give 15 (24 mg, 98% yield).

'"H NMR (500 MHz, CDCl;) & 7.41-7.37 (m, 1H), 7.35-7.18 (m, 2H), 7.16-7.10 (m,
1H), 4.96 (d, J = 10.6 Hz, 1H), 3.11 (dd, J = 18.3, 4.3 Hz, 1H), 3.06-3.01 (m, 1H),
3.00-2.89 (m, 2H), 2.61 (dd, J = 18.3, 7.5 Hz, 1H), 2.24 (s, 3H), 2.14-2.07 (m, 1H),
2.00-1.94 (m, 1H), 1.91-1.81 (m, 1H);

13C NMR (126 MHz, CDCl;) 6 205.4, 178.1, 134.8, 134.5, 128.8, 127.7, 125.9, 123.2,
80.8,47.3,42.2,42.2,30.1, 27.6, 23.3;

HRMS (ESI) m/z: [M+H]" calculated for CisH1703": 245.1172, found: 245.1175.
[a]p?® = -89.50 (¢ = 0.10, CHCI;).

6.2 Construction of fused dihydropyridazin-3(2H)-ones.
The skeleton containing dihydropyridazin-3(2H)-ones exists in the natural products
pimobendan?’, levosimendan?®, meribendan?’, bemoradan?®, it can also be transformed

into herbicides 41.%°
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1) PANHNH, (1.5 equiv) p/
CF,COOH (5.0 equiv) o N/N

DCE (4 mL) IIDh
(R,RR)-3a 16
>20:1 dr, 92% ee

dihydropyridazin-3(2H)-ones

§ CN H
Me b OMe Me ,N;< Me N/>_<N;I'\IH
| O v
/ |
N © N
07 N
H

N
N—N
N N
Pimobendan Levosimendan Meribendan
(anti-congestive heart failure) (anti-congestive heart failure) ("calcium sensitizing" effect)
N_o
Me f Ar
oxidation protection
| o o P . — O
NN N b NN
H HN., Z N. 2
Bemoradan R N
40 41 16
(inhibitor of canine PDE fraction IlI, advance

inotropic vasodilator agent) (herbicidal activities) precusor

A solution of (R,R,R)-3a (24.2 mg, 0.1 mmol, 1.0 equiv), phenylhydrazine (15 pL,
0.15 mmol), and trifluoroacetic acid (38 pL, 0.5 mmol) in DCE (5.0 mL) was allowed
to react under an argon atmosphere at 40 °C for 16 h, and then cooled to RT. The
reaction was extracted with ethyl acetate (2 x 20 mL) and then washed with brine,
dried over Na;SO4 and concentrated in vacuum. The crude product was purified by
flash column chromatography on silica gel to yield the pure product 16 as white liquid

(29.3 mg, 93% yield, 86% ee).>*

//,,
_N

oy

16 Ph
'H NMR (500 MHz, CDCls) § 7.85-7.76 (m, 3H), 7.68 (d, J = 1.9 Hz, 1H), 7.58-7.52

(m, 2H), 7.50-7.43 (m, 2H), 7.43-7.36 (m, 3H), 7.28-7.22 (m, 1H), 4.04 (t, J= 7.3 Hz,
1H), 2.97 (qdd, J = 17.0, 7.3, 1.7 Hz, 2H), 2.13 (s, 3H);

13C NMR (126 MHz, CDCL3) § 165.8, 153.9, 141.1, 134.8, 133.3, 132.7, 128.7, 128.6,
128.6, 127.8, 127.6, 126.7, 126.6, 126.3, 126.2, 126.0, 125.6, 125.0, 43.4, 33.9, 23.5;
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HRMS (ESI) m/z: C21H19ON>" calculated for [M+H]*: 319.1492, found: 319.1495;
HPLC analysis: Daicel CHIRALPAK® ID, n-hexane/i-PrOH = 80/20, flow rate =
1.0 mL/min, A = 254 nm, retention time: t major = 16.7 min, t minor = 40.3 min,;

[a]p? = -83.00 (c = 0.07, CHCls).

6.3 Construction of fused dioxabicyclo[3.2.1]octanes.
The skeleton containing fused dioxabicyclo[3.2.1]octanes exists in the natural

products cystophloroketals A-E,?! bullataketals A, B,*? falandiosides A.3*

/—\ (1.5equiv)
H HO OH H LiAIH4 (4.0 equiv) O‘ H

H' p-TsOH (10 mol%) H 0°C then RT
o] (o] 0 H
MED, RT, 4 h 0 OH o o0
o © 0 k\/ THF (1 mL), 3 h o
(RRR)-3a Step 1 17 Step 2 18
>20:1 dr, 92% ee
p-TsOH
EtOAc, 5% H,0
Step 3
~o
3 0
OH o o
Cystophloroketals A E£-A? Cystophloroketals B £-A? Cystophloroketal E !
Cystophloroketals C Z-A2 Cystophloroketals D Z-A2
(antimicrobial activities)
(o]
OH \\U\ OH
: o .“\':'\'\\ . _OH
H o p
I, HO o Q [o} "’OH
OH
OH
Bullataketals A, B Falandiosides A
(anti cytotoxicity, (antioxidant and a-glucosidase
antimicrobial activity) inhibitory activities)

Step 1: (R,R,R)-3a (100 mg, 0.41 mmol, 1.0 equiv) were dissolved in 4 mL of 2-ethyl-
2-methyl-1,3-dioxolane (MED) in a 25 mL flask, and catalytic amounts of p-
toluenesulfonic acid (7 mg, 0.041 mmol, 10 mol%) and ethylene glycol (38.4 mg,
0.62 mmol, 1.5 eq) were added. The reaction was stirred overnight at room

temperature. Then, the mixture was neutralized with 0.1 mL of triethylamine to
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eliminate the excess acid; then, 20 mL of aqueous NaxCOs; was added and extracted
three times with 20 mL of ethyl acetate. The organic layers were combined and dried
with anhydrous Na>SQOs, and the solvent was evaporated under reduced pressure. The
products were purified by column chromatography to give the ketal derivatives 17 (88

mg, 75% yield, 90% ee).>

Step 2: To a solution of 17 (28.6 mg, 0.1 mmol, 1.0 equiv) in THF (1 mL) at 0 °C was
added LiAlH4 (15 mg, 0.4 mmol). The mixture was stirred at room temperature for 3
h, then H2O (1 mL) was added carefully. The aqueous layer was extracted with
CH2Cl; (3 x 20 mL). The combined organics were then dried (NaSO4) and
concentrated in vacuo. The residue was purified by flash column chromatography to

give the product 18 (27.6 mg, 95% yield, >20:1 dr, 89% ee).®

Step 3: The 18 (29 mg, 0.1 mmol, 1.0 equiv) was dissolved in 1.0 mL of ethyl acetate,
and a catalytic amount of p-TsOH (32.6 mg, 0.1 mmol, 10 mol%) was added. Then,
50 pL of distilled water was added. The mixture was stirred overnight at room
temperature. The crude product was extracted three times with ethyl acetate, dried
with anhydrous Na>SOs, and evaporated under reduced pressure. The products were
purified by flash column chromatography on silica gel to yield the pure product 19
(12.6 mg, 55% yield, 11:1 dr, 89% ee).>*

17 O?\/O
'H NMR (500 MHz, CDCls) § 7.45 (dd, J = 5.2, 3.5 Hz, 1H), 7.34 — 7.27 (m, 2H),
7.23 — 7.16 (m, 1H), 6.58 (dd, J = 9.5, 2.9 Hz, 1H), 6.43 (dd, J = 9.5, 2.2 Hz, 1H),
4.95 (d, J= 14.2 Hz, 1H), 4.07 - 3.93 (m, 4H), 2.79 (ddd, J = 12.7, 8.3, 3.0 Hz, 1H),
2.70 (ddt, J = 15.0, 12.5, 2.5 Hz, 1H), 2.57 (dd, J = 14.9, 2.9 Hz, 1H), 1.84 (dd, J =
15.0, 8.3 Hz, 1H), 1.41 (s, 3H);
13C NMR (126 MHz, CDCL) § 178.5, 134.3, 132.4, 129.2, 127.9, 127.8, 127.2, 126.8,

S81



121.6, 108.8, 80.4, 64.6, 64.3, 47.8, 41.6, 38.4, 23.9;

HPLC analysis: Daicel CHIRALPAK® ID, n-hexane/i-PrOH = 80/20, flow rate =
1.0 mL/min, A = 254 nm, retention time: t major = 9.5 min, t minor = 11.8 min;
HRMS (ESI) m/z: [M+Na]" calculated for Ci7Hi304": 309.1097, found: 309.1102;
[a]p?® = -18.95 (¢ = 0.08, CHCI;).

OH Q ©

TH NMR (600 MHz, CDCl3) 4 7.48 — 7.39 (m, 1H), 7.21 — 7.11 (m, 2H), 6.98 (dd, J
=7.0, 1.7 Hz, 1H), 6.44 (dd, J=9.8, 2.5 Hz, 1H), 5.73 (dd, J = 9.7, 3.3 Hz, 1H), 4.69
(d, J=9.9 Hz, 1H), 3.99 — 3.86 (m, 4H), 3.52 (qd, J = 10.6, 6.4 Hz, 2H), 2.92 (d, J =
25.0 Hz, 2H), 2.62 (dtd, J = 9.6, 3.5, 2.5 Hz, 1H), 2.07 (dt, J = 9.6, 3.6 Hz, 1H), 1.92
(dt,J=15.3,2.9 Hz, 1H), 1.73 (ddd, J=15.3, 7.3, 2.7 Hz, 1H), 1.25 (s, 3H);

13C NMR (151 MHz, CDCl;) 6 137.4, 132.6, 128.6, 128.6, 128.0, 127.8, 127.6, 126.0,
125.3, 110.2, 65.3, 65.3, 64.6, 64.3, 45.2,45.2,37.7, 36.2, 36.1, 23.7;

HPLC analysis: Daicel CHIRALPAK® OD-H, n-hexane/i-PrOH = 70/30, flow rate =
1.0 mL/min, A = 254 nm, retention time: t minor = 11.0 min, t major = 13.0 min;

HRMS (ESI) m/z: [M+Na]* calculated for C17H2204Na™: 313.1410, found: 313.1410;
[a]p?® = +130.57 (¢ = 0.07, CHCl5).

W

H o S
19 7/
TH NMR (500 MHz, CDCL3) § 7.45 (d, J = 7.4 Hz, 1H), 7.26 — 7.18 (m, 2H), 7.08
(dd, J=7.4, 1.5 Hz, 1H), 6.54 (dd, J = 9.5, 3.0 Hz, 1H), 5.79 (dd, J=9.5, 2.3 Hz, 1H),
4.77 (d, J = 14.5 Hz, 1H), 4.24 (d, J = 8.2 Hz, 1H), 3.98 (ddd, J = 8.2, 4.1, 1.3 Hz,
1H), 2.61 (dq, J = 4.0, 1.9 Hz, 1H), 2.44 (dq, J = 14.6, 1.5 Hz, 1H), 1.91 — 1.88 (m,
2H), 1.61 (s, 3H);

S82



13C NMR (126 MHz, CDCl3) 6 138.0, 132.7, 130.32, 129.6, 127.6, 126.6, 125.8,
121.7, 106.0, 72.3, 70.6, 43.1, 42.2, 38.4, 23.3;

HPLC analysis: Daicel CHIRALPAK® OD-H, n-hexane/i-PrOH = 98/2, flow rate =
1.0 mL/min, A = 254 nm, retention time: t minor = 5.4 Min, t major = 6.3 min;

HRMS (ESI) m/z: [M+Na]" calculated for CisHisO2Na*: 251.1043, found: 251.1042;
[a]p® = +88.70 (¢ = 0.1, CHCI;).

6.4 Late-stage Ca functionalization of y-lactone for quaternary stereocenters

Upon protection of the ketone carbonyl group in product 3a, we treated it with a series
of electrophiles under basic conditions, affording products bearing a quaternary
carbon at the Ca-position. The structure of terpenoid tricyclic y-lactones bearing all-
carbon quaternary stereocenter (IV) widely present in various natural products and
has a wide range of biological activities.*® Such as artemiprincepsolides D-F,*’
tetrachyrin,* rosenonolactones, desoxyrosenonolactone, rosololactone,* vlasouliolide
D/H?**, borneolactone B,*° coleon A lactone*!, BE-42472B,* lysidice E,* and tricyclic

core of galanthamine.*

Selected tricyclic y-lactones with chiral quaternary stereocenters
OH OH

Artemiprincepsolides Artemiprincepsolides F 0

Tetrachyrin
R Rr2 o} (cytotoxic activity) ©

D =0 a—CH3

E fOAc =CH,

Rosenonolactones: R'= OH R?=H, Vlasouliolide D: A*15

Desoxyrosenonolactone: R'=H, R2= 0 Vlasouliolide H: A% HO Lysidice E Coleon A lactone

Rosololactone: R' =H R?= H, (anti-infammatory activity B ] _ -
(inhibition of cholesteryl and no suppression) (anti-oxidant activity) (antifeedant activity)

ester transfer protein) Other representative natural

o o [ products bearing tricyclic y-lactones
H
N
—>
(e}
(e}
OMe "o Borneolactone B
BE-42472B CREITED galanthamine (antibacterial activity
(antitumor antibiotic) precusor  (drug for Alzheimer's disease) advanced precusor)
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Figure S12. Representative natural products bearing tricyclic y-lactones.

23: 12%, >20:1 dr

Me
oﬂw
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] ] o 5085 L
H 1) LIHDMS (33 equiv) H L HE )
. THF, -78 °C é o
o + e —— \ o
H' S/ o 2) 1.0 M HCI O o/ﬁo 0lh
O x\/O MeOH H-Z
24: 46% 25: 42%
17
Me Me
0 o)
H H
‘ ....\\\\\\ - . ‘ .M\\n\</,,,h )
g O™ " Cirorh
H—_ O H\J o
26: 24% 27: 30%

The ketal derivative (0.1 mmol) was dissolved in 1 mL of dry tetrahydrofuran (THF),
and carried out under a nitrogen atmosphere and at -78 °C. After reaching this
temperature, 33 equiv of LIHDMS was slowly added to the mixture and allowed to
react for 30 min. After the enolate was formed, 1.0 equiv of the second monomer 20,
21 and 22 (dissolved in THF) was added and the mixture was stirred at -78 °C for 2 h.
Then, aqueous NH4Cl was added to quench the reaction and warm to room
temperature. The solution was extracted with ethyl acetate (EA) for three times. The
organic layer was combined, washed with brine, dried with Na;SO4 and concentrated
in vacuum. The residue was then purified by column chromatography to give the
corresponding product.

And then the product (0.1 mmol) was dissolved in 20 mL of methanol in a 50 mL
flask, 5 mL of 1.0 M HCIl was added. The mixture was stirred overnight at room
temperature. The crude product was extracted three times with ethyl acetate, dried
with anhydrous Na;SOs, and evaporated under reduced pressure. The products were

purified by HPLC and can be obtained with quantitative yield.>*
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28.0,2.38-2.31,
2.10-2.98

Me 417, 2.63
0]
H

White solid, 5.7 mg, 12% yield, >20:1 dr;
'H NMR (600 MHz, CDCl;) 6 7.49 (dt, J = 7.2, 1.4 Hz, 1H), 7.32 — 7.26 (m, 2H),
7.16 (dd, J=17.1, 1.6 Hz, 1H), 6.59 (dd, /= 9.6, 3.1 Hz, 1H), 6.42 (dd, J=9.6, 2.4 Hz,
1H), 5.51 (d, J=14.7 Hz, 1H), 5.15 (q, J = 2.4 Hz, 1H), 5.04 (q, J =2.3 Hz, 1H), 4.89
(d, J=1.3 Hz, 1H), 4.79 (d, J = 1.3 Hz, 1H), 3.96 (t, J = 9.4 Hz, 1H), 3.14 (dt, J =
14.7, 2.7 Hz, 1H), 3.08 (d, J = 18.5 Hz, 1H), 2.84 (td, J = 8.2, 4.5 Hz, 1H), 2.80 —
2.70 (m, 2H), 2.63 (ddd, J=12.3, 8.7, 1.3 Hz, 1H), 2.57 — 2.44 (m, 3H), 2.38 — 2.31
(m, 1H), 2.16 (s, 3H), 2.10 — 1.98 (m, 4H), 1.97 — 1.90 (m, 1H), 1.85 (dddd, J = 13.2,
8.8,5.7,4.4 Hz, 1H), 1.39 — 1.33 (m, 1H);
13C NMR (151 MHz, CDCls) 6 205.7, 178.9, 177.9, 151.4, 149.5, 134.4, 132.0, 130.4,
128.1, 127.7, 126.6, 125.0, 122.0, 112.1, 109.3, 85.1, 78.6, 51.8, 50.1, 48.7, 47.4, 47.0,
46.4,41.7,37.6,32.4,32.3,31.1, 30.1, 28.0;
HRMS (ESI) m/z: [M+H]" calculated for C30H3305": 473.2323, found: 473.2330;
[a]p® =-20.50 (c = 0.07, CHCly).
Me

OH’/YB;\;;S% H

C I

79.1,5.25

0
78.3, 4.57-4 .49
24

White solid, 20.8 mg, 46% yield;

'H NMR (600 MHz, CDCl3) 6 7.48 — 7.42 (m, 1H), 7.34 — 7.27 (m, 2H), 7.21 — 7.16
(m, 1H), 6.62 (dd, J = 9.6, 3.1 Hz, 1H), 6.45 (dd, J = 9.5, 2.5 Hz, 1H), 525 (d, J =
14.8 Hz, 1H), 4.73 (q, J = 1.6 Hz, 1H), 4.57 — 4.49 (m, 1H), 4.38 (q, J = 1.6 Hz, 1H),
3.35 (dt, J = 14.8, 2.8 Hz, 1H), 3.14 (d, J = 18.7 Hz, 1H), 3.08 (td, J = 6.7, 4.2 Hz,
1H), 2.88 (d, J=18.7 Hz, 1H), 2.52 (dtd, /= 12.3, 6.1, 4.0 Hz, 1H), 2.36 (dd, J=15.3,
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4.2 Hz, 1H), 2.30 (dt, J = 13.2, 2.2 Hz, 1H), 2.23 — 2.11 (m, 4H), 2.08 (dd, J = 15.3,
6.9 Hz, 1H), 1.97 (td, J = 12.8, 5.6 Hz, 1H), 1.80 — 1.75 (m, 1H), 1.53 (ddd, J = 13.5,
11.3, 4.0 Hz, 2H), 1.49 — 1.41 (m, 2H), 1.23 (td, J = 13.3, 4.9 Hz, 2H), 1.09 (q, J =
12.6 Hz, 1H), 0.77 (s, 3H);

13C NMR (151 MHz, CDCl3) 6 205.1, 179.2, 178.4, 149.1, 134.2, 132.2, 130.3, 128.1,
127.9, 126.9, 124.8, 121.6, 106.5, 79.1, 78.3, 48.9, 46.4, 46.3, 45.8, 42.6, 42.1, 41.4,
39.6, 36.7, 34.8, 30.6, 23.7, 22.6, 21.5, 17.7;

HRMS (ESI) m/z: [M+Na]* calculated for C30H3405Na": 497.2298, found: 497.2298;
[a]p?® =+4.5 (¢ = 0.07, CHCI).

23.7,2.01, 405,
M6218211 2.52.2 42

43.0,
310301 H

it

++
791,545 55 78.8, 4.57-
4.44

White solid, 20.8 mg, 42% yield;

'H NMR (600 MHz, CDCl3) 6 7.49 — 7.42 (m, 1H), 7.34 — 7.26 (m, 2H), 7.20 — 7.14
(m, 1H), 6.61 (dd, J = 9.6, 3.1 Hz, 1H), 6.43 (dd, J = 9.5, 2.4 Hz, 1H), 545 (d, J =
14.7 Hz, 1H), 4.81 (q, J = 1.6 Hz, 1H), 4.57 — 4.44 (m, 2H), 3.19 (dt, J = 14.8, 2.8 Hz,
1H), 3.10 — 3.01 (m, 2H), 2.80 (d, J = 18.4 Hz, 1H), 2.52 — 2.42 (m, 2H), 2.35 (ddt, J
=13.1, 4.4, 2.0 Hz, 1H), 2.18 — 2.11 (m, 4H), 2.01 (td, J = 12.7, 5.8 Hz, 1H), 1.84 —
1.78 (m, 1H), 1.59 — 1.52 (m, 4H), 1.51 — 1.44 (m, 1H), 1.29 — 1.20 (m, 2H), 1.10 (q,
J=12.6 Hz, 1H), 0.78 (s, 3H);

13C NMR (126 MHz, CDCl3) 6 205.2, 178.9, 177.9, 149.1, 134.3, 132.0, 130.4, 128.1,
127.8, 126.9, 124.8, 121.7, 106.6, 79.1, 77.8, 49.7, 47.6, 46.6, 43.0, 42.1, 41.4, 40.5,
36.7,34.8, 30.9, 23.7,22.6, 21.6, 17.7;

HRMS (ESI) m/z: [M+Na]* calculated for C30H3405Na": 497.2298, found: 497.2297;
[a]p?® =-3.9 (¢ = 0.1, CHCly).
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Me

0 25.8,2.33,
H 1.82-1.67,
\‘\\\\\\

78.8,5.18

26
White solid, 9.8 mg, 24% yield;
TH NMR (500 MHz, CDCl3) 8 7.40 (m, 1H), 7.31 — 7.26 (m, 2H), 7.16 (dd, J = 7.0,

1.8 Hz, 1H), 6.58 (dd, J = 9.6, 3.0 Hz, 1H), 6.47 (dd, J = 9.6, 2.4 Hz, 1H), 5.37 (d,J =
14.8 Hz, 1H), 3.16 (d, J = 18.7 Hz, 1H), 3.11 (dt, J = 14.8, 2.8 Hz, 1H), 2.75 (d, J =
18.7 Hz, 1H), 2.67 (dq, J = 4.5, 2.1 Hz, 1H), 2.64 (d, ] = 4.9 Hz, 1H), 2.32 (dd, ] = 8.8,
4.1 Hz, 1H), 2.26 (dd, J = 15.2, 3.2 Hz, 1H), 2.15 (s, 3H), 1.90 (dd, J = 15.2, 9.1 Hz,
1H), 1.83 (tt, J = 12.5, 4.8 Hz, 1H), 1.77 (dp, J = 10.4, 2.0 Hz, 1H), 1.67 — 1.60 (m,

2H), 1.55 (ddt,J =11.1,4.7, 2.3 Hz, 1H), 1.38 (dddd, J = 13.3, 9.0, 4.7, 2.1 Hz, 1H);
13C NMR (151 MHz, CDCl3) 6 219.2, 205.4, 179.2, 134.4, 132.2, 130.0, 128.0, 127.8,
126.83, 125.3, 121.6, 78.8, 50.2, 49.1, 48.9, 46.8, 46.1, 40.2, 37.2, 30.6, 25.9, 25.8,
21.4;

HRMS (ESI) m/z: [M+Na]* calculated for C23H2404Na™: 387.1567, found: 387.1568;
[a]p?® = -40.72 (¢ = 0.083, CHCI3).

Me
0 5.8, 1.90, 37.3,1.77,
H 1(3/3,’ @1.67-1_60
.\l\‘ "'u/
L IAH
=°\§¢

H O
525,790 483,232
27

White solid, 9.8 mg, 30% yield;

'H NMR (600 MHz, CDCl3) 4 7.47 — 7.40 (m, 1H), 7.31 — 7.26 (m, 2H), 7.16 (dd, J
=17.0, 1.8 Hz, 1H), 6.58 (dd, /= 9.6, 3.0 Hz, 1H), 6.47 (dd, J = 9.6, 2.4 Hz, 1H), 5.37
(d, J=14.8 Hz, 1H), 3.16 (d, J= 18.7 Hz, 1H), 3.11 (dt, J = 14.8, 2.8 Hz, 1H), 2.75 (d,
J=18.7 Hz, 1H), 2.67 (dq, J = 4.5, 2.1 Hz, 1H), 2.64 (d, /= 4.9 Hz, 1H), 2.32 (dd, J
= 8.8, 4.1 Hz, 1H), 2.26 (dd, J = 15.2, 3.2 Hz, 1H), 2.15 (s, 3H), 1.90 (dd, J = 15.2,
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9.1 Hz, 1H), 1.83 (tt, J = 12.5, 4.8 Hz, 1H), 1.77 (dp, J = 10.4, 2.0 Hz, 1H), 1.67 —
1.60 (m, 2H), 1.55 (ddt, J=11.1, 4.7, 2.3 Hz, 1H), 1.38 (dddd, J = 13.3, 9.0, 4.7, 2.1
Hz, 1H);

13C NMR (151 MHz, CDCl;) 6 218.1, 205.4, 179.0, 134.6, 132.2, 130.0, 128.0, 127.8,
126.81, 125.5, 121.6, 79.0, 50.2, 50.1, 49.4, 48.3, 46.9, 40.2, 37.3, 30.8, 25.6, 25.2,
21.2;

HRMS (ESI) m/z: [M+Na]* calculated for C23H2404Na™: 387.1567, found: 387.1567;
[a]p® = +39.52 (¢ = 0.083, CHCl3).

28

Br PhCHj, reflux, 12 h

Step 3 J DDQ (2.0 equiv),
Br

29

H . .
O‘ gy LDA (1.2 equiv) O‘ = o

_—

Ho o . =" 8%, THF i o O
ol 30 o~ o 35
Step 1 o]
17 P 370 L\V/
H
Bn
BnBr "
31 O (0]
o]
28 0/
H
SePh
PhSeBr i
32 O (0]
6]
29 O

Step 1: A solution of freshly prepared lithium diisopropylamide (1.2 equiv.; 1.0 M in
anhydrous THF) was added dropwise to the ketal derivatives (1.0 equiv) in THF (0.1
M) under -78 °C and Ar protection. The whole reaction was stirred for 1 h before the
addition of electrophile (1.2 equiv) dissolved with few THF. When the starting
material was full consumed monitored by TLC, aqueous NH4Cl was added to quench
the reaction and warm to room temperature. The solution was extracted with ethyl
acetate (EA) for three times. The organic layer was combined, washed with brine,

dried with Na>xSO4 and concentrated in vacuum. The residue was then purified by
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column chromatography to give the product.®

Step 2: The 33 (32.6 mg, 0.1 mmol, 1.0 equiv) was dissolved in 0.95 mL of ethyl
acetate, and a catalytic amount of p-TsOH (32.6 mg, 0.1 mmol, 20 mol%) was added.
Then, 50 pL of distilled water was added. The mixture was stirred overnight at room
temperature. The crude product was extracted three times with ethyl acetate, dried
with anhydrous Na;SOs, and evaporated under reduced pressure. The products were
purified by flash column chromatography on silica gel to yield the pure product 34
(21.2 mg, 75% yield, 90% ee).>

Step 3: To a flame-dried and N>-purged schlenk tube were added 34 (28.2 mg, 0.1
mmol, 1.0 equiv) and DDQ (45.4 mg, 0.2 mmol, 2.0 equiv). The vial was then sealed,
purged and backfilled with N> three times before adding toluene (1.0 mL) at room
temperature. The resulting mixture was reflux for 12 hours. After concentrated under
reduced pressure, the residue was purified by column chromatography on silica gel to

give 35 (23 mg, 82% yield, 89% ee).*

o L0
Compound 33: 55% yield, 20:1 dr, 90% ee.

'TH NMR (500 MHz, CDCl;) § 7.51-7.38 (m, 1H), 7.33-7.27 (m, 2H), 7.21-7.13 (m,
1H), 6.58 (dd, J = 9.5, 3.1 Hz, 1H), 6.23 (dd, J = 9.5, 2.5 Hz, 1H), 5.91 (dddd, J =
16.9, 10.3, 8.1, 6.7 Hz, 1H), 5.28 (d, J = 15.0 Hz, 1H), 5.23-5.12 (m, 2H), 3.94-3.84
(m, 2H), 3.83-3.75 (m, 2H), 3.45 (dt, J = 15.0, 2.8 Hz, 1H), 2.56 (ddt, J = 14.3, 6.7,
1.4 Hz, 1H), 2.44 (ddt,J=14.2, 8.2, 1.1 Hz, 1H), 2.32 (d, J= 15.3 Hz, 1H), 2.11 (d, J
=15.3 Hz, 1H), 1.28 (s, 3H);

13C NMR (126 MHz, CDCl3) 6 179.3, 135.0, 132.4, 132.3, 129.5, 127.9, 127.6, 126.9,
125.3,121.6, 119.6, 108.7, 78.3, 64.1, 63.7, 47.3, 46.6, 41.8, 36.4, 25.8;

HPLC analysis: Daicel CHIRALPAK® ID, n-hexane/i-PrOH = 80/20, flow rate =

S89



1.0 mL/min, A = 254 nm, retention time: t major = 9.0 mMin, t minor = 10.6 min;
HRMS (ESI) m/z: [M+Na]" calculated for C20H22004Na*: 349.1410, found: 349.1415;
[a]p? =-0.60 (c = 0.1, CHC]l5).

34 ©
Compound 34: 75% yield, 20:1 dr, 90% ee.

'H NMR (500 MHz, CDCl3) 6 7.43 — 7.31 (m, 1H), 7.25 - 7.16 (m, 2H), 7.12 — 7.05
(m, 1H), 6.49 (dd, J=9.6, 3.1 Hz, 1H), 6.42 (dd, J= 9.6, 2.4 Hz, 1H), 5.80 (dddd, J =
16.7,10.1, 8.4, 6.6 Hz, 1H), 5.21 (d, J= 14.8 Hz, 1H), 5.16 — 5.06 (m, 2H), 3.11 (dt, J
=14.9, 2.7 Hz, 1H), 3.02 (d, J = 18.6 Hz, 1H), 2.63 (d, J = 18.6 Hz, 1H), 2.57 — 2.47
(m, 2H), 2.05 (s, 3H);

13C NMR (126 MHz, CDCl3) 6 205.4, 178.7, 134.5, 132.1, 129.7, 127.9, 127.7, 126.8,
125.6, 121.5, 119.8, 78.8, 48.9, 47.1, 33.8, 30.7;

HPLC analysis: Daicel CHIRALCEL® OD-H, n-hexane/i-PrOH = 95/5, flow rate =
1.0 mL/min, A = 254 nm, retention time: t minor = 14.9 min, t major = 17.1 min;

HRMS (ESI) m/z: [M+Na]" calculated for Ci1sHisO3Na*: 305.1148, found: 305.1151;
[a]p® =+52.71 (¢ = 0.07, CHCI).

° 0
35 O

Compound 35: 82% yield, 20:1 dr, 89% ee.

TH NMR (500 MHz, CDCl3) 6 8.06 — 7.97 (m, 1H), 7.76 (d, J = 8.1 Hz, 1H), 7.55 (d,
J=8.3 Hz, 1H), 7.45 (dddd, J = 24.7, 8.2, 6.8, 1.3 Hz, 2H), 7.16 (d, J = 8.3 Hz, 1H),
5.49 — 5.35 (m, 1H), 5.05 — 4.90 (m, 2H), 3.28 — 3.09 (m, 2H), 2.60 — 2.44 (m, 2H),
1.95 (s, 3H);

13C NMR (126 MHz, CDCl;) 6 203.6, 179.4 149.2 134.0, 130.4, 128.0, 126.6, 126.6,
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123.9,123.3, 121.5, 120.6, 119.8, 119.2, 49.8, 49.3, 42.4, 29.6;

HPLC analysis: Daicel CHIRALPAK® AS-H, n-hexane/i-PrOH = 70/30, flow rate =
1.0 mL/min, A = 254 nm, retention time: t minor = 7.4 mMin, t major = 9.0 min;

HRMS (ESI) m/z: [M+Na]" calculated for CisHisO3Na*: 303.0992, found: 303.0991;
[a]p?® = -41.10 (c = 0.08, CHCI;).

b0
Compound 36: 22% yield, 20:1 dr, 89% ee.

'TH NMR (500 MHz, CDCl3) 3 7.46 (dt, J = 6.9, 1.2 Hz, 1H), 7.33 — 7.27 (m, 2H),
7.21 = 7.16 (m, 1H), 6.58 (dd, J = 9.5, 3.1 Hz, 1H), 6.21 (dd, J = 9.5, 2.5 Hz, 1H),
5.83 (d, J=1.8 Hz, 1H), 5.68 (d, J = 1.9 Hz, 1H), 5.35 (d, J = 14.9 Hz, 1H), 3.98 —
3.79 (m, 4H), 3.46 (dt, J = 15.0, 2.8 Hz, 1H), 3.09 — 2.95 (m, 2H), 2.39 (s, 2H), 1.30
(s, 3H);

13C NMR (126 MHz, CDCl3) 6 178.6, 134.8, 132.2, 129.6, 128.0, 127.7, 126.9, 126.9,
125.1, 123.0, 121.8, 108.8, 78.4, 63.9, 63.7, 47.8, 47.6, 43.5, 42.3, 25.7,

HPLC analysis: Daicel CHIRALPAK® ID, n-hexane/i-PrOH = 80/20, flow rate =

1.0 mL/min, A = 254 nm, retention time: t major = 11.3 min, t minor = 14.2 min;

HRMS (ESI) m/z: [M+Na]" calculated for CioH21O4BrNa®™: 427.0515, found:
427.0522;

[a]p?® =+17.86 (¢ = 0.07, CHCl5).

Compound 37: 49% yield, 20:1 dr, 89% ee.
'H NMR (500 MHz, CDCl3) 6 7.49 — 7.42 (m, 1H), 7.33 — 7.27 (m, 2H), 7.22 - 7.17
(m, 1H), 6.59 (dd, J = 9.6, 3.1 Hz, 1H), 6.45 (dd, J = 9.6, 2.5 Hz, 1H), 5.28 (d, J =
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15.0 Hz, 1H), 3.95 — 3.85 (m, 2H), 3.84 — 3.76 (m, 2H), 3.43 (dt, J = 15.1, 2.8 Hz,
1H), 2.75 (dd, J = 17.1, 2.7 Hz, 1H), 2.61 — 2.47 (m, 2H), 2.35 (d, J = 15.3 Hz, 1H),
2.18 (t,J=2.7 Hz, 1H), 1.31 (s, 3H);

13C NMR (126 MHz, CDCls) 6 178.7, 134.7, 132.2, 129.5, 128.0, 127.7, 126.9, 124.9,
121.7, 108.5, 79.1, 78.5, 72.6, 64.2, 63.7, 46.5, 46.2, 41.6, 25.7, 21.8;

HPLC analysis: Daicel CHIRALPAK® ID, n-hexane/i-PrOH = 80/20, flow rate =

1.0 mL/min, A = 254 nm, retention time: t major = 12.2 min, t minor = 13.8 min;

HRMS (ESI) m/z: [M+Na]* calculated for C20H2004Na": 347.1254, found: 347.1258;
[a]p?® =+1.30 (¢ = 0.1, CHCI).

b L0
Compound 38: 34% yield, 20:1 dr, 89% ee.

'TH NMR (500 MHz, CDCl3) 6 7.38 (dd, J = 5.3, 3.6 Hz, 1H), 7.30 — 7.20 (m, 7H),
7.16 (dt, J=4.4, 3.3 Hz, 1H), 6.57 (dd, J=9.5, 3.1 Hz, 1H), 6.28 (dd, J=9.5, 2.5 Hz,
1H), 4.95 (d, J = 14.9 Hz, 1H), 3.95 — 3.77 (m, 4H), 3.51 (dt, J = 15.1, 2.8 Hz, 1H),
3.14(d,J=13.9 Hz, 1H), 3.04 (d, /= 13.9 Hz, 1H), 2.23 (s, 2H), 1.27 (s, 3H);

13C NMR (126 MHz, CDCl;) 6 179.5, 135.8, 135.3, 132.3, 130.9, 129.2, 128.3, 127.8,
127.5,127.1, 126.8, 125.7, 121.6, 108.8, 78.4, 64.0, 63.7, 48.9, 46.9, 42.9, 39.0, 25.8;
HPLC analysis: Daicel CHIRALPAK® ID, n-hexane/i-PrOH = 80/20, flow rate =

1.0 mL/min, A = 254 nm, retention time: t major = 13.3 min, t minor = 15.1 min;

HRMS (ESI) m/z: [M+Na]* calculated for C24H2404Na™: 399.1567, found: 399.1570;
[a]p?® =-174.00 (¢ = 0.07, CHCI5).

Compound 39: 45% yield, 20:1 dr, 90% ee.
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TH NMR (500 MHz, CDCl3) 8 7.60 (dd, J = 8.1, 1.4 Hz, 2H), 7.41 (dt, J= 7.0, 1.5
Hz, 1H), 7.38 — 7.34 (m, 1H), 7.30 — 7.20 (m, 4H), 7.16 — 7.12 (m, 1H), 6.58 (dd, J =
9.5,3.0 Hz, 1H), 6.25 (dd, J=9.4, 2.3 Hz, 1H), 5.50 (d, /= 14.5 Hz, 1H), 3.80 — 3.64
(m, 4H), 3.44 (dt, J = 14.4, 2.7 Hz, 1H), 2.48 (d, J = 15.1 Hz, 1H), 2.31 (d, J = 15.1
Hz, 1H), 1.17 (s, 3H);

13C NMR (126 MHz, CDCls) 6 175.4, 138.3, 134.7, 132.4, 130.2, 129.9, 129.1, 128.0,
127.6, 127.1, 124.6, 124.1, 121.8, 108.6, 78.8, 64.3, 64.0, 49.3, 48.0, 43.4, 25.7;
HPLC analysis: Daicel CHIRALCEL® OD-H, n-hexane/i-PrOH = 95/5, flow rate =
1.0 mL/min, A = 254 nm, retention time: t major = 7.6 Min, t minor = 9.5 min;

HRMS (ESI) m/z: [M+Na]" calculated for Ci3H2Os4SeNa*: 465.0576, found:
465.0578;

[a]p® =-8.95 (¢ = 0.08, CHCly).

7. Single-crystal x-ray diffraction date

o ©
X-ray of (R,R,R)-3a

(R,R,R)-3a (CCDC NO.: 2330703)

Identification code cu 230615B

Chemical formula Ci15sH1403

Formula weight 242.26 g/mol

Wavelength 1.54178 A

Crystal size 0.180 x 0.220 x 0.240 mm
Crystal system monoclinic

Space group P1211

Unit cell dimensions

a=5.1343(4) A a=90°
b=9.3898(7)A  B=100.387(2)°
c=12.4989(10) A  y=90°

Volume 592.70(8) A3
Z 2
Density (calculated) 1.357 g/cm?
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Absorption coefficient
F(000)

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Max. and min. transmission
Structure solution technique
Structure solution program
Refinement method
Refinement program
Function minimized

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices

Weighting scheme

Absolute structure parameter
Largest diff. peak and hole
R.M.S. deviation from mean

X-ray of (S,R,R)-4a

0.766 mm!
256

3.60to 77.31°

-6<=h<=6, -11<=k<=11, -15<=I<=15
14995

2439 [R(int) = 0.0380]

0.7541 and 0.6271

direct methods

SHELXT 2018/2 (Sheldrick, 2018)
Full-matrix least-squares on F?
SHELXL 2018/3 (Sheldrick, 2015)
2 w(Fo>- F)?

2439/1/ 164

1.038
2433 data; [>206(I) R1=10.0336, wR2 = 0.0875
all data

w=1/[6*(Fo2)+(0.0588P)2+0.1215P]
where P=(F,>+2F:?)/3

-0.14(14)

0.194 and -0.177 eA-?

0.039 eA

(S,R,R)-4a (CCDC NO.: 2330704)

Identification code
Chemical formula
Formula weight
Wavelength
Crystal size
Crystal system
Space group

Unit cell dimensions

cu_240201D

CisH140s3

242.26 g/mol

1.54178 A

0.100 x 0.200 x 0.210 mm
monoclinic

P1211

a=54496(8)A  a=90°
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Volume

Z

Density (calculated)
Absorption coefficient
F(000)

Theta range for data collection

Index ranges

Reflections collected
Independent reflections
Max. and min. transmission
Structure solution technique
Structure solution program
Refinement method

Refinement program
Function minimized

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices

Weighting scheme

Absolute structure parameter
Largest diff. peak and hole
R.M.S. deviation from mean

X-ray of (R, S,S)-4a

o ©

b=9.7142(15) A
¢=11.8110(18) A
616.65(16) A

2

1.305 g/cm?
0.736 mm!

256

B=199.517(5)°
y=90°

8.88 to 77.69°

-6<=h<=6, -12<=k<=11, -14<=I<=14
14724

2548 [R(int) = 0.0309]

0.7541 and 0.5725

direct methods

SHELXT 2018/2 (Sheldrick, 2018)
Full-matrix least-squares on F?
SHELXL 2018/3 (Sheldrick, 2015)

S w(Fo2 F2)?

2548 /1/163
1.055

2492 data; I>20(I)
all data
w=1/[02(F02)+(0.0519P)2+0.0354P]

where P=(Fo2+2Fc2)/3
-0.03(9)

0.103 and -0.120 eA-3
0.032 eA-3

(R,S,5)-4a (CCDC NO.: 2333474)

Identification code

cu_230614B

S95

R1=0.0319, wR2 =0.0847

R1=0.0329, wR2 = 0.0856



Chemical formula
Formula weight
Wavelength
Crystal size
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F(000)

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Max. and min. transmission
Structure solution technique
Structure solution program
Refinement method
Refinement program
Function minimized

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices

Weighting scheme

Absolute structure parameter
Largest diff. peak and hole

R.M.S. deviation from mean

CisH140s3

242.26 g/mol

1.54178 A

0.180 x 0.190 x 0.210 mm
monoclinic
P1211
a=5.3990(4) A
b=9.4977(8) A
c=11.7771(9) A
594.95(8) A3

2

1.352 g/em?
0.763 mm!

256

a=90°
B =99.880(2)°
¥ =90°

7.64 to 77.25°

-6<=h<=5, -11<=k<=11, -14<=I<=14
9302

2440 [R(int) = 0.0220]

0.7541 and 0.6158

direct methods

SHELXT 2018/2 (Sheldrick, 2018)
Full-matrix least-squares on F?
SHELXL 2018/3 (Sheldrick, 2015)
T w(Fo- F2)?

2440/1/ 164

1.059
2431 data; I>206(I) R1=10.0272, wR2 =0.0732
all data

wW=1/[62(Fo2)+(0.0455P)2+0.0994P]
where P=(F,>+2F:?)/3

0.02(5)

0.206 and -0.165 eA-?

0.034 eA3

S96
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9 (CCDC NO.: 2341397)

Identification code
Chemical formula
Formula weight
Wavelength
Crystal size
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F(000)

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Max. and min. transmission
Structure solution technique
Structure solution program
Refinement method
Refinement program
Function minimized

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices

Weighting scheme

mo 231017B

Ci5sH120;

224.25 g/mol

0.71073 A

0.060 x 0.100 x 0.130 mm
monoclinic
P12/l
a=12.0381(14) A
b =6.3338(6) A
c=15.2736(19) A
1106.7(2) A3

4

1.346 g/cm?

0.089 mm!

472

a=90°
B =108.132(4)°
y=90°

2.59 to 25.00°

-14<=h<=14, -7<=k<=6, -18<=I<=18
6394

1953 [R(int) = 0.0775]

0.7457 and 0.6849

direct methods

SHELXT 2018/2 (Sheldrick, 2018)
Full-matrix least-squares on F?
SHELXL 2018/3 (Sheldrick, 2015)
T w(Fo2- F2)

1953/0/ 155

1.092
1372 data; I>206(I) R1=0.0781, wR2 =0.1855
all data

w=1/[c3(Fo?)+(0.0819P)>+1.3542P]
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Largest diff. peak and hole
R.M.S. deviation from mean

where P=(F,>+2F:%)/3
0.741 and -0.376 eA-3

0.071 eA-3
< (™
{ ¥

¢
(¥

13 (CCDC NO.: 2505939)

Identification code
Chemical formula
Formula weight
Wavelength
Crystal size
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F(000)

Theta range for data collection

Index ranges

Reflections collected
Independent reflections
Max. and min. transmission
Structure solution technique
Structure solution program
Refinement method
Refinement program
Function minimized

Data / restraints / parameters

cu_250420A

Ci5H13N304

299.28 g/mol

1.54178 A

0.130x 0.170 x 0.190 mm
orthorhombic
P212121
a=5.6634(5) A
b=9.6041(8) A
c=25492(2) A
1106.7(2) A3

4

1386.6(2) A3
0.089 mm!

624

a=90°
B =90°
v =90°

4.92 to 77.96°

-7<=h<=4, -12<=k<=12, -32<=|<=31

22175
2925 [R(int) = 0.0391]
0.7541 and 0.6609

direct methods

SHELXT 2018/2 (Sheldrick, 2018)

Full-matrix least-squares on F?

SHELXL 2018/3 (Sheldrick, 2015)

T w(Fo2- Fe)?
1925 /0 /200
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Goodness-of-fit on F2

Final R indices

Weighting scheme

Absolute structure parameter
Largest diff. peak and hole

R.M.S. deviation from mean

1.059

2909 data; I>20(I)  R1=0.0291, wR2 = 0.0807
all data R1=0.0292, wR2 = 0.0808
w=1/[0%(Fo2)+(0.0542P)>+0.2148P]

where P=(F,>+2F:?)/3
20.04(5)

0.161 and -0.187 eA
0.041 A
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9. NMR spectra
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10. HPLC spectra
(L e

Ho
o ©
(RRRy3a

VWD A, Wavelength=254 nm (GLF\2024-03-262141-38a1 dppf.D)
mAU
1600 —

13.000

1400

1200

15.473

1000 +
800

600

400

200

0] 2 4 6 8 10 12 14 16

Peak RetTime Type MWidth Area Height Area
# [min] [min] [mAU*s ] [mAU] %
] R | onfnmeee |--nmeeees | mmeeeees | -emmeee |
1 13.660 BBA 0.4344 4.08203e4 1378.83777 50.1907
2 15.473 VB 0.5816 4.05101ed4 10621.62250 49.8693

VWD1 A, Wavelength=254 nm (GLF\2024-03-2916-55-06a1-1.D)
mAU ]
1200
1000
3
L
o™
800 3
600~
400+
200
o
5
©
0 I T T [ 1 T I
0 2 4 6 8 10 12 14
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 12.798 VBA  0.4220 2.29004e4  802.37042 96.0175
2 15.570 BB ©.5013 949.84607 28.03418 3.9825
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(5.5,9)-3a

VIWDT A, Wavelength=254 nm (GLF\2024-03-2917-16-52a1 ent-L1.D)
mAU ]

1200 —

15.210

1000

800 —

4 16 miry

o ©

Gram-scale reaction of (R,R,R)-3a

VWD1 A, Wavelength=254 nm (GLF\20724»O1—31170-114531 gram.D)
mAU ]

3000

13.171

2500

2000

1500

1000 +

500

15.848

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
S ERREEE R P |ememees R |--meeee |
1 13.171 VB R ©.4151 7.19555e4 2553.7666@8 95.3345
2 15.848 BBA  9.4114 3521.35327 134.95117  4.6655
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(RRR)3b
VWD1 A, Wavelength=254 nm (GLF\2024-01-3021-46-19a1 jiafi rac.D)
mAU 7]
800
w©Q
3
600 @
400
200
0 !
T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 min)
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
ceme]emees R |-ommeees | -emmmeees | -oeeees |
1 15.088 BB 0.4644 1.78405e4 566.51367 49.8618
2 17.133 BBA 0.5629 1.79393e4 476.83020 50.1382
VWD1 A, Wavelength=254 nm (GLF\2024-01-3022-20-07a1 Jiaji 4076.D)
mAU 7]
1 0
2000 &
1 3
1500
1000
500 —
&
i
~
0 T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 miny
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 14.975 BV 0.5206 6.66364e4 1848.37341 94.9169
2 17.524 VBA  ©0.5317 3568.59790 182.63236 5.8831
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(RRR)-3¢c

mAU ]

500
400
300 4

200

VWD1 A, Wavelength=254 nm (GLF\2020-01-0221-27-06320.D)

19.860

22911

0 5 10

15 20 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
] SRR R R R | -mmeeeee | --emmeee |
1 19.860@ BB ©.6935 4343.51660 96.80798 49.7937
2 22.911 BB ©.8339 4379.51025 75.14533 50.2063
VWDT A, Wavelength=254 nm (GLF\2020-01-0220-57-04320a.D)
mAU ]
800
™
©
2
600~
400
200+
o«
8
;______,__/f\4_‘A_Af\‘4/w/\gﬁ_ﬁ\jﬂ\\/\\__ .
0 —
T T T T T
0 5 10 15 20 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 19.313 BBA  ©.5975 2.79359%e4
0.6978 1564.64941

2 22.993 BB

S170
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(RRR)-3d O ©

VWD1 A, Wavelength=254 nm (GLF\2024-01-3020-27-02a1 1.4- rac.D)
mAU ]

700
600 —
500
400 -]

300

17.213

200

™~
N
<t
1 o~
100 k
ng .
T T T T T T

0 5 10 15 20 25 30 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 17.213 BB ©.6032 7816.28809 193.95479 51.2585
2 24,212 BBA  1.0350 7432.47705 103.22648 48.7415

VWD1 A, Wavelength=254 nm (GLF\2020-01-0220-23-37340.D)
mAU ]
500 -]
400 -]
300 -] -
] 8
~
200 -]
100
5
0 &
T T T T T
0 5 10 15 20 25 mif
Peak RetTime Type Width Area Height Area
4 [min] [min] [mAU*s ] [mAU] %

1 17.607 BB ©.5594 9029.73145 249.97353 96.1122
2 24.611 BV ©.6993 365.26108 8.00548  3.8878
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(RR,R)-3e

mAU 7]

400

300

200

100

VWD1 A, Wavelength=254 nm (GLF\2023-08-0617-24-363985 hujiaoji al xxD)

15.586

19.083

0 25 5 75 10 12.5 15 17.5 20 mir|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
cee] e e EE |- |--oometeee |- |
1 15.586 BB ©.4878 3952.66553 120.15372 51.0600
2 19.083 BB 0.6407 3496.76392  79.25538 48.9400
VWD1 A, Wavelength=254 nm (GLF\2023-08-0617-54-463977 hujiacji a1.0)
mAU ]
700
600
500
4 w
400 &
0
300
200
100
w0
] £
4 (=23
04 ‘ e
T T T T T T T T T
0 25 5 75 10 12.5 15 17.5 20 mir|
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mau] %

1 15.618 BB ©0.5125 1.2517%e4  361.92499 96.1034
2 19.786 BV 9.6701 507.55212 10.72527 3.8966

S172



o)

(RRR)-3f
VWD1 A, Wavelength=254 nm (GLF\20-23—09—072_1—357224088 az nai XX.D)
mAU ]
700
600
500 -
[5e]
] 3
400 =
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] 3
. &
300
200+
100 ]
ol
T T T T T
0 5 10 15 20 25 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e R R R [emmenees l-emmmnee | eneeee |
1 17.953 BB @.6312 1.64008e4 384.96769 50.3130
2 21.942 BB @.7932 1.61967e4 388.13519 49.687@
VWD A, Wavelength=254 nm (GLF\2023-09-0722-04-29351 a2 nai.D)
mAU ]
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~
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750—:
500
250 -
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o~
(3]
o T T T \I T
0 5 10 15 20 25 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 17.782 VB R ©.6729 5.73954e4 1283.37646 95.9614
2 22.185 BB ©.7391 2415.49951 47.51360 4.0386
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(R.R.R)-3g

VWD1 A, Wavelength=254 nm (GLF\2019-12-3019-44-23408.D)

mAU ]
1750 -
1500
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1000
750{
] 5 o
500 - :
250 |
04 T T T T T T T : T :
0 2 4 6 8 10 12 14 16 18 min)
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e TR R R l-emmmeees |-eneeee |
1 15.411 VB R 0.4312 1.42697e4 493,71988 49,9553
2 17.779 BB 9.5286 1.42953e4 483.19778 50.0447
VWD1 A, Wavelength=254 nm (GLF\2019-12-3020-05-51405b.D)
mAU 7]
2000
B [Ts]
]
2]
1500
1000
500
wn
s
©
o T T T T T T T T = '
0 2 4 6 8 10 12 14 16 18 miry
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
R BT R R s |--mmeeeee | -mmeee |
1 15.135 BB 8.4624 5.42620e4 1704.73267 94.8186
2 18.085 BB 9.5008 2865.13916 96.12718 5.1814
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(R.R,R)-3h

VWD A, Wavelength=254 nm (GLF\2023-09-2712-17-543969 Br XX.D)
mAU 7_
400
=
o
1 e
300 §
8
200
100
0_44444444#//\gJ\____‘;ﬁ‘Aﬁ,;,nJ\HH_‘____)_&_n‘__, .
T T T T T
0 5 10 15 20 25 miry
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e SRR R R [-mmmenees l-emmmnee |eneeee |
1 18.278 BV ©.6187 1.38761e4 332.63184 50.5339
2 20.898 VB 9.7451 1.35828e4 266.28275 49.4661
VWDT A, Wavelength=254 nm (GLF\2023-09-2713-05-114048 a1 Br XX.D)
mAU ]
350
300
1 5
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50 _-
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8
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0- ! T
T T T T T
0 5 10 15 20 25 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 18.287 BB ©.5891 1.00078e4 248.37762 96.8121
2 21.386 BB ©.6250 329.54251 7.58247 3.1879
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(R,R,R)-3i

VWDT A, Wavelength=254 nm (GLF\2019-12-3121-12-26395.D)
mAU ]
1750
1500
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- ~
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T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 miry
Peak RetTime Type Width Area Height Area
E [min] [min] [mAU*s] [mAU] %
el EESEE R |mmeenee [-ommemeees |- noeeee |
1 14.470 BV R 0.4075 1.54567e4 551.86664 58.6783
2 17.975 BBA  ©.5219 1.50430e4  428.14230 49.3217
VWD1 A, Wavelength=254 nm (GLF\2019-12-3121-36-19385.0)
mAU ]
e
- g
2500 =
2000
1500
1000
500
5
=1
[t
0 T T T T T T = T ATﬂ
0 2 4 6 8 10 12 14 16 18 min)
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 14.118 BB 8.4503 7.39885e4 2470.89868 95.5700
2 17.837 BBA  ©.4653 3429.59985 116.224608 4.4300
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(RRR)-3j

1250

1000

750

500

250

VWD1 A, Wavelength=254 nm (GLF\2023-08-0322-03-304045 6C al xx.D)

11.405

15.826

Peak RetTime Type Width Area Height Area
E [min] [min] [mAU*s ] [mAU] %
e ERREEE P |nmmeees R |--meeee |
1 11.465 BBA 0.2416 1.4189%e4 901.59021 50.0913
2 15.826 VB ©.3563 1.41377e4 608.85292 49.5087

mAU 7]

800

600+

400

VWD1 A, Wavelength¥254 nm (GLF\20-24-08-192_0-5?-244T70.D}

11.185

miry
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(R.RR)-3k

VWD1 A, Wavelength=254 nm (GLF\2023-08-0319-29-31398 4Cl a1 xx.D)
mAU ]

8-042

160
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no{
100

80

29.935

T T T T T T
5 10 15 20 25

Peak RetTime Type Width Area Height Area
i [min] [mAU*s] [mAU] %
intmintad Rttt [====] === [===m=—— === [ === |
1 18.042 BB 0.3675 4035.97314 167.24492 49.7586

2 29.835 BB 0.6372 4075.12988 99.21137 50.2414

35 mirf

VWD1 A, Wavelength=254 nm (GLF\2024-08-1921-16-414761.D)

1750

1500

18.021

1250

1000

750 4

5004

250

29.672
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(RRR)-3I

VWD1 A, Wavelength=254 nm (GLF\2023-07-3122-09-444028 bingxjl a1 xx.D)

mAU ]
1000
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-200 T T T T T T T T T R
0 25 5 7.5 10 12.5 15 175 20 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
T R R P R | -emmmeees |- nee |
1 13.798 BB ©.2825 8131.71582 444.39746 580.5585
2 19.84Q BB @.4055 7954.60645 296.96661 49.4495
VWDT A, Wavelength=254 nm (GLF\2023-07-3122-35-104016 bingxji a1.0)
mAU ]
wn
~
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T T T T T T T T T
0 25 5 75 10 12.5 15 17.5 20 miny
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 13.715 BBA  ©.2941 2.96646e4 1572.15454 94,6519
2 19.8@0 BB 0.3986 1676.13782 64.61974  5.3481
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0 O
(RRR)-3m
VWD1 A, Wavelength=254 nm [GLF12020-01-0616-57-20409.D)
mAU
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600 -| ki
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0 S
+ [ i S e T T T T T
25 5 7.5 10 125 15 17.5 20 mir]
VWD1 A, Wavelength=264 nm (GLF\2020-01-0617-23-33407.0)
mAU ]
1750 ]
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[Tel
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250 ] _
] IS
] :
0 a
T T T T T T T T
0 25 5 7.5 10 12.5 15 175 20 i
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
STl ELEEEE EEEE EEEEEER [<mmmmennes [EEEETEEEES [EEEEEEES |
1 14.365 BB 9.3055 2.40758e4 1223.87354 95.@918
2 19.541 BB 9.3965 1242.67444 48.09024 4.,9082
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(RR,R)-3n

VWD1 A, Wavelength=254 nm (GLF\2024-03-2522-00-104504-1-1 RAC.D)

mAU
1600 4
1400 4
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g
1000 4 Qo
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04 T T T T T T . T T T
0 2.5 5 7.5 10 12.5 15 17.5 20 22,5 min)
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
--------------- R P o Lot eant ool LICRRE
1 15.992 BBA ©.5081 3.14871e4 963.89435 51.5244
2 21.77@ BB 0.7876 2.73404e4  513.15039 49.4756
VWD A, Wavelenglh=254 nm (GLF\2024-03-2521-32-084504 -1.D)
mAU
1600 o
1400 4
] o
o
1200 &
1000
800
600
400
©
200~ &
1 e
0] T T T T T T .kl T T
0 2.5 5 7.5 10 12.5 15 17.5 20 225 miny
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

R P— N |-nemmmnees |-nmmmmnee- |-emeeee |
1 16.206 BB ©.4437 2793.60449 97.67126 4.1584

2 21.51@ BB 8.7918 6.43867e4 1188.94397 95.8416
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(SR R)-4a

VWD A, Wavelength=254 nm (GLF\2024-01-3114-32-0922 RAC.D)
mAU ]

350
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100

30.397

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
SERnI R R |-mmmmeeee R |-mmeeeee |
1 26.064 BB 0.6815 4242.12207 93.64829 49.4446
2 30.397 BV R ©.8131 4337.42383 81.46808 50.5554

VWD1 A, Wavelength=254 nm (GLF\2024-01-3113-53-04a2.D)
mAU

1400
1200 —_
1000
800 -
600 —
400

200

26.490

29.989

T T T T T
Q0 5 10 15 20 25

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
el EESEE O R R |--nmee- |
1 26.490 BB 9.6882 2031.70007 44.87866 2.6608
2 29.989 BB 1.8817 7.43253e4 1006.30078 97.3392
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(R,S,S)-4a

VWD1 A, Wavelength=254 nm (GLF\2023-12-2420-47-054507 entL1-a2.D)

mAU |
800
w
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0 e
T T T T R
4] 5 10 15 20 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
i R R EREE R R |- oo |
1 26.576 BB ©.7870 3.04363e4 596.79474 97.8642
2 31.150 BB 0.8203 664.23163 12.33436 2.1358
Gram-scale reaction of
(S,R.R)-4a
VWD A, Wavelength=254 nm (GLF\2024-01-3115-14-03a2 gram D)
mAU |
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0— /\ A
0 é 1‘0 1I5 2‘0 2‘5 3‘0 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 25.540 HBA
2 29.318 HH

0.6242 2354.52246 60.33988 3.1016
1.0055 7.35591e4 1037.08557 96.8984
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(SR R)-4b

VWD1 A, Wavelength=264 nm (jiangming\2024-01-1111-22-59GLF-4447+-D)

mAU ]
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T T T T T T T T T
0 2.5 5 7.5 10 12.5 15 17.5 20 22.5 mir{
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
=== |====] === [===mmm—— [ | === |
1 15.287 BV 0.4773 1.41491e4 441.03333 52.5846
2 17.794 VB 0.5359 1.15837e4 313.66385 47.4154
VWD1 A, Wavelength=254 nm (jlangming\2024-01-1112-15-55GLF-4447.D)
mAU ]
2000
] 2
1500 i
1000
500 —
g <
&
] B
0 A :
T T T T T T T T T
1] 2.5 5 7.5 10 12.5 15 17.5 20 22.5 min|
Peak RetTime Type Width Area Height Area
i# [min] [min] [mAU*s] [mAU] %

1 15.384 BB 0.4353 2104.88184

2 17.355 BB 0.6065 5.82814e4
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(S,R.R)-4d

VWD1 A, Wavelength=254 nm (GLF\2024-01-2920-55-334445 RAC.D)

3
1
24.885

29.187

30

VWD A, Wavelength=254 nm (GLF\2024-01-2921-33-094445 D)
mAU ]
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min|

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e SR P |-emmeees lmmmeees | --eeee |
1 25.189 BB @.5718 149.67645 3.73314 2.9465
2 29.043 BB 1.0463 4930.14111 70.54834 97.0535
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(S,R,R)-4e

VWD1 A, Wavelength=254 nm (GLF\2024-01-2919-56-494444 RAC.D)

mAU 7]
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T T T T T T T
0 2 4 6 8 10 12 14
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
see]eseaee ST EERRE |- el s |
1 13.631 BBA ©.4408 938.40216 31.74929 50.9179
2 15.922 HH ©.5363 834.91632 23.17597 49.0821
VWD1 A, Wavelength=254 nm (GLF\2024-01-2919-33-074444.D)
mAU ]
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0 2 4 6 8 10 12 14
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 13.733 BB ©.4397 137.74564 4.67572 4.2044
2 15.770 HH ©.5396 3138.47998  86.43583 95.7956
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(S,R R)-4f

VWD1 A, Wavelength=254 nm (GLF\2024-02-0720-18-294449 rac.D)

mAU ]
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o~ N
0 5 10 15 20 25 30min
Peak RetTime Type MWidth Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
] RN EETCRRE | <xmmmee e |<xmmme oo |--meoe |
1 21.320 BBA ©.8109 3935.29443 72.31099 50.0895
2 26.757 BB 0.9946 3619.57886 51.96527 49.9165
VWD1 A, Wavelenglh=254 nm (GLF12024-02-0719-03-424304 a2 nai.D)
mAU |
1400 -
1200 -
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800 —
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0 T T T T T T
0 5 10 15 20 25 30 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 21.297 BBA  ©.7888 2127.41431 41.72719 2.7676
2 25.819 BB 1.0520 7.47421e4 1039.36316 97.2324
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(S,R,.R)-49

VWD1 A, Wavelength=254 nm (jiangming\2024-01-1113-49-13GLF-4498+-.D)

mAU ]|
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T T T T T
0 5 10 15 20 25 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %
el R [ | === [====mm———= | === |
1 15.686 BB 0.5253 1.98731e4 566.48511 52.2398
2 18.725 BB 0.5990 1.74545e4 429,58163 47.7602
VWD1 A, Wavelength=254 nm (jiangming\2024-01-1114-18-03GLF-4498.D)
mAU ]
1750
1500—_
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] E
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T T T T T
1] 5 10 15 20 25 mir|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
el e | ====]======= [====m——— | ======———= | === |
1 16.097 BB 0.4716 1212.55603 38.58886 2.3880
2 18.547 BB 0.6183 4.95636ed4 1144.35962 97.6120
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(S,R R)-4h

mAU ]
500 +
400+

300

200+

VWD1 A, Wavelength=254 nm (GLF\2024-01-3019-23-284448 a2 rac.D)

15.245

21.672

0 5 10 15 20 25 miry
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s ] [mAU] %
[----1 I | |

1 15.245 BB ©.5671 6619.77197 175.46933 47.9278
2 21.672 BBA  @.7694 7793.65234 149.95270 52.0722

mAU ]
500 —:
400+
300 —:

200

VWD1 A, Wavelength=264 nm (GLF\2024-01-3019-52-524448 a2.D)

21610

5 10 15 20 25 min|

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAu] %
ROl EEEREE EEREIEEREEEE |-emmeeeee [-nmememeee [EERERREE |
1 15.364 BB ©.7201 643.37189 12.32352 5.2108
2 21.610 BBA ©.7597 1.17055e4 224.72862 94.79%0@
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(S,R R)-4i

VWD1 A, Wavelength=254 nm (jiangming\2024-01-1115-15-13GLF-4500+-.D)

mAU ]
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o \JJ L T
T T T T T T
0 2 4 6 8 10 12
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s] [mAU] %

B B | === | == |=mmmmmes
1 10.400 BY  0.2222 4498.04492 310.23553 50.4524
2 11.082 VB 0.2337 4244.10791 277.05295 49.5476

VWD1 A, Wavelength=254 nm (jlangming\2024-01-1115-32-24GLF-4500.D)
mAU ]
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
Il B [==== === | === == [======== I
1 10.397 BV E 0.2245 1027.01794 70.26724 2.5601
2 11.073 VB R 0.2442 3.50886ed 2475.969%973 97.4399
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(S,R.R)-4

VWD1 A, Wavelength=254 nm (GLF\2024-01-3111-06-514473 al 6C rac.0)
mAU ]
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VWD1 A, Wavelength=254 nm (GLF\2024-01-3111-38-564473 a1 6C.D)
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(S,R,R)-4k

VWD1 A, Wavelength=254 nm (GLF\2024-01-3120-07-364466 RAC.D)

mAU 7]
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1 8
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0 ’—ArLl T T /Yf\ T 1 T
0 5 10 15 20 25 30 35 min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
R R R |-mmenenes |-meennees | -meemeee |
1 28.893 BB 8.6757 2.95557e4 681.89978 48.6748
2 31.50@ BB 0.6661 3.24386e4  739.02893 51.3252
VWD1 A, Wavelength=254 nm (GLF\2024-01-3119-21-274466 rac.D)
mAU |
800
g
-
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(=24
2
g
04 T T T T /\ T ‘ T T
0 5 10 15 20 25 30 35 min
Peak RetTime Type Width Area Height Area
o [min] [min] [mAU*s ] [mAU] %

1 28.599 HH 0.5697 449.3243
2 31.8601 HH B.6767 2.91101e4
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(S,R,R))-4l

VWD1 A, Wavelength=254 nm (jiangming\2024-01-1120-24-58GLF-4475+-.D)

mAU
500
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Tk
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1 T T T T T T T T T
0 25 5 7.5 10 12.5 15 17.5 20 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il B |====] === [===mmm—— === | === |
1 16.697 BV 0.3404 4964.72119 222.39754 48.1780
2 17.665 VB 0.3943 5340.22314 206.75359 51.8220
VWD1 A, Wavelength=254 nm (jlangming\2024-01-1120-01-00GLF-4475.D)
mAU ]
1400+
1200 —
1000 + .:gi
] <
800
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4 o~
1 o
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0 .
T T T T T T T T T
1] 25 5 7.5 10 12.5 15 17.5 20 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

R EEEEEE | === | === R |==mmmmmm - | === |
1 16.798 BV R 0.3535 2.04728e4 889.54742 96.6243
2 17.812 VB E 0.3821 715.2432% 28.18115 3.3757
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(S,R,R)-4m

VWD1 A, Wavelength=254 nm (GLF\20Q4-O1-252:2-13—3644?2 rac a2 Bn.D)

mAU ]
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e EECEE R P R l-emmmeeees | -eeenee |
1 19.913 BBA 1.2200 1.32307e4 164.55432 50.7431
2 25.896 BB 1.4113 1.28432e4 136.67883 49.2569
VWD1 A, Wavelength=254 nm (GLF\2024-01-2622-51-524472 a2 Bn.D)
mAU ]
600
500]
400~ 2
=
2
300
200+
100
©
3
=]
o~
0 T T T I T T
0 5 10 15 20 25 mir|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

ceefmeene e |+ | -emmmeeee- |-eeees |
1 19.709 BBA 1.2704 2.81398e4  333.85138 98.7616
2 26.463 BB 9.9230 352.86670 5.33936 1.2384
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(S,R,R)-4n

VWD1 A, Wavelength=2564 nm (jiangming\2024-01-1110-23-569GLF-4502+-.D)

mAU ]
500;
400 +
i 2 >
300 = :
200;
100;
o-
T T T T T T T T
V] 2 4 6 8 10 12 14 16 mirf
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s] [mAU] %
=== [====] == [==mmmm—— [ === [ === |
1 11.419 BV 0.3718 ©607.56152 267.88489 49.1479
2 12.491 VB 0.4137 7406.97314 270.27524 50.8521
VWD1 A, Wavelength=254 nm (jiangming\2024-01-1110-43-07GLF-4502+-.D)
mAU ]
2000
3
1500 -
1000
500
-
i3
] pu
0 L T
T T T T T T T T
1] 2 4 6 8 10 12 14 16 miny
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

el BEEEE | === === |====mmmmm |=====mmmm- | ====mmmn \
1 11.301 BV R 0.3985 3.91821ed 1467.52588 96.8422
2 12.574 VB E 0.4324 1277.62854  43.79144  3.1578
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VWD A, Wavelength=254 nm (GLF\2025-04-1820-44-275048-2 rac.D)
mAU

350

300

250

200

17.501

20.292

miry

VWD1 A, Wavelength=254 nm (GLF\2025-04-1821-18-305048-2 chiral.D)
mAU

350

300

250

200

e b e e v b v bww s a by v nn bv v bwwwal

18.046

20.102

T
25 min|
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400

300+

200+

100 +

VWD1 A, Wavelength=254 nm (GLF'2025-04-1213-20-425048 RAC.D)

29.082

32.883

mAU 7]

700+

600

500+

400

300

200+

1004

VWDT A, Wavelength=254 nm (GLF12025-03-1212-31-015048 D)

32,206

29574
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VWDT A, Wavelength=210 nm (GLF\2024-01-3015-54-104608 RAC.D)
mAU |
800 — o
2
o0
600
%
o
400
200
0 T 1 L
T T T | T 1 T
0 2 4 6 8 10 12 14 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
Rl REaEEe P |-mmemeee s |-omeeee |
1 8.590@ BB ©.5682 2.67442e4 728.67029 50.0465
2 11.594 BB 9.8367 2.66946e4 474.24036 49.9535
VWD1 A, Wavelengh=210 nm (GLF12024-01-3016-14-294609.0)
mAU 7]
1200 |
1000
1 2
800 &
600
400+
200+
] wn
J/\ &
0
0- T
T T T T T T T
0 2 4 6 8 10 12 14 min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 8.725 VB ©.5324 1422.11011  39.46996 3.2827
2 11.509 BBA  ©.8399 4.189%e4  749.84259 96.7173
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mAU i
1400

1200{
1000 f
800{
600{
400{

200 -

VWD1 A, Wavelength=254 nm (GLF\2025-04-0406-19-074974 RAC.D)

16.646

39.193

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 16.646 BB ©.8184 6.91554e4 1250.11572 56.0333
2 39.193 BBA 1.829@ 6.90634e4  510.62399 49.9667

VWD1 A, Wavelength=254 nm (GLF\2025-04-0407-05-534974 D)

mAU 7]
800 | E
600
400
200 -
0______;n_ﬁ=~"_444_4\__kj\‘44.___44444, s |
A T AT AT T A 40 e
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 16.701 BB 0.8060 4.09719e4  752.73364 92.7546
2 48.331 BBA  1.3952 3260.48315 306.35250  7.2454
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VWD1 A, Wavelength=254 nm (GLF\2025-04-3018-52-094616 RAC.D)

9,394

11.611

mAU )

1750

1500+

12504

1000+

750

500

250+

VWD1 A, Wavelength=254 nm (GLF\2025-04-3018-33-274616.D)

9.548

11.840

2
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25004

2000+

1500

10004

5004

VWD1 A, Wavelength=254 nm (GLF\2025-05-0714-27-275060 RAC.D)

10.873

12.801

VWDT A, Wavelenglh=254 nm (GLF12025-05-0714-57-195060.D)

17504

1500

1250

1000

750

500+

250

12971
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VWD1 A, Wavelength=254 nm (GLF\2025-06-0516-13-265083 rac.D)

400

300

200+

5.393

VWO A, Wavelengin=254 nm (GLF\2025-06-0516-24-325083.0)

400

300

200

6.276
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3000

2500

2000

1500

1000

500

VWD1 A, Wavelength=254 nm (GLF\2025-04-0401-44-335006 RAC.D)

8.791

10.315

1600 -

1400+

1200+

1000+

800

600

400

200~

VWD1 A, Wavelength=254 nm [GLH2U§5-U&2U£0-UM95005.D}

8.967

10.624

10
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200

VWD1 A, Wavelengih=254 nim (GLF12025-05-2611-24-455053 RAC D)

14.570

17.418

mAU 7]

500

400

300

200

VWD1 A, Wavelength=254 nm (GLF\2025-05-2423-14-335006-7 RAC D)

17.137
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VWDT A, Wavelength=210 nm (GLF\2025-06-0321-33-135075 RAC.D)
mAL

1600
1400
1200
1000
800
600
400

200

7.323

9.086

VWD1 A, Wavelength=210 nm (GLF\2025-06-0321-15-315075.D)
mAU |
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Br

T o

mAU 7]

1000 +

800+

600+

400 +

200 +

VWD1 A, Wavelonglh=254 nm (GLF\2025-05-2422-49-135006-7 RAC.D)

11.259

14.032

VWDT A, Wavelongth=254 nm (GLF\2025-05-2422-26-565006-7 D)

mAU 7]
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400

300+
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T 0

2500

2000~

1500+

1000+

500

VWD1 A, Wavelength=254 nm [GLH2U§5-U4-0462-23-325(}05-2 RAC.D)

12.440

13.989

mAl
1200

1000+

800+

600

400

2004

VWD1 A, Wavelength=254 nm (GLF\2025-05-2421-48-505006-2.D)

12.205

13.833
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2000
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1000

500

VWD1 A, Wavelength=254 nm (GLF\2025-04-0403-04-205006-4 RAC.D)

13.669

15.368
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500

400

300
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VWD1 A, Wavelength=254 nm (GLF\2025-05-2422-06-245006-4.D)

13.301
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VWD1 A, Wavelength=254 nm (GLF\2025-04-2922-03-424979 rac.D)
mAU

500+

400

3004

200

T.672

9.599

VWD A, Wavelength=254 nm (GLF\2025-04-2921-42-514970.0)

800+

600 —

4004

2004

7.612
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