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Introduction of (+)-Dhilirolide U

Isolation: from Penicillium purpurogenum AN13 by Lin and Fan et al. in 2024.
Structure:

a unique 6/6/6/5/5-fused ring sistem

a highly substituted bicyclo[3.2.1]octane core

an overall dense oxidation pattern O @)
HO Me
MeO > ~Me
N
N
Me Me
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Penicillium purpurogenum fungus

(+)-Dhilirolide U

Zhaolun Sun et al.,J. Am.Chem.S0c.2024,146,30242—30251.
Henrik R. Wilke et al., J. Am. Chem. Soc. 2026, 148, 6, 5916-5922.



Retrosynthetic Analysis of Dhilirolide U
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Fragment Preparation

NBS, AcOH K2,CO3, MeOH-H,0 (4:1)
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Synthesis of Bicyclo[3.2.1]octane Core
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Synthesis of Lactone 13
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Synthesis of Lactone 13
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Synthesis of Lactone 13
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Installation of Vicinal Quaternary Carbon Centers
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Construction of the B-Ring
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Conpletion of the Synthesis
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Conpletion of the Synthesis
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Entry Selection of Investigated Conditions Outcome

1 Yb(OTY),, wet THF, reflux 5%

2 HCl1O4 (30 equiv), THF-H>0 (5:1), 95 °C (sealed flask) 27%

3 TFA-H,O-THF (1:1:2), 95 °C (sealed flask) 28%

4 TFA-H,O-THF (2:1:5), 95 °C (sealed flask) 41%

5 TFA-H,O-THEF (1:1:2), MW, 140 °C decomposition
6 HCI (50 equiv), THF-H>0 (3:1), 65 °C 33%

7 H>S04 (10 equiv), 1,4-dioxane—H>O (3:1), 105 °C 58%

8 H>SO4 (10 equiv), 1,4-dioxane—H-0 (3:1), 95 °C 70%

9 H.SO04 (10 equiv), 1,4-dioxane—H,O (3:1), 85 °C 10 mg: 83%

29.4 g-scale (isolated 86%)



Me conditions \—( o

HO & see table S4 0 s
NC L » NC \-.
\Y 9\ Me \ o Me
Me N Me A
o] o]
13 X=1(19)
X = Br (8I-7)
Ar=1 RA-1
Entry Selection of Investigated Conditions Outcome

NBS (3 equiv), ethyl vinyl ether (10 equiv), CH>Cl>
(02M),0°Ctort

NBS (5 equiv), ethyl vinyl ether (10 equiv), CH>Cl»

SI-7 (24%)
13 (68%)

SI-7 (32%)

2 (0.2M),0°Ctort 13 (55%)
3 NBS (5 equiv), ethyl vinyl ether (10 equiv), CH>Cl; SI-7 (44%)
(0.2 M), 50 to-25 °C 13 (38%)
4 1,2-dibromo-1-ethoxyethane, N,N-dimethylaniline, SI-7 (17%)
CH:Cl: (0.2 M), 0 °C to 40 °C 13 (70%)
5 1,3-Dibromo-5,5-dimethylhydantoin (5 equiv), ethyl SI-7 (7%)
vinyl ether (10 equiv), CH>Cl (0.2 M), =20 °C to rt 13 (79%)
Dibromoisocyanuric acid (5 equiv), ethyl vinyl ether G
& (10 equiv), CH2Cl> (0.2 M), =20 °C to rt SEF(=5%)
N-Bromosaccharin (5 equiv), ethyl vinyl ether 7 .
? (10 equiv), CHCl (0.2 M), =20 °C to rt BTk
NIS (5 equiv), ethyl vinyl ether (10 equiv), CH>Cl, .
8 (0.2 M), 0 °C to rt messy reaction
9 (—)-CSA (20 mol %), (£)-1-bromo-2-ethoxyethene SI-7 (52%)
(3 equiv), CH2Cl: (0.2 M), rt 13 (43%)
SI-7 (85%)
- 0 =12 i 2 >
10 (—)-CSA (20 mol %), (£)-1-bromo-2-ethoxyethene 13 (4%)

(2.0 equiv), CH,Cl, (0.4 M), rt

(—)-CSA (20 mol %), (£)-1-iodo-2-ethoxyethene

I (2.0 equiv), CH,Cl, (0.4 M), tt

on 9.27 mmol scale
19 (68%, isolated 65%)
13 (13%, isolated 11%)

on 403 pmol scale



Me  conditions
see table S5
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Ne—< \he —————> _\6Me
X
Me A
0 0]
X=1(19) a-21 X=H, Y = OEt 13
X = Br (SI-7) p-21 X =0OEt,Y=H
dr=1.6:1
Entry Selection of Investigated Conditions Outcome
0-21 (not observed)
1 19 (X =1), AIBN (50 mol%), (n-Bu);:SnH (5.0 equiv), p-21 (19%, isolated 16%)
PhMe, 110 °C, sealed flask 20 (45%, isolated 41%)
(messy reaction)
o-21 (not observed)
5 19 (X =1), AIBN (50 mol%), PhaSnH (5.0 equiv), B-21 (11%)
PhMe, 110 °C, sealed flask 20 (29%)
(messy reaction)
o 0
3 19 (X =1), EtsB (50 mol %), (n-Bu);SnH (5.0 equiv), 02211 (177’?)
PhMe, —78 °C B-21 (17%)
2 (messy reaction)
" 0
4 19 (X =1), Irf[dF(CF:)ppy:](dtbbpy)PF¢ (10 mol %), (i- E_;; E;i(;o;
Pr)NEt, H20 (20 equiv), MeCN, rt, blue LED 4 .
13 (4%)
- g 0
19 (X =1), NiCly- glyme (20 mol %), neocuproine (24 L] (<50/°)
. 1 %), zinc dust, MeOH, reflux h-21 (oo
mol %), st, , 13 (11%)
19 (X =1), NiCly-glyme (20 mol %), neocuproine (24 a-21 (25%, isolated 22%)
6 mol %), zinc nanopowder (Sigma Aldrich), MeOH, B-21 (41%, isolated 37%)
50°C 13 (15%)
_ 0
7 19 (X =1), NiCl,-glyme (20 mol %), neocuproine (24 ];1-2211((1’{2;0’3)
0 . - : o (o}
mol %), Rieke zinc in THF, MeOH, 50 °C to 60 °C 13 (65%)
a-21 (24%, isolated 22%)
] 19 (X =1), NiClz-glyme (20 mol %), neocuproine (24 B-21 (38%, isolated 35%)
mol %), Rieke zinc, MeOH, 50 °C 13 (21%, isolated 18%) on
5.28 mmol scale
: _ S 5 : a-21 (16%)
9 SI-7 (X = Br), NiCl,  glyme (20 mol %), neocuproine B-21 (23%)

(24 mol %), Rieke zinc, MeOH, reflux

13 (42%)



MeQ conditions
see table 56
OEt
I\/Sn{n-Bu)s
32
31
Entry Conditions Investigated Outcome
Pd(PPhs)4 (20 mol %), LiCl (5 equiv), 32 (5 equiv), i 0
i THF, 65 °C SI-8 (<10%)
Pd>(dba); (20 mol %), AsPhs (80 mol %), ;s o
2 LiCl (5 equiv), 32 (5 equiv), THF, 65 °C BE8 (<10%)
Pdx(dba); (20 mol %), AsPh; (80 mol %), - >
: LiCl (5 equiv), 32 (5 equiv), 1,4-dioxane, 90 °C plS o)
Pd(OAc): (20 mol %), XPhos (40 mol %), SI-8 (55%)
4 CsCl (10 equiv), Cs2COs (50 mol %), 32 (5 equiv), 1,4- -8 (35%
: O Isolated 38%
dioxane, 90 °C
Pd(OAc); (20 mol %), XPhos (40 mol %), 33 (47%
5 CsCl1 (10 equiv), Cs2COs (50 mol %), 32 (5 equiv), 1.4- ol t( d 4(30/
dioxane, 90 °C; then 4 M aq HCI, 60 °C PRlRRR S
Pda(dba)s (20 mol %), P(2-furyl); (80 mol %), _ o
B 32 (5 equiv), 1,4-dioxane, 75 °C R8I
Pda(dba)s (20 mol %), P(2-furyl); (80 mol %), 3 o
7 32 (5 equiv), LiCl (5 equiv), 1,4-dioxane, 75 °C sl
3 Pd(dba)s (20 mol %), P(2-furyl); (80 mol %), SI-8 (81%)
32 (5 equiv), DMF, 75 °C Isolated 55%
Pda(dba); (20 mol %), P(2-furyl)s (80 mol %), 33 (72%
9 32 (5 equiv), 1,4-dioxane, 80 °C; then 4 M aq HCl, ( 0)0
60 °C Isolated 60%
Pdy(dba)s (20 mol %), P(2-furyl); (80 mol %), 33 (76%)
10 32 (5 equiv), LiCl (5 equiv), DMF, 70 Isolated 72% (from 52.3 mg

then 4 M aq HCI, 70 °C

of 33)



conditions
see table 7

Entry Conditions Investigated Outcome
1 PhI(OCOCF;)2, MeCN-H-0, 0 °C SI-9 (<5%)
2 NBS, aq acetone; then TEMPO SI-9 (31%)
3 Selectfluor, MeCN-H,0 (20:1), 0 °C SI-9 (<5%)

& SI-9 (23%)
4 DMP, MeCN-H,0-CH,Cl,, 60 °C 37 (<5%)
5 DDQ, MeCN-H>O (9:1), reflux SI-9 (7%)
; 5.5 : 5 . SI-9 (67%)
6 I (5 equiv), NaHCOs (10 equiv), acetone—H,O (5:1), rt 37 (17%)
. : g . SI-9 (56%)
7 I; (10 equiv), NaHCOs (20 equiv), acetone—H>O (5:1), rt 37 (23%)
. ; ; SI1-9 (28%)
g I> (50 equiv), NaHCOs (100tequlv), acetone-H-O (5:1), 37 (55%)
! Isolated 43% of 37
9 12 (50 equiv), NaHCO; (100 equiv), acetone—H»O (5:1), SI1-9 (25%)
rt, then TEMPO (5 equiv) 37 (55%)
10 I (10 equiv), NaHCO; (20 equiv), acetone—Hz0 (5:1), SI-9 (18%)
rt, then Bobbitt’s salt (10 equiv) 37 (58%)
SI-9 (<5%)
Lz (5 equiv), NaHCOs (10 equiv), MeCN-H-O (9:1), rt, 37 (75%)

11

then Bobbitt’s salt (10 equiv)

Isolated 65% of 37 on 5.1
mg scale



Manganese (IlI)-Based Oxidative Free-Radical Cyclizations

Mnlll

De”ﬂ Mn(OAc); A=Me
A::.DH M
20-50 °C s d%:i:we

0
) CO.Me
H H H#
H H
11 aR=H 12 13a (71%)
b, H=Me 13b (56%)

Barry B. Snider. Chem. Rev. 1996, 96, 1, 339-364.



Burgess reagent and Martin’s sulfurane

o e 0 [ O co,Me|
CH50,C—N—S—NEt, 7 COMe _nsoo2ve O  CcOo,Me
] fast O= Ox C) 2
—> o0 H — | O _H — = NN
HO H HNEt; d\_/ r— . o H
° Ri R L Ry Rz J HNEt HNEt;
Ri Ra 3
A ® H—OC(CF3),Ph
H-Ot-Bu C O—C(CFa),Ph ) He
S PhyS _OG(CF3),Ph COC(CF3):Ph
LOC(CF3),Ph K@ Ph,S © Ph,S
Ph,S =——= HOC(CF;),Ph + S — —— OCH(CF;3),Ph + S
e A A A
ths@ E1cb
—_— CO ©OCH(CF3),Ph ———» + Ph,S=0 + HOC(CF3),Ph

/k,m/



Ueno—Stork cyclization

A. Mechanistic study

no methyl acrylate (7)

OEt
Eo | NiCl,*DME (10 mol%) o
o o L8 (12 mol%) H
% Zn (3.0 equiv
- NG Poeqiv) H
@ OMe  MeOH, 40°C, 24 h OMe
10 7 LU
(0.15 mmol) (1.5 equiv)
entry condition variations yield and result
1 TEMPO (2.0 equiv) 33%
2 BHT (2.0 equiv) 51%
3 no NiCl,*DME 4% (83% recovery of 10)
4 no Zn 0% (93% recovery of 10)
5

0% (messy; full conversion)

B. Proposed catalytic cycle

NiCl,*DME

ligand lZn

Horn, P. d. A. J. Org. Chem. 2022, 87, 13, 8796-8801.



Ghaffar-Parkins catalyst
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Talit Ghaffar and Adrian W. Parkins, Tetrahedron Lett. 1995, 36, 8657-8660.



Amide Hydrolysis Reaction Using tert-Butyl Nitrite

[O]
‘BuO + NO{#\NO + NO,

path c Toz i T

‘BuO
H,O or H HNO,

.+ =— 'BUONO
NO path b path a



The Replacement of a Hydroxyl Group by Halogen

¢ R R 0
_N R'OH +
Me\‘%[}]’R ~—  |Me cZ+ R —_— Mej)l\ _R' —_— Me [\IJ’R + R'CI
] 0
M R Y Cl M R
° Me | Me O °

R' = Alkyl or carboxylic acids

F. Munyemana et al., Tetrahedron Lett.2016, 72, 420—430.



