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Abstract —The diketopyrrolopyrrole (DPP) pigment is a bicyclic 8-m-electron system containing two lactam
units. Typical DPP derivative pigments have melting points of over 350°C and very low solubility in most sol-
vents, and show absorption in the visible region with a molar extinction coefficient of 33,000 dm’mol™ and strong
photoluminescence with maxima in the range 500-600 nm. X-ray structure analyses of DPP show that the whole
molecule is almost in one plane. The phenyl rings are twisted out of the heterocyclic plane and the intermolecular
hydrogen bonding between neighboring lactam NH and carbonyl units influences the structure of the DPP pig-
ment in the solid state. In this study, mono-N-alkylation and mono-N-arylation were undertaken for Pigment Red
264 or Pigment Orange 73 with alkyl halide and aryl halide, respectively, in the presence of sodium tert-butoxide
as a base catalyst to improve the solubility of DPP pigments and their application as CO, indicators. The syn-
thetic yield was in the range 11-88%. The indicator dyes are highly soluble in organic solvents and shows pH-
dependent absorption (Amx 501 and 572 nm for the protonated and deprotonated forms, respectively) and emis-
sion (Amax 524 and 605 nm for the protonated and deprotonated forms, respectively) spectra. The mono-N-
alkylated and mono-N-arylated DPP pigment was identified by 'H-NMR (‘H-Nuclear Magnetic Resonance Spec-
trometer), FT-IR (Fourier Transform Infrared Spectroscopy), and MS (Mass Spectrometry). According to the
results of color and hue properties obtained by a color matching analyzer, the synthesized DPP pigment material
can be used as a CO, indicator.

Keywords —alkylation(%Z 3}), arylation(¢} 2 3}), CO, sensing(©] 28} gt4 71 &), diketopyrrolopyrrole(t] 7l
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Fig. 2. CO, indication mechanism of DPP.
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2-1. Alef

Ao ARSE Aok Tt Atk 7] Qs
£ ARgEtslon, 7+t ¢tE F Irgazin® Rubin
DPP-TR(Red 264)= Kremer Pigment GmbH & Co
KG. oA 74393, Pigment Orange 732 Y=g
2elA YA o]k e kgl XS =Uet
7] sl ARgE AJ2FS |-bromohexane (purity >98%),
1-bromododecane (purity >98%), 1-bromotetradecane
(purity >97%)2 Tokyo Chemical Industry Co. Ltd.
N T8, 4-tert-butylbenzyl bromide (purity
>90%)= Sigma Aldrich Co.0lX Y3} Enj=
AREE AJ9Fe sodium  tert-butoxide (purity >98%)E
Tokyo Chemical Industry Co. Ltd.A 43I,
S22 AM2E Al9FS methylene chloride (purity
99.5%), hexane (purity 95%), DMF(N,N-Dimethylforma-
mide) (purity 99.5%)©] 3L Samchun Pure Chemical
CoollX Fdste] ARSI

2-2. DPPA| ot2 REHI2| &4

2-2-1. 3,6-di([1,1'-biphenyl]-4-y1)-2-hexyl-2,5-dihydropy-
rrolo[3,4-c]pyrrole-1,4-dione2] gHd

"h3-7]9] DMF 700 mL, Pigment Red 264 20 g
(45.5 mmol), sodium tert-butoxide 9.6 g(100 mmol)2]
THME B2 F 60°C7HA Sk wRketh |
bromohexane 7.65 mL(54.3 mmol)E A143] &3} &
TLC(AZN-81l ethyl acetate:hexane=2:8)% ©]-8-5}<
B8 A sPHA] 617 E9F wheA 7T Higl s
AZste] AdS AtESE & 7AxXFTh methylene
chloride(150 mL)Z o]&-3lo] AZXAIZ E3HES &5

Fr=Ael Ag A
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g § hexane(1.5L)yS o]&3le] AAYANA HEZH
2 A T4 112 g@d7%)ye DA CHuN0,,
A7k C, 80.10; H, 6.80; N, 442; o]E%k C, 8241;
H, 6.15 N, 534, MS(m/z) 524(M+), 'H-NMR(500
MHz, DMSO-Dy) & ppm 8.6(t, 4H, -CH), 8.4(dd,
4H, -CH), 8.0(t, 4H, -CH), 7.9(t, 4H, -CH), 7.7(t, 2H,
-CH), 74(s, 1H, -NH), 3.7, 2H, -CH,), 1.5(q, 2H,
-CH,) 12(q, 6H, -CH,) 0.8(t, 3H, -CH;).

_I{N‘ [o

2-2-2. 3,6-di([1,1'-biphenyl]-4-yl)-2-decyl-2,5-dihydropy-
rrolo[3,4-c]pyrrole-1,4-dione2] B4

HEE7lel 471 22,1 T Fe] Fd=d 2 WS
2% 1-bromodecane 11.2 mL(54.3 mmol)& 1A
5] A8l & ¥hgale] e NkEES A7) 2219 vE
T2 B FAPHS skl HA A 8g (31%)
S AUt CHeN:0,, 4%k C, 79.68; H, 5.14; N,
430; °|2%k C, 82.72; H, 694; N, 4.82, MS(m/z)
580(M+), 'H-NMR(500 MHz, DMSO-D,) § 8.6(t, 2H,
-CH), 8.4(dd, 4H, -CH), 8.0(t, 4H, -CH), 7.9(t, 4H,
-CH), 7.7(t, 4H, -CH), 7.4(s, 1H, -NH), 4.5(t, 2H,
-CH,), 1.5(q, 2H, -CH,), 1.2(q, 14H, -CH,), 0.8(t, 3H,
-CH;).
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2-2-3. 3,6-di([1,1-biphenyl]-4-yI)-2-tetradecyl-2,5-dihydro-
pyrrolo[3,4-c]pyrrole-1,4-dione2] B}

u]-_d7‘|oﬂ /\]—7] 221 E.Eg]_ ol:o] zul‘:’zl 1;,4 gl.%

2504 1-bromotetradecane 15.98 mL (54.3 mmol)Z
N3] Aek F wrgslel Qe wgEe 471 2219

= W AL Sdisle] HA 7A| 45 g
(1]%)‘—' O"?i]:}‘ C44H43Nv 2, —|%7L C 81 41
5.22; N, 3.35; o]2%: C, 82.98; H, 7.60; N, 4.40,

&
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Fig. 3. Synthesis of mono-N-alkylation or mono-N-arylation DPP (Pigment Orange 73).
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MS(m/z) 636(M+), 'H-NMR(500 MHz, DMSO-Dy)
§ 8.6(t, 2H, -CH), 84(dd, 4H, -CH), 8.0, 4H, -CH),
7.8(t, 4H, -CH), 7.7(t, 4H, -CH), 7.4(s, 1H, -NH),
36(t, 2H, -CH,), 1.6(q, 2H, -CHy), 1.2(q, 22H, -CHy),
0.9(t, 3H, -CH;).

2-2-4. 3,6-di([1,1'-biphenyl]-4-y1)-2-(4-(tert-butyl)benzyl)-
2,5-dihydropyrrolo[3,4-c]pyrrole-1,4-dione2] BFd

§h7lol 7] 221 BEY o) 20EY 9 U
25=0l|A] 4-tert-butylbenzyl bromide 11 mL (60 mmol)
2 AN8 Aak F kgl e WgEe 4]
2219 wkeFA o AAMPHES g ste] AA 1A
23.5 g(88%)2 AAUTE. CuHiN,0,, A7 C, 80.48;
H, 6.71; N, 3.63; |23 C, 83.93; H, 5.84; N, 4.77,
MS(m/z) 583(M+), 'H-NMR (500 MHz, DMSO-Dy)
§ 8.1(dd, 4H, -CH), 79(t, 4H, -CH), 7.7(t, 4H, -CH),
7.5, 4H, -CH), 7.2(t, 2H, -CH), 7.0(s, 1H, -NH),
6.9(t, 4H, -CH), 4.2(t, 2H, -CH,), 1.2(q, 9H, -CHs).

2-2-5. 3,6-bis(4-(tert-butyl)phenyl)-2-hexyl-2,5-dihydropy-
rrolo[3,4-c]pyrrole-1,4-dione2| 8Hd

Hk-S-7]e DMF 700 mL, Pigment Orange 73 20 g
(49.9 mmol), sodium tert-butoxide 9.6 g (100 mmol)2]
THE ¥ F 60°C7HA sl awnkdth 1-
bromohexane 8.3 mL (59.8 mmol)& *A13] A3} &
HESEle] Ao HleEe A7) 2219 HESSF W A
APES Faste] S A 11 g@5%)ys AUk
CuHiN,O,, 4% C, 79.72; H, 8.04; N, 4.98 ©]
£%k: G, 7930; H, 832; N, 5.78, MS (m/z) 484(M+),
'H-NMR (500 MHz, DMSO-D,) & 8.4(t, 4H, -CH),
7.6(t, 4H, -CH), 74(s, 1H, -NH), 3.5(t, 2H, -CH,),
1.6(q, 2H, -CHy), 1.3(q, 18H, -CH;), 1.1(q, 6H, -CHy),
0.8(t, 3H, -CH;).

2-2-6. 3,6-bis(4-(tert-butyl)phenyl)-2-decyl-2,5-dihydropy-
rrolo[3,4-c]pyrrole-1,4-dione2] g

WES710] A7) 225 FEE Fe) FUER ¥ U

2504 1-bromodecane 12.3 mL (59.8 mmol)E A
A8 Al § whgele] A2 whEE2 7] 2219
HESEA @ AAES Faste] A A 4¢
(15%)& JATE CeHgN0,, A7 C, 79.10; H,
8.52; N, 4.58; o]&%t: C, 80.49; H, 9.46; N, 4.69,
MS(m/z) 597(M+), 'H-NMR (500 MHz, DMSO-Ds)
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§ 84(t, 4H, -CH), 7.6(t, 4H, -CH), 7.4(s, 1H, -NH),
34, 2H, -CH,), 1.6(q, 2H, -CH,), 13(q, 18H, -CHy),
1.1(g, 14H, -CHy), 0.8(t, 3H, -CHs).

2-2-7. 3,6-bis(4-(tert-butyl)phenyl)-2-tetradecyl-2,5-dihy-
dropyrrolo[3,4-c]pyrrole-1,4-dione2] 8Hd
gl-,o_ﬂoﬂ )&—7] 225 %_‘5:—51 ook,] zul—\jzl u_] H}

gul

52X 1-bromotetradecane 17.7 mL (59.8 mmol)
2 AAs] Hsl T HrLsle] e HISES A}y
22.19] ¥EEFA g AAEE Fste] &4 A
123 g (28%)S AU} CuoHseN.0s, S C, 76.53;
H, 5.78; N, 457 ©o]&%k: C, 79.96; H, 895; N, 5.18
MSm/z) 540M+), 'H-NMR(500 MHz, DMSO-Ds) §
8.5(t, 4H, -CH), 7.8(t, 4H, -CH), 7.5(s, 1H, -NH),
33(t, 2H, -CHy), 1.5(q, 2H, -CH,), 1.3(q, 18H, -CHy),
1.2(q, 22H, -CH,), 0.8(t, 3H, -CHs).

2-2-8. 2-(4-(tert-butyl)benzyl)-3,6-bis(4-(tert-butyl)
phenyl)-2,5-dihydropyrrolo[3,4-c]pyrrole-1,4-dione2| £

whg7lo] 7] 225 BES ol FUEA L wg
2= oA 4-tert-butylbenzylbromide 10.96 mL (300
mmol)E &3} & Hh&sle] A2 wkgES A7) 2.2.1
9] BheFA U AAHPAS F3)sle] A 7] 19.6 g
(18%)S LAt CyHLN,0,, 3%k C, 78.70; H,
7.49; N, 4.81 o|&%k: C, 81.28; H, 7.74; N, 5.12,
MS(m/z) 546(M+), 'H-NMR (500 MHz, DMSO-Dy)
& 84(t, 4H, -CH), 7.7(t, 4H, -CH), 7.6(t, 2H, -CH),
7.5, 2H, -CH), 7.3(s, 1H, -NH), 5.0(s, 2H, -CH),
1.2(q, 27H, -CH).

3. dit A nE

2 AFo)HE DPP ¢E 5 Pigment Red 264
9} Pigment Orange 73 F 7FA]¢] <t2E A€3}
o ATE YAt zkzke] E4EZQ] Pigment
Red 2649} Pigment Orange 73 ¥ 7FA|¢9] SIRE
delste] A7E st 22t EdEdSs 7t
A3l alkyl halide &-& aryl halide}te] 1271 9]
122 mono-N-alkylation £~ mono-N-arylation&
gt HFEH S FAA8AAL, TLCE ©]&3to

l‘

kg8 FA3sIP e MS, FT-IR, 'H NMR, TGA
o A ANE Folo] HFTEEY 748 8st
St
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Table 1. Colorimeter measurements and Hue calculations of the prototype
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Data of Colorimeter

Calculation of HUE

Concentration Sample Average of AHUE
of CO; (ppm) b* b*/a* arc(tan) HUE HUE (%)
#1 -1.1 -21.6 19.64 87.08 87.08
> #2 -1.0 213 21.30 87.31 87.31 87.18
#3 -1.1 -22.1 20.09 87.15 87.15
#1 1.5 -6.7 -4.47 -77.38 102.62 1
500 < #2 1.6 -6.6 -4.13 -76.37 103.63 103.83
#3 1.8 -6.6 -3.67 -74.74 105.26

A. °oJrtstehA Whg . B. oAMEERA WS

Fig. 4. Compare the color before and after the reaction
of CO; reactions.

3-1. DPP Qtzel 7N digile =il S Ada
Hl FE
FAAA, BEAXAA, &0, £A, 718 7S
ARgate] oliksheka: A Ae] miHl S-S Al A}
How Aste] Sysiit. dAFY 7+ RS
= 2AE aEER7I ¥ 22914 1000~2000
pme] £E2 A1 2RE AJA FLeA EFste] I
5 A|xsic} o]& YA (blotting paper, 300 gsm)el]
FH, AZxsle olitslebdel tigh MAHELE 1St
Atk olAksteaole] Wk Fo A2 Fig. 4A,
Boll YERATE. oA 72+ 4 AEES] v &S
W3] 7|9 91¢] YA Az P olikstea AAE jE

=
Bato] o) MEUlES SAsAh

3-2. O|ASIERA XA s 24

AAFS Azt o] AFES] oliksierid tis
AT A1ES APt A=E 71=3 AAE 20
S U5, vile olilsletd w27t F 500 ppm
A olatslehh WHgAIAE 9] ol T UREST] U
of £, Uz Ve Lu-87]0 ¥ & 1A7Hset
NAES BFA . B8] AAIFEe] A
o] Aafo] HMoz {AE wbH, ol=TYREES7] W9
AN e Aoz WHAES & 4= Qi) A

e 4L AFFo = Adstr] €18l Konica-Minolta

.
A

ite] CR-10 MAAE o]&dte] 7t AW Aes
L*, a* b* o2 F28} &4, HUER 3 2 A
2HE AlLtste] AAIEe] tigk H71HE Table 19 e}
Wolt. & olitsteta A5 A@AAeA oliksher
2 "R AT} F9] 5%9] DPPFE oA o]akslek
27} 250 ppm, HUE Fto] 10%°]/3+E A7de] s}
7} Uehgom, T3k 7k FroA olakalekivl 500
ppm, HUE #ko] thek 20%0]dellA Alfo] ZJaloja
Aoz o} HPHe 4 =HUTh

N
[N

=2
—

£ AFo)|x= Pigment Red 264, Pigment Orange
73 F 7K k=E 7HAAL ZH7te] DPP Qb &5
= KA 2 CO, IHAClEI R §-83817] flste] TR
St F/9] alkyl halide ¥ aryl halideZ ©]83}o] <
71&1)¢l sodium tert-butoxide®] =4 sfol| e 7]
ol mono-N-alkylation ¥ mono-N-arylationS %13J3}
Atk 2dEHoz B A7E 5319 mono-N-alkylation
T mono-N-arylation® DPPIE FEAES 7hdst
wHo R o2k 500 ppmoldte] olAslEAE HE
Ak =7EA f83s ERlsislt o8 A3=
EZ 5 DPPERe] HNES 59 Sl )
Adste] W Adsial Su|ge] o)iksleka AAE- <t
EaAE A 2 skt gk

)
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