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1) https://www.organicreactions.org/board_members/deceased _members/leo_a- paquette/
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(+)-Kalmanol

(+)-kalmanol

Isolation:
from the leaves of Kalmia angustifolia L.

Biological activities:
Inhibition on voltage-gated sodium channel Na,1.4.2)

Total synthesis of (+)-kalmanol:
Luo (2023)3 (231007_PS_Yo_Matsumoto)
Jia (2024, 2024)2: 4

Structual features:

» 5/8/5/5 tetracyclic kalmane skelton

* 11 contiguous stereocenters

* Highly oxidative decoration kalmane skelton
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W. Bruke, R. W. Doskotch, C. Z. Ni, J. Clardy., J. Am. Chem. Soc. 1989, 111, 5831.

aT,MaY,LiB, JiaY., Angew Chem Int Ed Engl. 2024, 63 ,e202407215.

Kong, H. Yu, M. Deng, F. Wu, S. Chen, T. Luo, J. Org. Chem. 2023, 88, 6017.

. Cheng, T. Ma, X. Liu, Y. Jia, CCS Chem. 2024, Just Accepted. DOI: 10.31635/ccschem.024.202303731.
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Strategies for Kalmane 5/8/5/5 Skelton

Strategy 1 : Biomimetic 1,2-migration

9 - Luo group (2023)"

. - Jia group (2024)?
1 2-mlgratlon

Grayanane skelton (5/7/6/5)

Strategy 2 : Claisen rearrangement ring expansion®

—_— —_—
—_— )
o o) Claisen
O rearrangement S

Strateqy 3 : Rh-catalyzed [5+2+1] cycloaddition?

(o) —_—
_>
Rh-catalyzed >
[5+2+1] cycloaddition

1) L. Kong, H. Yu, M. Deng, F. Wu, S. Chen, T. Luo, J. Org. Chem. 2023, 88, 6017.

2) H.Cheng, T. Ma, X. Liu, Y. Jia, CCS Chem. 2024, Just Accepted. DOI: 10.31635/ccschem.024.202303731.
3) S. Borrelly, L. A. Paquette, J. Am. Chem. Soc. 1996, 118, 727.

4) MaT,MaY,LiB, JiaY., Angew Chem Int Ed Engl. 2024, 63 ,e202407215.
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Background of Key Reaction

Previous result in synthetic study of (+)-asteriscanolide (Yu, 2011)12)3)

[Rh(CO)ZCI]z
/d 8/5/5/-rmg system
at once

alkene insertion

coO / (+)-aster|scano||de
RO
p [Rh(CO),CI] /
. % ? ; 2 5-membered ring
p construction
8/5-ring system
construction
[Rh(CO),Cl]»
—e
O
\ 8/5/5 Ring System

N. Wang, Z. Huang, Z.-X. Yu, Org. Lett. 2023, 25, 1732.
iang, X. Jiang, X.-F. Fu, S. Ye, T. Wang, J. Yuan, Y. Wang, Z.-X. Yu, Chem. Asian J. 2012, 7, 593.

L
. Liang, X. Jiang, Z.-X. Yu, Chem. Commun. 2011, 47, 6659.
aT,MaY,LiB,JiaY., Angew Chem Int Ed Engl. 2024, 63 ,e202407215.
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Retrosynthetic Analysis of 7-oxy-5,6-dideoxykalmanol

7-oxy-5,6-didoexykalmanol
Tebbe Olefination
Claisen rearrangement

1,4-addition /—\ R

O (0

o Bng\/\><

1,2-addition
TBSO,

}Q\Br

O..,

TBS

1) S. Borrelly, L. A. Paquette, J. Am. Chem. Soc. 1996, 118, 727.



Construction of C/D-rings

o)
1l
1. [\ _P—N"
(0] (@) \N \N N\
Bng\/\>< 1. Pd(OAc), (4 mol%) | | / \
CO (1 atm
0 CuBreMe,S, TMSCI TfO Et,\f Ph |3 HMPA
HMPA, THF, -78 °C \ MoOH. DME
2. MeLi, PhNTF,, O_© 2. TsOH, acetone
THF, —20 °C ’ -
: : o
TBSO 90% TBSO 74% (2 steps)
MGOZC
t-BuOK, benzene
> >
TBSO
H OTBS
-
90 :1 ,s e
o= o0
/\ MeO

A (thermodynamically favored)

crude (A:B:C = 4:1.7:1)
Total 92% (A:B:C = 2.3:1:0) g—1 (2¢03,MeOH

1) S. Borrelly, L. A. Paquette, J. Am. Chem. Soc. 1996, 118, 727. 10



Functionalization of C/D-rings (1)

H .p TBS H OH n-PrJ?RuO?
- HC(OMe), =\ NMO, MS 4A
MeOH, p-TsOH CH,CI,
93% 86%

o=
/\ MeO/\
(dr=2.3:1 at C8)

1. i-Pr,NLi, TVSCI
THF, —20 °C, 94%
o

2. o
/Q, NBS, THF

—78 °C to rt, 86%

1) S. Borrelly, L. A. Paquette, J. Am. Chem. Soc. 1996, 118, 727. 11



Functionalization of C/D-rings (2)

H

(o) 1. NaOH, H202, CH2C|2
—10 to 10 °C, 78%
2. Ph;P=CH,, THF

sz(dba)3°CHCI3, Ph3P
—78 °C to rt, 50%

S
NH; HCOO
1,4-dioxane, reflux

>

91%

PhCH,Br, n-BuyNI
NaH, DMF;
p-TsOH, acetone

98%

1) S. Borrelly, L. A. Paquette, J. Am. Chem. Soc. 1996, 118, 727.
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Stereoselective 1,2-addition of A-ring Fragment
HMe To

Me

TBSO

’

7©\Br

t-BuLi, THF
-78°Ctort

1) S. Borrelly, L. A. Paquette, J. Am. Chem. Soc. 1996, 118, 727. 13



Tebbe Olefination and Claisen Ring Expansion

H
C
—
Cp,TiV_ C>AIM92
I H
pyridine, THF, CH,Cl, w
TBSO.., 40°Ctort TBSO.., .

p-cymene CN’

H 130 °C chair-like
) - o I\
HHOBn 86% (2 steps)

TBSO*

-
-
-

1) S. Borrelly, L. A. Paquette, J. Am. Chem. Soc. 1996, 118, 727. 14



Functionalization of Backbone (1)
1. n-BuyNF, THF, 91%

2. CIUCO:;H

® 0O
n-Pr,NRuQ4

NaHCO, ,CH,CI AP
o a 3,LHoLI, . MS 4A, CH,ClI,;
TBSO 86% (dr = 6.5 : 1 at C16)HO" EtN
R >
84%

1. H,, Pd/C (2.5 mol%)
EtOAc, 92%

2. LiBEt;H, THF, CH,Cl,
—78 °C, 90%

-

OTf, imidazole |

| NN N

’i‘ , DMF o)
> NMM
R =H (93%)

R = TBS (4%)

1) S. Borrelly, L. A. Paquette, J. Am. Chem. Soc. 1996, 118, 727. 15



Functionalization of Backbone (2)

LiBEt;H, THF, CH,Cl,
~78 °C
5 TBSO
85%

Li/NH; (lig.), Et,0
~78 to =33 °C

35%

y

OAc
AcO
N\ |L OAc

\
o

(0
pyridine, CH,Cl,

93%

7-oxy-5,6-didoexykalmanol

1) S. Borrelly, L. A. Paquette, J. Am. Chem. Soc. 1996, 118, 727. 16
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Retrosynthetic Analysis of (+)-Kalmanol

OTBS

Intramolecular

(+)-kalmanol aldol reaction

alkylation
W I

1,4-addition co

N MgBr
H Rh-catalyzed
" OTBS < 1 [5+2+1] cycloaddition
o 2
. . OTBS
Maimone’s enone cross-coupling

2 steps from commercially D—MgBr
available compounds

1) MaT,MaY,LiB, JiaY., Angew Chem Int Ed Engl. 2024, 63 ,e202407215. 18



Construction of B/C-rings

NMgBr
CuBreMe,S, TMSCI
HMPA, -78 °C;

Et;N, hexane;
Meli,

j A
- Tf
N ril’
Tf

THF, =20 °C
/ o
‘OTBS 82%
(@)

Cl

oTBS 67%

[Rh(CO),ClI], (10 mol%)
H 1,4-dioxane, reflux
CO/Ar (0.2 atm/0.8 atm)

N

e

Fe(acac); (5 mol%)
THF, -78 °C

91%

1) MaT,MaY,LiB, JiaY., Angew Chem Int Ed Engl. 2024, 63 ,e202407215.



Rh-catalyzed [5+2+1] Cycloaddition
X

\‘H

‘oTBS

CcO

OTBS

alkene
reductive elimination insertion
and

catalyst transfer

OTBS

1) MaT,MaY,LiB, JiaY., Angew Chem Int Ed Engl. 2024, 63 ,e202407215.
2) Y.Wang, W. Liao, Y. Wang, L. Jiao, Z.-X. Yu, J. Am. Chem. Soc. 2022, 144, 2624. 20



Construction of A-ring (1)

KN(TMS), — —_

Et.B, THF I
_78°C to 0 °C: TBSO EAS TBSQ

WI
NaOH, H202
92%

||‘H

PdCl, (20 mol%), CuCl
0,, DMF/H,0 (20:1)

= - B
oTBS 89% OTBS

1) MaT,MaY,LiB, JiaY., Angew Chem Int Ed Engl. 2024, 63 ,e202407215. 21




Construction of A-ring (2)

KOH, THF/EtOH
0°Ctort

H
(77%, dr = 3:1 at C5)

NaH, Mel,
1,2-dimethoxyethane
60 °C

92%

(dr = 3:1 at C5)

1)

Ma T, MaY, LiB, JiaY., Angew Chem Int Ed Engl. 2024, 63 ,e202407215.
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Synthesis of Triol

P(OEt)3, O,
.H  DMSO/DBU (10:1)
55°C, MW, 80 h
>

“, 31%
OTBS  259%(rcv. of SM)
40% after 3 cycles

(o)

I
MeO—ﬁ—@—NOZ

Fe(acac); (3 mol%)
NaHCO3
PhSiH;, MeOH
0°Ctort

63%

o

H,SO,
1,4-dioxane

96%

1)

Ma T, MaY, LiB, JiaY., Angew Chem Int Ed Engl. 2024, 63 ,e202407215.
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Mukaiyama Hydroxylation Using p-NsOMe
o

I
MeO—ﬁ—@—NOZ

Fe(acac); (3 mol%)
NaHCO3
PhSiH3;, MeOH
0°Ctort

63%

PhSiH;, MeOH

H—FellL, =

1)
2)

Ma T, MaY, LiB, JiaY., Angew Chem Int Ed Engl. 2024, 63 ,e202407215.

A. Bhunia, K. Bergander, C. G. Daniliuc, A. Studer, Angew. Chem. Int. Ed. 2021, 60, 8313. 24



Hydroxylation at C6

PhCH(OMe),, CSA, CH,Cly;
Ph  Ph Ph CF;

H \/
= H F5;C O/s\o CF;
’ F;C Ph o

o

‘\\H K,0s04, NMO, citric acid
t-BuOH/H,0 (1:1);
aq. Na,S0O;, 40 °C
'

OH 95% \< 89%
Ph
A —
:OS=O
from outside Ic;

of molecular

H Ph o)
\@/O SO3H
— — N
(@)
NMO CSA
1) MaT,MaY,LiB, JiaY., Angew Chem Int Ed Engl. 2024, 63 ,e202407215. o5

2) Aqgeel A. Hussein, Nadhir N. A. Jafar, Yumiao Ma., J. Org. Chem. 2024, 89, 6892.



Hydroxylation at C10

MOMBr, n-BugNI

i-ProNEt
toluene/CH,Cl, (10:1)
75 °C
’
95%

t-BuOK, O,
P(OEt);, DMSO;
imidazole, TESCI

o
72%

1)

Ma T, MaY, LiB, JiaY., Angew Chem Int Ed Engl. 2024, 63 ,e202407215.
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Functionalization of Backbone (1)

1. i-BusAlH, THF
—-78 °C, 98%

2. MOMBTr, i-PryNEt
toluene/CH,CI, (10:1)
40 °C, 97%

o

1. n-BuyNF, THF
0°Ctort, 95%
o

OAc
AcO
2. N oAc

\
o

O > CH.Cly;
DBU, 40 °C, 85%

1) MaT,MaY,LiB, JiaY., Angew Chem Int Ed Engl. 2024, 63 ,e202407215. 57



Functionalization of Backbone (2)

Pd(OH),/C
MeOH, H, (4 atm)

99%

CeC|3, MEMgBr MOM
THF, 0 °C oMo

o
99%

1. Ru04
CCl4/MeCN/H,0
(2:2:3), 50 °C

2. KOH, MeOH, 65 °C

75% (2 steps)

(+)-kalmanol

1) MaT,MaY,LiB, JiaY., Angew Chem Int Ed Engl. 2024, 63 ,e202407215. o8



Summary

Paquette TBSO,

A H
/ Br
—> o 'OBn ﬁ TBSO .
'*OBn TBSO.. Tebbe Olefination OH OH
o::'\ o ' Claisen rearrangement o
MeO o 7-oxy-5,6-didoexykalmanol

(1.6%, 25 steps)

Jia
N
vwH co

e

4" ﬁ
OTBS Rh-catalyzed
[5+2+1] cycloaddition
(+)-kalmanol
(2.3%, 22 steps)
1) S. Borrelly, L. A. Paquette, J. Am. Chem. Soc. 1996, 118, 727. 29

2) MaT,MaY,LiB, JiaY., Angew Chem Int Ed Engl. 2024, 63 ,e202407215.
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Stereoselectivity of Hydroxylation at C6

K,0s04, NMO, citric acid
t-BuOH/H,0 (1:1);
aq. Na,S03, 40 °C

89%

il
\'

Most stable conformation calculated by MacroModel
(For simplification of the calculation, the structure
of the part shown in blue has been transformed.)

1)
2)

Ma T, MaY, Li B, Jia Y., Angew Chem Int Ed Engl. 2024, 63 ,e202407215.
Ageel A. Hussein, Nadhir N. A. Jafar, Yumiao Ma., J. Org. Chem. 2024, 89, 6892.
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