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Total Syntheses discussed herein:

(-)-Englerin A, Theodorakis/Nicolaou/Chain
[4+3]/[5+2]/3-Furanone, Double Michael

Pallambin C & D, Baran
Oxidative Cleavage to THF synthesis

Vineomycinone B2 Methyl Ester, Martin
Benzyne-Furan [4+2]

(-)-Alstofolinine A, Qi
Aza-Achmatowicz

(-)-Virosaine A, Gleason
[4+2], Highly congested Cyclohexanol

(+)-Cyclophellitol, Schlessinger
[4+2], Highly Oxidized Cyclohexanol

Avenaceolide, Schreiber
Furan-Carbonyl [2+2]

(-)-Cycloclavine, Wipf
Furan to Indole via [4+2]

(+)-Polyoxin J, Dondoni
Furan-Nitrone AA Synthesis

(+)-Aphidicolin, Tanis
Friedel-Crafts Cationic Cascade

Caribenol A & B, Trauner
Furan Oxidation to Hetero/Carbo-cycles

O

O
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oxabicyclo[2.1.2]
-nonanes

Cyclo-
addn.

[O]

Cyclo-
addn.

Cyclo-
addn.

Cyclo-
addn.Cyclo-

addn.

[O]

[O]

[O]

[O]

Introduction:
The furan ring shows the common reactivity of a
heteroaromatic compound, however, it can also
act as: Masked Alkene, 1,3-Diene,
1,4-Dicarbonyl, Enol Ether

The majority of synthetic maneuvers take advantage
of the inherent nucleophilicity of furan - pairing it
with various Oxidants or Cycloaddition Partners

The use of furan in synthesis, be it as a medicinal
pursuit or in Total Synthesis, is highly prevalent -
both historically and in these modern times.

carbons/substituants coming
from furan building block

=

Oxidations

Cyclo-
additions
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N2

OTBS

cyclopropanation from
more accessible face

selective for
less subbed
side of furan

O

O

Me
Me

OMe Me

Me
+

divinylcyclopropane
Cope rearr.

Theodorakis' Synthesis
Rh-catalyzed [4 + 3] c.a.

EDG

alkene-
chemistry

Chem. Asian J. 2012, 7, 1052-1060

[Rh2(Oct)4] (2 mol %),
hexanes, reflux

90% yield
single enantiomer

O

Me

Me
Me

O

cyclopentene
synthesis

regioselective
hydroboration

-[O]

O

Me

Me
Me

TBSO

HO

DIBAL-H; then,

BF3OEt3, DCM,

-78 oC to -30 oC

via:

steps

O

O

HO
masked
pyrone

J. Am. Chem. Soc. 2010, 132, 8219-8222

O

Me

Me
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S

O
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N
Cy

O

O

Me

MeMe

BnO
4

exo-selective
[5+2] c.a.

forced facial
selectivity

O

Me

Me
Me

CO2Aux

O

BnO 4

30% + 15% enantiomer
[exo-selectivity]
[unoptimized]

O
OHO OHO

Nicolaou's Synthesis
Oxidopyrylium [5+2] c.a.

Achmatowicz Rearrangement

oxidative
fragmentation

furfuryl alcohol
derivatives

O
OH

Me

Me

Me

BnO 4
accessed in 6 steps

mCPBA

DCM, 0 oC

(85%)

O

O

Me

Me

OHMe

BnO
4
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O

O
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MsCl,
iPr2NEt,

O

Me

Me
Me
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O

Me

O

N

O

Me

OMe

[H]

1. Hydrogenation
2. Elimination
3. Wacker Ox.

O Me

O

cyclopentene
synthesis

steps

22 steps total
1.3% overall yield

23 steps total
1.6% overall yield

SN2
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enolate-
chemistry
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T.S. assembly which
explains stereoselectivity

O
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H
Me

iPr
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O
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O
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H
N

H
2

crashes out
in Toluene

circumvents issues
associated with Mitsunobu

Chain's Synthesis
Double Michael Addn.

J. Am. Chem. Soc. 2011, 133, 6553–6556

8 steps total
20% overall yield

Me

H

O

enal accessed
from Citronellal

known
3-furanone

1. LDA, THF;

then,

75% yield
2:1 d.r. (desired: others)

2. SmI2,
HMPA

THF
(43%)

O
Cs

O

OH

3. Cinnamic Acid (ester coupling) (86%)
4. NaBH4 reduction (99%)
5. LiHMDS, (imid)2SO2 (99%)

6.

18-crown-6
Toluene
(74%)

OO

masked
1,4-dione

O
Me

H

O

Me

Me

O

O

Me

H
Pallambin C & D

O
OH

furfuryl alcohol
[$2 per mol]

O O

NMe2

Eshenmoser-Claisen
rearrangement

O Me

Me

Me

H

O

OTMS

Me

Me

OMe

O
Me

H

TMSO

Me

Me O

unmasking 1,4-dione
[no purification]

OH
Me

H

O

Me

Me O

Baran's Synthesis Oxidative cleavage
to THF synthesis

J. Am. Chem. Soc. 2016, 138, 7536−7539

NMe2

Et
MeO OMe

1.

Ti(OiPr)4

;

TMDS
(75%) [Si]-H

2. Robinson Ann.
w/ EVK

3. Cuprate addn.
w/ VMB; (TMS trap)
(51%, 2 steps)

5. TiCl4
(reverse addn.),

Et2O, -78
oC

(58%, 2 steps)

4. 1O2, MB

DCM, -10 oC;

then, thiourea

99:1 d.r.

H
O

Me

H

O

Me

Me

6. BF3OEt2, TMOF; then, AcBr
7. De-halogenation
8. [O] to enone
9. DHF synth. via elimination

H
O

Me

H

O

Me

Me

11 steps total
5.6% overall yield

CO2Me

CO2Me

I

H
O

Me

H

O

Me

Me
H

O

O

H

10. Dimethyl Malonate
SnCl4, DBU; then,
I2 and Enol-Ether
(87%) [novel]

11. 2M NaOH (hydrolysis);
Et3N, ACN (lactonization, D.C.);

then, LiHMDS,
MeCHO (aldol);

MsCl (dehydration)

[successive
solvent swaps]

(31%, 4 steps)

94%, 1:2 (C:D)

so efficient I couldn't fill
up half a slide's worth...
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alkoxy-
1,3-diene

16 steps total
1.6% overall yield

O
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Me OHH
Me

HO
OH

Vineomycinone B2 methyl ester

O
Br

Br

Si

MeMe

O

Si
Me Me

O

O
H

Me

BnO
OBn

R2

sequential [4+2]s

[Si] tethers govern
regioselectivity

R1
Si O

Me
Me

O

R1

OOH

SiF
Me

Me

O

Si
Me Me

O

Si
Me Me

OH

OH

J. Am. Chem. Soc. 2006, 128, 13696-13697

Br

Br

Br

Br

OH

OTBS
diol is

commercial

Br

Br

Br

Br

O

O

Martin's Synthesis
Benzyne-Furan [4+2} c.a.

a. sequential Mitsunobu
reactions

Si

Si

O

O

Me

Me

Me

Me

R1

R2

Si O

R2

R1

SiO

O O

Me
Me

Me
Me

R1

R2

R1

R2

Et2O, -20
oC

[Benzyne generation]

b. nBuLi

c. TBAF,
THF

F

after global deprotection
and oxidation events85% yield

mixture of diastereomers

regio-
specific

ring cleavage
F

N
Me

O
O

N
Me

H HH

H

N

S

N
Boc

H

O

tBu
O
O

C2 attack onto iminium
[stereospecific addn.]

N

O

HO
masked

piperidone

(-)-Alstofolinine A
azabicyclo-
[3.3.1]nonane

Angew. Chem. Int. Ed. 2019, 58, 4988–4991

H [B]
O

SN

S

L tBu

lone pairs anti-
periplanar

[6 memb'd T.S.]

NH(EWG)

O

N
Boc

OH

O

Br

NH(EWG)

O

Br OH

NH(EWG)

O

O

Qi's Synthesis
Aza-achmatowicz

ubiquitous
starting material

N
Boc

O

O1. Weinreb
Amide Synth.

2. 2-lithiofuran

N
Boc

HN

O

S
O

tBu
H

(S)

11 steps total
8.5% overall yield

, Ti(OEt)4;

43%, 2 steps
20:1 d.r.

O

red. amination w/
Ellman Auxiliary

then, [B]-H

3.

4. mCPBA
S-[O]

+ H2O

- HBr

(EWG)N

O

OH

SN2

Aza-Achmatowicz
[NBS-induced]

5. NBS, AcONa
MeCN/H2O

N
N
H

H

H

O

S
tBu

O
O

- H2O

70% yield
single enantiomer

lactone
synthesis

H2N
S

tBu

O
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N
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(-)-Virosaine A

O

H
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[M]

Nuc

chelate-controlled
nucleophilic addn.

O

HO

[4+2]

Highly subbed
Cyclohexanols
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O
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N
O

HO O

O
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O

H
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Me
H

N
BnBu

O
TsO forced facial

selectivity

N
H

Angew. Chem. Int. Ed. 2017, 56, 10830–10834

OOHC

Br

Gleason's Synthesis
[4+2] to [3+2] c.a.

+

a. chiral oxaza-

borolidinone

DCM, -78 oC

O

O
Li

Br

O

HO

H

30% yield
>20:1 d.r., >99% e.e.

acidic
w.u.

b. oxime synth.
c. NaH-induced
epoxidation

N

TBSO O

H

Me
O

O

H

N
O

HO O

N
O

O
O

N
Li

O
nBu

N
O

O O

O

HN
Br

N
O

HO O

H [Al]

d. AcOH

120 oC

[3+2]

10 steps total
9.0% overall yield

92%

nBu

directed
lithiation

bromination

deprotection;
allylation gamma-lactone

synthesis

J. Org. Chem. 1995, 60, 16-17

O
HO OH

OH
(+)-Cyclophellitol

Schlessinger's Synthesis
[4+2] c.a. (cyclize, then oxidize)

O

O
Br

N

Me

Me
OMe

CO2Me

TBSO

a. butenolide
synthesis

masked
furan

HO OH
BnO OBn

OBn

Br

O

H

Al

Me
Me

iBu OAr

Br

BnO

HO
BnO

BnO equitorial
approach

HO
BnO OBn

OBn

Br O

O

Br
O

TBDPS

N

Me Me
OMe

E
H

E

H
forced endo
selectivity

O

Br O
TBDPS

CO2Me

H

O

Br
OBn

O
TBDPS

OBn

OBn
H

CO2Me
O

F

b. KHMDS; TBDPSCl;

then, BCA (-78 oC)

91% yield
single enantiomer

then, 2M HCl

exo-
face

c. NaBH4 (1,2-red.)
d. alpha epimerization
e. O3 (ozonolysis)

O

Br O
TBDPS

CO2MeH

O

OH
f. global [H] red.
g. Bn-prot.

h. BF3OEt2

11 steps total
21% overall yield

i. DDMPO axial 2o -OH

production

j. KHMDS (epox.)
k. Pd/C, H2 (Bn-deprot.)
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9 steps total
14% overall yield

O

enolate-equiv.
[2+2] chemistry

J. Am. Chem. Soc. 1984, 106, 7200-7202

O
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H
H

O
O

H
H

H

C8H17
C8H17

H

via Norrish Type II
[produces head-
to-head bicycle]

O O

C8H17

O

H
H C8H17

O
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Avenaceolide

HO
HO

H C8H17

H

O

O

O

C8H17

HO
HO

H C8H17

HOH

H

endo

exo

bicyclic activated
complex

'offending' (S)
conformer

O
O

Me

Me

C8H17

O

O
O

Me

Me

C8H17

O

O

H

H

H

H

O

H
H C8H17

O

OMe

OMe

O H O

OO
Ar

R

[Grieco
oxidation]

Schreiber's Synthesis (Hoveyda PhD)
Furan-Carbonyl [2+2]

OH

C8H17

O

H

OH

H

H

O

+

ubiquitous
material

1. 450-W
lamp

neat
[50g scale]

then,
Rh/Al

H2

Quantitative
racemic

2. 1M HCl/THF

no extensive
purification

(96%)

3. VMB,
THF
R.T.

VMB 1,2-addn.
via exo
80%

5:1 d.r.

4. (CH3)2CO, H

(diol prot.)
5. PCC, NaOAc

(1o-OH, [O])

77%, 2 steps

inconsequential

6. O3, MeOH;
DMS; K2CO3

cleavage,
then epim.

then, HClhydrolysis

bis-lactolization

7. mCPBA,
BF3OEt2
[Grieco

Oxidation]
8. Methyle-

-nation

via:

31% yield
[one-pot]

N
Me

Me

H

N
Me O

Me

H

(-)-Cycloclavine

N
Me

Me

O

O

O

N
Me O

Me

H
O

[Pd]
II

PfpO

Me

O

O N

OH

[4+2] chemistry
'Indole Synthesis'

Angew. Chem. Int. Ed. 2017, 56, 324–327

Wipf's Synthesis
Furan to Indole Synth.

Me

N2

OPfp

O

2 steps to
access

1. Rh2L4
* (1 mol%)

allene, DCM, -78 oC

86% yield
87:13 e.e.

asymmetric cyclo-
-propanation
of allene
[novel]

N
H

Me

O
Me

, nBuLi, DMAP

2.

3. NaHMDS, TBSCl

8 steps total
7.1% overall yield

IMDA
then,
TBAF

95 oC,

w;

56% yield, 2 steps
trans:cis (5:1) @ C5
favored by 1 kcal

4. Pd(TFA)2, DMSO
O2 (balloon), (76%)

TBS

PdII-catalyzed

oxidation to enone

N
O

O

N

thermolysis of
TEMPO Cb

-palladation

HN

N
Me

Me

N

O

HO

O

O

NR2

N
Me

Me

N

HO

O

O

NR2

O

H H

N
Me

Me

H

O
-[H]

elim.

(76%)

O N

Li

O

O
N

O

[novel reagent]

5. Et2O, -80
oC

1,2-addition

6. PhMe, 135 oC

(IM Diels Alder)

OO

7. LAH, THF
(48%)

lactam red.

60% yield
1.5:1 d.r. (C3)

5

3

arom-
-atization
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O
OO O
Ru

R

O

O
OO O

Ru

R

O

N H
Bn

O
O

R

Me
Me

O
Li

O

HO OH

N

H

NH

O

O
Me

CO2H

N
H H

O

H2N

OH

HO

OH2N

O

(+)-Polyoxin J

all-syn config.
of side chain

H H
H

H H
H

O/NH2

OH

O

nucleophilic
carboxylic acid

synthon

O

O O

N

H
OMe

O

Bn

Me Me

O

O O

N

H
OMe

HO

Bn

Me Me

O

18 steps total
1.0% overall

yield

J. Org. Chem. 1997, 62, 5497-5507

Dondoni's Synthesis
Furan-nitrone AA synth.

O

N H
Bn

O

O
Li

OMe

H
O

O Me

Me

Al
Et Et

chelation-
controlledFelkin-

Ahn T.S.

BnO

O
O

Me
Me

N

Bn

O

BnO

O
O

Me
Me

N

Bn

OH

(S)

(R)
O

H

90% yield
10:1 d.r.

80% yield
5:1 d.r.

OR

H H

H

R OH

O

synthesized from
Dimethyl Tartrate synthesized

from D-ribose

a. (Substrate
Manipulations)
b. RuCl3, NaIO4

(oxidative unveiling
of acid from furan)

c. (Peptide Coup.)
d. (deprotections)

2-lithiofuran,

THF, -80 oC

Et2AlCl, Et2O, -78
oC;

then, 2-lithiofuran

Ru(IV)-mediated
Oxidative Cleavage

VI

IV

RuCl3, NaIO4

[Ru(VIII)O4]

[3+2]

+ H2O
-glyoxal

-formic acid

carboxylic
acids

Me
Me

O
OH

H
OH

OH

(+)-Aphidicolin

O E

Friedel-Crafts
chemistry

16 steps total, to
McMurry Cyclopentenone

11% overall yield

Me
Me

HO

OBn

O

H

H

Me
OO

HH

Me
[B]

OMe

O Me

OBn

OBn

OBz

Me

Me

OH

a. (Sharpless Epoxidation); then,
(Benzylation) of 1o -OH

b. (Bz-deprotection); then,

(Chloronation) of 1o -OH

c.

O

Mg
Cl

Li
Cl

Grignard-LiCl
complex

Tanis' Synthesis
Furan-mediated
cationic cascade

J. Org. Chem. 1988, 53, 4929-4938

Me

O
OBn

[Mg]

H

chelation-
controlled T.S.

cationic
cyclization

Me
Me

O

O

HO

H

Me

Me

Me

Me
Me

O

O

HO

H

Me

Me

Me
Me

O
O

O

H

Me

Me Me O

H

accessed
from Geraniol

Me
Me

O
O

H

Me

Me

H O

58% yield
5 steps

d. BF3OEt2, NEt3
DCM/Benzene (1:1)

72% yield
single diastereomer

e. (Swern ox.)
f. MgBr2;
L-selectride
g. (De-benzylation);
(Acetonide-prot.)

then, g h. NBS, DMF

i. nBuLi; MeI

(furyl-methylation)

80% yield, 4 steps
9:1 d.r. after f

j. mCPBA
(oxidative

fragmentation)
k. H2/Pd-C
(ene-dione

hydrogenation)
65% yield,
2 steps

93% yield,
2 steps

l. NaH, PhH, (95%)

McMurry
Cyclopentenone

steps
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25 steps total
0.6% overall yield

O

Me

Me OH
H

H

H

O

Me

Me OTBS
H

H

O

H

O

Me

Me OTBS
H

H

O

Me

MeMe
H

(-)-Citronellal

key building
block

O

O

Me

Me

Me
H

Me

Caribenol A

OH O

Me
H

Me

Caribenol B
Me

HO

Me

Me

i) DIBAL-H; SiO2

ii) TBAF

i) Base, (CN)CO2Me
ii) Enol-Triflation;
then, DIBAL-H
iii) Carbonylation

7 steps; involving:
Ene-reaction &
Epoxidation

13 steps,
23% yield

J. Am. Chem. Soc. 2017, 139, 4117−4122

Trauner's Syntheses
Furan Oxidation to
Hetero/Carbo-cycles [scalable]

XO OH

X = O, CHR
masked hetero/
carbo-cycles

29 steps total
0.3% overall yield

OH H CN

OH

4
CON

Me

Me

Me
Me

iso-Nazarov
cyclization

H

O

Me

Me
H

H CHO

H

O

Me

Me
N

N
Bn

tBu

O

H
H

Me

O

Me
H

Me

H

Me

Me

O

Me
H

Me

H

Me

Me

OH O

Me
H

Me
Me

Me

N

H

a. [O]; Wittig;
[H]; DIBAL-H

b.

N
H

Me
NO

tBu

Bn . TFA

CAN, H2O

,

radical-cation
cyclization

then, Julia
Olefination

N
N
N

N

S
iPr

O

O

Ph

22% yield
6 steps

(20:1 d.r. for b.)

c.

d. (Vilsmeier
formylation)

e. (Van Leusen
cyanation)

46% yield
2 steps

O

Me
H

Me

H

Me

Me

N

O

N

H
H

f. DMDO
oxidative
cleavage

77% yield
single diastereomer

g. Base, DMDO
-hydroxylation

h. AgNO3, Lutidine
1,2-diketone synth.
i. MeMgBr

O

O

Me

Me
H

Me

O

O

Me

Me
H

Me
O

O

O

Me

Me
H

Me
OH

H

O
O

O

Me

O

O

Me

Me
H

Me

[Tf]

H

O

Me

Me

H

O
N

O
Me

H

MeO

O Ph

a. [O]; Wittig;
DIBAL-H; Myer's
allylic transposition

b. Cross-metathesis
(w/ Methacrylate)

c. conv. of -CO2Me
to Evan's Oxazolidine

38% yield
6 steps

O

O

Me

Me
H

Me

d. Michael addn.

w/ iPropenyl Nuc.

e. conversion to

Vinyl Ketone

H-G II
R.C.M.
(77%)

50% yield
5 steps

Grieco-like
Oxidation

epoxidation at more
activated olefin

f.

g. 2,6-DTBP, Tf2O

MeCN, 0 oC

Friedel-Crafts Triflation

[novel]

Tf

h. TMSOK, THF
i. CH3CO3H, NaOAc

60% yield
single diastereomer

+ CH3CO3

j. Stille to
install A-ring
functionality
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