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Study on Hydrothermal Reaction of Modified Sugars into Cyclopentenoids and

Synthesis of Bioactive Compounds

ABSTRACT : This doctoral thesis described the research on the conversion of modified
sugars to carbocycles and the syntheses of bioactive compounds. In recent years, the
depletion of fossil resources is concerned and the environmental pollution becomes
severe. For those reasons, biomass resources have been drawing great attention.
Biomass is a semi-permanent resource because of the advantages such as carbon
neutral and reusable. The direct conversion of glucose prepared from cellulosic biomass
has produced many compounds, among which the common ones such as furans and
hydrocarbons are found limited in applications. Thus, production of new substances
with higher synthetic value from biomass resources would be beneficial. In this study,
modified sugars prepared from glucose are focused. 2-Deoxy-D-glucose (2-DG) can be
prepared from glucose via D-glucal. Previously, Prof. Arai’s group at Tohoku University
attempted the conversion of 2-DG in supercritical condition, and the formation of
five-membered carbocycles was observed. So far the reaction conditions and reaction
mechanism have not been clarified, and the observed carbocycles have not been isolated.
Therefore, an optimal reaction conditions and the reaction mechanism of 2-DG into
carbocycles were investigated in this work.

In general, hydrothermal conversion of glucose, fructose, cellulose, etc. has been
investigated under sub- and supercritical conditions, and it must be strictly managed
the reaction time at high temperatures and pressures. In this work, it was found that
carbocycles was generated from 2-DG (1) by hydrothermal reaction under mild
conditions (160 °C or lower, without any catalyst). The reaction condition was optimized
and achieved the highest yield, as follows (Figure 1). The concentration of reactants was
fixed, and reaction time and temperature was varied. Under high yield conditions, a
crude mixture of 4-hydroxy-2-(hydroxymethyl)cyclopent-2-en-1-one (2) and its isomer,
4-hydroxy-5-(hydroxymethyl)cyclopent-2-en-1-one (8) were obtained and the ratio of 2/3
was 1 : 0.3. In addition, a small amount of furan diol was observed in the condition
under which the reaction was not completed. In addition, at the same hydrothermal
conditions, the cyclopentenoids was also obtained from glucal (4) which was a precursor
of 2-DG (1), and a small amount of furan diol 5 was isolated. Given these experimental
facts, the following reaction mechanism from glucal (4) and 2-DG (1) to the resulted
1somers 2/3 and furan diol 5 could be proposed. At the beginning, 4 gives 1 by hydration,
then unsaturated ketone is formed by dehydration; and the following cyclization results

in 5. After that, the furan ring is opened by hydration and cyclized to form a



five-membered carbocycle. Finally, an equilibrium reaction occurs between 2 and 3, and
then, 2 is preferentially obtained due to its thermodynamic stability. The hypothesis
was proved from the following experiment. Furan diol 5 was treated by the same
hydrothermal reaction at 160 °C, and monitored the reaction by TLC and 'H NMR
measurements. After 4 hours, 5 was completely disappeared and the mixture was
observed as mentioned. The isomers were not separable completely by silica gel column
chromatography. Therefore, 3 was isomerized to 2 by activated alumina, and 2 was
isolated as a single isomer. As a result of optimizing the reaction and isolation
conditions, 2 was obtained in the maximum isolated yield of 80% from 2-DG (1). 2 would

be a key building block for the preparation of chemical products.
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Figure 1. Conversion of modified sugars

As one example for application to the synthesis of natural products, the synthesis of
prostaglandin E: (PGE:1) and pentenomycins which have biological activity was
demonstrated. Herein, the formal synthesis of PGE1 was reported by the two-component
coupling process (Figure 2A). The key intermediate 6 was synthesized from (£)-2
obtained via optical resolution of 2 by chiral HPLC. This key reaction was operated in
one-pot through regioselective bromination, replacement of diethylamino and bromo
groups, and silylation of the secondary hydroxyl group. After that, the conjugated
adduct 8 was produced from 6 by Michael reaction of w-chain 7 and followed by radical
reaction of a-chain 9. Finally, the synthesis of PGE1 methyl ester (11) was achieved by
desilylation under mild condition. Its spectroscopic properties were identical with those
described previously. Next, a concise synthesis of (+)/(-)-pentenomycin I (12) and

analogs, and their antimicrobial evaluation were performed (Figure 2B). The
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Figure 2. Application to the synthesis of natural products.

enantioselective synthesis of (+)/(-)-12 in 4-5 steps through regioselective silylation,
optical resolution and dihydroxylation, followed by an olefin formation from 2. At the
beginning, the regioselective silylation of primary hydroxy group was carried out by a
non-nucleophilic base under catalyst-free conditions, and the following optical
resolution through treating with vinyl acetate and Lipase AK amano and
dihydroxylation and E1cB elimination with osmium catalyst gave pentenomycin
skeleton. Finally, (-)-pentenomycin I (12) was obtained by desilylation. The
spectroscopic properties of the obtained products were identical to those reported
previously. In addition, pentenomycin analogs 16—19 could be obtained through

esterification, iodination and Suzuki-Miyaura coupling from pentenomycin precursor 15.



The synthesized analogs were tested for their antimicrobial activity by broth
microdilution method according to the Clinical and Laboratory Standards Institute
(CLSI) recommendations. As a result of the test, the cyclopentenone framework,
a,B-unsaturated carbonyl, in pentenomycins could be responsible for the pronounced
antimicrobial activity. In addition, it was revealed that when there is bulky and
non-liberating substituent, such as phenyl group, in a position of cyclopentenone, its
antimicrobial activity was remarkably attenuated.

In summary, a novel method was developed which avoided the use of catalysts, high
temperature and pressure, and produced 2 from 2-DG (1) and glucal (4). Furthermore,
the conversion mechanism under hydrothermal treatment was elucidated. 2 would be a
key building block for the preparation of chemicals such as natural products. The
enantioselective synthesis of PGE: methyl ester (11) and pentenomycin analogs were
demonstrated as one example for application. These accomplishments demonstrate an
example of the conscious use of an unnatural sugar will promote the research on
conversion of modified sugars and lead to discovery of more valuable compounds in the

field of biomass chemistry.
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1.1 AbAERIZ D D 31 F~ A&

FRROKIRHT A 72 EDALAEIRIT B By IR O REE, AR bR DR & & L
TR &S, NEORFEEEBORELZ X2 TE, LL, TOHBEICIZRI BH D, *ﬁ
BRERENTWDHI, - fbAERAZEER T2 Z & TRIRIIZAEISND DD
BREMEA S| S EZTWE L LRI TV D, iz X, ZEMbIRFE iﬂﬁfﬁ(mﬂﬁﬂﬁ@%l
ELTH]Y B b, E-ER/MOREER I, BRYER - KRG & O RNERBED
JRIRE & L CRIBEE 7o o T BRI Zhu b 0l S, ITETIHEABIROHEH - fR1F
ZHME LTS A~ A (Biomass) EIRSORENER S TWHUE, Ao A~ ZGHIE
L& %G £ 72 VEEY KO FA R AHMEER TH Y . K& 2 DORENZET
HBiLd, 1 DHIFA—Rr=a— 7V Th D, (LAGROFIA TIPS D bR
MW S5 ZE(bikEE BB — R 2T 4 T ThHHDIZH L, A A~ 2A&PIT
FIHY A 7 RN T, IRFE OIS e < PRI TRENEDL LT, fERE LT
B O R FIGER BN PN 72 5 7o O HIERIRBE (L ORI S WIFF & 5 (Figure 1.1a), 2 D H
IXHAFRERERE L CRIHATE D ZEThHDH, "M A AKRROMEBIC IV REL
MR LR FEOK R EE, HEARIC K D Ax 2RI S, lEICFIA SN D, & L THFEIZHD
TERICED A A 2AEPRE L TEATE D, ZOL DIV IRLBFAS TN BIEHT
HZENARETH DT, FARAMICHIATE 2REREMOER L L THIfFENTWD
(Figure 1.1b),
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2.1 #E

Glucose 77D DEHEABIZ LV GO LEWIT. OB O F R FEHH O fRAK
Nz E A ETHY , BT, 77 VBRIBRZ BT 2 2 L i3# LV, &2 T, glucose O
b Ra S iEas POEReiESl L EMcER Lz, BRERAEA X D 2 L TABERIC
BAERAET, 7T VBRSOV h a7V R— VIR X 2 R O LR IH S v s &
Ez Iz, EfiFEOF T, 2-deoxy-D-glucose (2-DG) DALFZEHIZEE 4 5 64TA%E L LT,
BB K E AW KBSRICEB N T, 7 aXr T ) LA OERPRE S TWD
W, UL, B LTIy vaXuT ) ALEHOHEE - RBEIIITh TR b3, KESUGRIZ
B DKM S OMIAALE L ShTn5,

¥ 2 BT, ABSUSICBWT 2-DG b7 vl T ) ALA N ER T B R gt
ERET 5L L HIC, TORISEBEOMIFB L OV 7 aXo T ) ALBEMOHEEEIT- 72,
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2.2 2-Deoxy-D-glucose O @il ESM N2 2 KBS

FiHDHIE 2-DG O @EIRFEEAKZ AWK 2L F A Hz @ Lz (Figure
1.0, Zop, 7u—XBLORYyFRKD 2 >OLMTHRFEIT> T 5,

Al O 7 m—RAUKEBISIE, 30 MPa O£ T TG TOLZ, KITEEF A (374 C,
23.4 MPa) #H 2z % &5UKRD 2\ WITHIK L BIEE O R e 25— 72k, BEERK L 72 5.
Fo, B JEARER ALY IR IR K & FHEN D (Figure 2.1), R
K - FHEEFRKITFBRCA A VNPT 5 2 &, WIRFEERE FoKE T B otk
BT (Figure2.2), 7=, JEA LREOHBIZ LY | MAOHEEZELSEHZ LN T
x5, TOH, KRR (200—300 C) TIHIAKD T3R5 L72KRn - Bk - BRAEE DK
(a7 2 AbEM A, 77 B,C) BMESEL, —JF, @ik (400 °C) Tidks
TG LW N7V R— VRSB HEIT L2720, 7 M7 LTk RROZ U a—u7
NT e RBRERLIEZEEZLRD,

%EF DORFZAKIEDO BRI LTc S FHRKESS TIL, 200 CIZIEAL 72D ATl -
TSR RE & TR WEVK P CRUGREIT L2, L L, ZOREENFRETHKROA A
VHEBEER L, T b UERET D 7o OBV R ARG S s, 20T, BUKKIGY
T 2-DG DOBAK-BALAHEIT L. > 7 0T ) ALEWAPNER LI EEZEZ BN TV,

High
g A Sub-critical
water \ Super-critical water
'
)
w 234 0 0 JRTmmmmmmeees
DEI__. Critical point
g
>
)]
2]
2
o Hydrothermal reaction
Phase
1 1 >
Low 0 374 High

Temperature [°C]

Figure 2.1 /KORREX
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lonic product [--]

-10 100

50

-30 I ] ] 0
0 100 200 300 400 500

Temperature (°C)

Figure 2.2 /KD A F U FEEB L OB EROELOEAK 18
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2.3 2-Deoxy-D-glucose 7257 a7 ) ALE W ~D A

2.2 OFEREZZ T T, AWFIEICE TS 2-deoxy-D-glucose D7 X7 ) AbEW)~
DIREASNT X B2, BRENH SN TH Y | K& 7T DA — )V THEAEREE/R /S > T
Ktz AV TIT 72 (Figure 2.3), £7-. 100—218 CO#FIZIB N TKDKFEA A
BRI 5.65 <pH <6.15 Th D EHESINTWAHE, Lz~ T, 200 ClZiiiz 720 VKiR
I CThH o TH, KFEA A v OWFHEC L BB RS HIRF S D, & 2T, RIS 2 1S
I, KOBEMEH Uz B st o 72,

E30 R
cNy FR (BB - TSLRT— L
- KREE PfRfoERUEEFIA - BRARRRAR
cKOHEER O EARGRRAG

Figure 2.3 AHFFRIZIIT B KBRS DRGSR

FRE LT UGS HED W - R EETIEZL Figure 2.4 127”9, 2-DG /KIEIR & 88T
NEOGERCTHE L, B LTz, D%, & 50 USRI IZNEL L TR\ - B IR 5% %
R T | EEORMEE Lo, ONE, ROSSRERD L, 74 ANZTRHIZmAIL T
FOGEAFIE S e, WIRE THOLcE, ROSRAIEE L, REERELRE LT, 5o
TR TR — 2 —TRERE L, AR ZST, £/, ZONRITIT A7 a~ N7
T 7 4 ——IKFRA A ALk ER (GC-FID) TR, > 7 mXo7 ) o OEREE TH NMR
THRE LT,
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@ / BE -
/ 4 )

%

’é?':

57

Tube bomb reactor 2-DG + H,0 - A
= 5BRIEE <
(Swagelok) BB R

R RIGELE

24 (NMR) St (GC-FID)
BB E ol
_HZO __'__-__-
&R KB4 R KSR R E
(%)

Figure 2.4 272K DBRIEFIE

LRI ORRFCTIISISROWRE Z FEE L, LEO ISR & SOSIRE CRESG & 1T 72
(Table 2.1), 7", 160 C (FaFnZRAUE : 0.618 MPa) TRSHEMNI K9 D Ak D2 L%
IBEF L7z (entry 1-3), ZORER, RISRHA LR T2 Z L ICICEME T Lz, —%. 140 C

(FafnZEXUE @ 0.361 MPa) Tik, 7Hfil# (entry 1) &USIETERET . AR 80%
G2 BT 00% 28 FE 23 L L7z (entryb5), LaxL7e23 5, 28 REfLARRIE, 160 C
S & RIBRICI R M R 2 IIRF L=, 1H, BCNMR 27 kL, TOF-MS 73 & K554 D
FERNS 4B REF 2L FafAFosrsavr /y (2) B4t Rexi-b5
bERkaxyxFryraXrr sy @) ORAGMTH-oT, £, BIEE 5 2 72504

(entry 1, 5) 2B\ T, ZDOAERIX 2/8 = 1:0.3 TH-o7,

F7-, BN 2 BLO 3 ®IHNMR 227 hMLd, HiHOLRHRE LY 7 a0 T
JALEHNE g LI 2 A LA 2 LB LN, bbb, BiREEKFICEIT D
2-DG (1) DALFEERIC L VFONDEERDIL 2 THHZ ERH LML o7,
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Table 2.1 FERIRABRINIZEIT S 2-DG D{LFEE#

HO

0 0
O.__.OH
Conditions
. _— OH 4+ OH
HO' H,O
OH HO OH
2-DG (1) 2 3
Entry Temp.(°C) Time (h) Yield (%)® Ratio (2:3)()
1 160 7 74 1:0.3
2 160 14 63 -
3 160 28 37
4 140 14 67 -
5 140 28 80 1:0.3
6 140 56 55 -
7 140 94 41

(a) Unless stated otherwise, reactions were performed as follows: 2-DG (1)
(3.0 g) in H,O (100 mL) at indicated temperature and for indicated time
without stirring. (b) Yield of 2 including 3 was determined by GC-FID analysis.
(c) Ratio of 2 and 3 was determined by "H NMR analysis.

FARME LTESLNT 2 131981 4£1C Elliott HIC LV MO THESN-ATHTH S
(Scheme 2.D)08, {517 & MNEEE—F /L (4) L/ w7 M7 AT RFEER 5 b5
THE, 14% T 2 28K LT, £72, T8 6) 2HRBFEET5 2 LT, 10 TR, RIER
3.5% T (B2 26T 252 LTI L TWD, %4, Nazef i34 THE, 54% & IR
T 2 2D N TELUBEAKIEZBY L7z (Scheme 2.2)19, DL ED X 52, 37 TIZ 2
IMEFEARICLVETRTHLIZ LN TELN, FTRICBWCHITILIa~ v T 7 4
—IC KON B A Bl U RO BRFECIY HDITHEE S LI RAKRFET LI =T 4
UF s (LAIHY) 2T 5720, 10 fifE 2R dREA N OIRW G REIEDOBRF 235k
O b,

—J7. AT ORFHNS X 0 fefl Uiz KBS X D 2-DG (1) OZEHTIX, 1 TRT 2 %
75 Z enTx,| Elliott X° Nazef H23E LIIERIEIZHA_NTHEHIETHY , £/, K&
JFE 1 OB EHER L T D DR OREAMDIKWERIETHD L EX 5,
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0]

(a)
o o OEt
— >
)J\/U\oa . Eto)\/ol — OH

14% overall, HO
4 5 5 steps 2
®) o com o
e
\“é\ é/\OH
H Y H <
© = ° 3.5% overall, HO
OH 10 steps
Quinic acid (6) (R)-2

Scheme 2.1 (a) Elliott Hic k337 a7y 208K b)) TEBEEFEE L Li2(R)-
2 DERK.

0 CI\)J\ 0 OH
7 N LiAIH, N
— Q ot ———— 9

Bro/MeOH _ b} ﬁﬂ

Scheme 2.2 Nazef HIZkdvr7uaXT7 /v 2 OBBARE

9

54% overall
4 steps
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2.4 2-Deoxy-D-glucose D/KESEHIZ IS 1T D BUGCHAE D 5 %2

AT 2.3 DKBSULRITE ORI L VG LN EERWIT 7m0 T v 2 Tho
~. ZORRERE 2, HZR L 2-DG (1) OKRASIGH OGN % Scheme 2.3 (277
T IZUDIZ, 1 o ARfafiT 7 > I BRHER, BKIZE >TSS T — 1D, VT
B, Wik, BUHAENIEXRET L, 7724 = IV 2MEKT 2 A0 — 101 — IV), &
I, 77— IV IKBPHINT 52 & CTHRERL, Rfafi= /> VI BERKT 25,
IRFE-IRFBAEGIC L DRIEDEIT L RFEERZIEN T DT X770 8 &4
2% (IV =V — VI — 3), H#%IT, KINFITEEIMFET DKROAF o~ A A
XV RUA—V VII ZH27% BKICLYI7axXvT 02 BAERKRLIEZE@ — VII —
2), Fio, PHISIZE Y, 8 bAEKRT LIN, BNFHICLETHD 2 ZEAERME LT
B z1-LEz270-,

-

HO
O._OH OH ON
W%%O
HO! . HO/\i/'\‘/\CHO —— HOTY
oH OH OH OH
2-DG (1) | I
H
HOY
\ﬁ}_'s oH HO'\ O H OH
= \/_,4 M
Vv
0 0 o
O HO
N N i [ o e
=/ “—0H
OH HO H HO
Vi 3 VI 2

Scheme 2.3 AKBXIGIZIIT D 2-DG DHEER SRR

21



2.5 SUSEREDIBES © 7T VA — v B T KRE S

2.4 TR LIERUSHRE 23T~ . 7T 0 P4 —L IV ZFRE LI KE G 2 Wi
Lz, 77204 — IV [T tri-O-acetyl-D-glucal (TAG) (11) 7 SEEEID HiETE
% L7- (Scheme 2.4), A % / —/IEH, 7o =T %2HAWT 11 OT7 v FLEEREL,
D-glucal (12) & L7z, #HWT, A¥ ) — VT U E=T #EEETHREL TELNTZH
B 12 A AR TS5 TT7 70 U4 =V IV & 2 T 84% TH7=, £,
12 HAK L THELNET T vV —b IV 13EREEAE alp2 = +32.9 (¢ = 1.0 in
CHCls); 1it.17 [alp = +36.0 (c = 1.0 in CHCl3) } TH > 7=,

AcO 2 M NH, HO

e} MeOH soln. o cat. FeCly (o) OH
| > s \
ACO™ RT, overnight HO™ MeCN I/\}_\—OH
RT, 1h
OAc OH '
84%, 2 steps v
TAG (11) D-glucal (12)

Scheme 2.4 75 VF—v IV OERK

"ol 7 7 VA= IV ZHWTKBEIREITW, g7 v~ 75 7 1+ — (TLC)
B LV TH-NMR (2 L9 i % B L 72 (Scheme 2.5), M CRIGAERET D & TS
% 160 CTOKREMIGZ KT L, TLC ETHEOMEZBELI-EZ A, 2HMIZET
a7 2y 2 BEO 3 OAEMBHER I, L LR B RGO FE S #ERE
izl JOGKRMZIER Lz, ZTOREE, 160 C, 4 B CTREINERICHE SN, =
DL &, HNMR CTHARLEMRLIZEZA28=1:04 DREHEL T 70T )
NAeEMERGTz, ZOERBFRERNS 22DG Q) 2Hv 7 aXr T 2 2@) ICERESN DI
BRIZBWT, 770 UF = IV ZRISHRETH 5 L i< FF iz,

Hydrothermal Q Q
0 OH Reaction
m > OH + OH
OH H,0, 160 °C, 4 h HO OH
1\ 2 3

2/3=1:04

Scheme 2.5 77 v VA —/V IV OABSIGIC & 2L FE#H
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2.6 DFT &

2.4 TIUE U T- S HERE 2 3TRET % 728, Density Functional Theory (DFT) #H8 A 1T\0,
7TV IV, vruXrT v 2 BLW 8 OREEMEE N L= (Figure 2.5
—2.8, Table 2.2—2.5)

DFT #t&EIL, BBy FHuEE (PM6) M- Gaussian 16 7' 07 J A\ y r—
DN KD SRBERIT 24T o 1o £T2. BTN F—%2 b7 5T 0 F DK IR I,
Gaussian 09 (ZEHEIN TS 631G (d) XA FF> B3LYP ~1 7 U v L% %
W oo BB EREE ORI OW TR, B ONTBEDN R/ R F —REBICHIGT 52 &%
WeEITT D= OIER) ) —~ /L' — R TR 21T - 7=,
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4 =S
802 = -100 15860

0177
0178
0179
018 E
-0.181
-0.182

-0.183

SC2

E =-459.082496 hartree

Figure 2.5 {t&% 2 DT XLXE—DA X% (i) & DFT @ biEE ()

Table 2.2 Cartesian coordinates (Angstroms) for 7.

Point Group: C1
Total energy = —459.082496 hartree

Symbol

X

Y

Z

0.01104

-0.07441

0.017121

-0.00565

-0.05211

1.533101

1.492146

0.034447

1.916533

2.235319

0.151749

0.587201

1.239934

0.042284

-0.51295

-0.91404

-0.18612

-0.54361

1.735358

0.882381

2.565268

3.43844

0.307463

0.43836

-0.71035

-1.15725

2.088957

-0.31477

-1.96808

1.728574

-0.55552

0.823745

1.895734

1.810111

-0.8708

2.446628

1.687618

0.099463

-1.951

0.897191

-0.26351

-2.61568

1.877687

1.153828

-2.21826

2.830944

-0.70452

-2.18522

T|ojlmjm|QEm|im|m|o|lom|EIQQaQ|ala

3.50721

-0.39365

-1.55591
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Figure 2.6 L&Y 3 (trand DETFXNAX—DAX ¥ (£) L DFT K@Eb#EE (F)

-100

= <" 450
SCT1 150 500

E =-459.079857 hartree

Table 2.3 Cartesian coordinates (Angstroms) for 8 (¢ransisomer).
Point Group: C1
Total energy = —459.079857 hartree

Symbol

X

Y

Z

0.023177

0.074944

0.002437

0.003428

0.015748

1.518533

1.50127

-0.01991

1.906

2.222209

-0.30683

0.5682837

1.247772

-0.1124

-0.51407

-0.89267

0.234195

-0.56032

-0.49499

-0.9097

1.837193

1.802922

0.985319

2.234305

1.523948

-0.1582

-1.56189

3.38476

-0.67072

0.475856

1.910577

-1.00786

3.009503

1.649959

-2.03323

2.692344

1.346184

-0.79499

3.923485

-0.76317

1.048234

2.1204

-0.36558

1.897576

1.868185

3.280756

-0.89058

3.329299

T ojm|ojm|m|Qo|jm|m|m|m|Qaa|a|a

3.760382

-0.97617

2.484099
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-0.16
-0.162
-0.164
F-0.166
F-0.168 E
F-0.17
F-0.172
F-0.174
{-0.176

1502002°0

-150.100.50 ¢ :

SC1

SCZ

100 150

E =-459.082205 hartree
Figure 2.7 &% 3 (ci9) PETILX—D R ¥ ¥ (i£) & DFT BE{LEE ()

Table 2.4 Cartesian coordinates (Angstroms) for 8 cis isomer.

Point Group: C1
Total energy = —459.079857 hartree

Symbol

X

Y

Z

0.023177

0.074944

0.002437

0.003428

0.015748

1.518533

1.50127

-0.01991

1.906

2.222209

-0.30683

0.5682837

1.247772

-0.1124

-0.51407

-0.89267

0.234195

-0.56032

-0.49499

-0.9097

1.837193

1.802922

0.985319

2.234305

1.523948

-0.1582

-1.56189

3.38476

-0.67072

0.475856

1.910577

-1.00786

3.009503

1.649959

-2.03323

2.692344

1.346184

-0.79499

3.923485

-0.76317

1.048234

2.1204

-0.36558

1.897576

1.868185

3.280756

-0.89058

3.329299

T ojm|ojm|m|Qojm|m|m|m|Qaa|a|la

3.760382

-0.97617

2.484099
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250

SC1

200 =
50 100500

E =-459.072401hartree

Figure 2.8 77V — VIV DETRXAX—DAF ¥ (££) & DFT H#Efb#EsE F)

Table 2.5 Cartesian coordinates (Angstroms) for furan diol IV.
Point Group: C1
Total energy = —459.072401 hartree

Symbol

X

Y

Z

0.050817

-0.35417

0.026977

0.015129

0.078791

1.315313

1.38086

0.272244

1.710018

2.149472

-0.05129

0.632239

1.341768

-0.43552

-0.41236

-0.70586

-0.63774

-0.68852

-0.86932

0.23763

1.9163

1.742518

0.604607

2.673259

3.615149

-0.06609

0.358817

4.147132

0.171877

1.284847

4.085231

-1.37396

-0.02152

3.456849

-1.71831

-0.67833

4.049472

0.934933

-0.72552

3.848369

1.96094

-0.39973

3.459502

0.750358

-1.64004

5.43733

0.8235

-0.96409

TD|o|m|im|iQEm|olm|Ia|lm|IE|Im|oO|Qalala

5.608712

-0.13478

-0.99345
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DFT SHROFER, 77 V4 — IV JRFLEREK (2, 8) LV BT FHICAL
ETHY ., 1o, FAERY 2 1TRMEE 8 (cs, trans) £V bENFMHICLZETHDH Z LN
RENTE (Figure 2.9), ZiVHOFEFEIL, #1208 L7z 5HAE (Scheme2.83) &7 7 v U —

VIV OKEVLERIZ L A RRGEOFE R (Scheme 2.5) Z58< XFFTH5HDTH D,

v
-459.0724 3
- 5
3 r
T 3
©
£ -459.0799
L
-459.0822

-459.0825

Figure 2.9 v 7 ua~xXr7 ) v 2, BYMEKS (ds, trans) BEO
75— IV O B3LYP/6-31G (d) 12k A2EBRT RN ¥—3E

28



2.7 Glucal % JUEFE& 92 KBS D gl S O PRR

ATE 2.5 T, KEBIGIZEWT 2-DG (1) 72 b7 mXu T v 2 ([ZEBT HERIC, )
JGHER 7 7o P4 — L IV Z B L TNWADZ ERNbho7=, Glucal 12) 1% glucose 75
TAG (11) Z##HE L CEKARETH Y, 1 OFBATH %5 (Scheme 2.6, pathway 1,2), 12
e IV ~OILFEAEHITIV A AR % it & L CTHWTIT> 7 (Scheme 2.2) 73, {RIZZEK
HCRISEITS T8, BONHICRAET D7 e U BNEA L 72 0 VA RS T L RfkIC T
7 VRO PEITTIUL, IVEARBET 22 L72< 12 by rmxXr7 /70 2@) £T
—Z|CFHFHETEDLDOTIERWE B 272 (Scheme 2.6, pathway 3) .

HO

O._OH  Hydrothermal 0
reaction | O OH ﬁ/\
. _— E—
HO" [)_&_ — OH

OH OH HO

2-DG (1) IV 2
\ Pathway 2 T Hydrothermal
‘ reaction
0 Pathway 3

AcO H

o Pathway 1 o

— o) — Wl
AcO HO

OAc OH

TAG (11) D-glucal (12)

Scheme 2.6 Glucal % JFUEF 5 KBRS DA RARGE

ZOGERE b 1, Glucal (12) 12k 2 KEG % it L7z (Scheme 2.7), 12 1 TAG
(11) ZAEEOF PV T LAA MF Y REET, A ¥ —VERHP TR 5 2 & CE &
(21372, 12 126 LT 160 C, 7THH TR EAT T2 2AH, /a7 ) 2,8 %
FRREDINETHS Z LIk Le, ZORENS, Scheme 2.6 TIE L 7= GRS £ ks
0. KERIERHPTT 70 PA—V IV O, i< RFELEBR O L TiTHh T
WA Z ERER EN T,
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AcO HO

NaOMe
o | MeOH o |
_—
AcO™ 98% HO"

OAc OH

TAG (11) D-glucal (12)

Hydrothermal
Reaction

o) o)
160°C, 7 h
- ﬁ/\OH + Q/\OH
50% HO OH
2 3

Scheme 2.7 Glucal DOABIGIZ & B{LFE#

Glucal (12) B> 7 v X7 /22,8 DERI A, WL 2-DG Q) ZJFkE L
GBI TR o 72 (Table 2.1), 2T, WEOM L& HINE LT, 12 1281 KB
S D F it 72 S A BRFRICE T LT (Table 2.6), 12 O/KIEROIREZ 0.2 M IZEE L, Kk
JBE (100~160 C) B I OSUGHR (1~72 i) 228(b &8, mRKINRE 52 5 K65
EOBFEAT 272, BUSIREE 100 COBE, RISIEIEFITD 2001217 L, AR (entry
1-3) T 7 a7 /Yy 2 BIO 8 OAMITME TE T, KFLBEREOTMRITIL 12 I
ML BSOS Rkt T 2 HE R B - 72 (entry 4-7), £, IGTFMATHL 7T v PH—n
IV RERICHEESNAET, Dty 72 B EMNEL T2 ENHALNE R T2

(entry 7).

FOSHEE 120 CClE, R (entry 8-9) TlRHFT 7 a X7 /2> 231 3EM LI >
T3, 24 RERIBR 2 ka5 2 & T, IUERD 60% & 2 7= (entry 12),

FOGREE 140~160 C TIELEAY R CICEN K & 72> 72 (entry 16,17,22), L 2>
L. 100~120 COEER L v bEERM & LT, AoEAEL L I0HTH 5 L
EZONDEER AR U, B, 120 °C, 24 ] (entry 12) OSMET, Bk
K8 ZEieiRAME LT T 2 KNI 61% T,
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Table 2.8 Glucal DOKEYZ

Conditions(® | o} OH
—_—
H,O OH + OH + %
2 OH
HO OH
12 2 3 v
Entry Temp.(°C) Time (h) Solid(mg) Yield (%)®) Ratio (2/3)© IV (%)@

1 100 1 7 N/A - 1
2 3 5 N/A - 7
3 7 0 N/A - 21
4 12 6 16 1:2.16 24
5 24 1 32 1:0.88 17
6 48 2 31 1:0.15 14
7 72 22 50 1:0.11 2
8 120 1 3 N/A - 15
9 3 1 N/A - 11
10 7 4 24 1:0.87 20
11 12 22 52 1:0.57 6
12 24 23 61 1:017 1
13 48 95 41 1:0.04 0.3
14 140 1 3 N/A - 3
15 3 0 42 1:1.20 7
16 7 35 55 1:041 1
17 12 37 55 1:0.12 1
18 24 66 47 1:0.06 0
19 160 1 3 N/A - 11
20 3 20 30 1:0.19 14
21 5 63 47 1:0.10 1
22 7 74 54 1:0.04 0
23 12 145 43 1:0.06 0
24 24 199 21 1:0.06 0

(a) Unless stated otherwise, reactions were performed as follows: An aqueous solution of D-Glucal
(12) (4.0 mmol) in H,O (20 mL, 0.2 M) at indicated temperature and for indicated time without stirring.
(b) Isorated yield of 2 including 3. (c) Ratio of 2 and 3 was determined by 'H NMR analysis.
(d) Isorated yield of IV.
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2.8 vrmaRXrT ) OB TEET VI &2 AT R

2-DG (1) L0V Glucal (12) O/KEV S % el L7254 (Table 2.1, entry 5; Table 2.8,
entry12) T, v 7 uaXr7 /0 2 BLW 8 NEEME LTHELNS 7= (Figure 2.10),
B - T DMENR D D,

INRNT222882E yeog —©oy9 © 3
EERr e R R i i e 322§ BpB2gEe8r8a88LS g
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN 7
it Data Parameters
NAME
EXPN 37 1 N
Fhocro 1 H NMR of a crude mixture of 7 and 8

- Acquisi ameters
D e onoste

o) o]
10.10
F’SEPBF‘!‘ODG ] mmsxAEBl 1H
& P OH OH
SOLVENT Acetone
52 i HO' OH

oS 2
E 8223685 Hz

FIDRES  0.125483 b

Ra hdue o

ow 60800 usec 2/3=1:03

DE 6.50 usec

TE 2974 K

D1 1.00000000 sec

Too 1 400 MHz, Acetone-dg

e CHANNEL {1 e

NUC1 1H

P 750 usec I !
PLW1  13.19999981 W |

SFO1  400.1324710 MHz

2 - Processing paramsters I
]
SF_ 4001300068 MHz

w EM
SSB 0 |
8 030 Hz ‘
a8 o
PC 1.00

; I
f| (|

-*:j: T tj} 4 K 1 _,\,J \J\J W l\“:-w U Yok

r T T T T T T T T T 1
85 8.0 75 7.0 5.0 3.5 3.0 15 1.0 05 0.0 ppm

LA HHH H " o 1ar

Figure 2.10 ABRISHBMAERY O 1THNMR A7 kv
BIEY > 7V Table 1, entry 1. ARkk 2/3=1:0.3.

CIUBTFNET AT ST T T 4 —|T X DRER AR 0N, BT A Z L IER
HTHY, DINICHEAMELAEMELT 2 20N HDD, jtf:‘[bv ‘ma%c‘: L CHER
&,

ZITEBRAI LT 4 ThD 38 BI)IFRILENR 3 BIAA LT 4 MK 2 [ZRME(L
THZLTHEALAME L T2 ORIEIT- T,

— NS B 7 XU T ) C ORMAGI, BRI D D VISR S TS TEITT S,
Z 2 TAENZ, bEERFIEO—D>THDOEET VI FIC L 2B ZREF L, 1§
PET VI TR EN TV ADEIIET V) Beckmann I #HW =, B L7k R %
Table 2.6 (Z/"7, IWEZMZTIZT NI FORERANWTZEE, KICGET 2 2B L7= (entry
1), 2O%HE. 0 TAFXFT~A AR RaxvERERD 0D, ZOKISITIERITHE
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RN Thole, £lo. ZORICHDOREITIEF I < L BEEENMENZ L BREROE T
WL, TICHSERESED-0, KEHRMLET ' N TR L7z (entry
2—5), DIMNICHRMEEK S IIEFTHHOD, BMWIET2 2552 LTl Lz, Fiz,
B A RIRHEHE L Tb. FAEFISIIA T T WEMETT L5005 TH -7,

WNT, TIAITFTOYEIZOWTHRF Lz, TAITERAICEL LTNolzl ZA ]
Bt RIEDOT VT THRINEIHETT 2 Z ENHL IR o72, EHIT, B RaF U ijR s
LCAKRDOBEFTIMUZEMETY, BRI ERBEO TV I FCRISIEEMT 5, £7-. IEgt:
TIEZ DPTHRLNTHEIT L, 4 TR Lz, LEORFHZ LY BEWEREDT
N FEROWEREEZITV, a7 ) v 2 BERMICEINT 2 2 SITE LTz,

Table 2.6 {EHET VI T % Ao BELORRE

O (0] (0]
Activated Al,O3 (X w/w%)
OH OH OH
Table
HO OH HO
2 3 2
2/3=1:0.3
. Results
Entry X Conditions - -
Yield (%) Ratio (7:8)
1 500 RT, 24 h 36 100:0
2 500 Acetone-H,0 (20:1), RT, 24 h 95 100: 2
3 500 Acetone-H,0 (20:1), RT, 72 h 43 100:2
4 300 Acetone-H,0 (20:1), RT, 24 h 99 100:2
5 100 Acetone-H,0 (20:1), RT, 24 h 91 100:3
6 100 H,O (10 w/w%), RT, 24 h 93 100:3
7 100 H,0 (10 w/w%), 50 °C, 4 h 95 100:3
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2.9 T uaRT ) U DWENE
2.9.1 BERIEIC L D5

2.8 CHEMAKIZEV I m R T ) U 2B HBET 2 Z LTI LTz, FV T, e
2 5fGH7, FHEIE B L, &b — KR FIETH DBRIELIT o7, BERITLMT
ANFRG 727~ 7 V=B EZHWT{To 7 (Table 2.7) 201, Fifg =/ L-7 & b U EEIEH
Lipase PS amano SD & %\ % Lipase AK amano % i\ T kb Rz 2 F o ARSI
7 B F L EZRFT LA, WTFRoEAD 1 ke Fads ko7 v F ik 13 & ke
ReX o7 EF VIR 14 OIREME L THELNE (entry 1, 2), £/, U7 BT
150 FARME L TEONZZEND, 2 OT VAT IV a— LN ORI A BT
WeB2OND, o, GHNIRAY (18,14) OHBEHIRETH T,

T 2T, MR T B F AL TIE e < LEEIRT B F kAR L, RN Y 2N —
¥ (PPL) fA(E T, BERE =/-7 & b IR C—BfteR L7z & 2 ANEEIRW T & F
IEIZEE L7z (entry 3)2U, L2>L7Z2A 5, SUSKRZ oIk < LTHRE 7 135%4
ZHE ST 80% BN S 4172 (entry 4), F7, FENERNE AT/ L Z A LAY 13
X7 {tE® [ap=0.0(c=1.0, 7 ) &L THLNZ, BLEORERNS, PPL &
RAWTALERIR T F UGITEITT 5 b 00, SLREIR T £ F vk b bEERE = H
W ENCIEE LT RWZ E b o Tz,

Table 2.7 BERZ HW 1oALEY T DIRFELEI O

O
Cond|t|ons
OH vmylacetate
HO solvent, rt

entry Lipase solvent time (h) Yield (%)
2/13/14/15
1 Lipase PS amano SD MeCN 24 0/12/12/24
2 Lipase AK amano MeCN 24 0/22/22/48
3 PPL Acetone 24 30/36/0/0
4 PPL Acetone overnight 30/36/0/2
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2.9.2 * 7/ HPLC |2 L 50 %504E

BERIEIC RO NF R ENIREE T 72729, migikiks v~ 777 ¢+ — (HPLC) &%
TNHT DL DAY 2 O E AR ATz, CHIRALART Cellulose-SC % v 7z~
FH oAy TrR—L (HexIPA) IREWFRT 2 OWRMAENTERIHE L 72 (Figure
2.11), 72 L&Y 2 25 (92, (R)-2 % ZTNEIVLFHE 99 %LL ETHrE L 7= (Figure
2.12—13), HL 7= &ALE W O R A RE L STRkE & bl LTt e L 72{(9-2, [alpi8 =
—34.3 (¢=1.0 in ethanol); (&)-2, [alp26= +33.0 (¢= 1.0 in ethanol); lit!9 [a]lp = +50 (¢ = no
data in ethanol)},

1000
(@]
750
=) ﬁ/\OH
< HO N
£ 500 2
>
o
‘0
o
2 250
=
—
0 J
0 200 400 600 800 1000 1200
Time [Sec]

Figure 2.11 ¥ J /L HPLCIZ X % T & (L&MW 2 DNFELE

35



Intensity [mAU]

2500

2000 Sf:r/\OH

Intensity [mAU]

HO
1500 (5)-2 ﬂ
1000
500
0 J
0 200 400 600 800 1000 1200
Time [sec]

Figure 2.12 * 5/ HPLC 2k % (9-2 D&HR

2500
o
2000 gf)r/\OH
HO
(R)-2
1500
1000
500
: J
0 200 400 600 800 1000 1200

Time [sec.]

Figure 2.13 ¥ Z /) HPLCIZ L3 (B)-2 O5ER
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210 &0

B2 BT, EEREOLFERUC X2 FBULEMORFEZ A E LT, 1) 2-DG () @
P M IT D Bl S ORRES. 2) T ORIGHEEOMIA, 3) AR L7 ba¥ o HEED
3 D& FMh L L TR EITo 72,

3. 2-DG (1) DKESUER D Bl Sl DB 24T - 7= (Table 2.1), 1 OKEEIK D %
EIE LT, SO, BONREORERFZIRR LT L 24, 140 CTIX 24 FFf#, 160 C
TIX 7Ty 7 aXrT ) AL E 2 L RMK 8 A EDIRAMICR BITER S A S
i,

BEWN T, KESUSHICEIT D 1 ORISHEL T X< IGTRBREER LT Z
VA= IV OB EZAToT2E 25, 1 OKBFUS E RO LR AR Lz, &5
WZ.DFTERICE D7 T VA=V IV ERY 2,8 ORZEEMEDIHAEEZIToT2L T A,
IHNETORP LKL LW LRSIz, £, 770 VA— /L IV ORIBETH 5
Glucal (12) OKBSEE T2 ZA, 770 V4 — v IV 2GR TR LT, 7
a7 )y 2,8 BAERTAHZ EERE LT,

BBIC, KBOSICE 0 EbRT 2 BE O 3 Ot AT - -, B{bA&Y ORI
FERUCCThHoTiod, YIUB PN T A7~ TT77 4—1280 2 & 8 0BT S
ZLIEIREETH oD, EET AT EHNT 8 AR L, ZEHEAL T 42 LT
BSRNCLEETHD 2 #HE—DILEHME LTHELIZ LTI L, Bohiz 2 137
AW TH o772, ¥ 7V HPLC IZ L B HFE0EIZITV, SR, RIEZZEH 99%
ee THHEL., BONT=x T /LB ORI SRR E 2, e EE O RIERE S & 8 25 0 SCHEkE
LS L CHE LT,

LIk, EfifE 2-DG (1) & glucal (12) »BREFZRKAKSICE Y v 7 aXv T v 2%
B - HEET D 2 LITpEh L3l
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5 3

Prostaglandin E1 methyl ester ™ & %



3.1 =

52 TR, EMRE Ao & LT BTEL S A EE W ORI AR - BB DWW T
et L7z, Z 0OfE R, Glucose #BEARTHD 2-DG (1) BLUZDOHIBATH 2 Glucal (12)
MORNRANZ Y 7 a7 ) ACEY 2 155 2 LITP L7z,

ZTITH 3 ETIE., Aoy rz a7 2 AbEY 2 2o EfH M e &9~ & @
AT, a7 ) UEEETLDER ST DAERMEEMOERREIT o 2B, BEIZE
EmELTHERAEINTWELI TR RAXY 7 U UEICER L, fFlCa 2 H T2
prostaglandin E1 (PGE1) D& RIZEY #A, ok 2 g0 & LT PGE: RSk
T& 5 PGE1 methyl ester O2A KM ETT> 72 (Scheme 3.1),

o o) 0 0 0
- ‘\\W\)]\OH \\/\/\)]\OH
;5/%H R N R
HO T HO Y
HO OH OH
2 PGE, methyl ester PGE,

Scheme 3.1 %5 3 E DS
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3.2 Prostaglandin 38D % 7 & F]H

3.2.1 Prostaglandin O¥ 5, & fEkE

Prostaglandin (PG) %, Goldblatt (&5 > T 1933 4FIZ#]H T b ORFIEN TR E S,
MERE T &R FIGHE 27558 S & 2R MG S /Bl, 52844 Euler (2K > TED
FEFERZ B RIBR O A BRI E NS £ T D 2 E MR S AL, 1936 4RI TR 5>
5 OTBEC RS LTzl SIFIXAT AR (prostate) (ZHIRT2AMIGHEME THD EE XD
N7=72%, ZHUZIKHA T prostaglandin & v S 47z, & L CH%4E, Bergstrom (25 - T
fli¥t72 PGE1 & PGFia Oftigh 23] THEE S U0, Z DL FEEN ] NIl »72 2 & T
LRI B E R, G, AREER. R S o2l bz o5t rtERE LT,

PGEDZL L, BMDOEKRNTTY 7% FUBRE (T I7F RUBAIAr—1R) Z@L T
ALK EN TV (Figure 3.DE10, 7 I R A r—REL, UV URERKROT 7%
Rz ke U CARIEEZ FFOIRE CHDONRE A T  =— X — % AT 2 R C
H5, PG EHIZT 77X RN 7 Atk 77— (COX), ki COX-1, COX-2 X
V. PGHz IcfRE &= t2, KBEEFEOERICLY PGA—1 MPEAINDE, /o, hav
AEH o (TX) L PGHz 28 TX ARkEESRE OR@ A= T CTERS LD, —FH, 7T I7F K
Bl 5-URAXU T —BlckoR@csnsnsa b=y LD EEEALATDLE, 20
e, 2o DORBMILT 7 F NS LIxA a1 REgPrainoho,
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6~ s 5-Lipooxygenase 6 A8

14 14
5-HPETE

l (0]

OH Q

o 5 H,O _ OH
Z - 7
QH MOH Synthase o B\\MOH _ < B
A -— ‘ ' OH
P om ¥z LTBy Leukotriene A4 (LTA 4)
(0]

5 OH ,
OH PGE Glutathione
G Prostaglandin H, (PGH,) Thronboxane
Pe: oynihase synthase Glutathione
Prostacyclin transferase
o synthase 5 o oH o
OH 0 8
. O
HO\Q/\/\/\/ HO o 0N\
OH OH
PGE; R S Thromboxane A, (TXAz)

OH
PGl, l

o)
oH MOH l endothelium o
_ on PHon
or Q/\/\/\/OH HOTTON A
5N OH

PGFy, HO'

OH
TXB,
6-keto-PGF,

Figure 3.1 79X% RVEBIRFr—F
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3.2.2 Prostaglandin FHDEHES & L TOFIH & THEAA K

Prostaglandin (PG) 3D H T PGE1,2. PGFua BLXUZ NG OFFEEMIS, EILLE LT
TR s T2 (Figure 3.2), PG FHOLEAAKIZ BT 2 BFSEIE 1960 4148175 1980
RN RE 2o %2, Corey B L7z2— U —7 27 > 16 (249 % Horner-
Wadsworth-Emmons S, Wittig SOsZ 8t s+ 52—V —ik, BKHICK DS
a7 ) 20 ZHIC o MIBHZIERE AT D =pomdiiis, £ L TP o g4
A2y ruxr7 ) 24 12 0 MEHZEANT 5 pomdiiisiia &, 2 < OFERRE S
7z (Scheme 3.2)1114, LI ED X 91T, F1H7% PG OGS THOIT-Z & T,
BifE, Figure 3.2 (27”77 PG ®AMEFEHKIZ LV HES N TWD,

0] O
0 o) o) \/,/\/U\OH HQ ﬂOH
‘\\\\/\/\)J\OH ‘\\\ = ‘\\\ P
s Pz Pz Pz
: HO H HO H
OH OH

HO i
OH
Alprostadil Dinoprostone Dinoprost
(PGE4) (PGE») (PGFy,)

o] o J\
HO OJ\ H(:) 0O
i \/\/\)?\ : SN\~ NSNS
' -~ OH OMe < _— /© \Q/\/\/@
N HO o HO H
FF OH

Misoprostol Tafluprost Latanoprost
(PGEy4) (PGFy,,) (PGFy,)

Figure 3.2 PG #&|D—fF]
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0 . o)
R 3 17 HO OH
Q\ Q\/\//\/\/
—_— ~
y O O \
HO  CHO o ¢ S =

P HO :
16 MeO” \)J\CsHﬂ OH

18 PGF,, (19)

Hd |W\/\/ HO\\ z
20 z OH
OH PGE, (23)
22 2
=Re L !
0 0o o) 0
é*\“\/\/\)J\OH MOH
HO NP . "G ZS
24 : &
OH
- PGE, (25)

Scheme 3.2 FuRZ 75 IV UVEDOERIE

BE, LAk Eans PG WHOHTYH, PGEL(25) (ZEREBIFAIER. T B IEEH
ZAT5 PGE:L ®#AITHY , 7T aRE DN EofAIL TEELE LTHOYLR TN
Do HTHIBMEBIARPAZERE (N— v —p, PHEEMEBARIE(LIE) (2351F 2 WU . ZffiE
EROSFEICREL FE5T 5, £ LT, PGE1 AR DD EELN RN, TFENIEE
Wb,

PGE1 (25) O TEMRAHITERESICE Vs s/ TBS Kk 28 #2777 ry s &b
D ROER A T RICIT b TV A 0418, Z o A g TR, OT U AT L a—L
26 POAR LT T ey 7 28 TR LT, o I 29, o I 80 ZIE/CEA L, PGE:
ERERE L, RBICREREZRETH LT 26 ZARATRERET ICENEZTIETHD
(Scheme 3.3), L7 L. 28 OEHICIIZEBE G KA ET 5720, 28 ZHE TR THEKT H K
D R B FIEDORBERRD LA TND,
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S

S
LiZ(NC)CU\/\/\/\/
(0] z
10 29 OTBS
—_—
/\(\ —_— M — NEt,
26 27 28 O/\/
30
o] 0 o 0
TBSO H HO' :
0TBS 6H
31 PGE; (25)

Scheme 3.3 {E/E- HEEIEIZ & D PGE D LEAREE
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3.3 Prostaglandin E1 ®& G

Prostaglandin E1 (PGE1:25) Offifi72 G4BT 2 LT, H2ETH LN I 1
NRUTF ) QUICER L. 2 v ruayT ) UEEER 28 B H\WIEEOREBLE Y
A TcENIE. KVETRT PGE1(25) OAMNARETHH EE X T,

vruaXyT )y 2 EHREEEE L7 PGE(25) &G % Scheme 8.4 127577, 25
ITA DO BB THREICLVFFE L, ZORIBEE 32 X277 m vy ZITxd 5 sy
BAEMC KOS 5, £, RO OARIEABR L2 =TF AT I ) KEFT 25 34
L 200t FaXx AR —OFRETEMLZ 86 227 7uy 7 & LTREL, 36
WCEBE o A EATENIT, TRELZENRT 2 2 0L b, £z, 34 OV F L
7 X KEIE, 86 1okt L CHiBERE R AT ARBAIZER Y, =%V AL 71 85 L LI
%, Y=F N7 I (HNEt) Z1EASHED L THEARRTHDLEEZ T, a7 7y
34, 36 [TV b, B 2ETHFT/L HPLC 28U T 2 o0l (B2 #EE 3
LI L THEARETHDL EEZT,

0 o} O 0
: OH : OMe

SN T NA

HO : R'O :

OH OR?
PGE, (25) 32
ﬂa—chain
o Pathway 2 0
w-chain

SR G— e

N R1O Y

OR?

Pathway 1 33
w-chain @

0 o 0

& = e 2
RO Nu RO HO

35

36 (R)-2

Scheme 3.4 (R)-7 %k L35 PGE DA HE

46



3.4 aT7nmvrOEK

Scheme 3.4 |2k L7-ERGEHEIZHES &, PGE1(25) OB L2277 0 v/ 34,
36 DERRIZET LTZ, IZUOIZ, B ReX T EofELRE L7z, 47l FrXx v iE%s
AT D37 axXrT ) AT HREBEEOHANNTL, v Fex a7 vF ik 74
—VRIRHERL e ECRELTLAEMIIR LT, ARSRRIEZERN SE 5 Z & THRETEE
ThdEHRESNTWD, TZT, 7EFNHE MOM AR ETEMLI-a7 70 v 34,
36 \Zxt T 2 AW RRIEELIENESEL 2 LT, ~A 7K 88 2/ TE 5B 27,
Flo, TlEREE LT, 78 IEY 2 ZHWTHILEHOEHREZIT- T,

3.4.1 b FuoXxiofi#

TUDIZ, v7aXrT )y 2 Ok RaxvEo7 v F bz ma L7z (Table 8.1),
NN AFN-4-7 YT (DMAP) /£ F, HEKFEgRL ©) Ul EE L 2
A, VT TR 16 OHRRELN (entryl), 7EF A7 U K (AcCD EHEIEDOMA
BRI BIT DT 2 FIEOMEERVEICOWTHELZE ZA, SEmWEEEZ AW S
DONT, fLERIRMER [ BT 5 Z ER 6 ERoT (entry2-4), £7-, 7 XY /~—
Y (PPL) #WEBRICL DT 2FIic L, £/ 7TEF MK 18 2RIRICEKT D
ZEICEI Lz, EDOKBENCEY ., 2 HE ) TEFAE 18 LV T ETF K 15 A
RTFHEES D2 LIS LT,
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Table 3.1 & FrXvEO7EF/NVE

(o] 0} (o}
Table
OH OAc OAc
THF
HO HO AcO
2 13 15
ield (%
entry Conditions yi(o)
13 15
1 Ac,0 (5 eq.), pyridine (7 eq.), DMAP (0.1 eq.), rt, 1.5 h - 56
2 AcCl (1.2 eq.), DIPEA (2 eq.), 1,2 h 16 23
3 AcCl (1.1), 2,6-lutidine (1.5 eq),0°C, 1.5 h 24 27
4 AcClI (1.1 eq), 2,4,6-collidine (1.5eq.),0°C, 3 h <36° trace
52 PPL (50w/w%), vinyl acetate, acetone, rt, overnight 36 trace

(a) THF was not used. (b) Colidine was included.

DIPEA pyridine 2,6-lutidine 2,4,6-collidine

FeWNT, TEX—VRREEE AV TE FaXx v Eo#%21T-7- (Table3.2), A F5%
VAFNLE—T 7 a ) K (MOMC) %, =R, BABSEMA FCERSERZEZ A, Kb
AR NTHETT L. MOM (K 87 ZA157-28, X REEICE Ko7 (entry 1), L~ L,
INBGEFR A TIZHBW T, BUSITEL/ITHEST U, AR CoeRs L, IR RIgICm L L7

(entry 2)., F7-. DMAP % il 8N L7-Bs, FE OGN A Hi7- (entry 3),

Z OfER % Scheme 3.5 IR THEESUCHERE N DB LT, ARk L7z 37 IZxf LT,
DMAP 23:RkiZAlE LCTER L, ~A S AAINRISREIT L, AL~/ 77— 39 iR
&4 2% EleB ##IC LY, MOM A x> FABBEL., =% YA L7 1 40 2T 5,
L LZX YA LT 4 Y ORIGHER RN BB S 5 VMIRIGR TR LTz &35
Z T

b, MOM LV bmmn A oA Y7 r e Lxz—7 )0 (MOP) O AL RA
7z (entry4), LU, il 2 BT 204 T, B 88 2155 Z LIXTE ZehoT,
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Table 3.2 7TE#—NLREREEZHAVZE FRXVEORE

o} O
Table
OH OR
THF
HO RO
2 37 R=MOM
38 R=MOP
entry conditions products yield (%)
1 MOMCI (5 eq.), DIPEA (7 eq.), rt, overnight 37 36
2 MOMCI (4 eq.), DIPEA (6 eq.), reflux, 1 h 37 64
3 MOMCI (5 eq), DIPEA (7 eq.), cat. DMAP, rt, overnight 37 Decomp.
4 2-Methoxypropane (10 eq.), cat. PPTS, rt, overnight 38 Decomp.
MOM = ‘1{\0/ MOP = o~
o) ©
( O

0]
N\
SN HOR
Sac Iy

OMOM
MOMO"
MOMO \ MOMO N MOMO N\
\ Unstalbe \

| ®@N— ON—
/ /

Y /5

DMAP

i
1z
/

Scheme 3.5 DMAP O~ A A AN L B3V 7 4 VIEOAER

WIZ, 2 12t LT Y VEEAE A LTz (Table3.3), MU =F LYzl K (TESCD
o HIEAFAETY, BEARSEE FCIER S, TES & 41 #4685 L72 (entry 1),

o mEW tert 7 F VT ATF ALY 7w R (TBSC) ZfEH &8 2 A, filiifr
{E T CRUNMIFRSMIZHEIT L, TBS K 42 G517 (entry 2), £7-. MOM X84
(Table 8.2, entry 8) & IF872 0 | WEOLGRITMHER TE o7z, ZiE Scheme 3.6 I
T & DT, silyl oxide (TBSO) D BLBERENIEH (K729, ElcB BLlEEIT LR~ 72
O ThDHEEZBND (46 — 47, Pathway 1), D72, DMAP O~ A 7 /LN &
D, =/ =K 46 OERDPFEINTZE LTS, L TV R—AKIZ LY DMAP 2
WiEL . 48 AR T 2B 2 b5,
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Table 3.3 v U /LVREEEEZHA VWL FuxvEDOERE

o o

Table
OH OR
THF
HO RO
2 41 R=TES
42 R =TBS
entry conditions products  yield (%)
1 TESCI (4 eq.), DIPEA (7 eq.), rt 41 50
2 TBSCI (5 eq.), imidazole (7 eq.), cat. DMAP, rt 42 <45

TES = é—sE\ TBS = é—s:i%

S
‘\O Pathway 2 K,O Pathway 1 %
N\
- S Nu
OTBS —=—— OTBS N &
TBSO"
TBSO \ TBSO (N ™SO N
42 43 \ 44
¢ Qﬁ Qa\
N— N—
L~ / /

—
Z
/

Scheme 3.6 DMAP [Z LB~ A FAMBELOL b7 /v R— Kt
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342 TVZFIIT I ) HADLEH

341Dt Fux I HOREIZET IMARIR & ELZ L b &IZ, Figure 3.3 ([T ”d{LAEY)
18,15, 37T »"OL Y= F AT I ) EEET LT T 0y 7 O RAERAE L TRE LT,
3.4.1 DR (Table 3.2, entry 2) LV, Z OHEEMGH#HE (Scheme 8.5) 725, Scheme
87 IR THETY T AT I RICEMRT L ENARETHDL BT, T2bb, RiZ
FNZ L D~A A, i< EleB B LD =% Y A F LU EBE L% Ul — 45 —
46), = F /T I (HNEte) OREBEEE, i<, H—EBM TN L T 7o R O i B
WZEY, a7y Tay s 48 BWAERT S EE 272 (46 — 47 — 48),

Figure 3.3 BE L7277 v v 7 ORIERE

Q & 0
N\
. N~ NHEt,
ﬁﬂomom ﬁ/\OMOMT’ &
RO"
MOMO \ MOMO Nu RO Nu
37\, 45 46

l

S
O NE, @ NEt,
j Nu Q

MOMO RO Nu
48 47

Scheme 3.7 MOM £ 37 28] 325 P FNT 2 ) BE~OEHEDHEE R ILHEE

FEE L7 @i aE b SR E LAY 18,165,837 OV T LT X ) HAOEHIZ L D 2
T a7 OARIZET Lz, £7°. Scheme 3.7 12/~ L 7= SR 2 GEFH 45 << | MOM
K 87T IV FNT I ) DLWz KT LT~ (Table3.4), KEE#HIN->T I /{LHIE LTY
TF AT I (HNEt)) ZEMASERE A, KIRITECMICETT L, B 48 ZILE
67% THH5H Z LT Lz (entry 1), F7-. KeCOs 2RI 5D Z & T, HAR=VIDOER
FIRTF-EMEE L. HNEts O sREZBCBEPMERE Sdu, RN 77%20 L7 (entry 2)
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Table 3.4 MOMO EN bV =FNT I ) E~DEH#

O 0}
Table
OMOM NEt,
MOMO MOMO
37 48

entry Conditions yield (%)

1 NHEt, (4 eq.), MeCN, rt, 1.5 h 67

2 NHEt, (4 eq.), MeCN-K,COjz aq., rt, 1.5 h 77

W T, B/ 7 EFAMER 18, T EFEK 15, 1Tx L THREBRO RIS Z G L7
(Scheme 3.8), 13 (Z%f L C HNEte Z{EH &7 & Z ARUSIEECICHEIT L, JFEIOH
KEBIOHIY 49 Ot  'H NMR ECHERT 2 ZEMNTE72, Lol 49 Ofitti
FEFICE L DEHEC VDAV AT L ua~ N7 T 7 4 —IC K BEMNARNEETHY | B
BT o2 LT TE ol —J7, 16 1IZx9 %5 HNEt: OISITRELCHEIT L, BBV
50 527y, IRIIHREICE EEoTc, U7 UAT IV a— VN O RN 2T 2 Fv
KCEMLTWDTeD, =/ v BMOBEBTEENEL 2D <A 7 AT INOBET BT THE <
RolebBZZ BN,

(0] (0]
NHEt, (3 eq.)
OAc NEt,
MeCN, rt, 1.5 h

HO Not isolated HO

13 49

(0] (0]
NHEt, (5 eq.)
OAc . NEt,
MeCN, rt, overnight
AcO AcO
¢ 54% ¢
15 50

Scheme 3.8 TEHFIENSLPZFNT I ) E~DEH
Uk, BELZTEBF LR 15 BLO MOM & 87 12%f LT HNEt: #/Ef 47~

~A AN, #e< EleB B2t s 350 A0 — FRISICE Y, —TRT, Y=F L7
RRICEM L a7 a Yy s 48,60 T H 2 LTI LT,
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3.4.3 itk ar 7 a vy s LEREOERK

3.42 T, £/ 7THEF WK 18 [V =FNT I U E2EH S HTLEY 49 DA% R
L7z, ZOHEBEIIZELR)oT-, £Z T, B R EOR#ELLIITVD., IRWTY T
FNT R FAEWT 5 2 LT BUKMER R B K DA O HEEE B LT, PREERRIE,
fekoar7Tay 7 EEEL, TBS 7 28 L Z0EREEE X —457 v & LT,

XU DIZ TBS I K oREL AT, b — KRS TH D TBSCL 21 I XY —)L,
DMAP 77 FIER S H7E ZA TBS L HIR#EL A I XY — /T K DEHRN— 2 THEAT
L7-{b&% 55 235 57 (Scheme 3.9). ZAUIHBY & T 5bEW 56 MNERLI-H%. A
I ARERE UTER L2720 Tidze <, RiZAlE LTHIER Lic/zd, A 3.4.2
LRIBEIC~ A T AT B . A I B — N HADBWNEIT LT, F2, A 25 —L
DS OHER, FlziE, U =F 7 22 DIPEA 72 EOFE FClE, BOSITETET, K
B 18 2[NS D5 DHTEo T,

TBSCI (1.5 eq.)
o imidazole (3.0 eq.) o
cat. DMAP ﬁ/\
OAc N
DMF, rt L:\>
HO 90% TBSO N
13 51
l Silylation T — Imdazole
— (O o ]
&O
OAc N
TBs0 \_. N\ g/\>
|/§ TBSO  GN—\"N
LN g/\>
52 H 55 S\
\ imidazole H
S
~ L )
OAc N
— AcO" TBSO N
TBSO N \
LY -
s 53 54 ]

Scheme 3.9 TBS A X # Y —/)L 55 DERK
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TBSCl Z{EAEZE T, HRL T 2/LEW 56 26T 2 Z LIIRE CTH-7=72, ih
J17¢ TBS FEAHKITH 5 TBSOTE Z/EA S, HHIW 56 ZA K L7- (Scheme 3.10).
ZTD%, PTFIT I ) EADOEBREITD, EkoaT T a vy 28 572,

(0]

TBSOTY (1.5 eq.) o 0
ﬁ/\ 2,6-lutidine (2.0 eq.) HNEt, (2.0 eq.)
OAc
THF, 1t OAC  THFK,CO; aq. NEt,
rt

HO TBSO TBSO
18 75% 56 90% 28

s~ ~s7°
11 CFjq
TBSoTf ©O

Scheme 3.10 #tkDa77T oy 7 28 DETEAR

T TRFN 18 OUEREL L, HITET 28 2/ AIETH DA, ke Fo
XU EOLREICIEF I ENZ: TBS KEAFTHS TBSOTf ZHWAHMERH Y | KEA
FRICHE L TWD EIEE 20, LR T, ke Fuxs o U bs L v 22l 738
EROVTITY) MERH LA, TBS HEAKE LT bZfi7s TBSCl Z{EA ST 28 %
/52 LIIWREETH S TBS EORDVIC, LV SEEEEN/NESW Y =F L UL (TES)
FLCRE LTZ 28 OMERIAE R ETT > 7= (Scheme 8.11), TESCI % #Efilfit, VU =F L7
SUFET TR SR E 24, ROSITHEOMCTERM Lz, L L, RISEELESE 5720
WZEARE LT =T AKIEIREINZ T A, BRI BT BN fE L, BT E o Tz,
ZITC S EEIESETICTZTF AT IV EMNA, Y2FANT X EADOEWRE T VR
NTITo7z, TORE, kDT 7 v 7 ORI 58 ZILHE 82% THR L. HHEEIZAKL
LT,

0] TESCI (1.5 eq.) 0] then K,COj aq. 9]

Et3N (2.5 eq.) HNEt, (3 eq.), rt
S ] OAc > ] OAc NEt,
THF, rt 829
HO TESO TESO
18 57 One-pot, 2 steps 58

Scheme 3.11 kD a7 7 v v 7 OEZKE 58 OERK
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3.5 G LICaT 7wy 7ML EMICKT D~ A 7 /VAINSOGS DR

vrouXrT )y 2 hbARLEar ey s L LTHARHE SN SLEwE
Figure 3.4 (7”4, &KIZ, 2D 5 OOEMILEWITH LT, AESBEREALIENSE
IRFEDEN Z R LTz, RFEHIT (9-(5)-1-Octyn-3-0l (>97%ee) 7 HEEADEKIET
FHEEPTRE 7R AT RS ) T & 29 14,170 IS LN AT LI =7 A B9 USIZfEH L7,

o) o)
ﬁ/\ow ﬁ/\NEQ
R'O R20
15, R' = Ac 48, R? = MOM
37, R' = MOM 50, R2 = Ac
58, R2 = TES

Figure 3.4 BEL7=a7 7 v v 7 E/HLEW

XU HIC, PGE1(25) 0 TRAMA HIEL, V7 BT /UE 15, BL Y MOM 1k 87 I
LT 29, 59 Z{Ef S&7- (Table3.5,8.6), LnL., WTNDOEETH~A F MK
DEREMRT D Z LILTE Do, ZORRENSH . PGE1(25) v 7 a7 7 v (R)-
2 MHORBEAERIE. 16, 87 ZHWVWTITH Z LIIR#ETH 5 & #EimftiF 7= (Scheme 3.4,
(R)-2 — 36 — 33),

Table 3.5 FHHSHY F UL 29 x5 T EF /K 15, MOM 4 37 OIsHE

s x
— O
O Lio(NC)Cu \/\:/\/v _
29 OTBS (1.5eq.)
NN
Xf)r/\OR RO Y
RO OTBS
15, R=Ac 60, R =Ac
37, R=MOM 61, R = MOM
entry R condtions products results
1 Ac THF-Et,0, -78 °C 60 N. R.
2 Ac THF-Et,0, -78 °C > rt 60 N. R.
3 MOM THF-Et,0, -78 °C 61 N.R
4 MOM  THF-Et,0, -78 °C — rt 61 Decomp.

N. R. = No reaction
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Table 3.6 BT /VI=U L 59 IZXTBHTT EF/NE 15, MOM & 37 O

ELbAlI—==_~~ (0]
(0] B
59 OTBS (15eq.) =
OR NN

RO Y
RO OTBS
15, R=Ac 60, R =Ac
37, R=MOM 61, R = MOM
entry R condtions products results
1 Ac toluene, 0 °C 60 N. R.
2 Ac toluene, rt 60 N. R.
3 MOM toluene, 0 °C 61 Decomp.

N. R. = No reaction

Wz, V=TT I ETEMLLEY 48,50, 58 ICOWTHRAE L7, XUHIC, i
BNRG AT VI =0 A 59 Z AV CTidt L7z (Table 3.7), MOM & 48 (ZxfL T 59
EERESHEIE Z A, ~A F AR 62 ZARIETH 2 71223, HME7IREY b 2 ER S
iz, 59 1368 LiF&< ST, FRZEITHDOHRIES72, —HT, fkoarrn
> 7 DIFRRIKTIH D 58 1TSS EIT L, HMEIRE M A 52 5 2 L7 BAF7RIN
KTHHIWY 64 25z 7,

Table 3.7 HHE7T LI =7 A 59 IZk3 5 MOM f& 48,
TEF R 50, TES 4 58 DRk

O B
59 OTBS (15eq.) =
R /\/\/\/
° RO =Y
RO OTBS
48, R = MOM 62, R = MOM
50, R =Ac 63, R=Ac
58, R=TES 64, R = TES
entry R condtions products yield (%)
1 MOM toluene, rt 622 18
2 Ac toluene, rt —» 80 °C 63 N. R.
3 TES toluene, 0 °C — rt 64° 88°

(a) 62 was isolated as a single isomer. (b) 64 was isolated as a geometric
mixture (c) trans/cis = 5:2

VIEOBFENZ LY . AlGEREE L BRIFR RS2 R~ 27 7 n v 7 efift i3 TES
K 588 DA THDHZ LIVRINT,
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3.6 A AEIEIZ KD PGE1 methyl ester D&%

3.4 TCHALIaTr 7 ey 7 BEmilbEmICE L T, AleSRRIEL ORIE%E 3.5 TITo 7z
LA, kD aTTay s 28 OERETHD TES £ 58 (23Tl o BT 72 IL
RO~ A TNIE 64 2527, ZOfFEE b LI v a7 v (B2 6 PGE:
(25) DHEIBXATH 5 PGE1 methyl ester (65) DA 41T -7~ (Scheme 3.12).

INETTE LAY 2 THlHRGF%E1T> T =725, PGE1methyl ester (65) D& HkIC
BELTC, % 2 ECTHRFEDFENCL VML (B2 ZHBEEEE LTHW, (B2 123l
T PPL {#7E F. HERE =L E2{EA&SH®, £/ 7T /A (B)-18 & L%, TES AKick
LR, fi =TT I EKADOEBRAENERAITV, (B)-68 %I 90% TH37=,

WICHEIRY FU L 66 ZEAIE., ~A FAAIE 67 ZIUE 70% TS Z & I2H)
Lz, £72. BROBAKEME CHREROBREZFFCIT O 720, AHEY) Fv 4R 3o e R
o EOR#ELE TBS HEvD TES &ALz,

FEWNT, a iy 68 DEAEITH T2, WERDFIETIZ, MBS TSR D T P h IV
Tl EAL TV, 4: 1 OFFFELTRER BARNEA L TE Y SLAERIE 2
H2 Wl Z=2 T RET (=20 C) IZBIF2T7 VHNVKISIZ X | SRR MER [ ET 5
EEZT, NV ZFART Yy (EtsB) 27 VHAREAIE LTHAL, /Ay~ ALTF LA
t KU F (rBusSnH) Z{KIE T (—20 C) TYEHA & B 7= SAREINA a MIEH0E A %R A
e ZAhH, 69 BE KRR E LTHEDZ LI LZ, L, ZOIERIT 56% &
BEICE EFEolo, £7o, prBusSnH L0 b 3@ERME< | BEEAMO/NEVWKERE LT H
UA (RYAFLTYN) T {(TMS)sSiH}, F U =F LT v (EtsSiH) % Hv gt
EiTof=n. BRI T1 135 0T IRE O RO A HEF LT,

B, it PPTS % HWWiaf 725 ¢, RELDIREAZTTV. PGE methyl
ester (72) Z&E LT~ 5oz T2 OF A7 "B L OWENE {[alp2 = —46.8 (¢ =
0.93, MeOH); 1it1® [alp22 = —55.6 (c = 0.33, MeOH)} (R W—F %R L7-, £7-. Spur

DIX T2 I BEEFRE Z WK iEIZ K0 PGE1(25) ~ & 7538 L 7z [20],

PLEIZE Y, KA PGE1(81) OEXAKAERLIZEEZ D,
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O ] TESCI, Et3N ]
é/\ PPL THF, rt
—_— —_—
\ OH Vinyl acetate OAC  then K,CO3 aq. \ NEt
HO acetone, rt HO HNEt,, rt TESG
(R)-2 40% (R)-13 90% (R)-58
g
Lizg(NC)CU |W\)I\
7 OMe
66 OTES = 68
- R _ -
Etzo, -78°C TESO z Et3B, n-Bu3SnH
70% OTES toluene, —-20°C
67 56%
(0] O (0]

“‘\\W\)I\OMe cat. PPTS

0O

_—
acetone-H,0O HO\¢
rt

Z
OH
PGE, methyl ester (65)

82%

Scheme 3.12 PGEi1 methyl ester (65) D&%

58

‘\\\\/\/\)]\OMe ref. 20

— PGE; (25)



3.7 TEMNEMEHREFICANT 2T 7 vy 7 OfbTERIEDBHSE

HiIH 3.6 T PGE1methyl ester (65) OAMKEZEK L7z, LnL, £0OaT77ey 7 Th
% (R)-58 137 X HKDEEFR THDH PPL ZHWTHKL T\ 5, HARIZEI b EHMER
B B ES W CREAB RE N EO I EIRELEOMEEHEETH S GMP (Good
Manufacturing Practice) RUIZIWT, Mk (7%, eV Y v ) OFEHEZHANT
G L7oAbEE, VANA T VT T U ARBREATO, EOFREHIZIRAT D 7 A LV ADER
FEINTW DD EAER L2 T o) AR TS L7z (R)-58 ZIEIEMEEE LT
T DRI, FEHBY - @8R 2 FORERTHISND,

ZOWFEEEE X AW ROBER E AWV R WL FAERRIZ L D (R)-58 DA RIEDR%
AREI LT, Y FT X OB KBRS L LT 1RO T VAT v 33— VEL
DEEEZ A L TWAH Z L ThHDH, BIE, 1 #k e R u X VDA EERIR T & F kX PPL
ERWDHZETLY, FBETEX TR, 70, 28kt FuXxTEa2Rli& TES L CR#T
LUERH Y ACFERIZ IV T F b EERT 52 LT LW EE R T, £2 T, Rk
® ElcB BBAFEIELLEEZONLTHET VL 70 ~LBHL, PoFLT I )
FEizE#, TES I X2 ZIRRITS 2 & T, PPL ZHWT12 (R)-58 Z &K AHETH
% L #% 2z 7= (Scheme 3.13),

1) HNEt,
2) TESCI 0

o Bromination o
éAOH:> éABr —> NEL,
HO
70 8

HO TESO

(R)-2 (R)-5

Scheme 3.13 #i{LFEAERIZE D (RB)-58 DOAFREHE

FISEAEORBRHNE., 72 bEW 2 2T To72, 1IZUDIC, R 7 z2=/LiRkA T 4
> (PPhs) EWEALRFE (CBre) W=7 v UL G a iz, BTG o 07, i
BEO IR D 7 % FEFR L 7= (Scheme 3.14a),

=54V v (PBrs) Z{EHEEIE 2 A, WHEBOWEKB IO, 72E7 LKL 70 &
FHENDLARY b3 TLC ETERTE72b00, KISEEIET 5720, KEMxizé o
AR D33 L T=(Scheme 3.14b, 2 — 70), T D7= ., UG &892 THNMR (2 K&
DERPOMEREAToTo, LM LR G KERMLURWEAIZBWTH B 70 % 811
THZEETERDST, ZORGENS, 7 u TR 70 1%, BEMEMEL, 2R (BR) <
KTHRLLSTWEB X DI, 2T 70 ZHHE- T 5 2 L7 RBIOHE A Z TLC
ETHR LI, TSIV FAT I U EMNA T, g, RSIECET L, 73 /K
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54 ZHMIAERE L CTEBIIT S Z LITEh L=, JeDfEt (Schemed.8) 2LV, 73 /1K
54 ORI U BTSN AT A a~ N7 T 7 4 = XA RBRITNECH D = LA
Lk oTnD, £ZT, SHICHKIT T TESCI ;?i’le]Z_f:o TESCl @, 2 fke R
BXx UEO VY ABIZIBICET L, 58 25 %72, DLEORER, MIGEE ST, A
WRELMZ DT Ry MERIEIZ LY, BEREZEOTICHY 58 BGbid 2 k%ﬁ
L7z,

(a)
0 CBrs (1.0 eq.) 0
PPh; (1.05 eq.)
OH THF, 1t Br
HO HO
(b)

0} o]
PBr3 (0.5 eq.) HNEt, (1.2 eq)
—_— —_—
OH THF, rt Br it

HO HO
2 70
Unstable
Air sensitive
(0]
0]
NEt, TESCI (1.5 eq.) [ "
2
e " TESO
48 29%
58
Not isolated (One-pot, 3 steps)
High polarity

Scheme 3.14 MALZEARRIZE D 58 DA (@) 7y ~_NVRIGIC LB 7T eET Uk
O®E b) VoRy FERRIZE D 58 DARIEDHZE

Ubkomizbiic, a7 7my 7 (R-58 OFRIZIAT TRILGM %Kik L7
(Scheme 8.15), #xiEft L7z KEGMETIE, 7 rEb%E 0 CTITo72t8, MY ZF AT IV
ZIRINTHZ LT, PBrs &b ReX T ORINIZ IV AR LICH Y Ul L 2T LTz,
ZO%, VEFAT IV EMALZET, ) VBOREEEZITTIZ, YT AT I M
DEBDNRIAT O, FtR 2 TES JEIC X 2R ATV TR (R)-65 %I 42%.
3T, VyARy hTHLZ EIZHRIILE,

YL EORKEHZ £ . PGE1 methyl ester (65) OAMAMIEICH W =27 7 v v/ (R)-58 O
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PBr3 (0.35 eq.), THF, 0°C, 15 min
1) then Et3N (2.0 eq), HNEt, (2.0 eq.), rt, 15min 0

then TESCI (1.3 eq), rt, 30 min
OH NEt,

One-pot operation

HO 42%, 3 steps TESO

Y

(R)-58

Scheme 3.15 F@E{LL7ZUV Ry bERRIZX D277 ey s (B)-65 D&/
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3.8 F£L¥

BIETIX, a7/ r 2 hofAHELEMERRKT 2 Z LN TEIULX, Friz/en

AT~ AHASTERELTELE L, EELE L THEHENTWL T 024 7T V%
(PGs) IZIEHL, £O—>THD PGE:1 25) #%—4 v h& LT, 25 OHIBKATH D

PGE: methyl ester (65) & HFICIZET LTz,

2 Z MFFEEE L7 656 OB RIS T Le ARG D & | IRFHH A E A FTREZR
AT TRy 7 BREENOBRICET Lz, 2 Ot Fr¥ v Rofife voFAr s k&
SOEHUTOWTHRET L7ZBR, KM 2 AT A2 EH S ¥ o~ A 7 A —E1ceB i
AR — RO A TICE -T2, ZOBICEY, a7 7 ey 7EMleEmE LT
Figure 3.4 |27~ 5 DO{LEWEEE LT,

BIE LTALEDIIHR L CORFEHEZEAT 700, ARERRELZEN IS~ A Fmft
IMEOGZ R LTz, ZOMFNT &0 | e maEEIC X 2 RBEHOBENFIIaER =27 7
2y ZIXITES A CHREL, V=T AT I IZEBLIALEY 68 DA THDH Z L BB B
Lo,

UL EOTifate b &z, R (B)-2 2 HEEEE L2 PGE: methyl ester (65)
DEERITETF LT, PPL IC X AERINR T B F AL Z 1T > 7o, TES 2T L DR,
CIEFNT R EAOBRETONEEE 2T T ey s (R)-58 AL, o
(R)-58 12X L Cw Iy 66, ofllf 68 ZIEVE AL, KHZICEEF7Z25M:C TES EokrE
Z47V . PGE1 methyl ester (65) DA KIZD) L7=,

Mz T, RICRHLEE 7ETF AR 18 ZfRBLI-aT7 7 ey 7 B8 % L0 2h=AyIC
BT D7D DOMRF 21T -7, 2 OLEERINN e 7 nE{b%E PBrs lIC L VITo7%k, Kb %E
EIEETY=F L7 IV TESCl ZIE/GEMT 52 & Tcarra vy s (R)-58 (L 42%)
TRy PTHEDLZ LTI LT, BT, SRRy 7 n T ) v (B2 nb T
YRy hTHE L (RB)-58 1% L TRISBHDE AL X UOWNR#EZIT O 2 & T, &KW
PGE: methyl ester (65) % ffifb &Iz LV, BILE 135% THDH Z LTk Lz
(Scheme 3.16)!1,

AR Lo~ A 7 A —E1eB BB 27— REISZ K b a7 7 m v 7 offbda
BIEIL, RO GEL g L, TREOKRELRHBICEY, 3 TRTar7uey 7 (R)-65
NEFBEARETH D, T2, FILRICBITOEROAETHY | K TR TOMERT 5 Z
L TRIEZR 2 A FOFIEEZ RIAD D, > T, ZNE TIZHRE SN EDOEHELY AT
BPORWZaT Ty 7 2E5MLTIZEE R D,
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PBrs3, THF, 0°C
o then HNEt,, EtsN, rt 0 w-chain 66

then TESCI, rt Et,O-THF, -78 C°
OH NEt, 70%

One-pot operation

Y

HO' TESO'
42% (3 steps
(R)-2 ° (3 steps) (R)-58
cat. PPTS ?
acetone-H,0 o-chain 68 —
82% ) A
toluene, =20 C° TgsO’ v
56% OTES

67

OH 13.5% overall OH
PGE; methyl ester (65) from (R)-7 PGE; (25)
B
S _ O
Liz(NC)Cu\/\_/\/v I\/\/\)]\OMEE
66 OTES 68

Scheme 3.16 i LFEEHIZ &L D PGE:1 methyl ester MDARRM
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o4 B

Pentenomycin I 33 X OFEER DA B & 15 MR



4.1 S
FHABETIE, v uXvT7 )y 2 2R LI-AERME B~ & LT, AH4EY

ez A4 2 R O G RFE & IEPERFRIZ B Y #LA 72, LB E 2 A3 % pentenomycin
I 22— v b & L EIRIEMRBINTZE 2 HEY & LI KRR E R b NSRBI R A 1T -

7
o) 0 ;DR1
> RS o Antimicrobial
O = " =

HO OR?

2 Pentenomycins

Scheme 4.1 %5 4 E DS
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4.2 FEANMPER & PUm SO HAR

4.2.1  FEAMHE R O HE

20 AR, A XV 207 LI v/l EICL Y HRPIOHAEWEE L TRX=2 U )
T AN CEERENO ORI NZ0, 0%, BT 7 X ARFUEMBEICGHIND =) v
G NEREEN, BUEICED £ T 2= ) U RPUEWE RS S, iR o ERE
HBTRAEnTWA,

Lol BREALG TOR= ) CoE NG e L0 ~= U MRS B L, K
ERMBEE o, PIHOR=2U UEREIX, X=2U D B-T 7 X LBRIE & IRy
fif T DR THD BT 7 A~—F (= F—8) Ikt BHLL W= (Figure
4.12)2, Z OREOM U, =2 ) PP E RIS EST 52 77T VR E DGR
BT Bl, I5i1c, X=v V=Vl LD 0REZ TR 0_= ) URITEWE A T
U UMBR SN, ZODLTNEFEZIZITIA T VU UiEE G 7 RV EKE (MRSA) O
BB S iz, =3 U d, M@ OMIEED T F K7 U 5 AR O EefBe B ER &
HR=V ) kS S s (PBP) IS LIS E R T OIZxt LT, MRSA X PBP @
A FA PBP2 %G LI, RV ) U EIILD LT D B-T 7 X LAPUEWE L ofEAhE
NN ZD7cH, MRSA IZATF TV A EDTRTD B-7 7 Z AFUAWEICKT S
PEZ MG L2 AR & U CL BUEDERBLY TR L 2> TR | IRIRPLEEN TN D
[5]

o
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(a) R=2) rittEE (b) MRSA

o COoH )( 4-:/ IJ ‘/
H
Penicillin G Ry F—t et P&P
. IFEEICLS
sk BEEEME
07 N
- = MKSRE DNA(RNA)
R TR
R=y ) +—tHEEH
| |
. O oH o OH co,H
SN 4,N 2
Odyt m§ﬁ§ iR
H H A
ﬁ(ﬁ‘ﬂi OMe PBPZ,
FETE T M AFDY Y
wemE

Figure 4.1 HLEAZKIZXT T BTEL A =X A
(@) =V UitE (b) MRSA: X FV UTittERfAT R ORE

MHPERE ORBEIT =2 U 2R 72 O TIXZRV, BUE O EFR BB 255 0 5 £ 7200
PEE & LT, Nra~ o VU UnmttERGERE (VRE), ZAIMMEREE (MDRP), Z#li:E 7+
F b3 % — (MDRA), EEFRFEMHLER 8-7 7 ¥ ~—EEAR (ESBL), ZAMME
(MDR-TB) 72 ER%EF bbb, Zhbid, BIEE & 5 W T A RO JFRE & LT
MOLNTEY, EICTHRET D AMREMN S 5, F7o, MHERE O D 2 BIA 1A~ BEIME )
D, & OISR, THPEREICTT 280 ALD X 9 7 SE BALE Tdh - 72 LR LA RPUH
KT DPERE, AR ATPERG NI E RS (CRE) O MBI HER S 7z, CRE &
YIEIZAH R PEANT < T Th D720, BEF OBUE AN & #45 U 7= A0t A
MREICHB L, HRFIER - T25HA, NHOEGFERESEND,
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4.2.2 PrEEOMZEBFIZ IS T DA

4.1.11CFER L7z v BEF OB SRIC 3 2 R O BN RBE & 72> TV 5 5> T
FHIPIE OB N RKD 5TV DY 1980 F1070 b < FLE K OB 1T L& W& D 5
HEEH (Bl B-7 7 % LB, 4-% / v U kg e L) ISk L CERBEMEM A T, AR D
L ITFHEERERN TR TH S (Figure 4.2)18],

TR, ZOEMKIZ LY, 2N FETEL OHAEWENERBIGICIRIE S22, MRSA
XD PR LA LAWVEEE b2 T& 7z, 2070, BUERK CHEA I TV A HH
L NTRT DIGERIRN A A T DA OBRE N, BIER RO LTV D,

R=V ) R IAEORE

BRR=") >

CAFVY T
o fOM EER x4y
. | —> cTEV) S
HN S Ak
Penicillium chrysogenwr/ (+)-6-aminopenicillanic acid -¥70a #’ﬁ:/ l) ~
BER (6-APA) etc.
¥/ 0 RRBEROME
—a—%/0r
F—R Fo F=R
. O O
/QKE‘E/L HN\) OMe
%08 o A
Nalidixic acid Nadifloxacin Gatifloxacin

Figure 4.2 $ER DOHLEA IR FEEREE
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4.3 Pentenomycin I D3 & BLIR

e EEORBELZEHEL T, A CEH Y7 e T ) VEKREAET D
pentenomycin I (71) 127 H L7z (Figure 4.3),

O oH
|\\‘/
OH
OH

Pentenomycin | (71)

Figure 4.3 Pentenomycin I D1
4.3.1 Pentenomycin I D% [ & HrETEME

Pentenomycin I (71) 1%, 1973 A2V HI2 X0 . 7T ABGVEME IS 08 S 5 HIEM
WO T D Streptomyces eurythermus H 5Bl - EEREI N> 70X T ) v
B AEATORBERICEN THY | 7T LGP - YR 23 L CHIBETEMEER 2773 2
s Tnplenl, L, 2 OBFEEETHRETH Y, HifShe 71 OFERRME
A5 O N FFEAROPUETENE b BEAF OPUE I L0 9V EME 2R L7zl 2720, Y
OPIEEORBHEF TIHEEIN TW a7 2 5%, —a—F /0 UV RTFEKO BB R®
[ QR F) = g Wy

LnLZDE 9 72850 T, i, BEFOFE I D MPEE ORI L 72> TEY |
BEFOPEEIZIT W 7 a X7 ) UEiE s . 7T AR OB b REMEE 1Tk LT
bHFEIEHZ T 2 &0, T ITFHOVER ST 5 hz24,

77 KMGHERIIANTTF FERENLRDEmD FALEMDO—FTHLTF K7 U I R
HINEEDIZ & A EZ BTN D, —F, 7T ARMEITENSTF K7 T g & AMED 2
DO L0 AIIREEZFERL L T D, SMEIZIZ U REHEC Y R & 2R R— U VU AMFEET
Hle, BERGFH L ITBOKYEOWE & B2 IZHUD AT Z L1370, 16> T, — I
77 KEVEE OMIuEE 2 BB+ 2 E LA O T8I 600 LLF 0 oBkIETHD Z L2
HELWERESN TS (Figure 4.4)125),

UERY, 2Hor Fuxs s rau T ) o iEsa L, »hoESHeaw Orf
£ 128) ToH D pentenomceyin I (71) 75 mWFLEEME 26T 258K O AN TE U,
77 KEaEtE - BEE O 5T A HEPTE R OB S CE 5,
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& [<600(7F8)]

. L0 — E# [>600 (n/2)] — o
YHESE F-r o s ___# _—

(WHIHHH nm E :}ij;;;;iﬁ
1 4 uul VITVI 4=

£
i
W

sy o o | STFE

N I

T T uAVE |

RN BRI
T~ BB —— g i
75 LEMR 75 LBMR

Figure 4.4 7 7 L[2tEE L 7 7 AGHE OBER L OCWEZ RS
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4.3.2 Pentenomycin I D& kAT

Pentenomycin I (71) 3VEH ZEHTH 6| FEEE GO T1 OF U F A BIRERK
BIOTEIARICOWTERA 2 FIENHE Sz, hTh | i, RREITH (-
71 % D-Mannose (72) 72HARK L, FERIREITH D (+)-78 % D-Ribose (77) HZNE
AT 5 FiED Rao HIZ LV #Hids Sz (Scheme 4.2) 118,221,

(@)

H  Ref!® (o)
HO 0.0 ) oo HO o
— = HO - QN
HO OH Steps '\ O><O OH

OH 0. 9O OoH
X

D-Mannose (72) 73 74

W L - TR
Qo — H, o TH

0__0
- 0><0 OH >< OH

(-)-71 76 &
(b)
HO Ref.!®  HOwON_-0 o P
\@AOH S W(_\Q N \( \&\i
: Steps 0__0 OH 2 steps o0__0 OH
HO  OH X X

D-Ribose (77) ent-74 ent-75

O0__0O0 OoOH
oH X
(+)-71 ent-76

Scheme 4.2 Rao HiTk? (H)/(©)Pentenomycin I (71) D&/ (@) D-~> /—2Z (12)%
FEEET D O-T1 DA ) D- U R—2 (77) 2FEELT5H-T1 DB
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Z LT, Pal b1, iSEIRAE Fax s 2 F b, 7V =v— VRSB X OHRA ¥ &
VAEREETH LT, BB IERITH L TT 2H, (DT 2 EhAERKL
72 (Scheme 4.3) 11823, A H F CIZHE SN TV D ERIEIINT N LBERENLDOTH D
N, ZNEOE IR EB L O F > F AR e A ik E EHT 272010 Bpk &

ALY I E oY

HO Stereoselective HO /
k@AOH Hydroxymethylation O OH HO O
! 2 steps —L 2 steps —=
HO OH ox'o OH XE) OH
9

D-Ribose (77) 78 7

:

Ring Closing i /
Q WOH  Metathesis '\ \OH HO O
- - -
2 steps e Iz Iz
OH

> <0 Y
82 81 80
l 2 steps
0 0
OH @STBDPS ?H
, OH HO ©OHOTBDPS 2 steps OH
OH OH
(+)-71 83 ()71

Scheme 4.3 Pal 5i2& % D-Y R—A50nHD (+)/(-)-Pentenomycin I (73) DA

—J7. BEL WG ESNEARIEDO T T, Elliott b3 TR TAM L (Scheme 4.4)
241, (9-2 % TBS FIC L HR#. b Fu kiUl BifR#RG< AL 7 0 OFRICE Y |
bFN3ITERT 71 OAREZEKRLTWD, LHrLAaRD, (92 1X5FT8 6) »od
L7 (R)-2 @ 2ifkt RaXx O RE KR L THTWD 72 OB ORI & LT

#Fohbd,
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HO, CO,H o

Mitsunobu
- e reaction
—_— OH - > OH

HO™ ™ ;
© = 3.5% overall, HO HO
OH 10 steps
Quinic acid (6) (R)-2 (S)-2
¢ Silylation
Q  oH Desilylation/ Q
_ Olefination Dihydroxylation
Y - B S —
/ 'OH OTBS
©OH TBSO
(+)-71 85 84

Scheme 4.4 Elliott 512X % (+)-pentenomycin I (71) DEHR
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4.4 (H)/(-)-Pentenomycin I D& ki

W2HETIE, 22DGQ) HyrulrT ) v 2 EEEICEDICEST, 2T, GHN
TR IRTHD 2 DONFELEIERE LA EIES N CE UL, RS TR E 2 T
i — D HFE RN & = o F AR (+)/(5)-Pentenomycin I (71) BNEKARETH D &
EZT.

A RkENH % Scheme 4.5 (27”7, 71 1A MDORAEERE T, RiEEOREICIVFEL,
ZORIBMA 88 1, JFHIEERT TR 8T HH W Tk Faxfk 86 vk FuFx
MMEEF LT 4 VAL OBEICL VFFERRETH DL B X, £72, 87 BXLV 86 1%L, ~
saRXyT ) s 2 O—ifke Fa B A N ERRAICORGE Lok, MR 2 AWt 0E

WEY, EnEnaoBRERT LT,
o)
ﬁ/\OH
HO

2

i

[ Optical resolution

0 1% o)
e = (7o & (o
ACO\\ HO HO
87 86 (5)-86
/ﬂ\ Dihydroxylation ”ﬂ\
/ Olefination
O opg 9 opg
OH / “oH
OH OH
88 ent-88
ﬂ Deprotection /ﬂ\
Q OH Q  OH
OH | “oH
OH OH

(=)7 (+)-71

Scheme 4.5 (+)/(-)-Pentenomycin I (71) D& F#HE (PG = Protective groups)
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4.5 (+)/(-)-Pentenomycin I DAk

451 PLEZERE Fo v REofi#E

AT E Scheme 4.5 (26, 1X UDICALERIRA e —fh e Fu X ORHEICET L
72o 3.31 TITo7emific kv, mo/hSWRETII ke Fr o A RIRFICRES LD
TEDBERLE LTELNTWD, £7-. DMAP 72 & Oflll 2 Fin U 7= BRIC b A7 ERR M
KT 2ZERMESNTNDEE, - T, dmm@mWREL EHED AL AR EE, v 7 r
YT 2 OMERERW ke Ra XU EoR#E 2 G L7 (Table 4.1),

WO U LEAICH S5 TBDPSCl ZEM S/7ahy, REIGDEEE BT 5 DT>
72o —77, TBSCl Z W 2E, FOSITRECMICHEIT L, B 90 %R 82% T55 Z &
WP L7z, WIC, TIPCL Z/EM &H7223, 91 OEMRITMEGR CE e oTo, ®iklT, FEH
IEmEWVMEERLTHD N FL (Tr) RICEDE#ELHRH Lz, FUFAza ) K (TeCl
MRS T CIER SRS, BOSIT & <H#IT LR o7z, —J7. DMAP Zfiliif & LT
WU 72B%, BORITFRCMIZEIT Lz, L L, BEHIZRICHE ST b o0, B 92
IHRINRIZ E EF o7, DL EOKRFORER, 2 OMLE R TBS I L A 15R#E % 2350
WZATH Z IRk Lz,
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Table 4.1 —#kt Fu X EONMNERNIRE ORET

o O
Table
OH - _ OR
THF
HO HO
2 89 R = TBDPS
90 R=TBS
91 R=TIPS
92R=Tr
entry conditions products yield (%)
1 TBDPSCI, Et3N, RT, overnight 89 N. D.
2 TBSCI, Et3N, RT, overnight 90 82
3 TIPSCI, Et3N, RT, overnight 91 trace
4 TrCl, Et3N, RT, overnight 92 N. D.
5 TrCl, Et3N, DMAP, RT, overnight 92 29

N. D. = Not detected

TBDPS = 3—Si4€ TBS = é—slfi% TIPS = 3}/:< Tr= é—CO
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4.5.2 PFEFEIC X DS E

BIRENC 7T ) v 2 OAEBRIRE TBS XD RELER LIZT20, fi\ T,
s = VTS 08217 > 7= (Scheme 4.6a), Yo ENZIXFEEB KDY X—FE AK 7
~ /) EMBEHA L, 90 O7 b FEHRE = USRI X—B AK 7~/ 2L, =R T—
BoiEE U7, SREDNHDICRIS LT ERE LT, ARIZ L 2BEOREE T T2, YV A7
NATHTa~x 8777 4 —=IZKD0BEERAITO. 7EF L 91 & (9-90 & EEMICHE
7o BALEHOMERIARLE X, (B)-2(99% ed L (9-2(99% ee) mHENZIFHEK
L7=% 7 VLAY & el L CHE L 7= (Scheme 4.6b, c).

(a)

o) o) o}
Lipase AK amano
OTBS - otBs *+ OTBS
Acetone-vinyl acetate, rt R
HO AcO HO
90 91 (S)-90
48% 50%
[a]p?® = +31.2 [alp'®=-11.6
(¢ =1.0in CHCI3) (c=1.0 in CHCI5)
(b) Ac,0
0 TBSCI 0 Pyridine o
% EtsN DMAP %
—_— —_—
\ OH THF. it \ OTBS THF, it \ OTBS
HO 82% HO 97% AcO
(R)-2 (R)-90 91
99% ee [0]p28 = +11.2 [a]p?* = +39.0
(¢ =1.0in CHCIg) (c = 1.0 in CHCIj,)
(c)
o TBSCI o
EtsN
—_—
OH THF. it OTBS
HO HO
(S)-7 (S)-90
99% ee [alp'®=-11.8

(c=1.0in CHCI3)

Scheme 4.6 BERIEIC L DX FESE () BRE AW TBS & 90 DOXESE
) (B2 ZFEL LI=T2F K 90 DARL (0 (9-2 2EE L Liz TBS & 90 D&KL
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45.3 FAITAREFETICBITSYE KXl

Wiz, Ve Fex iz oW TiaEt L7z (Scheme 4.7), HHE T 5V E Rufk bk
92 ITHFET D04 A I T Al A AW =Y Ra xR ba2iTo7z, A& I 7 Al
BOWNDEG IREARAAI T LAfilllE, AAI 7 AVDEES U 7L —KFa¥ (Ke0sO4
2H20) 2L, NAFILEALKRY > NAFT F (NMO) ZFEebAlE L TRV, 4
PIOFETIXY E RrX bz Toloth, 7TEFVEALBRH#HD & Lz EleB BBEIC X
D, v aXeT ) R R BBERICEEST D TETE 072 (98 — 94 — 92), L L72RRs
O &N ALEWE T LTc & 2 A EleB Bl £ TS —251Z1HE1T L 72 Pentenomycin
IR 92 TH-o7-, L7V Rax ik 93 25, ROSEHFICRE L7 1 F iz
XV — K& L (98 — 94), Dk, ElcB BEEIC L 0 FiliE A 4 > MBS 5 =
LT, v raRXrT ) UBROBEICES LIZEEZOND, L L, R LEA LT v
W L CA AR I U AERINT 22 & T, BEYE Re X bR EgIT4 5 2 &3l
Shiz, FFE, KSEERRITY 2 & T 92 13MRAIHfR LTz, Z07s, Kb %E 2 KT
%1k &+, pentenomycin FIBRA 92 % KINE 61% TH7-, Z OB RSO 91 % 28%
TEMR L7,

) 0O

cat. K,0s0,(OH), OTBS
é/\ NMO ”\\/
OTBS
R Acetone-H,0 (2:1) OH
AcO 2h,RT OH
91 61% 92
. ) E1cB elimination
l Dihydroxylation T _AcO"
H* ™
O OH
OTBS Keto-enol tautomerism ( OTBS
—_—
R OH o OH
AcO OH AcO OH
93 94

Scheme 4.7 pentenomycin BiiBE{E 96 DA ER

BFoile 92 ONFEMEL X0 HPLC THRIE L& 2 A, HFAEHETH S 91 %
HARERLE L2 b b B3, 92 ONEMEIITRRE (56% ee) Thotz, 7= (R)-2
(99% ee) MHMEE LT 92 LIFAFRICHEFAMEOIR F 2R LTz, ZOMREEFAI T LD
TV T 4 A DSHERENOHEE LTz, AL 7 4 S L TA A I T AT 588, D
SRS R R Th o2t EX 55 (Figure 4.5), kb FuX iz 7w FLETE
fiiL, Yt Rafxi bz iTo7z, UL, 7T FLVRETHEA/ NS 2EREICOESRD
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72, a NS DA A I T LD E5EEICHIET 5 Z E R TE o7 (Figure 4.5a),
—J5. Elliott HIEm@mWVERRILTH D TBS ETEM L TWAHTD, FAI 7 LADOMNT

DM ESERICHIETEZEE 2 b s (Figure 4.5b)24,

(a)

OTBS O orBs
[ 0s0, : é)
> - + ~,
é/\OTBS = ¢ / :’; S O\ _0 5 . O\ _0
R v S 70 - ~ ", 70 ’d
AcS % ‘ % AcO  © ge AcO © g
o Minor e Major Minor
k FeFLE  TABEANT L
> XEROHENITTE
(b)
O  orBs
¢ 0sO, o
N o\ //o
TBSO o—chs
o

TBSE : IAKEEHNARET WV
-> REHEETEIHE

BHRED X DF R IV LT L EMEIR

Figure 4.5
(@) TEFNEIC L DIEREE (b) TBS EiC L 57 ikkEE

PLEOKFHZ XV, HAMEIITRETH 72N, ¥k Fafx ik —EleB Bt X5
pentenomycin ‘B DS Z —28(21T 9 Z & T pentenomycin BRI 92 DAL L
2o F72. (990 26T B FALERBE LZFEHEO TEICELY ent92 %157~ (Scheme

4.8),
ACzo
2 Pyridine Q
OTBS OoTBS
THF, rt, 2 h
HO AcO

(S)-90 ent-91

cat. K,0sO,(OH), Q  oTBs
NMO é}

Acetone-H,O (2:1) 5 OH

2h, RT OH

40%, 2 steps ent-92

Scheme 4.8 ent96 D&KL
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4.5.4 RHELOBRZE : Pentenomycin I DA,

IS TR O 92 1Tk LTl U b Z4TV . pentenomycin I (71) ~ & EH 7=
(Table 4.2), J ClC@E SN FIELEEE L, MBS T CTO TBS EORELZRART
(entry 1, 2), L2>L. ~VU 74 nfifg (TFA) AKiEEEFAWZES, BOoide < E®ire9,
TR 2 A TZBE, BRI O o3 iR & TR CH#EIT L7, 2 2 TR R4 ICRE L E
AW, Rl RGRGE SRR L 2 A 3 M HCL AEIRE FAWTZBRICINE 48% T 71 %1%
72 (entry 3-5), £7/=, T F T T FAT =T L7 A Y R (TBAF) ZAEH SH72E, &
F OO EN 5T (entry 6),

L EOKGTHZ LY, BifREORE 2 5% R L, (O-pentenomycin I (71) 2 &7 5
LKL, B oNTALEMDORFEANRT FVIEKRA E—E L=, £72. BEkih & KA
Wy D IEE HE DAERHE & SCHkAE & —E L 7= {()-70, [alp23 = —19.6 (¢ = 0.35 in EtOH); lit.[23
[alp=-30.2 (c=0.29 in EtOH)}, [F#EIZ, ent92 % fiti725: (Table 4.2, entry 3) THL
FLZE Z A, R pentenomycin (+)-71 %457~ (Scheme 4.9),

Table 4.2 TBS FEODEREDRRET

O ortBs O oH
\\/ Conditions \\/
OH rt OH
OH OH
92 (-)-71
entry reagents solvents yield (%)
1 TFA THF-H,O N. R.
2 conc. HCI THF-H,0 Decomposition
3 1 M HCI THF-H,O N. R.
4 3 M HCI THF-H,O 48%
5 6 M HCI THF-H,O 12%
6 TBAF THF Decomposition
O orBS O orBS
3 M HCl aq.
é,, 'OH THF, rt é OH
OH OH
ent-92 (+)-71

Scheme 4.9 (+)-pentenomycin (73) DA
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4.6 pentenomycin FEKDE K

Fl—OHBREREICTCHDH 7 X TF 7 2 /75 pentenomycin FilEK 92 % &% T
(#)/(-)-pentenomycin 1 (71) #ENZENAEKT DI LI LTz, 92 Z# &M+ 5Z & T,
—3# (D pentenomycin FHERZE TR THENRETHD EE X T,

Z—0y b LTI, MHLICXVREINTAEMOT T, FFITRWEZ R LT

==

pentenomycin benzoate (95) (Figure 4.6) 1% 7% L7,

MIC valuce
S. aureus 209-P: 25 pug/mL

Figure 4.6 pentenomycin benzoate (95) D#EER L MIC &

IHIT, 95 L& LIcHEIEMEMHBE AL~ 5720, 95 OEZKDO G AT 72
(Scheme 4.10), (XU ®IZ, BV Y DMAP f#7E . MoKLZBEREZEHA S, #IRMIC
TRk Fe kR ZBEREEAL, WV TLEERT ATV 96 & Lok, TBS Mo
PREZITO ZET 95 2457, RI2.95.96 ([ZH LTI vRERLEE Y UV UFET TEH S,
3R 96,98 IZENENFHFE Lz, £72.95 (I3t LT/8T7 Uy ARFHE (PA/C) f71E T,
MUK I LV EIR 97 ZZNRINTHTZ, BIZ, a LI VR Z BN & LiziAR
— By TV TISICE Y 7 = = VA& A L2 2-Phenyl pentenomyecin (99) 13, /3
T V0 AMMAALE T, WEMSE T Ty R U A ER S8 7-%. TBS EokExr
1TV, I UHEK 98 D 2 TR, I 64% TH7-, L EORFHZ LY., pentenomycin
EHIK 95 B L OF KK %Z pentenomycin FIERIK 92 2 HLEIRANZEKT D Z LIk
L7,
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(PhCO),0 o

pTBS Pyridine oTBS
o DMAP o
OH THF, rt OH
OH 95% OCOPh
92 96
6 M HCI I, Pyridine
THF, rt CH,Cl,, rt
100% 99%
Q@ OH O oTBS
‘\\\/ oy
OH OH
OCOPh OCOPh
95 98
1) PhB(OH),, K,CO3
I, Pyridine H, (baloon) Pd(PPhg)ZCIE
CH,Cl,, rt 10% Pd/C THF-H,0, 60 °C
47% MeOH, rt 2) 3 M HCI, THF, rt
100% 64%, 2 steps
P oH ?  oH Q  OH
||\\/ ,\\\/ Ph ,\\\/
OH OH OH
OCOPh OCOPh OH
96 97 99

Scheme 4.10 pentenomycin FHEAD AL
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4.7  HFES MERAER

4.6 Tlx, BIF2PEER %2779 L &5 pentenomycin benzoate (95) % Hi.lh & L7-%k
FEOFRRIED G LT, FWVT, AR L7 95, 96, 97 38 LY 99 OHLETEMER M &
1ToT-, EHEZMHERBRIT, R - MREZE¥R 2 (Clinical and Laboratory Standards
Institute, CLSD DJE D) 2 AIEIZHE, ERIEAIIELZ LV ITo72, ZOBE AYT
A 7arba—p LTI~ 2R LI, BRIZBW TR 7 SOREMEIC
KT B PETEMERBR OGS R %2 Table4.3 ([CE & 5,95 BXLV 96 XL TOREMMIZK LT
HREEOIEIEZ /R LT —FH T, 97 BL Y 99 OHIEHIEMIZE LK T Lz, Z OfEHRIE,
RTI)wAT RO T axXT ) FR (o R VAR =) 3, PLEER OFREL
WRESFGLTWADZEZRBRLTWD, £, REFMANVR=AD o fiL7 = =/LH
EDOE R OWHE LI WEHE ORI, FUATEMEZ 59 ST 2R & 725 2 LD H )
Lo,

Table 4.3 Pentenomycin & &N MIC HIE

MIC test (ug/mL)®P

Organisms
95 96 97 99 Gentamicin®

S. aureus ATCC29213 64 128 >1024 1024 0.5

E. faecium ATCC35667 64 64 >1024 1024 8

E. coli DH5alpha 128 128 >1024 256 0.25

K. pneumonia ATCC10031 64 64 >1024 256 0.25

E. cloacae ATCC13047 128 128 >1024 256 0.25

P. aeruginosa PAO1 512 128 >1024 1024 1

A. baumannii ATCC17978 64 32 >1024 256 1

(a) Determined by CLSI broth marcodilution methods; (b) Measured concentration (0.5-1024 ug/mL); (c) Positive control;
Stapylococcus aureus; S. aureus, Enterococcus faecium; E. faecium, Escherichia coli; E. coli, Klebsiella pneumonia; K.
pneumoniae, Enterobacter cloacae; E. cloacae, Pseudomonas aeruginosa; P. aeruginosa, Acinetobacter baumannii; A.
baumannii.
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48 Fi&

BATETIE, ¥ r7axXr7 2y 2 2R UZAIZEME B~ R & LT, JlEiEM%
AT RKIREBILAEY pentenomycin T (71) B X2 OFERO K EIT-T2, T, 2 O
BRI 2 e Ra X v Rof#iX TBSCL & b =F L7 I v OMEAEESARIZ X 0 Ak
L7z WITY N—F AK 7~/ Z W TZBERIEIC X 2002110, 91 & (9-90 Z7E
B2, Y8 FrX 2 —ELeB WBEC K54 L7« o OREIE, A A I T Al
oA AFRPEIC L0 —Z82# T L=, Lav L. 55472 pentenomycin HiBRIK 92 Y540
FEIIHPRETH 72O R ORMA TR, BRI E LT, 72 F ALY bA0KH
EEOERSL, BIZE TBS &, 7 FAER EOBMIZL Y ZERATRETHL LB BN
%, w2, SMHCl K&K EHAWT TBS HakrEkdb2 LT (—)'pentenomycin1(71)
ICHHE L7e, F7o. FHENC I iAoz (990 267 B F /b AR RfkD TR
DIERKIMD (H)-T1 ZHE LT,

%\ T, pentenomycin FHDOPLETEME A B = X L DOfEI % H5 L T, pentenomycin #5E
BOBKAEAT T, FHEMREMEEWE LT, T TIC—HERIC OV T MIC fEA#HE S
T\ 5% pentenomycin benzoate (95) % ML L 7o &G AR 2 & T <<, 95 BIW

T DFEREDEREAT 272, 92 DT AT AL, Bifki#lR LOSAR—EH T v 7Y v 77
EHHIR G I FIET RSB TEFER L AT 2 Z I Lz, 5ol 95 BL W
Z DFERRAR O PUEETE MR 2 S E A AT LI £ 0 1T 5 7265 5L, pentenomycin OHLEF TGN
BBUNL, v AT Z—L LTOFREPIEFICRENT LRI,

Pl bEomEiz L v, PiEEM % pentenomycin I (71) B X OFOFFEMARIL, H IO
LG/ IR LD v m X T /v 2 IDDANRBIRIICHE D Z LN AETH D &
oo 7208, F7-, PLETEMERER Cix. A% ILEEIEE B 9 2 88l pentenomycin
HEIRO T HT A T 59 2 CIERFICEERMLNE LI,

86



A A

=~

10.
11.
12.

13.
14.
15.

16.

17.

18.
19.
20.
21.
22.
23.
24.

25.

26

A. Fleming, M.B., F.R.C.S., FR.S., Br. Med. Bull. 1944, 2, 4.

E. P. Abraham, E. Chain, Nature, 1940, 146, 837.

C. Reading, M. Cole, Antimicrob. Agents Chemother. 1977, 11, 852.

K. Ubukata, N. Yamashita, M. Konno, Antimicrob. Agents Chemother. 1985, 27, 851.
K. Tomizawa, S. Sato, Jpn. J. Antibiot. 1988, 41, 494.

Bk R W, R & S D MR — &G BN e 3 B BT 1 ), INFECTION
CONTROL. 2006, 15, page 17-71 and 108-114.

T. Naas, P. Nordmann, Proc. Natl. Acad. Sci. USA 1994, 91, 7693.

0 I, B 228 R, “Gl~= Y e 7 rr AR Y 7 (kT LAY, 1971,
9, 10.

K. Umino, T. Furumai, N. Matsuzawa, Y. Awataguchi, Y. Ito, T. Okuda, /. Antibiot.
1973, 26, 506.

T. Date, K. Aoe, K. Kotera, K. Umino, Chem. Pharm. Bull. 1974, 22, 1963.

K. Umino, T. Yamaguchi, Y. Ito, Chem. Pharm. Bull. 1974, 22, 2113.

HLKTR, RS R, “SESME O ER X OWEERIE”, B A FHEES, 1978, 6,
33.

M. Seepersaud, Y. Al-Abed, Tetrahedron Lett. 2000, 41, 4291.

J.K. Gallos, K.C. Damianou, C.C. Dellios, Tetrahedron Lett. 2001, 42, 5769.

W. Phutdhawong, S.G. Pyne, A. Baramee, D. Buddhasukh, B.W. Skelton, A.H. White,
Tetrahedron Lett. 2002, 43, 6047.

M. Pohmakotr, T. Junpirom, S. Popuang, P. Tuchinda, V. Reutrakul, 7etrahedron
Lett. 2002, 43, 7385.

Rodriguez, M. Rivero, J.C. de la Rosa, J.C. Carretero, J. Am. Chem. Soc. 2003, 125,
14992.

Venkata, G. Ramana, B. Venkateswara Rao, Tetrahedron Lett. 2003, 44, 5103.

F.A. Khan, J. Dash, B. Rout, Tetrahedron Lett. 2004, 45, 9285.

J.K. Gallos, C.I. Stathakis, S.S. Kotoulas, A.E. Koumbis, /. Org. Chem. 2005, 7, 6884.
M. Pohmakotr, S. Kambutong, P. Tuchinda, C. Kuhakarn, Tetrahedron 2008, 64, 6315.
B.S. Kumar, G.P. Mishra, B.V. Rao, Tetrahedron Lett. 2013, 54, 2845.

S. Das, A. Panda, S. Pal, Carbohydr. Res. 2015, 416, 24.

J.D. Elliott, H. Michael, N.P. Malcom, P. Neil, J.S. Richard, J. Chem. Soc., Perkin
Trans. 11983, 2441.

T. Sugahara, K. Ogasawara, Synlett 1999, 419.

. N. Nazef, R. D. M. Davies, M. F. Greaney, Org. Lett. 2012, 14, 3720.

87



27. WRE—1, AHT, HRHEKR, MAEDRAE O AR QIR MERER, BERKSEE, 2017,
37, 684.

28. T. Kamishima, M. Suzuki, S. Aoyagi, T. Watanabe, Y. Koseki, H. Kasai, Tetrahedron
Lett. 2019, 60, 1375.

88



i
iR

e
S



AWFFE A KRS D,

BITE, BPEEOLFZAEWUL glucose DEBEZAHUZ TR E LTV D, LarL, glucose
MOEMINDICEMDIZ L VERT T ERENRAKI TH Y . FIREDNRER TH
Do TDTD PR ENTER DEEEZ AT 2ILAEMORBENREH ST\ D, T4, glucose
ZALFRIAEH LT glucose #5EIKTH D 2-deoxy-D-glucose /567 X7 /AL
B A~OEENRE S0, HEE - BRI SN TR O T, RGOSR O fFI 232K
LTV,

VL LD R A E 2 TRIFETIE, LUTFD 2 m& Efi e U TR L7,

1) 2-DG &7 uXrT ) ACEWTEBT D KESOE D SE R E S K OV O BOS g
DfiEEA
2) BonizyruXvT ) ALBEMECAT 4 7T a s Lt 58 A ~D R

05 2 BCIL, EAHE O T AR X D FHULEmORE A A E LT, 1) 2-DG Q) @
{LFAEBNZ BT DRGSO RGFE 2) EORISHEEORT], 3) bl (bEm D HEED
3 o%xFEfhE L TEBRFEITo T,

XU DIT, 1 OKRESEDO RS2 704 L, 140 *CTiX 24 B, 160 "CTiX 7 KT
raxXeT ) AREW 2 LR 3 R TNREME . IRIE 80% TAKTHZ L&
L7,

WIT, IKESOEHIZBIT D 1 ORISHEE R T 2720, OGRS HERE L= 7 7 v
UA—v IV OKB R E Tl 2 A, a7 ) U ALEY 2,8 DA ZHER LTz,
51T, DFT Ik D704 —v IV | B 2, 8 ORZERMIEDHEZIT,
INETORREMK LW E AR LT, Flo, KB Z BT 28R T, 7794
—/L IV OFIBMETH 2 glucal (12) OKEKINIC LV EHEL 7 vX0T7 7 AeEW 2, 8
WCEMARETH D Z EEH LT LT,

BBIC, KBISICE 0V EDNT-Y 7 00T ) Abe 2, 8 DHLE - K Z1T-7-,
EWHET VI FICL D EITH 2 LT 2 ZH—DEmE L TR, £ Bohk 2 1%
T ILAEMTH o=, ¥/ HPLC 12 X B0 EI 21TV, SIE, RikEZZhZEh
99%ee THHEL . 155072 T MALAE W OMEKINLIRELE 2 FESCEE ORIERE S L Lo
TR & bl U CikiE LTz,

P b, EffifETH D glucose MR 2-DG (1) & glucal (12) HSEEFIZR KBS SIZ &
0. BRI aXeT )y 2 AR - BEET D Z LigkTh L,

W3, FAETIT, BN r7uXT ) 2 b raXeT ) UEREAET D

ARUEEIZIRIA T UL, Hiic/a A A~ AR BRI T 2 LB A, TOFREETT

-7,

90



B 3ETIE, T CICEHRK E LTHHA SN TV 5D prostaglandin 38 (PGs) IZVEA L. £
D—>THs PGE1 25) #X—/4 v FE LT, 25 ORIEKATH S PGE1 methyl ester
(65) DA FIZIRNY KA,

%2 ETHELNTIEHEMA (B)-2 /75 PPL I X AALERIR T v F L2177
#%. TES fIC L Di#, VTN T 2 ) EADEBREATONFIEN a7 70 v (R)-58
EE LT, fiVT, (R)-68 ICRFEHALNAVGEA L, Bt ITFR R &M CREE L IRET
% Z & T PGE1 methyl ester (65) % &% L7=,

Mz T, BEREFERA L2, 2771y 7 (R)-58 OW{LFERRIEDORRBEZITo7, Tk
Bz ATL07nEhIC Lo THESND A T AASIN—ELeB BilED 2 7r— NG &8t &
TEHU Ry hARKIEICLY ., (B2 705, 3 TR, IR 42% T (R)-58 ICHE L1z, ik
#1Z PGE1 methyl ester (65) ZHMi{bFAKIZ LD, HBILE 13.5% THD Z LTI LT,

o4 mTIX, AIEMESBT~DRERE LT, MIEEEZ T RARAEILAED
pentenomycin I (71) (2 H L. (H)/)-71 O F o F AN AR & &S VEAREIRFZE
(ZHD AT,

ruRyT v 2 O—fhe FuFk L RORH#EEIT oIk, BREIENCLID, 91 L(9)-
90 & WEIEMER L L=, WIT, 91 OA A I = AR %17V, pentenomycin HifBFA
92 ITFHFE LT, mtIC, RERORELZITV., (-pentenomycin1(71) % 4 TFET 2 »
BER LTz, E72. (990 22 BALE T B F AL AR RO THIC L 0 IERKD (+)-
T1 L, [FAl— O IR b R, RO 71 ([HE TR THET D 2 &I
L7z,

B 2 2. pentenomycin JHDHLEIEE A = X A DO % B L. pentenomycin
benzoate (95) % FHE L U7 MEEIEMAHBE AT << 92 O EMER TRA N L5
2 95 BLOFDOHEHEEKRE BGR Lz, 5517~ pentenomycin &SR DOHTETE M2 HIE L
7o &5, pentenomycin OFLEIEMEFRELO KA ST LT,

AP TIL, glucose 2> HFFE LTz 2 DOEMIFEOLFEWIZ LD, 7 a7 7 Ak
B ENRINZAER LT, T /R0 e A Lo 8% < OEfiE» S
LEHULEYOR AN IFRFESND, £z, fGohlv a7/ v 2 oFREEm~D
BEWAEPIRET D Z LB L, 5% ABFFE CTHE K L7- prostaglangin $8X° pentenomycin
FIZRO TSR 7 a0 T ) EREAT DALY ~OFEN R TH D &
ELTWD, 7 a~rT7 ) 2 3 am e UTRWSEFICEBTE 2 K& 2 AHE
PEIR LT Z & T RFFAAS A~ ADTERLFNH & RIENYRFTX 5,
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General remarks

Materials were obtained from commercial suppliers and used without further
purification unless otherwise mentioned. All reactions were carried out in flame-dried
glassware under argon atmosphere with dry solvents unless otherwise noted. 2-deoxy-
D-glucose was purchased from Carbosynth Limited, phosphorus tribromide (PBrs),
chlorotriethylsilane (TESCI), trimethylamine (EtsN), 4-dimethylaminopyridine (DMAP),
diethylamine (HNEtz2), methyl 6-bromohexanoate, sodium iodide (Nal), triethylborane
(EtsB) , tributyltin hydride (z-BusSnH), Lipase AK amano, vinylacetate, K2OsO2(OH)2,
acetic anhydride (Ac20), iodine (I2), pyridine, benzoic anhydride {(PhCO)20}, K2COs,
Pd(PPh):Cl2, methanol (MeOH), D-glucose, acetic copper(Il) sulfate pentahydrate
(CuS045H20), sodium hydrogen carbonate (NaHCOs), acetic acid (AcOH) and
anhydrous solvents for organic synthesis, including CH2Cls, tetrahydrofuran (THF),
diethyl ether (Et20) were purchased from FUJIFILM Wako Pure Chemical Corporation.
Pyridinium p-toluenesulfonate (PPTS), hydrogen bromide (30% in AcOH, ca. 5.1 M) and
sodium methoxide (NaOMe) were purchased from Tokyo Chemical Industry Co., (9-(-)-
1-Octyn-3-ol (97% ee), lithium 2-thienylcyanocuprate and aluminum oxide, activated,
basic, Brokmen Grade I (Al:0s), tertButyldimethylsilyl chloride (TBSCD, N
methylmorpholine N-oxide (NMO), hydrogen chloride (HCI, 1.25 M in MeOH) and
Gentamicin sulfate were obtained from Sigma-Aldrich. Chloroform-d (CDCls) and
acetone-ds were purchased from Acros Organics and Kanto Chemical Co., respectively.
SEPABEADS™ SP207 was purchased from Mitsubishi Chemical Corporation. Gram—
positive and Gram—negative bacterial reference strains, including Stapylococcus aureus
ATCC 29213, Enterococcus faecium ATCC 35667, Escherichia coli DH5 alpha, Klebsiella
pneumoniae ATCC 10031, Enterobacter cloacae ATCC 13047, Pseudomonas aeruginosa
PAO1, and Acinetobacter baumannii ATCC 17978, were purchased from the American
Type Culture Collection (ATCC). Mueller Hinton II Broth for antimicrobial susceptibility
testing was purchased from Becton Dickinson (BD).Silica gel plates (60F-254) for thin
layer chromatography were purchased from Merck. Silica gel 60N (230-400 mesh) for

flash chromatography was purchased from Kanto Chemical.

Instruments

Optical rotations were recorded on a Jasco DIP-1000 polarimeter. Infrared spectra (IR)
were recorded on a Jasco FT/IR-4100 spectrometer using ATR. Fourier Transform
Infrared (FT-IR) spectra were performed by FT-IR-4200 (Jasco Corp.). Nuclear magnetic
resonance (NMR) spectra were recorded on a Bruker AVANCE-400 III spectrometer.
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High-resolution mass spectrometry (HR-MS) was performed using a Bruker MicrOTOF-
Q II-S1 using electrospray ionization (ESI) technique. High performance liquid
chromatography (HPLC) was performed using YMC LC-Forte/R100. Gas
chromatography (GC) was performed using an Agilent Technologies 7890B/5977A MSD.

GC-FID Measurements

Column, HP-INNOWAX 19091N-113; injection, 250 °C; Detection (FID), 250 °C;
presser, 88.0 kP; He flow late, 2.5 mL min-1; linear velocity, 42 cm sec-!; split flow late,
14 mL min-11, condition; 80 °C (2 min)-(10 °C min-1)- 100 °C (2 min)- (10 °C min-1)- 245 °C
(5 min); retention time, 2 and 3, 22.0 min. The product yield (¥), was evaluated using

the following equations:

amount of product [mol]

Y, %) = !
proauct (%) amount of 2 — DG [0.01827 mol] M

Amount of product (mol)

Area — Intercept of calibration curve (0) 1 1
= X X
Slope of calibration curve (0.623) 10000 128.13

(2)

Calibration curve

10000
9000
8000
7000
6000 ‘ o
5000 y= g -
oo RP=0.9987
3000 e
2000 all
1000 -
i
0 2000 4000 6000 8000 10000

Area

ppm

Figure S1. Calibration curve: slope, 0.623; intercept, O.

Table S1. Yields of 2 including 8 from 2-DG (1) (3g, 0.01827 mol) in hydrothermal

treatment.
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Entry Temp. (°C) Time (h) ppm Area mol Yeild (%)
1 160 7 17260 10753 0.01346 74
2 160 14 14685 9148 0.01146 63
3 160 28 8683 5409 0.00677 37
4 140 14 15592 9714 0.01216 67
5 140 28 18726 11667 0.01461 80
6 140 56 13001 8099 0.01014 55
7 140 94 9685 6034 0.00756 41
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HPLC Measurements

CHIRAL ART Cellulose-SC (5 pm, ¢ 30.0 I.D. x 250 mm YMC CO., LTD.); column
temperature, room temperature; mobile phase, hexane / r-propanol (v/v) = 50/50 for 20
min; flow rate, 13 mL min-1; sample concentration, 5 mg mL-1; injection volume, 4.5 mL;
UV absorbance was monitored at 220 nm; retention times, (9)-2, 12.9 min; (R)-2, 14.4

min.
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Figure S2. HPL.C measurement of 2.
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Optical resolution vzia HPLC

CHIRAL ART Cellulose-SC (5 uym, ¢ 30.0 I.D. x 250 mm, YMC CO., LTD.); column
temperature, room temperature; mobile phase, hexane / r-propanol (v/v) = 50/50 for 20
min; flow rate, 13 mL min-1; sample amount, 1.0 g; sample concentration, 40 mg mL-1;
injection volume, 2.0 mL at a time; UV absorbance was monitored at 220 nm; collection,
(9-2, 492 mg, 13.2 min; (A)-2, 489 mg, 14.3 min.
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Figure S3. HPLC measurement of (5)-2.
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Figure S4. HPLC measurement of ()-2.
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HPLC measurement of racemic 4. The HPLC conditions for samples were as follows:
column, CHIRAL ART Cellulose-SC (5 pm, ®30.0 I.D. x 250 mm, YMC CO., LTD.);
column temperature, room temperature; mobile phase, hexane / i-propanol (v/v) = 90/10
for 20 min; flow rate, 13 mL min—1; sample concentration, 1.8 mg mL—1;injection volume,
2.0 mL; UV absorbance was monitored at 220 nm; retention time, (.9)-58, 10.1 min, (&)-
58, 14.4 min.
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Figure S5. HPLC measurement of 58.
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Figure S6. HPLC measurement of (/)-58.
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Antimicrobial susceptibility testing by broth microdilution method

Antimicrobial properties of pentenomycin analogs were determined by minimum
inhibitory concentration (MIC) according to the Clinical and Laboratory Standards
Institute (CLSI) broth microdilution method. Briefly, the synthesized analogs were
dissolved in Mueller Hinton IT Broth and adjusted to 1024 pg/mL in each well of a 96-
well microplate, and then performed 2-fold serial dilution by using the fresh culture
media (1024 to 0.5 pg/mL). After an addition of bacterial suspensions (final 1.0 x 105
colony forming unit (CFU)/mL) in each well, the microplate was incubated at 37 °C for

16 h. After that, bacterial growth was examined, and MIC values were determined.
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General Organic Synthesis Methods

Reactions were monitored by analytical TLC performed on 0.25-mm silica gel plates.
Visualization of the developed plates was performed using UV absorbance at 254 nm and
pranisaldehyde solution. Flash chromatography was performed using silica gel with the
indicated solvent systems. NMR spectra were calibrated using the residual undeuterated
solvent as an internal reference (CDCls at 7.26 ppm for 'H and at 77.16 ppm for 13C
NMR; CD3OD at 3.31 ppm for 'H and at 49.00 ppm for 3C NMR; acetone-ds at 6 2.05
ppm for 'H and at 6 29.8 and 206.3 for 3C NMR. The following abbreviations were used
to explain NMR peak multiplicities: s = singlet, d = doublet, t = triplet, m = multiplet, br
= broad. Pellet samples for FT-IR were fabricated using KBr.

Optimized procedure of catalyst-free hydrothermal reaction and isomerization:
Conversion of 2-DG (1) into 2

O. OH Activated 0o
HO _AOs
HOY 140 °c cat. HZO OH
OH 22 h 80% (2 steps) HO
2-DG (1) 2

The solution of 2-DG (1) (10 g, 60.9 mmol) in distilled water (250 mL) was poured into
a tube bomb reactor (304L-HDF4-300, 300 mL, Swagelok, Co.) and sealed tightly. The
rector was placed in a pre-heated dry oven (DO-450PA, AS ONE Co.) at 140 °C, and left
standing without stirring at same temperature. After 22 hours, it was taken out of the
oven and cooled in water rapidly to terminate the reaction. The reaction mixture
including the solid removed from the reactor was frozen for aggregation. The mixture
thawed at room temperature was filtered twice (retained particle diameter, 1.0 and 0.2
um) and the solid (insoluble char) was removed. Concentration in vacuo to remove water
gave a residue as a brown paste. The activated basic alumina with the same amount of
the residue and 10 w/v % distilled water were added to the residue and stirred at 50 °C.
After 5 hours, the resulted mixture was diluted with 2-propanol (25 mL x 4) and filtrated
(filter paper, 0.4 pm) to remove the alumina. In this case, the alumina was used not only
for isomerization but also for purification. Concentration in vacuum was given the
racemic 2 (6.3 g, 49.2 mmol, 80%) as a single isomer. TLC (EtOAc): Rr= 0.22; 'H NMR
(400 MHz, Acetone-dy): § 2.18 (dd, J= 2.0, 18.4 Hz, 1H), 2.72 (dd, J= 6.0, 18.4 Hz, 1H),
4.21 (s, 2H), 4.91-4.92 (m, 1H), 7.36-7.37 (m, 1H) ppm; 13C NMR (100 Mz, Acetone-dg): &
45.9, 56.8, 68.6, 147.6, 157.7, 205.4 ppm; IR(neat): 1701, 3276 cm-1; HR-MS (ESI-TOF) :
m/z caled. for CeHoO3 ([M + HI*), 129.0546; found, 129.0552; (R)-2 , [alp26 = +33.0 (c = 1.0
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in ethanol). The optical rotation was in agreement with those previously published; (.9)-
2, [alp8 =—-34.3 (¢ = 1.0 in ethanol).

Tri- O-acetyl-D-glucal (11)

NaOAc (neutralize)
then Zinc powder

0. OH Ac,0, HBr-AcOH o. B CuS0,+5H,0 o
HO tt, 2.5 h AcO " | NaOAc AcO |
HOY “'oH then HBr-AcOH AcO™ “'oAac | AcOH-H,0 AcO™
OH r, 16 h OAc n.3h OAc
0,
Glucose S1 99% Tri-O-acetyl-D-glucal (11)

To a suspension of D-glucose monohydrate (2.00 g, 11.1 mmol) in Ac20 (6.3 mL, 66.6
mmol) was added HBr in AcOH (ca. 5.1 M, 3.2 mL, 16.1 mmol) at room temperature. The
reaction mixture was maintained for 2.5 h with vigorous stirring, during which time the
suspended solid went into solution. This solution was then treated with additional HBr
in AcOH (ca. 5.1 M, 9.0 mL, 46.0 mmol), and the resulting solution was stirred at room
temperature for 16 h. Anhydrous NaOAc (3.6 g, 43.9 mmol) was then added to neutralize
the excess HBr, and this mixture was added to a suspension of zinc power (11.6 g, 177
mmol), CuSO4-5H20 (0.799 g, 3.20 mmol), and anhydrous Ac (1.98 g, 23.0 mmol) in a
mixture of water (10 mL) and AcOH (15 mL). The resultant reaction mixture was stirred
vigorously at room temperature for 3 h. The solid was then removed by filtration and
washed first with EtOAc and then with water. The organic layer of the filtrate was
washed with saturated aqueous NaHCOs3 and brine and then dried (anhydrous Na2SO4).
The solvent was removed under reduced pressure to provide tri-O-acetyl-D-glucal (11)
(3.00 g, 11.0 mmol, 99%) as a colorless oil. 1H NMR (400 MHz, CDCls) §= 2.05 (3H, s),
2.08 (3H, s), 2.10 (3H, s), 4.20 (1H, dd, J= 12.0, 3.2 Hz), 4.24-4.28 (1H, m), 4.40 (1H, dd,
J=12.0, 8.0 Hz), 4.85 (1H, dd, J= 6.0, 3.2 Hz), 5.23 (1H, dd, J= 7.6, 5.6 Hz), 5.33-5.36
(1H, m), 6.47 (1H, dd, J = 6.0, 1.2 Hz) ppm. 13C NMR (100 MHz, CDCls) §= 20.8, 20.9,
21.1, 61.4, 67.2, 67.5, 74.0, 99.0, 145.7, 169.7, 170.5, 170.7 ppm.

AcO o | cat. NaOMe HO © |
—_—
AcO™ MeOH, rt, 5 h HOY
OAc 98% OH
1 D-glucal (12)

D-Glucal (12)

To a solution of tri-O-acetyl-D-glucal (11) (1.1 g, 4.00 mmol) in MeOH (20 mL) was
added NaOMe (10.8 mg, 0.2 mmol), and the mixture was stirred at room temperature

for 5 h. The solution was then neutralized with 1.25 M HCl in MeOH and the solvent
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was concentrated under reduced pressure. The residue was purified using silica gel
column chromatography with EtOAc to obtain D-glucal (12) (0.573 g, 3.92 mmol, 98%)
as a white solid. TH NMR (400 MHz, DMSO-ds §= 3.57 (1H, dd, J= 9.6, 7.2 Hz), 3.70—
3.74 (1H, m), 3.79 (1H, dd, J = 12.0, 5.6 Hz), 3.88 (1H, dd, J = 12.0, 1.2 Hz), 4.12 (1H,
ddd, /= 6.8, 2.0, 2.0 Hz), 4.68 (1H, dd, J= 6.4, 2.0 Hz), 6.35 (1H, dd, J= 6.0, 1.6 Hz) ppm.
13C NMR (100 MHz, CD30D) §=62.2, 70.5, 70.8, 80.3, 104.5, 144.9 ppm.

Furan diol IV
o}
HO | cat. FeCly*6H,0 O OH
. —_— S
HO" MeOH, rt, 5 h E/)_LOH
OH 84%
12 v

FeCls « 6H20 (6.4 mg, 0.0239 mmol) was added to a solution of D-glucal (12) (350 mg,
2.39 mmol) in MeCN at room temperature, and the mixture was stirred for 1 h. The
solution was purified using silica gel column chromatography (hexane/EtOAc 1:1) to
obtain furan diol IV (257 mg, 2.01 mmol, 84%) as a colorless oil. Rr= 0.45 (CHCls/MeOH
10:1); [alp23 = +32.9 (¢ = 1.0 in CHCl3); 'H NMR (400 Mz, CDCls) § 2.11 (brs, 1H), 2.58
(brs, 1H), 3.89 (m, 2H), 4.82 (t, J= 5.2 Hz, 1H), 6.32-6.37 (m, 2H), 7.40 (q, J= 0.8 Hz,1H)
ppm; 13C NMR (100 Mz, CDCls) § 65.3, 68.4, 107.3, 110.5, 142.6, 153.7 ppm.

Conversion to 2, 3 from IV

(0] (0]
| (@) pH H,O
D - +
/ OH 160 °C, 4 h OH OH
HO OH
v 2 3
2/3=1:04

An aqueous solution (3 w/v %) of IV was poured into a sealed reactor and sealed tightly.
The rector was placed in a previously heated dry oven at 160 °C and left standing without
stirring at same temperature. After 4 hours, the reactor was taken out of the oven and
cooled in water rapidly to terminate the reaction. The resulting mixture was filtered to
remove the solid. Concentration in vacuo gave a crude residue as a brown paste. The

ratio of 2/3 was 1:0.4 according to '1H NMR measurements.
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4-Hydroxy-2-(hydroxymethyl)cyclopentenone (2) from D-glucal (12)

o) cat. NaOMe, o)
AcO | MeOH, rt, 5 h HO |
AcO™ then 1.25 M HCI HOY
OAc (neutralize) OH
1" D-glucal (12)

— (ca. 4.00 mmol) —

100-160°C ﬁ/\ é/\ m
1-72h

rac-IV

The crude D-glucal (12) (ca. 4.00 mmol) in distilled water (20 mL) was poured into a
sealed reactor. The reactor was placed in a preheated dry oven at 100-160 °C and allowed
to stand without stirring for 1-72 h. After the period of time indicated, the reactor was
removed from the oven and cooled in water to terminate the reaction. The reaction
mixture was filtered, and the filtrate was applied to a column of SEPABEADS™ SP207
(15 g) to remove coloring components. The product was eluted with water (500 mL),
which was then removed under reduced pressure, and the residue was purified using
silica gel column chromatography (EtOAc/MeOH = 20:1) to obtain 2, 8, and IV as a

colorless oil.

General method of acetylation in enzyme.

50 w/w% of Enzyme and vinyl acetate (0.45 M) were added to a solution of 7 in organic
sovent (0.45 M). The reaction mixture was stirred at room temperature. Over 12 h, the
resulting mixture was filtrated through celite pat to remove lipase. Concentration in
vacuo afforded a residue, which was purified by column chromatography (hexane/EtOAc
111 — 1:2).

Mono acetate 13
(0] (0]

PPL
OH Acetone-vinyl acetate OAc
HO rt, overnight HO

40%
2 13

Lipase from procine pancreas (PPL) (208 mg) and vinyl acetate (7.2 mL, 0.45 M) were
added to a solution of 2 (416 mg, 3.24 mmol) in acetone (7.2 mL, 0.45 M), and the reaction

mixture was stirred at room temperature. After 20 hours, the resulting mixture was
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filtrated through celite pat to remove lipase. Concentration in vacuo afforded a residue,
which was purified by column chromatography (hexane/EtOAc 1:1 — 1:2) to give 13 (220
mg, 40%) as a pale yellow oil and 2 (137 mg, 35%) was recovered. TLC (Hexane:EtOAc,
1:2 v/v): Rr= 0.30; 1H NMR (400 Mz, CDCls): § 2.11 (s, 3H), 2.38 (dd, J = 2.0, 18.4 Hz,
1H), 2.88 (dd, J = 6.4, 18.4 Hz, 1H), 4.78-4.79 (m, 1H), 5.02 (bra, 1H), 7.38-7.39 (m, 1H);
13C NMR (100 Mz, CDC13): § 20.9, 45.1, 57.8, 68.8, 142.7, 185.1, 170.7, 204.0 ppm;
IR(neat): 1739, 2919 cm'; HR-MS (ESI-TOF) : m/z caled. for CsH1004Na (M + Nal+),
193.0471; found, 193.0471. (#)-18; [alp = +27.0 (¢=1.01 in CHCly).

Diacetate 15

ACZO
0 pyridine o
DMAP _
OH THF, rt, 1.5 h OAc
HO 50% AcO
2 15

Ac20 (1.13 mL, 10.9 mmol) and DMAP (19 mg, 0.156 mmol) were added to a stirred
solution of 2 (200 mg, 1.56 mmol) and pyridine (1.26 mL, 15.6 mmol) in THF 7.8 mL) at
room temperature. After 1.5 h, the resulting mixture was quenched with 1N HCI, and
extracted with AcOEt (2 X 15 mL). The combined extracts were washed with brine (10
mL) then dried with MgSOs. Concentration in vauco afforded a residue, which was
purified by column chromatography (hexane/EtOAc 1:1) to give 15 (166 mg, 50%) as a
pale yellow oil. TH NMR (400 Mz, CDCls) § = 2.10 (s, 3H), 2.12 (s, 3H), 2.42 (dd, J= 2.1,
18.9 Hz, 1H), 2.81 (dd, /= 6.4, 18.9 Hz, 1H), 4.81 (t, /= 1.7 Hz, 2H), 5.78-5.82 (m, 1H),
7.38-7.39 (m, 1H) ppm. 13C NMR (100 Mz, CDCls) § 20.9, 21.0, 41.8 ,57.9, 70.3, 144.6,
153.8,170.5, 170.6, 202.6 ppm; HR-MS (ESI-TOF) : m/z calcd. for C10H1205Na ([M + Nal+),
253.0577; found, 253.0579.

DiMOM 37
o) MOMCI o
DIPEA
Sf:r/\OH THE70%;z5h" Sf:r/\OMOM
HO 64% MOMO
2 37

MOMCI (2.67 mL, 35.8 mmol) and DIPEA (12.7 mL, 71.0 mmol) were added to a stirred
solution of 2 (1.82 g, 14.2 mmol) in THF (28 mL) at 0 °C, and the reaction mixture was
heated at 70 °C for 2.5 h. After cooling to room temperature, the resulting mixture was

quenched with saturated aqueous NH4Cl, and extracted with AcOEt (2 x 40 mL). The
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combined extracts were washed with brine (30 mL) then dried with MgSOua.
Concentration in vauco afforded a residue, which was purified by column
chromatography (hexane/EtOAc 1:1) to give 37 (1.95 g, 64%) as a pale yellow oil. '1H NMR
(400 Mz, CDCls) § = 2.42 (dd, J= 2.0, 18.4 Hz, 1H), 2.81 (dd, J= 6.0, 18.4 Hz, 1H), 3.38
(s, 3H), 3.41 (s, 3H), 4.27 (t, /= 1.6 Hz, 2H), 4.68 (s, 2H), 4.75 (s, 2H), 4.81-4.84 (m, 1H),
7.47-7.48 (m, 1H) ppm. 13C NMR (100 Mz, CDCls) § = 43.1, 55.6, 55.8, 61.1, 73.8, 96.4,
96.5, 145.2, 155.9, 204.4 ppm. HR-MS (ESI-TOF): m/z calcd for C10H1605Na ([M + Nal*)
239.0890, found 239.0889

DiTES 41
0 0
TESCI, Et;N
ﬁ/\o"' THF, 1,350 ﬁ/\OTES
HO 50% TESO
2 41

TESCI (2.89 mL, 17.0 mmol) and EtsN (4.17 mL, 29.8 mmol) were added to a stirred
solution of 2 (545 mg, 4.26 mmol) in THF (8.5 mL) at 0 °C, and the reaction mixture was
stirred at room temperature. After the reaction, the resulting mixture was quenched
with saturated aqueous NH4Cl, and extracted with AcOEt (2 x 40 mL). The combined
extracts were washed with brine (30 mL) then dried with MgSO4. Concentration in vauco
afforded a residue, which was purified by column chromatography (hexane/EtOAc 1:1)
to give 41 (760 mg, 50%) as a pale yellow oil. TH NMR (400 Mz, CDCls) § = 0.59-0.68 (m,
12H), 0.93-0.99 (m, 18H), 2.34 (dd, J= 2.0, 18.3 Hz, 1H), 2.78 (dd, /= 5.9, 18.3 Hz, 1H),
4.36 (t, J = 1.8 Hz, 2H), 4.90-4.93 (m, 1H), 7.29-7.30 (m, 1H) ppm. 3C NMR (100 Mz,
CDCls) & = 4.5, 4.8, 6.82, 6.84, 46.4, 57.5, 68.8, 147.3, 157.1, 205.0 ppm. HR-MS (ESI-
TOF): m/z caled for C1sH3603Si2Na (M + Nal+) 379.2095, found 379.2111

DiTBS 42
o TBSCI, imdazole o
DMAP N
S{f?rz\wDH THF, rt, overnight S{f?K/NWDTBS
HO <45% TBSO
2 42

TBSC1 (1.76 g, 11.7 mmol), imidazole (1.12 g, 16.4 mmol) and DMAP (28.5 mg, 0.234
mmol) were added to a stirred solution of 2 (300 mg, 2.34 mmol) in THF (7.8 mL) at 0 °C,
and the reaction mixture was stirred at room temperature. After the reaction, the
resulting mixture was quenched with saturated aqueous NH4Cl, and extracted with

AcOEt (2 x 30 mL). The combined extracts were washed with brine (20 mL) then dried

106



with MgSO4. Concentration in vauco afforded a residue, which was purified by column
chromatography (hexane/EtOAc 1:0 — 30:1 — 20:1) to give 42 (375 mg, <45%, the
residure of TBS reagents could not be separated completely) as a colorless oil. 'H NMR
(400 Mz, CDCIs) § = 0.078 (s, 3H), 0.084 (s, 3H), 0.12 (s, 3H), 0.13 (s, 3H), 0.91 (s, 9H),
0.92 (s, 9H), 2.33 (dd, /= 2.0, 18.3 Hz, 1H), 2.78 (dd, J=5.9, 18.3 Hz, 1H), 4.37 (t, J= 2.1
Hz, 2H), 4.91-4.94 (m, 1H), 7.25-7.27 (m, 1H) ppm. 13C NMR (100 Mz, CDCls) § = —5.33,
-5.31, —4.55, —4.52, 25.9 (30), 26.0 (3C), 31.7 (2C), 46.4, 58.0, 69.2, 147.3, 157.0, 205.0
ppm. HR-MS (ESI-TOF): m/z calcd for CisH3s0sSiaNa ([M + Nal+) 379.2095, found
379.1728

MOM amine 48
o} 0
HNEt,
OMOM ' MeCN-0.2 M K,CO4 NEt,
MOMO . 1.5h MOMO
71%
37 48

HNEt2 (2.4 mL, 23.1 mmol) was added to a stirred solution of 87 (1.0 g, 4.62 mmol) in
MeCN and and 0.2 M K2COs at roomtempeture, and the mixture was stirred at same
temperature. After 1.5 h, the resulting mixture was extracted with AcOEt (2 x 20mL).
The combined extracts were washed with brine (10 mL) then dried with MgSOu.
Concentration in vauco afforded a residue, which was purified by column
chromatography (MeOH/EtOAc 1:20) to give 48 (744 mg, 71%) as a pale yellow oil. 1H
NMR (400 Mz, CDCls) & = 1.03 (t, /= 7.2 Hz, 6H), 2.39 (dd, J = 2.0, 18.4 Hz, 1H), 2.47-
2.53 (m, 4H), 2.79 (dd, /= 6.0, 18.4 Hz, 1H), 3.22 (s, 2H), 3.40 (s, 3H), 4.75 (s, 2H), 4.79-
4.82 (m, 1H), 7.38-7.39 (m, 1H) ppm. 13C NMR (100 Mz, CDCls) § = 12.1, 42.9, 47.4 55.7,
73.7,77.4,96.2, 146.2, 156.5, 205.6 ppm. HR-MS (ESI-TOF): m/z calcd for C12H22NOs ([M
+ HI]*) 228.1594, found 228.1586.

Acetyl amine 50

O (0]
HNEt,
OAc MeCN = NEt,
AcO rt, overnight AcO
54%
15 50

HNEt: (0.13 mL, 1.24 mmol) was added to a stirred solution of 15 (53 mg, 0.249 mmol)
in MeCN (0.5 mL) at roomtempeture, and the mixture was stirred at same temperature.
After the reaction, the resulting mixture was extracted with AcOEt (3 x 10mL). The

combined extracts were washed with brine (5 mL) then dried with MgSO4. Concentration
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in vauco afforded a residue, which was purified by column chromatography (EtOAc) to
give 50 (30 mg, 54%) as a pale yellow oil. 1H NMR (400 Mz, CDCls) § = 1.03 (t, J= 7.1
Hz, 6H), 2.09 (s, 3H), 2.38 (dd, J= 2.1, 18.8 Hz, 1H), 2.50 (q, /= 7.1 Hz, 4H), 2.88 (dd, /
= 6.3, 18.8 Hz, 1H), 3.23 (t, J= 1.7 Hz, 2H), 5.77-5.81 (m, 1H), 7.34-7.35 (m, 1H) ppm.
13C NMR (100 Mz, CDCls) § = 12.1 (20), 21.1, 42.0, 47.5, 47.6, 70.5, 147.9, 153.9, 170.8,
204.8 ppm. HR-MS (ESI-TOF): m/z caled for Ci12H20NOs (M + HI]*) 226.1438, found
226.1435

TBS-imidazole 51

TBSCI

0 imidazole o
DMAP _
ﬁ/\om DME ﬁ/\Nx
HO overnight TBSO IQN
13 90% 51

TBSCI (661 mg, 4.38 mmol), imidazole (596 mg, 8.76 mmol) and DMAP (35.6 mg, 0.292
mmol) were added to a stirred solution of 13 (498 mg, 2.92 mmol) in DMF (2.9 mL) at
room temperature under argon atmosphere, and the mixture was stirred at room
temperature. After overnight, the reaction was quenched with H20. The resulting
mixture was extracted with Et20 (2 x 10 mL). The combined extracts were washed with
brine (10 mL) then dried with MgSQOa. Concentration in vauco afforded a residue, which
was eluted by column chromatography (EtOAc) to give 51 (770 mg, 90%) as a white clay.
TLC (EtOAc): Rr= 0.25 (broad); tH NMR (400 Mz, CDCls) § 0.090 (s, 6H), 0.88 (s, 9H),
2.35 (dd, J= 2.1, 18.5 Hz, 1H), 2.82 (dd, J= 5.9, 18.5 Hz, 1H), 4.68-4.79 (m, 2H), 4.88-
4.91 (m, 1H), 6.92-6.94 (m, 2H), 7.10 (s, 1H), 7.53 (brs, 1H) ppm.

TBS amine 28
0 TBSOT (1.5 eq.) o) o)
ﬁ/\ 2,6-lutidine (2.0 eq.) HNEt, (2.0 eq.)
OAc —_
THF, rt OAC  THF-K,CO; aq. NEt,
HO TBSO rt TBSO
18 75% 56 90% 28

TBSOTY (0.35 mL, 1.50 mmol) and 2,6-lutidine (0.24 mL, 2.0 mmol) were added to a
stirred solution of 18 (170 mg, 1.0 mmol) in CH2Cl: (5.0 mL) at room temperature under
argon atmosphere, and the mixture was stirred at room temperature. After 0.5 h, the
reaction was quenched with H20. The resulting mixture was extracted with CHzCls (2 x
15 mL). The combined extracts were washed with brine (20 mL) then dried with MgSOa.

Concentration in vauco afforded a residue, which was purified by column
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chromatography (hexane/EtOAc 3:1) to give 56 (213 mg, 75%) as a colorless oil.

HNEt: (0.16 mL, 1.50 mmol) and 0.2 M K2COs3 (3 mL) were added to a stirred solution
of 56 (213 mg, 0.75 mmol) in THF (3 mL) at roomtempeture. After 1 h, the reaction was
quenched with H20. The resulting mixture was extracted with AcOEt (2 x 15 mL). The
combined extracts were washed with brine (20 mL) then dried with MgSOua.
Concentration in vauco afforded a residue, which was purified by column
chromatography (hexane/EtOAc 2:1 — 2:1) to give 28 (267 mg, 0.9 mmol, 90%) as a pale
yellow oil. TLC (Hexane:EtOAc, 1:1 v/v): Rr= 0.3 (broad); 'TH NMR (400 Mz, CDCls) &
0.10 (s, 3H), 0.11 (s, 3H), 0.89 (s, 9H), 1.01 (t, J= 7.1, 3H), 2.28 (dd, /= 2.1, 18.3 Hz, 1H),
2.44-2.53 (m, 4H), 2.74 (dd, J= 5.9, 18.3 Hz, 1H), 3.13-3.23 (m, 2H), 4.89-4.92 (m, 1H),
7.22-7.23 (m, 1H) ppm; 3C NMR (100 Mz, CDCls) § —4.58, —4.55, 12.0, 18.2, 25.9, 45.8,
47.4, 47.5, 69.1, 144.3, 158.9, 206.1 ppm; HR-MS (ESI-TOF) : m/z C16H32NO4Si (M +
HI*) caled. for 298.2197, found 298.2204.

TES-amine 58 from 13
0 TESCI, EtsN o}

THF, rt, 1 h
OAc then HNEt,, THF NEt,
0.2 M K,COs3 aq.
HO N e TESO
13 82% 58

TESCI (2.23 mL, 16.4 mmol) and EtsN (1.29 mL, 7.63 mmol) were added to a stirred
solution of 13 (1.0 g, 5.87 mmol) in CH2Clz (12 mL) at room temperature under argon
atmosphere, and the mixture was stirred at room temperature. After 1 h, THF (5 mL),
HNEt2 (3.05 mL, 29.4 mmol) and 0.2 M K2COs (15 mL) were added to the mixture at
roomtempeture, and stirred further 40 min at same temperature. The reaction was
quenched with H20. The resulting mixture was extracted with AcOEt (2 X 30 mL). The
combined extracts were washed with brine (20 mL) then dried with MgSOua.
Concentration in vauco afforded a residue, which was purified by column
chromatography (hexane/EtOAc 1:1 — 2:1) to give 58 (1.45 g, 4.88 mmol, 82%) as a pale
yellow oil. TLC (Hexane:EtOAc, 1:2 v/v): Rr= 0.40 (broad); 'H NMR (400 Mz, CDCls) §
0.65 (dd, /= 8.0, 15.8 Hz, 6H), 0.96-1.04 (m, 15H), 2.32 (dd, J= 2.0, 18.4 Hz, 1H), 2.47-
2.53 (m, 4H), 2.77 (dd, J = 6.0, 18.2 Hz, 1H), 3.15-3.25 (m, 2H), 4.90-4.92 (m, 1H), 7.24-
7.25 (m, 1H) ppm; 13C NMR (100 Mz, CDCls) § 4.8, 6.9 12.1, 45.9, 47.4, 47.5, 68.8, 145.1,
158.9, 206.2 ppm; IR(neat): 1147, 1716, 2960 cm-1; HR-MS (ESI-TOF) : m/z C16H32NO4Si
(IM + H]*) caled. for 298.2197, found 298.2196.
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Compound 64

o EtzAlm
59 OTBS
NEt toluene, rt
TESO
58
(0] (0]

TESO TESO D=~~~
trans-64 OTBS cis-64 OTBS
64% 24%

transl/cis = 5:2

nmBuli (1.55 M, 1.25 mL, 1.93 mmol) was added to a stirred solution of (S)-tert-
butyldimethyl-(oct-1-yn-3-yloxy)silane (500 mg, 2.08 mmol) prepared from (9)-(-)-1-
Octyn-3-ol in toluene (1.3 mL) at 0 °C under argon atmosphere. After 3 h, AlEt2Cl (1.0 M
2.08 mL, 2.08 mmol) was added to the mixture, and stirred further 0.5 h at room
temperature. A solution of 58 (412 mg, 1.38 mmol) was added dropwise to the prepared
organoauminum 59 at —78 °C. After 0.5 h, the resulting solution was allowed to warm
up to room temperature and stirred further 1 h. The reaction was quenched with 1 M
HCl and saturated aqueous NH4Cl. The resulting mixture was extracted with AcOEt (2
x 15 mL). The combined extracts were washed with brine (10 mL) then dried with MgSOQa.
Concentration in vauco afforded a residue, which was purified by column
chromatography (hexane/EtOAc 50:1) to give trans-64 (408 mg, 64%) as a pale yellow oil,
and cis'67 (156 mg, 24%) as a pale yellow oil.

Compound trans-64: 'H NMR (400 Mz, CDCls) § = 0.091 (s, 3H), 0.10 (s, 3H), 0.64 (dd,
J= 1.6, 15.4 Hz, 6H), 0.87-0.99 (m, 21H), 1.28-1.69 (m, 8H), 2.34 (dd, J/ = 7.2, 18.6 Hz,
1H), 2.72 (dd, J = 6.4, 18.0 Hz, 1H), 3.53-3.55 (m, 1H), 4.25-4.35 (m, 2H), 5.55-5.56 (m,
1H), 6.14 (d, J= 2.8 Hz, 1H) ppm. HR-MS (ESI-TOF): m/z calcd for C26H4s03Si2Na ([M +
Nal+) 487.3034, found 487.3029

Compound ¢is67: 'H NMR (400 Mz, CDCls) § = 0.010 (s, 3H), 0.12 (s, 3H), 0.61 (dd,
= 8.0, 16.4 Hz, 6H), 0.88-0.97 (m, 21H), 1.26-1.69 (m, 8H), 2.41-2.44 (m, 2H), 3.68-3.69
(m, 1H), 4.38-4.41 (m, 1H), 4.52-4.54 (m, 1H), 5.56-5.60 (m, 1H), 6.17 (d, /= 3.2 Hz, 1H)
ppm. 'HR-MS (ESI-TOF): m/z caled for C26H4s0sSi2Na ([M + Nal*) 487.3034, found
487.3030.
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TES-amine (£)-58: One-pot operation
o) HNEt, o)

? PBr, Et;N TESCI U
\ OH  THF, 0°C  rt,15min  rt, 30 min \ NEt,
HO 5 min TESO

2 42% (One-pot, 3 sptes) (R)-58

PBr; (59 pL, 0.62 mmol) was added to a stirred solution of (£)-2 (227 mg, 1.77 mmol)
in THF (5.9 mL) at 0 °C, and the mixutre was stirred at same temperature. After 5 min,
EtsN (0.49 mL, 3.54 mmol) and HNEt2 (0.37 mL, 3.54 mmol) were added to the same pot,
and the mixutre was stirred at room temperature for 15 min. Finally, TESCI (0.39 mL,
2.30 mmol) was added to the reaction mixture, and stirred further 30 min at room
temperature (If the reaction is stopped halfway or does not proceeded, set the
temperature above 30 °C.) All reactions were monitored by TLC (AcOEt). The reaction
was quenched with H20. The resulting mixture was extracted with AcOEt (2 x 10 mL).
The combined extracts were washed with brine (10 mL) then dried with MgSOu.
Concentration in vauco afforded a residue, which was purified by column
chromatography (hexane/EtOAc 1:1 — 2:1) to give (£)-58 (219 mg, 0.734 mmol, 42%) as
a pale yellow oil, and the spectroscopic data were in agreement with 58. [alp26 = +18.7 (c
= 1.0 in CHCls).

Compound 67
s AN
o Liz(NC)ZCu\/\:/v\/ o
66 OTES
NEt,
R Et,0, -78 °C, 20 min R _
TESO TESO Y
(R)-58 70% OTES

67

mBuli (1.55 M, 0.25 mL, 0.39 mmol) was added to a stirred solution of vinyl iodide
(145 mg, 0.39 mmol) prepared from (S)-(—)-1-Octyn-3-ol in Et20 (1.3 mL) at —78 °C under
argon atmosphere. After 2 hours, lithium 2-thienylcyanocuprate (0.25 M, 1.57 mL, 0.39
mmol) was added to the reaction and stirring further continued for 30 minutes at the
same temperature to allow formation of mixed cuprate 66. A solution of 58 (106 mg, 0.35
mmol) in Et20 (1.5 mL) was added dropwise at —78 °C. The mixture was stirred for 20
min at the same temperature. The reaction was quenched with saturated aqueous NH4Cl.
The resulting mixture was extracted with Hexane (2 X 10 mL). The combined extracts

were washed with brine (10 mL) then dried with Na2SO4. Concentration in vauco
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afforded a residue, which was purified by column chromatography (hexane/EtOAc 60:1
— 40:1) to give 67 (114 mg, 0.243 mmol, 70%) as a colorless oil. TLC (Hexane:EtOAc,
20:1 v/v): Re= 0.33; [alp?2 = —40.8 (¢ = 0.30 in CHCI3); 'H NMR (400 Mz, CDCls) § 0.56-
0.62 (m, 12H), 0.88 (t, J=6.8 Hz, 3H), 0.93-0.97 (m, 18H), 1.26-1.51 (m, 8H), 2.34 (dd, J
=6.4, 17.8 Hz, 1H), 2.63 (dd, J= 6.4, 17.8 Hz, 1H), 3.30-3.33 (m, 1H), 4.10-4.15 (m, 2H),
5.24-5.25 (m, 1H), 5.45-5.65 (m, 2H), 6.12-6.13 (m, 1H) ppm; 3C NMR (100 Mz, CDCls)
§4.9,5.1,6.9, 7.0, 14.2, 22.8, 25.2, 32.0, 38.7, 47.1, 54.6, 72.79, 72.83, 77.4, 119.5, 1217.6,
137.7,146.8, 203.7 ppm; IR(neat): 1149, 1427, 1731, 2360, 2954 cm-1; HR-MS (ESI-TOF) :
m/z C26H1803Si2Na ([M + Nal+) caled. for 487.3034, found 487.3029.

Compound 69
(0]
o} e~~~ o
OMe Q
68 - “\\W\)J\OMe
R — n-BuSnH, Et3B R —
TESO Y toluene, -20 °C,3h  TESO ;
OTES 56% OTES
67 69

Triethylborane (47 uL, 0.047 mmol) was added to a stirred solution of 67 (210 mg, 0.47
mmol), 68 (358 mg, 1.40 mmol) and tributyltin hydride (0.38 mL, 1.40 mmol) in toluene
(1.5 mL) at —20 °C under argon atmosphere. The mixture was stirred for 3 hours at the
same temperature. Concentration in vauco afforded a residue, which was purified by
column chromatography (hexane/EtOAc 50:1 — 20:1) to give 69 (158 mg, 0.262 mmol,
56%) as a colorless oil. TLC (Hexane:EtOAc, 10:1 v/v): Rr= 0.40; [alp22 = —29.0 (c = 0.24
in CHCl3); 'H NMR (400 Mz, CDCls) § 0.55-0.62 (m, 12H), 0.88 (t, J=6.8 Hz, 3H), 0.92-
0.99 (m, 18H), 1.21-1.63 (m, 18H), 1.91-1.97 (m, 1H), 2.18 (dd, J= 8.0, 18.4 Hz, 1H), 2.28
(t, J=7.6 Hz, 2H), 2.42-2.49 (m, 1H), 2.62 (ddd, J= 1.2, 7.2, 18.2 Hz, 1H), 3.66 (s, 3H),
4.1-4.13 (m, 2H), 5.49-5.61 (m, 2H) ppm; 13C NMR (100 Mz, CDCls) § 4.9, 5.1, 6.7 6.9, 7.1,
14.2, 22.8, 25.1, 25.2, 26.8, 28.0, 29.1, 29.3, 29.7, 32.0, 34.2, 38.7, 51.6, 53.2, 53.9, 73.0,
77.4,129.0, 136.3, 174.4, 216.5 ppm; HR-MS (ESI-TOF) : m/z Cs3Hs405Si2Na ([M + Na]+)
caled. for 619.4184, found 619.4203.
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PGEi-methyl ester (65)

(0] (0] o} (0]
‘\\/\/\)]\ cat. PPTS ‘\\/\/\)j\
° OMe —— » ° OMe
Acetone-H,0
\\. / 2 \\. /
TESO Y ,6h HO Y
OTES 82% OH
69 65

PPTS (0.63 mg, 2.5 umol) was added to a stirred solution of 69 (50.0 mg, 0.084 mmol)
in acetone (0.83 mL) and water (0.17 mL). After 6 hours stirring at room temperature,
acetone was removed in vacuo and the residue was extracted with EtOAc (2 x 10 mL).
The combined extracts were washed with brine (5 mL) then dried with MgSOu.
Concentration in vauco afforded a residue, which was purified by column
chromatography (Et20/MeOH 50:1) to give 65 (25.2 mg, 0.0684 mmol, 82%) as a colorless
oil. TLC (Et20:MeOH, 50:1 v/v): Rr= 0.23; [a]p?2 = —46.8 (¢ = 0.93 in MeOH), [lit [a]p22 =
—55.6 (c = 0.33 in MeOH)]; 'H NMR (400 Mz, CDCls) § 0.89 (t, /=6.4 Hz, 3H), 1.21-1.69
(m, 18H), 1.96-2.04 (m, 1H), 2.17-2.38 (m, 5H), 2.73 (ddd, J= 1.2, 7.2, 18.4 Hz, 1H), 3.22
(brs, 1H), 3.66 (s, 3H), 4.01-4.14 (m, 2H), 5.52-5.70 (m, 2H) ppm; 3C NMR (100 Mz,
CDCls) § 14.2, 22.8, 25.0, 25.3 26.7, 27.8, 29.0, 29.5, 31.8, 34.1, 37.5, 46.0, 51.6, 54.6, 54.9,
72.0, 73.1, 131.9, 136.9, 174.5, 214.8 ppm; HR-MS (ESI-TOF) : m/z C21H3605Na ([M +
Nal+) caled. for 391.2455, found 391.2459. The spectroscopic data and the optical rotation

were in agreement with those previously published.1?

Compound 90
0 TBSCI o
Et;N
—_—
OH THE, rt OTBS
HO overnight HO
82%
2 90

TBSC1 (3.29 g, 21.8 mmol) and EtsN (3.8 mL, 27.3 mmol) were added to a solution of 2
(1.4 g,10.9 mmol) in THF (20 mL). The reaction mixture was stirred at room temperature.
After overnight, the resulting mixture was quenched with saturated aqueous NH4Cl. The
resulting mixture was extracted with EtOAc (2 x 30 mL). The combined extracts were
washed with brine (20 mL) then dried with MgSO4. Concentration in vacuo afforded a
residue, which was purified by column chromatography (hexane/EtOAc = 2:1 — 1:1) to
give 90 (2.17 g, 8.94 mmol, 82%) as a pale yellow oil. TLC (hexane/EtOAc = 1:3): Rt =
0.73; tH NMR (400 Mz, CDCl3): § 0.080 (s, 3H), 0.085 (s, 3H), 0.92 (s, 3H), 1.91 (d, J= 5.2
Hz), 2.37 (dd, J= 2.0, 18.8 Hz, 1H), 2.86 (dd, /= 6.0, 18.8 Hz, 1H), 4.37-4.38 (m, 2H),
4.99 (brs, 1H), 7.37—-7.38 (m, 1H) ppm; 3C NMR (100 Mz, CDCls) § —5.35, —5.32, 18.4,
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26.0 (30), 45.8, 58.0, 68.9, 148.4, 155.9, 204.8 ppm; HR-MS (ESI-TOF) : m/z C12H2303Si1
(IM + HI*), caled. for 243.1411; found, 243.1415.

Compound 91 and (9)-90
O (0] (0]

Lipase AK amano
ﬁ/\OTBS Acetone-vinyl acetate g § J; otes T ﬁ/\OTBS
HO rt, overnight AcO¢ HO
90 91 (S)-90
48% 50%

Lipase AK amano (1.1 g, 50w/w%) was added to a stirred solution of 90 (2.2 g, 9.04
mmol) in Acetone—Vinylacetate (26 mL, 1:1) at room temperature. After overnight, the
resulting mixture was filtrated with Celite-pad and concentrated in vacuo. The residue
was purified by column chromatography (hexane/EtOAc = 3:1 — 1:1) to give 91 (1.25 g,
4.34 mmol, 48%) as a pale yellow oil and (9-90 (1.1 g, 4.51 mmol, 50%) as a pale yellow
oil. TLC (Hexane/EtOAc = 1:1): R¢= 0.39; [a]p?® = +31.2 (¢= 1.0 in CHCl3); 'H NMR (400
Mz, CDCls) § 0.084 (s, 3H), 0.086 (s, 3H), 0.92 (s, 9H), 2.10 (s, 3H), 2.41 (dd, J= 2.0, 18.8
Hz, 1H), 2.91 (dd, J= 6.0, 18.2 Hz, 1H), 4.40 (t, J= 2.0 Hz, 2H), 5.78-5.82 (m, 2H), 7.36
(d, J=2.4, 1H) ppm; 13C NMR (100 Mz, CDCls) § —5.35, —5.32, 18.4, 26.0 (3C), 45.8, 58.0,
68.9, 148.4, 155.9, 204.8 ppm; IR(neat): 1234, 1371, 1716, 1744 cm-1; HR-MS (ESI-
TOF) : m/z C14H2404SiNa (M + Nal*) caled. for 307.1336, found 307.1358. (S)-5; [alp!? =
—11.6 (¢= 1.0 in CHCly).

TBS-Pentenomycin I (92)

0 K2080,(0H), Q@  oTBs
NMO N
é/\OTBS Acetone-H,0O g QOH
AcO' M, 2h OH
91 61% 92

K20s02(0H)4 (91 mg, 0.246 mmol) and NMO (864 mg, 7.38 mmol) were added to a
stirred solution of 91 (1.4 g, 4.92 mmol) in Acetone-H20 (12 mL, 2:1) at room
temperature, and the mixture was stirred at same temperature. After 2 hours, the
reaction mixture was quenched with aqueous Na2S203 (10%). The resulting mixture was
extracted with EtOAc (2 X 15 mL). The combined extracts were washed with brine (20
mL) then dried with MgSOs. Concentration in vacuo afforded a residue, which was
purified by column chromatography (hexane/EtOAc = 2:1) to give 92 (780 mg, 61%) as a
white powder and 91 was recovered (299 mg, 21%). TLC (Hexane/EtOAc = 1:1): Re. = 0.62;
[a]p26 = —18.1 (¢ = 1.06 in CHCl3); *H NMR (400 Mz, CDCls) § 0.03 (s, 3H), 0.05 (s, 3H),
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0.84 (s, 9H), 2.74 (d, J= 6.8 Hz, 1H), 3.10 (s, 1H), 3.73 (q, J = 9.6 Hz, 2H), 4.75-4.77 (m,
1H), 6.31 (dd, J=1.2, 6.0 Hz, 1H), 7.64 (dd, J= 2.4, 6.0 Hz, 1H) ppm; 13C NMR (100 Mz,
CDCls) § —5.5, —5.4, 18.3, 25.8 (3C), 64.8, 72.6, 74.9, 133.9, 162.8, 206.3; IR(neat): 1249,
1689, 3278, 3343 cm-1; HR-MS (ESI-TOF) : m/z C12H2204SiNa (M + Nal+) calcd. for
281.1180, found 281.1183.

ent-92
ACzO
0o pyridine 0 K20s0,(0OH),4 9 orBS
DMAP NMO é}
—_—T 0
OTBS THE, 1t, 2 h OTBS  Acetone-H,0 / OH
HO 72% AcO rt,2h OH
0,

(S)-90 ent-91 55% ent-92

Ac20 (0.86 mL, 8.25 mmol) and DMAP (50 mg, 0.413 mmol) were added to a solution
of (9-90 (1.0 g, 4.13 mmol) in THF (14 mL) and pyridine (1.0 mL, 12.4 mmol) at room
temperature, and the mixture was stirred at same temperature. After 2 hours, the
reaction mixture was quenched with 1N HCI. The resulting mixture was extracted with
EtOAc (2 X 15 mL). The combined extracts were washed with brine (20 mL) then dried
with MgSO4. Concentration in vacuo afforded a residue, which was purified by column
chromatography (hexane/EtOAc = 3:1) to give ent-91 (833 mg, 2.97 mmol, 72%) as a pale
yellow oil. The spectroscopic data were in agreement with 91. [alp24 = -39.2 (¢ = 1.0 in
CHCla).

K20s02(0H)4 (47 mg, 0.129 mmol) and NMO (452 mg, 3.86 mmol) were added to a
stirred solution of en#91 (732 mg, 2.57 mmol) in Acetone—H20 (8.6 mL, 2:1) at room
temperature, and the mixture was stirred at same temperature. After 2 hours, the
reaction mixture was quenched with aqueous Na2S203 (10%). The resulting mixture was
extracted with EtOAc (2 X 15 mL). The combined extracts were washed with brine (20
mL) then dried with MgSO4. Concentration in vacuo afforded a residue, which was
purified by column chromatography (hexane/EtOAc = 2:1) to give ent92 (363 mg, 1.41
mmol, 55%) as a white powder and en#-6 was recovered (219 mg, 28%). The spectroscopic

data were in agreement with (-)-7. [a]lp2” = +19.6 (¢= 1.0 in CHCls).
(-)-Pentenomycin I (71)
O oTBS O  OoH
N 3 M HCl aq. “\/
QOH THF, 1t,0.5h QOH

OH 48% OH
92 (-)-pentenomycin | (71)
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3 M HCI (1.2 mL) was added to a solution of 92 (100 mg, 0.387 mmol) in THF (0.7mL)
at room temperature and the mixture was stirred at same temperature. After 30 minutes,
concentration in vacuo afforded a residue, which was purified by column
chromatography (CH2Clo/MeOH, 8:1) to give (—)-Pentenomycin I (71) (26.8 mg, 0.186
mmol, 48%) TLC (CH2Clo/MeOH = 8:1): Re. = 0.25; [alp28 = -19.6 (c = 0.35, EtOH) ; 'H
NMR (400 Mz, D20) 6 3.65 (dd, J= 11.6, 25 Hz, 2H), 4.75 (s, 1H), 6.73 (d, J= 6.0 Hz, 1H),
7.78 (dd, J= 2.4, 6.2 Hz, 1H) ppm. 13C NMR (100 Mz, D20) § 63.1, 71.5, 76.2, 133.3, 164.4,
209.7 ppm. HR-MS (ESI-TOF): m/z CséHsOsNa (IM + Nal*) caled. for 167.0315, found
167.0316.

(+)-71 was obtained from ent-92 by the same method, and the spectroscopic data were
in agreement with (-)-71. [a]p23 =+ 13.2 (¢ = 0.36, EtOH).

Benzoate 96

(PhCO),0

O oTtBs pyridine O oTBS
W/ DMAP _ w/
QOH THF, i, 1h QOH
OH 95% OCOPh
92 96

(PhCO)20 (262 mg, 3.10 mmol) and DMAP (9.5 mg, 0.078 mmol) were added to a
stirred solution of 92 (200 mg, 0.775 mmol) and pyridine (0.25 mL, 1.16 mmol) in THF
(2.5 mL) at room temperature, and the mixture was stirred at same temperature. After
1 hour, the reaction mixture was quenched with aqueous 1N HCI. The resulting mixture
was extracted with EtOAc (2 x 10 mL). The combined extracts were washed with brine
(10 mL) then dried with MgSOs. Concentration in vacuo afforded a residue, which was
purified by column chromatography (hexane/EtOAc =6:1 — 4:1) to give 96 (267 mg, 0.736
mmol, 95%) as a white powder. TLC (Hexane/EtOAc = 4:1): Re. = 0.3; [a]p26 = —48.9 (¢ =
0.40 in CHCls); tH NMR (400 Mz, CDCls) § 0.029 (s, 3H), 0.076 (s, 3H), 0.84 (s, 9H), 2.53
(s, 1H), 3.87 (q, J= 9.2 Hz, 1H), 6.05 (dd, J= 1.6, 2.6 Hz 1H), 6.51 (dd, J = 1.2, 6.2 Hz
1H), 7.43-7.57 (m, 2H), 7.57-7.61 (m, 1H), 7.70 (dd, J = 2.4, 6.2 Hz, 1H), 8.04-8.07 (m,
1H) ppm; 13C NMR (100 Mz, CDCls) § —5.6, —5.5, 18.2, 25.8 (3C), 65.9, 74.8, 75.5, 128.7,
129.3, 130.0, 133.7, 136.3, 158.3, 166.1, 206.3; IR(neat): 1267, 1418, 1717, 3368 cm1;
HR-MS (ESI-TOF) : m/z C19H2605SiNa ([M + Nal+) calcd. for 385.1442, found 385.1448.
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Pentemycin benzoate (95)

i /OTBS 6 M HCl aq i ?H
L - L
QOH THF, rt, 1 h QOH
OCOPh 100% OCOPh
96 95

6 M HCI1 (3.4 mL) was added to a stirred solution of 96 (180 mg, 0.497 mmol) in THF

(1.6 mL) at room temperature, and the mixture was stirred at same temperature. After

1 hour, the reaction mixture was quenched with saturated aqueous NaHCOs. The
resulting mixture was extracted with EtOAc (2 x 10 mL). The combined extracts were
washed with brine (10 mL) then dried with MgSO4. Concentration in vacuo afforded a
residue, which was purified by column chromatography (hexane/EtOAc = 1:1) to give
Pentemycin benzoate (95) (123 mg, 0.496 mmol 100%) as a white powder. TLC
(Hexane:EtOAc = 1:1): Rt = 0.25; [alp24 = +55.2 (¢ = 0.30 in CHCl3); *H NMR (400 Mz,
CDCly) § 2.61 (t, J= 6.4 Hz, 1H), 2.98 (s, 1H), 3.83 (dd, /= 1.2, 6.4 Hz, 2H), 5.90 (dd, J=
1.6, 2.6 Hz 1H), 6.53 (dd, J= 1.2, 6.2 Hz 1H), 7.45-7.48 (m, 2H), 7.59-7.61 (m, 1H), 7.73
(dd, /= 2.8, 6.2 Hz, 1H), 8.05-8.06 (m, 1H) ppm; 3C NMR (100 Mz, CDCls) § 65.5, 74.5,
128.7 (20), 129.0, 130.1 (20), 133.9, 135.8, 158.1, 166.5, 205.7; HR-MS (ESI-TOF) : m/z
Ci1sH1205Na ([M + Nal*) caled. for 271.0577, found 271.0583.

Q  OH Q  OoH
‘\\\l 2 - | ‘\\\l
OH CH,Cl,-pyridine OH
rt, 1 h

OCOPh OCOPh
47%
95 96

Iodide 96

I (92.4 mg, 0.366 mmol) was added to a stirred solution of 95 (70 mg, 0.282 mmol) in
CH2Clz-Pyridine (2:1, 2.8 mL) at room temperature, and the mixture was stirred at same
temperature in shade. After 1 hour, the reaction mixture was quenched with aqueous
Na2S203 (10%). The resulting mixture was extracted with EtOAc (2 x 10 mL). The
combined extracts were washed with aqueous 0.01N HCI and brine then dried with
MgSOs. Concentration in vacuo afforded a residue, which was purified by column
chromatography (hexane/EtOAc = 2:1) to give 96 (50.1 mg, 0.134 mmol, 47%) as a white
powder. TLC (Hexane/EtOAc = 1:1): Rf. = 0.47; [alp2’= +6.4 (c = 0.27 in CHCls); 1H NMR
(400 Mz, CDCls) § 2.52 (brs, 1H), 3.08 (brs, 1H), 3.86 (s, 2H), 5.87 (d, J = 3.2 Hz 1H),
7.45-7.49 (m, 2H), 7.60—7.64 (m, 1H), 8.04-8.07 (m, 2H), 8.10 (d, /= 2.8 Hz 1H) ppm; 13C
NMR (100 Mz, CDC13) § 65.4, 74.1, 75.5, 106.5, 128.8 (2C), 130.1 (2C), 134.1, 163.3, 166.2,
200.7 ppm' IR(neat): 1262, 1725, 3242, 3413 cm-1; HR-MS (ESI-TOF) : m/z C13H1105INa
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(IM + Nal+) caled. for 396.9543, found 396.9548.

Dihydropentenomycin benzoate 97

O oH cat. Pd/C O  oH
! H, (balloon) ol
OH MeOH B OH
OCOPh 100% OCOPh
95 97

10% Pd/C (5 mg) was added to a stirred solution of 95 (26.3 mg, 0.106 mmol) in
methanol at room temperature, and the mixture was stirred at same temperature. After
1 hours, the mixture was filtrated with Celite-pad and concentrated in vacuo. The
residue was purified by column chromatography (hexane/EtOAc = 1:1) to give 97 (26.6
mg, 0.106 mmol, 100%) as a pale yellow syrup. 'H NMR (400 Mz, CDCls) § 2.29-2.66 (m,
5H), 2.94 (brs, 1H), 3.71 (d, J=11.6 Hz 1H), 3.79 (d, /= 11.6 Hz 1H), 5.61 (d, /= 2.8 Hz
1H), 7.45 (t, J="7.6 Hz 2H), 7.58 (t, J= 7.6 Hz 1H), 7.99 (d, /= 5.6 Hz 1H) ppm; 13C NMR
(100 Mz, CDCls) § 24.3, 32.3, 63.9, 74.2, 81.6, 128.6, 129.6, 129.9, 133.5, 166.1, 215.0
ppm; HR-MS (ESI-TOF) : m/z Ci13H1405Na (M + Nal+) caled. for 273.0733, found
273.0740.

Compound 99
PhB(OH),
O oTBS O oTBs cat Pd(PPhg),Cl, O oTtBs
! 12 o ! K2COs _ |pn !
OH CH,Cl,-pyridine OH THF-H,0, 60 °C OH
OCOPh r,1h OCOPh OH
100%
926 98 s2

2) 6 M HCl aq. Ph J
Wy

THF, rt, 1 h OH
64% (2 steps) OH
99
I (153 mg, 0.607 mmol) was added to a stirred solution of 96 (200 mg, 0.552 mmol) in
CH:Clo-Pyridine (2:1, 1.8 mL) at room temperature, and the mixture was stirred at same
temperature in shade. After 1 hour, the reaction mixture was quenched with aqueous
Na2S203 (10%). The resulting mixture was extracted with EtOAc (2 x 10 mL). The
combined extracts were washed with brine then dried with MgSO4. Concentration in
vacuo afforded a residue, which was eluted by column chromatography (hexane/EtOAc

2:1) to give 98 (278 mg, 99%) as a pale yellow oil.
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K2COs (309 mg, 2.24mmol), PhB(OH): (58.5 mg, 0.48 mmol) and Pd(PPhs)2Cl: (35 mg,
0.016 mmol) were added to a stirred solution of 98 (156 mg, 0.32 mmol) in THF (3.2 mL)
and H20 (1.5 mL) at room temperature, and the mixture was stirred at 60°C. After
overnight, the reaction mixture was quenched with 1M HCI. The resulting mixture was
extracted with EtOAc (2 x 10 mL). The combined extracts were washed with brine then
dried with MgSO4. Concentration in vacuo afforded a residue, which was eluted by
column chromatography (hexane/EtOAc 4:1) to give S2 (80 mg, 75%) as a brown paste.
3M HCI (2.4 mL) was added to a stirred solution of S2 (80 mg, 0.239 mmol) at room
temperature, and the mixture was stirred at same temperature. After 1 hour, the
reaction mixture was quenched with saturated aqueous NaHCOs. The resulting mixture
was extracted with EtOAc (2 x 10 mL). The combined extracts were washed with brine
(10 mL) then dried with MgSOs. Concentration in vacuo afforded a residue, which was
purified by column chromatography (EtOAc) to give 99 (33.8 mg, 0.153 mmol, 64% from
98) as a white powder. TLC (EtOAc): Rt = 0.35; 1H NMR (400 Mz, CDCls) § 2.36 (q, J =
4.0 Hz, 1H), 2.94 (d, J= 6.8 Hz, 1H), 3.60 (s, 1H), 3.74 (dd, /= 8.8, 11.6 Hz, 1H), 3.89 (dd,
J=4.0,11.6 Hz, 1H), 4.76 (d, J= 2.8 Hz, 1H), 7.40-7.44 (m, 2H), 7.73-7.75 (m, 3H) ppm;
13C NMR (100 Mz, CDCls) § 64.6, 70.9, 78.1, 128.5, 129., 130.1, 132.3, 143.8, 157.6, 206.6
ppm; HR-MS (ESI-TOF) : m/z Ci12H1204Na (M + Nal*) caled. for 243.0628, found
243.0636.
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4-Hydroxy-2-hydroxymethyl-2-cyclopenten-1-one (2)
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Time 17.

INSTRUM

PROBHD 5 mm PABBI 1H/
PULPROG 230
SOLVENT  Acetone

NS 16

DS 2

SWH 8223685 Hz
FIDRES _ 0.125483 Hz
AQ 3.9846367 sec

RG 113
ow 60.800 usec
DE 8.50 usec
204.9 K

o1 1.00000000 sec.
Too 1
memmmman CHANNEL {1 mammmmme
NUC1 1H

1 7.50 usec
PLWI  13.19999981 W
SFO1 4001324710 MHz
;f - Processing parameters
SF 400.1300069 MHz
wWow EM
SSB
L8 030Hz
GB 0
PC 1.00

1 | T T T T T T T T T T T 1 ! i T T T 1
85 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 20 1.5 1.0 0.5 0.0 ppm
jgr ’8 |8‘ rS\ H
2 g 5 =
&
22 - g £ 3 gieegne
&R Ed = 8 8 ¢ B3R
Current Data Parameters.
EXPNO 133
PROCNO 1
F2 - Acquisition Parameters.
Date_ aomz‘ 10
i
INSTRUM sgsa
PROBHD_ 5 mm PABBI 1H/
PULPROG
SOLVENT Acetone
NS
oS
SwWi 24038 461 Hz
FIDRES 0.366798
AQ 1988 sec.
RG 46
ow 20 800 usec
DE 6.50 usec.
2058 K
D1 2.00000000 sac
D11 003000000
:
Fr CHANNEL f1 wacmanan
NUC1 13C
B e
PLW1 92.00000000 W
SFO1 100.6228298 MHz
007425000 W
SFO2 400.1316005 MHz
F2 - Processir rameters
g P
I

wi EM
ss8
L8 1.00 Hz

| Ge

‘ 2w

. Ll wibbey i

T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Tri- O-acetyl-D-glucal (11)

2100
2081
2050
—1.567
-0.005

|
é
§

Gurrent Data Parameters
NAME Kosexi

EXI 1
PROGNO 1

F2 - Acquisition Parameters
Date. 20190212

ime:
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2030

el 65¢
SOLVENT <ol
NS 16

DS
SWH 8223685 Hz
FIDRES 0125483 Hz
AQ 3.9845689 sec
206,46
ow 60.800 usec
DE 6.50 usec
2929 K |
D1 100000000
o0 1
s======= CHANNEL /1 s===s===
NUCt 1H
P1 7.50 usec
PLWI

13.19999981 W
SFOT 4001324710 MHz
F2 - Processing parameters
sl 65536
SF 400.1300095 MHz
EM

WOW
SSB 0

LB 0.30 Hz
GB

PC 1.00

T T T T 1
8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 1.5 1.0 0.5 0.0 ppm

E." N g W
838 2 ©© ~ woon
£E8 3 RER 4

67.18
—61.40

L5

Ng,
L
~7397
<
<

Gurrent Data Parameters
NAME Koseki_
EXPNO

PROCNO 1

£2 - Acquisition Parameters
Dete_ 20150221

Time: 10
INSTRI

PROBHD_5 mm PAESI 1H!
PULP k]

™

PLW13 007425000 W
§F02 4001316005 MHz

F2- Processing paramaters
si 2,
1006127619 Miz
EM
SSB
LE 100Hz
GB
140

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Furan diol IV

7.399
7.397

%

7.395

Current Data Parameters
NAME — after TKI7
EXPNO 17
PROCNO 1

F2 - Acquisition Parameters
Date 20181029

ime 1831
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 230
™
SOLVENT ~CDCB
NS 9
0S
SWH 685 Hz
FIDRES 0.125483 Hz

Q 9845889 sec

.46
D! 60.800 usec
OE 6.50 usec
TE 284.4 K
01 1.00000000 sec
Do 1

======== CHANNEL {1 ===s=s==
NUCH 1H

1 7.50 usec.
PLWI  13.19999981 W
SFO!  400.132¢710 MHz

F2 - Processing parameters
sl 65536

SF 400.1300097 MHz
WDW EM

SSB.

LB 0.30 Hz

GB

PC 1.00

7.303
7.260

6.367
6.362
6.359
6.354
6.336
6.334
6.332
6.328
6.326
6.324

%

4.835
4822
4.808

=

3.896
3.889
3.880

2

= ©
=

& 2
o &

—1.627
0.004

T
3.0

8.5 75 6.5 6.0 5.5 5.0 45 4.0 3.5 25 15 1.0 0.0 ppm
\8[ T&r 1 r '\lgr ﬁgr Wzr
2 - 5 =
5 9
3 g8 323 98
b = e KRR 88
Current Data Parameters
NAME after TKI7
EXPNO n8
PROCNG 1
e e
AP
PULPROG _ 2g:g30
el 65536
SOLVENT <coci
I
SWH. 24038 461 Hz
FIDRES 0.365796 Hz
13631488 sec.
Py
ow 20,500 usec
DE 6.50 usec
2043 K
o1 0.03000000 sec
00 1
T o
B e
PLWY 92,00000000 W
SFO1 1006226298 MHz
mmmmmmee CHANNEL 12
CPOPRG[2 waltz16
NUC2 H
100.00 usec
e e
PLWI2  0.07425000 W
SFO2  400.1316005 MHz
i —
sl 321
wow EmM
S8
LB 100 Hz
G o
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Mono acetate 13

83388 288228388 §iRssREces 4 g
% Ny NN LY

Current Data Parameters
NAME after Y;(M

EXPI

PROCNO 1

F2 - Acquisition Parameters
Date_ 20170301

Time 13.30
INSTRUM

PROBHD 5 mm PABBI 1H/
PULPROG 30

S,
a
3

B LT /1 pe—

NUC1 1H

P 7.50 usec:

PLWI  13.19999881 W

SFO1  400.1324710 Mz

F2 - Processing parameters

si 55558

SF 400.1300095 MHz 1

Wi EM

18 030Hz
o

PC 1.00

85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35

g

T T 1
15 1.0 0.5 0.0 ppm

204.00
~—170.70
——158.08
—— 14274

7748

77.16

76.84
——68.75
—57.82
——45.07

2092

=

Current Data Parameters
NAME

atter TKI4
EXPNO 60
PRO! 1
F2 - Acquistion Parameters
Date_ = 20170517
Time. e 15.35
I
PROBHD 5 mm PABBI 1H/
PULPROG
™
SOLVENT cocia
NS 77
os 4
SWH 24038461 He
FIDRES 0.366798 Hz
Q 13631988 sac
206.46
ow 20 800 usec
3 6.50 usec
TE 2959 K
D1 200000000 sec
on 0.03000000 sec
TDO 1
-------- CHANNEL f1 ==mmmmmm
NuC1 13C
P1 14.00 usec
PLWI 92 00000000 W
SFO1 1006228298 MHz
e CHANNEL 12 -
CPDPRG2 waltz16
Nuc2 1H
CPD2 10000
1319999961 W

PLW2 1
PLWIZ 007425000 W
SFO2 400.1316005 MHz

F2 - Processing parameters

st 32768

SF_ 1006127560 MHz
WowW EM

SSB 0

LB 100 Hz

GB

0
PC 1.40

T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Diacetate 15

o oY 0 @ ©wo DOVN DR b-4
g38 55838222 g §8824888:28 g
~e~ 016166V O - R Y Q
1
Current Data Parameters
NAME TKN 3
EXPNO
PROCNO q
F2 - Acquisition Parameters
Date_ 20160506
e 7200
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2030
B
SOLVENT CDCI3
NS 16
DS
SWH 685
FIDRES 0.125483 Hz
AQ X sec
R .46
ow 60.800 usec
DE 6.50 usec
TE 296.1 K
D1
ToO
ws= CHANNEL [ ssssssss
Nuct 1H
P1 7.50 usec
PLWI 13.19999981 W
SFO1 400.1324710 MHz
F2.- Processing parameters !
S 65536
SF 400.1300097 MHz
WDow EM
888 0
B 0.30 Hz
GB
PC 1.00
' hy
j— nL U N WP
8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 05 0.0 ppm
8 g g S
3 33 3 8 2033 & B e
o oo o 3 N6 6 < ) e
g ER 2 3 REeR 5 4 &8
Current Data Parameters
NAME after TKI7
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Dale_ 20190614
T‘;?RUM 16.19
z
RIE o B 0
UL 2
T S&K’Sglw
SOLVENT CDCI3
NS 815
;
SWH 24038481 Hz
FIDRES 0.366798 Hz
13631488 sec
ow 20,500 usec
DE 6.50 usec
T 283K
o1 2.00000000 sec
D11 0.03000000 sec
TDO 1
T
PLWY $6.00000000 W
SFO1 1006228298 MHz
mmmame—— CHANNEL 12
CPOPRG[2 wallz16
NUC2 1H
100.00 usec.
EoReet T
PLWI2 174 w
SFO2 400.1316006 MHz
I
Sl 327
wow EM
ss8 0
LB 100Hz
G L]
PC 140
1 . .
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

124



DiMOM 37

Rk gnenonsvoCE 0 o0
ERE85 gogaeozpocy

ERS8eg 238355050 R 388333
NI SISSIITIIIY NacaN

—3.408

T~3376
2402
2397

——1.595
-0.008

£
=
£
B

R\ %

S

Gurrent Data Parameters
NAME  TKf 103
EXPN 15
PROCNO 1

F2 - Acquisition Parameters
Date_ 20161028

ime Y
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2030

8
SOLVENT ~ CDCB3
NS 16
oS
S
FIDRES 0125483 Hz

9845889 sec
A 12428
ow 60.800 usec
DE 6.50 usec
TE 285.1 K
o
ToO

== GHANNEL f1 mmmmamns

NUCH 1H
Pl 7.50 usec
LW

13.19999981 W
SFO1 400.1324710 MHz
F2 - Processing parameters
SI 65536
SF 400.1300095 MHz
EM

WOW
SSB 0

LB 0.30 Hz
GB

PG 1.00

T T T T 1
0 25 20 1.5 1.0 0.5 0.0 ppm

8 8 { ~o Qogo @ - ©
3 M o 58 $238 258 g
& £ 2 88 FRER 5 88 g
Current Data Parameters.
NAME Tk to3
E 1
PROCNO 1
F2 - Acquisttion Parameters
Date_ 20161081
e S
INSTRUM
PROBHD 5 mm PASBI 1H/
LPROG  20iga0
Luvent o
520
i
4038 461 Hz
FIDRES 0.366798 Hz
ha 1480 vec
RG 45
ow 20.800 usec
DE 6.50 usec
TE 294 5K
D1 2.00000000 sec
o 10.03000000 sec.
:
rmemem CHANNEL 1w
NUC1 1
P1 14.00 usec
PLWY 92 00000000 W
SFO1 100 6226298 MHz

wenmaman CHANNEL 12 canaaaca
GPORRGE2 " waiz1e

P2 10000 u
PLW2  13.19999981 W
PLW12 007425000 W
SFO2  400.1316006 MHz
F2.- Proce parameters
sl o0
SF_ 100,
W
ss8
8
a8
PC 140 |

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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DiTES 41

Gurrent Data Parameters
NAME — after TKI7
1

EXPNO
PROCNO
F2 - Acquisition Parameters
Datle_ 20190612

ime 1301
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2030
™ 6
SOLVENT ~ CDC3
NS 9
oS 2
S\ 3,685 H2
FIDRES _ 0.125483 Hz
AQ 39845089 sec
RG 333
ow 60.800 usec
DE 650 usec
TE 2959 K
D1 1
TOO
m=mmamaa CHANNEL f1
NUGH TH
P1 8.00 usec
PLWI

1160000038 W
SFO1  400.1324710 Mz
F2 - Processing parameters
s &

WOW
SSB 0
B 0.30 Hz
GB

100

2814
L2700
2768
NXis

£
X

2368

2363
2322
2317

8.5 8.0 75 7.0 6.5

A
b
3
< + =
H i 8 5238 3 8 3239
& 5 % FRe g8 & ¢ S833
Current Data Parameters
E after TKI7
EXPNO 219
PROCNO 1
F2 - Acquisition Parameters
Date_ 20190612
Neraow %
NS
BEGERE! 5 Ba 0
PULPROG 2
SOLVENT cocia
NS aa7
i
SWH 24038461 Hz
FIDRES 0.366798 Hz
AQ 1.3831488 sec.
Tois
s ueec
DE 6.50 usec
S0
1 2,00000000 sec
o1 0.03000000 sec
:
RO —
ReT O
o
PLWY $6.00000000 W
SFO1 1006228298 MHz
e CHANNEL 12
CPOPRG[2 walz16
D2 100.00 usec:
e
PLW12 0.07425000 W
SFO2 400.1316005 MHz
5. Erusmidng oesomr.
sl E
SF. 1006127556 MHz.
wow EM
sS8 0
LB 100 Hz
GB
PC 140
P, ‘ "
s e s s
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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DiTBS 42

N

Gurrent Data Parameters
NAME — TKI7 10 10

PROCNO 1
F2 - Acquisition Parameters
Dale_ 20190711
Time 19
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2030
6
SOLVENT ~ CDC3
NS 8
oS 2
S\ 8223685 Hz
FIDRES _ 0.125483 Hz
AQ 9845889 sec
RG 161.99
ow 60.800 usec
DE 650 usec
296.1 K
D1 1.00000000 sec
o0 1
====amzz CHANNEL f1
NUGH TH
P1 8.00 usec
PLWI

1160000038 W
SFO1  400.1324710 Mz
F2 - Processing parameters
s &

WOW
SSB 0
B 0.30 Hz
GB

100

4944
4938

4933

4.927

4923
4918

4913
4.907

é

4373

4362

2810
2795
2764
2749
2355
2350
2310
2305
0.920
0911
0.134
0.122
0.084
0.078

£
g
B
Y
<
£
X

8.5 8.0 75

205.03

Current Data Parameters

NAME  TKI710 10

PROCNO 1

F2- Acquisttion Parameters
20190712

e V8

INSTRU) spoct

PROBHD_ & mm PABB! 1H!

PULPROG 2

SOLVENT ~_CDCI3

NS 614

SWH 24036461 Hz

FIDRES " 0.366798 Hz

AQ 13631488 500

206,

mmmmmn CHANNEL 1 s
NUCT 13C
P1 1450 Usec
PLW1 9800000000 W
SFOT  100.6228298 MHz
—=———— CHANNEL 2
CPOPAG2  walz16

H
PCPD2 100,00 usec
PLW2 1160000008 W
PLWi2 007425000 W
SFO2  400.1816005 MHz

2. Processing parameters
s 0y

SF.
WOwW
S8
B
aB
PC

100,6127553 MHz
EM

100 Hz
140

—157.04

— 14725

77.48
77.16
76.84
1845
18.25
-281

-4.52
-4.55
-5.31

-5.33

—69.17
——57.98
——46.38
—3.73

2598

2591
—1427

<
=
<
<
AN

T T T T
210 200 190 180

T
170

T
160

T
150

T
140

T
130

T
120

T
110

T
100

127

T
90

pPpm



TBS amine 28

Gurrent Data Parameters
NAME — after TKI7

EXPNO
PROGNO 1

F2 - Acquisition Parameters

Dale_ 20190613
ime 1

INSTRUM spect

PROBHD 5 mm PABBI 1H/

PULPROG 2030

SOLVENT <ol
NS 8

======== CHANNEL f1
NUGH 1H

Pl 800 usec
PLWI  11.60000038 W
SFO1 4001324710 Mz

F2 - Processing parameters
SI 6

R EEP PR EE LS Y
§55883333888858
3333333300 0nuan

L

K

if

| &k

206.13
—158.92

Current Data Parameters
atter TKI7

£2- Acquision Parameters
_ 20190613
Nty 'w?.u
INSTRU)
PROBHD_ 5 mm PABBI 1H!
PULPROG 2
SOLVENT ~ COCi
NS 2

4
24008 461 Hz
0366798 Hz

13631488 500
206,

mmmmmn CHANNEL 1 s
NUCT 13C
1450 Usec

P1
PLW1 9800000000 W
SFOT  100.6228298 MHz

11,61
0.07425000 W
400.1316005 MHz

2. Processing parameters
s 0y

SF.
WOwW
S8
B

al

PC

100,6127565 MHz
EM

100 Hz
140

— 14493

4.0

T

77.48

77.16
76.84

=

—69.14

47.47
4736
45.87

P
R

— 2589

1.0

lfe

—1824

T
0.

—1203

@

T 1
0.0 ppm

T T
210 200

T
190

T
180

T T
170 160

T T
150 140

T
130

T
120

T
110

T
100

128

T
90

80

T
70

60

50

40

30

pPpm



MOM amine 48

Gurrent Data Parameters
NAME TKM 103
1

EXi
PROCNO 1

F2 - Acquisition Parameters
Datle_ 20161104
Time 1531
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2030
SOLVENT ~ CDCi3
NS 16

oS 2

S\ 8223685 Hz
FIDRES _ 0.125483 Hz
AQ 39845089 sec
RG 1.33

ow 60.800 usec
DE 650 usec
TE 2942 K

D1 1

TOO

m=mmamaa CHANNEL f1
NUGH TH

P1 7.50 usec
PLWI

13.19999981 W
SFO1 400.1324710 MHz
F2 - Processing parameters
SI 6

4815
4810
4.805
4.800
4795
4791
4746

1.043
1.025
1.007

<

T
8.5 8.0

Téf

20564
— 156.53
——146.24

Current Data Parameters.
NAMI TKft 103
EXPNO 19
PROCNO 1

£2- Acquistion Parameters
Dae_ | 20161107
Neraow %,

N )

PROBHD. & mm PAB! 1H!
PULPROG
SOLVENT ~_CDOIB
NS 123

4

SWH 24036461 Hz

FIDRES " 0.366798 Hz

AQ 13631488 500
206,

mmmmmmn CHANNEL 1 s
NUCT 13C

P1
PLW1
SFO1

14.00 Usec
9200000000 W
1006228298 MHz

—=———— CHANNEL 2
CPOPAG2  walz16

w

400.1316005 MHz
£2- Processing parameters
i
SF 1006127807 MHz
WOwW EM
$S8 0
B 100 Hz
aB
PC 140

C

—06.22

77.48

773

76.84

7716

——55.66

—4742
— 4295

12.08

T T T T T T T
210 200 190 180 170 160 150

T
140

T T T T
130 120 110 100

129
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Acetyl amine 50

o
wENE SRR K TSR SRR SR e
5333388 §ERRRELE $8858830878833a888 388 g
NNNNNNN 010161616 166 O MmO Mmoo N NN NN NN NN - Q@
Current Data Parameters
NAME TKI7 to 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20190709
ime 1342
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2030
SOLVENT CoCI3
NS 12
DS
SWH 23,685 Hz
FIDRES 0.125483 Hz
AQ 39845889 sec
RG 90,81
ow 60.800 usec
DE 6.50 usec
TE 2962 K
D1 1.4
Too
=s====== CHANNEL f1
NUCH 1H
P1 .00 usec
PLWI 11.60000038 W
SFO1 400.1324710 MHz
F2 - Processing paramelers
SI 65536
SF 400.1300097 MHz
Wow EM
888 0
B 0.30 Hz
GB
PC 1.00
]
" |
\ h r
| Y i
8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 3.5 X 25 2.0 15 1.0 0.5 0.0 ppm
p=l - ol - <t ol |
= g &
g g & 3 ge3 & 8% 8 s g
8 L LA RERRIR 5% 9 & &
|
Gurrent Data Parameters
NAME TKI7 to 10
EXPNO
PROCNO |
A S
_ 20190708
e e
INSTRUM sg«:(
PROBHD 5 mm PABBI 1H/
f;gDJLPRoG 2gig30
SOLVENT cDC
NS )35
oS
SWH 24 461 Hz
FIDRES 0.386798 Hz
ACQ 131458 sec
RG A6
ow 20 800 usec
¥ B
TE 236.4 K
o 2 00000000 sec
on 0.03000000 sec
ToO 1
------ CHANNEL {1 caccnaae
NUCt
P1 14,50 usec
PLW1 96.
SFO1 1006228298 MHz
CHANNEL 12 ===m=me=
warz16
e
o
11.60000038
i acoss
400.1316006 MHz
PP,
WowW EM
s88
8 1.00Hz.
GB
@
]. n " " L
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
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TES amine 58

7.260
7.253
7.249
7.247
7.245

Current Data Parameters

NAME  ater TK4
NO 36

PROCNO 1

F2 - Acquisition Parameters

Date_ 20170407

Time 934

INSTRUM

PROBHD 5 mm PABBI 1H/
LPROG 2q

™ 65536

SOLVENT ~ cDCi3

NS 16

Wi

P1 7.50 usec
PLy 13 19999951 W
SFO1 4001324710 MHz

£2 - Processing parameters
SF 4001300098 MHz
W EM

SSB 0
LB 030 Hz

Gs o

PC 100 |

7.243
7.239
4.920
4916
4910
4.906
4.901
4.896
3.248
3244
3.240
3.208
3204
3.199
3.197
3.193
3.189
3.156
3.152
3.148
2799
2.784
2753
2739
2531
2527
2523
2513
2505
2.495
2.487
2477
2.470
2343
2338
2297
2292
1.044
1.026
1.008
0.997
0.985
0977
0.968
0.957
0676
0656
0.636
0617
-0.005
-0.007

8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 25 2.0 15
8 8 2 2 S |9
b 2 ~ < o o]
8 8 2 oy ~
® 3 s > 283 S o3
g g 8 Se s 8
] L ¥ §5¢ N33
Current Data Parameters
NAME after TKi4
EXPNO 7
PROCNO 1
F2. ition Parameters
Dase_‘m“zn 170407
Time. 1553
Y7t
PROBHD 5 mm PABBI 1H/
PULPROG . 20ig30
TD 65¢
SOLVENT CDCI3
NS 785
DS 4
SWH 24038 461 Hz
FIDRES 0.366798 Hz
1.3631988 soc
RG 206.4¢
ow 20,800 usec
DE 6.50 usec
TE 2956 K
o1 2.00000000 sec
D11 0.03000000 sec
Too 1
wmmmmmes CHANNEL 1 sewmmees
NUC1 1
o 14.00 usec
PLW1 92 00000000 W
SFO1 100 6228298 MHz
e CHANNEL 12 o e
CPDPRG2 waltz16
NuC2 1H
PCPD2 100.00 u
e, 1319590981 W
PLWI2 007425000 W
SFO2 400.1316005 MHz
F2 - Processing parameters
SF 100.6127553 MHz
wow EM
SSB
B 100 Hz
GB
140
J \ | . l
" ; P " "
r T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 80 70 60 50 40 30 20 10 0 ppm
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Compound 64 trans

—7.260

Gurrent Data Parameters
NAME TKI4 106

EXPN
PROCNO 1
F2 - Acquisition Parameters
Dale_ 20170410

ime 1
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2030
SOLVENT ~ CDCi3
NS 16
oS 2
SWH 8223685 Hz
FIDRES _ 0.125483 Hz
AQ 39845089 sec
RG 183.96
ow 60.800 usec
DE 650 usec
TE 2864 K
D1 1
o0 1
m=mmamaa CHANNEL f1
NUGH TH
P1 7.50 usec
PLWI 13.19999981 W
SFO1 400.1324710 MHz

F2 - Processing parameters
SI 65536

SF  400.1300095 MHz
WOW EM

888 0
LB 0.30 Hz |
GB
PC 1.00 ‘
e
| | Oy k
' ’ I 1l [
L Bid ) i “JL IV J
I Py L ) [N
8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0 ppm
v~ | v o O] - | Al 9_ g d ©|
Compound 64 cis
g 8E 83857 8E058880388805008R8E3808N2055838588R8R858055388
Current Data Parameters
NAME TKI4 106
EXPNO 40
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170410
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2030
SOLVENT COCI3
NS 16
DS 2
SWH 8223685 Hz
FIDRES 0.125483 Hz
AQ 3.9845889 sec
RG 46
ow 60.800 usec
DE 6.50 usec  }
TE 2944K
D1 1
Too 1
=s====== CHANNEL f1
NUCH 1H
P1 7.50 usec
PLWI 13.19999981 W 1
SFO1 400.1324710 MHz
F2 - Processing paramelers
SI 65536
SF 400.1300095 MHz
Wow EM
888 0
B 0.30 Hz
GB
PC 1.00
|
| .
| I I t
| It
i g ﬂ o
I \ 8
) M Jo ) b JL.._AJ’UA...;_!—% UV Ll ‘\_,Ju_..____
8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0 ppm
2 8 8 & & SN .
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Compound 67

Current Data Parameters
NAME  after TKI4
EXPNO 12

PROCH 1

F2 - Acquisition Parameters
Date_ 20170828
Time 1

INSTRUM 5
PROBHD_§ mm PABBI 1H/
PULPROG 2930

™ 65536
SOLVENT ~cDCi3

NS 16

DS

SWH 685 H
FIDRES _ 0.125483 Kz
AQ 6357

AG 6.6

oW 60,800 usec
DE 6.50 usec

TE 1K

D1 1.00000000 sec

T 1
—mmmemee CHANNEL f1
NUC1 H

P1 7.50 usec
PLWI 1318999981 W
SFOT 4001324710 MHz

F2 - Processing parameters
i

SF 400.1300097 MHz
wow EM
SSB
LB 0.30 Hz
PC 1.00
1
I
|
l | !
l n g N
. itk J i e ;
T T T T T T T T T T T T T T T T T T 1
8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0 ppm
rgj W ﬁ H ’8\ A £ ":r rggj H
N |3 & 2 = 2 b O <
= I
8 g§ 8 3 = esesne g + 8 8 es &
2 ¢ 5 5 2 SRC @A ¢ R B ¢ By 2= o823
g8 ¢ 5 & 2 NUSHy 3 5 8 5 &y 2853
Current Data Parameters
NAME after TKf4
EXPNO 120
PROCNO 1
sza’;fa;.snzmm-mm
Time. 1052
32
PROBHD 5 mm PABBI 1H/
PULPROG . 20ig30
TD 65¢
SOLVENT CDCI3
NS 775
DS 4
SWH 24038 461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 soc
RG 46
20800 wec
DE 6.50 usec
TE 2986 K
o1 S0C
D11 0.03000000 sec
T 1
wmmmmmes CHANNEL 1 sewmmees
NUC1 1
P1 14.00 usec
PLW1 92 00000000 W
SFO1 100 6228298 MHz
e CHANNEL 12 w e
CPDPRG2 waltz16
uc2 1H
PCPD2 100.00 u
PLW2 13.19999981 W
PLWI2 007425000 W
SFO2 400.1316005 MHz
F2 - Processing parameters
SF 100.6127542 MHz
wow EM
SSB
B 100 Hz
GB
PC 140
‘ l I | j ‘ Ll ”
r T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 80 70 60 50 40 30 20 10 O ppm
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Compound 69

Current Data Parameters
NAME  after TKi4

E 1
PROCNO 1

F2 - Acquisifion Parameters
Date_ 20171018

Time
INSTRUM 5
PROBHD 5 mm PABBI 1H/
PULPROG 24

0 65536
SOLVENT coci3
NS 16

AQ
RG .
ow 60.800 usec
DE 6.50 usec
TE 296.6 K
D1 1.00000000 sec
TDO 1
CHANNEL | mmmemmme |
NuC1 1H

Pl 7.50 usec

PLW1  13.19999381 W

SFO1  400.1324710 MHz

;f - Processi purameters I

SF 400.1300097 MHz
EM

wow
SSB 0
030 Hz
G o \
PC 1.00

r T T T T T T T T T T T T T T T T T T 1
85 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 20 1.5 1.0 05 0.0 ppm

'Y

o

2 & g 3 25238 8Y8 TRYBRUSIILBReqoogy
& L Lo RRRER B85 BIYARIRERENIN s
|| NN NN N

Gurrent Data Parameters
NAME

aftor TKI4
EXPNO

PROCNO 1

F2 - Acquisition Parameters
Date_ 20171018
Time 1758
INSTRUM

PROBHD 5 mm PABBI 1H/
PULPROG 2
SOLVENT ~Gbchs

NS 1003

DS

SWH 1 Hz
FIDRES 0366796 Hz
AQ 1988 sec
RG 46

oW 20,800 usec
DE 650 usac

D1 2,00000000 sec
Di1 003000000 sec
00 1

mme CHANNEL 1w
130

PLWI 9200000000 W
SFO1  100.6228288 Mz

4001316005 MHz

F2- Proo parameters
]

SF 1006127546 MHz
wow M

ss8 o

8 1.00 Hz
G8

PC 140

T T T T

T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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PGE; methyl ester (65)

Current Data Parameters
NAME — after TKf4

EXPNO 131
PROCNO 1

F2 - Acquisition Parameters
Date, 20171030

Time 1534
INSTRUM |
PROBHD 5 mm PABBI 1H/
PULPROG f

TD 65536
SOLVENT CDCI3

NS 16

6387 sec
0.81

ow 60,800 usec
DE 6.50 usec
TE 2 |
DI 1.00000000 sec
D0 1
e CHANNEL f1 s
NUGT
P1

usec

PLW!I  13.18999981 W

SFO1 4001324710 MHz

F2 - Processing parameters
|

SF_ 400.1300095 MHz
DW EM

W
SS8 o0

B 0.30 Hz
GB 0

PC 1.00

5 2 5 8 2ezeg NE3 § 90ROLEEEgRY
2 3 - g3y 853 5 $oR9EERRgRe
% N 8 5 R Pety 37 @ n¥camnSEINe
X £ & B ERggd 36 ¢ SISQASREQINT
\‘/ /J ‘ I\\\‘I/)//J‘

‘ | N / \/ N7

Curren! Data Parameters
NAME ~ after TKi4
EXPNO 132
PROCNO 1

F2 - Acquisition Parameters
Date_ 20171101
Time 115
INSTRUM  spect
PROBHD_§ mm PABBI TH/
PULPROG 25

T
SOLVENT coci
NS 1024

4

SWH 24038461 Hz
FIDRES 0366798 Hz
AQ 1.3631888 sec
RG 46
oW 20,800 usec:
E 650
2053 K
o1 200000000 sec
D11 0.03000000 sec
1

s==mx CHANNEL f1 ssmsmann
e

1400 usec

I
PLWI
SFO1

9200000000 W
100.6228288 MHz

==z=sees CHANNEL 2
CPDPRGZ  waltz16
NUC2 H

FD2 100.00 usec
PLW2  13.19909981 W
PLWI2 007425000 W
SFO2 4001316005 Mz
F2- Processing paramsters
sl 32768
SF 1006127561 MHz

w EM

WL

sS8 0

8 1.00Hz
Ga o

PC 140

T T T T T T T T T

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Mono TBS 90

7383
7378
7372
7.367
7260

——4.999
4386
4381
4375
2895
2880
2848
2833
2304
2389
2347
2342
1.923
1910

— 1588

—0.920
0.085
0080

£
o
N
L
R
<
<o

Gurrent Data Parameters
NAME — after TKI7

EXPNO

PROGNO 1

F2 - Acquisition Parameters
Date 20180425
Time 1550

INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2030

6
SOLVENT <ol
NS 8

DS 2

SWH 8223685 Hz
FIDRES _ 0.125¢83 Hz
AQ 845889 sec
RG 139.07

ow 60.800 usec
DE 6.50 usec
TE 2959 K

D1 1.00000000

Too 1

GHANNEL {1 ====szz=
1H
7.50 usec

13.19999981 W
400.1324710 MHz
F2 - Processing parameters
SI 65536

SF 400.1300097 MHz
wow EM

sS8 0

B 030 Hz

GB

1.00

T 1
0.0 ppm

T T T T
8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 .0 15 5
&
i

" "

77.48

77.16
76.84

204.81
——155.94
—148.35
——68.85
—57.98
—4576
—2598
— 1844

%

Current Data Parameters.

E after TKI7
PROCNO 1
£2- Acquistion Parameters
Dae_ 20180426
Time 1029
INSTRUM
PROBHD & mm PABSI 1H!
PULPROG

D L

SOLVENT cocia
NS 512

4
SWH 24036461 Hz
FIDRES " 0.366798 Hz
AQ 13631488
206.4

01
011 003000000 sec
00 1
mmmmmmne CHANNEL {1 mmmmeee
NUCT 13C

1 14.00 Usec
PLW1 9200000000 W
SFOT 1006228298 MHz

- CHANNEL 12
CPOPRGR  walizie

400.1316005 MHz

£2- Prooessing peramelers
i

SF 1006127553 MHz
WOwW EM
SSB 0
LB 100 Hz
aB
PC 140

T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Acetate 91

7.371
7.366

5817
5812
5.806
5.801
5.796
5.790
5.785
5.779

Gurrent Data Parameters
NAME ~ after TKI7

EXPNO
PROGNO 1

F2 - Acquisition Parameters
Date. 20180704

Time 1352
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2030
SOLVENT ~ CDC3
NS 8
oS 2
SWH 8223685 Hz
FIDRES _ 0.125483 Hz
AQ 39845089 sec
RG 206,46
ow 60.800 usec
DE 650 usec
TE 267.4 K
D1 1.00000000 sec
TOO

=mzz GHANNEL 11 -
NUGH TH
P1 7.50 usec
PLWI

13.19999981 W
SFO1 400.1324710 MHz
F2 - Processing parameters
SI 6

WOW
SSB 0
B 0.30 Hz
GB

100

4404
4399
4.393
2941
2926

2894
2879
2431
2426
2384
2379
— 2096
—1.557
—0.920
0.086
0.084

~-0.002

=
L
X
s
N
<o,

A_JL__!.L_L—_‘__JL. a: ,AJL:I‘A_._._JZ s

203.62
170.72
— 152.06
—150.04

Current Data Parameters.
E after TKI7
PROCNO 1
£2- Acquistion Parameters
Date_ ' 20180731
Neraow %
N )
PROBHD. & mm PAB! 1H!
PULPROG
SOLVENT cocia
NS 433
y
SWH 24038461 He
FIDRES 0.366798 Hz
AQ 12691468 s0c
206,46
20500 usec
6.50 usec.
267 2K
o1 sec
o1 0.03000000 sec
00 1

oW
DE

mmmmmmne CHANNEL {1 mmmmeee
NUCT 13C

P1 14.00 usec

PLW1 9200000000 W

SFOT 1006228298 MHz
—=———— CHANNEL 2
CPOPAG2  walz16
NUC2 1

w

400.1316005 MHz
F2.- Processing parameters
& Sehds
SF 1006127552 MHz
WOwW EM
$S8 0
B 100 Hz
aB

140

77.48
77.37
77.16
76.85

7045
—58.10
—4255
— 2597
—21.06
—1843

-5.36

<

T T T T T T
210 200 190 180 170 160

T T T
150 140 130

T T T T
120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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TBS-pentenomycin 92

Gurrent Data Parameters
NAME — after TKI7

EXPNO
PROCNO 1
F2 - Acquisition Parameters
Dale_ 20180614
Time 17.24
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2030
SOLVENT ~ CDC3
NS 8
oS 2
SWH 8223685 Hz
FIDRES _ 0.125483 Hz
AQ 3.9845889 sec
RG 206,46
ow 60.800 usec
DE 650 usec
TE 298.4 K
D1 1
TOO

=mzz GHANNEL 11 =
NUGH TH
P1 50 usec
PLWI 13.19999981 W
SFOT  400.1324710 MHz

F2 - Processing parameters
s &

7.650
7644
7.635
7.629
—7.260
6.320

6317

<

6.305
6.302

4775
4772
4.769
4766
4.756

4.752
4.750

I
X

3.768
3.744
3.724
3.700

—3.100

2.750

2733

=<

—1.583

—0.841

0.053
0.027
-0.002

L7
G

8.5

g

206.28
162.77

Current Data Parameters
atter TKIT

£2- Acquistion Parameters
Date_ ' 20180821
Tme . 52

N )

PROBHD. & mm PABE! 1H!
PULPROG

SOLVENT ~ CDOI3
NS 1024

4
24008 461 Hz
0366798 Hz

13631488 500
206,

01
o1
00
mmmmmmne CHANNEL {1 mmmmeee
NUCT 13C

P

Pl
S|

1 14.00 Usec
LW1  92.00000000 W
FO1  100.6228298 MHz

NEL 12

—————— CHAN!
CPOPAG2  walz16

400.1316005 MHz

F2.- Processi
si

SF
WOwW

parameters

1006127545 M-z
EM

$S8 0

B 100 Hz

aB

PC 140

133.89

i

—2583

—1826

T 1
0.0 ppm

|

-542
-5.51

==

T T T T T T
210 200 190 180 170 160

T
150

T T
140 130

T T
120 110

T
100

138

T
90

80



Pentenomycin I (71)

Current Data Parameters
NAMI after TKI7
45

E
PROCNO 1

F2 - Acquisition Paramelers
Date 20181207

7791
7.785
7776
7.769
6.383
6.380
6.368
6.365
3.693
3.664
3.630
3.602

4.790
/44753
4755
4.752
4.748
A
N

ime 15.41
INSTRUM spect
PROBHD 5 mm PABBI 1H/

0G 2930

™ 65536
SOLVENT D20
NS 14

DS

8\ 685 Hz

FIDRES _ 0.125483

AQ 45889 sec

RG 333

bW 60,800 usec

DE 6.50 usec

TE 293.7 K

D1 1.00000000 sec

Do 1
CHANNEL 11

1H

c

7.50 use
13,19999981 W
SFOI  400.1324710 MHz

E2-Processing perameters
536
SF 400.1299637 MHz
W EM

B 0
L8 030 Hz
o
PC 1.00

209.68
164.43
13328

—76.16
—71.49
—63.07

Current Data Parameters
atter TKI7

EXPNO 145

PROCNO 1

F2- Acqusition Parameters
Date 20181207

4
SWH 24036461 Hz
FIDRES " 0.366798 Hz
AQ 13631488 500
206,

01 00000000
011 003000000 sec

00 1

mmmmmmne CHANNEL {1 mmmmeee
NUCT 13C

P 14.00 Usec
%2 w
1006228298 MHz
—=———— CHANNEL 2
CPOPAG2  walz16

3
PLW1
SFO1

400.1316005 MHz
F2.- Processing parameters
& Sohds
SF 1006127630 MHz
WOwW EM
$S8 0
B 100 Hz
aB
PC 140

T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Benzoate 96

Gurrent Data Parameters
NAME — after TKI7

EXPNO
PROCNO 1
F2 - Acquisition Parameters
Dale_ 20180627

ime 17.24
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2030

6
SOLVENT ~ CDCi3
NS 16
oS 2
S\ 3,685 H2
FIDRES _ 0.125483 Hz
AQ 39845089 sec
RG .46
ow 60.800 usec
DE 650 usec
2996 K

D1 1.00000000 sec
o0 1
====amzz CHANNEL f1
NUGH TH
P1 7.50 usec
PLWI

13.19999981 W
SFO1 400.1324710 MHz
F2 - Processing parameters
SI 6

WOW
SSB 0
B 0.30 Hz
GB

100

£
e

3.904

3881

3.857

3834

—2534

—1.555

—0.837

0.029
-0.001

_—0076
S

T T

T T
8.5 8.0 75 7.0

A

T T
6.0 55

?é? g

206.28
—166.12
—— 15834
_—13630
13367

129.33

128,68

13001
=
12

Current Data Parameters.
NAME after TKI7
EXPNO )
PROCNO 1

£2- Acquistion Parameters
Dae_ | 20180628
Tme L 8
INSTRU)

PROBHD. & mm PAB! 1H!
PULPROG

SOLVENT ~ CDOI3
NS 1024

SWH 24036461 Hz
FIDRES " 0.366798 Hz
AQ 13631488 500
206,

mmmmmmn CHANNEL 1 s
NUCT 13C

P 14
PLW1 9200000000 W
SFOT 1006228298 MHz

w

400.1316005 MHz
F2.- Processing parameters
& Sehds
SF 1006127542 MHz
WOwW EM
$S8 0
B 100 Hz
aB
PC 140

Lok I

T
5.0 45

40 3.
il
B

T
5

77.48
77.16

<
X

75.52

7479

——65.86

—2582

—18.23

547
-5.55

==

T T T T T T T T T
210 200 190 180 170 160 150 140 130

T T
120 110

T
100

140

T
90

80

ppm



Pentenomycin benzoate 95

-TO -~ o t')Qu’l\n T lo - 0 0 o wN 0o < = o © o= [<3 Py
SEEB28RRNRE2833383883283838823888 1358 5 883 g 8
B e e e S N N e e e N S N R 7 - - 7 A R ) moo0 o NN - e
Current Data Parameters |
NAME after TKI7
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date 20180628
Time 1749
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2930
TD
SOLVENT COCI3
NS 16
DS
SWH 8223685 Hz
FIDRES 0.125483 Hz
AQ 845689 sec
RG .46
ow 60.800 usec
DE 6.50 usec
TE 2996 K
D1 1.00000000
ToO 1
LTI I e— !
1™
7.50 usec
13.19999981 W
400.1324710 MHz
F2 - Processing parameters
SI 65536
SF 400.1300096 MHz
W EM
SsB 0
B 0.30 Hz
Gl
1.00
' 1
1
1 f ]
J |
_l R S S i
9.0 8.5 8.0 75 7.0 6.0 55 5.0 45 X 3. 2. 2.0 15 1.0 0.5 0.0 ppm
j'&{ g-rgﬁ rgw lgl rgq {3]
R k& S 219
3 8§ = 2323% 2e382 g
0 © 8 VOOD D A BB ]
& g 3 88888 NI ]

Current Data Parameters
atter TKIT

EXPNO

PROCNO 1

F2- Acquisttion Parameters

Da 20180629

Time_ 1.02

INSTRUM

PAOEHD 6

PULPROG

D
SOLVENT
NS

ABBI 1H!
6
[ere)
810

4
SWH 24036461 Hz
FIDRES " 0.366798 Hz
AQ 13631468

206.4
oW 20800 usec
DE 6.50 usec

2996 K

01 200000000 sec
011 '0.03000000 sec
00 1
mmmmmmne CHANNEL {1 mmmmeee
NUCT 13C

1 14.00 Usec
PLW1 9200000000 W
SFOT 1006228298 MHz
NEL 12

———y
CPOPRGR  walizie
NU

400.1316005 MHz

£2- Prooessing peramelers
i

SF
WOwW

SSB
LB
aB
PC

100,6127558 MHz
EM

100 Hz
140

T T T
210 200 190

T
180

T
170

T
160

T
150

T
140

T
130

T
120

T
110

T
100

141

T
90

80

70

60

50

40

30



Iodide 96

8.104
8.097
8.067
8.064
8.046
8043
7.639
7.636
7.632
7.621

7617
7613
7.602
7.598
7.595
7.494
7.490
7.486
7471

7.470
7.455
7.451

7.260
5.874
5.866

|
é
§

Gurrent Data Parameters
NAME ~ after TKI7
o

EXPN 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20180711
ime 1747
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2630
65536
SOLVENT Cocia
NS 12
0s 2
S\ 3,685 Hz
FIDRES 0.125483 Hz
5889 sec
.46
ow 60.800 usec
6,50 usec
297.2K
o1 1.00000000
00 1
RTINS —
Nuct 1H
1 7.50 usec.
PLWI 1319999981

w
SFO1 4001324710 MHz
F2- Processing parameters
SF_ 4001300097 MHz
w EM

0
L8 030 Hz
1.00

SN S  V N 7, S S e

3.862

g
3
I

—2519

r T T T T T T T T T

T
9.0 8. 5 7.0 6.5 6.0 5.5 5.0 45
&
I

T y

1.03

200.68
——166.25
—163.32
—134.10
—130.12
12879

106.50

Current Data Parameters
E - after TKI7
EXPNO 0
PROCNO 1
£2- Acquision Parameters
Date_ = 20190201
Timg 1624
INSTRUM
PAOBHD_ 5 mm PABBI TH!
PULPROG 2
D 6
SOLVENT DG
NS 810
4
SWH_ 24038461 He
FIDRES 0366798 Hz
AQ 12631488
206.4
ow 20,800 usec
OE 650 usec
234.0K
D1 200000000 sec
011 '0.05000000 sec
o 1
Y S | pe——
NUCT 13C
5 14.00 Usec
PLW1 9200000000 W
SFOT 1006228298 MHz
- CHANNEL 12
CPOPRGR  walizie

400.1316005 MHz

£2- Prooessing peramelers
i

SF
WOwW
SSB 0

LB 100 Hz
aB
PC

1006127572 MHz
EM

140

77.47
7715

£
T

75.53

7445

——65.43

T
0.5

T 1
0.0 ppm

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100

142

ppm



Dihydropentenomycin benzoate 97

Gurrent Data Parameters
NAME — after TKI7
EXPNO 7
PROGNO 1

F2 - Acquisition Parameters
Date. 20180702

ime Rt
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG 2030
SOLVENT ~ CDCi3
NS 16
oS
SWH 8223685 Hz
FIDRES _ 0.125483 Hz
AQ 5689 sec
RG 46
ow 60.800 usec
DE 650 usec
TE 299.7 K
D1 1
TOO

=mzz GHANNEL 11 -

NUGH TH
P1 50 usec
PLWI 13.19999981 W
SFOT  400.1324710 MHz

F2 - Processing parameters
s &

L

5616
5.609
5.604

<

3.804
3.775
3.725

4
§

3.696
3413
2940
2664
2644
2637
2615
2595
2591
2574
2555
2545
2533
2521
2510
2496
2472
2463
2441
2428
2420
2407
2397
2384
2360
2352
2345
2334
2327
2317
2310
2302
2298
2290
1.583
1.254
-0.001

21496

166.11

55

l8

T
5.0

77.48

_ 8159
\E 7684

77.16
74.16
——63.89

Current Data Parameters:

aer TKIT
EXPNO 74
PROCNO

F2- Acquisition Parameters.
. 20180702

Time 1630

INSTRUM _spect

PROBHD_5 mm PABBI 1H/

PULPROG ___ 201g30

bl 6663

SOLVENT ~_'COCI3

NS 741

—3233
—2425

4
24038.461 Hz
366798 Hz

SWH

FIDRES

AQ 3631486 s0C
48

0;
206

msmsauzz GHANNEL f1 sxssssss
13C
P 14,00 ueec

1006226298 MHz

007425000 W
4001316008 MHz

£2- Prosssing parameers
s 52768
SF_ 1006127568 MHz
ow EM
8 1.00Hz
o
1.40

T T T T
210 200 190 180

T
170

T
160

T T T
150 140 130

T
120

T T T
110 100 90 80 70 60

143

50 40 30 ppm



Compound 99

7.803
7.796
7.786
7.781

7.776
7.765
7.761

7417
7412
7.409
7.405
4821

4814
3.801

3775
3.645
3618
3.318
3314
3.310
3.306
3.302
2155
0.006

_ 4895
=
L
iy

W

Current Data Parameters

NAME  after TKI7

EXPNO 7

PROGNO 1

F2.- Accustion Parametors
21

nme

INS’
PROBND 5mm PABBI H
PULPROG

bl 6
SOLVENT MeOD
NS 6

DS 2

SWH 8223685 Hz
FIDRES _ 0.125¢83 Hz
AQ 39845689 sec |
RG 139.07

ow 60.800 usec
DE 6.50 usec
TE 293.7 K

D1 1

Too

P1 7.50 usec
PLWI

13.19999981 W
SFO1  400.1324710 Mz

F2 - Processing parameters
SI 65536

SF 400.1300076 MHz
W EM
SS8 0
LB 0.30 Hz
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