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O

8-π-electrons – Hückel’s rule predicts antiaromaticity

≡

Fully saturated oxepines – not in the scope of this group meeting:

Oxepine/oxepin – seven-membered oxygen-containing ring

O
O

O

valence tautomerism
ΔG ≈ +1.3 kcal/mol at r.t. but

equilibrium highly temperature-
 and solvent-dependent

Preparation of the parent compound:

Br Br

O
NaOMe
> 80%

O O
+

Vogel, Angew. Chem. Int. Ed. Eng. 1964, 3, 510; ibid. 1967, 6, 385.

Substituents influence the equilibrium of valence tautomerism:

OMe Me
O

exist almost exclusively as oxepine valence tautomer

O

note: actually aromatic as oxygen 
does not participate in conjugation

O

O O

NaN3

H2O

OH

O

Reactivity:

HO N3

Guroff, Science 1967, 157, 1524.
DeMarinis, J. Am. Chem. Soc. 1969, 91, 6525.

O

NIH shift

O
O

O O

(Z,Z)-muconaldehyde

O

O

DMDODMDO

majorminor

electron-rich enol ether

isolated olefin
sym-oxepin oxide

r.r. = 3 : 10

Jerina, J. Am. Chem. Soc. 1975, 97, 2937.
Boyd, Tetrahedron Lett. 1989, 30, 123.

exist almost exclusively as arene oxide valence tautomer

For more on oxepine/benzene 
oxide equilibrium, see: Angew. 

Chem. Int. Ed. 2020, 59, 20318.

Golding, Chem. Res. Toxicol. 1997, 10, 1314.

Note: this chemical oxidation of oxepine mimics 
its metabolism by cytochrome P450s in the 
human body (source of benzene toxicity)

O
O

HMe

H HMe
OH

R

Me
O

HH

C7H15
O

O

OH
Me

HO

Me
Me

O

O

O

O

briarellins E (R = β-OH, α-H) and F (R = O)
Overman, J. Am. Chem. Soc. 2003, 125, 6650.

feroniellin C
Morimoto, Chem. Eur. 

J. 2021, 27, 11045.
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Oxepine Natural Products (Fully Desaturated)

O

O

H Me

platyphillide
bioynthetic precursor

Me

OMOM

OAc
MeO2C

OAc
CO2Me

OMOM

Me

H H

H

Me

O

CO2Me

OTs

MeO2C

Li

P450 oxidation

toluene
reflux, 2 d

81%
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Total synthesis:
Bohlmann, Tetrahedron Lett. 1989, 30, 1241.

6 steps

5 steps
O

O

H
OH

Me

H H TMS
O

O

O

H
OH

Me

Br H TMS
O

Br
O

O

H Me

H
O

senoxepin

Source: Senecio platyphylloides (flowering plant)
Class: norsesquiterpene lactone
Comments: first fully desaturated oxepine natural product (1977)

NBS
AIBN

then NaI

acetone

22%

(±)-senoxepin
see: J. Am. Chem. 
        Soc. 1974, 96, 
        1193.

Oxepine-Pyrimidinone-Ketopiperazines (OPKs):
Metabolites 2020, 10, 246.

O

N

N

O

NH

O

R3

R2

O

N

N

O

NH

O

R3

R2R4O

O

N

N

O

NH

R2

O

Source: various marine fungi (Aspergillus, Penicillium, Paecilomyces)
Class: non-ribosomal peptide (amino acid and shikimate-derived)
Comments: moderate anti-fungal activity; moderate but selective 
activation of liver X receptor α (LXRα)
Review: Metabolites, 2020, 10, 246.

R1 R1

R1N

N

O

“Type A” “Type B”

“Type C”

Biosynthesis:
Li, Nat. Commun. 2020, 11, 4914.

NH
N

R2
O

N

O

S
O NH2

S
O

H2N
R2

S
O

H2N
R3

[O]

P450

AAnt T1 C1 AAA T2 C2 AAA T3 C3

Non-Ribosomal Peptide Synthetase (NRPS)

R3

condensation/
cyclization

P450

anthranilic acid amino acids

OPK coreshikimate pathway

~ 40 members to date

[O]

deprot.; [O];
TMSCH2MgBrlacton.
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Racemic total synthesis:
Taylor, Org. Lett. 2012, 14, 1122.

(–)-janoxepin

N

N
NH

O

O
O

Me

MeRCM

O

Me

Me

+

aldol condensation

desaturation

N

N
NH

O

O
O

Me

Me

N
NH

Me

Me
O

H2N

CO2Me

CO2Me condensation

allylation Enantioselective total synthesis:
Nay, Angew. Chem. Int. Ed. 2022, 61, e202212855.

NC NH

O
H2N

Me

Me then H2, Ra-Ni
88%

N
NH

Me

Me
O

H2N

2 steps from
Boc-D-Leu-OH

Forward synthesis:

PPh3, DIADN
NH

Me

Me
O

NO

O

NH2OH

N
NH

Me

Me
O

NHO

O

OH

NaOMe

CO2Me

CO2Me

N
N

Me

Me
OEt

N

O

Retrosynthesis:
O

Me

Me

4 steps

O
O

O
HO

DMSO
10%

TBAFO O

SeO2
+

Cl

NaBH4
80%

MsCl
Et3N

quant.

Continued:

60%
(1:5)

(±)-janoxepin

aq. AcOH
quant.

Background precedent:
J. Am. Chem. Soc. 1969, 91, 2815.

95:5 at room temp.

[3,3]-sigmatropic
rearrangementO O

t1/2 ~ 1 day

purified by slow 
distillation of aldehyde, 
then prep. GC at 50 ºC

O

N

N

O

NH

O

Me

Me

R
(–)-janoxepin (R = β-iBu)
(+)-cinereain (R = α-iPr)

H2N

N
NH

R
O

O
Me

Me

O OH

O

OMe

Retrosynthesis:

RCM

aldol condensation

protection

72%

73%
racemized
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OO

MeMe

O O

OO

MeMe

O O

CO2MeHO2C

DIPEA, TMS2O CO2Me
O

F
N

N

O

Forward synthesis:

K2CO3

Br
Br

quant.
(85:15 d.r.)

NaOMe

N
NH

O
R

H2N

O
NH

O

N

N

O

NH

O

O

R

Cu-promoted cyclization

[traditional peptide 
coupling reagents failed]

N

N

O

N

OEt

O

Me

Me

R

R

HO

O O

then TBAF
61% (R = α-iPr)
45% (R = β-iBu)

[Pd(allyl)Cl]2
XPhos

4 steps

52% (R = α-iPr)
55% (R = β-iBu)

F
aq. AcOH

(+)-cinereain (R = α-iPr)
(–)-janoxepin (R = β-iBu)

DAST

DAST
73%

Dihydrooxepin-Containing Natural Products

MeO
NMe

O H

MeO OMe
(+)-cularine

NMe
MeO

O OH

OMe

crassifoline

H

Source: various Papaveraceae species
Type: benzylisoquinoline alkaloid (BIA)
Comments: muscle relaxant activity

HO
OH

NH2

CHO

OH

+

Biosynthesis
Liebigs Ann. Chem. 1993, 457.

dopamine

tyrosine-derived
aldehyde

steps

NMe

O
H

OHMeO

H

FeIV

O

Ln
+•

FeIV

OH

Ln

H

MeO
NMe

MeO
O

H

OHMeO(+)-cularine

FeIII

Ln

P450-mediated phenoxyl
radical coupling

see: Chem. Rev. 2004, 104, 3947.
FeIV

OH

Ln
H2O +

then
methylation

aldol condensation

SeO2
protection

82%
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Total synthesis:
Rodrigues and Abramovitch, J. Am. Chem. Soc. 1994, 116, 9745; 
Tetrahedron Lett. 1995, 36, 59; J. Org. Chem. 2004, 69, 2920.

MeO
OBn

N
PPh3

Br

C
O

MeO
OMe

Br

MeO
OBn

N

OMe

OMe

MeO
OH

N

OMe

OMe

toluene
75 ºC

76%
Mechanism?

+

from amine (PPh3, CCl4; NaNH2)
or alcohol (Mitsunobu with HN3)

from acid (DCC, Et3N)

MeO
O

N

OMe

OMe
I
O2CCF3

C6F5

NaH; then

N

O

OMeMeO

MeO

2 steps

psammaplysins

Source: Verongida (order of sponges)
Type: alkaloid (tyrosine- and SAM/dcSAM-derived)
Comments: anticancer, antibiotic, antimalarial, anti-HIV activity

NOO

HO

Br

MeO

Br

H
N

O

O
Br Br

N
H

R2 R1

HO

CO2H

NH2 MeO

Br

Br

CO2H

N

retro-6π
O CO2H

N
OH

Br

MeO Br
MeO

Br

Br

CO2H

N

O

NOO

OH

CO2H

Proposed core biosynthesis:
J. Am. Chem. Soc. 1985, 107, 2831.

Br

MeO

Br

NOO

CO2H

Br

MeO

Br HO

steps

L-Tyr

OH

steps
(+)-cularine

[O]

P450

cyclization

+ H+

C6F5I(O2CCF3)2
87%
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Total synthesis:
Magauer, J. Am. Chem. Soc. 2022, 144, 19704.

NOO

HO

Br

MeO

Br

NHR

O

nitrile oxide
[3+2] cycloaddition

N

CO2EtCl

HO

Smith, J. Am. Chem. Soc. 2024, 146, 2913.

NOO

PGO
CO2Et

O
Retrosynthesis:

NO

HO
CO2Et

O
O

FGI

amidation

Baeyer-Villiger
reduction

O
O

N

CO2Et

O O
Henry reaction/

cyclization

Br

Forward synthesis:
O

OH
NBS; then Et3N

ethyl nitroacetate NO

HO
CO2Et

O
O

51% (desired)
3:1 d.r. by crude NMR

2. mCPBA
87% over
2 steps

1. TBSCl, imidN

TBSO
CO2Et

O

P(OEt)3
quant.

O

NO

HO
CO2Et

NO

TBSO
CO2Et

O

NO

TBSO
CO2Et

O

O

NO

TBSO
CO2Et

O

O

Br

Br

Continued:

J. Org. Chem. 1991, 56, 6258.

O
O

1. Mn(dpm)3
TBHP

For Baeyer-Villiger/phosphate ketene 
acetal reduction sequence, see: 

Nicolaou, Org. Lett. 2013, 15, 1994.

KHMDS
(PhO)2POCl

R R = OPO(OPh)2)
R = H

Pd(PPh3)4
PhMe2SiH

66%

THF/HMPA
–95 ºC; 86%

2. CuBr2, DTBP
3. Bu4NBr3, DTBP

27% over 3 steps

NO

TBSO
CO2Et

O

MeO

Br

Br

KHMDS,
MeOTf

53%

3 steps

(±)-psammaplysin A

Retrosynthesis:

NOO

HO

Br

MeO

Br
CO2Et

NOO

PGO
CO2Et

FGI
O

O

O
O

O
OPG

+O

O

O FGI

Precedent:
Takeda, Tetrahedron Lett. 2003, 44, 7897.

R1 R2

O
Cp2TiCl2, Mg0

P(OEt)3, 4 Å MS
RO Cl

R2R1

OR

THF, –20 ºC to reflux
+

“Cp2Ti”
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Forward synthesis:

N
N

O

O

O

O
H

OAc

H
AcO

S
S

Source: Arachniotus aureus, Aspergillus terreus
Type: epipolythiodiketopiperazine (ETP; non-ribosomal peptide)
Comments: anticancer, antifungal, inhibits viral RNA polymerase

(–)-acetylaranotin

Biosynthesis:
Neuss, Tetrahedron Lett. 1968, 9, 4467; 
Wang, J. Am. Chem. Soc. 2013, 135, 7205.

S
O

H2N

Ph

HN
NH

O

O

Ph
Ph

HN
NH

O

O

Ph
Ph

S
SHN

O

S

O

HN

O

SO

C1 APhe T1 C2

OH
O

H2N

Ph

cyclodimerization

GST;
then peptidases;
then thioredoxin 

reductase

HN

O

SO

O

GSH
Glu, Gly,
pyruvate

P450

P450

then acetylation

(–)-acetylaranotin

retro-6π

O
OO

O

O
O

O

mCPBA
99%

Cp2TiCl2, Mg0

P(OEt)3, 4 Å MS
BOMCl

53% (E:Z = 1:1)

44% (51% brsm)

, iPr2NEtClEtO2C

OH
N

O
O

O

NO

BnO
CO2Et

O

OBn
O

O

1. HCl; 99%
2. LiHMDS; then

N
S

tBu

PhCl ; 49%

O NO

BnO
CO2EtO

Mechanism?
See: Mukaiyama, Chem. Lett. 
2000, 29, 1250.

(±)-psammaplysin A, M, O, Q
and

(±)-ceratinamide A

5-7 steps

Asymmetric synthesis by KR:

O NO

HO
CO2EtMeO

Br

Br

O NO

HO
CO2Et

N

S
N

Ph(cat.)

iPr2NEt
Et O

O

Et

O

45% (95% e.e.)

O NO

EtO
CO2Et

55% (81% e.e.)

+

For original methodology, see: Org. Lett. 2006, 
8, 1351; J. Org. Chem. 2012, 77, 1722.
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Total synthesis:
Reisman, J. Am. Chem. Soc. 2012, 134, 1930.
Retrosynthesis:

N
N

O

O

O

O
H

OAc

H
AcO

S
S

N
Teoc

O

OTBS
H

CO2Et

N
Teoc

OTBS
H

CO2Et
OHC H

metal-catalyzed
cycloisomerization

N
HPh

HO2C H

H

CO2Et
FGI

dimerization

FGI

azomethine ylide
[3+2] cycloaddition

Precedent:

For a review on metal vinylidene chemistry, see: Chem. 
– Asian J. 2008, 3, 1861; Chem. Rev. 2019, 119, 4293.

OH [M] OH

[M]

OH

C
[M]

O [M]O Hformally: O
H

+ H

– [M]

Forward synthesis:

N
HPh

HO2C H

H

CO2Et

2 steps from commercial

7 steps

N
Teoc

OTBS
H

CO2Et
OHC H

N
Teoc

OTBS
H

CO2Et

Cl
HO

N
Teoc

O

OTBS
H

CO2Et

Cl

N
Teoc

O

OTBS
H

CO2Et

7 steps

(–)-acetylaranotin

LiCl, Li2CO3

DMF, 100 ºC
65%

NCS; NaBH4
93%

[Rh(cod)Cl]2
(4-FC6H4)3P

88%

Tokuyama, Angew. Chem. Int. Ed. 2012, 51, 13062.

N
Cbz

CO2Me
O

PGO
H

FGI
N
Cbz

CO2Me

H
O

triflation, then reduction

N
Cbz

CO2Me
O

PGO
H

H
O

Baeyer-Villiger

N
Cbz

H

H

O

PGO

CO2Me

3 steps from Cbz-Tyr-OH

Retrosynthesis:

Note that more electron-rich ligands 
promote formation of the Fischer carbene:

– H

O [M]

± H

protection
ozonolysis;

then HCCMgBr
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N
Cbz

CO2Me

H
O

Forward synthesis:

N
Cbz

CO2Me

H
O

O
1. DBU; quant.

2. TMSOTf
iPr2NEt

1. DMP; 97%

N
Cbz

CO2Me

H

TMSO

NH2NH2•H2O
AcOH; 55%

Mechanism?

N
Cbz

CO2Me

H

2. H2O2, NaOH
97%

OH

DMDO;
then SiO2

56% over 2 steps

N
Cbz

H

HH

O

OH
H

H

CO2Me
N
Cbz

CO2Me

Nicolaou, J. Am. Chem. Soc. 2012, 134, 17320.

1. TBSOTf
2,6-lut; 75%

2. TFAA, UHP
53% after 4 cycles

O
H

H

O

TBSO

N
Cbz

CO2Me
O

H
TBSO

1. KHMDS; PhNTf2; 77%
2. Pd(OAc)2, PPh3, 

HCO2H, nBu3N; 94%

(–)-acetylaranotin
9 steps

Cbz-Tyr-OH dearomatization; 
aza-Michael

O N
Boc

OH

H

CO2Me N
BocH

CO2Me

TIPSO

8 steps

reduction Corey-Winter olefination

1O2 [4+2];
reduction

TIPSO

N
BocH

CO2Me

Troc
N

TrocN

HO

N
BocH

CO2Me

Troc
N

TrocN

HO

N
BocH

CO2Me

N
N

O

TIPSO

N
BocH

CO2Me

O
TrocN

TIPSO

N
BocH

CO2Me

O
TrocN

O

O

N
BocH

TIPSO

CO2Me

TrocN=NTroc
93%

TBAF
92%

1. TFDO
2. Zn; then

CuCl2, NH4OH
76% over 2 steps

TrocNHOH
NaIO4; 88%

TFDO
44%

wrong diastereomer;
poor orbital alignment

J. Chem. Soc. Perkin 
Trans. 1 1985, 1437.

For epoxide diazine fragmentation, see: J. Am. Chem. Soc. 1976, 98, 6350; 
ibid. 6353; ibid. 1979, 101, 3893.
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Tetrahydrooxepin-Containing Natural Products

OMe
Br Cl

HH
OMe

Br Cl
HH

(+)-isolaurepinnacin (+)-rogioloxepane A

Me

Br
OH

H

TMS

Cl
R

OMe

OTIPS

from chloride SN2 of 
enantioenriched triflate

from bromide SN2 of 
enantioenriched epoxide

Total synthesis:
Overman, J. Am. Chem. Soc. 1993, 115, 8891; 
ibid. 1997, 119, 2446.

R = OMe
R = Br

Me2BBr

AgOTf, iPr2NEt OR1
H R2

TMS

OMe

O
R2

R1

TMS

H
O

R2

R1

TMS

Source: Laurencia pinnata; Laurencia microcladia (red algae)
Type: halogenated C15 acetogenin 
Comments: no reported bioactivity, but mysterious biosynthetic origin
Review: Rev. Bras. Farmacogn. 2015, 25, 569.

O
H H

Br Cl
Me OH

BCl3
–78 to 0 ºC

TBAF
86% from 

bromohydrin

OR1
H R2

TMS

H

OH

65% over
2 steps

(E:Z = 24:1)

1. Tf2O
2. CAN

O

1. DMP
2. HCCMgBr

74% over 2 steps

Me
Br

Co2(CO)8
80%

Cl
HH

(+)-isolaurepinnacin
Co(CO)3

Co(CO)3

OH

direct elimination 
gave no E/Z control

For background work on L.A.-promoted 
cyclization to 2,3,6,7-tetrahydrooxepines, 

see: J. Org. Chem. 1989, 54, 5695. 
Synlett, 1992, 811.

Putative biosynthesis:
Tetrahedron Lett. 1972, 13, 2121;Tetrahedron, 1986, 42, 3781; Chem. 
Lett. 1990, 19, 1579; ibid. 1994, 23, 2307; Biosci. Biotechol. Biochem. 
2014, 78, 1310.

Me SCoA

O

HO2C
SCoA

O+

fatty acid
synthase (FAS)

desaturation

7 ×

Me
Me

laurencenynetrans-laurencenyne

Me

CO2H

polyunsaturated fatty acid (PUFA)

halohydrin formation,
then haloetherification

vanadium-dependent
haloperoxidases

(generates HOX in active site)

(+)-isolaurepinnacin (+)-rogioloxepane A

? ?

R1 = Et

R2 =
Cl

OTIPS
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For other approaches to tetrahydrooxepine natural products from Laurencia 
sp., see: Chem. Commun. 2014, 50, 3685. Org. Lett. 2022, 24, 5271.

Suzuki, Tetrahedron Lett. 2000, 41, 7697; ibid. 7701.

OR
O

HO

OR
H

OH
O

OR

O
Bu3SnO

(Bu3Sn)2O

then Zn(OTf)2

[ZnII]
R = Bn, MEM, TBS (not Bz)

– With (Bu3Sn)2O, single diastereomer obtained
– In absence of (Bu3Sn)2O, d.r. suffers (mixture 
   of SN1 and SN2 pathways)

Suzuki, Tetrahedron Lett. 2001, 42, 65; ibid. 1543.

(+)-rogioloxepane A

OH
H

OBn
Me

O
OPMB

O
H H

OH
OPMB

acetylide epoxide openings, 
then Lindlar red.

O
OBnOH

H
MEMO

Me

Me
OBn

OO
H H

Br Cl
Me OH

O
H H

(Bu3Sn)2O; then Zn(OTf)2

OH
OBn

MEMO
Me

Me
Br Cl

HH

steps

Overman intermediate
towards (+)-isolaurepinnacin

Crimmins, Org. Lett. 2003, 5, 3009.

OMe
BnO

H
N

O

O

O

iPr

from Sharpless asymm. 
epoxidation, then opening

OMe
BnO

H
N

O

O

O

iPr

96%
Grubbs I

OMe
BnO

H
OH

H
OMe

BnO
H

OMe
BnO

H
O

OMe
BnO

H
OH

H

OH

H

H
N

O

O

S

iPr PhPh

NaHMDS;

I

NaBH4
92%

H

Swern ox.

Me N

O

O

S

iPr PhPh

TiCl4, (–)-sparteine (1 equiv)

92% (5:1 d.r.)
Which aldol variant?

(+)-rogioloxepane A
9 steps

86%

96%
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Oxepine-Containing Natural Products with no Syntheses:

N

NO

OMeO

N
O

R

H

circumdatins A (R = OMe) and B (R = H)

N

NO
NH

O

Ph

Me Me

O OO

Me
Me

varioxepin A

O

OAc

OAc

OBz

flexuvaroxepine A
(absolute configuration unknown)

OH

O

O
O

MeO2C O Me

ROOH

O

O
O

MeO2C OH Me

HO

brocaenol A (left), B (R = Me), C (R = H)

O
O

O

H

H
O

H

Me

H

O

miscandenin

Me
Me

H Me
Me

OH
O

OH
Me

OMe
Me

O

Me

H

sodwanone S

O

HO2C

Me
O

AcH
Ph

O

HO
Me

Me
OH

Me

hypertricone

O

O

Me
Me

OH

OMe

O

O

Me
Me

OH

OMe
perilloxin and dehydroperilloxin

O

O

OMe

O

Ph

CO2Me

OMe

O
N

O

NH

O Me
Me

edulisones A and B

OSO3Na

OSO3Na

Me

MeMe

HH

H

Me
O
H

Me
Me

Me

H adociasulfate-2

O
OSO3Na

OSO3Na

Me H

H

Me

H
Me

Me

H

Me

Me

H

Me

toxicol A

Me

O

MeMe

H

OH

Me

Me

H

Me
OSO3Na

OSO3Na
OMe

O

shaagrockol B


