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FURAN

The least aromatic S-membered ring

7.1 ppm

1'i4A H 127 ppm
1.35A> /”\ T (/éj\\ H 7.2 ppm
P 9] 126 ppm

Reaction with electrophiles - Protonation

O
" v
Major protonated form

@

H

H
— H
& S(H — =y — Z/O,S ——=—=5 Ring opening
H O

@

H 6.3 ppm

S 110 ppm

T o~ H 7.4ppm
144 ppm

H

C
@b i Yot — 07
®

Hemiacetal
Much less basic than
ordinary ethers

Conc. H,SO, =——= Decomp.

Lewis acids (i.e. AICL,)



Reaction with electrophiles - Nitration

conc. HNOg3;, Ac,O

AcO/™ \LNO, Pyridine /\
l X = Lo,
AO@ NO o) X=0

X=S - Thiophene \ ( 5
X=0 - Furan X=S

AcO

Cannot use conc. HNO, / H,SO,

Halogenation

Br B B , Br / -\
@ Dioxane, oc Q Ir-l O r (1 2 /é_)\

o H i Br™ o7 Br
Br can be isolated

Seen on
low temp NMR
Br Br 1. n-BuLi Br
LN IS . §. zow_
MeO,C™™0 MeO,C™~0”"Br — >~ ~0"7Br 0~ ~CHO
Br
N H 3
— o)
HO OH

see 15.14.1.2 1. EBSH
\\Ho—>_<3_r Br, Br 2. Hp
— _—
Br OH z/ \S

@)



Reaction with electrophiles - Acylation

R'COCI or
| DMF, POCI
R (RCO)0 R ¢\ 8. U\ Furfural
L/_\S BF; Et;,0 R O "Vilsmeyer" o Also very readily available
o g o by other routes

R: H, Me ©

Alkylatl() n Generally not practical (polyalkylation, polymerisation)

Condensation with Aldehydes and Ketones

ﬂ RCHO, H+> I\ OH

>~ Further react.
o) O -
R

/O\ OH  stable
CCl, From chloral

C.1.

Ol e
@ H', RCHO OH2 —» @§(H ~------3» Polymer
R

H R=H, alkyl H




Reaction with electrophiles - Condensation with imines / iminium ions

CH,0, R,NH, H*

' . Ph,CHNH,
(\, —N® HO,CCHO
gy % A
% - 0N —= % N-g R Ph,HCHN
H B(OH), e \CO,H
Unsubst furan: iminium ion must be preformed [@ © 020/_&) [/\
X > X~
X=0 X=0
X=S X=S
Reaction with oxidating agents ipso subst.

ﬂ Bl’z, MeOH -~ MeO@OMe
H H —
© ﬂ\ & ﬂ Div. ox. agents p 300
Pb(OAC)4 R R 'R R

@) 00 E-isomer in most cases
AN
AcO” 0~ "OAc

Reaction with nucleophiles

Some ex. on furans activated with -NO, group



Metallation and further react.

ﬂ n-BuLi ﬂu n-BuLi TMEDA> Liﬂ

0" ELO, A @) hexane, A @)
T > -40 °C
Li
Br Li !
I\ n-BulLi J \ [/O\S
O” THF,-78°c O ,)
(ODG) Li

Li

B(OR); HydrolysLs

CO,H




Pd-cat couplings
Met Ar-X (or related) Ar Br Br
/ / | Br Ar-Met
[ -> —_— [ ‘x cat Pd > L/—O—\> D S [O§ !/ \S cat Pd Z/ \;

O~ "Br O” Ar

Heteroaryl-Heck

Z EWG
{ \y _cat.Pd - U N __ like an alkene in Heck
0 0 EWG Ar-X
[® cat. Pd \
Ar
c.t.
{ ©onc EWG H
H PdOAc PdOAC_ — PdX
/‘Pd(OAC) @\/(-Bg S m = "EWG O\/\C/ /( \E Ar-Pd-X / H / \ Ar H-Pd-X
sl . N O O ar O
R

+ Pd(0)




Cycloadditions

Furanes as diene - one of the first DA examples
Furan reacts with many dienophiles (alkenes, alkynes, allenes)

0O
O + ﬂo > MO X=0: r.t.: 80% exo isolated (termodyn favoured)
O [y © X=S:1000C, 15kbar; 42% endo (Kinetic prod.)
H
With 10,
H
{ O§ J Ve raf\=o HO[ )\ L o
> @ > X_OH > H{ o O O, (triplet) O, (singlet)
O0=0 L .-, hv -e .-
H 0—0 — 0=0

Diradical No unpaired el.
3 lines ESR 1 line ESR

Furan as dienophile (only intramolec. ex)

HX H XH
W T
\ S—— —
l@a@ [OQH: (OﬁH

X: EWG
Photochemical cycloaddition

R 'RRO
R [242 R
© o o

O
acetal



Furyl-CH,-X Aminofurans

-Aminoform

z/_\)\,Nu
@ f‘ / 7 -Unstable

NS

Q,(@ | \\Nul?\

N
Oxyfurans
Butenolides (natural prod.) named as der. of
HO™ ‘=0
OH H
— H
H / \ - - ! L
R%}o R’Q‘OH ~— R0
R=Me: B_ange"ca lactone not detectable R=Me: a-angelica lactone
Most stable
OH 0O
{ \S — /[ ’§<H
° O H HO HO  OH
major
H” 0”0 HO L 0" 0 Luffarin W Luffarin B
tetronic acid ascorbic acid

Isol. marine sponges
cytotoxic



Synthesis of Furans
Carbonyl condensations

Strategy a - pyrroles @ — /;\ /3—\\ /b? /
Paal Knorr ’rr'x:‘“» — X)
VSVl Y V- X

RY R R -2H,0 R

‘NH,R"

R"=H, alkyl, aryl

Strategy a' Paal Knorr (1,4-dikacarbonyl)

R, Rs on R, Rg R, Rs R, Rs

S H

o e I H,
Rs R, OH R, 5 O R, - H,0 Rs™ 0" M2

Y

/L K5Cr,0-, acid _/=\=/‘ H* S [=>\
HO OH HQ 70 = on| > )

HO Br
HB H
4 H \—oH

HO OH Br, see 15.14.1.2

YO —
BY OH / \

o

_—
Ly




Strategy b
/3—\\
\
Aldehyd ’F'XY”)
ehyde
o HQ H'/\@B
0 on O.R HO CO,R CO,R
NEDZT QA o G o G B
Cl O Rl O O RI \O R,
Ketone
\ o 3o T o
R CO.R acid l—g\
Ogv@f\ [ uR I2 "Paal Knorr"; |IR / \ RI
RII O Rl O O R O
® R

® R
R._O RO . _PPh
oA A e ey
H Et0 4 O~ ~OEt o~ ~OEt

O



Pd-cat. Cyclisations etc.

PdX
. Pd(Il), H,0 md(ll) f\
R R™ "OH

O

Pd(0) Pd(0) cat. ?? f\

Also known termal cycl.




Cycloadditions

Q
N—
> /4
P
R——R'
- PhCN

R /R i.e. -SnBus, -SIMe,, alkyls etc.



