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Features of Psymberin

four distinct components:

a psymberic acid side chain,

OH O

Psymberin/Irciniastatin A

a dihydroisocoumar in (DHIC) unit,
an N,O-hemiaminal moiety,

a highly functionalized 2,6-trans-tetrahydropyran (2,6-trans-THP) core.



Previous Synthesis of Psymberin
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First Generation Synthesis of Psymberin
Retrosynthetic Disconnections
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Synthesis of Psymberic Acid Chloride

Br * Hj\[/\o
JL Ve

1-1 1-2

1.TBSCI, imidazole
DCM, 0 °C

2. BzCl, Et;N, DCM
then 3 N HCI, 82% (2 steps)

OH
Zn, SnCl, J\/\r\ Mel, NaH, THF OMe
- 0 a OH

H,0, 87% O\IQ then PTSA, 76% (2 steps) OH

1-3 1-4

OMe 1. DMP, NaHCO3, DCM OMe R
OH > 0
2. NaClO,, 2-methyl-2-butene

OB OB
z NaH,PO,, tBUOH/H,O 70% (2 steps) ‘
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Synthesis of Cyclization Precursors

Br
TBSOTf
5 S\ 0 1'9 /\/\Q</ o/\,/\(,% 2,6-lutidine
Z 6 (o) = ’
o Zn, NH4CI )r OH
dr.=4:1 1-10a 1-10b

1. (COCI),, DMSO; Et;N T

2. Lil, LiAlH,4, Et,0, -78 °C
d.r.>20:1, 75% (2 steps)

/\/\></ 0s0O,4, NalO, /\/\X/ vinyMgBr 13
NS 26utidine Z0 78 °C \

: o :
OTBS oTBS > o
84% (2 steps) dr.=1.7 TBS

1-11 12 13S: 1-13a, 62%
13R: 1-13b, 30%

13 1. nBuLi, CO(OMe), 47%
1. Boc,0O, nBulLli HO ; ; AN 2. 50% aq. TFA, DCM | (2 steps from 1-13b)

-

O,

OJ-

X

- OH O OBoc
2. 50% aq. TFA, DCM TBS <
135: 1-14a, 78% (2 steps) HO™ ™~ % A
: 1-14a, 78% (2 steps : :
13R: 1-14b, 84% (2 steps) OH O\TBSOCOZMe

1-16b
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Possible Mechanism for the Stereoselectivity
of Pd-Catalyzed Allylic Cyclization
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Synthesis of 2,6-trans-THP Derivative

Br
Et;i \/Y Etﬁ Etﬁ 0O;, DCM, PPh
(0] OH + (9] OH 3 H 3
g 9 © > : o)

5 H Zn, NH,CI (S) (R) 0%
dr.=17:1 1-17a T
1-16 1. (COCI),, DMSO; Et;N T

2. Lil, LiAlH,4, Et,0, -78 °C
d.r.>20:1,78% (2 steps)

119 o
1]
Bt (F3CH,CO),P.__CO,Me Et. Ft meo,c
O OH 0 o0 |
(0] > o —_—
~o KHMDS, THF
18-crown-6, 92%
1-18 - - 1-20
B OH 7
PPTS \
PhMe OH o
> —> = o o
Me
100 °C ) Q HO \(
88% | e = i 5

1-21
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Synthesis of 2,6-trans-THP Derivative

PMBOC(NH)CCI;, PTSA . TESOTf
LiBH,, MeOH lutidi
o o) > o o 4 2,6-lutidine
Ho DCM, 40 °C,91%  PMBO \{ THE, r.t. 91% 85%
0 , .t
° OTES
1'21 1'22 1_24

tBuOK, nBulLi, cis-2-butene

(+)pc,BOMe, BF3+Et,0 NaHMDS, Boc,0

(cocl),, DMSO, Et;N

.
THF, -78 °C, 93% (d.r.> 10 : 1)

: THF, 0 °C, 91%

DCM, -78 °C, 88%

IBr, PhMe then K,CO,

o
-78 °C, 79% MeOH
dr.=5:1
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Synthesis of Diels—Alder Precursor

nBulLi, THF
ethyl propiolate

1-28

1. TESCI, Imi.

2. nBuLi, BF3¢Et,0
ethyl propiolate
84% (2 steps)

BF5eEt,0, -78 °C

54%
TESOTYf
2,6-lutidine
67%
Y
OTES
TESOTf
2,6-lutidine
-
DCM
89%

- :
EtO,C OTESOTES
1-31
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Diels—Alder Reaction to Construct the
Dihydroisocoumarin Unit

TMSO._ .~
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_ OBn
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VAN s
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y —_—
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Diels—Alder Reaction to Construct the

Dihydroisocoumarin Unit

OBn

OBn

TMSO /\/\/\/OBn 140 °C
= : S
+ EtO,C OR
OTMS 1-33a:R=H
1-38 1-33b: R = TBS
HO . OBn PTSA
5 -
MeOH
OH & 139

51% (2 steps from 1-33a)
68% (2 steps from 1-33b)

TMSO

OTMS

= : ' 160 °C
EtO,C OR'! OR?
1-29:R'=R2=H
1-30: R'=H, R2=TES
1-31: R'=R2=TES

J. Org. Chem. 2025, 90, 17332-

1-40a: R! = R2 = H, not detected
1-40b: R' = H, R2 = TES, not detected

1-40c: R = R2 = TES, 64% (74% brsm)
17356
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Completion of the Total Synthesis

OTES
1. MOMCI, DIPEA nBulLi, Mel 1. ;'?I_JEI;,ODTTF
—_— MOMO > .
THF, -100 °C e
2. NBS, DCM/DMF , 5% (2 stom)

97%

1. a) Me3;O0BF,4, PVP, DCM
b)1-7, DIPEA, PhMe
then NaBH,, EtOH

1. Pd(OH),/C, THF
2. AZADO, NaClO,
2-methyl-2-butene

(o]
A\

@: ’B—Br
(0]

then Ac,0, pyridine

' o ’
3. TBTU, NH4OAc 75% (2 steps) AcO 2. LiOH, MeOH
DIPEA, DCM 22% (3 steps)
70% (3 steps) dr.=25:1
OH O
Psymberin
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Second Generation Synthesis of Psymberin

Retrosynthetic Disconnections

hydrogenation

AcO FGT

MOMO :
et 7 MOMO
X OH

MOMO COzR
X = halogen, OTf
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Synthesis of Aryl Moiety

CHO 1. Znl, NaBHLCN 1. NaClO,, NaH,PO,
MeO Br ’ MeO Br 2-methyl-2-butene MeO Br
- -
2. POCI;, DMF, 80 °C CHO 2. Mel, K,CO, CO,Me
OMe 68% (2 steps) OMe 86% (2 steps) OMe
2.1 2-2 2-3

1. BBrs, DCM Pd(CH;CN),ClI,

MOMO Br : MOMO OH MOMO OTf
2. MOMCI, DIPEA, DCM SPhos, PinBH, Et;N Tf,0, DIPEA
r —_——
then H,0,, NaHCO 95%
91% (2 steps) COzMe en H;0z, NaHCO, CO,Me ” CO,Me
OMOM 67% OMOM OMOM
2-4 2-5 2-6
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Synthesis of Dihydroisocoumarin

OTES

Pd,dbazeCHCIl;, SPhos

MOMO OTf
+ pempidine, DMF o MOMO
CO,Me
OMOM 140 °C, 73%
2-6 OMOM -

PdCI,(CH;CN),

MOMCI
KOH, EtOH K2CO, DIPEA
» MOMO  m—
THF, 86% benzoquinone, THF DMF

BOHA’ 860/0

Pd(OH),/C, H,

—>» MOMO
THF

OMOM

MOMO O , .. . (oo MOMO O  2.11b:31%

J. Org. Chem. 2025, 90, 17332-17356
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Completion of the Total Synthesis

OMOM

OMOM (COcCl),, DMF, DCM

AZADO, NaClO, then NH,, THF:

2-methyl-2-butene

MOMO - )
buffer, Dcm  MOMO then B-BrHO
0 o]
87% 59% (2 steps)
MOMO
, ?1 . MOMO O
2-12

Ac,0, pyridine

> AcO

61%

OAc O
2-14

Psymberin

J. Org. Chem. 2025, 90, 17332-17356
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Table 1. Attempts on the Pd-Catalyzed Allylic Cyclization
for Access to 2,6-trans-THP

Me Me
aOTB
HOT SN B Pdadba)yCHCI, HO g s
OH O, OR dppf, solvent 5 B, Ma
TBS \a
135 R=Boc:Ta e
= ' 7
T e trans : 24a (desired) eis - 24b

13R, R= CO;Me ; 23

entry substrates solvent temp. yields (trans/cis)
1 Ta DCE 70 °C no conversion
2 7a DCE 83 °C trace
3 Ta PhMe 110 °C 90% (1:2.2)
4 7b PhMe 110 °C no conversion
5 23 PhMe 110 °C 949% (1:2.5)

Table 2. Conditions for the Reduction of Lactone 33

Me Me
0 0 conditions
PMBD
0
33
entry condition 6 34
1 LiAlH,, THF, 0 °C to rt. 30% 20%
2 LiAlH,, THF, 0 °C 44% 12%
3 DIBAL-H, DCM, —78 °C to r.t. 50%
4 LiBH,, MeOH, THF, r.t. 91%
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Table 3. Condition Optimization for the Epoxidation of

Alkene 38
FMBED - GHhES [
Q‘a/\:}(
'-' conditions
éEﬂC
38
- Table 4. Bromination of Aryl Moiety
entry reagent solvent temp. yields (d.r.) sk S
1 NIS CH;CN BT 77% (2.5:1)
2 NIS CHJCN 0 “’C 80% {31:]' RO canditions RO
=20 ° 1 T H p 4 L
3 NIS CH,CN 2.°C 81% {4.1}{) diatiog Mieetiice
4 1, CH,CN —30 0 70% (3:1) 1. ekl L Skl
ICI DCM —78 °C 8% (2.6:1 =
s m 58% (2.6:1) vowci[~ SBR=H  —jTesom o1, k=T8S
6 ICI PhMe —78 °C 70% (5:1) B3% 80, R = MOM 62, R = MOM
7 IBr PhMe =78 °C 79% (5:1)
bstrat diti roduct (yield
“Yield based on recovered starting material. “TES was deprotected. SRey it L proE Creld)
1 59 NBS, DCM no conversion
2 60 NBS, DCM no conversion
3 60 NBS, THF no conversion
4 60 NBS, DCM/DMF (5:1) 62 (91%)
5 60 NBS, DCM/DMF (10:1) 62 (trace)
6 60 NIS, DCM/DMF (5:1) no conversion
7 59 NBS, DCM/DMF (5:1) complicated

21



Table 5. Model Reaction between Aryl Unit 78 and
Simplified Alkenes 76 and 77

HWDB“

R =TBS, 76
R=H,77

&

Ma

OR

conditions®

_— oTf
CO;Me

MeQ
78
entry alkene
1 76
2 76
3 76
4 76
5 76
] 76
F 76
8 76
9 77
10 77
11 77
12 77
13 77
14 Fifd
15 77
16 ¥l
17 77

“All reactions were conducted in refluxing DMF. bThe reaction

Ma

e g OBn
—_— =
co,Me OR

Meal

catalyst/ligand /ad ditive

PdCl,(PPh,),/LiCl
PdCl,(PPh;),//LiCl
PdCl,dppt
Pd(OAc),/P(o-tol),
Pd(OAc),/PCy;
Pd(OAC),/dppp
Pd,dba,- CHCL,/BINAP
Pd,dba, CHCL,/SPhos
Pd,dba, CHCL,/SPhos
Pd,dbay;- CHCl; /Xphos

Pd,dba;-CHCl,; /tBuphos
Pd,dba; CHCl;/Ruphos

Pd,dba,-CHCL,/SPhos
Pd,dba,-CHCL,/SPhos
Pd,dba,-CHCL,/SPhos
Pd,dba, - CHCL,/SPhos
Pd,dba,-CHCL,/SPhos

temperature was 120 °C.

R=TBS. 79
R=H, 80

base
Et;:N
Et;N
Et;:N
Et;:N
Et:N
Et;:N
Et;:N
Et;N
Et;N
Et;:N
Et;:N
Et;:N
NaHCO,
K,CO,
Cs,CO,
DIPEA
2,6-1ut.

product (yield)

N.R."
N.R.

N.R

N.R.

N.R.

N.R.

N.R

79 (10%)
80 (33%)
trace

N.R

N.R.

N.R

N.R.

N.R.

80 (58%)

trace

Table 6. Further Optimization of the Heck Reaction

OTES

Sl ng{[hﬂ 3'1:H|:-|3 '[“:l mul%}
SPhos (20 mol%)
Base, DMF

- 2
oTi

RO FCyz
fteC Ohe
CO,Me g
RO

R=Me T8 SPhos ' pipendine (pampidine) :

R-MOM 78 A ————
entry R base temp. product (yield)

1 Me DIPEA 155 °C 81 (40%)

2 Me DIPEA 140 °C 81 (42%)

3 Me DIPEA 120 °C 81 (29%)

4 Me Cy,NMe 140 °C NR

5 Me pempidine 140 °C 81 (65%)

6 MOM pempidine 140 °C 68 (73%)
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Table 7. Hydrolysis of the Methyl Ester in 68

OTES

hydralysis

entry conditions
1 Me,;SiOK (10 equiv), THF reflux NR
Me;SnOH (3 equiv), PhMe reflux  NR
3 NaOH (20 equiv), THF/H,O/MeOH 80 °C 84 (84%)
(vaviw = 1:1:1)
4 TH.F,-’)aq.KGH{:IDM}IMEOH (vvww=1 80°C 8§ {3%%){brsm
- 2 | 77%

5  THF/agKOH(20 M)/EtOH (v:v:v=1: 80 °C 85 (86%)
1:1)
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