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Abstract

1-(2-Aminophenyl)pyrrole 5 was synthesized by using 1,2-phenylenediamine with 2,5-dimethoxy-tetrahydrofuran in
glacial acetic acid. 1-(3-Aminophenyl)pyrrole 7 and 1,3-dipyrrolylbenzene 8 were obtained by using 1,3-phenylene-
diamine with 2,5-dimethoxytetrahydrofuran in glacial acetic acid. 1,4-Dipyrrolylbenzene 10 was synthesized by using
1,4-phenylenediamine with 2,5-dimethoxy-tetrahydrofuran in glacial acetic acid. Aminophenylpyrroles 5, 7 and di-
pyrrolylbenzenes 8, 10 were respectively synthesized by treatment of 1,2-phenylenediamine, 1,3-phenylenediamine,
1,4-phenylene-diamine and 2,5-dimethoxytetrahydrofuran in (1) no solvent or (2) acrylic acid or (3) silica gel or (4)
acrylic acid and silica gel or (5) silica gel and glacial acetic acid instead of glacial acetic acid. The best yield for

dipyrrolylbenzene 10 was obtained when silica gel and glacial acetic acid was used. 9-Phenyl-carbazole 11 was
synthesized by treatment of 1-phenylpyrrole with 2,5-dimethoxy-tetrahydrofuran in glacial acetic acid.
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£ pyrrole, indole Z18] 1 carbazole %©]
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Dipyrrolylbenzene ¢} 4ol @3 A+

Z #4dE 7HA Aok

92 & glacial acetic acids}oll aromatic amined} 2,5-
dimethoxytetrahydrofurang ¥t-§-Al#A dipyrrolyl-benzene
2, diindolylbenzene 3, Z18] 31 dicarbazolyl- benzene 4 %
S @t A EAske s geant g

olgigt Bzl B dAFte £ w2g gty
1,2-phenylenediamine, 1,3-phenylenediamine 1231 1,4-
phenylenediamineS A}8-3}a] dipyrrolyl- benzene f%
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7 gojeh HSEAL wteA FHo HHH[13~15]¢
w2} A8t Agstih ZE uHg-& KOH, CaCly, £4
A (molecular sieves 3A) 18] I silica-gel blueE & 7}3ho
ae Az A HIH St 52 29 Buchi

510 melting point apparatus®} DSC (910 Differential

n

Scanning Calorimeter: Du Pont Instruments)& A}8-3}%]
o, IR spectrat Perkin-Elmer 683 spectrophotometer&
Argake] Al 'TH-NMR spectras MeSig WHEE &
Az AIR3Y, CDCLE &9 2 392w Varian XL-300
(300 MHz) &+ Britker AC 200 (200 MHz) FT-NMR
spectrometerZ A}&3to] ppm B2 S AT AFE
A spectrat= JOEL JMS DX303 %=+ HP (Hewlett-Packard)
5972 GC/Mass [Column ; HP ultra 2 (SE-54, 5% phenyl-
methylsilicon, 50mx 0.2mmx0.3um), 70eV, El}& AL-§-8ho
At gk ot A2 vtE 2 9)(TLC)= E. MerckA} (60F-
254, 0.25mmx»20cmx20cm) 2] precoated silica gel®] plate
g Ag8taa, AME spotd UV lamp, I, chamber 12
31 visualizing agent (CH;COOH : EtOH : H,S0, : Ani-
saldehyde = 3 : 337 : 12 : 9, v/v %+ H:50, : Molybdic
acid : Ceric sulfate = 10 : 15 : 1, v/v)E B8 A F<ls}
931, column chromatography = silica gel 9385 (230410
mesh, E. MerckAPE AME-sHTH

gt

1. 1,2-Dipyrrolylbenzene, 1,3-dipyrrolylbenzene 1] 31
14-dipyrrolylbenzene2 §A3t7] 3 wexdE &
st gAetslTh

2.9k z7e @& ¢S FAsr At 12
Phenylenediamine, 1,3-phenylenediamine Z1#]1 14-
phenylenediamine®} 2,5-dimethoxytetra- hydrofuran-g %t
ARG, WeEAe (h) Way, () Sugel, (o)
acrylic acid, (2}) silica gel, (7}) acrylic acid$} silica gel,
(v}) silica gel#} acetic acid 52} 67}A]¢]t}.

3. 1,2-Dipyrrolylbenzene, 1,3-dipyrrolylbenzene o83
14-dipyrrolylbenzene ] UukAQl FAAH- T3 2t
A 7A%%8 50mL two necked round-bottomed flaskol|
1,2-phenylenediamine 0.54g (Smmol)& %211, 10mL2]
2240 @A3 =9t A4 oA dropping funnel$ o]
23} 2,5-dimethoxytetra-hydrofuran 1.32g (10mmol)<
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ortho 5 6
meta 7 8
para 9 10
11
1,2-Dipyrrolylbenzene 62| ¥4
A8 H7tg F 7bE uwsigoh 358 & uheo 23
A $2E TLCE #A3 thF H2dM B9 1,
250mL9| ¥3} NaHCO; #8402 Z3sdx, F3d
E#8 A4S dichloromethane® 2 $%3}¢it}h (200mLx3).
A F715E F MgSO2 A2A71, 2% 553}
o flash column chromato- graphy (eluent : n-Hexane :

EtOAc = 8 : 1, v/v)3te] 4 115 9] 1-(2-amino-phenyl)
At

1-(2-aminophenyl)pyrrole 5

yield : 73%

mp : 102~103C

Re: 0.44 (TLC eluent ; n-Hexane : EtOAc =20: 1, v/v)

'H NMR (CDCl;, 200 MHz) : § 3.68(s, 2H), 6.31~
6.35(s, 2H), 6.72~6.78(m, 2H), 6.79~6.82(s, 4H), 7.10~
7.15(m, 2H)

Mass (70eV), m/z :

pyrrole 5 0.56g%

158

1,3-Dipyrrolylbenzene 89} 4

Z AZ¥ 50mL two necked round-bottomed flaskd]]
1,3-phenylenediamine 0.54g (5mmol)< 10mLe] ¥
ZAkd] AA3] 54k A4 St A dropping funnel & o]

Syl
= B,
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§3t 2,5-dimethoxytetra-hydrofuran 1.32g (10mmol)&
A3 A7t ¥ 7tE et lh 508 F ke Y
e 4722 TLCE A7 g5 deoX Y4713,
250mLe] ¥ 3} NaHCO; #8402 F33t@y, F3d
L3&98 dichloromethane& 2 FZ3d¢ el (200mLx3).
=g 771 T MgSO.2 Q2713 35} 553
o flash column chromato- graphy (eluent : n-Hexane :
EtOAc = 8 : 1, v/v)3le] B 1A 3] 1-(3-amino- phenyl)
pyrrole 7 0.10g2} 1,3-dipyrrolylbenzene 8 0.27g& AUth

=0 ¥
o= T

1-(3-Aminophenyl)pyrrole 7

yield : 13%

mp : 120~1227C

R¢ : 0.44 (TLC eluent ; n-Hexane : EtOAc =20:1, v/v)

"H NMR (CDCl5, 200 MHz) : § 2.20(s, 2H), 6.20(s, 2H),
7.10(m, 2H), 7.30(s, 2H), 7.70(m, 2H)

Mass (70eV), m/z : 158

1,3-Dipyrrolylbenzene 8

yield : 19%

mp : 107~108T

R¢ : 0.675 (TLC eluent ; n-Hexane : EtOAc =5:1, v/v)

"H NMR (CDCl;, 200 MHz) : & 6.36~6.38(t, 4H), 7.10
~7.12(t, 4H), 7.25~7.29(m, 3H), 7.41~7.60(m, 1H)

Mass (70eV), m/z : 208

1,4-Dipyrrolylbenzene 102] ¥4

z

A2 %" 50mL two necked round-bottomed flask®]]
1,4-phenylenediamine 0.54g (Smmol)S ¥ X

g 4¢3, 10mLe] ¥
ZAke) ¢4 mHch A4 39 A dropping funnel S o]
43} 2,5- dlmethoxytetra- hydrofuran 1.32g (10mmol)-&

43 H71e & 7bd mwrslsith 608 F whg-o] g
= dds TLCi g the A2elAM YA 3,
250mLe] ¥3} NaHCO; 8&Ho g F3s41, $3%
E34E9E dichloromethane 0.2 FZ34th (200mLx3).
hexane2. 2 A Z2A 3t 34811
2.

Gkl
AE

Z23} dichloromethane &

A9 1,4-dipyrrolylbenzene 10 0.50gS

1,4-Dipyrrolylbenzene 10
yield : 48%




DipyrrolylbenzeneS o] &40l #3F @+

mp : 213~214C

R¢: 0.44 (TLC eluent ; n-Hexane : EtOAc =10: 1, v/v)

'H NMR (CDCls, 200 MHz) : § 6.17~6.22(t, 4H), 6.89
~6.96(m, 4H), 7.16(m, 2H), 7.36(m, 2H)

Mass (70eV), m/z : 208

9-Phenylcarbazole 11¢] 4

Z 7A%Z% 50mL two necked round-bottomed flask®j
1-phenylpyrrole 0.715g (5mmol)g ¥, 15mL¢] HzAH
o #A3] =9} A4 8ol A dropping funnel o] &3}
o] 2,5-dimethoxytetra-hydrofuran 1.32g (10mmol)<& 313
3 A7 $ b THERch 1942 & wee a9 3
=9 ¢2E& TLCE 3 thg A2dr W7z,
250mLe] ¥3} NaHCO; #8902 F3l3to 7t a}s}
Atk Fe A g dFse FHFZ i RolFa, o
o2 dichloromethane© 2 #£3}%t}200mLx3). %23t
7151 @A 2P ZAE Ho F4 MgSO2 AFA
713, 7% F%3 o gojd FAE flash column chro-
matography (eluent : n-Hexane : EtOAc = 8 : 1, v/v)9}
prep. L.C (eluent ; n-Hexane : EtOAc = 10 : 1, v/v)&}<]
9-phenylcarbazole 11 0.79g& Ao}

9-Phenylcarbazole 11

yield : 55%

mp : 94~96C

“Ri: 0.55 (TLC eluent ; n-Hexane : CHCl; =10 : 1, v/v)

IR (KBr) : 3050x2950w (aromatic C-H), 1590s (aromatic
C=C), 1240s (C-N), 760x700s (=<CH aromatic OOP) cn’

'H NMR (CDCl;, 200 MHz) : § 7.25~7.31(q, 3H), 7.33
~7.55(dq, 4H), 7.55~7.66(dq, 4H), 8.13~8.18(dd, 2H)

“C NMR (CDCls, 50.32MHz) : § 129.89, 127.45, 125.45,
125.91, 120.30, 119.89

Mass (70eV), m/z (rel. Int, %) : 244(M"+1, 23), 243(M,
100), 166((M-ph)’, 10), 140(M-ph, C’HY", 18), 77(M-
CH'N)Y", 20)

2 & nE

Dipyrrolylbenzenes 6, 8, 108 3+443}7] 913} 2,5-dimeth-

oxytetrahydrofyran¥} 1,2-phenylenediamine, 1,23-pheny-
lenediamine, 14-phenylenediamineg 7tz} ¥ 24} drof A
1~64)7F 7}E wust At TLCY GCEA w¥hE-9] Wa) A
Eob Hhg o $2E AT F £ WH[16~20]4 o
8] ¥3 NaHCO; +#89c2 333 o2 flash column
chromatographys}s] dipyrrolybenzene 8, 103} amino-
phenylpyrroles 5, 78 A3t}

1,2-Phenylenediamine¥} 1,3-phenylenediamine®] 74-$-
o= aminophenylpyrroles 5, 7¢] #4531t Amino-
phenylpyrroles 5, 79] #4912 IR, "H-NMR, GC-Mass= 0.
2 934t} =, IR spectrumol] A& 3500~3300cr -2
o) 12} o}l o] AF <l 27) 8] 73} streching band7} Ab2}
2|7 grguut ojiyz} 'H-NMR spectrumo] A= § 220 A
o] olul 44 peak$} pyrrole®] 4 peakE0] § 6.2~7.7
o Jelgon GC-Mass2% Extzkol 158F amino-
phenylpyrrole 5, 798 &€ 4 Ut 14-phenylene-
diamined] Z$E& 48%9 EL F&Z l4-dipyrrolyl-
benzene 107HS #4338} A% 1,3-phenylene- diamine=
13%9] 1-(3-amino-phenyl)pyrrole 7& ok 28 1,2-
phenylenediamine®] 7Z$% 73%% 1-(2-aminophenyl)
pyrrole 58 A4

Aminophenylpyrroles 5, 73 dipyrrolylbenzenes 3,109
E2l4 Z7E Table 19 el i

WEel AYPE} #48E& GCMass2 +HY 2
phenylenediamine®] aminophenylpyrroles 5, 7, 9¢] 3¢
QAE AA dipyrrolylbenzenes 6, 8, 100] A EL 39

Table 1. Physical data of aminophenylpyrroles 5, 7 and
dipyrrolylbenzenes 8, 10

Reflux Product Yield

Reactant Solvent @ No. (%) mp(T)
1,2-Diaminobenzene g AcOH 6 5 73 102~103
6  trace
1,3-Diaminobenzene 1 7 13 120~122
8 19 107~108
1,4-Diaminobenzene 1 - - -
10 48 213-~214

* . Isolated yield.
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AL - WA - ¥

T AU o9} Zo] b Fojo] 938t 25-dimethoxy-
tetrahydrofuran®] furant g7} dejx AAZAE AE7}
9 furanof] o}dlo] HAAE FF
5 7, 97 ¥4 =3 2,5-dimethoxytetrahydrofurang 32
&k dipyrrolylbenzenes 6, 8, 100] &4« 2oz &
H yEAS 2R pyrrole ringe] YA Aol 2 3y
1,4-dipyrrolylbenzene 10, 1,3-di-pyrrolylenzene 8, 1,2-
dipyrrolylbenzene 6 =02 FX4go] wries AL &
% s
B Ag 4o M dipyrrolylbenzene #7koluy g} tripyrr-
olylbenzene, tetrapyrrolylbenzene, penta-pyrrolylbenzene,
o FEE A tris-
carbazolylmethane®} #-& propeller-liket} hexapaddled
T2E 7H 3£ & s o] carbazolylE 7171 g

g+ 9

3}o} aminophenylpyrroles

o

S wy

hexapyrrolylbenzene

FES A5t =& Ao|ut.
T WExd wigtd m2 1,.2-phenylenediamine}

2,5-dimethoxytetrahydrofurang w2171 A3} W24 A}
A Bt k& 2 e 2] A9 1-(2-aminophenyl)
pyrrole 5%} 1,2-dipyrrolyl- benzene 63 &2 g 1t <
T U Sy o) S e W ] |

T o
AgHci= A& 1.2-phenylenediamine®] NH. groupo]

=Z2= oo

o

5]
H
gl

el

Lo
A
pud

o

BA o

e
2,5-dimethoxytetrahydrofuran®] carbon 2, 8-& carbon 5
A4 e BeHgol EATUE A4S 2 4 Ak
2, go) VIAEAS) BeHY noh Y2 24X Y 25
dimethoxytetrahydro- furan®] &3} ¢ AHe) 7} &3
she wggel B4 WAl Fue A ¢ 4 Aok
1,3-Phenylenediamine® 14-phenylenediamine® 1,2-
phenylenediamine?] A3t} nl4:314i ).

L
L.

-

T

=

=

5

A

4

=
.
& =

+~

¢

>

o]

C

poy

5

H,CO OCH,

NH,

NH,

a2l 1,2-phenylenediamine®}  2,5-dimethoxytetra-

hydrofurang acrylic acida}ol] ¥HgA| A2 AJAHEL o

840 / A

o - o &3t - ¥u]

e

- HeTt - dAH

< UMk ol AL acrylic acid7} 4. 24 2,5-dimeth-
oxytetrahydrofuran 129} ¥hg-3}o] 421 protonated 2,5-
dimethoxytetrahydrofuran®] Ao} }e] ¢} acrylic acidz}2l
9] protonated acrylic acid Ho]/de] 5 w3 FoAT 5
Ae agle] Bo] EAgFo g A whgo] HAHoT o

oqur £ Acz F4dnh

L oo, = oL
:
H, O™ g~ OCH; H,CO g OCHj

0] o 0
\/lLOH +\)J\ OH

AA Ao 7 1,2-phenylenediamine® acrylic acidg PPA
(polyphosphoric acid)e} %H§-A]7]®H 1,2-benzodiazepine
129} pyridobenzodiazepinone 130] o]z}

N ? ]

N C

/ Il
H o
12 13

1,3-Phenylenediamine®} 14-phenylenediamine® 1,2-
phenylenediamine®] 229} Z9kt}.

3} silica geld ©]€3F 1,2-phenylenediamine®} 2,5-
dimethoxytetrahydrofuran®] Whg-& 9tA Agg &vj v
ALgA 9] w337 1-(aminophenyl)-pyrrole 59 1,2-dip-
yrrolylbenzene 65 LUth o] AL silica gelo] 2,5-di-
methoxytetrahydrofurans] H'E #1238 ¢ ¢l =2 pro-
tonated 2,5-dimethoxy-tetrahydrofuran®] Ze]4ej7} &
A 4 gl 1,2-phenylenediamineo] &% 2,5-dimeth-
oxytetra-hydrofurandl] 3 Z3sle &v BlAMEAI 9] w33
zormz W4l gvka 44% 4 Aok

1,3-Phenylenediamine} 1,4-phenylenediaminex 1,2
phenylenedoamine] Z3}9} #gkt}.

28] acrylic acid$} silica gel &A1t 1,2-phe-



DipyrrolylbenzeneE 9] #4do] #g A+

nylenediamine¥} 2,5-dimethoxytetrahydrofuran#} 2] W&
& dstuxt &= 1-(2-aminophenyl)- pyrrole 59 1,2-
dipyrrolylbenzene 63 9] £33t} o] wh-g AA] ¢4 A
F3F acrylic acids}e] ®¥H-g-3} silica geldte] ¥Hg-A & &4
3E doldu g FAeA Ral F& 2HE A Xk

1,3-phenylenediamine®} 14-phenylenediamine® 1,2-
phenylenediamine®] Z%}9} 79}ttt

a2 silica gelst WxAF &A1+ 1,2-phenylene-
diamine} 2,5-dimethoxytetrahydrofuran®] ¥hg-2 W%
A ko) EAA W A 2skdh 2y, 1,3-phenyl-
enediamine 1-(3-aminophenyl)pyrrole 73} 1,3-dipyrr-
olylbenzene 8°] 73.1%9} 133% 2 13% <} 19% ) ¥ 24+ &
o] ZAA wer} 111 adducts Bo] AUk = 14-
phenylenediamine->- 14-dipyrrolylbenzene 100] 81%%
18%2) WA o) MeuT YA T o AL WA
gl Wg A dold & 9t WA 17 FolE
silica gel®] %0} ®%o] EATHE 5 e A4 29l0f o
3 2o 2%8 Agnn ¥ 4 A4

st 129 4HEE 47) A8 1-phenyl- pyrroles
B ZAbol| A 2,5-dimethoxytetrahydro- furan® 19413+ &
A8l A 7+ muksle] 9-phenyl- carbazole 115 3§43}
QAT TLCS GCE w9} e 448 JAY v+

dichloromethane©]u} ethyl acetateE Ap&-3te] &3 4

[e}

4

< flash column chromatography3l& 9-phenylcarbazole
118 431t pyrrole SHFEELE C2 2 C5 A A S
RAAAY g s 44 dogth. wedA 1-phe-
nylpyrroled] 2,5-dimethoxytetrahydro- furang thA] 5h&
Ao zn 71APE 9-phenyl- carbazole 118 & 4
9ith. 29 carbazole?] 'H-NMR spectrum-2 pyrrole2]
AP AQ §6.0~7.00]A triplete. & VEUE 4 peakr}
quarteto] } multiplet®. 2 yepjr] C-1 2 C8 9419 T
2 peak7} §8.0~9.0014 EFH o2 Jehdrh Ed GC-
Mass2 9-phenylcarbazoled] el tlat F4& & 4 2
ol

@] (o]
hg =

1,2-phenylenediamine®} 2,5-dimethoxytetrahydro- furan
S Wz &ufste) A 1-(2-aminophenyl)- pyrrole 58 %

A&kt 1,3-phenylenediamine} 2,5-dimethoxytetrahy-
drofurang WxAHE A28} 1-(3-aminophenyl)pyrrole
7%} 1,3-dipyrrolyl-benzene 82 43ttt 14-phenyl-
enediamine®} 2,5-dimethoxytetrahydrofuran£ H 2 ALY
AH4-3t4] 14-dipyrrolylbenzene 108 34 8t¢ith. 1,2-phe-
nylenediamine, 1,3-phenylenediamine 18] 2 1,4-phenyl-
enediamine} 2,5-dimethoxytetra- hydrofurang (7}) ¥ %
A A, (W) gelgle], (Bh) acrylic acid, (2}) silica gel,
(7} acrylic acid$} silicagel, 2] 3L (¥}) silica gelT} acetic
acidZ AHgste] Z47b wREAIA o] 488 amino-
phenylpyrroles 5, 72} dipyrrolylbenzenes 8, 108 gHAlst
Atk o8 7k Wy F (7)) silicagel®} acetic acid& At
3 7o) dipyrrolylbenzenes 8, 109] /3o &g Hk2 A
o] 7} Zgkth. w & dicarbazolylbenzened 3}/d317) ¢

g AGDAZ 9-phenylcarbazole 115 FAdstsich.

ZAlel 2
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