Exercise 28.11.2024 | Adriana Faraone

First total synthesis of the polycyclic diterpenes from the Phomopsene family Shi, Hou, Tu and co-workers, J. Am. Chem. Soc. 2023, 145, 21170.
O
Me
Me H
Me E
Ve (_JOZME iso-phomopsene (3)
phomopsene (1) methyl phomopsenonate (2) revised structure (this work)

o}
Me a. NaH, THF: b. CDI, THF; MgCls,
+ OEt  NaOH, EtOH MeO,CCH,COK
PO(QEt), —————> F———
8 9, E/Z 2:1
10, E/Z 2:1
c. TiCly, CCly,
cyclobutanone,
pyridine, THF
_——
> +
67%, 3 steps d. InCl;, DCM
decagram-scale 92% from (Z)-7, 6/6" = 15:1
one column purification .
7,E/Z2:1 d’. InCls, hv (365 nm), DCM 6 (desired) 6' (undesired)
67% from (E)-7, 6/6' = 15:1
a. LiCl, H,0 b.TBSOTf, NaHMDS, THF; c. MOMCI, DIPEA, DCM;
DMSO m-CPBA, NaHCO;, DCM d. NaBH,, MeOH
65% 87%, dr>20:1, 88%, 2 steps,
gram-scale gram-scale gram-scale
12 13 14
Name Reaction? Rubottom-type oxidation
e. HONH;-HCI, pyridine
86%, gram-scale
f. SOCI,, DCM,
DIBAL-H 40 °C
- - -
Name Reaction?

17 16 15 s



Neutral alumina
17 —>

Mechanism?

46%, dr >20:1
gram-scale

g. DMP, DBU, DCM;
h. LIHMDS, Mel, THF;
6 M HCI, MeOH

77%, dr >20:1
2 steps, gram-scale

19

[N

methyl

phomopsenonate (2)

Me CO,Me

i. PtO,, Hy (1 atm),
TFA/EtOAC;
—_—

19 20

Li,CO3, MeOH;
DMP. DCM
R S
63%, dr >20:1
280 mg-scale
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j. LIHMDS, PhNTf,
THF, -78 °C to RT;
MeMgBr, Pd(PPhs).

-_— -
66%

21

CgHs

Martin's sulfurane

. PtO,, Hy (1 atm),
HOAC/EtOAC; b. (TMSOCH;)s, ¢. PhSeCl, LIHMDS, THF;
DMP, DCM TMSOTf, DCM H,0,, pyridine, DCM
- —_—
69%, dr >20:1 88% 72%
22 23
. d. MeMgBr, Cul,
g. NBS, AIBN, CCl,; f ::2'\""'50"','20’ TMSCI, NEts, THF:
LiBr Li,CO3, DMF ey %‘él A cetone Pd(OAc),, MeCN
h. Znl,, Et3SiH, DCE ' e. PtO,, Hy, EtOAC
- B ——————
-
50%, 2 steps 66% 57%, dr >20:1
2 steps
26 25 p 24
d'. TMSCN, KOH,
H,O/dioxane
75%, dr >20:1
¢'. NaBH,, MeOH, THF;
g'. NBS, AIBN, CCly; Martin's Sulfurane, DCE
LiBr Li,CO3, DMF f. Pd/C, Hy, MeOH;
h'. H,S0,, MeOH 6 M HCI, acetone
- - —
51%, 2 steps 91%, 3 steps
28 X-ray sturcture of 27

27

iso-phomopsene (3)



Solutions

o}
Me a. NaH, THF;
+ OEt NaOH, EtOH
PO(OEt),
8

c. TiCly, CCly,

cyclobutanone, OMe

pyridine, THF
_

67%, 3 steps
decagram-scale
one column purification

7,EiZ 21 d". InCl3, hv (365 nm), DCM 6 (desired)
67% from (E)-7, 6/6" = 15:1
Mechanism of Nazarov-1,2-shift
) o 0
o o Nazarov stereospecific Me
" cyclization ring expansions OMe  |hci,, DCM
© T~ Y OMe Incis, DCM path A ve F — .
ﬂ H ﬂ favorable favorable Me n slow
Me e
Q Me M: InCl 92%, 6:6" = 15:1 &7 )
Me -
anti-periplanar 6 (desired)
@7 TS, favorable Int4 C-C bond 1,2-shifts  C11-C2/C3-C6 shifts
unfavorable hv (365 nm)
I + InCls,
DCM
fast
O/M\ o 0
7 Me OMe
------- - OMe path B | |
H
Me unfavorable Me Me
steric
Me
steric Me hindrance & i
. ‘ (undesired)
pindrance ntd C1-C2/C5-C6 shifts @7

Int-ll

TS-Il

Me
b. CDI, THF; MgCl,,
MeQ,CCH,COzK Me H
—_— 2
Me
9,E/iZ 21
_—
d. InClz, DCM

92% from (Z)-7, 6/6" = 15:1

OMe
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6" (undesired)

path A
favorable
67%, 6:6'= 15:1
6 (desired)
C11-C2/C3-C6 shifts
+
path B
B
unfavorable

6' (undesired)
C1-C2/C5-C6 shifts
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b.TBSOTf, NaHMDS, THF;

a. LiCl, H,O c. MOMCI, DIPEA, DCM;
DMSO m-CPBA, NaHCO3;, DCM d. NaBH,, MeOH
65% 87%, dr>20:1, 88%, 2 steps,
gram-scale gram-scale gram-scale

e. HONH; HCI, pyridine
86%, gram-scale

DIBALH f. SOCI;, DCM,
a o,
OMOM o Me - -40 °C
reduction Beckmann
fragmentation AT
X-ray structure of 5
g. DMP, DBU, DCM;
MOMO 2 MOMO h. LIHMDS, Mel, THF;
Me Neutral alumina Me 6 M HCI, MeOH
l i"/r < H 5 — >
o — =
H carbonyl-ene OH 77%, dr >20:1
M izati 2 steps, gram-scale
¢ e cyclization Me o ps, g
46%, dr >20:1
17 gram-scale 18 18 19

i. PtO,, H, (1 atm),
TFA/EtOAC;

j. LIHMDS, PhNTF,

THF, -78 °C to RT: Li,CO4, MeOH;
MeMgBr, Pd(PPha)s DMP, DCM
- - o

63%, dr >20:1
280 mg-scale

66%

iso-phomopsene (3)
revised structure

X-ray structure of 21 21 20



phomopsene (1)

methyl
phomopsenonate (2)

a. PtO, H; (1 atm),
HOAG/EtOAC;
DMP, DCM

Yy

69%, dr >20:1

g. NBS, AIBN, CCly;
LiBr Li,CO4, DMF
h. Znl,, Et;SiH, DCE

-

50%, 2 steps

". NBS, AIBN, CCly;

. H,S0,4, MeOH

Az @

LiBr Li,CO3, DMF

51%, 2 steps

Exercise 28.11.2024 | Adriana Faraone

b. (TMSOCH,),,
TMSOTf, DCM

c. PhSeCl, LIHMDS, THF;
H,O,, pyridine, DCM

88% 72%
o__0
. d. MeMgBr, Cul,
f: NHzNH,HZ0, TMSCI, NEts, THF; .
Na, glycol; Pd(OAc),, MeCN H
6 M HCI, acetone Me H 2 Me H

e. PtO,, Hy, EtOAc Me

-

B Me
66%

X favorable
57%, dr >20:1 Me
2 steps unfavorable
steric hindrance

d'. TMSCN, KOH,
H;O/dioxane
75%, dr >20:1

e'. NaBH,, MeOH, THF;
Martin's Sulfurane, DCE

. Pd/C, Hy, MeOH;

6 M HCI, acetone

_—y

91%, 3 steps

28 X-ray sturcture of 27 27



