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(2R U GRlaRR 27T, E7o 2 OMEEIL, A~F DR 6 BRI 7Y = ARG D8 3 MIoKIBREC L-
Ry =ANEE LTEY, == MbEMTH D, —J5, 77 bI~=AT U ZITVF hFY
—ADNES LTHEERRIATH O . 77 M~ A 2 AT D EI7ehtElEE LAvR S 700 2 & vl
ITND,

77 NI~ A TV UHOERITIANLD, F R M ORISR E R L S EF MEBRE ORI
H7eABSEEDOMNI 2O S L, 72 URDET /L BCDEF 727 2 O/ EITo72, BT TH L7
(1)-3-ethynyl-2,3-dihydro-2,3,5-trihydroxy-2-(hydroxymethyl)-1,4-anthraquinone 7>6, A%/ 5 —
va A A RV ANR=UIC T E BRAMEE LT 1%, SUREIRR A % ) — N 27 v
{bCFBROMEREITH Z & C, BT /VBCDEF 77U VB AT H LN T, 7288, AX/—)v
ORI AR TH Y | EF BRITHRIAMESRH BV TRE TH D 2 E¥yinoT-, S HIZET /L BCDEF
77U 3%, (2R 5S,65)-5-((tert-butyldimethylsilyl)oxy)-6-methyl-tetrahydro-2H-pyran-2-yl acetate % FH\ »ChL
PHE L, BRIBSERERETHZ LT 77 M~ A VBT ML ~NFETH Z LN TET,

—WIZA VA RY ) o EBGTEEME. IEFITZERI A TROT N & & RS L <R
ZEDPRBITNTZD, T 7 b~ AT BITEENDA VA R ) ARG D 5 BERT 7 7 LA ER)
WA GRIRIAT ORI CORERE Bfi T 2 LIc Lz, 22 CARETHLHANWD Z LR TE 5 A
BrOREELE L LT, Bischler—Napieralski fUiia 5 e 7 7 Z LERIHID TUSH Uiz, ZORISNE, 71v
NA=ROTNAF Tk AFNVIEINGA V) T CNHAN LTS5 2 &C, AR, mEET
AVAL RY ) EBBRTTEDLZ EmoTe, Flo, ARICHEEICOWTEHMCHE L, I 3EA
NAF AR TH LD Z & EA LM LT,

INOOHREEEZ TT 7 M~ A L DEAMITEF LTz, £ ABRIBEDT- OO RN 24
3% 8-(N-isopropoxycarbonyl-N-methyl)aminomethyl-5-methoxyhomophthalic anhydride Z-4% T2 Z CTARL L.
IhEvRERAIEEZYT L tertbutyldiphenylsilyl FETT L v KA RH#E L -
3~((tert-butyldiphenylsilyl)ethynyl)-5-chloro-2-((methoxymethoxy)methyl)-1,4-benzoquinone & OEAEAFIN, i<
Uk RaX AL RT DT Ml A WAL NG T = a Ve BT KD b BRI AR AR LT,
DA VT eV A— MK LT Bischler—Napieralski FUBR VG2 T o728 24, EUERTA R
IS HZ LN TE, JBIEKRTTI Y M~ A Y /) BT HZENTE T, BoN-77 M~
A ¥ 7 ATHFLT(2R,5S,65)-6-methyl-5-((trithylsilyl)oxy)tetrahydro-2H-pyran-2-yl acetate % Siis SH2 Z &
TROHEAZTGD Z LN TE | BRICETORERLREL T, 77 M~ A T OREREER LT,
— . 77 b4 Z oG KICmIT T, -~ HMXEKEFTONS VL
(6S)-6-methyl-3,6-dihydro-2H-pyran-2-yl 2-methoxyacetate ZHcHiH L L7=%%, — O “EESHDA2 Ve Rax
NEFTHZ LTI M~ ATV ZOBEREERT DN TEL, 277 M~A L A8EK
GRLT, ZNENDT 7 ) a5 Z L2k - T, RATH-727 7 M~ A v Z Ok
LB ZIRET D Z LN TET,
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Total Syntheses of Antibiotic Lactonamycins
Abstract

The total syntheses of lactonamycins are described. Lactonamycin shows potent
antimicrobial activities against Gram-positive bacteria including MRSA and VRE, as well as
cytotoxicity against various tumor cell lines. Lactonamycin consists of a unique hexacyclic core
structure (A-F rings) whose tertiary alcohol is connected to L-rhodinose. Lactonamycin Z, which
is less potent against Gram-positive bacteria, is a sugar analogue of lactonamycin; glycosylated
by digitoxose instead of rhodinose.

First, aiming at the construction of the densely oxygenated EF-ring system, the racemic
model BCDEF aglycon was synthesized. Starting from a (+)-3-ethynyl-2,3-dihydro-2,3,5-
trihydroxy-2-(hydroxymethyl)-1,4-anthraquinone, a palladium-catalyzed cyclization-
methoxycarbonylation, a stereoselective methanol addition, and a lactonization realized the
synthesis of the model BCDEF aglycon. It was found that the methanol addition was
irreversible under the reaction conditions and the EF-ring was stable under the strong acidic
conditions. The glycosylation of this model aglycon with (2R,5.5,65)-5-((tert-butyldimethylsilyl)-
oxy)-6-methyl-tetrahydro-2 H-pyran-2-yl acetate afforded the lactonamycin model glycoside.

Based on the above results, a synthetic route with a late-stage A-ring (5-membered lactam)
formation for lactonamycins syntheses was adopted, because isoindolinones, in general, tend to
be oxidized under basic conditions and have a solubility problem. As a method of A-ring
formation, the Bischler—Napieralski-type reaction was selected. The dramatic improvement of
this reaction was secured when an alkoxy moiety of carbamates was changed from the methyl to
isopropyl group. Further investigation revealed a new reaction mechanism involving a
carbamoyl cation intermediate.

In a similar way to the synthesis of the model BCDEF aglycon, a new BCDEF intermediate,
having an A-ring foothold, was synthesized via a cycloaddition reaction between the diene
derived from 8-(NV-isopropoxycarbonyl- N>-methyl)aminomethyl-5-methoxyhomophthalic
anhydride and 3-((¢ertbutyldiphenylsilyl)ethynyl)-5-chloro-2-((methoxymethoxy)methyl)-
1,4-benzoquinone. The Bischler—Napieralski—type cyclization of this intermediate afforded
lactonamycinone in high yield. The final glycosylation of lactonamycinone with
(2R,5.5,6.9)-6-methyl-5-((triethylsilyl)oxy)tetrahydro-2 H-pyran-2-yl acetate afforded
lactonamycin after deprotection. Toward the total synthesis of lactonamycin Z,
(69)-6-methyl-3,6-dihydro-2 H-pyran-2-yl 2-methoxyacetate was introduced into
lactonamycinone and the resulting glycoside was subjected to dihydroxylation, giving
lactonamycin Z. The absolute configuration of lactonamycin Z was also revealed by comparison

of lactonamycinones obtained by hydrolysis of the lactonamycins.
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Ac acetyl

aq aqueous

AIBN 2,2'-azo bisisobutyronitrile
Bn benzyl

Boc t-butoxycarbonyl

BOM benzyloxymethyl

BPO benzoyl peroxide

Bt benzotriazolyl

C6mim 1-hexyl-3-methylimidazolium

CA chloroacetyl

CAN ceric ammonium nitrate
CD circular dichroism

CDI 1,1'-carbonyldiimidazole
CoA coenzyme A

COSsYy correlated spectroscopy
CPME cyclopentyl methyl ether

CSA camphorsulfonic acid

dba dibenzylideneacetone

DCE 1,1-dichloroethane

DDQ 2,3-dichloro-5,6-dicyano-1,4-benzoquinone

DIBAL diisobutylaluminum hydride
DIPEA diisopropylethylamine
DMAP N,N-4-dimethylaminopyridine

DMF N,N-dimethylformamide

DMP Dess—Martin periodinane

DMSO dimethylsulfoxide

dppf 1,1'-bis(diphenylphosphino)ferrocene
DQF double quantum filtered

EDCI 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride
Enz enzyme

ee enantiomeric excess

El electron ionization

ESI electrospray ionization

Et ethyl

FAB fast atom bombardment

Fmoc 9-fluorenylmethoxycarbonyl

FT Fourier transform



HMBC heteronuclear multiple bond correlation
HPLC high performance liquid chromatography
HRMS high resolution mass spectrometry

iBu isobutyl

IBX o-iodoxybenzoic acid
IPA isopropylalcohol

iPr isopropyl

IR infrared spectroscopy

KHMDS  potassium bis(trimethylsilyl)amide
LDA lithium diisopropylamide

LRMS low resolution mass spectrometry
mCPBA  meta-chloroperbenzoic acid

Me methyl

MIC minimum inhibitory concentration
MOM methoxymethyl

MPM p-methoxybenzyl

MS molecular sieves

NBS N-bromosuccinimide

NBSH 2-nitrobenzenesulfonyl hydrazide
nBu Normal-butyl

NIS N-iodosuccinimide

NMO N-methylmorpholine N-oxide

NMR nuclear magnetic resonance

0oDS octa decyl silyl

Ph phenyl

Phth phthaloyl

PPA polyphosphoric acid

Py pyridine

Ry retention factor in chromatography

ROE rotating frame nuclear Overhauser effect

rt room temperature

tBu tertiary-butyl

TASF tris(diethylamino)sulfonium difluorotrimethylsilicate
TBAF tetra-n-butylammonium fluoride

TBDPS  t-butyldiphenylsilyl

TBS t-butyldimethylsilyl

TEMPO  2,2,6,6-tetramethyl-1-piperidinyloxy free radical
TES triethylsilyl

Tf trifluoromethanesulfonyl

TFA trifluoroacetic acid



TFAA trifluoroacetic anhydride

THF tetrahydrofuran

THP 2-tetrahydropyranyl

TIPS triisopropylsilyl

TLC thin layer chromatography
TMS tetramethylsilane

TMS trimethylsilyl

Ts p-toluenesulfonyl

UV-Vis  ultraviolet-visible
Xphos 2-dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl
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WA S OPUEMEYE OMFFEIX. Fleming 28 F 2 OB 77 AR OB A TLET 5
WENEETHZ LA RH L T2 ) v 4T 722 L2563 % 1 Worksman 1322 D & 9 72
PUEMEYE 2 G E (antibiotics) & 44 111, TIESOHE DN B 70 29849 O M s i A BRLE 5 2 A
HROILFEWE ) L EFR LT, TO%, AEDOEHEE T Tldie < Bipiilaoiym & HET 254k
ME N R IIT, SUAEWEIT TTRAEDCEMEY) O Mg e 2 FLE T 2 ko s mE | &
BEHsNTT, SOICHAETIEARENOREICLY . E N E2E-> bW E A THICEKT 5
ZEMARRIZRY, INOOWEE THHEMEO N T I =I5 b H D,

JEES b BUAEME DS R b B & R LT OVEYMEIRRIC B\ CTHh B %, HITRH, k. =
L 77 BITREFE SN DEIYEIL, BRI KRIER S 0 N E W CTh o 7o, FRCHERIZ A ARIZE
WTHERE 520, 20 HALETE TR ORYEZ EO T ShTnd, Lol 1944 4,
UAEWEA NV T b~ DBIGIZL > T, ZTNETRIBEDORH & SN TE I L DRI
—RUCHEI L=, TOBLT FIH A2 ) R ITREBESNIENTHIAEWENER - RS,
A H CIBYYE TR T D NI 0 el e o TE T,

LU, SUAEWEOERMNIRE D60, PUAREICTM 2 fFoMAEm BNl T/, 2ok
9 79 ERANMHE B OB A F U Ui G T R 7 EKEMRSA) TH 5, MRSAIZAF VU %
ZCHET L OPUEWEICK L CIittEZ R D, iR & Lo s %, MRSA &Y
IZHRIT BIRROTI D ALE L CHUEWE N a~ A VU BNFE LEL N TE N, ITETIE AV
g A 2 UMEREREE (VRE) D ZGR 72 RN VS X o TlEE G F O mEN R Z 0 2 2Ok %
Ny awA v it G T RYERE(VRSA)RER SN L Hicio2 P BfE, 7TAV B, A~
R, A7 TERRENTEY, TKIAICARY I —0 v STHORRREENRESNZ Y, AARICE
WTH 2O OYEEUZITRERNEE Z 0 9 B T & TUW 5 (Figure 1),

H
N B o
MeO o T Me
N\)<Me
(@) Z
/=0

Methicillin

HO OH Vancomycin

Figurel XFv Ui RNrva~vA vy

— 7. FUAEWEOTIITHUEIETEE SRR O L O b L FET 5, bumMtEHUEYE O
1953 4E(ZHEEE 512 & - T R ORIk 72 ZBREN) OIS CE R 545 HiEIC k> T b i,
P a<w AR EOFHRAEMENEREINE Y, F0#%, v~ h~A2 2 C, TLd~Ai ]
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ORGP IAEE N RS MERA S, 2oFhThH, BlERD LERIRL T 00
By )~<A v BIIRESNDT U FTIA 27 ) URIVEHETH D,

Ty hTH A7) RBUEMEORESRITE < | 1964 4E Dimarco H1Z & o TR S R 234
FETDHHED )~ AT ERYIVIZ, TRIT~AT 0 ® T I3 )~ AR ENRk~ LH
B, Efidh oz, LhL, ZR6DT > b T7% A4 7 U U RGUEWE L, BEBICKFEL
= AR AL 72 D FEE O BIE ?5:#?0\_ EMD . NOEIRFIZE W OIRESERFHIR I LT 5,
ZOMBRERRT 572012, IR EIEFRTEC X 2EREORENMTh -, TO/RE, &
H S L » TLaEEnRKE < ﬁ%ﬁzéﬂtt TNET RSN, ZHUFBETHER I TS
ML LI L RBAREBC L b LT REZICEWERIZRE <, IR, BREEFE, BE.
BEERK EORIER NS L %ﬁ”bé(Figure 2),

COzMe

O‘O‘ o O‘O‘ o
OH O OH O
Me 0 Me O
NH NMe
R2O 2 o 7’
Daunomycin: R'=H, R?=H Me—7~0
Adriamycin: R' = OH, R? = H oH
Pirarubicin: R' = OH, R? = (R)-THP 0 Aclacinomycin A
e 707
o)

Figure2 7> h7% A7 U RHEDE

B hiAEME T 7 N~ A v OEBEE FORERHBEERAH DR Y TR
[ZDOUWNT

ZOXORE RO &, 1996 FITHMAEMALEIIEET O A B X Streptomyces rishiriensis
MJ773-88K4 I DGR L U |, BBREWR Y 7 F K& HEEL CZ 2 hF~ A T (lactonamycin, 1) &
g L7 % ZOFRPAEWE L, BREREESNHEERET 7 Mr~a 2 2 QI2mz T,
ThIE/ AV CRY maTw v T RIS T A LG FRBERISR 2 R o
TW5% (Figure 3),



Lactonamycin (1) Lactonamycin Z (2)
Me OH O 1 Me OH O
MeO,C i i l l MeO,C i i l l
R?0 N OMe MeO OMe
Tetracenomycin C: R1 OH, R2 = Me Tetracenomycm Az

Elloramycin: R’ e, R?=
Meoﬁg

Figure3 77 b F~A T HEEOBENHEBEBRIH LK) 7F R

77 b FwA T ATIEEICBIRIR OISR R 2 o, AND F £ TO 6 DORP R - T2 FF R
T 7V aE, AVAURY ) U(ABER)E GEICREERELINTCE Fr Y 7 U (ER)—E R
077 ) (FER)D CDBRZIN L CHR LTEEEZ AT 5, £127 7Y aiFE0H 3 okt
2 L-1 Y ) = ARFEE LTV D, ZOMXIARRLE IS X #s ST Ic X W RES LTV D
F AR ELE I OWTIE, 77 b~ A U BBESRE T CMAKGR LI 2 A, 77)3/
ToH%H7 7 FF~A 3/ (lactonamycinone, 3) &, iR/ Tod % =P/ — Z(rhodinose, 4)731% H 4L,
ZouY ) —ADENENREINTND L-aY ) —ADENRE L FZN L2 L bIRE
& 7= (Scheme 1)%,

Lactonamycin (1) Lactonamycinone (3) L-rhodinose (4)
Schemel T 7 hF~A 2 ()DEENINKS iR
Z 7 hF~A 3 Z (2, Figure 3)I% 2003 AT Fiedler & @ 7' /L— 712 - T Streptomyces sanglieri

AKB23 DIFaEIR L Bl S = ) F 0L DQF-COSY. HMBC <° ROE #HBE 72 & NMR (2 k&
AR >T, 77 " F~AT 2 ERILT 7V a iy v Y —2ARNMEE LI EE2AT 52
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LGy nole, L, 77U LEEOMRILIRRLE & € 12N Ofe SLARBLE & R O £ %
Tholz,

—J5. Zeeck 51X 1979 4, Streptomyces glaucescens OEs#E{E 257 b 7% / ~ A 2 > C (Figure 3)
% ' 1981 42T Streptomyces olivaceus DE; i/ H =1 T~ A 3 > (Figure 3)%  Z L BLEE
L7z, EOWEILT 7 b~ A v EFFERICHLLTDEN, 7RIt/ vM v CelxrT< A
VU AR EEMTHY T F IEEE RN T MY A U D EFERORDY T
REREMEINTZv 7 a~xd ) VED RB)EA7T 5, bRFENeOX, 77 M~ A y/}:
BT 5 E H L2 o0 3MKEEE DS ORI LFEEF L TV DETH DL P, mu T~ A v
YOSLIREREIXT 7 b~ A v ERRRO RIS CIRE S iz, BD . AR ST ARELE 1 X ARG A
ERATIZ L0 | M STARBLE TR L TR O Z T2 Z ik v ikES T, 727
N7/ ~wA T Cldk, ZORFFHFEEND, maTd~A oo L b ER L DI D
TN hol, IO DILEMITBFEANRT MAT =22z, CD A7 UL TH—E
LizZ &mb, M U LR E 2 A3 5 2 LAVRS iz %,

F 72 Zeeck HIT 1979 4EICT T/~ AT A EHBEL TR ", BN T F Tk~
A v C DAEGKRDOEIEMETIZ RV LN RSz, TOHETT F o8/ v/ CRox
07vA T ERBED ABRMEILED THDL L OO, AFEFLEFFZRVEEEEE &> T b,

BoE T R~ A Y DEYENE
F 7 b~ A ATHEENER L OWUEIENE R AT S P, HIEEEICOW TR, 7T ABRTEEIC

LT, MICHEIZ LT 1pg/mL % Bl 55872054 R3 (Table 1), —J57 T, 77 LRBMEREICH L
T L A EHEEMEZ 7R S 720 (Table 2),

Table 1 1 D7 T LR ~OHIETGE Table2 1 D77 LREMER ~OHUHETEM:

Test Organism MIC Test Organism MIC
(Gram-Positive Bacteria) (ng/mL) (Gram-Negative Bacteria) (ng/mL)
Staphylococcus aureus FDA209P 0.39 Escherichia coli NIHJ >100
S. aureus Smith 0.39 Shigella dysenteriae JS11910 >100
S. aureus MS9610 0.78 Salmonella typhi T-63 >100
Micrococcus luteus FDA16 0.78 Proteus vulgaris OX19 >100
Bacillus anthracis 0.39 Providencia rettgeri GN311 >100
B. subtilis NRRL B-558 0.39 Serratia marcescens >100
B. cereus ATCC10702 0.20 Pseudomonas aeruginosa GN315 >100
Corynebacterium bovis 1810 0.39 Klebsiella pneumoniae PCI602 >100

H1C % Streptococcus JBIZxT L CIHHITRWPLETIEEZ R T Z LB A SN, A ML T hv AP
MEECT b T %A 7 U IR I & IR 2T 2 & 23 STy (Table 3),



Table 3 1 & Streptococcus J& ~DFLHETE

Test Organism MIC (ug/mL)
Streptococcus faecalis 37787 0.39
S. pyogenes Cook 0.39
S. pyogenes group A St-92TC 0.78
S. pyogenes group A St-107TC 0.78
S. pyogenes group A St-108TC 0.39
S. pyogenes group A St—56 188SM 0.39
S. pyogenes TY-5727 0.20
S. pyogenes TY-5740 0.78
S. pyogenes TY-5914 0.39
S. pyogenes TY-5708 >100
S. pyogenes TY-5745 0.78
S. pyogenes TY-5834 0.78
S. pyogenes TY-5840 0.39

MR FEEIZ DWW T HEE STV D, MR 2ROk U Cifa gt 2~ 3725 )RR B IR H
fakk(Leukemia)lZst L CHR ) 22 1EMEZ 7R3 2 & D3 41 CTu 2 (Table 4),

Table 4 1 OFsHHIELE~D M EE

Cell Line Origin ICs (1g/mL)
L1210 Leukemia 0.087
P388 Leukemia 0.123
EL-4 Leukemia 0.064
Ehrlich Carcinoma 1.290
5180 Sarcoma 3.300
IMC carcinoma Carcinoma 1.970
FS-3 Fibrosarcoma 0.150
B16-BL6 Melanoma 0.860

T b ATUCEALT BE L &b BEEREMIT MRSA & VRE I3 2tETEETH 5,
F 9" MRSA 2T D HIETEMER Table 512F & iz, 2D L 9 ITHEEV MRSA (2% LT, MIC fi£
IZL T lug/mL & FRIZFRADIEHEZHT T2 L0 2 LT, 1EROTEAIN IR EZ RS2 78o>T
X724, RESHEETREZLETH D,
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Table 5 1 ® MRSA ~OHLETEME

Test Organism MIC (ug/mL) | Test Organism MIC (ung/mL)
Staphylococcus aureus TY-00930 0.78 S. aureus TY-01847 0.78
S. aureus TY-00932 0.78 S. aureus TY-01852 0.78
S. aureus TY-00933 0.78 S. aureus TY-01856 0.78
S. aureus TY-00934 0.78 S. aureus TY-01857 0.78
S. aureus TY-00936 0.78 S. aureus TY-01859 0.78
S. aureus TY-01022 0.78 S. aureus TY-03450 0.78
S. aureus TY-01033 0.78 S. aureus TY-03454 0.39
S. aureus TY-01058 0.78 S. aureus TY-03456 0.78
S. aureus TY-01759 1.56 S. aureus TY-03460 0.78
S. aureus TY-01760 0.78 S. aureus TY-03463 0.78
S. aureus TY-01796 0.78 S. aureus TY-03466 0.78
S. aureus TY-01798 0.78 S. aureus TY-03467 0.78
S. aureus TY-01800 0.78 S. aureus TY-03468 0.78
S. aureus TY-01806 0.39 S. aureus TY-03470 0.39
S. aureus TY-01809 0.78

MRSA [Z ZAVE TIZ bl ~_72 L 9 ICEEBEE Y 2 Z TR RETH Y | TN THBES D
MHERE & U Cleh 0 BEBEEE D3m0 B BRI L > CE OB TR 0 | ABREBE DSBS
NTWDEEGT RYEKE D 50~70%% MRSA B E®H TN D & S TETN, ITHEIIBE NG R
DFFIZ L BEIANICH D, MRSA 23 55BfE S A7 E B O BRIEIG 1L, VAP (N TR 25 B il
R) FhETMMRN 40%, BEMIED 20%., KR - HOMAMERYED 10% ., FITAIEIED 10%.
JRIGIRYLIEN 5% TH VD . MRSA NV L IR IS O W T WD R 5,

MRSA [ZE3 7> 5 B NG & LT 5 LTV 5 hospital-associated methicillin—resistant S. Aureus
(HA-MRSA) & Bl s Ege A & L C community—associated methicillin—resistant S. Aureus
(CA-MRSA) TF(EL TV 5 B, CA-MRSA [ZEIZ/NECIFAEE Ofd iy NSRS L, BUESAR e &
TOFATHHAEL TVD, CA-MRSA IZ XD ERBERE LT, KE - R GYEN 2T 51,
ZDOTHRITBHTH D, iRz 23 & BIEENE LV, KETIL CA-MRSA OH T USA300 1%
MFAT L. 2T EimEkyiE7EE (Panton-Valentine leukocidin : PVL) %P6/ L, KERER & 72
STW5, ENODO CA-MRSA @ PVL FEARRIL 3~5% & KENTLEARD & 7 0 ARV 2SS )12 &
D

2D X HIT MRSA DOIERIFHFRANC A THIEFICRKERETH Y . MRSA (Zxf L CHLRETE M
ERTAEWIASBRERIEEEZED TV LTINS,

RIZ VRE IZX3 2 BiEiEE% Table 6 1% &7z, VREIZXILTH, MICHEIZL T 1 pug/mL %
TEIZ M 7EEE R/ T 5,



Table 6 1 ® VRE ~DOHLHTEME

Test Organism MIC (ug/mL)
Enterococcus faecalis NCTC 12201 VCM R 0.20
E. faecium NCTC 12202 VCM R 0.39
E. faecium NCTC 12203 VCM R 0.78
E. faecium NCTC 12204 VCM R 0.20
E. faecalis 5803 0.39
E. faecalis 5804 0.78

VRE bEBRBEBRLEEZEZTHTH Y, Bk ETIRA BIE L RE 2L o> T D 1
fﬂf@lﬂztxfiVRE@ TEERITIEF IRV DY, MRSA @ X 5 I B IZ 2EICIE#T 5 FTREME i+
2%, VRE DFFICRIE & 72 2 DIE DO BHEIZESG K RTET D2 Z N> TnH0HThH
% “% FH-EHTHbR LIS, ZOBRIIBEDOLDO LAY 2002 4FET A Y A TYH TNy a~
A 2 UTitPE A O VRSA R BES 7= ®, & L, HATVRE NEEL-HE. WL X5 7% VRSA
DHEBLT D AREMEN T2 E 2 b5, —H VRSA BNHEL L TL £ 21E. MRSA @ X 9 72 ik 72wk
ENRHDLZ EIALNTHDLDOT, e LTTHRKETH D VRE DEIEEFS S HERH D,

Z DX 57 MRSA X° VRE IZHIEIEEART T 7 M~ A yy@%%'r . TN D S HITHER
LTW ZENRTREND, SDIZ, 77 Mr~A UV ATEFMRIZITIZTEHEEZ RIS RN &0
Do TS, A% 4B OAAD~ T R ’ﬂbf%@ﬁ%@@%nﬁmt& 4. 100 mg/kg D
ETT7 7 M~ A Y BEERNERG LTS, SURABNRETLHZ T erolc, 2O LB,
Z 7 NP A U RRER O DI VER D e BiEA & LT HaIGTE B,

—. T N A U ORERIKTHD T MY A Y ZE, TV M AV RV
RIS PEA I Z & 23 ST B (Table 7)Y

Table 7 2 D7 T LABMEE ~DOPETENE(T 4 A 7 YEBE, B 1 mg/mL)

Test Organism Inhibition Diameter (mm)
Arthrobacter aurescens DSM 20116 10

A. oxydans DSM 6612 24

A. pascens DSM 20545 21
Rhodococcus erythropolis DSM 750

Staphylococcus aureus ATCC 12600 9
Streptomyces viridochromogenes Tt 57 17

Z D& D ITHEER Gy DNE D 72T T BLETEMEDR D2 D 55 < 72 B L 5 OITFIETF IZBIBREWVRE Th
Do BTV NI~ A VU OERBFEE %25 ECEBERER LD 0E L2,

FPUETEEIZ DWW T HIFERBRM TN TWD, 77 M~ A Vv Z X B EMR~DIEF I
58 ) 7o HFHIHNEYE 2R U, — 05 CL FLIE AR AR I | I X BERE 7RIS PRI L D e o 72, &
DOFE % Table 8 IZF & 07,



Table 8 2 O AFE R ~DHUEIEE

Glso (ng/mL) TGI (ng/mL) LCso (ng/mL)
HMO2 MCF7 HepG2 | HMO2 MCF7 HepG2 | HMO2 MCF7 HepG2
1.9 0.85 5.1 >10 9.5 >10 >10 >10 >10

HMO?2: gastric adenocarcinoma (& I# J& i Jd); MCF7: breast carcinoma (L ¥ #fi fd); Hep G2:
hepatocellular carcinoma (/e ).

Glso: 50% growth inhibition; TGI: 100% growth inhibition; LCs,: reduction of cell amount after 24 hours
compared to time point zero.

WEEWIABERR DO H DT Ik /)~ C txmaua~A b EICT T LEMEICR LT
FIEMEA R T2 EDNHONTWD (Table9)?, —HTT7 27 hF~A v ERBRIC, 7T LRMEHEIC
3 U CIIPEEME 2 I FIE R S 720,

Table 9 7T A E ~OHUETEME(T « A 7 Ji#kik, B 1 mg/mL)
Inhibitory Diameter (mm)

Test Organism

Elloramycin  Tetracenomycin C
Bacillus brevis — 13
B. subtilis — —
Micrococcus luteus 14 15
M. roseus - -
Arthrobacter aurescens 11 18
A. crystallopoietes 15 18
Brevibacterium flavum 15 24
Corynebacterium rathayl - -
Streptomyces diastatochromogenes 21 30
S. glaucescens 10 trace
S. lavendulae 16 31
S. phaeochromogenes 22 22
S. prasinus 28 30
S. violaceus—niger 18 31
S. violaceoruber 22 14

HIfREEMEIZ DV, AIRAIIERE L1210 Ikt LCT hT& /<A 2> C A ICsp= 1.2 pg/mL, =
<A TP 1Cs = 3.3 pg/mL & FRVNEMEZ FF > TV D Z & ST 5,



i

HWUES S22 NP~ A T DESRRSE

T M F~A Y DESRITOWNTIE, Parry HIZ X - THIZEAED LT D B, ZOfEFE, [FH
PARDE D IABEBRIC LIV | ZDOABHZ LT O X 5 IZHERI L 72 (Scheme 2),

RCH,COSCoA
(R = NH, or CH3NH)
+
9 HO,CCH,COSCoA

M302C MeOzC
OH O OH O |
R'oC ROC R'oC
000 ot
OH
D O
02
MeOZC
OH O
OO@
HO
F G Lactonamycinone (3)

Scheme?2 7 hF~A 2 )DEARRAGT

Vb LRV R E A — 2 —FE L LT, 2 9 DO~wr=/L CoA IZL->
THESNARIFZFRALRY SHICHFRT IV R—IEREDBRILERTTF 72X )
B Ak END, ZhnAF I 7FF—BIZL-oTT VT RC Lol th, 7/a—)L D IZET
S, XA TNAINBIRICE Y e Ra 7T v ERERESND, ZIUIEHICAF T —
PICL o TRIbZZ TR FF ERolcfh, TARFY FOVARRICLV ATV A—IL G &
2%, WBIZT 7 MAUICE S TFRABELTT 7 M~A 2 QP EAKIND,

DX, AF—H—L LTIV UBHNLNLHIIIHD THT, 5% 27V v Nl iAE
NDFEMIR A T = X LDFHTOFRNVITRDEZEZHNATND

FERIZ, 77 NI ~A U EBERLSEPET R T/ v/ vy CRomva~ A v BN
A B A FE S HE 8D 5 41T & 7= (Scheme 3) %,
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Me OH O OH

Me o O O O
EnzSOC MeO,C
10 HO,CCH,COSCoA —> —_— OO‘O
O O
O 0 0 HO I OMe

;

H Tetracenomycin A,
=
Me OH O O Me OH O OH
YOO —— OO0
MeO OMe MeO OMe
J O O 1 O OH
| H0

Me OH O Me OH OOO

(0]
OH H
MeOQC MeOZC
MeO OMe MeO OH OMe
(0] OH

;

OH
O O
K Tetracenomycin C

Scheme3 T ot/ ~A v CDOELSKRE

ThIRI) AT ClE— RN~ =L CoA B AX —4 —E L L TEKEND, £7 104
D=L COAIZL>THRIZFRH ERD, BT THT VR VGREEZRTT F ok
)AL AR EIND, TDOT N T ~A T AMIXT F Tk <A T COEGRRETERA
THY., ZI0nS3ODKBENEASND A =X LT, EERLEE OBIE LG A1), B
SOMFEN IR INTE Tz, BUEOMZEIZBEWTIE, T/ AF V7P —BIc bz iz
LT, S VAXVTT—EMEHTAHZE TR R I DBERIND EEZ LTV,
0%, THRXY RN VABBR LYV ATV K Lotk BRI FrO—oRNE LTINS 2
ETT R TR /AT CHERHKIND, e, mr~A v BIRIFFERRORIEICTEEGRS
D ENHER S TWD,

IDEITT I b FATv T NI RI AV CRBIRm YA VT AR OB
HHIEFICHEL TNWD I &R0 5, L, BIRO &30 | 5 3 MoKERFEIL A M ROk st
VAREZ RO L WMENRRINTEBY . ZOMVMKEFORBA =X LOMHIIE, ZNbDORY 7
F ROEGHEMEICRERBEREFFOLEZ X LD,

BHE T b~ A BT AimEOE ARG
2D XD ICHBEARCFINCHIRIE LA TH D T 7 b~ A T uid, L OABILEE DS
FEHZED, BEETICEHLD I NV—FICL DT 7 b F~A v D2/ Y, Danishefsky 5D 27

N—FE DT hF~A v O BTz, Behar 5 Kelly & % ° Barrett & 1,
Parsons & %#°_ Commeiras—Parrain & 212 X > CTEMIFZENHRE STV 5D,

11



AETIHEHOGIZED T 7 N~ A Y ORE/, B30 Danishefsky 512 L5777 hF~A v
J Vv DERROME Z T, EPIEEE S O % 7~k 97(Scheme 1) Y,

Synthesis of sulfone 7 Me,

0 By N 0
o A
PhthN” O OMe _MeNH;
Br 42%
BnO BnO
5

Synthesis of glycoside 14

o 0
°5 =—CO,Me O oH TBAF
. — COzMe
| _otes 9% \_OTBS

: OTES : OTES
oTBS OTBS
(£)-8 (£)-9
SPh
Me O
IBX OBn 13
" o o
94% AgOTf
Condensation o
Me\
N 0o . .
Michael-Dieckmann
© SEt + OOMe type condensation
BnO SOzE = KHMDS
7 o O 37%
Me?g%
OBn 14

16 R=Bn
|: 1: Lactonamycin

Scheme4 EHOD T 7 FF~A 2 (1)DEERAEEE

BHOITET, BAEXU DL L TCATFAT IV EERHSETT 7 X L6 (AR)EHEEL .,
BEBIEZIEREREFEL TS ZETALKR S T E2RK LTZ, RIS, B IERTERLEY b
BIZX LT R EA— AT NN E T 52 ETI3HT VT —/L 9 ZNRKBRICER LT, =
IUC TBAF Z1ER &1 2% Z & T, TBS EDFRE L A v~ A ARG & RIFFCE Z L, RAgfn
TATNVI0ZAKR LT, SOICINEREEAY ) —/VTUHETDHE, A% ) —LOffE 77 b
AEREIT L 11 3B, 2 BokigiE % IBX TRRb45 Z & TDEF 8 12 AR L7, #iW\C
2% 1L-rY ) —AFHEKRBIZTT Y avifbl, Eer7Vav R4 20V T AT LA ~—15
AL, ZHUCED IR THoT- 12 20 F0EILT 7 b F~A T v ERIUVR L 2R
T2 14 25T\ 5D, wEIZ, ALK T 7Y 22 K 14 % Michael-Dieckmann AU & S5 Z &
ICRVLERIRCT 7 T~ A S DR D IRERTH D 16 AL, 77 FF~A (1)

12



~EBW, ZOX IR TOREREZER L TNDEDOD, %17 A FDOERKITE
Bz gl U, E7oiBORIINRIS bIRINERTH > 72,
RIZ DmMMWy%®&%%r?(&Mmﬂde

Diels-Alder
reactlon
Na H
42%
M e—(-/ 17

1) DMP, quant
2) OsOy, 89%

1) BBr3 o 1) 1 M HCI, 100%

2) TEMPO, 58%

2)4 M HCI, MeOH
2 steps 51%

(£)-22 (+)-Lactonamycinone (3)

Scheme 5 Danishefsky 5D 7 hF~A v 7 (3D ALK

EFTABERE AL N7 &F 7 18 ZENENERK L. B 5 DT Diels-Alder SR A 4T
B AP 19 AR L=, T O Diels-Alder SO ERRME L, %/ > 18 AT 5 AKEEHEA LA
AROEEN R Z LIV RBET D BTN D, LonL, ZOKSETIEF /18 132 ¥ &
VETH-oTo, iU, ZOREHMTELND DIFBILEORNT » I THY . FNTH
S BBT N TRV EBIETHAZETT NI X 19 75%%%%675%?3@60 ZD X D7
BIZHHHOO, WIZZD 19 OKBELZBRIL L, —EEAaHsEY e Faxifb LTI IED
MU A= 20 2GR LT2, 20 ZFRPESRIRICATT & 7t&~w@ﬁ£amﬁ_ >R L Z
D, 77 /U K21 MELNT, BT UNLVEELPR#ET L2 L THO D FRERIEBSEZD T
2L 22 25T, REBRICT B —VE 2B T2 28I TREIKRTT I v A v
Q) EARk LT,

13



i

Sofe

HENED T U N~ A Y DA R

MAFFE T, WD AEREE L AREFIC L BIRE EEZET5T7 7 M~ A v IicHl
WRAFFH, 2005 4F LV AR E 1T > CTE Tz,

BRI & L CiE, GROBKERETT 7V arThb 77 Mr~A v/ ot LCESRE LT %
AR LU 5 (Scheme 6), Z D XL 9 72 BA AT 252 & T, BEBRERRMT 7 v ~A
VUL BT DT RHIRBEERIA SRS b LE R BRD,

last-stage glycosylation

X
Me—7 =0 5 OH
OH Lactonamycinone (3)
R= Me Q L-rhodinose
OH or
Lactonamycin (1) OH X
R = OH ng Y
- Me o)
HO L—digitoxose

Lactonamycin Z (2)

Scheme 6 77 T ~A L DA RERNE

B AR D B A& Bl TRUE L T~ 2 BRI, FRRIR G E B 2 5 LR Th 5 — 5T, B RENCIEIE
BICTF v LoD IR THhH D, REROIET 78 F 4 —Th 55 3 KB ILI ISR IA RS
STWNWDL I ENTREN, FRBEET IOV R= VR > TBRERFOBFEEMEFLTND
TENTHEEND, L UNREEIZBEAL T RIE, 77 bAoA v oo X S s E» 5 B8
HE, ZOFEIMKIBEEIL L FICHN 727 7Y a U #an bR E i iEE LT, B O%
3 AKEEINE & ORI S 13720 EHERI T & B (Figure 4) ™, 6> T, BETHEEOK FMIEA
N5H00, BEEBIZBWTH FoICBi B bIZiETH D E L, TIET 7Y a v DERICE S
YT,

Lactonamycinone

L-Rhodinose|

Figured 52 h A 2 (0)D X #ifs A

14
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BB TN T DEk

Vivanl =~

H—E T b~ T TIOUEEMO AR

Sofe

®—f &7/ BCDEF 7 7'V 2y OWiL it

MMFRETIET 7 M~ A v ORRIZEL S, TR OEMETHEICRAERA SN EF
MaBR 7 DB R I EHE DN 2 HEE Lo, T OREF, 2010 £lZE7 /L BCDEF 7 7Y =12 23
DAL L, The Journal of Organic Chemistry (Z$8& LT\ % 2, IR, ZOFEMIC W THA
T %,

£9°%5 /L BCDEF 7 7'V @1 23 DA i fitT % 7~ (Scheme 7).

MeO,C palladium—catalyzed
MeOH addition cyclization—
lactonization methoxycarbonylation
(¥)-Model BCDEF Aglycon 23
OH O OH é dihydroxy(ation OH O é R cyclogddition
‘ g deprotection reaction
B OH OO‘ OMOM
OH
(0] (0]
25 26
Q Q _— R elongation QMe
Qiii Cl Z oxidation Cl Br
+ —
OMOM
(@) |
@) OMe
27 28 29

Scheme 7 23 O Wi & EfiEAT

E7/VBCDEF 7 7 U 2@ FERIX o, B-FEIFIT AT )L 24 ~D A K ) — L DSLAREIRE 70 3642
ke 77 hAbick TN B X, ERIIKELOTFEEBEZICL TP, 7r¥=
WNTNa—)u 25 DFAF I NT T =23 AE< A RFXF VAR =MUIC L > TR TE D L& X
oo 2OV TVA—N2BIEFT I TFX 2600V E RafF ik THZEIZL, T 8T
X226 13K FBET X NABRNNORESE YL ZuaXx ) v 28 AV TALERRT
BB L THELND LEXT-D, Fimrmax 2813 M) mxyP 029 L 0ERE
FOMILERTERTE D EERT,

Yaviard

WH TSV BCDEF 72U 3y DAaRk

FFroux ) 28 OFHIERKE DY L2 F =R B 35 DA ELT - 7= (Scheme 8), T
D 4-27 mm-25-U A M7=V (300 LV (iEEIRA7Z 7 2Bk E Sandmeyer KISIZ K% =
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BB TN T DEk

UHETRY BB 29 5K LT Y, Z0avHEE M UEETF T FAH LT, 20
BANLIMETHE L TRUXTATE 3L &L % b R FEIGEAE UKL R#ET S 2
ETARXVAFNLNTZ—FT V32 L LTz, WIZERFEZVTFAHL, i< FALI/MMETT LT K33
LT, REREEZFWTHR LT AF AR P 3 28R LT 2, 207 ¥ v Kila &
LV NVETRET LI LICL TV L= F = _ B 35a-d A L=,

1) (nBu)4NBrg nBuLi
oOMe 4:3 CH,Cl,-MeOH oOMe toluene oMe
Cl rt, 3 h, 73% Cl Bl' _78 °C’ 10 min Cl Br
NH, 2) NaNO,, HCl aq | then HCOZM.e CHO
OMe then KI/H,O OMe -78 °C, 30 min OMe
4-Chloro- rt, 2d, 89% 29 87% 31
2,5-dimethoxyaniline (30)
1) NaBH,, EtOH tBuLi
0°C, 30 min OMe THF QMe
quant Cl Br -78 °C, 3 min Cl CHO
2)MOMCI, (i-Pr),NEt OMOM then HCO,Me OMOM
CH,Cl,, 1t, 12 h OMe -78°C—rt, 1h OMe
98% 32 90% 33
O O
P(OMe), OMe nBuLi OMe R
Me = THF y
N, Cl -78 °C, 10 min Cl
K,COj OMOM then TMSCI or OMOM
MeOH, rt, 14 h TESCI or
, I OMe OMe
70% 34 E?:’SSOC-:T or 35a: R = TMS (96%)
‘R = [\

35¢c: R = TBS (99%)
35d: R = TIPS (73%)

Scheme8 U /LTF =)L ¥ 35a-d DEfL

VINTZF AR B B PRERTEZOT, RiIZZanx ) 28 ~Ofg{b s, HKEET
SRR OFIAE Sz & OALEER 22 BRI DUV THER 21T - 72 (Scheme 9), £7°
TMS TR L= UL F = _ ¥ 35allkt LT CAN ZEA S ZA, IR L 71
o2 28allBHTE T, 22T, oz rnr ) 28a HMKARE T X VERQT) LV RA
SHEVZ U ERGEETZE AR JunRoBTHHRICL > T, MERIRMICELT v b
X ) V& BI%NDOIER TGS Z Entikiz, 2B ZOBRMAINE, BAREZ X AR L TR
X/ vE LY EHOER, ORI EITT LI ENnhoT, RIS E LT, Z7raX
JUnEmaShice FaXx /v 36a o TELR, ZiUEL CAN THkT 52 & THAMATE
L2 ENIMoT, WIEDETOY I VT =B 3Bb-d 1% LTH, FEEDOTIEIZT
CAN (T X 2k & BRALA NS AT o T2 £ DGR, TES =F =)L £ 28D X TMS =F =)L
RUP o ERIBEDFER TH > 7=, TBS =F =)L ¥ o 28¢ IZER LA IIDULR A 30z h) L
77e — TIPS =F =L _XB 2 28d Tld, ZTDONIKEED =D, Zoafx ) o ~OfRfbt Bk
bR TH - Tz,

17



BB T NS T T AA A DL,

OMe P R 0 P R
Cl = Cl 4
CAN/H,0
OMOM OMOM
MeCN
OMe 0°C1h o)
35a: R = TMS 28a: 92% 28b: 92%
35b: R = TES 28c: 85% 28d: 54%
35¢c: R = TBS )
ra o) 27 (1 equiv)
35d: R = TIPS CAN/H,O LDA, THF
MeCN (@] 0 °C, 3 min
then 28/THF
o) o -
27 0 °C, 4 min
OH P R OH O
o] 4
OMOM OO‘ OMOM
OH
36a: 11% 36b: 10% 26a: 51% 26b: 52%
36¢c: 10% 36d: 10% 26¢: 58% 26d: 22%

Scheme9 7w/ 28 OBRALAING
WIZT > N T % 72 26a—d 12k 5 Uk K A2 DV TR L 7= (Table 10),

Table1l0 7> h7% /2 26a-d Db KAk

oH 9 RuCl3 (7 mol%)

0L
OMOM 3:3:1 EtOAC-CH3CN-H,0

0°C
26a d
Entry Substrate NalO,4 (equiv)  Time (min) Yield (%) Recovery (%)
1 26a R =TMS 1.5 30 13 (37a) 64 (26a)
2 26a R =TMS 3 15 18 (37a) 20 (26a)
3 26b R=TES 1.5 30 11 (37b) 58 (26b)
4 26b R=TES 3 15 16 (37b) 22 (26b)
5 26¢ R =TBS 1.5 30 17 (37¢) 54 (26¢)
6 26¢ R =TBS 3 15 33 (37¢) 22 (26c¢)
7 26d R =TIPS 3 30 35 (37d) 29 (26d)

FP26a 2kt LT A A I UL Z WDV Fax i bz Ba L=, 3YEmz Th B/
D 3TalTFEAE/TELNT, FNICEY VU a2z 5 L EER R LCLE-T, £ T, v
FoULLBWI TERT Y UL L DMAADEIC L A b AR 0, BRIC, TMS =F =
NRE Y 26a 12X LT LE YEOWI VEERT N v AEHW TR EIT 722 A, 13%E W
IEINRTH > 7= 03HEe 37a BNE SN (entry 1), Z DU TIE 64% E DOJFEHEIN 3 &> - 72 Z & 7
S BUGIRHER & U CHiEE P ot b U 7 A 3 2RI L C A IRICE IR S e o 72,

18



B I P S ETAEEY DL

W I THEEET N T LAOYEEFIZLIZE 2 A DT MTUERD R L7 23 FERHEN L 20%12
FTILT L=(entry 2), #\VC TES =F =)L ¥ 26b &2 V=23, FERIE TMS o a & 1F
F2E D 5o Tz (entries 3and 4), LN L TBS =F = /L XU B 26¢iZxf L TRILEIT-oT2 8 2 A,
W vFEF N T LELEYEND IR 5 Z & TILEN 33% £ TH 1 L7z (entries 5 and 6),
WEZIZ TIPS =F = L_ B 26d 1236 L TR EIToTc 2 2A, TBS mF = /"B bl L
TET720 5 FEHEUEA N L= (entry 7), ZOFERNG, VU NMEONSEHEINT ¥ 2 OF|
FOSZEIHEI LT, BROY v A= VB[ L TeDICEHERER LR > TND Z LR gnoi,
ZOEIICTLTRIGERNR BBV R X ALICE L7TeD T, 5517z 37a—d O FEIRGERL %

b7 L 7= (Scheme 10),
TBAF
THF
0 °C-rt

37a: R=TMS 37b: R=TES
37c: R=TBS 37d: R=TIPS

OH O H
gz

OH
o
38

93% from 37a, 94% from 37b

TFA

B — e
CH,Cl,
i, 3 h
98%

OMOM

98% from 37c, 98% from 37d
Scheme 10 > VA —/ 37 D& FEEL O

TR RO Y VI, TBAF ZEA S5 2 & TR IS PR#ET S Z LR TERImT v
X 38 NHEOLNT, ARV ATAESG, N 7AAafiREZ{EHSE 52 & CTRSICHRE
THZENARET, BT X =T a—)L 25 ZEICRTER TE -,

CZETERELDD L, BILMNINEZDOH%DOYE Faxifkit, & HiC TBS AT /L% Kk
ARG L7z 260 DI DINENREL, FREORELRSG ThHoTz, ZORELY, 7= 1T L
=L 25 FT VI NEF =R B 36c KD EREITO OBERNTHD Z L3 nhoT,

O LTHELNET LR =T L a—)L 25 Z VW T EF B OREEEA 1T - 72 (Scheme 11),

CO, cat PdCl,
p-benzoquinone
MeOH
rt, 12 h
62%
CSA, MeOH
reflux, 3d
then evaporation
CSA benzene, reflux, 2 h
MeOH 93%
MeOzC
CSA
OMe MeOH

S OH
39a: a-OMe (+)-Model BCDEF Aglycon 23
398: B-OMe
Scheme 11 <5 /L BCDEF 7 7'V =1 23 D&%
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BB TN T DEk

R DB L FEE22BIC LT, —BIUREFEFEMEKT CHIL TPy A2 EA S E2 L
A HURERBE L A XU NV AR= D EIT L o, B-REBFI= ATV 24 55N, ZODOH
— TEHNTE 24 O FREA ORI OV TR ITHEERE LTV 72028, BRE B 23S L
7o BOSERE I ZE © & Z OMMBMIIERTLO X D120 D, TIUIERICOE, O KERIEN, B
BBNL LT TG OO LT T OBRE LD THDH, ZOLIICLTERPHEETEZDOT,
WAL ) — VOB FROELIT o7, 1567 o p-AEIFI= 2T /L 24 ZFREA #
J =V LT A, AZ 7 —/VOINBEIT L7239 &, Z2D% T 7 Ak LTz 23 & Oy
BEWMERDZENmhole, £ T, ZOREMZIRME LD BB NIRRT ST 5
ZEICEY, BINETHMNETAET AT 7 3y 23 ORREERTHIENTE T, 2B, 15
BNTET AT 7V 2 OREIE X SRE ST K-> THER L T\ D, iUl k- T, #4ER
EF B0 2 I REIRIICHEEE CEX 2 e R0, 7277 M~ A v v bRk, 6 3 flokiz
BELFITHR 72T 7Y a b REHTEEE LT 5 Z &35 h - 7z(Figure 5, O5),

& 05

Figure5 <37 /L BCDEF 7 7' U 212 23 O X i St i

WIZH Dy & L THELINZ AT VT 2T )L 39 ONLARREREIZ DV THEEL L7 (Scheme 12), 4
039 X, TDAFNT X —)VES OB ESENET /L BCDEF 7 7' U =22 23 L 3D SR (b2f
EHLTWD 39a THDHZD, Z0O%DT 7 M ALRETT Lo To B X Tz, BB, o, B-
FREAFIT AT IV 24 ZFRIEA & 7 — L HINEAT 5 & 39a & 39 NAE L DM, 39 BEDHRT 7 b
L TELDITK LT, 3a 1T 7 AL TERVOT, #EREL LT 39 & 23 DIEAWNELT- &
HEWI L7,

20



B T NFA T T A DE

M902C

OH
39a: a-OMe 39B: B-OMe

CSA
MeOH

(¥)-Model BCDEF Aglycon 23

Scheme 12 A% 7 —)LDfINE 7 7 b~ A SOsFERE DGR

Z DARFE DD DT, TS T E SR T TOERA X ) — VOV IAKRFEEREZIT -
72(Scheme 13),

o)
D3CO-C CD;ONa CSA
CD3;0D oM CD30D
- 0 -
0°C, 10 min : 80°C,3d
10% of 39Bp o OH 396p:23 = 1.5:1.0
67% of 23

(£)-Model BCDEF Aglycon 23

Scheme 13 E A % / — /L& AW E Y AL FEER

FTETNVBCDEFT7 7V 2 23IZxf L CHEAY /— /LI OFB LT R U U AL RSy REAE
w22 A, 77 FUDBHBR ULTZ 39Bp 1X1G O T, A X/ — UiSBE LT 24,0, Z D% HE
AL 7=V LT 39005 39Bp T TE 22D o7z, WICT 23 IZXF L THAY J—/LHRTH
T AR EAERS YL 2 A, 9P (FGFOND DD a, p-AEIFIT XTI/ 2450, EH A
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BB T NS T T AA A DL,

X )= DT — VAT LTz 39apX° 39Bp X 1GF DAL o Tn, 2D T D 396 & 24p,
39ap., 3P MNIFT A RFAE LR N L yinoTe,

PLEDO#ER % Scheme 14 1% & 72, o, B—FEIFI= AT /L 24 ZFEMEA X 7 — LV HINEAVT 5 & |

A X ) — )V DNARIRINAENZ AN LT, 23 &R Ui b2 FE IR 398 WAL 5, Z DFE, A ¥
J =V OAINTZERIRSAREIRPETHEAT L, W DA L7z 3%a 1360, £z, DA
& ) — )L DOFINIAR AW S TH Y | 24 & 39 & ORNITPHITFE L2V, 2L THE LN
39B I3, D% T Y hAL LT 23 & DFHIRAMIC 2 B

M602C

OH

39p: B-OMe

CSA
MeOH

(¥)-Model BCDEF Aglycon 23

Scheme 14 A % ) —)LDOfIINE T 7 s i ALD SO kRS

LED X SZAZ ) =D NE T 7 N ACDRI)IEHEREZB ST 5 2 &N TE, BHIONRER
TR CTHDHZ ENghote, £ TRIS, AX ) — VO MOSARERPEIZONWTEZE L, =
O\ TIE = oD A H @%%zkoeoai AB ) =)D E BRDO MANTAFET D KERIE D LK
BEEZBET T, LML E VWS EETHD, LirL, ERO MIXEEEEENL OO
BCD BRNFIET D 728 KB IE DN ARFEE 721 Coa RN REIRIE DN LT DRI E 72 0 1550 E
IMFAITH D, EZ T HOHODOFHEEME LTELTF O X 912 H35%2 L 7= (Scheme 15),
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BB T NS T T AA A DL,

Scheme 15 A % J — /L ODAHINDSLARIEIRMEIZ R4 5 #52

FI. o, p-AEEFIZ AT L 24BN T 7 —ANK VBRI > TAX Y =T LA 4 ABED
Bo ZOFXY =g AA T NIBRENLIEBEO KBIEDR S DT, =ARF Y REMRL B &7 b,
ZAUCKILTAZ =B S22 XA T O MEERZ T Z LI X0 SEEREIRIC A & 7 — LAk
w#%%ht&%zto_@ﬁmiz$%vﬁBifii@ﬁﬁﬁ&%i%héﬁ\&mmnyc
AE L 72 K9 IR D A & 7 — VO INEIAR W 72 S Td Do Z O UG 2 AT 5 FEBRIT
AT TRV, AF ) — UDSERRNARIERMECHINT 2788 & LUIMETE2EThHL &
EZTNW5,

b X oz, R &R Uik b % F3->F7 /L BCDEF 7 7 U 2 L DARRIZARKFI L, #%@
EF B354y i?»%/%ﬁﬂﬁbkﬁé@#ﬁw:k#Aﬁo% F TR LT EF BB
B = EENRBEERIFICOZETH DL E WD T EBmnol,

W= /L BCDEF 77V = OFEEL

AIENCB W CAR LIZET/VBCDEF 7 7Y 2 23 (X, 77 b~ A 2o L RFRICH 3 fkokiigt:
NT 7Y arnbBEHLEEEZAE LTSI ENDhoT-, £ 2T, 23 ~DOHH b 2 a1 %
Z L 1Z L7z (Scheme 16)%, ElbE(bis & LCiE, /IMADIZ L - Tl Shu7z Yb(OTH), Z fillit & U 7=
72 T CofE itz VD Z Lo LT, Bt G RIZiZ L-n Y/ 77— b 40% &
WD Z LT LT, 728, BBEKICEA L CIEEENEIC CRE L < BT %,
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BB T NS T T AA A DL,

e
cat Yb(OTf)5

MS 5A
CH,CI, @) Q
23 (racemate) 0°C,1h 0]
+ 68% 41:42 = 1:1
o OAG OTBS 41 OTBS 42
OTBS |
_ TBAF, THF
40 (optically pure) 50°C,1d
O
OH O
o]

OH

43 (60%)

Scheme 16 £ /L BCDEF 7 7'V = > 23 ~DOE ML,

OH 44 (0%)

7% IRDOEF IV BCDEF 77V 212 23 EHAEEMEAR L-u Y ) LA T BT — k40 DRAIRE
12, Yb(OTf)s 22252 k0 70 a v LB EIT L, B R 41 BEX 2D P T AT LA ~—
42 % L1 DHTHRIZ, ZOVTAT LA<—REWIIK LT TBS EORMR#EEZITH Z LI2Lb,
T T A LR CNIMEE R RO L TRREND 3 250 2 LTI LT, b7 43 13 H
—THolZ ENB R T AT LA~ —44 ISR BN THfE LT b D EE 2 B
2o 43 DNLAREEIZOWTUE, 77 <A v (D)E 'H NMR A7 RIS 5 Z Lz k-

THEMH L TV % (Table 11),

Tablell 7 hF~A L ETMEEME T 7 F~A 2D HNMR F—% D

41 42 43 1
position H J (H2) H J (H2) H J (H2) H J (H2)
3 2.92 (d) 16.0 | 2.85(d) 16.0 | 2.92(d) 16.5 | 2.91(d) 17.1
3.02 (d) 16.0 | 3.01(d) 16.0 | 3.03(d) 16.5 | 3.04 (d) 17.1
5 4.30 (d) 9.0 4.16 (d) 9.0 4.31 (d) 9.0 4.32 (d) 9.5
4.91 (d) 9.0 5.11 (d) 9.0 4.89 (d) 9.0 4.87 (d) 9.5
15 3.15(s) 3.12 (s) 3.16 (s) 3.17 (s)
1 4.88 (br) 4.88 (br) 4.88 (br) 4.87 (br)
4 3.50 (br s) 3.42 (br s) 3.53 (brs) 3.53 (br s)
5' 3.79 (q) 6.0 3.73(q) 6.0 3.91(q) 6.5 3.86 () 6.8
6' 0.86 (d) 6.0 0.78 (d) 6.0 0.95 (d) 6.5 0.93 (d) 6.8
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Table 11 X 0 TBS—E KA 41 B L OWREA 43 (XL HICT 7 b F~A T (1D HNMR & LW
—HERL TS, —HFTYVT AT LA~—421%, FRCS5 D7 v h b5y 7 EBRRRM & 1%
RELBRSTODZ NN D, ZOFRELID, 1B NTZ b F~A Q)R UK
L% FFORBE R CToH D L HEE LT,

ZOXHC L TEREICBRBFEA L S EF RED ORNENREEILEZ L L, STRIIZAS
BT 3IMAKIBIE~D L-1 Y ) —ADEELIZRPIL T, 727 M~ A VBT LG 43 %
BRRT&E, o TC, 77 " F~A v W)ER2BMRT 51012 AREAET HHRE 7 X IVEEY 45
AT T LV (Scheme 17), £ 2 TF 7 % LABROARKIEDBIEICE Y AT,

Lactonamycin (1)

Scheme 17 77 hF~ A v ()DEERUCINT T
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F_FE NBEBRT 7 X L(ABR)BRIEDRZE

F—f AYA R ACEWMDERIE

A VA RY ) UEREROACAEDIIRAYIZEL T, EERLEMHEED e ST < A b,

%ﬁ’ﬁ%&%%@—of%é KR ELTIT VA Y A= B Xz R3® ~yw o

L EEGEAMEAE LTI A R e 7 = (A ®, (S)-PD172938 (K —/33 o D4 24
%7/§JAXM”%myﬂ/fﬁﬂ/@7&&%”&&#&%%&%é%f%éﬁwm@O

Me O Me OH o
N N
' e
GWN
MeO

o. o Hericenone B
MeO N

Aristoyagonine Nuevamine

CO-OL = o RO .

Indoprofen (S)-PD172938 (R)-Pazinaclone

Figure6 A VA > KU U EREFFORAYI X OERLEHEEY

ZDH, TNETIHEEL DA VA > R ) VUBRBEIEORBEN S T& Y, Kb K
%ﬁ%&f@ém/t/ﬁﬁg5%%?&&A%%ﬁ¢é%é\40@@%m%ﬁ%2%n5
(Figure 7),

ZOHTHHBEIZHNOND DX Groupa DT 2 RERILTH D, ZOHA, BV ULA, X
Y= hUNB, BT UL C R ENRIBMAL LTHEMATES, B0V A O5EIET R
NN BRI TOREBIASE P, £ = F UL B OBFAITKFERIMNCE>TT I
IZHET D2 LT MeBSEITT 5 %, —J, BILT U —L CliZ C-Brifia~Dh N A= ALK
JRERETT I MenkEZ 5

Group b ® C-N#5E COBRLE IS b B L < AbiLd, ZO%EIL a7 Ak 2L DR,
RUUAT N a—)VE R EEBRGAIA L LT, 7 I RORBEBRNZ > TT7 7 X AREHKE
ns®,

FOSBNIIR 415 & DD C-C F#EG AT £ 2 BRALIS DB & 52 0MFET 5, Group ¢ IZ31F 5
C-C BT, T2 2R HESNTWVD, N-XAF LT I KF b, BHEIHEALEAT L
ﬁ@CfﬁFAAA7/?AﬁﬁAﬁV%£ T L TERILAEIT TS, AT 40 AF VR G
INBIE, BRERBHEMT =4 L OFFR~DA TV BRICL>TIT 72185605 Y,
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—J7 Group d (28T % C-CRERTERDZEIL. A VT —k HMNOA A% AW BR{BKX
JEE T RUDAT IV DLART VT AERNET I OB NVR = MMEERBET S BRICESS E
IRFBTHD P, AT, VLT JITKT D8RERIESAE T Friedel-Crafts BLOBLEISS . B /L
NEANFY T —F KITHT DT PNV ECBOEHRRE S IA VA R AW b
5%,

R. NH X
X Br
0]
(0)
Br B P Ry ~OH
X
o]
Group a Group b
o amidation nucleophilic substitution
A R . E
-_— aN .
o 0~
S
)\\ N Group d Group ¢
EtO s acylation C-H inosrersion
H nucleophilic aromatic substitution
K
o) R
o \oPh N Br

OZNQ e o%\©

ﬂééé%

Figure7 A YA > KU J U BIEOEE

Z DX D TR ILE COBRILSUG A SN TEN D b OO FEFRIZRIRYOEER 5L A AU
WHNABIEIGDIZEAENT I RBRILTH D, 77 b F~A VU OBEDOERBMFZEIZENTH,
ZL DI N—TNZOFEEHNTND

FECHMLIZEHOLOE/KE T I\Eﬂ:ﬁﬁ[‘?é’ﬂﬂb\f A BRAERESE LT 5 (Scheme 4 2[R) Y,
BHHOITRMAER DAV SIZH L TATFAT I VEEHSELZ L TT I RERILEITWD, A VA U R
U/ el Tng, BET LT AT N ZXHT DI T HINA I RAFNVZZAT ST H70 L
TRLTWDEHDOD, BLSIERINRIZE E > T 5D,

% 7= Danishefsky © % 7 X RER{Li%E% FV T % (Scheme 18) ',
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Me CO,Me Diels-Alder Me Me
MeOzCﬁ\ oTMs \([:]/ reaction  \e0,C :©/\C/02Me protection  \e0,C CO,Me
TMSO )l come T o coMe 9% o I I CO,Me
o—/
46 47 48 Me_y)7 49
Br Me\N
SE(S) MeO,C CO,Me NH,Me 04%/\(3/02Me
o COMe 2 steps 30% o CO,Me
o—/ o—/
M), 50 Me—/); 51

Scheme 18 Danishefsky 52k 51 VA~ RV J o DAR

Danishefsky S F 3 EA U LT ) —)L=—F )L 46 & T L 2 47 & W28 IS K-
T7x=/)—NVA8 A LTz, TNEREL TA I TNLAXF VAT LT —T VA9 |Z LTk, Ry
L BT L TR DL B0 28k LTz, ZAUCATF AT IV EERH S TT I REBRIEZAT
W, AYA U RY 2Bl AR LI, L LERILDER, BEEET 5 2 DDA F AT T L& XRH]T
é*&ﬁf%ﬁwwﬂﬁﬁﬁﬁﬂ$ﬁ%okoik*%m7:/~w%*@ﬁ%ﬁ7%wﬁ%9%
TEREL TWDED, 9 LRTIUIEEOREMRMENELS 720 | BOKEPEIT LR & HMiE L
TW5, ZOMESIZOWTIRICHAT S,

F7- Kelly b [FEBEICT X F‘ﬁ%ﬂ:%ﬁﬁb‘“@\é(smeme 19) 2

Br

Me o MeO,C Me o
MeO,C NBS 2 AIBN MeO,C MeO,C
0 91% O
HO HO
Br Br Br
52 54 (38% 55 (14%)
Me\N Br o
O%Nxmwm NHMe  Meo,c
o)
Br Br

56 (22%)

58 R=H
TBSCI[, 59 R - TBS (51% from 54)

Scheme 19 Kelly 512k 54 YA KU J v DERL

Kelly 513275 7 52 #HBFEEHZ L THERZ RFE L TALV T rET =/ —/L 53
%A&Lto_m IR L TCAFNUNEORBL R AT, DR b DL 54 Oftllc, 77 7 >~

N RFL ST 55 R L EPT RFE LS 7 56 b b, ﬁmr ZRERH D 0D, b
kM WX LTATFAT IVEEHSELEZA, 7 RBRIEDEITLZ 7 ¥ A 57 G o, i
BIZINAEMREFEI L T8 & L%, 7I/~w@mMﬁ%T%:erwkﬁé L THMDOA
VAL RY B9 EAK LTS,
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%12 Barrett B DA R % 77 97(Scheme 20)7,

OH OTf Pd,(dba),, dppf CN
CO,H _7StePs  mMeo,C CO,Me Zn(CN), MeO,C CO,Me
—_—
95%
HO OH MeO OMe MeO OMe
2,4,6-Trihydroxy- 60 61
benzoic acid l H,, PtO,
r n o,
Me\ O Me\ 94 /0
N N NaH, Mel HN
0 CO,Me O%:COZMe 94% oé%:COzMe
MeO OMe MeO OMe MeO OMe
L 64 J 63 62

Scheme 20 Barrett 512k 5140 VA RV J v OERL

Barrett 513 24,6-hV b ReX I ZREFRNS 7 TRTAKRLEZM) 7L —k 60 X LTV T
b, RV =R UL BLEAR LT, 2D T 7 5% Adams itz CBICT A2 LT, TR
BRALDHEIT LA VA RY 282 ZA L TWD, IEZICN-ATF N LL 63 215 TWVAH0, BT
M=, MOGRM 72 SICEBEZL DR WE | RXUUAMENREILENT=T7 24 X K 64 B’EHNT
LEDEHELTND,

ZOXRITT I RIS VA R ) U BREEETL2AMRFIETH LN, EO7Vv—T71%
B FICEBIEL 2 RINICEAT 5 Z LIS O TREREEZES L TS, Bl E ChihulE
BIE NIIBEZTHDLN, 77 NT~A DX I RBEWRA VAL R ) U ERKT H25E1TK
M E 2D,

BB A VA R UEy RO RE Nz D RE A

TZETA VAR VOARBRIECOWTIRARTE 2, REITIEA VA > KU J U EEmoHE
& T B OFHIEEIZOWTHIT 5, FEZIIZINETDOT 7 M~ A v DA E
WLT, A VAL RY D MEBEEROME IR E S BEE 5 2 T D5 2T R L
T&J, ZLT, ZOA VAL R J UG OMWE Z 208, Bix 7B OGS % FEE IR EE R S 0l
LTWb, ZOZ &I 7 V—T0m%#HRE L~ L TNT, 77 hF~A v v Ea2ilkd 57
DITIE, ZOMWE LML CRIRE#E LM ERD D,

AIA VRN RSB Z D ZODORBESICOWTERAT 5, — > HORMBESITR DD
BiLThsd, TNETICAER LIRSV A R 22 65 IFREEMESFIZIB W T T Z 11 X K 66
2. F2F 7 b KU 2 67 B TIFHWEREESRME T T X, BIEUGE LTRY DIV
Wb Sz 69 8L, B 68 134 < 15 5 u7e ) - 7=(Scheme 21)*, Barrett © & 85 —Hi CTail L
2B N-AFIALRISICBN T, RPN ZELIL S5 & @S LTV 5 (Scheme 20)7°,
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Me Me o
N OMe 1) nBuLi N OMe

0] Br 0] E
O‘ 2) electrophile OO
MeO

AcCl
pyridine

CH,Cl,
rt, 45 min

OAc
69 (41%)

Scheme2l A VA2 R ORI NALDEERL
ZDXIRA VAL RY ORI L IBENTZRIISTHY ., 77 N~ A T USNAD

KA THHENH D, 2L, Danishefsky 52 LD A X 7 AR U L (Staurosporin, 75)DA
AW T b Z OB LRI & 72 - 72 (Scheme 22)%,

NaBH,

—_—
then PhSeH
TsOH
78% (75:76 = 1:1)

NHMe NHMe NHMe
74 Staurosporin (75) 76

Scheme 22 Danishefsky 51252 A% 71 AR Y (T5) DA K
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AV R=L 70T HTARFY R 71O N-7 U a2 ALIGIE, SRS T T EBEW
IEEM T2 DA I RT3 BELNTLE D Z ERDNoTo, ZORISGNE., SUNARH OE{FER
RRECHEBRTLEHSZENTERERN, BESNOTWI 7 X L5725 2 e GlizED T
WS ZEIIREETH Tc, £ TA IR 74 ZHRMEBEBETELT DLWV GRIETZHWTAZ DR
ARV A(TB)DEERZZERR LTS, HIRA I ROBETCITTIMEIT < B REMEART6 H4 T T
LEHZERDnoT,

TOHOMBITEMRETH D, INETICUFRETAR LIZFREDO S B, A VA RY v
My ETIE 65°, 77, 78% OBk AEMENS R U CTEL | WIS B WA R Sz
(Figure 8), BAMIICIZ, T h T R 7o ooV oF Lo —T )b, A X ) —7p PIIXEIEEMRE
T v raRh BHEESTVICHIEFITER LS50,

Me\ Me\ Me\
N OMe N o N
(e} Br (@) (e}
99 ° 90
MeO MeO MeO
65 77 78

Figure8 A YA v KU ) a0k &g

Danishefsky & & [FAEED Z & 25 L TU> % (Scheme 23)™, Danishefsky SidA VA > RV J A
FNT—T )V 79 OEFEDOE S NIRRT, MWAKAKRE T XV 80 G T H I LN TE ol
Z OB A BGE T Do 0IL, T ) = AMIKEBEIC A FAAF AT AEEA L 81 1L
T ZSE LT L 2 A, BIKBRLRNIE RAFICHEIT L, ROk ARE 7 X VER 17 2581 5
ZEMNTE,

Me\ Me\
N TMS—==—OEt N 0
0 CO,H 0
CH3CN/CH,Cl, o
CO,H
MeO 2 trace MeO 0
79 (hardly soluble) 80
Me\ Me\
\ TMS—=—=—OEt N 0
quant
o CO,H o o
o/ o—/
Me—) 81 Me—+) 17

7

Scheme 23  Danishefsky 52 & 2 /K AE 7 Z LVEED AR

Ubzagldd e £ VA N R LEWIE, BEMESRM T TR IS DOAALR
MALSNTLEY, ELEEOEMELEIIRNS50, o T, 2RWART 7Y 2 GRllElT
INTE, AV A RY ORGSR DR Y GG TIT O BERH D,

ZZT, AR THHND Z DN ARERBEFD T 7 2 DRIEFUEEZEE L THTz, BIETHD
7R RERALIE, BB OR A R EEENEET 2T T, FERO 2 @it BRI E R L L
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TR b THRETH D, FERFBTEREELTLEY &, TNOOEREE S E T
MERF92 2 CIFFIERICE LV, ZOMOBRIE L EREEDRETH D Z L0, BB THNS
S L CERT 272 Ll TRWVWEHBI L., ZOZENL A THLHWD Z LN TE
DETRBEACBOS D ZAT S Z &I LT,

Sofe

% —#i Bischler—Napieralski )i

DX ) ek # T, Bischler—Napieralski FOits *° 1271 H L7=(Scheme 24), Z DRt E 7 = %
FAT I RHDLWNET = R TF VAN A — N EBKAF & OGS SH D & KBRLEOE A HETT L, 3,4-
Ve RaAYX ) UHEWNE3A-VE RS YR Y )V ERRTEDLEVWINIETHD, T L
T, FEBREDT- T2 —2OEMIEN G T 7 X LBRPEETEXDHE ZANRKERFFMTHD, £7-
BRAGICVERERE ST I RRIANRX— FEZTRO T, fx AEFERICI A, ZOERbES
Th b,

X
R™ 'N N
H dehydrating agent |
POCl3, P,0Og R
PPA, Tf,0O
phenethylamide 3,4-dihydroisoquinoline
(0]
P R.
RO ’Tj dehydrating agent N
R
POCI3, P,Os o
PPA, Tf,0O
phenethylcarbamate 3,4-dihydroisoquinolinone

Scheme 24  Bischler—Napieralski )i

RS ONT S T E TICkk 2 BN R ST E 7, BRYINL, W LT
IEZD BV S TS Z D%, POCly/P,0s. POCls, PPA. 3L TFAA 72 8R4 & 3 AL
ST, Z L CHIE, RARMEKICBW TR EEZROIE, Banwell 512X - THA S
7= THOIDMAP OFAGHETH D ¥, Z ORIEEMFTIX, AR 722 50 CBRALSUG S ST 3
HZENLELS DT I aA ROGRTHHESNTND ¥ Zofuch, BEHEGHE. 14k
K, BILEA T4 FERAOVETELRESNTEY ™ BILEMIIE U TGS 2 @R T &
5 FE TICREZZT TN D,

Bischler—Napieralski i OFREIL, 1945 4F Ritchie © (2 X > T CTHRME &7z ©, Ritchie 513,
Tz X TFNT I PR AR VZEENHMEOHERRIZ L > THEMHRILEN T L IZRbEHE X
oo THUIRVBUBRNPDLORBHEREL D, AU M DOBKERTYE ks VX U v
WAL % &3 2 7-(Scheme 25), LU ZOfERIE, A THL T RuaA VX U UBHRME
THH7 I N bFEEENERS, ERAMELTLES 22006 SICREINTND,
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FE BT 25 AN B GIED R
(0]
R)J\” POCI3
-H,0O
OMe
phenethylamide 3,4- dlhydr0|soqumo||ne

Scheme 25 Ritchie 52 X > THEE S 7= SOt

Z D%, Fodor 512 X - TH AN SOSHERE I B9 5 5873 72 & 4U72(Scheme 26)%, Fodor &1 *H
NMR IZ X BGDBENS, 72 R F AR AT IR LA ABEIVEOND A I KA o1
U R83D/NAABIZE > TEIBITEMHLINT. = M) U T AL A N ZfRH L TER{LIK 84 A3
Efwé*&%%ﬁbkoé%:m%%7wﬁm7y%%yﬁ’¢é*&?~bUU?A4ﬁV¢
MEDHBEEC LRI LTS, —FH T N-TAF LT =X F AR X7 2 R85 DIFAIZIZ= R
VO LAF U EBRTDHZ L 75>Té‘ 20, EDT=OIEM LS NTET E=T A O /\@h‘ﬁﬂﬂ?ﬁ%@i
2 Lo T, BALIA 86 MG LN TV DD TIZRWMEHERI L T\ D, A" A — &2 fniz

A b RO CRISDEITT 5 2 E D RB I TIN D0, EBRIC L - THED O b - S IX
7200,

PCls Ph/gN
—_—

83

ZnCl, or SnCly

—_—

Ph

84

Scheme 26  Fodor &2 X 5 i O A

RUPUVBO=N) VAL F o ~ORBKE L, HFEERELFLOE %afﬁ%w@Eﬁ:D%fwo
FDI=OH NN A — MAUBEHD A XN EF G HERIL A O EEDOLRAER. AV F—=1D X H 7}

REEME DB OB O A IR B IR CTRUG 23T L, mﬂl#—ff)ﬂﬂ:ﬂi#@f%hé
Z D & 51T 100 FLA_RIZPE 5 JiE 5 A F#-D Bischler—Napieralski & CToh 5725, ZHE TS BT 7

Z LOERITHV DA IT R, 7285 BERAMICHEDN T I h->7eDh, £ OEBITED
TRVWA, ZhEE25 ETIRALOMENSEICRD % BABIZ, RUATATE R 87 &
VUNLT I 88 MBAEL DA I 89 & XA CRLER LTS 5L 5 HEIA(90 imine and 90 enamine)
Pictet-Spengler B JSIZOWT, FDOR_U X7 T b R EDOBEBILZ#E L7 (Table 12),
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Table 12 N-FRAVAI=T AT DEBRAL G

R —
R’ R
R2 0O CHO
N NS
H R? = HCO,H, Ac,O R? =

87
HoN
OMe OMe
OMe OMe
OMe 89 _ ) - 90 imine -
OMe — TFA disfavored
88 5-endo-trig
cyclization
OHC, R . 7
N PR CHO
TFA L !
R O favored
R2 OMe 54—:‘X07trig
cyclization
OMe OMe
1 OMe

- 90 enamine -

Entry Substrate R! R? Yield (%)

1 87a H H 65 (91a)

2 87b OMe OMe 80 (91b)

3 87c OMe H 83 (91¢)

4 87d H OMe 38 (91d)

ZORER, NV VB BT HRERE R VEA IS Tentry 1), RIBE TG TH D
& X SIFFEREIC B VAR THEIT L. BB 91 3G B 5 2 & 34y 2> 7= (entries 2 and 3), — 5 T
REOBNE TG TH DA, IRIFKLS 725 Z L3> 7z(entry 4), Y H HIXZ OFERE M
PR THIITE D LB T 5, DY 5-endo trig HEL T 5 90 imine (%, HHIC LB LA
AT LIS WA, RHCE it 532 B o A1cid, T o IBREEIRTH 5 90 enamine D% 523K &
{7252 L2k » T 5-ex0 trig HOBLAEIT L TWDH EELR L, 20k 525 BBEAKIZEN
TIE. FORMBMENLE U AHEOER Y BNELOBRICIEFICEE IR TL B EE2 5,
Bischler—Napieralski FJ&573 5 BER T 7 4 AOARIHW SN T-01%, Zoflickbnb k9
RITEMI R B LD Z IZ SWRKTH 5 LH#HERI T X 5,

INOEHEZRDLSBRT 7 X LEMET L2 LIZREN THRINER, 2O LWFEL
NNTENITTZ N F~A VBRI EASRT A ERAREICRD, 2 TFF
Bischler—Napieralski [ii% 5 BER T 7 % LERIZTE IS L 7o 56 O ROSHRE 2 5 %2 L 7= (Scheme 27),
ek, HEMEIZIET 7 b~ A Y ~DRMESE L T N-AF VIR A— FEBR LT, &
THNNA—=NEREBE Y UBIG L P25, PixScheme26 TRL7-LHIR=FV U T LA
TRz L5 2 ENTERVO T, ZOPRURIIKR L TR ETT 2 LB AN 5, Bk
F. QAEBEHALLR 20 . CHRIASRSND - ETA VAL R 2 Uk S5,
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0 — - _ _
/7
O=
R Me Me © Me, S
2 0 o N 0,PO._ _N_POs N— PO3
N ﬁ\—/ﬁ/ % cyclization 0,PO @
o) RO —_— RO - RO,
methylcarbamate L P _ L Q _
—-HPO43
Mq Mq®
N N
- /
(@) RO
©
PO;
isoindolinone L R ]

Scheme 27  Bischler—Napieralski % 5 BB 2 5% SOt 0O H#E & B At

HUOET  Bischler—Napieralski B BR{b )i D B

AHTILFERRIZ Bischler—Napieralski #10D 5 B ERIZ RS D BT 21T o 72, EHI W 2 FE 21,
TR FTwA U ERELTN-AF - AF BN A— NEFIR LTz, £9, ZOHANA— |
(2%t L C—fi% )72 Bischler—Napieralski Si& TR B 2 3 EEDRRF 217 > 7 (Table 13), 7235V 8D
BEZ. TARIETHLZEE2EBE LT, DN A—RMIXILT006M & LT,

Table 13 USRI O

Me Me,
MeO.__ N N
T 0
92a 93
Entry Reagents (equiv) Solvent (0.06 M) Temperature Time/d  Yield (%) Recovery (%)

1 Tf,0 (5.0) / DMAP (3.0) CH,ClI, 0 °C—rt 1 15 18
2 P,Os (10) toluene 110 °C 3 42 48
3 P,Os (10) CH,ClI, 40 °C 3 63 22
4 POCI; (5.0) / P,Os5 (5.0) CH,ClI, 40 °C 3 29 53
5 POCI; (10) CH,ClI, 40 °C 3 0 95
6 P,Os (10) CH,ClI, 40 °C 2 59 28
7 P,Os (10) CH,ClI, 40 °C 1 53 37
8 P,Os (5.0) CH,ClI, 40 °C 3 33 52
9 P,Os (20) CH,ClI, 40 °C 3 59 26
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* 9, Banwell 512 L > THE SN 7-THLODMAPEZ W= & Z A% Yief VAL KV ) 93%15
HZEFTEEMRINKRICEE Y, FEONMMN A ST (entry 1), RIZHRSI 72 BiARI T 5 TR
L=V v ZAWT MLV U EEER C3AMMBA Lz & 2 A% mRREDILERTA YA KU /93
DLz (entry 2), T Z CIAEAEILATF L UCET LIZEZ A, IVIERWEEICLZICHED
5363% DR TERALIK 21525 = LTk Liz(entry 3), #il T, Bischler—Napieralski/ )i C R < A
WHNDHALR AR Y V& HFgb U OMAE DI L D8RI Z R AT DMRIER T 5 72 (entry
4% Fim LR AR Y VOB TRIGEIT-> T2 & 2 AT #IT LA > 7= (entry 5), Z D
RN LR ZMASDE LRIV L, ZORIZARBIE Y > OHE AN TR Z1T-
Too ROSKERENE, 2EMBLIANEFLS T 5 & DT DITUEEN A Lz (entries 6 and 7), gk —V
YOEEIZE L TCL, B OSRYEICT D EERME T T 508, 250204 &I L THIRITEL L
2N L3 Tz (entries 8 and 9),

Pl EoRIEOBEHE S5, Bischler—Napieralski #UER LSS ORI & U QT HERME — Y > DA%
10 YEHWD RN ER#E TH D &l L7z,

AT, N= A F )= A F )L I LR A — |k 92a & FHW RG22 1T - 7= (Table 14), #3&1% Table 13
OFEFRE Y TR =V % 10 Y&EHAWT, 3 HMER L TGS ED 2 &I L,

Table 14 SUSABE ORI

Me Me,
Meo\[(N P,0s (10 equiv) N
o o= i
92a 93
Entry Solvent (0.06 M) Temperature Time/d Yield (%) Recovery (%)

1 CH,Cl, 40 °C 3 63 22
2 CHCl, 61 °C 3 trace 85
3 CCly 77 °C 3 42 43
4 1,2—dichloroethane 84 °C 3 81 trace
5 Benzene 80 °C 3 18 63
6 Toluene 110 °C 3 42 48
7 MeCN rt 1 decomposition
8 THF 66 °C 3 0 97

F9. RERFOBICHW =Y Z7aa 22 lentry DERIU N F U REETHY . L0 EIRIC
TRIGEITA D 7 aadi b, WHELRSE, 12-Y 7 o0 U aEie LTHW., Z7rakl
LERAWTSGAICE, LV U EBEELTLEY, TOREMKISITIEE A EHEIT Lo T2
(entry 2), WIZWHEALIRFEZ =0, A VA KU 2 BIdELND 0D RKE IERMET L
7=(entry 3), —F., 1,2-Y 7 v ==X & HOWTEGEAICIHIZEERINHELE L, SIERICTA YA U R
U 3mfgbivic(entry 4), FEWNTRUBUREEE LT, XUBVBIO ML= A2 TR
NI BRI ThH > 7= (entries5and 6), £7-, 7& h= R~V LZHWEHEAIZIIERICTLHMT
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FEDREL . THFZ AW 23551038 < BOSITETE T BRI Td - 72 (entries 7 and 8).

L EOBEHERN O W U CiTE (b A TF Lo F T 12- 7 o X U2 W -5EEI12IER
MEAL, LV EERICCREEIT2% 12-Y7uaxc X o EHNTEAERELENETH-T-, Lo
T, BE LR 12-Y/anx ¥ U R EETH S LB L=,

I, AP L ORI TS b e mai S 2 -V T v 2 - U [EHIL O R & 1T - 7 (Table
15), HANRA— DTN aX iy aE Z2 % 2 LT, Scheme 25 T/ L7-{EMFE P OFE i &4
b, BEPEIT LT 20 2 82 Lc, ONITAET, IANA—MIRLTL2-V 71
R H e U kU 10 HEA 1 AREA S E 7, BEHIHW D B E O G R FEER
HIZR LT,

Table 15 7 /L 3% EBH I O]

Me Me,
RO\[rN P,05 (10 equiv) N
© 1,2—dichloroethane O%
1d
92 93
Entry Substrate R Temperature Yield (%) Recovery (%)
1 92a Me 84 °C 57 31
2 92b Et 84 °C 81 6
3 92c nPr 84 °C 86 0
4 92d iPr 84 °C 86 0
5 92e iBu 84 °C 85 0
6 92f tBu 84 °C 30 0
7 92¢g neopentyl 84 °C 73 0
8 92h Ph 84 °C 51 30
9 92i 2,2,2-trichloroethyl 84 °C decomposition
10 92i 2,2,2—trichloroethyl rt 0 98

FPTONNRRA— DT N U EHIEE XA TF VIR A — | Rand =F /LN A— |k 92b,
I T BTN A— | 92 ~ETAF MO RBZELZHESE-LE A A VAL R
> 93 DR KIFIC L # LT (entries 1-3), S HICA Y 7B ENL I ARA— | 92d oA Y T F LT
XA — |k 92e WG AICH, /=7 o E LN A — |k 9lc EIRIEREEDINERTA VA
Y RU QB3R ELNTER tert=T F T N A — | 92f Z W TS AICIIRISITETT T A DD
RILRIZ & & F o 7= (entries 4-6), ZAUIBEMESRM: FIck\W T, LER tert—=7 F /A F 4 DR
EPED BUREEDSR X 57200 TH D LB LD B, XA F NI AN RA— |k 929 & V-85
AiiE, FEHIME L2 OO FREDIE TH o7z (entry 7), 7 ==L H /L XA — |k 92h [ZD\
THRA LT REDIEETH o 7-(entry 8), EHIZ h U 7o F LA/ N A — K 92i [Zxf LT
RIS TR EAT oo & ZARE DN R Lizi=D, A TN EAT 2 T2 23 FEHANR & vy 9 SR
& 7% 7= (entries 9 and 10),
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PLEO7 vaxs BHIEORFHERND, HANRA— F2c—eZHE L L THWEAICE LS
INWRTA AL RY 7B RHELND ZERboT-, F 2 TE SIS ZEMZ S DI~
<, FISIEEZREL LT, WA= DT L3 @EHRILICOWTEBG 21T - 72 (Table 16),

Table 16 =R MIZBITF B DA — K 92 D itk

Me Me,
RO\[(N P,05 (10 equiv) N
o} rt O%
92 93
Entry  Substrate R Solvent (0.06 M) Time Yield (%) Recovery (%)
1 92a Me CHCl, 1h 3 85
2 92c nPr CHCl, 1h 58 22
3 92d iPr CHCl, 1h 85 0
4 92e iBu CHCl, 1h 58 25
5 92d iPr 1,2—dichloroethane 1h 85 0
6 92d iPr toluene 2d 78 0

F9. UK Z LR & LT BWBHTIE, BUSR 2B L 22 72O Table 14 TR WHER MG b
T ATF LW, AN AT AINNA— RRazx iz ZA, 4 VA4 R 7 931
WELMFLNT, 1FLAENFEERILTH > 7= (entry 1), KIZ/ A~/ 7 1 B LA LN A — F92¢
WL Z A IWFEITE58% F Tlil E L7=(entry 2), %\ TA Y 7w /LA 82— R92dIZ%f LT
KRS EAT 7= & = 2 FURAS 2 LIR85% TA VA » K /L 93%/8% = LR TX j-(entry 3), ¥
Tow A TFNTINNA— 12ez MW G EITITIHREDOINEHE ThH o 7=(entry 4), YV 7L
TR A= NDEGEIX, AFNVINNA— LT 5L ROSHEENFFICRESE (L TND Z &
NG, 2 Thieb BIFRHERMEONTZ92dIZ W CRIEDO MG 21T - 72, 12-Y 7 upnx X
CEFIVEL T, HEATF Lo O L CIERTA VA R Y /L9305 B/ (entry 5), $7-
BB AN e MLy W GA I, IR TR T Ld o 723, SR T2 H S &
HDHIETIBNDIERTA VA KU 2 983%ET 5 2 &3 TX7=(entry 6),

YL EORGEHER . Scheme 28 IR BUGSAMEZ i st & U CIRICEE OILHPEDORGET &2 1T

7

Pro me Me
T N P,Os (10 equiv) N
0
0 CH,Cl,
i, 1h
[»)
92d 85% 93

Scheme 28 5 E¥s T 7 #Z LA LD H 41
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e
BHE WHMEORE
WIZ, ZIVE CTORESMZ2 VT A 7R 5

IR I, AR
BT FEBRIEIR LT,

Table 17 JLAMEO KT

(23X 2 RO & fist L 72 (Table 17),
BT oR#ESEGETH D, RBRFHIHW A Y T a BV R A— NOERTT

naﬁ Lf:)i

I\I/Ie
iPrO\n/N P,0Os5 (10 equw
0O J;\/ CH2CI2 ﬁ‘j\,ﬂ
Time Yield Time Yield
Entry Product Entry Product
/h (%) /h (%)
Me\ ,Me Me\
N N N
o} 19 (94a o OTf
1 © ( ) 6 1 78
67 (94b)
MeO MeO MeO TMS
94a 94b 99
Me\ Me\
N N
(@] B
2 % ' 1 86 7 O 4 85
MeO
95 100
Me\
N Me o
N
(6]
3 % 1 0 5 82
OMe 101
96
Me
N Me,
N
(@]
4 2 83 9 OéQ\Me 24 71
O Me
o—/
97
Me_
N Me\N
(e}
5 2 87 10 O 1 96
Me 103
98
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HEBED A BT GERETH D A N XV EEATH T 7 ¥ MIEINETERT 5 2
ENTE, BIAPER SN THRIKSe SIS S el > (entries 1 and 2), L2vL, HEHEERO
RIPNZA RFRVEEFT DA VAL RY J TARTET, BER DML TLE 7 (entry 3),
THUTEEL TV S ko TEMAL LI B AN 2 — RERASHS. RILTHEST DA R VN LD
FETOMULLICE ST, ST % ) v AF ROERE Lo THET 2 = ERNEERTHDL EEL LA
Do & ZCEFIEGEMEN RN Y U — LB AN E A, BWINERTRILIKZ1E 5
LM TE(entry 4), SNTALIC A FVENBEBR I N HE IO W TIRRE R < KRR HET L7
(entry 5), & HICHMEICEHREIAL SN BB W T HRISHAEITT % 2 & 23570 - 7= (entry 6),
7235 99 DA TIL. KIET 2D AF LA AN — ORGSR T-M. = 0841 40 °C T 3
AEBILZIT>TH 0% LRI Th o7, /o, T 7 X VUVBRRHF TR RIZRWEMAR A LT
4 AT X 72 (entries 7-9). S BT, AKIGIE6 BT 7 X AOARICHLIEATE, ZhET
WE SN FIEL R L THER, BRI TRISZ T/ ST 2 LN TEDLIEFITHENRFIETH
% &z % (entry 10),

RICFH BB DO/ TNAZE ARG IMMEEHRIL 2+ 5 AT U CRISE DB 21T - 72 (Scheme
29), /STNCHFEEFFOH NN A — 1 104d 12k L CBRIERISEAT 72k 2 A, i d VA 2 R Y
J 105 HEIETH Y | BISUSIZ L > TR ER2WT 2 K 106 NFEIFEEDOIE TR LTz, 24
RSB AR ANHEEHFASHAAA— R 107d ZFAVTHRIUERTHY . A VA2 RU > 108
DOIICT T K 100 BB BT, ORISR = 2 8HEE, ABUE ORI SOCHS 2 515 R >
DI/ % Z EBMFFCE D, WEITIE, 207 I RRED L ST LTAER LIZON &N LTS
HWHEOTE LT o722 LIZON TR D,

I\I/Ie Me I\I/Ie
Pro_ _N N N N
\n/ P205 (10 eqUiV) O \/\n/
o + o
CH,Cl,
rt,1h
R R R
104d R = Br 105 R = Br (28%) 106 R = Br (30%)
107d R = CO,Me 108 R =CO,Me (18%) 109 R = CO,Me (25%)

Scheme 29 & 7->KA|MEEHLIL % 3 % HE ~D Bischler—Napieralski BB (b it

WIZ TNV A— DT 2/ B Z A S =B Ik LU PEDORMET 217 - 7= (Table 18),
F9. N-&B R 3 A— |k 110a #HE & U THWE2S, Sl 1R CREED L T LEWE
tef VAL R 2o Mla%zGd 2 EidTEehotz(entry 1), £ 2T, BALZICN-H-1 VA > F
U/ 111alciE 2 EZEB LT, N-TEF LA A— K 110b 2 HE & L TR EIToT278,
IR CTIERUSAHEITE T, 40 CICHIR L2 & ZARE N0 L C L E o7 (entries 2 and 3), Z4ui%
T FNVENERFT OB FEELR T IS0, D2 — Mo LCHB(E Y U MERT
TP MBI L > CTHEN DR L= b O EHERI LT, FEWVTN-7 = =/L L3 A — | 110¢c &
72l 2 A ZHITHBRBARNER TERILK 111c 55D 2 030> T-(entry 4), & 51T N-
T U NI NN Z— K 110d 1Z%F L TH IS EIT 7208, Bied VA 2 RY 7 > 111d offiiz, 7V v
o NEZIAATE T I N 112 bREIFREDONEE TR Liv/-(entry 5), 72 N-A FF T H /L8 A — |
110e DA TITA VA > NV 2 > 111e IMRETH D . FE O3 5 L7 (entry 6),
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FHE LART 2 XA BR)BLEDHE

DX IICEFZBEWILICITIZ S OHIBERH D Z L300 o712, FRIN-H-1 VA > RV 7 > 1lla
IZHOWTIE, BEA R KRB L OERELZ AR L TV FTEHERILETHLD T, 5% OB
HTHh D,

Table 18 7 3 /7 B O

R R UO
/PrO\n/N P,05 (10 equiv) N N
0O CH,Cl, O%
110 111 112
Entry Substrate R Temperature Time Results
1 110a H rt 1h decomposition
2 110b Ac rt 1d no reaction
3 110b Ac 40 °C 1d decomposition
4 110c Ph rt 1h 67% (111c)
5 110d Allyl rt 1lh 23% (111d), 21% (112)
6 110e OMe rt 1h 12% (111e)

FNET ROSHEAE D

AIEN . BB DIV B 2 FO FUE o Bischler—Napieralski B (L EC BT, A Y A
Y RU ooz 2 K106, 109 23EIAER & LT B A7 (Scheme 29 &), Ziv 6 ORimA L
T4 EREA Y T E TN A— R 104d B N07d DA Y T EVERRTH D Z LA TH
ENTe, 22T, ZORIISERET R, BALT V=104 DAV ARA— R OT )V ax o KaEk
b &8 THERYOEZ ] ~7=(Table 19),

Table 19 RALT U —/L 104 & 727 /b 2 % U E L O gt

I\I/Ie Me I\I/Ie
RO.__N N N N
\C[)]/ P,05 (10 equiv) o N \/\([)]/
CH,Cl,
rt, 1h
Br Br Br
104 105 106
Entry  Substrate R Time Yield (%) Recovery (%)
1 104a Me 3d 43 (105) 40 (104a)
2 104b Et 2d 71 (105) Trace (104b)
3 104c nPr 1d 41 (105) 30 (106) 0 (104c)
4 104d iPr 1lh 28 (105) 30 (106) 0 (104d)
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FE AT X AN BB IED R

ZOFEF, AF LI NN A— K 104a B L RZF /LB 32— | 104b % AW T2 35E IR KD
WSS o7z (entries 1and 2), —J7 /b~ /L 7 1 E L AL N A — K 104c & AW 5EITE, A
VTN IR A — | 104d LR DT 2 K 106 235 547 (entries 3 and 4),

P EOBEHERFEEZ T, A Y TR EAI AN A— | 104d % FVNTZ RO 772 70 e 8 Sk
% %22 7= (Scheme 30),

104d Br s Br Me Br |

.............. T
: N@ Me,
: _C” : N

path A ' o~ '
g ( \ : T’ O f o]
L~ :
 Me 5 o Q

] u Br Me (RO)ZP\ v Br (RO),P—OH 105 Br

: ((%\ Me | Me
! ® i S )
L EaN :
pathB O/,C | 4}\/\’//
g : carbonyl- OH ;
E | ene reaction H®

i U Br ! W Br 108 Br

Scheme 30 A V7’1 B LA L N A — |k 104d Z N2 BED 71 7= 70 HE 8 SO A

FT. IR — F0AdICHER LY U MER LIRS E 22 D, IRICHERE U > O5R K
TERNC LD HRUASIN O 7 e XUREET 5 Z LI L0 IEEFRRIAT, & LS IEZ0EMETH 5
UNERRT S, 20 HBRIZ, XUBUVBOBFEBENHIEWEA. path ADL— kAMES
LCEZY, FRAVEZRBELTA YA RY 10503605, — XU B UVBROEFRENR
L TWAEEICIE, XRUVBUVRND ORBEHELY 02, BREEL/-7 e X BV R=/1-=
> RS (PrinsSUR) TR A4 Hpath BO/L— k32 2 - T, HEHAWE#RH L T7 3 R106723 458
T3, ZORHEREZNEY L. =T a2 — N04cE WA IZEBW T L BT
HbEME T a < ThLH D, R CRIAERIP BN LFH LM T L &N TE D,

Schofield DA 1%, FH B OHF 7= 72 KK 2 3R 5 © 0 Td 5 (Scheme 31)%,

H
>‘/O\H/N\_/002Me Tf,0 >‘/OYN\:/C02M9 _TfoH //C/,N\:/COQMe
H O._ = B :
113 114 115
H H
M302 j/ \n/ vCOzMe MeOZCj/N\n/N\_/COZMe
o) :
Ph “Ph
116 117

Scheme 31 Schofield & (= & A #45
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Schofield & [ftert—>7"F /L 7 /L N A — F113125%F L CTRLOEGNZEH S 72 & 2 A, —E&{b2ETT
L7y LT UIRELNTZERELTWVWD, ZIUTET, NI T7Adr A& AR = LS iie
LANELC, ZDktert=T FNVENA VT T o e ipo THRHEINTA Y7 x— M1sE 25, ZH
W26 ) = FDOHNANA— FBEIG L TLL6E 720 | &I BiBoc /b 3 AT L7 b A 72 & HERI L 72,

Kim & 1% Schofield 5> D52 B ZIZ L Ttert—=7 F L DR A — RBICK L TA V¥ T % — &
B L 72 B LS & 78 2x 7= (Scheme 32)%,

Tf,0
2-CIPy o
CH,Cl, {
~78 °C—35 °C 0
20 h, 70%

Scheme 32 Kimblo kB4 Vo7 x— MREOBRLG

tert—>7"F L L 3 A — R 11812 %F LT, Tf,0/2-chloropyridine {Ef S ¥7- & 2 A, BRILIZEIF72
WRTHETLTT 7 Z 2120083 b, SOICHRETH LA Y 7 F— F119D BRI & plEh LT,

INHOHENG S, ARIOGEITT o OB 2> THEERER L TV D Z &R S
iz, I TWIC, ZOWERICHEREDIEL AT D ER AT o7, HikELTE, 41 V7 mt
IV I3 V28 X— M L CBischler—Napieralskif B (L SOG 21T 9 BR. BOUSRNIZH B 7> L Ol & o
1-~F' 2T 5 2 &2 L7z (Scheme 33),

I\I/Ie Me I\I/Ie
Pro__N - i ) N
POyt tesetoews o x PO
o) 2Ys q (o) + o)
CH,Cl,
rt, 1h
R R R
104d R = Br 105 R = Br (4%) 121 R = Br (30%)
92d R=H 93 R = H (61%) 122 R = H (14%)
P,Os, 1—hexenel T
B N Me Me NS Me Me ]
P—02) P NIC) ) €
-
7 (I) O/ /(/) N H *\O\//AC//N Me/\/WN
ozP\'\o//P\o (@) OH
o—f~o o H/k :‘ carbonyl—
Me 7 Me _ ene reaction
H R ( R
L S Me U X ]

Scheme 33 1-~F& &2 Wi

F9°. BT U —1104diCx L CREIE D 1-~% & > & il . TBischler—Napieralski®{ B {5 s &
Tolod ZA, A VA KU 1058 $RZ1-~F v U BN L7727 2 RL213 5 b7z, IS
DT U L CAE U TR REARUICK LT, RRICBRNICE ENdl-~FE iR 7 a
VRS THNR=N - VUG ER I L XERBA L TELTEBZZ NS, £lo4 Y T r L
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FNNZ—RRAIZKT L TH, A VA N 2 9BDOMIZFREED T X R12%2 585 Z N T2 b
Mo, EBLOEEGIBOEIEPRIAUZEH LT\ D Z LR ST,

WIZ, AV T BN TN A— KNPSO T Va3 U ERILZFFO T L3 A — MIxE L CRIRDSE
BRAa 1T o 7= (Table 20), 2B, ZOMH THWDA DA AR A —RMNIA Y 7N IR A—192dL D
HEUCHEPMER N2, 12-Y 7 mrx 2 CEEEF . 84 °CICTIAMBISZIT o7z, £72. Mgl
TCRIEEITH T2, BET AL LTHHROEWI-F 7 T U B %R LT,

Table 20 KEx 72 B LR A — N COBESEE

I\I/Ie Me I\I/Ie
RZO\ﬂ/N 1-octene (10 equiv) N MEMN
S P,0s (10 equiv) o N 4 S
1,2-dichloroethane
1d
R1 R1 R1
92,104 93 R'=H 123R'=H
105R" = Br 124 R" = Br
Entry Substrate R R? Yield (%) Recovery (%)
1 92a H Me 53 (93) 2 (123) 35
2 92b H Et 81 (93) 3(123) 6
3 92¢ H nPr 76 (93) 1(123) 3
4 92d H iPr 75 (93) 1(123) 0
5 92h H Ph 46 (93) 0 (123) 44
6 104h Br Ph 11 (105) 0 (124) 59

AFIVTINNA—RQ2a, TF )L RNA—RRbB LI/ L~/ 7 a )" A — ~92ckh H
WA, A YA R B4 7 T UREA LT 2 123 b bhniz
(entries 1-3), F£72A4 Y 71 E LI LR A — hQ2dIZx LT H RO S T3z 217 > 7228,
Scheme 31 & Hi L C, 560727 I FI23IIIEHITMETH o7o, 2D &b, ®IRGMFTIEL-
FIT T DANR=ZN-Z U KEED b, FERND DORBEBHEOHT BT > Ll SHETL T
WD ERGhoTo, RICT ==V AN A — R2hZxt L CRUGEIT o723, 7 2 R1231342< 15
HivieoT(entry 4), &I CHEROBFEENMENE(LT U —/1104hi2%F LT H RO S SE
Bratt o720, ZOHAEL T I R1240 555 2 L 13 ME) - 7= (entry 4),

ZOEBRERNS, TLak UEBRLOBINICE D RISEREOBE N OWTELR L, 3
F VTR A — N DLGEIZ DN THEELT 5H(Scheme 34), A F /AN — Kax Wz iis 7
R1233 G D72 2 &b B PNITTEME T IARUZ 88 LU TEBRIED AT L TV D Z EARIE S
7oo TEMEFRAUIEA Y 7 r VBN A — N OYE OB Tix/z <, PRES ICBW T, U
VERIEN A TFNIEANSRIGERR I T ETELLEBEZLND, LI L AT BN A — 92ad
BAIZIE, PRUES 6 DEBEARBILTA YA R L BRELNIEL oI EL 65,
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Mo E—O e M% e
MeO\n/N ?// I} (/N /C//N MG\MN
P,05 gpo /|§/ :®\ Sn2 reaction O 1-octene le}
o} SRS o/ ittt —
/// \O @ Me
92a S' U 123

l cyclization

Me

\

N
cyclization O%

93

Scheme 34 A F LB N A — ~Q2ax W -84 O RS DE 52

TF LN A— FQ2bRR /L~ L a I H LN A — RO2ck W= 5AI2iE. 4 Y e e h
JLR A — RQ2dIRIREIZ, 7 /L =1 & A4y D BB SO IS iof¢%mu%&mbfﬁm# EfTL TS
T EMRIBENZ, ZHUETable 19128\ T, =L EIL B LR A — R92ehn b T LN i
BELCWAZ &, E£72Table 20l2B W TZF L LR A— K206 E T 2 R1230M 55722 &
SERTX D, AN — MIEARISHEEDE T, TILax @ S0l LodT 778 & %
Y R

— T, 7x==/V BN A— K02h, 104hE HW=5E12137 2 R123, 124i5'f6zhﬂ\m\
Z DRERIEL 7:»—»%(iSNz}imwﬁ%ﬁﬁm%t%m\ EL—HT5, WoT, BohiE
A DAETHRS 06 OBLEIG T D &5 2 b (Scheme 35), 2D X 51z ¢ﬁ¢u%ﬁmbﬁ
WIGEIZT I RRfEoRRneg mo%%i\x%wﬁwa~k%aqu3¢@®ﬁm_;wu
MELTNDLZ L 2T HERTH S,

elimination 'Y'% Me
\/ N MGMN
P205 Ozl'l’ \? o/ /< ® SN2 react/on o~ 10Cteni 4 S
- 4 P~ S Ph
U 123

V cyclization

Me

AY
:
cyclization O%
93

Scheme 35 7 = = /L /L8 X — L92hZ B T35 O RS RE D & 52

PLEDFERNG, INANRNA—FDOT )V ax g OREED LLod S A IGHEEICE S L Tnbd =
EMD oty TNEBEZD L. SRIORIGIZEW T b BUMEE N B #IT LT 0o i, Bl
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BEDBRIZA VT o H M S Atert—=7F L NN A— RATH LI LN THRITX S, ZOH-EIC
BY L Cld, Table 15 C—EMF 21T > TV D25, BUREREIS LI Z 0 BRALIKIHRINE TH - 7=,
L Ui T OBEE R SOGRECThH o722 L h, BERGEZ1TH 2 &2 Li=(Table 21),

Table 21 tert—7 F /L B L3 A — R O2f% =B b DMt

Me Me,
tB“o\[r'E) P,0s (10 equiv) N
o o= i
92f 93
Entry Solvent Temperature Time Yield (%) Recovery (%)

1 1,2-dichloroethane 84 °C 3d 30 0
2 CH,Cl, 40 °C 3d 39 0
3 CH,Cl, rt 1h 63 0
4 CH,Cl, 0°C 1h 53 0
5 CH,Cl, -40 °C 1h 20 0
6 CHCl, —78 °C 1h 0 50

%9 Table 15 O 5 (entry 1) 5, WAL A T L A X T, 40°C T3 HMS &2 T 72 &
A BHTFEPEOM ER R S (entry 2), KIZA Y T a B LB A— |k 92d Dfcili S &
FUL<, BIB1IFBCRIGESEZEZ A, 63%FE CTINRAM ESEDZ ENTE=(entry3), LL
B2 RIS 5 2 &N TE P, FREBURBRDN EICHEIT L CW B RN H o722 £ D BUGTRE
% 0 °C (entry 4), —40 °C (entry 5) & (b w7223, IBE O T & IRICURITHAD L, F 7252 [E
T2 L b TERNST, EIZ-T8°C TGS EEN, ZOGREIFA VA NI ) 2552
LINTET, 50%DIFE 2 RN T D HERICIR o7z, ZORRNG | MUSIREZ FiF 5 Z L2k - T,
SRR 2 Bl T & B E WO HINE R SN2 b DD —40 °C FHT TIER B VBN B OREZLBE N
Z0IZ L EUTTEERRARSIR L THND 2 ENEBEZ LN, U EDZ Enb | RRISSEMEC
B LB, tert—=7 F L B S A — R3S T & L,

LIAT, ZTNETERL TCELRILOBEAEE 2 5 L. Table 13 ITB W TIRINE 23 b BRAL
MHEAT L7z TROIDMAP Z W RICE W TS, FRRICT Lo v O L HFCE 5D Tlidk
WhEEBZ T, B THEEICT Vak U ERLA A 2 C, THOIDMAP (2 X 5B FF 41T -
7-(Table 22), ZD#fEF, AF NV HNNZA—K QRanbA TR ELIANA—KRIICEZDH L
T, PENB LEHEICR o7z (entries Land 2), S HIZA Y 7 a BT A — b 92d (TSR %
B LTHIEREFED LT, 30 43 &0 ) FWEE TS 588 LTV d 2 & 2355 » 7= (entries 3
and 4), ZAUIFERBEZY rEHWZREE[E LBETH Y . THODMAP D55 b [F]— DTG &
UZRBELTA YA R 2 B3 nEoN-EBEXLN5, &EIC tert—=7 F /L /LR A — | 92f
EHWTRINEITSTZRN A VA RY ) QB aGLZ LT TET EENSEL TLE > (entry
5),
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Table 22 Tf,O/DMAP % Fi\ 7= Bk D fit

Me

RO\[(N DTl\fAz/(A)P(?é(.)(;) Me\N
o CH,Cl, O%
92 93
Entry  Substrate R Temperature Time Yield (%) Recovery (%)

1 92a Me 0 °C—rt 1d 15 18
2 92d iPr 0 °C—rt 12 h 28 0
3 92d iPr 0 °C—rt 2h 27 0
4 92d iPr 0 °C—rt 0.5h 27 0
5 92f tBu 0 °C—-rt 12 h decomposition

728 92d A WIEEE OGS OHARRY FIZIEN-_VIL-N-AF )L R T Fa XA H AR
TIRE N-AFARUIATIVUNREENTWAZ LRSI T O ZofEE) 5 THLO/DMAP
% AN T= 358 O SUGKHEREIZ DU TE %2 L 7= (Scheme 36),

o me 1'% Me, T e
_.O__N _N
Y T,0 Tf j// 2‘9 DMAP Tt
MeYO MGYO = MeYO e
Me Me Me
92d \' w N-benzyl-N-methyltrifluoro-
methanesulfonamide
DMAP /
Me
Me ® | Me
Me\N C/,K@ NS Me HN
o DMAP ~_N__N H,0
o ~— — bl
o
93 ) X N-methylbenzylamine

Scheme 36  SUCEAEIZBE 3 5 & 42

FT. A= 1 92d 12 THLO BMEH LHEIRV &2 5, FRIKVITERIEF2ER b vz
W & DOFHERRREIZH 0 ¥ W~ DMAP 28REEA T2 2 & T, N-XU U L-N-AF )L R U 7)1
BAZZNVRCT I RRFELNTEBZ NS, —FH., FHEAEVIZH L TDMAP B3RS LT
ERT % L. 7a X OB Z R BIEERRIA U 2ET 5, @E . ZOPEIKIIN B U8R
BT BRI REMINIEZEZ T A VA > KU 2293 &7 508 A RliTiEE &1 2 TV % DMAP
DRI L7 RR X O EBE L2 EnBxohd, ZOHBIR X 1T, U Ik TRE
THEPMENTZ DR B VRN D ORBEHEEZITS5 <, MISHEOBKICBURIEZE Z LT N-A
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FHE LART 2 XA BR)BLEDHE

FNRUDUAT IVRELNTZEER LT, —HHB(L U U ORER. TOEWEESZEBFMEIC X

> THNVR =)V & BHRAICTE M L T & A UTiEMERRTA U O B L AR = v it 2t LRI

HHDONRB B LN T k 23, W CRIGHET L7ZBHTH D Efm DT 72,
Fom%IZ, TROIDMAPZ -V =56 TEMEFEUARRHE LTV O 0Z B 32511 K - Thl

7 L 72 (Scheme 37),
Me Tf,0 (5.0 equiv)
iPrO N DMAP (3.0 equiv) /\/\/\n/
\[(])/ 1-hexene (10 equnv)

CH,Cl,

0°Cort,6h

92d 1% (93) 122

4% (122)
15% (92d)

Scheme 37 7 = =)L /LN A — [92d%& FHV 7= B dp 2B

ORI EDL-~F' o ZMNA T2 A A VA RY 2293124 T, 1-~Ft 300
L7727 2 RI2203 &N BELNT, ZOFEENS . THLODMAPEZ W46 Tk — ) &
FIEEDIEMEFRIAUNE U TWAD Z L AR TX -,

#-HEh #r/z 72 Bischler—NapieralskiZ B {1 5 i LB DR SR

WA POGHERE B4 5 £ 8% B F 2 T, 32D 7= 72 Bischler—Napieralskif BR (b SO R & 7% E L
7-(Scheme 38), /L 8 A — K92j, 92k, RANLBEEL TEL DL TR TNy AFLUBLW
THET R, DIVRE N USSR T UANLO T v b =0, BIROGER 23
ZE LK BRILBISDEITT B B 2T, FTENETND I NN A — NOFUSHEIZ DWW TR~ T,

Yy )
o e L
NS P,0s (10 equiv) N N
o) g o ~ 0
CHyCl, o 91%
r, 8 h PO3
92j = - 93
o me ZI% Me,
©/\/ \n/ P,0s5 (10 equiv) ©/\ //C// N
o — o
o CH,Cl, o 88%
r,8h PO;
92k L - 93
5 I:Ge "\G% Me,
X N P,0s (10 equiv) NN 7 N
®) _—
0 CH,Cl, o 70%
r,2h PO;
92 L . 93

Scheme 38 77 /L 3 A — 192j. 92k, 921% H\ 7= Bischler—NapieralskiZf! Bz 1l < )iix
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ZOREF, -7 N AL =)L ATF LI N A — R(Fmoc) 92j & 7 = R F IV I LN A — K92k A W
ais, RS MIZRW S ODOEIRTERIMA LD Z LN TE e, ZOMSTIE, ALk
R TNRRAF U DOBBEZABRT-N, THHDF VT 4 VINRIESERE F TARLZETH Y,
ZFOLOEHEET D Z LIXTE R oTz, DRV TARUCE L TR EEREDLEM RGO
TWb, —HTHRET VLB NANRZ— RQ21% AWIZGA Tk, B TRIENEETHH 0D,
BREOIRERTH-T-,

ZORERNOTAMNEG 729-T VA L=V ATV NN — NRIPH ARG TH D LRI L
oo TZTIDANNA—RERANT, A 7B ENVTINVANA— NTCHEE RSBV ED
T FE DM JEE D Bischler—Napieralskii BR AL S % 7 # 72 (Scheme 39),

I
. O__N 'V'e\N
\ﬂ/ P,05 (10 equiv)
o o)
CH,Cl,
rt, 24 h
. Br 85% Br
104j 28% in the case of iPr carbamate 105
5o :
O._ _N e\N
\n/ P205 (10 equiv)
o o)
CH,Cl,
rt, 24 h
49%
107j COMe 18% in the case of iPr carbamate 108 COMe

Scheme 39 9-7 VA L =)L A F /LIS X — % O TR

FP. ANTNUCRFZFFOL04JIT6 L TR Z T 2728 2 A, 85%D &I T HA D BR{K {4105
EEDENTE, AV TN ARA—NOREET DL, BIEMELNRE R LS
D2 ENRHRT, A MR UINAR = NVEEEFFOLOTICR L TH IR Z1T o 7203, BRIBIR1081%
HREDOINRIZEE T, LOLIDEAL., 4 V7 DN A — | & USRI A&
KBEEINTWD, BIEROFAKIIN BV ROEBEBFHENMET E 572012, BILDETT 2RI
TEPEPRAR DL TWD Z ERNEZLND,

O IICEFBEENMENEEORASICIZ-T T LA A TFIAAAANRA— "B NS Z LR
ANToHLZ AT ZENTE,

LIE. #F#1% Bischler-Napieralski TS IC k5 5 BERT 7 # AOBRKICHI D TREh L7z B, s
HANWSNDATFININNA—=FFDORDVIZ, 47BN A— M U THBE U v 21E
HESHELZ LT IRMAREET THONCERILIZHE LRI Z 8 AESE D 2 LITsh L, miIeE
THMDS BIRT 7 Z L %G5 2 LN TE L, RFIEL, HER LIl oTc— 0@ EANT S
FUTSBET VX LEBETELRTHERNTHY , £704 Y B BTN A — NIFRkA 2B
RERABUC T DIC AL Z LN TELEREATHD, ZOZLNnBT T MF~A VB MORIKE
BECHWDZ LN TEDLTFIETHDLIEEZLND,
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FHEE ZI NI DA

W T N AY ) DA

8 SRR AT

B—E|ZBIT D BCDEF 7 /L7 7' U 2 OARE L O D Bischler—Napieralski B ER (LS
DR BREFEEZTT 7 M~ A ¥ o DWERRNT %2 1T - 7= (Scheme 40),

Bisch/er—'Napieralski iPrO,C” N
type cyclization

MeO
(+)-Lactonamycinone (3) (£)-125
palladium—catalyzed
cyclization—
methoxycarbonylation
I\I/Ie I\I/Ie
_N cycloaddition . _N
iPro,C 0 ré’a Stion iPro,C
o +
OMOM d/hydroxylat/on
MeO o MeO
Homophthalic anhydride 127 28e R = TBDPS (+)-126

28c R=TBS

Scheme 40 T 7 hF~A 3/ o DMiE RN

BOETHHLIEZEBY, A BR(T 7 ¥ D)XZDORZEMESCIEMRIEDES L)l EZ R > T
HZ END, BT Bischler—NapieraIski MBS 2 WA A & 5 Z Ll Lz, BRmiC
BRIV T EF BRI ISR TICB W THLETH D Z kﬂ”ﬁofﬁé@TEFﬁ%
HEEE Lf:?‘ﬁﬁwz%@@]fi&/f VT ThHEZEZLND, B, 77 <A Q)FA YT
BV LR A — | 125 12%F L C. Bischler—Napieralski TUER LSS ATV, IR T ABRZIERETH 2
CTCARTERLEZ, DAY TRELINANA— R 125 FETNVEREBECLCT LI
NT =)L 126 6 EF BRAME L THL Z LI L, EHIZZOTAF =7 /b a—)L 126 1%

ABRD RN 2R OMKKRE T X VEE 127 L 7 ma ) 2 28e & OO EFHR 72 BRALA N #5E <
XU OTE RRX ALK > TR TE S L Lz, RBETIVERICBWTLT V¥ K
Z TBS RIS THR#E L7-28c Z IO TV, B R AboBE, 7% U HanERsEEZ L
BIETH o722 &b, AEL Y S @V TBDPS S CTR#ET L Z &I L,
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BB TGO RN DA
O KBTI A NOERE BRGNS

T " F~A D[R T A Y M T2 D8RR T T HOVEED AR AT - 72 (Scheme 41)%,

MeO_ OMe OH 1,0 OTf
TMSO  OTMS MeO OMe COzEt pyridine COEt
2 X —
Z 0okt TiCly, CH,Cl, MeO CH,Cl, MeO
78° 0°C,2h
then aq HCI (10%) 95%
rt, 5 min, 66% 129 130
PACIy(PPhs),
LiCl, 4-tBu-catechol O3
_ =z CH,Cl, CHO
tetravinylstannane
PPhs CO,Et -78 °C, 15 min CO2Et KOH
. - .
DMF MeO then PPhg MeO dioxane/H,0O
100 °C, 5 h -78 °C—rt Co.et ™ 15min
71% COEL 30 min, 83% 2 0
131 min, 83% 132 91%
o 1) MeNH,, MeOH Me me
o ,N r -
0 0°C,1h iPro,C AcCl iPro,C O
o then NaBH, CO,H cC o
2)  CICO,iPr CH,Cl,
MeO THF/acetone/H,O MeO 40°C,2h MeO (0]
133 CO-H 2h 134 CO-H Homophthalic anhydride 127

Scheme 41 /KT 7 % LR 127 DAL

FPFHEMOE ALY LT ) —Lm—F )L 12870 Z T, Langer H3BHZE LIz Fikic kY 7=/
=129 H AL, 20T = ) KRR E N Y AR A X AR = L L TT U —L
F)Z77—1K130 & L%, T8I E=L3FT LD Stille 7u Ay 7Y 728D AF L 131
EARLE ™, WICZOZEERM Sy E A VT B E TRUAT LT K132 #1572 7,
ZOTNTE RICK L TE#EERERELEAT L L, BET I AT VA~DBZIALBEID T
JEEETRO T LESIED T AT VERINAGRL T KXy 77 b 133 %Ak LTz ™,
ZHUCKILTAFAT I v HWETT T I b, fi< A Y T e EA DR A — MRIZE -2 TY
HIVIR R 134 15T, BBICHLT BT 2O CRKERIET 5 2 LI L0 BKEKE 7 ¥ LVER
127 AR LTz, DT MKARET 7 2 VR 127 (3K R %2 52109 W e, Flld 25 2 &7l
FTOTRRIZED D Z LIz LT,

ZOXDIZLTEMOEKRARET ZVEE 127 13502600, TREDE WL E W D A H
SO TREOE G 2R AT, 2 TEEIZ L0, Molander 52k 57V —L U 7L — ke
N-H-7 X KAF L RY TZrdaRb—heDraxly 7V 7 Thh(Scheme 42 EE)™P, =
OFEER UL, AR THLT V= Y 7 L— K 130 B —BETH LR XA — MilgH A
MATED EEZT,

T TCHEBICAHR LN Zvda R —  ME135 L D7 a A h v 7Y v F a7 7= (Scheme 42
TE)™,
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Molander et al. 'TI
OTf Ph N
H Pd(OAc), (2.5 mol%), XPhos (5.0 mol%) \n/
Ph. N Cs,CO; (3.0 equiv) 0
CPME/H,0 (or THF/H,0)
O BFK !
OMe 85 °C, 6 h, 93%
OMe
OTf Me
Me Pd (0) N
i COaEt Ligand, base iPrO,C”
N ’ 2
iPrOzC/ j COzEt
BF;k MeO Suzuki-Molander coupling
E
CO,Et MeO CO,Et
135 130 136

Scheme 42 #A—Molander 7 @ A v 7 7

LA TG OO Ll VT N BEREEREI LI DD, XUPAT N A— | 136 T8
<o, 7UV—n U 7 L— k130 [T 5 DATE 572, Molander & D#fis & B 5 DI,
N ZnFdaRb— MEIZT I RAFAETRS NN A= N AFNUIEEFNTND R, %R
A BIZBEEO@mWT 7 FUBEELRRWVWE NS HTh D, ZDOIEEDOWB 2E N RISIZ ED
L7 BE B X TVDONICONWTHBR TS S, 135 USNOHEETI/ e Ay 7Y 7L ThH
BB EDORE 2T AT =23 00 E L, 2 E TOFREE AW TED TRICH
OHZ EIZ LT,

WIZT T "N F~AT ) o DOHEMIE T A MTYT2D T v Kz TBDPS A CRri# L7z 7 oo
X / o 28e & Ak L 72(Scheme 43),

OMe BuLi THE OMe ___TBDPS o __TBDPS
nbuLl,
cl ~ -78 °C, 10 min cl ~ CANH,0 C =
OMOM  ihen TBDPSCI OMOM MeCN OMOM
OMe -78 °C—rt, 8 h OMe 55°C 100 min o
90% 86%
34 35e 28e

Scheme 43 Zmonux /. 28e DAL

TF o NRB U3 LY KT V% 2 TBDPSIL L T U L F =X B 35e 2 Gk L,
< CANIZ X D% o ~DiEfkiE, % —%= Scheme 9 THW =S TITSULINE L A EHETT L 72
ST, ERSE TG SES 2 T, CAN OYEZHF/NRICIMZ NG, KRR 7rax )
V28 HEMTDHIENTE,

W7 Ay RBRERTE O TET VER & FREO FIEIC CTBRALING 21T - 72 (Scheme 44)%,
AR CTd 5 M/KARE 7 Z LR 127 12k LT LDA Z/EH&E Y=L, Zruua¥x /) 28
AFERMZDZETT R IX /1372 KXy 77 F 133 060 4 TRIR 45% CTH
THZENTE T, RBBRCAINEIALERIRFICHEIT L TR Y, MEREERIIA SR -7,
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HO
o '\,{/lle l\(jle
o 3stps  poc” 0 LDA iPro,C” OLi
—_—
_—
(0} THF e
MeO 0°C, 4 min e
CO5H MeO @) MeO O
133 127 (1 equiv) diene
O TBDPS
Cl & I\I/Ie
_N
OMOM iPro,C OH O TBDPS
=
O 28e (1 equiv)
OMOM
0 °C, 3 min MeO
4 steps 45% from 133 (@)
137

Scheme 44  ERALAHINEES

MR T Ay DA

A CRLNTEZT VR I7F 7 Uinh KB TARZEET IRBICTTZ M~ A 7 (3)
DOERE B LT,

F X EF BRI OREA TH B T /L F =)L T )b —)L 126 DELETT - 7-(Scheme 45), HHIZ
TURTX U BTICHRT AV RaxifbaiTo7c & 2 A, TF U Kinad TBDPS & L7 Z
LT, B EOET I VER R U COREEICPCER R E L, 71% T Y A —/L 138 BE LT,
PRFEILZ S EV TBDPS T 252 L2k, JHWEY T X ORINZ S Z ENTE T,
WA BTz B Y A —/L 138 12xF L C TBDPS JEDHifki# 2 kA l=, LrL, ®iETHS TBAF T
. BB NSRS R L ETH D RN 572, ZHLSMT S TBAF/ACOH”, HF-Py 72 &%
T BifRGE ek A 78, BUSIXIE E A EEIT LD o T2, £ 2 TKim 5 0OHEEZSBIL THRT
BTV FRgH COBREZ AT ™ Kim B IEREET L% 2 % TIPS & CRG#E LRBIC LT
SACERAEA &8, $R7 B F U RERAESE WS, ZOHT7TEF ) RiEiHnw7 e Fgick->T
7m P ALESN TR T VF 2B T D, ZORISZ4 ] TBDPS A TR L7277 /L3 o 138 (2
HALIZEZ A HONIZKBEORT 2T Y RBRAL, ZhE p- b AVKRVEETT v hAl
THZEIZEY, BLRIET VR 139 Z @GR TS Z LTS LTz, ZICHERRIZL > TA L
FUAFNUEEBUREL, BHIOT L F = LT )La—L 126 #57-, F/-. 138 LV TRy T
DTBDPSH & A X U AFNEDRELZIM > T AEUET BF Y NIZ6 MEEREZ N X THIZH,
7 EFV Ro7m b AL H £ < EITEPIT, 126 IHEIEKRTH 72, 71 b ALANZ OV TR
UM, LT =T 2OKIEIER L MR TIIW TR B IRIERTH Y | p- hLm o ALK g
Wikb BWNERTT a hAbE 525 2 EBnholz,
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lYle I\I/Ie
iPro,C OH O TBDPS RuCls
= NalO,
EtOAc/CH3CN/H20
T s Eomenes
o) 71%
137
_ e ~
N
L p-TsOH-H,0
CHACN rt, 15 min
2h 85%
) - (+)-139
6 M aq HCI
THF
rt, 12 h

99% I
(£)-126

Scheme 45 7 F =)L 7 /La— L 126 DERL

WIZET VT 7Y 2 OB L RO T T EF BROMEEEAT - 72 (Scheme 46).

Me Me
I ' MeO,C
CO, cat PdCl,
p-benzoquinone
MeOH
rt, 12 h
69% o
(x)-140
CSA, MeOH
reflux, 3 d
then evaporation
CSA :)ggf/ene, reflux, 2 h
MeOH (o
CSA
MeOH

Scheme 46 EF R D5

AW LIT VF =T AL 126 IR LT, —BRERBEFIEA T, A5/ — it s
U NEMHEED L TARLATT v a v b A PR VIR LRI Y q, B-
REARIE ATV 140 4325 2 LR T 200, I b o p-REIFI= 271 140 13, B LD
5 VER L RO ORMRMER L LTELNE, SHICI0 o pREAFIT X5 L& T A
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B ) — VTS 5 Z & T, SRR A X 7 — VOB IR ET L, A TF LT )L 141
L. ED®%RT 7 M AL LT 125 OFHIREM GO, £ T, W2 B AT L TNET %
itk w7 FfbsE, BCDEF BR{b&# 125 Gk L7z,

BCDEF BRZ FF (L EM N E R TE 72D T, i 1%(Z Bischler—Napieralski U ER{LEG 2 V2 A B8
DAESE AT - 72 (Scheme 47),

(£)-125 (+)-143 (trace)

CH,Cl, 1t, 2 h
95%

\ AcCl, pyridine

P20s OMe deacetylation
> — > decomposition
CH,Cl K,CO4/MeOH
rt, 30 min or
o,
75% KCN/MeOH

(0]
activated intermediate

Scheme 47  Bischler—Napieralski ZUER{L T K B A BR OREZE D Fat

BonlzA TN A — 125106 LTk~ 2B &8, i 142 1355
N EMEOBRIRI N ANRA— 143 DG LNT-OHTIEENHEL T LE T2, ZONfRIT2 >
DIEREDOKBIEDOEETHDLEEZ, TNOLERELIZEAT®T — F 441 L CHEEE Y
EERHSEEZ A, FREOBRIR IS A— K 145 DEIEH DY THONT, 2 b OBRIRA
R A — NMIFFAE Y AT K o TE UIEEFRURICR LT, 787 — FOBESEZIALTEAE
EEE 2T, LiL, WTFRICE X 145 O 3 Hokfeiko 7 v F VRO PR #IZINETH Y |
RS THLHRMHESHCHLIRER DL T LE -T2,

ZORERND, T = ) = WWEOKBRIEDE X AR HMZ HT2DI121%, BB T LOBTHEEZIK
TIHLIMERDY, TEFAELD S S GICHMARETRIETRET ILEN S D LB X T2,
— 5 TH 3MBKEEIEIZEA L Ti. K VIR T ChRrE R R IREREZ BINT 2 LE RS D,

T TINDOMBERE —ZFIRRT 2R E L LTy ra 7T L= IC3E B L= (Figure 9), 7
07 FVEITERENROE FRMEERIETH D720, 7 = ) — W PKER IR B L s e
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IR~ E A ZMHITE . & BITH 3FKIRE TH > THH WM T TES ITHifR#E T

EDHLEBRI,
cl /_\
m e
NICEE) more electron deficient

carbonyl group
OMe
>/
MeO D 24
0] O\? \geprotected under weakly-basic conditions

‘\QL—",
Figure9 7 nu7t7— hoMWE

K7 mn 7 v F LR CHRE L7 EE 25 LT Bischler—Napieralski AU BR (L S iis & 47 - 72
(Scheme 48),

CICH,COCI
pyridine
CH,Cl,

rt,2h
99%

(+)-125

Et;N
MeOH/CH,Cl,
40°C, 4 h

l CSA, benzene

°C,2h
80 C, MglzoEtz

benzene, 80 °C, 1d
2 steps 56%

(+)-Lactonamycinone (3)

Schemed48 7 hFr~A> ) v DOERL

125 D2 SOKBEREAFR#E L -t A 7o 77— b 146 12%F LT, ik —V v 2{Ef &8/~
A HWIE Y BALIK 147 2 75% & W ) SR TR T H Z ENTE -, B ZOREIZBWT
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IX. Scheme 47 TH LN &L 9 BRERIK /LN A — N U8 TR E LS LR T2, FHW\WT2D
D uaaT v FNEOBRHEEZIT T2, FONTRILE 147 Z3EE%SII(A % 7 —V N =F
LTINS LIEE A, 2007 na 7 v FLEORELFERHC, DBO—HFDH LK==V
N ATV B— L b Tleoiz 149 MG BT, T EBRMESM: CTOEET 5 & e b 150 B35
WD ZENGInoToy, ZOT N AR IEFIZE BTSN R ghoTz, £ 2 TR
WHWTIRAFNATZ—V 149 ZFRIHTHZ LI, 207 F—nica b~ 7 2 v AEEHSE
LAY AFNEOPRHEL DA TF N Z— L DORENFRIHCEZY, 27 b F~A3 /()
DERREEMT DHZ LN TET,

uL\A%%éﬁ@%ﬁhf%ﬁ?é%%%&%#é*&f A VA R ORI, it

PEOMBEZEET DD, M, SHICHBLLLS T 7Y a v naaikT 5 LN TE, EEIC
ﬁﬁ%f@%mm@iak%v4y//%Am¢é EINTET,
& AT, Scheme 48 1B W CZ a7 EF LVEOREEDERZ, DEO—FH DI LK = LHR

E*tﬁ?i'ﬂ’] TAFNT Z = NTEBEND &) FUSHIE Z 272, _ODJiFS IOV TRET TRES 21T
o BUGEEREIZ OWTER LT,

WA 7 N VHOBERAY A TF LA B — AL

AREOGEDIE —RMEIZHOW TR 21T o Te, ZORISINT 7 b T ~A Y DERIZEDHDRE
X, EULT 7 <A VU BREOAYNEMEICRE S BRI 2 TSNS, —~F T, EEN
FMER AU, BLEDOEWAR Y 7 F FEOGHIZHWD Z &N TE BN FIECZRVEL S
21

B LT 7 N F~A Y ) @)V AT NI Z— DR MIZS LTe, L, $HadT 5T AT
N B — T B LT, WEILZ O E TH - 72 (Scheme 49),

Et;N

MeOH/CH,Cl,
40°C,4h
no reaction

OH

o]
(+)-Lactonamycinone (3)

Schemed9 Z 7 hF~A L/ QDY AF NI Z—AL
_ODn’iﬁ'%ﬂ B, VAFNT H— )AL EITT 5 720121E, 7 =/ — A MKEREE O = 2 T UL

*k%z%hto% TRIZ \7m/ww@mwﬁ%7DDY?%WﬁfﬁﬁbkuT®$ﬂ&
Hioxt LT A F g 2 — Ak &3 77 (Scheme 50).
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MeOOMe
OCA O OH OH O
O LI
e} MeOH/CH,Cl, e e}
o rt, 15 min o
152 153 (44%) 154 (46%)
MeOOMe
OCA O OH OH O
EtsN
_ >
) weewensr ) QI
rt, 1h
o} e} @)
155 156 (57%) 157 (trace)

Scheme50 7 %/ VHHIZKET AT A F A7 Z— UL,

T5HETE b= K152 ZHEITHWRE, YA TF T X — AL HEEIT LT 153 35 b iz, L
LZuaT7 v FLHEOREH#EL ~Nt RaXx ) o ~DFEFLDOHIZZEKE LA EIT LT 154 b [FIFR
SOz, ZOMENS, RESET 7 N F~A VB I DA DG TIE RS, Z7ue 7tk
FNIETHREINT T = 7 — VKB OERELIZ, 7 FUPBE I TWD Z EDBREEGETH
HZEDBRIoT, FNT, 77 hF 155 12OV T b RUS AR E 2 A, ST%DILERTY A
FNlr Z— 156 MFHNT-, 7B 7 v 7 F VRN EE SN 167 X E A EELNR D>
77

WIZ T = /) — KO R#ERLZ 7 2T L U7 HEIZ DWW CTRIER D K & 7k A 72 (Scheme

51),
OAc O OAc O OH O

"X e < Q<
MeOH/CH,Cl, o o
rt, 15 min
154, (44%) 154 (9%)
MeO OMe
OAc O OH OH OMe
9@ e O O
_
MeOH/CH2C|2
rt, 12 h o
159 156 (34%) 160 (12%)

Scheme 51 7 BT /URIZX T2 U A F 7 #—Al

T = R158 4 5H & L THWEIGEIE HE & 22 b NI HETT L C 1540 345 H i,
ELT BT NEOBRE LT L2 154 G ONTN, VATFNT X —NE/{DHZ LIXTE R0
oo —HTHTZ7 b¥ /2159 Z W& &1, BEUEEY 156 G0 db D007 nu 72 F i
EHRAWERFL DRI 7220 | BIAERD E LTF /) URET SN 160 BMEbhiz, BEH MY
TFAT IUMEDEBFBEICL ST, ¥/ URBLEZITbAMELEZ TS &

U EOREREZEE 2 T, VAT NG 2 —ALD BUSHEREIZ OV TH %2 L 72 (Scheme 52),
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(0]
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eo)J\/ 0
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Scheme 52 F 7 h%/ VHHICHT DU AF L7 Z—Al

F 147 O b, PRSI CA Y )= ABERLCA LR A LTBRET =4
NZBEVEIZ 7 aa 7B FOUERRNT 52 LKV B &b, ZHUL, —H 7=/ — b DOE
OMLHLICE > TZ o aBiESEEL CC LD IEITA Y/ —ANHEMIML T ATV
FHE—=L 1A ~NEINRTHEEZ NS, 7ua 7T — FOEALEHRL T, 75— MY
ELTHWEEXRINRE 2o 2D, TR FARKOKREAMENRT L, T L FEOERN (A—B) M3
ITLOBLWNWEDTHDHEBZZLND,

FEMBORMIZS D, OLFT T T b VHO OO BNVR=VE BET LT VLA
FALTTZ—NA~EEHL, ZTNENXBTHZENTEXZ, ZOLH L THELNDLF ) U
) B — 3k 2 R IIE2 N D & & 2 TV 5D, Bz X, SRR TITo CWAF ) V7
B— L ~DARF I FuX i AbRREMAaabiEhE® Soni-sr h 162 28 r+T52 L Th
UA— 163 ZARHFAKTE D, HEBICZDOT ) Fr X — S ERETHE FUEar 80FY
VI 4= B R P OEEICMEBEERE SNV oY VES O RIERISIGHTE S
A[REMED & 5 (Scheme 53),

OH O
|| OH
<O
ROOR ROOR ROOR ou N\
OH asymmetric OH OH OH
dihydroxylation ~OH  reduction ~OH Chiritalone B o
---------- >
“ /'"OH /'"OH OH IO OHO’{)
o) ¢} OH o
161 162 163 o OH
MeO OH
OH
Chrysoqueen
Scheme 53 kU A —/L 163 DA kaTHE & % O BIE KIRY)
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F1-T77 bF~A Y vOEKRICEAL, ZenT7v7— bk 164 &#F /) /7 X —/ AL L7z 165 (2%t
LTAEYE Faxi b3, 166 B LT, 77 hF~A T/ Q@) ~iFEn e/ N 4 —
138 #RFICEKT H M TE D EEZ LN 5H(Scheme 54), /7 &/ 74X —/L 165 12%5 %
b FrXxiAblL, EFHRZ L _EHESEZFOF /137 ~O Yk R % A1k(Scheme 45 %
NZHARTHATH Y, D OAREFY Ty FOEEOBHELELL KD BN,

I\I/Ie I\I/Ie
_N ROOR
iPrO,C ocA O Y TBDPS iPrOZC/N OH TBDPS
O O ‘ = mono acetalization FZ
OMOM OO‘ MOM
MeO MeO OMO
(e} (@)
164 165
asymmetric
© dihydroxylation

Scheme54 7 hF~A Y/ L R)DARFHKRE
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HWUE S A YU EHORERK

i 5 3 MoK IR~ DAL

Z7 7 N~ A v OEERICHNT T, 5 MEILE 3 KB E~DRME (L TH D, ZDLHITh
SENWT N — L EGEEICT A AL ST RE & RS LS, WL OO EE R ABIEMER
K OMEETIZ LB bILD, PThr~vA EFL o A®P pxdwa v BS IafhEmibs
MThHY, 2 OREIZL > TEBMENRRSNTERZLDD, ZOAENILTIESIZL D EX
F~A 2 By DERRLD I TdH % (Figure 10)%,

Me\N,Me

Vineomycin B,

_N.
Me Me
Lomaiviticin A

Figure 10 2 3 MKERELICHED FE G LT KRR

RN, 2-T A X U EOBBEILT A AL S T E O ELBE I, Bl S mn T L
=L OEHE TR ThH, UFOETHLWE SR TWD, —ORIX2MOKEEEICK 58
REIENE LN, BIESE T T/ Y a v LSO R Ee, BENEZ DTV LT
D, ZOTDH TV AT NALOSHFIIIRE S v, AR 250 TH IS HEITT 5 6 O &2 8IE
2T B2, O BITEFE L CIEM L SNTZBE DA Y VR =T A F D 2 (L TORLT
B R AL STV A=A RTWNETHD 7, ZHIFEEIC k- TIEETE VD
BISG & 22 0155 08, TR RIC X > THIHI TE 28055 ¥, Z L T=201%. ZhNHEAI
Ko TIHRKROREE 72505, B EDONAREIRMEN BB L SO W E WO RJETH S, 2F 0., B
BENDOBEEGRZT oNRWOTY )~ —WENE & 720 | FEARINZIE o BFERAESL LT
Bons B ZoOZoOMBESIET 7 b F~A Y OARICBW TR LAFHETHY . KIG
HESCRMITHN 2 b2 DT 72 < &b a BlBE R 2 BIEAIC AT X 2 ATREMEDS FV,

ZD XD 7 2-T A X VIEOEAERIRIE Z SR 2 72 DIk 2 ZRBCFE LIED R SN T & 72, F G
SITERA~A TV ByOERIZBWT, DEEWE I{ELT La—L 167 Ltuy /) A7k 7— b
168 DECHE(L A 1T - 7-(Scheme 55)%, L 2> L7223 &, SEelehi(A 170 1345 b3, &ML S 7-Bg
DEXY HINR=T DA F BT e B AP 57227 U h—v 169 BiE oz, £ T, &
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WE & 1M B 1IR3 U7z 2,3—REFIEE 171 2 W 7= Bl b 2 58 A . TR 72 S50 T R )0 i) N4 58
AR R 172 2185 Z L IR L TV A, 1T IZBN _EES WS 28 cdniiny /) — 2
= hEb,

OAc

e
o) CAO
_— \/'\E/Y\C 0,Et
OCA I\gﬁﬁ 168 0O :

CAO Me
< CO,Et o %Q‘
_ ud on HOT (0.5 mol% to ionic liquid) M@ Ve
Cemim[OTH] e} — (0]
167 25°C, 2 mmHg 169 170 M@
(28%) (0%) 07 ~—
OAc
o
MGZZ CAO '
OCA od . \/'\/Y\cozEt
CAO n ; '
=" O CO,Et > = Me O
/? me OH HOTf (0.5 mol% to ionic liquid) Me 0
= Cemim[OTH] =
167 25 °C, 2 mmHg BnO 172

98%

Scheme 55 FlE 512 X 5 2,3- R 171 % 7= idkE L

F720’Doherty 5 H ERX AV A VU B, OERICBWNWT, 2 =—J R FETRrY /) — A2 =y hD
AT AED LT U5 (Scheme 56)%°, #5133 F D0 AEIC X 5 7 ) v A b ARG E LT, 2
T =L 173K L C—H Y ) — RARIBER & 72 DA fafn s b o 174 38 A LT 175 2GR L
T, SHEREREZEHRTHIZLICLV Y ) —RAEETL 176 # A L T\ 5

—
8000@ PNBZ\ Me Me

< Ve © =2 oo
HO— o2 174 052 ompm Steps QHO OMPM
(0] OMPM 23
PNBz Pda(dba)y CHCl3 (5 mol%) TN
173 PPh3 (10 mol%) Me O MeOH rhodinose
98% 175 176

Scheme 56 O’Doherty 512 &k 5 a7 ko 174 % FHW 72 FlbE b

TRPAMT Y 2-F A K UHE O RIRE AR A AR U722 S BB E S8 5 FIEIEW < O FEET 5 % %
NS DOFETIE, RS T CRISHETT 25— 5T, Bk S8 2 01X 2-7 4 T FERTHHA
THHID, B LRICEREEZEHB L CREMNO 2-T X U~ EFHE L 2T IR 5720,

:m&iﬁ%% CEBEIC -7 A F VR R R L S 5 FIE L HEPIHAE S v b, ek L7z
N, T2 (LD ORHERE SN VO TT )~ =2 RN KA L 220 | o BOBHADMESE L
THEOND, Roush HIXT ¥ RvA YU OFEHGRIZEBNT, 2177 ~D L2 ¥/ — X 40 O
P ORS, IR T Tt &0 TBSOTF Z1EH &5 & @GR CRUMEIR 178 NS 6 b Z L &S L
TV 5 (Scheme 57)%, H LN EHERIL a KO TH Y | BN XEUC L D ERMIZ LB 2 b
Do
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Me O OAc

oTBS 40 AcO

AcO
o . 0
HO | BzO | OAc MS 4A (0] | BzO I OAc
177 CH,Cl, Me /0 178
-78 °C, 25 mi
min oTBS

91%

Scheme 57 Roush Hi2k % L1y /) —Z2 75— b 40 % 7= Bl b

FIZEAR S H TAN-1085 D REFKIZBNTT 7Y 22179 O 2 fKEE~D L-u Y ) — AT &
T — b 180 DECKE(L A LTV 5 (Scheme 58)%, MED =7 kAR vHE Y = F Lo —TF LK%
TEMEALA & U TR E 21TV, 181 Z @R TR Z LIS LT, ZDOHE S o BlbHAD 74
BRI TWV D,

OAc
Me 0]

OBn
180 (a:p = 1:1.4)
BF3-OEt;, (1.1 equiv)

BnO MeO  OH MS 4A BnOMeO O
-78°C—>-20°C, 1h Me~/ ~0O
0,
95% OBz 181

Scheme58 #HAHICLD L—ay /) —AT 75— bk 180 Z HA7-fidkE{b

EHERRBER LIE OGS, TR ETIC O R LI X YT GIR L LT 7 e F U bR AV B
52 EN%ZV, ZOHBITENTIERY, &0 Db BRO—KAVREFE L TIX, 7R F A bk
EORBIEL LTA T — MERTF AT =T A EHVEFERERE R TETWENLTH LS,
Schmidt HIZ k> TR INToA I 7 — MEIL, FEFICEVIELEARE LTORNZALTEY
fil i B OTEMEAL R CHEOBHE AT T35 & 2 AICKRE RSN H D ¥ °, —J5, Ferrier 52X >TH)
D THWONIZTF A =—7 VORI, HELL EOTEM(LAIZ W72 HUE7R 672 0 o8 #E 572
BN, V7 NIRRETHIEIGEVALAIE 25 2 LTRSS SED 2 ENARETH D ™0, 725
F = — T IVER S I DOIEMEAL RN I SIS Lisn e, 7 ~—NLOR#ERE L U CORAME S &,
M 51X Scheme4 THAL7-@Y . FA4AT—FT A EHANWLZ LTI 7 FF~A D DEF BRI
~OBFHEIZARE LT 5,

THOREA BRI N & 5 T YRFEE TIXT B FMEIEIC L 5 27U 3 v kA RIR LT, 2
AUXT B FALHERFEFICEGICERTE D 2 & FIALFLEMES @ < BHRWE W 2 L B HIFE
TEHPHTHD, HF BT, ERICZOFEZHNTET AT 7 2 OirBE -T2 5 3 koK
fE I~ DOEFELIZ AN L7=(Scheme 14 ), it~>C, 77 b~ bETNAVEREFEEOT
EEHWT, 9B IEKDT 7 b F~A 27 VAWK LT, EFEE R0 Y ) VAT v T — b
fb&Eth, VT AT LA~ —%008E L TR b5 & B % 7-(Scheme 59), LA>L. Figure 10 (P. 61)
IR LIEZRIMO L 912, ZEREBLESNTEZT 7V ar~OmBIC/ s & Ha 2 EREENEE
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T 5 BRI B AU 2 TR L SR TUER BN 2 Lo, BUSHE AR DL EMEE
BLRTER RN LR EL OMERKENL TV D,

glycosylation

MewOAc

OR
L—rhodinosyl acetate

(x)-Lactonamycinone (3)

Lactonamycin (1)
Scheme 59

Z 7 <A v Q)DOA R

L-a2 Y ) YT T — DA

Jifes — fife

o Hn

Z 7 b= A T OERGRITIANT T, ZORERS DA ET T, H—E TR LILET LT 7
U 2 ~OEFETIE TBS A THRESNINEZ HNTW R, Z OBREIEEMESGTIZE D
TNBBMETH Y | OB 72 &R L0 EEFHARDO — 51357/ L T L% - 7-(Scheme 14 Z:),
Z 2 TAIENE, PRI L ER A RO E e & bEFE LT, L BRENES e TES
LicL-my /77— 189 &3 5 2 & 12 L7=(Scheme 60), 7235 189 DA ikl

H TR
Roush 51T & o THEN. S T- FIEICHE > TAR A ED 1213 3, —E B2 Mz 7-,
0) MPM imidate o)
Me cat TfOH _ Me DIBAL in toluene‘ Me
OMe OMe H
Et,O toluene
OH .7 b 95% OMPM 78°C. 1 h OMPM
Methyl (S)-lactate 182 183
catecholborane
MgBr,-Et,0 oH TESC OTES cat (Ph3P)3RhCl
aIIyI MgBr M imidazole Me THF, rt, 12 h
e
CH,Cl, M DMF then 30% aq H,0,
78°C, 12 h OMPM t, 14 h OMPM 1 M aq NaOH
97% ee 184 3 steps 73% 185 1:1 EtOH-THF
35°C, 5 h, 78%
OTES (COCI);, DMSO OTES OH
Me OH EtsN Me H DDQ Me7~0
CH,Cl, CH,Cl,
OMPM .78 °C, 30 min OMPM O pH 7.0 buffer OTES
186 —0 °C, 40 min 187 . 1h 188
86% 87%, (/B =1/1)
ACzo
Et;N Me O OAc
CHCl, OTES
rt, 3.5 h
’ 189

84% (only B)

Scheme 60 L-u2> /3 V75— k 189 OAERK
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TR D (S)-FLIE A F v % R LT KR EE 2R3 L C MPM =—7 /1 182 & L 7%, DIBAL
BITICESTT LT E K183 A L7-, Roush X7 /LT kb RiZx LT, TUNL KU TF0
T2 AT VIS EITNT VAT L a—L 184 ZER L TWAN, TFREDOFMEDE &
MH, KEARICITE L TWRWE E 272, 22T Mulzer HO5&E2BEI2%, B{b~ VR w4
FEFTCTRAET U A~ TR U LMLz 2 A, KnliEFL—varay ho— L TH#IiTL,
A SEARAEFEDOT VAT A a—)L 184 % 91 DT AT LA EIRPETARTE -, BB, ZD—il
DIBRRIZB VD THFHMERE 2PN TVWARNZ L EF TV HPLCIC L > THEB LTS Y, Z 0B
BETIXY T AT LA~—O0BIREECH > 7203, 7T/ a—/L 184 O/KERE % {7# L T TES =—7
VAT A TV TN DT A a~ T T 7 4 —ICL o THliT 52 ENTE 2 /T,
"o TES =—T7 vt RukvFE{bEIiT->7-, Roush &34 L7z 9-BBN % W 7= FETIE
Lie 7 /L a—/L 186 IHMEULEK TH - 7-2%, Wilkinson fiill: b 7 a— ViR T 2 lAEbEl-e K
OARTENEIT) ZETHRT a3 —/L 186 ZRWNRTAKTHZLNTE2 %, Zhz Swern
ik > T7 L5 b K187 12 L7-1%.DDQ Z VT MPM EDREEZITH Z L TAIT X —/L
188 & L7c, mBIIANIT B =N ETETF/METH2LTL-rY U TET— 189 5L
77

iy

WEEH T YA DEAK
AL 7 v~ AY QR e -y T T — k189 & DEMEL A 1T - 7-(Scheme 61),

Me O OAc

OTES 189
Yb(OTf)3

MS 5A, CH,Cl,
0°C,2h

(+)-Lactonamycinone (3)
\ Me
\
N

TBSOTf

2,6-lutidine f\ o= A
0, //
98% Yb23. @‘ R;=0onTLC

w

metal complex

(+)-191

Scheme 61 Z 7 hF~A T L (B)~DEFEL

FTH—FETCRLEETANEREZECL T, 7EIDTZ M~y /@Ry /ATt
7 — b 189 DIRAVEIZTIZ Yb(OTH; Z M2 THA7=A, TLC EJF A D #EAME D 3 W ER 2T H L
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TLDDHTHoTz, TOFEAVERITHEEHZIC, BUESGETOET L 3 BB oREI D,
EXDX51Z AB BENICA v T A E T AREREER LI EEZ TS P 70 A A%
Sc(OTHs ICZE 2 THRBEOEMA R bz, £ 2 TBBRKBEDHE#ELZRF LIZR, CROT =/
— VKR & = RRKERIE N AT 5 TR L2 v e banz & 72 3 OFF 2R
FEYEDHE I N Z ORSZ — TR EEZ LTz, 5EEE Danishefsky 51X, 3 1Zxt L T7 & F /L {bx1T-
TWBER, BTOKRBENXRZRL TEFUbENz N 77— b3fEo T s ¥, 813,
BN RGE & . BEER > TES JE & RIRFIC LR FTRE R PRAEIL &L LT TBS @R L7z, Ll
FOGEAT-> THhbd L, ZOEIRIEOEI NG, W ORIGEM (TBSOT 2 Y&, 26-/LF T,
44E) [ZBWTIIEE A L LER#EEAZSD 2 LIXTE R olz, £ 2 TTBSOTF B L N2,6-/L
FOUERIBEEGE 10 YE®)MA THhiE A, BIETHL TBS 77 hr~A v/ 191 &5
T DZ EMTE T, ZIUTBENIINZ 725K 3 DIREEA~DERIEZ ) E SR EE LT
W5, TRBIOKGERETIE, CERO T =/ — /UMKEEIESC, 5 3 MKERIL MR S 7oA i
BTV,

HNTEHONIZTBS 77 bF~A 2/ 2 191 1Iox L ClUBE{L 24T > 7=, (Scheme 62),

Me (@) OAc

OTES 189 Me (0]
cat Yb(OTf)3

MS 5A
CH,Cl,

O 0 °C, 3 min
(B)-191 60%, 192:193 = 1:1
separation

Me O

193 OTES

Scheme 62 TBS-7 7 b ~A 3/ > 191 ~DOldkE(L

BANTET NVERZZEIC LT 189 % 2 Y &AW THIGEIT o 7223 1F & A S TETET,
Yb(OTHs 12 L 5 189 DHREN AL HND DA TH o7, & 2 TIRIT, 10 B ED 189 % AV TG &1
oz, TORER, TLC L THi Al E R T2 Z LIXTE 2 b 00, KEfERGE & Bk
HEL T ZeMBlllsnT, &2 CRISFRRZRFT Lz & 2 A, 347 &) Rl TG &
TEE5Z LT, ARMOSRE AR ZSL Z LN TE T, HoNEREEORKRIT, @R
IZHWEZBERB L OBERED D O DI VB TFND T T a~ 7T 7 4 —2 X508k
WICREETH > 722, GRER] HP-20 (25 7 b ~A v/ VHKROWE W S5 FEICT
PEH SRRy L BT D Z N TE T, BBV I B FNDT LI a~x T T T 4 —IZX>TOT A
FUA~—%50E LT, o—FBEA 192 B3 X193 2455 2 L ITRRE LT,

%2 2D OEHER O Bk # % 1T - 7= (Scheme 63),
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Lactonamycin diastereomer 194

Scheme 63 77 hF~A v (A)DEERK

FPECHEA 192 (2% LT, IR F TBAF Z W TR ZAT o 7203, 003 0 HEEVESRIC 59V A BR
ERY D THY EONEN R iz, = 2 THEEMESMETH D HF-Py 2 v TR # %ﬁ#t#\

SEIZTY) avEENRBAE LTI b r~A v/ L RPELNTLE -T2, & 2 CTHHEIZITW SR
T CRURETTREZ TASF Z W TS & T o 72 & 2 A 10, SR CThiiR#ETX ﬁ%m&ké%@
BHEANT VT —ZIIRKHKED T 7 b ~A Q) EFFFIZIW—FEZ R LIz, —J5, BoBEA

T AT LA —193 2% L CH RO KM E VD Z & CHIRGER 194 24525 2 L 1X T 7203,
ZHUET T AV EIE AR MVT =R Lo T, TOREND, 192 [ZTRRLT
7' 2 & REORBEIR T, 193 13FERRILT 7'V a v 2 RORMEATHL Z NS0, T2
AV ERBZ, T b FRATU DT AT LAY—194 b AT H I LN TE T,
ZOXHIT, RICHEEE SIDH 3 MoKEEIE~ DR LA BT TITY Z LTI L,
77FT74V/ZQ%ﬁbt@KW%ﬁﬁﬁéﬁ“@é%@D%<:kﬁ?%ko

O - XV — AT BT — NDOASEK L FOidkE L

&

FBoHOMREEZZ T RO TEZTCT 7 Mr~A v Z(2QDeERk % B 5 L 7= (Scheme 64),

gD Z 7 T ~A v O Iz li> T, BGEE T2 F b Lz, — T, 20K
HEIXZNETHN TV TES =—7 A TliEi . KO SREEN DWW e 7 ®7— MI L
195 X°, BRIk —AR R — MZ L7 196 I AN THAMEED 5 Z L2 L, ZAUX 3T F
YOVELE OKEERLD, B L ORI AR E L D Z L 2BE LG TH D, T THHD TH
DX XF VAT T — FOAKICEFE LN, F—ETRRE-L51CT7 bF~vA2 2 213,
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v EOMRNREE T 0o T eole, 2 TCOEET, 77 <A T O IE
L-OY ) —RATHhAHZLEBEICLT, L-VF NV —RFERKLEKTAHZEIC LT,

1007 Ay
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Scheme 64 T 7 hF~A > Z(2DE G

L-YF b &% Y —2FEIKRO AT Zhang & F7E % 5% (2 L 7-(Scheme 65)'%,

Agiﬁ,'CHg'hO“ 1) lipase PS Amano SD
’ mCPBA phosphate buffer
'V'ej/\o/\[mo'* then PBrs, H,0, 1t, 2 h Mej/\oj BF3-OEt2 Mefjo 30 °C, 2 d, 73%
- =
‘0 then Zn-Cu CH2Cl2 = 2) aqg NaCIO
: AcO e L

HO™ " "OH 210 °C, 6 h S 20°c1h A pyridine

OH 95% OAc  ggv, -10°C, 1 h, 42%
197 198
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(PhSe),, NaBH,4 Me

Me., O.__O ., 0.0 Me., O
AcOH,rt,20min T 1T . ’
HO 1 then 199, IPA o N T T cAO

0°C, 1h OH OCA

0,
199 20% 200 195

Scheme 65 L-YF hF YV —AT7EF— | 195 DAKD

Zhang H28HFEEELE L7270 —L 197 1E, TTIIRSIL TV DR EMTH 72D T, ZAliZs L-
T L) —AEBRMO TR TTAF AL L TER L ', 2% mCPBA Tigfb LTz /> 198 &
U723, 56 < 7o FOVEROBREIL, STRICFLHE SN IRBED UV U LAY ) —VEETIET 7 b UB
DR EORIKIGPIEEZ > T LE -T2, £ ZTHHLOEMEEZSBIZ LT, BREHVCTHLT
EFAL L, eV THFERET N Y U AL o ORI =R T 52 L CoARF T
—/L 199 &R L7z, & BT Zhang HIZHE- T, ZOTRF VEHpEF MV vbhkL /v Rigk
DIETTHNZ BRI S 720, B oz A4 — L 200 (TR @ < VS50 B RIERTH - 7=,

% 2 C 199 OKEEFL A RGE L T TRE~ L D 7= (Scheme 66), 199 K W #FE 7= TES =—TF /L
200 1K LT, Sl ARICT MU DAL ) U RICK Y TRFVESZRR SN, Bohiz
DITLTe 6 BB T 7 b 202 TlE7e < HEBEEOKEEILC TES LSRN U721k, iz ICilElfE & 72> 72
KIEEENER A BERB LIS BRT 7 203 Thoto, BHDERMIIE LMoo b DD,
OSBRIV MNAATITHROBRT TS ) AT v TF— 204 IC LT, =7 vibR U EI T
NE—TNVIFETF, XUV AT NV a—LEERSED ERVUNLVET ) U R205 ~FET&H L

68



FBUFE  Z 2 f o HD LA

INyinole, SHIZ2051E, ZOBD I TRTHMD L-VF hF Y —A7 7 — ) 195 ~GFET
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“ imidazole ’ AcOH, rt, 30 min ’
—_—
HO CH,Cl,  TESO then 201, EtOH TESO
O  r,15min o 0 °C, 25 min OH Ve OTES
199 94% 201 e
o 202 (0%) 203 (53%)
OAc
1) TESCI, imidazole, 96% $ BnOH Me., O OBn 1)CICOCH,CI, Py Me., O  OAc
2) DIBAL, 94% 0 BF3-OEt2 2) Pd/C, H,
= _—
3) Ac,0, Et;N, 85%  TESO., CHxclz  HO 3)AcCl, Et;N  CAO
ve OTES 0°C,3h OH OCA
80%
204 (0 = 3.3:1) 205 (ou:p = 2:1) 195

Scheme 66 L-YF FF YV —2AT7ETFT—h 195 DE5KD

TR ARETEE LT, O MY —ZAD VAV F— NN E T Rex I b TEAL L) L&
X EOHEME L L TRV AT & H —/L 208 Zi%E L7=(Scheme 67), 208 /X7 & I{KTOAMKTF
EDHESL LTV D RM 2D IAEMRIC OWTIEIHRE N2V, £ 2 TZ U A —1 197 hHARK
hphHZ LT, ZONFIEEEEERTE D BT,

NO,
Me., O BnOH Me., O._,OBn @[
/ | _BF3:OEtz J/\j _ Na ’ SO,NHNH,
AcO

AcO” CHZCIZ MeOH HO” PPhs, DEAD
OAc n,1h rt, 30 min NMM
197 93% 206 (o:f = 10:1) 94% 207 (o:B = 10:1) -30°C—rt, 3h
0s0, 76%
Me., O OBn NMO Me., O, _,OBn Me., O _,OBn
Q - + U + B-isomers
NS 25:1 iHiglﬁ—Hzo HO HO‘\\\ -
’ OH OH
208 (o:B = 10:1) 2050. (60%) 209 (35%)
1)CICOCH,CI, Py
CH,Cl, Me., O._.OH RCI Me., O._.OR CAO OR
t, 2 h, 100% EtsN _ W
2050, —— — CAO
2)Pd/C, H, CAO CH,Cl,  CAO
MeOH OCA OCA
1, 5h, 53% 210 (o:f = 1:2.3) 195 R = COCHj (72%, o:p = 1:13)
1) col 211 R = COCH,OMe (70%, a:p = 1:10)
toluene Me., O ,OH RCl Me., _O_ ,OR 3\
o)

rt, 1 h, 83% “ Et;N &z . OR

2050 > —_— —

2)Pd/C, Hy fe) CH,Cl, o) MGW
MeOH %o )/-—o

rt, 5 h, 100% o) o}
212 (dr = 1.8:1) 196 R = COCH, (53%, dr = 5:1)
213 R = COCH,OMe (91%, dr = 13:1)

Scheme 67 L—3F b Y — AHE(RDO AL
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70 J3—/v 197 X 0 Thiem 6D FEEZRANT P, RUPATEL—/L 206 ZKHELTT VLT
Jba—)L 207 Z &Rk Lz, Za3uzxt LT Myers B 235 L7= NBSH 2 W\ 7= “EiES OBEIZ1E )
BilissR Ic L v 1990 3AREIFEE 208 AR LT-, T EEAMSZNBILA A I T ATV
Fadi b L, B4 —1 2050, TDOTT AT LA~—209, BLORENLND B-BMEEDIE
e irotoin, VBTN ATLIa~w NTT7T7 4 =L TRGIZHBEETHZ LM TETZ,
Scheme 65, 66 D&k E D &, BTRETINER IS Lo 4 —/L 2050 35615 L9122 o 7,
GNT ZDOUF— 2050 Inh, FRENEAZ BT &5 — F EBRT—RFr— h~E X kHE
TIMZ Lo TRV ERGRETHZ L TAITEZ—L 210, 212 ALz, a7 BF L
b5 ZLICLVEMOZ a7 F VETHREINTZVUX F Y —X 77— F 1958 LUK
H—ARF— N THRESNTZVF I —ATET— M1 2 AKRT DI ENTE, £, b
WHEOTET— MIMAT, MALIZLs THEINTZA MR 77— F 211, 213 HERKLTC
WX bRy T BT — M, ZOEMALHNC Yh(OTH; 2 W= 5E. AT DA LR =)LERS D
KT AFNT—T VOBEIR T L ENLT D2 RO TEY, @ L LIFHEENES T
HoHEMEINTND,

CTOEIC L TH SRR AR TELZDOT, TBS-F 7 b ~A v/ v & Ok b &R AT
(Scheme 68),

glycosyl donor (10 equiv)

Yb(OTf)3
MS 5A RO O (5
(5)-191 0°C,2h RO
- no reaction .
Glycosides
glycosyl donor o
CAO OR Mo oR
(0]
Me 707"

CAO e o |\/|e)$@7rr

195 R = COCHj4 196 R = COCH34

211 R = COCH,OMe 213 R = COCH,OMe

Scheme 68 L-V X FFV—RA 75— & W TR

AR LT 4 FEEOBE L SRICK LT, =Y ) — 2O L & FEED ST CTRISEIT > 7253, W
THUOGEITOEFHALGL Z LIXTE RN o7, RISREZLZ 40°C £ T EASETH, 7ol
B TH o7 Yb(OTH, ZIBFIE MW THEBERIIE LN T, 2O X9 RN T7 7 ) ar
853 > TBS FES iR # S 71, Scheme 61 CT/R L72 W EIRDHNTHT 2DH TH -T2, 2 d DR
BRI R E DN NS N DL T L a— L IR T D 2 E NG Ino T DT, MAREEO R X
W77 aryEOMAEDENREL RVOTIIR W EEB 2 T2, £ 2 TIREITIE, XU STREEN
INSWBERE R AR E LT, T U a v oL AR LT,
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B 34-REFIEO AR & Bl L

ATENC B W TR LT L2 o 7o Did, BEFicr Yy /) —ARER L et 2E 2D
ELUX XY —ADINT F Uy VELEOKEEIEN ERFIR & LTEZ LN, I OKEEE AR
P ZICEANTE U B LRSI T 7 N~ A T ZQ~NEL ZENTEDLEEXT,
Z 2T 2 1IBCHEA 214 O “HEAE AV E FuX i b L TAKRT 5 2 L2 LT, Z OEHEA 214
ZTBS-7 7 hF~A /2191 ENPARIEEF O/ S 72 34— AfafnfE 215 L 0 7Y a P ki k- T
3 & 5 Lt L 7= (Scheme 69),

OH
#)-191 O =

glycosylation
Lactonamygcin Z (2) dihydroxylation = 214 Me—7 0 OAc

Scheme 69 T 7 b ~A 2 Z (2QDH =72 A R A

DX DT 2-F X U3 A-REAFEDARGNE Z N E TICRBINFEET S H00 % —n%
PEALEAR L L CTHWEANIZZ N E TIZHE STV AR, FELEARE LIGEICREE 25 D1,
C5 LD T ke C2HALofii 7 1 b AL TH % (Scheme 70), FCHH L OBRAE L D4 F Y HL_R=17 A
A FE, FORFRB(CSND)NT VAL, OAF Y =0 hA G UL L 7257280, CEALD
7' R UPBERPNAVIES T B M E SIS RTINS 5, FENI o TEGES
D C4-CSH~DFEMAL2 E L EZBND, SHIZC2ALOT v hrRgl & kphiiE, 2H-v 7 >~
W20 RNIEHALT A REME  H D, LL 2D X 5 7 34-AfafibE ~DOEHH L3 rTREIZ 22U, Z
O HEAELEBL TN ZETREA R 2T A X UHOA ARG RIEIC R DO TV &z
77

H
racemization ; 5| @ ;
or geprotonation at C5 o7~ dePrOONAMN A2 Me7~07
O] X—7"H
Me@ oxocarbenium ion 2H-pyran

Scheme 70 2—7 4 L3 4-—FEFMEN S A U D4 Y L _"= hA PR

T 2T 3 4-REAFIHE 215 DA ARICHE T L 7= (Scheme 71), FANTRL LT & 2 —)L 208 & BN
KR T, ECTKBEEZT B F ML L K9 LRBT2R ~IT X =1 216 BT 52 &1
TERDoTe, WERETRILT 5 LHARD O 'HNMR A7 MU TT VT B RE—7 BFEET S
T, NI TR XL OBBR, TR S EE A ORI LA ERET LT LE T L E R
BV, TIT, NI TS —AEREE LAVRKIC TARE#ED S 2 LIc Lz, EFRUUAT
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T —NED, ZT MR TR TN =T UERIC L o TRAES VATV INR=T LA F
NS, FAT 2 )= EMINESEL I ETTA =TV 217 L LT, KRIZ, 2OFA=—T1Z
NIS ZEFH S TAXR Y INR= A A &L, BiBEfINSE 5 2 & CTHEp 34-AfafufE 215
FERT D ENTER S, L L ZofEXEREERE <. B FDICWEEH Th 72D T,
FEHAEDO LT ELEEBICANT, A MR TET— 218 ZH LWt GA L LT E LT,

Me., O .OBn 1 M aq HCI Me., O .OH Me., O._,OR
Q decomposition Q Q

208 (a:p = 10:1) 216 215 R = COCH3
77% (o:f = 2.4:1) volatile
Me., O ,.SPh 218 R = COCH,OMe
PhSH, BF5 OFt, NIS, ROH 92% (o = 2.5:1)
CH,Cl, X 1:1 DCE-Et,0
0°C, 1h,98% -40 °C—»-30°C, 1 h
217 (a:f = 3:2)

Scheme 71 3,4— R EufikE DA Rk

ZOXHZLTHMO 34-FfafibEs AT 5 ENTEDT, TBS-7 7 hF~A v/ D
BHE{b A 4T > 7=(Scheme 72), # DFER. AW DL ENEN T 72 % 72 87> Scheme 62 Tox L 72 BlbE{ b
I HLEBIHEOD 2 M TRIEER T SEDLHERSH 124, FREOIR CREREZG5 = LI
I L7z, L, 60T 4 FEEORAY TH Y . #IRMER S (-0 U 22 K 214,
(H)-B-7 Va2 K219, ()B-7Vav K220 BLU()-a-7 VU a3 R 21 BMEHiz, b O
WERIZEHE OV BTN AT EIa~ NI T T 4 —IZREETHY . KHIZ7 Y a P VRGN RR
LTCLEIZERGMST=DT, ODS BT MZED HPLCIZ L » Tonub &8, BRLZ, Zh
SOT 7Y 3 ONARMEFEZ, 'THNMR 227 "ADT v 7Y v TEEN ST ) ~—(LDOSLR L
BRELTZOHRT, ZOBEMTIIRHTH72MEE &L R L TV 5,
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0._0O
oy T
N
218 MeO
cat Yb(OTf)3

MS 5A, CH,Cl,
0°C, 2 min
then HPLC separation

(-)—a—glycoside 221 (12%)

Scheme 72 34— fikE 218 OECKEAL,

Bon=7 ) ay RO, %R 25D -7 ) 3y FEROTRICEDT, 9 (+H)-o0-27 U a3
R 214 12 OW TG 1T > 72(Scheme 73), T DFEHR. (+)-a—7'V 223 K 214 Z g4 A 2 7 A
TV ke ifb Lz, TASF #HWCTBS KA RELLE L 2 A, FAEMMNRAY L 'HNMR
ALY NT—E N LW E RS I E RNy ho T, BIAERWIZED 'THNMR 227 bk, ¥
t R XA EE RV LET LA ThoTe, T2 TCINEZV I BTNV T LA a~
FNITT7 4=k THBELTTZ b~ A ZQBLOCT AT LA ~—222 2B/, 0
BE U BTN L DB DN R ST, IEMRNEEZRE T2 813 TETniny, Ln
L. oo 7 b F~A v ZQRODOBFEANRY MT—XIIREM L seeic—K LTz,
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1)0s0,, NMO
25:1 CH20|2—H20
rt, 12 h
(dr = 1.4:1)

= 2) TASF, DMF =
: 0 °C, 15 min e}

0 2 steps 85% (crude) HOO
Me@ 2:222 = 1.4:1 H'\SW

then separation )
(+)-a—glycoside 214 Lactonamycin Z (2)

5' O
Me O
OH OH
222

Scheme 73 (+)-0—7' U 2 K214 DYk KuFxiAb & By U UALRG

CZOEICL TR E =BT DEME AT D2 LT TERD, ()-o-2 U 2 N 22112kt
L CHRBRDEAEZATV, MIZ KM & —BT 2 b DR ZfifE D 9 72 (Scheme 74),

1) OsQ4, NMO
25:1 CH,Cl,—H,0
rt, 12 h
(dr=1.1:1)

2) TASF, DMF
0°C, 15 min

o 2 steps100% (crude)
Me~/—0 223:224 = 1.1:1

224

Scheme 74 (-)-o0—7'V 2> K221 OV k KuFx Ak & iy U AbiG

221 |2k LT 214 LEERICV E Fua X Ab &PV bz To7= & 2 A, Scheme 73 & [AIERIZ 2
RO YT AT LA~—223, 224 B’ELRT, ZHbHIE 'H NMR A7 hph, Yk kefy
ICDBEOTT AT L A~—Tho LM TE D, TLTINLEDHNMR 227 MLiE, EFH5H
KIKHKDZ I " F~A T Z &~ Lol
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INETICAR LT 4 FEHOBKHA L RRHKDT 7 v F~A 22 Z (2)DH NMR A2 kL
% Leig U 7= (Figure 11),
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Figure 11 ElBEARD 'H NMR 2227 kLD Bl (500 MHz) a) natural lactonamycin Z (2), b) synthetic 2,
c) 222, d) a mixture of 223 and 224.

FTO)EC)EF T H L, RUSMEFEOT 7Y a v wzF>2 L 2221, 507w hrofbFy
7 MILES T EEZ R LT D28, B ICHKRT 2 e b AT ks 7 b vy Y T
EH, HICRELSBERD 08005, ZOZENL 221XV KX fboBO YT AT LA~
—ThdIENyND, —HFTAIZEET D &, 77U:y@5ﬁfm%y@m$y7bﬁ@%@
kk%<£@ofmé®@ﬂﬁéo_Mim&kiun4@7&):/ﬂ2%22& W DNLARAE
FTHDHIEEREBLTWD, EPE 2B L TiE(b)0(C) DRERR sy & bhl L T H K E 22& 0T A
HAILIE NS T,

PLEDOFERN S, R E RO —FE R LTZDIE(H) 0= ) 222 RHEOEFHATZ T THY . =
NeEb->TT77 b F~ATv 2 ZQRODEAREERTHZLNTE,

EONHT T N~ A S Z OHERENLRRE DY E

WIRICAER LT T 7 N~ A 2 Z QDM NARRLE O TE 21T o 1o, RiEEE LTE AL
7277 b~ AT 2 ZQyn)s RBHKDT 7 8 F~A 20 Z Crara) BERT 7 N F~A 2 (D)%
IKSREL, TNENDOT 7Y a2 %% T )L HPLC I CH#R$ 2 HiEa BN L=, 2Dk ) ik
2R L TZ DX 24900 DIEFMEIZ OV T HHRDMENRH -T2 B TH L A TR LI B0 |
BbE L DOBRIT 34— EFhE 218 O T & I(EDET L TWeB G 29w OIEFMENMET LTV D H]
REMER S 5, KB U CIIELEZ W TR T 5 FIEL H 272D, 2naua D EDIEF I
BThHY, FZTOMELEN-TZZ NS HPLC ZHWND Z i Lz,
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& 2 TEPEREROIMAK 3 fE A 4T - 7= (Scheme 75),

Me
Me—7%0 ?j
Synthetic and Natural OH
Lactonamycin Z (2) Lactonamycin (1)
1 Maq HCI o 1 M aq HCI

THF THF
t,1d rt, 4 d
99% quant

Lactonamycinone (3)

Scheme75 7 b F~A L Z(QBLINT 7 hF~A 2 L)DINKS i

T R~ A T Z Ry and 2paa)s 77 R T AT QD ENDDL G BEIKSFR X o TR
GWZT T PTIAL ) @)V EfRD I ENTE I, TITRIZ, BoNleT7 7 M F~A2v /) Q)%
% 7 )L HPLC (Z & » Ttk L 7= (Figure 12),
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Figure 12 77 hF~A 22 Z BEXOT 7 b~ A > ONKIiE a) (2)-3, b) 3 from natural
lactonamycin (1), ¢) 3 from natural lactonamycin Z (2), d) 3 from synthetic lactonamycin Z (2). HPLC:

column: Daicel CHIRALPAK IA-3, 4.6 x 250 mm, flow-rate: 1.0 mL/min, UV: 296 nm, solvent: 99.3:0.7
CH,Cl,-0.1% TFA/IPA, retention time: t;-s: 8.4 min, ty5: 12.7 min.
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ZTORR EGEONT-E2TOT I v F~A v/ VR)NRFE—DZF o TFA~—Thd I ENphoiz,
BT, HRSRBLENRE L TNDE T 7 b F~A v Q)DOHEND, T2 P~ Z (2)D
Mok STARELE (X Scheme 75 OERFLTH D ERE LT, AR LT 7 b F~A T2 Z Qymne) D
FREIZOWTH, BRI TV 78 IUITET L T RWnZ LRy hotz,

Pl SEARREE O/N S0 34— EaffE 218 2t 5K+ 2L T, 927 b= A v/ L O/
BEICERII L, 2hE P Faxifbd 52 LTI hhvA 0 Z QDB EER L M,
F 72 E ORI SRR E 2 B 5 2T LTz,
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HLFE T 7 A VORISR AN EHET T e 7 DA

HE RRETE VAR BT T

FFam Tt L2 K 912, 77 M~ A v 38N e fidistE 2 F5o & & blo, ARkt
L CHifamtE 2R Z L h | HiEHl s L <IZumAlo V — MeEm & LTI AR Co, £
W ETEEOMBEZ I M 2 2 &k, R A LIRS AR RIEEZ R (LB ORIHIZIERNR S &
Bzl TOWOEND E LT, TNETICAKRLTETZZ M F~A2 Q). 77 hF~A2 0 P7
AT VLA~—194, T¥IDTI vF~A3 /> (3). £T/ BCDEF EBE{A 43, &5 /L BCDEF fic
AT AT LA~—44, T L TT7®IDET/NVBCDEF 77V =22 23 OAMEMNEZFHME L. AB
BBy DB REAN 5 2 DA B X O S OIEE~DEI G2 DWW TR D Z L2 L7=(Figure 13),

Lactonamycin diastereomer 194 (x)-Lactonamycinone ((+)-3)

0]

OH O

o
\-OMe
I P
o)
o)

Me (@)

OH OH
Model BCDEF glycoside 43 Model BCDEF glycoside diastereomer 44 (+)-Model BCDEF Aglycon 23

Figure 13 &k L7=7 7 b~ v BELAEY

L AT, BTV BCEDF IR 7 2T LA ~—43 12O\ T, B FEICBWTE A ERT
HIZENTETVRY, ZIUTRKERIZBW T, B0 TBS SN S DRI, Bl
OSSR L > THER DGR LIZZ ENRETH DL, (- T, 77 M~ A VU VAT LA ~—194
DEREBEIZ LT AR#ELEE TES BRI F LTI OILBAMDOBREIT) 2L hbid b Z i
776

% _Hi ©7 /L BCDEF AT T AT LA ~—DERK

T M, TT AT VA —194 DA ESEIZL T, T /L BCDEF BdbEk 7 27 L
A~ —44 OERLEIT>7-(Scheme 76), A Cik 7= pEE Dy OR#ERLEOMIZ YL, 77V a AT
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X, 1 OBARROBOMAAZIEIC 7 vanx ) DT VR RIEOR#EREE TBDPS JEI245 2 & T
RBOM ExEH -T2,
(0]
9 Q!
(0]

o) TBDPS 27 (1 equiv) OH O TBDPS
cl = LDA, THF

Z
0 °C, 3 min
OMOM OMOM
(0]

then 27/THF

(o] 0 °C, 4 min
28e (1 equiv) 58% 26e
RuCls, NalO,
3:3:1 EtOAc—CH3CN-H,0
1) AgF, CH5CN 0°C,2h,70%

rt, 2 h
then p-TsOH-H,0
rt, 15 min, 98%

2)6 M ag HCI
THF
rt, 12 h
99%

0]
Me O OAc
OH O
189
OTES g wOMe
cat Yb(OTf)s OO‘
- | + 0]

MS 5A : o
CH,Cl, (0]
(x)-Model aglycon 23 0 °C, 30 min ?\7‘ Me 0]

59%, 225:226 = 1:1
OTES OTES
225 226
| |
TBAF, THF
rt, 1.5 h
o then separation 0

OH O

(0]

wOMe
L e

(0]
(0]
Me 0]

OH OH
43 (46%) 44 (22%)

Scheme 76  “E7° /L BCDEF BCH KT 7 A7 L A~ —44 DE L
TILFX L RiiA TBDPS K CIR#E L /-7 o X/ 2 28e & EKKE T ZILER 27T L0 BAEIET-
L OBUINEISIZE O T T ) 2266 BT, ZilA/LT = Al Ll a v FHEg S
U AOHOBEDEICTIE FEaX AL LTIV A—L 37e # LWIERTERK LT, Z OEF{R#
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FEEPREL, TAX= AT a—)L 25 2B LCETAT 7Y 2 23 2157, f< BB bIX,
TESETHRE L L-aY /7 &7 — k189 Z W T, EFER 225 L 2D YT AT LA~ —226
ERTEN, TGN EREE ChH o272 RGO E F RO TREA~ED -, MO, TES
AT U2 Z & FE TR IAEIZIHD ABRPIRNZ D TBAF THH CTHEGITHIREST S Z L3
BETHY ., HRFZICHPLCIZL > TYT AT LA~—%48E L C, 7 /L BCDEF ElH (A 43 8 L OV
7/ BCDEF U AT 7 AT LA~ —44 R TE T2,

HE AEWTE TR

Figure 13 T/R LTALBWREICKT L C, AWiGHERBR 21T o 72 M £ PHREEERBROFE Rz
VW TR (Table 23),

Table23 77 bF~A v BEE(LEDOHETEM:

MIC (ug/mL)

Test organisms 1 194 (#)-3 43 44 (1)-23
Staphylococcus aureus FDA 209P 0.25 2 8 128 >128 >128
S.aureus Smith 0.25 4 8 >128  >128  >128
S.aureus MS9610 0.25 2 16 >128 >128 >128
S.aureus MRSA No.5 0.25 2 8 >128 >128  >128
S.aureus MRSA No.17 0.25 2 16 >128 >128  >128
S.aureus MS16526(MRSA) 0.25 2 8 >128 >128  >128
S.aureus TY-04282(MRSA) 0.25 4 8 >128 >128  >128
S.aureus Mu50 0.5 4 8 >128 >128 >128
Micrococcus luteus FDA 16 1 4 8 >128  >128  >128
M.luteus IFO 3333 0.5 4 4 128 128 64
M.luteus PCI 1001 1 4 8 >128  >128 >128
Bacillus subtilis NRRL B-558 0.25 2 16 >128 >128 >128
B.subtilis PCI 219 0.25 1 8 >128 >128 >128
B.cereus ATCC 10702 0.25 1 16 128 >128 128
Corynebacterium bovis 1810 05 4 8 128 128 128
Enterococcus faecalis JCM 5803 0.25 4 8 >128  >128 >128
Ent. faecalis NCTC12201 0.5 4 8 128 128 128
Ent. faecalis NCTC12203 0.5 4 8 >64 >64 >64
Ent. faecium JCM5804 0.5 4 8 >128  >128 128
Ent. faecium NCTC12202 0.5 4 8 >128  >128 128
Ent. faecium NCTC12204 0.5 8 8 >128 128 128
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BEBRK CTHOWOR TW A Ry a<w A v it £< 07 7 AGMEREICxE LT 1~4 pg/mL O¥RE
THEEEZRT " ChziEtEL L CARIOFERBROMEREAD L. 77 b F~A T Q)i
BEIZHRAE S 372 £ 912 MRSA X° VRE IZx%f L TV IEEZ R L CW\Wb, — T, 77 hF~A
yyy“?x—'f LA ~—194RT 7 hF~A 7 2 ((H)-3) ilOfﬁ%‘zESSb\ﬁ‘ﬁ%ﬂ?‘ﬁ"\_ EWy o T

. ENTHIRE U THRUVIEMEZREE L TV 2, £7-E7 /L BCDEF FlBE{A 43, DT T AT L
ZL’\?—44:J?QJ:U\(+) TTNT 7Y Ay 23 13 EERR LR o T2,
WA M FEENE DR RIZ DU TIRd(Table 24),

Table24 77 hF~A v BEE LAY OMaEE:

ICso (ng/mL)
Cell Line Origin 1 194 (#)-3 43 44 (+)-23
STC1 Jifi 7] e 1.28 12.8 12.8 25.6 >12.8 >12.8
SBC-5 Jifi 7] e 1.28 12.8 12.8 25.6 >12.8 >12.8
MAPaca2  JEhi& 1.28 12.8 12.8 >25.6 >12.8 >12.8
AZ521 H 1.28 12.8 12.8 >25.6 >12.8 >12.8
HGC-27 H 1.28 12.8 12.8 25.6 >12.8 >12.8
Li-7 I gl 1.28 >12.8 >12.8 >25.6 >12.8 >12.8
HS-PSS AR B 1.28 12.8 12.8 >25.6 >12.8 >12.8
HS-Sch-2 SR SR S A AR A R 1.28 12.8 12.8 25.6 >12.8 >12.8
HCC827 E=g 1.28 12.8 12.8 >25.6 >12.8 >12.8
KP4 F R R 1.28 12.8 >12.8 >25.6 >12.8 >12.8
OVK18 N B 1.28 12.8 12.8 25.6 >12.8 >12.8
GAK AT ) —= 1.28 12.8 12.8 25.6 >12.8 >12.8
VMRC-ME A7/ —~ 1.28 12.8 12.8 25.6 >12.8 >12.8
NUGC-4 H 1.28 12.8 12.8 >25.6 >12.8 >12.8
JMSU1 s 1.28 12.8 12.8 25.6 >12.8 >12.8
LoVo NI R T 1.28 1.28 12.8 25.6 >12.8 >12.8
GSS EREUIN i 1.28 1.28 12.8 25.6 >12.8 >12.8
5637 i5ais 1.28 1.28 12.8 25.6 >12.8 >12.8
ME-180 - SHE 1.28 12.8 12.8 25.6 >12.8 >12.8
Lu99B Jifi A e g 1.28 1.28 12.8 25.6 >12.8 >12.8
CW-2 K 1.28 12.8 12.8 25.6 >12.8 >12.8

IR CTHWOND T R 7~ A ¥ U3 H MM bR O R B ETEME & LT ICs = 0.015 pg/mL
DI EEE RO ®, ZhEHEEL L TABEORBRICONWTERTDLE, 77 <A (D)
ZDOHLDOG, T RUT~A T LT 2 EIEMHEIZTHWT L0050, JLEiEt: & Rk, 77
FF~A LU VT AT LAY —194RF 7 b F <A ¥ ) L ((£)-3) TIEE ST 10fFFEEE DIFEHEDIE T
DHELINT, £ TH, BT /ULAEW 43, 44, (£)-23 12T & A ETEERA BN T2,
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DL EDFER% Figure 14 12 F L 7=, 88 REBIREORBICIL, 77 % 2808 L OB BRICHE
T D7 = ) —nMKBIEDOD 2 LD —HIINETH D Z LN hoTz, £-PEEE
LHAFEM I ITITIERBEOMEI N H V. 7T 7V a L ORISR O AT S EME D IRTHIC
REREBLGEZ TNV ENShoTz,

—

DA I 5
(52 % 5 LT BBARED
72 L b TR — L)

{EPED5REE IR
(RO SLARBLE 7S B )

Figure 14 77 M~ A ¥ o OEELIEMEFE RS

FUET 77 M~ A BT S oA

AT OREETEMEAREIZE D — T, 77 b F~A T v OB7 Fu 7 ARIcbET Lz, Zhit,
T NP~ A Q) EREZRIKTHD T 7 b~ vy Z (QIIFBEBORBEEFFOILEW TH DI
HLEDLL T, AT ORI L > THEMEIIRES B2 LI REICESI LD TH D, EBE, At
DIEMRBRIZIB N T, HE D O ENEMEICEE TH DL Z LB nhole, TOFMAND, FEEE
bEEDHZ LICL o T BICHRNRABEEZFFOLAEMRERTE DO TIT RN EB T,

BARMIZIE, PR OKEBIED SR ERN B2 5 6 OO0, BLED R D DA AR L, TEMERE
g s EZFE L, £71021F, AL THD E T Y av ViEGNIER ICARLE T, MK
it Z T RT NV ERN DN TND, ZOZENL 7Y av i EEORKE LIS WT a7 O/
HLEETZEIC LI, 2D DIEAEMIZHONTIE LR 2 2GR LB biEE VWD Z Ll kv,
KRz 7ohER ATEICHE A SED N TE D EHIfF L=,

102 LS DOBEEFIAA D TE L A R L—32 3 & LT, $IUE Scheme 66 TR LT-7 T /
VT /T — b 204 OEME(LERLD Z LI L, TOX T T ) —AXA TIZHONTHENE L
LTI, & SITHERROIENEN D, £ THEEEICT 7 b F~A 2 o ~DOEEHE % 7
72(Scheme 77),
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OAc

1) .
TESO.,, ~
o OTES

M
204

Yb(OTf);, MS 5A
CH,Cl,
0 °C, 10 min
20%, dr = 1.1:1

2) TASF, DMF
rt, 4 h
quant

M
228 (single isomer)

Scheme 77 77 7 A7 k&5 — |k 204 OEHEL,

T M~ A VU ERBRO AT, TBS-7 7 hF~A 2/ 191 IZXLTCT7 T /T k'T
— b 204 ZEHEH LS, 2 TOREREZRELZE A, “OORREA 227 L 228 NMEbhlz, 2
LS DNARMEAITIRE TE TWVZRWD BB IEE ORISR TEIT L7 2 & 3o T,

ZDEITT T NF~A Vv o ~OidkEbE HE M L LT BRx ebEERIRE AT D 2 LN ATRE
ThHhHIEERTIENTE, ZOFEICEI-THONDILEMTA T TV =D, HFRRE
BIEMEZ R LMD EEN DO TIE RV EHFE LTV D,
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T MY A TV OERRICHALD, £ R M TR IR E R S 7z EF MBS DR
R IAEFIEOMNL 2D S L, 78 IKOET/IVBCDEF 7 7' Y 222 23 DA% 1T - 7= (Scheme 78),
BTRTERLEZraXx ) 28 &, HEAKKRET ZAEEQRY LV IAESEE D ORI
X0, fEBIRNWICT > N T F v 26 257z, ZnEEbVT =0 Al a URBET N T LAD
HMABEbEIZL-o TV FaxfkL, TAF= AT La—L 38 28/ LIc, ZOT/LF=1L7T
WA= N F X NTT— g UHE A X VANV R = HBIC TREEFI= AT )L 24 L LT-1%.
NSRRI 72 A 2 ) — VO EAINE T 7 R AbEITH Z & TET/VBCDEF T 7Y 22 23 B Ak
THZENTETZ, BB, AX = NVOMIMIAFRHHNTHY . EF RIFRBERFITB O TRE
THDHZENGIoTz, SHIZET/VBCDEF 77V =1 23 % A& R L-uy ) AT | T
— M40 ZHWTHEBH L L, RBIRERE A RETH LT, 77 M ~A T BT LAY 43 ~
HESLHZENTET,

0]
(0}
O P TBS @ OH O P TBS OH OOH/
O 2t O ouon e ¢
_— _—
OMOM cycloaddition OMOM ' gihydroxylation ~_-OH
reaction OH
] o] ]
28c 26¢c 38
palladium—catalyzed Cl. CO
Me—7 =07 ~OAc cyclization- PdCl,
methoxycarbonylation
oTBS
OMe 40 (optically pure)
0 Yb(OTf)3 CSA, MeOH
glycosylation MeOH addition
deprotection lactonization

(¥)-Model BCDEF Aglycon 23

Scheme78 77 hF~A BT IALEMDERL

WOE HEBRT 7 A LA BR)SRIED B

—fRICA VA R EEREAEIT. EFRICERBLEZTT NI &b R E LL
BNZ ERFONTWETZD, 77 b F~A Y VHEICEENDA VYAV R ) G055 BRT 7
2 LA REELE GRERITITORB TOREMRAEBIE T Z ICL, 22 THRKBETHLHND
TENTE D ABROIESTE L LT, Bischler—Napieralski [ ita% 5 BB T 7 % LAERICHIO TS L
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Me

Me Me
MeO_ N N Pro_ _N
\n/ P,0s5 (10 equiv) P,0s5 (10 equiv) \n/
O -
o CH,Cl, CH,Cl, o
40°C,3d i, 1h
o, 0,
92a 63% 93 85% 92d

Scheme 79  Bischler—Napieralski B2 (b5 it

£z, BALT U —/L 104d OBACKIE B4 UTRIARM O LK Z © L IC LT, USH#E %
B 5 772 L7=(Scheme 80), £ /L 8 X — | & Tt U LR L= PRHA S 786 ik — Y
YOI ANERIC L o> TT o XU EE IEEPRIER U & 725, I BEER? D REK B %
%A, Bl VYA RY 2105 L7250, AERROBFEEMIWGEIIZ T a0 n3 g
NR=Z - U ROGIC LV FREAG L TT 2 R 106 M3 65, JEMEHRIA U 139E 12 7R E T
HIThH D720, BAGKISITRIR N DERM CHEIT L= ZE 2 b5,

Me
\
N
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Me n Me Me
\ P—07) L@
~ ®
" 04 9 2 o //// I
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Me\ro == oFfo R & —~— o _ 105 °
O/// O] n S Me
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Scheme 80 [ it D5 5%

Gt A N R R A FEN s

INODHMREREZTT 7 M F~A T ) OERZIT>72(Scheme 81), £ 7" A BRIEED - D
WY 2HTHEAKKRET T ZVEE 127 28 TRICTAR L, InL W RESEEZYZ L,
TBDPS £ TT L F U Kz friE L7z am X ) o 28e EOBRLAM, Yk Faxifb, 2L T
DU LA AN AR UG T =g v BIC kD SERME(LAY 146 AR LT, T DAY T e
BV T LN A — NT%F LT Bischler—Napieralski BUER{LE S Z 1T 72 & 2 A, 75% &V ) @IET A
BRARSET D Z LN TE 2, RBICEOLNE 147 OFFERERAZRET LI I8 IKTT
I AT R EAKT DI ENTE,

85



[ 7ZZA%
23
I
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(+)-Lactonamycinone (3)

(+)-147
Scheme81 J 7 hF~A v/ R)YDERK

FUE T2 b v Y UHORS

AR LTI=T 7 v F~A v @)Txt LTl L 21T - 7= (Scheme 82),
glycosylation

MeW\OAc
189

OTES

Yb(OTf)3
then separation

) OH
glycosylation Lactonamycin (1)
0o.__0O
oy T
o0 CAO Yb(OTf)s
218 Me 0
Yb(OTf)s CAO—3
then separation 195

(+)—-a—glycoside 214 Lactonamycin Z (2)
Scheme 82 77 b ~A T UHORARK
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Figure 15 (2R 3 LA WREIC X L CHUETIEER L OB ERBR 21T o 72, 2 OFER., 10721510k
BROT 7 M A QeI T, 77 MY A VU T AT LAY 14T v A Y
7 (()-3)1F 10 fFREEGIUNEMEZ R T 2 L R o T, —H TET /LA 43, 44, 23 131F & A
ETEMEDNHR LN oTe, ZOZ b, MAOREBEEREORBUCIX, 77 % 2EmB XU BRI
fFET DT = ) — MK EDO D LW TN —FHIIUETH DL Z RN mhoT-, El-tEEs
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HEPNEMED TR R E L H X TWDH Z LR ghol,

OH OH
Lactonamycin (1) Lactonamycin diastereomer 194 (+)-Lactonamycinone ((£)-3)
MIC = 0.25~1 pg/mL MIC = 1~8 pg/mL MIC = 4~16 pg/mL
ICs0 = 1.28 png/mL IC50 = 1.28~12.8 png/mL IC59=12.8 png/mL
O
OH O
O

ol
ol
w707
OH

OH

Model BCDEF glycoside 43 Model BCDEF glycoside diastereomer 44 (+)-Model BCDEF Aglycon 23
MIC = >64 pg/mL MIC = >64 pg/mL MIC = >64 pg/mL
ICs = 25.6 ug/mL ICs0 = >12.8 pg/mL ICs0 = >12.8 pg/mL

Figure 15 ZEW7EPERFAM
(MIC; 21 FEJHD 7 T LRI )T D fe D BREIREE . 1Cso; 21 FEEA DM~ 0D 50% /5 = PH. 5 I L)
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General Information

The melting points were determined on a micro hot-stage Yanaco MP-S3 and were uncorrected. Optical
rotations were measured on a JASCO P-2100 polarimeter. UV-Vis spectra were recorded on a HITACHI
U-2001. IR spectra were recorded on a Bruker AIPHA FT-IR spectrometer. *H and *C NMR spectra were
recorded on a Varian MERCURY plus 300, a JEOL Lambda 300, or a JEOL ECA-500. Chemical shifts of *H
NMR spectra were expressed in ppm relative to tetramethylsilane = 0.00 in CDCI; unless noted. Chemical
shifts of *C NMR spectra are expressed in ppm relative to the solvent signal in CDCl; (77.00 ppm),
(CD3),CO (29.85 ppm), CD;0D (49.00 ppm), (CD3),SO (39.50 ppm), or [Dg]THF (67.57 ppm). High- and
low-resolution mass spectra were recorded on a JEOL GC mate (El and FAB) or JEOL the Accu TOF
JMS-T100LCS (ESI). Analytical thin layer chromatography (TLC) was performed using Merck TLC
60F-254 plates (0.25 mm), and visualization was accomplished with ethanolic phosphomolybudic acid.
Column chromatography was performed on Fuji silysia PSQ 100B silica gel. Experiments requiring
anhydrous conditions were performed under an argon atmosphere. Organic solvents were distilled by
appropriate procedure and stored under argon atmosphere.

88



Eg T NS TR DG

B T NP~ A YT TIUUEEY DA

Base treatment of 23 (Scheme 13).

To a suspension of 23 (1.5 mg, 0.0040 mmol) in MeOH-d, (0.20 mL) was added at 0 °C a 1.0 M MeOH-d,
solution of NaOMe-d; (ca. 0.004 mL, ca. 0.004 mmol). After 10 min at 0 °C, saturated aqueous NH,CI
solution was added and the mixture was extracted with EtOAc. The extracts were washed with saturated
aqueous NaCl solution, dried over Na,SO,4, and concentrated under reduced pressure. The residue was
purified by column chromatography on silica gel (1.0 g, 1:2 hexane-EtOAc) to afford 23 (1.0 mg, 67%) and
39 (ca. 0.2 mg, ca. 10 %).

Equilibration between 23 and 39 (Scheme 13).

A mixture of 23 (1.3 mg, 0.0035 mmol) and CSA (2.4 mg, 0.011 mmol) in MeOH-d, (0.24 mL) was stirred
at 80 °C for 3 d. D,O was added and the mixture was extracted with CH,Cl,. The extracts were washed with
saturated aqueous NaCl solution, dried over Na,SO,, and concentrated under reduced pressure. The residue
was purified by column chromatography on silica gel (1.0 g, 2:1 hexane-EtOAc) to afford 23 (ca. 0.5 mg, ca.
38%) and 39 (ca. 0.8 mg, ca. 57%).
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General procedures for synthesis of carbamates
Method A
Preparation of carbamates 92a—e, 92h—j, 110a, 110c, 110d, and 245.

To a stirred solution of amine (2.10 mmol) in a mixture of 1:1:1 THF-acetone—H,O (10.0 mL) was added at
0 °C CICO,R (3.78 mmol). After 2 h at rt, saturated aqueous NaHCO; was added at 0 °C and the mixture
was extracted with EtOAc. The extracts were washed with saturated aqueous NaCl, dried over Na,SQO,, and
concentrated under reduced pressure. The residue was purified by column chromatography on silica gel to
afford carbamates 92a—e, 92h—j, 110a, 110c, 110d, and 245.

Method B
Preparation of carbamates 104a—d, 104h, 104j, 107d, 107j, 230-234, 236, 239, 242, 243, and 244.

To a stirred solution of aldehyde (2.10 mmol) in MeOH (10.5 mL) was added at rt a 40% MeOH solution of
MeNH, (0.429 mL, 4.20 mmol). After 1 h at rt, NaBH, (159 mg, 4.20 mmol) was added at 0 °C and the
mixture was stirred at rt for 30 min. The reaction mixture was quenched with acetone at 0 °C and the new
mixture was concentrated under reduced pressure. The residual solids were used for the next step without
purification. To a stirred solution of the residue in a mixture of 1:1:1 THF-acetone-H,0O (10.0 mL) was
added at 0 °C CICO;R (3.78 mmol) or FmocOSu (1.28 g, 3.78 mmol, for 104j and 107j). After 2 h at rt,
saturated aqueous was added at 0 °C and the mixture was extracted with EtOAc. The extracts were washed
with saturated aqueous NaCl, dried over Na,SQ,, and concentrated under reduced pressure. The residue was
purified by column chromatography on silica gel to afford carbamates 104a—d, 104h, 104j, 107d, 107j,
230-234, 236, 239, 242, 243, and 244.

Method C**®
The preparation of carbamates 92¢g, 92k and 92I.

Hme N/f\N me RO me
CDI N~ \n/ 1) Mel \n/
. (SRl
N-Methylbenzylamine 229

To a stirred solution of N-methylbenzylamine (1.21 g, 10.0 mmol) in dry THF (20.0 mL) was added at 0 °C
1,1’-carbonyldiimidazole (2.43 g, 15.0 mmol). After 30 min at rt, H,O was added slowly at 0 °C and the
mixture was extracted with EtOAc. The extracts were washed with saturated aqueous NaCl, dried over
Na,SQ,, and concentrated under reduced pressure. The residue was purified by column chromatography on
silica gel (40 g, 1:3 hexane—EtOAC) to afford 229 (1.98 g, 92%).

To a stirred solution of 229 (2.00 g, 9.30 mmol) in MeCN (19.0 mL) was added at rt Mel (2.32 g, 37.2
mmol). After 1 d at rt, the reaction mixture was concentrated under reduced pressure. The residual yellow
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solids were used for the next step without purification. To a stirred solution of the residue in MeCN (47.0
mL) was added at 0 °C ROH (9.30 mmol) and Et;N (11.2 mmol). After 8 h at 80 °C, H,O was added at 0 °C
and the mixture was extracted with EtOAc. The extracts were washed with saturated aqueous NaCl, dried
over Na,SOy,, and concentrated under reduced pressure. The residue was purified by column chromatography
on silica gel to afford carbamates 929, 92k and 92I.
Methyl benzyl(methyl)carbamate (92a) (known)**.
Me 92a was prepared from N-methylbenzylamine in 90% yield (Method A): colorless syrup; R =
MGOTN 0.44 (2:1 hexane—EtOAc); IR (neat, cm™) 3030, 2955, 1705, 1484, 1454, 1394, 1222, 1146,
g) 771, 701; *H NMR (500 MHz, (CDs),SO, 80 °C, solvent residual peak = 2.50) & 2.81 (3H, s),
3.65 (3H, s), 4.43 (2H, s), 7.21-7.29 (3H, m), 7.32-7.37 (2H, m); *C NMR (125 MHz,
(CD3),S0, 80 °C) 6 33.44, 51.39, 51.90, 126.69, 126.87, 128.05, 137.38, 155.99.

Ethyl benzyl(methyl)carbamate (92b) (known)'.
Me 92b was prepared from N-methylbenzylamine in 98% vyield (Method A): colorless syrup; Rs =
EtOT’{‘ 0.40 (3:1 hexane—EtOAc); IR (neat, cm) 2981, 2933, 1701, 1487, 1453, 1405, 1237, 1219,
© g) 1144, 771, 701; *H NMR (500 MHz, (CD3),SO, 80 °C, solvent residual peak = 2.50) & 1.21
(3H,t,J =7.2Hz), 2.81 (3H, s), 4.10 (2H, q, J = 7.2 Hz), 4.42 (2H, s), 7.21-7.29 (3H, m),
7.32-7.37 (2H, m); *C NMR (125 MHz, (CD;),SO, 80 °C) & 14.12, 33.37, 51.30, 60.33,
126.67, 126.89, 128.03, 137.47, 155.51; LRMS (EI) m/z (M)" 193.1; HRMS (EI) m/z (M)* calcd for

C11H15N02 193.1103, found 193.1115.

92b

n-Propyl benzyl(methyl)carbamate (92c) (known)™®.

Me 92c was prepared from N-methylbenzylamine in 99% vyield (Method A): colorless syrup; Ry =
"F’fOT"“ 0.41 (4:1 hexane—EtOAC); IR (neat, cm™) 2968, 1702, 1454, 1405, 1235, 1219, 1143, 700; '*H
© g) NMR (500 MHz, (CD3),SO0, 80 °C, solvent residual peak = 2.50) 6 0.89 (3H, t, J = 7.4 Hz),
1.61 (2H, tq, J = 7.4, 6.6 Hz), 2.82 (3H, s), 4.02 (2H, t, J = 6.6 Hz), 4.43 (2H, s), 7.22-7.29
(3H, m), 7.32-7.37 (2H, m); *C NMR (125 MHz, (CDs),SO, 80 °C) & 9.62, 21.55, 33.35,
51.32, 65.97, 126.62, 126.82, 127.98, 137.49, 155.57.

92c

114

Isopropyl benzyl(methyl)carbamate (92d) (known)—".
Me 92d was prepared from N-methylbenzylamine in 99% yield (Method A): colorless syrup; R =
’F’fOT"“ 0.43 (4:1 hexane—EtOAc); IR (neat, cm™) 2980, 2934, 1696, 1471, 1454, 1401, 1237, 1145,
© g) 1120, 926, 701; '"H NMR (500 MHz, (CD;),SO, 80 °C, solvent residual peak = 2.50) & 1.21
(6H, d, J = 6.3 Hz), 2.80 (3H, s), 4.41 (2H, s), 4.84 (1H, sept, J = 6.3 Hz), 7.21-7.29 (3H, m),
7.32-7.37 (2H, m); *C NMR (125 MHz, (CD3),SO, 80 °C) & 21.52, 33.31, 51.23, 67.57,
126.64, 126.89, 128.00, 137.57, 155.11.

92d
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Isobutyl benzyl(methyl)carbamate (92e) (known)™'.

Me 92e was prepared from N-methylbenzylamine in 95% yield (Method A): colorless syrup; R; =

’B“OT'{‘ 0.41 (4:1 hexane—EtOAC); IR (neat, cm™) 2962, 1703, 1454, 1405, 1387, 1234, 1219, 1144,

© gj 701; *H NMR (500 MHz, (CD;),SO, 80 °C, solvent residual peak = 2.50) & 0.89 (6H, d, J =

6.6 Hz), 1.89 (1H, t-sept, J = 6.6, 6.6 Hz), 2.83 (3H, s), 3.85 (2H, d, J = 6.6 Hz), 4.44 (2H, s),

7.21-7.29 (3H, m), 7.32-7.37 (2H, m); *C NMR (125 MHz, (CD;),S0, 80 °C) & 18.39, 27.19,

33.43, 51.33, 70.50, 126.66, 126.79, 128.03, 137.51, 155.57; LRMS (EI) m/z (M)* 221.0; HRMS (EI) m/z
(M) calcd for C;3H3sNO, 221.1416, found 221.1411.

92e

tert-Butyl benzyl(methyl)carbamate (92f) (known)**,

Me To a stirred solution of N-methylbenzylamine (250 mg, 2.06 mmol) in THF (10.0 mL) were

© mmol). After 1 h at rt, H,O (10 mL) was added at 0 °C and the mixture was extracted with

fBuOTN? added at 0 °C 4-(dimethylamino)pyridine (252 mg, 2.06 mmol) and Boc,O (0.567 mL, 2.47
EtOAc. The extracts were washed with saturated aqueous NaCl, dried over Na,SO,, and

92f
concentrated under reduced pressure. The residue was purified by column chromatography on

silica gel (25 g, 4:1 hexane—EtOAC) to afford 92f (397 mg, 87%) as a colorless syrup; Ry = 0.46 (4:1 hexane—
EtOAC); IR (neat, cm™) 2977, 2930, 1698, 1453, 1393, 1244, 1175, 1145, 878, 700; '"H NMR (500 MHz,
(CD3),S0, 80 °C, solvent residual peak = 2.50) 8 1.43 (9H, s), 2.77 (3H, s), 4.38 (2H, s), 7.21-7.28 (3H, m),
7.32-7.37 (2H, m); *C NMR (125 MHz, (CD3),SO, 80 °C) & 27.72, 33.43, 51.28, 78.37, 126.56, 126.79,
127.97, 137.85, 154.69; LRMS (El) m/z (M)" 221.1; HRMS (EI) m/z (M)" calcd for Ci3H;oNO, 221.14186,
found 221.14109.

Neopentyl benzyl(methyl)carbamate (929g).
Me 92g was prepared from 229 in 8% yield (Method C): colorless syrup; R; = 0.54 (4:1
XOT’{‘ hexane—EtOAc); IR (neat, cm™) 2959, 1703, 1480, 1453, 1392, 1237, 1145, 700; *H NMR
© gj (500 MHz, (CD,),S0O, 80 °C, solvent residual peak = 2.50) 6 0.90 (9H, s), 2.85 (3H, s),
3.76 (2H, s), 4.45 (2H, s), 7.22-7.29 (3H, m), 7.32-7.37 (2H, m); *C NMR (125 MHz,
(CD3),S0O, 80 °C) 6 25.80, 30.81, 33.47, 51.34, 73.79, 126.65, 126.73, 128.02, 137.54,
155.60; LRMS (EI) m/z (M)* 234.9; HRMS (EI) m/z (M)" calcd for C;4H,;NO, 235.1572, found 235.1589.

92g

Phenyl benzyl(methyl)carbamate (92h).
Me 92h was prepared from N-methylbenzylamine in 98% yield (Method A): colorless syrup; Ry =

P“OTN? 0.52 (2:1 hexane-EtOAC); IR (neat, cm) 3032, 1722, 1474, 1454, 1399, 1206, 1129, 754,

© 692; 'H NMR (500 MHz, (CDj),SO, 80 °C, solvent residual peak = 2.50) § 2.98 (3H, s), 4.58
(2H, s), 7.11-7.24 (3H, m), 7.29-7.43 (7H, m); *C NMR (125 MHz, (CD5),SO, 80 °C) &
33.99, 51.83, 121.20, 124.60, 126.88, 126.96, 128.16, 128.73, 137.03, 151.08, 153.79; LRMS
(EI) m/z (M)" 240.9; HRMS (EI) m/z (M)" calcd for Cy5H;5sNO, 241.1103, found 241.1102.

92h
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119

2,2,2-Trichloroethyl benzyl(methyl)carbamate (92i) (known)™.
. O e 92i was prepared from N-methylbenzylamine in 98% yield (Method A): colorless syrup;
C|>K/0TN Ri = 0.39 (4:1 hexane-EtOAc); IR (neat, cm™) 2952, 1720, 1480, 1454, 1405, 1217,
o g) 1140, 718, 701; *H NMR (500 MHz, (CD5),SO, 80 °C, solvent residual peak = 2.50) &
2.91 (3H, s), 452 (2H, s), 4.88 (2H, s), 7.27-7.38 (5H, m); *C NMR (125 MHz,
(CD3),S0O, 80 °C) & 33.50 (br), 51.60, 74.17, 95.74, 126.93, 127.04, 128.11, 136.70,
153.67 (br); LRMS (EI) m/z (M)* 294.8; HRMS (El) m/z (M)" calcd for C;;H1,NO,Cl; 294.9934, found
294.9950.

92i

(9H-Fluoren-9-yl)methyl benzyl(methyl)carbamate (92j).
92j was prepared from N-methylbenzylamine in 82% yield (Method A): white solids;
O Me Ry = 0.58 (3:1 hexane-EtOAc); mp 87-89 °C (not recrystallized); IR (KBr, cm )
O. OT& 2924, 1691, 1452, 1426, 1230, 1136, 742, 704; '"H NMR (500 MHz, C¢Ds, solvent
0 g) residual peak = 7.16, 1:1 mixture of rotamers) 6 2.42 (1.5H, br s), 2.63 (1.5H, br s),
3.95 (1H, br s), 4.05 (1H, br t, J = 6.3 Hz), 4.29 (1H, br s), 4.51 (2H, brd, J = 6.3
Hz), 6.80 (1H, br), 7.02-7.25 (8H, m), 7.31 (1H, m), 7.45 (1H, m), 7.50-7.60 (2H,
m); C NMR (125 MHz, (CD;),CO, 1:1 mixture of rotamers) & 33.77, 34.52, 48.18, 48.27, 52.52, 52.81,
67.61, 67.69, 120.81, 125.78, 125.93, 127.95, 128.03, 128.28, 128.49, 129.37, 138.76, 138.86, 142.22,
145.20, 156.44, 157.07, 206.13; LRMS (EI) m/z (M)" 343.2; HRMS (EI) m/z (M)" caled for Cy;H,NO,

343.1572, found 343.1598.

92j

Phenethyl benzyl(methyl)carbamate (92k).

Me 92k was prepared from 229 in 77% yield (Method C): colorless syrup; Rf = 0.43 (3:1
©/VOT"“ hexane—EtOAc); IR (neat, cm™) 3029, 2955, 1702, 1454, 1404, 1234, 1144, 700; *H
© g) NMR (500 MHz, (CD3),SO, 80 °C, solvent residual peak = 2.50) 6 2.76 (3H, s), 2.92
92K (2H, t, J = 6.6 Hz), 4.28 (2H, t, J = 6.6 Hz), 4.38 (2H, s), 7.13-7.35 (10H, m); °C
NMR (125 MHz, (CD3),SO, 80 °C) & 33.30, 34.55, 51.26, 65.02, 125.78, 126.66,
126.91, 127.82, 128.00, 128.34, 137.32, 137.89, 155.36; LRMS (EI) m/z (M)* 269.1; HRMS (EI) m/z (M)

calcd for C7;H1gNO, 269.1416, found 269.1414.

But-3-en-1-yl benzyl(methyl)carbamate (92I).

Me 921 was prepared from 229 in 12% yield (Method C): Ry = 0.46 (3:1 hexane-EtOAc); IR
\/\/OTN (neat, cm™) 2956, 1703, 1484, 1454, 1404, 1234, 1143, 701; 'H NMR (500 MHz,
5) (CD3),SO0, 80 °C, solvent residual peak = 2.50) & 2.35 (2H, dt, J = 6.6, 6.6 Hz), 2.80
921 (3H, s), 4.11 (2H, t, J = 6.6 Hz), 4.42 (2H, s), 5.05 (1H, d, J = 10.3 Hz), 5.10 (1H, d, J =
17.2 Hz), 5.80 (1H, m), 7.22-7.37 (5H, m); **C NMR (125 MHz, (CD5),SO, 80 °C) &
32.67, 33.35, 51.30, 63.54, 116.33, 126.68, 126.91, 128.01, 134.29, 137.41, 155.42; LRMS (El) m/z (M)"

219.0; HRMS (EI) m/z (M) calcd for Cy3H17NO, 219.1259, found 219.1254,
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Isopropyl 3-methoxybenzyl(methyl)carbamate (230).
Me 230 was prepared from 3-methoxybenzaldehyde in 92% yield (Method B): colorless syrup; Rs
'F’FOTN = 0.34 (3:1 hexane—EtOAC); IR (neat, cm™*) 2980, 1698, 1602, 1490, 1457, 1400, 1262, 1234,
O/g) 1151, 1113; *H NMR (500 MHz, (CDs),S0, 80 °C, solvent residual peak = 2.50) & 1.21 (6H, d,
J=6.3Hz), 2.80 (3H, s), 3.76 (3H, s), 4.38 (2H, s), 4.84 (1H, sept, J = 6.3 Hz), 6.77-6.86 (3H,
m), 7.26 (1H, dd, J = 7.8, 7.8 Hz); *C NMR (125 MHz, (CDs),SO, 80 °C) & 21.54, 33.35,
51.18, 54.67, 67.58, 112.27, 112.76, 119.10, 129.10, 139.19, 155.11, 159.24; LRMS (El) m/z (M)" 237.1;

HRMS (EI) m/z (M)* calcd for C15H:sNO5 237.1365, found 237.1361.

MeO
230

Isopropyl 2-bromo-5-methoxybenzyl(methyl)carbamate (231).
Me 231 was prepared from 2-bromo-5-methoxybenzaldehyde® in 92% yield (Method B):

0 1296, 1238, 1159, 1112, 1019; *H NMR (500 MHz, (CD3),SO, 80 °C, solvent residual
peak = 2.50) § 1.20 (6H, d, J = 6.3 Hz), 2.85 (3H, ), 3.76 (3H, s), 4.44 (2H, 3), 4.83 (1H,
sept, J = 6.3 Hz), 6.73 (1H, d, J = 2.9 Hz), 6.84 (1H, dd, J = 8.9, 2.9 Hz), 7.50 (1H, d, J =
8.9 Hz); ®C NMR (125 MHz, (CD5),S0, 80 °C) & 21.48, 33.76, 51.57, 55.03, 67.81, 112.20, 114.11, 114.19,
133.00, 137.32, 155.10, 158.75; LRMS (EI) m/z (M)* 315.1; HRMS (EI) m/z (M)* calcd for CisH1sNOsBr
315.0470, found 315.0493.

’PrOTN colorless syrup; R; = 0.36 (3:1 hexane-EtOAc); IR (neat, cm™) 2980, 1700, 1470, 1399,
} Br

MeO
231

Isopropyl 4-methoxybenzyl(methyl)carbamate (232).

Me 232 was prepared from 4-methoxybenzaldehyde in 82% yield (Method B): colorless syrup; Ry

PO N = 0.28 (4:1 hexane—EtOAc); IR (neat, cm ) 2980, 1695, 1514, 1449, 1400, 1248, 1177, 1146,

© 1109, 1036; *H NMR (500 MHz, (CD;),SO, 80 °C, solvent residual peak = 2.50) & 1.21 (6H,
d, J=6.3 Hz), 2.76 (3H, s), 3.75 (3H, s), 4.33 (2H, s), 4.83 (1H, sept, J = 6.3 Hz), 6.90 (2H, d,

o]
232 Me J=8.3Hz), 7.16 (2H, d, J = 8.3 Hz); *C NMR (125 MHz, (CD,),S0, 80 °C) & 21.57, 33.04,

50.60, 54.76, 67.50, 113.66, 128.33, 129.51, 155.06, 158.28; LRMS (EI) m/z (M)* 236.9; HRMS (EI) m/z
(M)+ calcd for C13H19N03 237.1365, found 237.1359.

Isopropyl (benzo[1,3]dioxol-5-yImethyl)(methyl)carbamate (233).

Me 233 was prepared from heliotropine in 88% vyield (Method B): colorless syrup; Ry = 0.48
PO (2:1 hexane-EtOAc): IR (neat, cm™) 2980, 1696, 1491, 1445, 1401, 1248, 1146, 1113,
© 1040, 929; *H NMR (500 MHz, (CD3),S0, 80 °C, solvent residual peak = 2.50) & 1.21 (6H,
[P d, J=6.3 Hz), 2.77 (3H, s), 4.31 (2H, s), 4.83 (1H, sept, J = 6.3 Hz), 5.98 (2H, ), 6.72 (1H,

233 br d, J = 8.0 Hz), 6.76 (1H, br s), 6.85 (1H, d, J = 8.0 Hz); **C NMR (125 MHz, (CD3),SO,

80 °C) & 21.55, 33.09, 50.96, 67.58, 100.47, 107.45, 107.70, 120.37, 131.40, 146.08, 147.11, 155.03; LRMS
(EI) m/z (M)" 251.0; HRMS (EI) m/z (M)" calcd for Cy3H;,NO,4 251.1158, found 251.1160.
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Isopropyl 4-methylbenzyl(methyl)carbamate (234).
Me 234 was prepared in 93% vyield: colorless syrup (Method B): R; = 0.43 (4:1 hexane—EtOAc);
’PVOT"“ IR (neat, cm™) 2980, 1698, 1471, 1401, 1233, 1145, 1113; 'H NMR (500 MHz, (CD3),SO,
© 80 °C, solvent residual peak = 2.50) & 1.21 (6H, d, J = 6.3 Hz), 2.29 (3H, s), 2.77 (3H, s), 4.36
(2H, s), 4.83 (1H, sept, J = 6.3 Hz), 7.11 (2H, d, J = 8.3 Hz), 7.15 (2H, d, J = 8.3 Hz); °C
234 "° NMR (125 MHz, (CDs),SO, 80 °C) & 20.14, 21.54, 33.17, 50.93, 67.52, 126.93, 128.58,
134.48, 135.83, 155.09; LRMS (El) m/z (M)" 221.2; HRMS (El) m/z (M)" calcd for C13H;sNO, 221.14186,

found 221.1432.

Synthesis of 2-(((isopropoxycarbonyl)(methyl)amino)methyl)-4-methoxy-6-(trimethylsilyl)-phenyl
trifluoromethanesulfonate (235d).

I\I/Ie I\I/Ie
iPrO N iPrO N
QHo Y T
/©/OH Method B o OH (nBu),NBrs o OH
MeO MeO MeO Br
2-Hydroxy-5-methoxy- 236 237
benzaldehyde I\I/Ie NaH I\I/Ie
1)TMSCI iPro___N al  jpro N
Et;N hig Tf,NPh e
2) nBuLi (6] OH (6] OoTf
MeO T™MS MeO T™MS
238 235d

Isopropyl 2-hydroxy-5-methoxybenzyl(methyl)carbamate (236) was prepared from 2-hydroxy-5-methoxy-

benzaldehyde in 99% yield (Method B): colorless syrup; R; = 0.45 (2:1 hexane—EtOAC); IR (neat, cm™) 3277,
2982, 1661, 1500, 1405, 1211, 1153, 1110, 1044; *H NMR (500 MHz, CDCls) & 1.25 (6H, d, J = 6.3 Hz),
2.92 (3H, s), 3.76 (3H, s), 4.31 (2H, s), 4.95 (1H, sept, J = 6.3 Hz), 6.67 (1H, d, J = 2.9 Hz), 6.80 (1H, dd, J
=8.9, 2.9 Hz), 6.88 (1H, d, J = 8.9 Hz), 8.83 (1H, br s); *C NMR (125 MHz, CDCl5) & 22.13, 33.77, 49.72,
55.80, 70.23, 114.70, 116.78, 118.02, 123.06, 149.88, 152.45, 158.15; LRMS (EI) m/z (M)" 252.8; HRMS
(EI) m/z (M)" calcd for C,3H:oNO, 253.1314, found 253.1314. To a stirred solution of 236 (253 mg, 1.00
mmol) in MeOH (5.00 mL) and CH,Cl, (2.50 mL) was added at 0 °C (nBu);NBr; (579 mg, 1.20 mmol).
After 1 h at rt, saturated aqueous Na,S,05 was added at 0 °C and the mixture was extracted with CHCl3. The
extracts were washed with saturated aqueous NaCl, dried over Na,SO,4, and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel (60 g, 3:1 hexane-EtOAc) to
afford isopropyl 3-bromo-2-hydroxy-5-methoxybenzyl(methyl)carbamate (237) (176 mg, 53%) as a brown
syrup; Ry = 0.50 (2:1 hexane—EtOAC); IR (neat, cm ) 3130, 2982, 1652, 1483, 1404, 1294, 1220, 1109, 1050,
773; 'H NMR (500 MHz, CDCls) & 1.26 (6H, d, J = 6.3 Hz), 2.91 (3H, s), 3.75 (3H, s), 4.35 (2H, s), 4.97
(1H, sept, J = 6.3 Hz), 6.65 (1H, d, J = 3.2 Hz), 7.04 (1H, d, J = 3.2 Hz), 9.25 (1H, br s); *C NMR (125
MHz, CDCls) 6 22.15, 33.84, 50.00, 55.94, 70.40, 111.40, 116.75, 117.72, 124.13, 146.96, 152.42, 158.22;
LRMS (El) m/z (M)" 330.7; HRMS (El) m/z (M)" calcd for Cy3H:gsNO,Br 331.0419, found 331.0431. To a
stirred solution of 237 (346 mg, 1.04 mmol) in dry CH,CI, (5.20 mL) were slowly added at 0 °C Et3N (0.217
mL, 1.56 mmol) and TMSCI (0.157 mL, 1.25 mmol). After 1 h at rt, the reaction mixture was filtrated
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through celite and the filter cake was washed with CHCI3. The filtrate and washings were concentrated under
reduced pressure. The residue was used for the next step without purification. To a stirred solution of the
residue in dry THF (6.90 mL) was added at —78 °C 1.65 M nBuLi (0.691 mL, 1.14 mmol). After the solution
was slowly warm to rt over 2.5 h, saturated aqueous NH,CI was added at 0 °C and the mixture was extracted
with EtOAc. The extracts were washed with saturated aqueous NacCl, dried over Na,SO,, and concentrated
under reduced pressure. The residue was purified by column chromatography on silica gel (20 g, 5:1 hexane—
EtOAC) to afford isopropyl 2-hydroxy-5-methoxy-3-(trimethylsilyl)benzyl(methyl)carbamate (238) (257 mg,
74%) as a colorless syrup; R; = 0.63 (3:1 hexane—EtOAc); IR (neat, cm™) 3203, 2952, 1657, 1467, 1406,
1231, 1215, 1110, 881, 840; 'H NMR (500 MHz, CDCls, solvent residual peak = 7.26) & 0.30 (9H, s), 1.25
(6H, d, J = 6.0 Hz), 2.94 (3H, s), 3.78 (3H, s), 4.30 (2H, s), 4.94 (1H, sept, J = 6.0 Hz), 6.68 (1H, d, J =29
Hz), 6.92 (1H, d, J = 2.9 Hz), 8.90 (1H, br s); *C NMR (125 MHz, CDCl,) & —1.05, 22.09, 33.89, 49.91,
55.88, 70.18, 117.83, 120.34, 122.12, 128.82, 152.07, 154.83, 158.12; LRMS (EI) m/z (M)" 325.1; HRMS
(EI) m/z (M)" calcd for C16H,;NO,Si 325.1709, found 325.1709. To a stirred solution of 238 (2.61 g, 8.02
mmol) in dry THF (40.1 mL) were added at 0 °C NaH (525 mg, 12.0 mmol, 55% oil dispersion) and PhNTf,
(3.44 g, 9.62 mmol). After 30 min at rt, saturated aqueous NH,Cl was added at O °C and the mixture was
extracted with EtOAc. The extracts were washed with saturated aqueous NaCl, dried over Na,SO,, and
concentrated under reduced pressure. The residue was purified by column chromatography on silica gel (500
g, 6:1 hexane—EtOAC) to afford 235d (3.67 g, 100%) as a colorless syrup; Ry = 0.42 (3:1 hexane-EtOAc); IR
(neat, cm™) 2981, 1705, 1400, 1252, 1216, 1157, 1142, 881, 846; 'H NMR (500 MHz, (CD;),SO, 80 °C,
solvent residual peak = 2.50) 6 0.37 (9H, s), 1.16 (6H, d, J = 6.3 Hz), 2.87 (3H, s), 3.81 (3H, s), 4.48 (2H, s),
4.81 (1H, sept, J = 6.3 Hz), 6.78 (1H, d, J = 2.9 Hz), 7.04 (1H, d, J = 2.9 Hz); *C NMR (125 MHz,
(CDs),SO, 80 °C) 6 —0.50, 21.35, 34.17, 46.47, 55.25, 67.92, 114.36, 117.79 (9, Jcr= 318 Hz), 120.07,
132.73, 135.60, 141.77, 155.09, 158.33; LRMS (El) m/z (M)" 457.2; HRMS (EI) m/z (M)* calcd for
C17H26NOgF3SiS 457.1202, found 457.1180.

Synthesis of 4-methoxy-2-(((methoxycarbonyl)(methyl)amino)methyl)-6-(trimethylsilyl)-
phenyl trifluoromethanesulfonate (235a).

I\I/Ie I\Ille
MeO._ _N MeO.__N
gHo ¢ Y
/©/OH Method B 0o OH (nBu):NBry o) OH
MeO MeO MeO Br
2-Hydroxy-5-methoxy- 239 240
benzaldehyde I\Ille NaH 'Yle
1) TMSCI MeO. _N a MeO._ N
EtsN hig Tf,NPh e
—’2) rBuLi o) OH — = o] oTf
MeO T™MS MeO T™MS
241 235a

Methyl 2-hydroxy-5-methoxybenzyl(methyl)carbamate (239) was prepared from 2-hydroxy-5-methoxy-
benzaldehyde (322 mg, 2.12 mmol) (Method B). To a stirred solution of the crude 239 (478 mg) in MeOH
(5.30 mL) and CH,CI, (10.6 mL) was added at 0 °C (nBu)4;NBr; (1.23 g, 2.55 mmol). After 1 h at rt,
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saturated aqueous Na,S,0; was added at 0 °C and the mixture was extracted with CHCI;. The extracts were
washed with saturated aqueous NaCl, dried over Na,SO,, and concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel (20 g, 3:1 hexane—EtOAc) to afford methyl
3-bromo-2-hydroxy-5-methoxybenzyl(methyl)carbamate (240) (397 mg, 62%) as a brown syrup; R¢ = 0.47
(2:1 hexane—EtOAc); mp 73-77 °C (not recrystallized); IR (KBr, cm™) 2960, 1652, 1489, 1451, 1436, 1392,
1259, 1224, 1102, 1047, 776; "H NMR (500 MHz, CDCls, solvent residual peak = 7.26) & 2.91 (3H, s), 3.72
(3H, s), 3.73 (3H, s), 4.34 (2H, ), 6.64 (1H, d, J = 3.2 Hz), 7.02 (1H, br), 8.96 (1H, br s); *C NMR (125
MHz, CDCls) & 33.87, 49.98, 53.53, 55.85, 111.33, 116.57, 117.68, 123.97, 146.53, 152.44, 158.85; LRMS
(El) m/iz (M)" 303.3; HRMS (EI) m/z (M) calcd for C4;H;4NO,Br 303.0106, found 303.0114. To a stirred
solution of 240 (188 mg, 0.617 mmol) in dry CH,ClI, (3.10 mL) were slowly added at 0 °C EtsN (0.128 mL,
0.925 mmol) and TMSCI (0.0935 mL, 0.740 mmol). After 1 h at rt, the reaction mixture was filtrated
through celite and the filter cake was washed with CHCI3. The filtrate and washings were concentrated under
reduced pressure. The residue was used for the next step without purification. To a stirred solution of the
residue in dry THF (4.10 mL) was added at —78 °C 1.65 M nBuLi (0.432 mL, 0.679 mmol). After the
solution was slowly warm to rt over 2.5 h, saturated aqueous NH,CI was added at 0 °C and the mixture was
extracted with EtOAc. The extracts were washed with saturated aqueous NaCl, dried over Na,SO,, and
concentrated under reduced pressure. The residue was purified by column chromatography on silica gel (10 g,
5:1 hexane—-EtOACc) to afford methyl 2-hydroxy-5-methoxy-3-(trimethylsilyl)benzyl(methyl)carbamate (241)
(176 mg, 96%) as a colorless syrup; R; = 0.65 (3:1 hexane—EtOAC); IR (neat, cm™) 3217, 2953, 1669, 1496,
1466, 1416, 1396, 1218, 1131, 879, 840; 'H NMR (500 MHz, CDClI;, solvent residual peak = 7.26) & 0.30
(9H, s), 2.97 (3H, s), 3.75 (3H, s), 3.78 (3H, s), 4.31 (2H, s), 6.68 (1H, d, J = 3.2 Hz), 6.92 (1H, d, J = 3.2
Hz), 8.71 (1H, br s); *C NMR (125 MHz, CDCl,) & —1.02, 34.03, 50.07, 53.46, 55.84, 117.71, 120.42,
121.98, 128.91, 152.14, 154.65, 158.75; LRMS (EI) m/z (M)" 297.0; HRMS (EI) m/z (M)* calcd for
C14H,3NO,4Si 297.1396, found 297.1398. To a stirred solution of 241 (185 g, 0.620 mmol) in dry THF (3.10
mL) were added at 0 °C NaH (40.6 mg, 0.931 mmol, 55% oil dispersion) and PhNTf, (333 g, 0.931 mmol).
After 30 min at rt, saturated aqueous NH,Cl was added at 0 °C and the mixture was extracted with EtOAC.
The extracts were washed with saturated aqueous NaCl, dried over Na,SO,, and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel (45 g, 6:1 hexane—EtOACc) to
afford 235a (257 g, 96%) as a colorless syrup; R; = 0.58 (3:1 hexane—EtOAc); IR (neat, cm ) 2958, 1713,
1582, 1400, 1253, 1216, 1157, 1141, 1042, 879, 846; 'H NMR (500 MHz, (CDs),S0, 80 °C, solvent residual
peak = 2.50) 5 0.37 (9H, s), 2.95 (3H, s), 3.65 (3H, s), 3.82 (3H, s), 4.51 (2H, s), 6.79 (1H, d, J = 3.2 Hz),
7.04 (1H, d, J = 3.2 Hz); "*C NMR (125 MHz, (CD5),SO0, 80 °C) & —0.52, 33.99, 46.67, 52.16, 55.28, 114.59,
117.78 (q, Jcr= 318 Hz), 120.01, 132.30, 135.74, 141.82, 156.06, 158.38; LRMS (El) m/z (M-Me)" 414.1;
HRMS (EI) m/z (M-Me)" calcd for C14H1sNOgF5SiS 414.0654, found 414.0655.

97



Eltie A AR T 5 AN R BIED R

Isopropyl methyl(naphthalen-1-ylmethyl)carbamate (242).
Me 242 was prepared from 1-naphthaldehyde in 82% yield (Method B): colorless syrup; Rs =
"PFOTN 0.40 (4:1 hexane—EtOAc); IR (neat, cm™) 2979, 1696, 1471, 1399, 1250, 1147, 1112,
% “ 773; "H NMR (500 MHz, (CDs),SO, 80 °C, solvent residual peak = 2.50) & 1.23 (6H, d, J
O‘ = 6.3 Hz), 2.79 (3H, s), 4.89 (1H, sept, J = 6.3 Hz), 4.91 (2H, s), 7.35 (1H, d, J = 7.2 Hz),
7.49 (1H, dd, J = 8.1, 7.2 Hz), 7.51-7.58 (2H, m), 7.86 (1H, d, J = 8.1 Hz), 7.95 (1H, m),
8.13 (1H, m); *C NMR (125 MHz, (CD5),SO, 80 °C) & 21.56, 33.04, 49.00, 67.73, 122.83, 124.93, 125.00,

125.37, 125.76, 127.38, 128.17, 130.76, 132.70, 133.15, 155.06; LRMS (El) m/z (M)* 257.1; HRMS (EI) m/z
(M)* calcd for C1gHygNO, 257.1416, found 257.1414.

Isopropyl methyl(naphthalen-2-ylmethyl)carbamate (243).
o 243 was prepared in 86% yield (Method B): colorless syrup; R; = 0.52 (2:1 hexane—
Me\NJLO,Pr EtOAc); IR (neat, cm™) 2979, 1696, 1472, 1406, 1238, 1145, 1112, 924, 817, 753; 'H
NMR (500 MHz, (CD;),S0O, 80 °C, solvent residual peak = 2.50) 5 1.23 (6H, d, J = 6.3
OO Hz), 2.85 (3H, s), 4.58 (2H, s), 4.87 (1H, sept, J = 6.3 Hz), 7.39 (1H, dd, J = 1.7 Hz, 8.3
243 Hz), 7.46-7.53 (2H, m), 7.72 (1H, s), 7.85-7.91 (3H, m); *C NMR (125 MHz, (CD5),SO,
80 °C) 6 21.56, 33.43, 51.42, 67.66, 125.22, 125.32, 125.42, 125.76, 127.09, 127.14, 127.73, 131.97, 132.63,
135.18, 155.20; LRMS (EI) m/z (M)* 257.1; HRMS (EI) m/z (M) calcd for Ci6H19NO, 257.1416, found
257.1417.

(E)-1sopropyl methyl(2-methylbut-2-en-1-yl)carbamate (244).
Me 244 was prepared from tiglic aldehyde in 62% yield (Method B): colorless syrup; R; = 0.39
’PFOT"“ (5:1 hexane—EtOAC); IR (neat, cm™) 2980, 2923, 1701, 1401, 1385, 1240, 1155, 1114, 923,
O e 771; 'H NMR (500 MHz, (CDs),SO, 80 °C, solvent residual peak = 2.50) & 1.19 (6H, d, J =
Me 6.3 Hz), 1.51 (3H, s), 1.59 (3H, d, J = 6.6 Hz), 2.71 (3H, s), 3.73 (2H, s), 4.79 (1H, sept, J =
6.3 Hz), 5.31 (1H, m); *C NMR (125 MHz, (CD5),SO, 80 °C) & 12.40, 12.90, 21.53, 32.50,
54.79, 67.23, 120.17, 131.19, 155.06; LRMS (EI) m/z (M)* 185.2; HRMS (El) m/z (M)" calcd for CyH1sNO,

185.1416, found 185.1393.

244

Isopropyl methyl(phenethyl)carbamate (245).

o 245 was prepared from N-methylphenethylamine in 87% yield (Method A): colorless syrup;
,‘pron\N Rr = 0.36 (4:1 hexane—EtOAC); IR (neat, cm™) 2979, 2933, 1697, 1455, 1401, 1203, 1114,
Me 700; "H NMR (500 MHz, (CD5),S0, 80 °C, solvent residual peak = 2.50) & 1.15 (6H, d, J =

6.3 Hz), 2.78 (3H, s), 2.78 (2H, t, J = 7.5 Hz), 3.43 (2H, t, J = 7.5 Hz), 4.73 (1H, sept, J =
6.3 Hz), 7.18-7.22 (3H, m), 7.26-7.31 (2H, m); *C NMR (125 MHz, (CD3),SO, 80 °C)
8 21.49, 33.25, 33.57, 49.31, 67.12, 125.61, 127.83, 128.22, 138.79, 154.74; LRMS (El) m/z (M)* 221.2;
HRMS (El) m/z (M) calcd for C13H3oNO, 221.1416, found 221.1419.

245
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Isopropyl 4-bromobenzyl(methyl)carbamate (104d).
Me 104d was prepared from 4-bromobenzaldehyde in 87% yield (Method B): colorless syrup; Ry
fPrOT'Iﬂ = 0.42 (4:1 hexane—EtOAC); IR (neat, cm ™) 2980, 1697, 1488, 1399, 1228, 1146, 1112, 1012;
o 'H NMR (500 MHz, (CD3),S0, 80 °C, solvent residual peak = 2.50) & 1.20 (6H, d, J = 6.3 Hz),
2.80 (3H, s), 4.38 (2H, s), 4.82 (1H, sept, J = 6.3 Hz), 7.19 (2H, d, J = 8.3 Hz), 7.52 (2H, d, J
10aq =83 Hz); ®C NMR (125 MHz, (CD;),SO, 80 °C) & 21.51, 33.41, 50.67, 67.70, 119.77,
129.11, 130.94, 137.08, 155.06; LRMS (El) m/z (M) 285.0; HRMS (EI) m/z (M)" calcd for

C1,H16NO,Br 285.0364, found 285.0356.

Methyl 4-(((isopropoxycarbonyl)methyl)amino)methyl)benzoate (107d).
Me 107d was prepared from methyl 4-formylbenzoate in 96% yield (Method B): colorless
PO syrup; Ry = 0.39 (2:1 hexane—EtOAc); IR (neat, cm®) 2981, 1724, 1697, 1436, 1397, 1280,
© 1242, 1179, 1147, 1109; *H NMR (500 MHz, (CDs),SO, 80 °C, solvent residual peak =
2.50) § 1.20 (6H, d, J = 6.3 Hz), 2.83 (3H, s), 3.86 (3H, ), 4.49 (2H, ), 4.83 (1H, sept, J =
1079 2 6.3 Hz), 7.36 (2H, d, J = 8.3 Hz), 7.94 (2H, d, J = 8.3 Hz); *C NMR (125 MHz, (CD),SO,
80 °C) 6 21.49, 33.64, 51.11, 51.46, 67.76, 126.99, 128.37, 128.96, 143.22, 155.12, 165.66; LRMS (EI) m/z
(M)* 265.2; HRMS (EI) m/z (M)* calcd for C14H;sNO, 265.1314, found 265.1332.
Isopropyl benzylcarbamate (110a) (known)*?.
oo, N 110a was prepared from benzylamine in 99% yield (Method A): white solids; Ry = 0.43 (3:1
I hexane—EtOAc); mp 33-34 °C (not recrystallized); IR (KBr, cm™) 3320, 2978, 1682, 1528,
gj 1257, 1131, 1047, 749, 697; 'H NMR (500 MHz, (CDs),SO, 80 °C, solvent residual peak =
110a 2.50) 8 1.19 (6H, d, J = 6.3 Hz), 4.19 (2H, d, J = 5.9 Hz), 4.80 (1H, sept, J = 6.3 Hz), 7.20—
7.33 (5H, m); *C NMR (125 MHz, (CD,),S0, 80 °C) & 21.61, 43.58, 66.45, 126.22, 126.63, 127.73, 139.63,

155.70; LRMS (EI) m/z (M)* 193.1; HRMS (EI) m/z (M)* calcd for C;;HysNO, 193.1103, found 193.1129.

Isopropyl acetyl(benzyl)carbamate (110b).
_ fc To a stirred solution of 110a (249 mg, 1.29 mmol) in Ac,O (1.60 mL) was added at 0 °C
IPrOWgN ZnCl, (5.3 mg, 0.039 mmol). After 6 h at rt, H,O was added at 0 °C and the mixture was
extracted with CHCIs. The extracts were washed with saturated aqueous NaCl, dried over
110b Na,SO,, and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel (20 g, 4:1 hexane—EtOAc) to afford 110b (269 mg, 89%) as a colorless syrup;
Rf = 0.57 (3:1 hexane—EtOAC); IR (neat, cm ) 2984, 1736, 1701, 1373, 1215, 1106, 979, 702; *H NMR (500
MHz, CDCl;) 8 1.22 (6H, d, J = 6.3 Hz), 2.56 (3H, s), 4.92 (2H, s), 4.98 (1H, sept, J = 6.3 Hz), 7.21-7.31
(5H, m); *C NMR (125 MHz, CDClI;) & 21.63, 26.76, 46.83, 71.07, 127.15, 127.79, 128.24, 137.93, 153.95,
173.02; LRMS (El) m/z (M)* 234.9; HRMS (El) m/z (M) calcd for C;3H;7NO; 235.1208, found 235.1202.
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Isopropyl benzyl(phenyl)carbamate (110c).
Ph 110c was prepared from N-phenylbenzylamine in 85% yield (Method A): colorless syrup; R¢ =
’PFOT’{‘ 0.67 (2:1 hexane—EtOAC); IR (neat, cm ) 3440, 2981, 1695, 1497, 1398, 1276, 1231, 1112,
© 5) 1056, 1028, 1010, 761, 701; *H NMR (500 MHz, (CDs),SO, 80 °C, solvent residual peak =
2.50) 6 1.16 (6H, d, J = 6.3 Hz), 4.86 (2H, s), 4.88 (1H, sept, J = 6.3 Hz), 7.14-7.33 (10H, m);
B3C NMR (125 MHz, (CDs),S0, 80 °C) & 21.35, 52.81, 68.38, 125.46, 126.10, 126.61, 126.92,
127.90, 128.20, 137.84, 141.77, 154.28; LRMS (EI) m/z (M)" 269.1; HRMS (EIl) m/z (M)" calcd for
C17H1sNO; 269.1416, found 269.1429.

110c

Isopropyl allyl(phenyl)carbamate (110d).
| 110d was prepared from N-allylbenzylamine in 52% yield (Method A): colorless syrup; Ry =
0.67 (2:1 hexane—EtOAC); IR (neat, cm’l) 2980, 2933, 1697, 1454, 1414, 1241, 1143, 1113,
PN 927, 700; BH NMR (500 MHz, (CD),S0, 80 °C, solvent residual peak = 2.50) & 1.20 (6H, d, J
© 5) = 6.3 Hz), 3.81 (2H, d, J = 5.4 Hz) 4.41 (2H, s), 4.87 (1H, sept, J = 6.3 Hz), 5.17-5.14 (2H,
1104 m), 5.77 (1H, m), 7.23-7.28 (3H, m), 7.30-7.36 (2H, m); *C NMR (125 MHz, (CD5),SO,
80 °C) 6 21.43, 48.31, 49.07, 67.71, 116.11, 126.60, 127.05, 127.90, 133.46, 137.80, 154.94;
LRMS (E1) m/z (M)* 233.1; HRMS (EI) m/z (M)* calcd for C1,H:gNO, 233.1416, found 233.1408.

Isopropyl methyl(phenyl)carbamate (110e).

ome Yo astirred solution of N-methoxybenzylamine'* (200 mg, 1.46 mmol) in CH,Cl, (10.0 mL)
iPrOTN were added at 0 °C EtzN (0.808 mL, 5.68 mmol) and CICO,iPr (0.498 mL, 4.38 mmol). After
0 é 20 h at rt, H,O was added at 0 °C and the mixture was extracted with EtOAc. The extracts
100 were washed with saturated aqueous NaCl, dried over Na,SO, and concentrated under
reduced pressure. The residue was purified by column chromatography on silica gel (10 g, 6:1
hexane—-EtOAc) to afford 110e (244 mg, 75%) as a colorless syrup; R; = 0.69 (2:1 hexane-EtOAC); IR (neat,
cm ') 2981, 2937, 1730, 1704, 1383, 1228, 1109, 1093, 756, 701; ‘H NMR (500 MHz, CDCls) & 1.29 (6H, d,
J =6.3 Hz), 3.59 (3H, ), 4.63 (2H, s), 5.01 (1H, sept, J = 6.3 Hz), 7.25-7.37 (5H, m); *C NMR (125 MHz,
CDCl3) § 22.04, 53.00, 62.57, 69.86, 127.51, 128.37, 136.69, 156.73; LRMS (El) m/z (M)" 223.1; HRMS

(EI) m/z (M) calcd for Cy,H17NO; 223.1208, found 223.1213.

Methyl 4-bromobenzyl(methyl)carbamate (104a).
Me 104a was prepared from 4-bromobenzaldehyde in 86% yield (Method B): colorless syrup; R;
MeOTN = 0.43 (2:1 hexane-EtOAc); IR (neat, cm™) 2954, 1704, 1488, 1393, 1223, 1147, 794; H
© NMR (500 MHz, (CD3),S0O, 80 °C, solvent residual peak = 2.50) & 2.81 (3H, s), 3.64 (3H, s),
4.39 (2H, s), 7.19 (2H, d, J = 8.3 Hz), 7.53 (2H, d, J = 8.3 Hz); *C NMR (125 MHz,
104a (CD3),S0, 80 °C) 4 33.53, 50.82, 51.97, 119.83, 129.11, 130.98, 136.90, 155.95; LRMS (EIl)

m/z (M)* 257.0; HRMS (EI) m/z (M) calcd for C;4H1,NO,Br 257.0051, found 257.0038.
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Ethyl 4-bromobenzyl(methyl)carbamate (104b).

Me 104b was prepared from 4-bromobenzaldehyde in 90% yield (Method B): colorless syrup; R¢ =
EtOTN 0.49 (2:1 hexane—EtOAc); IR (neat, cm™) 2981, 1697, 1488, 1403, 1384, 1221, 1146, 1011,
795; 'H NMR (500 MHz, (CD5),S0, 80 °C, solvent residual peak = 2.50) & 1.20 (3H, t, J = 7.2
Hz), 2.81 (3H, s), 4.09 (2H, q, J = 7.2 Hz), 4.39 (2H, s), 7.19 (2H, d, J = 8.3 Hz), 7.53 (2H, d,

104b J = 8.3 Hz); ®C NMR (125 MHz, (CD;),SO, 80 °C) & 14.11, 33.47, 50.73, 60.43, 119.80,
129.13, 130.97, 137.00, 155.48; LRMS (El) m/z (M)" 271.0; HRMS (EI) m/z (M)" calcd for
C11H14sNO,Br 271.0208, found 271.0195.

n-Propyl 4-bromobenzyl(methyl)carbamate (104c).
Me 104c was prepared from 4-bromobenzaldehyde in 92% yield (Method B): colorless syrup; Rg
”P"OTN = 0.34 (4:1 hexane—EtOAc); IR (neat, cm ) 2968, 1701, 1488, 1403, 1380, 1221, 1146, 1071,
© 794; 'H NMR (500 MHz, (CD5),SO, 80 °C, solvent residual peak = 2.50) & 0.88 (3H, t, J =
7.5 Hz), 1.59 (2H, td, J = 7.5, 6.6 Hz), 2.82 (3H, s), 4.00 (2H, t, J = 6.6 Hz), 4.40 (2H, s),
104c o 7.19 (2H, d, J = 8.3 Hz), 7.52 (2H, d, J = 8.3 Hz); *C NMR (125 MHz, (CD3),S0O, 80 °C) &
9.67, 21.54, 33.50, 50.76, 66.07, 119.79, 129.07, 130.96, 137.03, 155.53; LRMS (El) m/z (M)" 285.0; HRMS

(E1) m/z (M)* calcd for Ci,H:sNO,Br 285.0364, found 285.0345.

Phenyl 4-bromobenzyl(methyl)carbamate (104h).
Me 104h was prepared from 4-bromobenzaldehyde in 90% yield (Method B): colorless syrup; Rs

PO = 0.34 (5:1 hexane—EtOAC); IR (neat, cm ') 3044, 2933, 1721,1594, 1488, 1474, 1397, 1205,

° 1130, 753; *H NMR (500 MHz, (CD;),SO, 80 °C, solvent residual peak = 2.50) & 2.98 (3H, s),

455 (2H, s), 7.14 (2H, d, J = 8.3 Hz), 7.21 (1H, t, J = 7.2 Hz), 7.30 (2H, d, J = 7.8 Hz), 7.39

104h o (2H, dd, J = 7.8, 7.2 Hz), 7.57 (2H, d, J = 8.3 Hz); **C NMR (125 MHz, (CD5),SO, 80 °C) 5

34.06, 51.24, 120.04, 121.19, 124.63, 128.72, 129.19, 131.09, 136.51, 151.01, 153.72; LRMS (EI) m/z (M)*
319.0; HRMS (El) m/z (M) calcd for C1sH1,NO,Br 319.0208, found 319.0194.

(9H-Fluoren-9-yl)methyl 4-bromobenzyl(methyl)carbamate (104j).
104j was prepared from 4-bromobenzaldehyde in 88% yield (Method B): white
Q Me solids; Rf = 0.45 (2:1 hexane—EtOAc); mp 90-91 °C (not recrystallized); IR (KBr,
O. OT"“ cm) 2925, 1696, 1485, 1451, 1430, 1404, 1228, 1141, 742; *H NMR (500 MHz,
© C¢De, solvent residual peak = 7.16, 1:1 mixture of rotamers) ¢ 2.29 (1.5H, br s), 2.50
(1.5H, br s), 3.61 (1H, br s), 3.85 (0.5H, br), 3.99 (0.5H, br), 4.05 (1H, br s), 4.52
104] B (2H, br), 6.32 (1H, br), 6.68 (1H, br), 7.04-7.30 (7H, m), 7.38-7.60 (3H, m); 33C
NMR (125 MHz, (CD3),CO, 1:1 mixture of rotamers) & 33.85, 34.62, 48.16, 48.29,
51.92, 52.23, 67.46, 67.68, 120.81, 121.38, 121.41, 125.66, 125.91, 127.95, 128.49, 130.31, 130.57, 132.36,
138.20, 138.33, 142.23, 145.16, 156.28, 157.05; LRMS (EI) m/z (M)* 421.2; HRMS (EI) m/z (M)" calcd for

Ca3H,0NO,Br 421.0677, found 421.0704.
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Methy! 4-(((((9H-fluoren-9-yl)methoxy)carbonyl)(methyl)amino)methyl)benzoate (107j).

O 107j was prepared methyl 4-formylbenzoate in 85% vyield (Method B): white

. Me solids; R = 0.45 (2:1 hexane—EtOAc); mp 78-81 °C (not recrystallized); IR (KBr,

O OTN cm ) 2953, 1712, 1693, 1437, 1407, 1291, 1234, 1140,1113, 739; '*H NMR (500
o)

MHz, C¢Dg, solvent residual peak = 7.16, 1:1 mixture of rotamers) 6 2.33 (1.5H,

brs), 2.55 (1.5H, brs), 3.51 (1.5H, s), 3.54 (1.5H, s), 3.78 (1H, br s), 3.88 (0.5H,

107j CO-Me br), 4.00 (0.5H, br), 4.18 (1H, br s), 4.52 (2H d, J = 5.8 Hz), 6.66 (1H, br), 6.97
(1H, br), 7.05-7.32 (5H, m), 7.38-7.62 (3H, m), 7.96-8.09 (2H, m); *C NMR

(125 MHz, (CD3),CO, 1:1 mixture of rotamers) & 34.04, 34.84, 48.13, 48.27, 52.30, 52.64, 67.58, 67.73,
120.79, 125.67, 125.91, 127.91, 128.12, 128.44, 130.08, 130.45, 142.20, 144.23, 144.30, 145.13, 156.37,
157.08, 167.01; LRMS (EI) m/z (M)" 401.2; HRMS (EI) m/z (M)" calcd for CysHxsNO, 401.1627, found

401.1634.

General procedure for Bischler-Napieralski-type cyclization of carbamates.

To a stirred solution of carbamate (0.100 mmol) in CH,Cl, (1.67 mL) was added at 0 °C phosphorus
pentoxide (142 mg, 1.00 mmol). After the reaction time at the reaction temperature indicated in tables and
schemes, 1 M aqueous NaOH was added at 0 °C and the mixture was extracted with CHCI;. The extracts
were washed with saturated aqueous NaCl, dried over Na,SO,, and concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel to afford the corresponding isoindolinone,
3,4-dihydroisoquinolinone, or pyrrolinone.

2-Methylisoindolin-1-one (93) (known)'*.
Me 93: white solids; R = 0.40 (5:1 CHCls—acetone); mp 113-114 °C (not recrystallized); IR (KBr,
N cm ) 2919, 1673, 1483, 1445, 1422, 1398, 1277, 1208, 1054, 743; *H NMR (500 MHz, CDCl5)
5 3.20 (3H, s), 4.37 (2H, s), 7.42-7.48 (2H, m), 7.52 (1H, m), 7.84 (1H, d, J = 7.8 Hz); **C
93 NMR (125 MHz, CDCl;) 6 29.38, 51.93, 122.51, 123.48, 127.91, 131.06, 132.84, 140.91,

168.56; LRMS (EI) m/z (M)* 147.0; HRMS (EI) m/z (M)" calcd for CoHsNO 147.0684, found

o

147.0680.

124

7-Methoxy-2-methylisoindolin-1-one (94a) (known)
and 5-methoxy-2-methylisoindolin-1-one (94b) (known)*®.

Me ve 94a: 19% yield from 230; white solids; R; = 0.29 (5:1 CHCls—acetone); mp 96—

o N /é?‘o 97 °C (not recrystallized); IR (KBr, cm™) 2921, 1672, 1613, 1490, 1266, 1066,

778; *H NMR (500 MHz, CDCl5) & 3.14 (3H, ), 3.96 (3H, s), 4.31 (2H, s), 6.88

MeO (1H, d, J = 8.3 Hz), 6.98 (1H, d, J = 7.5 Hz), 7.44 (1H, dd, J = 8.3, 7.5 Hz); °C

NMR (125 MHz, CDCl;) 6 29.26, 51.48, 55.82, 110.14, 114.71, 120.18, 132.71,

143.79, 157.27, 167.45; LRMS (EI) m/z (M)" 177.1; HRMS (EIl) m/z (M)" calcd for Cy0H1;NO, 177.0790,

found 177.0790. 94b: 67% yield from 230; white solids; R = 0.35 (5:1 CHClz—acetone); mp 135-137 °C (not

recrystallized); IR (KBr, cm™) 2912, 1674, 1612, 1487, 1450, 1400, 1260, 1056, 867, 772; 'H NMR (500
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MHz, CDCl) & 3.16 (3H, s), 3.86 (3H, s), 4.30 (2H, s), 6.91 (1H, d, J = 2.3 Hz), 6.96 (1H, dd, J = 8.3, 2.3
Hz), 7.73 (1H, d, J = 8.3 Hz); *C NMR (125 MHz, CDCly) § 29.30, 51.70, 55.52, 107.52, 114.33, 124.67,
125.47, 143.13, 162.40, 168.42; LRMS (EI) m/z (M)* 177.1; HRMS (El) m/z (M)" calcd for CiH1,NO,
177.0790, found 177.0762.

4-Bromo-7-methoxy-2-methylisoindolin-1-one (95).
Me 95: 86% yield from 231; white solids; Ry = 0.50 (5:1 CHCls—acetone); mp 72-73 °C (not
o N . recrystallized); IR (KBr, cm™) 2924, 1682, 1652, 1482, 1453, 1282, 1260, 1052, 959, 805;
'"H NMR (500 MHz, CDCls) & 3.16 (3H, s), 3.95 (3H, s), 4.21 (2H, s), 6.81 (1H, d, J = 8.9
Hz), 7.52 (1H, d, J = 8.9 Hz); *C NMR (125 MHz, CDCls) & 29.28, 52.19, 56.12, 107.43,
112.50, 121.99, 135.15, 143.46, 156.57, 166.65; LRMS (EI) m/z (M)" 254.8; HRMS (El) m/z
(M) calcd for C;qH1,NO,Br 254.9895, found 254.9894.

2-Methyl-5,6-(methylenedioxy)-2,3-dihydroisoindoline-1-one (97) (known)*%.
Me, 97: 83% vyield from 233; white solids; R¢ = 0.40 (5:1 CHCls—acetone); mp 180-181 °C (not
N recrystallized); IR (KBr, cm™) 2920, 1677, 1476, 1464, 1395, 1300, 1242, 1021, 936, 927; ‘H
NMR (500 MHz, CDCls) 6 3.15 (3H, s), 4.25 (2H, s), 6.05 (2H, s), 6.83 (1H, s), 7.22 (1H, s);
OJO 3C NMR (125 MHz, CDCls) & 29.52, 51.71, 101.80, 102.94, 103.45, 126.87, 136.25, 148.15,
151.01, 168.33; LRMS (El) m/z (M)* 191.1; HRMS (EI) m/z (M)" calcd for CyoHgNO;
191.0582, found 191.0584.

0]

97

2,6-Dimethylisoindolin-1-one (98) (known)**’.
Me, 98: 87% vyield from 234; white solids; Rf = 0.52 (5:1 CHCls-acetone); mp 82-84 °C (not
o N recrystallized); IR (KBr, cm™) 2918, 1679, 1493, 1450, 1399, 769; *H NMR (500 MHz, CDCl5)
§2.43 (3H, s), 3.18 (3H, s), 4.31 (2H, s), 7.28-7.33 (2H, m), 7.63 (1H, s); *C NMR (125 MHz,
me CDCIs) 8 21.24, 29.37, 51.75, 122.18, 123.70, 132.03, 132.94, 137.86, 138.10, 168.69; LRMS
% (EI) miz (M)* 161.1; HRMS (EI) m/z (M) calcd for C1oH1NO 161.0841, found 161.0825.
7-Methoxy-2-methyl-1-oxo-5-(trimethylsilyl)isoindolin-4-yl trifluoromethanesulfonate (99).
Me, 99: 78% yield from 235d; 40% yield from 235a; white solids; Ry = 0.18 (9:1 CHCls-
o %N \ oTf acetone); mp 133-134 °C (not recrystallized); IR (KBr, cm™) 2961, 1690, 1404, 1252,
1214, 1141, 997, 901, 867, 843; *H NMR (300 MHz, CDClI; solvent residual peak = 7.26)
MO s T 5041 (9H, s), 3.15 (3H, 5), 4.00 (3H, 5), 4.42 (2H, 5), 7.01 (1H, 5); °C NMR (125 MHz,
CDCl3) 6 —0.39, 29.32, 49.52, 56.31, 117.99, 118.51 (q, Jcr= 318 Hz), 123.59, 135.72,
140.02, 140.06, 155.94, 165.65; LRMS (EI) m/z (M)* 397.0; HRMS (EI) m/z (M)" calcd for Cy4H15F3NOsSSi
397.0627, found 397.0616.
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2-Methyl-1,2,3-trihydro-1H-benzo[e]isoindol-3-one (100) (known)'.
Me, 100: 85% yield from 242; white solids; R = 0.42 (5:1 CHClz-acetone); mp 137-140 °C (not
o ,A/N i recrystallized); IR (KBr, cm™) 2914, 1674, 1484, 1444, 1420, 1393, 816, 780, 753; 'H
OO NMR (500 MHz, CDCl,) & 3.28 (3H, s), 4.69 (2H, s), 7.57-7.62 (2H, m), 7.81-7.87 (2H,
100 m), 7.90 (1H, m), 7.96 (1H, m); *C NMR (125 MHz, CDCls) & 29.56, 51.16, 120.06,

122.95, 127.09, 127.52, 127.84, 128.86, 129.12, 130.42, 134.83, 139.96, 169.28; LRMS (EI) m/z (M)* 197.1;
HRMS (EI) m/z (M)* calcd for C15H::NO 197.0841, found 197.0841.

2-Methyl-1,2,3-trihydro-3H-benzo[e]isoindol-1-one (101) (known)'%.
Me o 101: 82% yield from 243; white solids; R; = 0.54 (5:1 CHCls-acetone); mp 129-131 °C (not
recrystallized); IR (KBr, cm™) 2920, 1678, 1434, 1399, 819, 793; ‘H NMR (500 MHz,
O‘ CDCl3) 6 3.25 (3H, s), 4.41 (2H, s), 7.47 (1H, d, J = 8.3 Hz), 7.56 (1H, dd, J = 7.2, 6.9 Hz),
101 7.65 (1H, dd, J=7.2, 6.9 Hz), 7.90 (1H, d, J = 8.3 Hz), 7.96 (1H, d, J = 8.3 Hz), 9.24 (1H, d,
J = 8.3 Hz); *C NMR (125 MHz, CDClI;) & 29.30, 51.82, 119.87, 123.75, 126.39, 126.78, 127.70, 127.98,
129.38, 131.90, 133.05, 141.36, 169.65; LRMS (EI) m/z (M)" 197.1; HRMS (El) m/z (M)" calcd for
C13H1:NO 197.0841, found 197.0867.

1,3,4-Trimethyl-3-pyrrolin-2-one (102) (known)*®.
Me, 102: 71% yield from 244; colorless syrup; R; = 0.38 (5:1 CHCly-acetone); IR (neat, cm™) 2920,
O%} 1676, 1481, 1452, 1427, 1403, 1225, 755; *H NMR (500 MHz, CDCIl3) & 1.79 (3H, s), 1.95
(3H, s), 3.01 (3H, s), 3.72 (2H, s); *C NMR (125 MHz, CDCl5) & 8.52, 12.69, 28.84, 56.01,
102 128.68, 144.92, 172.68; LRMS (EI) m/z (M)" 125.1; HRMS (EI) m/z (M)" calcd for C;H;;NO
125.0841, found 125.0824.

2-Methyl-3,4-dihydroisoquinolin-1-one (103) (known)™".
Me.,, 103: 96% yield from 245; colorless syrup; Ry = 0.46 (9:1 CHCly—-acetone); IR (neat, cm ) 2943,
1647, 1605, 1579, 1496, 1439, 1399, 1337, 1265, 746; ‘H NMR (300 MHz, CDCl5) & 2.99 (2H,
t, J = 6.0 Hz), 3.16 (3H, s), 3.57 (2H, t, J = 6.0 Hz), 7.17 (1H, d, J = 8.0 Hz), 7.29-7.44 (2H,
103 m), 8.08 (1H, dd, J = 8.0, 2.0 Hz); *C NMR (125 MHz, CDCl5) & 27.74, 35.00, 47.97, 126.74,
126.82, 127.93, 129.22, 131.36, 137.84, 164.64; LRMS (El) m/z (M)* 161.0; HRMS (EI) m/z (M) calcd for
C1oH12:NO 161.0841, found 161.0854.

)

6-Bromo-2-methylisoindolin-1-one (105) (known)™*? and
N-(4-bromobenzyl)-N-methylbut-3-enamide (106).
Me 105: 28% yield from 104d; white solids; R = 0.44 (9:1 CHCls—acetone); mp
N \/\[rN 119-121 °C (not recrystallized); IR (KBr, cm™) 2923, 1677, 1460, 1398, 824,

© ° 763; 'H NMR (500 MHz, CDCl5) & 3.20 (3H, s), 4.33 (2H, s), 7.31 (1H, d, J =
8.0 Hz), 7.65 (1H, dd, J = 8.0, 2.0 Hz), 7.97 (1H, d, J = 2.0 Hz); ®C NMR (125
105 o 106 " MHz, CDCl;) & 29.54, 51.69, 122.11, 124.14, 126.80, 134.11, 134.95, 139.52,
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167.14; LRMS (EI) m/z (M)* 225.0; HRMS (EI) m/z (M)" calcd for CsHsNOBr 224.9789, found 224.9798.
106: 30% yield from 104d:; colorless syrup; R = 0.34 (1:1 hexane—EtOAc); IR (neat, cm™) 2930, 1649, 1488,
1401, 1071, 1011, 921, 793, 754; *H NMR (500 MHz, CDCl; 2:1 mixture of rotamers) & 2.92 (2H, s), 2.93
(1H, s), 3.17 (0.7H, br d, J = 6.6 Hz), 3.20 (1.3H, dt, J = 6.6, 1.5Hz), 4.49 (0.7H, s), 4.53 (1.3H, s), 5.07—
5.18 (0.7H, m), 5.13-5.22 (1.3H, m), 7.05 (0.7H, d, J =8.3 Hz), 7.13 (1.3H, d, J = 8.3 Hz), 7.44 (1.3H, d, J =
8.3 Hz), 7.49 (0.7H, d, J = 8.3 Hz); ¥C NMR (125 MHz, CDCl; 2:1 mixture of rotamers) & 33.82, 34.88,
38.54, 38.81, 50.27, 52.86, 117.90, 117.95, 121.23, 121.46, 128.00, 129.77, 131.21, 131.46, 131.64, 132.02,
135.51, 136.33, 171.02, 171.22; LRMS (El) m/z (M)" 267.1; HRMS (El) m/z (M)" calcd for C;,H;sNOBr
267.0259, found 267.0279.

Determination of the structure of amide 106.

CHO !

Br
p-Bromobenzaldehyde Enamide = 11(3):5
To a stirred solution of p-bromobenzaldehyde (500 mg, 2.70 mmol) in MeOH (14.0 mL) was added at rt a
40% MeOH solution of MeNH, (0.418 mL, 4.05 mmol). After 1 h at rt, NaBH, (155 mg, 4.05 mmol) was
added at 0 °C and the mixture was stirred at rt for 30 min. The reaction mixture was quenched with acetone
at 0 °C and the new mixture was concentrated under reduced pressure. The residual white solids were used
for the next step without purification. To a stirred solution of the residue in CH,Cl, (50.0 mL) were added at
0 °C 3-butenoic acid (0.251 mL, 2.97 mmol), EDCI (1.55 g, 8.10 mmol), and HOBt (36.5 mg, 0.27 mmol).
After 30 min at rt, H,O was added at 0 °C and the mixture was extracted with CHCI;. The extracts were
washed with saturated aqueous NaCl, dried over Na,SO,, and concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel (20 g, 1:1 hexane-EtOAc) to afford
N-(4-bromobenzyl)-N-methylbut-3-enamide (594 mg, 82%). The spectral date of this enamide were identical

with those of 106.

Methyl 6-(2-methyl-1-oxoisoindoline)carboxylate (108) and
methyl 4-((N-methylbut-3-enamido)methyl)benzoate (109).
Me 108: 18% yield from 107d; white solids; Ry = 0.22 (9:1 CHCls—acetone);
Me\N \/\[r’{‘ mp 134-136 °C (not recrystallized); IR (KBr, cm™) 2953, 1723, 1672,
o © 1482, 1300, 1265, 1200, 1114, 749; *H NMR (500 MHz, CDCly) & 3.22
% (3H, s), 3.95 (3H, ), 4.44 (2H, s), 7.51 (1H, d, J = 8.6 Hz), 8.23 (1H, dd, J
0g 2 106 = 8.6, 1.5 Hz), 8.49 (1H, d, J = 1.5 Hz); °C NMR (125 MHz, CDCly) 3
29.50, 52.00, 52.33, 122.72, 124.96, 130.48, 132.39, 133.33, 145.35,
166.36, 167.64; LRMS (EI) m/z (M) 205.1; HRMS (EI) m/z (M)" calcd for Cy;H;3:NO3 205.0739, found
205.0751.

CO,Me
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109: 25% yield from 107d; colorless syrup; R; = 0.44 (9:1 CHCl;—acetone); IR (neat, cm™*) 2953, 1721, 1648,
1614, 1436, 1402, 1280, 1179, 1110, 755; *H NMR (500 MHz, CDCls, 2:1 mixture of rotamers) & 2.95 (2H,
s), 2.96 (1H, s), 3.17 (1.3H, br d, J = 6.6 Hz), 3.23 (0.7H, dt, J = 6.6, 1.7 Hz), 3.91 (2H, s), 3.92 (1H, s), 4.60
(0.7H, s), 4.65 (1.3H, s), 5.07-5.23 (2H, m), 6.00 (1H, m), 7.25 (0.7H, d, J = 8.6 Hz), 7.31 (1.3H, d, J = 8.6
Hz), 8.00 (1.3H, d, J = 8.6 Hz), 8.04 (0.7H, d, J = 8.6 Hz); **C NMR (125 MHz, CDCl; 2:1 mixture of
rotamers) & 33.99, 35.02, 38.51, 38.75, 50.60, 52.00, 52.09, 53.20, 117.89, 117.97, 126.18, 127.78, 129.21,
129.60, 129.83, 130.17, 131.16, 131.39, 141.73, 14251, 166.51, 166.73, 171.08, 171.27; LRMS (EI) m/z
(M)* 247.1; HRMS (El) m/z (M) calcd for Cy4,H1;NO3 247.1208, found 247.1201.
2-Phenylisoindolin-1-one (111c) (known)™.
Ph, 111c: 67% yield from 110c; white solids; R; = 0.60 (2:1 hexane—EtOAc); *H NMR (500 MHz,
o <N \ CDCl;) 6 4.87 (2H, s), 7.19 (1H, ddd, = 7.5, 7.5, 1.2 Hz), 7.43 (1H, dd, J = 8.1, 1.2 Hz), 7.49-
7.54 (2H, m), 7.60 (1H, ddd, J = 7.5, 7.5, 1.2 Hz), 7.86-7.90 (2H, m), 7.93 (1H, d, J = 7.5 Hz);
111e  C NMR (125 MHz, CDCl3) & 50.71, 119.45, 122.60, 124.16, 124.46, 128.37, 129.15, 132.06,
133.23, 139.49, 140.09, 167.49.

2-Allylisoindolin-1-one (111d) (known)*** and 1-benzyl-1,5-dihydro-2H-pyrrol-2-one (112) (known)*.
111d: 23% yield from 110d; white solids; R; = 0.69 (5:1 CHCls—acetone); ‘H
NMR (500 MHz, CDCl) & 4.25 (2H, dt, J = 6.1, 0.8 Hz), 4.36 (2H, s), 5.87 (LH,

% m) 7.42-7.49 (2H, m), 7.53 (1H, ddd, J = 8.6, 7.5, 1.2 Hz), 7.86 (1H, d, J = 7.8

d 112: 21% vyield from 110d; colorless syrup; R; = 0.50 (5:1 CHCls;-acetone); *H
NMR (500 MHz, CDCls) § 3.88 (2H, dd, J = 1.7, 1.7 Hz), 4.64 (2H, s), 6.23 (1H, dt, J = 6.0, 1.7 Hz ), 7.05
(1H, dt, J = 6.0, 1.7 Hz ), 7.21-7.29 (3H, m), 7.30-7.36 (2H, m); *C NMR (125 MHz, CDCIl;) & 46.06,
52.35,127.67, 128.03, 128.10, 128.85, 137.38, 142.88, 171.45.
2-Methoxyisoindolin-1-one (111e) (known)*®.

MeO 111e: 12% yield from 110e; white solids; Ry = 0.67 (5:1 CHCls;—acetone); mp 59-61 °C (not
o N recrystallized); IR (KBr, cm™) 3445, 2927, 2361, 1698, 1471, 1441, 1033, 986, 742; *H NMR
(500 MHz, CDCl3) & 3.98 (3H, s), 4.60 (2H, s), 7.42 (1H, br d, J = 7.7 Hz), 7.48 (1H, dd, J = 7.5,
11e 6.9 H2),7.58 (1H, ddd, J = 7.7, 6.9, 1.2 Hz), 7.87 (1H, br d, J = 7.5 Hz); *C NMR (125 MHz,
CDCl3) 6 49.00, 63.48, 122.95, 123.98, 128.42, 130.57, 132.04, 137.97, 165.18; LRMS (EI) m/z

(M)* 163.0; HRMS (EI) m/z (M) calcd for CgHgNO, 163.0633, found 163.0635.
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Competition experiment 1 (Scheme 33).

I\Ille Me I\I/Ie
Pro__N - i ) N
'S e o W N

o) 2Us q (o) + o)
rt, 1h
R R R
104d R = Br 105 R = Br (4%) 121 R = Br (30%)
92d R=H 93 R=H (61%) 122 R = H (14%)

To a stirred solution of carbamate 104d or 92d (0.100 mmol) in CH,CI, (1.67 mL) were successively added
at 0 °C 1-hexene (0.125 mL, 1.00 mmol) and phosphorus pentoxide (142 mg, 1.00 mmol). After 1 h at rt, 1
M aqueous NaOH was added at 0 °C and the mixture was extracted with CHCI;. The extracts were washed
with saturated aqueous NaCl, dried over Na,SO,, and concentrated under reduced pressure. The residue was
purified by column chromatography on silica gel to afford isoindolinone 105 or 93, and enamide 121 or 122.
(E)-N-benzyl-N-methyl-hept-3-enamide (121): colorless syrup; R,= 0.32 (2:1 hexane-EtOAc); IR (neat, cm
) 2959, 2929, 1647, 1453, 1401, 1111, 970, 733, 699; 'H NMR (500 MHz, CDCl; 2:1 mixture of rotamers) &
0.88 (1H, t, J=7.2 Hz), 0.89 (2H, t, J = 7.2 Hz), 1.32-1.44 (2H, m), 1.96-2.08 (2H, m), 2.92 (2H, s), 2.93
(1H, s), 3.12-3.17 (2H, m), 4.54 (0.7H, s), 4.59 (1.3H, s), 5.45-5.64 (2H, m), 7.13-7.38 (5H, m); °C NMR
(125 MHz, CDCl; 2:1 mixture of rotamers) & 13.59, 22.25, 22.33, 33.78, 34.54, 34.57, 34.90, 37.70, 37.86,
50.25, 52.87, 121.18, 121.40, 122.49, 122.78, 128.05, 129.75, 131.61, 131.97, 134.06, 134.12, 135.67,
136.44, 171.72, 171.92; LRMS (EI) m/z (M)" 231.0; HRMS (EI) m/z (M)" caled for C;sHy NO 231.1623,
found 231.1629. (E)-N-(4-Bromobenzyl)-N-methylhept-3-enamide (122): colorless syrup; R, = 0.25 (2:1
hexane-EtOAc); IR (neat, cm ') 2958, 2928, 1647, 1488, 1400, 1071, 1011, 969, 794; '"H NMR (500 MHz,
CDCl; 2:1 mixture of rotamers) 6 0.88 (1H, t, J = 7.2 Hz), 6 0.89 (2H, t, J = 7.2 Hz), 1.33-1.45 (2H, m),
1.96-2.06 (2H, m), 2.92 (3H, s), 3.09-3.16 (2H, m), 4.49 (0.7H, s), 4.53 (1.3H, s), 5.45-5.62 (2H, m), 7.05
(0.7H, d, J = 8.3 Hz), 7.12 (1.3H, d, J = 8.3 Hz), 7.43 (1.3H, d, J = 8.3 Hz), 7.49 (0.7H, d, J = 8.3 Hz); °C
NMR (125 MHz, CDCI; 2:1 mixture of rotamers ) & 13.58, 22.25, 22.32, 33.79, 34.54, 34.57, 34.82, 37.66,
37.90, 50.71, 53.38, 122.68, 122.96, 126.31, 127.23, 127.51, 127.99, 128.48, 128.82, 133.86, 133.92, 136.60,
137.35, 171.62, 171.99; LRMS (EI) m/z (M)" 308.9; HRMS (EI) m/z (M)" caled for C;sHy,NOBr 309.0728,
found 309.0729.

Competition experiment 2 (Table 20).

Me Me Me
R20.__N 1-octene (10 equiv) N MGMN
\([)]/ P,0s5 (10 equiv) o N 4 S
1,2-dichloroethane
1d
R1 R1 R1
92a-d, 92h R'=H 93 R'=H 123R'=H
104h R = Br 105R" = Br 124R" = Br

To a stirred solution of carbamate 92a—d, 92h, or 104h (0.100 mmol) in CH,Cl, (1.67 mL) were
successively added at 0 °C 1-octene (0.157 mL, 1.00 mmol) and phosphorus pentoxide (142 mg, 1.00 mmol).
After 1 d at 84 °C, 1 M aqueous NaOH was added at 0 °C and the mixture was extracted with CHCIl;. The
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extracts were washed with saturated aqueous NaCl, dried over Na,SO,4, and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel to afford isoindolinone 93 or 105,
and 3-enamide 123. (E)-N-benzyl-N-methyl-non-3-enamide (123): colorless syrup; R, = 0.69 (2:1 hexane—
EtOAc); IR (neat, cm’l) 2956, 2927, 1644, 1453, 1403, 1262, 1114, 732, 699; 'H NMR (500 MHz, CDCl;
2:1 mixture of rotamers) 6 0.87 (1H, t, J = 7.2 Hz), 0.88 (2H, t, /= 7.2 Hz), 1.21-1.41 (6H, m), 1.97-2.10
(2H, m), 2.92 (2H, s), 2.93 (1H, s), 3.12-3.17 (2H, m), 4.54 (0.7H, s), 4.59 (1.3H, s), 5.45-5.64 (2H, m),
7.14-7.39 (5H, m); BC NMR (125 MHz, CDCI; 2:1 mixture of rotamers) o 14.14, 22.60, 28.95, 29.03, 31.46,
31.48,32.59, 32.63, 33.97, 34.99, 37.85, 38.06, 50.90, 53.55, 122.55, 122.85, 126.48, 127.40, 127.68, 128.15,
128.64, 128.98, 134.34, 134.40, 136.73, 137.49, 171.84, 172.21; LRMS (EI) m/z (M)" 259.2; HRMS (EI) m/z
(M)" caled for C;H,sNO 259.1936, found 259.1938.

Cyclization of isopropyl carbamate 92d using Tf,O/DMAP.

Me
| Me
Pro__N 120 N
\[r DMAP
—— .~ 5
o CH,Cl,
27%
92d 93

To a mixture of 92d (20.7 mg, 0.100 mmol) and DMAP (36.7 mg, 0.300 mmol) in dry CH,Cl, (1.67 mL)
was added dropwise triflic anhydride (0.084 mL, 0.500 mmol) over 5 min at 0 °C. The mixture was warmed
to rt in 30 min. Saturated aqueous NaHCO; was added at 0 °C and the mixture was extracted with CHCls.
The extracts were washed with saturated aqueous NaCl, dried over Na,SO,, and concentrated under reduced
pressure. "H NMR spectrum of the residue included detectable amounts of N-benzyl-N-methylamine (>29%).
The crude product was purified by column chromatography on silica gel (1.0 g, 10:1 CHCI3-EtOAc) to
afford 93 (4.0 mg, 27%) and N-benzyl-N-methyltrifluoromethanesulfonamide **’ (0.4 mg, 2%).
N-benzyl-N-methyltrifluoromethanesulfonamide: yellow syrup; R,= 0.77 (5:1 hexane—EtOAc); IR (neat,
cm ') 3036, 1457, 1388, 1228, 1187, 1149, 1117, 992, 944, 783, 725, 698; '"H NMR (500 MHz, CDCl; 1:1
mixture of rotamers) & 2.901 (1.5H, s), 2.903 (1.5H, s), 4.57 (2H, br s), 7.32-7.42 (5H, m); >C NMR (125
MHz, CDCI; 1:1 mixture of rotamers) & 34.62, 54.45, 120.31 (q, Jcr= 322 Hz), 128.34, 128.62, 128.98,
133.98; LRMS (FAB) m/z (M+H)" 252.8; HRMS (FAB) m/z (M+H)" calcd for CoH;(NO,F;S 253.0384,
found 253.0362.
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Ethyl (2)-3-((trimethylsilyl)oxy)but-2-enoate (246) (known)™.
IMSO O To a stirred solution of ethyl acetoacetate (9.70 mL, 76.8 mmol) in hexane (154 mL) was
)\/U\oa added at 0 °C Et3N (12.8 mL, 92.2 mmol) and TMSCI (10.7 mL, 84.4 mmol). After 18 h at rt,
246 the mixture was filtrated through celite for hexane. The filtrate was evaporated and the
residue was subjected to distillation at 14 mmHg (over temp: 110 °C) to afford 246 (13.5 mL, 87%) as a
colorless syrup; *H NMR (500 MHz, CDCls, solvent residual peak = 7.26) & 0.27 (9H, s), 1.26 (3H,t, J=6.9
Hz), 2.26 (3H, s), 4.13 (2H, q, J = 6.7 Hz), 5.11 (1H, s).

4-Ethoxy-2,2,8,8-tetramethyl-6-methylene-3,7-dioxa-2,8-disilanon-4-ene (128) (known)™.
T™so otms To astirred solution of (iPr),NH (0.167 mL, 1.19 mmol) in dry THF (2.25 mL) was added at
Zoet 0 °C a 1.63 M hexane solution of nBuLi (0.670 mL, 1.09 mmol). After 25 min at 78 °C,
128 246 (0.213 mL, 0.990 mmol) was added and the mixture was stirred at —78 °C. After 30 min,
to this was added at —78 °C TMSCI (0.168 g, 1.34 mmol) . After 1 h at 0 °C, concentrated under reduced
pressure. The mixture was filterated through celite with hexane and concentrated under reduced pressure.
The residual yellow syrup was used for the next step without purification. Major isomer of 128: *H NMR
(300 MHz, CDCls, solvent residual peak = 7.26) & 0.21 (9H, s), 0.26 (9H, s), 1.30 (3H, t, J = 8.0 Hz), 3.77
(2H, g, J = 8.0 Hz), 3.90 (1H, d, J = 1.4 Hz), 4.13 (1H, d, J = 1.4 Hz), 4.47 (1H, s).

Diethyl 3-hydroxy-5-methoxyhomophthalate (129) (known)™.
OH To a mixture of 128 (808 mg, 2.94 mmol) and tetramethoxymethane (0.196 mL, 1.47
COEt mmol) in CH,CI, (2.94 mL) was added at —78 °C TiCl, (0.177 mL, 2.22 mmol). The
MeO reaction mixture was gradually warmed to rt over 12 h. After the addition of 10%

COE aqueous HCI solution at rt, the mixture was extracted with CHCI;. The extracts were

1 washed with saturated aqueous NaCl solution, dried over Na,SO,, and concentrated
under reduced pressure. The residue was purified by column chromatography on silica gel (50 g, 5:1 hexane—
EtOAC) to afford 129 (274 mg, 66%) as white solids; R; = 0.53 (4:1 hexane—EtOAc); 'H NMR (300 MHz,
CDCl3) 81.25 (3H,t,J=7.2 Hz), 1.37 (3H, t,J = 7.2 Hz), 3.81 (3H, s), 3.86 (2H, 5), 4.14 (2H, q, J = 7.2 Hz),

4.35(2H, g, J = 7.2 Hz), 6.28 (1H, d, J = 2.3 Hz), 6.42 (1H, d, J = 2.3 Hz), 11.78 (1H, s).

Diethyl 5-methoxy-3-trifluoromethanesulfonyloxyhomophthalate (130).
ot To a stirred solution of 129 (250 mg, 0.887 mmol) in CH,CI, (3.50 mL) were added at
COEt  ( °C pyridine (0.177 mL, 2.22 mmol) and trifluoromethanesulfonic anhydride (0.175 mL,

MeO 1.06 mmol). After 1 h at 0 °C, saturated aqueous NH,4CI solution was added and the
CO,Et
130

mixture was extracted with CHCIs. The extracts were washed with saturated agqueous
NaCl solution, dried over Na,SO,, and concentrated under reduced pressure. The residue
was purified by column chromatography on silica gel (50 g, 5:1 hexane—EtOAc) to afford 130 (349 mg,
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95%) as white solids; R; = 0.37 (4:1 hexane—EtOAc); mp 59-61 °C (not recrystallized); IR (neat, cm™) 2986,
1731, 1621, 1564, 1420, 1283, 1222, 1164, 991, 845; 'H NMR (500 MHz, CDClIs, solvent residual peak =
7.26) 6 1.24 (3H,t,J=7.2 Hz), 1.38 (3H, t, J = 7.2 Hz), 3.85 (3H, s), 3.88 (2H, 5), 4.14 (2H, q, J = 7.2 H2),
437 (2H, q, J = 7.2 Hz), 6.74 (1H, d, J = 2.3 Hz), 6.82 (1H, d, J = 2.3 Hz); *C NMR (125 MHz, CDCl;) &
13.85, 14.07, 40.12, 55.86, 61.16, 62.01, 107.09, 116.99, 118.57 (q, Jcr= 319 Hz), 118.94, 138.14, 148.74,
161.47, 164.38, 170.19; LRMS (EI) m/z (M)" 413.8; HRMS (EI) m/z calcd for C5H;,F3;0gS 414.0596 (M)",
found 414.0608.

Diethyl 5-methoxy-3-vinylnomophthalate (131).
_ A mixture of 130 (77.8 mg, 0.188 mmol), PdCl,(PPhs), (13.2 mg, 0.0188 mmol), LiCl
COzEt  (23.9 mg, 0.564 mmol), 4-tert-butylcatechol (3.1 mg, 0.0188 mmol), PPh; (19.7 mg,
MeO 0.0752 mmol) and tetravinyltin (0.0423 mL, 0.266 mmol) in DMF (3.50 mL) was stirred
;4 COEt at 100 °C. After 5 h, 5% aqueous KF solution was added at 0 °C and the mixture was
extracted with 1:1 hexane—EtOAc. The extracts were washed with saturated aqueous
NaCl solution, dried over Na,SQ,4, and concentrated under reduced pressure. The residue was purified by
column chromatography on silica gel (4.0 g, 6:1 hexane—EtOAc) to afford 131 (39.0 mg, 71%) as a colorless
syrup; Rs = 0.37 (5:1 hexane—EtOAC); IR (neat, cm™) 2983, 1736, 1599, 1467, 1274, 1158, 1102, 1032; 'H
NMR (500 MHz, CDCl3) & 1.25 (3H, t, J = 7.2 Hz), 1.36 (3H, t, J = 7.2 Hz), 3.72 (2H, 5), 3.84 (3H, 5), 4.14
(2H, q, J = 7.2 Hz), 4.35 (2H, g, J = 7.2 Hz), 5.31 (1H, dd, J = 10.9, 1.2 Hz), 5.65 (1H, dd, J = 17.2, 1.2 Hz),
6.74 (1H, d, J = 2.6 Hz), 6.92 (1H, dd, J = 17.2, 10.9 Hz), 6.99 (1H, d, J = 2.6 Hz); *C NMR (125 MHz,
CDCl5) 6 14.09, 14.13, 39.95, 55.31, 60.91, 61.14, 110.22, 116.23, 116.64, 124.84, 134.56, 134.98, 139.11,
160.34, 168.44, 170.86; LRMS (EI) m/z (M)* 292.1; HRMS (EI) m/z calcd for CygH,05 292.1311 (M),

found 292.1296.

Diethyl 3-formyl-5-methoxyhomophthalate (132).
CHO A solution of 131 (38.8 mg, 0.133 mmol) in CH,Cl, (2.70 mL) was cooled to —78 °C and
COEt  5zone was bubbled through the solution until blue color was observed. After 15 min at —
MeO 78 °C, nitrogen was bubbled through the solution until no blue color remained. After
132 COEL addition of PPh; (87.0 mg, 0.332 mmol), the reaction mixture was warmed to rt and
concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel (2.0 g, 5:1 hexane—-EtOAc) to afford 132 (32.6 mg, 83%) as a white foam; Ry =
0.26 (5:1 hexane—EtOAc); IR (neat, cm™) 2983, 1735, 1702, 1601, 1275, 1154, 1102, 1045; *H NMR (500
MHz, CDCl3) & 1.26 (3H, t,J =7.1 Hz), 1.38 (3H, t, J = 7.1 Hz), 3.82 (2H, s), 3.89 (3H, s), 4.16 (2H, q, J =
7.1 Hz), 4.41 (2H, q, J =7.1 Hz), 7.04 (1H, d, J = 2.5 Hz), 7.33 (1H, d, J = 2.5 Hz), 10.15 (1H, s); *C NMR
(125 MHz, CDCl;) 6 14.05, 14.09, 39.39, 55.66, 61.11, 61.90, 111.90, 122.58, 126.97, 135.88, 137.53,
160.78, 166.93, 170.45, 190.62; LRMS (EI) m/z (M) 294.1; HRMS (EI) m/z calcd for CysH1505 294.1103

(M)*, found 294.1123.
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2-(1,3-Dihydro-3-hydroxy-5-methoxy-1-oxoisobenzofuran-7-yl)acetic acid (133).
HO To a stirred solution of 132 (32.6 mg, 0.111 mmol) in a mixture of 1,4-dioxane (0.154
5 mL) and water (0.308 mL) was added at 0 °C KOH (62.3 mg, 1.11 mmol). After 15 min
at rt, 3 M aqueous HCI solution (0.924 mL) was added at 0 °C and the mixture was
Meo 133 co,H extracted with Et;O. The extracts were washed with saturated aqueous NaCl solution,
dried over Na,SQ,4, and concentrated under reduced pressure. The residual white solids
133 (24.0 mg, 91%) were of high purity without any additional purification; R; = 0.14 (1:1 hexane-EtOAc);
mp 206-209 °C (not recrystallized); IR (KBr, cm’l) 3231, 2927, 1743, 1702, 1612, 1361, 1310, 1246, 1133,
1030; 'H NMR (300 MHz, CD;0OD, solvent residual peak = 3.31) & 3.92 (3H, s), 4.04 (2H, s), 6.49 (1H, 9),
7.02 (1H, d, J = 2.6 Hz), 7.07 (1H, d, J = 2.6 Hz); *C NMR (125 MHz, CD;0D) & 36.92, 56.55, 98.49,
107.48, 118.35, 120.62, 137.90, 152.18, 166.47, 170,65, 174.23; LRMS (EI) m/z (M)" 238.1; HRMS (EI) m/z

calcd for Cy;H100¢ 238.0477 (M)*, found 238.0479.

3-(N-Isopropoxycarbonyl-N-methyl)aminomethyl-5-methoxyhomophthalic acid (134).

Me To a stirred solution of 133 (24.0 mg, 0.101 mmol) in MeOH (0.252 mL) was added at

,-prozc/'l“ rt a 40% MeOH solution of MeNH; (0.0206 mL, 0.202 mmol). After 1 h at rt, NaBH,

COH (2,30 mg, 0.0606 mmol) was added and the mixture was stirred at rt for 30 min. The

MeO reaction mixture was quenched with acetone and the new mixture was concentrated
134 CO.H

under reduced pressure. The residual white solids were used for the next step without
purification. To a stirred solution of the residue in a mixture of 1:1:1 THF-acetone—water (0.504 mL) was
added at rt isopropyl chloroformate (0.0172 mL, 0.152 mmol). After 2 h at rt, the mixture was concentrated
under reduced pressure. The residual white solids 134 (34.2 mg) were used for the next step without
purification; R; = 0.38 (10:10:1 CHCl;-MeOH-AcOH); mp 130-132 °C (not recrystallized); IR (KBr, cm™)
3412, 2979, 1721, 1605, 1322, 1236, 1162, 1106, 1048, 861; ‘H NMR (500 MHz, (CD5),SO, 80 °C, solvent
residual peak = 2.50) 6 1.19 (6H, d, J = 6.1 Hz), 2.80 (3H, s), 3.71 (2H, s), 3.77 (3H, s), 4.51 (2H, s), 4.82
(1H, sept, J = 6.1 Hz), 6.60 (1H, d, J = 2.4 Hz), 6.82 (1H, d, J = 2.4 Hz), 7.72-8.21 (2H, br); *C NMR
((CD3),S0, 80 °C) & 21.53, 23.80, 33.76, 49.71, 54.84, 67.74, 110.61, 114.87, 125.73, 135.16, 137.72,
155.29, 159.48, 168.59, 171.22; LRMS (EI) m/z (M)" 339.1; HRMS (EI) m/z calcd for C;sH,;NO; 339.1318
(M)*, found 339.1320.

8-(N-Isopropoxycarbonyl-N-methyl)aminomethyl-5-methoxyhomophthalic anhydride (127).
Me A solution of the crude 134 (34.2 mg) obtained above and AcCl (0.0360 mL, 0.505

,-prOZC/N o) mmol) in CH,Cl, (1.01 mL) was stirred at 40 °C. After 2 h, the mixture was
/g)iu\/i concentrated under reduced pressure. The residual white solids, 127 [R; = 0.60 (tailing)

MeO 0 (2:1 CHCI;—EtOAcC)] were used for the next step without purification.

127
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Potassium trifluoro(((isopropoxycarbonyl)(methyl)amino)methyl)borate (135).

Me
Me I”"> BPin N
, _NH iPro;C”
Pro,C then KHF, BF4K
247 135

To a stirred solution of isopropyl methylcarbamate 247** (0.0800 mL, 0.314 mmol) in THF (0.160 mL) was
added at 0 °C NaH (13.4 mg, 0.314 mmol, 55% oil dispersion). After 15 min at 0 °C, to this solution was
added at 0 °C a 1.10 M THF solution of pinacol iodomethylboronate*® (0.143 mL, 0.314 mmol). After 12 h
at rt, to this solution were added at rt MeOH (0.314 mL) and 4.5 M aqueous KHF; solution (0.143 mL, 0.640
mmol). After 30 min at rt, the mixture was dried under vacuum. The residue was triturated with hot acetone
and filtered. The filtrate was concentrated under vacuum until the appearance of the first crystals, then Et,0
was added to make the desired product 135 (6.9 mg, 19%) as white solids; ‘H NMR (300 MHz, (CD5),SO,
solvent residual peak = 2.50) 6 3.92 (3H, s), 4.04 (2H, s), 6.49 (1H, s), 7.02 (1H, d, J = 2.6 Hz), 7.07 (1H, d,
J=2.6 Hz).

3-((tert-Butyldiphenylsilyl)ethynyl)-1-chloro-2,5-dimethoxy-4-((methoxymethoxy)methyl)benzene
(35e).
OMe tepps 10 a stirred solution of 34 (186 mg, 0.688 mmol) in dry THF (11.4 mL) was added at
. Z —78 °C a 1.65 M hexane solution of nBuLi (0.458 mL, 0.756 mmol). After 10 min at
OMOM  _78 °C, to this solution was added TBDPSCI (0.197 mL, 0.756 mmol). After 10 min

OMe at —78 °C, the reaction mixture was warmed to rt. After 8 h at rt, saturated aqueous

35e
NH.CI solution was added and the mixture was extracted with EtOAc. The extracts

were washed with saturated aqueous NaCl solution, dried over Na,SO,4, and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel (10 g, 6:1 hexane—EtOACc) to
afford 35e (314 mg, 90%) as a colorless syrup; R; = 0.67 (5:1 hexane—EtOAc); IR (neat, cm™) 2940, 2160,
1570, 1480, 1410, 1250, 1120, 1040, 700; *H NMR (500 MHz, CDCl;) & 1.16 (9H, s), 3.29 (3H, s), 3.84 (3H,
s), 3.91 (3H, s), 4.67 (2H, ), 4.81 (2H, s), 6.94 (1H, s), 7.38-7.43 (6H, m), 7.87-7.91 (4H, m); *C NMR
(125 MHz, CDCls) 6 18.77, 27.07, 55.08, 56.34, 61.27, 62.27, 96.49, 99.30, 101.76, 113.57, 120.99, 127.75,
128.12, 128.38, 129.59, 133.00, 135.61, 151.54, 154.67; LRMS (EI) m/z (M)* 508.2; HRMS (EI) m/z calcd
for C,0H330,SiCl 508.1837 (M), found 508.1815.

3-((tert-Butyldiphenylsilyl)ethynyl)-5-chloro-2-((methoxymethoxy)methyl)-1,4-benzoquinone (28e).
o tBDPs 10 a stirred solution of 35e (10.8 mg, 0.0212 mmol) in MeCN (0.303 mL) was added

/
cl ~ at 55 °C a solution of CAN (34.9 mg, 0.0636 mmol) in water (0.127 mL). After 10
OMOM min at 55 °C, saturated aqueous NaHCO3 solution was added at 0 °C and the mixture

° 286 was extracted with EtOAc. The extracts were washed with saturated aqueous NaCl

solution, dried over Na,SO,, and concentrated under reduced pressure. The residue
was purified by column chromatography on silica gel (1.0 g, 6:1 hexane-EtOAc) to afford 28e (8.8 mg,
86%) as a yellow syrup; R; = 0.70 (5:1 hexane—EtOAc); IR (neat, cm™) 2940, 2160, 1690, 1660, 1590, 1420,
1240, 1150, 1110, 1040, 890, 700; *H NMR (500 MHz, CDCl;) & 1.17 (9H, s), 3.29 (3H, s), 4.65 (2H, s),
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4.68 (2H, s), 7.09 (1H, s), 7.38-7.46 (6H, m), 7.81-7.86 (4H, m); **C NMR (125 MHz, CDCls) & 18.89,
26.98, 55.44, 61.92, 96.95, 98.74, 112.29, 127.94, 129.92, 130.23, 131.85, 134.18, 135.57, 143.47, 144.88,
176.18, 183.40; LRMS (EI) m/z (M-tBu)® 421.1; HRMS (EI) m/z calcd for CyH150,SiCl 421.0663
(M—tBu)", found 421.0682.

3-((tert-Butyldiphenylsilyl)ethynyl)-5-hydroxy-6-(N-isopropoxycarbonyl-N-methyl)aminomethyl-8-
methoxy-((methoxymethoxy)methyl)-1,4-anthraquinone (137) and 3-((tert-butyldiphenylsilyl)-ethynyl)-
1-chloro-2,5-dihydroxy-4-((methoxymethoxy)methyl)benzene (36¢).

Me To a stirred solution of (iPr),NH (0.0283 mL,

// Cl // o H H

OO‘I at 0 °C a 1.63 M hexane solution of nBuLi

MeO OMOM OMOM (0,124 mL, 0.202 mmol). After 0.5 h at 0 °C,
o) OH

homophthalic anhydride 127 in dry THF (0.253
mL) was added and the mixture was stirred at
0 °C. After 3 min, to this was added at 0 °C chloroquinone 28e (48.4 mg, 0.101 mmol) in dry THF (2.02 mL).
After 4 min at 0 °C, saturated aqueous NH,4CI solution was added at 0 °C and the mixture was extracted with

137 36e

EtOAc. The extracts were washed with saturated aqueous NaCl solution, dried over Na,SO, and
concentrated under reduced pressure. The residue was purified by column chromatography on silica gel (9.0
g, 3:1 hexane-EtOAc) to afford 137 (32.5 mg, 45% from 133) as red-brown solids (not recrystallized) and
36e (12.1 mg, 25%) as a red-brown foam. 137: R = 0.36 (3:1 hexane—EtOAc); mp 130-133 °C (decomp.);
UV (MeOH) Amax M (log €) 205 (4.55), 221 (4.50), 266 (4.71), 317 (4.10), 497 (3.79); IR (neat, cm™) 2932,
1700, 1606, 1583, 1461, 1303, 1256, 1157, 1111; 'H NMR (500 MHz, CDCls, solvent residual peak = 7.26,
1:1 mixture of rotamers) & 1.17 (3H, br d, J = 6.2 Hz), 1.20 (9H, s), 1.33 (3H, br d, J = 6.2 Hz), 3.02 (1.5H,
br s) 3.04 (1.5H, br s), 3.33 (3H, s), 3.95 (3H, s), 4.75 (2H, s), 4.82 (2H, s), 4.98 (1H, br sept, J = 6.2 Hz),
5.25 (1H, brs), 5.29 (1H, brs), 7.02 (1H, br s), 7.14 (1H, br s), 7.38-7.47 (6H, m), 7.86—7.94 (4H, m), 7.98
(0.5H, br s), 7.99 (0.5H, br s), 14.90 (0.5H, br s) 14.96 (0.5H, br s); **C NMR (125 MHz, CDCl5,1:1 mixture
of rotamers) & 18.94, 22.14, 22.32, 27.04, 34.94, 35.19, 52.72, 53.03, 55.41, 55.56, 62.59, 68.87, 97.01,
100.00, 108.11, 108.79, 111.47, 111.61, 117.95, 118.06, 120.00, 120.24, 122.25, 127.71, 127.91, 129.85,
132.17, 133.99, 135.65, 140.81, 141.80, 142.01, 148.25, 156.56, 161.78, 161.90, 166.03, 182.47, 184.60;
LRMS (EI) m/z (M)" 719.1; HRMS (EI) m/z calcd for C4,H,sNOgSi 719.2914 (M)*, found 719.2934. 36e: Ry
= 0.43 (3:1 hexane—EtOAC); IR (neat, cm™) 3421, 2931, 2857, 2153, 1590, 1453, 1429, 1251, 1109, 990; *H
NMR (300 MHz, CDCls, solvent residual peak = 7.26) 6 1.18 (9H, s), 3.41 (3H, s), 4.76 (2H, s), 5.06 (2H, ),
5.83 (1H, br s), 7.00 (1H, s), 7.37-7.50 (6H, m), 7.80-7.92 (4H, m); *C NMR (75 MHz, CDCl,) & 18.66,
27.06, 55.89, 66.03, 95.91, 100.30, 102.42, 109.92, 119.31, 120.12, 122.69, 127.90, 129.80, 132.46, 135.50,
147.41, 149.54; LRMS (EI) m/z (M)" 480.2; HRMS (E1) m/z calcd for Cy;H200,SiCl 480.1524 (M)*, found
480.1515.
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(&)-3-((tert-Butyldiphenylsilyl)ethynyl)-2,3-dihydro-2,3,5-trihydroxy-6-(N-isopropoxycarbonyl-
N-methyl)-aminomethyl-8-methoxy-2-((methoxymethoxy)methyl)-1,4-anthraquinone (138).

Me To a stirred solution of 137 (32.5 mg, 0.0451 mmol) in a mixture of
20:20:1 MeCN-EtOAc—water (4.61 mL) were added at 0 °C a 0.1 M
aqueous solution of RuCl; (0.0902 mL, 0.00902 mmol) and NalO, (28.8
mg, 0.135 mmol). After 2 h at 0 °C, saturated aqueous Na,S,0; solution

was added and the mixture was extracted with EtOAc. The extracts were
washed with saturated aqueous NaCl solution, dried over Na,SO,, and concentrated under reduced pressure.
The residue was purified by column chromatography on silica gel (2.0 g, 2:1 hexane-EtOAc) to afford 138
(24.1 mg, 71%) as a pale yellow foam; R; = 0.38 (2:1 hexane—EtOAc); IR (neat, cm*) 3380, 2932, 2178,
1698, 1610, 1462, 1254, 1162, 1111, 1039; *H NMR (500 MHz, (CD;),SO, 80 °C, solvent residual peak =
2.50) 5 0.96 (9H, s), 1.18 (6H, br), 2.95 (3H, s), 3.15 (3H, br s), 3.92 (1H, d, J = 10.2 Hz), 3.95 (3H, s), 4.02
(1H, d, J = 10.1 Hz), 4.49 (2H, br s), 4.85 (1H, sept, J = 6.1 Hz), 5.18 (1H, d, J = 17.7 Hz), 5.23 (1H, d, J =
17.7 Hz), 6.14 (1H, br s), 6.93 (1H, d, J = 2.5 Hz), 7.15 (1H, br s), 7.24-7.44 (6H, m), 7.58 (1H, d, J =25
Hz), 7.60-7.77 (4H, m), 8.03 (1H, s), 13.58 (1H, br s); *C NMR (125 MHz, (CDs),SO, 80 °C) & 17.67,
21.50, 26.25, 34.22, 51.87, 54.39, 55.34, 67.72, 67.84, 77.23, 81.62, 89.46, 96.05, 105.24, 107.70, 108.31,
117.25, 118. 96, 119.09, 127.31, 127.36, 129.30, 134.70, 134.74, 140.00, 140.19, 155.31, 160.57, 163.05,
193.26, 196.16; LRMS (FAB) m/z (M+H)" 753.8; HRMS (FAB) m/z calcd for CyHisNO1Si 754.3047
(M+H)*, found 754.3050.

(#)-3-Ethynyl-2,3-dihydro-2,3,5-trihydroxy-6-(N-isopropoxycarbonyl-N-methyl)aminomethyl-
8-methoxy-2-((methoxymethoxy)methyl)-1,4-anthraquinone (139).

Me To a stirred solution of 138 (201 mg, 0.262 mmol) in MeCN (3.28 mL)
were added at rt AgF (49.9 mg, 0.393 mmol) in the dark. The reaction
mixture was stirred at rt for 2 h and then p-toluenesulfonic acid
monohydrate (99.7 mg, 0.524 mmol) was added. After 15 min, H,O was

added and the mixture was extracted with CHCI;. The extracts were washed
with saturated aqueous NaCl solution, dried over Na,SO,, and concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel (10 g, 1:1 hexane—EtOAc) to afford 139 (118
mg, 85%) as a pale yellow foam; R; = 0.26 (1:1 hexane—EtOAc); IR (neat, cm*) 3285, 2935, 2120, 1696,
1610, 1460, 1254, 1161, 1111, 1036; ‘H NMR (500 MHz, (CD;),SO, 80 °C, solvent residual peak = 2.50) &
1.19 (6H, br), 2.95 (3H, s), 3.09 (3H, s), 3.61 (1H, s), 3.73 (1H, d, J = 10.4 Hz), 3.89 (1H, d, J = 10.4 Hz),
3.94 (3H, s), 4.40 (1H, d, J = 6.5 Hz), 4.42 (1H, d, J = 6.5 Hz), 4.85 (1H, sept, J = 6.1 Hz), 5.20 (2H, s), 5.83
(1H, brs), 6.91 (1H, br), 7.10 (1H, br s), 7.56 (1H, d, J = 2.5 Hz), 7.98 (1H, s), 13.71 (1H, s); **C NMR (125
MHz, (CDs),SO, 80 °C) & 21.51, 34.24, 51.90, 54.43, 55.32, 67.75, 68.53, 77.10, 78.74 (overlapping with
CHCl,), 79.66, 81.85, 95.91, 107.70, 108.26, 117.17, 118.73, 118.96, 128.91, 140.02, 140.09, 155.34, 160.60,
163.38, 194.31, 195.64; LRMS (FAB) m/z (M+H)" 516.1; HRMS (FAB) m/z calcd for CysH3,NOy, 516.1869
(M+H)", found 516.1865.
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(&)-3-Ethynyl-2,3-dihydro-2,3,5-trihydroxy-2-hydroxymethyl-6-(N-isopropoxycarbonyl-N-methyl)-
amino-methyl-8-methoxy-1,4-anthraquinone (126).

Me To a stirred solution of 139 (55.4 mg, 0.107 mmol) in THF (2.40 mL) were
added at 0 °C 6 M aqueous HCI solution (1.20 mL). After 12 h at rt, H,O was
added and the mixture was extracted with CHCI;. The extracts were washed

with saturated aqueous NaCl solution, dried over Na,SO,, and concentrated

(¥)-126 © under reduced pressure. The residue was purified by column chromatography
on silica gel (2.5 g, 1:1 hexane—EtOAc) to afford 126 (50.0 mg, 99%) as a pale yellow foam; Ry = 0.27 (1:2
hexane-EtOAc); IR (neat, cm™) 3432, 3297, 2981, 2938, 2120, 1677, 1610, 1459, 1255, 1160, 1110; ‘H
NMR (500 MHz, (CDs),S0, 80 °C, solvent residual peak = 2.50) & 1.19 (6H, br), 2.94 (3H, s), 3.58 (1H, s),
3.70 (1H, d, J = 11.0 Hz), 3.84 (1H, d, J = 11.0 Hz), 3.94 (3H, s), 4.85 (1H, sept, J = 6.1 Hz), 5.20 (2H, s),
5.563 (1H, brs), 6.91 (1H, d, J = 2.5 Hz), 7.02 (1H, br s), 7.55 (1H, d, J = 2.5 Hz), 7.97 (1H, s), 13.74 (1H, s);
BC NMR (125 MHz, (CD3),SO, 80 °C) & 21.52, 34.23, 51.88, 55.31, 63.62, 67.74, 77.35, 79.01, 79.44,
82.79, 108.17, 108.20, 117.07, 118.57, 119.00, 129.11, 139.90, 139.98, 155.34, 160.48, 163.17, 195.52,
195.69; LRMS (FAB) m/z (M+H)" 472.1; HRMS (FAB) m/z calcd for Cy4H26NOg 472.1607 (M+H)", found
472.1594.

(£)-Methyl (E)-2-(3a,10,11a-trihydroxy-9-(((isopropoxycarbonyl)(methyl)amino)methyl)-7-methoxy-
4,11-dioxo-3a,4,11,11a-tetrahydroanthra[2,3-c]furan-1(3H)-ylidene)acetate (140).

To a mixture of 1,4-benzoquinone (111 mg, 1.03 mmol), PdCI; (9.1 mg, 0.0514
mmol) in dry MeOH (2.90 mL) was added at 0 °C 126 (242 mg, 0.514 mmol) in
dry MeOH (25.7 mL) under CO atmosphere (balloon). After 12 h at rt, CO was
replaced with Ar and saturated agueous NH,CI solution was added. The mixture

(+)-140 © was extracted with CHCI; and the extracts were washed with saturated aqueous
NaCl solution, dried over Na,SQ,4, and concentrated under reduced pressure. The residue was purified by
column chromatography on silica gel (25 g, 20:1 CHCI;-EtOAC) to afford 140 (188 mg, 69%) as pale yellow
solids; R; = 0.71 (10:1 CHCls-acetone); mp 235-241 °C (not recrystallized); IR (neat, cm™) 2925, 1686,
1647, 1607, 1458, 1375, 1254, 1158, 1115; *H NMR (500 MHz, (CD5),SO, 80 °C, solvent residual peak =
2.50) & 1.18 (6H, br), 2.95 (3H, s), 3.70 (3H, s), 3.96 (3H, s), 4.31 (1H, d, J = 10.4 Hz), 4.67 (1H,d, J =104
Hz), 4.85 (1H, sept, J = 6.1 Hz), 5.18 (2H, s), 5.66 (1H, s), 6.59 (1H, s), 6.94 (1H, br), 7.62 (1H, d, J = 2.5
Hz), 8.06 (1H, s), 8.65 (1H, s), 14.10 (1H, s); *C NMR (125 MHz, (CD;),S0, 80 °C) & 21.51, 34.26, 51.45,
51.92, 55.45, 67.78, 75.87, 83.22, 86.53, 95.21, 107.29, 108.66, 117.58, 119.23, 120.03, 127.13, 140.64,
140.70, 155.31, 161.17, 165.15, 169.46, 172.04, 191.43, 195.02; LRMS (FAB) m/z (M+H)" 529.9; HRMS
(FAB) m/z calcd for CysH,sNO;; 530.1663 (M+H)™, found 530.1670.
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(&)-Isopropyl (((3aS,5aS,13aR)-5a,12-dihydroxy-3a,9-dimethoxy-2,6,13-trioxo-3,3a,5,5a,6,13-
hexahydro-2H-anthra[2,3-c]furo[3,2-b]furan-11-yl)methyl)(methyl)carbamate (125).

A mixture of 140 (1.01 g, 1.91 mmol) and CSA (2.22 g, 9.55 mmol) in
MeOH (127 mL) was refluxed for 3 d. The reaction mixture was
concentrated and to the residue was added dry benzene (127 mL). After
80 °C for 2 h, saturated aqueous NaHCO; solution was added at 0 °C and

( inso the mixture was extracted with CHCls. The extracts were washed with
saturated aqueous NaCl solution, dried over Na,SO, and concentrated
under reduced pressure. The residue was purified by column chromatography on silica gel (70 g, 10:1
CHCls-acetone) to afford 125 (1.01 g, 100%) as pale yellow solids; Ry = 0.43 (10:1 CHCls—acetone); mp
238-250 °C (not recrystallized); IR (neat, cm ) 3337, 2939, 1810, 1700, 1670, 1608, 1459, 1379, 1257,
1162, 1055; *H NMR (500 MHz, (CD3),SO, 80 °C, solvent residual peak = 2.50) & 1.19 (6H, br), 2.95 (3H,
s), 3.06 (1H, d, J = 17.5 Hz), 3.13 (3H, s), 3.16 (1H, d, J = 17.5 Hz), 3.95 (1H, d, J = 8.9 Hz), 3.97 (3H, 3),
4.81 (1H, d, J = 8.9 Hz), 4.85 (1H, sept, J = 6.1 Hz), 5.19 (2H, s), 6.95 (1H, s), 7.14 (1H, br), 7.62 (1H, d, J
= 2.5 Hz), 8.10 (1H, s), 14.24 (1H, s); *C NMR (125 MHz, (CD5),SO, 80 °C) & 21.50, 34.27, 37.06, 51.96,
52.10, 55.48, 67.79, 70.92, 81.57, 90.57, 108.57, 109.20, 111.49, 117.61, 118.67, 120.62, 129.02, 140.87,
140.96, 155.32, 161.38, 164.43, 171.09, 189.58, 192.41; LRMS (FAB) m/z (M+H)" 529.7; HRMS (FAB)
m/z calcd for CysHsNO1; 530.1663 (M+H)", found 530.1662.

(#)-(3aS,5aS,13aR)-11-(((Isopropoxycarbonyl)(methyl)amino)methyl)-3a,9-dimethoxy-2,6,13-trioxo-
3,3a,5,5a,6,13-hexahydro-2H-anthra[2,3-c]furo[3,2-b]furan-5a,12-diyl diacetate (144).

To a stirred solution of 125 (40.5 mg, 0.0765 mmol) in CH,CI, (2.50 mL)
were added at 0 °C pyridine (0.0617 mL, 0.756 mmol) and AcCl (0.0437 mL,
0.612 mmol). After 2 h at rt, saturated aqueous NH,CI solution was added

and the mixture was extracted with CHCI;. The extracts were washed with
(i)—144o saturated aqueous NacCl solution, dried over Na,SO,4, and concentrated under
reduced pressure. The residue was purified by column chromatography on silica gel (2.0 g, 20:1 CHCI5-
EtOAC) to afford 144 (44.6 mg, 95%) as pale yellow solids; R¢ = 0.35 (10:1 CHCI;-EtOAc); mp 114-118 °C
(decomp.); IR (neat, cm™) 3441, 2939, 1812, 1781, 1749, 1698, 1615, 1422, 1245, 1166, 1055; 'H NMR
(500 MHz, (CD3),S0, 80 °C, solvent residual peak = 2.50) & 1.18 (6H, br), 2.15 (3H, s), 2.50 (3H, s), 2.95
(3H, s), 3.01 (1H, d, J = 17.8 Hz), 3.10 (3H, s), 3.20 (1H, d, J = 17.8 Hz), 3.98 (3H, s), 4.28 (1H, d, J = 11.2
Hz), 4.60 (1H, d, J = 11.2 Hz), 4.83 (1H, sept, J = 6.1 Hz), 4.90 (1H, br d, J = 17.5 Hz), 5.04 (1H, br d, J =
17.5 Hz), 7.04 (1H, br), 7.74 (1H, d, J = 2.3 Hz), 8.58 (1H, s); *C NMR (125 MHz, (CD;),SO, 80 °C) &
18.78, 20.97, 21.45, 34.27, 35.79, 51.10, 52.18, 55.53, 67.95, 73.02, 84.98, 90.26, 107.90, 114.51, 118.06,
120.21, 123.46, 127.00, 128.20, 137.63, 139.51, 147.83, 155.26, 159.85, 168.38, 170.13, 170.27, 185.02,
188.60; LRMS (EI) m/z (M)" 613.1; HRMS (EI) m/z calcd for C3H3,NOy3 613.1795 (M)*, found 613.1803.
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(£)-(9aS,11aS,14aR)-6,11a-Dimethoxy-3-methyl-2,9,13,15-tetraoxo-3,4,9,9a,10,11a,12,15-
octahydro-2H,13H-furo[2"*,3""-4" 5']furo[3',4'-6,7]anthra[1,9-ef][1,3]oxazepin-9a-yl acetate (145).

To a stirred solution of 144 (42.2 mg, 0.0688 mmol) in CH,CI, (2.30 mL) were
added at 0 °C P,Os5 (97.6 mg, 0.688 mmol). After 1 h at rt, the mixture was
diluted with CHCI; and filtered through celite. After concentration, the crude
mixture was purified by column chromatography on silica gel (2.0 g, 5:1
CHClz-acetone) to afford 145 (25.0 mg, 71%) as pale yellow solids; Rs = 0.58
(2:1 CHCl3-acetone); mp 291-295 °C (decomp.); IR (neat, cm™) 3570, 2918,
1807, 1731, 1709, 1617, 1424, 1245, 1171, 1046; ‘H NMR (500 MHz, (CD3),SO, 80 °C, solvent residual
peak = 2.50) & 2.16 (3H, s), 2.98 (1H, d, J = 17.7 Hz), 3.04 (3H, s), 3.09 (3H, s), 3.21 (1H, d, J = 17.7 Hz),
3.97 (3H, s), 4.21 (1H, d, J = 11.4 Hz), 4.57 (1H, d, J = 11.4 Hz), 4.61 (1H, br d, J = 15.6 Hz), 5.04 (1H, br d,
J=15.6 Hz), 7.43 (1H, d, J = 2.5 Hz), 7.69 (1H, d, J = 2.5 Hz), 8.38 (1H, s); **C NMR (125 MHz, (CD;),SO,
80 °C) 6 18.87, 35.23, 35.89, 51.68, 52.28, 55.60, 73.03, 85.70, 90.49, 108.25, 114.37, 118.74, 121.19,
122.90, 124.20, 128.73, 135.34, 138.33, 148.81, 152.09, 159.27, 170.04, 170.16, 183.54, 188.58; LRMS (EI)
m/z (M)" 511.1; HRMS (EI) m/z calcd for C,5H,;NOy; 511.1115 (M)*, found 511.1119.

(%)-(3aS,5aS,13aR)-11-(((Isopropoxycarbonyl)(methyl)amino)methyl)-3a,9-dimethoxy-2,6,13-trioxo-
3,33,5,5a,6,13-hexahydro-2H-anthra[2,3-c]furo[3,2-b]furan-5a,12-diyl bis(2-chloroacetate) (146).

To a stirred solution of 125 (1.01 g, 1.91 mmol) in CH,CI, (69.0 mL) were
added at 0 °C pyridine (1.54 mL, 19.1 mmol) and CICH,COCI (1.22 mL,
15.3 mmol). After 2 h at rt, saturated aqueous NH,CI solution was added and
the mixture was extracted with CHCI;. The extracts were washed with
saturated aqueous NaCl solution, dried over Na,SO,4, and concentrated under

reduced pressure. The residue was purified by column chromatography on
silica gel (50 g, 20:1 CHCI;-EtOAc) to afford 146 (1.29 g, 99%) as pale
yellow solids; R; = 0.35 (10:1 CHCI;~EtOAc); mp 125-132 °C (decomp.); IR (neat, cm ) 2944, 1813, 1697,
1614, 1422, 1246, 1167, 1111, 1055; ‘H NMR (500 MHz, (CD;),SO, 80 °C, solvent residual peak = 2.50) &
1.17 (6H, br), 2.95 (3H, s), 3.06 (1H, d, J = 17.8 Hz), 3.11 (3H, ), 3.24 (1H, d, J = 17.8 Hz), 3.99 (3H, s),
4.36 (1H, d, J = 11.7 Hz), 4.54 (1H, d, J = 15.8 Hz), 4.59 (1H, d, J = 15.8 Hz), 4.65 (1H, d, J = 11.7 Hz),
4.83 (1H, sept, J = 6.1 Hz), 4.88 (1H, br d, J = 17.5 Hz), 4.89 (1H, d, J = 16.1 Hz), 4.99 (1H, d, J = 16.1 Hz),
5.02 (1H, br d, J = 17.5 Hz), 7.08 (1H, br), 7.80 (1H, d, J = 2.3 Hz), 8.65 (1H, s); *C NMR (125 MHz,
(CDs),S0, 80 °C) & 21.45, 34.32, 35.63, 39.50 (overlapping with (CDj3),S0O), 41.18, 51.29, 52.33, 55.61,
67.95, 73.10, 86.02, 90.03, 108.07, 114.68, 117.53, 120.64, 123.07, 127.79, 127.86, 137.74, 139.74, 147.16,
155.25, 160.13, 165.64, 167.39, 169.84, 185.15, 187.74; LRMS (EI) m/z (M)" 681.1; HRMS (EI) m/z calcd
for CayH,sNO43Cl, 681.1016 (M)*, found 681.0999.
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(%)-(3aS,5aS,14aR)-3a,9-Dimethoxy-11-methyl-2,6,10,14-tetraoxo-3,3a,5,5a,6,10,11,12,14-nonahydro-
2H,10H-furo[2",3""-4" 5"]furo[3',4'-6,7]naphtho[2,3-e]isoindole-5a,13-diyl bis(2-chloroacetate) (147).
To a stirred solution of 146 (83.4 mg, 0.122 mmol) in CH,Cl, (4.07 mL) was
added at 0 °C P,0Os (173 mg, 1.22 mmol). After 2 h at rt, the mixture was
diluted with CHCI; and filtered through celite. After concentration, the crude

Cl

mixture was purified by column chromatography on silica gel (4.0 g, 5:1
CHClz-acetone) to afford 147 (57.0 mg, 75%) as pale yellow solids; R; = 0.58
(2:1 CHCl3-acetone); mp 250-258 °C (decomp.); IR (neat, cm™) 2948, 1814,
1699, 1607, 1428, 1250, 1173, 1102, 1056; '"H NMR (500 MHz, (CD;),SO,
0.707 mM, 80 °C, solvent residual peak = 2.50) 6 3.04 (1H, d, J = 17.8 Hz), 3.11 (3H, s), 3.13 (3H, s), 3.26
(1H, d, J =17.8 Hz), 4.06 (3H, s), 4.40 (1H, d, J = 11.5 Hz), 4.56 (1H, d, J = 15.5 Hz), 4.60 (1H, d, J =155
Hz), 4.66 (1H, d, J = 11.5 Hz), 4.79 (1H, br d, J = 18.7 Hz), 4.93 (1H, br d, J = 18.7 Hz), 4.95 (1H, d, J =
16.3 Hz), 5.04 (1H, br d, J = 16.3 Hz), 7.94 (1H, s), 8.73 (1H, s); *C NMR (125 MHz, CDCl;, 14.5 mM) &
29.17, 36.18, 39.56, 41.25, 52.55, 52.95, 56.38, 74.06, 86.35, 89.78, 108.20, 115.30, 117.55, 120.07, 126.16,
127.61, 129.49, 139.49, 142.22, 147.75, 157.95, 164.92, 165.11, 168.60, 169.69, 186.66, 188.47; LRMS
(FAB) m/z (M+H)" 621.7; HRMS (FAB) m/z calcd for C;H2,NO;,Cl, 622.0519 (M+H)", found 622.0548.

()-(3aS,5aS,14aS)-5a,13-Dihydroxy-3a,9,14,14-tetramethoxy-11-methyl-3,3a,5,5a,6,10,11,12,14-
nonahydro-2H,10H-furo[2",3""-4",5"]furo[3"',4'-6,7]naphtho[2,3-e]isoindole-2,6,10-trione (149).

To a stirred solution of 147 (46.4 mg, 0.0746 mmol) in a mixture of 3:1
CH,CI,—~MeOH (4.97 mL) was added at 0 °C Et;N (41.4 mL, 0.298 mmol).
After 4 h at 40 °C, CSA (69.2 mg, 0.298 mmol) was added at rt and the
mixture was stirred at rt. After 15 min, H,O was added and the mixture was

extracted with CHCI;. The extracts were washed with saturated aqueous NaCl

(+)-149

solution, dried over Na,SO,, and concentrated under reduced pressure. The
residual yellow solids 149 were used for the next step without purification. For analytical sample, the residue
was purified by column chromatography on silica gel (2.5 g, 5:1 CHCI3-2,2,2-trifluoroethanol); pale yellow
solids; Ry = 0.45 (5:1 CHCl3—2,2,2-trifluoroethanol); mp 235-239 °C (decomp.); IR (neat, cm ™) 3277, 2925,
1801, 1687, 1588, 1401, 1255, 1236, 1170, 1068; *H NMR (500 MHz, CDCl,) & 2.93 (3H, s), 2.95 (1H, d, J
=17.7 Hz), 3.09 (1H, d, J = 17.7 Hz), 3.11 (3H, s), 3.25 (3H, s), 3.71 (1H, d, J = 10.4 Hz), 3.74 (1H, br s),
3.81 (3H, s), 3.93 (1H, d, J = 10.4 Hz), 4.06 (3H, s), 4.90 (1H, d, J = 20.2 Hz), 4.93 (1H, d, J = 20.2 Hz),
7.18 (1H, s), 7.74 (1H, s), 10.11 (1H, s); **C NMR (125 MHz, CDCl5) & 29.26, 37.90, 50.58, 51.97, 52.46,
54.00, 55.96, 76.92, 84.69, 95.82, 103.00, 106.93, 110.90, 112.06, 117.58, 118.46, 123.48, 130.50, 137.58,
143.06, 154.47, 156.36, 166.51, 170.22, 195.93; LRMS (FAB) m/z (M+H)" 515.9; HRMS (FAB) m/z calcd
for CsH,sNOy; 516.1506 (M+H)", found 516.1506.
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(£)-Lactonamycinone (3).

o) A freshly prepared 0.4 M Et,0O solution of Mgl, (1.87 mL, 0.746 mmol), [a
supernatant generated by adding magnesium turnings (0.0480 g, 1.97 mmol) to
o a solution of I, (0.254g, 1.00 mmol) in anhydrous Et,O (5 mL) at rt and stirring

OH until colorless (~2 h)], was added to a solution of the crude 149 in benzene

(+)-Lactonamycinone (3) (7.46 mL), and the resulting mixture was stirred at 80 °C. After 1 d, saturated
aqueous NH,CI solution was added at 0 °C and the mixture was extracted with CHCIls. The extracts were
washed with saturated aqueous NaCl solution, dried over Na,SO,, and concentrated under reduced pressure.
The residue was purified by column chromatography on silica gel (2.0 g, 5:1 CHCI;-2,2,2-trifluoroethanol)
to afford (x)-3 (18.9 mg, 56%) as pale yellow solids; R = 0.22 (tailing) (10:1 CHCI5s-2,2,2-trifluoroethanol);
mp>300 °C; UV (THF) Amax Nm (log €) 211 (3.89, sh), 227 (4.01), 241 (4.04, sh), 256 (4.07), 295 (4.31), 387
(3.83), 406 (3.88); IR (KBr, cm) 3448, 2925, 1800, 1666, 1636, 1448, 1429, 1353, 1247, 1184, 1049; *H
NMR (500 MHz, [Dg] THF, solvent residual peak = 3.58) & 2.97 (1H, d, J = 17.2 Hz), 3.05 (1H, d, J =17.2
Hz), 3.15 (3H, s), 3.22 (3H, s), 3.93 (1H, d, J = 8.6 Hz), 4.94 (1H, d, J = 8.6 Hz), 4.99 (1H, d, J = 20.2 Hz),
5.04 (1H, d, J = 20.2 Hz), 6.31 (1H, s), 7.40 (1H, s), 8.08 (1H, s), 9.74 (1H, br s), 13.82 (1H, s); °C NMR
(125 MHz, [Dg]THF, solvent residual peak = 67.57) & 28.89, 38.36, 52.85, 55.61, 72.68, 83.79, 91.86,
110.79, 113.00, 113.21, 117.41, 121.65, 122.10, 132.21, 142.99, 144.42, 158.81, 164.85, 169.41, 171.48,
190.37, 194.65; LRMS (FAB) m/z (M+H)" 456.0; HRMS (FAB) m/z calcd for C,,H1gNOy 456.0930 (M+H)",
found 456.0904.

Lactonamycinone (3) from Natural Lactonamycin (1).

To a stirred solution of natural lactonamycin (1, 3.3 mg, 0.00579 mmol) in THF (0.482 mL) was added at
0 °C 1.0 M aqueous HCI solution (0.193 mL). After 4 d at rt, the reaction mixture was concentrated. To the
residue was added water and this was extracted with CHCI;. The extracts were washed with saturated
aqueous NaCl solution, dried over Na,SO,, and concentrated under reduced pressure. The residual pale
yellow solids, lactonamycinone (3), were of high purity without involving any additional purification; Ry =
0.22 (tailing) (10:1 CHCIls-2,2,2-trifluoroethanol); mp>300 °C; [a]p?*° 145 (c 0.20, THF); UV (THF) Amax
nm (log €) 212 (3.93, sh), 228 (4.01), 241 (4.00, sh), 256 (4.03), 296 (4.29), 387 (3.78), 406 (3.83); IR (KBr,
cm) 3444, 2925, 1808, 1673, 1632, 1452, 1426, 1357, 1253, 1185, 1052; *H NMR (500 MHz, [Ds] THF,
solvent residual peak = 3.58) 6 2.97 (1H, d, J = 17.2 Hz), 3.05 (1H, d, J = 17.2 Hz), 3.15 (3H, s), 3.22 (3H, s),
3.93 (1H, d, J = 8.6 Hz), 4.94 (1H, d, J = 8.6 Hz), 4.99 (1H, d, J = 20.2 Hz), 5.04 (1H, d, J = 20.2 Hz), 6.31
(1H, s), 7.40 (1H, s), 8.08 (1H, s), 9.74 (1H, s), 13.82 (1H, s); *C NMR (125 MHz, [Dg]THF, solvent
residual peak = 67.57) & 28.89, 38.37, 52.85, 55.61, 72.68, 83.79, 91.87, 110.79, 113.01, 113.20, 117.41,
121.65, 122.10, 132.20, 142.99, 144.41, 158.81, 164.84, 169.41, 171.49, 190.36, 194.66; LRMS (FAB) m/z
(M+H)" 456.0; HRMS (FAB) m/z calcd for C,,H:sNO, 456.0930 (M+H)*, found 456.0915.
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Synthesis of (£)-(3aR,9aS)-2,2-dimethyl-4,9-dioxo-3a,4,9,9a-tetrahydronaphtho[2,3-d][1,3]dioxol-5-yl
2-chloroacetate (152) and (£)-(3aR,9aS)-2,2-dimethyl-4,9-dioxo-3a,4,9,9a-tetrahydronaphtho[2,3-d]-
[1,3]dioxol-5-yl acetate (158).

p-TsOH-H,O

OH O OH O OR O
OH 2,2-dimethoxy-1,3-propanediol RCI
trimethyl orthoformate O>< Py 0><
—_—
I"'OH acetone ey CH,Cl, "o
O O (@)
248 249 152: R = CA
158: R = Ac

To a mixture of (+)-(2S,3R)-2,3,5-trihydroxy-2,3-dihydronaphthalene-1,4-dione (248)* (37.0 mg, 0.178
mmol), 2,2-dimethoxy-1,3-propandiol (0.872 mL, 7.12 mmol), and trimethyl orthoformate (0.389 mL, 3.56
mmol) in acetone (11.8 mL) was added at rt p-toluenesulfonic acid monohydrate (20.4 mg, 0.107 mmol).
After 16 h at rt, saturated aqueous NaHCOj; solution was added at 0 °C and the mixture was extracted with
EtOAc. The extracts were washed with saturated aqueous NaCl solution, dried over Na,SO, and
concentrated under reduced pressure. The residue was purified by column chromatography on silica gel (4.4
g, 10:1 benzene—EtOAC) to afford (z)-9(3aR,9aS)-5-hydroxy-2,2-dimethyl-3a,9a-dihydronaphtho[2,3-d]-
[1,3]dioxole-4,9-dione (249) (15.4 mg, 35%) as a yellow syrup; R; = 0.57 (10:1 benzene-EtOAc); mp 94—
106 °C (not recrystallized); IR (KBr, cm™) 2993, 2935, 1697, 1651, 1453, 1366, 1255, 1228, 1074, 1026,
867, 790, 743; 'H NMR (500 MHz, CDCl;) 8 1.43 (3H, s), 1.51 (3H, s), 4.84 (1H, d, J = 5.8 Hz), 4.87 (1H, d,
J=5.8Hz),7.34 (1H, dd, J = 8.3, 1.2 Hz), 7.66 (1H, dd, J = 7.5, 1.2 Hz), 7.74 (1H, dd, J = 8.3, 7.5 Hz); °C
NMR (125 MHz, CDCls) & 25.87, 27.26, 77.11, 77.35, 112.65, 116.19, 119.58, 124.69, 133.70, 138.13,
162.64, 191.36, 197.57; LRMS (EI) m/z (M)* 248.0; HRMS (EI) m/z calcd for Ci3H;,05 248.0685 (M),
found 248.0688.

To a stirred solution of 249 (8.6 mg, 0.0346 mmol) in CH,CI, (1.15 mL) were added at 0 °C pyridine (0.0279
mL, 0.346 mmol) and CICH,COCI (0.0220 mL, 0.277 mmol). After 20 min at rt, saturated aqueous NH,CI
solution was added and the mixture was extracted with CHCI;. The extracts were washed with saturated
aqueous NaCl solution, dried over Na,SO,4, and concentrated under reduced pressure. The residue was
purified by column chromatography on silica gel (1.0 g, 4:1 hexane—EtOAc) to afford 152 (6.1 mg, 54%) as
yellow solids; Ry = 0.20 (3:1 hexane—EtOAc); mp 130 °C (decomp.); IR (KBr, cm™) 1785, 1725, 1702, 1598,
1295, 1254, 1238, 1220, 1145, 1097; ‘H NMR (500 MHz, CDCls) & 1.43 (3H, s), 1.49 (3H, s), 4.45 (2H, s),
4.90 (1H, d, J = 6.6 Hz), 4.92 (1H, d, J = 6.6 Hz), 7.51 (1H, dd, J = 8.1, 1.2 Hz), 7.85 (1H, dd, J = 8.1, 8.0
Hz), 8.07 (1H, dd, J = 8.0, 1.2 Hz); **C NMR (125 MHz, CDCls) & 25.71, 26.93, 40.78, 77.00 (overlapping
with CDCl,), 78.14, 112.76, 125.92, 126.32, 129.87, 135.76, 135.81, 148.88, 165.99, 190.60, 191.17; LRMS
(El) m/z (M)" 324.1; HRMS (EI) m/z calcd for Cy5H13C10g 324.0401 (M)*, found 324.0397.

To a stirred solution of 249 (8.7 mg, 0.0351 mmol) in CH,CI, (1.17 mL) were added at 0 °C pyridine (0.0279
mL, 0.351 mmol) and AcClI (0.0200 mL, 0.280 mmol). After 20 min at rt, saturated aqueous NH,CI solution
was added and the mixture was extracted with CHCl;. The extracts were washed with saturated aqueous
NaCl solution, dried over Na,SQ,4, and concentrated under reduced pressure. The residue was purified by
column chromatography on silica gel (1.0 g, 4:1 hexane—EtOAc) to afford 158 (6.1 mg, 60 %) as yellow
solids; Ry = 0.47 (1:1 hexane—EtOAc); mp 150 °C (decomp.); IR (KBr, cm™) 1772, 1727, 1702, 1371, 1202,
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1094, 1080, 882; *H NMR (500 MHz, CDCl3) & 1.45 (3H, s), 1.50 (3H, s), 2.38 (3H, s), 4.92 (2H, s), 7.46
(1H, dd, J = 8.0, 1.2 Hz), 7.80 (1H, dd, J = 8.1, 8.0 Hz), 8.02 (1H, dd, J = 8.1, 1.2 Hz); *C NMR (125 MHz,
CDCls) 8 20.91, 25.71, 26.89, 77.33, 78.17, 112.68, 125.62, 126.74, 130.03, 135.42, 135.66, 149.32, 169.39,
190.81, 191.33; LRMS (FAB) m/z (M+H)" 291.1; HRMS (FAB) m/z calcd for C;sHysOg 291.0869 (M+H)",
found 291.0873.

5,8-Dioxo-5,8-dihydronaphthalen-1-yl 2-chloroacetate (155).
ocao  Toastirred solution of 5-hydroxynaphthalene-1,4-dione (70.0 mg, 0.402 mmol) in CH,Cl, (13.4
‘ mL) were added at 0 °C pyridine (0.323 mL, 4.02 mmol) and CICH,COCI (0.256 mL, 3.22
mmol). After 3 h at rt, saturated aqueous NH,Cl solution was added and the mixture was
155O extracted with CHCI;. The extracts were washed with saturated aqueous NaCl solution, dried
over Na,SOy, and concentrated under reduced pressure. The residue was purified by column chromatography
on silica gel (5.0 g, 3:1 hexane-EtOAc) to afford 155 (82.0 mg, 81%) as brown solids; R, = 0.40 (3:1
hexane—EtOAc) ; mp 84 °C (decomp.); IR (KBr, cm™') 2960, 1781, 1658, 1595, 1406, 1329, 1296, 1235,
1182, 1145, 864, 781; '"H NMR (500 MHz, CDCls) & 4.54 (2H, s), 6.87 (1H, d, J=10.3 Hz), 6.97 (1H, d, J =
10.3 Hz), 7.45 (1H, dd, J = 8.0, 1.5 Hz), 7.81 (1H, dd, J = 8.1, 8.0 Hz), 8.10 (1H, dd, J = 8.1, 1.5 Hz); °C
NMR (125 MHz, CDCl;) 6 41.05, 122.77, 125.52, 129.30, 133.56, 135.10, 137.55, 139.75, 148.81, 165.94,
183.61, 183.87; LRMS (EI) m/z (M)" 250.0; HRMS (EI) m/z caled for C;,H,ClO4 250.0033 (M)*, found
250.0033.

5,8-Dioxo-5,8-dihydronaphthalen-1-yl acetate (159) (known) .
oac 0 159 was prepeared by known procedure: brown solids; R; = 0.90 (5:1 toluene—EtOAc); ‘*H NMR
‘ (300 MHz, CDCls) & 2.43 (3H, s) 6.86 (1H, d, J = 10.8 Hz), 6.98 (1H, d, J = 10.8 Hz), 7.40 (1H,
dd, J=8.0, 1.6 Hz), 7.78 (1H, dd, J = 8.2, 8.0 Hz), 8.06 (1H, dd, J = 8.2, 1.6 Hz).

o
159

(+)-(3aS,9aR)-8-Hydroxy-9,9-dimethoxy-2,2-dimethyl-3a,4,9,9a-tetrahydronaphtho[2,3-d][1,3]dioxol-

4-one (153) and 5-hydroxy-2,2-dimethylnaphtho[2,3-d][1,3]dioxole-4,9-dione (154) from 152.
MeO OMe

OCA O OH OH O
w0 w0 (@)
I LI LK
"0 "O (0]
(0] O O
152 153 154

To a stirred solution of 152 (7.9 mg, 0.0243 mmol) in a mixture of 3:1 CH,Cl,-MeOH (1.62 mL) was added
at 0 °C EtsN (0.0135 mL, 0.0972 mmol). After 15 min at rt, saturated agueous NH,CI solution was added and
the mixture was extracted with CHCI;. The extracts were washed with saturated aqueous NaCl solution,
dried over Na,SO4 and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel (1.0 g, 5:1 hexane—EtOAc) to afford 153 (2.4 mg, 44%) and 154 (2.1 mg, 46%).
153: yellow solids; R; = 0.41 (3:1 hexane—EtOAc); mp 105 °C (decomp.); IR (KBr, cm™*) 3335, 1711, 1585,
1463, 1378, 1299, 1213, 1156, 1094, 1050, 1035; *H NMR (500 MHz, CDCl;) & 1.16 (3H, s), 1.40 (3H, s),
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3.05 (3H, s), 3.64 (3H, s), 4.59 (1H, d, J = 6.9 Hz), 4.92 (1H, d, J = 6.9 HZz), 7.11 (1H, dd, J = 8.1, 1.5 Hz),
7.37 (1H, dd, J = 8.1, 7.5 Hz), 7.41 (1H, dd, J = 7.5, 1.5 Hz), 9.26 (1H, s); *C NMR (125 MHz, CDCl,) &
25.54, 26.81, 48.86, 49.63, 74.52, 77.00 (overlapping with CDCl3), 103.22, 112.44, 119.81, 122.87, 130.91,
132.91, 157.67, 193.15; LRMS (FAB) m/z (M+H)" 295.0; HRMS (FAB) m/z calcd for Cy5H;90s 295.1182
(M+H)", found 295.1185. 154: red solids; R; = 0.54 (3:1 hexane—EtOAc); mp 116 °C (decomp.); IR (KBr,
cm ') 3446, 1668, 1645, 1614, 1457, 1305, 1283, 1220, 1191, 1071, 1035, 747; *H NMR (500 MHz, CDCl5)
5 1.81 (6H, s), 7.22 (1H, dd, J = 8.6, 1.2 Hz), 7.54 (1H, dd, J = 8.6, 7.2 Hz), 7.61 (1H, dd, J = 7.2, 1.2 H2),
11.73 (1H, s); LRMS (FAB) m/z (M+H)" 247.0; HRMS (FAB) m/z calcd for Ci3H;,05 247.0606 (M+H)",
found 247.0620.

5-Hydroxy-4,4-dimethoxynaphthalen-1-one (156) from 155.

MeO OMe
OCA O OH
— Q0
(@) O
155 156

To a stirred solution of 155 (20.0 mg, 0.0798 mmol) in a mixture of 3:1 CH,Cl,-MeOH (5.33 mL) was
added at 0 °C Et3N (0.0442 mL, 0.319 mmol). After 1.5 h at rt, saturated aqueous NH,Cl1 solution was added
and the mixture was extracted with CHCl;. The extracts were washed with saturated aqueous NaCl solution,
dried over Na,SO, and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel (2.0 g, 10:1 toluene-EtOAc) to afford 156 (10.7 mg, 61%) as black solids; R,=
0.47 (5:1 toluene—EtOAc); mp 130 °C (decomp.); IR (KBr, cm ') 3356, 1602, 1584, 1400, 1259, 1203, 1125,
1097, 922, 753; "H NMR (300 MHz, CDCl;) & 3.27 (6H, s), 6.64 (1H, d, J=11.0 Hz), 6.78 (1H, d, J=11.0
Hz), 7.17 (1H, dd, J = 8.4, 1.6 Hz), 7.42 (1H, dd, J = 8.4, 8.0 Hz), 7.61 (1H, s), 7.67 (1H, dd, J = 8.0, 1.6
Hz); BC NMR (125 MHz, CDCls) & 51.81, 97.89, 118.75, 121.89, 122.00, 131.01, 132.57, 133.73, 142.54,
155.51, 183.46; LRMS (EI) m/z (M)" 220.1; HRMS (EI) m/z calcd for C;;H;,04 220.0736 (M)', found
220.0762.

2,2-Dimethyl-4,9-dioxo0-4,9-dihydronaphtho[2,3-d][1,3]dioxol-5-yl acetate (154,;) and
5-hydroxy-2,2-dimethylnaphtho[2,3-d][1,3]dioxole-4,9-dione (154) from 158.
OAc O OAc O OH O

e 0 o
o< U< LI <
(0] O O
o 0 0
158 154,, 154

To a stirred solution of 158 (6.8 mg, 0.0276 mmol) in a mixture of 3:1 CH,Cl,-MeOH (1.84 mL) was added
at 0 °C EtzN (0.0130 mg, 0.110 mmol). After 15 min at rt, saturated aqueous NH,CI solution was added and
the mixture was extracted with CHCl;. The extracts were washed with saturated aqueous NaCl solution,
dried over Na,SO4 and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel (1.0 g, 4:1 hexane-EtOAc) to afford 154,. (3.5 mg, 44%) and 154 (0.6 mg,
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9%). 154,.: red solids; R, = 0.36 (3:1 hexane-EtOAc); mp 100 °C (decomp.); IR (KBr, cm') 1766, 1662,
1641, 1590, 1359, 1204, 1188, 1036; "H NMR (500 MHz, CDCl;) & 1.78 (6H, s), 2.43 (3H, s), 7.32 (1H, dd,
J=28.3,1.3 Hz), 7.69 (1H, dd, J = 8.3, 7.7 Hz), 8.02 (1H, dd, J = 7.7, 1.3 Hz); *C NMR (125 MHz, CDCl;)
6 21.00, 25.77, 121.76, 123.80, 124.68, 130.11, 132.86, 134.72, 142.75, 144.18, 149.77, 169.50, 174.88;
LRMS (FAB) m/z (M+H)" 289.0; HRMS (FAB) m/z caled for CsH ;304 289.0712 (M+H)", found 289.0721.

5-Hydroxy-4,4-dimethoxynaphthalen-1-one (156) and 4-methoxynaphthalene-1,5-diol (160) (known)'*
from 159.

MeO OMe

OAc O OH OH OMe
O O OH
159 156 160

To a stirred solution of 159 (15.0 mg, 0.0694 mmol) in a mixture of 3:1 CH,Cl,-MeOH (4.63 mL) was
added at 0 °C Et3N (0.0385 mL, 0.278 mmol). After 12 h at rt, saturated aqueous NH,Cl solution was added
and the mixture was extracted with CHCl;. The extracts were washed with saturated aqueous NaCl solution,
dried over Na,SO, and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel (1.5 g, 10:1 toluene—EtOAc) to afford 156 (5.2 mg, 34%) and 160 (2.0 mg,
12%). 160: dark blue solids; R, = 0.43 (10:1 toluene-EtOAc); 'H NMR (300 MHz, CDCl;) & 4.02 (3H, s),
5.00 (1H, brs), 6.62 (1H, d J = 8.8 Hz), 6.70 (1H, d J= 8.8 Hz), 6.93 (1H, dd, J= 8.2, 1.2 Hz), 7.40 (1H, dd,
J=28.8,8.2 Hz), 7.59 (1H, dd, /= 8.8, 1.2 Hz), 9.49 (1H, s).
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Methyl (S)-2-((4-methoxybenzyl)oxy)propanoate (182) (known)*.
o To a mixture of methyl (S)-lactate (0.727 mL, 7.68 mmol) and p-methoxybenzyl
""e\‘)kome 2,2,2-trichloroacetimidate (11.5 mL, 11.5 mmol) in dry Et,0 (76.8 mL) was added at 0 °C
01“::“” TfOH (2.30 mL, 0.115 mmol). After 7 h at rt, 1 M aqueous HCI solution was added at 0 °C
and the mixture was extracted with EtOAc. The extracts were washed with saturated aqueous
NaCl solution, dried over Na,SO,4, and concentrated under reduced pressure. The residue was purified by
column chromatography on silica gel (256 g, 4:1 hexane—EtOAc) to afford 182 (1.62 g, 95%) as a colorless
syrup; R = 0.54 (4:1 hexane—EtOAc); *H NMR (300 MHz, CDCls, solvent residual peak = 7.26) & 1.41 (3H,
d, J=6.8 Hz), 3.74 (3H, s), 3.79 (3H, s), 4.04 (1H, q, J = 6.8 Hz), 4.38 (1H, d, J = 11.2 Hz), 4.61 (1H, d, J =

11.2 Hz), 6.83-6.90 (2H, m), 7.23-7.31 (2H, m).

Synthesis of (4S,5S)-5-((4-methoxybenzyl)oxy)-4-((triethylsilyl)oxy)hex-1-ene (185) (known)*.

MgBrz'Etzo

i DIBAL in toluene i allyl MgBr " inzgaszille §rES
Mej)J\OMe - Mej)J\H Me\(k/\ - Me\‘)\/\
toluene CH,Cl, DMF
OMPM -78°C, 1h OMPM  gc 12 OMPM it 14 h OMPM
182 183 97% ee 184 3 steps 73% 185

To a stirred solution of 182 (1.24 g, 5.53 mmol) in toluene (13.8 mL) was added dropwise at —78 °C a 0.99
M toluene solution of DIBAL (8.36 mL, 8.26 mmol). After 75 min at —78 °C, MeOH and saturated aqueous
potassium sodium tartrate solution were added at rt and the mixture was stirred at rt. After 6 h at rt, the
mixture was extracted with EtOAc. The extracts were washed with saturated aqueous NaCl solution, dried
over Na,SO,, and concentrated under reduced pressure. The residual colorless syrup 183 was used for the
next step without purification. To a mixture of the crude 183 obtained obove and MgBr,-OEt, (1.42 g, 5.52
mmol) in CH,Cl, (27.6 mL) was added dropwise at —78 °C a 1.0 M Et,0 solution of allylmagnesiumbromide
(11.0 mL, 11.0 mmol). After 15 h at —78 °C, saturated aqueous NaHCOj; solution was added at 0 °C and the
mixture was extracted with CHCI3. The extracts were washed with saturated aqueous NaCl solution, dried
over Na,SO,, and concentrated under reduced pressure. The residual colorless syrup 184 was used for the
next step without purification. For analytical sample, the residue was purified by column chromatography on
silica gel (2:1 hexane—EtOAC); colorless syrup; [a]p>"° 48.6 (c 1.00, CHCI,); 96%ee [HPLC: column: Daicel
CHIRALPAK 1B, 4.6x250 mm, flow-rate: 1.0 mL/min, UV: 295 nm, solvent: 99.3:0.7 hexane—IPA,
retention time: t.).1gs: 12.8 min, t_y.454: 14.1 min]. To a stirred solution of the crude 184 obtained above in
CH,CI, (55.3 mL) were added at 0 °C imidazole (1.51 g, 22.1 mmol) and TESCI (1.85 mL, 11.1 mmol).
After 20 min at rt, H,O was added at 0 °C and the mixture was extracted with CHCI;. The extracts were
washed with saturated aqueous NaCl solution, dried over Na,SO,, and concentrated under reduced pressure.
The residue was purified by column chromatography on silica gel (20 g, 10:1 hexane—EtOAc) to afford 185
(1.42 g, 73%) as a colorless syrup; Ry= 0.76 (5:1 hexane—-EtOAc); '"H NMR (500 MHz, CDCls, solvent
residual peak = 7.26) & 0.56 (6H, q, J = 7.6 Hz), 0.93 (9H, t, J = 7.6 Hz), 1.12 (3H, d, 6.3 Hz), 2.13 (1H, ddd,
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J=77,7.7,14.1 Hz), 2.38 (1H, m), 3.46 (1H, dg, J = 4.6, 6.3 Hz), 3.72 (1H, ddd, J = 4.0, 4.6, 7.8 Hz), 3.78
(3H, s), 4.43 (1H, d, J = 11.8 Hz), 4.53 (1H, d, J = 11.8 Hz), 4.99 (1H, m), 5.04 (1H, m), 6.83-6.90 (2H, m),
7.23-7.31 (2H, m).

(2S,3S)-2-((4-Mthoxybenzyl)oxy)-3-((triethylsilyl)oxy)hexan-6-ol (186) (known)*.

OTES To a stirred 185 (350 mg, 1.10 mmol) were added at 0 °C a 1 M THF solution of
Me\‘/K/VOH catecholborane (2.00 mL, 2.20 mmol) and (PhsP);RhCI (14 mg, 0.0165 mmol). After 10
OMPM

min at 0 °C, the reaction mixture was warmed to rt. After 70 min at rt, to this mixture
was added at 0 °C a mixture of 1:1 EtOH-THF (1.60 mL) and 1 M aqueous NaOH
solution. After 10 min at 0 °C, to the reaction mixture was added at 0 °C 30% aqueous H,0O, solution. After

186

10 min at 0 °C, the reaction mixture was warmed to rt. After 45 min at rt, the mixture was extracted with
Et,0. The extracts were washed with saturated aqueous NaCl solution, dried over Na,SO,, and concentrated
under reduced pressure. The residue was purified by column chromatography on silica gel (20 g, 10:1
hexane—EtOAc) to afford 186 (389 mg, 100%) as a colorless syrup; Ri= 0.23 (3:1 hexane-EtOAc); *H NMR
(300 MHz, CDCls, solvent residual peak = 7.26) 6 0.56 (6H, g, J = 7.7 Hz), 0.93 (9H, t, J = 7.7 Hz), 1.11
(3H, d, J=6.2 Hz), 1.38-1.57 (2H, m), 1.60-1.78 (2H, m), 3.49 (1H, dg, J = 5.1, 6.2 Hz), 3.57-3.67 (2H, br
m), 3.71 (1H, br m), 3.80 (3H, s), 4.43 (1H, d, J = 11.7 Hz), 4.53 (1H, d, J = 11.7 Hz), 6.83-6.90 (2H, m),
7.22-7.26 (2H, m).

(2S,3S)-2-((4-Methoxybenzyl)oxy)-3-((triethylsilyl)oxy)hexanal (187) (known)**.
OTES To a stirred solution of oxalyl dichloride (0.299 mL, 3.48 mmol) in CH,Cl, (11.6 mL) was
MeMH added at —78 °C DMSO (0.584 mL, 6.96 mmol). After 20 min at —78 °C, to this reaction
OM:’E"_I © mixture was added at —78 °C a solution of 186 (640 mg, 1.74 mmol) in CH,Cl, (5.80 mL).
After the addition of Etz;N (1.21 mL, 8.70 mmol) at —78 °C, the reaction mixture was
warmed to 0 °C. After 1 h at 0 °C, saturated aqueous NaHCO; solution was added and the mixture was
extracted with CHCIl;. The extracts were washed with saturated aqueous NaCl solution, dried over Na,SOy,
and concentrated under reduced pressure. The residue was purified by column chromatography on silica gel
(35 g, 3:1 hexane-EtOACc) to afford 187 (549 mg, 86%) as a colorless syrup; Ri= 0.62 (3:1 hexane—EtOACc);
'H NMR (300 MHz, CDCls, solvent residual peak = 7.26) & 0.54 (6H, q, J = 7.7 Hz), 0.92 (9H, t, J = 7.7 Hz),
1.13 (3H, d, J = 6.2 Hz), 1.69 (1H, m), 1.94 (1H, m), 2.34-2.58 (2H, m), 3.48 (1H, dqg, J = 4.7, 6.2 Hz), 3.73
(1H, dt, J = 4.7, 4.4 Hz), 3.80 (3H, s), 4.40 (1H, d, J = 11.7 Hz), 4.53 (1H, d, J = 11.7 Hz), 6.83-6.90 (2H,

m), 7.22-7.26 (2H, m).

(5S,6S)-5-((Triethylsilyl)oxy)-6-methyltetrahydro-2H-pyran-2-ol (188) (known) *.
oH To a stirred solution of 187 (170 mg, 0.464 mmol) in a mixture of 20:1:1 CH,Cl,-1 M

Me’”/Q aqueous Na,HPO, solution-1 M aqueous NaH,PO, solution (5.10 mL) was added at 0 °C
OTfjs 2,3-dichloro-5,6-dicyano-p-benzoquinone (148 mg, 0.650 mmol). After 1 h at rt, saturated

aqueous NaHCO; solution was added at 0 °C and the mixture was extracted with CHCls.
The extracts were washed with saturated aqueous NaCl solution, dried over Na,SQO,4, and concentrated under
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reduced pressure. The residue was purified by column chromatography on silica gel (20 g, 5:1 hexane—
EtOAC) to afford 188 (125 mg, 100%, o/B = 1.3/1) as a colorless syrup. The NMR chemical shifts of each
188a and 188p were determined using the spectra of a mixture of 188a and 188p. 188a: R = 0.32 (3:1
hexane-EtOAc); 'H NMR (300 MHz, CDCls) & 0.63 (6H, g, J = 8.1 Hz), 0.98 (9H, t, J = 8.1 Hz), 1.15 (3H,
d, J=6.2 Hz), 1.58-1.72 (2H, m), 2.00-2.10 (2H, m), 2.41 (1H, m), 3.62 (1H, br), 4.10 (1H, dg, J = 1.6, 6.2
Hz), 5.30 (1H, br). 188p: R; = 0.32 (3:1 hexane-EtOAc); *H NMR (300 MHz, CDCl5) § 0.62 (6H, g, J = 8.1
Hz), 0.88 (9H, t, J = 6.6 Hz), 1.22 (3H, d, J = 6.2 Hz), 1.45-1.91 (4H, m), 2.82 (1H, d, J = 9.0 Hz), 3.51 (1H,
br), 3.59 (1H, dg, J = 1.6, 6.2 Hz), 4.73 (1H, dt, J = 2.6, 7.3 Hz).

(2R,5S,6S)-6-Methyl-5-((triethylsilyl)oxy)tetrahydro-2H-pyran-2-yl acetate (189) (known)®.
Me——0—7—0ac VO astirred solution of 188 (170 mg, 0.464 mmol) in CH,CI, (4.64 mL) were added at 0 °C
OTES Et;N (0.338 mL, 2.44 mmol) and Ac,0 (0.115 mL, 1.22 mmol). After 3 h at rt, saturated
189 aqueous NaHCO; solution was added at 0 °C and the mixture was extracted with CHCls.
The extracts were washed with saturated aqueous NaCl solution, dried over Na,SQO,4, and concentrated under
reduced pressure. The residue was purified by column chromatography on silica gel (10 g, 5:1 hexane-
EtOAC) to afford 189 (121 mg, 90%) as a colorless syrup; Ry = 0.52 (3:1 hexane-EtOAc); 'H NMR (300
MHz, CDCls, solvent residual peak = 7.26) 6 0.62 (6H, g, J = 8.0 Hz), 0.98 (9H, t, J = 8.0 Hz), 1.23 (3H, d, J
= 6.2 Hz), 1.56-1.77 (2H, m), 1.87-2.02 (2H, m), 2.09 (3H, s), 3.57 (1H, br), 3.70 (1H, dqg, J = 1.6, 6.2 Hz),
5.69 (1H, dd, J = 9.0, 2.6 Hz).

(#)-(3aS,5aS,14aR)-9-((tert-Butyldimethylsilyl)oxy)-5a,13-dihydroxy-3a-methoxy-11-methyl-
3,3a,5,5a,6,10,11,12,14-nonahydro-2H,10H-furo[2",3""-4" 5"]furo[3',4'-6,7]naphtho[2,3-e]isoindole-
2,6,10,14-tetraone (191).

To a stirred solution of (£)-3 (37.1 mg, 0.0815 mmol) in CH,Cl, (10.2 mL)
were added at 0 °C 2,6-lutidine (0.0939 mL, 0.815 mmol) and TBSOTf
(0.191 mL, 0.815 mmol). After 1 h at 0 °C, saturated aqueous NH,CI solution
was added and the mixture was extracted with CHCI;. The extracts were

(i)f191o washed with saturated agueous NaCl solution, dried over Na,SO, and
concentrated under reduced pressure. The residue was purified by column chromatography on silica gel (4.0
g, 10:1 CHCls-acetone) to afford 191 (45.5 mg, 98%) as yellow solids; Ry = 0.38 (10:1 CHCI;—
2,2,2-trifluoroethanol); mp>300 °C; IR (neat, cm*) 3208, 2925, 1796, 1676, 1389, 1253, 1181, 1147, 1056;
'H NMR (500 MHz, CDCI;) § 0.27 (3H, s), 0.31 (3H, s), 1.04 (9H, s), 2.90 (1H, d, J = 17.1 Hz), 3.05 (1H, d,
J=17.1 Hz), 3.12 (3H, s), 3.13 (3H, s), 4.20 (1H, d, J = 9.2 Hz), 4.62 (1H, d, J = 20.5 Hz), 4.66 (1H, d, J =
20.5 Hz), 4.98 (1H, d, J = 9.2 Hz), 6.19 (1H, br), 6.97 (1H, s), 7.82 (1H, s), 13.88 (1H, s); *C NMR (125
MHz, CDCly) 8 —4.42, —-4.26, 18.55, 25.70, 29.57, 37.77, 52.52, 53.74, 73.75, 82.50, 91.00, 109.85, 112.83,
116.02, 117.80, 120.04, 124.66, 130.64, 140.13, 144.28, 155.37, 163.17, 165.88, 171.01, 190.30, 193.38;
LRMS (El) m/iz (M-tBu)* 512.0; HRMS (EI) m/z calcd for C,H,NOy,Si 512.1013 (M-tBu)*, found
512.0995.
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(3aS,5aS,14aR)-9-((tert-Butyldimethylsilyl)oxy)-13-hydroxy-3a-methoxy-11-methyl-5a-(((2S,5S,6S)-
6-methyl-5-((triethylsilyl)oxy)tetrahydro-2H-pyran-2-yl)oxy)-3,3a,5,5a,6,10,11,12,14-nonahydro-
2H,10H-furo[2",3""-4" 5"]furo[3’,4'-6,7]naphtho[2,3-e]isoindole-2,6,10,14-tetraone (192) and
(3aR,5aR,14aS)-9-((tert-butyldimethylsilyl)oxy)-13-hydroxy-3a-methoxy-11-methyl-5a-(((2S,5S,6S)-
6-methyl-5-((triethylsilyl)oxy)tetrahydro-2H-pyran-2-yl)oxy)-3,3a,5,5a,6,10,11,12,14-nonahydro-
2H,10H-furo[2",3""-4" 5"]furo[3’,4'-6,7]naphtho[2,3-e]isoindole-2,6,10,14-tetraone (193).

To a stirred suspension of 191 (71.7 mg, 0.126
mmol), L-rhodinose derivative 189 (363 mg,
1.26 mmol) and MS5A (179 mg) in CH.ClI,
(8.40 mL) was added at 0 °C Yb(OTf); (33.8
mg, 0.0630 mmol). After 3 min at 0 °C,
saturated aqueous NH,CI solution was added

and the mixture was extracted with CHCl;. The
extracts were washed with saturated aqueous NaCl solution, dried over Na,SO,4, and concentrated under
reduced pressure. The residue was adsorbed with HP-20 and the column was washed with 3:1 water—MeOH,
then eluted with acetone. The eluent was concentrated and the residue was purified by column
chromatography on silica gel (8.6 g, 2:1 hexane—EtOAc) to afford 192 and 193 (61.2 mg, 61%, a 1.1 mixture
of diastereomers). Further separation of the mixture by repeated column chromatography gave 192 (21.0 mg,
21 %) and 193 (19.5 mg, 19 %) together with the inseparable mixture of 192 and 193. 192: yellow solids; R¢
=0.39 (2:1 hexane—EtOAc); mp 135-139 °C (not recrystallized); [0]o”*8.0 (c 0.59, CHCIs); IR (neat, cm™)
3369, 2932, 1815, 1702, 1611, 1459, 1250, 1181, 1056, 1002; *H NMR (500 MHz, CDClj, solvent residual
peak = 7.26) 6 0.35 (6H, s), 0.53 (6H, q, J = 8.0 Hz), 0.88 (3H, d, J = 7.7 Hz), 0.89 (9H, t, J = 8.0 Hz), 1.10
(9H, s), 1.43 (1H, m), 1.51 (1H, m), 1.90 (1H, d, J = 14.1 Hz), 1.94 (1H, d, J = 14.1 Hz), 2.91 (1H, d, J =
17.1 Hz), 3.03 (1H, d, J = 17.1 Hz), 3.17 (3H, s), 3.26 (3H, s), 3.53 (1H, br), 3.76 (1H, dq, J = 1.3, 7.7 Hz),
4.30 (1H, d, J = 9.5 Hz), 4.87 (1H, d, J = 9.5 Hz), 4.88 (1H, br s), 4.92 (2H, s), 7.23 (1H, s), 7.98 (1H, s),
13.82 (1H, s); *C NMR (125 MHz, CDCl;) & —4.43, —4.38, 4.76, 6.82, 16.93, 18.51, 23.28, 25.62, 25.67,
29.35, 37.22, 52.62, 53.61, 67.48, 68.13, 74.20, 85.99, 90.46, 96.02, 109.69, 112.79, 117.13, 117.87, 119.96,
126.24, 130.72, 140.85, 145.26, 155.96, 164.21, 165.90, 171.19, 190.44, 192.65; LRMS (ESI) m/z (M+Na)*
820.2; HRMS (ESI) m/z calcd for C,HssNNaOy,Si; 820.3161 (M+Na)*, found 820.3165. 193: yellow solids;
R¢ = 0.45 (2:1 hexane—EtOAC); mp 135-138 °C (not recrystallized); [a]p**®~124 (c 0.74, CHCL); IR (neat,
cm™) 3386, 2934, 1815, 1702, 1612, 1459, 1250, 1183, 1060, 1006; ‘H NMR (500 MHz, CDCl;, solvent
residual peak = 7.26) 6 0.35 (3H, s), 0.36 (3H, s), 0.52 (6H, q, J = 7.7 Hz), 0.85 (3H, d, J = 7.7 Hz), 0.87 (9H,
t, J = 8.0 Hz), 1.11 (9H, s), 1.39 (1H, m), 1.47 (1H, m), 1.83-1.94 (2H, m), 2.85 (1H, d, J = 17.1 Hz), 3.02
(1H, d, J = 17.1 Hz), 3.14 (3H, s), 3.26 (3H, s), 3.48 (1H, br), 3.86 (1H, dg, J = 1.3, 7.7 Hz), 4.15 (1H, d, J =
8.9 Hz), 4.86 (1H, br s), 4.92 (2H, s), 5.07 (1H, d, J = 8.9 Hz), 7.25 (1H, s), 8.00 (1H, s), 13.73 (1H, s); **C
NMR (125 MHz, CDCls) & —4.40, 4.75, 6.81, 16.76, 18.51, 23.60, 25.51, 25.63, 29.35, 37.46, 52.61, 53.61,
67.39, 68.83, 72.58, 85.78, 90.88, 95.04, 109.90, 112.41, 117.33, 117.89, 119.77, 126.36, 131.78, 140.44,
145.09, 155.82, 163.70, 165.92, 171.23, 190.89, 192.46; LRMS (ESI) m/z (M+Na)* 820.2; HRMS (ESI) m/z
calcd for C4HssNNaO1,Si, 820.3161 (M+Na)*, found 820.3165.
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Lactonamycin (1).

To a stirred solution of 192 (4.0 mg, 0.0050 mmol) in DMF (0.251 mL) was
added at 0 °C TASF (11.0 mg, 0.0401 mmol). After 1 h at 0 °C, the reaction
mixture was warmed to rt. After 5 h at rt, saturated aqueous NH,CI solution
was added at 0 °C and the mixture was extracted with CHCI;. The extracts
were washed with saturated aqueous NaCl solution, dried over Na,SO,4, and

concentrated under reduced pressure. The residue was purified by column

Lactonamycin (1)

chromatography on silica gel (1.0 g, 10:1 CHCI;-2,2,2-trifluoroethanol) to
afford 1 (2.4 mg, 84%) as yellow solids; Ry = 0.38 (tailing) (10:1 CHCIs-2,2,2-trifluoroethanol); mp 150 °C
(decomp.); [0]p??42.2 (¢ 0.22, MeCN); UV (MeOH) Anax nm (log €) 228 (4.13), 256 (4.22), 298 (4.44), 393
(3.94), 411 (3.98); IR (KBr, cm™*) 3442, 2926, 1807, 1685 sh, 1630, 1450, 1253, 1050; *H NMR (500 MHz,
CDCl;, solvent residual peak = 7.26) 6 0.92 (3H, d, J = 6.5 Hz), 1.52 (1H, m), 1.66 (1H, m), 1.85 (1H, tt, J =
4.0, 14.1 Hz), 1.95 (1H, ddt, J = 2.8, 4.0, 14.1 Hz), 2.92 (1H, d, J = 16.8 Hz), 3.04 (1H, d, J = 16.8 Hz), 3.17
(3H, s), 3.30 (3H, s), 3.54 (1H, br s), 3.87 (1H, br q, J = 6.5 Hz), 4.31 (1H, d, J = 9.5 Hz), 4.87 (1H,d, J =
9.5 Hz), 4.88 (1H, br), 4.99 (2H, s), 7.32 (1H, s), 8.03 (1H, s), 9.42 (1H, s), 13.71 (1H, s); **C NMR (125
MHz, CDCls) & 16.47, 23.06, 25.03, 29.12, 37.20, 52.68, 54.99, 66.94, 67.49, 74.28, 86.12, 90.33, 96.04,
109.35, 112.77, 112.91, 116.65, 120.53, 120.86, 130.81, 141.81, 142.75, 157.40, 163.94, 168.96, 171.11,
190.37, 192.62; LRMS (ESI) m/z (M+Na)" 592.1; HRMS (ESI) m/z calcd for C,sH,yNNaO;, 592.1431
(M+Na)*, found 592.1414.

Natural lactonamycin (1).

Yellow solids; R; = 0.38 (tailing) (10:1 CHCI3-2,2,2-trifluoroethanol); mp 150 °C (decomp.); [a]o>*®44.8 (c
0.22, MeCN); UV (MeOH) Anx M (log €) 228 (3.99), 256 (4.08), 298 (4.29), 394 (3.80), 411 (3.84); IR
(KBr, cm') 3444, 2926, 1810, 1687, 1631, 1449, 1252, 1050; *H NMR (500 MHz, CDCl,, solvent residual
peak = 7.26) 6 0.93 (3H, d, J = 6.8 Hz), 1.51 (1H, m), 1.66 (1H, m), 1.85 (1H, tt, J = 4.3, 14.1 Hz), 1.94 (1H,
ddt, J = 3.4, 4.3, 14.1 Hz), 2.91 (1H, d, J = 17.1 Hz), 3.04 (1H, d, J = 17.1 Hz), 3.17 (3H, s), 3.29 (3H, ),
3.53 (1H, brs), 3.86 (1H, br g, J = 6.8 Hz), 4.32 (1H, d, J = 9.5 Hz), 4.87 (1H, d, J = 9.5 Hz), 4.88 (1H, br),
4.98 (2H, s), 7.31 (1H, s), 8.03 (1H, s), 9.42 (1H, s), 13.71 (1H, s); *C NMR (125 MHz, CDCl,) & 16.46,
23.04, 25.01, 29.11, 37.18, 52.68, 54.97, 66.91, 67.47, 74.32, 86.09, 90.29, 96.02, 109.31, 112.74, 112.92,
116.62, 120.51, 120.82, 130.77, 141.77, 142.72, 157.36, 163.92, 168.93, 171.12, 190.39, 192.59; LRMS (EI)
m/z (M)" 569.1; HRMS (EI) m/z calcd for C,gH»NO1, 569.1533 (M), found 569.1520.
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(3aR,5aR,14aS)-9,13-Dihydroxy-5a-(((2S,5S,6S)-5-hydroxy-6-methyltetrahydro-2H-pyran-2-yl)oxy)-
3a-methoxy-11-methyl-3,3a,5,5a,6,10,11,12,14-nonahydro-2H,10H-furo[2"*,3""-4" 5"]furo[3',4"-6,7]-
naphtho[2,3-e]isoindole-2,6,10,14-tetraone (194).

To a stirred solution of 193 (14.8 mg, 0.0185 mmol) in DMF (0.927 mL) was
added at 0 °C TASF (40.8 mg, 0.148 mmol). After 1 h at 0 °C, the reaction
mixture was warmed to rt. After 5 h at rt, saturated aqueous NH,CI solution
was added at 0 °C and the mixture was extracted with CHCI;. The extracts

were washed with saturated aqueous NaCl solution, dried over Na,SO,4, and
concentrated under reduced pressure. The residue was purified by column

Lactonamycin diastereomer 194

chromatography on silica gel (1.0 g, 10:1 CHCI;-2,2,2-trifluoroethanol) to
afford 194 (6.7 mg, 63%) as yellow solids; Ry = 0.38 (tailing) (10:1 CHCIs-2,2,2-trifluoroethanol); mp
150 °C (decomp.); [0]o”*°—139 (c 0.22, MeCN); UV (MeOH) Am nm (log €) 227 (3.94, sh), 257 (4.05), 297
(4.26), 393 (3.74), 408 (3.78); IR (KBr, cm™) 3451, 2926, 1811, 1680, 1634, 1452, 1255, 1015; ‘H NMR
(500 MHz, CDClg, solvent residual peak = 7.26) & 0.94 (3H, d, J = 6.5 Hz), 1.48 (1H, m), 1.63 (1H, m), 1.83
(1H, tt, J = 4.0, 13.8 Hz), 1.90 (1H, ddt, J = 3.4, 4.0, 13.8 Hz), 2.86 (1H, d, J = 16.8 Hz), 3.03 (1H, d, J =
16.8 Hz), 3.15 (3H, s), 3.30 (3H, s), 3.49 (1H, br s), 3.97 (1H, br q, J = 6.5 Hz), 4.16 (1H, d, J = 8.6 Hz),
4.87 (1H, br d, J = 3.1 Hz), 4.99 (2H, s), 5.09 (1H, d, J = 8.6 Hz), 7.33 (1H, s), 8.05 (1H, s), 9.42 (1H, s),
13.64 (1H, s); *C NMR (125 MHz, CDCl,) & 16.42, 23.36, 24.95, 29.12, 37.45, 52.66, 54.99, 66.85, 68.17,
72.43, 85.87, 90.78, 94.94, 109.55, 112.41, 112.78, 116.87, 120.26, 120.99, 131.90, 141.40, 142.58, 157.26,
163.49, 168.96, 171.14, 190.57, 192.40; LRMS (ESI) m/z (M+Na)* 592.1; HRMS (ESI) m/z calcd for
CasH27NNaOy, 592.1431 (M+Na)", found 592.1414.

(2S,3S,4S)-2-Methyl-3,4-dihydro-2H-pyran-3,4-diyl diacetate (197) (known)*®
Me, o. 108 stirred solution of L-rhamnose (1.43 g, 7.85 mmol) in Ac,O (4.86 mL) was added dropwise
ACOL) 60 % perchloric acid (0.0286 mL) and the reaction temperature was maintained between 30 °C
O0Ac and 40 °C. After 2 h at rt, to this solution was added dropwise below 10 °C PBr; (1.00 mL, 10.5
197 mmol). Finally to this solution was added dropwise below 15 °C H,O (0.471 mL) and the
reaction mixture was stirred for another 2 h at rt.
To a stirred solution of sodium acetate (3.23 g, 39.4 mmol) in a mixture of 2.4:1 water—AcOH (14.2 mL)
were added at —10 °C Zn powder (2.86 g, 45.1 mmol) and ag CuSO, (151 mg CuSQO, in 0.929 mL water).
After disappearance of the blue color, to this solution was added dropwise the crude bromoaceto-rhamnose
solution prepared above and the reaction temperature was maintained between -5 °C and —10 °C. After 6 h at
—10 °C, to this solution was added ice—water (1.00 mL). After 5 min, the reaction mixture was filtrated off
and the filtrate was extracted with CH,Cl,. The extracts were washed with ice—water, saturated aqueous
NaHCO; solution, dried over Na,SO,, and concentrated under reduced pressure. The residue was purified by
column chromatography on silica gel (15 g, 3:1 hexane—EtOAc) to afford 197 (1.60 g, 95%) as a colorless
syrup; Ry = 0.57 (3:1 hexane—EtOAc); *H NMR (300 MHz, CDClIs, solvent residual peak = 7.26) 1.31 (3H, d,
J=7.2Hz), 2.04 (3H, s), 2.09 (3H, s), 4.11 (1H, dg, J = 8.6, 7.2 Hz), 4.78 (1H, dd, J = 6.6, 4.0 H), 5.03 (1H,
dd, J=8.6, 6.6 Hz), 5.34 (1H, m), 6.43 (1H, dd, J= 7.0, 2.6 Hz).

225



Elpig EE T NS~ DA

(5R,6S)-5-Acetoxy-5,6-dihydro-6-methylpyran-2-one (198) (known)™.
Me., O._0O To a stirred solution of 197 (1.00 g, 4.67 mmol) in CH,CI, (15.1 mL) was added dropwise at
Acog —20 °C mCPBA (1.36 g, 5.51 mmol) in CH,CI, (14.9 mL) and BF;-OEt, (0.252 mL, 2.01
198 mmol). After 1 h at —20 °C, the mixture was extracted with CHCI;. The extracts were washed
with saturated aqueous NaCl solution, dried over Na,SO,, and concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel (48 g, 2:1 hexane—EtOAc) to afford 198 (708
mg, 89%) as a colorless syrup; R; = 0.15 (3:1 hexane—EtOAc); ‘*H NMR (500 MHz, CDCls, solvent residual
peak = 7.26) & 1.40 (3H, d, J = 6.6 Hz), 2.10 (3H, s), 4.56 (1H, dq, J = 6.6, 6.6 Hz), 5.24 (1H, ddd, J = 6.6,
3.5, 1.5 Hz), 6.07 (1H, dd, J = 10.1, 1.5 Hz), 6.74 (1H, dd, J = 10.1, 3.5 Hz).

(5R,6S)- 5,6-Dihydro-5-hydroxy-6-methylpyran-2-one (250) (known)'.
Me., O._O 102 stirred solution of 198 (7.00 g, 41.2 mmol) in 0.1 M phosphate buffer solution (1.68 L)
Ho’q was added at rt lipase PS Amano SD (8.24 g). After 2 d at 30 °C, the mixture was extracted
250 with EtOAc. The extracts were washed with saturated aqueous NaCl solution, dried over
Na,SO,, and concentrated under reduced pressure. The residue was purified by column chromatography on
silica gel (300 g, 1:1 hexane—EtOAC) to afford 250 (3.83 g, 73%) as a colorless syrup; R; = 0.18 (1:1 hexane—
EtOAc); *H NMR (500 MHz, CDCl;, solvent residual peak = 7.26) & 1.48 (3H, d, J = 6.5 Hz), 2.50 (1H, br d,
J = 4.0 Hz), 4.24 (1H, m), 4.38 (1H, dq, J = 8.9, 6.5 Hz), 5.98 (1H, dd, J = 10.0, 2.0 Hz), 6.84 (1H, dd, J =
10.0, 2.3 Hz).

(3S,4S,5R,6S)-3,4-Epoxy-5-hydroxy-6-methylpyran-2-one (199) (known)*.
Me., O._O To a stirred solution of 250 (2.21 g, 17.3 mmol) in pyridine (333 mL) was added dropwise at —
o 10 °C 5% NaClO aqueous solution (66.5 mL, 17.3 mmol). After 1 h at —10 °C, saturated
100 _ aqueous NH,CI solution was added at 0 °C and the mixture was extracted with EtOAc. The
extracts were washed with saturated aqueous NaCl solution, dried over Na,SO, and
concentrated under reduced pressure. The residue was purified by column chromatography on silica gel (125
g, 1:2 hexane—EtOAc) to afford 199 (1.03 g, 42%) as a colorless syrup; Ry = 0.23 (1:1 hexane-EtOAc); H
NMR (300 MHz, CDCls, solvent residual peak = 7.26) & 1.35 (3H, d, J = 6.3 Hz), 3.62 (1H, d, J = 4.6 Hz),
3.68 (1H, d, J = 4.6 Hz), 3.87 (1H, d, J = 9.6 Hz), 4.35 (1H, dg, J = 9.6, 6.3 Hz).

(4R,5S,68)-4,5-Dihydroxy-6-methyl-tetra-hydropyran-2-one (200) (known)'®,
o. .o Toastirred solution of PhSeSePh (80.2 mg, 0.257 mmol) in isopropanol (1.44 mL) was added
o at rt NaBH, (19.1 mg, 0.505 mmol). After 8 min at rt, to this solution was added at rt AcOH
OH (0.0051 mL). After 10 min at rt, to this solution was added at O °C a solution of 199 (12.0 mg,
200 0.0833 mmol) in IPA (0.801 mL). After 1 h at 0 °C, the mixture was extracted with EtOAC.
The extracts were washed with saturated aqueous NaCl solution, dried over Na,SQO,, and concentrated under

Me

“,

reduced pressure. The residue was purified by column chromatography on silica gel (4.0 g, 5:2 EtOAc—
MeOH) to afford 200 (2.44 mg, ca. 20%, including impurities) as a yellow syrup; R; = 0.88 (5:2 EtOAc—
MeOH); *H NMR (300 MHz, CDCls, solvent residual peak = 7.26) & 1.41 (3H, d, J = 6.6 Hz) 1.85-2.22 (2H,
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m), 2.55 (1H, dd, J = 17.8, 5.0 Hz), 2.94 (1H, dd, J = 17.8, 7.2 Hz), 3.94 (1H, m), 4.10 (1H, m), 4.42 (1H, dg,
J=9.0, 6.6 Hz).

(3S,4S,5R,65)-3,4-Epoxy-5-((triethylsilyl)oxy)-6-methylpyran-2-one (201).
Me., O._0O To a stirred solution of 200 (1.00 g, 6.94 mmol) in CH,Cl, (69.4 mL) were added at 0 °C
TESO/q imidazole (1.25 g, 20.8 mmol) and TESCI (1.74 mL, 10.4 mmol). After 15 min at rt,
201 saturated aqueous NH,4CI solution was added at 0 °C and the mixture was extracted with
CHCI;. The extracts were washed with saturated aqueous NaCl solution, dried over Na,SO, and
concentrated under reduced pressure. The residue was purified by column chromatography on silica gel (90 g,
10:1 hexane—-EtOAc) to afford 201 (1.68 g, 94%) as a colorless syrup; Rf = 0.61 (5:1 hexane-EtOAc);
[a]o?"" —125.2 (c 1.89, CHCI,); IR (neat, cm ) 2958, 2915, 2879, 1793, 1753, 1459, 1351, 1257, 1119, 1078,
1008, 857, 746;'H NMR (300 MHz, CDCls, solvent residual peak = 7.26) & 0.69 (6H, g, J = 8.0 Hz), 1.00
(9H, t,J=8.0 Hz), 1.34 (3H, d, J = 6.3 Hz), 3.53 (1H, d, J = 4.2 Hz), 3.62 (1H, d, J = 4.2 Hz), 3.93 (1H, d, J
= 9.3 Hz), 4.44 (1H, dg, J = 9.0, 6.3 Hz); *C NMR (75 MHz, CDCl;) & 4.92, 6.65, 17.99, 50.52, 55.66, 70.74,
73.09, 166.32; LRMS (El) m/z (M-Et)" 229.1; HRMS (El) m/z (M-Et)* calcd for C;,H20,Si, 229.0896,
found, 229.0874.

(4R,5S5)-5-((S)-1-Hydroxyethyl)-4-((triethylsilyl)oxy)dihydrofuran-2(3H)-one (203).
o) To a stirred solution of PhSeSePh (3.50 g, 11.2 mmol) EtOH (62.4 mL) was added at rt
? NaBH, (830 mg, 21.9 mmol). After 30 min at rt, to this solution was added at rt AcOH
’Me Y Es (0.223 mL). After 10 min at rt, to this solution was added at 0 °C a solution of 201 (950 mg,
203 3.68 mmol) in EtOH (36.8 mL). After 25 min at 0 °C, the mixture was extracted with

EtOAc. The extracts were washed with saturated aqueous NaCl solution, dried over Na,SO, and

HO.,

concentrated under reduced pressure. The residue was purified by column chromatography on silica gel (48 g,
3:1 hexane-EtOAc) to afford 203 (506 mg, 53%) as a colorless syrup; Ry = 0.19 (5:1 hexane-EtOAC);
[a]p?"? —3.4 (c 1.09, CHCLy); IR (neat, cm™) 3444, 2957, 2878, 1785, 1753, 1460, 1379, 1241, 1187, 1093,
1007, 946, 913, 871, 766, 746; '"H NMR (300 MHz, CDCls, solvent residual peak = 7.26) & 0.60 (6H, g, J =
7.8 Hz), 0.94 (9H, t, J = 7.8 Hz), 1.26 (3H, d, J = 6.6 Hz), 2.35 (1H, dd, J = 17.7, 2.4 Hz), 2.60 (1H, br), 2.86
(1H, dd, J = 17.7, 6.9 Hz), 4.04 (1H, dqg, J = 6.6, 3.3 Hz), 4.20 (1H, dd, J = 3.3, 2.4 Hz), 4.57 (1H, ddd, J =
6.9, 2.4, 2.4 Hz); *C NMR (75 MHz, CDCls) § 4.58, 6.58, 18.41, 39.31, 66.80, 67.44, 91.81, 176.26; LRMS
(El) m/z (M-Et)" 231.1; HRMS (EI) m/z (M—Et)" calcd for C;,H,,0,Si, 231.1053, found, 231.1046.

(4R,5S)-4-((Triethylsilyl)oxy)-5-((S)-1-((triethylsilyl)oxy)ethyl)dihydrofuran-2(3H)-one (251).
0 To a stirred solution of 203 (980 mg, 3.76 mmol) in CH,CI, (37.6 mL) were added at 0 °C
o imidazole (903 mg, 15.0 mmol) and TESCI (1.25 mL, 7.52 mmol). After 15 min at rt,

TESO., . . . .
saturated aqueous NH,CI solution was added at O °C and the mixture was extracted with

OTES
Me
251 CHCI;. The extracts were washed with saturated aqueous NaCl solution, dried over
Na,SQ,, and concentrated under reduced pressure. The residue was purified by column chromatography on

silica gel (70 g, 15:1 hexane-EtOAc) to afford 251 (1.35 g, 96%) as a colorless syrup; Ry = 0.52 (10:1
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hexane—EtOAC); [a]p?®° 11.2 (c 1.09, CHCI,); IR (neat, cm™) 2956, 2878, 1788, 1459, 1414, 1360, 11609,
1145, 1093, 1017, 743; *H NMR (300 MHz, CDClI5, solvent residual peak = 7.26) & 0.59 (6H, g, J = 8.0 Hz),
0.61 (6H, g, J = 8.0 Hz), 0.94 (9H, t, J = 8.0 Hz), 0.96 (9H, t, J = 8.0 Hz), 1.22 (3H, d, J = 6.3 Hz), 2.32 (1H,
dd, J = 17.0, 2.4 Hz), 2.78 (1H, dd, J = 17.0, 6.3 Hz), 4.03 (1H, dqg, J = 3.3, 6.6 Hz), 4.17 (1H, dd, J = 3.3,
2.4 Hz), 455 (1H, dt, J = 6.3, 2.4, 2.4 Hz); *C NMR (75 MHz, CDCl,) & 4.61, 4.74, 6.62, 6.68, 19.60, 39.51,
67.47, 67.96, 92.11, 176.07; LRMS (El) m/z (M—Et)* 345.2; HRMS (El) m/z (M—Et)* calcd for Cy5H350.4Sis,
345.1917, found, 345.1915.

(4R,5S)-4-((Triethylsilyl)oxy)-5-((S)-1-((triethylsilyl)oxy)ethyl)tetrahydrofuran-2-ol (252).
?H To a stirred solution of 251 (552 mg, 1.47 mmol) in CH,Cl, (4.90 mL) was added at —

o 78 °C a 1.04 M hexane solution of DIBAL (1.56 mL, 1.62 mmol). After 30 min at —78 °C,

TESO.,
Me OTES
252 mixture was stirred at rt. After 12 h, the mixture was extracted with CHCI;. The extracts

saturated aqueous potassium sodium tartrate solution and CHCI; were added at rt and the

were washed with saturated aqueous NaCl solution, dried over Na,SO,4, and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel (28 g, 10:1 hexane—EtOAc) to
afford 252 (518 mg, 94%, dr = 2.5/1) as a colorless syrup. The NMR chemical shifts of each diastereomer
were determined using the spectra of a mixture of diastereomers. Major diastereomer: R; = 0.40 (10:1
hexane—EtOAc); *H NMR (500 MHz, CDCl,) & 0.64 (12H, q, J = 7.8 Hz), 0.95 (18H, t, J = 7.8 Hz), 1.18
(3H, d, J = 6.3Hz), 1.91 (1H, d, J = 13.2 Hz), 2.03 (1H, m), 3.59 (1H, dq, J = 4.6, 6.3 Hz), 3.95 (1H, m), 4.07
(1H, d, J = 11.7 Hz), 4.44 (1H, d, J = 4.6 Hz), 5.38 (1H, dd, J = 11.7, 4.6 Hz); *C NMR (125 MHz, CDCl5)
5 4.53, 4.91, 6.65, 6.76, 20.76, 41.89, 68.82, 72.56, 91.87, 99.80. Minor diastereomer: R; = 0.40 (10:1
hexane—EtOAc); *H NMR (500 MHz, CDCl,) & 0.58 (12H, q, J = 7.8 Hz), 0.97 (18H, t, J = 7.8 Hz), 1.22
(3H, d, J = 6.3Hz), 2.00-2.12 (2H, m), 3.23 (1H, m), 3.74 (1H, t, J = 3.8 Hz), 3.95 (1H, overlapping with
major diastereomer), 4.55 (1H, dt, J = 3.8, 6.0 Hz), 5.49 (1H, ddd, J = 7.2, 4.6, 2.3 Hz); *C NMR (125 MHz,
CDCl3) 6 4.74, 4.96, 6.71, 6.74, 19.36, 44.32, 68.77, 70.83, 90.89, 98.95. Mixture of diastereomers: IR
(neat, cm™) 3441, 2956, 2878, 1638, 1459, 1415, 1376, 1240, 1087, 1005, 974, 933, 856, 743, 728, 673;
LRMS (EI) m/z (M-Et)" 347.2; HRMS (EI) m/z (M-Et)" calcd for C1gH400,Si,, 347.2070, found, 347.2098.

(4R,5S)-4-((Triethylsilyl)oxy)-5-((S)-1-((triethylsilyl)oxy)ethyl)tetrahydrofuran-2-yl acetate (204).
?Ac To a stirred solution of 252 (250 mg, 0.664 mmol) in CH,Cl, (3.32 mL) were added at
? 0 °C EtzN (0.920 mL, 6.64 mmol) and Ac,O (0.314 mL, 3.32 mmol). After 1 d at rt,
TESO"”MC\/ETES saturated aqueous NaHCO; solution was added at 0 °C and the mixture was extracted with
204 CHCI3. The extracts were washed with saturated aqueous NaCl solution, dried over
Na,SO,, and concentrated under reduced pressure. The residue was purified by column chromatography on
silica gel (15 g, 20:1 hexane—EtOAC) to afford 204 (235 mg, 85%, dr = 3.3/1) as a colorless syrup. The NMR
chemical shifts of each diastereomer were determined using the spectra of a mixture of diastereomers. Major
diastereomer: R; = 0.54 (10:1 hexane-EtOAc); "H NMR (500 MHz, CDCls) & 0.61 (6H, g, J = 8.0 Hz), 0.97
(9H, t, J = 8.0 Hz), 1.17 (3H, d, J = 6.3 Hz), 1.95 (1H, br d, J = 14.0 Hz), 2.04 (3H, s), 2.25 (1H, ddd, J =
14.0, 6.9, 5.8 Hz), 3.88 (1H, dg, J = 3.0, 6.3 Hz), 4.00 (1H, dd, J = 3.0, 3.0 Hz), 4.44 (1H, ddd, J = 6.9, 3.0,
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3.0 Hz), 6.27 (1H, br d, J = 6.3, 5.8 Hz); *C NMR (125 MHz, CDCls) & 4.76, 4.88, 6.68, 6.77, 20.27, 21.36,
42.19, 68.11, 70.02, 93.14, 99.53, 170.70. Minor diastereomer: R; = 0.54 (10:1 hexane-EtOAc); ‘H NMR
(500 MHz, CDCls) 8 0.61 (6H, g, J = 8.0 Hz), 0.97 (9H, t, J = 8.0 Hz), 1.18 (3H, d, J = 6.3 Hz), 2.03 (3H, s)
2.13 (1H, ddd, J = 14.4, 6.0, 3.7 Hz), 2.18 (1H, ddd, J = 14.4, 5.5, 4.9 Hz), 3.73 (1H, dd, J = 5.8, 3.5 Hz),
3.81 (1H, dg, J = 5.8, 6.3 Hz), 4.48 (1H, m), 6.33 (1H, dd, J = 5.5, 3.7 Hz); *C NMR (125 MHz, CDCl;) &
4.70, 5.01, 6.82, 19.99, 21.36, 41.36, 68.20, 71.10, 92.15, 98.57, 170.20. Mixture of diastereomers: IR
(neat, cm™) 3450, 2956, 2878, 1748, 1639, 1460, 1415, 1377, 1238, 1103, 1007, 959, 847, 743, 728; LRMS
(El) m/z (M—Et)* 389.3; HRMS (El) m/z (M—Et)" calcd for CyH4,0sSi,, 389.2180, found, 389.2187.

(2S,3R,4R)-6-(Benzyloxy)-2-methyltetrahydro-2H-pyran-3,4-diol (205) (known) **.
Me., O__,OBn To a mixture of 204 (200 mg, 0.478 mmol) and benzylalcohol (0.199 mL, 1.91 mmol) in
CH,CI, (3.20 mL) was added at 0 °C BF;-OEt, (0.151 mL, 1.20 mmol). After 3 h at 0 °C,
"o OH saturated aqueous NaHCO; solution was added and the mixture was extracted with CHCls.
208 The extracts were washed with saturated aqueous NaCl solution, dried over Na,SO,, and
concentrated under reduced pressure. The residue was purified by column chromatography on silica gel (5.5
g, 1:1 hexane—EtOAC) to afford 205 (91.1 mg, 80%, o/p = 2/1) as a yellow syrup. The NMR chemical shifts
of each 205¢ and 205 were determined using the spectra of a mixture of 205a and 205p. 205a: R¢ = 0.50
(1:1 hexane—EtOAc); *H NMR (500 MHz, CDCls) & 1.34 (3H, d, J = 6.1 Hz), 1.93 (1H, dt, J = 14.6, 3.5, 3.5
Hz), 2.21 (1H, ddd, J = 14.6, 3.2, 1.2 Hz), 2.55 (1H, d, J = 10.3 Hz), 3.16 (1H, ddd, J = 10.1, 9.8, 3.2 Hz),
3.48 (1H, d, J = 10.1 Hz), 3.77 (1H, dg, J = 9.8, 6.1 Hz), 3.95 (1H, ddd, J = 10.1, 3.5, 3.2 Hz), 4.49 (1H, d, J
=12.1 Hz), 4.71 (1H, d, J = 12.1 Hz), 4.97 (1H, br d, J = 3.5 Hz), 7.29-7.38 (5H, m); *C NMR (125 MHz,
CDCl;) 6 17.80, 35.09, 64.65, 67.31, 69.43, 72.59, 96.39, 127.93, 128.06, 128.56, 136.84. 2058: R; = 0.40
(1:1 hexane—EtOAc); *H NMR (500 MHz, CDCl5) & 1.34 (3H, d, J = 6.0 Hz), 1.79 (1H, ddd, J = 14.0, 9.5,
2.9 Hz), 2.13 (1H, ddd, J = 14.0, 3.8, 2.3 Hz), 2.30 (1H, br), 2.47 (1H, s), 3.33 (1H, m), 3.74 (1H, dg, J = 9.5,
6.3 Hz), 4.10 (1H, dd, J = 3.8, 3.2 Hz), 4.57 (1H, d, J = 12.1 Hz), 4.89 (1H, d, J = 12.1 Hz), 4.90 (1H, dd, J =
9.5, 2.3 Hz), 7.30-7.38 (5H, m); *C NMR (125 MHz, CDCls) & 18.11, 37.71, 67.94, 70.51, 73.02, 96.88,
127.65, 127.91, 128.34, 137.70. Mixture of 205a and 205p: IR (neat, cm ') 3460, 3064, 3032, 2971, 2933,
1639, 1498, 1455, 1430, 1407, 1374, 1215, 1122, 1014, 914, 873, 854, 738, 699; LRMS (EI) m/z (M)* 238.1;
HRMS (El) m/z (M) calcd for Ci3H1504, 238.1205, found, 238.1225.

(2S,3R)-6-(Benzyloxy)-2-methyl-3,6-dihydro-2H-pyran-3-yl acetate (206) (known)'®.
Me., O._,0Bn TO a mixture of 197 (1.00 g, 4.67 mmol) and benzylalcohol (0.728 mL, 7.01 mmol) in
ACOL) CH,CI, (7.18 mL) was added at 0 °C BF3-OEt, (0.0293 mL, 0.234 mmol). After 1 h at 0 °C,
206 saturated aqueous NaHCO; solution was added and the mixture was extracted with CHCls.
The extracts were washed with saturated aqueous NaCl solution, dried over Na,SQO,4, and concentrated under
reduced pressure. The residue was purified by column chromatography on silica gel (60 g, 10:1 hexane—
EtOAC) to afford 206 (1.13 g, 93%, o/p = 10/1) as a colorless syrup. The NMR chemical shifts of each 206a
and 206p were determined using the spectra of a mixture of 206a and 206p. 206a: Ry = 0.68 (3:1 hexane—
EtOAc); "H NMR (300 MHz, CDCl5) 8 1.19 (3H, d, J = 7.1 Hz), 2.08 (3H, s), 4.01 (1H, dg, J = 7.1, 9.7 Hz),
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4.60 (1H, d, J=11.8 Hz), 4.79 (1H, d, J = 11.8 Hz), 5.03-5.09 (2H, m), 5.78-5.89 (2H, m), 7.28-7.38 (5H,
m). 206p: R; = 0.68 (3:1 hexane—EtOAc); 'H NMR (300 MHz, CDCl,) & 1.36 (3H, d, J = 7.1 Hz), 2.08 (3H,
s), 3.92 (1H, m), 4.62 (1H, d, J = 11.8 Hz), 4.87 (1H, d, J = 11.8 Hz), 5.06 (1H, m), 5.21 (1H, m), 5.78-5.95
(2H, m), 7.28-7.38 (5H, m).

(2S,3R)-6-(Benzyloxy)-2-methyl-3,6-dihydro-2H-pyran-3-ol (207) (known)'®.
Me., O._,0Bn TO astirred solution of 206 (1.12 g, 4.27 mmol) in MeOH (53.4 mL) was added at 0 °C Na
HOL) (294 mg, 12.8 mmol). After 30 min at rt, saturated aqueous NH,CI solution was added and
207 the mixture was extracted with EtOAc. The extracts were washed with saturated aqueous
NaCl solution, dried over Na,SQ,4, and concentrated under reduced pressure. The residue was purified by
column chromatography on silica gel (50 g, 2:1 hexane—EtOAc) to afford 207 (886 mg, 94%, o/f = 10/1) as
a colorless syrup. The NMR chemical shifts of each 207a and 207p were determined using the spectra of a
mixture of 207a and 207f. 207a: R = 0.19 (3:1 hexane—EtOAC); 'H NMR (500 MHz, CDCl5) & 1.30 (3H, d,
J=6.4 Hz), 1.37 (1H, d, J = 8.3 Hz), 3.76 (1H, dg, J = 8.9, 6.3 Hz), 3.86 (1H, br ddd, J = 8.9, 8.3, 1.7 Hz),
459 (1H, d, J =12.1 Hz), 4.78 (1H, d, J = 12.1 Hz), 5.04 (1H, br), 5.78 (1H, ddd, J = 10.0, 2.9, 1.7 Hz), 5.93
(1H, br d, J = 10.0 Hz), 7.27-7.37 (5H, m). 207p: R; = 0.15 (3:1 hexane-EtOAc); '"H NMR (500 MHz,
CDCl3) 6 1.40 (3H, d, J = 6.6 Hz), 1.59 (1H, d, J = 8.0 Hz), 3.69 (1H, dq, J = 6.3, 6.3 Hz), 3.93 (1H, m),
4.62 (1H, d, J =11.7 Hz), 4.87 (1H, d, J = 11.7 Hz), 5.19 (1H, m), 5.83 (1H, ddd, J = 10.1, 1.5, 1.5 Hz), 5.98
(1H, ddd, J = 10.1, 4.6, 1.8 Hz), 7.27-7.37 (5H, m).

(6S)-2-(Benzyloxy)-6-methyl-3,6-dihydro-2H-pyran (208) (known)™.
Me., O_,0Bn A flask was charged with N-methyl morpholine (32.7 mL), and triphenylphosphine (15.8 g,
~ 60.4 mmol), and was cooled to -30 °C. A 2.20 M toluene solution of diisopropyl
208 azodicarboxylate (25.0 mL, 54.9 mmol) was added and the reaction mixture was stirred for
5 min. Allylic alcohol 207 (4.04 g, 18.3 mmol) was added and the reaction mixture was stirred for 10 min,
followed by addition of NBSH'*" (11.9 g, 54.9 mmol). The reaction was stirred at —30 °C for 2 h and was
monitored by TLC, upon consumption of the starting material, warm up to room temperature and stirred for
another 2 h. The reaction mixture was diluted with Et,O and was quenched with saturated aqueous NaHCO3
solution, extracted with Et,O, dried over Na,SO,, and concentrated under reduced pressure. The residue was
purified by column chromatography on silica gel (120 g, 20:1 hexane—Et,0) to afford 208 (3.51 g, 94%, o/p
= 16/1) as a yellow syrup. The NMR chemical shifts of each 208a and 208p were determined using the
spectra of a mixture of 208a and 208p. 208a: R; = 0.63 (10:1 hexane—EtOAc); ‘H NMR (500 MHz, CDCls) &
1.26 (3H, d, J = 6.9 Hz), 2.08 (1H, m), 2.42 (1H, m), 4.36 (1H, m), 4.58 (1H, d, J = 12.1 Hz), 4.81 (1H, d, J
=12.1 Hz), 5.05 (1H, d, J = 4.9 Hz), 5.63-5.71 (2H, m), 7.23-7.39 (5H, m); **C NMR (125 MHz, CDCls) &
20.7, 29.7, 63.5, 68.8, 94.9, 120.9, 127.5, 127.9, 128.3, 130.0, 138.1. 208p: R = 0.63 (10:1 hexane—EtOAc);
'H NMR (500 MHz, CDCl,) & 1.31 (3H, d, J = 6.6 Hz), 2.17 (1H, m), 2.26 (1H, m), 3.91 (1H, ddg, J = 10.9,
6.6, 2.3 Hz), 4.61 (1H, d, J = 12.3 Hz), 4.73 (1H, dd, J = 8.0, 3.5 Hz), 4.93 (1H, d, J = 12.3 Hz), 5.58 (1H,
m), 5.67 (1H, overlapping with 208a), 7.23-7.39 (5H, m); *C NMR (125 MHz, CDCls) & 21.1, 30.9, 69.7,
70.6, 97.7, 122.4, 127.7, 128.3, 130.9, 137.9. Mixture of 208a and 208p: IR (neat, cm™) 3446, 3034, 2975,
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2931, 1661, 1455, 1372, 1343, 1212, 1189, 1115, 1046, 1009, 902, 885, 736, 699; LRMS (El) m/z (M)*
204.1; HRMS (EI) m/z caled for Cy3H;60, 204.1150 (M)*, found 204.1159.

(2S,3R,4R)-6-(Benzyloxy)-2-methyltetrahydro-2H-pyran-3,4-diol (205a) (known)**® and

(2S,3S,4S)-6-(benzyloxy)-2-methyltetrahydro-2H-pyran-3,4-diol (209) (known)™.

Me. O._OBn Me., O._OBn To a stirred solution of 208 (419 mg, 2.05 mmol, o/p = 10/1) in a mixture
U of 25:1 CH,Cl,—H,0 (15.8 mL) were added at rt NMO (1.04 g, 4.10 mmol)

HO

"o OH &n and OsO, (52.1 mg, 0.205 mmol). After 12 h at rt, saturated aqueous
2030 209 Na,S,0; solution was added at 0 °C and the mixture was extracted with
CHCI;. The extracts were washed with saturated aqueous NaCl solution, dried over Na,SO,, and
concentrated under reduced pressure. The residue was purified by column chromatography on silica gel (15 g,
1:1 hexane-EtOAC) to afford 205a (293 mg, 60%) as a colorless syrup, 209 (170 mg, 35%) as a colorless
syrup, and B-isomers. 205a: R; = 0.31 (1:1 hexane-EtOAc); [a]p™**—140.5 (¢ 2.2, CHCl,); IR (neat, cm ™)
3490, 2933, 1455, 1430, 1123, 1103, 1062, 1017, 744, 699; 'H NMR (500 MHz, CDCl;) & 1.34 (3H, d, J =
6.1 Hz), 1.93 (1H, dt, J = 14.6, 3.5 Hz), 2.20 (1H, ddd, J = 14.6, 3.2, 1.2 Hz), 2.60 (1H, d, /= 10.1 Hz), 3.15
(1H, ddd, J=10.1, 9.8, 3.2 Hz), 3.46 (1H, d, /= 10.0 Hz), 3.77 (1H, dq, /= 9.8, 6.1 Hz), 3.95 (1H, ddd, J =
10.0, 3.2, 3.2 Hz), 4.49 (1H, d, J = 11.8 Hz), 4.71 (1H, d, J = 11.8 Hz), 4.96 (1H, br d, J = 3.5 Hz),
7.29-7.38 (5H, m); BC NMR (125 MHz, CDCls) 6 17.77, 35.08, 64.62, 67.28, 69.37, 72.57, 96.35, 127.89,
128.00, 128.51, 136.84; LRMS (EI) m/z (M)" 238.1; HRMS (EI) m/z calcd for C;3H150, 238.1205 (M),
found 238.1215. 209: R; = 0.20 (1:1 hexane—EtOAc); [a]p>' —114.9 (¢ 0.10, CHCI); IR (neat, cm ™) 3308,
2912, 1454, 1363, 1164, 1127, 1098, 1024, 981, 755, 700; 'H NMR (500 MHz, CDCl;) 8 1.26 (3H, d, J= 6.7
Hz), 1.82 (1H, ddd, J=12.9, 11.7, 3.4 Hz), 1.93 (1H, dd, J = 12.9, 5.5 Hz) , 2.57 (1H, d, J = 5.7 Hz), 2.73
(1H, d, J = 6.1 Hz), 3.62 (1H, br s), 3.94 (1H, q, J = 6.7 Hz), 4.04 (1H, br), 4.46 (1H, d, J = 12.1 Hz), 4.64
(1H, d, J = 12.1 Hz), 4.97 (1H, d, J = 3.4 Hz), 7.26-7.37 (5H, m); *C NMR (125 MHz, CDCl;) § 16.70,
32.63, 65.79, 65.87, 69.02, 71.19, 96.86, 127.65, 127.72, 128.36, 137.71; LRMS (EI) m/z (M) 238.1; HRMS
(E1) m/z calcd for C13H50,4 238.1205 (M)*, found 238.1202.

(2S,3S,4R,6R)-6-(Benzyloxy)-2-methyltetrahydro-2H-pyran-3,4-diyl bis(2-chloroacetate) (253).
Me., O.__OBn 102 stirred solution of 205a (12.1 mg, 0.0508 mmol) in CH,Cl, (0.254 mL) were added at
CAO,Q 0 °C pyridine (0.0163 mL, 0.203 mmol) and CICH,COCI (0.0121 mL, 0.152 mmol). After
OCA 2 h at rt, saturated aqueous NaHCO; solution was added at 0 °C and the mixture was
253 extracted with CHCl;. The extracts were washed with saturated aqueous NaCl solution,
dried over Na,SO,4, and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel (1.0 g, 20:1 hexane—EtOAc) to afford 253 (19.9 mg, 100%) as a colorless
syrup; Ry = 0.66 (1:2 hexane—EtOAC); IR (neat, cm') 2979, 2938, 1763, 1410, 1312, 1170, 1145, 1128, 1097,
1033; "H NMR (500 MHz, CDCl;) & 1.19 (3H, d, J = 6.3 Hz), 2.07 (1H, ddd, J = 15.5, 3.2, 3.2 Hz), 2.27 (1H,
ddd, J=15.5,3.5,1.2 Hz), 3.97 (1H, d, J = 14.9 Hz), 4.03 (2H, s), 4.04 (1H, d, /= 14.9 Hz), 4.30 (1H, dq, J
=9.8,6.3 Hz), 4.46 (1H,d,J=11.8 Hz), 4.73 (1H, d, /= 11.8 Hz), 4.73 (1H, d, 9.8 Hz), 4.93 (1H, d, /= 4.0
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Hz), 5.37 (1H, dt, J = 3.5, 3.2 Hz), 7.27-7.39 (5H, m); °C NMR (125 MHz, CDCl;) & 17.24, 32.98, 40.50,
40.86, 61.52, 68.24, 69.23, 73.85, 94.89, 127.46, 127.62, 128.31, 137.74, 166.36, 167.09.

(2S,3S,4R)-6-Hydroxy-2-methyltetrahydro-2H-pyran-3,4-diyl bis(2-chloroacetate) (210).

Me., _O_,OH 10a stirred solution of 253 (19.9 mg, 0.0508 mmol) in MeOH (1.10 mL) were added at rt
cAG 10% Pd on carbon (10.9 mg). The reaction mixture was vaccum degassed three timed and
OCA refilled with Ar. Finally degassed and filled with H,. After 5 h at rt, the mixture was filtered
210 through celite with EtOAc. After concentration, the crude mixture was purified by column
chromatography on silica gel (1.0 g, 1:1 hexane-EtOAc) to afford 210 (8.1 mg, 51%, o/f = 1/2.3) as a
colorless syrup. The NMR chemical shifts of each 210a and 210p were determined using the spectra of a
mixture of 210a and 2108. 210a: R; = 0.40 (1:1 hexane—EtOAC); 'H NMR (500 MHz, CDCl5) & 1.24 (3H, d,
J=6.4Hz), 2.11-2.23 (2H, m), 3.58 (1H, d, J = 7.2 Hz), 4.04 (2H, s), 4.16 (2H, s), 4.39 (1H, dg, J = 9.8, 6.4
Hz), 4.73 (1H, dd, J = 9.8, 2.9 Hz), 5.26 (1H, br), 5.53 (1H, ddd, J = 3.5, 3.2, 3.2 Hz); *C NMR (125 MHz,
CDCl;) 6 17.38, 33.61, 40.49, 40.75, 61.41, 68.90, 73.72, 90.33, 166.41, 166.56. 210p: R; = 0.40 (1:1
hexane—EtOAc); 'H NMR (500 MHz, CDCls) & 1.26 (3H, d, J = 6.3 Hz), 1.91 (1H, ddd, J = 12.3, 9.5, 2.9
Hz), 2.20 (1H, ddd, J = 12.3, 4.0, 2.3 Hz), 3.55 (1H, d, J = 5.4 Hz), 4.02 (2H, s), 4.06 (1H, dg, J =9.7, 6.3
Hz), 4.11 (2H, s), 4.69 (1H, dd, J = 9.7, 2.9 Hz), 5.18 (1H, br d, J = 9.5 Hz), 5.56 (1H, ddd, J = 4.0, 2.9, 2.9
Hz); *C NMR (125 MHz, CDCls) & 17.78, 36.58, 40.45, 40.65, 67.80, 69.18, 73.79, 92.02, 166.41, 166.67.

Mixture of 210a and 210p: IR (neat, cm ™) 3420, 1758, 1638, 1410, 1385, 1310, 1163, 1065, 1034.

(2S,3S,4R)-6-Acetoxy-2-methyltetrahydro-2H-pyran-3,4-diyl bis(2-chloroacetate) (195).
Me., O, OAc 102 stirred solution of 210 (20.8 mg, 0.0691 mmol) in CH,Cl, (0.345 mL) were added at
0 °C Et3N (0.0479 mL, 0.345 mmol) and AcCl (0.0123 mL, 0.173 mmol). After 1 h at rt,

OCA saturated aqueous NaHCOjs solution was added at 0 °C and the mixture was extracted with
195

CAO

CHCl;. The extracts were washed with saturated aqueous NaCl solution, dried over Na;SOy,
and concentrated under reduced pressure. The residue was purified by column chromatography on silica gel
(2.0 g, 5:2 hexane—EtOAC) to afford 195 (17.0 mg, 72%, o/f = 1/13) as a colorless syrup. 1958: R; = 0.66
(1:1 hexane—EtOAC); "H NMR (500 MHz, CDClIs, solvent residual peak = 7.26) & 1.27 (3H, d, J = 6.3 Hz),
2.04 (1H, ddd, J = 14.4, 9.5, 3.2 Hz), 2.11 (3H, s), 2.16 (1H, ddd, J = 14.4, 4.6, 2.6 Hz), 4.02 (2H, s), 4.11
(2H, s), 4.13 (1H, dg, J = 9.2, 6.3 Hz), 4.74 (1H, dd, J = 9.2, 2.9 Hz), 5.60 (1H, ddd, J = 4.6, 3.2, 2.9 Hz),
6.04 (1H, dd, J = 9.5, 2.6 Hz); "*C NMR (125 MHz, CDCl5) & 17.82, 21.03, 33.80, 40.44, 40.62, 68.51, 69.03,
73.32, 90.14, 166.41, 166.70, 169.07. Mixture of 195a and 195@: IR (neat, cm ') 3424, 1758, 1639, 1320
1220, 1166, 1145, 1070, 1035.

(2S,3S,4R)-6-(2-Methoxyacetoxy)-2-methyltetrahydro-2H-pyran-3,4-diyl bis(2-chloroacetate) (211).
Me., O O\"/\OMe To a stirred solution of 210 (22.3 mg, 0.0741 mmol) in CH,CI, (0.370 mL) were
o added at 0 °C Et;N (0.0513 mL, 0.370 mmol) and MeOCH,COCI (0.0169 mL,
OCA 0.185 mmol). After 1 h at rt, saturated aqueous NaHCO; solution was added at 0 °C

211 and the mixture was extracted with CHCI;. The extracts were washed with saturated
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aqueous NaCl solution, dried over Na,SO,4, and concentrated under reduced pressure. The residue was
purified by column chromatography on silica gel (3.0 g, 5:2 hexane-EtOAc) to afford 211 (19.3 mg, 70%,
o/p = 1/10) as a colorless syrup. 211p: R; = 0.31 (1:1 hexane—EtOAc); *H NMR (500 MHz, CDCls, solvent
residual peak = 7.26) 6 1.27 (3H, d, J = 6.6 Hz), 2.06 (1H, ddd, J = 14.4, 9.2, 3.2 Hz), 2.18 (1H, ddd, J =
14.4, 4.6, 2.6 Hz), 3.46 (3H, s), 4.03 (2H, s), 4.08 (2H, s), 4.11 (2H, s), 4.15 (1H, dq, J = 9.2, 6.6 Hz), 4.74
(1H, dd, J = 9.2, 2.9 Hz), 5.60 (1H, ddd, J = 4.6, 3.2, 2.9 Hz), 6.14 (1H, dd, J = 9.2, 2.6 Hz); *C NMR (125
MHz, CDCly) & 17.85, 33.72, 40.43, 40.61, 59.48, 68.33, 69.25, 69.52, 73.19, 90.47, 166.42, 166.70, 168.53.
Mixture of 211a and 211p: IR (neat, cm ™) 3435, 3022, 1767, 1285, 1217, 1168, 1130, 1099, 1037, 756.

(3aS,4S,6R, 7aR)-6-(Benzyloxy)-4-methyltetrahydro-4H-[1,3]dioxolo[4,5-c]pyran-2-on (254) (known)***.
Me., O._,0Bn TO a stirred solution of 205e. (15.6 mg, 0.0654 mmol) in toluene (0.654 mL) were added at

o’@j rt 1,1’-carbonyldiimidazole (21.2 mg, 0.131 mmol). After 1 h at rt, the mixture was

}—O concentrated under reduced pressure. The residue was purified by column chromatography

© 254 on silica gel (2.0 g, 2:1 hexane—EtOAC) to afford 254 (14.3 mg, 83%) as a colorless syrup;
Rf = 0.67 (1:1 hexane—EtOAc); "H NMR (300 MHz, CDCls) & 1.34 (3H, d, J = 7.2 Hz), 2.19 (1H, ddd, J =
16.2, 8.0, 6.2 Hz), 2.33 (1H, ddd, J = 16.2, 6.2, 6.2 Hz), 4.02 (1H, dq, J = 10.0, 7.2 Hz), 4.28 (1H, dd, J =
10.0, 8.4 Hz), 4.54 (1H, d, J = 12.4 Hz), 4.72 (1H, d, J = 12.4 Hz), 4.79 (1H, ddd, J = 8.4, 8.0, 6.2 Hz), 4.94
(1H, t,J=6.2 Hz), 7.26-7.39 (5H, m).

(3aS,4S,7aR)-6-Hydroxy-4-methyltetrahydro-4H-[1,3]dioxolo[4,5-c]pyran-2-one (212) (known)™®.

Me., O._,.OH To a stirred solution of 254(14.3 mg, 0.0541 mmol) in MeOH (0.902 mL) were added at rt
o/g/\r 10% Pd on carbon (7.9 mg).The reaction mixture was vaccum degassed three timed and
}/(O refilled with Ar. Finally degassed and filled with H,. After 2 h at rt, the mixture was filtered
© 212 through celite with CHCIs. After concentration, the crude mixture was purified by column

chromatography on silica gel (1.0 g, 1:2 hexane-EtOAc) to afford 212 (9.4 mg, 100%, dr = 1.8/1) as a
colorless syrup. The NMR chemical shifts of each diastereomer were determined using the spectra of a
mixture of diastereomers. Major diastereomer: Ry = 0.40 (1:1 hexane—EtOAc); *H NMR (500 MHz, CDCls)
5 1.40 (3H, d, J = 6.3 Hz), 2.01 (1H, ddd, J = 15.2, 8.1, 4.9 Hz), 2.47 (1H, ddd, J = 15.2, 2.9, 2.9 Hz), 3.14
(1H, d, J = 4.6 Hz), 3.69 (1H, dq, J = 8.9, 6.3 Hz), 4.27 (1H, dd, J = 8.9, 6.9 Hz), 4.97 (1H, ddd, J = 6.9, 4.9,
2.9 Hz), 5.16 (1H, ddd, J = 8.1, 4.6, 2.9 Hz). Minor diastereomer: R; = 0.40 (1:1 hexane—EtOAC); 'H NMR
(500 MHz, CDCls) & 1.38 (3H, d, J = 6.0 Hz), 2.15 (1H, ddd, J = 14.9, 7.7, 5.5 Hz), 2.37 (1H, ddd, J = 14.9,
5.5, 3.7 Hz), 2.85 (1H, d, J = 3.8 Hz), 4.18 (1H, dg, J = 8.9, 6.3 Hz), 4.29 (1H, dd, J = 8.9, 6.9 Hz), 4.82 (1H,
ddd, J=7.7,5.5, 3.8 Hz), 5.30 (1H, ddd, J = 8.9, 5.5, 3.7 Hz).
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(3aS,4S,7aR)-4-Methyl-2-oxotetrahydro-4H-[1,3]dioxolo[4,5-c]pyran-6-yl acetate (196).
Me., O._,OAc 10 a stirred solution of 212 (9.4 mg, 0.0540 mmol) in CH.Cl; (0.270 mL) were added at
OQ 0 °C Et3N (0.0749 mL, 0.540 mmol) and AcCl (0.314 mL, 3.32 mmol). After 2 h at rt,
)/-—o saturated aqueous NaHCO; solution was added at 0 °C and the mixture was extracted with
© 196 CHCl;. The extracts were washed with saturated agueous NaCl solution, dried over Na,SOy,
and concentrated under reduced pressure. The residue was purified by column chromatography on silica gel
(1.0 g, 20:1 hexane—EtOAC) to afford 196 (6.2 mg, 53%, dr = 5/1) as a colorless syrup. The NMR chemical
shifts of each diastereomer were determined using the spectra of a mixture of diastereomers. Major
diastereomer: R; = 0.51 (1:1 hexane—EtOAc); *H NMR (500 MHz, CDCI;) & 1.40 (3H, d, J = 6.3 Hz), 2.11
(3H, s), 2.22 (1H, ddd, J = 15.2, 7.2, 5.5 Hz), 2.43 (1H, ddd, J = 15.2, 4.3, 2.9 Hz), 3.83 (1H, dq, J = 8.9, 6.3
Hz), 4.33 (1H, dd, J = 8.9, 6.9 Hz), 5.01 (1H, ddd, J = 6.9, 5,5, 4.3 Hz), 6.06 (1H, dd, J = 7.2, 2.9Hz); *C
NMR (125 MHz, CDCl3) & 18.53, 21.02, 30.12, 70.25, 73.36, 75.91, 89.96, 153.68, 168.92. Minor
diastereomer: R; = 0.54 (1:1 hexane—EtOAc); *H NMR (500 MHz, CDCl;) & 1.38 (3H, d, J = 6.3 Hz), 2.11
(3H, ), 2.28 (1H, m), 2.38 (1H, m), 4.09 (1H, dg, J = 8.9, 6.3 Hz), 4.34 (1H, overlapping with major
diastereomer), 4.87 (1H, ddd, J = 6.9, 5.8, 5.8 Hz), 6.14 (1H, t, J = 5.2 Hz). Mixture of diastereomers: IR
(neat, cm ™) 2985, 1807, 1752, 1371, 1223, 1177, 1158, 1074, 1047, 1016.

(3aS,4S,7aR)-4-Methyl-2-oxotetrahydro-4H-[1,3]dioxolo[4,5-c]pyran-6-yl 2-methoxyacetate (213).
Me., O O\n/\OMe To a stirred solution of 212 (10.4 mg, 0.0597 mmol) in CH,CI, (0.299 mL) were
Q o added at 0 °C Et3N (0.0414 mL, 0.299 mmol) and MeOCH,COCI (0.0136 mL, 0.149
O}/.»o mmol). After 1 1 at rt, saturated aqueous NaHCOj; solution was added at 0 °C and the
© 213 mixture was extracted with CHCIs. The extracts were washed with saturated aqueous
NaCl solution, dried over Na,SQ,4, and concentrated under reduced pressure. The residue was purified by
column chromatography on silica gel (1.0 g, 2:3 hexane-EtOAC) to afford 213 (235 mg, 85%, dr = 13/1) as a
colorless syrup. The NMR chemical shifts of each diastereomer were determined using the spectra of a
mixture of diastereomers. Major diastereomer: R; = 0.47 (1:2 hexane—EtOAc); *H NMR (500 MHz, CDCls)
5 1.41 (3H, d, J = 6.3 Hz), 2.26 (1H, ddd, J = 14.9, 6.9, 5.5 Hz), 2.46 (1H, ddd, J = 14.9, 4.6, 2.9 Hz), 3.47
(3H, s), 3.86 (1H, dg, J = 8.6, 6.3 Hz), 4.06 (2H, s), 4.35 (1H, dd, J = 8.6, 6.9 Hz), 5.02 (1H, ddd, J = 6.9, 5,5,
4.6 Hz), 6.18 (1H, dd, J = 6.9, 2.9Hz); °C NMR (125 MHz, CDCl;) & 18.49, 30.00, 59.47, 69.53, 70.22,
73.00, 75.86, 90.32, 153.60, 168.44. Mixture of diastereomers: IR (neat, cm‘l) 2986, 2939, 1806, 1759,
1374, 1178, 1127, 1074, 1017.

(6S)-6-Methyl-2-(phenylthio)-3,6-dihydro-2H-pyran (217).
Me., O._,SPh To a mixture of 208 (990 mg, 4.85 mmol) and thiophenol (0.990 mL, 9.70 mmol) in CH,Cl,
Q (32.3 mL) was added at 0 °C BF;-OEt, (0.609 mL, 4.85 mmol). After 1 h at 0 °C, saturated
217 aqueous NaHCO; solution was added and the mixture was extracted with CHCI;. The
extracts were washed with saturated aqueous NaCl solution, dried over Na,SO,4, and concentrated under
reduced pressure. The residue was purified by column chromatography on silica gel (43 g, 10:1 hexane—
CHCIy) to afford 217 (981 mg, 98%, o/ff = 1.5/1) as a colorless syrup. The NMR chemical shifts of each
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2170 and 217p were determined using the spectra of a mixture of 217a and 217f. 217a: Ry = 0.70 (10:1
hexane-EtOAc); *H NMR (500 MHz, CDCl,) & 1.26 (3H, d, J = 6.9 Hz), 2.23 (1H, m), 2.77 (1H, m), 4.65
(1H, m), 5.62 (1H, br d, J = 4.0 Hz), 5.69 (1H, m), 5.77 (1H, m), 7.27-7.32 (3H, m), 7.47-7.52 (2H, m); **C
NMR (125 MHz, CDCls) & 20.20, 30.25, 64.71, 81.19, 121.41, 126.54, 128.80, 130.37, 130.51, 135.93.
217p: Ry = 0.70 (10:1 hexane—EtOAc); *H NMR (500 MHz, CDCl,) & 1.30 (3H, d, J = 6.9 Hz), 2.27 (1H, m),
2.37 (1H, m), 4.36 (1H, m), 5.01 (1H, dd, J = 10.6, 3.5 Hz), 5.63 (1H, overlapping with 217a), 5.77 (1H, m),
7.19-7.26 (3H, m), 7.47-7.52 (2H, m); *C NMR (125 MHz, CDCls) & 21.24, 30.87, 72.05, 81.38, 123.76,
126.85, 128.75, 130.54, 131.03, 134.93. Mixture of 217a and 217: IR (neat, cm ) 3035, 2976, 2930, 2835,
1584, 1479, 1439, 1387, 1372, 1323, 1302, 1243, 1191, 1066 1015, 998, 891, 799, 743, 692; LRMS (EI) m/z
(M)* 206.1; HRMS (EI) m/z calcd for C;,H1,0,S 206.0765 (M)*, found 206.0780.

(6S)-6-Methyl-3,6-dihydro-2H-pyran-2-yl 2-acetate (215).
Me, O ,0Ac 10 & mixture of 217 (50.0 mg, 0.243 mmol) and AcOH (0.0208 mL, 0.364 mmol) in a
Q mixture of 1:1 Et,0O-1,2-dichloroethane (2.43 mL) were added at —40 °C NIS (55.0 mg,
215 0.243 mmol). After 1 h at —40 °C, a 1:1 mixture of saturated aqueous NaHCO; solution and
saturated aqueous Na,S,0; solution was added and the new mixture was extracted with CH,Cl,. The extracts
were washed with saturated aqueous NaCl solution, dried over Na,SO,4, and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel (4.0 g, 90:19:1 hexane-EtOAc—
Et3N) to afford 215 (29.0 mg, 77%, o/ = 2.4/1) as a colorless syrup. The NMR chemical shifts of each 215a
and 215p were determined using the spectra of a mixture of 215a and 215p. 215a: Ry = 0.45 (5:1 hexane—
EtOAc): *H NMR (500 MHz, CDCl5) & 1.26 (3H, d, J = 6.9 Hz), 2.07 (1H, m), 2.52 (1H, m), 4.40 (1H, m),
5.67-5.75 (2H, m), 6.26 (1H, d, J = 4.3 Hz); °C NMR (125 MHz, CDCl;) & 21.68, 21.17, 28.43, 65.23,
90.65, 119.95, 129.97, 170.05. 215p: R; = 0.45 (5:1 hexane—EtOAC); 'H NMR (500 MHz, CDCl;) & 1.29 (3H,
d, J = 6.9 Hz), 2.26 (2H, m), 4.49 (1H, m), 5.63-5.75 (2H, m), 5.95 (1H, dd, J = 4.6, 8.3 Hz); *C NMR (125
MHz, CDCls;) 6 21.17, 21.28, 29.31, 71.06, 91.54, 121.34, 130.75, 170.05. Mixture of 215a and 2158: IR
(neat, cm™) 2980, 2934, 1746, 1372, 1241, 1192, 1126, 1101, 1040, 1004; LRMS (EI) m/z (M)* 156.1;
HRMS (EI) m/z calcd for CgH1,03 156.0787 (M)*, found 157.0790.

(6S)-6-Methyl-3,6-dihydro-2H-pyran-2-yl 2-methoxyacetate (218).
Me., O O\H/\OMe To a mixture of 217 (46.1 mg, 0.223 mmol) and 2-methoxyacetic acid (0.0343 mL,
Q o 0.446 mmol) in a mixture of 1:1 Et,0-1,2-dichloroethane (2.23 mL) were added at —
218 40 °C NIS (50.2 mg, 0.223 mmol). After 1 h at —40 °C, a 1:1 mixture of saturated
aqueous NH,4CI solution and saturated aqueous Na,S,0s solution was added and the new mixture was
extracted with CH,Cl,. The extracts were washed with saturated aqueous NaCl solution, dried over Na,SOy,
and concentrated under reduced pressure. The residue was purified by column chromatography on silica gel
(3.0 g, 83:16:1 hexane—EtOAc—Et;N) to afford 218 (38.1 mg, 92%, o/f = 2.9/1) as a colorless syrup. The
NMR chemical shifts of each 218a and 218p were determined using the spectra of a mixture of 218a and
218p. 2180: R; = 0.46 (5:1 hexane—EtOAc); 'H NMR (500 MHz, CDCls) § 1.26 (3H, d, J = 6.9 Hz), 2.10
(1H, m), 2.54 (1H, ddd, J = 18.3, 4.6, 4.1 Hz), 3.46 (3H, s), 4.05 (2H, s), 4.40 (1H, dq, J = 6.9, 3.8 Hz),
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5.65-5.76 (2H, m), 6.37 (1H, d, J = 4.6 Hz); *C NMR (125 MHz, CDCl,) & 20.54, 28.30, 59.24, 65.25,
69.51, 91.20, 119.65, 129.74, 169.19. 218p: R; = 0.46 (5:1 hexane—EtOAc); 'H NMR (500 MHz, CDCls) &
1.29 (3H, d, J = 6.9 Hz), 2.26-2.31 (2H, m), 3.46 (3H, s), 4.07 (1H, br s), 4.50 (1H, m), 5.65-5.76 (2H, m),
6.08 (1H, dd, J = 6.1, 4.3 Hz); *C NMR (125 MHz, CDCls) & 21.17, 29.08, 59.24, 69.57, 70.83, 91.71,
120.88, 130.52, 168.88. Mixture of 218a and 218p: IR (neat, cm™) 2978, 2935, 1757, 1428, 1374, 1198,
1126, 1022, 993, 937; LRMS (El) m/z (M)* 186.0; HRMS (EI) m/z calcd for CyH1,0, 186.0892 (M)*, found
186.0906.

Glycosylation of (3aS,5aS,14aR)-9-((tert-butyldimethylsilyl)oxy)-5a,13-dihydroxy-3a-methoxy-
11-methyl-3,3a,5,5a,6,10,11,12,14-nonahydro-2H,10H-furo[2",3""-4' ,5']furo[3',4'-6,7]naphtho-
[2,3-e]isoindole-2,6,10,14-tetraone (191) with (6S)-6-methyl-3,6-dihydro-2H-pyran-2-yl
2-methoxyacetate (218).

To a stirred suspension of 191 (31.5 mg,
0.0553 mmol), donor 218 (102.9 mg, 0.553
mmol) and MS5A (78.8 mg) in CH,CI, (1.84
mL) was added at 0 °C Yb(OTf); (14.8 mg,
0.0276 mmol). After 2 min at 0 °C, saturated
aqueous NH4CI solution was added and the
mixture was extracted with CHCl;. The
extracts were washed with saturated aqueous
NaCl solution, dried over Na,SO, and
concentrated under reduced pressure. The

A Mezgjou residue  was  purified by  column
0 == chromatography on silica gel (2.0 g, 5:1

(-)-B—Glycoside 220 / (-)—a—Glycoside 221 i
Me benzene-EtOAC) to afford the mixture of a-

and B-glycosides along with the recovered 191 (17.0 mg, 54%). Further separation of the glycosides by
preparative HPLC (mobile phase: 80:20 CH3;CN-H,O to 100:0 CH;CN-H,O within 30 min, flow rate: 5
mL/min) using an ODS column (Senshu Pak, PEGASIL ODS, 10250 mm) gave (+)-a-glycoside 214 (4.4
mg, 12%, retention time = 12.8 min), (+)-p-glycoside 219 (4.4 mg, 12%, retention time = 11.7 min),
(-)-B-glycoside 220 (1.3 mg, 5%, retention time = 12.3 min), and (-)-a-glycoside 221 (4.4 mg, 12%,
retention time = 11.0 min). (3aS,5aS,14aR)-9-((tert-Butyldimethylsilyl)oxy)-13-hydroxy-3a-methoxy-

11-methyl-5a-(((2S,6S)-6-methyl-3,6-dihydro-2H-pyran-2-yl)oxy)-3,3a,5,5a,6,10,11,12,14-nonahydro-

2H,10H-furo[2",3":4" 5"]furo[3',4":6,7]naphtho[2,3-e]isoindole-2,6,10,14-tetraone (214): yellow solids; R; =
0.57 (10:1 CHCIl;-2,2,2-trifluoroethanol); mp 94-96 °C (not recrystallized); [0]o?*°54.7 (c 0.20, CHCI,); IR
(neat, cm™) 3431, 2927, 2853, 1814, 1700, 1618, 1459, 1386, 1251, 1182, 1059; *H NMR (500 MHz, CDCl,
solvent residual peak = 7.26) 6 0.36 (6H, s), 0.98 (3H, d, J = 6.7 Hz), 1.11 (9H, s), 1.97 (1H, m), 2.29 (1H,
m), 2.92 (1H, d, J = 16.9 Hz), 3.04 (1H, d, J = 16.9 Hz), 3.18 (3H, s), 3.26 (3H, s), 4.18 (1H, m), 4.33 (1H, d,
J=9.5Hz),4.92 (2H, s), 4.93 (1H, d, J = 9.5 Hz), 5.04 (1H, br d, J = 4.6 Hz), 5.51-5.59 (2H, m), 7.26 (1H,
s, overlapping with CHCIs), 8.02 (1H, s), 13.82 (1H, s); *C NMR (125 MHz, CDCl;) & —4.41, -4.37, 18.52,
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20.44, 25.63, 29.36, 29.37, 37.28, 52.65, 53.64, 64.28, 73.57, 86.21, 90.44, 94.71, 109.63, 112.57, 117.11,
117.89, 119.73, 119.86, 126.31, 129.46, 130.85, 140.88, 145.33, 156.06, 164.16, 165.90, 171.12, 190.44,
192.63; LRMS (FAB) m/z (M+H)" 666.1; HRMS (FAB) m/z calcd for Ca4HgNO;Si 666.2371 (M+H)",
found 666.2371. (3aS,5aS,14aR)-9-((tert-Butyldimethylsilyl)oxy)-13-hydroxy-3a-methoxy-11-methyl-5a-
(((2S,6R)-6-methyl-3,6-dihydro-2H-pyran-2-yl)oxy)-3,3a,5,5a,6,10,11,12,14-nonahydro-2H,10H-furo-
[2",3":4'57furo[3',4":6,7]naphtho[2,3-e]isoindole-2,6,10,14-tetraone (219): yellow solids; Ry = 0.57 (10:1
CHCI3-2,2,2-trifluoroethanol); mp 94-97 °C (not recrystallized); [a]o?"°33.8 (¢ 0.20, CHCIs); IR (neat,
cmt) 3427, 2926, 2853, 1811, 1701, 1638, 1460, 1386, 1252, 1184, 1059; '"H NMR (500 MHz, CDCls,
solvent residual peak = 7.26) & 0.36 (6H, s), 0.88 (3H, d, J = 6.7 Hz), 1.11 (9H, s), 2.08 (1H, m), 2.24 (1H,
m), 2.89 (1H, d, J = 16.8 Hz), 3.03 (1H, d, J = 16.8 Hz), 3.16 (3H, s), 3.26 (3H, s), 3.56 (1H, m), 4.21 (1H, d,
J=9.2 Hz), 457 (1H, dd, J = 8.6, 3.1 Hz), 4.93 (2H, s), 4.96 (1H, d, J = 9.2 Hz), 5.32 (1H, m), 5.54 (1H, m),
7.26 (1H, s), 8.03 (1H, s), 13.70 (1H, s); *C NMR (125 MHz, CDCl,) & —4.41, —4.39, 18.51, 20.08, 25.63,
29.36, 30.64, 37.46, 52.60, 53.62, 70.93, 73.21, 85.79, 91.04, 96.16, 109.84, 112.94, 117.21, 117.81, 120.02,
122.14, 126.38, 130.26, 131.36, 140.40, 145.07, 155.71, 163.17, 165.93, 171.20, 190.32, 193.04; LRMS
(FAB) m/z (M+H)" 666.2; HRMS (FAB) m/z calcd for Cs;H,NO1;Si 666.2371 (M+H)", found 666.2384.
(3aR,5aR,14aS)-9-((tert-Butyldimethylsilyl)oxy)-13-hydroxy-3a-methoxy-11-methyl-5a-(((2S,6R)-6-methyI-
3,6-dihydro-2H-pyran-2-yl)oxy)-3,3a,5,5a,6,10,11,12,14-nonahydro-2H,10H-furo[2",3":4',5"]furo[3',4":6,7]-
naphtho[2,3-e]isoindole-2,6,10,14-tetraone  (220): vyellow solids; Ry = 057 (10:1 CHCls-
2,2,2-trifluoroethanol); mp 93-95 °C (not recrystallized): [a]p>** —70.4 (c 0.05, CHCI5): IR (neat, cm™) 3441,
2930, 2857, 1814, 1700, 1614, 1456, 1429, 1390, 1251, 1182, 1059, 1044; ‘H NMR (500 MHz, CDCl;,
solvent residual peak = 7.26) 6 0.36 (6H, s), 0.83 (3H, d, J = 6.8 Hz), 1.11 (9H, s), 2.06 (1H, m), 2.14 (1H,
m), 2.89 (1H, d, J = 16.8 Hz), 3.03 (1H, d, J = 16.8 Hz), 3.17 (3H, s), 3.26 (3H, s), 3.74 (1H, m), 4.33 (1H, d,
J=9.5Hz), 472 (1H, dd, J = 8.3, 3.1 Hz), 4.91 (1H, d, J = 20.5 Hz), 4.95 (1H, d, J = 20.5 Hz), 4.96 (1H, d,
J =95 Hz), 5.35 (1H, m), 5.53 (1H, m), 7.26 (1H, s), 8.03 (1H, s), 13.77 (1H, s); LRMS (FAB) m/z (M+H)"
666.1; HRMS (FAB) m/z caled for CgHi,NOySi 666.2371  (M+H)", found 666.2342.
(3aR,5aR,14aS)-9-((tert-Butyldimethylsilyl)oxy)-13-hydroxy-3a-methoxy-11-methyl-5a-(((2S,6S)-6-methyI-
3,6-dihydro-2H-pyran-2-yl)oxy)-3,3a,5,5a,6,10,11,12,14-nonahydro-2H,10H-furo[2",3":4',5"]furo[3',4":6,7]-
naphtho[2,3-e]isoindole-2,6,10,14-tetraone  (221): vyellow solids; Ry = 057 (10:1 CHCly-
2,2,2-trifluoroethanol); mp 94-97 °C (not recrystallized); [a]p>>*—200 (c 0.20, CHCI5); IR (neat, cm ) 3423,
2921, 2852, 1813, 1701, 1637, 1385, 1253, 1184, 1059; ‘H NMR (500 MHz, CDCl;, solvent residual peak =
7.26) 6 0.35 (6H, s), 0.89 (3H, d, J = 6.7 Hz), 1.11 (9H, s), 2.03 (1H, m), 2.32 (1H, m), 2.87 (1H, d, J = 16.9
Hz), 3.03 (1H, d, J = 16.9 Hz), 3.16 (3H, s), 3.26 (3H, s), 3.95 (1H, m), 4.20 (1H, d, J = 8.9 Hz), 4.93 (2H, s),
5.07 (1H, br d, J = 4.0 Hz), 5.13 (1H, d, J = 8.9 Hz), 5.44 (1H, br d, J = 10.4 Hz), 5.52 (1H, m), 7.26 (1H, s,
overlapping with CHCI;), 8.03 (1H, s), 13.71 (1H, s); *C NMR (125 MHz, CDCl,) & —4.41, —4.37, 18.52,
20.44, 25.62, 29.36, 37.28, 52.65, 53.64, 64.28, 73.57, 86.21, 90.44, 94.71, 109.63, 112.57, 117.11, 117.89,
119.73, 119.86, 126.31, 129.46, 130.85, 140.88, 145.33, 156.06, 164.16, 165.90, 171.12, 190.44, 192.63;
LRMS (FAB) m/z (M+H)" 666.2; HRMS (FAB) m/z calcd for C33H4,NO1;Si 666.2371 (M+H)*, found
666.2395.
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Lactonamycin Z (2) and (3aS,5aS,14aR)-5a-(((2S,4S,5S,6S)-4,5-dihydroxy-6-methyltetrahydro-2H-
pyran-2-yl)oxy)-9,13-dihydroxy-3a-methoxy-11-methyl-3,3a,5,5a,6,10,11,12,14-nonahydro-2H,10H-
furo[2",3":4" 5"]furo[3',4":6,7]naphtho[2,3-e]isoindole-2,6,10,14-tetraone (222).

To a stirred solution of (+)-a-glycoside 214 (3.7
mg, 0.0056 mmol) in a mixture of 25:1 CH,Cl,—-
H,O (0.556 mL) were added at rt NMO (4.2 mg,
0.0017 mmol) and OsO, (0.3 mg, 0.0012 mmol).

0

HO O
After 12 h at rt, saturated aqueous Na,S,0
H“g‘iﬁgf ' q . 25,03
Lactonamyecin Z (2) on ©OH solution was added at 0 °C and the mixture was

extracted with CHCI;. The extracts were washed
with saturated aqueous NaCl solution, dried over Na,SO,, and concentrated under reduced pressure. The
residual yellow solids (dr = 1.4/1), were used for the next step without purification. To a stirred solution of
the residue in DMF (0.556 mL) were added at 0 °C TASF (3.1 mg, 0.011 mmol). After 15 min at 0 °C,
saturated aqueous NH,CI solution was added at 0 °C and the mixture was extracted with CHCIl;. The extracts
were washed with saturated aqueous NaCl solution, dried over Na,SO,4, and concentrated under reduced
pressure. The crude "H NMR spectrum of the mixture (2.8 mg, 85 %, dr = 1.4/1) showed that the signals of
major diastereomer were identical with those of lactonamycin Z. Further separation of the mixture by
column chromatography on silica gel (1.0 g, 10:1 CHCI;-2,2,2-trifluoroethanol) caused considerable loss of
the material to give 2 (0.6 mg) and 222 (0.4 mg). 2: yellow solids; Ry = 0.17 (5:1 CHCls-
2,2,2-trifluoroethanol); mp 150 °C (decomp.); [a]p?*%9.9 (¢ 0.10, MeCN); UV (MeOH) Ay NM (log &) 255
(4.24), 298 (4.44), 395 (3.94, sh), 414 (4.01), 446 (3.68, sh); IR (neat, cm ) 3418, 2928, 1811, 1685, 1634,
1616, 1456, 1356, 1248, 1184, 1148, 1054, 999; 'H NMR (500 MHz, CDCls, solvent residual peak = 7.26) &
1.08 (3H, d, J = 6.2 Hz), 1.81 (1H, dt, J = 15.3, 3.7 Hz), 2.13 (1H, ddd, J = 15.3, 3.4, 1.5 Hz), 2.93 (1H, d, J
=16.8 Hz), 3.04 (1H, dd, J = 10.1, 3.1 Hz), 3.06 (1H, d, J = 16.8 Hz), 3.18 (3H, s), 3.30 (3H, 5), 3.71 (1H, dq,
J=10.1, 6.2 Hz), 3.88 (1H, br), 4.30 (1H, d, J = 9.8 Hz), 4.88 (1H, d, J = 9.8 Hz), 4.98 (1H, d, J = 3.7 Hz),
5.00 (2H, s), 7.34 (1H, s), 8.06 (1H, s), 9.46 (1H, s), 13.70 (1H, s); *C NMR (125 MHz, CDCl,) & 17.31,
29.14, 35.10, 37.11, 52.78, 55.00, 65.41, 66.61, 72.08, 73.80, 86.35, 90.00, 96.34, 109.13, 112.80, 112.91,
116.71, 120.94, 121.09, 130.29, 141.78, 142.83, 157.62, 164.09, 168.89, 170.63, 189.40, 192.06; LRMS
(FAB) m/z (M+H)" 586.0; HRMS (FAB) m/z calcd for C,sH,sNOy; 586.1561 (M+H)*, found 586.1586. 222:
yellow solids; R; = 0.09 (5:1 CHCls—2,2,2-trifluoroethanol); *H NMR (500 MHz, CDCls, solvent residual
peak = 7.26) & 1.02 (3H, d, J = 6.4 Hz), 1.72 (1H, ddd, J = 13.1, 11,9, 3.7 Hz), 1.84 (1H, dd, J = 13.1, 5.2
Hz), 2.72 (1H, br), 2.93 (1H, d, J = 16.8 Hz), 3.04 (1H, d, J = 16.8 Hz), 3.06 (1H, s), 3.17 (3H, s), 3.30 (3H,
s), 3.58 (1H, br d, J = 3.1 Hz), 3.85 (1H, br g, J = 6.4 Hz), 3.98 (1H, ddd, J = 11.9, 5.2, 3.1 Hz), 4.29 (1H, d,
J=9.8 Hz), 4.85 (1H, d, J = 9.8 Hz), 4.98 (1H, d, J = 3.7 Hz), 4.99 (2H, s), 7.32 (1H, s), 8.04 (1H, ), 9.44
(1H, s), 13.70 (1H, s); LRMS (FAB) m/z (M+H)" 586.0; HRMS (FAB) m/z calcd for CysH,sNO;; 586.1561
(M+H)", found 586.1565.
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Dihydroxylation and desilylation of (-)-a-glycoside 221.

1) 0sO,4, NMO
2) TASF

(—)—o—Glycoside 221 223 224

To a stirred solution of (-)-a-glycoside 221 (1.0 mg, 0.0015 mmol) in a mixture of 25:1 CH,Cl,—H,0 (0.104
mL) were added at rt NMO (1.1 mg, 0.0045mmol) and OsO, (ca. 0.1 mg). After 4 h at rt, saturated aqueous
Na,S,0; solution was added at 0 °C and the mixture was extracted with CHCl;. The extracts were washed
with saturated aqueous NaCl solution, dried over Na,SO,, and concentrated under reduced pressure. The
residual yellow solids (dr = 1.1/1), were used for the next step without purification. To a stirred solution of
the residue in DMF (0.150 mL) were added at 0 °C TASF (0.8 mg, 0.0030 mmol). After 15 min at 0 °C,
saturated aqueous NH,CI solution was added at 0 °C and the mixture was extracted with CHCIl3. The extracts
were washed with saturated aqueous NaCl solution, dried over Na,SO,4, and concentrated under reduced
pressure. Since the obtained glycosides 223 and 224 (0.8 mg, 100%, dr = 1.1/1) were unstable to silica gel,
further purification was not conducted. The crude *H NMR spectrum of the mixture did not include signals
corresponding to those of lactonamycin Z. The *H NMR chemical shifts of 223 and 224 were determined
using the spectra of a mixture of 223 and 224. (3aR,5aR,14aS)-5a-(((2S,4R,5R,6S)-4,5-dihydroxy-
6-methyltetrahydro-2H-pyran-2-yl)oxy)-9,13-dihydroxy-3a-methoxy-11-methyl-3,3a,5,5a,6,10,11,12,14-
nonahydro-2H,10H-furo[2",3":4',5"]furo[3',4":6,7]naphtho[2,3-e]isoindole-2,6,10,14-tetraone (223): R; = 0.07
(10:1 CHCI3-2,2,2-trifluoroethanol); *H NMR (500 MHz, CDCls, solvent residual peak = 7.26) & 1.07 (3H, d,
J = 6.8 Hz), 1.62 (1H, m), 2.15 (1H, m), 2.84 (1H, d, J = 16.8 Hz), 2.96 (1H, m), 3.03 (1H, d, J = 16.8 Hz),
3.14 (3H, s), 3.30 (3H, s), 3.65 (1H, dg, J = 3.7, 6.8 Hz), 3.87 (1H, m), 4.15 (1H, d, J = 9.2 HZz), 4.99 (2H, s),
5.02 (1H, d, J = 4.9 Hz), 5.07 (1H, d, J = 9.2 Hz), 7.33 (1H, s), 8.05 (1H, s), 9.43 (1H, s), 13.63 (1H, s).
(3aR,5aR,14aS)-5a-(((2S,4S,5S,65)-4,5-dihydroxy-6-methyltetrahydro-2H-pyran-2-yl)oxy)-9,13-dihydroxy-
3a-methoxy-11-methyl-3,3a,5,5a,6,10,11,12,14-nonahydro-2H,10H-furo[2",3":4",5furo[3',4":6, 7]naphtho-
[2,3-e]isoindole-2,6,10,14-tetraone (224): Ry = 0.07 (10:1 CHCl;-2,2,2-trifluoroethanol); 'HNMR (500 MHz,
CDCls, solvent residual peak = 7.26) 6 0.93 (3H, d, J = 6.1 Hz), 1.40-1.85 (2H, m), 2.89 (1H, d, J = 16.8 Hz),
3.04 (1H, d, J = 16.8 Hz), 3.16 (3H, s), 3.30 (3H, s), 3.54 (1H, d, J = 2.8 Hz), 3.95 (1H, m), 4.03 (1H, br g, J
=6.1 Hz),4.19 (1H, d, J = 9.2 Hz), 4.95 (1H, d, J = 4.0 Hz), 4.98-5.03 (2H, overlapping with 223), 5.07 (1H,
d, J=9.2 Hz), 7.34 (1H, s), 8.08 (1H, s), 9.46 (1H, s), 13.64 (1H, s).

Determination the absolute configuration of lactonamycin Z (2)

In the similar manner to the degradation of natural lactonamycin (1), natural and synthetic lactonamycin Z
were subjected to an acidic hydrolysis with 1 M agueous HCI solution and the corresponding aglycons were
obtained. The chiral HPLC chromatograms of racemic lactonamycinone ((%)-3), lactonamycinone (3)
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liberated from natural lactonamycin (1), and lactonamycinone (3) from natural and synthetic lactonamycin Z
(2) were shown Figure 12 in the main issue.
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3-((tert-Butyldiphenylsilyl)ethynyl)-5-hydroxy-2-((methoxymethoxy)methyl)-1,4-anthraquinone (26e)
and 3-((tert-butyldiphenylsilyl)-ethynyl)-1-chloro-2,5-dihydroxy-4-((methoxymethoxy)methyl)benzene
(36e).

To a stirred solution of (iPr),NH (1.23 mL, 8.77 mmol) in

OH O _ TBDPS OH _ TBDPS
= cl = dry THF (11.0 mL) was added at 0 °C a 2.69 M hexane
OO‘ OMOM OMOM solution of nBuLi (3.26 mL, 8.77 mmol). After 0.5 h at
o OH 0 °C, homophthalic anhydride (27) (1.35 g, 8.35 mmol)
26e 36e

in dry THF (20.9 mL) was added and the mixture was
stirred at 0 °C. After 3 min, to this was added at 0 °C chloroquinone 28e (4.00 g, 8.35 mmol) in dry THF
(167 mL). After 4 min at 0 °C, saturated aqueous NH,CI solution was added at 0 °C and the mixture was
extracted with EtOAc. The extracts were washed with saturated aqueous NaCl solution, dried over Na,SOy,
and concentrated under reduced pressure. The residue was purified by column chromatography on silica gel
(450 g, 9:1 benzene-EtOAC) to afford 26e (2.49 g, 53%) as red foam and 36e (860 mg, 21%) as a red-brown
foam. 26e; Ry = 0.57 (3:1 hexane—EtOAC); mp 75-76 °C (decomp.); UV (MeOH) A, nm (log €) 212 (4.94),
256 (4.81), 305 (4.34), 489 (3.92); IR (KBr, cm) 3425, 2929, 1660, 1586, 1458, 1306, 1241, 1150, 1039,
978; *H NMR (500 MHz, CDCl3, CHCl, = 7.26) & 1.20 (9H, s), 3.33 (3H, 5), 4.76 (2H, s), 4.83 (2H, 5), 7.42—
7.46 (6H, m), 7.71 (2H, m) 7.90-7.92 (4H, m), 7.95 (1H, m), 8.13 (1H, s), 8.49 (1H, m), 13.85 (1H, s); **C
NMR (125 MHz, CDCls) 6 18.9, 27.1, 55.4, 62.7, 97.0, 99.9, 108.6, 111.6, 122.1, 124.9, 127.3, 127.5, 127.9,
129.2,129.9, 130.5, 131.4, 132.2, 133.6, 135.7, 149.0, 162.8, 182.4, 185.4; LRMS (EI) m/z (M—tBu)" 503.3;
HRMS (EI) m/z (M—Bu)" calcd for C3;Ha305Si, 503.1342; found, 503.1333.

(£)-3-((tert-Butyldiphenylsilyl)ethynyl)-2,3-dihydro-2,3,5-trihydroxy-2-((methoxymethoxy)methyl)-1,4-

anthraquinone (37¢).

To a stirred solution of 26e (190 mg, 0.339 mmol) in a mixture of 20:20:1

MeCN-EtOAc—water (34.7 mL) were added at 0 °C a 0.1 M aqueous solution of

OMOM RuCl; (0.678 mL, 0.0678 mmol) and NalO, (217 mg, 1.02 mmol). After 2 h at
0 °C, saturated agueous Na,S,0; solution was added and the mixture was

OH O TBDPS
OH_~

extracted with EtOAc. The extracts were washed with saturated aqueous NaCl
solution, dried over Na,SO,, and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel (10 g, 3:1 hexane—EtOAc) to afford 37e (150 mg, 74%) as a pale yellow foam;
Rf = 0.22 (3:1 hexane—EtOAC); IR (neat, cm ) 3448, 2955, 2932, 1706, 1654, 1620, 1428, 1252, 1151, 1112,
1038, 759, 701; *H NMR (500 MHz, CDCl;, CHCI; = 7.26) & 0.98 (9H, s); 3.28 (3H, br s), 4.18 (1H, br s),
4.48 (2H, s), 4.63 (2H, s), 7.20 (1H, br s), 7.28-7.37 (6H, m), 7.57-7.65 (4H, m), 7.65-7.78 (2H, m) 7.98
(1H, d, J = 7.7 Hz), 8.15 (1H, s), 8.52 (1H, d, J = 8.0 Hz), 12.58 (1H, s); *C NMR (125 MHz, CDCl;) &
18.59, 26.79, 55.65, 68.15, 81.04, 92.90, 97.26, 103.00, 108.08, 121.10, 124.68, 127.35, 127.67, 127.73,
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128.97, 129.62, 129.67, 129.97, 131.31, 131.96, 132.02, 135.34, 135.40, 136.26, 162.15, 194.46; LRMS (EI)
m/z (M)* 537.2; HRMS (EI) m/z (M)* calcd for CasHs.05Si, 537.1370; found, 537.1371.

(£)-3-Ethynyl-2,3-dihydro-2,3,5-trihydroxy-2-hydroxymethyl-1,4-anthraquinone (25).
oH O To a stirred solution of 37e (1.61 g, 2.71 mmol) in MeCN (33.9 mL) were added at rt
oz AgF (516 mg, 4.07 mmol) in the dark. The reaction mixture was stirred at rt for 4 h
H and then p-toluenesulfonic acid monohydrate (1.03 g, 5.42 mmol) was added. After
o " 40 min, H,O was added and the mixture was extracted with CHCI;. The extracts were
% washed with saturated aqueous NaCl solution, dried over Na,SO,4, and concentrated
under reduced pressure. The residual yellow solids were used for the next step without purification. To a
stirred solution of the residual solids obtained above in THF (60.2 mL) were added at 0 °C 6 M aqueous HCI
solution (30.1 mL). After 12 h at rt, H,O was added and the mixture was extracted with CHCI;. The extracts
were washed with saturated aqueous NaCl solution, dried over Na,SO,4, and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel (35 g, 1:1 hexane—EtOACc) to
afford 3-ethynyl-2,3-dihydro-2,3,5-trihydroxy-2-hydroxymethyl-1,4-anthraquinone (673 mg, 80%). The

spectral date of this tetraol were identical with those of 25 synthesized from 37a—37d.

(3aS,5aS,13aR)-12-Hydroxy-5a-(((2S,5S,6S)-5-hydroxy-6-methyltetrahydro-2H-pyran-2-yl)oxy)-3a-
methoxy-3,3a,5,5a,6,13-hexahydro-2H-anthra[2,3-c]furo[3,2-b]furan-2,6,13-trione (43) and
(3aR,5aR,13aS)-12-Hydroxy-5a-(((2S,5S,6S)-5-hydroxy-6-methyltetrahydro-2H-pyran-2-yl)oxy)-3a-
methoxy-3,3a,5,5a,6,13-hexahydro-2H-anthra[2,3-c]furo[3,2-b]furan-2,6,13-trione (44).

To a stirred suspension of 23 (15.0 mg, 0.0405 mmol),
L-rhodinose derivative 189 (58.5 mg, 0.203 mmol) and MS
5A (37.5 mg) in CH,CI, (0.810 mL) was added at 0 °C
Yb(OTf); (4.35 mg, 0.00811 mmol). After 25 min at 0 °C,
saturated aqueous NH,CI solution was added and the
mixture was extracted with CHCIl;. The extracts were
washed with saturated aqueous NaCl solution, dried over
Na,SO,4, and concentrated under reduced pressure. The
residue was adsorbed with HP-20 and the column was
washed with 3:1 water—-MeOH, then eluted with acetone.
The eluent was concentrated and the residue was purified by
column chromatography on silica gel (8.6 g, 2:1 hexane-
EtOAC) to afford 225 and 226 (12.4 mg, 52%, a 1:1 mixture
of diastereomers) as a yellow foam including some impurities. (3aS,5aS,13aR)-12-hydroxy-3a-methoxy-
5a-(((2S,5S,6S)-6-methyl-5-((triethylsilyl)oxy)tetrahydro-2H-pyran-2-yl)oxy)-3,3a,5,5a,6,13-hexahydro-2H-
anthra[2,3-c]furo[3,2-b]furan-2,6,13-trione (225): R; = 0.39 (2:1 hexane—EtOAc); 'H NMR (300 MHz,
CDCl;, CHCI; = 7.26) 6 0.40-0.67 (6H, overlapping with L-rhodinose impurities), 0.82-1.01 (9H,
overlapping with L—rhodinose impurities), 1.24-1.32 (3H, overlapping with L—rhodinose impurities), 1.37—
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1.62 (2H, overlapping with L-rhodinose impurities), 1.84-1.96 (2H, overlapping with L—rhodinose
impurities), 2.91 (1H, d, J = 16.5 Hz), 3.03 (1H, d, J = 16.5 Hz), 3.15 (3H, s), 3.34-3.58 (1H, overlapping
with L—rhodinose impurities), 3.79 (1H, br g, J = 6.4 Hz), 4.32 (1H, d, J = 9.0 Hz), 4.86-4.94 (1H,
overlapping with L—rhodinose impurities), 4.89 (1H, d, J = 9.0 Hz), 7.68-7.83 (2H, m), 7.97 (1H, brd, J =
7.0 Hz), 8.14 (1H, s), 8.54 (1H, d, J = 8.0 Hz), 13.42 (1H, s). (3aR,5aR,13aS)-12-hydroxy-3a-methoxy-
5a-(((2S,5S,65)-6-methyl-5-((triethylsilyl)oxy)tetrahydro-2H-pyran-2-yl)oxy)-3,3a,5,5a,6,13-hexahydro-2H-
anthra[2,3-c]furo[3,2-b]furan-2,6,13-trione (226): Ry = 0.39 (2:1 hexane—EtOAc); 'H NMR (300 MHz,
CDCls, CHCI; = 7.26) & 0.40-0.67 (6H, overlapping with L—rhodinose impurities), 0.82-1.01 (9H,
overlapping with L—rhodinose impurities), 1.24-1.32 (3H, overlapping with L—rhodinose impurities), 1.37—
1.62 (2H, overlapping with L-rhodinose impurities), 1.84-1.96 (2H, overlapping with L-rhodinose
impurities), 2.85 (1H, d, J = 16.5 Hz), 3.02 (1H, d, J = 16.5 Hz), 3.12 (3H, s), 3.34-3.58 (1H, overlapping
with L—rhodinose impurities), 3.84 (1H, br g, J = 6.4 Hz), 4.16 (1H, d, J = 9.0 Hz), 4.89 (1H, br s), 5.09 (1H,
d, J=9.0 Hz), 7.68-7.83 (2H, m), 7.99 (1H, br d, J = 7.0 Hz), 8.16 (1H, s), 8.54 (1H, d, 8.0 Hz), 13.37 (1H,
s). To a stirred solution of a mixture of 225 and 226 (12.4 mg) obtained obove in dry THF (0.525 mL) was
added at 0 °C a 1 M hexane solution of TBAF (0.105 mL, 0.105 mmol). After 1.5 h at rt, saturated aqueous
NaHCO; solution was added and the mixture was extracted with EtOAc. The extracts were washed with
saturated aqueous NaCl solution, dried over Na,SQ,4, and concentrated under reduced pressure. Separation of
the residue by preparative HPLC (mobile phase: 50:50 CH3;CN-H,0 to 100:0 CH;CN-H,O within 50 min,
flow rate: 5 mL/min) using an ODS column (Senshu Pak, PEGASIL ODS, 6x250 mm) gave model glycoside
43 (4.7 mg, 46%, retention time = 26.1 min), and model glycoside diastereomer 44 (2.2 mg, 22%, retention
time = 22.6 min). 43: yellow foam; R; = 0.17 (3:1 hexane—acetone); mp 100 °C (decomp.); [0]p>>°27.3 (C
0.20, MeCN); IR (KBr, cm™) 3441, 2927, 1810, 1693, 1638, 1632, 1619, 1460, 1292, 1260, 1150, 1010,
982; 'H NMR (500 MHz, CDCls, solvent residual peak = 7.26) & 0.95 (3H, d, J = 6.5 Hz), 1.50 (1H, m), 1.65
(1H, m), 1.84 (1H, tt, J = 13.8, 4.2 Hz), 1.95 (1H, ddt, J = 13.8, 4.0, 2.3 Hz), 2.92 (1H, d, J = 16.5 Hz), 3.03
(1H, d, J = 16.5 Hz), 3.16 (3H, s), 3.53 (1H, br s), 3.91 (1H, br g, J = 6.5 Hz), 4.31 (1H, d, J = 9.0 Hz), 4.89
(1H, br), 4.90 (1H, d, J = 9.0 Hz), 7.73 (1H, ddd, J = 8.0, 7.3, 1.2 Hz), 7.78 (1H, ddd, J = 8.1, 7.3, 1.6 Hz),
7.98 (1H, br d, J = 8.0 Hz), 8.15 (1H, s), 8.53 (1H, br d, J = 8.1Hz), 13.4 (1H, s); *C NMR (125 MHz,
CDCls) 6 16.49, 23.10, 25.03, 37.21, 52.64, 66.97, 67.44, 73.94, 86.05, 90.51, 95.86, 109.97, 112.76, 121.15,
125.02, 127.23, 129.16, 129.21, 130.05, 131.85, 136.69, 163.20, 171.21, 190.36, 193.10; LRMS (EI) m/z
(M)* 484.1; HRMS (EI) m/z calcd for C,sH,,010 484.1369 (M)”, found 484.1398. 44: yellow foam; R; = 0.17
(3:1 hexane—acetone); mp 80 °C (decomp.); [a]p>®—-142.5 (c 0.11, MeCN); IR (KBr, cm™); 3425, 2927,
1810, 1697, 1459, 1293, 1262, 1148, 1009, 984; 'H NMR (500 MHz, CDCls, solvent residual peak = 7.26) &
0.91 (3H, d, J = 6.5 Hz), 1.47 (1H, m), 1.62 (1H, m), 1.81 (1H, tt, J = 13.8, 4.2 Hz), 1.90 (1H, ddt, J = 13.8,
4.2, 2.3 Hz), 2.87 (1H, d, J = 16.6 Hz), 3.03 (1H, d, J = 16.6 Hz), 3.13 (3H, s), 3.47 (1H, br s), 3.98 (1H, br g,
J=6.5Hz), 4.17 (1H, d, J = 9.0 Hz), 4.88 (1H, br), 5.10 (1H, d, J = 9.0 Hz), 7.74 (1H, ddd, J = 8.1, 7.3, 1.6
Hz), 7.79 (1H, ddd, J = 8.0, 7.3, 1.2 Hz), 7.99 (1H, br d, J = 8.1 Hz), 8.17 (1H, s), 8.53 (1H, br d, J = 8.0Hz),
13.38 (1H, s); *C NMR (125 MHz, CDCls) & 16.36, 23.35, 24.91, 37.45, 52.63, 66.88, 68.12, 72.59, 85.81,
90.87, 94.85, 110.21, 112.52, 120.88, 124.92, 127.46, 129.29, 130.14, 130.36, 131.71, 136.34, 162.73,
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171.26, 190.80, 192.87; LRMS (EI) m/z (M)* 484.0; HRMS (EI) m/z calcd for CpsH,4010 484.1369 (M),
found 484.1384.

(3aS,5aS,14aR)-9,13-dihydroxy-5a-(((4R,5S)-4-hydroxy-5-((S)-1-hydroxyethyl)tetrahydrofuran-2-yl)-
oxy)-3a-methoxy-11-methyl-3,3a,5,5a,6,10,11,12,14-nonahydro-2H,10H-furo[2"*,3"'-4" ,5"]furo[3",4'-6,7]-
naphtho[2,3-elisoindole-2,6,10,14-tetraone (227) and (3aR,5aR,14aS)-9,13-dihydroxy-5a-(((4R,5S)-
4-hydroxy-5-((S)-1-hydroxyethyl)tetrahydrofuran-2-yl)-oxy)-3a-methoxy-11-methyl-
3,3a,5,5a,6,10,11,12,14-nonahydro-2H,10H-furo[2",3"*-4" 5"]furo[3’,4'-6,7]-naphtho[2,3-e]isoindole-
2,6,10,14-tetraone (228).

To a stirred suspension of 191 (2.0 mg, 0.00351
mmol), L—furanosyl acetate 204 (14.7 mg,
0.0351 mmol) and MS5A (5.0 mg) in CH.Cl,
(0.117 mL) was added at 0 °C Yb(OTf); (0.94
mg, 0.00176 mmol). After 10 min at 0 °C,
saturated aqueous NH,CI solution was added
and the mixture was extracted with CHCl;. The
extracts were washed with saturated aqueous
NaCl solution, dried over Na,SO, and
concentrated under reduced pressure. The
residue was purified by column chromatography
on silica gel (2.0 g, 2:1 hexane—EtOAC) to afford
255 and 256 (0.7 mg, 20%, a 1.1:1 mixture of
diastereomers). To a stirred solution of 255 and
256 (1.5 mg, 0.00162 mmol) in DMF (0.100
mL) was added at 0 °C TASF (3.6 mg, 0.0129 mmol). After 30 min at 0 °C, the reaction mixture was
warmed to rt. After 3 h at rt, saturated aqueous NH,CI solution was added at 0 °C and the mixture was

extracted with CHCI;. The extracts were washed with saturated aqueous NaCl solution, dried over Na,SOy,
and concentrated under reduced pressure. Since the obtained glycosides 227 and 228 (0.9 mg, 95%, a 1.1:1
mixture of diastereomers) were unstable to silica gel, further purification was not conducted. The *H NMR
chemical shifts of each diastereomer were determined using the spectra of a mixture of diastereomers. Major
glycoside: Ry = 0.07 (10:1 CHCl3-2,2,2-trifluoroethanol); 'H NMR (500 MHz, CDCls, solvent residual peak
=7.26) 6 1.07 (3H, d, J = 6.5 Hz), 2.03-2.08 (2H, m), 2.88 (1H, d, J = 16.9 Hz), 3.04 (1H, d, J = 16.9 Hz),
3.15 (3H, s), 3.30 (3H, ), 3.72 (1H, g, J = 6.5 Hz), 4.03 (1H, dd, J = 4.9, 2.2 Hz), 4.21 (1H, m), 4.24 (1H, d,
J=9.5Hz), 4.95 (1H, d, J = 9.5 Hz), 5.01 (2H, s), 5.16 (1H, dd, J = 3.7, 1.6 Hz), 7.35 (1H, s), 8.11 (1H, s),
9.42 (1H, s), 13.51 (1H, s). Minor glycoside: R; = 0.07 (10:1 CHCl;-2,2,2-trifluoroethanol); *H NMR (500
MHz, CDCls, solvent residual peak = 7.26) 4 0.99 (3H, d, J = 6.5 Hz), 2.03-2.08 (2H, m), 2.91 (1H, d, J =
16.9 Hz), 3.04 (1H, d, J = 16.9 Hz), 3.18 (3H, s), 3.30 (3H, s), 3.46 (1H, dg, J = 4.9, 6.5 Hz), 3.59 (1H, dd, J
=4.3,2.2 Hz), 4.21 (1H, m), 4.35 (1H, d, J = 9.8 Hz), 4.76 (1H, d, J = 9.8 Hz), 5.01 (2H, s), 5.48 (1H, t,J =
2.8 Hz), 7.34 (1H, s), 8.06 (1H, s), 9.44 (1H, s), 13.67 (1H, s).
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