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Figure 1. Raft-based heterogeneity in cell membranes. (a) Nanoscale assemblies of sterols
such as cholesterol, sphingolipids such as sphingomyelin and glycosphingolipids (GSLs), and proteins
in the plasma membrane fluctuate in composition. GPI-anchored proteins, transmembrane raft proteins
and acylated cytosolic proteins are postulated constituents of these assemblies, which can be modulated
by actin filaments. Not much is known about the state of nanoscale assemblies in the cytosolic leaflet
of the membrane. Transmembrane non-raft proteins are excluded from these assemblies. (b) In response
to external signals or the initiation of membrane trafficking events, raft platforms are formed from
fluctuating assemblies through lipid—lipid, lipid—protein and protein—protein oligomerizing interactions.
These platforms are important for membrane signalling and membrane trafficking. (c) Micrometre-
sized raft ‘phases’ can be induced at equilibrium. This state can be seen in model systems such as giant
unilamellar vesicles (GUVs) and also in giant plasma membrane vesicles (GMPVs) or plasma
membrane spheres released from the cell. Reprinted from Nat. Rev. Mol. Cell. Biol. 2010, 11, 688.®
Copyright © (2010) Macmillan Publishers Ltd.
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Figure 2. Strategy of this study. The author focuses on small molecules which induce unique
phenotypes by binding to membrane lipids. Morphological changes caused by these compounds may
be due to perturbation of the protein functions regulated by their target lipid molecules or membrane
microdomains. Therefore, mode of actions of these compounds are expected to be linked with

physiological functions of their target lipids.
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Figure 3. Natural products known to bind membrane lipids.
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Figure 1-1. Strategy of the 1st screening for membrane-targeting natural products. (a)
Biosynthetic pathway of ergosterol in fission yeast. (b) Growth curves of Aerg2 (red) and wild-type

(black) cells treated with amphotericin B (left) or cycloheximide (right) for 24h are shown.
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Figure 1-2. Strategy of the 2nd screening for membrane-targeting natural products. (a)
LC-MS profiling of microbial broth extracts. Well-known polyene macrolides such as pimaricin can be
identified from their characteristic UV spectra and m/z values. (b) Morphological change of fission
yeast cells treated with compounds causing membrane damage. AmB-treated cells form large vacuoles

probably due to channel formation by AmB. Scale bars indicate 10 pm.
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Figure 1-3. Result of the screening. (a) Growth of wild-type and Aerg2 cells treated with
microbial culture extracts for 24 h are plotted. Broths plotted in the yellow square are expected to
contain membrane-targeting natural products. (b) Growth curves of Aerg2 (red) and wild-type JY1
(black) cells treated with the hit broths for 24 h are shown. Culture broth of marine-derived
Streptomyces sp. (left) contained heronamides (Chapter 2), while the combined-culture of S. nigrescens

and T. pulmonis (right) produced 5-alkyl-1,2,3,4-tetrahydroquinolines and streptoaminals (Chapter 3).



1.3 #&%&

1 BT, FEICEST 2R TLEmE T D A7 ) —=0 7 R & 5
L. #2,000 DA REMED O 4o v b7 R A E®E L, LIRAZ J—
=T THEE6 VT AD AT IR =~ a ) RRGERL TN I &b,
BAZ Y —=v T RBIRERECMEEZNE LR TE D L0 LW TE 5, Mg
BRaH o 7drH 200%, FNEFNE 2 3 Tih% heronamide ¥ & . 26 3 & Tk
% 5aTHQ % R L7-5#ik CTH % (Figure 1-3), 7%V 2 2 7 LT OWTIHERALE,
IEHEARROREICITE > TV,

2= RAEYTEEE R T LWIREREWE LG L T20IE, A7 ) —= 712 E
DEHRRRY V—REHND D NEE TH 5, Heronamide 2 5 EoWiE Hobr# 1X, b2
EHRDO DI THFITER SN TORWEEMEM DT 14 7 F U —180 Bk 515
7zt v M CTh D, 5aTHQ AEFERE b £7o, HfH & I = — VG HME OB AR &K (GF
3ETHER) 20 kD A ENT= LD TH D, TDI=h, BERECWEEY, s L
O A7V —= 71T 2 & T, &< B2 4 A4 TORE-EEMEN S LND
CHR S NG, ITBIEE Clddl, FEEOBE LA ) —=V 7R EHN T, B
ORFEMEY 1920 Vo T AN L IREREMEOREEIT T 1 IRA IV V—=0 T %
W LRI 13 o L LD Ly, BICHEREIC K- TAES DI RY =~ 7
ol REEHb0E 1 >H M) - 7- (Data not shown), FERGRIKIZEE L 7= H
WD 1 oG JEE & DFREERMBN TWRWMEEY 7V — 7125 £ 5 5T LR 3
RSN b b, SRR RRERE AT V) —=2 I T HEMER R T 1=,

EETREALE LT R v ru ) RegietiRiiticthors ReREkas
Wb EENTODAEENAZ GE CTE T, BUTORE R TITE O L ) et &k &85 T X
RUVENEIT BN D, LavL., #%ikod heronamide $5° 5aTHQ %72 & Fi@ifsE =3 A
A7 V== TR o TCINE TILHBIEEAROMEZZET 2 & FEICHAET 2
EEIT, RERMOEND LV IXEMEVEESRRIENH S Z E N TRENS, D
e, FTEARRZ YV —= 7 TEHFARER T e AnbE v MEGWE ZEIUS L.
Bex IR IRERE S E OB LN - AW ICE T 2 M A2 DT BT, L0 BER
DRI 72 R BT MR 1Bk L T WD IR L W E B b b,



1. 4. RERIF

Yeast strains. S. pombe strains used in this study are JY1 (h™) and erg mutants (h™ ura4-C190T leul-
32 erg2::urad*, h™ ura4-C190T leul-32 erg31::ura4-FOAR erg32::ura4*).(6

15t Screening: Growth inhibitory activity against fission yeast cells. The author screened microbial
broths for membrane binding molecules that exhibit selective growth inhibition; culture broths that
preferentially inhibited growth of wild-type cells compared to Aerg2 or Aerg31 Aerg32 cells could
contain membrane binders. Growth inhibition was tested as follows. Mid-log phase inoculum in YE5S
medium was diluted to 0.0033 ODsgs and cells were exposed to broth extracts dissolved in DMSO
(1% v/v) at 30 °C for 24 h. After incubation, the turbidity was measured at ODsgs using an EnVision-
2103 Multilabel Plate Reader (PerkinElmer). Broths that exhibited less growth inhibition against erg

mutant cells were re-evaluated for their selectivity.

2"d Screening-1: LC-MS analysis. 2 uL of the 5-fold diluent of microbial extracts dissolved in DMSO
were injected to LC-ESI-MS. Analytical condition was as follows; column, Imtakt Cadenza HS-Cis
$#3x150 mm; solvent, 10% aq. MeOH during 0-2 min, 10-100% ag. MeOH gradient during 2-12 min,
100% MeOH gradient during 12-20 min; flow late, 0.25 mL/min. Broths containing the peaks whose
UV absorption were typical for polyene macrolides were eliminated from the candidates.

2"d Screening-2: Morphological effects. Mid-log phase inoculum of wild-type yeast cells in YE5S
medium was diluted to 0.3 ODsgs and cells were exposed to broth extracts dissolved in DMSO (1%
v/v) at 30 °C. After incubation for 1, 3, 9 and 24 h, morphological changes of the yeast cells were

observed by microscopy.

10
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2. 1. Heronamide ¥ BB L #EEISTE
2. 1. 1. 8-Deoxyheronamide C & & U heronamide H D Kt
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heronamide C (4)® 8 (\iT A X UK TH D Z L3~ 7- (Figure 2-1, Table 2-1),
Heronamide A (2), B (3)% X U8 C (4)I%. 2010 4£(Z Capon, R. J. 5 (2 & - T Streptomyces J&
HEREN DSz AR ) =~ v T 7 % 5 ThHM, NSU8I3 kD E-#H H W) % by
LA, THED heronamide C (4) KA Q13RS ., £hEih 229 mg &
17.0mg DN ETEHE LN HRORY) o ~rn T 7 % 5 Th% BE-14106 3 L O ML-
449 DABIFZEIZEH\ T, 8 MEOKERILIZAR U 7 F KA liliEs: CERMRE SR S vz
BIZV R 7B A PASO ICEVEAIND Z EARBEINTNDHBC, =Dz Lk, 8-
deoxyheronamide C (1) i heronamide C (4) DA A ERHIERA TH 5 & HEH S 7=,

8-deoxyheronamide C (1) heronamide A (2) heronamide A (2)
(reported structure) (revised structure)

o o
heronamide B (3) heronamide C (4) heronamide C (4)
(reported structure) (reported structure) (revised structure)

Figure 2-1. Structures of heronamides.

11



Table 2-1. NMR data of 8-deoxyheronamide C (1) in pyridine-ds at 40 °C

IH (mult., J in Hz)? B3C (mult.)? HMBC NOESY
1 - 168.6 ()
2 6.27 (mb) 1245() C-1,C-4 NH
3 7.37 (dd, 10.6, 14.9) 142.1(d) C-1,C-5 H-5
4 6.26 (M) 1253(d) C-2 Hz-28
5 6.36 (d, 15.0) 1451(d)  C-3,C-4,C-7,C-28 H-3, H-7
6 - 135.6 (s)
7 5.57 (br. dd) 134.4(d) C-5,C-8,C-28 H-5, H-8a
8a  2.41(md) H-7, H-8b
375()  C-6,C9
8b 3.09 (ddd, 4.9, 10.0, 12.4) H-8a, H-9, Hs-28
9 5.00 (m) 68.6 (d) H-8b, H-12, H3-28
9-OH 6.62 (br.s) -
10 5.78 (dd, 8.4, 10.7) 135.7(d)  C-12 H-11
11 6.27 (m°) 1296(d) C-9 H-10
12 6.26 (M) 1249 (d) C-10 H-9, Hs-29
13 6.22(d, 15.3) 137.4(d)  C-11, C-15, C-29
14 - 134.3 (s)
15  6.13(d, 11.3) 131.7(d)  C-13,C-17, C-29 H-17
16 6.47 (dd, 11.3, 15.2) 1315(d) C-18 H-18a, Hs-29, NH
17 5.87(ddd, 5.3,10.6, 15.2) 131.6 (d) H-15, H-18b, H-19
18a 2.09 (m) H-16, H-18b, NH
420()  C-17,C-19
18b 2.56 (ddd, 2.6, 8.1, 12.8) H-17, H-18a, H-19
19 456 (m) 50.8 (d) H-17, H-18a, H2-20, H-21, NH
20a  2.40 (m°)
394 ()  C-18,C-19,C-22 H-19, H-21, H-22, NH
20b  2.46 (m°)
21 5.78 (m) 129.3(d)  C-19,C-20, C-23 H-19, H2-20, H-23
22 6.23 (dd, 10.3, 15.1) 133.5 (d) C-20, C-21, C-24 H2-20, H-24
23 6.06 (dd, 10.3, 15.1) 1315(d) C-25 H-21, H2-25
24 5.63 (dt, 7.4, 15.1) 133.6 (d) C-22, C-25, C-26 H-22, H2-25, H2-26
25 2.01 (dt, 7.4, 7.4) 353 ()  C-23,C-24,C-26,C-27  H-23, H-24, Ho-26, Hs-27
26 1.36 (tq, 7.4, 7.4) 23.2 (b) C-24, C-25, C-27 H-24, H2-25, Hs-27
27 0.86 (t, 7.4) 142(q)  C-25,C-26 Hz-25, Ho-26
28 1.80 (s) 12.1(q)  C-5,C-6,C-7 H-4, H-8b, H-9
29 1.75 (s) 130(q)  C-13,C-14,C-15 H-12, H-16
NH 7.62 (d, 10.3) - C-1 H-1, H-16, H-18a, H-19, H2-20

aChemical shift values were normalized using residual solvent peaks, dn 7.22 ppm and dc 123.9 ppm.

beSignals overlapped.
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2.1.2. Heronamide A D& EEIE

Heronamides A (2)35 X O C Q) DK FE ALY LT — Z I SCHkE & —2 L7223, NOESY
ARy NVIENT ORGSR, Capon, R.J.H MG LIEIIIF BN H D Z LR ST
(Figure 2-2), Blzix, 24L& ISt v bk, o7V 7w (9.2 H) AR
WZEND R TV ARETH D EIREIINTWADA, 7 e oy NOESY FHES
IFINONRVABETHD Z L AR LTV, £ 2 TiffliZze NMR fi#dt & B Mosher
EOOOMAIZ LY | LB 2 ORI L 2 e 5 2 & & L,

F9°. NOESY 227 L OFEMAMNT#S R4k~ 2 (Figure 2-2), 2 i kEH L7
AARFEITNTIE 5 - 13 fLD/KFEEMBEEZ R L TWHM, 5 {7 - 13 fiKEMTH
NOESY FHEANBLUI S 7=, MZ T, 247 « 13 A7 * 15 A /KT T AVITIT W IEREIC 5 5 =
ENHIBALIZZ L, 2L « SAL - TAL « 1347 « 15 (K FEIZT T, {kEm20+E
BROF—mEIZEM L TWD Z EDNRENTe, —F, 29 KB ITIL 447 - 28 F - 12 fif. -
16 (r/KFE & DOAAREAS, 28 WE/KFEITIT 4L « 8 0iF « 12 hikFE L DN R SH, 8 (kK
F 12 fKEMOMBEENEDZ LT, ZNOHOKENS I FHEIZEM LTS Z &
DHBMNE ST, ZHOOEEIL, 7L - 8 MiKEMBI N TAL - 12 (iAKFEMDO A &
TV TEBBRENZ E0 B FFI N, FRIC, BARERDT o FRIETHD Z &
ZEW Lz, &612, LAY 2 1T acetone dimethylacetal % Kt S B 7-35E (K 5  NOESY
RTINS 8 L + 9 NLOKERILITHAAEE & [FER syn-1,2-diol TH 5 Z & MR Sz
(Figure 2-3), LA LEOfENT A5 heronamide A (2)D IE LW MERI SR 2E % 25*, 7S*, 8S*,
9R*, 12R*, 155*, 16R*, 17S*, 19R* L - & L 7=,

Figure 2-2. Key NOESY corelations of heronamide A.
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<« - > : NOESY

Sduzmes : 11.1 Hz
3JH-8/H-9 : 59Hz

Figure 2-3. The relative stereochemistry of the diol functionality. Isopropylidene derivative

5 was prepared (left) and the NOESY spectrum and 3Jpy values were analyzed (right).

Heronamide A (2) Do LR b #1E, te B Mosher iE@DTHE L7z, Capon, R.J.5H HA
{2 C heronamide A D NLARKEIE 2 WS L7223, £ O@EAIX 17 (i KBBEDOHTH Y | 87 -
9 (/KR I DHERI ST AL I T E BERE ] & 40T 7208, 235 1T heronamide A (2) % 9,17-
bis-MTPA = A T /Lfk 6 ~ & Z5#i L7-, (R)-MTPA = 25 /L & (S)-MTPA = % T L Dk
7 MEDOEERHT LIz Z A, 1TSBELVOR LW IHFERBE LI, 245 1% NOESY
FABE D &N E IERE I P G Lo 7= (Figure 2-4), LA EDFER N5, heronamide
A Q)DL L% 28, TS, 8S, 9R, 12R, 155, 16R, 175, 19R & i L, Wi O aT
ICE -7,

Figure 2-4. A& (= &s - 8r, ppm) values for the bis-9,17-(S)- and bis-9,17-(R)-MTPA esters

of heronamide A.
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2. 1. 3. Heronamide C M{E#ZE# & 8-deoxyheronamide C D #Ext 3L AL

Capon, R. J.5 1%, heronamides A (2), B (3), C (A)DHEE LA AR L LT, 20 F+NEAL
MBS Z BT 5 2 =— 27 ZGEL 228 L T\ 5, 3725 heronamide C (4)(X[6+6]
BRALATINEOSZ & = C heronamide B (3)~, 16, 17 iz " EiEG N TR F AL I 7=t
(2. SN2 BUis & e < [6+AIERALATINE S 3L Z % & heronamide A(2) ~& A S5 & #E
HENTW5 (Figure 2-5)8, (LA 11X 245 heronamide BED A AR A & & 2
HIDT=, 8 fir,9 7,19 (ORI SIARLFIIRFES N TN D & TREL, fEED L
7z heronamide C (4) I X OVEICHEIEE 21T > 7 heronamide A (2) & D Ll ity 72 &2k
WH I EE LTz, Z&#FIE, heronamide C (4)% DMSO H', == CHE#PE3 % & heronamide
AQNVNERT S Z L AERFER L=, LC-MS 24775, heronamide A (2) & [7—D'E &
EPRFHRFE 2R B — 7 1, R RRICIRAE L TIN5 2 L b o 7o (Figure 2-6),
ZDE—27 % HPLC THYHE - 584 . NMR T2 6. I3 HeH < heronamide A (2)
ThDZENHERTE 2, ZOFEFR) 5. heronamide A (2) & C (4) 8,9,19 (. DHaxE T
BEERFE—Th D Z ENKFFS Tz,

[6+6] cycloaddition

17 epoxidation / Sy2 cyclization
[6+4] cycloaddition

heronamide C (4)

heronamide A (2)

Figure 2-5. Plausible model for the biosynthesis of heronamides. Based on the
biosynthetic route of BE-14106 in Streptomyces sp. DSM 21069, it is expected that heronamide
C (4) is produced by oxidation of 8-deoxyheronamide C (1) that is a PKS product. Heronamide A
(2) is proposed to be produced from heronamide C (4) through epoxidation and tandem
electrocyclization, whereas heronamide B (3) is produced by cyclization of heronamide C (4).(9)
This model suggests that heronamides should share the same absolute configurations at C8, C9 and
C19.
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PDA (220 nm) MS

mAU (10, 006, 006

ChT-Z20nm. Thm | TO0 4662057 (10.00)
(a) 200 1:450.3008 (10.00) .
J 25— \\
100
A L S A | T T () ——r——— e e e e
60 70 80 80 10.0 110 min
AU S 75 10.0 12.5
(b) CRT-ZZ0nm, Tim. [ 100 5041 BEZ957 (10.00)
200 T 1:450.3008 (10.00)
1M¥L 257
e T . : T : T 0.0+— — —
60 70 80 90 10.0 110 min

AL
(C) CRT-ZZ0nm, Thm |, 100
1004
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o

T
8.0 7.0 80 a0 100 10 min
-

AL
d CRT-ZZ0nm. Tam [ 100
100

o

60 7o 80 80 W0 14 120w i o0 s

Figure 2-6. Spontaneous conversion of heronamide C (4) to heronamide A (2). LC-MS
analysis of heronamides. Heronamide C (4) was dissolved in DMSO at a concentration of 0.5 mM and
stirred at room temperature for 10 days. PDA (left) and MS (right) chromatograms for (a) heronamide
A (2), (b) heronamide C (4), (c) a stirred solution of heronamide C (4), and (d) co-injection of

heronamide A (2) and the stirred solution of heronamide C (4) are shown.

NOESY A7 kUMM 7> 5535 7= heronamide C (4) DARXI LRI 221E, Capon, R.J. 5
DEREE L 13FJE L. heronamide A QMEIEREIE IS IGT D Z EnNbhoT=720, Jed
fiti B & fF T heronamide C (4) DA EE IEIZE ~ 7= (Figure 2-7), {bA# 1 D NOESY
FIEIAEA® 4 & L<ELTRY ., @& D 841, 9 MDA AL AITEIFESN TS &
Ez bz, £, FLEWO CD AT MERETH L, 2 DDOR Y = &I H
kd 2 LB oh Mo — 7 BEIIIS L, 2O/ ER L TW=Z b, ki
W1 EALEY 4 13RSI EFE LR TH D EB 2 Bz (Figure 2-7), 2L E TORE
REwAE L, LEW L 2,40 8,9, 19 (L ONAREFITHBEL TWD LT CX 57280,
{bE 1 OREXISLIREF % 9S, 19R LIRET DICE 72,

2.1. 4. INE

5952 T LEICIE, IBERER LM OERIZB W T e v b LI MR E O EY)
Mo TEEAIEE LTHHRA Y =~ 27 a7 7 & . 8-deoxyheronamide C (1) % BifS 9%
LI LTs, E72. HHBLA Y heronamide A (2)F L TY C (4)D NMR fi##fr 7> 5 2010
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FOREHIEIZRY BH oI Z L2 AL, SEEEEZITo 72, SHIZ, (LEW 2,
4 DIETERGEZZE12, FiHLEY LIZ oW THZ DM M bF 2 oM L,

~
QD
N—r

[6] (mdeg)

-200 + T T T
240 280 320 360

wavelength (nm)

-200 + T T T
240 280 320 360
wavelength (nm)

Figure 2-7. Absolute stereochemistry of 8-deoxyheronamide C (1) and heronamide C
(2). (a) CD spectrum and key NOESY correlations of 8-deoxyheronamide C (1). (b) CD spectrum and

key NOESY correlations of heronamide C (4). CD spectra were measured in DMSO at a concentration

of 100 pM.
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2. 2. Heronamide D {E 5
2.2.1. HEBEICHT HEEHEEEN

8-Deoxyheronamide C (1) & O ™ heronamide BN A KIEIEE IR AT 2008 9
EHOMNMIT A0, £F. DREFOF A A7 0 — VAR KER FIEE S L O A
RRICHT T 5 A B ETE M A2 MiZE L7 (Figure 2-8), 5 ZEERED 2T 10— LA B RiBESE D
2H, BROME U 2T ABEFEE 32— N9 5851 erg2 & erg3l/erg32, F L
WMHAIBE A BT DR 2 o — N9 DB a1 ergh & ergd (34EF IZHZE TR )09a8) - 2z
T, NS OBEIGFRREERR A VT heronamide JEO A B ETE M 2R R L-, &M
sy & U CHEE L 72 A% 1 1%, erg2 3 X 08 erg31/erg32 i&fnf DOREERK I 5 4 F
PELEEVEPE 2N B AR & bhie U CHBEE 1285 L 7= (Figure 2-8), F7-. AEAKD & BIT T
(LT 5 ergd, ergb & n 1 DREEMRIZS L C b AFHERMIZTH -7, ZHHDE
FERIE AmB 2T B LIZ R SN2 Enh, AEAW 1130 7e< & AmB L i
HRDEREF 26T 22 LR Ehi,

(a) squalene

h (b) (©)
wild-type
/ <100 5100 Aerg?
. = < Aerg31 Aerg32
i = =
Ho % 50 - ce» 50 -
Erg2
Erg31/32 0 - 0 -
y 0.1 1 10 0.01 0.1 1 10
J:jg:;\/g/ 8-deoxyheronamide C (1) (uM) amphotericin B (uM)
5 wild-type
HO ;\(;100 E ;\5100 - Aerg5
Erg5 < =
% 50 A % 50
. - o (o))
-
| 0 - 0 -
o A 0.1 1 10 0.01 0.1 1 10
ergosterol 8-deoxyheronamide C (1) (uM) amphotericin B (uM)

Figure 2-8. Effect of 8-deoxyheronamide C (1) and amphotericin B on the growth of
wild-type and erg mutant cells. (a) Biosynthetic pathway of ergosterol in fission yeast. (b)(c)
Growth curves of Aerg2 (red), Aerg31 Aerg32 (blue), Astsl/erg4 (orange), Aerg5 (green) and wild-
type (black) cells treated with (b) 8-deoxyheronamide C (1) or (¢) amphotericin B are shown. Data
represent means of three independent experiments. Error bars, s.d.
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L& 1,2, 4 ORI TCIIAEBFEIGEICHBRZRBEO R oLz, LAY 1 04 BREE
PEITAA OO AT 1 — WAEIE AR AE LTI IS m Wi RE 2 7R3~ iox L (Figure 2-8),
L& 413 MIC0.28uM & W S IRIRE TAFRHELZ TR T OO, BIRMETITLAERS
Ngm-oi= (Figure2-9), £7-. (LAWY 2 1IZABHEEZ L RS Rho Tz, BIRENZ
L2, LB 4 D 2 SOKEERE T2 F AL LT-HER 7 IXAEFILEEEZER L,
INHDOZ &G heronamide D AEMIENEIZIT T HEBRF U =2 T 7 X A & OKEE
BOFHENEETH D Z LRI T,

(a) (b) (c)

100 100 _100 6‘0‘—6—-6%

S S S

£ 50 wild-type £ 50 £ 50

g Aerg?2 g %

© 0 ® 0 0 —r—rrrrr

0.01 0.1 1 1 10 100 1 10
heronamide C (4) (M) heronamide A (2) (uM) heronamide C diacetate (7) (uM)

Figure 2-9. Effect of heronamides on the growth of wild-type and erg mutant cells.
Growth curves of Aerg2 (red) and wild-type (black) cells treated with (a) heronamide C (4), ()
heronamide A (2) or (c) heronamide C diacetate (7) are shown. Data represent means of three
independent experiments. Error bars, s.d.

2.2.2. RETSIXEVHBAEICL SENBESFORE

{b&M 1 ORRAYA B R ETE IR E R E SR 2l CTh 5, 2 2 THEHEIX
{EE% 1 OFERIIRE 5y 5 W 5229 5 7=, Biacore T200 Z H\\\ /w77 K€ 4k
s (SPR) MEATIC LV IEHE & OMBERROM AEM 27l L7z, £9°, VAR Y —LAZEET
LY —F v FOMEE R LU, IREREE(RICHWOR S HilkROE o —F v 7
(1T HPA R0 L1 72 E3 & 2 28 AL B O BUKMEITEE IR - 2 FERr RAYRS G208 LIX LIRS
L%, FTH - RS OFIECRZRBIZFMBET 2T o To/ER, CM3 F v 72 KT
VT I U EBEIEA LTS ORIERROM G AR bIMAOND Z LA L, ZnEfE
Hricg i LTz,

FWNT, FExDYRY—LEETELLEZE Y —F v 7Fioxt LT PBS #&fEiR (5%
DMSO) (Z¥afif <72 heronamide JA4 i L, o9 —7F A&l L7z, £T. {LEW
1 DPERAT v — VERBKERMENS | TOEMSFIET VIR T e —1Thd LT
M=%, 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC), POPC/ergosterol
(8:2)% X Y POPC/cholesterol (8:2) % [EE L LT-BED® W —27 T LDEEE LT, =
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D FEERAR T, amphotericin B [T /L 27 10— /L &2 GH S 55 OAIREFEA~DRE
BN S, B —27 T ARBIIZELT B, L L ALE L DR —7
T NIAT B — VOB A 'K L o7 (Figure 2-10),
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Figure 2-10. Binding of amphotericin B and 8-deoxyheronamide C to ergosterol-
containing lipid membrane. Liposomes consisting of POPC with (left) or without (right) 20 mol%
ergosterol were immobilized on a dodecylamine-modified CM3 sensorchip. Elution of (a) 20 uM
amphotericin B or (b) 8-deoxyheronamide C (1) was started at time 0 and kept for 300 sec. The flow

rate was 10 pL/min.

AR & HHBAE G 20 FIT & o CUNEEROREMEDN RE R B L 52 52 035
B, KIZ, 73177%‘//1/:1 VDT VO AR EFE ZE LTc, TORER, 7
VBN & b AR EaFig AR > & Rk D 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC)
TIHEEY 1 OBUFIEIL POPC LRI Uy, RPN L E2RZ TR U= T L LR
—F T, T VO A THER S5 1,2-dimyristoyl-sn-glycero-3-phosphocholine
(DMPO)IZxf L TIHAL AW 1 OfEEENEEM L, EHEWNC iz, BN E A EfE
572 < 7p o7 (Figure 2-11), REROMEE DO 7Y ta U VIREIX, FEAEN
RFEHL 18 TLEMEGE 1 0BT VVEHN LR D, EER AT ¢ /nﬂb*’”’*@?? v
FHIZ 118:0/26:0 L L W S BIFIDRALKFZETHD Z ENHMHLNTNH®, ZZT{bEW 1
INAT 4 AFE R LT D AR AN D 7o, T A RO AT 4 A3 )

(SM) IRAEMMNS25 )R Y —LEHWZEZ A, DMPC BEOFER LR U<, TREM
DR ZRAEE N R BT, 26 OREIL 30CTIT o 7223, Z D Tk DMPC
fE1 liquid-disordered #H, A 7 1 —/L % 20%7% ¢ DMPC &I liquid-ordered #H, SM f&i
TN THD, ZOZ b, IREBEOWREMEIMEEY 1 LIFE & ORI EEZ 5 £
LD TR ALEW 1 BRI RALKEEH N O 72 2 NEE 2 KPR A ZFER T 2 FTREMEDS &)
WwWEEBz LT,
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Figure 2-11. SPR sensorgrams for binding of 8-deoxyheronamide C (1) to lipid
membranes. DOPC (a), DMPC (b) or SM (c) liposomes with (upper) or without (lower) 20 mol%
sterols (ergosterol in a, b and cholesterol in ¢) were captured on a dodecylamine-modified CM3
sensorchip. In this experiment, we used DMPC, not DPPC, both of which possess saturated acyl chains,
because of the ease of treatment; the transition temperature of DMPC (~24 °C) is lower than DPPC (~43
°C). Experiments were conducted at 30 °C. Elution of 20 uM compound 1 was started at time 0 and
kept for 300 sec. We could not test higher concentrations of compound 1 due to its low solubility. The

flow rate was 10 pL/min.

{EE® 1 @ 110 LUK O E CRERF O E % 1553 % heronamide C (4)1%. SPR fi##T(C
BWTkE® 1 LV 10 FREWEMMEZ R L (Figure 2-12), # 23
DMPClergosterol U 7R Y — A2k LT 300 A CTOMEEEA KR T oL, LEW 11X
#125RU ThH o= DIzt L, LAY 4134 200RU Th o7z, £z, (bEW 4 DAFR
IR E R L O A ORI R R SN2 o 1203, VR Y — A~ EFnk
L. TOMEZRNTEEY 1 LR UMM %27~ L7=, Heronamide A (2)IZE L7=4&TD
UARY =L LT, IERRANREEZRT RO =7 T LR dT DL THY,
A iEME % %% - 7= heronamide C diacetate (7)IZNEEFIC 2 < FEA Lo Tz,

=

2.2.3. PRBBOBGFEERREFRAVW-EEREREA DX LOBH

Heronamide 237~ 9 0 BERF T3 2 AR BRHEFIEME & SPR M CTA B AL BB MR &
OBFMEC BB R A BT 2 L b | AMLAWEES BRI 33U ) C b fafn bk
FHEFONRE L MAEERA L TS AREERAm WL E 2 6Tz, £ 2T, JFEEE O
A3~ <, heronamide FHSMIfRIZREIZ 5- 2 2 B L FEA LT,
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Figure 2-12. Affinity of heronamides to liposomes. Sensorgrams for binding of heronamides to
20 mol % ergosterol-containing DMPC liposomes captured on a dodecylamine-modified CM3 sensor
chip are shown. The affinity of (a) heronamide C (4), (b) heronamide A (2) and (c) heronamide C
diacetate (7) are compared. Similar results were obtained for more than three experiments, and the
characteristic sensorgrams are shown. Elution of 20 uM heronamides was started at time O and

maintained for 300 s. Flow rate was 10 uL/min.

{EEW 1 KR4 TP U 7o BRI 2 BRERBIEE L 7o & 2 A, WIHLEF Tk AmB ALst
HRRDIRIIIERAL D & 5 72 BEERBUEHEIITRD bhemotz, —F, A~ T
6 E U 7= RE O HIIUEE % calcofluor white (Cfw) THefa L CEIZR L= L 2 A, MO E
S M OV Sl CHRWVvE G L b 72 (Figure 2-13), Cfw 23935 1,3-B-7 /L 0 i
57 SR DHRREE 2 HERK 9~ 2 ER 7 D —D T, MR O B R b M OV A I TMfuRE D U £
TV T BEAMATONDENL T D, T7bb, ZOMNREty 7T /Wi bA il
PRIZ 20 lfasE S A B ITTE M L S e rT et 2 mie LTz,

ZORBIZL, cssl BAnF DR RS MR 4 FEFFARIREE TH R L7-BRoRBIM & L <
LTV /= (Figure 2-14), Cssl IZR AR AT oA Y —F C IEHEHTLHEETH
D, A7 4 VANFEOMRHHIEAZITO EE X LN TNDHE®), ZD7=%, heronamide FHAL
P LN cssl BAn T OREREIR NIZ X D MifuBERE X, 27 ¢ TNEE OERENPHLE &
NIEREREZ 2 bie, 20 OBIRIT, FEAEE OMEE S HIfaEE S RO 2 45 - T
WHZ EEEWRLTEY ., [FIFIZ, heronamide A AW T H AT S V8% b
ONFE. KA T 4 TNEEZIERY L LTV 5 TREME 258 < SFF L7z,

SHlz, BBREWZ EIZ, 3B-E X AT — L aRilkd 2 EEHLEY
theonellamide (TNM)%H CALEL L 72 BRIZ & RO M BE S H AN 2 5 Z & 3y ST
W5 (Figure 2-14)W, TNM OFBAT 1,3-p-7 V0 B RklEE#E TH D Bgsl &, small
GTPase Td % Rhol OEEEICIAFT 5 Z L3RS TV 5, Rhol @ dominant-negative
TR E R E w38 KON bgsl (B nF OREEEIR FRRAZ(LAY 1 T
BT 5 L, TNMAEE & [F U< | Ml i oRBRTE Z 578 h - 72729, heronamide
BHOEM S Bgsl & Rhol OREREITIKFE T 5 Z L A 68T 72 > 72 (Figure 2-15),
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(a)

S

Figure 2-13. Cell wall abnormalities induced by heronamides. Wild-type cells were exposed
to (a) DMSO (1% vlv, solvent for compounds), (b) 8-deoxyheronamide C (1) (10 uM), or (c)

heronamide C (4) (1 uM) for 2 h. Cells were fixed with formalin and stained with calcofluor white

(Cfw) to visualize cell wall material. Differential interference contrast (DIC; upper) and Cfw (lower)

images are shown. Scale bars indicate 10 pm.

5

Figure 2-14. Time course analysis of accumulation of cell wall material by genetic or
chemical genetic perturbation. (a) Temperature-sensitive css1 mutant cells were cultured at non-
permissive temperature (37 °C). Wild-type cells were treated with (b) 8-deoxyheronamide C (1, 30
UM), or (c) theonellamide A (1.1 uM) at 30 °C. Cells were harvested after 1, 3 or 9 h treatment, fixed,
and stained with Cfw. Scale bars, 10 um. DIC (left) and Cfw (right) images are shown.
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Figure 2-15. Involvement of Rhol and Bgs1 in the abnormal accumulation of cell wall

material by 8-deoxyheronamide C (1). (a)-(d) Effect of Rhol overexpression. Cells transformed
with empty vector (a) or pREP81-Rho1T20N (b) were grown at 30 °C for 16 h in EMM liquid medium
and then challenged with compound 1 (10 uM) for additional 2 h. Effect of overexpression of Rhol
using pREP41-Rhol (d) was also examined and compared with those of vector control (c). (e)(f) Effect
of bgsl mutation. Wild-type (e) or bgsl temperature-sensitive mutant cells (f) were incubated with
compound 1 (10 uM) at 27 °C for 2 h. The intense Cfw signals were not observed in bgsl mutant cells.
In all experiments, cells were fixed and stained with Cfw. Differential interference contrast (DIC, upper)

and Cfw (lower) images are shown. Scale bar, 10 pum.

2.2. 4. INE

%2 B 2 Hi Tl LAY 1 OBERNCKTT 2 AEFREEENS | AMEEmEEE2R
WD & THENTI2D, SPR &2 HWTHRE I & OF BAERH % f##T L 72, SPR & ZHE
LORERN G | heronamide FEEERFBIAE D X 7 ¢ o TRE A AR & UG & 78 B
I ATREMEDN RR ST, BRI Z L2, heronamide JE72N 75 5 HIIARE D B A Rk
V) BHANT, M SRR B2 D TNMEE L R~ ORKIIKFEL TWDH Z & b
~ENTE,
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2.3 &%
Heronamide $8D{EA L BES 7 FDOEEE

MEE T 7 MIAT 4 VAFE E AT a— LB ERBE R AL TH Y | AR
TOMEENE~ A 7 1 KA A 2 & U TRAITHIZE ST 2 GO0 KAJF5E Tl heronamide
JE2S DMPC R0A 7 4 A= ) 7 EORFRALKFZEHD Bk D IEE & R I
T2 Z LRGN I NI, HEFERHITK D IR G R OTEE LI, H%XTI:'—/I/L
AT D2 ENMBND TNM WS, cssl a1 OB FOIC Lo CThl &z &
nNo, ZTNODOEENLEEIT, A7 4 VANFEEAT R — VPR RN AL 0 F
RPOBIEE T 7 N ASHfaEE O TEFMEAERHIZEE G L Tk Y . Theronamide AL |, [TNM AL
HE), TessLBERBIR T ) 1TV T 4L d ZOBE R A A  ORFE LA Z 3 &V ) mcH@E L
TWBEWHITEHET VEIRE LT (Figure 2-16), FEBZ, Bgsl 1% 13 [AIfEE @A D
iz R Th D ETRENTEY  IEA A MR TR TR L S 72 i3I
BENDLI LD, BET T NIRET DXV RIEEZEZ LN TNDHE), iz,
heronamide ZLEE & 72 1% css1 BEREAR T 1T & 2 MIFRBERL 7> DEFE DS TNM LBE & bt~ THER?

IZEEZ D Z s (Figure 2-14), JEEZ7 7 N RAAL VITBITFH AT 4 o TfFE & A
T u—/LOEENTHH AR TH DL EEXTND

KRE D erg s THEEREIZ. AmB 2 TNM @ & 5 2 25 a0 — Ui AWE 21T T L,
A7 4 v ANFEITER LF ¥ RATER A 75T 2 syringomycin E 12 L T H i E <7
@), ZhE, AT = AN FROMEEEIZEY A7 ¢ U AREEE DO BEEIRE O
FRSS, ZIUCHEDNIRE T 7 N OB EZZIT 50 EBEZA b, AT 1 —)L &%
#y & L720 > 8-deoxyheronamide C (1)7° erg i#fn - ERICXT L Tl & A EAEFEZ R
SHRVWHEBEOFEME LTCETF D, LavL, K0 @yt % 79 heronamide C (4)
ZxE LTI EZ RS N2 &b &, EOFEMIIAHTH D, R, EMEHECIRE
BRI CBRE R B % 5 2 5 8 NKIEEE DR BN AR 5,

RIUTUTI 03598 LEEMBEOEYESE

RV~ naT7 77 L5D% I THHIENVEDIEE 2 "3 2 LML TEBY ., #ilx
I3 vicenistatin I ZHUIEEEM: 2~ L@, incednine (% Bel-xL % #il4#14- 5G9, Heronamide ¥
%, HeLa fifRicxt LB OB KRILZFHFET 5 2 ERHfESNTHHW, UL, £
SOMERA AN =X LZHER LTEIZRIZIEE A 1T TE S, incednine O B4 F
b7 e —7"L invitro THAT 55 2 X7 BIZET 25300 L FlHE ST bORT
& 50BN, ARBFFETIL. heronamide BN Bafn R ALK SR8 R 5 IR E 2 Fr AR T 5
ZEEWALDIZLEN, ZHUIRY =~ a7 7 X NIET DRI D4y 1 FER) & B
BT Lf:%ﬂ@iﬁi‘(“%é —IHDOLEMIT, RV =T 7 &7 NFR LKBBRIEORE o &
OFARMEE BRI X 0 WEELM: O & 72 > TV D 3 4l L CTU %, heronamide 3812
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BWTIE, Z O MM E DR 2 EMIEME O R BCNEE & OFAMEIC EEE
REER-TENRENT, R~ ra T ¥ MeA e EIRE & M AEER
THDM, T OIEH A B =X 12 heronamide & O H D DM, FLRZE A
Td %, Heronamide FENFHE T 2B R OFEMEZ AL W 2T AV ~wru 7
7 2 DAY OTEMHEFEBLO AT S22 5 L HIFF SN D,

mj,ffh?

Br
en\,,\ g
s Nmuoc oH LN
}g\k(hlﬂ\(w

heronamldes

\ Theonellamldes

accumulation
of 1,3-B-glucan

perturbation of
lipid raft domain

cell membrane

ﬁ : lipids with saturated hydrocarbon chains % : ergosterol
(e.g. sphingolipids)

Figure 2-16. Model for the mechanisms of action of heronamides. Heronamides bind to
lipids with saturated hydrocarbon chains, e.g. sphingolipids, while css1 mutation changes sphingolipid
species. Theonellamides bind to 3B-hydroxysterols. Membrane domains targeted by heronamides,
might also be perturbed by cssl mutation. In addition, membrane domains recognized by
theonellamides can be overlapped with those colored in black, since lipid raft domains consist of lipids
with saturated alkyl chains and sterols. All three perturbations induce overproduction of cell wall
material, which requires Rhol and Bgs1 at least in the case of heronamides and theonellamides. How
perturbation of membrane domain structures affect the functions of Rhol and Bgsl remains to be

revealed (dotted lines).
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2.4, RBEEELIUVRRY FLT—4

General procedure. All solvents and reagents were obtained from commercial suppliers and used
without further purification. Reactions were monitored by thin-layer chromatography (TLC) on silica
gel plates (Merck TLC Silicagel 60 F254). Column chromatography was performed on SilicaFlash®
F60 (Silicycle, 40-63 pm) and Cosmosil 75C1s-OPN (Nakalai Tesque, Inc., 75 pm). IR spectra were
recorded on a FT/IR-4100 FT-IR spectrophotometer (JASCO) equipped with a ZnSe ATR plate. UV-
Vis absorptions were measured on a U-2910 Double-Beam spectrometer (HITACHI). Optical rotations
were measured on a P-2200 digital polarimeter (JASCO) using the sodium D line (589 nm). Mass
spectra were measured by JMS-700 (JEOL) and LCMS-IT-TOF (SHIMADZU). *H-NMR (500 MHz)
and 3C-NMR spectra (125 MHz) were recorded on a JNM-ECA 500 spectrometer (JEOL). In the
NMR spectra, chemical shift values (in ppm) are shown relative to the solvents: 61 7.26 (CDCls), 3.31
(CDs0D) or 7.22 (pyridine-ds), and dc 77.16 (CDClIs), 49.00 (CD3s0OD) or 123.90 (pyridine-ds) ppm.
The following abbreviations are used to explain the multiplicities: s = singlet, d = doublet, t = triplet,
g = quartet, m = multiplet, br = broad.

Chemical compounds. Heronamides were isolated as described below. The isopropylidene derivative
(5) and MTPA esters (6) of heronamide A and heronamide C diacetate (7) were prepared as described
previously. 18 1-Palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC), 1,2-dioleoyl-sn-glycero-
3-phosphocholine (DOPC), 1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPC), porcine brain
sphingomyelin (SM) were purchased from Avanti Polar Lipids, Inc. SM used in this study contained
N-stearoyl-D-erythro-sphingosylphosphorylcholine as the most major constituent, around 50%.
Ergosterol was from Acros Organics, cholesterol was from Nacalai Tesque, and amphotericin B was
from LKT Laboratories, Inc. Nystatin and calcofluor white were purchased from Sigma. TNM-A was

from the laboratory stock.

Yeast strains. S. pombe strains used in this study are JY1 (h™), HM123 (h™ leul-32), erg mutants (h™
ura4-C190T leul-32 erg2::urad™, h™ ura4-C190T leul-32 erg31l::ura4-FOAR erg32::urad*, h~ ura4-
C190T leul-32 erg4::urad*, and h™ ura4-C190T leul1-32 erg5::urad*),1® KGY2550 (h~ css1-2),)
and KP165 (h~ leul-32 bgs1-i2).? Rhol was overexpressed in HM123 cells using pREP vectors.(?)

Isolation of heronamides. Heronamides were obtained from the mycelium of Streptomyces sp.
Mycelium collected from a 5 L culture was extracted with MeOH. The MeOH extract (3.0 g) was
concentrated and partitioned between 60% MeOH and CHCIs. The CHCI; layer (1.2 g) was
fractionated by SiO, column chromatography (CHCls/MeOH), followed by ODS flash column
chromatography (H.O/MeOH). Fractions containing 8-deoxyheronamide C (83 mg) were subjected to
RP-HPLC (Cosmosil-5Cs-MS) to give 14.5 mg of 8-deoxyheronamide C. Heronamides C (16.1 mg)
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and A (11.6 mg) were also purified by RP-HPLC (Cosmosil-5Cg-MS) from other fractions. The
physico-chemical properties including UV, NMR and MS data of heronamides A and C were

comparable to those reported. (18

Preparation of liposomes for SPR analysis. Large unilamellar vesicles (LUVSs) were prepared as
described previously.?® Phospholipid (POPC, DOPC, DMPC or SM) with or without 20 mol% sterol
(ergosterol or cholesterol) were dissolved in chloroform in a round-bottom flask. The solvent was
evaporated and the resulting lipid film was further dried in vacuo for over 2 hours. After hydrating
with 1 mL of PBS buffer [10 mM phosphate buffer (pH 7.4), 2.7 mM potassium chloride, and 137 mM
sodium chloride], the mixture was vortexed, sonicated, and subjected to three cycles of freezing
(=80 °C), thawing (60 °C), and vortexing (5 s) to form multilamellar vesicles (MLVs). The MLV
suspension was passed through double 100 nm polycarbonate filters 19 times with LiposoFast-Basic
(AVESTIN Inc.) at room temperature to form LUVs. The LUVs were diluted with the same PBS buffer
to produce a suspension with a final lipid concentration of 0.5 mM for injection into the SPR

instrument.

Surface plasmon resonance experiments. 8-Deoxyheronamide C (1) (1.9 mg, 4.4 umol),
heronamide C (4) (3.2 mg, 7.1 pmol), heronamide A (2) (1.4 mg, 3.0 umol) and heronamide C
diacetate (7) (1.2 mg, 2.2 pumol) was dissolved in DMSO and stored as a 1 mM stock solution. 5 pL
of the compound stock solutions were diluted to 50 UM with 95 pL of PBS buffer. This solution was
further diluted with PBS buffer containing 5% DMSO to give 10 and 20 UM heronamide solutions.
We ensured that all these solutions, together with the running buffer, had a same DMSO concentration.
The SPR experiments were performed at 30 °C using a dodecylamine-modified CM3 sensor chip
mounted on a Biacore T200 system (GE Healthcare), and the running buffer was PBS buffer
containing 5% DMSO (pH 7.4). The unmodified CM3 sensor chip was first washed three times with
a 50 mM NaOH/2-propanol solution [3:2 (v/v)] at a flow rate of 20 pL/min for 2 min. Dodecylamine
was immobilized in one of the flow cells (fc2) of the CM3 chip with an amino coupling method while
the other flow cell (fcl) was left untouched to serve as the control lane. The sensor chip was activated
for 7 minutes by injecting a solution mixture (1:1 v/v, 70 pl) of 390 mM EDC and 100 mM NHS.
Dodecylamine (1 mg/mL) in 10 mM acetate buffer containing 10% DMSO (pH 5.0, 35 pl) was then
injected for crosslinking. Remaining NHS ester groups on the sensor chip were deactivated by
converting them to amide groups with an injection of 1 M ethanolamine hydrochloride (pH 8.5). The
obtained modified sensor chip was washed with 10% DMSO to remove nonspecifically bound
molecules. For the immobilization of liposomes on the sensor surface, the dodecylamine-modified
sensor chip was first conditioned by an injection of running buffer at a rate of 10 pL/min for 5 min.

The liposome suspension (0.5 mM) was then injected at a flow rate of 2 pL/min for 30 min, followed
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by the injection of 50 mM NaOH at a rate of 20 pL/min for 2 min, three times to generate a stable
sensorgram, which indicated the formation of a stable liposome layer on the sensor surface.
Heronamide solutions, at a concentration of 10 or 20 M, were then injected at a flow rate of 10 pl/min
and the association was observed for 300 s. Then the running buffer was injected at the same flow rate

for another 300 s, and the dissociation of heronamides from the surface was monitored.

Microscopy. For calcofluor white (Cfw) staining, cells were fixed with formalin, washed with PEM
buffer (100 mM PIPES, pH 6.9, 1 mM EGTA, 1 mM MgSO.), followed by resuspended in a Cfw
solution of PEM buffer (0.5 pg/mL). To collect images, the author used a MetaMorph system
(Universal Imaging Corp.) with an Olympus IX81 fluorescence microscope equipped with an
UPLSAPO %100 lens.
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NMR spectroscopic data

"H NMR spectrum of 8-deoxyheronamide C (1)
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B=FE BREOESHEBRNO/ONSIFR7ZIAOL FEICET TR

3.1.5-Alkyl-1,2,3,4-tetrahydroquinoline (5aTHQ)ME M Eifk - {15 RTE & MR
3.1. 1. 5aTHQ E D Eikt

1 EORZ Y —= T OFER, Streptomyces nigrescens HEK616 & Tsukamurella
pulmonis TP-80596 DA FEHEHE AN, BERED erg s T-AEERRIZ & L TR VA BB ETE
o L, MlECAER T 26O E a8 RHIfF s e (Figure1-3), =2 C, Lok
WITEVE 2 FRRE I BB M O sy B EZAT O, IEMARIROHBEAZIT 72, 7, HBEK
MOERZIRE L, 7 anak/Lh - A% ) —VIRAEE (1) THi L7, W\ T,
FE L7zt~ 9 L 00% A & /) — /LT J@4EL Lz, i&ERS B bz~ 8
BV ATNAT A, ODS AT L7a~x 7T 7 40— L, IEMEAREKE L CHEkM:
WHEDIREWM R, IREWMDKRSITIE, —#HI72 ODS 7 7 A2 &K% HPLC TidsrfE
TERDDTEN, AV AT O —)LEMEFLIZ HPLC 7 7 A% V5 Z & T 8 il & ki
T 5 Z LI LT (Figure 3-1),

SIS

7n(8) 8i(9) 8n(10) 9i(11) 9n (12) 10a (13)10i (14) 10n (15)

9

11

™ 8 10 12 13
" 9
5aTHQ-9i (11) pe ..:ﬁ/‘}mj\:&j\ o7 J\J\%

4
©
)

83 &

15

Figure 3-1. Structures and HPLC profiles of 5aTHQs. Structures of the most abundant
metabolite 5aTHQ-9i (11) and the alkyl chains of metabolites 8—15. An HPLC chromatogram of the
extract of the combined-culture broth of S. nigrescens and T. pulmonis acquired at 220 nm is also shown.
Fractions containing 5aTHQs (8—15) were analyzed on a COSMOSIL Cholester column by isocratic
elution of 90% MeOH.

LC-MS 25, (L& 8 2v D 15 D4y F-E/8 231, 245, 259, 273 & 14 Z L1204 L
TWDZERDLNY ., ZTHODILEWMNRLERe T VX V8% DO RIREMED R S L7z,
Kb EAEOZMEAEY 11 O FRiT. @EIMREE MS 225 CisHaoN & IR E S 4172 (m/z
260.2374, calcd for 260.2373, C1gHzoN [M + H]), H, 33C, DEPT, HMQC NMR Z~X2 h/Ld
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Table 3-1. *H and *C NMR data of 5aTHQs (8-15) in CDCl;

5aTHQ-7n (8)

5aTHQ-8i (9)

position ¢ (mult.) a1 (mult. Jin Hz) oc(mult.)  ou (mult. Jin Hz)

1-NH - n.d.a - n.d.a

2 41.8 (t) 3.29 (t, 5.5) 41.8 (t) 3.30 (t, 5.5)

3 22.4 (t) 2.00 (tt, 5.6, 6.5) 22.7 (t) 2.00 (tt, 5.6, 6.5)

4 23.6 (t) 2.72 (t, 6.5) 23.7 (t) 2.72 (t, 6.6)

4a 120.5(s) - 119.6 (s) -

5 142.0(s) - 142.0 (s) -

6 119.2()  6.57(d, 7.5) 118.1 (d) 6.60 (d, 7.5)

7 126.5(d)  6.93(dd, 7.7, 7.7) 126.4(d)  6.94(dd, 7.7, 7.7)

8 113.3(d) 6.45(d, 7.9) 112.5 (d) 6.50 (d, 8.0)

8a 143.7(s) - 145.1 (s) -

1 33.0 (t) 2.50 (br. dd) 33.0 (t) 2.50 (br. dd)

2' 30.4 (t) 1.54 (m) 30.4 (t) 1.53 (m)

3' 30.0 (t) 30.3 (t) 1.28-1.39 (4H, m)

4 29.4 (1 1.24-1.40 (8H, m) 275 ¢

5' 32.0 (t) ‘ ‘ ’ 39.1 (t) 1.17 (m)

6' 22.8 (t) 28.1 () 1.55 (m)

; 143(@) 08969 22.8 (q) 0.88 (6H, d, 6.5)
5aTHQ-8n (10) 5aTHQ-9i (11)

position ¢ (mult.) &u (mult. J/in Hz) oc (mult.) ou (mult. Jin Hz)

1-NH - n.d.a - 4.67 (br.s)

2 41.8 (t) 3.30 (t, 5.4) 41.8 (t) 3.29 (t, 5.4)

3 22.7 (t) 2.02 (tt, 5.7, 6.3) 22.5 (t) 2.00 (tt, 5.4, 6.6)

4 23.7 (t) 2.72 (t, 6.5) 23.7 (t) 2.73 (t, 6.6)

4a 119.7(s) - 120.3 (s) -

5 142.0(s) - 142.1 (s) -

6 1182 ()  6.61(d, 7.5) 119.0(@  6.57(d, 7.4)

7 1264 () 6.95(d, 7.7, 7.7) 126.5 (d) 6.94 (dd, 7.7, 7.7)

8 112.5()  6.52(d, 7.9 113.2 (d) 6.43 (d, 7.9)

8a 145.1(s) - 144.0 (s) -

1 33.0 (t) 2.50 (br. dd) 33.0 (t) 2.51 (br. dd)

2' 30.4 (t) 1.54 (m) 30.3 (t) 1.56 (m)

3' 30.0 (t) 30.0 (t) 1.39 (m)

4' 29.7 (t) 30.0 (t)

5 295 ()  1.23-1.40 (10H, m) 27.5 (¢) 1.27-1.34 (4H, m)

6' 32.1 (t) 39.2 (t) 1.18 (m)

7 22.8 (t) 28.1 (@) 1.54 (m)

S' 14.3(@  0.89 (t,6.7) 22.8 (q) 0.88 (6H, d, 6.3)

aNot determined.
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5aTHQ-9n (12)

5aTHQ-10a (13)

position ¢ (mult.) a1 (mult. Jin Hz)

oc (mult.) o (mult. Jin Hz)

1-NH n.d.a

2 41.8 (t) 3.28 (t, 5.4)

3 22.6 (t) 2.02 (tt, 5.5, 6.3)
4 23.7 (t) 2.71 (t, 6.5)

4a 119.9(s) -

5 142.0(s) -

6 1185(d)  6.53(d, 7.5)

7 126.4(d)  6.91(dd, 7.7, 7.7)
8 112.7(d)  6.38(d, 8.0)

8a 144.7(s) -

1 33.0 (t) 2.49 (br. dd)

2' 30.4 (t) 1.55 (m)

3' 30.0 (t)

4' 29.7 (t)

5' 29.7 (t)

o 995 (© 1.22-1.41 (12H, m)
7 32.1 (t)

8' 22.8 (t)

9' 14.3 (@) 0.89 (t, 6.9)

10'

3.49 (br.s)
41.8 (t) 3.27 (t, 5.4)
22.6 (t) 1.98 (tt, 5.5, 6.6)
23.7 (t) 2.71 (t, 6.6)
119.8 (s) -
142.0 (s)

118.4 (d) 6.52 (d, 7.4)
126.4 (d) 6.91 (dd, 7.7, 7.7)
112.7 (d) 6.37(d, 7.9
144.8 (s) -

33.0 (t) 2.50 (br. dd)

30.4 (t) 1.55 (m)

30.1 (t)

30.1 (t)

27.2 (t) 1.23-1.41 (9H, m)
36.8 (t)

34.5 (d)

29.6 (t) 1.12 (m)

11.6 (@) 0.86 (t, 7.2)

19.4 (q) 0.85 (d, 6.3)

5aTHQ-10i (14)

5aTHQ-10n (15)

position ¢ (mult.) ou (mult. Jin Hz)

1-NH n.d.a

2 41.8 (t) 3.30 (t, 5.7)

3 22.5 (t) 2.01 (tt, 5.5, 6.3)

4 23.7 (t) 2.72 (t, 6.6)

4a 120.2 (s) -

5 142.0(s) -

6 118.8(d)  6.59(d, 7.4)

7 126.4(d) 6.94(dd, 7.6, 7.6)
8 113.0(d)  6.48(d, 8.0)

8a 144.3 (s) -

1 33.0 (t) 2.50 (br. dd)

2' 30.4 (t) 1.54 (m)

3' 30.1 (t)

‘51, 28:2 23 1.24-1.40 (8H, m)
6' 27.6 (t)

7 39.2 (t) 1.15 (m)

8' 28.1 (d) 1.52 (m)

g

10 22.8 (q) 0.86 (6H, t, 6.8)

oc (mult.)b o (mult. Jin Hz)

n.d.a
41.8 (t) 3.32 (t, 5.7)
22.6 () 2.04 (tt, 5.6, 6.3)
23.7 (t) 2.73 (t, 6.5)
119.8 (s) -
142.0 (s)

118.4 (d) 6.65 (d, 7.5)
126.4 (d) 6.97 (dd, 7.7, 7.7)
112.7 (d) 6.37 (d, 7.8)
144.8 (s) -

33.0 (t) 2.50 (br. dd)

30.4 (t) 1.54 (m)

30.0 (t)

29.8 (t)

29.8 (t)

29.7 (t) 1.22-1.40 (14H, m)
29.5 (t)

32.1 (t)

22.8 (t)

14.3 (@) 0.88 (t, 6.9)

aNot determined.
bAgsigned by HMQC and HMBC data.
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FRMTDN O, LB 10 3 —fk ik 2 D, ZHIRE 9 D, ZfRFE 4 O, PURLIRSE 3 o)
HRED Z ENHB T E T (Figure 3-2, Table 3-1), COSY A7 kL b FHENRK
FDAE LR H-6/H-7/H-8 2SR &, HMBC FEBIIC K-> T 1.23-Z@Ha~ o
KETHDHZ ENbooTz, 8a (RFEDILFEY 7 MEDIKESEY 7 FvD ., 8a (il
HIRFDFEE LTV D AEEMENTRE SN, 2 fiRFR 0T 7 MEE ., 2 fiikHE
25 BafLfRFE~D HMBC FHREM S, Z DOERIF 11X 2 (i FZ2 I L THID A E LR
Ho-2/Hp-3/Hz-4 EFEA LTV D EHr Lz, X512, 3NIKFEND dafifikFE, 4 (ikFE
25 5 ALK KON 8a frfrFE~D HMBC FHBIIC & » T 4 (R & da (i iRFBAFES LT
HZ ENDLMY . LLEDORERNG . (LAY 11 78 1,2,3,4-tetrahydroquinoline Bj = &> Z &
BN R 5T, BB, UAKEND 4a B L NS NRFE ., 2AKFEN S 5ALKHE
~0 HMBC fBINBLHII S, 1 DD T ILX/LEHD 5 (LRFBICHES LTV D Z L& A3
L72s 2 DDA 72 A F NI LR O -85 isononyl FEDOIFIENH LN E 720 |
KEAL S 11 OREE % Figure 3-1 (2R K 9 IZE L=,

— . COSY
— : HMBC

Figure 3-2. COSY and key HMBC correlations for 5aTHQ-9i (11).

5-Alkyl-1,2,3,4-tetrahydroquinoline (5aTHQ)#i& (LA 8 725 15 (2@ L T2/
W, Tivb %A 5aTHQ ks Lic, HLEMDT IV F VHITITZAEMER R v, RFE
BT 7 05 10, KIGHEEIZIX A~ AR A VR 7 oT7 A VRIBHER Sz, FbE
MomiL, TAFAEHDORFERE RKinfEiEL b LI To7z, BlziE, {bEWw 11 o7
LR IVEHITIREEL 9 oA Y AITH o772, 5aTHQ-9i L4 Liz, %Y 7{k&b
[FIEEIC. 5aTHQs-7n (8), -8i (9), -8n (10), -9n (12), -10a (13), -10i (14), -10n (15) & L 7=
(Figure 3-1),

3.1. 2. 5aTHQ-10a ML A Al & xS {kiLZ

It 8 v 15 D H B, 5aTHQ-10a (13)IL 7 /L VRISHD TALICARFIRFEEH LT
Wz, £ 2T, 5aTHQ-10a (13)Difaxf i b7 2R ET 572, 5aTHQ-10a (13)D 7 &
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SURBLOTSEERYFE =T VXK -EH Iy 7Y TR NTHEKRT D Z
& L L7 (Scheme 3-1), 43l 2 FOVEE A FFONFEMET L7 19 1, SCERE ® & 12,
i 9 (S)-3-methyl-1-pentanol (16)7>5 2 BEfETEAL L7, 7714 19 & 9-BBN DJx
JRZE D TUFRNAVRT UEERSE, T DU AEDOFLE T, 5-bromoquinoline (20) &
IR TV T EITHZETT XX U221 2457, &&EIZ, LAY 21 OF
7 U B NI()OIFE FAKRFILFAUFEF R U M- TEIL L, HID(S)-5aTHQ-
10a (13) % 4 BtpE. 75%INE CTART 5 Z & 12HkTh L 7=, 5aTHQ-10a (13)D 7 & 2 &I,
3-methyl-1-pentanol (16) 7 & I A% HIEWEIZ, FROFIETHER LT, ENENLD
NMR BLOMS 7 —Z I REMO b D & —FH L ALEW 13 OFHEHEENIE LW & %
R L7, Bk L72(S)-13 D g FE13+6.9 (¢ 0.50, 20 °Cin MeOH) & . RO D &
Fig « Mot & 12 & < —% L CTH Y (+6.7 under the same condition), K#&%! 5aTHQ-10a
(W) DAEFNLHALEN SIKTH D Z LR E Nz, LML, RIEOFHKE LAY
EHOBSGN TERhoTolod REERE L o TR I ML Z 2 ME T 2 123~ &
B2,

X
‘ Z
BrMg” > X N
TsCl 18 2
S
Et;N, DMAP i 1. 9-BBN, THF, 0 °C;
oH N, ors 18, Li,CuCl, -
/\l/V CH,Cly, 0°C /YV THF, -78 °C to rt /Y\/\/\ 2. 20, PACl,(dppf)- CH,Cly, KsPO,
()16 88% 17 59% 19 THF/H,0, reflux
18%
NaBH,
NiCly-6H,0
A
. eon i
eOH, r
N 81% N N
21 (S)-13 (RIS)-16 (RIS)-13
(7.0% over 4 steps)

Scheme 3-1. Synthesis of racemic 5aTHQ-10a (13) and its (S)-enantiomer

Z 2T, KE—FRREZ A 13 ([ZEM L, M riffbrzikEed o2 L L L
(Scheme 3-2, Figure 3-3), (1S,2S)-2-(Anthracene-2,3-dicarboximido)cyclohexanecarboxylic
acid (22)& 7 /L a— L EfEE T DL, TIINEONEE & EROERE TSR L Y,
S RINSEENIALEBIZSH D AFIRFETH-TH, BFONTYT AT LA~ —% HPLC
R NMR CilBIF[REL 72 D, FEBRIZ, T o T A VRIO R T v = — )L Ok LR b3
BB S TNHENE) Flfi 2 JAERFTORR, ZOUNR R 22 27 v ) R~
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EVEMEET 22 T B B DT EIKEDHEITHKIIL, 7 AT VARG %
1372 (k& 23a), B LT S (KB L ORI HOWT RO S Z1TV, 3 g
A7 2 K23b,23c &5 L. {b&a% 23a D 'THNMR A7 "L ZE A X ) —/)LH-20C
THELIEEZA, PALDATF IO T 7 F VD 64 0.829 ppm 35 LY 0.837 ppm, {F1E
k11 o250 Y 7Ly MIHBELTZ (Figure 3-3), ZHIZLV, TRBIO7S ®
BT AT VA=K TED BT, —Ji, {bEW 23b 3 L1 23¢ Tl, 640.837
ppm D 15D ~ U 7Ly b LB SN2 o7z (Figure 3-3), ZOfERNG, RIRK
5aTHQ-10a (1) DRI T b5 % T'S EHEET DICE o7, KE—RIIEIT I E T,
SERE N R E R A R B IRF A B OBWNVR R - T LT B R T a— L OREERE
[CEBR L T & 720008, RBFERCRIT. KE—RBIELHEET I ORI IRE
IZiE A L7 O#HE TH B,

N 13
JN._FOH 1. (coc,, CHyCly, 1t
<:§ 2.13, DIEA, CH,Cly, rt

22

Scheme 3-2. Condensation of natural or synthesized

5aTHQ-10a (13) with the chiral-labeling carboxylic acid 22

Hy®  H10’

23c (natural)

09 089 0S8 057 086 0S5 084 053 052 051 08 0 078 07 0% 07 074

(ppm)

Figure 3-3. Application of the Ohrui-Akasaka method to 5aTHQ-10a (13). 'H NMR signals
of the two methyl groups, H3-9' and Hs-10’, in amide 23 are shown. Compounds 23a—c were derived
from synthesized racemic 13, synthesized (S)-13, and natural 13, respectively. The NMR spectra were

measured in CD3OD at —20 °C.
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3.1.3. HHBEIZHT S 5aTHQ HFENABHEETM

5 DALl 5aTHQ FANEAS BT AEM 9~ 2 "rae k2. A BEREZ IV THGREL 72, 5
BERBIOFE 28 TR L I, I AT R ~—/I/$/\EJZ BT DORIBERIL, REIEE
TEH 2 3EAID 20 & 5 B UMEIZ 8 2 908, 5aTHQ-9n 1L EF AR DA E % FhFEFE OD/%EQ
TRHEE L7223, erg B1n T-iEERK(Aerg2, Aerg31 Aerg32, Astsl/ergd, Aerg5)iZxf L CiE, 200
uM DALEFIE T CTHIT & A EILEE RS 2o 72 (Figure 3-4), *@miﬂ&~‘
5, 5aTHQ-9N (12)IIMEARE 2420 & 55 & TR Z i, HWD HINZIR » oAb & W15
HBNTNDLZ ENERTE T, £, 73/ EE ATk Ltaﬁ’;ﬁfﬁ: 24 1%, FAERIC
® L THAEEEE 2RS0Tz,

(a) 0 (b) 160
$ 10 wild-type S
< Aerg2 <
g 5 Aerg31Aerg32 g o
o Aerg4 o
. o Aerg5 N 0
| . . N .
H12 1 10 100 "'924 100
5aTHQ-9n (12) (uM) NMe 5aTHQ -9n (24) (UM)

Figure 3-4. Growth inhibitory activities of 5aTHQ-9n (12) against fission yeast cells. The
effects of (a) 5aTHQ-9n (12) and (b) N-methyl-5aTHQ-9n (24) were examined against the wild-type
(black), Aerg2 (red), Aerg31Aerg32 (blue), Astsl/erg4 (orange), and Aerg5 (green) cells. Cells were
treated with compounds 12 and 24 for 24 h. Data represent the mean values of three independent

experiments. Error bars indicate the SD.

VT, 2R T VR MIEEEZ oA 8-15 OREIEISEAIRE 2 MAE L7- (Figure
3-5), ZOfERMND, 2 oOEAIMEZ BT Z LA TE 2, 1o HEIE, IS REFD /I
ST ERLEEMESFRVNE WD S TH D, 5aTHQ-Tn (8) 3 ik bR 1 TH V. BFAERRIT KT
T5HMICIZ 63 uM Tho7o, MIBHDRFLN 8, 9 & 72D IHE-> THEIEHIFIKT L,
%ﬂ@d%@&’50(@2%pM?%@%%é<%éﬁﬂokoZOEH\%ﬁ@%
IR A | VBRI IIRE B L R & WV D i Th D, B2 1L, 5aTHQ-8i (9) & 8n (10)DfH T,
B AERRICXT T 5 Bﬂ%—/ﬁ@%ﬁé#ﬁ@c:% FARA LMW EERDLZEIXTE RS T,
5aTHQ-9i (11) & 9n(12). F7=1% 10a(13), 10i (14), 10n (15)[E T b [RALOME A 23 7 5 7=,
P bEXv, 5aTHQ MHOAEMIENMEIL, TAFAHOES LY b ZOREMNEETH D
AIREMEDSRIR S HLTz,

40



growth (%

growth (%)

growth (%
- & B8

growth (%)

EAWRE e

100 10 100 1 10 100 100
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lma% ey

100 100 100
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23
S

Aerg4
AergS

growth (%)

oS

0+

o

Figure 3-5. Structure-activity relationships of 5aTHQs. Growth inhibitory activities of
5aTHQs were examined against the wild-type (black), Aerg2 (red), Aerg31Aerg32 (blue), Astsl/ergd
(orange), and Aerg5 (green) cells. Cells were treated with compounds 8-15 for 24 h. Data represent the

mean values of three independent experiments. Error bars indicate the SD.

3. 1. 4. 5aTHQ WD IR E EFR M D f#MT

5aTHQ 872N & D & 5 72 5B oy - M AEAEM T 2 200%, 5 2 FIZ{iV . Biacore T200
Iz k% SPR {Hl;ﬁf%ﬁﬂbto B2 ETIEEY—F v 7T CM3 28 L T and,
5aTHQ ¥iiX U # v FEBEEL L TV el CM3 T FIC b A 4w Lo o, HESM:
Bat 1T, RS N R DRV CMS F v I~ EFH L CU FOFEREZIT-T-,
%7, DOPC, POPC, DMPC Bl F 72 id=/L T X7 v —/L'% 20 mol% /il x 7= DD
TURY—=L%ffl L, B —F v FICEE#%, 5aTHQ-9n (12)&2 7 FF A4 F& LT
T Z & CTIRERA~DOREGREZRNT L7z, = OfEH, 5aTHQ-9n (12)IX, FA 7 7 F UL
2V OT IVEHOTEER AT v — /L OF IS JE L2 _XTo A TLEIC
SLTIEEAEREDO®E Y —27 T LA%R LT (Figure 3-6), W IWDIEE 1%
S EaThH, B —F v I ~DT7F T4 NOFEE Z 7~ 7 Resonance Unit 23 bE&#ERN
BTHDL EODEER S TWAETFRALNTEZ D, —EIREKICHES L
MWQ%UQ@%%i@%T%L<\_®mé%ﬁ§%ﬁkgﬁ&%wﬁﬁﬁ%%o
ATREME D RIS S HLTz,

5aTHQ FNFrRAVICH AT DIEMIEE ZH LI T2 2 LT TE R o723, Th
SOt Y — 7T MITHEBREN R oz, T72b5, (LA T -]
(U5 PR R)ICEH T AR OEZ L EIEEICH LT ry 95 & 5~10 uM & 51T,
Y —=F v T ORERPEI EF LTS Z E3bio Tz (Figure 3-7),

eV T, 5aTHQs-7n (8), -8n (10), -10n (15)35 L OMLA# 12 D A F ALK 24 % FIVWC,
POPC 7> & ik D B & OFH A AEA % Ll fgsT L7= (Figure 3-7), BRI 5 4AEFRH
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FEIEVEZ 7R & 720 5aTHQ-10n (15) B L UNN-A F ALK 24 1%, 80uM LW 9 HIRETY
JEERC 2L FES Lo T=, —J7, 5aTHQs-7n (8), -8n (10)IZ oW\ T ik, FREM & D
GERTRCY—7 7 A0BIIE N, & 512, 5aTHQ-9N (12) £ A U< | FrEDIRSE %
BEIZREBRENBIAIC I L2 LW O KRG b, SRUREIILEMIZ L - THRARY |
5aTHQ-9n (12)D#J 10 uM (Zxf L, 5aTHQ-7n (8)IE#J 40 uM, 5aTHQ-8n (10)I%#J 20 uM

ThoTl,

(a) (b)

\/</° °\/\N

DOPC with
DOPC 20% ergosterol
400 - 400 - (uM)
(uM) 20
E 300 - E 300 -
) D
aé 200 - § 200 -
S 100 S 100 10
2 o 2 o 5
2 2
-100 -100 r T r "
100 200 300 100 0 100 200 300
(sec.) (sec.)
W°
\/\/\/\/\/\/\/\Ir \/</° ,,»°\/\,. \/\/\/\/\/\/\[rf’\/(/";/p\»:\/\l,,(
POPC DMPC
400 - (M) 400 - (:“3'\8)
E 300 4 30 £ 300 4
=) >
Eé 200 - § 200 -
g 100 10 g 100 4 10
& 0 5 2 0
x 4 S
-100 r T T ) -100 r T T ,
100 0 100 200 300 100 0 100 200 300
(sec.) (sec.)

Figure 3-6. Affinity of 5aTHQ-9n (12) to liposomes. Chemical structures of the phospholipids
and ergosterol used for the SPR experiments and sensorgrams for binding of compound 12 to liposomes
are shown. (a) DOPC, (b) 20 mol % ergosterol-containing DOPC, (c) POPC and (d) DMPC liposomes
were captured on a dodecylamine-modified CM5 sensor chip. Elutions of various concentrations of

5aTHQ-9n (12) were started at time 0 and maintained for 150 s. Flow rate was 10 puL/min.
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(@) 5aTHQ-7n (8) RU at 145 sec. (d) 5aTHQ-10n (15)

1200 -
= 1000 = O .:400
5 800 5 5300
® 600 (MM) 3 800 A @200
2 2 2 (™)
< 400 60 I (!5100
& 200 & 400 A \ (o) 5
%] (%] %] 0
o] 0 —_—— o] o]
[vd 4 [vd
-200 + T T T 1 0 -—O.-O..O-@.ﬂ.l.,l -100 1 T T T 1
100 0 100 200 300 1 10 100 -100 0 100 200 300
(sec.) 5aTHQ-7n (8) (uM) (sec.)
(b) (e)
5aTHQ-8n (10) RU at 145 sec. NMe-5aTHQ-9n (24)
800 (uM) 800 400
5 600 5 s o Sao0
8 400 8 Baoo
§ % 400 0] § (M)
c 200 c o 100
o o o
2 o{ —f————10 §20 \ g o
[vd 4 [v4
200 4 ; . . . o (O] “100 4 : . . .
100 0 100 200 300 1 10 100 <1000 100 200 300
(sec.) 5aTHQ-8n (10) (uM) (sec.)
C
©) 5aTHQ-9n (12) RU at 145 sec.
400 (M) 300 -
S 300 30 5
8 200 g 200 - §
8 100 8 QO
5 10 5 400 -
¢ o > 8 o)
4 4
-100 + T T T 1 0 -—()-—()m.—-—-mm.
-100 0 100 200 300 1 10 100
(sec.) 5aTHQ-9n (12) (uM)

Figure 3-7. Sensorgrams for binding of 5aTHQs to POPC liposomes. Liposomes were
captured on a dodecylamine-modified CM5 sensor chip. The affinity of (a) 5aTHQ-7n (8), (b) 5aTHQ-
8n (10), (c) 5aTHQ-9n (12), (d) 5aTHQ-10n (15) and (e) NMe-5aTHQ-9n (24) are compared. Similar
results were obtained for more than three experiments, and the characteristic sensorgrams are shown.
Elution of various concentrations of 5aTHQ-9n (12) were started at time 0 and maintained for 150 s.
Flow rate was 10 uLL/min. For compounds 8, 10 and 12, resonance unit values at time 145 s were plotted
against concentrations of analytes. Drastic enhancement of the binding to liposomes can be seen above

the concentrations indicated by red arrows.
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3. 1.5.5aTHQ |A LT 5 A D YItEfRIT

e SPR fEATICEBWT, JREBEA~OFR AN AWM EF- T2 RER CAE X TV D
OERGNITHIEE L, £ BHETIE. ®IRED 5aTHQ KEKIT A < %
HThH-oTeZ enn, EIRE CITEERE AT 5 FTREMED /RIE S 7= (Figure 3-8),
% =T, SPR THU /= PBS fEfEiE (5% DMSO)H 0> 5aTHQ %O W I Ji 245 2 723 i ©
HIE L. KIEIRO QD BRLGT DIRE 2R 7=,

(a) (b)
low concentration high concentration
@
Q/ ? g aggregate
B
—_— CBG monomer
_ -
b 7y > (conc.)

monomer monomer

+ aggregate aggregate-forming

concentration (C,g,)

C
( ) 200 iA
'l agg

é\ 150 4 <l§ 4 )

S ! bagg

:'< 100 Cagg 'l’ A= Amono + Aagg C‘l.qg == a

= H ag99

B o o
8 ﬂ>l Amono = Amono * €+ bmono  / Aayg =0 (C < C“-’lg)
0 10ROQOOR === Angy,
V Amono = @mono * Cagg + Pmono [/ Aagg = Gagg * C + bagg (c= Cagg)
-50 ; ; T
0.1 1 10 100 _ %

5aTHQ-9n (12) (M)

Figure 3-8. Aggregate formation of 5aTHQs in aqueous solution. (a) When the concentration
of 5aTHQs is higher than the threshold, 5aTHQs are expected to form aggregates. (b) A schematic for
the abundance of the 5aTHQ monomers and aggregates in aqueous solutions against 5aTHQ
concentration. Aggregate-forming concentration (Cagg) means the threshold to form aggregates. (c)
ODssonm 0f 5aTHQ-9n (12) dissolved in PBS buffer (+5% DMSO) are plotted as diamonds against
concentrations of the compound. Absorbance curve (A) is defined as shown and fitted using linear least-
squares method. The x-intercept of the fitted absorbance curve for the 5aTHQ aggregates (Aagg) Was

defined as Cagg.

EF )~ —0O UV RINNMER T X % 550nm 1231 2WEEZEEICH LT F ey L,
Figure3-8 ®E7T /L& 4 L2, WOLEHIREZ 2 >O— kO Z AW TiEBl Lz, 7
7ebb, ERWSLEILE ) ~— - BEEERZNZEN O Anono & Aagg DFITH D | Anono
& Aagg 1EBRIR DRI A b O— IR TRE D L BRI, 2D L &, BEEROBLE
Aagg D X B 2 BRI AR FE & L TR L7z,
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§E9% Table 32 17T, FEEROWIIENH L FLIROUERE R HIEET T
DFEBRT0.995 LU ETHY . HETTANZYTHDZ EIRE STz, 5aTHQ-7n (8),
81 (10), -9n (12)I7 35\ T, BERIEAILEE & | BREIEA~ORE 257 % HIRHE & ORIC &
WIBIA R DU, ORERAND, 5aTHQ FI AW CHREER AT 5 = & Tl
ERELAFERTE D LV ) ATREMEAVRIZ S U7z,

Table 3-2. Aggregate-forming concentration of 5aTHQs

5aTHQ-7n  5aTHQ-8n  5aTHQ-9n 5aTHQ-10n NMe-5aTHQ-9n

8) (10) (12) (15) (24)
Aggregate-forming
) 326+44 244+09 10.3%29 39+1.2 6.2+1.9
concentration (uM)*
Minimal concentration for
~ 40 ~20 ~10 — —

membrane-binding (uM)**

*Data represent the mean and SD values of three independent experiments.

**Values were deduced by SPR experiments (Figure 3-7).

K H D 5aTHQ M FEFRIT E D K 5 IR DEEHERZE & > TWND DN DN T,
B ClE 2 LG S v TRy, BIREHGELIC X 2R ORERE R B | Wi
D EMEH R SN D PR CIE, EAL 100~300 nm F2EE O Fl BB B 72k 25MFE LT
D2 ENYI LT (Figure 3-9), fEE D X 5 A MBI > 08B E T 5 X B/VIE
BIONMBETH L0, ZOBERIII AL TIEARWE THREND D, BEAOREE
R ONCT D70, EFBMEBIE R EORAEN D DERNPESELETH D,
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. 5aTHQ-7n (8) ,, . 5aTHQ-8n (10) . . 5aTHQ-9n (12) ,, . 5aTHQ-10n (15)

2 ©m) 2, (LD IE= (LD I (uM)
5 160 80 5 40 5 20
E = £ £
40 20 10 5
0 ) 0 0 A 0
10 100 1000 10 100 1000 10 100 1000 10 100 1000
(d. nm) (d. nm) (d. nm) (d. nm)

Figure 3-9. Particle size distribution of the 5aTHQ aggragetes. Compounds 8, 10, 12 and 15
were dissolved in PBS buffer (+5% DMSO) at three concentrations higher than their aggregate-forming

concentrations (Table 3-2). Size distributions of the particles were measured by dynamic light
scattering.

3.1.6. IMNE

55 3 EE 1 Hi Tl O OB B RIK D & BT R IR 5-alkyl-1,2,3,4-tetrahydroquinoline
(GaTHQ)H A .3 Z L ITAH L, BEK L FEMR(LIC X o THIBH DM ST b 752 &
oy AR ZRE LT, 72, BERHCKT 2 A BREIR M & SPRENTIN G | AR 164
HIEDIREY CTod 5 5aTHQ FUL, Z DB 1iE 5 7215 C, AWt L Wkl k&
RFENDH D Z EDHBA LTz, & 512, 5aTHQ D EMMEFIC W TIE, /KT CThEERE
T 2% 2 & CHIRERE OBRMENHEIC LR D L) 2=—7 RET AR S
7oo LLEDFERMN G | AMEEREN 7 THEIE - WERE L HIo, 2<H LW 7 RADf
BBt AmTHHZEEHASMNCLE,
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3. 2. Streptoaminal D BB - IBERTE - EEM L EARHE
3. 2. 1. Streptoaminal 0 Ei

5aTHQ #i%, 3. LHI T~ T & 7 Fp B2 AEMTEME 721 T722 < | S, nigrescens & 2 WM ME
T. pulmonis OFFEEEERIE D D IX A B SRV E WS | AFERIIIC © BLRZR VRS A
fif 2 T 7= (Figure 3-10), EBfhHid, MlaEEIc I a— VgL W o B EHIEIFE Y b
> Tsukamurella J&72 & ORI 2 B & E58 95 & IR o —IRREED 7' m 7 7
ANVDRES BT HZEERELTWHE, ZoBIGL THERE) & LT, ek
DOFFEETEE TIER DD B RV LUWMEE OB 2 EICHIH UL T T 5006 2
Z T, 5aTHQ FAZTEEEIKITIL, B LG L BEEZ b O R BMIc b B A S h
TWDOTEARWNEHFF L, B O 2 LC-MS fifT 21T - 72,

PDA (220 nm) MS (m/z 260)

3 sl
(mAU
(b) 250 Pb-20R o1 220

s 55 8

1758, TIo95G) GE 280
1504
1255
1004
075
0504
025
000

Figure 3-10. LC-MS analysis of the culture extracts. Pure cultures of (a) Streptomyces
nigrescens (Sn) and (b) Tsukamurella pulmonis (Tp), and a combined-culture of (c) S. nigrescens and
T. pulmonis were extracted, fractionated by silica gel column chromatography and subjected to the LC-
MS analysis. PDA (left) and MS (right) chromatograms are shown. It is noted that the sample amount
of the Sn + Tp fraction (c) was one-tenth of other samples to avoid saturation of the ion peak. Red
dashed lines indicate the retention time of 5aTHQ-9i (11).

F£9°. S.nigrescens DFIFEEZEIL & T. pulmonis & DIE A BRI 2 K M4y Hit: . LC-MS
FRNT N D | A EE IR CAERICEIN R SN AR &2 R%E LT-, £ ORE%. miz 270,
284,298, 312,326 £, 5aTHQ & [FAI U< ¥ & 14 T &2kt L 72 B — 27 #£75 90% MeOH
JEG R Sz (Figure 3-11a), MR CTH DT NITAEER L LIIZH, &=
23 5aTHQ & HHHRIITNZ 2D, W ICITAEA R EORENH 2 EHEHI L, Z Dfbh
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WolE 2 B - MEIEIRET D 2 & LT,

90% MeOH &%, 7y - E&fRIZIZ> Y /7L - ODS * NH-> U hZ W= h T A7 m
~ NJT 7 4 —THE L, 2N E O —HOLEWREE 1572, LC-MS i & |
8ILEWMLL EEET Z DIREMDES 737 — 3. 5aTHQ O H D & LTV D Z LA
o7z (Figure 3-11b), L22L., ZH 51X HPLC TR FTHEZR UV NN E & A L7
<, BE—2 07—V 7HHE ST, s OREIE 5aTHQ LW v REETH -7, =
< HFD7e UV I ABEIZ Co 1 7 ML D47 HPLC 21TV, 5oz 7 T 27 v 3
> D LC-MS NI L&y D D Hikxk L5 2 LT, RINERN S, 3y %E TFA
e LTS T 5 Z LIk Lz (Figure 3-12),

5aTHQs m/z 232+14n (n=0-4) New metabolites m/z 270+14n (n=0-4)

Inten. (x1,000,000) Inten. (x1,000, 000)

(a) 2.0}
304 260.0339 298|i707 3122860

274.2491 1.5
326.3014
‘ ' 294 ]275
308.2904
2662443 [o851 2584 ) £ | | 3242435

200.0 228 0 250.0 275.0 3000 n/z 260 210 280 200 300 3o 30 ok

MS 2.09 246.2182

1.0

1.04

288.2648 284.2553
0.54 270.2396
l

232.]2029 299 ?d92

19, 990, 090} . 10,090,090}

(b) 20] SN *!'sn
o b
Lm%i;mm;i-}%*f . j&hi . i *f

0o, —

S S . . — 00

10.0 125 15.0 50 75 10.0

Figure 3-11. MS analysis of 5aTHQs and another series of new metabolites. (a) MS spectra
of the mixture of 5aTHQs or new metabolites possessing a variety of alkyl chains. (b) LC-MS
chromatograms of two metabolite groups. (upper) A pure culture of S. nigrescens (Sn) and (lower) a
combined-culture of S. nigrescens and T. pulmonis (Tp) were extracted, fractionated by silica gel
column chromatography and subjected to the LC-MS analysis. Peaks in MS chromatograms

corresponding to 5aTHQs (blue) and new metabolites (red) are shown by arrows.

BB 25 D 431iT, W FERE MS 235 CigHasNO, & PE X7z (miz 298.2731, caled
for 298.2741, Ci1gHzsNO2 [M + H]*), 'H, C, DEPT, HMQC NMR A X7 kL DR/ |
L& 25 18— kiR FE % L, “#RiREE 140, —fEL 2, WkREL 1L EET
ZEDBHBMTEN, ENHITTRTspPRFETH 72 (Table 3-3), NEIFEEN 2 TH
528, 8D RAF LU IREDIFEMPARBRIRFZFFOZ LG (LEW 25132 5D
RIS 2 FFo & PRI, HNMR A7 MUVIZEIT 2 @il iE (0n 1.23-1.99 ppm)
TIEHEEDO Y 7 FVOEEN R 7=, COSY, TOCSY, L T HMQC-TOCSY NMR
AT RMIVOFFHTING 2 DDA RIINHDH Z L& I L7 (Figure 3-12), 8 fir/k
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HOAFET T MEN S A 2RI He-8/H2-9/H,-10/H,-11 O 8 (iR SEIZE R T 05 &
LTV ZEDRRESNTz, 8Lk LN 1L AKEND 6 (LD WUiffkixE~D HMBC FH R
DRONTZ LMD, ZOAERINNBENY PUBRZHL TS Z & LT,
H 9 DDA U FRI] H2/H-3IH-4/H-5 1, 2 DDA XV AF U IRFEEF LTV, 4
A7« 5AKRFED S 6 (L fkFE~D HMBC FHRIIZ, 57 6 ML DIk iR & A LT
BHZ L mmRME LT, 6 fRFEDRHEN LT 7 ME(Sc 86.9 ppm)id~I 7 I F— /L4
EOF AT LTEY, 2RBICBERFBFEELTWDH I L E2BETLH L. LEY
25 WERV D UERD 6 (RFELAIAGTHETT T RrE 7 VRBEAEEL TWDH A
REMEDN R S Te, 4 ARF 1L LR, SALIRFE—1L (RS, 5L RFE—10 AL H
DFH HMBC FHRIZ. A B B~ 7 2 —/LTh % T-aza-1-oxaspiro[5,5]undecan-4-ol 1#
Wa R LTV e, RFRIT, TV VD 2 (1 RFBICEBEE A LT\ 5 2 L 2% COSY #H
BNWOIHLMNE ol BODY T FANAF LS, AFNEIETHDLZ &0
b, ZOTNVFNVHITRFR I OBEEHNTH D LEx b, UL EORERNS, (LEY
25 O EEE 2 Figure 3-12 O X 9 [ZHRE L7z,

(a) ’ ¢ s (b)

10
9 1y
N 2 N N
A 0T O
OH OH OH m—: COSY —%: HMBC
STAM-9n (25)  STAM-9i (26) STAM-8n (27) : '

Figure 3-12. Structure of streptoaminals. (a) Structures of STAM-9n (25), STAMSs-9i (26)
and -8n (27). (b) COSY and key HMBC correlations for the core structure of STAM-9n (1).

A BT I U, R L7 EEY 25, 26, 27 THE LTV /o (Table 3-
4), T D= —7 RREERE L . Streptomyces BHGRE N SAEESND Z D, o
Lo DILEWEE % streptoaminal (STAM)FA & inds U 7o, & l57 Dfin4s 13 5aTHQ FAIT iy,
STAM-9n (25), STAM-9i (26), STAM-8n (27) & L7z, T 72 b, Flxi3{b&M 25 23, [R5
OO/ NV NVDOT VX IVEEEFFOZ L 2K T ms4 & Liz (Figure 3-12), (L&Y
25-27 @ HPLC 28 1F DIEHINEF1Z, £ EH 5aTHQ-9n (12), -9i (11), -8n (10) & —F L
T e, ARBFZETIX STAM B D 3 ploy LOERITE Do 7oy, Z ORI, STAM
BT 5aTHQ Fi & RIAR DS ARME A B35 Z L VR ST,
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Table 3-3. NMR data of STAM-9n (25) in CDsOD*

H (mult., J in Hz) 13C (mult.)  H/AC HMBC

2 404 (m) 67.8 (d)
3a 156 (ddd, 2.2, 11.8, 13.7) ,
3 182(ddd, 21,59,137) o000 C-2,C4,CL
4 424 (m) 639(d)  C2C6
5a 176 (dd, 2.7, 14.9)

5b  1.99 (ddd, 1.5, 3.6, 14.9)
6 - 86.9 (5)
g8a  3.06 (ddd, 3.6, 11.4, 13.2)

39.2 (1) C-3,C-4, C-6, C-10, C-11

8b  313(ddd, 31,66 132 20 C-6,C-9,C-10

%9a 1.67 (m)

b 183 (m) 23.1 (1) C-10

10a 1.62 (m)

10b 189 (m) 18.7 (1) C-5,C-9

11a 1.70 (ddd, 3.9, 12.1, 14.1)

11b 1.82 (m) 37.1 (1) C-4,C-5,C-6,C-9,C-10
1'a  151(m) o

b 160 (m) 36.9 (1) C-2, C-2, (C-3)

2'a 1.34 (m) ,

b 1.58 (m) 26.6 (1) C-3,(C-3)

3 30.7 (1)

4 30.7 (1)

5 30.7 (t) , =
& 1.25-1.44 (12H, m) 305 () (between C-3'and C-9")
7 33.1 (1)

8' 23.7 (1)

9 0.90(t 7.2 14.4 (q) C-7', C-8'

*Chemical shift values are shown relative to the residual solvent signals (&4 3.31 ppm

and &c 49.00 ppm). The spectrum was recorded at room temperature.
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Table 3-4. NMR data of STAMs-9i (26) and -8n (27) in CD;OD*

STAM-9i (26) STAM-8n (27)
position ¢ (mult.) oi (mult. Jin Hz) oc (mult.) OH
2 67.8 (d) 4.04 (m) 67.8 (d) 4.04
3a 1.56 (ddd, 2.0, 11.8, 13.6) 1.56
3b 3800 1.82 (ddd, 1.9, 5.7, 13.6) 3800 1.82
4 63.9 (d) 4.24 (m) 63.9 (d) 4.24
5a 1.76 (dd, 2.8, 14.9) 1.76
5b 39209 1.99 (ddd, 1.6, 3.5, 14.9) 39209 1.99
6 86.9 (s) - 86.9 (s) -
8a 3.06 (ddd, 3.5, 11.5, 13.2) 3.06
8b 41200 3.14 (ddd, 2.9, 6.6, 13.2) 41209 3.13
9a 1.66 (m) 1.67
9 23109 1.84 (m) 23100 g3
10a 1.62 (m) 1.62
10b 1870 1.89 (m) 1870 g
11a 1.70 (ddd, 3.9, 12.1, 14.0) 1.70
11b 3110 1.83 (m) 3110 1.82
1'a 1.51 (m) 151
1'b 3690 1.60 (m) %90 160
2'a 1.34 (m) 1.34
2'b 266 (9 158 (m) 2660 15
3 30.9 (1) 30.7 ()

4 30.7 (t) 1.25-1.44 (6H, m) 30.6 (t) 26144
5 28.5 (t) 30.4 (1) (iOH-) '
6' 40.2 (t) 1.19 (m) 33.0 (1)
7 29.2 (d) 1.53 (m) 23.7 (1)
: 14.4 0.91
2- 23.0 (q) 0.88 (d, 7.2) @

*Chemical shift values are shown relative to the residual solvent signals (o4 3.31 ppm and

oc 49.00 ppm). These spectra were recorded at room temperature.

51



3. 2. 2. Streptoaminal DXL IKILZE

STAM-9n (25) D =T DARFS B8 DFER LA EFIE, b ZE e & 3R 72 NMR fi#dTic
L OWRE LT, TT ALEW 25 WAL RN 2R3 2 LIZHEH Lz, b&% 25 D 'HNMR
AT MVEFRZ RIRECHIE LT & A KR TIE~A T — 7 F A OWE R AL S A,
ZOEAIT W) ThH o7 (Figure3-13), ZOZ &b fLEW 255 1 ZAERA~IT I
F— UK TRERD TR, A IR EORERMEREIZH D Z EWRB SN, &
OMEEFIH L. LAY 25 12 acetone dimethylacetal % et CIEF S ¥5 Z & T,
A IURDT 2 b A RiBEK 28 2157~ (Scheme 3-3), 7k F 1 FCHE#EL 1,3-
DF =L, 2 ODAFIVEED BC {bFT T Mg b LI, anti BN syn B E Bk
ETDHIEMTE L0, TnEno BC 527 Milx 30.5 ppm, 20.1 ppm ThH > 727
D, DL TA AN ynBETHDHZ ENRHLNE RS,

!
40°<:-J ! ! ;

20 °C

43 42 a1 a0 29 38 37 36 35 34 33 3.2 31 30 19 28 27

0°C

Figure 3-13. Temperature dependency of the *H NMR spectrum of STAM-9n (25, TFA
salt). Spectra measured in CD3OD at 40 °C, 20 °C (room temperature), 0 °C and -20 °C are shown.

Arrows indicate signals derived from the minor tautomer.

Oc (ppm)
oo 305 20.1
N -~ T _— T
HQ N/ n-C9H19 ace:tone N/ n-CgH1g
OH
25 25 28
(hemiaminal form) (imine form)

Scheme 3-3. Structures of the tautomers of STAM-9n (25) and its

isopropylidene derivative 28
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VT, NOESY #HBH L KK DA » 7V TG, A a7 I — Uik
DEE IR A— a o &EUN- (Figure 3-14), 4 ik L& 37 507D 4 SDKFE L
DORDT TV v T EEPINTN /NS L5 C0hn 2.2 - 5.9 Hz), 4 ii/KENT Y
T RYUTAAALICER LTS Z EXNHBA LT, —J7, 2iKEIZ3MAkFED 1oL 11.8
Hz CWomWhy ) U TERE R LIZTEO, THXR T AALCER LTS &S
Nz, Zh OB~ D NOESY MIC L > THHEF SN, 2 DDOEFEF T2 syn
DRERIZH D E NI EDOFER E L FJE Lrd -T2, INZ T, 2L « 8 (i/KkFE M P NOESY
FIBIIC & - €, A a OISR RE ST bz, Z OB S5 7=
DIZIE, A EANIT I F—UEENIRD 3 SO Z M- T VERNH D, TRDb,
D2 SDORERP W TRRECTH D Z L, QLBEIRT-& TMERRF1, TL60
BERVEBRNPL R TT XU T ALICER L TVWD Z &, £ L TOZNFTORFIRFEDH
KISTARALZE DN 2R*, 4R*, 6S* T H 2 &, O 3 &k Th 5, LLEDHERENS, STAM-9n
(25) DFERISIARAL A Figure 3-14 D X 5 [ZHRE LT,

Figure 3-14. Key NOESY correlations and 3Juy values of STAM-9n (25).

3. 2. 3. Streptoaminal-9n DA & # 5t 3fk{L$

eV T STAM B LR b2 P E T D725, STAM-9n (25) DA~ F o F A~ —D
EEREIT- T, WA Z Scheme 3-4 |27, STAM B D BRI 2 LB L, &
HHBIE syn-1,3-U A — G E oA S URE LTz, HA I VIV T AT LAY —
ThHILAEY 293, 29b NHZENENHELND EBE 2 T-, {bHEW 293, 29 (X7 AT L
FREDE L THRIZA VFY YU v 30 Z i RRINIIZET L2 CoBiTo2 & & L
726D, tE&% 30 1% 1-undecene & = k =it G 31 OERALAINBUEENZ LV FHND &
FAEL AW 3L ITHRO N FAIEET L a— L R ZHREWE L L TR TX 5 %%
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7’9—
—o

[\a an-CgHig
i o S O\A
H = S
n-CgH1g N n-CgHig / n CoH1g
29a ¥\,

OH P
31
() on
N
H
32

(2R, 4R, 6S)-25 (25a)

2

n-CgHqg
OH OH OH OH
n-CgHqg g n-CgH1g
29b

(2S, 4S, 6R)-25 (25b)

Scheme 3-4. Retrosynthetic analysis of STAM-9n (25)

. (S)-(+)-2-hydroxymethylpiperidine (32) ZJF £tz = hrfbA&M 31 A LT
(Scheme 3-5), {bAW 32 D7 X 7 H% Boc fri#E L, TEMPO fgfbic L~ Crva—b
ETNTE R~EEb L7z, Henry RUGTT AT B K 34 = hu X% LiERth, A
Ak & e < BBESUGIZ K > T ap-ARfafi= b ufb &4 35 & L, {bE4 35 D HifE
BEKRFEARTHET N VLA TEILT DI & T, 5B, 60% & BiFRIETLEY 31
DE UL LTz,

Boc,0 TEMPO

O\/ Et3N O\/ Phi( OAc)2 1. CH3NO,, ag. KOH, MeOH, rt O\A
o _
N CHZCIZ CHZCIZ NN N NO
32

2. MsCl, EtN, CH,Cl,, -20 °C

2
Boc 74% (2 steps) Boc
b o
e°/ s°/ 34 35
Z n-CoHyg Fo
NaBH, PhNCO, Et;N N-0 NH,CI w
- / -
EtOH N NO, toluene N n-CgHyg  EtOH/H,0 N n-CoHyg
0°C Boc 50 °C Boc 80 °C Boc
96% 31 30 36
NaBH,
_ EuBOMe) OH OH OH OH
THF/MeOH B n-CoHig ’é‘ n-CoHig
.78 °C 0C 0C
29a: 32%, 29b: 33%
(3 steps)

Scheme 3-5. Synthesis of syn-1,3-diols 29a and 29b
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WIZ, syn-1,3-3 A — VERGy DML LN BT 2 T AT LA~ —29a, 29b % &k
L7 (Scheme 3-5), {b&W 31 O=trlkE T =LA VT x— MAE T, HEME
FMET= PV VAFRY RLEME LTe, ZHICKREET V7T 5 1-undecene % N
252 ET, [BBRIMINISICED A X HVV 30 DVT AT VHRAYM 15T
62, {LEW 30 DIRRETIZT T AT LA~ —DOHHIREgE CH 72720, IRAEMDOE E
WO LT, 4V FHY U UBRO N-O fiGad —B Bl L VRARIE® &
SIAKGEEZE Y B-BE Raxv 7 b 36 2/ LT, LAY 36 DY/ mu XX R
W& -18°CIZHmAIL ., diethylmethoxyborane fF7E T, KFLATVHET MY v AEERASH
HZET, B-E Fadxi s b syn-1,3-U A — L~ ENIRERIRIICE T L 726D, 7
AT L A~—29, 290 (XU DT NT T B CTRGZTEERE Ch > T=, LAY 29a, 29b
DA —=NET ' h=REL, 225D AFNEED BCALFET 7 MEND, f#EHNNT syn-1,3-
VA PBIRICE SN TWD Z & 2R L7z (Scheme 3-6)00, Z i Difixf 7
BAEFX, bis-MTPA = A7 /L Z{ERL L, 2 Mosher 15 CHRIE L72@, {bF 7 MED
el DfE R 29a H3(2°S,4°R)IA. 290 23 (2'RASATH 5 Z LML E 72> 7= (Scheme
3-7).

(a) 5C (ppm) (b) 5(: (ppm)
>< 30.5 20.1 >< 30.5 20.1
MeO” “OMe >< MeO” “OMe ><
’E\iloc n-Cbie acertione g‘oc n-CoHig Eoc n-CoH1g acerttone ’E\iloc n-CgHig
29a 94% 37a 29b 86% 37b

Scheme 3-6. Relative stereochemistry of diols 29a (a) and 29b (b)

(a) (b)
(R)- or (S)-MTPA-CI (S)-or (R)-MTPA (R)- or (S)-MTPA-CI (S)- or (R)-MTPA
w Et;N, DMAP ngwgf(sr or (R-MTPA O\)OHVOKH Et;N, DMAP O\)ovo((sr or (R)-MTPA
goc n-CgHyg (;Hrzt@2 goc n-CoHqg goc Nn-CoHyg CHthCIQ g‘oc n-CgHyg
29a bis-(S)-38a 48% 29b bis-(S)-38b 62%
bis-(R)-38a 77% bis-(R)-38b 46%
.MTPA _MTPA _MTPA __MTPA
(@) (@) (@)

+0.28
+0.20

+0.05

+0.10

N 02 0.00  +0.20 - goc +0.22 005  -0.22 +
-0.21 -0.02  +0.19 +0.15  -009  -0.20

+0.17;

Scheme 3-7. Absolute stereochemistry of syn-1,3-diols 29a (a) and 29b (b). Ad (= Js - dr,
ppm) values for the bis-(S)- and bis-(R)-MTPA esters 38a and 38b are shown.
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WIZIZ, YA —/L 293, 290 O EEBM TH LA I 2 ERLT- (Scheme 3-9),
t& 29a D7 I 7 FEIZHOW T, Boc A% lifR# % . N-chlorosuccimide (2L ¥ 7 = mik
fK40a & L7z, ZHiZxf LT DBUIZ X DM KFIEZITH Z LT, BHIDA I~
EEHLLUT-, A S AXTFREE Y ~3 T I —JLK 25a ~ & BMAL L=, (LA 29b 12D
WTHRBROE WA ITV, 25a DT> FA~—Th D 25b % 3 Bt - 69%ILHE THHK
L 72, {b& ¥ 254, 25b |22 T, RIRD STAM-9n (25) & 7] U4 T HPLC F#L 21T\,
HIEDJFEL 32 706 11 B2 # T, Wb EW O TFA R Z & Br9 & LTIz,

o
N

rt Cl rt
quant. 40a 67% (2 steps)

1N HCI OH OH NCS H OH DBU OH OH (\ O._.n-CoHrg
29a —— : : : R - . _ B H — N
THF u n-CoHyg THF \ n-CgHyg  CH,Cl, N n-CoH1g H
rt
39%a

OH
25a

Scheme 3-9. Synthesis of (2R, 4R, 6S)-STAM-9n (25a)

{bA&% 25a, 25b DFFE NMR 35 KO 2 AT ML RIRY) 25 Logaeic—H LT
W, STAM-9n (25) DT F o F A~ —DRERMPEMR STz (Figure 3-15), KR 25,
AHh 25a, 25b DR EIZFNFH, +16.2, +21.7, -17.4 T -7= (c 0.15, 20 °C in
MeOH), X T, KD STAM-9n (25) Difixf TR b % 2R, 4R, 6S & RE L7z, STAM-
9i (26), STAM-8n (27) D HlE L IX R — S TENEN+14.9, +143 ThoTolzH, AE
BT X VBRSO SR LSRG STV D LT B,

3. 2. 4. Streptoaminal D &EWiEYE

FEHL L 7= Streptoaminal O EWIEMEZFH <72 & 2 A, 5aTHQ A & 1L 72 2 RN /R
SINTe, FF. DR erg B TERIC XTS5 STAM-9n (25) DA BRHEIG % 7«
% & IRERSWE IR A 2R RO kI 2 5720 - 7 (Figure 3-16), erg K{8
FRIZEPAERR L D b @V EZ R L7272, STAM B MIENICHERY 2 & D Al BEMEA R
e Sz, 5aTHQ FHDHEETEMEAHR TIL. TV F VO IRFED /N ST EBERRIT X
T HRAENEMER TR E W HA AR S 7 (3.1.31H), STAM J4Tid, STAM-9n (25) &
STAM-9i (26) D TIHTEIZZEMN L S L7V Ehs, STAM-8n 27) IXFLEIEEN DT 0255
o T, £, AR LT (+)-STAM-9n (25a) & (-)-STAM-9n (25b) 1%, W\ 9771 & KIRD STAM-
9n (25) & A DOIEM AR LTc, BLEOFERI G STAM BT 5 7 VL8 D83
5aTHQ L 1Z /2D Z &, AV BRI T I F— /VEE O NA LI TTE MR E L
RN EAVHIFT LTz,
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E\- O Cothro E\- O -CoHs 0 _sn-CoH1e [a]Z° (c 0.15, MeOH)
N N N\\‘
i H H v Natural 25 : +16.2
OH OH SH (2R, 4R, 6S)-25 (25a) : +21.7
natural (2S, 4S, 6R)-25 (25b) : -17.4
STAM-9n (25) (2R, 4R, 6S)-25 (25a) (2S, 4S, 6R)-25 (25b)

(b)

L A | |
25b
Natural A {
STAM-9n

(25) 43 42 41 40 39 38 3T 36 35 34 33 32 31 30 29 28 27T 26 25 24 23 11 21 20 19 18 L7 L6 15 14 13 12 LI 10 09 08

Figure 3-15. Absolute stereochemistry of natural STAM-9n (25). (a) Optical rotations and
(b) *H NMR spectra (CD3;OD, room temperature, 500 MHz) of natural STAM-9n (25), synthesized
(2R,4R,6S)-25 (25a) and (2S,4S,6R)-25 (25b) are shown.

BT, ARk L 72 (+)-STAM-9n (25a) @ ik B & Bacillus subtilis, 25 7 K v EKH
Staphylococcus aureus, #EIEHE Pseudomonas aeruginosa, K& Escherichia coli (Zxf9 2%
AEFREEEZ, X—="—=F 4 A7 T v A T L7z (Figure 3-17), PiEIEMEE I
& ETRS 720 5aTHQ &I IREYIZ, (LA 25a 13T~ TOHIRE IR L CHIEM %
TER LTz, KL 72 R D STAMSs-9n (25), -9i (26), -8n (271, UXEN D72 o 12728
[FIRRER AT Z 7R 2 T2 3 Bk I B DIR B T & 5 KX STAM O MG R 1T, (L&
¥y 25a L RIEEDIEMZ R LT2, ZORERNS, 5aTHQ & STAM Mk, Il EA K
R Z b oL PHRIND —FH T, FFEEOEWVICE YD 2 B 5EMEEERT 0D
BLEETROBIRIEIC S D 2 & DRI STz,
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Figure 3-16. Structure-activity relationships of STAMs. Growth inhibitory activities of STAMs
were examined against the wild-type (black), Aerg2 (red), Aerg31Aerg32 (blue), Astsl/erg4 (orange),
and Aerg5 (green) cells. Cells were treated with natural 25-27 or synthesized 25a or 25b for 24 h. Data

represent the mean values of three independent experiments. Error bars indicate the SD.
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Figure 3-17. Antibacterial activities of STAMs. Growth inhibitory activities of the STAM
compounds were examined against B. subtilis, S. aureus, P. aeruginosa and E. coli. Synthesized (+)-
STAM-9n (25a), 5aTHQ-9i (11), natural STAMs with a variety of alkyl chains, kanamycin, ampicillin
or MeOH were loaded onto the disks. Bacteria were incubated at 30 °C for 24 h. Similar results were

obtained for three experiments, and the characteristic results are shown.
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3.2.5.5aTHQ ¥ & U streptoaminal D & & R Hr

FORKRFPRFPLREFAMB AR Bpises & odLFEfFFE L LT, 5aTHQ %4 -
STAM FHDOA G AR IR fRIA 4 B8 Uiz, e B3 EFERE ORISR F RS KO &L | 8
VIR 2 SRS D ESERIR O - /3 & £ 5y D HPLC + LC-MS « NMR 4T % 124
L7z,

F7°, 5aTHQ N E A E I ENED “IRIGHEM DN & 5 DO T2, Fellil <7 &
912, 5aTHQ HHIX S. nigrescens 33 X OY T. pulmonis DML O 1T &9, W&
EEAREL YO CTAEESND (Figure 3-10), =2 C. T. pulmonis LRI U< I 22—
NMNEGAEMETHY . BHMEO KRR EFHFET 52 L2 F 55 Rhodococcus
erythropolis 33 X O° Corynebacterium glutamicum % S. nigrescens & # & 52 L 7=FE D
5aTHQ FHD A PE R # flEs8 L7=¢D, Z OfER, C.glutamicum & DEAHEEIZTH 5aTHQ
RO TNIEEIND Z ERXbho7- (Figure3-18), Z D Z &nvh, 5aTHQ MDA
A GRS 11X S, nigrescens 23 o TW A RTEEMERN @V & PRS-, 7l Z ORI
STAM %% LT LUENCAT o 72 b D TH Y . HAEEEBEDENI LD STAM LEED
ZEIFERE T E TV,

PDA (220 nm) MS (m/z 260)

175061.000.000)
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Figure 3-18. LC-MS analysis of the culture extracts. Combined-cultures of (a) S. nigrescens
(Sn) and T. pulmonis (Tp), (b) S. nigrescens and Rhodococcus erythropolis (Re) and (c) S. nigrescens
and Corynebacterium glutamicum (Cg) were extracted, fractionated by silica gel column
chromatography and subjected to the LC-MS analysis. PDA (left) and MS (right) chromatograms are
shown. It is noted that the sample amount of the Sn + Tp fraction (a) was one-tenth of other samples to

avoid saturation of the ion peak. Red dashed lines indicate the retention time of 5aTHQ-9i (11).
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RIZ., Figure 3-19 @ 1 512 5aTHQ D IRFFHE N —FEFEZ TEH T &6, 5aTHQ
X, RNV F RESEREPKS)FEZ L > TAEEK END & TR LT, £ 2T, ¥C ik
FEER I X D [RIALIR N L—H —FBN S 2o PHEZEMIT -, T7hbb, [1-BCIEHE T b
U0 AETIL[L,2-BCIEE T R U U AE TN L7 R5288 0 & 5aTHQ KA % Hipf - L |
BC NMR IZBW TV 7 AgiED R F 7213 BC-BC FAI2 L D NMR ¥ 7L D4y 5
DHER SN DIRFBEFIE LTz, T OFER, 5aTHQs-8i (9), -8n (10), -9i (11) , -9n (12) , -10a
(WB)DIFFEFT R TORBZENREEL = LD Z ENHALNERY . THEED ., PKS
FIIINRIAER G B R (2 &> TAE R S D AIHEMED RIZ S v (Figure 3-19), fEHA
B RIHEE DYIGIE, XY oA VA 2 AZHRT DI AR A X — 4 — &
LTHWSAZ LKV AELZZ RO THNDEY, 2 bDFEFEIL, Nl A F L%
> 5aTHQ H D KUt S FERAFE R S AL72 N & 0 EERFE R A P Lo, RER S
STAMBUZ DWW TIIFIT 21T © TWR WD REFHE DR FEED 5aTHQ M L R L TH Y |
RFEFHDO—EEXLARETH L7720, T DEBAICHEES IV IAE LD EHERI S D,

(a) (b) QO:[1-13C] CH,COO Na : [1,2-13C,] CH,COO Na
- o
S Yy £y
R o o o

P AL AR e P
O o L P L
o\uﬂ/c:o O\Hﬁ o\uﬂ/c:o o\uﬂ/jo O\Hﬁ
5aTHQ-8i (9) 5aTHQ-8n (10) 5aTHQ-9i(11) 5aTHQ-9i(12) 5aTHQ-10a (13)
Figure 3-19. 3C-labeling of 5aTHQs. (a) The carbon skeleton of 5aTHQs colored by blue can be
drawn with a single stroke, which indicates that they are made from several C,-units. (b) Incorporation
of [1-13C] CH3COO" Na* and [1,2-13C] CH3COO- Na* are highlighted by yellow blobs and yellow lines,

respectively.

S BT, S.nigrescens D KT 7 K7 LMEMT DS 5aTHQ FAA G K D BB s F 23 A
SNz, F 7 AERPS PKS ITFH OGN ZTRR L, #EELBRBIR T2 T AKX —
ELT, N PKS &7 X/ HlsBEEFE 45T 9 D0 ORF AR &7z (Figure 3-
20), ZiL5iE{s 1% Streptomyces lividans TK23 (Z ¥ ffifE LR Bl S 7= L = A, 5aTHQ
YDOEFENHER S 7= (Figure 3-21), 7 X / RiEBER %2 2 — K95 orfé 2RV /=&
517 7 A% —ORFFRBLTIX 5aTHQ AN EE S Nie o o FE LT, KEET
FEN BaTHQ DA A HIE L T\ D Z E AL T Ao 7=, BURENZ L2, STAM
YA 5aTHQ #8 & [AEE DM % 7~ L7- (Figure 3-21), 9725, ORF1-9 | S. nigrescens
(Z[E A 7o fthod &2 v Ry B S Z & 72 <, 5aTHQ ¥ - STAM $H X5 DA A Al % [RIRFIZ 1
STV D ATREMED R STz,
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1 2 3 4 5 6 7 8 9 1 kb

I I B B DD —

ORF amino acids proposed function BLAST result Identity/similarity
putative acyl carrier protein
Mycobacterium abscessus

Probable 3-oxoacyl-(Acyl-carrier-

2 436 ketosynthase (KS) protein) synthase Il KasB 61/73
Mycobacterium abscessus

putative beta-ketoacyl synthase
Mycobacterium abscessus

3-oxoacyl-[acyl-carrier-protein]

4 428 KS synthase |l 65/77
Mycobacterium abscessus

putative beta-ketoacyl synthase
Mycobacterium abscessus

pyridoxalphosphate dependent

6 961 aminotransferase aminotransferase class lll 55/71

uncultured bacterium pEAF66
putative post-PKS ketoreductase

1 192 acyl carrier protein (ACP) 49/64

46/57

3 398 KS (inactive)

5 463 KS (inactive) 54/66

7 248 ketoreductase (KR) o 67/81
Streptomyces bikiniensis
short chain putative oxidoreductase
8 264 55/71
dehyogenase/reductase uncultured bacterium pEAF66
9 254 thioesterase (TE) thicesterase 54/66

Streptomyces avermitilis MA-4680

Figure 3-20. A gene cluster found in S. nigrescens responsible for biosynthesis of
5aTHQs and STAMs.
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Figure 3-21. Heterologous expression of the biosynthetic gene cluster for 5aTHQs and
STAMs in S. lividans. Cultures of (a) S. lividans TK23 (wild-type), (b) S. lividans TK23 expressing
the gene cluster responsible for biosynthesis of 5aTHQs (THQ genes, orfl-orf9), and (c) S. lividans
TK23 expressing the THQ genes except for orf6, which encodes aminotransferase, were extracted,
fractionated by silica gel column chromatography and subjected to the LC-MS analysis. MS
chromatograms of 5aTHQs (left) and STAMs (right) are shown.
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3.2.6. IME

I3 EE 2HITIL, =—7 lofkil - 1EMEE 0 5aTHQ NV EE S D A H )
EWVVHSRIFICE B L, Y O MR O | BRI R RA M b & T
WD ATHBME A RRGE L2, EORER, KRR THMO TRz A e ~I 7 I — I iEsf
9% streptoaminal (STAMYEZ R4 Z L I2akZh L7z, STAM JEITMEIA OB ETENE 2R
L. 5aTHQ &R B EMiENA2H LT\ e, 72, R X F RS & il in 1
7 A K —7) S.nigrescens D7 AHUZAFEAE L, 5aTHQ $i - STAM EIRUT DA G A& 1
STWDLHZ EXH BN LT,
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3.3 £%®
5aTHQ 48 - STAM D #EEFH

1,234-7 b7 X/ Uy (THQERIZIRART L h v A RRoARRERMN 2 9,
Bk 2 72 AR BRI E I L O N D IRFB B TH S (Figure 3-22)96N F 7= Kb 721
T, BHE, MYWEIZCOERWEREIZBWT THQ 7V h v A ROAFENRE S
NTW5, 2O LI RHT, THQ BRICT LFAENRES L2721 & 9 Fed T L7
& 5aTHQ A RG] o R Thv ., 2o b, Fiffl O ERIEEE b
RV ) EEITERFE, 5aTHQ HOF AL, BAREBRLIC L D EEENH
STIZETHY, L FIC LI L DRWEEE b S ZIRIEED DS, AW, Rk
FREZIIRTEHZ IR TV D AMREMEZRIZ T 5, A T, MENRFEROME SN
“hE fﬁm% HINBRPo T XD EEMICH | = — T T AEMIETED LD H AL TV
HATREMEICHEET O ENHH EEZEZ TN D

CO,H
Helquinoline

) Virantmycin
(Janibacter sp.)

(Streptomyces sp.)

Yaequinolone J1

QOH (Penicillium sp.)
Anachelin
(Anabaena sp.)

Figure 3-22. Structures of natural products containing a tetrahydroquinoline ring.

—J. STAMBE DA E R~ T I —/LEKIE, R THIET ISR eIE B A Ch
Do BEEIOAE BRI T I T —/VEKIL. WITIDORNPIER) spP?kFExFZLH O
L ENES ERICEXY U UVERET R T R E T VR LKA EHIL STAM
BHTHD (Figure 3-23)(58)'(62) IHL bkt LT EMAaEETH Y, 5aTHQ
T OB e DAEWIEREZ R T2 b, A AT I LERDBTEMERBLC
HEREEZJT- L QD ATREERS B, £72, STAM EHO AT L V| Zfli7s
JEEN BT CTABTHRAZBE TE 5 2 LVRENTZIED, BkiEE RE S GEET L
b ZERMEZIRI L ERIEOENITEH L < 2 PS5, U EDOBE)NL, A
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HO

Figure 3-23. Structures of natural products possessing a spirohemiaminal moiety.

5aTHQ O HE{ERETIL

FERE DA B E 25 & 2 RN BEERTEARIRE EHE L T I NnEELZL T
H 5 & FT, 5aTHQs-10n (W5)IFMEWEEEERTEARE 2R L, mVWEE T 6 IR ISR,
A, ABFHELZ RS (Figure 3-5, Table 3-2), #t\ T 5aTHQ-9n (12)1%. HHEM
TERRIRE &/ % 5 & RREIIC A AR HE A L IR RS A B R 22 A B L E 2R
9, —J7. 5aTHQs-7n (8)X°-8n (10)IFNEEMEA~DFE A IFERINTE AR 2 5L 2t S 4
LbDODFHHITHY  Eo  BEEARERIRELL T CTho THAFHELZRT, I I
5aTHQs-7n (8)X°-8n (10)i%: erg Efn -4 BRI /3 2B ME < . MIANTHIEMT
HAEREMENRE 2 vz, LLEORER AN E 2. Figure 3-24 © X 9 72 EMEHET V&
=R 5,

5aTHQs-7n/-8n 5aTHQ-9n 5aTHQ-10n

if P% J " J—ﬁ*

monomer aggregate monomer aggregate monomer aggregate
..: :, 1 :, stable’>

*uff
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Figure 3-24. Plausible model for the interactions between 5aTHQs and lipid
membranes.
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5aTHQ-9n (12) M HEEME & mW Bt EZ R BRI, 7 I /7 R E T AF A8 K 5
FE 7o miE A E T H D & PR SN S, 5aTHQs-7n (8)<°-8n (10)D L 5 (ZMIEH AN &
F) R —OKEENEED 2O, BEEDPIFERICHESGLTH, —#RE/ v—L LT
KFNEBEELLTWEB X BILD, o, £/ v —DHMILEIC L > TEAZZ BT 5
LT BEREAIRELT COAFRREZ RTONE LRy, ~ji 5aTHQs-10n
(15)0>J: NN R L 225 &, MISHH O BOKYER AAER 2SR 2 D ITEREAR D K F T

IAFHEL, IFEEEME L SbnE IS,

fé’)w)ﬂf% %ﬂ:/\%# AWM 2 BT DS AL & U CHEER IR Z TR T 2 fili3 o
TINTHDH, 72 %L, surfactin®=> daptomycin®7e S V) AR T7F Nk, (bEWD
BV & e U SR miE A O X O ICEREE A E S 5 Z L CllamEttE s R T b
EZLNTW5, £7-, WEMAWE kD5 1 7 7 marinobactin (2o Tik, Bl
TIHEIBAZEHELTHEELTEY, Fe(l) AT D2 L TURY —h~LEREE
DEATDHZENRENTND®), Z OMBBMELE D EE tM~E mM O &\
RIBMVREZ S HOOIZR L, 5aTHQ FEHIFE A~ + uM &9 IR T, 100 nm % #
2 % R R & 7R RN A TE R T 2 RN T H 2 o 0 ZRB% RETTARIEIE o SN2 Al
BEZ & D7D, 2D K 9 B RZREERIRD EHHIRUNE & 5 G UAEMTEMEIZ G 57 2 0%

i %ﬁﬁ@%ﬂbi%é# 72 erg AR T DREERIZIZDN VO E WS mb &, IFE
5 & DOFER 22 FE BAE AR BR8N R =

TILXILEIED S H

AMFFETIL 5aTHQ FAD Sy & & AT AEMTE Mo B M A FRRE L, IRFREL 1
DTENOLDREIMICEDSD Z <‘:75:/T L7z, FEDILEMEREN AR T VX VHE RS
FODEBEMIZH G LTV D L) ik & LTIk, #5#%E mycobacterium tuberculosis
D3EPET % mycobactin & exochelin 23XE&EHBI & L THT 50560, fi{bEidtdmo v
TRT7ATHEEE DD, AT IIRER 20 FREE, %A IIRFEH5~10 @rﬂﬁk;ﬁféﬁxﬁ
ML TWD, MiZg S U= RS TR FEH OB exobactin Z fitfH LT A FER
HOBA A 2ED, FNEFEEREICREI I RFEHDO RV mycobactin (252 1T
TZETHRISEHERY ZDD LW GERNBIRE SN TWNAH®, UL, Z OREGELE
FEERAIIFEA S TE S, £72. mycobactin O H TOERFE D ZHEMEIC O T H i
T STV, Azl surfactin 7252: DY RRTF RICT VO SREME N S
TWDHN, IRFBE L T &0yt SEEIEMECTH D72, 1T E A EDZETI
RAEMELTHA éhfb\é@#fﬂ%ﬂbé

5aTHQ %I, Efil@igfﬁafﬂ“( XREME LTHFET D EE 20N, LAY
DA e B % BEET 5 1o DI, IRAIREE COAEMIEIECHEE RS &1 &2 MRS 2 44
D EZEZTND, £, 5aTHQ *E * STAM B SRR R & « IEHEE DT L% )L
MIgH A HHOEFERICOVT S, SORDIMIENBLETH D, Hfilc, EEEERED
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HEHAMERLEE MR ENTWE D0, Zh e b, BREW & L Tl 74 #

TEMEZ R & 9 ICHELEIORIR SN T E - O0NTBREY, 7ok, AGBEIRIC L 51

ETEHEARRE O PARIRET TIE REBHDR LD KREVH O /A EWNHDOIFWT I AW TEE -
BEBMMEZ 722N & 2R T AR/ SE LN TN D,

5aTHQ & - STAM B #E £ A BRI

WL A REDHEE A=A kRS % Figure 3-25 (2753, S. nigrescens 7> 545 5 72 & fx
S T AHZ— (orfl-9)I21E, PKS DIAREENL TH D7 L IVIEEBIESRE (AT) & ik
BEE (DH)2 & £ TUWe (Figure 3-20), D728, 20 9 SOBE 721 Tk &
Wt AARTE D EITE I W, L LEEIE, b En 12 BfEE BRI 5
7207 © S. lividans TK23 ¥RIZL A WRE & A PE L7z, 5aTHQ #H - STAM N & k72 7 /v
FNHEFFOZ L ABET D & ARERTEINENIR G %S (FAS) & sl L Tk &
HEAAKRLTWD ETPIREIND, 77205, FASIZE > TELN TS8R X - ol
i % b ORI Z A X — % —IZ, PKS 07 2/ HlREEEFE )Y, FAS O AT <° DH %
HALOOREKREZEK L TV EF X TS, FAS & PKS 23 H4#) L C —RAREHTPEM D
AEFEIZBED D FIH b6 & LTix, phlorocaprophenone $6<°> zeamine 872 £ 23 X
NTUWBHEON68)  F7- S nigrescens & S. lividans B FEFE B CRISH DO E AN 2 D &
IRER S B ORENEE — R O =N S 7z & B X UL T OB E FJE L7,

BLERZEVN Z L1, 5aTHQ #i L STAM HOAARK L4k, 72 - 72— Fr O b
T TE D, HATNAA T4 M LEEBENT La—L7ebiE STAM -~ (route A),
7 b7 BIE 5aTHQ FH~& (route B), /KA FEWARABHEER L TV & FHEIND
(Figure 3-25), HlFEEs#RED STAM A BITEAEBIFORK U101 EE D720, #
A EEFRE TIIAEA R IE 2R OIEVEL & BRI O N RIRFICE Z > TV D Z LT/ D08,
AN = A LOFERNI R TH D, S. lividans BAEfE LR B CHLAMREE LAEFES N
TWBZ Emb, A72< & H T pulmonis 25 STAM $H A HEE 284 L T2 ATREME IR W
EEZBND, L ETHRITEE 208, b LKA S - iEED R 5 2 FfED
fb&W% ., AREREIL U CR—OAEGHBERFENOIED 3T D T 2572 061%, I
I BLRZR O ELFEREE & W 2 D, B2 E, STAM BEOHEIAWHUETE M 2 2hR X < 58 &
w5720, IREMAGEEZ S D 5aTHQ HORHEREZ X v UV 7 & L CHIHT 2 OIX PRI
S>TWD KX DI X 5, 5aTHQ % - STAM FHOFEM L AEEEF721F Tl < | WM& O
BHRSPAEPERIT & - TOXREN S, FHZHBRIRWIIERE TH 5,
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Figure 3-25. Plausible biosynthetic pathway for 5aTHQs and STAMs.
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3.4 ERESEIUVARRY FILT—4

General procedure. All reactions were carried out under N2 atmosphere with dehydrated solvents
under anhydrous conditions, unless otherwise noted. All solvents and reagents were obtained from
commercial suppliers and used without further purification. Reactions were monitored by thin-layer
chromatography (TLC) on silica gel plates (Merck TLC Silica gel 60 F254 or NH: Silica Gel 60F2s4
Plate-wako). Column chromatography was performed on SilicaFlash® F60 (Silicycle, 40-63 pm), NH-
Silica (Fuji Silysia) or Cosmosil 75C1s-OPN (Nakalai Tesque, Inc., 75 um). IR spectra were recorded
on a JASCO FT/IR-4100 FT-IR spectrophotometer equipped with a ZnSe ATR plate. Optical rotations
were measured on a JASCO P-2200 digital polarimeter using the sodium D line (589 nm). Mass
spectra were measured by JEOL JMS-700 and SHIMADZU LCMS-IT-TOF. 'H-NMR (500 MHz) and
13C-NMR spectra (125 MHz) were recorded on a JEOL JNM-ECA 500 spectrometer. In the NMR
spectra, chemical shift values (in ppm) are shown relative to the solvents: oy 7.26 (CDCIs) or 3.31
(CDs0D), and oc 77.16 (CDCls) or 49.00 (CD30OD). The following abbreviations are used to explain
the multiplicities: s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet, br = broad.

Yeast strains. Schizosaccharomyces pombe strains used in this study are JY1 (h™) and erg mutants (h™
ura4-C190T leul-32 erg2::urad*, h~ ura4-C190T leul-32 erg31::ura4-FOAR erg32::ura4™, h~ ura4-
C190T leul-32 erg4::urad*, and h™ ura4-C190T leul-32 erg5::ura4*).(t®

Isolation of 5aTHQs. Mycelium harvested from the combined-culture of S. nigrescens HEK616 and
T. pulmonis TP-B0596 (800 mL) was extracted with CHCls/MeOH (1:1). The extract was concentrated
and partitioned between 90% MeOH and n-hexane. The n-hexane layer was fractionated by silica gel
column chromatography (n-hexane/EtOAc), followed by ODS column chromatography (H.O/MeOH).
Fractions containing 5aTHQs (65 mg) were subjected to repeated RP-HPLC (COSMOSIL 5Cg-MS
with 84% MeOH, then COSMOSIL Cholester with 89% MeOH) to afford 5aTHQs-7n (8, 2.8 mg), -
8i (9, 1.9 mg), -8n (10, 4.1 mg), -9i (11, 16.2 mg), -9n (12, 6.4 mg), -10a (13, 9.0 mg), -10i (14, 1.9
mg) and -10n (15, 1.5 mg).

Isolation of STAMs. Mycelium harvested from the combined-culture of S. nigrescens HEK616 and
T. pulmonis TP-B0596 (1 L) was extracted with CHCIls/MeOH (1:1). The extract was concentrated
and partitioned between 90% MeOH and n-hexane. The 90% MeOH layer was fractionated by ODS
column chromatography (H2O/MeOH), followed by silica gel column chromatography
(CHCI3/MeQH). The n-hexane layer was also subjected to silica gel column chromatography (n-
hexane/EtOAc then CHCIl:/MeOH). Fractions containing STAMSs were combined and purified by NH-
silica column chromatography (n-hexane/EtOAc) to afford STAMs with various alkyl chains (86.5
mg). 41.6 mg of the crude STAMs were further separated by RP-HPLC (COSMOSIL 5Cg-MS, 67%
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MeOH/H>0 with 0.1% TFA) with the help of LCMS to yield pure STAMs-9n (25, 2.4 mg), -9i (26,
3.0 mg) and -8n (27, 2.1 mg) as TFA salts.

Preparation of liposomes for SPR analysis. Large unilamellar vesicles (LUVs) were prepared as
described previously.?® Phospholipid (POPC, DOPC, DMPC) with or without 20 mol% ergosterol
were dissolved in chloroform in a round-bottom flask. The solvent was evaporated and the resulting
lipid film was further dried in vacuo for over 2 hours. After hydrating with 1 mL of PBS buffer [10
mM phosphate buffer (pH 7.4), 2.7 mM potassium chloride, and 137 mM sodium chloride], the
mixture was vortexed, sonicated, and subjected to three cycles of freezing (—80 °C), thawing (60 °C),
and vortexing (5 s) to form multilamellar vesicles (MLVs). The MLV suspension was passed through
double 100 nm polycarbonate filters 19 times with LiposoFast-Basic (AVESTIN Inc.) at room
temperature to form LUVs. The LUVs were diluted with the same PBS buffer to produce a suspension

with a final lipid concentration of 0.5 mM for injection into the SPR instrument.

Surface plasmon resonance experiments. 5aTHQs-7n (8), -8n (10), -9n (12), -10n (15) and N-
methyl-5aTHQ-9n (24) were dissolved in DMSO and stored as a 1 mM stock solution. 20 pL of the
compound stock solutions were diluted to 50 uM with 380 uL of PBS buffer. This solution was further
diluted with PBS buffer containing 5% DMSO to give various concentration of 5aTHQ solutions.
Detaied conditions were as described at Chapter 2 except for contact time. 5aTHQ solutions were then
injected at a flow rate of 10 pl/min and the association was observed for 150 s. Then the running buffer
was injected at the same flow rate for another 150 s, and the dissociation of 5aTHQs from the surface

was monitored.

Growth inhibition assay against fission yeast cells. Growth inhibition was tested as described
previously.? Briefly, mid-log phase inocula in YE5S medium were diluted to 0.0033 ODsgs and cells
were exposed to compounds dissolved in DMSO (1% v/v) at 30 °C for 24 h. After incubation, the

turbidity was measured at ODsgs using an iMark microplate reader (BIO-RAD).

Antibacterial assay. Growth inhibitory activity of synthesized (+)-STAM-9n (25a) against bacteria
was examined by disk-diffusion assay. The test organisms Staphylococcus aureus, Bacillus subtilis,
Escherichia coli and Pseudomonas aeruginosa were suspended in NBRC 802 media (1% of
polypepton, 0.2% of yeast extract and 0.1% of MgSO4-7H,0) with 0.5% agar medium and overlaid
on solid medium plates with 2% agarose. Compound 25a, STAMSs with various alkyl chains, 5aTHQ-
9i (11), ampicillin and kanamycin were loaded onto paper disks (¢6 mm) which were dried and placed

on the agar plates. After incubation at 30 °C for 24 h, growth inhibitory zone was measured.
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Physico-chemical properties of 5aTHQs. The *H and *3C NMR chemical shift values of metabolites
8-15 are summarized in Table 3-1.

~

N
H

5aTHQ-7n (8). Pale yellow oil; IR (neat) 3403 (br), 2925 (s), 1589 (m) cm; UV (MeOH) Amax (log
£) 208 (4.55), 248 (3.83), 298 (3.23) nm; HR-ESI-MS m/z calcd for C16H2sN [M+H]* 232.2060, found
232.2063.

N
H

5aTHQ-8i (9). Pale yellow oil; IR (neat) 3396 (br), 2926 (s), 1590 (m) cm; UV (MeOH) Amax (log
€) 208 (4.45), 248 (3.74), 295 (3.18) nm; HR-ESI-MS m/z calcd for C17H2sN [M+H]* 246.2216, found
246.2220.

N
H

5aTHQ-8n (10). Pale yellow oil; IR (neat) 3394 (br), 2925 (s), 1589 (m) cm™; UV (MeOH) Amax (log
€) 208 (4.43), 248 (3.74), 297 (3.19) nm; HR-ESI-MS m/z calcd for C17H2sN [M+H]* 246.2216, found
246.2224.
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N
H
5aTHQ-9i (11). Pale yellow oil; IR (neat) 3395 (br), 2925 (s), 1589 (m) cm; UV (MeOH) Amax (log

£) 208 (4.52), 248 (3.80), 297 (3.22) nm; HR-ESI-MS m/z calcd for C1sHsoN [M+H]* 260.2374, found
260.2380.

«Q

N
H

5aTHQ-9n (12). Pale yellow oil; IR (neat) 3401 (br), 2925 (s), 1589 (m) cm™; UV (MeOH) Amax (log
€) 208 (4.56), 247 (3.86), 297 (3.28) nm; HR-ESI-MS m/z calcd for C1gH3oN [M+H]* 260.2374, found
260.2373.

N
H

5aTHQ-10a (13). Pale yellow oil; IR (neat) 3398 (br), 2925 (s), 1590 (m) cm; UV (MeOH) Amax (log
£) 208 (4.56), 248 (3.85), 298 (3.26) nm; [a]> +6.7 (c 0.50, MeOH); HR-ESI-MS m/z calcd for
CioHs2N [M+H]* 274.2529, found 274.2539.

10'

Iz
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5aTHQ-10i (14). Pale yellow oil; IR (neat) 3398 (br), 2925 (s), 1590 (m) cm*; UV (MeOH) Amax (log
€) 208 (4.43), 248 (3.81), 294 (3.25) nm; HR-ESI-MS m/z calcd for C1oH3N [M+H]* 274.2529, found
274.2522.

10

N
H

5aTHQ-10n (15). Pale yellow oil; IR (neat) 3396 (br), 2925 (s), 1589 (m) cm; UV (MeOH) Amax (log
£) 208 (4.45), 248 (3.78), 293 (3.21) nm; HR-ESI-MS m/z calcd for C19HzoN [M+H]* 274.2529, found
274.2537. 13C NMR spectrum with a high S/N ratio was not obtained due to the low yield.

Synthesis and structure determination of 5aTHQ-10a (13).

/\‘/\/OTS

(S)-3-Methylpentyl p-toluenesulfonate 17. To a solution of (S)-3-methyl-1-pentanol 16 (619 pL, 5.00
mmol) in dry CH2Cl, (20 mL) were added EtsN (2.09 mL, 15.0 mmol), DMAP (305 mg, 2.5 mmol)
and TsCI (1.05 g, 5.5 mmol) at 0 °C. After being stirred for 4 h, the reaction was quenched with
saturated agqueous NaHCO3 and the mixture was extracted with CHCIz. The combined organic layers
were washed with brine, dried over Na SO, filtered, and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography (n-hexane/EtOAc = 4:1) to give tosylate
(S)-17 (1.13 g, 88%) as a colorless oil: [¢]~ +6.3 (¢ 1.0, CHCIs); the MS and *H NMR data were
identical to those reported.(®)

/}/\/OTS

(R/S)-3-Methylpentyl p-toluenesulfonate 17. 3-methyl-1-pentanol 16 (1.21 mL, 9.79 mmol), EtsN
(4.09 mL, 29.4 mmol), DMAP (605 mg, 4.95 umol) and TsCl (2.09 g, 11.0 mmol) were subjected to
the procedure as described for (S)-17 to yield racemic 17 (2.75 g, 100%): the MS and *H NMR data

were identical to those of (S)-17.

T

(S)-7-Methyl-1-nonene 19. 4-Bromo-1-butene 18 (511 uL, 5.53 mmol) was added to a solution of
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Mg (143 mg, 5.89 mmol) and a catalytic amount of I, in dry THF (2 mL) at -20 °C and gradually
warmed to room temperature. After 1 h, the mixture was cooled to -78 °C and a solution of LioCuCl.
in THF (0.1 M, 920 uL, 92.0 umol) was added. Subsequently, to the stirred solution was added (S)-17
(472 mg, 1.84 mmol) in dry THF (4 mL) dropwise. The reaction mixture was slowly warmed to room
temperature and stirred for 2 h. The reaction mixture was quenched with saturated aqueous NH4Cl and
ice, then extracted with n-hexane three times. The combined organic layers were washed with water
and brine, dried over Na;SO4 and concentrated carefully. The residue was distilled (80 °C/31 Torr) to
give (S)-19 as a colorless oil (153 mg, 59%): [o]5> +5.4 (¢ 0.50, CHCls); the MS and *H NMR data
were identical to those reported.©®

/\E/M
(R/S)-7-Methyl-1-nonene 19. 4-bromo-1-butene 18 (675 mg, 5.00 mmol), Mg (129 mg, 5.34 mmol),
I, (one drop), racemic 17 (427 mg, 1.67 mmol), and Li,CuCls in THF (0.1 M, 835 uL, 83.5 umol)

were subjected to the procedure as described for (S)-19, to yield racemic 19 (125 mg, 53%): the MS
and *H NMR data were identical to those of (S)-19.

X

pZ

N

(S)-5-(7-Methylnonyl)quinoline 21. To a solution of (S)-19 (74 mg, 528 umol) in dry THF (1 mL)
were added 9-BBN in THF (0.5 M, 1.06 mL, 528 umol) at 0 °C. After being stirred for 2 h, aqueous
K3POs (3 M, 148 uL, 444 umol), PACIy(dppf)-CH2Cl, (45.8 mg, 56.1 umol) and 5-bromoquinoline
20 (77.6 mg, 373 umol) were added to the solution. The reaction mixture was heated to 65 °C and
refluxed for 19 h. After cooling to room temperature, the mixture was filtered through a silica gel bed
and the filtrate was concentrated under reduced pressure. Since fractionation of the residue on a silica
gel column chromatography was insufficient to obtain pure (S)-21, the crude mixture was subjected to
reversed-phase HPLC (COSMOSIL 5Cg-MS, 81% MeOH) to yield (S)-21 as a pale brown oil (17.8
mg, 18%): IR (neat) 2927 (s), 1709 (m) cm™L; UV (MeOH) Amax (log &) 231 (4.67), 292 (3.71), 302
(3.69), 315 (3.58) nm; [a]5 +8.1 (c 0.13, CHCls); HR-ESI-MS m/z calcd for CigHosN [M+H]*
270.2216, found 270.2222; *H NMR (500 MHz, CDCls) 6+ 8.90 (1H, dd), 8.37 (1H, d), 7.97 (1H, d),
7.62 (1H, 1), 7.41 (1H, dd), 7.37 (1H, d), 3.05 (2H, t), 1.71 (2H, m), 1.42 (2H, m), 1.36-1.22 (7H, m),
1.10 (2H, m), 0.85 (3H, t) and 0.83 (3H, d) ppm; *C NMR (125 MHz, CDCls) Jc 150.0, 148.9, 139.6,
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132.4,129.3, 127.8, 127.1, 126.4, 120.7, 36.7, 34.5, 32.5, 31.2, 30.0, 29.9, 29.6, 27.2, 19.4 and 11.6
ppm.

X

7

N

(R/S)-5-(7-Methylnonyl)quinoline 21. Racemic 19 (110 mg, 0.75 mmol), 9-BBN in THF (0.5 M, 1.5
mL, 0.75 mmol), aqueous KzPO4 (3 M, 200 L, 0.60 mmol), PdCl,(dppf)-CH2Cl, (80.8 mg, 100 umol)
and 5-bromoquinline 20 (112 mg, 0.54 mmol) were subjected to procedures as described for (S)-21,
to yield a crude mixture containing racemic 21 (93.5 mg) after silica gel column chromatography. This
mixture was used in the next reaction without further purification. HR-ESI-MS m/z calcd for C1gH2sN
[M+H]* 270.2216, found 270.2218.

N

H
(S)-5-(7-Methylnonyl)-1,2,3,4-tetrahydroquinoline (5aTHQ-10a, 13). To a solution of (S)-21 (14.0
mg, 52.0 umol) in dry MeOH (800 uL) were added NiCl,-6H20 (4.3 mg, 18.1 umol) and NaBH. (5.0
mg, 132 umol) at 0 °C. After being stirred for 10 min, the reaction mixture was diluted with CHCl3,
filtered through silica-gel bed and concentrated under reduced pressure. The residue was subjected to
reversed-phase HPLC (COSMOSIL Cholester, 94% MeOH) to yield (S)-13 as a pale yellow oil (15.1
mg, 81%): [a]> +6.9 (c 0.50, MeOH); HR-ESI-MS m/z calcd for CigH3:N [M+H]* 274.2529, found
274.2521; the IR, *H and *C NMR data were identical to those of natural 13.

Iz
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(R/S)-5-(7-Methylnonyl)-1,2,3,4-tetrahydroquinoline (5aTHQ-10a, 13). The crude mixture
containing racemic 21 (93.5 mg) was treated with NiCl,-6H>0 (16.5 mg, 3.47 mmol) and NaBH4 (131
mg, 69.5 umol) as described for (S)-13, to yield racemic 13 (19.2 mg, 13% over 2 steps): HR-ESI-MS
m/z calcd for C1gHaz2N [M+H]* 274.2529, found 274.2525; the IR and *H NMR data were identical to
those of natural 13.

Amide 23a. To a solution of (1S,2S)-2-(anthracene-2,3-dicarboximido)cyclohexane carboxylic acid
22 (5.1 mg, 13.7 umol) and catalytic DMF (0.5 uL) in dry CH.Cl, (500 uL) were added oxalyl chloride
(5.7 uL, 65.9 umol) at room temperature. After being stirred for 30 min, the solvent and excess oxalyl
chloride were evaporated under reduced pressure for 10 min. Synthesized racemic 13 (1.2 mg, 4.4
umol) and DIEA (15.3 uL, 87.8 umol) which were dissolved in dry CH2Cl, (500 uL) was added to
the acyl chloride, and the mixture was stirred at room temperature for 2 h. The reaction mixture was
filtered through a silica-gel bed and concentrated under reduced pressure. The residue was subjected
to reversed-phase HPLC (COSMOSIL 5Cg-MS, 92% MeOH) to yield 23a as a yellow powder (0.9
mg, 33%): IR (neat) 2925 (m), 1759 (m), 1702 (s), 1649 (m) cm™; UV (MeOH) Amax (log &) 211 (4.65),
239 (4.75), 299 (4.76), 384 (3.80), 404 (3.86) nm; HR-ESI-MS m/z calcd for Cs2Hi9N203 [M+H]*
629.3738, found 629.3750; *H NMR (500 MHz, CD30D) dn 8.79 (2H, s), 8.47 (2H, br.s), 8.16 (2H,
dd), 7.66 (2H, dd), 7.22 (1H, br.s), 7.12 (1H, br.s), 7.01 (1H, d), 4.55 (1H, m), 4.12 (1H, m), 3.99 (1H,
br.s), 3.10 (1H, br.s), 2.43 (1H, m), 2.37-2.26 (2H, m), 2.17-2.07 (2H, m), 1.90-1.66 (5H, m), 1.57-
1.43 (5H, m), 1.36-1.15 (10H, m), 1.08 (1H, m), 1.00 (1H, m), 0.85-0.77 (6H, m) ppm.

Amide 23b. Acid 22 (4.5 mg, 12.1 umol), oxalyl chloride (5.0 pL, 58.2 umol), DMF (0.3 pL),
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synthesized (S)-13 (1.1 mg, 3.9 umol) and DIEA (13.5 uL, 77.6 umol) were subjected to the procedure
as described for 23a, to yield 23b (1.7 mg, 68%). IR (neat) 2925 (m), 1759 (m), 1702 (s), 1649 (m)
cmt; HR-ESI-MS m/z caled for C42HagN203 [M+H]* 629.3738, found 629.3751; *H NMR (500 MHz,
CD30D) 61 8.79 (2H, ), 8.47 (2H, br.s), 8.16 (2H, dd), 7.66 (2H, dd), 7.23 (1H, br.s), 7.12 (1H, br.s),
7.01 (1H, d), 4.55 (1H, m), 4.11 (1H, m), 4.00 (1H, br.s), 3.09 (1H, br.s), 2.43 (1H, m), 2.37-2.26 (2H,
m), 2.17-2.04 (2H, m), 1.90-1.63 (5H, m), 1.57-1.43 (5H, m), 1.37-1.14 (10H, m), 1.08 (1H, m), 1.00
(1H, m), 0.86-0.77 (6H, m) ppm.

Amide 23c. Acid 22 (5.7 mg, 15.2 umol), oxalyl chloride (6.9 uL, 77.4 umol), DMF (0.3 uL), natural
13 (1.4 mg, 5.2 umol) and DIEA (18.0 uL, 103 umol) were subjected to procedures as described for
23a, to yield 23c (2.8 mg, 86%): HR-ESI-MS m/z calcd for Ca2Ha9N203 [M+H]* 629.3738, found
629.3725. The *H NMR spectrum in CD3OD was quite identical to that of amide 23b.

Physico-chemical properties of STAMSs. The H and *C NMR chemical shift values of metabolites

25-27 are summarized in Tables 3-2,3.

N
H

0

OH

STAM-9n (25, TFA salt). Colorless oil; IR (neat) 3391 (br), 2926 (s), 1675 (s) cm™; [o]5 +16.2 (c
0.15, MeOH); HR-ESI-MS m/z calcd for C1gH3sNO, [M+H]* 298.2741, found 298.2726.

76



N
H

Y

OH

STAM-9i (26, TFA salt). Colorless oil; IR (neat) 3401 (br), 2927 (s), 1676 (s) cm™:; [a]s +14.9 (c
0.15, MeOH); HR-ESI-MS m/z calcd for C1gH3sNO2 [M+H]* 298.2741, found 298.2731.

N
H

C@-

OH

STAM-8n (27, TFA salt). Colorless oil; IR (neat) 3401 (br), 2927 (s), 1673 (s) cm™; [o]5 +14.3 (c
0.15, MeOH); HR-ESI-MS m/z calcd for C17H34NO2 [M+H]* 284.2584, found 284.2571.

Derivatization and total synthesis of STAM-9n (25).

QXQ

b

N n-CoHyg

Isopropyridene derivative 28 from STAM-9n (25). A solution of STAM-9n (0.9 mg, 3.0 pmol),
pyridinium-p-toluenesulfonate (~3 mg) in 2,2-dimethoxypropane (500 pL) and dry acetone (500 uL)
was stirred at room temperature for 12 h. The reaction mixture was quenched with saturated aqueous
NaHCOs3, then extracted with EtOAc three times. The combined organic layers were dried over
Na;SO4 and concentrated under reduced pressure. The residue was purified by preparative TLC with
NH-Silica to yield an isopropylidene derivative 28 as a colorless oil (0.6 mg, 56%): [o]5> +8.1 (c 0.13,
CHCIs); HR-ESI-MS m/z calcd for Ca1HaoNO, [M+H]* 338.3054, found 338. 3066; *H NMR (500
MHz, CDCls) 6w 4.20 (1H, m), 3.88 (1H, m), 3.50 (2H, m), 1.68 (2H, m), 1.61 (2H, m), 1.54 (1H,
ddd), 1.71-1.23 (26H, m), 1.43 (3H, s), 1.31 (3H, s), 1.09 (1H, dd) and 0.90 (3H, t) ppm; *C NMR
(125 MHz, CDCls) d¢c 99.9, 70.2, 68.7, 38.1, 37.5, 33.1, 30.7, 30.5 (q), 30.4, 23.7, 23.4, 20.1 (q), 27.2,
19.8 and 14.4 ppm. The chemical shift values of carbons were measured by DEPT135 and HMBC
data.
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OH
(Nj\/

Boc

1-Boc-(S)-2-piperidinemethanol 33. To a mixture of (S)-2-piperidinemethanol 32 (290 mg, 2.52
mmol) and EtsN (1.05 mL, 7.56 mmol) cooled to 0°C in CH2Cl; (10 mL), was added (Boc).0 (636
uL, 2.77 mmol) drop wise. The reaction mixture was further stirred at the same temperature for 1 h. It
was then treated with saturated aqueous NH4Cl and the organic layer was separated, washed with brine,
dried over Na SO4 and then concentrated under reduced pressure. The crude mixture was purified by
silica gel column chromatography to afford 33 as a colorless oil (522 mg, 96%): IR (neat) 3435 (br),
1689 (s), 1666 (s) cm™; [o]5 -33.4 (c 0.59, MeOH); HR-ESI-MS m/z calcd for CiiH2NOsNa
[M+Na]* 238.1414, found 238.1413; *H NMR (500 MHz, CDCls) 6+ 4.28 (1H, m), 3.93 (1H, br. d),
3.80 (1H, ddd), 3.59 (1H, ddd), 2.85 (1H, m), 2.38-2.17 (1H, br.), 1.70-1.54 (4H, m) and 1.50-1.35
(11H, m) ppm; 3C NMR (125 MHz, CDCls) dc 156.4, 79.9, 61.9, 61.8, 52.6, 40.1, 28.6, 25.4 and 19.7

ppm.

Boc
1-Boc-(S)-piperidine-2-carboxaldehyde 34. To a solution of compound 33 (522 mg, 2.42 mmol)
cooled to 0 °C in CH2Cl; (10 mL) was added iodobenzene diacetate (1.04 g, 3.15 mmol) and TEMPO
(18.9 mg, 121 pumol). The reaction mixture was gradually warmed to room temperature and further
stirred for 3 h. The mixture was concentrated under reduced pressure and then the residue was
subjected to silica gel column chromatography to afford 34 as a colorless oil (452 mg, 88%): IR (neat)
1737 (m), 1688 (s) cm™; [a]5 -53.9 (¢ 0.13, MeOH); HR-ESI-MS m/z calcd for CiiH10NOsNa
[M+Na]* 236.1257, found 236.1243; *H NMR (500 MHz, CDCls) 6+ 9.56 (1H, s), 4.53 (1H, br. d),
3.93 (1H, br. d), 2.87 (1H, br. d), 2.14 (1H, br. d), 1.70-1.15 (5H, m) and 1.44 (9H, s) ppm; 13C NMR
(125 MHz, CDCls) éc 201.5, (156.0, 155.4), 80.5, (61.6, 60.8), (43.2, 42.0), 28.4, 24.9, 23.7 and 21.0

ppm.

(Nj\/\Noz
Boc

OH
1-Boc-(S)-2-(2-hydroxy-1-nitroethyl)piperidine. To a mixture of nitromethane (542 pL, 10.1 mmol)

and potassium hydroxide (3 M in MeOH, 677 uL) in MeOH (5 mL), was added aldehyde 34 (432 mg,
2.03 mmol) dissolved in MeOH (5 mL) drop wise. The reaction mixture was further stirred at room
temperature for 2 h, then quenched with acetic acid (150 uL). The diluted solution by saturated
aqueous NH4Cl was extracted three times with EtOAc and the organic layer was combined, washed
with brine, dried over Na>SO. and then concentrated under reduced pressure. This residue was used
in the next reaction without further purification. HR-ESI-MS m/z calcd for C12H22N2OsNa [M+Na]*
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297.1421, found 297.1410.

Q\%NO

2
Boc

1-Boc-(S, E)-2-(2-nitrovinyl)piperidine 35. To a mixture of the nitroalcohol and EtsN (849 uL, 6.09
mmol) cooled to -78 °C in CH2Cl, (10 mL), was added MsCl (157 uL, 2.03 mmol) drop wise. After
stirring for 1 h, it was treated with saturated aqueous NaHCO3 and the organic layer was separated,
washed with brine, dried over Na;SO4 and then concentrated under reduced pressure. The crude
mixture was purified by silica gel column chromatography to afford 35 as a colorless oil (382 mg,
74% over 2 steps). IR (neat) 1691 (), 1529 (m) cm'; [a]s -74.6 (c 0.38, MeOH); HR-ESI-MS m/z
calcd for C12H20N204Na [M+Na]* 279.1315, found 279.1302; *H NMR (500 MHz, CDCls) dy 7.22
(1H, dd), 6.94 (1H, dd), 5.07 (1H, br. s), 4.02 (1H, br. d), 2.80 (1H, br. t), 1.82 (2H, m), 1.75-1.64 (2H,
m), 1.46 (9H, s) and 1.50-1.38 (2H, m) ppm; *C NMR (125 MHz, CDCls) éc 154.8, 141.4, 140.8,
80.7, 49.4, 40.5, 29.0, 28.5, 25.1 and 20.0 ppm.

(Nj\/\NO

Boc

1-Boc-(S)-2-(2-nitroethyl)piperidine 31. To a mixture of compound 35 (368 mg, 1.44 mmol) cooled
to 0 °C in EtOH (5 mL), was added NaBH4 (54.3 mg, 1.44 mmol) portionwise. After stirring for 1 h,

the diluted solution by saturated aqueous NH4Cl was extracted three times with EtOAc and the organic

2

layer was combined, washed with brine, dried over Na;SO4 and then concentrated under reduced
pressure. The crude mixture was purified by silica gel column chromatography to afford 31 as a
colorless oil (357 mg, 96%). IR (neat) 1684 (s), 1555 (m) cm; [a]5 -48.7 (c 0.58, MeOH); HR-ESI-
MS m/z calcd for C12H22N.0OsNa [M+Na]* 281.1472, found 281.1462; *H NMR (500 MHz, CDCls)
on 4.37 (2H, m), 4.30 (1H, ddd), 4.02 (1H, br. s), 2.71 (1H, br. t), 2.46 (1H, br. s), 2.05 (1H, m), 1.80
(1H, br. s), 1.73-1.50 (4H, m), 1.43 (9H, s) and 1.41 (1H, m) ppm; *C NMR (125 MHz, CDCls) dc
155.0, 80.2, 72.9, 47.9, 38.7, 29.1, 28.4, 27.7, 25.5 and 19.2 ppm.

N n-CgH
Boc 9M1g

Isoxazoline 30. To a mixture of compound 31 (108 mg, 418 wmol), 1-undecene (258 pL, 1.25 mmol)
and phenylisocyanate (136 pL, 1.25 mmol) in toluene (8 mL), was added EtsN (29.1 uL, 209 pmol).
The reaction mixture was heated to 50 °C and stirred for 10 h. After cooling to room temperature, the
solution was diluted with EtOAC. The white precipitates were removed by filtration and the filtrate
was concentrated under reduced pressure. The residue was purified by silica gel column

chromatography to afford a diatereomeric mixture of 30. This mixture was used in the next reaction
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without further purification. HR-ESI-MS m/z calcd for CasHasN20z [M+H]* 395.3268, found
395.3264.

SY S
N n-CoHqg

Boc

p-Hydroxyketone 36. To the crude mixture containing compound 30 dissolved in EtOH/H.0 (3:2, 20
mL), was added iron powder (233 mg, 4.18 mmol) and NH4Cl (224 mg, 4.18 mmol). The reaction
mixture was heated to 80 °C and stirred for 14 h. After cooling to room temperature, the solution was
filtered and dried by silica gel column. The filtrate was concentrated under reduced pressure. This
residue containing a diastereomeric mixture of 36 was used in the next reaction without further
purification. HR-ESI-MS m/z calcd for Ca3sHasNOsNa [M+Na]* 420.3084, found 420.3079.

OH OH OH OH
N n-CoHyg N n-CgHyg

Boc Boc

Diols 29a and 29b. To a mixture of the diastereo-mixture of compound 36 cooled to -78 °C in
THF/MeOH (4mL/1mL), was added diethylmethoxyborane (1 M in THF, 627 pL, 627 umol) drop
wise. After stirring for 1 h, NaBHa4 (23.7 mg, 627 umol) was added and stirred at -78 °C for 3 h. The
reaction mixture was quenched with acetic acid (200 pL) and warmed to room temperature. After 1 h,
it was treated with saturated aqueous NaHCO3 and the organic layer was separated, washed with brine,
dried over Na;SO4 and then concentrated under reduced pressure. The residue was azeotroped a few
times with methanol until the boronate was completely hydrolyzed. The crude mixture was purified
by silica gel column chromatography to afford 29a (54.2 mg, 32% over 2 steps) and 29b (54.8 mg,
33% over 2 steps) as colorless oils. 29a: IR (neat) 3335 (br), 1686 (s) cm; [a] 5 -16.8 (c 0.22, MeOH);
HR-ESI-MS m/z calcd for C2sHasNOs [M+H]* 400.3421, found 400.3419; *H NMR (500 MHz,
CDCl3) 6n 4.30 (1H, m), 3.94 (1H, br. d), 3.87 (1H, m), 3.82 (1H, m), 3.41 (2H, br. s), 2.82 (1H, dt),
1.86 (1H, ddd), 1.67-1.36 (12H, m), 1.44 (9H, s), 1.32-1.21 (13H, m) and 0.87 (3H, t) ppm; 1*C NMR
(125 MHz, CDCls) dc 155.8, 80.1, 72.9, 72.0, 48.5, 43.0, 39.6, 39.4, 38.1, 32.0, 30.2, 29.82, 29.75,
29.7, 29.5, 28.6, 25.6, 25.5, 22.8, 19.2 and 14.3 ppm. 29b: IR (neat) 3335 (br), 1655 (s) cm?; [o]5 -
26.3 (c 0.25, MeOH); HR-ESI-MS m/z calcd for C23HasNO4 [M+H]* 400.3421, found 400.3423; *H
NMR (500 MHz, CDCls) dn 8.90 (1H, dd), 4.43 (1H, br. d), 3.95 (1H, br. d), 3.79 (1H, m), 3.55 (1H,
m), 3.21 (2H, br. s), 2.67 (1H, dt), 1.96 (1H, t), 1.74 (1H, m), 1.64-1.35 (11H, m), 1.47 (9H, s), 1.32-
1.22 (13H, m) and 0.87 (3H, t) ppm; *C NMR (125 MHz, CDCls) Jc 156.8, 80.6, 72.8, 69.4, 46.1,
42.4,39.6, 38.3, 37.9, 32.0, 29.9, 29.8, 29.7, 29.5, 29.3, 28.5, 25.64, 25.57, 22.8, 19.3 and 14.3 ppm.
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QXQ

N n-CoH
Boc 9M1g

Isopropyridene derivative from diol 29a (37a). A solution of compound 29a (9.0 mg, 22.5 pumol),
pyridinium-p-toluenesulfonate (2.8 mg) in 2,2-dimethoxypropane (500 pL) and dry acetone (500 L)
was stirred at room temperature for 3 h. The reaction mixture was quenched with saturated aqueous
NaHCOs3, then extracted with EtOAc three times. The combined organic layers were dried over
Na;SO4 and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography to afford 37a as a colorless oil (9.3 mg, 94%). IR (neat) 1680 (s) cm™; [a]5 -12.7 (c
0.086, MeOH); HR-ESI-MS m/z calcd for C6HasNO4Na [M+Na]* 462.3554, found 462.3541; 'H
NMR (500 MHz, CD30D) 6n 4.40 (1H, m), 3.92 (1H, dd), 3.88-3.79 (2H, m), 2.86 (1H, br. t), 1.90
(1H, br. s), 1.74-1.25 (24H, m), 1.46 (9H, s), 1.41 (3H, s), 1.32 (3H, s) 1.07 (1H, dd) and 0.90 (3H, t)
ppm; 3C NMR (125 MHz, CDCls) ¢ 145.4, 101.4, 70.4, 38.4, 37.6, 33.1, 30.7, 30.7, 30.5 (q), 30.5,
29.5, 28.8, 26.8, 23.8, 20.1 (), 20.0 and 14.5 ppm.

X

DS
N n-CoHqg

Boc

Isopropyridene derivative 37b. Compound 29b (8.0 mg, 20.0 umol), pyridinium-p-toluenesulfonate
(2.5 mg), 2,2-dimethoxypropane (500 uL) were subjected to the procedure as described for 37a to
yield 37b (7.5 mg, 86%). IR (neat) 1679 (s) cm?; [a]s -20.7 (c 0.22, MeOH); HR-ESI-MS m/z calcd
for C26HagNO4Na [M+Na]* 462.3554, found 462.3555; *H NMR (500 MHz, CD30D) Jn 4.45 (1H, br.
s), 3.93 (1H, dd), 3.88-3.78 (2H, m), 2.85 (1H, m), 1.90 (1H, ddd), 1.68-1.24 (24H, m), 1.46 (9H, s),
1.42 (3H, s), 1.33 (3H, s), 1.10 (1H, dd) and 0.90 (3H, t) ppm; 3C NMR (125 MHz, CDCls) dc 99.9,
80.7, 70.4, 67.8, 38.6, 37.6, 33.1, 30.7, 30.7, 30.5 (q), 30.5, 28.9, 26.9, 26.1, 23.8, 20.1 (q) and 14.5

ppm.

(j\/cfinoip(é)-MTPA

oo g

Bis-(S)-MTPA ester 38a. To a solution of the mixture containing 29a (2.6 mg, 6.5 umol), EtzN (9.0
uL, 64.6 pmol) and DMAP (one drop) in CH2Cl, (1 mL), (R)-MTPA-CI (9.6 mg, 38.0 umol) in toluene
(1 mL) was added dropwise at room temperature. The reaction is left under stirring for 14 h at room
temperature. The reaction mixture was quenched with saturate aqueous NaHCOs, then extracted with
CHCI; three times. The combined organic layers were dried over Na,SO4 and concentrated under
reduced pressure. The residue was subjected to reversed-phase HPLC (COSMOSIL 5Cgs-MS, 93%
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MeOH/H-0) to afford bis-(S)-38a as white powder (2.6 mg, 48%). IR (neat) 1743 (m), 1689 (s) cm™;
[a]5 -30.7 (c 0.18, MeOH); HR-ESI-MS m/z calcd for CasHssNOsFsNa [M+Na]* 854.4037, found
854.4033; H NMR (500 MHz, CD30D) 6+ 7.56-7.50 (4H, m), 7.47-7.39 (6H, m), 5.14 (1H, m), 5.00
(1H, m), 4.19 (1H, m), 3.93 (1H, dd), 3.56 (3H, s), 3.53 (3H, ), 2.84 (1H, br. d), 2.10-1.95 (3H, m),
1.74-1.22 (23H, m), 1.42 (9H, s) and 0.90 (3H, t) ppm.

(j\/cfjﬂo\TF(’AR)-MTPA

Bis-(R)-MTPA ester 38a. 29a (2.1 mg, 5.2 umol), (S)-MTPA-CI (14.4 mg, 57.0 umol), EtsN (7.2 uL,
51.8 umol) and DMAP (one drop) were subjected to procedures as described for bis-(S)-38a, to yield
bis-(R)-38a (2.6 mg, 77%). IR (neat) 1746 (m), 1685 (s) cm™; [«]~ +49.0 (c 0.17, MeOH); HR-ESI-
MS m/z calcd for C43sHssNOgFsNa [M+Na]* 854.4037, found 854.4022; 'H NMR (500 MHz, CDs0D)
on 7.57-7.50 (4H, m), 7.46-7.40 (6H, m), 5.02 (1H, m), 4.97 (1H, m), 4.35 (1H, m), 3.97 (1H, dd),
3.57 (3H, s), 3.55 (3H, s), 2.93 (1H, br. t), 2.21 (1H, m), 2.12-1.99 (2H, m), 1.88 (1H, m), 1.64-0.96
(22H, m), 1.43 (9H, s) and 0.91 (3H, t) ppm.

O\/(')(\Siﬂc'i%)-wm
Eoc n-CgHyg
Bis-(S)-MTPA ester 38b. 29b (1.5 mg, 3.8 umol), (R)-MTPA-CI (9.6 mg, 38 umol), EtsN (15.7 uL,
113 umol) and DMAP (one drop) were subjected to procedures as described for bis-(S)-38a, to yield
bis-(S)-38b (1.9 mg, 62%). IR (neat) 1744 (m), 1687 (s) cm™; [o]s -47.3 (¢ 0.13, MeOH); HR-ESI-
MS m/z calcd for CasHssNOgFgNa [M+Na]* 854.4037, found 854.4052; *H NMR (500 MHz, CDs0D)
on 7.63-7.57 (4H, m), 7.56-7.51 (6H, m), 5.07 (2H, m), 4.37 (1H, m), 3.87 (1H, dd), 3.62 (3H, s), 3.57
(3H, s), 2.80 (1H, br. t), 2.28 (1H, m), 2.02 (1H, m), 1.82 (1H, m), 1.75-1.04 (23H, m), 1.41 (9H, s)
and 0.91 (3H, t) ppm.

O\ﬁTAR)-MTPA

Boc Cetro
Bis-(R)-MTPA ester 38b. 29b (1.6 mg, 3.9 umol), (S)-MTPA-CI (9.6 mg, 38 umol), EtsN (10.9 uL,
78 umol) and DMAP (one drop) were subjected to procedures as described for bis-(S)-38a, to yield
bis-(R)-38b (1.5 mg, 46%). IR (neat) 1748 (m), 1684 (s) cm%; [a]s +19.5 (¢ 0.10, MeOH); HR-ESI-
MS m/z calcd for C43HssNOgFsNa [M+Na]* 854.4037, found 854.4032;'H NMR (500 MHz, CD3;0D)
On 7.64-7.58 (4H, m), 7.57-7.51 (6H, m), 5.18 (1H, m), 5.06 (1H, m), 4.21 (1H, m), 3.83 (1H, dd),
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3.57 (3H,s), 3.54 (3H, s), 2.70 (1H, br. dd), 2.12-1.99 (2H, m), 1.91 (1H, m), 1.57-1.23 (21H, m), 1.42
(9H, s) and 0.90 (3H, t) ppm.

OH OH
N n-CqHyg

N
Deprotected diol 39a. To a solution of compound 29a (18.0 mg, 45.0 umol) in CH2Cl, (750 pL), 4 M
HCI in 1,4-dioxane (250 uL) was added dropwise at room temperature. The reaction is left under
stirring for 2 h at room temperature. The reaction mixture was quenched with aqueous NaOH (1 M),
then extracted with CHCI3 three times. The combined organic layers were dried over Na SO, and
concentrated under reduced pressure to yield 39a as a colorless oil (14.4 mg, quant.). IR (neat) 3306
(br) cm?; [a]r -5.2 (c 0.48, MeOH); HR-ESI-MS m/z calcd for C1gHssNO2 [M+H]* 300.2897, found
300.2910; *H NMR (500 MHz, CD30D) 61 3.90 (1H, m), 3.72 (1H, m), 2.99 (1H, m), 2.69 (1H, m),
2.62 (1H, dt), 1.79 (1H, m), 1.74 (1H, br. d), 1.62-1.24 (23H, m), 1.12 (1H, m) and 0.90 (3H, t) ppm;
13C NMR (125 MHz, CDs0D) dc 72.3, 70.1, 56.4, 47.5, 45.9, 44.9, 38.8, 33.3, 33.1, 30.84, 30.78,
30.7, 30.5, 26.9, 26.6, 25.6, 23.7 and 14.5 ppm.

OH OH
N n-CoH1g

H

Deprotected diol 39b. Compound 29b (13.6 mg, 34.0 umol) was subjected to the procedure as
described for 39a to yield 39b as a colorless oil (11.0 mg, quant.). IR (neat) 3368 (br) cm'; [a]5 +3.7
(c 0.37, MeOH); HR-ESI-MS m/z calcd for C1gH3sNO2 [M+H]* 300.2897, found 300.2906; *H NMR
(500 MHz, CD30D) 6w 3.92 (1H, m), 3.74 (1H, m), 3.02 (1H, m), 2.73 (1H, m), 2.62 (1H, dt), 1.79
(1H, m), 1.67-1.25 (24H, m), 1.20 (1H, m) and 0.90 (3H, t) ppm; *C NMR (125 MHz, CD30D) dc
71.4, 68.3, 54.5, 47.5, 45.5, 45.0, 38.7, 33.8, 33.1, 30.9, 30.8, 30.7, 30.5, 26.7, 26.6, 25.6, 23.8 and
14.5 ppm.

OH OH
N n-CoHyg

I
Cl

N-Chlorinated diol 40a. To a mixture of compound 39a (9.4 mg, 31.3 umol) in THF (1 mL), N-
chlorosuccinimide (5.0 mg, 37.6 umol) was added at room temperature and left under stirring for 1 h.
The reaction mixture was quenched with water, then extracted with EtOAc three times. The combined
organic layers were dried over Na;SO4 and concentrated under reduced pressure. This mixture was
used in the next reaction without further purification. HR-ESI-MS m/z calcd for C1gH37CINO, [M+H]*
334.2507, found 334.2495.
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OH OH
N n-CoH1g

I
Cl

N-Chlorinated diol 40b. Compound 39b (6.1 mg, 20.4 umol) and N-chlorosuccinimide (3.3 mg, 24.4
umol) were subjected to the procedure as described for 40a to yield 40b. This mixture was used in the
next reaction without further purification. HR-ESI-MS m/z calcd for C1gH3;CINO; [M+H]* 334.2507,
found 334.2488.

(\(@,‘\n-CQH1g

N
H

OH

(2R,4R,6S)-STAM-9n (25a). To a solution of the mixture containing 40a in CH2Cl, (1 mL), DBU (9.3
ul, 62.6 umol) was added dropwise at room temperature. The reaction is left under stirring for 10 h
at room temperature. The reaction mixture was directly subjected to silica gel column chromatography.
Fractions containing the product were combined and concentrated under reduced pressure. The residue
was further purified by NH-silica column chromatography to yield 25a (6.3 mg, 67% over 2 steps). A
half of the free-base of 25a was subjected to reversed-phase HPLC (COSMOSIL 5Cs-MS, 63%
MeOH/H0 with 0.1% TFA) to afford a pure TFA salt as a colorless oil (3.3 mg): [a]5 +21.7 (c 0.15,
MeOH); HR-ESI-MS m/z calcd for C1sH3sNO2 [M+H]* 298.2741, found 298.2733; the IR, *H and *C
NMR data were identical to those of natural 25.

O _,n-CgHqg

1z

OH
(2S,4S,6R)-STAM-9n (25b). The crude mixture containing 40b and DBU (6.1 pL, 40.8 pumol) were
subjected to the procedure as described for 25a to yield 25b (4.2 mg, 69% over 2 steps). The free-base
of 25b was subjected to reversed-phase HPLC (COSMOSIL 5Cs-MS, 63% MeOH/H,0 with 0.1%
TFA) to afford a pure TFA salt as a colorless oil (3.8 mg): [a]5 -17.4 (c 0.15, MeOH); HR-ESI-MS
m/z calcd for C1gH3sNO, [M+H]* 298.2741, found 298.2729; the IR, *H and *C NMR data were

identical to those of natural 25.
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HMQC spectrum of 5aTHQ-9i (11)
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