it

7 A 3% traceless fRiEIZ I D
T VAR IR ARG AR T v R — VO

REE KR



VT AT VA » ) FABREBRER T )V F—V RIS

AR VBT B0, ALERINE R EMUR OBLR

ANR VBT ) T — b ERHT D o fEHFULDBIR

RYRMBIZC LD 0X T 2T EMLEREE L 72 W VAR VB o ALREEAH N
AN AN €l

HNVR BRI XET DRET NV R—= VRIS DEIR

B RAE R N traceless TRFEEZFIH L EVVERBETFAMEEH T 5{BFER
FIRREERY 7 L B — VRIS DB F

2-6. MERIRF TN F— VDB %
2-7. EE—BEOKRE

2-8. EHIFARTATNVHEEORA
2-9. PEREL OHE

2-10. FERRTFERNR EBRIT X B RIS
2-11. BB X DBIERT

*RE

EERIH

BB



W E

ARG R TIEEE L LU OBSEEZ IV Z,

Ac
aq.
Ar
Bn
Boc
Bu
Bus
cat.

Cbz

DBU
DCM
DMAP
DMSO
dr

ee

ESI

eq

Et

HMPA
HPLC
HRMS

LDA
LHMDS
LRMS

Mes
min

MS

acetyl

aqueous solution

aryl

benzyl

tert-butoxycarbonyl

(normal-)butyl

tert-butylsulfonyl

catalyst or catalytic amount
carbobenzoxy or benzyloxycarbonyl
cyclohexyl
1,8-diazabicyclo[5.4.0]Jundec-7-ene
dichloromethane
N,N-dimethyl-4-aminopyridine
dimethylsulfoxide

diastereomeric ratio

enantiomeric excess

electrospray ionization
equivalent(s)

ethyl

hour(s)

hexamethylphosphoric triamide
high performance liquid chromatography
high-resolution mass spectroscopy
isopropyl

lithium diisopropylamide

lithium hexamethyldisilazane
low-resolution mass spectroscopy
molar

methyl

mesityl

minute(s)

mass spectrometry or molecular sieves

methanesulfonyl



MTBE methyl tert-butyl ether

NMR nuclear magnetic resonance
Ph phenyl

phth phthaloyl

PTC phase-transfer catalyst
quant. quantitative

rt room temperature

TBS tert-butyldimethylsilyl

‘Bu tert-butyl

temp. temperature

Tf trifluoromethanesulfonyl
TFA trifluoroacetic acid

THF tetrahydrofuran

TLC thin-layer chromatography
TMS trimethylsilyl

Tol tolyl

Troc 2,2,2-trichloroethoxycarbonyl
Ts p-toluenesulfonyl

Xyl xylyl



1. F

2

VTR DRIHEM A BN & HF L b, BHMRICAEZ 2 x DAEFICBOTERGLBARAI KT
b5 Z LA, BRI IR FEIRIIH TR AR O A & HIR O TH Y
IHNECTERLOTR TH -7z, ITETIE, X7 F FITE S D Ry FERSCHURICRE
ENDEDTFERICEEDPEE > TVDLIN, LEE ETNTILHILFHRE D DR S 1L
DERZAED FICT e, L LEMEREEZ /T 29 - @+~ b il ArRE e (b # X
i AEHISOGIE D 22 ZOBRITHETH D, Fio, B TEELTH- THEZ L OfF
b ez alT D2 RNENH Y . ORI REMIEITKARL LTEWTFER D D,

A b T EIRG & 72 2 G803 RN DS, SR EZO LT 54
Ko+ & OMEAERICLERBEERREZEO L AT DL ENZ N, it T, LHEERET
TEF. Mo 7B REEETE T & R BAICIR AL, (BT X 2 X 2 R RIHR S F 0 bRy £ T
WA ATRE R ENTZFUS & 72 D, BID | EHEMEBINICHB W TESR SN D MWE L IE, Pl
JEMEZ A D ERRED T DALTFEIRANTIEMH AL TE 2 2 & K2 BUSHED & ORI E R
KOREEZ T TG TE 2 EREABMEOR S Th 5, TIZ, RISHAH S AT
% X9 7oA AR ClE =T U F AR, BRI OARFREF LTS L) 7
AREETIIYT AT VARRTHAMLEL S, ZOXHICHBICIEEZHETE 5
K ORNERRIEDEETH D LV 2 D,

oL ERENBEEOEL. LSRRI DI ERIRMGRIG T, EHA72EHELA
H R QSR A L — R BISE, BB ERIIC L DER T A 7T ) — 5 L2 EHR LE
WALBIRICEBNT D Z AW S NS, EBICZ 0L ) MEEA T DN, T F R,
B Ry BEMI~ ST 5 2 & THT A SO RS A A USRI b E L
25 EMFFTE D,

LED XS et mh b, SFEE Tl E R AN O @\ BB IR D LRI 72
B DBRFEIZELY $A TE T,




2. PTATVLA « = F U FBROMENT IV F—LV s
2-1. VAR URRICRET BAbS, ALERIRE AR E G SO D BLR

TINVR BRI, AR FICIREAS B ENLIEERERETH Y FRHIIERAT v A RIEFIL
SEHE (NSAIDs) T E 72 & O AW FHNTEME /2 RIS EIRGICH Z < EFEN TN D,
o T EEOERREEZH T 5 VA VBT IR, B REEFFA DD SLARBRINA 72
FIRFAECTERBUNE, BHED DB R, EIEA ) — NMEG MRt Sa#E LD 7 D% HIFHE
BEIicB T 2B 2 FEL e D,

T VIR CERIZERPEEE O W ESOGMED OH F2 BRERENICAE LT\ A A, @ IXA )
= AT NV EOREEITO, B CHREISND Z L THNAVRF VL LTEAT D
ZENRZN, —FH T, KGERIZREZH D DD IVR W% Z D F £ O CTEA, 2t
TAHIEPMESNTND, BHEDFTH-> ThH, WIVR U EROFERLRE L W D AT
DIRNTREMERT D Z &2 EERICETT 5 2 L BRI E D706 Ak 4 F281
L9 %, BRI mF5e L LT, ILARSIZAR T T K D VR RO e 725 M b 2 R L
AR A VAR R E U v OfIEER) Diels-Alder it % #45 L 7= (Figure 2-1-1), R F &7
VIR CRIRRIR O R e ARG AR T 5 2 & T, BVR CERIEEL & Al als A
FIRFIZFEBL L, BIEAEED DFE LB 2 VD 2 & TARFIC BRI LTV D, R
WLk, AR CEBEE L L U TR Y RIFEFAEE ESND L 01T T MR
~ A TR e ERE 2 RO SOGHE ST E 7o, F7IC Hall S I3RERO LA S E[F T
Diels-Alder S 72 236, B EICBAFE L72R v U BRAREE S A BF A V7R o R % 45 A TR
b L. RfaFn— 27 VAEE T CH VR IR 72 Diels-Alder SRS EITT 242 L &2
HLTWD, ZAUIH AR BRARERICERISETH D Z L 2RI LT, AR i
ERPITIEML TE D 2 L 2R LI BREV#HE CTH 5,

! Furuta, K.; Miwa, Y.; Iwanaga, K.; Yamamoto, H. J. Am. Chem. Soc. 1988, 110, 6254.

2 For selected example see: (a) Ishihara, K.; Ohara, S.; Yamamoto, H. J. Org. Chem. 1996, 61, 4196.
(catalytic) (b) Al-Zoubi, R. M.; Marion, O.; Hall, D. G. Angew. Chem. Int. Ed. 2008, 47, 2876. (Mild
condition) (¢) Noda, H.; Furutachi, M.; Asada, Y.; Shibasaki, M.; Kumagai, N. Nat. Chem. 2017, 9,
571. (Recent advances)

3 For selected example see: (a) Hayama, N.; Kuramoto, R.; Féldes, T.; Nishibayashi, K.; Kobayashi,
Y.; Papai, 1.; Takemoto, Y. J. Am. Chem. Soc. 2018, 140, 12216. (b) Horibe, T.; Hazeyama, T.;
Nakata, Y.; Takeda, K.; Ishihara, K. Angew. Chem. 2020, 132, 17409.

4 Al-Zoubi, R. M.; Marion, O.; Hall, D. G. Angew. Chem. Int. Ed. 2008, 47, 2876.
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0 0 : s
BH3*THF (10 mol%) : R
HJ\OH + @ Ligand (10 mol%) »\”\OH | Hooc/\;/COOH
| DCM, -78 °C : OCOAr

(1.5eq) 93%yield | Ar=2,6-OMe),CgH

78% ee
(0]
o3 l=1
- = [B]* =chiral boron catalyst

Figure 2-1-1 & v Ffiii % F v 72 R BRI A v R v RIS 3 5 A7 Diels-Alder G

=
1
N
>
e
<
o
N
@)
[}
T
w

HNR VBRI RERNCEISETH D Z 2RI 5 2 & T, (LFERRELISMC b AT
BINER FHA D OERHE SN T D, Yu Bk, TV 7 AMIERNSEREAGEFTH
TR F VEIGERASRRR S N TRl R /RS 2T 5 2 & C. ERIREY7Z: C-H
fa TG b 2 @A L 2 2 8L & T 2 ML B O 2 E O 12/ L T 5 (Figure 2-1-2),

RO.__O
j Pd(OAc), (2 mol%)
“ Ac-lle-OH (4 mol%)

0O, (1 atm)

KHCO3 (2 eq)

{Amyl-OH, 85 °C

(+)-Lithospermic Acid

Figure 2-1-2  AAR V% EMEIC L7 Pd fildiiic X 2 i E IR C-H iSRG

5 (a) Wang, D.-H.; Yu, J.-Q. J. Am. Chem. Soc. 2011, 133, 5767. (b) Rosen, B. R.; Sim-ke, L. R_;
Thuy-Boun, P. S.; Dixon, D. D.; Yu, J.-Q.; Baran, P. S. Angew. Chem., Int. Ed. 2013, 52, 7317. (¢)
Meng, G.; Lam, N. Y. S. Lucas, E. L. Saint-Denis, T. G.; Verma, P.; Chekshin, N.; Yu, J.-Q. J. Am.
Chem. Soc. 2020, 142, 10571.
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2-2. ANAUWRT ) T— b ARHT D o MEMSUSOTRR

ET, INVR=EEMIIRBNTEDOT ) T — N2 #RH LTRSS 2472 KR E -4
DB AR 2 L0, BREEE O N FHEEIANL 2 RO AR TE HT-OIFICEETH
%o FEZ, afi7 e b OBYEERE N T AT B ROX ) T — NERITERIR S
THHEOZNETHE ORIENHE SN TEY | SRAECHBE ) A X 515
LbEATHDL, TO—FHT, TATART I K, VRV EBE VS TEERBRLEEEIZBN
Tk, ZDafi7 v b7 v b ALRKREEZR Z &0 bR M AR R R EE 2 e
)T — MERR R TH -T2, LIS HARBIEL, L OBIEEDOE NI LRF S HD
OH Z/FWIZA L TWVDAIL, TDOT L UVAT— MERITY T =4 v 2 RHBT 20N H
DI b WEER RO E D ThH -T2,

ZDIHZNETIE, LDA 24D LT 2mFlEROBELLZHNSZ LT, B FrFd Ak
ENNVRUBED a7 a hrERT A N AL LRERIGEITS 2 ER— R TH o7, ITFE
Zakarian 51X, YEOXTNT I U EAND Z L TR 72 I VIR V8 o (ABAR SRS,
R LT XA, T U b, <A T AT TV BV EOSIZAED LTV % (Figure
2-2-1. 7V F=)VIRISIZHOW T EIR), —EOREIEL, @SS hE O Lo o
7 — MEEZ S L RO SRR T o (B Z2 FZE LIS TERLTW DY, HEIED
SR AL A LB & T D T DI ~ 3 R0, AL B IRMER B N 22 8 B EOF T L
TIVEMLBELTHEC, KIGCETIEEE LTHAR VIR o fLIZT U — LA B
FUREVIE LT EICBVTHEORMNIED,

e} O
RS « W
CA’ %J\OH 2, O
T YR2 R'" R

(0] chiral amine* (1.03 eq) O/Li . IIviati
R! "BuLi (excess) 1 ) electrophile alkylation sa ylation
OH R = /Ll\ . (@] B (0]
) .78 °C 0" CA  good yield :
R R2 good ee R*0 * X OH
R' 'R?

Michael addition

Figure 2-2-1 ¥ A7 IV EAMH L7 AR VBTN T 5 a i A KOG

R ORI AE WD BB THFE Y RO TIE R Wb 0D, 7 A ARIEE
{bAI L R EDOM AR DRIZL > T2 77— MEERAIREIZRDZ Ebmbh b, %

6 (a) Stivala, C. E.; Zakarian, A. J. Am. Chem. Soc. 2011 133, 11936. (b) Ma, Y.; Stivala, C. E.;
Wright, A. M.; Hayton, T.; Liang, J.; Keresztes, I.; Lobkovsky, E.; Collum, D. B.; Zakarian, A. J.
Am. Chem. Soc. 2013, 135, 16853. (c¢) Lu, P.; Jackson, J. J.; Eickhoff, J. A.; Zakarian, A. J. Am.
Chem. Soc. 2015, 137, 656. (d) Yu, K.; Lu, P.; Jackson, J. J.; Nguyen, T. A. D.; Alvarado, J.; Stivala,
C. E.; Ma, Y.; Mack, K. A.; Hayton, T. W.; Collum, D. B.; Zakarian. J. Am. Chem. Soc. 2017, 139,
527. (e) Yu, K.; Miao, B.; Wang, W.; Zakarian, A. Org. Lett. 2019, 21, 1930.
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BRI 7292 & UC, Bvans BT AF ARy U 75— M EIEHALA]. o4 Y Fa
TFNANT I VEEEE L THWD Z E CRNTYR T U4 T — MNEMNER L, TAT
ERZMA DT ETT IV R—=VEON B RV THEITT 5 2 & % AL L7z (Figure 2-2-2),
T AT UABIPEIFEECH W AR U 77— MAICKF L TR 0 RIS
RHETETWRWNWbDOD, &ERMEREZRWD Z LR ANRUBEBOT U4 T — MNER
B TELZ L2 A LA TEHNTH D, EO—FH T, MROFMHETT F Rz ZXT 1
b /) T — MNERT 5 Z &AL RIMEOBLE ) DIXBEEORHNTED

_BR,

0 Bu,BOTf (2.1 eq) o) ohCHO OH O
DIPEA (2.2 eq) r)\ BR, /kT)k
OH Ze g e
er Et,0 78°Cto0°C " OH
R -78 °C R R
diboraenediolate good yield

low to high dr

Figure 2-2-2 F U7 HRRIIC X 2 WA+ VEBBEBN 7 v F—VRIG

AREELUR, MEBITIZ < VWb ODOR Y BIEMHELH &L =T I 2 Hnws & Tz
T — B EGIERELS TV F= RSB HE STV D, EZFERICHREGNITA 20 D
DITAFRRN)T7T7— R EPNEIZEST, YINATT T —NLEEMKLT IV RE—L
BOS 24T 9 Bl b s S Tu 2 (Figure 2-2-2), AFEIT one-pot (CETORIEZREE D Z
ETRICHEEITL, BIREEWIERICTHRIMA RS Z EDNARETH 5,

ﬁ) H?\ (2.2 eq) OH O
+ DIPEA (2.5 eq) 2J\/U\
—_—
R? R OH DCM, rt R R OH
(1.4 eq)

45-99% yield

low dr
\_ e [
Py

R1
Figure 2-2-3 7 A ZikFIC X 2 WK VIBEEN T v F— VKIS
it Hartwig & 1%, VAR U ERICK U CHilEL & 7 A Blbam e At bhbd s 2 & TU U

W T T'E—NVEEE L, EIT onepot TXT7 V7 AMllEZEHIE L Z & ThARY
g a7 V) — LR % 2 LT 5 (Figure 2-2-4), HLR BRI LC S EL Eo

" Evans, D. A_; Nelson, J. V.; Vogel, E.; Taber, T. R. J. Am. Chem. Soc. 1981, 103, 3099.

8 (a) Brown, H. C.; Dhar, R. K.; Ganesan, K_; Singaram, B. J. Org. Chem. 1992, 57, 499-504. (b)
Ramachandran, P. V.; Chanda, P. M.; Otoo, B. Tetrahedron Lett. 2019, 60, 151102.

® Downey, C. W.; Johnson, M. W.; Lawrence, D. H.; Fleisher, A. S.; Tracy, K. J. J. Org. Chem. 2010,
75, 5351.

10 He, Z-T.; Hartwig, J. F. J. Am. Chem. Soc. 2019, 141, 11749.
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TMSCI K OMEFE L U CilafElE o LHMDS ZHWA Z & TRNICTY v I = o4 T — M
EERESE. TV —NANATA REDOT TV TN — " F—L LTHNTWS, AFETHR
YEORGMECINZ, 7 2 RIZb#EHAETH W IBENT-IIETH D,

Br (6 eq)
LHMDS (5.3 eq)
(1eq) Pd(dba), (5 mol%) o o
PtBu3 (10 mol%) R’ O’H R! N,R2
o) 10 ZnF, (0.5 eq) _ or |l|
RlT/ﬂ\ H o RLT/M\ R? THF/DMF, 80 °C
H (2.5 €eq) 35 examples 17 examples
44-99% vyield 55-93% yield

O/
O/
LHMDS R o R1¢4\N/R2 [Pd]/L
o~ ' ArBr; F

Traceless protecting in situ

Figure 2-2-4 7 A 3 % traceless PRk & L THWD o L7 U —/WABS

LR ZN60FNE, WTh Y &L EOiR ) 2 IEHALH & 5 3eRiE A 3
L LTED Evans b & REEORIESER B D, FIoB LR LIZRETH Y . L EHEM
PEFSEN T )T 2 SRS P18 AR5 BRI BE T~ 2 0 B AAE Le o T,

ZOEOREFROS & YRR TITFOL, IRA72 DBU AR T, T /LR CfEs 7R
U BB X o TEFBIRICIE ML TE 5 2 & 242 L, Mannich BUSUGRSCT U LK
RN 1255 % s U 7= (Figure 2-2-4), 24056 ORUGIZEBWTIE, A 7 H kit -2 2 bl
a2 RS Z & TRIBEDIEESC SR BRMELZ a2 he— LT 52 ENAEETH D |
BINOL BUEMI 07 2/ L DOFNLF- A2 D 2 & TEWILER & TSR M A2 J28L L T U
5o BULFRURIZOWTIL Evans & ERBRICU R T = U4 T — MEZBHELTHDHHD
D, BURENZ LICRTFIETE, LV F—MER LT WS oo A7 v, 73 NE
B L TS EITE T, F—REPICINOOEREEZA L TWTH ALK VR o fif
BRI SOESEITT D, 7R IR & W O RPN TH 5 2 L &0E
ML, _TF PR FEEMOBRPFEMMEZEB L TV LR BRFETRERTHD,

11 Morita, Y.; Yamamoto, T.; Nagai, H.; Shimizu, Y.; Kanai, M. J. Am. Chem. Soc. 2015, 137, 7075.
12 Fyjita, T.; Yamamoto, T.; Morita, Y.; Cheng, H.; Shimizu, Y.; Kanai, M. J. Am. Chem. Soc. 2018,
140, 5899.
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BH3°SMe;, (10 mol%) PG . ,

N , Ligand* (10 mol%) NH O . OO '
R !

By W)J\OH DBU 2eq) RgJ\%kOH | o

R3 R Tol/THF, rt !

R2 ‘R OH
= 3
PG =SO,R up to 97% yield ' OO |

up to 11/1 dr '
upto 98% ee = ------c-------- 4

R3 (AcO),B,O [Pd(ally)Cll, g3 !
) (10mol%) (2.5 mol%) :
0 B-Ligand* Pd-ligand* X o) !

R% (10 mol%) (5.0 mol%) o O 5
o : :
DBU (1.5 eq) OH R R '

R R? R , F F Xyl” Xylxyl Xyl
Toluene, rt upto 99% yield | OMe e A
upto99% ee | B-Ligand* Pd-Ligand*

Figure 2-2-4 &+ v HFMIEIC X 2 v R v BHEIRT a (2 B)G

UHFFEE OO LISE, A2 VR VRO ) T — NMERISAIRE S5 L)
W27 oTe, KD IXEEEE T ) &RE WD Z & T, VAR VEET ) 7 — hETERR L
TEMPO T/ 77— b2 —B BT DI EICLoT a7V ONEAERSIE, X 0L
DZ P ANIEB~ LIS LTz (Figure 2-2-5), AFEX, &0 7 &7 — MEE TR
YR T — MER L, EFERIRIC BRI TE D 2 L2 Al Lo RIZB W TER
TWb, Lo, @HAEEREE T oMLz V=37 VRS AT 2 EICRES
% Z & SONLARHIAE 23 R EE 72 SIS B W T DR HIDFE 514,

M ettt !
0 Fe(OAc), (5 nr:ol%) o/[ ] RO" o} 'Me,N NMe,:
AOH Ligand (5 mol%) P o/[Fe] RO on : — VR :
MS4A, 60 °C, THF 1e” reaction ' N _ :

R R R ! N N :

' Ligand !

R = Ar, allyl M = alkali metal in MS4A up to 97% vyield “-----omme e '

Figure 2-2-5 ~7 054 A2 Yy ZiEIC X 2 AVK Vg a7 ¥ A VIRIG

13 Tanaka, T.; Yazaki, R.; Oshima, T. J. Am. Chem. Soc. 2020, 142, 4517.
W Ol n R EMIET L) Fa—=v I nimy Eil e DBU #FHwCx/
7= MEB AT 72, AIRERH T, = 20hy 7YV v I X—F—~D—F
BEIC Ko T, ALK VEED 0 TUNNRERL T S HNN Y TV ¥ TRT RIBHEK
HIC X o TR & N7z P3ARHIE 2 5B o8 F #iPH 1< 2358 % . Sun, K.; Ueno, M.;
Imaeda, K.; Ueno, K.; Sawamura, M., Shimizu, Y. ACS Catal. 2021, 11, 9722.
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2-3. AURMPBIZL D uFR 2T WEMALEREH L 72 VIR R o S REZA AN
PG D BUGE &L

Fiko X 51z, A TFE-DBU & H W= VR USRI INGIE 7T B R AT L TR
RD XD 72D VR = )VEBREAFE T THOUNR UV BEFRINIC ) 7 — MEKRT
& 5 BRI R EMF DT DI O FREE AR S 20 A, WHERE A2 Lo Bl E E I Bk
THLEEZOLNDEOCNLEEREOBLEN S, DB VR CERIEMEARE & il L TER T
Wh, L LZDO—F T, KERIERLT 2/ FE L o TR O i OBV VB BESE D AFAE
Tz T, & v Rl & B E RS R Al IS E L TS REE bS5 7
DA TE RV E WD R B - 72 (Figure 2-3-1),

(a) o 0
B
OH [B] cat. O/[] . |
4—’ reversible & chemoselective
activation
O o}
(0]
(b) HoN HoN o)
OH [B] cat. OH
HO —— [B]\O irreversible & inactive
borate
O o)

[B] = &b
Figure 2-3-1 & v #MEIC X 2 7 4R v BIEHALIC 315 % BT A

FEL, Bex OFEZACTEEE, FOGOEITE L bice R mntmds ko427
IV R— VRSB BN TIEAR 7 BN RIEM AR L — MMEZTEART 5 & i mfis8d
RUBENYBRLETH D, ZORFT T o F @R K < 38 D4 % 7% 3 (Figure 2-3-
2),

15 Nagai, H.; Morita, Y.; Shimizu, Y.; Kanai, M. Org. Lett. 2016, 18, 2276.
16 JEFICIRGE S -2 E Tl 2 7 0 B — VOG5 EITS 5, Ishizawa, K.; Nagai, H.;
Shimizu, Y.; Kanai, M. Chem. Pharm. Bull. 2018, 66, 231.
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BHz-SMe, (1 eq) , o

0 Ligand (1 eq) OH O : MOH:

0 R? DBU (3 eq) : Lo !
u + OH q R3 H ! O: NH ' /\

> 0 ' =S’ =
R3 R Toluene, rt R? R! EF F E N 0
(2 eq) up to 96% vyield
up to >20/1 dr Ligand |
N
d inacti N\B/O
proposed inactive =N
borate species (:) ©9Q
R3\\<§O
R? R

Figure 2-3-2 M EDO KR URHAIEE VD VAR VIR T LV R — Vi

KEEIEST X 7 HITAERNE ST & O AEAERASIHERIC L D EHRO B#HN0 ThoH Z &
6, EILSRRIEFBINCA LN EARFHETHY . Z ORMESOMRIT LV IEA
WIEEA~OME ] & SO ERMTES O DIZIINATH S, B, AU RMB-DBU & D

AR 3G

DR EERRYE

B LIRS IR
ZHERFL D, MY EREICHT IHBM 2 G T2k bND,

HHL, BRI A BEAWITRNTHRHEL L LB EREHCH VR Ui %
A BT ATNE L TEMEHED L& 27, D, BRI R O B VR B OB B
RER A in-situ [ZRTH A BRE L%, AU EME L HOCIIMELS R R Lsh b 2 &7
SANKUBET A T AT IVEIRIZT ) T — MNERDBAREE 25 LB 2T, ZDHEITK
BAHESSED Z & T afREBISEIT L 9 % (Figure 2-3-3),

‘[B]* FREMEEEK
o _ A fEERIRE
R _[si] [sil, o Bl smese
O’ NH s
- o151
5 7
_ = 91
o S0 ‘\// 0 B
2 .
OH [si] o 81 [B]*
HO [Si] 0 — ( [si], o B
o] in-situ{® & O mxvz NH isi
. . [Si] o~
(ST =74 FALA i st o o
[B]* =$®§%ﬁ§t}% s o151 P
EF=REFH .
= 0 E S LI/hEE
(o] E*

Figure 2-3-3 {EZE{KGN
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2-4. HNVAHAUEEEINE LT DHARFT IV R— /LU D HR

RET IV R—=VROEE, EELARICBW TH AR EREBEMOBKC, BT 5418
R E — IR R T D EER RIS Th D, FEINETHREZ S DOREFT IV R—ILK
JIERRET SN TEBY T XTE ETF 203N THS, L L22EHTHIELIZERBD, &
WARVBRIZT B ) T — NERBERKHEERZ Lnd, IR CBERANTEAEZET VR
— VRO BRUG, RSO IR E B135R £ 7208,

RFEW Y EE & LT, Zakarian HIXHTHICAER LTF T 47T 7 & Buli # W
THRANTHXINR VT VLT I NEEEARSELZ LT, =/ 77— MNEREITWOARET
v K= U0 % #E R L TV 4 (Figure 2-4-1), AL, 7V R— L ROSPSMI LB AN
T XA b A ATRECTH D LA E R TER TS, LML, REEEZYEHWT
WD RRT IV R VRISIZTE A ATRE 2R I VAR VB IX a AT T U — VBT 5 BB IRE S
NTCWD A, BRIEORWEREILE ATV D SICBW THEORMNFE D,

o o Q "BuLi (4.0 eq) QH @ L OHNTTONH
| + tetramine (1.03 eq) : :
R) OH - R OH (\Ph Ph
OMe THF, -78 °C Ph OMe :
(1-2 eq) (1 eq) 51-88% yield § 7 § 7
1/1-13/1 dr
50 - 89% ee tetramlne
"BuLi NRy'
tetramine” O/Li RCHO
MeO _Li, .
e %O | NR2
Ar

Figure 2-4-1 ¥ 7 AT I VR FHL 2N RVBICH T 2A8ET L F =LK

AR SOGIE. h B, INASIC X o THID THEDI N, Ko IR 4 REET
H5SICLEEBHNERT IV TH2 BuNEtZHWB I THALR YO ) 5 — MK
2T, RO 4 REEEZ VS 2 L THAAKR VRIS T 2 Y] D 2 R F T L K
—VRIGZRFER L 720 RROGIE N A ZERAEIC X o TEM L I iz v 4 AR IC X

17 Yamashita, Y.; Yasukawa, T.; Yoo, W.-J.; Kitanosono, T.; Kobayashi, S. Chem. Soc. Rev. 2018, 47,
4388

18 $53yh4 3 Zakarian b DEFELIAMC, TATE F, AR VEEL b ICEHE IZIEF ICIRE &

N3 CEEE T v BEHEAAI 2 BBV AF T A F—ARIEhEHEINT NS
Fringuelli, F.; Piermatti, O.; Pizzo, F.; J. Org. Chem. 1995, 60, 7006.

19 Yu, K.; Lu, P;; Jackson, J. J.; Nguyen, T. A. D.; Alvarado, J.; Stivala, C. E.; Ma, Y.; Mack, K. A_;
Hayton, T. W.; Collum, D. B.; Zakarian. J. Am. Chem. Soc. 2017, 139, 527.

20 Kotani, S.; Yoshiwara, Y.; Ogasawara, M.; Sugiura, M.; Nakajima, M. Angew. Chem., Int. Ed.
2018, 57, 15877.
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D ZWNT cisoid oz /7 7 — FAAK L, BROEBBREXRHT L TRV VT
FEREAZE T2 70 F—ARGoHETT 2 (Figure 2-4-2), L2 LATFERB 2L 4 2
BrUEHnCns Zerb, (LEERECEREFAECRE K L E2LND (27
JEThik), 7z, BHAARERT AT e FEEIAERT AT e FBL P ) - MR TE
ROENIBET VT e FICREIN TV B L, V7 A7 LAERMIC IR 2 i cdE
DAHDITER S,

_________________

(4.0 eq) | SiPPry .
0 o Pr,NBu (5.0 eq) oH o | 0 :
2 : : ' '
. ; % Ph
1” * HJ\OH Lewis base (10 mo%) R1/*\.)J\OH ! OO P |
R R2 R2 I Ph !
DCM, -60 °C ; Pl
(1.2 eq) (1 eq) 60 - 84% yield ! G Ph
1.5/1-99/1dr . '
72-92% ee ! Si'Pr3
Lewis base
LB’
NRs3 .S
LB cat. 0 R'CHO

ﬁ/ko

cisoid enediolate

Figure 2-4-2 7 4 Fiddk & v A ZIERAFIH L 72 A E 7 v B — KOS

Flo, INVERVBICEEDL T, ZATART I RO L) RBEEOK a7 r &2
FTDHNR BB EDRE Th > Th ., BHEEIZ G B TR @RI 7 v R —r
B DB BNE 2N,

ZZTHEHIT. ERIEIFAMEDE WA LR VBRI R TV R — VRS OB % & B A
tdprz bzl
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2-5. R U FEHREE K M traceless PREEZFIH L@ W EREFAEM 263 258 RE
Ry 77 L R — VUi DB %

TR )VEORCEB W T, KISOEITE L ISR U FROfMER L 725 B Rk U HEN
AT D0, ZORHEREE O SIZENVR T ELY b= RRTERTHLIrAZN I
RE VL — LT axy RLiafid 5 2 & TR v HEOMPERIERS AfFEIZ 70 D L 18E
L7 (Figure 2-5-1),

mild base
,ﬁ]//"\\\odm

(0) chemoselective
RH)J\O/ %\O/ enolization
H R
/ 2
2
\ R via
[B] 6-memberd TS
(0] (0]
B
base _ / [ ]\O @)
OH (@)
R! R! R2 o)
~ 1
in-situ o O R
generation sz\/U\O/V o
R [B]-Si migration

Figure 2-5-1 487 S HA%

ETNVHE L L UI7T a4 UgQRa)E XU AT /LT B Ra), HiEE LTI nEzTo
MHFFEEIZIT D EL S DBU & HVWTRRE 21T o 7 (Figure 2-5-2), ARV FEDORUIF & L
TIIAFERGMAEE LT Ts-L-Val Z T\ 5,

REFTORER T A T2 BMA L L THOWRWEA . BHsSMex & W 72358 1IN ITEAT
P (entry 1), RTHEJRE L TEOIEEDEV(ACONUB0 Z AW ZHE THILRIL 6%I2 &
EF 0 AR XL T L ey o 7z (entry 2), ZAULHTRO LB 0 70 R—/LAHIMA & 7R o 35
DHEE LTEAR b— N 4 BNEIERTZDIT, B URDTRHE TR EZ Koo b D LB 2T
5o I T, TMSCl &7 A FJRE L THRFT LT & 2 A, BHySMe: & WA ITIT S
IZHETT L 72y o 7253 entry 3). (AcO)B20 % FHW 235 A T ITUER 42%, dr = 2.4/1 & fillE SO
DEITT DL )T oTz(entry 4), ZDOW, 7 A FERYNIH VR B E premix 5 2 &
TUT AT UABPMEL R O 2 & 70 UIHEIT 48% F T LA L7z (entry 5), Fe\ " THr A F#
IR et Lic & 2 AE RO IPEEHLIL 2 A9 5 (EtO)sSiCl & - W 2355 1T 92%, dr =
13/1 £ Tl EL7=(entry 6), ZAUTFHENRIZEY o 7' M OBEERM ELT ) 77—
MERMNEG I o7 Z & TIWENRM E L7 bDIEEZ LTS, WL LT Rz
% T THF Z W2 HAICRITE F L2 b oo, @RV 9 5 #f 278 L 7= (entry
7o ¥ b= UTKRY BB R OFANL 52 0T, 74 BOHERWESEITIEK
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I THEAT L7 v o Te(entry 8), HIH. 7 A B AT /LD HDN G TIISHEITHT 7R 7 A fih
BERSARAIR ToHDHZ L ZRLTND,

o [B] cat./ligand (20 mol%) OH O
9 (1eq) S
R OH -  Ph > “OH
Ph DBU (4 eq) H
1a 2a Tol (0.2 M), rt, 12 h;
(1 eq) (2 eq) 3HF-NEt; 3aa
H a a a
entry [B] ligand yield dr ) ee
(%)  synianti (%)
1 BH5-SMe, L1 none 0 N.D. N.D.
2 (AcO)4B,0 L1 none 6 N.D. N.D.
3b BH3-SMe, L1 Me;SiCl 0 N.D. N.D.
4b (Ac0)4B,50 L1 Me;SiCl 42 2.4/1 12
5 (Ac0)4B,0 L1 Me;SiCl 48 2.4/1 11
6 (Ac0)4B50 L1 (EtO)3SiCl 92 13/1 3
7° (Ac0)4B,0 L1 (EtO)3SiCl 71 15/1 6
8¢ none none (EtO)3SiCl 0 N.D. N.D.
B
O/[ l\o [Bl< /kHok
SiR OH
B <23
R%O/[ ] %\o T
RT 'R2 R’ Ts”
4 Proposed Enolate(PE) L1: Ts-L-Val

@Yield and diastereomeric ratio (dr) were determined by "H NMR of a crude mixture
before methyl ester formation. 1,1,2,2,-Tetrachloroethane was used as an internal
standard for yield determination. Enantiomeric excess (ee) was determined by
HPLC analysis after methyl ester formation of 3aa. °The silylating reagent was
added as the final component. °In toluene.

Figure 2-5-2 77 A SAWRNMFN D FNZ DT O HIHIRET
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2-6. RFET IV F—)LULDBI%

A E COMFHIBNT, T RS EERITETT 5 X 21227 b 00, WIHlR
ACIEVWTADOT Y Y —THIEFITENAFNRIZE EE->TWND, £ TS T4
BIRMEOUGEE B IS LAFENL T O 2 3 2 72 - 7= (Figure 2-6-1),

RETORER, DIATEHFEEIC SO Tl L 72 iR A7 Mannich BSOS 101288V THZ)
T& » 7= BINOL HEALTdh 5 3,3'-diiodo-[1,1'-binaphthalene]-2,2'-diol (L2)% V7354
VT AT UABRRME R OV S o AR S B 2 ) B L7 (dr = >20/1, ee =99%)H D D,
RN & EF o7 (entry 2), ZAUE, BIRUL & U THKBUGHEST LASEIRD 7 L AR g s
30%1F EAR LT TH DA, BADFKIZOWTIIARHTH D0, ART DTV RT—
FOT VXY RO LORT FITK UHCICiAT 52 & T, ZETERMT D
BINOL HUENL 1D —FEMRREL , RO NF 7 ¥ K7 =F U BAER L, 7V R—
JUAIIIRN S EleB SUGEIT LT K oo b D EE X TV D, 33MICBIT o EHLE
TERATEF L7z & ZANEITEIHITIET L 7% TH - 7= (entry 3), % Z T BINOL HUEA7 1
WCRATT RV BFHEREZRFT 22 Ll Uiz, BALICERV®RT I / RE2HTD 14X
NI EEmnAag YeA vy LsEHANTHL U FARIREOUEIT R b7
(entry4 JxWNentry5), LrL., 7 X/ FfRiER L LT Ts 725 4-OMe-CeF4-SO2 IZZE R L 7=
Gt WEEZEER D 2l = U FABRPEITEEIC ﬁiLW%w%wato
— 5T, PT AT UAERPEIIRE KT L 2.5/1dr TH o 7z(entry 6), SLATERMEIZIX, 7
BB OERERS LD LT 2 EOR %@%@@ﬁ#k%wkwoﬁ%%wﬁﬁﬁﬁ
bic, £ T, a7 V=V ANVRARENY 2RE Lo, BafoRiR, 7V —n gk
R v ERFEZEANTH L ToF U FARPERE EL, BAT D7 v RET O
ZVNEEENZ T T AR AR LT, 20— T, W7 v B0 B LT
T AT U AERRVEIIAK R B8 & 7R L= (entry 7-9), & < 1T CeFs-SO,-L-Val (L9) Tl 1.6/1
dr,85%ce ThH o7, HRDFBEMBAEHED =L ZAH, NINICT vERT LD HETR
SIHEMEW R T2 TH 5 H(L10), Me(L11) . OMe(L12). NMex(L13)ZE A L 7= & X2,
T UFRPNERR R S Z LR DT AT LABEIRMEN A B A Em AR L, &<ITY
AFNT I BB EEA LIZSAIT, 5.5/1 dr, 86% ee & LU 3T A DILARERIME: 2 7R
Uiz, BICSONEER OMRELEZH 5 2 & T, BIZUT AT LARFPERH E L, 69%
yield, 16/1 de, 86% ee THJ L 95 7 /L R— LA IED G B LTz,

A HEROYEE 3YEE THLE 5 & ThKIEIE 16% F THA L7223, 24% yield £ TIL
KT L7z,
22 OMe %, NMe (o6, IFHEEFNOMEL L CoOBEBFHR-EMEDEZEZOND
B, #%ihT2DF TEIELR E» o HEFRE AT OBEHEOFIMEIIP 7R, Hixick 3
BIHEGNRIIRENTH L LEZX TS
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o [B] cat./ligand (20 mol%) OH O

o) (1 eq) S
S OH =  Ph”">" “OH
Ph DBU (4 eq) H

1a 2a Tol (0.2 M), rt, 12 h;
(1 eq) (2 eq) 3HF-NEt; 3aa

entry ligand y(I;OI;j syncj;nti ((3/06)
1 L1 71 15/1 6
2 L2 34 >20/1 -99
3 L3 7 >20/1 ND
4 L4 43 171 30
5 LS 67 19/1 3
6 L6 80 2.5/1 87
7 L7 79 111 62
8 L8 82 4.7/1 78
9 L9 72 1.6/1 85
10 L10 69 2.31 85
11 L11 77 3.1/1 85
12 L12 82 1.8/1 86
13 L13 71 5.5/1 86
142 L13 69 16/1 86

@Yield and diastereomeric ratio (dr) were determined by "H NMR of a crude mixture
before methyl ester formation. 1,1,2,2,-Tetrachloroethane was used as an internal
standard for yield determination. Enantiomeric excess (ee) was determined by
HPLC analysis after methyl ester formation of 3aa. °Concentration was 0.1 M and
3.5 eq of DBU was used.

904 I i I
OH Perﬂ)\OH OH MOH

OH CN O ON
OO O;§/NH o;\§/NH O;\§/NH
X Ar Ar Ar
L2 X =1 L4 Ar= 4-M8-C6H4 L5 Ar= 4-Me-CGH4 L1 Ar= 4-Me-CGH4
L3 X=Tf L6 Ar=4-MeO-CeF, L7 Ar=2,6-Fp-CgH,
L8 Ar= 2,4,6-F3-C6H4
L9 Ar= C6F5

L10 Ar=4-H-CeF,y
L11 Ar=4-Me-CgF,
L12 Ar=4-MeO-C4F,
L13 Ar = 4-Me,N-CoF,

Figure 2-6-1 Bo{7 AR5

fi it DR & SREIUEOFIBI ORI LTI LTIV b 00, 2-11 T TRl
TORANBEREBINEZRE L7 DFT SHREORR LR ENORO X S IR L T 5, F
FTOT AT UABEPWEICEI L TR, 7 BB N-T U — )L AV IR = )LV EE D NERTE
LV HLBTHEHOFEOFHNKE W (entry 1,7-13), FIZ, 7 v EOEBIN L  BEDEINK
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T, BIS AR T RO VA ZAFRPERE OENLAIE E DT AT VA RIRMEME T 7 5 )
L TWD(entry 1,7,8,9), ZAUIAR U RO /LA ZAFRMEN R B35 2 & T, il & L
BOFEENEL Y, =) F— DT AT b NEOSIKEERENAEAT S LI
52 & TRFRIANBREBIREOFENER CEFOT AT UARRMEMET LIz H O
EEZTND, TOEDEANAFOT ) — )V BRI ITEE 2 R M2 AT 5 B
AN LUHEURBEFBELZR/R-ED 2 LRI FicokitotE2x 65,

—J7. T U FABRIREOEIFIZOWTIZBH S TIEZR WA, 7 U — L E2,6 LI 7 v
FIRAEHA LT & T E R T FAERM [ BN R S22 E(entry 1, 1)/ N T LD
EHEEDO BT L A EZ T T (entry 9-13) 2 & F 72 ISR A ISR L 72V \(entry
6, 12)Z L7l aEETDLE, TV =N EORHZ 2,6 MDD T RN I VT 4 HNALTH
HEBZBND, ZOAN MLT yROMBITIART NV RV IEDHIR BT, 7 U ALK
JETHFEBRIC =T o FABINEZ W ESH LR Z2 R L TR 02, R LA Lo
B RS L RNLA DTy TR A A AR 2ME) & BEE E LT <7225 &y 9 G
ZRLTWD2A, Ll 2-11 HIZBWTRIR T 2 5HER T2 AW TEBIRBE DT 7 &
X, 7y FERF LAY RFEFHEOESEHEFEIIZE LIS, 2L, 7y #ER
T E BN INERDOM DR, 2 WITIE & OMAIEAIC X - TERUENEE Sned < 72
D= FAERMENRH EL TV A AREMEIR S D, & D WITNLRREEN S OB & LT,
TN MMID T v FEE ANKRZNVIEDSIRIEIC L > T, AAKR=L-T U — L EOFEE Dl
HR3PHE 415 2 & TRUEDEE SNT < Ro TW DL AMREMED & 5.

23 Fujita, T.; Yamamoto, T.; Morita, Y.; Cheng, H.; Shimizu, Y.; Kanai, M. J. Am. Chem. Soc. 2018,
140, 5899.
2 FRHbED, SRR R, 2017.
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2-7. HEEMEORES

oI RES 2 b S E —RMEORFT 1T 9 2 & & L(Figure 2-7-1), #I®HIZH LR
VIR E ORET AT o T2, BRETORER, oI~ P a2 F T % HE (4ab) TIE 89%, dr =
>20/1,90% ee & IR, @SBRI SO EIT Lz, Z OEE, 4mol% (AcO)4B,0, 8 mol%
Ligand F TR 2 U C LIRS ARV R & R B A2 21T, BICS T LA r—
JU(6 mmol) COFUSNMI RS ITHEHA FEE TH o 7o, 1FMNIT, TILF 2 (dac)°7 /L7 v (4ad),
TIFINNT A RE(dae, 4an) e BT HEE TIIWTILG . @GR, @LRERIEY 72 SOS 03
1TL7e, H W T, 7 2 Ndag), = A7 /L(4ah), 7 | (4ai)., = I VU /L(4aj)/e & B VR Bk
b= T—FER LT WEEIZOW T O EI T2 2 A, WTLh W/LR g
a PRI SOE DS ELT L, BT R S e o Te, ZAUTARTIEN R U FAEE O %
NI T VAR CERIEMEALS & RO LR INEZ BT 5 2 L 2R LTV D, Z OB ME
FRINVEICOWTIL 2-8 THIZC TR T 5, £7-2, — kot Fed a3 5 LE dak) T
X, 7 A FBUEAHC U traceless PRi#EIL E L THWD Z & TRAFZRIER, HOVEWALIAEER
PEICCHM E 5 272, ZO—05T, afic 7V —V a2 a1 2 L E@al)TIE, SOGE R
MIBICEITT 2 5 OO0, ROALAEIRM(3.3/1 dr, 47% ee)ll & EE o7z, ZHUTRRMEE D
Wa 7B MDDy T 7T RORIGHIZ BIRpoTolediZ e BE 2 T b,
Fo. WNVER U a M UARIRFE Z R T D K 572 2- A F 7 1 B4 U fR(dam) & O 7285
B WERFTIEN%INERRN D 2% ee lIZE EFE o7z, BN L LTLI3ICZTL2 %
WD Z & T, SRERIRMEIIE TH E L 66%ee THo 7228, IR 36%E TR T L,
BNTT AT B ROEE IOV TG 21T o7z, KEFH & LTHERT VT E
R % 72455 (4bb, 4cb, 4db, 4eb), 5 EER FOEBILNE LR Th > THEFKLIHY
Th > THRSIIHBICET LS b S OSBRI Z R L, E-EERT LT E R
(4fb) TH EICE, ENLERIREZ UGS HEIT L7, B EFER B A 2 {(4gb)°A4 /L MiL(4hb)
7 CICEBIEN S DA THOSMIMBICHET L, W CTRET V7 & RiZonTh
Rt ZAT o 72, NRIGET V7 & RITHEEMSM T 551z T — MEKR LABET L F—L
L)Y B7bRETAIE LTHWDOEIEFICRETH 58, RETOMEE, FEKET LT E R
E R DM TIHENRICE EFE o703, A% DBU O Y (5 eq) & ISTATK DYREE(0.3 M)
EERIEHZETCKIEBEITTHE IR, E R AT LT E R@ib)ZH]8 &
I D4 ORIGIET VT & K(4jb, 4kb, 41b, 4mb, 4nb)(Z%f L TREjlINER, @ SRR 72 7 L
R—= VOGS LT LTe, & DALFEIRMED PRI OV TETIEZR WD, 7 m b oAkliED

%5 Nagai, H.; Morita, Y.; Shimizu, Y.; Kanai, M. Org. Lett. 2016, 18, 2276.

20 BVERE DA A VRV IERBLEE O B A FH W2 BIAE T v 7 e FICR S 2 i A~ A T
N R = VRS A H, BER. SEIR S oflici ¥ %, (a) Suto, Y.; Tsuji, R.; Kanai, M.;
Shibasaki, M. Org. Lett. 2005, 7, 3757. (b) Iwata, M.; Yazaki, R.; Chen, I-H.; Sureshkumar, D.;

Kumagai, N.; Shibasaki, M. J. Am. Chem. Soc. 2011, 133, 5554.
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(Ac0),B,0 (10 mol %)

L13 (20 mol %)

o) OH O OH O
0 (2.0 eq) /\)J\
R1u + HJ\OH DBU (3.5 eq) R OH _TMSCHN, R1* :
R? THF, rt, 12 h; R2 F-{
1 2 (2eq) 3HF-NEt, 3 4
carboxylic acids
OH O OH O /C:t)‘i on 9
o onte Ph/\;)J\OMe Ph™ ™" “OMe Ph : OMe
- Ph”” /// (
4aa 4ab 4ac 4ad
69%. 18/1 dr, 86% ee  89%, >20/1 dr, 90% ee 91%, 11/1 dr 84%, >20/1 dr
(3aa: 66%)"! 76%, 19/1 dr, 89% eel® 86% ee 92% ee
64%, >20/1 dr, 90% eel!
OH O oH 0 OH O OH O

rG)z rG)s

cl Br o” N 0”7 “OEt 07 “Me
Me
dae 4af 4ag 4ah 4ai
70%, >20/1 dr 53% (70%)[], >20/1 dr 82%, 16/1 dr, 94% ee  72%[%9] >20/1 dr  57%["9l >20/1 dr
94% ee 94% ee (3ag: 73%)P! 93% ee 94% ee
OH O
OH o) OH O :
b Ph Y OMe OH O
- Ph/\;)J\OH = :
rc)s Ls o o
CN OH
cl
43j 4ak ) 4al 4am .
81%, 7.3/1 dr 56%en1 (889 )1 72%, 3.3/1 dr 91%, 42% eell
97% ee >20/1 dr, 90% ee 47% ee 36%, 66% eeliM
aldehydes X yield dr  ee QH o
(%) syn/anti (%) OMe
Me (4bb) 741  16/1 87
Cl(4cb) 82 19/1 89 Ph
X Ph Br (4db) 88 18/1 85 4fb
CF; (4eb) 93 16/1 83 93%, >20/1 dr, 86% ee
(3fb: 81%)!
BzO
OH O cl QH 0 QH 0 z oH O
Y OMe
Ph”
4gb 4hb 4ib 4jb
93%, 16/1 dr 87%, >20/1 dr 92%M1 9.9/1 dr 71%0 11/1 dr
90% ee 90% ee 92% ee 87% ee
Y OMe Y OMe Y OMe OMe
Ph” Ph” Ph” Ph”
kb 4ib 4mb 4nb
72%U, >20/1 dr, 91% ee 86%!U1 9.0/1 dr 74%0 4.4 /1 dr 42%U, >20/1 dr
(5kb: 69%)M] 90% ee 86% ee 87% ee

I _Ph

Ph/\.)J\OMe Ph/\)J\ T OMe
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[a] General reaction conditions: 2 (0.60 mmol), 1 (0.30 mmol), (EtO)3SiCl (0.60 mmol), DBU (1.05 mmol), (AcO)4B,0
(0.03 mmol), L13 (0.06 mmol), THF (3.0 mL), room temperature, 12 h. Isolated yield and ee were determined after
conversion to the corresponding methyl esters, unless otherwise noted. Dr was determined by "H NMR of a crude
mixture before methyl ester formation. [b] Isolated yield at the carboxylic acid 3 stage. [c] 4 mol % (AcO)4B,0 and 8
mol % L13 were used. [d] 4 mol % (AcO)4B,0 and 8 mol % L13 were used. 6 mmol scale reaction. [e] NMR yield.
1,1,2,2-Tetrachloroethane was used as an internal standard for yield determination. [f] Concentration was 0.2 M. [g] 4
equiv of DBU was used. [h] 4 equiv of (EtO)3;SiCl was used. [i] 6 equiv of DBU was used. [j] Concentration was 0.3 M,
and 5 equiv of DBU was used. [k] L2 ((R)-3,3'-diiodo-[1,1'-binaphthalene]-2,2'-diol) was used.

Figure 2-7-1 X5y FIEITKIT 5 —fRIEDKRFT

BIETIT 2 S IRBRBEBTEREFISEIRENEL D D EBE XL TS, ED%T}V?“E N
RUEL ) T—ENZEZETREIINEL WD HRET IV R— U SIE T L2 2
CTEERERMEN AL D EEZ TS,

FWTEZEREL AT 5 EELRARWIIKT LT, SCERER R WS ORGET 217
- 72 (Figure 2-7-2), FIRIEFHNSAIDS) TH Y, TAT VD il T NV A » R—=LEHTDH
acemetacin % 7235 (4an), B VR U o ALEIRAIIZ BSOS EIT L 11/1 dr, 82% ee & &L
SRBRPEIC THEW S Hitz, £72F U< NSAIDs ThH Y | W /LR g BALICA x5
— /)L %49 % oxaprozin(4ao) T b [RIERIZ 91%INZE, 7.6/1 dr, 84% ee & LM VEIZHEST LT=,
Fo REARFATHY 7 = ) —AHIKBER T 7 F o A VT 4 &2 AT % mycophenolic
acid(4ap)IZkt L CTlE, 7 A BYEEZIOT Z & TRIGHHELIT L, @O SCARERRPE(17/1 dr, 87%
e)lC THMMD b, oK, HE, /INELOFEBZ WA, MWD SiCly DY
BAHESCLTH 10%I00ER3B.0/1 dr)i2 & &% H(Figure2-7-3) , Ziud, 7= /—tEe Re¥
VEDBEAFAEST DT 7 PP A AL L TEL eI BIREDmW R Y I me
VIV iR ST traceless PRkl L THREL 2o 7o, HDOWNLEEDOT 7 &
DIFFEEND B Y 7 ma ) ARENEIT LR T LB A TWD, 2O RERORK
RITFATZEIZ L U TRFEDSIBRD TR TH L Z & ZMMFEITRTHRER TH D, AFIEI
FREATHY PV he R MV A=V E2FT 578 Fra— L a— LRI LT hiE
FRBETH D . BAF7RIR & @O SR E-RIME I T B S S iz (4aq, 4ar), Z OFFFW
HBENLADNRE KRS ED Z & THOSEZ AT 5 isomer ZBGHITH/DH Z &R
(iso-4aq, iso dar), = D X 5 ITATFIEIL, WEOSHBEETIZ A iD= o F 4~ —%{f
WT D 2 & TTEBM OSSR ZIRIRINTAED 431F 5 2 E R ATRETH D RSBV TEIL T

27 Lin, L.; Yamamoto, K.; Mitsunuma, H.; Kanazaki, Y.; Matsunaga, S.; Kanai, M. J. Am. Chem.
Soc. 2015, 137, 15418
28 Kotani, S.; Yoshiwara, Y.; Ogasawara, M.; Sugiura, M.; Nakajima, M. Angew. Chem., Int. Ed.
2018, 57, 15877.
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Do I, M)A —NEZRFU N, W AT N2 EROSMEDOERELEEAT S,
PUAEWE mupirocin |2 OV TG 21T - 72 (3as, iso-3aq), Mupirocin [ZFeME, HEFLME SR
BOWTARZETHVESICTARXY FORBENEE 5 Z LN BILTNAD208 HEEE DL
FIRD O G @mOIARERPEIC THEMD R bz, ZHUIARFIED traceless PRiik—AR T
SRR O D TR ZRRIERIFICE 2D EFEZX TN D,

(Ac0)4B,0 (10 mol %)
L13 (20 mol %)

o 0 (2.0 eq) oH O TMSCHN on 0
. T 2 T
Ph) + HJ\OH DBU (3.5 eq) Ph/*\)J\OH —_— Ph/*\;)J\OMe
R’ THF, rt, 12 h; R! R!
1 2 (2 eq) 3HF-NEt; 3 4
OH O multifunctional substrates
/-\)J\ OH @
Ph 7 OMe :
o B Ph/\;)J\OMe
Me =
N
~
R S 4an Ph \ \’/
N from acemetacin o 4ao0
56%%€l, 11/1 dr, 82% ee Ph from oxaprozin
91%, 7.6/1 dr, 84% ee
cl OMe (3a0: 92%)P]

4ap
from mycophenolic acid from dehydrocholic acid from cholic acid
69%*"9l, 17/1 dr, 87% ee 4aq (2R3R) 4ar (2R3R)

63%[%el, >20/ 1/ <1/ <1 dr 68%491 20/ 1/ <1/ <1 dr

iso-4aq (2S,3S) iso-4ar (2S,3S)
42%9ehl 39/ 4.6/ 1/ <1 dr 50%4tohi >20/ 1/ <1/ <1 dr

- OH OH O from mupirocin
R 2 3as (2R,3R)
3 OH  4q9ledfeiil 20/ 1/ <1/ <1 dr

. / ’
=g (5’ g i
o4 O iy Mo iso-3as (2S,3S)

56%edfahiil >20/ 1/ <1/ <1 dr

[a] General reaction conditions: 2 (0.60 mmol), 1 (0.30 mmol), (EtO)3SiCl (0.60 mmol), DBU (1.05 mmol), (AcO)4B,0
(0.03 mmol), L13 (0.06 mmol), THF (3.0 mL), room temperature, 12 h. Isolated yield and ee were determined after
conversion to the corresponding methyl esters, unless otherwise noted. Dr was determined by 'H NMR of a crude
mixture before methyl ester formation. [b] Isolated yield at the carboxylic acid 3 stage. [c] NMR vyield. 1,1,2,2-
Tetrachloroethane was used as an internal standard for yield determination. [d] Concentration was 0.2 M. [e] 4 equiv of
DBU was used. [f] 4 equiv of (EtO)3;SiCl was used. [g] 6 equiv of DBU was used. [h] ent-L13 was used. [i] 10 equiv of
aldehyde 1 was used. [j] 30 mol % (AcO)4B,0 and 60 mol % L13 were used.

29 Clayton, J. P; Oliver, R. S.; Rogers, N. H.; King, T. J. J. Chem. Soc., Perkin Trans I, 1979, I,
838-846.
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\=o

Ph

1a
(1.2 eq)

MeO

Figure 2-7-2 %

B REAVEEMERL B X 2 IS B

i) OH O
OH . :
(8.2 oq) PR “OH
(S)-BINAPO (10 mol%) :
Pr,NBu (5.0 eq) |
DCM
60°C > -20°C,24h MO OH
0
o
3ap
10% 3.0/1 dr
Figure 2-7-3 /NG « W15 & O HLEER
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2-8. {EMETAFT AT IVHRRORA

KRERE, T A BT ATV EPREERE LTRGBS ETT 2 2 L2 BEL TV D, FEEE,
RN TT AR AT ABER LTS Z EIENMR N BT 72> T A0, &
o, T EF VO TMS TAT VG ERE L Lichh, IVRVBERE L Lichd
ERISEOIER, JEIRMIZ T H B9 235 5 4L 5 (Figure 2-8-1-(a)), B2, o7 ¥ /1o X
TV E OFEWEW] S M X< Bu-propionate (6) % HEE & L7z b o — LERELT
o712 & Z A(Figure 2-8-1-(b)), 6 ZIHE & LI-GAIITRiESM: FROGH 2L H#IT L7
Moz, T, A FZNEMRRERL L L THEIT T, DR CVBOERIEIZ S
A5 LTWD LW D EEBGRZ BT 2R TH D,

(a)

1a

(b)

1a

1a

(Ac0),B,0 (10 mol %)
L13 (20 mol %)

OH ©
DBU (1.5eq) /'\)J\
" OH

THF, rt, 12 h; Ph
3HF-NEt,
3aa
40%, dr =2.0/1, 81% ee
(2 eq)
DBU (3.5 eq) OH ©
(AcO)4B,0 (10 mol %) /:\)J\
L13 (20 mol %) N Ph - OH
THF, rt, 12 h; =
3HF-NEt3 3aa 69%
(18/1 dr, 86% ee)
DBU (1.5 eq)

(Ac0),B,0 (10 mol %) oH ©

L13 (20 mol %) 2
or Ph/\)J\OtBu

(1 eq) =
DBU (2.5 eq) 7 0%
(AcO)4B,0 (10 mol %)
L13 (20 mol %)

THF, rt, 12 h

Figure 2-8-1 = AT /LN DT )V R — /LIS Okt

T TCIOEMLDOEFEZED XL  FELA DI NVER=)b a7 8 h D pK \ZOWTHE L
723Y4Figure 2-8-2), tHOFER, MU FF LU LT AT I pK, = 19.6 THY . T

30 See SI

31 According to the literature, the gas-phase AG® of the acid dissociation and pKa of various
carbonyl groups were calculated by Gaussian 16.; Charif, 1. E.; Mekelleche, S. M.; Villemin, D.;
Mora-Diez, N. THEOCHEM J. Mol. Struct. 2007, 818, 1.
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Bu T AT /L(pKa = 26)°47 b 2 (pKa = 24 DTHANTRE TEMELEN TN D Z L35 h -
oo T pKAEIFAR T FEZ AT LA8TITH D DD, VR BN IEFITIE (LS T
WD, T R RT AT IVICKT DARFIEDOLFRIRMEIIN T = b AERFZAET TV D
EEZBND,
TARTATIVORPEER EIZBT 2 EFEIXH O > TR0, LIRS X HH7Z
RN IRLISMNC, T A FBITK L THAR )y ZJECERNL T 25 Z & TRIBLNLT A T AR
LTCWDAREMEZFER L TV 5%, HDWE, 7 A RO a RSB b O & LT, IR
XUBEBERT FOIIHFES N ErARET N VBEO o *ENLELL TWEHZ &
HL—RELTEZLND,

o) 0 o) o}
32.6 H\)J\ou 28.4 H\)J\N/ 26.0 H\)J\OJ< 24.7 H\)J\CH3
I

(e} AI'F\
25.0 18.3 > 196 5 o F 136 028~ o
0O O . \
O Me | H M __si-o B-0
| ~ H
H\v/ﬂ\o//§FMe H\/ﬂ\o”B\o 0 Et \v/ﬂ\o////
Me O)\ Et ArF = 4-NM62-C6F4

calculated by Gaussian 16 (B3LYP/6-311++G(d,p)//B3LYP/6-31+G(d,p))

Figure 2-8-2 #RICE AWV R=/ a7 b VEEVEEO BFEH 0

ED—FT, ZDTAFETZATNDAINVRCBEEMGIT pK EOIR T2 ICHkRT 260
TRV Z EbbhoTnd, B, 7V K=V EISZB W THER kRO LR F 2 L — K
EUINT 2 ENCEMET T 5, F2EE, ISR/ Z 30 sy & Lok &, BVAR VB DBU A
BN 25 Z & TIERIL 41%0° 5 26% F TIK T L 72(Figure 2-8-3), ZAUITiHEI /2 /LR ¥ L
— RV A R E LT U RIS S UL L UCARTEIER T = A PR L— Ml
DI LT BB 2T 5,

82 Muramatsu, W.; Manthena, C.; Nakashima, E.; Yamamoto, H. ACS Catal. 2020, 10, 9594.
33 Berkefeld, A.; Guerra, C.; Bertermann, R.; Troegel, D.; Dai, J.; Stohrer, J.; Bickelhaupt, F.; Tacke,
R. Organometallics 2014, 33,2721
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(1.0 eq)

DBU (3.0 eq)
° o) (AcO),B,0 (5.0 mol %) OH O
L13 (10 mol %) :
Js HJ\OH > Ph/\:)J\OH
Ph (C,HsCOO~-DBU* (1 eq)) :
1a 2a THF, rt, 30 min; 3aa
(1 eq) (1 eq) 3HF-NEts

without C,HsCOO~-DBU*: 41%
with C,HsCOO~-DBU*: 26%

C,HsCOO~ + [B]

—=— > C,H;COO—[B]
active

inactive anionic
boron complex

borate complex

Figure 2-8-3 71 /LARF 3 L— NMERINC X 2 KOG E O F
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2-9. fEkIELE O#g

ATEICEBIT D, INVRF L= T A BT AT VSRR TERT 52 L THRUH#E
filt B~ OB X 2 fRBEATE AL 2RI L BSOS 2 B T D &0 H 1R A RGET 5
N AR HEMEEO L THHEITT S Mannich UG OT U MAERISIZIBW TxRERR 2
1T - 7= (Figure 2-9-(a) X Vb)), Mannich BINZHBWTIE, A FZ ATV ERHIEDH 2
& T 1-5 mol% D KAl & T2 b Wb 637 a4 U EEQa) & DL TIE 62%IN =,
mycophenolic acid (2m) & D S Tl 59% & FREEE DR Z R LTS, ZD—FHTrAFExH
WR WIS EIZIZENEN<1%, 7% & IEFITIRNERIZE EE o7z, 7V IHERORIZEB W TR
ZOMEMIEE HIZBHE T, A REHWTEHEIT 89% & mWIREL R LEDIIx L, 7o
FEANLOWGAIZEMIMN &L GONRhoTo, TNHDERNS, A FT AT LD
BIRE LT, RN EARET 220R M55 Z L DRB S LD,

(@) 0 (AcO),4B,0 (1-5 mol %) SHN O
)ll\lTs Hk DBU (2-3 eq) )\Hk
+ OH
Ar OH
Ar R ( (1-2 eq)) R
8 2 toluene, rt, 12 h; 3HF-NEt 9
(1 eq) (1eq)
TsHN (0]
OH
9a
with (1 eq): 62%, 2.8/1 dr with (2 eq): 59%, 1.1/1 dr
without 1< 1% without i 7%, 1.4/1 dr
(b) (AcO)4B50 (2.5 mol %)
[Pd(allyl)Cl], (2.5 mol %)
o Xantphos (5 mol %) o
DBU (2.5 eq) X
OH - OH
\/\OAC +
( (1 eq))
toluene, rt, 12 h;
(2 eq) (1eq) with [Si]: 89%
without : 0%

Figure 2-9 Mannich RS K O U AABEORIS T 206 & o A 32 0D BSOS HNIEZH 5
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2-10. FERRIERNRERRIC K D ROSHERE AT

INETOYMIERORE L ARTFIENBRL BB CHEITT 2L, ThbbrAHFxT X
TN TAF/RTIFEONT BT ) T— MBRAERLTND Z & ERT R IERIE R IR
UEAT ST, FIDITT IV R—=/VRIRIZDOUWN T, B+ O 7RI & A ) O 7= o
R A A L7 & Z A(Figure2-10-1), — RO HBIBMENE Sz, Z OFEET, & v FHfilt
N—FDHEELTND Z 2T IMETH S,

1 (2.0 eq)
o 9 (AcO)4B,0 (10 mol %) OH ©
0 OH L13 (20 mol %) ph/?<>J\0H
Ph DBU (3.5 eq) H
Ph THF, rt, 12 h; Ph”
1a 2b 3HF-NEtg 3ab
1eq 2eq
Aldol reaction

100

90 90...0

80 -
—~ 70 71-“"
S b
; 60
8§ 50 54'
g 40 36 .
o 30

20 1939""

10 7

0 &

0 10 20 30 40 50 60 70 80 90 100
ee of L13 (%)

Figure 2-10-1 7 /b R—/VEJSIZ 384T 2 filflt & A= sl o et EE O B FRIE

ANRD L0 . T R—=)VERIET A FAEEW e L TIEAR U D REERIES L 272,
KRR 21T 5 Z &N HkZvy, % Z T Mannnich % i & W TRPREBR 21T - 72
(Figure 2-10-2), IRETOFER, A 7 FAED 7% F T 5 063K O F15(Condition A) T,
FERRTEh AR X, BRIZENTF DY 20% ee, 40% ee, 60% ee DEFIZIIARF IR S R 51
oo ZORERIT, RUBMBEOLRE R NTHARVBEEIEHCT 256, FUER ST
FoTx2 /) T—MULTEDR T = VF T — Mizfkh U TSP EITT 5 &0 9 S Tt
JeEFIE LS, 20— T, (EBtO)SICl 27 A Fbam L L THWZHA, IERIERhE
FE ST, —ROWBIBROABZTE LT, T OfRIT, KFEENERIEE 13RS

34 Satyanarayana, T.; Abraham, S.; Kagan, H. B. N. Angew. Chem. Int. Ed. 2009, 48, 456.
B FRMER IR S AR L R SR ORI S0 R DB & R v R 4y T B
BLTOWSYRT =0 DA 7 — Mk 428 L7,

30



FOSTER TR T T2 L 2B L, "RUBIFrAE~Ton U4 T — MDA L
RETHHLDOTH D,

Condition A

BH5SMe, (10 mol %)
L2 (11 mol %)

0 DBU (2.0 eq) BusHN O

NBus
toluene/THF, rt, 12 h
| ) )
Ph) + HJ\OH > Ph)*\.)J\OH

Condition B

8a 2a (Et0),SiCl (1.0 equiv) 9aa
(1eq) (1 eq) (Ac0O)4B,0 (5.0 mol %) (major isomer)

L2 (11 mol %)
904
OH

*

DBU (2.0 eq)
toluene/THF, rt, 12 h

I
Bus = -é-S—tBu L2 =
I l l OH
|
Condition A Condition B
100 100
95 0
90 90 90.%
80 79 80
74 .o
< 70 ~ 70
g 65.4 . g o
g g 57 ¢
8 5 51 0 S 50
S 40 all N B 40 41 e
) ]
© 30 I o 30
P
20 20 21 e
10 | 10 |
0 o 0 .
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
ee of L2 (%) ee of L2 (%)

Figure 2-10-2  Mannich B SIZ 3815 2 il & A 5l o0 S5t oo Ba AR
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2-11. FHAEBIC K 2 BRAEAEHT

e T, KRR I X D DFT RO R %~ 7 (Figure 2-11-1), £3°, 2a ko b U =
FET VU NZAT AV ERT B R AL T 57202 LN D FREREER LZ, TOHT,
oA ABRMEDF T LR o UftEc S e AT OVNENLT S T O T v ko AGHIST D
ERIRAE (TS)) % Figure2-11-2-A (TR )3 bRV B = 1)L B —[EHE (2keal/mol) %71
T—FH T, MOFERITIEAIR Z 72 B = R X —EREA R L2 %, 1 2 BUSHRREE O %6
HELTERIRLTWS, Bi7m boAmbtk, 159 S 18.9kcal/mol ZETHD Z-= /) 7 — ~H
MR LB SND, ZORE E-= 7 7 — MNERITHEERP, 270 R Tth o7z, &
HIZT ) T — MERED L 2R T 52 & T 2NEih LV $ 12.3 keal/mol F7213 19.0
kcal/mol @B = RN X —72 VAT — NHRUA L £/ LWL AEKRT 5,

LS DOARFET IV R—/AROGE, I3 X0 1 4.7 keal/mol 7217 = R /L ¥ — D@ W RIS B BB
FIRHE TS% (Figure 2-11-2-B) Z#%H L TR U REEERNTHETT 5, ZOKE, LITTS LY
t 2.0kcal/mol [F\\2D | L 2 b DR IIISIZH G LW EEZX b b, UL EDOZ &b,
RET IV R—=VEORNE, I & TS, Z#8H L CTHEIT L, QRIREMMIZES LfEimDT b,

ZORITFEBRRERE BT 2, SHEINTEBIRED 5B, TS 13 87.7%DHER THAE LT
D, EOMOBRBIREETIL, (25,35)-. (2R,39)-. (28, 3R)-DAERM N, ENZEI 7.0%, 3.5%.
1.8%DHERTHAET D720, Hin EOY T AT LA HIX 95/5 L7po7-, ZOfEIE, 3aa D
FERFERTH D 18/1dr & —ET 2%, 1T, B LD ee fllL 85% TH V. EHRAER (86%
ee) &< —FHLTW\WBHHE,

RET IV R—=)V D%, AT L0 29.1 keal/mol = R /LX — L ERBRTFET VK
T— b LBER LT, OO0 FICITBEBRFIMEO RN Y VENEET D7D, s OR U F#E
JiF & o A FF O TR S Is KV % 1.7 keal/mol 721 =R /L F—HIT &
RUBANVR B 1 BDAERT D 2L THBEEO & 5 R VRS TRENEAET S, 0
FAE RN A FBIRIMAN DAL T COBAR 7 T D # — o F— =N TH L L) |
BFox OG- ERFERETATL2HOTH D,

o Jit RN BEUESIRE & AN BEUERIRRE D 2R IO W» Tt ST 2
37 See SI
38 See SI
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/N N_ O
N_ O ,\,B/\ - .
_BC DBU o O‘ 0,CR
RCO” o o SIOE; Ph)
/*\ H. O/Si(OEt)3 . t
N, O () DBU (12) /N
e
RCO{B\O (0.0) (TSy) . (TSy) N__.©
SN
. -1, o” o
_ Si(OEt ;
\)J\O i(OEt)3 _Si(OEt); RCO,H
+ o *
a N [
N _BC N
N RCOjy o) P
_ RCOy
O,0R Hj)kozs«oa)a 7 N
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oe o I
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N H
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3. M

UbED X 91T, EZILT A F% traceless TR i & L THWAR U FE-DBU % & A6
52 & TIRMZRSEME TIT VAR CBEOC R R TEHE A 2 BB L &SV EREETFANE
R T D MR AR T v R— VRIS DORFIZEI) LTz, FBREK OGHRBFFC X Do
TABRRUBZA~NT R DA T — Mz THIE L $ 28w R bUSERE 2 B 52N LT,

AISIZERREZ AT 2 EMERIE IR LT, BRI RS IF SR 1T 25
BARFIETHY, EIELED Y — MEEWAIAS R G RO B BLE B 5 B 1A
ThoHEEXD,

)

(cat) R F 0
\
Me,N :IS—NH OH
0 o OH O
(0] F F (Ac0),B,0 :\)J\ up to 93% vyield
o+ HJ\OH > R OH Upto>20/1dr
R! R? (EtO)5SiCl, DBU, rt; F- = up to 97% ee
FG” B* FG”
O/ .
FG = keto, ester, nitrile _Si(OEt), + Chemoselective
amide, C=C, C=C, halo ZNe) + Diastereo- and enantioselective
OH, epoxy.... R2 + Catalyst-controlled stereodivergency
Si/B hetero enediolate « DFT calculation-supported mechanism

Fujita, T.; Yamane, Y.; Sameera, W. M. C.; Mitsunuma, H.; Kanai, M. Angew. Chem. Int. Ed. 2021, 60, 24598-24604
selected as Hot Paper
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1. General Method

'H and *C NMR spectra were recorded on JEOL ECX500 (500 MHz for *H NMR and 125 MHz
for 3C NMR), JEOL ECZ500 (500 MHz for *H NMR and 125 MHz for 33C NMR), and JEOL ECS400
(400 MHz for 'H NMR and 100 MHz for *C NMR) spectrometer. Chemical shifts were reported in
the scale relative to the solvent used as an internal reference for *H (5 = 7.26 ppm for CDCls) and 3C
NMR (6 = 77.00 ppm for CDClIs). Infrared (IR) spectra were recorded on a JASCO FT/IR 410 Fourier
transform infrared spectrophotometer. ESI-mass spectra were measured on a Waters ZQ4000
spectrometer (for LRMS), and a JEOL JMS-T100LC AccuTOF spectrometer (for HRMS). The
enantiomeric excesses (ee’s) were determined by HPLC analysis conducted by JASCO HPLC systems

(pump: PU-2080; detector: UV-2075, measured at 210 nm; chiral column; mobile phase: hexane/2-
propanol). Optical rotations were measured on a JASCO P-1010 polarimeter. Column
chromatographies were performed with silica gel 60 (KANTO CHEMICAL, spherical, 40-50 pum),
Biotage Isolera One and Biotage SNAP Ultra, or Yamazen Smart Flash and Universal Column
Premium. Preparative recycling gel permeation chromatography (GPC) was performed with JAI LC-
9210 NEXT instrument equipped with JAIGEL-1H and JAIGEL-2H columns using CHCIz as an
eluent. All non-commercially available compounds were prepared and characterized as described in
Section 4 of this SI. DBU and (EtO)sSiCl were purified by distillation from CaH, and used under
argon atmosphere. Reagents that were not further described were purchased from Aldrich, Tokyo
Chemical Industry Co., Ltd. (TCI), Kanto Chemical Co., Inc., and Wako Pure Chemical Industries,
Ltd. and used without further purification.
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2. Determination of Relative and Absolute Configuration

OH O

Ph” > “OMe

4aa: 86% ee

The spectral data of 4aa was identical with the reported values of the syn-isomer!. HPLC (chiral
column: CHIRALPAK IBN3; solvent: hexane/2-propanol = 19/1; flow rate: 1.0 mL/min; detection: at
210 nm; rt): tr = 10.1 min (major) and 11.5 min (minor); [a]o'"® = 21.3 (¢ = 0.30, CHClIs) for 86% ee.
Based on the comparison of the reported optical rotation for the (2R,3R)-enantiomer ([a]p® = 10.7 (¢
= 1.79, CHCIs) for 45% ee)?, the absolute configuration of 4aa was determined to be (2R,3R).

3. General procedure

Procedure A
(Et0)3SiCl (2.0 equiv)

o o) (Ac0)4B,0 (10 mol %) OH © /QU.J\
| L13 (20 mol % : :
Ph) ' HKOH DBU((3.5 equif,)) Ph/\;)J\OH TMSCHN, Ph™ " “OMe
1a 2a 0.1 M, THF, rt, 12 h; 3;3 MeOH/toluene (1/1) 4a_a
1 equiv 2 equiv 3HF-NEt; rt, 30 min
L13: o
OH
Os..NH
Na -
OzS
F F
F F
NM92

A flame-dried 10 mL test tube A, equipped with a magnetic stirring bar, was charged with propionic
acid (2a; 44.5 L, 0.6 mmol), chlorotriethoxysilane (117.8 uL, 0.6 mmol) and DBU (156.7 pL, 1.05
mmol) in anhydrous THF (2.0 mL). Another frame-dried 10 mL test tube B, equipped with a magnetic
stirring bar, was charged with tetraacetoxy diboroxane (8.2 mg, 0.03 mmol), ((4-(dimethylamino)-
2,3,5,6-tetrafluorophenyl) sulfonyl)-_-valine (L13; 22.3 mg, 0.06 mmol) and anhydrous THF (1.0 mL).
After stirring for 0.5 h, a solution of test tube B and benzaldehyde (1a, 30.5 pl, 0.3 mmol) were added
sequentially to a test tube A. The reaction mixture was stirred for 12 h at room temperature under an
argon atmosphere. Subsequently, the reaction was quenched with triethylamine trihydrofluoride, and
then, aqueous HCI (1 M). Products were extracted with EtOAc. The combined organic layers were
washed with aqueous HCI (1 M), dried over Na>SOs, filtered and concentrated under reduced pressure
to afford the crude product (3aa). Diastereoselectivity was determined from crude NMR at this stage.

Subsequent methy! esterification was carried out without further purification. To a solution of crude
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3aa in MeOH (1.0 mL) and toluene (1.0 mL) was added TMSCHN> (1.0 M in hexane) until the color
of the solution became yellow. After stirring for 30 min at room temperature, a few drops of acetic
acid were added until the yellow color of the solution disappeared. The solvent was evaporated under
reduced pressure, and the remaining residue was purified by Biotage Isolera One and Biotage SNAP
Ultra (EtOAc/hexane, gradient from 6% to 50%), affording 4aa as a colorless oil (39.4 mg, 69% yield,
syn/anti = 16/1).

Procedure B

o (EtO)3SiCl (2.0 equiv)

0 (Ac0O)4B,0 (10 mol %) S /\/—\)J\

0, - :

/\) + OH L13 (20 mol /o) Ph/\/\.)J\OH TMSCHN, Ph OMe
Ph DBU (5.0 equiv)

= . =

Ph 0.3 M, THF, 1t, 12 h; Ph” MeOH/toluene Ph
, 3HF-NEt; . =1/ .
1 e1luiv 2 eZbuiv 3ib rt, 30 min. 4ib
d a L13: 0
OH
Oy _NH
O:S
F F
F F
NMe2

A flame-dried 10 mL test tube A, equipped with a magnetic stirring bar, was charged with 3-Ph-
propionic acid (2b, 90.1 mg, 0.6 mmol), chlorotriethoxysilane (117.8 uL, 0.6 mmol) and DBU (223.9
pL, 1.5 mmol) in anhydrous THF (0.5 mL). Another frame-dried 10 mL test tube B, equipped with a
magnetic stirring bar, was charged with tetraacetoxy diboroxane (8.2 mg, 0.03 mmol), ((4-
(dimethylamino)-2,3,5,6-tetrafluorophenyl) sulfonyl)- -valine (L13; 22.3 mg, 0.06 mmol) and
anhydrous THF (0.5 mL). After stirring for 0.5 h, a solution of test tube B and 3-
phenylpropionaldehyde (1i, 39.9 ul, 0.3 mmol) were added sequentially to a test tube A. The reaction
mixture was stirred for 12 h at room temperature under an argon atmosphere. Subsequently, the
reaction was quenched with triethylamine trihydrofluoride, and then, aqueous HCI (1 M). Products
were extracted with EtOAc. The combined organic layers were washed with aqueous HCI (1 M), dried
over NaSOu, filtered and concentrated under reduced pressure to afford the crude product (3ib).

Subsequent methyl esterification was carried out without further purification. To a solution of crude
3ib in MeOH (1.0 mL) and toluene (1.0 mL) was added TMSCHN (1.0 M in hexane) until the color
of the solution became yellow. After stirring for 30 min at room temperature, a few drops of acetic
acid were added until the yellow color of the solution disappeared. The solvent was evaporated under
reduced pressure, and the remaining residue was purified by Biotage Isolera One and Biotage SNAP
Ultra (EtOAc/hexane, gradient from 2% to 50%), affording 4ib as a white crystal (82.1 mg, 92% yield,
syn/anti = 9.9/1).
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methyl (2R,3R)-3-hydroxy-2-methyl-3-phenylpropanoate (4aa)
OH O

Ph” > “OMe

A colorless oil; Yield: 69% (39.4 mg); synfanti = 16/1 (General procedure A, SiO.: grad.
EtOAc/hexane = 6% to 50%);

IH NMR (500 MHz, CDCls): 8 = 1.13 (d, J = 7.4 Hz, 3H), 2.79 (dg, J = 4.0 Hz, 7.4 Hz, 1H), 2.90 (br,
OH), 3.68 (s, 3H), 5.11 (d, J = 4.0 Hz, 1H), 7.27-7.34 (m, 5H)

The other spectral data of 4aa was identical with the reported values?. HPLC (chiral column:
CHIRALPAK IBN3; solvent: hexane/2-propanol = 19/1; flow rate: 1.0 mL/min; detection: at 210 nm;
rt): tz = 10.1 min (major) and 11.5 min (minor); [a]o'’® = 21.3 (c = 0.30, CHCIs) for 86% ee.
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(2R,3R)-3-hydroxy-2-methyl-3-phenylpropanoic acid (3aa)
OH ©

Ph” > “OH

A white solid; Yield: 66% (24.0 mg, 0.2 mmol scale); syn/anti = 18/1 (Reverse phase HPLC,
acetonitrile/water, C18 column);
'H NMR (500 MHz, CDCls): 6 = 1.16 (d, J = 7.2 Hz, 3H), 2.85 (dq, J = 4.0 Hz, 7.2 Hz, 1H), 5.18 (d,
J =4.0 Hz, 1H), 7.25-7.37 (m, 5H).
Other spectral data of 3aa were identical with the reported values®.
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methyl (2R,3R)-2-benzyl-3-hydroxy-3-phenylpropanoate (4ab)
OH O

Ph™ > “OMe

Ph”
A colorless oil; Yield: 89% (70.9 mg); synfanti = >20/1 (General procedure A, SiO»: grad.
EtOAc/hexane = 6% to 50%);

The spectral data of 4ab was identical with the reported values*.; HPLC (chiral column: CHIRALPAK
IBN3; solvent: hexane/2-propanol = 19/1; flow rate: 1.0 mL/min; detection: at 210 nm; rt): tr = 13.5

min (minor) and 15.6 min (major); [a]o'"® = 36.1 (c = 1.59, CHClIs) for 90% ee.
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methyl (R)-2-((R)-hydroxy(phenyl)methyl)pent-4-ynoate (4ac)
OH O
Ph ; OMe

-

A colorless oil; Yield: 91% (59.3 mg); syn/anti = 11/1 (General procedure A, SiO2: grad.
EtOAc/hexane = 6% to 50%);

The spectral data of 4ac was identical with the reported values?.; HPLC (chiral column: CHIRALPAK
0OX3; solvent: hexane/2-propanol = 19/1; flow rate: 1.0 mL/min; detection: at 210 nm; rt): tr = 16.3
min (minor) and 20.4 min (major); [a]o'"® = 6.15 (c = 1.03, CHClIs) for 86% ee.
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methyl (R)-2-((R)-hydroxy(phenyl)methyl)pent-4-enoate (4ad)

OH O

Ph Y OMe

r

CH | tR [min] | B [uV-sec] | BE [uV] | EHS | &%
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86% ee

A colorless oil; Yield: 84% (55.3 mg); synfanti = >20/1 (General procedure A, SiOj: grad.

EtOAc/hexane = 6% to 50%);

The spectral data of 4ad was identical with the reported values?.; HPLC (chiral column: CHIRALPAK
0X3; solvent: hexane/2-propanol = 19/1; flow rate: 1.0 mL/min; detection: at 210 nm; rt): tr = 9.5
min (minor) and 11.1 min (major); for 92% ee. [a]p!"® = 13.5 (c = 1.04, CHCl3).
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methyl (R)-5-chloro-2-((R)-hydroxy(phenyl)methyl)pentanoate (4ae)

OH O

¢

Ph OMe
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C
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A colorless oil; Yield: 70% (52.9 mg); synfanti = >20/1 (General procedure A, SiOj: grad.

EtOAc/hexane = 6% to 50%);

The spectral data of 4ae was identical with the reported values?.; HPLC (chiral column: CHIRALPAK
IBN3; solvent: hexane/2-propanol = 19/1; flow rate: 1.0 mL/min; detection: at 210 nm; rt): tr = 12.3
min (major) and 13.2 min (minor); [a]o'"® = 28.1 (c = 0.79, CHCIs) for 94% ee.
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methyl (R)-6-bromo-2-((R)-hydroxy(phenyl)methyl)hexanoate (4af)

A colorless oil; Yield: 53% (47.7 mg); synfanti = >20/1 (General procedure A, SiO»: grad.
EtOAc/hexane = 6% to 50%); 70% NMR vyield

IH NMR (500 MHz, CDCls): § = 1.30-1.48 (m, 2H), 1.61-1.65 (m, 1H), 1.75-1.80 (m, 3H), 2.70-2.74
(m, 1H), 2.77 (br, OH), 3.30-3.37 (m, 2H), 3.61 (s, 3H), 4.96 (d, J = 5.2 Hz, 1H), 7.27-7.35 (m, 5H);
13C NMR (125 MHz, CDCls): 6 = 26.0, 26.1, 32.5, 33.3, 51.7, 52.7, 74.0, 126.0, 127.8, 128.4, 141.4,
175.2; IR (KBr): 3334, 2921, 1726, 1160, 748, 699 cm™; LRMS (ESI): m/z 337 [M+Na]*; HRMS
(ESI): m/z caled for Ci4aH190BrO; [M+Na]* 337.0410 Found 337.0413; HPLC (chiral column:
CHIRALPAK IBN3; solvent: hexane/2-propanol = 19/1; flow rate: 1.0 mL/min; detection: at 210 nm;
rt): tr = 12.1 min (major) and 13.1 min (minor); [a]o'’® = 25.6 (c = 0.63, CHCIs) for 94% ee.
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methyl (R)-2-((R)-hydroxy(phenyl)methyl)-5-(methyl(phenyl)amino)-5-oxopentanoate (4ag)
OH O

Ph Y OMe
1 _Ph
07N
Me

A colorless oil; Yield: 82% (84.3 mg); syn/anti = 12/1 (General procedure A, SiO: grad.
EtOAc/hexane = 12% to 100%);

'H NMR (500 MHz, CDCls3): 6 = 1.97-2.06 (m, 3H), 2.14-2.17 (m, 1H), 2.72 (m, 1H), 3.21 (minor, s,
3H), 3.23 (s, 3H), 3.46 (s, 3H), 3.57 (minor, s, 3H), 4.73 (minor, d, J = 8.0 Hz, 1H), 4.88 (d, J = 5.7
Hz, 1H), 7.10-7.40 (m, 10H). Other spectral data of 7ag were identical with the reported values?.;
HPLC (chiral column: CHIRALPAK 0X3; solvent: hexane/2-propanol = 3/1; flow rate: 1.0 mL/min;
detection: at 210 nm; rt): tr = 27.3 min (minor) and 43.1 min (major); [a]o*"® = 19.5 (¢ = 0.87, CHCl3)
for 94% ee.
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(R)-2-((R)-hydroxy(phenyl)methyl)-5-(methyl(phenyl)amino)-5-oxopentanoic acid (3ag)
OH O

Ph Y OH
I _Ph
.,
Me

A white solid; Yield: 73% (48.0 mg, 0.2 mmol scale); syn/anti = 16/1 (Reverse phase HPLC,
acetonitrile/water gradient, C18 column then GPC);

IH NMR (500 MHz, CDCls): & = 1.74 (m, 1H), 1.82-1.94 (m, 2H), 2.03 (m, 1H), 3.19 (s, 3H), 5.17 (d,
J=4.0Hz, 1H), 6.87 (m, 1H), 7.25-7.32 (m, 10H); *3C NMR (125 MHz, CDCls): § =21.1, 32.2, 37.6,
51.0,72.2,125.8,126.8,127.3,128.2,128.3, 129.9, 141.0, 142.7, 174.3, 177.3; IR (KBr): 3465, 2952,
1719, 1325, 1164, 1125, 1068, 843, 703 cm'L; LRMS (ESI): m/z 326 [M-H]; HRMS (ESI): m/z calcd
for C19H21NO4 [M-H] 326.1397 Found 326.1405; [a]p'"® = 9.9 (c = 1.01, MeOH) for 94% ee.

6-ethyl 1-methyl (R)-2-((R)-hydroxy(phenyl)methyl)hexanedioate (4ah)
(:)H (0]
Ph - : OMe
L
0] OEt
A colorless oil; Yield: 72% (63.2 mg); syn/anti = >20/1 (concentration was 0.2 M, 4 eq of DBU,
General procedure A, SiO3: grad. EtOAc/hexane = 6% to 50%);
IH NMR (500 MHz, CDCls): & = 1.22 (t, J = 7.1 Hz, 3H), 1.48-1.55 (m, 1H), 1.60-1.68 (m, 2H), 1.74-
1.81 (dt, J = 8.6, 10.9 Hz, 1H), 2.22-2.26 (m, 2H), 2.71-2.75 (m, 1H), 2.80 (br, OH), 3.61 (s, 3H), 4.08
(9, J =7.1 Hz 2H), 4.97 (d, J = 5.7 Hz, 1H), 7.27-7.34 (m, 5H); 1*C NMR (125 MHz, CDCls): § =
14.2,22.9, 26.4,34.0,51.7,52.6, 60.3, 74.0, 126.0, 127.8, 128.3, 141.4,173.2, 175.1; IR (KBr): 3334,
2921, 1726, 1160, 748, 699 cm™; IR (KBr): 3451, 2912, 1730, 1252, 1173, 1017, 700 cm™; LRMS
(ESI): m/z 317 [M+Na]*; HRMS (ESI): m/z calcd for C16H2205 [M+Na]* 317.1359 Found 317.1351;
HPLC (chiral column: CHIRALPAK 0X3; solvent: hexane/2-propanol = 9/1; flow rate: 1.0 mL/min;
detection: at 210 nm; rt): tr = 14.2 min (minor) and 15.3 min (major); [a]o*"® =21.7 (c = 0.43, CHCl5)
for 93% ee.

45



#] E—5%& | CH|tR [min] | E@H (uV-sec] | &S (V]| E#E% | &
[Fujita-1485-0X3-H-IPA-9-1 4CHL 1Unknown 1 13.875] 929138] 54270) 50.047] 52.041
[ 2 2Unknown 1 15.058] 927389 5001 49.95. 47.959)
40000 [ [ OH O
N | [ B
3 \ \
g fo ‘ Ph Y OMe
3 i \ z
= 20000 / f | = )
I | /Jj 2
04—t — T A
e S
135 140 45 150 155 rac

#] E—04 |CH]+R [min] | E#& [pV-sec] | &E [wV] ]| EH#ES | &%

400000 {Fujta-1310-0K-+1PA5-1 - Chl 2, funknown | 14.150 28103 16737] 3559 409
Aurknown [ 15.283 7616629 392124 96441 9590
300000 | \ OH O
= f \ H
3
£ 200000 \ Ph b OMe
£ :)
2
100000 \
o I eSS B —
135 14.0 145 15.0 155 93% ee
Retention Time [min]

methyl (R)-2-((R)-hydroxy(phenyl)methyl)-7-oxooctanoate (4ai)

OH O

A colorless oil; Yield: 57% (47.6 mg); syn/anti = >20/1 (concentration was 0.2 M, 4 eq of DBU
General procedure A, SiO3: grad. EtOAc/hexane = 8% to 66%);

'H NMR (500 MHz, CDCl3): § = 1.16-1.25 (m, 2H), 1.45-1.64 (m, 3H), 1.70-1.76 (m, 1H), 2.09 (s,
3H), 2.35 (t, J = 7.4 Hz, 2H), 2.69 (m, 1H), 2.71 (br, OH), 3.60 (s, 3H), 4.96 (d, J = 5.2 Hz, 1H), 7.25-
7.36 (m, 5H). Other spectral data of 7ai were identical with the reported values?.; HPLC (chiral
column: CHIRALPAK OX3; solvent: hexane/2-propanol = 9/1; flow rate: 1.0 mL/min; detection: at
210 nm; rt): tr = 22.8 min (minor) and 25.9 min (major); [a]o*"® = 25.3 (¢ = 0.86, CHClI3) for 94% ee.
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methyl (R)-4-cyano-2-((R)-hydroxy(phenyl)methyl)butanoate (4aj)
OH O

Ph : OMe

X

CN
A colorless oil; Yield: 81% (37.7 mg); syn/anti = 7.3/1 (0.2 mmol scale, General procedure A, SiO:

grad. EtOAc/hexane = 8% to 66%);

IH NMR (500 MHz, CDCl3): & = 1.98 (m, 1H), 2.07 (m, 1H), 2.29-2.42 (m, 2H) 2.61 (d, J = 5.2 Hz,
OH), 2.84 (m, 1H), 2.92 (minor, m, 1H), 3.68 (s, 3H), 3.75 (minor, s, 3H), 4.84 (minor, d, J = 8.0 Hz,
1H), 5.12 (dd, J = 2.9, 5.2 Hz, 1H), 7.30-7.38 (m, 5H); **C NMR (125 MHz, CDCls): § = 15.6, 22.5,
51.3,52.2, 73.6, 119.0, 125.8, 128.1, 128.6, 140.7, 171.1; IR (KBr): 3471, 2952, 2248, 1732, 1448,
1213, 1167, 1024, 769, 703 cm™*; LRMS (ESI): m/z 256 [M+Na]*; HRMS (ESI): m/z calcd for
Ci13H1sNO3; [M+Na]* 256.0945 Found 256.0947; HPLC (chiral column: CHIRALPAK OX3; solvent:
hexane/2-propanol = 9/1; flow rate: 1.0 mL/min; detection: at 210 nm; rt): tr = 21.7 min (major) and
25.7 min (minor); [a]o'"® = 32.5 (c = 0.85, CHCIs) for 97% ee.

47



Pl O 0L #] E=D& [CH[R [minl | @ik luV-secl | B V1| miks
200000 2 1Junknown 1 21.742 6317990] 219733  50.055
2unknown 1 25.742 6303980] 184342  49.945

Intensity [v]
@)
T
©)

£ 100000 | B
' | | Ph/\.)J\OMe

0 20 27.0 CN

220 230 240 25
Retention Time min]
rac
L S PR O #] E=5% |cH]| R [min] | @k [uv-sec] | & [v] | ks
o 1Unknown 1| 21649 6304236] 219650 98294
Unknown 1 25.833 109426 3619 1.706
é;cmno- { \ OH O

N 2 -
o — i )
T —— —
220 230 240 250 6.0 270 3
Retention Time [min]

A white solid; Yield: 56% (31.4 mg); syn/anti = >20/1 (General procedure A, SiO.: grad. MeOH/DCM
= 2% to 20%);

'H NMR (500 MHz, CD30D): 6 = 1.24-1.40 (m, 8H), 1.48-1.53 (m, 2H), 1.68-1.85 (m, 2H), 2.64 (m,
1H), 3.53 (t, J = 6.9 Hz, 2H), 4.73 (d, J = 8.0 Hz, 1H), 7.24-7.36 (m, 5H); *C NMR (125 MHz,
CD30D): 6 = 26.8, 28.6, 29.7, 30.4, 30.6, 33.6, 55.6, 63.0, 76.1, 127.8, 128.5, 129.1, 144.4, 177.9; IR
(KBr): 3365, 2928, 2852, 1704, 1457, 1273, 1200, 1048, 695 cm; LRMS (ESI): m/z 279 [M-H];
HRMS (ESI): m/z calcd for C16H2404 [M-H]- 279.1601 Found 279.1606; HPLC (chiral column:
CHIRALPAK AZ3; solvent: hexane/2-propanol = 9/1; flow rate: 1.0 mL/min; detection: at 210 nm;
rt): tr = 14.9 min (major) and 17.5 min (minor); [a]o*"® = 18.9 (c = 1.0, MeOH) for 90% ee.
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methyl (2R,3R)-2-(4-chlorophenyl)-3-hydroxy-3-phenylpropanoate (4al)
OH O

Ph” > “OMe

@

Cl
A colorless oil; Yield: 72% (41.2 mg, 0.2 mmol scale); syn/anti = 3.3/1 (SiO», grad. Hex/EtOAc 4%
to 34%);
'H NMR (500 MHz, CDCls): 6 = 3.55 (s, 3H), 3.83 (d, J = 6.3 Hz, 1H), 5.28 (d, J = 6.3 Hz, 1H), 7.19-
7.29 (m, 9H); 13C NMR (125 MHz, CDCls): § = 52.2, 58.6, 74.7, 126.4, 128.0, 128.3, 128.6, 130.1,
133.0, 133.8, 140.5, 172.7; IR (KBr): 3448, 3060, 3034, 2921, 2360, 2339, 1715, 1448, 1209, 1051,
765, 694 cm*; LRS (ESI): m/z 313 [M+Na]*; HRMS (ESI): m/z calcd for Ci6H15CIO3 [M+Na]*
313.0602 Found 313.0608; HPLC (chiral column: CHIRALPAK OX3; solvent: hexane/2-propanol =
19/1; flow rate: 1.0 mL/min; detection: at 210 nm; rt): tr = 11.3 min (minor) and 14.2 min (major);
[a]o'"® = 24 (¢ =0.55, MeOH) for 47% ee.
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methyl (S)-3-hydroxy-2,2-dimethyl-3-phenylpropanoate (4am)

OH ©

Ph OMe

47% ee

Cl

#| E—=H%& |CH| tR [min] | @Hi [uV-sec] | & V]| EHE%
1Junknown 1 11.308 2484649  158549]  50.354)
2Junknown 1 14.167 2449503 126180  49.644
OH O
Ph OMe
rac
Cl
#| E—0%& | CH|R [min] | E@# [LV-sec] | BE [uV] | EHE
1funknown 1 11.417) 34304  22365]  26.669)
AUnknown 1 14.309) 945703]  49279] 73.331
OH O
Ph OMe

A colorless oil; Yield: 33% (15.0 mg, 0.2 mmol scale with L7); SiO, grad. Hex/EtOAc: 4% to 34%;
The spectral data of 7am was identical with the reported values®. HPLC (chiral column: CHIRALPAK

0OX3; solvent: hexane/2-propanol = 19/1; flow rate: 1.0 mL/min; detection: at 210 nm; rt): tr = 11.0
min (major) and 11.5 min (minor); [a]o'"® = -3.2 (c =0.87, MeOH) for 66% ee.
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methyl (2R,3R)-2-benzyl-3-hydroxy-3-(p-tolyl)propanoate (4bb)
OH O

OMe

Me Ph”

A colorless oil; Yield: 41% (35.1 mg); synfanti = >20/1 (General procedure A, SiOj: grad.
EtOAc/hexane = 6% to 50%);

'H NMR (500 MHz, CDCls): & = 2.34 (s, 3H), 2.96-3.03 (m, 3H), 3.43 (s, 3H), 4.99 (d, J = 5.2 Hz,
1H), 7.08-7.26 (m, 9H); °C NMR (125 MHz, CDCls): § = 21.1, 33.3, 51.5, 55.2, 74.0, 126.0, 126.3,
128.3, 128.8, 129.1, 137.5, 138.3, 139.2, 174.6; IR (KBr): 3456, 2921, 1730, 1439, 1164, 1022, 703
cm; LRMS (ESI): m/z 307 [M+Na]*; HRMS (ESI): m/z calcd for CigH2003 [M+Na]* 307.1305
Found 307.1303; HPLC (chiral column: CHIRALPAK OX3; solvent: hexane/2-propanol = 19/1; flow
rate: 1.0 mL/min; detection: at 210 nm; rt): tr = 14.2 min (minor) and 16.3 min (major); [a]o*"® = 27.8
(c =0.59, CHCIs) for 87% ee.
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methyl (2R,3R)-2-benzyl-3-(4-chlorophenyl)-3-hydroxypropanoate (4cb)
OH O

OMe

cl Ph”

A colorless oil; Yield: 82% (75.2 mg); syn/anti = 19/1 (General procedure A, SiO2: grad.
EtOAc/hexane = 2% to 50%);

IH NMR (500 MHz, CDCls): § = 2.89-3.02 (m, 3H and OH), 3.44 (s, 3H), 5.03 (d, J = 4.6 Hz, 1H),
7.05-7.34 (m, 9H); 13C NMR (125 MHz, CDCls):  =33.1,51.6, 55.0, 73.3, 126.4, 127.5, 128.4, 128.6,
128.7, 133.6, 138.8, 139.7, 174.5; IR (KBr): 3456, 2947, 1727, 1491, 1164, 1013, 826, 703 cm;
LRMS (ESI): m/z 327 [M+Na]*; HRMS (ESI): m/z calcd for C17H17CIO3 [M+Na]* 327.0758 Found
327.0751; HPLC (chiral column: CHIRALPAK OX3; solvent: hexane/2-propanol = 19/1; flow rate:
1.0 mL/min; detection: at 210 nm; rt): tr = 10.2 min (minor) and 12.5 min (major); [a]o*"® = 17.2 (¢
= 2.14, CHCIs) for 89% ee.
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methyl (2R,3R)-2-benzyl-3-(4-bromophenyl)-3-hydroxypropanoate (4db)
OH O

OMe

Br Ph"”

A colorless oil; Yield: 88% (92.2 mg); synfanti = 18/1 (General procedure A, SiO.: grad.
EtOAc/hexane = 2% to 50%);
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IH NMR (500 MHz, CDCls): & = 2.88-3.00 (m, 4H), 3.45 (s, 3H), 5.00 (d, J = 4.0 Hz, 1H), 7.04-7.50
(m, 9H); 3C NMR (125 MHz, CDCls): 6 =33.0, 51.6, 54.9, 73.3, 121.7, 126.4, 127.9, 128.4, 128.7,
131.5, 138.7, 140.2, 174.5; IR (KBr): 3467, 3030, 2949, 1729, 1487, 1435, 1165, 1071, 1011, 826,
700 cm; LRMS (ESI): m/z 371 [M+Na]*; HRMS (ESI): m/z calcd for Ci7H17BrOs [M+Na]*
371.0253, 373.0233 Found 371.0265, 373.0225; HPLC (chiral column: CHIRALPAK OX3; solvent:
hexane/2-propanol = 19/1; flow rate: 1.0 mL/min; detection: at 210 nm; rt): tr = 11.0 min (minor) and
13.8 min (major); [a]p"® = 8.8 (¢ = 1.93, CHCIs) for 85% ee.
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methyl (2R,3R)-2-benzyl-3-hydroxy-3-(4-(trifluoromethyl)phenyl)propanoate (4eb)

OH O

FsC
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A white soid; Yield: 93% (94.2 mg); syn/anti = 16/1 (General procedure A, SiO: grad. EtOAc/hexane
= 6% to 50%);

'H NMR (500 MHz, CDCls): 6 = 2.85 (dt, J = 9.2, 10.3 Hz, 1H), 2.99-3.03 (m, 2H), 3.09 (br, OH),
3.47 (s, 3H), 5.13 (br, 1H), 7.03-7.25 (m, 5H), 7.52 (d, J = 8.3 Hz, 2H), 7.62 (d, J = 8.3 Hz, 2H); 13C
NMR (125 MHz, CDCls): 6 = 32.5, 51.5, 54.4, 72.9, 122.7, 125.1(q, 3Jrc = 3.6 Hz), 127.2(q, YJrc =
245.1 Hz), 128.4, 129.6(q, 2Jr.c = 32.6 Hz), 138.3, 144.9, 174.4; 1°F NMR (368 MHz, CDCI3): § =
70.4(s, 3F); IR (KBr): 3465, 2952, 1719, 1325, 1164, 1125, 1068, 843, 703 cm™; LRMS (ESI): m/z
361 [M+Na]*; HRMS (ESI): m/z calcd for C1gH17F303 [M+Na]* 361.1022 Found 361.1035; HPLC
(chiral column: CHIRALPAK OX3; solvent: hexane/2-propanol = 19/1; flow rate: 1.0 mL/min;
detection: at 210 nm; rt): tr = 7.0 min (minor) and 8.1 min (major); [a]o*’® = 22.9 (c = 1.11, CHClI3)

for 83% ee.
FFujita-1497-0X3-H-IPA-19-1 - CHL #| E—D4%& |CH|tR [min] | E@H [uV-sec] | & (V]| m#fis | &%
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methyl (2R,3R)-2-benzyl-3-hydroxy-3-(naphthalen-2-yl)propanoate (4fb)
OH O

OMe
Ph”

White solid; Yield: 93% (89.6 mg); syn/anti = >20/1 (General procedure A, SiO>: grad. EtOAc/hexane

= 6% to 50%);

'H NMR (500 MHz, CDClg): 6 = 2.97 (dd, J = 4.6, 13.7 Hz, 1H), 3.06 (dt, J = 10.9, 13.7 Hz, 1H),

3.13-3.18 (m, 1H), 3.43 (s, 3H), 5.23 (d, J = 4.6 Hz, 1H), 7.06-7.07 (m, 2H), 7.15-7.21 (m, 3H), 7.48-

7.50 (m, 3H), 7.83-7.90 (M, 4H); 3C NMR (125 MHz, CDCl3): & =33.0, 51.6, 55.0, 74.1, 123.9, 125.2,

126.0, 126.2, 126.3, 127.7, 128.1, 128.2, 128.3, 128.8, 133.0, 133.2, 138.6, 139.0, 174.7; IR (KBr):
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3451, 3030, 2952, 1718, 1160, 1022, 748, 700 cm™ LRMS (ESI): m/z 343 [M+Na]*; HRMS (ESI):
m/z calcd for C1H2003 [M+Na]* 343.1305 Found 343.1301; HPLC (chiral column: CHIRALPAK
0X3; solvent: hexane/2-propanol = 19/1; flow rate: 1.0 mL/min; detection: at 210 nm; rt): tr = 19.3
min (minor) and 22.9 min (major); [a]o*’® = 3.2 (c = 1.06, CHClIs) for 86% ee.
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(2R,3R)-2-benzyl-3-hydroxy-3-(naphthalen-2-yl)propanoic acid (3fb)

OH
Ph””

A white solid; Yield: 81% (49.6 mg, 0.2 mmol scale); syn/anti = >20/1 (Reverse phase HPLC,
acetonitrile/water gradient, C18 column then GPC);

'H NMR (500 MHz, CD30D): 6 = 2.97-3.25 (m, 3H), 4.99 (d, J = 7.6 Hz, 1H), 7.11-7.22 (m, 5H),
7.42-7.46 (M, 2H), 7.54-7.57 (m, 1H), 7.80-7.84 (m, 4H); 1*C NMR (125 MHz, CDCls):  =35.6, 58.1,
76.2, 125.7, 126.7, 126.9, 127.1, 127.2, 128.6, 129.0, 129.3, 129.9, 134.57, 134.62, 141.1, 141.5,
176.7; IR (KBr): 3261, 3030, 2927, 1697, 1486, 1209, 1169, 977, 742 cm'*; LRMS (ESI): m/z 305

[M-H]; HRMS (ESI): m/z calcd for CoH1s03 [M-H] 305.1183 Found 305.1187; [a]p'® = 39.0 (c =
1.6, MeOH) for 86% ee.
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methyl (2R,3R)-2-benzyl-3-(3-chlorophenyl)-3-hydroxypropanoate (4gb)
OH O

Cl
OMe

Ph”

White solid; Yield: 93% (85.3 mg); syn/anti = 16/1 (General procedure A, SiO: grad. EtOAc/hexane
= 4% to 34%);

'H NMR (500 MHz, CDCls): 8 = 2.97 (dt, J = 9.2, 9.7 Hz, 1H), 2.98-3.02 (m, 3H), 3.46 (s, 3H), 5.03
(d, J=4.0 Hz, 1H), 7.05-7.42 (m, 9H); °C NMR (125 MHz, CDCls): 6 = 32.9,51.7,54.8, 73.2, 124.2,
126.3,126.4,128.0,128.4, 128.7, 130.0, 134.4, 168.7, 164.3, 174.5; IR (KBr): 3460, 2952, 1728, 1435,
1164, 1022, 699 cm™; LRMS (ESI): m/z 327 [M+Na]*; HRMS (ESI): m/z calcd for C17H2;ClO3
[M+Na]* 327.0758 Found 327.0757; HPLC (chiral column: CHIRALPAK OX3; solvent: hexane/2-
propanol = 19/1; flow rate: 1.0 mL/min; detection: at 210 nm; rt): tr = 9.7 min (minor) and 13.1 min
(major); [a]p"® = 22.3 (¢ = 2.19, CHClIs) for 90% ee.
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methyl (2R,3R)-2-benzyl-3-(2-chlorophenyl)-3-hydroxypropanoate (4hb)
Cl OH O

OMe

Ph”

White solid; Yield: 87% (79.5 mg); syn/anti = >20/1 (General procedure A, SiO>: grad. EtOAc/hexane
= 4% to 34%);

'H NMR (500 MHz, CDCl3): 6 = 2.74 (dd, J = 3.4, 13.7 Hz, 1H), 3.04 (dd, J = 10.9, 13.7 Hz, 1H),
3.27 (dt, J = 3.4, 10.9 Hz, 1H), 3.37 (br, OH), 3.53 (s, 3H), 5.47 (br, 1H), 6.99-7.70 (m, 9H); 3C NMR
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(125 MHz, CDCls): 6 = 31.7, 50.9, 51.8, 70.5, 126.4, 126.9, 128.3, 239.6, 228.7, 128.9, 129.6, 131.5,
137.9,139.0, 175.6; IR (KBr): 3477, 2943, 1734, 1438, 1204, 1160, 1034, 752, 700 cm™; LRMS (ESI):
m/z 327 [M+Na]*; HRMS (ESI): m/z calcd for C17H27;CIO3 [M+Na]* 327.0758 Found 327.0752;
HPLC (chiral column: CHIRALPAK IBNS5; solvent: hexane/2-propanol = 19/1; flow rate: 1.0
mL/min; detection: at 210 nm; rt): tg = 11.1 min (minor) and 16.4 min (major); [a]o*’"® = 74.3 (c =
1.59, CHCIs) for 87% ee.
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methyl (2R,3S)-2-benzyl-3-hydroxy-5-phenylpentanoate (4ib)
OH O

OMe

Ph”

White solid; Yield: 92% (82.1 mg); syn/anti = 9.9/1 (General procedure B, SiO.: grad. EtOAc/hexane
= 2% to 50% and GPC);

'H NMR (500 MHz, CDCls): 6 = 1.78-1.87 (m, 2H), 2.50 (br, OH), 2.64-2.70 (m, 1H), 2.79-2.82 (m,
1H), 2.85-3.02 (m, 3H), 3.55 (s, 3H), 3.63 (minor, s, 3H), 3.87 (dt, J = 4.6, 9.2 Hz, 1H), 4.01 (minor,
ddd, J=4.6, 9.7, 9.7 Hz), 7.11-7.30 (m, 10H); 33C NMR (125 MHz, CDCls): § = 32.1, 33.3, 35.9, 51.6,
53.2,71.1, 126.0, 126.4, 128.44, 128.46, 128.47, 128.7, 139.1, 141.6, 175.0; IR (KBr): 3334, 2921,
1726, 1160, 748, 699 cm™; LRMS (ESI): m/z 321 [M+Na]*; HRMS (ESI): m/z calcd for C19H2203
[M+Na]* 321.1461 Found 321.1465; HPLC (chiral column: CHIRALPAK AZ3; solvent: hexane/2-
propanol = 19/1; flow rate: 1.0 mL/min; detection: at 210 nm; rt): tr = 13.1 min (major) and 16.4 min
(minor); [a]o!’® = 6.1 (c = 0.49, CHCIs) for 92% ee.
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(4S,5R)-5-benzyl-4-hydroxy-6-methoxy-6-oxohexyl benzoate (4jb)
OH O

BzO
z OMe

Ph”

A colorless oil; Yield: 71% (75.8 mg); syn/anti = 11/1 (General procedure B, SiO,: grad.
EtOAc/hexane = 8% to 66%);

'H NMR (500 MHz, CDCls): § =1.63-1.69 (m, 2H), 1.82-1.88 (m, 1H), 2.00-2.06 (m, 1H), 2.75 (minor,
m, 1H), 2.80-2.84 (m, 1H) 2.98-3.03 (m, 2H), 3.56 (s, 3H), 3.62 (minor, s, 3H), 3.69 (minor, m, 1H),
3.92 (dt,J=5.2, 7.4 Hz, 1H), 4.36 (t, J =6.3 Hz, 2H), 7.15-7.21 (m, 4H), 7.24-7.28 (m, 1H), 7.42-7.45
(m, 2H), 7.54-7.58 (m, 1H), 8.02-8.05 (m, 2H); 3C NMR (125 MHz, CDCls): § = 25.3, 30.7, 33.4,
51.6,53.2,64.6, 71.4,126.4, 128.3, 128.4, 128.7, 129.5, 130.2, 132.9, 139.0, 166.6, 174.9; IR (KBr):
3491, 2952, 1718, 1452, 1275, 1164, 1115, 1025, 712 cm™* LRMS (ESI): m/z 379 [M+Na]*; HRMS
(ESI): m/z calcd for Cz;H240s [M+Na]* 379.1516 Found 379.1519; HPLC (chiral column:
CHIRALPAK IC3; solvent: hexane/2-propanol = 9/1; flow rate: 1.0 mL/min; detection: at 210 nm;
rt): tr = 17.2 min (major) and 20.7 min (minor); [a]o'"® = 6.3 (c = 2.12, CHCIs3) for 87% ee.
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methyl (2R,3S)-2-benzyl-3-hydroxy-5-methylhexanoate (4kb)
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87% ee

A colorless oil; Yield: 72% (54.1 mg); syn/anti = >20/1 (General procedure B, SiO: grad.

EtOAc/hexane = 4% to 34%);

The spectral data of 7kb was identical with the reported values®.; HPLC (chiral column: CHIRALPAK
IC3; solvent: hexane/2-propanol = 19/1; flow rate: 1.0 mL/min; detection: at 210 nm; rt): tr = 7.2 min
(major) and 8.2 min (minor); [a]p*" = 25.3 (¢ =0.57, CHCIs) for 91% ee.
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TFufia- 1391-TC3-F-TPA15-1 - CH] #] E—2% JCH|tR [min] | @H [uV-sec] | & [uVv] | mEFE% =%
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(2R,3S)-2-benzyl-3-hydroxy-5-methylhexanoic acid (3kb)

OH

Ph”

A white solid; Yield: 69% (32.4 mg, 0.2 mmol scale); syn/anti = >20/1 (Reverse phase HPLC,
acetonitrile/water gradient, C18 column);

'H NMR (500 MHz, CDCls): 6 =0.90 (d, J = 6.9 Hz, 3H), 0.96 (d, J = 6.3 Hz, 3H), 1.33 (m, 1H), 1.52
(m, 1H), 1.81 (m, 1H), 2.81-2.90 (m, 2H), 3.04 (m, 1H), 3.96 (m, 1H). 7.19-7.30 (m, 5H). Other
spectral data of 5kb were identical with the reported values®.

methyl (2R,3S)-2-benzyl-3-hydroxy-5,5-dimethylhexanoate (41b)

; oM

e

Ph

A colorless oil; Yield: 86% (68.6 mg); syn/fanti = 9.0/1 (General procedure B, SiOj: grad.
EtOAc/hexane = 4% to 34%);

'H NMR (500 MHz, CDCls): 6 = 0.97 (s, 9H), 1.36 (dd, J = 2.0, 14.3 Hz, 1H), 1.44 (dd, J = 8.6, 14.3
Hz, 1H), 2.00-2.06 (m, 1H), 2.65 (minor, m, 1H), 2.72-2.76 (m, 1H), 2.90 (dd, J = 4.9, 14.1 Hz, 1H),
3.00 (dd, J = 10.6, 14.1 Hz, 1H), 3.57 (s, 3H), 3.62 (minor, s, 3H), 3.80 (minor, m, 1H), 4.00 (ddd, J
= 2.0, 4.9, 10.6 Hz, 1H), 7.15-7.28 (m, 5H); *C NMR (125 MHz, CDCls): 6 = 30.0, 30.3, 33.3, 48.1,
51.6, 54.7, 69.5, 126.3, 128.4, 128.8, 139.3, 175.1; IR (KBr): 3334, 2921, 1726, 1160, 748, 699 cm™%;
IR (KBr): 3491, 2952, 1717, 1439, 1360, 1204, 1152, 1060 cm™ LRMS (ESI): m/z 287 [M+Na]";
HRMS (ESI): m/z calcd for Ci6H2403 [M+Na]* 287.1618 Found 287.1617; HPLC (chiral column:
CHIRALPAK IBN3; solvent: hexane/2-propanol = 19/1; flow rate: 1.0 mL/min; detection: at 210 nm;
rt): t = 6.1 min (minor) and 6.6 min (major); [a]o*"® = 16.7 (c = 1.74, CHCIs) for 90% ee.
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methyl (2R,3S)-2-benzyl-3-cyclopropyl-3-hydroxypropanoate (4mb)
OH O

OMe

Ph”

A colorless oil; Yield: 74% (52.0 mg); syn/anti = 4.4/1 (General procedure B, SiOj: grad.
EtOAc/hexane = 6% to 50%);

IH NMR (500 MHz, CDCls): 8 =0.25-0.29 (m, 1H), 0.34-0.37 (m, 1H), 0.54-0.58 (m, 2H), 0.92 (minor,
m, 1H), 1.01-1.08 (m, 1H), 2.94 (ddd, J = 4.6, 5.7, 14.9 Hz, 1H), 3.02 (m, 1H), 3.10-3.14 (m, 2H),
3.56 (s, 3H), 3.61 (minor, s, 3H), 7.18-7.28 (m, 5H); 1*C NMR (125 MHz, CDCls): 6 =2.7, 3.1, 15.6,
34.1,51.5,54.1, 126.3, 128.4, 128.8, 139.4, 174.4; IR (KBr): 3460, 3017, 2943, 1732, 1434, 1164,
1034, 700 cm™* LRMS (ESI): m/z 257 [M+Na]*; HRMS (ESI): m/z calcd for C14H1s03 [M+Na]*
257.1148 Found 257.1148; HPLC (chiral column: CHIRALPAK 0J3-I1C3 connected in series;
solvent: hexane/2-propanol = 19/1; flow rate: 1.0 mL/min; detection: at 210 nm; rt): tr = 28.6 min
(major) and 37.4 min (mimor); [a]o*"® = 44.4 (c = 0.65, CHCIs) for 86% ee.
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methyl (2R,3S)-2-benzyl-3-cyclohexyl-3-hydroxypropanoate (4nb)
OH O

OMe

Ph

A colorless oil; Yield: 42% (34.2 mg); syn/anti = >20/1 (General procedure B, SiO: grad.
EtOAc/hexane = 4% to 34%);

IH NMR (500 MHz, CDCl5): § = 1.00-1.28 (m, 5H), 1.42-1.48 (m, 1H), 1.61-1.68 (m, 2H), 1.76-1.80
(m, 2H), 2.02 (m, 1H), 2.90-3.00 (m, 3H), 3.52 (s, 3H), 3.62 (dd, J = 4.6, 9.2 Hz, 1H), 7.16-7.28 (m,
5H); 1*C NMR (125 MHz, CDCls): 6 = 25.9, 26.3, 28.2, 29.4, 32.7, 40.5, 50.1, 51.6, 126.3, 128.4,
128.7, 139.5, 175.7; IR (KBr): 3443, 2926, 2843, 1717, 1426, 1160, 1043 cm™* LRMS (ESI): m/z 299
[M+Na]*; HRMS (ESI): m/z calcd for C17H2403 [M+Na]* 299.1618 Found 299.1621; HPLC (chiral
column: CHIRALPAK 0J3; solvent: hexane/2-propanol = 19/1; flow rate: 1.0 mL/min; detection: at
210 nm; rt): tr = 8.2 min (major) and 8.9 min (mimor); [a]o'"® = 18.6 (c = 0.56, CHCIs) for 87% ee.
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methyl (2R,3S)-2-(2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)acetoxy)-3-
hydroxy-3-phenylpropanoate (4an)
OH O
Ph Y OMe
00
o]
N ~
Cl OMe

A clear yellow oil; Yield: 56% (59.5 mg); syn/anti = 11/1 (concentration 0.2 M, 4 eq of DBU, General
procedure A, SiO,: grad. EtOAc/hexane = 8% to 66% then GPC);

'H NMR (500 MHz, CDCls): § = 2.25 (s, 3H), ), 3.70 (d, J = 20.0 Hz, 1H), 3.70 (d, J = 20.0 Hz, 1H) ,
3.74 (s, 3H), 3.82 (s, 3H), 5.21 (d, J = 3.4 Hz, 1H), 5.29 (d, J = 3.4 Hz, 1H), 6.69 (dd, J = 2.3, 8.6 Hz,
1H), 6.88-6.93 (m, 2H), 7.15-7.23 (m, 5H), 7.45-7.48 (m, 2H), 7.61-7.64 (m, 2H); 1*C NMR (125 MHz,
CDCls): 6 =13.3,29.7,52.6, 55.7, 73.2, 76.0, 101.0, 111.8, 112.0, 115.0, 125.9, 126.6, 128.2, 128.4,
129.1, 130.5, 130.7, 131.2, 133.8, 135.9, 138.5, 139.3, 156.2, 168.2, 169.7; IR (KBr): 3474, 2926,
1742, 1678, 1595, 1478, 1360, 1321, 1221, 1147, 1086, 838, 752 cm™; LRMS (ESI): m/z 558
[M+Na]*; HRMS (ESI): m/z calcd for CogHosCINO7 [M+Na]* 558.1290 Found 558.1271 HPLC
(chiral column: CHIRALPAK IBN5-IBN3 connected in series; solvent: hexane/2-propanol = 6/1; flow
rate: 1.0 mL/min; detection: at 210 nm; rt): tg = 55.9 min (major) and 61.1 min (mimor); [a]p'"® =
15.3 (c = 0.81, CHCI5) for 82% ee.
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methyl (2R,3R)-2-((4,5-diphenyloxazol-2-yl)methyl)-3-hydroxy-3-phenylpropanoate (4ao)
OH O

Ph
N
Ph \\Y
o)
PH

A colorless oil; Yield: 91% (75.0 mg); syn/anti = 7.6/1 (General procedure A, SiO2: grad.
EtOAc/hexane = 6% to 50%);

'H NMR (500 MHz, CDCls): 8 = 3.15 (dd, J = 5.2, 16.0 Hz, 1H), 3.24 (dd, J = 8.0, 16.0 Hz, 1H), 3.42
(m, 1H), 3.67 (s, 3H), 3.72 (minor, s, 3H), 5.09 (minor, d, J = 6.9 Hz, 1H), 5.30 (m, 1H), 7.33-7.60
(m, 15H); 3C NMR (125 MHz, CDCl3): 6 = 25.3, 50.3, 52.2, 125.4, 125.9, 126.5, 127.7, 127.8,
128.1, 128.4, 128.5, 128.6, 128.7, 132.0, 134.6, 141.1, 145.4, 161.5, 173.4; IR (KBr): 3396, 3034,
2917, 1734, 1573, 1443, 1209, 1169, 1051, 765, 695 cm™ LRMS (ESI): m/z 436 [M+Na]*; HRMS
(ESI): m/z calcd for CaH2sNOs [M+Na]* 436.1519 Found 436.1523; HPLC (chiral column:
CHIRALPAK 0OX3; solvent: hexane/2-propanol = 19/1; flow rate: 1.0 mL/min; detection: at 210 nm;
rt): tr = 49.1 min (minor) and 55.6 min (major); [a]o*"® = 26.3 (c = 0.63, CHCls) for 84% ee.

OMe
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(2R,3R)-2-((4,5-diphenyloxazol-2-yl)methyl)-3-hydroxy-3-phenylpropanoic acid (4ao)
OH O

Ph™ >
NS
Ph \\W/
o)
Ph

A white solid; Yield: 92% (73.7 mg, 0.2 mmol sacale); syn/anti = 7.1/1 (Reverse phase HPLC,
acetonitrile/water gradient, C18 column then GPC);

'H NMR (500 MHz, CDCls): 8 = 3.07 (dd, J = 17.2, 4.0 Hz, 1H), 3.26 (dd, J = 17.2, 9.7 Hz, 1H), 3.38
(m, 1H), 4.99 (d, J = 2.9 Hz, 1H), 7.27-7.52 (m, 15H); 13C NMR (125 MHz, CDCls): & = 23.7, 49.2,
125.8, 126.49, 126.53, 127.7, 127.8, 127.9, 128.0, 128.1, 128.5, 128.6, 128.7, 128.9, 131.0, 133.8,
140.3, 145.9, 162.7, 175.3; IR (KBr): 3448, 3060, 3034, 2921, 2360,2339, 1715, 1448, 1209, 1051,
765, 694 cm; LRMS (ESI): m/z 398 [M-H]; HRMS (ESI): m/z calcd for CzsH2iNO4 [M-H]
398.1397 Found 398.1406; [a]p'"® = -6.1 (c = 0.69, MeOH) for 84% ee.

OH
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methyl (R,E)-2-((R)-hydroxy(phenyl)methyl)-6-(4-hydroxy-6-methoxy-7-methyl-3-oxo0-1,3-
dihydroisobenzofuran-5-yl)-4-methylhex-4-enoate (4ap)
OH O

Ph : OMe

MeO OH

0]
0]

A colorless oil; Yield: 69% (39.8 mg (TM)+23.0 mg (over reaction TMSCHN; with ArOH to give
ArOMe)); syn/anti = 17/1 (concentration was 0.2 M, 4 eq of (EtO)sSiCl, 6 eq of DBU, General
procedure A General procedure A, SiO;: grad. EtOAc/hexane = 8% to 66% then GPC);

IH NMR (500 MHz, CDCls): & = 1.72 (s, 3H), 2.13 (s, 3H), 2.30 (dd, J = 4.0 Hz, 13.7 Hz, 1H), 2.41
(dd, J = 10.9, 13.7 Hz, 1H), 2.90-2.94 (m, 2H), 3.33 (d, J = 6.9 Hz, 2H), 3.43 (s, 3H), 3.73 (s, 3H),
4.92 (d, J=5.2 Hz, 1H), 5.19 (s, 2H), 5.22 (t, J = 6.9 Hz, 1H), 7.24-7.32 (m, 5H), 9.63(br, ArOH); 2°C
NMR (125 MHz, CDCls): 8 = 11.5, 15.9, 22.6, 37.5, 51.3, 51.6, 61.0, 70.0, 74.1, 106.3, 116.7, 122.0,
124.4, 126.1, 127.7, 128.3, 133.0, 141.3, 143.9, 153.6, 163.6, 172.9, 174.9; IR (KBr): 3439, 2943,
1733, 1625, 1456, 1365, 1164, 1134, 1074, 1025, 970, 700 cm™, LRMS (ESI): m/z 463 [M+Na]*;
HRMS (ESI): m/z calcd for CosH207 [M+Na]* 463.1727 Found 463.1743; HPLC (chiral column:
CHIRALPAK 0X3; solvent: hexane/2-propanol = 1/1; flow rate: 1.0 mL/min; detection: at 210 nm;
rt): tz = 18.0 min (major) and 22.3 min (mimor); [a]o*"® = 3.6 (c = 0.55, CHCIs) for 87% ee.
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methyl  (2R,4R)-4-((5S,8R,9S,10S,13R,14S,17R)-10,13-dimethyl-3,7,12-trioxohexadecahydro-
1H-cyclopenta[a]phenanthren-17-yl)-2-((R)-hydroxy(phenyl)methyl)pentanoate (4aq)

A white solid; Yield: 63% (99.2 mg); dr = >20/1/<1/<1 (concentration 0.2 M, DBU 4 eq, General
procedure A, short pad column by DCM/ MeOH = 10/1 before Methylation), SiO.: grad.
EtOAc/hexane = 6% to 50%);

IH NMR (400 MHz, CDCls): § =0.75 (d, J = 6.9 Hz, 3H), 1.02 (s, 3H), 1.22-1.35 (m. 4H), 1.39 (s,
3H), 1.60 (dt, J = 14.3 Hz, 4.6 Hz, 1H), 1.79-2.14 (m, 8H), 2.19-2.14 (m, 6H), 2.61 (d, J = 2.9 Hz,
1H), 2.79-2.92 (m, 4H), 3.59 (s, 3H), 4.94 (dd, J = 5.7 Hz, 2.9 Hz, 1H), 7.28-7.34 (m, 5H); 3C NMR
(125 MHz, CDCl3): 6 = 11.7, 18.5, 21.8, 25.0, 27.5, 32.7, 34.3, 35.2, 35.9, 36.4, 38.5, 42.7, 44.9, 45.4,
46.0, 46.8, 48.9, 50.8, 51.56, 51.63, 56.8, 74.6, 125.9, 127.7, 128.3, 141.5, 175.2, 208.8, 209.1, 212.0;
IR (KBr): 3460, 2957, 2874, 1709, 1452, 1382, 1269, 1195, 1022, 913, 734, 700 cm™; LRMS (ESI):
m/z 545 [M+Na]*; HRMS (ESI): m/z calcd for C32H4206 [M+Na]* 545.2874 Found 545.2888; [a]p!"®
=275 (c= 1.2, CHCIy).

methyl  (2S,4R)-4-((8R,9S,10S,13R,14S,17R)-10,13-dimethyl-3,7,12-trioxohexadecahydro-1H-
cyclopenta[a]phenanthren-17-yl)-2-((S)-hydroxy(phenyl)methyl)pentanoate (iso-4aq)
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A white solid; Yield: 42% (64.5 mg); dr = 39/4.6/1/ND (concentration 0.2 M, DBU 4 eq, ent-L13,
General procedure with ent-L6 (short pad column by DCM/ MeOH = 10/1 before Methylation), SiO:
Toluene/EtOAC = 2/1);

IH NMR (400 MHz, CDCls): § =0.72 (d, J = 6.7 Hz, 3H), 0.88 (s, 3H), 1.00-1.25 (m, 3H), 1.37 (s,
3H), 1.45-1.61 (m, 2H), 1.90 -2.12 (m, 9H), 2.19-2.35 (m, 6H), 2.75-2.92 (m, 4H), 3.61 (s, 3H), 4.96
(d, J=4.9 Hz, 1H), 7.27-7.35 (m, 5H); 3C NMR (125 MHz, CDCls): 6 = 11.6, 19.1, 21.8, 25.1, 27.4,
32.6, 35.2, 35.5, 36.0, 36.5, 38.5,42.7, 44.9, 45.5, 46.2, 46.8, 48.9, 50.8, 51.6, 51.9, 56.9, 76.7, 126.0,
127.5,128.2,141.4, 176.3, 208.7, 209.0, 211.9; IR (KBr): 3439, 2952, 2878, 1709, 1434, 1386, 1360,
1273, 1164, 1022, 774, 703 cm*; LRMS (ESI): m/z 545 [M+Na]*; HRMS (ESI): m/z calcd for
Ca2H4206 [M+Na]* 545.2874 Found 545.2847; [a]o!"5 = -8.6 (¢ = 0.88, CHCl5).

methyl (4R)-2-(hydroxy(phenyl)methyl)-4-((3R,5S,7R,8R,9S,10S,12S,13R,14S,17R)-3,7,12-
trihydroxy-10,13-dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanoate
(4ar)

A colorless oil; Yield: 68% (56.8 mg (TM)+23.0 mg (over reaction with TMSCHNy)); dr =
>20/1/<1/<1 (4 eq of (EtO)sSiCl, 6 eq of DBU, 10 eq of PACHO, General procedure A, SiO2: grad.
DCM/MeOH = 2% to 20%);

'H NMR (400 MHz, CDCls): & = 0.58 (s, 3H), 082 (s, 3H), 0.84 (d, J = 6.3 Hz, 3H), 1.03 (m, 1H),
1.14-1.20 (m, 3H), 1.35 (m, 3H), 1.46 (m, 4H), 1.59-1.70 (m, 5H), 1.79-1.87 (m, 4H) 2.07-2.19 (m,
2H), 2.80 (ddd, J = 2.7 Hz, 4.9 Hz, 11.2 Hz, 1H), 3.13 (br, 4H, OH), 3.38 (m, 1H), 3.47 (s, 3H), 3.77
(s, 1H), 3.87 (s, 1H), 4.78 (d, J = 6.7 Hz, 1H), 7.20-7.27 (m, 5H); 3C NMR (125 MHz, CDCls): & =
12.4,17.2,22.4, 23.2, 26.3, 27.6, 28.0, 29.2, 30.3, 34.0, 34.3, 34.5, 34.7, 35.2, 39.4, 41.4, 41.7, 46 .4,
47.5,51.2,51.5,68.4,71.9,73.1,74.9,126.1,127.7,128.2, 141.8, 175.3; IR (KBr): 3397, 1934, 2860,
1719, 1434, 1365, 1190, 1078, 1043, 908, 734, 700 cm™; LRMS (ESI): m/z 551 [M+Na]*; HRMS
(ESI): m/z calcd for CaaHas06 [M+Na]* 551.3343 Found 551.3341; [a]p'"® = 36.1 (c = 0.62, CHCl5).
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methyl (2S,4R)-2-((S)-hydroxy(phenyl)methyl)-4-((3R,5S,7R,8R,9S,10S,12S,13R,14S,17R)-
3,7,12-trihydroxy-10,13-dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-17-
yl)pentanoate (iso-4ar)

A colorless oil; Yield: 50% (53.0 mg); dr = >20/1/<1/<1 (4 eq of (EtO)sSiCl, 6 eq of DBU, 10 eq of
PhCHO, General procedure A, SiO: grad. DCM/MeOH = 2% to 20%);

IH NMR (400 MHz, CDCls): § = 0.51 (s, 3H), 084 (s, 3H), 0.85 (d, J = 6.9 Hz, 3H), 0.93-1.11 (m,
4H), 1.35-1.75 (m, 14H), 1.90 (m, 2H), 2.11-2.20 (m, 2H), 2.52 (br, 4H, OH), 2.75 (dt, J = 5.2 Hz, 7.2
Hz, 1H), 3.43 (m, 1H), 3.57 (s, 3H), 3.80 (s 1H), 3.88 (s 1H), 4.91 (d, J = 5.2 Hz, 1H), 7.20-7.33 (m,
5H); 3C NMR (125 MHz, CDClg): 6 = 12.4, 17.9, 22.4, 23.1, 26.5, 27.3, 28.1, 30.2, 33.3, 34.4, 34.6,
35.2, 35.3, 39.3, 39.4, 41.4, 41.7, 46.5, 47.7, 51.0, 51.8, 68.5, 72.2, 73.0, 74.1, 126.1, 127.6, 128.2,
141.5,176.4; IR (KBr): 3393, 2937, 2869, 2243, 1720, 1436, 1376, 1195, 1166, 1078, 1043, 912, 732,
701 cmt; LRMS (ESI): m/z 551 [M+Na]*; HRMS (ESI): m/z calcd for Cs2Has06 [M+Na]* 551.3343
Found 551.3347; [a]o'"® = -2.43 (c = 0.82, CHClI5).

(R)-9-4-((2S,3R,4R,5S)-3,4-dihydroxy-5-(((2S,3S)-3-((2S,3S)-3-hydroxybutan-2-yl)oxiran-2-
yl)methyDtetrahydro-2H-pyran-2-yl)-3-methylbut-2-enoyl)oxy)-2-((R)-
hydroxy(phenyl)methyl)nonanoic acid (3as)

OH

: .o OH
D Al 0 0
H O W
(o] o ’, A OMOH

Ph” ~OH
A colorless oil; NMR Yield: 41%; dr = >20/1/<1/<1 (concentration was 0.2 M, 4 eq of (EtO)sSiCl, 6

eq of DBU, 2 eq of PhCHO, 30 mol% of (AcO)4B20 and 60 mol% of L13). The reaction was carried
out according to General procedure A, and was subjected to the following modified work-
up/purification procedures at neutral pH: To the reaction mixture (stirred for 12 h at room temperature
under an argon atmosphere) was added 4.2 eq of tetrabutylammonium difluorotriphenylsilicate, and
the mixture was stirred for 5 minutes before it was quenched with H>O (1.5 mL). Products were
extracted with CH,Cl,/MeOH = 10:1, and filtered through celite covered with a thin layer of SiO; to
remove excess tetrabutylammonium salts. The solvent was removed under reduced pressure and the
NMR yield was determined by *H NMR in the presence of mesitylene as an internal standard. After

yield calculation, the crude mixture was purified by SiO, column chromatography (MeOH/CHCI, =
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5% to 8%) to give 3as.

IH NMR (500 MHz, CD30D) : & = 0.94 (d, J = 7.4 Hz, 3H), 1.19 (d, J = 6.3 Hz, 3H),1.28-1.35 (m,
9H), 1.59-1.68 (m, 6H), 1.92 (m, 1H), 2.15-2.17 (m, 5H), 2.63 (d, J = 13.7 Hz, 1H), 2.70 (dd, J = 7.4,
2.3 Hz, 1H), 2.80 (td, J = 5.9, 2.1 Hz, 1H), 3.36 (m, 1H, overlapped on reference peak), 3.55 (d, J =
10.3 Hz, 1H), 3.72-3.87 (m, 4H), 4.04 (t, J = 6.3 Hz, 2H), 4.78 (d, J = 6.9 Hz, 1H), 5.73 (br, 1H), 7.18-
7.36 (m, 5H); 1*C NMR (125 MHz, CD30D): & = 12.3, 19.2, 20.3, 26.2, 27.0, 28.6, 29.5, 29.8, 30.2,
30.3, 30.5, 33.0, 35.4, 41.7, 43.8, 43.9, 55.7, 56.9, 61.3, 64.8, 66.4, 70.0, 70.3, 70.7, 71.6, 76.2, 76.1,
118.3,127.7,128.4,129.1, 144.4, 159.0, 168.4, 178.7; IR (KBr): 3421, 2928, 2856, 1710, 1643, 1461,
1400, 1227, 1151, 1055 cmL; LRMS (ESI): m/z 605.3 [M-H]-; HRMS (ESI): m/z calcd for CasHs2010
[M-H] 605.3331, Found 605.3332; [o]o'"® = -9.4 (¢ = 0.50, MeOH).

(S)-9-4-((2S,3R,4R,55)-3,4-dihydroxy-5-(((2S,3S)-3-((2S,3S)-3-hydroxybutan-2-yl)oxiran-2-
yl)methyDtetrahydro-2H-pyran-2-yl)-3-methylbut-2-enoyl)oxy)-2-((S)-
hydroxy(phenyl)methyl)nonanoic acid (iso-3as)

= OH
~ Y OH
Ph” “OH

A colorless oil; NMR Yield: 56%; dr = >20/1/<1/<1 (concentration was 0.2 M, 4 eq of (EtO)3SiCl, 6
eq of DBU, 2 eq of PhCHO, 30 mol% of (AcO)4B.0 and 60 mol% of ent-L13). The reaction was
carried out according to General procedure A, and was subjected to the modified work-up/purification
procedures at neutral pH explained above for 3as.
'H NMR (500 MHz, CD30D) : 6 = 0.94 (d, J = 7.4 Hz, 3H), 1.19 (d, J = 6.3 Hz, 3H),1.28-1.34 (m,
9H), 1.60-1.68 (m, 6H), 1.95 (m, 1H), 2.15-2.24 (m, 5H), 2.63 (dd, J = 15.5, 1.7 Hz, 1H), 2.70 (dd, J
=8.0, 2.3 Hz, 1H), 2.80 (td, J = 5.7, 2.3 Hz, 1H), 3.36 (m, 1H, overlapped on reference peak), 3.55 (d,
J =12.0 Hz, 1H), 3.74-3.78 (m, 4H), 4.04 (t, J = 6.6 Hz, 2H), 4.75 (d, J = 7.4 Hz, 1H), 5.73 (br, 1H),
7.23-7.36 (m, 5H); 13C NMR (125 MHz, CDs0OD): & = 12.3, 19.2, 20.3, 27.0, 28.6, 29.6, 29.8, 29.8
30.1, 30.5, 30.9, 33.0, 34.3, 41.7, 43.8, 44.0, 55.6, 56.9, 61.3, 64.8, 66.4, 70.0, 70.3, 70.7, 71.6, 76.0,
76.2,118.3,127.8,128.5, 129.1, 144.4, 159.0, 168.4, 178.1; IR (KBr): 3433, 2925, 2852, 1712, 1644,
1455, 1378, 1227, 1152, 1098 cm™; LRMS (ESI): m/z 605.3 [M-H]*; HRMS (ESI): m/z calcd for
CasHs2010 [M-H] 605.3331, Found 605.3331; [o]po!"5 = -17.8 (¢ = 1.00, MeOH).

Determination of diastereo ratio of 5as and iso-3as

= OH
- OH o)
LY NS e S
OH O )\/U\ 2 N NaOH aq (10 equiv HO 5 OH
o~ "0 5 OH ( )
MeOH/THF/H,0 Ph™ "OH

Ph OH 3ak
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To a solution of 3as or iso-3as (1.8 mg) in THF/MeOH = 2/1 (90 pL), 2 N NaOH aq. (15 pL) was
added. The mixture was stirred at room temperature. After 3 h, the reaction mixture was acidified with
3 M HCI ag., and products were extracted with EtOAc. The combined organic layers were dried over
Na»SO.. The solvent was removed under reduced pressure and the crude mixture was purified by
Pasteur column chromatography to give 3ak as white solids.

The spectral data of the hydrolyzed product was identical to 3ak prepared from 1a and 2k, while the
diastereomer of 3ak (anti-aldol product) was not detected by *H NMR analysis. Enantiopurity was
determined by HPLC using the same conditions as 3ak.

amane-0157:L-AZ3-H-IPA-S-1 - CHL
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4, Synthesis and Characterization of Known/New Compounds

((4-(dimethylamino)-2,3,5,6-tetrafluorophenyl)sulfonyl)-L-valine (L13)

[ CGFssOQCl 1eqU|v) \\// I‘/ tBU
OB iPr,NEt (2.
HCI HoN u ro,NEt (2.5 equiv)

fe) DCM,0°Ctort

To a solution of L-valine tert-butyl ester hydrochloride (5.0 g, 23.8 mmol) in DCM (100 mL), 'PrNEt,
(9.44 mL, 49.9 mmol) was added, and the mixture was stirred for 10 min. The solution was cooled to
0 °C, and then pentafluorobenzenesulfonyl chloride (3.19 mL, 21.67 mmol) was added dropwise at
0 °C. The solution was warmed to rt and stirred overnight. The reaction was quenched with sat.
NaHCOs aq. The product was extracted with DCM. The combined organic layer was washed with
brine and dried over MgSQ,. The solvent was removed under reduced pressure and purified by silica
gel column chromatography to give the title product as a white powder (5.47 g, 63% yield).

F o0

‘”’ F s OH
j@( HNMe; (5 equiv) TFA N
H

THF, 1t DCM, rt o
r T MeoN F

To asolution of tert-butyl ((perfluorophenyl)sulfonyl)-L-valinate (2.42 g, 6 mmol) in toluene (30 mL),
dimethylamine solution, 2 M dimethylamine in THF (15 mL, 30 mmol) was added, and the mixture
was stirred overnight. H,O was added to the reaction mixture and the product was extracted with
EtOAc. The combined organic layer was washed with brine and dried over Na,SOa. The solvent was
removed under reduced pressure and the crude mixture was roughly purified by short pad silica gel
column chromatography to give the colorless oil, which was used in next reaction without further
purification. To a solution of the ester in DCM (5 mL), TFA (5 mL) was added and stirred overnight.
The mixture was concentrated under reduced pressure. The title compound was purified by
recrystallization from EtOAc/Hex (2.05 g, 55%, 2 steps).

IH NMR (400 MHz, CDCls):  =0.91 (d, J = 6.7 Hz, 3H), 1.04 (d, J = 6.7 Hz, 3H), 2.25 (m, 1H), 3.07
(t, J=2.7Hz, 6H),4.08 (dd, J = 4.5 Hz, 9.9 Hz, 1H), 5.58 (d, J = 9.9 Hz, 1H); 3*C NMR (125 MHz,
CDCls): 6 = 16.9, 19.0, 31.3, 42.9, 60.9, 108.4 (t, 2Jr.c = 14.4 Hz), 135.4 (t, 2rc = 14.4 Hz), 140.0
(dtt, Wr.c = 248.3 Hz, 2Jr.c = 16.8 Hz, 3Jr.c = 4.8 Hz), 145.0 (dtt, 1Jr.c = 254.3 Hz,2Jr.c = 12.0 Hz, 3Jr
¢ =6.0 Hz), 176.1; °F NMR (368 MHz, CDCI3): 6 = -151.7 (d, J = 22.8 Hz, 2F), -139.5 (d, J = 22.8
Hz, 2F); IR (KBr): 3273, 2969, 1720, 1628, 1530, 1485, 1439, 1356, 1246, 1168, 1082, 977 cm™;
LRMS (ESI): m/z 371 [M-H]; HRMS (ESI): m/z calcd for C13H16FsN204S [M-H] 371.0694 Found
371.0707; [a]p'"° = 38.8 (c = 1.86, CHCl3).
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tert-butyl ((2,4,6-trifluorophenyl)sulfonyl)-L-valinate

F oo
g OBu
N
0
F F

86% yield, *H NMR (500 MHz, CDCls): § = 0.85 (d, J = 6.9 Hz, 3H), 0.99 (d, J = 6.9 Hz, 3H), 1.27
(s, 9H), 2.11 (m, 1H), 3.84 (dd, J = 10.3, 4.6 Hz, 1H), 5.60 (d, J = 10.3 Hz, NH), 6.74 (t, J = 8.6 Hz,
2H); 13C NMR (125 MHz, CDCls): § 16.9, 18.9, 27.6, 31.4, 61.5, 82.5, 101.7 (ddd, 2Jr.c = 27.4 Hz,
2Jr.c = 29.8 Hz, 4e.c = 4.8 Hz), 114.9 (dt, 2r.c = 16.7 Hz, “Jrc = 4.8 Hz), 160.5 (ddd, 1Jr.c = 258.7
Hz, 3Jr.c = 7.2 Hz, 3Jr.c = 15.5 Hz), 164.9 (dt, 1Jr.c = 256.3 Hz, 3Jr.c = 15.5 Hz), 169.8; 1°F NMR (368
MHz, CDCls): 8 =-103.1 (t, J = 11.2 Hz, 2F), -99.7 (t, J = 11.2 Hz, 1F); IR (KBr): 3333, 3091, 2968,
1612, 1360, 1158, 1041, 869 cm™; LRMS (ESI): m/z 390 [M+Na]*; HRMS (ESI): m/z calcd for
C15H20F3sNO4S [M+Na]* 390.0963 Found 390.0958. [a]p?®® = +35.7 (c = 0.23, CHCl5).

((2,4,6-trifluorophenyl)sulfonyl)-L-valine (L8)

100% yield, *H NMR (500 MHz, CDCls): 6 0.91 (d, J = 6.9 Hz, 3H), 1.02 (d, J = 6.9 Hz, 3H), 2.18-
2.27 (m, 1H), 4.07 (dd, J = 9.7, 4.6 Hz, 1H), 5.74-5.77 (m, 1H), 6.76 (t, J = 8.6 Hz, 2H), 10.24 (s,
COOH); ©*C NMR (125 MHz, CDCls): § 16.9, 18.9, 31.2, 61.0, 101.9 (ddd, 2Jrc = 25.0 Hz, 2Jr.c =
28.6 Hz, “Jr.c = 3.6 Hz), 114.9 (dt, 2Jr.c = 16.7 Hz, “Jr.c = 6.0 Hz), 160.5 (ddd, Jr.c = 258.7 Hz, 3Jr
¢ =6.0 Hz,3Jrc = 15.5 Hz), 165.1 (dt, YJr.c = 257.5 Hz, 3Jr.c = 15.5 Hz), 176.2; °F NMR (368 MHz,
CDCI3): § = -102.6 (s, 2F), -98.1 (s, 1F); IR (KBr): 3855, 2978, 1741, 1609, 1449, 1185, 854 cm:;
LRMS (ESI): m/z 334 [M+Na]*; HRMS (ESI): m/z calcd for C11H12FsNO4S [M+Na]* 334.0337
Found 334.0348; [a]p?0 = +42.6 (c = 0.30, CHClI).

((perfluorophenyl)sulfonyl)-.-valine (L9)

F oo
F g OH
N
H

)

F
73% (after recrystallization) *H NMR (400 MHz, CDCls): = 0.92 (d, J = 7.2 Hz, 3H), 1.06 (d, J =
6.7 Hz, 3H), 2.30 (M, 1H), 4.17 (dd, J = 4.0 Hz, 9.7 Hz, 1H), 5.64 (d, J = 9.7 Hz, 1H); 2*C NMR (125
MHz, CDCls): 13C NMR (125 MHz, CDCls): & = 16.8, 18.9, 31.2, 61.3, 116.2 (tt, 2Jr.c = 16.9 Hz, 3J&
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¢ = 4.7 Hz), 137.7 (dddd, ¢ = 256.5 Hz, 2Jr.c = 16.0 Hz, 2rc = 13.2, Hz, ¥rc = 12.2 Hz), 144.1
(dddd, WJe.c = 263.1 Hz, 2Jr.c = 17.9 Hz, 3r.c = 4.7 Hz), 144.5 (dtt, Yr.c = 254.6 Hz, 2Jr.c = 14.1 Hz,
3Jr.c = 4.7, Hz), 175.7; 1°F NMR (368 MHz, CDCI3): § = -158.6 (d, J = 22.8 Hz, 2F), -145.1 (t, J =
22.8 Hz, 1F), -136.0 (d, J = 22.8 Hz, 2F); IR (KBr): 3343, 3217, 2965, 1734, 1502, 1400, 1295, 1180,
1134, 1101, 993 cm't; LRMS (ESI): m/z 346 [M-H]; HRMS (ESI): m/z calcd for C11H1oFsNO4S [M-
H]- 346.0178 Found 346.0191 [a]o"® = 31.0 (¢ = 2.34, CHCls).

5. Mechanistic Studies

Acceleration by Silyl ester Formation in Mannich and Allylation Reactions

Mannich-Type Reaction
(Et0)3SiCl (1.0 equiv)

NTs 0 (AcO)4B,0 (1-5 mol %) TsHN O TsHN O
J DBU (2.0 equiv) /V\)J\ TMSCHN,
.
Ph™  * OH Tol, t, 12 h; Ph™ T OH ‘MeOHmol=11 N T OMe
8 2a 3HF-NEt; 9a rt, 30 min 13a

(1 equiv) (1 equiv)

A flame-dried 10 mL test tube A, equipped with a magnetic stirring bar, was charged with propionic
acid (2a; 22.2 uL, 0.3 mmol), chlorotriethoxysilane (58.9 pL, 0.3 mmol) and DBU (89.6 pL, 0.6
mmol) in anhydrous toluene (500 uL). Another frame-dried 10 mL test tube B, equipped with a
magnetic stirring bar, was charged with tetraacetoxy diboroxane (0.8 mg, 0.003 mmol) in anhydrous
toluene (500 pL). After stirring for 0.5 h, a solution of test tube B and N-benzylidene-2-
methylpropane-2-sulfonamide (8; Ts-Imine, 77.8 mg, 0.3 mmol) were added sequentially to a test tube
A. The reaction mixture was stirred for 12 h at room temperature under an argon atmosphere.
Subsequently, the reaction was quenched with triethylamine trihydrofluoride, and then, aqueous HCI
(1 M). Products were extracted with EtOAc. The combined organic layers were washed with aqueous
HCI (1 M), dried over Na,SOg, filtered and concentrated under reduced pressure to afford the crude
product.

Subsequent methyl esterification was carried out without further purification. To a solution of crude
9a in MeOH (1.0 mL) and toluene (1.0 mL) was added TMSCHN: (1.0 M in hexane) until the color
of the solution became yellow. After stirring for 30 min at room temperature, a few drops of acetic
acid were added until the yellow color of the solution disappeared. The solvent was evaporated under
reduced pressure and the remaining residue was purified by Biotage Isolera One and Biotage SNAP
Ultra grad; EtOAc/Hex; 6% to 50%, affording to 13a as 63.3 mg, (62% yield, 2.8/1 dr).

The spectral data of 13a was identical with the reported values’.
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methyl (E)-2-((4-chlorophenyl)((4-methylphenylsulfonamido)methyl)-6-(4,6-dimethoxy-7-
methyl-3-ox0-1,3-dihydroisobenzofuran-5-yl)-4-methylhex-4-enoate (13m)

TsHN (0] TsHN (0]
Y OMe Cl Y OMe
CI -t -t
(rac) (rac)
MeO OMe MeO OMe
(0] (0]
(0] (0]

A colorless oil; Yield: 59% (125.1 mg); dr = 1.1/1 (2 eq of (EtO)sSiCl, 5 mol% of (Ac0)4B-0 and 3
eq of DBU, SiO;: grad. EtOAc/hexane = 8% to 66%);

(diastereomer-1, stereochemistry not determined)

'H NMR (500 MHz, CDCls) : 6 = 1.77 (s, 3H), 2.17 (s, 3H), 2.21 (dd, J = 6.3 Hz, 14.3 Hz, 1H), 2.31
(s, 3H), 2.35 (m, 1H), 2.78 (m, 1H), 3.39 (d, J = 6.9 Hz, 2H), 3.42 (s, 3H), 3.79 (s, 3H), 4.05 (s, 3H),
452 (dd, J = 4.6 Hz, 9.2 Hz, 1H), 5.13 (s, 2H), 5.25 (t, J = 6.9 Hz, 1H), 6.09 (d, J = 9.2 Hz, 1H), 6.84
(d, J = 8.6 Hz, 2H), 7.00-7.04 (m, 4H), 7.35 (d, J = 8.6 Hz, 2H); 13C NMR (125 MHz, CDCls): § =
11.5,16.0,21.3, 23.5, 40.3,50.1,51.7,57.6, 61.1, 62.6, 68.3, 112.4, 120.0, 126.6, 126.7, 127.7, 128.4,
128.5, 129.1, 130.9, 133.2, 137.6, 137.8, 143.0, 146.7, 156.7, 162.8, 168.9, 174.2; IR (KBr): 3508,
3273, 2991, 2948, 2869, 1757, 1739, 1722, 1598, 1448, 1359, 1334, 1317, 1195, 1161, 1126, 1091,
1039, 970, 913, 812, 667 cm™*; LRMS (ESI): m/z 664 [M+Na]*; HRMS (ESI): m/z calcd for
C33H3sCINOsS [M+Na]* 664.1742 Found 664.1775.

(diastereomer-2, stereochemistry not determined)

'H NMR (500 MHz, CDCl3) : § = 1.71 (s, 3H), 2.14 (s, 3H), 2.30 (dd, J = 7.4 Hz, 8.3 Hz, 1H), 2.35
(s, 3H), 2.89 (dd, J = 7.4 Hz, 7.7 Hz, 1H), 3.32 (s, 1H), 3.36 (d, J = 6.9 Hz, 2H), 3.75 (s, 3H), 4.03 (s,
3H), 4.40 (dd, J = 7.7 Hz, 8.3 Hz, 1H), 5.13 (m, 3H), 5.57 (d, J = 8.6 Hz, 1H), 6.85 (d, J = 8.6 Hz,
2H), 7.00-7.09 (m, 4H), 7.44 (d, J = 8.0 Hz, 2H); 3C NMR (125 MHz, CDCls): § = 11.5, 15.9, 21.4,
23.4, 38.6, 50.3, 51.6, 58.2, 61.0, 62.6, 68.3, 120.0, 126.1, 127.0, 128.3, 128.4, 128.5, 129.1, 129.3,
131.6, 133.6, 136.5, 137.1, 143.4, 146.8, 156.7, 162.7, 168.9, 172.6; IR (KBr): 3264, 2987, 2948, 2864,
1757, 1743, 1713, 1598, 1434, 1360, 1321, 1160, 1129, 1090, 1036, 913, 814, 662 cm; LRMS (ESI):
m/z 664 [M+Na]*; HRMS (ESI): m/z calcd for C33H3sCINOgS [M+Na]* 664.1742 Found 664.1778.
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Allylation

o (AcO);B,0 (2.5 mol %)
[Pd(allyICI], (2.5 mol %) o o
OH Xantphos (5 .0 mol %) X
N"oac DBU (2.5 equiv) OH  TmscHN, OMe

Toluene, rt, 12 h; MeOH/tol = 1/1
3HF-NEt; rt, 30 min

10 1" 12 14
(2 equiv) (1 equiv)

A flame-dried 10 mL test tube A, equipped with a magnetic stirring bar, was charged with 2-ph
propionic acid (11; 41.0 pyL, 0.3 mmol), chlorotriethoxysilane (58.9 pL, 0.3 mmol) and DBU (111.9
uL, 0.75 mmol) in anhydrous toluene (500 uL). Another frame-dried 10 mL test tube B, equipped with
a magnetic stirring bar, was charged with tetraacetoxy diboroxane (2.1 mg, 0.0075 mmol),
[Pd(allyDCI]2 (2.7 mg, 0.0075 mmol) and Xantphos (8.7 mg, 0.015 mmol) in anhydrous toluene (500
uL). After stirring for 0.5 h, a yellow suspension of test tube B and allyl acetate (10, 64.6 uL, 0.6
mmol) were added sequentially to a test tube A. The reaction mixture was stirred for 12 h at room
temperature under an argon atmosphere. Subsequently, the reaction was quenched with triethylamine
trihydrofluoride, and then, aqueous HCI (1 M). Products were extracted with EtOAc. The combined
organic layers were washed with aqueous HCI (1 M), dried over Na;SOa, filtered and concentrated
under reduced pressure to afford the crude product.

Subsequent methyl esterification was carried out without further purification. To a solution of crude
12 in MeOH (1.0 mL) and toluene (1.0 mL) was added TMSCHN (1.0 M in hexane) until generation
of H; stopped. After stirring for 30 min at room temperature, a few drops of acetic acid were added.
The solvent was evaporated under reduced pressure and the remaining residue was purified by Biotage
Isolera One and Biotage SNAP Ultra grad; EtOAc/Hex; 2% to 20%, affording to 14 as 55.3 mg, (89%

yield). The spectral data of 14 was identical with the reported values®.

Inhibitory Effects of Carboxylate

(EtO);SiCl (1.0 equiv) L13: o)
DBU (3.0 equiv) H
o o) (AcO)4B,0 (5.0 mol %) OH O o ©
L13 (10 mol % : N
B HJ\OH ( ) Ph/\:)J\OH 0=%
Ph (C,HsCOO™-DBU* (1 equiv)) : F F
1a 2a THF, rt, 30 min; 3aa
(1 equiv) (1 equiv) 3HF-NEt; F F
without (C,HsCOO~-DBU*): 41% NMe,

with (C,HsCOO~-DBU*): 26%

A flame-dried 10 mL test tube A, equipped with a magnetic stirring bar, was charged with propionic
acid (2a; 0.2 or 0.4 mmol), chlorotriethoxysilane (39.3 pL, 0.2 mmol) and DBU (0.6 or 0.8 mmol) in
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anhydrous THF (0.5 mL). Another frame-dried 10 mL test tube B, equipped with a magnetic stirring
bar, was charged with tetraacetoxy diboroxane (2.7 mg, 0.01 mmol), ((4-(dimethylamino)-2,3,5,6-
tetrafluorophenyl) sulfonyl)-_-valine (L13; 7.4 mg, 0.02 mmol) and anhydrous THF (0.5 mL). After
stirring for 0.5 h, a solution of test tube B and benzaldehyde (1a, 20.3 pL, 0.2 mmol) were added
sequentially to a test tube A. The reaction mixture was stirred for 30 min at room temperature under
an argon atmosphere. Subsequently, the reaction was quenched with triethylamine trihydrofluoride,
and then, aqueous HCI (1 M). Products were extracted with EtOAc. The combined organic layers were
washed with aqueous HCI (1 M), dried over Na>SOu, filtered and concentrated under reduced pressure
to afford the crude product (3aa).

Non-linear Effects experiments

(a) aldol reaction

(Et0)3SiCl (2.0 equiv)

o o) (AcO)4B50 (10 mol %) /?U.J\ /?ij']\
M +/HkOH L13 (20 mol %) p OH  TMSCHN,  Ph” > “OMe

Ph DBU (3.5 equiv) : :
~ v
Ph THF, rt, 12 h; Ph MeOH/toluene (1/1)  Ph
1a 2b 3HF-NEt, 3ab rt, 30 min 4ab
1equiv 2 equiv
L13; Q
OH
O, .NH
O$
F F
F F
NMez

A flame-dried 10 mL test tube A, equipped with a magnetic stirring bar, was charged with 3-
phenylpropionic acid (2b; 60.1 mg, 0.4 mmol), chlorotriethoxysilane (78.5 pL, 0.4 mmol) and DBU
(104.5 pL, 0.7 mmol) in anhydrous THF (0.5 mL). Another frame-dried 10 mL test tube B, equipped
with a magnetic stirring bar, was charged with tetraacetoxy diboroxane (5.5 mg, 0.02 mmol), ((4-
(dimethylamino)-2,3,5,6-tetrafluorophenyl) sulfonyl)-L-valine (L13; 14.9 mg, 0.04 mmol) and
anhydrous THF (0.5 mL). After stirring for 0.5 h, a solution of test tube B and benzaldehyde (1a, 20.3
pL, 0.2 mmol) were added sequentially to a test tube A. The reaction mixture was stirred for 12 h at
room temperature under an argon atmosphere. Subsequently, the reaction was quenched with
triethylamine trihydrofluoride, and then, aqueous HCI (1 M). Products were extracted with EtOAcC.
The combined organic layers were washed with aqueous HCI (1 M), dried over Na,SOQs, filtered and
concentrated under reduced pressure to afford the crude product (3ab).

Subsequent methyl esterification was carried out without further purification. To a solution of crude
4ab in MeOH (1.0 mL) and toluene (1.0 mL) was added TMSCHN_ (1.0 M in hexane) until the color
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of the solution became yellow. After stirring for 30 min at room temperature, a few drops of acetic
acid were added until the yellow color of the solution disappeared. The solvent was evaporated under
reduced pressure and the remaining residue was purified by Biotage Isolera One and Biotage SNAP
Ultra. Determined ees were shown in the table.

100
90 y =0.8914x + 0.4286 90
2 =

80 R2 = 0.9997
— 70 71
(8]
=]
©
°
o
©
(]
(<]

0 10 20 30 40 50 60 70 80 90100
ee of catalyst

ee of L13 |ee of 4ab
0% 0%

20% 19%

40% 36%

60% 54%

80% 71%
100% 90%

PSR #] E=5% JoH]R Iminl [ &@# v-secl [ @& V1] &@#ts |
300000 1 1|Unknown 1 13.217| 5007559 290891 40.666'
- 2Unknown 1 15.208 7306337]  37033¢]  59.334

B OH O
ph/\:)kom with 20% ee of L13
Ph”
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. e DEEETTAE o 2 # I F—-5H4%& CH | tR [min] | @#& [uW-sec] | @& [wv] | mEHE%
] | 1Junknown 1 13.208 2925217]  170644]  32.046
Junknown 1 15.192) 6202855 315692]  67.954)
E 200000 — .
R i OH O
h 100000 = -
N Ph . OMe with 40% ee of L13
', RO e z
2o "o sp 160 -
Retention Time [min] P h
#] E—5% | CH (R min] | @t [V-sec] | & V]| @R
e 1junknown 1 13.400) 1922521 111501  22.864
2|Unknown 1 15.408 6485815] 326578]  77.134
g
OH O
N Ph v OMe with 60% ee of L13
0 T — - % -
130 98 o e (5 160 /—
Ph
; #] £=p& [CH]tR min] | @ LVsec] | & wv] | @i
- 1unknown 1 13.308 3987259] 233039  14.489
2|Unknown 1 15.258 23539762] 11065000 85515
ii 500000 QH O
. Ph/\.)J\OMe with 80% ee of L13
0 r T ¥ T — z
B o ———— L e /_
Ph
#| E—9%& |CH] R [min] | @ [uVsec] | & vl ]| ®EF%
o 1Junknown 1 13.500) 343263] 20062 4964
Fujita-1308-18N3-H-IPA-19-1 - CH1| 2
om0 1 2lunknown 1 15.600) 6571283] 33187¢]  95.034
OH O
L Ph - OMe with 100% ee of L13
PR S N -
130 o N?‘:;’.c.mla."ﬁmr['mjran T 16.0 o Ph/
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(b) Mannich reaction

Condition A
NBus  © BHsL'g";’ﬁ (;%I"(]Z)' %) BusHN O BusHN O
Ph) + HJ\OH DBU (2.0 equiv) Ph/k:)J\OH TMSCHN, Ph/'\i)J\OMe
8a 9a  0.3M, TOlIITHF = 19/1 9aa MeOH/toluene (1/1) 13aa

(1 equiv) (1 equiv) i, 12h rt, 30 min

A flame-dried 10 mL test tube, equipped with a magnetic stirring bar, was charged with (S)-3,3'-
diiodo-[1,1'-binaphthalene]-2,2'-diol (L2; (S)-1.-BINOL, 17.8 mg, 0.033 mmol) in anhydrous toluene
(950 pL) and THF (50 pL). To the solution, borane—dimethyl sulfide complex [1 M in 2-Me THF (30
pL, 0.03 mmol)] was added slowly. After stirring for 1 h, propionic acid (2a; 22.2 uL, 0.3 mmol) was
added to the solution. After stirring for 0.5 h, N-benzylidene-2-methylpropane-2-sulfonamide (8a;
Bus-Imine, 67.6 mg, 0.3 mmol) was added to a reaction mixture. The reaction mixture was stirred for
12 h at room temperature under an argon atmosphere. Subsequently, the reaction was quenched with
aqueous HCI (1 M). Products were extracted with EtOAc. The combined organic layers were washed
with aqueous HCI (1 M), dried over Na>SOg, filtered and concentrated under reduced pressure to afford
the crude product.

Subsequent methy! esterification was carried out without further purification. To a solution of crude
9aa in MeOH (1.0 mL) and toluene (1.0 mL) was added TMSCHN> (1 M in hexane) until the color of
the solution became yellow. After stirring for 30 min at room temperature, a few drops of acetic acid
were added until the yellow color of the solution disappeared. The solvent was evaporated under
reduced pressure and the remaining residue was purified by Biotage Isolera One and Biotage SNAP
Ultra. Determined ee was shown in the table.

HPLC (chiral column: CHIRALPAK IBN5; solvent: hexane/2-propanol = 19/1; flow rate: 1.0

mL/min; detection: at 210 nm; rt): tz = 9.8 min (major) and 12.3 min (mimor).
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ee 0iL2 (%) | ee of 13aa(%)
0 0
20 25
40 51
60 65
80 79
100 95

Intensity [V

Intensity [12¥]

Intensity [v]

400000 -

200000
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200000

600000

400000
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B

10.0 11.0
Retention Time [min]
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1.0 ) 120
Retention Time [min
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200000 |

.

T
13.0

31

#| E—=0%4 |CH|tR [min] | @#E WV-sec] | && V]| m@HRY
1|unknown 1 9,792} 7171778]  507471]  62.191
2Junknown 1 12.325 4360014  230629] 37.809
BusHN (0]
Ph . OMe with 20% ee of L2
#| E-5%& | cH| R [min] | E#E [uV-sec] | & V]| mE#Es
1Junknown 1 9.775 6812969 485715] 75.679
2Junknown 1 12.342 2189642  119351]  24.329
BusHN (@)
Ph - OMe with 40% ee of L2
#] E-5% | cH| R [min] | @H vsec] | B& V]| @HEs
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Aunknown 1 12.633 1934507 98408]  17.571
BusHN (0]
Ph OMe With 60% ee of L2
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# I E=54 |CH|tR [min] | @ [uV-sec] | &S [wVv] I %
1Junknown 1 10.067] 16785722]  991926]  89.457
Aunknown 1 12.747 1978345 100754 10543

BusHN (0]
Ph - OMe With 80% ee of L2

#] E=p% |cH|tR min] | mH v-sec] | B v | mEHix
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H 0,
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Condition B

(Et0)3SiCl (1.0 equiv)

NB o} (AcO)4B,0 (5 mol %) BusHN O BusHN O
| us L2 (11 mol %)
Ph ¥ OH DBU (2.0 equiv) Ph " TOH TMSCHN, Ph v~ “OMe
0.3 M, Tol/THF = 19/1 y MeOH/toluene (1/1) N
8a 2a t, 12 h; 3HF-NEt, 9aa rt, 30 min 13aa

(1 equiv) (1 equiv)

A flame-dried 10 mL test tube A, equipped with a magnetic stirring bar, was charged with propionic
acid (2a; 22.2 uL, 0.3 mmol), chlorotriethoxysilane (58.9 pL, 0.3 mmol) and DBU (89.6 uL, 0.6
mmol) in anhydrous toluene (475 pL) and THF (25 pL). Another frame-dried 10 mL test tube B,
equipped with a magnetic stirring bar, was charged with tetraacetoxy diboroxane (4.1 mg, 0.015
mmol) and (S)-3,3"-diiodo-[1,1'-binaphthalene]-2,2'-diol (L2; (S)-1>-BINOL, 17.8 mg, 0.033 mmol) in
anhydrous toluene (475 pL) and THF (25 uL). After stirring for 0.5 h, a solution of test tube B and N-
benzylidene-2-methylpropane-2-sulfonamide (8a; Bus-Imine, 67.6 mg, 0.3 mmol) were added
sequentially to a test tube A. The reaction mixture was stirred for 12 h at room temperature under an
argon atmosphere. Subsequently, the reaction was quenched with triethylamine trihydrofluoride, and
then, aqueous HCI (1 M). Products were extracted with EtOAc. The combined organic layers were
washed with aqueous HCI (1 M), dried over Na,SOu, filtered and concentrated under reduced pressure
to afford the crude product.

Subsequent methyl esterification was carried out without further purification. To a solution of crude
9aa in MeOH (1.0 mL) and toluene (1.0 mL) was added TMSCHN: (1.0 M in hexane) until the color
of the solution became yellow. After stirring for 30 min at room temperature, a few drops of acetic
acid were added until the yellow color of the solution disappeared. The solvent was evaporated under
reduced pressure and the remaining residue was purified by Biotage Isolera One and Biotage SNAP

Ultra. Determined ee was shown in the table.

ee of L2(%) | ee of 13aa,(%)
0 0
20 21
40 41
60 57
80 74
100 a0
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400000 Fujta-1458-1BE-H-IPA-15-1 - CHY
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Intensity [pV
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i
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: — — ! .
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6. Screening of Silyl Source

Si source (1 equiv)
DBU (3 equiv)
o BH3*SMe, (10 mol %)

o OH O
T L13 (20 mol %) :
Ph) #OH - Ph/\a)\o”

0.2 M, Tol, rt, 12 h;

1a 2a 3HF-NEt;
3
(2 equiv) (1 equiv) aa
entry  Silyl source yield dr
1 - 21% 1.6/1
2 TMSCI 35% 111
3 TESCI 8% 1/1.5
4 TIPSCI 4% 11.3
5 TBDPSCI 3% 1.311
6 (EtO)3SiCl 46% 1.5/1

A frame-dried 10 mL test tube, equipped with a magnetic stirring bar, was charged with BHs—SMe>
(20 uL of 2 M DCM solution, 0.04 mmol), ((4-(methoxy)-2,3,5,6-tetrafluorophenyl) sulfonyl)-L-
valine (L13; 14.4 mg, 0.04 mmol) in anhydrous toluene (1.0 mL). After stirring for 0.5 h, propionic
acid (2a; 14.8 uL, 0.2 mmol) was added to a reaction mixture. After stirring for 0.5 h, chlorosilane
(0.2 mmol), DBU (90 pL, 0.6 mmol) and benzaldehyde (1a, 20.3 pL, 0.2 mmol) were added
sequentially. The reaction mixture was stirred for 12 h at room temperature under an argon atmosphere.
Subsequently, the reaction was quenched with triethylamine trihydrofluoride, and then, aqueous HCI
(1 M). Products were extracted with EtOAc. The combined organic layers were washed with aqueous

HCI (1 M), dried over Na,SOg, filtered and concentrated under reduced pressure to afford the crude

product (3aa).
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7. Reaction with Silyl Esters

a) NMR analysis for siloxy ester formation

o (EtO)3SiCl (1.0 equiv) o
H DBU (2.5 equw)> HH O/Si(OEt)3
H OH dB-THF, rt, 30 min
2a without Si; & = 1.98 ppm
(1.0 equiv) with Si; § = 2.22-2.34 ppm

A flame-dried 10 mL test tube, equipped with a magnetic stirring bar, was charged with propionic
acid (4a; 14.8 pL, 0.2 mmol), chlorotriethoxysilane (39.3 pL, 0.2 mmol) and DBU (74.6 pL,0.5 mmol)
in dg-THF (0.5 mL). After stirring for 0.5 h, crude reaction mixture was analyzed by NMR. 'H NMR
showed full conversion of 4a to the corresponding siloxy ester.

b) Reaction using silyl ester

_ o
(Ac0),B,0 (10 mol %) L13:
o 0 L13 (20 mol %) OH O OH
] + DBU (1.5 equiv) : Oy _NH
3HF-NEt, 2
1a‘ 5 . 3aa
(Tequiv)  (2equiv) 40%, dr = 2.0/1, 81% ee F F
NMEz

A flame-dried 10 mL test tube A, equipped with a magnetic stirring bar, was charged with TMS
propionate 5 (105 pL, 0.6 mmol) and DBU (67.2 pl, 0.45 mmol) in anhydrous THF (2.0 mL). Another
frame-dried 10 mL test tube B, equipped with a magnetic stirring bar, was charged with tetraacetoxy
diboroxane (8.2 mg, 0.03 mmol), ((4-(methoxy)-2,3,5,6-tetrafluorophwnyl) sulfonyl)- -valine (L13;
22.3 mg, 0.06 mmol) and anhydrous THF (1.0 mL). After stirring for 0.5 h, a solution of test tube B
and benzaldehyde 1a (30.5 pL, 0.3 mmol) were added sequentially to a test tube A. The reaction
mixture was stirred for 12 h at room temperature under an argon atmosphere. Subsequently, the
reaction was quenched with triethylamine trihydrofluoride, and then, aqueous HCI (1 M). Products
were extracted with EtOAc. The combined organic layers were washed with aqueous HCI (1 M), dried
over NaSOg, filtered and concentrated under reduced pressure to afford the crude product (3aa).

Subsequent methyl esterification was carried out without further purification. To a solution of crude
3aa in MeOH (0.5 mL) and toluene (0.5 mL) was added TMSCHN: (1.0 M in hexane) until the color
of the solution became yellow. After stirring for 30 min at room temperature, a few drops of acetic
acid were added until the yellow color of the solution disappeared. The solvent was evaporated under
reduced pressure and the remaining residue was purified by Biotage Isolera One and Biotage SNAP

Ultra. This result supports our working hypothesis that the reaction proceeds from silyl ester.
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8. Computed pK, Values

0 o) o] o)
32.6 H\)J\ou 28.4 H\)J\N/ 26.0 H\)J\OJ< 24.7 H\)J\CH3
I

0 AI'F\
25.0 18.3 - 196 5 oF 136 025+ o
O O 1 \
O Me ! H A _si-o B-0
| —~ H
H Mg -sime Aot o E Ao
Me )\

Et Arg = 4-NMe,-CgF,

0]

According to the literature®, the gas-phase A G° of the acid dissociation and pK, of various carbonyl
groups were calculated by Gaussian 16%° (B3LYP/6-311++G(d,p)//B3LYP/6-31+G(d,p)).

9. NMR Analysis of Enediolate Structure

Hb
o 1) (Et0)SiCI (1.0 equiv) Hb/@ _BCy,
NEt; (4 equiv) P B o '
J)\OH 2) Cy,BOTf (1.1 equiv) @Ha 0 J2\0/81
. +
dg-toluene, rt, 30 min Ph)\/kO/SI Ph
2b determined by NOE

1 equiv E V4
E/Z=17]1

Ph

A flame-dried 4 mL test tube, equipped with a magnetic stirring bar, was charged with propionic acid
(2b; 15.0 mg, 0.1 mmol), (EtO)sSiCl (0.1 mmol) and NEts (55.8 pL, 0.5 mmol) in anhydrous ds-
toluene (250 uL). After stirring for 0.5 h, Cy,BOTf (35.9 mg, 0.11 mmol) was added to the solution.
The reaction mixture was stirred for 30 min at room temperature under an argon atmosphere.
Subsequently, the reaction mixture was analyzed by *H NMR in ds-toluene.

For the (EtO)sSi ester, a mixture of E/Z enediolates were produced in a 1.7/1 ratio (Chart A).
Stereochemistry of the enediolate was determined by NOE experiments by irradiating benzylic protons
(H?). Irradiating H? of the major compound, NOE was observed at the cyclohexyl protons (Chart B).
Irradiating H2 of the minor compound, however, NOE was not observed at all at the cyclohexyl protons
(Chart C). Therefore, stereochemistry of the major and minor enediolates was determined to be E and

Z, respectively.
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CyzB

N\

H& H2 O
PR Yo7
HC

Si(OEt)s

E-enediolate

IH NMR (500 MHz, dg-toluene): & = 1.65-1.73 (m, Cy proton), 3.29 (d, J = 7.4 Hz, 2H?), 4.62 (t, J =

7.4 Hz, H°).

CyzB

N\

Ha

. .

H ﬁ\o/smoak
Ha

Ph

Z-enediolate

IH NMR (500 MHz, da-toluene): 3 = 1.65-1.73 (m, Cy proton), 3.25 (d, J = 7.4 Hz, H?), 4.39 (t, J =

7.4 Hz, H°).

Chart A. NMR chart of the reaction mixture of enediolate formation from the (EtO)sSi ester and
Cy,BOTT.
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Chart B. NOE measurement by irradiating benzylic protons H? of the major enediolate.

b 'l ek p w2 prin'C il ybe o O mmw Prrspee- |50 Sowrh WOR mie

Original NMR ‘

NOE observation by irradiating E-H® differential

o =

{ Y (.

[ th
{l}n 1

!
|

NOE observation by irradiating Z-H* differential

i oo

89

oFLE marec- 197 Soatth HOE sl
COMMT  Cyo=0 T
oaTIN apE-1s o 1esa

OBNUC H
3 el rom_'1d_dpfiges_o3
oarmo 0018 Mz
DEEET 118 KHr
o8N SB1 Hx
POINT a7
rREaJu IS0 IS Hr
SAN 1200
AOOTR £ 241 mec
L 000 s
man 11,90 cuac
RHUC H
CTow ne
SLWHT caopecoa
EnmE 3™ ppm
ar 012 Hr
HGAIN k=
NOE
',..C!,rzﬂk
n:_% HH O

NOE

Si(0Et
on A - Si0ED;

DFLE rapac- 107 S HOE -ronie ks
COMNT  CysoTms

CATIM L0618 Gk S 51

DERUE  TH

EO0D  nom1d_d g
oEFRo S00.18 MHs
DESET 1.18 KHr
=0 L6 Hx

POINT 34

g SiOEY);

H

Ph H-h,i[[iﬂ-



L13 o
* O *
1) (Et0)sSiCl (1.0 equiv) 7 N 5 OH
o DBU (5 equiv) N—B_ N o = O‘\\S/NH

2) (Ac0)4B,0 (50 mol%) 0
OH L13 (100 mol%) N Ph/«%/\o/Si(OEth F F
dg-toluene, rt, 3.5 h

2b E/Z=1.8/1
1 equiv

Ph
NMez

A flame-dried 4 mL test tube A, equipped with a magnetic stirring bar, was charged with propionic
acid (4b; 15.0 mg, 0.1 mmol), (EtO)sSiCl (19.6 uL, 0.1 mmol) and DBU (74.6 pL, 0.5 mmol) in
anhydrous dg-toluene (125 pL). Another frame-dried 4 mL test tube B, equipped with a magnetic
stirring bar, was charged with (Ac0)4B>0 (13.7 mg, 0.05 mmol), ((4-(dimethylamino)-2,3,5,6-
tetrafluorophenyl) sulfonyl)-_-valine (L6; 37.2 mg, 0.1 mmol) and anhydrous ds-toluene (125 pL).
After stirring for 0.5 h, a solution of test tube B was added to a test tube A. The reaction mixture was
stirred for 3.5 h at room temperature under an argon atmosphere. Subsequently, the reaction mixture
was analyzed by *H NMR. Due to the presence of excess DBU, stereochemistry of the enolate could
not be determined by NOE analysis. Based on analogy of the chemical shifts obtained in above
experiments using Cy.BOTf, however, we tentatively assigned E-H® was observed at a greater
chemical shift than Z-H¢ (E/Z = 1.8/1: Chart D).

Chart D. NMR chart of the reaction mixture of enediolate formation from the (EtO)sSi ester and chiral

boron complex bearing L13.
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It was previously reported that E/Z ratio dramatically changes depending on the enolization conditions.
Therefore,

10. Comparison to Previous Method

To compare our method to previous catalytic asymmetric aldol reaction of carboxylic acids reported
by Nakajima group,* we conducted the reaction between 1a and 2p. While our conditions produced
3ap in >69% yield with 17/1 dr (see Table 2 in the main text), Nakajima’s conditions afforded only
10% yield with 3/1 dr (scheme below). In this comparison, we used BINAPO, which was not the best
ligand in Nakajima’s work, due to its availability. BINAPO and his best ligand (4,4’-TIPS,-BINAPO)
produced 3ab in 93% and 91% yield, respectively.*

o)
OH O
OH SICl, (3.2 equiv) ph - on
| (S)-BINAPO (10 mol%) :
Ph) + Pr,NBu (5.0 equiv) |
MeO OH °
s DCM, -20°C, 24 h MeO OH
(1.2 equiv) o o 0
o 5—Ph
PC 0
Ph
2p _Ph 3ap
(1 equiv) OO ﬁ\Ph 10% 3.0/1 dr
o]
(S)-BINAPO:

Procedure and amount of the reagents were based on the literature (reaction of 4-hydroxybenzaldehyde
and 8-bromocarboxylic acid)*. Tetrachlorosilane (36.7 uL, 0.32 mmol) was added dropwise to a
solution of carboxylic acid 2p (32.0 mg, 0.1 mmol) and (S)-BINAPO (6.5 mg, 0.01 mmol) in
anhydrous dichloromethane (1.0 mL) at —60 °C. N,N-Diisopropylisobutylamine (102.5 pL, 0.5 mmol)
and aldehyde 1a (12.3 pL, 0.12 mmol) were successively added dropwise to the solution. After stirring
for 24 h at —20 °C, the reaction was quenched with triethylamine trihydrofluoride, and then, aqueous
HCI (1 M). Products were extracted with EtOAc. The combined organic layers were dried over Na;SOs,
filtered and concentrated under reduced pressure to afford the crude product (3ap) and analyzed by
proton NMR (10% NMR vyield, syn/anti= 3.0/1).

11. Computational methods and Results

Density functional theory (DFT), as implemented in the Gaussian16 program (Version C.01),!! was
used for structure optimizations. The wB97X-D*? functional and the 6-31G(d)*® basis sets were
employed for all atoms. The polarizable continuum model (PCM)'* was used as the implicit solvent
model, where tetrahydrofuran (¢ = 7.4257) was the solvent. Vibrational frequency calculations, at

298.15 K and 1 atm, were performed to confirm that the optimized structures were local minimum
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(i.e., no imaginary frequency) or transition states (i.e., one imaginary frequency). Connectivity
between the local minima and transition states were confirmed by performing the Pseudo intrinsic
reaction coordinate (IRC)* calculations (i.e., 20 steps for forward or reverse IRC followed by
optimization). The potential energy of the optimized structures was calculated as the single-point
energy, employing the wB97X-D functional, cc-pVTZ basis sets and PCM as the implicit solvent
model. The Boltzmann distribution of transition states at 273.15 K and 1 atm was used for calculating
the reaction path ratio.'* Conformational analysis of the local minima was performed using the GMMX
method, employing the MMFF force field.*® Then, ten lowest energy structures were selected and fully
optimized using the wB97X-D functional, 6-31G(d) basis sets, and PCM. After that, the lowest energy

structure was selected.
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Figure S1. Computed free energy barrier for deprotonation of an a-proton of the silyl
ester. Among calculated intermediates, 11 showed the lowest free energy barrier.
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Figure S2. Transition state groups for the asymmetric aldol reaction between 13 and PhC(O)H.
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The TSc (= TS2) leads to the 2R,3R (syn) isomer, which is the experimentally observed product. The
2S,3S (syn) isomer can be obtained through the TSg. The TSa and TSp transition states give rise to the
2S,3R (syn) and 2R,3S (syn) isomers, respectively. Relative free energies (AAG in kcal/mol) of the
fully optimized transition states and the existing probabilities (%) are shown in the figure.

The observed absolute configuration of the product (i.e., 2R,3R) is obtained from TSc (= TS2), where
the computed existing probability is 87.7%. The TSg, TSp, and TSa give the minor products with the
existing probability of 7.0%, 3.5%, and 1.5%, respectively. The calculated syn:anti ratio is 95:1. In
the case of 2R,3R and 2S,3S forms of the products, the computed ee% is 85%.
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Figure S3. Computed chair-type(TSp) and boat-type(TSc=TS,) transition state
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13. Energies of the Computed Structures

Thermal correction to Gibbs

Free Energy/AU

Potential energy/AU

PhC(O)H 0.080964 -345.574254634
Boron catalyst 0.304056 -2004.60366671
DBU 0.215572 -462.112469478
RCOOH 0.063124 -268.421052544
PhC(O)H bound boron 0.406944 -2350.18524814
catalyst

DBU bound boron 0.548226 -2466.77372587
catalyst

I 0.823291 -3487.64454179
11 0.822470 -3487.64506931
TS1 0.817245 -3487.63665856
12 0.827670 -3487.65493060
13 0.494286 -2757.03432624
14 0.740899 -3219.21181007
TSa 0.604178 -3102.62726473
TSs 0.605258 -3102.62955302
TSc=TS; 0.60497 -3102.63170222
TSo 0.603873 -3102.62738257
15 0.605218 -3102.67525439
16 0.599737 -3102.66618643
5aa 0.598798 -3102.66690772
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14. Cartesian Coordinates of the Optimized Structures

PhC(O)H

C 3.06187300 0.49033600 0.26109600
0O 2.33032500 -0.18858000 -0.43137100
H 2.89564500 0.56058900 1.35543900
C 4.21067800 1.27011300 -0.24556300
C 4.52613800 1.26295100 -1.60862500
C 4.98207500 2.01655500 0.64825900
C 5.60776800 1.99948100 -2.07093200
H 3.91464200 0.67646700 -2.28722900
C 6.06614200 2.75451700 0.18382400
H 4.73144200 2.01779000 1.70645300
C 6.37682700 2.74456900 -1.17440400
H 5.85636700 1.99696600 -3.12755000
H 6.66700600 3.33514200 0.87644900
H 7.22270700 3.31996100 -1.53844900

Boron catalyst

C -0.08505300 0.49696300 -0.08443000
H 0.97224100 0.75550700 0.02575700

N -0.34440500 -0.87552100 0.39057100
0 -1.65210200 0.49060600 1.70429000
C -0.90366700 1.32071500 0.90987900
0 -0.95569200 2.51166800 1.00453500
B -1.31264800 -0.82276300 1.43375600
S 0.68821200 -2.15076400 0.05378200
0 1.43407200 -1.77018100 -1.13155100
0 1.40227500 -2.51006900 1.26308500
C -0.44053800 -3.45290700 -0.33674000
C -0.66662200 -4.55468400 0.49375800
C -1.19883400 -3.39756600 -1.51084000
C -1.56547400 -5.54798300 0.14872500
C -2.12049000 -4.36862900 -1.83545400
C -2.33130100 -5.51439300 -1.03516400
F -0.02812000 -4.70922100 1.64732900
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F -1.66188200 -6.58981700 0.98803200
F -2.85837600 -4.17710600 -2.93579400
F -1.09230100 -2.35336800 -2.32763100
N -3.21108700 -6.48978800 -1.38961600
C -3.87406200 -7.35446900 -0.42364100
H -3.94332400 -6.87402400 0.55014700
H -3.35886300 -8.31582700 -0.31335000
H -4.89131100 -7.54020900 -0.78070100
C -3.45517500 -6.83568200 -2.78506500
H -4.40115700 -6.42021400 -3.14864300
H -3.49717700 -7.92647800 -2.86162200
H -2.64261900 -6.48652700 -3.42069000
C -0.54498200 0.74216400 -1.54078600
H -0.05685600 -0.04110300 -2.12674800
C -2.06072700 0.59998100 -1.69388900
H -2.58777100 1.42596000 -1.20113700
H -2.33018800 0.62326500 -2.75386600
H -2.42863600 -0.34329100 -1.27890200
C -0.04617200 2.09775700 -2.04422200
H -0.32676000 2.22618900 -3.09417800
H -0.48242200 2.92167400 -1.47164200
H 1.04446100 2.17098500 -1.97421600
C -2.91865400 -2.52107100 1.64405200
0 -3.41196300 -2.17916300 0.59582500
O -1.83181300 -1.88119400 2.15311900
C -3.37860400 -3.65040000 2.52120600
H -2.53665000 -4.34311500 2.63558200
H -3.55803800 -3.24014700 3.52130800
C -4.61424000 -4.34701700 1.96908300
H -4.86068900 -5.21850700 2.58097700
H -5.47515500 -3.67347900 1.96449200
H -4.44925700 -4.67675200 0.93929700

DBU
N 4.93677400 0.65364700 0.55689300
N 2.68887400 0.04065200 1.05414500
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C 6.33723500 0.34538500 0.81082700
C 6.73119500 0.41835800 2.29334000
C 3.94687100 -0.21811900 0.97630200
C 5.69917700 -0.25483700 3.20495100
C 4.59059500 2.05923500 0.40658500
C 4.41059600 -1.60148900 1.38110400
C 5.21641800 -1.62600500 2.71322000
C 3.18975200 2.16790000 -0.17681200
C 2.22570500 1.37798000 0.70546900
H 6.55989200 -0.65101100 0.41893200
H 6.94005800 1.04432900 0.22269300
H 6.85418800 1.46440500 2.59861800
H 7.71057700 -0.06276000 2.40899700
H 6.12513400 -0.36458700 4.20861300
H 4.82856900 0.40450700 3.31542800
H 4.63899300 2.58176200 1.37552400
H 5.32796400 2.52625600 -0.25471300
H 5.00125700 -2.03917600 0.56912500
H 3.50901800 -2.20820600 1.47776600
H 4.58211900 -2.05774600 3.49408000
H 6.07657000 -2.29780500 2.60631400
H 3.19339200 1.75305300 -1.19145100
H 2.88687700 3.21752000 -0.24581700
H 1.25312200 1.28305300 0.20787500
H 2.03805800 1.93434200 1.63555200

RCOOH

C 0.95494600 2.23196900 -2.55166700

0 0.31527100 2.45937600 -3.54935700

C 0.79425000 2.96183700 -1.23273900

H 0.55589300 2.21840700 -0.46124800

H 1.76917900 3.38442100 -0.95842300

0 1.89175900 1.26200800 -2.57432900

C -0.27020400 4.04941200 -1.28422800
H -0.34957700 4.54514600 -0.31293200
H -0.02159800 4.80170600 -2.03740000
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H -1.24609200 3.62790800 -1.53892300
H 2.32885200 1.18897300 -1.71367700

PhC(O)H bound boron catalyst

C 3.28329600 0.40166600 0.43447500
0 2.35328000 -0.18766000 -0.15107500
C 0.55701400 -2.04839700 -2.36479300
H 0.56212800 -2.89053700 -1.65521300
N 0.42806600 -0.78356200 -1.63689000
0 2.58282300 -0.82867800 -2.48473400
C 1.98008400 -1.93902200 -2.91934900
0 2.52333900 -2.74038900 -3.63810500
B 1.73681500 -0.04284200 -1.60675200
S -0.92378900 -0.35491600 -0.82985400
0 -0.53957000 0.63828100 0.16268900
0 -2.00777700 -0.02404900 -1.74230200
C -1.38712600 -1.86526900 0.00385100
C -2.51843900 -2.61936800 -0.31933500
C -0.58046800 -2.37175700 1.02743900
C -2.82784800 -3.78855200 0.35530700
C -0.87102400 -3.55481500 1.67640400
C -2.01996800 -4.31504500 1.37999500
F -3.36814700 -2.24304100 -1.27018900
F -3.97472600 -4.40236900 0.02964600
F 0.00574200 -3.99850200 2.58852900
F 0.54644800 -1.74955000 1.36566000
N -2.31463700 -5.47753600 2.03225500
C -2.01993000 -5.66858400 3.44359200
H -1.13923000 -6.30339900 3.59744000
H -1.85757800 -4.71069700 3.93680800
H -2.88365400 -6.14879500 3.91571600
C -2.98173900 -6.58945800 1.37467800
H -2.52190100 -7.51965800 1.72413600
H -4.05404200 -6.62274800 1.60138800
H -2.84814900 -6.53431300 0.29448800
C -0.51555800 -2.33425700 -3.43805100
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H -1.48266200 -2.19587300 -2.94417700
C -0.44811100 -1.35561200 -4.60812700
H 0.47190900 -1.49851000 -5.18628300
H -1.29714100 -1.51782500 -5.28007100
H -0.47030200 -0.32085100 -4.25955700
C -0.44301100 -3.79257000 -3.89670900
H -0.55134100 -4.48051400 -3.04967600
H -1.25303300 -3.99966300 -4.60347300
H 0.50929700 -4.00437400 -4.38986100
C 1.55852100 1.97343500 -2.97760100
0 1.32699500 1.37831400 -4.00602200
H 3.30288700 0.23175800 1.51530300

C 4.31406900 1.25870800 -0.09570200
C 4.67417500 1.32677600 -1.45561400
C 4.99235700 2.04850500 0.85062500

C 5.67160700 2.20104100 -1.85163300
H 4.20550100 0.67511800 -2.18215500
C 5.97393900 2.93785600 0.44026700

H 4.73014900 1.97542100 1.90212800

C 6.30861300 3.01410200 -0.91027300
H 5.96107200 2.24967400 -2.89563500
H 6.48225300 3.56157200 1.16704900

H 7.08334300 3.70214200 -1.23368100
C 1.70130000 3.47282400 -2.85872400
H 2.69602400 3.67041900 -2.43982300
H 0.98681700 3.81135300 -2.09943300
O 1.73950400 1.37930100 -1.79190300
C 1.49917400 4.20260000 -4.17899900
H 1.60948500 5.28133600 -4.03627500
H 2.23140400 3.87705900 -4.92321200
H 0.50198100 4.00916300 -4.58393100

DBU bound boron catalyst

C -0.15871500 0.25964400 -0.19050800
H 0.92705000 0.37355200 -0.29655400

N -0.51729500 -1.15203000 0.06424500
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O -1.03062000 0.09997300 1.99359000
C -0.53264800 0.95686500 1.11638700
O -0.37833400 2.13500400 1.35061100
B -1.27684100 -1.24635500 1.41304700
S 0.56744200 -2.23703300 -0.52222900
O 1.07406500 -1.72005900 -1.78886200
O 1.56910500 -2.63658200 0.46083400
C -0.42761300 -3.66652900 -0.86926900
C -0.40811300 -4.82600700 -0.09390700
C -1.30583900 -3.64617300 -1.94980900
C -1.21726500 -5.90257600 -0.40413700
C -2.12646700 -4.72119800 -2.24545500
C -2.12094200 -5.89342500 -1.47860500
F 0.35839000 -4.94509700 0.98980800

F -1.14987100 -6.97732300 0.39564500
F -2.98997600 -4.57117200 -3.25692900
F -1.43622900 -2.55596700 -2.69484000
N -2.91317400 -7.00907000 -1.71872000
C -3.86743400 -7.37626600 -0.67785600
H -3.42011300 -7.26800500 0.31000600
H -4.15086600 -8.42428400 -0.81138800
H -4.77669400 -6.75831000 -0.72643200
C -3.39236900 -7.27484700 -3.06662900
H -4.30245100 -6.71599400 -3.32132700
H -3.61193800 -8.34470000 -3.13748700
H -2.61448900 -7.03874200 -3.79444300
C -0.81633700 0.85386200 -1.45294800
H -0.49713600 0.19353800 -2.26590100
C -2.34261900 0.82272500 -1.39292800
H -2.72358100 1.36371100 -0.51711300
H -2.76463900 1.29910500 -2.28404500
H -2.70429400 -0.20733300 -1.36423600
C -0.28721400 2.25938300 -1.74866100
H -0.66140800 2.59932900 -2.72008400
H -0.60658600 2.97360200 -0.98523700
H 0.80806100 2.27292200 -1.78630500
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C -3.59942200 -1.69292900 0.42396200
O -3.34511300 -2.48622100 -0.46249200
N -1.01557600 -3.82907300 4.14162100
N -0.71399500 -2.29022100 2.42905600
C -1.60757800 -5.06682800 4.67156300
C -3.06828500 -4.91340300 5.10475600
C -1.35365400 -3.33382100 2.94945500
C -4.07045500 -4.96469900 3.94986900
C -0.16814800 -3.11525100 5.11223000
C -2.44844100 -4.03469800 2.19745400
C -3.83180200 -3.91881000 2.86038500
C 0.24743700 -1.75165500 4.59613800
C 0.53033300 -1.90662600 3.11308300
H -0.99241600 -5.34346900 5.52999900
H -1.49339800 -5.87145400 3.93878300
H -3.29595900 -5.72140600 5.80843600
H -3.17120900 -3.97206400 5.65965600
H -5.08323200 -4.84635400 4.34985600
H -4.02905700 -5.96281600 3.49221000
H -0.73654300 -3.03611500 6.04446300
H 0.71029600 -3.74037700 5.30493900
H -2.16672100 -5.09153900 2.12204000
H -2.47357800 -3.66442700 1.17702400
H -4.58720800 -4.04176400 2.07647200
H -3.95861900 -2.90759800 3.26379000
H -0.54482900 -1.01061900 4.73818800
H 1.13432400 -1.41098700 5.13568500
H 0.90630200 -0.98959100 2.66983100
H 1.27085800 -2.69120400 2.93437000
C -4.95916600 -1.05539700 0.60597600
H -4.82311900 0.02670100 0.48835900
H -5.26164900 -1.20411700 1.64886000
O -2.74785400 -1.30761000 1.35766800
C -6.00649300 -1.58719300 -0.36172400
H -6.15292600 -2.66343600 -0.22898000
H -6.96521900 -1.08696800 -0.19750600
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H -5.70158600 -1.41790000 -1.39808500

11

C 4.32057000 -2.15610900 0.17740400
H 5.40521400 -2.27855300 0.15016000
H 3.92872500 -2.71879100 1.02869200
H 3.90496400 -2.56976200 -0.74223300
C 3.99925200 -0.65476100 0.30048900
H 4.27314400 -0.13505000 -0.61607600
H 4.54963500 -0.22674000 1.14179000
C 2.54882800 -0.43862400 0.58885600
O 1.65650100 -0.18689000 -0.25124000
0 2.21511200 -0.57009300 1.83090200
Si0.92127600 0.00824200 2.79921000
0 1.32246800 1.50577900 3.27636000
O -0.44386400 0.07729000 1.95197100
0 0.94700400 -1.14214600 3.94733000
C 2.33046800 1.87856400 4.22175500
H 2.13453600 2.92489800 4.46667200
H 2.20745300 1.28836200 5.13635400
C -0.13716000 -1.35931000 4.86214700
H 0.04588900 -2.33337100 5.31849600
H -1.07506900 -1.43115000 4.30102200
C -1.45662100 1.09501900 1.95338400
H -0.99842600 2.06223000 2.18329100
H -1.84156100 1.12299100 0.93351200
C 3.73061800 1.71496800 3.65748700
H 3.82582900 2.25197200 2.70848800
H 4.46188100 2.12434400 4.36123000
H 3.97365100 0.66052900 3.49245800
C -0.20539300 -0.27743400 5.92434500
H -1.02545000 -0.48883200 6.61762000
H 0.72795900 -0.24049800 6.49424400
H -0.38027900 0.71074600 5.48411900
C -2.55530000 0.76490400 2.94363100
H -2.18555300 0.78415500 3.97419300

106



H -3.35928100 1.50295400 2.85908900
H -2.97150900 -0.22413800 2.73771100
C 1.03852100 -1.75822800 -3.40361400
H 0.72345300 -2.78477400 -3.19555600
N 0.53277000 -0.82472000 -2.38907300
O 2.85608800 -0.64887100 -2.38299800
C 2.54658300 -1.66745800 -3.19420700
O 3.38006700 -2.38102600 -3.69446700
B 1.68827700 0.00146200 -1.82677700
S -0.93556700 -1.00990800 -1.74142900
O -1.33830400 0.27975800 -1.20067600
O -1.79343000 -1.70050800 -2.69391900
C -0.77568600 -2.10650700 -0.32068400
C -1.82303200 -2.15784400 0.59709900
C 0.33850000 -2.87385700 -0.00970200
C -1.73039300 -2.87418800 1.77355500
C 0.42814900 -3.61481700 1.15869500
C -0.59794800 -3.63347900 2.11400200
F -2.92973100 -1.44327700 0.39453600
F -2.74604600 -2.77874300 2.64390400
F 1.53679600 -4.34920000 1.32412100
F 1.39070100 -2.95714300 -0.83554600
N -0.53586700 -4.29658300 3.32692000
C 0.75644000 -4.60660600 3.91876800
H 1.20541700 -5.52540900 3.52031400
H 1.44296000 -3.77165200 3.77006300
H 0.60500800 -4.73762800 4.99490100
C -1.57495100 -5.27237600 3.63587800
H -1.32916000 -6.26181600 3.22370700
H -1.66710000 -5.36079500 4.72235300
H -2.53672200 -4.95457100 3.23664300
C 0.62093500 -1.38319200 -4.84441200
H -0.47036200 -1.30111300 -4.80500300
C 1.19327100 -0.03516700 -5.28627800
H 2.28656500 -0.07794100 -5.37119800
H 0.79786600 0.23046800 -6.27199600
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H 0.93126600 0.76682500 -4.58956400
C 0.98377400 -2.50201700 -5.82286800
H 0.53494900 -3.45537300 -5.52196500
H 0.61491300 -2.25621000 -6.82384400
H 2.06761900 -2.64069800 -5.88184300
C 0.70580100 2.27654900 -1.95608200
0 0.12822700 2.67197500 -2.93831200
C 0.46100900 2.77489700 -0.55271500
H 0.35322000 1.89796900 0.09189900
H 1.38010500 3.27974200 -0.22798500
0 1.73231100 1.39768300 -2.06210500
C -0.74856400 3.69025300 -0.44208000
H -0.86919800 4.03942600 0.58782900
H -0.64349400 4.56325300 -1.09195600
H -1.65718000 3.15709400 -0.73580200

|

C 2.78306200 -0.68322500 -1.21486000
H 3.15690600 0.32477700 -1.49135100
C 1.68072300 -0.40346600 -0.26369300
0 0.55489700 0.06825700 -0.57984300
0 1.90981800 -0.60636400 0.98896100
Si 0.97530600 -0.01690800 2.31887400
0 1.22701100 1.57719500 2.41598300
0 -0.59722900 -0.32468500 2.15244300
0 1.62374500 -0.95073700 3.47806600
C 2.40099000 2.26743300 2.85618000
H 2.21525500 3.32354000 2.64889700
H 2.48842800 2.14415200 3.94141900
C 0.98824600 -1.19096800 4.73971300
H 1.57217700 -1.98069100 5.21980700
H -0.02153500 -1.57295300 4.56334000
C -1.62464000 0.55622400 1.68253100
H -1.21923700 1.56681300 1.57124400
H -1.93774500 0.19536900 0.69970700
C 3.66473100 1.80294700 2.15471500
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H 3.57247600 1.89707500 1.06717600
H 4.50745000 2.42143700 2.48138500

H 3.89949000 0.76185400 2.40380000

C 0.96086700 0.05366100 5.60836200

H 0.52760800 -0.18268000 6.58520200
H 1.97452800 0.43601100 5.76263400

H 0.35391400 0.84407100 5.15250500

C -2.77826900 0.53720000 2.66201600
H -2.46048200 0.90581600 3.64251100
H -3.58875600 1.17562600 2.29531700
H -3.15977900 -0.48131000 2.77441900
C 0.10990800 -1.03804800 -3.99712200
H 0.67772100 -1.96083700 -4.15040800
N -0.45047600 -0.98331200 -2.64144000
0 0.88702000 0.90154900 -2.88769800
C 1.07404500 0.14735600 -3.97238100
O 1.88835000 0.40981000 -4.82440200
B -0.08463200 0.33017000 -1.97053200
S -1.45970900 -2.12787600 -2.06911800
0 -2.67016500 -1.52039300 -1.54413000
O -1.56077500 -3.18337200 -3.06811900
C -0.58392400 -2.81934400 -0.66785800
C -1.09403500 -2.85991400 0.62616200
C 0.67820300 -3.38965000 -0.85764000
C -0.35212900 -3.37911200 1.68231600
C 1.38764400 -3.95100400 0.18145900
C 0.92112600 -3.93412200 1.51199600
F -2.28855900 -2.37056300 0.92899700
F -0.89880000 -3.28942300 2.90114500
F 2.56093200 -4.53397800 -0.09771700
F 1.22527300 -3.41788100 -2.07760400
N 1.68783600 -4.49467600 2.51570400
C 3.02804200 -3.95767600 2.73430200
H 3.63831900 -4.72159300 3.22440900
H 3.50111400 -3.70009800 1.78770100
H 2.99650000 -3.05874800 3.36402200
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C 1.05641200 -5.00649100 3.72150000
H 1.72466100 -5.75768200 4.15335600
H 0.87361900 -4.23105800 4.47685600
H 0.11154100 -5.49272900 3.47579900
C -0.93148700 -0.88136500 -5.13475100
H -1.66616600 -1.67329100 -4.96121000
C -1.65220500 0.46713700 -5.08045100
H -0.96549000 1.29502800 -5.29673900
H -2.44889800 0.49482500 -5.83044700
H -2.10337400 0.64269000 -4.09915300
C -0.29038500 -1.12903900 -6.50157100
H 0.19589800 -2.11016400 -6.53975600
H -1.05821400 -1.10242800 -7.28150600
H 0.46081100 -0.36838700 -6.73263600
C -2.46078200 2.98810300 -0.85639600
H -2.86730800 3.21249900 -1.85026800
H -3.13032600 2.23239100 -0.42934600
N 5.20411300 4.20899700 -1.65521300
N 4.46107700 1.99846800 -1.20588200
C 4.95536100 5.42132900 -2.42560700
C 4.96181700 5.20154200 -3.94643400
C 4.26273000 3.20289700 -1.62620100
C 4.22881600 3.92049500 -4.35962600
C 6.59340700 3.87194400 -1.38192200
C 2.89248400 3.55726800 -2.15139800
C 2.86055700 3.71194100 -3.69742100
C 6.64545100 2.80472300 -0.29947800
C 5.78594200 1.62154300 -0.73288800
H 3.99782000 5.84874900 -2.11750300
H 5.71994900 6.15134200 -2.14312900
H 5.99427500 5.15890500 -4.31406300
H 4.49447900 6.07574600 -4.41686500
H 4.10206900 3.91694100 -5.44821200
H 4.86267400 3.05411800 -4.12871100
H 7.09490700 3.51231200 -2.29414100
H 7.11083600 4.78138500 -1.05958200
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H 2.54333500 4.47305700 -1.66328000
H 2.20783600 2.76654400 -1.84583400
H 2.42461700 2.80163300 -4.11885600
H 2.19252400 4.54001900 -3.96403900
H 6.25441500 3.22447700 0.63487200
H 7.67942900 2.49371000 -0.12101500
H 5.66216800 0.92365100 0.10377200
H 6.29760200 1.05996300 -1.52796400
O -0.05756600 2.81636000 -0.68998400
C -1.11026000 2.34097200 -1.06035200
O -1.22078400 1.16878100 -1.69071800
C -2.40252100 4.23732000 0.01120800
H -1.73721400 4.98705600 -0.42531400
H -3.39933900 4.67584500 0.11216100
H -2.02877000 4.00285300 1.01283800
C 3.93960200 -1.49682500 -0.64891300
H 3.65697200 -2.53404200 -0.46099700
H 4.75573100 -1.49585100 -1.37557100
H 4.31167800 -1.06014700 0.28054200
H 2.36970500 -1.14266200 -2.11460600

TS1

C 2.86969600 -0.38363900 -1.25055500
H 3.53392700 0.80948600 -1.14463100
C 1.77611700 -0.21535000 -0.38443900
0 0.61623300 0.27544300 -0.66823300
0 1.95312000 -0.47730500 0.89629400
Si 0.98166200 0.05275300 2.18218300
0 1.14088100 1.66320100 2.35159500
O -0.58453700 -0.30486700 2.01980600
0 1.62765700 -0.85420400 3.37364600
C 2.23557900 2.37269800 2.92690900
H 2.02378300 3.43237800 2.76403300
H 2.24555800 2.19406500 4.00806300
C 0.94942400 -1.12801200 4.60188300
H 1.50388300 -1.94368800 5.07499900
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H -0.06042900 -1.48728500 4.38471400
C -1.64355200 0.53619500 1.55804000
H -1.27543000 1.55887400 1.42020300
H -1.97091900 0.15217000 0.58929200
C 3.57310700 2.00166800 2.31215100

H 3.55589500 2.15899200 1.22971000

H 4.36132800 2.62633900 2.74540700

H 3.82645100 0.95422200 2.50946600

C 0.91026600 0.08426400 5.51523900

H 0.44481800 -0.18098800 6.46987300
H 1.92311000 0.44844400 5.71376800

H 0.32669700 0.89693000 5.06819000

C -2.76795800 0.49677900 2.57228400
H -2.43008500 0.88761500 3.53770200
H -3.61195300 1.10302700 2.22671100
H -3.10765900 -0.53386600 2.71152200
C -0.03943700 -0.99294800 -4.00397300
H 0.52519500 -1.91468600 -4.17328300
N -0.49423400 -0.90211500 -2.61333400
0 0.79882400 0.98489100 -3.02417600
C 0.91186700 0.19555300 -4.08707100
0 1.66828900 0.42617600 -5.00366200
B -0.08733800 0.43788800 -1.99131600
S -1.44887100 -2.03834500 -1.95371900
0 -2.62314200 -1.43003500 -1.34867200
O -1.62803800 -3.10970900 -2.92768200
C -0.48000500 -2.72299800 -0.61445900
C -0.95412100 -2.85836700 0.68600300
C 0.79572800 -3.23234700 -0.87102400
C -0.15920000 -3.39175800 1.69457300
C 1.55540800 -3.81625700 0.11861200
C 1.13041000 -3.87750800 1.45995100
F -2.16755000 -2.45553100 1.03948400
F -0.67750000 -3.39288500 2.93025000
F 2.73822800 -4.34738600 -0.21930600
F 1.30261400 -3.18826000 -2.10686400
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N 1.96585600 -4.43968700 2.41152300
C 3.26185200 -3.79808100 2.61659400
H 3.93786600 -4.51476400 3.09177800
H 3.69646100 -3.49983000 1.66273900
H 3.16971700 -2.90751800 3.25264700
C 1.40452000 -5.02550900 3.61790100
H 2.13128100 -5.74430100 4.00879100
H 1.19325000 -4.28653000 4.40235100
H 0.48595800 -5.56483900 3.38270900
C -1.16355100 -0.87776100 -5.06620000
H -1.87832700 -1.66580300 -4.81168300
C -1.88678100 0.46906200 -5.00471000
H -1.22298800 1.29149000 -5.29967100
H -2.73731500 0.46818500 -5.69393400
H -2.26265600 0.67667700 -3.99834700
C -0.62500200 -1.16968600 -6.46818300
H -0.13783300 -2.15035200 -6.50962900
H -1.44847300 -1.17128600 -7.18986800
H 0.10337400 -0.41546400 -6.77975400
C -2.51606300 3.06357200 -0.87904200
H -2.97411200 3.27476400 -1.85362300
H -3.13450500 2.28024400 -0.42662500
N 5.19110600 3.94874600 -1.58714800
N 4.44873700 1.78679700 -1.07199300
C 4.98251700 5.16454300 -2.37295600
C 5.10102200 4.92889600 -3.88463700
C 4.25628000 2.97054700 -1.58481800
C 4.40539400 3.63989600 -4.33546800
C 6.54354800 3.67181400 -1.11142300
C 2.92577300 3.27845200 -2.21617700
C 2.99887000 3.43106900 -3.76091000
C 6.48931900 2.65036200 0.01333200

C 5.72144100 1.42500700 -0.46079900
H 4.00113300 5.57872600 -2.13089400
H 5.71820700 5.89929500 -2.03714100
H 6.15735100 4.89078900 -4.17518400
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H 4.66198100 5.79547400 -4.39314200
H 4.34582600 3.63066800 -5.42906400
H 5.03019300 2.77844500 -4.06400600
H 7.16705100 3.30634700 -1.93886800
H 6.97644100 4.61169400 -0.75867700
H 2.52802200 4.18546000 -1.75172300
H 2.22447300 2.48684300 -1.95785300
H 2.58103300 2.52638100 -4.20985800
H 2.35182500 4.26266800 -4.06259100
H 5.98512000 3.09394100 0.87841000
H 7.50140000 2.37258600 0.31880700
H 5.51392800 0.75401100 0.37804400
H 6.31933700 0.85825200 -1.18604000
O -0.10244400 3.03336700 -0.88196100
C -1.14766000 2.47441800 -1.14745400
0 -1.23960300 1.27326900 -1.71192900
C -2.47369100 4.31335000 -0.01109000
H -1.86710000 5.09441400 -0.47747500
H -3.48347900 4.70482900 0.14239100
H -2.03869000 4.09420700 0.96911900
C 3.96199100 -1.37022800 -0.86894600
H 3.67086700 -2.40092100 -1.08447400
H 4.86861900 -1.15800200 -1.44405300
H 4.21187900 -1.30009100 0.19304400
H 2.59926800 -0.40487400 -2.30126300

12

C 3.18550500 -1.15324300 -0.31580900
H 2.77321400 2.78751300 -0.79823100
C 2.08741300 -0.76164000 0.34259300
0 1.07491600 0.00176800 -0.09049700
0 1.89260100 -1.14817600 1.62858400
Si 0.83442000 -0.47777900 2.71605000
0 1.22115900 1.07791100 3.06226800
0 -0.74331500 -0.50211400 2.32922000
0 1.05719000 -1.51106800 3.96872600
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C 2.51080400 1.50079600 3.49147700
H 2.35531000 2.37974700 4.12471100
H 2.97758900 0.72664500 4.11421800
C 0.14811300 -1.61753400 5.05902500
H 0.39525800 -2.55260300 5.57203500
H -0.87454600 -1.70528000 4.67720700
C -1.47593000 0.51382100 1.65049900
H -0.93085000 1.46334300 1.70588000
H -1.56417000 0.22858300 0.59915500
C 3.40177600 1.84987600 2.31121000
H 2.90897200 2.59450100 1.67874600
H 4.35491100 2.25909200 2.66340000
H 3.60682900 0.96120100 1.70559400
C 0.26783000 -0.44345900 6.01733000
H -0.38924200 -0.59163200 6.88071000
H 1.29758300 -0.34788000 6.37633400
H -0.01430800 0.49372900 5.52674600
C -2.84333900 0.64505900 2.29059400
H -2.75330300 0.93993600 3.34113700
H -3.43601200 1.40212500 1.76557100
H -3.37590800 -0.30890300 2.23876700
C 1.14852100 -0.77674400 -3.62207500
H 1.63165500 -1.74701400 -3.77527300
N 0.36020000 -0.76496300 -2.38889200
0 1.94590900 0.92510400 -2.19905000
C 2.22051100 0.26338600 -3.30757300
O 3.20583500 0.48887400 -3.98261400
B 0.78100800 0.38601800 -1.45711800
S -0.82734200 -1.83515200 -2.11342700
O -2.04614700 -1.14353500 -1.72001300
O -0.87930400 -2.76647200 -3.23690000
C -0.28903900 -2.77029100 -0.68733800
C -1.02070400 -2.88324100 0.49152000
C 0.92919200 -3.44988200 -0.73709200
C -0.52029000 -3.57434200 1.58844000
C 1.39696200 -4.17633000 0.33558200
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C 0.71282800 -4.23322100 1.56273600
F -2.21239000 -2.31663500 0.64062000
F -1.25905500 -3.54657700 2.70658600
F 2.55380600 -4.83868200 0.19429000
F 1.66416000 -3.43137300 -1.85160500
N 1.27068900 -4.94479800 2.61720400
C 2.55356200 -4.45513800 3.11858200
H 3.02850000 -5.25138400 3.69973900
H 3.21237400 -4.19701100 2.28987900
H 2.41822600 -3.56806800 3.75210900
C 0.41105400 -5.47543100 3.66246300
H 0.94880400 -6.29268600 4.15364000
H 0.14334900 -4.73062600 4.42411300
H -0.50334400 -5.88271300 3.22822200
C 0.35367100 -0.39537800 -4.89709400
H -0.47026800 -1.11404600 -4.94185900
C -0.23719700 1.01249900 -4.80894000
H 0.55419200 1.77157500 -4.82400400
H -0.89138200 1.20200300 -5.66612700
H -0.82195300 1.14555900 -3.89394200
C 1.20251500 -0.57430500 -6.15704700
H 1.60759600 -1.59036700 -6.22194300
H 0.58966300 -0.39785400 -7.04727700
H 2.04241300 0.12645000 -6.17312300
C -1.36791100 3.36854300 -0.66342900
H -1.67763000 3.56918200 -1.69642900
H -2.15440300 2.73204500 -0.24153400
N 4.66062100 4.12352400 -3.01504900
N 3.66500300 2.98237200 -1.26114500
C 4.55144800 5.12846000 -4.07852000
C 3.55921200 4.73729100 -5.19157400
C 3.64733600 3.93346600 -2.17239500
C 2.39205800 3.86887300 -4.71118200
C 5.76118400 3.15475700 -3.07659100
C 2.42672800 4.79959500 -2.28634800
C 1.58413100 4.41951100 -3.52939700
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C 6.01961700 2.57209700 -1.69495600
C 4.72787000 1.99100600 -1.14582900
H 4.27389600 6.08229000 -3.62578300
H 5.55357500 5.26458100 -4.48812000
H 4.09013800 4.18849700 -5.97635600
H 3.18735700 5.66209100 -5.64681300
H 1.71101500 3.70975500 -5.55403200
H 2.77679700 2.87655800 -4.44529200
H 5.49536600 2.36392800 -3.78780300
H 6.64423000 3.67657500 -3.45027300
H 2.74133400 5.84442700 -2.33792300
H 1.83229900 4.68667700 -1.37928700
H 0.86097800 3.65198200 -3.23333100
H 1.01163500 5.30172600 -3.83343700
H 6.40067000 3.35371200 -1.02953100
H 6.77722000 1.78835900 -1.76405100
H 4.82340600 1.71816700 -0.09385400
H 4.43063000 1.10180000 -1.70634500
0 0.95867200 2.91581500 -0.24641400
C -0.10353700 2.54173700 -0.73092300
O -0.28092300 1.41008600 -1.37159700
C -1.21242700 4.65893500 0.12791300
H -0.45608300 5.30904900 -0.32196500
H -2.16026300 5.20414900 0.15256500
H -0.90670500 4.45304300 1.15780700
C 4.26138500 -2.00704900 0.28683700
H 4.26741100 -3.01259200 -0.15048800
H 5.25364700 -1.57230600 0.11263800
H 4.12409400 -2.11313800 1.36607800
H 3.29558100 -0.87058000 -1.35214000

13

C 4.86338600 -1.13854100 1.03129800
H 5.33735600 -2.08085700 1.33155100
H 5.58882400 -0.59459300 0.41584000
H 4.67185200 -0.55214700 1.93298800
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C 3.59904800 -1.38804000 0.26795900
H 3.65259000 -1.93747900 -0.66673400
C 2.39763200 -0.97579200 0.66262400
0 1.25176000 -1.24544700 -0.06330400
O 2.14015800 -0.34408000 1.81785300
Si 0.77173400 0.58182600 2.08967500
0 0.41821300 1.45372300 0.74890700
O -0.51955800 -0.33864900 2.45281700
0 1.22429400 1.44707400 3.39448100
C 1.06049800 2.66026500 0.32855800
H 0.77151600 2.80373800 -0.71547700
H 0.64729300 3.49280400 0.90846000
C 0.29571800 2.06684000 4.28621900
H 0.87386700 2.37183200 5.16229100
H -0.44744400 1.32978400 4.61033000
C -1.63862900 -0.60249100 1.60625200
H -2.07763500 0.34505000 1.27449400
H -1.30565700 -1.14586900 0.71703900
C 2.57463800 2.62411600 0.45160700
H 2.99159900 1.78659800 -0.11460100
H 2.99117900 3.55308600 0.04930000
H 2.88628400 2.53945400 1.49754700
C -0.38322600 3.26924500 3.65240800
H -1.04250000 3.75522100 4.37861300
H 0.36228500 3.99838200 3.32010000
H -0.98997000 2.97195000 2.78949400
C -2.64666300 -1.42778900 2.37771900
H -3.00022200 -0.88132600 3.25737300
H -3.50375100 -1.65924400 1.73844900
H -2.19685300 -2.36926200 2.70470200
C -0.03794200 -0.22436100 -3.34322300
H 0.14956200 -0.82823700 -4.23752700
N -0.06758300 -1.08625200 -2.15117700
O 1.71759600 0.33998800 -1.85114800
C 1.18924600 0.64247600 -3.07135600
0 1.65121600 1.49350700 -3.77567600
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B 0.98221400 -0.68278700 -1.26288200
S -1.06173900 -2.43279700 -2.15781900
0 -2.32260700 -2.11063900 -1.51539900
O -1.08122000 -2.92397600 -3.52604500
C -0.14512000 -3.52670800 -1.11405000
C -0.62700100 -3.98732000 0.11020500
C 1.19024100 -3.81199700 -1.41283300
C 0.20643400 -4.62359400 1.01853800
C 2.00397200 -4.47839300 -0.52745600
C 1.55982300 -4.88270400 0.74943000
F -1.88036300 -3.78128400 0.49063200
F -0.32944500 -4.94076300 2.20315400
F 3.26497100 -4.72327600 -0.89972900
F 1.72855900 -3.37502500 -2.55338300
N 2.42836900 -5.51385500 1.61085000
C 3.67417000 -4.83621900 1.96026000
H 4.44039200 -5.58458400 2.18184300
H 4.02306900 -4.21580600 1.13700500
H 3.53578600 -4.19803800 2.84437300
C 1.93068600 -6.39881200 2.65329400
H 2.73478700 -7.09605200 2.90637200
H 1.63571400 -5.86232500 3.56399200
H 1.08227800 -6.97690900 2.28605800
C -1.32927400 0.60433200 -3.52862700
H -2.14737400 -0.12576300 -3.51452600
C -1.54400500 1.59130700 -2.37995300
H -0.81332800 2.40795300 -2.42703300
H -2.53980000 2.03838500 -2.45035800
H -1.46141500 1.10732100 -1.40094000
C -1.34381400 1.29913100 -4.89093200
H -1.23273600 0.57603900 -5.70601100
H -2.29499900 1.82217800 -5.02926000
H -0.53531600 2.03155300 -4.97019500

14
C 0.83946800 -1.50909900 0.63897600
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H 0.66167200 -0.72514000 1.38808300
H 1.92299400 -1.66824600 0.59673400
H 0.38955800 -2.43184700 1.01258600
C 0.31153300 -1.11206000 -0.70682600
H 0.85960700 -0.35805500 -1.26295800
C -0.80491000 -1.55621200 -1.29694500
O -1.21206600 -1.03047300 -2.46387500
O -1.66773500 -2.45635500 -0.75831400
Si -1.62889200 -4.02596100 -0.25237900
0 -0.62616200 -4.99614600 -1.07761300
O -1.21447600 -4.12704900 1.33441800
O -3.18000000 -4.47134100 -0.49457900
C 0.71518000 -4.74305400 -1.48262200
H 1.37381300 -4.81089900 -0.60781500
H 0.79271500 -3.72892900 -1.88870100
C -3.62880500 -5.82218200 -0.58098900
H -3.02096000 -6.47056000 0.06261000
H -3.50029500 -6.15711200 -1.61636500
C -1.86975300 -3.32392900 2.31491900
H -2.94742900 -3.52136400 2.29769500
H -1.72225800 -2.26761000 2.06404400
C 1.09694900 -5.76186000 -2.53646000
H 0.42166600 -5.67000000 -3.39151000
H 2.12815800 -5.59933400 -2.86767700
H 1.01884600 -6.77691100 -2.13435900
C -5.08374000 -5.88035800 -0.16102500
H -5.69027600 -5.22667600 -0.79385400
H -5.46279400 -6.90358000 -0.24719400
H -5.19598200 -5.54752600 0.87511700
C -1.28976400 -3.62617300 3.68007000
H -0.22006000 -3.39518900 3.70416500
H -1.42361700 -4.68291700 3.93056800
H -1.79486000 -3.02190300 4.44024300
C -3.69148000 -3.32254900 -3.50669200
H -4.05734500 -3.56238900 -2.50172500
N -3.30041900 -1.90490900 -3.59557700
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O -1.33620000 -3.18988500 -3.61762800
C -2.35159400 -4.04136500 -3.64961700
0 -2.20959600 -5.23616900 -3.78606000
B -1.75625100 -1.76967700 -3.58840600
S -4.27368800 -0.73419200 -3.01346600
O -3.77261200 0.53432500 -3.52097100
O -5.66417000 -1.09014600 -3.26648400
C -4.11103800 -0.68870400 -1.22780100
C -4.76362000 -1.62861100 -0.42792800
C -3.32452500 0.24939500 -0.56446800
C -4.62432200 -1.63551200 0.94486900
C -3.22470400 0.26673600 0.82092400
C -3.86812400 -0.67200900 1.63670700
F -5.52215300 -2.58222200 -0.96869900
F -5.23038100 -2.61599900 1.63083700
F -2.50263000 1.26165100 1.35809800

F -2.66074000 1.20009400 -1.21005200
N -3.76388900 -0.73418300 3.01971700
C -4.99934000 -0.68485600 3.79544100
H -4.82154600 -1.14373000 4.77241700
H -5.79220900 -1.23986400 3.29736400
H -5.33342100 0.35152700 3.95137700
C -2.64171000 -0.10239100 3.69719200
H -1.71979400 -0.25650900 3.13458100
H -2.78501400 0.97423200 3.85743400
H -2.52911300 -0.58452500 4.67305800
C -4.73786500 -3.77546700 -4.54671400
H -5.55417600 -3.05298600 -4.46618600
C -4.20194100 -3.73412600 -5.97766500
H -3.82573300 -2.73857400 -6.22959900
H -3.39175900 -4.45841800 -6.11981000
H -4.99831700 -3.97975000 -6.68799600
C -5.29811100 -5.15536700 -4.19185700
H -5.70923400 -5.16286800 -3.17571400
H -6.10602700 -5.42141700 -4.88199500
H -4.52297400 -5.92365200 -4.25142400
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N 0.53469800 -0.17821500 -6.15807900
N -1.21364800 -1.05864700 -4.89136300
C 1.93910100 -0.23003900 -6.59348500
C 2.38616000 -1.61130200 -7.07978600
C 0.08248400 -0.89828400 -5.12288000
C 2.77399200 -2.57870400 -5.96053200
C -0.31741600 0.70868400 -6.96260900
C 1.10884700 -1.59693900 -4.26912500
C 1.66216600 -2.86216200 -4.95199400
C -1.70753900 0.81283000 -6.37169800
C -2.12719300 -0.57607500 -5.93189000
H 2.59594200 0.14131000 -5.79880700
H 2.01616100 0.48236000 -7.41651700
H 1.58680400 -2.03712200 -7.69940400
H 3.25214300 -1.46717600 -7.73519000
H 3.10929100 -3.52318000 -6.40308900
H 3.63708200 -2.16135200 -5.42370800
H -0.35669200 0.31090200 -7.98343700
H 0.17136700 1.68714400 -7.00159600
H 1.92254500 -0.90218600 -4.03737700
H 0.65941400 -1.86692500 -3.32106800
H 0.83403900 -3.40549900 -5.42094200
H 2.05373800 -3.51714300 -4.16756000
H -1.72271700 1.47991300 -5.50476100
H -2.39729400 1.21058400 -7.11994100
H -3.13458800 -0.57464200 -5.53433800
H -2.09034000 -1.26922100 -6.78280700

TSa

C 4.44120400 1.97325700 -1.88044200
C 3.85090100 2.21484900 -0.67985500
0 2.56755800 2.02925200 -0.37527700
0 4.57613000 2.64639700 0.36099600
Si 4.88096400 1.90341800 1.82164500
0 4.65031500 0.31202700 1.50111500
0 6.44113400 2.17461600 2.19748200
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0 3.97188700 2.53582800 3.01117000
C 4.96181100 -0.73451300 2.42928900
H 4.85136600 -1.66838800 1.87291800
H 6.01124500 -0.63997900 2.73240900
C 2.55479200 2.74829500 2.95328400
H 2.17448900 2.54403000 3.95832800
H 2.08869800 2.03354700 2.26802400
C 6.92528700 2.94505200 3.29808600
H 7.91502900 3.30767900 3.00673800
H 6.27981200 3.81426100 3.46179600
C 4.03856100 -0.72949200 3.63474500
H 2.99723500 -0.74735900 3.30514700
H 4.23238100 -1.61389900 4.25050200
H 4.19341300 0.15979000 4.25302000
C 2.25692100 4.17724000 2.54102100
H 1.17963100 4.36614500 2.58636100
H 2.76182300 4.88200500 3.20914800
H 2.59644400 4.35737300 1.51643500
C 7.01199700 2.10143800 4.55691000
H 7.63330700 1.21726200 4.38317600
H 7.45478500 2.68253600 5.37248800
H 6.01501500 1.77565700 4.87027800
C -0.80971500 1.44960100 -1.07678200
H -1.53309800 0.68768900 -1.37870800
N 0.37610800 0.84354300 -0.46111800
O 1.10903300 2.03468800 -2.32483100
C -0.22314400 2.09584800 -2.32964000
O -0.85580100 2.62910300 -3.20919300
B 1.63195200 1.27394700 -1.19923300
S 0.24236900 -0.36928600 0.61701900
0 1.15701500 -0.13053700 1.72270200
O -1.17285400 -0.57829900 0.89113600
C 0.86804000 -1.80991100 -0.23881200
C 1.93619500 -2.58308300 0.21576800
C 0.37674200 -2.13675500 -1.50230200
C 2.52189600 -3.55634500 -0.57768000
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C 0.91402300 -3.14814100 -2.26996100
C 2.04061800 -3.89312900 -1.85728200
F 2.49711300 -2.38113300 1.40445700
F 3.62699300 -4.14483200 -0.09388300
F 0.31524200 -3.42664000 -3.43664600
F -0.64887900 -1.45364600 -2.01542100
N 2.60401700 -4.86207900 -2.63268500
C 2.59868100 -4.80727900 -4.08652500
H 1.88330800 -5.51874700 -4.51526200
H 2.35952400 -3.80627800 -4.43880000
H 3.60293300 -5.05766400 -4.44497400
C 3.31693700 -5.99697500 -2.06763600
H 3.11430100 -6.87023300 -2.69518400
H 4.40026000 -5.82885400 -2.03922500
H 2.96178000 -6.21708700 -1.06158700
C -1.50868500 2.48373300 -0.16338000
H -1.70265900 1.94735800 0.77208200
C -0.60494200 3.67867200 0.14131400
H -0.44659000 4.29396800 -0.75293900
H -1.06189000 4.31606700 0.90520100
H 0.37235600 3.35303300 0.51034400
C -2.85366800 2.91872000 -0.74701500
H -3.50743200 2.05649700 -0.91964600
H -3.36223600 3.59500700 -0.05213700
H -2.72005600 3.44026500 -1.69923800
C 3.50623900 -0.28349900 -1.36841400
O 2.37703800 0.09743800 -1.82751600
H 3.72431700 -0.16644900 -0.30368900
C 4.36107800 -1.14526600 -2.14888400
C 4.08089700 -1.43380700 -3.49254100
C 5.47445500 -1.71304400 -1.51504100
C 4.91126700 -2.29656900 -4.18921300
H 3.21694500 -0.98171400 -3.96845100
C 6.29428600 -2.58624500 -2.21714300
H 5.68534500 -1.46470100 -0.47883600
C 6.00971700 -2.87791900 -3.54995200
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H 4.70605500 -2.52535900 -5.22957400
H 7.15249200 -3.03654900 -1.73036900
H 6.65144600 -3.55901400 -4.10006800
C 5.91425400 2.08806500 -2.12016600
H 6.29326300 1.16952700 -2.58705800
H 6.14160000 2.91449200 -2.80365000
H 6.46310100 2.25335300 -1.19047700
H 3.80346700 1.81969400 -2.74225400

TSe

C 4.80265700 2.14304000 -2.45380000
C 4.09579900 2.99179000 -1.63966800
0 2.78330600 3.05628500 -1.60604600
0 4.72983000 3.71062600 -0.71883600
Si 4.45716400 5.30033000 -0.21998100
0 5.89229100 6.05701300 -0.34599000
0 3.37617300 6.01854900 -1.19931100
0 4.03039300 5.27128200 1.34706500
C 6.92402100 5.70756600 -1.26763300
H 7.76724800 6.36437500 -1.03889300
H 7.24187400 4.67524400 -1.08134200
C 3.33767800 4.20731900 2.00280700
H 2.97958000 3.47594000 1.26939800
H 2.45346400 4.63749600 2.47828500
C 1.95465500 6.03474200 -1.01016700
H 1.52408700 6.19983400 -2.00211100
H 1.60772000 5.06118700 -0.65278300
C 6.49965400 5.87870000 -2.71671400
H 5.68363100 5.19518100 -2.97710000
H 6.16269200 6.90266500 -2.90228100
H 7.34449300 5.66312700 -3.37913500
C 4.24959800 3.55394000 3.02267700
H 3.71784800 2.75502500 3.54861600
H 5.12944800 3.12766700 2.52965300
H 4.58819500 4.28728200 3.76046500
C 1.53823600 7.13879500 -0.05590400
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H 1.88047700 8.11379600 -0.41659400
H 0.44686700 7.16158600 0.02944300
H 1.95854100 6.96671200 0.93963900
C -0.36755300 1.60307100 -2.37201700
H -1.04941600 0.80758400 -2.05782900
N 0.52496600 2.00028600 -1.27495000
O 1.87403800 1.26912500 -3.03070600
C 0.60962800 1.03741300 -3.39744900
0 0.31516000 0.48341000 -4.42751900
B 1.96761000 1.82362800 -1.68739200
S -0.07794200 2.25667800 0.21993900
0 0.42199700 3.52072200 0.73830400
O -1.51632900 2.03049900 0.16415100
C 0.65617100 0.98298800 1.24252500
C 1.20031700 1.24776500 2.50134100
C 0.78941700 -0.31980200 0.77222600
C 1.93680300 0.29191400 3.17851800
C 1.50795600 -1.28128900 1.45912200
C 2.15141200 -1.00211600 2.67567700
F 1.08681300 2.44061000 3.07915100
F 2.51836500 0.65560200 4.33070200
F 1.57447200 -2.50568000 0.92153400
F 0.25072300 -0.67280500 -0.39671000
N 2.99739700 -1.87713100 3.32511300
C 3.73410100 -2.87633100 2.56968700
H 3.17631200 -3.81183600 2.43348200
H 4.01380200 -2.47694300 1.59304300
H 4.65561300 -3.09643900 3.11790200
C 2.73507600 -2.23618900 4.71177900
H 2.10671900 -3.13610600 4.77621200
H 3.68421200 -2.43759200 5.21797300
H 2.23400900 -1.42224400 5.23337800
C -1.18363300 2.78429600 -2.94979400
H -1.69640400 3.22291200 -2.08697300
C -0.28117100 3.85145900 -3.57108300
H 0.19817200 3.48223900 -4.48604400
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H -0.86898700 4.73504300 -3.83880200
H 0.50272100 4.16419400 -2.87406500
C -2.24952500 2.29551100 -3.93148000
H -2.91210800 1.55999000 -3.46196400
H -2.86314200 3.13826000 -4.26596300
H -1.79468400 1.83125500 -4.81123200
C 3.82729300 0.36332700 -1.17243500
O 2.71701100 0.89396400 -0.78588800
H 3.85307400 -0.13112100 -2.14189200
C 4.81064100 0.01421000 -0.16382600
C 4.70743700 0.54832000 1.12732900
C 5.84266300 -0.87974200 -0.47468200
C 5.61119400 0.16932200 2.10733500
H 3.90622600 1.24401800 1.34913000
C 6.75197800 -1.24928800 0.50890200
H 5.91968000 -1.29174100 -1.47685200
C 6.63312900 -0.72955300 1.79737600
H 5.51596600 0.56666300 3.11232900
H 7.54889000 -1.94698100 0.27455900
H 7.33995600 -1.02741800 2.56534600
C 6.29573900 2.03758500 -2.41530700
H 6.76860900 2.80407300 -3.04196200
H 6.67471200 2.15288200 -1.39585000
H 6.61767200 1.06215800 -2.79325500
H 4.26748500 1.75036000 -3.31075700

TSc=TS2

C 3.92615100 0.00666200 -3.62668000
C 3.60677500 0.55818000 -2.40926800
O 2.73840500 1.52556600 -2.23858400
0 4.23469600 0.13034100 -1.32260100
Si 4.68951200 0.88383200 0.10314900
O 5.88109400 -0.06601400 0.68987300
0 5.12172800 2.38503800 -0.33839600
O 3.48911400 0.90342200 1.20130900
C 6.82935200 -0.79079600 -0.09193900
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H 7.42880900 -1.36717700 0.61794400
H 6.29611300 -1.50015400 -0.73566900
C 3.53218200 0.29037500 2.49304200
H 3.95642100 -0.71554100 2.41101700
H 2.49445300 0.20147500 2.82492400
C 5.40341400 3.44733400 0.57293400
H 5.26489500 4.37280900 0.01140400
H 4.66434800 3.44436400 1.38169800
C 7.71719300 0.11629900 -0.92549100
H 8.23394400 0.84335300 -0.29176300
H 8.46695000 -0.47945100 -1.45647500
H 7.13535000 0.66859100 -1.66989800
C 4.32807200 1.13243500 3.47295300
H 4.29189900 0.68308700 4.47085400
H 5.37732400 1.19965500 3.16701300
H 3.90782000 2.14007800 3.53304500
C 6.81710900 3.34008500 1.11680000
H 7.53941500 3.33319400 0.29437800
H 7.03770600 4.19203600 1.76800400
H 6.95190300 2.41912300 1.69349100
C 0.51640300 3.85603200 -3.80630400
H -0.45025600 3.80408900 -3.29712800
N 1.62851800 3.67665500 -2.86468800
0 1.79814200 1.98341600 -4.45420500
C 0.66012700 2.63372400 -4.70839500
0 -0.11344300 2.29404400 -5.56999500
B 2.50871600 2.53062400 -3.30034400
S 1.64757900 4.42853000 -1.42818100
0 3.01909100 4.77761400 -1.09999300
0 0.62640400 5.46995500 -1.44882200
C 1.11903300 3.23234400 -0.19828000
C 1.45489400 3.42919300 1.14122600
C 0.30874900 2.13762900 -0.47873100
C 1.03927200 2.55521000 2.12560900
C -0.11257000 1.26405500 0.51216500
C 0.25255900 1.42682200 1.85360200
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F 2.21482500 4.45806800 1.51582700
F 1.45834100 2.77656100 3.37869100
F -0.92122100 0.26301000 0.14046000
F -0.14167300 1.89862900 -1.71356100
N -0.06036200 0.53970600 2.87702400
C -0.30647700 -0.85920900 2.56323500
H -1.33785300 -1.05806300 2.24376400
H 0.37923300 -1.19283300 1.78222500
H -0.10484100 -1.44369900 3.46625200
C -0.85671500 1.04432200 3.98951300
H -0.55491100 2.05858700 4.24863600
H -1.93081600 1.04251200 3.75166100
H -0.69234000 0.40445500 4.86136300
C 0.60120700 5.17485900 -4.61189900
H 0.67453100 5.96207200 -3.85486100
C 1.85034400 5.23346700 -5.49298000
H 1.80449500 4.48943400 -6.29810900
H 1.93507800 6.21974100 -5.95999500
H 2.75942900 5.05628000 -4.90980100
C -0.67582100 5.40984000 -5.42037800
H -1.56035400 5.40444100 -4.77369600
H -0.62810200 6.38347000 -5.91892200
H -0.80888600 4.63808700 -6.18401700
C 4.67025500 2.17933400 -4.32351000
0 3.89117100 2.96624400 -3.66064100
H 4.31445000 1.77600400 -5.27000400
C 6.10221800 2.23883600 -4.07694200
C 6.61250100 3.05717700 -3.05969200
C 6.97113100 1.48646600 -4.87825600
C 7.98356800 3.12493600 -2.85828300
H 5.92645500 3.62218200 -2.44072800
C 8.34058700 1.54301600 -4.65606300
H 6.56981600 0.86066400 -5.67038500
C 8.84584500 2.36469800 -3.64887200
H 8.38422800 3.76628600 -2.07995600
H 9.01455000 0.95585400 -5.27097100
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H 9.91723700 2.41473000 -3.48106600
C 4.99523500 -1.03387600 -3.76737300
H 5.90722400 -0.74519200 -3.23440200
H 4.67063400 -2.00227200 -3.36712000
H 5.24893100 -1.17991900 -4.82112100
H 3.18204100 0.10425900 -4.40700900

TSp

C 4.92859200 0.61619600 -2.93267400
C 3.89082500 0.86126500 -2.07653900
0 2.64294700 1.08429900 -2.43314700
0 4.06181000 0.92327100 -0.75138700
Si 4.56363300 2.15877000 0.24055500
0 6.03566800 1.81552100 0.85894600

0 4.72723100 3.47807500 -0.70566700
0 3.41582500 2.27401800 1.39053700

C 6.34655400 0.82491000 1.83940400

H 7.43560300 0.73171700 1.83512100

H 6.05126600 1.19990500 2.82690000

C 3.61179300 2.87642200 2.67454900

H 3.00226300 3.78381700 2.70782600

H 4.66095400 3.17097000 2.80351900

C 4.35125400 4.81051400 -0.33676200
H 4.19614900 5.34896900 -1.27397900
H 3.39027700 4.78675200 0.18570600

C 5.70120100 -0.52485900 1.57247600
H 5.97080400 -0.89834500 0.58039500
H 6.04473500 -1.24547300 2.32134800
H 4.60919900 -0.46751700 1.63567600
C 3.19536700 1.90934800 3.76464900

H 3.32950800 2.37502000 4.74648500

H 2.14310500 1.63336100 3.64870700

H 3.80331300 0.99915700 3.72733000

C 5.42928100 5.47478000 0.49862600

H 6.38268600 5.48126500 -0.03848000
H 5.14615000 6.50930800 0.71762500

130



H 5.57612900 4.95396200 1.45101000
C -0.14549600 1.91453200 -4.42845700
H -1.02887400 1.66598700 -3.83197300
N 0.93970800 2.43623000 -3.59430800
O 1.75371000 0.51536400 -4.62449300
C 0.46546300 0.61385700 -4.95436900
0 -0.11238700 -0.21560500 -5.61470100
B 2.19035900 1.58157400 -3.73699600
S 0.71426500 3.51630300 -2.41942500
0 1.97759800 4.21923500 -2.23233400
0 -0.50237500 4.27274600 -2.68681300
C 0.42650100 2.62914500 -0.88269600
C 0.50657600 3.34303200 0.31287400
C 0.11124700 1.27942500 -0.77972600
C 0.31938400 2.73396900 1.53619500
C -0.08197700 0.66883600 0.45163200
C 0.03451400 1.36628200 1.65937500
F 0.80653500 4.64404200 0.30778300

F 0.46866200 3.47789700 2.64012600

F -0.42302200 -0.62593400 0.44509800
F -0.07185400 0.51442000 -1.85776500
N -0.06882600 0.79248500 2.91999600
C 0.28201000 -0.60631700 3.10376100
H -0.54220800 -1.29492000 2.87636900
H 1.14144900 -0.85880100 2.47990800
H 0.56989000 -0.74337200 4.15091700
C -1.13153300 1.26421200 3.79842700
H -2.08665000 0.76149300 3.58568000
H -0.85193900 1.05668000 4.83556600
H -1.26827700 2.33996900 3.69098200
C -0.55237900 2.86988900 -5.57470700
H -0.79024400 3.81710800 -5.08021200
C 0.59538900 3.11317500 -6.55614100
H 0.84362200 2.20005000 -7.11118400
H 0.31033400 3.87696100 -7.28659000
H 1.49695500 3.45770800 -6.04000100
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C -1.81209600 2.37311500 -6.28610700
H -2.63840700 2.23640700 -5.57945700
H -2.12860400 3.10324500 -7.03816400
H -1.63291000 1.41768100 -6.78738800
C 4.31976200 2.74364000 -3.74371100
O 3.32982600 2.28267700 -4.42508000
H 4.13313000 3.16489600 -2.75614400
C 5.55873500 3.09975000 -4.40879800
C 5.77356600 2.80837900 -5.76233000
C 6.55499800 3.73015900 -3.65130400
C 6.97793500 3.15957100 -6.35353100
H 4.99332000 2.31708100 -6.33411000
C 7.76010700 4.07495200 -4.25015800
H 6.37760300 3.92833700 -2.59753700
C 7.96889100 3.79152800 -5.59882000
H 7.15011000 2.94282400 -7.40266400
H 8.53551300 4.56227000 -3.66846300
H 8.91010100 4.06281300 -6.06690900
C 6.34659400 0.41674800 -2.49703300
H 7.02381300 0.98038100 -3.15048000
H 6.51705600 0.74337600 -1.46865100
H 6.63056500 -0.63982700 -2.56899500
H 4.67751500 0.33270000 -3.94758800

15

C 5.02700000 2.13047100 -3.36180500
H 5.51497400 3.10310200 -3.46816600
H 5.69316000 1.36458000 -3.76470200
H 4.10167100 2.13083500 -3.94381200
C 4.74497300 1.81619000 -1.88045300
H 5.68866000 1.78265300 -1.33023800
C 3.92628900 2.94569200 -1.32537900
0 2.67570500 2.94355800 -1.35179100
O 4.48531400 4.01783400 -0.87404100
Si 5.77511000 4.40815300 0.18448000

0 6.64888300 3.06228000 0.39573400
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0 6.66771700 5.53476300 -0.55225400
0 5.06022300 4.96898600 1.52399500
C 6.89049900 2.40595200 1.65179500
H 7.97216100 2.26943100 1.72811200
H 6.56741000 3.05171600 2.47434900
C 3.72567800 4.68329900 1.97372000
H 3.76789800 4.68651900 3.06538600
H 3.41863500 3.68013300 1.65577000
C 6.26707200 6.89672200 -0.76492000
H 5.75742100 7.26962400 0.13026600
H 7.19335900 7.46250800 -0.88805900
C 6.16819500 1.07501400 1.69360900
H 6.50310100 0.43994800 0.86777500
H 6.39325000 0.55792700 2.63175900
H 5.08329800 1.20269500 1.62721500
C 2.75952700 5.73357700 1.46230400
H 1.75794500 5.54555500 1.86152600
H 3.07898300 6.73205300 1.77583700
H 2.70324300 5.70706100 0.36965000
C 5.38397600 7.03633600 -1.99159600
H 4.42928400 6.51861700 -1.85682700
H 5.17493000 8.09483000 -2.17606000
H 5.88399900 6.62303800 -2.87260500
C -0.47159400 1.71734100 -0.76799500
H -1.11189100 0.83867200 -0.64377900
N 0.92869500 1.39838400 -0.48155400
0 0.84478500 2.06950500 -2.70675800
C -0.41140600 2.06359500 -2.25637700
O -1.36086800 2.32470100 -2.95506800
B 1.80598000 1.65668000 -1.70646700
S 1.38879400 0.57509000 0.83245700
0 2.61765500 1.18794400 1.33391200
0 0.24855700 0.43158100 1.72799900
C 1.86087300 -1.05236800 0.25501200
C 2.95627900 -1.73965700 0.77965100
C 1.18752800 -1.68721900 -0.78835800
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C 3.38682700 -2.94446100 0.25303500
C 1.59614000 -2.90240400 -1.29677900
C 2.73635600 -3.57989100 -0.81944300
F 3.69380600 -1.22364500 1.76239100
F 4.51954200 -3.45842400 0.75708000
F 0.84657700 -3.45648200 -2.26087700
F 0.09438800 -1.13979500 -1.32541800
N 3.14993500 -4.76454400 -1.35655000
C 3.04374100 -5.04235700 -2.78058600
H 2.26893100 -5.78903100 -2.99029800
H 2.82824500 -4.13216100 -3.33693200
H 4.00791000 -5.42434700 -3.13399700
C 3.88769600 -5.75301900 -0.58966600
H 3.58922200 -6.74590600 -0.94066400
H 4.97279600 -5.64954600 -0.71474800
H 3.64155500 -5.68330000 0.46964400
C -1.03601200 2.87849000 0.08396400
H -0.85202200 2.58127800 1.12179200
C -0.30504400 4.19545100 -0.17725900
H -0.49873100 4.56245400 -1.19278900
H -0.64758400 4.96393400 0.52341900
H 0.77562800 4.08052100 -0.05415600
C -2.54749200 3.01886700 -0.10566600
H -3.06395300 2.07923800 0.12048700
H -2.93818700 3.78916900 0.56738300
H -2.79241500 3.30223500 -1.13317100
C 3.95976100 0.50756300 -1.65094900
0 2.66366000 0.64578200 -2.18195600
H 3.91916900 0.36528400 -0.56415100
C 4.61973600 -0.71199700 -2.25038700
C 4.28532000 -1.15153200 -3.53179500
C 5.55683700 -1.42819600 -1.50700300
C 4.89403000 -2.28403800 -4.06428000
H 3.53442400 -0.61218400 -4.09915900
C 6.16078000 -2.56593800 -2.03446500
H 5.78780700 -1.12126000 -0.49031600

134



C 5.83364500 -2.99323000 -3.31810300
H 4.62580300 -2.62055900 -5.06140800
H 6.87538100 -3.12298200 -1.43665500
H 6.29971800 -3.88231500 -3.73232800

16

C 3.44932500 1.00925500 -3.13332400
H 3.80325700 2.01558400 -3.37368000
H 2.92756200 0.60474500 -4.00288400
H 2.73944600 1.07707500 -2.30140600
C 4.62933100 0.09584900 -2.76505500
H 5.33655500 0.06487700 -3.59895000
C 5.36379200 0.70409200 -1.59113200
0 6.32036400 1.43742700 -1.68909500
O 4.79408900 0.39361300 -0.41577600
Si 5.34953600 0.91097200 1.10035400
0 6.92171300 0.61690200 1.36469400
0 5.09175100 2.50673300 1.26652700
O 4.46750000 0.00455000 2.13293600
C 7.52875200 -0.67799400 1.36780800
H 8.19282200 -0.70897700 2.23666300
H 6.76869600 -1.45663400 1.50190200
C 3.09394900 -0.33526700 1.95750200
H 2.80211900 -0.88622300 2.85539400
H 2.99697700 -1.01503300 1.10208800
C 4.61757400 3.41790400 0.27774400
H 5.46598800 3.75552400 -0.32574100
H 3.91073800 2.91377500 -0.39397900
C 8.30935600 -0.90645400 0.08760700
H 9.03908000 -0.10492400 -0.06072600
H 8.84008500 -1.86200900 0.14114200
H 7.64373000 -0.93888400 -0.77970400
C 2.19396300 0.87552500 1.76704900
H 1.14660200 0.55752800 1.75277700
H 2.33093600 1.59148300 2.58266000
H 2.40220700 1.38245400 0.81819600
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C 3.93823500 4.58349600 0.96730900

H 4.63572100 5.09031200 1.64065800

H 3.58604900 5.30530600 0.22358700

H 3.08026800 4.23608900 1.55116400

C 4.15412100 -1.33196600 -2.46571200
O 3.57907300 -1.80739200 -3.69260000
C 1.61542900 -4.82501600 -4.39016400
H 0.57513900 -4.85951800 -4.73500200
N 2.28554600 -3.59700800 -4.84922100
0 2.39626500 -3.56909700 -2.54221500
C 1.62327400 -4.63788900 -2.87390200
O 1.08140000 -5.32217000 -2.05312300
B 2.80605100 -2.89453100 -3.69694100
S 2.03763600 -3.01001400 -6.37466300
0 2.87366300 -1.83745000 -6.53135600
0 2.13698100 -4.11537200 -7.30684900
C 0.33169700 -2.49356500 -6.32106800
C -0.63431800 -2.92484600 -7.22966900
C -0.08732600 -1.57646300 -5.35190100
C -1.94157200 -2.45995900 -7.16690600
C -1.39397100 -1.15095200 -5.26358200
C -2.38290000 -1.56310300 -6.18125500
F -0.34334700 -3.75828000 -8.21965900
F -2.77651900 -2.87591300 -8.12710100
F -1.72222100 -0.33608900 -4.25576700
F 0.77336400 -1.13640800 -4.42761600
N -3.68326400 -1.13345900 -6.04262600
C -3.96457000 0.29612900 -5.97276000
H -4.82170900 0.46503100 -5.31398600
H -3.11204000 0.84294800 -5.57519500
H -4.20412900 0.69380100 -6.96890500
C -4.78996800 -1.92753000 -6.55277100
H -5.67575000 -1.68057000 -5.95976900
H -5.01092300 -1.72470500 -7.60832400
H -4.58320500 -2.99090100 -6.42769000
C 2.35492400 -6.11802900 -4.81071100
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H 2.44356900 -6.05132500 -5.89932500
C 3.76190000 -6.18985100 -4.21289100
H 3.73040200 -6.29430000 -3.12140000
H 4.29050600 -7.06100300 -4.61085500
H 4.35519600 -5.30278600 -4.45890400
C 1.52555900 -7.35691500 -4.46904100
H 0.53037000 -7.30678200 -4.92429100
H 2.02615500 -8.25218000 -4.85030800
H 1.40096700 -7.46969600 -3.38807900
H 3.37644300 -1.29348200 -1.69627200
C 5.25304300 -2.27460600 -2.02313300
C 6.25940100 -2.65098600 -2.91663200
C 5.25031000 -2.80599600 -0.73399000
C 7.24700100 -3.54836900 -2.52291100
H 6.25910000 -2.25516100 -3.92847800
C 6.23836700 -3.70371100 -0.33909000
H 4.46693300 -2.52114100 -0.03720600
C 7.23709500 -4.07764500 -1.23383200
H 8.02326700 -3.83747500 -3.22462300
H 6.22303700 -4.11430000 0.66595300
H 8.00619700 -4.78054700 -0.92851700

5aa

C 5.80270100 0.68133000 -4.21328200
H 6.07230600 1.74030600 -4.19544600
H 6.58596800 0.13353500 -4.74387600
H 4.86353300 0.57012300 -4.75926400
C 5.66506900 0.15329600 -2.79130300
H 6.61412500 0.25302600 -2.25325600
C 4.65591700 0.95224100 -2.00751200
0 3.79551600 1.66968100 -2.44130500
0 4.77966700 0.71627200 -0.65872400
Si 2.75987500 -2.36945000 -3.02452100
0 1.52164500 -1.36662800 -2.68926400
0 2.29098100 -3.28783700 -4.29640500
0O 3.09058800 -3.22671200 -1.66382400
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C 0.81492700 -1.27183000 -1.45507000
H -0.16590300 -0.85135700 -1.69521300
H 0.66018300 -2.27113300 -1.03334300
C 3.90412600 -4.39963300 -1.65148400
H 4.38207600 -4.43958500 -0.66798000
H 4.70762200 -4.31792800 -2.39609200
C 3.16635700 -3.88858400 -5.24568600
H 3.55496100 -3.11291600 -5.91564800
H 4.02587000 -4.34937500 -4.74087000
C 1.54923600 -0.38543800 -0.46691500
H 1.73395000 0.59878000 -0.90886400
H 0.95943800 -0.25446700 0.44628000
H 2.50962400 -0.83207200 -0.19194200
C 3.07232900 -5.64631300 -1.89533600
H 3.70465400 -6.53889900 -1.85047000
H 2.28888900 -5.73480400 -1.13669800
H 2.59519400 -5.60423400 -2.87912800
C 2.39835800 -4.93322400 -6.03108400
H 1.54388000 -4.47678700 -6.53962500
H 3.04802900 -5.39153000 -6.78348700
H 2.02614800 -5.72011000 -5.36756200
C 5.26867500 -1.34480400 -2.71956500
0 4.10769100 -1.54326700 -3.50276700
C 3.80851300 3.57818600 1.46196200
H 4.46452300 4.13921400 2.13815400
N 4.56598100 3.04190100 0.31922400
0 3.66063500 1.21316500 1.39101300
C 3.36458300 2.29701100 2.16730400
0 2.80472500 2.19917600 3.22033100
B 4.36912000 1.62070400 0.26926600
S 5.75819000 3.93511500 -0.41552000
0 6.33893900 3.09282500 -1.44499200
0 5.22326500 5.23934900 -0.74447400
C 6.93890600 4.12305300 0.89473900
C 7.37410300 5.35650900 1.38615000
C 7.49633100 2.98323900 1.48349400
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C 8.31647700 5.43207900 2.39737800
C 8.40308100 3.05752200 2.51731500
C 8.87012600 4.29369000 3.01633400
F 6.94286700 6.50226600 0.87593000

F 8.74045700 6.65277500 2.75040400

F 8.80878400 1.91166500 3.07750500

F 7.09416200 1.76880600 1.09457100
N 9.78185200 4.37507500 4.02443500
C 10.83950800 3.38956900 4.19597100
H 10.60256400 2.66391100 4.98233100
H 11.02782700 2.85834700 3.26345900
H 11.75680700 3.91889300 4.47210000
C 9.77429000 5.46019400 4.99453500
H 10.00435500 5.03843600 5.97794300
H 10.51901700 6.22901400 4.75907900
H 8.78894000 5.92190400 5.04956400
C 2.61101400 4.45811800 1.03265100
H 3.05041600 5.25170100 0.41966100
C 1.61597900 3.67799100 0.17107500
H 1.12946400 2.87844600 0.74402000
H 0.82973400 4.34860800 -0.18757000
H 2.10060300 3.23577700 -0.70576300
C 1.94039100 5.10228900 2.24686100
H 2.66071800 5.67050700 2.84544300
H 1.16102000 5.79324400 1.91159000
H 1.47597800 4.35223100 2.89364400
H 5.05917200 -1.58631600 -1.67020800
C 6.39885200 -2.24260100 -3.18399100
C 6.49213800 -2.66778200 -4.50910900
C 7.37353400 -2.64434700 -2.26899800
C 7.54399800 -3.48633800 -4.91289300
H 5.73323600 -2.35930600 -5.22013200
C 8.42759100 -3.45898400 -2.67170300
H 7.30240600 -2.32417000 -1.23178400
C 8.51405000 -3.88371300 -3.99597000
H 7.60493300 -3.81358900 -5.94658000
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H 9.17630700 -3.76954900 -1.94916500
H 9.33232200 -4.52441700 -4.31047400
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4. B
ARBFFEDZITIZH T2 | BRI DWEHEE, HHEL Y £ Le BUTRTFRFGEE TR
ekt @ISR HdR ICRSEHWTZLET,

ARz EE ZIREHS, BEOMIMELHES E L TR RERFAGHE R 7ER
“YURIGE B, AHRERTFEEEER HAKEEE MR ICREHIV T LET

KR ORMEA RS, B LRA 2 — L LTARLE BITR E DTz > TREBD
MR EZTHES E L POMUERASM B SR CE#V T LETS

AWFFEIZ BTV . FEBFGEE & L TIITTZEIC A 7Z, MR =28 K ICIR<EHhW 72 L
i#o

WICHRAREEZTHS £ L BUURERFEETRIER ISR FHEREEER,
AResE B GEAT, ILREES BhEL FEILIRSZERIRY: MBEEE B ISR O
Lij‘o

WREBZEP XA TTFEWE L AHHFERME MRERA K 108 <
Wi LET,

FORRFRFBERARNIER ARSI BE O BFRIEH 2 L ET,

RBICFADIFFRAEE ZIGE L XX T RFSWE L FE IR EHN 2 LET,
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