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(-)-citronellal (+)-bipolarolide A (+)-bipolarolide B
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Synthesis of (45)-hydroxycyclopent-2-enone
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Chemoenzymatic synthesis of prostaglandins
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Li, J. et al. Nat. Commun., 2024, 15 , 2523 10



Selective Hydroxylation of Sclareolide Derivatives
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Renata et al. Nat. Chem. 2020, 12, 173— 179
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Selective Hydroxylation of Sclareolide Derivatives
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Library Screening

MERO1
KSA15 Sth10 Trt7

83 84
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60%-70% yield 67% vield

AndA AndA 169Y AndA 169Y
169Y N120C L175A Y138H
i i 85 86
Pivergent Evolution BM3 MEROI L75A  BM3 MEROI L 437A
82% yield 60% yield

Li, J. et al. J. Am. Chem. Soc. 2024, 146, 26243-26250.
Renata et al. J. Am. Chem. Soc. 2021, 143, 8280-18286.
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M"HéH 38
BM3 L.G-23
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46% yield
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Heterologously production in
E. coli, yeast, Streptomyces sp. etc.
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Biosynthesis of (—)-Vinigrol
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Zow, Y. et al. Angew. Chem. Int. Ed. 2025, 64, €202416795




Biosynthesis of (—)-Vinigrol

Zow, Y. et al. Angew. Chem. Int. Ed. 2025, 64, €202416795
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Providing Complex Synthetic Precursors
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Xiang, Z. et al. Organic Letters, 2020, 22, 1976-1979
Xiang, Z. et al. Organic Letters, 2021, 23, 400-404.
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Providing Complex Synthetic Precursors
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Liu, T. et al. J. Am. Chem. Soc., 2020, 142 , 2760.
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Providing Complex Synthetic Precursors
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. Chem. Sci. 2024, 15, 19307-19314
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C3 oxidation of 126 with engineered MoBsc9

Me
Me BscD or HO "
Bsc9 2
(Fe/laKG)  Me
—— H... +

coghon Me

ey

& o 119
RO (shunt product) RO

Mo CrCl
M 21
€ Mn, 123 BF5°Et,0;
H... TMSCI (nBu),NF*HF
—_— CHO —>» g — —
86% 62%
MecJ OMe ., Me "
i e
(+)—gr;1iggene 122 MeO 124 MeG 121
LiOfBu, KH, 78% conv.,
P(OMe)s, O, 74% brsm
Me (123)
enzyme 291 (%)
MoBsc9 Me
Bsc9 23 Me,NBH(O,C/Pr); Y112M
i -

BscD 0

87% 67%

MoBsc9 48
MoBsc9 Y112M 71 "o cotylenol (128) A
omse MeO 2

Renata et al. Nat. Chem., 2024, 16 , 1531
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a) cyclopiane skeleton

conidiogenone (1)

leptosphin C (7)

HO"

OH

13-epi-
conidiogenone F (9)

conidiogenone F (8) conidiogenol C (10)

b) modified A ring c) modified A & B rings

conidiogenone B (3)

conidiogenol (2)

direct redox
operations

conidiogenone G (4)

directed
oxidation

OH e) terpene cyclases

/> “iH
enzymatic H

hydroxylation

skeletal
transformation

genome
mining

f) cyclopiane-related diterpenes

(opp

IPP

U isopentenol utilization pathway

spiroviolene (12) phomopsene (13) prenol + isoprenol

Xu, Z et al. Angew. Chem. Int. Ed. 20285, 64, €202419092.

24



d) modification of ring D: enzymatic hydroxylation

(@]
3. BM3-A3, Rnd6 4. PTSA 5. TCDI, DMAP
NADP+, NazHPO3 CHZC|2 0-C|206H4
HO" > B0 - >
NaPi buffer (pH 8.0) rt, 90% 80 °Cto 180 °C
80% g 78%
enzymatic HO
conidiogenone (1) hydroxylation conidiogenone H (5) conidiogenone E (6)
(0]
0
6. NaBH, 7. BH3, THF, 0 °C to rt 9. NaBH,
THF/H,0 then NaOH, H,0, CeCly-7H,0 +
| IH —_— - >
H 76% 8. IBX, PTSA 20 ovonl
® ’ .6
3 tolene/DMSO, 65 °C
7 (39%) + 7' (26%) ) OH ]
18 19 leptosphin C (7) o 13-epi-
conidiogenone F (8) conidiogenone F (9)
6. CuCl, B,Pin,

10. CUC', szinz
t-BuONa, THF, rt
then NaBO5+4H,0

t-BuONa, THF, rt
then NaBO3-4H,0

90% 7. L-selectride, THF, -78 °C

o HO"

P

> HDY

—
-

11. L-selectride, THF
64% in 2 steps

8. BH,, rt, then NaOH, H,0,
34% in 2 steps
+ other isomers

OH
conidiogenol C (10)

Xu, Z et al. Angew. Chem. Int. Ed. 20285, 64, ¢202419092. 25
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” <:‘Ni" 10
1 .
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\
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> reduction red™

15 <::Ni'-x )<; _—
A (::Ni'-Ar 1

reductive elimination R! /
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’/-\ . ‘Eim)\l?2 A o
Aer <: “Ar )R\ i5

14 R2? 13 X~ "R?

racemic

enantioenriched product
C(sp®) electrophile

b) Radical chain mechanism
/ Ar-X (8)
oxidative addition

I.edm+2
<:‘Ni°
red™ i
9
reduction \\
4 _Ar
17 d\Nill'x d:NI"\ 10
4 vx R1 x
\
R y nz’l ‘\‘radica/ addition
. 2J\ % halide 16 /
12 \

abstraction R?

X
<::Ni‘-x <::,',i5|)\n2 13
15 v Ar
reductive elimination
. ArY R!
14 R?
enantioenriched product

racemic
C(sp®) electrophile

possible enantiodetermining steps
highlighted in purple
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1. Philip Hughes' group (1989)"7

ul-up,ﬁvmg- 3. L-{(+}-DET, Ti(i-Prla

TEHP
JI‘-/L‘ﬁ ant, MCM ow B1%

M o, oM N O o ome 5 oH o
B - 2 Mz ko, . zMg L\r‘
oH ~—— —-— . -—
HNO" H 87% (3 steps) \;E:L\J’ko"' MeDyC" "_\\"l\nm 70% (2 steps) HO —_—
2. Claus Herdeis’ group (1994)™
1, :Bucw s
j\/\/n\o pl :3 Tasr.:l imidazale
_- 58% (2 steps)
- Glmnrrlc ackl PR
4. BHyMagS
1%

...\

H
coH 7. 6M HCI go.H 6. RuCly, NalOy, 5.PUIC, Hy, BocsO E"'ﬂ

: o —-—— OTES
O T e

3. Marc Larchevéque’s group (1998)"

OH oTes
F

oH :th: /_/—CDI,!I 1. CH;DHGHENHE O"*D 2. TBSC, imidazole d‘n
N —_— N

H“!':q\_g‘:“-\m "

0%
L-ruals acid
3. DIBAL-H, then KCN ldﬁ’;’m
5. Paldbaly, Dped H ores
marcagiobenzoic &
coH sKoH . §oMe then 1M HCI L_Sim!. L I i .
oH - #* OH B e — N " N
“"O' 88% HM 0% l) B H

4. Ki Hun Park’s group (2001)*

3, MeCl, EL;M

el
x

H =0
v o . - B8% - TE% (3 steps) Hupt
OH “oH H
Deglecono-i-lactions

HO,
4. Lil
5 slops ?L?_ . ) j—o . .
come 2 MaI0a NaBH, } come 5B N

6. TBSCI, Imldaznlel 9E%

8. Hy, PAIC then 7. BHy-MesS
O O:Me 8. MsCL ELN gras then Ha0p

Dowex SOW-XB z 0.Me
— -—-— -_-—
“NQ,-'DH — m@,.o‘ma - Hu/\/'Tc VTﬁﬂz
HPT

Wiy
Wi

7. LiAlHs
HO, B sleps 8 then KCN e B. cane, HCI oM g paic, W, GO:H
Hw:)_\cnan = e T e T e e T e
{5)-malic ackd trans:cis=7T:1
. ) N
6. Srivari Chandrasekhar’s group (2012)*
1. MaH, PMBEr 4, L-{+}-DET, Ti{Oi-Prlg
2. EtMg8r, (CHaO), TEHP
— 3, LiAM, 5, TBSCI, imidazale g
"o = puEo” T gy - TBS
H 62% (3 staps) 66% (2 staps) N N
6. DDQ
7.TeCl, ELN | 41% (3 steps)
8.MaNy
12. TEMPO 10. TBSCI
Phl{ChAe); oM imidazale otes 9.Pd/C, Hy then
COH 13. 6 M HEI £ 1. HF gy £ Bae,0, NaoH
HN oH = . .OTHS ¥ Ao OH "““x..-*ﬁv\
52% (2 sleps]  BocH T4Y, (2 stops)  BocN 45%, My

7. Stephen G. Davies’ group (2018)*
e

Me oH
PHA ~Bn n/l\ Bn H -
1, i PH N 2. THO, DTBMP then Hy0 gq 0 Bu
o OO B = g - OI\/T
Bne then (--CS0 unn"\-)\;’c“'t’" 2% Br” I‘"‘
BEY% oH

3. Hg, PAOHIC, mnlam

6. & M HCI then
COgH 05'Bu
H Dowwex SOWXE E 5. NaH £ 4. 2-NapS0yCl, pyr.
- "

i OH = I oH - C0y"Bu H G0y Bu
HH 87% Boc” 1 B1% 78%
HBoc Boc

R = 080,(2-Nap)

8. Prier’s group (2019)** (enzymatic approach)
10 wi% KRED NADH 101

o 3 COyMe CO,Me
B mu’\/lkm —!-ﬂm Boch o o B u: s r““
“ 0.1 M phosphats pH 7 oo
B5%
98% de
=00% aa
; . as
9. Satoshi Ichikawa’s group (2022)
1. TIPS, imidazole 0. _NHBu 4, HCI, HyD than
i 2. (Gp)sZriH)c! N orps 3 AsOH, tBUNG h g DOWEX 50Wx4 oM
HH H > \i\f‘ * - iPS ™ o
68% (2 steps) 2% "“’"Q'm quant,
tranalcls = 85:15



Me
BF5-Et,0
(3 eq.)
—_—
DCM, -78 °C

then add
BusNHF, + 2 BF,
(1.5 aq.}l
Me
HBF, 0°C - F3B(OH)

+ BF;]

INT4

Me

Me

OMe
INTS INTE
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