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Boc
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Bus
cat.

Cbz

DBU
DCE
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[5.4.0Jundec-7-ene
1,2-dichloroethane
dichloromethane
N,N-dimethyl-4-aminopyridine
dimethylsulfoxide

diastereomer 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

mesitylenyl

minute(s)

mass spectrometry or molecular sieves



Ms methanesulfonyl

MTBE methyl tert-butyl ether
NMR nuclear magnetic resonance
Ph phenyl

phth phthaloyl

PTC phase-transfer catalyst
quant. quantitative

t 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



NEOBEF L BT OFEM & bW 2 D EHEMIL, B ORRME N SHNAFNCE D £ T,
BRERICBODTHIZRORNERWEIE L 2> TV 5, ITETIRPURERCEBRER 2 &
OF 17T 7 —F bHELTELN, SRBES FEELD R THEREITIRE W, L
LZDOBRFITFELANEIC>TETEY, EEME LTRAISNDbEHE 1 ORI
DIZIE, BEE 3 TEES OBEMLEME G, FHITO2XLERH L LEELNTND, £
D e DEIE A A Y ORI G BIEDHENLITFITRO G OFETH V. AL
FiIx e TRERED LT,

By FEEM & R GIbEamIE. BIREDF L OMEEHLEYERIZE 2 2 8D
SIEEREREZ AT 2HANE L, ZDH, TD L) B EREENEE LI AHLE
PN BT S 7o B HESE D 7 2 AL EBIRAG I 5 USRS T X AUE, MR
Rt - DREL VWS AR ETHDITT O FEREE &, LAMAREH TR TD
ZENTED, FREERERIIEAMIAFSEALTVWIHENREL, 2OV T AT
LVA~—, = F U FA~—7p EORVEREZANED 531 2 SEEBIRO 22 SOSIEL, 55 FAEHRD%R)
REMRRAZH ESEDHZENTE S, £ LTERLOBRICKD) LHHIcita ST 57
DI, BET T L00 F VAT — )L TOILEDEREITH LENH 570, fEERES O
BIFIC L VBRSO A MR IRET 22 L b —BEE L 25,

TR OIRBEIAEAMA R E DRI T 5720 Tl ERMNEMMEAEH O 2T D 2
EICHERD, TbbL, ZOAKREESLCIA MOREEND ZIVE TIRERM & L TER
TEEEFE > TV DI H DD L THEMO DRI SN TLE > TV L 9 L EMRED L
ERRMHE 2 ATREICT 5 2 & T EHRMEMIEAMOMED S LR 52 b7 b &
Mrish s,

LED XS e L0 AHEE A7 13 IR B 5> SEASERIR Y A2 il i RIS 2 BH 7
T 52 CERLBEBICEMRL, NEOARICEEZ LT LN TELLEEZD,

I Mullard, A. Nat. Rev. Drug Discovery 2013, 12, 87.

2 Lipinski, C. A.; Lombardo, F.; Dominy, B. W.; Feeney, P. J. Adv. Drug Del. Rev. 1997, 23, 3.

3 (a) Hoffmann, R. W. Synthesis 2006, 3531. (b) Young, 1. S.; Baran, P. S. Nature Chem. 2009, 1,
193.



2. AURMBLT X BV RY OARE Mannich B RS

2-1. ANKRUERT ) T — h&RET 5 o fLREMAMBIS DEIR

TR UERIX, IEAT v A RUEFIRAESE (NSAIDs) “SoHiAEME S 7n & OIRFIC KR 70 &
DOEDIEEDE L HFIET H2EBERLERETHY . ZOX IR NR L BEETLAEY
e R > DRI 5 2 BOS T A A UL IS B W TAE R FIE L RV 152,

T VIR BRI SOSHEDE D OH 252 5 FNICHE L TEB Y . Z OISO Sk, BlI)G%
FlER Z T AREMED & 5 T DML EW O G RUZI W TIIREIR & L TRV, R0k T
BHSEL20R— I THL, L, B THOINVERVBREZDOEEOR T Z & T,
ZDORISHED @ S 2R LT3R IRE) . BRI 72 SR O B #2020 & LTHVR
ERATDHZENTED EFITE 2D, EBRICR T v (BH;) &2 AW T2 0 ViR BRI FSEIR
IRBETTOSOIIEEEO WK E LTHASNTEY . bR Bafdniks LTH
W AALESEIRAY 7 C-H BREHMELUST b #E ST b,

AR EER LT HIGOFTEH, FULHI VR = LB 5 R EEGD—
DTHDHT /) T7— MEBO o fEREMMBISIZEE L, HAR CEROLFERING, filiii)
72 o PEREZAHINBS O BAFE [T THFZE 21T - 7= (Figure 2.1.1)

?GQS O ;G'b 0
o/ X chemoselective and catalytic o/ X
459 OH a-nucleophilic addition reaction 429 OH
X > X
via enolate
FG' G

Figure 2.1.1. {2 &2 5UG

HNR=MACEDD o GRS T, BT DIRFEER LT T D 72O DEER
MIGTHY, ZNETHAOMICIHIES N TE Tz, TATE KT b v & REAI L 2 fildlt
FOGIEHAE F TICEREY Ao 2R B 7 2 R L 72 & RAREIZ X RERISIC S B’
BENTWAN, afi7 o hrOBEEMENZZT L, 73R, BARCVEBRICBWNTIT
A ARLCHF R AR E VS HEABITZ L AL THY . KRAETHL T T O ERE
1T9 ZEBRERLS INTVDS, ZOZ LIFTEREDTTESCHEREY OMEMNEZH S KEeE
KTHY, ZNHOEIZEBNTUIREEL OMENEINTND E VR D, FFITHLR

4 Rao, P. P. N.; Kabir, S. N.; Mohamed, T. Pharmaceuticals. 2010, 3, 1530.

5> von Nussbaum, F.; Brands, M.; Hinzen, B.; Weigand, S.; Habich, D. Angew. Chem. Int. Ed. 2006,
45, 5072.

¢ Burkhardt, E. R.; Matos, K. Chem. Rev. 2006, 106, 2617.

7 (a) Wang, D.-H.; Yu, J.-Q. J. Am. Chem. Soc. 2011, 133, 5767. (b) Rosen, B. R.; Simke, L. R.;
Thuy-Boun, P. S.; Dixon, D. D.; Yu, J.-Q.; Baran, P. S. Angew. Chem. Int. Ed. 2013, 52, 7317.

8 Geary, L. M.; Hultin, P. G. Tetrahedron: Asymmetry 2009, 20, 131.
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VBRI a7 e R OEBBPEEAMRNZ LITINZ . FNICEBIGTED OH 7'a h 2T 5
oo ) T — NOERPEEL . BVRUEEE EHEIREREAE L THW DSOS BFIX
NEECThHDHLEZHNDY,

ANRGT ) T — N okl UTe a (RTINS 2 AT S 5729121, LDA 728D
PR AR L, OH 7’1 o ZiinCafiai e hofb LT voF 7 — F ek
HEMEN R TH D, BRISHED DT =4 2 B 5 72 O RO OFEI 2N HE LA, T
4 Zakarian HIZ LV VR UEET ) T — N EREH Lo @SRRI 22 7 L UARROEY, K
O Michael IS A3 s S 7z (Figure 2.1.2), LASL 2405 O SSIZ b & o R L &
LEOXTNVTIVERCDARLERS D 9 2, MOGHEE b IR o L7 v b > OFEPERE R
W a -7 U — LV CERIZ IR &AL 5 70 & BRI #iPH I R & 7o iR & 5 12,

"BuLi (4.0 eq)

R1-X HN/\/\NH O j)j\OH Up to 96% yield
0,
o (1.0 eq) N Ph)\, up to 98% ee

(1.03 eq)
OH + or or
THF, -78 °C

Ar R? O

10e 27Xy C02Me : up to 97% yield
toea  r MeO,C On upto>3071dr
(1.0 eq) up to 97% ee

Ar

Figure 2.1.2. W/VAR VBT ) T — M &kl L7z @ L REIREY 72 7 L 2 UbEOGR, ROt
Michael £

—J, PrNEt 2R E L THWEREMARSESET, ARUBEx ) 7 — NEaRHTH 1R
BeD 7 v R—=)UIRSHEEI TS 2 2 &5 Evans HIT LY 1997 FIZHE 4TV 7228 (Figure
2.13) B REMEEIZH L TORADOHRETHY, TNETHEVEH SN TR T,

O TR VR SR TTIRA TR L1222 DMAP 04 Y T4 7 LT % REZfbE &
LTHWSZET, 7oE=U LT /) T — MafH LI VA VR o i1 CTOREAMA RS
21T 9 Bl A S TU b, For selected examples, see: (a) Leverett, C. A.; Purohit, V. C.; Romo,
D. Angew. Chem. Int. Ed. 2010, 49, 9479. (b) Liu, G.; Shirley, M. E.; Romo, D. J. Org. Chem. 2012,
77, 2496. (c¢) Smith, S. R.; Douglas, J.; Prevet, H.; Shapland, P.; Slawin, A. M. Z.; Smith, A. D. J.
Org. Chem. 2014, 79, 1626. (d) Morrill, L. C.; Smith, S. M.; Slawin, A. M. Z.; Smith, A. D. J. Org.
Chem. 2014, 79, 1640.

10 (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.; Kersztes, I.; Lobkovsky E.; Collum, D. B.; Zakarian, A. J. Am.
Chem. Soc. 2013, 135, 16853.

' Ly, P.; Jackson, J. J.; Eickhoff, J. A.; Zakarian, A. J. Am. Chem. Soc. 2015, 137, 656.

2 2Ol AR SR E D a-A B F T B IVR VR OSLARER A T VX VAL
Michael I E, M OYT v R—/VEOSA#HE S 4072, Yu, K.; Lu, P.; Jackson, J. J.; Nguyen, T.
D.; Alvarado, J.; Stivala, C. E.; Ma, Y.; Mack, K. A.; Hayton, T. W.; Collum, D. B.; Zakarian, A. J.
Am. Chem. Soc. 2016, DOI: 10.1021/jacs.6b11673.

13 Evans, D. A.; Nelson, J. V.; Vogel, E.; Taber, T. R. J. Am. Chem. Soc. 1981, 103, 3099.
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o 1) Bu,BOTf (2.1 eq), 'Pr,NEt (2.2 eq) OH ©

Et,0,0°C - o ; o 87% yield
OH -
2) ph”"Xp (1.0 eq), 78 °C to 0 °C dr=1.9/1

(1.0 eq)

Figure 2.1.3. HRUFET/ 77— 2R TL5HVRCEEOT NV R—/VE (Evans)

ITHEZ 72 - C Ramachandran 512X Y Cy,BBr % % /L 7R U EEDIEMEALAI & LT, EtN 21
Bl UTHOW D FIER BE—RYED S anti BERINIR I VR RO T v R—/V RS E L
THTTICHE &7z (Figure 2.1.4) , 5 =7 I v 28 & L CTHW R 50 Tld d 5 23,
TEMEEA & 72 5 Cy:BBr 2RI EME R A, FEROFFETZ AT AR hrox ) T — M
BT A D 2 LB R D EEREFAEMENMRO G, REF LR TE TWVRNEBAR SIZ8EED

RHDFED
o 1) Cy,BBr (2.4 eq), Et3N (2.4 eq) OH O
Et,0, 0 °C o R up to 92% yield
OH 2) Ph/§o (1.2 eq) R OH up to 98% anti
(1.0 eq) -78°Cto 0°C

Figure 2.14. HRUFET /) T7— R NEEHTHHNAVRCEBEOT vV R—/VE (Ramachandran)

TMSOTf % 51 V7R R DIEMALAIE LT, PrNEt R E LTHWS Z & T, v UL
TUT RN E LTV = VG E T ARy R TIT 9 FiE%E Downey HIZ XD
WE S TWD (Figure 2.1.5) . ZORIGHE =k 7T I &2 L U THWZREMZR LTS
DA, IV IGPELH & 72 D5 TMSOTE 2N RIEME /e R, SERIEICZ LWE, U7 &
T UABRPFPENMEO AL, AR TE TRV 7 EICdEO RN E S,

0 1) TMSOTf (2.2 eq), Pr,NEt (2.5 eq) OH O
o)
oH * J oo e > RZJ\l)]\OH up to 99% yield
R2 2) TFA, EtOH

R? R1 . .
(1.0 eq) (1.4 eq) low diastereoselectivity

Figure 2.1.5. 7 A # T/ 77— bR+ 25 WVRAROT IV F—/V S

Fio. BERBRIEE A RWIBITIEH D0, BT RMBNZ KD VR RO L TEMEL
ZRRT- LB VR EAR DN T L R— VOGS A S LTV D (Figure 2.1.6)

14 Ramachandran, P. V.; Chanda, P. M.; Otoo, B. Tetrahedron Lett. 2014, 55, 1289.

B IDAICEYVER LIV F UL ) T— e, ¥TNV2=y hEFTHITIAFIARTHRE
ERNTUARZME LT, RET IV R—IVBISZAT O BillTEE ST 5, Fringuelli, F,;
Piermatti, O.; Pizzo, F. J. Org. Chem. 1995, 60, 7006.

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

17 Lee, D.; Newman, S. G.; Taylor, M. S. Org. Lett. 2009, 11, 5486.
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O

0
.\ ﬁ Ph,BOH (0.5-20 mol%)> HO 0 55.90% vield
1 - yie
R OH R? H,0, 23 °C \ ’

0 1 2
(1.0 eq) (1.0-1.5 eq) R R

Figure 2.1.6. E/LE U EEFHERDMEAY T L F— /L

UIED X SWChNRgr ) T — Nkl Uz o fAOREATINBOGIE, £ OFAMEICR L,
RIZERS XRERER L K- TER Y | KRB R ORF D ER TENITERFOE
AZ BIE S EDLN DA MBRBISIC 2D EER D, SOICANR U BEEZEICHND Z L
AR L TEERIRA 22 VR IR ML 2 BT 5 Z e T, s bglive 2
BT L LHFSND,



22, AYRMET X D UNR L EROREFHITEELORITF]

{EEEIRA D ORI 72 70 V7R R OIS PEAEAI & LT, RAZAR v REEMITHER LT,

AR U R A N T2 T VAR RO SKEFBHEHALIC O W TEZEOWE B2 S TEY |
LITIZRHT %,

(1) o,B-FFIH LR VBROMINRILE )G

JEBRR7eBFFE & L CiE, 1988 EICIUARGIC L WG SR T v & B VR ORI
fifit & U T o, B -REEFI I VIR R O Diels-Alder NG 232580 B35 (Figure 2.2.1) 18,
TyuaXx R T o EEETEARE LTHELTRBY ., ilr v —BELEHE 2
LCAUHRETHREL BN 2 2 & Tl b2 ER I TWD, EABHERO X

TNVBLF 2 HATH ZE TR EbER L TR, BHZRRETH 2,
0

ﬁj\OH BH3-THF (10 mol%) 9 Ar:2"S—EDI\AHGO)Z-CGH3
3 mo o : O :

(1.0 eq) I|gand 10 mol%) 0—[B] ““JI\OH ' ;\/COZH :
+ —_— 1 HO,CT Y :
DCM -78 °C : a\n/Ar .

@ acyloxyborane 93% yield E i and*o i
(1.5 eq) 78% ee R SR :

Figure 2.2.1. A7 &Mz a, B -REIFN T LR - FRO IR Diels-Alder Kbt
£72 Hall 512X 7V —vRna Uiga VR o BEOTESE s U THW: o, 8-

171 VR U EED Diels-Alder & OS0[3+2RUHGFHINBRALBUSO R HE ST Y, = AT L
1FAE T TO R IVR A P8R B e TG ML § FEBL L T 5 (Figure 2.2.2)

Carboxylic Acid-Selective

Hk C)/ I 69% yield
20 mOlO/O ﬁl\ _[B]

DCM 25°C

(0]

HkOMe OMe
| 5% yield

Figure 2.2.2. T AT /VIF(E F TO I VR VBRI 2215 AL

18 Furuta, K.; Miwa, Y.; Iwanaga, K.; Yamamoto, H. J. Am. Chem. Soc. 1988, 110, 6254.
19" Al-Zoubi, R. M.; Marion, O.; Hall, D. G. Angew. Chem. Int. Ed. 2008, 47, 2876.
20 Zheng, H.; McDonald, R.; Hall, D. G. Chem. Eur. J. 2010, 16, 5454.
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@) AVKR U BOT 2 b, = AT LK

1965 4, Nelson 5LV HESINTEBEORYFELEWEH V=T 2 F{bXJE (Figure
223)2GE L 700 R FELEME B VR VERIEMALFI E L CTHWE AR VEEOT
Rt = 2T AU Z DWW T ORFFE R L T & 7222,

0
RJ\OH QO NR% o
+ N Be . — )j\ ( + HO—B(NR'y), )

R71 07 TNRY, .
NHR',

Figure 2.2.3.  Nelson HIZ XV i SNICHEEOR U HZLEWZH W7 I MG

T FZRIEOFREAL B H O TRERK 7= DIE 1996 D ILAR HIZ K DB R EEHTH
7)*W$HVM%%wkﬁ”?%D\muﬁ&mﬂhH%CiwéﬁTf%%wﬁmﬁ%
RT TV LR | R NS STV D (Figure 2.2.4) , EKRIETIZT X RLEGHETT
BT AR U FRIEDRIENEZR B-OH FRICAEHE S LTV A e U iRE WD 2 & TRIGHETT
BICIEME 2R e CBAEAT ARG E o TR Y, MBS I VR = VIRFEOREBE A
M ESELZ IR LTS,

Yamamoto, H. et al. (1996) HO~g-OH

(1.0 mol%)
I i A

RJ\ +  HNR, F -

up to 99% yield

OH R NR'
(1.0 eq) (1.0 eq) toluene, MS 4A, reflux
Hall, D. G. et al. (2012) HO~B,OH

|
@) /©/(10 mol%) 0
)I\ MeO )]\ up to 98% yield

HNR'

R “OH ¥ 2 > R7 NR
(1.1 eq) (1.0 eq)
Figure 2.2.4. 7 U — Lo UERfii A 27 X RBEBOG

DCM, MS 4A, rt 2

21 (a) Nelson, P.; Pelter, A. J. Chem. Soc. 1965, 5142. For other examples using stoichiometric boron
reagent-mediated amidations, see: (b) Pelter, A.; Levitt, T. E.; Nelson, P. Tetrahedron 1970, 26, 1539.
(c) Pelter, A.; Levitt, T. E. Tetrahedron 1970, 26, 1545. (d) Trapani, G.; Reho, A.; Latrofa, A
Synthesis 1983, 1013. (e) Collum, D. B.; Chen, S. C.; Ganem, B. J. Org. Chem. 1978, 43, 4393.

22 Charville, H.; Jackson, D.; Hodges, G.; Whiting, A. Chem. Commun. 2010, 46, 1813.

23 (a) Ishihara, K.; Ohara, S.; Yamamoto, H. J. Org. Chem. 1996, 61, 4196. (b) Maki, T.; Ishihara,
K.; Yamamoto, H. Tetrahedron 2007, 63, 8645.

24 Gernigon, N.; Al-Zoubi, R. M.; Hall, D.G. J. Org. Chem. 2012, 77, 8386.
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(3) «.,B-REFIH LR LEED~T 2 Michael MK

F72 2014 -, MARGIZED TV — AR e VEREREE U o, B -AEaF VAR EED Sy
FW~7 & Michael fIINEUG AR S 72 (Figure 2.2.5)%, Ao VEEfkit L T LT 4w
L7 i 2 il G ot 5 2 E TRFEICHRE LTV D,

OH Fs c/©\ | NMe2 Ry—

R— | (20 mol%) (20 mol%) - \ / ? 1)
no OH MTBE/CClI, (1/2), MS 4A, rt oH
n

OH
(1.0 eq) & e} up to 98% yield
up to 96% ee
NN O—I[BI]

Figure 2.2.5. o, B -1 VAR VEED Sy F-N~7 1 Michael f115 )i

7N\

FRESHEEHOMKISHI TR LUK 21T, AU RBLI VARV EEOREFINSIEELIZE
WTIEIEFIZHENTH D Z EDRnE TS,

25 Azuma, T.; Murata, A.; Kobayashi, Y.; Inokuma, T.; Takemoto, Y. Org. Lett. 2014, 16, 4256.
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23, RURMIC XD IR B o SRS O REERE

FAZ, 2-2 TR LTe AR U BMEEOTEMHAARRIL, VAR O RKEZATEMEIC 5 T
THEBRIE, TROLTRO X SIZHR Y HE iz 5 2 & CRIREEFE T, v
RNrgT ) 7 — MERB O o MRS 2 M ETT S E5 2N TE L LERT
(Figure 2.3.1), £72 /LR Uk & HFPE DB O 7B Z VD Z & T DVR b
BRI ZRIEMHAL G FEHTE D L ERT,

e} boron catalyst e}

= [B] .~ E
+
OH mild base OH
electrophile R R
mild base
O /\ 0©
rl% HONE W)L
Z ~0—[B]

enhance the acidity
of a-proton enolate formation

reversible B-O
w covalent bond
Working Hypothesis 5ubstrates

Figure 2.3.1.  SUGaEF & AHE S ﬂZ) B i

electrophile

HE ST DG Z AT 5, £9°, JUOSEORW LR Ul OH & 7R & F il A3 R
BINZIET 5 Z & TT R ¥R T VR E A U AR U FED Lewis BEPEIZ L 0 LR g
afi7m N OBRMEENRED i, ﬁﬁ@ﬁ%ffF (BRI I VR VR ) T —
NBVERT D, & L CREMIBUSEITZ IR e R U # —BRELAHEEN L THY
%LT%E&H%%@Q@L\ﬁ?%ﬁékﬁ@%ﬁk#%ﬁéhék%zto

PLED XS ITHRE Lo FEm O 42 T <<, FUIARPELBRRICBW T, 975
U FALE W B I L 52 D VR UL FEERINEY 7R TV R VRS O BRI fA TS,
DFER, F&D BHy'SMey & WV AR A FEOIEMEALAIE L THWS Z & T DBU s 45
PR, HARBEOT IV R— VRIS ETT 5 2 & % i L7z (Figure 2.3.2)%7, K

26 2.1 TR U727 U MBI X5 EL EVEFHEROMBLN T L K — VR OMIZ | &k
U SEAEE D o b o OREER) T L R — VOIS SR STV D, Aelvoet, K.; Batsanov, A.
S.; Blatch, A. J.; Grosjean, C.; Patrick, L. G. F.; Smethurst, C. A.; Whiting, A. Angew. Chem. Int. Ed.
2008, 47, 768.

27 (a) ARHMEH, HRTRSFRFREE L3R 3L, 2014, (b) Nagai, H.; Morita, Y.; Shimizu, Y.; Kanai,
M. Org. Lett. 2016, 18, 2276.
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FOSIZAR D3R BIZ7 I BBHCROBNLF 256 S 5D T & TG PUEC B M 4 il 45
DT ENTE, 201 BLEDE W syn BRMEA1GD & & I, BVET VT8 R~O@EM S Af
BEThol-, £12T7 IR, AT/, F hUREDINVAR=ZNIEFET THOI LR B o
AOBIRENZ SO ET T 272 & ALFRIRMEDO S WIS TH 5,

o+ R’ lgand (10eq) up to 96% yield
R OH DBU (3.0 eq) R1 OH upto>20/1dr
R? toluene or PhCFj, rt R? R®
(1.0 eq) (2.0 eq)
--------------------------------- ligand e-msememeeee e
(0] o p-MeO-CgF4 E
Arg = or H
OH OH 2,6-F2-CeHz |
~NH NH '
Ts for aromatic aldehydes ArgSO,” for aliphatic aldehydes .

Figure 2.3.2. BH;3'SMex 2 W= W/VAR U BED T v R —/V s

L2 LAKIG Tl b F Eim E O BHy SMex NUETH 0 | R v RSO 2 25 2
ZEIETE R, THUE, TV R= IV RUSHEITRICAE L D 7 LV a3 — )LERFEDS Lewis Bl
DEWR T FERA LRSS L TLRERRN L — MEEZERLTLEN, FVFE L
T@%EkH%%@&@ﬁ@:6&wk@ﬁ%ék%ﬁbfwé@@mzwn

R
R /kH]\o—B(X \X/ > Hl\o B

R X catalytic cycle
aldol product . R active species
. o x
irreversible R \B:G)
o X
o stable borate

Figure 2.3.3. 7/ R —/VEUSIZIW TR 0 BIEHEALAI OB L A3 C & 7oV R

Fio, REIGTIEFZ T I 7 BERN & LTHNTWDIZHBID 57 30% ee A
DR F U FABRIRENBH SN DDA TH ST,

PLED L9z, BRARFELRRECTHB LA U FLEME NI NVR A BOT VR
— VOSSR PRI @m0 A, O P EREOFR U RREEZH VLI LER S DH, @FFHF
LR TE TV, D2 HICRBWTKETAILEND D,

2 TR, A ERAR 238 U T Figure 2.3.1 TR L7 OGO 24 AR
< THVR U O RE o MREZM NS OBRFE ) (2R CHFZE 2 BRAA L 7=,
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2-4. FURAREZ X DLFEEIRM 72 U VR VR Mannich BRSO B F

TV B REEHI & 3% Mannich BUS IR, AR FEIS O BRERHC 7 F REHK
DENT 47T ry s & UTHERZRIERRI B -7 X B2 & BN SEEICERT 2
AMRFETH D ZAVE TITHEFNL A,

FATA 2 & KE Al & 9% Mannich S OBE 1R, 2-3 BTk 7- UGG D@ D 7K

U RAREOMBEACRFRETH D LB X, ThRbbH, TV =V BULDSGE TR & &
UERRENLZERR L — MEZEKR L TLEWE T RZFIEOMBLEHRAE = 572 7253,
ﬁ/vf/ﬁa%jd‘*ﬁ' I &3 % Mannich BUSENHET L72GAIZITAR L — MEEE TR L 7B

B-N #i& 7 B-O e & " THHWN T &%, %%L@%Tﬁﬁéiﬂiﬁiﬁﬁ rHlEEZTZE
MHAR L — I\T%L#Tfﬁ?ﬂﬁéﬂ“(‘i‘ L— MNEBGREN AW L e RAUE ETORE L
H I DA UL = > TR E DR v FiRE % VD O T Mannich B UG 3 EST
T5HETHELE (Flgure 2.4.1),

R
0 SNH O
R' HI\OH R MOH
o R

NH R o
/X \ / X
R 0—E, > o—8’
R X catalytic cycle R \X
Mannich-type product active species

\ N "
‘rs e

- N\B,CZ)( weak B-N bond
steric repulsion

0 unstable borate

Figure 2.4.1. Mannich B2 381F 5 48 7 FaEE 0 il ki >\ T

EROBZIESE, Tuedrik(la), KON-Ts FHEBEA I 2azET7 VEHE L,
Fan/efif & LT DBU % MW\ CRAFAET 21T - 72 (Table 2.4.1), /bR o BRIEVE LA &
L ThE & 7278 U #EA W (10 mol%) kst L7 & Z A, Lewis 2 & L THlEi % BFs-EtO.
B(OMe);. BuBOTf #HWTH HRUMIIIG H L7 - 7= (entries 2-4), £7-HR U, KOV7
=LA B UERIZOWTIE, BiAKAlE LT molecular sieves (4A) HAFT, FEHAGFET L HIC
Rt Loy BB I35 H vz x> 72 (entries 5-8), — 5T, 7 22—/l T > (catBH) Z
7o G a1 UE 25% DU THTE O Mannich FHI1{K 3aa 2345 H 072 (entry 9) . & B IZHRFT &2 D

28 Seebach, D.; Beck, A. K.; Bierbaum, D. J. Chem. Biodiversity 2004, 1, 1111.

2% The bond energy in the gaseous diatomic species BO is 808.8 £20.9 kJ/mol and BN is 389 +21
kJ/mol. (CRC Handbook of Chemistry and Physics 81st edition, edited by Lide, D. R., CRC Press,
Boca Raton, Florida, USA, 2000.)

15



T3 BHs'SMes & JHW 35512 95% DR K TN 1/10 D@\ anti 34RM:C H YY) 3aa 2315

HT=D T, MHﬁkz%Wﬁﬁﬁﬁf%ﬁkbkkmwuﬁ AESIE, £FT1H01FOR
T E3RTDOHNKRUBEBFES LI, YT vaxyR T oHEIERE A L T b IEFT
THHEOEEELTNDY, F72 BHi'SMe; & HW 25T EtN X° ProNEt 72 & D —#k 7
SUERRELE L THOWTH HIIIHR O R0 o7, RBRFZBD - SNE, BSOS &
L T BH3*SMex (2 L % VAR VEEDBE TSRS ST, R T TR D VAR DR
FTEISES U T ad R T CHBEREER L TN BEITT A 2 MBI TER 03 filll
& (10 mol%) MO L7 BHsz*SMey & IR WS TIX A VAR DR TTEOGITE Z 5720,

Table 2.4.1. 7~ 7 F&IEMEALAI ORES

NTs o boron cat. (10 mol%) TsHN o}
DBU (2.0 eq)
+ HKOH toluene > /@J\Q)‘\OH
r,23 h s
Cl cl
2a 1a 3aa
(1.0 eq) (1.0 eq)
0

entry  boron cat. : yield® dr (syn/ anti)? catBH HB: :@

1 - 0% - o

2 BFyELO ! 0% -

2 oM i O — A proposed acive spedies =

4 Bu,BOTf 0% - . :

5  B(OH)s b0% - ; 5

6°  B(OH); 0% - : /E ;

7 PhB(OH), : 0% - : o 0 o E

8>  PhB(OH), ' 0% - : I :

9 catBH P 25% 1/6.5 : \HI\O/B\O :
10  BHySMe, i 95% 1710 : ) %ﬁ enhance the acidity
2 - p - ' 10) of a-proton !
Determined by '"H NMR analysis. ' :
bpctivated MS 4A was added. R S :

RAF7RINERE 7 27 VA BRIETHBOMD G Do ARG O FH i %2 1~ 2
TOIZ, N T 7 e B4 W (a) ZRKEAIE L2 a OKREBFHO —KMEEZBRF L
(Figure 2.4.2), J5 &8k EICE 7R3 AaR>1 IV & 15%%%04:/\A7Dﬁ§
A I OWNT UK L THUSTMEZREITL, RFRINERTHEMM RGO
(3aa-3af), IElEA X v~ Al ?%@(3ag—3ai) 20 mol%® BH3'SMe, & 2 4 &D
AIVERWDRERHDHEDOD, o (LIZBET" b Z2ROv 7 a~d g I 0Tkt

30 2.2 BCHET 72 BH; AlEIZ K % o, B -AEAFI A LR U EED Diels-Alder SUSOMIZ G, 1V
RN BH3 I Ko THEMALL T I MERPT 2T /b a T 5 BOSTiE, EEFRAEE L
TRITvaXT AR T &5 2 ERHEIN TS, (a) Huang, Z.; Reilly, J. E.; Buckle, R.
N. Synlett 2007, 1026. (b) Cui, W.; Kargbo, R. B.; Sajjadi-Hashemi, Z.; Ahmed, F.; Gauuan, J. F.
Synlett 2012, 247.

31 Brown, H. C.; Stocky, T. P. J. Am. Chem. Soc. 1977, 99, 8218.
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LTHENETHOMOIS O Bal), —FH T, LV =F I ~OBMEREZ DT
BEHOMENIGA X v 2 WSS EIR G Lo To, £, o, B-AafiA I 1T
RUTIE, ROSMEEREZR S Z &7 < 1L,2-MIMEZ R 5 2 72 (3aj) .

N T fe} BH3-SMej, (10 mol%) TsHN o)
| S DBU (1.0-2.0 eq)
R) toluene, rt, 2-23 h R T OH
) H
(1.0 eq) 3
TsHN O
= Y OH
X \_x  E
X yield syn | anti X yield  syn/anti
Cl (3aa) 85% 1/11 S (3ae) 74% 1/84
H (3ab) 74% 1/5.1 O (3af) 73% 1/5.38
CF5 (3ac) 85% 1/6.8
OMe (3ad) 90% 1/8.8
TsHN o
R Y OH
R * vield syn/anti _
3aj
Bu (3ag) 61% 1/15 77% yield
cyclopropyl (3ah)  71% 1/1.0 syn/anti=1/4.8

cyclohexyl (3ai) 93%2b 1/25

Isolated yield and diastereomer ratio were determined after conversion of the Mannich products into methyl
esters (see Experimental Section). The diastereomer ratio was determined by 'H NMR analysis. 20 mol%
of BH;-SMe, was used. ?2.0 eq of imine were used.

Figure 2.4.2. K& 7O — M O REGS

Flo. BT ATDNR R EFFREAIRIET DO L EREFEFTH T YRR R T
YRR AR TE, 230 DBU &l & 588 MR S CTRUGHET T 572 ARSI
EMEFERPNEZ FFO L IRF SN D BRA R A NVR = LB D a fL 7 1 k> D pK, DFHE
ENB G, EEEE LTHRET AT ey R T VRO aff 7 e 37 2 R, =
AT, T hrD a7 a b OREVEE LY &<, VR BRI 722 RS O FEBL
ARE T D Z & D3R S 4L7z (Figure 2.4.3)

0 e o] o O OAc
H\)I\ H\)]\ H\)]\ \)I\ H B
OLi NMe, oMe 0" “OAc
pK, values*  33.3 31.9 27.2 234 224

Acidity
*Calculated by Jaguar v7.9 pK, module (B3LYP/aug-cc-pVTZ(-f), Schrodinger, LCC, New York, NY, 2012)

Figure 2.4.3. kE&2 72 W VIR = ALEMD a hL 7 1 b 2 D pK, Dt FLfE F
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TR kR 2 B R A T D VAR CEEE A O THRE i, K OVERRIEFFANED
Rt &1T > 7= (Figure 2.4.4) , 72 353RE 1 & L TIE N-Ts BEBRA I 2 2a 2 0 THRETEAT
STz, BFFEY ., R0 TWNICARKRADVRUBRE YD afii7 v OBMEERENT R,
TRATN, TR ERTLEEEZM O T ARSI VR o MR HETT L7z
(3ba-3da), FZBUIEEDOER N —T AT A —T /b, BBERED W T L m |
RIBOGRE LTART D FrRUREBBREINDTAF T NVT v anFWNICHET
B AVIR RISk U C L OB T BAFIZHEIT L7z (Bea-3ja), S HIZ afiflZ A b U4,
TuEk, )T AFOM BEGEDA o R L ENREE LT VAR R AL
% L CH ARG 7 HE T d - 7= (3ka-3na) .

(Ar = p-CI-CgHy) 0 BH5-SMe; (10 mol%)

TsHN O
NTs R2 DBU (1.0-2.0 eq)
)| + OH -
Ar toluene, rt, 2-23 h Ar -, OH
R' R" ‘R?
2a 1 3
(1.0 eq) (1.0 eq)
TsHN O TsHN (0]
A7 Y SoH Ar/'\:)I\OH
og\x Ix
X yield syn/ anti X yield syn/ anti
NMe, (3ba) 84% >1/20 OBn (3ea) 62% 1/10
OMe (3ca) 86% 1/10 SBn (3fa) 80% 1/3.9
Me (3da) 79% 1/19 Cl (3ga) 68% 1/12
Br (3ha) 47% >1/20
TsHN O
TsHN O
Ar OH
H Ar : OH
SR X
R yield syn/ anti X yield syn/anti
. OMe (3ka) 92% 1/43
/‘z‘:(ma) 79% 1/1.7
4 Br (3la) 41% 1/16
N (3a) 70% 1712 CF3 (3ma) 41%2 1/4.0

3-indolyl (3na)

87% 1/3.2

Isolated yield and diastereomer ratio were determined after conversion of the Mannich products into methyl
esters (see Experimental Section). The diastereomer ratio was determined by 'H NMR analysis. 2.0 eq of

imine were used. °THF was used as solvent.

Figure 2.4.4.

TR BRI E D — e DRt

BT, KOBHCTREA R BRREEZH T D VARV EREE ~05H % M5t L 7= (Figure

24.5), PIRIEHED A RAZ L AZKH L TUIEWS T AT LA ERETCAIME 5 2
(30a). A7 A REKEGET S O-TEF L a—LERIZH L CTAELEDLA4HSDOTT AT L

18



F~v—DHH 20BN E 272 3pa), FEERLOBFY T a7 = U OfYHRLE S
DYXY AEUVEEEZEEE LTHWEE Z A, FWNIRRIZZENTND T b v a fLDMF
FELTNTH, SARINTIRAA S T2 VIR VR o (LEIREIICHTE O Mannich B SCG 23S T
L. @& IRMEE 7R LT (3qa, 3ra) .

(Ar = p-CI-CgHy) o) BH5-SMe; (10 mol%)

TsHN O
'\iTS Rz\HJ\ DBU (1.0-2.0 eq)
+ r
A ) OH toluene, rt, 2-23 h Ar <, . OH
r R R" ‘R?
2a 1 3
(1.0 eq) (1.0 eq)
TsHN O TsHN O
Ar Y OH Ar
N\
MeO \
H
3o0a 3pa
indomethacin 0 O-acetyllithocholic acid 0,
78% yield 76% yield OAc
syn/anti>1/20 dr=38/30/5.1/1
TsHN o} TsHN O
Ar - OH Ar OH
o —
3qa 3ra
loxoprofen jasmonic acid 'O
57% yield 87% vyield

syn/anti=1/9.5 dr=1.7/1/1.1(other isomers)

Isolated yield and diastereomer ratio were determined after conversion of the Mannich products into methyl
esters (see Experimental Section). The diastereomer ratio was determined by "H NMR analysis.

Figure 2.4.5. M7 71 V7R V3 E ~ i H

KB, T X VBT T RRO VR CEEIE ~0 H Z #Et L7z (Figure 2.4.6), 37
Cbz-Glu-OMe ZHH L L THWE Z A, IBHD B IVR V8 o fORIRENZ SO EIT L7
(3sa), FL\ T XTF R Cbz-Glu-Ala-OMe #HE & L THWW & Z A, 7 I U ERAIEH
DIINVIR B o (LB EI SUSDHEAT L7z (3ta) , & 512 b U X7 F K Cbz-Glu-Pro-Phe-OMe
T b 7 XFF R Cbz-Glu-Pro-Ala-Phe-OMe 125 L Ch ., Z /L& 2 U ER{AIEHD 1 V7R R o
AL AIZ SOS 23T L (Bua, 3va) RSB EMEL AW D late-stage B REFALIZ H i T
HIE EFEE ek, ROVEREEFFAMEN R WD &R &7,

2 MO T )V a— )L DR v FE L OFFMES B EREISFEAE I, AR U Sl
DIIEEBERIENEIT LN Z E3bro T b,
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BH;-SMe, (10 mol%) TsHN O

(Ar = p-CI-CGH4) e}
’\iTS RVL DBU (1.0-2.0 eq)
+ .
A OH  Tioluene, rt, 2-23 h Ar ~” “OH
r R R ‘R?
2a 1 3
(1.0 eq) (1.0 eq)
TsHN O
TsHN (@] Ar OH
Ar OH _wNHCbz
_«NHCbz
3sa 3ta (0) NH
Cbz-Glu-OMe Cbz-Glu-Ala-OMe . OMe
86% yield®> OMe 56% yield®
dr=7.5/6.3/1.0/1 dr=8.1/2.0/15/1 5
TSHN O TSHN O
Ar OH Ar OH
_wNHCbz _wNHCbz

e]
OMe

ZT O

Q("~z
ZT O
;O

CH
\\\--Sr \/lL
o 5 OMe
3ua 3va o
Cbz-Glu-Pro-Phe-OMe Cbz-Glu-Pro-Ala-Phe-OMe
38% vyield®?>d

67% yield?
dr=7.2/39/2.0/1° dr=43/24/11/1°

Isolated yield and diastereomer ratio were determined after conversion of the Mannich products into methyl
esters (see Experimental Section). The diastereomer ratio was determined by 'H NMR analysis. 2.0 eq of
imine were used. "THF was used as solvent. °Determined by HPLC analysis. 33 mol% of BHj3-SMe, was

used.
Figure 2.4.6. 7 X /BT F NRD VAR EIE ~Dii H
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2-5. A Mannich B S OBRFE

—ICHHG BRI L > TE AW O EMEMEIIRE S B D5 0T, EHEHOBEME 25
ICEHDERITHT=D | AERZHIH L CEBEMEIREZEY 5300 5 2 LITIEFICEHETH
B8, LTeh o TRETIE, 2-4 BTl VAR VB Z KA & L CTHW 2 R Mannich
BRSO AF A BfET 2 & & LT,

B AR FE Mannich BUSUES3HT Z N E TEE K HRE SN TVD P, IHEHEAF L U307 L
TE RS R EOBA oL 7 a R OB N EWIEE R RIZAIE L THWD S
ARRNEED D, IIVECEBEOBRLIRRED G & RIZH| & 9 2 A7 Mannich <
JEDEIT, /IR, LRI OB L DT I REREAIE T2 572 EOBBIZIR STk
v (Figure 2.5.1), 2-4 = CRA%E L= W VAR VR 2 EEREAI & L CTHV D Mannich B O
AREALDER Z UL, LA AR FF Mannich SO BFIZ B W TR E e & 70 5,

Kobayashi, S. etal 2011) ciore 0o R .

EtsN (10 mol%) : OO Tol
N CuOTf (5.0 mol%) TsHN O : .

Ts . . P=Tol |
)]\ \o (R)-TOFBINAP (5.5 mol%) o o | PeTol |
- * NT Tol
| toluene, rt | ) : :
\ \ Me H H
(1.0 eq) (1.1 eq) 45% yield i (R)-Tol-BINAP
69%ee  TTTTmTmmmmmmmmsmses '
Shibasaki, M. et al. (2016)
o) [Cu(MeCN),JPF¢ (10 mol%) 2O TN :
(R)-Ar-Biphep (12 mol%) 1 N . O Ar
E\IBOC N Barton's base (10 mol%) R H : MeO P=Ar
+ > R2 : -
R1J R? s=( TR0 oo\ e O R
W i
up to 97% yield | (R)-Ar-Biphep
(2.0 eq) (1.0 eq) upto>20/1dr (Ar=34.5- (MeO)g-CGHZ)

up to 98% ee

Figure 2.5.1. 77 I F&REH & ¥ 2 i85 A~ 7 Mannich Ui

2-4 BETRARE LIz VAR Uik a BEESREAIE L CHW D Mannich BUSOGIZ RY 7 o o

33 (a) Lichtenthaler, F. W. Angew. Chem. Int. Ed. Engl. 1994, 33, 2364. (b) Stephens, T. D.; Bunde,
C. J. W.; Fillmore, B. J. Biochem. Pharmacol. 2000, 59, 1489.

34 Kobayashi, S.; Mori, Y.; Fossey, J. S.; Salter, M. M. Chem. Rev. 2011, 111, 2626.

35 For selected examples, see: (a) Song, J.; Wang, Y.; Deng, L. J. Am. Chem. Soc. 2006, 128, 6048.
(b) Nojiri, A.; Kumagai, N.; Shibasaki, M. J. Am. Chem. Soc. 2009, 131, 3779.

¢ For selected examples, see: (a) Matsunaga, S.; Kumagai, N.; Harada, S; Shibasaki, M. J. Am.
Chem. Soc. 2003, 125, 4712. (b) Trost, B. M.; Jaratjaroonphong, J.; Reutrakul, V. J. Am. Chem. Soc.
2000, 128, 2778. (c) Yang, J. W.; Stadler, M.; List, B. Angew. Chem. Int. Ed. 2007, 46, 609.

37 Kobayashi, S.; Kiyohara, H.; Yamaguchi, M. J. Am. Chem. Soc. 2011, 133, 708.

3% (a) Arteage, F. A.; Liu, Z.; Brewitz, L.; Chen, J.; Sun, B.; Kumagai, N.; Shibasaki, M. Org. Lett.
2016, /8, 2391. For other examples, see: (b) Yin, L.; Brewitz, L.; Kumagai, N.; Shibasaki, M. J. Am.
Chem. Soc. 2014, 136, 17958. (c) Suzuki, Y.; Yazaki, R.; Kumagai, N.; Shibasaki, M. Angew. Chem.
Int. Ed. 2009, 48, 5026.
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AT ZPRELE LTHEELTWADOTIFHIORT L IICRT it L T ETHRET S
ARHFEMLFHATH S &#& 2 bivd (Figure 2.5.2)

; R

. 0

: 0 o’( \)j\

: R\)I\ I o R o—87" ligand"
' 0—B N

o
(0]
Formation of chiral fields
R |:> asymmetric reaction

Figure 2.5.2. /LR R % BEHEREZH & 3% Mannich B S D ARFAL

L7 oCLLR, Bl (w) & RKEZAI, N-Ts HEKRA I v 2a ZRE\ET7H & LT, HEARKF
Mﬁ%@%ﬂﬂiéﬁ%k@@%%ﬁota%bzino&%\M%%kﬁﬁkﬁéﬁmm
LA ITEIR & L CTH 7V Mannich RIS S OEITNER S NT=DO T, BERWH TV
Mannich B S DHETT 4 [ < 72 01/ MRl & (1.1 eq) OFERRIEE 2 VTV 5,

FT RN & LT Ts-L-Val Z Wiz & 2 A RAFRINER CTROSITEIT LIz =) o F
A BEIRMEIFIR < | 28% ee Toh o7 (entry 1), S HIZFA DT I/ FEFHER A FRFT L7228 30%
ee%%@ﬁwz%/%ﬁémiﬂﬁ%ﬂé@ﬁf%ot@f TR BBUSN O R
RRFI LT & 2 A (R)-BINOL Z W2 GA IR ITI R E <R L= F o F @R PED
ﬁtﬁﬁam\%%%fam%ﬁ%%nt@Mymomwfmwnamsm_@b@%@
BN LA, 7= VREBANT L L HIMITIZE A BRI T2h (entry 3) |
RN Tt xF k. Joxekk a—RFEREDOE %*%igﬁﬁ%%ﬂﬁékW4
KT o F A ERPE DB 2SR 53 (entries 4-6) . FFiZ I — RIEZE A LIZHAITIE, 2%
W$\M%%kw5ﬁﬁﬁ%%ﬁ%Eﬂtoiﬁ\mmmﬁ%WiifR%%%wfwé
S, MEEHLO BINOL & 3,3- &t BINOL # W54 Tk, o= IF4~—nFEE
) & 7p o720, WRITA IV ORERERFILIZE 2 A, BmEWA YT LU ALK = VS
D &g o FASEPWEDR W LU (entry 7) | tert-7 F VA VKR =V w W8 =
W F o FAERMEZ R D DDA K E S [\ L L7 (entry 8) , tert-7 ?:/VZ/Vﬂ?:/V%’C‘
PRIELT-A X AIOSENEW =D, Z 7L Mannich UGS OEITEZ 2RI EMNT
%t@#mW¢fE%%ﬂ%%mtglf%5&%&waéoé%_*#@%%ﬁbt
FER. ML= U/THF = 19/1 OIRAVEE A WG A IR, = FARfMEn s 57 5
Ml B E S 72728 (entry 9) | ﬁﬁﬁ:%ﬁﬁﬁﬂ’ﬂxﬁ Mannich RSSO Fcai S & ULTELT,

3 BINOL &R 7 v ORISIZEVT, BINOL @ 3,3 (LIZEHIEN H 5512 ime;kT
Z 3 1/1 TS LT- complex 35 5105 D% L BEE#20D BINOL % 7= 35413 BINOL
LR T N 32 THEG LTz complex 235F 5415 2 & 23 is &4 Ty % (Thormeier, S., Carboni,
B.; Kaufmann, D. E. J. Organomet. Chem. 2002, 657, 136.), D 7= MEEHLD BINOL & 3,3°)7
#%@éﬂtMMITi SERHZFENRIND EEZBND,
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B —ME DRI 21T o 72, 728, & THF &1 BINOL EAA7 O iEfgd:m i % 5 L
TWNWHHLDEEZ TS,

Table 2.5.1. g% sREZAI & 9% Mannich 6 O A7l

(Ar = p-CI-CgH,) BH3-SMe, (10 mol%)
ligand* (11 mol%)
NSO-R Q DBU (2.0 eq) RSOHN O
Ar * )I\OH toluene, rt, 4 h Ar OH
2 1w 3
(1.0 eq) (1.1 eq)
entry R ligand* : yield®  ee ( 0
1 p-tol (2a)  Ts-L-Val 95%  -28% oy TsLVal
2 p-tol (2a) L1 v 19% -43%
3 p-tol (2a) L2 2% n.d.
4 p-tol (2a) L3 L58%  72%
5 ptol (2a) L4 LT3%  41%
6 p-tol (2a) L5 v 12% 81%
7 Mes (2k) L5 Y77%  90%
8 Bu (2I) L5 {95%  90%
9° Bu (21) L5 { quant. 94%
aDetermined by '"NMR analysis. °Determined by HPLC

analysis after converting to methyl esters by TMSCHN,.
A binary toluene/THF (19/1) solvent was used.

FIDIZHERE (1w) Z sREZHI & U 72356 O KRB 0 BE — MM % #it L 72 (Figure 2.5.3),
ABNLE RTAN R DEWILAZENLToA I E AWz E 2 A, EHGEORER WA B
FURAEEA LT HAITNEOK T AR SN MR B 2IGE CTHMBRE L, W
NbmnT T o F RPN AR LTz Bwl-3ws) . ~T B EFEA I ORI E RV
FA I UK LTI REDOIEZR N 6 BRI 72— U F A @R THOM RIS L
GBwt3ww), FI2ENEA I ThHY 7 a~F A I 2k LT (R)-3,3’-1-BINOL
DRIV IZ(R)-3,3’-Bro-BINOL %, fert-7 F IV AR = VI TIRELT-A I DbV b
UNVETRE LA IV EHAND Z LT, FREOIGE, = U FAERMETIIH 5205 H
HI S STz Bwi), 728, (R)-3,3’-L-BINOL, ftert-7 F /L ALK = VL CIR#E L= A 2
ERWEGAITWTABIZE AL BN E LN o T,

KﬁﬁﬁmiﬂMu%@wwm/M*ﬁﬂ 38 F ATRE T db 5 (Figure 2.5.4), 7 1 4

% (1a) Z WG E8 3T 7T AT UAERIRMEICSEO R EZET O, BIFRIGRE T
')‘/ﬁ:ﬂ‘@?ﬁ"ﬁf“ﬁ E’J%ﬁlﬁﬁaﬂf: (3al, 3am, 3aq) F 72 BALDNRIH AN S T2 A BRIk}
LT, WROETHRAONZEOD NI NVETHREL-A IV E2HAWEBAIZENYT

2T VARPWE L = F U FARIWET ARG O (xa), SHICA VY TFAMBD LD
(2 a ALIC VAR R R 292 K 5 MBI G ARETH VD Byl) . ABUSO @A %
AT ZENTEI,
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(Bus = 'BuS0O,) BH3-SMe, (10 mol%)
(R)-3,3'-1,-BINOL (11 mol%)

NBus O DBU (2.0 eq) BusHN O
J ¥ )I\OH tol /THF (19/1) > /'\/U\
oluene
R 2 1w rt, 1-40 h R 3 OH
(1.0 eq) (1.1 eq)
BusHN (0] BusHN O
OH Ar OH
Ar yield ee

X
X yield  ee 2-thienyl (3wt) 64%  94%
p-Cl (3wl) 83%  94% 2-furyl (3wu) 52%  92%
H (3wm) 729 96% 1-naphthyl (3wv)  43%  89%

0 0
p-F (3wn) 90% 97% 2-naphthyl (3ww)  51% 90%
p-CF3 (3wo) 80% 91% TsHN (0]
p-CO,Me (3wp) 87%  90% OH
p-OMe (3aq) 49%  96% Swi
wi

m-Cl (3Wr) 82% 94% 50% yielda,b
m-OMe (3ws) 64%  94% 53% ee

Isolated yield and enantiomeric excess were determined after conversion of the Mannich products into
methyl esters (see Experimental Section). 20 mol% of BH3-SMe, and 22 mol% of (R)-3,3'-Br,-BINOL
were used. °A Ts-protected imine was used instead of a Bus-protected imine.

Figure 2.5.3. R&ETHO—fRIEDHRFT

(Bus = BuSO,) BH3-SMe, (10 mol%)
(R)-3,3-1,-BINOL (11 mol%)  BusHN O
DBU (2.0 eq)
>
toluene/THF (19/1) A s O
rt, 1-40 h
3
X yield® syn/anti ee (syn/ anti)
Cl (3al) 99%  1/1.9  93%/95%

H (3am) 90% 1/22  92%/93%
OMe (3aq) 97% 1/1.8  97%/94%

BusHN (0]
OH  3xa 7 “OH
49% vyield® K 3yl
syn/anti=1/11 Cl 79% yield
52% / 91% ee 98% ee

Isolated yield, diastereomer ratio, and enantiomeric excess were determined after conversion of the
Mannich products into methyl esters (see Experimental Section). The diastereomer ratio was determined
by "H NMR analysis. 1.0 eq of propionic acid was used. °A Ts-protected imine was used instead of
a Bus-protected imine.

Figure 2.5.4. FFRLISN O SKEZAI O RRFT
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F 72 tert-7 F )V AL =)L EENT Enders 512 KV A S 372 FEOIZHEV . Mannich £ 04
DAFINVTZ AT AR 4wl ZRIET. HALT AV I = A, FONT =YV — V&N T+ %

Z L TERENFHE THd - 7= (Figure 2.5.5)
BusHN o 12

AICl3, anisole

OMe OMe

DCM, rt, 1 h 70% yield
Cl 4wl Cl 5wl

Figure 2.5.5.  tert-7 F )V A LR = VILDFRE

PLED X 512, FAIX BH3 SMe, & 71 V7R EERTEMEALAREE & 95 Z & T DBU 2k L35
PRS0 T ., R VAR e ) T — N EAERT D FIEEFE L, DLR BEOf
SR Mannich BSOS~ IR ED U7z, RS OFHE % UL Rk~ %,

1) B 722 B VAR EED o NREEA NS % F28L L 7= R 0Bl Td 5,

2) afLICVURRIRFEEEEET DL D e W VAR BB LA RETH 5,

3) OBV R=NVEGFE T TH IR RO o (LRSS EST L, IBIRA X v~
DA G AMRETH D72 & EVWVEREEFFAME K QML R UL 2 FF o,

4) 772U, EREDOT NV a— g EOR T FEEBFMER SO ERREAE T T, AU
AR D ST 2 4R & RGBS ETT L7200,

5) BL 12N Z 72V TILE anti BIRVETETT 5,

6) (R)-3,3’-L-BINOL Z 7R 7 # EDOX T NVEMNL % L CTIA S EITE V=) o F A @R
BELND,

7) 7272 L. (R)-3,3-1L-BINOL Z HW\e REISIZHB N T YT AT LA EIRPEDIK T2 L5
N5,

PLEXY, RO T )V a— L O ERERIC T DA MEO S, KOV T AT
LA BN DT o F A RN R S DB NS % OMBETH D LWz b,

40 Enders, D.; Seppelt, M.; Beck, T. Adv. Synth. Catal. 2010, 352, 1413.
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2-6. T AT UVABIRIM» ST T U F BRGSO BERIZIEIT T

AETIE, 7Aook a) 2 RER E LEBEOY T AT LSRR > T4
BERA 72 BOS DB I T TR FHZ W TR R 5, 2R3 RE A& L TE N-Ts HHEEA
v 2a VW TRE EITo T2,

FTIIAFBNLA D XV FERIRRTT 21T o 72, 2-5 B Tl T2 FEE 2 SREZH & LT G D
Bra IRk, 72 BHERE AFEA & L THOWESETE 30% ee RimDIKW\Wx—F > F
ABIRME LR 720 5 7223, BINOL (L) 2 AW 25813 R B I 72 VT AT L A%
Pt = o FERETHBMNE DNZO T, fix 0 33 - EH# BINOL O 247>
7z (Table 2.6.1), 7 U —/ /L% A L7z BINOL (L2, L6-L8) A 72841, WIhb 4L
BB G o oTz, MU Z70da A F V% E A L7z BINOL(L3) o> % 7 /L4
T FVHAE N L7z BINOL (L9) 13 B e =) U F AR CHBIM Z B 2 7203, ¥
T AT U AEPRNEI 172 B LA o T B fE N m 7 e 2 F A\ L 72 BINOL (L10, L4, LS)
FWTN b EEMICEAMZ 527203, R ERRREN A m Sy Rz st o
FIRPPEZ R LTS, U7 AT UASRRMEITVICIR T L, BERERIIEO N -T2,
U VHEEE A L7z BINOL (L11, L12) & F W 723581 10% ee Adifi 0 = > F A58 2 8L
WMENDDOHTHY | 7 ==/ F =/VHAE A L7z BINOL(L13) # W72 3561F, Ay
RiF7exF o FABRPEDR L ONTZ, ERE OV T AT LAERPEOIK TR A b7,
A B AN =V HEE A LTz BINOL (L14) & W2 58 13 BAF /IR & = o T 48R
PECERISDEIT LIEN T T AT VRO TR R L, N 7 dr A& AR =
VAN L 7= BINOL (L15) 2 W 2B 3RO TR RO N, BEFRY T AT L
AEPNEE =) T ARRETHOMN G DN, DARVEE, TI K, 7 hoilok
T VAR = LB %38 A L7z BINOL (L16-L20) (Zxf L CIXE I SE o /e notz, NU 71
FuaAF N N DINVR =N E DA — LTI L7z BINOL (L21) & W= 5513 E &
BN BRI S SN0, 1 RIET IR0 B E 5 272,

X BT T REAFEALF ORET 2 YD 7= (Table 2.6.2), 3(LIcT— RER 7 2= L x=F =1
F%& 1272178 A L7 BINOL (L22, L23) (2% L TR\ = o F AR LR S 3,
6,6’- (& #2 BINOL (L24-L26) (2%} L Cld, 7 mEHSLC I — N EOBE R EOEHRLZ
BALTEHEA LA NV ER OB GHEOBRIEZEALZGAG L2 BB ES
Nizhotz, £72 BINOL B# Tid/e €7 =/ — /L EK & RO AR EFBUL T (L27-129) X°
(S)-VANOL (L30) % AW 7= 5B X @ IR T B 1345 5 72 MR W SLRIERIRPE R R 5 D
DI TIH -T2, —J7. (S)-VAPOL(L31), (R,R)-TADDOL (L32). (R)-octahydro-BINOL (L33)
WG EIT RGN o T,
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Table 2.6.1.  3,3’-_{&#i BINOL Of#at

NTs BH3-SMe; (10 mol%) TsHN 0
I O ligand (10 mol%)
DBU (2.0 eq)
+ OH
Hk toluene, rt, 16-48 h
(1.5 eq) (10%ea) 3aa
ligand (X) yield® dr (syn/ anti)? ee (syn/ anti)®
X L1: X=H 82% 1711 6% / -63%
OO L2: X =Ph 0% - -
OH L6: X = p-Ph-CgH, 0% - -
OH L7: X =3,5-(CF3),-CeHs 0% - -
OO L8: X =3,5(Bu),-C¢H; 0% - -
X L3: X =CF, 93% 1/2.1 75% / 84%
L9: X = C,Fs 75% 1/2.4 64% / 61%
L10: X =F quant. 1/9.5 -10% / 8%
L4: X=Br quant. 1/21 59% / 65%
L5 X=I quant. 1/1.4 86% / 89%
L11: X = TMS 96% 1/3.9 6% / -3%
L12: X = SiPh, quant. 1/4.3 2% /1%
L13: 4—==—ph 33% 1/3.9 n.d./79%
L14: X = Ms 73% 1717 -70% / 96%
L15: X = Tf 25% 1/15 77% 1 97%
L16: X = CO,H 0% - -
L17: X = CO,Me 0% - -
L18: X = CONMe, 0% - -
L19: X = CONEt, 0% - -
L20: X = COCF5 0% - -
[\
L21: X =0§?<0 quant. 1/35 1% / 0%
CFs

@Determined by "NMR analysis. *Determined by HPLC analysis after
converting to methyl esters by TMSCHN..
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Table 2.6.2. = DD —JEFRL T DRRET
NTs BH3'SMe2 (10 mol%) TsHN O
| O ligand (10 mol%)
DBU (2.0 eq)
OH
toluene, rt, 16-48 h
2a 1a
(1.0 eq) (1.0 eq) 3aa
OO ligand (X) yield? dr (syn/ anti)? ee (syn/ anti)®
L22: X = | quant. 1/7.0 -4% 1 2%
OO L23:X=-§%Ph 85% 1/6.3 10% / 1%
X
OO ligand (X) yield® dr (syn/ anti)® ee (syn/ anti)®
OH  L24:x =Br 0% - -
OH  L25: X =1 0% - -
OO L26: X = MeO 0% _ _
X
O ligand (X) yield? dr (syn/ anti)?® ee (syn/ anti)®
L27: X =H 93% 1/341 0% / 0%
L28: X = Br quant. 1/43 7% 1 4%
L29: X = Bu quant. 1/3.1 -4% /5%
ligand yield® dr (syn/ anti)® ee (syn/ anti)®
L30: (S)-VANOL quant. 1/2.9 2% /1 27%
L31: (S)-VAPOL trace - -
L32: (R,R)-TADDOL 0% - -

L33: (R)-octahydro-BINOL 0% - -

2Determined by "NMR analysis. ®Determined by HPLC analysis after
converting to methyl esters by TMSCHN,.

¢ e (I
0
Ph OH >< OH OH
Ph OH o OH OH
%O Ph” Ph ‘O
L31 L32 L33



UL E OB RRETOFER, BEROIKTIZR O D H DD, (R)-3,3’-TH-BINOL (L15) DA M3
BN T AT VA RRME & = o F AR A WS AR & L TR 7D T, LA
T, (R)-3,3-TH-BINOL (L15) Z W\ T & HIZ ST 21T - 72,

FPVRBEORRFET 21T - 72 (Table 2.6.3) , THF <° MeCN Z{&ME & L CHW AT MINET
HEIMINE DTS, DT AT LAERME, =F > F A @R & Ik & <K T L7z (entries
2,3), MTBE A TR, SEAREIRPE L HITIK T L (entry 4) . BtOAc I8EH Tl < B
B DG H L7 5 7= (entry 5) . BCALMED & DAL TIX, (R)-3,3-TH-BINOL(L15) DA 7 5
JR A ~DOFEARRENME T T2 Z E BV RIREOIR T 25 & 23RN TR AR nnE B X T
W5, FENT MBI L T 258 OREORF 21T > 70, EESETIIEEDRE
23 0.3 M 272 5 S TRUSEAT > TV D23, 0.1 M D AR (entry 6) . 1.5 M DS
(entry 7) £ HIZ 03 M O H EHE VBB SN/ holz, 2 MV ZEEEE T 58
BT~ molecular sieves DRI Z 7l A 72 23 B WY R34S S 172> 7= (entries 8-10)

Table 2.6.3.  (R)-3,3’-TH-BINOL % /=354 OOt

NTs BH3-SMe; (10 mol%) TsHN 0
(R)-3,3-Tf,-BINOL (10 mol%)
/©) Hk DBU (2.0 eq) -~ /@/‘\é)‘\OH
solvent (0.3 M), rt, 16-48 h =
Cl
(1. O eq) (1. 0 eq) 3aa
entry  solvent yield® dr (syn/anti)? ee (syn/ anti)’

1 toluene L 25% 1/15 77% 1 97%

2 THF P 98% 1732 4% 1 9%

3 MeCN ' quant. 114.4 5% / 5%

4 MTBE E 20% 1/3.1 n.d.

5 EtOAc E 0% - -

6 toluene (0.1 M) ' 28% 1/17 86% / 98%

7 toluene (1.5 M) L 24% 1/12 n.d.

8 toluene (with MS 3A) 5 83% 1724 n.d.

9 toluene (with MS 4A) i 27% 1/1.9 n.d.

10 toluene (with MS 5A) + 0% - -

aDetermined by 'NMR analysis. °Determined by HPLC analysis after converting to
methyl esters by TMSCHNo.

FWT, (R)-3,3-TH-BINOL (L15) Z W /=3B ORI OMG 217 - 7= (Table 2.6.4), ZiL
F TGN ) FLEITLRWVRICBWTILIELIZDBU O A X > ~OF AR & T
W=D T DBU OY &AW O THFT 21T o 7223, IWEROIK T2 AL 6407 (entries 2, 3), F7-
DBU @ slow addition &FAA723, ORRUGEEN M L L72MT & A ERRB A 7otz
(entry 4), DBU & 0 HFEMEM & < SREMEDMEWEIL TH D TMGN & V=L Z A, 60 EIC
MES 5 Z & THIIITIE OGN PMEIERIZ E 8 F o7 (entries 5, 6) . [FIERIC, HEFEAMED &
REMEMERENEILE LTHONDERAT 7 B U HHED BEMP % HW 228, 60 EIThE L
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TH < BWIISE S 72 h - 7 (entries 7, 8) o

Table 2.6.4.  (R)-3,3’-TH-BINOL % H\\\7= 354 O OKET
NTs BH3-SMe; (10 mol%) TsHN O

| O (R)-3,3'-Tf,-BINOL (10 mol%)
base (X eq)
+ OH Y
toluene, rt, 16-48 h
Cl

2a 1a
(1.0 eq) (1.0 eq) 3aa

entry base yield® dr (syn/anti)? ee (syn/ anti)’

1 DBU (2.0 eq) P 25% 1115 77% 1 97%
2 DBU(15eq) Po12% 1719 n.d.

3 DBU (1.0 eq) C0% - -

4°  DBU (2.0 eq) L28% 1717 n.d.

5 TMGN (2.0 eq) P0% - -

6  TMGN (2.0 eq) L o% 171.9 n.d.

7 BEMP (2.0 eq) L% - -

8 BEMP (2.0 eq) P 0% - -

4Determined by 'NMR analysis. bDetermined by HPLC analysis after converting
E,O methyl esters by TMSCHN,. °A solution of DBU in toluene was added over 2 h.
At 60 °C.

Me. .Me Me. .Me
\ | \i/
M M
N e“N)§N NJ\N' € ’Y'eN
~ U 1 N/

Me Me P=N

N 1 \
N.

OO Me

DBU TMGN BEMP
pKgn+(in MeCN): 24.3 pKgn+(in MeCN): 25.1 pKgn+(in MeCN): 27.6
TMGN: 1,8-bis(tetramethylguanidino)naphthalene
BEMP: 2-tert-butylimino-2-diethylamino-1,3-dimethylperhydro-1,3,2-diazaphoaphorine

VL b, flix O 2 iz, 7'a B4 i (a) 2 KAl LTSI, mileR, &Y
T AT VAERYE, @ TSI TR T RISR A T 2 LT TE o
7o

WREIZT, ARUSDOICHEEZA LN T 2 2 & T, k~ORAZEST L & L,
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2-7.  RISESHEREAT

AFECIIAR 7 HE T K 5 B LR U EE D Mannich BB ES OBRERENTIZ DWW TR 5,

FT. RSN T a xR T UREEEZRTEITL TS Z L2 fEEND DT, Hifif
L7izARay M) 7 et r— b X ZHOTERZIT> 72 (Figure 2.7.1) 4, £, il &R
my b7 e e R— kX Z BHy'SMe; DO W IZHWTRISSRIFICA LTc & 24, T
D =R B OY anti 38R C Mannich £ I{E D315 5 417 (equation 1), FEWNT 7' 1 B4
ZHAWT, Aurr M) et r—F X BEE D VR VBREE L L TRINSRBICA Lz .
ZA WRIFHRETH D OO HIWDF 5 A7 (equation 2) 2, ZIUH OFERIX, 71
FURT UEBRTARCHEITL TND & T OERISHEMEZ R T 56D THD L& X
Do

LA

NTS X 3 TsHN O
O (10 mol%)
+ DBU (2.0 eq) ! OH
HkOH —_— > H (equation 1)
cl toluene, rt, 23 h Cl
2a 1a 3aa
(1.0 eq) (1.0 eq) 91% yield?
syn/anti=1/5.82
NTS TsHN O
DBU (2 0eq)
)J\/ Y OH (equation 2)
toluene rt, 23 h H
Cl
3aa
(1 OeQ) (033eQ) 40% yield?

syn/anti=1/5.12
aDetermined by "H NMR analysis.
Figure 2.7.1. Ary b e dr— bk X 2723265

eV T, HERE (1w) 2 SREZHI & 7 2 AIEEAY A Mannich BURSIZ 36\ Tl EERRARNT 217 -
7oo BUSIEE O FEIZRWT, fix DL FERO N BEEZ - HBEOWEERNEST 5 Z L T,
TNENOAFREIIKET D SOSRE A KO T2, 723 Figure 2.7.2 7» b Figure 2.7.5 [ZHBW\ T,
DT 7 7 IIRRE R, MR OIREZ R L TR Y, BEHREOBEELLZNEND

A OVEE, 507 T 73RN 2O ORI O B R, M2 Yo B
PR AE TR L THY, BEROMEHLZNENOFFEIT T 2 OGKEZ RO TN D

HORUE L BRSO AR N T BT — FNOERT 5 Fik (Chiriac, C. I; Tanasa, F;
Onciu, M. Molecules 2005, 10, 481.) IZHEW R U g L KT A4 @b ARe s M) e
Fx— hEAHEK LT,

2 RPHFET LT A VBN 1 Y RICRDHEIIC033 YEORT L ) T a ¥t R—
F X ZHNTWnD
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FT. RUBAEOY B2 E 2 T-GA O E N E RO T (Figure 2.7.2) , 7 7 F il
723 5.0 mol%7>5H 10 mol%E TD 4 B W TENETNHEE RDIZE Z A, KRz
STLT2®THDHZ LAVHBA L,

(R)-3,3"-1,-BINOL (5.5~11 mol%)

NBus BH,-SMe, (5.0~10 mol%) BushM O
DBU (2.0 eq)
)j\ > OH
OH toluene/THF (19/1)
0°C cl
3wl
(1. 0 eq) (1. 1 GQ)
90
- % »[B] 0.03 mmol 2.8
#[B]0.04 mmol

70 y=12196x+486 2a R

— i [B]0.05 mmol y = 2.0286x - 4.4219
. -

% y=T7.724x + 7.425 o[B] 0.06 mmal ) R* =0.9926 e
— 50 =
g . £ o
T a0 . 16
5 ! RIS

30 0 y=5580x + 3.84 12 ~

L] ‘.
20 = ]
BT IR 0.8
10 ¢ - y=2.872%+1215 25 27 29 31 33 3.5
D - In[[B]]
o 1 2 3 4 5 6 7

time [(min)

Figure 2.7.2. A 7 AR5 2 SOSIKEL DI E
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RIZ, DBU O &EE2E 2 -6 OWEZ L E kD72 (Figure 2.7.3), DBU 7% 1.5 Y&
2D 3.0 HEETOSRICBWTENENWEZ KDL ZA, DBUIZKHLTIRTHD
Z BT,

(R)-3,3"-1,-BINOL (11 mol%)

E“B“S BH3-SMe, (10 mol%) BusHN O
o DBU (1.5~3.0 eq)
+ > OH
)I\OH toluene/THF (19/1)
cl 0°C cl
2| 1w 3wl
(1.0 eq) (1.1 eq)
80
y=16.983x +7.935 # 3
70 7 y=14.625 + 6.45
2 28 4
60 5 ¢ DBU0.50 mmol ¥ = 1.0846x - 4.3589
T . R? =0.9859 .
5 e y=13614x+5805 @ DBU1.05mmol 26
=z DBU 1.20 mmal >
E * .--'. £ .
T 40 PR 4 e DBU 135 mmal 24 e
£ a0 g YS1L0TE005 o gy 150 mmal .
‘-- R . . 2.2
20 $ L
¥=9.771x + 0.45 2
10 § 5.8 6 6.2 6.4 6.6 6.8
In [DBU]
o
0 1 2 3 Fl 5
time (min)

Figure 2.7.3. DBU (%95 SUSRE DO E
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FENT, A IV DYEEEZXTZH O E T E LR 72 (Figure 2.7.4), A I3 1.0
WEND 133 YEFTOSAICBWNWTENZENEEZ RDIZEZA, A I LTOR
ThHAHI ENHBH L,

(R)-3,3"-1,-BINOL (11 mol%)

?‘BUS BHs-SMe, (10 mol%) BusHN O
0 DBU (2.0 eq)
+ )]\ > OH
OH toluene/THF (19/1)
cl 0*C cl
2| 1w 3wl
(1.0~1.33 eq) (1.1 eq)
90
%0 y=12.376x + 3.24 4 ;
¥=12.754x + 5.07 2 ® imine 0.60 mmol
0 e imine 0.65 mmol 28
=0.0911x + 1.9763
E. 60 ¥ =12.196x + 4.86 imine 0.70 mmol v R? =0.1650
E 50 e imine 0.75 mmol 26 .
- S Y S O Pt ST
g y=12.286x + 5.61 imine 0.60 mmol K P PN P .
B 24
5
30 y=11.888x + 2.04
22
20
2
10 5.6 5.7 58 5.9 6 6.1
0 In [imine]
0 1 2 3 4 5 6 7

time (min)

Figure 2.7.4. A X 2% 2 SR DR TE
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BRI, HERO Y B2 KL 2 12568 O % 2R 7= (Figure 2.7.5) , FHEEEAS 0.9 X &
MH 1T HEETOS RICBWTENENMEZ KDL 2 A, FFRIZKH L T-0.6 RTH D
TEMNHH LT, B, HEEROMICIE->T DBU OYEEZMT I LT, 7774772
DBU DY &N —EIL2DH E I LTV DHH,

Cl

0

21

50

30

product (mM)

20

10

(1.0 eq)

(R)-3,3"-1,-BINOL (11 mol%)

NBus BHa-SMe, (10 mol%) BusHN
o DBU (1.8~2.6 eq)
* )l\ > OH
OH toluene/THF (19/1)
o
0°C cl
Tw 3wl
(0.9~1.7 eq)
o V= 13614x+5.805 3
y=15318x - 1.245 y=12.174x + 6.09
¥ 28
g o V=1L517x+ 0555 o y = -0.5691x +5.9106
o N R? =0.9954
S @e¥ 106320+ 1395 &  ACOH 0.58 mmol N
. | z ..
s Al e  AcOH 0.66 mmol 24 .
AcOH 0.78 mmol
22
® AcOH 0.90 mmaol
@ AcOH 1.02 mmol 2
5.5 5.7 5.9 6.1 6.3 65
2 3 4 5 In [AcOH]
time [min)

Figure 2.7.5.  FEF2IZxS 2 BUGIREL DR E

B FEEEO B P LT AT, BEROBMNZENT 77 4 772 DBU O &N ->TLE 9
DT, LVAWRNKISEEDIKTRA NS,
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DBU IZxf LT 1, A I AZKH L TORTHD Z L DARKSOESHE I 7 kv
BICL D=/ T—  NERDAT v 7 THY, EAUVEMBICHLT2RTHLZ LD
BERERPEIZIT 2 T OR U FEMBNES L TRBY ., TRICRT LI RVRTIZ V4T —
NDSRERECoH 5 2 & D3R S5 (Figure 2.7.6) .

.-[B] _[B]
o DBU O
>
R\)]\ - ini R\)\
0—[B] rate-determining step 0—IB]
[B] = boron catalyst proposed nucleophile

Figure 2.7.6. HHEMTHLT ) F7— MNEKDOAT v

F7-Fl 2 OYEFEHPE (0% ee. 20% ee. 40% ee. 60% ee. 80% ee. 100% ee) D 3,3’-1,-BINOL
RN A& L THWEARFRISIZEB W T, 5303 56 b IEOIEREIRNBIH S TR,
ZOZENDLY 255 FORY BABEDORIE-H 3 FF TV S (Figure 2.7.7)

3,3"-1,-BINOL (11 mol%)

e BHa-SMe, (10 mol%) BusHN O
DBU (2.0 eq)
/l > OH
OH toluene/THF (19/1)
rt, 4 h cl
3wl
(1. 0 eq (1. 1 eq)
100
90 »
- 80 4
L=
3 70
E L 2
S 60
B 50 PS
3
X 3
*
20
10
0¥

0 10 20 30 40 50 60 F0 B0 90 100
%ee of catalyst

Figure 2.7.7. 7 Mannich B SIZ 31T 5 IEDIERRI RN F

—J7. BREBIZG L CRDMIGCIRBEDN R N2 b, HAVR VBN EZWIE EIEEN
W2 DA 73 A 7 VORIERFRROIFEI IR STz,

44 Satyanarayana, T.; Abraham, S.; Kagan, H. B. Angew. Chem. Int. Ed. 2009, 48, 456.
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VLD Z &N BARE S5 RO 22 LU T I2~ 7 (Figure 2.7.8) 6

FT. RT L EAMNR BRI OB AFDPARBE SO A>T rX R T o
EAZEHKT D, ZLTTvaxyRT PRI A DUDNVR=VEBRENS D —F DR
FRICEAL L, DBU ICX D7 0 M AKICK OV REETHL VR T = oA T7— b3k
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5. EBRIE

5-1. General Method

'H and *C NMR spectra were recorded on JEOL ECX500 (500 MHz for 'H NMR and 125 MHz
for 3C NMR), and JEOL ECS400 (400 MHz for 'H NMR and 100 MHz for '3C NMR) spectrometer.
Chemical shifts were reported in the scale relative to the solvent used as an internal reference for 'H
(8 = 7.26 ppm for CDCl3, 2.05 ppm for acetone-ds) and '*C NMR (8 = 77.00 ppm for CDCls, 206.26
ppm for acetone-ds). 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 254 nm or 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 Merck 60 (230-400 mesh ASTM) or neutral silica
gel 60 N (KANTO CHEMICAL, spherical, neutral, 40-100 pm). Preparative recycling gel
permeation chromatography (GPC) was performed with JAI LC-9210NEXT instrument equipped
with JAIGEL-1H and JAIGEL-2H columns using CHCI3; as an eluent. All non-commercially
available compounds were prepared and characterized as described in Section 5-5 or 5-7. DBU was
purified by distillation from CaH; and used under argon atmosphere. LiCl was dried under vacuum
at 80 °C for 24 h 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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5-2. General Procedure for Mannich-Type Reactions

5-2-1. General Procedure for the Racemic Mannich-Type Reactions of Carboxylic Acids

(Condition A)
NTs BH3'SMe, (10mol%)  Tsun O  TMSCHN, TsSHN O
| DBU (2.0 eq) (3.0 eq)
+
HJ\OH toluene, rt, 23 h H OH MeOH/toluene (1/3) H OMe
Cl - rt, 30 min -
2a 1a cl 3aa cl 4aa
(1.0 eq) (1.0 eq)

A flame-dried test tube, equipped with a magnetic stirring bar, was charged with propionic acid 1a
(22.4 pL, 0.3 mmol) and anhydrous toluene (1.0 mL), before BH3-SMe> (1.0 M in DCM, 30 pL,
0.03 mmol) was added. After stirring for 1 h, imine 2a (88.1 mg, 0.3 mmol) and DBU (89.6 pL, 0.6
mmol) were added sequentially (in case of aliphatic imine 2i, the imine must be added after the base),
and the reaction mixture was stirred for 23 h at room temperature under an argon atmosphere.
Subsequently, the reaction was subjected to one of the following workup protocols: (1) The reaction
was quenched with aq. HCI (1.0 M) and products were extracted with EtOAc. The combined organic
layers were washed with aq. HCI (1.0 M), dried over Na;SOys, filtered and concentrated under
reduced pressure to afford the crude product 3aa. (2) The reaction was quenched with MeOH (2.0
mL) and TFA (100 pL). After the reaction mixture was concentrated under reduced pressure, the
resulting residue was passed through a short pad of silica gel (eluent: EtOAc) and concentrated
under reduced pressure to afford the crude product 3aa.

Subsequent methyl esterification was carried out without further purification. A solution of crude
3aa in MeOH (1.0 mL) and toluene (3.0 mL) was treated with TMSCHN,, (2.0 M in Et,0, 0.45 mL,
0.9 mmol), which resulted in a color change to yellow. After stirring for 30 min at room temperature,
a few drops of acetic acid were added until the color of the solution disappeared. The reaction
mixture was concentrated under reduced pressure and the remaining residue was purified by column
chromatography on silica gel (EtOAc/hexane = 1/4), affording 4aa as a white solid (97.3 mg, 85%
yield, syn/anti = 1/11).

Methyl 3-(4-chlorophenyl)-2-methyl-3-((4-methylphenyl)sulfonamido)propanoate (4aa)

TsHN o) TsHN o)

OMe - OMe

Cl Cl
syn-4aa (minor) anti-4aa (major)

The spectral data of syn-4aa and anti-4aa was identical with the reported values.”

7 Muraoka, T.; Kamiya, S.; Matsuda, 1.; Itoh, K. Chem. Commun. 2002, 1284.
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5-2-2. General Procedure for the Asymmetric Mannich-Type Reactions of Carboxylic Acids
(Condition B)

BH5-SMe, (10 mol%)

II\lBus (R)-3,3'-1,-BINOL (11 mol%) BusHN (0] TMSCHN, BusHN (0]
o DBU (2.0 eq) (3.0 eq)
+ )J\ OH——————— > OMe
OH toluene/THF (19/1) MeOH/toluene (1/3)
Cl rt, 1 h cl rt, 30 min Cl
2l 1w 3wl 4wl

(1.0 eq) (1.1 eq)

A flame-dried test tube, equipped with a magnetic stirring bar, was charged with
(R)-3,3’-1,-BINOL (L6; 17.8 mg, 0.033 mmol), anhydrous toluene (950 pL), and anhydrous THF
(50 uL), before BH3-SMe; (1.0 M in DCM, 30 pL, 0.03 mmol) was added. The mixture was stirred
for 1 h at room temperature before acetic acid (1w, 18.9 pL, 0.33 mmol) was added. After stirring
for 30 min, imine 21 (77.9 mg, 0.3 mmol) and DBU (89.6 pL, 0.6 mmol) were added sequentially,
and the reaction mixture was stirred for 1 h at room temperature under an argon atmosphere. The
reaction was quenched with MeOH (2.0 mL) and TFA (100 pL). After the reaction mixture was
concentrated under reduced pressure, the resulting residue was passed through a short pad of silica
gel (eluent: EtOAc) and concentrated under reduced pressure to afford the crude product 3wl.
Methyl esterification was carried out as described for Condition A to afford 4wl.

Methyl (5)-3-(4-chlorophenyl)-3-((1,1-dimethylethyl)sulfonamido)propanoate (4wl)

BusHN O

OMe

cl Awl
A white solid; Yield: 83% (1 h, neutral SiO»: EtOAc/hexane = 1/4); R¢= 0.17 (EtOAc/hexane = 1/4);
mp: 113-115 °C; '"H NMR (500 MHz, CDCls): 6 = 1.31 (s, 9H), 2.88 (dd, /= 16.0, 5.7 Hz, 1H), 2.95
(dd, J = 16.0, 5.7 Hz, 1H), 3.61 (s, 3H), 4.88 (dt, J = 9.8, 5.7 Hz, 1H), 5.49 (d, J = 9.8 Hz, NH),
7.27-7.33 (m, 4H); *C NMR (125 MHz, CDCl3): 6 = 24.1, 42.3, 51.9, 54.4, 60.0, 127.7, 128.9,
133.5, 139.4, 171.1; IR (KBr): 3264, 2983, 1720, 1452, 1306, 1133, 1066, 830 cm™!; LRMS (ESI):
m/z 356 [M+Na]*; HRMS (ESI): m/z calcd for C14H20CINO4S [M+Na]* 356.0699 Found 356.0698;
HPLC (chiral column: CHIRALPAK IA; solvent: hexane/2-propanol = 9/1; flow rate: 1.0 mL/min;
detection: at 254 nm; rt): f&r = 14.4 min (major) and 15.6 min (minor); [a]p>* = -45.6 (¢ = 0.47,
CHCIs) for 94% ee.
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5-3. Determination of Relative and Absolute Configurations of Mannich Products

5-3-1. Determination of Absolute Configuration of Mannich Products from Acetic Acid

BusHN O NH, O
OMe AICl3, anisole OMe
4wl DCM, rt, 1 h 5wl
Cl (97% ee) Cl (97% ee)

Cleavage of Bus-group was performed by following the same procedure as described in the
literature.®? The enantiomeric excess of 4wl was enhanced by recrystallization (94% ee to 97% ee).
A mixture of 4wl (100 mg, 0.3 mmol, 97% ee), anisole (65.2 pL, 0.6 mmol), AICI3 (140 mg, 1.05
mmol) in dry DCM (9.0 mL) was stirred at room temperature under argon atmosphere for 1 h. The
resulting mixture was diluted with Et,O and aq. NaOH (0.1 M, 21 mL). The precipitated aluminum
hydroxide was dissolved by addition of aq. NaOH (1.0 M) until a clear solution was obtained. The
phases were separated and the aqueous phase was extracted with Et,O. The combined organic layers
were dried over Na SOy, filtered and concentrated under reduced pressure. The residue was purified
by column chromatography on neutral silica gel (MeOH/DCM = 1/20) to afford Swl as a colorless
oil (44.8 mg, 70% yield).

Methyl (5)-3-amino-3-(4-chlorophenyl)propanoate (Swl)

The spectral data of Swl was identical with the reported values.®' HPLC (chiral column:
CHIRALCEL OD-H; solvent: hexane/2-propanol = 9/1; flow rate: 1.0 mL/min; detection: at 254
nm; 1t): &r = 10.6 min (minor) and 11.3 min (major); [a]p**? = -34.2 (¢ = 1.09, CHCls) for 97% ee.
Based on the comparison of the reported optical rotation for the (R)-enantiomer ([o]p?® = +17.8 (¢ =

1.0, CHCIl3) for >99% ee), the absolute configuration of Swl was determined to be (S5).

5-3-2. Determination of Relative and Absolute Configurations of Mannich Products from

Propionic Acid

For major diastereomer (anti-4am)

BusHN (0] NH, O
AICl3, anisole
_—
OMe “5em, t, 1h 7 OMe
anti-4am anti-5am
(93% ee) (93% ee)

A mixture of anti-4am (36.4 mg, 0.116 mmol, 93% ee), anisole (25.2 pL, 0.232 mmol), AICI;3
(54.1 mg, 0.406 mmol) in dry DCM (4.0 mL) was stirred at room temperature under argon

80 Enders, D.; Seppelt, M.; Beck, T. Adv. Synth. Catal. 2010, 352, 1413.
81 Rodriguez-Mata, M.; Garica-Urdiales, E.; Gotor-Ferandez, V.; Gotor, V. Adv. Synth. Catal. 2010,
352, 395.
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atmosphere for 1 h. The resulting mixture was diluted with Et,O and aq. NaOH (0.1 M, 8.0 mL). The
precipitated aluminum hydroxide was dissolved by addition of aq. NaOH (1.0 M) until a clear
solution was obtained. The phases were separated and the aqueous phase was extracted with Et,0.
The combined organic layers were dried over Na SOy, filtered and concentrated under reduced
pressure. The residue was purified by preparative TLC (MeOH/DCM = 1/20) to afford anti-5am as
a colorless oil (15.5 mg, 69% yield).

Methyl (2R,35)-3-amino-2-methyl-3-phenylpropanoate (anti-Sam)

The spectral data of anti-Sam was identical with the reported values of the anfi-isomer.®> HPLC
(chiral column: CHIRALCEL OD-H; solvent: hexane/2-propanol = 9/1; flow rate: 1.0 mL/min;
detection: at 254 nm; rt): &g = 9.0 min (minor) and 11.7 min (major); [a]p?*? = -50.8 (c = 0.28,
CHCL) for 93% ee. Based on the comparison of the reported optical rotation for the
(2R,3S)-enantiomer ([a]p** = -30.8 (¢ = 1.12, CHCI3) for 92% ee), the absolute configuration of
anti-5am was determined to be (2R,3S).

For minor diastereomer (syn-4am)

BusHN (0] NH, O TsHN (0]
AICl3, anisole Et3N, TsCl
OMe “oem, it 1h OMe “5em.rt, 6 h OMe
syn-4am syn-5am syn-4ab
(92% ee) (93% ee)

A mixture of syn-4am (13.1 mg, 0.042 mmol, 92% ee), anisole (9.1 puL, 0.084 mmol), AICI3 (19.6
mg, 0.147 mmol) in dry DCM (2.0 mL) was stirred at room temperature under argon atmosphere for
1 h. The resulting mixture was diluted with Et,O and aq. NaOH (0.1 M, 4.0 mL). The precipitated
aluminum hydroxide was dissolved by addition of aq. NaOH (1.0 M) until a clear solution was
obtained. The phases were separated and the aqueous phase was extracted with Et,O. The combined
organic layers were dried over Na,SOg, filtered and concentrated under reduced pressure to afford
the crude amine syrn-Sam. Then the crude syn-Sam was dissolved in dry DCM (500 pL). Freshly
distilled EtsN (11.7 pL, 0.082 mmol) was added via syringe in one portion, followed by addition of
TsCl (16.0 mg, 0.082 mmol), and the mixture was stirred at room temperature under argon
atmosphere for 6 h. The reaction mixture was diluted with DCM, and washed with aq. NaHCO3
(sat.), H,O and brine. After the solvent was evaporated under reduced pressure, the crude product
was purified by preparative TLC (EtOAc/hexane = 1/4) to afford syn-4ab as a colorless oil (8.3 mg,
57% yield over 2 steps).

Methyl (25,35)-2-methyl-3-((4-methylphenyl)sulfonamido)-3-phenylpropanoate (syn-4ab)

The spectral data of syn-4ab was identical with the reported values of the syn-isomer.”” HPLC

(chiral column: CHIRALPAK IC; solvent: hexane/2-propanol = 1/5; flow rate: 1.0 mL/min;

82 Kobayashi, S.; Kobayashi, J.; Ishiani, H.; Ueno, M. Chem. Eur. J. 2002, 8, 4185.
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detection: at 254 nm; rt): fr = 25.9 min (major) and 32.4 min (minor); [a]p?'® = -43.0 (c = 0.79,
CHCL) for 93% ee. Based on the comparison of the reported optical rotation for the
(28,39)-enantiomer ([a]p = -33.3 (¢ = 0.3, CHCl5)),®® the absolute configuration of syn-4ab was
determined to be (25,35).

8 Colpaert, F.; Mangelinckx, S.; Kimpe, N. D. Org. Lett. 2010, 12, 1904,
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5-4. Initial Rate Kinetic Study for Mannich-Type Reactions

5-4-1. Initial Rate Kinetics with Variable Initial Concentration of the Boron Catalyst

NBus (R)-3,3"1,-BINOL (5.5~11 mol%) BusHN O
| o} BH;-SMe, (5.0~10 mol%)
)J\ DBU (2.0 eq) OH
+ OH
cl toluene/THF (19/1) cl
2| 1w 0°C 3wl
(1.0 eq) (1.1eq)

~Procedure for the reaction with the boron catalyst at 15 mM (5.0 mol%) concentration~

A flame-dried test tube, equipped with a magnetic stirring bar, was charged with
(R)-3,3’-1,-BINOL (L6; 17.8 mg, 0.033 mmol), anhydrous toluene (1.9 mL), and anhydrous THF
(0.1 mL), before BH3-SMe; (1.0 M in DCM, 30 uL, 0.03 mmol) was added. The mixture was stirred
for 1 h at room temperature before acetic acid (1w, 37.8 pL, 0.66 mmol) was added. After stirring
for 30 min at room temperature, the reaction mixture was cooled to 0 °C. To a stirred mixture was
added 2-methoxynaphthalene (15.8 mg, 0.1 mmol, as an internal standard), imine 21 (156 mg, 0.6
mmol) and DBU (179 uL, 1.2 mmol) were added sequentially, and the reaction mixture was stirred
at 0 °C under an argon atmosphere. At the specified period, an aliquot (0.25 mL) of reaction mixture
was extracted via syringe with a stainless-steel needle from the test tube and was immediately
quenched with aq. HCI (1.0 M). The biphasic mixture was extracted with EtOAc and combined
organic layers were dried over Na;SOs. After filtration, the solvent was evaporated under reduced
pressure and the remaining crude mixture was analyzed by 'H NMR to determine chemical yield.

The reactions with boron catalyst at 20 mM (6.7 mol%), 25 mM (8.3 mol%), 30 mM (10 mol%)
concentration were performed in a similar manner, affording a [3wl] vs time plot as shown in Figure

S1. The observed initial reaction rate was as follows.

50

B0 #[B]0.03 mmal
.
[B]0.04 mmal
70 y=12.196x + 4.6
-~ [B10.05 mmol
= 60 .
% A V=178 10,06 mmol [boron catalyst] Vobs
g s0mol% 15mM | 2.872 mM/min
o
g® T 3 6.7mol% 20mM | 5544 mM/min
0 _ e T 8.3mol% 25 mM 1.724 mM/min
2z : . 10mol%  30mM | 12.196 mM/min
0 . ' il M G
o
o 1 2 3 4 5 6 7
time (min)

Figure S1. Initial rate kinetic study on the concentration of boron catalyst

In vops vs In [boron catalyst] plot as shown in Figure S2 shows 2.0th order dependency in the

71



initial concentration of the boron catalyst.
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Figure S2. [Initial rate Kkinetic study on the concentration of boron catalyst

5-4-2. Initial Rate Kinetics with Variable Initial Concentration of DBU

NBus (R)-3,3-1,-BINOL (11 mol%) BusHN O
| 0 BH3-SMe, (10 mol%)
)J\ DBU (1.5~3.0 eq) OH
+ OH
toluene/THF (19/1)
cl " cl
21 1w 0°C 3wl
(1.0 eq) (1.1 eq)

~Procedure for the reaction with DBU at 450 mM (1.5 eq) concentration~

A flame-dried test tube, equipped with a magnetic stirring bar, was charged with
(R)-3,3’-1>-BINOL (L6; 35.5 mg, 0.066 mmol), anhydrous toluene (1.9 mL), and anhydrous THF
(0.1 mL), before BH3-SMe; (1.0 M in DCM, 60 pL, 0.06 mmol) was added. The mixture was stirred
for 1 h at room temperature before acetic acid (1w, 37.8 puL, 0.66 mmol) was added. After stirring
for 30 min at room temperature, the reaction mixture was cooled to 0 °C. To a stirred mixture was
added 2-methoxynaphthalene (15.8 mg, 0.1 mmol, as an internal standard), imine 21 (156 mg, 0.6
mmol) and DBU (134 uL, 0.9 mmol) were added sequentially, and the reaction mixture was stirred
at 0 °C under an argon atmosphere. At the specified period, an aliquot (0.25 mL) of reaction mixture
was extracted via syringe with a stainless-steel needle from the test tube and was immediately
quenched with aq. HCI (1.0 M). The biphasic mixture was extracted with EtOAc and combined
organic layers were dried over Na,SO4. After filtration, the solvent was evaporated under reduced
pressure and the remaining crude mixture was analyzed by 'H NMR to determine chemical yield.

The reactions with DBU at 525 mM (1.75 eq), 600 mM (2.0 eq), 675 mM (2.25 eq), 750 mM (2.5
eq) concentration were performed in a similar manner, affording a [3wl] vs time plot as shown in

Figure S3. The observed initial reaction rate was as follows.
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Figure S3. Initial rate kinetic study on the concentration of DBU

In vops vs In [DBU] plot as shown in Figure S4 shows 1.1th order dependency in the initial

concentration of DBU.
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Figure S4. Initial rate kinetic study on the concentration of DBU

5-4-3. Initial Rate Kinetics with Variable Initial Concentration of Imine 21

NBus (R)-3,3"-1,-BINOL (11 mol%) BusHN O
\ o] BH3-SMe, (10 mol%)
)J\ DBU (2.0 eq) OH
+ OH
toluene/THF (19/1)
Cl " Cl
2| 1w 0°C 3wl
(1.0~1.33 eq) (1.1eq)

~Procedure for the reaction with imine 2l at 300 mM (1.0 eq) concentration~

A flame-dried test tube, equipped with a magnetic stirring bar, was charged with
(R)-3,3’-1,-BINOL (L6; 35.5 mg, 0.066 mmol), anhydrous toluene (1.9 mL), and anhydrous THF
(0.1 mL), before BH3-SMe; (1.0 M in DCM, 60 pL, 0.06 mmol) was added. The mixture was stirred
for 1 h at room temperature before acetic acid (1w, 37.8 puL, 0.66 mmol) was added. After stirring

for 30 min at room temperature, the reaction mixture was cooled to 0 °C. To a stirred mixture was
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added 2-methoxynaphthalene (15.8 mg, 0.1 mmol, as an internal standard), imine 21 (156 mg, 0.6
mmol) and DBU (179 pL, 1.2 mmol) were added sequentially, and the reaction mixture was stirred
at 0 °C under an argon atmosphere. At the specified period, an aliquot (0.25 mL) of reaction mixture
was extracted via syringe with a stainless-steel needle from the test tube and was immediately
quenched with aq. HCI (1.0 M). The biphasic mixture was extracted with EtOAc and combined
organic layers were dried over Na;SQOs. After filtration, the solvent was evaporated under reduced
pressure and the remaining crude mixture was analyzed by 'H NMR to determine chemical yield.
The reactions with imine 21 at 325 mM (1.08 eq), 350 mM (1.17 eq), 375 mM (1.25 eq), 400 mM
(1.33 eq) concentration were performed in a similar manner, affording a [3wl] vs time plot as shown

in Figure S5. The observed initial reaction rate was as follows.
90
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80 ¥ K+ i
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o
30 - y=11.888¢ + 204 1.25eq 375 mM 12.754 mM/min
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o 1 2 3 4 5 6 7
time (min)

Figure S5. Initial rate kinetic study on the concentration of imine 21

In vobs vs In [imine] plot as shown in Figure S6 shows 0.1th order dependency in the initial

concentration of imine.
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R? = 0.1659
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Figure S6. Initial rate kinetic study on the concentration of imine 21
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5-4-4. Initial Rate Kinetics with Variable Initial Concentration of Acetic Acid (1w)

NBus (R)-3,3-15-BINOL (11 mol%) BusHN O
| 0 BH3-SMe, (10 mol%)
. AOH DBU (1.8~2.6 eq) OH
al toluene/THF (19/1) cl
0°C
21 1w 3wl
(1.0 eq) (0.9~1.7 eq)

~Procedure for the reaction with acetic acid (Iw) at 270 mM (0.9 eq) concentration~

A flame-dried test tube, equipped with a magnetic stirring bar, was charged with
(R)-3,3’-1,-BINOL (L6; 35.5 mg, 0.066 mmol), anhydrous toluene (1.9 mL), and anhydrous THF
(0.1 mL), before BH3-SMe» (1.0 M in DCM, 60 pL, 0.06 mmol) was added. The mixture was stirred
for 1 h at room temperature before acetic acid (1w, 30.9 pL, 0.54 mmol) was added. After stirring
for 30 min at room temperature, the reaction mixture was cooled to 0 °C. To a stirred mixture was
added 2-methoxynaphthalene (15.8 mg, 0.1 mmol, as an internal standard), imine 21 (156 mg, 0.6
mmol) and DBU (161 pL, 1.08 mmol) were added sequentially, and the reaction mixture was stirred
at 0 °C under an argon atmosphere. At the specified period, an aliquot (0.25 mL) of reaction mixture
was extracted via syringe with a stainless-steel needle from the test tube and was immediately
quenched with aq. HCI (1.0 M). The biphasic mixture was extracted with EtOAc and combined
organic layers were dried over Na;SOs. After filtration, the solvent was evaporated under reduced
pressure and the remaining crude mixture was analyzed by 'H NMR to determine chemical yield.

The reactions with acetic acid (1w) at 330 mM (1.1 eq), 390 mM (1.3 eq), 450 mM (1.5 eq), 510
mM (1.7 eq) concentration and DBU at 600 mM (2.0 eq), 660 mM (2.2 eq), 720 mM (2.4 eq), 780
mM (2.6 eq) concentration respectively were performed in a similar manner®*, affording a [3wl] vs

time plot as shown in Figure S7. The observed initial reaction rate was as follows.
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0 : ¢ fAeonosgmmel 1.5eq  450mM | 11.517 mM/min
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o
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Figure S7. Initial rate kinetic study on the concentration of acetic acid (1w)

84 In this experiment, the amount of DBU is increased corresponding to the increased amount of
acetic acid (1w) in order to maintain the amount of active DBU constantly.
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In vops vs In [1w] plot as shown in Figure S8 shows -0.6th order dependency in the initial

concentration of acetic acid (1w).
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Figure S8. [Initial rate kinetic study on the concentration of acetic acid (1w)
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5-5. Svnthesis and Characterization of Compounds for Mannich-Type Reactions

5-5-1. Synthesis and Characterization of Carboxylic Acids (1a-1y)

Propionic acid (1a) was purified by distillation. Carboxylic acids 1b,% 1e% and 1f87 were
prepared by following the same procedure as described in the literature. Carboxylic acid 1p was
prepared by following the procedure shown below. Peptides 1t-1v were prepared by following the
conventional method for peptide synthesis. Acetic acid (1w) was purified by distillation from Ac,O

and KMnOy, and other carboxylic acids were purchased and used without further purification.

Preparation of Carboxylic Acid (1p)

Lithocholic acid (1.0 g, 2.66 mmol) was added to AcClI (10 ml) at room temperature. After stirring
for 3 h, excess amount of AcCl was removed by evaporation. To a resulting mixture was added
EtOAc/H2O (15 mL/15 mL). The mixture was stirred for 1.5 h at room temperature. Products were
extracted with EtOAc. The combined organic layer was washed with brine, and dried over Na,;SOs.
After filtration, the solvent was evaporated under reduced pressure. The residue was purified by
recrystallization (EtOAc/hexane) to afford 1p as a white solid (922 mg, 83% yield).
(R)-4-((3R,5R,8R,95,108,13R,14S,17R)-3-Acetoxy-10,13-dimethylhexadecahydro-1H-cyclopent
a[a]phenanthren-17-yl)pentanoic acid (1p)

Re= 0.69 (EtOAc/hexane = 1/1); mp: 148-151 °C; '"H NMR (500 MHz, CDCIl3): & = 0.65 (s, 3H),
0.91-0.93 (m, 6H), 0.98-1.18 (m, 6H), 1.19-1.30 (m, 3H), 1.30-1.47 (m, 8H), 1.50-1.60 (m, 2H),
1.64-1.72 (m, 1H), 1.77-1.90 (m, 5H), 1.94-1.98 (m, 1H), 2.03 (s, 3H), 2.22-2.30 (m, 1H), 2.35-2.44
(m, 1H), 4.68-4.76 (m, 1H); '*C NMR (125 MHz, CDCls): § = 12.0, 18.2, 20.8, 23.3, 24.2, 26.3,
26.6, 27.0, 28.2, 30.7, 31.0, 32.2, 34.6, 35.0, 35.3, 35.8, 40.1, 40.4, 41.9, 42.7, 56.0, 56.5, 74.4,
170.7, 180.1; IR (KBr): 2935, 1735, 1710, 1246 cm’!; LRMS (ESI): m/z 441 [M+Na]*; HRMS
(ESI): m/z caled for CosHa2O4 [M+Na]*™ 441.2981 Found 441.2973; [a]p'®7 = +41.5 (¢ = 0.82,
CHCl3).

85 Bracher, P. J.; Snyder, P. W.; Bohall, B. R.; Whitesides, G. M. Orig. Life Evol. Biosph. 2011, 41,
399,

86 Jacobi, P. A.; Li, Y. Org. Lett. 2003, 5, 701.

87 Hardouin, C.; Kelso, M. J.; Romero, F. A.; Rayl, T. J.; Leung, D.; Hwang, I.; Cravatt, B. F.; Boger,
D. L. J. Med. Chem. 2007, 50, 3359.
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5-5-2. Synthesis and Characterization of Imines (2a-2w)
Preparation of Ts-Protected Imines (2a-2j)
Ts-protected imines 2a-2j were prepared by following the procedures shown below. The spectral

data of 2a-2j was identical with the reported values.®

Preparation of Non-Isomerizable Ts-Protected Aldimines (2a-2g)

o Amberlyst 15 NTs
0o TsNH, 2 )
R MS 4A, toluene R
reflux, 15 h 2a-2g

A mixture of aldehyde (1.2 eq), p-toluenesulfonamide (1.0 eq), Amberlyst 15 (5 mg/mmol) and
activated molecular sieves 4 A (400 mg/mmol) in toluene (4 mL/mmol) was stirred and heated to
reflux under argon atmosphere for 15 h. The resulting mixture was diluted with DCM and filtered
through a pad of Celite. The pad was washed with DCM and the filtrate was concentrated under
reduced pressure. The residue was purified by recrystallization (EtOAc/hexane) to afford the pure

imines 2a-2g.

Preparation of Isomerizable Ts-Protected Imines (2h and 2i)

o) TolSO,Na NHTs NTs
U+ TsNH, 2 NaHCOs |

R HO/HCOoH (1/1), it R ™Ts  H,O/DCM (1/1), it R” 2p, 2i

Isomerizable Ts-protected aldimine 2h and 2i were prepared by following the same procedure as

described in the literature.’’

Preparation of an a,B-Unsaturated Ts-Protected Imine (2j)

(0] NTs
| BF3'Et20 I
AN + TsNH» AN
benzen, reflux .
Dean-Stark 2j

An o,B-unsaturated imine 2j was prepared by following the same procedure as described in the

literature.”®

Preparation reparation of a Mesitylenesulfony-Protected Imine (2k)

(I) ll\lsones
Amberlyst 15
+ MeSSOQNHZ —y>
MS 4A, toluene
cl reflux, 25 h cl 2k

8 (a) Kobayashi, S.; Kiyohara, H.; Yamaguchi, M. J. Am. Chem. Soc. 2011, 133, 708. (b) Ueno, S.;
Ohtsubo, M.; Kuwano, R. J. Am. Chem. Soc. 2009, 131, 12904, and references therein.

8 Boultwood, T.; Affron, D. P.; Trowbridge, A. D.; Bull, J. A. J. Org. Chem. 2013, 78, 6632.

% Raghavan, S.; Rajender, A. Tetrahedron 2004, 60, 5059.
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Mesitylenesulfonamide was prepared by following the same procedure as described in the

literature.”’ A mixture of 4-chlorobenzaldehyde (8.43 g, 60 mmol), mesitylenesulfonamide (9.96 g,
50 mmol), Amberlyst 15 (250 mg) and activated molecular sieves 4 A (20 g) in toluene (160 mL)
was stirred and heated to reflux under argon atmosphere for 25 h. The resulting mixture was diluted
with DCM and filtered through a pad of Celite. The pad was washed with DCM and the filtrate was
concentrated under reduced pressure. The residue was purified by recrystallization (EtOAc/hexane)
to afford 2k as a white solid (12.2 g, 76% yield).
(E)-N-(4-Chlorobenzylidene)-2,4,6-trimethylbenzenesulfonamide (2k)
R = 0.48 (EtOAc/hexane = 1/4); '"H NMR (500 MHz, CDCls): = 2.31 (s, 3H), 2.70 (s, 6H), 6.98 (s,
2H), 7.46 (d, J = 8.6 Hz, 2H), 7.85 (d, J = 8.6 Hz, 2H), 9.00 (s, 1H); 3C NMR (125 MHz, CDCl;):
6=21.0, 23.0, 129.5, 131.0, 131.8, 131.9, 132.2, 140.3, 141.1, 143.4, 167.4; IR (KBr): 3095, 2977,
1605, 1560, 1404, 1316, 1148, 787 cm'; LRMS (ESI): m/z 344 [M+Na]"; HRMS (ESI): m/z caled
for CisH16CINO>S [M+Na]*: 344.0488. Found: 344.0495.

Preparation of Bus-Protected Imines (21-2w)

0 Amberlyst 15 NBus
U+ BUSONH, —————— |
R MS 4A, toluene R
reflux, 24-42 h 2]-2w

A mixture of aldehyde (1.2—1.5 eq), fert-butanesulfonamide (1.0 eq), Amberlyst 15 (10 mg/mmol)
and activated molecular sieves 4 A (800 mg/mmol) in toluene (4 mL/mmol) was stirred and heated
to reflux under argon atmosphere for 24—42 h. The resulting mixture was diluted with DCM and
filtered through a pad of Celite. The pad was washed with DCM and the filtrate was concentrated
under reduced pressure. The residue was purified by column chromatography on neutral silica gel

(EtOAc/hexane) and crystallization (DCM/hexane) to afford the pure imine 21-2w.

(E)-N-(4-Chlorobenzylidene)-2-methylpropane-2-sulfonamide (21)

NBus

A

A white solid; Yield: 34% (aldehyde: 1.2 eq, 23 h, neutral SiO»: EtOAc/hexane = 1/4); The spectral

data of 21 was identical with the reported values.*?

(E)-N-Benzylidene-2-methylpropane-2-sulfonamide (2m)

91 Hayashi, T.; Kawai, M., Tokunaga, N. Angew. Chem. Int. Ed. 2004, 43, 6125.
92 Mita, T.; Sugawara, M.; Saito, K.; Sato, Y. Org. Lett. 2014, 16, 3028, and references therein.
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NBus

2m

A white solid; Yield: 53% (aldehyde: 1.2 eq, 42 h, neutral SiO: EtOAc/hexane = 1/4); The spectral

data of 2m was identical with the reported values.*?

(E)-N-(4-Fluorobenzylidene)-2-methylpropane-2-sulfonamide (2n)

wBus
F/E::j/JZn

A pale brown solid; Yield: 61% (aldehyde: 1.2 eq, 37 h, neutral SiO,: EtOAc/hexane = 1/6); The

spectral data of 2n was identical with the reported values.”?

(E)-2-Methyl-N-(4-(trifluoromethyl)benzylidene)propane-2-sulfonamide (20)
PBUS

FaC 20

A white solid; Yield: 29% (aldehyde: 1.2 eq, 30 h, neutral SiO,: EtOAc/hexane = 1/8); Rf = 0.51
(EtOAc/hexane = 1/4); mp: 74-77 °C; "H NMR (500 MHz, CDCl;): 6 = 1.51 (s, 9H), 7.80 (d, J = 8.6
Hz, 2H), 8.09 (d, J = 8.6 Hz, 2H), 9.11 (s, 1H); '3C NMR (100 MHz, CDCls): & = 24.0, 58.6, 123.3
(YJr.c = 273 Hz), 126.2 (*Jr.c = 3.75 Hz), 131.2, 135.4, 135.9 (?Jr.c = 33.3 Hz), 171.2; IR (KBr):
2984, 2940, 1616, 1577, 1326, 1289, 1122, 1066, 840, 788 cm’'; LRMS (ESI): m/z 316 [M+Na]*;
HRMS (ESI): m/z caled for C12H14F3NO,S [M+Na]*: 316.0595. Found: 316.0600.

Methyl (E)-4-(((tert-butylsulfonyl)imino)methyl)benzoate (2p)
PBus

MeO,C 2p

A white solid; Yield: 55% (aldehyde: 1.5 eq, 36 h, direct recrystallization from crude product
without column chromatography); R¢ = 0.33 (EtOAc/hexane = 1/4); mp: 88-90 °C; 'H NMR (500
MHz, CDCl3): 6 = 1.50 (s, 9H), 3.95 (s, 3H), 8.02 (d, /= 8.6 Hz, 2H), 8.17 (d, J = 8.6 Hz, 2H), 9.09
(s, IH); 3C NMR (125 MHz, CDCls): 8 = 24.0, 52.6, 58.5, 130.2, 130.8, 135.3, 136.0, 165.8, 171.6;
IR (KBr): 2979, 2957, 1730, 1613, 1435, 1276, 1121, 781 cm™'; LRMS (ESI): m/z 306 [M+Na]*;
HRMS (ESI): m/z caled for Ci13H17NO4S [M+Na]*: 306.0776. Found: 306.0771.

(E)-N-(4-Methoxybenzylidene)-2-methylpropane-2-sulfonamide (2q)
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NBus

|
MeO 2q

A white solid; Yield: 52% (aldehyde: 1.2 eq, 36 h, neutral SiO,: EtOAc/hexane = 1/6); The spectral

data of 2q was identical with the reported values.”?

(E)-N-(3-Chlorobenzylidene)-2-methylpropane-2-sulfonamide (2r)

vBus

2r
Cl

A white solid; Yield: 75% (aldehyde: 1.2 eq, 38 h, neutral SiO,: EtOAc/hexane = 1/4); Ry = 0.42
(EtOAc/hexane = 1/4); mp: 78-81 °C; 'H NMR (500 MHz, CDCl3): 8 = 1.50 (s, 9H), 7.46-7.50 (m,
1H), 7.60-7.63 (m, 1H), 7.80-7.83 (m, 1H), 7.97-7.99 (m, 1H), 9.01 (s, 1H); *C NMR (125 MHz,
CDCls): 6 =24.0, 58.6, 129.6, 130.1, 130.5, 134.2, 134.7, 135.5, 171.3; IR (KBr): 3095, 2989, 2934,
1611, 1296, 1214, 1126, 806 cm™'; LRMS (ESI): m/z 282 [M+Na]"; HRMS (ESI): m/z calcd for
C11H14CINO,S [M+Na]*: 282.0331. Found: 282.0337.

(E)-N-(3-Methoxybenzylidene)-2-methylpropane-2-sulfonamide (2s)

vBus

2s
OMe

A pale yellow solid; Yield: 72% (aldehyde: 1.2 eq, 32 h, neutral SiO>: EtOAc/hexane = 1/4); R¢ =
0.27 (EtOAc/hexane = 1/4); mp: 69-72 °C;'H NMR (500 MHz, CDCl3): & = 1.48 (s, 9H), 3.86 (s,
3H), 7.16-7.21 (m, 1H), 7.40-7.45 (m, 1H), 7.48-7.51 (m, 2H), 8.99 (s, 1H); '*C NMR (125 MHz,
CDCl): 6 =24.0, 55.5, 58.4, 113.7, 121.7, 124.8, 130.1, 133.7, 160.1, 172.8; IR (KBr): 3073, 2989,
2838, 1577, 1469, 1292, 1122, 1040, 806 cm™'; LRMS (ESI): m/z 278 [M+Na]*; HRMS (ESI): m/z
calcd for C12H7CINO3S [M+Na]*: 278.0827. Found: 278.0818.

(E)-2-Methyl-N-(thiophen-2-ylmethylene)propane-2-sulfonamide (2t)
PBus
~
\ S 2t
An off-white solid; Yield: 62% (aldehyde: 1.2 eq, 36 h, direct recrystallization from crude product

without column chromatography; The spectral data of 2t was identical with the reported values.”
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(E)-N-(Furan-2-ylmethylene)-2-methylpropane-2-sulfonamide (2u)
II\lBus
=

\ O 2u

A pale yellow solid; Yield: 70% (aldehyde: 1.5 eq, 33 h, neutral SiO,: EtOAc/hexane = 1/4); Ry =
0.26 (EtOAc/hexane = 1/4); mp: 86-88 °C; 'H NMR (500 MHz, CDCl3): & = 1.48 (s, 9H), 6.67 (dd, J
=29, 1.7 Hz, 1H), 7.35 (d, J = 2.9 Hz, 1H), 7.78 (d, J = 1.7 Hz, 1H), 8.79 (s, 1H); '3C NMR (125
MHz, CDCls): 6 = 24.0, 58.4, 113.6, 124.2, 149.4, 149.6, 158.3; IR (KBr): 3129, 3095, 2985, 1604,
1395, 1280, 1122, 1033, 931, 822 cm’!; LRMS (ESI): m/z 238 [M+Na]*; HRMS (ESI): m/z calcd for
CoH13NO3S [M+Na]*: 238.0514. Found: 238.0509.

(E)-2-Methyl-N-(naphthalen-1-ylmethylene)propane-2-sulfonamide (2v)

O ll\lBus
‘ 2v

A pale yellow solid; Yield: 64% (aldehyde: 1.2 eq, 42 h, neutral SiO>: EtOAc/hexane = 1/4); R¢ =
0.39 (EtOAc/hexane = 1/4); mp: 80-82 °C; 'H NMR (500 MHz, CDCls): & = 1.55 (s, 9H), 7.60-7.65
(m, 2H), 7.69-7.74 (m, 1H),7.96 (d, J = 8.6 Hz, 1H), 8.13-8.20 (m, 2H), 9.06 (d, J = 8.6 Hz, 1H),
9.58 (s, 1H); 3C NMR (125 MHz, CDCls): 8 = 24.1, 58.3, 124.4, 125.2, 127.0, 127.8, 129.0, 129.1,
131.8, 133.9, 135.5, 136.1, 172.7; IR (KBr): 3047, 2980, 2931, 1572, 1509, 1292, 1120, 812 cm;
LRMS (ESI): m/z 298 [M+Na]"; HRMS (ESI): m/z calcd for CisH17NO>S [M+Na]™: 298.0878.
Found: 298.0883.

(E)-2-Methyl-N-(naphthalen-2-ylmethylene)propane-2-sulfonamide (2w)

II\lBus

.

A white solid; Yield: 48% (aldehyde: 1.5 eq, 36 h, direct recrystallization from crude product

without column chromatography); The spectral data of 2w was identical with the reported values.*?

5-5-3. Characterization of Products for Racemic Mannich-Type Reactions

Spectral data of 4aa was shown in Section 5-2.
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Methyl 2-methyl-3-((4-methylphenyl)sulfonamido)-3-phenylpropanoate (4ab: methyl ester of

3ab)
TsHN (0] TsHN (0]
OMe Y OMe
syn-4ab (minor) anti-4ab (major)

A white solid; Yield: 74%; syn/anti = 1/5.1 (Condition A, DBU: 2.0 eq, 23 h, neutral SiO,:
EtOAc/hexane = 1/4); The spectral data of syn-4ab and anti-4ab was identical with the reported

values.”

Methyl  2-methyl-3-((4-methylphenyl)sulfonamido)-3-(4-(trifluoromethyl)phenyl)propanoate
(4ac: methyl ester of 3ac)
TsHN O TsHN O
OMe : OMe
F4C FsC i
syn-4ac (minor) anti-4ac (major)
A white solid; Yield: 85%; syn/anti = 1/6.8 (Condition A, DBU: 2.0 eq, 23 h, neutral SiO,:
EtOAc/hexane = 1/4);
(anti); R¢= 0.15 (EtOAc/hexane = 1/4); mp: 129-131 °C; 'H NMR (500 MHz, CDCl3): 6 = 1.19 (d, J
=6.9 Hz, 3H), 2.30 (s, 3H), 2.79-2.86 (m, 1H), 3.58 (s, 3H), 4.56 (dd, J= 8.6, 6.3 Hz, 1H), 6.15 (d, J
=8.6 Hz, NH), 7.03 (d, J = 8.1 Hz, 2H), 7.12 (d, /= 8.0 Hz, 2H), 7.35 (d, /= 8.0 Hz, 2H), 7.45 (d, J
= 8.1 Hz, 2H); *C NMR (125 MHz, CDCl5): § = 15.5, 21.2, 45.6, 52.1, 59.8, 123.9 (q, Jr.c = 271
Hz), 125.2 (q, 3Jr.c = 3.60 Hz), 126.9, 127.1, 129.2, 129.7 (q, *Jr.c = 32.4 Hz), 137.5, 142.8, 143.2,
174.6; IR (KBr): 3240, 2933, 1718, 1458, 1324, 1164, 1115, 1066, 862 cm™!; LRMS (ESI): m/z 438
[M+Na]"; HRMS (ESI): m/z calcd for C19H20F3NO4S [M+Na]* 438.0963 Found 438.0975.

Methyl 3-(4-methoxyphenyl)-2-methyl-3-((4-methylphenyl)sulfonamido)propanoate  (4ad:

methyl ester of 3ad)
TsHN O TsHN O
OMe Y OMe
MeO MeO i
syn-4ad (minor) anti-4ad (major)

A white solid; Yield: 90%; syn/anti = 1/8.8 (Condition A, DBU: 2.0 eq, 23 h, neutral SiO;:
EtOAc/hexane = 1/4); The spectral data of syn-4ad and anti-4ad was identical with the reported

values.”

Methyl 2-methyl-3-((4-methylphenyl)sulfonamido)-3-(thiophen-2-yl)propanoate (4ae: methyl
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ester of 3ae)

TsHN (0] TsHN (e}

= OMe A Y OMe
\_g \_g °:

syn-4ae (minor) anti-4ae (major)

A white solid; Yield: 74%; syn/anti = 1/8.4 (Condition A, DBU: 2.0 eq, 23 h, neutral SiO,:
EtOAc/hexane = 1/4);

(anti); Ry = 0.18 (EtOAc/hexane = 1/4); mp: 84-87 °C; 'H NMR (500 MHz, CDCl3): § = 1.23 (d, J =
7.5 Hz, 3H), 2.35 (s, 3H), 2.90-2.97 (m, 1H), 3.61 (s, 3H), 4.82 (dd, J=9.2, 5.2 Hz, 1H), 5.91 (d, /=
9.2 Hz, NH), 6.67 (d, J = 3.5 Hz, 1H), 6.73-6.76 (m, 1H), 7.06 (d, /= 4.6 Hz, 1H), 7.14 (d, /= 8.6
Hz, 2H), 7.59 (d, J = 8.6 Hz, 2H); 1*C NMR (125 MHz, CDCl3): § = 15.2, 21.4, 46.1, 52.0, 56.0,
124.8, 125.2, 126.5, 126.9, 129.3, 137.9, 143.0, 143.0, 174.8; IR (KBr): 3290, 3108, 2981, 1736,
1456, 1325, 1161, 812 cm’'; LRMS (ESI): m/z 376 [M+Na]"; HRMS (ESI): m/z caled for
CisH19NO4S, [M+Na]* 376.0653 Found 376.0664.

Methyl 3-(furan-2-yl)-2-methyl-3-((4-methylphenyl)sulfonamido)propanoate (4af: methyl ester

of 3af)
TsHN 0} TsHN (0]
~ OMe N ; OMe
\_ \_¢ :
syn-4af (minor) anti-4af (major)

A white solid; Yield: 73%; syn/anti = 1/5.8 (Condition A, DBU: 2.0 eq, 23 h, neutral SiO,:
EtOAc/hexane = 1/4);

(anti); Ry = 0.13 (EtOAc/hexane = 1/4); mp: 72-75 °C; '"H NMR (500 MHz, CDCl3): § = 1.16 (d, J =
7.5 Hz, 3H), 2.37 (s, 3H), 2.94-3.01 (m, 1H), 3.62 (s, 3H), 4.61 (dd, J=9.8, 6.3 Hz, 1H), 5.63 (d, /=
9.8 Hz, NH), 5.89 (d, /= 3.5 Hz, 1H), 6.10 (dd, J= 3.5, 1.7 Hz, 1H), 7.14 (d, /= 1.7 Hz, 1H), 7.18
(d, J=8.6 Hz, 2H), 7.61 (d, J = 8.6 Hz, 2H); 1*C NMR (125 MHz, CDCls): § = 14.6, 21.4, 43.6, 52.0,
53.9, 107.6, 110.1, 126.9, 129.3, 137.8, 141.9, 143.0, 151.5, 174.5; IR (neat): 3276, 2985, 2952,
1736, 1437, 1335, 1162, 814 cm’'; LRMS (ESI): m/z 360 [M+Na]*; HRMS (ESI): m/z caled for
CisH1oNOsS [M+Na]* 360.0882 Found 360.0872.

Methyl 2,4,4-trimethyl-3-((4-methylphenyl)sulfonamido)pentanoate (4ag: methyl ester of 3ag)
TsHN O TsHN O

OMe Y OMe

syn-4ag (minor) anti-4ag (major)

A white solid; Yield: 61%; syn/anti = 1/15 (Condition A, DBU: 2.0 eq, 23 h, neutral SiOs:
EtOAc/hexane = 1/8 to 1/4);

(syn); Rr= 0.07 (EtOAc/hexane = 1/8); '"H NMR (500 MHz, CDCls): 8 = 0.81 (s, 9H), 1.08 (d, J =
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7.5 Hz, 3H), 2.41 (s, 3H), 2.61 (dq, J= 7.5, 4.0 Hz, 1H), 3.63 (s, 3H), 3.71 (dd, J=9.7, 4.0 Hz, 1H),
4.67 (d, J = 9.7 Hz, NH), 7.27 (d, J = 8.0 Hz, 2H), 7.74 (d, J = 8.0 Hz, 2H); '3C NMR (125 MHz,
CDCl): 6 = 14.0, 21.5, 26.8, 35.8, 39.9, 52.0, 62.3, 127.2, 129.4, 138.2, 143.1, 175.5; IR (neat):
3303, 2955, 1736, 1435, 1333, 1159, 1093, 816 cm™'; LRMS (ESI): m/z 350 [M+Na]"; HRMS (ESI):
m/z caled for C16H2sNO4S [M+Na]* 350.1402 Found 350.1415.

(anti); Ry = 0.18 (EtOAc/hexane = 1/8); '"H NMR (500 MHz, CDCls): 6 = 0.81 (s, 9H), 1.04 (d, J =
7.5 Hz, 3H), 2.40 (s, 3H), 2.82 (dq, J= 7.5, 2.3 Hz, 1H), 3.24 (dd, J = 9.2, 2.3 Hz, 1H), 3.65 (s, 3H),
6.17 (d, J = 9.2 Hz, NH), 7.26 (d, J = 8.6 Hz, 2H), 7.76 (d, J = 8.6 Hz, 2H); '3*C NMR (125 MHz,
CDCl): 6= 18.1, 21.5, 27.2, 36.1, 37.5, 51.9, 66.1, 126.7, 129.4, 139.7, 142.7, 177.3; IR (neat):
3316, 2956, 1717, 1436, 1329, 1157, 1092, 815 cm’!; LRMS (ESI): m/z 350 [M+Na]"; HRMS (ESI):
m/z caled for C16H2sNO4S [M+Na]* 350.1402 Found 350.1415.

Methyl 3-cyclopropyl-2-methyl-3-((4-methylphenyl)sulfonamido)propanoate (4ah: methyl
ester of 3ah)
TsHN O

OMe

4ah

A white solid; Yield: 71%; dr = 1/1.0 (Condition A, DBU: 2.0 eq, 23 h, neutral SiO: EtOAc/hexane
=1/4),

(MP); R¢= 0.18 (EtOAc/hexane = 1/4); mp: 94-96 °C; '"H NMR (500 MHz, CDCls): 6 = -0.08--0.04
(m, 1H), 0.19-0.30 (m, 2H), 0.46-0.53 (m, 1H), 0.85-0.92 (m, 1H), 1.16 (d, J= 7.5 Hz, 3H), 2.42 (s,
3H), 2.59-2.65 (m, 1H), 2.79-2.84 (m, 1H), 3.63 (s, 3H), 5.16 (d, J = 8.6 Hz, NH), 7.28 (d, J= 8.6
Hz, 2H), 7.74 (d, J = 8.6 Hz, 2H); '*C NMR (125 MHz, CDCls): § = 2.60, 4.77, 13.5, 13.7, 21.5,
4477, 51.8, 60.3, 127.0, 129.5, 138.4, 143.2, 174.3; IR (neat): 3286, 3002, 2951, 1734, 1435, 1331,
1159, 1049, 816 cm™'; LRMS (ESI): m/z 334 [M+Na]*; HRMS (ESI): m/z caled for CisH21NO4S
[M+Na]" 334.1089 Found 334.1092.

(LP); Rf = 0.22 (EtOAc/hexane = 1/4); '"H NMR (500 MHz, CDCl3): & = -0.04-0.02 (m, 1H),
0.07-0.14 (m, 1H), 0.20-0.27 (m, 1H), 0.39-0.46 (m, 1H), 0.79-0.88 (m, 1H), 1.12 (d, J = 6.9 Hz,
3H), 2.41 (s, 3H), 2.76-2.84 (m, 2H), 3.65 (s, 3H), 5.38 (d, /= 8.1 Hz, NH), 7.27 (d, J= 8.0 Hz, 2H),
7.75 (d, J = 8.0 Hz, 2H); '*C NMR (125 MHz, CDCl3): § = 3.73, 3.80, 14.1, 14.9, 21.5, 43.5, 51.8,
60.7, 126.9, 129.4, 138.9, 143.0, 175.3; IR (neat): 3290, 3004, 2952, 1735, 1436, 1330, 1159, 1051,
816 cm!'; LRMS (ESI): m/z 334 [M+Na]*; HRMS (ESI): m/z calcd for CisH2i1NOsS [M+Na]*
334.1089 Found 334.1102.

Methyl 3-cyclohexyl-2-methyl-3-((4-methylphenyl)sulfonamido)propanoate (4ai: methyl ester
of 3ai)
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TsHN O TsHN O
OMe Y OMe

syn-4ai (minor) anti-4ai (major)
A colorless oil; Yield: 93%; syn/anti = 1/2.5 (Condition A, BH3-SMe»: 20 mol%, imine: 2.0 eq,
DBU: 2.0 eq, 3 h, SiO: EtOAc/hexane = 1/4 and GPC);
(syn); R = 0.45 (EtOAc/hexane = 1/2); 'H NMR (500 MHz, CDCls): & = 0.80-0.90 (m, 1H),
1.01-1.20 (m, 7H), 1.27-1.35 (m, 1H), 1.45 (d, J = 13.2 Hz, 1H), 1.54-1.61 (m, 2H), 1.63-1.72 (m,
2H), 2.41 (s, 3H), 2.47-2.53 (m, 1H), 3.43-3.48 (m, 1H), 3.57 (s, 3H), 4.65 (d, /= 9.8 Hz, NH), 7.28
(d, J=8.0 Hz, 2H), 7.74 (d, J= 8.0 Hz, 2H); '3C NMR (125 MHz, CDCls): 6 = 16.0, 21.5, 26.0, 26.1,
26.2, 29.7, 29.9, 39.8, 42.0, 51.8, 61.7, 126.8, 129.4, 139.3, 142.8, 176.1; IR (neat): 3291, 2928,
1734, 1159, 757 cm™!'; LRMS (ESI): m/z 376 [M+Na]*; HRMS (ESI): m/z caled for CisH27NO4S
[M+Na]" 376.1553 Found 376.1547.
(anti); Ry = 0.52 (EtOAc/hexane = 1/2); 'H NMR (500 MHz, acetone-ds): & = 0.76-0.95 (m, 2H),
1.02-1.14 (m, 5H), 1.36-1.43 (m, 1H), 1.53-1.69 (m, 6H), 2.41 (s, 3H), 2.70-2.76 (m, 1H), 3.40-3.44
(m, 1H), 3.56 (s, 3H), 6.17 (d, J= 9.2 Hz, NH), 7.37 (d, J = 8.0 Hz, 2H), 7.74 (d, J = 8.0 Hz, 2H);
BC NMR (125 MHz, CDCl3): 8 = 16.0, 21.5, 26.0, 26.1, 26.2, 29.8, 29.9, 39.8, 42.0, 51.8, 61.7,
126.8, 129.4, 139.3, 142.8, 176.1; IR (neat): 3303, 2927, 2853, 1725, 1449, 1330, 1159 cm’'; LRMS
(ESI): m/z 376 [M+Na]"; HRMS (ESI): m/z calcd for CisH27NO4S [M+Na]® 376.1553 Found
376.1547.

Methyl (E)-2-methyl-3-((4-methylphenyl)sulfonamido)-5-phenylpent-4-enoate (4aj: methyl

ester of 3aj)
TsHN 0} TsHN O
X OMe X v~ “OMe
syn-4aj (minor) anti-4aj (major)

A white solid; Yield: 77%; syn/anti = 1/4.8 (Condition A, DBU: 2.0 eq, 23 h, neutral SiO,:
EtOAc/hexane = 1/4); The spectral data of syn-4aj and anti-4aj was identical with the reported

values.”
Methyl

2-((4-chlorophenyl)((4-methylphenyl)sulfonamido)methyl)-5-(dimethylamino)-5-oxopentanoat
e (4ba: methyl ester of 3ba)
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TsHN O TsHN O

OMe Y OMe

Cl Cl j\
O~ "NMe, O~ "NMe,

syn-4ba (minor) anti-4ba (major)

A white solid; Yield: 84%; syn/anti > 1/20 (Condition A, DBU: 1.0 eq, 3 h, SiO,: EtOAc/hexane =
2/1);

(anti); R¢ = 0.21 (EtOAc/hexane = 2/1); mp: 129-134 °C; '"H NMR (400 MHz, CDCl;): & =
1.82-1.98 (m, 2H), 2.34-2.37 (m, 5H), 2.88 (dt, J = 6.4, 5.5 Hz, 1H), 2.94 (s, 3H), 2.97 (s, 3H), 3.55
(s, 3H), 4.66 (dd, J=9.2, 5.5 Hz, 1H), 6.29 (d, J=9.2 Hz, NH), 6.92 (d, J = 8.7 Hz, 2H), 7.04-7.08
(m, 4H), 7.48 (d, J = 8.7 Hz, 2H); '3C NMR (100 MHz, CDCl;): § = 21.4, 24.7, 30.0, 35.5, 37.1,
50.5,52.0,57.5,126.9, 127.9, 128.4, 129.2, 133.2, 137.1, 137.7, 143.1, 171.5, 174.2; IR (neat): 2951,
1736, 1626, 1494, 1161, 1091, 814 cm™'; LRMS (ESI): m/z 488 [M+Na]"; HRMS (ESI): m/z caled
for C2oH27CIN,OsS [M+Na]* 489.1221 Found 489.1226.

Dimethyl 2-((4-chlorophenyl)((4-methylphenyl)sulfonamido)methyl)pentanedioate (4ca:

methyl ester of 3ca)
TsHN (0] TsHN (0]
OMe Y OMe
Cl Cl _j/\
O~ "OMe O~ "OMe
syn-4ca (minor) anti-4ca (major)

A white solid; Yield: 86%; syn/anti = 1/10 (Condition A, DBU: 1.0 eq, 3 h, SiO2: EtOAc/hexane =
1/4);

(anti); R¢= 0.25 (EtOAc/hexane = 1/2); mp: 115-117 °C; "H NMR (400 MHz, CDCls): § = 1.81-1.90
(m, 1H), 1.94-2.03 (m, 1H), 2.27-2.42 (m, 5H), 2.78 (dt, /= 9.2, 5.5 Hz, 1H), 3.53 (s, 3H), 3.67 (s,
3H), 4.61 (dd, J = 9.6, 5.5 Hz, 1H), 6.12 (d, J = 9.6 Hz, NH), 6.90 (d, J= 8.7 Hz, 2H), 7.07 (d, J =
8.2 Hz, 4H), 7.47 (d, J = 8.2 Hz, 2H); '3C NMR (100 MHz, CDCl3): § = 21.4, 25.2, 31.0, 50.4, 51.8,
52.0, 57.7, 126.9, 127.8, 128.5, 129.3, 133.4, 137.2, 137.7, 143.2, 172.5, 173.9; IR (neat): 3276,
2952, 1737, 1438, 1162, 1091 cm™'; LRMS (ESI): m/z 476 [M+Na]"; HRMS (ESI): m/z calcd for
C21H24CINOgS [M+Na]" 476.0905 Found 476.0912.

Methyl  2-((4-chlorophenyl)((4-methylphenyl)sulfonamido)methyl)-5-oxohexanoate  (4da:
methyl ester of 3da)
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TsHN 0 TsHN O

OMe Y OMe
ol o j/\
0] O
syn-4da (minor) anti-4da (major)

A white solid; Yield: 79%; syn/anti = 1/19 (Condition A, DBU: 1.0 eq, 3 h, SiO,: EtOAc/hexane =
1/2);

(anti); R¢ = 0.27 (EtOAc/hexane = 1/2); mp: 123-125 °C; '"H NMR (400 MHz, CDCl;): & =
1.69-1.92 (m, 2H), 2.09 (s, 3H), 2.33 (s, 3H), 2.44 (t, J= 7.3 Hz, 2H), 2.73 (dt, J = 9.6, 6.0 Hz, 1H),
3.54 (s, 3H), 4.57 (dd, J = 9.6, 6.0 Hz, 1H), 6.15 (d, /= 9.6 Hz, NH), 6.90 (d, J = 8.7 Hz, 2H), 7.06
(d, J=8.7 Hz, 4H), 7.46 (d, J= 8.7 Hz, 2H); '*C NMR (100 MHz, CDCls): § = 21.3, 23.8, 29.9, 40.2,
50.5, 52.0, 58.0, 126.8, 127.8, 128.4, 129.2, 133.3, 137.1, 137.6, 143.2, 174.0, 207.2; IR (neat): 3275,
2952, 1716, 1494, 1440, 1336, 1161, 1091, 814 cm™!'; LRMS (ESI): m/z 460 [M+Na]"; HRMS (ESI):
m/z caled for C1H24CINOsS [M+Na]* 460.0956 Found 460.0960.

Methyl 5-(benzyloxy)-2-((4-chlorophenyl)((4-methylphenyl)sulfonamido)methyl)pentanoate
(4ea: methyl ester of 3ea)

TsHN 0] TsHN 0
OMe Y OMe
Cl Cl _W\
OBn OBn
syn-4ea (minor) anti-4ea (major)

A white solid; Yield: 62%; syn/anti = 1/10 (Condition A, DBU: 1.0 eq, 3 h, SiO,: EtOAc/hexane =
1/4);

(anti); R¢= 0.16 (EtOAc/hexane = 1/4); mp: 113-117 °C; '"H NMR (400 MHz, CDCls): § = 1.56-1.82
(m, 4H), 2.33 (s, 3H), 2.67-2.73 (m, 1H), 3.41 (t, J= 5.5 Hz, 2H), 3.51 (s, 3H), 4.46 (s, 2H), 4.58 (dd,
J=9.2,55Hz 1H), 6.04 (d, /= 9.2 Hz, NH), 6.85 (d, /= 8.2 Hz, 2H), 7.05 (m, 4H), 7.28-7.37 (m,
5H), 7.47 (d, J = 8.2 Hz, 2H); '3C NMR (100 MHz, CDCl;): § = 21.3, 27.0, 27.0, 51.4, 51.8, 57.9,
69.5,72.9, 126.8, 127.5, 127.6, 127.8, 128.3, 128.4, 129.1, 133.1, 137.5, 137.7, 138.2, 143.0, 174.4;
IR (neat): 3273, 2925, 1737, 1493, 1454, 1336, 1162, 1091, 813 cm; LRMS (ESI): m/z 538
[M+Na]"; HRMS (ESI): m/z calcd for C27H30CINOsS [M+Na]* 538.1425 Found 538.1422.

Methyl  5-(benzylthio)-2-((4-chlorophenyl)((4-methylphenyl)sulfonamido)methyl)pentanoate
(4fa: methyl ester of 3fa)
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TsHN (0] TsHN O

OMe Y OMe

cl cl \L

SBn SBn

syn-4fa (minor) anti-4fa (major)
A white solid; Yield: 80%; syn/anti = 1/3.9 (Condition A, DBU: 1.0 eq, 3 h, SiO,: EtOAc/hexane =
1/4);
(syn); R¢ = 0.26 (EtOAc/hexane = 1/4); 'TH NMR (500 MHz, CDCls): 8 = 1.35-1.54 (m, 2H),
1.59-1.65 (m, 2H), 2.33-2.35 (m, 5H), 2.61 (q, J= 7.7 Hz, 1H), 3.44 (s, 3H), 3.66 (s, 2H), 4.44 (t, J =
7.7 Hz, 1H), 5.23 (d, J = 8.6 Hz, NH), 6.88 (d, J = 8.0 Hz, 2H), 7.07-7.13 (m, 4H), 7.27-7.32 (m,
5H), 7.48 (d, J = 8.6 Hz, 2H); '3C NMR (100 MHz, CDCl;): § = 21.4, 26.7, 27.5, 30.7, 36.2, 51.3,
51.9,58.4,127.0, 127.1, 128.3, 128.4, 128.5, 128.8, 129.4, 133.7, 136.6, 137.1, 138.3, 143.4, 172.7;
IR (neat): 3274, 2923, 1735, 1493, 1454, 1330, 1160, 1091, 812 cm!; LRMS (ESI): m/z 554
[M+Na]"; HRMS (ESI): m/z calcd for C27H30CINO4S; [M+Na]* 554.1197 Found 554.1202.
(anti); Ry = 0.23 (EtOAc/hexane = 1/4); 'H NMR (400 MHz, CDClL3): § = 1.42-1.77 (m, 4H),
2.29-2.34 (m, 5H), 2.61 (dt, /= 8.7, 5.7 Hz, 1H), 3.51 (s, 3H), 3.66 (s, 2H), 4.53 (dd, /= 9.4, 5.7 Hz,
1H), 6.07 (d, J = 9.4 Hz, NH), 6.88 (d, J = 8.7 Hz, 2H), 7.06-7.09 (m, 4H), 7.21-7.33 (m, SH), 7.47
(d, J= 8.7 Hz, 2H); *C NMR (100 MHz, CDCl3): § = 21.4, 26.6, 29.3, 30.6, 36.1, 51.2, 51.9, 57.8,
126.8, 127.0, 127.7, 128.5, 128.5, 128.8, 129.2, 133.3, 137.4, 137.7, 138.3, 143.2, 174.3; IR (neat):
3273, 2950, 1737, 1494, 1453, 1336, 1162, 1091, 814 cm’'; LRMS (ESI): m/z 554 [M+Na]*; HRMS
(ESI): m/z calcd for C27H30CINO4S, [M+Na]™ 554.1197 Found 554.1191.

Methyl S-chloro-2-(-(4-chlorophenyl)((4-methylphenyl)sulfonamido)methyl)pentanoate (4ga:

methyl ester of 3ga)
TsHN O TsHN o}
OMe v OMe
Cl Cl _\L
Cl Cl
syn-4ga (minor) anti-4ga (major)

A white solid; Yield: 68%,; syn/anti = 1/12 (Condition A, DBU: 1.0 eq, 3 h, SiO2: EtOAc/hexane =
1/4);

(anti); Ry = 0.21 (EtOAc/hexane = 1/4); mp: 135-138 °C; '"H NMR (500 MHz, CDCl;): & =
1.51-1.82 (m, 4H), 2.34 (s, 3H), 2.64-2.71 (m, 1H), 3.43 (t, J = 5.2 Hz, 2H), 3.54 (s, 3H), 4.56 (dd, J
=9.2,5.7Hz, 1H), 6.12 (d, /=9.2 Hz, NH), 6.92 (d, J = 8.6 Hz, 2H), 7.08 (d, J = 8.6 Hz, 4H), 7.48
(d, J= 8.6 Hz, 2H); '3*C NMR (125 MHz, CDCl3): 6 = 21.4, 27.5, 29.9, 44.0, 51.0, 52.0, 58.0, 126.9,
127.7, 128.5, 129.3, 133.4, 137.3, 137.7, 143.3, 174.1; IR (neat): 3281, 2925, 1722, 1493, 1446,
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1335, 1161, 1091, 813 cml; LRMS (ESI): m/z 466 [M+Na]"; HRMS (ESI): m/z calcd for
C20H23C1bNO4S [M+Na]* 466.0617 Found 466.0608.

Methyl 5-bromo-2-((4-chlorophenyl)((4-methylphenyl)sulfonamido)methyl)pentanoate (4ha:
methyl ester of 3ha)

TsHN (0] TsHN (0]
OMe Y OMe
Cl Cl _W\
Br Br
syn-4ha (minor) anti-4ha (major)

A white solid; Yield: 47%; syn/anti > 1/20 (Condition A, DBU: 1.0 eq, 3 h, SiO,: EtOAc/hexane =
1/4);

(anti); R¢= 0.19 (EtOAc/hexane = 1/4); "H NMR (400 MHz, CDCls): § = 1.50-1.85 (m, 4H), 2.36 (s,
3H), 2.63-2.70 (m, 1H), 3.30 (t, J = 6.0 Hz, 2H), 3.53 (s, 3H), 4.56 (dd, /= 9.4, 5.0 Hz, 1H), 5.99 (d,
J=9.4 Hz, NH), 6.91 (d, J = 8.7 Hz, 2H), 7.10 (d, J = 8.7 Hz, 4H), 7.50 (d, J = 8.2 Hz, 2H); 13C
NMR (100 MHz, CDCls): & = 21.4, 28.8, 30.1, 32.3, 50.8, 52.0, 57.9, 126.9, 127.7, 128.6, 129.3,
133.5, 137.4, 137.7, 143.3, 174.1; IR (neat): 3285, 2924, 1721, 1435, 1334, 1160, 1090, 810 cm™;
LRMS (ESI): m/z 510 [M+Na]"; HRMS (ESI): m/z calcd for C20H23BrCINO4S [M+Na]* 510.0112
Found 510.0107.

Methyl 2-((4-chlorophenyl)((4-methylphenyl)sulfonamido)methyl)pent-4-ynoate (4ia: methyl

ester of 3ia)

TsHN (0] TsHN (0]
OMe Y OMe
cl x ol N
syn-4ia (minor) anti-4ia (major)

A yellow solid; Yield: 79%; syn/anti = 1/1.7 (Condition A, DBU: 1.0 eq, 3 h, SiO,: EtOAc/hexane =
1/4);

(syn); R¢ = 0.24 (EtOAc/hexane = 1/4); '"H NMR (400 MHz, CDCl3): 6 = 2.13 (t, J = 2.8 Hz, 1H),
2.27 (ddd, J=17.5, 8.7, 2.8 Hz, 1H), 2.37 (s, 3H), 2.53 (ddd, J = 17.5, 6.4, 2.8 Hz, 1H), 2.90-2.96
(m, 1H), 3.56 (s, 3H), 4.80 (dd, J= 9.2, 6.4 Hz, 1H), 5.86 (d, J = 9.2 Hz, NH), 6.96 (d, J = 8.7 Hz,
2H), 7.09-7.14 (m, 4H), 7.52 (d, J = 8.7 Hz, 2H); *C NMR (100 MHz, CDCl;): = 18.2, 21.4, 49.7,
52.3,57.0,71.7, 80.3, 127.0, 128.4, 128.6, 129.4, 134.0, 135.4, 137.3, 143.5, 171.4; IR (neat): 3283,
2924, 1737, 1493, 1437, 1335, 1161, 814 cm™'; LRMS (ESI): m/z 428 [M+Na]*; HRMS (ESI): m/z
calcd for C2oH20CINO4S [M+Na]* 428.0694 Found 428.0715.

(anti); Ry = 0.18 (EtOAc/hexane = 1/4); 'TH NMR (400 MHz, CDCls): § = 2.06-2.08 (m, 1H), 2.36 (s,
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3H), 2.38-2.57 (m, 2H), 2.85-2.92 (m, 1H), 3.57 (s, 3H), 4.78 (dd, J= 9.2, 5.5 Hz, 1H), 6.01 (d, J =
9.2 Hz, NH), 6.96 (d, J = 8.2 Hz, 2H), 7.07-7.13 (m, 4H), 7.51 (d, J = 8.2 Hz, 2H); *C NMR (100
MHz, CDCL): 8= 19.7, 21.4, 50.5, 52.3, 57.0, 71.4, 79.8, 126.9, 127.8, 128.6, 129.3, 133.6, 137.0,
137.7, 143.3, 172.7; IR (neat): 3283, 2923, 1736, 1493, 1438, 1337, 1161, 814 cm’'; LRMS (ESI):
m/z 428 [M+Na]"; HRMS (ESI): m/z caled for Ca0Ha0CINO4S [M+Na]* 428.0694 Found 428.0715.

Methyl 2-((4-chlorophenyl)((4-methylphenyl)sulfonamido)methyl)pent-4-enoate (4ja: methyl

ester of 3ja)
TsHN o TsHN (0]
OMe Y OMe
Cl | Cl m
syn-4ja (minor) anti-4ja (major)

A white solid; Yield: 70%; syn/anti = 1/12 (Condition A, DBU: 1.0 eq, 3 h, SiO,: EtOAc/hexane =
1/4);

(anti); R¢= 0.24 (EtOAc/hexane = 1/4); mp: 110-112 °C; '"H NMR (500 MHz, CDCls): § = 2.28-2.50
(m, SH), 2.68-2.73 (m, 1H), 3.52 (s, 3H), 4.60 (dd, J = 9.2, 5.2 Hz, 1H), 5.06-5.09 (m, 2H),
5.64-5.75 (m, 1H), 6.06 (d, J= 9.2 Hz, NH), 6.99 (d, J= 8.2 Hz, 2H), 7.08 (d, J= 8.7 Hz, 4H), 7.46
(d, J = 8.2 Hz, 2H); '3C NMR (125 MHz, CDCl3): 6 = 214, 34.3, 51.5, 51.9, 57.5, 118.3, 126.9,
127.8, 128.5, 129.2, 133.3, 133.6, 137.5, 137.8, 143.1, 173.9; IR (neat): 3276, 2952, 1738, 1493,
1439, 1337, 1162, 1092, 814 cm'; LRMS (ESI): m/z 430 [M+Na]"; HRMS (ESI): m/z calcd for
C20H2,CINO4S [M+Na]" 430.0850 Found 430.0839.

Methyl  3-(4-chlorophenyl)-2-methoxy-3-((4-methylphenyl)sulfonamido)propanoate  (4ka:
methyl ester of 3ka)

TsHN (0] TsHN (e}
OMe Y OMe
al OMe cl OMe
syn-4ka (minor) anti-4ka (major)

A white solid; Yield: 92%; syn/anti = 1/4.3 (Condition A, DBU: 1.0 eq, 3 h, SiO,: EtOAc/hexane =
1/4);

(syn); Ry = 0.14 (EtOAc/hexane = 1/4); 'TH NMR (400 MHz, CDCls): § = 2.37 (s, 3H), 3.30 (s, 3H),
3.58 (s, 3H), 3.83 (d, J = 3.2 Hz, 1H), 4.74 (dd, J = 8.2, 3.2 Hz, 1H), 5.54 (d, J = 8.2 Hz, NH),
7.07-7.17 (m, 6H), 7.51 (d, J= 8.2 Hz, 2H); '*C NMR (100 MHz, CDCl;): = 21.4, 52.3, 58.3, 59.1,
83.1, 127.0, 128.4, 128.5, 129.3, 133.8, 136.0, 137.4, 143.3, 169.6; IR (neat): 3281, 2953, 1753,
1493, 1436, 1336, 1162, 815 cm’'; LRMS (ESI): m/z 420 [M+Na]*; HRMS (ESI): m/z caled for
Ci3H20CINOsS [M+Na]* 420.0643 Found 420.0623.
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(anti); R¢= 0.13 (EtOAc/hexane = 1/4); mp: 130-133 °C; '"H NMR (500 MHz, CDCls): & = 2.35 (s,
3H), 3.36 (s, 3H), 3.55 (s, 3H), 4.04 (d, J = 4.3 Hz, 1H), 4.78 (dd, J=9.5, 4.3 Hz, 1H), 5.80 (d, J =
9.5 Hz, NH), 6.96 (d, J= 8.0 Hz, 2H), 7.04 (d, J = 8.6 Hz, 2H), 7.09 (d, J = 8.6 Hz, 2H), 7.51 (d, J =
8.0 Hz, 2H); *C NMR (125 MHz, CDCl;): & = 21.4, 52.0, 57.8, 59.3, 82.6, 126.9, 128.2, 129.1,
129.3, 133.9, 134.1, 137.3, 143.4, 169.2; IR (neat): 3272, 2953, 1757, 1493, 1434, 1329, 1162, 814
cm!'; LRMS (ESI): m/z 420 [M+Na]*; HRMS (ESI): m/z caled for CisHyoCINOsS [M-+Na]*
420.0643 Found 420.0623.

Methyl 2-bromo-3-(4-chlorophenyl)-3-((4-methylphenyl)sulfonamido)propanoate (4la: methyl
ester of 3la)

TsHN o} TsHN O

OMe

cl Br cl Br

syn-4la (minor) anti-4la (major)

OMe

A white solid; Yield: 41%,; syn/anti = 1/16 (Condition A, DBU: 1.0 eq, 3 h, SiO,: EtOAc/hexane =
1/4);

(anti); R¢ = 0.24 (EtOAc/hexane = 1/4); mp: 129-131 °C; '"H NMR (400 MHz, CDCls): § = 2.36 (s,
3H), 3.66 (s, 3H), 4.43 (d, ] = 5.9 Hz, 1H), 4.85 (dd, J = 9.4, 5.9 Hz, 1H), 6.26 (d, /= 9.4 Hz, NH),
7.05 (d, J=8.7 Hz, 2H), 7.11-7.17 (m, 4H), 7.56 (d, J = 8.7 Hz, 2H) ; '*C NMR (100 MHz, CDCls):
5=121.4,4509, 533, 59.4, 127.1, 128.4, 128.8, 129.3, 134.4, 134.9, 137.2, 143.5, 168.5; IR (neat):
3268, 2960, 2925, 1746, 1494, 1438, 1337, 1261, 1161, 1092, 811 cm™'; LRMS (ESI): m/z 468
[M+Na]"; HRMS (ESI): m/z calcd for C17Hi7BrCINO4S [M+Na]* 467.9642 Found 467.9657.

Methyl 2-((4-chlorophenyl)((4-methylphenyl)sulfonamido)methyl)-3,3,3-trifluoropropanoate

(4ma: methyl ester of 3ma)

TsHN O TsHN O
OMe Y OMe
cl CF; al CF;
syn-4ma (minor) anti-4ma (major)

A white solid; Yield: 41%; syn/anti = 1/4.0 (Condition A, imine: 2.0 eq, DBU: 2.0 eq, 22 h, SiO»:
EtOAc/hexane = 1/4);

(syn); Re= 0.45 (EtOAc/hexane = 1/2); '"H NMR (500 MHz, CDCls): § = 2.37 (s, 3H), 3.57-3.63 (m,
4H), 4.97 (dd, J=9.2, 8.0 Hz, 1H), 5.54 (d, /= 9.2 Hz, NH), 6.98 (d, J = 8.6 Hz, 2H), 7.12 (d, J =
8.6 Hz, 4H), 7.48 (d, J = 8.6 Hz, 2H); IR (neat): 3275, 2957, 1752, 1438, 1341, 1253, 1160, 1092,
813 cm’!; LRMS (ESI): m/z 458 [M+Na]"; HRMS (ESI): m/z calcd for CisH;7CIF3NO4S [M+Na]*
458.0417 Found 458.0438.
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(anti); R¢ = 0.44 (EtOAc/hexane = 1/2); mp: 148-151 °C; '"H NMR (500 MHz, CDCls): & = 2.36 (s,
3H), 3.43-3.50 (m, 1H), 3.68 (s, 3H), 5.02 (dd, /= 9.2, 5.8 Hz, 1H), 6.20 (d, J = 9.2 Hz, NH), 7.02
(d, J = 8.6 Hz, 2H), 7.11 (d, J = 8.6 Hz, 2H), 7.14 (d, J = 8.6 Hz, 2H), 7.51 (d, J = 8.6 Hz, 2H); 13C
NMR (125 MHz, CDCls): & = 21.4,, 53.3, 54.1, 55.4 (q, 2Jr-c = 27.4 Hz), 122.6 (q, 'Jr.c = 281 Hz),
127.0, 127.9, 128.9, 129.3, 134.3, 135.5, 137.3, 143.5, 166.0 (q, 3Jr.c = 2.40 Hz); IR (neat): 3277,
2961, 1733, 1431, 1339, 1256, 1162, 1056, 814 cm’'; LRMS (ESI): m/z 458 [M+Na]"; HRMS (ESI):
m/z calcd for CisH7CIF3sNO4S [M+Na]* 458.0417 Found 458.0438.

Methyl 3-(4-chlorophenyl)-2-(1H-indol-3-yl)-3-((4-methylphenyl)sulfonamido)propanoate
(4na: methyl ester of 3na)

TsHN 0] TsHN 0]

O OMe /@MOMe
Cl N Cl N
\ \
NH NH
syn-4na (minor) anti-4na (major)

A white solid; Yield: 87%; syn/anti = 1/3.2 (Condition A, DBU: 1.0 eq, THF, 3 h, SiOa:
EtOAc/hexane = 1/2);

(syn); Ry = 0.62 (EtOAc/hexane = 1/1); 'TH NMR (400 MHz, CDCls): § = 2.37 (s, 3H), 3.43 (s, 3H),
4.12 (d, J= 9.2 Hz, 1H), 4.88-4.91 (m, 2H), 6.95-7.07 (m, 3H), 7.13-7.23 (m, 8H), 7.37 (d, J = 8.7
Hz, 1H), 7.41 (d, J= 8.2 Hz, 1H), 8.23 (s, NH); *C NMR (125 MHz, CDCl3): § = 21.5, 50.3, 52.1,
58.5,108.1, 111.5, 118.9, 120.5, 122.8, 124.2, 126.1, 127.1, 128.3, 129.2, 129.3, 133.7. 136.1, 136.1,
137.1, 143.2, 171.1; IR (neat): 3420, 3323, 2961, 1731, 1260, 1161, 804 cm™'; LRMS (ESI): m/z 505
[M+Na]"; HRMS (ESI): m/z calcd for C2sH23CIN204S [M+Na]* 505.0959 Found 505.0961.

(anti); Ry = 0.53 (EtOAc/hexane = 1/1); mp: 173-176 °C; '"H NMR (400 MHz, CDCls): § = 2.26 (s,
3H), 3.56 (s, 3H), 4.25 (d, J= 5.0 Hz, 1H), 4.88 (dd, J = 8.5, 5.0 Hz, 1H), 6.32 (d, J= 8.5 Hz, NH),
6.85 (d, J = 8.2 Hz, 2H), 7.07-7.30 (m, 10H), 7.44 (d, J = 7.8 Hz, 1H), 8.05 (s, NH); '3C NMR (100
MHz, CDCls): 6 = 21.4, 48.6, 52.2, 58.7, 109.2, 111.4, 118.0, 120.1, 122.5, 123.4, 125.9, 126.5,
127.9, 128.5, 128.9, 133.4, 135.9, 137.0, 138.0, 142.7, 172.8; IR (neat): 3419, 1714, 1320, 1158, 744,
665 cm!'; LRMS (ESI): m/z 505 [M+Na]"; HRMS (ESI): m/z calcd for CasH23CIN2O4S [M+Na]*
505.0959 Found 505.0982.

Methyl

2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)-3-(4-chlorophenyl)-3-((4-methylphe

nyl)sulfonamido)propanoate (40a: methyl ester of 30a)
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syn-4oa (minor) anti-4oa (major)

A yellow solid; Yield: 78%; syn/anti > 1/20 (Condition A, DBU: 1.0 eq, 3 h, SiO,: EtOAc/hexane =
1/2);

(anti); R¢ = 0.28 (EtOAc/hexane = 1/2); mp: 185-188 °C; '"H NMR (500 MHz, CDCls): & = 1.90 (s,
3H), 2.36 (s, 3H), 3.66 (s, 3H), 3.81 (s, 3H), 4.08 (d, J= 8.6 Hz, 1H), 4.97 (dd, J = 8.6, 6.3 Hz, 1H),
5.79 (d, J=6.3 Hz, NH), 6.70 (dd, /= 9.2, 2.3 Hz, 1H), 6.89 (d, /= 8.6 Hz, 2H), 6.94 (d, /=2.3 Hz,
1H), 6.70-7.09 (m, 6H), 7.34 (s, 1H), 7.44 (t, J = 8.6 Hz, 4H); *C NMR (125 MHz, CDCl3): § =
13.3, 21.5, 49.0, 52.6, 55.6, 58.2, 101.74, 112.02, 112.43, 114.77, 127.11, 128.11, 128.55, 129.17,
129.23, 130.82, 131.08, 133.41, 133.54, 135.77, 136.61, 136.83, 139.66, 143.35, 155.99, 168.07,
171.74; IR (neat): 1740, 1685, 1476, 1323, 1162, 1091, 757 cm’!; LRMS (ESI): m/z 687 [M+Na]";
HRMS (ESI): m/z caled for C34H30C12N2O6S [M+Na]*" 687.1094 Found 687.1085.

Methyl
(4R)-4-(3R,5R,8R,9S5,10S5,13R,14S,17R)-3-acetoxy-10,13-dimethylhexadecahydro-1H-cyclopent
ala]phenanthren-17-yl)-2-((4-chlorophenyl)((4-methylphenyl)sulfonamido)methyl)pentanoate
(4pa: methyl ester of 3pa)

TsHN o)

4pa OAc

A white solid; Yield: 76%; dr = 38/30/5.1/1 (Condition A, DBU: 2.0 eq, 3 h, SiOa:
EtOAc/DCM/hexane = 1/1/5);

(major, LP); R = 0.27 (EtOAc/DCM/hexane = 1/1/5); '"H NMR (500 MHz, CDCls): § = 0.67 (s,
3H), 0.92-0.95 (m, 6H), 0.99-1.08 (m, 6H), 1.20-1.30 (m, 6H), 1.36-1.47 (m, 6H), 1.67-1.75 (m, 2H),
1.78-1.99 (m, 6H), 2.03 (s, 3H), 2.33 (s, 3H), 2.71 (m, 1H), 3.49 (s, 3H), 4.58 (dd, J = 9.2, 4.0 Hz,
1H), 4.69-4.73 (m, 1H), 6.24 (d, J=9.2 Hz, NH), 6.86 (d, J = 8.0 Hz, 2H), 7.04 (d, J = 8.0 Hz, 4H),
7.44 (d, J = 8.6 Hz, 2H); 3C NMR (125 MHz, CDCls): & = 12.1, 18.1, 20.9, 21.4, 21.5, 23.3, 24.2,
26.3, 26.6, 27.0, 28.0, 32.2, 33.4, 34.6, 35.0, 35.8, 36.2, 40.3,40.4, 41.9, 42.9, 49.0, 51.9, 56.5, 56.7,
56.8, 74.4, 126.7, 127.7, 128.3, 129.1, 133.1, 137.9, 138.2, 143.0, 170.6, 175.6; IR (neat): 2937,
1735, 1259, 1162, 1092 c¢cm’'; LRMS (ESI): m/z 748 [M+Na]*; HRMS (ESI): m/z calcd for
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C40Hs4CINO6S [M+Na]* 748.3409 Found 748.3392; [a]p*>? = +24.9 (¢ = 0.53, CHCls).

(2" major, MP); R¢= 0.21 (EtOAc/DCM/hexane = 1/1/5); '"H NMR (500 MHz, CDCl3): & = 0.56 (s,
3H), 0.84 (d, J = 6.3 Hz, 3H), 0.91 (s, 3H), 0.98-1.11 (m, 6H), 1.13-1.28 (m, 4H), 1.33-1.46 (m, 6H),
1.51-1.54 (m, 3H), 1.64-1.73 (m, 2H), 1.77-1.91 (m, 5H), 2.03 (s, 3H), 2.36 (s, 3H), 2.74-2.78 (m,
1H), 3.52 (s, 3H), 4.46 (dd, J = 8.6, 5.7 Hz, 1H), 4.68-4.74 (m, 1H), 5.82 (d, J = 8.6 Hz, NH), 6.92
(d, J = 8.6 Hz, 2H), 7.09-7.12 (m, 4H), 7.48 (d, J = 8.6 Hz, 2H); '3C NMR (125 MHz, CDCls): § =
11.9, 18.4,20.8,21.4,21.5,23.3, 24.1, 26.3, 26.6, 27.0, 28.2, 32.2, 34.3, 34.6, 35.0, 35.7, 37.2, 40.1,
40.4,41.9,42.7,49.3, 51.8, 56.3, 56.5, 59.6, 74.4, 126.9, 127.7, 128.5, 129.2, 133.4, 137.9, 137.9,
143.1, 170.6, 174.6; IR (neat): 2939, 1734, 1162, 756 cm™'; LRMS (ESI): m/z 748 [M+Na]"; HRMS
(ESI): m/z caled for C40HssCINO6S [M+Na]* 748.3409 Found 748.3392; [a]p®7 = +19.4 (¢ = 0.35,
CHCI).

Methyl
3-(4-chlorophenyl)-2-methyl-3-((4-methylphenyl)sulfonamido)-2-(4-((2-oxocyclopentyl)methyl)
phenyl)propanoate (4qa: methyl ester of 3qa)

TsHN O TsHN O
OMe

Cl 0

syn-4qa (minor) anti-Aqa (major)

A white solid; Yield: 57%; syn/anti = 1/9.5 (Condition A, DBU: 1.0 eq, 3 h, SiO,: EtOAc/hexane =
1/4);

(anti); Ry = 0.28 (EtOAc/hexane = 1/2); mp: 144-147 °C; '"H NMR (500 MHz, CDCls): & = 1.55 (s,
3H), 1.67-1.75 (m, 1H), 1.87-1.96 (m, 1H), 2.11-2.17 (m, 1H), 2.24-2.31 (m, 2H), 2.48-2.55 (m, 5H),
2.66-2.72 (m, 1H), 3.29 (dt, J=13.8, 4.0 Hz, 1H), 3.88 (s, 3H), 4.97 (d, J=9.2 Hz, 1H), 6.39 (d, /=
9.2 Hz, NH), 7.00 (d, J= 8.1 Hz, 2H), 7.13 (dd, J = 10.9, 9.2 Hz, 4H), 7.24-7.28 (m, 3H), 7.42-7.44
(m, 3H); 3C NMR (125 MHz, CDCl3): & = 20.5, 21.3, 23.2, 23.3, 29.1, 35.0, 38.1, 50.8, 52.4, 55.5,
55.5, 63.8, 63.8, 126.5, 126.7, 127.8, 128.9, 129.0, 129.9, 133.4, 135.4, 137.6, 138.3, 139.3, 142.7,
174.8, 220.1; IR (neat): 3289, 2960, 1734, 1162, 1092, 756 cm’!; LRMS (ESI): m/z 576 [M+Na]*;
HRMS (ESI): m/z caled for C30H3,CINOsS [M+Na]* 576.1582 Found 576.1591.

Methyl

(Z£)-3-(4-chlorophenyl)-3-((4-methylphenyl)sulfonamido)-2-(3-oxo-2-(pent-2-en-1-yl)cyclopentyl

)propanoate (4ra: methyl ester of 3ra)
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TsHN O

OMe

A white solid; Yield: 87%; dr = 1.7/1/1.1(other isomers) (Condition A, DBU: 1.0 eq, 3 h, SiOa:
EtOAc/hexane = 1/4);

(major, LP); R¢= 0.36 (EtOAc/hexane = 1/2); 'H NMR (500 MHz, CDCl3): 6 = 0.96 (t, J = 8.1 Hz,
3H), 1.50-1.61 (m, 1H), 1.91-2.09 (m, 5H), 2.32-2.39 (m, 4H), 2.41-2.46 (m, 2H), 2.51-2.60 (m, 2H),
4.46 (s, 3H), 4.81 (dd, J=9.7, 2.9 Hz, 1H), 5.11 (dt, J=17.8, 7.5 Hz, 1H), 5.46 (dt, /= 17.8, 6.9 Hz,
1H), 6.43 (d, J=9.7 Hz, NH), 6.81 (d, J= 8.0 Hz, 2H), 7.03 (d, /= 8.1 Hz, 4H), 7.44 (d, J= 8.0 Hz,
2H); *C NMR (125 MHz, CDCl3): 6 = 14.1, 20.6, 21.3, 25.8, 25.9, 37.9, 39.4, 51.9, 52.3, 55.5, 56.8,
123.5, 126.8, 127.4, 128.5, 129.2, 133.3, 134.9, 136.8, 137.8, 143.3, 173.8, 218.4; IR (neat): 3304,
2962, 1739, 1340, 1161, 1092, 756 cm™'; LRMS (ESI): m/z 540 [M+Na]"; HRMS (ESI): m/z calcd
for C27H32CINOsS [M+Na]* 540.1582 Found 540.1588; [a]p?>2 = -3.6 (¢ = 2.16, CHCl5).

(2" major, MP); Ry= 0.29 (EtOAc/hexane = 1/2); 'H NMR (500 MHz, CDCl3): §=0.99 (t, /= 7.4
Hz, 3H), 1.61-1.70 (m, 1H), 1.97-2.15 (m, 5H), 2.17-2.21 (m, 1H), 2.29 (d, J = 8.6 Hz, 1H), 2.34 (s,
3H), 2.39 (t, J = 6.3 Hz, 2H), 2.99 (t, J = 5.8 Hz, 1H), 3.58 (s, 3H), 4.68 (dd, J= 9.2, 6.3 Hz, 1H),
5.21(dt,J=17.8, 7.5 Hz, 1H), 5.48 (dt, J=17.8, 7.5 Hz, 1H), 5.99 (d, /= 9.2 Hz, NH), 6.86 (d, J=
8.1 Hz, 2H), 7.04 (d, J = 8.1 Hz, 2H), 7.05 (d, J = 8.1 Hz, 2H), 7.41 (d, J = 8.1 Hz, 2H); '3C NMR
(125 MHz, CDCls): 6 = 14.3, 20.7, 21.4, 23.7, 25.8, 37.5, 41.8, 52.0, 52.4, 53.1, 58.5, 124.8, 126.8,
127.8, 128.6, 129.2, 133.6, 134.3, 136.9, 137.7, 143.2, 172.5, 217.7; IR (neat): 3268, 2960, 1737,
1162, 1091 cm™'; LRMS (ESI): m/z 540 [M+Na]*; HRMS (ESI): m/z calcd for C27H3,CINOsS
[M+Na]* 540.1582 Found 540.1588; [a]p*>>* = -6.7 (¢ = 1.29, CHCl3).

Dimethyl
(25)-2-(((benzyloxy)carbonyl)amino)-4-((4-chlorophenyl)((4-methylphenyl)sulfonamido)methyl

)pentanedioate (4sa: methyl ester of 3sa)

TsHN (0]
OMe
cl NHCbz
0~ "OMe
4sa

A colorless oil; Yield: 86%; dr = 7.5/6.3/1.0/1 (Condition A, imine: 2.0 eq, DBU: 2.0 eq, THF, 3 h,
Si0Os: EtOAc/hexane = 1/2);
(diastereomixture); Re= 0.15 (EtOAc/hexane = 1/2); LRMS (ESI): m/z 625 [M+Na]"; HRMS (ESI):
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m/z caled for CoH31CIN2OsS [M+Na]™ 625.1387 Found 625.1383; 'H-NMR spectral chart of

diastereomixture of 4sa was shown in Section 8 on this SI.

Methyl
(45)-4-(((benzyloxy)carbonyl)amino)-2-((4-chlorophenyl)((4-methylphenyl)sulfonamido)methyl
)-5-(((S)-1-methoxy-1-oxopropan-2-yl)amino)-5-oxopentanoate (4ta: methyl ester of 3ta)

TsHN (0]

OMe

\NH
Cl «NHCbz
(0] NH
' OMe
(0]
4ta

A white solid; Yield: 56%; dr = 8.1/2.0/1.5/1 (Condition A, DBU: 1.0 eq, THF, 3 h, SiOa:
EtOAc/hexane = 2/3);

(diastereomixture), Ry = 0.32 (EtOAc/hexane = 2/3); LRMS (ESI): m/z 696 [M+Na]*; HRMS (ESI):
m/z caled for CsH3eCIN3O9S [M+Na]™ 696.1758 Found 696.1757; 'H-NMR spectral chart of

diastereomixture of 4ta was shown in Section 8 on this SI.

Methyl

(45)-4-(((benzyloxy)carbonyl)amino)-2-((4-chlorophenyl)((4-methylphenyl)sulfonamido)methyl

)-5-((S)-2-(((S)-1-methoxy-1-o0xo0-3-phenylpropan-2-yl)carbamoyl)pyrrolidin-1-yl)-5-oxopentan

oate (4ua: methyl ester of 3ua)

TsHN O
OMe

NH
Cl Cbz

<\N 0
4 I “ome
4ua

A white solid; Yield: 67%; dr = 7.2/3.9/2.0/1 (Condition A, 0.2 mmol scale, imine: 2.0 eq, DBU: 2.0
eq, 3 h, neutral SiO,: EtOAc/hexane = 1/1 to 2/1 and GPC);
(diastereomixture); R = 0.15 (EtOAc/hexane = 1/1); LRMS (ESI): m/z 869 [M+Na]*; HRMS (ESI):
m/z caled for C43Ha7CIN4O10S [M+Na]™ 869.2599 Found 869.2621; 'H-NMR spectral chart of
diastereomixture of 4ua was shown in Section 8 on this SI. The diastereomer ratio was determined

by HPLC analysis (column: CAPCELLPAK silica SG80; solvent: hexane/2-propanol = 9/1; flow

rate: 1.0 mL/min; detection: at 254 nm; rt): zr = 11.4 min (3" major), 12.7 min (major), 18.3 min (2™
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major), and 21.7 min (minor).

Methyl
(45)-4-(((benzyloxy)carbonyl)amino)-2-((4-chlorophenyl)((4-methylphenyl)sulfonamido)methyl
)-5-((S)-2-(((S)-1-(((S)-1-methoxy-1-0x0-3-phenylpropan-2-yl)amino)-1-oxopropan-2-yl)carbam
oyl)pyrrolidin-1-yl)-5-oxopentanoate (4va: methyl ester of 3va)

OMe

TsHN O
\NHCbz

Cl

: N OMe
:H
(6]

va

A white solid; Yield: 38%; dr = 4.3/2.4/1.1/1 (Condition A, 0.15 mmol scale, BH3-SMe»: 33 mol%,
imine: 2.0 eq, DBU: 2.0 eq, THF, 6 h, SiO,: MeOH/DCM = 1/40 and GPC);

(diastereomixture); Ry = 0.52 (EtOAc); LRMS (ESI): m/z 940 [M+Na]*; HRMS (ESI): m/z calcd for
C46H52CINsO11S [M+Na]™ 940.2970 Found 940.2930; 'H-NMR spectral chart of diastereomixture of
4va was shown in Section 8 on this SI. The diastereomer ratio was determined by HPLC analysis
(column: CAPCELLPAK silica SG80; solvent: hexane/2-propanol = 9/1; flow rate: 1.0 mL/min;
detection: at 254 nm; rt): fr = 22.3 min (major), 27.3 min (3" major), 45.2 min (2" major), and 53.8

min (minor).
5-5-4. Characterization of Products for Asymmetric Mannich-Type Reactions
Spectral data of 4wl was shown in Section 5-2.

Methyl (S)-3-((1,1-dimethylethyl)sulfonamido)-3-phenylpropanoate (4wm: methyl ester of
3wm)
BusHN (0]
OMe
4wm
A white solid; Yield: 72% (Condition B, 6 h, neutral SiO;: EtOAc/hexane = 1/4); Ry = 0.17
(EtOAc/hexane = 1/4); mp: 74-77 °C;'H NMR (500 MHz, CDCl3): § = 1.31 (s, 9H), 2.91 (dd, J =
16.0, 5.2 Hz, 1H), 2.98 (dd, J = 16.0, 5.7 Hz, 1H), 3.61 (s, 3H), 4.89-4.94 (m, 1H), 5.40 (d, /= 9.7
Hz, NH), 7.27-7.36 (m, 5H); 3C NMR (125 MHz, CDCl5): § = 24.1, 42.6, 51.8, 55.0, 59.9, 126.2,
127.7, 128.7, 140.7, 171.3; IR (KBr): 3261, 2983, 1720, 1441, 1307, 1204, 1129, 963, 830 cm;
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LRMS (ESI): m/z 322 [M+Na]*; HRMS (ESI): m/z calcd for Ci4H21NO4S [M+Na]* 322.1089 Found
322.1084; HPLC (chiral column: CHIRALPAK IA; solvent: hexane/2-propanol = 9/1; flow rate: 1.0
mL/min; detection: at 254 nm; rt): zr = 11.1 min (major) and 12.3 min (minor); [a]p**? = -42.4 (c =

1.08, CHCls) for 96% ee.

Methyl (S)-3-((1,1-dimethylethyl)sulfonamido)-3-(4-fluorophenyl)propanoate (4wn: methyl
ester of 3wn)
BusHN O
OMe

E 4wn

A white solid; Yield: 90% (Condition B, 3 h, neutral SiO;: EtOAc/hexane = 1/4); Ry = 0.13
(EtOAc/hexane = 1/4); mp: 91-93 °C; 'H NMR (500 MHz, CDCls): & = 1.30 (s, 9H), 2.89 (dd, J =
16.1, 5.7 Hz, 1H), 2.94 (dd, J = 16.1, 6.3 Hz, 1H), 3.61 (s, 3H), 4.87-4.92 (m, 1H), 5.49 (d, J=9.7
Hz, NH), 7.00-7.04 (m, 2H), 7.29-7.34 (m, 2H); 3C NMR (125 MHz, CDCl;): 6 = 24.1, 42.6, 51.9,
54.4,59.9, 115.6 (d, *Jr.c = 21.6 Hz), 128.0 (d, *Jr.c = 7.19 Hz), 136.7 (d, “Jr.c = 3.60 Hz), 162.1 (d,
Jr.c =246 Hz), 171.1; IR (KBr): 3260, 2985, 1740, 1517, 1439, 1303, 1130, 1078, 839 cm™!; LRMS
(ESI): m/z 340 [M+Na]*; HRMS (ESI): m/z calcd for CisH2FNO4S [M+Na]* 340.0995 Found
340.0980; HPLC (chiral column: CHIRALCEL OD-H; solvent: hexane/2-propanol = 9/1; flow rate:
1.0 mL/min; detection: at 254 nm; rt): fg = 8.7 min (minor) and 9.9 min (major); [a]p>>® = -37.7 (¢ =

1.00, CHCls) for 97% ee.

Methyl (S)-3-((1,1-dimethylethyl)sulfonamido)-3-(4-(trifluoromethyl)phenyl)propanoate (4wo:
methyl ester of 3wo)

BusHN O

OMe

FsC 4wo

A white solid; Yield: 80% (Condition B, 1 h, neutral SiO;: EtOAc/hexane = 1/4); Ry = 0.13
(EtOAc/hexane = 1/4); mp: 123-127 °C; '"H NMR (500 MHz, CDCls): 8 = 1.32 (s, 9H), 2.93 (dd, J =
16.0, 5.7 Hz, 1H), 2.99 (dd, J = 16.0, 5.7 Hz, 1H), 3.62 (s, 3H), 4.94-5.00 (m, 1H), 5.61 (d, J=9.8
Hz, NH), 7.48 (d, J = 8.0 Hz, 2H), 7.61 (d, J = 8.0 Hz, 2H); '3*C NMR (125 MHz, CDCl;): & = 24.1,
42.1, 52.0, 54.7, 60.1, 123.9 (q, 'Jr.c = 272 Hz), 125.7 (q, *Jr-c = 3.75 Hz), 126.7, 129.9 (q, Jrc =
32.4 Hz), 144.8, 171.0; IR (KBr): 3278, 2980, 1710, 1438, 1329, 1161, 1116, 953, 841 cm™'; LRMS
(ESD): m/z 390 [M+Na]"; HRMS (ESI): m/z caled for CisHaoF3NO4S [M+Na]" 390.0963 Found
390.0967; HPLC (chiral column: CHIRALCEL OD-H; solvent: hexane/2-propanol = 9/1; flow rate:
1.0 mL/min; detection: at 254 nm; rt): fr = 7.7 min (minor) and 9.6 min (major); [a]p?>*® = -34.2 (¢ =

0.59, CHCI») for 91% ee.
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Methyl  (S)-4-(1-((1,1-dimethylethyl)sulfonamido)-3-methoxy-3-oxopropyl)benzoate  (4wp:

methyl ester of 3wp)
BusHN O
OMe
MeO,C 4wp

A white solid; Yield: 87% (Condition B, 1 h, neutral SiO,: EtOAc/hexane = 1/3); Ry = 0.12
(EtOAc/hexane = 1/3); mp: 97-99 °C; 'H NMR (500 MHz, CDCls): & = 1.30 (s, 9H), 2.91 (dd, J =
16.0, 5.7 Hz, 1H), 2.97 (dd, J = 16.0, 5.7 Hz, 1H), 3.59 (s, 3H), 3.89 (s, 3H), 4.95 (dt,J=9.7, 5.7 Hz,
1H), 5.61 (d, J = 9.7 Hz, NH), 7.42 (d, J = 8.6 Hz, 2H), 8.01 (d, J = 8.6 Hz, 2H); *C NMR (125
MHz, CDCls): & = 24.0, 42.3, 51.9, 52.1, 54.8, 60.0, 126.3, 129.6, 130.0, 145.8, 166.6, 171.0; IR
(KBr): 3269, 2949, 1735, 1614, 1436, 1288, 1130, 957, 837 cm’!; LRMS (ESI): m/z 380 [M+Na]";
HRMS (ESI): m/z caled for CiH23NOeS [M+Na]® 380.1144 Found 380.1137;, HPLC (chiral
column: CHIRALPAK AD-H; solvent: hexane/2-propanol = 5/1; flow rate: 1.0 mL/min; detection:
at 254 nm; rt): g = 20.5 min (major) and 53.1 min (minor); [a]p?*® = -43.9 (¢ = 1.02, CHCl;) for
90% ee.

Methyl (S)-3-((1,1-dimethylethyl)sulfonamido)-3-(4-methoxyphenyl)propanoate (4wq: methyl
ester of 3wq)

BusHN O

OMe
MeO 4wq
A white solid; Yield: 49% (Condition B, 40 h, neutral SiO;: EtOAc/hexane = 1/4); Ry = 0.09
(EtOAc/hexane = 1/4); mp: 96-98 °C; '"H NMR (500 MHz, CDCls): & = 1.30 (s, 9H), 2.89 (dd, J =
16.1, 5.7 Hz, 1H), 2.95 (dd, J=16.1, 6.3 Hz, 1H), 3.60 (s, 3H), 3.79 (s, 3H), 4.84-4.89 (m, 1H), 5.32
(d, J=9.8 Hz, NH), 6.86 (d, J = 8.6 Hz, 2H), 7.24 (d, J = 8.6 Hz, 2H); '3C NMR (125 MHz, CDCls):
5=124.1,42.7,51.8,54.5,55.2,59.9, 114.1, 127.4, 132.8, 159.0, 171.3; IR (KBr): 3267, 2981, 1720,
1520, 1454, 1299, 1130, 1036, 837 cm™'; LRMS (ESI): m/z 352 [M+Na]"; HRMS (ESI): m/z caled
for CisH23sNOsS [M+Na]*® 352.1195 Found 352.1208; HPLC (chiral column: CHIRALPAK IC-3;
solvent: hexane/2-propanol = 9/1; flow rate: 1.0 mL/min; detection: at 254 nm; rt): g = 51.9 min

(major) and 61.5 min (minor); [a]p?*3 = -47.1 (¢ = 0.43, CHCIs) for 96% ee.

Methyl (8)-3-(3-chlorophenyl)-3-((1,1-dimethylethyl)sulfonamido)propanoate (4wr: methyl

ester of 3wr)
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BusHN (0]
OMe

4awr
Cl

A pale yellow solid; Yield: 82% (Condition B, 3 h, neutral SiO,: EtOAc/hexane = 1/4); R = 0.19
(EtOAc/hexane = 1/4); mp: 75-78 °C; '"H NMR (500 MHz, acetone-de): & = 1.28 (s, 9H), 2.87 (dd, J
=15.5, 6.9 Hz, 1H), 2.95 (dd, J= 15.5, 7.5 Hz, 1H), 3.61 (s, 3H), 4.90-4.96 (m, 1H), 6.46 (d, /=9.4
Hz, NH), 7.29-7.32 (m, 1H), 7.36-7.40 (m, 1H), 7.42-7.45 (m, 1H), 7.55-7.56 (m, 1H); '*C NMR
(125 MHz, CDCls): 6 =24.1, 42.2, 51.9, 54.5, 60.0, 124.5, 126.5, 127.9, 130.1, 134.6, 142.9, 171.1;
IR (KBr): 3242, 2972, 1718, 1440, 1308, 1202, 1130, 848 cm™'; LRMS (ESI): m/z 356 [M+Na]*;
HRMS (ESI): m/z calcd for CisHz0CINO4S [M+Na]* 356.0699 Found 356.0700; HPLC (chiral
column: CHIRALCEL OD-H; solvent: hexane/2-propanol = 9/1; flow rate: 1.0 mL/min; detection: at
254 nm; rt): fr = 8.1 min (minor) and 9.1 min (major); [a]p?*® = -37.4 (¢ = 1.64, CHCl3) for 94% ee.

Methyl (S)-3-((1,1-dimethylethyl)sulfonamido)-3-(3-methoxyphenyl)propanoate (4ws: methyl

ester of 3ws)

BusHN (0]
OMe

4ws
OMe

A colorless oil; Yield: 64% (Condition B, 6 h, neutral SiO,: EtOAc/hexane = 1/4); Ry = 0.10
(EtOAc/hexane = 1/4); 'TH NMR (400 MHz, CDCl3): 8 = 1.33 (s, 9H), 2.90 (dd, J= 16.1, 5.4 Hz, 1H),
2.99 (dd, J=16.1, 5.8 Hz, 1H), 3.62 (s, 3H), 3.80 (s, 3H), 4.84-4.91 (m, 1H), 5.31 (d, /= 9.8 Hz,
NH), 6.79-6.84 (m, 1H), 6.85-6.92 (m, 2H), 7.24-7.29 (m, 1H); 3C NMR (125 MHz, CDCl3): § =
24.1, 42.6, 51.8, 55.0, 55.2, 59.9, 112.0, 113.0, 118.4, 129.8, 142.3, 159.8, 171.2; IR (neat): 3289,
2954, 1738, 1603, 1438, 1305, 1128, 1043, 876 cm™'; LRMS (ESI): m/z 352 [M+Na]"; HRMS (ESI):
m/z caled for CisHxNOsS [M-+Na]* 352.1195 Found 352.1192; HPLC (chiral column:
CHIRALCEL OD-H; solvent: hexane/2-propanol = 9/1; flow rate: 1.0 mL/min; detection: at 254
nm; rt): g = 11.1 min (minor) and 14.2 min (major); [a]p?**7 = -32.7 (¢ = 1.58, CHCI3) for 94% ee.

Methyl (5)-3-((1,1-dimethylethyl)sulfonamido)-3-(thiophen-2-yl)propanoate (4wt: methyl ester
of 3wt)

BusHN O

N OMe
\ S 4wt

A pale yellow solid; Yield: 64% (Condition B, 17 h, neutral SiO,: EtOAc/hexane = 1/4); R = 0.15

101



(EtOAc/hexane = 1/4); mp: 65-69 °C; 'H NMR (500 MHz, CDCl3): § = 1.39 (s, 9H), 3.02 (dd, J =
16.1, 4.6 Hz, 1H), 3.09 (dd, J = 16.1, 5.8 Hz, 1H), 3.66 (s, 3H), 5.09-5.14 (m, 1H), 5.40 (d, J=9.8
Hz, NH), 6.94-6.98 (m, 2H), 7.20-7.23 (m, 1H); 3C NMR (125 MHz, CDCl;): 6 = 24.1, 42.2, 51.3,
52.0, 60.2, 124.5, 124.8, 127.1, 144.4, 171.2; IR (KBr): 3225, 2973, 1722, 1439, 1308, 1126, 960,
851 cm’!; LRMS (ESI): m/z 328 [M+Na]*; HRMS (ESI): m/z calcd for Ci2H19NO4S, [M+Na]*
328.0653 Found 328.0657; HPLC (chiral column: CHIRALCEL OJ-H; solvent: hexane/2-propanol
= 9/1; flow rate: 1.0 mL/min; detection: at 254 nm; rt): fr = 16.7 min (major) and 27.1 min (minor);

[a]p?*3 =-22.0 (¢ = 0.93, CHCl;) for 94% ee.

Methyl (S)-3-((1,1-dimethylethyl)sulfonamido)-3-(furan-2-yl)propanoate (4wu: methyl ester of

3wu)
BusHN O
S OMe
\ O 4wu

A pale yellow oil; Yield: 52% (Condition B, 3 h, neutral SiO;: EtOAc/hexane = 1/4); Rs = 0.18
(EtOAc/hexane = 1/4); 'TH NMR (500 MHz, CDCl3): 8§ = 1.37 (s, 9H), 2.94-3.03 (m, 2H), 3.66 (s,
3H), 4.89-4.94 (m, 1H), 5.12 (d, J= 9.8 Hz, NH), 6.27 (d, J = 3.4 Hz, 1H), 6.31 (dd, /= 3.4, 1.7 Hz,
1H), 7.34 (d, J= 1.7 Hz, 1H); *C NMR (125 MHz, CDCl3): & = 24.1, 39.6, 49.4, 51.9, 60.1, 106.9,
110.5, 142.2, 152.9, 171.0; IR (neat): 3284, 2984, 1738, 1438, 1306, 1128, 1013, 914 cm™!; LRMS
(ESI): m/z 312 [M+Na]"; HRMS (ESI): m/z caled for Ci12HigNOsS [M+Na]® 312.0882 Found
312.0877; HPLC (chiral column: CHIRALPAK IC; solvent: hexane/2-propanol = 5/1; flow rate: 1.0
mL/min; detection: at 210 nm; rt): fr = 23.9 min (major) and 29.2 min (minor); [o]p?!® = -26.0 (¢ =

1.00, CHCls) for 92% ee.

Methyl (S)-3-((1,1-dimethylethyl)sulfonamido)-3-(naphthalen-1-yl)propanoate (4wv: methyl
ester of 3wv)

BusHN (0]

O OMe
‘ 4wv

A white solid; Yield: 43% (Condition B, 20 h, neutral SiO;: EtOAc/hexane = 1/4); Ry = 0.14
(EtOAc/hexane = 1/4); mp: 106-110 °C; '"H NMR (500 MHz, CDCls): 8 = 1.28 (s, 9H), 2.97 (dd, J =
16.0, 5.2 Hz, 1H), 3.16 (dd, J = 16.0, 5.2 Hz, 1H), 3.59 (s, 3H), 5.66 (d, J = 9.8 Hz, NH), 5.70-5.75
(m, 1H), 7.46-7.54 (m, 2H), 7.56-7.60 (m, 1H), 7.62 (d, J = 7.5 Hz, 1H), 7.81 (d, J = 8.1 Hz, 1H),
7.89 (d, J= 8.1 Hz, 1H), 8.00 (d, J = 8.6 Hz, 1H); '*C NMR (125 MHz, CDCl5): § =24.0, 41.9, 51.4,
51.8, 60.0, 122.1, 124.0, 125.3, 125.8, 126.8, 128.4, 129.2, 129.6, 133.8, 136.2, 171.4; IR (KBr):
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3310, 2973, 1715, 1441, 1308, 1183, 1129, 808 cm’!'; LRMS (ESI): m/z 372 [M+Na]"; HRMS (ESI):
m/z caled for CisHsNO4S [M+Na]® 372.1245 Found 372.1255; HPLC (chiral column:
CHIRALCEL OD-H; solvent: hexane/2-propanol = 9/1; flow rate: 1.0 mL/min; detection: at 254
nm; t): r = 12.1 min (minor) and 27.8 min (major); [a]p?*! = -55.4 (¢ = 0.65, CHCl5) for 89% ee.

Methyl (S)-3-((1,1-dimethylethyl)sulfonamido)-3-(naphthalen-2-yl)propanoate (4ww: methyl
ester of 3ww)

BusHN O

SO
4ww

A white solid; Yield: 51% (Condition B, 13 h, neutral SiO;: EtOAc/hexane = 1/4); Ry = 0.12
(EtOAc/hexane = 1/4); mp: 94-98 °C; 'H NMR (500 MHz, CDCl3): § = 1.33 (s, 9H), 3.01 (dd, J =
16.1, 5.2 Hz, 1H), 3.07 (dd, J = 16.1, 5.7 Hz, 1H), 3.59 (s, 3H), 5.07-5.12 (m, 1H), 5.56 (d, J=9.7
Hz, NH), 7.42-7.52 (m, 3H), 7.79-7.86 (m, 4H); 3C NMR (125 MHz, CDCl;): 6 = 24.1, 42.6, 51.8,
55.2, 60.0, 124.1, 125.2, 126.2, 126.4, 127.6, 128.0, 128.7, 132.8, 133.2, 138.1, 171.3; IR (KBr):
3248, 2986, 1717, 1438, 1305, 1131, 1060, 952, 823 cm’!; LRMS (ESI): m/z 372 [M+Na]"; HRMS
(ESI): m/z caled for CisHsNO4S [M+Na]" 372.1245 Found 372.1248; HPLC (chiral column:
CHIRALCEL OD-H; solvent: hexane/2-propanol = 9/1; flow rate: 1.0 mL/min; detection: at 254
nm; rt): g = 11.2 min (minor) and 14.9 min (major); [a]p?**¢ = -54.4 (¢ = 0.97, CHCI3) for 90% ee.

Methyl (S)-3-cyclohexyl-3-((4-methylphenyl)sulfonamido)propanoate (4wi: methyl ester of
3wi)
TsHN O
OMe
Awi

A colorless oil; Yield: 50% (Condition B, (R)-3,3’-Br,-BINOL: 22 mol%, BH3-SMe»: 20 mol%, 10 h,
neutral SiO»: EtOAc/hexane = 1/4); Ry = 0.23 (EtOAc/hexane = 1/4); '"H NMR (500 MHz, CDCls): &
=0.73-0.92 (m, 2H), 1.00-1.18 (m, 3H), 1.37-1.46 (m, 1H), 1.50-1.80 (m, 5H), 2.30 (dd, J = 16.1,
5.8 Hz, 1H), 2.38-2.44 (m, 4H), 3.29-3.36 (m, 1H), 3.57 (s, 3H), 5.26 (d, J=9.2 Hz, NH), 7.28 (d, J
= 8.0 Hz, 2H), 7.74 (d, J = 8.0 Hz, 2H); '*C NMR (125 MHz, CDCl3): § = 21.5, 25.8, 25.9, 26.0,
29.0, 29.3, 35.8, 41.2, 51.7, 55.5, 127.0, 129.6, 138.1, 143.2, 172.0; IR (neat): 3290, 2927, 1737,
1447, 1331, 1159, 815 cm!'; LRMS (ESI): m/z 362 [M+Na]"; HRMS (ESI): m/z calcd for
Ci17H2sNO4sS [M+Na]* 362.1402 Found 362.1410; HPLC (chiral column: CHIRALCEL OD-H;
solvent: hexane/2-propanol = 9/1; flow rate: 1.0 mL/min; detection: at 254 nm; rt): fr = 9.6 min

(major) and 11.0 min (minor); [a]p?*! = +2.5 (¢ = 2.00, CHCl;) for 53% ee.
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Methyl  3-(4-chlorophenyl)-3-((1,1-dimethylethyl)sulfonamido)-2-methylpropanoate  (4al:

methyl ester of 3al)
BusHN O BusHN O
OMe Y OMe
cl cl i
syn-4al (minor) anti-4al (major)

A white solid; Yield: 99%; syn/anti = 1/1.9 (Condition B, propionic acid: 1.0 eq, 24 h, neutral SiOx:
EtOAc/hexane = 1/4);

(syn, (28,35)); R¢=0.21 (EtOAc/hexane = 1/4); 'TH NMR (500 MHz, CDCl;): 6 = 1.18 (d, J = 7.5 Hz,
3H), 1.25 (s, 9H), 2.96-3.02 (m, 1H), 3.62 (s, 3H), 4.66 (dd, J=9.7, 5.7 Hz, 1H), 5.21 (d, J=9.7 Hz,
NH), 7.18 (d, J = 8.6 Hz, 2H), 7.32 (d, J = 8.6 Hz, 2H); *C NMR (125 MHz, CDCls): = 13.8, 24.1,
46.8, 52.0, 59.9, 60.0, 128.5, 128.8, 133.8, 137.9, 173.6; IR (neat): 3293, 2978, 1737, 1456, 1308,
1129, 841 cm'; LRMS (ESI): m/z 370 [M+Na]"; HRMS (ESI): m/z calcd for CisHzCINO4S
[M+Na]® 370.0856 Found 370.0863; HPLC (chiral column: CHIRALPAK IA; solvent:
hexane/2-propanol = 9/1; flow rate: 1.0 mL/min; detection: at 254 nm; rt): zr = 10.1 min (minor) and
12.3 min (major); [a]p?*8 =-21.9 (¢ = 0.17, CHCI;3) for 93% ee.

(anti, 2R,35)); R¢= 0.23 (EtOAc/hexane = 1/4); mp: 110-113 °C; 'H NMR (500 MHz, CDCls): § =
1.26 (s, 9H), 1.38 (d, J = 7.5 Hz, 3H), 2.83 (dq, /= 7.5, 5.2 Hz, 1H), 3.58 (s, 3H), 4.60 (dd, /= 9.2,
5.2 Hz, 1H), 5.59 (d, J = 9.2 Hz, NH), 7.19 (d, J = 8.6 Hz, 2H), 7.32 (d, J = 8.6 Hz, 2H); '3C NMR
(125 MHz, CDCl3): 6= 16.1, 24.1, 46.3, 51.9, 59.8, 60.0, 127.8, 128.9, 133.5, 139.6, 175.3; IR
(neat): 3421, 2979, 1737, 1457, 1308, 1125, 849 cm™'; LRMS (ESI): m/z 370 [M+Na]"; HRMS
(ESI): m/z caled for CisH»CINO4S [M+Na]* 370.0856 Found 370.0863; HPLC (chiral column:
CHIRALPAK IA; solvent: hexane/2-propanol = 9/1; flow rate: 1.0 mL/min; detection: at 254 nm;
rt): fr = 10.7 min (major) and 13.9 min (minor); [a]p?*” =-77.3 (¢ = 0.17, CHCl;) for 95% ee.

Methyl 3-((1,1-dimethylethyl)sulfonamido)-2-methyl-3-phenylpropanoate (4am: methyl ester

of 3am)
BusHN O BusHN O
OMe Y OMe
syn-4am (minor) anti-4am (major)

A white solid; Yield: 90%; syn/anti = 1/2.2 (Condition B, propionic acid: 1.0 eq, 24 h, neutral SiO»:
EtOAc/hexane = 1/5);

(syn, (28,3S)); A white solid; R¢= 0.18 (EtOAc/hexane = 1/4); "H NMR (500 MHz, CDCls): 6 = 1.20
(d, J=6.9 Hz, 3H), 1.23 (s, 9H), 2.95-3.02 (m, 1H), 3.60 (s, 3H), 4.68 (dd, J=9.7, 6.3 Hz, 1H), 5.25
(d, J=9.7 Hz, NH), 7.21-7.23 (m, 2H), 7.27-7.30 (m, 1H), 7.31-7.35 (m, 2H); *C NMR (125 MHz,
CDCl): 6= 13.7, 24.1, 47.2, 51.9, 59.8, 60.6, 127.1, 127.8, 128.5, 139.3, 173.8; IR (KBr): 3294,
2985, 1732, 1457, 1308, 1122, 938 cm'; LRMS (ESI): m/z 336 [M+Na]"; HRMS (ESI): m/z caled
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for CisH23NO4S [M+Na]* 336.1245 Found 336.1249; HPLC (chiral column: CHIRALPAK IA;
solvent: hexane/2-propanol = 9/1; flow rate: 1.0 mL/min; detection: at 254 nm; rt): g = 8.5 min
(minor) and 10.1 min (major); [a]p?** = -22.2 (¢ = 0.65, CHCl5) for 92% ee.

(anti, 2R,35)); R¢= 0.21 (EtOAc/hexane = 1/4); mp: 109-111 °C; 'H NMR (500 MHz, CDCls): § =
1.24 (s, 9H), 1.36 (d, /= 6.9 Hz, 3H), 2.83-2.89 (m, 1H), 3.57 (s, 3H), 4.62 (dd, J=9.2, 5.2 Hz, 1H),
5.61 (d, J=9.2 Hz, NH), 7.23-7.29 (m, 3H), 7.31-7.36 (m, 2H); '3C NMR (125 MHz, CDCl3): & =
16.0, 24.1, 46.6, 51.8, 59.7, 60.5, 126.4, 127.6, 128.6, 140.8, 175.4; IR (KBr): 3276, 2984, 1714,
1457, 1304, 1134, 913 cm'; LRMS (ESI): m/z 336 [M+Na]"; HRMS (ESI): m/z calcd for
Ci5H23NO4S [M+Na]* 336.1245 Found 336.1249; HPLC (chiral column: CHIRALPAK IA; solvent:
hexane/2-propanol = 9/1; flow rate: 1.0 mL/min; detection: at 254 nm; rt): fr = 7.6 min (major) and

10.7 min (minor); [a]p**? = -68.3 (¢ = 0.76, CHCls) for 93% ee.

Methyl 3-((1,1-dimethylethyl)sulfonamido)-3-(4-methoxyphenyl)-2-methylpropanoate (4aq:

methyl ester of 3aq)
BusHN (0] BusHN (0]
OMe Y OMe
MeO MeO i
syn-4aq (minor) anti-4aq (major)

A white solid; Yield: 97%; syn/anti = 1/1.8 (Condition B, propionic acid: 1.0 eq, 24 h, neutral SiO»:
EtOAc/hexane = 1/4);

(syn, (28,35)); R¢= 0.10 (EtOAc/hexane = 1/4); "H NMR (500 MHz, CDCl3): 6 = 1.19 (d, J = 6.9 Hz,
3H), 1.24 (s, 9H), 2.93-3.00 (m, 1H), 3.61 (s, 3H), 3.80 (s, 3H), 4.61 (dd, J=10.3, 5.7 Hz, 1H), 5.17
(d, J = 10.3 Hz, NH), 6.85 (d, J = 8.6 Hz, 2H), 7.13 (d, J = 8.6 Hz, 2H); '3C NMR (125 MHz,
CDCl): 0= 13.9, 24.1, 47.3, 51.9, 55.2, 59.8, 60.1, 113.9, 128.2, 131.4, 159.1, 173.9; IR (neat):
3296, 2978, 1737, 1515, 1456, 1307, 1128, 1051, 919 cm’'; LRMS (ESI): m/z 366 [M+Na]"; HRMS
(ESI): m/z caled for CisHosNOsS [M+Na]" 366.1351 Found 366.1343; HPLC (chiral column:
CHIRALPAK AD-H; solvent: hexane/2-propanol = 9/1; flow rate: 1.0 mL/min; detection: at 254
nm; rt): g = 12.8 min (minor) and 21.2 min (major); [a]p?**? = -28.0 (¢ = 1.38, CHCI3) for 97% ee.
(anti, (2R,35)); R¢= 0.12 (EtOAc/hexane = 1/4); mp: 133-137 °C; '"H NMR (500 MHz, CDCls): § =
1.24 (s, 9H), 1.34 (d, /= 6.9 Hz, 3H), 2.79-2.85 (m, 1H), 3.59 (s, 3H), 3.80 (s, 3H), 4.57 (dd, J=9.2,
5.8 Hz, 1H), 5.50 (d, J = 9.2 Hz, NH), 6.86 (d, J = 8.6 Hz, 2H), 7.15 (d, J = 8.6 Hz, 2H); '3C NMR
(125 MHz, CDCl3): 6 =15.9, 24.1, 46.7, 51.8, 55.2, 59.7, 60.1, 114.0, 127.5, 133.0, 158.9, 175.5; IR
(KBr): 3292, 2955, 1731, 1519, 1456, 1304, 1135, 1055, 903 cm’'; LRMS (ESI): m/z 366 [M+Na]*;
HRMS (ESI): m/z caled for CisH2sNOsS [M+Na]" 366.1351 Found 366.1355; HPLC (chiral
column: CHIRALPAK AD-H; solvent: hexane/2-propanol = 9/1; flow rate: 1.0 mL/min; detection:
at 254 nm; rt): fr = 13.8 min (major) and 21.6 min (minor); [a]p?*® = -81.9 (¢ = 0.51, CHCI3) for
94% ee.
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Methyl 2-((4-chlorophenyl)((4-methylphenyl)sulfonamido)methyl)-3-methylbutanoate (4xa:

methyl ester of 3xa)
TsHN (0] TsHN (0]
OMe Y OMe
cl cl N
syn-4xa (minor) anti-4xa (major)

A colorless oil; Yield: 49%; syn/anti = 1/11 (Condition B, 40 h, neutral SiO,: EtOAc/hexane = 1/8,
Ts-protected imine was used instead of Bus-protected imine.);

(syn, (25,35)); R¢ = 0.06 (EtOAc/hexane = 1/8); 'H NMR (500 MHz, CDCls): 6 = 0.96 (d, J = 6.9
Hz, 3H), 1.00 (d, J = 7.5 Hz, 3H), 2.19-2.28 (m, 1H), 2.36 (s, 3H), 2.64 (dd, J = 9.8, 5.2 Hz, 1H),
3.40 (s, 3H), 4.57 (t, J=9.2 Hz, 1H), 4.86 (d, /= 9.2 Hz, NH), 6.85 (d, J = 8.6 Hz, 2H), 7.02 (d, J =
8.6 Hz, 2H), 7.07 (d, /= 8.0 Hz, 2H), 7.42 (d, J = 8.0 Hz, 2H); HPLC (chiral column: CHIRALPAK
IA; solvent: hexane/2-propanol = 9/1; flow rate: 1.0 mL/min; detection: at 254 nm; rt): tr = 11.9 min
(major) and 15.2 min (minor) for 52% ee.

(anti, 2R,3S)); Rr= 0.09 (EtOAc/hexane = 1/8); 'H NMR (500 MHz, CDCl;): 6 = 0.89 (d, J= 6.9
Hz, 3H), 1.06 (d, J = 6.9 Hz, 3H), 2.07-2.18 (m, 1H), 2.28 (dd, J = 9.8, 4.0 Hz, 1H), 2.33 (s, 3H),
3.45 (s, 3H), 4.77 (dd, J = 9.8, 4.0 Hz, 1H), 6.25 (d, /= 9.8 Hz, NH), 6.82 (d, J = 8.6 Hz, 2H), 7.03
(d, J= 8.6 Hz, 2H), 7.04 (d, J = 8.0 Hz, 2H), 7.44 (d, J = 8.0 Hz, 2H); '3C NMR (125 MHz, CDCl5):
6 =20.0, 20.7, 21.3, 28.3, 51.5, 55.8, 59.2, 126.8, 127.5, 128.3, 129.1, 133.0, 137.7, 138.0, 143.0,
174.8; IR (neat): 3410, 2963, 1718, 1636, 1493, 1337, 1161, 1092, 814 cm’'; LRMS (ESI): m/z 432
[M+Na]"; HRMS (ESI): m/z caled for C20H24CINO4S [M+Na]™ 432.1012 Found 432.1016; HPLC
(chiral column: CHIRALPAK IA; solvent: hexane/2-propanol = 9/1; flow rate: 1.0 mL/min;
detection: at 254 nm; rt): fr = 17.3 min (major) and 27.2 min (minor); [a]p?*? = -41.4 (c = 0.62,
CHCIs) for 91% ee.

Methyl (R)-3-(4-chlorophenyl)-3-((1,1-dimethylethyl)sulfonamido)-2,2-dimethylpropanoate
(4yl: methyl ester of 3yl)

BusHN O

OMe

Cl 4yl /
A colorless oil; Yield: 79% (Condition B, 3 h, neutral SiO,: EtOAc/hexane = 1/6); Ry = 0.14
(EtOAc/hexane = 1/6); 'H NMR (500 MHz, CDCl3): & = 1.11 (s, 3H), 1.17 (s, 9H), 1.46 (s, 3H),
3.64 (s, 3H), 4.36 (d, J=9.2 Hz, 1H), 5.82 (d, J=9.2 Hz, NH), 7.12 (d, J= 8.6 Hz, 2H), 7.29 (d, J =
8.6 Hz, 2H); '3C NMR (125 MHz, CDCls): 6 = 23.1, 24.0, 25.5, 47.2, 52.2, 59.6, 64.7, 128.5, 129.3,
133.7, 138.1, 176.8; IR (neat): 3314, 2984, 1734, 1475, 1308, 1196, 1075, 1014, 849 cm’!; LRMS
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(ESI): m/z 384 [M+Na]"; HRMS (ESI): m/z calcd for CicH24CINO4S [M+Na]* 384.1012 Found
384.1016; HPLC (chiral column: CHIRALPAK AD-H; solvent: hexane/2-propanol = 9/1; flow rate:

1.0 mL/min; detection: at 254 nm; rt): fr = 8.5 min (major) and 9.9 min (minor); [a]p?*> = -63.3 (¢ =
1.61, CHCIs) for 98% ee.
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6. FEE
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