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T, B, B T2 E ORI, A HERET D 20 TR A LS & AR RE U ARGH
LT, fREV AL LTS OFEYIIFIH S CE7an, BUPHii 2 sgE L Tn
< H1°C, morphine Z AR, Z OIEMER T HHE - A S 4L, MEOMARITTOR TE 2 Y,
X DI, REIDIZEET A IFFEIIAEEMATIC & & F 59 N LHIZREGRTIEOBRRSCAER R
FEOWRBPTOND L1270 | R T OMEHEBITAS FE L TWholz, T
FRIZ K o T, REIFEIELCREDOEE Gl & L CRHAIN D721 The . KRR
BAROMFE TR SNk 2 AR EHMEF LEORRBICLHFH L TE, &V bit,
PUAEWE O penicillin o1~ 7 U 73D artemisinin ¥, HFrar4E B3O ivermectin V73 /) — L
AHEE OB L IRo 72K 91T, < ONHDO A& - TX 12T, RARYDER B~
DOEBTIEFICRENE S5,

% < DEMN A ST Ul —FEA N1 CPRRRE D0 F IR 07 Sl U 7o AR S Rt &
FFoleh, R OZ  IIRBEZ AT 5, BEEIIMELTR - AR ErEorm ki
WEHETHZEITINA T, ZORERSTEENIERN & O/mWHEEROESZ 726 LT
W5, DRIT, BAEIEE AT 5 R OFIFILES - B3G5 42 H.0c 2 OF AN ED H i
TWD, ENET TR, A THLZOFHABED LN TWD, Bz, HFEREATD
TFUEVEBRT =V TBRITEN L ER T D LA b E R T N EnD, w
U v 7 AL —V—iff1 4 b (MALDDO~ b Y v 7 2 D LCRIA SN TN D,
T/, BT —ARBEDOR- I NV a—ARNT Y av FEAICKVES Lo — 2R
1 hEC A TR ISR E L TR SN DI 7 a7 4 7 U VT, @7 A7 Mk, mitEEE
B L TCWDTeD, @ TMEIORERMMM & L THERIRTND Y,

ZOXICEL OREEEZA T H2ILEMORRITED LN TE b D00, HWEENE
BT D120, ENHITx L TER B/ 2 i3 2 S I3RS Tldev, 72720, RSP
B 9% ORI Bl 2 AW T2 SOSIZ Ko T ANEMEZRIHEMRLAR B BRI EA
LeflbBASND, 22 TEEIL, REMICEIKAONLBED—2THD 2,4,6-
cycloheptatrien-1-one ( b B AR YEHMEEH L, B I EMIEMEN A X T 5 hinokitiol 10
X LT ERT O — > Th 2 BKFERESIL 21TV, 07 m—7 L LTORMATRE R
H/KFE AL hinokitiol DG A RA T, F7o, £ OHFFEIEFE T hinokitiol 23 FF-DHF 72 RGNS
DB LNZSINTZDT, TOREATRORE 1 BIZE & O, AWFETHIIRIL, tho -
BB EAT DRI LT, BEARRER bR EEA M HEMISH Sh g5 &
EZ Hivd, F£72. hinokitiol DAEGAFREE WITBEICMA SN TND A, o haR /A R
HEBEAFYT7r—T7E LCTHHT 2 Z 8T, ZO(LEYOEIRECRHHREE 2 B S
M7 Z E b END,

Fio, BEEIMEEME L TERWEENE L7269 — 07T, FRRM 722 SUSMEIZ BE D 2 (i
bR, B TRREIEORBRAITH DR —/L Ro ¢ H DIZ L iu, 4 TRBRERISIC



F o THOLND ERY OREEIL, B S DRORE SROREBEDO M LI L - THRE
BINsL5bnT0WD, Fa—U v 7O &0l 7z tliposide B Di3% DB T,
Z OISR TIPSR T CRAIy-7Fr T 7 M AbT 2 Enmb T\ 5, Z ORI
& DR R 72 SOSHEIR, BBy — VOIS END Z LR s N, £2 T
EXIT, ZOMSHEE LSBT, IR T THRICIT AL S FTHDCIE RS T ~
0¥ ¥ R — ORI 72 21TV, & Ot HELPH O RRGE A 1T o 72, & DRFIZ DN T
IARE 2 TICE L O, (AL, IO —HOENEZ R 720, 562 mO IS EE N
BRI THRE LN EEATND,
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1. 5 &

1.1 Hinokitiol & tropolone %5

Hinokitiol (1)IZ% A 7 > & / % (Chamaecyparis obtusa)°~~A AX (Thuja plicata)?)> & i}
ST ZRAGHFEEY T d D 19, Hinokitiol (1) & [FIFRIZ 3 DD L& T V42 & F TR &
N=T1EREATH2ILEWIT e R E LU TH%E S, tropolone 2)X° /L b T DRk A
TREMEME R TILEMEEE L THLN TS W, oL, ZOEMREIXE—/72H 0
T72 <, iz tropolone (2)i% L-phenylalanine I DFREE THAE SN D D—F, T/ A
RKC& % hinokitiol (1)I% geranyl pyrophosphate ISR DFRIK CAEPES LD Z L AHE I TW
W, ZOXHIT, ZERZREED BREERA 7T BRIEEZ AL TV 5 RIEIER I BlLBR R
W (X 1-1),

Hinokitiol

Q

Tropolone

COOH . COOH
NH,

o]

; Hinokitiol (1)

[o]

GOH
Tropolone (2)

1-1. Hinokitiol & tropolone o4& % 1%

Hinokitiol ()DAMIEME L LT, BEOMEIZRTT D IAWPIETEES E < M BE BT
% 104 Z i, hinokitiol D FF-Da-hydroxycarbonyl ##i& 238k 7e & D& A A 2%t L TE
WFL— MEEEATDOZLICEDbDLEEEIN TS, EHIT, Z2OF L— FERIZLY |
hinokitiol ()31 4/ 747 & LTE Z & T, VA NV ADOROWIRGEEF I3 L CHEE
PEZ BT D I Z AN ~E L, UA VLV ADEGEAEE VWO HELH D 4, 2Dk
\Z hinokitiol (1)IFkk % 7RIEMEAFFO Z & 00D Bl « BH - B EkA B ~0 s 19
DHIFF S T3, F72, BARENTIIE R E N (Thujopsis dolabrata) D BERT > 5 A PE S
% b 75 HIC hinokitiol (1)23& £45 Z & 7> 5 hinokitiol (1) DA DI KIZARRE IR DA%
FIFIZORN 5 E LTHEASRTWS 19, TEMITIT, =F L U AFERNIREICIAFE &
NHYv a2 DOEERKR 1-2) ORI N TS, FRpfE T
HY RN ERBICATFAEETH 5 b hinokitiol 1)DRESID—>TH D E V2D,

43

Cl o

5 :)=c=o “ g QOH

1-2. Hinokitiol (1)0 T3 72 & AR




Sk U7z X 912, hinokitiol (1)% X U & L7z tropolone $H D &5 FAR A DWW CTIZEHFHY
W ST & 72 WISID—5C 20510 BARFIZE T 2EREIZ OV TIE A D720,
g &k, B DY E OFMIRERYE & LT tropolone 23 £ D L 5 (ZHEW#HR~L
B RTET %0, 2 )172% L— X —Td 5 tropolone FH, AEZHEDEKNTED LI
(ORI EE 52 W E YRFFS TV D0, 3)EREEFIZI\W T tropolone $83 & D &
NN EINDD, FTHDH, ZNDDOEREZ BN 272012, /0 F DRNAR T ~ 1Akl
F D TH NN Th 5, MBI TIL & Y DU hinokitiol (1) DA/ EMEIZ DWW TIER LT
MREEDTND D, HFRENCRELH 258 A AXH I XV (Callidiellum rufipenne)?)> 5
BB S 472 Pseudomonas bohemica ins3 ¥i1%, (0.8 mM)®D hinokitiol {F7E F CAEF L,
ORI O hinokitiol &8V &8 %, BIB. ins3 ¥RI hinokitiol (1) 2 EHf £ 721353 %4 %
RFBREFFO LB ZOND D, ZDOMRHHEEI OV TUIMINZE > TRV, Z OfUHRE
fEBNZ AT TR L7z OB EARBER LS N K> TR LN EHAKRFE LT v —T OFIH
Th o, EARFT v — T XRMAEBESE R E 2N MS A A=Y I L 505 F0H)
RRIBBRZ ATREIC L 20, I RSERICHAKFEEM T2 2 & TLC-MS FHIC K DIREM D FE %
BHIZT D, BB, K 1-3 1ITRF K 9 ICE/KFEEEA hinokitiol (hinokitiol-dn; 1-dn) % M
WG LTztz, BE LIS 0 FES M A~ TREEW DT Z 7 A 2 MG | AR O
R FIRE T H D EWIFF S D,

100
£ 10 Q OH o OH 20
2 50 D D jg
geo D éliﬁﬁ:: | \ D - | 1
= 1
.E 0 D D F\ ’ 122 124 126
£ 2 D (;‘.D'CDS D CI)D'CDS 100
mo;;;::: DsC Ds;C o

s ¢l

44 46 48 50

[X] 1-3. Hinokitiol {XEsEM D 7 Z 7" A o NMighT

1.2 EAFRERICE S

FARBERACSS MG EOKEE EOZERNMETH HEARRICERT HRISTH
%, BKHEEKRFBOFEOEE IR —CTHH L0, YMFRMHEIZERR 5728, EERIIFE
PR RN EIN D Z & THMBLNTND 2D, Z 5 LD b ERKFE AL
HEFRAT 212 OLRINLARAT IR AT 219, AR S DS MFAT 21978 Skk % 2T I VW B
L2 TR ALY OLRGEL o0 BEKHEVIESE 219, 67 7 A X —DBHFE 2072 EiiE IR
WP TISH SN TV 5,
IEEMOEARFIEFAIE L LTI, () BRI NTZT > P rnbOER 1% | () Dy
AR LiAID, 72 £ % FW 28 e B BRI O TG 109 | (1) H-D AZHARIGIZ K 5 EHEEK
FHEAL 2D KFT SN D5, (D). AN L T, ZEBKOSICE DA A bEE&ATF

8



LEEWERIKDOE 22 EORERH V. RIEMZ2 703 L iz

\ZxF3 B EHKFEDOE AL IEH
\z /J\foél/\

—FTCUDIZBE L TiX, BAYIZx U CEERICEKRFEOEANLIT 5 Z & 23 Alhe
T, DORIEMEZR T NV F NV EA~OTEKRFEAL S RE SN TND, £ 2 ORI TR AR
DI K o THFE &7z Pd il 2 I 7 B2 BK SERE AR LSO (X 1-4) 199% 223512 hinokitiol
(DO FEARBERAC AT, FEERIZT TR MEERT AR ARITK LT EmWEK
FRZFEI L TOWDARRIS(K 1-5)Z 2% Z & T, hinokitiol (1)D B HFMED F e AR e VB8R
ERIEMEZRA Y T BNV EADOFEAKFZOEANARETH D LB LI,

10% Pd/C, DDDD

COOR H,,D,0 D\ N COOR
Shi »

DDDD

X4 1-4. PEdaR 51T X D BKFIEM LS 1
H. Sajiki et al., Org. Lett., 2004

H D D H
Ha! F‘d O-D Ha! F'd O—D
H,, D,0 b .-
Pd —_—» Hz"'F'd"O\ ©/\/\R — @/\/\

|F'd] [Pd]

gt oY o
|
S w w

[Pd] D

o ©*” @”"”*

X 1-5. V21K S DM & 2 70 F Vo K BV U HERE 199
H. Sajiki et al., Org. Lett., 2004



2. BHFZED HEY

Hinokitiol (1) DA fRAFZEIZIBNN T, 77 7 AV MENTE RS ITAT O T2 D@ W EKH#E b
NGy F BT 2 FFD hinokitiol-dn (1-dn) DI Z BE5 L1z, £7o. BRSO DOHIEIC
& o TH B4 hinokitiol-dn (1-dn) D EAKFEACEIZFHEN R O Z &b, FrRIY7ZR
FEAE CRUSDMEST LT D &% %, hinokitiol (1) B /K RIS e D SIS HERE O fEIA S H
e L7,

10



. BRLEEBE
3.1 Hinokitiol D EKREBAV Kt D et

F9, AEBAR D OFEE 9NIHEV, hionkitiol (1)% . Pd/C, DO, i-PrOH, Hy # AAFF T
180°C DEERUNIME LT, FABRGAE TR O T2 AR OIERIL HPLC Z AW CTHIGE L,
HRFILRIT GC-MS & AWV THIE L7723 1-1), 72, £ 1-1 1TBW CHEAKERITEKSE
DEAFIZ L > T3 DDT7 T AT TORLTNWD,

Hinokitiol % 6 F¢RE] B /K BAEHALSISTHE L= & 2 A, 67%DULE T hinokitiol-dy (1-dy) (d1-
3. 2%, da-7: 66%, ds-11: 31%) 7235 H AL/ (F 1-1; entry 1), ®RE LT, PA/C £/ T Ho HAD
FAFE T COUBLZ AT L 2 A, Hy HAIE(FE T TITE T OEAKFEDEA (di: 13%, d2
%) /572 DO PA/C FEAFAE T Tld, EARFEOEANITEL L o/ed - 72(3 1-1; entry
2,3), ZDOZ END, PAC & Hy HANWB T 5 Z L2 k- T, HARBCICHETT HZ
&R S 72, RIZ hinokitiol (INZ K W 2 < OFEAKRFEOBEAZITI 12, I HIZEWKIEL
Rl RIS ZAT 272, ZOFER, 24 RIS SHTZREIZINE 64% T, kb2 < EARFEOYH
ADPHERR ZHU72(F% 1-1; entry 5, d1-3: 1%, da-7: 15%, ds-11: 84%), — 5 C 48 B[] SOt S ¥ 7215
AlE. GC TR TZ EMEOAERM PG O D DA T, EHKRFEROK T & FKRFITZE <
DRV DR ST (K 1-5a), F72. 2O W T H e EKFZVIA[U-2H](1-d1)
ILHT D 1% T - 72 (X 1-5b),

# 1-1. Hinokitiol-d, DI & E kb

O oH H,, Pd/C, O oH
D,0, i-PrOH R
» Dn—r
180°C ==
7Dn
1 1-d,

Deuteration efficiency (%)

Entry Time (h) Yield (%)?

dy_; dy - ds 1
1 6 67 2 66 31
20 6 nr © - - -
34 6 94 21 0 0
4 12 64 0 28 72
5 24 64 1 15 84
6 48 trace 3 34 63

* Yields were calculated by HPLC.; ® Absence of Pd/C.; © No reaction.;

d . .
Reaction under Ar atmosphere instead of H,.

11



a) b)
200
5| 6h : Hinokitiol ~ 100%
= 200 &
il |
= 00 T e e v e 90%
S 535055850
T ‘ NP : : - mdll
5.5 8.0 8.5 7.0 1.5 8.0 8.5
80% mdlo
400
12h H
%\ 200 4 | | | I 70% =do
S H | . <
'g 00 T W W o N T O é md3
—_— o =} L= S ™~ —
[}
515 810 815 70 75 80 85 = d7
3
400 E 0% @
: 5 ds
24h 200 =
g ; 1# & 40%
B [t - - I LT T o
=} L T B I I ]
5.5 6.0 6.5 7.0 7.5 50 .5 nd2
20%

mdl
z|48h 10% = do
z
3
= 0o, | . M

6 12 24 48

Retention time (min) Reaction time (h)

1-5. AALEREFEIZ 51T % hinokitiol-d > GC-MS 2227 L & EkFHHE AR
a) GC-MS spectrum (Red dashed line indicate the molecular wight of untreated hinokitiol); b) Deuteration

contents (%) at different conditions.

12



WUNTC, 24 BB PG ST 5 4172 hinokitiol-dy (1-dn) D BE/KFEEANLE % H 72 & N 2H
NMR % AW TCIEE L7z, K 1-6a 1% hinokitiol-dy (1-dn) DAL D EAKFE(LFR, K 1-6b 1%
hinokitiol-dn (1-dy)® 2H NMR, [X] 1-6¢ & hinokitiol-dy (1-dn)?® 'H NMR, [¥] 1-6d % hinokitiol
(DEESLD 'THNMR A7 bV Z R L T4, JIE LR, hrdRe V88 Eo 3,57 (02
2T, A Y7 a ENHEADOEKFEEANGR &56%7‘_0 6 (L~DHEKFEADVEMETH > T-
72, H-6 D 7O A 100% & L THALEIZI T 2% ERFERZFH L7e(X
1-6), ZNZNDOEKFZLHRIT D-3: 88%; D-5: 64%; D-7: 85%; D-1": 88% and D-2’: 87% i
ANFIZ o 72(X 1-6a), EARFIERPMBEICL > TREL Bino2Z Enh | MERRIK
SRS AT, BEARFEOHEANEITL TND Z ENRRE N, KRGO RE L LT, 24
RFH B K BRI LA B A L 72 2 & C donn WRIED 95%LL % d5 % hinokitiol-dy (1-dn) % 15
HTENTE 7’_0 ZHUE, BWEKBERE T RO EFF O+ 7 r—T L LT, £y
iR OIBHNTE O HAKB LA THD B2 bND,

o M

%] 1-6. hinokitiol-d_ > NMR A7 kL & H7K & AN &

o (ppm)

a) Relative deuteration ratio at different positions.; b) H NMR spectra of 1-d_ (CH,OH, 76.8 MHz);

C) "H NMR spectra of 1-d_(CD,0D, 270 MHz); d) "H NMR spectra of starting material (CD,OD, 270 MHz)

13



3.2 F B #i 5 O HREE

AR OPLAYEORGE L | SUSHERE Ofi#BH 2 H /) & L T hinokitiol 7K TH 5
tropolone (2), tropone (3), O-methyl hinokitiol isomers (4, 5){Z 5%} L C # hinokitiol (1) & [ E
IR FAERAVALER 217 B &G PH O MRGE A 1T - 72(3% 1-2), Tropolone (2) % H/K Bk (b X
ST L 72 & 2 A hinokitiol (1) & [RIERICE KR OEA I tropolone-dy (2-dn) 3% B ALT
(£ 1-2; entry 1: 61%, entry 2: 55%, entry 3: 52%, entry 4: 31%), BEICZEEBERIGIC & D HEAKSHE
{t tropolone (2-dn) DA RITIRE 2D STV, 1 BEECOARMITAMZER WO TTH S,
Z OB, hinokitiol (1) & [RIERIZ SSRERE OHEANZHE > TEAFZ(LFN [ L Uiz, 24 BeffEK
FHEM L T LN ARY 2-do)i2 oW T TH & 2HNMR & 0 EKFEEANLE O FE %
1T-72& Z A, hinokitiol (1) & [AEEIZ 3,5,7 AZIZ B /KSR OB AR S 7= (X 1-7), Hinokitiol
D EFERRY | 48 FFRISURIZ &2 TH 31%IRTHEEM DT SO, 2T 9%D dy LRk %
G TN B 4 DEANEILH-A4 72 5N H-6 > 7TV OEBIZE VHBITE ZenoT,
WNTILEY) 3.4 DEARFIERAIREIT -T2 & 2 A, FTEOEAF (TG LNT, 2 &
DEVER % 52 2 DB TIh>712(% 1-8), ¥ A AT MDY T U T 4 BBOFRERID .
O-methyl hinokitiol EIEFPI DL Ny 7 o~V FERTHDL Z ENRBINT, T
SIZBNOEBN NI L > TELZEEZ BN D,

7% 1-2. Hinokitiol #5338 o /K B FEFRA L

0 R H,, Pd/C, 0 R
R! D,0,i-ProH R \ 2: RI=H, R*-0OH, R*-H, R~H
R — | R® 3:RI=H, R*=H, R’-H, R*-H
180°C D= 4: R1=0Me, R>=H, R3=i-Pr, R*=H
R* R* 5: RI=H, R*=OMe, R3=H, R*=i-Pr
2-5 2-d, —5-d,

Deuteration efficiency (%)

Entry Compounds Time (h) Yield (%)?

d, d, d, d,
1 2 6 61 45 19 3 0
2 2 12 55 31 42 17 1
3 2 24 52 12 41 37 3
4 2 48 31 0 21 29 9
5 3 n.r. ¢ - - - -
6° 4 - - - - -

. b . .. c .
*Yields were calculated by HPLC.; The same results were obtained for a regioisomer 5.; No reaction.

14



Intensity

b)

Intensity

(Hﬁ
b) WJ a)
Q. oH
H-4,6 84% 7 2
) 584%
M 4
5
c) 35%
d _J
"""" 7
o (ppm)
1-7. Tropolone-d_ ™ NMR A2 kL & Bk FEE AL E

a) Relative deuteration ratio at different positions.; b) HNMR

c) "HNMR spectra of 2-d_(CD,0D, 270 MHz); d) "HNMR spectra of starting material (CD,0D, 270 MHz)

10.000,000)
C C)

e

Intensity

(x

¥ T T T T T T T T T
4.5 5.0 5.5 £ £.5 70 7.5 &0 8.5 .0 4.5

Retention time (min)

mn 000) d)

Intensity

B

Retention time (min)
4 1-8. E/KFEEMA LA L 72 hinokitiol
a) Tropone (3) after 6-h treatment (entry 5); b) Tropone (3) afte

¢) O-Methylhinokitiol (4) (entry 6); d) O-Methylhinokitiol (5)

15

spectra of 2-d (CH,OH, 76.8 MHz);

(x1,000,000)

2.56T1C

2.004
1.754
1,504
1,259
1,004
0.754
0.50
0259

A
40w &0 85 80 RS 7.0 16 %0 85

EOREY)
Retention time (min)
{x100,000)
e
5.0
4.5 Q OMe
4.04
8.59
3.04
.59
2.0
169 .
9.1 min

Teo Wl sl ss sl ss 70 78 swas

Retention time (min)
FHERD GC-MS A7 kL

r 12-h treatment;




2D X ) IZo-b Fr xR = Uik %Z A L2V tropone (3)X hinokitiol @ O-methyl 7%

BR @S TIIARRIGHEEET TERNE WD Z ENPIB N
£V % tropolone DHFNELAFET H T &
HABERE

o
Diazomethane oMe Hydrazine hydrate
@ Ether EtOH
R EE—
A
o]
TsCl, E4N, THF (:f:);OTE LiAIH,, THF
0°C
X 1-9. b vRo O EBREIGH]

16

TR o T2 h,
tropone K> O-7" /L )L tropolone | tropolone 7> &
THETE D Z LM 1-YITHEAIVE, ARFOEEROPAMEIT RN EHIFFTE D 2,

KIRIZIZ tropone

NHNH,

O



33 RSO EE

H2-Pd/C-D20 Z&ft:% i\ 7= hinokitiol (1) B /K BAEFHALEOSERE & LCL1) SR THER L
72 HD & 5\ & Dy A A OFHIN- Wi, i) DO -iak, i) Pd il & SE OB A IRE K Z 1%
H L72SOGHERE, O 3 DB LUGHBENEE SN D, ZnbonThng, b LixEnzE
DRI I X - T hinokitiol (1) ~FE/KFEDEANTHONTND EEZ BT,

BN )OMEIZBI L C, T ORUMEDORFEZIT 72, Hy ¥ AP T C D0 H1iZ Pd/C
EMZTCULELLHEIET DL o WANHD 7201 Dy HAIZEBIND Z & EEHBARD
Lo THESNTWD X, KESRICBWT S HD/D, TANEL TWDMNERGET 5 Z
L xR BMIZ, RUSHEDOKHO N T v 7 E R E1T > 72, Al hinokitiol D H /K FE AV SR %
DA% cyclohexene & PA/IC A BT R ~E/X—U L, EOKRFLAERKM Z 5T LT, 1-
10 [ZRFBY . AREJSIZE Y cyclohexene 1ZxF LT 21%® cyclohexane-d) 72 5 NI 2% D
cyclohexane-d> 2353 H A7z, ZAUZ XY HD/Dy T ADAERKIISFES LI b OD, —FH T, fifE
I I72 cyclohexane-dy DAEFLEDMRD TH72NZ Lvb | ARAFFETH HAL72 hinokitiol-dy
DHEKFALFEZ 2T 7210 O HD/D, HADRAET R hoTc & bivs, Fo, RRIGTIE
HUMZHERE L 72 35,7 PLICHEKRFEDEAINTND Z &S HD/D, H A DR 5 (2R ~
D syn (N & FJET 5, LLEX Y hinokitiol (1) HE/KFAEFHAVSOCHERE L LCHD £721%
Dy A ZA LT SRS T o 5 rTREME IRV & B 2 b7,

(x10.000,000)
5.0 k¥ TIC
IM:TIC (3.91)

I
=

\\\\ -
[" “{—HorD) [ W
H(orD) 7

Tl

S

Intensity

o

\

\
\
\
\

A

Retention time (min)

b)

»2

100 56 78

7 24

Intensity

41

60

&3 ‘.‘ |.|‘ kﬁ 86100 106 115 123 133 141 147
80 70 80 80 100 110 120 130 140 150

5.

4. 5l
I i

4 5!
|
50

|

;
40
miz

1-10. E/K BRI L 7&K % FiV 7= cyclohexene D& IT D GC-MS 454t

a) Gas chromatogram.; b) MS spectra of cyclohexanes (R = H or D).

Wi, FHRALZETHE S 72 hinokitiol (1)DALEERED B RUSHEEIC DWW THE R Z T T2,
Density functional theory (DFT)(Z & ¥ hinokitiol (1) HOMO/LUMO 73 & TXZ local ionization
map Z I alb—ia Ui, ZOEE, hinokitiol (1)72 & NCZF DT =41 ? HOMO &
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BFEEOMR FrR  a)
o B B EKEE AN
BT D Lnmn
S72( 1-11), B ERFEOD
HOMO (% C-2, C-3, C-5 7¢
BNZ C-TIZREL /M L b)
(4 1-112), & 51T hinokitiol

DT =F Tl C-3, C-5,

C-7 DI R BT

(X 1-11b), = OF[E] 1 local
ionization map T % [FIEET
BHor(F 1-11¢e,d), =D 1-11. Hinokitiol ™ HOMO & local ionization map.

%%73) 5 . hinokitiol (1)0) a) HOMO map of neutral hinokitiol; b) HOMO map of hinokitiol anion;

Fere B EOEKSE ¢) Local ionization map of neutral hinokitiol; d) Local ionization map of hinokitiol anion.

R BOG IR C-3, C-5, C-7 ([Z1F(ET D HOMO 76 D D ~DO KM R OGB4 L%
Z BTz, Yang DX Pt il 2 ASE &[RRI DO & Hy B ASLYE FCHLER 25 Z & T, fil
MEE ECTE Re=U A/ AU PNERT D 2 E2HE LT D D), RIFFETH S 7 Pd/IC
725N Hy OFRME L B BT, Pt & RIEILE TH 2D Pd OMHE T DA ER L7 "l HE
PERD 5,

Z ORERED I Y ME A RGET B 728D, IR T PA/C-Hy DD 0 IR PEMRBEAEAE T CHRKHEE
WALILER 21T o 72, Fefibilt & U CARIER D ~ U 7 v A a FElEZ IV CL hinokitiol (1)% Ar 25
P& T, 180°C DEMERUSICHE L2 & 25, 88% DI T hinokitiol-dn (1-dn) %2155 Z L N T
X 72(Scheme 1-1), 72, 'H & ZHNMR OHIEZIT-7-& T A, huakRuv 8 LD 3,577
D I FEIKFE DA DHER S 72(D-3: 88%; D-5: 64%; D-7: 85%), F£7-. Pd (2L 5 DYER
ZIREET A 720, 04> Pd filif T4 % tetrakis(triphenylphosphine)palladium (Pd(TPP)s) % Pd/C
DDV Ofllit e U CTHW CEABIERAIH EIT 72 2 A, WHE61%T 3,5, THLDOH
\ZEIKFE DA X7z hinokitiol-dn (1-dn) 2315F 5 4172(D-3: 42%; D-5: 16%; D-7: 55%), Z Dif&
BB Hp-Pd/IC-D0 SEICHIT D hudln B EoEKHZERIL, Pd0) L TELS D~
DREBR IS TH D Z EPRE I N7, £z, BIERM CEAZEOEANARETH 5 D72
S, EEMEEMETOROGEITT D & X HEAMBE LT NI =F AT I 2 VT,
Ar T AFEPHACE D20 H17C hinokitiol D B/AKFE IR AL 25772 & Z A, I 77% T hinokitiol-
do A-d)% 155 Z LN TE T2, BBRENZ 12, 3, 5, 7 LIZB W T Hp-Pd/C-D20 Seft=ofi
FIEL Y BENTZEKRFEAEZRTOICIZ T, PAICEW TS 40%DEAKFE 251 T
77
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OH

. CF,COOH, Ar
0 -
sgos . D;0. i-PrOH
180°C, 24
64 B oo
% 88%
1-d, Q. oH % oH
100%
Et;N, D,0, Ar 100%
180°C, 24 h o
1 77% 40%
o 1-d,
OH
PA(TPP),, H,
5% 19 D0, i-PrOH
180°C., 6 h
16%
61%
1-d,

Scheme 1-1. &FESM1Z331F 5 hinokitiol o H /K RAZ AL
The HPLC yields are displayed beneath arrows. The values in the structures represent relative deuteration ratios at deuterated

positions (marked with shadow).

INFETORFELY H-Pd/IC-D0 GAFICEITS hudre B EOFEKFEARA =X A
FUL RO X I E S 7z - (1) W OEE, hinokitiol (1) & Fr ¥ 2 H(pK,5) &k Y 7'm
NODEEEL, T=A v b0, (2) Ho T AFHR T OMmIREESEMA T, PA/C LT HD R
Bz FREL 9D DTAVEMR SN D, (3) E AL L7 hinokitiol (1) 3, 5, 7 72 L % D*
~OREHENLZ D, 4) TAFEALTWIHBBEEL, T b oK o B 2
T 5K 1-12), F7-. HIEMSMTIIT S hinokitiol (1)0D /K FEAEFRAb SOoHERE & L Ci,
3, 5, 7 PLIXERMESRAT: & [RRRICHALN D DO ~RIZKE L H OBBEHZ L5250 THY | 1’
B L CIHERIC LD HOB & & D0 ~REBEHBIZE D20 EE X LNS(K 1-13),

Route 1

_H
) o Q  oH
H H
® — —
D-0, D D
D
Route 2
H 0 ° OH
® D
D¢
— —_—
D
Route 3 o]
o OH
H —_— —_—
®
D-0,
D

1-12. H,-Pd/C-D,0 Z-FIZ 35T £ B LD K FRE MR OO HETE SO
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Route 1

L
5
S
S A

Route 2

© e o
Route 3 2% o vy Q g
—_— — Q’
D
D’QJD B /tl
Route 4 <] <]

o

(<
l

£
|

-

1-13. MR HLMESRIFIT 31T 2 BK SRR O HEE SO A

ZD X HIT, H-Pd/IC-DO GAEICEIT S budRn g EOFEKEEANIT D OITEHE T
WEATT 2 2 ERHEE SIS, A V7 1 BV F o BKEE L EERS IR U o ©
Xhemote, £, BT PAO)DER BN - BiEERAE O B 5-(Mizorogi-Heck £RHHE) % 48
E LTV, PATPP)y & HWEEBRTIEA V7 m A RICEKF AR E v Lz X
DIESNTZ, 2D, RNT
Pd/C IZH ENDWAE DR S
Pd DB SN TR LT=,

—#%IZ PA/C FRFEIZIT 0l & 2
D/ T 2T AINREIELTWD
ZERHLILTWD 20, KIS A
TRV PAC 21T XPS [
fRMT 21T -T2 Z A 04 & 2 1
D Pd BIRIELTNDZ L0y '
Mot ( 1-14) B — 27 5 2 LK b) (o
Ja—Ya LB ERETIT / :.‘. /
Pd(0) : PA(I) = 88:12 237~ S 7=, \ .
2T RN T 2 i Pd BT R W S e
& % Pd(OAc), Zfilit & L CTHW 350 345 340 335 330 325
. hinokitiol (1)0 57k FHE 5% BondEnerey (1)

{b % 37 7=(Scheme 1-2), <& D 1-14. AREBRTH 7= Pd/C @ XPS fi#hT

%%\ 96%0)W$'@$7}( ?2»”3{2'_( a) Raw spectrum ; b) Solid line: Fitted curve ; Dash lines: deconvoluted peaks.

Intensity (a.u.)
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DEFLIL, TNETHY hedRv B8R E 3,5 7TAS~OFEKFEOZEANRD LD, FIRFC
AT aENVED 1, 220 ~DEKFEEADHER ST (D-3: 42%; D-5: 22%; D-7: 65%, D-1":
53%; D-2":86%), Mz T, Ar ZZPHE F T Pd(OAc): & AW ClRBE O EAKEE#R L 2l ATz &
A AV TR ENEADOTEAZOEANTRDONT, hadRn VB ETOREKEDOEA
DIERR S 372 (D-3: 56%; D-5: 33%; D-7: 63%), ZiLHDFERNSA Y 7 o BV HEA~DEKSE
BAIZBWTS Hy FANBHEBEREERN 2RI L TWD 2 LBnhoT,

o o Q
63% P Pd(0AY),. Ar oH Pd(OAc),. Hy 6504 OH
’ se%  D,0, i-PrOH D,0, i-PrOH 42%
. 180°C, 6 h 180°C, 6 h 22%
95% 1 96% 86%
1-d, 1-d, %%

Scheme 1-2. filifft & L T Pd(OAcC). & H V7= hinokitiol o 7K FAE AL S0
The HPLC yields are displayed beneath arrows. The values in the structures represent relative deuteration ratios at deuterated

positions (marked with shadow).

PLED#FER XV (Baudoin 51T X - T4 S 4172 cyclopalladation (& £ % C(sp?)-H {E 1AL 27
DITET D LU T OFEKREHEREZ TR L72(X 1-15), X 1-15 OSHEREX 2 flico Pd & LT
f8H _E Pd(OAc), Z4HE L TR L TW A, AIZ PA(II)® hinokitiol ® 3 F721% 5 AL~
BLOHOMEE & L <ITEE-HAETROND et R 9 28l LTT U —/L-Pd(l)
SERDN B S LD (step 1), RNT, PAIDA Hy T AIC Lo TIRIES NS & RIS HAMERL
I, ZOHUZ Lo TPAA) DB F 23T D Z & T cyclopalladation 734£ L. C(sp)-H
TEHEERR Z D B2 BN D(step 2)0 Z DT H%EFfo RS OWAITEEE B < ATiRy
Thh, ZHCE S T2MICET DEEOEKFEDNHAIND (step 3, 4), Z D% step 1
DM OEY 7 b OBE) % L PAIN D FLEEC X - T hinokitiol B k& 23 A S5 (step
5-7)e AT, VRE~DOEKFEE AL step 5-7 & [RIEROBEME TITHOIL T\ D &35 2 50D (step
6). ZOHEESIEHAEIZ LD &, HaIEFE R TS 3, 5, 7TALIZHBIT 5 H/D LI AEETH 5
LB Z B, PAI)-Ar FEOFRERZHITE 5, £72, PAIDA Hy H AR K-> TEILSNT
£ U % PA0)I%, C(spd)-H ~DERLHIFIIN 2N K> T PdID &2 34 L, #i72iZ H O LS
LI EETH D AN % 2 bz, PATPP)y Sk D#ERICIHBWNT 2 ~DEKFEE
ABREN2 D> Z LT Z T, LRI B ERELRENFEL RN 1, Th
LOFEIIRENTZLEZEZOND, LA, BB L I ICH/DOAEKIZTHFE LTS
AREMED TR E\NTES 9, AHEERCHEIZIZ S SR 5@ mo RN dH 5 L Bbh b2, 2
D AL~ IR EKFEA A 1 = R NF, KEHDZ N AT NIRRT 5@ EAKFEE
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ROBP L LTRYTHLEEXLND,

Q oH o
OH R = H, D, iPr, Ac
H(D)
D b, 9  on
Step 7 } A_)
> —( Pd” ,}— o
| Step 1 /( 0/ dH
% oH ?
H, + Pd()
S o H, Step 2 Ref. 28
Ro’P\d"cn p® RO b
OR™ " OR™" 2H + Pd(0)
v
Step 6 Step 5

0 o] o OH

U
@
; ;:: 2
[}
)
2
_~0
g o
o
I
A
g
s
&

D

1-15. A ¥V 7 L F O EKEBEHLOHEE RS
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RSB CSOSZ BN T, Hy T AFIE FIZHT 5 PAADFEIL PA(0)FE & 135 72 5 1% 8%
FFoZ LAVRENTZ, FTo, BRVESRME, HEAMESMS, Bix e fc X o THEAFE OB ALL
BERRRDZ e BKREHWTERR DA AR DE, 07 AR EITH 2 & T
PLERIR) 70 K FAEFAL D RIS 72 5 £ B 2 HILDH (K 1-16), S HIT, PYC & 5T Ru/C
fREIE L 0 BRe ) e K FEGRL UG &2 ATREIC T2 L SN TV D 302 b, A% 0
JBEL LT, TNOHEANWDZ L TELRINROUENHFIND,

OH
Et;N, H,0, Ar
180°C
CD;
DsC
o
L o H,, PA/C, OH
D,0,iPrOH P
_— D
180°C o
p GO™"s
DsC
Q
Pd(OAc),, H, OH
H,0, i-PrOH
180°C cD'CD;
DsC

1-16. BK A2 N & T DL K A EIRAY K A

4. FEER

H-Pd/C-D,0 Z&44: T hinokitiol (1) D B FEIEHAL 2572 & 2 A JUFRFEfE] 24 FRFfE TR
HEKFE AR DD T BI04 D B 5 hinokitiol-dy (1-dn) 2 UK 64% T1H5 Z E N TE 72, Ik
VNG, hinokitiol-dy (1-da)?® '"H F£7-1% 2H NMR JIE % U7-fE R, EKFZEANLEIZEHEN A
bivlc, Eio, BHHEFHORKEE L FHEAT ORI S | Hy-Pd/C-D20 FIFIZH1T 2 hinokitiol
MO baRe g EOEKFEZEAA T =X AL PAOYHEEKD D' ~OREMRIETH D =
EDRIBE I, PAIC O Y Ofilllt & U TRl S B AR A VWA TH L b
nARR B ED 3,5, TAA~OEKEOHEANIETHD Z LR gholz, — T, A4V 71
ENVIEAOEKRFEOE AL, PA/CIZEEND PAANDHFE~DFIN, cyclopalladation |2 &
% C(sp®)-H {&MEAGIZ X D i) e SOSIZ K D b D EHEE STz,

ke BRI Kekulé 20 1Tl Hiickel BN 72 S 7203, BRISHE ST DRI ~DE
T ORI X0 EET Hickel Al &0 72 35 FIERRILEWTZ & STV % (pseudoaromatic &
WO KB LIZ UIEEDIL D 23, Craig IZ K DJRFEDIMLL T2, TOMERIFIEZ 5), K
WFFEIZ IS8T D K BAIERALSUS T, BIREICAL BB A2 R o THEAT L TV D 23, ZAUTHER
ETHYRBL L —EOKNEEZRT, haRa U BRORKRRKSESIH L7250 Th
%o Sajiki HIZ K DT NAF AR O EAKRFITIB N T, 7 = = /VEEOERFE D E
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< HE1T9 %23, hinokitiol (WZISWNTIFER D HKF(LJEAT L7z, (6 h St~ NMR fi#HT Ofh
R, T X RKEH)Z & b tropolone B DU ZE FEAHT TV 5,

AHF5E T HW T EARFEIERALSOG X, hinokitiol (1)=<° tropolone (2)% @ tropolone H#% %A
T 2EMDOFEKFERE RS ITERTE 5721 Tl < Gk L7z hinokitiol-dn (1-dn)d % M
tropolone-dn(2-dn) & A FEAHA SO T 5 Z & T, 287 R ) A FEOEKFZLIBRDOIL
BIZERDbDEEBZ NS, £72, EHT 2N L > THEAKFBEAMEN R D Z &)
D, i DA A D BKE WX T DS T 5 2 & L0 ALE IR
WCHEAKBOBEAZIT) ZENAMEBTHDLEEZXDND, ZILHLDHRICHES & RIFFET
O ERFEMRLEONT, 287 haR ) A FEEZXIGR E Loy OB e
RN A FEOBEKRFEMEIEE LTORM, REEL L TOEKFZOBIRFEANL S 2 72
T IS RBATE 5 L HIfF SN D,

KWFFED S B HREMAE LT, K0ERSHRBEARFIERLSOSZ FTREIZT S LA S
T2 PYC & 2\ M3 Ru/C il 2 V2 2 & T BKFE Ly 7 0 — 7 OFRROIR Ot #
FEOEMMEDOR EHHIFGFTE 5,
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5. EBE

'HNMR O#|ZE1% JEOL EX-270. 2H NMR Ol &% BRUKER AMX-500 % A\, 7 I 1L
7 NI kOB 7V E R L LT, GC-MS X SHIMADZU GC-2010 % v
HIE L7=, HPLC YXZEIX HITACHI D7000 % W CHH L7=, HPLC IZ X 2{b &P ksl
W=7 7 A% Mightysil RP-18GP T, R HH##lE GL-Science SC762 Z{#/f L7=, DFT I&
Wavefunction Inc. ¢ Spartan’18 Z HIWNTEHA L 7o, HBH/AKFBEMILIGIZIE Tokyo Chemical
Industry Co. Ltd. BL(HL5HE S 165-07542, Lot &5 LKP3970) ¢ Pd/C &, Sigma Aldrich Co.
LLC. B FEK (AL 99.9%LL BYb D &HEH L7z, £7-, Pd/C @ XPS HIE | JEOL JPS-
9200 & FHWCHIE S L7z,

5.1 BEARSREBLRIS

General procedure

&% 1-5 (0.3 mmol) % D,0 / i-PrOH (5.0mL / 4.5 mL)IZ&fE L. Pd/C (2.0 mg) % 1z Tt
JEEIZE A LTz, MHERINORIRZ @SR LN HWE L, Hy HAICERTHZ L%
3RV LTz, £ D%, MHEE % 180°C ITMEA L2 N SR LT, RISk, MiHEE 2 =5
FTHA L, i-PrOH % AT Celite I L7z, 55 N7 I8KITIER E L, GC-MS &
HPLC AT 7V 28 LTz, 56243 HPLC (MeOH : 0.1% aq. HsPO4 = 40 :
6O)NZHE L CARMI Z Y B, HABIESTZ, WRIL T+ NEAF— T LA DB
BNTZWIANRT ML OE— 7 FREPDHEM Lz, 72, T XCOEKZ DO FEARFLF
IFEABEAD LN 272 6 LD H % 100% & L TR LT,

GC-MS HE St
Column: BPX-5 30 m-0.25 mm, 1.0 pm (Trajan Scientific Australia Pty Ltd)

Carrier gas: He
Temperature: 80-230°C
Flow rate: 44.5 cm/s
HPLC O JI7E St
Column: Mightysil RP-18GP 250-4.6, 5 um (KANTO CHEMICAL.CO.INC)

Temperature: 30°C

Flow rate: 0.5 mL/min

Wavelength: 210 nm

Solvent: MeOH : 0.1% aq. H3PO4 =40 : 60
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Z-4MED GC-MS A7 kL, HPLC A7 ML LR, 'H NMR A~X7 RV & LU FIZR
L7

Hinokitiol-d,

Condition GC-MS HPLC yield (%)
6h Chart 1-01 67 (Chart 1-07)

6 h absence of Pd/C Chart 1-02 -

6 h under Ar gas Chart 1-03 94 (Chart 1-08)
12h Chart 1-04 64 (Chart 1-09)
24h Chart 1-05 64 (Chart 1-10)
48 h Chart 1-06 Trace (Chart 1-11)

Tropolone-d,

Q OH
I
Do \
—

Condition GC-MS HPLC yield (%)
6h Chart 1-12 61 (Chart 1-16)
12h Chart 1-13 55 (Chart 1-17)
24 h Chart 1-14 52 (Chart 1-18)
48 h Chart 1-15 31 (Chart 1-19)

Hinokitiol-d, (1-dy) 24 W[ LER

"H NMR (270 MHz, CD;0D, Chart 1-20)

o:1.23 (1.5H, s, H-2"),2.89 (0.2H, s, H-1"), 7.09 (0.4H, d, J= 7.1 Hz, H-5), 7.22 (0.1H, d, /= 7.2 Hz,
H-7), 7.33 (0.2H, s, H-3), 7.43 (1H, s, H-6).

H NMR (76.8 MHz, CH30H, Chart 1-21)

5 1.18 (8.8H, s, D-2°), 2.83 (1.3H, s, D-1), 7.08 (0.8H, s, D-5), 7.22 (0.9H, s, D-7), 7.32 (1.0H, s, D-
3), 7.42 (trace, s, D-6).
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Tropolone-dy, (2-d,) 24 W[ LEE

'"H NMR (270 MHz, CD;0OD, Chart 1-22)

8 7.13 (0.3H, t, J= 9.5 Hz, H-5), 7.34 (0.2H, d, J = 10.8 Hz, H-3, -7), 7.50 (1H, s, H-4, -6).
’H NMR (76.8 MHz, CH30H, Chart 1-23)

8 7.15 (0.3H, s, D-5), 7.37 (1.0H, d, /= 10.8 Hz, D-3, -7)

TFA 203

Pd/C D3>V |Z trifluoroacetic acid (10 uL) Z/NZ, Ho HADRIOVIZ Ar TAZEH A LT
Z & ZBRV T General procedure [ ZE © T HKF LI 21T > 7o, (LA ORER G [FERIC
To72 GC-MS A7 kb, HPLC A7 /L LR, IH NMR A7 RV LIFITR L
7o
GC-MS: Chart 1-24, HPLC UZ#: 88% (Chart 1-25), '"H NMR: (270 MHz, CD;OD, Chart 1-26)

Et;N L3

Pd/C %Nz 3, i-PrOH D 0 IZ EtN(4.5mL) ZIEEE L, Ho W ADR D 0 IZ Ar T A
ZEA LT Z & 2RV T General procedure (ZE > T H/K B LLER A2 1T > 7o, (LB OKE
B [FREICAT > 720 GC-MS A7 kL HPLC A-XZ kL LI 'THNMR AL7 kL% L
TR LT,
GC-MS: Chart 1-27, HPLC ¥ =8: 77% (Chart 1-28), 'H NMR: (270 MHz, CD;0D, Chart 1-29)

0 fiid> BV i 2 fifi D Pd AL

Pd/C 124%3> > T tetrakis (triphenylphosphine) palladium (2.0 mg)& % M X palladium acetate
(2.0 mg) & filft & L Chix 7= Z & Z R\ T General procedure (Z9E > CE /KB RAL LR 21T
ST ALEMORERS FRRIAT 72, #58&4MD GC-MS A7 kb HPLC A7 kL &I
K, THNMR A7 v &ELITIOR LT,

Pd(TPP)s-H, 5514
GC-MS: Chart 1-30, HPLC I%#: 61% (Chart 1-31), "H NMR (270 MHz, CD;0D, Chart 1-32)
Pd(OAc),-H, 514
GC-MS: Chart 1-33, HPLC U%=8: 96% (Chart 1-34), '"H NMR (270 MHz, CD;0D, Chart 1-35)
Pd(OAc)-Ar 51
GC-MS: Chart 1-36, HPLC I%=8: 95% (Chart 1-37), '"H NMR (270 MHz, CD;0D, Chart 1-38)
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Cyclohexene D& T

HorD
O - X

HorD

Cyclohexene (184.6 mg, 2.25 mmol) & %/ & Pd/C Z KT 7 A 2Tz =, Fi\ T, L

RO general procedure (2> T hinokitiol & B/KBERLISIZHE L2, THETF =2 —7 %
HAWTIHEE EAE T 7 A az8kt Lic, XA 7 77 LR 7% BT cyclohexene 73 %
LZARWRREICHIE 7 7 A aNZBlK Lc#, MEED =y 7 28T THIET 7 2 aNoR
KB L, 24 BplElEHR Lt 72, £ O%, BUSYIE ERO Z VT Celite Y& fiE L T,

B OHNTZIEED GC-MS T &1T 72, JEBMED cyclohexane-dy 23R H S 41, & H/KFELIER
DOENEIX dy:dr:dr=77:21:2 ThH o7,

GC-MS JFEZAE (Chart 1-39)
Column: BPX-5 30 m-0.25 mm, 1.0 um (Trajan Scientific Australia Pty Ltd)

Carrier gas: He
Temperature: 40-140°C
Flow rate: 44.5 cm/s

5.2 0-Methyl hinokitiol (4, 5) D& FX

Hinokitiol (1) (100 mg, 0.61 mmol)% Et,O(10 mL)& MeOH (1 mL)IZI&Ef#E L. 0.60 M O
trimethylsilyl diazomethane @ hexane %% (1.2 mL, 0.72 mmol)% 10 737> F T F L7z, i
%, Kb ERIEEEL, GonEiEEZ v VBTSNV T A Ia~x NI T 7 4 —
(MeOH/CHCl3 = 10/90)Iit L TI{LA# 4, 5 DIRAH(112 mg, quant.) & 157-, & 512 HPLC |2
LA 4 (173 mg) & 5(36.4mg), RAY(58.0 mg)&157=,

HPLC D45y Hu gt
Column: Mightysil RP-18GP II 250-20, 5 um (KANTO CHEMICAL.CO.INC)
Temperature: 30°C

Flow rate: 15.0 mL/min
Wavelength: 210 nm
Solvent: MeCN : H,O = 20:80
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Isomer 4
MeO

'H NMR (270 MHz, CD;0D, Chart 1-40)

8 1.24 (6H, d, J= 8.1 Hz, CH(CHs),), 2.79 (1H, sep, J = 6.8 Hz, CH(CHa),), 6.64 (1H, d, J = 6.6
Hz, CHCHC), 6.80 (1H, dd, J = 10.8, 2.7 Hz, CHCHCO), 7.01 (1H, t, J =10.8 Hz, CCHCOH),
7.20 (1H, s, CHCHCH).

13C NMR (67.5 MHz, CD;0D, Chart 1-41)

& 23.0 (CH(CH:),), 384 (CH(CHs)), 56.1 (OCHs), 111.5 (CHCHCOCH:), 129.4
(CHCHCCH(CHs)), 131.6 (CHCHCH), 134.3 (CHC=0), 157.7 (CCH(CHj),), 164.8 (COCH3),
180.3 (C=0).

Isomer 5

Q OMe

'H NMR (270 MHz, CD;OD, Chart 1-42)

& 1.29 (6H, d, J = 8.1 Hz, CH(CHs),), 2.79 (1H, sep, J = 6.8 Hz, CH(CHs),), 6.69 (1H, s, CHCHC),
6.79 (1H, d, J= 8.1 Hz, CHCHCO), 7.09-7.24 (2H, m, CCHCOH).

13C NMR (76.8 MHz, CD;0D, Chart 1-43)

& 23.4 (CH(CHs),), 38.9 (CH(CHs),), 56.0 (OCH3), 114.0 (CCHCOCH3), 124.6 (CHCHCCH(CHs),),
134.9 (CHCHCH), 137.0 (COCH3), 154.2 (CHC=0), 164.5 (CCH(CHs),), 180.3 (C=0)
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[=N=N
1. Tx

1.1 JEFEE & BAR DFRE

SEHESOE 3D EIE, 1967 AT IEIERELEIC X - T STz T b 3 — L & Sik 7t 39~
CEWTAKIETH D, AR, b Fa U BIIMEEEN /N S W o BHREEZ1T O BRIT A
VIR = VTR E O BERE D BV VE REEE AL | BSOS AT O MER B D08, ESUG I
—BBEOKIETE Fr XU A O@EHLICERT L ENARETHD Z &b, AL
— FOFEIALIZEBRL T3 3, Fiz, F2 k7 va— Lz HEE L THWEGEAE, EBIR
BT SN2 P& 5 &L 29 303972 | SEARFFRINZRAERM G Z ENMRETH D, &6
(BRI Z 21T, 5B 3 kT b a2 — uiZxt LT HI®BINAIC Sa2 G & I L CREEAI &8 A
LiZEWO L HD 39, ZONHRFFREZIGAL T, REAIE LTHOLVRF T T—
NS Z LT, 7V bBRAERTE Fax s oG LI baWEE 5 7 at ZAOG4AE
FETAAR L. 22y — 2 THOSRTWA(X 2-1, 2-2) 3136,

QAC
= 0
Porcine ™S = _ﬁ K,CO4
/C{(\ pancreatic T ik
= 0 lipase /\g\o
Z . F
™S o’ﬁ T™MS —ﬁ
OH /
/\(\ Y 1. 4-NBA,
™S O’]/\ PPhy, DEAD
2. K,CO;

[ 2-1. WIERIE &I LTz 27 27 Lo~ — oA i
N. Kagawa et al., J. Org. Chem. (2006)

125 CiaHos . %

T 0O —_—
o]

6 _— - 10
OH OH

2. NaOH
QH o}
CizHaz - _— CizHzs o
0 - 0 10

(on
H
1. 4-NBA,
PPh;, DEAD
(8] 5
OH O E—— OH OH

%22 & N v HO SRR & 5 ke
Y. Hattori ef al., Chem. Asian J. (2006)
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JIESOR IR, HE TH L7 a— s L TREE L L TREEA (carboxylate %) &
triphenylphosphine (TPP), diethyl azodicarboxylate (DEAD)23 —fXHIIZ WV HAL, LA D KL 5 7¢
FOCHERE 2 U CHETT 9 5 (X1 2-3)37), £ 47, TPP 7% DEAD (Z3RIZBEE L, MMEA A 2 34
B} S AU(Step A-1), SREZFID 7T 11 kD3 BEA A AATH | E T THEVE(LT 5, 2D%, 7L
A= ARRARZY MMORBHEL, 7Vaxy M) 7= VRAR=U LML E RT Y
VB E LA (Step A-2), RSN T L ax T R T =2 =Lk AR = U AEITREEH &
NEARHIEFNC SR LATEOBERIA L Y 7= =Lk AT 0 VA% RPAER E 15 (Step A-
3)o

Route A

& 0
StepA-1 O _PPh; 2 (D
FH[E}LRa Step B-1 /‘\DJ StegB-IPh3P\6‘J’LR{‘\ o
1 2 =)
o JOL Jo RO > mo N L o
M NT oEt o~ N -OF \
BIO7 Ny 107 Wy 0 PPhy
&PPh30 @PPh30O &
Step B-2 Step B-2
Step A-2 2 1 3
0 4 OR\_/R OYRO
Em)L(N N__OEt BO)L(,}‘,NTDB EKOYNEN)LOE‘
o /_®PPh3O RL_R? 0 /-®Pph30 RL_R? 0 ~PPhy RI_ R
e 3J\ biéH -0
RszH \_/ OH R¥"OH 0 ( OH
R OH
EtO l
T ol j\ 9 )/-‘\ 3
PhaP-_ @ 0 0 0. R
o PnsP b)
1 RC\ ’ Pmp\bﬂ\ﬁdlm EtO T L
R R1 RZ T N OFt
ORVKO
0=PPhs
3
0 T
9 o o so_ N Mo
0" R? oL I
'; R3 0~ “R? O g
R*/‘RZ RI7R2 ROR
: R2 R1
1 ~ 0
I =
: EIOTN;EJLOB
! Deacylation OH O ppi—~g2
———————————————— > Y
R!7TR2

2-3. JCHELE D B SHERS
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ZDXHIT, HHESINE TPP & DEAD DOfgfbigcz s/ & LIEfUSTH D720, 87
IR R A B L L7 WER D R BUS R EZ B L T D (K 2-4) 3, 207, OH
R E DRIBIENE Z VIZ< W EBFIRE L TETF O, v~/ v T4 RRbLEWDO~Y
777 FARE 2-5)72 ERkx RO AR FRERICHNLN ¥, 512, BHIC
cyclopentanol ‘F#DOE R X Y I VUo7 Y VIERAE AT LI ENARETH D
7o TR H O FE DEREELD A KA~OM A O0(X 2-6), hEEICHND Z LT, kkx
IR E R o e R U~ —DHERA~DIGH 072 8 (1% 2-7), YRS ITER % 7258 VW BT
W5,

H :
-N - NH
o - o DIC, HOAt R \_)I\O/QLH
H : DMAP, DIPEA R o}
Y :
. \)L ok o/\)l\ﬁ NH  ——
R' o] 0] -

Mitsunobu

H (e} UL conditions H @] - 0
N —_— N M
Fmoc” \;)LOH HO N NH Fmoc™ \)I\ N NH
R H o R H oo

2-4. JIERIEIT X % dAn i st ™
J. M. H. Cheng et al., Chem. Eur. J. (2017)

(-)-Spongidepsin (-)-Dactylolide
L. Ferrie et al., Org. Lett. (2006) I. Louis ef al., Org. Lett. (2006)

Nannocystin A (+)-MPC1001B
L. Liao et al., Angew. Chem. Int. Ed.,(2016)  T.Kurogi et al., Angew. Chem. Int. Ed. (2016)

+ 39a,be,f)

X 2-5. v~z 077 hRHRICBERISE Wi~ T4 R
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o ANH
B e
¢ I HO N N’”J\NH2

HO N7 N™ " NH,

Pyrimidine or Purine
base

BnO ( . .
I > i i = r
TQJH A oy

OH OH
Entecavir carba-BVdU

X 2-6. BZmEEEIRD AR
0. R. Ludek et al., Eur. J. Org. Chem. (2006)

- — Cromer> —= P -

reaction R
HN "N HN

PN R

0~ “CF; 07 “CF,

% 27, SIS DA Y ~— B~ ons i
R. Kakuchi, P. Theato, Macromol. Rapid Commun. (2014)
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— 77T MIESUSITIIN S DD R EHBELE L, £ OFADHIR S 1 50 bR, £ 0
REDO—2L UTRIERINEZ L 9, BROYMEOHURNEETH L irETbonsd, t
RIZDRM) T2 =V R AT 4 A XY RITIA T, K 231077 K9 2B G %8 H L
THEA REVERMAE 52 5, FD1-, 7 at Z{bF4 8T B CORIERUS & FAV - E461%
FEA LR HIESUED TR RFIIEH E VA TR, Eo, WD REAN
DHIBRR S D Z & BHIEIED KA L LTHET HLD 9, —fMIC pKa 23 13 LU OREZHI D
HHIERO A ATREE STV D, pKa 23 13 £ 0 @WREAIZ W84, KAl
2 kA DEAD (2L o TRl & T, R D IZREHID VR = VERFBER T /L 2 % 7R
AR= T DR BE AL Z U (1% 2-3; StepB-1) | Bl 23 E % S 5 (1K 2-3; Route B),
F 72, pKa DIEFNAR N RIEHI A8 2 7 L 2 — N D LR R R LT A a 5 2
LW O MmE L HD(X2-8) W, S HIT, WIENEEOBEMFHDOLES b RFD—DE L THE
FHNd, KIS BRIZFEF IR RIS TH 5 —F ., ZOHROBLT ¥ WALLERIZ 1T —
IRICBRER &> 2 \WIFBRIE R 2 AWV D IEF 1T LW SRR RO BN D, Z DL WS T Tk
S F-PDOD = 2T AAEE DIKSR, T3 VR =)L Do = Ak, FrE A7 SRBRIE M 2 47
DRV rF K OR—RIZH T 5 B-hydroxycarbonyl ##i& D L kv 7 /v K — L% O RIS
DIBEIND T2, HIERKEEOEANRAIRETH D & S5 (X 2-9),

(0]
RCOOH L
on (pKa 2.16-4.47) Df R
TPP, DEAD
CHCLCOOH
(pKa 1.29)
TPP, DEAD
o 0]
E H\OA@/\QH QJ‘Cchg
0 C - W
HD)LCH(JQ HO)LCHCE /J\O /J\O
S — 44b
2-8. kLAl & L CHle A Fi =5 A ORISR
oH 0 OH \-‘o@ OH O
e e —— B
‘\___/ H

- 0
o' e 2
RIS R2 RH BH R? R

2-9. WIVAKR= L DafiDOTE L E L ba 7L R—/V G
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A H E TR U 72 SEHE RS O RIE S OFRIR O 7= 012, YHE S O F P IE R ) 72
BRx IR T TETCWD, ZOFEREF L LT, fil#ii&E CHIH " HE72 DEAD & TPP
DIERRIR & S 2T A DOFFE 49 kLT X - TR IZHRFEREZ: DEAD & TPP OJEfx{A
DOBFE D, pKa B3 13 X0 @R A 3 ATEE & 3 5 MAESUSRIEDO RN T B D
B, ZIHOIFFRIZ L o TRIARMY & pKa ORBEIESE ST E A, SBIERERITIS T D i
T VALK O S EIZBET ARSI A D, RN E TR T 2 LS ATRELS
RHZET, BEAROBRTAELLZY T AT LA~—OFHMAN L SN2 KR D
RO KIEZ2 ] R S D (K 2-10)9), £7-. KR SR D ISR RIERZ ST 5
T EMARBICAR D . KD IRV CHEETEVER B ORGEN PRI/ D L B X b D,

oTBS 1. Swern Oxidation @] OH OTBS
oM . oM
HO © > | Ph €
2. OTMS
T
OMe Ph OMe
BFy0QEt,, CH,Cl,
-78°C,3 h dr=85:15
Et,0Me, NaBH,, M
THF:MeOH (4:1) OH OH OTBS 0”0 OTBS
-78°C,3h
_  » |Ph7 s OMe —_—% Ph OMe
OMe OMe
dr=91:9
o OH OH OH
—————————— > : S OH
__________ b -
OH

2-10. Baulamycin A D& 4%
S. Paladugu et al., Tetrahedron Lett. (2017)
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1.2 6-Tuliposide B DRIGHEE & £ D5 B2 BR{VEES

Fa—U v TORKAFAET DPIETEEME 6-tuliposide B (I D-glucose @ 6 L3 3,4-
dihydroxy-2-methylenebutanoate (DHMB) W& fEE L7z LGS LICHE= AT L CTh 5, AMbE
VORERITLYREOEE L O LV ERINTZN, £ OEEHIEFE T 6-tuliposide B ™
S E D FIEEYECPH 5)2> b SRR T 4 AL DOKEEI D ORBHEIZ LY, BRICT 2

kAT DB R S (1K 2-11),

OHG%
HOW ( &
> o) HO O

HO HO OH OH

OH OH
2-11. I T TT 27 Ak % tuliposide B O {HIEH

Z DRFER R SOSHERES MEE 1) & 3 TS S 7o, Bz A IEROE T e & 3 R — DB %
NiEtE iz, Blh, DHMB BALORE S & 72D 4 fLOKIEIEZTEOHRELCR#EL,
NE7vrXy = LTHWD Z & HEMESATIER < B LT RGER 2 B S
HOLGEMTHT O MMERZERTEDL L VI THFAL L TH D (H2-12) 50,

A\ 4

Hd

5

o oH § EEMEH
R1JH/R2 . R1)Y\R2 g TEf

BEEICS L THEWEE

BEFOAERICTIE

79 BEE - BT o o
0 o%ﬁvop@ e er
L  » » Rﬂ RE
RJK‘/‘\RQ \ 0
be.
HO

HFLLAERGTIE

2-12. BECERIGT v axy R — L W SN 07 > b TiE
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IO, TrFdy N =L U CRiEREEDOHRT 21T 9 72, DHMB & % DK
D pH ZEMZ RRE L7 (X 2-13), Z DfES, 3,4-dihydroxy-2-methylenepentanoate (DHMP)
PN BN BRALRE N A RD 2 L 3o 723, 1) DHMP [ ZBRILEE I 3R T E 5 720
BERREETHH A, 2) B Fax L2 fke s -0 RKIEORECHA#ORMENEL 5
ZEOBmMNG HEERBRCEENEA L, KVESICE Ru X U OB FEE7: DHMB
DI BFRCIER ST v u kv Fh—& U Tl Ze & T 5 L ismft i b,

O
R' O Buffer (pH 5, 6. 7) Rr1 R Mo Ba
HO R MeCN, 600 rpm, 30°C o RI:H, OH, OMe
o > 5 R%:H, CH,, CH;
3 2 R R¥:H, Me
R* R 1,2,4,8h R3
DHMP DHMB 4-hydroxybutanoate
100 00—y
90 %0 20
2 g
£ 80 E 80 2 80
ERL 2 g0
£ 60 ™9 2 60 oH o £ 60
o HO, - o =
= 50 \H\"/Lo = 50 nn\)\"/ko/ 5 50 [+]
< 30 < 30 &30 °’\©
£ 20 = 20 =20
10 %\“; 10 10
0 7 0 0
o 2 4 6 8 10 0 2 4 6 g 10 0 2 4 6 § 10
Time [h] Time [h] Time [h]
3-deoxy 3-deoxy,hydrogenated 3-0-methyl
100 ;:g—-\..:: 00wy 100
s0 0 ’\\’ -
®
é“- 20 s 80 5 80
g £ i ERR
6 E &0 un\/\])l\o/\O ,E 80
3 50 = 50 2 50
T4 9 3 £ 40
o HO. - E E o” o
< 30 o S 30 < 30
£ : ° HO. -
20 £ 20 £ 20 o
E
10 10 10
0 0 0
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 g 10
Time [h] Time [h] Time [h]

W pH50 @ pH60 A pH7.0

2-13. DHMB & Z O E R D Bl | &
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2. RO HEY

AHFZETIL. DHMB SHORFOIRFIZR 51T D B CBRALYE & v 5 R B 72 SOGHE 2 FI
L2 BBIE G T v v R —oB% A HiE L7z, ZHICrhid ¢, DHMB 84454 &
Lz o FAearnrimxy NP —0gRx e Lz, 7vrnxy N h—%2x)
VFAE 2T ETHIET, TEIROT Ve R HWDH Z L TIRESND, I
AR D AR SNV OIER LR ME DK T &0 O BED RN SN D, £72, Gk L
=7 vy R —OMIERNT I T D W E A OREE L | < BT > AL Ok
ML HME LT,
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IEREER

30 = F U FFaT7hT7Tiexy FF—08K

PMBC1, NaH 1.0, CH,CL, -78°C
OH : OPMB 3, Lol o
/
/K\/ TBAI , THF R /(.v 2 TPP R oM BO\)
HO 63 % PMBO 48 %
1 2 3

Methyl acrylate Ti(OPr)y, (+)-DIPT OH O

3-HQD , DMSO TBHP , CH,Cl, , -20°C
» PMBO - » PMBO ~
0 o}
83% 39%

>99%ee

4 5
LiOH * H,0
TFA B
CHCL o ML DMP, CSA ?’O o MeCN , H,0 , 55°C ?”O ©
— _— >
_cHCl | %O/ . %OH
97% 929% 5%
[ 7 8
Et,N TBSOTf
TBSOTf  PMBO o Et;N TBSO o LiOH * H,0 TBSO o
CH,Cl, CH,Cl, MeCN , H,0 , 55°C
> 1Bso" o 1BSO" o~ > TBSO" OH
77% 42% 50%
9 10 11

Scheme 2-1. =F v FF TR T vaXxs RF—OA K

FT. =F U F A E =277 DHMB $HD G A 1T > 72 (Scheme 2-1), HFEWE & LT cis-2-
buten-1,4-diol (1)?D & K1 % 5% PMB 2 THRi# L. 63% DI TILEWY 2 #1537, IR\ T,
{CBM 2 A Vi fRICE D T VT B R 3(48%)E L. #ZMH-Baylis—Hillman St 212 CT 7
UNEBATF N Ty 7Y 7 LT B3%DINETILAEY 4 157, Dk, Mkt F
A= — 32 M) T Sharpless kinetic resolution )12 CTILA W) 4 7> B BB IRIE IR H3>99% D S
KTHHILAM S & (+)-DIPT DIRAEMEHD Z LN TET, IBEW% 'H NMR CTH#I L,
FEED N HALEY 5 DULEGRI%) Z iR Lz, £/- 4ot Fu X U EoRi#L % TBS
B LI A IERISOEITHR R bR olc, TO/RRLY ., 4Dk FuFk o EoORGER
Digmm SVOSHFHETH DEERTERICEERN S D LHR I, =F vy FA a7k
DHMB OEAFIZHEIT T 4 A0t N a S IORGEINAREE DD 72\ PMB 23N il CdH
% &l < i,

KNT, GO F o FAE o777 uxy R —0Ffflizmir <, DHMB O 3,4 fif
Dt Ru XU RICEAT HIREERORF 21T 70, DUAESRE SRR TH D Z &
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3 CIERER O FAFPAIER A2 B Z T2 B ICAFE LD SN D T2 £ D543 acetonide
& TBS Bafrift s L TRIRLZ Y, £7°, (LEW 5 @ PMB HEa ettt T Clhifkig L
97% DI T &M 6 Z157-1% . FF-< 2,2-dimethoxypropane (DMP)% VT ¥ A —/L & ££
HEL LA T & RUOINE TR, £72, TBS KIC K DILAEM S D 34D Kk ik
DOIRFEIZTR ) 72V A AR TdH 5 tert-butyldimethylsilyl triflate (TBSOTH) % V7=, TBSOTf ™
ERAC L0 2 MokBEEH A~ TBS FBEANRGEICHET |, PMB M) b [EEE TBS S~ E
NAFETHD Z LD BN TWVDH(X 2-14), ZIUTEESWT, 341Dk Ru X F%E[H
RRICORET 2 Z & 2 RPINCRATz, L, HRIDILAEWEHSDL Z LR TERD 5T, £D
e 3D o o A (RF#E U212 ICBERERYIZ TBS BB AT H 2 & & Lz, £DkE
R ALEW 9 % T7%. {LEW 10 & 2% DR THL Z LN TE T, K&, ka7 &
10 ZHNKE L, ZNZEI 85, S0%DINETHET AT vaxy Rh—~L 452
ENTET,

\ 8+ wCorTe
Si—OTf Si,
> /e ; / <o@ |

e T R i
R._ _O.
e 0_

2-14. PMB #7> 5 TBS H~OfiIF R 2 e ICHEE S5 USRS
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32 BT VRS ORRES

LT o AR OFRFHIH WD EE & L X, —EDEIHEZFFL, 74 N4 A 4 —
KT VAL AEENRRERE 2 T Va— A n@#ltT5EEXL. BRAICAFTELTE
K 1-(4-methylphenyl)but-3-en-1-0l (12)Z FH & L TR L7z, £72, pH7.0 DV Tk
U 7 LFETEHE (phosphate buffer) & tris(hydroxymethyl)aminomethane & HCI 2> & 3% U 7= %
W& (Tris-HCl buffer) Z FAV T, L7 S ALSAE OG22 A 7=, £9°. (LAY 112 acetonide T
LbissTBSHOT v mnFxy NPh—2ZNENEALLE ZA LAY A-13,B-13 2155 Z &
28 C & 7=(Scheme 2-2; A-13: 77%, B-13: 82%),

(o] OPG
OH TPP, DEAD QJKH/K/OPG
Acyloxy d .
CYIOxy Conot Acetonide type (A-13) : 77%
X ~ Bis-TBS type (B-13) : 82%
12 13

Scheme 2-2. 1-(4-Methylphenyl)but-3-en-1-0l (12)~D 7 v 12 ¥ K} —@DiE A

BoNIAbAY A-13 126 LTI PPTS & W CliR#EE T o712 & Z A LG B-13 025
LB 14 (57%) EALE 12 (27%) D3 E I E 1S B AL 7(Scheme 2-3), E 72, (LA B-13 1Zxf
L C TBAF # WV CHURELER 21T o 72 & 2 A, (LAWY 14 (40%) & LAY 12 (40%) 3 E
357 (Scheme 2-3), Bis-TBS M Tldt 7o b U MESME T RS EZIT> T D
e, W VZAELT 4T v axy RRERET 7 F o z2EEC L, buffer JABEFTIC 2 87 /v
T —VERPR RSN TS EB 2B,

9 OPG A-13: PPTS, MeOH, 60°C O OH

OPG OH
OJHK\’ 14: 57%, 12: 27% o)'l\’rk/ /@)Oik
B-13: TBAF, THF

14: 40%, 12: 40%

A-13 or B-13 14 12

Scheme 2-3. {L&W 13 Db N X R f#

WNT, AR 14 OB & EIN L7, MeOH, EtOH, i-PrOH, THF 0D 4 Fi¥H O A HEA I &
1.0 M @ phosphate buffer & Tris-HCl buffer % flA A O 12 IRRICIAME L. BT v A bS:ME0
BEtEAT - 72(3 2-1), £ OFER, buffer DU Tl phosphate buffer % V72553, Tris-HCl
buffer Z V725G LV SR ETHWIEREAZ R L TWD Z &R nahole, £, AERE -
L TiX MeOH, EtOH, i-PrOH, THF DJEIZHLT S AL EITL TWD Z ENghotz, 2D
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FERMND BREEE U CBUKEO mUWEEEF O 523, DHMB O b R v X v EoREM:
FEDDH I ENREENT, o, BEIR O T S ARICEHEST S 2 & bR ST,

% 2-1. PL7 AL ORKE

(o] OH
OJ\’(K/"“ OH
m Organic solvent / buffer (pH 7.0)
~ =1/1wV) R
" r.t, 1 day "
Entry  Organic solvent Buffer Yields (%)
1 MeOH Phosphate buffer 42
2 MeOH Tris-HCI buffer 32
3 EtOH Phosphate buffer 30
4 EtOH Tris-HCI buffer 15
5 i-PrOH Phosphate buffer 27
6 i-PrOH Tris-HCI buffer 20
7 THF Phosphate buffer 11
8 THF Tris-HCI buffer 11
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33 F2H/TNa—L~DT Xy FFr—EA

OH
?H ~0 s ?H
15a 15b 15¢

OH OH OH
0. O

15d 15¢ 15f
2-15. WIERJGDOIE & U CEIRLI-FE 2/ T L a—u

EREOF TR 2T V32— (1% 2-15)% VT acetonide A & bis-TBS oD 7 v 1 &
v R — DA Z R AT (3 2-2, 2-3),

7% 2-2. Acetonide LD T >m 2 R — (8)% FVNT= SR IE Sis 03 FH #i BH oD R Rk

¥l

OH TPP, DEAD 0
Acyloxy donor (8) z
R1 R2 - R1A“'R2

15 A-16
Entry  Secondary alcohol Temp. Yield (%) ee (%) 2
1 15a 1.1 81 88
2 15b 1.1 88 =99
3 15¢ I.t. 81 =99
4 15d I.t. 76 >99
5 15e I.1. 69 =99
6 15f 1.1 39 94

(a) Measured by HPLC (ChiralPak 1A).
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Acetonide ! N —% HW2 56 (K 2-2), WHEH % 15a-e & LI2GAIIBEFO K — L[R5
DR TEZAT NV EART D Z LN TETZA(FE 2-2; entry 1-6, 69-94%), FE % 15f & L7-
BB OIERITIK - 72(F% 2-2; entry 6,39%), IRVNTH Z /L HPLC IZ XV | 52K D
5% %R (enantiomer excessive)& il L7, FDEE, VT AT LA~—DE— 7 DEFEDT-
DITHEA OGS L o> TR ERFF LT AT VB R LT v e Uiz, R L 7RSS, 2
‘B % 15b—e & LGB ITEN T KR4 15 5 2 & A TET2(3K 2-2; entry 1, 88%ee; entry 2—
5, >99%ee; entry 6, 94%ee), F7o, T UF AT RTaXT RF—EHN5H I LT,
FEFINCHBRIR AT MV EGD 2 LR TE (X 2-16),

by A
3.68 3.66 3.64 3.62 3.6 3.5 3.5

%] 2-16. = A7 /L A-15¢ ® 'HNMR A7 L

a) 'H NMR spectra including diastereomer; b) *H NMR spectra of enantiopure
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7 2-3.Bis-TBS LD 7 1 & ¥ R — (1) % T2 G HE SO 00 18 &6 H O i

0O OTBS
TPP, DEAD A OTBS
j’\H Acyloxy donor (11) C:)
R "R? > RI"™SR2
15 B-16

Entry Secondary alcohol Temp. Yield (%) ee (%) 2
1 15a r.t. 52 =99
2 15b r.t. 75 =99
3 15¢ r.t. 53 88
4 15d r.t. nr.® .
5 15d 60°C 93 =99
6 15e I.t. nr.?® .
7 15e 60°C 39 14
8 151 I.t. nr.?® .
9 151 60°C nr.® -

(a) Measured by 'H NMR; (b) No reaction.

Bis-TBS D K —% HW =854 (5 2-3). acetonide LD R F—ZH_T, RO T2
RV (FR 2-3; entry 1-3, 52-75%), FRICSIARIINZ ARG o T2 7 v a— L& W 5510
BOK TN O, BEZ 15d-1 & LISEIXER T CRIGHHEIT LR D» 7258 2-3; entry
4,6,8), =T, 60°C [ZMEAL TS HTZE A, BHO(LEY B-16d,e 2155 Z L3 T
X 7o M(EE 2-3; entry 5,93%; entry 7, 14% ), 7 /L —/L 15f ~D R F— D8 A (TR S 72 hn
S72(3 2-3;entry 9), F 72, (LAWY B-16a—f 1TBUKIENIEF 1T @ < | NEFRSZ v 4 Z 2 HPLC
TIEYT AT LA~—0OE—7 SRR S 7=, HPLC 12 X A KB O RIE 134T -
TRV, LA B-16a,b,d O NMR A7 ML EIZVT AT LA~—DOE—7 BHEL
RN oTeZ END, e KRR ARG DT EHERI T 5 (3 2-3; entry 1, 2, 5, >99%ee),
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B, LAY B-16ce IZB W TlX, NMR AX7 ML FIZV T AT LA~—ELEbn s e —
7 O IIHER I T T2 0 (K 2-17), SEAREIZ AR 2B RS (X 2-18)2MEHE X4, SRR
REF SN AT ANRER L2 & B X2 HILDH (5 2-3; entry 3, 88%ee; entry 7, 14%ee),

a) o OTBS
0 OTBS
B-16¢
| N
P VAN km} — M,/\__,,/‘_A_,/\f D%W‘
3.65 3.6 3.55 3.5 3.45 3.4
b) @] (?TBS
o OTBS
HH
B-16e
| |\
f * £ | %
/.' “\ e -/- A NS pﬁm_,

3.7 3.65 3.6 3.55 3.5 3.45 3.4

2-17. =AF /L B-16¢,e O 'HNMR A7 kL

a) 'H NMR of B-16¢; b) *H NMR of B-16e; * Signal of diastereomer.

47



JOL
o PPh o7 R
H o/ 3
Eto)LN,N\n,OEt =)
l )
@PPh;0 > “yy

(o] ey, 'y

o
0
| i%%m ?kR
R4 70 A
> T —— A0
RS oH K

2-18. FHE SN D EISUG

W ONIER ST IBNT S 7 a— AR EICEEE T 2 RFEO &R S IINE LT S
HHIEDHMOLNTVWDENR, K7 Xy RE—IZB W THIARROHRINFET S Z &N
RME STz, — 7, bis-TBS B O SIS DAR S IINTARR 2oL @& RIFR 2 & TBS D S &
DXV b, BHEOEWRAR=T AREKEBUKEDOENT va %y R — L oD
RIICLDbDEEZLND, ZOD, L0 7 Vies U LV H(2-trimethyksilylethyl J&7¢
Ve HWD Z & TRICHEITSGE TE D afREtER B 5,
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3.3 BT oAb B ORREE

FEWTEZ a2 3.1 Tied mWWIEE% 5 2 72 MeOH/phosphate buffer (pH 7.0)5F1Z & %
BAb Z MR L 72 (3 2-4), Acetonide 7 A-16a—f (2D Tl 4 248D PPTS TRLEL L 7%, %
RIS L 2 BOSHR DO P REZE 21T > 724212 MeOH : phosphate buffe =1:1 (v/v) & il 2 TERAL
BOETHE L bis-TBS i B-16a—f (2D Tk 3.9 2 & D TBAF & VTR L 7=, Wl
HMEOHZATO, FIRRIZERILICHE L., ENENOEE O = F o F 4~ — IR IR PR
L7z,

RANZ, acetonide ! A-16a % SALEE L7223, FREO T /L3 —/L 17a DERITRD H i
IRINDT(FR 2-4; entry 1), BUKMERE CHHMR LR TI A BRILE BRI o2k
NG ARSI W TSR & T 5 WE OGS CTIRFICE T 1 77 RN
VHETHLEEZDND, TITO0CITMAL T, BT /LB ZAT 728, FTEOT
Ja— b 17a OERIZBO bl odtz, F72, entry 1 & 1T R 722 2 A K
(THF/MeOH/phosphate buffer = 2:3:4 (v/v/v); Phosphate buffer |3 KH,POs & NaOH % VT3l
FEINTZ) T, 60°C ITHEVL THLER L7= & 2 A, T/ a—)b 17a DAERDHER S 72 (3 2-4;
entry 2: 83%, 82%ee), = HIT entry 1 OSEMFICIHRMA L LT, MHEAB#HME CH 5
tetrabutylammonium iodide (TBAI) SOZ fillit &N 2 7= & Z A, @027 S AL Z 0 |
TV —)L 17a DR S U7 (58 2-4; entry 3: 64%, 89%ee), F7-. acetonide i A-5b % S JHAL
BLIEZ A, TAa—/ 17T DA HER S VT2(F 2-4; entry 3: 87%, 99%ee), B S 4L
HANKR=ZNDNL DT LB E Uo7 Z b IRFRGEEORLT VML ER S 1
Tc&ER %, —J7 T, acetonide B! A-16¢—f A SUSLEE L= & Z A 7 S ALITHERS S U7
Do 7(5 2-4; entry 5-8), 12T, TBAI DR, 60°C TMEMRIEZIT o722, £ TH
7 > AGITRER S g o Tz,
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3% 2-4. T AL D F L O R EE

0 OPG
0 : OPG 1. Deprotection oH
R1R2 RR2
2. MeOH / Phosphate buffer=1/1
A-16a—f or B-16a—f 17a—f
Entry Substrates 2 Yield (%) ® ee (%)
1¢ A-16a (88%ee) 0 -
24d A-16a (88%ee) 83 82
3¢ A-16a (88%ee) 64 89
4 A-16b (>99%e¢e) 87 99
5% A-16¢ (>99%see) 0 -
61 A-16d (>99%ee) 0 -
7% A-16e (>99%) 0 -
gt A-16f(94%ee) 0 -
9¢ B-16a (>99%ee) 97 89
10¢ B-16b (>99%e¢e) 78 99
11¢ B-16¢(88%see) 70 72
12¢ B-16d (>99%e¢) 43 96
13¢ B-16e (14%ee) 0 -

* Enantiomer excessive of substrates was indicated; ® HPLC yield; © Compound 17 was not observed in deacylation heated at

60°C; ¢ Treated in THF/MeOH/phosphate buffer = 2/3/4 (v/v/v) at 60°C. Phosphate buffer component: KH,PO,, NaOH, H,0; ¢

TBAI was added; f Compound 17 was not observed in deacylation added TBAI, heated at 60°C, or combined conditions; ¢ Results

in deacylation condition was indicated because yield was not changed in deacylation treatment.
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F 72, bis-TBS BUZOWTIE, B-16e &< T X TOLEE THRREN D RAF QIR
AU7=(F% 2-4; entry 8-12, 43-97%), fH L. MeOH : phosphate buffer ZLEEBHAAFF R0 6, REIZHH
WFHEOT /L2 —)L) HPLC THERTE TWaZ &nh, IOIERIBEIZE 5 b0
TIE7e< . TBAF LBEOEPECREICERIL L CW b DB N5, — T, (LAY B-16e
DT 2 MEITFRD DR o 72(F 2-4; entry 12), BV UZ X D7 V3> ROARKIT
ST 7R R D AR A IR T 225 B b & O 3 FINBOSTIECITHET T2 2 & BUGHK
MIET B R NETHD ZENBILT AW B D MM S LR 2 55 CTh
D, FOICKBITE S, EERITHIENEIZ a-hydroxycarbonyl i Z R DL EW)C= X 7 /LT
%f LT, TBAF Z AWz 2V VR IRGER O RGEL I 24TV FUE 2 B R 21572 & 5 R
SN EAFAET DX 2-19), T D72, bis-TBS W7 m %y RF—DfEmE L THE
rLEEZXLND,

HO
HO, OH

conc. HCI1, THF, 1t
., HoX& o
HO
9 l 9 ~ TBAF, THF, it Q l o _
NH [ ;COO’P NH [ ;COO’P
N NH | NH ™ '
o\) o s GH o\) o s GH
J RV

TBDMSO
S S

2-19. HEHMEICTIWEVE O TBAF & V=3 U L 53 5 oo i A5 1]

Acetonide LD FEIEAELM D 5 6 A-16a 72 5 TN A-16b [ ZANFFE(FE 2-4; entry 2,3)I2 L -
THERORVBRICERMZRET H 2 ENTE T, — 7T, HIEAEEY A-16cf DT > AL
TR SN2 D o7, F72. bis-TBS ROJIEAERRY D 5 5 B-16e % [ < B-16a—d |ZNifriE
SLERIZ 0 T S UAb D R S 372, B-16e (345t < MeOH : phosphate buffer = 1/1(v/v)iLEE %
iToThH, BT I bITHER S e oTc, THHDORERL Y | 1) EOBKMED R X,
2) FEDONRK /2@ E &, 3)DHMB D 4 LDt R T HOREMENIL T v Az 2 %
HZTnWbEZE2 BTz, 1) IZBELTIL, £2-4 Dentry 1-8 L0 ZDMHEMB R LNT-, L
L R BOKPED BN T )L a— L 14 ZJE & UT2GAITIT 2 AL iR S 7= (& 2-
DG BKMED B S L DRV E b5, 2) IZB LT, & 2-4 Dentry9-13 LV |
Touaxy R —EAMEDRN AN FETZIT IR = Do TH 5 B-16a—c 7> H E O UY
RTT )V a—/v 17a— BFHNTZ(70-97%). —7F7 T, 7 ¥ r ¥k R —HALLEOEFFZ Ph
2032 B-16d ZHE & LT T 2 /ALIGRIT 43%, i-Pr J-Z2 A3 2 B-16e Tid 0% Th
STz ZOFRERMNOBLT AR & BB O S I —E OB L S, N UL
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W7 xy RE—REAINTAEED 15 IZBNTHIT VbR ER SN2 b b,
HE DSR2 BT RENEEZEZLND, £ DITEAL T, £2-4 Dentry 1, 2 DFER K
0 SRR ORI T S NACIC RS D Z EAURER ST, F 2-4 D entry 2 THUN - FETE
I K DN EEN TN 720, DHMB 85D 4 (i3 A ) 7 AT v afxy REFRK L T &
EZohD, F£lz, £24 Dentry3,9-13 TIET U E=U AT AV IX Y KRB L TV &
BxbND, TOZENLTNAFY RORBEHEDORI AT S ALICKE < EEEL TV
% &f%i bhb, BLELX Y. 2),3)28 DHMB 0 H B ISRV B L2 RIFT 52 bhT-
. & 2-4 D entry 5-8 T TBAI ZIATZFMTH, MARMN T LF UHERDBE O

22D, 2),)DOEEMREETHLT > MEDFE R oS L b s,

7 vua Xy R —owE A OJERIZIT -4 % OB & L TiX, DHMB 80 4 fiidt
Fax s EoRBEEZED D, DXV T UE=ULAT XY RO X SRR R EE A
TERR T DREDORF B METH D & b s,
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cis-2-Buten-1,4-diol (1)22H 7 BED LA R T, =F »F A 2772 acetonide . (8) &
bis-TBS ! (1D 2 D T o1 %3 RF—DA R & R L 7=,

BT 2 AV DR 24T o 7ok R AR L U CIIBUKPED E V) MeOH., FEEHK & L
Tl phosphate buffer Z 5 Z & T, L7 /SR E LTEVENLTHD E VD Z &R
Ly Tz,

6 FEFADE 2 #k 7 /L 2 —/L 15a—F (2%} L C acetonide LD 7 v o K —8 D A &7l
72l A BEFEO R — L RIZOINRTHMOILEM 215D 2 L N TE 7243, bis-TBS %
MWD & SEHERINDGABRE S T2 T V3 — L ~DOEANRFHE L Ipodz, ZORMEZIGHT S Z
& CHLERIAYZL bis-TBS BT v uaXy RF—0EALARETHDH EEBEZLND, £,
bis-TBS 7" 2w & 2 N F-—|3 60°C [ZMET D Z & TIURINTIAB G T2 T /L a—/LIT
BATHZENTELED, BISCEA YT AT b A~—OERP ERINT-, £ LT,
acetonide i & bis-TBS BUZULRDEITH T2 DD, EH 5 DOHAETHIEFITHBE 2 A
7 MVESDZENTE, TOME, NMR A7 MNWLEIRISICE DY T AT Lt~
—DERERGIBENTEDLZ LRGN, = F U F AT RT7T Xy R —0f"
AR E T,

DHMB $5D it 7 > /WAL O F &I DO FRFEIZ 35 C . acetonide DA A-16a—f X PPTS
% TR GE A2 1T - 72 %% . MeOH/phosphate buffer = 1:1 (v/v)IEIEH THL T > ABALER 2 ik
L7223, BT S b DHEFT 3RS S T= DX A-16b DA T - 7=, 1272 L, FHEIBEfliL <
H5 TBAL ZNZ T & Z A ALAEY A-16a THLY 2 WAL BIEE S 47z, £ D—J5 T, bis-TBS
HOALAEY) B-16a—d OFLIRFAENPLIC, FEIZX LT 3.9 Y &D TBAF # vz & 2 A, #X
DANTWLRFE S 4L D L RIRFICIL Y > A b DR S 720y, LB B-6e DT > ALIXHER
Niginole, RIFFE L SATIHFROFER DO | T 2 /ALEIGIE, FIIEE OSTRI) 72 8 S
& DHMB $# D 4 fzD b N % 2 EEORBMEOEDOB G R BE2 2 T2 Z LRI
7o

WO T, RKIFECTEHE L2 D7 vaXx v Rh—% b9 5 & | acetonide Y138 A=K b
BN R THEN TN D b DD, 7 T WALSHICERED IR > T\ b, —J5 T, bis-TBS U3
acetonide | Z EL R TINARINIZIAAA o T2 BT % U TIRWIGE & KHRZh 3R A R LT Z &
RSN DD, WIRFE & [RIRFITL T S AL 23 FIHE T 5 ATl acetonide 2 K 0 & R IT
B, RO R —X 0 SRVl Z O Z EBNRB SN TV DA TIHENL TS &
Bbons,

Fio. R4 E L T, DHMB ${OFF DR SUGME & LT 1) #7507 NERAE,
I LMk D7 27 oAb, ) R— K7 ¢ VR DIZHE- ZBALS R ST, <
DO—fFl & U THAEARD 16b %2515 5 (1K 2-20), 16b (X 2 DB /LR =/VIRE & o, - EaF0H
NR=NVDBAL, BHET 3 DOREFEZAT D0, PR TERRIC DHMB $ 0
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TR Z VIR FBARIEELE L, EMCT 7 FAEL T D Z EDBHER SN TN D, I,
JCIEAERY) 16b D X 5 7o DRE (LB Z FF AL EMITxE LT HE IR T > AbA
ARETH DI ENTRBEINTZ, 20X 52 DHMB #3, HHESME TS BBRT 7 b r 2l
DICTERR T DR OIS EZ R Lo Z & T, 7yvafxy Ry —& LTOIGHAMNAEEIC 2
SlEEZLND,

o] S-exo cyclization
~_0© 7

%lf\

OJj‘r\’ Deacylation o
\/O e
o \
(o]
17b
HO
0 8 endo cyclization /
HO o V74

"
O‘ﬁ/\Ph

o

X 2-20. R—v K7 ¢ VHNZHES T2 T 2 A B

—H T, mEmW T a— BB L UG T S L ROSBET Lo T2, 5% 0
B LU C.DHMBEEDO AT O Ra X HoREMEZ D AN 7o ¥ — A F 2 OEtsE,
W7 S A SAE D F#ELEIT 5 2 & T, 7T iu Xy N —oRE i H O IR S A S
héo
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5. EBE

IoNriEE 7 o~ - 7'F 7 4 —(TLOIZ I Silica Gel 70FM (Fyt) &M Lz, U B 77
7 L7 v~ K7Z 7 4 —I217 Silica Gel 60N(spherical, neutral)(B #/b5) 2 ] L 72, NMR A
7 LT JEOL GX-270 % AV CTHIE L "HNMR (ZIXNEBEHEYE & L C tetramethylsilane
ZHWZ, E£72. BC NMR IZEE L LT CDCL 2 WA I3iEito BC v 7 (77.0
ppm) & FEHE L LTz, & 7 ALE I ppm TR A EEE Hz THRAR L2, MS A7 RLE,
JEHRE K FRKFEBEEFBE GC-MS « NMR JIE= ?, JEOL JMS-T100GCV % W\ THIE S i
7=, HPLC #%€1Z HITACHI L-7455 Diode Array 3 A7 L% U=, HFECHEERIEL JASCO
P-2200 % W CTHIE L=,

510 7 uxy Fr—08k

5.1.1 cis-1.4-Bis-[(p-methoxybenzyl)oxy]-2-butene (2)

PMBCI , NaH

OH OPMB
f\’ TBAI . THF J/\/

HO 63 % PMBO

A\ J

cis-2-Butene-1,4-diol (1, 10.0 g, 113.6 mmol)% THF (150 mL)}ZIAf#E L. 0°C £ THHE L7, K
JEIZ 60% NaH in paraffine liquid (10.9 g, 454.5 mmol)Z W~ < W INz T 1 B L=, =
D1% p-methoxybenzyl chloride (0.5 g, 1.35 mmol) & tetrabutylammonium iodide (catalyst) % /Il X,
2 T 40 REERHE L 72, H20 (78 mL) & 1 X BUG 25 1 S, fidfil NH4Cl K #E (100 mL)
& EtOAc (300 ml) & H W CorikilE & 1T o 7o, RO T AL brine, NaxSO4 & HV N Tz
LT oEEE L, B LIEMAERMII Y BTSNV T hra~ NI T 7 4 —
(EtOAc/hexane, 1:7) CH5HL L 23.5 g D cis-1.4-bis-[(p-methoxybenzyl)oxy]-2-butene (2, 63%, 71.6
mmol) & #37-,

"H NMR (270 MHz, CDCl;, Chart 2-01)

0. 3.80 (6H, s, OCH3), 4.01 (4H, d, J=5.4 Hz, CHCH>), 4.42 (4H, s, PhCH>), 5.77 (2H, t, J=4.1 Hz,
CH»CH), 6.87 (2H, aromatic), 7.25 (2H, aromatic)

5.1.2 2-[(p-Methoxybenzyl)oxy]-ethanal (3)

1. 0, , CH,Cl, ,-78°C

_~_OPMB o
JN 2. TPP . NI

PMBO
48 %

cis-1.4-Bis-[(p-methoxybenzyl)oxy]-2-butene (2, 23.5 g, 71.6 mmol)% CH>Cl, (75 mL)IZ&FfE L |
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S78°C WAL BUMNRIZ O3 R & 3AA 72, TLC(EtOAc/hexane, 1:4) CHIZEWE M3 TK
SIS LT Z & ZRER LTk O R E AL, IR G O3 ZERITFRE LTz, O3 DFRAFIE KI
KR & AW THER L7z, % D% triphenylphosphine (19.0g, 72.4 mmol) & 1 %2, 0°C £ T
KO EFRL, —BEHHR L7z, PUSK TR, W2 BER E L, HARWITEREIZ LD
KL% 1T > 72(160°C, 5 Torr), 12.5 g @ 2-[(p-methoxybenzyl)oxy]ethanal (3, 2 steps, 49%, 69.38
mmol) % 7372,

"H NMR (270 MHz, CDCls, Chart 2-02)

&: 3.81 (3H, s, OCH3), 4.06 (2H, s, CH.CHO), 4.56 (2H, s, PhCH>), 6.90 (2H, aromatic), 7.29 (2H,
aromatic), 9.70 (1H, s, CHO)

5.1.3 4-[(p-Methoxybenzyl)oxy]-3-hydroxy-2-methylenebutanoate (4)

Methyl acrylate OH O
o] 3-HQD . DMSO
pmBO._ > PMBO\/HW/LLO/
83 %

2-[(p-Methoxybenzyl)oxy]ethanal (3, 5.00 g, 27.7mmol)% methyl acrylate (55 mL, 611 mmol){Z %
fi£ L. 3-HQD (2.74 g, 22.1 mmol) & DMSO (10.0 mL)% /Il X 7=, Sl & =RIE T —Bafiik L=,
BUSHE T . 38 NHAClKEAIHR & EO Toritk L. ATH%JE 13 brine, Na;SO4 2 IV THIME L |
I TR = LT, MAERMIZS Y WAV T 57 a~ 275 7 1 —(EtOAckoluene, 1:3—
12N L > THR L, 295 g @ 4-[(p-methoxybenzyl)oxy]-3-hydroxy-2-methylenebutanoate (4,
49.8%, 11.1 mmol) % 437=,

"H NMR (270 MHz, CDCls, Chart 2-03)

6. 2.88 (1H, d, /=4.62 Hz, OH), 3.39 (1H, dd, J=7.6 Hz, 9.88 Hz, CH,CHOH), 3.71 (1H, dd, J=3.6
Hz, 9.9 Hz, CH,CHOH), 3.75 (3H, s, COOCHz), 3.81 (3H, s, PhOCH3), 4.50 (2H, s, PhCH>»), 4.73
(1H, CHOH), 6.01 (1H, s, C=CH>), 6.35 (1H, s, C=CHy>), 6.88 (2H, J=8.5 Hz, aromatic), 7.26 (2H,
J=8.5 Hz, aromatic)

5.1.4 Sharpless kinetic resolution (5)

OH O Ti(OPr),, (+)-DIPT OH O
PMBO \}W/LLO _ TBHP.CHCL .-20°C  PMBO \)W])LO P
39 %

AR MS 4A (4.50 g, 200°C T 2 BERIINEL L CHEMEAL) D CHaCla (25 mL) R #i% 1Z CHLCla (5
mL)IZ¥EME L 72 Ti(OPr)4 (0.50 g, 1.76 mmol) & ZEi 2 TN X 72, ISR & -25°C 12 A L1214,
CH,Cl, (5 mL)IZ¥&f# L 72 (+)-DIPT (0.70 g, 2.99mmol) & Wb~ < Vi F L. 1 BEf#E#HL L-, <
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D%, CH2Cl (20 mL)ZIES#E L 7= 4-[(p-methoxybenzyl)oxy]-3-hydroxy-2-methylenebutanoate (4,
1.00 g,3.50 mmol)z P~ < Vi F L., & 52 2 BRI L7, SUSHRIZ tert-butyl hydroperoxide
(1.1 mL,6.32mmol)Z W}~ < Vi F L, IRE%-20°C £ T LT 10 B, & 5ICEEZ-15C
F T ETC 24 BRI L2, HoO/acetone=15:4 Z M4 CTHIFE L TS ZEIL L, ELO 2 H
WTET A MEBZITS7, IEIKAEYD 2872< 725 E T 1 M HCI KEHKZ N2 Tl L.
N THLFT NaHCOs AKIAR CYed L7z, ATEJE % brine, NaySOs THLME L, TRBEZ BT %
Uiz, MHAEBRWIZI Y BTNV AT 57 v~ k75 7 ¢ —(EtOAc/hexane, 3:7-1:1){Z & 0 F5Hd
L. 801 mg ® S{K & (+)-DIPT & DIREM & 680mg DRI REZ NG, BRAEMOD
R TH NMR @O 'H OFE4 2 HEFR L. 398 mg D (S)-4-[(p-methoxybenzyl)oxy]-3-
hydroxy-2-methylenebutanoate (5, 39%, 1.39 mmol, >99%ee) % 157=, M L% Z /L HPLC (Z
XVEREL,
'"H NMR (270 MHz, CDCls, Chart 2-04)
o 1.31 (6H, d, J=6.4 Hz, DIPT-CH(CHs).), 1.32 (6H, d, J/=6.4 Hz, DIPT-CH(CHs)2), 2.87 (1H, d,
J=4.6 Hz, OH), 3.11,3.13 (1H, d, J=6.3 Hz, DIPT-OH), 3.39 (1H, dd, J=7.3 Hz, 9.6 Hz, CH,CHOH),
3.71 (1H, dd, J/=3.6 Hz, 9.9 Hz, CH,CHOH), 3.76 (3H, s, COOCHs), 3.81 (3H, s, PhOCH3), 4.47, 4.49
(2H, d, J=6.4 Hz, DIPT-CHOH), 4.50 (2H, s, PhCH>), 4.73 (1H, CHOH), 6.01 (1H, s, C=CH>), 6.35
(1H, s, C=CH»), 6.88 (2H, J=8.6 Hz, aromatic), 7.26 (2H, J=8.6 Hz, aromatic)
HPLC OH7EZAM: (Chart 2-05)

Column: ChiralPak IA 250-4.6, 5 um (DAICEL CHEMICAL. INDUSTRIES, LTD.)

Temperature: 30°C

Flow rate: 1.0 mL/min
Wavelength: 210 nm

Solvent: EtOH:hexane =25:75

5.1.5 Methyl (S)-3.4-dihydroxy-2-methylenebutanoate (6)

OH O TFA OH ©

CH,CL,
2 HO
PM Bo\/kﬁko P \/I\H)L o
97%

(S)-4-[(p-Methoxybenzyl)oxy]-3-hydroxy-2-methylenebutanoate (5, 272 mg, 1.02 mmol) & (+)-DIPT
(228 mg, 0.971 mmol YDIREM % CHCl; (5.00 mL)ZIEfRE L. ~ VU 74 g (500 uL,
6.53mmol) & SR IC TN A 72, SOSIRITERIE T 30 R Uiz, MOSHE Tk, 1B % 8T
EL, B LIHAERDZ L ) BN AT LT a~ 7T 7 4 —(MeOH/CHCls, 5:95) TH il
L 145 mg @ methyl (S)-3,4-dihydroxy-2-methylenebutanoate (6, 97%, 0.994 mmol) % 7547,

A J
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'H NMR (270 MHz, CDCL, Chart 2-06)
5 2.66 (2H, s, OH), 3.60 (1H, dd, J=6.9 Hz, 11.21 Hz, CH,OH), 3.79 (3H, s, OCHs), 3.83 (1H, dd,
J=3.6 Hz, 11.3 Hz, CH,OH), 4.61 (1H, CHOH), 5.97 (1H, s, C=CH.), 6.37 (1H, s, C=CH,)

5.1.6 Methyl 2-(2.2-dimethyl-1.3-dioxolan-4-yl)prop-2-enate (7)

HO OH O DMP, CSA ﬁ’o o
\'/]\H)LO/
92 9%

Methyl (S)-3,4-dihydroxy-2-methylenebutanoate (6, 416 mg, 2.85 mmol)% 2,2-dimethoxypropane
(20.0 mL, 163 mmol)iZ¥&7> L, camphorsulfonic acid Z it &N % . |IBT—HuEHE L7z, X
JERE TR, I ZERE L, R LA EZ S Y DTN T D a~x NI T T 4 —
(EtOAc/Hexane, 1:4) CTHEHL L 489 mg ™ methyl (S)-2-(2,2-dimethyl-1,3-dioxolan-4-yl)prop-2-enate
(7, 92%, 2.63 mmol) % 157-,

"H NMR (270 MHz, CDCl3, Chart 2-07)

6- 1.40, 1.44 (6H, s, CCH3), 3.62 (1H, dd, J=7.3 Hz, 8.6 Hz, OCH>»), 3.77 (3H, s, OCH3), 4.38 (1H,
dd, /=6.9 Hz, 8.2 Hz, OCH>»), 4.87 (1H, tt, J/=1.7 Hz, 6.9 Hz, OCH), 6.06 (1H, s, C=CH>), 6.31 (1H,
s, C=CH>)

\ 4
:&
O

N\

5.1.7 (5)-2-(2.2-Dimethyl-1.3-dioxolan-4-yl)prop-2-enoic acid (8)
LiOH * H,0
ﬁ’o o MeCN , H,0 , 55°C ?”O o
o\)\ﬁko/ \/'YLO“
85%

Methyl  2-(2,2-dimethyl-1,3-dioxolan-4-yl)prop-2-enate (7, 87.3 mg, 0.469 mmol) %
H2O/CH3CN=1:1(v/v)D¥HE (4.00 mL)IZ¥EA> L, LiOH - H20 (44.4 mg, 1.05 mmol)Z i % 7=,
FOGHS R 2 55°C \ZHHR L72ts, —BRET L7220 b L7, UK T#, EO KU —
FR/KESHR I K » TR E A 1T > 720 EO 248 T brine, NaxSO4 2 W THzME L 724, &
BWAMERE L, B LAY E S VDTSNV T A om~ VT T 74—
(MeOH/CHCl3, 1:9) THEL L 68.3 mg ?D(9-2-(2,2-dimethyl-1,3-dioxolan-4-yl)prop-2-enoic
acid (8, 85%, 0.397 mmol) % 157z,

"H NMR (270 MHz, CDCls, Chart 2-08)

o 1.44,1.47 (6H, s, CCH3), 3.65 (1H, dd, /=6.9 Hz, 8.2 Hz, OCH>), 4.38 (1H, dd, /=6.9 Hz, 8.6 Hz,
OCH»), 4.87 (1H, t, J=6.9 Hz, OCH), 6.17 (1H, s, C=CH»), 6.45 (1H, s, C=CH>),

A J
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3C NMR (67.5 MHz, CDCls, Chart 2-09)

0 25.5,26.3 (CCH3), 70.1 (CHCH>»), 73.8 (CHCH?), 109.6 (CCH3), 127.1 (C=CH>), 138.5 (C=CH>),
169.7 (C=0)

HR-FD-MS (Chart 2-10)

m/z [M+H]* calcd for CgH;304,173.08138; found, 173.08218

5.1.8 Methyl (S5)-3-[(tert-butyldimethylsilyl)oxy]-4-[(p-methoxybenzyl)oxy] -2-methylenebutanoate

9
Et:N
OH O TBSOTf
PM Bo\/HﬁL - CHLCl, R
O Ll
77 %

(S)-4-[(p-Methoxybenzyl)oxy]-3-hydroxy-2-methylenebutanoate (5, 344 mg, 1.39 mmol) & (+)-
DIPT (456 mg, 2.09 mmol ) DR & ¥ % vl L 7= CHxClL (30.0 mL)IZVAfRE L, # L 7=
triethylamine (800 uL, 6.02 mmol) & TBSOTS (1.60 g, 6.02 mmol)% 0°C |Z CTNEIZHIN % 7=, bt
RITEIR C—Befid U, ROSHE T, 3% NaHCO; KK & ERO & L CorikilE%
1To72, EO Z#4E£H T brine, Na;SO4 % TRz L7tk W2 IR £ Lz, BiE L7
WESRME Y B TP NH T A7 e~ 75 7 ¢ —(EtOAc/Hexane, 1:9) CHH L 376 mg @
methyl (S)-3-[(tert-butyldimethylsilyl)oxy]-4-[(p-methoxybenzyl)oxy] -2-methylenebutanoate (9,
77%, 0.987 mmol) % 15 7=,

"H NMR (270 MHz, CDCls, Chart 2-11)

o 0.03, 0.08 (12H, s, Si(CH3)2), 0.09 (18H, s, SiMe>C(CHs)3), 3.37 (1H, dd, J= 6.6 Hz, 10.2 Hz,
OCH>), 3.51 (1H, dd, J= 3.3 Hz, 10.2 Hz, OCH>), 3.73 (3H, s, PhOCH3), 3.80 (3H, s, OCH3), 4.48
(2H, d, J= 2.7 Hz, PhCH>), 4.81 (1H, OCH), 6.01 (1H, s, C=CH>»), 6.31 (1H, s, C=CH>), 6.86 (2H,
J=8.5 Hz, aromatic), 7.24 (2H, J=8.2 Hz, aromatic)

3C NMR (67.5 MHz, CDCl;, Chart 2-12)

o -4.98, -4.81 (Si(CH3),), 18.24 (SiMe,C(CHs)s), 25.81 (SiMe>C(CHz3)3), 51.74 (OCH3), 55.25
(PhOCH3), 70.36 (OCH»), 72.81 (OCH), 74.72 (PhCH>), 113.62 (unsubstituted aromatic C), 126.09
(C=CH,), 129.08 (unsubstituted aromatic C), 130.61 (substituted aromatic C), 141.20 (C=CH>),
159.02 (substituted aromatic C), 166.54 (C=0)
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5.1.9 Methyl (5)-3.4-bis-[(tert-butyldimethylsilyl)oxy] -2-methylenebutanoate (10)

TBSOTSE
PMBO o Et;N
CH,Cl,
TBSO" o~ >
42 %

Methyl (S)-3-[(tert-butyldimethylsilyl)oxy]-4-[ (p-methoxybenzyl)oxy]-2-methylenebutanoate (9, 376
mg, 0.987 mmol) % §24§ L 72 CH,Cls (30.0 mL)(Z¥Afi# L. TBSOTS (264 mg, 1.00 mmol)% 0°C (Z
TINA., T 5 & EBICEE O HkE~ZT 5, UG T, triethylamine (140 pL, 1.00
mmol)Z N2 THEHE L, faf NaHCO3 KR & EbO 2 L ToikEEZ1T > 72, EtO %
42 T brine, NaySO4 Z AV THIME L7214, W ARITERE £ Uiz, i L7oHARY 2 )
HTFNHT LT a~ ~7 T 7 4 —(EtOAc/Hexane, 1:19) T L 156 mg @ methyl (S)-3,4-bis-
[(tert-butyldimethylsilyl)oxy] -2-methylenebutanoate (10, 42%, 0.416 mmol)% 157z,

'"H NMR (270 MHz, CDCls, Chart 2-13)

5 0.03, 0.04, 0.09 (12H, s, Si(CHs),), 0.88, 0.89 (18H, s, SiMe,C(CHs)s), 3.44 (1H, dd, J=6.9 Hz,
10.2 Hz, OCH>), 3.62 (1H, dd, J=3.6 Hz, 9.9 Hz, OCH>), 3.76 (3H, s, OCHz3), 4.66 (1H, t, J=5,11 Hz,
OCH), 5.97 (1H, s, C=CH»), 6.29 (1H, s, C=CH>)

3C NMR (67.5 MHz, CDCls, Chart 2-14)

8 -5.41,-5.36, -4.95, -4.73 (Si(CHs)2), 18.24, 18.42 (SiMe2C(CHs)s), 25.84, 25.96 (SiMe>C(CHs)s),
51.7 (OCH3), 68.39 (OCH>), 72.98 (OCH), 126.08 (C=CH>), 141.55 (C=CH>), 166.64 (C=0)

5.1.10 (5)-3.4-bis-[(tert-Butyldimethylsilyl)oxy] -2-methylenebutanoic acid (11)

LiOH * H,0
MeCN , H,0 , 55°C

A J

50 %

Methyl (S)-3,4-bis-[(tert-butyldimethylsilyl)oxy] -2-methylenebutanoate (10, 1.27 g, 3.38 mmol)%
H,O/THF=1:1(v/vV)D¥EH (50.0 mL)ZZ¥f# L, LiOH * H,0 (567 mg, 13.5 mmol) % il 2 7=, X
SRR % 55°C \CHHR Lok, —BuEHE LR O Lz, RIS TH#. B0 KOV =
IREEHRIZ K> THOREEAETT > 720 EO 24 T brine, NaxSOq4 & AV THZME L7214, I
EWRIEREE U, B LIRS E S D D AN T a7 a~ 7T 7 4 —(MeOH/CHCL;,
5:95)THEEL L 610 mg D(S)-3,4-bis-[(tert-butyldimethylsilyl)oxy] -2-methylenebutanoic acid (11,
50%, 1.69 mmol) % #37-,

"H NMR (270 MHz, CDCls, Chart 2-15)

o- 0.05, 0.06, 0.11 (12H, s, Si(CHs)2), 0.88, 0.91 (18H, s, SiMe>C(CHa3)3), 3.55 (1H, dd, J=5.9 Hz,
10.2 Hz, OCH>), 3.64 (1H, dd, /=4.3 Hz, 10.2 Hz, OCH>»), 4.62 (1H, t, J=4.9 Hz, OCH), 5.97 (1H, s,
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C=CH.), 6.42 (1H, s, C=CH,)

13C NMR (67.5 MHz, CDCls, Chart 2-16)

8 -5.49, -5.45,-5.02, -4.81 (Si(CHs),), 18.18, 18.36 (SiMe,C(CHs)s), 25.77, 25.90 (SiMe>C(CHs)s),
68.25 (OCH,), 72.46 (OCH), 128.13 (C=CH,), 140.87 (C=CHb,), 170.09 (C=0)

HR-FD-MS (Chart 2-17)

m/z [M+H]" caled for C17H3704Si2,361.22304; found, 361.22139

5.2 HHESUS

General procedure [

MROF T 28T /v a—/v AR L7=7 v 1% K —. triphenylphosphine % fZ{5 L 7=
THF |28 L 0°C I\ZHEI L 729%12, diethyl azodicarboxylate > < U L T L7z, i Fog
T BUSEIR 2 BIRA~R UHER UTe, ROSK T# ., AREIZ EbO Z4EM L. faf1 NaHCO;
VAR C YR LT IR EREIS . EnO &880, brine, NapSOs THLME L7-%, TAMLZ JE
HE L, /o HAERY Z, TN ENDBEEO RWRERBREEC > Ty U B i 7 A
ruv b7 74— RO, HESUSERD & 157,

General procedure 11

MROXFZ v 2 T /va—n, Gk L7=7 v m% K —_ triphenylphosphine % Hz/g L 7=
THF (28R L 0°C IS/ EI L 72112, diethyl azodicarboxylate - < V) & N L7, i F5¢
T, BOSEHRZ 60°C [TME L TH#E L7, BAREORERUEZEIT General procedure 1 & [/ U
THd,

1LEY A-13

FCD General procedure I IZfEV Y, 1-(4-methylphenyl)but-3-en-1-0l (12, 64.8 mg, 0.400 mmol)
N HALEY A-1397.5mg (77%,0.31 mmol) & #57=, fEH L 7-3 3K &L A LI NIT R LT, £,
VAT NIT L a~w NI T T 4 —OREMELE L LT EtOAc/hexane = 1:9 (v/iv) & HW e,
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Reagents Amount

Acetonide 17 v ¥ K — 275.4 mg (1.6 mmol)
Triphenylphosphine 411.6 mg (1.6 mmol)
THF 1.0 mL

Diethyl azodicarboxylate 800 puL (c.a. 1.6 mmol)

'"H NMR (270 MHz, CDCl3, Chart 2-18)

o: 1.42, 1.44 (6H, s, acetonide-CHs), 2.33 (3H, s, PhCH3), 2.61 (2H, PhCHCHa>, diastereomer), 3.58
(1H, CHO, diastereomer), 4.36 (1H, CH-O, diastereomer), 4.86 (1H, PhCH, diastereomer), 5.0 (1H,
CH,CHO), 5.12, 5.65-5.88 (3H, alkene), 6.04 (1H, s, C=CH>), 6.34 (1H, s, C=CH>), 7.13-7.23 (4H,

aromatic).

1LE% B-13
O OTBS
OTBS

X

FL® General procedure I {IZ7EVY,  1-(4-methylphenyl)but-3-en-1-o0l (12, 88.9 mg, 0.548 mmol)
N HALEY) B-13 11.5 mg (82%, 0.449 mmol) & #5372, EH L7233 L &2 LI FITR LTz, %
oo YVATNI T L7 a~ N7T7 4 —DREEE L LT EtOAc/hexane = 1:19 (v/v)Z ]
VT,

Reagents Amount

Acetonide 7 v m ¥ N — 790.5 mg (2.192 mmol)
Triphenylphosphine 563.9 mg (2.192 mmol)
THF 0.5 mL

Diethyl azodicarboxylate 1.1 mL (c.a. 2.192 mmol)

"H NMR (270 MHz, CDCls, Chart 2-19)

o- 0.06, 0.07 (6H, s, SiCH3), 0.88, 0.85 (18H, s, C(CHs)4), 2.61 (2H, PhACHCH,, diastereomer), 3.39
(1H, CH»O0, diastereomer), 3.62 (1H, CH»O, diastereomer), 4.66 (1H, PhCH, diastereomer), 5.10 (1H,
CH,CHO), 5.10, 5.81-5.88 (3H, alkene), 5.97 (1H, s, C=CH»), 6.34 (1H, s, C=CH>), 7.12-7.24 (4H,

aromatic).
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LG A-16a

L

o]
Ho

FFE® General procedure I (Z7EV >, (R)-1-phenylethanol (15a, 18.7 mg, 0.153 mmol)?> /b5
) A-16a36.6 mg (87%, 88%ee, 0.132 mmol) - 157=, /] LK L &AL LITITRLZ, v
BT v~ hJZ 7 4 —(EtOAc/toluene, 0:1-1:8)1Z X 0 FEHL L 7=,

e Ly
Acetonide 17 v m ¥ N — 64.0 mg (0.381mmol)
Triphenylphosphine 104 mg (0.400 mmol)
THF 0.3 mL
Diethyl azodicarboxylate 200 pL (¢c.a. 0.400 mmol)

[a]p®=+7.11 (¢ 1.19, CHCl3)
'"H NMR (270 MHz, CDCl3, Chart 2-20)
o 1.44,1.45 (6H, s, acetonide-CH3), 1.58 (3H, d, J= 6.8 Hz, CH3), 3.62 (1H, dd, J= 7.3 Hz, 7.8 Hz,
CH,0), 4.37 (1H, dd, J= 6.5 Hz, 8.1 Hz, CH,0), 4.88 (1H, t, J= 6.8 Hz, OCH), 5.97 (1H, q, J= 6.8
Hz, COOCH), 6.06 (1H, C=CH»), 6.36 (1H, C=CH,), 7.35 (Ph)
3C NMR (67.5 MHz, CDCl3, Chart 2-21)
o 22.15 (CH3), 25.54 (acetonide-CH3), 26.24 (acetonide-CH3), 70.21 (CH0), 72.86 (COOCH),
74.09 (OCH), 109.43 (acetonide-C), 124.54 (C=CH), 125.87, 125.96, 127.95, 128.00, 128.55
(unsubstituted aromatic C), 139.63 (C=CH>), 141.34 (substituted aromatic C), 164.76 (C=0)
HR-FI-MS (Chart 2-22)
m/z [M]* caled for CisH2004, 276.13616; found, 276.13618
HPLC OHEZM: (Chart 2-23)
Column: ChiralPak IA 250-4.6, 5 um (DAICEL CHEMICAL. INDUSTRIES, LTD.)
Temperature: 30°C

Flow rate: 1.0 mL/min
Wavelength: 210 nm
Solvent: EtOAc:hexane = 5:95
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L5 A-16b

FC® General procedure I IZHEVY,  (R)-ethyl 4-phenyl-2-hydroxybutanoate (15b, 7.5 mg, 0.036
mmol)7> 5 LA A-16b 11.5 mg (86%, 0.031 mmol)Z157=, HH LKL BE2LITFIRL
Teo e, VBTN AT L7 v~ N7 T 7 4 —OREAER & LT EtOAc/hexane = 1:9 (v/v)
= Hic,

Reagents Amount

Acetonide 17 v m ¥ N — 24.8 mg (0.144 mmol)
Triphenylphosphine 37.8 mg (0.144 mmol)
THF 0.1 mL

Diethyl azodicarboxylate 72 uL (c.a. 0.144 mmol)

[a]p®=+19.1 (¢ 0.11, CHCl53)
'"H NMR (270 MHz, CDCl3, Chart 2-24)
S: 1.26 (3H, t, J=7.2 Hz, CH,CH;), 1.45, 1.47 (6H, s, acetonide-CH3), 2.22 (2H, q, J=7.9 Hz,
PhCHCH>»), 2.76 (2H, t, J/=7.9 Hz, CH»0), 3.66 (1H, dd, J/=8.3 Hz, 7.0 Hz, CH»0), 4.37 (1H, dd,
J=8.4 Hz, 7.0 Hz, CH,0), 4.38 (1H, dd, J=8.2 Hz, 6.9 Hz, CH,0), 4.91 (1H, t, /=6.9 Hz, CCHCH,),
5.06 (1H, t, J=6.4 Hz, PhCH), 6.14 (1H, C=CH>), 6.38 (1H, C=CH>), 7.16-7.33 (5H, m, aromatic).
3C NMR (67.5 MHz, CDCl3, Chart 2-25)
o: 14.12 (CH2CH3), 25.55, 26.28 (acetonide-CH3), 31.43, (COCH>), 32.67 (COCH2CH>»), 61.50
(CH»CH3), 70.20 (CH20), 72.06 (OCHCH2>), 73.93 (OCHPh), 109.59 (acetonide-C), 125.53 (C=CH»),
126.33, 128.38, 128.59 (aromatic-CH), 138.71 (C=CH,), 140.22 (aromatic-C), 165.03 (CC=0),
169.71 (CHC=0).
HR-FD-MS (Chart 2-26)
m/z [M]* caled for C20H260s, 362.17163; found, 362.17294
HPLC OHEZM: (Chart 2-27)
Column: ChiralPak IA 250-4.6, 5 um (DAICEL CHEMICAL.INDUSTRIES,LTD.)
Temperature: 30°C

Flow rate: 1.0 mL/min
Wavelength: 210 nm
Solvent: i-PrOH : hexane =5 : 95
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L& A-16¢

1

o]
HQ

FL® General procedure I [ZHEVY, (S)-(+)-1,2,3,4-tetrahydro-1-naphthol (15¢, 17.7 mg, 0.12
mmol)2> HEE ) A-16¢ 29.0 mg (81%, >99%ee, 0.0960 mmol) % 157z, FH L 7=k & &% LA
TR LlE, YU BT a~ 757 4 —Z(EtOAc/toluene, 1:4) 12 LV FERIL 7=,

g &
Acetonide 17 v ¥ K — 60.5 mg (0.360 mmol)
Triphenylphosphine 105 mg (0.400 mmol)
THF 0.300 mL
Diethyl azodicarboxylate 200 pL (c.a. 0.400 mmol)

[a]p?=+49.7 (¢ 1.10, CHCI5)
"H NMR (270 MHz, CDCls, Chart 2-28)
o 1.41, 1.43 (6H, acetonide-CH3), 1.87-2.04, 2.76-2.88 (6H, m, CH»), 3.59 (1H, dd, /=8.4 Hz, 7.0
Hz, CH»0), 4.26 (1H, J=8.4 Hz, 6.8 Hz, CH20), 4.87 (1H, t, J/=7.0 Hz, OCH), 6.03 (1H, C=CH>),
6.08 (1H, COOCH), 6.31 (1H, C=CH>), 7.19 (Ph)
3C NMR (67.5 MHz, CDCl3, Chart 2-29)
o 18.91 (CH»), 25.58, 26.25 (CHs), 28.92, 29.07 (CH»), 70.24 (CH»0), 70.62 (COOCH), 74.15
(OCH), 109.41 (acetonide-C), 124.67 (C=CH»), 126.09 (unsubstituted aromatic C), 128.17
(unsubstituted aromatic C), 129.09 (unsubstituted aromatic C), 129.37 (unsubstituted aromatic C),
134.14 (substituted aromatic C), 137.92 (substituted aromatic C), 139.74 (C=CH,), 165.14 (C=0)
HR-FD-MS (Chart 2-30)
m/z [M]" calcd for C1sH2204, 302.15181; found, 302.15297
HPLC OH7EZAM: (Chart 2-31)

Column: ChiralPak IA 250-4.6, 5 um (DAICEL CHEMICAL. INDUSTRIES, LTD.)

Temperature: 30°C

Flow rate: 1.0 mL/min
Wavelength: 210 nm

Solvent: EtOAc:hexane = 5:95
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L& A-16d

1

@]
no

FC® General procedure I [IZHEV Y, (1R,2S)-trans-2-phenyl-1-cyclohexanol (15d, 20.0 mg, 0.113
mmol)?2> HbE 4 A-16d 28.3 mg (76%, >99%ee, 0.856 mmol) % 157=, M L7=ik3k & &% LA
Tl Lz, YU BNy a~< h75 7 4 — (EtOAc/toluene, 0:1-1:8)1Z X W FFHRL L 7=,

Acetonide 17 v Rf— 70.9 mg (0.422 mmol)
Triphenylphosphine 105 mg (0.400 mmol)
THF 0.300 mL

Diethyl azodicarboxylate 200 pL (c.a. 0.400 mmol)

[a]p®=+145 (¢ 1.02, CHCl3)
'"H NMR (270 MHz, CDCl3, Chart 2-32)
o 1.41, 1.44 (6H, s, acetonide-CH3), 1.49-2.13 (8H, m, CH>»), 2.84 (1H, PhCH), 3.38 (1H, dd, J=8.1
Hz, 7.3 Hz, CH»0), 4.24 (1H, dd, J= 8.1 Hz, 7.0 Hz, CH,0), 4.74 (1H, t, /= 7.0 Hz, OCH), 5.30 (1H,
COOCH), 5.96 (1H, C=CH>), 6.24 (1H, C=CH»), 7.24 (Ph)
3C NMR (67.5 MHz, CDCl3, Chart 2-33)
o 20.42 (CH»), 25.49 (acetonide-CH3), 25.86 (CH»), 25.99 (CHb»), 26.25 (acetonide-CH3), 30.74
(CH»), 46.51 (PhCH, , 70.21 (CH-0), 73.88 (OCH), 73.96 (COOCH), 109.34 (acetonide-C), 123.70
(C=CH»), 126.51, 127.60, 128.21 (unsubstituted aromatic C), 139.82 (C=CH), 142.84 (substituted
aromatic C) , 164.56 (C=0)
HR-FD-MS (Chart 2-34)
m/z [M]* caled for C20H2604, 330.18311; found, 330.18357
HPLC OHEZM: (Chart 2-35)
Column: ChiralPak IA 250-4.6, 5 um (DAICEL CHEMICAL. INDUSTRIES, LTD.)
Temperature: 30°C

Flow rate: 1.0 mL/min
Wavelength: 210 nm
Solvent: EtOAc:hexane = 3:97
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LG A-16e

1

o
Te)

ty ”!

FFE® General procedure I {Z7EV Y, (-)-menthol (15e, 17.2 mg, 0.110 mmol)?> S L5497 A-16e
23.3 mg (69%, >99%ee, 0.0750 mmol) & 157=, M L7-ildiL &2 I TITR LT, U BT
Jva~ N7 7 4 —IX(EtOAc/hexane, 1:9)Z & 0 ML L 7=,

g &
Acetonide 17 v m ¥ N — 67.2 mg (0.400 mmol)
Triphenylphosphine 105 mg (0.400 mmol)
THF 0.500 mL
Diethyl azodicarboxylate 200 pL (c.a. 0.400 mmol)

[a]p®=+30.3 (¢ 1.17, CHCl3)
'"H NMR (270 MHz, CDCl3, Chart 2-36)
o 0.85, 0.86, 0.90 (9H, d, J= 6.5 Hz, CH3s, d, J= 6.8 Hz, CH3s, d, J= 6.5 Hz, CH3), 1.03—1.41 (6H,
menthol), 1.44, 1.46 (6H, s, acetonide-CH3), 1.55-2.01 (3H, menthol), 3.63 (1H, dd, /=8.4 Hz, 7.0
Hz, CH»0),4.39 (1H, dd, J=8.1 Hz, 7.0 Hz, CH»0), 4.87 (1H, t,J=7.0 Hz, OCH), 5.28 (1H, COOCH),
6.02 (1H, C=CH>), 6.30 (1H, C=CH>)
3C NMR (67.5 MHz, CDCl3, Chart 2-37)
o 20.67, 20.94, 22.15 (CH3), 25.40, 25.54 (acetonide-CH3), 26.29 (CH>), 26.81 (CH), 29.38 (CH),
3471 (CH>), 39.05 (CH»), 46.83 (CH), 70.41 (CH»0), 71.94 (OCH), 74.11 (COOCH), 109.48
(acetonide-C), 124.09 (C=CH,), 140.01 (C=CH>), 165.00 (C=0)
HR-FD-MS (Chart 2-38)
m/z [M+H]" caled for C1sH3104, 311.22223; found, 311.22259
HPLC OHEZM: (Chart 2-39)
Column: ChiralPak IA 250-4.6, 5 um (DAICEL CHEMICAL. INDUSTRIES, LTD.)
Temperature: 30°C

Flow rate: 1.0 mL/min
Wavelength: 210 nm
Solvent: EtOAc:hexane = 1:99
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e A-16f

L

o]
Ule]

=F2® General procedure (Z7EVY, (1R, 2R)-2-methylcyclohexan-1-ol (4f, 16.1 mg, 0.020 mmol)
M oALEY A-52.1 mg (39%, 0.007 mmol) & #537-, i L7-ildi L |2 LI TR Lc, 72,
VBTN TT T~ N7 TT 4 —DREBREE L LT EtOAc/hexane = 1:9 (v/iv)& Wz,

Reagents Amount

Acetonide 17 v m ¥ N — 13.8 mg (0.040 mmol)
Triphenylphosphine 21.0 mg (0.040 mmol)
THF 0.10 mL

Diethyl azodicarboxylate 50.5 pL (c.a. 0.040 mmol)

[a]p®=+36.5 (c 0.02, CHCl;)

'"H NMR (270 MHz, CDCl3, Chart 2-40)

o: 0.88 (3H, d, /=7.0 Hz, octanol-CH3), 1.28 (6H, s, acetonide-CH3), 1.44—-1.64 (10H, m, octanol-
CH>), 3.62 (1H, dd, J/=8.4 Hz, 7.0 Hz, CH»0), 4.37 (1H, dd, J/=8.4 Hz, 7.0 Hz, CH,0), 4.89 (1H, quin,
J=6.2 Hz, COOCH, 1H, OCH), 6.02 (1H, C=CH>), 6.30 (1H, C=CH>)

3C NMR (67.5 MHz, CDCl3, Chart 2-41)

o: 9.53, 13.93 (octanol-CH3), 25.57, 26.28 (acetonide-CH3), 22.49, 24.96, 26.90, 31.66, 33.46
(octanol-CHb»), 70.35 (CH»0), 74.18, 76.23 (OCH), 109.42 (acetonide-C), 123.98 (C=CH>), 139.81
(C=CH»), 165.41 (C=0)

HR-GCFI-MS (Chart 2-42)

m/z [M+H]" caled for C1sH2504, 269.17528; found, 269.17452

HPLC OJFEZA: (Chart 2-43)
Column: ChiralPak IA 250-4.6, 5 um (DAICEL CHEMICAL.INDUSTRIES,LTD.)
Temperature: 30°C

Flow rate: 1.0 mL/min
Wavelength: 210 nm
Solvent: EtOAc : hexane =5 : 95
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L&) B-16a

0O OTBS

A_ OTBS
o)

FFE® General procedure I (ZEV>,  (R)-1-phenylethanol (15a, 7.8 mg, 0.052 mmol)?> 5 {b&
¥) B-16a 13.3 mg (52%, 0.027 mmol) & 157, i L7-i3K L EA LI TNITR Lc, RISOET
D> T=728, @H TPP & DEAD %220 Y& SN2z TW\Wb, Y UBFvra~ b7
Z 7 4 —(EtOAc/hexane, 1:19)(Z X 0 FEHL L 7=,

Bk [
bis-TBS 7> m < N} —  72.1 mg (0.20 mmol)
Triphenylphosphine 104.8 mg (0.40 mmol)
THF 2.5mL
Diethyl azodicarboxylate 200 pL (c.a. 0.40 mmol)

[a]p*=+6.40 (c 1.10, CHCl5)

'"H NMR (270 MHz, CDCl3, Chart 2-44)

6--0.01, 0.02, 0.07, 0.08 (12H, s, Si(CH3)2), 0.85, 0.89 (18H, s, SiMe>(CHs)3), 1.58 (3H, d, /=6.5 Hz,
CHs), 3.42 (1H, dd, J=10.3 Hz, 7.0, CH»0), 3.63 (1H, dd, /=10.3 Hz, 3.2, CH,0), 4.67 (1H, OCH),
5.96 (1H, q, /=4.6 Hz, COOCH), 5.97 (1H, s, C=CH»), 6.34 (1H, s, C=CH>), 7.36 (Ph)

3C NMR (67.5 MHz, CDCl3, Chart 2-45)

o- -5.41, -5.37, -4.94, -4.71 (Si(CH3),), 18.25, 18.39 (SiMe>,C(CH3)3), 22.41 (CH3), 25.84, 25.96
(SiMe>C(CHs)3), 68.27 (CH20), 72.28, 72.35 (OCH) 75.54 (COOCH), 126.33 (C=CH>), 165.34
(C=0), 125.91, 127.78, 128.481 (unsubstituted aromatic C), 139.63 (C=CH>), 141.34 (substituted
aromatic C), 141.72 (C=CHa), 165.34 (C=0)

HR-FD-MS (Chart 2-46)

m/z [M+H]" caled for C2sH4504Si2, 465.28564; found, 465.28743

k&% B-16b

O OIBS
~_OTBS

5™ General procedure (Z7EVY,  (R)-ethyl 4-phenyl-2-hydroxybutanoate (15b, 5.0 mg, 0.024
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mmol)7> 5{LE4) B-16b 9.9 mg (75%, 0.018 mmol)Z157-, HH L=k L B4 LI TFIRL
oo Fl2. VDTN I T LT~ N7 T 7 4 —OREMER & LT EtOAc/hexane = 1:19 (v/v)
Z Tz,

Reagents Amount

Acetonide {7 v ¥ R — 34.6 mg (0.096 mmol)
Triphenylphosphine 25.2 mg (0.096 mmol)
THF 0.5 mL

Diethyl azodicarboxylate 48 uL (c.a. 0.096 mmol)

[a]p®=+10.7 (¢ 0.99, CHCl;)

'"H NMR (270 MHz, CDCl3, Chart 2-47)

o: 0.89 (6H, t, J=7.02 Hz, octanol-CHs), 1.28 (6H, s, acetonide-CH3), 1.44—1.64 (10H, m, octanol-
CH>), 3.62 (1H, dd, J/=8.4 Hz, 7.0 Hz, CH»0), 4.37 (1H, dd, J/=8.4 Hz, 7.0 Hz, CH,0), 4.89 (1H, quin,
J=6.2 Hz, COOCH, 1H, OCH), 6.02 (1H, C=CH>), 6.30 (1H, C=CH>)

3C NMR (67.5 MHz, CDCl3, Chart 2-48)

o: 9.53, 13.93 (octanol-CH3), 25.57, 26.28 (acetonide-CH3), 22.49, 24.96, 26.90, 31.66, 33.46
(octanol-CHb»), 70.35 (CH20), 74.18, 76.23 (OCH), 109.42 (acetonide-C), 123.98 (C=CH>), 139.81
(C=CHy), 165.41 (C=0)

HR-FD-MS (Chart 2-49)

m/z [M]" caled for C29Hs0O6Si2, 550.31453; found, 550.31459

{LEY B-16¢
O OTBS

A OTBS
O

5@ General procedure I (ZEVY, (S)-(+)-1,2,3,4-tetrahydro-1-naphthol (15¢, 7.8 mg, 0.052
mmol)7> 5 LA B-16¢ 13.3 mg (53%, 0.027 mmol)Z157-, i L7k B4 LI TFIIRL
oo BUGOEITHE>T2728, #&F TPP & DEAD %47 2.0 X & T OMZTWD, ~ UMD
Fr v~ hJ 7 7 4 —(EtOAc/hexane, 1:19)12 L 0 FERLL 72,

e S =
bis-TBS A7 > m ¥ K —  72.1 mg (0.20 mmol)

Triphenylphosphine 104.8 mg (0.40 mmol)
THF 2.5mL
Diethyl azodicarboxylate 200 puL (c.a. 0.40 mmol)
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[a]p*=+25.3 (c 1.20, CHCl5)

"H NMR (270 MHz, CDCls, Chart 2-50)

6--0.02, 0.01, 0.02, 0.08 (12H, s, Si(CHz3)2), 0.85, 0.88 (18H, s, SiMe2(CHz3)3), 1.78-2.07 (4H, m,
CH»), 2.70-2.93 (2H, m, CH,Ph), 3.43 (1H, dd, /=9.9 Hz, 6.50 Hz, CH-0), 3.62 (1H, dd, /=9.9 Hz,
3.1 Hz, CH,0), 4.65 (1H, OCH), 5.96 (1H, s, C=CH>»), 6.09 (1H, t, /=4.7 Hz, COOCH), 6.29 (1H, s,
C=CH>»), 7.11-7.26 (Ph)

3C NMR (67.5 MHz, CDCls, Chart 2-51)

0 -5.44, -5.41, -4.93, -4.71 (Si(CH3).), 18.25, 18.38 (SiMe>C(CH3)3), 19.03 (PhCH,CH>»), 25.83,
25.96 (SiMe>C(CHs)3), 29.01 (CH,CHO), 29.18 (PhCH,), 68.22 (CH,0), 70.24 (CHO) 72.27
(COOCH), 126.08 (C=CH), 126.52, 127.99, 129.04, 129.34 (unsubstituted aromatic C), 134.06,
137.91 (substituted aromatic C), 141.73 (C=CH;), 165.79 (C=0)

HR-FD-MS (Chart 2-52)

m/z [M+H]" calcd for C27H4704S12, 491.30129; found, 491.29992

k&Y B-16d
O OTBS

0 OTBS

=F2® General procedure I1 {IZHEV Y, (1R,2S)-trans-2-phenyl-1-cyclohexanol (15d, 5.2 mg, 0.029
mmol)7> 5 LA B-16f 13.8 mg (93.1%, 0.027 mmol) Z 157=, A L=k L B4 LI TFITRL
oo YU BT NI~ N7 T 7 4 —(BtOAc/hexane, 1:19)12 X 0 R L 7=,

e S &
bis-TBS 7" > m %3 KJ~—  38.1 mg (0.12 mmol)

Triphenylphosphine 27.3 mg (0.12 mmol)
THF 1.0 mL
Diethyl azodicarboxylate 50 uL (c.a. 0.12 mmol)

[a]p*= +84.0 (¢ 1.63, CHCls)

'H NMR (270 MHz, CDCL, Chart 2-53)

5+ -0.04, 0.01, 0.07 (12H, s, Si(CHs),), 0.88 (18H, s, SiMex(CHs)s), 1.53-2.13 (6H, m, CHy), 2.83
(1H, dt, J= 11.7 Hz, PhCH), 3.25 (1H, dd, /=9.6 Hz, 6.8 Hz, CH,0), 3.54 (1H, dd, J=9.9 Hz, 2.34 Hz,
CH,0), 4.56 (1H, OCH), 5.27 (1H, COOCH), 5.91 (1H, s, C=CH,), 6.25 (1H, s, C=CH,), 7.16-7.25
(Ph)
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3C NMR (67.5 MHz, CDCls, Chart 2-54)

o -5.48, -5.35, -4.98, -4.70 (Si(CHs),), 18.21, 18.34 (SiMe,C(CH3)3), 20.43 (CH»), 25.82, 25.96
(SiMe2C(CH3)3), 30.64 (CHOCH>), 46.57 (PhCH), 68.45 (CH20), 72.49 (OCH) 73.69 (COOCH),
126.02 (C=CH>), 126.38, 127.66, 128.16 (unsubstituted aromatic C), 141.52 (substituted aromatic C),
143.01 (C=CH>), 165.00 (C=0)

HR-FD-MS (Chart 2-55)

m/z [M+H]* calcd for C29Hs104S12, 519.33259; found, 519.33272

{LEY) B-16e
O OTBS

O,HWT/\M,OTBS

I 4,

72 General procedure 11 [ZfEVY, (-)-menthol (15e, 8.7 mg, 0.056 mmol)’>H{b5W) B-
16e18.3 mg (65.5%, 0.037 mmol) = f57-, i L7-i 3K L B4 LI FITR Lic, ISOHETNE
o foizsd, W TPP & DEAD %) 2.0 S&TOMA TS, YU Fvru~ 7o 7
+ —(EtOAc/hexane, 1:19)IZ L D FEHL L 7=,

K &=
bis-TBS A7 > m % 2 FJ—  72.1 mg (0.20 mmol)

Triphenylphosphine 104.8 mg (0.40 mmol)
THF 2.5mL
Diethyl azodicarboxylate 200 pL (c.a. 0.40 mmol)

[a]p®=+13.1 (c 1.83, CHCl5)

'"H NMR (270 MHz, CDCl3, Chart 2-56)

6-0.01, 0.03, 0.07, 0.08 (12H, s, Si(CHs)., diastereomer), 0.84, 0.88, 0.89 (18H, s, SiMe,(CHs)3, 9H,
menthol-CH3), 1.02-2.01 (9H, menthol-CH», menthol-CH), 3.42 (1H, dd, J/=10.2 Hz, 6.6 Hz, CH,0),
3.67 (1H, dd, /=10.2 Hz, 2.7 Hz, CH»0), 4.67 (1H, OCH), 5.27 (1H, COOCH), 5.94 (1H, s, C=CHa>),
6.29 (1H, s, C=CH>»)

3C NMR (67.5 MHz, CDCl3, Chart 2-57)

o- -5.50, -5.36, -5.09, -4.97, -4.74, -4.64 (Si(CHs),, diastereomer), 18.21, 18.25 18.29, 18.37
(SiMe,C(CHa)s, diastereomer), 20.69, 20.91, 21.83, 22.18 (CH3, diastereomer), 25.30, 25.66, 25.83,
25.92 (Si(CHs)s, diastereomer), 25.97 (CHz), 26.81, 29.46 (CH), 34.82, 39.08 (CH), 49.91 (CH)
68.32, 68.92 (CH-0O, diastereomer), 71.55, 72.59 (CHO, diastereomer) 74.93, 75.08 (COOCH,
diastereomer), 126.09 (C=CH,), 141.91 (C=CH>), 165.54 (C=0)
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HR-FD-MS (Chart 2-58)
m/z [M+H]" caled for C27Hs504S12, 499.36389; found, 499.36554

5.3 MiE MUK

HIRDO X Z v 2 7 v a—/b (15af, 7.25x102 mmol), acetonide 7" 1% K —
(2.90x102 mmol) & DMAP (5.73x10 mmol) % 245 L 72 CHoCly (100 pL)ZVEfE L, 0°C IZ# A
L T diisopropylcarbodiimide (2.58x10-* mmol) & > < D {iii F L7z, SISHEIE 0°C T—Bfi:
L7co BUSKE TH, WIEABIEREE L MAERMZS VTN AT hou<x 7T 7 4 —IC
L THMDOLEM /T, o7 re L,

5.4 BT LS ORBET

B BT R O i Y
7 > WAVALER I FV = pHT.0 @ 1.0M FEER OMEIILL F D@ Y Th 5,
Buffer Components

Phosphate buffer NaH>POj4 (19 mg, 0.15 mmol), Na,HPO4 (14 mg, 0.10 mmol), H,O (250mL)
Tris HCI bufter 12M HCI (19 pL), Tris(hyroxymethyl)aminomethane (31 mg, 0,25 mmol),
H>0 (250 mL)

(LAY A-13 D ik

{5 A-13 (43.1 mg, 0.135 mmol)% MeOH (3.0 mL)IZ#%f# L. pyridinium p-toluensulfonate
(68.3 mg, 0.270 mmol) % /Il 2. C 60°C {Z AN L C—Mefiifh L7, RIS T, ffl NaHCO; 7K
BR & EtOAc Z JHW Tl EIC CROMKR Z I LTz, D7 G158 % brine, Na,SO4 %
MAWTHEE L7, WA ERE L, BonREE2 VD IN T LI a~v N7 T
7 4 —(EtOAc : hexane=1:4)ICft L7z & Z A, {LH 12 (6.0 mg, 0.037 mmol, 27%) & LG
14 (21.5 mg, 0.078 mmol, 57%)73 5 H A7z,
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b5 % B-13 D5t

o OoTBS O OH
O,H\W/L\,OTBS o,uer\\,OH
Y ™

LA B-13 (25.2 mg, 0.05 mmol)% THF (Z¥&fi# L. tetrabutylammonium fluoride (28.8 mg,
0.11 mmol)Z N2 CT—Wpfi#E L7z, SOSHE T, THF ZERE Lo, BonimiEz )
HTFNHT KT v~ 7T 7 4—MeOH : CHsCl= 192t L7z & Z A, {LEW 12 (3.3 mg,
0.02 mmol, 40%) & L&) 14 (5.5 mg, 0.02 mmol, 40%) M35 S 17z,

e 3 o T vk
O OH
OH OH

@)

N

{EE%) 14 (2.7 mg, 0.01 mmol) % A FEIR G H (2.0 mL, organic solvent : buffer = 1:1 )IZ %
L CHEFR L, HPLC Z W TR 23l L7,
HPLC D#lIzE St
Column: Mightysil RP-18GP 250-4.6, 5 pm (KANTO CHEMICAL.CO.INC)
Temperature: 30°C

Flow rate: 0.5 mL/min
Wavelength: 210 nm
Solvent: MeOH : H,O =70 : 30

TR BT DIERBUT O L S THh o7,

Organic solvent Buffer Yield (%) Chart
MeOH Phosphate buffer 42 2-59
MeOH Tris-HCI buffer 32 2-60
EtOH Phosphate buffer 30 2-61
EtOH Tris-HCI buffer 15 2-62
i-PrOH Phosphate buffer 27 2-63
i-PrOH Tris-HCI buffer 20 2-64
THF Phosphate buffer 11 2-65
THF Tris-HCI buffer 11 2-66
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5.5 BT T AL OE G DO REE

General procedure A

b5 A-16 % MeOH |Z¥f# L, pyridinium p-toluensulfonate (4.0 equiv.)% 1% T 60°C (Z
TNEN L C—Hpdi R U7, BOSHE T 2. A3FD NaHCOs KIRIE & EtOAc % W Torik#fElz T
SO R ZF R L=, BB REE% brine. NaxSOs & FIVWTHzM: L=k, RIEEZ T &=
U7z, VAMEE 4%, MeOH : phosphate buffer=1:1 (vV)IZIEME L CHRERE L, OGKEE Z &2
BRI LT, HPLC Z W TLEW 17 OIREFH]I LTz, £z, =) F A~ —@mfR
(345Y > T ORI 2 EtOH (B L 7= HPLC Z HIWCHRIE L7z,

General procedure B

&%) B-16 % THF |Z¥%fi# L, tetrabutylammonium fluoride (3.9 equiv.) % 1 2. C—MefE#E L
Too BUSHE T, THF ZJER £ Lo, B 5%, MeOH : phosphate buffer = 1:1 (v/v)IZ
fig L. HPLC Z W THEEW 17 DIEREZJE LTz, £7o, =) v F 4~ —ilmfl=i34 5
7V OV A BOH (2 B4 L7-%% . HPLC % VW CHRIE L7z,

HHHENZIBT D HPLC ORERMFIIUT O L S TH %,

HPLC D UIERHIE S
Column: Mightysil RP-18GP 250-4.6, 5 um (KANTO CHEMICAL.CO.INC)

Temperature: 30°C
Flow rate: 0.5 mL/min

Wavelength: 210 nm

Compounds Solvents

17a,b MeOH : H,O =60 : 40
17¢ MeOH : H>O =65 : 35
17d MeOH : HO =70 : 30

HPLC O F o F A~ — il ol i S
Column: ChiralPak IA 250-4.6, 5 um (DAICEL CHEMICAL. INDUSTRIES, LTD.)
Temperature: 30°C

Flow rate: 0.5 mL/min

Wavelength: 210 nm

Compounds Solvents
17a,c,d EtOH : hexane =10 : 90
17b EtOH : hexane = 15 : 85
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{LE) A-16a—f

FFED General procedure A IZHEVY, BifrRiE, W7 > MALILELAAT > 72, L& A-16b I
% LA 1Tb O R(87%; Chart 2-67 , 99%ee; Chart 2-68) /8 HERR S 117-. (L&) A-16a |2
B8 L TI&. General procedure A (2> T, Bifri# & TR 21T > 72, THF : MeOH :
phosphate buffer = 1:1:1 (V/VWIZTEfE L, 60°C (ZMEVL CTHLT S WALILER AT 5 T2 & 2 A,
EA%) 17a DA% (83%; Chart 2-69, 82%ee; Chart 2-70) 23R8 S 4172, F 72, MeOH : phosphate
buffer = 1:1 |2 TBAI Z N 2 7= §:F T 1T 1256 . LAWY 17a DERL(64%; Chart 2-
71, 89%ee; Chart 2-72))5MifEs8 S d17=,

&5 B-16a-d
-2 General procedure B (ZHEV, TifReE, BT S ALILBRZAT > 7o, FRE DR L
TFF A~ —mRERIILLTO®Y Th 5,

Compounds Yield (%) ee (%)

17a 89 (Chart 2-73) 89 (Chart 2-74)
17b 78 (Chart 2-75) 99 (Chart 2-76)
17¢ 70 (Chart 2-77) 72 (Chart 2-78)
17d 43 (Chart 2-79) 96 (Chart 2-80)
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BIRE

KIFREATIICHTZY . T—~ &I UDELL O TG A TH V- B E BHE AT 2% < G
W2 LET, o, MRICEAL T 0 T E AW IAARE Eafb At E=otds 5
Bz, AR IEE O ARBOCEIRZ IR  SEHBL £,

WIEAED HI1THT 0 | FEx MEEW O~ AAR7 FL7e 5N NMR JIlE 4 L CIEWN
7o AbMRE R 7T GC-MS & NMR o tiEt mHEEE. PA/C O XPS fi#fisa LT
TEW - AL KB RARSeaT 7 7 SRR O LI IR B L £,

F7o. BxOMEZ L Z T IEE o e ARMHEFRE D A ZEAW AL FAD T 21T
EHNTZLET,
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Summary

1. Direct deuteration of hinokitiol and its mechanistic study.

Hinokitiol has a broad antibacterial activity against bacteria and fungi. To date, focusing on their
unique structure and bioactivity, the biosynthetic pathway has been intensively researched. On the
other hand, very little is known regarding the biodegradation process. In the author’s laboratory,
bacteria that can grow in the presence of high concentrations of hinokitiol had been isolated from
soil samples near 7. dolaburata and its sawmill, and extract samples of Callidiellum rufipenne
feeding 7' dolaburata. For the purpose to clarify the biodegradation mechanisms of hinokitiol in
nature, deuterium labeled hinokitiol as a molecular probe has a great strategic importance. In this study,
the author report a direct deuterium labeling of hinokitiol as a molecular probe to elucidate the
biodegradation process of hinokitiol, and elucidation of reaction mechanism.

According to Sajiki’s condition '°®, hinokitiol was subjected to a sealed tube reaction at 180°C for
24 h in the presence of Pd/C, D,0O, i-PrOH, and H» gas and the product with the increased molar mass
by 6-10 Da from the starting material was obtained (77%). The '"H and 2H NMR analyses showed that
all positions except C-6 were deuterated. The subsequent substrate scope was investigated and only
tropolone was deuterated, which suggests the importance of a-hydroxycarbonyl structure for the
present deuteration. In the computational chemistry, the HOMO density and the local ionization
potential map overlapped well with the deuterated position in the aromatic ring. These observations
suggested that the present reaction proceeded in the similar manner as acidic conditions. To confirm
the reaction mechanism, hinokitiol was treated with CF3COOH as an acid catalyst in D>O/i-PrOH and
H-D exchange was observed only on the aromatic ring. These results supported our hypothesis. On
the other hand, the results suggested that H-D exchange on the aliphatic group proceeded in a specific
reaction mechanism by Pd/C. The subsequent trial using tetrakis(triphenylphosphine)palladium as
Pd(0) catalyst gave hinokitiol deuterated at the same position as acidic conditions. This result suggests
that Pd(0) does not work for deuteration at i-Pr group while it generated cationic deuterium. Therefore,
the author next tested the deuteration with Pd(II) species, which can be contained in most of Pd/C
reagents, including the one used in this study (approximately Pd(0) : Pd(I) = 88 : 12). The treatment
with Pd(OAc). as Pd(Il) catalyst gave hinokitiol remarkable deuteration at i-Pr group. These results
suggested the deuteration on aliphatic substituent would be catalyzed by Pd(II) species, probably
through C(sp?)-H activation mechanism. In addition, when deuterium labeling of hinokitiol was
attempted using Et3N as a basic catalyst, H-D exchange was confirmed on the aromatic ring and on
the methine of the i-Pr group.

The present study successfully provides not only an efficient method for deuteration of tropolones or
their related compounds, but also the options to achieve site-selective deuteration of these compounds

by using different conditions or by combining these conditions.
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2. Study for development of new Mitsunobu reaction acyloxy donor.

Mitsunobu reaction is one of the stereoinverting reactions that are frequently used in organic
synthesis. The advantage of this reaction is that a secondary hydroxy group can be efficiently inverted
through the SN2 processes under mild conditions, which is so called Mitsunobu inversion. However,
Mitsunobu inversion have the disadvantage that sensitive substrates to basic conditions cannot be
applied because deacylation is mostly performed at basic conditions. To overcome this problem, our
laboratory have focused on 3,4-dihydroxy-2-methylenebutanoate (DHMB) chain which autocyclizes
at neutral conditions, and made an attempt for development of new acyloxy donor of Mitsunobu
reaction based on DHMB chain. The objectives of this research were syntheses of enantiopure acyloxy
donors, examination of versatile deacylation conditions, and verification of substrate scope of new
acyloxy donor.

Two types of enantiopure acyloxy donors based on DHMB were first synthesized from cis-2-buten-
1,4-diol through 7 steps. In the 4™ step, Sharpless kinetic resolution was carried out and enantiopure
DHMB was obtained. Hydroxyl groups at position 3 and 4 were protected with acetonide or TBS
group which can be deprotected in mild conditions.

Two types of enantiopure donors were introduced to 6 types of chiral secondary alcohols under
Mitsunobu conditions. As the results, acetonide type donor was successfully introduced to secondary
alcohols in good yields as well as the conventional donor, while introduction efficiency of bis-TBS-
type donor was less than the conventional donor, which will stem from the discrepancy of polarity in
two intermediate. Although there were gaps in introduction efficiency of acetonide- and bis-TBS-type,
all NMR spectra were very clear due to the use of enantiopure donors.

1-(4-methylphenyl)but-3-en-1-ol acylated with acetonide-type donor and bis-TBS-type donor
weresynthesized and subjected to deacylation under several conditions after corresponding
deprotection. As the results, the use of MeOH and 1.0 M phosphate buffer as co-solvents provided
moderate deacylation, to afford 1-(4-methylphenyl)but-4-en-1-ol in better yields (42%).

The obtained 11 esters were deprotected and treated in cosolvent (MeOH : phosphate buffer = 1:1
(v/v)). As the results, an acetonide-type ester synthesized from ethyl 2-hydroxy-4-phenylbutyrate was
successfully deacylated, whereas other acetonide-type esters was not deacylated. To improve
deacylation condition, the other conditions (including K* ion or addition of tetrabutylammonium
iodide) provided deacylation for acetonide-type ester synthesized from 1-phenylethanol. On the other
hand, bis-TBS-type esters except menthol ester was easily deacylated in deprotection steps using 3.9
equiv. tetrabutylammonium fluoride. These results suggested that steric bulkiness and nucleophilicity
of hydroxy group in DHMB chain can affect the efficiency deacylation. To expand substrate scope,

further optimization is needed.
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Chart 1-18

Treatment for 24 h
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Chart 1-20: *H NMR (270 MHz, CD,0D)
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Chart 1-21: 2H NMR (76.8 MHz, CH,OH)
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Chart 1-22: 'H NMR (270 MHz, CD,0D)
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Chart 1-26: 'H NMR (270 MHz, CD,0D)
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Chart 1-29: TH NMR (270 MHz, CD,0D) Treatment with Et;N
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Treatment with Pd(TPP),

Chart 1-32: 'H NMR (270 MHz, CD,0D)
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Chart 1-35: 'H NMR (270 MHz, CD,0D) Treatment with Pd(OACc),
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Treatment with Pd(OAc),
Chart 1-38 : 'H NMR (270 MHz, CD,0D) under Ar gas
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Chart 1-40: 'H NMR (270 MHz, CDCl,)
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Chart 1-42: *H NMR (270 MHz, CDCl,)
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Chart 2-01: 'H NMR (270 MHz, CDCl,)
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Chart 2-03: 'H NMR (270 MHz, CDCl,)
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Chart 2-05: HPLC
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Chart 2-06 : 'H NMR (270 MHz, CDCl,)
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Chart 2-07: 'H NMR (270 MHz, CDCl,)
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Chart 2-09: 3C NMR (67.5 MHz, CDCl,)
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Chart 2-10 : HR-FD-MS
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Chart 2-11: *H NMR (270 MHz, CDCl,)
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Chart 2-12 : 3C NMR (67.5 MHz, CDCI,)
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Chart 2-13: 'H NMR (270 MHz, CDCl,)
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Chart 2-14 : 3C NMR (67.5 MHz, CDClI,)
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Chart 2-15: 'H NMR (270 MHz, CDCl,)
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Chart 2-17: HR-FD-MS

Data: common/Dec19:a90482-2
Sample: 2818 Sakakibara / TBS DHMB acid
Experiment Date/Time: 2017/12/19 14:18:59
Average(MS[1] Time:0.33)

Relative Intensity

Instrument Configuration: FD70—7,JMS-T100GCV
lonization Mode: FD+

Acquired m/z Range: 20.00..1600.00

Detector Volt: 2200[V]

MS Tune Method Name: FD
Agilent7890A Method Name: -

100 303.16
80
| TBSO O
361.25
] TBSO
| OH
60
40
7 304.17
20 - 362.25
57.07
A 115.10 S08.17 525
0 (gt A : L A | . 1 i Ll M 1o 6
e e e S et tbe el b
50 100 150 200 250 300 350 400



'H NMR (270 MHz, CDCl,)
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Chart 2-20: 'H NMR (270 MHz, CDCl,)
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Chart 2-22 : HR-FD-MS

ment Configuration: JMS-T100GCV Co MS Tuhe Meﬂ'lpd Name: GCFI
/ ‘ R ce Aglam"faﬂn}\ Meihodﬂan;ls HP~5-HIgh-7n'ﬂn-0 2uL

séj ) ‘- /278.15. - O _ O—k
o0,
o
] 218.11
40
20 - 105.08 'r27'r15
7 15:|r.ue
° l1(5o‘l L‘z{el 300 T alo 500 600 | 700 800
miz
Chart 2-23 : HPLC
1.2 -
i | (@] Q'J( k
1.0 - 0)1\“/\/0 1 £ o}
: @* 3 ‘-’J\ﬂ/\/
0.8 - | @/\
= 3 g
= |
i 0.6
R -
= 0.4 B
0.2 ; e
3 o
1 T
0.0 3 Y,
[ [T HLARRAN RRRAL LARbt B A
0 i 4 B 8 10 12 14 16 18 20

fR¥rEE (min)



Chart 2-24: 'H NMR (270 MHz, CDCl.)
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Chart 2-25 : 13C NMR (67.5 MHz, CDCI.)
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Chart 2-26: HR-FD-MS

Data Name: commeon/Dec02:a20427- Instrument:JMST-100GCY, lonization Mode: 1:FD+ MS Tune Method Name: FD
Sample: 2618 Sakakibara/ TBS DHMB Ph But Acquired m/z Range: 20..1600 GC:Agilent7890A Method: -
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Chart 2-28: 'H NMR (270 MHz, CDCl,)
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Chart 2-30 : HR-FD-MS
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Chart 2-32: 'H NMR (270 MHz, CDCl,)
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Chart 2-34 : HR-FD-MS
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Sample: 2818 Sakakibara / DHMB Cyclohexanol

Instrument Configuration: FDZ0—7,JMS-T100GCV
lonization Mode: FD+

MS Tune Method Name: FD
Agilent7890A Method Name: -

Experiment Date/Time: 2016/10/13 9:10:50 Acquired miz Range: 20.00..800.00
Average(MS[1] Time:0.09) Detector Volt: 2400(V]
’ " Relative Intensity
1004 [~330.16
—
o o
i 0
o :
.m— - N
40_- 272.12
i 33116
20
7 27312 532.16 660.32
h . L h
o R P s s " =
miz
Chart 2-35: HPLC
0.8 ; i 0 Q—Jg
QU
0.6 -
= 0.5 §
= E
i 0.4
= 0.3 4 -
0.2 R
0.1 >
0.0 - o
1 ------ |||||I||||||||| ------ |||I|||||||||I |I|||||||||I--| ------ |||||
2 4 B B 10 12 14 16 18

fRFFEE min)

20



Chart 2-36: 'H NMR (270 MHz, CDCl,)
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Chart 2-38 : HR-FD-MS

Bara / DLMB:Mentiol ‘
161014 178750

Instrument i;q;ggumﬁon: FDI0—7,JMS-T100GCV. - ' . MS Tune Method Name: FD
Bl;gda;:m'zpm sw:& : L . Agilent7890A Met me: -

29520

Chart 2-39 : HPLC

B e EE (AU)

=
—
L3

=
—
=

=
=]

=
=
=

=
£

=
=
r3

r R (0]
L

E 0

[811]

; b "t

[}

1,28, 20258

1
i

-"-r | - _— o

o=
S

—alaia JI-I-IIII-I-I-lIII-|-I-IIJI-I-IIJI-I-IIJI-I-IIII-I-I-IlII-I-I-

——

2 e 6 8 10 12 14 16 18 20
¥R (min)



Chart 2-40: 'H NMR (270 MHz, CDCl.)
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Chart 2-42: HR-GCFI

-MS

Data Name: common/Dec18:a20437-g
Sample: 2818 Sakakibara / Ace DHMB Me cHex
Experiment Date/Time: 2020/12/18 17:48:45
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Chart 2-44: 'H NMR (270 MHz, CDCl,)
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Chart 2-45 : 13C NMR (67.5 MHz, CDClI,)
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Chart 2-46 : HR-FD-MS
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Chart 2-47: 'H NMR (270 MHz, CDCl.)
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Chart 2-49: HR-FD-MS

Data Name: common/Dec02:a20426- Instrument:JMST-100GCV, lonization Mode: 1:FD+ MS Tune Method Name: FD
Sample: 2818 Sakakibara / TBS DHMB Ph But Acquired m/z Range: 20..1600 GC:Agilent7890A Method: -
Experiment Date/Time: 2020/12/03 15:25:46 Spectrum Time Range: Average(MS[1] Time:0.07) Detector Voli: 2300[V]
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Chart 2-50: 'H NMR (270 MHz, CDCl,)
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Chart 2-52 : HR-FD-MS
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Chart 2-53: 'H NMR (270 MHz, CDCI)
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Chart 2-55 : HR-FD-MS
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Chart 2-56: 'H NMR (270 MHz, CDCl,)
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Chart 2-57 : 3C NMR (67.5 MHz, CDCI,)
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Chart 2-58 : HR-FD-MS
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Chart 2-59: HPLC
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Chart 2-60: HPLC
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Chart 2-63: HPLC

C BAEREMI, 210 nm

ML T

ve9LvZ 10 61

I
@]
T W
®)
O / w
o |

b E
£7L9G ‘56 6L |

——IBIVE_ 7F VIl

809/989 €9 €l

gLizee 60 ¢l {
6vavLL ‘SE Tk |

¥99921 ‘6% LI

/

OH

G6891¢ ‘L€ Ol

9eeLLY 98 6 (

22608 'S8 '8 (|
266£2¢ 87 8 |

C610ELL ‘6% L

S5, %S |
vecosoe YOS _

_ T — T _ T _ L] ~ L] _ 1 — L] — T _ L] _ L _ T — T _ L) _ L] _ L] _ T _ T _ ] 1
) o ) e
c

-— — c

(nv) =3

12 14 16 18 20

10

F45ERA (min)

Chart 2-64: HPLC
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Chart 2-65: HPLC

B EEEMm, 210 nm
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Chart 2-67: HPLC
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Chart 2-68: HPLC
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Chart 2-69: HPLC
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Chart 2-71: HPLC

C BEEE/MI, 210 nm
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Chart 2-72: HPLC
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Chart 2-75: HPLC
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Chart 2-76: HPLC
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Chart 2-77: HPLC

EEEE/MIF, 210 nm
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Chart 2-78: HPLC

C BEREEEM, 210 rm
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Chart 2-79: HPLC

BE & &M, 210 nm
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Chart 2-80: HPLC

EEKE/, 210 nm
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