6.2.6 Ring-cleavage reactions

/U CH,=CHCHO, H" /U\/\/ PhsP"CHEt Mt
Me™ >0 ~Me o A" "0 <
)

| L. BuLi

». BI(CH,),CH=CHEL

O Et
e) Et
/
H2804, MeCOZH =
> O  —
Me Me

Synthesis of cis-jasmone from 2-methylfuran.

O

leRz MOPBA, or POC RlY\)‘\RZ
Brz\ /O
"

Ve OH —

\ Me Me
+ acetone, 0°C —
r; ?jo o’ oHo

Oxidative cleavage of furans to enediones.

MezZnCl or SnMe,

Br
Br
} RM[Pd(0)] [Pd(Po-Tols),Cly]
Br/zo\ CO,Me ’ Rn T

8
n R = Me,C=CHCH, T\
-
R™Ng” COMe 2 steps (64 %) 9 o

Synlett, 1998, 1185.
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CH,Ph

MezN

O
ST
OMe
MeO
+ MelLi \\ '\\I
\\ =N toluene, -95 °C, 91 % ee o] H

O
Heterocyclics, 1998, (56) 165.
O\OAE: (i) n-BuLi, electrophile HO _
X X
= (ii) resin cleavage S
PS-trityl resin E
X=0, S
Synlett, 1998, 405.
]\ OTHP
R
(@) @)
BusSnH OTHP
' ‘ AIBN
SPh
Synlett, 1998, 1215.
R* o) Me R © Me R" O
_ @)
o + (@] — O or ‘ Yy R?
e} R? R2
R'=H,OH RZ=Me, Ac R =%, oH R!=H, OH
R%=Me R? = Me, H

0)

o OTMS
. W
R
O‘ CH,Cl, -78°C

Lewis acid
@]
Tetrahedron. Asymmetry, 1998, 1257.
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(i) asymmetric 9)

[ Michael reaction o

I\, N_ O .
TMSO/@ %o( TO( (i) Ti(Oi-Pr), N =
i 0

Oi-Pr

AN

_>' O
4 steps 0]

Tetrahedron. Asymmetry, 1998, 1165.

(i) BuLi OH N _
| \ 1 H Oﬂ\(Rl
Ho\/\/ij> /o R®™ — =S
O (i) R'R%CO (/@\ng (_/\o 2
OH

J. Org. Chem. 1998, 5169.

O HO
{/ \E 6steps RO 4 s
O fHCH
11:R=H
12:R=Me

Eur. J. Org. Chem. 1998, 2073.

O 7 R TsOH R 9
\ Rl + HO\H\OH _soA Tso%ole
R2 PhH, reflux R2

Tetrahedron Lett. 1998, 2051.

0
@\(R [] | R
° on O
OH
14

13
Heterocyclics, 1998, (48) 129.

7\ R [O] R
o RZ 2
N R
N
o hig
(@] OH O
15 16

Synlett, 1998, 105.
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NJH H HO Ne HO-N O
/\/O 18 /N g \
H o | °
19 H
20
Synlett, 1998, 277.
RZ
3 \ // .
~] R ' RY N7 ONHBFR,
1 HJ
R N~ N7 Bt >
\ (0]
H , H

Synthesis, 1998, 704.

TMSOTf

Me
Oj + (/j@ CH,Cl,
O o) -78 °C
Me

Heterocyclic, 1998, (47) 283.

6.3 Thiophenes
6.3.1 Introduction

(@)
©\/\('\Nﬂe H\N)kN/H
. e

g~ ""(CHZ)4COH
pyrantel

nthelminti n TP
anthe tic agent biotin (vitamin H)
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S S HzN S NH2
148 Me 149

polyamine inverse agent

kahweafuran
o] o]
Me
SN € w S u )1
OHC CHO
5150 S S H;COC S” "COCHz; Me S "N S
151 e} 152 H
terthiophene naphtho[2,3-b]thiophene-4,9-dione thieno[2,3-d][1,3]
PKC inhibitory activity oxazin-4-one
OH o o
B. _CO,H >S7”_CN
— N 2 ANy e N
A e N W
s7 °NT o MeO,C~ g s N S
153 M 154 H 155 156
thieno[3,2-c][1,5,2] thieno[3,2-d][1,2,3] o . e
diazoborim-3-(2H)-one thiadiazole thiadizine thieno[b]quinolizidine
H o Cl
o i
N
L U \
S S S L L com
157 O 158 Ph s NS
159
thiaisatoic dithienopyridine thienoimidazothiazole
anhydride
N(i-Pr)z
@
/ S S
(i-Pr),N—B B—N(i-Pr),
S S
DWW
B

porphyrin
(thiophene substituted)

tetrathiaporphryrinogen
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Q< w
‘ thiophene-containing porphyrin

165 octithiophene

S
SPO(H2C)10 /S\ \ /S\ (CH2)100PS
10

166 dodecithiophene

CgH17 CgH17

167 hexadecithiophene

CgHi7 CgHy7

C8H17 C8H17

168 hexithiophene
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@

/

170 star-shaped
hexithiophene

CgH17 CgH17

- CgHi7
171 pentithiophene

/A S\ SN
TBDMS raitavay o~ TBDMS

ROOON
N S

173 anthradithiophene 174 dithiophene

Conducting materials

Q%NOZ B“ZNM @%

CH,OH
176

175 177

178
179
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©
@

O
O

2NM64

180

181

0

Ph Ph
Se tBu  pp P Z—S\ QS Sﬁ
o’S %o CH(OE), Se | S)—QS\ Se

182 183 184

185

6.3.2 Ring synthesis

0
Rl ) P4Slo
0 or H,S/HCI S

Paal synthesis

EtOY\S/w(OEt o _
@) O

NaOEVEtOH

EIQ) 4

Of” J]E — It
H g
> OZC CO,Et CO,Et

CO,Et

Hinsberg synthesis

O
1*(R2 XCH,CN/ EtzN Q=<
R
SH (X=CN,COR, COZR) M
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Gewald synthesis

1 Lawesson's reagent

(@] O
PO s Y Rt
Me —_— Me S” CAr Me S Ar
5 6

Tetrahedron lett. 1998, 9191.

IYIe
CN
(Iﬁ/ S, piperidine
NN N//\,\L

DMF

NMez
7 8

J. Chem. Res. Synop. 1998, 294.

g C)2
= +
Ph SMe Me OFEt Ph” s~ “CO,Et
10 11 12

J. Org. Chem. 1998, 5903.

(@)
Me I Me
Br Me

A\

|
SH 14 S <
Me Me
P205 Me
13 dehydration 15

J. Chem. Res. Synop. 1998, 172.
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CHO S

| /2
Me Me
| X S, Etz;N, DMF Me
N-
_N_ N~ph
>SZ_"Ph 5=
O/S\O Cl O/&O
16
17

J. Heterocycles Chem. 1998, 1449.

’ ! 1. MeNCS OMe ___OMe
I _—— -
N 5. — L
H OMe 2. t-BuOK S NHMe S NMe
18 19 20

Eur. J. Org. Chem. 1998, 253.

MeS O MeS _ ‘
CHO HO,CCH,SH, Et3N N

| VR
O ° s eopH
F

ENF
21 29
Chem. Pharm. Bull. 1998, 279.
l\‘/|e 5 Me
r
TBDMSO. -~ /" R BusSnH,  TBDMSO ° Me 'BDMSO
m T/A’—/ Me
X \ M S Me
Me/\hs AIBN e
Me Me Me
31
27 R=H B
29 R=Me 28 R=H
30 R=Me

J. Org. Chem. 1998, 3318.

Br
= BU3an AIBN
SO,
S
32 33

34
J. Org. Chem. 1998, 4645.
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Cl MeQ  ome Cl
\©\ j/ PPA, toluene, 70°C \CU\/

35 36
Syn. Commun. 1998, 3479.

S

Ph S._Ph
A PPh, >

Ph Ph Ph S Ph

37 38
J. Org. Chem. 1998, 163.

O O .
t-Bu—. | tBuU T'CI“_Z”, OH\ /OH p-TSOH  t-Bu t-Bu
t-Bu —t-Bu
. . B
s s
39 40 a1

J. Org. Chem. 1998, 4912.

SH
/\
Me,N 0 7N O NMe, 1% = S
S-S - \
42 Me,N NMe,

43
Eur. J. Org. Chem. 1998, 2365.

CN Cl

C[S/S . © hv Cl\ij\//N ‘

NC X N~ 'S
NC

44 46

45

Terahedron, 1998, 5587.

CH,OPh
Me ‘ ‘ Me
(@] N (o) N
= CCl \]\: I M
N
§ S CH,OPh O N CH,OPh
O N J
48 S
47 49

Heterocyclic Chemistry, C. Chen, 2009/3/20 11:48 71



Tetrahedron, 1998, 11603.

e Ar
@)
Et)kNEtz e
A 187 e
Br
Ph e}

Ph™ O

186 188

J. Heterocyclic Chem. 1998, 71.

Br
= [ 1. t-BuLi Te
”
—_—
O 2. Te power Te
Br
190

189

J. Heterocyclic Chem. 1998, 725.

Ph Ph
=
NaHTe
- = Te
COCI
(@]

191
192

J. Heterocyclic Chem. 1998, 165.

6.3.3 Electrophilic substitution

Table 6.2 Electrophilic substitution of thiophene.

Substituents introduced

Reagents and conditions

NO, HNO3z, (MeCO),0, -10°C
Cl SOzC|2, heat

Br NBS, CHCI3;, MeCO,H
CHO Me,NCHO, POCI;

COMe MeCOCI, SnCl,

SO3H SOs-pyridine

-CMe;- Me,CO, 70% H,SO,
CH.NMe, Me,NCH,'Cl', MeCN, heat
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COMe

COMe
ispo-Substitution of bromine by an electrophile.

Li .
— R
J 2 1
1
R Ng” R! SLi R—X

SR’
Ring cleavage of 3-thienyllithium derivatives.

Qoor O3 O O )

S\
S [ o o
e C(COZMG)Z NCOzEt O
Brz __
T™MS™ s~ “TMS Br” s “Br N\
Il Il
o O
© S
50
51 -
Heterocycles, 1998, 227.
/A m-CPBA M-CPBA
TBDMS/QTBDMS AN IR FAN
o BFs-ether TBDMS® 's” R TBDMS™ S Br
0] O
54 R=Br
53 55 R =TBDMS 56

Heterocycles, 1998, 793.; J. Org. Chem. 1998, 5497.

6.3.4 Nucleophilic and radical substitution

LN VI o VR o
ﬂ N Br <> O~ *D{Br —> 02N S NR2
S NR; - S NR,
O O

Nucleophilic displacement by the addition-elimination mechanism.
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O2N NO, NO
Phs >Z—§ Hj—/w ﬂ
phs s ~ Phs— g
RZNH —
U\ NS G RN‘//}L —>  disuffide
NO, NO, 2 s~ NO;
2

cine-substitution and ring cleavage by nucleophiles.

Br _ CH,CO,Et
/ MeCOCHCO,Et, Cu /

s~ “CO,H

QBr KNH,, NHg U\ — U

Nucleophilic substitution in unactivated thiophenes.

NO,
// \\ 58 [\ TFA, NO,
Me -
ws/\d Me S X ﬂ
o) Na,S 5 | P SiEt;H  Me P

Cl

J. Heterocyclic Chem. 1998, 1521.

o)
Ne: PhCH,NH, NO2 HN
I3 3. =
s Ci K,CO4 s °N [\
Ph

Heterocycles, 1998, (48)1555.
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polystyrene resin

@
o - @
w 1. n-BuLi 0
]\
2. TMSBr TMS/A—Y

1. n-BulLi o’
S / A\ Me
S 2.NMe,COMe TMS™ s
64 65 o)
OH 66
TFA /A Me
7 TMS” s
67 O
J. Org. Chem. 1998, 5324.
7 N\
1. n-BuLi 74 \3
/A 2. CICO,Et /4 >\
S EtOZC S COzEt
68 69
Tetrahedron, 1998, 7075.
OCONEt, OCONE, OCONE,
I ] Lnguli O T
s~ 2. TBDMSCI S” O TBDMS 5 el X5 > TBDMS
70
71 -
J. Chem. Soc. Perkin Trans. 1, 1998, 25509.
Br. Me
: Br Me Br Me
1. n-BuLi Pd(0), Arl (@]
Me/Zzﬁ\Br M - ( \ f /\O
2.(n-BuO)3B  Me” s~ “B(OH), Me” s j
73 3. HCl » o o

J. Org. Chem. 1998, 6643.

‘ X
Br N/ Br AN
Z/ \/\\ " S m S
S B(OH), N
Pd(PPh3), \ m
76

78
J. Chem. Soc. Perkin Trans. 1, 1998, 3737.
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/@\CGHB

Br _SL
[ 3L % o M3
CeHiz™ 'S S” "SnBug 80 >~ CgHis s
Pd(ASPh3)4

J. Org. Chem. 1998, 5497.

Ph

AN

Ph——

_—

Pd(PhCN),Cl,

82 //
Ph
83

Eur. J. Org. Chem. 1998, 525.

)O\H/\

A

AN a5

Br~ s~ “CO,Me S
Pd(OAc),

84 86

Heterocycles, 1998, (48), 1537.
6.3.5 Addition and cycloaddition reaction

/

\

81

/\
S CgH
O/S\O 6M13

Ph

Ph

+
I'Ph heat —~—

=0 00—
co, -

Diels-Alder reaction of thiophene with benzyne.
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Table. Some cycloaddition reactions of thiophenes

Thiophene
substituents Reagents Conditions Products
Ph
None PhC=CPh 200- 280°C @
44 h
Ph
co,Me Co,Me
None )\
(also with ’|\‘ h\l Room ’|\l/| \
2,5-Me N N tenp.
ao,ve co,Me
HoH
None  N,CHOO,BuU Rh(l1), 85°C ..
/ COBu
S” "H
ve Mg N
2!3)415- IVE4 I\KI:ECIJ\I Alos’ OOC
Me CN
S
Ve

MeO

90
Tetrahedron Lett. 1998, 2001.
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0] 0]
[ ]\ =
S Br // S
COPh COPh
92 93

M602C

[

Syn. Commun. 1998, 1839.

N(OH)

| DIBAL

Heterocycles, 1998, (48), 919.

MeOZC S
socl, N
s "NHCO,Et — s N

97
96

J. Chem. Soc. Perkin Trans. 1, 1998, 853.

0
o
Ph/®<|\j o> Ph
|
NO2 e oN NGB
J 99 2 ‘lL -HNO,
X S H N
98
100 101
Synlett, 1998, 1061.
cl - Ph
PhHN_ —N-F |
NfNYo N N\\fo Ny
[AE e | A T — (A4
0 0 )
s s s%. ><o
102 0

J. Chem. Soc. Perkin Trans. 1, 1998, 4103.
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Ph Th
= DMAD =
] — I
S toluene, heat MeO,C S
105 COzMe
106
MeO,C———CO,Me

DMAD = Dimethyl acetylenedicarboxylate
Syn. Commun. 1998, 2531.

CO,H
CN —
+ LDA
Br Z/ | —
OMe S
107 108
(@)
NH
OMe S /
113

J. Chem. Soc. Perkin Trans, 1. 1998, 1461.

KW(&\CHZOH
H

Br
/[g\ 115 CrCHZOH Br
O//S\\O N\/\)\/

114 116
Tetrahedron, 1998, 1817.

Cl
N n-BuLi —
S S Me 72

S h-Bu 2. m-CPBA
119

Me
120

Synlett, 1998, 407.
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Br Br | |
Z X ' @ _> @ S0z BusSTH, SO
- NH, N 2
H N

o o AIBN
122 123 194 ko5
TsCl, EtzN

N N

Ts Ts

126 127

J. Org. Chem. 1998, 4645.

S + . S-_COyMe S s _CO,Me
OZS/\:[ > phgp—< I[ — ozs/;f = I[
S S Sco,Me S S™ “co,Me
J. Am. Chem. Soc. 1998, 330.
0
Ph
‘ | NPh  peat
so N/N NHAC
|\ ( /AR 2N\ o)
S S S >
S 1,2,4 -trichlorobenzene,
131 0,
132

133

Synthesis, 1998, 1331.

N N o
210 °C = N
% = . |
A =
SO,
135

134

Tetrahedron, 1998, 12609.

. COzMe
‘ ‘ SO, 1. LIHMDS | | S0, 1. DMAD =
O 0 N
Me

2. Mel 2.DDQ (@) CO,Me
136 Me

137
138
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J. Org. Chem. 1998, 4645.

‘ NPh Br o)
W B B . o
o r electrochemical
/ \ >
NPh NPh
Br S Br m-CPBA Br extrusion of SO

BF;-ether
139 3 g O 141 O

140
J. Chem. Reuv. (S), 1998, 346.

Br
Br
DMAD
0 () com
m-CPBA
BFz-ether CO;Me
142 143

Eur. J. Org. Chem. 1998, 1841.

~~=S0,Ph gz
T 145 R -PhSO,H ‘ A
7 P
O//S\\O R/ _Soz /
SO,Ph
144 - - 147
146
J. Org. Chem. 1998, 4912.
6.3.6 Reductive desulfurization
ﬂ Raney N ﬂ
RN R T R i
ﬂ Et CHO, NaOH w bakers' yeast
Me S CHO > >
84% Me” s G0 33%
Me
Ve y
Raney N : OH
M s H ——— Me(O)s ~

85%
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6.3.7 Photochemical isomerization

R R
S R — -—/
Ng S
LA = EV‘S\
— = s = <
R |
S SR . R

Alternative methods of photoisomerization of thiophenes.

CN CN

O
/ hv furan
— —> CN

(exo and endo)

S

Interception of a valence tautomer of thiophene-3-carbonitrile.
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