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N,N-di(4-cyanophenyl)-succinamide 2 5} 1 tH(Scheme 1).

Z9HE2] 29} trifluoroacetic anhydrideE HWH3-A|A ofn] i
719} Uk-2-AS A AT 4trifluoroacetoamino)-benzonitrile (3)S-
FH3FAATt. FeCls Sl 3o A &3-E 33} diisopropyl
succinateS WH-A|7] A 89%9] =2 &= 3,6-di(4-
trifluoroacetoaminophenyl)pyrrolo-[3,4-c|pyrrole-1,4(2H,5 H)-
dione ()& T8I AT FAT 49] Bzl Bz o 2ol
715 97] 2Asto| A AABFe] 3,6-di(4-aminophenyl)
pyrrolo [3,4-c]pyrrole-1,4-2H,5H)-dione (1) A3 ch
(Scheme 2).
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5a: R = hexyl, 5b: R = isopropyl, 5¢c: R = cyclohexyl, 56d: R = benzyl
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SsH& 3,6-di(4-aminophenyl)-2,5-dialkyl-substitutedpyrrolo[ 3,4-
clpyrrole-1,4(2H,5H)-dione (5a-d)2] 'H NMR A= E B4
A} 5.7-5.9 ppmo|| A 4,4"-amino”| 7} E1E o wha} 2,5-
AR N A N-G AL HEGo] doitS& & 4 AUMTh
3}eh&E 13} acyl chloride®] ¥H-8-2 #H'd 112]9] NH, 7] ]|
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ofRl 59 A7E AMEEE A follke M3 whg-o] XY E |
ol S AT Sl E Qe Z1eu N2,5H 912] 9] alkyl 7]
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Table 1. Photoluminescence (PL) Spectra of Product 6a-d and 7a-d

A tho]|ZF 22 H ¢S g & A3}l acyl chloride}
HFS- S A7l A3l B d =2 =& F 4.4'-diamino”] o]
oA} 7} dojt AL 6a-d} Ta-d7} A o) F th(Scheme 4).

345 Sa-d, 6a-d, 18] 31 Ta-dS CH,CLol| 23] A A A
AR 07 10ppme] FEE 7} =2 ZA4|5}o] Photolum-
inescence (PLYE S 3FA 2™ Aex, Aem BEO] 22} 315~384
nm, 345~438 nm2] Rl 9Jo| A SFE}t FFS Ve
th(Table 1). ©] A= FFF WAL B4 AYALER
Ao &g 7HsAdo] A AOE A FHT

No. — — No. — — No. — —
excitation emission excitation emission excitation emission

5a 374 429 6a 375 428 7a 375 434

5b 315 428 6b 383 430 7b 320 348

5¢ 373 433 6¢ 320 345 7c 381 438

5d 320 345 6d 374 433 7d 384 430
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HhG o) ALEE AJOFS S Aldrich A58 A 910l ALg
skl o, W3-8l = Junsei H EAF Al ES ARS8
'"H NMR A8 E 2.2 Bruker 400 (Billerica, MA, USA)Z
A-8-31%1 31, Photoluminescence (PL)- Perkin Elmer (Wellesley,
MA, USA)©] LS55 Precisely FluorescenceE Al-&-3}o] =
AslRTh YAEAL Perkin Elmer 2400 CHN £417] &
Apgate] =A%k TLCE MerckAb A1 5100LS 254
(Kieselgel FolienyS AM&-31%3 31 flash column chromatography
of| = Merck silica gel 60 (70~230 mesh)2 AM&-515 0, A7)
Suj Z235l0] A23HAT) T E FFES Ao
27 At SFHE 38 A|9Isha > 300 °Col gl

d
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4-(Trifluoroacetoamino)benzonitrile (3): Trifluoroacetic

anhydride 150 mLo]| 4-aminobenzonitrile (2) 12.45¢g (0.11
mol)™} 47F9] 4-dimethylaminopyridineS €2 & 44|17+
SHRAIZITE TLCE &4 S o] 5 Alhzl Z& elgh
_‘?:, Aeog LH71—6]—1:} A= AAES 7ot 0:13!_1_‘8]_:17_
=2 Fw0| AlAR o2k IAIE kAL ofjghEofl A
A7 ste] 94%°] a2 WA 14 25 AUATE mp.
196-198 °C. 'TH NMR (DMSO-db) 8 11.65 (bs, -NH, 1H), 7.90 (m,
ArH, 4H). Anal. Calcd. for CoHsFsN>O: C, 50.48; H, 2.35; N,
13.08. Found: C, 50.51; H, 2.37; N, 13.06.
3,6-Di(4-trifluoroacetoaminophenyl)pyrrolo[3,4-c]-pyrrole-
1,4Q2H,5H)-dione (4): 2-Methyl-2-butanol 250 mLo] 4%
3.5 g(0.015 mol)1} A~TF 9] FCC13‘§ g0 & A7 $HRA]
7tk 250] Lo =27 WE e 48] oS 215 g
(0.1 mol)®] 3}st& 33} diisopropyl succinate 10 mL (0.05
mol)E Il thA] 6412 BEF A 71T TLCZ Bhg-o] T4
go] BRIt mAE A= ek olThi. ojzhe
S}EHE-S oo AT RIS 600 mLe} Z74: 400 mLO] &
3 gulol] W 2417k BHRATH AL 0.2 W2t ¥ g
== A oTfsto] A AT F o e et SRkl d
iEs olehEolA AAAste 89%9] &= lcEHLl
114 42 Aot 'H NMR(DMSO-ds) § 7.39 (d, J=17.5 Hz,
ArH, 4H), 6.60 (d, /=17.5 Hz, ArH, 4H), 6.15 (bs, -NH-C=0, 2H).
Anal. Calcd. for CxH12FsN4Os: C, 50.48; H, 2.35; N, 13.08.
Found: C, 50.44; H, 2.37; N, 12.91.
3,6-Di(4-aminophenyl)pyrrolo[3,4-c]pyrrole-1,42H,SH)-
dione (1): 1N NaOH =828 250 mLo]| 26 g(0.05 mol)2] 3}
T 42 WS F AL AR AL 02 AF T 10%

o —

HCI -89 0.2 543} Al7Ich AV El W8-S 249) ookt

78%

18
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T ool A A G5l 85%2] &= WA 114 o}
2 18 A9t} 'H NMR(DMSO-ds) 8 7.59 (d, J = 7.5 Hz,
ArH, 4H), 6.45 (d, J = 7.5 Hz, ArH, 4H), 5.21 (bs, -NH, 4H).
Anal. Calcd. for CisH1sN4Os2: C, 67.91; H, 4.43; N, 17.60.
Found: C, 68.02; H, 4.25; N, 17.49.
3,6-Di(4-aminophenyl)-2,5-dialkylsubstituted-pyrrolo-
[3,4-c|pyrrole-1,4-dione (5a-d)2] ¥kl FAH: NMP
100 mLe]| 1.5 g(12 mmol)2] potassium #butoxideS =21 & 3}
T 16 mmoh o] A F-FAle] Hekol g 60°Co)A]
LA 7 7}E gt} vh-g- 890 alkyl bromide (12 mmol)E

2715k 7, 1247 B¢F 60°CE fA5ko] 7123t} TLCR
u}io] FAFASS ST F 202 45|31 250 mLO]

7} 250 mL B& 7hete] EE0] Fuh f715S B
;4 sto] NapSOs2 -2 A AT 5 A¢F SH/sto] 42
HEES A g_gu}ija{q A7NE0; CHCh)E

g5t StES A=tk
3,6-D1(4-am1n0phenyl)—2,S-dihexylpyrrolo[3,4-c]-pyrrole-
1,4-dione (5a): $=-& 52%. 'H NMR(DMSO-ds) & 7.59 (d, J
=1.3 Hz, ArH, 4H), 6.57 (d, J= 7.3 Hz, ArH, 4H), 5.95 (bs,
-NH,, 4H), 4.12-4.16 (m, -N-CH-, 4H), 1.61-1.68 (m, -N-C-
CHz-, 4H), 1.27-1.38 (m, -N-C-C-(CH);-, 12H), 0.88 (m, -CH3,
6H). Anal. Calcd. for C30H3sN4O»: C, 74.04; H, 7.87; N, 11.51.
Found: C, 73.99; H, 7.90; N, 11.80.
3,6-Di(4-aminophenyl)-2,5-diisopropylpyrrolo[3,4-c]-
pyrrole-14-dione (5b): 5=-& 64%. 'H NMR(DMSO-ds) & 7.62
(d, J="7.5 Hz, ArH, 4H), 6.58 (d, /= 7.5 Hz, ArH, 4H), 5.96
(s, -NH», 4H), 5.02-5.05 (m, -CH-, 2H), 1.25 (d, J = 6.8 Hz,
-(CH3)2, 12H). Anal. Calcd. for C24H26N402Z C, 71.62; H,
6.51; N, 13.92. Found: C, 71.75; H, 6.39; N, 14.11.
3,6-Di(4-aminophenyl)-2,5-dicyclohexylpyrrolo[3,4-c]-
pyrrole-1,4-dione (5¢): =& 58%. '"H NMR(DMSO-ds) &
7.61 (d, J=17.4 Hz, ArH, 4H), 6.55 (d, J= 7.4 Hz, ArH, 4H),
5.95 (bs, -NHa, 4H), 4.79-4.88 (m, -N-CH-, 2H), 1.67-1.85 (m,
N-C-CH»-, 8H), 1.23-1.51 (m, N-C-C~(CH>)3, 12H). Anal. Caled.
for C30H34N40,: C, 74.66; H, 7.10; N, 11.61. Found: C, 74.60; H,
7.15; N, 11.32.
3,6-Di(4-aminophenyl)-2,5-diphenylpyrrolo[3,4-c]-pyrrole-
1,4Q2H,5H)-dione (5d): 5=& 64%. '"H NMR (DMSO-ds) &
7.69 (d, J= 7.5 Hz, ArH, 4H), 7.32-7.45 (m, -C-ArH, 10H), 6.58
(d, J=17.5 Hz, ArH, 4H), 6.04 (s, -NH,, 4H), 5.26 (s, -N-CH>-,
4H). Anal. Calcd. for C3;Ha¢N4O2: C, 77.09; H, 5.26; N, 11.24.
Found: C, 77.39; H, 5.16; N, 11.12.
3,6-Di(4-acylaminophenyl)-2,5-dialkylsubstituted-pyrrolo[3,4-
c|pyrrole-1,4-dione (6a-d, 7a-d)] Lut3 ¢l AN 3.6-
Di(4-aminophenyl)-2,5-dialkylsubstitutedpyrrolo[3,4-c]-pyrrole-
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1,4-di0ne (5a-d) (4 mmol)& CH,Cl, 50 mLoj] A 7}3t 5 &
0°C o|5}2 JZ+3t 2 TEA (8 mmol)S H7}5}aL ZFA|
E‘,{PQPE} CH,CLo]| %3l acyl halide (8 mmol) &H-2 0°CE
FrAISHHA Whg- gollof] M| M7ttt A7 Ed &
e 225 %%QE s AZ1AL TAIZE Rkt
TLCE ¥h-g-o] FAE &0l S HW &= AlARIth
71%-oll NaxSO.& %.7P3}°4 T AAT F o utsto
B ATH S A FFo & AfrES ool A
eEELES
3,6-Di(4-benzoylaminophenyl)-2,5-dihexylpyrrolo-[3,4-
cpyrrole-1,4-dione (6a): <=8 71%. '"H NMR (DMSO-ds) & 10.60
(s, -NH, 2H), 7.97-8.01 (m, ArH, 10H), 7.55-7.64 (m, ArH, 8H),
4.25-4.28 (m, -N-CH»-, 4H), 1.68-1.76 (m, -N-C-CH,-, 4H), 1.30-
1.44 (m, -N-C-C-(CH»)3-, 12H), 0.88 (m, -CH3, 6H). Anal.
Calcd. for C4HisN4Os: C, 76.05; H, 6.67; N, 8.06. Found: C,
75.88; H, 6.79; N, 8.24.
3,6-Di(4-benzoylaminophenyl)-2,5-diisoproylpyrrolo-
[3,4-c]pyrrole-1,4-dione (6b): 5=-& 71%. 'H NMR (DMSO-
ds) 8 10.60 (s, -NH, 2H), 7.53-8.10 (m, ArH, 18H), 5.13 (m,
N-CH-, 2H), 1.33 (d, J= 6.8 Hz, -C-(CHs),, 12H). Anal. Calcd.
for C3sH34N4O4: C, 74.73; H, 5.61; N, 9.17. Found: C, 74.59;
H, 5.80; N, 9.06.
3,6-Di(4-benzoylaminophenyl)-2,5-dicyclohexylpyrrolo-
[3,4-c|pyrrole-1,4-dione (6¢): 5=& 81%. '"H NMR (DMSO-ds)
6 10.60 (s, -NH, 2H), 7.56-8.17 (m, ArH, 18H), 491 (m, -N-CH-,
2H), 1.40-1.95 (m, N-CH(CH,)s, 20H). Anal. Calcd. for C44sHN4O4:
C, 76.50; H, 6.13; N, 8.11. Found: C, 76.80; H, 6.03; N, 7.99.
3,6-Di(4-benzoylaminophenyl)-2,5-dibenzylpyrrolo-[3,4-
clpyrrole-1,4-dione (6d): 5=& 81%. 'H NMR (DMSO-ds) &
10.59 (s, -NH, 2H), 7.35-8.01 (m, ArH, 18H), 5.35 (s, -N-CHa,
4H). Anal. Calcd. for C4H34NsO4: C, 78.17; H, 4.85; N, 7.93.
Found: C, 78.37; H, 4.76; N, 7.81.
3,6-Di(4-isobutyroylaminophenyl)-2,5-dihexylpyrrolo-[3,4-
cl-pyrrole-1,4-dione (7a): 5= 78%. 'H NMR (DMSO-dj)
61021 (s,-NH, 2H) 7.92 (d, J=7.2 Hz, ArH, 4H), 7.80 (d, ArH,
4H), 4.21-4.24 (m, -N-CH,-, 4H), 2.61-2.90 (m, -CH-, 2H),
1.64-1.70 (m, -N-C-CH»-, 4H), 1.27-1.42 (m, N-C-C~(CH>)s-,
12H), 1.15(d, J = 0.68 Hz, -C-(CH3),, 6H) 0.85-0.88 (m, -N-
(C)sCH3, 6H). Anal. Calcd. for C3sHsoN4O4: C, 72.81; H, 8.04;
N, 8.94. Found: C, 72.53; H, 8.19; N, 8.86.
3,6-Di(4-isobutyroylaminophenyl)-2,5-diisoproylpyrrolo-
[3,4-c]-pyrrole-1,4-dione (7b): 5=& 73%. 'H NMR (DMSO-dj)
6 10.18 (s, -NH, 2H), 7.89 (d, J= 7.5 Hz, ArH, 4H), 7.74 (d,

J=1.5 Hz, ArH, 4H), 5.07-5.14 (m, -N-CH-, 2H), 2.63 (m, -CH-,
2H), 1.26 (d, J= 6.8 Hz, -N-C-(CHs),, 12H), 1.06 (d, /= 6.8 Hz,
-C-(CH3)2, 12H). Anal. Calcd. for C32H38N4045 C, 70.82; H,
7.06; N, 10.32. Found: C, 70.98; H, 6.96; N, 10.12.

3,6-Di(4-isobutyroylaminophenyl)-2,5-dicyclohexyl- pyrrolo
[3,4-c]-pyrrole-1,4-dione (7c): =& 74%. 'H NMR (DMSO-ds)
6 10.20 (s, -NH, 2H), 7.74 (d, J= 7.1 Hz, ArH, 4H), 7.89 (d,
J=17.1 Hz, ArH, 4H), 491 (m, -N-CH-, 2H), 2.62 (m, -CH-, 2H),
1.15 (d, J = 6.8 Hz, -C-(CH3),, 6H), 0.95-1.88 (m, -N-C-(CH>)s,
20H). Anal. Calcd. for C3sHasNsO4: C, 73.28; H, 7.44; N, 9.00.
Found: C, 73.39; H, 7.32 N, 9.09.

3,6-Di(4-isobutyroylaminophenyl)-2,5-dibenzylpyrrolo-
[3,4-c]-pyrrole-1,4-dione (7d): =8 79%. '"H NMR (DMSO-ds)
§10.23 (s, -NH, 2H), 7.89 (d, J= 7.4 Hz, ArH, 4H), 7.74 (d, J =
74 Hz, ArH, 4H), 7.32-7.56 (m, ArH, 10H), 5.35 (s, N-CHa., 4H),
2.63 (m, -CH-, 2H), 1.14 (d, J = 6.8 Hz, -C-(CH3),, 12H). Anal.
Calcd. for C4H3sN4O4: C, 75.21; H, 6.00; N, 8.77. Found: C,
75.38; H, 5.88; N, 8.94.
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