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ADC antibody-drug conjugate

BAIB bis(acetoxy)iodobenzene

BODIPY boron-dipyrromethene

bp base pair

CoA coenzyme A

COSsY correlation spectroscopy

CDTA cyclohexanediamine-N,N,N’,N’-tetraacetic acid monohydrate
DDBJ DNA data bank of Japan

DDQ 2,3-dichloro-5,6-dicyano-p-benzoquinone
DGGE denaturing gradient gel electrophoresis
DMAP N,N-dimethyl-4-aminopyridine

DMF N,N-dimethylformamide

DMSA dimercaptosuccinic acid

DNA deoxyribonucleic acid

dNTPs deoxynucleotide triphosphates

dsDNA double-stranded deoxyribonucleic acid
E.COSY exclusive correlation spectroscopy

EDTA ethylenediamine-N,N,N’,N’-tetraacetic acid
EMBL european molecular biology laboratory

ER endoplasmic reticulum

Et,O diethyl ether

EtOAC ethyl acetate

EtOH ethanol

FDA food and drug administration

FDLA N“-(5-fluoro-2,4-dinitrophenyl)-L-leucinamide
gDNA genomic deoxyribonucleic acid

HMBC heteronuclear multiple bond coherence
HMQC heteronuclear multiple quantum correlation
HPLC high performance liquid chromatography
1Cso 50% inhibitory concentration

'PrMgBr isopropylmagnesium bromide



ITS internal transcribed spacer

Leu leucine

Me methyl

MeCN acetonitrile

MeMgBr methylmagnesium bromide

MeOH methanol

ML maximum likelihood

MOM methoxymethyl

MTT 3-(4,5-dimethylthiazol-2-yl)-2,5- diphenyltetrazolium bromide

NMR nuclear magnetic resonance

NOESY nuclear Overhauser effect spectroscopy

NRPS nonribosomal peptide synthetase

ODS octadecylsilane

PCR polymerase chain reaction

PKS polyketide synthetase

PLC preparative layer chromatography

PMB p-methoxybenzyl

rDNA ribosomal deoxyribonucleic acid

ROESY rotating frame nuclear Overhauser effect spectroscopyrRNA
ribosomal ribonucleic acid

TBAF tetrabutylammonium fluoride

TBDPS tert-butyldiphenylchlorosilane

t-BuLi tert-butyllithium

TEMPO 2,2,6,6-tetramethylpiperidine 1-oxyl

THF tetrahydrofuran

TOCSY total correlation spectroscopy



ELIE

TN T ) T IIBERERNELET ) FREEYI T D, T /NI T
TG R L 7201325 25 26 (SR HEE S T3 L, HiBk ECid
23.3 [EAERTICKRAF DEEFE 2 288 (Great Oxygenation Event) L 722 & 23H1 5 1
TWBRL ZHENEAREITI ST /A2 FI)TICL3bDEEZLNAT NS
BIE, 772770713 1 DOMelld 213 ESHRAEPTFEL TEH D,
HARF Ik ewoK, R, WE, FfR, S0, 87 A7) L wvo ki 7x
BREICAEB LTS, /2, ¥ 7/ 27 ) 7 RRYUEES RIS, YUd
WEMEL VIEREGEME. i~ 7 0 73t &S8R EiEtE % R 3 RGEHED % 4
FETBZETbAONT NS ¥ 7 0570 7 OEFET B RKIVHEY ©
5 bAVEM 7] & L T dolastatin 10 238 1F & 413, Dolastatin 10 13 PUIES & %
RTRTF FTHY, 1987 EIT Pettit 51T X o THERIKEIY 2> F I 1A
Dolabella auricularia 7> & HEE#R & & 7z ° FLAYIE 2001 4 ICiERES T /7
277U 7 Symploca sp. & Y HifEX 1L °, dolastatin 10 DEDEFEH LS T ) 7
TIVTThHhbEEZLNT WS, Dolastatin 10 IZMIEEM X v X7 BEF 2 —7 )
voEAGZHEET LI LICXY., G2IM lic s CHllluE A 2 fZik X ¢ 5 Z & 23
Mon<Tesh M Zhick ) EEHMidoMigx iz s tHEz N T3, K
AERDFEE, dolastatin 10 HA (% Phase Il THIFEAIEE > T L E 272205, Z DL
REPIE AR (ADC)E L TERALE Lz, &Y% v ) v ol MIIER IR
B XV N7HE CD30 ML L 2PURIC, dolastatin 10 O FHZEMAK TH 5
monomethyl auristatin E % #& & & €72 ADC T& % brentuximab vedotin 237 3 ¥
VY VANHOBEE L L CFERED S, 7 A ) A BMEIRE (FDA) 12

X7z ? (Figure 1-1),

TN TV T OAET B ZRRBEEDHRIL AEYEE R R T ERO—

2L LT, 2D ER DTN, T/ "7 T7 )V TOEET L
KIHEYI DL L IERTFFRYVEXXTFF, KITFFFTHH, ZDIF LA
ERIEV R Y — 2T F VEMIESR (NRPS) &RV 7 F FEBKEEE (PKS)

KOZN S BEE L7=EESE (NRPS/IPKS) I X o TAHEAK I LTS 0 ch
b RINHEY DREESREIEIZ S T 2 N7 T ) THAE OBHiEEE & A A H0EE
F® gene shuffling IC X 2D DTH % Z & 23 Calteau S I X - TIHBHI LT W 3
UOBE S ClckEA & oo 7 2 N2 7 ) THED KM A % D LA
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Dolastatin 10 Monomethyl auristatin E

MAB = Monoclonal antibody

et
i

HN

07 NH,

Brentuximab vedotin

Figure 1-1. Dolastatin 10 & % o ik

BIZT & L DI L 2 & 72 o T\ % (Figure 1-2), Jamaicamide B 12 & % 41 % Kb
TF VIIEARERICEAI N KRG T VT v BSABEHLEER CTH 5 JamB
CX W TAFy~EaI NG 2L CEAREINS Y, 7z, apratoxin A K& X
5 t-7F iz, 7+ F L-CoA 23 S-adenosyl-L-methionine (SAM)IC X H X F
mMeEhz o chEEREINEEEZLNTWE B, CuracinA Ic&Eh3 s 7
B7uxXviE, ER FAA VICEWEREWZT 7 77— boskiLiEf L, R

o P L

Cl
Jamaicamide B Curacin A

Apratoxin A

Figure 1-2. EAELRTRAHL 2 R>o T B YT /2 N7 7 1) 7T HERRA
7



B0 T 2 2 & chEARE NS Y, EBRICRIFRECOIREL T /) N7 T
U T HhORIETVF Y RET 3 kurahyne™ % jahanyne'®, t-7F L322 EH T 3
janadolide’’. ¢ 27 v 7w ¥ %H$ 3% hoshinolactam®® 75 Hijift 11T\ 3 (Figure
1-3)e TN D DRIV Z O EYTENE D BBZEC . kurahyne I3 b P FEEDA
MR D HeLa MBI LCT7 R b — > R &2 FFET 2 2 & ROV/MNIRITFLE
T2 Ca* Ry 7HRIAEL, NMIUAA P L 2%2FHEET 23 2 L AHL ISR T W
% 15, F7-. janadolide & hoshinolactam it & + IE##HINICH 3 MRC-5 IC %3 %
HEEZRIFICH N ) S Y —~<iEt eG4 2 T8,

Jahanyne

5\’( Janadolide
/\/\)\N \)L I( /\/A,,” > o,
SEE 3 g wf
o .
. (o]
Kurahyne Hoshinolactam

Figure 1-3. AFSEE CHEt I N2 T /2 N2 7 ) THERAY)

TEILEG T L PO TRRE L, MEMCAEARELETZ2EAL CRAY %
BT 2L I N TE T3 B0, X5, FREOBifEZ KB D L <
ALYV EGHELEFO N AL vEEHELZY 352 L CIERAMOFEE
KEAT 2 (2veF Y TAEABZELITONTE T 5 212 ERRIiC,
Z DX BT, w@%ﬁ%&%&&wmiékﬁﬁ?47?U—¢&K%
JGR T N TH D BISERFICICIRIL o T B 2427 BIE O F C 1R e & 2
ZITH 2 ERNEETH 2, FRNcILEADbEYEEOT T ICELAKTE
ZZLBHFEEINTVE, ZD-0ICi3EL REEOAAHERL T IERO SR
BRETHY, T/ N7 7 )T OEET IR EMBEEZINET L2 L2
MVECTHD, 2D, T 7377V T 0 bhichl % /s iEiEo KRR % 5
RL, 204EABEETEZHL2ICT 5 2 L 3EEAEKREZ D,

AL CRIFFRIE S T 7 N2 70 T 5 ORER ARG L s % fF o RKARY
DHEEEZHI & L7z,



H2E KRR T /27 ) TRESEDHEL

FLE BR
STINITFYTIR, ARGEL LT 71y T2 ve74an) b ) vk
Fib, BRRETCAREIT ) 2O ICERE DWIENS, /. 20 X9 R
225 UETHIHEY O —Fi e L CRREINTE /-, L2 LAARS 1977 Ficitbh
il 2 S OB IC L > CHEIEMEICE T 2B TH 2 Z L L 2 & 7x
2728, DX BERPO, VT /N7 F ) T O EITEREME G2 K & H
BR OEESE - B - YIS SN oM A BT 2 2 e B8 TE B, ERICIIED
SR OGN E AT REEHBOREL R INT VS, 2L DD
LRI Z ONBEDRRE L B oTh Y, BRGNS CIERERORE
CEY DB BRI R ER S LS ol L, By a4 T
RO L BN REAER SN S, BEZ CICRRHINLTWE YT I N
TV T DOKEZIZ, L LTI N T IcHiE S niz, 20729, 1
LDy o3 7 ) TIXEEMEY G AR R Y | JERERYRREIC XD 8
INTVE, ZDEIBERPOHEREINTWE LT /N7 7 ) THOK
i, EARL LTCDORT v FREINT I DA THEERPRETEEINLTED
TLEETERIC X 29 FRMEWIEDTbN TR v, IBEFEDOS T YD
FEICXY, OGO ERKEDRRD ONT=ZBKEBTDET I 7T
TR RETH 2 EHAL, fEEDOER-EIC X 2505 & ERD R KBRS R
BBZERHLNE RS D0 o, BIETRL T /) AT Y TONEL
RAEBGR % BAMEIC 3 % 723 TUREE & RMfEIT 2 A B bR 7= EZ T, %
HAED ONTWw3 3 v 7 757 ) 7 OFSREIC RS E V2R
RBE RIS LEL 22, L2LAaRS, Eilo X 51c% { o d#l ol sk
DIRFERINT W07z, AT OBRICHEL ko Twd, ZDDHTE
DT I NI T VT ONFEIFEILL T BIRETH 5,

ST IR F YT ESEMREIL L TWB 2 i AT, RN A R &
N3 16SIRNA B T1x. —MICE xR T 2 RE O REEL 227729, IE
fife 7 F R E 1 IS TEREBIEE & RAIRT 2 A A G D 2 LE DD 5, RIFFFE THEY
EEYEOWRFR L LTHWTWREES T /N7 T Y Tk, 20% K BEE
WtCH 3 7-0, FHETEZT S 20 ICIZREY v 72 L IBREER & B RER
DM 225 0ELD 5, HIE, BREY v 7 Ah b BEIEREIET 5 55 L
T3, 7u—=v 7 L BWFIRERAR T VEXKENE (DGGE) 23— TH 3.



INHLDHEEF, BES Y I A b5 57 DNA #iH¥)% PCR IR L 72D b
IZ PCREEW % 0Bt - FEBLL CT 32 b DTH B, D=, BIEY Y 7
CIEET DAY ORI IZERH TH 225, BREY v 7 ARICHFEET 2 RED
T o80T ) T ORERE OB IIRIER S 5, LA O & VG
WWEDEEETH 2MHEL T /N7 7 ) T OIEMERERE % 1T 5 720 18 72 7
FETEEMLT 528 & L,



F2H FEEHFEOMEL

AFFE TR E T DHES T 7 N2 70 T, MRS - 72 R K DM
fafgfe GRikiR) Z2RLTH 0, HE D4
WEDBHEICHET VDo TCarn=—%F
L T %, SRR D SR 13 % BERE CRERK
INEEICELNLTEY, SR~ 7 T
TRt T /N7 T ) THRMEL T
5 Z L%\ (Figure2-1), 2D, ¥ v
TARIELE T2 T N2 7 ) THED
A —7n SRR % B T ol L R
352 L CHLDNA I Z{ERL L. 2
7V 7L— k& LCHEED PCR EERIT
5 (single filament PCR) & G 16S rRNA f/‘%}-}'/l-j%t?ﬂ; ‘{},7”'”'@'@‘@3é

B rizEsdz e L,

Single filament PCR 13 A N D 5ETIT o720 RREZE 2 SOE D ERL 7201
0.1% WNV)N-Z7 v a A LHva s v F b Uy o GREEER) KR CAOLE L |
PEMEE T e~y PREE Pk 0 R AR L 2, HEEL 25K
% BAMEE T Ol L. DNA I 2 ER L 72, 155 7= DNA ity %
7 v 7L —1F & LTPCR %17\ 1545 1172 16S rDNA itHl| @ R AR % 1T - 72,0
T HIc, FBERRICLAERZMAGDLEL L TCHEL T/ "2 F7 ) T O
[[E %217 - 72,
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.



% 33 Kanamienamide D& & AWEH:

EIE WELT /2T )TOREL B

PREE 1L 2014 4F 6 HIC IR S IRE.Z B o & RIRIC TfT - 72 (Figure 3-1), T#lD
RefEA7 IR 2 ES BB L a2 bRl — Rz Roar = — 2 @B E L
726

Amami-oshima

a
Tokunoshima 35

Island  ~y v
6 Shore of
Kanami

&

Okinawa island
Figure 3-1. ¥ 7 /N7 7V 7 OFE (sample no. 1406-23)

REL-ES T 78257 U 7 (sample no. 1406-23) (3% L THFEE TR 5
It o 720 BRIEICH W 2ES T /2 N7 7V T3 v 7, RERIC RNAlater®
(Qiagen, Germany) TEE L 7z, BEIE L7 v 7V IIERCHEZEICELIRD ., -
30 °C TR L 72,

R L ZZBEE Y v 7 v % Hw T single filament PCR %17 - 7z, 3572 16S
IDNA IR (ML) & =4 k% TR 21T o 72, RGEIRIT OSSR, i
FEYT /N7 7V 7 1406-23 1 Moorea J& & L b i L— F &g L7 (Figure
3-2), HifEIAIE31.24£1.9um, £& 55+1.3um TH U (Figure3-3A), = o =—(3
HRAEDBD»o-BGoWkoHIRD~y b TRADOY Y TITfHELTWiz
(Figure3-3B), £7z, av=—F7 v Ry T vl L L HHIN TV, R
et & TERER R DRI 2 & (R L 72> 7 2 Y7 7 U 7 1406-23 (3 Moorea
bouillonii & [EE L 7z,



0.1 |

100/1.0 ENostoc sp. ATCC 53789 (AF062638)
100/1.0 Nostoc punctiforme PCC 73102 (NC_010628)

-Anabaena variabilis ATCC 29413 (NC_007413)
100/1.0 [Arthrospira platensis PCC 7345 (X75044)

100/1.0 Arthrospira sp. PCC 8005 (X70769)

93/1.0

77/1.0

-11.0

100/1.0

—— Lyngbya hieronymusii var. hieronymusii CN4-3 (AB045906)
091 Lyngbya aestuarii PCC 7419 (AB039013)
100/1-0[Lyngbya aestuarii PCC 8106 (AAVU01000001)
Kamptonema animale SAG 1459-6 (EF654087)
Phormidium autumnale SAG 35.90 (EF654081)

_|A_/[icrocoleus vaginatus CNP3-KK2 (EF654064)

10000.98L— pficrocoleus vaginatus SNM1-KK1 (EF654077)
Oscillatoria sancta PCC 7515 (AB039015)

Okeania plumata NAC8-46 (GU724197)

-/0.93

-/10

94/1.0)

Oscillatoria sp. PAB-21 (EU253967)

Okeania comitata 3L-OSC (EU244875)

/1.0 _ETrich odesmium contortum (AF013028)
Trichodesmium thiebautii puff (AF091321)

——Trichodesmium erythraeum IMS101 (NC_008312)

100/1.0|

93/1.0

96/1.0—Svmploca sp. VP642c (AY032934)
100/1.0 |:LS))mploca sp. VP377 (AF306497)

Symploca sp. VP642b (AY032933)
Symploca sp. HBC5 (EU249122)

77/11.0

s6/1.0Svmploca sp. CCY0030 (GQ402025)

W‘-I:S'ymp/oca sp. PCC 8002 (AB039021)
“\Symploca atlantica CCY 9617 (GQ402026)
-Moorea producens JHB (FI151521)

Moorea producens NAC8-48 (GU724200)

1001901 — AMoorea producens 3L (EU315909)
Moorea producens PNG6-221 (FJ356670)
Moorea bouillonii 1406-23 (LC172270)
Moorea bouillonii PNG5-198 (FJ041298)
Moorea bouillonii PAL08-16 (GU111927)
Moorea producens PAL-8-17-08-2 (GQ231522)
100/1.0| Coleofasciculus chthonoplastes PCC 7420 (X70770)

| Coleofasciculus chthonoplastes NCR (EF654039)

100/1.0]

Leptolyngbya sp. PCC7375 (AB039011)
100/1.0|Synechococcus elongatus PCC 6301 (NC_006576)

88/1.0

|Synechococcus elongatus PCC 7942 (NC_007604)
1001 0—Synechococcus sp. PCC9605 (NC_007516)

L Synechococcus sp. WH 8102 (NC_005070)

Gloeobacter violaceus PCC 7421 (NC_005125)

Figure 3-2. ML {£1C X b 16S rDNA 2> HERL L 72 %2 #fiksf, 7w b 7 — 7
IZ Gloeobacter violaceus PCC 7421 % Fi\>7z, Node IZ/~ L 7281z 7 — + =
N Ty M (T0%A T IR LCTuwen) & HEiEYT 09U TIIRLTw
\») T ML/BayesiEIic X W EHI L 72,



100 pm

Figure 3-3. Moorea bouillonii 1406-23 D ZHEE E: (A)
#. (B) RO 2 1 = — DK




%2 Kanamienamide D Big

£REE L 7= Moorea bouillonii 1.0 kg (EEE &) % MeOH I X 2l & k. &K
% WL T CiEiE L 72 (Figure 3-4), 155 1172 MeOH ¥ % EtOAc & /K Torfid L
7-. EtOAc & % J/TiEHE L. 90% MeOH /KiFHE & ~F ¥ VI THBL L 72, Hela
M (e b FESE AMNE) 10 2 A EEE 2 fEERIC L CL 1R 5 7z 90%
MeOH /KiAiRfE% ODS > VAT vh 7 nra~ b 757 4 —L HPLCICK 5T
FEELL 72, % OfER, HelLa Mg L CHE5EFH 75 % 7R 3 kanamienamide (1)
9.2mg & MEHIKY L L TR 7,

Moorea bouillonii
1.0 kg

Extraction [MeOH]
Filteration
Concentration

MeOH extract
| Partition [E10AC/H,0]

] 1
EtOAc layer H:O layer
| Partition [Hexane/90% MeOH]|

| |
Hexane layer 90% MeOH layer

ODS column [MeOH/H,0]
Repeated reversed-phase HPLC

Kanamienamide (1)
9.2 mg

Figure 3-4. Kanamienamide (1) D 4 B &l

10



% 3fffi Kanamienamide O FEEE
B RREE B A7 P L DfER 2 & kanamienamide D 4313 & CogHagN2Os & Pk
E L7 (mlz 493.3622, calcd for CogHagN,Os [M+H]* 493.3641), ‘H NMR Z -2
IC X b kanamienamide (1) 13X RICHEG L7z —RAF A 1D (641.32) &5
THRAF VD 4 D (8 1.04, 0.91, 0.76, 0.74), ERIHEALZAF AN 2D (84
3.02,2.81), BBRICHEALZAF AL 1D (843.14) FET LT LRz, &
HIC, TI/HED afid A F vIKFHE Bpdsd0) &AL 7 4 v (845.92,5.21, 4.88)
ICHY T2 > 7 F A8l X 7z (Figure 3-5),

glo 70 6.0 50 40 30 20 10 (oo
Figure 3-5. Kanamienamide (1)® *H NMR

Kanamienamide (1) D& 53 #5% 1 IDNMR & 2DNMR I X - CTH#IE L 7= (Figure
3-6), COSY A7 P X VGONMHEAIC LY C25 56 C6 £ TORF—K
RIEADHEZR X [H-2' (8 4.40)—H-3a’ and b’ (54 1.90 and 1.67)—H-4" (5 1.36)—H-
5'and 6’ (54 0.74 and 0.76)]. HMBC I THERE X 17z 2 D DAHEY [H-7' (51 2.81)/ C2'
(8¢ 58.4) and H-2' (8 4.40)/C1’ (8¢ 172.7)] LA LD E B T & T N-Me-Leu DTF
ERHL»ER 572, D D —FTD N-Me /KFE (H-20, 8y 3.02) 26, 7 I F AL
A=) (C13, 8¢ 166.6) &AL 7 4 VK (C12, &¢c 131.0) iZxf L € HMBC HHEd
DR LN, N-Me =F I FOFEDPHL» o7z, 51T, COSY DHBIIC X
D EH— A FPMERIG D A F L v (843.12) ICHEE T 5 2 EAVHBH L. HMBC
IZ & BHHEE [H-17 (8n 1.32)/C15 (8¢ 174.7), H-21 (5 3.14)/C15 (8¢ 174.7), and H-14
(81 5.21)/C15 (3¢ 174.7)] DB AF N T ) — AT —F VL DIFERH L 2 & 72 o 72,
X 572 % 'HNMR., B®CNMR. COSY. HMQC. HMBC A7 t L DBHIC X b
N-Me-Leu . 7-hydroxy-2,4-dimethyl-12-(methylamino)-dodec-11-enoic acid . 3-
methoxy-2-pentenoic acid @ 3 D DFERIHEEIC X VK X5 2 L 23 L 72,
Cl11-C12 & Cl4-C15 ® 2 DDA L 7 4 |F NOESY DHE (H-11/H-12, H-14/H-
21) X ZzhFh Z2 e ERTH 2 LIREL T2, H-1UH-12 OFEETER (7.5
Hz) ICX > T CLI-CL2BlOA L 7 4 v S ZIKTH 2 Z XN, b,

11



H-12 3IEFIc 7 e — ARy /e LTl iz, C12—C13 (fficFE S
273 MG omEAHREINTHWE Z ICHET 2 EEZLNS,
ZNENDOERIFEEDHSE X HMBC & NOESY I X - THRE L 7= (Figure 3-6
and Table 3-1), 3 2 HMBC i X 2B (H-7'/C1. H-18/C1, H-7/C1") »*H 11 B
BAREERIRE I Nz, HT DL 7+ (84.96) 225 b, CT ICHEE T 2 HEE
JRFRT oMb In T b e fEES N, 11 BREEE L2, 5T 2
2® HMBC I X 2 #HB4 (H-20/C-12, H-20/C-13) & NOESY I X 2 #EH (H-12/H-
14) 2>, kanamienamide (1) D V- [Hif#iE % Figure 3-6 IR 938 D ICHRIE L 72,
17

Figure 3-6. Kanamienamide (1) - [fif# &

12



Table3-1. Kanamienamide (1)@ NMR 222 F L5 — & (IKHE © CeDg)

position & 8 (Jin Hz) cosy HMBC selected
(HC)  NOESY

r 172.7,C

2’ 58.4,CH 4.40, dd (4.2, 11.6) 3a,3b 1,3, 7 2

3a’ 38.5, CH, 1.90, ddd (4.2, 10.9, 14.8) 2’,3b", &4

3b’ 1.67, ddd (3.6, 11.6, 14.8) 2,38, 4 2,5

4 24.7,CH 1.36, m 3a’,3b’,5°, 6’

5 20.8, CH3 0.74,d (6.9) 4 3,46

6’ 23.3, CH3 0.76,d (7.1) 4 3,45

7 28.7, CH3 2.81,s 2,1

1 177.8,C

2 33.7,CH 2.60, dagd (3.1, 6.8, 11.6) 3a, 3b, 18 2’, 5a
3a 43.6, CH, 2.03,ddd (1.9, 11.6, 13.2) 2,3b,4 2,4,18,19 18,19
3b 0.94,ddd (3.1, 11.1, 13.2) 2,3a,4 1,19

4 34.6, CH 1.36, m 3a, 3b, 5a, 5b, 6b
5a 30.8, CH, 0.99, dddd (1.4, 2.1, 9.0, 14.5) 4, 5b, 6a, 6b 6,7 2,7
5b 0.80, dddd (1.0, 9.5, 10.4, 14.5) 4, 5a, 6a, 6b 6,7

6a 31.8,CH, 1.49, dddd (1.4, 5.2, 9.5, 14.6) 5a, 5b, 6b, 7 4 8b

6b 1.13, dddd (1.0, 9.0, 10.8, 14.6) 5a, 5b, 6a, 7 57 4

7 76.8, CH 4.96, dddd (5.2, 6.9, 10.8, 12.0) 6a, 6b, 8a, 8b r 5a

8a 35.4,CH, 1.39,m 7,8a,9

8b 1.24,m 7,8b,9 6a

9 25.0, CH, 1.20, m 8a, 8b, 10

10 27.1, CH, 1.87, m 911

11 125.9, CH 4.88,td (7.5, 7.5) 10, 12 9,10, 12 12

12 131.0, CH 592, m 11 11,14
13 166.6, C

14 91.4,CH 5.21,s 15, 16 12,21
15 174.7,C

16 25.9, CH, 3.12,q (7.6) 17 14,15, 17

17 12.6, CH3 1.32,1(7.6) 16 15, 16

18 19.1, CHs 1.04,d (6.8) 2 1,2,3 3a

19 22.6, CH3 0.91, d (6.6) 4 3,4,5 3a

20 34.9, CH3 3.02,s 12,13

21 54.5, CH; 3.14,s 15 14
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% 4 i Kanamienamide D#axt 7 (kB E
Kanamienamide (1) o AH Xt 37 {4 fic & 1%
NOESY (i ER s 52 LT P
PE L 7= (Figure3-7), 'H-'H i & ER
iZ 'HNMR, J-resolved, E.COSY %z~ 2
FOVIRRTIC X o THIE L 72, BLHIZ
7= NOESY #HBd (H-2'/H-2. H-2/H-5a.
H- 5a/H-7) I &V 4 o7 a b v (H-

Y "X NOESY

7N coupling
constants

2'. H-2, H-5a, H-7) 2RI A MAICEE B " C /Me
(aleE) LTwzcrpWores W [ adip
o7, RERAMEEL (Jveorr = 108 7— Ha O\ 7 Hb~)
C Ha<-* C Ha =~
Hz. Ju7-nsp = 12.0 HZ) & NOESY @*H 5 H IH? .
Yy X NOESY

H<’
B4 (H-6a/H-8a) »*H H-6b & H-7. H-7 2J(H6a/H7) =5.2Hz 8)(H5a/H6a) = 1.4 Hz
J(HBb/H7) =10.8 Hz  3J(H5a/H6b) = 9.0 Hz

Y OH-8b BZNEN anti DI EICHLE  Jiined Z09rE  Hobios = 0.0tz
TEHEZEPHLLE ST, T2, 4 37.(8) de (O
. e e Figure 3-7. (A) Kanamienamide (1) D
P OREER Onssven = 14 HZo S kAL, (B) C5-C6 4y
Jnsa—heb = 9.0 Hz. Jusp-nea = 9.5 Hz. NOESY 2= 7 F L DfHBEE X &

TR 4-C7 #(5r D NOESY R~
Jhsb-reb = 1.0 Hz) & NOESY #HEH (H- %%/I/(OC):BFHCE?]; fﬁzﬁ*ﬁgé\:% S
4/H-6b, H-5a/H-7. H-5b/H-6a) 7> 5 H-

5b & H6aZ3y v Y T T7F—ThdERELKERMEETEE Jnrrza=11.6
Hz. Juapna = 11.1 Hz. Juansy = 10.4 Hz) & NOESY M (H-2/H-5a. H-3a/H-18.
H-3a/H-19) iC X Y H-5a/Me-4, H-5b/H-4, H-4/H-3b 23 H.\ TR $ 2 [A] Z ICHZE 3
LZEHRHORE R 0T, TNHDT —XH 5 H-2, H-3a, H-5a, H-6b, H-7 2%
TX¥FY XY VIECMETZIEPHLr LR o, U EDMBITHEED S
kanamienamide (1) DN AR E % 2°S*,3R*,4S*,7S*TH % L ki L 7= (Figure
3-7),

Kanamienamide (1) D At S ARBLE % TR E 3 5 72 ® ITN-Me-Leubk L D VR L
% RE L7z, Kanamienamide (1)% 6 M HCIH, 60 °CC3RFEEHES 2 2 & TR
IR % L 72, BRIN/K 53 fR) % 3 AHHPLCIC TR L L. N-Me-Leu% 15
720 ¥ 7V 7 2% F\ > Tkanamienamide (1) FH3E D N-Me-Leu % 54 & % O 1R F;
B % Ll L 72, % o FE R, kanamienamide (1) H13E D N-Me-Leu X LA D FE 5
—H %R L7z (tr: 19.6 min) 2DIEDH D & I3—E L 722> > 7z (tr: 11.4 min)
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(Figure 3-8), Z d Z & %» &kanamienamide (1) ON-Me-LeulZLATH 3 & E L
7o AL DFER 2> 5 kanamienamide (1) D #axf 7 AARBLE % Figure 3-9I1C /R 338 Y 1T
RIE L 72,

A N-Me-p-Leu
i | g !
i 2 %
B N-Me-L-Leu
- A
"~
a8l |
2 o 8
C N-Me-l_eu from 1
4 |
D S & B

matched

b
= 2 3

Figure 3-8. Kanamienamide (1)Hi2KLeud ¥ 7 v 71 7 L50H7
(A) N-Me-D-LeuD &5, (B) N-Me-L-LeuD 5. (C) Kanamienamide (1) H13&
DN-Me-Leu, (D) N-Me-L-Leu & kanamienamide (1) Hi2EDN-Me-Leu & D i

M7
N-Me-.-Leu QO 20N 13 Z 0/21

18 19
kanamienamide (1)

Figure 3-9. Kanamienamide (1) D #foxf 37 {4 fic &

15



5ffi  Kanamienamide D & YiE

Kanamienamide (1) D HeLafffifi ic 3 2 BHEFHE R EZMTTE 7 v £ 41 X Y
i L 72, % OFER. kanamienamide (1) X HeLafifZ i< Xd L TICsy 2.5 uM (50%1
SEFH SRR ) CHAGHHE # o8 L 72, RIC. kanamienamide (1) D#%HIAEEEA ~ VU
NYTN—=T v 41X Y FHIi L7z (Figure 3-10A), % D#ES. kanamienamide
(1) DR FFH I HeLaffifE O MIfESE 35 E X 117z, 72, kanamienamide (1)
RS 2 M X, M D blebbing & ML O UNE % 11 5 & & A3 2 AR
IC X B EIRCHER X L7z, Kanamienamide (1) 233538 3 3 MfasE IC iR S N7z

SHEZEALIZ T R b — > 2D ¢ —2 L 7= (Figure 3-10 B), Xic, 7k —
T ZADMHEHR & LTHI S 5 Z-VAD-FMK (caspasefHE#) & kanamienamide (1)
& DHFRALIRIC X 2 AL It 3 2 52 2 5l L 7= (Figure 3-10A). % Dl
. KRB (10 uM)Dkanamienamide (1) AL T3 Z-VAD-FMK O fif FI LR IC X
% MNESE D E DR S L7223, MR (30 uM) Dkanamienamide (1) AL C
13 Z-VAD-FMK{f FHALEE CHIAESE 23S FHE  iL7e v 2 L 238 B 22 & 72 o 7= (Figure
3-10A), Z DFJE L 745 5H 2> & kanamienamide (1) D & 2 Mgz, EHE D
FEREDIFETES % Dcaspasell K D7 WIEIETH 5 Z L R I sz, L L7
5. UIHFEED/NE 5 Hikanamienamide (1) D &K &R L. A AL O
Bizitozb A, Eibo X 5 iElEIZ R S v HeLaffifZ i L TICs 32 uM
TORIHHAE, A7 v — v ZFEOMBSE A FE L 72 MG L 2%, Co#itic
£ U RIR S Dkanamienamide (1) H T 175 T D58 A & 2> D AV E 23 i
HBavxILTEh, 2oORECARLIIERLRIMBEIEO N LHL A
L7 o7z, 7B, Reddyb dikanamienamide DH] DA AR & 3EK L TH 036, Y
WREo AT HORETH %,
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—_
o
o

[os]
o

D
o

Cell viability (%)

40 r
20 1
0 ¥ T T T

0 1 10 30@M™
kanamienamide (1)

Figure 3-10. Hifftiy i< 52 X 2172 Kanamienamide (1) D HeLafi i i w4 2 Ml sE:
(A) b Yoy T —aRYERFERIC X 25, A IZFSROUE, B350 pM oD Z-
VAD-FMK % fiff,  (B) Kanamienamide (1) 30 pMALER I X b 3538 X 7= HfEE,
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H6Hi KanamienamideZE & BCEG FEUG DR A~

Kanamienamide (1) DAEAHELR FZHOLPICT 572DICEES T 7 N7 T
7M. bouilloniid 7/ LG % AT 270 7/ LFEGEAT O 72D I IFAEL D E
ODNAD—EBLE L 2 b, TD®, —MIICITHREL X MR B %
KEFEEL TR LNgDNAZ WY ) AEGEI{TI. L Lakds b AEYNE
MEVE OHBER E SNBHES T ) N7 7 ) 7L, BEREHELT 2 2 LA
T H 25 0% £ . kanamienamide (1) AEFET T /X2 7 U T b R ICEBIR
BT DR TE Doz, SO0, BEY v T Ah5EHEDgDNA
RFBRENRD o T2, WE, BT LHEEZIT S L Uil b EE o
gDNAZ FABL L 7285 H 25 2 T & Tw 313, Kt clz c o k%
kanamienamide (1) ZEPES 7 /2 N7 T ) TICHA T2 2 & TF / LFGICHE TR
HOIPONAZFHH T2 2L & Lz, MEIL7Z=2RRA T4 FH 7R EFEREEK
EFHROWTERy MREHEPICX Y Bk IR % 08 L 72 (Figure 3-11 A), 43
HEL 7= R R EREKICELZE 2 A, BBEFIC X 0 HE S X Lz

(Figure 3-11B) 7z, ZHZMDNAMIIEYI L L CTer 7 ZROHM L L 72,
A B Figure 3-11. kanamienamide
WEEST ) A7) T
g (A) BEIMEE T CHEEL 72 5%

RIEL (B) HHEIEE D B

50 pm

50 ym

27 7 LHEIEIZREPLI-g UltraFast Mini Kit (Qiagen, Germany) 1€ X W fT»> 72, &
7 LHEEIRIC X V15 5 N 7-gDNADMIEE X, #E5WkE) & 16S IDNAD 2 = N — 4
NTITA=—ICKBPCRE > —7 v ZAEH VT L 72, BRIKEN DR S
gDNAIZF 1210 kbpfEEE D K T X 1T\ 5 T & 2MifERE X 7z (Figure 3-
12), £72. ¥ —7 v RICT X V1§ L N2 A 13— CTkanamienamide (1)4EE > 7
J X277 )T THBM. bouillonii & —3 L 72729, MEICREZ W 2 & DEZR &
Niz, &7/ L#EIEEY) L QuantiFluor® ONE dsDNA System (Promega, USA) 1<
LVERLZ, ZOME. FONEEEY L6 pgTH 572, HIWDIDNAE
TH D5 Qim0 72720, 3 O ICHEHEREIEIEZ T\, 155 h - iEEY)
bR TRy — 2 = vy —PacBioRS INC X %7/ Lfgac & 4T > 72
18



PacBio RS I X 27/ Lffsie 7TV 7
WIITAKARABIOHIC R L 72, o N
72877 b7 LRI %016.5
MbpTH o7z, KBS T /N2 T VT

e oHEEIND T 7 L4 XIFM8Mbp 5 4y,
THar7=0, HODOLT /25U TLL
D7 ) Lha vz I LTz EEER
NBINT, 7 LT ZITo728 T A2
@ﬁ@i<wt:V747mlD%ﬁ§ Figure 3-12. 44 ) LKHIEFEY)
T, 1) MNERICKYVELR2  pBFRkEEE (&L —v it
DT ) Lp3ayzILTn, LY ML IR Z{To 72 D% 7
X 2). 77 LfgsiRi O IR Y =T 4 v IS 77ALE)

XV Ty TR ZT2EEOa vy 7 4 BB E N, Lo iz2D
DHREMED R I Nz, O DRIEZART 2 72911 1). L W IEED
Xwas ) AEkitE v s 2 & TH—Z7 -y (H—%IRIEK) 2> 5gDNA%
#F 5, LT 2. MiSeq7a L DB XM —Fr v —Ic k27 /) Lf#E
MEITOELNIY ZSRIE L NHY EHrdbETCT vy 7AEE % E
DD, LV 20D TENEEND, BT J LREITICIEEL R o72b D
D, JFONTZF T 7 M7 LIFEABGBIET 7 7 AX — %R T DIt
JHRTH o 7= T, kanamienamide (1) EEEIZ T 7 7 A X — %2 ERT L L
& L7z, Kanamienamide (1) AEAHOER T 7 7 A X —IN-Me-Leuz &K T %
NRPS3 1D & I DPKSH» HREM I NTWE L EZOLNE 20,  DFHYIC—
WET 250 FER L, FI7 M7 LPICEROESGHGEE T 7 9 A& —¢&
Wi 72 2SR T 7 7 A X — D3RR & 7= 23, kanamienamide (1) Hizk & &
bbb DIFER I N> T2 EEKERT 7 7 AZ—BEROELBIZN 77
N LDBEICKEIKET 5, 7/ L TlEFEITMISeq. HiSeq. PacBio.
MinlOn& Wwo 7z =7 v ¥ —2Hwbhsd, TNOoDY—T7 v —DHTH
PacBio & MinlOni3 ORI AR 5N 2 S22 b DD, HF 5N B EH| DR
FEizZnIg e v, ZHITH L TMIiSeq & HiSeqid s & 1 3 Bl 13 FE v b @
DRERE W E Vo 2Rl 2>, ZD7=BdMiSeqd L £ 1ZHiSeqic X v 7/ 4
DEEZGZITWESHBLNZF 77 7 LORERA LI E0ERH 5,
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BIEN EE

Kanamienamide (1) 1 N-Me TF I F& T/ —A T — T A28 L 7258000 7
HoMEEE RO, 20X 5 RIS IZRAYICE W THIA R VI OHWE & 7
%o

I7E £ Cicbarbamide®$°jamaicamide AR E X F AL ) — AT —F A B ED
kA4 e RNV ES T 7 N7 7 ) 7 X ) BpftX T\ % (Figure 3-13),

\
N N\ . H — 0
o] CCly = |
N/ S ‘e Bl’ O O
\—/ H Cl pe

Barbamide Jamaicamide A

Figure 3-13. A F LT/ — LT —F A% &1 KARY)
Barbamide & jamaicamide AD A F L L ) — VT —F L& AEK T 3 AR
X, B-7 P FATZRTADT ) — N IEBEEB ATV T VAT 2T —F
XV X FAbEng & THHEI T 3% Kanamienamide (1) (%
barbamide, jamaicamide A & [Fl U < #iEs 7/ ¥ 7 7 U 7 Moorealg Hi 2k 0
NRPS/PKSZAERYITH v . kanamienamide (1) IC&FNZAF LT ) — LT —F
N FEIRRDORR CHERINDE LEZ LD, /2. =T I FOEGHREKIZ
7' F F ®microcystin LR & =7 F L X 7 L+ > ¥ DpacidamycinEi*ic T
X T\ B (Figure 3-14), Microcystin LRICE ) 2 =5 3 P&l U v o

<~ NH

HN\)L /& \ﬂ/\N OH
NH

N ¢ m

Microcystin LR PaC|damyC|n 1
Figure 3-14. =7 I &% &L KAY)
BBk E N LIic X VI E N3, PacidamycinfHic B 1F 3 = 3 MRS
ﬁ?DVV@Mkk%m\Ti/%%@ﬁm\ﬁv74/@%ﬁk\&7fb
LOMBIC L o TR E NG LHERIE N TWw2Y, LaLladrb, chbo4k
20




AR AR T NS T 3 P Idkanamienamide (1) 1Tk 3 =) 3 FifE
IRk R D, o, VTN TIT IV OO F IFNERERY
7 F R3S T T 3 28%% (Figure 3-15). # DA SRR S 20 & 72 o C

| %“x

Laingolide A Bouilonamide A Palmyrolide A
Figure 3-15. =7 I FiEEZ &L 7 /7 N7 7 ) THERZAY

Wi, BERZEWL C b EYfEIC RIS K o+ I FERKRY 7T
N 23M. bouilloniiZ: 5 Hiff X T3, ZdZ & IIM. bouilloniizA—F I F 2 &
WS R HBUIRA LT3 2 & 23ZFf L. M. bouilloniilZ &V 7 F Fic k1
ZN-MeTLF I FOEAKEMEZMHT 20 ICEL -EYHTH L LEZ LN
%, Kanamienamide (1) LS T /) N7 F VT DT ) MEG T,
kanamienamide (1) 2 AHEBIE T2 7 2 X — DR %1T > =B HI D A& GBS
T 7 7 AR —DFAIIIR S b o7z, J4E, kanamienamide (1) AEES T /N
277 ) 7 LIFETH %M. bouillonii PNG5-198%kD F 7 7 + 7/ L3 T
WBY, KT LNABREY Y TVEkD FF 7 b 20 & M. bouillonii
PNG5-198¥kHkD F 5 7 + 7 L D'E % Table 3-21C % & & 7=, A ILACHIEL

Table3-2. K57 V% 7 LDLilg

M. bouillonii PNG5-198* M. bouillonii 1406-23
Bavs a7 339 547
o= NI B 8,319,104 16,522,888
2 v 5 4 Z'N50 43,237 57,386

ISEWIH 203 Z DMDIHBICH E VENIE R, R TITo 2T/ L1
WRIC X 27 /) LRGBS TICHNTH B Z LR LTz, B, e T /37
TV T oI N2 AEYREEME O EERNMEIE S VEA TRV, TR
3% K OEYREUE 2 RET TS T /N0 TV T ORESNEETH 5 T
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EDRERETH B, SET 7 ARG G I FRITEEEROMEL 2 4B L L Zawn
e, WEST )N TV T OEGHMEOREICEMMTE 2 b DL ER 5,
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AT Minnamide ADHEE & EWiE M

FI WES T /N7 T ) T ORE & B

PRER 1T 2013 4F 12 H I B IRAKHN B I CHRIER KA 0 ZHHE —BRBUZIC X v 11d
7= (Figure 4-1), BREL =¥ T /7827 7 ) 7 (sample no. 1504-41) 13k L
TIRIE L 720 T HES T 7 N7 7 ) TIIHERGEICH - 2 72 D IC—FRRE L 72
b @ % RNAlater® (Qiagen, Germany) T L, -30 °C I TIRTFE L 72,

X ’.. -~ A ’:-.—-.. *,5}11.--—'

-t

e |

', ¢ f ’.‘.,'-; J

(e

. S
Minna_~---
Island

Okinawa Islands

Figure4-1. > 7/ "2 7 ) 7 O (sample no. 1504-41)

R L ZBEE Y v 7 v % Hw T single filament PCR %17 - 7z, {3572 16S
rDNA & 16S-23S ITS fEI IR A (ML) & A XiEE W TR 21T -
Tzo RARIRNT DAER, WEFES T /X2 7 ) 7 1504-41 13 Okeania @& & b ic 7 L
— N &L 7= (Figure 4-2), #7782 7V 7 1504-41 (Figure 4-3) &
Okeania J& DEEERVIF % Table 4-1 ICk & &7z, WFEL T /N2 5 )T 1504-
41 DIZHEIT Okeania hirsuta & X < —E L 72, 2N DGR SHREL 2 HEY
7 /N2 5 ) 7 1406-23 % Okeania hirsuta & [A]7E L 7=,
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Oscillatoria cf. curviceps Fkv-3 (EU196673)
100/0. 7|

illatoria cf. 1 Fkv-4 (EU196674
95/1.00 scillatoria cf. curviceps Fkv-4 (E )

Oscillatoria sancta SAG 74.79 (EU196675)
100/1.00 |
Oscillatoria sancta PCC 7515( EF178272)

richodesmium sp. NIBB 1067 (X72871)

richodesmium erythraeum IMS101 (AF399647)

81/0.93

Trichodesmium erythraeum Z/9 (AF399646)

Trichodesmium hildebrandtii II-4_1998 (AF399650)
Okeania plumata NAC8-45 (KC992976)
Okeania plumata FK12-4 (KC992973)

Okeania plumata K12-27 (KC992974)
94/0.99

Okeania plumata NAC8-46 (KC992977)

Okeania plumata NAB11-47 (KC992975)

Okeania hirsuta 1504-41 (LC437089)
Okeania lorea FK12-17 (KC992972)

Okeania erythoroflocculosa FFP12-7 (KC992971)

73/0911 ¢4/0 88

Okeania erythoroflocculosa FFP12-1 (KC992970)

Okeania hirsuta PAB-10-FEB-10-1 (KC986936)

79/0.98 keania hirsuta NAC11-70 (KC992979)

90/1.00
Okeania comitata 3LOSC (KC992969)

Figure 4-2. ML {51C X b 16S -23S ITS fEsEk 2> S ER L 72 245k, 77 b 7
— 7°I1C 1% Moorea producens 3L & M. bouillonii PNG5-198 % F\>7z, Node I
I ML/Bayes i EIC X VEHL7Z27—F X+ 7 v 7 (T0%LL TR L Tz
W) EEHEBIES. 09 TFIZI/RLTwiRw) ZiRL 7z,

24



Table 4-1. BEL =27 /27 51 7 1504-41 & Okeania J& *° D JERELLER

. Okeania Okeania Okeania Okeania Okeania 1504,-41
Caracteristics . . (this
comitata erythroflocculosa lorea plumata hirsuta
study)
Copber Black to Dark
Color Black Dark-red PP Black dark- a
brown brown
brown
Filament width 11-13 32-42 14-16 20-25 2547  382+28
(um)
Cell widh (um) 10-12 32-35 13-15 20-23 24-45 30417
Cell length (um) 15-25 2-3 15-25 1.5-2 2-3 41+10

Figure 4-3. Okeania hirsutal504-41 O ¢ FBAMEEIC X 2 TRREG &
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B2 # Minnamide A @ B

FREE L 72 Okeania hirsuta 1.75 kg (JZE&) % MeOH IZ X 2 fhiH & i@k, 8
W& U T G L 720 15 5 7z MeOH il % EtOAc & /K T4 L 72 EtOAC
J& % JRE G L. 90% MeOH /KiE & ~F ¥ IC THRL L 7z, HeLafifig (e b
FE A AMIAE) 13 2 BEBEH EVE M 2 EER I L <L 15 54172 90% MeOH 7K
WilfE % ODS v VAT AT sra~b 7T 7 4 —& HPLC I X o THEELL
Teo % D%, HelLa MR U CHEHEPHEF G % 78 37 minnamide A (2) 188.2 mg
ZHEAIRY & LTS 72 (Figure 4-4)

Okeania hirsuta
1.75 kg
Extraction [MeOH]
Filteration
Concentration

MeOH extract
I Partition [EtOAc/H,0]

EtOAc layer H>O layer
I Partition [Hexane/90% MeOH]

| I
Hexane layer 90% MeOH layer

ODS column [MeOH/H,O
Repeated reversed-phase HPLC

Minnamide A
188.2 mg

Figure 4-4. Minnamide A (2) @ F535L5) it
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% 3f Minnamide A OFHEEE

B REEE R A =27 P L DFE 2 5 minnamide A (2) D% T3 % CrsH13:N10018
LHGE L7 (miz, caled for C7sH13:N10015Na [M+Na]* 1471.9619), *H NMR (Figure
4-5), ®CNMR. COSY. HMBC., HMQC A =2 b5 10 DAL R =LK (5¢
176-170) (Table 4-2), 7 I JBED a-/KFKLFEZOLNDE T 7 F A0 8 D (duldc
5.64/56.7. 5.58/59.0, 5.41/51.8.5.28/61.4, 5.28/49.1, 5.27/48.9, 5.21/56.0. 5.15/62.4).
4 OD N-AFNVE (516 3.34/30.9, 3.33/31.1, 3.32/30.7, 3.25/31.1), 1 2D O-A
FH (8u/6c3.69/55.2).4 D DA * & A F ¥/ (3uldc 4.57/66.8.4.19/66.4. 4.12/66.4.
3.98/68.4), 2 D DHE—fF A F LK (5y/5c0.92/14.6. 0.85/23.2). 12 fH D —#k A
FUE 8y /6c 1.14/19.6. 1.12/19.6, 1.08/20.7. 1.05/20.1, 1.00/19.7. 0.98/18.6.
0.97/22.1. 0.94/22.0. 0.85/23.2, 0.81/14.9, 0.80/19.0, 0.78/23.3) D{FIEAERR X
N7z, COSY., TOCSY. HMQC, HMBC 2= 7 F v ZFflliciatd+ 2 2 & ick
N-methylglutamine (N-Me-GlIn). 2 2@ N-methylvaline (N-Me-Val). 2 2 ® serine
(Ser) . 2 > @ leucine (Leu) . N-methylisoleucine (N-Me-lle) . 2-amino-3-(4-
methoxyphenyl)propan-1-ol (AMP) N 3,7,11,15-tetrahydroxy-5,9,13-
trimethyloctadecanoic acid (Fatty acid) D#BHEEDSHH S 2 & 7r - 72,

0 70 30 20 0
Figure 4-5. Minnamide A (2) ® *H NMR (400 MHz, CsDsN)

Minnamide A (2) D FIfifE X HMBC & ROESY C X 0 #RE L 7= (Figure 4-6,
Table 3-2), HMBC D #HE [NH (AMP)/C1 (Gln), N-Me (N-Me-GIn)/C1 (N-Me-Val1).
N-Me (N-Me-Vall)/C1 (Serl). NH (Serl)/C1 (N-Me-Val2). NMe (N-Me-Val2)/C1
(Leul). NH (Leul)/C1 (Ser2). NH (Ser2)/C1 (N-Me-lle). N-Me (N-Me-1le)/C1 (Leu2).
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NH (Leu2)/C1 (Fatty acid)] & ROESY DFHBE [NH (AMP)/H-2 (N-Me-GIn). N-Me
(N-Me-Val2)/H-2 (Leu2). NH (Ser2)/H-2 (N-Me-lle)] #* & minnamide A (2) D “Fifif&
15 % Figure 4-5 1C/R L7238 D ICHRTE L 72,

N-Me-L-Vall N-Me-L-Val2
(S)-AMP N Me-L-GIn p-Leul
MeO (- L-Serl
o~ /
N N\ ‘\ N};I
N N < /
/ \Ij Kl“ HN
I D-Ser2
H,N"5~0 L-Leu2
1
OH OH OH OH HN \|/< 2~f O
ZJ O
Fatty acid

N-Me-p-allo-lle
= COSY/TOCSY 7 xHMBC ¥ "N\ ROESY

Figure 4-6. Minnamide A (2) O ¥t
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Table4-2. Minnamide A (2) NMR Z-< 27 kL F — X (A1 CsDsN)

residue  positio  §¢%, type 81°, mult (J in Hz) Cosy selected selected selected
n TOCSY® HMBC'  ROESY
(H->C)
AMP 1 62.8, CH, 3.88, m 2, 0OH
2 53.2,CH 459, m 1, 3a, 3b, 12-
NH
3a 36.9, CH, 3.13,dd (6.7, 13.7) 2,3b 4,5/9
3b 3.00, dd (7.4, 13.7) 2,3a 4,5/9
4 131.3,C
5/9 130.5, CH 7.32,d (8.3) 6/8 4
6/8 114.3,CH 6.95, d (8.3) 5/9 7
7 158.7,C
10 55.2, CH3 3.69, s 7
OH 6.61, d (5.0) 1
NH 7.86, d (8.5) 2 1 (N-Me- 2 (N-
Gln) Me-GIn)
N-Me- 1 170.6,C
Gln
2 56.7, CH 5.64, m 3a, 3b 1
3a 24.7, CH, 2.58, m 2,3b, 4a,4b
3b 241, m 2, 3a, 4a, 4b
4a 32.3,CH; 246, m 3a, 3b, 4b
4bh 2.60, m 3a, 3b, 4a
5 175.1,C
NMe 31.1, CH; 3.25,s 2, 1 (N-
Me-Vall)
NH; 7.95m NH; 5
NH; 7.65, m NH; 5
N-Me- 1 171.7,C
Vall
2 59.0, CH 5.58, d (10.8) 3 1
3 27.5,CH 254, m 2,4,5
4 20.1, CHs 1.05,d (6.7) 3
5 18.6,CH;  0.98,d (6.8) 3
NMe 30.7, CH3 3.32, 2,1 (Serl)

29



Serl

N-Me-
Val2

Leul

Ser2

N-Me-
lle

3a
3b
OH
NH

a A W DN

NMe

3a
3b

OH
NH

4a

172.7,C
51.8,CH
62.9, CH,

1704,C

62.4,CH
27.1,CH
19.7, CH3
19.0, CH3
30.9, CH3

1745,C
48.9, CH
41.6, CH,

25.0,CH
22.0, CH3
23.3, CH3

171.6,C
56.0, CH
62.9, CH,

170.6,C

61.4,CH
32.9,CH
26.5, CH,

5.41,m
4.24,m
4.10,m
6.73, 1 (4.9)
8.95,d (8.1)

5.15, d (11.0)
2.41,m

1.00, d (6.1)
0.80, d (6.4)
3.34,s

5.27,m
172, m
1.62,m
1.87,m
0.94,d (6.3)
0.78,d (6.7)
9.42,d (7.6)

5.21,m
422,m

6.35, d (6.1)
8.35,d (8.1)

5.28, d (10.8)
227, m
178, m

30

3a, 3b, NH
2,3b, OH

2,33, OH

33, 3b

2

2,4,5

3a, 3b, NH
2,3b,4
2,33,4
3a, 3b, 5,6
4

4

2

3,NH
2,0H

2,4a,6
3,4b,5

1 (N-Me-
Val2)

2, 1
(Leul)

1 (Ser2)

1 (N-Me-
lle)

2 (Leul)

2 (N-
Me-lle)



Leu2

Fatty
acid

4b

NMe

3a
3b

4a
4b

6a
6b

8a
8b

10a
10b
11

12a
12b

11.6, CH3
14.9, CH3
31.1,CH3

175.1,C
49.1, CH
41.4,CH,

25.2,CH
22.1, CHs
23.2, CH3

173.1,C

44.6, CH
66.8, CH

46.5, CH,

26.7, CH
46.1, CH,

66.4, CH

46.9, CH,

26.6, CH

48.0, CH,

66.4, CH

48.0, CH,

1.10, m
0.87,d (7.4)
0.81, d (6.6)
3.33,s

5.28,m
1.81,m
1.69, m
1.89, m
0.97,d (6.7)
0.85,d (6.7)
9.15, d (7.6)

2.68, m
457, m

1.72, m
159, m
241, m
1.87, m
1.26, m
412, m

1.76, m
1.35;m
2.60, m

1.80, m
143, m
419, m

1.80, m
143, m

4a,

w

3a, 3b, NH
2,3b,4
2,33,4
3a, 3b, 5,6
4

4

2

3

2, 4a, 4b, 3-
OH

3,4b
3,4a,5
4b, 6b, 19
6b, 7

5, 6a

6b, 8a, 8b, 7-
OH

7,8b,9
7,8a,9

8a, 8b, 10b,
20

10b, 11
9,10a, 11

10a, 10b,
123, 12b, 11-
OH

11, 12b, 13
11, 123, 13

31

2, 1
(Leu2)
1
1 (Fatty
acid)
1

5,19

3,7

5,9,19,20

7,11

9,13,20,21



13 26.6, CH 2.62, m 12a, 12b, 11, 15, 18,

14b, 21 21
14a 469,CH,  1.76,m 14b, 15
14b 1.38,m 13, 14a, 15
15 68.4, CH 3.98,m 14a,  14b,

164, 16b, 15-

OH
16a 414,CH,  164,m 15, 16b
16b 154, m 15, 16a
17a 196,CH,  1.65,m 17b, 18
17b 153, m 17a, 18
18 146,CH;  0.92,t(6.7) 17a, 17b 13 16,17
19 20.7,CH;  1.08,d (6.7) 5 3,7
20 196,CH;  1.12,d(6.3) 9 7,11
21 196,CH;  1.14,d(6.3) 13 11,13
3-OH 5.98, d (4.5) 3
7-OH 5.61, m 7
11-OH 5.65, m 11
15-OH 5.64, m 15

*Measured at 100 MHz. "Measured at 400 MHz. ‘Mixing time = 10 ms or 50 ms. ey = 8 Hz.
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A Minnamide A D SZARRCE

FI1IEH KAYEZ AN RECE O RE

Minnamide A (2) #E T I / BEDME AKICEZRET 5 720ICF TN T L
HPLC 43#T & Marfey i °1 i X 2 530 % 1T > 72 (55 6 ), #]% I Minnamide A (2)
% 6M HCI H1C 110 °C. 24 WfEl#iEE 35 2 & CHEIK i 2 B L 72, 55
NT=BRNK ST i) 3% HPLC i X DRI L . BHET 2 /& AMP %2157z,
N-Me-GIn (ZEEMIZK 53712 X Y N-methylgulutamic acid (N-Me-Glu) & L T 61
2o FoN=T I /D 5 H N-Me-Glu, N-Me-Val, Leu IZ2WTF I Lh 7 L
HPLC % i\ CHEML & DERFFFH &2 LB L 72, % DFEHR. N-Me-Glu 1F L &, N-
Me-Val IZ LIATH 2 Z L BHOL 2L o7z, T/, Leu ik LIKE DIRDREAEY
(1:1) & LTHHEEINZ72%, Minnamide A(2) ZIEK3 % Leul & Leu2 13& 5
SHPRTRLIETL SR AV DIRTHELEZLLNT, X 5T, Marfey LD
BE2o AMP IZSTRTH L ERHL2LERD, SeriZLike DIRDEEAY) (1 :
1) B XNz ® . Minnamide A (2) &3 % Serl & Ser2 lx &% b 2l 7743
LAETD IR R DIRTH S &F 2 biriz, N-Me-lle iIZ DTl WifH HPLC I
T N-Me-L-lle & N-Me-D-allo-lle & % D LREFREH] Z2 Ll L 72, % D5 minnamide
A (2) D N-Me-lle DERFFEEIZ. N-Me-D-allo-lle £ b D & —E L 72 7=
®. N-Me-allo-lle TH 2 Z & 23H[BHL 7z, & 51T N-Me-lle %% p-allo ATH % D
2> L-allo (R TH 2 D% RET 5729, e minnamide A (2) KD N-Me-
allo-lle % Marfey {31 X Y FDLA [N® (5-fluoro-2,4-dinitrophenyl)-leucinamide]
R~FFEL 72, 5D N-Me-D-allo-lle-L-FDLA & N-Me-D-allo-lle-D-FDLA %
minnamide A (2) H13® N-Me-allo-lle-L-FDLA & i%ifH HPLC Tk L 72 & & A N-
Me-D-allo-lle-L-FDLA & —E(L 7=, 2D Z & % 5. allo-lle (X allo-DATH % & ik
FE L7, U EDHEE X Y minnamide A(2) IC& 2 Ser & Leu Z <AL T 2
/B & AMP D HEXTARBLIE % RIE L 72,

ZKIT, minnamide A(2) ZH#ERK 9% Leu & Ser D LK & DIRDAEZIH S A Ic 9
% 72T, minnamide A (2) %% [ CH 7z % 2 D DIEFIRIEIC X Y BRINK G
L 7z (Scheme 4-1), £ 2> 7n 5t CEENNIK 0% % 1T - 7= A& 3. minnamide A(2) @
WOMENKIARY) 3 & 4 %2 NENB7z, MOWNKIAEY) 3 % 6M HCI, 110
°C. 24 s 0 S CIE R ITHENNIK S fif L 3iAH HPLC IC & 2 F58YC Ser2 2 157z,
Ser2 Icxf L€ Marfey iz @A L7z 2ADIRTH L EHIHL 72, /2, &6
TIMIKII ) 4 12D TH FRRDEIEZ ATV, fF o7z Leu2 IR LTHF 747
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Scheme 4-1. Minnamide A (2) D45 7k 55 fig

0.45 M HCI
—_—
rt.

N
O
3

How B S
0. N
9 M HCI 3 OMe
1,4-dioxane OH OH OH OH HN™ Ny OMe OH OH s\t O &
Minnamide A O S /\)\WMO o 0
4 5

Minnamide A

I
o
HI I o
I )z =
oﬂ
o o]
I

TMSCHN,
MeOH/toluene
r.t.

7 L HPLC 73k L7z & &5 LIKDERME —E L7z, L7235, Serl, Leul &
ZFNEFN LR, DIERTH B Z B 0h o7, TNHDOFER LD minnamide A (2)
CEENET I DM IRELE % Figure 4-7 IC/R 3738 D ITIRE L 72,

N-Me-L-Val1 N-Me-L-Val2
(S)-AMP N-Me-L-GIn L-Ser1 D-Leut

ij wm”\( rq

L-Leu2

MeO

D-Ser2

HN

OH HN ']l
SN AN S
Minnamide A (2) NMe-o-allo-lle
Figure 4-7. Minnamide A (2) @ #t S7 fARC &

Fatty acid ZR07IC & £ 415 4 O D/KEEHEE D Huxd ST AL E 13 20R Mosher % 21
DIRTE LTeo 13 L DICE IR Y 6 13 L ’Cu%ﬂﬁ@(R)-a-methoxy-a-
trifluoromethylphenylacetic acid (MTPA) chloride % L < 1%(S)-MTPA chloride % {EH
X4, MTPAZ X7 L7 L 8 B L 72 (Schemed-2), 55472 MTPA = &7
N EY 7 PRI LIz 25, Ly 7 b0 (ASME) IC%E o REHEH

R & 7= 7= D /KR FE o it ST AR E P8 1 122 S 72 2> - 7= (Figure 4-8).
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Scheme 4-2. MTPA = 271 8 & 9 DIERK

9 M HCI OH OH OH OH HN OH
Minnamide A —— > 0
1,4-dioxane (0]
r.t. 6
(R/S)-MTPACI OR OR OR OR N—\
pyridine O
rt 7: R = (S)-MTPA, 8: R = (R)-MTPA

I\I/ITPA I\I/ITPA I\I/ITPA I\I/ITPA

o] o] o) 0 N\
+1.35 ! OMTPA
0 0.13 0.45 O

+0.07 +0.12 +0.12 +0.03 -0.16 -0.12 -0.40 -0.28 -0.16
+0.19 -0.07 +0.15 -0.02 -0.02 -0.25 -0.12 AS (BS-BR)
Figure 4-8. MTPA T X7 L 7 & 8T Z3WRE v ¥ ¥ —iEDH)G

Z T, EBRINK S RY) 4 13 LT 0.4 mol FE D (R)-MTPA chloride L

{ 1% (S)-MTPAchloride Z{Efl ¥ 2 2 & C8EEHDE ./ MTPA = X7 L 9a-
12b %157 (Scheme 4-3), 55N 72 MTPA T2 T A DALS 7 + % KB L 724
B, C3. C7. Cll. C15 DJEHIIC BT AS (5s-8r) HDIEAD Iy NT=7-8
Fatty acid i HZiIC & T3 4 O D/KEEEE D M7 AR & 13 3S, 7R, 11R. 15R T
» 5 EPE LT (Figure 4-9),
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Scheme 4-3. REHGIEEAL D MTPA = X 7 1L

OMe
OH - OH : OH = OHHN
H H B - O
o)
4
pyridine [(R/S)-MTPACI
r.t.|DMAP
H oM
ORy = OR; = OR; = OR; N ¢
- = H . O
o)
R, R, Rs Ry
9a (S)-MTPA H H H
9b (R)-MTPA H H H
10a H (S)-MTPA H H
10b H (R)-MTPA H H
1la H H (S)-MTPA H
11b H H (R)-MTPA H
12a H H H (S)-MTPA
12b H H H (R)-MTPA
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0.88

141
15447157 g4

& AR 082
(S)-MTP, e (R)-MTP. OMe
. OH 0.94 OH 0.96 OH 0.86 O HN 783 OH 0.92 OH 0.96 OH 0.90 O HN 275
3.58 2.00 3.70 2.00 3.72 1.78 5.77 O 3.58 2.01 3.79 2.03 3.75, 1.92 5.76 o
0.90 1.11 1.06 1.55 217 0.92 1.22 1.12 1.64 2.07
1.45 1.49 227 1.47 1.59 1.67 231
1H NMR chemical shifts of 9a 000 'H NMR chemical shifts of 9b
OH OH oH
D000 0 w0 O
-0.02 -0.10 -0.12 -0.04
AD (35-0R)
0.85 0.85
1.32
1517 N0t ig% 155N 0.81
(S)-MTPA oo OMe (R)-MTPA 596 OMe
- OH 0.92 OH 0.96 O 0.87 OH HN 778 150 OH 0.91 OH 0.88 o 1.01 OH HN A7
1.43 1.42
3.58 1.97 3.73 1.99 54 1.77 4.09° o O 3.57 1.9 3.6 72 5.56 2.01 4.14 O O
0.91 1.32 1.12 1.09 1.14 1.46 1.29 1.18 1.99 0.90 1.04 1.32 1.25 1.21 2.04
1.44 1.52 1.48 1.74 1.83 1.35 1.42 1.66 191 1.44
1H NMR chemical shifts of 10a 1H NMR chemical shifts of 10b
I\I/ITPA OMe
OH OH ™ o % OHHN
+0.10 +0.14 +0.04 -0.03 -0.05
+0.06 +0.08 -0.08 -0.09
Ad (55-0R)
0.85 0.84
1.33
1.53¢”1.550.81 1317154 .80
(S)-MTPA 615 OMe (R)-MTPA 601 OMe
w OH P O ™ oH °° OHHN%GS s OH % O °7 OH °° OHHN%®
1.35 1.37
o /\/K)\)\/kw o
0.89 1.293'521402 1.98 1.445'561444 178 1,023'620.98 1'9814214'152.10 O 0.88 1.283 481401 1'761‘375'561.462 o01.04 3'661402 1'951.51 414 2.06 O
1.53 1.74 1.73 1.48 1.48 1.51 1.46 1.66 1.76 1.54 1.52 1.21
1H NMR chemical shifts of 11a 1H NMR chemical shifts of 11b
l\lllTPA OMe
oH “%® o " oOH OH HN
(o]
004001 P2 007 002022002 0% 0
+0.07 +0.08 -0.03 -0.06
Ad (55-0R)
0.86
15800 081
(S)-MTPA (R)-MTPA o y
O % OH °® OH O %% OH %% OH °%  OH N7 €
1.27 115
081 141 5. 331.121.62 3.68 2.02 3.78 0.76 1.405 371.18 1.92 3.73 2.00 3.75 2.011.23 4.21 215 O O
1.56 1.63 1.48 1.70 1.53
1H NMR chemical shifts of 12a 1H NMR chemical shifts of 12b
MTPA
! -0.08 OMe

0 OH OH OH HN
W/M 0
70.30N20.03 (0]

+0.05 +0.01  -0.06
+0.08 -0.07

AB (55-5r)

Figure 4-9. TERGEEEIAL /KIS 10T 3 % SR Mosher i @3
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DEIC, EOBEIK R X 055 7=BRRT — 7 v 5 (Scheme 4-1) % FHW T
NEMTEEARALIC & £ L 5 CE AL DM IARBLIE %2 IRE L 72, BRIRT — 7 v 513 v
R VED B ALK L, 5l &k AF o~ A FAfic X v EmR
h-bortBbnz, BIRT—F 1 5 O3 {{LE% NOESY DR & k& ER
ICXVIRTEL 72, BT NOESY DHHEY (H-3/H-19, H-19/H-6b. H-4a/H-7)

(Figure4-10) IC X V) =—F ABRICHEET % 3 DDIKFE (H-3, H-19, H-6b) & 2
DDIKFE (H-da, H-7) BENZNFELCHEICKES 2 L ARI N, o0 #
BEE (nsnea=11.0Hz. Jpsans=3.0Hz) & NOESY DB (H-4a, H-7) iIc X b
H5 & H6Baldv v =Y 77 F—0BfRICH 2 2 ERHHL 2, 2hdofERIC
JOVBRRZ—FT A 506 BROAV 73 A= aVBIYARXAMR—FTHBZ
EMBHHS LY HXIIAARLE % Figure 4-9 IC/R 3 D ICIRIE L 72, BRIk T —
T 5 OMRILARELE & JEICHAE L 7= fatty acid @ C7 7 D 37 (B & 1 H o
%, fatty acid @ C5 fZ DX ARECEZ S & -E L 72,

coupling
constants (Hz)

N vy 'y NOESY

Figure 4-10. BRIR= — 7V 5 I B 3 = — T VBRERAL O MR 7 AR E

¥ % C13 ML DM AACIE % P E T 5 72 O ISE B IMK D fi#Y) 4 D& ) A
ME%EAT 5 72 (Scheme 4-4), [IGIREYI I IIEEL D AP 03 R & 7z 23,
RRERT- DI, £ AV IR I3 DA PLC ICTHEER[EETH o7z, £/ A
VIR 13 IFARMICRIL LRz —T v B R LN, RIRT—T L 14D
SEARAE A 1Z NOESY DAHRE & A A ERIC X WIRE L7z, K& RfHDOMEEER
(Jh11-r120 = 12.1 HZy Jhzprns = 12.1 Hzy Jpishaan =12.3 Hz) & NOESY DAHBE (H-
11/H-13, H-12b/H-14b) T X b H-11 & H-12b, H-13, H-14b 13 7 F o % LiTfir
BT ERRENTZ, TN DFERLSEBIRT — 7 14 OIAKELE % Figure
4-11 IR Y ICRE L, BRIRT — 7 v 14 O4RKIE C15 O ARALE KR %
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5 2 L5, fatty acid ® C11 DIEXIIRECE % S & HE L 7=,
Scheme 4-4. 0 BEMK I EY) 4 D X oAb L BRIk = — 7 Al

MsCI
EtN

—_—
CH,Cl,
r.t.

cyclization
—>

coupling
> Constants (Hz) 4 * NOESY

Figure 4-11. BRIk = — 7 1 14 IT B F 3 = — F A BRERAL D FEN S AKAC &

V& X N2 RPE DA ZARRCE CO IFMLEAMIC K VIRET 52 L & LT,
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F2H AR X 3 HN T ARCE O BRE
Fatty acid H D C9 DA VAARLE 2 IRE T 5 72010, HRBIK Y 4 %
MOM T — )L 15 ~ & 58 L (Scheme 4-5). % DH[EEZR 2 D DI AEMAR (9R)-
15 & (99)-15 #& L. NMR T —2 %2 lbik3 52 L & L7z,
Scheme 4-5. ¥ EEIK 3 #Y) 4 O FHE )i

MOMCI
DIPEA

—_—
CH,Cl,
r.t.

WA RRNT % Scheme 4-6 1IC/R T, 2 DDIVAKEM( (9R)-15 & (9S)- 15 (3.

Weinreb 7 2 F 16a & 16b 22084k 17 L oAy 7V v I RIGIC X D 2 Fn
AETBEL Lz, BW1TIE R-us a2z xTF bbb 5 BEcHEIND
BHIOT7 AT e F 18 X o FRcE 2 Y, Weinreb 7 I F 16a & 16b 137 L7
EF19X0EoNE, TATE R 19 B L-TANTIXFVEEL D 6 BRECTAMRE
NBEAD o p-FEIM T 27 b 20 XV FE ST 2L L L%,

Scheme 4-6. (9R)-15 & (95)-15 D i ik fEHT

I\I/IOM I\IIIOM I\IAOM I\I/|OM OMe I\IAOM I\I/|OM I\I/IOM I\IIIOM OMe
o z o o z O HN o H o z (0] z O HN

(¢]
o o

(9R)-15 (95)-15
PMB MOM MOM PMB
/\/k/\/Br+MeO~N OTBDPS MeO~NJj\/\/'\/\/\/\OTBDPS + /\/k/\/Br
17 ' 16a ' 16b 17
ﬂ A / 0
HJJ\/\/OB” HJ\/\/\/\OTBDPS OTBDPS
19 20

18

BALY 17 © &5 (Scheme4-7)

BRI D J53E ¥ el L =7 7 & F 181k LT Brown @7 ) A AL > %2175
T & CYMERMICT va—u 21 #157-, T a— 21 OKEEE%E PMB Ti#
L, AL T4 vOBEMURITTE X v UV OIEIRFRE % Hy/RaneyNi W-2 12 X
DT\, TAa— 23 BfF7z, T2 —)L 23 (% p-toluenesulfonyl chloride i< X
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DIEMEL L. LiBr & G X825 & CRALY) 17 2B L 7=,
Scheme 4-7. BALY) 17 D &R

PMB
AllylMgBr NaH
(o] = . OH = (@] =
: (+)-ipc,BOMe : PMBCI :
OBn /\)\/\/OB” /\/'\/\/OB“
HJ\/\/ Et,0 = DMF, 86% =
18 -78°C, 71% 21 22
dr>20:1
PMB TsCIl, DMAP PMB
EaneyNiW-Z 5 : (E:thNCI o :
2—> /\)\/:\/OH — > /\)\/:\/Br
EtOH, 64% LiBr
DMF, 50 °C, 83% 17
23
Weinreb 7 3 F 16a D& kK (Scheme 4-8)
Scheme 4-8. Weinreb 7 2 F 16a ® & Ak
i-PrMgCl
Q MeLi Q NHMeOMe-HCI
ﬁk/@\/\ cul /@\/\ THF, -19°C o OMOM
A 7 8 MeO. A
oteops 2@ . oTepps MOMCI AN OTBDPS
-78°Ct00°C Y DIPEA |
20 90% 24 CH,Cly, 0°C, 98% 25
NOE
AllylMgBr
W o o OMOM (+)-pc,BOMe OH : OMOM
THF A toluene : A
0°C. 96% H OTBDPS _78°C. 9206 =z OTBDPS
19 dr=7.4:1 26
loyl chlorid 0 T
acryloyl chloride
DIPEA \)LO - OMOM Grubbs 15t cat. | (o) - OMOM
H H —_— H H
CH,Cl, A CH,Cl, A
20°Cto0°C z OTBDPS  refiux, 95% OTBDPS
quant. 27 28
10 i-PrMgCl
MeLi NHMeOMe-HCl MOM
Cul O : OMOM THF, -16 °C o O : OMOM
Et,0 7 N ARAA MOMCI, DIPEA  MeO. ,U\/'\/k/\/\/\
78°C,92% N OTBDPS ¢y o) rlu OTBDPS
29 -5°C to r.t., 90% 16a

B )5 > IR L 72 o - AR T 2 by 20 iR L, Fa~ v REEEH
XD ETUMRBIRNICT 7 by 24 &K L7z, 727 by 24 THZITHEK
L7z A F RO ARELE 1345 AT 5 & NOESY DAHBEIC X v #iE L 7= (Figure 4-
12), 7 2 + ¥ 24 13 N,O-dimethyl hydroxylamine hydrochloride & 'PrMgBr i X b
BHER L. 5l Z %< MOM {£#IC X b Weinreb 7 2 ¥ 25 %1572, Weinreb 7 I F
2513 LAHGRICICE W 7AT e F19 & L, Brown D7 VAL ic X hFwET Y
AT NA—=L 26 (VT AT LA~—It 7.41) 287, BOoNIFETYIALT LV
I — L 26 IR Mosher i 2 2 AT 2 2 & TH 2B L 72 /KEE R 0 37 (KL
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coupling
“ 7 Constants (Hz) *~ * NOESY

Figure 4-12. 7 7 t v 24 128 3 X F LK D Mo 7 (AR &
&% PJE L 7= (Figure 4-13),

(S)-MTPA (R)-MTPA
0 T oMoMm 0 'C omom
5107 s 5280141 ps7a " OTBDPS 5007 2o 5265016375380 % "OTBDPS
1.23 129 154 1.27 134 161

1H NMR chemical shifts of 26-Mosher ester

MTPA
! -0.07
O = OMOM

+0.12 H v -0.03

g 70.00
w0i? 00 00s%2200s%%5,  OTBDPS

-0.04 -0.05  -0.07

Ad (65-0R)

Figure 4-13. €7 Y LT )L 3 —)L 26 DIKEEFHE D T ARELE D YL iE

FET YT a3 — 263 acryloyl chloride i X © 7 2 Ak L. 55 —1H{R Grubbs
fBEIC L OBARA 22 v X2 TWV o - 7 27 + v 28 21872, o,B-AAIFI 7
v 28Il FrvvEdBEeFHs S5 L CUEERNICT 2 F v 29
AR LTz, 77 bV 29 THEICHKL 72 X F A E o ARBCE I35 A& E R L
NOESY D #HBEHIC X v ¥ L 7= (Figure 4-14), 7 7 + v 29 ¥ N,O-dimethyl
hydroxylamine hydrochloride & 'PrMgBr ic X D BABR L. 5] Z#i < MOM ff# I X

D Weinreb 7 I F 16a #157-,
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coupling
~ 7 constants (Hz) * * NOESY

Figure 4-14. 7 7 t v 29 1B 3 X F LK D Horf 7 (AR &
Weinreb 7 3 F 16b D& kK (Scheme 4-9)
Scheme 4-9. Weinreb 7 3 F 16b D&%

s O O : OMOM TiCl S O OH := OMOM
)\\ Jj\ JI\/-\/:\/\ DIPEA > )\\ W/\
g N *H OTBDPS  CH,Cl, N OTBDPS
\/S/ 19 78°C. 79% \/S/ 31
30
NHMeOMe:HCl -
imidazole MeO Q@ OH ¢ ?MOM MeMgBr O OH : OMOM
SN H T
CHCl, \ OTBDPS Et,0 OTBDPS
r.t., 88% 0°Ctort.
32 94% 33
Eto, O
bromoacetyl bromide
pyridine O O z OMOM Triethyl phosphite O O = OMOM
o H T _—_— H B
gljéCIz oTBDPS 70°C,91% OTBDPS
tort.
83% 34 35
o
Pd/C
NaH O = OMOM H,
S | H B e —
THF EtOH
0°C, 90% OTBDPS 4 "6296
36
i-PrMgCl
NHMeOMe-HCI MOM
THF, -18 °C O = O = OMOM
PN — i R
MOMCI, DIPEA  MeO.
ch,Cl, lil OTBDPS
0°Ctor.t., 69% 16b

FAFTVV Y0 RO AFECEIVEKLES, FAFT U v 30
DFEXYL)T—RMIWHLTATE NI REHEEE2ZLTT7 I F 3L —
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DEMERE LCEONT, o7 I F 31 IR Mosher £ 2 5@ $ 5
& THIZITTERL L 72 K o S ARECE % Y€ L 7z (Figure 4-15),

(S)-MTPA (R)-MTPA
O O % omoM O o ¥ omMoM

: T an : T e
NJWOTBDPS NJ%/\/\%OTBDPS

3.62 1.80 1.42 3.55 1.85 1.49

S . . . .
5.07 349 1.40 1.29 484 3.36 1.45 1.42
3.49 0.97 36 0.95
3.02 2.35 .9 2.3

1.06 1.04

1H NMR chemical shifts of 31-Mosher ester

%U)
);(/’J

\Nwé(n

MTPA
! -0.10
O O % oMoMm

S
N 02357006 "OTBDPS

+0.07  -0.05 -0.07

S 1023 ¥0.13 005 -013
+0.13 +0.02
+0.05 +0.03
AS (35-5R)

Figure 4-15. 7 3 | 31 O/KEER: D 37 AR E D e E
7 I F31% Weinreb 7 3 F 32 ~E#eL . MeMgBr 2 {EFHHE %5 2 & Tp-& F
B¥xo by 33 5%k, pre XL Y 3B OTuET RFAEIT,
Michaelis-Arvuzov G %1T9 & & THRAFR VEELZ AT 35 21572, &R F Vi
T A7)V 35K L CTHrF N Horner-Wadsworth-Emmons &G %17 95 & & T o,p-4
A7 7 b v 36 21572, ap-FEIFIZ 7 F v 36 IR L CKBRMEZITH 2 & T
SAREIRIC 7 7 b v 37 #1877 bV 3T THIZIKIEK L 72 A FrFoar
A2 I3 A5 e NOESY DMHESIC X W 3RE L 7= (Figure 4-16), 7 7 + v 37
I N,O-dimethyl hydroxylamine hydrochloride & 'PrMgBr i & Y BB L. 51 % #¢ <
MOM {#3#IC X Y Weinreb 7 3 F 16b % f537-,

R

_—~ coupling
constants (Hz)

47X NOESY

Figure 4-16. 7 7 t v 29 1B 3 X F LK D Horf 7 (AR &
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HWY (9R)-15 & (95)-15 D £ K (Scheme 4-10)

B4t 22 % t-BuLi THLEE L Weinreb 7 I F 16a & KJEX 8232 & T b v 38
i3/, 7+ v 38 % LIBHy TIRILT BT &L T2ODY T AT LA~—3% & 39
#7720V T AT LA~—3% & 3% 1 HPLC I X W L 72, 1oz
T —)L 39a & 39b DVAARLE 1L, SR Mosher % #3935 2 & TIREL
7- (Figure 4-17), 72— 39a ® PMB % [RE L, MOM ##%179 2 & T
MOM {7k 40 %1572, MOM Rk 40 © TBDPS k% [RE T L TT 2
— A2 ~EEHL 2, T a—v 42 12xf LT TEMPO BE{L 21T\, 35 L7
SR VB E L-Leu-OMe-HCl i35 2 & THRE §2% (9R)-15 2 &K L 7=,
b5 —HDINAERMAKRTH B (95)-15 X 16b %k & L CRMOKIGIC X b &
B L7ze 73— d4a & 44b OLAELE TSR Mosher i % 12 THRIE L 72
(Figure 4-18),
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Scheme 4-10. HY#¥ (9R)-15 & (9S)-15 DA

17

16 tBuLi LiBH,
= THF
-78 °C, 50% -78 ‘Ctort.
DDQ
pH 7 buffer
—_—
CH,Cl,
0°C, 63%
MOMCI
DIPEA TBAF
CHCl, THF
0°Ctort. rt., 96%
79%
TEMPO, BAIB
CHgCN/H,0
r.t.
L-Leu-OMe-HCI
HATU, HOAt
DIPEA (9R)-15
DMF, 0 °‘Ctor.t.
63%
PMB MOM
O : OH : O : OMOM
17 PvB MOM /\)\/\)\/\/k/\/\/\OTBDPS
16b t-Buli O : O : O : OMOM LiBH,4 44a31%
e —— H H A _—
Et,0
OTBDPS
-78 °C, 80%
: 43
PMB MOM DDQ MOM
O : OH : O : OMOM pH 7 buffer OH : OH : O : OMOM
/\/k/\/k/\)\/\/\/\OTBDpS gt‘écéao/ /\/k/\/k/\/k/\/\/\OTBDpS
44a s 9% 45
MOMCI MOM MOM MOM MOM MOM MOM
DIPEA 0O : O : O : OmMOM TBAF O : O : O : OMOM
g’jé?['fm /\/K/\/v\/\/k/\/\/\OTBDPS I{',F97% /\)\/\/‘\/\/k/\/\/\OH
929% 46 47
CEMPO, BAIB MOM MOM MOM MOM
CH3CN/H,0 v v V v OMe
r.t. O : O : O : O HN
L-Leu-OMe HCI A A A 0 ©
HATU, HOAt
DIPEA (95)-15
DMF,0°Ctor.t.

65%
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I':’MB (S)-MTPA I\I/IOM MOM PMB (R)-MTPA I\I/IOM MOM
. 1

5 . 092 0.98 ! 092 101 00 !
o H 9 3.97 o H o H o H 9 3.97

o % o

081 1% NG LYY SIS TG 1840y, OTBDPS 081 a8 G T ITe i ve L NG 0 189G toly; OTBDPS

1H NMR chemical shifts of 39a-Mosher ester

PMB  MTPA  MOM  MOM
o ¥ o ¥ o : o

+0.08 +0.20 -0.25 -0.08
+0.04 -0.03 -0.05 -0.06

+0.00 +0.01 -0.06 -0.05

AJ (55-5R)

PMB (S)-MTPA MOM MOM PMB (R)-MTPA MOM MOM
CI) 0.89 O 0.98 6 ! ! 0

0.94

. 1
o " o % o Y o

0.99

082 154 3007a 0N SOy OO, L A0y OTBDPS 05 15 AT LOTING S5l 180 BT LB NTA 0N "OTBDPS
140 106 152 152 116 117 147 183 142 110 155 149 111 116 147 183

008" 008 +0.03%%+0.08 %3 OTBDPS
-0.04 -0.03 +0.03 +0.05

AD (55-5R)
Figure 4-17. 72—/ 39a & 39b DI/KFEHE D 37K E D P E
PMB (S)-MTPA  MOM MOM PMB (R)-MTPA MOM MOM
O 0. gz (') 0.89 O 1.%)0 9 o 0. }_39 é 0.95 O 0.?9 (:)

+0.08 03

+0.23 -0.05 ~-0.
+0.06 +0.08 -0.03 -0.07
+0.00 +0.06 -0.07 -0.02

A3 (55-5R)

I?MB (S)-MTPA I\I/IOM MOM I?MB (R)-MTPA I\I/IOM MOM
ol 0.94 1 0.

1 . 1
o 0.;0 0 .é]O Q o) 0_;2 o 0.83 1) ,599 Q

. +0.27 '+0.06
-0.01 -0.06  +0.06 +0.10
-0.05 -0.07 +0.05 +0.08

A3 (55-0R)
Figure 4-18. 7 /v 2 — )L 44a & 44b D IKIEHE D 7 ARNLE D P E
AL 72 (9R)-15 & (95)-15 @ 'H NMR A< 27 F L% KARYIHisk D 15 & Hifg L
7oA. (95)-15 & —EXL.(9R)-15 & iT—EXL 722> > 7= (Figure4-19), T D 7=,
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fatty acid ® C9 (. D HEN S RALE % S & RIE L 72,
LA Eo#ER X Y minnamide A (2) D ARRCE 2 LA ISR 3758 D ICHRE L 7z,

’\IAOM MOM ’\IAOM MOM /d(\oMC
O
b\—AJ | (9R)15 o
11O TR

MOM MOM MOM MOM
O : 0 : 0 - 0 HN/¢) Me
/\)\/\)\/\)\/\/\/&0 o
M_-Mfw L Jull
MOM MOM MOM MOM

15 from natural

MOM  MOM ~ MOM  MOM oMe
0O - 0 O - O hN
- [}
0

(9R)-15

MOM  MOM  MOM  MOM ome
O - O - O : OIN ©
: ' o 0
A~AAAA A A,
(95)-15

MOM MOM MOM MOM
| | | \ OMe

15 from natural

19 18 17 16 s 14 13 12 (ppm)
Figure4-19. RARHIES & AEL D 'H NMR D His
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N-Me-L-Val1 N-Me-L-Val2
(S)-AMP N-Me-L-GIn L-Ser1 D-Leut

Fatty acid
Minnamide A (2) N-Me-p-allo-lle
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H58 Minnamide A D E¥)IEHE

Minnamide A (2) @ HelLa fiEicx 3 2 BHHEEEEZ MTT 7 v &4 3ic kb
S L 72, % OFER. minnamide A (2) @ 50%3E5HH EIEE (1Cs) 1% 0.17 uM T
BHotz, ¥7-. HeLa Mg % &iEE (2uM) @ minnamide A(2) TULHF 2 Z & T
MRSES R R FFE I NS & & R S L7z (Figure 4-20), & ORFICEEE I N7z
HITE DT BERYE B IE % 7 1 — o 2 L FLL T w72 * (Figure 4-20F),

Figure 4-20. 2 uM D minnamide A IZ X Y 538 X 17- HelLa Mg o lfEsE
(A-E) Minnamide A JLHRIC 351 5 K IRffHl#EE 2 D HeLa fifid. (F) Minnamide
AT XY FFE X n - HHfesE

KICPHEHR L 72 0 15 21 4 OYE % 4501 L T minnamide A (2) D553 5 fifast

~DFE R FHN L 72 (Figure 4-21), % OF5HE. minnamide A (2) D 4 2 flllig

Feix. Pt (o-tocopherol: Toc. coenzyme Qio: CoQio. N-acethyl-L-cysteine: NAC,
thiourea: TU) & #fi # L — & — (bathocuproinedisulfonic acid: BCPS. ammonium

tetrathiomolybdate: TTM), #k* L — % —  (deferoxamine: DFOM), )& ¥ L — X —

(EDTA. CDTA, DMSA) IC X WHEINZ Z EABHL 2 E o7z, T1H D

F1% minnamide A (2) DFFE T 2 ML ICIEERESERE (ROS) L EEEH O SR

AFVHBEGTEILERL T,
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120

B 100 I L Figure 4-21. FHEFAIIC X 2 A
€ I I | QLR % 1T - 7= HeLa fifE it
o 8 I . 1 ] L T 2 pM @ minnamide A
& 60 I WEIC B T 2 lER (T
> " T — N — IR E 2R T)
§ 20

1

2379228332 28%
s 222 :82¢2¢3F 5
g ER

Minnamide A (2) OFEET 2 M ICN T 28EA 4 v O EEEA TR S 720
i, fi4Z O&JEA A4 v % minnamide A & HFHLEES 2 & & T L 7z (Figure 4-
22), X DFER, HA A v b~ H VA4 A vIiE, TEEIC minnamide A(2) DFFET
st RE L 72, S, A AV, A AV, Jua Aty A4 Vi
9730 b HIESE ZIEEL 72, CHICR LT AT T LA Ay, a0+ 4
A V12T lE minnamide A (2)DFEE 3 2 flust Z e L 722> 5 72, ERANT
DELEICICEES- 3 3 #i+ L v i515 (Z minnamide A (2)D 35 4 2 HlfasE % (i
L 72 2>- 7= (Figure 4-22),

RET I, Wo2offilaticswC&EA 4 v oG IcXk Y, MldND
lipid ROS (Reactive Oxygen Species) 23EM¥ 3 Z & S E T hTw3 8 Z o
72 ® . minnamide A(2) DFFET MBI TH EIEA A~ & lipid ROS 23BHH L T
W3 EEZ, MlENO lipid ROS %45t 7 v —7 C11-BODIPY IC X YW EE L 7=
(Figure 4-23), % O#EH, HelLa MIAZA © lipid ROS % minnamide A (2) D EEKTT
PHCEEIN L 72, £ D Z & %5 minnamide A (2) 2% HeLa flif@ i & L T lipid ROS @
BHEEBET L L BHL L IR0z, £ 72, minnamide A(2) I X % lipid ROS
DAL, YiEE{LAITH % o-tocopherol IZ X vl N7, ixL —x—Th 3
BCPS ¥ [A]&EIC minnamide A(2) 1C X % lipid ROS O Z I 2 72, 26 DFER
2> 6. G R BERE IX AT B B 03, A A v AHIAEA O lipid ROS HREICBI G- L
TWB DL P L o7z, &JFA A v & lipid ROS DERICE T 2 7:Hli3 6
HCTEREZ1T I,
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#® CuSO, with minnamide A ® MnCl, with minnamide A ® FeCl, with minnamide A
o °

CuSO, without minnamide A # MnCl, without minnamide A FeCl, without minnamide A
120 140
100
— ~ =120
E E100 E
c 80 c €100
3 8 80 ]
5 5 S 80
& 60 & 60 2
< < S 60 b
2 2 2
5 5 40 5
K| © g 40
> > >
5 20 3 20 3 20 |
(&) o o
0 N N N 0 1 L L Il 0 n I I ]
z 3 g 3 g g = & g & o 3 8 35 8
E < < & 8 i 2 O: % =% E T .~
< < tg tg = S < <
® ZnSO, with minnamide A ® BrCr with minnamide A ® Pb(NO,), with minnamide A
® ZnSO, without minnamide A # BrCr without minnamide A ® Pb(NO,), without minnamide A
120
100 100
= =100 =
[ g g
€ 80 € € 80
3 g 80 8
k] k] k)
° 60 ° 60 ° 60
2 40 2 2 40
3 30T 3
8 o 8
= 20 = 20 | 2 20
[} [} [}
(&) o (&)
0 1 1 1 0 1 1 1 1 0 1 1 1 I
°© 3 8 3 8 ° 3 8 3 8§ ° 3 8 g §
= = = = = =
= = = = = =
< < = = < < = s < < = =
® MgSO, with minnamide A #® CoCl, with minnamide A #® Na,SeO, with minnamide A
® MgSO, without minnamide A # CoCl, without minnamide A ® Na,SeO, without minnamide A
140 140 r 140
g ] Si20 |
c ] ~_.1 c g
3100 ¥ 3100 F—Tx 3100
(s} g o o
2 N 2 80
g 60 E § 60
9 a8 e}
) < 8
> 40 ¢t 2 2 40
© © ©
© 20 t o © 20
0 0 0
(@] (@] (@]

WroL b
N oS
W 001 |
Wrf 00s L
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W 001 |
Wi oos L
W0l
W 0s
W 001 |
N 00G

Figure 4-22. &J@IE ¥ 72 13diw L v ERHEIC X 2 RTLE % 1T 5 72 HeLa fifgic
XL C 0.9 uM @ minnamide A (2) # L L 2B ofifaEfFR, =7 — 3 —
IERHERR A R T
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Intensity of green fluorescence
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® Control

® Minnamide A (2 uM)

® Minnamide A (5 pM)

® Minnamide A (2 uM) + Toc (100 pM)
® Minnamide A (2 uM) + BCPS (1 mM)

[yt 1 M

Sk

&b
5

A"/

1 T

120 140 160 180 200 220 240 .
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Figure 4-23. HeLa #lifiid 1 35 1F 2 MY lipid ROS @ i &
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FOH EE

Minnamide A (2) (2> T /32 7 V) 7 O. hirsuta X 0 B X 7= 88K V) K~
7'F FTH %, Minnamide A(2) IC& F N5 fatty acid ZBAL I3 /K EEEE & B-branch %Y
DA F NI X RN M VB LG 2R D, K 7 F FOAEAKICE W T,
B-branch (% 1). B-7 b v 2 HEIT L WIKIC X W AR I 7z ap-AEIFIA LR =L
Xt 5~ A4 7 A (Figure 4-24A). 2). B-7 b YV ITX T 2 TV F — VG
(Figure 4-24B) D 2 FEFED A A RRIRIC X VIR I N E 2 LG T T w3 %2,
Apratoxin A% (Figure 4-25) % B-branch 1D X F A K% G HHEES T /) N7 T
7 HHK D NRPS/IPKS {L&MITH Y. % D B-branch D X F LI T v F— VK
Jo &gl & HE K WK L BRI, —HEfEGORITICL VBRI NG LEX LN TY
2 B Z@7=%. minnamide A (2) ® p-branch B 2 F A HE b [FIEE D 4 & AR
THREN TV LI NS, LA LA 5, minnamide A (2) DFF DR
7R DR LGS I3t O RT3 Tl 72 L % DA ARG IX TR 2355 72
na,

A ACP
3
S
KS KS
G G U
s o , @ S h
O HO s o
\ —_—
i o)
co, O
OH OH o)
R
B
ACP ACP ACP ACP

3 3 3

S S S -CO,
(0] (0] -H20 @) reduction e)
(0] OH
R HO R R O R
HO

Figure 4-24. p-branch @ 4 & R
(A) <A 7 aAfHnic X % p-branch DIZAL, (B) 74 F— A KIGIZ X % B-
branch O JZHK
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Minnamide A (2) Apratoxin A

Figure 4-25. Minnamide A & Apratoxin A D i
ZhZhoftEWcg i s p-branch B X F LR AR TR L 7=

Minnamide A (2) 2335E 3 % HelLa fifdofifastiz. 4 4 v 2°B95-9° 2 lipid
ROSoEFEFEIC L Vglg I s LHfflllans, ®EA A v HE5 3 3 lipid
ROS OEMIC X V) FHE X N MIISCIZ, BEFE T L O WEHI2RH 2
8 2T IFFEDMEA T 2 D28 ferroptosis® & IEIE N 2 Ml <H b, #
A F v 23B5$ % lipid ROS DERIC X D HIFEANFEE I N2 T L3S H &
o TWwW5b, TDiz®, ferroptosis 138k A 4 v ICEHH L 72543 A H 0 BIZEIFE
P, TAIANL2—To YDA F v L IEEEESE 2B S92 HERE O AL AR
FEICHIH T\ %, Ferroptosis 1 1). PLEE LAl L UkFL — 2 —ic X V[
E X, 2). lipid ROS DEREZ i L. 3). lipid ROS D ERAPIELA & #k+ L
— 2= X OV IIFIE NG, Loz 3HICE VT minnamide A (2) DFFEE S %
HHREAE L X CHELLL T3, F7-. Ferroptosis X5l 2 EFAF 85T
b (Figure 4-26). “ERNDEEL Z + L R ICxtd 3 GBS E ST 5 2 LI X
DEIZFRZINB T ERHL L TN T35, Ferroptosis D FJHA D BB 1% 4 {4
WICTFIEET 2VIBILEER CTH 2 SN X F A v A F F 2 X —+ 4 (GPxd) DfF)
ERMETFT 22 ETHIERZ TN B, Ferroptosis DiBEH| & L CTH4 7 erastin
IZsystemxc RN DV RF Y - SR I VT vFE—X—RHEST 2 S, %
DFER, HIlENDO L ZF VY RS AT A VBRI L, Y ATA4 vhbiFEIn
B7NEFA BT B, RN T GPx4 22 ROS %#BITLT 2 720 ITIZ /v &
FAYBMELERD7-0, FERE L TGP4 DEEMMET S %, /2. ftho
ferroptosis DFEH|TH % RSL3 1 GPx4 DfE) % Z EHHES 3 %, 2 2~ Fe?
/LT ROS 28F4ET 3 &, GPx4 iC X 238 ICH51EH I 2> 72 7= O M i
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ROS 3% /& L. #Mlfitizsticv72 3, Minnamide A (2) D #E 3 2 flisE 3% < D
RUCHIL T % 72 ferroptosis & FHML L 72 ERHBRF 2o LHEHI I L 5,
Ferroptosis TF&4: 3 % lipid ROS 23K IKTFRYTH % DXt L. minnamide A (2)
DFHET 3 lipid ROS ® EFIFMF L — &2 —ic X W Rz b5 2 LK
e CHERR X 7z, 2 D DMIESEIc B VT, lipid ROS ICBHS5- T 2 8B4 4 v D
FEA R S &) ik, EREN, LarLAasrs, K cHWA/HHL 2
e MiiE & ferroptosis (e C X A S W a B IZZz o RFIB L b 72
O, BT 28EA A v OECHHEREREIC X 5 b D7D hliid R 5 DRI
X2 DBRDPIFEDPTIF R\, Stk USEEMAE % F v 72 550 7 el S8R
BEEND,

Glutamate
Erastin \-I\ / Plasrlna membrane
// System x.” antiporter \\
Cystine 4/ N
Cysteine|—>» GSH|/ Lipid
RSL3 — GPx4) Fe?*
GSSG Lipid ROS'
\K Ferroptosis j/

Figure 4-26. Ferroptosis O {7

Ferroptosis O F5EA| & MIlEA T ZE Z SN EICO W THRFTRT

BN DA & v B ERAPHER SN2 08AMAS L4+ itk VFEx
% ROS DA ED B G 2 iR AMRE P00 8 BfEE Clcnw opWEI N T
2%, Minnamide A (2) D583 2 ML O FEM = FRBT 2 B3 % 2 & <,
WA A ICEH LY AR D FAFE - CHRE MR E D X ) = X LfFEHICERAC
%52 L xFET 5,
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BLE R

KR GE CLEVRIEEWE % EFET 2¥FEY T 7 N7 7V T OREFRE /5 i (single
filament PCR) Z V2 L 720 ANFIEIIREENRZ LT 2 LE 3 7 (| ITEREBIE L &
IR 2 A B b CHRT % 3 -0 E o IEHE AR E 2 e § 5,

AW cilEE> 7 /32 5 U 7 M. bouillonii X Y kanamienamide (1) % O. hirsuta
X Y Minnamide A (2) % *hZFHEEL 7=,

N-Me-L-Valt N-Me-L-Val2
(S)-AMP N-Me-L-GIn L-Sert p-Leut
j\/(” N M
N 2N 25N>
N-Me-.-Leu QO 20NN 13 Z 072 3 H \g/\l 5 [ o O
° v ° 7 11 2 p-Ser2
’ HN
7'/N 0
! N OH
o, E ? § = I "H 0o
% 4 : : : : o o
kanamienamide (1) Fatty acid

Minnamide A (2) N-Me-o-allo-lle

Kanamienamide (1) 1 N-Me-=F+ I Ficlfi L7z / — vz —FAiiEr G+
52TFIFTHY, CoFMHEEERODORAYRITOoOHREN L & 5,
Kanamienamide (1) ® % 2L/ — A T —F Az, TR REBES T 2 N2 T
T COHERF] B0 XY AGHRRESHERITE 2, —J. N-Me-TF I Fii&E o
AR 13 < 22 D EWIREIC B T 4 2T %23, kanamienamide
QDHET 5 N-Me-TF I F & IIEENWFREDELR S, 207, kanamienamide
(1) ® N-Me-t 7 I FiEdlx, BEAIOAEG RS & 13872 2K TR IS &
Zz 5N %, Kanamienamide (1) 4EFES T /N2 T U T D7 ) LIEN %8 U CTH
R EEHEROKAVAGF I NS,

Minnamide A (2) 1Z/KEEHEE L B-branch T X F LR D 0 IR L&D & 7x % BN
Mer T 2HEMY) KLTFFTHY., 2DV IR LS IZTRAY YO HEH
& 72 %, Minnamide A (2) 1% HeLa fif@ o#EiEZ HE L, % D 50%HE5HRH E R
ICso 1% 0.17 uM TdH > 72, F 72, minnamide A (2) 1 HeLaffifdicxi L <427 v
— Y AROMIBEE 2 FE L 72, X 51T, Minnamide A (2) D F5E 3 2 fifasEic o
WT ). PiRLAlB L OEEA A o FL —& —ic X 2HE, 2). Minnamide A
(2) DIRFEMAFI 7 lipid ROS D, 3). PilE{LHA| a-tocopherol b L < 138 L
— X —BCPS IC X % lipid ROS OS], 2SR I L7z, TNODHEELL,
minnamide A (2) OFFE 3 2 MAISEILHN A 4 i1 X % lipid ROS O¥éic X 3 &
HEE XN 5, Minnamide A (2) DFFE ST 2 Ml DERBETFEZHOL »IcT 5 2 &
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X oT, A4 F v oD BV AFI ORI CHBREEEE D X 71 = X LfFEH
~OEHRPBHFEI NS,
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F6E ERAE
F1H —ARERME
General

Chemicals and solvents were best grade available and used as received from
commercial sources. All NMR spectral data were recorded of a JEOL JNM-ECX-400
spectrometer or JNM-A400 for *H (400 MHz) and **C (100 MHz). *H NMR chemical
shifts (referenced to residual CsHD4N observed at 64 8.71, CHD,OD observed at oy
3.31, CHCI; observed at 6y 7.26 and C¢HDs observed at oy 7.16) were assigned using a
combination of data from COSY, TOCSY and HMQC experiments. Similarly, *C NMR
chemical shifts (referenced to residual CsDsN observed at ¢ 149.9, CD;OD observed at
d¢ 49.00 and CDCl; observed at 6y 77.16 and CgDg 0bserved at o¢ 128.06) were
assigned based on HMBC and HMQC experiments. ESI mass spectra were obtained on
an LCT premier EX spectrometer (Waters). Optical rotations were measured with a
JASCO DIP-1000 polarimeter. IR spectra were recorded on a JASCO RT/IR-4200
instrument. Chromatographic analyses were performed using an HPLC system
consisting of a pump (model PU-2080, Jasco) and a UV detector (model UV-2075 or
MD-2010, Jasco). Semipreparative HPLC was performed on a Cosmosil series (Nacalai
Tesque, Japan). Reactions were monitored by thin-layer chromatography (TLC), and
spots were visualized with UV detection (254 nm) or through staining with
phosphomolybdic acid solution or KMnO4/K,COs. TLC analysis was conducted on E.
Merck precoated silica gel 60 F254. Chromatographic purification of products was
performed using Silica Gel 60, spherical, neutral (Nacalai Tesque, Japan). Organic
reagents for nonaqueous reaction were distilled from the following drying agents: Et,O
(Na-benzophenone), EtOH (calcium hydride) and pyridine (calcium hydride).
Anhydrous THF, CH,Cl, and DMF were used as obtained from commercial supplies.
All moisture sensitive reactions were performed with standard syringe in septa
techniques and starting materials were azeotropically dried with toluene before use.
Commercially available reagents were used without further purification unless

otherwise noted.
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Culturing conditions of HeLa cells

HeLa cells were cultured at 37 °C with 5% CO; in Dulbecco’s modified Eagle’s
medium (Nissui) supplemented with 10% heat-inactivated fetal bovine serum (FBS),
100 units/mL penicillin, 100 pg/mL streptomycin, 0.25 ug/mL amphotericin, 300
pug/mL L-glutamine and 2.25 mg/mL NaHCOs.

Evaluation of inhibitory activity against HeL a cells

HeLa cells were seeded at 4 x 10° cells/well in 96-wells plates (Iwaki, Japan) and
cultured for 12 h. Then, several concentrations of compounds were added and the cells
were incubated for 72 h. Cell proliferation was measured by the MTT assay®.
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Collection of marine cyanobacteria

The marine cyanobacterum Moorea bouillonii was collected at shore of Kanami in
Tokunosima island, Kagoshima Prefecture, Japan, in June 2014. Collected sample was
stored at -30 °C and small pieces of collected marine cyanobacteria were preserved for
genetic analysis in RNAlater® (Qiagen, Hilden, Germany).

16S rDNA sequence analysis.

To remove the cyanobacterial sheaths, the cyanobacterial sample was treated with 0.1%
(w/v) sarkosyl solution before isolation of single filament. The single filament of marine
cyanobacteria was isolated by pipette-washing method® under light microscope. The
isolated single filament was crushed with pipette on slide glass under light microscope
and dissolved in 10 ul of sterilized water. The sterilized water containing the broken
filament was used as DNA template for the PCR amplification. The 16S rRNA genes
were PCR amplified using the primer set CYA 106F°’, a cyanobacterial specific primer,
and 1651541R®, a universal primer. The PCR reaction contained 10 pL of DNA template,
0.5 uL of KOD-Multi & Epi- (TOYOBO, Osaka, Japan), 12.5 uL of 2X PCR buffer for
KOD-Multi & Epi- (TOYOBO, Osaka, Japan), 1.0 uL of each primer (10 pM). The PCR
reaction was carried out with a T100™ Thermal Cycler (Bio-Rad, Hercules, CA) as
follows: one cycle of 10 min at 94°C; 40 cycles of 10s at 98°C, 10s at 60°C, and 1 min at
68 °C; and a final elongation step of 7 min at 68 °C. PCR products were analyzed on
agarose gel (1%) in TBE buffer, visualized by ethidium bromide staining, and purified by
a PCR Advanced PCR clean up system (VIOGENE, New Taipei City, Taiwan).
Sequences were determined with CYA 106F and 16S 1541R primers by a commercial
firm (Macrogen Japan Corp., Kyoto, Japan). These sequences are available in the DDBJ/
EMBL/GenBank databases under accession number LC172270.

Phylogenetic analysis

The nucleotide sequence of 16S rRNA gene obtained in this study was used for
phylogenetic analysis with the sequences of related cyanobacterial 16S rRNA gene that

has been previously. All sequences were aligned by SINA web service (version 1.2.11)%
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with default settings. The poorly aligned positions and divergent regions were removed
by Gblocks Server (version 0.91b)®"*, implementing the options for a less stringent
selection, including the *Allow smaller final blocks’, *Allow gap positions within the final
blocks’ and “Allow less strict flanking positions’ options. The obtained 1201 nucleotide
positions have been used for phylogenetic analysis. JModeltest (version 2.1.7)"*" with
default settings was used to select the best model of DNA substitution for the Maximum
Likelihood (ML) analysis and Bayesian analysis according to the Akaike information
criterion (AIC). The ML analysis was conducted by PhyML (version 20131016)", using
the GTR+I+G model with a gamma shape parameter of 0.5610, a proportion of invariant
sites of 0.5820 and nucleotide frequencies of F(A) = 0.2416, F(C) = 0.2341, F(G) =
0.3189, F(T) = 0.2054. Bootstrap resampling was performed on 1,000 replicates. The ML
tree was visualized with Njplot (version 2.3)"*. The Bayesian analysis was conducted by
MrBayes (version 3.2.5)° using the GTR+I+G model. The Markov chain Monte Carlo
process was set at 2 chains, and 1,000,000 generations were conducted. Sampling
frequency was assigned at every 500 generations. After analysis, the first 100,000 trees
were deleted as burn-in, and the consensus tree was constructed. The Bayesian tree was
visualized with FigTree (version 1.4.0, http://tree.bio.ed.ac.uk/software/figtree).

Morphological characterization
Morphological observation was performed using a phase contrast microscopy ECLIPSE
Ti-S (Nicon, Tokyo, Japan). The mean cell size and standard deviation of 30 cells were

measured.

Extraction and isolation

Stored sample was thawed and the cyanobacterium sample (1000 g, wet weight) was
extracted two times with 3L MeOH for one week. The extracts were combined, filtered,
concentrated and partitioned between ethyl acetate (3 x 0.3 L) and water (0.3 L). The
material obtained from the organic layer was partitioned 90% aqueous methanol (0.3 L)
and hexane (3 x 0.3 L). The 90% aqueous methanol layer (1.1 g) was fractionated by
flash column chromatography on ODS (12 g) using a solvent gradient: 40, 60, 80, 100%
methanol and CHCIl3/MeOH (1:1). The 80% methanol fraction (305 mg) was subjected
to HPLC [Cosmosil 5C1sAR-I1 ($20 x 250 mm); flow rate 5 mL/min; detection, UV 215
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nm; solvent 80% MeOH] in ten batches to give a fraction that contained kanamienamide
(40 mg, tgr = 47.2 min). This fraction was further separated by HPLC [Cosmosil 5C;sAR-
Il ($20 x 250 mm); flow rate 5 mL/min; detection, UV 215 nm; solvent 75% MeOH;
room temperature] to give kanamienamide (1) (9.2 mg, tg = 52.1 min, total yield
0.00092% based on wet weight).

kanamienamide (1): colorless oil; [a]?*®5 -47 (c 0.15, CHCIs); IR (film) 2954, 2931, 2868,
1716, 1646, 1610, 1457 cm™; *H NMR, *C NMR, COSY, HMBC and NOESY data, see
Table S1; HRESIMS m/z 493.3622 [M+H]" (calcd for CogH49N2Os, 493.3641).

Acid hydrolysis of 1

To a solution of kanamienamide (1) (0.5 mg, 1.0 umol) in 1,4-dioxane (50 pl) was added
12M HCI (50 uL). After the reaction was stirred at 60 °C for 3 h, the reaction mixture
was evaporated to dryness. N-Me-Leu was isolated from this acid hydrolysate by using
HPLC. [Conditions for HPLC separation: column, Cosmosil 5C15-PAQ (¢4.6 x 250 mm);
flow rate, 1.0 mL/min; detection at 215 nm; solvent H,O; room temperature. Retention
time of the component: N-Me-Leu (tg = 6.1 min)]

Chiral-phase HPLC analysis of amino acid components, N-Me-Leu

The fraction contained N-Me-Leu was dissolved in H,O and analyzed by chiral HPLC,
and the retention time was compared to those of authentic standards.

[DAICEL CHIRALPAK (MA+) (¢4.6 x 50 mm); flow rate, 1.0 mL/min; detection at 254
nm; solvent 2.0 mM CuSOQO,; room temperature] The retention time of N-Me-Leu in the
hydrolysate matched that of N-Me-L-Leu (tg = 11.4 min), but not N-Me-D-Leu (tzr = 19.6
min).

Trypan blue dye exclusion assay

Cell viability and effect of Z-VAD-FMK were estimated by the trypan blue dye exclusion
assay as described previously™.

Whole genome amplification

Freshly collecting sample was used for whole genome amplification. Single filament of
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marine cyanobacteria was isolated by pipette-washing method*? under light microscope.
The isolated single filament was crushed with pipette on slide glass under light
microscope and dissolved in 1.5 pl of sterilized TE buffer. The TE buffer containing the
broken filament was used as DNA template for the whole genome amplification. Whole
genome amplification was performed using REPLI-g UltraFast Mini Kit (Qiagen,
Germany). Amplified gDNA were analyzed on agarose gel (1%) in TBE buffer, visualized
by ethidium bromide staining. Amplified gDNA were quantified by QuantiFluor® ONE
dsDNA System (Promega, USA).
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3C NMR (100 MHz, C¢Ds) spectrum of kanamienamide (1)
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HMQC (400 MHz, C¢Ds) spectrum of kanamienamide (1)
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HMBC (400 MHz, C¢Dg) spectrum of kanamienamide (1) optimized for Jcy = 8 Hz
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HMBC (400 MHz, C¢Dg) spectrum of kanamienamide (1) optimized for Jcyy = 4 Hz
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J-resolved (400 MHz, Cg¢Dg) spectrum of kanamienamide (1)
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Collection of cyanobacteria

The marine cyanobacterium Okeania hirsuta (sample no. 1504-41) was collected at shore
of Minna island in Okinawa Prefecture, Japan, in December 2013. Collected sample was
stored at -30 °C and small pieces of collected marine cyanobacteria were preserved for
genetic analysis in RNAlater® (Qiagen, Hilden, Germany).

16S rDNA sequence analysis

Small pieces of collected marine cyanobacteria were preserved for genetic analysis in
RNAlater® (Qiagen, Hilden, Germany). Single filament PCR was performed as described
above, with slight change. In brief, to remove the cyanobacterial sheaths, the
cyanobacterial sample was vortexed before isolation of single filament. The single
filament was isolated by pipette-washing method® under light microscope. The isolated
single filament was crushed using pipette on slide glass under light microscope and
dissolved in 5 pL of sterilized water. The sterilized water containing the broken filament
was used as DNA template for the PCR amplification. The 16S rRNA genes and 16S-23S
ITS regions were amplified using the primer set CYA106°" and 23S30R™. The PCR
reaction contained 5 uL of the DNAtemplate, 0.5 uL of KOD FX Neo (TOYOBO, Osaka,
Japan), 12.5 pL of 2x PCR buffer, 5 uL of dNTPs and 1.0 uL of each primers (10 pM).
The PCR reaction was carried out with a T100™ Thermal Cycler (Bio-Rad, Hercules,
CA) as follows: one cycle of 10 min at 94 °C; 35 cycles of 1 min at 94 °C, 1 min at 57 °C,
1 minat 72 °C; and a final elongation step of 7 min at 72 °C. PCR products were analyzed
on agarose gel (1%) in TBE buffer, visualized by ethidium bromide staining, and purified
by a PCR Advanced PCR clean up system (VIOGENE, New Taipei City, Taiwan).
Sequences were determined with CYA106F®", 16S1541R® and 23S30R’® primers by
commercial firm (Macrogen Japan Corp., Kyoto, Japan). These sequences are available
in DDBJ/EMBL/GenBank databases under accession number LC437089.
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Morphological characterization

Morphological observation was performed using a phase contrast microscopy ECLIPSE
Ti-S (Nicon, Tokyo, Japan). The mean cell size and standard deviation of 30 cells were
measured. The morphological characteristics were summarized in Table 4-1.

Extraction and isolation

The marine cyanobacterium Okeania hirsuta (sample no. 1504-41) was collected at shore
of Minna island in Okinawa Prefecture, Japan, in December 2013. Collected sample was
stored at -30 °C. After thawing, the cyanobacterium sample (1.75 kg, wet weight) was
extracted two times with 3L MeOH for one week. The extracts were combined, filtered,
concentrated and partitioned between EtOAc (3 x 0.3 L) and water (0.3 L). The organic
layer was concentrated and partitioned 90% aqueous MeOH (0.3 L) and hexane (3 x 0.3
L). The 90% aqueous MeOH layer (1.2 g) was fractionated by flash column
chromatography on ODS (12 g) using a solvent gradient: 40, 60, 80, 100% aqueous
MeOH and CHCI3;/MeOH (1:1). The 80% aqueous MeOH fraction (944.8 mg) was
subjected to HPLC [Cosmosil 5C1sMS-I1 ($20 x 250 mm); flow rate 5SmL/min; detection,
UV215 nm; solvent 65% aqueous MeCN] to give a fraction that contained Minnamide A
(1) (tr = 43.4 min). This fraction was further separated by HPLC [Cosmosil 5PE-MS ($p20
x 250 mm); flow rate 5 mL/min; detection, UV 215 nm; solvent 55% aqueous MeCN;
room temperature] to give minnamide A (2) (188.2 mg, tg = 34.3 min, total yield 0,01%
based on wet weight).

Minnamide A (2): colorless oil; HRESIMS m/z 1471.9594 [M+Na]® (calcd for
C14H13:N1001Na, 1471.9619); [¢]*% -72 (c 1.0, CHCIy); IR (film) 3306, 2959, 1632,
1512, 1412, 1246, 1049, 755 cm™; 'H NMR, **C NMR, COSY, TOCSY, HMBC and
ROESY data, see Table 4-2.

Acid hydrolysis of 2

Minnamide A (2) (0.2 mg) was dissolved in 6 M aqueous HCI (700 uL) in a sealed tube.

The solution was stirred at 110 °C for 24 h. The reaction mixture was evaporated to

dryness. The crude product was purified by HPLC. The retention times of components

were as follows: AMP (tg = 4.4 min) [Conditions for HPLC separation: column, Cosmosil

5C15-PAQ (¢4.6 x 250 mm); flow rate 1.0 mL/min; detection at 215 nm; solvent 40%
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MeOH] and N-Me-Glu (tr = 3.8 min), N-Me-Val (tgr = 5.5 min), Ser (tr = 3.0 min), Leu
(tr = 11.2 min) [Conditions for HPLC separation: column, Cosmosil 5C15-PAQ (¢4.6 x
250 mm); flow rate 1.0 mL/min; detection at 215 nm; solvent H,O with 0.1% TFA] and
N-Me-lle (tzr = 5.1 min) [Conditions for HPLC separation: column, Cosmosil 5C;5-PAQ
($4.6 x 250 mm); flow rate 1.0 mL/min; detection at 215 nm; solvent H,O].

Partial hydrolysis of 2

MeO

Emwmxﬁ

2 3

Minnamide A (2) (1.9 mg, 1.3 umol) was dissolved in 1,4-dioxane (190 uL) and 9 M
aqueous HCI (10 pL). The solution was stirred at room temperature for 26 h. The reaction
mixture was evaporated to dryness. The residue was purified by HPLC [Cosmaosil
5C1gsMS-II (20 x 250 mm); flow rate 5 mL/min; detection, UV215 nm; solvent 85%
MeOH with 0.1% TFA; tz = 38.8 min] to give 3 (0.2 mg, 0.2 pmol). 3: *H NMR (CDsOD,
400 MHz): 8y 4.53-4.40 (m, 2H), 4.09 (m, 1H), 3.86-3.71 (m, 4H), 3.65 (m, 1H), 3.09 (s,
3H), 2.44-2.25 (m, 2H), 2.08 (m, 1H), 2.01-1.82 (m, 3H), 1.81-1.68 (m, 2H), 1.68-1.58
(m, 2H), 1.58-1.27 (m, 14H), 1.26-1.06 (m, 6H), 1.02-0.89 (m, 27H), 0.82 (d, J = 6.7 Hz,
3H); HRESIMS m/z 831.6045 [M+H]" (calcd for C43Hg3N4O11, 831.6058).

2 —>

Minnamide A (2) (9.2 mg, 6.3 pmol) was dissolved in 1,4-dioxane (400 uL) and 12 M
aqueous HCI (800 pL). The solution was stirred at room temperature for 4 days. The
reaction mixture was diluted with H,O (5 mL). The diluted mixture was applied to ODS-
silica gel column then washed repeatedly with H,O until filtrate became neutral, then
eluted with MeOH. The MeOH eluent was concentrated under reduced pressure. The
crude product was used without purification in the next step.

The crude product was dissolved in MeOH (600 pL) and toluene (600 uL). To the solution
was added a 0.6 M solution of trimethylsilyldiazomethane in hexane (200 pL, 120 umol)
and stirred at room temperature for 45 min. The reaction mixture was evaporated to
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dryness. The residue was purified by HPLC to give 4 (1.0 mg, 1.9 pmol) [Cosmosil
5C1gsMS-II (20 x 250 mm); flow rate 5 mL/min; detection, UV215 nm; solvent 80%
MeOH; tg = 30.1 min] and 5 (0.1 mg, 0.2 umol) [Cosmosil 5C1gMS-11 ($20 x 250 mm);
flow rate 5 mL/min; detection, UV215 nm; solvent 85% MeOH; tg = 45.4 min].

4: 'H NMR (CD3 OD, 400 MHz): 84 4.47 (dd, J = 9.0, 6.1 Hz, 1H), 4.09 (m, 1H), 3.84-
3.72 (m, 2H), 3.71 (s, 3H), 3.66 (m, 1H), 2.36 (d, J = 6.5 Hz, 2H), 2.04-1.82 (m, 3H),
1.68 (m, 1H), 1.64-1.50 (m, 3H), 1.50-1.27 (m, 10H), 1.25-1.15 (m, 4H), 1.09 (m, 1H),
0.96 (d, J = 7.2 Hz, 3H), 0.96 (d, J =7.2 Hz, 3H), 0.95 (t, J = 7.2 Hz, 3H), 0.94 (d, J =
7.2 Hz, 3H), 0.93 (d, J=6.5Hz, 3H), 0.92 (d, J = 6.5 Hz, 3H); HRESIMS m/z  518.4058
[M+H]" (calcd for CogHssNO7, 518.4057).

5: 'H NMR (C¢Ds, 400 MHz): 84 7.50 (d, J = 8.3 Hz, 1H, NH), 4.93 (m, 1H, H2’), 4.55
(brs, 1H, OH), 4.41 (dddd, J = 9.3, 8.7, 4.7, 2.5 Hz, 1H, H3), 4.09 (m, 1H, H7), 3.63 (m,
1H, H15), 3.38 (m, 1H, H11), 3.29 (s, 3H, H6’), 2.60 (dd, J = 15.5, 2.5 Hz, 1H, H2a),
2.43 (dd, J = 15.5, 9.3 Hz, 1H, H2b), 2.26 (m, 1H, H13), 1.86 (ddd, J = 13.1, 8.7, 3.0 Hz,
1H, H4a), 1.85 (ddd, J = 14.6, 12.1, 2.8 Hz, 1H, H6b), 1.72 (ddddg, J = 11.0, 10.2, 3.0,
2.8, 7.0 Hz, 1H, H5), 1.71 (m, 1H, H4"), 1.60 (m, 2H, H3’), 1.51 (m, 1H, H9), 1.47 (m,
1H, H12a), 1.47 (m, 1H, H17a), 1.45 (ddd, J = 13.1, 10.2, 4.7 Hz, 1H, H4b), 1.33 (m, 1H,
H17b), 1.32 (m, 1H, H16a), 1.27 (m, 1H, H8a), 1.27 (m, 1H, H4a), 1.27 (m, 1H, H16b),
1.24 (m, 1H, H10a), 1.14 (m, 1H, H8b), 1.06 (m, 1H, 14b), 0.99 (m, 1H, H12b), 0.92 (d,
J =6.6 Hz, 3H, H19), 0.91 (d, J = 6.6 Hz, 3H, H5"), 0.90 (t, J = 7.0 Hz, 3H, H18), 0.89
(d, J =6.1 Hz, 3H, H21), 0.87 (d, J = 6.1 Hz, 3H, H6"), 0.80 (d, J = 6.3 Hz, 3H, H20),
0.79 (m, 1H, H10b), 0.70 (ddd, J = 14.6, 11.0, 3.8 Hz, 1H, H6a); HRESIMS m/z 500.3941
[M+H]" (calcd for CpgHs4NOg, 500.3951).

HPL.C analysis of amino acid components

A fraction that contained N-Me-lle was dissolved in H,O (50 uL) and analyzed by HPLC,
and the retention times were compared to those of authentic standards. The retention time
of N-Me-lle in the hydrolysate matched the retention time of N-Me-allo-lle (tg = 7.4 min),
but not N-Me-lle (tg = 8.2 min) [Conditions for HPLC separation: column, Cosmosil PBr
(¢4.6 x 250 mm); flow rate 1.0 mL/min; detection at 215 nm; solvent 5% MeCN with
0.1% TFA]
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Chiral-phase HPL.C analysis
Each fraction that contained amino acids except for Ser and N-Me-allo-1le were dissolved
in H,O (50 uL) and analyzed by chiral-phase HPLC, and the retention times were

compared to those of authentic standards.
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Glu: column, DAICEL CHIRALPAK (MA+) (¢ 4.6 x 50 mm); flow rate 1.0 mL/min;
detection at 254 nm; solvent 2.0 mM aqueous CuSOs. tg: N-Me-D-Glu (13.6 min), N-Me-
L-Glu (15.4 min)

N-Me-p-Glu
;'1 N-Me-L-Glu
! 1‘ )
' 1
|

L4 . S~ e AN
1g !
N-Me-D-Glu N-Me-L-Glu
matched
f"v
| . i
| N H |
| | ‘ [
| Ijl I
|‘ ‘ il
J N lu [ -ﬁ! i \ | . A
SN . .A}i\_ I R W — | e
{ | 1 [l
| | ! |
N-Me-Glu from 1 h N-Me-Glu from 1 N-Me-Glu from 1
N-Me-D-Glu N-Me-L-Glu

N-Me-Val: column, DAICEL CHIRALPAK (MA+) (¢ 4.6 x 50 mm); flow rate 1.0
mL/min; detection at 254 nm; solvent 2.0 mM aqueous CuSO,. tr: N-Me-D-Val (3.1 min),
N-Me-L-Val (4.7 min)

N-Me-D-Val

|
|

l l

‘ l N-Me-L-Val

N-MeD-Val N-Me-L-Val  y\re valfrom1 N-Me-Val from 1
N-Me-L-Val

79



Leu: column, DAICEL CHIRALPAK (MA+) (¢ 4.6 x 50 mm); flow rate 1.0 mL/min;
detection at 254 nm; solvent 2.0 mM aqueous CuSQs. tg: D-Leu (9.1 min), L-Leu (10.4

min)

Le{l from 1

Leu from partial hydrolysate 2

Marfey’s Analysis

D-Leu
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T

Leu from 1
D-Leu

|
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i
|
I
Il
l}
I
|
I
L-Leu
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|
i
\
{
Leu from 1
L-Leu
matched

I
|

Leu from partial hydrolysate 2
L-Leu

The fractions containing AMP, Ser or N-Me-allo-lle were dissolved in H,O (50 pL).
Marfey’s reagent (0.1% 1-fluoro-2,4-dinirtophenyl-5-L-leucinamide) solution in acetone
(100 pL) and 50 pL of 1 M aqueous NaHCOj3; were added to the solution. The mixture
was warmed to 80 °C for 3 min, then cooled to room temperature. The reaction was
quenched with 6 M aqueous HCI (6 uL) and the mixture was concentrated under reduced
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pressure. The residue was resuspended in 50% aqueous MeCN and the solution was
analyzed by reversed-phase HPLC.

The retention time of the derivatized AMP in the hydrolysate of 1 matched that of the
Marfey’s derivative of the (S)-AMP authentic sample (tr = 5.2 min), but not Marfey’s
derivative of the (R)-AMP authentic sample (tx = 4.6 min) [Conditions for HPLC
separation: column, Cosmosil Cholester (4.6 x 250 mm); flow rate 1.0 mL/min;
detection at 340 nm; solvent 70% MeCN with 0.1% TFA].

The retention time of the derivatized Ser in the hydrolysate of 1 matched that of the
Marfey’s derivative of the D-Ser authentic sample (tr = 18.1 min) and Marfey’s derivative
of the L-Ser authentic sample (tgr = 16.4 min) [Conditions for HPLC separation: column,
Cosmosil PBr (¢4.6 x 250 mm); flow rate 1.0 mL/min; detection at 340 nm; solvent 40%
MeCN with 0.1% TFA] (D/L = 42:58).

The retention time of the derivatized Ser in the hydrolysate of S25 matched that of the
Marfey’s derivative of the D-Ser authentic sample (tr = 18.1 min), but not Marfey’s
derivative of the L-Ser authentic sample (tr = 16.4 min) [Conditions for HPLC separation:
column, Cosmosil PBr (¢4.6 x 250 mm); flow rate 1.0 mL/min; detection at 340 nm;
solvent 40% MeCN with 0.1% TFA].

The retention time of the derivatized N-Me-allo-lle in the hydrolysate of 1 matched that
of the Marfey’s derivative of the D-allo-1le-L-FDLA authentic sample (tr = 10.8 min), but
not Marfey’s derivative of the D-allo-lle-D-FDLA authentic sample (tg = 7.1 min)
[Conditions for HPLC separation: column, Cosmosil 5C1gMS-I1 ($4.6 x 250 mm); flow
rate 1.0 mL/min; detection at 340 nm; solvent 80% MeOH with 0.1% TFA].
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AMP: column, Cosmosil Cholester; (¢4.6 x 250 mm); flow rate 1.0 mL/min; detection at

340 nm; solvent 70% MeCN with 0.1% TFA.

AMP-L-FDLA (4.6 min)
(R)-AMP-L-FDLA
! R

(R)-AMP-L-FDLA

(S)-AMP-L-FDLA

(S)-AMP-L-FDLA

AMP-1-FDLA from 2

tr: (R)-AMP-L-FDLA (5.2 min), (S)-

matched

/

AMP-1-FDLA from 2
(S)-AMP-L-FDLA

Ser: column, Cosmosil PBr (¢4.6 x 250 mm); flow rate 1.0 mL/min; detection at 340 nm;

solvent 40% MeCN with 0.1% TFA.

(18.1 min)

Ity )

s
€ s waWe e e ms me

Ser-L-FDLA from 2

e 20 4o de en wo ‘ma o  ws ma  mo ma

Ser-L-FDLA from partial hydrolysate 3

tr: L-Ser-L-FDLA (16.4 min), D-Ser-L-FDLA

Ser-L-FDLA from partial hydrolysate 3
L-Ser-L-FDLA
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N-Me-allo-lle: column, Cosmosil 5C1gsMS-I1 ($4.6 x 250 mm); flow rate 1.0 mL/min;
detection at 340 nm; solvent 80% MeCN with 0.1% TFA. tg: N-Me-L-allo-1le-D-FDLA
(7.1 min), N-Me-L-allo-lle-L-FDLA (10.8 min)

N-Me-p-allo-lle-D-FDLA N-Me-p-allo-Ile-L-FDLA
¢ matched
|
1 ”‘ i [} 1 I
- | I I i ; I
Lt N G | ) N P | U U A | S
mE 88 iR £ |
niad o= ¥ioar 0 oS L] o
N-Me-p-allo-Tle-D-FDLA N-Me-p-allo-Tle-L-FDLA N-Me-allo-Tle-1-FDLA from 1 N-Me-allo-Ile-L-FDLA from 1

N-Me-D-allo-Tle-L-FDLA

Preparation of MTPA esters and determination of the absolute configuration of
hydroxy groups in fatty acid of 2

(RIS)-MTPACI H OMe
4 DMAP o OR, : OR; : OR, : OR;N
pyridine : : N~ o o
"t Ry Ro Rs Ry
9a (S)-MTPA H H H
9b (R)-MTPA H H H
10a H (S)-MTPA H H
10b H (R)-MTPA H H
11a H H (S)-MTPA H
11b  H H (R)-MTPA H
12a H H H (S)-MTPA
12b  H H H (R)-MTPA

To a solution of 4 (7.7 mg, 11 umol) and 4-(dimethylamino)pyridine (1.0 mg, 8.2 umol)
in dry pyridine (70 pL) was added (R)-MTPACI (1.0 pL, 5.3 umol) at room temperature
and the mixture was stirred for 2 h. The reaction was diluted with EtOH (20 mL) and
washed with 1 M HCI ag. (3 x 3 mL) and brine. The organic layer was dried over Na;SO,,
filtered and concentrated under reduced pressure. The residue was purified by HPLC to
give 9a (0.3 mg, 0.4 umol, tr = 34.3 min), 10a (0.3 mg, 0.4 umol, tg = 32.5 min), 11a
(0.2 mg, 0.3 umol, tg = 26.4 min) and 12a (0.4 mg, 0.5 umol, tr = 42.9 min). Starting
material 4 (6.5 mg, 9.4 umol, tg = 19.6 min) was recovered. [Cosmosil 5C1sMS-II ($p20
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x 250 mm); flow rate 5 mL/min; detection, UV215 nm; solvent 85% MeOH].

9a: *H NMR (C¢Ds, 400 MHz): 8 7.79 (d, J = 7.9 Hz, 2H), 7.30-7.00 (m, 3H, overlapped
with solvent signal), 6.92 (m, 1H, NH), 5.77 (m, 1H, H3), 4.83 (m, 1H, H2’), 3.72 (m,
1H, H7), 3.70 (m, 1H, H11), 3.58 (m, 1H, H15), 3.56 (s, 3H), 3.26 (s, 3H) , 2.27 (dd, J =
14.4, 7.6 Hz, 1H, H2), 2.17 (dd, J = 14.4, 5.2 Hz, 1H, H2), 2.00 (m, 1H, H13), 1.78 (m,
1H, H5), 1.66-1.00 (m, 7H), 1.57 (m, 2H, H4"), 1.55 (m, 1H, H4), 1.54 (m, 1H, H3’a),
1.49 (m, 1H, H6a), 1.45 (m, 1H, H8a), 1.41 (m, 1H, H3’b), 1.40 (m, 1H, H17a), 1.29 (m,
1H, H17Db), 1.11 (m, 1H, H8b), 1.06 (m, 1H, H6b), 0.96 (d, J = 6.3 Hz, 3H, H20), 0.94 (d,
J=7.0 Hz, 3H, H21), 0.90 (t, J = 7.4 Hz, 3H, H18), 0.88 (d, J = 7.2 Hz, 3H, 5H’), 0.86
(d, 3=, 3H, H19), 0.84 (d, J = 6.3 Hz, 3H, 6H’); HRESIMS m/z 734.4476 [M+H]" (calcd
for CsgHgsF3sNOyg, 734.4455).

10a: 'H NMR (CgDs , 400 MHz): 8y 7.81 (d, J = 7.9 Hz, 2H), 7.30-7.00 (m, 3H,
overlapped with solvent signal), 6.02 (d, J = 7.4 Hz, 1H, NH), 5.54 (m, 1H, H7), 4.78 (m,
1H, H27), 4.09 (m, 1H, H3), 3.73 (m, 1H, H11), 3.58 (m, 1H, H15), 3.56 (s, 3H), 3.29 (s,
3H), 1.99 (m, 2H, H2), 1.99 (m, 1H, H9), 1.97 (m, 1H, H13), 1.83 (m, 1H, H6a), 1.74 (m,
1H, H8a), 1.77 (m, 1H, H5), 1.54 (m, 1H, H4"), 1.52 (m, 1H, H12a), 1.51 (m, 1H, H3’a),
1.48 (m, 1H, H10a), 1.46 (m, 1H, H8b), 1.44 (m, 1H, H14a), 1.43 (m, 1H, H17a), 1.35
(m, 1H, H4a), 1.32 (m, 1H, H3’b), 1.32 (m, 2H, H16),1.32 (m, 1H, H17b), 1.29 (m, 1H,
H6b), 1.18 (m, 1H, H4b), 1.14 (m, 1H, H10b), 1.12 (m, 1H, H14b), 1.09 (m, 1H, H12b),
0.96 (d, J = 6.5 Hz, 3H, H20), 0.92 (d, J = 6.3 Hz, 3H, H21), 0.91 (t, J = 7.0 Hz, 3H,
H18), 0.87 (d, J = 6.1 Hz, 3H, H19), 0.85 (d, J = 6.5 Hz, 3H, H5’), 0.81 (d, J = 6.3 Hz,
3H, H6°); HRESIMS m/z 734.4444 [M+H]" (calcd for CsgHgsFsNOs, 734.4455).

11a: 'H NMR (CgDs , 400 MHz): 8y 7.80 (d, J = 7.9 Hz, 2H), 7.30-7.00 (m, 3H,
overlapped with solvent signal), 6.15 (d, J = 8.3 Hz, 1H, NH), 5.56 (m, 1H, H11), 4.81
(m, 1H, 27), 4.15 (m, 1H, H3), 3.62 (m, 1H, H7), 3.56, (s, 3H), 3.52 (m, 1H, H15), 3.27
(s, 3H), 2.10 (m, 2H, H2), 1.98 (m, 1H, H5), 1.98 (m, 1H, H13), 1.78 (m, 1H, H9), 1.74
(m, 1H, H12a), 1.73 (m, 1H, H10a), 1.55 (m, 1H, H4"), 1.53 (m, 1H, H3a), 1.53 (m, 1H,
H14a), 1.51 (m, 1H, H4a), 1.48 (m, 1H, H6a), 1.48 (m, 1H, H8a), 1.44 (m, 1H, H10b),
1.44 (m, 1H, H12b), 1.35 (m, 1H, H17a), 1.33 (m, 1H, H3’b), 1.29 (m, 2H, H16), 1.27
(m, 1H, H17b), 1.21 (m, 1H, H4b), 1.02 (m, 1H, H8b), 1.02 (m, 1H, H14b), 0.98 (m, 1H,
H6b), 0.92 (d, J = 6.7 Hz,3H, H21), 0.90 (d, J = 6.3 Hz, 3H, H19), 0.89 (t, J = 7.2 Hz,
3H, H18), 0.89 (d, J = 6.7 Hz, 3H, H20), 0.85 (d, J = 6.1 Hz, 3H, H5"), 0.81 (d, J = 6.3
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Hz, 3H, H6’); HRESIMS m/z 734.4450 [M+H]" (calcd for CsgHgsF3NOg, 734.4455).
12a: 'H NMR (CeDg , 400 MHz): 8y 7.77 (d, J = 7.4 Hz, 2H), 7.30-7.00 (m, 3H,
overlapped with solvent signal), 6.40 (m, 1H, NH), 5.33 (m, 1H, H15), 4.81 (m, 1H, H2’),
4.22 (m, 1H, H3), 3.78 (m, 1H, H7), 3.68 (m, 1H, H11), 3.49 (s, 3H), 3.30 (s, 3H), 2.13
(m, 1H, H2a), 2.19 (m, 1H, H2b), 2.02 (m, 1H, H5), 2.02 (m, 1H, H9), 1.63 (m, 1H, H14a),
1.61 (m, 1H), 1.60 (m, 1H, H4’), 1.56 (m, 1H, H16a), 1.55 (m, 1H, H4a), 1.53 (m, 1H,
H3’a), 1.51 (m, 1H), 1.43 (m, 1H), 1.41 (m, 1H, H16b), 1.38 (m, 1H, H3"), 1.35 (m, 1H),
1.27 (m, 2H, H17), 1.24 (m, 1H, H4b), 1.18, (m, 1H), 1.12 (m, 1H, H14b), 1.10 (m, 1H),
1.09 (m, 1H), 1.07 (m, 1H), 0.95 (d, J =, 3H, H19), 0.95 (d, J =, 3H, H20), 0.87 (d, J =,
3H, H21),0.86 (d,J =, 3H, H5"),0.82 (d, J=, 3H, H6’),0.81 (t, J =, 3H, H18); HRESIMS
m/z 734.4449 [M+H]" (calcd for CsgHesFsNOs, 734.4455).

To a solution of 4 (8.2 mg, 12 umol) and 4-(dimethylamino)pyridine (0.7 mg, 5.8 umol)
in dry pyridine (40 uL) was added (S)-MTPACI (1.0 uL, 5.3 umol) at room temperature
and the mixture was stirred for 4.5 h. The reaction was diluted with EtOH (20 mL) and
washed with 1 M HClI ag. (3 x 3 mL) and brine. The organic layer was dried over Na;SO,,
filtered and concentrated under reduced pressure. The residue was purified by HPLC to
give 9b (0.3 mg, 0.4 umol, tg =39.6 min), 10b (0.3 mg, 0.4 pmol, tg = 35.9 min), 11b
(0.2 mg, 0.3 umol, tg = 37.4 min) and 12b (0.4 mg, 0.5 umol, trg = 50.7 min). Starting
material 4 (6.5 mg, 9.4 umol, tg = 20.8 min) was recovered. [Cosmosil 5C1sMS-II ($20
x 250 mm); flow rate 5 mL/min; detection, UV215 nm; solvent 85% MeOH].

9b: *H NMR (C¢Ds, 400 MHz): & 7.73 (d, J = 7.6 Hz, 2H), 7.30-7.00 (m, 3H, overlapped
with solvent signal), 5.76 (m, 1H, H3), 5.64 (m, 1H, NH), 4.75 (m, 1H, H2’), 3.79, (m,
1H, H11), 3.75 (m, 1H, H7), 3.58 (m, 1H, H15), 3.50 (s, 3H), 3.27 (s, 3H), 2.30 (dd, J =
15.3, 6.3 Hz, 1H), 2.07 (dd, J = 15.3, 5.8 Hz), 2.03 (m, 1H, H9), 2.01, (m, 1H, H13), 1.92
(m, 1H, H5), 1.70-1.06 (10H), 1.67 (m, 1H, H4a), 1.64 (m, 1H, H4b), 1.59 (m, 1H, H6a),
1.56 (m, 1H, H4’), 1.53 (m, 1H, H3’a), 1.47 (m, 1H, H8a), 1.32 (m, 1H, H3’b), (m, 1H,
H8b), 1.12 (m, 1H, H6b), 0.96 (d, J = 7.0 Hz, 3H, H20), 0.92 (t, J = 7.4 Hz, 3H, H18),
0.92 (d, J = 7.2 Hz, 3H, H21), 0.90 (d, J = 7.4 Hz, 3H, H19), 0.88 (d, J = 6.3 Hz, 3H,
H5%), 0.82 (d, J = 6.3 Hz, 3H, H6’); HRESIMS m/z 734.4474 [M+H]" (calcd for
CsgHgsF3sNOy, 734.4455).

10b: 'H NMR (C¢Dg , 400 MHz): &4 7.81 (d, J = 7.9 Hz, 2H), 7.30-7.00 (m, 3H,
overlapped with solvent signal), 5.96 (d, J =9.4 Hz, 1H, NH), 5.56 (m, 1H, H7), 4.79 (m,
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1H, H27), 4.14 (m, 1H, H3), 3.67 (m, 1H, H11), 3.59 (s, 3H), 3.57 (M, 1H, H15), 3.28 (s,
3H), 2.04 (m, 2H, H2), 2.01 (m, 1H, H5), 1.96 (m, 1H, H13), 1.91 (m, 1H, H6a), 1.72 (m,
1H, H9), 1.66 (m, 1H, H8a) , 1.56-1.17 (m, 5H), 1.55 (m, 1H, H4"), 1.52 (m, 1H, H3’a),
1.44 (m, 1H, H4a), 1.42 (m, 1H, H10a), 1.42 (m, 1H, H17a), 1.32 (m, 1H, H8b), 1.31 (m,
1H, H3’b), 1.30 (m, 1H, H17b), 1.25 (m, 1H, H6b), 1.21 (m, 1H, H4b), 1.16-1.04 (m,
1H), 1.04 (m, 1H, H10b), 1.01 (d, J = 6.5 Hz, 3H, H19), 0.91 (d, J = 7.0 Hz, 3H, H21),
0.90 (t,J=7.0 Hz, 3H, H18), 0.88 (d, J = 6.3 Hz, 3H, H20), 0.85 (d, J = 6.1 Hz, 3H, H5"),
0.81 (d, J = 6.3 Hz, 3H, H6°); HRESIMS m/z 734.4437 [M+H]" (calcd for CagHg3F3NOs,
734.4455).

11b: 'H NMR (C¢Ds , 400 MHz): &4 7.80 (d, J = 7.9 Hz, 2H), 7.30-7.00 (m, 3H,
overlapped with solvent signal), 6.01 (d, J = 9.6 Hz, 1H, NH), 5.56 (m, 1H, H11), 4.80
(m, 1H, H2%), 4.14 (m, 1H, H3), 3.66 (m, 1H, H7), 3.56 (s, 3H), 3.48 (m, 1H, H15), 3.26
(s, 3H), 2.06 (m, 2H, H2), 2.00 (m, 1H, H9), 1.95 (m, 1H, H5), 1.76 (m, 1H, H10a), 1.76
(m, 1H, H13), 1.66 (m, 1H, H12a), 1.54 (m, 1H, H4"), 1.54 (m, 1H, H8a), 1.52 (m, 1H,
H6a), 1.51 (m, 1H, H4a), 1.46 (m, 1H, H10b), 1.46 (m, 1H, H14a), 1.37 (m, 1H, H12b),
1.37 (m, 1H, H17a), 1.31 (m, 2H, H3"), 1.28 (m, 2H, H16), 1.25 (m, 1H, H17b), 1.21 (m,
1H, H4b), 1.04 (m, 1H, H8b), 1.02 (m, 1H, H6b), 1.01 (m, 1H, H14b), 0.97 (d, J = 6.5
Hz, 3H, H20), 0.90 (d, J = 6.7 Hz, 3H, H19), 0.88 (t, J = 7.0 Hz, 3H, H18), 0.86 (d, J =
5.6 Hz, 3H, H21), 0.84 (d, J=6.1 Hz, 3H, H5"), 0.80 (d, J = 5.8 Hz, 3H, H6’); HRESIMS
m/z 734.4436 [M+H]" (calcd for CsgHesF3sNOg, 734.4455).

12b: 'H NMR (C¢Dg , 400 MHz): &4 7.78 (d, J = 7.6 Hz, 2H), 7.30-7.00 (m, 3H,
overlapped with solvent signal), 6.26 (m, 1H, NH), 5.37 (m, 1H, H15), 4.82 (ddd, J = 9.9,
8.5, 5.2 Hz, 1H), 4.21 (m, 1H, H3), 3.75 (m, 1H, H11), 3.73 (m, 1H, H7), 3.56 (s, 3H),
3.28 (s, 3H), 2.15 (m, 2H, H2), 2.01 (m, 1H, H5), 2.00 (m, 1H, H9), 1.92 (m, 1H, H13),
1.70 (m, 1H, H14a), 1.64-1.25 (4H), 1.59 (m, 1H, H4"), 1.53 (m, 1H, H4a), 1.51 (m, 1H,
H3’), 1.48 (m, 1H, H16a), 1.40 (m, 1H, H16b), 1.35 (m, 1H, H3’b), 1.25-1.04 (4H), 1.23
(m, 1H, H4b), 1.18 (m, 1H, H14b), 1.15 (m, 2H, H17), 0.96 (d, J = 6.3 Hz, 3H, H20),
0.95(d, J =6.3 Hz,3H, H19), 0.95 (d, J = 6.3 Hz, 3H, H21), 0.86 (d, J = 6.3 Hz, 3H, H5’),
0.81 (d, J = 6.3 Hz, 3H, H6"), 0.76 (t, J = 7.3 Hz, 3H, H18); HRESIMS m/z 734.4438
[M+H]" (calcd for CagHgaF3NQg, 734.4455).
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Synthesis of cyclic ether 14

To a solution of 4 (3.2 mg, 6.2 umol) and Et3N (0.86 uL, 6.2 umol) in dry CH,CI;, (200
uL) was added methanesulfonyl chloride (0.49 pL, 6.2 umol) at room temperature and
the mixture was stirred for 30 min. The reaction mixture was directly purified by PLC
(2:2:10:10:1 hexane/benzene/EtOACc/Et,0/MeOH) to give 13 (0.7 mg, 1.2 umol, 19%) as
a colorless oil. The mesylate 13 was spontaneously cyclized at room temperature to give
ether 14.

13: 'H NMR (CsDs, 400 MHz): 81 6.21 (d, J = 8.8 Hz, 1H, NH), 4.87 (m, 1H, H15), 4.84
(m, 1H, H2%), 4.21 (m, 1H, H3), 3.78 (m, 1H, H7), 3.76 (m, 1H, H11), 3.29 (s, 3H), 2.35
(s, 3H), 2.15 (m, 2H, H2), 2.03 (m, 1H, H5), 2.01 (m, 2H, H-9 and H-13), 1.72 (m, 1H,
H14b), 1.70 (m, 1H), 1.64-1.46 (m, 3H), 1.58 (m, 1H, H4"), 1.55 (m, 1H, H4a), 1.54 (m,
1H, H3a’), 1.43-1.03 (m, 6H), 1.36 (m, 1H, H3’b), 1.29 (M, 2H, H17), 1.24 (m, 1H, H4b),
1.19 (m, 1H, H14b), 0.97 (d, J = 6.5 Hz, 3H, H21), 0.96 (d, J = 6.3 Hz, 3H, H20), 0.95
(d, J = 6.3 Hz, 3H, H19), 0.86 (d, J = 6.3 Hz, 3H, H5’), 0.82 (d, J = 6.1 Hz, 3H, H6"),
0.81 (t, J = 7.2 Hz, 3H, H18); HRESIMS m/z 596.3832 [M+H]" (calcd for CogHssNOgS,
596.3832).

14: *H NMR (CDs0D, 400 MHz): &y 4.47 (dd, J = 8.9, 6.2 Hz, 1H, H27), 4.09 (m, 1H,
H3), 3.89 (m, 1H, H15), 3.76 (m, 1H, H7), 3.71 (s, 3H, H7"), 3.68 (m, 1H, H11), 2.36 (d,
J=6.3Hz, 2H, H2), 1.90 (m, 1H, H16a), 1.68 (m, 1H, H4’), 1.61 (m, 1H, H3’a), 1.60 (m,
1H, H12a), 1.57 (m, 1H, 3’b), 1.53 (m, 1H, H6a), 1.52 (m, 1H, H14a), 1.44 (m, 1H, H10a),
1.42 (m, 1H, H17a), 1.41 (m, 1H, H4a), 1.41 (m, 1H, H8a), 1.34 (m, 1H, H4b), 1.34 (m,
1H, H17b), 1.32 (m, 1H, H16b), 1.30 (ddd, J = 13.7, 12.3, 6.0 Hz, , 1H, H14b), 1.14 (ddd,
J=135,9.2,4.4 Hz, 1H, H8b), 1.14 (ddd, J = 13.5, 9.2, 3.6 Hz, 1H, H10b), 1.08 (ddd, J
=13.2, 9.9, 2.9 Hz, 1H, H6b), 0.96 (d, J = 6.5 Hz, 3H, H5’), 0.95 (d, J = 6.7 Hz, 3H,
H19), 0.95 (t, J = 7.4 Hz, 3H, H18), 0.92 (d, J = 6,5 Hz, 3H, H6"), 0.92 (d, J = 6.5 Hz,
3H, H20), 0.90 (d, J = 6.5 Hz, 3H, H21), 0.79 (ddd, J = 12.1, 12.1, 12.1 Hz, 1H, H12b);
HRESIMS m/z 500.3952 [M+H]" (calcd for C,3Hs4NOs, 500.3951).
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Preparation of MOM ether derived from 4
MOM MOM MOM MOM

To a solution of 4 (0.2 mg, 0.4 umol) and N,N-diisopropylethylamine (150 uL, 870 umol)
in dry CH,Cl, (300 pL) was added chloromethyl methyl ether (60 uL, 756 pmol) at 0 °C.
The mixture was warmed to room temperature and stirred for h. The reaction was diluted
with EtOAc (10 mL) and washed with 1 M HCI ag. (3 x 3 mL) and brine. The organic
layer was dried over Na;SO., filtered and concentrated under reduced pressure. The

residue was purified by HPLC to give 15 (0.2 mg, 0.3 umol, tg = 49.3 min). [Cosmosil
5C1gsMS-II (20 x 250 mm); flow rate 5 mL/min; detection, UV215 nm; solvent 85%
MeOH].

15: 'H NMR (CDsOD, 400 MHz): 8y 4.75-4.55 (m, 8H), 4.46 (dd, J = 8.9, 6.2 Hz, 1H),
4.06 (m, 1H), 3.81-3.67 (m, 2H), 3.70 (s, 3H), 3.64 (m, 1H), 3.363 (s, 6H), 3.361 (s, 3H),
3.35 (s, 3H), 2.51 (dd, J = 13.9, 6.7 Hz, 1H), 2.38 (dd, J = 13.9, 5.8 Hz, 1H), 1.87-1.71
(m, 3H), 1.71-1.44 (m, 12H), 1.45-1.32 (m, 4H), 1.31-1.13 (m, 5H), 1.04-0.86 (m, 18H);
HRESIMS m/z 694.5087 [M+H]" (calcd for C3sH;2NO1;, 694.5105).

Synthesis of (9R)-15 and (9S5)-15
(4R,6S)-7-(Benzyloxy)-6-methylhept-1-en-4-ol (21)

OH z
/\/k/\/OB”
AllylMgBr (1.0 M solution in Et,0O, 5.1 mL, 5.1 mmol) was added to solution of (+)-B-
methoxydiisopinocampheylborane (1.98 g, 6.3 mmol) in dry Et,O (6.0 mL) under argon
cooled at -78 °C and the mixture was stirred for 5 min. The solution was warmed to room
temperature, stirred for additional 1h, and cooled — 78 °C again. To the solution was added
18 (491.6 mg, 2.6 mmol) in dry Et,0 (2.0 mL) by cannula (washed with 2 x 2.0 mL of
Et,0) and stirred at — 78 °C for 11.5 h. To the reaction mixture were added 1 M NaOH
ag. (12 mL) and 30% H20, (12 mL), and the mixture was warmed to room temperature
and stirred for 9 h. The layers were separated and the aqueous layer was extracted with
Et,O (3 x 15 mL). The combined organic layers were washed with brine, dried over
Na,SO,, filtered, and concentrated under reduced pressure. Isopinocampheol was
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distilled under reduced pressure (30.0 torr) at room temperature. The residue was purified
by chromatography on silica gel (4:1 hexane/EtOAC) to give 21 (427.9 mg, 1.83 mmol,
71 %, diastereomer ratio > 20:1) as a colorless oil. '"H NMR and **C NMR spectra were
identical to known enantiomer.”’

'H NMR (CDCls, 400 MHz): 8y 7.42-7.25 (m, 5H), 5.85 (m, 1H), 5.17-5.04 (m, 2H),
4.53 (s, 2H), 3.73 (m, 1H), 3.38 (dd, J = 9.2, 5.2 Hz, 1H), 3.30 (dd, J = 9.2, 7.6 Hz, 1H),
2.94 (br s, 1H, OH), 2.31-2.15 (m, 2H), 2.00 (m, 1H), 1.49 (ddd, J = 14.2, 9.4, 6.3, 1H),
1.41 (ddd, J = 14.2, 6.6, 2.9 Hz, 1H), 0.94 (d, J = 7.0 Hz, 3H); **C NMR (CDCls, 100
MHz): 8¢ 138.1, 135.3, 128.5, 127.8, 127.8, 117.6, 76.6, 73.2, 69.5, 42.8, 42.7, 31.7, 18.0;
HRESIMS m/z 257.1512 [M+Na]* (calcd for CisH220;Na, 257.1518); [a]*°5 -12.0 (c
2.00, CHCIly); IR (film) 3430, 2929, 1454, 1363, 1095, 913, 735, 697 cm™.

(4R,6S)-7-(Benzyloxy)-4-(4-methoxybenzyloxy)-6-methylhept-1-ene (22)
PMB

o =

MOBn

To a stirred suspension of NaH (60% in paraffin liquid, 64.8 mg, 1.62 mmol) in DMF
(1.0 mL) was added a solution of 21 (228.1 mg, 0.97 mmol) in DMF (2 mL) by cannula
under nitrogen at 0 °C and the mixture was stirred for 15 min. To the mixture was added
4-methoxybenzyl chloride (0.2 mL, 1.46 mmol) and warmed to room temperature. After
additional 16 h, the reaction was quenched with H,O (2 mL) and layers were separated.
The aqueous layer was extracted with EtOAc (3 x 5 mL). The combined organic layers
were washed with brine, dried over Na,SO,, filtered and concentrated under reduced
pressure. The residue was purified by chromatography on silica gel (15:1 hexane/EtOAc)
to give 22 (298.0 mg, 0.84 mmol, 86 %) as a colorless oil.

'H NMR (CDCl3, 400 MHz): 5, 7.38-7.18 (m, 7H), 6.88 (d, J = 8.8 Hz, 2H), 5.83 (dddd,
J=17.1,10.1,7.0, 7.0 Hz, 1H), 5.08 (d, J = 17.1 Hz, 1H), 5.06 (d, J = 10.1 Hz, 1H), 4.54
(d, J = 11.2 Hz, 1H), 4.48 (s, 2H), 4.37 (d, J = 11.2 Hz, 1H), 3.80 (s, 3H), 3.54 (m, 1H),
3.34 (dd, J = 9.0, 5.6 Hz, 1H), 3.22 (dd, J = 9.0, 7.0 Hz, 1H), 2.41-2.25 (m, 2H), 2.02 (m,
1H), 1.65 (ddd, J = 14.4, 9.7, 4.7 Hz, 1H), 1.23 (ddd, J = 14.4, 9.4, 4.0 Hz, 1H), 0.90 (d,
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J=6.8 Hz, 3H); *C NMR (CDCls, 100 MHz): ¢ 159.2, 138.9, 135.0, 131.0, 129.5, 128.4,
127.6,127.5, 117.2, 113.8, 76.4, 75.9, 73.0, 70.5, 55.4, 38.8, 38.5, 30.1, 17.2; HRESIMS
m/z 355.2263 [M+H]" (calcd for CasH3103, 355.2273); [0]*° 5 -22.2 (c 1.00, CHCIs); IR
(film) 2854, 1511, 1246, 1089, 916, 819, 739, 697 cm™.

(2S,4R)-4-(4-Methoxybenzyloxy)-2-methylheptan-1-ol (23)

To a stirred suspension of Raney Ni-W2 (in dry EtOH, 12.0 g prepared according to ref
78) in dry EtOH (70 mL) was added a solution of 22 (922 mg, 2.6 mmol) in dry EtOH (8
mL) by cannula (washed with 2 x 3.5 mL of dry EtOH) under argon. The reaction mixture
was degassed, charged with hydrogen 3 times, and stirred vigorously at room temperature
under a hydrogen atmosphere for 14 h. The reaction mixture was filtered and washed with
EtOH, and the filtrate and washing were concentrated. The residual oil was purified by
chromatography on silica gel (1:4:1 hexane/benzene/Et,0) to give 23 (443 mg, 1.7 mmol,
64%) as a colorless oil.

'H NMR (CDCls, 400 MHz): 84 7.26 (br d, J = 8.8 Hz, 2H), 6.87 (br d, J = 8.8 Hz, 2H),
4.53 (d, J = 10.8 Hz, 1H), 4.35 (d, J = 10.8 Hz, 1H), 3.80 (s, 3H), 3.48 (dd, J = 10.8, 5.4
Hz, 1H), 3.47 (m, 1H), 3.40 (dd, J = 10.8, 6.1 Hz, 1H), 1.80 (m, 1H), 1.66-1.55 (m, 2H),
1.50 (m, 1H), 1.44-1.34 (m, 2H), 1.32 (ddd, J = 16.8, 6.7, 3.1 Hz, 1H), 0.93 (t, J = 7.3 Hz,
3H), 0.90 (d, J = 6.7 Hz, 3H); **C NMR (CDCls, 100 MHz): 8¢ 159.3, 130.6, 29.7, 113.9,
77.4,70.3, 68.6, 55.4, 39.0, 36.2, 33.7, 18.3, 17.7, 14.5; HRESIMS m/z 267.1956 [M+H]"
(calcd for CigH2703, 267.1960); [0]*®35-40.0 (¢ 1.00, CHCIs); IR (film) 3422, 2931, 1512,
1247, 1035, 819 cm™.
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(2S,4R)-1-Bromo-4-(4-methoxybenzyloxy)-2-methylheptane (17)

To a solution of 23 (212.5 mg, 0.80 mmol), EtsN (320 pL, 2.3 mmol) and DMAP (9.3 mg,
76.1umol) in dry CH.CI; (1.6 mL) was added p-toluenesulfonyl chloride (301.7 mg, 1.58
mmol) at 0°C under nitrogen. The mixture was stirred at 0 °C for 20 min and the cooling
bass was removed. After additional 3 h, the reaction was quenched with H,O (5 mL) and
layers were separated. The aqueous layer was extracted with EtOAc (3 x 5 mL). The
combined organic layers were washed with saturated aqueous NH4Cl and brine, dried
over Na,SO,, filtered and concentrated under reduced pressure. The residue was purified
by chromatography on silica gel (5:1 hexane/EtOAc) to give crude product. The crude
product was used without further purification in the next step.

LiBr (699.1 mg, 8.05 mmol) was added to a solution of the crude product in dry DMF
(8.0 mL) at room temperature under nitrogen. The mixture was warmed to 50 °C and
stirred for 3 h. The reaction was cooled to 0 °C and quenched with saturated aqueous
NH4CI (5 mL) and H,O (5 mL). The layers were separated and the aqueous layer was
extracted with EtOAc (3 x 5 mL). The combined organic layers were washed with brine,
dried over Na,SO,, filtered and concentrated under reduced pressure. The residue was
purified by chromatography on silica gel (20:1 hexane/EtOAc) to give 17 (216.9 mg, 0.66
mmol, 83% in 2 steps) as a colorless oil.

'H NMR (CDCls, 400 MHz): 84 7.26 (br d, J = 8.5 Hz, 2H), 6.88 (br d, J = 8.5 Hz, 2H),
450 (d, J = 11.0 Hz, 1H), 4.36 (d, J = 11.0 Hz, 1H), 3.80 (s, 3H), 3.44 (m, 1H), 3.43 (dd,
J=9.9,4.5Hz, 1H), 3.33 (dd, J = 9.9, 6.1 Hz, 1H), 2.04 (m, 1H), 1.69 (ddd, J = 14.1, 9.0,
4.7 Hz, 1H), 1.59 (m, 1H), 1.47 (m, 1H), 1.41-1.34 (m, 2H), 1.32 (ddd, J = 14.1, 8.8, 3.8
Hz, 1H), 0.97 (d, J = 6.7 Hz, 3H), 0.92 (t, J = 7.2 Hz, 3H); *C NMR (CDCls, 100 MHz):
8¢ 159.2, 131.0, 129.5, 113.9, 76.1, 70.4, 55.4, 42.8, 39.9, 36.4, 31.8, 18.7, 18.6, 14.5;
HRESIMS m/z 351.0935 [M+Na]" (calcd for CigH,s "BrO,Na, 351.0936); [a]**"p -20.2
(c 1.00, CHCIy); IR (film) 2957, 1613, 1512, 1463, 1248, 1037, 820 cm™.
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(4R,65)-6-[2-(tert-Butyldiphenylsiloxy)etyl]-4-methyltetrahydro-2H-pyran-2-one
(24)
o)
2
o

4 T 2’
; 6" ~OTBDPS

A 3.1 M solution in Et,0 of methyllithium (14.3 mL, 44 mmol) was added to a suspension
of Cul (4.23 g, 22 mmol) in dry Et,O (80 mL) under nitrogen at 0 °C, and the mixture
was stirred at 0 °C for 25 min. To the mixture a solution of 20 (4.25 g, 11 mmol) in Et,O
(8 mL) was slowly added by cannula (wash with 3 x 4 mL of Et,0) at -78 °C. The resultant
mixture was stirred -78 °C for 15 min and warm to 0 °C. After additional 25 min, saturated
NH,4Cl ag. was added and the mixture was stirred until precipitate was dissolved. The
layers were separated and the aqueous layer was extracted by Et,O (3 x 100 mL). The
combined organic layer was washed with brine and dried over Na,SO,, filtered and
concentrated under reduced pressure. The residue was purified by chromatography on
silica gel (7:1 hexane/EtOAC) to give 24 (3.99 g, 10.0 mmol, 90%) as a colorless oil.

'H NMR (CDCls, 400 MHz): 8 7.67-7.61 (m, 4H), 7.46-7.35 (m, 6H), 4.65 (m, 1H),
3.87 (ddd, J = 10.6, 8.1, 4.9 Hz, 1H), 3.77 (ddd, J = 10.6, 3.7, 3.7 Hz, 1H), 2.55 (m, 1H),
2.21-2.09 (m, 2H), 1.95 (m, 1H), 1.83-1.72 (m, 2H), 1.59 (m, 1H), 1.08 (d, J = 6.5 Hz,
3H), 1.04 (s, 9H); **C NMR (CDCls;, 100 MHz): 8¢ 172.5, 135.6, 133.7, 133.6, 129.9,
127.8, 74.3, 59.9, 38.4, 37.6, 35.2, 27.0, 23.9, 21.6, 19.3; HRESIMS m/z 419.2008
[M+H]" (calcd for CosH3305Si, 419.2018); [¢]?°5 +45.7 (¢ 1.00, CHCI5); IR (film) 2956,
1739,1427, 1232, 1110, 822, 702, 612 cm™.

'H NMR (CgDs, 400 MHz): 8y 7.82-7.72 (m, 4H), 7.32-7.19 (m, 6H), 4.29 (dddd, J = 8.8,
8.1, 4.5, 4.3 Hz, 1H, H6), 3.81 (ddd, J = 10.3, 8.1, 5.2 Hz, 1H, H2a), 3.67 (ddd, J = 10.3,
5.8, 5.2 Hz, 1H, H2’b), 2.17 (dd, J = 16.3, 5.7 Hz, 1H, H3a), 1.66 (dddd, J = 12.9, 8.2,
5.2, 4.5 Hz, 1H, H1’a), 1.65 (dd, J = 16.3, 9.4 Hz, 1H, H3b), 1.48 (dddd, J = 4.5, 5.2, 8.2,
12.9 Hz, 1H, H1’b), 1.46 (ddddq, J = 9.4, 7.0, 6.1, 5.7, 7.0 Hz, 1H, H4), 1.16 (ddd, J =
13.9, 8.8, 7.0 Hz, 1H, H5a), 1.16 (s, 9H), 0.91 (ddd, J = 13.9, 6.1, 4.3 Hz, 1H, H5b), 0.51
(d, J = 7.0 Hz, 3H, H7).
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(3R,5S)-7-(tert-Butyldiphenylsiloxy)-N-methoxy-5-(methoxymethoxy)-N,3-
dimethylheptanamide (25)

O : OMOM

MeO. OTBDPS

A 2.0 M solution of i-PrMgCl in THF (19 mL, 38 mmol) was added to a suspension of
24 (3.99 g, 10.1 mmol) and N,O-dimethylhydroxylamine hydrochloride (1.99 g, 20.0
mmol) in dry THF (42 mL) under nitrogen at -19 °C and the mixture was stirred for 1 h.
The reaction was quenched with saturated NH4Cl ag. and the layers were separated. The
aqueous layer was extracted by EtOAc (3 x 50 mL). The combined organic layers were
washed with brine and dried over Na;SO., filtered and concentrated under reduced
pressure. The crude product was used without purification in the next step.
N,N-Diisopropylethylamine (3.8 mL, 22 mmol) was added to a solution of the crude
product (5.00 g) in dry CH,Cl, (10 mL) under nitrogen at 0 °C. To the mixture was added
chloromethyl methyl ether (1.6 mL, 20 mmol) and the mixture was stirred at 0 °C for 1h,
and warmed to room temperature. After additional 4 h, the mixture was diluted by EtOAc
(20 mL) and washed with 1 M HCI ag. (3 x 20 mL), saturated NaHCO3 ag. (20 mL) and
brine. The organic layer was dried over Na;SOy, filtered and concentrated under reduced
pressure. The residue was purified by chromatography on silica gel (5:1 to 2:1
hexane/EtOAC) to give 25 (4.96 g, 9.9 mmol, 98% in 2 steps) as a colorless oil.

'H NMR (CDCls, 400 MHz): 8y 7.69-7.63 (m, 4H), 7.45-7.34 (m, 6H), 4.62 (d, J = 6.8
Hz, 1H), 4.59 (d, J = 6.8 Hz, 1H), 3.86 (m, 1H), 3.81-3.70 (m, 2H), 3.65 (s, 3H), 3.31 (s,
3H), 3.18 (s, 3H), 2.45 (dd, J = 14.7, 4.9 Hz, 1H), 2.28 (m, 1H), 2.17 (m, 1H), 1.82 (m,
1H), 1.68 (m, 1H), 1.56-1.41 (m, 2H), 1.04 (s, 9H), 0.97 (d, J = 6.4 Hz, 3H); **C NMR
(CDCls, 100 MHz): 8¢ 173.9, 135.7, 133.98, 133.94, 129.7, 127.8, 95.8, 73.0, 61.3, 60.5,
55.7, 42.4, 39.1, 37.6, 32.2, 27.0, 26.6, 20.4, 19.3; HRESIMS m/z 524.2800 [M+Na]"
(calcd for CosH4sNOsSiNa, 524.2808); [a]?2®5 +0.2 (¢ 1.00, CHCIs); IR (film) 2932, 1664,
1427, 1110, 1036, 703 cm™.
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(3R,5S)-7-(tert-Butyldiphenylsiloxy)-5-(methoxymethoxy)-3-methylheptanal (19)
O : OMOM

HJL\/*\v/k\/”\OTBDPS

A 2.0 M solution of lithium aluminum hydride in THF (4.4 mL, 8.8 mmol) was added to
solution of 25 (4.40 g, 8.8 mmol) in THF (88 mL) under nitrogen cooled at 0 °C and the
mixture was stirred at 0 °C for 2 h. The reaction was quenched with saturated Rochelle’s
salt ag. (150 mL) and warmed to room temperature. The mixture was stirred for 2 h and
the layers were separated. The aqueous layer was extracted by EtOAc (3 x 150 mL). The
combined organic layers were washed with brine, dried over Na,SO,, filtered, and
concentrated under reduced pressure. The residue was purified by chromatography on
silica gel (10:1 hexane/EtOAC) to give 19 (3.73 g, 8.4 mmol, 96%) as a colorless oil.

'H NMR (CDCls, 400 MHz): 84 9.73 (t, J = 1.5 Hz, 1H), 7.68-7.63 (m, 4H), 7.46-7.35
(m, 6H), 4.62 (d, J = 6.8 Hz, 1H), 4.56 (d, J = 6.8 Hz, 1H), 3.83 (dt, J = 12.2, 6.3 Hz, 1H),
3.81-3.69 (m, 2H), 3.31 (s, 3H), 2.50 (ddd, J = 19.5, 7.8, 1.5 Hz, 1H), 2.25-2.14 (m, 2H),
1.80-1.65 (m, 2H), 1.53 (dt, J =13.7, 6.8 Hz, 1H), 1.42 (dt, J =13.7, 6.4 Hz, 1H), 1.05 (s,
9H), 0.97 (d, J = 6.3 Hz, 3H); *C NMR (CDCls, 100 MHz): §¢ 202.8, 135.7, 133.9, 129.8,
127.8, 95.8, 72.9, 60.4, 55.8, 50.8, 42.1, 37.6, 27.0, 24.8, 20.6, 19.3; HRESIMS m/z
465.2428 [M+Na]" (calcd for CasH3304SiNa, 465.2437); [0]**°5-2.2 (¢ 1.00, CHCI5); IR
(film) 2932, 2857, 1725, 1428, 1110, 1037, 702 cm™.

(4R,6S,8S)-10-(tert-Butyldiphenylsioxy)-8-(methoxymethoxy)-6-methyldec-1-en-4-
ol (26)

OH z C:)MOM
/\/'\/W\OTBDPS
AllylMgBr (1.0 M solution in Et,O, 1.8 mL, 1.8 mmol) was added to solution of (+)-B-
Methoxydiisopinocampheylborane (1.34 g, 4.2 mmol) in dry toluene (3.0 mL) under
argon at -78 °C and the mixture was stirred for 20 min. The solution was warmed to room
temperature, stirred for additional 55 min, and cooled — 78 °C again. To the solution was
added 19 (398 mg, 0.90 mmol) in dry toluene (1.0 mL) by cannula (washed with 3 x 0.3
mL of toluene) and stirred at — 78 °C for 18 h. To the reaction mixture were added 1 M
NaOH ag. (4 mL) and 30% H,O, (6 mL), and the mixture was warmed to room
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temperature and stirred for 3 h. The layers were separated and the aqueous layer was
extracted with Et,O (3 x 10 mL). The combined organic layers were washed with brine,
dried over Na,SQ,, filtered, and concentrated under reduced pressure. The residue was
purified by chromatography on silica gel (15:1 to 10:1 hexane/EtOAc) to give 26 (402
mg, 0.83 mmol, 92%, diastereomer ratio = 7.4:1) as a colorless oil. The product mixture
was used without further purification in the next step because separation of the

diastereomer was difficult.

'H NMR (CDCls, 400 MHz): 8 7.69-7.63 (m, 4H), 7.45-7.34 (m, 6H), 5.82 (m, 1H),
5.12 (br d, J = 15.1 Hz, 1H), 5.12 (br d, J = 12.2 Hz, 1H), 4.62 (d, J = 6.8 Hz, 1H), 4.60
(d, J = 6.8 Hz, 1H), 3.87 (br quint, J = 6.3 Hz, 1H), 3.80-3.69 (m, 3H), 3.32 (s, 3H), 2.28-
2.12 (m, 2H), 1.82 (m, 1H), 1.78-1.64 (m, 2H), 1.54-1.37 (m, 2H), 1.38-1.11 (m, 2H),
1.05 (s, 9H), 0.93 (d, J = 6.3 Hz, 3H); *C NMR (CDCls, 100 MHz): 8¢ 135.7, 135.1,
134.0, 129.7, 127.8, 118.0, 96.3, 73.7, 68.5, 60.6, 55.7, 44.2, 43.3, 43.1, 38.1, 27.0, 26.0,
20.1, 19.3; HRESIMS m/z 507.2896 [M+Na]" (calcd for CaoH4404SiNa, 507.2907);
[0]?®®5-13.3 (c 1.00, CHCI5); IR (film) 3473, 2930, 1427, 1110, 1036, 916, 823, 737, 701,
610 cm™.

(4R,6R,8S)-10-(tert-Butyldiphenylsiloxy)-8-(methoxymethoxy)-6-methyldec-1-en-4-
yl acrylate (27)
0]

N
\)Lo = OMOM
MM/\OTBDPS

Freshly distilled acryloyl chloride (0.2 mL, 2.46 mmol) was added to the solution of 26
(613.0 mg, 1.26 mmol) and N,N-diisopropylethylamine (0.6 mL, 3.48 mmol) in dry
CHClI; (3.0 mL) under nitrogen at -20 °C. The solution was warmed to 0 °C and stirred
for 1.5 h. The reaction was quenched with H,O and the layers were separated. The
aqueous layer was extracted with CH,Cl, (10 mL). The combined organic layers were
washed with 1 M HCI and brine, dried over Na;SO,, filtered and concentrated under
reduced pressure. The residue was purified by chromatography on silica gel (10:1
hexane/EtOAcC) to give 27 (706.9 mg, 1.31 mmol, quant.) as a colorless oil.
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'H NMR (CDCls, 400 MHz): &y 7.69-7.62 (m, 4H), 7.45-7.34 (m, 6H), 6.38 (dd, J = 17.3,
1.4 Hz, 1H), 6.08 (dd, J = 17.3, 10.6 Hz, 1H), 5.79 (dd, J = 10.6, 1.4 Hz, 1H), 5.75 (ddt,
J=17.1,10.1, 7.2 Hz, 1H), 5.14 (m, 1H), 5.06 (br d, J = 17.1 Hz, 1H), 5.05 (br d, J =
10.1 Hz, 1H), 4.60 (d, J = 6.7 Hz, 1H), 4.58 (d, J = 6.7 Hz, 1H), 3.83 (dt, J = 12.6, 6.3
Hz, 1H), 3.78-3.70 (m, 2H), 3.30 (s, 3H), 2.33 (br t, J = 7.2 Hz, 2H), 1.76 (ddd, J = 14.1,
10.3,3.8 Hz, 1H), 1.74-1.67 (m, 2H), 1.62 (m, 1H), 1.47 (m, 1H), 1.35 (m, 1H), 1.25 (ddd,
J=14.1,10.1, 2.9 Hz, 1H), 1.05 (s, 9H), 0.91 (d, J = 6.5 Hz, 3H); **C NMR (CDCls, 100
MHz): 8¢ 166.0, 135.7, 134.0, 133.7, 130.6, 129.7, 128.9, 127.8, 118.0, 95.9, 73.1, 71.4,
60.6, 55.7, 43.2, 41.0, 39.8, 37.8, 27.0, 26.0, 19.9, 19.3; HRESIMS m/z 561.3001
[M+Na]" (calcd for C3Has05Si, 561.3012); [0]**>5+12.8 (¢ 1.00, CHClIs); IR (film) 2930,
1722, 1404, 1269, 1193, 1269, 1193, 1110, 1040, 916, 736, 701 cm™,

(5)-6-[(2R,4S)-6-(tert-Butyldiphenylsiloxy)-4-(methoxymethoxy)-2-methylhexyl]-
5,6-dihydro-2H-pyran-2-one (28)
0]

| 0o : gMOM

OTBDPS
Grubbs I catalyst (96.9 mg, 0.12 mmol) was added to solution of 27 (2.09 g, 3.9 mmol)
in dry CH2Cl, (130 mL) under nitrogen and the mixture was refluxed for 10 h. The
mixture was concentrated under reduced pressure. The residue was purified by
chromatography on silica gel (4:1 to 1:1 hexane/EtOAc) to give 28 (1.90 g, 3.7 mmol,

95%) as a pale black oil.

'H NMR (CDCls, 400 MHz): 8y 7.69-7.63 (m, 4H), 7.45-7.35 (m, 6H), 6.86 (dt, J = 9.8,
3.9 Hz, 1H), 6.02 (dt, J = 9.8, 2.0 Hz, 1H), 4.63 (d, J = 6.8 Hz, 1H), 4.59 (d, J = 6.8 Hz,
1H), 4.52 (m, 1H), 3.86 (qd, J = 6.8, 4.8 Hz, 1H), 3.81-3.69 (m, 2H), 3.32 (s, 3H), 2.32-
2.26 (m, 2H), 2.02-1.87 (m, 2H), 1.77 (m, 1H), 1.67 (m, 1H), 1.49 (m, 1H), 1.38 (dt, J =
13.7, 6.8 Hz, 1H), 1.29 (ddd, J = 13.7, 9.8, 2.9 Hz, 1H), 1.05 (s, 9H), 0.95 (d, J = 6.8 Hz,
3H); **C NMR (CDCls, 100 MHz): 8¢ 164.6, 145.1, 135.7, 133.9, 129.7, 127.8 121.6,
95.9, 75.6, 72.9, 60.5, 55.8, 43.0, 42.5, 37.6, 30.3, 27.0, 25.3, 19.5, 19.3; HRESIMS m/z
533.3692 [M+Na]" (calcd for C3oH4,05SiNa, 533.2699); [0]*®35 +33.1 (c 1.00, CHCIs);
IR (film) 2930, 1721, 1427, 1245, 1106, 1035, 821, 701 cm™.
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(4S,6S5)-6-[(2R,4S)-6-((tert-Butyldiphenylsiloxy)-4-(methoxymethoxy)-2-
methylhexyl)-4-methyltetrahydro-2H-pyran-2-one (29)

A 3.1 M solution of methyllithium in Et,O (4.8 mL, 15 mmol) was added to a suspension
of Cul (1.41 g, 7.4 mmol) in dry Et,O (30 mL) under nitrogen at 0 °C, and the mixture
was stirred at 0 °C for 25 min and cooled to -78 °C. A solution of 28 (1.90 g, 3.7 mmol)
in Et;O (4 mL) was slowly added by cannula (wash with 2 x 2 mL of Et,O) and the
mixture was stirred at -78 °C for 1 h. The reaction was quenched with saturated NH4CI
ag. (100 mL), and the mixture was warmed to room temperature and stirred until
precipitate was dissolved. The layers were separated and the aqueous layer was extracted
by Et,O (3 x 100 mL). The combined organic layer was dried over Na,SQ,, filtered and
concentrated under reduced pressure. The residue was purified by chromatography on
silica gel (4:1 to 3:1 hexane/EtOAC) to give 29 (1.81 g, 3.4 mmol, 92%) as a colorless oil.

'H NMR (CgDs, 400 MHz): &y 7.85-7.74 (m, 4H), 7.31-7.21 (m, 6H), 4.67 (d, J = 7.0 Hz,
1H), 4.62 (d, J = 7.0 Hz, 1H), 4.09 (m, 1H, H6), 3.98 (tt, J = 6.1, 6.1 Hz, 1H, H4"), 3.91
(dt, J = 10.1, 7.0 Hz, 1H, H6'a), 3.83 (dt, J = 10.1, 6.1 Hz, 1H, H6’b), 3.28 (s, 3H), 2.21
(dd, J=15.9, 5.6 Hz, 1H, H3a), 2.03 (m, 1H, H2’), 1.79 (m, 2H, H5"), 1.71 (ddd, J = 13.7,
9.9, 4.3 Hz, 1H, H1’a), 1.67 (dd, J = 15.9, 9.4 Hz, 1H, H3b), 1.55 (m, 1H, H3a), 1.55 (m,
1H, H4), 1.34 (dt, J = 13.5, 6.7 Hz, 1H, H3’b), 1.19 (ddd, J = 14.1, 9.4, 7.1 Hz, 1H, H5a),
1.20 (s, 9H), 0.91 (ddd, J = 14.1, 6.2, 4.3 Hz, 1H, H5b), 0.88 (d, J = 6.7 Hz, 1H, H7’),
0.84 (ddd, J = 13.7,9.7, 3.4 Hz, 1H, H1’b), 0.54 (d, J = 6.7 Hz, 3H, H7); *C NMR (C¢Ds,
100 MHz): 8¢ 170.5, 136.1, 136.0, 134.3, 134.3, 130.0, 128.6, 96.0, 73.9, 72.9, 61.0, 55.6,
435, 43.2, 38.1, 37.6, 35.9, 27.2, 25.8, 24.0, 21.2, 19.9, 19.5; HRESIMS m/z 549.3010
[M+H]" (calcd for CsiHas0sSiNa, 549.3012); [0]*®?5 -20.4 (c 1.00, CHCI5); IR (film)
2952, 1736, 1427, 1109, 1035, 701 cm™.
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(3S,5S,7S,9S)-11-(tert-Butyldiphenylsiloxy)-N-methoxy-5,9-bis(methoxymethoxy)-

N,3,7-trimethylundecanamide (16a)
MOM

MeO. OTBDPS

I
A 2.0 M solution of i-PrMgCl in THF (6.8 mL, 13.6 mmol) was added to a suspension of

29 (1.81 g, 3.4 mmol) and N,O-dimethylhydroxylamine hydrochloride (672 mg, 6.9
mmol) in dry THF (7.0 mL) under nitrogen at -16 °C and stirred for 1 h. The reaction was
guenched with saturated NH,Cl ag. and the layers were separated. The aqueous layer was
extracted by EtOAc (3 x 20 mL). The combined organic layers were washed with brine
and dried over Na,SO,, filtered and concentrated under reduced pressure. The crude
product was used in the next step without purification.

N,N-Diisopropylethylamine (1.5 mL, 8.7 mmol) was added to a solution of the crude
product in dry CH,Cl, (3.5 mL) under nitrogen at -5 °C. To the mixture was added
chloromethyl methyl ether (0.56 mL, 7.1 mmol) and the mixture was stirred for 10 min
at that temperature and warm to room temperature. After additional 12 h, the mixture was
diluted by EtOAc (5 mL) and washed with 1 M HCl aqg. (3 x 10 mL), saturated NaHCO3
ag. (10 mL) and brine. The organic layer was dried over Na,SQy, filtered and concentrated
under reduced pressure. The residue was purified by chromatography on silica gel (3:1 to
2:1 hexane/EtOAC) to give 16a (1.96 g, 3.1 mmol, 90% in 2 steps) as a colorless oil.

'H NMR (CDCls, 400 MHz): 8y 7.70-7.61 (m, 4H), 7.46-7.33 (m, 6H), 4.67 (d, J = 6.8
Hz, 1H), 4.64-4.55 (m, 3H), 3.83 (d, J = 10.2 Hz, 1H), 3.80-3.72 (m, 2H), 3.67 (m, 1H),
3.66 (s, 3H), 3.36 (s, 3H), 3.30 (s, 3H), 3.17 (s, 3H), 2.41 (dd, J = 15.4, 5.1 Hz, 1H), 2.28
(dd, J = 15.4, 8.0 Hz, 1H), 2.11 (m, 1H), 1.86-1.70 (m, 2H), 1.64 (m, 1H), 1.56-1.31 (m,
5H), 1.26 (m, 1H), 1.04 (s, 9H), 0.95 (d, J = 6.3 Hz, 3H), 0.92 (d, J = 6.3 Hz, 3H); *C
NMR (CDCls, 100 MHz): 8¢ 173.8, 135.7, 134.0, 129.7, 127.7, 95.9, 95.4, 73.5, 73.1,
61.3, 60.6, 55.8, 55.6, 43.5, 42.7, 42.6, 39.5, 37.8, 32.2, 27.0, 26.7, 26.0, 20.1, 19.6, 19.3;
HRESIMS m/z 654.3797 [M+Na]" (calcd for CasHs;NO;Si, 654.3802); [0]*'b -7.3 (c
1.00, CHCIs); IR (film) 2932, 1666, 1428, 1109, 1095, 1038, 702 cm™.
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(3S,5S,7S)-9-(tert-Butyldiphenylsiloxy)-3-hydroxy-1-[(S)-4-isopropyl-2-

thioxothiazolidin-3-yl]-7-(methoxymethoxy)-5-methylnonan-1-one (31)
0 O : OMmMOM O OH : OMOM

I, A

S
oTBDPS —m S)\\N OTBDPS

To a solution of 20 (822.2 mg, 4.04 mmol) in dry CH,Cl, (28 mL) cooled at 0 °C under
nitrogen was added TiCl, (520 pL, 4.68 mmol), and the mixture was stirred for 10 min.
The mixture was cooled to -78°C, and N,N-diisopropylethylamine (900 pL, 5.22 mmol)
was added. The mixture was stirred at -78 °C for 2 h, and then a solution of aldehyde 19
(1.22 g, 2.76 mmol) in dry CH,Cl, (3 mL) was added by cannula (wash with 2 x 1.5 mL
of CH,Cl,). After the resulting mixture was stirred at -78 °C for 2 h, the reaction was
quenched with H,O (10 mL) and the layers were separated. The aqueous layer was
extracted with EtOAc (2 x 20 mL). The combined organic layers were washed with brine,
dried over Na,SO,, filtered and concentrated under reduced pressure. The residue was
purified by chromatography on silica gel (4:1 to 2:1 to 1:1 hexan/EtOAC) to give 31 (1.38
g, 2.13 mmol, 79%) as a yellow oil.

'H NMR (CDCls, 400 MHz): 8y 7.70-7.62 (m, 4H), 7.46-7.34 (m, 6H), 5.16 (dt, J = 0.9,
6.7 Hz, 1H), 4.62 (d, J = 6.7 Hz, 1H), 4.60 (d, J = 6.7 Hz, 1H), 4.24 (tt, J = 9.7, 2.5 Hz,
1H), 3.86 (m, 1H), 3.80-3.70 (m, 2H), 3.60-3.47 (m, 2H), 3.31 (s, 3H), 3.17 (dd, J = 17.5,
9.2 Hz, 1H), 3.03 (dd, J = 11.4, 0.9 Hz, 1H), 2.37 (m, 1H), 1.88 (m, 1H), 1.83-1.43 (m,
4H), 1.36 (m, 1H), 1.15 (ddd, J = 13.0, 9.4, 2.7 Hz, 1H), 1.07 (d, J = 6.7 Hz, 3H), 1.05 (s,
9H), 0.99 (d, J = 7.0 Hz, 3H), 0.95 (d, J = 6.5 Hz, 3H); **C NMR (CDCls, 100 MHz): 8¢
173.3,135.7, 134.0, 129.7, 127.8, 95.9, 73.5, 71.5, 66.1, 60.6, 55.7, 51.0, 45.9, 44.1, 42.1,
37.6, 31.0, 30.7, 27.0, 26.3, 21.0, 19.3, 19.2, 18.0; HRESIMS m/z 668.2858 [M+Na]"
(calcd for Ca4Hs:NOsS,SiNa, 668.2876); [0]*°°5-70.0 (c 1.00, CHCI3); IR (film) 3464,
2931, 1686, 1471, 1362, 1110, 1038, 703 cm™,
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(3S,5S,7S)-9-(tert-Butyldiphenylsiloxy)-3-hydroxy-N-methoxy-7-
(methoxymethoxy)-N,5-dimethylnonanamide (32)

O OH =z OMOM
M . H -
eOIil

OTBDPS

Imidazole (752.5 mg, 11.1 mmol) was added to a solution of 31 (1.38 g, 2.13 mmol) and
N,O-dimethylhydroxylamine hydrochloride (643.6 mg, 6.60 mmol) in dry CH,Cl, (10
mL) at room temperature and the mixture was stirred for18 h. The reaction was quenched
with saturated aqueous NH4Cl (10 mL) and the layers were separated. The aqueous layer
was extracted with EtOAc (2 x 20 mL). The combined organic layers were washed with
brine, dried over Na,SO,, filtered and concentrated under reduced pressure. The residue
was purified by chromatography on silica gel (3:1 to 1:2 hexane/EtOAc) to give 32 (1.02
g, 1.87 mmol, 88%) as a colorless oil.

'H NMR (CDCls, 400 MHz): 814 7.74-7.62 (m, 4H), 7.35-7.44 (m, 6H), 4.60 (s, 2H), 4.12
(m, 1H), 3.86 (m, 1H), 3.74-3.81 (m, 2H), 3.67 (s, 3H), 3.30 (s, 3H), 3.20 (s, 3H), 2.65
(br d, J = 16.8 Hz, 1H), 2.42 (dd, J = 16.8, 9.6 Hz, 1H), 1.72-1.90 (m, 2H), 1.66 (m, 1H),
1.35-1.55 (m, 4H), 1.04 (s, 9H), 0.95 (d, J = 6.7 Hz, 3H); *C NMR (CDCls, 100 MHz):
8¢ 174.0, 135.7, 134.0, 134.0, 129.7, 127.7, 95.8, 73.4, 66.0, 61.3, 60.5, 55.6, 44.3, 42.2,
38.6, 37.7, 32.0, 27.0, 26.4, 20.8, 19.3; HRESIMS m/z 568.3065 [M+Na]" (calcd for
CaoH47NOgSiNa, 568.3070; [a]**°5 -5.9 (c 0.93, CHCIs); IR (film) 3467, 2932, 1647,
1472, 1387, 1110, 1037, 703 cm™.

(4S,6S,8S)-10-(tert-Butyldiphenylsiloxy)-4-hydroxy-8-(methoxymethoxy)-6-
methyldecan-2-one (33)

O OH z QMOM

N OTBDPS

A 3 M solution in Et,0 of MeMgBr (3.8 mL, 11.4 mmol) was added to a solution of 32
(1.02 g, 1.87 mmol) in dry Et,O (10 mL) cooled at 0 °C under nitrogen. The mixture was
warmed to room temperature and stirred for 1 h. The reaction was quenched with
saturated aqueous NH,4CI (20 mL) at 0 °C and the layers were separated. The aqueous
layer was extracted with EtOAc (2 x 20 mL). The combined organic layers were washed
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with brine, dried over Na,SO,, filtered and concentrated under reduced pressure. The
residue was purified by chromatography on silica gel (3:1 hexane/EtOAc) to give 33
(880.1 mg, 1.76 mmol, 94%) as a colorless oil.

'H NMR (CDCls, 400 MHz): &y 7.64-7.68 (m, 4H), 7.36-7.44 (m, 6H), 4.61 (d, J = 6.7
Hz, 1H), 4.59 (d, J = 6.7 Hz, 1H), 4.13 (m, 1H), 3.85 (m, 1H), 3.77 (m, 2H), 3.30 (s, 3H),
3.04 (brs, 1H), 2.60 (dd, J = 17.6, 2.8 Hz, 1H), 2.50 (dd, J = 17.6, 8.9 Hz, 1H), 2.17 (s,
3H), 1.79 (m, 1H), 1.60-1.74 (m, 2H), 1.49 (m, 1H), 1.24-1.43 (m, 3H), 1.05 (s, 9H), 0.94
(d, J = 6.7 Hz, 3H); *C NMR (CDCls, 100 MHz): 8¢ 210.0, 135.7, 134.0, 129.7, 127.8,
95.9, 73.5, 65.6, 60.5, 55.7, 50.3, 44.2, 42.1, 37.6, 30.9, 27.0, 26.3, 21.0, 19.3; HRESIMS
m/z 523.2847 [M+Na]" (calcd for CogH4405SiNa, 523.2856); [a]**“5-6.0 (¢ 1.00, CHCl5);
IR (film) 3469, 2930, 1712, 1428, 1110, 1037, 703 cm™.

(4S,6R,8S)-10-(tert-Butyldiphenylsiloxy)-8-(methoxymethoxy)-6-methyl-2-
oxodecan-4-yl 2-bromoacetate (34)
Br (0]

O O z (=)MOM

N~ OTBDPS

Bromoacetyl bromide (400 uL, 4.52 mmol) was added to a solution of 33 (880.1 mg, 1.76
mmol) and pyridine (420 pL, 5.21 mmol) in dry CH,Cl, (5 mL) cooled at 0 °C under
nitrogen. The mixture was warmed to room temperature and stirred for 1 h. The reaction
was quenched with H,O (10 mL) and the layers were separated. The aqueous layer was
extracted with EtOAc (2 x 10 mL). The combined organic layers were washed with 1 M
aqueous HCI, saturated agueous NaHCO3 and brine, and dried over Na,SO,, filtered and
concentrated under reduced pressure. The residue was purified by chromatography on
silica gel (5:1 hexane/EtOAC) to give 34 (903.4 mg, 1.45 mmol, 83%) as a yellow oil.

'H NMR (CDCls, 400 MHz): 81 7.64-7.67 (m, 4H), 7.36-7.44 (m, 6H), 5.37 (m, 1H), 4.61
(d, J = 7.0 Hz, 1H), 4.58 (d, J = 7.0 Hz, 1H), 3.82 (m, 1H), 3.70-3.79 (m, 2H), 3.74 (s,
2H), 3.31 (s, 3H), 2.74 (dd, J = 16.6, 7.4 Hz, 1H), 2.65 (dd, J = 16.6, 5.0 Hz, 1H), 2.16
(s, 3H), 1.50-1.77 (m, 6H), 1.43 (m, 1H), 1.05 (s, 9H), 0.96 (d, J = 6.1 Hz, 3H); *C NMR
(CDCls, 100 MHz): 8¢ 205.2, 166.7, 135.7, 133.9, 129.8, 127.8, 96.0, 73.2, 71.1, 60.5,
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55.7, 47.7, 42.2, 41.4, 37.7, 30.7, 27.0, 26.6, 26.0, 20.3, 19.3; HRESIMS m/z 643.2065
[M+Na]" (calcd for CsiHas °BrOsSiNa, 643.2066); [0]**'5-3.0 (¢ 1.20, CHCIs); IR (film)
2929, 1736, 1428, 1278, 1110, 1037, 703 cm™,

(4S,6R,8S)-10-(tert-Butyldiphenylsiloxy)-8-(methoxymethoxy)-6-methyl-2-
oxodecan-4-yl 2-(diethoxyphosphoryl)acetate (35)

Et0. 2

-R )
EtO
o4,

z QMOM
OTBDPS

Triethyl phosphite (1.0 mL, 5.6 mmol) was added to 34 (903.4 mg, 1.45 mmol) at room
temperature under nitrogen. The mixture was warmed to 70 °C and stirred for 4 h. The
resulting mixture was directly purified by short chromatography on ODS gel (50%
aqueous MeOH to MeOH), followed by chromatography on silica gel (5:1 to 2:1 to 1:2
hexane/EtOAc to EtOAC) to give 35 (896.2 mg, 1.32 mmol, 91%) as a colorless oil.

'H NMR (CDCls, 400 MHz): 84 7.63-7.67 (m, 4H), 7.36-7.44 (m, 6H), 5.36 (m, 1H), 4.58
(s, 2H), 4.16 (q, J = 7.1 Hz, 2H), 4.14 (q, J = 7.1 Hz, 2H), 3.70-3.84 (m, 3H), 3.29 (s, 3H),
2.901 (d, J = 21.5 Hz, 1H), 2.895 (d, J = 21.5 Hz, 1H), 2.74 (dd, J = 16.6, 7.2 Hz, 1H),
2.61 (dd, J = 16.6, 5.2 Hz, 1H), 2.16 (s, 3H), 1.69-1.78 (m, 2H), 1.48-1.67 (m, 3H), 1.43-
1.46 (m, 2H), 1.33 (t, J = 7.1 Hz, 6H), 1.04 (s, 9H), 0.95 (d, J = 5.8 Hz, 3H); **C NMR
(CDCls, 100 MHz): 8¢ 205.4, 165.2 (d, Jep = 5.6 Hz), 135.7, 133.9, 129.8, 127.8, 96.0,
73.3,70.5, 62.9, 62.8, 62.7, 60.5, 55.7, 47.8, 42.3, 41.6, 37.7, 34.5 (d, Jcp = 133.4 Hz),
30.6, 27.0, 26.7, 20.2, 19.3, 16.5 (d, Jcp = 6.6 Hz); HRESIMS m/z 701.3256 [M+Na]"
(calcd for CasHss00PSiNa, 701.3251); [a]?®p-37.7 (¢ 0.40, CHCI5); IR (film) 2929, 1736,
1268, 1110, 1031, 703 cm™.
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(5)-6-[(2R,4S)-6-(tert-Butyldiphenylsiloxy)-4-(methoxymethoxy)-2-methylhexyl]-4-
methyl-5,6-dihydro-2H-pyran-2-one (36)

O

| o] 5 (?)MOM
OTBDPS

NaH (60% in paraffin liquid, 63.0 mg, 1.58 mmol) was slowly added to a solution of 35
(896.2 mg, 1.32 mmol) in dry THF (53 mL) cooled at 0 °C under nitrogen. The mixture
was warmed to room temperature and stirred for 7.5 h. The reaction was carefully
quenched with saturated aqueous NH4CI (100 mL) at 0 °C and the layers were separated.
The aqueous layer was extracted with EtOAc (2 x 50 mL). The combined organic layers
were washed with saturated aqueous NaHCOj3 and brine, dried over Na,SQOy, filtered and
concentrated under reduced pressure. The residue was purified by chromatography on
silica gel (5:1 to 2:1 hexane/EtOAc) to give 36 (621.7 mg, 1.18 mmol, 90%) as a

yellowish oil.

'H NMR (CDCls, 400 MHz): 84 7.64-7.68 (m, 4H), 7.36-7.44 (m, 6H), 5.80 (s, 1H), 4.61
(d, J=7.0 Hz, 1H), 4.58 (d, J = 7.0 Hz, 1H), 4.45 (m, 1H), 3.85 (m, 1H), 3.70-3.80 (m,
2H), 3.30 (s, 3H), 2.26 (dd, J = 17.6, 11.9 Hz, 1H), 2.17 (dd, J = 17.6, 4.2 Hz, 1H), 1.97
(s, 3H), 1.73-1.84 (m, 2H), 1.58-1.71 (m, 3H), 1.46 (t, J = 6.6 Hz, 2H), 1.04 (s, 9H), 0.96
(d, J = 6.5 Hz, 3H); *C NMR (CDCls, 100 MHz): 8¢ 165.4, 157.0, 135.7, 133.9, 133.9,
129.8, 127.8, 116.7, 96.0, 75.8, 73.4, 60.5, 55.7, 42.4, 37.7, 35.0, 29.9, 27.0, 26.3, 23.1,
20.5, 19.3; HRESIMS m/z 547.2860 [M+Na]" (calcd for CsiHsOsSiNa, 547.2856);
[0]?®?5-146.7 (c 0.19, CHCI); IR (film) 2928, 1723, 1428, 1247, 1110, 1037, 703 cm™.

(4R,65)-6-[(2R,4S)-6-(tert-Butyldiphenylsiloxy)-4-(methoxymethoxy)-2-
methylhexyl]-4-methyltetrahydro-2H-pyran-2-one (37)

To a solution of 36 (591.4 mg, 1.13 mmol) in EtOH was added 5 % Pd/C (59.7 mg) under
nitrogen. The reaction mixture was degassed, charged with hydrogen 3 times, and stirred
vigorously at room temperature under a hydrogen atmosphere forl7 h. The reaction

103



mixture was filtered and washed with MeOH, and the filtrate and washings were
concentrated under reduced pressure. The residue was purified by chromatography on
silica gel (10:1 to 5:1 hexane/EtOAc) to give 37 (369.0 mg, 0.70 mmol, 62%) as a
colorless oil.

'H NMR (CDCls, 400 MHz): 8y 7.70-7.60 (m, 4H), 7.49-7.34 (m, 6H), 4.61 (d, J = 6.7
Hz, 1H), 4.59 (d, J = 6.7 Hz, 1H), 4.34 (m, 1H), 3.85 (m, 1H), 3.80-3.68 (m, 2H), 3.31 (s,
3H), 2.67 (m, 1H), 2.09-1.95 (m, 2H), 1.90 (m, 1H), 1.84-1.71 (m, 2H), 1.69-1.53 (m,
3H), 1.45 (t, J = 6.8 Hz, 2H), 1.14 (m, 1H), 1.05 (s, 9H), 1.02 (d, J = 6.1 Hz, 3H), 0.95
(d, J = 6.7 Hz, 3H); *C NMR (CDCls, 100 MHz): 8¢ 171.6, 135.7, 134.0, 133.9, 129.8,
127.8,96.0,79.1,73.3,60.5,55.7, 43.8, 42.4, 38.2, 37.7, 37.4, 29.9, 27.0, 26.9, 26.2, 21.9,
20.4, 19.3; HRESIMS m/z 549.3000 [M+H]" (calcd for CsiHsOsSiNa, 549.3012);
[a]?*°p +64.8 (c 0.27, CHCIs); IR (film) 2929, 1736, 1428, 1239, 1110, 1037, 822, 702
cm™.

'H NMR (CsDs, 400 MHz): &y 7.89-7.75 (m, 4H), 7.33-7.22 (m, 6H), 4.63 (d, J = 6.7 Hz,
1H), 4.58 (d, J = 6.7 Hz, 1H), 3.97 (m, 2H, H6"), 3.91 (m, 1H, H4"), 3.88 (m, 1H, H6)
3.20 (s, 3H), 2.27 (ddd, J = 17.4, 5.8, 1.9 Hz, 1H), 1.87 (m, 1H, H3’a), 1.82 (m, 1H, H2"),
(m, 1H, H3’b), 1.58 (dd, J = 17.4, 10.5 Hz, 1H), 1.48 (m, 2H, H5), 1.42 (dt, J = 13.9, 6.7
Hz, 1H, H1’a), 1.29 (ddd, J = 13.9, 6., 5.6 Hz, 1H, H1’b), 1.23 (m, 1H, H4), 1.20 (m, 1H,
H5a), 1.20 (s, 9H), 0.90 (d, J = 6.7 Hz, 3H, H7’), 0.58 (ddd, J = 13.1, 13.1, 13.1 Hz, 1H,
H5b), 0.48 (d, J = 6.5 Hz, 3H, H7).

(3R,5S,7S,9S)-11-(tert-Butyldiphenylsiloxy)-N-methoxy-5,9-bis(methoxymethoxy)-
N,3,7-trimethylundecanamide (16b)

O z O : OMOM
N OTBDPS

A 2.0 M solution of i-PrMgCl in THF (1.2 mL, 2.4 mmol) was added to a suspension of
37 (369.0 mg, 700.5 umol) and N,O-dimethylhydroxylamine hydrochloride (136.8 mg,
1.4 mmol) in dry THF (3.0 mL) under nitrogen cooled at -18 °C and stirred for 15 min.
The reaction was quenched with saturated NH4Cl ag. (10 mL) and the layers were
separated. The aqueous layer was extracted by EtOAc (2 x 10 mL). The combined organic
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layers were washed with brine and dried over Na,SO,, filtered and concentrated under
reduced pressure. The crude product was used in the next step without purification.

To a solution of the crude product in dry CH,Cl, (1.5 mL) under nitrogen cooled at 0 °C
were added N,N-Diisopropylethylamine (430 pL, 2.5 mmol) and chloromethyl methyl
ether (120 pL, 1.5 mmol) successively, and the mixture was warmed to room temperature
and stirred for 12 h. The mixture was diluted by EtOAc (5 mL) and washed with 1 M HCI
ag. (2 x 10 mL), saturated NaHCO3 aqg. (10 mL) and brine. The organic layer was dried
over Na,SO,, filtered and concentrated under reduced pressure. The residue was purified
by chromatography on silica gel (3:1 to 2:1 to 1:1 hexane/EtOAc) to give 16b (305.8 mg,
483.9 umol, 69% in 2 steps) as a colorless oil.

'H NMR (CDsCl, 400 MHz): 8y 7.71-7.61 (m, 4H), 7.48-7.32 (m, 6H), , 4.65 (d, J = 7.3
Hz, 1H), 4.63 (d, J = 7.8 Hz, 1H), , 4.60 (d, J = 7.3 Hz, 1H), 4.59 (d, J = 7.8 Hz, 1H),
3.84 (m, 1H), 3.80-3.72 (m, 2H), 3.70 (m, 1H), 3.67 (s, 3H), 3.37 (s, 3H), 3.30 (s, 3H),
3.18 (s, 3H), 2.38 (dd, J = 14.6, 5.4 Hz, 1H), 2.34-2.12 (m, 2H), 1.78 (m, 1H), 1.73-1.53
(m, 4H), 1.51-1.34 (m, 2H), 1.34-1.16 (m, 2H), 1.04 (s, 9H), 0.97 (d, J = 6.3 Hz, 3H),
0.93 (d, J = 6.8 Hz, 3H); *C NMR (CDCls, 100 MHz): 173.8, 135.7, 134.0, 129.7, 127.8,
95.8,95.4, 73.4, 73.1, 61.3, 60.6, 55.8, 55.7, 43.3, 43.1, 43.0, 39.5, 37.7, 32.2, 27.0, 26.7,
26.2, 20.5, 19.9, 19.3; HRESIMS m/z 654.3813 [M+Na]" (calcd for CssHs;NO-Si,
654.3802); [a]*"°b +1.8 (c 0.98, CHCls); IR (film) 2932, 1665, 1428, 1095, 1039, 703

cm™.

(4R,6S,10S,12S,14S,16S)-18-(tert-Butyldiphenylsiloxy)-4-(4-methoxybenzyloxy)-
12,16-bis(methoxymethoxy)-6,10,14-trimethyloctadecan-8-one (38)

OTBDPS

To a solution of bromide 17 (138 mg, 0.42 mmol) in dry Et,O (2.2 mL) under nitrogen
cooled at -78 °C was added t-BuLi (1.62 M in pentane, 0.52 mL, 0.84 mmol) and the
mixture was stirred -78 °C for 20 min. The mixture was warmed to 0 °C, stirred for 15
min and cooled to -78 °C again. A solution of amide 16a (139 mg, 0.22 mmol) in dry
Et,O (0.5 mL) was added to the mixture by cannula (washed with 2 x 0.5 mL of Et,0)
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and the mixture was stirred -78 °C for 30 min. The reaction was quenched with saturated
NH4Cl ag. (2 mL) and the layers were separated. The aqueous layer was extracted with
EtOAc (3 x 5 mL). The combined organic layers were washed with brine, dried over
Na, SOy, filtered and concentrated under reduced pressure. The residue was purified by
chromatography on silica (5:1 to 1:1 hexane/EtOAc) to give 38 (90.7 mg, 0.11 mmol,
50%) as a colorless oil.

'H NMR (CDCls, 400 MHz): 8y 7.69-7.63 (m, 4H), 7.45-7.34 (m, 6H), 7.26 (br d, J = 8.5
Hz, 2H), 6.86 (br d, J = 8.5 Hz, 2H), 4.65 (d, J = 7.0 Hz, 1H), 4.62-4.58 (m, 2H), 4.57 (d,
J=7.0 Hz, 1H), 4.48 (d, J = 11.0 Hz, 1H), 4.36 (d, J = 11.0 Hz, 1H), 3.84 (m, 1H), 3.81-
3.70 (m, 2H), 3.79 (s, 3H), 3.70 (m, 1H), 3.42 (m, 1H), 3.35 (s, 3H), 3.30 (s, 3H), 2.41-
2.30 (m, 2H), 2.25-2.14 (m, 3H), 2.09 (m, 1H), 1.85-1.70 (m, 2H), 1.64 (m, 1H), 1.60-
1.41 (m, 6H), 1.42-1.28 (m, 4H), 1.28-1.18 (m, 2H), 1.04 (s, 9H), 0.92 (d, J =7.2 Hz, 3H),
0.91 (t, J = 7.4 Hz, 3H), 0.87 (d, J = 6.5 Hz, 3H), 0.85 (d, J = 6.3 Hz, 3H); **C NMR
(CDCls, 100 MHz): 8¢ 210.2, 159.2, 135.7, 134.0, 131.2, 129.7, 129.5, 127.8, 113.9, 95.9,
95.4, 76.4, 73.4,73.1, 70.3, 60.6, 55.8, 55.7, 55.4, 51.7, 50.8, 43.4, 42.7, 42.4, 41.9, 37.8,
36.5, 27.0, 26.2, 26.0, 25.8, 20.0, 19.6, 19.3, 18.6, 14.5; HRESIMS m/z 821.5398 [M+H]"
(calcd for CugH7705Si, 821.5388); [0]***5 -10.7 (¢ 1.04, CHCIs); IR (film) 2955, 1710,
1513, 1463, 1247, 1091, 1038, 916, 823, 702 cm™.
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(4R,6R,8R,10R,12R,14S,16S)-18-(tert-Butyldiphenylsiloxy)-4-(4-
methoxybenzyloxy)-12,16-bis(methoxymethoxy)-6,10,14-trimethyloctadecan-8-ol
(39a) and (4R,6R,8S,10R,12R,14S,16S)-18-(tert-Butyldiphenylsiloxy)-4-(4-
methoxybenzyloxy)-12,16-bis(methoxymethoxy)-6,10,14-trimethyloctadecan-8-ol
(39b)

39b

A 4 M solution in THF of LiBH, (60 pL, 240 umol) was added to a solution of 38 (32.3
mg, 39 umol) in dry THF (200 pL) at -78°C under nitrogen and the mixture was warmed
to room temperature. The mixture was stirred at same temperature for 1 h. The reaction
was quenched with saturated aqueous Rochelle’s salt (5 mL). The layers were separated
and the aqueous layer was extracted with EtOAc (3 x 5 mL). The combined organic layers
were washed with brine, dried over Na,SO,, filtered and concentrated under reduced
pressure. The residue was purified by PLC (2:1 hexane/EtOAc) to give 39a (8.8 mg, 11
umol, 28%) and 39b (10.2 mg, 12.4 umol, 32%) as a colorless oil.

39a: 'H NMR (CDCls, 400 MHz): 8 7.64-7.68 (m, 4H), 7.31-7.44 (m, 6H), 7.26 (d,
J =85 Hz, 2H), 6.86 (d, J = 8.5 Hz, 2H), 4.67 (d, J = 7.0 Hz, 1H), 4.62 (d, J = 6.7 Hz,
1H), 4.59 (d, J = 6.7 Hz, 1H), 4.58 (d, J = 7.0 Hz, 1H), 4.48 (d, J = 11.2 Hz, 1H), 4.37 (d,
J = 11.0 Hz, 1H), 3.85 (m, 1H), 3.79 (s, 3H), 3.66-3.77 (m, 4H), 3.46 (m, 1H), 3.36 (s,
3H), 3.30 (s, 3H), 1.73-1.86 (m, 3H), 1.44-1.71 (m, 8H), 1.31-1.42 (m, 7H), 1.14-1.27 (m,
3H), 1.04 (s, 9H), 0.93 (d, J = 6.7 Hz, 3H), 0.914 (t, J = 7.2, 3H), 0.912 (d, J = 6.7 Hz,
3H), 0.88 (d, J = 6.5 Hz, 3H); *C NMR (CDCls, 100 MHz): 8¢ 159.2, 135.7, 134.0, 131.3,
129.7, 129.5, 127.8, 113.9, 95.9, 95.4, 73.8, 73.1, 70.5, 67.4, 60.6, 55.7, 55.7, 55.4, 46.7,
46.1,43.4,42.9,42.6,42.2, 37.8, 36.6, 27.0, 26.3, 26.2, 26.0, 21.0, 19.8, 19.6, 19.3, 18.6,
14.5; HRESIMS m/z 823.5535 [M+H]" (calcd for CagH740sSi, 823.5544); [a]*"“p +18.4
(c 0.50, CHCI5); IR (film) 3447, 2930, 1512, 1247, 1091, 1037, 823, 703 cm™.
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39b: 'H NMR (CDCls, 400 MHz): 8 7.64-7.67 (m, 4H), 7.34-7.43 (m, 6H), 7.25 (d, J
= 8.5 Hz, 2H), 6.86 (d, J = 8.5 Hz, 2H), 4.67 (d, J = 7.0 Hz, 1H), 4.62 (d, J = 7.0 Hz),
4.59 (d, J = 7.0 Hz), 4.58 (d, J = 7.0 Hz), 4.50 (d, J = 11.0 Hz, 1H), 4.36 (d, J = 11.0 Hz,
1H), 3.84 (m, 1H), 3.78 (s, 3H), 3.73-3.77 (m, 4H), 3.69 (m, 1H), 3.44 (m, 1H), 3.35 (s,
3H), 3.30 (s, 3H), 2.03 (br s, 1H, OH), 1.75-1.83 (m, 4H), 1.53-1.69 (m, 5H), 1.31-1.52
(m, 8H), 1.08-1.29 (m, 4H), 1.04 (s, 9H), 0.92 (d, J = 6.7 Hz, 3H), 0.92 (t, J = 7.0 Hz,
3H), 0.90 (d, J = 6.5 Hz, 3H), 0.87 (d, J = 6.5 Hz, 3H); **C NMR (CDCls, 100 MHz): 8¢
159.2, 135.7, 134.0, 131.1, 129.7, 129.6, 127.8, 113.9, 95.8, 74.1, 73.1, 70.5, 66.9, 60.6,
55.7,55.7, 55.4, 46.6, 45.5, 43.8, 43.5, 43.1, 41.4, 37.8, 36.6, 27.0, 26.4, 26.0, 26.0, 20.9,
19.8, 19.7, 19.3, 18.6, 14.5; HRESIMS m/z 823.5541 [M+H]" (calcd for CagH790gSi,
823.5544); [a]*""p -6.0 (c 0.50, CHCIs); IR (film) 3452, 2930, 1513, 1247, 1092, 1038,
821, 702 cm™.

(4R,6S,8R,10R,12R,14S,16S)-18-(tert-Butyldiphenylsiloxy)-12,16-
bis(methoxymethoxy)-6,10,14-trimethyloctadecane-4,8-diol (40)

OH = OH O =z OMOM

OTBDPS

To a solution of 39a (26.4 mg, 32.1 umol) in CH,CI; (200 uL) was added pH 7 phosphate
buffer solution (50 pL) under nitrogen. To the mixture was added DDQ (14.3 mg, 63
umol) at 0 °C and the mixture was stirred forl.5 h. The reaction was quenched with
saturated aqueous NaHCO3 (5 mL) and the layers were separated. The aqueous layer was
extracted with EtOAc (3 x 5 mL). The combined organic layers were washed with brine,
dried over Na,SO,, filtered and concentrated under reduced pressure. The residue was
purified by chromatography on silica gel (1:1 hexane/EtOAc) to give 40 (14.2 mg, 20.2
umol, 63%) as a colorless oil.

'H NMR (CDCls, 400 MHz): 8y 7.71-7.61 (m, 4H), 7.47-7.32 (m, 7H), 4.67 (d, J = 7.0
Hz, 1H), 4.62 (d, J = 7.0 Hz, 1H), 4.59 (d, J = 7.0 Hz, 1H), 4.58 (d, J = 7.0 Hz, 1H), 3.86
(m, 1H), 3.83-3.64 (m, 5H), 3.36 (s, 3H), 3.30 (s, 3H), 1.91 (m, 1H), 1.85-1.73 (m, 2H),
1.73-1.58 (m, 4H), 1.58-1.31 (m, 11H), 1.29-1.17 (m, 3H), 1.04 (s, 9H), 0.98-0.88 (m,
12H); *C NMR (CDCls, 100 MHz): 8¢ 135.7, 134.0, 129.7, 127.8, 95.9, 95.4, 73.9, 73.1,
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69.8, 67.7, 60.6, 55.8, 55.7, 46.6, 46.2, 45.9, 43.4, 42.6, 42.2, 40.7, 37.8, 27.0, 26.5, 26.2,
26.0, 21.2, 19.7, 19.6, 19.3, 19.0, 14.3; HRESIMS m/z 703.4968 [M+H]"* (calcd for
Cu1H7107Si, 703.4969); [0]*"?5-5.9 (c 0.25, CHCIs); IR (film) 3307, 2929, 1428, 1039,
700 cm™.

(3S,55,7R,9R,11R,13S,15R)-1-(tert-Butyldiphenylsiloxy)-3,7,11,15-
tetrakis(methoxymethoxy)-5,9,13-trimethyloctadecan (41)

OTBDPS

N,N-Diisopropylethylamine (90 uL, 522 umol) was added to a solution of the 40 (7.3 mg,
10.4 umol) in dry CH,CI, (300 pL) under nitrogen at 0 °C. To the mixture was added
chloromethyl methyl ether (30 uL, 378 pmol) and the mixture was stirred at 0 °C for 35
min, and warmed to room temperature. After additional 3.5 h, the reaction was quenched
with 1M aqueous HCI (5 mL) and the layers were separated. The aqueous layer was
extracted with CH,Cl, (3 x 5 mL). The combined organic layers were washed with 1M
aqueous HCI, saturated aqueous NaHCO3 and brine and dried over Na,SOy, filtered and
concentrated under reduced pressure. The residue was purified by chromatography on
silica gel (5:1 to 5:2 hexane/ EtOAC) to give 41 (6.5 mg, 8.2 umol, 79%) as a colorless
oil.

'H NMR (CDCls, 400 MHz): 84 7.69-7.62 (m, 4H), 7.45-7.33 (m, 6H), 4.72-4.64 (m, 3H),
4.64-4.55 (m, 5H), 3.85 (m, 1H), 3.81-3.72 (m, 2H), 3.72-3.58 (m, 3H), 3.366 (s, 3H),
3.358 (s, 6H), 3.30 (s, 3H), 1.92-1.70 (m, 3H), 1.65 (m, 1H), 1.53-1.27 (m, 13H), 1.28-
1.13 (m, 4H), 1.04 (s, 9H), 0.92 (d, J = 6.5 Hz, 6H), 0.91 (t, J = 7.4, 3H), 0.89 (d, J = 6.3
Hz, 3H); *C NMR (CDCls, 100 MHz): 8¢ 135.7, 134.0, 129.7, 127.8, 95.9, 95.5, 75.3,
73.8,73.6,73.1, 60.6, 55.7, 55.7, 43.4, 43.3, 43.1, 43.1, 42.9, 37.8, 37.3, 27.0, 26.4, 26.0,
25.8, 19.9, 19.5, 19.3, 18.5, 14.4; HRESIMS m/z 813.5305 [M+Na]* (calcd for
CusH706SiNa, 813.5313); [0]*°° +1.8 (¢ 0.10, CHCIs); IR (film) 2918, 1461, 1378, 1125,
1074, 703 cm™.

109



(3S,5S,7R,9R,11R,13S,15R)-3,7,11,15-Tetrakis(methoxymethoxy)-5,9,13-
trimethyloctadecan-1-ol (42)

A 1 M solution in THF of TBAF (40 uL, 40 umol) was added to a solution of 41 (16.3
mg, 20.2 umol) in dry THF (290 uL) and the mixture was stirred at room temperature for
5 h. The reaction was quenched with H,O (5 mL) and the aqueous layer was extracted
EtOAc (3 x 5 mL). The combined organic layers were washed with brine, dried over
Na, SOy, filtered and concentrated under reduced pressure. The residue was purified by
chromatography on silica gel (20:10:1 hexane/EtOAc/MeOH) to give 42 (10.7 mg, 19.4
umol, 96%) as a colorless oil.

'H NMR (CD3;0D, 400 MHz): &y 4.72-4.63 (m, 5H), 4.63-4.55 (m, 3H), 3.79 (m, 1H),
3.76-3.69 (m, 2H), 3.69-3.60 (m, 3H), 3.38 (s, 3H), 3.37 (s, 6H), 3.36 (s, 3H), 1.93-1.32
(m, 18H), 1.32-1.17 (m, 3H), 0.95 (d, J = 6.5 Hz, 3H), 0.95 (d, J = 6.5 Hz, 3H), 0.93 (t, J
= 7.4 Hz, 3H), 0.92 (d, J = 6.5 Hz, 3H); *C NMR (CDsOD, 100 MHz): ¢ 96.8, 96.5,
96.4, 96.4, 76.6, 75.1, 75.0, 74.9, 74.6, 59.5, 56.1, 56.0, 56.0, 44.4, 44.3, 44.2, 44.2, 44.0,
43.7, 38.8, 38.3, 27.6, 27.0, 26.9, 20.6, 20.3, 20.1, 19.4, 14.6; HRESIMS m/z 575.4130
[M+Na]" (calcd for CagHgoOgNa, 575.4135); [0]**?p +17.1 (¢ 0.70, CHCIs); IR (film)
3491, 2930, 1463, 1377, 1147, 1096, 1039, 916 cm™.

Methyl [(3S,5S,7R,9R,11R,13S,15R)-3,7,11,15-tetrakis(methoxymethoxy)-5,9,13-
trimethyloctadecanoyl]leucinate [(9R)-15]

To a solution of 42 (2.1 mg, 3.8 pumol) in CH3CN (200 puL) and H,O (50 uL) was added
BAIB (20.3 mg, 63.0 umol), followed by TEMPO (3.3 mg, 21.1 pumol) at room
temperature and the mixture was stirred for 2.5 h. The reaction was quenched with
saturated aqueous Na,S,03, (2 mL) followed by 1 M aqueous HCI (2 mL) and the layers
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were separated. The aqueous layer was extracted with EtOAc (3 x 5 mL). The combined
organic layers were washed with 1 M aqueous HCI, dried over Na;SO., filtered and
concentrated under reduced pressure. The residue was purified by chromatography on
silica gel (5:1 hexane/EtOAc to 5:1 CHCIs/MeOH) to give crude carboxylic acid, which
was used in the next step without further purification.

To a solution of the crude carboxylic acid and L-Leu-OMe-HCI (3.3 mg, 18.2 umol) in
dry DMF (300 pL) were added HOALt (5.2 mg, 38.2 umol), N,N-diisopropylethylamine
(20 pL, 116 umol), and HATU (20.3 mg, 53.4 umol) at 0 °C, and the mixture was warmed
to room temperature and stirred for 11 h. The reaction was quenched with 1 M aqueous
HCI (5 mL) and the layers were separated. The aqueous layer was extracted with EtOAc
(3 x 5 mL). The combined organic layers were washed with saturated aqueous NaHCO3
and brine and dried over Na,SQ,, filtered and concentrated under reduced pressure. The
residue was purified with PLC (10:10:1 hexane/EtOAc/MeOH), followed by HPLC
[Cosmosil 5C1sMS-11 (20 x 250 mm); flow rate 5 mL/min; detection, UV215 nm;
solvent 85% MeOH; tr = 66.3 min] to give (9R)-15 (1.7 mg, 2.4 umol, 63% in 2 steps)
as a colorless oil.

'H NMR (CD30D, 400 MHz): 8 4.70-4.58 (m, 8H), 4.46 (dd, J = 9.0, 6.0 Hz, 1H), 4.06
(m, 1H), 3.76-3.68 (m, 2H), 3.70 (s, 3H), 3.65 (m, 1H), 3.37 (s, 3H), 3.364 (s, 3H), 3.361
(s, 3H), 3.355 (s, 3H), 2.52 (dd, J = 13.9, 6.6 Hz, 1H), 2.37 (dd, J = 13.9, 6.0 Hz, 1H),
1.92-1.77 (m, 2H), 1.75-1.56 (m, 5H), 1.55-1.33 (m, 11H), 1.33-1.14 (m, 4H), 1.00-0.87
(m, 18H); *C NMR (CD3;0D, 100 MHz): 8¢ 174.6, 173.6, 97.0, 96.4, 96.4, 96.4, 76.6,
75.1, 75.0, 74.5,56.1, 56.1, 55.9, 52.6, 52.1, 44.6, 44.3, 44.2, 44.2, 44.0, 43.2, 42.9, 41.4,
38.3, 27.6, 26.9, 26.9, 26.0, 23.3, 21.8, 20.5, 20.4, 20.0, 19.4, 14.6; HRESIMS m/z
694.5086 [M+H]" (calcd for CasH7,NO1, 694.5105); [a]**!5 -6.8 (¢ 0.10, CHCIs); IR
(film) 3322, 2929, 1746, 1653, 1538, 1464, 1374, 1147, 1096, 1039, 916 cm™.
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(4R,6S,10R,12S5,14S,16S)-18-(tert-Butyldiphenylsiloxy)-4-(4-methoxybenzyloxy)-
12,16-bis(methoxymethoxy)-6,10,14-trimethyloctadecan-8-one (43)

OTBDPS

To a solution of bromide 17 (211 mg, 0.64 mmol) in dry Et;O (3.6 mL) under nitrogen
cooled at -78 °C was added t-BuLi (1.62 M in pentane, 0.8 mL, 1.30 mmol) and the
mixture was stirred at -78 °C for 10 min. The mixture was warmed to 0 °C, stirred for 20
min and cooled to -78 °C again. A solution of amide 16b (101.3 mg, 0.16 mmol) in dry
Et,O (2.0 mL) was added to the mixture by cannula and the mixture was stirred at -78 °C
for 30 min. The reaction was quenched with saturated NH,Cl ag. (10 mL) and the layers
were separated. The aqueous layer was extracted with EtOAc (3 x 10 mL). The combined
organic layers were washed with brine, dried over Na,;SO,, filtered and concentrated
under reduced pressure. The residue was purified by chromatography on silica (5:1 to 1:1
hexane/EtOAcC) to give 43 (105.0 mg, 0.13 mmol, 80%) as a colorless oil.

'H NMR (CDCls, 400 MHz): 8y 7.66 (m, 4H), 7.48-7.33 (m, 6H), 7.27 (d, J = 8.3 Hz,
2H, 2H), 6.87 (d, J = 8.3 Hz, 2H), 4.68-4.56 (m, 4H), 4.48 (d, J = 11.2 Hz, 1H), 4.37 (d,
J =11.2 Hz, 1H), 3.84 (m, 1H), 3.79 (s, 3H), 3.81-3.70 (m, 2H), 3.65 (m, 1H), 3.43 (m,
1H), 3.65 (s, 3H), 3.30 (s, 3H), 2.45-2.27 (m, 2H), 2.27-2.08 (m, 4H), 1.79 (m, 1H), 1.72-
1.31 (m, 11H), 1.29-1.14 (m, 3H), 1.05 (s, 9H), 0.92 (d, J = 6.4 Hz, 3H), 0.91 (t, J = 6.6
Hz, 3H), 0.91 (d, J = 6.9 Hz, 3H), 0.87 (d, J = 5.9 Hz, 3H); *C NMR (CDCls, 100 MHz):
8¢ 210.3, 159.2, 135.7, 134.0, 131.2, 129.7, 129.5, 127.8, 113.9, 95.8, 95.5, 76.4, 73.4,
73.1,70.3, 60.6, 55.8, 55.7, 55.4, 51.5, 51.0, 43.4, 43.1, 42.9, 41.8, 37.7, 36.5, 27.0, 26.3,
26.2, 26.0, 20.3, 20.1, 20.0, 19.3, 18.6, 14.5; HRESIMS m/z 843.5227 [M+H]" (calcd for
CuoH7605SiNa, 843.5207); [0]°%°5 +2.3 (¢ 0.14, CHCIs); IR (film) 2929, 1712, 1513, 1462,
1247, 1092, 1038, 916, 821, 701 cm™.
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(4R,6R,8R,10S,12R,14S,16S)-18-(tert-Butyldiphenylsiloxy)-4-(4-
methoxybenzyloxy)-12,16-bis(methoxymethoxy)-6,10,14-trimethyloctadecan-8-ol
(44a) and (4R,6R,8S,10S,12R,14S,16S)-18-(tert-Butyldiphenylsiloxy)-4-(4-
methoxybenzyloxy)-12,16-bis(methoxymethoxy)-6,10,14-trimethyloctadecan-8-ol
(44b)

IIDMB |\I/|OM
O : OH : O =: OMOM
/\/k/\/k/\/k/\/\/\OTBDPS
44a

44b

A 4 M solution of LiBH4in THF (60 pL, 240 umol) was added to a solution of 43 (28.6
mg, 34.8 umol) in dry THF (200 pL) cooled at -78°C under nitrogen. A cooling bass was
removed and the mixture was stirred at room temperature for 2.5 h. The reaction was
guenched with saturated aqueous Rochelle’s salt (5 mL). The layers were separated and
the aqueous layer was extracted with EtOAc (3 x 5 mL). The combined organic layers
were washed with brine, dried over Na,SQO,, filtered and concentrated under reduced
pressure. The residue was purified by HPLC [Cosmosil 5C1sMS-11 ($20 x 250 mm); flow
rate 5 mL/min; detection, UV215 nm; solvent 95% MeOH] to give 44a (8.9 mg, 11 umol,
31%, tr = 64.7 min) as a colorless oil and 44b (10.5 mg, 12.7 pmol, 37%, tr = 68.9 min)
as a colorless oil, respectively.

44a: 'H NMR (CDCls, 400 MHz): 8y 7.70-7.61 (m, 4H), 7.45-7.32 (m, 6H), 7.26 (d, J =
8.8 Hz, 2H), 6.86 (d, J = 8.8 Hz, 2H), 4.66-4.54 (m, 4H), 4.48 (d, J = 10.7 Hz, 1H), 4.37
(d, J = 10.7 Hz, 1H), 3.84 (m, 1H), 3.79 (s, 3H), 3.78-3.72 (m, 3H), 3.69 (m, 1H), 3.46
(m, 1H), 3.36 (s, 3H), 3.30 (s, 3H), 1.92-1.73 (m, 3H), 1.73-1.50 (m, 7H), 1.48-1.30 (m,
6H), 1.30-1.07 (m, 5H), 1.04 (s, 9H), 0.93 (d, J = 5.9 Hz, 3H), 0.92 (t, J = 7.3 Hz, 3H),
0.91 (d, J = 5.4 Hz, 3H), 0.89 (d, J = 6.4 Hz, 3H); *C NMR (CDCls, 100 MHz): 8¢ 159.2,
135.7, 134.0, 131.3, 129.7, 129.5, 127.8, 113.9, 95.8, 95.5, 73.7, 73.1, 70.5, 67.6, 60.6,
55.8, 55.7, 55.4, 46.7, 46.3, 43.9, 43.3, 43.1, 42.8, 37.7, 36.6, 27.0, 26.4, 26.2, 20.1, 20.0,
19.9, 19.3, 18.6, 14.5; HRESIMS m/z 823.5528 [M+H]" (calcd for CaoH790gSi,
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823.5544); [a]**%5-18.6 (c 0.38, CHCls); IR (film) 3456, 2929, 1513, 1247, 1110, 1038,
822, 702 cm™.

44b: *H NMR (CDCls, 400 MHz): 8y 7.69-7.63 (m, 4H), 7.45-7.34 (m, 6H), 7.26 (d, J =
8.5 Hz, 2H), 6.86 (d, J = 8.5 Hz, 2H), 4.63 (s, 2H), 4.61 (d, J = 6.7 Hz, 2H), 4.59 (d, J =
6.7 Hz, 1H), 4.51 (d, J = 11.2 Hz, 1H), 4.37 (d, J = 11.2 Hz, 1H), 3.89-3.72 (m, 4H), 3.88
(s, 3H), 3.69 (m, 1H), 3.44 (m, 1H), 3.35 (s, 3H), 3.30 (s, 4H), 1.98-1.72 (m, 5H), 1.70-
1.54 (m, 5H), 1.52-1.23 (m, 9H), 1.22-1.07 (m, 2H), 1.04 (s, 9H), 0.93 (d, J = 6.1 Hz,
3H), 0.92 (t, J = 7.2 Hz, 3H), 0.92 (d, J = 6.5 Hz, 3H), 0.89 (d, J = 6.5 Hz, 3H); *C NMR
(CDCls, 100 MHz): 8¢ 159.2, 135.7, 134.0, 131.0, 129.7, 129.6, 127.8, 113.9, 95.8, 95.6,
74.3,73.1,70.6, 66.7, 60.6, 55.8, 55.7, 55.4, 45.7, 43.6, 43.0, 42.6, 41.2, 37.7, 36.5, 27.0,
26.4, 26.3, 21.1, 20.1, 19.3, 18.6, 14.5; HRESIMS m/z 823.5553 [M+H]" (calcd for
CuoH7908Si, 823.5544); [0]*®%5 -41.1 (c 0.45, CHCIl5); IR (film) 3446, 2929, 1512, 1247,
1108, 1038, 819, 701 cm™.

(4R,6S,8R,10S,12R,14S,16S)-18-(tert-Butyldiphenylsiloxy)-12,16-
bis(methoxymethoxy)-6,10,14-trimethyloctadecane-4,8-diol (45)

OH = OH = O : OMOM

OTBDPS

To a solution of 44a (31.2 mg, 37.9 umol) in CH,CI; (200 uL) was added pH 7 phosphate
buffer solution (60 uL) under nitrogen. To the mixture was added DDQ (14.5 mg, 63.9
umol) at 0 °C and the mixture was stirred for 15 min. The reaction was quenched with
saturated aqueous NaHCO3 (5 mL) and the layers were separated. The aqueous layer was
extracted with EtOAc (3 x 5 mL). The combined organic layers were washed with brine,
dried over Na,SO,, filtered and concentrated under reduced pressure. The residue was
purified by chromatography on silica gel (2:1 to 1:1 to 1:2 hexane/EtOAc) to give 45
(25.0 mg, 35.6 umol, 94%) as a colorless oil.

'H NMR (CDCls, 400 MHz): & 7.71-7.56 (m, 4H), 7.48-7.31 (m, 6H), 4.67 (d, J = 7.0
Hz, 1H), 4.62 (d, J = 7.0 Hz, 1H), 4.59 (d, J = 7.0 Hz, 1H), 4.58 (d, J = 7.0 Hz), 3.86 (m,
1H), 3.83-3.63 (M, 5H), 3.36 (s, 3H), 3.30 (s, 3H), 1.89 (m, 1H), 1.83-1.72 (m, 2H), 1.72-
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1.58 (m, 4H), 1.58-1.30 (m, 11H), 1.29-1.17 (m, 3H), 1.04 (s, 9H), 0.93 (d,J =6.5 Hz,
6H), 0.92 (d, J = 6.5 Hz, 3H), 0.92 (t, J = 7.2 Hz, 3H) ; *C NMR (CDCls, 100 MHz): 8¢
135.7,134.0, 129.7, 127.8, 95.9, 95.4, 73.9, 73.1, 69.8, 67.7, 60.6, 55.8, 55.7, 46.6, 46.2,
45.9,43.4,42.6,42.2,40.7, 37.8, 27.0, 26.5, 26.2, 26.0, 21.2, 19.7, 19.6, 19.3, 19.0, 14.3;
HRESIMS m/z 703.4962 [M+H]" (calcd for C41H710-Si, 703.4969); [0]**"5 +0.1 (c 0.19,
CHClIsy); IR (film) 3316, 2930, 1428, 1039, 701 cm™.

(3S,55,7R,9S,11R,13S,15R)-1-(tert-Butyldiphenylsiloxy)-3,7,11,15-
tetrakis(methoxymethoxy)-5,9,13-trimethyloctadecan (46)

OTBDPS

To a solution of the 45 (22.5 mg, 32.0 umol) in dry CH2Cl, (300 pL) under nitrogen at 0
°C were added N,N-Diisopropylethylamine (90 pL, 522 umol) and chloromethyl methyl
ether (30 pL, 378 umol) successively, and the mixture was stirred at 0 °C for 5 min and
warmed to room temperature. After additional 3 h, the reaction was quenched with 1M
aqueous HCI (5 mL) and the layers were separated. The aqueous layer was extracted with
CH.CI, (3 x 5 mL). The combined organic layers were washed with saturated aqueous
NaHCO;3; and brine and dried over Na,SQO,, filtered and concentrated under reduced
pressure. The residue was purified by chromatography on silica gel (5:1 to 5:2 hexane/
EtOAC) to give 46 (23.3 mg, 29.4 umol, 92%) as a colorless oil.

'H NMR (CDCls, 400 MHz): 84 7.71-7.59 (m, 4H), 7.47-7.31 (m, 6H), 4.72-4.62 (m, 3H),
4.62-4.53 (m, 5H), 3.85 (m, 1H), 3.81-3.72 (m, 2H), 3.72-3.56 (m, 3H), 3.36 (s, 3H), 3.36
(s, 6H), 3.30 (s, 3H), 1.82 (m, 4H), 1.65 (m, 2H), 1.55-1.28 (m, 12H), 1.28-1.15 (m, 3H),
1.04 (s, 9H), 0.92 (d, J = 6.5 Hz, 6H), 0.91 (t, J = 7.4 Hz, 3H), 0.88 (d, J = 5.8 Hz, 3H);
3C NMR (CDCls, 100 MHz): 8¢ 135.7, 134.0, 129.7, 127.8, 95.9, 95.5, 75.3, 73.8, 73.6,
73.1,60.6,55.7, 55.7, 43.4, 43.3, 43.1, 43.1, 42.9, 37.8, 37.3, 27.0, 26.4, 26.0, 25.8, 19.9,
19.5, 19.3, 18.5, 14.4; HRESIMS m/z 813.5324 [M+Na]" (calcd for CusH7s0sSiNa,
813.5313); [a]**% +3.4 (c 0.20, CHCIs); IR (film) 2930, 1460, 1378, 1143, 1095, 1039,
703 cm™.
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(3S,5S,7R,9S,11R,13S,15R)-3,7,11,15-Tetrakis(methoxymethoxy)-5,9,13-
trimethyloctadecan-1-ol (47)

A 1 M solution in THF of TBAF (50 uL, 50 umol) was added to a solution of 46 (21.4
mg, 27.0 umol) in dry THF (300 uL), and the mixture was stirred at room temperature
for 4.5 h. The reaction was quenched with H,O (5 mL) and the aqueous layer was
extracted EtOAc (3 x 5 mL). The combined organic layers were washed with brine, dried
over Na,SO,, filtered and concentrated under reduced pressure. The residue was purified
by chromatography on silica gel (20:10:1 hexane/EtOAc/MeOH) to give 47 (14.6 mg,
26.1 umol, 97%) as a colorless oil.

'H NMR (CD;0D, 400 MHz): &y 4.80-4.64 (m, 8H), 3.88 (m, 1H), 3.85-3.78 (m, 2H),
3.78-3.68 (m, 3H), 3.46 (s, 3H), 3.45 (s, 6H), 3.45 (s, 3H), 1.99-1.81 (m, 3H), 1.81-1.40
(m, 13H), 1.40-1.23 (m, 5H), 1.06 (d, J = 5.8 Hz, 3H), 1.05 (d, J = 6.3 Hz, 3H), 1.04 (d,
J=6.1 Hz, 3H), 1.01 (t, J = 7.2 Hz, 3H); *C NMR (CD30D, 100 MHz): &¢ 96.8, 96.5,
96.4, 76.6, 74.9, 74.8, 74.6,59.5, 56.1, 56.0, 44.6, 44.4, 44.3, 44.2, 43.7, 38.7, 38.4, 27.2,
27.1, 27.0, 20.7, 20.7, 20.4, 19.4, 14.6; HRESIMS m/z 575.4120 [M+Na]* (calcd for
CaoHeoO9Na, 575.4135); [0]**%5 +16.7 (c 0.50, CHCls); IR (film) 3494, 2931, 1464, 1378,
1212, 1145, 1096, 1040, 916 cm™.

Methyl [(3S,55,7R,9S5,11R,13S,15R)-3,7,11,15-tetrakis(methoxymethoxy)-5,9,13-
trimethyloctadecanoyl]leucinate [(9S)-15]

To a solution of 47 (5.0 mg, 9.0 umol) in CH3CN (200 pL) and H,O (50 pL) were added
TEMPO (2.4 mg, 15.4 umol) and BAIB (22.2 mg, 68.9 umol) at room temperature, and
the mixture was stirred for 2.0 h. The reaction was quenched with saturad aqueous
Na,S,03 (2 mL), followed by 1 M aqueous HCI (2 mL) and the layers were separated.
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The aqueous layer was extracted with EtOAc (3 x 5 mL). The combined organic layers
were dried over Na,SQq, filtered and concentrated under reduced pressure. The residue
was purified by chromatography on silica gel (5:1 hexane/EtOAc to 5:1 CHCl3/MeOH)
to give crude product as a CHCIs/MeOH layer. The crude product was concentrated under
reduced pressure and used in the next step without further purification.

To a solution of the crude product and L-Leu-OMe-HCI (3.7 mg, 20 umol) in dry DMF
(300 pL) were added HOALt (6.0 mg, 44 umol), N,N-diisopropylethylamine (30 uL, 174
umol), and HATU (22.2 mg, 58.4 pumol) successively at 0 °C, and the mixture was
warmed to room temperature and stirred for 8 h. The reaction was quenched with 1 M
aqueous HCI (5 mL) and the layers were separated. The aqueous layer was extracted with
EtOAc (3 x 5 mL). The combined organic layers were washed with 1 M aqueous HClI,
saturated aqueous NaHCO3 and brine and dried over Na,SO,, filtered and concentrated
under reduced pressure. The residue was purified with PLC (10:10:1
hexane/EtOAc/MeOH), followed by HPLC [Cosmosil 5C1gMS-I1 ($20 x 250 mm); flow
rate 5 mL/min; detection, UV215 nm; solvent 85% MeOH; tr = 55.7 min] to give (9S)-
15 (4.1 mg, 5.9 umol, 65% in 2 steps) as a colorless oil.

'H NMR (CD30D, 400 MHz): 81 4.76-4.61 (m, 8H), 4.51 (dd, J = 8.9, 6.2 Hz, 1H), 4.11
(m, 1H), 3.83-3.76 (m, 2H), 3.75 (s, 3H), 3.69 (m, 1H), 3.413 (s, 6H), 3.411 (s, 3H), 3.40
(s, 3H), 2.56 (dd, J = 14.0, 7.0 Hz, 1H), 2.43 (dd, J = 14.0, 5.9 Hz, 1H), 1.94-1.78 (m,
3H), 1.78-1.50 (m, 12H), 1.50-1.37 (m, 4H), 1.37-1.18 (m, 5H), 1.07-0.95 (m, 18H); *C
NMR (CDs0D, 100 MHz): 8¢ 174.6, 173.6, 97.0, 96.5, 96.4, 76.6, 74.9, 74.8, 74.6, 56.1,
56.0,52.6, 52.1, 44.7, 44.6, 44.4, 44.3, 43.9, 43.7, 42.9, 41.4, 38.4, 27.2, 27.0, 26.0, 23.3,
21.8,20.9, 20.8, 20.4, 19.4, 14.6; HRESIMS m/z 694.5087 [M+H]" (calcd for C3sH72NOus,
694.5105); [a]*°5 -10.8 (¢ 0.32, CHCIs); IR (film) 3313, 2931, 1747, 1654, 1535, 1439,
1376, 1148, 1096, 1039, 916 cm™,
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Evaluation of inhibitors for minnamide A induced cell death

HeL a cells were seeded at 4 x 10° cells/well in 96-well plates (Iwaki, Japan) and cultured
for 12 h. Then various concentrations of inhibitors in 2 pL of MeOH or H,O were added
to each well. After additional 12 h, a 200 uM solution of minnamide A in MeOH (2 pL,
final concentration of 2 uM) was added to each well and the cells were incubated for 4 h.
Then the culture media were replaced with fresh media. Cell viability was measured by
MTT assay.® The assays were performed in triplicate, and the experiments were repeated
three times. Data are presented as mean = standard error (SE).

Evaluation of metal ions for minnamide A induced cell death

HeL a cells were seeded at 2 x 10° cells/well in 96-well plates (Iwaki, Japan) and cultured
for 12 h. Then various concentrations of metal salts in 2 uL of H,O were added to each
well. After additional 12 h, a 90 uM solution of minnamide A in MeOH (2 pL, final
concentration of 0.9 uM) or 2 uL of MeOH without minnamide A (as a control) was
added to each well and the cells were incubated for 48 h. Then the culture media were
replaced with fresh media. Cell viability was measured by MTT assay. The assays were
performed in triplicate, and the experiments were repeated three times. Data are presented
as mean + SE. Statistical comparisons between experimental groups were analyzed by
Welch two sample t test. Statistical analyses were performed by R software (version 3.3.3,
https://www.r-project.org).

Analysis of reactive oxygen species production

HeL a cells were seeded at 20 x 10” cells/well in 6-well plates (Iwaki, Japan) and cultured
for 12 h. The media were replaced with 3 mL of fresh media with or without inhibitors.
After 12 h, The media were removed and each wells were washed with PBS (-) (2 x 1.0
mL). Then the cells were trypsinized with 0.05%-Trypsin/0.53 mM-EDTA solution
(Nacalai Tesque, Japan). The trypsinized cells were transferred to microtubes and
centrifuged at 1,500 g for 2 min under room temperature. The supernatants were removed
and the pellets were suspended with 1 mL of Hanks Balanced Salt Solution (HBSS,
Gibco) by pipetting gently. A 2 mM of solution in DMSO of C11-BODIPY (1 uL) to the
suspensions (final concentration of 2 uM) and the suspensions were vortexed for 1 s. The
suspensions were incubated for 10 min at 37 °C in a tissue culture incubator under dark
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condition. The suspensions were centrifuged at 1,500 g for 1 min under room temperature,
removed supernatants and resuspended in 1 mL of fresh HBSS under dark conditions.
The centrifuging, removing supernatants and resuspension were again with same
conditions. The suspensions were centrifuged at 1,500 g for 1 min under room
temperature, removed supernatants and resuspended in 430 pL of fresh HBSS under dark
conditions. A 400 pL of the cell suspension were used for fluorescence measurements.
Fluorescence measurements were carried out at room temperature using a FP-8300
spectrofluorometer (JASCO, Japan). To the stirred suspensions were added 1 uL of
minnamide A in MeOH and fluorescence of C11-BODIPY was measured by
simultaneous acquisition of the green (ex/em 485/520 nm) and red signals (ex/em
581/595 nm). The experiment of control groups was performed by same methods
described above without inhibitors and minnamide A. These experiments were performed
three times, independently. Data are presented as mean + SE.
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COSY (400 MHz, CsDsN) spectrum of minnamide A (2)
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TOCSY (400 MHz, CgDs, mixing time = 50 ms) spectrum of 5
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J-resolved (400 MHz, C¢Dg) spectrum of 5
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TOCSY (400 MHz, CsDg, mixing time = 10 ms) spectrum of 9a
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TOCSY (400 MHz, C¢Dg, mixing time = 50 ms) spectrum of 9a
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'H NMR (400 MHz, C¢Dg) spectrum of 10a
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'H NMR (400 MHz, C¢Dg) spectrum of 11a

(thousandths)

<
=
=

lq.O

2.15

537

=

2.88

3.86

14.18

21.00

9.0

X : parts per Million : 1H

T

T

__A
8.0

140



TOCSY (400 MHz, C¢Dg, mixing time = 10 ms) spectrum of 11a
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'H NMR (400 MHz, C¢Dg) spectrum of 12a
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TOCSY (400 MHz, C¢Dg, mixing time = 50 ms) spectrum of 12a
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TOCSY (400 MHz, CsDg, mixing time = 50 ms) spectrum of 9b
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'H NMR (400 MHz, C¢Dg) spectrum of 10b
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'H NMR (400 MHz, C¢Dg) spectrum of 11b
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TOCSY (400 MHz, C¢Dg, mixing time = 50 ms) spectrum of 11b
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'H NMR (400 MHz, C¢Dg) spectrum of 12b
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TOCSY (400 MHz
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D¢, mixing time = 50 ms) spectrum of 12b
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J-resolved (400 MHz, CD;0D) spectrum of 14
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COSY (400 MHz, C¢Dg) spectrum of 24
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COSY (400 MHz, C¢Dg) spectrum of 29
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HEE

ARTE 1, BERARFHE T AR RAPME AR EIC B W T, KKER
DO TIHEDY L I{To72bDTH 5,

TR OBHHETH Y, BRLFEOMFBDO L o 2R E R Z T A
N, WOb B0 THEL T F T o K KBEREEZICO X EHF L -
FET, MEREPLHEAR TR - 2R IR CBIE 2 Wiz72 &, JE L
HL EFE 9,

FER. B LR ICTE o THIR @ ZIRE L 72X o 2 HRERR S HAAER ZHHE — A
BIRICLDIVEHR L LT ES, 77227 ) 7T OEECHERE., H1EER
KEDLETYT /AN T ) THROEEEL SIFE W22 &, JEJELB L BT
EQE RN

Kim X 2T 2 1cH7-0 ., BEABHEZENCIREL ZI 0T L2
JELRFR B TAAE AR 2 0 Bk, FIG FHEZBI%. SiEAR M ERRICL X
D EHER L BT ET,

WD WEHETHE L, JREL TS F I L-BERAKRY
BT KREMEBhE CR L AP R e T35 dEBd%) 10 X 0 E#HH Lk
JFE 9,

W& PE P SERIC B 72> CTHRE & THE L FEWE L BEERAKY
PR T30 SEIRE B EOC O X 0 S L BT E T,

BT )N T )V TORE, v 7otz L CHEX T L AFERCEH
R AHE—EBER. BERKFHE - MERAEBR <O X 0 R L BT
9,

R PEICBI LT, 800 MHz 1€ X 3 NMR MBI ZWH /1 23w Lz IR
KAEMBIAR AR v 2 — REBEHEIO L Y E#P L BT E 3,

) MMEZICE L C MK F IV E Ll TR TREE B
RICOX DV IEHFHL EF T4,

FIFEICHFFEEICAD . FICF O, FRci3ELd v, KEMHEE L - T
SNFNINTARK, MAE —ARICOX VSR L EF s, EEXS L w
3, BIHICEE>TCLESRRICHE L ICT Z T2z TR L <
ez enTcEFE Lz, EBLERLFL EFE I,

Minnamide A IR D A RLICH; T L T w272 W=l E iR —K. /IMRIESE
o BRI OD X DV E#HGZLET, EEA) T varhvEb s
HICHE> T N EZA0m e LTifEEREICIIEVFHATLE, B
CHIFLHR L R E 5,

Minnamide A IEIFEEEE D & RICHE T L 72Ffic, AHEAKICOWTHD ED
2B 7o TR, o 2RI B E PR ICS < DR 2 B »Tu 72720 720
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BRSO X WS Z L3, AV — bR RICHERIC O W T o IcD
STHW:E-EB2P T T, EBHICERET T T8 TEE L, ELHERLEL
EFET,

[6] U HBEE R E - (ERAF I CH V., £ oRfE2®mI L X 55 LHH
F e lno CTHW/NIRBEK, ZEEAK, FGLRK, HHE K, SilE
KEREG, SRR, MAETRICODI VEH V2L T, 15 0BT o%
LWIFRAEEZ XS 2 e BT T L7z, BLMELEL L3,

T, HMHBETKE EDIKHZ WIFREDOFEHRAZE> Tz W - fefksE
LRI & DI 72 L 9,

Minnamide A JEIFBEE D ARICE T LT X EE LT & R VM T &
7o CIHWZEMREO/NGREHK, BAHEK, DMRIEREK, SRER, IS

K, KEENK, FEBEERRICOE YV E#HCZLET, oo oL
b\ﬁﬁhi{ﬁ% 5z &ﬁ)f?ibto JEL P L B E 9,

T2, BRIMEZLEDICTER, L DOBL WK Z & i L 2= 0 HEk
IR QU= LRl D=

53 e

i ﬂ\@% ITC. EHICHR, v, WAL TOLIE L. AR TY
‘LT NEE BHCLbL VEH Gz LT, HICRADOKG TR VRS XX T
SR, WFERBT 22 L3 CE L L, B TR AL L BT ST,

REIChRpHIE AR H - CREEL, LA L, BELTh
2R B METICLALEBGE LE T, PIRAEE%S ETAE SR
X2 L) L7z, WD TELMELRFL BT FE T,

EAEF
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