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Conidiogenone B
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Penicillium cyclopium

Conidiogenone B

6/5/5/5 (A/B/C/D)
tetracyclic carbon
framework

» Conidiogenone B: Potent antibacterial
activity, MICs (pg/mL):
MRSA (8), S. epidermidis (8)
P. aeruginosa (8), P. fluorescens (8)

» Conidiogenone B-G: Potent anticancer

activity (1Cs: low M to nM)

Structure features
» 6/5/5/5-fused rings

« 4 all-carbon quaternary centers

* 6 stereocenters

Bioactivity

 Induction of conidiogenesis
« Anti-inflammatory activity
« Antibacterial activity

« Anticancer activity

Roncal, T.; Cordobés, S.; Sterner, O.; Ugalde, U. Eukaryot. Cell 2002, 1, 823—829.; Du, L.; Li, D.; Zhu, T.; Cai, S.; Wang, F.; Xiao, X.; Gu, Q. Tetrahedron 2009, 65,
1033-1039.; Gao, S.-S.; Li, X.-M.; Zhang, Y.; Li, C.-S.; Wang, B.-G. Chem. Biodiversity 2011, 8, 1748—1753.



Structures of Conidiogenones and Conidiogenol

Conidiogenone (1) Conidiogenone C (14S, 3)

Conidiogenone D (14R, 4)

(o] OH
Me

Conidiogenone E (X' = OH, 5) Conidiogenone K (8) Conidiogenol (9)
Conidiogenone F (X2 = OH, 6)
Conidiogenone G (X3= OH, 7)

Roncal, T.; Cordobes, S.; Sterner, O.; Ugalde, U. Eukaryot. Cell 2002, 1, 823—829.; Du, L.; Li, D.; Zhu, T.; Cai, S.; Wang, F.; Xiao, X.; Gu, Q. Tetrahedron 2009, 65,
10331039, S



Biosynthesis of Conidiogenone B

Me Me
V/ Y/

Me Me

—_— —_ + —_—
Me \ /A\
’ M
Me ~ “Me ° Me A “Me
PPO

GGPP (1-1) 1-2

geranylgeranyl pyrophosphate

Me Hme
Me Me

Conidiogenone B (2) Deoxyconidiogenol (1-6) 1-5 1-4

Shiina, T.; Nakagawa, K.; Fujisaki, Y.; Ozaki, T.; Liu, C.; Toyomasu, T.; Hashimoto, M.; Koshino, H.; Minami, A.; Kawaide, H.; Oikawa, H. Biosci. Biotechnol.
Biochem. 2019, 83, 192—-201.
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Total Synthesis of (+)-Conidiogenone B — Tu (2016)

Retrosynthetic Analysis
(o)
aldol
cyclization
D\ \
) >
7 7
(+)-Conidiogenone B 2-10
24 LLS
CO,Et
D — 6 steps H 0 0/ \0

+ : . Me :

Me
Bng/\)LMe Br

21 2-3

semi-pinacol
rearrangement

SPh

Hou, S.-H.; Tu, Y.-Q.; Wang, S.-H.; Xi, C.-C.; Zhang, F.-M.; Wang, S.-H.; Li, Y.-T.; Liu, L. Angew. Chem., Int. Ed. 2016, 55, 4456—4460.



Total Synthesis of (+)-Conidiogenone B — Tu (2016)

(o)
Me
0] 1. LDA 2. tBulLi, 2-3 H
H then PhSSPh then HCI
> ."IOH
68% 60% %,
(4
Me Me SPh
2-1 (6 steps) 2-2 /_\ 2-4
(0] (0]
Me . <X 3. TMSOTH, iPr,NEt
Br
2-3 Y
_Re face attack ™S ]
4. BF3‘Et20
-
80%
1.2:1 d.r. at C9
2-7 2-6 2-5

Hou, S.-H.; Tu, Y.-Q.; Wang, S.-H.; Xi, C.-C.; Zhang, F.-M.; Wang, S.-H.; Li, Y.-T.; Liu, L. Angew. Chem., Int. Ed. 2016, 55, 4456—4460.



Total Synthesis of (+)-Conidiogenone B — Tu (2016)

5. glycol, PTSA 6. Bng/\/
45% 2-8a + 41% 2-8b 92% from 2-8a
27 5. glycol, PTSA [ 282 (OR)
o,
80% (brsm) 2-8b, (95)
ozonolysis
&

aldol reaction

7. O3, then PPh;
then HCI
£

84%

Hou, S.-H.; Tu, Y.-Q.; Wang, S.-H.; Xi, C.-C.; Zhang, F.-M.; Wang, S.-H.; Li, Y.-T.; Liu, L. Angew. Chem., Int. Ed. 2016, 55, 4456—4460. 10



Total Synthesis of (+)-Conidiogenone B — Tu (2016)

(0
HO  me

2-10

(+)-Conidiogenone B

24 LLS

Hou, S.-H.; Tu, Y.-Q.; Wang, S.-H.; Xi, C.-C,;

8. MsCI, NEt; 11. pyridine, SOCI,
9. LiBr, Li,CO; 12. PtO,, H, (1 atm)
10. Raney Ni then DMP, NaHCO,
’ y
56% (3 steps) 95% (2 steps)
Me
Me
2-11
13. CH(OMe);, PTSA
14. Pd(OH),/C, TBHP, Cs,CO;
72% (2 steps)
OMe
16. LiAIH,
then HCI 15. LDA, Mel
- -
90% 78%
2-14 2-13
Zhang, F.-M.; Wang, S.-H.; Li, Y.-T.; Liu, L. Angew. Chem., Int. Ed. 2016, 55, 4456—4460. 11



Total Synthesis of (+)-Conidiogenone B — Tu (2016)

Optical rotation of
(-)-Conidiogenone B (2)
[0]2 = -6.0 (c = 0.55 in MeOH)

Optical rotation of
(+)-Conidiogenone B (ent-2)

corrected by Tu
[0]3%3 = +16.1 (¢ = 0.62 in MeOH)

N
[0]3%3 = +7.9 (¢ = 0.76 in CHCly) )
CD spectrum of CD spectrum of
(+)-Conidiogenone B (ent-2) (MeOH) wrall _ (-)-Conidiogenone B (2) (MeOH)
= - - proposed absolute naturally occurring _ i
Amax (Ag) =230 (-16.9), 240 (-19.1), configuration of (<)-Conidiogenone B (2) Amax (Ag) = 194 (-0.8), 234 (2.0),

308 (1.5), 348 nm (-5.1) 305 (-0.2), 347 nm (0.6)

Conidiogenone B
in original report

Li, D.; Zhu, T.; Cai, S.; Wang, F.; Xiao, X.; Gu, Q. Tetrahedron 2009, 65, 1033—1039.; Hou, S.-H.; Tu, Y.-Q.; Wang, S.-H.; Xi, C.-C.; Zhang, F.-M.; Wang, S.-H.; Li, Y.-
T.; Liu, L. Angew. Chem., Int. Ed. 2016, 55, 4456—4460. 12
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Total Synthesis of (—)-Conidiogenone B — Snyder (2019)

Retrosynthetic Analysis
(o)
Me stereoselective reductive
hydrogenation Heck reaction
AN N\
) )
7 7 i
carbonyl I
desaturation
(-)-Conidiogenone B (2) 3-11 3-10
13 LLS
J]\/\ NHK reaction
| |
Me
o TfO oxidative

Heck reaction

Me
3-3 3-7

Hu, P.; Chi, H. M.; DeBacker, K. C.; Gong, X.; Keim, J. H.; Hsu, I. T.; Snyder, S. Nature 2019, 569, 703—-707.
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Total Synthesis of (—)-Conidiogenone B — Snyder (2019)

Me
Me

3-1 (2 steps)
(86% ee)

Me

Me
Me

Me

3-6

N
>Q< TMSO

1. TMSOTf 6

>
>20:1 r.r. Me

Me

3-2

olefin cyclization

Me,NN
5. LDA
then HCI
- H
75%
° Me Me

Me

3-5

(o)
2. IBX*MPO
o
73% (2 steps) Me 15
14 Me
3-3
3. Fe(acac); (30 mol%)
Baran reductive PhSiH;

83%

o)

4. NHszez a
95% )
5 15
0 Me Me
14 Me

3-4

Hu, P.; Chi, H. M.; DeBacker, K. C.; Gong, X.; Keim, J. H.; Hsu, I. T.; Snyder, S. Nature 2019, 569, 703—707.
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Total Synthesis of (—)-Conidiogenone B — Snyder (2019)

Me Me oxidative
Heck reaction

7. Pd(OAc), (10 mol%)

0 6. KHMDS TfO tBuMephos (15 mol%)
Comins' reagent nBuy,NOAc 8. DMP, NaHCO,
H 93% H then K,CO, 85%
Me Me Me Me 83% Me Ve
Me Me Me
3-6 3-7 | N 3-9
PtBu2
Me
tBuMephos

Hu, P.; Chi, H. M.; DeBacker, K. C.; Gong, X.; Keim, J. H.; Hsu, I. T.; Snyder, S. Nature 2019, 569, 703—707. 16



Total Synthesis of (—)-Conidiogenone B — Snyder (2019)

9. CrCl, (70 mol%)
Ligand 1 (77 mol%)
Proton Sponge (77 mol%)
CoPc (7 mol%)

Mn, LiCl, TMSCI
+ JI\/\ o
| |

NHK reaction

CoPc-Assisted Activation of Halides

3.9 I Cr(ll) 3-11 (major)
75%, 3:1 d.r. at C1
= \
. Co(l) Co(ll) Cl—cr(ll)
¢ >~
N HN
$ ~S0,Ar cr(ll)  Cr(lll) TMSCI
iPr 2
>‘< Y R°CHO ocr(il)
Ar = 3,5'C|2'C6H3 1/2 X 1/2 X \ k
Ligand 1 Mn(0) Mn(ll) R'-Cr(lll) » R'" TR?

Hu, P.; Chi, H. M.; DeBacker, K. C.; Gong, X.; Keim, J. H.; Hsu, I. T.; Snyder, S. Nature 2019, 569, 703—707.; Guo, H.; Dong, C.-G.; Kim, D.-S.; Urabe, D.; Wang, J.;
Kim, J. T.: Liu, X.; Sasaki, T.; Kishi, Y. J. Am. Chem. Soc. 2009, 131, 15387-15393. 17



Total Synthesis of (—)-Conidiogenone B — Snyder (2019)

reductive
Heck reaction

10. Herrmann's cat. (5 mol%) 11. Pd/C (10 mol%)

HCO,Na H,
>
then TBAF then IBX
70% 71%
3-12
Ar Ar Me

A

7 \P\//O ,-\o\ R
Q0
X \0 ~— ol \P “

Me Ar Ar

Ar = 2'Me'C6H4
Herrmann's cat.

Hu, P.; Chi, H. M.; DeBacker, K. C.; Gong, X.; Keim, J. H.; Hsu, I. T.; Snyder, S. Nature 2019, 569, 703—707.

(-)-Conidiogenone B (2)
13 LLS

18
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Total Synthesis of (—)-Conidiogenone B — Zhai (2020)

Retrosynthetic Analysis
o
Me
aldol reaction ozonolysis
e, N\ N\
'H /) /)
Me Me
Me Me
(-)-Conidiogenone B (2) 4-12 4-10a
15LLS
Me\ TIPS Danheiser

annulation
Me

Nicholas

Me / / reaction

Me y2 z yi
M (\ HO (\
€ I-IMe

o Me Pauson—-Khand
Me reaction

4-1 4-8 4-9

Xu, B.; Xun, W,; Su, S.; Zhai, H. Angew. Chem., Int. Ed. 2020, 59, 16475—16479.
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Total Synthesis of (—)-Conidiogenone B — Zhai (2020)

Me

T <

(0]
4-1
Me
\\HO
HO™" H
Me Me
Me
4-6

CBS Claisen rearrangement
reduction Van Leusen
(o) reductive cyanation
HB/ CN
\ 2. Hg(OAc), (15 mol%) J
o " EtsN (15 mol%) " 3
1. (R)-CBS (20 mol%) © Me n-butyl vinyl ether, 170 °C e \ Me
90%, 92% ee o Me 3. TosMIC, tBuOK Me
71% (2 steps)
4-2 4-3
7s” > NC
TosMIC 4. Fe(acac); (50 mol%)
PhSiH;
Baran reductive then HCI
olefin cyclization
(R)-CBS 94% v
HO
Rubottom oxidation
— 0 H 0 H
6. BrMg————Me Me 5. TMSOTf, Et;N Me
Me - Me
76% Me then MeReO; (3 mol%) Me
pyridine, H,0,
91%, >10:1 d.r.
4-5 4-4

Xu, B.; Xun, W,; Su, S.; Zhai, H. Angew. Chem., Int. Ed. 2020, 59, 16475—16479.
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Total Synthesis of (—)-Conidiogenone B — Zhai (2020)

HO

Me
\HO
\ 7. Pb(OAc),
HO™" H then CeCl;, NaBH,
Me Me 80%

Me

4-6

Pauson-Khand
reaction

then NMO
-

1%

4-11

8. nBU3P, O'N0206H4SGCN

(0C)sCo /'

(0C);Co

Me
Me

Me

4-10

Xu, B.; Xun, W.; Su, S.; Zhai, H. Angew. Chem., Int. Ed. 2020, 59, 16475—-16479.

then NaHCO3, H202
82%

Nicholas reaction

BH3'M928
-

o

9. Co,(CO)g
TFA

(0C);Co
(0C);Co

Me

4-8

22



Total Synthesis of (—)-Conidiogenone B — Zhai (2020)

89%, >4:1 d.r. at C5

4-11 4-12a 4-15b
(Sakurai type byproduct < 5%)

silyl group departure *

o _ | i
o_ —TiC|3 o/TiCI3

TIPS 1,2-shift of silyl group

>

Me

Xu, B.; Xun, W.; Su, S.; Zhai, H. Angew. Chem., Int. Ed. 2020, 59, 16475—-16479.

Danheiser annulation
Me TIPS 10. TiCl,
+ \=I=< r +
Me then BF3*(HOAC),

23



Total Synthesis of (—)-Conidiogenone B — Zhai (2020)

Barton-McCombie deoxygenation ozonolysis
&
11. NaBH,, MeOH aldol reaction
12. NaH, CS,, imidazole
then Mel 14. O,
13. nBu;SnH, AIBN then HCI
y y
51% (3 steps) 53%
(-)-Conidiogenone B (2)
Wolff-Kishner—Huang reduction
15LLS
11'. NH,NH,, (HOCH,CH,),0
37%
H+
— .
——y——
— 417 4-18 —

Xu, B.; Xun, W,; Su, S.; Zhai, H. Angew. Chem., Int. Ed. 2020, 59, 16475—-16479.
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Total Synthesis of (—)-Conidiogenone B — Lee & Han (2023)

(-)-Conidiogenone B (2)
19 LLS
formal synthesis

o)

Me s
i‘:\t\// (:
(0

5-1

Kim, J.; Lee, S.; Han, S.; Lee, H.-Y. Chem. 2023, 9, 1270—1280.

OTBS
§ Me

Me

N~
<
CN

Me

t Me Me

NC Me

5-9

26



Total Synthesis of (—)-Conidiogenone B — Lee & Han (2023)

CBS HWE
reduction reaction
(o)
Il __OEt
1. (R)-CBS (20 mol%) NC P
0 Me _ PhNEt, (40 mol%) TBSO e _ N~ SOoEt TBSO Me _
= catecholborane = 3. nBulLi : =
'
2. TBSCI, imidazole
o 46% (2 steps) o
92% ee, 40:1 d.r.
5-1 (2 steps) 5-2
H (ﬁ 4. NH,NHTs, 5-4

Cul, LiOtBu

' S\/S Me
. Me/
NNHTs . 91%
\f b 2
5-4

base H*
5. Mel, CaCO;,
-«

80% NC

N, Glu S
—_— :
\r —=——cu b\ =
5-6 5-5

Kim, J.; Lee, S.; Han, S.; Lee, H.-Y. Chem. 2023, 9, 1270—1280.; Hossain, M. L.; Ye, F.; Zhang, Y.; Wang, J. J. Org. Chem. 2013, 78, 1236-1241.

27



Total Synthesis of (—)-Conidiogenone B — Lee & Han (2023)

6. NH,NHTs 7. NaH
v y o
47% (2 steps)
5-8
[3+2]
B OTBS OTBS 7
= Me = Me Me
6 15
10
CN Me
5-10 5-9

Kim, J.; Lee, S.; Han, S.; Lee, H.-Y. Chem. 2023, 9, 1270—1280.

28



Total Synthesis of (—)-Conidiogenone B — Lee & Han (2023)

9. TFA
? ?
91% 91%
5-12 5-13
Tu's protocol Simmons—-Smith 10. ICH,CI, ZnEt,
4 steps cyclopropanation
5-17 = ent-2-12 76%
from 5-17 to (-)-Conidiogenone B (2)
o)
Me
12. TBAF
13. DMP, NaHCO, 11. PtO,, H, (1 atm)
- -
99% (2 steps)
5-17
19 LLS

1%

formal synthesis

Kim, J.; Lee, S.; Han, S.; Lee, H.-Y. Chem. 2023, 9, 1270—1280.

29
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Total Synthesis of ()-Conidiogenone B — Dal (2026)

Retrosynthetic Analysis

(x)-Conidiogenone B
7LLS

formal

O ) ) [3+2] annulation
Z.
<
H A Y
Me Me
Me

HO

4

//) Me

6-12

Bernard, J.; Zhang, Z.; Dai, M. J. Am. Chem. Soc. 2026, 148, 17190-17196.

Johnson-Claisen
rearrangement

MeO

6-11

6-10

31



Total Synthesis of ()-Conidiogenone B — Dal (2026)

Me MeO
)M
MeO Me Br 2. DIBAL-H
1. LDA then HCI
3 o
Me™ =
then LDA, Mel
(o) 75% (2 steps) \
Me
Me
6-1 6-2 (rac)
EtO
then DIBAL-H
-
24%

— 6-7a

6-8

Bernard, J.; Zhang, Z.; Dai, M. J. Am. Chem. Soc. 2026, 148, 17190-17196.

-
-
-
-
-

15

Me

formal [3+2] annulation

6-7b

Baran reductive
olefin cyclization

3. Fe(acac); (20 mol%)

Fuchs reagent

>

4. NaOtBu
then Fuchs reagent

Me

6-4

Me
Me

CO,Et

PPh,

Me
Me

32



Total Synthesis of ()-Conidiogenone B — Dal (2026)

Johnson—-Claisen —
rearrangement

5. MeCHzc(OM9)3
pivalic acid

70%
10:1 d.r. at C4

then HCI
-«
45%

(x)-Conidiogenone B — 6-13

7LLS

Bernard, J.; Zhang, Z.; Dai, M. J. Am. Chem. Soc. 2026, 148, 17190-17196.

-

6-10

6. nBuLi, MeCN
then NaBH,

75%

Shenvi’s MHAT

6. Mn(dmp)3;, PhSiH;

6-11
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sSummary

Tu (2016), 24 LLS Snyder (2019), 13 LLS

C: 7 steps : C: 7 steps
FGM: 17 steps : FGM: 5 steps
. Me
semi-pinacol . oxidative
’ t 5 Heck
rearrangemen : TO NHK
AN N AN
) . )
7 . /7
: H
. Me Me
: Me
Han & Lee (2023), 19 LLS Zhai (2020), 15 LLS
C: 7 steps C: 8 steps
FGM: 12 steps FGM: 7 steps
“‘\OTBS
TMM Danheiser
cycloaddition annulation
AN
)
7

NC
Me




Summary

MHAT-initiated
cyclization

MHAT-initiated
cyclization

Me

Dai (2026), 7 LLS

C: 6 steps
FGM: 1 steps
o) formal
[3+2] annulation
>

H 7
Me Me Me

“
Me Me

Maximize "'Strategic Bond Forming Events" in Each Step
® Avoid protecting groups

® Merge functional group manipulation (FGM) with C—C
bond formation
Employ efficient key cyclizations

Strategic selection of starting material and oxidation state

36



Thanks for your
kind attention
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