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Definition of Bridged compounds:
Contain two or more rings sharing non-adjacent atoms.
Examples:

(-)-vinigrol Me  hyperforin
OH |
N Me
H
o
(+)-ingenol lycodoline

The scope of this group meeting would be limited to strategies in the
preparation of bridged ring system that contain all carbon quaternary
center or hetero substituted quaternary bridgehead carbon center

Strategies to build bridged ring systems:
A. Enolate

B. Cycloaddition

C. Radical mediated

D. Cation

E. Bridgehead-Enone

For further reading:
Natural product with bridgehead double bond:
Chem, 2020; 6, 579-615.

Bredt's rule:
Angew. Chem. Int. ed. 2014, 53,13664-13688.

S = m+n+o

o
Cationic: R
AgBF, &/
Br 75% _
A

|

CH,TMS
J. Org. Chem. 1985, 50, 4605.
Anionic:
o LTMP ) o
Me Me
Me Me
Only works to [3.2.1]or S>6
J. Am. Chem. Soc. 2009, 131, 8196-8210.
Radical:
CO,H
CO,H INi] 2
——
[alkyl-Zn]
o,
CONHPI 51% OBn

Science 2016, 352,801-805.

e

Bridgehead olefin:

S=9 S=7
Isolable Observable unstable
C-H insertion: Me M:II
Me ha(OAC)4 e
—_— ‘,
H o 86% H
N> o

(0]
J. Org. Chem. 1991, 56, 4, 1434—1439.
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|C cloaddition| : Ry [3+2
Y : COMe 5. 0Tf), (20 mol%) [3+2]
N— ' R CO,Me >
[3+2] ! NTs NHTs ; R, 65°C - /
' _ 3
: Rs R1,R2,R3 = H, Me Me0,C” “CO,Me
Rhy(Oct),, 90°C - e : CO,Me
then L|A|H4 Rzlll ||R3 : C02Me SC(OTf)3 (20 mol%) COzMe
n=12 ' CO,Me
R; = H, Me, Ph, Allyl n : ; 65°C ' N\
R, = H, Me, CO,Me ; S n=1,2 n
R3 =H, Me [3+2] Angew. Chem. Int. Ed. 2013, 52, 2032 —2037.
_ - R,
NTs TsN : .
N\ . TiCl, @
Rh] | . > .
Ry o6 ! -78°C 07’/\3"‘3
o > oA : R1, Rs, Ry = H, alkyl R, Ry
R 1 R ' R, = Ar, alkyl, carbonyl
2 2 : —
n n : @‘\
. Si
Rs R, ' RsS|
— - Rasi“"\-\/‘\ ;>\Me
L} » :
____________________________________ Org. Lett 2022, 24, 186-190. \k:\L H
' o] _LA
DL “LA ~
- J. Am. Chem. Soc. 2024, 146, 24782—24787.

J. Am. Chem. Soc. 2004, 126, 16300-16301.

reflux, 60%

Me /I"ii-uH
_—
MOMO

HG-II BF5E0 Me
then steps then steps yo
Wood Baran
OPMB (+)- ingenol OH

TBDPS

OTBS

CN +
H '
Me,, _ ,Me ;
“"Me
o) OTBS

J. Am. Chem. Soc. 2014, 136, 5799-5810.,

5 mol% Pd(dba),
COzMe 414 mol% ligand

0°C, 75%

NC,

» H

J. Am. Chem. Soc. 2008, 130, 14960-14961.

[4+3]
HO
L To .. o
_50° )
e 50°C, 65% g
\ /

Tetrahedron 2002, 43, 2347-2349.
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' Rhodium
Metal-free o E \\\J\/Nz
y . Rhy(acam),
. H !
Na, acetamide - E MeO rt, 65%
140°C, 87% ! Y
] H : = =
%NNHTs Yoo : OMOM H OMOM
MeO € ! J. Org. Chem. 1999, 64, 7871-7884
J. Chem. Soc., Chem. Commun., 1979, 622-623., Me Me
B . ' Me Rhy(OAc), Me
Me3SiCHN, ! i o rt, 86% om
Ve e n-Buli, -78°C Me e : N2 4
¥ 65% H ' J. Org. Chem. 1991, 56, 4, 1434—-1439.
(o) ' TMS
L - ' (o)
: H-o 4 Rha(esp)s ™S
Me o ! N>== 20°C,85% o |
Me steps Me OH ;
N—{ N X, HN ; ©
H Me ' - o -
HO ™S N
HOOC ' 0 TMS
: _>—o Y4 .~ 0
J. Am. Chem. Soc. 2009, 131, 8413-8415., [Rh]== [Rh]
H
L H -

(0]

n
X

0,1,2,
0, CH,

N Rha(esp),
NNHTs NaOSiMe;
90°C

Rhy(esp),
140°C

Tetrahedron 2014, 70, 4118-4127.

o—
—>
)n X

Ph

J. Am. Chem. Soc. 2015, 137, 38, 12219-12222.
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Cut and Sew [Rh(C2H,),Cl], o
P(3,5-CgH3(CF3)7)3
[4+2] o [4+2] 2-amino-3-picoline (1 eqL
[Rh (COD),NTf, 507G
)-DTBM-segphos __ Z "Ry Ri Ro
* X
120°C R;

X L}
' M
X S )
; HNT N

_ _ X Me
o »
R, N~ N
Rh_
e/ >
R
X R1 R1 Rz
desymmetrization metal-stabilized ox:dat/ve addition reductive elimination X
anti-Bredt olefin M Me
J. Am. Chem. Soc. 2020, 142, 13180-13189. [Rh] § = - [Rh]
------------------------------------------------------------- . N ’

[4+2-1] N\ N” °N

N— \

0 Rh Rh

[Rh(COE),Cl], 4 —
XPhos R migratory
I /g\ R /ﬁ 2 insertion Ry R,
R; R, 170°C X X
X -CO e e e eeeiieieieeaeoo...Nat. Chem._ 2014, 6, 739-744. ___
[4+1] R, R, C-H insertion:

Beilstein J. Org. Chem. 2016, 12, 985-999.

Cycloaddition:
Chem. Rev. 1999, 99, 27-76
Chem. Rev. 2010, 110, 1706-1745

Cut and Sew:
Acc. Chem. Res. 2022, 55, 16, 2341-2354
Angew. Chem. Int. Ed. 2014, 53, 3001 —-3005

(o]
Y [Rh(C3H,),Cl],
. P(3,5-CgH3 CF3)2
Il
R; J 150°C

Angew. Chem. Int. Ed. 2016, 55, 13867—13871_5 For further reading:
J. Am. Chem. Soc. 2015, 137, 13715-13721. .
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IA- Enolate based brldge ”'ng formation I AngeW. Chem. Int. Ed. 2019, 58, 2490 —2494.

1. Carreira's (-)-Merochlorin A
OAc OAc OBz
OB
OHC/j 6 steps Me \\ z 7. Au(l) H,,,‘é' | 3
TBSO 40% | 73% Me Nazarov
1,3 -acyloxy o Me
migration L _
(0]
OH o
H
Me Me
7 steps cl 15. PDC cl 17. DIBAL-H
22% Me 16. NaOAc, M
Me MeH Acy0, 140°C €
Me mé
— - OTMS
MeO /
OMe
2 steps

48% for 4 steps

2. Li's (+)-Arboridinine

2 (0]

Me M H HN 15. Co(OAc),
: e

4. MeSiCl,, 60°/$ Mo NBEn 3 steps — 7 steps Phl(OAc),
o 36% Me H 13% then K,CO43, MeOH
© e s 0" co,m Me—7 [~—NB" 20%
CO,Me  BnN 2e °
o 0" Co,Me
3 steps

(+)-Arboridinine
J. Am. Chem. Soc. 2019, 141, 7147-7154.
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3. Garg's (-)-N-Methylwelwitindolinone C isothiocyanate

o OPiv N
Me Me
5 steps \\\“ 3 steps
XM 48%
Me (0] Me
(S)-carvone
Me
\\“‘
7 steps H 17. i-Bus,AlH
47% 18. CI3CC(O)NCO
86%

B. Cycloaddition based bridge ring formation

1.Carreira's Crokonoid A

o

Me | 1. LITMP

10. Phl(OAc H., Me;Si——

o | onc—9stensy 10. Phi(OAc)y o —
1% 66% y 12.[Mo%, sio,

20. [Pd°]
74%

Crokonoid A
J. Am. Chem. Soc. 2025, 147, 30606—-30612.
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Angew. Chem. Int. Ed. 2018, 57, 13159 —13162.

2. Carreira's Epicolactone

OMe OH
OMe 6. OSO4;

4 steps Pb(OAc),
33% om 7. BF32HOAC
€ 5 54%

12. CF3CO,H
—»

quant.
3. Li's (-)-Vinigrol
cl MevMe MevMe
s H 8. Wilkinson, Ho;
= F BHg+HF;
6 steps o 7. hydroquinidine o o NaOH, H,0, -
—_— —
=z = =
24% /T 40% o] © type Il [5+2] ;

N o S0 \0 Me “0
Me

19%

J. Am. Chem. Soc. 2019, 141, 15773-15778.

(-)-Vinigrol
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4. Trauner's Preuisolactone A B o
OH [0}
OH o
(0]
OH OH 2. K5Fe(CN)g MeO Me
H . o H
CHO 1.2 NayCOg+ 3 Hp0p ) NaHCO; Me OH 0\0 PN OH
88% 73% HY
MeO Me MeO Me 0
OH
\—/ Me
wd \_)
(o)
OH
retro- vinylogous @ @ o
Dieckmann aIdoI 3. NaOH then HCI
Me/~oH ph/I\OTs
OH o’ © 57%
o) o) 0
H (o)
(o)
ORI ~'s S o w Lol NI & g%
MeO ‘ MeO ‘ o MeO —0 MeO C1OH
|/OH
Me Me Me
o o o] o o o
Preuisolactone A
PR J. Am. Chem. Soc. 2019, 741, 15515-15518. _
For further reading

[5+2]:

Nat. Prod. Rep., 2025, 42, 1755-1785.
Acc. Chem. Res. 2020, 53, 703-718.
Acc. Chem. Res. 2021, 54, 4, 875—-889.

Dearomatization:

Angew. Chem. Int. Ed. 2011, 50, 4068 — 4093.

Nat. Prod. Rep., 2022, 39, 2231-2291.




Baran Group Meeting

Strategies to bridgehead quaternary center 06113126

J. Am. Chem. Soc. 2023, 145, 7021-7029.

Sihan Chen

[C. Radical mediated bridge ring formation | _

1. Kalesse's (-)- III|5|mon|n A LA\O"H\O o OTES
Me OH - OH Me m,| H
M 6 steps O steps. me ~ 7 B(CGF5 ® then TESOTf Me,, 5 steps
24% Me \\__ | 14%
91% ee HZ “Me Me
3 steps from geraniol — =
Ph_ Ph Ph_ Ph Ph_ Ph Ph__Ph
Sl\o /S|\o /Sl\o O/SI\O .\
Wy 3steps Wl 16. mCPBA ol 17.Cp,TiCl,,Zn y Sy . .
' —_— — 2 3 Me
Tae% 87% Me < o~
Me HO OH HO
o (o] desired : undesired
N Ph_ Ph 1 : 1.6
4 .\ H
:Si\ O,Sl o HO (O0) | o (.)H
18. TBSCI o H 20.SnCl, wonll Bsteps oL 24. (£)-Fe(PDP),H,0, HO~{ Wy
—— Me| ., ———— HO e >
19.mcPBA  © Ne 40% Me Me HFIP, 33% Me Me
Me €
0,
84% HO OTBS 4 OTBS HO” ~O HO” ~O"  (-)-lllisimonin A
2.Procter's (+)-Mutilin — —
PivO 0
. ", OPiv
88%
(S
H : Me
HO Meo,C  OH
it _
anti radical cyclization selective enolate formation chelation-controled

aldol-cyclization

Chem. Eur. J. 2013, 19, 6718-6723.
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3. Newhouse'sThaigranatin P

o CO,Me CO,Me
OTBS
Me 8. HCHO
OTBS
j/i) 4 steps 2 steps T HWE KHMDS ch:|2 I o
—_— —_—  Mel v OTBS
o) ,I/ 35% 90% T o3% . Men "
&
Me AI ch:|2
0,
from S-(+)-CarV0ne 19% for 2 steps OH
CO,Me CO,Me 15. TFA; CO,Me CO,Me
10. Bu3SnH,AIBN Me TMSCI, imid; Me
then PPTS Poras 12 Smlz. 64% ores _ MeOH SO 3steps
11. Swern [O] 13. DMP \ 16 DMP 3%
\ 14. LiBH,4 Me 90% for 2 steps ~ Me”
58% for 2 Steps 86% for 2 Steps OH OTMS OTMS

20. t-BuLi, Cul-Me,S
Comins' reagent

?:\> 55%
Sy
o Me”
OH
1 ="M Thaigranatin P

J. Am. Chem. Soc. 2025, 147, 36085-36089

For further reading

23.Sml, _ Me
PhSH 70%

Radical mediated casade processes:
Nat. Prod. Rep., 2018, 35, 174-202.
https://doi.org/10.1002/anov.70017
https://doi.org/10.1016/j.tet.2026.135354
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D. Cation-based Bridge ring formation| o] J. Am. Chem. Soc. 2015, 137, 10516-10519.

1. Maimone's Hyperforin Me
(o]

3 steps M
Me ——— >
26%

5. TMSCH,N, _ 6. Phi(OAc),

48% KOH, 92%

(-Phl)
—_—
-(KOH) o
oxidative Me Me
fragmentation
‘2. Chen's (-)- Calidoustene T 3.Tu's Aspidofractinine  _~. /— 77
(o)
e ™S Ph— S// Ve Ph—s )¢ NBn, 7. Tf,0,
o 3 steps Vi 4. TMSOTf A\ 6 steps OTBS 2-Chloropyridine
52% Et3;N, 84% N 43%
Me N
MeOZC Meozc Me MeOZC Me
Me
v\ Y\ >\"

8. Fe(acac)s;, PMHS
'
56%

o 8. PPTS 7 steps
67% O 25% O
110OH
N o)
Me
N =]
2 steps 10 steps
—> 0
(-)- Calidoustene 54% 16%

N
Me N Aspidofractinine

J. Am. Chem. Soc. 2025, 147, 15963— 15969 ; Me Angew. Chem, Int. Ed. 2020I 59, 21954-21958.
1"

1
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|E. Bridgehead-Enone Strategy |

1. Ma's Diepoxy-ent-Kaurane

0
SN Br | 5. Pd(PPh3),Cl,

dppp,HCOzNa>

DMF/H,O
EtO,C 80°C, 78% EtOZ(I:VIOM6
9. K3POy4
4A MS +
60°C
H Me
I | Cp2TiCly,

61%

2. Zhao's (+)-Aconicarmichinium C OPiv

J. Am. Chem. Soc. 2025, 147, 1197-1206.

o
6. LiOHH,0O 8. TCBCI,TEA
94% DMAP, 73%
r
7. le COH
Halogen lamp _ y
then HCI, 62% med Me

Me Me

-)Acetyl-macrocalin B
-)Marcrocalin B
-)Isoadenolin A
-)Phyllostacin |

10 steps o,
6.7%

common
intermediate

(0]
Q el 9. K3PO,
8 steps + 4A MS 3 steps
OEt —— b8 3
18% -, COzMe, 90°C, 70% 55%
Me 7 ;
NB
o EtZ e racemic Et” NBoc
o] M OH O o OH ,OH
13. Rexyn-300 Me 14. NaBH(OMe); e 16. NaBH(OAc); 4-5 steps
—_— r ' —_—
200°C, 61% 15. LDA,MoOPH 81% N
Et 55% HO Et HO

H OH
Me °c OH OH
+
N S
Et  HO Bt

(+)-Pendulumine | (+)-Acon|carm|ch|n|um C

J. Am. Chem. Soc. 2026, ASAP
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3. Fan's Bipoladien B CCS Chem. 2026, 8, 1540-1550.
0 o Thac 8. tBuLi OMe
o TBSO 7. PA(CF5CO,), Tese PPN
3 steps 3 steps O allyl-O-P(O)(OEt), o Br oM
— 3 HO _— > Lo =
39% Conia-ene 105°C, 78% then Mel
o ©o = 51% 46%
TBSO OTBDPS N OTBDPS N OTBDPS

TBSO
MeO,C
6 steps 4 steps \O H
\(ﬁ? m 46% HO 41%
OMe ., ‘,
HO Me HO Me

21. LiCl, Cul, HMPA, TMSCI

MgBr Me \ OTBDPS
W
Me Me 5 steps
22. Pd(OAc),, 58% 45%
4. Fan's Lycodoline HO HO
(0]
o H Oy 7. KHMDS 0 4 9. NaBH;CN,
1. acrolein H M 4. allyIMgBr TMSCI CF;CO,H
e —m———>»
2. MsCl, 0°C 5. BH3THF H Me 8 Pd(OAc), AcO Me HO_~__NH;
3. LiBr, LiCO4 = H then NaOH, H,0, H 52% H o
Me 40% 6. IBX o o 80%
50%
OH
OAc | Me ';l
N 2 steps i Boc
75% o o o
13% 59% 22%
Lycodolme J. Am. Chem. Soc. 2017, 139, 7095-7103.
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