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In the organic process chemistries, the integrated use of chemo- gorganic
synthesis) enzymatic (biotechnology) transformation approach as well as the utilization of naturally

occurring starting materials takes advantages over individual procedures, towards the best solution
to make the design and diagram for target compounds. Catalytic activities of cheaply commercially
available lipases in transesterification in organic solvents were demonstrated for deprotection of
phenolic esters and esterification of aliphatic alcohols. | achieved the syntheses of catatherasmols
and tournefolin B, based on the site-selectivity which was clarified through this study. In
contrast, the complementary use of chemical site-selectivity on transformation of aromatic
substances enabled the new efficient syntheses of polymethoxybenzenes. Finally, partial hydrolysis
of naturally occurring C-glycoside flavone in high-pressure steam sterilizer provided an efficient
route to chafuroside B.



1. MRS FI DTS 5

FEFR R X B BT A OV IRIEZ R T O TUAEMIEEDE O A RICB I 5 ARy — L E LTH
MEZBZ BN TE7, LA LIEREREMENC L 26070 ISHEMIEL T LAV & 13nx
T INET, TEIRICE TN LGRS EE GREGRIIDE) AR IRITAR £ FFH
TERETZ o 7=, AR HEAL T2 IR 206 U io L0 2 (REE R AL ORI 28 80 S vy
DD, FEE DI D HIEMEITE WS O O—fRMEICRIT, & HIZEHIMPEIC B4 2 MR it
EWVO RN BIE, MOBFIEE D B B X DHES3 0 | i - FERE LOWB, BEELTL
HAEHE L TWRW, LW RMPER S DD -T2,

2. WHEDHB
FRROEFITEAARWIEE 1L, EWIEEYE % Ko UG, R REERE AR T 51I21T

P SR MRERL 20 FIE MU RS UL R FIE, & BITIERAI ;rjggiﬁﬁﬂ#¥ﬁ$i£&:b>é>¢)f4:/\EEJ
@%ﬂ%ﬂﬁ%ﬁﬁ%%?ﬁﬁ%ﬁ“’ﬁ%b MRITHZEDE D Z N RIEEZ T, K
WHZETIE, HIRCATES R EBEWE 2B UL L, T BICHIRCTATRS) 2B R il
%ﬁﬁébﬁé\%ﬁﬁ“é&ﬁ%@%ﬁ-%ﬁ%ftéﬁ%tbt\:@io&ﬁébﬁf%
SR PRORER MRS 5 F AR D K D I20uUT, B &3 2 EWiE M E o AW E AR B SOR(
FRIR - BRIRGABR A~ DAL 22 ENFEBIAREIC 0 D L L b IT, < OMIRFICHEL -TEHLTH bR
L OHA, SORIEEOBMEIRBEIFEIND,

3. BRIk
EYTEEE O LWVERICHTH S L D 22200 FiEE LT, DERAR Y A —LRLRRAY 7=
—NVEIEE L, Hill e AFRS R ) N—EMEEIC X D 7 v F ol - T F AL LR TR A
78 ENCEEIR LM E AT 5 5 2) B2 IS8R0 & U, BESRERAL OBRAY A S
3T 7 3 v Off#ER LT D RIRNAR 2 AT 5 £ 7ML O — 8 2 /EViS M B O =
SREMESL L L TEHT %,

CDFRLOIHTREL | e (BZ2RY) REEIEEACHRLIE ST B P B3 2 A A & M
L. EERVERETe RIS AR R Y BLIET 5,

UADE S
20194F 1%, AEMIEMEME OF LWVARIEICEH S LD 5200FED I B, 1) $URA Y 4 —
NERE L U AU TFE - ) =P L D7 & F b e O E IR A2 A A TS AR
L,

Candida antarctica

NH, 1) NaNOj OH Iiﬁase B 435 OH
HO C/\\/J\CO 29 H2SQa Hoo~_A_on MNovozym438) 0 L _oac
2 2
2) LiAlH4, THF 98.6% ee vinyl acetate

D-glutamic ( b ee) THF, 25 °C quant. catathelasmol E

acid
Na,Cr,07 o) Burkholderia cepacia o)
aq. H,SO lipase (Amano PS-IM

9-H280s  aco_~ M _oac lipase( N aco~_H_on
ELO 78% catathelasmol C C:ng' THF 539 catathelasmol D
- o

U R—PIZ L DT AT LOMKSRERLT IV a— LD AT i, SIREEZE . HEERe. ki



FIOWEIZKREREEEZ T LT ERMONTNDR, SRR ) A — /L THEE L7z, DR L
LCx/ ap—fA4EI ¥ b EEES L, 11B-HSDRLEE % 7~ 4 catatherasmol#E(C, D, E)
%, [Al—E# % FF-oD-glutamic acid2» HREFRERIZ AR L7z, HFEFEN HFFE LTz
pentane-1,2,5-triollZ %} L, Candida antarctica) /X—t£ B (Nozozyme 435) % fil it & UFliE &£ =/L %
W=7 2 AR T, catatherasmol EANE EHIICHT: DTz, 72 F /ALDNALEZEIRVET Y X—E D
TP B DA AR BB A 2 T2 (R)-KD MY A — L TIX PO — k7 v a—
DBIRT L F AL ST, ()R I 7 L3 — b 7 T AL S LS EIE L=
Burkholderia cepacia V) »3—t (Amano PS) % filifif & U 7= G 13RS DME T L, KA TIEH
BT A=/ VEDOWBMGKE G L, HIELEDORFSOIEIZ LY | TERIEE STV KK
Wy Dfser SLARELE 2 fERE L7=, B 7 1 ABRER{L(78%)1Z X ¥ catatherasmol C& L, B /LR =)L A&
B4 2 107 00 33 4R A i 38 (53%) 12 L V) catatherasmol D& 457-, NSRBI LAR#121TB.
cepacia y N—B AL L, A F ) — IV EREME T DT AT AP ENThHoTe, VA A
i Sc(OTH)sfl it iz L 2 St OIRME, & 5 X, C.antarcticaV /X—1F B4 H 7o SOt O3
% KigIz _kE - 7=,

OH O
chafuroside B vitexin
leaves of water dil. H,SO,4
——> D-arabinofuranosyl- ——
Basella alba .
121 °C vitexin 121 °C
in high pressure in high pressure OR' O
steam sterilizer steam sterilizer

N R, R?=H ] CH5ONa
Ac,0, pyridine E R', R2 = Ac (53%) CH;OH

DMAP .
R'=Ac,R? = H (42%) (dUa)

1) DIAD, PPhy
DMF
vitexin ——— > chafuroside B

2) Ac,0, pyridine
DMAP (74%)

3) CH3ONa
CH3;0H
(quant.)

2020 FE1E, 22D FED 9 B, 2) BlbE A Z HEE e L THEHT 2 Fa ORI DN T
FAMICHE Lz, 778 A RIZRKRERE LT, LIZLIZERHEARDOE CEBSNEN, 77
U 2 SO BRI B U CRIA T 23581203, 2R K<L 2 DB 22 B 4 B 25 o0 oA
SEMRO B D, RIRERHRD 7 F 8 7 A4 REFEROFITIE, AHRAEMEEZRTHDD,
T ADBEBLMELNRWMEAEMN L 6 &L - KEICATREZR HAFEID H2hs K <



BT D FEOMNIIHEFICEETH DS, BAENIZIE, v—o U ROERENDHBES L
chafuroside BO#T L WFHEEIZ DU THET L 72, chafuroside BIZFZ & 12kt LUVBIREIEH 27~
k&M TH D, L LAERFOEHEEITIEFITORn (1gh72029.4ng) OT, RREFRN O
KRG INORBIIFELNDMEND TEER] T BB AZEN TN D, AAFFETIE, B T
V27| (Basella alba) 2 & & 415 D-arabinofuranosylvitexinz . @& « SESMAIZB W TEE
BRORHZREEIC 2 b — LAl R E EAKIRE &R (A — ~ 7 L —7) 1 CRUKH L7
R A FEINK 53R L. chafuroside B & [Fl— O fk FHH& & FFOvitexin Z 1572,

T OFEBRTIT, BEE, AERIN RS EEE, BIPE, KHEZER L., EopEMO
YILAT X EANTY, SbivitexindO BICEITITE A Elehodz, [ OMET, HEHE
ICHRERBVRRNWEBZ OND, Il MAERDITT B F /ULER TSR Y 7T
Fhruvw hTT7 4 *‘T“ﬁ“éa\ﬁ:*%;ﬁéﬂﬁéf“%oko vitexinl X JEAEYE CTRHER L. chafuroside B &
L7, VAT H0) AL gz HREFEHZ L7254, £9600 ugdchafuroside B3 5415 &L 9
([Zip otz Z D, U—nm R Ll - %aaﬁ“éjﬂf THAREBAZZh R R,

OCH,4 OCH3 OCHj3
202 NaOCH3 OCHs
HsCO 87% H3CO CuC' HsCO
DMF, 80°C OCH; /\HRHZ K
60% -7 LIL¥x—
l4E R
OCH, OCHs OCHs
H5CO I, H0, MaCO |1, HgO HsCO [
—_— —_—
H3CO 95% H3CO CH20|2 H3CO
77% |
NaOCH3
OCHjs cuC
OCH OCH .
OCH3 3 o 3OCH DMF, 80°C
H.CO 3 3 75%
GO H,CO
3 OCHjs
CH30 nobiletin

EYTENET TR ) A RRT V=T = ) — VRO G HTEMATIEIZ X, B0 OKEICHD
NADFEENASHIE L, ELWVNIBETT =/ =)L« AF LT —F LEEATLHTFENRDLND,
TR B D SOGHERZ ENEIT & - TREIZR FRLB B FEROE FHE ] ORGELE i,
N&EFEBRT HREEROEALKISRKIENEE T H, 202VFE X, FHEO N r Ak, BLW
FESE AT X D A0ESRINGY « IBF072 50 T AMAROS % et L7z, 1,3-dimethoxybenzene % 1,-H,0,
DE&T2a vkl L, SIfEFEET A F 3 bIic X 0 7 LoV —SGEMHIE A 2 £
1,2,4,5-tetramethoxybenzeneZ 5k L 72, [AIAROFiEIL, RU A FF 7 IR L LTHAEWD
nobiletin®® & X HTBRIA T & % pentamethoxybenzene D& k2 & A T, 1,2,3-trimethoxybenzene?)» &
HFE L A R UALORIBMA & 72 523 7L OFEUZIE, 377 5 OHO-LA R b AN TH - 7=,
XSS 2 BAbM B KLORE DR 2 5 3 v O, A b b ik L7,

—J7, mECBR{LENZ7 L=k Kuax/ O—H, tournefolin B D& RLATEEAR & 72 5



3-bromo-4-methoxybenol DFHRLIZER L, HZW'E & L T A 7ZhydroquinonelZxt L, B. cepadia Hi
KDV R—=EEHNTZE ) T EFMEREZRN T, 4-hydroxyphenl acetate s & W ER T H 7z,
BFEA, ATk L THE7=3-bromo-4-methoxyphenyl acetate, 35 E N7 Z UL E DB 7V 7

WX o> TELNALEY D Htournefolin BOFHHRLCId, Ri#EL L L CHWEFER T AT /L DORE
\ZC. antarctica U /3—¥B #iEMH L 7=,

OH . OH OAc
B. cepacia fractional
lipase crystallization
_—
vinyl acetate ikl I-PI’ZO
oH  30°C.36h OAc OAc
70 30 95 78% 5
OCH3 C. antarctica OCHj
lipase B Br
_—
2-propanol
THF
NBS CHN, 30 °C, 24 h OH
%, 2 steps quant.
DMF CH,ClyEt,0  21%. 2step
r.t., overnight r.t., overnight OCHs
Br Br \©/
OCH3
. CO2CH3  py(dppf),Cl,
N ﬂ CsF (3.0 eq.) Ac,0, DMAP
Bpin > o :
P © dioxane pyridine, r.t.
OH (1.5eq) 100 °C, under Ar  overnight
overnight
CO,CH,4 CO,CHs
OCH3 C. antarctica OCHj3
/ \ lipase B / \
) S E—— )
2-propanol
THF
OAc  5goy 30°C, 24 h OH tournefolin B

quant.



2 2 0 0

Kazuki Kurahayashi, Kengo Hanaya, Shuhei Higashibayashi, Takeshi Sugai 84

Improved preparation of vitexin from hot water extract of Basella alba, the commercially 2020

Malabar spinach (“ Tsurumurasaki” in Japanese) and the application to semisynthesis of

chafuroside B

Bioscience, Biotechnology, and Biochemistry 1554-1559
DOl

10.1080/09168451.2020.1761286

Rinta Hashiba, Riichi Hashimoto, Momoko Nishiguchi, Toshifumi Kobayashi, Kengo Hanaya, Shuhei 84

Higashibayashi, and Takeshi Sugai

Comprehensive Semisyntheses of Catathelasmols C, D, and E from D-Glutamic Acid, Utilizing 2020

Lipase-catalyzed Site-selective Reactions on Intermediates

Bioscience, Biotechnology, and Biochemistry

DOl
10.1080/09168451.2020.1754159

21 4 7

Takeshi Sugai

Enzyme-assisted syntheses of bioactive compounds, originated from Scripps days

2019 Scripps Korea Society Symposium

2019

Takeshi Sugai

Development of the synthetic routes utilizing the selectivity in enzyme catalysis

The International Chemical Congress of Pacific Basin Societies

2021




Takeshi Sugai

Advantages of lipase-catalyzed transformation in organic synthesis

European Federation of Biotechnology Conference 2021

2021

78

2019

T. Sugai, R. Tsunekawa, K. Kurahayashi, R. Fujita, K. Hanaya, S. Higashibayashi

Utilization of naturally occurring glycosylated forms for the synthesis of flavonoids

The 4th International Symposium on Process Chemistry

2019

T. Sugai, R. Fujita, R. Hashimoto, Y. Yamashita, K. Hanaya, S. Higashibayashi

The Utilization of enzyme-mediated acylation and de-acylation in the transformation of heterocycles

27th International Society of Heterocyclic Chemistry Congress

2019




K. Kurahayashi, K. Hanaya, S. Higashibayashi, T. Sugai

A semisynthesis of chafuroside B from D-arabinofuranosylvitexin, extracted from raw leaves of Basella alba

The International Chemical Congress of Pacific Basin Societies

2021

R. Hashimoto, K. Hanaya, S. Higashibayashi, T. Sugai

Site-selective lipase-catalyzed deacetylation on sterically hindered naphthohydroquinone diacetate

The International Chemical Congress of Pacific Basin Societies

2021

2019

36

2019




17

2019

2019

45

2019

2020

22

2020




2021

2021

141

2021

2021

65

2021




37

2021
, Q Ziyu,
50
2021
, Q Ziyu, ,
2022
0
2019 , 2020 2020

: 2021







