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Ac
Ala
AMC
ATP
Bn
Boc
Bu

Bz
calcd
CBS
Cbz
ChT-L
C-L
conc.
DCM
DEAD
DIBAL
DIEA
DMAP
DME
DMF
DMP
DPPA
DMSO
dr
EDC
ee

El

eg., equiv.
Et
FAB
FDA
Fmoc
Gly
HBTU

acetyl

alanine
aminomethylcoumarin
adenosine 5'-triphosphate
benzyl

tert-butoxycarbonyl

butyl

benzoyl

calculated
Corey-Bakshi-Shibata
benzyloxycarbonyl
chymotrypsin-like
caspase-like

concentrated
dichloromethane

diethyl azodicarboxylate
diisobutylalminium hydride
diisopropylethylamine
4-dimethylaminopyridine
1,2-dimethoxyethane

N, N-dimethylformamide
Dess-Martin periodinane
diphenylphosphoryl azide
dimethyl sulfoxide
diastereomeric ratio
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride
enantiomeric excess
electron impact ionization
equivalent

ethyl

fast atom bombardment
food and drug administration
9-fluorenylmethoxycarbonyl
glycine
2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium

hexafluorophosphate



HOAt 1-hydroxy-7-azabenzotriazole

HOBt 1-hydroxybenzotriazole

HPLC high-performance liquid chromatography
HRMS high-resolution mass spectrometry
LDA lithium diisopropylamide

Leu leucine

LiIHMDS lithium hexamethyldisilazide
LMP7 large multifunctional peptidase 7
LRMS low-resolution mass spectrometry
m-CPBA meta-chloroperoxybenzoic acid
Me methyl

MHC major histocompatibility complex
mp melting point

MS mass spectrometry

MTPA a-methoxy-a-(trifluoromethyl)phenylacetic acid
n- normal

NaHMDS sodium hexamethyldisilazide
NMR nuclear magnetic resonance

NOE nuclear Overhauser effect

OX. oxidation

PGME phenylglycine methyl ester

Ph phenyl

Phe phenylalanine

Piv pivaloyl

ppm parts per million

PyBOP (benzotriazol-1-yloxy)tripyrrolidinophosphonium hexafluorophosphate
Rf retardation factor

rt. room temperature

t- tertialy-

sat. saturated

sec- secondary-

Su succinimide

Suc succinyl

TBAF tetrabutylammonium fluoride
TBDPS tert-butyldiphenylsilyl

TEAA triethylammonium acetate

TFA trifluoroacetic acid

TFAA trifluoroacetic anhydride

THF tetrahydrofuran

Thr threonine



T-L trypsin-like
TMS trimethylsilyl
Trp tryptophan

guant. quantitative yield
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FEIZIEEREEIC BT 2 FEARFERO—2Th Y | X0 RNRIBHREORS %2 B L T HEIFEN T
TWb, EBHT, LEFTZRPBAEOEN ST L LTERESRTWS 7 a7 7 Y — MKt L CHEERZ
BTHRBMRT 7 v ArTa NEAT L LICERT T 7 Y — ABRERIOBRSE KOG BRI 155
DBAFMIGE AT > T2 DT, LLFIZZE ORFFRRR 2R~ 5,

1. a7 YV —AOEE L ke

M2 o R EE, B LTaexF -7 sy Vv —uRZl (Figure 0-1a) F7-134— 7 7 o—Blic k
STHIREND, A= 77 V—RA— 77 TV —LERIC LD V7 BiRBTchsnicf LT, 28
FFoTUTT V= LREARY X F ALSNIEF LR E RIS S, MarxF o T urT
Y — BRI 8 B ORBIENE AT 2 2 & T, V7P RER g Ak R s LA sEE
& 151 00 YA TV o S A R R R R L B D > TN B,

X TF T UTT V= ARICBWNTH R E S RE D DIX26S T T T Y — LA THY . ZiE 208
TaT7 Y —nk 19SS G T 2=y MLV SN DB KRR Y VXV BEEAKRTHSH (Figure 0-1b),
Chos iy 7= NI, RY 2 2F OBk, ATP KENREE Y v 7 BEOMEIF<SL (Tr 7
F—IT 4 ) KO20S T T TV —bAENED AR (FF A —vay) | FEX U RTENS
DRY 2 EXF U BEOYI 0 BELEDOREZH - T 5, PR0s FuFr7y—nizzhsEh 7 Moy 7=y
ES7Rb0-0 07 EB-U v ZIC X VRSN MRROEAKRTHY , -V v T alET 57 2=> b
DI BPL, P2 KUPS D3 ODH T o=y FRFuT 7 —BiEEEZA LTS (Figure 0-1b), Pz 416 350
Y7oy ME, EFELTSIAY y M OMEDENT L > TR LEBRAELZA L TEBY ., BLIZS A3
—VBERIENME (BT X BRFR LD C Rl COIlr, C-LiEME) | B2I1X b U 7o ARkiErE GEIMET X 7 sk
FED C RuHAITEIWT, T-L{EME) \ RS I MU 7o URRIEME (BKET X 7 ERFR LD C Rimfl THIlr, ChT-L
M) 2 FNENRTZERS o T\, BB X L%y BT 205 70T 7 Y — ANEEE@iET 5 BRI,
INHDOY Ty MCE o THMREZT, BOFF R L5, Mo 0E#E~TF NN 7 F 5
—PIC LV ERDOMEAEZT Hit. MHC class | 5y FIZ K IR SN AHERTF FELTHLEETH S, B

T e T u T T B OREFAER Y, v FROEESRTF NOEKT I IR RERTF FOYIRTEAL 2 FiC
THIZRT X IcRSN D,

non-primed binding site  primed binding site

S2 s1'
protease

cleavage site
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RING-type E3

AMP+PPi  ATP
L

@-Cs-

ADP+Pi  ATP

26S proteasome

Figure0-1. () =t xF -7 m77 VY —21R0(0) 208 7 nF 7 v — ALY 7 2=y 1

2. MEERN T T T Y — A

FHEEN CIE, B1, B2, B5 D 3 FEDMEY 7 2= M D ARBMRN T 0T T Y —ATA T, fE T T
7 V=20 O w7y — 2B T S 2 OB RS 0 T T Y — AREIET D T L N &
NTW5, ZNHMHBFERN T e 77 Y —A TR, 7 a=y NOBRNRER > THBY | mETa 7T
v — KIEBLI, B2i, p5i. PO v 7 v — 2 0Ep1, B2i, BN 3 RO 7 = M Ko THERR S h
B, SIET T TV — AE Y SRR A 1T U &3 IR 35U TRERREYICFEBL L T U S, INFy
ckoTHEanD, W ¥ gETnT 7 v — AT, RS0 T T Y — AT C-LIEMEATL . T-L
KO ChT-L &M IR 725 T Y . BRI MHC-class | 43 T-12 & W R SN B HURA T T R4 314
LR TEY, MEISKICBOTEEREEH 2 R, BB R e T 7 Y — a3l -
BN B RIS L L TR Y R T 0 7 7 Y — AR T ChT-LIEMER T < Mo =— 2 g7
FOEIYHLICE > T THBEOEDOBRICHE O THEERZREZ B LTV DHEEZ LA TS, T8

3. FuT 7 Y —AHER & OAIEN

Fus 7V —niE, 1-«B ps3, M p27M s oo fifa A M O WA T T A R — 2 R B & L7 B OSRIC
BIG L TG Z &R, BHES ST BOSRC X B/MaEA b L2 OBV EORE 2 S TND Z b,
PIRAEOFH LY —7y N LTHEBSND Z & b polz, TaT T V—AERFRLVT Y I 70, v
THBLIRFIED 127 To PR3 A THEME DO Z RV E BEE 2 R G5B & U TR AIMEDVR S 41, 2003 4F1Z FDA
Ik vERF Sz (Figure 0-2), P LR S, HIAASRICIBWTHRICE KRB & 72 D0, KRRk
fEEZ I U T EEARRIEAOKRICO VT O L HESNTE Y, PR Ty I 7 Ickb i/
a7 7V —AAEAIOBREE BIE L TEAICHZENMTOILTW A, 2012 F1iE, IV 4V I T IR
VBRI 2 e S & LT S, PA2013 4EBIE, Y ARTF I K A (= VY37, NPI-0052),*

“ MHC class | 2> 1% C R BiAME £ 72 13O 7 IV BERE AT 57 F K& EMER BV, Mg Ic
W7 2 ) RTFE—ENFET DN, WIVRF L RTFE—BIIFE L RN, CROT IV BEEII T a7
TV — M LA Lo THES LS,

PRI T T MR, FOIR RIS KA E © MHC « R F REA KA Rk 5 TCR R T Ma 0@ (F
DFEPR) L, FL LTy 7y — 0B L 2 AT MHC 2 FIZHEA L= B CHUR 2388 2 T Mlaodk
B (RO 2R CHREAT 2, EOBIRAZH S M LN =— 7 PR T F &R T5 2 LIXED
BIREADOBIROKANCEETHD LEX LTV D,
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CEP-18770,%* MLN-9708,2% ONX-0912P°10> 4 T D7 0 7 7 ¥ — AFLEFKNC DN T LR IR & o B B L
L TR BRI T4 T\ % (Figure 0-2), 7!
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Figure 0-2. fREM 2T a7 7 v — AHEH

Sk L=k oic. 7 u 77 Y — A1k C-L(B1), T-L (B2), ChT-L (B5) D 3fDO T v 7 7 —EiEEEZA L T\ 5,
BB LRI L0 B B, — RIS ChT-LIEMER Z L 0 BARICER b EETH Y, P ko 7rns 7
Y — ABHEAIT 4T ChT-L iEPE&2 TR LET D, ChT-L iEPE (B5 M OB5I 7= k) OBHRIILEIZ
£ 0 HRARFEMEIER S S5 28, PN T CL RO T-LiEM£IET S 2 & TZOERmE N5 2
L ST, B
MR 7 a7 7 Y — L HWNIRE T 0T TV — MR 7 a7 7 Y — ARER S 2 E TN D
RE STV (Figure 0-3), Y 23 stge 7 0 5 7 ) — LGBINAGFEL /4] PR-957 135 7 2= v M &
BERPICRE T 2 2 & CRIREEMEIER 2R3 2 & <A N A OFEAZIE L, B 7 e i /e
MaERt 2 EARESNTRY, BEMBRRBRN Thh T 5, M

%NQLQ uwtkw¢t
2 .9

clasto-lactacystin (omuralide) PR-893
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35 selective B5 selective

B5i selective
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4, XTI UFER
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— AR (ChT-L IRMEEIRE) 1235 < 23 AMITRHRNHIER 24 LT\ 5 (Figure 0-4), BA~Z 7 Lo
VHERITE ONRINCEATR-F 7 NN T e T T Y — NEWEILTH D N K Thr ko ke
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RERT 7 MU CBERE T aT T Y — AOIHESLO X B ST I LV 5 T2 (Figure 0-5),
BRI, X ARSI IC L 0 . RT 7 M VBRI O T a T T Y — AER] & 13 B A AL
RETDH LRGN Bl nbh o7 a T 7 Y — AERNNT IS HE P AEERS S (non-primed
substrate binding site) IZFEATHDIIKT LT, XT 7 b UFHEEKITE S L THEE PREEHE A (primed
substrate binding site) (Zf5&9 % (Figure 0-5), B35t T, N5 7 by U EEKE ) — NMEEMETH L
T, AE PRERE A A kG & T D AEIEVEAIBIRFFE N FTRE & 72 D L HkiC, tho T e T T Y — A LI AER
DD AR ERIOBENAREL 725720, Fi 7 v T 7 Vv —ARERIBIICE T2V — MeEdw & LTk
HTH D,

H O
N 5 \\k/ R1 k/
HoN /H( © N ~
O CO,H o} COQR
(6]

belactosin A belactosin C (n=1, R'=
homobelactosin C derlvatlves (n 2)
(R" = Cbz (0-1), 2-naphthylmethyloxycarbonyl (0-2), R? = Bn)

Figure 0-4. X7 7 |3 Uik
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non-primed substrate binding site primed substrate binding site
Figure 0-5. IRERT 7 b v CHEIRO0-1 & 70T 7 — LD IfET 0O X S i A

kD@ RXT 7 M AT FREORRYTHY, -7 T =, 227 /v /adueiLy I =
VIROB-T 7 NN DRD, UMREOTFHIZX, X727 MU AOTaT T Y —AHEEEN T v e
SNUMEIZ L VBESNDGT 7= EB-7 7 b0 =Rt ZEMELE KT T b0 EeEX, 2273/
YrmaTa ey g = EOSRRLEICAE B U SIROTHIREIETE AR BIAFJE A B L (Figure 0-6), FF KRS8
DY A7 TNk E AT D cisli-anti B 07T N F TRy s uFu U Bk EAETHNT 7 Ry

vy raruasUBEEG L VRS VRN LT 2 BOSNEAERE Y7 v a8 U BIC kT AR T
BENT T ThHZ EERT, MoREERIZOWNTHRIERICETL LT,
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AZHERT2{ERERN T 0T 7 YV — ALEE R e 2 R L7, T

HZN/L‘f k/ HoN N\/\/\N k/
Co2 CO,H

trans/L-syn-isomer (0-3) trans/D-syn-isomer (0-4)
(ICs = 145 + 39 nM) (ICs0 = 180 * 53 nM)
‘o 3D SAR study o
'\/ \/\D\ k/ gOH Ho
H2N > HN \)LN/\/\/N
: COQH N O COM 0o R 7 :
0, | o H o} H
2-aminocycloproopyl trans/D-anti-isomer (0-5) regioisomer (0-6)
Ala alanine p-lactone (ICs = 336 + 103 nM) (ICso = 169 + 51 nM)
belactosin A
(ICsg = 304 153 nM) )l\'l '\/
ey
CO.H
CIS/L anti-isomer (0-7)
(ICso = 150 + 47 nM)
Figure 0-6. “X7 7 k> A O ZRITAOME &G VEFBIAF T
B2, 2o DIbEmOERPRIETH D N RImEBIZ Chz £, VR F VERICE =V IEE /T 21baW

&&040ii@ﬁﬁﬁ7m77/wAm%ﬁﬁ%meNX%%&Uﬁ»$%V%%®@*@%@%#7D
FT YV — AL OMEFERICEECHD = LARE ST (Figure 0-7), B9
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el A e L R PN
bHJ\m“(\”HJ\l CbHJ\m”(&HJ\l coe. J\WH { N Y
(6] X (6] (o] X (o] N 0
o] o} Hoo L

pre-belactosin A (0-8) pre-syn-isomer (0-9) pre-cis-isomer (0-10)
(ICsp = 22 £ 12 nM) (ICsq = 44 £ 2 nM) (ICs0 = 15+ 10 nM)

Figure 0-7. N7 7 | A OV OSLAREIERD G R H (4

5. AMFFEOBEEE

IV RF IR R te %%iNiﬁEVV%§%%UHPMA%ELt%ﬁ%ﬁﬁ%ﬁ%ﬁi@\TH?T
Y — AIVE PREIAE GBI 30T A HEETE MBI A B 29 5 kT, BT e T T Y — ABHEIR K
ORI 2 R 9 5h 8k 2 3 2 & 2 B4 L THrgE %%%Lko

2 TlL, pre-cis BIEAT0-10 2 U — MMEAW & LIRSS BIZE I DWW Tk %, ZhE T
IZHDBITNRD 2 Te_T 7 N VRO GE T 1T 7 Y — AR HFEIEESS, 7 rT 7 Y — AE
TEMEO R AL R OEFIN L EEFIZ OV THRFT L. X7 7 b U FHERIC X 2 MR s g/
FIZONWTHEERT 5, FE_E T, Fi-RBEEGER & L OB ThHLIT 7 b v FERE
%Wfﬁﬁﬁ%ﬁ% B DREEHAIBITIEZ DWW TR~ D, RS ILEMOIERN 7 R 7 E L DG

BT LIHLAEEMAEMEHOFGFIZOWTEET L LT, Ny X 7 &0l LIZRHRALFRFIE S
EEF‘%LﬁD L2 BT FEDO M E D O EBIREERE A BB IOV Cigim T D, B Tl fMir L7=~x7

T ARRRSUTIN T, BRI OARVIRY Fu T T Y — AFETEMEL ChT-L MR 2 SR 2 46,
" cis BREEKOGRAMETH D Z L 27T, tho BIEROSRFRIEIZ SN T AkcER L,
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7 b AR OIE MR T ES 7 B Y “scaffold hopping”™ 12 & 2 3E 7 F RUERRAER D AIELZ STk
N7 AIFERFZEC B 1) B “scaffold hopping” DA FHHEIZ DWW T U H o RIEROBLAE D ELLT 5, HIUETIL,
RZ T N UHEROYELT ) L OV R EVEOWE R BIE LRI DWW TR~ %, B2, {b&Hmo
13 M OVBCE & ZEMEDBIRICOW T T 2, BHEROEAETIE, TNENH IR LIIETT
RYERREAI L A e VI VAR o b BT a7 7 ) — ARER & DA 7Y v RMEEHOERIZ DU
TR R5 LI FEEEALOENZIED LT BRI A 7 U v BMEEW ORI L 2 OAYTEIEIZ DWW TE
L5,

T HHIEE AT HILAMOMEL BT, T OEEZ RS L COFERORE S RARDLAME RIS 2 L, 30

ICOWTIIE =E42 S,
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F—E RT7 U AL RERMEROHETE IR

Sepe oA

i T2 vy AV ARBIEOREEORE

Fim CIi 72 L D12, HHFEEOF HIT cis/L-anti BYER 0-7 IZHA_TEOEKRPEILTH D N Kinihlz
Cbz £, I VARF VI = VA2 HT 5 pre-cis BMEK 0-10 N L VN7 a7 T vV — AHEEEEH T
é:k%ﬁmbkom%kf\ﬁ%iNX%%&Uﬁ»ﬁ%yﬁﬂ®#o@%@%#7m77/~AM%ﬁ
PRICEHEETH D L ER, 2D OO IIT D ETEMEERE 2 RANHRETT 5 2 & & L7z (Figure 1-1),

i '\/ '\/
B
B N o
Paerad— JL kfk
HoN e}
O COM newly modified moieties
cis/L-anti-isomer (0-7) pre-cis-isomer (0-10)
(IC50 = 150 + 47 nM) (IC50 =15 £ 10 nM)

Figure 1-1. #EEIEMABINIZED U — NLE Y & AEAENL

1. N RS EAHFEAR DR E

IXUDIZ, IARFVHEEZ B = VEICEE L, N RSESE RSO EEHAAERIC OV TN, R
MEIETEVERABARFZEIC X 0 S8 PP REIE S0 I 36 1 DGR PEFABE 2 B H 22 R 7 7 = Eofb v 12
BERET VIV EEANLTALEY 1-1-1-4, DO N-Cbz-7 2 /) 7NV CEEHBZ LA 1-5-19, 77 =
TR EOBEBEZBE LIALEW 1-10 - 1-14 © 3 FEEO LA WREZ G L7z (Figure 1-2),

(0] k/
‘N fﬁi
R o
NN

acyl groups N-Cbz-amino acyl groups N-substituted alanyl groups

o i
0 (0] N/\n/ /H]/ /H(‘K
’ 1-10 1-13
o - 0 0
1.2 M A )LJ}(L% )L/H(
Y Aaa Y
16 1-11 1-14
 NH
1-:*.O j\ N 0
o 0" >N J\[(%
o9 @ho%f% ShSa N sas
<3 H o 19 2
17

Figure 1-2. g%&F L7= N R 56 & Haif ik
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2. JIVIR e BT B AR DR
WNT, N RIS E# L A Chz-Ala FLIC[EE L, B /LR 53 i 2 o suk B L 2 A9 5E 1-15
~1-23 BREE - AT B 2 LT HARR VIO MEIEIEMBI £ AT 5 2 & & Ui (Figure 1-3),

(@]
(j/wjﬂiﬁﬂg£&NS£§

rébgig

1-15 1-16 117

1-23

Figure 1-3. %5t L7217 /LR 3 o SLip i Hah i ik

3. EMFHERORE

BT, N R RO VRS VB RFERIC L0 AR RE T, {bE 1-24 — 1-25 Z3%E -
B L. IR VILEELRILEZ 7 = 2 FVEICEE LT N R E# L2 FiRad 5 2 &2 Lz (Figure
1-4),

o k/
% N o
H Hifk
R1, N (@] o
acyl group N-substituted alanyl group
0
%
| corry
(6]
1-24 125

Figure 1-4. 3%&F L7 E#HFHEAK
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1. RT3 UFHEROE R

WMHFZEE TIL, SR THIRSETTPERIBIRFZE 2 4510 L T{EA W 1-27 L 20 b 7 v A BPER 128, R OWENn 2
NOxTF o FA~—Tho ent-1-27, ent-1-28 LD NFENES 7 v N o=y NEREIL, ZORH
%é%%%%%bk(&%mlﬂom:ﬂ%®%?%ﬁv7m7uﬂyi:yﬁ ESa i NORVA N e 0P 2= i
EETLHY T ua s ALEMOAKICED TETH Y BEIR~TZNF 7 b A OSRR O
B b0z y P bAK S, B

Scheme 1-1. 4R THIR LISy 7 n v o=y b &2 DR ERER
chiral cyclopropane units
o PNO,S.Z f OTBDPS »
e _cl — + OHC. Z~_ OTBDPS
(S)-epichlorohydrin 1 26 1-27 1-28
PhO,S PV
o , OTBDPS
- = + OHC OTBDPS
|>\/C| \Ez cHO \D\/
(R)-epichlorohydrin ent-1-26 ent-1-27 ent-1-28

ARFZEICBNT, 2 TOEPLEDIT T A 7T aXva=y k1227 LA ATRETH 5, Scheme 1-2
ICRT LIS Y EEROERDHFERPN - Ty nTa o=y 1271 2Q)t-7 F L ANT 4 = A
2129 ~E W LT, T AT LARINK Grignard SURENC L 0 LR B (RY) AEAL
AL 28Rt %, 2O 1 A5 Curtius #5072 88 THPRA 11 2572, N REEERL R KO
B-7 7 bra=y MRS LT, N RS E O AR S L HEIC B A0 @R L A2 A 2EHbEw 1 %
BT D2 AF LT,

Scheme 1-2. #RHFLEW) DG pEHE
oTBDPS diastereoselective

, = dlastoregselect #__OTBDPS
OTBDPS rignarad reaction H
e —. o /N\)/V — o, _N
SN s

CHO

H H 2
127 t-Bu 1-29 tBu R®
u, Pq' o
z 1,
N 7 '\/
> H H > H N
D _N D H
Pg +N (o]
R
R2 ) 0
R n

2. N K EHEH SR O G Rk

EROFERE R T D720, KEOY AV 7uarava=y b 127 Z @O EHUE TAKT 2 % BN
ot T, dmme%’iDﬁiémt79w7w2ewL%@Ify%ﬁﬁﬁﬁﬁmmmsmmﬁ
mERATL 2 %Z 2, Vo oRRIZRAr— L TORKICELTEY, > /a7 A AF AT LT

T ERONAEEE Y 7 n T a8 o=y NOABIELE VK FEME (> 98% ee) TAMOL=y N &R AK
T&, FENRRMEEZAM LT ZUOThREEMEABIZE 2 BB 2 BEICITHERE AN TH 2B, b T A K
DERNEIET D120 T ZEDOREAHIZIIRME TH o7,
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—L1-31 Z EEMIC 2% ee DT v F A ~—ilFIRTEZ, 2309 EAKT D Z ENARETH -T2,
BT, Swern FAKIC LD 131 Db Rrd v AFAREEBILL Ty Ay I/ nTruiva=y 127 & Lizf,
BT 22 LT, 98%ee £ CoF U FA~—BEIREZZDDZENARETH D Z LRGN0 | HRIEMY
2y rnFnsrasy hOKEARIEEZ TS T & T,

Scheme 1-3. Y AiEMEYy 7 a7 as X o=y b 1-27T DERK

1. Swern ox.
_, 2. recryst.
_~_OTBDPS (e 42 B OTBDPS  (hexane) ¥ OTBDPS
HO quant. HO 2 steps 80% CHO
1-30 1-31 (92% ee) 1-27 (98% ee)

B LIy Ay 7unFasiva=y b 1-27 7°5 Scheme 1-4 (R4 K 912 N KIS E#ZEEA 1-1 — 1-14
RO LT, MHFREOEHOHFEF o Ty Ry s n T a2y b 127 HOAR LIS LAY 1-32
DG-TH U ANT f ZVFEFRINK IR LV ERE L% E U7 2 7 % Boc 2 TFR# L, ¥\ C TBDPS
FZ& TBAF Z W CHRELEHE. A U7 a—o Swern bz LV 7v5 v K 1-33 21572, 12 Pinnick
Bl L0 VAR U~ iR b L7-1%% . DPPA ZHWTEET ¥ R~LZ5H#a L, Curtius #5712 X 0 54 5 A
VT = R E U, RS T TR L CTT 2> 1-34 457, ZhiZxt LT Armstrong 5 O J5i%
IZHE> TR LIEB-F 7 b=y b 1358 %6 L TILEaW 1-36 2457-, 1-36 @ Boc HE&FRELTT 2
V137 & LTtk 7R EEENEIIST ABEAMIC LD 7Tk UTER LAY 1-1 - 1-4 & F TR
AEEAYEIZ L VA OT X BEMA L TEEE® 15 — 19 KON 1-14 # TN ENAK LTz, 1-14 O
Boc #: & BrE L TEMILEY 1-10 25k L, FIZZD 7T X/ ez neixtic T s iz kL v 7ok
L CEM LAY 1-11 - 1-13 2 ARk L 7=,

Scheme 1-4. N KU E A B 1-1 — 1-14 KO LR 3 L E#AR B A 1-15 DAL 2
(0]
0)\—\[‘*'\/
03 1-35

H
1, 1, 1,
S OTBDPS T B
. OTBDPS _ref. 35 H ad H CHO o H NHz
(\/ Oy N —_— _N B _N - >
CHO S Boc Boc
t-Bu & X X

!

1-27 1-32 1-33 1-34
L I
2, ”
SN o j “ N o korl 1-1-14 mornp 4. q
! Hﬁl TEAN HJ\(')R O 5.9 TR Hg e 11143
Boc” o 2 o) 1-14  (from 1-14) (from 1-10)
AN A
1-36 1-37

®Reagents and conditions: (a) HCI, THF/H,0, 0 °C; (b) Boc,O, Et;N, THF; (c) TBAF, THF; (d) Swern ox., 66% (4
steps); (e) Pinnick ox.; (f) DPPA, Et;N, CH,Cl,, 0 °C to rt; (g) toluene, reflux; (h) KOH, THF/H,0; (i) 1-35, PivCl,
EtsN, CH,Cl,, 0 °C to rt, 48% (5 steps); (j) TFA, CH,Cl,, 0 °C to rt; (k) RCI, EtsN, CH,Cl,, 0 °C, yields (2 steps) were
as follows respectively, 1-1 (R = isopropanoyl) quant., 1-2 (R = Piv) 81%, 1-3 (R = Bz) 78%, 1-4 (R = 2-naphthoyl)
92%; (1) R-OH, PivCl, Et3N, CH,Cl,, 0 °C, yields (2 steps) were as follows respectively, 1-5 (R = Chz-Gly) 96%, 1-6
(R = Cbz-p-Ala) quant., 1-7 (R = Cbz-Leu) 64%, 1-8 (R = Chz-Phe) 66%, 1-9 (R = Cbz-Trp) 65%, 1-14 (R = Boc-Ala)
quant.; (m) TFA, CH.Cl,, 0 °C, quant. (1-10); (n) Pd/C, H,, THF; (0) TFA, CH,Cl,, 0 °C; (p) CbzCl, Et;N, CH,CI,, 0
°C, 66% (3 steps, 1-15); (q) RCI, EtzN, CH,Cl,, 0 °C, yields were as follows respectively, 1-11 (R = Ac) 59%, 1-12 (R

10



= Bz) quant., 1-13 (R = 2-naphthoyl) 95%.

3. WV U HIRE IR E R DA AL

B VR R o AR B BRI 1-16 — 1-23 14 MAFZEER O F IS K 5 pre-cis FAPEMR 0-10 DA AIERT N fE v,
FRENEGT D Grignard 3R A IV T H LR F L SEEE L 238 A L CA R L7 (Scheme 1-5), /LR %
CHEIC T F AT AR A 1-15 13 1-14 D = VAR T L% Boc ABREL TAELET I/
#:% Chz b L CHRLk L7z (Scheme 1-4),

Scheme 1-5. # /LR & 3 HL B E HH EA 1-16 — 1-23 DAL ®

1,

. _OTBDPS & _OTBDPS F~_OH B2 CHO
aorb H c-eorf,g H h H H i-k
O.__N — 0. _N —_— _N —_— _N —_—
S A =S Fmoc Fmoc
B t R R

t-Bu -Bu R
1-29 1-38 -1-45 1-46 - 1-53 1-54 - 1-61
o, HO
g N'B o 1-35 '\/
/N H j/r\
Fmoc
R
1-62 - 1-69 1-70 -1-77 1 -16 - 1-23

®Reagents and conditions: (a) RMgX, toluene, reflux; (b) RMgX, CH,Cly; (c) HCI, THF/H,0, 0 °C; (d) FmocOSu,
Na,COs, THF/H,0; (e) HCI, AcOEt/MeOH, yields (4 steps) were as follows, respectively, 1-46 (R = Ph) 60%, 1-47 (R
= Bn) 56%, 1-48 (R = phenethyl) 35%, 1-49 (R = phenylpropyl) 26%; (f) HCI, AcOEt/MeOH; (g) FmocOSu, Na,COs,
THF/H,0, yields (3 steps) were as follows respectively, 1-52 (R = 1-naphthylethyl) 36%, 1-53 (R = 2-naphthylethyl)
48%; (h) DMP, CH,CI,, yields (4 steps) were as follows respectively, 1-58 (R = 1-naphthylmethyl) 20%, 1-59 (R =
2-naphthylmethyl) 20%; (i) Pinnick ox.; (j) DPPA, EtsN, CH,Cl,, 0 °C to rt; (k) t-BuOH, reflux, yields (4 steps for 1-62
— 1-65, 1-68, 1-69 and 3 steps for 1-66, 1-67) were as follows respectively, 1-62 (R = Ph) 70%, 1-63 (R = Bn) 74%,
1-64 (R = phenethyl) 70%, 1-65 (R = phenylpropyl) 62%, 1-66 (R = 1-naphthylmethyl) 64%, 1-67 (R =
2-naphthylmethyl) 64%, 1-68 (R = 1-naphthylethyl) 59%, 1-69 (R = 2-naphthylethyl) 52%; (I) K,CQO3, MeOH; (m)
Chz-Ala-OH, PivCl, Et3N, CH,CI,, 0 °C to rt, yields (2 steps) were as follows respectively, 1-70 (R = Ph) 74%, 1-71 (R
= Bn) 70%, 1-72 (R = phenethyl) 84%, 1-73 (R = phenylpropyl) 88%, 1-74 (R = 1-naphthylmethyl) 97%, 1-75 (R =
2-naphthylmethyl) 89%, 1-76 (R = 1-naphthylethyl) 94%, 1-77 (R = 2-naphthylethyl) 98%; (n) TFA, CH,Cly; (0) 1-35,
PivCl, EtzN, CH,Cl,, 0 °C to rt, yields (2 steps) were as follows respectively, 1-16 (R = Ph) 100%, 1-17 (R = Bn) 100%,
1-18 (R = phenethyl) 86%, 1-19 (R = phenylpropyl) 87%, 1-20 (R = 1-naphthylmethyl) 74%, 1-21 (R =
2-naphthylmethyl) 82%, 1-22 (R = 1-naphthylethyl) 76%, 1-23 (R = 2-naphthylethyl) 83%.

4, “EBHEROERK
N R¥ERERIZ 2-F 7 b A VI A2 AT HEALEY 1-24 1%, /LAY 1-64 7>5 Scheme 1-6 [Z/RT K 9 ITERLL
7~

" Grignard ST X 0 A L7z L AR 3 o B E L 0O f e ST AL 132 B Mosher RN L0 e L7 (RO
W)
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Scheme 1-6. ERILAY 1-24 DERE®

1, ,

B _Boc Iz _Boc k/
" SOUPA ”Oﬁ
Fmoc/N N o1 35
a,b

R — (o)

T
T

1-64 1-78

®Reagents and conditions: (a) K,COs, MeOH; (b) 2-naphthoyl chloride, EtzN, CH,Cl,, 0 °C; (c) TFA, CH,Cl,; (d) 1-35,
PivCl, EtzN, CH,CI,, 0 °C to rt, 48% (4 steps).

N KUz 2-7 7 hA VT T =V EH T 50 EEY 1-25 1%, L& 1-18 75 Scheme 1-7 12733 K 9
AR LT,

Scheme 1-7. f2r{LE%) 1-25 DAL ®
0 0
o Zy b 0 g '\/
H H H H
OJ\N N © 1) ab N N © o}
oy e QWY

®Reagents and conditions: (a) Pd/C, H,, TFA/THF, 0 °C; (b) 2-naphthoyl chloride, EtzN, CH,Cl, 0 °C, 76% (2 steps).
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B RT U Ny A v ATIRMKROFEK O L YTEE

1. N RIm# EHGHEERO 7 v 77 Y — AL EENE

B LB E A D e b 208 71T 7 Y — 2 ChT-L iEMES 6 % BTS2 80 6 HE Suc-LLVY-AMC
ZAWTHIE L=, N REREBHF SR 1-1-1-14 0 F a7 7 YV — AEEE S Table 1-1 125737, "2 b0
N RSB BT EAR D 1Cs 1% 25 — 300 nM (2720 . N R EBRELEN 7 a7 7 Y — AREFIEICRE ¥
BLTWDHZERmD,

N RIS EZBANLTALED 1-1-1-4 D H b SIEENN SR T NV EEZ AT 5 1-1-1-3 D71
T T — AL EEMEILEE o 7208 (ICs=130—-230nM), 2-F 7 A VIEEZ AT HEW 1-4 1) — F{LEW
THhD0-10 LIAED T T 7 Y —AHEEME (ICs=60nM) Zo= L7z,

U—FREAM0-10 DT T =27 2 ) BEECTE S B 2. LA 1-5-1-91%, V— KA LA
DT T TV —AHEEFEEEZR L (ICs=28-57nM), 7 2/ BRIEHE X7 07 7 Y — ALEEMICH £
DEIETRWNI ENREBEENT,

U—REEW0-10 DT 7 =7 2 /& EOBEBILZ L H L7 (LEW 1-10 - 1-14 O 5 b i@ OBk PEE
WL AT H0EW 1-12 - 1-14 1358V 1 7 7 Y — A HEEME (ICs = 25-79nM) &7 L7272y, EHL 2
7272 MbEAH 1-10 (ICs = 300 nM) R OVKNE 2 7 B F V2 H T 5669 1-11 (ICs = 230 nM) Tli, K& 7
7T 7Y — AREIEE ORI AR DAL,

DD N KRG E B EARIC KXD RFEREIEYEFBIFEIC L D . RT 7 b URBEEROT T = Ak
BIRIZZ a7 7Y — L EOMAERIZBWNTHE Y HETIX/R2WDS (0-10vs. 1-4 - 1-9), 7 X/ H E OBk
BHELE T 0T T ) — AOBKMEREE R v FA~LEET L7200 U —HE L THEEEL T\ D Z L AVR
eI 7e (1-2vs. 1-14), 7 7 = MEE A FF2 720 N RIERIZ 2-F7 7 A VEEE BT b6 1-4 H3igEV7 o
TT Y —AAEEEEZ R LIEOIE, 2277 A VERKRE W=D T aT 7 Y — MBKMERT v MIET S Z
EMARETHDHT-OEEZOND, T2 ALEW 1-14 (TR END K 9T, BUKMEERRILE LCid, FEBKED
FrTe &P HRIA IR E B © RN BAER T2 2 E BN 0oz, 25— N Kl E gk EJ iRk o ¢
N-2-F7 " W7 7=V 5 /T HIEW 1-13 ik b i i7e 7 a7 7 Y — AHEESEZ R LT (ICs = 25
nM),

Table 1-1. N KEHRE B EL 1-1 - 1-14 O T v T 7 YV — AHEEME

m“

compound number ChT-L activity, 1Csy [NM]?

0-10 ©AOJOLHJT% 49+95
11 A 230 + 40
12 >Hf% 210 + 25

C T oA ZNERLD, LA 010 XTI R AD IC, ERAFHR TR LULAEL Y bEL o TV D,
13



1-3 QYE 130 +13
1-4 E 60 + 12

15 @AOJ\H/\”}L 41+11
16 ©A0)L”j\n}i 57 + 12

o}
1-8 AOJLHI z 30+3.1
NH
!
o
- +
1-9 OXHJ;E{Q 28+26

1-10 BN 300 £ 70
1-11 )OLNJYE 230+ 35
1-12 ©%NJY3 79+13
1-13 “A JYE% 25+1.7

1-14 >LOJLHJ§O€% 77412
belactosin A 1440
bortezomib 45

®Based on three experiments

2. VAR F VEERGRE RO T 0T T Y — AHEIE M
J VIR VI EHAGEEAR 1-15 - 1-23 D T T Y — AHEEMEZ Table 1-2 12574, 2R HD A LR F
FEIPEHFHEIRD ICs 1L 5.7 — 200 M (20720 | HVARF VBN T 07 7 v — AHERHEIC KX
WS L2 LN 0D, V= AW 0-10 D = VA = F VLGl i 2 726 &% 1-15 13 0-10 & [F)%
@7D77/—A@£@$0Qﬁﬂ&m)%%b TS AT D R D oD BEHIEN AW AT
ThdZ Engnole, INARFVEMBIZT = =V EHT 2106 1-16 (IC5o =90 nM) TIE7'm 77T V—
ARAEIEVEDIK T RA LN, 7=V EEOMIZT XNV Y v —%E A LTAbEW 1-17 - 1-19 TiE 7
77 Y —AEEEERIRES W EL, T 7 = X FAEEET HEW 1-18 13 ICs fHAY 5.7 nM & | i
KTHOBNTWS 7T 7 Y —LERRLVT Y IT (ICh = 45 nM) L RIZEDES1727 0T 7 Y — A
FIEMEAI R U2, 2, YAV URERTHLEM 1-20-1-23 TiE, ST HTAF LY vh—RDO%EL
WARCBUVBRERT AWM T e T 7 Y — AHEEEME T L TR Y (1-17 vs. 1-20 — 1-21, 1-18 vs.
1-22-1-23), 77X VULV XU BUBRO BRI AERNRETH D Z LB 0oz,
14



Table 1-2. /LR VIEE B EIR 1-15 - 1-23 D7 a7 7V — ARHETEME

O k/
o NN
S
H
o R?

compound number R? ChT-L activity, 1Csy [nM]?
0-10 NG 49+95
1-15 PN 38+11

1-16 @(ﬁl‘* 90 + 20
1-17 Qs 14412

1-18 @Nz 57+12
1-19 Ol » 35+9.1

1-20 E 130 + 17
1-21 i‘i 200 + 44

1-22 ”z 63 + 10

1-23 %i 29+78

belactosin A 1440

bortezomib 45

®Based on three experiments.

3. “EMFERO T 0T T Y — AREIEME

IR OREETEVEFIBIAFTE DN D, AR VIS T = X FVEE A L, N RERIC 2-F7 7 bAoA VIR E AT
LG 1-24 K OXN-(2-F77 bA )T T = VAT /bG8 1-25 Zi%it - kL, 207 v 77 YV — A1
VRN AR L7 (Table 3), WML b X Ind B H/LR U EMIC E = Va2 G T 28I TV e
7 — ABREFEM AR L- (14 vs. 1-24, 1-13 vs. 1-25),

Table 1-3. “EHFHER 1-24 KN 1-25 DT T T Y — ALEEM:

15



compound number R R? ChT-L activity, ICso [NM]?

0-10 @Aoiujyi gy 49+95
1-24 % ©Nﬁl‘@ 33+84

1-25 HJ\[O(E QNE 10+1.0

belactosin A 1440

Bortezomib 45

®Based on three experiments

4. RT 7 NV UFHEERO C-LIEN, T-LIGMEL QMo 7 a7 7 — B Ik 2 HEE

AR LIER LA D 5 B, LAWY 1-4, 1-8, 1-13, 1-18, 1-25 (2 DWW Tk k 20S 17 7 Y — A C-L iEM &
O T-LIEPEIS 6 B IETRME 42 L 2 20 Ac-nLPnLD-AMC } Tf Ac-RLR-AMC % FV T T L 7=,
Table 1-4 IZ/RT L DI, RT 7 R UFHERIT ChT-L {EHEIRIRAYZ2FEAITH V. 600 nM & TF 1300 nM LA
LOBREICBNTORC-L EOT-LIEEELET D Z 0otz

Table 1-4. ChT-L, C-L M O T-L JEMEIZ %3 5 BHEETE M & Al faBe 5l il 4

IR
E N o
H
meAJEKk
R o)
R2

cell growth

compound ICso [NM]?
P ICso [uM]

number . . —
ChT-L activity ~ C-L activity T-L activity HCT116

49+95 1600 > 3000 0.91

0-10 @ﬂoinjﬁf%
1-4 i

1-8 jiN )g
o

RZ
.
N
S
O N I
o
ooyt
1-18 ©/\Oi”/'\[o(% ©/vii“ 57+1.2 2420 1920 1.82
5,
o

1-25 Hj\oﬁ«

bortezomib 45 130 1880 0.01

60+1.2 670 1900 11.2

30+3.1 1780 2190 4.16

25+17 690 1320 2.61

10+1.0 > 3000 > 3000 0.79

®Based on three experiments

“nLixsovaA T rEET,
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Ao RO Tar 7Y —ARERTHLRLT Y I 7L, <D0t 7 a T 7 —BIZk L CEEME
RTZEBRRESNTEY . IR EEZLMESIRA T Th 2 RIEHHRES 25 S’ ZJ A & 22> Twn
HEEZLNTWS, Mz T Rblmhh7TaT T Y — AREEEE R LIZLEW 1-18 IO\ Tio 7 1
T 7 —BICKkT HBEIGME A <7, Figure 1-5 27T X912, bLAW 118 IXL AT A T rT 7 —ETh
HHANR=E 3, BT T B RO T T T =B ThHDH b SR LT BERE AR ST,
TaTT YV — Ak L CEREISERIRN 2 LERCTH D Z E o,

120

100 -

A

Sna

80 +

—&—Proteasome

—H—Caspase3
60 -

Cathepsin B

40 - ——Trypsin

activity (% of control)

20

T T : T )
0.1 1 10 100 1000 10000
concentration (nM)

Figure 1-5. {LEM 1-18 DA A/X—F¥ 3, BT 7LV B KK U 73 29 5 LERENE

5. XZ U N UHERORE T 0T T Y — AREIEN

AR g 7 0 7 7 Y — ABLETE M O MR E O i E R 3 1 2 HEME S A STk 1,
U7 n 7y — MUERIORE T 0T TV — AHEEENER STV 5, LHLARRL, _TF7 b
HEERORE T T T ) — AREEEIC OV T I N E TICREN ehotz, I T, RNT7 FU U A L
LRI T T Y — ALEEME AR LTALE Y 1-18 ([2OWTCBsI T = NI B IEREME A Kuhn
51T & Y 5 ST active-site ELISA SN L0 FFli L7, = ho—n b LTI, EREIEEIRG, B5
BING, B5I RINMI T 0T T V) — AMERCHARALT S I T, T X AT PROST HHE, BB
Figure 1-6 IR T L 912, RT 7 Fr A RUYLA 1-18 135 K UPB5I 7= v M &2 IRFH L AEL
THEY, AT Y I 7 ERBRICIERIRAER CTH D Z Loz, T, E PaEllss A ka3
HAEMORE T 0T 7 Y — AHEEEO WO TORETH 5,

aps

1RSI

binding activity (% of control)
(1]
o

o
[=]

0

belactosin A 1-18 bortezomib  lactacystin PR-957

Figure1-6. X7 7 v A K UMbEH 1-18 D5fE 7' v 77 V) — L EIEME
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6. X7 7 k¥ UREEROM AR

Bk LTAERUE A D 5 B LAY 1-4, 1-8, 1-13, 1-18, 1-25 (2D T HCT116 HRIZ 63 2 Al 5E s i
TEM ZF~7-, Table 1-4 [Z"d K912, b DILEMIL ICsMH 0.79 — 11.2 uM T, MHEFEIHIEM 2 7R~
L7z, B2, ZThH{bEY TABE L 7= HCT116 Mla OB 2 it L7z & 2 A, AT Y I 7 LHERIC
NS B OMEAT 2 G2IM B T 1 S8 5 Z & M4y an- 7= (Figure 1-7),

2 control (DMSO) b 1-18 ¢ bortezomib

300 300 300+
S G1:13% G1:3%
S a0 §:15% 590! S:17%
5 G2M: 72% G2M: 80%
.8 100 10 100+
: LA A
=
= . ; L.

2N 4N 2N 4N 2N 4N

DNA content

Figure 1-7. {L&%) 1-18 THLEE L 7= HCT116 I o> 4l i J& 4 e bir

2. IRLOAMOMIRTOT BT 7 Y —AREEEE VTR Z Ty MEC K VT L=, A
PANHEIEGFEM TH D ps3 137 0T 7 YV — AL W R END Z LV ED—>Th D, M “Figure 1-8
(Rt oie, —EDONRT 7 b UFRER T L 72 HCT116 #ia Tl ps3 OFMMN A bz, /-, Zh

5O TIET AR b—v AD~—4—"T& 5 poly(ADP-ribose) polymerase (PARP) MUKz X 5 cleaved PARP
DEBNHZ LI, TR M= ARENIEH LI TS Z ERngnot,

D 0-10 1-4 1-8 1-131-18 1-25 B
p53 - v o ap & — @
cleaved PARP —_— —~ o= gw D
y-tubulin "R e — ——— GNP WP R T

Figure 1-8. X7 7 I U #F8 K CHLBE L 7= HCT116 HHflaH o p53 K& U cleaved PARP D fif (D, DMSO; B,
bortezomib)

PLEDZ e, R 7 M UFHERITMRZE T e T 7V — A% HE L, G2IM HCHIE B ol T %
BIEXHD LT RN —V RAZF SR IT 2 & THRRBEEIMHIER 2R L TWD Z ENH LN -7,

7. NZ 7 T UFHEROTH R YR ENE

—IEDNT 7 UFHERITKEMEDME S KR TCORENEFHI S NEETh o 7272, (b 1-18 D
Cbz # 4% LI-{b& 1-797I25u T, 0.1 M triethylammonium acetate (TEAA) #&#i% (pH 7.4) X't + AB
FUMEF T 37 °CITH1T 5 il 2. HPLC TERAFROMIFZE(L 2180 L CTHIE L7z, Table 1-5 (27§ &
2T, ALEW 1-79 1% pH 7.4 O TEAA FRIER T CTHEHAS 10 KFHTH Y | fhoB-Z7 27 M RO T T TV —
LHEAITHDIALT LT TA ROV Y 2 ART I K AR TUUEFEMIIO ROV EETH DL Z ERGhoT,
BIL2»Le2in, & b AB BUMIE T ToERMIE 2.3 2 L i THEL . AEFRSME T Tidid TREETH
Do,

T OAEBR IOV T B RO RSN (EROWSI)
P ARICOWTIEEROEE B



Table 1-5. X7 7 b v VB3R 1-79 @ 0.1 M TEAA FEEE (pH 7.4) &K Ot k AB RS FC o -8

o) '\/

TFA ?A N H
H Jk‘l /j\LOH
HZNJ\H/ © o} 0

1-79 omuralide salinosporamide A
t1, in pH 7.4 buffer at 37 °C 10 h 13 min® 56 min®
ty» in human AB serum at 37 °C 2.3 min

%From ref. 47

8. XF U NUHEKD T T T Y — AREMER O R

RT 7 N UFHERI T 0T T Y — AEEERIETH D N K Thr ko Fax v e 7 b3 52 &
T a7 T V=TT 2 AR A MEEEA L LTEH 2, b LAELEZ AT AREE P IKRSHEINL DT
HiE, TOEEMITYRTHL EEZHND (Figure1-9), ZNE T, XT7 7 b UFBEEKO T 0T T
Y — LHEMER D /[ T o 2 AR AIE TH DM DOWNTZE LAV TW e o 7z,

Thr
'\/ o Thr j O o Thr
J\—\X\ ¢ — - MOH HOW
OH O
belactosin derivatives proteasome covalent complex hydrolyzed product proteasome

Figure 1-9. X7 7 M Uik 7T 7 V—AEKRKE 707 7 Y — AOFHRIE(L

ZIT, NI M UHEROT 0T T YV — AHEERO R EEZ R D720, a7 T Y — A AW
1118 L7 LA v FaX—var Lictk, FEETHOTLEYZIRE L, REBERIZ TOT v T T Y — A
EMEEFHMI L7z, 2> he— e LT, AT e 77 V—LAHERTHLARNLT Y I T R ORI R~ a
F 7 — LRREF ‘(:‘3?)517/1/74/1/‘/ LTI ONT G FBEICERZ1T - 72, P 3 YEigure 1-10 (173 kL 9

AbEY 1-18 TR L5 E . BRERERICT 0T 7 Y — AOFRIEERA LN, TeT T Y —A DM

%WthXTW#Aﬁ@o<D&mm\%éﬂfmé EDRTRBENT, LEOFERIZEID, XTI K
UREMRIE, AT Y I TR EMEERENE TN 00, AT T T Y — AHEAITH D Z L
NIy o Tz,
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60

40

O standard

O wash-out

20

o il o

1-18 bortezomib calfilzomib

Figure 1-10. 717 7 Y — AP EVEF 0 ol 55

proteasome ChT-L activity (% of control)

9. XZ 7 kv UREEAROARETEMHIER I DWW T DB

FROEIIC, HONRT 7 UKL, 0T T Y — ABLEEMEC D & W B &R,
LLZR D, AT Y ITNT a7 T Y —AHEEME (ICs = 45 nM) & IR X [R5 oo #3858 5 il 15
(ICso =10 nM) Z/RT DIZXKF LT, T 7 b CFFEERO IR EFEMHIEN (1Cs = 790 — 11200 nM) (X7'=
TT V= LEREYE (1ICs =5.7-60 nM) (ZEHEARTEH L <KWV (Table 1-4), JeDEBRFER NS, ZhiE, X7
7 NV UHERNAERZNRN T TR TARAZETH Y, HoXT 7 N UFHERO T 0T T — AETE
PEN I TH B0, MR TT T 7 Y — LA fFGHICIE TS Z e B TEARNED EEZLRD,

10. T 7 MU URBEERE T T Y — AOIHER O X RS S AT

KbmW\WraT 7 Y —AREEEEZ R LA 1-18 & 7 u T 7 ) — A O FH T2 T XS Sk i R
Mrafro, aEREAREBICRB T 2 AN EMEE L 72, Figure 1-11 1284 X 512, {bEW 1-18 1Z 2N E Tl
WESNTWDRENT 7 by CHEk LR, B7 a7 Y — A8 PR AEICHA LTS 2
EMG ol Fm, B-F 7 bUENL. TuT T Y — AL OEEARATERICE VR L TR, BALENY
TDEDITERENREM L TWD ZENpND, ZHUE, 7 a7 a XU liEEfT 577 M Fako
X i A E AT O 1D T OB TH B,

TRG RN VUVHERE D b REETHoTT ) S AET IR AT T T Y — AEEARNR A TH D -
WIZT a7 7 Y —APREENE (ICsh = 0.7 nM) S IFIF RO F) 72 BB SEAHEIER (ICs = 9.5 nM) Z/R9 2 &
NEES TS,
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Figure 1-11. &%) 1-18 DR5 7 2= F~DfE A+ (PDB code 4J70)

LLE, EHIIANT 7 by AV ARIRPR O ZRHAMEETE MBI JEIC K v | WE P RIS EIC s T 5
HEIETEHMRE A LT 2 &I, AT Y I T EMEO®N T 0T T Y — ALEE 26T 5758 K
1-18 i L7z, BT, NT 7 M UFRRITEAREMIEATH O 216, 207 w77 Y —LHEE
MFAHNTHL ZE2MHNT L, RXT 7 by UFEROMBEEIEIHEIER 2N 7 v 77 Y — AEREEMEC
EEA_NTERWEBICOWTEZE LT,
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BB RS2 RUvA Y RBIRMROTEE R DT HE AT
B I A A O TR BT

A FES AL A DI SA RE O IR BE

WHE GG, B R E L RERLEAR-GZRT 52 & T, @A ORI EM 2~ 7
ED, L ORAREAMEALADNER THO LA TN, Wﬁﬁ%Aémiﬁt%@ﬁ%&yﬂaﬁ

ft/m\ %a@iﬁﬁ%%f Figure 2-1 (29, AT ERISIEN X LR B LGS 2T 5729

=8 W2, BER S R BIZHEIEAERE A AAERIC X o TRk s v, FEILEREEMHESER (P1) %mﬁ

DMEN DD, RWT, A REEVERER OBOGE EFER 2 X7 B ORISR H: LTz @m=p v X — 7%

BAREE (P-1) 2R L CIARAMEEAE P-) OFkicED, B

1.

(Y

P+l P -1 P P—I
) focused in this study
protein i
—_— —_— .
- — O «— { o= } wm
y t iti tat
- ransition state
covalent inhibitor low energy state covalent complex

(high energy)
1 ]

© reacting group of ligand
== reacting group of protein

Figure 2-1. dHFEEMALEMDIER) % L R 7 E L OfEAREE

non-covalent complex

HATREAVEPLEH AR & L X7 B L RIS 2T D856 A GV AV BRI RE
EEDIIAR-EEMEEARERENT 5 2 & CTHEHHICHFS LTS LB 6N, TCoHaE, Ak
BB A % P AL ‘i#ﬁﬁﬁ’*ﬂ*\ﬂdﬁ‘"‘é (ZBT DHEEETH Y HIEFHRICIE S T B A 22 155 MEAR
BIbFTE 2 B D 72 0l2id, AR AR AR OMIE 2 ITT 2 LENH D, LERIEILARATERE
(P-1) %%EJ‘Z@“%){K/E.\%@fE'/\ . AL EMOGE LRRIC Ny F 7o Iab—2a0% X
MRS ARG IR IC K DT S WRECTH D, — 07, FEHARAVEEAIE (P) PALETH Y . T OHEEME

DA TE A TEREIC B ITIRTE LT D LAY Tl IEMERLE DY 8 = KL ¥ — TR EREBIREE (P-1) 3T
BRI DREBREL IR D72 RO Ry F 7y I 2 bL—3 3 R0 X B s T (2 & 2 it 1 3
ThD, o T, IAREMLEYOBEBRIELEFCR T DGR T4 2 FEOHZIE. K0 A3
IR ILEREEIELER OB 2 fTREIC L. AL EORRICFETL b0 EEZbND,

ZNﬁﬁhvyAvxmﬁﬁwwﬁﬁwmﬁﬁmw
BB W TR L5 %ﬁiA??F//A/Xmﬁﬁw@%ﬁm%L%@W@ﬁw v, i
ﬁ&7nr?/~A@%ﬁé%ﬁ#ém%%Lm%ﬁML\%@ EHEMEAIRRBICBIT A T T T V— LS

"R & //\7’%"&&%“ LTI T B H = 2Bt 5 ARG MERLE A O X912 A REE TR AT i) 72 by

2id, EARASREBICEODTHIFRAR- AR AMERIIEERERHZ R LB OND,
T A LB NT i’“ﬁ@d)t&‘) ERIRE L IELARE S IREBICE D D,
' ibﬁf*/\ VAL W DMRI) 2 2 3 B & R3S TR 2 56 £ OILEEIEIIEL AR S EE S RO

EME L A REETEAMEE (AR EROTEMA TR L X —DRES) ITL->TRED, - T, LAREMA
A%&*“ﬁﬁ& //\7 HOHAREEMEES RPN EEIEZ RS OISR EEEEZA L TORWES, EHEEME
TR ETRBEICRE IKFT D2 L&D,
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B JRE & XA AR I AR AT 1 2 0 B BT Lf:o LU s, fEHIcsi) 2 8GEB O K& XOEIEL 785
B-factorPIAs LA HE A IRRED 1-18 HEEERICH W TEL . & 0 DI EEEERIBINIE L » 7T 7 Y — LE
ﬁ¢_ngﬁé_k@%%#@NX%%&Uﬁ»T%/g%%aU% yCix 80 AP LUk LMo TR o T
(Figure 2-2), it~ C, EAHEAREBICBWLTUIINDS “SoOBUKMEERIL LY STefERiX, Yu77 V—2L40l
FHIEMEICHBO CEETH HIC %%b%#ﬁmfﬂm< IaTT V=N EHRAITHEER L TN &
DIRE S 7,

covalent complex
Oy g

o

HN

s highly flexible
‘ (B-factor > 80 A?)

— o )
\ijf/’\\\ \ / HAN=__Thr

‘\ —0

insignificant | /\/_\

interaction \ /
\ / proteasome

/
N 7

NH S5 0
0 HN \/

FIgUI’GZZ 'ﬂﬁ/\q:@l 18 <E7E177/ UNDE:! FHE@X#%'I’J:EE*%L (‘ftﬁafﬁj_q:’@l 18 1% B-factor @f k_Xj“
JELTEMITOLNTEY, EREWIFEERS, RN EFL D)

R Y N UHEEN TR T T — A ARG R T DERICIE, BATR-T7 7 MUROBRBEEHED -
W, EBHOMEHEEREN ) E LT, B-F 7 FUE LI R E eEZeNE 5 EHESND, > T, N
KIih K O V7R 3 o R E UL 2 B i i 3L AR SR 2 ZElb 76 2 & T, e 7T Y —AREE
PEIZTFH L TWDED, —EILAHEENEREIND &, B-7 27 M HOBBRIC LV 5| & 2 S iE2 s
Ko THTeTr T V=L DOHAERPHERFTERRoTNDH LD LHEETE 5,

RT 7 N UHFERO T 0T T Y — LLEREICRT AR AEEAE P) OFGERID D
LB 1-18 DR-T7 7 h & B-T7 7 X A CTEI X T/LEW 2-1 Z#3%Ft - AR L. TO7aT 7 V— AMﬁ
TEVEZ R L 72 (Figure 2-3), k& 2-1 é:ﬂ:/\% 1-18 DEWHEEEEIEO -, ZhvooflbEm e 7T
TV OISARECVEESE (Pe1) D% iﬁ&&&%z%ﬂé#ﬂ&7&aAm&9&bymw&

THALFRNCLTE TH D720 b EW 2-1 DILAFEE TR I LA 1-18 & [~ T3 L <&\, Figure 2-3
R KIS AbEW 1-18 Mg Si7e 7 a7 7 Y — AHETEME (1Cso =5.7nM) ZRTDIZxI L, EDBR-T7 7 X
LIBARTH Db EW 2-1 132 T a7 7 Y — LMEEFERZ RS8035 72 (1Cs > 10000 nM), ZD Z &b,
RT T N UHEKE T T T Y — AOIAFREEGHEEAER P-1) (X, e T T Y — AEFEEE AR TIZE
T RETIERL . N7 M VHBERO T 0T T Y — AREEMIRE DA A TR 2 RITKET 5
MR I NI,

T ARRIZOWTIEEROE A B,
VKBS T VBT XD BKERES R —~OBHII KR E EL L L 7 LBAN, T a T T Y — AN T as
T—YThHrIrEZXDL, F7H2LELIEZEICEY RELSAFBHEAESERNAET S L1TE 2TV,
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X ICg[nM]

118 O 5.7
2-1 NH > 10000

2 o
@ﬁo%“g B

Figure 2-3. {L&¥) 1-18 DB-T7 7 % DRI 2-1 ORgE & 7' 7 7 Y — ARRLETEME

FdlOFER IV | Figure 2-4 13T X912, RXT T MU URFEERO N Kimidl L VR U HERD —H>D

BUKPEEHILL, 7rT 7 Y — L L OIARERTEROBBIREL LZEN L, ARG EREST 2 Z &
TTu7 7Y —LAHEEEICHFG L TWDbDEERZDND, EoT. NT 7 b U BEROTEERL R,
HH AT OER BB T DAL TH D EEZBND,

non-covalent complex (around transition state)
o)

o) H ﬁ&lﬁ/\
o)LNJ}(N o, HO
/_H\O o

effective
interaction

proteasome

B-lactone-opening to induce
conformational change

covalent complex

O

HN -
NH : o]
highly flexible © HN \—/
2
(B-factor > 80 A?) Hd o
insignificant

interaction

proteasome

Figure 2-4. {bEW 1-18 7' 17T 7 YV — I & OILGAFREETZRUZY: O ARDFE G IRAE D Z1L

LLEDERI Y HEHIIRT I N UHERO T 0T T Y — AL ORGESTROEBRIRIELECE TS
FEOREZ B DT 5 2 & &3 Lis, JEMEREERIC LI LIZHWO LD FIETH S, BLREHIRFH S
DA L DR T T —F & PCAERIREET I 851 DR AREMAT D700, Fii-/z Ry ¥ 7

a7 MIESEHELFHNT 7o —FIi2 k> T, FERILFE R OB LA OME N HRT 7 b3 FFEk
DIEVERLEZGRES 2 Z & & LTz,
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55 F IS TERCEARAT A FE T U 7o B RS SR DR EF & B R AT

1. a7 anxrEBREFR UEESIRT SR ORE

a7 anNrOENENORERFIZT I ) T ARBICEE SN TWDS, (o T, VAREICH D B
BRI 13- T VABREDORE BSIERIENDH Y | Zhak s 7 nr a0 BR LS, B85 5T Figure
25T EHC v T e Ry EOBBEORIEIZY 7 a0 a R BERNR/NERD IO ICHIEERD,

S /A@ M
G s
>< 7< R = alkyl, H, etc.
bulkiness: L >M > S

Figure2-5. 7 n 7' m /X ExH

Figure 2-6a I~ L 912, (LGP 1-18 1BV TIE, 7 u 7 RUBRORERF (Cl) & BREALRFEIRT
(CL) FDOFEADEIERL, v 7 a7 a/ XU BAHAOREIREE C ZRET 5 X2 ICHIBRI, a7 7 Y —A
FEVGVEICEE 22 N RS O V7R 6 S B 2 Se il X 23, 7 v 7 a /X B8 & ROeHil 2 1a) < B2 A (anti)
&L RUCMZE R B B (syn) WEERETH D EZEZDND, Zivb H>OE SN DL EREM Tl
IETEICHZEDB-T 7 b R & il X O ZRSTTIZEFELE A K E < B D720, WInh— 0 EHEE TH
LEFREND,

a) 118
- o) o 0 - 0
HS ™OH o X )M H o HR V&H o
(0] (6] O
A (anti) B (syn)
b) 2-2a
- - O
X '\/ Me k/
TR N ——=— [#RX, N 0 y
H 0 X o)
o o @AO)LN/LWN 577‘
. H
A (anti) B (syn) X = o
c) 2-2b
- o - 0]
X ) b Ho k/
153N = N
Me H 0 X e\st o)
(0]
A (anti) B (syn)

Figure 2-6. (L&) 1-18 K O O ELFEEHIBREEEAA 2-2a K O 2-2b DHERE 22 7E Bl JFE

LU LT, Figure 2-6b K T Figure 2-6¢ ("4 & 912, BEEALIKHEITL T (C1) Lo pro-R DKFER T %
AFIVIETER LT-ALEY 2-2a TIEZEE A (anti) 25, pro-S DO/KEFR 1% A F/LEETEH LI-{LEW 2-2b T
IEEEB (syn) 23 ENEIVEA LT A TFARKRITER T HRERY 70T a R BRIZL > TRLEE LR D,
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Z D72, ALEY) 2-2a O 2-2b O EREILZ I EALBLEE B (syn) K OBEE A (anti) & 722 TEPERCAE ]
PR & - BB NG VE 2 R FF9 2 — 5 C TRTEBLEE & 138 e 2 BRI R S U2 S AR TR & < TR PEME
TT2&EAOND, o T, ZNODOERERIRFEAEZEHR L., €O rT T Y — AEEEEZFHET 2
T LT IRTEREBIC B T D E X &7 v T r S BRONERIRAY syn E721E anti DWTIVTH D5 B
IZTHZEMARETH D EEZOLND,

Figure 2-7 IZR" T L 912, —HDORT 7 b A ¥ ARBEMEDIGEVEREICET 2R 255720, (LE
¥ 1-18, 1-24 X U* 1-25 OFELFEESIRFEE(R 2-2a — 2-4a K U* 2-2b — 2-4b 5% L 72,

-\\‘\k/ conformational

restriction

1-18, 1-24, 1-25 2-2a - 2-4a 2-2b - 2-4b 1 25 “)LNHJﬁ(%lg

Figure 2-7. iXal L7 7 v 7 N B A2 R U 7o Bl R %

3 IFRHRAT K 2 B A ) BRI 0D Bl R f AT

MacroModel 9.9 (Schrodinger, LLC) Z MW= 5t RICE 5T, X7 7 by A U RABIBRMRDOFE
1K 1-18 & Z OB FREFE(R 2-2a L O 2-2b OSLIRELE Z fifgh L7z (Figure 2-8), &4 1-18 IZ DWW CIdHE
TEI@ Y Figure 2-8a [Z7x79 anti K& N syn BCEED D DZZERCE NS B v, anti BLEAS syn BOEIZ L~ THENC

BETHDHZ ENynoTz (AE = 1.2 kcal/mol), F7=, IZIk_7= L HIT, T ZDORELEEMERRCIX
7T 7V — AREIEEIC AR B-T 7 R (BkER) &N Xﬁ%%ﬂ&oja/w“% I A S TR X (4:’*‘@)
DO ZRTTHZERBLE N K E K B0 b Z ERRTHEN D, £ 7= BlAEHIFRFE (A 2-2a L UV 2-2b |22 T % Figure
2-8b IZRT L DI, ENENHEEBY syn KON anti BUEN A ERE & L THE AL, anti &8 syn Bl 5
& @EZ\/V#H%ﬂ%ﬂ%M 2.4 kca/mol & TX 7.1 keal/mol Tl % Z & W oyinot-,

PLEL 3 F it i KL 2 —EOFERORVEMHTERIL, 7 v 7 a R Bh 2RI LBl RS
KOFFHEZXFFTHLOTHY, 2D OFRERIRFERE AR TH L & L,

" At 1-24, 1-25 & = OBLEIRFE I 2-3a - 2-4a K ¥ 2-3b - 2-4b {2V T b AR FHERE RN D (F
BROWMEZH) .
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1-18 (anti) 1-18 (syn)
b)

2-2a (syn) 2-2b (anti)

Figure 2-8. 23 F /1 HEIC L 0 E ST L AW 1-18 & Z DECEEHIRFEIL 2-2a M Y 2-2b D22 7E Bl

3. BJEHIFRFHEIR D NOE B OF X ik s S AR 1 & 2 Bl PR A

B U= BOEHIBRTE S0k 2-2a K OF 2-2b (BUSEHIRTEIR D & RIZ SV TIASE LHBI) & hbof
ItEMTHD 1-18 IZOWTHEHZ v rR /L AT 2 L EREZ NOE FEBRIZ X v Fi-~<7= (Figure 2-9),
2-20 125UV T, Hy OIS T H 12500 T NOE MBI S = 2 & 20, syn BUEA & - TUN5 2 L 2SR S
iz, —7FT2-2c 122V TIE, Hy OV He DS T Ha I3 T NOE 3Bl S 7= & & /b anti B4 & -
TWD Z L AVRB S, BIZ, BULAWTH D 1-18 120U Tl H OIS T Hy X OF H, 123510 C NOE 725
HISAUE 2 LD, anti BUES & > T B 2 LAVRE S, S50 NOE ERIT X 2 BRSNS T 5 7
NI L 0 TS N R R & X

1-18 (anti) 2-2a (syn) 2-2b (anti)

R= ©/\oj\ujﬁgn\;’
R = ©/\/ii

* cannot calculate the peak area

Figure 2-9. NOE #IiE(Z & 2 B FREHE(R 2-a KU} 2-b & Z DBULEW 1-18 DEESRHT

T, BLEEHIFRFEEAR 2-2b IZ DWW TIT RS SRS G v, X AR i A E AT I 2 0 A5 s anti Bl % & > T
W5 Z &g ho T2 (Figure 2-10),
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Figure 2-10. BCAEHIBRAER 2-2b > X ik S i S A AT

LB, Z# 50 NOE JIE M O X it st G MREHT (- & D BUBEMEATIC K 0 | BRGF « Bk L7z —H DR AR [
FEEPERC D FAFF RIS LY PRENCRLERELZGT L ZLBHNE R Hiff@E) 7 nrn
BB a R UTBLERENE D BERE L TV D 2 E NN O DTz, 6o T, — @ ORI IRFEEAR D 7 1

TT Y= AHEEREZFHET 5 2 & T, RXT 7 Fu v A U ARBEMAROFFEROTE MR IZ BT D RS
bnoboLHfFshD,
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5 H BOBEH RS EAR O AW TR

1. BOEHIRAER D 7 0 T 7 ) — KMLETEE K O s FEm ) /5

Ak U7 B I RS EAR 2-2a — 2-4a K TN 2-2b — 2-4b D& k 20S 7' 07 7/ — A ChT-L iEMEIC x4 B BLE
TG & @ W HEE Suc-LLVY-AMC % W CHIIE L7z, Table 2-1 (2" d K 512, Z4vH OFEERIRFEAR D~
a7 7Y —AEEEL, ENENSIET DY 7 n T u S BB IRER T (C1) Rl A F VAR 20
BULEW 1-18, 1-24 LN 1-25 07077 V—AAEEMEL Y IR o70, LU 6, CU-SAREMEARR
TTRT TV — AEEEEE T S L. A TORMEERR T UR-EMEEIRHET 5 US-BIEAE LY A RIS
mWTa T T Y —AHEEEEE T A N gl o T, XTI b AV ARIEMERD N 31@%%
O VAR i 2 & e faiid, TEMREIC BV T PR-EMIAFRIRE, synBETH L L EZ NS,

Table 2-1. BoEEHIBRFHE(R 2-2a — 2-4a K TN 2-2b — 2- 4b D7 v T T — A PRENETE K O i S 5E ) /E A

E. Lo
o
(0]

proteasome cell growth
compound a a
P R! R? conformation ICs0 (NM) 1Cso (LM)
number
ChT-L activity HS-Sultan KB  HCT116

o
1-18 OAOJLH%% 57+12 0.87 2.6 1.8
[e]

1-24 E H syn/anti 33+ 8.4
o (0]
1-25 ijo(ﬁ“z 10+1.0

o
2-2a @Aoﬂj\fi 47+2.9 0.31 17 0.63

2-3a 2 R-CHs syn 140 + 36
(o]
2-4a HJYE 42+58
o

(e}
2-2b @AO*HJYE 280 + 85 18  >10 >10
° S-CHs; anti
2-3b % 750 + 100
(e}

" IR- ifiﬁi@7 RTT Y LHEEE RS ENE ST 2 8UEM D 7T 0 T T Y — ARFETE M & TR -
FEHBE LTI DB ZEZOND, —2I&, BALL CU-AFNVENTvT T Y —hEHEAERT DB SLIARRE
e fotofb\Z)_I EMETH D, b 9 —oiF, IHMEREAF U syn Bl T H UR-FMER DAL BRI —F L T
WHBEMETH %, BLHEEHIRFSER TIIA TR EZEANTH 2 L TREZHIE L TWDH7D, RLTEREE RS
B DT I —HENRKE W,
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2-4b ”JT% 630 + 47

belactosin A 1440

®Based on three experiments.

F7o. B L-ERERIRFEEAD 5 B, 2-2a KT} 2-2b (25T HS-Sultan, KB } TN HCT116 iz x4 5%
HERE HEFE BN VE ] 2 7 U 7o, Table 2-1 12779 & 912, anti BLEELZ 6 U 7= Bl PR HI R F5 A 2-2b o Hi i 5
PHEERIX, BUEEMTH D 1-18 1A TR -T2, ZHITBULEMITHARTE LRV T 1T 7 YV — Al
EILME (1IC5=280nM) (ICX VA SN D, L LR35, syn BLEE I HIAE U 7= Bl PR E R 2-2a 13, £ D
TuT T Y — LEENE (1ICs = 47 nM) 2EEAY 1-18 (IC5 =5.7nM) L0 AEICEWICH D L, £ T
DOFHFEEIZ R LT 1-18 & RIZEH D\ T L 0 58 2 la s sE s E A 2 L=,

2. Bo | FREHEAR DAL 70 e OV )22 E T

— 38 D P A 1 PR SEAAR  KIATE DMK < L KIRIR TP COREMRHIAREE CTh - 72720 T EhULEY 2-2a
K R2-2b D Chz F % B2 U 7o KA A ER 2-5a J (8 2-5b {254 T, 0.1 M triethylammonium acetate (TEAA) #%
ER (pH 7.4) Ot b AB BUfiEH1 T 37 °C 1281 2 il &, HPLC TEAFRDOMEFLE L4 BHR L CH
£ L7= (Table 2-2), BUBRZEN 2 212, 2-5a % T8 2-5b [ 3ALAH 1-79 (T H TR, AEMRNIC L ETH Y |
CL- A F/VHEDE A L HELEFIENC X > CTLREMENSE Sl aTREMED RIS X7, BB HIFRFEE(R 2-2a 2381
ItAEW1-18 L0 b7 m T 7 Y — AHEEEMEWIC B D 53, X0 5 72 iEmsiER 2~ Lzl
IR COREEDENZI DD LIV,

Table 2-2. BoEEHIFRFE A 2-5a K () 2-5b @ 0.1 M TEAA FEEiE (pH 7.4) K O't ~ AB AU o T o -8

o) '\/
TFA N

H Jd« H

. ng
HzNLw o

ty0 at 37 °C

compound ) .
R conformation 01 M TEAA  human AB serum
number
buffer (h) (min)
1-79 H syn/anti 10 2.3
2-5a R-CH; syn 14 4.2
2-5b S-CHj; anti 21 4.7

" AbA i 2-5a KON 2-5b DEFRIZOWTITEBROE % S,
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FIUE ERRRELH BT DR ERRAD Ry % o 7 K DT

1. BRI BT DT oD Ry X rarte 7 b

FROL I, RT 7 M UHEEKI T 0T T Y — 5L OIEREATERICEEIB-T 7 P BROBBRICLY,
EHORHEZERE ) & LTB-7 7 bzl K& REEELNE 2 B 728, X MG s i ic L v i
Br L7z 56/ B IRIBIC BT D i AR DB IRIBT 5 IS B 1T D AR A T 2 DIXREECTH D, =2
T. Figure 2-11 [ 27k L7=87-72 Ry v 7V a3 v 7 MO ES GBI TIEIC L » COEBIREET
(2B DA BRI 2 2 & At L7z,

G FEAVEBLER] & AR & 27 B O FEATER OB IRIET 52\ T, AR A ML EA M Oy
BRI EDR IS EORFRIEERET 7 7 v F AT — L ZEROFLE Y /S, BEO Ry X7 7rass
DT ZE R EMERE P-1) 2 FHT D20 TH L0, 2D X 5 R TR TR L=
W5y G O RN EIRBEBIRIETE IR 2 A P) 2 THIT 52 LixTE AR, o T, LA AMER
R AT RN Z 378 (Figure 2-11B) Sk LT Ry F o745 &, BERIELEREVEEAIE (P1)
(Figure 2-11C) MEEFER L L TR O, EBRREICE T ARG EMIT 32 2 L idtikiewn, 22T, &
FIXIA R A VL EA OB R 1T D5 G RkEETIE & LT, Figure 2-11 HIZREEAD KHI TR LT
Ry ZkaBER LT, £, 7HRZ 378 (Figure 2-11B) OfED 5 B HEFSEVEBLER & K53
DIEWRARE L, Ry X 71280 TS A MERLEAI OGRS R X N R 2 2 L2 DD
ZLoTELH%EMAZHSL D (Figure 2-11D), RUNT, X BREGSEHREMEITIC X 0 B 6202 L7 ARG A MEE AR
(P-1) (Figure 2-11A) IZHT DFEEERADNS | EBIRAEITEE 1230\ TIATHE G MR E A OTEMELDS &5 6D 2 22 [H]
KOOI ZEET S (Figure 2-11E), Tz HiT, # X7 ORI OREIZ L > THOL o 7222/ %16
)72 Z kot ZE MR E CIA A MERER OIEHRN D5 KO IR L TRy X 7425 28T, &
BARBENT IR T 2 A (P 1) (Figure 2-11F) OHEEZ T 5 Z L AHED L B2 bR b,

removal of ligand docking
. —> 3 ®a
A (covalent complex) B C

trimming of protein structure
which covalently bind to ligand

D
restriction of ligand reacting
group position docking
L J <
E F

procedures for

L i r igan
non-covalent inhibitors @ reacting group of ligand

procedures for

S == reacting group of protein
covalent inhibitors ggroupotp

Figure 2-11. LG HEEOEBIKEBILGZICHB T 2 AR ERERTOTDDO Ny X a7
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2. 70T TV —LET IO
BT MIEDSEART T U UHEROEBREEHC BT DR AR T 5720, Fy %
’AZ\%??‘OW"DTT V—LNETNEBE L, 20O Ry X BB TUL, EBEEES RO ED
5. EBRREITF IR T 5 GRS ER OTIETERE DO K E 7L E & O 2 S BRI THIT 2 BN H
Doy LU, XTT7 MU UFEROIERETHHB-7 7 b T, HEREERICHENE OEJEN K X

BT B8 (Figure 2-12a), T 7 h¥ Uik L Fu T 7 Y — AOIAFEEHEE AR OIS b O
BIRREE 32 31T DAL K OBE M 2 HEH 5 2 & IXINEECdh > 7= (Figure 2-12a),

PUIARTIRAE RXT7 b VFER LR UIENEE LTB-F 7 b aa T2 AEEHD 7 1
FTV—AHERITHD, Blooiw, o777V —»50L0EEBETHROEBEBREELECB T 5B-F 27 b
VERONE M OEAIIART 7 b UBEEREY) AR T I FATEELTWA A LD EEZ NS, U/
ART I FACBOTEERETHEB-7 7 b UBRITy-T 7 % DR ERiBREELZ L > TRBY, 7T T YV —A
EDIEREEEKRICHESB-T 7 M UBROMBRICE DEEEITYy-T 7 & LERIZ X - THIBRE 415 (Figure
2-12b), BAL WL D, B-F 27 FUBROBBRICL VALt Fr S ENAEEICYy-T 7 % LB OBEHIL Eo
JaniEER L Co—T NVIREEKT 2720, B-7 7 F U EROBBRE R O LG REAIREEORE I TAFIT S 1
T2 (Figure 2-12b), P2 = ¢ 7t o4 ) ) 2RF I RA L 777 V— A0 ERPNSH L,

TNhFatl JART I KATYy-T 7 X2 LAROEBRIE I enkoffb izt ikezRfEolzd, 20
RWBBERE D 7= DI = — T VB DI IEL | B-T7 7 b U EROBBREZ OILGFEEIRAE (Figure 2-12¢*) DA
WAMEHT STV, Bz oA MEARICBIT 2 70 A nd ) ) ZRT I RARRT BT T Y —L0
EE T OBBIRET B IZBI 2 2O O EE KMT 2D THD LB LD,

a) proteasome

- (o) Thr

HO o - ofhr
O H
NH2 1,
R\N o " O
O NH
H oo HO" 2
o HN.
1-18

b) proteasome B B

- o) Thr

(0] HOW @H\; o Thr @\ \\OHO o Thr
cl NH 2 N2 fast HY :
- = > NS0
' v, g NH, o
o) OH z N NH,
O O
salinosporamide A
) proteasome
(o) Thr *
@\ o Thr @\ oH
slow RSN o Thr
4> —_— N
NH, ) o
N NH,
quorosaIlnosporamlde A

used to construct
the model structure |:| X-ray crystallographic structure is available

Figure 2-12. X7 7 M UK 118, UV ART I RAKROTZvARY ) JARTI RADT T T Y
— 5 & OFEEITE D HEEAL
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% ZC, Figure 2-13 1279 &L 912, ZOIHEEMOME (Figure 2-13a) 2 LERBIRIELFICK T 5B-7 2 b
DO ERTHIZERIECE AW T 5 L L bic, Ry ZICnBERT 0T T Y —LAETNVEEETLZ L L
7o £, 7040V Y ) ARTIRALTOT T Y —2OMICERENT - AT VEES 2N LT-,
T, a7 7 Y —LEEETH D Thr OMEZBREL, Ry X 7ICBWTBE-7 7 b U DR &% 1
HZ &7 Thr BREEICEBE LTRIER & 5 Z E3Hk S L 912 L7e (Figure 2-13b), &iZ, 74 vHl 2 X
RT7IRADOE Fax v EOBERTEDNVR=VIEORBIR -2, O DFHEEITO 2L TR-77
b UBREREGE LT (Figure 2-13c), &ZICB-7 7 FBRBUSNO 7 A a$ ) ) ZAKRT I KA OEEZREL T
Ry X ZIChBEe 7 aT T ) —AET NVaft]- (Figure 2-13d), ZDOET AFOB-T 7 b OZEMEE % &
BARRER S DA IR T HIAEDB-T7 7 b OZEREE L L, ZhaHOIcp-7 7 b U EofnE &k O
ZHIRLIZREET Ry X 72179 2 LT, RT 7 by UFEHADOBRIREBIIHIC I T D a ke T4
HZ kbl

TOH  NH,

corresponding to
Figure 2-11A

1. cleavage of ester bond
2. trimming of the Thr side chain

4. deletion of the structure
except B-lactone miety

(0}
nd
corresponding to

Figure 2-11E

Figure2-13. Ry ¥ 7DD 70T 7V —LET L OREEE
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3. YU JART I FAFHEERDO Ry F 7

RyXo T a7 NROREE L7 0T T Y —AET NV EFEi+ 5 7%, Glide 5.7 (Schrodinger LLC)
(2 &V Figure 2-14 (2% L7= SCEREE AN DY) 2 2R T 3 B A A% By %22 L, Prime 3.0 (Schrodinger
LLC) % v T MM-GBSA ¥£PIZ 1 1 & = /13— (Prime MM-GBSA AG bind) #3184 LT, EBRETH
% plCsy & DFHPAZ MRFE LT,

Cl Cl Cl
211 212 213 214 215

Figure 2-14. Ry XU ZICHWEY Y ) AR T 2 F A FEEOREE

Figure 2-15a |27~ 9 L 912, FHRIZK W RDTFEG = H /L F — (Prime MM-GBSA AG bind) I3 pICsy & R 4F
eFBAE R LT (r=0.82), £72. ZIHDOH U ) AKRT I RFEERITIZNEN R D2 80KEERILZET 5
723, clogP & pICsy DAHEA &7, L2x L7273 5. Figure 2-15b (1274 X dic 2 b oflIic < M A S
AT (r=0.096), FHHEIZ LV ROIFEG TR NF =PRI EDOBUKMED KN 2 S L T 5 D TlEZe <,
EBRIE BT 5 70T T Y — b & ORI RBUKIEHEER O RN E KL TV Z ERah5b, T2
AU, FHRIC LV RO TGRS ML A OB IR 1T 31T 5 AR SR BERICES a2
JLF— & FEERINT RO T FFETEME O RAF AR Z2 7R L7219 TORITH 5,

Pk, BRLIEZRyX L 7are 7 MIESEHME LT a7 T VY —LET A EAWCEHE LYY /X
A7 X NAFEEROBBIREIL BT 2IEWAR-EMEHENER X —L T a7 T vV — AREEES R
VAR Z R LT 2 &b, BRBIREBIIF IS T 2EAREMT T 5 Ry X 7 a7 P RUHEL- 7 1
77/~A%7W1ﬁéﬁ%®f%5&%1%héo

T IRBOWY ) AET I RFEEERITS T ENNS SEEO B RENNSWNEDEVIEET Ry ¥ 2 2 R O%ES
TRXAR—OIEEITZDLDEEZBND, MAT, B 20S a7 7 Y —5IZkT 2 HEEMERR— ST
HEINTEY ., EiEERFEERD SIREERFERE TH - TWVDZ 205 (IC=19-1290nM) Ky F o7
/i@nq:'ﬁﬂi Z %L/Tl/\é
T%ﬁﬁﬁU/XﬁﬁiFA%%W@K%mmmPMmMMG&%AGMM&waP@KovT@%%@%%%
HE

o
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a b

65 o 2
- .
.E I el
o o ~. o r=0.82 r=0.096
O 70 s 15
a .
@ o
@ 75 © _ E’ 1
E o ~ o o [®)
= © :

<& .

o 80 ~ 0.5
£ '
= °

-85 0

5.5 6.5 75 8.5 55 6.5 75 8.5
PICs, PICs,

Figure 2-15. pICsq &A= /L — (Prime MM-GBSA AG bind) (a) X O* clogP (b) & dOFHE

4. X7 7 N AV ABPEROTFHERDO BRI E BT D G ik

WRLI-7aTT7 ) —LETAEHNTRT 7 Fi v A AR BPEROFEER 1-18 & Z ORECEHI R4
2-2a JZ ¥ 2-2b 122U\ T Glide 5.7 (Schrédinger LLC) ZFWT Ky 2 7 24TV 25D OFEROERIREE
ﬁ%m%ﬁ%%ﬁ%ﬁ%%ﬁbkoﬁy%y7 XD PR ENIALEY 1-18 OERIRET BT DR AR
X% Figure 2-16a |[Z~9, ZORAEEEIZBWNT, TmT7 7T Y — Aﬁﬂi(ﬁf (ZHE 7 N R L O L AR ¥
VR E L A S TN X 1 syn BABE T DAY (Figure 2-16a), Z Ll @ﬁﬁﬁ@%%%%mwkiﬁm
FHFEICL VG ONTIETEREICET 2R & —B L, FHEAFHTIEC XV BT L2 BBk c
T AREEEEDZ Y Z R T 5, BEEY . Ry X 712 K0T L7z 1-18 OEBIR BT 7T Té%ﬁ
T, X MRS S HEEMRET IC K 2 IR SR O AN L IXR R0 | L DI N R K O VR ¥ 58
L A B e R X %wfk%@#iﬁ&%méawwwaw)it\NX%%&Uﬁwf%v%%%
PIeD —oDR VB UBRITIEAEAIRREBICH R T T a7 7 Y — A FHOFEEENAL & L 0 T L7 IRkE
BRI TR T 7 Y — AL L0 ZhER ﬁﬁﬁﬁbfwé_&ﬂﬁzéouh®%ﬁﬁ%
Figure 2-4 (TR L7 T 7 b UKD ILEEG TR E 5 fEG RO ZAIZBE T 2 G 2 KR35 & D
Th b,

Ry 70020 TRl L7 syn B4R U 7 B RS FRER SR 2-2a OEBIREEIHIZI T 2R G kA%
Figure 2-16b (2753728, 1-18 & AEORE AKX TH D Z L 3 » 5 (Figure 2-16d), —J5C. anti Bl 4
L 7= B FE IR AR 2-2b D R % o 7Tl Figure 2-16¢ 1277 & 9 2k A BB S AL, 1-18 L [AEEDRE
BEAITE O Ne o 7o, ZHUIEERIREE SR 2-2a (ICs = 47 nM) 23SBUL MO 7 1 T T Y — LLFENE
(ICso =5.7nM) % & HFEEELRFF L7 D% L, BlEEHIBREEEIL 2-2b D7 v 7 7 Y — LAHETEMEITE L <KD
572 (IC5=280nM) Z LIZAET D, ZOZ b, Ryx o 72X 0l L7o@EBIRIEEE 23T Hfb
AN ZU RO THD Z EBNRBEND,

36



o B

(orange (green)

Figure2-16. (a-cC) Ry XU ZICK VNI LIZRT 7 FT v A /Xﬁ”/ﬁ'\:r{{%@%%% 1-18 (a, gray tube) & =D
HC L I PR ELIA 2-2a (b, gray tube) K (% 2-2b (c, gray tube) DOEBIRREUTIHIZ 1T DR HR & X HRHS i
FEMTIC K DB BT LT kB 1-18 OILAFEEIRRBIZ I 1T 255 HE=C (green wire) (d) (k&% 1-18 & B ]
[RFFER 2-2a D K v & o 7RO EREG D (1-18, orange tube; 2-2a, green tube)
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ST BUREHIBRSEAR OB AL

1. P BRSO B AR E T ]

BRI R R A 2-2a — 2-4a DAL EHEZ Scheme 2-1 12773, T DOARKIZIHBWTIL CL MR C2 R EIFFIT

BT DOAFHEENGEL 2D, CORBIRFDOAFIL, FH—ETHENIBLEY 1-18, 1-24 KT 1-25 DERL & [F]
RIS, SIS 2 AT 4 =11 2 2-18a | xﬁ‘é DT AT L ATRIRAY Grignard FSHYIC X0 A
T5, WETHOINHFAE, -7 X ANVT 4 =0 A 2 2-18a ITEERIER Y 7 v a/ 2= |k 2-17a
NOEKT D, BERIER Y 70 F o=y k 2-17a D&, BIH - DOARFIL, t%@&j%%/)
U U EARFMIEL L2PYLa Y 2-16a DV T AT L AR A F ALK & 0 RESE HThb
zMamﬁiﬁﬁvxvyufmﬂyz:y%Lﬂﬂ@éﬁ#éom&%@%ngm—bmuowf%ﬁ
FRICERKTHZ & & LT,

Scheme 2-1. BEoEERIBRFEE(R 2-2a — 2-4a DA RFHH]

diastereoselective methylation

OTBDPS 7 OTBDPS
(VOTBDPS /—( N .
—_—
CHO

1-27 2-16a

diastereoselective Grignard reaction

2-19a 2-20a 2-2a - 2-4a

2. RO FREHEAR DB AL
HFEMEY A s u T aNva=y b 127 2 B WE & LT, —EOREHI IRFFEIR 2-2a - 2-4a DE LI
B LT RIA 2-20a % Scheme 2-2 [Z/RT X OIZAM LTz, v rTFu o=y 12T Z/HEH L LT,
MeOCH,PPh,Cl % fv 7= Wittig s Efe =/ — v =—TF )V OBINAKSFRIC K OIS T 27 0T & RE5T,
ZDOT VT B K% Pinnick BRKI XL 0 BR (L L CH VR g 2-21 857 IR B EREE K WIEIZ X 0 B VR g 2-21
Z(AR)-4-R U D2 X Y U ) VB LA LT O T AT L AR A F IR RD HVE 2-16a AR L
72. ZHh % THF H1-78 °C {235 T NaHMDS }2 (8 CHgl THLEE L CRUEHIfER Y 7 0 7 a /S a2 =y b 2-17a
%1372 (dr97:3), "T2-17a % DIBAL THHE L TARFMBIETHHAF VY U Y AR THICHRELTT

TARHV YT UEREMBEL LTHWAZ T AR TF AL L OSMEIRIC Lo TEUEREE S iz
F— b EAELD, O/ T D ODKINHED D B HIEAXH Y U U v EOEBILIC X o TR
SN DT, M DIED D DS DERANTHELT U, RIS 2 AR E 2 AT 2 RN RIRmicEons (F
) , B8

= (== A <)



LT e R 2-22a & L, HIZ(S)-t-BUSONH,M & ik A LT 7 27 L A& Grignard FOSM 0 B TH %
S)t-7 X ANVT 4 =) A I 2-18a BTz, 2-18a &7 v r A X HERIZEV T PhCH,CH,MCI TAL
L, TAXMERY 2-19a 215372, "M, ZOYT 27 LA RIRE Grignard FUSIZ 38U THARY O
1H-NMR ARG MV EVT AT VAT —DAERITR LN 0T, 7 X2 o ANT ¢ =)VEEKR TN TBDPS A%

FIETBRE LR, £ U727 X/ H% Fmoc & CRG#E L CTIbB4) 2-23a #4572, 2-23a Dk RueF I AF
/V%% Dess-Martin F2t &% OF Pinnick FR{LIZ & 0 BERERIIC VAR 6 U Ea~ L iR{b L 7=1% . DPPA THLEE L CHEg
TV RNEEHL, B t-T X — )VHINEERTE L C Curtius 502 E i< A Y v 7 F— N OIEEE S iEIZ LD
FErh A 2-20a 1572,

Scheme 2-2. BCEHIEIRI S 7 n 7o 2= b 2-17a & e < S REIA 2-20a DA% 2

OTBDPS
OTBDPS > ac OTBDPS _f. OTBDPS 9.
CHO
o

o
127 2-21 2-16a 2-17a
#__OTBDPS B2 N-BoC
H H

Zu, Zu, O.__N

: OTBDPS ) : OTBDPSi Ss . Fmoc” Fmoc”
H B —_— O. N —_— ?.Bu —»

\§/ NN
(6] t-Bu
2-22a 2-18a 2-19a 2-23a 2-20a

®Reagents and conditions: (a) MeOCH,PPh;Cl, NaHMDS, THF, 0 °C; (b) HCI, THF/H,0; (c) Pinnick ox., 90% (3
steps from 1-27); (d) PivCl, EtzN, CH,Cl,, 0 °C; (e) (4R)-4-benzyl-2-oxazolidinone, n-BuLi, THF, -78 °C, 83% (2 steps
from 2-21); (f) CHzl, NaHMDS, THF, -78 °C, 83% (dr 97:3); (g) DIBAL, THF, -78 °C, 69%; (h) (S)-t-BuSONH,,
CuS0y, CH,Cly, 96%; (i) PhCH,CH,MgCl, CH,Cl,; (j) HCI, AcOEt/MeOH; (k) FmocOSu, Na,CO3, THF/H,0, 66% (3
steps from 2-18a); (I) Dess-Martin ox.; (m) Pinnick ox.; (n) DPPA, Et;N, CH,CI,, 0 °C to rt; (0) t-BuOH, reflux, 72%
(4 steps from 2-23a).

PRI 2-20a 7> 5 B EHIPREE E K 2-2a — 2-4a % Scheme 2-3 (2753 X 9 IZ AR L=, /L& 2-20a D Fmoc
Herm A K ) — )L K,CO3 THLELT % Z & ThRE L%, £ U777 2 7 HITxt LT Cbhz-Ala-OH % R AR HEK
MBI X 0 HEE LAY 2-24a 2 457-, 2-24a D Boc S: &2 BAMESME FICCRRE L%, U7 2/ ikt
LTB-77 hra=y b 1-35M 2 BABEKYIEC X 0 Hie U CROEHIRF S 2-2a 21372, 2-2a ® Cbz
FEEKRBIDMRIZEIOBREL, EUET IV EE 2277 A7l RERWTT Vb L CHLUEFIBRE
1K 2-da 1572, FCEEHIBREM 2-3b (T8 [ 2-20a 705 2-2a L [FRRICER LT,

GRS/ 2O
IITHELEYT AT LAY —ICHET DEIVERMITL A 2-23a DB BWTESICRETE -,
Tl A U7 A T LR OMER AELE 1X PGME EPNC L i E L (EBROMEBIR) |
YA LT T = R TV O MR T ARES B L 2 Mosher 3PN X0 iE L7 (9%5%@%@3%’\) .
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Scheme 2-3. FCJEHIFRAEEAR 2-2a — 2-4a DE K 2

o, o
T N,Boc RN Boc |, OJKV—\[\ 2 \'\/
H H H N '
Fmoc” CbZ\N/HfN 01-35¢cp; /H(N H 0

0 N o

a,b H
—_—
(¢]

ZT

2-20a 2-24a 2-2a 0

mg ommgﬁ“

2-25a

®Reagents and conditions: (a) K,COs, MeOH; (b) Chz-Ala-OPiv, Et;N, CH,Cl,, 0 °C to rt, 100% (2 steps from 2-20a);
(c) TFA/CH,CIy; (d) PivCl, EtzN, CH,Cl,, 0 °C to rt, (2-2a, 2 steps 82% from 2-24a; 2-3a, 2steps 91% from 2-25a); (e)
Pd/C, H,, TFA/THF, 0 °C; (f) 2-naphthoyl chloride, EtsN, CH,Cl,, 0 °C, 70% (2 steps from 2-2a); (g) 2-naphthoyl
chloride, EtzN, CH,ClI,, 0 °C, 100% (2 steps from 2-20a)

Bc ) PR R B 2-2b — 2-4b DA RIS B #EFPRA 2-20b 13, B VAR g 2-21 05 2-20a & [RIERIZA AL L
7= (Scheme 2-4),

Scheme 2-4. BREEEEFIS 7 oo 2=y | 2-17b & < SEFEAR 2-20b DR @

B OTBDPS Q Q OTBDPS
HO oTBDPS __© , oteops _ 9, H
WHN Y(V

O

2-21 2-16b 2-17b 2-22b

_Boc

2-18b 2-19b 2-23b 2-20b
®Reagents and conditions: (a) PivCl, Et;N, CH,Cly, 0 °C; (b) (4S)-4-benzyl-2-oxazolidinone, n-BuLi, THF, -78 °C,
89% (2 steps from 2-21); (c¢) CHsl, NaHMDS, THF, -78 °C, 79% (dr 99:1); (d) DIBAL, THF, -78 °C, 56%; (e)
(S)-t-BuSONH,, CuSQ,, CH,Cl,, 89%; (f) PhCH,CH,MgCl, CH,Cl,; (g) HCI, AcOEt/MeOH; (h) FmocOSu, Na,COs3,
THF/H,0, 65% (3 steps from 2-18b); (i) Dess-Martin ox.; (j) Pinnick ox.; (k) DPPA, EtzN, CH,Cl,, 0 °C to rt; (I)
t-BuOH, reflux, 62% (4 steps from 2-23b).
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B Il FR 5 LA 2-2b — 2-4b (X8RI 2-20b 725 2-2a—2-4a & [FAEEICA L L 7= (Scheme 2-5),

Scheme 2-5. BV [RFAEAR 2-2b — 2-4b DAL

2-25b 2-3b

®Reagents and conditions: (a) K,COs;, MeOH; (b) Cbz-Ala-OPiv, Et;N, CH,Cl,, 0 °C to rt, 99% (2 steps from 2-20b);
(c) TFA/CH,CIy; (d) PivCl, EtzN, CH,CIy, 0 °C to rt, (2-2b, 2 steps 94% from 2-24b; 2-3b, 2 steps 94% from 2-25b);
(e) Pd/C, H,, TFA/THF, 0 °C; (f) 2-naphthoyl chloride, Et;N, CH,CI,, 0 °C, 56% (2 steps from 2-2b); (g) 2-naphthoyl
chloride, EtzN, CH,ClI,, 0 °C, 96% (2 steps from 2-20b)

LU RIS A~ B RIRFEAR D BRI T, 2D RF RS 50T AT L A&ERW Grignard K& D
BPPEN UM OSNARELEIZ L > TRESEEBIND Z L0300 o7, AL, UREVEDRE 2-18a 1247 5
Grignard SUSHHE— YT AT LA~ —%Z 5 2 720126 LT UR BLE O FLE 2-18b (25132 Grignard fiiide”
T AT LA~ —t 5l CERMEKIESYE G 272, "2 0 CL-EMARR T OLAREIRMEDE M T Figure 2-17 1275
TRIGHEIC L > TATE B L B2 b5, T X ANT f =)vA 2 NTkT D Grignard UG IE AL~
o VDR T-75 Mg?' A A NTEUE LA BERIROEBIRIEZ B L TH#IT T2 2 Z 260 TEY . &5
W T TR T YT LR B D AN EEREBIREARE L TAERT D EBE AR ELE L TELA
% (Ellman £ V), VLB 1S-FPE(R 2-18b Th A, Figure 2-17 12734 & 5 ITEET 5 A BBERIK
RBIZIUW T CL’- A F VAL Grignard iREEDBHT T 5 Z AIVT N D Z & 0D, CLU-A FILEED RN RIZ L
©7C 2-18b (Zxt3 % Grignard SUS D SEAREIRPEDME T LTS &EB 2 Hitd,

" Grignard S5 O STASEIPE TR O THNMR 2227 fL L EH LT,
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2. OTBDPS &.«__OTBDPS
) RMgClI H
o. NI1R —_— ——> 0O.__N
\§/ J \§/
t-Bu t-Bu R
2-18a L _ 2-18a
single isomer
#.__OTBDPS #.__OTBDPS
, RMgClI H
o. NS, _ —— 0. _N_ ..
\§ DN 7, \§ 7,
t-Bu t-Bu R
2-18b L _ 2-18b
dr 5:1

R : phenethyl

Figure 2-17. Y7 A7 L A3 Grignard SCiG O N7 AR BLFEAE

LB, EZIEIRT 7 by A U ABPEROFFHEROEBIRETEIC BT D akE, v ornrm v
EHZ R U BRESIRFEE RO G RIC L 2 BT 7o —F L FilzZe Ryx o r7arse7 MokES
RHRALFH T T —F Aot b 2 & TR L, B2, —# oY U ) AKRTZ I FAFEEREHNT,
Ry & 72 R 0N ERRBEHC R T DA RO G = 31 F — & EZEOLEEMED BI85 %
RTZEEHLNC L, ThIE, BERLE Ry X ZEOFMAMEE R ORI B, AT A PR E#IBE
TR HEBIRER AR OMBIT O BEZ R T HDOTH D,
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H=%F «Scaffold Hopping”iZ & 3 E_TF FET T 7 Y — LAREXI OB R

Sepe oA

%—H1  “Scaffold Hopping”

RAIFEIFFRIZ VTR, U — FMEBI ORI 2 W RIER O 7 72 & 97 A2 ENE, EZ i,
IKEEHE, BT 07 7 A NRBRESTEE Vo T2 < OV 2 it L iz b, By — M
BN DEHILOB NS 5 WVITEMI T HEAIE G IR TR TH D . 2 b OFEMEE O FiE ki — iy
WCHWHNDFETHD, LR, b — MuAMOBREENIGET XEMEEDRK & 725
TWLGEEITIIEWIE DLW O TIIREORITHE L WS 2 <. RBRZREEZH, S “scaffold
hopping” /8 WAZE & 72 5, B Z 1T, ZHE TS < OENTAEBIFIEE AT 5 KIWOAEBIFEES T F R
FHRINTWDN, £ OEMEREAEE ST T NEICH KT 2RO EE M &K O Z EMED T2 DI,
EH L LTORMRLELIZRIRE S, BT, ChboRBISCAEIIGIESTF K& Y — Meaw b
LTCRI v T T4 7 AbBEWENROICAIRT 572021, BEm72<scaffold hopping”?d 7= ™ J5 55 7 B
MM E 2D,

“Scaffold hopping” &\ 9 SEEITELEAIHET L < . 1999 452 Schneider 512 X - T, “identification of isofunctional
molecular structures with significantly different molecular backbones” & L T 3% & #17-, #2012 42, Sun & |3k
AL DK & XK % “scaffold hopping”% . 1° hop: heterocycle replacement, 2° hop: ring opening or closure, 3°
hop: peptidomimetics & Ut 4° hop: topology-based hopping ® PUFEEIZ 4348 L T % (Figure 3-1), B%—fiiz .
EEAL DR X 7o @ik O scaffold hopping”iZ72 213 £ FRHEITR & < BT 503, BEIEIE T s epi4
B o T, 77—~ 7 7T IVIESEXZEEITH B AL H4 5 “topology-based hopping”iL. Al
FIRICHB VTR E RATREM 2D TV D OO0, Z ORIl Thiy, 12
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i%zwi r

0= | =0 (O] | =0 N
[ ] N N
N N N~ N~
| )
sildenafil vardenafil vatalanib 31
PDES5: ICg = 3.7 nM PDES: ICs0 = 0.17 nM KDR: IC5 = 37 nM KDR: ICsq = 20 nM
©) OH
OH Q
H
o (0]
H f— N
PR N _His-Pro-Phe-COH 0
HoN-Asp-Arg-Val N Y N )J\ OO
H o 2 H HaN-Asp-Arg-Val ™ N N\//<
/ﬁ N-His-Pro-Phe-CO,H
H
Ang Il 3-2
AT, K;=0.6 nM AT, K;=1.8nM
d) HN Sy
OH
j\ N T y HoN §
2
//S\\ Y N e ~ f— H ~N
odo : H o 2 o : o)
CGP38560 3-3
renin: IC5y = 0.6 nM renin: IC5y = 0.8 nM

Figure 3-1. Sun » 04342z 1 % DU fE s o scaffold hopping” ™l (a) 1° hop: heterocycle replacement!®™ (b) 2°
hop: ring opening or closure® (c) 3° hop: peptidomimetics®’ (d) 4° hop: topology-based hopping!®
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% Hi “Topology-Based Scaffold Hopping”iZ L % FE~_7'F AL &M D

1. XZ 7 by UFFRREROEEE

Frim e OV — BTk _ 7= K 512, —#HOMEEEMBEEIC LY | XTF MR~ Z 7 ~v v A
U —NbEmE L TENWT R T T Y —AHFIEEEET 57 7 b UFER 1-18 AT I &I
FE L7z (Figure 3-2), L22L72223 56, 1-18 1ZZ DEEDOAF RN BIR DT F MBI DT DIZAH LA
JHMECHD (4226 T LWIHMERD -z, £, T F NEKIT - RICBSERIEC 2 e %
BT EES, Bz 2T 1-18 DLHDORF BB 72 H T F RE % “scaffold hopping”iZ L 0 7 % T /L
RIERTF RERA~EEWR L, KV KT T4 07 a77 Y —AHERZAINT 52 & 25 L7z,

multi-chiral
peptidic scaffold| o '\/

O B N o

; H
J\W H o (0] '\/ SAR studies O)J\ Njﬁ( N H )Kc')_\l\
: B (0]
O CO,H 0
(6] 1-18

belactosin A

ChT-L; ICso = 1440 nM ChT-L; ICsp = 5.7 M

HCT116 cell growth; IC50 = 1.82 uM

Figure 3-2. X7 F RERIRMIRT 7 by v A0S R Liz@istE7e 7 e 77 v — A EA] 1-18

2. 77 —=a 7 F T ETIVORE LB DHRE

RO R D IS B IE A 1418 OBBIRIEIEI T 551 2 5 2RIEZ ARHT L 7= (Figure 3-3b, green
ube), HZ. REAT 2 ks CHEMK 0L RR02 DT T T Ve ki & i F DRSS Meijere (2 L -
THA STV % (Figure 3-3b: 0-1, yellow wire; 0-2, orange wire), FIBIRIRVZ 12, S B OVTOWA
RIZFBWTH Figure 3-3a FAR TR LIERTF REIZT R T 7 YV — AL KBHAEZER L TE LT, ~7F
REHAIENT T B CE X 5 - ENARETHD L EZHNS (Figure 3-3b), £7-. ~hbOBEAE
BT, <TF REHIE N R OBE SRR L 7077V — MO BT 5 7= 0 Rl LT3
Y. FEfE - LS ATRETH D 2 L VR &7 (Figure 3-3b),

S O & 5T TR EARBITRE A B SRS ATIRICUAIDB-T 7 b AR
IR N KO S OBAMSFERORN T 07T Y — AL EEC EETHH L £ 2, Figure
33c LR LT 7 —v a7 TEFAEME L, —0O7 7 —v 37+ T EF A% HIT LT topology-based
scaffold hopping™i= & 1 3575 FYE(L A4 3-4 - 3-11 %343+ L 7= (Figure 3-3a). N B R
FLE S 2 2 & TY X IR EsEE L Uiz, e LI2bB® O Figure 3-3b [T7R L72RT 7 b v K8k 1-18
ROVRERT 7 b v CEHEKO0-L 0-2BIDfEARIEIC KT 57 LE 7 LT F4 >k (MOE 2012.10)" o
KR % Figure 3:3d IR T, RTOLAYN, TrFT YV —LLOMICKRRKEEELD LR 77—~ =
AT ETNEMIET LB THD Z L0300, BT a7 T Y — AREEEEZAT 5 Z LIRS
ns,

T ARG, BT R ORI A S L OB I R UIMER A EAT L L, TV
L&Y 3-4 - 3-7T Kk P=—T VEULEY) 3-8 — 3-11 & 5%EH L7,
TSRS IC 0t L TE A OB A B SRR L BERVNKREL RS L5 IcEREGbES, 22T, 77 k
SURHEK 1-18 LOVRENRT 7 v CHHER0-1, 0-2 DFE AR SRS L L, ZHUCERELE—HEbS
WaEERAE DY,
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(0] '\/
B3
o B N o
H
B HJSO_\l\
O 1-18 amine-type scaffold

(¢}
N)m k/ 34:m=0,n=1
ChT-L: IC59 = 5.7 nM ( (\/)/\N)k'—\[\\ 35:m=1,n=1
: H
(0]

HCT116 cell growth: IC5y = 1.82 uM m n 36:m=0,n=2
0 3-7:m=1,n=2
topology-based

J\ Jﬁf I\A )Sl '\/ scaffold hopplng
homobelactosin C Q
derivative 0-1
ether-type scaffold

o) ’ 0 Jm k/ 3-8:m=0,n=1
L %(N k/ ( h N 3-9:m=1,n=1
0" 'N N m 3-10:m= =
N N 0O fo) : m = 0,n = 2
(0] (0] 0 3 11:m=1,n=2
(@] (@] 0
homobelactosin C
derivative 0-2

aromatic .—
4 /
group /=

B-lactone

)

aromatic
group

Figure 3-3. “Topology-based scaffold hopping”iZ & 5 FE~7F FHALAEM DG (@) ~TF 7 b 5 AK 1-18
FORENRT 7 b2 CHERO0-1, 0-22 it &b B2 33t L7237 F PO 3-4 — 3-11 ORERE (b)
RENT 7 b CHEEMA0-1 K TN0-2 DIAREAHER (0-1, yellow wire; 0-2, orange wire)®¥ & fig#fr L 7= 1-18
DEBERBARBETHIZ I T 245Gk (green tube) (¢) WEE L7127 7y —~ a7 4+ 7 €7 /v (d) et LTI EXT T

RHALE# O Figure 3-3b 127~ L7= 1-18, 0-1 2 N 0-2 DFEABUEICKTTEH 7L FR T IT T A A2 b (3-4and
3-8, aguamarine; 3-5 and 3-9, turquoise; 3-6 and 3-10, yellow green; 3-7 and 3-11, pink)
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HF FERTTF M EEM DGR

1 7 IR EM DGR

7 X URUEEY) 3-4 - 3-T DAL A Scheme 3-1IZ77 7, 7 X 2 3-12 % A &% 7 —/LH PhCH,CHO }2 (! NaBH3;CN
THRBET 5 Z & TIEIL T VX ACROG RGN 3-14 24572, 3-14 O Cbz HAa KFLDRIZ L W BRE L7214,
RUTT 2 HEICH U CTRABREAYIEC L VB-F 7 Fra=y b 1350 E A L CERL AW 3-4 2157,
L OEEE AT SN T b FEEIC AR L=,

Scheme 3-1. 7 3 VU HULEW) 3-4 - 3-7T DAL ®

HCI b )m Od o 1-35 )m o
H,N Cbz ﬁ» N(\/)/\N/Cbz _c, 9_ ( N(\/)/\N
<\/)?1\ m nH m n H o
(¢}
3-12:n=1 3-14:m=0,n=1 3-4:m=0,n=1
3-13:n=2 3-15:m=1,n=1 35:m=1,n=1
316 :m=0,n=2 36:m=0,n=2
3-17:m=1,n=2 3-7:m=1,n=2

®Reagents and conditions: (a) phenylacetaldehyde, NaBH;CN, MeOH, 96% for 3-14, 86% for 3-16; (b)
benzylacetaldehyde, NaBH;CN, MeOH, quant. for 3-15, 90% for 3-17; (c) H,, Pd(OH),/C, MeOH; (d) 1-35, PivCl,
EtzN, CH,Cl,, 0 °C to rt, yields were as follows (2 steps), 90% for 3-4, quant. for 3-5, 83% for 3-6, 67% for 3-7.

2. =—T VIEULE DAL

T —T7 NWEULEY) 3-8 KON 3-10 DAk % Scheme 3-2 (2779, Dess-Martin ig{kic kv 72— 3-18 27
NTE RNERb LToth, XU DT v a—v EKHEG LT B Z—/1L3-19 #1572, 3-19 @ Fmoc H:4 A
X ) =)V K,CO3 TALEE L CTRRE L7214, A U727 2/ BRI L CQRABEKMIEIZ L VB-F 7 bra=y
k 1-35MU% A L TR AW 3-8 B1537-, TF AT B X — N 320 2T B X —ATHIZ L VR DL T v S
— e Lzt 2T NV AT VERE LIAIH, TET L TCT v a—L 3-22 #4572, 3-22 Dt Ru % % MsCI
W20 AT b L7, DMSO 1 NaCN CTHLEE L CT= kU /L 3-23 #4572, 3-23 D7 / % LiAIH, TiEC
L AELET S B LTRAMEAMIECL VBT 27 Fra=y b 13584464 L CREML A 3-10 %

57,
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Scheme 3-2. ——F LHULEY 3-8 L 3-10 DAL ®

PR S i

Fmoc O o}
HO™ >""N” - 'v
H 0)\/\N,Fmoc OJ\/\N -
H,
(0]
3-18 3-19 3-20 3-8

T DG o

O
o OH 0 '\/
EtOWOEt b,e f.g W w/\/\ujké_\l\

OEt O EO E EO
3-21 3-22 3-23 3-10

®Reagents and conditions: (a) Dess-Martin periodinane, CH,Cl,; (b) BnOH, p-TsOH, benzene, reflux, 2 steps 57% for
3-19; (c) K,COs3, MeOH, 97%; (d) 1-35, PivCl, EtsN, CH,Cl,, 0 °C to rt, 95% for 3-8, 2 steps quant. for 3-10; (e)
LiAlIH,, Et,0, 0 °C to rt, 2 steps 60% for 3-22; (f) MsCl, EtsN, CH,Cl,, 0 °C; (g) NaCN, DMSO, 60 °C, 2 steps 92%.

T —F VYA 3-9 O 3-11 DA% Scheme 3-3 IR T, v 1 Y = F )L 3-24 = % ) — /L NaOEt
J% O BrCH,CH(OMe), THLEE L TT7 V% b L, {LEW 3-25 157, 3-25 D=F /L= A7 /L% LiAIH, TiET
LCxInT Y4 —e L, 2w DMF H BnBr O NaH TALEE L TRy Vv —7 )L 3-26 & 157-, 3-26
DYAFNT L —VENKGRLTRIGTHT VT RE Lk, Za A X —/Li NaBH, THLEE L T
T a—) 327 #4377, 3271 Db Fux g MsClIZ L D A b L=, Z#% NaN3 & 5V & NaCN
THUHT 52 TERENT Y K 328 K O¥= kUL 3-30 #457-, 3-28 ©7 ¥ R4 Staudinger SOt X 0

BELTT 33298 L, 207 2 7 ISk L TRAMEAMIEICE VE-F 7 b=y b 1358244 L

THERULEW) 3-9 2457-, F7o, = U330 D> 7T /&% LIAIH, TEIELT7 I 331 &L, ZDT
J RECH L CIRABREAYIEC L V-T2 Fra=y b 1-35M a2 Ea L CEALEY 3-11 2157,
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Scheme 3-3. ——F LHULEY 3-9 O 3-11 DAL ®

Aoy e Lo
SN SN ;5@
Pw PN N

PO
@ b & 4

3-29 3-9

T @o AL
5 4. &

3-30

o
(6]
(6]
3-26

®Reagents and conditions: (a) bromoacetaldehyde dimethyl acetal, NaOEt, EtOH, rt to reflux, 59% (b) LiAlIH,, Et,0, 0
°C to rt; (c) NaH, BnBr, DMF, 0 °C, to rt, 2 steps 64%; (d) AcOH, H,0; (¢) NaBH,;, MeOH, 0 °C to rt, 2 steps 97%; (f)
MsCI, EtsN, CH,Cl,, 0 °C; (g) NaNs;, DMF, 70 °C, 2 steps 91%; (h) PPhs, H,O/THF, rt to reflux, quant.; (i) 1-35, PivCl,
EtsN, CH,Cl,, 0 °C to rt, quant. for 3-9, 2 steps quant. for 3-11; (j) NaCN, DMSO, 60 °C, 2 steps 98%.

PLEIOR LT 91T, BREFLTFERTTF RMALEY 3-4 - 3-11 1. T OBHICAF S E B2 02D nd
NHLBE TR TES AR TH T,
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HWE FERTTF RS O LTSN

1. FERTF RHLEHO T a7 7 Y — ARLETEME & O ARsEFE s /E

B UT23ERTF RYEALE 3-4 —3-11 Dt |k 20S 7127 ) — I ChT-L i PEIT 53 2 BRAE T M: A 8t i B
'Z Suc-LLVY-AMC % W CHIlIE L7= (Table 3-1), 7 2 > AULAY) 3-4 — 3-7 1%, — i O EEMEAR BRI 22
U— MMM T DT F RERRM ST 7 > A (ICs = 1440 nM) LV mﬁﬁfw 077 — ALEE
WEHTDHZ LNt (ICs=175-393nM), EiZ, =—7F7 VA LEY 3-8 - 3-11 1%, BULEW 1-18 D%
BORFRIPOR DT T REEICHARTHEEICHRILSNTET T NAVRIETTF FEKREZATHICHED
59, AT T T ) — AEEEEZ R L (ICs=26-56nM), 2 56DIESTF RIS TIE, B
DT NVXNVHEIT T a7 7 Y — ARFEEHICH 0 REBREBE G 2o, ZHUTWTNo T L% L8
FBEBETHIEMS 77—~ 7+ 7T &iililz3 2 L 2/RLTEY ., Figure 2-d IR L7Z3HEFER & —8T 5,

2, ZNHDIESTF RET a7 7 V) — ALER O HCT116 M (2632 Al si s i) Ve £ 5140 L 7=,
Table 3-1 12”9 & 9512, 3-5 & 3-9 SO ETOI/LAEWH 10 uM LU T O R EE CHRIAEEMEER Z-~r L, +
THZ—T VAULAEY 3-10 IZBUL AW TH 5 1-18 &L IRIFRZE O MMBSBEFEHIHI/E M 27~ L7z,

Table 3-1. JEXT7F RHALEWY 3-4 —3-11 O 1T 7V — AFREREM K O GEnEIER & F 0 s5Mg

Jk’l '\/ topology-based | o)
scaffold hoppin 0 0
J\m pp g 1/m k/ m '\/
(TN ' ( W N ‘
m o o™ o
o o}
3-4:m=0,n=1 é 3-8:m=0,n=1
35:m=1,n=1 39:m=1,n=1
36: m=0,n=2 3-10:m=0,n=2
3-7:m=1,n=2 3M11:m=1,n=2
ChT-L activity molecular properties compared with 1-18
compound — HCT116 cell growth
b molecular d total synthetic a
number ICs [NM]?  BEI SEI° ) tPSA ICso [uM]
weight steps
3-4 175+ 32 37 26 -141 - 64 -16 8.90
3-5 393+24 33 25 -113 - 64 -16 >10
3-6 215+ 40 35 26 - 127 - 64 -16 2.20
3-7 352 +25 32 25 -99 - 64 -16 3.80
3-8 28+2.2 41 23 -138 -49 -15 4.10
3-9 29+13 38 23 -110 - 49 -10 >10
3-10 26 £6.1 40 24 -124 -49 -13 1.80
3-11 56 + 16 36 22 -96 -49 -10 4.20
1-18 57+1.2 34 15 - - - 1.82

*Based on three experiments. °pICs, per molecular weight (kDa). “pICs, per polar surface area (PSA) normalized to 100
A2 “Calculated by ChemBioDraw Ultra 12.0.

(EREIR S = (BEI) &zﬁi‘%@%ﬂ‘/*iﬁ%?siiﬁr (SEl) DZ4L,
“Scaffold hopping”iZ £ 5 73 T-HE DB ZWGET 2 728, —#HO(LEW ORGSR (BEl) KU EME
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FEOhHIe% (SEl) ZFH L7- (Table 3-1), BEI X (X SEl X, T TNy & (kDa) K OMMEFRHFE (polar
surface area, PSA) 100 A2 247= 1) @ plCso %7153, B4 -8 K OB R RS 1%, (LA OBLE MBI /S A A7
RAFEVT 4 LOMHEN L MONTOHAYEYLZRE TH 0 |, VHERICHT B IRIEE & Zh b oW
{LZEHIME D/NT o 2 %7 BEI RN SEI IZRVEMR KT v V54 7 X ADETH 5, “Abad-Zapatcro

S5, K7 v 774 7 RBIRGEMLEYE RT3 7-0icid, U — Mead® ok bz C BEI X OV SEl %
RIS L TV ZERNEETHS L HEL TS, @

“Topology-based scaffold hopping”iZ & v #7= 12 &.H L?‘:#E/\"f% N7 w77 Y — LHES 3-4 - 3-11 & |
Fi— BT Hb A& 1-18 L4k @«7%%ﬂ%%ﬁ?é WODONT 7 by FEERD BEI - SEI 71y
KX % Figure 3-4 lTRT, Rl O_TF REHKEET S HONT 7 h U UHERE T S & BELHTK
SL AL TVDHOD (BEI=25-43), SENZIFEAEELL T RWNWZ s (SEI=13-16), 21
X, BREOEHIT 0T T Y — AHEEMICRE S EET 2000, BREEICHRT D0 FReEICK L
THEZ BTN ENWZ L ZaRd, —J57C, “scaffold hopping”iZ X V #H7=1Z B L7237 F RALEY) 3-4
—-3-11 1%, «7%Fﬂ%%ﬁk@wt WZhtE R g2 NS < ﬁmA%Lmkw&fﬁg’ﬁwsa%ﬁ
L7z, B2, ERE SN 2 b (bEM O+ BITBULEY 1-18 L it X T/hEW=diz, 3-5 KN
3Ju%®£f®mé%ﬂLwiD%mwBH%mbko_h6@%ﬂkBH&USHi\ﬁkuﬁﬁbk
HARTF FET T 7 V= ARERPBIEAW 118 L0 b EAZY — FMEAMTHH Z 27T HDOTH
Do

g analogues of 1-18

ency inde
w W
o O
<, o
SRS o
o
Py
A
I
:ﬂ
w
z
i
Iz
of

amine-type 3-4 - 3-7

£ o ether-type 3-8 - 3-11 O R?

;20 ©1-18 R': H, Boc, Cbz, Ac, Bz, 2-naphthoyl

= 2.

T 15 analogues of 1-18 with same scaffold R“ : vinyl, Et, Ph, Bn, phenethyl, phenylpropyl, 1-naphthylmethyl
B 10 2-naphthylmethyl, 1-naphthylethyl, 2-naphthylethyl

3. . ; I
10 15 20 25 30 35 40 45 R” : H, Me, epi-Me, isobutyl, Bn, 3-indolylmethyl

sruface-binding efficiency index (SEI)

Figure 3-4. X7 7 K ViFER L IEXTTF RALEY D BEI XU SEI

PLEVEFIIART 7 hyv AV ARIBRPEROFER 1-18 2 BlLA¥ & L 7-“topology-based scaffold hopping”
2LV, 118 DEBDOARF RN DI H T F NEWKET X T NVRIEXTF NEEA~EEBRT L2 LIk L
7o BT AH LTI —#DOIERTF RUET e T 7V — AREANL, ARNES TH 5 EICBLEY 1-18 LV
HENTZ BEI KONSEl 2R $ 2 b, R HMEREIIZEICH T2 X0 AHRY — NMuemThor %
ZHb, AHFFEIX“topology-based scaffold hopping” ST D AMIEM: 21078 5 Z L 22 < Tt 2 BT 5

DIZHD TR TH Y . REMOTF K& U — MG & LA RICBWCHERICERAThH Z &
TR THDTHD,

Fio, —HEOREIEEMRBEFIEIC Ko T, AKEMER AT T RERRRT 7 F 2 A (ICs = 1440 nM) 7>
R SIS L % £ > TR TETEME R IERTF MET a7 7 v — AFREA 3-10 (IC5 = 26 nM) % FL i
L7 LITRFET RERRTH D,

Y K DT Y Ny UEERD BEI KON SENCOWTCITEROE A SR,
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WUE N5 Uy A VRBBRMERORELHEERORESRE
gt RN LR E

(LA O L OV ER 22 BV DI FHEE IC LV BB Sh B 72, HEEZHIC L - CRET 5 =
LNARETH B, VARIBEHIZEIC BV TR, —RICRZE R LA AR THUE IS iR & 52 1 TR0 A
TEMEAR BT D 2 LRI D 2, JEER X LR B L AR A R L TR O RBICER 5 L b
D Linh, EURRENEET LA ERRET 2 LERD 5, UL Em ORI OV E 2 BV,
R TE IR DS R VBB AL S TRENT 5 2 L TWETHZ LN TE S, HiT, (LAY
NEERIC L > THMEZ T BT, BEICHT 2B A R T SE5 2 L CREMEZKET 52 LN T
5720, ALAMDLFHA X, BUKEE, BFHIMEECEUE R & ORI O LB AN Th 5,

Hm TR L DI RNT 7 Fy v A ARBPERO TR 1-18 O MIBIEEFEINHEIEM (1Cs = 1.8 uM) 1
ZOTaTT Y —AREEME (1Cs=5.7nM) ([ZH_TELIIRN- 720, ZOFRKIIRT 7~ ViFEEN
FEPREISAE TRD CAREETh D (Table1-5) 72D Th o EEZ HLD, Z 2T, MIBREIHIER D kE
ERIEL, RERNT 7 N UHEERERRETH 2 L 2FEI L,

1 SRR EFRA LIZB-7 7 b OLEEN

RT T N UHEROSRIT. BICREERB-T 7 N EONMKSRIZE b0 EZ NS, £ T,
SR EFIA L CR-7 7 R EBOIMKS KT D UMEZAR T S5 2 & T, L0 RERFERZ A
THIEERFE LI, —IC, AR VIO REH & OFOSYEIL, BV AR = VEEE & SRR R T 5
L TIRTFT 4720, Mrigure 4-1a 07T L 912, B-F 27 M ANAR = VafTICFE 4 OEBE A H T 5
DFEIR 4-1 - 4-3 %G L7c, o-fkF EOEEILO NIRF)E R 13 Figure 4-1a 127”7 X 912 4-1<1-18<4-2
<43 THDHEEZLN, ZONAICE-F 27 b UEOREESET LM EN D,

T RSy NV UHEERIIZFOBR-T 7 N ER TR T T ) — AOIEWELCH A T IO Fr$ il kLT
KA EZERTHZ T T TV —LHEEEZRTT2O . B-7 7 N AORISEDIKR FIZ 7 e 77 Y — A
EEMOERTICENDL EEZOND, LOLARRL, ZRLOFEMEKICBWT, HCp-727 bR =/a-
AITEA LT ATF VR, Thr O Fa X U ERBET 20 & IIGHIOEIE TH 5720, 7'rnT 7 YV —AHFE
T2 & DBRERFF L CLEMNFEBT D52 &2 WifF L7,
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4-1:R=Cbz © 4-2:R=Cbz
4-5: R = H (TFA salt) 4-6: R = H (TFA salt)
1-18: R = Cbz 4-3: R = Cbz
1-79: R = H (TFA salt) 4-7: R = H (TFA salt)
small steric hindrance large

conformational
restriction

—>

4-3: R = Cbz 4-4: R = Cbz
4-8: R = H (TFA salt)

Figure 4-1. f%&t L7#BERDORE () B-T7 7 F o EBONIRZNRIC K D22 el (b) BRI X 22 Eqk

2. BHERIEENC X A& EL

BT LI, RT T R URBER 1-79 13 pH 7.4 TEAA SRR B T O 4001% 10 BEfE & ZhiE
ERLETIE e No7=DIZR L, & b AB BUMIEH COFIN 2.3 43 & APPSR Tl TREETH
ST, O ENL RNT 7 MU UFHERIIAENSG TR 2 0ezid b B LND, £ 2T,
AL ERIENT K 2 0 fRIEFR ~DOBFMAR F 2 R L € = T~z CU E~DAFNAVIEDH AL DV
07 a R BREFA UZEERENC LY EAW 43 ZEULE E L CIEMRE TH 5 syn BlEEICHIE L
7B FERIBREA EAA 4-4 2 5%3F L7= (Figure 4-1b), Z D7 a7 a0 BHZHIH UBOREHRIEIL, A F L5
DN LD /NS TEIELAUIZ K o TR TR T D720, Bl & ZEMEDORR A MREET 2 D12 LT
Do

3£E¢ﬂﬁ@twmmﬁ¢%ﬁw

DOFFFF L FHERIIARBENMRNE B2 DD, £ 2T, it LB E R0 &k OVEM RN R E
ﬁ%ﬁﬁbfm%%L& EVEDBMEERREET 57212, & % DFEMRIZHOUNT N RIREBD Chz a#7-72
WIKTEPED B WEFE(R 4-5 - 4-8 5T 5 2 £ 1Z L7 (Figure 4-1),
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A RRE LSRR DAL

1. Bt L7oahB R & Rt

R LAY 4-1 — 4-4 1%, 1-72 £721% 2-24a 2% L CENENMIET HB-T7 7 b=y ks L TARK
TXHEEZLND, 1-72 LD 2-24a DERIZHOWTEENEIVFH — K O F Cilk<7= (Scheme 1-5 &
U'Scheme 2-3), B-7 7 b=y b -l DBEFRIZBNTIX, E0DT U LI OB-F 7 v VR =)1
o-NL D EE TUFRA TS R DR FE L 72 D,

Scheme 4-1. #%&t L7235E0K 4-1 — 4-4 DG RGHHE

i\Y
o) Cbz\H
Sl
X: Hor Me

Y: i-Bu or (S)-sec-Bu

4-1-4-4 1-72: X=H
2-24a: X = Me

2.B-77 b=y DAL

B-7 2 hra=v M KO Il O&H % Scheme 4-2 12759, B-F 7 b= b I 1% Armstrong & D4 L
72B-F 7 b= b 1-35 OAREMI L FERED HEIC L 0 AR Lz, Bl 4- 2 F L~ X Uik 4-9 L (4R)-4-
NUDN2-FFY VY ) vE LCH ZEIH & L THOWIRAREADEPIC Lo fEa LA 4-10
%437, 4-10 % THF H1-78 °C |23\ > T NaHMDS } O BrCH,CO.t-Bu T 5 = & T, BV AR=/Lo-fiLic
SHLTTT AT UABIRANIC 7 L X VR ZEA L TEAY 4-11 2457, T8 411 oF x40 2 %
LiOH K Ot H,0, % W 7= Ak 2l Nz 1 0 s LT VAR Vg 4-12 %457, 4-12 % THF H1-78 °C [23W\C
LIHMDS J O* CCl, THLEET 2 Z & T, t7 F VT AT VDI VR = )boflZxt L TUT AT LA RIRIIC 7
7 A U TG < SR MR T COBBRKISICLVB-F 27 bra=y b 413 257 (== b
I, Pg = t-Bu), *

B-7 7 hra=y MNIT v A R 4-14 ZHBEWME L L T4-13 LRBRICERLTZB-T 7 v 4-18 056
B LT, 418 % A% 7 U AT KV BABR L TEEW 4-19 2157, 4-19 % THF $1-78 °C IZ3\ T LiIHMDS
KOR3-TrE2-AFNTa/Rr TR 0 CIZHART 52 & T AF LT AT Vo a TT AT AR
IZT AL, BIURA S REZAGETHEEY 420 2D T A7 LA~v—¢ LTHAE, SZoRGIE
T =FAUNLIICF L— LI ANERIROEBIREZ B L THEITT 5 &5 % 541, Scheme 4-2 [Z7R7F L 9
ICEE VAT F AT AT AOSERICESE EN DT AT LARRMER R T 5 L &2 bn 5, 4200
CHEA 2 EAKEIC IV ET L THUEEW4-21 215872, 4-21 D A F T ATV T IERANTIK G R LT 1%
Crumnm A% pyBOPEICALER L CHIBKIS#1TVB-F 27 brra=y b 422 #1587~ (==v |k IlI, Pg =
t-Bu), . B-7 27 b= |k 4-22 OFIXSLARLRE L, 4-22 O NOE FEBRI2 J v 7 L= (Figure 4-2a),

C RSB T, U7 AT LA —OAERITHAERD O HNMR 2227 bV ER SRR T,
T ZoRIRIE, DT =AU R LbIcEL— R L EERROBEBIRELKE L TETTS L ELALATNS,
PARKISIZEBWT, U7 AT LA~ —OARITHAERD O HNMR 2227 hL ER SR H o7,
SORBUSIZBNTIL, 4-20 DB R\ % S48 TMS L S huie A8 50%EL EIR T bk,
HOE SEAREL BV I EEE LAY 4-17 O ELFEYGEE 208 L CHRE L=,
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Scheme4-2.B-7 7 hrz=v k| KO Il DARK

R
O 'NH
\_/
BrCH,CO,t-Bu 0 1) LIHMDS, CCl, O
fo) PivCl, Et3N LiCl NaHMDS LiOH, H,0, THF, -78 °C R
J\/R )L J\/R )k —— = HO R —— -BuO
HO THF THF / H,O 2) NaHCO;3 o)
0°C to rt Bn 78 °C CO,t-Bu 0°Ctort CO,t-Bu H,O / ether 0
R R R R R 2 steps
4-9 j-Bu 4-10 j-Bu quant. 4-11 j-Bu 76% 4-12 j-Bu quant. 4-13 j-Bu 57%
4-14 Me 4-15 Me 88% 4-16 Me 66% 4-17 Me 87% 4-18 Me 42%
[ Br 1t

LiIHMDS O } Y
o - bu
Et;N : Br T Wil GEGREEEEEEE - o
418 43> OMe A» e +.,O e —_— S
t-BuO LI\O_

MeOH THF t-BuO OMe

OH O 78°Ct00°C

,_’: _______________ Me,’, OH O
quant. 43% single isomer
4-19 4-20

Y 1) LiOH
. o | H,0 / THF 0
_PdeHe t_BuO)WOMe DR 0" N7
MeOH 2) PyBOP, Et;N 0
o

oH o CH,Cl,
0°Ctort
quant. 4-21 2 steps 68% 4-22

B-7 7 b=y b Il OE % Scheme 4-3 1R, LA Y uA 22 423 D7 2 2Bz kv mrrR
Wi 4-24 % 457=, Z DA VR R 4-24 ZHRWE L LT 419 OB EFERICT v a—)L 42T Ak LTz, =
DT IVa—)L 427 Z#IE L LT, ERD 419 O T 27 L ARIREY 7 L /U LEUG & RIRED A F AL
REA R L2, ROSIT A EITE T 4-28 135 R0 o T2, ZORRIT. &L\ (S)-sec- 7 F /L EED LK
NREDIZDOIZ, 42T DHEL DLV T =4 DORISENMEN =D E B X Hivd, £ T, B-77 b 4-29 %3
BL LTYT AT LRI A F LS EET 22 & L, BIB-5 7 ho 429 12, B-F 27 Fo 4-26
D -7 FIVIEEFRPESME TR L CARR L7, 4-29 % THF H1-78 °C 123 T LDA KUY Mel TRLER L 7= #4-40
CCIZHIET D T, ILRIFENWE DD YT AT U AR A F LR EIT L, FHURAFIREEBT D
{EE 4-30 RSBz (dr 3:1), ORISRV T, Scheme 4-3 12T X HIZB-T 7 B EDO I VRF
VIO RN FE S DV TCIRRIEDNHE SN TWD D EE X BND, 430 DI ILRF VL -7 F L
HETHWMRELR, AX 7V VRIZXVB-F7 PURERRL ULAEW 428 5 H— VT AT LA~—C& L
THETZ, 4-28 D k7 )V =1 — /L A Dess-Martin b2 L 0 b L 72, E U7 R =)V k% (R)-2- A F
JL-CBS-1,3,2-4 %% U ¥ 7 VL Hu = CBSBITIC L) U7 A7 L ARSI TS 5 = & T, 4-28 DT
REMER 4-31 ZH— VT 2T Lf~—& LT, KT, 4-31 O A F LT 27 L ORI 72 RIS L
0 HIVR UG A-32 155 X FlA ARG L7203, KRR OY SN2 SotE VeV T -7 T 1
T AT NVORRENESLE L TETL, 4-R TG oneholc, 22T, 43R DAFNLVZ AT VK NET
FINVTZATIVENMKGIEL T HIVR L Uiz, K R Y 7 v A4 iz (TFAA) TULELT 25 2 & TERIR
BRI & L, I DT 3 — VISR 25 2 & TF /) WVR W 4-33 %2157~ TUR#%IC,

" CBSBILDYT AT I/ZT‘L?R AR D 'H-NMR 2227 Lk 99:1 THY, ELTEYT AT Ld~—
BT hraw NTTT 40— L DRBETERW,
Tz OBRRER AR Y O IR BRI R R HEAT L, ALE B O AR IR D T HNMR 2227 f Lk
Roeinehol=,
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4-33 27 v A & PyBOPPICALEL L TG Z1T\VB-F 7 b=y k434 2457 (=== k Il
Pg=Bn), . B-77 hrx=v bk 4-34 OFXILARBLE X 4-34 O NOE FBRIZ L D RE L7z (Figure 4-2b),

Scheme 4-3.3-7 7 b=

N DA AL

o

O)LNH

1) BFCH2C02t-BU
NaHMDS, THF, -78 °C

HoNOSOZH o “Bn o 0 2) LiOH, H,0,
)K)\/ NaOH )K)\/ PivCl, EtsN, LiCl O)kN THF / H,0. 0 °C to rt
Kj HO

_— —_— >
H,O THF 3) LiIHMDS, CCl,
0 °C to reflux 0°Ctort Bn THF, -78 °C
4) NaHCOg3, ether / H,O
4-23 4-24 2 steps 74% 4-25 4 steps 73%
Base
O (NaHMDS, LDA etc.)
1, EtN Chigl \_/
t-BuO : R — OMe +> BUO B OMe
MeOH THE B
OH O
94% not obtained
4-26 4-28
TFA/ICH.Cly | oo
5o 95%

4-29

\/
t- BUOM

OH O

single isomer
4-28

I—CH, I
LDA \ i

i
O
(6]

0
: B A 0
- - - HO " 8
> o) 2) NaOMe

1) t-butyl bromide
AngO:;, MS 4 A
THF/CH,CI,

°Ctort

THF s .-
¥
-78°Cto-40°C O/\o ¢} MeOH, 0 °C
I—CH;™ . dr3:1 3 steps 15%
minor 4-30
hydrolytic conditions
1) DMP, CH,Cly o \—/ (LIOH, NaOH) o \_/
tBO)H):YOMe me e
1 322 methyleB?d Y L Sp2 conditions Y o
B THEoronane (Lil, TMSOK, RSNa, RSLi)
THF, -78 °C not obtained
2 steps 98% 4-31 4-32
1) NaOH, dioxane / H,O
80°C 3 steps 82%
2) TFAA, 0°C
3) BnOH
o \/ pyBop 0 L/
Q OH Et3N BnO o
BnO
CH2C|2 (@]
OH O 0°Ctort o)
433 75% 4-34

I STIRBLE IS, LAY 4-26 DHFEEEE KON tH-NMR 222 /LAY Armstrong 5 (2 &
2=y M 135 DARTEIETH D (2R, 39)-VT7 27 LA~—Moy oL
IT—E L (4-26,J = 4.5 Hz; diastereomer, J = 43 HZI*M), 5 L AFEDB-F 7 b ThH EEZ

o ko JESE
LENDHT ENBIE LT,

t-BuO 2R 3!\/

(2R, 3S)-diastereomer of 4-26
Jonan =43 Hz
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4-22 4-34

Figure4-2.B-7 7 F = | 4-22 LU 4-34 D NOE EH

3. KAt LIoiFE ko Gk

EERLAEY) 4-1 - 4-8 DA% Scheme 4-4 127”7, B-T7 27 b= b 4-13, 4-22 L 4-34 DIRGESLZBRE
LCERENFIET D AVR UL L2, 1-72 H D\ 2-24a D Boc JaFREL THET IV EHEET 5
LT, B AW 4144 AR LTn, £72 4-1-4-4 D Chz Ba KFE(LOIRIC LV REL T, =AY
4-5-4-8 ZERR LT,

Scheme 4-4. %Gt L7-358K 4-1 - 4-8 DARL®

(e} (0]
R R H
“ a o
t'BUOJK’i Y_» Ho)k'i Y CbZ\N/H‘rN
(e} (0] H
o) o) o

4-13: R=H 4-35:R=H
4-22: R = Me 4-36: R = Me

(0]
Lo
BnO A

41:R=H
4-2: R = Me
l f
O
/i R
N o
TFA H H 5 Y TFA H
H2N O H2N
o (0]

4-5:R=H 4-7:- X =H
4-6: R = Me 4-8: X = Me

®Reagents and conditions: (a) TFA/CH,Cl,, -5 °C; (b) Pd/C, H,, THF, quant.; (c) TFA/CH,Cl,; (d) PivCl, Et;N, CH,Cls,
0 °C to rt, 62% (4-1, 2 steps from 1-72), 100% (4-2, 2 steps from 1-72); (e) EDC-HCI, HOAt, Et3N, CH,CI,, 0 °C,
quant. (4-3, 2 steps from 1-72), 91% (4-4, 2 steps from 2-24a); (f) Pd/C, H,, TFA/THF, 0 °C, quant. (4-5 — 4-8)
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FE AR LT EEIRO L N R O A

1. AL L7 fB B8R D78 o OV 5 )2 E T

AR LT R 4-5 - 4-8 D 37 °C IZ81F 5 0.1 M TEAA KB (pH 7.4) & U'e b AB AU iEHIZEBIT 5
FRATR DO LA HPLC THIE L, BLEWDOZN TN O T TO A 2Rk 7= (Figure 4-3), 0.1 M
TEAA FEEIE T COLAW DL ENEIL 4-5<1-79<4-6-4-8 DIEE 720 | FHEHRFOME@ Y Figure 4-1 |2/~ L
72B-7 7 b I NR = oS DEHRIEDOSIREE SONEE —E L TWD Z Ny oT-, 4-6 — 4-8 DB-T
7 NIV =NV IR R R & T D BRI, R T TR ICLETH Y 2L RSN ho
77

t N ABRIMEF TOREMED 4-5<1-79<4-6<4-7<4-8 DJEE 72V | Figure 4-1 1Z/RLT=B-7 7 b Hv
RNV OBEIEOS AN ER SOIEE —F Lz, LOLARRS, Zhbofbdoe b AB BimiEHfic
B DT 0.1 M TEAA FEMERRH COENC I TlRD TR, B b ABBRUMIEH ClIEsRIc k- T
IIRENTND Z LR SN, £To, 4-7 OEERIRFEEARTH 5 4-8 1L, 4-5 (ty, = 14 min) (TEE~TIHE
WICRETH T (=63 min), ZOLEVEOFZERIT, BEHRHCHIRE L7280 BUEEHIBNC X - CHOffiEsRIc
T DBFEPNR T L2 LIk D bDEBE 2 Hiv, BEEIME & AW PR EVEDOBRZ =36 & LTl
P SYIAN

LU EDIKIEIERRER 4-5 - 4-8 & W= REMRBROFME RN D U — MEAWTH 5 1-18 1T THZ 1w
7t AR LIZ7F IR 4-4 132 R OVEM RIS ZETH D L E 2 b5,

179 1-79
= ®
a0 4-5 b 4-5
= _ 46 £ 46
g 4-7 g 4-7
\ 4-8 4-8
20 A - -H-H--\--H--H_ —
0 —= —
4] 5 10 15 20 25 30 35 4] 10 20 30 40 50 &0
time [h] time [min]
c
ty0 at 37 °C
compound number -
0.1 M TEAA buffer (pH 7.4) [h] human AB serum [min]
1-79 10 2.3
4-5 35 0.73
4-6 ND 5.0
4-7 ND 14
4-8 ND 63

Figure 4-3. 0L 1-79 L DN 4-5 — 4-8 DALY K OVEW)#H 2 EME (@) HPLC TRIE L7z 1-79 KTV 4-5 -
4-8 @ 0.1 M TEAA FEFl#E (pH 7.4) I CTOFRAFRDORERZA{L (b) HPLC THIE L7z 1-79 k(N 4-5-4-8 Dk |
AB B fi{E H T OERGFREOKRRFE (¢) TNENDOFRMITEIT D 1-79 LN 4-5 - 4-8 D 15
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2. BRLLTZRFREARD 7 a7 7 Y — AP E TR M K OV IR Sl 50 ) 4

AR LT8R 41 — 44 O 20S a7 T Y — LA ChT-L JEMEIC k9 2 FLEEME 2 9000
Suc-LLVY-AMC % W CHIE L7z, Table4-1 (2R3 X912, B-T 7 b IR = VoL F UL IR R IR 1%
AT HHERA2-4-4 DT 0T TV — AREGEE ([T h ICH=1.3uM) i%, V—KNbEHmTH5 1-18 O
a7 7 Y —ABLEENE (ICso=5.7nM) & X THRD TR o 7z, B BTl L H 1, _"T 7 b oipd
EDOF T 7 Y —AREEILE O LARK AR EEIEKEL TWD D, BERB-T7 bra2AT5
INOOFEETIET mT 7V —LHEIEERREK T LIZEEZbND, o, B-T7 bR =
ANLIZEAN L2 A FIVEDONAB RN T a7 7 ) — 2 & O ASEIZB O TARFNSEW TV S aTREME S & 2
bND, 4107 T TV —AHEENM (IC=72nM) 28 1-18 ([ZHE_TIERWDOIX, o Y 7 F 4 4-1) Lo
t (S)-sec-7 FILH (1-18) DENT T TV —ALSLART v kN ESRANCHAEERT -0 &2 b5,
F7o, AR LK 4-1 - 4-4 O HCT116 AR 33 2 Ml s g E ) 2 5540 L 7=, Table 4-1 (2773 &
I, 4-3 LIS DOFHERIT 1-18 (ICso = 1.8 uM) & [F] % DA EH 27~ L72 (ICs=3.8-52uM), 7
077 Y — ABEEENE LK T L7z 4-2 Y 4-4 78 1-18 & R0 MM Ean e 278 L2 D1%, 4-2
N 4-4 3 1-18 [T R THIBERHR CLRE CH DO EEX D LN TE S,

Table 4-1. ARk L7258 IK 4-1 - 4-4 D7 a7 7 YV — L HETEME K O 5EH# /EH

ICs0 [uM]*
compound number —
ChT-L activity cell growth (HCT116)
1-18 0.0057 1.8
4-1 0.072 52
4-2 1.3 3.8
4-3 1.3 > 10
4-4 1.3 4.0

®Based on three experiments

PLb. EFIIB-T 7 b VAR =V RFBEDOSARHNER S O 7 v T e B B A F A LT BLE RIS & -
T ART 7 by AV ARBVEROTHER 1-18 OZELFHE TR 4-4 Z BN T Z LIS LT, LN LRI B,
4-4 777V — ABHETEME (ICs =13 uM) XV — RMEEMTH 5 1-18 (ICs0 = 5.7 nM) (TR TE L <K
<, 7a7 7Y —AMFEEEZRFELTRT 7 N UBERERENT S Z EIXREECTHD Z LRI
776
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FHE XTSFFRuVBLONSTY v MeAHOAIR
i AT MEA oG

B—E TR L SIS RT Y by AV ABERMEROFHE A 1-18 O MMIBIFANHIER (ICs = 1.8 uM) 13X
FOTaT TV — AAEENE (ICs=5.7nM) ICHRTE LK 5Tz, RT 7 kv VU FHEROTEETH S
B-7 7 N ATAEEFEHSRM FHD CTREE TH W B ITMNKGIREZ T D120, XT7 7 by U adFE8R T
R CREIAFETE T, TOMEEMEMHIERMEW 0 EEX NS, BUETIE, B-77 OB IR
SNVEE SRR TS5 Z & T, B-7 7 b ORENEFOTLENFER 44 T2 LIk LTz
N, TaTr 7T —AHEEELR-T 7 b ORISTEDIR TIZEES TR T LT L EW, 58RI 5E 6 E A
TR tERERE B4 2 kR Ao, BLED Z EnE SO EEFEINEIE 2R AR A BT
72DIIE, IEHEETHDHB-T7 7 b B AEBPRRNE T CLERMOIEERICERT HIVERN D L LB 2T,

1. X7F AR u T a 7TV — AHEHS

RFF RRo U BRIIRFER R T 0T TV —LHERO 7 T 2ATHY, BETHONLNTWARLT Y I
Ol B 7 i R 3R N T AL TV D CEP-18770P4 K O MLN-9708PN i3 b, 2D 7 2D 7 a7 7 v — Al
=X THDH, (Figure5-1), X7 F RR o B0 T 7 Y —AWERIL, TOMERETHLI R V)N 7o
TT V= MEHERETHD Thr RO ReX U R eARAn U ATV ERKT A2 & TFrTr 7 Y —AC
3t 5 EEREAMEER L LTE<, B SR o U3 B A FTRETH Y . %< O/ HRIaRIGE
HER AT 27 F R VBT a7 7 Y —AERRm bR TG, BBz - 57 L o v
GIROEMILAB-T 7 Fon bR e Vi~ BT 5 2 L 2 3HE Lz,

cl
S U ie i
H CO,H
N__A_ N _OH | H N oA
A N e oo
OH & A H &, c 0 Hoo
HO” ™

(0]
(0]
bortezomib CEP-18770 MLN-9708
- [e) Thr QH - o) Thr
H B\ <
R oH HO - = O
N7 B OH
H 7 NH, _NH NH,
OH R
peptide boronates proteasome covalent complex

Figure 5-1. (REMN_TF FRu VAT a7 7 vV —AREREZ0 7 a7 7 Y — AR EFKX

2. "7V » Meahoms

NXTF KRBT a7 7 ) — AAERTHDLRLT Y I TRRRT 7 b v A AR B ROFHER
118 & 7R T 7 Y — KOO X B iEe 1% Figure 5-3 ICERTRT, Fi T~ ki, <7
7 RNy UBEEKIIO T e T T Y — ALER L TR ARSI AEA L TEBY . BAT Y I 78 P S
# (non-primed binding site) 12K AT DICKT LT, <52 o L FEIK 1-18 [1p-T 2 kLA Pk
AT (primed binding site) [ZfEA LTWA Z EASME, BT, BTV I 70 P2 AT T T Y — A
BARIEIENT, <57 o FHROR AT ThHD PRIREA IO AMAIN TN D = & 515,

61



Weo T, XTF R UEED P2 UIBHIZ K LTRT 7 b3 B BROREE ZR5 9 5 2 & T, PREliE &
P SEIGHG SO MIT L RANTHAENEN T 2T 7 M VBER L RXTTF R a A FRONAT Y > Mlﬁé%@
AR EETH D LB 2T,

non-primed
binding site

primed

binding site

non-primed non-primed

(\ NH2 Thr : (\;t NH, Thr

primed

binding site . 1 binding site 5
primed ' = HN o
binding site ; I binding site
bortezomlb i 1-18
k/ : o)\o
P3 :

Figure5-2. A/L7 Y X7 (gray tube) XII-~X7 7 ko U FFE (K 1-18 (green tube) & 7' 77 vV — L L O HLE
fa OGO ERA DY

RZ 7 vy A VARBMROFFER 1-18 13T F REKEARA LT\ D, 2078, FEICT T REK
EHTHXTTF RRa e oAt 7y MEAIIZEOTTF R ER->Z L L0 BREHERMECH
et LoRMEREaEN D, B2 - EEE TRy 1-18 2B LAM & L= “topology-based scaffold
hopping”(Z & ¥ FLH L7z (FERT'F RPET 177 V) — LAPHEH] 3-9 OEEZ LI LTS 7Y v bW a ik
FtL7-, Figure 5-3 12" & 912, 39 HRDIELT T FifiE (n=0-2) 27 F KR a Uil P2 g%t
LTT I REATERSZET, P2 573%%& LTAsp(m=1) (7 25{tH5¥5-1a-53a L Glu(m=2) ZHT
HA 5-1b - 5-3b HHE L7, T

CNTF RREVBOEF Y UA— VAT MITE KTy 7 e LTRSS BT F R B S @S0
RFT Y — AREEEE AT S LB BTG, B
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3-9 bortezomib 5-1a:

'm=1,n=0
52a:m=1,n=1
5-3a:m=1,n=2
5-1lb:m=2,n=0
52b:m=2,n=1
53b:m=2,n=2

Figure 5-3. &gt L7247V v NMELAEW 5-1a—5-3a X 1¥5-1b - 5-3b

DRI DM A G RALFRICHREE T 2720, &G LicAa 7 U v M) 5-1a-5-3a L 18 5-1b - 5-3b
T B ETHRAREARBAMEEMO Ry o JEICESNWT T u T 7 Y —a b Ry X7 L, LA W
5-2a D R v % ZfE R % Figure 5-4 (2=, "PRISh7-#EAHERICB VT, 5-2a DIERTF PSR K AL
TF FAR v CEEEITENE I PGS S A O P SIS A L W L@ IS E/EH L TRBY, AT
v MEEMOSFRFTNZL 72 b O TH D Z & DNRE I,

S1
non-primed P1
binding site orl\‘HZ Thr
primed non-primed

o binding site primed
binding site 9 binding site

ilsz o
T e

Figure5-4. Ry X 7280 FRISNZ5-2a D707 7V — AfEEHE

3. P3 I EHHEIRORRE

FikoNgt Ty RbAY 5-1a-5-3a K '5-1b-5-3b D H H %k T2 L 9k b 7 rT T Y — AMEE
PR OSBRSS EF D 2> o 72 5-2a % U — NE&# & LT P3 SO fidiE AR B % MRiE L 7=, *Figure 5-1
IR LIEBER O T F R m @R 7 a7 7 Y — AREAOREZ 2712 L C Figure 5-5 (27 L7- 5-4a —
5-7a Zaxat L7z,

TRAFYITETaTT Y — AL O X B EEEE AT, B ETHRARE Ry U s EICESW TS
077V —LETFAERELT Ry XL V% To72, MOV TIZERO B,
TS D Ry ¥ o SRERIZOWTIZEROHE B,
P B2a I BV TIET B F LD P3 EICAR S T 5,
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Cl

Cl

5-4a 5-5a 5-6a 5-7a

Figure 5-5. 5%3l L7z P3 ME#LFHE (K 5-4a — 5-7a

4, JEXRTF NEREHLHEIROE
—HEDNA TV REEMITE T BIEXTF RO MRS T 5 E 52T 57-o, 52a%2 U — R
fb&# & UTIERT T RERE #7538 K 5-8a & TN 5-9a Zi%at L7,

0
o} HNJ\
R\Hk\wkfo

HNh/
B

/\O

&

e
OM
5-8a 5-9a

Figure 5-6. s%at L723E_7F NHLEHATE(K 5-8a — 5-9a
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HF AT Uy FMEamoE Rk

et LA 7V » REEW 5-1a — 5-9a 2 1 5-1b — 5-3b D&% % Scheme 5-1 ([Z/R"d, 7o T 2hm g
DEF VA —Lx 27 L 510 8% Boc-Asp(OBn)-OH XiZ Boc-Glu(OBn)-OH & IRAFREE KT L 0 #i e
L CTENZEN 5-11a KN 5-11b 157, 5-11a L' 5-11b @ Boc J&& 27 nm x % L TEA CTRUER L T2
L. U7 R 7 A BKERIZ LY 7' F b L TEREI 5-12a KT 5-12b #457-, 5-12a K1Y 5-12b @
N VN KBDIRIC L VRE L%, AU IARF I L TT 2> 5137 3-29 T 3-31 %4
AL TENTEN LAY 5-1a— 5-3a & 1 5-1b — 5-3b 1572,

EA# 5-11a DX DN A KFELDIRIC LV BRE L%, BT R E VIS LTT 2 > 3-29 &4
AL C5-14a #157=, 5-14a D Boc A7 mm A X U TFA TULFL L CRrE L7214, A U727 2 /2 BRioxt
LCERENGT 2 AR EES U< IXME(W A RS T 5 2 & TIERLEY 5-4a — 5-7Ta 2157, 7z,
ILA# 5-12a DR D NFEEKFESGRIC L VBRELEE, EUEINVRFVRISHFLTAF AT IV H L
E7 2V 516" 2T 5 2 & TERENEN LAY 5-8a L 1) 5-9a & 4472,

F-. LT F RRe U BROYF L UA— L AT T, B Y DAL T A a~w N5 T ¢
—IC X DG T ARLETH O EHSNIAKRGRIND oD, TOEMULEWIISEI 7 L7~ N7
FT7 4=l X 0ERLT,

TS LU — LT AT )L 510 DA FRIC OV TIEERO I A S,
T 730513 DARRICOWVWTITER DL 4 B,
P 730506 DARRIZOWTIZEROL A B 1,
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Scheme 5-1. /~A 7'V v b4 5-1a—5-9a X T} 5-1b — 5-3b DAL 2

HCI /(k @\
o, =
HN7 B Oy 3
© o
S NH,

(0]
513:n=0 (o)

/(k 3-29:n=1 QW o HNJ\
(o] (0] 3-31:n=2 - O

H H NJ\H

. d . f h
BOC/N - N B\/O 3 L»\H/N\E)'kN B\/O B —eM e} n H m HN

BB ol BB ol E Y

m m B,

OBn OBn

511a:m=1 5-12a:m= 5-1a - 5-3a, 5-1b - 5-3b
e 5-11b:m=2 5-12b:m=2
e

iorj B
5-9a %ﬁ‘

®Reagents and conditions: (a) Boc-Asp(OBn)-OH, PivCl, EtzN, CH,Cly, 0 °C to rt; (b) Boc-Glu(OBn)-OH, PivCl, Et;N,
CH,Cl,, 0 °C to rt; (c) TFA, CH.Cl,, 0 °C to rt; (d) Ac,0, EtsN, CH,Cl,, 0 °C, 68% for 5-12a (3 steps from 5-10), 84%
for 5-12b (3 steps from 5-10); (e) Pd/C, Hy, THF; (f) 5-13, EDC, HOAt, DIEA, CH,Cl,, -18 °C to rt, 68% for 5-1a (2
steps from 5-12a), 78% for 5-1b (2 steps from 5-12b); (g) 3-29, EDC, HOAt, DIEA, CH,Cl,, -18 °C to rt, 77% for 5-2a
(2 steps from 5-12a), 84% for 5-2b ( 2 steps from 5-12b); (h) 3-31, EDC, HOAt, DIEA, CH,Cl,, -18 °C to rt, 71% for
5-3a (2 steps from 5-12a), 75% for 5-3b (2 steps from 5-12b); (i) R-Cl, Et;N, CH,Cl,, 0 °C, 49% for 5-4a (R =
2,5-dichlorobenzoyl, 5 steps from 5-10), 53% for 5-5a (R = benzoyl, 5 steps from 5-10); (j) R-OH, PivCl, Et3N, CH,CI,,
0 °C to rt, 47% for 5-6a (R = pyrazine-2-carbonyl, 5 steps from 5-10), 54% for 5-7a (R = 6-phenylpyridine-2-carbonyl,
5 steps from 5-10); (k) CH3NH,-HCI, EDC, HOAt, DIEA, CH,CI,, 0 °C to rt, 2 steps 18% from 5-12a; (I)
4-(benzyloxy)butan-1-amine - HCI, EDC, HOAL, DIEA, CH,Cl,, -18 °C to rt, 2 steps 76% from 5-12a.
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FHH ATy MEEY oL

1L ATV MBI 7T a7 T > — SALEE MR OS5 S 75 A

B LTS b Ao b 20S 7'u T 7 Y — A ChT-L i, C-LiHMEL O T-L Gt 2 EER 2 %
NZ Y FEE Suc-LLVY-AMC, Ac-nLPnLD-AMC & O Ac-RLR-AMC % FIWCHIE L7z, N1 7'V » F{bE
¥ 5-la —5-3a L UN5-1b - 5-3b 7' u 7 7 Y — AREEMEE Table 5-1 IZ7R"F, 2 HE2TONA 7 U » Nl
EWE 7 e T T Y — A ChT-LIGMEZSEINCIHE L, Z D ICs fili1X 2.7 -5.7nM £ AR/LT > I 7 (ICs = 7.0 nM)
CREETITENLU T CTH o7, P2RELE L TAsp(m=1) 2HT (LA 5-1a—5-3a >V CIERLT Y
3 7 (C-L activity, ICso = 120 nM; T-L activity, 1Cso = 2000 nM) & [FlfkDY 7 = FERMEEZR L, C-LiEME
B ONT-LIEMEIC 5 ICs B IXZE 24 120 — 150 nM & 7Y 1100 — 2700 nM Th o7, —F, P2 L LT
Glu(m=2) #A3 2{tA% 5-1b —5-3b I 2\ Tid, T-L IGMEIZ % T % 1Cs f 1% 2400 — 3000 nM & 5-1a - 5-3a
ERI%ETH -T2, C-LIGTEICHKT D ICsHIL 46 — 76 nM & 5-1a — 5-3a ([ZLh_X T o 72, 2D Z b,
C-LIGMEZMIB-1Y T 2=y FOEEEIZBNTITP2 AL LTAsp LV Glu DR FE LW &R
RSNz, £, I DIEEMIIBWTIE, FEXTF REBOT LI UVEHE (n=0-2) 1T7 e 77V —A
PHETEMEIC R L THE VB L 2D o7, IEXT T REOBREERTIKTH L0, EOT X UEHEID

BWTH ZOOXRBURET 0T T Y —LEGR Ty MIRET 52 LRk EEZBbND,

F I AR LA LAY 0 HCT116 MLz 33 2 MR AR 2 5546 L 72, -~ 77V » RMk&# 5-1a
—5-3a & U 5-1b — 5-3b ™ HCT116 iz xt3~ 2 MR G FEHNHI (] 4 Table 5-1 (27”9, #IFFL7z@b | &2 TO
AT RMEAWIEEET) e R RN E A 2R U7e, BUBRERWNZ L2, P23k & LC Asp 27 H1LE
#) 5-1a —5-3a (ICs = 32 — 45 nM) (X Glu A3 5 5-1b —5-3b (ICsp = 64 — 110 nM) LV H587) fcﬁ%ﬁﬂﬂ@ﬁ%%ﬁ
T EN Mol MEBEOT 0T T Y — AREFEIEHICRE REWVITR SR\, BOE o
DRI DAREMER B X BILD,

Table5-1. 1 7V v F{t&W) 5-1a—5-3a LN 5-1b — 5-3b D7 11 7 7 ¥V — AR ZETEME R O B H48 7E B /E

.....

compound ICso [NnM]?
number " " ChT-L activity C-L activity T-L activity HCT116 cell growth

5-1a 0 39+22 140 £ 11 1100 £ 130 45.4

5-2a 1 (Asp) 1 2.7+1.0 150 + 24 2700 + 330 31.8

5-3a 2 41+11 120 £ 23 2700 + 720 43.0

5-1b 0 51+18 75+£8.7 2400 + 880 63.6

5-2b 2 (Glu) 1 5.7+3.6 76 6.0 2500 + 1700 110.3

5-3b 2 41+28 46 £ 3.9 3000 + 610 67.2
bortezomib 7.0+£0.5 120+ 10 2000 + 790 5.0
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®Based on three experiments

2. P3 SEHAFHEARD 7 a7 7 — ARLETE M S Ol e B 53 /E

& bIRWT BT 7Y — AREEM R OHIEE S ER 2R Lot 7 ) » NMea ¥ 5-2a =Y — NMed
W& LT, P3EROMIETEIEARRI A FH 7o, P3 EMEHAGHE(N 5-4a — 5-Ta D7 17 7 Y — LRAEVENE & O
HEANEIER & Table 5-2 IC/R9, P3 EHAELOEWIZ K-> CF a7 7 Y — AREFIGMIZN B Lo 7223,
P3EIc25-v/ma 7 = = VAT H{bEW5-4a KO T Y —/b (3-T7 = =/b-E Y Ur2-A V) EEhaT
HALE Y 5-Ta 1% ChT-L iG-Sk L T a2 R Lz, FriZ, {b&% 5-7ald ChT-L iG1: 258 )12 &
HHDD (ICso=7.5nM) C-L {EHIZ % T 2 BHETEMEILXIER (2K D > 7 (ICs = 1000 nM), [7] U P3 E#iL 2 4
THNTF R Ui a7 7 — AR EH] CEP18770 1% C-L iEME & 5 /1 [HET 5 7= (ICs = 70 nM),
PO NA TV v FIEAMICBW T, EXTF RO 7aT 7 Y —h s OMEERIZE > T P3 Bk
DT T TV — ML DRIPE L TV D ATRRIENRIR STz,

Table 5-2. P3 S & HLKE (K 5-4a — 5-Ta D7 0 F 7 ) — AR ZETEVE K OGHI I BEFEH 1 /6 FH

compound . ICso [NnM]?
number ChT-L activity C-L activity T-L activity HCT116 cell growth
Cl
5-4a @\y 59+05 250 + 140 > 10000 140
Cl
5-5a 7.8+26 130+ 6.2 2700 + 380 60.0
- Y + + +
5-6a N@ 71142 210+ 73 3300 £ 600 45.0
‘ X
5-7a N 75+0.9 1000 + 890 > 10000 260
5-2a HoCoys 27+10 150 £ 24 2700 £ 330 31.8
bortezomib 7.0+0.5 120+ 10 2000 £ 790 5.0

®Based on three experiments

3. AT TF NEWFHERD T 10T T Y — ARREIE M K OIS i 6 1F A
NAT Uy MeaW5-2a 2 ) — NMea & LT, 3T F FEORETEMAIB 2 MEE LTz, JETF NE
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EHEHER 5-8a L V5-9a D7 1T 7V — ARRETE M K O GEfil{EH 4 Table 5-3 I~ ¥, IEXTF R
WA R0\ 5-8a LB LT, RUB VRN —ODIERTTF KR AT D 5-9a KONV E VBN oDk
NTF NEZ AT 5 5-2al3 N 10 5O 20 f558 012 ChT-LiEME A HE Lic, 2D Z &b, IERTF

NEIEIRGE L7zl 777 Y — A EMAEH L CHEFEEMEICHES L TWD 2 ERahd,

EARTF FESZ 72 72 M B 5-8a 131E & A ERIIAHFEINHIEN 2R S 72 o 72 (ICs = 2500 M), Z 4L
1L 5-8a D7 a7 7 Y — AEFEIEEIMEN D 8 2D WNFARMED @O T DI LB IEME DS & 7o > TV 5 L fi
WTE2, £lo. XRUBUVRB—DDIEXTF FEE AT 5 59 1L, XUBUVEB ZOOIETTF NilaF
T %528 LRIFEDOT T T Y — AREEEEZ R TICHEO LT, E OB ERIX 1Cs fE2Y 130 nM
& 5-2a AT 572 (ICs =32 nM), = DZERTEEF PRI LENE. HDHWTHRIRT LT eTT Y
—AEERORWEOENNCL DI b EEZLND,

Table 5-3. T F NEREHLFE K 5-8a LN 5-9a D7 1T 7V — A FLETEME K OEabE e i 7

o}
HNJ\

R.

(0]
N)J\\\“‘K’&O
H HN\m/
B

[oglNe}

g

compound . ICso [NM]?
number ChT-L activity C-L activity T-L activity HCT116 cell growth
5-8a HoCoys 54+38 500 + 64 > 10000 2500
W
5-9a é 48%1.0 170+ 114 2170 + 150 130
O
5-2a g\/\g 27110 150 + 24 2700 + 330 31.8

(0]

<

®Based on three experiments

4 ATV REAWOGE T a7 — AEEEE

bR OREREE VMBI K 0 R LT3 22 7 e 7 7 — A TEE R O S A R 2 9 %
A7V v Mea¥ 5-2a K1 5-9a (ZOW T, p5i 7 2=y MIXT HFEEEL Kuhn 52X v #Eshiz
active-site ELISA I Z X 0 JlliE Lo, = ha—b b LTI, ERENIERIRI, B5IRINAD, 5 IRINA72
TuTT = AHEATHERLT VS IT | T4 AF L PROST &Mz, B Rigure 57 10 & 5
2o ATV FMEAMTH D 5-2a KT 5-9a 13T F N U7 nT 7 Y — LABEATHLRLT Y
2 TITHARTR5I BIRAENFENZ E RN ho T, ZOBIMEDE WL, FERXTF RO T aT 7Y —hE

DHEERICESS D TH L EEZX BN D,
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5-2a 5-9a
140. 140
120: 120 I I
3 100 i s 100 1
>% =5
£ 5§ 80 I5 80
Z o Z o
S5 60 2% 60 }
£ £ 4
2 l i 20 I i
T T T T m T T T T m
100 101 102 10° 104 100 10 102 10° 10¢
concentration (nM) concentration (nM)
bortezomib PR-957
140+ 140.
1204 120 i
= [} = [}
y 100-
»E ™ L =8 s
£5 god % T 5 80
Z e Z0
3 5 604 g5 60
£ 404 £ 40
204 i 20-
T T r n T T T T 1
100 10° 102 102 104 100 10! 102 102 104
concentration (nM) concentration (nM)
lactacystin
1404
1204
B i
§§ 80: § . B5
S5 60 a a B5i
£ 0
20-
3
T T .
101 102 10 104

concentration (nM)

Figure 5-7. /~1 7 U v F{tEW 5-2a K} 5-9a D5 7 a7 7 V) — KL ETEME

5. A 7V RALEWT & 2 HERa S5 0 55 Bk

ATV LAY 5-2a T 5-9a THLEE L 7= HCT116 Hia oo fn e & 3 % fi# 4T L 7=, Figure 5-8 (29X 9
2. TRHDAA T Yy FIEAWIZHRAT VY 2 7 L RIS E 1 O T2 G2IM I T 1k S5 2 L 3%y
7= (Figure 5-8),

. a)control (DMSO) b) 5-2a c) 5-9a d) bortezomib
] G1:35.6% G1:3.2% G1:22.9% G1:3.0%
el s 453% [0 sastm  |*0 s 286% | S: 21.0%
© 300 G2M: 19.1%|200 G2M: 71.7%)|300 G2M: 50.5%|300) G2M: 76.0%
B 200
Emo 2

2N 4N 2N 4N 2N 4N 2N 4N

DNA content

Figure 5-8. /~A 7'V v K{bA#) 5-2a X% 5-9a THLER L 7= HCT116 5l o e J& BT

Fi. TV KMEAY 5-2a X T 5-9a THLEE L 7= HCT116 i+ o p53 }2 OF cleaved PARP % o7 = A &
7 ry MEZE YRR L7z, Figure 5-9 IZR T L 212, 26 DAY T LIcila Cii e 77 Y — L4
HHETH D ps3 DEMEMN A LT, BT, ZiLb Ol Tl poly(ADP-ribose) polymerase (PARP) D EIWIZ KL
WELD TR =V A<v—D—Tb 5 cleaved PARP DEFENH B, TR b—3 ZARBENEHE LS TV D
WD,

D 5-2a 5-9a B
p53 « - G D oD

Cleaved PARP #ww e D S

y-tubulin N S S T

Figure 5-9. /~A 7' U v R{LA#)5-2a i 5-9a CHLEE L 7= HCT116 ffifid H o> p53 & U* cleaved PARP D% (D,
DMSO; B, bortezomib)
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UbDzZ s, 2o, Ty RIEEMIZANLT YV I 7 LEREC, iR TTaeT T ) —A&HE
L. G2/IM HiCTHIBE O TAEIEXIE 2 TR b= A 25| & 242 & CHIRBEIEIMEIER 2 7~
LTWbEEZLND,

6. ATV v MEAWOMO 7 v T 7 —8 x4 5 R

—fRIC, AarvBREEEERE LCRT 27 a7 7 VY —alEAICIER Y v e T 7 —Bloxd HEER
ISR & 72 %, B YIR LT R TN K AEEREIC B W T EE R EHRIRE 7 & e 2 KA mikEE b ' U v
TuF T —PIC T A HEERICERN T2 b0 L E2 bR TVD, Mz 2T N7V v RLEW 5-2a K
50a DtV T7aTr T —B (T ARDPIT I G) KOV ARTA T aTr T —8 (W77 B)
(2T BEMER 25 L7, Table 5-4 (2”3 X 512, ATV 2 7% Arastu-Kapur 512 & 0 ™ s n =
WYY TaT T =B THINT TV ARONT 7Yy GITk L CHEREEZRL. IV T 4 VY 2T
I AT AT a7 7 —EBThirHT 7 BTk LTHEEREZ R L, — T A7V v & 5-2a
K592 iZnT o7 mT 7 —BIck L ThRIAEFEEZ RS Rholc, ZNHDNAL T v FMEEmIT
P2 HIBHIC K& R IERTF RGBT H7-0IEmNT o T 7 Y —AE R A2 R T L& 2605, (iE- T, Z
NoEONAT Yy FMegaE ) — MM +52 8T, AT Y I T ERRTEWERO V72T a7 7 Y
—LPFEAIEZHE CTE DB BN,

Table5-4. A7V v FbE&Y 5-2a xN5-9a D AT 7 A, B RONG l2xid 5 HEEM:

ICs0 [uM]*
compound number - - -
cathepsin A cathepsin B cathepsin G
5-2a > 30 > 30 >30
5-9a >30 > 30 >30
bortezomib 9.2 > 30 3.1
carfilzomib > 30 11 >30

®Based on three experiments

7. ATV MWD 70T 7 Y — ARLEEH O

IR LS, RevBEEEEE LCRT 70T 7 Y —AWERNL, T T7 Y —AiEERET
HDHNKG Thr&kor ReXxoikein VB AT VAT S 2 & CHARAMEREA & LTEH, L
MLENG, Zodhnr s e e FaXx oA UL ER-EIFEMES TH Y AIENThHdH, 7T
Ao U T a7V — AEERIO S B, MLNI708 & RLT Y I ANZHONWTTaT 7 Y —Ahp5 7=y
k23 B OB N N2 18 R N110 5 TH D L MESNTWAP Z Loss, | RPF FR 1 U EEIT
AT a T T Y —AERITH D Z ENSND, I E ZoDT T KR u RO AREE-EI A K
L ERD D, RurBEERNELL LTHET 70T 7 Y — A ER QAR EEELS O
MEIZL Y RESEEZZ T L EEZ NS,

AT Yy MEEHDOIEST T RE ORI 2B A REET 272D, 7077 YV —L%NAT
Uy FMEA# 5-2a XL 59 L7 LA rFa—var L, YBBEE2HUbEmEkREL, ZORHI%
TOTaTT ) —5bChT-LiEHEFE L7z, 2> ha—E LT, A7 as 7 Y —AHERTH DR
FY I TRORFHH T 0T T Y —ABERTHDHNT 4 ) I TIZHONT S AR EBR AT - 7=, >3
MFigure 5-10 IR T L 910, A 7V w FEAW 5-9a 3R AT Y I 7 LRIEIC S 0T 7 Y — 5% al i i
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ELEB, ATV MEAW5-2a iR 7 b BIENERE L THET DIV T 4V 7 ERERICA T
WHNC T a T 7 ) — L EZlETLZ NN oTe, 2O ODILEWROERIIIESTF RO 777 Y
— L EDHAEROBENTER L, 102 < OBUKEHEAEREN 2 AT 5 5-2a TET w77 Y —AHEE
RN E T 2 T2 L E 2 B b, “Drug-target residence time” 13 in vivo T A ZhHECHE BRI M: 42 K & <
EATHNT-CTH 5z, PURANIR A BEEM 2 <9 5-2a 13 in vivo TREFRIIC S 2 553 L B IKHM
7T T — AHERREOZDOY — Mg LT THL EEZ b,

|

60.00

wu
(=]
(=}
(=}

=
o
o
S

Ostandard

w
o
o
S

Owash-out

N
c
o
<]

proteasome ChT-L activity (% of control)
5
(==}
(=]

e E

5-2a 5-9a bortezomib carfilzomib

Figure 5-10. /N1 7' U v F{LE#) 5-2a L 5-9a D7 17 7 VY — ARLEVEM Ol i R

Plb, EFHIIFE -HECRRIEZERTTF MET 77V —LHER ERXTF KR VBoNA 7 U v FMbE
W% FE BTN DOEWICES S AEM R FRRFHI L VA Lie, —#og 7' v RMeEidsshiie 7 a s
T — ALEEE R ORI R ER 2 55 5, £72, ZnbonA 7V v RMEAITRALT V' 2 7 LH
UL ARavBEEERE LTATDICLEbLS, vV T a7 7 —E2&0io7aT 7 —8ioxt LTH
FEME RS TEWT BT T Y —ABRREEZ AL TERY, BiZZ207 a7 7 Y —ARFEERITIAR ¥R TH
DTN holz, 1o T, —BEDONAT Yy FMEBWITWERD T F KRR o gL 1IE DR 2 8- 7
rERIATOTaTT —LHEAITHY, TOEWTaT T = AL O T 0T T Y — ALEERO
RAHPEN S, BTV I TICBWCRIBE R D47 X —47  hatha R S WEi T2 2 s VR OB ICE
T2V —NeameE LTI TH D,

" “Drug-target residence time” & (X, U H > RAERIS T L FEA LI %S 2 £ CORMO - & Th 2,
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BARE XTIFRFXRT T b eoNAT7Y v NMEEHmoR|#
FH—E A7V v MEEmoRsE

1. XFF RRF 7 FAT a7 TV — ALEA

RIF RERX L7 b IRENR T 0T TV —LBERD 2 5 ZTh Y, B3 Mg R 5T
BHNT 4 R T PSEERG R BRI TDIL TV D ONX-0912, PR |2 bpyis 7 7 7 v — L GRIR AP
Th% PRIV NE DV FADT T T Y —LHERTH D, XFF RRE 7 oM FaFT
V—ABHEFNL, TOEMETHIRX T honN T a T T Y —AERERETH D Thr ko Kok
FHEAITEEY—NEER LML, T/ EREELTEATZ AV VREERTH I ETT T 7Y — A
b 2 ARSI ER & LTB, BN RE o/ ho b uF 7 Y —a Thr BEOKIGIC L W ERK S
LHENT AV VBIILETH LD, XTF RmRF U7 b BT 7y —AlERIE T 0T 7Y — 2%
AR E S 5, B

H (0] N (0] 2 é
(@) o : H o 2 (0] HQJ\
A N N
Ny H E
>/S o ~o
|
carfilzomib ONX-0912
r - o Thr : o Thr I
R' - e} Thr B H
R o ; Rio] AN
N HO ———>» |HO NH, —_— NH
Hao NH, i,
) NH
g NH O R’ OH
peptide epoxyketones proteasome hemiacetal intermediate covalent complex

Figure 6-1. fXFEH /2T F FoiRF o7 b BT a T 7Y —AWEREZD 70T 7V — AR EREK

2. N T Yy MLAORE
NTFREZRX I NRT 0T 7 Y= AERTHL =R Y~ A P RONRT 7 bz AT AR
KOFHEIK 118 & 71T 7V — LOMHERD X kit Mz Figure 62 (cFRTRT, i Tiki~7-
AT, RIS RNUVHERIIMO T BT TV — AER L TR ARSI A G L TEY . TR e g
LU PRI AT AT 2 DITH LT AT 7 b U RER 118 13- 7 b U IBALLASNE PRI A
IS L TWB T ENAND, 1. TEE Y~ A oD P2 BT T 0T T — AEEAIRREIC BT, T
7 N UHEROREEMAMTH D PR GHOT M ZRNTND Z LRGN DL, o T, ~TF FZARF
Y R0 PLMBITR LTRT 7 by BRI OME 2 T 5 Z & TP R AT & P SR A O
LR T 25 7 b UKL T F R RIS DA Ty REAW ORI ATRE
ThdbLEZI,
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non-primed
binding site

primed
binding site

\

P3 Ile «P2 Thr

O o
P10 NH NH
non-primed ~, Thr non-primed 2 Thr
NH

binding site 0 binding site

i/ OH imed S imed
) prime: : %8 prime
S3 N SO binding site ; AN 0 binding site
P3 : P2 .
o : NH
0. _NH epoxomicin 1 1-18
. O)\O
\N\\\“ . E
PR .
© S4 sS4

Figure 6-2. =¥ YV~ A > (gray tube) XiF~_7 7 b U FFE(K 1-18 (greentube) & 7' BT 7 YV — AL D
HfEOE O ERA DY

X7 7 vy A VARBMEROFHER 1-18 1ITF REHEA L T\ D, 2078, RERIZAAT T KE#K
EHTOLRTF RRXT T b bDOAA TNy MEEWIZEORTTF NG ER->Z & L b | ki
PR ENE EORENE S SN S, B2 - T HEE ok 1-18 2 BULA & L 7= “topology-based
scaffold hopping”iZ L 0 B L7z, FEXTF M7 a7 7 Y — ARREA] 3-9 OfE LA I LT 7 v R
EMEHRITHILE LT, TRNETIZMONTVDIRTOTARF U MR a7 T Y —AHERIL S3
Ry N EMEMERT S PIMBEZA L TOED, Bng 70 o FMEAWTIHIESTF R L P& F
EDHAEFEMZ L > TP3ME L S3ART y FOMHAEIEMOXREZM > Z &AM HKD & ¥ A Figure 6-3 (2R L
72 P LABEDRT'F N & FF- 72 0nA 7 U v RMEAW) 6-1 LN 6-2 2 3¢at L7,

HN
39 epoxomicin Y
o
(]

Figure 6-3. %5t L7241 7 U v NMEEW) 6-1 KT 6-2
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TR O UM EERGET D720, it LA 7 U MMEEY 6-1 L1 6-2 OfEAHELE a2 B a—X
YIal—i gl l@%ﬁbﬁ&ﬁwm6® FHIENTREESERICB VLT, 6-1 K16-2 DIELTF RES
M ONRTF Rl b AAENTE 24 PP RESGH & 50 & OF P SEBGHE G50 & I L7z 0 I E/ER LTk
D, ATV MEAOSTEEHDBELR LD THDH Z LIRS,

' ' HO
i ’ G\ NH Thr
non-primed = . non-primed
g binding site

primed

binding site
: primed binding site
g : binding site /g H o
: . - g N . . (@) 6-1 @

g o1 o OY\HEO/
non-primed non-primed S

binding site o NH 0

binding site ' 5 “oH primed
o primed s3 N N binding site
: : binding site H
o - X g /go 62

Figure 6-4. =3 Ea—s v Ial— 2k D FRISREAL T v FEAY 6-1 RO 62 DT 07T Y
— AR

FHRFIEIZOWTIFEROE 2 S,
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HF AT Uy FMEamoE Rk

&at LionAgd 70 v RMEE#) 6-1 LY 6-2 DA [k% Scheme 6-1 12777, Boc-Asp-OBn 6-3 O 17 /LR & 3 32
®FLTT I 3-29 ik 5-16 ZIRAREAMIEIZ LV HEE L TENEIVULEY 6-4 KT 6-5 2157, {b&W
6-4 }xOV6-5 D Boc HAET 7 mm A& TFA TRELL ThRE L%, £ U7 I 7 HEEKEHEZ VT
TEF ML L TEAEILEY 6-6 KT 6-7T 2457, {LEW 6-6 L TN6-T DR D NHEE 14-2 7 m~FH Y
T HEAWTKREBEB IS LV BRE LR, AU VAT VRIS L TCCBEm O =R Rx 7 hra=
v b 6-8%10 Boc A BRE L THZT I V& HES L TENZIEERNLAY 6-1 K1) 6-2 2437,

Scheme 6-1. /~A 7' U v Kb&EW 6-1 KT 6-2 DERL?

Q

(@)
g QL
63-29:n=1 O
AN

R B
O HN/BOC 5'16.[']—0 O O HN’ 0C O O HNJK
a borc . de .
Hok\\wkﬁo — n N)J\ Kfo —— = n NJ\ °
(0] OBn (0] H OBn
OBn
6-3

I

<5 6-4:n=1 é 6-6:n=1
6-5:n=0 6-7:n=0
D S

o}
HNJ\

© 0
M Lo 9
n N W -~
o) H HN
d o

X 6-1:n=1 ©

6-2:n=0 6-8

I

®Reagents and conditions: (a) PivCl, EtsN, CH,Cl,, 0 °C to rt; (b) 3-29, Et;N, CH,Cly, 0 °C to rt; (c) 5-16, EtzN, CH,Cl,,
0 °Ctort; (d) TFA, CH.CIy; (e) Ac,0, EtsN, CH,Cl,, 0 °C to rt; (f) 1,4-cyclohexadiene, Pd/C, EtOH; (g) HBTU, HOB,
DIEA, THF, - 5 °C, 60% for 6-1 (6 steps), 60% for 6-2 (6 steps).
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FHH ATy MEEY oL

B LIZANA TV BMEAH 6-1 KV 6-2 Dt b 20S 70T 7/ — 2L ChT-L iEPEIC x4 2 FLEVER 230
FE Suc-LLVY-AMC Z HWCHIE L 7= (Table 6-1), ~1 7' U v NMEAW 6-1 ) V6-2 D7 107 7 > — L ChT-L
TEMEICHTT 2 ICs EIZZNZFH 2.3 pM L V5.7 uM TH Y . RO MIFRE Y P H LD T F N % FF
RV HLEbLF T e T T Y — AREEE AR LT,

FloNAT Yy MEAEW 6-1 KT 6-2 D HCT116 Hfa iz %7~ 2 Al e HEFE AN 6 /E H & - L 7= (Table 6-1),
AT Yy FMEEY 6-1 1 6-2 D HCT116 M2 %925 ICs EIZZNZ 1.9 uM KT 2.9 uM TH Y | 7
n 77 Y — AEER & RS oM REmEIER 27~ Lz,

WsT, ZNHDONATY >y MEEWIIIEMIE L L TR X7 braf L, PREIGE S &L O P fElkis
BEROW T IAE BTN 2 BT DH 727 T AT T 7 Y —AAEAOBRBICBITS ) — Meame: LTH
AThs,

Table6-1. /A 7 U > LAY 6-1 LN 6-2 D7 17 T Y — LRRETENE R OSfa s sE ) /E A

o, o
pUN Lo s VSN § &

(o) HN HN
- o o
(5 T °

6-1 6-2
ICs0 [uM]*
compound number —
ChT-L activity HCT116 cell growth
6-1 23+0.1 1.9
6-2 57+04 2.9

®Based on three experiments

DLk, EFIHE -ECTRARIETTF RET a7 7 VY —LAHER ERXTF RERXF T horONAT ) v
RMEA % FEATNL OEWICEES S AR TREFHZ L VA L7z, 2 b g 70 v RMEEITEk
DXTF RZARX T N T a7 7 YV —AREA L IIEERIZRR Y . a7 7 Y — A0 PREERE G &
O P SEIRE A O 7 M EAER T 722 r EX4 A 7D 70T T VY —AHEAITHL B2 LD,
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1. X777 bvv A U ARIBRMARO RFEOREETEEMBAFZEIC LV . a7 7 Y —A0EE P REEE &8I
B AREETEMMEZH O T B e, AT Y I T LREDR T aT T V) — AHEEESH T
AR 1-18 R LT,

systematic SAR studies
o]
0 it J\m
N i )
HZN/'\[( \‘/\/\H . '\/ |::> @/\
O CO.H o] o 118

belactosin A
proteasome: ICsy = 1440 nM

ChT-L activity: IC5p = 5.7 nM
HCT116 cell growth: IC5y = 1.8 uM

2. NT 7 vy AV ABENMROFEAROBERBIRIEEFC BT 286X E, 7 n T U BEREFRIH L
Te BRI IR SR OB I L DAL TR T T o —F & HicR Ry X7 a7 MOES R
T 7 v —F Al E o TR LT,

1-18; ChT-L activity, ICso = 5.7 nM

, _ o o
X )1 % 'v HR 13 '\/
<u N o - g R
Fon =

o

anti
2-2a; ChT-L activity, IC5 =47 nM

&lb

2-2b; ChT-L activity, IC5; = 280 nM
gray tube: analyzed binding mode around the transition state
green tube: covalent binding mode analyzed by X-ray crystallography

3. NF 7 hiv A VABIROFER 1-18 2 BILE¥ & L7=“topology-based scaffold hopping™iZ & v, %
DEBDRF RN DI DNTF NEWRET T NVIRHENTF RERE~E LM LT SENTF MET a7 T Y
— LPHERZ B LTz,
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multi-chiral
peptldlc scaffold 0 '\/
N)K'_{C topology-based
(0]

(6]
Jﬁf H scaffold hopping )m 0 ) 0
o N Lo Jo
—> ( (\/);\H o ( N .
m o] om o]

O O
34:m=0,n=1 3-8:m=0,n=1
35:m=1.n=1 39:m=1,n=1
36:m=0,n=2 3-10:m=0,n=2

1-18 3-7:m=1,n=2 311:m=1,n=2
ChT-L activity: IC5p= 5.7 nM ChT-L activity: IC5q = 175-393 nM ChT-L activity: IC5y = 26-56 nM

4. X7 7 by A VARIBYEROFER 1-18 2V — NG L LT, B-7 7 b U VAR =IVERFE DSLARRY
Wk O 7 v T a R B R AR LT BLEEEIENC & o CRETHER 4-4 Z R LT,

o
TFA P '\/ L/
HoN H2N (o]
o]

th2

pH 7.4 buffer not degraded
human serum 63 min

ti2
pH 7.4 buffer 10 h
human serum 2.3 min

5. XF 7 M UHEIK 1-18 ABLEWME LT LT-IEXTF RETF a7V —AHEAR & XTF FR e
VBRI T a7 T ) — AHER|DANA T RIS X N a7 T Y — A BLETEME K O R S SE ]
TERZA T 2ERZ ., f& OFREEMNDOENIHES S AR FEEHZ X VA LT,

@ N 7
r Q HNJ\ 51a:

des:gn of hybrids NJ\ﬁ ) Kfo 5-2a:

JK’_\L k/ H 5-3a:

m HNW 5-1b ;

5-2b : ,n=

\(\( O’B\O 5-3b: =
Q\. ChT-L activity: |C50 7-5.7nM

335333
m o n munn

NN~

HO " OH

39 bortezomib

6. XT U b UBEIR 1-18 B bEME L TR LIZETF M7 o757 V) —ARER ERXTF FoR
X M Ta T T = AERIONA Ty MMEEWE ., WE OFEAEALOE NI IS < AR 75y
TFEREHC X VA LT,
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6-1

O~ 'N
, ChT-L activity
ICs0 = 2.3 nM
HN
6-2
ChT-L activity
IC50 = 5.7 nM

epoxomicin
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EBRO™

Hm FIH
T E e

NMR %~ kL% JEOL JNM-AL-400, JEOL JMM-ECX-400P, JEOL JMM-ECA-500 % F\VCHlIE L 7=,
'H-NMR 2227 hADfbZs 7 M, BIEEE L LT CDCl Z HWBEIZIET b T AF LT T o & NETE
WLl x 0)6@% ppm TRR LI 7272 L HIEREE & LT CD30D éfﬁﬁu\f_ A121% CD,H-0D (3.31 ppm).
DMSO-dg % JV 7= 83412 1% CD,H-S (0) -CD; (250 ppm) ZA=#E & L7-, ®C-NMR 222 M DfbFs 7 M,
HIEFREE & LT CDCI3 %M\ 88121% CDClg (77.0 ppm), CDsOD % W 723541213 CDsOD (49.0 ppm) %

FERe L Uiz, V7T IVDLEEL, s smgIeL d: doublet, t: triplet, g: quartet, sept: septet, m: multiplet, br: broad
DIEZEANTR LT, A URESERIZIM (H2) TERLE, 72, V7 FHA0IREIT *HH-COSY X
MH-BC-COSY A7 ML IS W THT 5 72,

B &Sy HTIX JEOL JIMS-700TZ, JMS-HX110 &% O} JEOL FABmate % FV N CT/T > 7=,

LEREYEEEIE JASCO P-1030 2 W THIE L7z, W IZ M RO WEo 4T F O vl 2 v 7z,

IR 7 u~ N7 F 7 4— (HPLC) IZIZUL F DY AT L Z& 7=, JASCO 880-PU (pump), JASCO
875-UV (detector), JASCO 802-SC (system controller), JASCO 807-1T (recorder)

ES RS

FOGEEEE LT LY 7 am A2 3 HEB LY VXD ARE L b2 vz, =—7 ideE) b
U AL R L= 0E W, THREIZHROEAKD LD EZDF V-, %@1@@%%&01@@2
DWTIFHTEEHDRWIRY | HilRO—RE TR D 22O EE M, THAIT TR KHET
RO b D% ZDEFEMH W, PAICIE10% Pd/ C ¥k (E7KdH) PE-TYPE (N.E. Chemcat Co.) % fii u‘:o
TLC (% Merck silica gel 60Fys, ZfifH L7=, A U B v r v~ ~ 7 F 7 4 —IZi Silica Gel 60 (Kanto
Chemical Co.) %71 Silica Gel 60N (Kanto Chemical Co.) #ffH L7, NH U WSV T L u~ 777

—|Z1Z Chromatorex (Fuji Silysia Chemical Ltd.) ZHv 7=, &7 4 b Ai#iZ1% Celite 545 (Kanto Chemical Co.)

%:ﬁ)ﬂ L7,
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Synthetic procedures for 1-1 — 1-14
(1R,2S)-2-(t-Butyldiphenylsilyloxymethyl)cyclopropanecarbaldehyde 1-27

A solution of oxalyl chloride (11.0 ml, 131 mmol, 1.5 equiv) in DCM (170 ml) was cooled to -78 °C. A solution of
DMSO (18.6 ml, 262 mmol, 3.0 equiv) in DCM (140 ml) was added via cannula over 1 h, followed by a solution of
cyclopropane alcohol 1-31 (29.7 g, 87.2 mmol) in DCM (170 ml) over 2 h. After 1 h, triethylamine (72.9 ml, 523 mmol,

6.0 equiv) was added. After 30 min, the reaction mixture was quenched with sat. NH4CI, warmed to rt and diluted with

water. The layers were separated and the aqueous layer was extracted with DCM, the combined organic layers were
washed with 1 M HCI, sat. NaHCO3 and brine. The organic layer was dried (Na,SO,) and the solvent was removed
under reduced pressure to give the crude product as a pale yellow solid. Recrystallization from n-hexane furnished the
title compound 1-27 (23.6 g, 69.8 mmol, 80%, 98% ee) as a colorless needle. Aldehyde 1-27 was converted to
cyclopropane alcohol 1-31 (NaBH4/ MeOH) and the ee value was determined by HPLC analysis (Chiralcel OD,
n-hexane/ i-PrOH 97:3, 0.5 ml/ min, -18 °C, 264 nm, retention times: 12.7 min (minor), 14.6 min (major)). [o]*’5 -9.48
(c 1.18, CHCIs) [lit. (for ent-1-27) [0]%p +5.8 (¢ 1.10, CHCI3)]®®: mp 78 °C (lit. (for ent-1-27) 81-82 °C)F*¥): 'H-NMR
(500 MHz, CDCls) 6 9.36 (d, J = 5.7 Hz, 1H, aldehyde H), 7.69-7.60 (m, 4H, aromatic), 7.48-7.35 (m, 6H, aromatic),
4.00 (dd, J = 11.5, 5.7 Hz, 1H, CH,0), 3.66 (dd, J = 11.5, 8.6 Hz, 1H, CH,0), 2.00-1.91 (m, 1H, cyclopropyl CH),
1.82-1.72 (m, 1H, cyclopropyl CH), 1.32-1.24 (m, 1H, cyclopropyl CH,), 1.24-1.16 (m, 1H, cyclopropyl CH,), 1.03 (s,
9H, CCHs); LRMS (ESI) m/z 361.16 [(M+Na)*]. 'H-NMR, [a]? data and melting point are in agreement with those

reported (for ent-1-27) by Kazuta.l*®

Aldehyde 1-33
To a solution of sulfinamide 1-32 (1.38 g, 2.86 mmol) in THF (30 ml) was added 12 M HCI (2.9 ml) at 0 °C. After

20 min at 0 °C, the reaction mixture was neutralized with sat. NaHCOs, diluted with water and concentrated in vacuo to
remove THF. The residual aqueous solution was extracted with AcOEt, the organic layer was washed with water and
brine, dried over Na,SO,4 and the solvent was removed under reduced pressure to give the crude product as a pale
yellow oil.

To a solution of the oil in THF (30 ml) was added Boc,0O (2.0 ml, 8.57 mmol, 3.0 equiv) and triethylamine (1.4 ml,
9.71 mmol, 3.4 equiv). After 27 h at rt, the solvent was removed under reduced pressure and the residue was dissolved
in AcOEt, washed with 1 M HCI, sat. NaHCO3; and brine, dried over Na,SO, and concentrated in vacuo. The crude
product was purified by silica gel column chromatography (n-hexane/ AcOEt 21:1) to yield the N-Boc product as a pale
yellow oil.

To a solution of the oil in THF (23 ml) was added TBAF (9.13 ml, 9.13 mmol, 4.0 equiv). After 7 h, the solvent was
removed under reduced pressure. The crude product was purified by silica gel column chromatography (n-hexane/
AcOEt 2:1) to yield the corresponding alcohol as a white solid.

A solution of oxalyl chloride (484 pl, 5.72 mmol, 2.0 equiv) in DCM (10 ml) was cooled to -78 °C. A solution of
DMSO (813 ul, 11.4 mmol, 4.0 equiv) in DCM (4.0 ml) was added via cannula. After 1 h, a solution of the
aforementioned alcohol in DCM (6.0 ml) was added via cannula. After 2 h, Triethylamine (3.19 ml, 22.9 mmol, 8.0
equiv) was added. After 40 min, the reaction mixture was warmed to rt and stirred for 5 h. The reaction mixture was

quenched with sat. NH,CI and diluted with AcOEt. The layers were separated and the organic layer was washed with 1
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M HCI, sat. NaHCOj; and brine, dried over Na,SO, and the solvent was removed under reduced pressure. The crude
product was purified by silica gel column chromatography (n-hexane/ AcOEt 8:1) to yield aldehyde 1-33 (452 mg, 1.89
mmol, 4 steps 66%) as a colorless oil. [a]*'p 39.00 (¢ 1.60, CHCIs); *H-NMR (500 MHz, CDCls) § 9.55 (d, J = 4.6 Hz,
1H, aldehyde H), 5.86-5.71 (m, 1H, vinyl CH), 5.18 (d, J = 17.2 Hz, 1H, vinyl CH,), 5.12 (d, J = 10.3 Hz, 1H, vinyl
CH,), 4.60 (br, 1H, NH), 4.22 (br, 1H, CHN), 2.03-1.95 (m, 1H, cyclopropyl CH), 1.90-1.79 (m, 1H, CH,CHN),
1.74-1.65 (m, 1H, CH,CHN), 1.60-1.51 (m, 1H, cyclopropyl CH), 1.45 (s, 9H, CCH3), 1.28-1.21 (m, 1H, cyclopropyl
CH,), 1.21-1.14 (m, 1H, cyclopropyl CH,); *C-NMR (125 MHz, CDCls) & 201.3, 155.3, 138.2, 114.9, 79.4, 52.8, 32.8,
28.3, 27.0, 21.6, 14.3; LRMS (ESI) m/z 262.14 [(M+Na)"]; HRMS (ESI) calcd for C13H,;NO3Na: 262.1419 [(M+Na)’],
found: 262.1417.

Key intermediate 1-36

To a solution of aldehyde 1-33 (449 mg, 1.88 mmol) in 80% aqueous t-BuOH (20 ml) was added NaH,PO,-2H,0
(439 mg, 2.81 mmol, 1.5 equiv), 2-methyl-2-butene (1.59 ml, 15.0 mmol, 8.0 equiv) and NaClO, (678 mg, 7.50 mmol,
4.0 equiv). After 2 h at rt, the reaction mixture was diluted with AcOEt, washed with 1 M HCI and brine, dried over

Na,SO, and the solvent was removed under reduced pressure to give the crude product as a pale yellow viscous oil.

To a solution of the viscous oil in DCM (10 ml) was added triethylamine (524 ul, 3.76 mmol, 2.0 equiv) and DPPA
(810 pl, 3.76 mmol, 2.0 equiv) at 0 °C. After 30 min at 0 °C, the reaction mixture was warmed to rt and stirred for 18 h.
Then the mixture was diluted with AcOEt, washed with water and brine, dried over Na,SO, and the solvent was
removed under reduced pressure to give the crude product as a pale yellow oil.

A solution of the oil in toluene (200 ml) was refluxed for 13 h and the solvent was removed under reduced pressure.
To the residue in THF (10 ml) was added 4 M KOH (30 ml). After 1 h at rt, the reaction mixture was concentrated in
vacuo to remove THF. The residual agueous solution was extracted with DCM, dried over Na,SO, and the solvent was
removed under reduced pressure. The crude product was purified by NH-silica gel column chromatography (n-hexane/
AcOEt 5:1-3:1-1:1-0:1) to yield amine 1-34 as a white solid.

To a solution of B-lactone unit 1-35 (874 mg, 5.08 mmol, 2.7 equiv) in DCM (20 ml) was added triethylamine (707
ul, 5.08 mmol, 2.7 equiv) and PivCl (626 ul, 5.08 mmol, 2.7 equiv) at 0 °C. After 30 min, a solution of amine 1-34 in
DCM (30 ml) was added and the resulting mixture was warmed to rt. After 1 h at rt, the reaction mixture was diluted
with AcOEt, washed with 1M HCI, sat. NaHCO3; and brine, dried over Na,SO, and the solvent was removed under
reduced pressure. The crude product was purified by flash column chromatography (n-hexane/ AcOEt 3:1) to yield key
intermediate 1-36 (343 mg, 0.902 mmol, 5 steps 48%) as a colorless oil. [a]*p 9.64 (c 0.34, CHCI3); "H-NMR (500
MHz, CDCl3) & 7.00 (br, 1H, amide NH), 5.79 (ddd, J = 17.2, 10.3, 6.3 Hz, 1H, vinyl CH), 5.27 (d, J = 17.2 Hz, 1H,
vinyl CH,), 5.19 (d, J = 10.3 Hz, 1H, vinyl CH,), 4.72 (br, 1H, carbamate NH), 4.65 (d, J = 4.6 Hz, 1H, NCOCH),
4.12-4.04 (m, 1H, CHN), 3.81 (br, 1H, OCOCH), 2.91-2.82 (m, 1H, cyclopropyl CH), 2.02-1.92 (m, 1H, CHCHy),
1.74-1.61 (m, 2H, CH,CH; and CH,CHN), 1.50-1.40 (m, 10H, CH,CHN and CCHj), 1.38-1.27 (m, 1H, CH,CHs),
1.12-0.98 (m, 5H, cyclopropyl CH, cyclopropyl CH, (1H) and CHCHy), 0.94 (dd, J = 7.4, 6.9 Hz, 3H, CH,CHy),
0.34-0.25 (m, 1H, cyclopropyl CH,); *C-NMR (125 MHz, CDCl,) & 169.8, 169.4, 155.5, 137.4, 116.2, 79.7, 70.7, 62.4,
53.3, 33.7, 33.6, 28.4, 28.3, 26.6, 26.6, 16.3, 13.7, 12.3, 11.1; LRMS (ESI) m/z 403.22 [(M+Na)']; HRMS (ESI) calcd
for C,oH3N,0sNa: 403.2203 [(M+Na)*], found: 403.2208.

General procedure for the preparation of the target compounds 1-1 — 1-4
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To a solution of key intermediate 1-36 (1.0 equiv) in DCM (0.1 M) was added an equivalent amount of TFA at 0 °C.
After 15 min at 0 °C, the reaction mixture was warmed to rt and stirred for 1 h. The reaction mixture was concentrated
in vacuo to give the crude product as a pale yellow oil.

To a solution of the oil in DCM (0.1 M) was added triethylamine (2.2 equiv) and acyl chloride (1.2 equiv) at 0 °C
and stirred at 0 °C until the starting material disappeared on TLC. The reaction mixture was diluted with AcOEt,
washed with 1 M HCI, sat. NaHCO3 and brine, dried over Na,SO,4 and the solvent was removed under reduced pressure.
The crude product was purified by flash column chromatography (n-hexane/AcOEt 3:2) to yield the corresponding

target compound.

Target compound 1-1

Target compound 1-1 (27.6 mg, 0.0788 mmol, 2 steps quant.) was obtained as a colorless viscous oil. [a]*’5 16.89 (c
0.96, CHCI,); *H-NMR (500 MHz, CDCls) & 7.46 (br, 1H, NHCO), 6.29 (d, J = 6.9 Hz, 1H, isopropanoyl NH), 5.81
(ddd, J =17.2, 9.2, 5.7 Hz, 1H, vinyl CH), 5.22 (dd, J = 17.2, 1.1 Hz, 1H, vinyl CH,), 5.16 (dd, J = 9.2, 1.1 Hz, 1H,
vinyl CH,), 4.77 (d, J = 4.6 Hz, 1H, NHCOCH), 4.41-4.31 (m, 1H, NCH), 3.69 (dd, J = 7.4, 4.6 Hz, 1H, OCOCH),
2.90-2.81 (m, 1H, cyclopropyl CH), 2.45 (sept, J = 6.9 Hz, 1H, isopropyl CH), 2.05-1.94 (m, 1H, CHCHj3), 1.91-1.83
(m, 1H, NCHCH,), 1.68-1.57 (m, 1H, CH,CH3), 1.38-1.21 (m, 2H, CH,CH3 and NCHCH,), 1.17 (d, J = 6.9 Hz, 6H,
isopropyl CHs), 1.12-1.04 (m, 4H, cyclopropyl CH, (1H) and CHCHj5), 1.04-0.95 (m, 1H, cyclopropyl CH), 0.92 (dd, J
= 7.4, 7.4 Hz, 3H, CH,CHs), 0.31-0.22 (m, 1H, cyclopropyl CH,); *C-NMR (125 MHz, CDCl3) & 177.1, 170.3, 169.4,
137.4, 115.8, 70.4, 62.5, 51.8, 35.4, 33.4, 32.4, 26.7, 26.6, 19.6, 19.6, 16.2, 14.0, 12.1, 11.0; LRMS (El) m/z 350 (M");
HRMS (EI) calcd for C19H3oN,04: 350.2206 (M™), found: 350.2205.

Target compound 1-2

Target compound 1-2 (17.3 mg, 0.0475 mmol, 2 steps 81%) was obtained as a white solid. [a]?p 9.01 (c 0.82,
CHCIl3); mp 103-104 °C; 'H-NMR (500 MHz, CDCl,) 6 7.60 (br, 1H, NHCO), 6.16 (d, J = 6.9 Hz, 1H, PivNH), 5.83
(ddd, J =17.2,10.3, 5.7 Hz, 1H, vinyl CH), 5.24 (dd, J = 17.2, 1.1 Hz, 1H, vinyl CH,), 5.20 (dd, J = 10.3, 1.1 Hz, 1H,
vinyl CH,), 4.79 (d, J = 4.6 Hz, 1H, NCOCH), 4.37-4.28 (m, 1H, PivNHCH), 3.75 (dd, J = 7.4, 4.6 Hz, 1H, OCOCH),
2.88-2.82 (m, 1H, cyclopropyl CH), 2.04-1.94 (m, 1H, CHCHj), 1.87-1.79 (m, 1H, NCHCH,), 1.67-1.56 (m, 1H,
CH,CHg), 1.38-1.27 (m, 2H, NCHCH, and CH,CHj3), 1.22 (s, 9H, CCHy), 1.11-1.03 (m, 4H, cyclopropyl CH, and
CHCHj3), 1.03-0.95 (m, 1H, cyclopropyl CH), 0.92 (dd, J = 7.4, 7.4 Hz, 3H, CH,CHj5), 0.29-0.21 (m, 1H, cyclopropyl
CH,); BC-NMR (125 MHz, CDCl3) 6 178.5, 170.2, 169.6, 137.2, 116.3, 70.4, 62.3, 52.2, 38.6, 33.4, 32.7, 27.5, 26.7,
26.6, 16.2, 13.6, 12.6, 11.0; LRMS (El) m/z 364 (M"); HRMS (EI) calcd for CyH3,N,04: 364.2362 (M™), found:
364.2361.

Target compound 1-3

Target compound 1-3 (15.5 mg, 0.0403 mmol, 2 steps 78%) was obtained as a colorless viscous oil. [a]*p 21.86 (c
1.01, CHCIy); 'H-NMR (500 MHz, CDCl3) 6 7.94-7.89 (m, 2H, aromatic), 7.54-7.48 (m, 1H, aromatic), 7.47-7.42 (m,
2H, aromatic), 7.24 (br, 1H, NCOCH), 7.08 (d, J = 6.9 Hz, 1H, BzNH), 5.90 (ddd, J = 17.2, 10.3, 5.7 Hz, 1H, vinyl
CH), 5.30 (dd, J = 17.2, 1.1 Hz, 1H, vinyl CH,), 5.20 (dd, J = 10.3, 1.1 Hz, 1H, vinyl CH,), 4.77 (d, J = 4.6 Hz, 1H,
NCOCH), 4.70-4.61 (m, 1H, BzZNHCH), 3.71 (dd, J = 7.4, 4,6 Hz, 1H, OCOCH), 2.88-2.81 (m, 1H, cyclopropyl CH),
2.04-1.90 (m, 2H, CHCH3 and NCHCH,), 1.70-1.58 (m, 1H, CH,CHj3), 1.47-1.37 (m, 1H, NCHCH,), 1.37-1.26 (m, 1H,
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CH,CH3), 1.13-1.00 (m, 5H, cyclopropyl CH, cyclopropyl CH, (1H), CHCHs), 0.91 (dd, J = 7.4, 7.4 Hz, 3H, CH,CHy),
0.35-0.26 (m, 1H, cyclopropyl CH,); *C-NMR (125 MHz, CDCl5) & 170.3, 169.4, 167.2, 137.5, 134.0, 131.6, 128.5,
127.2,115.9, 70.5, 62.7, 52.4, 33.5, 32.2, 26.8, 26.6, 16.2, 14.1, 12.0, 11.0; LRMS (EI) m/z 384 (M"); HRMS (EI) calcd
for CpH2sN,04: 384.2049 (M™), found: 384.2056.

Target compound 1-4

Target compound 1-4 (30.5 mg, 0.0702 mmol, 2 steps 92%) was obtained as a colorless viscous oil. [a]*'p 42.42 (c
0.89, CHCI5); 'H-NMR (400 MHz, CDCl,) & 8.47 (br, 1H, aromatic), 8.02-7.83 (m, 4H, aromatic), 7.61-7.50 (m, 2H,
aromatic), 7.34 (br, 2H, NH), 5.95 (ddd, J = 17.2, 10.4, 5.9 Hz, 1H, vinyl CH), 5.34 (dd, J = 17.2, 1.4 Hz, 1H, vinyl
CH,), 5.23 (dd, J = 10.4, 1.4 Hz, 1H, vinyl CH,), 4.81 (d, J = 4.5 Hz, 1H, NCOCH), 4.76-4.66 (m, 1H, CONHCH),
3.74 (dd, J= 7.7, 4.5 Hz, 1H, OCOCH), 2.90-2.82 (m, 1H, cyclopropyl CH), 2.08-1.93 (m, 2H, CHCH; and NCHCH,),
1.72-1.59 (m, 1H, CH,CHj3), 1.50-1.39 (m, 1H, NCHCH,), 1.39-1.24 (m, 1H, CH,CH,3), 1.15-1.03 (m, 5H, cyclopropyl
CH, (1H), cyclopropyl CH and CHCHy), 0.91 (dd, J = 7.7, 7.2 Hz, 3H, CH,CHy), 0.37-0.28 (m, 1H, cyclopropyl CH,);
BC-NMR (100 MHz, CDCl,) 6 170.3, 169.4, 167.3, 137.5, 134.8, 132.6, 131.2, 129.0, 128.3, 127.8, 127.7, 127.6,
126.6, 123.7, 115.8, 70.5, 62.7, 52.5, 33.5, 32.1, 26.8, 26.7, 16.3, 14.2, 12.0, 11.0; LRMS (El) m/z 434 (M"); HRMS
(E1) calcd for CoH30N204: 434.2206 (M™), found: 434.2212.

General procedure for the preparation of the target compounds 1-6 — 1-9 and 1-14

To a solution of the N-protected amino acid (3.0 equiv) in DCM (0.1 M) was added triethylamine (3.0 equiv) and
PivCl (3.0 equiv) at 0 °C. After 1 h at 0 °C, the reaction mixture was diluted with AcOEt, washed with water and brine,
dried over Na,SO,4 and the solvent was removed under reduced pressure to give the corresponding acid anhydride.

To a solution of key intermediate 1-36 (1.0 equiv) in DCM (0.1 M) was added an equivalent amount of TFA at 0 °C.
After 15 min at 0 °C, the reaction mixture was warmed to rt and stirred for 1 h. The reaction mixture was concentrated
in vacuo to give the crude product as a pale yellow oil.

To a solution of the oil in DCM (0.1 M) was added triethylamine (2.0 equiv) and a solution of the aforementioned
acid anhydride (3.0 equiv) in DCM (0.1 M) at 0 °C. The reaction mixture was warmed to rt and stirred until the starting
material disappeared on TLC. The reaction mixture was diluted with AcOEt, washed with 1 M HCI, sat. NaHCO3 and
brine, dried over Na,SO,4 and the solvent was removed under reduced pressure. The crude product was purified by flash

column chromatography to yield the corresponding target compound.

Target compound 1-6

The crude product was purified by flash column chromatography (n-hexane/ AcOEt 1:1) to yield target compound
1-6 (28.5 mg, 0.0587 mmol, 2 steps quant.) as a colorless viscous oil. [o]*’p 14.69 (¢ 0.99, CHCI5); "H-NMR (500 MHz,
CDCly) 6 7.44-7.28 (m, 5H, aromatic), 7.08 (br, 2H, amide NH), 5.76 (ddd, J = 17.2, 10.3, 5.7 Hz, 1H, vinyl CH), 5.63
(d, J = 6.9 Hz, 1H, carbamate NH), 5.23-5.02 (m, 4H, vinyl CH, and benzyl CHy), 4.66 (d, J = 4.6 Hz, 1H, NCOCH),
4.44-4.25 (m, 2H, NCH and p-Ala a-H), 3.64 (br, 1H, OCOCH), 2.78 (br, 1H, cyclopropyl CH), 2.02-1.92 (m, 1H,
CHCH,), 1.89-1.77 (m, 1H, NCHCH,), 1.69-1.56 (m, 1H, CH,CH3), 1.42 (d, J = 6.9 Hz, 3H, p-Ala CH3), 1.36-1.17 (m,
2H, CH,CH3; and NCHCH)), 1.11-0.99 (m, 4H, cyclopropyl CH, (1H) and CHCHj5), 0.99-0.83 (m, 4H, cyclopropyl CH
and CH,CHs), 0.26 (br, 1H, cyclopropyl CH,); *C-NMR (125 MHz, CDCls) § 172.4, 170.4, 169.4, 155.9, 137.2, 136.3,
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128.5, 128.1, 128.0, 115.5, 70.6, 66.8, 62.9, 51.8, 50.5, 33.6, 31.8, 26.8, 26.6, 18.9, 16.3, 14.2, 11.5, 11.0; LRMS (ESI)
m/z 508.24 [(M+Na)*]; HRMS (ESI) calcd for CasHssN3OgNa: 508.2418 [(M+Na)'], found: 508.2414.

Target compound 1-5

The crude product was purified by flash column chromatography (n-hexane/ AcOEt 1:1) to yield target compound
1-5 (19.4 mg, 0.0411 mmol, 2 steps 96%) as a colorless viscous oil. [o]*®5 5.92 (¢ 0.52, CHCI); *H-NMR (500 MHz,
CDCly) 6 7.39-7.27 (m, 5H, aromatic), 6.91 (br, 2H, amide NH), 5.75 (ddd, J = 17.2, 10.3, 5.7 Hz, 1H, vinyl CH), 5.63
(br, 1H, carbamate NH), 5.22-5.03 (m, 4H, vinyl CH, and benzyl CHy), 4.62 (d, J = 4.6 Hz, 1H, NCOCH), 4.48-4.37
(m, 1H, NCH), 4.00-3.82 (m, 2H, Gly a-H), 7.21 (dd, J = 7.4, 4.6 Hz, 1H, OCOCH), 2.80 (br, 1H, cyclopropyl CH),
2.01-1.90 (m, 1H, CHCHjy), 1.87-1.74 (m, 1H, NCHCHy), 1.66-1.54 (m, 1H, CH,CHj3), 1.37-1.16 (m, 2H, CH,CH; and
NCHCH,), 1.06-0.79 (m, 8H, cyclopropyl CH, (1H), cyclopropyl CH, CHCH; and CH,CHz3), 0.31-0.17 (m, 1H,
cyclopropyl CH,); **C-NMR (125 MHz, CDCl,) & 170.3, 169.3, 168.9, 156.5, 137.3, 136.3, 128.5, 128.1, 128.0, 115.5,
70.6, 67.0, 62.9, 51.7, 44.4, 33.6, 31.9, 26.8, 26.6, 16.3, 14.3, 11.3, 11.0; LRMS (ESI) m/z 494.22 [(M+Na)']; HRMS
(ESI) calcd for CpsH33N3OgNa: 494.2262 [(M+Na) '], found: 494.2260.

Target compound 1-7

The crude product was purified by flash column chromatography (n-hexane/ AcOEt 2:1) to yield target compound
1-7 (19.7 mg, 0.0373 mmol, 2 steps 64%) as a colorless viscous oil. [a]*p -2.18 (c 0.62, CHCI3); *H-NMR (500 MHz,
CDCly) 6 7.38-7.27 (m, 5H, aromatic), 6.99 (br, 2H, amide NH), 5.78 (ddd, J = 17.2, 10.3, 5.2 Hz, 1H, vinyl CH), 5.52
(d, J = 8.6 Hz, 1H, carbamate NH), 5.16 (d, J =17.2 Hz, 1H, vinyl CH,), 5.12 (d, J = 10.3 Hz, 1H, vinyl CH,), 5.09 (s,
2H, benzyl CH,), 4.65 (d, J = 4.6 Hz, 1H, NCOCH), 4.48-4.36 (m, 1H, NCH), 4.36-4.19 (m, 1H, Leu a-H), 3.63 (dd, J
=7.4,4.6 Hz, 1H, OCOCH), 2.81 (br, 1H, cyclopropyl CH), 2.02-1.91 (m, 1H, CHCHj3), 1.91-1.78 (m, 1H, NCHCH,),
1.78-1.49 (m, 4H, Leu CH, CH,CH; (1H) and Leu CH), 1.32-1.25 (m, 1H, CH,CH3), 1.20-1.10 (m, 1H, NCHCH,),
1.1-0.99 (m, 4H, cyclopropyl CH and CHCHj5), 0.99-0.73 (m, 10H, cyclopropyl CH,, Leu CH3 and CH,CH3), 0.30-0.17
(m, 1H, cyclopropyl CH,); *C-NMR (125 MHz, CDCl) § 172.4, 170.4, 169.4, 156.2, 137.4, 136.4, 128.5, 128.4, 128.1,
127.9, 115.2, 70.7, 66.8, 62.9, 53.5, 51.5, 42.0, 33.7, 31.8, 26.9, 26.7, 24.7, 22.9, 22.0, 16.3, 14.4, 11,3, 11.0; LRMS
(El) m/z 527 (M"); HRMS (EI) calcd for CooH41N3Og: 527.2995 (M™), found: 527.3000.

Target compound 1-8

The crude product was purified by flash column chromatography (n-hexane/ AcOEt 3:2) to yield target compound
1-8 (22.3 mg, 0.0397 mmol, 2 steps 66%) as a colorless viscous oil. [a]*'p 13.14 (c 1.04, CHCI5); *H-NMR (500 MHz,
CDCl3) 6 7.40-7.16 (m, 10H, aromatic), 7.02 (br, 1H, amide NH), 6.47 (d, J = 6.9 Hz, 1H, amide NH), 5.66 (d, J = 8.0
Hz, 1H, carbamate NH), 5.61 (ddd, J = 17.2, 10.3, 5.7 Hz, 1H, vinyl CH), 5.07 (s, 2H, benzyl CH,), 5.03 (d, J = 10.3
Hz, 1H, vinyl CH,), 4.95 (d, J = 17.2 Hz, 1H, vinyl CH,), 4.64 (d, J = 4.6 Hz, 1H, NCOCH), 4.54-4.43 (m, 1H, Phe
a-H), 4.43-4.31 (m, 1H, NCH), 3.64 (dd, J = 7.4, 4.6 Hz, 1H, OCOCH), 3.15-3.00 (m, 2H, Phe CH,), 2.74 (br, 1H,
cyclopropyl CH), 2.01-1.91 (m, 1H, CHCHs), 1.81-1.72 (m, 1H, NCHCH,), 1.67-1.56 (m, 1H, CH,CH3), 1.35-1.23 (m,
1H, CH,CHj3), 1.21-1.10 (m, 1H, NCHCH,), 1.09-0.95 (m, 4H, cyclopropyl CH, and CHCHj3), 0.94-0.81 (m, 4H,
cyclopropyl CH and CH,CHs), 0.26-0.14 (m, 1H, cyclopropyl CH,); *C-NMR (125 MHz, CDCl;) & 170.7, 170.3,
169.5, 155.9, 136.9, 136.6, 136.4, 129.4, 128.6, 128.4, 128.0, 127.9, 126.9, 115.6, 70.8, 66.8, 62.9, 56.4, 51.6, 39.0,
33.6, 32.0, 26.7, 26.6, 16.3, 14.2, 11.5, 11.0; LRMS (El) m/z 561 (M"); HRMS (EI) calcd for Ca,HysN3Os: 561.2839
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(M), found: 561.2843.

Target compound 1-9

The crude product was purified by flash column chromatography (n-hexane/ AcOEt 1:1) to yield target compound
1-9 (17.7 mg, 0.0295 mmol, 2 steps 65%) as a colorless viscous oil. [o]?, 14.22 (c 0.82, CHCIs); Spectroscopic data
for major rotamer (rotamer ratio 10:3): *H-NMR (500 MHz, CDCls) & 8.18 (br, 1H, indole NH), 7.68 (d, J = 7.4 Hz, 1H,
aromatic), 7.23-7.43 (m, 6H, aromatic), 7.19 (dd, J = 7.4, 7.4 Hz, 1H, aromatic), 7.05-7.16 (m, 1H, aromatic), 7.02 (d, J
= 2.3 Hz, 1H, aromatic), 6.98 (br, 1H, amide NH), 6.21 (d, J = 5.7 Hz, 1H, amide NH), 5.72 (d, J = 8.0 Hz, 1H,
carbamate NH), 5.53 (ddd, J = 17.2, 10.3, 5.7 Hz, 1H, vinyl CH), 5.10 (s, 2H, benzyl CH,), 4.99 (d, J = 10.3 Hz, 1H,
vinyl CH), 4.91 (d, J = 17.2 Hz, 1H, vinyl CH), 4.63 (d, J = 4.6 Hz, 1H, NCOCH), 4.61-4.52 (m, 1H, Trp a-H),
4.34-4.24 (m, 1H, NCH), 3.66 (dd, J = 6.9, 4.6 Hz, 1H, OCOCH), 3.38 (dd, J = 14.3, 5.2 Hz, 1H, Trp CH,), 3.16 (dd, J
=14.3, 6.9 Hz, 1H, Trp CH,), 2.62 (br, 1H, cyclopropyl CH), 2.01-1.89 (m, 1H, CHCHj3), 1.70-1.48 (m, 2H, NCHCH,
and CH,CH3), 1.39-1.23 (m, 1H, CH,CH3), 1.23-1.09 (m, 1H, NCHCH,), 1.02 (d, J = 6.9 Hz, 3H, CHCHj3), 0.96-0.76
(m, 4H, cyclopropyl CH, and CH,CHs), 0.76-0.60 (m, 1H, cyclopropyl CH), 0.06 (br, 1H, cyclopropyl CH,); **C-NMR
(100 MHz, CDCl3) 8 171.1, 170.1, 169.6, 156.0, 136.7, 136.4, 136.2, 128.5, 128.5, 128.1, 128.0, 127.4, 123.2, 122.3,
120.0, 119.0, 115.7, 111.1, 110.6, 70.8, 66.8, 62.8, 55.5, 51.7, 33.6, 32.1, 28.7, 26.6, 26.4, 16.3, 13.7, 11.7, 11.0;
Spectroscopic data for minor rotamer: *H-NMR (500 MHz, CDCl5) & 8.18 (br, 1H, indole NH), 8.05 (br, 1H, amide
NH), 7.71 (br, 1H, aromatic), 7.38-7.27 (m, 6H, aromatic), 7.19 (dd, J = 7.4, 7.4 Hz, 1H, aromatic), 7.16-7.05 (m, 1H,
aromatic), 7.02 (d, J = 2.3 Hz, 1H, aromatic), 6.72 (br, 1H, amide NH), 5.83 (d, J = 7.4 Hz, 1H, carbamate NH), 5.57
(br, 1H, vinyl CH), 5.08 (s, 2H, benzyl CH,), 4.99 (d, J = 10.3 Hz, 1H, vinyl CH,), 4.95 (br, 1H, NCOCH), 4.91 (d, J =
17.2 Hz, 1H, vinyl CH,), 4.69 (br, 1H, Trp a-H), 4.39 (br, 1H, NCH), 3.66 (dd, J = 6.9, 4.6 Hz, 1H, OCOCH), 3.43 (br,
1H, Trp CH,), 3.19 (br, 1H, Trp CH,), 2.29 (br, 1H, cyclopropyl CH), 2.01-1.89 (m, 1H, CHCHj5), 1.70-1.48 (m, 2H,
NCHCH, and CH,CH3), 1.34-1.24 (m, 1H, CH,CH3), 1.22-1.12 (m, 1H, NCHCH,), 1.02 (d, J = 6.9 Hz, 3H, CHCHj),
0.89 (dd, J =7.4, 7.4 Hz, 3H, CH,CH3), 0.75-0.65 (m, 1H, cyclopropyl CH,), 0.41 (br, 1H, cyclopropyl CH), 0.08 (br,
1H, cyclopropyl CH,); LRMS (ESI) m/z 601.34 [(M+H)"]; HRMS (ESI) calcd for CssH4N4Os: 601.3026 [(M+H)'],
found: 601.3015.

Target compound 1-14

The crude product was purified by flash column chromatography (n-hexane/ AcOEt 3:2) to yield target compound
1-14 (285 mg, 0.627 mmol, 2 steps quant.) as a colorless viscous oil. [a]?p -2.69 (¢ 1.17, CHCI5); *H-NMR (400 MHz,
CDCls) & 7.17 (br, 1H, amid NH), 6.95 (d, J = 5.4 Hz, 1H, amide NH), 5.81 (ddd, J = 17.2, 10.4, 5.4 Hz, 1H, vinyl CH),
5.28 (d, J = 6.3 Hz, 1H, carbamate NH), 5.20 (d, J = 17.2 Hz, 1H, vinyl CH,), 5.14 (d, J = 10.4 Hz, 1H, vinyl CH,),
4.69 (d, J = 4.5 Hz, 1H, NCOCH), 4.47-4.35 (m, 1H, NCH), 4.25 (br, 1H, Ala a-H), 3.68 (dd, J = 7.7, 4.5 Hz, 1H,
OCOCH), 2.90-2.76 (m, 1H, cyclopropyl CH), 2.07-1.92 (m, 1H, CHCH3), 1.89-1.77 (m, 1H, NCHCH,), 1.72-1.56 (m,
1H, CH,CHg), 1.51-1.17 (m, 14H, CCHj3, Ala CH3, CH,CH3 (1H) and NCHCH, (1H)), 1.14-0.84 (m, 8H, cyclopropyl
CH, (1H), cyclopropyl CH, CHCHs and CH,CHs), 0.36-0.22 (m, 1H, cyclopropyl CH,); *C-NMR (100 MHz, CDCl,)
6 172.7, 170.2, 169.4, 155.4, 137.3, 115.4, 79.8, 70.6, 62.7, 51.6, 50.0, 33.6, 32.2, 28.3, 26.8, 26.6, 18.8, 16.3, 14.1,
11.6, 11.0; LRMS (ESI) m/z 452.29 [(M+H)']; HRMS (ESI) calcd for C,3HssNsOg: 452.2761 [(M+H)'], found:
452.2779.
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Target compound 1-10

To a solution of compound 1-14 (24.5 mg, 0.0543 mmol) in DCM (270 ul) was added TFA (270 ul) at 0 °C. The
reaction mixture was concentrated in vacuo to give target compound 1-10 (25.3 mg, 0.0544 mmol, quant.) as a
colorless viscous oil. [0]?p -5.03 (¢ 1.27, CHCI5); *H-NMR (500 MHz, CDCl3) & 8.29 (br, 1H, amide NH), 8.25 (br,
3H, Ala NHj3), 7.43 (br, 1H, amide NH), 5.75 (ddd, J = 17.2, 10.3, 5.2 Hz, 1H, vinyl CH), 5.12 (d, J = 17.2 Hz, 1H,
vinyl CH,), 5.08 (d, J = 10.3 Hz, 1H, vinyl CH,), 4.71 (d, J = 4.0 Hz, 1H, NCOCH), 4.39 (br, 1H, NCH), 4.22 (br, 1H,
Ala o-H), 3.59 (dd, J = 7.4, 4.0 Hz, 1H, OCOCH), 2.81 (br, 1H, cyclopropyl CH), 2.04-1.91 (m, 1H, CHCHj3),
1.78-1.41 (m, 5H, NCHCH, (1H), CH,CH3; (1H) and Ala CH3), 1.41-1.20 (m, 2H, NCHCH, and CH,CHj3), 1.11-0.81
(m, 8H, cyclopropyl CH, cyclopropyl CH, (1H), CHCHs and CH,CHs), 0.34 (br, 1H, cyclopropyl CH,); *C-NMR (125
MHz, CDCls) 6 171.1, 169.9, 137.0, 115.1, 70.6, 62.9, 52.3, 49.6, 33.5, 31.7, 27.3, 26.6, 17.3, 16.1, 14.7, 10.9, 10.5;
LRMS (ESI) m/z 352.23 [(M+H)']; HRMS (ESI) calcd for C15H30N30,4: 352.2236 [(M+H)*], found: 352.2224.

General procedure for the preparation of the target compounds 1-11 —1-13

To a solution of target compound 1-10 (1.0 equiv) in DCM (0.1 M) was added triethylamine (2.2 equiv) and acyl
chloride (1.2 equiv) at 0 °C and stirred at the same temperature until the starting material disappeared on TLC. The
reaction mixture was diluted with AcOEt, washed with 1N HCI, sat. NaHCO; and brine, dried over Na,SO, and the
solvent was removed under reduced pressure. The crude product was purified by flash column chromatography to yield

the corresponding target compound.

Target compound 1-11

The crude product was purified by flash column chromatography (CHCly/ MeOH 15:1) to yield target compound
1-11 (9.2 mg, 0.0234 mmol, 59%) as a colorless viscous oil. [a]?p -8.17 (¢ 0.71, CHCI); *H-NMR (500 MHz, CDCl5)
& 7.29 (br, 1H, amide NH), 7.12 (d, J = 7.2 Hz, 1H, amide NH), 6.68 (d, J = 7.7 Hz, 1H, Ala NH), 5.82 (ddd, J = 17.2,
10.4, 5.9 Hz, 1H, vinyl CH), 5.23 (d, J = 17.2 Hz, 1H, vinyl CH,), 5.17 (d, J = 10.4 Hz, 1H, vinyl CH,), 4.66 (d, J = 4.5
Hz, 1H, NCOCH), 4.63-4.52 (m, 1H, Ala a-H), 4.40-4.29 (m, 1H, NCH), 3.72 (dd, J = 7.7, 4.5 Hz, 1H, OCOCH),
2.93-2.82 (m, 1H, cyclopropyl CH), 2.07-1.87 (m, 5H, acetyl CH3, CHCH3; and NCHCH,), 1.72-1.61 (m, 1H, CH,CHy3),
1.46-1.27 (m, 4H, Ala CH3; and CH,CH3), 1.27-1.16 (m, 1H, NCHCH,), 1.13-1.02 (m, 4H, CHCH; and cyclopropyl
CH,), 1.02-0.89 (m, 4H, cyclopropyl CH and CH,CHs), 0.35-0.21 (m, 1H, cyclopropyl CH,); *C-NMR (100 MHz,
CDCly) 6 172.4,170.3, 170.1, 170.0, 136.9, 115.9, 71.3, 62.9, 52.2, 48.8, 33.7, 32.4, 26.8, 26.7, 23.1, 19.2, 16.3, 14.2,
11.7, 11.0; LRMS (EI) m/z 393 (M"); HRMS (EI) calcd for CoH3:N3Os: 393.2264 (M), found: 393.2268.

Target compound 1-12

The crude product was purified by flash column chromatography (n-hexane/AcOEt 1:2) to yield target compound
1-12 (18.4 mg, 0.0404 mmol, quant.) as a colorless viscous oil. [a]*p 7.69 (c 0.65, CHCI5); *H-NMR (500 MHz,
CDCly) & 7.86 (d, J = 7.4 Hz, 2H, aromatic), 7.50 (t, J = 7.4 Hz, 1H, aromatic), 7.43 (dd, J = 7.4, 7.4 Hz, 2H,
aromatic), 7.37 (d, J = 7.4 Hz, 1H, amide NH), 7.27 (d, J = 6.9 Hz, 1H, Ala NH), 7.18 (br, 1H, amide NH), 5.83 (ddd,
J =17.2,10.3, 5.7 Hz, 1H, vinyl CH), 5.25 (d, J = 17.2 Hz, 1H, vinyl CH,), 5.17 (d, J = 10.3 Hz, 1H, vinyl CH,),
4.91-4.80 (m, 1H, Ala a-H), 4.64 (d, J = 4.6 Hz, 1H, NCOCH), 4.46-4.35 (m, 1H, NCH), 3.70 (dd, J = 8.0, 4.6 Hz, 1H,
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OCOCH), 2.91-2.78 (m, 1H, cyclopropyl CH), 2.02-1.93 (m, 1H, CHCHj3), 1.93-1.83 (m, 1H, NCHCH), 1.69-1.58
(m, 1H, CH,CHg), 1.52 (d, J = 6.9 Hz, 3H, Ala CH3), 1.38-1.17 (m, 2H, NCHCH, and CH,CHj3), 1.11-0.82 (m, 8H,
cyclopropyl CH, (1H), cyclopropyl CH, CHCH3 and CH,CHs), 0.32-0.20 (m, 1H, cyclopropyl CH,); *C-NMR (125
MHz, CDCl3) 6 172.3, 170.3, 169.8, 166.9, 137.1, 133.8, 131.6, 128.5, 127.2, 115.7, 71.0, 62.9, 52.2, 49.2, 33.7, 32.2,
26.9, 26.6, 19.2, 16.3, 14.3, 11.5, 11.0; LRMS (El) m/z 455 (M"); HRMS (EI) calcd for C,s5H33N30s: 455.2420 (M™),
found: 455.2424.

Target compound 1-13

The crude product was purified by flash column chromatography (n-hexane/ AcOEt 1:2) to yield target compound
1-13 (19.2 mg, 0.0380 mmol, 95%) as a colorless viscous oil. [a]®p 29.36 (c 0.65, CHCI3); *H-NMR (500 MHz,
CDCly) 6 8.42 (s, 1H, aromatic), 7.98-7.83 (m, 4H, aromatic), 7.62-7.48 (m, 3H, aromatic and Ala NH), 7.44 (d,J=7.4
Hz, 1H, amide NH), 7.21 (br, 1H, amide NH), 5.85 (ddd, J = 17.2, 10.3, 5.7 Hz, 1H, vinyl CH), 5.28 (d, J = 17.2 Hz,
1H, vinyl CH,), 5.19 (d, J = 5.2 Hz, 1H, vinyl CH,), 5.00-4.90 (m, 1H, Ala a-H), 4.63 (d, J = 4.6 Hz, 1H, NCOCH),
4.48-4.37 (m, 1H, NCH), 3.71 (dd, J = 7.4, 4.6 Hz, 1H, OCOCH), 2.91-2.79 (m, 1H, cyclopropyl CH), 2.00-1.86 (m,
2H, CHCH; and NCHCH,), 1.66-1.52 (m, 4H, CH,CH5 (1H) and Ala CH3), 1.35-1.18 (m, 2H, NCHCH, and CH,CH3),
1.08-0.94 (m, 5H, cyclopropyl CH, (1H), cyclopropyl CH and CHCHa), 0.89 (dd, J = 7.4, 7.4 Hz, 3H, CH,CHy),
0.31-0.20 (m, 1H, cyclopropyl CH,); *C-NMR (125 MHz, CDCl5) & 172.4, 170.3, 169.8, 166.9, 137.1, 134.8, 132.6,
131.0, 129.0, 128.3, 127.8, 127.7, 126.7, 123.8, 115.8, 71.1, 62.9, 52.2, 49.3, 33.6, 32.2, 26.9, 26.6, 19.3, 16.3, 14.3,
11.5, 11.0; LRMS (EI) m/z 505 (M"); HRMS (EI) calcd for CagH3sN3Os: 505.2577 (M), found: 505.2579.

Synthetic procedures for 1-15 — 1-23
Target compound 1-15
To a solution of compound 1-14 (41.7 mg, 0.0923 mmol) in THF (1.0 ml) was added Pd/C (42 mg). The flask was

purged with hydrogen (balloon pressure) and the reaction mixture was stirred under an atmosphere of hydrogen for 90

min. The reaction mixture was filtered through a Celite pad and the filtrate was concentrated in vacuo to give the crude
product as a colorless oil.

A solution of the oil in DCM (500 ul) was cooled to 0 °C. TFA (500 ul) was added and the resulting mixture was
stirred at 0 °C for 90 min. The reaction mixture was concentrated in vacuo to give the crude product as a pale yellow
oil.

To a solution of the oil in DCM (1.0 ml) was added triethylamine (40 pul, 0.277 mmol, 3.0 equiv) and CbzCl (40 pl,
0.277 mmol, 3.0 equiv) at 0 °C. After 1 h at 0 °C, the reaction mixture was diluted with AcOEt, washed with 1 M HCI,
sat. NaHCO; and brine, dried over Na,SO, and the solvent was removed under reduced pressure. The crude product
was purified by flash column chromatography (n-hexane/ AcOEt 1:1) to yield target compound 1-15 (29.6 mg, 0.0607
mmol, 3 steps 66%) as a white solid. [a]"’5 8.00 (¢ 0.50, CHCI3); mp 119-120 °C; ‘H-NMR (500 MHz, CDCl3) &
7.40-7.27 (m, 5H, aromatic), 7.17 (br, 1H, amide NH), 6.68 (d, J = 6.9 Hz, 1H, amide NH), 5.68 (d, J = 6.9 Hz, 1H, Ala
NH), 5.10 (s, 2H, Cbz CH,), 4.67 (d, J = 4.6 Hz, 1H, NCOCH), 4.38-4.20 (m, 1H, Ala a-H), 3.86-3.74 (m, 1H, NCH),
3.65 (dd, J=7.4, 4.6 Hz, 1H, OCOCH), 2.78 (br, 1H, cyclopropyl CH), 2.04-1.92 (m, 1H, CHCHj3), 1.80-1.68 (m, 1H,
NCHCH,), 1.68-1.56 (m, 2H, NCHCH,CHs and CH,CHj), 1.45-1.21 (m, 5H, Ala CH3, NCHCH,CHs; and CH,CH3),
1.20-1.09 (m, 1H, NCHCH,), 1.09-0.99 (m, 4H, CHCH; and cyclopropyl CH,), 0.99-0.71 (m, 7H, CH,CHjs,
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NCHCH,CH; and cyclopropyl CH), 0.27-0.15 (m, 1H, cyclopropyl CH,); **C-NMR (125 MHz, CDCl3) § 172.7, 170.3,
169.4, 155.9, 136.4, 128.4, 128.1, 127.9, 70.4, 66.7, 62.8, 51.2, 50.6, 33.6, 31.9, 27.5, 27.0, 26.6, 19.1, 16.3, 14.6, 11.6,
11.0, 10.1; LRMS (ESI) m/z 510.26 [(M+Na)*]; HRMS (ESI) calcd for CysH3;N3;O¢Na: 510.2575 [(M+Na)'], found:
510.2570.

Alcohol 1-46

To a refluxing solution of imine 1-29 (700 mg, 1.54 mmol) in toluene (190 ml) was added PhMgCl (0.922 ml, 1.84
mmol, 1.2 equiv, 2.0 M in THF) and the resulting mixture was refluxed for 10 min. The reaction mixture was cooled to
0 °C, quenched with sat. NH,CI and diluted with AcOEt. The layers were separated and the organic layer was washed
with water and brine, dried over Na,SO, and the solvent was removed under reduced pressure. The crude product was
purified by flash column chromatography (n-hexane/ AcOEt 3:1) to yield sulfinamide 1-38 (dr 7:1) as a yellow oil.

To a solution of sulfinamide 1-38 in THF (15 ml) was added 12 M HCI (1.5 ml) at 0 °C. After 10 min at 0 °C, the
reaction mixture was neutralized with sat. NaHCO3;, diluted with water and concentrated in vacuo to remove THF. The
residual aqueous solution was extracted with AcOEt, the organic layer was washed with water and brine, dried over
Na,SO, and the solvent was removed under reduced pressure to give the crude product as a yellow oil.

To a solution of the oil in 50% aqueous THF (13 ml) was added Na,CO3; (139 mg, 1.31 mmol, 1.0 equiv) and
FmocOSu (882 mg, 2.61 mmol, 2.0 equiv) and stirred at rt for 36 h. The reaction mixture was diluted with AcOEt,
washed with water and brine, dried over Na,SO,4 and the solvent was removed under reduced pressure. The crude
prodcut was purified by silica gel column chromatography (n-hexane/ AcOEt 10:1) to yield the N-Fmoc product as a
pale yellow solid.

To a solution of the solid in MeOH (10 ml) was added 4M HCI/ AcOEt (1.0 ml) and stirred at rt for 2 h. The reaction
mixture was cooled to 0 °C and neutralized with sat. NaHCO3, diluted with water and concentrated in vacuo to remove
MeOH. The residual aqueous solution was extracted with AcOEt, the organic layer was washed with water and brine,
dried over Na,SO,4 and the solvent was removed under reduced pressure. The crude product was purified by flash
column chromatography (n-hexane/ AcOEt 3:1) to yield alcohol 1-46 (382 mg, 0.924 mmol, 4 steps 60%, single
isomer) as a white solid. [o]*5 -21.52 (¢ 1.22, CHCI5); mp 90-92 °C; *H-NMR (500 MHz, CDCls, 328 K) § 7.73 (d, J
= 7.4 Hz, 2H, aromatic), 7.57 (br, 2H, aromatic), 7.43-7.17 (m, 9H, aromatic), 6.20 (br, 1H, carbamate NH), 4.73 (br,
1H, NCH), 4.46 (dd, J = 9.7, 6.3 Hz, 1H, Fmoc CH,), 4.37 (dd, J = 9.7, 6.3 Hz, 1H, Fmoc CHy), 4.18 (br, 1H, Fmoc
CH), 4.06-3.91 (m, 1H, CH,0OH), 3.36-3.21 (m, 1H, CH,0OH), 1.99 (br, 2H, NCHCH, and OH), 1.69-1.56 (m, 1H,
NCHCH,), 1.20-1.09 (m, 1H, cyclopropyl CH), 0.85-0.73 (m, 1H, cyclopropyl CH), 0.70-0.62 (m, 1H, cyclopropyl
CH,), -0.05--0.15 (m, 1H, cyclopropyl CH,); *C-NMR (125 MHz, CDCls, 328 K) & 156.3, 144.2, 144.2, 141.5, 141.4,
128.6, 127.6, 127.3, 127.1, 127.0, 126.3, 125.1, 125.1, 119.9, 66.4, 62.6, 56.6, 47.6, 35.4, 18.0, 13.6, 8.1; LRMS (FAB)
m/z 414.2 [(M+H)"]; HRMS (FAB) calcd for C;H,gNO5: 414.2069 [(M+H)], found: 414.2063.

Alcohol 1-47

Alcohol 1-47 (368 mg, 0.860 mmol, 4 steps 56%, a white solid, single isomer) was prepared from imine 1-29 (700
mg, 1.54 mmol) as described for alcohol 1-46 using BnMgBr (1.5 equiv, 1.0 M in THF) instead of PhMgCI. [a]*p
-4.60 (c 0.35, CHCl3); mp 109-111 °C; *H-NMR (500 MHz, CDCl3, 328 K) & 7.74 (d, J = 7.4 Hz, 2H, aromatic), 7.56
(dd, J =6.9, 6.9 Hz, 2H, aromatic), 7.37 (dd, J = 7.4, 7.4 Hz, 2H, aromatic), 7.32-7.05 (m, 7H, aromatic), 5.59 (br, 1H,
carbamate NH), 4.41 (br, 2H, Fmoc CHy), 4.18 (dd, J = 6.9 Hz, 6.3 Hz, 1H, Fmoc CH), 3.88 (br, 2H, NCH and
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CH,0H), 3.27-3.14 (m, 1H, CH,0H), 2.81 (br, 2H, benzyl CH,), 1.74 (br, 1H, OH), 1.67 (br, 1H, NCHCH,), 1.36-1.23
(m, 1H, NCHCH,), 1.15-1.04 (m, 1H, cyclopropyl CH), 0.78 (br, 1H, cyclopropyl CH), 0.71-0.61 (m, 1H, cyclopropyl
CH,), -0.10--0.19 (m, 1H, cyclopropyl CH,); *C-NMR (125 MHz, CDCls, 328 K) & 156.4, 144.3, 144.2, 141.5, 141.4,
138.3, 129.4, 128.4, 127.6, 127.0, 127.0, 126.4, 125.1, 119.9, 66.2, 62.6, 53.4, 47.6, 41.6, 32.4, 18.0, 13.4, 8.2; LRMS
(FAB) m/z 428.3 [(M+H)™]; HRMS (FAB) calcd for C,gH30NOs: 428.2226 [(M+H)™], found: 428.2241.

Alcohol 1-48

Alcohol 1-48 (238 mg, 0.539 mmol, 4 steps 35%, a white solid, single isomer) was prepared from imine 1-29 (700
mg, 1.54 mmol) as described for alcohol 1-46 using phenethylmagnesium chloride (2.0 equiv, 1.0 M in THF) instead of
PhMgCI. [a]®p -8.01 (¢ 1.27, CHCI); mp 162-163 °C; *H-NMR (500 MHz, CDCls, 328 K) & 7.75 (d, J = 7.4 Hz, 2H,
aromatic), 7.64-7.55 (m, 2H, aromatic), 7.37 (dd, J = 8.0, 6.9 Hz, 2H, aromatic), 7.33-7.20 (m, 4H, aromatic), 7.20-7.10
(m, 3H, aromatic), 5.34 (br, 1H, carbamate NH), 4.57-4.40 (m, 2H, Fmoc CH,), 4.20 (dd, J = 6.3, 6.3 Hz, 1H, Fmoc
CH), 3.86 (br, 1H, CH,OH), 3.73 (br, 1H, NCH), 3.33-3.20 (m, 1H, CH,OH), 2.65 (br, 2H, benzyl CH), 1.86 (br, 1H,
BnCH), 1.81 (br, 1H, OH), 1.67 (br, 2H, NCHCH, and BnCH,), 1.41-1.31 (m, 1H, NCHCH,), 1.13-0.99 (m, 1H,
cyclopropyl CH), 0.76 (br, 1H, cyclopropyl CH), 0.70-0.62 (m, 1H, cyclopropyl CH,), -0.05--0.18 (m, 1H, cyclopropyl
CH,); BC-NMR (125 MHz, CDCls, 328 K) & 156.6, 144.3, 144.2, 142.0, 141.5, 1415, 128.4, 128.4, 127.7, 127.6,
127.1, 127.0, 125.9, 125.0, 119.9, 66.1, 62.6, 52.3, 47.7, 37.3, 33.7, 32.4, 18.0, 13.2, 8.3; LRMS (FAB) m/z 442.29
[(M+H)']; HRMS (FAB) calcd for CxoH3;NO3: 442.2382 [(M+H)'], found: 442.2366.

Alcohol 1-49

Alcohol 1-49 (201 mg, 0.456 mmol, 4 steps 26%, a white amorphous solid, single isomer) was prepared from imine
1-29 (800 mg, 1.76 mmol) as described for alcohol 1-46 using 3-phenylpropylmagnesium bromide (3.0 equiv, 0.3 M in
THF, freshly prepared from 3-phenylpropyl bromide) instead of PhMgCI. [o]*5 -5.27 (¢ 0.42, CHCI3); *H-NMR (500
MHz, CDCl3, 328 K) 6 7.74 (d, J = 7.4 Hz, 2H, aromatic), 7.59 (d, J = 7.4 Hz, 2H, aromatic), 7.37 (dd, J = 7.4, 7.4 Hz,
2H, aromatic), 7.31-7.18 (m, 4H, aromatic), 7.18-7.08 (m, 3H, aromatic), 5.23 (br, 1H, carbamate NH), 4.56-4.35 (m,
2H, Fmoc CHy), 4.19 (dd, J = 6.3, 6.3 Hz, 1H, Fmoc CH), 3.85 (br, 1H, CH,OH), 3.69 (br, 1H, NCH), 3.31-3.18 (m,
1H, CH,0H), 2.59 (br, 2H, benzyl CH,), 1.86 (br, 1H, OH), 1.66 (br, 2H, BnCH,), 1.58 (br, 2H, NCHCH, and
BnCH,CH), 1.40 (br, 1H, BnCH,CHy), 1.35-1.24 (m, 1H, NCHCH,), 1.11-1.00 (m, 1H, cyclopropyl CH), 0.74 (br, 1H,
cyclopropyl CH), 0.69-0.60 (m, 1H, cyclopropyl CH,), -0.10--0.18 (m, 1H, cyclopropyl CH,); **C-NMR (125 MHz,
CDCls, 328 K) 6 156.6, 144.3, 144.2, 142.2, 141.5, 141.4, 128.5, 128.3, 127.6, 127.6, 127.1, 127.0, 125.8, 125.0, 119.9,
66.1, 62.6, 52.2, 47.7, 35.7, 35.0, 33.8, 27.6, 18.0, 13.2, 8.3; LRMS (FAB) m/z 456 [(M+H)']; HRMS (FAB) calcd for
C30HuNOs: 456.2539 [(M+H)'], found: 456.2523.

Alcohol 1-52

To a solution of imine 1-29 (600 mg, 1.32 mmol) in DCM (130 ml) was added 2-(1-naphthyl)ethylmagnesium
bromide (6.59 ml, 6.59 mmol, 5.0 equiv, 1.0 M in THF, freshly prepared from 2-(1-naphthyl)ethyl bromide). After 20
min at rt, the reaction mixture was poured into ice-cold sat. NH4Cl with stirring. The resulting mixture was
concentrated in vacuo to remove DCM and the residual agueous solution was extracted with ACOEt. The organic layer
was washed with water and brine, dried over Na,SO, and the solvent was removed under reduced pressure. The crude

product was purified by silica gel column chromatography (n-hexane/ AcOEt 5:1-2:1) to yield sulfinamide 1-44 (dr 3:1)
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as a colorless viscous oil.

To a solution of sulfinamide 1-44 in MeOH (15 ml) was added 4 M HCI/ AcOEt (1.5 ml) and the resulting mixture
was stirred at rt for 2 h. The reaction mixture was concentrated in vacuo to give the corresponding amino alcohol as a
yellow oil.

To a solution of the oil in 50% aqueous THF (15 ml) was added NaCO; (140 mg, 1.32 mmol, 1.0 equiv) and
FmocOSu (534 mg, 1.58 mmol, 1.2 equiv) at rt. After 23 h at rt, the reaction mixture was concentrated in vacuo to
remove THF and the residual aqueous solution was extracted with AcOEt. The organic layer was washed with water
and brine, dried over Na,SO, and the solvent was removed under reduced pressure. The crude product was
recrystallized from AcOEY/ n-hexane to yield alcohol 1-52 (234 mg, 0.475 mmol, 3 steps 36%, single isomer) as a
colorless needle. []*p -10.25 (c 0.33, CHCI); mp 113-115 °C; *H-NMR (500 MHz, CDCl;, 328 K) § 7.97 (d, J = 7.4
Hz, 1H, aromatic), 7.81 (d, J = 7.4 Hz, 1H, aromatic), 7.78-7.53 (m, 5H, aromatic), 7.53-7.20 (m, 8H, aromatic), 5.46
(br, 1H, carbamate NH), 4.61-4.41 (m, 2H, Fmoc CH,), 4.20 (br, 1H, Fmoc CH), 3.85 (br, 2H, NCH and CH,OH), 3.25
(br, 1H, CH,0OH), 3.13 (br, 1H, NpCH,), 3.06 (br, 1H, NpCHy), 1.99 (br, 1H, NpCH,CH,), 1.88 (br, 1H, OH), 1.78 (br,
1H, NpCH,CHy), 1.66 (br, 1H, NCHCH,), 1.44-1.32 (m, 1H, NCHCH,),1.12-1.00 (m, 1H, cyclopropyl CH), 0.76 (br,
1H, cyclopropyl CH), 0.70-0.59 (m, 1H, cyclopropyl CH,), -0.06--0.17 (m, 1H, cyclopropyl CH,); *C-NMR (125 MHz,
CDCl3, 328 K) 6 156.7, 144.2, 144.1, 141.5, 141.4, 138.1, 134.0, 131.9, 128.8, 127.6, 127.6, 127.1, 127.0, 126.7, 125.8,
125.8, 125.6, 125.4, 125.0, 123.6, 119.9, 66.1, 62.5, 52.7, 47.7, 36.8, 33.7, 29.5, 17.9, 13.2, 8.3; LRMS (ESI) m/z
514.23 [(M+Na)']; HRMS (ESI) calcd for C53H33NOsNa: 514.2353 [(M+Na)'], found: 514.2346.

Alcohol 1-53

To a solution of imine 1-29 (600 mg, 1.32 mmol) in DCM (150 ml) was added 2-(2-naphthyl)ethylmagnesium
bromide (19.8 ml, 3.95 mmol, 3.0 equiv, 0.2 M in THF, freshly prepared from 2-(2-naphthyl)ethyl bromide). After 1 h
at rt, the reaction mixture was poured into ice-cold sat NH,CI with stirring. The resulting mixture was concentrated in
vacuo to remove DCM and the residual aqueous solution was extracted with AcOEt. The organic layer was washed
with water and brine, dried over Na,SO, and the solvent was removed under reduced pressure. The crude product was
purified by flash column chromatography (n-hexane/ AcOEt 10:1-3:1) to yield sulfinamide 1-45 (dr 6:1) as a colorless
oil.

To a solution of sulfinamide 1-45 in MeOH (15 ml) was added 4 M HCI/ AcOEt (1.5 ml). After 2 h at rt, the reaction
mixture was concentrated in vacuo to give the corresponding amino alcohol as a yellow oil.

To a solution of the oil in 50% aqueous THF (15 ml) was added Na,CO3; (140 mg, 1.32 mmol, 1.0 equiv) and
FmocOSu (533 mg, 1.58 mmol, 1.2 equiv). After 19 h at rt, the reaction mixture was concentrated in vacuo to remove
THF and the residual aqueous solution was extracted with ACOEt. The organic layer was washed with water and brine,
dried over Na,SO,4 and the solvent was removed under reduced pressure. The crude product was purified by flash
column chromatography (n-hexane/ AcOEt 3:1) to yield alcohol 1-53 (311 mg, 0.634 mmol, 3 steps 48%, single
isomer) as a white solid. [0]*°p -11.51 (c 0.44, CHCIls); mp 140-141 °C; 'H-NMR (400 MHz, CDCls, 328 K) §
7.83-7.65 (m, 5H, aromatic), 7.65-7.49 (m, 3H, aromatic), 7.45-7.18 (m, 7H, aromatic), 5.46 (br, 1H, carbamate NH),
4.58-4.36 (m, 2H, Fmoc CHy), 4.16 (dd, J = 6.3, 6.3 Hz, 1H, Fmoc CH), 3.94-3.67 (m, 2H, CH,OH and NCH),
3.32-3.17 (m, 1H, CH,0H), 2.78 (br, 2H, NpCH,), 1.94 (br, 2H, NpCH,CH, and OH), 1.76 (br, 1H, NpCH,CH,), 1.64
(br, 1H, NCHCH,), 1.44-1.30 (m, 1H, NCHCH,), 1.12-0.97 (m, 1H, cyclopropyl CH), 0.75 (br, 1H, cyclopropyl CH),
0.69-0.57 (m, 1H, cyclopropyl CH,), -0.06--0.21 (m, 1H, cyclopropyl CH,); *C-NMR (100 MHz, CDCls, 328 K) &
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156.6, 144.2, 144.1, 1415, 141.4, 139.4, 133.7, 132.1, 127.9, 127.6, 127.6, 127.4, 127.2, 127.0, 127.0, 126.3, 125.9,
125.1, 125.0, 119.9, 66.0, 62.5, 52.3, 47.6, 37.2, 33.6, 32.5, 17.9, 13.2, 8.3; LRMS (ESI) m/z 514.23 [(M+Na)']; HRMS
(ESI) calcd for C33H33NOsNa: 514.2353 [(M+Na) ], found: 514.2346.

Aldehyde 1-58
To a solution of imine 1-29 (500 mg, 1.10 mmol) in DCM (150 ml) was added 1-naphthylmethylmagnesium chloride

(19.8 ml, 3.95 mmol, 3.0 equiv, 0.2 M in diethyl ether, freshly prepared from 1-naphthylmethyl chloride). After 20 min
at rt, the reaction mixture was poured into ice-cold sat. NH,CI with stirring. The resulting mixture was concentrated in
vacuo and the residual aqueous solution was extracted with AcOEt. The organic layer was washed with water and brine,
dried over Na,SO,4 and the solvent was removed under reduced pressure. The crude product was purified by flash
column chromatography (n-hexane/ AcOEt 10:1-5:1-2:1) to yield sulfinamide 1-42 (dr 2:1) as a white amorphous solid.

To a solution of sulfinamide 1-42 in MeOH (15 ml) was added 4 M HCI/ AcOEt (1.5 ml). After 2 h at rt, the reaction
mixture was concentrated in vacuo to give the corresponding amino alcohol as a yellow oil.

To a solution of the oil in 50% aqueous THF (15 ml) was added Na,CO3; (117 mg, 1.10 mmol, 1.0 equiv) and
FmocOSu (445 mg, 1.32 mmol, 1.2 equiv). After 16 h at rt, the reaction mixture was concentrated in vacuo to remove
THF and the residual aqueous solution was extracted with ACOEt. The organic layer was washed with water and brine,
dried over Na,SO,4 and the solvent was removed under reduced pressure. The crude product was purified by flash
column chromatography (n-hexane/ AcOEt 3:1) to yield alcohol 1-50 as a white amorphous solid.

To a solution of alcohol 1-50 in DCM (5.0 ml) was added DMP (788 mg, 1.65 mmol, 1.5 equiv). After 14 h at rt, the
reaction was quenched with a solution of sat. Na,S,03; and sat. NaHCO3 (1:3), extracted with CHCIs, the organic layer
was washed with water, dried over Na,SO, and the solvent was removed under reduced pressure. The crude product
was purified by flash column chromatography (n-hexane/ AcOEt 5:1) to yield aldehyde 1-58 (105 mg, 0.220 mmol, 4
steps 20%, single isomer) as a white amorphous solid. [a]*p 10.37 (¢ 0.41, CHCI3); *H-NMR (500 MHz, CDCls, 328
K) 6 9.45 (br, 1H, aldehyde H), 8.04 (d, J = 8.0 Hz, 1H, aromatic), 7.88-7.01 (m, 14H, aromatic), 5.26 (br, 1H,
carbamate NH), 5.12 (br, 1H, NCH), 4.46 (br, 1H, Fmoc CH,), 4.40 (br, 1H, Fmoc CHy), 4.13 (dd, J = 6.3, 5.7 Hz, 1H,
Fmoc CH), 2.68 (br, 2H, NpCH,), 2.03 (br, 2H, NCHCH,), 1.85 (br, 1H, cyclopropyl CH), 1.34 (br, 1H, cyclopropyl
CH), 1.03 (br, 2H, cyclopropyl CH,); *C-NMR (125 MHz, CDCl3, 328 K) & 200.9, 155.8, 144.0, 143.9, 141.4, 141.3,
136.5, 132.9, 132.8, 128.4, 127.6, 127.0, 126.2, 125.6, 124.8, 124.5, 122.9, 119.9, 66.5, 52.3, 47.4, 34.1, 27.1, 21.7,
14.1, 13.9; LRMS (ESI) m/z 498.20 [(M+Na)']; HRMS (ESI) calcd for CsHxgNOsNa: 498.2040 [(M+Na)*], found:
498.2045.

Aldehyde 1-59
To a solution of imine 1-29 (600 mg, 1.32 mmol) in DCM (130 ml) was added 2-naphthylmethylmagnesium chloride

(19.8 ml, 4.00 mmol, 3.0 equiv, 0.2 M in diethyl ether, freshly prepared from 2-naphthylmethyl chloride). After 10 min
at rt, the reaction mixture was poured into ice-cold sat. NH,CI and the resulting mixture was concentrated in vacuo to
remove DCM. The residual aqueous solution was extracted with AcOEt and the organic layer was washed with water
and brine, dried over Na,SO, and the solvent was removed under reduced pressure. The crude product was purified by
silica gel column chromatography (n-hexane/ AcOEt 3:1) to yield sulfinamide 1-43 (dr 4:3) as a yellow oil.

To a solution of sulfinamide 1-43 in MeOH (15 ml) was added 4 M HCI/ AcOEt (1.5 ml). After 3 h at rt, the reaction

mixture was concentrated in vacuo to give the corresponding amino alcohol as a yellow oil.
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To a solution of the oil in 50% aqueous THF (15 ml) was added Na,CO3; (140 mg, 1.32 mmol, 1.0 equiv) and
FmocOSu (534 mg, 1.58 mmol, 1.2 equiv). After 18 h at rt, the reaction mixture was concentrated in vacuo to remove
THF. The residual aqueous solution was extracted with AcOEt, the organic layer was washed with water and brine,
dried over Na,SO,4 and the solvent was removed under reduced pressure. The crude product was purified by flash
column chromatography (n-hexane/ AcOEt 3:1) to yield alcohol 1-51 as a colorless viscous oil.

To a solution of alcohol 1-51 in DCM (10 ml) was added DMP (942 mg, 1.98 mmol, 1.5 equiv). After 14 h at rt, the
reaction was quenched with a solution of sat. Na,S,03; and sat. NaHCO3 (1:3), extracted with CHCIs, the organic layer
was washed with water, dried over Na,SO, and the solvent was removed under reduced pressure. The crude product
was purified by flash column chromatography (n-hexane/ AcOEt 7:1) to yield aldehyde 1-59 (126 mg, 0.264 mmol, 4
steps 20%, single isomer) as a white amorphous solid. [o]*p -9.62 (c 0.45, CHCls); *H-NMR (400 MHz, CDCl;, 328
K) 6 9.52 (br, 1H, aldehyde H), 8.13-7.14 (m, 15H, aromatic), 5.59 (br, 1H, carbamate NH), 5.43 (br, 1H, NCH),
4.66-4.27 (m, 2H, Fmoc CH,), 4.14 (dd, J = 6.3, 6.3 Hz, 1H, Fmoc CH), 2.59 (br, 2H, NpCH,), 2.37 (br, 2H, NCHCH,),
1.85 (br, 1H, cyclopropyl CH), 1.37 (br, 1H, cyclopropyl CH), 0.98 (br, 1H, cyclopropyl CH,), 0.94 (br, 1H,
cyclopropyl CH,); *C-NMR (100 MHz, CDCl5, 328 K) & 201.2, 156.1, 144.0, 143.9, 141.4, 141.4, 134.0, 133.7, 133.5,
131.0, 129.7, 129.5, 128.2, 127.6, 127.0, 127.0, 126.3, 124.9, 124.7, 123.6, 119.9, 66.6, 52.2, 47.4, 33.2, 27.3, 22.5,
21.2, 14.0; LRMS (ESI) m/z 498.20 [(M+Na)*]; HRMS (ESI) calcd for Ca,HxgNOsNa: 498.2040 [(M+Na)*], found:
498.2046.

Diprotected amine 1-62
To a solution of alcohol 1-46 (314 mg, 0.760 mmol) in DCM (10 ml) was added DMP (645 mg, 1.52 mmol, 2.0
equiv) and stirred at rt for 2 h. The reaction was quenched with a solution of sat. Na,S,03 and sat. NaHCO; (1:3),

extracted with CHClj3, the organic layer was washed with water and brine, dried over Na,SO,4 and the solvent was
removed under reduced pressure to give the corresponding aldehyde as a white solid.

To a suspension of the aldehyde in 80% aqueous t-BuOH (10 ml) was added THF (8.0 ml), NaH,PO4-2H,0 (178 mg,
1.14 mmol, 1.5 equiv), 2-methyl-2-butene (644 ul, 6.08 mmol, 8.0 equiv) and NaClO, (275 mg, 3.04 mmol, 4.0 equiv).
After 5 h at rt, the reaction mixture was diluted with AcOEt, washed with 1M HCI and brine, dried over Na,SO, and
the solvent was removed under reduced pressure to give the corresponding carboxylic acid as a yellow oil.

To a solution of the carboxylic acid in DCM (10 ml) was added triethylamine (414 ul, 3.04 mmol, 4.0 equiv) and
DPPA (491 ul, 2.28 mmol, 3.0 equiv) at 0 °C. After 20 min at 0 °C, the reaction mixture was warmed to rt and stirred
for 15 h. The reaction mixture was diluted with AcOEt, washed with water and brine, dried over Na,SO, and the
solvent was removed under reduced pressure. The crude product was purified by silica gel column chromatography
(n-hexane/ AcOEt 5:1) to yield the corresponding acyl azide as a white solid.

A solution of the acyl azide in t-BuOH (10 ml) was refluxed for 17 h. The reaction mixture was concentrated in
vacuo and the crude product was purified by silica gel column chromatography (n-hexane/ AcOEt 4:1) to yield
diprotected amine 1-62 (265 mg, 0.532 mmol, 4 steps 70%) as a white solid. [o]**p -38.03 (c 0.96, CHCls); mp 154-155
°C; 'H-NMR (500 MHz, CDCls, 328 K) & 7.82-7.56 (m, 4H, aromatic), 7.39-7.17 (m, 9H, aromatic), 6.82 (br, 1H,
carbamate NH), 4.76 (br, 2H, carbamate NH and NCH), 4.35 (br, 2H, Fmoc CH,), 4.19 (br, 1H, Fmoc CH), 2.66 (br,
1H, cyclopropyl CH), 1.85 (br, 1H, NCHCH,), 1.68 (br, 1H, NCHCH,), 1.50 (s, 9H, CCH3), 0.88 (br, 2H, cyclopropyl
CH and cyclopropyl CH,), 0.05 (br, 1H, cyclopropyl CH,); **C-NMR (125 MHz, CDCl,, 328 K) & 157.3, 156.3, 144.2,
143.7,141.3,128.5, 127.5, 127.1, 127.0, 126.1, 125.3, 119.8, 79.9, 66.6, 55.8, 47.5, 34.0, 28.4, 27.8, 15.4, 11.3; LRMS
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(FAB) m/z 499.3 [(M+H)']; HRMS (FAB) calcd for Ca;HasN,O4: 499.2597 [(M+H)*], found: 499.2589.

Diprotected amine 1-63

Diprotected amine 1-63 (186 mg, 0.363 mmol, 4 steps 74%, a white solid) was prepared from alcohol 1-47 (210 mg,
0.491 mmol) as described for diprotected amine 1-62. [o]*°p -34.19 (¢ 1.39, CHCI3); mp 105-106 °C; ‘*H-NMR (500
MHz, CDCls, 328 K) & 7.74 (d, J = 8.0 Hz, 2H, aromatic), 7.63 (br, 2H, aromatic), 7.37 (dd, J = 7.4, 7.4 Hz, 2H,
aromatic), 7.31-7.21 (m, 4H, aromatic), 7.21-7.08 (m, 3H, aromatic), 5.95 (br, 1H, carbamate NH), 4.69 (br, 1H,
carbamate NH), 4.42 (br, 1H, Fmoc CH,), 4.34 (br, 1H, Fmoc CH,), 4.21 (dd, J = 7.4, 6.9 Hz, 1H, Fmoc CH), 3.95 (br,
1H, NCH), 2.87 (br, 1H, benzyl CHy), 2.75 (br, 1H, benzyl CH,), 2.61 (br, 1H, cyclopropyl CH), 1.48-1.32 (m, 11H,
NCHCH, and CCHj3), 0.94-0.74 (m, 2H, cyclopropyl CH and cyclopropyl CH,), 0.10-0.01 (m, 1H, cyclopropyl CHy);
BC-NMR (125 MHz, CDCl3, 328 K) 6 157.1, 156.4, 144.3, 144.3, 141.4, 141.4, 138.2, 129.5, 128.3, 127.6, 127.0,
126.3, 125.3, 119.9, 79.7, 66.4, 52.8, 47.6, 41.9, 31.0, 28.4, 27.7, 15.2, 11.5; LRMS (FAB) m/z 513.3 [(M+H)"]; HRMS
(FAB) calcd for Ca,H37N,04: 513.2753 [(M+H)], found: 513.2747.

Diprotected amine 1-64

Diprotected amine 1-64 (162 mg, 0.308 mmol, 4 steps 70%, a white solid) was prepared from alcohol 1-48 (194 mg,
0.439 mmol) as described for diprotected amine 1-62. []*p -30.76 (¢ 1.50, CHCI3); mp 116-118 °C; *H-NMR (500
MHz, CDCls, 328 K) & 7.74 (d, J = 7.4 Hz, 2H, aromatic), 7.65 (br, 2H, aromatic), 7.36 (dd, J = 7.4, 7.4 Hz, 2H,
aromatic), 7.32-7.20 (m, 4H, aromatic), 7.20-7.08 (m, 3H, aromatic), 5.73 (br, 1H, carbamate NH), 4.73 (br, 1H,
carbamate NH), 4.42 (br, 2H, Fmoc CH,), 4.22 (dd, J = 6.9, 6.9 Hz, 1H, Fmoc CH), 3.78 (br, 1H, NCH), 2.63 (br, 2H,
benzyl CH,), 2.61 (br, 1H, cyclopropyl CH), 1.83 (br, 1H, BnCH,), 1.75 (br, 1H, BnCH,), 1.63-1.38 (m, 11H,
NCHCH, and CCHy), 0.87 (br, 1H, cyclopropyl CH,), 0.82 (br, 1H, cyclopropyl CH), 0.08 (br, 1H, cyclopropyl CH,);
BC-NMR (125 MHz, CDCl3, 328 K) 8 157.1, 156.6, 144.2, 142.0, 141.4, 128.4, 128.3, 127.6, 127.0, 125.8, 125.2,
119.9, 79.7, 66.3, 51.4, 47.6, 37.6, 32.2, 32.0, 28.4, 27.5, 14.9, 11.7; LRMS (FAB) m/z 527.3 [(M+H)"]; HRMS (FAB)
calcd for CasHaeN,0,: 527.2910 [(M+H)*], found: 527.2913.

Diprotected amine 1-65

Diprotected amine 1-65 (125 mg, 0.231 mmol, 4 steps 62%, a white solid) was prepared from alcohol 1-49 (169 mg,
0.372 mmol) as described for diprotected amine 1-62. [a]*p -24.14 (c 1.48, CHCl5); mp 98-99 °C; *H-NMR (500 MHz,
CDCls, 328 K) 6 7.74 (d, J = 7.4 Hz, 2H, aromatic), 7.64 (d, J = 6.3 Hz, 2H, aromatic), 7.36 (dd, J = 7.4, 7.4 Hz, 2H,
aromatic), 7.31-7.21 (m, 4H, aromatic), 7.18-7.10 (m, 3H, aromatic), 5.62 (br, 1H, carbamate NH), 4.72 (br, 1H,
carbamate NH), 4.41 (br, 2H, Fmoc CH,), 4.22 (dd, J = 6.9, 6.9 Hz, 1H, Fmoc CH), 3.75 (br, 1H, NCH), 2.60 (br, 3H,
cyclopropyl CH and benzyl CH,), 1.66 (br, 2H, BnCH,), 1.61-1.36 (m, 13H, BnCH,CH,, NCHCH, and CCH3), 0.87
(br, 1H, cyclopropyl CH,), 0.80 (br, 1H, cyclopropyl CH), 0.07 (br, 1H, cyclopropyl CH,); *C-NMR (125 MHz,
CDCls, 328 K) 6 157.1, 156.5, 144.3, 142.3, 141.5, 128.4, 128.3, 127.6, 127.0, 125.8, 125.3, 119.9, 79.7, 66.3, 51.4,
47.6, 35.8, 35.4, 32.1, 28.4, 27.5, 14.9, 11.7; LRMS (FAB) m/z 541 [(M+H)]; HRMS (FAB) calcd for CasHaiN,O4:
541.3066 [(M+H)"], found: 541.3088.

Diprotected amine 1-66
To a suspension of aldehyde 1-58 (102 mg, 0.214 mmol) in 80% aqueous t-BuOH (2.0 ml) was added THF (1.6 ml),
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NaH,P04-2H,0 (50.1 mg, 0.321 mmol, 1.5 equiv), 2-methyl-2-butene (182 ul, 1.71 mmol, 8.0 equiv) and NaClO,
(77.5 mg, 0.856 mmol, 4.0 equiv). After 2 h at rt, the reaction mixture was diluted with AcOEt, washed with 1 M HCI
and brine, dried over Na,SO, and the solvent was removed under reduced pressure to give the corresponding carboxylic
acid as a white solid.

To a solution of the solid in DCM (5.0 ml) was added triethylamine (60 ul, 0.428 mmol, 2.0 equiv) and DPPA (138
ul, 0.642 mmol, 3.0 equiv) at 0 °C. After 20 min at 0 °C, the reaction mixture was warmed to rt and stirred for 5 h. The
reaction mixture was diluted with AcOEt, washed with water and brine, dried over Na,SO, and the solvent was
removed under reduced pressure. The crude product was purified by flash column chromatography (n-hexane/ AcOEt
5:1) to yield the correspoinding acyl azide as a white solid.

A solution of the solid in t-BuOH (10 ml) was heated under reflux for 20 h. The reaction mixture was concentrated in
vacuo. The crude product was purified by silica gel column chromatography (DCM/ MeOH 99:1-9:1) to vyield
diprotected amine 1-66 (77.1 mg, 0.137 mmol, 3 steps 64%) as a white solid. [a]*’p -9.75 (c 0.38, CHCls); mp 173-174
°C; 'H-NMR (400 MHz, CDCls, 328 K) & 8.05 (d, J = 8.2 Hz, 1H, aromatic), 7.86-7.08 (m, 15H, aromatic and
carbamate NH), 5.32 (br, 1H, NCH), 4.76 (br, 1H, carbamate NH), 4.33 (br, 2H, Fmoc CH), 4.19 (br, 1H, Fmoc CH),
2.75 (br, 2H, NpCH,), 2.70 (br, 1H, cyclopropyl CH), 1.87 (br, 1H, NCHCH,), 1.67 (br, 1H, NCHCH,), 1.54 (s, 9H,
CCHs), 1.02-0.79 (br, 2H, cyclopropyl CH, and cyclopropyl CH), 0.12-0.00 (m, 1H, cyclopropyl CH,); *C-NMR (100
MHz, CDCl3, 328 K) 6 157.4, 156.4, 144.2, 141.3, 138.5, 133.0, 132.8, 130.1, 128.4, 127.5, 126.9, 126.7, 126.0, 125.3,
125.2, 124.3, 123.3, 119.8, 66.6, 52.7, 47.5, 33.0, 28.4, 28.0, 15.6, 13.7, 11.2; LRMS (ESI) m/z 585.27 [(M+Na)'];
HRMS (ESI) calcd for CssH3sN,0,Na: 585.2724 [(M+Na)'], found: 585.2717.

Diprotected amine 1-67

Diprotected amine 1-67 (83.1 mg, 0.169 mmol, 3 steps 64%, a colorless viscous oil) was prepared from aldehyde
1-59 (126 mg, 0.264 mmol) as described for diprotected amine 1-66. []®p 1.08 (c 0.29, CHCI5); *H-NMR (400 MHz,
CDClj3, 328 K) 6 8.20 (d, J = 7.7 Hz, 1H, aromatic), 7.87-7.09 (m, 14H, aromatic), 6.78 (br, 1H, carbamate NH), 5.62
(br, 1H, NCH), 5.11 (br, 1H, carbamate NH), 4.33 (br, 2H, Fmoc CH,), 4.16 (br, 1H, Fmoc CH), 2.73 (br, 1H,
cyclopropyl CH), 2.64 (br, 2H, NpCHy), 2.17 (br, 2H, NCHCHy,), 1.54 (s, 9H, CCHj3), 0.92 (br, 1H, cyclopropyl CH),
0.86 (br, 1H, cyclopropyl CH,), 0.02 (br, 1H, cyclopropyl CH); *C-NMR (100 MHz, CDCls, 328 K) & 157.6, 156.6,
144.2, 144.2, 141.3, 134.7, 133.8, 133.6, 131.1, 129.8, 129.3, 127.8, 127.5, 126.9, 126.9, 125.8, 125.3, 125.3, 124.4,
124.0, 119.8, 66.7, 52.8, 47.5, 32.1, 28.5, 28.3, 21.3, 16.2, 11.3; LRMS (ESI) m/z 585.27 [(M+Na)']; HRMS (ESI)
calcd for CasH3sN,0,Na: 585.2724 [(M+Na)'], found: 585.2720.

Diprotected amine 1-68
To a solution of alcohol 1-52 (232 mg, 0.471 mmol) in DCM (5.0 ml) was added DMP (300 mg, 0.707 mmol, 1.5
equiv). After 2 h at rt, the reaction was quenched with a solution of sat. Na,S,03 and sat. NaHCO; (1:3), extracted with

CHCI3, the organic layer was washed with water, dried over Na,SO,4 and the solvent was removed under reduced
pressure to give the corresponding aldehyde as a white solid.

To a suspension of the solid in 80% aqueous t-BuOH (5.0 ml) was added THF (4.0 ml), NaH,PO4-2H,0 (110 mg,
0.707 mmol, 1.5 equiv), 2-methyl-2-butene (400 pl, 3.77 mmol, 8.0 equiv) and NaClO, (171 mg, 1.89 mmol, 4.0 equiv).
After 2 h at rt, the reaction mixture was diluted with AcOEt, washed with 1 M HCI and brine, dried over Na,SO, and

the solvent was removed under reduced pressure to give the corresponding carboxylic acid as a white solid.
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To a solution of the solid in DCM (5.0 ml) was added triethylamine (131 pl, 0.943 mmol, 2.0 equiv) and DPPA (305
ul, 1.41 mmol, 3.0 equiv) at 0 °C. After 20 min at 0 °C, the reaction mixture was warmed to rt and stirred for 4 h. The
reaction mixture was diluted with AcOEt, washed with water and brine, dried over Na,SO, and the solvent was
removed under reduced pressure. The crude product was purified by silica gel column chromatography (n-hexane/
AcOEt/ DCM 5:1:0-0:0:1) to yield the corresponding acyl azide as a white solid.

A solution of the solid in t-BuOH (10 ml) was heated under reflux for 20 h. The reaction mixture was concentrated in
vacuo. The crude product was purified by silica gel column chromatography (DCM/ MeOH 99:1) to yield diprotected
amine 1-68 (160 mg, 0.278 mmol, 4 steps 59%) as a white solid. [a]*’p -10.35 (¢ 0.34, CHCIs); mp 133-134 °C;
'H-NMR (400 MHz, CDCls, 328 K) & 7.97 (d, J = 6.3 Hz, 1H, aromatic), 7.88-7.54 (m, 6H, aromatic), 7.54-7.16 (m,
8H, aromatic), 5.88 (br, 1H, carbamate NH), 4.73 (br, 1H, carbamate NH), 4.45 (br, 2H, Fmoc CHy,), 4.24 (br, 1H,
Fmoc CH), 3.90 (br, 1H, NCH), 3.10 (br, 2H, NpCHy), 2.61 (br, 1H, cyclopropyl CH), 1.96 (br, 1H, NpCH,CH,), 1.83
(br, 1H, NpCH,CH,), 1.55 (br, 2H, NCHCH,), 1.46 (s, 9H, CCH3), 0.86 (br, 2H, cyclopropyl CH, and cyclopropyl CH),
0.08 (br, 1H, cyclopropyl CH,); **C-NMR (100 MHz, CDCls, 328 K) § 157.1, 156.7, 144.2, 141.4, 138.1, 134.0, 131.8,
128.8, 127.6, 127.0, 126.6, 125.9, 125.8, 125.6, 125.4, 125.2, 123.6, 119.9, 79.7, 66.4, 51.8, 47.6, 37.2, 32.0, 29.4, 28.4,
27.6, 14.9, 11.6; LRMS (ESI) m/z 599.29 [(M+Na)*]; HRMS (ESI) calcd for Cs;HN,04Na: 599.2880 [(M+Na)®],
found: 599.2874.

Diprotected amine 1-69

Diprotected amine 1-69 (188 mg, 0.325 mmol, 4 steps 52%, a white solid) was prepared from alcohol 1-53 (307 mg,
0.625 mmol) as described for diprotected amine 1-68. [a]*'p -21.38 (c 0.37, CHCI3); mp 172-173 °C; *H-NMR (400
MHz, CDCl3, 328 K) & 7.82-7.18 (m, 15H, aromatic), 5.80 (br, 1H, carbamate NH), 4.73 (br, 1H, carbamate NH), 4.42
(br, 2H, Fmoc CH,), 4.21 (dd, J = 6.8, 6.8 Hz, 1H, Fmoc CH), 3.83 (br, 1H, NCH), 2.80 (br, 2H, NpCH,), 2.60 (br, 1H,
cyclopropyl CH), 1.91 (br, 1H, NpCH,CH,), 1.83 (br, 1H, NpCH,CH,), 1.68-1.34 (m, 11H, NCHCH, and CCH3), 0.86
(br, 2H, cyclopropyl CH, and cyclopropyl CH), 0.08 (br, 1H, cyclopropyl CH,); **C-NMR (100 MHz, CDCls, 328 K) &
157.1, 156.6, 144.2, 141.4, 139.5, 133.8, 132.1, 127.9, 127.6, 127.6, 127.4, 127.2, 127.0, 126.3, 125.9, 125.2, 125.1,
119.9, 79.7, 66.3, 51.5, 47.6, 37.5, 32.4, 32.0, 28.4, 27.5, 14.9, 11.7; LRMS (ESI) m/z 599.29 [(M+Na)']; HRMS (ESI)
calcd for C3H4oN,0,4Na: 599.2880 [(M+Na)'], found: 599.2873.

Carbamate 1-70

To a solution of Chz-Ala (194 mg, 0.867 mmol, 3.0 equiv) in DCM (10 ml) was added triethylamine (121 pl, 0.867
mmol, 3.0 equiv) and PivCl (107 pl, 0.867 mmol, 3.0 equiv) at 0 °C. After 1 h at 0 °C, the reaction mixture was diluted
with AcOEt, washed with water and brine, dried over Na,SO, and the solvent was removed under reduced pressure to
give the corresponding acid anhydride as a colorless oil.

To a solution of diprotected amine 1-62 (144 mg, 0.289 mmol, 1.0 equiv) in MeOH (5 ml) was added K,CO; (39.9
mg, 0.289 mmol, 1.0 equiv). After 23 h at rt, the reaction mixture was concentrated in vacuo and the crude product was
purified by NH-silica gel column chromatography (n-hexane/ AcOEt 1:1) to yield the corresponding amine as a white
solid.

To a solution of the amine in DCM (2.5 ml) was added triethylamine (121 pl, 0.716 mmol, 3.0 equiv) and a solution
of the aforementioned acid anhydride in DCM (1.0 ml) at 0 °C. After 5 min at 0 °C, the reaction mixture was warmed
to rt and stirred for 17 h. The reaction mixture was diluted with AcOEt, washed with 1 M HCI, sat. NaHCO; and brine,
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dried over Na,SO, and the solvent was removed under reduced pressure. The crude product was purified by silica gel
column chromatography (n-hexane/ AcOEt 3:2) to yield carbamate 1-70 (103 mg, 0.214 mmol, 2 steps 74%) as a white
solid. [o]*?%p -59.69 (c 0.42, CHCI3); mp 132 °C; *H-NMR (500 MHz, CDCls, 328 K) & 8.17 (br, 1H, amide NH),
7.38-7.15 (m, 10H, aromatic), 5.73 (br, 1H, Ala NH), 5.10 (s, 2H, Cbz CH,), 5.05-4.97 (m, 1H, NCH), 4.73 (br, 1H,
carbamate NH), 4.47 (br, 1H, Ala a-H), 2.64 (br, 1H, cyclopropyl CH), 2.06-1.94 (m, 1H, NCHCH,), 1.58-1.37 (m,
13H, NCHCH, (1H), Ala CH3; and CCHj), 0.95-0.78 (m, 2H, cyclopropyl CH and cyclopropyl CH,), 0.06-0.00 (m, 1H,
cyclopropyl CH,); *C-NMR (125 MHz, CDCl5, 328 K) & 172.5, 157.6, 155.8, 143.5, 136.8, 128.5, 128.4, 128.0, 128.0,
127.0, 125.9, 80.5, 66.7, 53.7, 50.7, 33.1, 28.4, 28.1, 19.6, 16.0, 10.7; LRMS (FAB) m/z 482.3 [(M+H)"]; HRMS
(FAB) calcd for Cy;H36N30s: 482.2655 [(M+H)™], found: 482.2644.

Carbamate 1-71

Carbamate 1-71 (97.9 mg, 0.198 mmol, 2 steps 70%, a white solid) was prepared from diprotected amine 1-63 (145
mg, 0.282 mmol) as described for carbamate 1-70. [a]%p -38.69 (c 0.43, CHCI5); mp 123-124 °C; *H-NMR (500 MHz,
CDCl3, 328 K) 6 7.41-7.11 (m, 11H, aromatic and amide NH), 5.74 (br, 1H, Ala NH), 5.16-5.05 (m, 2H, Cbz CH,),
4.66 (br, 1H, carbamate NH), 4.37 (br, 1H, Ala a-H), 4.27-4.16 (m, 1H, NCH), 2.85 (dd, J = 13.7, 5.2 Hz, 1H, benzyl
CH,), 2.68 (dd, J = 13.7, 7.4 Hz, 1H, benzyl CH,), 2.54 (br, 1H, cyclopropyl CH), 1.76-1.63 (m, 1H, NCHCH,), 1.48 (s,
3H, CCHj3), 1.44-1.30 (m, 9H, CCHs (6H) and Ala CHs), 1.20 (br, 1H, NCHCH,), 0.88-0.78 (m, 1H, cyclopropyl CH,),
0.63 (br, 1H, cyclopropyl CH), 0.04--0.06 (m, 1H, cyclopropyl CH,); *C-NMR (125 MHz, CDCls, 328 K) & 172.7,
157.4, 155.7, 138.1, 136.8, 129.6, 128.4, 128.3, 128.1, 128.0, 126.3, 80.3, 66.7, 50.8, 50.8, 41.9, 29.5, 28.3, 28.0, 19.7,
15.7, 10.7; LRMS (FAB) m/z 496 [(M+H)']; HRMS (FAB) calcd for CpgHssN3Os: 496.2811 [(M+H)'], found:
496.2808.

Carbamate 1-72

Carbamate 1-72 (99.9 mg, 0.196 mmol, 2 steps 84%, a white solid) was prepared from diprotected amine 1-64 (123
mg, 0.233 mmol) as described for carbamate 1-70. [a]®p -26.27 (¢ 0.47, CHCI3); mp 102-103 °C; *H-NMR (500 MHz,
CDClj3, 328 K) 6 7.38-7.11 (m, 11H, aromatic and amide NH), 5.76 (br, 1H, Ala NH), 5.10 (s, 2H, Cbz CH,), 4.71 (br,
1H, carbamate NH), 4.44-4.33 (m, 1H, Ala a-H), 4.15-4.04 (m, 1H, NCH), 2.66-2.52 (m, 3H, cyclopropyl CH and
benzyl CH,), 1.85-1.62 (m, 3H, NCHCH, (1H) and BnCHy), 1.49 (s, 3H, CCHj3), 1.47-1.35 (m, 9H, CCH; (6H) and Ala
CH3), 1.35-1.19 (m, 1H, NCHCH,), 0.92-0.81 (m, 1H, cyclopropyl CH,), 0.79-0.68 (m, 1H, cyclopropyl CH),
0.06--0.02 (m, 1H, cyclopropyl CH,); **C-NMR (125 MHz, CDCls, 328 K) & 172.8, 157.4, 155.8, 142.1, 136.8, 128.4,
128.4,128.4,128.1, 128.0, 125.8, 80.3, 66.7, 51.0, 49.1, 38.0, 32.1, 30.5, 28.4, 28.0, 19.7, 15.5, 10.7; LRMS (FAB) m/z
510 [(M+H)™]; HRMS (FAB) calcd for C,oH4oN30s: 510.2968 [(M+H)'], found: 510.2979.

Carbamate 1-73

Carbamate 1-73 (86.9 mg, 0.166 mmol, 2 steps 88%, a white solid) was prepared from diprotected amine 1-73 (102
mg, 0.189 mmol) as described for carbamate 1-74. [o]*®5 -26.27 (¢ 0.47, CHCI3); mp 106-107 °C; *H-NMR (500 MHz,
CDCl3, 328 K) & 7.36-7.19 (m, 8H, aromatic and amide NH), 7.17-7.10 (m, 3H, aromatic), 5.76 (br, 1H, carbamate
NH), 5.09 (s, 2H, Cbz CH,), 4.69 (br, 1H, carbamate NH), 4.42-4.31 (m, 1H, Ala a-H), 4.11-4.00 (m, 1H, NCH),
2.66-2.50 (m, 3H, benzyl CH, and cyclopropyl CH), 1.79-1.65 (m, 1H, NCHCH,), 1.65-1.56 (m, 2H, BnCH,),
1.56-1.46 (m, 1H, BnCH,CHj), 1.46-1.31 (m, 13H, CCHj, Ala CH3 and BnCH,CH, (1H)), 1.21 (br, 1H, NCHCH,),
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0.93-0.79 (m, 1H, cyclopropyl CHy), 0.76-0.65 (m, 1H, cyclopropyl CH), 0.05--0.05 (m, 1H, cyclopropyl CH,);
BC-NMR (125 MHz, CDCl;, 328 K) § 172.7, 157.4, 155.8, 142.3, 136.8, 128.4, 128.3, 128.2, 128.0, 128.0, 125.7, 80.3,
66.7, 51.0, 49.0, 35.8, 36.0, 30.4, 28.3, 28.0, 27.3, 19.7, 15.4, 10.8; LRMS (FAB) m/z 524 [(M+H)"]; HRMS (FAB)
calcd for C3HgoN30s: 524.3124 [(M+H)*], found: 524.3121.

Carbamate 1-74

To a solution of Cbz-Ala (91.7 mg, 0.411 mmol, 3.0 equiv) in DCM (30 ml) was added triethylamine (57.2 ul, 0.411
mmol, 3.0 equiv) and PivClI (50.6 ul, 0.411 mmol, 3.0 equiv) at 0 °C. After 1 h at 0 °C, the reaction mixture was diluted
with AcOEt, washed with water and brine, dried over Na,SO, and the solvent was removed under reduced pressure to
give the corresponding acid anhydride as a colorless oil.

To a suspension of diprotected amine 1-66 (77.0 mg, 0.137 mmol, 1.0 equiv) in MeOH (10 ml) was added THF (6.0
ml) and K,CO3; (22.7 mg, 0.164 mmol, 1.2 equiv). After 17 h at rt, the reaction mixture was concentrated in vacuo. The
crude product was purified by NH-silica gel column chromatography (n-hexane/ AcOEt 4:1-0:1) to yield the
corresponding amine as a white solid.

To a solution of the solid in DCM (1.0 ml) was added triethylamine (57.2 ul, 0.411 mmol, 3.0 equiv) and a solution
of the aforementioned acid anhydride in DCM (500 pl) at 0 °C. After 5 min at 0 °C, the reaction mixture was warmed
to rt and stirred for 16 h. The reaction mixture was diluted with AcOEt, washed with 1M HCI, sat. NaHCO3 and brine,
dried over Na,SO,4 and the solvent was removed under reduced pressure. The crude product was purified by flash
column chromatography (n-hexane/ AcOEt 2:1) to yield carbamate 1-74 (218 mg, 0.399 mmol, 2 steps 97%) as a
colorless viscous oil. [a]*p -51.68 (¢ 1.00, CHCI5); *H-NMR (500 MHz, CDCls, 328 K) & 8.51 (br, 1H, amide NH),
8.05 (d, J = 8.6 Hz, 1H, aromatic), 7.73 (d, J = 8.6 Hz, 1H, aromatic), 7.59 (d, J = 8.6 Hz, 1H, aromatic), 7.52-7.44 (m,
1H, aromatic), 7.44-7.37 (m, 1H, aromatic), 7.37-7.18 (m, 7H, aromatic), 5.72 (br, 1H, Ala NH), 5.55-5.46 (m, 1H,
NCH), 5.09 (s, 2H, Cbz CH,), 4.78 (br, 1H, carbamate NH), 4.49 (br, 1H, Ala a-H), 2.76 (br, 2H, NpCH,), 2.67 (br, 1H,
cyclopropyl CH), 2.02-1.90 (m, 1H, NCHCH,), 1.52 (br, 10H, NCHCH, (1H) and CCHj3), 1.41 (d, J = 7.4 Hz, 3H, Ala
CHs), 0.90 (br, 2H, cyclopropyl CH, and cyclopropyl CH), 0.02 (br, 1H, cyclopropyl CH); *C-NMR (125 MHz,
CDCl3) 6 172.4, 157.7, 155.6, 138.2, 136.6, 132.8, 132.5, 130.0, 128.4, 128.2, 128.0, 127.9, 126.5, 125.9, 125.1, 124.3,
123.0, 80.6, 66.5, 50.8, 50.2, 31.6, 28.3, 28.1, 19.9, 16.1, 13.7, 10.4; LRMS (ESI) m/z 568.28 [(M+Na)"]; HRMS (ESI)
calcd for C,H3gN3OsNa: 568.2782 [(M+Na)'], found: 568.2778.

Carbamate 1-75

Carbamate 1-75 (64.2 mg, 0.118 mmol, 2 steps 89%, a colorless viscous oil) was prepared from diprotected amine
1-67 (74.4 mg, 0.132 mmol) as described for carbamate 1-74. [o]%p -37.61 (¢ 1.02, CHCls); "H-NMR (500 MHz,
CDCls, 328 K) 6 8.26 (br, 1H, amide NH), 8.11 (br, 1H, aromatic), 7.73 (d, J = 9.2 Hz, 1H, aromatic), 7.61 (d, J = 8.0
Hz, 1H, aromatic), 7.43-7.17 (m, 9H, aromatic), 5.77 (br, 1H, NCH), 5.71 (br, 1H, Ala NH), 5.05 (s, 2H, Cbz CH,),
5.01 (br, 1H, carbamate NH), 4.47 (br, 1H, Ala a-H), 2.72 (br, 1H, cyclopropyl CH), 2.64 (br, 2H, NpCH,), 2.18-2.00
(m, 2H, NCHCH,), 1.55 (s, 9H, CCHjy), 1.32 (d, J = 6.9 Hz, 3H, Ala CHj3), 0.91 (br, 2H, cyclopropyl CH, and
cyclopropyl CH), 0.03 (br, 1H, cyclopropyl CH,); *C-NMR (100 MHz, CDCl5, 328 K) & 172.6, 158.0, 155.7, 136.8,
1345, 133.7, 133.5, 131.1, 129.9, 129.2, 128.5, 128.4, 127.9, 127.7, 125.6, 124.3, 123.8, 80.6, 66.6, 51.5, 50.5, 30.6,
28.8, 28.6, 21.2, 19.5, 16.9, 10.4; LRMS (ESI) m/z 568.28 [(M+Na)']; HRMS (ESI) calcd for C3;H3sN3;OsNa: 568.2782
[(M+Na)"], found: 568.2776.
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Carbamate 1-76

Carbamate 1-76 (75.3 mg, 0.135 mmol, 2 steps 94%, a white solid) was prepared from diprotected amine 1-68 (82.6
mg, 0.143 mmol) as described for carbamate 1-74. [a]%p -30.66 (¢ 1.34, CHCI5); mp 162-163 °C; *H-NMR (400 MHz,
CDCl3, 328 K) & 7.96 (d, J = 8.2 Hz, 1H, aromatic), 7.86-7.76 (m, 1H, aromatic), 7.67 (d, J = 8.2 Hz, 1H, aromatic),
7.57-7.18 (m, 9H, aromatic), 5.83 (br, 1H, Ala NH), 5.11 (s, 2H, Cbz CH,), 4.75 (br, 1H, carbamate NH), 4.52-4.37 (m,
1H, Ala a-H), 4.29-4.15 (m, 1H, NCH), 3.17-2.95 (m, 2H, NpCH,), 2.58 (br, 1H, cyclopropyl CH), 1.99-1.86 (m, 1H,
NpCH,CH,), 1.86-1.70 (m, 2H, NpCH,CH, and NCHCH,), 1.49 (d, J = 7.2 Hz, 3H, Ala CH3), 1.45-1.18 (m, 10H,
NCHCH, (1H) and CCHj5), 0.94-0.82 (m, 1H, cyclopropyl CH,), 0.82-0.69 (m, 1H, cyclopropyl CH), 0.10-0.00 (m, 1H,
cyclopropyl CH,); *C-NMR (100 MHz, CDCls, 328 K) & 173.0, 157.5, 155.8, 138.2, 136.7, 134.0, 131.9, 128.8, 128.4,
128.0, 128.0, 126.6, 125.9, 125.8, 125.6, 125.4, 123.7, 80.3, 66.7, 51.1, 49.4, 37.5, 30.5, 29.3, 28.3, 28.0, 19.7, 15.5,
10.7; LRMS (ESI) m/z 582.29 [(M+Na)']; HRMS (ESI) calcd for Cs3HsNsOsNa: 582.2938 [(M+Na)'], found:
582.2934.

Carbamate 1-77

Carbamate 1-77 (194 mg, 0.347 mmol, 2 steps 98%, a white solid) was prepared from diprotected amine 1-69 (204
mg, 0.354 mmol) as described for carbamate 1-74. [a]%p -25.90 (¢ 0.43, CHCI3); mp 133-135 °C; *H-NMR (500 MHz,
CDClj3, 328 K) & 7.80-7.70 (m, 3H, aromatic), 7.58 (br, 1H, aromatic), 7.46-7.21 (m, 9H, amide NH and aromatic), 5.83
(br, 1H, Ala NH), 5.10 (s, 2H, Cbz CH,), 4.81 (br, 1H, carbamate NH), 4.41 (br, 1H, Ala a-H), 4.14 (br, 1H, NCH),
2.85-2.71 (m, 2H, NpCH,), 2.57 (br, 1H, cyclopropyl CH), 1.94-1.82 (m, 1H, NpCH,CH,), 1.82-1.70 (m, 2H,
NpCH,CH, and NCHCH,), 1.45 (d, J = 6.9 Hz, 3H, Ala CH3), 1.41 (s, 9H, CCHj3), 1.36-1.22 (m, 1H, NCHCH,),
0.93-0.80 (m, 1H, cyclopropyl CH,), 0.74 (br, 1H, cyclopropyl CH), 0.08--0.01 (m, 1H, cyclopropyl CH,); *C-NMR
(125 MHz, CDCls, 328 K) 8 172.9, 157.4, 155.8, 139.5, 136.7, 133.7, 132.1, 128.4, 128.0, 127.9, 127.9, 127.6, 127.4,
127.2, 126.3, 125.8, 125.1, 80.2, 66.7, 51.0, 49.1, 37.8, 32.2, 30.4, 28.3, 27.9, 19.6, 15.4, 10.7; LRMS (ESI) m/z 582.29
[(M+Na)*]; HRMS (ESI) calcd for C3H,:N3;OsNa: 582.2938 [(M+Na)‘], found: 582.2935.

Target compound 1-16

To a solution of carbamate 1-70 (92.9 mg, 0.193 mmol, 1.0 equiv) in DCM (3.0 ml) was added TFA (3.0 ml). After
10 min at rt, the reaction mixture was concentrated in vacuo to give the corresponding amine as a brown oil.

To a solution of B-lactone unit 1-35 (66.5 mg, 0.386 mmol, 2.0 equiv) in DCM (4.0 ml) was added triethylamine (54
ul, 0.386 mmol, 2.0 equiv) and PivCl (48 ul, 0.386 mmol, 2.0 equiv) at 0 °C. After 30 min at 0 °C, the reaction mixture
was used as a solution of the corresponding acid anhydride in DCM.

To a solution of the aforementioned amine in DCM (5.0 ml) was added triethylamine (81 pul, 0.579 mmol, 3.0 equiv)
and a solution of the acid anhydride in DCM (4.0 ml) at 0 °C. After 5 min at 0 °C, the reaction mixture was warmed to
rt and stirred for 20 h. The reaction mixture was diluted with AcOEt, washed with 1 M HCI, sat. NaHCO3 and brine,
dried over Na,SO,4 and the solvent was removed under reduced pressure. The crude product was purified by flash
column chromatography (n-hexane/ AcOEt 5:4) to yield target compound 1-16 (103 mg, 0.193 mmol, 2 steps 100%) as
a white solid. [a]*5 -23.70 (c 1.44, CHCI3); mp 87-89 °C; 'H-NMR (400 MHz, CDCls) & 7.70 (d, J = 7.2 Hz, 1H,
amide NH), 7.42-7.17 (m, 10H, aromatic), 7.14 (br, 1H, amide NH), 5.73 (d, J = 7.7 Hz, 1H, Ala NH), 5.07 (s, 2H, Cbz
CH,), 4.93-4.82 (m, 1H, NCH), 4.67 (d, J = 4.5 Hz, 1H, NCOCH), 4.45-4.33 (m, 1H, Ala a-H), 3.61 (dd, J =7.7,4.5
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Hz, 1H, OCOCH), 2.80 (br, 1H, cyclopropyl CH), 2.12-1.89 (m, 2H, NCHCH, and CHCHj3), 1.71-1.57 (m, 1H,
CH,CH3), 1.47-1.21 (m, 5H, Ala CH3, NCHCH, and CH,CHj3), 1.05 (d, J = 6.8 Hz, 3H, CHCHj3), 1.01-0.80 (m, 5H,
cyclopropyl CH, (1H), cyclopropyl CH and CH,CHs), 0.30-0.15 (m, 1H, cyclopropyl CH,); *C-NMR (100 MHz,
CDCl3) 6 172.3, 170.4, 169.2, 155.8, 141.8, 136.4, 128.7, 128.4, 128.0, 127.8, 127.5, 126.1, 70.8, 66.6, 62.8, 53.9, 50.3,
33.9, 33.6, 27.1, 26.5, 19.0, 16.3, 14.8, 11.0, 10.9; LRMS (ESI) m/z 558.26 [(M+Na)*]; HRMS (ESI) calcd for
CaoH37N30gNa: 558.2575 [(M+Na)*], found: 558.2568.

Target compound 1-17

Target compound 1-17 (97.1 mg, 0.177 mmol, 2 steps 100%, a white solid) was prepared from carbamate 1-71 (87.5
mg, 0.177 mmol) as described for target compound 1-16. [o]*°p -39.33 (¢ 1.05, CHCI3); mp 79-82 °C; *H-NMR (400
MHz, CDCl3) & 7.42-7.02 (m, 10 H, aromatic), 6.99 (br, 1H, amide NH), 6.91 (d, J = 7.2 Hz, 1H, amide NH), 5.77 (d, J
= 7.2 Hz, 1H, Ala a-H), 5.19-4.99 (m, 2H, Cbz CH,), 4.57 (d, J = 4.5 Hz, 1H, NCOCH), 4.39-4.20 (m, 1H, Ala a-H),
4.20-4.07 (m, 1H, NCH), 3.22 (dd, J = 7.2, 4.5 Hz, 1H, OCOCH), 3.01-2.82 (m, 1H, benzyl CH,), 2.82-2.60 (m, 2H,
benzyl CH, and cyclopropyl CH), 1.98-1.81 (m, 1H, CHCH,3), 1.81-1.65 (m, 1H, NCHCH,), 1.65-1.51 (m, 1H,
CH,CH3), 1.40-1.19 (m, 4H, CH,CH3; and Ala CH3), 1.19-1.06 (m, 1H, NCHCH,), 1.06-0.82 (m, 8H, CHCH3;, CH,CHj,
cyclopropyl CH, (1H) and cyclopropyl CH), 0.29-0.13 (m, 1H, cyclopropyl CH,); *C-NMR (100 MHz, CDCl;) &
172.6, 170.3, 169.1, 155.7, 137.3, 136.4, 129.5, 128.4, 128.3, 128.0, 127.9, 126.5, 70.4, 66.6, 62.6, 50.6, 50.4, 40.2,
33.6, 30.8, 27.2, 26.6, 19.3, 15.9, 14.9, 11.2, 11.0; LRMS (ESI) m/z 572.27 [(M+Na)*]; HRMS (ESI) calcd for
Ca1H39N3OgNa: 572.2731 [(M+Na)*], found: 572.2728.

Target compound 1-18

Target compound 1-18 (86.5 mg, 0.154 mmol, 2 steps 86%, a white solid) was prepared from carbamate 1-72 (90.9
mg, 0.178 mmol) as described for target compound 1-16. [o]**p 3.56 (¢ 1.54, CHCI5); mp 129-131 °C; *H-NMR (500
MHz, CDCl3) 6 7.39-7.21 (m, 8H, amide NH and aromatic), 7.21-7.06 (m, 3H, aromatic), 6.87 (d, J = 7.4 Hz, 1H,
amide NH), 5.75 (d, J = 7.4 Hz, 1H, Ala NH), 5.09 (s, 2H, Cbz CH,), 4.66 (d, J = 4.6 Hz, 1H, NCOCH), 4.36-4.22 (m,
1H, Ala o-H), 3.98-3.86 (m, 1H, NCH), 3.64 (dd, J = 7.4, 4.6 Hz, 1H, OCOCH), 2.77 (br, 1H, cyclopropyl CH), 2.62
(br, 2H, benzyl CH,), 2.02-1.82 (m, 2H, CHCHj; and BnCHy), 1.79-1.65 (m, 2H, BnCH, and NCHCH,), 1.67-1.53 (m,
1H, CH,CHj3), 1.40 (d, J = 6.9 Hz, 3H, Ala CHj3), 1.34-1.23 (m, 1H, CH,CH3), 1.23-1.10 (m, 1H, NCHCH,), 1.08-0.96
(m, 4H, cyclopropyl CH, and CHCHa;), 0.96-0.81 (m, 4H, cyclopropyl CH and CH,CHj), 0.27-0.16 (m, 1H,
cyclopropyl CH,); *C-NMR (125 MHz, CDCl3) & 172.7, 170.3, 169.5, 155.9, 141.3, 136.3, 128.4, 128.4, 128.2, 128.0,
127.8, 126.0, 70.7, 66.7, 62.7, 50.6, 49.7, 36.7, 33.5, 32.5, 32.3, 26.9, 26.6, 19.1, 16.2, 14.4, 11.6, 11.0; LRMS (ESI)
m/z 586.29 [(M+Na)*]; HRMS (ESI) calcd for C3,H4:N3OgNa: 586.2888 [(M+Na)'], found: 586.2882.

Target compound 1-19

Target compound 1-19 (80.5 mg, 0.139 mmol, 2 steps 87%, a white solid) was prepared from carbamate 1-73 (84.0
mg, 0.160 mmol) as described for target compound 1-16. [a]*5 3.38 (c 0.99, CHCI); mp 120-121 °C; *H-NMR (500
MHz, CDCly) 6 7.41-7.06 (m, 11H, amide NH and aromatic), 6.78 (d, J = 7.4 Hz, 1H, amide NH), 5.75 (d, J = 6.9 Hz,
1H, Ala NH), 5.08 (s, 2H, Cbz CH,), 4.64 (d, J = 4.6 Hz, 1H, NCOCH), 4.36-4.22 (m, 1H, Ala a-H), 3.87 (br, 1H,
NCH), 3.60 (dd, J = 7.4, 4.6 Hz, 1H, OCOCH), 2.76 (br, 1H, cyclopropyl CH), 2.60 (br, 2H, benzyl CH,), 1.97-1.86 (m,
1H, CHCHj), 1.73-1.49 (m, 5H, NCHCH, (1H), BnCH,, BnCH,CH, (1H) and CH,CH; (1H)), 1.46-1.31 (m, 4H,
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BnCH,CH, (1H) and Ala CHs), 1.30-1.19 (m, 1H, CH,CH,3), 1.19-1.07 (m, 1H, NCHCH,), 1.13-0.94 (m, 4H,
cyclopropyl CH; (1H) and CHCH3), 0.94-0.80 (m, 4H, CH,CH; and cyclopropyl CH), 0.26-0.13 (m, 1H, cyclopropyl
CH,); BC-NMR (125 MHz, CDCl,) 6 172.7, 170.3, 169.5, 155.8, 141.8, 136.3, 128.4, 128.3, 128.3, 128.0, 127.8, 125.8,
70.7, 66.7, 62.7, 50.5, 49.6, 35.5, 34.2, 33.5, 32.5, 27.5, 26.9, 26.6, 19.2, 16.2, 14.5, 11.6, 11.0; LRMS (ESI) m/z 600.30
[(M+Na)*]; HRMS (ESI) calcd for C3H,3N30¢Na: 600.3044 [(M+Na)*], found: 600.3041.

Target compound 1-20
To a solution of carbamate 1-74 (19.8 mg, 0.0363 mmol, 1.0 equiv) in DCM (400 pl) was added TFA (400 pl) at rt.
After 2 h at rt, the reaction mixture was concentrated in vacuo to give the corresponding amine as a yellow viscous oil.
To a solution of B-lactone unit 1-35 (12.5 mg, 0.0726 mmol, 2.0 equiv) in DCM (1.0 ml) was added triethylamine
(10 ul, 0.0726 mmol, 2.0 equiv) and PivCl (8.9 ul, 0.0726 mmol, 2.0 equiv) at 0 °C. After 1 h at 0 °C, the reaction
mixture was used as a solution of the corresponding acid anhydride in DCM.

To a solution of the aforementioned amine in DCM (1.0 ml) was added triethylamine (15 ul, 0.109 mmol, 3.0 equiv)
and a solution of the acid anhydride in DCM (1.0 ml) at 0 °C. After 5 min at 0 °C, the reaction mixture was warmed to
rt and stirred for 17 h. The reaction mixture was diluted with AcOEt, washed with 1 M HCI, sat. NaHCO3 and brine,
dried over Na,SO, and the solvent was removed under reduced pressure. The crude product was purified by flash
column chromatography (n-hexane/ AcOEt 2:1) to yield target compound 1-20 (16.0 mg, 0.0267 mmol, 2 steps 74%) as
a white amorphous solid. [o]"*°p -8.26 (¢ 0.48, CHCIls); *H-NMR (400 MHz, CDCl3) & 8.07 (d, J = 8.2 Hz, 1H,
aromatic), 7.86 (br, 1H, amide NH), 7.80 (d, J = 7.7 Hz, 1H, aromatic), 7.65 (d, J = 8.6 Hz, 1H, aromatic), 7.58-7.41 (m,
2H, aromatic), 7.41-7.17 (m, 7H, aromatic), 6.93 (br, 1H, amide NH), 5.60 (d, J = 6.8 Hz, 1H, Ala NH), 5.52-5.38 (m,
1H, NCH), 5.09 (s, 2H, benzyl CH,), 4.72 (d, J = 4.5 Hz, 1H, NCOCH), 4.49-4.34 (m, 1H, Ala o-H), 3.69 (dd, J = 7.7,
4.5 Hz, 1H, OCOCH), 2.85 (br, 1H, cyclopropyl CH), 2.75 (br, 2H, NpCH,), 2.21-1.95 (m, 2H, NCHCH, and CHCHy),
1.80-1.64 (m, 1H, CH,CH3), 1.48-1.26 (m, 5H, NCHCH, (1H), NpCH; and Ala CHj3), 1.14 (d, J = 6.3 Hz, 3H, CHCHy),
1.06-0.88 (m, 5H, cyclopropyl CH, (1H), cyclopropyl CH and CH,CHj3), 0.31-0.15 (m, 1H, cyclopropyl CH,);
BC-NMR (100 MHz, CDCl,) 6 172.1, 170.6, 169.0, 155.8, 136.5, 136.5, 132.8, 132.6, 131.1, 128.4, 128.3, 128.0,
127.9, 126.9, 126.3, 125.6, 124.4, 122.4, 70.9, 66.7, 63.1, 50.9, 50.3, 33.9, 32.8, 27.4, 26.7, 19.1, 16.4, 15.2, 14.0, 11.0,
10.9; LRMS (ESI) m/z 622.29 [(M+Na)']; HRMS (ESI) calcd for CssHsNsOgNa: 622.2888 [(M+Na)'], found:
522.2878.

Target compound 1-21

Target compound 1-21 (17.1 mg, 0.0285 mmol, 2 steps 82%, a colorless viscous oil) was prepared from carbamate
1-75 (18.9 mg, 0.0346 mmol) as described for target compound 1-20. [o]*°5 -30.58 (c 0.50, CHCls); *H-NMR (400
MHz, CDCIl;) 6 8.03 (br, 2H, aromatic), 7.86 (d, J = 7.7 Hz, 1H, aromatic), 7.72 (d, J = 8.6 Hz, 1H, aromatic),
7.56-7.17 (m, 10H, aromatic (8H) and amide NH (2H)), 5.82-5.50 (m, 2H, Ala NH and NCH), 5.18-4.98 (m, 2H,
benzyl CH,), 4.77 (d, J = 4.5 Hz, 1H, NCH), 4.27 (br, 1H, Ala a-H), 3.86 (dd, J = 7.7, 4.5 Hz, 1H, OCOCH), 2.93 (br,
1H, cyclopropyl CH), 2.76-2.52 (m, 3H, NCHCH, (1H) and NpCH,), 2.10-1.94 (m, 1H, CHCHj3), 1.86-1.63 (m, 2H,
NCHCH, and CH,CHs), 1.46-1.26 (m, 4H, CH,CHs (1H) and Ala CHs), 1.10 (d, J = 6.8 Hz, 3H, CHCH3), 1.03-0.91
(m, 4H, cyclopropyl CH, (1H) and CH,CHj3), 0.91-0.76 (m, 1H, cyclopropyl CH), 0.25-0.14 (m, 1H, cyclopropyl CH,);
BC-NMR (100 MHz, CDCl;) § 172.5, 170.5, 170.0, 156.0, 136.4, 129.6, 128.6, 128.4, 128.1, 127.8, 126.4, 124.9,
123.6, 71.2, 66.8, 62.5, 51.5, 50.4, 33.6, 29.7, 27.3, 26.7, 21.4, 18.5, 16.3, 15.2, 12.5, 11.1; LRMS (ESI) m/z 622.29
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[(M+Na)*]; HRMS (ESI) calcd for CasH,1N3OgNa: 622.2888 [(M+Na)'], found: 622.2874.

Target compound 1-22

Target compound 1-22 (22.3 mg, 0.0363 mmol, 2 steps 76%, a colorless viscous oil) was prepared from carbamate
1-76 (26.6 mg, 0.0475 mmol) as described for target compound 1-20. [a]*’5 0.66 (¢ 0.81, CHCI5); *H-NMR (400 MHz,
CDCl3) & 7.96 (d, J = 8.2 Hz, 1H, aromatic), 7.85 (d, J = 7.7 Hz, 1H, aromatic), 7.71 (d, J = 8.2 Hz, 1H, aromatic),
7.57-7.43 (m, 2H, aromatic), 7.43-7.19 (m, 7H, aromatic), 7.06 (br, 1H, amide NH), 6.92 (d, J = 8.2 Hz, 1H, amide NH),
5.69 (d, J = 6.8 Hz, 1H, Ala NH), 5.10 (s, 2H, benzyl CH,), 4.65 (d, J = 4.5 Hz, 1H, NCOCH), 4.41-4.26 (m, 1H, Ala
a-H), 4.16-4.00 (m, 1H, NCH), 3.60 (dd, J = 7.2, 4.5 Hz, 1H, OCOCH), 3.20-2.95 (m, 2H, NpCH,), 2.77 (br, 1H,
cyclopropyl CH), 2.10-1.86 (m, 2H, NpCH,CH, and CHCH3), 1.86-1.72 (m, 2H, NpCH,CH, and NCHCH,), 1.65-1.50
(m, 1H, CH,CHs), 1.44 (d, J = 7.2 Hz, 3H, Ala CH3), 1.36-1.10 (m, 2H, NCHCH, and CH,CHs), 1.10-0.75 (m, 8H,
CHCHs, CH,CHs, cyclopropyl CH, (1H) and cyclopropyl CH), 0.30-0.15 (m, 1H, cyclopropyl CH,); *C-NMR (100
MHz, CDCly) 6 172.9, 170.3, 169.3, 155.9, 137.5, 136.3, 133.8, 131.5, 128.9, 128.4, 128.1, 127.9, 126.8, 126.0, 125.9,
125.6, 125.5, 123.4, 70.7, 66.8, 62.9, 50.7, 50.0, 36.4, 33.6, 32.4, 29.6, 27.0, 26.6, 19.1, 16.2, 14.6, 11.4, 11.0; LRMS
(ESI) m/z 636.30 [(M+Na)*]; HRMS (ESI) calcd for C3sH43N3OgNa: 636.3044 [(M+Na) ], found: 636.3036.

Target compound 1-77

Target compound 1-77 (55.3 mg, 0.0901 mmol, 2 steps 83%, a colorless viscous oil) was prepared from carbamate
1-77 (60.8 mg, 0.109 mmol) as described for target compound 1-20. [a]*’p 4.87 (c 1.68, CHCls); *H-NMR (500 MHz,
CDCl3) 6 7.83-7.71 (m, 3H, aromatic), 7.58 (br, 1H, aromatic), 7.49-7.37 (m, 2H, aromatic), 7.37-7.21 (m, 6H,
aromatic), 7.18 (br, 1H, amide NH), 6.91 (d, J = 7.4 Hz, 1H, amide NH), 5.74 (d, J = 6.9 Hz, 1H, Ala NH), 5.09 (s, 2H,
benzyl CH,), 4.65 (d, J = 4.6 Hz, 1H, NCOCH), 4.39-4.24 (m, 1H, Ala a-H), 3.98 (br, 1H, NCH), 3.63 (dd, J = 7.4, 4.6
Hz, 1H, OCOCH), 2.78 (br, 3H, cyclopropyl CH and NpCH,), 2.02-1.89 (m, 2H, NpCH,CH, and CHCH3), 1.83-1.70
(m, 2H, NpCH,CH, and NCHCH,), 1.65-1.52 (m, 1H, CH,CH3), 1.40 (d, J = 7.4 Hz, 3H, Ala CHj3), 1.35-1.12 (m, 2H,
NCHCH, and CH,CHj3), 1.08-0.78 (m, 8H, CHCHs;, CH,CHs, cyclopropyl CH, (1H) and cyclopropyl CH), 0.28-0.16
(m, 1H, cyclopropyl CH,); *C-NMR (125 MHz, CDCls) § 172.8, 170.3, 169.4, 155.9, 138.8, 136.3, 133.5, 132.0, 128.4,
128.0, 127.8, 127.6, 127.3, 127.0, 126.3, 126.0, 125.2, 70.7, 66.7, 62.8, 50.6, 49.8, 36.8, 33.5, 32.5, 26.9, 26.6, 19.1,
16.2, 14.5, 11.5, 11.0; LRMS (ESI) m/z 636.31 [(M+Na)']; HRMS (ESI) calcd for C3sH43N30¢Na: 636.3044 [(M+Na)'],
found: 636.3031.

Synthetic procedures for 1-24 and 1-25
Target compound 1-24

To a solution of diprotected amine 1-64 (23.3 mg, 0.0442 mmol) in MeOH (1.0 ml) was added K,CO; (12.2 mg,
0.0885 mmol) and stirred at rt for 23 h. The reaction mxiture was concentrated in vacuo and the crude product was
purified by NH-silica gel column chromatography (n-hexane/ AcOEt/ MeOH 1:1:0-0:1:0-0:1:1) to vyield the

corresponding amine as a colorless viscous oil.
To a solution of the oil in DCM (2.0 ml) was added triethylamine (11 pl, 0.0779 mmol) and 2-Naphthoyl chloride
(14.8 mg, 0.0779 mmol) at 0 °C. After 3 h, the reaction mixture was diluted with AcOEt, washed with 1 M HCI, sat.

NaHCO; and brine, dried over Na,SO,4 and the solvent was removed under reduced pressure. The crude product was
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purified by silica gel column chromatography (n-hexane/ AcOEt = 4:1) to yield carbamate 1-78 as a white solid.

To a solution of carbamate 1-78 in DCM (1.0 ml) was added TFA (0.5 ml). After 2 h at rt, the reaction mixture was
concentrated in vacuo to give the corresponding amine as a yellow oil.

To a solution of B-lactone unit 1-35 (12.2 mg, 0.0710 mmol) in DCM (1.0 ml) was added triethylamine (9.9 pnl,
0.0710 mmol) and PivClI (8.7 ul, 0.0710 mmol) at 0 °C. After 1 h at 0 °C, the reaction mixture was used as a solution of
the corresponding acid anhydride in DCM.

To a solution of the aforementioned amine in DCM (1.0 ml) was added triethylamine (22 ul, 0.156 mmol) and a
solution of the acid anhydride in DCM at 0 °C. After 5 min at 0 °C, the reaction mixture was warmed to rt and stirred at
rt for 11 h. The reaction mixture was diluted with AcOEt, washed with 1 M HCI, sat. NaHCO3 and brine, dried over
Na,SO, and the solvent was removed under reduced pressure. The crude product was purified by HPLC (Mightysil Si
60 250-20 (5 um), n-hexane/ AcOEt 58:42) to yield target compound 1-24 (10.8 mg, 0.0211 mmol, 4 steps 48%) as a
colorless viscous oil. [a]"p 26.89 (¢ 0.23, CHCI5); *H-NMR (500 MHz, CDCl,) & 8.22 (s, 1H, aromatic), 7.95-7.83 (m,
3H, aromatic), 7.83-7.77 (m, 1H, aromatic), 7.61-7.51 (m, 2H, aromatic), 7.49 (br, 1H, amide NH), 7.35-7.17 (m, 5H,
aromatic), 6.90 (d, J = 8.0 Hz, 1H, amide NH), 4.82 (d, J = 4.6 Hz, 1H, NCOCH), 4.30-4.19 (m, 1H, NCH), 3.72 (dd, J
=7.4,4.6 Hz, 1H, OCOCH), 2.90-2.74 (m, 3H, benzyl CH; and cyclopropyl CH), 2.17-2.06 (m, 1H, BnCH,), 2.06-1.84
(m, 3H, BnCH,, CHCH; and NCHCH,), 1.71-1.56 (m, 1H, CH,CHj3), 1.48-1.37 (m, 1H, NCHCH,), 1.37-1.25 (m, 1H,
CH,CHg), 1.15-1.02 (m, 5H, CHCHa, cyclopropyl CH, (1H) and cyclopropyl CH), 0.89 (dd, J = 7.4, 7.4 Hz, 3H,
CH,CH,), 0.32-0.23 (m, 1H, cyclopropyl CH,); *C-NMR (125 MHz, CDCls) & 170.3, 169.4, 167.5, 141.5, 137.8,
132.6, 131.1, 129.0, 128.7, 128.3, 128.3, 127.7, 127.6, 127.6, 126.7, 126.2, 123.6, 70.5, 62.6, 50.9, 36.3, 33.5, 33.1,
32.7, 26.8, 26.7, 16.2, 14.3, 12.4, 11.0; LRMS (ESI) m/z 535.26 [(M+Na)']; HRMS (ESI) calcd for Cs,H3sN,O4Na:
535.2567 [(M+Na)'], found: 535.2567.

Target compound 1-25
To a solution of compound 1-18 (25.6 mg, 0.0454 mmol) in THF (1.0 ml) was added TFA (1.0 ml) and Pd/C (30 mg).
The flask was purged with hydrogen (balloon pressure) and the reaction mixture was stirred under an atmosphere of

hydrogen for 70 min. The reaction mixture was filtered through a Celite pad and the filtrate was concentrated in vacuo
to give the corresponding amine as a colorless oil.

To a solution of the oil in DCM (1.0 ml) was added triethylamine (19 ul, 0.136 mmol) and 2-Naphthoyl chloride
(26.0 mg, 0.136 mmol) at 0 °C. After 1 h at 0 °C, the reaction mixture was diluted with AcOEt, washed with 1 M HCI,
sat. NaHCO; and brine, dried over Na,SO, and the solvent was removed under reduced pressure. The crude product
was purified by flash column chromatography (n-hexane/ AcOEt 5:4) to yield target compound 1-25 (20.2 mg, 0.0346
mmol, 2 steps 76%) as a colorless viscous oil. [a]"p 43.28 (c 0.17, CHCI); *H-NMR (500 MHz, CDCl3) & 8.41 (s, 1H,
aromatic), 7.95-7.81 (m, 4H, aromatic), 7.60-7.48 (m, 3H, aromatic and amide NH), 7.39 (d, J = 2.9 Hz, 1H, amide
NH), 7.31 (d, J = 8.0 Hz, 1H, amide NH), 7.29-7.22 (m, 2H, aromatic), 7.22-7.12 (m, 3H, aromatic), 4.96-4.85 (m, 1H,
Ala o-H), 4.61 (d, J = 4.6 Hz, 1H, NCOCH), 3.92 (br, 1H, NCH), 3.70 (dd, J = 8.0, 4.6 Hz, 1H, OCOCH), 2.85-2.62
(m, 3H, benzyl CH, and cyclopropyl CH), 2.02-1.87 (m, 2H, BnCH, and CHCHy), 1.85-1.73 (m, 2H, BnCH, and
NCHCH,), 1.65-1.53 (m, 4H, CH,CH; and Ala CHj), 1.34-1.18 (m, 2H, CH,CH; and NCHCH,), 1.06-0.81 (m, 8H,
CHCH,, CH,CHs, cyclopropyl CH, (1H) and cyclopropyl CH), 0.24-0.16 (m, 1H, cyclopropyl CH,); *C-NMR (125
MHz, CDCl3) 6 172.8, 170.3, 170.0, 167.1, 141.3, 134.8, 132.6, 131.0, 129.0, 128.5, 128.3, 128.2, 127.8, 127.7, 126.7,
126.1, 123.8, 71.1, 62.9, 50.2, 49.4, 36.5, 33.6, 33.1, 32.6, 26.9, 26.6, 19.4, 16.2, 14.4, 11.9, 11.0; LRMS (ESI) m/z
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606.30 [(M+Na)']; HRMS (ESI) calcd for C5H4:N3OsNa: 606.2938 [(M+Na)*], found: 606.2937.

Synthetic procedure for 1-79

Scheme S1-1. Synthesis of 1-79
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1-79
Compound 1-79

To a solution of 1-18 (17.0 mg, 0.0301 mmol) in DCM (300 ul) was added TFA (300 ul) and Pd/C (20 mg) at 0 °C.
The flask was purged with hydrogen (balloon pressure) and the reaction mixture was stirred at 0 °C under an
atmosphere of hydrogen for 2 h. The reaction mixture was filtered through a Celite pad and the filtrate was
concentrated in vacuo to yield compound 1-79 (16.0 mg, 0.0304 mmol, quant.) as a colorless viscous oil. [a]*p -25.14
(c 0.57, THF); *H-NMR (500 MHz, THF-d8) & 8.56 (d, J = 8.6 Hz, 1H), 8.53 (br, 3H), 8.32 (d, J = 3.4 Hz, 1H),
7.25-7.13 (m, 4H), 7.13-7.04 (m, 1H), 4.78 (d, J = 4.6 Hz, 1H), 4.28-4.17 (m, 1H), 4.09-3.98 (m, 1H), 3.67 (dd, J = 8.0,
4.6 Hz, 1H), 2.82-2.73 (m, 1H), 2.72-2.62 (m, 1H), 2.58-2.46 (m, 1H), 1.98-1.87 (m, 1H), 1.85-1.69 (m, 2H), 1.69-1.58
(m, 1H), 1.56-1.45 (m, 1H), 1.55 (d, J = 6.9 Hz, 3H), 1.44-1.34 (m, 1H), 1.34-1.21 (m, 1H), 1.20-1.09 (m, 1H), 1.02 (d,
J=6.9 Hz, 3H), 0.91 (dd, J = 7.4, 7.4 Hz, 3H), 0.89-0.79 (m, 1H), 0.42-0.33 (m, 1H); *C-NMR (125 MHz, THF-d8) &
172.3, 170.7, 170.0, 143.4, 129.4, 129.1, 126.6, 71.4, 63.8, 50.5, 38.6, 34.8, 33.7, 28.5, 27.7, 18.3, 16.7, 16.0, 11.7,
11.1; LRMS (ESI) m/z 430.27 [(M+H)']; HRMS (ESI) calcd for CpsH3gN3O4: 430.2700 [(M+H)'], found: 430.2703;
Anal. calcd for CygH35F3N3;O5+ 1.0TFA - 1.5H,0: C, 50.37; H, 5.89; N, 6.29. Found: C, 50.59; H, 6.08; N, 6.34.

Determination of the absolute configuration of stereocenters constructed by Grignard reactions
Absolute configuration of the stereocenters constructed by diastereoselective Grignard reactions were determined by
modified Mosher’s method.™*!

Scheme S1-2. Synthesis of Mosher amide S1-1 — S1-16
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$1-12  2-Naphthylethyl 84% 1-69 2-Naphthylethyl $1-16 2-Naphthylethyl 80%

$11 (R)-MTPA $12 (R-MTPA $1-3 (R)}-MTPA $1-4 (R-MTPA
$1-5 (S)-MTPA $1-6 (S)-MTPA $1-7 (S)-MTPA $1-8 (S)-MTPA

-0.136
+0.091

+0.019

$1-9 (R)-MTPA $1-10 (R)-MTPA $1-11 (R-MTPA $1-12 (R)-MTPA
$1-13 (S)-MTPA $1-14 (S)-MTPA $1-15 (S)-MTPA $1-16 (S)-MTPA

Figure S1-1. Determination of the absolute configuration by the modified Mosher’s method (Ad = 65 - dr (ppm;
CDCly))

Mosher amide S1-1
To a solution of sulfinamide 1-38 (34.0 mg, 0.0637 mmol) in THF (1.0 ml) was added 12 M HCI (0.10 ml) at 0 °C.

After 30 min at 0 °C, the reaction mixture was neutralized with sat. NaHCO;, diluted with water and concentrated in

vacuo to remove THF. The residual aqueous solution was extracted with AcOEt, washed with water and brine, dried
over Na,SO, and the solvent was removed under reduced pressure to give the corresponding amine as a colorless oil.
To a solution of HBTU (65.3 mg, 0.172 mmol, 2.7 equiv) in DMF (2.0 ml) was added (R)-MTPA (44.7 mg, 0.191
mmol, 3.0 equiv) and DIEA (26.8 nl, 0.191 mmol, 3.0 equiv). After 5 min at rt, a solution of the aforementioned amine
in DMF (1.0 ml) was added and the resulting mixture was stirred for 10 h. The reaction mixture was diluted with
AcOEt, washed with 1 M HCI, sat. NaHCOg3 and brine, dried over Na,SO, and the solvent was removed under reduced
pressure. The crude product was purified by flash column chromatography (n-hexane/ AcOEt 10:1) to yield Mosher
amide S1-1 (32.9 mg, 0.0509 mmol, 2 steps 80%) as a colorless oil. "H-NMR (500 MHz, CDCl;) & 7.711-7.634 (7.673)
(m, 4H, aromatic), 7.445-7.209 (7.327) (m, 14H, aromatic), 7.209-7.137 (7.173) (m, 2H, aromatic), 7.102 (d, J = 8.0 Hz,
1H, amide NH), 5.159-5.073 (5.117) (m, 1H, NCH), 3.828 (dd, J = 10.9, 5.2 Hz, 1H, CH,0), 3.497 (dd, J = 10.9, 8.6
Hz, 1H, CH,0), 3.422 (s, 3H, OCHs3), 2.191-2.075 (2.131) (m, 1H, NCHCH,), 1.600-1.480 (1.538) (m, 1H, NCHCH,),
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1.166-1.066 (1.114) (m, 1H, cyclopropyl CH), 1.044 (s, 9H, CCHj3), 0.823-0.710 (0.770) (m, 1H, cyclopropyl CH),
0.648-0.558 (0.605) (m, 1H, cyclopropyl CHy), -0.063--0.150 (-0.107) (m, 1H, cyclopropyl CH,); LRMS (ESI) m/z
668.28 [(M+Na)"]; HRMS (ESI) calcd for CsgH4,NOsF;SiNa: 668.2778 [(M+Na)'], found: 668.2779.

Mosher amide S1-2

Mosher amide S1-2 (29.6 mg, 0.0449 mmol, 2 steps 73%, a colorless oil) was prepared from sulfinamide 1-39 (33.6
mg, 0.0615 mmol) as described for Mosher amide S1-1. *H-NMR (500 MHz, CDCl,) & 7.709-7.643 (7.676) (m, 4H,
aromatic), 7.456-7.148 (7.302) (m, 14H, aromatic), 7.139-7.069 (7.104) (m, 2H, aromatic), 6.755 (d, J = 8.6 Hz, 1H,
amide NH), 4.437-4.324 (4.378) (m, 1H, NCH), 3.814 (dd, J = 11.5, 5.7 Hz, 1H, CH,0), 3.480 (dd, J = 11.5, 8.6 Hz,
1H, CH;0), 3.237 (s, 3H, OCHg), 2.908 (dd, J = 13.7, 5.7 Hz, 1H, benzyl CH,), 2.739 (dd, J = 13.7, 8.0 Hz, 1H, benzyl
CH,), 1.904-1.819 (1.860) (m, 1H, NCHCH,), 1.330-1.233 (1.279) (m, 1H, NCHCH,), 1.194-1.103 (1.148) (m, 1H,
cyclopropyl CH), 1.043 (s, 9H, CCHy), 0.946-0.845 (0.892) (m, 1H, cyclopropyl CH), 0.743-0.659 (0.699) (m, 1H,
cyclopropyl CH,), -0.013--0.070 (-0.040) (m, 1H, cyclopropyl CH,); LRMS (ESI) m/z 682.29 [(M+Na)’]; HRMS (ESI)
calcd for C3gHaNO5F;SiNa: 682.2935 [(M+Na)'], found: 682.2937.

Mosher amide S1-3

Mosher amide S1-3 (40.0 mg, 0.0594 mmol, 2 steps 72%, a colorless oil) was prepared from sulfinamide 1-40 (46.3
mg, 0.0824 mmol) as described for Mosher amide S1-1. *H-NMR (500 MHz, CDCl,) & 7.747-7.635 (7.691) (m, 4H,
aromatic), 7.603-7.502 (7.553) (m, 2H, aromatic), 7.444-7.322 (7.383) (m, 9H, aromatic), 7.255 (dd, J = 7.4, 7.4 Hz,
2H, aromatic), 7.215-7.125 (7.170) (m, 1H, aromatic), 7.087 (d, J = 7.4 Hz, 2H, aromatic), 6.690 (d, J = 9.2 Hz, 1H,
amide NH), 4.181-4.065 (4.126) (m, 1H, NCH), 3.831 (dd, J = 11.5, 5.7 Hz, 1H, CH,0), 3.495 (dd, J = 11.5, 8.6 Hz,
1H, CH,0), 3.390 (s, 3H, OCHj3), 2.524 (dd, J = 8.0, 8.0 Hz, 2H, benzyl CH,), 1.940-1.814 (1.871) (m, 2H, NCHCH,
and BnCH,), 1.796-1.678 (1.733) (m, 1H, BnCH,), 1.290-1.184 (1.231) (m, 1H, NCHCH,), 1.184-1.090 (1.138) (m, 1H,
cyclopropyl CH), 1.052 (s, 9H, CCHg), 0.902-0.791 (0.843) (m, 1H, cyclopropyl CH), 0.739-0.633 (0.687) (m, 1H,
cyclopropyl CH,), -0.012--0.081 (-0.044) (m, 1H, cyclopropyl CH,); LRMS (ESI) m/z 696.31 [(M+Na)']; HRMS (ESI)
calcd for CyH4sNO5F;SiNa: 696.3091 [(M+Na)'], found: 696.3092.

Mosher amide S1-4

Mosher amide S1-4 (11.2 mg, 0.0163 mmol, 2 steps 34%, a colorless oil) was prepared from sulfinamide 1-41 (27.6
mg, 0.0479 mmol) as described for Mosher amide S1-1. *H-NMR (500 MHz, CDCl3) & 7.701-7.625 (7.663) (m, 4H,
aromatic), 7.518 (d, J = 7.4 Hz, 2H, aromatic), 7.461-7.306 (7.384) (m, 9H, aromatic), 7.295-7.217 (7.256) (m, 2H,
aromatic), 7.217-7.117 (7.167) (m, 1H, aromatic), 7.074 (d, J = 6.9 Hz, 2H, aromatic), 6.583 (d, J = 9.2 Hz, 1H, amide
NH), 4.170-4.051 (4.103) (m, 1H, NCH), 3.809 (dd, J = 11.5, 5.7 Hz, 1H, CH,0), 3.484 (dd, J = 11.5, 8.6 Hz, 1H,
CH,0), 3.380 (s, 3H, OCHy), 2.666-2.469 (2.602 and 2.517) (m, 2H, benzyl CH,), 1.853-1.741 (1.796) (m, 1H,
NCHCH,), 1.709-1.476 (1.595, 1.572 and 1.521) (m, 3H, BnCH,CH, (1H) and BnCH,), 1.476-1.364 (1.429) (m, 1H,
BnCH,CHy), 1.209-1.088 (1.162 and 1.129) (m, 2H, NCHCH, and cyclopropyl CH), 1.042 (s, 9H, CCH3), 0.867-0.746
(0.815) (m, 1H, cyclopropyl CH), 0.724-0.616 (0.668) (m, 1H, cyclopropyl CH,), -0.024--0.124 (-0.071) (m, 1H,
cyclopropyl CH,); LRMS (FAB) m/z 710.4 [(M+Na)']; HRMS (FAB) calcd for CsHigNOsFsSiNa: 710.3253
[(M+Na)™], found: 710.3272.
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Mosher amide S1-5
To a solution of sulfinamide 1-38 (27.3 mg, 0.0512 mmol) in THF (1.0 ml) was added 12 M HCI (0.10 ml) at 0 °C.
After 30 min at 0 °C, the reaction mixture was neutralized with sat. NaHCO3, diluted with water, concentrated in vacuo

to remove THF. The residual aqueous solution was extracted with AcOEt, washed with water and brine, dried over
Na,SO, and the solvent was removed under reduced pressure to give the corresponding amine as a colorless oil.

To a solution of HBTU (52.4 mg, 0.138 mmol, 2.7 equiv) in DMF (2.0 ml) was added (S)-MTPA (36.0 mg, 0.154
mmol, 3.0 equiv) and DIEA (21.6 ul, 0.154 mmol, 3.0 equiv). After 5 min at rt, a solution of the aforementioned amine
in DMF (1.0 ml) was added and the resulting mixture was stirred for 11 h. The reaction mixture was diluted with
AcOEt, washed with 1 M HCI, sat. NaHCO; and brine, dried over Na,SO, and the solvent was removed under reduced
pressure. The crude product was purified by flash column chromatography (n-hexane/ AcOEt 10:1) to yield Mosher
amide S1-5 (24.8 mg, 0.0384 mmol, 2 steps 75%) as a colorless oil. *H-NMR (500 MHz, CDCl3) & 7.654 (d, J = 7.4 Hz,
4H, aromatic), 7.588-7.519 (7.549) (m, 2H, aromatic), 7.439-7.289 (7.364) (m, 11H, aromatic), 7.289-7.224 (7.257) (m,
3H, aromatic), 7.044 (d, J = 8.0 Hz, 1H, amide NH), 5.185-5.090 (5.136) (m, 1H, NCH), 3.770 (dd, J = 11.5, 5.7 Hz,
1H, CH;0), 3.436 (dd, J = 11.5, 8.6 Hz, 1H, CH,0), 3.378 (s, 3H, OCH3), 2.140-2.042 (2.091) (m, 1H, NCHCH,),
1.535-1.443 (1.487) (m, 1H, NCHCH,), 1.105-0.948 (1.039 and 1.012) (m, 10H, CCHj; and cyclopropyl CH),
0.714-0.577 (0.641) (m, 1H, cyclopropyl CH), 0.577-0.481 (0.530) (m, 1H, cyclopropyl CHy), -0.167--0.266 (-0.216)
(m, 1H, cyclopropyl CH,); LRMS (ESI) m/z 668.28 [(M+Na)']; HRMS (ESI) calcd for CsgH4,NO3sF;SiNa: 668.2778
[(M+Na)™], found: 668.2782.

Mosher amide S1-6

Mosher amide S1-6 (41.1 mg, 0.0623 mmol, 2 steps 79%, a colorless oil) was prepared from sulfinamdie 1-39 (43.2
mg, 0.0789 mmol) as described for Mosher amide S1-5. *H-NMR (500 MHz, CDCls) & 7.652 (dd, J = 6.3, 6.3 Hz, 4H,
aromatic), 7.484 (d, J = 6.9 Hz, 2H, aromatic), 7.454-7.149 (7.302) (m, 14H, aromatic), 6.545 (d, J = 8.6 Hz, 1H, amide
NH), 4.399-4.297 (4.344) (m, 1H, NCH), 3.739 (dd, J = 11.5, 6.3 Hz, 1H, CH,0), 3.390 (dd, J = 11.5, 8.6 Hz, 1H,
CH,0), 3.183 (s, 3H, OCHj3), 2.921 (dd, J = 13.7, 6.3 Hz, 1H, benzyl CH,), 2.797 (dd, J = 13.7, 7.4 Hz, 1H, benzyl
CH,), 1.866-1.760 (1.812) (m, 1H, NCHCH,), 1.285-1.170 (1.215) (m, 1H, NCHCH,), 1.110-0.978 (1.035 and 1.023)
(m, 10H, CCHj3; and cyclopropyl CH), 0.797-0.696 (0.746) (m, 1H, cyclopropyl CH), 0.617-0.541 (0.578) (m, 1H,
cyclopropyl CH,), -0.174--0.252 (-0.211) (m, 1H, cyclopropyl CH,); LRMS (ESI) m/z 682.30 [(M+Na)']; HRMS (ESI)
calcd for CagHaNO5F;SiNa: 682.2935 [(M+Na)'], found: 682.2936.

Mosher amide S1-7

Mosher amide S1-7 (28.6 mg, 0.0424 mmol, 2 steps 71%, a colorless oil) was prepared from sulfinamide 1-40 (33.6
mg, 0.0598 mmol) as described for Mosher amide S1-5. *H-NMR (500 MHz, CDCls) & 7.700-7.638 (7.669) (m, 4H,
aromatic), 7.522 (d, J = 8.0 Hz, 2H, aromatic), 7.450-7.306 (7.378) (m, 9H, aromatic), 7.306-7.215 (7.261) (m, 2H,
aromatic), 7.215-7.137 (7.176) (m, 3H, aromatic), 6.686 (d, J = 9.2 Hz, 1H, amide NH), 4.175-4.063 (4.126) (m, 1H,
NCH), 3.765 (dd, J = 11.5, 5.7 Hz, 1H, CH,0), 3.465-3.363 (3.413) (m, 4H, CH,0 (1H) and OCHs), 2.714-2.562
(2.641) (m, 2H, benzyl CH,), 1.959-1.709 (1.895 and 1.803) (m, 3H, NCHCH, (1H) and BnCH,), 1.235-1.135 (1.182)
(m, 1H, NCHCH,), 1.091-0.984 (1.046 and 1.026) (m, 10H, CCHj; and cyclopropyl CH), 0.765-0.653 (0.709) (m, 1H,
cyclopropyl CH), 0.628-0.543 (0.584) (m, 1H, cyclopropyl CHy), -0.166--0.241 (-0.199) (m, 1H, cyclopropyl CH,);
LRMS (ESI) m/z 696.31 [(M+Na)*]; HRMS (ESI) calcd for C4HsNO3sF;SiNa: 696.3091 [(M+Na)*], found: 696.3094.

111



Mosher amide S1-8

Mosher amide S1-8 (18.3 mg, 0.0266 mmol, 2 steps 37%, a colorless oil) was prepared from sulfinamide 1-41 (41.4
mg, 0.0719 mmol) as described for Mosher amide S1-5. *H-NMR (500 MHz, CDCls) & 7.697-7.616 (7.657) (m, 4H,
aromatic), 7.507 (d, J = 8.0 Hz, 2H, aromatic), 7.464-7.303 (7.384) (m, 10H, aromatic), 7.303-7.216 (7.260) (m, 1H,
aromatic), 7.216-7.119 (7.168) (m, 3H, aromatic), 6.572 (d, J = 9.2 Hz, 1H, amide NH), 4.144-4.031 (4.088) (m, 1H,
NCH), 3.740 (dd, J = 10.9, 5.7 Hz, 1H, CH,0), 3.456-3.337 (3.405 and 3.378) (m, 4H, CH,0 (1H) and OCHj3),
2.718-2.550 (2.665 and 2.594) (m, 2H, benzyl CHy), 1.793-1.700 (1.740) (m, 1H, NCHCH,), 1.700-1.536 (1.637, 1.629
and 1.601) (m, 3H, BnCH, and BnCH,CH, (1H)), 1.536-1.394 (1.469) (m, 1H, BnCH,CH), 1.159-1.069 (1.111) (m,
1H, NCHCH,), 1.093-0.951 (1.035 and 1.010) (m, 10H, CCH; and cyclopropyl CH), 0.724-0.608 (0.668) (m, 1H,
cyclopropyl CH), 0.594-0.507 (0.554) (m, 1H, cyclopropyl CHy), -0.202--0.257 (-0.228) (m, 1H, cyclopropyl CH,);
LRMS (FAB) m/z 710.4 [(M+Na)']; HRMS (FAB) calcd for C,HsNOsFsSiNa: 710.3253 [(M+Na)*], found:
710.3247.

Mosher amide S1-9
To a solution of diprotected amine 1-66 (8.67 mg, 0.0154 mmol) in MeOH (1.0 ml) was added K,CO3 (2.55 mg,

0.0185 mmol, 1.2 equiv). After 22 h at rt, the reaction mixture was concentrated in vacuo and the crude product was

purified by NH-silica gel column chromatography (n-hexane/ AcOEt 1:1-0:1) to yield the corresponding amine as a
white amorphous solid.

To a solution of (R)-MTPA (10.8 mg, 0.0462 mmol, 3.0 equiv) in DMF (1.0 ml) was added HBTU (15.8 mg, 0.0416
mmol, 2.7 equiv) and DIEA (6.49 ul, 0.0462 mmol, 3.0 equiv). After 5 min at rt, a solution of the aforementioned
amine in DMF (1.0 ml) was added and the resulting mixture was stirred for 20 h. The reaction mixture was diluted with
AcOEt, washed with 1 M HCI, sat. NaHCO3; and brine, dried over Na,SO, and the solvent was removed under reduced
pressure. The crude product was purified by flash column chromatography (n-hexane/ AcOEt 5:1) to yield Mosher
amide S1-9 (6.0 mg, 0.0108 mmol, 2 steps 70%) as a yellow oil. *H-NMR (400 MHz, CDCl,) & 8.779 (d, J = 5.4 Hz,
1H, amide NH), 8.072 (d, J = 8.6 Hz, 1H, aromatic), 7.761 (d, J = 7.7 Hz, 1H, aromatic), 7.578-7.196 (7.387) (m, 9H,
aromatic), 6.973 (d, J = 8.2 Hz, 1H, aromatic), 5.633-5.538 (5.585) (m, 1H, NCH), 4.737 (br, 1H, carbamate NH),
3.616 (s, 3H, OCHy), 2.767 (br, 2H, NpCH,), 2.644 (br, 1H, cyclopropyl CH), 1.903-1.831 (1.877) (m, 1H, NCHCH,),
1.650 (br, 1H, NCHCH,), 1.357 (s, 9H, CCH3), 1.024-0.896 (0.959 and 0.943) (m, 2H, cyclopropyl CH, and
cyclopropyl CH), 0.102 (br, 1H, cyclopropyl CH,); LRMS (ESI) m/z 579.24 [(M+Na)']; HRMS (ESI) calcd for
Cs1H3sN,04F;Na: 579.2441 [(M+Na)*], found: 579.2435.

Mosher amide S1-10

Mosher amide S1-10 (3.80 mg, 0.00683 mmol, 2 steps 51%, a yellow oil) was prepared from diprotected amine 1-67
(7.54 mg, 0.0134 mmol) as described for Mosher amide $1-9. *H-NMR (500 MHz, CDCls) & 8.351 (br, 1H, amide NH),
7.940-6.970 (7.455) (m, 12H aromatic), 5.709 (br, 1H, NCH), 5.313 (br, 1H, carbamate NH), 3.492 (br, 3H, OCHy3),
2.670 (br, 3H, NpCH, and cyclopropyl CH), 2.287 (br, 1H, NCHCH,), 2.175 (br, 1H, NCHCH,), 1.441 (s, 9H, CCHy),
1.009-0.750 (0.921 and 0.844) (m, 2H, cyclopropyl CH, and cyclopropyl CH), 0.117 (br, 1H, cyclopropyl CH,); LRMS
(ESI) m/z 579.24 [(M+Na)*]; HRMS (ESI) calcd for C3;H3sN,0,4F3sNa: 579.2441 [(M+Na)*], found: 579.2437.
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Mosher amide S1-11

Mosher amide S1-11 (4.70 mg, 0.00824 mmol, 2 steps 65%, a colorless viscous oil) was prepared from diprotected
amine 1-68 (7.31 mg, 0.0127 mmol) as described for Mosher amide S$1-9. *H-NMR (400 MHz, CDCl,) & 7.875-7.804
(7.840) (m, 2H, aromatic), 7.702 (d, J = 8.2 Hz, 1H, aromatic), 7.648-7.576 (7.621) (m, 2H, aromatic), 7.486-7.431
(7.459) (m, 2H, aromatic, amide NH), 7.401-7.333 (7.367) (m, 5H, aromatic), 7.282-7.203 (7.243) (m, 1H, aromatic),
4.795 (br, 1H, carbamate NH), 4.322-4.189 (4.261) (m, 1H, NCH), 3.473 (s, 3H, OCH3), 3.120-2.882 (3.001) (m, 2H,
NpCH,CH,), 2.644-2.546 (2.602) (m, 1H, cyclopropyl CH), 2.010 (br, 1H, NpCH,CH,), 1.927-1.786 (1.856) (m, 1H,
NpCH,CH,), 1.680 (br, 1H, NCHCH,), 1.582 (br, 1H, NCHCHy), 1.395 (s, 9H, CCH3), 1.035-0.789 (0.940 and 0.900)
(m, 2H, cyclopropyl CH; and cyclopropyl CH), 0.244-0.156 (0.199) (m, 1H, cyclopropyl CH,); LRMS (ESI) m/z
593.26 [(M+Na)*]; HRMS (ESI) calcd for Cs;H3;N,04F;Na: 593.2598 [(M+Na)*], found: 593.2593.

Mosher amide S1-12

Mosher amide S1-12 (7.60 mg, 0.0133 mmol, 2 steps 84%, a colorless viscous oil) was prepared from diprotected
amine 1-69 (9.13 mg, 0.0158 mmol) as described for Mosher amide S1-9. *H-NMR (400 MHz, CDCl3) & 7.829-7.717
(7.773) (m, 3H, aromatic), 7.641-7.552 (7.597) (m, 2H, aromatic), 7.523 (br, 1H, aromatic), 7.480-7.343 (7.412) (m, 6H,
aromatic and amide NH), 7.260-7.210 (7.238) (m, 1H, aromatic), 4.809 (br, 1H, carbamate NH), 4.237-4.106 (4.173)
(m, 1H, NCH), 3.426 (s, 3H, OCHj3), 2.764-2.639 (2.693) (m, 2H, NpCH,), 2.639-2.542 (2.597) (m, 1H, cyclopropyl
CH), 2.037-1.784 (1.962 and 1.869) (m, 2H, NpCH,CHy), 1.679 (br, 1H, NCHCH,), 1.588 (br, 1H, NCHCH,), 1.396 (s,
9H, CCHj5), 1.006-0.787 (0.939 and 0.901) (m, 2H, cyclopropyl CH, and cyclopropyl CH), 0.229-0.125 (0.185) (m, 1H,
cyclopropyl CHy); LRMS (ESI) m/z 593.26 [(M+Na)']; HRMS (ESI) calcd for CsHz7N,04FsNa: 593.2598 [(M+Na)'],
found: 593.2591.

Mosher amide S1-13
To a solution of diprotected amine 1-66 (7.69 mg, 0.0137 mmol) in MeOH (1.0 ml) was added K,CO3 (2.27 mg,
0.0164 mmol, 1.2 equiv). After 22 h at rt, the reaction mixture was concentrated in vacuo and the crude product was

purified by NH-silica gel column chromatography (n-hexane/ AcOEt 1:1-0:1) to yield the corresponding amine as a
white amorphous solid.

To a solution of (S)-MTPA (9.62 mg, 0.0411 mmol, 3.0 equiv) in DMF (1.0 ml) was added HBTU (14.0 mg, 0.0370
mmol, 2.7 equiv) and DIEA (5.8 ul, 0.0411 mmol, 3.0 equiv). After 5 min at rt, a solution of the aforementioned amine
in DMF (1.0 ml) was added and the resulting mixture was stirred for 21 h. The reaction mixture was diluted with
AcOEt, washed with 1 M HCI, sat. NaHCO3 and brine, dried over Na,SO, and the solvent was removed under reduced
pressure. The crude product was purified by flash column chromatography (n-hexane/ AcOEt 5:1) to yield Mosher
amide S$1-13 (3.50 mg, 0.00629 mmol, 2 steps 46%) as a white amorphous solid. *H-NMR (400 MHz, CDCl5) & 8.569
(br, 1H, amide NH), 8.084 (d, J = 8.2 Hz, 1H, aromatic), 7.777 (d, J = 8.2 Hz, 1H, aromatic), 7.708-7.320 (7.514) (m,
10H, aromatic), 5.680-5.548 (5.624) (m, 1H, NCH), 4.658 (br, 1H, carbamate NH), 3.500 (s, 3H, OCHy3), 2.786 (br, 2H,
NpCHy,), 2.130 (br, 1H, cyclopropyl CH), 1.741 (br, 2H, NCHCH,), 1.488 (s, 9H, CCHy), 0.811-0.719 (0.770) (m, 1H,
cyclopropyl CH,), 0.580 (br, 1H, cyclopropyl CH), 0.000 (br, 1H, cyclopropyl CH,); LRMS (ESI) m/z 579.24
[(M+Na)']; HRMS (ESI) calcd for C5;H3sN,04FsNa: 579.2441 [(M+Na)'], found: 579.2436.

Mosher amide S1-14
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Mosher amide S1-14 (3.70 mg, 0.00665 mmol 2 steps 51%, a colorless viscous oil) was prepared from diprotected
amine 1-67 (7.34 mg, 0.0130 mmol) as described for Mosher amide S1-13. *H-NMR (400 MHz, CDCl;) & 8.169 (br,
1H, amide NH), 7.966 (br, 1H, aromatic), 7.864-7.784 (7.819) (m, 1H, aromatic), 7.720-7.226 (7.473) (m, 10H,
aromatic), 5.754 (br, 1H, NCH), 5.175 (br, 1H, carbamate NH), 3.306 (br, 3H, OCH3), 2.701 (br, 2H, NpCH,), 2.329
(br, 1H, cyclopropyl CH), 2.211 (br, 1H, NCHCH,), 2.049 (br, 1H, NCHCH,), 1.472 (s, 9H, CCHj3), 0.782 (br, 1H,
cyclopropyl CH), 0.679 (br, 1H, cyclopropyl CH,), 0.042 (br, 1H, cyclopropyl CH,); LRMS (ESI) m/z 579.24
[(M+Na)*]; HRMS (ESI) calcd for Cy;H3sN,04FsNa: 579.2441 [(M+Na)'], found: 579.2436.

Mosher amide S1-15

Mosher amdie S1-15 (5.30 mg, 0.00929 mmol, 2 steps 68%, a colorless viscous oil) was prepared from diprotected
amine 1-68 (7.88 mg, 0.0137 mmol) as described for Mosher amide S1-13. *H-NMR (400 MHz, CDCl5) & 7.989 (d, J =
8.2 Hz, 1H, aromatic), 7.887-7.824 (7.853) (m, 1H, aromatic), 7.714 (d, J = 8.6 Hz, 1H, aromatic), 7.612 (br, 2H,
aromatic), 7.552-7.300 (7.441) (m, 8H, aromatic and amide NH), 4.709 (br, 1H, carbamate NH), 4.326-4.178 (4.258)
(m, 1H, NCH), 3.513 (s, 3H, OCHj3), 3.257-3.033 (3.187 and 3.094) (m, 2H, NpCHy), 2.338 (br, 1H, cyclopropyl CH),
2.022 (br, 1H, NpCH,CHy), 1.958-1.820 (1.893) (m, 1H, NpCH,CH,), 1.574 (br, 2H, NCHCH,), 1.427 (s, 9H, CCHa),
0.854-0.754 (0.804) (m, 1H, cyclopropyl CH,), 0.721-0.601 (0.664) (m, 1H, cyclopropyl CH), 0.093-0.009 (0.048) (m,
1H, cyclopropyl CH,); LRMS (ESI) m/z 593.26 [(M+Na)']; HRMS (ESI) calcd for CsHaN,O4F;Na: 593.2598
[(M+Na)™], found: 593.2593.

Mosher amide S1-16

Mosher amide S1-16 (6.50 mg, 0.0114 mmol, 2 steps 80%, a colorless viscous oil) was prepared from diprotected
amine 1-69 (8.22 mg, 0.0143 mmol) as described for Mosher amide S1-16. *H-NMR (400 MHz, CDCls) & 7.839-7.735
(7.783) (m, 3H, aromatic), 7.649-7.553 (7.601) (m, 3H, aromatic), 7.484-7.288 (7.386) (m, 7H, aromatic and amide
NH), 4.722 (br, 1H, carbamate NH), 4.244-4.095 (4.178) (m, 1H, NCH), 3.482 (s, 3H, OCHj), 2.898-2.776 (2.838) (m,
2H, NpCH,), 2.323 (br, 1H, cyclopropyl CH), 2.063-1.816 (1.970 and 1.903) (m, 2H, NpCH,CH,), 1.596 (br, 2H,
NCHCH,), 1.439 (s, 9H, CCHg;), 0.848-0.736 (0.802) (m, 1H, cyclopropyl CH,), 0.719-0.577 (0.655) (m, 1H,
cyclopropyl CH), 0.106--0.046 (0.036) (m, 1H, cyclopropyl CH,); LRMS (ESI) m/z 593.26 [(M+Na)']; HRMS (ESI)
calcd for Ca,H3;N,0,4F;Na: 593.2598 [(M+Na)*], found: 593.2594.

Proteasomes assay

To assess the effect of belactosin derivatives on proteasome, human 20S proteasome (Boston Biochem) were
incubated with several inhibitors at 25 °C for 60 min followed by the assay for proteolysis activity with the fluorogenic
substrates Suc-LLVY-amc (chymotrypsin-like), Ac-RLR-amc (trypsin-like), and Ac-nLPnLD-amc (caspase-like) as
described by Kisselev et al.*!

Proteasome active site enzyme-linked immunosorbent assay
To determine the proteasome active site selectivity of belactosin derivatives, the active-site ELISA analysis were
performed as previously described by Muchamuel et al.d Briefly, 20 nM 20S proteasome or 20 nM 20S
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immunoproteasome (Boston Biochem) was preincubated for 5 min in the absence or presence of belactosin derivatives.
They were incubated for 1 h with 22.5 nM biotin-(CH2)4-Leu-Leu-Leu-epoxyketone. The samples were denatured by
addition of SDS (0.9% final) and heating at 95°C for 5 min. The denatured samples were transferred to a 96-well filter
plate (Multiscreen DV; Millipore, Billerica, MA), mixed with streptavidin-sepharose beads (2.5 ul packed beads/well),
and incubated for 1 h at 25 °C. The beads were washed 5 times with 150 pl/well of wash buffer (PBS, 1% bovine serum
albumin, 0.1% Tween-20) by vacuum filtration. The beads were incubated overnight at 4 °C with the following
antibodies diluted into washed buffer: 35 and LMP7 diluted 1:300. The beads were washed 5 times with 150 pl/well of
wash buffer and incubated with HRP-conjugated secondary antibody (goat anti-rabbit for g5, goat anti-mouse for
LMP7) diluted 1:5000 in wash buffer and incubated 2 h at room temperature. The beads were washed 5 times with 200
ul of wash buffer and developed for chemiluminescence signal using the ECL Plus Western Blotting Detection System
(GE Healthcare Life Sciences) following the manufacturer’s instructions. For proteasome inhibitor studies, active site

probe binding values were represented as the percent of binding relative to DMSO treated sample.

Specificity assay
Inhibitors were incubates with caspase3, cathepsin B, or trypsin in the presence of appropriate fluorogenic peptide

substrate at 37 °C for 60 min under the conditions described previously.??!

Cell proliferation assay
Cell counting kit-8 (Dojindo Molecular Technologies, Inc.) was used to determine the effects of test compounds on
cell proliferation according to the manufacturer’s protocol. HCT-116 cells were seeded at 10000 cells/well in a 96-well

microtiter plate and treated with belactosin derivatives for 72 h.

Cell cycle analysis
To determine the effect of belactosin derivatives on cell cycle distribution, HCT116 cells (5* 10”5 cells/10-cm dish)
were treated with test compounds for 24 h. Thecells were harvested, stained with propidium iodide. DNA content was

analyzed by the flowcytometry.

* 0-10 ' 1-4 " 1-8 1 1-13 #[1-25

____u__ m L~J-—L — JHL,L._.‘L Job A_‘L J

DNA content

cell counts

Figure S1-2. Cell cycle distribution analysis of HCT116 cells treated with 0-10, 1-4, 1-8, 1-13 and 1-25

Immunoblot analysis
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The cells treated with belactosin derivativeswere washed twice with phosphate-buffered saline (PBS) and
resuspended in 100 pl of RIPA buffer containing protein inhibitor cocktail (Roche Diagnostics, Berkeley, CA). The cell

lysates were prepared and subjected to immunoblot analysis using anti-cPARP antibody or anti-p53 antibody.

Stability Testing of 1-79

0.1 M TEAA buffer

Solutions of 1-79 in DMSO (50 ul, 7.5 mM) were diluted with 0.1 M TEAA buffer (950 pl, pH 7.4) and the resulting
mixtures were incubated at 37 °C. The time courses were analyzed by RP-HPLC (Mightysil RP-18 GP 250-4.6 (5 um),
MeOH/ H,0/ TFA 60:40:0.1, 0.8 ml/ min, rt, 210 nm, 15.1 min).

Human AB serum
Solution of 1-79 in DMSO (50 ul, 23 mM) was diluted with human AB serum (950 ul, Sigma-Aldrich) and the

resulting mixtures were incubated at 37 °C. At various time points from 0 to 60 min, the reaction mixtures (100 ul)

were sampled, which were immediately quenched with CH3CN (300 pl). The resulting mixtures were centrifuged
(10,000 rpm) for 2 min at 4 °C and the supernatants were analyzed by RP-HPLC (Mightysil RP-18 GP 250-4.6 (5 um),
MeOH/ H,0O/ TFA 60:40:0.1, 0.8 ml/ min, rt, 210 nm, 15.1 min).

Reversibility assay

For each reversibility assay, 15 nM 20S proteasome was pre-incubated with each inhibitor at 25 °C for 12 h. 37.5 uM
Suc-LLVY-AMC was then added as substrate to start 20S proteasome “standard assay” reaction. After incubation at 25
°C for 1 h, the fluorescence [ex: 390 nm, em: 450 nm] of each reaction was measured by VersaMax Pro microplate
reader (Molecular Devices). For each “wash-out assay” reaction, to remove inhibitors unbound to 20S proteasome
before beginning the reaction with the substrate, each pre-incubated reaction mixture was loaded onto Microcon®
Centrifugal Filter (100 kDa molecular-weight cut off) and washed five times with the assay buffer by centrifuging at
11,000 xg for 5 min. &

X-ray crystallographic analysis of proteasome in complex with 1-18

Crystals of the 20S proteasome from Saccharomyces cerevisiae were grown in hanging drops at 24 °C . The protein
concentration used for crystallization was 40 mg/ml in 10 mM Tris'HCI (pH 7.5) and 1 mM EDTA. Drops were
performed by mixing 3 pl of protein and 2 pl of reservoir solution [30 mM MgOAc, 100 mM Mes (pH 7.2), 10% of
2-methyl-2,4-pentanediol (MPD)]. Crystals appeared after two days with a final size of approximately 50x200x500
um?® and were incubated at least for 24 h with compound 1-18 (50 mM in DMSO). Subsequently, crystals were soaked
in a cryoprotecting buffer (30% MPD_20 mM MgOAc_100 mM Mes, pH 6.9) and cooled in a stream of liquid nitrogen
gas at 100 K (Oxford Cryosystems, Oxford, U.K.). Data to 2.8 A were collected by using synchrotron radiation with A
= 1.0 A at the X06SA-beamline in SLS/Villingen/Switzerland (Table S1). The X-ray intensities and data reduction
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were evaluated by using the XDS program package[%] resulting space group P2, with cell dimensions of a =137 A, b =
302 A, c =146 A, and B = 114°. The anisotropy of diffraction was corrected by an overall anisotropic temperature
factor, comparing observed and calculated structure amplitudes by using the program CNS." Electron density was
improved by averaging and back transforming the reflections 10 times over the two fold non-crystallographic symmetry
axis using the program package MAIN.® Conventional crystallographic rigid body, positional and temperature factor
refinements were carried out with CNS using coordinates of the yeast 20S proteasome structure as a starting model.*!
For model building the program MAIN was used. The structure was refined to a crystallographic R-factor of 17.2%
(free R-factor 22.4%) with rms deviations from target values of 0.013 A for bonds and 1.66° for angles (Table S1).

Table S1-1. Data collection and refinement statistics

proteasome:1-18

Crystal parameters

Space group

Cell constants

P2,
a=137.1 A, b=301.7 A, c=146.2 A, p=113.7°

Molecules per AU? 1
Data collection
Beamline SLS, X06DA
Wavelength (A) 1.0
Resolution range (A)° 40-2.8 (2.9-2.8)
No. observations 875510
No. unique reflections® 262724
Completeness (%)” 98.6 (92.0)
Rumerge (%)™ 11.2 (47.4)
/s (1)° 10.0 (2.6)
Refinement (REFMACS5)
Resolution range (A) 15-2.8
No. of reflections 249586
No. atoms
Protein 49548
Inhibitor 82
Water 1339
Ruwork/Riree (%)° 0.172 /0.224
R.m.s.deviations’
bond lengths (A) (°) 0.013/1.657
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Average B-factor (A?) 51.4
Ramachandran Plot (%)° 96.5/3.2/0.3
PDB accession code 4370

a

Asymmetric unit

The values in parentheses of resolution range, completeness, Rmerge and I/o (1) correspond to the last resolution shell

Friedel pairs were treated as different reflections

¢ Rumerge(1) = ZniaZj [[I(hKD; - 1I(hKD] [/[Zhi Thia , where 1(hkl); is the measurement of the intensity of reflection hkl and <I(hkl)> is the
average intensity

R =0k | [Fobs| - [Feaic] 1 Znki [Fobsl, Where Rgee is calculated without a sigma cut off for a randomly chosen 5% of reflections,
which were not used for structure refinement, and R« is calculated for the remaining reflections

Deviations from ideal bond lengths/angles

9 Number of residues in favoured region / allowed region / outlier region

Combustion analysis data for the target compounds.

Table S1-2. Table listing combustion analysis data for the target compounds

1-1  Anal. calcd for C9H3N204°0.5H,0: C, 63.49; H, 8.69; N, 7.79. Found: C, 63.23; H, 8.44; N, 7.56.
1-2  Anal. caled for CyoH3,N,O4: C, 65.91; H, 8.85; N, 7.69. Found: C, 66.05; H, 8.98; N, 7.42.
1-3  Anal. caled for CxH,sN,O4: C, 68.73; H, 7.34; N, 7.29. Found: C, 68.64; H, 7.47; N, 7.09.
1-4  Anal. calcd for CosH3oN,04-1.2H,0: C, 68.46; H, 7.16; N, 6.14. Found: C, 68.53; H, 6.81; N, 5.93.
1-5 Anal. calcd for CosH33N3Og-0.1H,0: C, 63.44; H, 7.07; N, 8.88. Found: C, 63.69; H, 7.11; N, 8.48.
1-6  Anal. calcd for CosH3sN3O6-0.35H,0: C, 63.49; H, 7.32: N, 8.54. Found: C, 63.77; H, 7.25; N, 8.20.
1-7  Anal. calcd for CygH41N3Og+0.5H,0: C, 64.90; H, 7.89; N, 7.83. Found: C, 65.28; H, 7.95; N, 7.41.
1-8  Anal. calcd for C3,H39N3Og: C, 68.43; H, 7.00; N, 7.48. Found: C, 68.16; H, 6.94; N, 7.25.

1-9  Anal. caled for C34H4oN4Og°0.515H,0: C, 66.95; H, 6.78; N, 9.18. Found: C, 67.35; H, 6.49; N, 8.78.
1-10 Anal. calcd for CyoH30FsN3Og+0.5H,0: C, 50.63; H, 6.59; N, 8.86. Found: C, 50.55; H, 6.52; N, 8.78.
1-11 Anal. calcd for CoH3:N3O5-0.65H,0: C, 59.29; H, 8.03; N, 10.37. Found: C, 59.49; H, 7.87; N, 10.08.

1-12  Anal. calcd for C,sH33N3Os: C, 65.91; H, 7.30; N, 9.22. Found: C, 65.63; H, 7.39; N, 8.86.
1-13 Anal. calcd for CyH3sN305-0.4H,0: C, 67.92; H, 7.04; N, 8.19. Found: C, 68.30; H, 7.05; N, 7.78.
1-14 Anal. calcd for Cy3H3N304-0.5H,0: C, 59.98; H, 8.32; N, 9.12. Found: C, 60.27; H, 8.28; N, 9.09.
1-15 Anal. calcd for CyH37N304-0.3H,0: C, 63.34; H, 7.69; N, 8.52. Found: C, 63.28; H, 7.67; N, 8.25.
1-16 Anal. calcd for C3oH37N304-0.3H,0: C, 66.60; H, 7.00; N, 7.77. Found: C, 66.41; H, 6.99; N, 7.65.
1-17 Anal. calcd for C3;H39N304-2.7H,0: C, 62.23; H, 7.48; N, 7.02. Found: C, 62.04; H, 7.15; N, 6.86.
1-18 Anal. calcd for C3,H41N304°0.3H,0: C, 67.54; H, 7.37; N, 7.38. Found: C, 67.47; H, 7.34; N, 7.27.
1-19 Anal. calcd for Ca3H43N304-0.3H,0: C, 67.97; H, 7.54; N, 7.21. Found: C, 67.95; H, 7.53; N, 7.14.
1-20 Anal. calcd for CasH41N304+1.0H,0: C, 68.05; H, 7.02; N, 6.80. Found: C, 68.42; H, 7.01; N, 6.45.
1-21  Anal. calcd for CasH41N30g+ 2.5H,0: C, 65.20; H, 7.19; N, 6.52. Found: C, 65.06; H, 6.80; N, 6.15.
1-22  Anal. calcd for C3sH43N304+0.72H,0: C, 68.99; H, 7.15; N, 6.70. Found: C, 69.28; H, 7.14; N, 6.40.
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1-23  Anal. calcd for CgsH43N3O6°0.8H,0: C, 68.83; H, 7.16; N, 6.69. Found: C, 68.67; H, 7.03; N, 6.43.
1-24  Anal. calcd for CsH3N204°0.6H,0: C, 73.43; H, 7.16; N, 5.35. Found: C, 73.83; H, 7.43; N, 4.99.
1-25 Anal. calcd for CgsH4N3O5-0.4H,0: C, 71.14; H, 7.13; N, 7.11. Found: C, 71.27; H, 7.24; N, 6.76.
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Synthetic procedures for 2-2a — 2-4a
Carboxylic acid 2-21

To a solution of MeOCH,PPh3ClI (23.0 g, 67.0 mmol, 3.5 equiv) in THF (200 ml) was added NaHMDS (30 ml, 57.0
mmol, 3.0 equiv, 1.9 M in THF). After 30 min at 0 °C, a solution of aldehyde 1-27 (6.43 g, 19.0 mmol) in THF (50 ml)
was added via cannula. After 20 min at 0 °C, the reaction was quenched with sat. NH,CI, diluted with water and

concentrated in vacuo to remove THF. The residual aqueous solution was extracted with AcOEt, the organic layer was
washed with water and brine, dried over Na,SO,4 and the solvent was removed under reduced pressure. The crude
product was purified by silica gel column chromatography (n-hexane/ AcOEt 21:1) to yield the corresponding enol
ehter as a colorless oil.

To a solution of the oil in THF (430 ml) was added 12 M HCI (40 ml) at 0 °C. After 1 h at 0 °C, the reaction mixture
was neutralized with sat. NaHCO3, diluted with water and concentrated in vacuo to remove THF. The residual aqueous
solution was extracted with AcOEt, washed with water and brine, dried over Na,SO, and the solvent was removed
under reduced pressure. The crude product was purified by silica gel column chromatography (n-hexane/ AcOEt 10:1)
to yield the corresponding aldehyde as a colorless oil.

To a solution of the oil in 80% aqueous t-BuOH (180 ml) was added NaH,PO4-2H,0 (3.98 g, 25.5 mmol, 1.5 equiv),
2-methyl-2-butene (14.4 ml, 136 mmol, 8.0 equiv) and NaCIO, (6.15 g, 68.0 mmol, 4.0 equiv). After 40 min at rt, the
reaction mixture was diluted with DCM and washed with 1 M HCI. The water layer was extracted with DCM and the
combined organic layers were dried over Na,SO4 and the solvent was removed under reduced pressure. The crude
product was purified by silica gel column chromatography (n-hexane/ AcOEt 19:1-0:1) to yield carboxylic acid 2-21
(6.30 g, 17.1 mmol, 3 steps 90%) as a pale yellow oil. [0]*%5 2.27 (¢ 0.62, CHCI5); *H-NMR (500 MHz, CDCl5) § 10.9
(br, 1H, COOH), 7.74-7.63 (m, 4H, aromatic), 7.48-7.35 (m, 6H, aromatic), 3.97 (dd, J = 11.5, 4.6 Hz, 1H, CH,0), 3.41
(dd, J =11.5, 9.2 Hz, 1H, CH,0), 2.51 (dd, J = 16.0, 5.2 Hz, 1H, COCH), 2.41 (dd, J = 16.0, 8.0 Hz, 1H, COCHy),
1.25 (br, 2H, cyclopropyl CH and cyclopropyl CH), 1.05 (s, 9H, CCHy), 0.80-0.72 (m, 1H, cyclopropyl CH,), 0.10-0.02
(m, 1H, cyclopropyl CH,); *C-NMR (125 MHz, CDCl;) § 176.4, 135.6, 135.5, 133.1, 129.8, 127.8, 127.8, 64.4, 34.1,
26.7, 19.1, 17.3, 11.8, 8.7; LRMS (ESI) m/z 391.16 [(M+Na)']; HRMS (ESI) calcd for CyHzs05SiNa: 391.1700
[(M+Na)™], found: 391.1698.

Imide 2-16a

To a solution of carboxylic acid 2-21 (3.24 g, 8.78 mmol) in DCM (85 ml) was added triethylamine (1.34 ml, 9.66
mmol, 1.1 equiv) and PivCl (1.19 ml, 9.66 mmol, 1.1 equiv) at 0 °C. After 1 h at 0 °C, the reaction mixture was diluted
with DCM, washed with water and brine, dried over Na,SO,4 and the solvent was removed under reduced pressure to
give the corresponding acid anhydride as a pale yellow oil.

To a solution of (4R)-4-benzyl-2-oxazolidinone (4.82 g, 27.2 mmol, 3.2 equiv) in THF (85 ml) was added n-BuL.i
(15.3 ml, 25.5 mmol, 3.0 equiv, 1.67 M in n-Hexane) at -78 °C. After 1 h at -78 °C, a solution of the aforementioned
acid anhydride in THF (20 ml) was added via cannula. After 1 h at -78 °C, the reaction was quenched with AcOH (1.7
ml, 30 mmol, 3.4 equiv) and the resulting mixture was concentrated in vacuo. The residue was dissolved in AcOEt,
washed with water and brine, dried over Na,SO,4 and the solvent was removed under reduced pressure. The crude

product was purified by silica gel column chromatography (n-hexane/ AcOEt 6:1) to yield imide 2-16a (3.86 g, 7.31
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mmol, 2 steps 83%) as a colorless viscous oil. [0]*’p -26.13 (¢ 0.75, CHCI5); *H-NMR (500 MHz, CDCls) & 7.74-7.65
(m, 4H, aromatic), 7.45-7.35 (m, 6H, aromatic), 7.35-7.29 (m, 2H, aromatic), 7.29-7.23 (m, 1H, aromatic), 7.23-7.16
(m, 2H, aromatic), 4.72-4.61 (m, 1H, NCH), 4.25-4.09 (m, 2H, NCHCH,), 3.84 (dd, J = 11.5, 5.7 Hz, 1H, CH,0), 3.60
(dd, J =115, 8.0 Hz, 1H, CH,0), 3.29 (dd, J = 13.7, 2.9 Hz, 1H, benzyl CH,), 3.25 (dd, J = 17.8, 6.3 Hz, 1H, COCHy,),
2.88 (dd, J =17.8, 8.0 Hz, 1H, COCHy), 2.66 (dd, J = 13.7, 10.3 Hz, 1H, benzyl CH,), 1.40-1.30 (m, 1H, cyclopropyl
CH), 1.30-1.20 (m, 1H, cyclopropyl CH), 1.05 (s, 9H, CCHj3), 0.82-0.72 (m, 1H, cyclopropyl CH,), 0.19-0.10 (m, 1H,
cyclopropyl CH,); *C-NMR (100 MHz, CDCl,) & 173.1, 153.4, 135.6, 135.3, 133.9, 133.8, 129.5, 129.4, 128.9, 127.6,
127.6, 127.3, 66.2, 64.0, 55.2, 37.9, 35.1, 27.0, 26.8, 19.2, 17.5, 10.9, 8.7; LRMS (ESI) m/z 550.24 [(M+Na)']; HRMS
(ESI) calcd for C3,H3;NO,SiNa: 550.2384 [(M+Na)*], found: 550.2379.

Imide 2-17a

To a solution of imide 2-16a (3.86 g, 7.31 mmol) in THF (80 ml) was added NaHMDS (7.70 ml, 14.6 mmol, 2.0
equiv, 1.9 M in THF) at -78 °C. After 1 h at -78 °C, CHgl (4.55 ml, 73.1 mmol, 10 equiv) was added and the resulting
mixture was stirred at -78 °C for 24 h. The reaction was quenched with AcOH (1.3 ml, 21.9 mmol, 3.0 equiv) and the
resulting mixture was concentrated in vacuo. The residue was dissolved in AcOEt, washed with water and brine, dried
over Na,SO, and the solvent was removed under reduced pressure. The crude product was purified by silica gel column
chromatography (n-hexane/ AcOEt 7:1) to yield imide 2-17a (3.27 g, 6.04 mmol, 83%, dr 97:3) as a colorless viscous
oil. [o]*p -47.68 (c 0.92, CHCIs); Spectroscopic data for major rotamer (rotamer ratio 4:1): *H-NMR (400 MHz,
CDCly) 6 7.77-7.62 (m, 4H, aromatic), 7.52-7.18 (m, 11H, aromatic), 4.71 (ddd, J = 10.0, 6.8, 3.2 Hz, 1H, NCH),
4.25-4.13 (m, 2H, NCHCHy), 3.94-3.83 (m, 1H, CH,0), 3.60-3.46 (m, 2H, CH,0 and CHCH3), 3.30 (dd, J = 13.6, 3.2
Hz, 1H, benzyl CH,), 2.77 (dd, J = 13.6, 10.0 Hz, 1H, benzyl CH,), 1.51 (d, J = 6.8 Hz, 3H, CHCH3), 1.31-1.18 (m, 2H,
cyclopropyl CH and cyclopropyl CH), 1.06 (s, 9H, CCHj3), 0.66-0.55 (m, 1H, cyclopropyl CH,), 0.05--0.04 (m, 1H,
cyclopropyl CH,); *C-NMR (125 MHz, CDCl,) & 177.5, 153.1, 135.7, 135.6, 135.6, 135.5, 129.5, 129.4, 128.9, 127.7,
127.6, 127.6, 66.0, 64.1, 55.4, 38.0, 37.1, 26.9, 20.4, 19.2, 18.4, 18.2, 7.6; Spectroscopic data for minor rotamer:
'"H-NMR (400 MHz, CDCl3) & 7.77-7.62 (m, 4H, aromatic), 7.47-7.18 (m, 9H, aromatic), 7.09-7.03 (m, 2H, aromatic),
4.57-4.47 (m, 1H, NCH), 4.11-4.03 (m, 1H, NCHCH,), 4.01-3.94 (m, 1H, NCHCH,), 3.75 (dd, J = 11.3, 7.2 Hz, 1H,
CH,0), 3.64 (dd, J = 11.3, 7.2 Hz, 1H, CH,0), 3.46-3.35 (m, 1H, CHCH3), 3.16 (dd, J = 13.1, 3.2 Hz, 1H, benzyl CH,),
2.10 (dd, J = 13.1, 10.9 Hz, 1H, benzyl CH,), 1.40-1.31 (m, 1H, cyclopropyl CH), 1.30 (d, J = 6.8 Hz, 3H, CHCHy),
1.29-1.18 (m, 1H, cyclopropyl CH), 1.04 (s, 9H, CCHy), 0.86-0.76 (m, 1H, cyclopropyl CH,), 0.15-0.07 (m, 1H,
cyclopropyl CH,); *C-NMR (500 MHz, CDCl,) & 177.3, 152.9, 135.8, 135.6, 134.3, 134.2, 134.0, 129.2, 128.8, 127.3,
127.3, 127.1, 66.0, 64.5, 55.5, 53.3, 38.1, 37.9, 27.1, 19.3, 18.9, 18.9, 8.8; LRMS (FAB) m/z 542.3 [(M+H)']; HRMS
(FAB) calcd for Ca3HNO,Si: 542.2727 [(M+H)'], found: 542.2739.

Aldehyde 2-22a
To a solution of imide 2-17a (3.27 g, 6.04 mmol, dr 97:3) in DCM (120 ml) was added DIBAL (12.0 ml, 12.1 mmol,

2.0 equiv, 1.0 M in toluene) at -78 °C. After 20 min at -78 °C, the reaction was quenched with MeOH (4.0 ml) and sat.
Rochelle's salt (80 ml) was added. The resulting mixture was warmed to rt and vigorously stirred for 1 h. The mixture
was diluted with DCM, washed with water, dried over Na,SO,4 and the solvent was removed under reduced pressure.
The crude product was purified by silica gel column chromatography (n-hexane/ AcOEt 19:1) to yield the title
compound 2-22a (1.54 g, 4.20 mmol, 69%, dr 97:3) as a colorless oil. [o]*'p -76.03 (¢ 1.17, CHCI5); *H-NMR (500
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MHz, CDCly) 6 9.27 (d, J = 1.7 Hz, 1H, aldehyde H), 7.73-7.64 (m, 4H, aromatic), 7.46-7.35 (m, 6H, aromatic), 3.88
(dd, J = 11.5, 5.2 Hz, 1H, CH,0), 3.49 (dd, J = 11.5, 8.6 Hz, 1H, CH,0), 1.95-1.86 (m, 1H, CHCHj3), 1.29 (d, J = 6.9
Hz, 3H, CHCHj5), 1.28-1.19 (m, 1H, cyclopropyl CH), 1.06 (s, 9H, CCHj3), 0.87-0.72 (m, 2H, cyclopropyl CH and
cyclopropyl CH,), 0.22-0.14 (m, 1H, cyclopropyl CH,); *C-NMR (125 MHz, CDCls) & 204.7, 135.6, 135.5, 133.6,
133.6, 129.7, 127.7, 127.6, 63.5, 46.2, 26.8, 19.2, 17.3, 16.7, 14.2, 7.5; LRMS (ESI) m/z 389.1 [(M+Na)']; HRMS
(ESI) calcd for Cp3H300,SiNa: 389.1913 [(M+Na)*], found: 389.1910.

Imine 2-18a

To a solution of aldehyde 2-22a (1.46 g, 3.99 mmol, dr 97:3) in DCM (40 ml) was added (S)-t-BuSONH; (967 mg,
7.98 mmol, 2.0 equiv) and CuSO, (6.37 g, 39.9 mmol, 10 equiv). After 22 h at rt, the reaction mixture was filtered
through a Celite pad and the filtrate was concentrated in vacuo. The crude product was purified by silica gel column
chromatography (n-hexane/ AcOEt 10:1) to yield imine 2-18a (1.80 g, 3.83 mmol, 96%, dr 97:3) as a colorless viscous
oil. [a]*p 21.03 (c 0.67, CHCI3); *H-NMR (500 MHz, CDCl3) & 8.05 (d, J = 5.2 Hz, 1H, NCH), 7.74-7.64 (m, 4H,
aromatic), 7.47-7.36 (m, 6H, aromatic), 3.88 (dd, J = 11.5, 5.2 Hz, 1H, CH,0), 3.55 (dd, J = 11.5, 8.6 Hz, 1H, CH,0),
2.25-2.14 (m, 1H, CHCHg), 1.38 (d, J = 6.9 Hz, 3H, CHCH3), 1.30-1.16 (m, 10H, cyclopropyl CH and SCCHj), 1.06 (s,
9H, SiCCHj3), 0.96-0.84 (m, 1H, cyclopropyl CH), 0.71-0.61 (m, 1H, cyclopropyl CH,), 0.10-0.02 (m, 1H, cyclopropyl
CH,); ®*C-NMR (125 MHz, CDCl,) & 172.8, 135.6, 135.5, 133.7, 133.7, 129.6, 127.6, 127.6, 63.6, 56.4, 40.2, 26.8,
22.3,20.2, 19.2, 18.0, 17.4, 7.9; LRMS (ESI) m/z 470.3 [(M+H)"]; HRMS (ESI) calcd for C;H4NO,SSi: 470.2549
[(M+H)™], found: 470.2560.

Alcohol 2-23a

To a solution of imine 2-18a (1.80 g, 3.83 mmol, dr 97:3) in DCM (400 ml) was added phenethylmagnesium
chloride (7.66 ml, 7.66 mmol, 2.0 equiv, 1.0 M in THF). After 40 min at rt, the reaction mixture was cooled to 0 °C and
poured into ice-cold sat. NH,CI with stirring. The resulting mixture was diluted with water and concentrated in vacuo to
remove DCM. The residual aqueous solution was extracted with AcOEt, washed with water and brine, dried over
Na,SO,4 and the solvent was removed under reduced pressure. The crude product was purified by silica gel column
chromatography (n-hexane/ AcOEt 5:1-4:1) to yield the corresponding sulfinamide as a colorless viscous oil.

To a solution of the oil in MeOH (30 ml) was added 4 M HCI/ AcOEt (3.0 ml). After 5 h at rt, the reaction mixture
was concentrated in vacuo to give the corrresponding amino alcohol as a yellow oil.

To a solution of the oil in 50% aqueous THF (30 ml) was added FmocOSu (1.35 g, 4.00 mmol, 1.2 equiv) and
Na,CO3 (353 mg, 3.33 mmol, 1.0 equiv). After 12 h at rt, the reaction mixture was concentrated in vacuo to remove
THF. The resulting aqueous solution was extracted with AcOEt, washed with water and brine, dried over Na,SO,4 and
the solvent was removed under reduced pressure. The crude product was purified by flash column chromatography
(n-hexane/ AcOEt 4:1) to yiled alcohol 2-23a (1.15 g, 2.53 mmol, 3 steps 66%, single isomer) as a white solid. [o]*°p
-7.54 (c 0.61, CHCI3); mp 74-75 °C; 'H-NMR (500 MHz, CDCl;, 328 K) & 7.74 (d, J = 8.0 Hz, 2H, aromatic),
7.64-7.51 (m, 2H, aromatic), 7.42-7.33 (m, 2H, aromatic), 7.33-7.20 (m, 4H, aromatic), 7.20-7.05 (m, 3H, aromatic),
4.55 (br, 1H, carbamate NH), 4.55-4.42 (m, 2H, Fmoc CH,), 4.26-4.15 (m, 1H, Fmoc CH), 3.75 (br, 1H, NCH), 3.62
(br, 1H, CH,0H), 3.54 (br, 1H, CH,0H), 2.62 (br, 2H, benzyl CH,), 1.86 (br, 1H, BnCH,), 1.65 (br, 1H, BnCHj), 1.20
(br, 2H, CHCH; and OH), 1.08 (br, 1H, cyclopropyl CH), 0.96 (br, 3H, CH3), 0.72 (br, 2H, cyclopropyl CH, and
cyclopropyl CH), 0.04 (br, 1H, cyclopropyl CH,); *C-NMR (125 MHz, CDCl,, 328 K) & 156.3, 144.1, 141.9, 1415,
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128.4, 128.4, 127.7, 127.7, 127.0, 127.0, 125.9, 124.9, 120.0, 66.2, 62.8, 56.0, 47.7, 37.6, 34.7, 32.9, 20.4, 17.6, 16.1,
9.4; LRMS (ESI) m/z 478.23 [(M+Na)']; HRMS (ESI) calcd for CsoHgsNO3Na: 478.2353 [(M+Na)'], found: 478.2346.

Diprotected amine 2-20a
To a solution of alcohol 2-23a (1.14 g, 2.51 mmol) in DCM (50 ml) was added DMP (1.60 g, 3.76 mmol, 1.5 equiv).

After 30 min at rt, the reaction was quenched with a solution of sat. Na,S,03 and sat. NaHCO; (1:3), extracted with

CHClI3, the organic layer was washed with water, dried over Na,SO,4 and the solvent was removed under reduced
pressure to give the corresponding aldehyde as a white amorphous solid.

To a solution of the foam-like solid in THF (20 ml) was added 67% aqueous t-BuOH (30 ml), NaH,PO,4-2H,0 (587
mg, 3.76 mmol, 1.5 equiv), 2-methyl-2-butene (2.13 ml, 20.1 mmol, 8.0 equiv) and NaClO, (908 mg, 10.0 mmol, 4.0
equiv). After 14 h at rt, the reaction mixture was diluted with DCM, washed with 1 M HCI, dried over Na,SO, and the
solvent was removed under reduced pressure to give the corresponding carboxylic acid as a yellow oil.

To a solution of the oil in DCM (50 ml) was added triethylamine (1.40 ml, 10.0 mmol, 4.0 equiv) and DPPA (1.62
ml, 2.07 g, 7.53 mmol, 3.0 equiv) at 0 °C. After 20 min at 0 °C, the reaction mixture was warmed to rt and stirred for
17 h. The reaction mixture was diluted with AcOEt, washed with water and brine, dried over Na,SO, and the solvent
was removed under reduced pressure. The crude product was purified by silica gel column chromatography (n-hexane/
AcOEt 5:1) to yield the corresponding acyl azide as a yellow oil.

A solution of the oil in t-BuOH (30 ml) was heated under reflux for 29 h. The reaction mixture was concentrated in
vacuo and the crude product was purified by silica gel column chromatography (n-hexane/ AcOEt 4:1) to vyield
diprotected amine 2-20a (973 mg, 1.80 mmol, 4 steps 72%) as a white amorphous solid. [a]*p -35.98 (¢ 0.65, CHCI5);
'H-NMR (500 MHz, CDCl;, 328 K) & 7.74 (d, J = 8.0 Hz, 2H, aromatic), 7.58 (d, J = 7.4 Hz, 2H, aromatic), 7.42-7.33
(m, 2H, aromatic), 7.33-7.20 (m, 4H, aromatic), 7.20-7.06 (m, 3H, aromatic), 4.64-4.43 (m, 3H, Fmoc CH, and
carbamate NH), 4.38 (br, 1H, carbamate NH), 4.26-4.15 (m, 1H, Fmoc CH), 3.75 (br, 1H, NCH), 2.67 (br, 1H,
cyclopropyl CH), 2.61 (br, 2H, benzyl CH,), 1.82 (br, 1H, BnCH,), 1.65 (br, 1H, BnCH,), 1.45 (s, 9H, CCHj3), 1.18 (br,
1H, CHCHy), 0.94 (br, 3H, CHy), 0.88 (br, 1H, cyclopropyl CH,), 0.65-0.54 (m, 1H, cyclopropyl CH), 0.12 (br, 1H,
cyclopropyl CH,); *C-NMR (100 MHz, CDCl5, 328 K) & 156.7, 156.2, 144.1, 144.1, 141.8, 141.5, 141.5, 128.4, 128.3,
127.7,127.7, 127.1, 127.0, 125.9, 124.9, 124.9, 120.0, 119.9, 79.5, 66.0, 55.7, 47.7, 36.8, 34.8, 32.9, 28.4, 27.2, 21.2,
15.2, 11.5, 6.5; LRMS (ESI) m/z 563.29 [(M+Na)']; HRMS (ESI) calcd for CssHgN,04Na: 563.2880 [(M+Na)'],
found: 563.2872.

Carbamate 2-24a

To a solution of Chz-Ala (79.7 mg, 0.357 mmol, 3.0 equiv) in DCM (3.5 ml) was added triethylamine (50 pl, 0.357
mmol, 3.0 equiv) and PivCl (44 pl, 0.357 mmol, 3.0 equiv) at 0 °C. After 1 h at 0 °C, the reaction mixture was diluted
with AcOEt, washed with water and brine, dried over Na,SO, and the solvent was removed under reduced pressure to

give the corresponding acid anhydride as a colorless oil.

To a solution of diprotected amine 2-20a (64.3 mg, 0.119 mmol, 1.0 equiv) in MeOH (1.5 ml) was added K,CO;
(32.9 mg, 0.238 mmol, 2.0 equiv). After 14 h at rt, the reaction mixture was concentrated in vacuo and the crude
product was purified by NH-silica gel column chromatography (n-hexane/ AcOEt/ MeOH 3:1:0-0:1:1) to yield the
corresponding amine as a pale yellow oil.

To a solution of the oil in DCM (1.0 ml) was added triethylamine (50 pl, 0.357 mmol, 3.0 equiv) and a solution of
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the aforementioned acid anhydride in DCM at 0 °C. The reaction mixture was warmed to rt and stirred for 3 h. The
reaction mixture was diluted with AcOEt, washed with 1 M HCI, sat. NaHCO3; and brine, dried over Na,SO, and the
solvent was removed under reduced pressure. The crude product was purified by silica gel column chromatography
(n-hexane/ AcOEt 3:2) to yield carbamate 2-24a (62.3 mg, 0.119 mmol, 2 steps 100%) as a colorless viscous oil. [o]*p
-46.74 (¢ 0.57, CHCIy); 'H-NMR (500 MHz, CDCly) 6 7.42-7.22 (m, 7H, aromatic), 7.22-7.06 (m, 3H, aromatic), 7.75
(d, J =8.0 Hz, 1H, amide NH), 5.57 (d, J = 5.7 Hz, 1H, carbamate NH), 5.09 (s, 2H, Chz CHy), 4.66 (br, 1H, carbamate
NH), 4.27-4.15 (m, 1H, Ala a-H), 4.09-4.00 (m, 1H, NCH), 2.72-2.52 (m, 3H, cyclopropyl CH and benzyl CH,),
1.92-1.81 (m, 1H, BnCHy), 1.74-1.61 (m, 1H, BnCH,), 1.43 (s, 9H, CCHj3), 1.39 (d, J = 6.9 Hz, 3H, Ala CHjy),
1.31-1.18 (m, 1H, CHCHs), 0.96 (d, J = 6.9 Hz, 3H, CHCHj3), 0.91-0.79 (m, 1H, cyclopropyl CH,), 0.65-0.52 (m, 1H,
cyclopropyl CH), 0.28 (br, 1H, cyclopropyl CH,); *C-NMR (125 MHz, CDCls) & 171.9, 156.7, 156.1, 141.7, 136.0,
128.5, 128.4, 128.3, 128.2, 128.2, 128.0, 125.9, 79.4, 66.9, 53.6, 50.8, 36.4, 34.1, 32.9, 28.3, 26.8, 20.7, 18.3, 15.5,
11.1; LRMS (ESI) 546.29 [(M+Na)*]; HRMS (ESI) calcd for CyH4iN3OsNa: 546.2938 [(M+Na) '], found: 546.2933.

Target compound 2-2a
To a solution of carbamate 2-24a (63.5 mg, 0.121 mmol) in DCM (600 ul) was added TFA (600 ul). After 1 h at rt,
the reaction mixture was concentrated in vacuo to give the corresponding amine as a yellow oil.

To a solution of carboxylic acid 1-35 (41.7 mg, 0.242 mmol, 2.0 equiv) in DCM (2.4 ml) was added triethylamine
(34 ul, 0.242 mmol, 2.0 equiv) and PivCl (30 ul, 0.242 mmol, 2.0 equiv) at 0 °C. After 1 h at 0 °C, the reaction mixture
was used as a solution of the corresponding acid anhydride in DCM.

To a solution of the aforementioned amine in DCM (1.0 ml) was added triethylamine (51 ul, 0.364 mmol, 3.0 equiv)
and a solution of the acid anhydride in DCM at 0 °C. After 5 min at 0 °C, the reaction mixture was warmed to rt and
stirred for 19 h. The reaction mixture was diluted with AcOEt, washed with 1 M HCI, sat. NaHCO; and brine, dried
over Na,SO, and the solvent was removed under reduced pressure. The crude product was purified by flash column
chromatography (n-hexane/ AcOEt 3:2) to yield target compound 2-2a (57.8 mg, 0.100 mmol, 2 steps 82%) as a white
solid. [a]®p -56.04 (c 0.61, CHCI3); mp 63-65 °C; *H-NMR (500 MHz, CDCl3) & 7.39-7.23 (m, 7H, aromatic),
7.23-7.10 (m, 3H, aromatic), 6.35 (d, J = 3.4 Hz, 1H, amide NH), 6.12 (d, J = 8.6 Hz, 1H, amide NH), 5.39 (d, J = 6.9
Hz, 1H, carbamate NH), 5.11 (s, 2H, Cbz CH,), 4.60 (d, J = 4.6 Hz, 1H, NCOCH), 4.24-4.13 (m, 1H, Ala a-H),
4.13-4.01 (m, 1H, NCH), 3.52 (dd, J = 7.4, 4.6 Hz, 1H, OCOCH), 2.95-2.84 (m, 1H, cyclopropyl CH), 2.61 (br, 2H,
benzyl CH,), 2.02-1.92 (m, 1H, CHCH3), 1.90-1.78 (m, 1H, BnCH,), 1.74-1.57 (m, 2H, BnCH, and CH,CH3), 1.39 (d,
J = 6.9 Hz, 3H, Ala CHj), 1.37-1.26 (m, 1H, CH,CH,), 1.11 (br, 1H, CHCHj3), 1.06 (d, J = 6.9 Hz, 3H, CHCH,),
1.03-0.96 (m, 1H, cyclopropyl CH,), 0.93 (dd, J = 7.4, 7.4 Hz, 3H, CH,CHj3), 0.92 (d, J = 6.9 Hz, 3H, CHCHy),
0.80-0.70 (m, 1H, cyclopropyl CH), 0.52-0.39 (m, 1H, cyclopropyl CH,); *C-NMR (125 MHz, CDCls) § 171.9, 169.5,
169.1, 156.1, 141.5, 136.0, 128.5, 128.4, 128.3, 128.2, 128.1, 126.0, 70.5, 67.1, 62.9, 53.3, 50.8, 36.9, 34.3, 33.6, 32.9,
26.6, 26.3, 20.9, 18.2, 16.2, 15.4, 11.2, 11.0; LRMS (ESI) m/z 600.30 [(M+Na)]; HRMS (ESI) calcd for
Ca3H43N30gNa: 600.3044 [(M+Na)*], found: 600.3042.

Target compound 2-4a
A solution of target compound 2-2a (36.2 mg, 0.0627 mmol) in THF (1.0 ml) was cooled to 0 °C. TFA (1.0 ml) and
Pd/C (35 mg) was added and the flask was purged with hydrogen (balloon pressure) and the reaction mixture was

stirred under an atmosphere of hydrogen for 1 h. The reaction mixture was filtered through a Celite pad and the filtrate
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was concentrated in vacuo to give the corresponding amine as a colorless oil.

To a solution of the oil in DCM (2.0 ml) was added triethylamine (29 ul, 0.209 mmol, 3.0 equiv) and 2-naphthoyl
chloride (16.0 mg, 0.0837 mmol, 1.2 equiv) at 0 °C. After 1 h at 0 °C, the reaction mxiture was diluted with AcOEt,
washed with 1 M HCI, sat. NaHCO3 and brine, dried over Na,SO,4 and the solvent was removed under reduced pressure.
The crude product was purified by flash column chromatography (n-hexane/ AcOEt 5:4) to yield target compound 2-4a
(29.1 mg, 0.0487 mmol, 2 steps 70%) as a white solid. [a]*’p -33.69 (¢ 0.28, CHCI5); mp 79-81 °C; *H-NMR (500
MHz, CDCls;) 5 8.31 (s, 1H, aromatic), 7.92-7.80 (m, 4H, aromatic), 7.62-7.48 (m, 2H, aromatic), 7.31-7.15 (m, 6H,
aromatic and amide NH), 6.88 (d, J =9.7 Hz, 1H, amide NH), 6.38 (d, J = 4.6 Hz, 1H, amide NH), 4.93-4.82 (m, 1H,
Ala a-H), 452 (d, J = 4.6 Hz, 1H, NCOCH), 4.17-4.05 (m, 1H, NCH), 3.48 (dd, J = 7.4, 4.6 Hz, 1H, OCOCH),
2.88-2.78 (m, 1H, cyclopropyl CH), 2.78-2.68 (m, 1H, benzyl CH,), 2.68-2.58 (m, 1H, benzyl CH,), 1.97-1.85 (m, 2H,
CHCH; and BnCH,), 1.85-1.73 (m, 1H, BnCH,), 1.65-1.52 (m, 4H, Ala CH;3 and CH,CHj3), 1.34-1.19 (m, 1H,
CH,CH3), 1.19-1.09 (m, 1H, CHCHj3), 1.05-0.95 (m, 1H, cyclopropyl CH,), 1.00 (d, J = 6.3 Hz, 3H, CHCH3), 0.93 (d,
J = 6.9 Hz, 3H, CHCH3), 0.88 (dd, J = 7.4, 7.4 Hz, 3H, CH,CH3), 0.83-0.72 (m, 1H, cyclopropyl CH), 0.53-0.45 (m,
1H, cyclopropyl CH,); *C-NMR (125 MHz, CDCl5) & 172.1, 169.5, 169.2, 167.5, 141.5, 134.9, 132.5, 130.7, 129.0,
128.6, 128.4, 128.3, 127.9, 127.7, 127.7, 126.9, 126.0, 123.4, 70.5, 62.8, 53.5, 49.7, 37.0, 34.2, 33.6, 33.0, 26.6, 26.3,
20.9, 18.7, 16.2, 15.6, 11.3, 11.0; LRMS (ESI) m/z 620.31 [(M+Na)']; HRMS (ESI) calcd for C3sH43N3sOsNa: 620.3095
[(M+Na)™], found: 620.3097.

Carbamate 2-25a
To a solution of diprotected amine 2-20a (67.2 mg, 0.124 mmol) in MeOH (3.0 ml) was added K,CO3 (34.3 mg,

0.248 mmol). After 14 h at rt, the reaction mixture was concentrated in vacuo and the crude product was purified by

NH-silica gel column chromatography (n-hexane/ ACOEt/ MeOH 3:1:0-0:1:1) to yield the corresponding amine as a
pale yellow oil.

To a solution of the oil in DCM (3.0 ml) was added triethylamine (17 ul, 0.149 mmol, 1.2 equiv) and 2-Naphthoyl
chloride (28.4 mg, 0.149 mmol, 1.2 equiv) at 0 °C. After 2 h at 0 °C, the reaction mixture was diluted with AcOEt,
washed with 1 M HCI, sat. NaHCO3 and brine, dried over Na,SO,4 and the solvent was removed under reduced pressure.
The crude product was purified by silica gel column chromatography (n-hexane/ AcOEt 4:1) to yield carbamate 2-25a
(58.7 mg, 0.124 mmol, 2 steps 100%) as a white solid. [o]*®5 -40.46 (c 1.03, CHCI3); mp 90-92 °C; *H-NMR (500
MHz, CDCls;) 6 8.21 (s, 1H, aromatic), 7.95-7.82 (m, 3H, aromatic), 7.82-7.75 (m, 1H, aromatic), 7.61-7.48 (m, 2H,
aromatic), 7.32-7.22 (m, 2H, aromatic), 7.22-7.12 (m, 3H, aromatic), 6.23 (d, J = 9.2 Hz, 1H, amide NH), 4.60 (d, J =
2.3 Hz, 1H, carbamate NH), 4.48-4.36 (m, 1H, NCH), 2.83-2.63 (m, 3H, benzyl CH, and cyclopropyl CH), 2.10-1.97
(m, 1H, BnCH,), 1.93-1.80 (m, 1H, BnCH,), 1.54-1.35 (m, 1H, CHCH3), 1.44 (s, 9H, CCHs), 1.11 (d, J = 6.9 Hz, 3H,
CHCHj3), 1.06-0.96 (m, 1H, cyclopropyl CH,), 0.83-0.71 (m, 1H, cyclopropyl CH), 0.31 (br, 1H, cyclopropyl CH,);
BC-NMR (125 MHz, CDCl3) 6 167.1, 156.8, 141.8, 134.6, 132.6, 132.0, 128.8, 128.5, 128.4, 128.3, 127.7, 127.6,
127.1, 126.7, 125.9, 123.4, 79.5, 54.1, 36.9, 34.2, 33.1, 28.3, 26.8, 20.9, 15.7, 11.6; LRMS (ESI) m/z 495.26
[(M+Na)*]; HRMS (ESI) calcd for C5H3sN,O3Na: 495.2618 [(M+Na)'], found: 495.2611.

Target compound 2-3a
To a solution of carbamate 2-25a (57.1 mg, 0.121 mmol) in DCM (600 pl) was added TFA (600 pl). After 1 h at rt,
the reaction mixture was concentrated in vacuo to give the corresponding amine as a yellow viscous oil.

126



To a solution of carboxylic acid 1-35 (41.7 mg, 0.242 mmol, 2.0 equiv) in DCM (2.4 ml) was added triethylamine
(34 ul, 0.242 mmol, 2.0 equiv) and PivCl (30 ul, 0.242 mmol, 2.0 equiv) at 0 °C. After 1 h at 0 °C, the reaction mixture
was used as a solution of the corresponding acid anhydride in DCM.

To a solution of the aforementioned amine in DCM (1.0 ml) was added triethylamine (50 ul, 0.362 mmol, 3.0 equiv)
and a solution of the acid anhydride in DCM at 0 °C. After 5 min at 0 °C, the reaction mixture was warmed to rt and
stirred for 19 h. The reaction mixture was diluted with AcOEt, washed with 1 M HCI, sat. NaHCO; and brine, dried
over Na,SO, and the solvent was removed under reduced pressure. The crude product was purified by flash column
chromatography (n-hexane/ AcOEt 2:1) to yield target compound 2-3a (58.0 mg, 0.110 mmol, 2 steps 91%) as a white
solid. [o]*p -47.12 (c 1.58, CHCls); mp 78-80 °C; *H-NMR (500 MHz, CDCls) & 8.20 (s, 1H, aromatic), 7.95-7.82 (m,
3H, aromatic), 7.78 (dd, J = 8.6, 1.7 Hz, 1H, aromatic), 7.61-7.51 (m, 2H, aromatic), 7.31-7.22 (m, 2H, aromatic),
7.22-7.12 (m, 3H, aromatic), 6.39 (d, J = 4.0 Hz, 1H, amide NH), 6.17 (d, J = 9.7 Hz, 1H, amide NH), 4.61 (d, J = 4.6
Hz, 1H, NCOCH), 4.49-4.40 (m, 1H, NCH), 3.54 (dd, J = 7.4, 4.6 Hz, 1H, OCOCH), 3.00-2.93 (m, 1H, cyclopropyl
CH), 2.80-2.70 (m, 2H, benzyl CH,), 2.08-1.91 (m, 2H, BnCH, and CHCH3), 1.91-1.80 (m, 1H, BnCH,), 1.69-1.58 (m,
1H, CH,CHj), 1.37-1.22 (m, 2H, CH,CH3 and CHCH3), 1.22-1.11 (m, 1H, cyclopropyl CHy), 1.07 (d, J = 6.3 Hz, 3H,
CHCHs3), 1.05 (d, J = 6.9 Hz, 3H, CHCHj3), 1.00-0.86 (m, 4H, CH,CH; and cyclopropyl CH), 0.54-0.46 (m, 1H,
cyclopropyl CH,); **C-NMR (125 MHz, CDCl,) & 169.5, 169.1, 167.2, 141.6, 134.7, 132.6, 131.8, 128.8, 128.5, 128.5,
128.3, 127.7, 127.6, 127.1, 126.8, 126.0, 123.4, 70.6, 62.9, 53.8, 37.5, 34.6, 33.6, 33.0, 26.6, 26.4, 21.2, 16.2, 15.6, 11.7,
11.0; LRMS (ESI) m/z 549.27 [(M+Na)']; HRMS (ESI) calcd for CssHssN,OsNa: 549.2724 [(M+Na)’], found:
549.2719.

Synthetic procedures for 2-2b — 2-4b
Imide 2-16b

Imide 2-16b (7.83 mmol, 4.13 g, 2 steps 89%, a colorless viscous oil) was prepared from carboxylic acid 2-21 (3.24
g, 8.78 mmol) as described for imide 2-16a. [o]*® 24.77 (c 1.05, CHCI5); *H-NMR (500 MHz, CDCl5) § 7.73-7.63 (m,
4H, aromatic), 7.45-7.30 (m, 7H, aromatic), 7.30-7.24 (m, 2H, aromatic), 7.24-7.17 (m, 2H, aromatic), 4.64-4.55 (m,
1H, NCH), 4.11 (dd, J = 9.2, 2.9 Hz, 1H, NCHCH,), 4.04 (dd, J = 9.2, 8.0 Hz, 1H, NCHCH,), 3.90 (dd, J = 11.5, 5.7
Hz, 1H, CH,0), 3.51 (dd, J = 11.5, 9.2 Hz, 1H, CH,0), 3.31 (dd, J = 13.7, 3.4 Hz, 1H, benzyl CH,), 3.15 (dd, J = 17.8,
10.3 Hz, 1H, COCHj,), 3.00 (dd, J = 17.8, 6.3 Hz, 1H, COCH,), 2.76 (dd, J = 13.7, 9.7 Hz, 1H, benzyl CH,), 1.42-1.33
(m, 1H, cyclopropyl CH), 1.33-1.21 (m, 1H, cyclopropyl CH), 1.04 (s, 9H, CCHj5), 0.81-0.73 (m, 1H, cyclopropyl CH,),
0.18-0.12 (m, 1H, cyclopropyl CH,); *C-NMR (100 MHz, CDCl3) & 172.9, 153.5, 135.5, 135.5, 135.4, 133.8, 133.8,
133.8, 129.6, 129.5, 129.4, 128.9, 127.6, 127.3, 66.1, 64.1, 55.2, 37.8, 34.8, 27.0, 26.8, 19.2, 17.3, 10.8, 8.5; LRMS
(ESI) m/z 550.24 [(M+Na)*]; HRMS (ESI) calcd for C3,H3;NO,SiNa: 550.2384 [(M+Na)*], found: 550.2383.

Imide 2-17b

Imide 2-17b (3.34 g, 6.17 mmol, 79%, dr 99:1, a white solid) was prepared from imide 2-16b (4.13 g, 7.83 mmol) as
described for imide 2-17a. [a]?5 27.12 (¢ 1.52, CHCI); mp 91-92 °C; *H-NMR (400 MHz, CDCls) & 7.71-7.63 (m, 2H,
aromatic), 7.63-7.55 (m, 2H, aromatic), 7.45-7.23 (m, 9H, aromatic), 7.20-7.13 (m, 2H, aromatic), 4.50-4.39 (m, 1H,
NCH), 4.02-3.95 (m, 1H, CH,0), 3.92 (dd, J = 9.1, 2.3 Hz, 1H, NCHCH,), 3.59 (dd, J = 9.1, 8.2 Hz, 1H, NCHCH,),
3.48-3.34 (m, 2H, COCH and CH,0), 3.20 (dd, J = 13.1, 2.7 Hz, 1H, benzyl CH,), 2.69 (dd, J = 13.1, 9.5 Hz, 1H,
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benzyl CH,), 1.51-1.41 (m, 1H, cyclopropyl CH), 1.38 (d, J = 7.2 Hz, 3H, CHCH3), 1.32-1.20 (m, 1H, cyclopropyl CH),
1.01 (s, 9H, CCHs3), 0.78-0.68 (m, 1H, cyclopropyl CH,), 0.05--0.04 (m, 1H, cyclopropyl CH,); *C-NMR (125 MHz,
CDCl3) &6 176.7, 153.1, 135.4, 135.4, 135.3, 134.2, 133.8, 129.6, 129.5, 129.4, 128.8, 127.7, 127.6, 127.2, 65.7, 64.8,
54.9, 37.7, 37.4, 26.9, 19.2, 19.0, 18.6, 18.5, 7.6; LRMS (ESI) m/z 564.25 [(M+Na)']; HRMS (ESI) calcd for
Ca3H3oNO,SiNa: 564.2541 [(M+Na)'], found: 564.2541.

Aldehyde 2-22b
Aldehyde 2-22b (1.28 g, 3.48 mmol, 56%, dr 99:1, a colorless oil) was prepared from imide 2-17b (3.34 g, 6.17

mmol, dr 99:1) as described for aldehyde 2-22a. [o]*p 80.17 (c 0.85, CHCI5); *H-NMR (500 MHz, CDCl3) & 9.97 (d, J
= 1.1 Hz, 1H, aldehyde H), 7.72-7.62 (m, 4H, aromatic), 7.46-7.34 (m, 6H, aromatic), 3.92 (dd, J = 11.5, 5.2 Hz, 1H,
CH,0), 3.51 (dd, J = 11.5, 9.2 Hz, 1H, CH,0), 2.04-1.94 (m, 1H, CHCHS), 1.38-1.26 (m, 1H, cyclopropyl CH), 1.15 (d,
J=6.9 Hz, 3H, CHCHy3), 1.04 (s, 9H, CCHj3), 0.90-0.81 (m, 1H, cyclopropyl CH), 0.79-0.72 (m, 1H, cyclopropyl CH,),
0.08-0.02 (m, 1H, cyclopropyl CH,); **C-NMR (125 MHz, CDCl5) & 205.1, 135.6, 135.5, 133.6, 133.6, 129.6, 127.7,
127.6, 64.1, 45.7, 26.8, 19.1, 18,5, 17.5, 14.1, 7.7; LRMS (ESI) m/z 389.19 [(M+Na)']; HRMS (ESI) calcd for
Ca3H300,SiNa: 389.1907 [(M+Na)*], found: 389.1907.

Imine 2-18b

Imine 2-18b (1.40 g, 2.98 mmol, 89%, dr 99:1, a colorless viscous oil) was prepared from aldehyde 2-22b (1.23 g,
3.36 mmol, dr 99:1) as described for imine 2-18a. [o]*p 221.92 (c 0.75, CHCI5); *H-NMR (400 MHz, CDCl;) § 8.13
(d, J = 4.5 Hz, 1H, NCH), 7.75-7.61 (m, 4H, aromatic), 7.46-7.32 (m, 6H, aromatic), 3.76 (dd, J = 11.3, 6.8 Hz, 1H,
CH,0), 3.67 (dd, J = 11.3, 6.3 Hz, 1H, CH,0), 2.29-2.15 (m, 1H, CHCHs), 1.30-1.10 (m, 13H, cyclopropyl CH,
SCCH; and CHCHg), 1.04 (s, 9H, CCHy), 0.95-0.83 (m, 1H, cyclopropyl CH), 0.79-0.70 (m, 1H, cyclopropyl CH,),
0.17-0.09 (m, 1H, cyclopropyl CH,); *C-NMR (100 MHz, CDCl3) & 172.7, 135.6, 135.6, 133.8, 133.7, 129.5, 129.5,
127.6, 63.6, 56.4, 39.7, 26.8, 22.3, 20.2, 19.1, 18.5, 17.8, 7.9; LRMS (ESI) m/z 470.3 [(M+H)"]; HRMS (ESI) calcd for
Ca7H4oNO,SSi: 470.2549 [(M+H)*], found: 470.2542.

Alcohol 2-23b

Alcohol 2-23b (876 mg, 1.92 mmol, 3 steps 65%, a white amorphous solid, single isomer) was prepared from imine
2-18b (1.23 g, 3.36 mmol, dr 99:1) as described for alcohol 2-23a. [0]*°p -12.72 (c 0.86, CHCI3); *H-NMR (500 MHz,
CDCl3, 328 K) 6 7.75 (d, J = 7.4 Hz, 2H, aromatic), 7.65-7.56 (m, 2H, aromatic), 7.38 (dd, J = 7.4, 7.4 Hz, 2H,
aromatic), 7.34-7.20 (m, 4H, aromatic), 7.20-7.10 (m, 3H, aromatic), 5.65 (d, J = 8.6 Hz, 1H, carbamate NH), 4.57 (dd,
J=10.9, 6.3 Hz, 1H, Fmoc CHy), 4.52-4.43 (m, 1H, Fmoc CH,), 8.40 (dd, J = 12.0, 6.3 Hz, 1H, Fmoc CH), 3.99-3.86
(m, 1H, CH,OH), 3.63 (br, 1H, NCH), 3.16 (br, 1H, CH,OH), 2.73-2.52 (m, 2H, benzyl CH5), 2.37 (br, 1H, OH), 1.93
(br, 1H, BnCH,), 1.58-1.42 (m, 1H, BnCH,), 1.81 (br, 1H, CHCHj3), 1.09-0.98 (m, 1H, cyclopropyl CH), 0.94 (d, J =
6.9 Hz, 3H, CHCHy), 0.70-0.52 (m, 2H, cyclopropyl CH, and cyclopropyl CH), -0.13--0.26 (m, 1H, cyclopropyl CH,);
BC-NMR (125 MHz, CDCls, 328 K) & 156.9, 144.3, 144.2, 142.2, 141.6, 141.4, 128.4, 127.7, 127.6, 127.1, 127.0,
125.8, 125.0, 119.9, 119.9, 65.9, 62.8, 56.6, 47.7, 36.6, 33.5, 32.6, 21.0, 19.1, 16.5, 6.9; LRMS (ESI) m/z 478.23
[(M+Na)']; HRMS (ESI) calcd for C5oH33NO3sNa: 478.2353 [(M+Na) '], found: 478.2346.

Diprotected amine 2-20b
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Diprotected amine 2-20b (626 mg, 1.16 mmol, 4 steps 62%, a white amorphous solid) was prepared from alcohol
2-23b (865 mg, 1.88 mmol) as described for diprotected amine 2-20a. [a]*p -9.44 (¢ 1.16, CHCI); *H-NMR (500
MHz, CDCl;, 328 K) & 7.81-7.66 (m, 4H, aromatic), 7.36 (dd, J = 7.4, 7.4 Hz, 2H, aromatic), 7.32-7.20 (m, 4H,
aromatic), 7.20-7.09 (m, 3H, aromatic), 6.56 (br, 1H, carbamate NH), 5.09 (br, 1H, carbamate NH), 4.42 (br, 2H, Fmoc
CH,), 4.30-4.18 (m, 1H, Fmoc CH), 3.66-3.53 (m, 1H, NCH), 2.69 (br, 1H, cyclopropyl CH), 2.63 (br, 2H, benzyl
CH,), 1.95 (br, 1H, BnCH,), 1.64-1.37 (m, 10H, BnCH, and CCHj3), 1.26 (br, 1H, CHCHz), 1.00 (d, J = 6.3 Hz, 3H,
CHCHj3), 0.92-0.81 (m, 1H, cyclopropyl CH,), 0.75 (br, 1H, cyclopropyl CH), 0.13-0.03 (m, 1H, cyclopropyl CH,);
BC-NMR (100 MHz, CDCl3, 328 K) 6 157.4, 157.1, 144.4, 144.3, 142.3, 141.5, 128.4, 127.6, 127.0, 127.0, 125.8,
125.4, 119.8, 79.8, 66.4, 56.3, 47.7, 34.9, 32.4, 28.7, 28.4, 22.3, 17.7, 10.4, 6.5; LRMS (ESI) m/z 563.29 [(M+Na)'];
HRMS (ESI) calcd for Cs4HN,0,Na: 563.2880 [(M+Na)'], found: 563.2874.

Carbamate 2-24b

Carbamate 2-24b (69.2 mg, 0.132 mmol, 2 steps 99%, a colorless viscous oil) was prepared from diprotected amine
2-20b (72.1 mg, 0.133 mmol) as described for carbamate 2-24a. [a]* -33.08 (¢ 0.62, CHCI); *H-NMR (500 MHz,
CDCl3, 328 K) 6 7.91 (br, 1H, amide NH), 7.39-7.18 (m, 7H, aromatic), 7.18-7.05 (m, 3H, aromatic), 5.91 (br, 1H,
carbamate NH), 5.10 (s, 2H, Cbhz CH,), 4.93 (br, 1H, carbamate NH), 4.54-4.39 (m, 1H, Ala a-H), 3.91-3.78 (m, 1H,
NCH), 2.67 (br, 1H, cyclopropyl CH), 2.67-2.47 (m, 2H, benzyl CH,), 2.05-1.92 (m, 1H, BnCH,), 1.58-1.45 (m, 1H,
BnCHy), 1.48 (d, J = 6.9 Hz, 3H, Ala CHj3), 1.40 (s, 9H, CCH3), 1.25-1.13 (m, 1H, CHCH3), 1.03 (d, J = 6.9 Hz, 3H,
CHCHjy), 0.87-0.77 (m, 1H, cyclopropyl CH,), 0.77-0.63 (m, 1H, cyclopropyl CH), 0.07-0.00 (m, 1H, cyclopropyl
CH,); ®*C-NMR (125 MHz, CDCl;, 328 K) & 172.9, 157.7, 155.7, 142.2, 136.8, 128.4, 128.3, 128.3, 128.0, 127.9,
125.7, 80.4, 66.6, 54.2, 50.9, 36.0, 33.5, 31.9, 29.1, 28.3, 23.1, 19.8, 18.9, 9.4; LRMS (ESI) m/z 546.29 [(M+Na)'];
HRMS (ESI) calcd for C3oH1N3OsNa: 546.2938 [(M+Na)'], found: 546.2927.

Target compound 2-2b

Target compound 2-2b (71.6 mg, 0.124 mmol, 2 steps 94%, a white solid) was prepared from carbamate 2-24b (69.2
mg, 0.132 mmol) as described for target compound 2-2a. [a]*’p 0.38 (¢ 0.90, CHCI3); mp 58-60 °C; *H-NMR (500
MHz, CDCl3) & 7.45 (br, 1H, amide NH), 7.37-7.23 (m, 7H, aromatic), 7.23-7.10 (m, 3H, aromatic), 7.06 (d, J = 7.4 Hz,
1H, amide NH), 5.67 (d, J = 6.9 Hz, 1H, carbamate NH), 5.10 (s, 2H, Cbhz CH,), 4.69 (d, J = 4.6 Hz, 1H, NCOCH),
4.37-4.26 (m, 1H, Ala a-H), 3.86-3.74 (m, 1H, NCH), 3.67 (dd, J = 7.4, 4.6 Hz, 1H, OCOCH), 2.89 (br, 1H,
cyclopropyl CH), 2.72-2.48 (m, 2H, benzyl CH,), 2.02-1.88 (m, 2H, BnCH, and CHCH3), 1.64-1.46 (m, 2H, CH,CHj;
and BnCH,), 1.41 (d, J = 7.4 Hz, 3H, Ala CHj), 1.32-1.19 (m, 1H, CH,CHs), 1.13 (br, 1H, CHCHj), 1.06-0.92 (m, 7H,
CHCHs;, CHCH3; and cyclopropyl CH,), 0.92-0.78 (m, 4H, CH,CH; and cyclopropyl CH), 0.21-0.12 (m, 1H,
cyclopropyl CH,); *C-NMR (125 MHz, CDCl,) & 172.8, 170.4, 169.6, 155.9, 141.4, 136.3, 128.5, 128.5, 128.2, 128.1,
127.9, 126.1, 70.8, 66.8, 62.6, 54.0, 50.5, 35.8, 33.5, 32.8, 27.9, 26.6, 21.3, 19.0, 16.2, 15.8, 11.3, 11.0; LRMS (ESI)
m/z 600.30 [(M+Na)]; HRMS (ESI) calcd for C33H43N3OgNa: 600.3044 [(M+Na)'], found: 600.3041.

Target compound 2-4b

Target compound 2-4b (23.7 mg, 0.0397 mmol, 2 steps 56%, a colorless viscous oil) was prepared from target
compound 2-2b (33.2 mg, 0.0575 mmol) as described for target compound 2-4a. [0]*’p 31.98 (c 0.45, CHCIy);
'H-NMR (500 MHz, CDCl5) & 8.46 (s, 1H, aromatic), 7.94 (dd, J = 8.6, 1.7 Hz, 1H, aromatic), 7.90-7.76 (m, 5H,
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aromatic, amide NH and amide NH), 7.64 (d, J = 7.4 Hz, 1H, Ala NH), 7.60-7.47 (m, 2H, aromatic), 7.24-7.12 (m, 5H,
aromatic), 5.08-4.97 (m, 1H, Ala a-H), 4.67 (d, J = 4.6 Hz, 1H, NCOCH), 3.93-3.82 (m, 1H, NCH), 3.77 (dd, J = 8.0,
4.6 Hz, 1H, OCOCH), 3.00-2.90 (m, 1H, cyclopropyl CH), 2.85-2.73 (m, 1H, benzyl CH,), 2.71-2.59 (m, 1H, benzyl
CH,), 2.00-1.88 (m, 2H, BnCH, and CHCH3), 1.82-1.68 (m, 1H, BnCH,), 1.68-1.55 (m, 1H, CH,CH3), 1.61 (d, J = 6.9
Hz, 3H, Ala CHj), 1.33-1.22 (m, 2H, CH,CH3; and CHCH3), 1.08-0.96 (m, 1H, cyclopropyl CH,), 1.00 (d, J = 6.3 Hz,
3H, CHCH3), 0.95 (d, J = 6.9 Hz, 3H, CHCHy3), 0.92-0.84 (m, 1H, cyclopropyl CH), 0.87 (dd, J = 7.4, 7.4 Hz, 3H,
CH,CH,), 0.20-0.12 (m, 1H, cyclopropyl CH,); *C-NMR (125 MHz, CDCly) & 173.0, 170.4, 170.4, 167.2, 1415,
134.8, 132.6, 131.0, 129.0, 128.5, 128.3, 128.3, 128.0, 127.7, 127.7, 126.6, 126.1, 123.8, 71.5, 62.7, 54.2, 49.4, 36.5,
33.6, 33.2, 31.4, 27.7, 26.6, 20.9, 20.0, 16.3, 14.8, 11.9, 10.9; LRMS (ESI) m/z 620.31 [(M+Na)*]; HRMS (ESI) calcd
for CasHasN30sNa: 620.3095 [(M+Na)*], found: 620.3094.

Carbamate 2-25b

Carbamate 2-25b (60.6 mg, 0.128 mmol, 2 steps 96%, a white amorphous solid) was prepared from diprotected
amine 2-20b (72.2 mg, 0.134 mmol) as described for carbamate 2-25a. [a]*p 17.05 (¢ 0.60, CHCI3); *H-NMR (500
MHz, CDCls) 6 8.67 (d, J = 8.6 Hz, 1H, amide NH), 8.62 (s, 1H, aromatic), 8.14 (d, J = 8.0 Hz, 1H, aromatic),
7.96-7.83 (m, 3H, aromatic), 7.58-7.48 (m, 2H, aromatic), 7.30-7.7.21 (m, 2H, aromatic), 7.21-7.11 (m, 3H, aromatic),
5.10 (s, 1H, carbamate NH), 4.30-4.19 (m, 1H, NCH), 2.80-2.63 (m, 2H, benzyl CH,), 2.68-2.58 (m, 1H, cyclopropyl
CH), 2.17-2.07 (m, 1H, BnCH,), 1.80-1.68 (m, 1H, BnCH,), 1.52 (s, 9H, CCHj3), 1.44-1.35 (m, 1H, CHCH,), 1.12 (d, J
= 6.9 Hz, 3H, CHCHj5), 0.94-0.78 (m, 2H, cyclopropyl CH, and cyclopropyl CH), 0.16-0.07 (m, 1H, cyclopropyl CH,);
BC-NMR (125 MHz, CDCl,) 6 167.6, 157.6, 142.5, 134.7, 132.7, 132.0, 129.1, 128.3, 128.0, 127.8, 127.6, 127.2,
126.2, 125.7, 124.7, 80.1, 55.1, 36.0, 33.4, 32.3, 28.6, 28.4, 22.8, 19.0, 10.0; LRMS (ESI) m/z 495.26 [(M+Na)'];
HRMS (ESI) calcd for CoH3sN,03Na: 495.2618 [(M+Na)'], found: 495.2609.

Target compound 2-3b

Target compound 2-3b (63.4 mg, 0.120 mmol, 2 steps 94%, a colorless viscous oil) was prepared from carbamate
2-25b (60.6 mg, 0.128 mmol) as described for target compound 2-3a. [a]"’p 16.53 (¢ 1.56, CHCI5); *H-NMR (500
MHz, CDCls) 6 8.26 (s, 1H, aromatic), 8.10 (br, 1H, amide NH), 7.94-7.81 (m, 4H, aromatic), 7.62-7.50 (m, 2H,
aromatic), 7.31-7.24 (m, 2H, aromatic), 7.24-7.13 (m, 4H, aromatic and amide NH), 4.93 (d, J = 4.6 Hz, 1H, NCOCH),
4.18-4.08 (m, 1H, NCH), 3.77 (dd, J = 4.6 Hz, 2.9 Hz, 1H, OCOCH), 2.93-2.84 (m, 1H, cyclopropyl CH), 2.84-2.75 (m,
2H, benzyl CH,), 2.13-2.03 (m, 1H, BnCH,), 2.03-1.93 (m, 1H, CHCHj3), 1.86-1.75 (m, 1H, BnCH,), 1.65-1.54 (m, 1H,
CH,CH,), 1.44-1.35 (m, 1H, CHCHj), 1.33-1.22 (m, 1H, CH,CH3), 1.13-1.00 (m, 7H, CHCH; and CHCHs and
cyclopropyl CH,), 1.00-0.89 (m, 1H, cyclopropyl CH), 0.86 (dd, J = 7.4, 7.4 Hz, 3H, CH,CHs), 0.24-0.16 (m, 1H,
cyclopropyl CH,); *C-NMR (125 MHz, CDCl,) & 170.3, 169.8, 167.7, 141.5, 134.8, 132.5, 130.9, 129.0, 128.6, 128.3,
128.3, 127.7, 126.7, 126.1, 123.6, 70.5, 62.2, 55.1, 36.6, 33.3, 33.3, 32.0, 27.7, 27.6, 26.6, 20.8, 16.1, 15.5, 12.2, 11.0;
LRMS (ESI) m/z 549.27 [(M+Na)*]; HRMS (ESI) calcd for Ca3H3gN,0,Na: 549.2724 [(M+Na)'], found: 549.2720.

Synthetic procedure for 2-5a and 2-5b
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Scheme S2-1. Synthesis of 2-5a and 2-5b
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General procedure for the preparation of 2-5a and 2-5b
To a solution of the substrate (1.0 equiv) in DCM (0.1 M) was added an equivalent amount of TFA and Pd/C (20 mg)

at 0 °C. The flask was purged with hydrogen (balloon pressure) and the reaction mixture was stirred at 0 °C under an
atmosphere of hydrogen until the starting material disappeared on TLC. The reaction mixture was filtered through a

Celite pad and the filtrate was concentrated in vacuo to yield the corresponding target compound.

Target compound 2-5a

Target compound 2-5a (9.00 mg, 0.0166 mmol, quant.) was obtained from 2-2a as a colorless viscous oil. [a]%p
-36.09 (c 0.38, THF); *H-NMR (500 MHz, THF-d8) & 8.61 (br, 3H, NH3"), 8.29 (d, J = 9.2 Hz, 1H, amide NH), 7.93 (d,
J =4.6 Hz, 1H, amide NH), 7.27-7.15 (m, 4H, aromatic), 7.15-7.07 (m, 1H, aromatic), 4.66 (d, J = 4.6 Hz, 1H, OCH),
4.36-4.25 (m, 1H, Ala CH), 4.13-4.02 (m, 1H, NCH), 3.61-3.53 (m, 1H, COCH), 2.88-2.59 (m, 2H, PhCH, and
cyclopropyl CH), 2.59-2.45 (m, 1H, PhCH,), 1.97-1.57 (m, 4H, PhCH,CH, (2H), sec-butyl CH, (1H) and sec-butyl
CH), 1.54 (d, J = 6.3 Hz, 3H, Ala CH3), 1.33-1.22 (m, 1H, sec-butyl CH,), 1.22-1.13 (m, 1H, NCHCH), 1.00 (d, J = 6.9
Hz, 3H, sec-butyl CHCHs3), 0.97-0.85 (m, 7H, CHCHa, sec-butyl CH,CHj3 and cyclopropyl CH,), 0.85-0.77 (m, 1H,
cyclopropyl CH), 0.68-0.61 (m, 1H, cyclopropyl CH,); *C-NMR (125 MHz, THF-d8) & 171.2, 170.9, 170.0, 143.3,
129.4, 129.2, 126.7, 71.5, 63.3, 54.4, 50.4, 38.4, 35.3, 34.7, 34.1, 28.2, 27.7, 22.1, 18.4, 16.7, 15.5, 11.6, 10.5; LRMS
(ESI) m/z 466.27 [(M+Na)']; HRMS (ESI) calcd for CysHsN3O4Na: 466.2676 [(M+Na)'], found: 466.2679; Anal.
calcd for C,7H37F3N3O5-4.0TFA-5.0H,0: C, 38.68; H, 4.73; N, 3.87. Found: C, 38.85; H, 4.58; N, 4.12.

Target compound 2-5b

Target compound 2-5b (14.8 mg, 0.0274 mmol, quant.) was obtained from 2-2b as a colorless viscous oil. [a]®p
-11.08 (c 0.74, THF); "H-NMR (500 MHz, THF-d8) & 8.59 (br, 3H, NH3"), 8.54 (d, J = 7.4 Hz, 1H, amide NH), 8.23
(br, 1H, amide NH), 7.27-7.14 (m, 4H, aromatic), 7.14-7.04 (m, 1H, aromatic), 4.80 (d, J = 7.4 Hz, 1H, OCH),
4.30-4.12 (m, 1H, Ala CH), 3.90-3.77 (m, 1H, NCH), 3.75 (dd, J = 7.4, 4.0 Hz, 1H, COCH), 3.00 (br, 1H, cyclopropyl
CH), 2.72-2.60 (m, 1H, PhCH,), 2.56-2.44 (m, 1H, PhCH,), 2.00-1.85 (m, 2H, PhCH,CH, and sec-butyl CH),
1.69-1.58 (m, 2H, PhCH,CH, and sec-butyl CH,), 1.55 (br, 3H, Ala CHs), 1.38-1.19 (m, 2H, sec-butyl CH, and
NCHCH), 1.02 (d, J = 6.9 Hz, 3H, sec-butyl CHCHy), 1.01 (d, J = 6.9 Hz, 3H, CHCHj5), 0.96-0.81 (m, 2H, cyclopropyl
CH, and cyclopropyl CH), 0.89 (dd, J = 7.4, 7.4 Hz, 3H, sec-butyl CH,CHs), 0.36-0.26 (m, 1H, cyclopropyl CH,);
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BC.NMR (125 MHz, THF-d8) & 171.7, 171.2, 170.5, 143.3, 129.4, 129.2, 126.6, 71.7, 63.2, 55.4, 50.3, 36.7, 34.7, 33.9,
29.7,27.7, 23.1, 18.4, 17.5, 16.8, 11.6, 10.0; LRMS (ESI) m/z 444.29 [(M+H)']; HRMS (ESI) calcd for CpsHssN3Ox:
444.2857 [(M+H)'], found: 444.2853; Anal. calcd for CpHs7FsN3sOs-2.5TFA-4.5H,0: C, 42.39; H, 5.39; N, 4.63.

Found: C, 42.48; H, 5.74; N, 4.64.

Determination of the absolute configuration of 2-22a and 2-22b by the PGME method

Scheme S2-2. Synthesis of PGME amide S2-1a — S2-2a and S2-1b — S2-2b
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Figure S2-1. Determination of the absolute configuration of 2-22a and 2-22b by the PGME method (A8 = 85 - 8r (ppm;

CDCly))

PGME amide S2-1a

To a solution of aldehyde 2-22a (25.4 mg, 0.0692 mmol, dr 97:3) in THF (1.5 ml) was added 80% aqueous t-BuOH
(2.3 ml), NaH,PO4-2H,0 (16.2 mg, 0.104 mmol, 1.5 equiv), 2-methyl-2-butene (58.6 ul, 0.554 mmol, 8.0 equiv) and
NaClO, (53.2 mg, 0.558 mmol, 4.0 equiv). After 1 h at rt, the reaction mixture was diluted with DCM, washed with 1

M HCI, dried over Na,SO,4 and the solvent was removed under reduced pressure. The crude product was purified by
silica gel column chromatography (n-hexane/ AcOEt 10:1-0:1) to yield the corresponding carboxylic acid as a colorless
viscous oil.

To a solution of the oil in THF (3.0 ml) was added (R)-PGME-HCI (21.1 mg, 0.105 mmol, 1.5 equiv), HBTU (39.7
mg, 0.105 mmol, 1.5 equiv) and HOBt*H,0 (16.0 mg, 0.105 mmol, 1.5 equiv) and cooled to 0 °C. DIEA (69 ul, 0.489
mmol, 7.0 equiv) was added at 0 °C. After 10 min, the reaction mixture was warmed to rt and stirred for 2 h. The
reaction mixture was concentrated in vacuo to remove THF and the residue was dissolved in AcOEt, washed with 1 M
HCI, sat. NaHCO; and brine, dried over Na,SO, and the solvent was removed under reduced pressure. The crude

product was purified by silica gel column chromatography (n-hexane/ AcOEt 7:1) to yield PGME amide S2-1a (31.9
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mg, 0.0602 mmol, 2 steps 87%) as a white solid. [o]*°5 -90.41 (c 0.68, CHCIs); *H-NMR (500 MHz, CDCl5) &
7.737-7.611 (7.674) (m, 4H, aromatic), 7.450-7.293 (7.372) (m, 11H, aromatic), 6.730 (d, J = 6.9 Hz, 1H, amide NH),
5.582 (d, J = 6.9 Hz, 1H, PGME a-H), 3.838 (dd, J = 11.5, 5.2 Hz, 1H, CH,0), 3.725 (s, 3H, CH50), 3.506 (dd, J =
11.5, 8.6 Hz, 1H, CH,0), 1.898-1.799 (1.848) (m, 1H, CHCH3), 1.354 (d, J = 6.9 Hz, 3H, CHCHj3), 1.314-1.214
(1.265) (m, 1H, cyclopropyl CH), 1.127-0.991 (1.063) (m, 1H, cyclopropyl CH), 1.050 (s, 9H, CCH3), 0.833-0.750
(0.792) (m, 1H, cyclopropyl CH,), 0.160-0.086 (0.121) (m, 1H, cyclopropyl CH,); *C-NMR (125 MHz, CDCls) &
175.3, 171.5, 136.7, 135.6, 135.5, 133.7, 133.6, 129.6, 128.9, 128.4, 127.7, 127.6, 127.1, 63.4, 56.2, 52.8, 40.4, 26.8,
20.1, 19.2, 17.8, 17.8, 8.2; LRMS (ESI) m/z 552.26 [(M+Na)']; HRMS (ESI) calcd for C3,HsoNO,SiNa: 552.2541
[(M+Na)™], found: 552.2538.

PGME amide S2-2a

PGME amide S2-2a (33.4 mg, 0.0631 mmol, 2 steps 81%, a white solid) was prepared from aldehyde 2-22a (28.6
mg, 0.0779 mmol) as described for PGME amide S2-1a using (S)-PGME instead of (R)-PGME. [a]*5 30.82 (c 0.69,
CHCl5); *H-NMR (500 MHz, CDCl5) § 7.732-7.634 (7.683) (m, 4H, aromatic), 7.472-7.285 (7.379) (m, 11H, aromatic),
6.709 (d, J = 6.9 Hz, 1H, amide NH), 5.581 (d, J = 6.9 Hz, 1H, PGME «-H), 3.826 (dd, J = 11.5, 5.2 Hz, 1H, CH,0),
3.726 (s, 3H, CH30), 3.513 (dd, J = 11.5, 8.6 Hz, 1H, CH,0), 1.931-1.828 (1.879) (m, 1H, CHCHj3), 1.367 (d, J = 6.9
Hz, 3H, CHCHj3), 1.302-1.188 (1.246) (m, 1H, cyclopropyl CH), 1.109-0.976 (1.055 and 1.028) (m, 10H, cyclopropyl
CH and CCH3), 0.778-0.695 (0.733) (m, 1H, cyclopropyl CH,), 0.127-0.044 (0.087) (m, 1H, cyclopropyl CH,);
BC-NMR (125 MHz, CDCl,) 6 175.4, 171.5, 136.6, 135.6, 135.5, 133.7, 133.6, 129.7, 129.6, 128.9, 128.4, 127.7,
127.6, 127.1, 63.4, 56.2, 52.8, 40.4, 26.8, 20.1, 19.2, 17.9, 17.9, 8.2; LRMS (ESI) m/z 552.25 [(M+Na)"]; HRMS (ESI)
calcd for C3,H3NO,SiNa: 552.2541 [(M+Na) '], found: 552.2536.

PGME amide S2-1b

PGME amide S2-1b (24.4 mg, 0.0461 mmol, 2 steps 96%, a colorless viscous oil) was prepared from aldehyde
2-22b (17.6 mg, 0.0480 mmol) as described for PGME amide S2-1a. [0]*’p -17.84 (c 1.24, CHCI5); "H-NMR (500
MHz, CDCls) & 7.669-7.604 (7.637) (m, 4H, aromatic), 7.453-7.324 (7.389) (m, 6H, aromatic), 7.289-7.196 (7.243) (m,
5H, aromatic), 6.702 (d, J = 6.9 Hz, 1H, amide NH), 5.506 (d, J = 6.9 Hz, 1H, PGME a-H), 3.869 (dd, J = 10.9, 5.7 Hz,
1H, CH,0), 3.647 (s, 3H, CH50), 3.597 (dd, J = 10.9, 6.3 Hz, 1H, CH,0), 1.992-1.898 (1.946) (m, 1H, CHCHj),
1.304-1.154 (1.243 and 1.200) (m, 4H, CHCHj3 and cyclopropyl CH), 1.098-0.972 (1.043 and 1.020) (m, 10H, CCHj
and cyclopropyl CH), 0.795-0.712 (0.752) (m, 1H, cyclopropyl CH,), 0.150-0.087 (0.115) (m, 1H, cyclopropyl CHy);
BC-NMR (125 MHz, CDCl3) 6 175.3, 171.2, 136.5, 135.6, 135.6, 133.8, 133.6, 129.6, 128.9, 128.3, 127.6, 127.6,
127.1, 63.3, 56.3, 52.6, 40.2, 26.9, 19.8, 19.1, 18.5, 18.3, 8.2; LRMS (ESI) m/z 552.25 [(M+Na)']; HRMS (ESI) calcd
for Ca,H3gNO,SiNa: 552.2541 [(M+Na)*], found: 552.2533.

PGME amide S2-2b

PGME amide S2-2b (29.4 mg, 0.0555 mmol, 2 steps 98%, a colorless viscous oil) was prepared from aldehyde
2-22b (20.8 mg, 0.0566 mmol) as described for PGME amide S2-1a using (S)-PGME instead of (R)-PGME. [a]*
101.46 (c 0.60, CHCI); *H-NMR (500 MHz, CDCl5) & 7.681-7.604 (7.643) (m, 4H, aromatic), 7.451-7.317 (7.384) (m,
6H, aromatic), 7.288-7.202 (7.245) (m, 5H, aromatic), 6.800 (d, J = 6.9 Hz, 1H, amide NH), 5.489 (d, J = 6.9 Hz, 1H,
PGME a-H), 3.876 (dd, J = 11.5, 6.3 Hz, 1H, CH,0), 3.730 (dd, J = 11.5, 6.3 Hz, 1H, CH,0), 3.670 (s, 3H, CH30),

133




2.017-1.930 (1.970) (m, 1H, CHCHj3), 1.303-1.177 (1.250 and 1.227) (m, 4H, cyclopropyl CH and CHCHs,),
1.148-1.044 (1.096) (m, 1H, cyclopropyl CH), 0.992 (s, 9H, CCHj3), 0.794-0.717 (0.755) (m, 1H, cyclopropyl CH,),
0.131-0.055 (0.092) (m, 1H, cyclopropyl CH,); *C-NMR (125 MHz, CDCls) § 175.2, 171.3, 136.5, 135.6, 133.7, 133.6,
129.6, 128.9, 128.3, 127.6, 127.6, 127.2, 63.5, 56.5, 52.6, 39.8, 26.9, 19.9, 19.1, 18.6, 18.0, 8.1; LRMS (ESI) m/z
552.25 [(M+Na)*]; HRMS (ESI) calcd for C3,H3sNO,SiNa: 552.2541 [(M+Na)*], found: 552.2534.

Determination of the absolute configuration of 2-19a and 2-19b by the modified Mosher’s method

Scheme S2-3. Synthesis of Mosher amide S2-3a — S2-4b and S2-3b — S2-4b
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OTBDPS THF / H,0, 0 °C B OTBDPS THF / H,0, 0 °C o OTBDPS
H Oz N N
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Figure S2-2. Determination of the absolute configuration of 2-19a and 2-19b by the modified Mosher’s method (AS =
s - 6 (ppm; CDCIy))

Mosher amide S2-3a
To a solution of sulfinamide 2-19a (8.06 mg, 0.0140 mmol) in THF (1.0 ml) was added 12 M HCI (0.10 ml) at 0 °C.

After 2 h at 0 °C, the reaction mixture was neutralized with sat. NaHCOj3 and the resulting mixture was extracted with

AcOEt. The organic layer was washed with water and brine, dried over Na,SO,4 and the solvent was removed under
reduced pressure to give the corresponding amine as a colorless viscous oil.

To a solution of (R)-MTPA (9.83 mg, 0.0420 mmol, 3.0 equiv) in DMF (1.0 ml) was added HBTU (14.3 mg, 0.0378
mmol, 2.7 equiv) and DIEA (5.9 ul, 0.0420 mmol, 3.0 equiv). After 5 min at rt, a solution of the aforementioned amine
in DMF (1.0 ml) was added and the resulting mixture was stirred for 50 h. The reaction mixture was diluted with
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AcOEt, washed with 1 M HCI, sat. NaHCO; and brine, dried over Na,SO, and the solvent was removed under reduced
pressure. The crude product was purified by flash column chromatography (n-hexane/ AcOEt 10:1) to yield Mosher
amide S2-3a (5.10 mg, 0.00741 mmol, 2 steps 53%) as a colorless oil. "H-NMR (400 MHz, CDCl;) & 7.748-7.047
(7.398) (m, 20H, aromatic), 6.792 (d, J = 10.0 Hz, 1H, amide NH), 4.154-4.048 (4.102) (m, 1H, NCH), 3.773 (dd, J =
10.9, 5.4 Hz, 1H, CH,0), 3.492 (dd, J = 10.9, 8.6 Hz, 1H, CH,0), 3.433 (s, 3H, OCH3), 2.566-2.438 (2.502) (m, 2H,
benzyl CH,), 1.932-1.801 (1.864) (m, 1H, BnCHy), 1.761-1.616 (1.680) (m, 1H, BnCH,), 1.326-1.184 (1.234) (m, 1H,
CHCH3), 1.185-0.982 (1.146, 1.108 and 1.046) (m, 13H, CCH3;, CHCHj5 and cyclopropyl CH), 0.801-0.618 (0.731 and
0.688) (m, 2H, cyclopropyl CH, and cyclopropyl CH), 0.000 (br, 1H, cyclopropyl CH,); LRMS (ESI) m/z 710.32
[(M+Na)*]; HRMS (ESI) calcd for C,4;H4gNO3F;SiNa: 710.3248 [(M+Na)*], found: 710.3246.

Mosher amide S2-4a

Mosher amide S2-4a (5.90 mg, 0.00858 mmol, 2 steps 48%, a colorless oil) was prepared from sulfinamide 2-19a
(10.3 mg, 0.0179 mmol) as described for Mosher amide S2-3a using (S)-MTPA instead of (R)-MTPA. *H-NMR (400
MHz, CDCl;) & 7.748-7.623 (7.686) (m, 4H, aromatic), 7.515 (d, J = 7.7 Hz, 2H, aromatic), 7.470-7.347 (7.409) (m,
6H, aromatic), 7.347-7.233 (7.290) (m, 5H, aromatic), 7.233-7.146 (7.190) (m, 3H, aromatic), 6.736 (d, J = 10.0 Hz,
1H, amide NH), 4.157-4.034 (4.089) (m, 1H, NCH), 3.696 (dd, J = 11.3, 5.4 Hz, 1H, CH,0), 3.471 (s, 3H, OCHj),
3.358 (dd, J = 11.3, 8.6 Hz, 1H, CH,0), 2.752-2.542 (2.642) (m, 2H, benzyl CH,), 1.989-1.838 (1.913) (m, 1H,
BnCHy), 1.792-1.642 (1.713) (m, 1H, BnCH,), 1.254-1.133 (1.198) (m, 1H, CHCHj3), 1.133-0.998 (1.064, 1.062 and
1.037) (m, 13H, CHCHj, CCHjs, cyclopropyl CH), 0.654-0.473 (0.586 and 0.536) (m, 2H, cyclopropyl CH, and
cyclopropyl CH), -0.243--0.362 (-0.304) (m, 1H, cyclopropyl CH,); LRMS (ESI) m/z 710.32 [(M+Na)']; HRMS (ESI)
calcd for C4HysNO5F;SiNa: 710.3248 [(M+Na)'], found: 710.3246.

Mosher amide S2-3b

Mosher amide S2-3b (4.4 mg, 0.00640 mmol, 2 steps 38%, a colorless oil) was prepared from sulfinamide 2-19b
(9.70 mg, 0.0168 mmol) as described for Mosher amide S2-3a. *H-NMR (500 MHz, CDCl3) & 7.772-7.667 (7.714) (m,
4H, aromatic), 7.533 (br, 2H, aromatic), 7.445-7.310 (7.378) (m, 9H, aromatic), 7.226 (dd, J = 7.4, 7.4 Hz, 2H,
aromatic), 7.190-7.125 (7.155) (m, 1H, aromatic), 7.037 (d, J = 7.4 Hz, 2H, aromatic), 6.856 (d, J = 8.6 Hz, 1H, amide
NH), 4.177-4.087 (4.131) (m, 1H, NCH), 3.826-3.727 (3.778) (m, 2H, CH,0), 3.288 (s, 3H, OCHz), 2.541-2.441
(2.495) (m, 2H, benzyl CH,), 2.001-1.893 (1.944) (m, 1H, BnCH,), 1.742-1.626 (1.681) (m, 1H, BnCH,), 1.514-1.422
(1.474) (m, 1H, CHCHjy), 1.231-1.126 (1.180) (m, 1H, cyclopropyl CH), 1.049 (s, 9H, CCH3), 0.991 (d, J = 6.9 Hz, 3H,
CHCHs3), 0.741-0.601 (0.684 and 0.649) (m, 2H, cyclopropyl CH, and cyclopropyl CH), -0.028--0.107 (-0.058) (m, 1H,
cyclopropyl CH,); LRMS (ESI) m/z 710.33 [(M+Na)']; HRMS (ESI) calcd for C4HagNOsFsSiNa: 710.3248 [(M+Na)'],
found: 710.3247.

Mosher amide S2-4b

Mosher amide S2-4b (5.30 mg, 0.00770 mmol, 2 steps 48%, a colorless oil) was prepared from sulfinamide 2-19b
(9.24 mg, 0.0160 mmol) as described for Mosher amide S$2-3a using (S)-MTPA instead of (R)-MTPA. *H-NMR (500
MHz, CDCl3) & 7.751-7.649 (7.695) (m, 4H, aromatic), 7.585-7.490 (7.542) (m, 2H, aromatic), 7.451-7.321 (7.386) (m,
9H, aromatic), 7.296-7.225 (7.259) (m, 2H, aromatic), 7.211-7.111 (7.161) (m, 3H, aromatic), 6.776 (d, J = 9.2 Hz, 1H,
amide NH), 4.151-4.054 (4.100) (m, 1H, NCH), 3.725 (dd, J = 11.5, 7.4 Hz, 1H, CH,0), 3.655 (dd, J = 11.5, 6.3 Hz,
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1H, CH;0), 3.341 (s, 3H, OCHj3), 2.751-2.561 (2.694 and 2.641) (m, 2H, benzyl CH,), 2.011-1.913 (1.962) (m, 1H,
BnCHy), 1.738-1.618 (1.697) (m, 1H, BnCH,), 1.440-1.330 (1.384) (m, 1H, CHCHj3), 1.059 (s, 9H, CCH3), 0.951-0.818
(0.885) (m, 1H, cyclopropyl CH), 0.889 (d, J = 6.9 Hz, 3H, CHCH3), 0.617-0.497 (0.565) (m, 2H, cyclopropyl CH, and
cyclopropyl CH), -0.071--0.160 (-0.115) (m, 1H, cyclopropyl CH,); LRMS (ESI) m/z 710.32 [(M+Na)']; HRMS (ESI)
calcd for C4HysNO5F;SiNa: 710.3248 [(M+Na)'], found: 710.3248.

Synthetic procedure for B-lactam congener 2-1

Scheme S2-4. Synthesis of B-lactam unit S2-10
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Alcohol S2-6

To a solution of B-lactone S2-5MY (726 mg, 3.18 mmol) in MeOH (32 ml) was added triethylamine (1.77 ml,
12.7mmol, 4.0 equiv). After 12 h at rt, the reaction mixture was concentrated in vacuo and the crude product was
purified by silica gel column chromatography (n-hexane/ AcOEt 7:1) to yield alcohol S2-6 (759 mg, 2.91 mmol, 92%)
as a yellow oil. [a]*p 9.25 (¢ 0.73, CHCI5); *H-NMR (500 MHz, CDCl3) & 4.24 (dd, J = 8.6, 2.9 Hz, 1H, CHOH), 3.66
(s, 3H, OCHjy), 3.21 (d, J = 9.2 Hz, 1H, OH), 2.63 (dd, J = 8.6, 2.9 Hz, 1H, COCH), 2.11-2.00 (m, 1H, CHCHj),
1.51-1.38 (m, 10H, CCH3; and CH,CH3 (1H)), 1.26-1.14 (m, 1H, CH,CHj3), 1.03 (d, J = 6.9 Hz, 3H, CHCHj5), 0.92 (dd,
J=7.4,7.4 Hz, 3H, CH,CHy); BC-NMR (125 MHz, CDCl3) 6 173.5, 172.9, 82.5, 69.5, 53.6, 51.4, 33.5, 27.8, 27.5,
16.1, 11.2; LRMS (ESI) m/z 283.2 [(M+Na)']; HRMS (ESI) calcd for Ci3H,,OsNa: 283.1521 [(M+Na)'], found:
283.1530.

Bromide S2-8

To a solution of PPh; (1.70 g, 6.48 mmol, 5.0 equiv) in THF (7.0 ml) was added DEAD (3.25 ml, 6.48 mmol, 40% in
toluene). After 20 min at rt, a solution of alcohol S2-6 (337 mg, 1.30 mmol) and LiBr (1.13 g, 13.0 mmol, 10 equiv) in
THF (8.0 ml) was added and the resulting mixture was stirred for 2 h. The reaction mixture was concentrated and the
residue was dissolved in Et,O, washed with water and brine, dried over Na,SO, and the solvent was removed under
reduced pressure. The crude product was purified by flash column chromatography (n-hexane/ AcOEt 22:1) to yield
carbonate S2-7 (215 mg, 0.647 mmol, 50%, a colorless oil) and bromide S2-8 (172 mg, 0.533 mmol, 41%, a color less
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oil). Carbonate S2-7: [a]*°p 16.44 (c 0.90, CHCIs); 'H-NMR (400 MHz, CDCl5) & 5.09 (d, J = 4.9 Hz, 1H, OCH),
4.29-4.15 (m, 2H, OCOCHj), 3.69 (s, 3H, COOCHSs), 2.89 (dd, J = 7.2, 4.9 Hz, 1H, OCHCH), 2.03-1.89 (m, 1H,
sec-butyl CH), 1.58-1.45 (m, 1H, sec-butyl CH,), 1.48 (s, 9H, CCH3), 1.32 (t, J = 7.2 Hz, 3H, OCOCH,CHs), 1.24-1.10
(m, 1H, sec-butyl CH,), 0.96 (d, J = 7.2 Hz, 3H, CHCH3), 0.92 (t, J = 7.2 Hz, 3H, CH,CHs); *C-NMR (100 MHz,
CDCly) & 171.2, 167.9, 154.4, 82.7, 73.7, 64.5, 51.6, 51.5, 33.0, 27.8, 26.8, 16.4, 14.1, 11.5; LRMS (ESI) m/z 355.17
[(M+Na)']; HRMS (ESI) calcd for CigHpg0-Na: 355.1727 [(M+Na)*], found: 355.1730. Bromide S2-8: [o]*%p -45.25 (c
0.41, CHCI3); *H-NMR (500 MHz, CDCl5) & 4.38 (d, J = 10.9 Hz, 1H, CHBr), 3.67 (s, 3H, OCHs), 2.96 (dd, J = 10.9,
2.9 Hz, 1H, COCH), 2.11-2.01 (m, 1H, CHCHs), 1.53-1.48 (m, 1H, CH,CHs), 1.46 (s, 9H, CCHj), 1.09 (d, J = 6.9 Hz,
3H, CHCHjz), 0.97-0.87 (m, 4H, CH,CH5 and CH,CHs); *C-NMR (125 MHz, CDCl3) & 171.8, 168.4, 82.4, 54.5, 51.5,
46.3,34.6,27.6, 24.1, 18.0, 12.2; LRMS (ESI) m/z 345.07 [(M+Na)*]; HRMS (ESI) calcd for C13H,30,BrNa: 345.0672
[(M+Na)™], found: 345.0675.

Alcohol S2-6

To a solution of carbonate S2-7 (500 mg, 1.50 mmol) in MeOH (15 ml) was added K,CO; (1.04 g, 7.52 mmol, 5.0
equiv) at 0 °C. After 30 min at 0 °C, AcOH (516 ul, 9.02 mmol, 6.0 equiv) was added and the resulting mixture was
concentrated in vacuo. The residue was dissolved in AcOEt, washed with water and brine, dried over Na,SO, and the

solvent was removed under reduced pressure to yield alcohol S2-6 (400 mg, 1.54 mmol, quant.) as a yellow oil.

Azide S2-9

To a solution of bromide S2-8 (158 mg, 0.488 mmol) in DMF (5.0 ml) was added 15-crown-5 ether (194 ul, 0.975
mmol, 2.0 equiv) and NaN; (63.4 mg, 0.975 mmol, 2.0 equiv). After 5 h at rt, the reaction mixture was diluted with
AcOEt, washed with water and brine, dried over Na,SO, and the solvent was removed under reduced pressure. The
crude product was purified by flash column chromatography (n-hexane/ AcOEt 49:1) to yield azide S2-9 (28.0 mg,
0.0981 mmol, 20%) as a colorless oil. [a]*°5 35.04 (¢ 0.75, CHCI); *H-NMR (500 MHz, CDCl5) & 3.99 (d, J = 6.9 Hz,
1H, CHNy), 3.71 (s, 3H, OCHy), 2.83 (dd, J = 14.3 Hz, 1H, COCH), 1.90-1.79 (m, 1H, CHCHj3), 1.57-1.45 (m, 10H,
CH,CH3 and CCHg), 1.21-1.09 (m, 1H, CH,CHj3), 0.99 (d, J = 6.9 Hz, 3H, CHCHj3), 0.91 (dd, J = 7.4, 7.4 Hz, 3H,
CH,CHy); BC-NMR (125 MHz, CDCl,) 6 172.0, 168.1, 83.4, 61.7, 52.2, 51.7, 34.2, 27.9, 26.2, 16.8, 11.6; LRMS (ESI)
m/z 308.16 [(M+Na)]; HRMS (ESI) calcd for C13H23N30,4Na: 308.1581 [(M+Na)'], found: 308.1584.

B-lactam S2-10
To a solution of azide S2-9 (28.0 mg, 0.0981 mmol) in MeOH (1.0 ml) was added Pd/C (28.0 mg). The flask was

purged with hydrogen and the reaction mixture was stirred under an atmosphere of hydrogen for 30 min. The reaction
mixture was filtered through a Celite pad and the filtrate was concentrated in vacuo to give the corresponding amine as
a colorless oil.

To a solution of the oil in THF (10 ml) was added LiHMDS (0.123 ml, 0.196 mmol, 2.0 equiv) at -78 °C. After 1 h at
-78 °C, the reaction was quenched with sat. NH,CI, diluted with water and concentrated in vacuo to remove THF. The
residual aqueous solution was extracted with AcOEt, washed with 1 M HCI, sat. NaHCO3; and brine, dried over Na,SO4
and the solvent was removed under reduced pressure. The crude product was purified by silica gel column
chromatography (n-hexane/ AcOEt 5:1-3:1-0:1) to yield pB-lactam S2-10 (11.3 mg, 0.0497 mmol, 2 steps 51%) as a
white solid. [o]*p -1.21 (c 0.88, CHCI5); mp 78-79 °C; *H-NMR (500 MHz, CDCl;) & 6.02 (br, 1H, lactam NH), 3.84
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(d, J =2.9 Hz, 1H, lactam CH), 3.21-3.16 (m, 1H, lactam CH), 1.95-1.86 (m, 1H, CHCH3), 1.69-1.58 (m, 1H, CH,CHy),
1.48 (s, 9H, CCH,), 1.39-1.27 (m, 1H, CH,CH,3), 1.01 (d, J = 6.9 Hz, 3H, CHCHj3), 0.94 (dd, J = 7.4, 7.4 Hz, 3H,
CH,CHs); *C-NMR (500 MHz, CDCls) § 170.5, 169.5, 82.3, 62.5, 51.5, 33.7, 27.9, 27.1, 16.1, 11.3; LRMS (ESI) m/z
250.14 [(M+Na)']; HRMS (ESI) calcd for C1,H,;NO3Na: 250.1414 [(M+Na)'], found: 250.1417.

Scheme S2-5. Synthesis of B-lactam congener 2-1
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B-Lactam congener 2-1

To a solution of carbamate 1-725"! (14.9 mg, 0.0292 mmol) in DCM (300 pl) was added TFA (300 pl). After 15 min
at rt, the reaction mixture was concentrated in vacuo to give the corresponding amine as a yellow oil.

To a solution of B-lactam S2-10 (8.30 mg, 0.0365 mmol, 1.3 equiv) in DCM (400 ul) was added TFA (400 pl) at -5

°C. After 20 h at -5 °C, the reaction mixture was concentrated in vacuo to give the corresponding carboxylic acid as a

white solid.

To a solution of the solid in DCM (1.0 ml) was added HOBt- H,0 (4.8 mg, 0.0317 mmol, 1.3 equiv) and EDC - HCI
(6.1 mg, 0.0317 mmol, 1.3 equiv) at 0 °C. After 5 min at 0 °C, the reaction mixture was used as a solution of the
corresponding HOBt ester in DCM.

To a solution of the aforementioned amine in DCM (1.0 ml) was added triethylamine (12 ul, 0.0877 mmol, 3.0
equiv) and a solution of the HOBt ester in DCM (1.0 ml) at 0 °C. After 5 min at 0 °C, the reaction mixture was warmed
to rt and stirred for 1 h. The reaction mixture was diluted with AcOEt, washed with 1 M HCI, sat. NaHCO3 and brine,
dried over Na,SO,4 and the solvent was removed under reduced pressure. The crude product was purified by flash
column chromatography (n-hexane/ AcOEt 1:5-0:1) to yield B-lactam congener 2-1 (14.6 mg, 0.0260 mmol, 2 steps
89%) as a colorless viscous oil. [a]*°p 41.24 (c 0.35, CHCI3); *H-NMR (400 MHz, CDCl3) § 7.46 (br, 1H, amide NH),
7.40-7.24 (m, 7H, aromatic), 7.24-7.10 (m, 3H, aromatic), 6.98 (br, 1H, lactam NH), 6.67 (br, 1H, amide NH), 5.48 (d,
J=7.2 Hz, 1H, carbamate NH), 5.13 (d, J = 12.6 Hz, 1H, benzyl CH,), 5.08 (d, J = 12.6 Hz, 1H, benzyl CHy,), 4.18 (dq,
J=7.2,7.2 Hz, 1H, Ala CHs), 3.87 (d, J = 2.7 Hz, 1H, NCOCH), 3.77-3.62 (m, 1H, NCH), 3.21 (dd, J = 7.2, 2.7 Hz,
1H, NCOCHCH), 2.79-2.51 (m, 3H, benzyl CH, and cyclopropyl CH), 2.00 (br, 1H, BnCH,), 1.93-1.77 (m, 2H,
NCHCH, (1H) and sec-butyl CH), 1.77-1.57 (m, 3H, sec-butyl CH, (1H) and BnCH,), 1.45-1.21 (m, 4H, sec-butyl CH,
(1H) and Ala CHj), 1.21-1.08 (m, 1H, NCHCH,), 1.08-0.96 (m, 1H, cyclopropyl CH), 1.00 (d, J = 6.7 Hz, 3H,
sec-butyl CHCHs), 0.96-0.77 (m, 4H, cyclopropyl CH, (1H), CH,CHs), 0.30-0.17 (m, 1H, cyclopropyl CH,); **C-NMR
(100 MHz, CDClg) 6 173.2, 173.0, 170.7, 156.0, 141.1, 136.0, 128.6, 128.6, 128.3, 128.2, 128.1, 126.2, 67.1, 62.9, 52.7,
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50.8, 50.5, 35.5, 33.8, 33.7, 32.6, 27.0, 26.7, 18.4, 16.2, 13.7, 12.7, 11.3; LRMS (ESI) m/z 563.33 [(M+H)']; HRMS
(ESI) calcd for Ca,H43N40s: 563.3233 [(M+H)*], found: 563.3229.

Stability testing of 1-79, 2-5a and 2-5b

0.1 M TEAA buffer

Solutions of 1-79, 2-5a and 2-5b in DMSO (50 ul, 7.5 mM) were diluted with 0.1 M TEAA buffer (950 ul, pH 7.4)
and the resulting mixtures were incubated at 37 °C. The time courses were analyzed by RP-HPLC (Mightysil RP-18 GP
250-4.6 (5 um), MeOH/ H,0/ TFA 60:40:0.1, 0.8 ml/ min, rt, 210 nm, retention times: 1-79, 15.1 min; 2-5a, 17.5 min;
2-5b, 20.9 min) at various time points from 0 to 32 h.

Human AB serum
Solutions of 1-79, 2-5a and 2-5b in DMSO (50 ul, 23 mM) were diluted with human AB serum (950 ul,
Sigma-Aldrich) and the resulting mixtures were incubated at 37 °C. At various time points from 0 to 60 min, the

reaction mixtures (100 ul) were sampled, which were immediately quenched with CH;CN (300 ul). The resulting
mixtures were centrifuged (10,000 rpm) for 2 min at 4 °C and the supernatants were analyzed by RP-HPLC (Mightysil
RP-18 GP 250-4.6 (5 um), MeOH/ H,0/ TFA 60:40:0.1, 0.8 ml/ min, rt, 210 nm, retention times: 1-79, 15.1 min; 2-5a,
17.5 min; 2-5b, 20.9 min).

Proteasome assay
Inhibitory activity of compounds 2-1, 2-2a — 2-4a and 2-2b — 2-4b on the ChT-L activity of human 20S proteasome

was measured as described previously.”!

Cell proliferation assay
Inhibitory activity of compounds 2-2a and 2-2b on cell growth of Hs-Sultan and KB cells were measured as

described by Tabata et al.'%°!, and of HCT116 cells was measured as described previously.®’

Conformational analysis of 1-18, 1-24, 1-25, 2-2a — 2-4a and 2-2b — 2-4b by MM-calculations

Conformational analysis of 1-18, 1-24, 1-25, 2-2a — 2-4a and 2-2b — 2-4b was performed by MacroModel 9.9
(Schrodinger LLC) using MMFFs as a force field. Initial 3D structures of all compounds were constructed by “Paste
Special As 3D” of Maestro 9.2 (Schrddinger LLC). First, “Energy Minimization” of these compounds was performed.
Second, “Conformational Search” of those minimized structures was performed with “Mixed torsional/Low-mode
sampling” method (Maximum iterations, 5000; Maximum number of steps, 10000; Energy window for saving
structures, 42.0 kJ/mol). Finally, “Multiple Minimization” of generated conformers was performed (Maximum

iterations, 50000). Default values were used for all other parameters.
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Figure S2-3. Stable conformations of 1-24 and its conformationally restricted analogs 2-3a and 2-3b obtained by
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Figure S2-4. Stable conformations of 1-25 and its conformationally restricted analogs 2-4a and 2-4b obtained by
MacroModel

Table S2-1. Stable conformation of 1-24, 1-25, 2-3a — 2-4a and 2-3b — 2-4b and energy difference between syn- and

anti-conformer

energy difference between syn- and anti-conformer

compound number preferred conformation
[kcal/mol]
1-24 anti 2.3
2-3a syn 35
2-3b anti 6.1
1-25 anti 2.8
2-4a syn 3.8
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2-4b anti 7.8

Docking simulation
Ligand preparation

All initial 3D structures of docked compounds were constructed by “Paste Special As 3D”, followed by energy
minimization was performed by “LigPrep” using OPLS-2005 as a force field. The resulting structures were used in

docking simulations. Default values were used for all other parameters.

Grid generation for docking simulation of belactosin derivatives

The grids used for docking simulation were generated by “Receptor Grid Generation” of Glide 5.7 (Schrédinger
LLC). The X-ray crystal structure of proteasome complexed with fluorosalinosporamide A (PDB code; 3GPT) was
refined for docking simulations using the Protein Preparation Wizard Script within Maestro 9.2. After that, the structure
of fluorosalinosporamide A was deleted and the resulting ligand free side chain of Thr residue was trimmed. To specify
the center of the grid, X-ray crystal structure of proteasome complexed with homobelactosin C derivative (PDB code;
3E47) was superimposed, and the ligand structure was merged, whose centroid was used as the center of generating

grid. Default values were used for all other parameters.

Grid generation for docking simulation of salinosporamide A derivatives

As a center of the grid, centroid of the fluorosalinosporamide A in 3GPT was used instead of homobelactosin C

derivative.

Preparation of the core structure used in docking simulation

The covalent bond between fluorosalinosporamide A and proteasome Thr residue in the aforementioned refined
structure was deleted. Next, B-lactone ring of the fluorosalinosporamide A was re-constructed manually by ligating the
hydroxyl oxygen atom and carbonyl carbon atom. The resulting structure was minimized by “Clean up geometry” and

its B-lactone structure consisting of five atoms was used as a core for docking simulations.

Ligand docking
The docking simulations were performed by “Ligand Docking” of Glide 5.7 (Schrédinger LLC), using the

aforementioned core structure (tolerance, 1.0 A) for restricting the position of the B-lactone ring in docked ligands
(Write out at most 25 poses per ligand; Number of poses ligand to include 25). The docking results shown in this paper

were representative of top 3 ranked poses. Default values were used for all other parameters.

Rescoring by Prime MM-GBSA
The obtained docking poses of salinosporamide A and its derivatives were rescored by “Prime MM-GBSA” of Prime

3.0 (Schrodinger LLC) using default values for all parameters.
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Table S2-2. ICg, values for CT-L activity of yeast 20S proteasome in literature and calculated Prime MM-GBSA AG
bind

compound number Prime MM-GBSA AG bind clogP? IC50 [nM] pIC50
salinosporamide A -83.3 0.97 1.9 8.72
2-6 -77.8 0.55 2.2 8.66
2-7 -77.3 1.29 275 7.56
2-8 -77.3 0.87 9.3 8.03
2-9 -69.2 0.45 93.4 7.03
2-10 -74.9 0.97 132 6.88
2-11 -65.4 0.53 101 7.00
2-12 -67.9 0.55 245 6.61
2-13 -68.5 1.04 1029 5.99
2-14 -79.4 1.85 20.8 7.68
2-15 -78.4 0.94 16 7.80

4Calculated by ChemBioDraw Ultra 12.0.

Combustion analysis data for the target compounds

Table S2-3. Table listing combustion analysis data for the target compounds

2-2a  Anal. caled for C33H43N306-1.6H,0: C, 65.35; H, 7.68; N, 6.93. Found: C, 65.04; H, 7.28; N, 6.70.
2-3a Anal. calcd for C33H3sN,0,4-0.4H,0: C, 74.24; H, 7.33; N, 5.25. Found: C, 74.46; H, 7.34; N, 5.18.
2-4a  Anal. caled for C36H43N3O5-0.55H,0: C, 71.16; H, 7.31; N, 6.92. Found: C, 71.55; H, 7.46; N, 6.52.
2-2b  Anal. calcd for C33H43N3Og-0.4H,0: C, 67.76; H, 7.55; N, 7.18. Found: C, 67.84; H, 7.56; N, 7.02.
2-3b  Anal. calcd for C33H3sN,04-0.5H,0: C, 73.99; H, 7.34; N, 5.23. Found: C, 73.87; H, 7.25; N, 5.09.
2-4b  Anal. calcd for C35H43N3O5-0.4H,0: C, 71.48; H, 7.30; N, 6.95. Found: C, 71.74; H, 7.43; N, 6.62.
2-1  Anal. caled for C3,H4,N4O5-0.5H,0: C, 67.23; H, 7.58; N, 9.80. Found: C, 67.21; H, 7.63; N, 10.10
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Synthetic procedures for 3-4 — 3-7
General procedure for the preparation of 3-14 — 3-17

To a solution of the hydrochloride salt of a primary amine (1.0 equiv) in MeOH (0.1 M) was added aldehyde (5.0
equiv). After 30 min at rt, NaBH3CN (4.5 equiv) was added and the resulting mixture was stirred for 28 h. The reaction
mixture was concentrated in vacuo and the residue was dissolved in CHCl3, washed with sat. NaHCOg, dried over
Na,SO, and the solvent was removed under reduced pressure. The crude product was purified by silica gel column

chromatography to yield the corresponding tertiary amine.

benzyl (2-(diphenethylamino)ethyl)carbamate 3-14

Amine 3-14 (860.2 mg, 2.14 mmol, 96%) was obtained as a colorless oil by the reaction of amine 3-12 (515 mg, 2.23
mmol) and phenylacetaldehyde. Purification was conducted by silica gel column chromatography (n-hexane/ AcOEt
10:3-3:1). 'H-NMR (400 MHz, CDCl3) & 7.43-7.02 (m, 15 H, aromatic), 5.06 (br, 2H, Cbz CH,), 4.82 (br, 1H,
carbamate NH), 3.10 (td, J = 11.2, 5.4 Hz, 2H, CH,NH), 2.78-2.63 (m, 8H, benzyl CH, and BnCH,), 2.58 (t, J = 5.4 Hz,
2H, CH,CH,NH); *C-NMR (100 MHz, CDCl5) & 156.3, 140.4, 136.7, 128.7, 128.4, 128.4, 128.0, 127.9, 126.0, 66.4,
55.5, 52.6, 38.4, 33.6; LRMS (ESI) m/z 403.24 [(M+H)"]; HRMS (ESI) calcd for CysH3;N,O,: 403.2380 [(M+Na)'],
found: 403.2379.

benzyl (2-(bis(3-phenylpropyl)amino)ethyl)carbamate 3-15

Amine 3-15 (258 mg, 0.599 mmol, quant.) was obtained as a colorless oil by the reaction of amine 3-12 (135 mg,
0.587 mmol) and 3-phenylpropionaldehyde. Purification was conducted by silica gel column chromatography
(n-hexane/ AcOEt 3:2). 'H-NMR (400 MHz, CDCl;) & 7.39-7.09 (m, 15H, aromatic), 5.25 (br, 1H, carbamate NH),
5.08 (br, 2H, Cbz CH,), 3.20 (dd, J = 11.3, 5.4 Hz, 2H, CH,NH), 2.56 (t, J = 7.7 Hz, 4H, benzyl CH, or BnCH,CH,N),
2.51 (t, J = 5.9 Hz, 2H, CH,CH,NH), 2.44 (t, J = 7.2 Hz, 4H, BnCH,CH,N), 1.71 (tt, J = 7.7, 7.2 Hz, 4H, BnCH,);
BC-NMR (100 MHz, CDCIy) 5 156.3, 142.0, 136.6, 128.4, 128.3, 128.0, 128.0, 125.7, 66.5, 53.2, 53.0, 38.5, 33.6,
28.7; LRMS (ESI) m/z 431.27 [(M+H)"]; HRMS (ESI) calcd for C,gH35N,0,: 431.2693 [(M+H)'], found: 431.2689.

benzyl (3-(diphenethylamino)propyl)carbamate 3-16

Amine 3-16 (762 mg, 1.83 mmol, 86%) was obtained as a colorless oil by the reaction of amine 3-13 (518 mg, 2.12
mmol) and phenylacetaldehyde. Purification was conducted by silica gel column chromatography (n-hexane/ AcOEt
3:2). 'H-NMR (400 MHz, CDCl5) § 7.39-7.07 (m, 15H, aromatic), 5.64 (br, 1H, carbamate NH), 5.08 (s, 2H, Cbz CH)),
3.19 (td, J = 5.9, 5.9 Hz, 2H, CH,NH), 2.79-2.64 (m, 8H, benzyl CH, and BnCH,), 2.58 (t, J = 6.3 Hz, 2H,
CH,CH,CH,NH), 1.61 (tt, J = 6.3, 5.9 Hz, 2H, CH,CH,NH); BC-NMR (100 MHz, CDCl3) 6 156.3, 140.3, 136.8,
128.7, 128.4, 128.3, 128.0, 127.9, 126.0, 66.3, 55.7, 52.5, 40.4, 33.5, 26.6; LRMS (ESI) m/z 417.25 [(M+H)']; HRMS
(ESI) calcd for Cy7H33N,0,: 417.2537 [(M+H)*], found: 417.2533.

benzyl (3-(bis(3-phenylpropyl)amino)propyl)carbamate 3-17

Amine 3-17 (819 mg, 1.84 mmol, 90%) was obtained as a colorless oil by the reaction of amine 3-13 (503 mg, 2.06
mmol) and 3-phenylpropionaldehyde. Purification was conducted by silica gel column chromatography (n-hexane/
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AcOEt 5:1-2:1-1:2). '"H-NMR (500 MHz, CDCly) 6 7.37-7.09 (m, 15H, aromatic), 6.16 (br, 1H, carbamate NH), 5.07 (s,
2H, Cbz CHy), 3.27 (dd, J = 11.5, 5.7 Hz, 2H, CH,NH), 2.58 (t, J = 7.4 Hz, 4H, benzyl CH, or BnCH,CH;,N), 2.47 (t, J
= 6.3 Hz, 2H, CH,CH,CH,NH), 2.41 (t, J = 7.4 Hz, 4H, benzyl CH, or BnCH,CH,N), 1.73 (tt, J = 7.4, 7.4 Hz, 4H,
BnCH,), 1.65-1.53 (m, 2H, CH,CH,NH); *C-NMR (125 MHz, CDCls;) & 156.3, 142.0, 136.8, 128.3, 128.2, 127.9,
127.8, 125.7, 66.3, 53.4, 53.3, 40.9, 33.6, 28.5, 26.1; LRMS (ESI) m/z 445.28 [(M+H)"]; HRMS (ESI) calcd for
CaoH37N,0,: 445.2850 [(M+H)'], found: 445.2847.

General procedure for the preparation of target compounds 3-4 — 3-7
To a solution of the Chz-protected amine (1.0 equiv) in MeOH (0.1 M) was added Pd(OH),/C (50% w/w of the

substrate). The flask was purged with hydrogen and the reaction mixture was stirred under an atmosphere of hydrogen

(balloon pressure) for 6 h. The reaction mixture was filtered through a Celite pad and the filtrate was concentrated in
vacuo to give the corresponding primary amine.

To a solution of carboxylic acid 1-35"°" (2.5 equiv) in DCM (0.1 M) was added triethylamine (2.5 equiv) and PivClI
(2.3 equiv) at 0 °C. After 30 min at 0 °C, the reaction mixture was used as a solution of the corresponding acid
anhydride in DCM.

To a solution of the aforementioned amine in DCM (0.1 M) was added triethylamine (1.5 equiv) and a solution of the
acid anhydride in DCM at 0 °C. After 5 min at 0 °C, the reaction mixture was warmed to rt and stirred for 18 h. The
reaction mixture was diluted with DCM, washed with sat. NaHCO3, dried over Na,SO, and the solvent was removed
under reduced pressure. The crude product was purified by silica gel column chromatography to yield the

corresponding target compound.

Target compound 3-4

The crude product was purified by silica gel column chromatography (n-hexane/ AcOEt 2:1) to yield target
compound 3-4 (77.8 mg, 0.184 mmol, 2 steps 90%) as a colorless oil. [o]*°p -3.30 (¢ 1.31, CH,Cl,) & 7.34-7.11 (m,
10H, aromatic), 6.46 (br, 1H, amide NH), 4.47 (d, J = 4.6 Hz, 1H, NHCOCH), 3.52 (dd, J = 8.0, 4.6 Hz, 1H, OCOCH),
3.30-3.20 (m, 1H, CH,NH), 3.18-3.08 (m, 1H, CH,NH), 2.77 (t, J = 7.4 Hz, 4H, benzyl CH, or BnCH,), 2.70 (t, J=7.4
Hz, 4H, benzyl CH, or BnCHy), 2.62 (t, J = 5.7 Hz, 2H, CH,CH,NH), 2.02-1.91 (m, 1H, sec-butyl CH), 1.71-1.60 (m,
1H, sec-butyl CH,), 1.37-1.23 (m, 1H, sec-butyl CH,), 1.06 (d, J = 6.9 Hz, 3H, sec-butyl CH3), 0.94 (dd, J=7.4, 7.4 Hz,
3H, sec-butyl CHy); BC-NMR (125 MHz, CDCl3) & 169.3, 167.6, 140.2, 128.7, 128.5, 126.1, 70.6, 62.6, 55.7, 52.4,
36.8, 33.8, 33.7, 26.6, 16.3, 11.0; LRMS (ESI) m/z 423.26 [(M+H)"]; HRMS (ESI) calcd for CasHssN,03: 423.2642
[(M+H)™], found: 423.2642.

Target compound 3-5

The crude product was purified by silica gel column chromatography (n-hexane/ AcOEt 3:2) to yield target
compound 3-5 (59.6 mg, 0.132 mmol, 2 steps quant.) as a colorless oil. [a]*p -5.95 (c 0.46, CH,Cl,); "H-NMR (500
MHz, CDCl3) & 7.31-7.25 (m, 4H, aromatic), 7.21-7.14 (m, 6H, aromatic), 6.94 (br, 1H, amide NH), 4.57 (d, J = 4.6 Hz,
1H, NHCOCH), 3.55 (dd, J = 7.4, 4.6 Hz, 1H, OCOCH), 3.37-3.21 (m, 2H, CH,NH), 2.60 (t, J = 7.4 Hz, 4H, benzyl
CH, or BnCH,CH,N), 2.56 (dd, J = 6.3, 5.7 Hz, 2H, CH,CH,NH), 2.47 (t, J = 7.4 Hz, 4H, benzyl CH, or
BnCH,CH,N), 2.02-1.91 (m, 1H, sec-butyl CH), 1.73 (tt, J = 7.4, 7.4 Hz, 4H, BnCH,), 1.70-1.59 (m, 1H, sec-butyl
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CHy), 1.35-1.25 (m, 1H, sec-butyl CH,), 1.06 (d, J = 6.9 Hz, 3H, sec-butyl CHy), 0.93 (dd, J = 7.4, 7.4 Hz, 3H,
sec-butyl CH3); *C-NMR (125 MHz, CDCls) & 169.2, 167.8, 141.9, 128.3, 128.3, 125.8, 70.7, 62.9, 53.2, 52.3, 36.7,
33.8, 33.5, 28.6, 26.6, 16.3, 11.0; LRMS (ESI) m/z 451.30 [(M+H)*]: HRMS (ESI) calcd for CosHagN,O5: 451.2955
[(M+H)™], found: 451.2957.

Target compound 3-6

The crude product was purified by silica gel column chromatography (n-hexane/ AcOEt 3:2) to yield target
compound 3-6 (51.8 mg, 0.119 mmol, 2 steps 83%) as a colorless oil. [a]®p -5.00 (¢ 0.56, CH,Cl,); *H-NMR (500
MHz, CDCIly) 6 8.00 (br, 1H, amide NH), 7.33-7.15 (m, 10H, aromatic), 4.53 (d, J = 4.6 Hz, 1H, NHCOCH), 3.55 (dd,
J=17.4,4.6 Hz, 1H, OCOCH), 3.45-3.35 (m, 1H, CH,NH), 3.30-3.21 (m, 1H, CH,NH), 2.85-2.73 (m, 8H, benzyl CH,
and BnCH,), 2.73-2.62 (m, 2H, CH,CH,CH,NH), 2.02-1.92 (m, 1H, sec-butyl CH), 1.72-1.60 (m, 3H, CH,CH,NH and
sec-butyl CH, (1H)), 1.37-1.24 (m, 1H, sec-butyl CH,), 1.07 (d, J = 6.3 Hz, 3H, sec-butyl CH3), 0.94 (dd, J=7.4,7.4
Hz, 3H, sec-butyl CH3); *C-NMR (125 MHz, CDCl3) & 169.4, 167.8, 140.2, 128.7, 128.4, 126.1, 70.7, 62.8, 55.7, 53.0,
39.6, 33.8, 33.1, 26.6, 25.4, 16.3, 11.0; LRMS (ESI) m/z 437.28 [(M+H)"]; HRMS (ESI) calcd for Cy7H3;N,Os:
437.2799 [(M+H)'], found: 437.2800.

Target compound 3-7

The crude product was purified by silica gel column chromatography (n-hexane/ AcOEt 1:2) to yield target
compound 3-7 (47.9 mg, 0.103 mmol, 2 steps 67%) as a colorless oil. [a]*p -7.17 (¢ 0.51, CH,Cl,); *H-NMR (500
MHz, CDCl,) & 8.25 (br, 1H, amide NH), 7.32-7.14 (m, 10H, aromatic), 4.54 (d, J = 4.6 Hz, 1H, NHCOCH), 3.52 (dd,
J =8.0, 4.6 Hz, 1H, OCOCH), 3.48-3.38 (m, 1H, CH,NH), 3.38-3.28 (m, 1H, CH,NH), 2.64-2.39 (m, 10H, benzyl CH,,
BnCH,CH, and CH,CH,CH,NH), 2.02-1.91 (m, 1H, sec-butyl CH), 1.77 (tt, J = 8.0, 7.4 Hz, 4H, BnCH), 1.74-1.54 (m,
3H, CH,CH,;NH and sec-butyl CH, (1H)), 1.37-1.21 (m, 1H, sec-butyl CH,), 1.07 (d, J = 6.9 Hz, 3H, sec-butyl CHy),
0.94 (dd, J = 7.4, 7.4 Hz, 3H, sec-butyl CH,); BC-NMR (125 MHz, CDCl,) 6 169.4, 167.8, 142.0, 128.3, 125.8, 70.8,
62.8, 53.5, 39.9, 33.8, 33.7, 28.1, 26.6, 25.1, 16.3, 11.0; LRMS (ESI) m/z 465.31 [(M+H)"]; HRMS (ESI) calcd for
Ca9H41N,03: 465.3112 [(M+H)'], found: 465.3115.

Synthetic procedures for 3-8 and 3-10
(9H-fluoren-9-yl)methyl (3,3-bis(benzyloxy)propyl)carbamate 3-19

To a solution of carbamate 3-18 (594 mg, 2.00 mmol) in DCM (20 ml) was added DMP (1.27 g, 3.00 mmol, 1.5
equiv). After 30 min at rt, the reaction was quenched with a solution of sat. Na,S,03 and sat. NaHCO; (1:3), extracted

with CHCl3, the organic layer was washed with water, dried over Na,SO,4 and the solvent was removed under reduced
pressure to yield the corresponding aldehyde as a white solid.

To a solution of the solid in benzene (20 ml) was added BnOH (827 ul, 7.99 mmol, 4.0 equiv) and p-TsOH-H,O
(3.80 mg, 0.0200 mmol, 0.01 equiv) and the resulting mixture was refluxed in a flask equipped with a Dean-Stark trap.
After 19 h, the reaction mixture was concentrated in vacuo and the residue was dissolved in CHCl;, washed with sat.
NaHCO;3, dried over Na,SO,4 and the solvent was removed under reduced pressure. The crude product was purified by
flash column chromatography (n-hexane/ AcOEt 15:1-5:1) to yield benzyl acetal 3-19 (560 mg, 1.13 mmol, 2 steps
57%) as a white solid. mp 93-94 °C; *H-NMR (400 MHz, CDCl,, 328 K) & 7.73 (d, J = 7.6 Hz, 2H, aromatic), 7.54 (d,
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J=7.2 Hz, 2H, aromatic), 7.40-7.21 (m, 14H, aromatic), 5.02 (br, 1H, carbamate NH), 4.78 (t, J = 4.9 Hz, 1H, OCHO),
4.67 (d, J = 11.7 Hz, 2H, benzyl CH,), 4.56 (d, J = 11.7 Hz, 2H, benzyl CH,), 4.36 (d, J = 6.7 Hz, 2H, Fmoc CH,), 4.17
(t, J = 6.7 Hz, 1H, Fmoc CH), 3.31 (br, 2H, CH,NH), 1.94 (br, 2H, CH,CH,NH); *C-NMR (100 MHz, CDCls) & 156.3,
143.9, 141.2, 137.7, 128.5, 127.8, 127.6, 127.0, 125.0, 119.9, 101.0, 67.9, 66.5, 47.2, 37.0, 33.1; LRMS (ESI) m/z
516.22 [(M+Na)']; HRMS (ESI) calcd for C3,H3;NO4Na: 516.2145 [(M+Na)'], found: 516.2142.

3,3-bis(benzyloxy)propan-1-amine 3-20

To a solution of benzyl acetal 3-19 (117 mg, 0.236 mmol) in MeOH (25 ml) was added K,CO3 (326 mg, 2.36 mmol,
10 equiv). After 23 h at rt, the reaction mixture was concentrated in vacuo. The crude product was purified by
NH-silica gel column chromatography (n-hexane/ CHCIly/ MeOH 1:0:0-0:4:1) to yield amine 3-20 (62.1 mg, 0.229
mmol, 97%) as a colorless oil. 'H-NMR (400 MHz, CDCl3) & 7.44-7.25 (m, 10H, aromatic), 4.85 (t, J = 5.8 Hz, 1H,
OCHO), 4.67 (d, J = 11.7 Hz, 2H, benzyl CH,), 4.58 (d, J = 11.7 Hz, 2H, benzyl CH,), 2.82 (t, J = 6.7 Hz, 2H,
CH,NH), 1.92 (td, J = 6.7, 5.8 Hz, 2H, CH,CH,NH}), 1.44 (br, 2H, NH,); *C-NMR (100 MHz, CDCl;) & 138.1, 128.5,
128.4, 127.9, 127.8, 127.8, 127.7, 127.6, 100.8, 67.4, 38.1, 37.0; LRMS (APCI) m/z 272.16 [(M+H)"]; HRMS (APCI)
calcd for C17H2,NO,: 272.1645 [(M+H)*], found: 272.1648.

Target compound 3-8

To a solution of carboxylic acid 1-35M°% (54.9 mg, 0.319 mmol, 2.5 equiv) in DCM (3.0 ml) was added
triethylamine (44.4 ul, 0.319 mmol, 2.5 equiv) and PivCl (36.1 ul, 0.293 mmol, 2.3 equiv) at 0 °C. After 30 min at 0 °C,
the reaction mixture was used as a solution of the corresponding acid anhydride in DCM.

To a solution of amine 3-20 (34.6 mg, 0.128 mmol, 1.0 equiv) in DCM (1.5 ml) was added triethylamine (26.6 ul,
0.191 mmol, 1.5 equiv) and a solution of the acid anhydride in DCM at 0 °C. After 5 min at 0 °C, the reaction mixture

was warmed to rt and stirred for 19 h. The reaction mixture was diluted with AcOEt, washed with 1M HCI, sat.
NaHCO; and brine, dried over Na,SO,4 and the solvent was removed under reduced pressure. The crude product was
purified by silica gel column chromatography (n-hexane/ AcOEt 3:1) to yield target compound 3-8 (51.7 mg, 0.122
mmol, 95%) as a colorless oil. [0]*’p 4.44 (c 0.94, CHCI); "H-NMR (400 MHz, CDCl3) & 7.42-7.27 (m, 10H,
aromatic), 6.84 (br, 1H, amide NH), 4.80 (dd, J = 5.4, 4.9 Hz, 1H, OCHO), 4.70 (d, J = 11.7 Hz, 1H, benzyl CH,), 4.69
(d, J=11.7 Hz, 1H, benzyl CH,), 4.57 (d, J = 11.7 Hz, 1H, benzyl CH,), 4.56 (d, J = 11.7 Hz, 1H, benzyl CH,), 4.51 (d,
J = 4.5 Hz, 1H, NHCOCH), 3.53 (dd, J = 7.6, 4.5 Hz, 1H, OCOCH), 3.53-3.34 (m, 2H, CH,NH), 2.03-1.88 (m, 3H,
CH,CH,NH and sec-butyl CH), 1.72-1.58 (m, 1H, sec-butyl CH,), 1.38-1.21 (m, 1H, sec-butyl CH,), 1.05 (d, J = 6.7
Hz, 3H, sec-butyl CHj), 0.94 (dd, J = 7.6, 7.2 Hz, 3H, sec-butyl CH3); *C-NMR (100 MHz, CDCl5) & 169.1, 167.7,
137.5, 128.6, 127.9, 127.9, 100.9, 70.6, 68.3, 68.2, 62.8, 35.0, 33.8, 32.6, 26.6, 16.3, 11.0; LRMS (ESI) m/z 448.21
[(M+Na)']; HRMS (ESI) calcd for C,sH3;NOsNa: 448.2094 [(M+Na)'], found: 448.2098.

3,3-bis(benzyloxy)propan-1-ol 3-22
To a solution of ethyl 3,3-diethoxypropanoate 3-21 (118 ul, 0.607 mmol) in benzene (10 ml) was added BnOH (251
ul, 2.43 mmol, 4.0 equiv) and p-TsOH-H,0 (1.15 mg, 0.00607 mmol, 0.01 equiv). The reaction mixture was refluxed

in a flask equipped with a Dean-Stark trap for 30 h. The reaction mixture was diluted with AcOEt, washed with sat.
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NaHCO3 and brine, dried over Na,SO, and the solvent was removed under reduced pressure. The crude product was
purified by silica gel column chromatography (n-hexane/ AcOEt 10:1) to give the corresponding benzyl acetal as a
colorless liquid.

To a solution of LiAIH4 (69.1 mg, 1.82 mmol, 3.0 equiv) in Et;O (2.0 ml) was added the aforementioned liquid in
Et,O (1.0 ml) via cannula at 0 °C. After 5 min at 0 °C, the reaction mixture was warmed to rt and stirred for 2 h. To the
reaction mixture was added water (69.1 ul), 15% NaOH (69.1 ul) and water (207 ul) at 0 °C and the resulting mixture
was vigorously stirred at rt for 1 h. The mixture was filtered through a Celite pad and the filtrate was concentrated in
vacuo. The crude product was purified by silica gel column chromatography (n-hexane/ AcOEt 3:1) to yield alcohol
3-22 (99.2 mg, 0.364 mmol, 2 steps 60%) as a colorless liquid. *H-NMR (400 MHz, CDCls) & 7.40-7.26 (m, 10H,
aromatic), 4.92 (t, J = 5.4 Hz, 1H, OCHO), 4.71 (d, J = 11.8 Hz, 2H, benzyl CH,), 4.59 (d, J = 11.8 Hz, 2H, benzyl
CHy), 3.75 (t, J = 5.4 Hz, 2H, CH,OH), 2.36 (br, 1H, OH), 2.01 (td, J = 5.4, 5.4 Hz, 2H, CH,CH,OH); *C-NMR (100
MHz, CDCl;) & 137.7, 128.5, 127.8, 101.4, 68.0, 59.0, 35.6; LRMS (ESI) m/z 295.13 [(M+Na)']; HRMS (ESI) calcd
for C17H,003Na: 295.1305 [(M+Na)*], found: 295.1305. *H-NMR and **C-NMR are in agreement with that reported by

Colson.12%%

4,4-bis(benzyloxy)butanenitrile 3-23

To a solution of alcohol 3-22 (99.2 mg, 0.364 mmol) in DCM (5.0 ml) was added triethylamine (76.1 pl, 0.547 mmol,
1.5 equiv) and MsCI (33.8 ul, 0.437 mmol, 1.2 equiv) at 0 °C. After 30 min at 0 °C, the reaction mixture was diluted
with AcOEt, washed with water and brine, dried over Na,SO, and the solvent was removed under reduced pressure to

give the corresponding mesylated product as a colorless oil.

To a solution of the oil in DMSO (410 ul) was added NaCN (107 mg, 2.19 mmol, 6.0 equiv). After 15 h at 60 °C, the
reaction mixture was diluted with AcOEt, washed with water and brine, dried over Na,SO, and the solvent was
removed under reduced pressure. The crude product was purified by silica gel column chromatography (n-hexane/
ACcOEt 10:1) to yield nitrile 3-23 (97.1 mg, 0.345 mmol, 2 steps 95%) as a colorless oil. 'H-NMR (400 MHz, CDCl,) &
7.41-7.26 (m, 10H, aromatic), 4.81 (t, J = 5.4 Hz, 1H, OCHO), 4.69 (d, J = 11.7 Hz, 2H, benzyl CH,), 4.56 (d, J = 11.7
Hz, 2H, benzyl CH,), 2.42 (t, J = 7.2 Hz, 2H, CH,CN), 2.04 (m, 2H, CH,CH,CN); *C-NMR (100 MHz, CDCls) &
137.4, 128.5, 127.9, 127.8, 119.3, 100.0, 68.4, 29.4, 12.4; LRMS (ESI) m/z 304.13 [(M+Na)']; HRMS (ESI) calcd for
C1sH1o0NO,Na: 304.1308 [(M+Na)'], found: 304.1307.

Target compound 3-10
To a solution of nitrile 3-23 (28.7 mg, 0.102 mmol) in Et,O (1.0 ml) was added LiAIH, (15.5 mg, 0.408 mmol, 4.0

equiv) at 0 °C. After 5 min at 0 °C, the reaction mixture was warmed to rt and stirred for 12 h. To the reaction mixture

was added water (28.7 ul), 15% NaOH (28.7 ul) and water (86.1 ul) at 0 °C and the resulting mixture was vigorously
stirred at rt for 1 h. The mixture was filtered through a Celite pad and the filtrate was concentrated in vacuo to give the
corresponding amine as a colorless oil.

To a solution of carboxylic acid 1-35"° (43.9 mg, 0.255 mmol, 2.5 equiv) in DCM (2.5 ml) was added
triethylamine (35.5 pl, 0.255 mmol, 2.5 equiv) and PivCl (28.3 pl, 0.230 mmol, 2.3 equiv) at 0 °C. After 30 min at 0 °C,
the reaction mixture was used as a solution of the corresponding acid anhydride in DCM.

To a solution of the aforementioned amine in DCM (1.0 ml) was added triethylamine (21.4 ul, 0.154 mmol, 1.5

equiv) and a solution of the acid anhydride in DCM at 0 °C. After 5 min at 0 °C, the reaction mixture was warmed to rt
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and stirred for 19 h. The reaction mixture was diluted with AcOEt, washed with 1 M HCI, sat. NaHCO; and brine, dried
over Na,SO, and the solvent was removed under reduced pressure. The crude product was purified by silica gel column
chromatography (n-hexane/ AcOEt 3:1) to yield target compound 3-10 (45.9 mg, 0.104 mmol, 2 steps quant.) as a
colorless oil. [a]*'p 12.22 (¢ 0.62, CHCI5); *H-NMR (500 MHz, CDCls) & 7.40-7.27 (m, 10H, aromatic), 6.52 (br, 1H,
amide NH), 4.74 (t, J = 5.7 Hz, 1H, OCHO), 4.68 (d, J = 11.5 Hz, 1H, benzyl CH,), 4.67 (d, J = 11.5 Hz, 1H, benzyl
CH,), 4.57 (d, J = 4.6 Hz, 1H, NHCOCH), 4.56 (d, J = 11.5 Hz, 2H, benzyl CH,), 3.55 (dd, J = 7.4, 4.6 Hz, 1H,
OCOCH), 3.39-3.24 (m, 2H, CH,NH), 2.03-1.92 (m, 1H, sec-butyl CH), 1.82-1.73 (m, 2H, CH,CH,CH,NH), 1.71-1.59
(m, 3H, CH,CH,;NH and sec-butyl CH, (1H)), 1.37-1.25 (m, 1H, sec-butyl CH,), 1.07 (d, J = 6.9 Hz, 3H, sec-butyl
CHs), 0.94 (dd, J = 7.4, 7.4 Hz, 3H, sec-butyl CHs); *C-NMR (125 MHz, CDCls) & 169.2, 167.8, 137.9, 128.5, 127.8,
127.8, 127.7, 101.5, 70.7, 67.7, 67.7, 62.9, 38.9, 33.8, 30.7, 26.6, 24.3, 16.3, 11.0; LRMS (ESI) m/z 462.23 [(M+Na)];
HRMS (ESI) calcd for CysH33sNOsNa: 462.2251 [(M+Na) ], found: 462.2253.

Synthetic procedures for 3-9 and 3-11
diethyl 2-(2,2-dimethoxyethyl)malonate 3-25
To a solution of sodium ethoxide (9.06 g, 133 mmol, 1.1 equiv) in EtOH (90 ml) was added diethyl malonate (18.3

ml, 121 mmol, 1.0 equiv). After 1 h at rt, bromoacetaldehyde dimethyl acetal (19.9 ml, 169 mmol, 1.4 equiv) was
added and the resulting mixture was refluxed for 23 h. The reaction mixture was concentrated in vacuo and the residue
was dissolved in DCM, washed with water, dried over Na,SO,4 and the solvent was removed under reduced pressure.
The crude product was purified by flash column chromatography (n-hexane/ AcOEt 20:1) to yield compound 3-25
(17.8 g, 71.7 mmol, 59%) as a colorless liquid. "H-NMR (400 MHz, CDCl5) & 4.43 (t, J = 5.8 Hz, 1H, OCHO), 4.21 (q,
J =7.2 Hz, 2H, OCHj,), 4.20 (q, J = 7.2 Hz, 2H, OCH,), 3.49 (t, J = 7.2 Hz, 1H, COCHCO), 3.33 (s, 6H, OCHj3), 2.22
(dd, J = 7.2, 5.8 Hz, 2H, CHCH,CH), 1.27 (t, J = 7.2 Hz, 6H, OCH,CHs); *C-NMR (100 MHz, CDCl3) & 169.2, 102.5,
61.4, 53.4, 47.8, 31.7, 14.0; LRMS (ESI) m/z 271.11 [(M+Na)']; HRMS (ESI) calcd for Ci;HzO¢Na: 271.1152
[(M+Na)*], found: 271.1152. "H-NMR and *C-NMR are in agreement with that reported by Vignola.™*®!

(((2-(2,2-dimethoxyethyl)propane-1,3-diyl)bis(oxy))bis(methylene))dibenzene 3-26

To a solution of LiAlIH, (3.64 g, 96.0 mmol, 3.0 equiv) in Et,O (100 ml) was added compound 3-25 (7.94 g, 32.0
mmol) in Et,O (45 ml) via cannula at 0 °C. After 5 min at 0 °C, the reaction mixture was warmed to rt and stirred for 2
h. To the reaction mixture was added water (3.64 ml), 15% NaOH (3.64 ml) and water (10.9 ml) at O °C, and the
resulting mixture was vigorously stirred at rt for 1 h. The mixture was filtered through a Celite pad and the filtrate was

concentrated in vacuo to give the corresponding diol as a colorless liquid.

To a solution of the liquid in DMF (40 ml) was added NaH (3.84 g, 95.9 mmol, 3.0 equiv, 60% oil suspension) at 0
°C. After 30 min at 0 °C, BnBr (9.49 ml, 79.9 mmol, 2.5 equiv) was added and the resulting mixture was warmed to rt.
After 35 h at rt, the reaction was quenched with sat. NH,CI (70 ml) at 0 °C. The resulting mixture was extracted with
AcOEt and the organic layer was washed with water and brine, dried over Na,SO,4 and the solvent was removed under
reduced pressure. The crude product was purified by silica gel column chromatography (n-hexane/ AcOEt 10:1) to
yield compound 3-26 (7.00 g, 20.3 mmol, 2 steps 64%) as a colorless oil. "H-NMR (400 MHz, CDCl,) & 7.38-7.22 (m,
10H, aromatic), 4.49 (s, 4H, benzyl CH,), 4.49 (t, J = 6.3 Hz, 1H, OCHO), 3.55-3.45 (m, 4H, OCH,CH), 3.28 (s, 6H,
OCHj), 2.15-2.03 (m, 1H, CH,CHCHy), 1.71 (dd, J = 6.3, 6.3 Hz, 2H, CHCH,CH); *C-NMR (100 MHz, CDCl;) &
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138.6, 128.3, 127.5, 127.4, 103.1, 73.0, 70.8, 52.6, 35.6, 31.6; LRMS (ESI) m/z 367.19 [(M+Na)']; HRMS (ESI) calcd
for C,1Hx504Na: 367.1880 [(M+Na)*], found: 367.1877.

4-(benzyloxy)-3-((benzyloxy)methyl)butan-1-ol 3-27

To an emulsion of compound 3-26 (2.02 g, 5.87 mmol) in water (6.0 ml) was added acetic acid (6.0 ml). The
resulting mixture was vigorously stirred for 5 h. The reaction mixture was diluted with AcOEt, washed with sat.
NaHCO3 and brine, dried over MgSO, and the solvent was removed under reduced pressure to give the corresponding
aldehyde as a colorless oil.

To a solution of the oil in MeOH (60 ml) was added NaBH, (111 mg, 2.94 mmol, 0.5 equiv) at 0 °C. After 5minat 0
°C, the reaction mixture was warmed to rt. After 4 min at rt, acetone (60 ml) was added. After 1 h at rt, the resulting
mixture was concentrated in vacuo. The residue was dissolved in AcOEt, washed with sat. NaHCO; and brine, dried
over MgSO, and the solvent was removed under reduced pressure. The crude product was purified by silica gel column
chromatography (n-hexane/ AcOEt 4:1) to yield alcohol 3-27 (1.71 g, 5.70 mmol, 2 steps 97%) as a colorless oil.
'H-NMR (400 MHz, CDCl;) & 7.38-7.25 (m, 10H, aromatic), 4.50 (s, 4H, benzyl CH,), 3.66 (t, J = 6.3 Hz, 2H,
CH,0H), 3.53 (dd, J = 9.0, 6.3 Hz, 2H, OCH,CH), 3.44 (dd, J = 9.0, 5.8 Hz, 2H, OCH,CH), 3.01 (s, 1H, OH), 2.13 (tt,
J = 6.3, 6.3, 5.8 Hz, 1H, CH,CHCH,), 1.67 (td, J = 6.3, 6.3 Hz, 2H, CH,CH,0H); *C-NMR (100 MHz, CDCl3) &
138.0, 128.4, 127.6, 73.2, 71.7, 61.0, 37.7, 33.6; LRMS (ESI) m/z 323.16 [(M+Na)']; HRMS (ESI) calcd for
C1oH2403Na: 323.1618 [(M+Na)*], found: 323.1616.

(((2-(2-azidoethyl)propane-1,3-diyl)bis(oxy))bis(methylene))dibenzene 3-28

To a solution of alcohol 3-27 (224 mg, 0.746 mmol) in DCM (3.0 ml) was added triethylamine (156 ul, 1.12 mmol,
1.5 equiv) and MsCI (69.3 ul, 0.895 mmol, 1.2 equiv) at 0 °C. After 30 min at 0 °C, the reaction mixture was diluted
with AcOEt, washed with water and brine, dried over Na,SO, and the solvent was removed under reduced pressure to

give the corresponding mesylated product as a colorless oil.

To a solution of the oil in DMF (2.5 ml) was added NaN; (146 mg, 2.24 mmol, 3.0 equiv). After 3 h at 70 °C, the
reaction mixture was diluted with AcOEt, washed with water and brine, dried over Na,SO, and the solvent was
removed under reduced pressure. The crude product was purified by silica gel column chromatography (n-hexane/
ACcOEt 15:1) to yield azide 3-28 (223 mg, 0.685 mmol, 2 steps 91%) as a colorless oil. ‘H-NMR (400 MHz, CDCls) &
7.37-7.24 (m, 10H, aromatic), 4.48 (s, 4H, benzyl CH,), 3.50 (dd, J = 9.4, 5.4 Hz, 2H, OCH,CH), 3.46 (dd, J=9.4,5.4
Hz, 2H, OCH,CH), 3.32 (t, J = 7.2 Hz, 2H, CH,N3), 2.05 (m, 1H, CH,CHCH,), 1.71 (td, J = 7.2, 7.2 Hz, 2H,
CH,CH;N3); BC-NMR (100 MHz, CDCls) 6 138.3, 128.3, 127.5, 73.1, 70.5, 49.5, 37.0, 28.3; LRMS (ESI) m/z 348.17
[(M+Na)*]; HRMS (ESI) calcd for CygH,3N30,Na: 348.1683 [(M+Na)'], found: 348.1681.

4-(benzyloxy)-3-((benzyloxy)methyl)butan-1-amine 3-29
To a solution of azide 3-28 (71.1 mg, 0.219 mmol) in THF (2.2 ml) was added PPh; (63.0 mg, 0.240 mmol, 1.1

equiv) and water (220 ul). After 9 h at rt, the reaction mixture was refluxed for 22 h. The resulting mixture was

concentrated in vacuo and the crude product was purified by silica gel column chromatography (n-hexane/ AcOEt/
CHCl3/ MeOH 1:2:0:0-0:0:1:1-0:0:0:1) to yield amine 3-29 (68.5 mg, 0.229 mmol, quant.) as a colorless oil. *H-NMR
(400 MHz, CDCl3) 6 7.37-7.23 (m, 10H, aromatic), 4.48 (s, 4H, benzyl CH,), 3.50 (dd, J = 9.4, 5.8 Hz, 2H, OCH,CH),
3.45 (dd, J = 9.4, 5.8 Hz, 2H, OCH,CH), 2.74 (t, J = 7.2 Hz, 2H, CH,NH,), 2.09-1.92 (m, 1H, CH,CHCH,), 1.99 (br,
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2H, NH,), 1.56 (td, J = 7.2, 7.2 Hz, 2H, CH,CH,;NH,); BC-NMR (100 MHz, CDCls) 6 138.5, 128.3, 127.5, 127.5, 73.1,
71.0, 39.9, 37.3, 33.0; LRMS (ESI) m/z 300.20 [(M+H)"]; HRMS (ESI) calcd for CigH,sNO,: 300.1958 [(M+H)'],
found: 300.1957.

Target compound 3-9

To a solution of carboxylic acid 1-350"°" (46.1 mg, 0.268 mmol, 2.5 equiv) in DCM (3.0 ml) was added
triethylamine (37.3 ul, 0.268 mmol, 1.0 equiv) and PivCl (29.7 ul, 0.241 mmol, 2.3 equiv) at 0 °C. After 30 min at 0 °C,
the reaction mixture was used as a solution of the corresponding acid anhydride in DCM.

To a solution of amine 3-29 (32.1 mg, 0.107 mmol, 1.0 equiv) in DCM (1.5 ml) was added triethylamine (22.4 nl,
0.161 mmol, 1.5 equiv) and a solution of the acid anhydride in DCM at 0 °C. After 5 min at 0 °C, the reaction mixture

was warmed to rt and stirred for 19 h. The reaction mixture was diluted with AcOEt, washed with 1M HCI, sat.
NaHCO3 and brine, dried over Na,SO,4 and the solvent was removed under reduced pressure. The crude product was
purified by silica gel column chromatography (n-hexane/ AcOEt 3:1) to yield target compound 3-9 (50.3 mg, 0.111
mmol, quant.) as a colorless oil. []*p 9.28 (¢ 0.74, CHCI5); *H-NMR (500 MHz, CDCl5) & 7.38-7.24 (m, 10H,
aromatic), 6.95 (br, 1H, amide NH), 4.53 (d, J = 4.6 Hz, 1H, NHCOCH), 4.49 (s, 4H, benzyl CH), 3.56 (dd, J = 7.4,
4.6 Hz, 1H, OCOCH), 3.52-3.46 (m, 2H, OCH,CH), 3.45-3.29 (m, 4H, OCH,CH and CH,NH), 2.03-1.91 (m, 2H,
CH,CHCH, and sec-butyl CH), 1.72-1.61 (m, 3H, CH,CH,NH and sec-butyl CH, (1H)), 1.36-1.24 (m, 1H, sec-butyl
CH,), 1.06 (d, J = 6.9 Hz, 3H, sec-butyl CH3), 0.94 (dd, J = 7.4, 7.4 Hz, 3H, sec-butyl CHj); *C-NMR (125 MHz,
CHCI3) 6 169.3, 167.8, 138.1, 128.4, 128.4, 127.7, 127.6, 127.6, 73.2, 71.1, 71.0, 70.7, 62.8, 37.8, 37.6, 33.8, 29.1, 26.6,
16.3, 11.0; LRMS (ESI) m/z 454.26 [(M+H)']; HRMS (ESI) calcd for Cy,;H3NOs: 454.2588 [(M+H)™], found:
454.2595.

5-(benzyloxy)-4-((benzyloxy)methyl)pentanenitrile 3-30

To a solution of alcohol 3-27 (279 mg, 0.929 mmol) in DCM (3.7 ml) was added triethylamine (193 ul, 1.39 mmol,
1.5 equiv) and MsCI (86.3 ul, 1.11 mmol, 1.2 equiv) at 0 °C. After 30 min at 0 °C, the reaction mixture was diluted
with AcOEt, washed with water and brine, dried over Na,SO, and the solvent was removed under reduced pressure to

give the corresponding mesylated product as a colorless oil.

To a solution of the oil in DMSO (1.0 ml) was added NaCN (273 mg, 5.57 mmol, 6.0 equiv). After 3 h at 60 °C, the
reaction mixture was diluted with AcOEt, washed with water and brine, dried over Na,SO, and the solvent was
removed under reduced pressure. The crude product was purified by silica gel column chromatography (n-hexane/
AcOEt 7:1) to yield nitrile 3-30 (282 mg, 0.910 mmol, 2 steps 98%) as a colorless oil. "H-NMR (400 MHz, CDCls) &
7.38-7.25 (m, 10H, aromatic), 4.47 (s, 4H, benzyl CH,), 3.50 (dd, J = 9.4, 5.8 Hz, 2H, OCH,CH), 3.45 (dd, J=9.4,5.4
Hz, 2H, OCH,CH), 2.38 (t, J = 7.2 Hz, 2H, CH,CN), 2.06 (m, 1H, CH,CHCH,), 1.80 (td, J = 7.2, 7.2 Hz, 2H,
CH,CH,CN); BC-NMR (100 MHz, CDCly) 6 138.1, 128.4, 127.6, 127.5, 119.9, 73.1, 70.2, 38.4, 25.2, 15.1; LRMS
(ESI) m/z 332.16 [(M+Na)*]; HRMS (ESI) calcd for CoH3sNO,Na: 332.1620 [(M+Na)*], found: 332.1620.

Target compound 3-11

To a solution of LiAIH, (20.7 mg, 0.546 mmol, 4.4 equiv) in Et,0 (1.0 ml) was added nitrile 3-30 (38.4 mg, 0.124
mmol) in Et;O (1.0 ml) via cannula at 0 °C. After 5 min at 0 °C, the reaction mixture was warmed to rt and stirred for 5
h. To the reaction mixture was added water (20.7 pl), 15% NaOH (20.7 ul) and water (62.1 ul) at 0 °C and the resulting
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mixture was vigorously stirred at rt for 1 h. The mixture was filtered through a Celite pad and the filtrate was
concentrated in vacuo to give the corresponding amine as a colorless oil.

To a solution of carboxylic acid 1-350"°" (53.4 mg, 0.310 mmol, 2.5 equiv) in DCM (3.0 ml) was added
triethylamine (43.1 pl, 0.310 mmol, 2.5 equiv) and PivCl (34.4 ul, 0.279 mmol, 2.3 equiv) at 0 °C. After 30 min at 0 °C,
the reaction mixture was used as a solution of the corresponding acid anhydride in DCM.

To a solution of the aforementioned amine in DCM (1.2 ml) was added triethylamine (25.9 ul, 0.186 mmol, 1.5
equiv) and a solution of the acid anhydride in DCM at 0 °C. After 5 min at 0 °C, the reaction mixture was warmed to rt
and stirred for 19 h. The reaction mixture was diluted with AcOEt, washed with 1 M HCI, sat. NaHCO; and brine, dried
over Na,SO, and the solvent was removed under reduced pressure. The crude product was purified by silica gel column
chromatography (n-hexane/ AcOEt 3:1) to yield target compound 3-11 (58.5 mg, 0.125 mmol, 2 steps quant.) as a
colorless oil. [a]*'p 13.20 (c 1.05, CHCI5); *H-NMR (500 MHz, CDCls) & 7.37-7.25 (m, 10H, aromatic), 6.41 (br, 1H,
amide NH), 4.56 (d, J = 4.6 Hz, 1H, NHCOCH), 4.48 (s, 4H, benzyl CH,), 3.56 (dd, J = 8.0, 4.6 Hz, 1H, OCOCH),
3.49 (dd, J = 9.2, 5.7 Hz, 2H, OCH,CH), 3.44 (dd, J = 9.2, 5.7 Hz, 2H, OCH,CH), 3.37-3.20 (m, 2H, CH,;NH),
2.02-1.88 (m, 2H, NHCOCH and CH,CHCH,), 1.71-1.61 (m, 1H, sec-butyl CH), 1.59-1.50 (m, 2H, CH,CH,;NH),
1.47-1.39 (m, 2H, CH,CH,CH,NH), 1.37-1.26 (m, 1H, sec-butyl CH,), 1.07 (d, J = 6.3 Hz, 3H, sec-butyl CH3), 0.94
(dd, J = 7.4, 7.4 Hz, 3H, sec-butyl CHs); *C-NMR (125 MHz, CDCl5) § 169.2, 167.8, 138.5, 128.3, 127.6, 127.5, 73.1,
70.7, 62.9, 39.4, 39.0, 33.8, 26.8, 26.6, 25.9, 16.3, 11.0; LRMS (ESI) m/z 468.28 [(M+H)"]; HRMS (ESI) calcd for
CasH3sNOs: 468.2745 [(M+H)™], found: 468.2754.

Flexible alignment of compounds 3-4 — 3-11
Flexible alignment of compounds 3-4 — 3-11 onto previously analyzed non-covalent binding conformation of

compound 1-18% (s3]

and covalent binding conformation of homobelactosin C derivatives analyzed by Meijere et al.
was performed by using Molecular Operating Environment (MOE) 2012.10. Prior to the calculation, B-lactone ring of
compounds 3-4 — 3-11 was superimposed with that of 1-18 and the position was fixed during the calculation. Default

values were used for all parameters and the top ranked pose of each compounds were shown in this paper.

Proteasomes assay
Inhibitory activity of the target compounds 3-4 — 3-11 on ChT-L activity of the human 20S proteasome was

measured as described previously."

Cell proliferation assay

Inhibitory activity of the target compounds 3-4 — 3-11 on HCT116 cell growth was measured as described

previously.®”!

BEI and SEI values of analogs of 1-18 with same scaffold
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Table S3-1. BEI and SEI values of analogs of 1-18 with same scaffold

i '\/
3 B -
AR !
(6]
o re

compound

R* R R® BEI SEI
number

0-10 Cbz vinyl Me 35 14
1-10 H vinyl Me 43 14
1-6 Cbz vinyl epi-Me 34 14
1-5 Cbz vinyl H 36 14
1-7 Cbz vinyl isobutyl 32 14
1-8 Cbz vinyl Bn 31 14
1-9 Cbz vinyl 3-indolylmethyl 29 13
1-11 Ac vinyl Me 39 13
1-12 Bz vinyl Me 36 14
1-13 2-naphthoyl vinyl Me 35 15
1-14 Boc vinyl Me 36 13
1-15 Chz Et Me 35 14
1-16 Chz Ph Me 30 13
1-17 Chz Bn Me 33 15
1-19 Cbz phenylpropyl Me 30 14
1-20 Cbz 1-naphthylmethyl Me 26 13
1-21 Cbz 2-naphthylmethyl Me 26 13
1-22 Cbz 1-naphthylethyl Me 27 13
1-23 Cbz 2-naphthylethyl Me 28 14
1-25 2-naphthoyl phenethyl Me 32 16

Combustion analysis data for the target compounds

Table S3-2. Table listing combustion analysis data for the target compounds

3-4
35
3-6
3-7
3-8
3-9

3-10

311

Anal.
Anal.
Anal.
Anal.
Anal.
Anal.
Anal.
Anal.

calcd for Co6H34N204: C, 73.90; H, 8.11; N, 6.63.
calcd for C,gH3gN,O3: C, 74.63; H, 8.50; N, 6.22.
calcd for C,7H36N,05+0.1H,0: C, 73.97; H, 8.32; N, 6.39.
caled for Cy9H4oN205-0.2H,0: C, 74.39; H, 8.70; N, 5.98.
:C,70.57; H, 7.34; N, 3.29.
. C, 71.50; H, 7.78; N, 3.09.
: C, 71.05; H, 7.57; N, 3.19.
: C, 71.92; H, 7.98; N, 3.00.

calcd for CysH3:NOsg
calcd for Co7;H35NOs5
calcd for CoH33NOsg
calcd for CpgH37,NOg

Found:
Found:
Found:
Found:
Found:
Found:
Found:

Found:

C,73.71; H, 8.21; N, 6.64.
C,74.34; H, 8.61; N, 6.15.
C, 73.80; H, 8.44; N, 6.29.
C,74.38;H, 8.77; N, 5.91.
C,70.37; H, 7.41; N, 3.32.
C, 71.26; H, 7.86; N, 3.11.
C, 70.86; H, 7.61; N, 3.19.
C, 71.66; H, 7.94; N, 3.06.
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Synthesis of 4-1 — 4-8
(4R)-4-Benzyl-3-(4-methylpentanoyl)oxazolidin-2-one 4-10

The title compound 4-10 (11.1 g, 40.3 mmol, quant., a colorless oil) was prepared from carboxylic acid 4-9 (6.54 ml,
52.0 mmol, 1.3 equiv) and (4R)-4-benzyl-2-oxazolidinone (7.09 g, 40.0 mmol, 1.0 equiv) as described for imide 4-15.
[0]%5 -54.95 (c 1.55, CHCI5); *H-NMR (400 MHz, CDCl5) § 7.39-7.24 (m, 3H, aromatic), 7.24-7.17 (m, 2H, aromatic),
4.74-4.61 (m, 1H, NCH), 4.25-4.11 (m, 2H, OCH,), 3.30 (dd, J = 13.5, 3.1 Hz, 1H, benzyl CH,), 3.05-2.84 (m, 2H,
COCHy,), 2.76 (dd, J = 13.5, 9.9 Hz, 1H, benzyl CH,), 1.72-1.52 (m, 3H, CHCH,), 0.94 (d, J = 6.3 Hz, 6H, CHj);
BC-NMR (100 MHz, CDCl3) 6 173.6, 153.4, 135.3, 129.4, 128.9, 127.3, 66.1, 55.1, 37.9, 33.6, 33.1, 27.6, 22.3; LRMS
(ESI) m/z 298.14 [(M+Na)*]; HRMS (ESI) calcd for C16HNOsNa: 298.1414 [(M+Na)*], found: 298.1411.

Imide 4-11

Imide 4-11 (11.9 g, 30.6 mmol, 76%, a white solid) was prepared as a single isomer from imide 4-10 (11.1 g, 40.3
mmol) as described for imide 4-16. [a]®p -32.93 (c 0.73, CHCI3); mp 89-90 °C; 'H-NMR (400 MHz, CDCl;) &
7.39-7.31 (m, 2H, aromatic), 7.31-7.22 (m, 3H, aromatic), 4.73-4.59 (m, 1H, NCH), 4.32-4.19 (m, 1H, COCH),
4.20-4.09 (m, 2H, OCH,), 3.35 (dd, J = 13.5, 3.1 Hz, 1H, benzyl CH,), 2.83-2.67 (m, 2H, COCH, and benzyl CH,),
2.49 (dd, J = 16.6, 4.5 Hz, 1H, COCH,), 1.69-1.48 (m, 2H, CHCH,), 1.43 (s, 9H, CCH3), 1.38-1.29 (m, 1H, CHCH,),
0.94 (d, J = 6.7 Hz, 3H, CHs), 0.92 (d, J = 6.7 Hz, 3H, CH3); **C-NMR (100 MHz, CDCls) § 176.4, 171.3, 152.9, 135.8,
129.5, 128.9, 127.2, 80.7, 65.8, 55.6, 40.9, 37.6, 37.5, 37.2, 28.0, 25.7, 23.3, 21.7; LRMS (ESI) m/z 412.21 [(M+Na)'];
HRMS (ESI) calcd for CpH3NOsNa: 412.2094 [(M+Na)*], found: 412.2089.

2-1sobutylsuccinic acid 4-t-butyl ester 4-12

The title compound 4-12 (7.39 g, 32.1 mmol, quant., a colorless oil) was prepared from imide 4-11 (11.9 g, 30.6
mmol) as described for carboxylic acid 4-17. [a]®p -15.24 (¢ 0.49, CHCI5); *H-NMR (500 MHz, CDCls) § 2.90-2.81
(m, 1H, COCH), 2.59 (dd, J = 16.6, 9.2 Hz, 1H, COCHy), 2.37 (dd, J = 16.6, 5.2 Hz, 1H, COCH,), 1.71-1.54 (m, 2H,
CHCH,), 1.44 (s, 9H, CCH3), 1.35-1.26 (m, 1H, CHCH,), 0.94 (d, J = 6.3 Hz, 3H, CHs), 0.91 (d, J = 6.3 Hz, 3H, CH3);
BC-NMR (125 MHz, CDCl,) & 181.3, 171.0, 81.0, 40.9, 39.5, 37.6, 28.0, 25.7, 22.5, 22.2; LRMS (ESI) m/z 253.14
[(M+Na)*]; HRMS (ESI) calcd for Cy,H,,04Na: 253.1410 [(M+Na)'], found: 253.1410.

(2R,3S)-3-1sobutyl-4-oxooxetane-2-carboxylic acid t-butyl ester 4-13

The title compound 4-13 (3.95 g, 17.3 mmol, 2 steps 57%, a brown liquid) was prepared as a single isomer from
carboxylic acid 4-12 (7.04 g, 30.6 mmol) as described for p-lactone 4-18. [a]*p -9.34 (¢ 0.77, CHCIls); "H-NMR (400
MHz, CDCl3) 6 4.48 (d, J = 4.0 Hz, 1H, OCH), 3.71 (ddd, J = 9.9, 9.9, 4.0 Hz, 1H, COCH), 1.89-1.70 (m, 3H, CHCH,),
1.52 (s, 9H, CCHs), 0.98 (d, J = 6.3 Hz, 3H, CHCHy), 0.94 (d, J = 5.8 Hz, 3H, CHCH3); **C-NMR (100 MHz, CDCls)
5 169.7, 167.1, 83.6, 72.5, 55.6, 36.7, 27.9, 26.4, 22.4, 21.7; LRMS (ESI) m/z 251.13 [(M+Na)]; HRMS (ESI) calcd
for C1,Hy004Na: 251.1254 [(M+Na)*], found: 251.1255.

(4R)-4-Benzyl-3-propionyloxazolidin-2-one 4-15
To a solution of propionic acid 4-14 (5.84 ml, 78.0 mmol, 1.3 equiv) in THF (300 ml) was added triethylamine (20.9
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ml, 150 mmol, 2.5 equiv) and PivCl (8.87 ml, 72.0 mmol, 1.2 equiv) at 0 °C. After 1 h at 0 °C, LiCl (2.80 g, 66.0 mmol,
1.1 equiv) and (4R)-4-benzyl-2-oxazolidinone (10.6 g, 60.0 mmol, 1.0 equiv) were added and the resulting mixture was
warmed to rt. After 38 h at rt, the reaction mixture was concentrated in vacuo and the residue was dissolved in AcOEt,
washed with 1 M HCI, sat. NaHCO3 and brine, dried over Na,SO,4 and the solvent was removed under reduced pressure.
The crude product was purified by silica gel column chromatography (n-hexane/ AcOEt 3:1) to yield the title
compound 4-15 (12.3 g, 52.7 mmol, 88%) as a colorless oil [lit. (for ent-4-15) a white solid. mp 43-46 °C].% [a]%
-59.79 (c 1.42, CHCIy) [lit. (for ent-4-15) [a]"p 55.6 (¢ 1.27, CHCI3)]"*: *H-NMR (500 MHz, CDCls) & 7.34 (dd, J =
7.4, 6.9 Hz, 2H, aromatic), 7.28 (t, J = 7.4 Hz, 1H, aromatic), 7.21 (d, J = 6.9 Hz, 2H, aromatic), 4.73-4.62 (m, 1H,
NCH), 4.24-4.14 (m, 2H, OCHy), 3.31 (dd, J = 13.2, 2.9 Hz, 1H, benzyl CH,), 3.04-2.87 (m, 2H, COCHy), 2.77 (dd, J =
13.2, 9.7 Hz, 1H, benzyl CH,), 1.21 (dd, J = 7.4, 7.4 Hz, 3H, CH,CHa); *C-NMR (125 MHz, CDCl;) § 174.0, 153.5,
135.3, 129.4, 128.9, 127.3, 66.2, 55.1, 37.9, 29.2, 8.2; LRMS (ESI) m/z 256.09 [(M+Na)']; HRMS (ESI) calcd for
C1sHisNOsNa: 256.0944 [(M+Na)'], found: 256.0941. *H-NMR, *C-NMR, [0]*’, data are in agreement with those

reported for ent-4-15 by May.!%"

Imide 4-16

To a solution of imide 4-15 (12.3 g, 52.7 mmol) in THF (500 ml) was added NaHMDS (42.0 ml, 79.1 mmol, 1.5
equiv, 1.9 M in THF) at -78 °C. After 30 min at -78 °C, BrCH,CO,t-Bu (15.5 ml, 106 mmol, 2.0 equiv) was added.
After 25 h at -78 °C, the reaction was quenched with AcOH (6.04 ml, 106 mmol, 2.0 equiv) and the resulting mixture
was concentrated in vacuo to remove THF. The residue was dissolved in AcOEt, washed with water and brine, dried
over Na,SO, and the solvent was removed under reduced pressure. The crude product was separated by silica gel
column chromatography (n-hexane/ AcOEt 5:1) and purified by recrystallization from n-hexane to yield imide 4-16
(12.0 g, 34.5 mmol, 66%, single isomer) as a colorless needle. [o]*p -32.02 (¢ 1.22, CHCI5); mp 103-104 °C; *H-NMR
(500 MHz, CDCl,) & 7.38-7.30 (m, 2H, aromatic), 7.30-7.23 (m, 3H, aromatic), 4.75-4.61 (m, 1H, NCH), 4.27-4.09 (m,
3H, OCH, and COCH), 3.33 (dd, J = 13.7, 2.9 Hz, 1H, benzyl CH,), 2.85 (dd, J = 16.6, 9.7 Hz, 1H, COCH,), 2.76 (dd,
J=13.7,9.7 Hz, 1H, benzyl CH,), 2.39 (dd, J = 16.6, 4.6 Hz, 1H, COCHy), 1.43 (s, 9H, CCH3), 1.20 (d, J = 6.9 Hz, 3H,
CHCHsy); BC-NMR (125 MHz, CDCl,) 6 176.3, 171.1, 152.9, 135.6, 129.4, 128.8, 127.1, 80.6, 65.9, 55.3, 38.9, 37.5,
34.5, 28.0, 17.0; LRMS (ESI) m/z 370.16 [(M+Na)']; HRMS (ESI) calcd for Ci9H»sNOsNa: 370.1625 [(M+Na)'],
found: 370.1618. "H-NMR and *C-NMR data are in agreement with those reporeted for ent-4-16 by Stongius.

(25)-2-Methylsuccinic acid 4-t-butyl ester 4-17
To a solution of imide 4-16 (3.40 g, 9.79 mmol) in 75% aqueous THF (100 ml) was added hydrogen peroxide (4.76 g,
48.9 mmol, 5.0 equiv, 35%) and LiOH-H,O (821 mg, 19.6 mmol, 2.0 equiv) at 0 °C. After 5 min at 0 °C, the reaction

mxiture was warmed to rt and stirred for 1 h. The reaction mixture was cooled to 0 °C, quenched with sat. Na,S,03 and

concentrated in vacuo to remove THF. The residual aqueous solution was diluted with 2 M NaOH, extracted with DCM
to remove (4R)-4-benzyl-2-oxazolidinone. The aqueous layer was acidified with citric acid and was extracted with
DCM. The organic layer was dried over Na,SO4 and the solvent was removed under reduced pressure. The crude
product was purified by silica gel column chromatography (AcOEt) to yield the title compound 4-17 (1.60 g, 8.50
mmol, 87%) as a white solid. [a]®p -6.93 (¢ 1.04, CHCI,) [lit. [a]*5 -7.0 (c 0.86, CHCI3)]™%; mp 56-57 °C; *H-NMR
(500 MHz, CDCl3) 6 2.95-2.85 (m, 1H, COCH), 2.64 (dd, J = 16.6, 8.0 Hz, 1H, COCH,), 2.37 (dd, J = 16.6, 5.7 Hz,
1H, COCH,), 1.4 (s, 9H, CCH3), 1.24 (d, J = 7.4 Hz, 3H, CHCH3); *C-NMR (125 MHz, CDCls) § 181.6, 171.0, 81.0,
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38.7, 35.8, 28.0, 16.7; LRMS (ESI) m/z 211.09 [(M+Na)']; HRMS (ESI) calcd for CoH1s0,Na: 211.0941 [(M+Na)'],
found: 211.0938. *H-NMR, *C-NMR and [a]%; data are in agreement with those reported by Davies.! %"

(2R,3S)-3-Methyl-4-oxooxetane-2-carboxylic acid t-butyl ester 4-18

To a solution of carboxylic acid 4-17 (3.20 g, 17.0 mmol) in THF (170 ml) was added LiHMDS (23.4 ml, 37.4 mmol,
2.2 equiv, 1.6 M in THF) at -78 °C. After 45 min at -78 °C, CCl, (1.80 ml, 18.7 mmol, 1.1 equiv) was added. After 1 h
at -78 °C, the reaction was quenched with AcOH (2.43 ml, 42.5 mmol, 2.5 equiv) and the resulting mixture was

concentrated in vacuo. The residue was dissolved in AcOEt, washed with 1 M HCI and brine, dried over Na,SO, and
the solvent was removed under reduced pressure. The crude product was purified by silica gel column chromatography
(ACOEt) to yield the corresponding chlorinated product as a brown oil.

To a solution of the oil in Et,O (100 ml) was added 5% NaHCO; (100 ml). After 21 h at rt, the reaction mixture was
diluted with AcOEt, washed with sat. NaHCO; and brine, dried over Na,SO, and the solvent was removed under
reduced pressure. The crude product was purified by silica gel column dhromatography (n-hexane/ AcOEt 10:1) to
yield the title compound 4-18 (1.33 g, 7.16 mmol, 2 steps 42%, single isomer) as a white solid. [a]*’p -31.12 (c 0.85,
CHCl3); mp 42-43 °C; 'H-NMR (500 MHz, CDCl,) & 4.45 (d, J = 4.0 Hz, 1H, lactone CH), 3.73 (qd, J = 7.4, 4.0 Hz,
1H, lactone CH), 1.52 (s, 9H, CCHs), 1.50 (d, J = 7.4 Hz, 3H, CHCHj); *C-NMR (125 MHz, CDCl;) § 169.9, 167.0,
83.5, 73.1, 51.6, 27.8, 12.5; LRMS (ESI) m/z 209.1 [(M+Na)*]; HRMS (ESI) calcd for CgH;4,04Na: 209.0790
[(M+Na)™], found: 209.0789.

Alcohol 4-19

To a solution of B-lactone 4-18 (1.32 g, 7.08 mmol) in MeOH (71 ml) was added triethylamine (3.94 ml, 28.3 mmol,
4.0 equiv). After 3 h at rt, the reaction mixture was concentrated in vacuo and the crude product was purified by silica
gel column chromatography (n-hexane/ AcOEt 5:1) to yield alcohol 4-19 (1.55 g, 7.11 mmol, quant.) as a pale yellow
liquid. [o]*%5 8.96 (c 0.48, CHCI3); *H-NMR (500 MHz, CDCls) & 4.25 (dd, J = 5.7, 3.4 Hz, 1H, CHOH), 3.69 (s, 3H,
CO,CH3), 3.14 (d, J = 5.7 Hz, 1H, OH), 2.98 (qd, J = 7.4, 3.4 Hz, 1H, CHCHj3), 1.49 (s, 9H, CCH3), 1.25 (d, J = 7.4 Hz,
3H, CHCHy); BC-NMR (125 MHz, CDCls) 6 173.1, 172.3, 83.0, 72.2, 51.7, 43.2, 27.8, 12.1; LRMS (ESI) m/z 241.10
[(M+Na)*]; HRMS (ESI) calcd for CyoH150sNa: 241.1046 [(M+Na)'], found: 241.1048.

Alcohol 4-20

To a solution of alcohol 4-19 (31.5 mg, 0.144 mmol) in THF (2.0 ml) was added LiHMDS (361 pl, 0.577 mmol, 4.0
equiv) at -78 °C. After 5 min at -78 °C, 3-bromo-2-methylpropene (291 ul, 2.89 mmol, 20 equiv) was added and the
resulting solution was warmed to 0 °C. After 100 min at 0 °C, the reaction was quenched with AcOH and the resulting
mixture was concentrated in vacuo. The residue was dissolved in AcOEt, washed with water and brine, dried over
Na,SO,4 and the solvent was removed under reduced pressure. The crude product was purified by silica gel column
chromatography (n-hexane/ AcOEt 15:1) to yield alcohol 4-20 (16.9 mg, 0.0621 mmol, 43%, single isomer) as a
colorless oil. [a]®5 -15.63 (c 0.93, CHCI3); "H-NMR (400 MHz, CDCI;) & 4.86 (br, 1H, alkenyl CH,), 4.72 (br, 1H,
alkenyl CH,), 4.12 (d, J = 7.6 Hz, 1H, CHOH), 3.72 (s, 3H, CO,CHj), 3.40 (d, J = 7.6 Hz, 1H, OH), 2.67 (d, J = 13.5
Hz, 1H, CCH,), 2.35 (d, J = 13.5 Hz, 1H, CCH,), 1.69 (s, 3H, allyl CHs), 1.51 (s, 9H, CCH3), 1.15 (s, 3H, CCHa);
B3C-NMR (100 MHz, CDCl,) & 175.0, 171.8, 141.3, 115.4, 83.3, 76.2, 52.0, 50.1, 43.0, 28.0, 23.7, 16.9; LRMS (ESI)
m/z 295.15 [(M+Na)*]; HRMS (ESI) calcd for C14H,,0sNa: 295.1516 [(M+Na)'], found: 295.1520.
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Alcohol 4-21

To a solution of alcohol 4-20 (165 mg, 0.604 mmol) in MeOH (10 ml) was added Pd/C (160 mg). The flask was
purged with hydrogen (balloon pressure) and the reaction mixture was stirred under an atmosphere of hydrogen for 15 h.
The reaction mixture was filtered through a Celite pad and the filtrate was concentrated in vacuo to yield alcohol 4-21
(174 mg, 0.634 mmol, quant.) as a colorless oil. [a]*p 1.18 (c 0.16, CHCI5); *H-NMR (400 MHz, CDCl5) & 4.10 (br,
1H, CHOH), 3.71 (s, 3H, CO,CH3), 3.33 (br, 1H, OH), 1.79 (dd, J = 13.9, 7.2 Hz, 1H, CH,), 1.74-1.59 (m, 1H,
CHCH3), 1.58-1.49 (m, 1H, CHy), 1.49 (s, 9H, CCHj3), 1.17 (s, 3H, CCHj3), 0.92 (d, J = 6.3 Hz, 3H, CHCH3), 0.84 (d, J
= 6.3 Hz, 3H, CHCH); *C-NMR (100 MHz, CDCl5) § 175.6, 171.9, 83.1, 76.6, 51.8, 50.1, 43.6, 28.0, 24.9, 24.5, 23.0,
16.8; LRMS (ESI) m/z 297.17 [(M+Na)*]; HRMS (ESI) calcd for Cy4H,s0sNa: 297.1673 [(M+Na)*], found: 297.1668.

(2R,35)-3-1sobutyl-3-methyl-4-oxooxetane-2-carboxylic acid t-butyl ester 4-22
To a solution of alcohol 4-21 (132 mg, 0.482 mmol) in 50% aqueous THF (10 ml) was added LiOH+H,0 (202 mg,
4.82 mmol, 10 equiv) at 0 °C. After 5 min at 0 °C, the reaction mixture was warmed to rt. After 18 h at rt, the reaction

mixture was diluted with 33% aqueous THF (15 ml). After 47 h at rt, the reaction mixture was concentrated in vacuo to
remove THF and the residual aqueous solution was diluted with 0.1 M NaOH, extracted with DCM. The aqueous layer
was acidified with 1 M HCI and was extracted with DCM. The combined organic layers were washed with brine, dried
over Na,SO,4 and the solvent was removed under reduced pressure to give the corresponding carboxylic acid as a
colorless viscous oil.

To a solution of the viscous oil in DCM (10 ml) was added triethylamine (277 ul, 1.99 mmol, 5.0 equiv) and PyBOP
(311 mg, 0.598 mmol, 1.5 equiv) at 0 °C. After 5 min at 0 °C, the reaction mixture was warmed to rt and stirred for 75
min. The reaction mixture was diluted with AcOEt, washed with 1 M HCI, sat. NaHCO3 and brine, dried over Na,SO4
and the solvent was removed under reduced pressure. The crude product was purified by silica gel column
chromatography (n-hexane/ AcOEt 49:1) to yield the title compound 4-22 (79.3 mg, 0.327 mmol, 2 steps 68%) as a
colorless oil. [o]*p -24.89 (c 0.58, CHCl); *H-NMR (500 MHz, CDCl3) & 4.65 (s, 1H, COCH), 1.90-1.78 (m, 2H, CH,
and CHCHjy), 1.71-1.62 (m, 1H, CH,), 1.52 (s, 9H, CCH,), 1.31 (s, 3H, CCHj3), 1.00 (d, J = 6.3 Hz, 6H, CHCHy);
BC-NMR (125 MHz, CDCl,) & 173.3, 166.5, 83.8, 60.7, 43.8, 28.1, 24.5, 24.0, 22.1, 15.0; LRMS (ESI) m/z 265.14
[(M+Na)*]; HRMS (ESI) calcd for Cy3H,,04Na: 265.1410 [(M+Na)'], found: 265.1410.

(8)-4-benzyl-3-((S)-3-methylpentanoyl)oxazolidin-2-one 4-25

To a solution of NaOH (40.0 g, 1.00 mol) in H,O (250 ml) was added L-isoleucine 4-23 (20.0 g, 153 mmol) at 0 °C.
After 10 min at 0 °C, H,NOSO;H (20.0 g, 177 mmol, 1.2 equiv) was added. After 30 min at 0 °C, 2.5 M NaOH (150
ml) and H,NOSO;H (20.0 g, 177 mmol, 1.2 equiv) was added and the resulting mixture was warmed to rt. After 25 h at

rt, the reaction mixture was refluxed for 3 h. The reaction mixture was cooled to 0 °C, H,SO,4 (64 ml) was added at a
rate to keep the internal temperature below 20 °C. The resulting mixture was extracted with DCM, dried over Na,SO,
and the solvent was removed under reduced pressure to give the corresponding carboxylic acid 4-24 as a colorless oil.
To a solution of the oil in THF (590 ml) was added triethylamine (50.0 ml, 359 mmol, 3.1 equiv) and PivCl (17.3 ml,
141 mmol, 1.2 equiv) at 0 °C. After 1 h at 0 °C, LiCl (5.47 g, 129 mmol, 1.1 equiv) and (4S)-4-benzyl-2-oxazolidinone
(20.4 g, 115 mmol, 1.0 equiv) were added and the resulting mixture was warmed to rt. After 13 h at rt, the reaction

mixture was concentrated in vacuo and the residue was dissolved in AcOEt, washed with 1 M HCI, sat. NaHCO3; and
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brine, dried over Na,SO, and the solvent was removed under reduced pressure. The crude product was purified by
silica gel column chromatography (n-hexane/ AcOEt 3:1) to yield imide 4-25 (23.0 g, 83.6 mmol, 2 steps 74%) as a
yellow oil. [o]*p 57.70 (c 1.28, CHCIs); "H-NMR (400 MHz, CDCl5) & 7.40-7.18 (m, 5H, aromatic), 4.74-4.65 (m, 1H,
BnCH), 4.23-4.12 (m, 2H, OCH,), 3.32 (dd, J = 13.0, 3.6 Hz, 1H, benzyl CH,), 2.99 (dd, J = 16.2, 5.8 Hz, 1H,
COCH,), 2.78-2.68 (m, 2H, COCH, and benzyl CH,), 2.09-1.95 (m, 1H, CHCH,3), 1.52-1.39 (m, 1H, CH,CHj3),
1.36-1.21 (m, 1H, CH,CHs), 0.98 (d, J = 6.7 Hz, 3H, CHCHs3), 0.94 (dd, J = 7.4, 7.4 Hz, 3H, CH,CHs); *C-NMR (100
MHz, CDCl3) 8 172.9, 153.4, 135.3, 129.4, 128.9, 127.3, 66.0, 55.1, 42.1, 37.9, 31.1, 29.4, 19.2, 11.3; LRMS (ESI) m/z
298.14 [(M+Na)']; HRMS (ESI) calcd for CiH,;NOzNa: 298.1414 [(M+Na)'], found: 298.1419.

(2S,3R)-tert-butyl 3-((S)-sec-butyl)-4-oxooxetane-2-carboxylate 4-26

To a solution of imide 4-25 (16.4 g, 59.5 mmol) in THF (800 ml) was added NaHMDS (47.0 ml, 89.3 mmol, 1.5
equiv, 1.9 M in THF) at -78 °C. After 30 min at -78 °C, BrCH,CO,t-Bu (17.5 ml, 119 mmol, 2.0 equiv) was added.
After 30 min at -78 °C, the reaction was quenched with AcOH (6.98 ml, 119 mmol, 2.0 equiv) and the resulting

mixture was concentrated in vacuo to remove THF. The residue was dissolved in AcOEt, washed with water and brine,
dried over Na,SO, and the solvent was removed under reduced pressure. The crude product was purified by silica gel
column chromatography (n-hexane/ AcOEt 10:1-5:1) to give the corresponding imide as a white solid.

To a solution of the solid in THF (380 ml) was added H,O (120 ml), hydrogen peroxide (22.9 ml, 235 mmol, 5.0
equiv, 35%) and LiOH-H,0 (3.95 g, 94.1 mmol, 2.0 equiv) at 0 °C. After 5 min at 0 °C, the reaction mixture was
warmed to rt and stirred for 3 h. The reaction mixture was cooled to 0 °C, quenched with sat. Na,S,0; and
concentrated in vacuo to remove THF. The residual aqueous solution was diluted with 0.1 M NaOH, extracted with
DCM to remove (4S)-4-benzyl-2-oxazolidinone. The aqueous layer was acidified with citric acid and was extracted
with DCM. The organic layer was dried over Na,SO,4 and the solvent was removed under reduced pressure to give the
corresponding carboxylic acid as a colorless oil.

To a solution of the oil in THF (500 ml) was added LiIHMDS (63.1 ml, 101 mmol, 2.2 equiv, 1.6 M in THF) at -78
°C. After 35 min at -78 °C, CCl, (4.87 ml, 50.5 mmol, 1.1 equiv) was added. After 1 h at -78 °C, the reaction was
quenched with AcOH (12.0 ml, 200 mmol, 3.0 equiv) and the resulting mixture was concentrated in vacuo. The residue
was dissolved in AcOEt, washed with 1 M HCI and brine, dried over Na,SO, and the solvent was removed under
reduced pressure to give the corresponding chlorinated product as a brown oil.

To a solution of the oil in ether (250 ml) was added 5% NaHCO3 (250 ml). After 43 h at rt, the reaction mixture was
diluted with AcOEt, washed with sat. NaHCO3; and brine, dried over Na,SO, and the solvent was removed under
reduced pressure. The crude product was purified by silica gel column chromatography (n-hexane/ AcOEt 10:1) to
yield B-lactone 4-26 (9.93 g, 43.5 mmol, 4 steps 73%, single isomer) as a pale yellow solid. [«]?5 5.39 (c 0.76,
CHCls); mp 55-56 °C; 'H-NMR (400 MHz, CDCls) & 4.54 (d, J = 4.5 Hz, 1H, OCH), 3.51 (dd, J = 9.0, 4.5 Hz, 1H,
COCH), 2.03-1.91 (m, 1H, CHCH3), 1.63-1.44 (m, 1H, CH,CHg), 1.51 (s, 9H, CCHs), 1.37-1.23 (m, 1H, CH,CHj),
1.10 (d, J = 6.7 Hz, 3H, CHCHj), 0.95 (dd, J = 7.4, 7.4 Hz, 3H, CH,CHs); **C-NMR (100 MHz, CDCl5) § 169.0, 167.4,
83.5, 70.6, 62.7, 34.0, 27.8, 27.1, 16.0, 10.6; LRMS (ESI) m/z 251.73 [(M+Na)*]; HRMS (ESI) calcd for C1,H,004Na:
251.1259 [(M+Na)"], found: 251.1258.

(2S, 3R)-1-tert-butyl 4-methyl 3-((S)-sec-butyl)-2-hydroxysuccinate 4-27
To a solution of B-lactone 4-26 (1.01 g, 4.44 mmol) in MeOH (45.0 ml) was added triethylamine (2.47 ml, 17.8
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mmol, 4.0 equiv). After 10 h at rt, the reaction mixture was concentrated in vacuo. The crude product was purified by
silica gel column chromatography (n-hexane/ AcOEt 10:1) to yield alcohol 25 (1.09 g, 4.19 mmol, 94%) as a pale
yellow oil. [0 -11.93 (c 1.00, CHCIs); *H-NMR (500 MHz, CDCl3) & 4.26 (dd, J = 9.2, 3.4 Hz, 1H, CHOH), 3.67 (s,
3H, OCHj3), 3.21 (d, J = 9.2 Hz, 1H, OH), 2.65 (dd, J = 8.6, 3.4 Hz, 1H, COCH), 2.07-1.97 (m, 1H, CHCH3), 1.68-1.56
(m, 1H, CH,CH3), 1.48 (s, 9H, CCH3), 1.35-1.23 (m, 1H, CH,CH3), 0.96 (d, J = 6.9 Hz, 3H, CHCHj3), 0.92 (dd, J = 7.4,
7.4 Hz, 3H, CH,CHs); *C-NMR (125 MHz, CDCl;) 8 173.4, 172.8, 82.5, 69.8, 53.6, 51.4, 33.3, 27.9, 26.2, 16.9, 10.7;
LRMS (ESI) m/z 283.16 [(M+Na)']; HRMS (ESI) calcd for C13H240sNa: 283.1521 [(M+Na)*], found: 283.1530.

(2S,3R)-3-((S)-sec-butyl)-4-oxooxetane-2-carboxylic acid 4-29
To a solution of B-lactone 4-26 (557 mg, 2.44 mmol) in DCM (10.0 ml) was added TFA (10.0 ml) at -5 °C. After 21
h at -5 °C, the reaction mixture was concentrated in vacuo. The crude product was purified by silica gel column

chromatography (n-hexane/ AcOEt 4:1-0:1) to yield B-lactone 4-29 (399 mg, 2.32 mmol, 95%) as a colorless oil. [a]*p
1.74 (¢ 0.69, CHCI3); *H-NMR (400 MHz, CDCl,) § 10.37 (br, 1H, COOH), 4.72 (d, J = 4.5 Hz, 1H, OCH), 3.69 (dd, J
=9.0, 4.5 Hz, 1H, COCH), 2.07-1.94 (m, 1H, CHCHj3), 1.66-1.52 (m, 1H, CH,CH3), 1.39-1.24 (m, 1H, CH,CH3), 1.12
(d, J = 6.7 Hz, 3H, CHCHj), 0.97 (dd, J = 7.4, 7.4 Hz, 3H, CH,CHs); *C-NMR (100 MHz, CDCl5) § 174.0, 168.2,
69.5, 63.5, 34.2, 27.2, 16.0, 10.8; LRMS (ESI) m/z 171.07 [(M-H)]; HRMS (ESI) calcd for CgHy;,0,: 171.0663
[(M-H)1, found: 171.0660.

(2S,3S)-4-tert-butyl 1-methyl 2-((S)-sec-butyl)-3-hydroxy-2-methylsuccinate 4-28
To a solution of diisopropylamine (8.78 ml, 62.2 mmol, 5.1 equiv) in THF (80 ml) was added n-BuLi (22.9 ml, 61.0

mmol, 5.0 equiv, 2.66 M in Hexane) at 0 °C. After 30 min at 0 °C, the reaction mixture was cooled to -78 °C and
B-lactone 4-29 (2.10 g, 12.2 mmol) in THF (40 ml) was added via cannula. After 30 min at -78 °C, CHsl (11.4 ml, 183
mmol, 15 equiv) was added and the reaction mixture was warmed to -40 °C. After 5 min at -40 °C, the reaction was
quenched with AcOH (4.29 ml, 74.9 mmol, 6.1 equiv) and the resulting mixture was concentrated in vacuo. The residue
was dissolved in AcOEt, washed with 1M HCI and brine, dried over Na,SO, and the solvent was removed under
reduced pressure to give the corresponding methylated product 4-30 (dr 3:1) as a yellow oil.

To a solution of the oil in DCM (120 ml) was added THF (10 ml), MS 4 A (2.10 g) and Ag,COj3 (15.1 g, 54.9 mmol,
4.5 equiv). The resulting mixture was cooled to 0 °C and t-butyl bromide (8.22 ml, 73.2 mmol, 6.0 equiv) was added.
After 5 min at 0 °C, the reaction mixture was warmed to rt and was stirred for 56 h. The reaction mixture was filtered
through a Celite pad and the filtrate was concentrated in vacuo. The crude product was purified by flash column
chromatography (n-hexane/ AcOEt 99:1) to give the corresponding t-butyl ester (dr 3:1) as a colorless oil.

To a solution of the oil in MeOH (31 ml) was added NaOMe (617 pl, 3.10 mmol, 1.0 equiv, 28% in MeOH) at 0 °C.
After 1 h at 0 °C, the reaction was quenched with AcOH (273 pl, 4.77 mmol, 1.5 equiv) and the resulting mixture was
concentrated in vacuo. The residue was dissolved in AcOEt, washed with sat. NaHCO; and brine, dried over Na,SO,4
and the solvent was removed under reduced pressure. The crude product was purified by flash column chromatography
(n-hexane/ AcOEt 99:1) to yield alcohol 4-28 (502 mg, 1.83 mmol, 3 steps 15%, single isomer) as a white solid. [o]*p
19.25 (c 0.30, CHCIs); mp 52-54 °C; *H-NMR (400 MHz, CDCls) & 4.53 (d, J = 4.7 Hz, 1H, CHOH), 3.67 (s, 3H,
OCH,), 3.09 (d, J = 4.7 Hz, 1H, OH), 1.78-1.65 (m, 2H, CHCH3 and CH,CHj), 1.47 (s, 9H, t-butyl CHj), 1.29-1.13 (m,
1H, CH,CHj), 1.07 (s, 3H, CCHj), 0.90 (dd, J = 7.4, 7.4 Hz, 3H, CH,CHs), 0.86 (d, J = 7.2 Hz, 3H, CHCHj);
BC-NMR (100 MHz, CDCl5) 5 174.1, 173.5, 83.4, 72.7, 54.0, 51.2, 40.3, 27.9, 24.3, 14.9, 13.6, 12.8; LRMS (ESI) m/z
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297.17 [(M+Na)']; HRMS (ESI) calcd for Cy4H,60sNa: 297.1673 [(M+Na)'], found: 297.1668.

(2S,3R)-4-tert-butyl 1-methyl 2-((S)-sec-butyl)-3-hydroxy-2-methylsuccinate 4-31
To a solution of alcohol 4-28 (20.6 mg, 0.0751 mmol) in DCM (1.0 ml) was added DMP (41.4 mg, 0.0977 mmol, 1.3
equiv) and the reaction mixture was stirred for 3 h. The reaction was quenched with a solution of sat. Na,S,03 and sat.

NaHCOj; (1:3), extracted with CHCI;, the organic layer was washed with water, dried over Na,SO,4 and the solvent was
removed under reduced pressure to give the corresponding glyoxylate ester as a colorless oil.

To a solution of the oil and (R)-2-methyl-CBS-1,3,2-oxazaborolidine (23.2 mg, 0.0837 mmol, 1.1 equiv) in THF
(840 pl) was added BH3-THF (441 ul, 0.419 mmol, 5.0 equiv, 0.95 M in THF) at -78 °C. After 1 h at -78 °C, the
reaction was quenched with MeOH and the resulting mixture was warmed to -40 °C. After 30 min at -40 °C, the solvent
was removed under reduced pressure and the residue was dissolved in AcOEt, washed with 1 M HCI, 1M NaOH, sat.
NH,CI and brine, dried over Na,SO,4 and the solvent was removed under reduced pressure. The crude product (dr 99:1)
was purified by flash column chromatography (n-hexane/ AcOEt 98:2-15:1) to yield alcohol 4-31 (20.2 mg, 0.0736
mmol, 2 steps 98%, single isomer) as a colorless oil. [«]*p 4.07 (¢ 1.01, CHCI5); *H-NMR (400 MHz, CDCl;) & 4.04
(d, J = 10.8 Hz, 1H, CHOH), 3.71 (s, 3H, OCHj3), 3.62 (d, J = 10.8 Hz, 1H, OH), 2.19-2.07 (m, 1H, CHCH3), 1.47 (s,
9H, t-butyl CHs), 1.24-1.01 (m, 2H, CH,CHs), 1.06 (s, 3H, CCHs), 0.94-0.87 (m, 6H, CH,CH; and CHCH3); *C-NMR
(100 MHz, CDCly) 6 175.8, 172.1, 82.5, 75.0, 53,2, 51.8, 37.9, 27.9, 25.0, 13.3, 12.6, 12.5; LRMS (ESI) m/z 297.17
[(M+Na)*]; HRMS (ESI) calcd for Cy4H,c0sNa: 297.1673 [(M+Na)'], found: 297.1668.

(2S,35)-2-((R)-2-(benzyloxy)-1-hydroxy-2-oxoethyl)-2,3-dimethylpentanoic acid 4-33
To a solution of alcohol 4-31 (144 mg, 0.530 mmol) in 1,4-dioxane (5.0 ml) was added 1 M NaOH (5.0 ml) and the

reaction mixture was warmed to 80 °C. After 17 h at 80 °C, the reaction mixture was neutralized with weak acid resin

(DIAION WKZ10) and the solvent was removed under reduced pressure to give the corresponding dicarboxylic acid as a
colorless viscous oil.

The oil was dissolved in TFAA (2.0 ml) at 0 °C and the reaction mixture was stirred for 2 h at 0 °C. The solvent was
removed under reduced pressure at 0 °C to give the corresponding acid anhydride as a white solid.

A solution of the solid in BnOH (1.0 ml) was stirred for 13 h at rt and then the solvent was removed under reduced
pressure. The crude product was purified by silica gel column chromatography (n-hexane/ AcOEt/ CHCly/ MeOH
5:1:0:0-0:0:100:5) to yield carboxylic acid 4-33 (128 mg, 0.436 mmol, 3 steps 82%) as a colorless viscous oil. [a]*'p
4.55 (c 0.24, CHCIly); 'H-NMR (500 MHz, CD30D) 6 7.43-7.29 (m, 5H, aromatic), 5.19 (d, J = 12.0 Hz, 1H, benzyl
CH,), 5.14 (d, J = 12.0 Hz, 1H, benzyl CH,), 4.41 (s, 1H, OCH), 1.90-1.81 (m, 1H, CHCH,), 1.58-1.46 (m, 1H,
CH,CH,), 1.12-1.04 (m, 1H, CH,CHj), 1.04 (s, 3H, CCH3), 0.87 (d, J = 6.9 Hz, 3H, CHCH), 0.85 (dd, J = 7.4, 7.4 Hz,
3H, CH,CHy); BC-NMR (125 MHz, CD;0D) & 178.3, 173.9, 137.0, 129.7, 129.6, 129.4, 75.3, 67.9, 54.4, 39.7, 26.0,
14.7, 13.4, 13.0; LRMS (ESI) m/z 293.14 [(M-H)]; HRMS (ESI) calcd for CigH,0s: 293.1395 [(M-H)], found:
293.1391.

(2R,3S)-benzyl 3-((S)-sec-butyl)-3-methyl-4-oxooxetane-2-carboxylate 4-34
To a solution of carboxylic acid 4-33 (124 mg, 0.420 mmol) in DCM (42 ml) was added triethylamine (175 pl, 1.26
mmol, 3.0 equiv) and PyBOP (328 mg, 0.629 mmol, 1.5 equiv) at 0 °C. After 5 min at 0 °C, the reaction mixture was

warmed to rt and was stirred for 25 min. The reaction mixture was diluted with AcOEt, washed with 1 M HCI, sat.
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NaHCO3 and brine, dried over Na,SO, and the solvent was removed under reduced pressure. The crude product was
purified by silica gel column chromatography (n-hexane/ AcOEt 15:1) to yield B-lactone 4-34 (87.3 mg, 0.316 mmol,
75%) as a white solid. [a]**p 0.86 (¢ 1.17, CHCls); mp 38-39 °C; *H-NMR (400 MHz, CDCl3) & 7.41-7.33 (m, 5H,
aromatic), 5.29 (d, J = 11.9 Hz, 1H, benzyl CH,), 5.25 (d, J = 11.9 Hz, 1H, benzyl CH,), 4.70 (s, 1H, OCH), 1.89-1.75
(m, 1H, CHCHjy), 1.77-1.66 (m, 1H, CH,CHs3), 1.12 (s, 3H, CCH3), 1.12-1.04 (m, 1H, CH,CH3), 1.01 (d, J = 6.7 Hz,
3H, CHCHs), 0.94 (dd, J = 7.4, 7.4 Hz, 3H, CH,CH,); *C-NMR (100 MHz, CDCl,) § 172.3, 167.5, 134.7, 128.8, 128.7,
128.7, 74.7, 67.4, 66.1, 39.1, 24.0, 14.2, 11.9, 11.8; LRMS (ESI) m/z 299.13 [(M+Na)']; HRMS (ESI) calcd for
C16H2004Na: 299.1254 [(M+Na)*], found: 299.1250.

(2R,3S)-3-((S)-sec-butyl)-3-methyl-4-oxooxetane-2-carboxylic acid 4-37
To a solution of B-lactone 4-34 (23.3 mg, 0.0843 mmol) in THF (1.5 ml) was added Pd/C (23 mg). The flask was
purged with hydrogen (balloon pressure) and the reaction mixture was stirred under an atmosphere of hydrogen for 2 h.

The reaction mixture was filtered through a Celite pad and the filtrate was concentrated in vacuo to yield carboxylic
acid 4-37 (16.3 mg, 0.0875 mmol, quant) as a white solid. [a]*’p -4.42 (c 0.82, CHCI); mp 85-87 °C; *H-NMR (500
MHz, CDCl) & 8.81 (br, 1H, COOH), 4.74 (s, 1H, OCH), 1.93-1.83 (m, 1H, CHCHs), 1.82-1.72 (m, 1H, CH,CH3),
1.33 (s, 3H, CCHj3), 1.20-1.09 (m, 1H, CH,CH,3), 1.06 (d, J = 6.9 Hz, 3H, CHCHj3), 0.97 (dd, J = 7.4, 7.4 Hz, 3H,
CH,CH,); *C-NMR (125 MHz, CDCly) § 172.9, 172.0, 74.4, 66.4, 39.1, 24.0, 14.2, 12.2, 11.8; LRMS (ESI) m/z
185.08 [(M-H)]; HRMS (ESI) calcd for CoH30,: 185.0819 [(M-H)], found: 185.0814.

Target compound 4-1

To a solution of carbamate 1-72 (61.3 mg, 0.120 mmol) in DCM (600 nl) was added TFA (600 ul). After 15 min at rt,
the reaction mixture was concentrated in vacuo to give the corresponding amine as a yellow oil.

To a solution of B-lactone 4-13 (41.3 mg, 0.181 mmol, 1.5 equiv) in DCM (1.0 ml) was added TFA (1.0 ml) at -5 °C.

After 20 h at -5 °C, the reaction mixture was concentrated in vacuo to give the corresponding carboxylic acid 4-35 as a

brown oil.

To a solution of the oil in DCM (2.0 ml) was added triethylamine (25 ul, 0.181 mmol, 1.5 equiv) and PivCI (22 pul,
0.181 mmol, 1.5 equiv) at 0 °C. After 30 min at 0 °C, the reaction mixture was used as a solution of the corresponding
acid anhydride in DCM.

To a solution of the aforementioned amine in DCM (1.5 ml) was added triethylamine (50 ul, 0.361 mmol, 3.0 equiv)
and a solution of the acid anhydride in DCM (2.0 ml) at 0 °C. After 5 min at 0 °C, the reaction mixture was warmed to
rt and stirred for 2 h. The reaction mixture was diluted with AcOEt, washed with 1 M HCI, sat. NaHCO; and brine,
dried over Na,SO,4 and the solvent was removed under reduced pressure. The crude product was purified by flash
column chromatography (n-hexane/ AcOEt 2:1-3:2) to yield target compound 4-1 (42.0 mg, 0.0745 mmol, 2 steps 62%)
as a white amorphous solid. []%’p -2.32 (c 0.34, CHCI5); "H-NMR (400 MHz, CDCls) & 7.41-7.23 (m, 7H, aromatic),
7.23-7.11 (m, 3H, aromatic), 7.08 (br, 1H, amide NH), 6.67 (d, J = 8.1 Hz, 1H, amide NH), 5.61 (d, J = 6.3 Hz, 1H,
carbamate NH), 5.10 (s, 2H, benzyl CH,), 4.58 (d, J = 4.5 Hz, 1H, NCOCH), 4.33-4.19 (m, 1H, Ala CH), 4.00-3.87 (m,
1H, NCH), 3.81-3.69 (m, 1H, NCOCHCH), 2.77 (br, 1H, cyclopropyl CH), 2.63 (br, 2H, benzyl CH,), 1.97-1.58 (m,
6H, BnCH,, NCHCH, (1H), isobutyl CH, and isobutyl CH), 1.39 (d, J = 7.2 Hz, 3H, Ala CHj), 1.24-1.10 (m, 1H,
NCHCH,), 1.07-0.84 (m, 8H, cyclopropyl CH, (1H), cyclopropyl CH, isobutyl CH3), 0.27-0.18 (m, 1H, cyclopropyl
CH,); ®*C-NMR (100 MHz, CDCl5) 6 172.7, 170.0, 155.9, 141.3, 136.4, 128.5, 128.5, 128.2, 128.1, 127.9, 126.1, 73.7,
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66.8, 56.2, 50.6, 49.8, 37.0, 36.9, 32.5, 32.4, 26.9, 26.4, 22.3, 21.9, 19.0, 14.5, 11.6; LRMS (ESI) m/z 564.29 [(M+H)T;
HRMS (ESI) calcd for CsHaoN30g: 564.3074 [(M+H)'], found: 564.3065; Anal. calcd for CsHN3Og-0.1H,0: C,
67.97; H, 7.34; N, 7.43. Found: C, 67.82; H, 7.46; N, 7.14.

Target compound 4-2

To a solution of carbamate 1-72 (40.2 mg, 0.0789 mmol) in DCM (800 ul) was added TFA (800 nl). After 15 min at
rt, the reaction mixture was concentrated in vacuo to give the corresponding amine as a yellow oil.

To a solution of B-lactone 4-22 (28.7 mg, 0.118 mmol, 1.5 equiv) in DCM (1.0 ml) was added TFA (1.0 ml) at -5 °C.
After 20 h at -5 °C, the reaction mixture was concentrated in vacuo to give the corresponding carboxylic acid 4-36 as a

colorless oil.

To a solution of the oil in DCM (1.0 ml) was added triethylamine (16 ul, 0.118 mmol, 1.5 equiv) and PivCI (15 pl,
0.118 mmol, 1.5 equiv) at 0 °C. After 30 min at 0 °C, the reaction mixture was used as a solution of the corresponding
acid anhydride in DCM.

To a solution of the aforementioned amine in DCM (1.0 ml) was added triethylamine (33 ul, 0.237 mmol, 3.0 equiv)
and a solution of the acid anhydride in DCM (1.0 ml) at 0 °C. After 5 min at 0 °C, the reaction mixture was warmed to
rt and stirred for 2 h. The reaction mixture was diluted with AcOEt, washed with 1 M HCI, sat. NaHCO; and brine,
dried over Na,SO,4 and the solvent was removed under reduced pressure. The crude product was purified by flash
column chromatography (n-hexane/ AcOEt 2:1) to yield target compound 4-2 (45.6 mg, 0.0789 mmol, 2 steps 100%) as
a colorless viscous oil. [a]*% -15.09 (¢ 0.41, CHCI3); *H-NMR (500 MHz, CDCls) & 7.38-7.22 (m, 7H, aromatic),
7.22-7.09 (m, 3H, aromatic), 6.79 (br, 1H, amide NH), 6.77 (br, 1H, amide NH), 5.77 (br, 1H, carbamate NH), 5.13 (d,
J =12.6 Hz, 1H, benzyl CH,), 5.07 (d, J = 12.6 Hz, 1H, benzyl CH,), 4.73 (s, 1H, NCOCH), 4.35 (dg, J = 6.9, 6.9 Hz,
1H, Ala CH), 4.11-3.97 (m, 1H, NCH), 2.75 (br, 1H, cyclopropyl CH), 2.61 (br, 2H, benzyl CH,), 1.92-1.56 (m, 5H,
NCHCH, (1H), BnCH,, isobutyl CH, (1H) and isobutyl CH), 1.43 (d, J = 6.9 Hz, 3H, Ala CHj3), 1.36-1.08 (m, 5H,
isobutyl CH, (1H), NCHCH, (1H) and CCH3), 1.08-0.78 (m, 8H, cyclopropyl CH, (1H), cyclopropyl CH and isobutyl
CHs), 0.28-0.18 (m, 1H, cyclopropyl CH,); *C-NMR (100 MHz, CDCl3) & 173.2, 172.8, 169.2, 155.9, 141.5, 136.5,
128.5, 128.3, 128.1, 128.0, 126.0, 77.5, 66.7, 60.4, 50.8, 49.5, 43.7, 37.6, 32.3, 32.1, 27.6, 24.5, 24.0, 22.2, 19.1, 15.9,
15.1, 10.8; LRMS (ESI) m/z 578.32 [(M+H)"]; HRMS (ESI) calcd for Ca3HaN3Og: 578.3230 [(M+H)'], found:
578.3224; Anal. calcd for C33H43N306°0.1H,0: C, 68.39; H, 7.51; N, 7.25. Found: C, 68.45; H, 7.60; N, 7.00.

Target compound 4-3

To a solution of carbamate 1-72 (35.7 mg, 0.0700 mmol) in DCM (350 pl) was added TFA (350 ul). After 15 min at
rt, the reaction mixture was concentrated in vacuo to give the corresponding amine as a white solid.

To a solution of carboxylic acid 4-37 (16.3 mg, 0.0875 mmol, 1.3 equiv) in DCM (1.0 ml) was added EDC-HCI
(14.6 mg, 0.0761 mmol, 1.1 equiv) and HOAt (10.4 mg, 0.0761 mmol, 1.1 equiv) at 0 °C. After 5 min at 0 °C, the
reaction mixture was used as a solution of the corresponding HOAt ester in DCM.

To a solution of the aforementioned amine in DCM (1.0 ml) was added triethylamine (29.2 pl, 0.210 mmol, 3.0
equiv) and a solution of the HOAL ester in DCM (1.0 ml) at 0 °C. After 2 h at 0 °C, the reaction mixture was diluted
with AcOEt, washed with 1 M HCI, sat. NaHCO; and brine, dried over Na,SO, and the solvent was removed under
reduced pressure. The crude product was purified by flash column chromatography (n-hexane/ AcOEt 1:1) to yield

target compound 4-3 (41.2 mg, 0.0713 mmol, 2 steps quant.) as a colorless viscous oil. [a]*p -8.24 (¢ 0.53, CHCLy);
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'H-NMR (500 MHz, CDCl3) & 7.39-7.22 (m, 7H, aromatic), 7.22-7.10 (m, 3H, aromatic), 6.82 (br, 2H, amide NH),
5.85 (d, J = 7.4 Hz, 1H, carbamate NH), 5.14 (d, J = 12.3 Hz, 1H, benzyl CH,), 5.06 (d, J = 12.3 Hz, 1H, benzyl CH,),
4.60 (s, 1H, OCH), 4.37 (dq, J = 7.4, 6.9 Hz, 1H, Ala CH), 4.09-3.99 (m, 1H, NCH), 2.75 (br, 1H, cyclopropyl CH),
2.67-2.54 (m, 2H, PhCH,CH,), 1.83-1.63 (m, 5H, NCHCH, (1H), sec-butyl CH, (1H), PhCH,CH, (2H) and sec-butyl
CH), 1.43 (d, J = 6.9 Hz, 3H, Ala CH3), 1.28-1.15 (m, 1H, NCHCH,), 1.20 (s, 3H, CCHj3), 1.14-0.86 (m, 9H, sec-butyl
CH, (1H), cyclopropyl CH, cyclopropyl CH, (1H) and sec-butyl CHs), 0.29-0.18 (m, 1H, cyclopropyl CH,); *C-NMR
(125 MHz, CDCl3) 6 172.8, 172.7, 169.2, 155.8, 141.5, 136.4, 128.4, 128.2, 128.0, 128.0, 126.0, 76.2, 66.7, 65.2, 50.8,
49.4, 39.1, 37.6, 32.3, 32.1, 27.6, 23.9, 19.1, 15.0, 14.1, 12.6, 11.8, 10.7; LRMS (ESI) m/z 600.30 [(M+Na)']; HRMS
(ESI) calcd for Ca3HasN3OgNa: 600.3044 [(M+Na)*], found: 600.3046; Anal. calcd for Ca3HasN30-0.2H,0: C, 68.18;
H, 7.52; N, 7.23. Found: C, 68.20; H, 7.61; N, 7.10.

Target compound 4-4

To a solution of carbamate 2-24a (44.3 mg, 0.0846 mmol) in DCM (500 ul) was added TFA (500 ul). After 1 h at rt,
the reaction mixture was concentrated in vacuo to give the corresponding amine as a colorless viscous oil.

To a solution of carboxylic acid 4-37 (24.6 mg, 0.132 mmol, 1.6 equiv) in DCM (1.0 ml) was added HOAt (15.6 mg,
0.115 mmol, 1.4 equiv) and EDC-HCI (22.0 mg, 0.115 mmol, 1.4 equiv) at 0 °C. After 5 min at 0 °C, the reaction

mixture was used as a solution of the corresponding HOAL ester in DCM.

To a solution of the aforementioned amine in DCM (1.0 ml) was added triethylamine (35.3 ul, 0.254 mmol, 3.0
equiv) and a solution of the HOALt ester in DCM (1.0 ml) at 0 °C. After 1 h at rt, the reaction mixture was diluted with
AcOEt, washed with 1 M HCI, sat. NaHCO3; and brine, dried over Na,SO, and the solvent was removed under reduced
pressure. The crude product was purified by flash column chromatography (n-hexane/ AcOEt 1:1) to yield target
compound 4-4 (45.4 mg, 0.0767 mmol, 2 steps 91%) as a colorless viscous oil. [o]*p -63.77 (c 0.81, CHCl5); *H-NMR
(400 MHz, CDCl3) & 7.40-7.24 (m, 7H, aromatic), 7.23-7.11 (m, 3H, aromatic), 6.31 (d, J = 3.6 Hz, 1H, amide NH),
6.07 (d, J = 8.1 Hz, 1H, amide NH), 5.33 (d, J = 6.7 Hz, 1H, carbamate NH), 5.11 (s, 2H, benzyl CH,), 4.59 (s, 1H,
OCH), 4.17 (dg, J = 7.2, 6.7 Hz, 1H, Ala CH), 4.14-4.04 (m, 1H, NCH), 2.95-2.83 (m, 1H, cyclopropyl CH), 2.70-2.51
(m, 2H, PhCH,CH,), 1.90-1.60 (m, 4H, PhCH,CH, (2H), sec-butyl CH, (1H) and sec-butyl CH), 1.39 (d, J = 7.2 Hz,
3H, Ala CHj3), 1.23 (s, 3H, CCHj3), 1.17-1.05 (m, 2H, sec-butyl CH, and NCHCH), 1.04 (d, J = 6.7 Hz, 3H, sec-butyl
CHCHj3), 1.01-0.88 (m, 7H, cyclopropyl CH, (1H), NCHCHCH; and sec-butyl CH,CHs3), 0.81-0.67 (m, 1H,
cyclopropyl CH), 0.49-0.36 (m, 1H, cyclopropyl CH,); *C-NMR (125 MHz, CDCl;) & 172.8, 171.8, 168.3, 156.1,
1415, 136.0, 128.6, 128.5, 128.3, 128.3, 128.1, 126.0, 76.1, 67.1, 65.3, 53.1, 50.8, 39.0, 36.6, 34.6, 32.9, 26.8, 24.0,
215, 18.1, 15.3, 14.3, 12.5, 11.8, 11.0; LRMS (ESI) m/z 614.32 [(M+Na)*]; HRMS (ESI) calcd for CzsHsN3OgNa:
614.3201 [(M+Na)™], found: 614.3203; Anal. calcd for C34H4sN3Og-0.4H,0: C, 68.18; H, 7.71; N, 7.02. Found: C,
68.17; H, 7.73; N, 6.93.

General procedure for the preparation of the target compounds 4-5 — 4-8
To a solution of the carbamate (1.0 equiv) in DCM (0.1 M) was added an equivalent amount of TFA and Pd/C (20

mg) at 0 °C. The flask was purged with hydrogen (balloon pressure) and the reaction mixture was stirred at 0 °C under
an atmosphere of hydrogen until the starting material disappeared on TLC. The reaction mixture was filtered through a

Celite pad and the filtrate was concentrated in vacuo to yield the corresponding target compound.
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Target compound 4-5

Target compound 4-5 (9.60 mg, 0.0182 mmol, quant.) was obtained from 4-1 as a colorless oil. [a]%p -14.02 (c 0.39,
THF); *H-NMR (500 MHz, THF-d8) & 8.55 (br, 3H, NH3"), 8.48 (d, J = 8.6 Hz, 1H, amide NH), 8.25 (br, 1H, amide
NH), 7.26-7.13 (m, 4H, aromatic), 7.13-7.03 (m, 1H, aromatic), 4.70 (d, J = 4.0 Hz, 1H, OCH), 4.30-4.13 (m, 1H, Ala
CH), 4.08-4.39 (m, 1H, NCH), 3.84-3.74 (m, 1H, COCH), 2.79 (br, 1H, cyclopropyl CH), 2.72-2.60 (m, 1H, PhCH,),
2.60-2.46 (m, 1H, PhCH), 1.85-1.62 (m, 5H, PhCH,CH,, isobutyl CH and isobutyl CH,), 1.54 (d, J = 6.3 Hz, 3H, Ala
CHs), 1.53-1.40 (m, 2H, NCHCH,), 1.15-1.04 (m, 1H, cyclopropyl CH), 0.95 (d, J = 6.3 Hz, 3H, isobutyl CH3), 0.91 (d,
J = 6.3 Hz, 3H, isobutyl CH3), 0.91-0.79 (m, 1H, cyclopropyl CH,), 0.41-0.31 (m, 1H, cyclopropyl CH,); *C-NMR
(500 MHz, THF-d8) & 171.8, 170.9, 170.7, 143.3, 129.4, 129.2, 126.6, 74.4, 57.0, 50.6, 50.5, 38.5, 37.9, 34.5, 33.7,
28.5, 27.5, 23.1, 22,5, 18.3, 16.0, 11.0; LRMS (ESI) m/z 430.27 [(M+H)"]; HRMS (ESI) calcd for CysH3sN30,:
430.2700 [(M+H)'], found: 430.2705; Anal. calcd for CpsHasFsN3Os- 2.5TFA-4.0H,0: C, 42.13; H, 5.19; N, 4.76.
Found: C, 42.22; H, 4.96; N, 4.64.

Target compound 4-6

Target compound 4-6 (14.1 mg, 0.0261 mmol, quant.) was obtained from 4-2 as a colorless oil. [o]**p -32.25 (c 0.48,
THF); *H-NMR (500 MHz, THF-d8) & 8.61 (d, J = 8.6 Hz, 1H, amide NH), 8.60 (br, 3H, NH3"), 8.19 (d, J = 2.9 Hz,
1H, amide NH), 7.24-7.13 (m, 4H, aromatic), 7.13-7.06 (m, 1H, aromatic), 4.86 (s, 1H, OCH), 4.34-4.25 (m, 1H, Ala
CH), 4.12-4.01 (m, 1H, NCH), 2.77-2.70 (m, 1H, cyclopropyl CH), 2.70-2.62 (m, 1H, PhCH,), 2.57-2.48 (m, 1H,
PhCH), 1.90-1.62 (m, 5H, PhCH,CHj, isobutyl CH, and isobutyl CH), 1.62-1.52 (m, 1H, NCHCH,), 1.56 (d, J = 6.9
Hz, 3H, Ala CHj3), 1.37-1.14 (m, 2H, NCHCH, and cyclopropyl CH), 1.26 (s, 3H, CCHy), 1.02 (d, J = 6.3 Hz, 3H,
isobutyl CHg3), 0.97 (d, J = 6.3 Hz, 3H, isobutyl CHj3), 0.89-0.79 (m, 1H, cyclopropyl CH,), 0.46-0.38 (m, 1H,
cyclopropyl CH,); *C-NMR (125 MHz, THF-d8) & 173.9, 171.3, 170.8, 143.4, 129.5, 129.1, 126.6, 78.6, 61.3, 50.4,
44.7, 39.0, 35.8, 33.7, 28.9, 24.6, 22.8, 18.3, 16.2, 16.1, 11.2; LRMS (ESI) m/z 444.29 [(M+H)"]; HRMS (ESI) calcd
for CosHagN3Oy4: 444.2857 [(M+H)'], found: 444.2860; Anal. calcd for CyHs;F3N3Os*2.0TFA - 3.0H,0: C, 45.26; H,
5.51; N, 5.11. Found: C, 45.49; H, 5.43; N, 5.20.

Target compound 4-7

Target compound 4-7 (20.3 mg, 0.0375 mmol, quant.) was obtained from 4-3 as a colorless oil. []**, -36.31 (¢ 0.77,
THF); *H-NMR (500 MHz, THF-d8) & 8.67 (d, J = 8.6 Hz, 1H, amide NH), 8.58 (br, 3H, NH3"), 8.19 (br, 1H, amide
NH), 7.26-7.13 (m, 4H, aromatic), 7.13-7.05 (m, 1H, aromatic), 4.77 (s, 1H, OCH), 4.38-4.26 (m, 1H, Ala CH),
4.14-4.01 (m, 1H, NCH), 2.77-2.61 (m, 2H, PhCH; and cyclopropyl CH), 2.58-2.46 (m, 1H, PhCH,), 1.89-1.63 (m, 5H,
sec-butyl CH,, PhCH,CH, and sec-butyl CH), 1.63-1.52 (m, 1H, NCHCH,), 1.57 (d, J = 6.9 Hz, 3H, Ala CHy),
1.27-1.08 (m, 2H, NCHCH, and cyclopropyl CH), 1.21 (s, 3H, CCHy), 1.01 (d, J = 6.9 Hz, 3H, sec-butyl CHCH5), 0.94
(dd, J=7.4, 7.4 Hz, 3H, sec-butyl CH,CHjs), 0.89-0.78 (m, 1H, cyclopropyl CH,), 0.48-0.38 (m, 1H, cyclopropyl CH,);
BC-NMR (125 MHz, THF-d8) 6 173.3, 171.5, 170.8, 143.4, 129.5, 129.1, 126.6, 77.1, 66.1, 50.5, 50.4, 40.3, 39.0, 36.1,
33.7,28.9,18.2, 16.1, 14.6, 13.1, 12.4, 11.2; LRMS (ESI) m/z 444.29 [(M+H)]; HRMS (ESI) calcd for CpsHagN3O4:
444.2857 [(M+H)'], found: 444.2869; Anal. calcd for Cy;H3;F3N3Os+1.5TFA-1.5H,0: C, 48.78; H, 5.66; N, 5.69.
Found: C, 48.56; H, 5.81; N, 5.57.

Target compound 4-8
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Target compound 4-8 (22.0 mg, 0.0396 mmol, quant.) was obtained from 4-4 as a colorless oil. [o]**5 -51.07 (c 0.97,
THF); *H-NMR (500 MHz, THF-d8) & 8.58 (br, 3H, NH;"), 8.37 (d, J = 9.2 Hz, 1H, amide NH), 7.71 (d, J = 3.4 Hz,
1H, amide NH), 7.27-7.14 (m, 4H, aromatic), 7.14-7.06 (m, 1H, aromatic), 4.67 (s, 1H, OCH), 4.44-4.31 (m, 1H, Ala
CH), 4.22-4.09 (m, 1H, NCH), 2.84-2.73 (m, 1H, cyclopropyl CH), 2.73-2.61 (m, 1H, PhCH,), 2.58-2.44 (m, 1H,
PhCH,), 1.91-1.65 (m, 4H, PhCH,CH, (2H), sec-butyl CH, (1H) and sec-butyl CH), 1.55 (d, J = 6.9 Hz, 3H, Ala CHy),
1.19 (s, 3H, CCH3), 1.16-1.05 (m, 2H, sec-butyl CH, and NCHCH), 1.05-0.92 (m, 1H, cyclopropyl CH), 1.01 (d, J =
6.9 Hz, 3H, sec-butyl CHCHS3), 0.98 (d, J = 6.3 Hz, 3H, CHCHj), 0.93 (dd, J = 7.4, 7.4 Hz, 3H, sec-butyl CH,CH3),
0.84-0.75 (m, 1H, cyclopropyl CH,), 0.65-0.56 (m, 1H, cyclopropyl CH,); *C-NMR (125 MHz, THF-d8) & 173.5,
170.8, 170.3, 143.3, 129.5, 129.2, 126.6, 77.2, 66.0, 54.0, 50.4, 40.2, 38.4, 36.1, 34.1, 29.1, 23.1, 18.4, 15.3, 14.6, 13.0,
12.4, 10.5; LRMS (ESI) m/z 458.30 [(M+H)"]; HRMS (ESI) calcd for CysHaoN3O4: 458.3013 [(M+H)'], found:
458.3026; Anal. calcd for CygHsgF3N3O5-1.0TFA-1.8H,0: C, 51.40; H, 6.27; N, 5.99. Found: C, 51.44; H, 6.19; N,
5.87.

Stability testing of 4-5 —4-8
0.1 M TEAA buffer

Solutions of 4-5 — 4-8 in DMSO (50 ul, 7.5 mM) were diluted with 0.1 M TEAA buffer (950 ul, pH 7.4) and the
resulting mixtures were incubated at 37 °C. The time courses were analyzed by RP-HPLC (Mightysil RP-18 GP
250-4.6 (5 um), 0.8 ml/min, rt, 210 nm, eluents: 4-5, MeOH/H,O/TFA 60:40:0.1; 4-6 — 4-8, MeOH/H,O/TFA
65:35:0.1. retention times: 4-5, 15.3 min; 4-6, 14.2 min; 4-7, 13.9 min; 4-8, 16.4 min) at various time points from 0 to
32h.

Human AB serum
Solutions of 4-5 — 4-8 in DMSO (50 ul, 23 mM) were diluted with human AB serum (950 ul, Sigma-Aldrich) and

the resulting mixtures were incubated at 37 °C. At various time points from 0 to 60 min, the reaction mixtures (100 pl)

were sampled, which were immediately quenched with CH3CN (300 ul). The resulting mixtures were centrifuged
(10,000 rpm) for 2 min at 4 °C and the supernatants were analyzed by RP-HPLC (Mightysil RP-18 GP 250-4.6 (5 um),
0.8 ml/min, rt, 210 nm, eluents: 4-5, MeOH/H,O/TFA 60:40:0.1; 4-6 — 4-8, MeOH/H,O/TFA 65:35:0.1. retention
times: 4-5, 15.3 min; 4-6, 14.2 min; 4-7, 13.9 min; 4-8, 16.4 min).

Proteasome assay
Inhibitory activity of the compound 4-1 — 4-4 on the ChT-L activity of human 20S proteasome was measured as

described previously.?”]

Cell proliferation assay
Inhibitory activity of the compound 4-1 — 4-4 on the cell growth of HCT116 cells was measured as described

previously.®”!
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Combustion analysis data for 4-1 — 4-8

Table S4-1. Table listing combustion analysis data for 4-1 — 4-8

4-1
4-2
4-3
4-4

45

4-6

4-7

Anal. calcd for C3,H41N3Og-0.1H,0: C, 67.97; H, 7.34; N, 7.43.
Anal. calcd for Ca3H3N306-0.1H,0: C, 68.39; H, 7.51; N, 7.25.
Anal. calcd for Ca3H3N306°0.2H,0: C, 68.18; H, 7.52; N, 7.23.
Anal. calcd for Ca4HsN306-0.4H,0: C, 68.18; H, 7.71; N, 7.02.
Anal. calcd for CogH3sF3N3O5-2.5TFA-4.0H,0: C, 42.13; H, 5.19;
N, 4.76.

Anal. calcd for Cy;H3z7F3N3O5¢2.0TFA-3.0H,0: C, 45.26; H, 5.51;
N, 5.11.

Anal. calcd for C,;H37F3N3Os5-1.5TFA-1.5H,0: C, 48.78; H, 5.66;
N, 5.69.

Anal. calcd for CygH3gF3N3O5-1.0TFA-1.8H,0: C, 51.40; H, 6.27;
N, 5.99.

Found:
Found:
Found:
Found:

Found:

Found:

Found:

Found:

C,67.82; H, 7.46; N, 7.14.
C, 68.45; H, 7.60; N, 7.00.
C, 68.20; H, 7.61; N, 7.10.
C,68.17; H, 7.73; N, 6.93.
C,42.22; H, 4.96; N, 4.64.

C,45.49; H, 5.43; N, 5.20.

C, 48.56; H, 5.81; N, 5.57.

C,51.44;H,6.19; N, 5.87.
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BHE XTIFREerBEONATY) v MeEmoAIR
Synthetic procedures for 5-10, 5-13 and S5-6

Scheme S5-1. Synthesis of 5-10
1) LDA, CH,Cl,, ZnCl,

THF, -78 °C to rt
2) LIHMDS
\( (+)-pinanediol o = THF, -78 °C to rt HCI
g — BTN ’ HNT B0
THF o) 3) HCI, dioxane/ ether 2 U
0°Ctort o

|
OH
uant. 3 steps quant.
S$5-1 d $5-2 psd 5-10

(3aS,4S,6S,7aR)-2-isobutyl-3a,5,5-trimethylhexahydro-4,6-methanobenzo[d][1,3,2]dioxaborole S5-2
To a solution of isobutylboronic acid S5-1 (16.0 g, 157 mmol, 1.1 equiv) in THF (180 ml) was added (+)-pinanediol

(25.2 g, 148 mmol, 1.0 equiv). After 26 h, the reaction mixture was concentrated in vacuo and the crude product was
purified by silica gel column chromatography (n-hexane/ AcOEt 50:1) to yield pinanediol ester S5-2 (35.5 g, 150 mmol,
quant.) as a colorless liquid. [o]*p 30.76 (¢ 1.01, CHCIy) [lit. [o]*5 26.9 (¢ 1.75, CHCI3)]®®; *H-NMR (500 MHz,
CDCl3) & 4.26 (dd, J = 8.6, 1.7 Hz, 1H, OCH), 2.38-2.30 (m, 1H, OCHCH,), 2.25-2.18 (m, 1H, CCHCH,), 2.05 (dd, J
=5.7,5.2 Hz, 1H, CCH), 1.94-1.80 (m, 3H, OCHCH, (1H), OCHCH,CH and isobutyl CH), 1.38 (s, 3H, CH3), 1.29 (s,
3H, CH3y), 1.14 (d, J = 10.9 Hz, 1H, CCHCH,), 0.95 (d, J = 6.9 Hz, 6H, isobutyl CH3), 0.85 (s, 3H, CH3), 0.81-0.76 (m,
2H, isobutyl CH,); *C-NMR (125 MHz, CDCl,) & 85.2, 77.4, 51.2, 39.5, 38.1, 35.6, 28.7, 27.1, 26.5, 25.3 25.2, 24.9,
24.0, 21.2; LRMS (El) m/z 236.2 (M™); HRMS (EI) calcd for C14H250,'°B: 235.1984 (M), found: 235.1976. 'H-NMR,

BC-NMR and [o]p data are in agreement with those reported by Inglis.®!

(R)-3-methyl-1-((3aS,4S,6S,7aR)-3a,5,5-trimethylhexahydro-4,6-methanobenzo[d][1,3,2]dioxaborol-2-yl)butan-1-amin
e hydrochloride 5-10

To a solution of diisopropylamine (16.9 ml, 120 mmol, 1.2 equiv) in THF (100 ml) was added n-BuL.i (44.6 ml, 120

mmol, 1.2 equiv, 2.69 M in n-hexane) at -78 °C. After 5 min at -78 °C, the reaction mixture was warmed to 0 °C. After

30 min at 0 °C, the reaction mixture was used as a solution of LDA in THF.

To a solution of pinanediol ester S5-2 (23.6 g, 100 mmol) in THF (800 ml) was added DCM (64.0 ml, 1.00 mol, 10
equiv) and was cooled to -78 °C. The freshly prepared LDA solution was added and the resulting mixture was stirred
for 30 min at -78 °C. ZnCl, (190 ml, 190 mmol, 1.9 equiv, 1.0 M in diethyl ether) was added and the resulting mixture
was warmed to rt. After 14 h at rt, the reaction mixture was concentrated in vacuo and the residue was dissolved in
hexane and was washed with sat. NH,Cl, water and brine, dried over Na,SO, and the solvent was removed under
reduced pressure to give a brown liquid.

To a solution of the brown liquid in THF (450 ml) was added LiIHMDS (87.1 ml, 113 mmol, 1.1 equiv) at -78 °C.
After 5 min at -78 °C, the reaction mixture was warmed to rt and stirred for 7 h. The reaction mixture was concentrated
in vacuo and the residue was dissolved in hexane. The resulting mixture was stirred for 1 h and was filtered through a
Celite pad. The filtrate was concentrated in vacuo to give a brown oil.

To a solution of the oil in dioxane (300 ml) was added diethyl ether (100 ml) and was cooled to 0 °C. 2 M HCIl/

diethyl ether (222 ml) was added. After 5 min at 0 °C, the reaction mixture was warmed to rt. After 4 h at rt, the
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reaction mixture was concentrated in vacuo and the residue was dissolved in hexane (400 ml). The resulting mixture
was stirred for 30 min and concentrated in vacuo to yield amine hydrochloride 5-10 (31.7 g, 105 mmol, 3 steps quant.)
as a brown amorphous solid. [a]* 10.31 (¢ 1.91, MeOH) [lit. [0]®p 12.7 (¢ 1.02, MeOH)]®™; *H-NMR (500 MHz,
CDCl3) & 8.29 (br, 3H, ammonium NHyj), 4.43-4.35 (m, 1H, OCH), 3.03-2.91 (m, 1H, NCH), 2.36-2.19 (m, 2H,
OCHCH, and CCHCH,), 2.06 (dd, J = 5.7, 5.2 Hz, 1H, CCH), 2.02-1.87 (m, 3H, OCHCH, (1H), OCHCH,CH and
isobutyl CH), 1.85-1.76 (m, 1H, isobutyl CH,), 1.68-1.59 (m, 1H, isobutyl CH,), 1.42 (s, 3H, CH3), 1.28 (s, 3H, CH3),
1.18 (d, J = 11.5 Hz, 1H, CCHCH,), 0.95 (d, J = 6.3 Hz, 6H, isobutyl CHs), 0.82 (s, 3H, CHs); *C-NMR (125 MHz,
CDCly) 6 87.4, 78.6, 67.0, 51.0, 39.3, 38.5, 38.0, 35.5, 35.0, 28.4, 26.9, 26.4, 24.8, 23.9, 22.5, 22.2; LRMS (ESI) m/z
266.2 [(M+H)']; HRMS (ESI) calcd for CisH,sNO,°B: 265.2322 [(M+H)'], found: 265.2326. [o]p data is in

agreement with that reported by Inglis.®®

Scheme S5-2. Synthesis of 5-13

1) AcOH/ H,0O/ THF
2) NaClO,, NaH,P0O4-2H,0
2-methyl-2-butene

o -BuOH/ THF/ H,0 o TFA o

5/\/0Me > Y\N,Boc - YNH?
OMe  3)DPPA, E;N H CH,Cl,

o CH,Cly, 0 °C to rt o 0

Ej) 4) t-BuOH, reflux ()) ©)

4 steps 62% S5-4 quant.

tert-butyl (3-(benzyloxy)-2-((benzyloxy)methyl)propyl)carbamate S5-4
To a solution of acetal $5-3%% (252 mg, 0.731 mmol) in AcOH (700 pl) was added H,O (700 pl). The resulting
mixture was vigorously stirred for 18 h. The reaction mixture was diluted with AcOEt, washed with sat. NaHCO3 and

brine, dried over Na,SO,4 and the solvent was removed under reduced pressure to give the corresponding aldehyde as a
colorless oil.

To a solution of the oil in THF (7.0 ml) was added t-BuOH (7.0 ml), H,O (3.5 ml), NaH,PO,4*2H,0 (171 mg, 1.10
mmol, 1.5 equiv), 2-methyl-2-butene (620 ul, 5.85 mmol, 8.0 equiv) and NaClO, (264 mg, 2.92 mmol, 4.0 equiv). The
resulting mixture was stirred for 40 min and was diluted with CHCl3, washed with 1 M HCI, dried over Na,SO,4 and the
solvent was removed under reduced pressure to give the corresponding carboxylic acid as a pale yellow oil.

To a solution of the oil in DCM (7.0 ml) was added triethylamine (153 pl, 1.10 mmol, 1.5 equiv) and DPPA (189 ul,
0.877 mmol, 1.2 equiv) at 0 °C. After 5 min at 0 °C, the reaction mixture was warmed to rt and stirred for 2 h. The
reaction mixture was diluted with AcOEt, washed with water and brine, dried over Na,SO, and the solvent was
removed under reduced pressure to give the corresponding acyl azide as a pale yellow oil.

A solution of the oil in t-BuOH (10 ml) was refluxed for 34 h. The reaction mixture was concentrated in vacuo and
the crude product was purified by silica gel column chromatography (n-hexane/ AcOEt 10:1) to yield carbamate S5-4
(175 mg, 0.453 mmol, 4 steps 62%) as a colorless oil. *H-NMR (500 MHz, CDCls) § 7.39-7.22 (m, 10H, aromatic),
5.10 (br, 1H, carbamate NH), 4.48 (s, 4H, benzyl CH,), 3.60-3.45 (m, 4H, OCHy,), 3.27 (dd, J = 5.7, 5.7 Hz, 2H, NCH,),
2.20-2.10 (m, 1H, OCH,CH), 1.43 (s, 9H, CCHs); *C-NMR (125 MHz, CDCl3) & 156.0, 138.2, 128.3, 127.5, 127.5,
78.8, 73.2, 70.0, 41.3, 39.6, 28.4; LRMS (ESI) m/z 408.2 [(M+Na)’]; HRMS (ESI) calcd for Cy3H3,NOsNa: 408.2145
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[(M+Na)™], found: 408.2144.

3-(benzyloxy)-2-((benzyloxy)methyl)propan-1-amine 5-13

To a solution of carbamate S5-4 (173 mg, 0.450 mmol) in DCM (2.0 ml) was added TFA (2.0 ml). The resulting
mixture was stirred for 10 h and was concentrated in vacuo. The crude product was neutralized with amberlyst A21 to
yield amine 5-13 (129 mg, 0.453 mmol, quant.) as a pale yellow oil. *H-NMR (500 MHz, CDCl5) & 7.36-7.22 (m, 10H,
aromatic), 4.47 (s, 4H, benzyl CH,), 3.58-3.46 (m, 4H, OCHy), 3.39 (br, 2H, NH,), 2.87 (d, J = 5.7 Hz, 2H, NCH,),
2.13-2.03 (m, 1H, OCH,CH); *C-NMR (125 MHz, CDCl;) & 138.1, 128.3, 127.6, 127.5, 73.2, 69.8, 41.8, 41.3; LRMS
(ESI) m/z 286.2 [(M+H)™]; HRMS (ESI) calcd for CigH4NO,: 286.1802 [(M+H)™], found: 286.1799.

Scheme S5-3. Synthesis of S5-6

BnBr

HO. _~_~~,-Boc NaH ©\/
N —_— (0] _Boc
H DMF \/\/\N

0°Ctort
S5-5 78% S5-6

tert-butyl (4-(benzyloxy)butyl)carbamate S5-6

To a solution of alcohol S5-5 (2.00 g, 10.6 mmol) in DMF (11 ml) was added NaH (845 mg, 21.1 mmol, 2.0 equiv,
60% oil suspension) at 0 °C. After 30 min at 0 °C, BnBr (1.88 ml, 15.9 mmol, 1.5 equiv) was added and the reaction
mixture was warmed to rt and stirred for 10 h. The reaction was quenched with AcOH (1.82 ml, 31.7 mmol, 3.0 equiv)

at 0 °C, and the resulting mixture was concentrated in vacuo. The residue was dissolved in AcOEt, washed with water
and brine, dried over Na,SO, and the solvent was removed under reduced pressure. The crude product was purified by
silica gel column chromatography (n-hexane/ AcOEt 10:1) to yield benzyl ether S5-6 (2.31 g, 8.26 mmol, 78%) as a
colorless oil. *H-NMR (500 MHz, CDCl5) & 7.38-7.30 (m, 4H, aromatic), 7.30-7.24 (m, 1H, aromatic), 4.67 (br, 1H,
carbamate NH), 4.49 (s, 2H, benzyl CH,), 3.48 (t, J = 6.3 Hz, 2H, OCH,), 3.19-3.07 (m, 2H, NCH), 1.69-1.52 (m, 4H,
OCH,CH, and NCH,CH,), 1.44 (s, 9H, CCH,); *C-NMR (125 MHz, CDCl;) & 155.9, 138.4, 128.4, 128.3, 127.6,
127.5, 78.9, 72.9, 69.9, 40.3, 28.4, 27.0, 26.8; LRMS (ESI) m/z 302.2 [(M+Na)]; HRMS (ESI) calcd for
C16H2sNO3Na: 302.1727 [(M+Na)'], found: 302.1725.

Synthetic procedures for 5-1a — 5-9a and 5-1b — 5-3b

(S)-benzyl
3-acetamido-4-(((R)-3-methyl-1-((3aS,4S,6S,7aR)-3a,5,5-trimethylhexahydro-4,6-methanobenzo[d][1,3,2]dioxaborol-2-
yl)butyl)amino)-4-oxobutanoate 5-12a

To a solution of Boc-Asp(OBn)-OH (3.84 g, 11.9 mmol, 2.0 equiv) in DCM (120 ml) was added triethylamine (1.66
ml, 11.9 mmol, 2.0 equiv) and PivCl (1.47 ml, 11.9 mmol, 2.0 equiv) at 0 °C. After 1 h at 0 °C, the reaction mixture
was concentrated in vacuo and the residue was dissolved in AcOEt, washed with water and brine, dried over Na,SO,

and the solvent was removed under reduced pressure to yield the corresponding acid anhydride as a colorless oil.
To a solution of amine hydrochloride 5-101 (1.79 g, 5.95 mmol) in DCM (150 ml) was added triethylamine (2.48
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ml, 17.9 mmol, 3.0 equiv) and a solution of the aforementioned acid anhydride in DCM (30 ml) at 0 °C. After 5 min at
0 °C, the reaction mixture was warmed to rt. After 14 h at rt, the reaction mixture was concentrated in vacuo and the
residue was dissolved in AcOEt, washed with 1 M HCI, sat. NaHCO3; and brine, dried over Na,SO, and the solvent was
removed under reduced pressure to yield compound 5-11a as a white amorphous solid.

To a solution of the amorphous solid in DCM (60 ml) was added TFA (12 ml) at 0 °C. After 5 min at 0 °C, the
reaction mixture was warmed to rt. After 15 h at rt, the reaction mixture was concentrated in vacuo to give the
corresponding amine as a brown viscous oil.

To a solution of the viscous oil in DCM (60 ml) was added triethylamine (2.48 ml, 17.9 mmol, 3.0 equiv) and Ac,O
(1.12 ml, 11.9 mmol, 2.0 equiv) at 0 °C. After 5 min at 0 °C, the reaction mixture was warmed to rt. After 20 min at rt,
the reaction mixture was concentrated in vacuo and the residue was dissolved in AcOEt, washed with 1 M HCI, sat.
NaHCO3 and brine, dried over Na,SO,4 and the solvent was removed under reduced pressure. The crude product was
purified by silica gel column chromatography (n-hexane/ AcOEt 1:1-1:2) to yield compound 5-12a (2.07 g, 4.04 mmol,
3 steps 68%) as a white amorphous solid. [a]*p -17.65 (¢ 0.97, CHCI3); *H-NMR (500 MHz, CDCl3) & 7.40-7.30 (m,
5H, aromatic), 6.83 (d, J = 7.4 Hz, 1H, amide NH), 6.68 (d, J = 5.7 Hz, 1H, amide NH), 5.15 (d, J = 12.3 Hz, 1H,
benzyl CH,), 5.12 (d, J = 12.3 Hz, 1H, benzyl CH,), 4.87-4.78 (m, 1H, NCHCO), 4.32-4.23 (m, 1H, OCH), 3.28-3.1 (m,
1H, NCHB), 2.97 (dd, J = 17.2, 4.6 Hz, 1H, NCHCH,), 2.66 (dd, J = 17.2, 6.9 Hz, 1H, NCHCH,), 2.35-2.26 (m, 1H,
OCHCH,), 2.21-2.13 (m, 1H, CCHCH,), 2.07-1.96 (m, 1H, CCH), 1.99 (s, 3H, acetyl CH3), 1.91-1.85 (m, 1H,
OCHCH,CH), 1.85-1.78 (m, 1H, OCHCH,), 1.67-1.56 (m, 1H, isobutyl CH), 1.51-1.38 (m, 2H, isobutyl CH,), 1.36 (s,
3H, CHj3), 1.27 (s, 3H, CH3), 1.21 (d, J = 10.9 Hz, 1H, CCHCHy), 0.90 (d, J = 6.3 Hz, 3H, isobutyl CH3), 0.89 (d, J =
6.3 Hz, 3H, isobutyl CHj), 0.83 (s, 3H, CHj); *C-NMR (125 MHz, CDCl,) & 171.8, 170.4, 170.0, 135.3, 128.6, 128.3,
128.2, 85.8, 77.8, 66.8, 51.2, 48.6, 39.8, 39.4, 38.1, 36.0, 35.7, 35.4, 28.5, 27.0, 26.2, 25.4, 24.0, 23.1,, 23.0, 21.9;
LRMS (ESI) m/z 535.3 [(M+Na)*]; HRMS (ESI) calcd for C,sH41N,06'°BNa: 534.2986 [(M+Na)*], found: 534.2991.

(S)-benzyl
4-acetamido-5-(((R)-3-methyl-1-((3aS,4S,6S,7aR)-3a,5,5-trimethylhexahydro-4,6-methanobenzo[d][1,3,2]dioxaborol-2-
ybutyl)amino)-5-oxopentanoate 5-12b

Compound 5-12b (1.84 g, 3.49 mmol, 3 steps 84%, a white amorphous solid) was prepared from amine
hydrochloride 5-10%® (1.25 g, 4.15 mmol) as described for compound 5-12b using Boc-Glu(OBn)-OH instead of
Boc-Asp(OBn)-OH. [a]™p -17.75 (c 0.83, CHCIs); *H-NMR (500 MHz, CDCls) & 7.40-7.29 (m, 5H, aromatic), 6.60 (d,
J = 5.2 Hz, 1H, amide NH), 6.57 (d, J = 8.0 Hz, 1H, amide NH), 5.13 (d, J = 12.3 Hz, 1H, benzyl CH,), 5.10 (d, J =
12.3 Hz, 1H, benzyl CH,), 4.58-4.49 (m, 1H, NCHCO), 4.27 (dd, J = 8.9, 2.0 Hz, 1H, OCH), 3.28-3.17 (m, 1H,
NCHB), 2.61-2.49 (m, 1H, COCH), 2.499-2.39 (m, 1H, COCH), 2.35-2.25 (m, 1H, OCHCH,), 2.21-2.06 (m, 2H,
COCH,CHy), 2.06-1.92 (m, 2H, CCHCH, and CCH), 1.95 (s, 3H, acetyl CHs), 1.91-1.85 (m, 1H, OCHCH,CH),
1.85-1.78 (m, 1H, OCHCH,), 1.70-1.59 (m, 1H, isobutyl CH), 1.52-1.39 (m, 2H, isobutyl CH,), 1.36 (s, 3H, CH3), 1.25
(s, 3H, CH3), 1.22 (d, J = 10.9 Hz, 1H, CCHCH,), 0.91 (d, J = 6.3 Hz, 3H, isobutyl CHs), 0.89 (d, J = 6.3 Hz, 3H,
isobutyl CH3), 0.82 (s, 3H, CH3); *C-NMR (125 MHz, CDCl3) § 173.1, 171.2, 170.0, 135.7, 128.5, 128.2, 128.2, 85.8,
77.8,66.4,51.5,51.2, 39.8, 39.5, 38.1, 35.8, 35.4, 30.1, 28.5, 27.9, 27.0, 26.2, 25.4, 24.0, 23.1, 23.0, 21.9; LRMS (ESI)
m/z 549.3 [(M+Na)*]; HRMS (ESI) calcd for CpgHasN,06™°BNa: 548.3143 [(M+Na)'], found: 548.3142.

(S)-2-acetamido-N*-(3-(benzyloxy)-2-((benzyloxy)methyl)propyl)-N'-((R)-3-methyl-1-((3aS,4S,6S,7aR)-3a,5,5-trimeth
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ylhexahydro-4,6-methanobenzo[d][1,3,2]dioxaborol-2-yl)butyl)succinamide 5-1a
To a solution of compound 5-12a (77.5 mg, 0.151 mmol, 1.1 equiv) in THF (6.0 ml) was added Pd/C (50 mg). The

flask was purged with hydrogen (balloon pressure) and the reaction mixture was stirred under an atmosphere of

hydrogen for 3 h. The reaction mixture was filtered through a Celite pad and the filtrate was concentrated in vacuo to
give the corresponding carboxylic acid as a white amorphous solid.

To a solution of amine 5-13 (39.1 mg, 0.137 mmol, 1.0 equiv) in DCM (2.0 ml) was added a solution of the
aforementioned amorphous solid in DCM (1.5 ml), HOAt (20.5 mg, 0.151 mmol, 1.1 equiv), DIEA (25.6 ul, 0.151
mmol, 1.1 equiv) and EDC-HCI (28.9 mg, 0.151 mmol, 1.1 equiv) at -18 °C. After 10 min at -18 °C, the reaction
mixture was warmed to 0 °C. After 2 h at 0 °C, the reaction mixture was diluted with AcOEt, washed with 1 M HCI, sat.
NaHCO3 and brine, dried over Na,SO,4 and the solvent was removed under reduced pressure. The crude product was
purified by reverse-phase HPLC (Mightysil RP-18 250-20 (5 um), acetonitrile/ H,O 70:30) to yield compound 5-1a
(64.5 mg, 0.0935 mmol, 68% from 5-13) as a colorless viscous oil. [o]*%p -3.01 (¢ 1.24, CHCI5); *H-NMR (500 MHz,
CDCl3) & 7.44-7.21 (m, 12H, amide NH and aromatic), 6.53 (t, J = 4.9 Hz, 1H, amide NH), 4.73-4.63 (m, 1H, NCHCO),
4.48 (s, 4H, benzyl CH,), 4.32-4.23 (m, 1H, OCH), 3.62-3.45 (m, 4H, OCH,), 3.45-3.29 (m, 2H, NCH,), 3.22-3.10 (m,
1H, NCHB), 2.65 (dd, J = 15.3, 3.6 Hz, 1H, COCH,), 2.34 (dd, J = 15.3, 7.2 Hz, 1H, COCH,), 2.35-2.24 (m, 1H,
OCHCH,), 2.23-2.11 (m, 2H, OCH,CH and CCHCH,), 2.04-1.97 (m, 1H, CCH), 2.00 (s, 3H, acetyl CH3), 1.92-1.76
(m, 2H, OCHCH, and OCHCH,CH), 1.70-1.56 (m, 1H, isobutyl CH), 1.54-1.32 (m, 2H, isobutyl CH,), 1.37 (s, 3H,
CHa), 1.27 (s, 3H, CH3), 1.23 (d, J = 10.8 Hz, 1H, CCHCH), 0.90 (d, J = 6.3 Hz, 3H, isobutyl CH3), 0.88 (d, J = 6.3
Hz, 3H, isobutyl CH3), 0.82 (s, 3H, CH3); *C-NMR (125 MHz, CDCl3) & 171.1, 171.0, 170.1, 138.0, 128.4, 127.7,
127.6, 85.6, 77.6, 73.2, 73.2, 70.1, 70.0, 51.3, 49.1, 40.5, 39.9, 39.5, 39.0, 38.1, 37.2, 35.7, 35.5, 28.5, 27.0, 26.3, 25.4,
24.0, 23.2 23.1, 21.9; LRMS (ESI) m/z 690.4 [(M+H)"]; HRMS (ESI) calcd for CsgHs;N30,B: 690.4290 [(M+H)'],
found: 690.4286.

(S)-2-acetamido-N*-(4-(benzyloxy)-3-((benzyloxy)methyl)butyl)-N*-((R)-3-methyl-1-((3aS,4S,6S,7aR)-3a,5,5-trimethyl
hexahydro-4,6-methanobenzo[d][1,3,2]dioxaborol-2-yl)butyl)succinamide 5-2a

Compound 5-2a (93.9 mg, 0.133 mmol, 77%, a colorless viscous oil) was prepared from amine 3-29°" (51.7 mg,
0.173 mmol) as described for compound 5-1a. []®p -5.51 (¢ 1.10, CHCI); *H-NMR (500 MHz, CDCl;) & 7.38-7.25
(m, 12H, amide NH and aromatic), 6.47 (t, J = 5.2 Hz, 1H, amide NH), 4.66-4.59 (m, 1H, NCHCO), 4.48 (s, 4H,
benzyl CH,), 4.28 (dd, J = 8.6, 1.7 Hz, 1H, OCH), 3.57-3.48 (m, 2H, OCH,), 3.48-3.39 (m, 2H, OCH,), 3.34-3.19 (m,
2H, NCH,), 3.18-3.10 (m, 1H, NCHB), 2.53 (dd, J = 15.5, 3.4 Hz, 1H, COCHy), 2.35-2.27 (m, 1H, OCHCH,), 2.23 (dd,
J =155, 7.4 Hz, 1H, COCHy), 2.21-2.13 (m, 1H, CCHCH,), 2.07-1.94 (m, 2H, OCH,CH and CCH), 2.00 (s, 3H, acetyl
CHs), 1.91-1.85 (m, 1H, OCHCH,CH), 1.85-1.78 (m, 1H, OCHCH,), 1.69-1.56 (m, 3H, NCH,CH, and isobutyl CH),
1.51-1.33 (m, 2H, isobutyl CH,), 1.37 (s, 3H, CH3), 1.27 (s, 3H, CH3), 1.23 (d, J = 10.9 Hz, 1H, CCHCH,), 0.89 (d, J =
6.3 Hz, 3H, isobutyl CH3), 0.88 (d, J = 6.3 Hz, 3H, isobutyl CH3), 0.82 (s, 3H, CHz); *C-NMR (125 MHz, CDCl;) &
171.0, 170.1, 138.1, 128.4, 127.6, 85.6, 77.6, 73.2, 71.2, 71.2, 51.3, 49.1, 39.9, 39.5, 38.1, 37.9, 37.8, 37.0, 35.7, 35.5,
28.9, 28.5, 27.1, 26.3, 25.4, 24.0, 23.2, 23.1, 21.9; LRMS (ESI) m/z 704.4 [(M+H)']; HRMS (ESI) calcd for
CuoHsoN30,°B: 703.4477 [(M+H)'], found: 703.4482.

(S)-2-acetamido-N*-(5-(benzyloxy)-4-((benzyloxy)methyl)pentyl)-N'-((R)-3-methyl-1-((3aS,4S,6S,7aR)-3a,5,5-trimethy
Ihexahydro-4,6-methanobenzo[d][1,3,2]dioxaborol-2-yl)butyl)succinamide 5-3a
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Compound 5-3a (98.6 mg, 0.137 mmol, 71%, a colorless viscous oil) was prepared from amine 3-31°! (61.0 mg,
0.195 mmol) as described for compound 5-1a. [a]%p -12.33 (¢ 1.40, CHCI,); *H-NMR (500 MHz, CDCl3) & 7.39-7.24
(m, 12H, amide NH and aromatic), 6.24 (t, J = 5.2 Hz, 1H, amide NH), 4.69-4.62 (m, 1H, NCHCO), 4.47 (s, 4H,
benzyl CH,), 4.28 (dd, J = 8.9, 2.0 Hz, 1H, OCH), 3.54-3.40 (m, 4H, OCHy), 3.30-3.19 (m, 1H, NCHB), 3.19-3.08 (m,
2H, NCH,), 2.68 (dd, J = 14.9, 3.4 Hz, 1H, COCH,), 2.38 (dd, J = 14.9, 6.9 Hz, 1H, COCH,), 2.35-2.26 (m, 1H,
OCHCH,), 2.23-2.12 (m, 1H, CCHCH,), 2.05-1.97 (m, 1H, CCH), 2.00 (s, 3H, acetyl CH3), 1.97-1.85 (m, 2H,
OCH,CH and OCHCH,CH), 1.85-1.78 (m, 1H, OCHCH,), 1.68-1.57 (m, 1H, isobutyl CH), 1.57-1.37 (m, 6H,
NCH,CH,, NCH,CH,CH, and isobutyl CH,), 1.37 (s, 3H, CH3), 1.27 (s, 3H, CH3), 1.23 (d, J = 10.9 Hz, 1H, CCHCH,),
0.90 (d, J = 6.3 Hz, 3H, isobutyl CH5), 0.88 (d, J = 6.3 Hz, 3H, isobutyl CH3), 0.83 (s, 3H, CHs); *C-NMR (125 MHz,
CDCl3) 6 171.0, 170.3, 138.4, 128.3, 127.5, 127.5, 85.6, 77.7, 73.1, 70.8, 51.3, 49.4, 39.9, 39.7, 39.5, 39.0, 38.1, 37.3,
35.7, 35.5, 28.5, 27.0, 26.7, 26.3, 26.0, 25.4, 24.0, 23.2, 23.0, 21.9; LRMS (ESI) m/z 718.5 [(M+H)"]; HRMS (ESI)
calcd for C41H61N3071°B: 717.4633 [(M+H)'], found: 717.4642.

(S)-2-acetamido-N°>-(3-(benzyloxy)-2-((benzyloxy)methyl)propyl)-N*-((R)-3-methyl-1-((3aS,4S,6S,7aR)-3a,5,5-trimeth
ylhexahydro-4,6-methanobenzo[d][1,3,2]dioxaborol-2-ybutyl)pentanediamide 5-1b

Compound 5-1b (71.1 mg, 0.101 mmol, 78%, a colorless viscous oil) was prepared from amine 5-13 (36.8 mg, 0.129
mmol) as described for compound 5-1a using compound 5-12b instead of compound 5-12a. [o]*p -17.19 (c 0.64,
CHClI,); *H-NMR (500 MHz, CDCl3) & 7.40-7.22 (m, 10H, aromatic), 7.17 (d, J = 6.9 Hz, 1H, amide NH), 7.12 (d, J =
4.6 Hz, 1H, amide NH), 6.55 (t, J = 5.7 Hz, 1H, amide NH), 4.49 (s, 2H, benzyl CH,), 4.48 (s, 2H, benzyl CHy),
4.45-4.37 (m, 1H, NCHCO), 4.28 (dd, J = 8.9, 2.0 Hz, 1H, OCH), 3.61-3.47 (m, 4H, OCHy), 3.39 (dd, J = 5.7, 5.7 Hz,
2H, NCH,), 3.18-3.09 (m, 1H, NCHB), 2.36-2.11 (m, 5H, OCHCH,, CCHCH,, OCH,CH and COCH,), 2.04-1.84 (m,
4H, CCH, COCH,CH, and OCHCH,CH), 1.98 (s, 3H, acetyl CH3), 1.84-1.79 (m, 1H, OCHCH,), 1.71-1.60 (m, 1H,
isobutyl CH), 1.52-1.37 (m, 2H, isobutyl CH,), 1.37 (s, 3H, CHs), 1.27 (s, 3H, CH3), 1.25 (d, J = 10.9 Hz, 1H,
CCHCHy), 0.90 (d, J = 6.3 Hz, 3H, isobutyl CH3), 0.89 (d, J = 6.3 Hz, 3H, isobutyl CH3), 0.83 (s, 3H, CH3); *C-NMR
(125 MHz, CDCl,) & 172.9, 171.8, 170.4, 138.1, 128.4, 127.7, 127.6, 127.6, 85.4, 77.6, 73.3, 73.2, 70.2, 51.7, 51.4,
40.7, 39.9, 39.6, 39.1, 38.1, 36.2, 35.6, 32.5, 28.6, 28.2, 27.1, 26.3, 25.4, 24.0, 23.2, 23.0, 22.0; LRMS (ESI) m/z 704.5
[(M+H)*]; HRMS (ESI) calcd for CaoHsoN3O;°B: 703.4477 [(M+H)"], found: 703.4483.

(S)-2-acetamido-N°-(4-(benzyloxy)-3-((benzyloxy)methyl)butyl)-N*-((R)-3-methyl-1-((3aS,4S,6S,7aR)-3a,5,5-trimethyl
hexahydro-4,6-methanobenzo[d][1,3,2]dioxaborol-2-yl)butyl)pentanediamide 5-2b

Compound 5-2b (101 mg, 0.141 mmol, 84%, a colorless viscous oil) was prepared from amine 3-29'*” (50.2 mg,
0.168 mmol) as described for compound 5-1a using compound 5-12b instead of compound 5-12a. [o]*'p -19.84 (c 1.42,
CHCl5); *H-NMR (500 MHz, CDCls) & 7.39-7.25 (m, 10H, aromatic), 7.15 (d, J = 4.6 Hz, 1H, amide NH), 7.12 (d, J =
7.4 Hz, 1H, amide NH), 6.59 (t, J = 5.2 Hz, 1H, amide NH), 4.48 (s, 4H, benzyl CH,), 4.44-4.36 (m, 1H, NCHCO),
4.27 (dd, J = 8.9, 2.0 Hz, 1H, OCH), 3.57-3.49 (m, 2H, OCH,), 3.49-3.40 (m, 2H, OCHy), 3.34-3.22 (m, 2H, NCH,),
3.16-3.07 (m, 1H, NCHB), 2.37-2.27 (m, 1H, OCHCHy), 2.20-2.04 (m, 3H, CCHCH; (1H) and COCH,), 2.04-1.91 (m,
3H, OCH,CH, COCH,CHj, (1H) and CCH), 1.97 (s, 3H, acetyl CH3;), 1.91-1.86 (m, 2H, OCHCH,CH and COCH,CH,),
1.86-1.78 (m, 1H, OCHCH,), 1.70-1.59 (m, 3H, NCH,CH, and isobutyl CH), 1.51-1.37 (m, 2H, isobutyl CH,), 1.37 (s,
3H, CHg), 1.27 (s, 3H, CH3), 1.26 (d, J = 10.9 Hz, 1H, CCHCHy), 0.90 (d, J = 6.3 Hz, 3H, isobutyl CH3), 0.89 (d, J =
6.3 Hz, 3H, isobutyl CHs), 0.83 (s, 3H, CH3); "*C-NMR (125 MHz, CDCls) & 172.8, 171.8, 170.4, 138.1, 138.1, 128.4,
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127.6, 127.6, 85.4, 77.5, 73.2, 73.2, 71.3, 71.2, 51.6, 51.4, 39.9, 39.6, 38.1, 37.8, 37.7, 36.3, 35.6, 32.3, 29.0, 28.6, 28.4,
27.1, 26.3, 25.4, 24.0, 23.2, 23.0, 22.0; LRMS (ESI) m/z 7185 [(M+H)']; HRMS (ESI) calcd for CqiHe:NsO-B:
718.4603 [(M+H)*], found: 718.4601.

(S)-2-acetamido-N°-(5-(benzyloxy)-4-((benzyloxy)methyl)pentyl)-N*-((R)-3-methyl-1-((3aS,4S,6S,7aR)-3a,5,5-trimethy
Ihexahydro-4,6-methanobenzo[d][1,3,2]dioxaborol-2-yl)butyl)pentanediamide 5-3b

Compound 5-3b (107 mg, 0.146 mmol, 75%, a colorless viscous oil) was prepared form amine 3-31°% (61.0 mg,
0.195 mmol) as described for compound 5-1a using compound 5-12b instead of compound 5-12a. [o]* -19.70 (c 1.83,
CHCl5); "H-NMR (500 MHz, CDCls)  7.38-7.23 (m, 10H, aromatic), 7.12 (d, J = 4.6 Hz, 1H, amide NH), 7.05 (d, J =
6.9 Hz, 1H, amide NH), 6.35 (t, J = 5.7 Hz, 1H, amide NH), 4.47-4.40 (m, 1H, NCHCO), 4.47 (s, 4H, benzyl CH,),
4.28 (dd, J = 8.9, 2.0 Hz, 1H, OCH), 3.55-3.40 (m, 4H, OCH,), 3.26-3.17 (m, 2H, NCH,), 3.16-3.09 (m, 1H, NCHB),
2.37-2.12 (m, 4H, OCHCH, (1H), CCHCH, (1H) and COCH,), 2.06-1.86 (m, 5H, CCH, COCH,CH,, OCH,CH,
OCHCH,CH), 1.97 (s, 3H, acetyl CHj), 1.86-1.79 (m, 1H, OCHCH,), 1.71-1.61 (m, 1H, isobutyl CH), 1.58-1.40 (m,
6H, NCH,CH,, NCH,CH,CH, and isobutyl CH,), 1.38 (s, 3H, CHs), 1.27 (s, 3H, CHs), 1.26 (d, J = 10.9 Hz, 1H,
CCHCHy), 0.91 (d, J = 6.9 Hz, 3H, isobutyl CH3), 0.89 (d, J = 6.9 Hz, 3H, isobutyl CH3), 0.83 (s, 3H, CH3); *C-NMR
(125 MHz, CDCl,) 6 172.7,171.7, 170.4, 138.4, 128.3, 127.5, 127.5, 85.5, 77.6, 73.1, 70.8, 51.7, 51.4, 39.8, 39.7, 39.5,
39.0, 38.1, 36.2, 35.6, 32.5, 28.7, 28.6, 27.1, 26.8, 26.2, 26.0, 25.4, 24.0, 23.1, 23.0, 22.0; LRMS (ESI) m/z 732.5
[(M+H)*]; HRMS (ESI) calcd for C4,HgsN3O7°B: 731.4790 [(M+H)*], found: 731.4794.

(S)-N"-(4-(benzyloxy)-3-((benzyloxy)methyl)butyl)-2-(2,5-dichlorobenzamido)-N"-((R)-3-methyl-1-((3aS,4S,6S,7aR)-3
a,5,5-trimethylhexahydro-4,6-methanobenzo[d][1,3,2]dioxaborol-2-yl)butyl)succinamide 5-4a

To a solution of Boc-Asp(OBn)-OH (25.6 mg, 0.0792 mmol, 1.0 equiv) in DCM (1.0 ml) was added triethylamine
(12.0 ul, 0.0792 mmol, 1.0 equiv) and PivCl (9.75 ul, 0.0792 mmol, 1.0 equiv) at 0 °C. After 1 h at 0 °C, the reaction
mixture was concentrated in vacuo and the residue was dissolved in AcOEt, washed with water and brine, dried over

Na,SO, and the solvent was removed under reduced pressure to give the corresponding acid anhydride as a colorless
oil.

To a solution of 5-10% (23.9 mg, 0.0792 mmol) in DCM (1.0 ml) was added triethylamine (27.6 ul, 0.198 mmol,
2.5 equiv) and a solution of the aforementioned acid anhydride in DCM (1.0 ml) at 0 °C. After 5 min at 0 °C, the
reaction mixture was warmed to rt and stirred for 30 min. The reaction mixture was concentrated in vacuo and the
residue was dissolved in AcOEt, washed with 1M HCI, sat. NaHCO3 and brine, dried over Na,SO, and the solvent was
removed under reduced pressure to give 5-11a as a pale yellow viscous oil.

To a solution of the viscous oil in THF (1.0 ml) was added Pd/C (45 mg). The flask was purged with hydrogen
(balloon pressure) and the reaction mixture was stirred under an atmosphere of hydrogen for 90 min. The reaction
mixture was filtered through a Celite pad and the filtrate was concentrated in vacuo to give the corresponding
carboxylic acid as a white amorphous solid.

To a solution of the amorphous solid in DCM (1.0 ml) was added amine 3-29®" (23.7 mg, 0.0792 mmol, 1.0 equiv),
HOAt (10.8 mg, 0.0792 mmol, 1.0 equiv), DIEA (13.5 pl, 0.0792 mmol, 1.0 equiv) and EDC-HCI (15.2 mg, 0.0792
mmol, 1.0 equiv) at -18 °C. After 5 min at -18 °C, the reaction mixture was warmed to rt and stirred for 16 h. The
reaction mixture was concentrated in vacuo and the residue was dissolved in AcOEt, washed with 1 M HCI, sat.

NaHCO; and brine, dried over Na,SO, and the solvent was removed under reduced pressure to give 5-14a as a
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colorless viscous oil.

To a solution of the oil in DCM (500 ul) was added TFA (500 ul) at 0 °C. After 5 min at 0 °C, the reaction mixture
was warmed to rt and stirred for 3 h. The reaction mixture was concentrated in vacuo to give the corresponding amine
as a brown viscous oil.

To a solution of the oil in DCM (1.0 ml) was added triethylamine (22.0 ul, 0.158 mmol, 2.0 equiv) and
2,5-dichlorobenzoyl chloride (16.6 mg, 0.0792 mmol, 1.0 equiv) at 0 °C. After 3 h at 0 °C, the reaction mixture was
concentrated in vacuo and the residue was dissolved in AcOEt, washed with 1 M HCI, sat. NaHCO; and brine, dried
over Na,SO, and the solvent was removed under reduced pressure. The crude product was purified by reverse-phase
HPLC (Mightysil RP-18 250-20 (5 wm), acetonitrile/ H,O 70:30) to yield target compound 5-4a (33.7 mg, 0.0404
mmol, 5 steps 49%) as a colorless viscous oil. [a]*p 8.94 (¢ 0.89, CHCIs); *H-NMR (500 MHz, CDCl5) & 8.08 (d, J =
6.9 Hz, 1H, amide NH), 7.59 (s, 1H, aromatic), 7.39-7.23 (m, 13H, amide NH and aromatic), 6.49 (t, J = 4.6 Hz, 1H,
amide NH), 4.89-4.80 (m, 1H, NCHCO), 4.48 (s, 4H, benzyl CH,), 4.33-4.25 (m, 1H, OCH), 3.57-3.47 (m, 2H, OCH,),
3.47-3.39 (m, 2H, OCH,), 3.32-3.20 (m, 3H, NCHB and NCH,), 2.68 (dd, J = 15.5, 2.9 Hz, 1H, COCH,), 2.37-2.26 (m,
2H, OCHCH; and COCH,), 2.22-2.14 (m, 1H, CCHCH,), 2.06-1.96 (m, 2H, CCH and OCH,CH), 1.91-1.85 (m, 1H,
OCHCH,CH), 1.85-1.78 (m, 1H, OCHCHy), 1.69-1.58 (m, 3H, NCH,CH, and isobutyl CH), 1.54-1.33 (m, 2H, isobutyl
CH,), 1.37 (s, 3H, CH3), 1.27 (s, 3H, CHj3), 1.23 (d, J = 10.9 Hz, 1H, CCHCH,), 0.89 (d, J = 6.3 Hz, 3H, isobutyl CH3),
0.88 (d, J = 6.3 Hz, 3H, isobutyl CH3), 0.82 (s, 3H, CH3); *C-NMR (125 MHz, CDCl3) & 170.9, 170.2, 164.9, 138.1,
135.9, 133.1, 131.4, 131.4, 129.8, 129.1, 128.4, 127.7, 127.6, 85.8, 77.8, 73.2, 71.3, 71.3, 51.3, 49.9, 40.0, 39.5, 38.1,
38.0, 37.9, 36.8, 35.6, 35.5, 29.0, 28.5, 27.0, 26.3, 25.3, 24.0, 23.1, 21.9; LRMS (ESI) m/z 834.4 [(M+H)']; HRMS
(ESI) calcd for CusHseN307°BCl,: 833.3854 [(M+H)*], found: 833.3857.

(S)-2-benzamido-N*-(4-(benzyloxy)-3-((benzyloxy)methyl)butyl)-N*-((R)-3-methyl-1-((3aS,45,6S,7aR)-3a,5,5-trimethy
Ihexahydro-4,6-methanobenzo[d][1,3,2]dioxaborol-2-yl)butyl)succinamide 5-5a

Target compound 5-5a (33.9 mg, 0.0443 mmol, 5 steps 53%, a colorless viscous oil) was prepared from 5-10[

(25.2 mg, 0.0835 mmol) as described for 5-4a using benzoyl chloride instead of 2,5-dichlorobenzoyl chloride. [a]®p
7.10 (c 0.88, CHCI3); *H-NMR (500 MHz, CDCls) & 8.36 (d, J = 6.9 Hz, 1H, amide NH), 7.84 (d, J = 7.4 Hz, 1H,
aromatic), 7.55-7.47 (m, 1H, aromatic), 7.47-3.38 (m, 3H, amide NH and aromatic), 7.38-7.23 (m, 10H, aromatic), 6.56
(t, J = 5.2 Hz, 1H, amide NH), 4.87-4.78 (m, 1H, NCHCO), 4.49 (s, 4H, benzyl CH,), 4.32-4.24 (m, 1H, OCH),
3.57-3.48 (m, 2H, OCHy), 3.48-3.39 (m, 2H, OCH,), 3.37-3.23 (m, 2H, NCH,), 3.21-3.12 (m, 1H, NCHB), 2.62 (dd, J
=15.5, 3.4 Hz, 1H, COCH,), 2.34-2.28 (m, 1H, OCHCH,), 2.31 (dd, J = 15.5, 6.9 Hz, 1H, COCH,), 2.21-2.12 (m, 1H,
CCHCHj,), 2.06-1.98 (m, 2H, CCH and OCH,CH), 1.94-1.78 (m, 2H, OCHCH, and OCHCH,CH), 1.69-1.57 (m, 3H,
NCH,CH, and isobutyl CH), 1.53-1.33 (m, 2H, isobutyl CH,), 1.37 (s, 3H, CHs), 1.26 (s, 3H, CH3), 1.24 (d, J = 10.9
Hz, 1H, CCHCHy), 0.88 (d, J = 6.3 Hz, 3H, isobutyl CH3), 0.86 (d, J = 6.3 Hz, 3H, isobutyl CH3), 0.82 (s, 3H, CHy);
BC-NMR (125 MHz, CDCl3) 6 171.4, 171.1, 167.0, 138.1, 133.5, 131.8, 128.6, 128.4, 127.6, 127.1, 85.6, 77.7, 73.2,
71.3,71.2,51.3, 49.6, 39.9, 39.5, 38.1, 38.0, 37.9, 36.7, 35.8, 35.5, 28.9, 28.5, 27.1, 26.3, 25.4, 24.0, 23.1, 22.0; LRMS
(ESI) m/z 766.5 [(M+H)*]; HRMS (ESI) calcd for C4sHeiN3O'°B: 765.4633 [(M+H)'], found: 765.4634.

(S)-N*-(4-(benzyloxy)-3-((benzyloxy)methy)butyl)-N*-((R)-3-methyl-1-((3aS,45,6S,7aR)-3a,5,5-trimethylhexahydro-4,
6-methanobenzo[d][1,3,2]dioxaborol-2-yl)butyl)-2-(pyrazine-2-carboxamido)succinamide 5-6a

Target compound 5-6a (28.4 mg, 0.0370 mmol, 5 steps 47%, a colorless viscous oil) was prepared from 5-101%]
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(23.7 mg, 0.0787 mmol) as described for 5-4a using pyrazinecarboxylic acid and PivCl instead of 2,5-dichlorobenzoyl
chloride. [o]*5 11.26 (¢ 0.70, CHCI5); *H-NMR (500 MHz, CDCl5) § 9.37 (s, 1H, aromatic), 9.28 (d, J = 7.4 Hz, 1H,
amide NH), 8.74 (d, J = 2.3 Hz, 1H, aromatic), 8.58 (d, J = 2.3 Hz, 1H, aromatic), 7.38-7.19 (m, 11H, amide NH and
aromatic), 6.50 (t, J = 4.6 Hz, 1H, amide NH), 4.92-4.83 (m, 1H, NCHCO), 4.48 (s, 4H, benzyl CH,), 4.32-4.23 (m, 1H,
OCH), 3.52 (dd, J =9.2, 5.7 Hz, 2H, OCH,), 3.44 (dd, J = 9.2, 6.3 Hz, 2H, OCHy), 3.35-3.24 (m, 2H, NCH,), 3.24-3.14
(m, 1H, NCHB), 2.63 (dd, J = 15.5, 3.4 Hz, 1H, COCHy), 2.35-2.25 (m, 1H, OCHCH,), 2.34 (dd, J = 15.5, 7.4 Hz, 1H,
COCH,), 2.20-2.12 (m, 1H, CCHCH,), 2.05-1.94 (m, 2H, CCH and OCH,CH), 1.90-1.84 (m, 1H, OCHCH,CH),
1.84-1.77 (m, 1H, OCHCHy), 1.69-1.56 (m, 3H, NCH,CH, and isobutyl CH), 1.56-1.33 (m, 2H, isobutyl CH,), 1.37 (s,
3H, CHj3), 1.27 (s, 3H, CH3), 1.23 (d, J = 10.9 Hz, 1H, CCHCHy), 0.87 (d, J = 6.3 Hz, 3H, isobutyl CH3), 0.86 (d, J =
6.3 Hz, 3H, isobutyl CHj), 0.82 (s, 3H, CHj); *C-NMR (125 MHz, CDCl,) & 170.6, 170.5, 163.0, 147.3, 144.2, 144.2,
143.0, 138.1, 128.4, 127.7, 85.7, 77.7, 73.3, 71.4, 71.3, 51.3, 49.2, 39.9, 39.5, 38.1, 38.1, 37.9, 37.2, 35.7, 35.5, 29.0,
28.5, 27.1, 26.3, 25.4, 24.0, 23.1, 22.0; LRMS (ESI) m/z 768.5 [(M+H)']; HRMS (ESI) calcd for C,sHssNsO-°B:
767.4538 [(M+H)™], found: 767.4541.

(S)-N*-(4-(benzyloxy)-3-((benzyloxy)methybutyl)-N*-((R)-3-methyl-1-((3aS,4S,6S,7aR)-3a,5,5-trimethylhexahydro-4,
6-methanobenzo[d][1,3,2]dioxaborol-2-yl)butyl)-2-(6-phenylpicolinamido)succinamide 5-7a

Target compound 5-7a (35.0 mg, 0.0415 mmol, 5 steps 54%, a colorless viscous oil) was prepared from 5-10'
(23.2 mg, 0.0769 mmol) as described for 5-4a using 6-phenylpyridine-2-carboxylic acid and PivCl instead of
2,5-dichlorobenzoyl chloride. [0]*%5 23.38 (¢ 0.81, CHCIl5); *H-NMR (500 MHz, CDCl3) & 9.40 (d, J = 7.4 Hz, 1H,
amide NH), 8.18-8.06 (m, 3H, aromatic), 7.95-7.86 (m, 2H, aromatic), 7.56-7.40 (m, 4H, amide NH and aromatic),
7.34-7.19 (m, 10H, aromatic), 6.51 (t, J = 5.2 Hz, 1H, amide NH), 4.95-4.87 (m, 1H, NCHCO), 4.46 (s, 4H, benzyl
CH,), 4.34-4.26 (m, 1H, OCH), 3.55-3.46 (m, 2H, OCH,), 3.46-3.38 (m, 2H, OCH,), 3.35-3.26 (m, 2H, NCH),),
3.14-3.05 (m, 1H, NCHB), 2.69 (dd, J = 15.5, 3.4, 1H, COCHy), 2.39 (dd, J = 15.5, 8.0 Hz, 1H, COCH,), 2.34-2.26 (m,
1H, OCHCH,), 2.21-2.12 (m, 1H, CCHCH,), 2.05-1.96 (m, 2H, CCH and OCH,CH), 1.90-1.78 (m, 2H, OCHCH, and
OCHCH,CH), 1.70-1.54 (m, 3H, NCH,CH, and isobutyl CH), 1.54-1.36 (m, 2H, isobutyl CH,), 1.40 (s, 3H, CH3), 1.31
(d, J = 10.9 Hz, 1H, CCHCH,), 1.26 (s, 3H, CHs), 0.87 (d, J = 6.3 Hz, 3H, isobutyl CHs), 0.87 (d, J = 6.3 Hz, 3H,
isobutyl CHs), 0.83 (s, 3H, CHs); *C-NMR (125 MHz, CDCl3) & 171.3, 170.5, 164.3, 155.9, 149.2, 138.1, 137.9, 129.5,
128.8, 128.4, 127.6, 126.9, 122.8, 120.5, 85.4, 77.5, 73.2, 71.3, 71.3, 51.4, 48.9, 40.0, 39.6, 38.1, 38.0, 38.0, 37.8, 36.1,
35.6, 29.0, 285, 27.1, 26.3, 25.4, 24.0, 23.1, 22.0; LRMS (ESI) m/z 843.5 [(M+H)']; HRMS (ESI) calcd for
CsoHeaN4O-°B: 842.4899 [(M+H)'], found: 842.4900.

(S)-2-acetamido-N*-methyl-N*-((R)-3-methyl-1-((3aS,4S,6S,7aR)-3a,5,5-trimethylhexahydro-4,6-methanobenzo[d][ 1,3,

2]dioxaborol-2-yl)butyl)succinamide 5-8a
To a solution of benzyl ester 5-12a (93.5 mg, 0.1825 mmol) in THF (2.0 ml) was added Pd/C (90.0 mg). The flask
was purged with hydrogen (balloon pressure) and the reaction mixture was stirred under an atmosphere of hydrogen for

2 h. The reaction mixture was filtered through a Celite pad and the filtrate was concentrated in vacuo to give the
corresponding carboxylic acid 5-15a as a white amorphous solid.

To a solution of the amorphous solid in DCM (2.0 ml) was added CH3NH,-HCI (43.9 mg, 0.650 mmol, 3.5 equiv),
HOAt (25.2 mg, 0.185 mmol, 1.0 equiv), DIEA (252 ul, 1.48 mmol, 8.0 equiv) and EDC-HCI (39.1 mg, 0.204 mmol,

1.1 equiv) at 0 °C. After 5 min at 0 °C, the reaction mixture was warmed to rt and stirred for 19 h. The reaction mixture
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was concentrated in vacuo and the residue was dissolved in AcOEt, washed with 1 M HCI, sat. NaHCO3; and brine,
dried over Na,SO, and the solvent was removed under reduced pressure. The crude product was purified by
reverse-phase HPLC (Mightysil RP-18 250-20 (5 um), acetonitrile/ H,O 60:40) to yield target compound 5-8a (14.3
mg, 0.0329 mmol, 2 steps 18%) as a colorless viscous oil. []*p -33.54 (c 0.21, CHCI); *H-NMR (500 MHz, CDCl;) &
7.40 (d, J = 6.9 Hz, 1H, amide NH), 7.33 (d, J = 5.2 Hz, 1H, amide NH), 6.34 (d, J = 4.6 Hz, 1H, amide NH), 4.73-4.63
(m, 1H, NCHCO), 4.34-4.24 (m, 1H, OCH), 3.22-3.11 (m, 1H, NCHB), 2.84-2.72 (m, 1H, COCH), 2.78 (d, J = 4.6 Hz,
3H, NCH3), 2.47 (dd, J = 14.9, 6.9 Hz, 1H, COCH,), 2.37-2.27 (m, 1H, OCHCH,), 2.23-2.14 (m, 1H, CCHCH,),
2.07-1.98 (m, 1H, CCH), 2.03 (s, 3H, acetyl CH3), 1.98-1.86 (m, 1H, OCHCH,CH), 1.86-1.78 (m, 1H, OCHCH,),
1.69-1.57 (m, 1H, isobutyl CH), 1.52-1.38 (m, 2H, isobutyl CH,), 1.38 (s, 3H, CH3), 1.28 (s, 3H, CH3), 1.23 (d, J =
10.9 Hz, 1H, CCHCH,), 0.91 (d, J = 6.3 Hz, 3H, isobutyl CH3), 0.89 (d, J = 6.3 Hz, 3H, isobutyl CH3), 0.84 (s, 3H,
CHs); *C-NMR (125 MHz, CDCls) § 171.8, 171.1, 170.5, 85.7, 77.7, 51.3, 49.5, 39.9, 39.5, 38.2, 37.3, 35.8, 35.5, 28.5,
27.1, 26.3, 26.3, 25.4, 24.0, 23.2, 23.1, 21.9; LRMS (ESI) m/z 436.3 [(M+H)"]; HRMS (ESI) calcd for C»H3gN305°B:
435.3014 [(M+H)'], found: 435.3014.

(S)-2-acetamido-N*-(4-(benzyloxy)butyl)-N*-((R)-3-methyl-1-((3aS,4S,6S,7aR)-3a,5,5-trimethylhexahydro-4,6-methano
benzo[d][1,3,2]dioxaborol-2-yl)butyl)succinamide 5-9a
To a solution of benzyl ester 5-12a (89.2 mg, 0.174 mmol) in THF (2.0 ml) was added Pd/C (90.0 mg). The flask

was purged with hydrogen (balloon pressure) and the reaction mixture was stirred under an atmosphere of hydrogen for

2 h. The reaction mixture was filtered through a Celite pad and the filtrate was concentrated in vacuo to give the
corresponding carboxylic acid 5-15a as a white amorphous solid.

S5-6 (48.6 mg, 0.174 mmol, 1.0 equiv) was dissolved in 4 M HCI in AcOEt (2.0 ml) and was stirred at rt for 1 h. The
reaction mixture was concentrated in vacuo to give the corresponding amine as a colorless viscous oil.

To a solution of 5-15a in DCM (2.0 ml) was added above mentioned amine, DIEA (88.8 ul, 0.522 mmol, 3.0 equiv),
HOA (23.7 mg, 0.174 mmol, 1.0 equiv) and EDC+HCI (33.4 mg, 0.174 mmol, 1.0 equiv) at — 18 °C. After 10 min at —
18 °C, the reaction mixture was warmed to rt and stirred for 3 h. The reaction mixture was concentrated in vacuo and
the residue was dissolved in AcOEt, washed with 1 M HCI, sat. NaHCO; and brine, dried over Na,SO, and the solvent
was removed under reduced pressure. The crude product was purified by reverse-phase HPLC (Mightysil RP-18 250-20
(5 um), acetonitrile/ H,O 65:35) to yield target compound 5-9a (77.2 mg, 0.132 mmol, 2 steps 76%) as a colorless
viscous oil. [o]®5 -12.39 (¢ 0.54, CHCI5); *H-NMR (500 MHz, CDCl;) & 7.40-7.25 (m, 7H, amide NH and aromatic),
6.34 (t, J = 5.2 Hz, 1H, amide NH), 4.65 (m, 1H, NCHCO), 4.50 (s, 2H, benzyl CH,), 4.28 (dd, J = 8.6, 1.7 Hz, 1H,
OCH), 3.49 (t, J = 5.7 Hz, 2H, OCH,), 3.31-3.11 (m, 3H, NCH, and NCHB), 2.68 (dd, J = 14.9, 3.4 Hz, 1H, COCH),),
2.38 (dd, J = 14.9, 7.4 Hz, 1H, COCHj,), 2.35-2.27 (m, 1H, OCHCH,), 2.22-2.13 (m, 1H, CCHCH,), 2.05-1.99 (m, 1H,
CCH), 2.02 (s, 3H, acetyl CH3), 1.92-1.86 (m, 1H, OCHCH,CH), 1.86-1.78 (m, 1H, OCHCH,), 1.69-1.56 (m, 5H,
OCH,CH,, OCH,CH,CH, and isobutyl CH), 1.52-1.35 (m, 2H, isobutyl CH,), 1.37 (s, 3H, CHjs), 1.28 (s, 3H, CHy),
1.23 (d, J = 10.9 Hz, 1H, CCHCH,), 0.90 (d, J = 6.3 Hz, 3H, isobutyl CH3), 0.88 (d, J = 6.3 Hz, 3H, isobutyl CHy),
0.83 (s, 3H, CHy); BC-NMR (125 MHz, CDCl) 6 171.2, 171.0, 170.3, 138.2, 128.4, 127.7, 127.6, 85.7, 77.7, 73.0,
69.9, 51.3, 49.4, 39.9, 39.5, 39.5, 38.1, 37.3, 35.8, 35.5, 28.5, 27.2, 27.1, 26.3, 26.2, 25.4, 24.0, 23.2, 23.1, 21.9; LRMS
(ESI) m/z 584.4 [(M+H)*]; HRMS (ESI) calcd for C3,Hs1N3O06'°B: 583.3902 [(M+H)'], found: 583.3907.
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Docking simulation
The docking simulations of 5-1a — 5-3a and 5-1b — 5-3b were performed based on the concept described previously
by us.1*]

Ligand preparation

Initial 3D structure of 5-1a — 5-3a and 5-1b — 5-3b (without pinanediol ester) was constructed by “Paste Special As
3D”, followed by energy minimization was performed by “LigPrep” using OPLS-2005 as a force field. The resulting

structures were used in docking simulation. Default values were used for all other parameters.

Grid generation for docking simulation of 5-1a — 5-3a and 5-1b — 5-3b

The grids used for docking simulation were generated by “Receptor Grid Generation” of Glide 5.7 (Schrédinger
LLC). The X-ray crystal structure of proteasome in complex with bortezomib (PDB code; 2F16) was refined for
docking simulations using the Protein Preparation Wizard Script within Maestro 9.2. After that, the covalent bond
between bortezomib and proteasome was deleted and the resulting ligand free side chain of Thr residue was trimmed.
To specify the center of the grid, X-ray crystal structure of proteasome in complex with homobelactosin C derivative
(PDB code; 3E47) was superimposed, and the ligand structure was merged. The centroid of the two ligands, bortezomib
and homobelactosin C derivative, was used as the center of generating grid. Default values were used for all other

parameters.

Preparation of the core structure used in docking simulation

The X-ray crystal structure of proteasome in complex with bortezomib (PDB code; 3MGO0) was superimposed with
the structure used for grid generation. The boronic acid moiety consisting of four heavy atoms was used as a core for

docking simulation.

Ligand docking
The docking simulation was performed by “Ligand Docking” of Glide 5.7 (Schrédinger LLC), using the

aforementioned core structure (tolerance, 1.0 A) for restricting the position of the boronic acid moiety in 5-1a — 5-3a
and 5-1b — 5-3b (Write out at most 25 poses per ligand; Number of poses ligand to include 25). The docking results
shown in the manuscript are the top ranked poses. Default values were used for all other parameters.
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Figure S5-1. Docking results for hybrid compounds 5-1a, 5-3a and 5-1b — 5-3b

Proteasome assay

Inhibitory activity of compounds 5-1a — 5-9a and 5-1b — 5-3b on the ChT-L, C-L and T-L activities of human 20S

proteasome were measured as described previously.®”!

Cell proliferation assay

Inhibitory activity of compounds 5-1a — 5-9a and 5-1b — 5-3b on HCT116 cell growth was measured as described

previously.?”!

Proteasome active site enzyme-linked immunosorbent assay

Inhibitory activity of compounds 5-2a and 5-9a on B5 and B5i subunits were measured as described previously.”
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Substrate-based assays of cathepsins

In substrate-based assays, each reaction containing a certain protease was initiated by the addition of an appropriate
substrate, and the resultant fluorescence signal was detected with a plate-based spectrofluorometer SpectraMax M5SK
(Molecular Devices) as described previously by Arastu-Kapur, S. et al.!*4

Assays for the sensitivity of cathepsin A protease activity to belactosin A derivatives were performed in a reaction
buffer [50 mM MOPS (pH 5.5)] containing 22 ng/mL of recombinant cathepsin A (R&D systems) and 40 uM substrate,
Mca-Arg-Pro-Pro-Gly-Phe-Ser-Ala-Phe-Lys(Dnp)-OH (R&D systems) in 96-well half-area plates (Corning). Each
chemical compound in DMSO at different concentrations was diluted 3-fold with the reaction buffer. After
preincubation of 15 uL of 13 ng/mL protease solution with 5 puL of each chemical diluent at 25 °C for 5 minutes, the
reaction was initiated by the addition of 5 uL of the 200 uM substrate solution, followed by incubation at 25 °C for a
further 2 hours. The protease activity in each reaction was measured as fluorescence intensity. The excitation
wavelength was 320 nm and the emission wavelength was 405 nm. At least three experiments were performed per
condition, and the averages and standard deviations of inhibition rates in each condition were evaluated to determine
ICs values using GraphPad Prism4.

Protease activities of cathepsin B and cathepsin G were examined by a similar method as described above. The
protease activity of 40 ng/mL of recombinant cathepsin B (R&D systems) was measured using 10 uM
Z-Leu-Arg-AMC (R&D systems) in assay buffer consisting of 25 mM MES, pH 5.0, at 25 °C for 30 minutes. The
excitation wavelength was 380 nm and the emission wavelength was 460 nm. 8.0 pU/mL of recombinant cathepsin G
(R&D systems) with 200 uM Suc-Ala-Ala-Pro-Phe-AMC (Bachem) was used in assay buffer consisting of 50 mM
Tris-HCI, pH 7.5, and 150 mM NaCl at 25 °C for an hour. The excitation and emission wavelengths were 380 nm and
460 nm, respectively.

Cell cycle analysis
The cell cycle distribution of HCT116 cells treated with compounds 5-2a and 5-9a was measured as described

previously.?"!

Immunoblot analysis
Immunoblot analysis of p53 and cPARP in HCT116 cells treated with 5-2a and 5-9a was performed as described

previously.®”!

Reversibility assay

Reversibility of the proteasome inhibitory effect of 5-2a and 5-9a was measured as described previously.*”)

Combustion analysis data for the target compounds
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Table S5-1. Table listing combustion analysis data for the target compounds

5-1a Anal. calcd for C39Hs6N307B: C, 67.92; H, 8.18; N, 6.09. Found: C, 67.73; H, 8.33; N, 6.01.
5-2a  Anal. calcd for C4HssN307B-0.1H,0: C, 68.10; H, 8.31; N, 5.96. Found: C, 67.90; H, 8.51; N, 5.85.
5-3a  Anal. calcd for C4;HgoN307B-1.8H,0: C, 65.64; H, 8.55; N, 5.60. Found: C, 65.86; H, 8.85; N, 5.36.
5-1b  Anal. calcd for C4oHsgN3O7B: C, 68.27; H, 8.31; N, 5.97. Found: C, 67.97; H, 8.48; N, 5.90.
5-2b  Anal. calcd for C4HgoN3O7B: C, 68.61; H, 8.43; N, 5.85. Found: C, 68.94; H, 8.82; N, 5.76.
5-3b  Anal. calcd for C4,Hg:N30;B-0.3H,0: C, 68.43; H, 8.56; N, 5.70. Found: C, 68.30; H, 8.83; N, 5.60.
5-4a  Anal. calcd for C45HsgN3O7BCly: C, 64.75; H, 7.00; N, 5.03. Found: C, 64.65; H, 7.20; N, 4.77.
5-5a  Anal. calcd for C4sHgoN307B-0.2H,0: C, 70.25; H, 7.91; N, 5.46. Found: C, 70.03; H, 8.15; N, 5.33.
5-6a Anal. calcd for C43H5sNsO7B-0.5H,0: C, 66.49; H, 7.66; N, 9.02. Found: C, 66.56; H, 8.01; N, 8.78.
5-7a  Anal. calcd for CsoHgzN4O7B-0.5H,0: C, 70.50; H, 7.57; N, 6.58. Found: C, 70.61; H, 7.97; N, 6.34.
5-8a Anal. calcd for C,,H3sN305B-0.2H,0: C, 60.20; H, 8.82; N, 9.57. Found: C, 60.25; H, 9.02; N, 9.27.
5-9a Anal. calcd for C3,HsgN3OgB: C, 65.86; H, 8.64; N, 7.20. Found: C, 65.61; H, 8.75; N, 7.01.
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Synthetic procedures for target compounds 6-1 and 6-2
Target compound 6-1

To a solution of Boc-Asp-OBn 6-3 (50.0 mg, 0.155 mmol) in DCM (1.5 ml) was added triethylamine (21.6 ul, 0.155
mmol, 1.0 equiv) and PivCl (19.1 ul, 0.155 mmol, 1.0 equiv) at 0 °C. After 1 h at 0 °C, the reaction mixture was

concentrated in vacuo and the residue was dissolved in AcOEt, washed with water and brine, dried over Na,SO, and
the solvent was removed under reduced pressure to give the corresponding acid anhydride as a colorless oil.

To a solution of amine 3-29"°% (46.4 mg, 0.155 mmol, 1.0 equiv) in DCM (1.5 ml) was added triethylamine (21.6 ul,
0.155 mmol, 1.0 equiv) and the aforementioned acid anhydride in DCM (1.0 ml) at 0 °C. After 5 min at 0 °C, the
reaction mixture was warmed to rt and stirred for 2 h. The reaction mixture was concentrated in vacuo and the residue
was dissolved in AcOEt, washed with 1 M HCI, sat. NaHCO3 and brine, dried over Na,SO, and the solvent was
removed under reduced pressure to give the corresponding coupling product as a colorless viscous oil.

To a solution of the oil in DCM (1.0 ml) was added TFA (1.0 ml). After 2 h at rt, the reaction mixture was
concentrated in vacuo to give the corresponding amine as a pale yellow oil.

To a solution of the oil in DCM (2.0 ml) was added triethylamine (47.5 ul, 0.341 mmol, 2.2 equiv) and Ac,O (14.7
ul, 0.155 mmol, 1.0 equiv) at 0 °C. After 5 min at 0 °C, the reaction mixture was warmed to rt and stirred for 1 h. The
reaction mixture was concentrated in vacuo and the residue was dissolved in AcOEt, washed with 1 M HCI, sat.
NaHCO; and brine, dried over Na,SO,4 and the solvent was removed under reduced pressure to give the acetylated
product as a colorless viscous oil.

To a solution of the oil in EtOH (2.0 ml) was added Pd/C (80 mg) and 1,4-cyclohexadiene (145 ul, 1.55 mmol, 10
equiv). After 140 min at rt, the reaction mixture was filtered through a Celite pad and the filtrate was concentrated in
vacuo to give the corresponding carboxylic acid as a colorless viscous oil.

To a solution of epoxyketone unit 6-8"°"! (42.1 mg, 0.155 mmol, 1.0 equiv) in DCM (750 pl) was added TFA (750
ul). After 20 min at rt, the reaction mixture was concentrated in vacuo to give the corresponding amine as a white solid.

To a solution of the solid and the aforementioned carboxylic acid in THF (5.0 ml) was added HOBt (31.4 mg, 0.233
mmol, 1.5 equiv), HBTU (88.4 mg, 0.233 mmol, 1.5 equiv) and DIEA (109 ul, 0.775 mmol, 5.0 equiv) at -5 °C. After
18 h at -5 °C, the reaction mixture was concentrated in vacuo and the residue was dissolved in AcOEt, washed with 1
M HCI, sat. NaHCOj; and brine, dried over Na,SO,4 and the solvent was removed under reduced pressure. The crude
product was purified by HPLC (Mightysil Si 60 250-20 (5 um), n-hexane/ AcOEt 1:5) to yield target compound 6-1
(56.6 mg, 0.0928 mmol, 6 steps 60%) as a colorless viscous oil. [a]*p 55.40 (¢ 0.50, CHCIls); *H-NMR (500 MHz,
CDCly) 8 7.75 (d, J = 7.4 Hz, 1H, amide NH), 7.38-7.23 (m, 11H, amide NH and aromatic), 6.52 (t, J = 5.2 Hz, 1H,
amide NH), 4.68-4.60 (m, 1H, NCH), 4.48 (s, 4H, benzyl CH,), 4.48-4.41 (m, 1H, NCH), 3.56-3.48 (m, 2H, OCH,),
3.48-3.40 (m, 2H, OCH,), 3.35-3.22 (m, 2H, NCH,), 3.28 (d, J = 5.2 Hz, 1H, epoxide CH,), 2.84 (d, J = 5.2 Hz, 1H,
epoxide CH,), 2.45 (dd, J = 15.5, 3.4 Hz, 1H, COCH,), 2.29 (dd, J = 15.5, 7.4 Hz, 1H, COCH,), 2.06-1.96 (m, 1H,
OCH,CH), 1.99 (s, 3H, acetyl CH3), 1.73-1.58 (m, 3H, NCH,CH, and isobutyl CH), 1.56-1.45 (m, 1H, isobutyl CH,),
1.48 (s, 3H, CH3), 1.35-1.23 (m, 1H, isobutyl CH,), 0.93 (d, J = 6.3 Hz, 3H, isobutyl CH3), 0.91 (d, J = 6.3 Hz, 3H,
isobutyl CHy); BC-NMR (125 MHz, CDCl3) 6 208.1, 171.1, 171.1, 170.0, 138.1, 128.3, 127.6, 73.2, 71.2, 71.2, 59.1,
52.3, 50.9, 49.3, 39.3, 37.9, 37.7, 37.1, 28.9, 25.2, 23.3, 23.1, 21.1, 16.7; LRMS (ESI) m/z 610.4 [(M+H)']; HRMS
(ESI) calcd for Ca4HasN307: 610.3487 [(M+H)*], found: 610.3483.
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Target compound 6-2

Target compound 6-2 (70.3 mg, 0.144 mmol, 6 steps 60%, colorless viscous oil) was prepared from Boc-Asp-OBn
6-3 as described for target compound 6-1 using amine 5-16 instead of 3-29. [a]*’p 65.21 (¢ 0.56, CHCIl5); *H-NMR
(500 MHz, CDCly) 6 7.85 (d, J = 7.4 Hz, 1H, amide NH), 7.38-7.24 (m, 6H, amide NH and aromatic), 6.56 (t, J = 5.2
Hz, 1H, amide NH), 4.72-4.65 (m, 1H, NCH), 4.52-4.42 (m, 1H, NCH), 4.49 (s, 2H, benzyl CH,), 3.49 (t, J = 5.7 Hz,
2H, OCHj,), 3.32-3.17 (m, 2H, NCH,), 3.28 (d, J = 5.2 Hz, 1H, epoxide CH,), 2.86 (d, J = 5.2 Hz, 1H, epoxide CH,),
2.60 (dd, J=15.5, 4.0 Hz, 1H, COCH,), 2.45 (dd, J = 15.5, 7.4 Hz, 1H, COCHy), 2.00 (s, 3H, acetyl CHs), 1.74-1.56 (m,
5H, NCH,CH,, OCH,CH, and isobutyl CH), 1.56-1.46 (m, 1H, isobutyl CH,), 1.49 (s, 3H, CHs), 1.35-1.24 (m, 1H,
isobutyl CH,), 0.93 (d, J = 6.3 Hz, 3H, isobutyl CHs), 0.92 (d, J = 6.3 Hz, 3H, isobutyl CHj); *C-NMR (125 MHz,
CDCl3) 6 208.2,171.1,171.1, 170.2, 138.2, 128.3, 127.6, 127.5, 72.9, 69.8, 59.1, 52.3, 50.9, 49.5, 39.4, 39.2, 37.4, 27.0,
26.1, 25.1, 23.2, 23.0, 21.1, 16.7; LRMS (ESI) m/z 490.3 [(M+H)']; HRMS (ESI) calcd for CpgHaoN3Og: 490.2912
[(M+H)™], found: 490.2908.

Computational simulations

The binding mode of target compounds 6-1 and 6-2 in the proteasome binding pocket was computationally simulated
by MacroModel 9.9 (Schrédinger LLC) using OPLS-2005 as a force field. The X-ray crystal structure of PR-957 in
complex with proteasome (PDB code: 3UN4) was refined for simulations using the Protein Preparation Wizard
Script within Maestro 9.2 (Schrodinger LLC). After that, the structure of the PR-957 was manually converted into the
target compounds 6-1 or 6-2. Then, “Minimization” of the complex was performed, in which the ligand structure was
selected as freely moving atoms and, around that, a shell with a radius of 15 A was constructed and the atoms in the
shell were frozen. This setting was also applied in the following “Dynamics” and “Multiple Minimization”. Next, using
the obtained complex structure, “Dynamics” was performed (Number of structures to sample, 100; Simulation time,
100 ps). Finally, using the sampled structures, “Multiple Minimization” was performed and the top-ranked pose was

shown in the manuscript. Default values were used for all other parameters.

Proteasomes assay
Inhibitory activity of target compounds 6-1 and 6-2 on ChT-L activity of the human 20S proteasome was

investigated as described previously.*”)

Cell proliferation assay

Inhibitory activity of target compounds 6-1 and 6-2 on HCT116 cell growth was investigated as described

previously.®”!

Combustion analysis data for the target compounds.
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Table S1. Table listing combustion analysis data for the target compounds.

6-1 Anal. calcd for Ca4HqsN;0;+0.4H,0: C, 66.19; H, 7.81; N, 6.81. Found: C, 66.55; H, 7.92; N, 6.42.
6-2  Anal. calcd for CogHaoN3Og+0.2H,0: C, 63.32; H, 8.05; N, 8.52. Found: C, 63.45; H, 8.05: N, 8.13.
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