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Abstract

Six new fluorescent whitening agent’s candidates with 4,4’-di((E)-styryl)-1,1’-biphenyl skeleton which is the same as that of
Uvitex FP family were synthesized using methyl 4-formylbenzoate (MFB) as a starting material. MFB has been disposed as
a by-product of dimethyl terephthalate (DMT) production process. Six candidates were synthesized by the reaction of MFB,
and its derivatives with tetraethyl biphenyl-4,4’-diylbis(methylene)diphosphonate (3) using Wittig-Horner reaction. A series of
UV spectra were recorded and the results were used for estimating molar absorptivities of each candidates in order to find
their potential application as fluorescent whitening agents. Considering the molar absorptivity (log & 3.95~2.60) for all candi-
dates was lower than that of the commercial Uvitex FP 127 (log & 4.85), it was concluded that they are not suitable for
fluorescent whitening agent applications.

Keywords: methyl 4-formylbenzoate, recyclable source, DMT, fluorescent whitening agent, 4,4 -di((E)-styryl)-1,1’ -biphenyl
skeleton
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Eo] Jdslel AlEe] 2 EAR /\}%0}01 PABA (p-aminobenzoic
acid), 4,4’-Bis(2-benzoxazolyl)stilbene 2 AMCA (4-(aminomethyl) cy-
clohexanecarboxylic acid) AFE< B73FAH5-7]. ol&ish A3l A
T %07 AYEE MFBE £ £4=E 319 4,4 -di((E)-styryl)-
1,1’-biphenyl =48 Zt= A2 G5 WA (Fluorescent Whitening

Agent)E 7Nd3taAt &FGich
Figmre 1o14 ¢} 2ol U™ Uvitex-FPE LE% FFSNA| family
2 4,4-di((E)-styryl)-1,1>-biphenyl =24 7F<] L 31O wj-§- 9=

E’} whitening E7H5 Kol ZEHo] 1 Yggo] 43t 12g
QFehe 340 = ALg¥I, 53] Feldlan= A4, Felo}

A, JAE, 71eF thekst ZekaE AlE] FEg o] ARk 3
AuA Sl FgE A= o] thA 2zksl Uvitex-FPE A]7F o]
wEHOE & IS U o} gl AHEEE Eoluls-10].
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Figure 1. Various Uvitex FP Family fluorescent whitening agents.
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2.1. 717] & Alef

HEg-oll A8 triethyl phosphite, thionyl chloride, sodium meth-
oxide, tetramethylurea % AFE-%¥ aromatic amine¥#+= Sigma Aldrich
AFe] Al DMF, H;SOs, NMP, toluene, sodium hydroxide, ethyl
acetate, methanol, chloroform & §ullF+= A et A Fujjste] 4
Al Flo] ARSIt

e BetEe] xRS 98] 'H-NMR (400 MHz, Bruker),
C-NMR (100 MHz, Bruker), FT-IR spectrometer (FTS165, Bio-Rad)
£ ARSI QAR Sk aRAA AT 2ElEe] C, H,
N elemental analyzer (EA2000, Thermofinnigan)E O elemental
analyzer (EA1112, Thermofinnigan)& AMg-3to] &41sk3ict /3%
3HEe FFE 54S Y3l UV-Vis spectrophotometer (Optizen
POP)E AHE-5FSITh

HEE-2] 13 J =S checkdt’] $18te] HPLC ¥4)& dei3lom &
AZ27AE o3 ZEri(Waters 2487 UV detector : 254 nm, Column:
SunFire C18, 5 um, 4.6 x 250 mm, Flow Rate : 1.0 mL/min, Mobile
phase : Methanol, Temp. : 35 C).

22. &Y

2.2.1. Tetraethyl biphenyl-4,4’-diylbis(methylene)diphosphonate (3)2
ShA|
=H o

37 S ZEpAel 4,4 -bis(chloromethyl)biphenyl (2) (20.0 g,
79.6 mmole)#} triethyl phosphite (39.7 g, 0.239 mole)E &35+ &
neat JEIE 7}43lo] 5 h B3t FFAIZITE vEgo] &REW 30 T7h
2] WZFAZ] 2 toluene (100.0 mL)S #33] 7181} 30 min w5F
Z AAY 14= 79 9393813 methanol (100 mL)S ©]&-al A%
T 7zxste] WAl A tetraethyl biphenyl-4,4’-diylbis(methylene)
diphosphonate (35.4 g, 98.0%)% YTl

WA T4 mp. 126-128 C, 'H NMR (400 MHz, CDCl;) & 7.45
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(m, 8H), 4.04 (m, 8H), 3.19 (d, J = 21.6 Hz, 4H), 1.26 (t, J = 7.0
Hz, 12H), *C NMR (100 MHz, CDCl;) 6 139.3, 130.7 (d, ] = 9.48
Hz), 1302 (d, J = 6.67 Hz), 127.1, 622 (d, J = 6.87 Hz), 33.4 (d4,
J = 1372 Hz), 164 (d, ] = 6.04 Hz).

2.2.2. Dimethyl 4,4’-((1E,1’E)-[1,1’-biphenyl]-4,4’-diylbis(ethene-2,1-
diyl)dibenzoate (4)2| B4

N, purgedtoll A 37 S Z2}~9] tetracthyl biphenyl-4,4’-diylbis
(methylene)diphosphonate (3) (30.0 g, 66.0 mmole)Z} methyl-4-for-
mylbenzoate (1) (27.1 g, 0.165 mole)= ‘A £ ¥ N,N-dime-
thylformamide (100 mL)E Z]7}8to] =itk =51 & S2ato] Hk-g
255 45 TE FAA171tk N,N-Dimethylformamide (50 mL)°]l so-
dium methoxide (25% in methanol, 31.3 g, 0.145 mole)& =<9 &
dropping funnel2 ©]€-3}4 10 minZt A7t} &7 & 0k 2%
45 CE A3 A AlA FHA 2 h DIt vhgo] ¢hny
methanol (300 mL)E 7}ste] AAAE A4S At ddo] F31
w|7}2] SF52 AZ T toluene (20.0 mL), methanol (20.0 mL), ace-
tone (20.0 mL)= & A2 & Azt 31EE 4 (288 g 92%)>
A3 fol FFHE 4= 712 fulfell tisk Ba=Tt A9 gl
elemental analysis 2! FT-IRZ #23}3I T}

Aol Al 74 mp. > 300 C, Elemental Analysis : Caled. for
CsH260s4; C, 80.99; H, 5.52; O, 13.49. Found : C, 81,10; H, 5.49; O,
13.70. FT-IR (KBr) (Vmax cm’) : 1180, 1465, 1695, 2950, 3080.
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2.2.3. 4-Formylbenzoic acid (5)2| &

’F2N A methyl-4-formylbenzoate (20.0 g, 0.122 mole)< sulfuric
acid solution (20% (w/w) in water, 300 mL)°l] 27} ¥, 80 TZ 52
§F % 5 h wHITE whgo] SR Aeow W7k & 3t ol s}
I E(100 mL)Z AlH, 713389 4-formylbenzoic acid (5) (16.5 g,
& 90%)E ¥+t

Wl 374 mp. 247-250 C, '"H NMR (400 MHz, DMSO-ds) 6
10.1 (s, 1H), 6 8.2 (d, J = 7.6 Hz, 2H) & 8.0 (d, J = 7.9 Hz, 2H),
BC NMR (100 MHz, DMSO-ds) 6 52.5, 127.5, 129.0, 130.1, 130.6,
141.8, 165.9.

2.2.4. 4-Formyl-N-phenylbenzamide (6)2| &t

Chloroform (75.0 mL)°]l 4-formylbenzoic acid (15.0 g, 0.10 mole),
thionyl chloride (14.3 g, 0.120 mole), tetramethyl urea (0.12 g, 1.00
mmole)S A2ollA A7} & 523519 3 h B9t reflux3te). Hh-go] ¢
5 A0 Y7} T chloroform¥} thionyl chlorideE At &3
o] A A3} 4-formylbenzoyl chloride (16.0 g, 95%)5 A=t} 220
A] 4-formylbenzoyl chloride (16.0 g, 0.095 mole)E chloroform (160
mL)°ll 591 & ice bath@ 0 CZ 37} Z triethylamine (11.5 g, 0.114
mole)S 10 mintt W3] &7hste}. 471 § A%OF aniline (10.6 g,
0.114 mole)& 10 mingt 3] 2715t} Anilines 27}shd HE=Z
gk a7 AAETE A7E 530 mingt Aol A] mk Sk whg
o] ga e, A&olA 038 M HCI €9 (50.0 mL)S €37 30 min?t
ARG, 5 2 2ato] chloroform T2 At Skl ©F 90% 17
3kaL, Holdls BES AelA oF 10 mintt wykek 5 A
4-formyl-N-phenylbenzamide (18.2 g, 85%)5 7 oj¥slo] A+=th

Ha0l wibd 3Al; mp. 164-166 C, 'H NMR (400 MHz,
DMSO-ds) 6 10.39 (s, 1H), 8.74 (s, 1H), 7.81 (m, 2H), 7.53 (m, 7H),
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Figure 2. 4,4’-Di((E)-styryl)-1,1’-biphenyl skeleton synthetic scheme from MFB.

C NMR (100 MHz, DMSO-ds) & 165.4, 160.4, 151.6, 139.5, 139.0,
137.6, 129.8, 129.1, 129.0, 128.6.

2.2.5. 4-Formyl-N-(4-phenoxyphenyl)benzamide (7)

ool k¥ 1A mp. 212-215 C. 'H NMR (400 MHz,
DMSO-d¢) & 10.58 (s, 1H), 10.12 (s, 1H), 8.16 (d, J = 8.2 Hz, 2H),
8.05 (d, J = 8.4 Hz, 2H), 7.82 (m, 2H), 7.38 (m, 2H), 7.06 (m, 5H),
C NMR (100 MHz, DMSO-ds) & 193.4, 170.8, 165.0, 157.7, 152.9,
1403, 138.4, 135.2, 130.5, 129.9, 1289, 122.7, 119.7, 118.5.

2.2.6. 4-Formyl-N-(2-methoxyphenyl)benzamide (8)

oMol b wA; mp. 172-175 C, 'H NMR (400 MHz,
DMSO-dg) 8 10.11 (s, 1H). 9.72 (s, 1H), 8.14 (d, J = 8.2 Hz, 2H),
8.04 (m, 2H), 7.73 (m, 1H), 7.22 (m, 1H), 7.11 (m, 1H), 6.98 (m, 1H),
3.83(s, 3H), °C NMR (100 MHz, DMSO-d¢) & 193.4, 164.8, 152.3,
140.0, 138.4, 130.0, 128.8, 126.9, 126.7, 125.3, 120.7, 112.0, 56.2.

2.2.7. N-(2,5-Dimethoxyphenyl)-4-formylbenzamide (9)

Foo] v 1A mp. 189-191 C, 'H NMR (400 MHz,
DMSO-ds) 6 10.11 (s, 1H), 9.66 (s, 1H), 8.08 (m, 4H), 7.47 (d, ] =
3.0 Hz, 1H), 7.03 (d, J = 9.0 Hz, 1H), 6.77 (m, 1H), 3.79 (s, 3H),
3.72 (s, 3H), "C NMR (100 MHz, DMSO-ds) & 191.4, 162.8, 151.7,
140.2, 138.2, 130.2, 1289, 127.5, 126.9, 1255, 121.7, 111.0, 58.4,
56.2.

2.2.8. N-(2,6-Dimethoxyphenyl)-4-formylbenzamide (10)

oMol b 1A mp. 194-196 C, 'H NMR (400 MHz,
DMSO-ds) & 10.14 (s, 1H), 9.93 (s, 1H), 8.19 (m, 2H), 8.01 (m, 2H),
740 (m, 1H), 7.16 (m, 2H), 3.83(s, 6H), *C NMR (100 MHz,
DMSO-ds) & 191.7, 164.7, 155.5, 138.1, 136.9, 131.7, 129.1, 125.7,
111.2, 108.0, 58.6.

2.2.9. N-phenyl-4-((E)-4-((1E, 3E, SE)-6-(4-(phnylcarbamoyl)phenyl)
hexa-1, 3, S-trien-1-yl)styryl)benzamide (11)
=@ 1A mp. > 300 C, Elemental Analysis : Caled. for
CuH3sN>Os; C, 84.31; H, 6.11; N, 4.47; O, 5.10. Found: C, 83.99; H,
6.18; N, 4.50; O, 4.99. FT-IR (KBr) (Vimax cm™) : 1480, 1510, 1585,
3090, 3270.

2.2.10. N-(4-phenoxyphenyl)-4-((E)-4-((1E,3E,5E)-6-(4-((4-phenoxyphenyl)
carbamoyl)phenyl)hexa-1,3,5-trien-1-yl)styryl)benzamide (12)

=gk 73; mp. > 300 C, Elemental Analysis : Caled. for

23t M 28 & M 3 F, 2017

CssHasN204; C, 82.94; H, 5.72; N, 3.45; O, 7.89. Found : C, 82.75;
H, 5.69; N, 3.49; O, 7.79. FT-IR (KBr) (Vms cm’) : 1160, 1465, 1605,
3100, 3200.

2.2.11. N-(2-methoxyphenyl)-4-((E)-4-((1E,3E,5E)-6-(4-((2-methox-
yphenyl)carbamoyl)phenyl)hexa-1,3,5-trien-1-yl)styryl)benza-
mide (13)
=k 1A; mp. > 300 C, Elemental Analysis : Caled. for
CiHaN,04; C, 80.44; H, 6.16; N, 4.08; O, 9.32. Found : C, 80.26;
H, 6.20; N, 4.18; O, 9.28. FT-IR (KBr) (Vm cm’) : 1100, 1455, 1600,
3080, 3230.

2.2.12. N-(2,5-dimethoxyphenyl)-4-((E)-4-((1E,3E,5SE)-6-(4-((2,5-dim
ethoxyphenyl)carbamoyl)phenyl)hexa-1,3,5-trien-1-yl)styryl)b
enzamide (14)
=@ 1A, mp. > 300 C, Elemental Analysis : Caled. for
CisHieN2Os; C, 77.19; H, 6.21; N, 3.75; O, 12.85. Found : C, 77.16;
H, 6.19; N, 3.77; O, 12.78. FT-IR (KBr) (Vms cm’') : 1090, 1470,
1580, 3090, 3240.

2.2.13. N-(2,6-dimethoxyphenyl)-4-((E)-4-((1E,3E,5E)-6-(4-((2,6-dim
ethoxyphenyl)carbamoyl)phenyl)hexa-1,3,5-trien-1-yl)styryl)b
enzamide (15)
=@k 1A; mp. > 300 C, Elemental Analysis : Caled. for
CasHaeN2Og; C, 77.19; H, 6.21; N, 3.75; O, 12.85. Found : C, 77.75;
H, 6.35; N, 3.81; O, 12.92. FT-IR (KBr) (Vmx cm’) : 1110, 1460,
1570, 3070, 3290.

23. UV &8

Uvitex FP 127 4l 4% #3435
15 5 % 650l tleto] FF=E =
A 71 Eullel wist gt 19 171 Wil NMP (N-methyl
-pyrrolldme)g AREEIATE Sal mple 0.001 goﬂ 200 mL2] NMP £1j
£ 7}t % sonications ©]8-3t0] ¢HA3] 11 & o] & thA] 21l 3|4
3t UV 5458 SH3ISIcE 54 3 2 max°ﬂ’\1 Lambert-Beer2] =
olgatel BEY A(e)E il V1S

WA W 53 4, 11, 12, 13, 14,
ég—].oiq. 6}_ E_E 7]&0] o‘g_u]—xﬁ
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4.4 -Di((E)-styryl)-1,1’-biphenyl =Z}2] 7|41 A% 372 4.4-bis
(chloromethyl)biphenyl ¥} triethyl phosphiteZ Arbuzov reaction[11]S
FaflA A2 98% G=&= diphosphonate (3)E il ©]& MFBY ar-



APAREo] 7153k methyl 4-formylbenzoate @ 5Bl 4,4°-di((E)-styryl)-1,1’-biphenyl &7 7-%% Zb= A28 F45wmA] /fatk o+ 297

H,80,
HsCO,C CHO ———> HO,C CHO ———>

1 5

(@]
RNH, 1
—> RC CHO

R= =) © —mn HoX) 0 —HN@ ®

—HN

HaCO
OCHj HaCO

(9 —HN (10)
HaCO

o} 0o
I
(EtO)zPHZCCHZIIDI(OEt)Q

NaOMe

o 0
RC CR
; QQOO

R= —HN—@ () —HN—Q—o—@ (12) —HN@ (13)

—HN

HaCO
OCHs HsCO

(14) —HN (15)
HaCO

Figure 3. MFB derivatives and new fluorescent whitening agent’s candidate synthetic scheme.

Table 1. New Fluorescent Whitening Agents Candidate’s A ma, and
Molar Absorptivity

Entry Compound Amax (nm) log €
1 Uvitex FP 127 375 4.85
2 “) 365 3.95
3 an 385 3.01
4 12) 390 2.60
5 a3) 375 3.20
6 (14) 355 3.26
7 as) 365 3.30

omatic aldehyde?} Wittig-Horner reaction[12]S &3l 4,4°-di((E)-styryl)-
1,1-biphenyl 4% 33351 thFigure 2). ¥H2-2] HA 32 93 7
et T7C base E HHS 2E2 ATE YISl Base & so-
dium methoxide, 1=3= 45 CollM] 7F8 2 3K 92% +8)F ATk

4,4-Di((E)-styryl)-1,1"-biphenyl =72-& Zh= ThoFeh 1 gg5m
A= gAsh7] 215k MEBe)l 9= -CO,CH; groups -COOHE 717
3BT NaOH 59 baseE AHE-3l7] Hd H- WES- S % Cannizarro
Hhgol dojupr] wiite] A4S ARgste] Ao AFHOE 4-for-
mylbenzoic acid (5)& A3UTE oA 8ol acidE thionyl chloride
9o HHS-O©F acid chloride® W3 $ A 4 o] hFst ar-
omatic amine5Y} HFE©Z amide’} =¥ MFB =4 3% 6,
7, 8,9, 102 <F 86% F&= HrhFigure 3).

o] FEA FFEEY HE 45 Y v} TU PoR
couplingdto] A= 5E0] FAEmA| F1 AL 11, 12, 13, 14, 15
= Alzstick

FFSHAE 350~400 nm 8] AL)AS FFE - LHT 3o
71 400~500 nm&] FA~H =AY RS BAlRE 4F59 98
A, FAE W 7| A FFSUAE At At e AN

A Wby o] WA} S0l 2HERIo] HEekE 1 Bl
AAAR Wabgo] Z7ho] yhe WA ekl Btk 2 e
W3 gl Z1Ae] FYFUAR Aelshd FYAE Aola e Fot
of 38 AEe] pIFAL B F4 Gol] whakro] Z7b
o 7} ¥l Bhe Wao] gk

Uvitex-FP-127

OCH,4 H;CO

Oy O

Amax 375 nm log € 4.85

<18 A>

Field test Aol 1. 33=2] FFTHAZS] 7FaA test B 5
primary test 'R UV spectrometers ©]-8-5}0] duj} @2 Uv 2

&
530 AGE Hojof sit) ANty or FAFuA L] B5F Ag
(log &)= 4.3 olido|tl{13,14]. F1LE Figure 19 YER} 9l Uvitex
FP familyS2] 534 A5 4.6 oldolth13,14]. ujebr] £ Ao
A FdE FFSUAY $H EF 652 UV spectrums 7153510 &
G AFE Tk o5 A AT F9 Uvitex FPI} Bl wsk3ich

Table 10 ¥ <A7oA MFBEH-El XY 4.4°-di((E)-styryl)-
1,1>-biphenyl =7-& ZH= AEZ2 FF59WA 65 UV spectrum?]
Ad F Y 53 AE ST s Uit 71Eg
Uvitex FP-1279] &4 Al5(log ¢ )& oF 48524 % & B5%
AGE BolFa k. wbdol Table 1S 24, A28 g5 5
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F 7P QAR AghAlel whek FYEot 2 AolE nde st
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4. 2 E

A DMT Aabhge] #abzea) #7] Aelolshd
MFBE 1 B4 3}0] 4.4°-di((E)-styryl)-1,1-biphenyl =72 ZH=
NEe Pz Tw B4 ¢S IAEIITE Sn 220 A}
TFSAL UV 253 A2 A 3o] dolsle] 2 Ay 7|29 &%
SaAl Bo vk 3o B3 Al E BoEA Aeh] X3 A
€]

Tl A= 4,4°-di((E)-styryl)-1,1>-biphenyl Z7 ol Thkst X|
s E?J 3te] sl AT A% sk H@7] A=Y MFB
E AR § Qe a7 Akl 7108 Y 7|HE kel 7)o
skt it

z Al
2 ATE ARETEAE R 2 gigiEne] A P 45
H3lom o]of ZIAIEF YT
References

1. A. R. Mitchell, P. F. Pagoria, and R. D. Schmidt, A new synthesis
of TATB using inexpensive starting materials and mild reaction
conditions, 27th International Annual Conference ICT on
Energetic Materials. June 25-28, Karlsruhe, Germany (1996).

2. A. R. Mitchell, P. F. Pagoria, and R. D. Schmidt, New synthesis
of TATB process development studies, 29th International Annual

23t M 28 & M 3 F, 2017

21 =)

14.

. A. H. Ford-Moore and B. J.

. R J. Sundberg,

. H.  Pommer,

L= R

Conference ICT on Energetic Materials. June 30-July 3, Karlsruhe,
Germany (1998).

. K. D. Kim, Y. Yu, H. J. Jeong, M. J. Ham, K. L. Kim, A. N.

Kim, O. Davgajantsan, G. S. Park, and S. C. Kim, Development
on recovery of MFB from industrial waste without second pollu-
tion, Bull. Korean Chem. Soc., 33, 4275-4276 (2012).

. S. H. Kim, Y. Ryu, J. C. Kim, and S. C. Kim, Recovery of MFB

generated from dimethyl terephthalate production process, Appl.
Chem. Eng., 26, 621-623 (2015).

. K. D. Kim, Y. Ryu, and S. C. Kim, Facile one-pot synthesis of

PABA from MFB, Appl. Chem. Eng., 25, 337-339 (2014).

. Y. Ryu, J. C. Kim, M. J. Ham, and S. C. Kim, Process develop-

ment of 4,4’-bis(2-benzoxazolyl)stilbene from recyclable source
MFB, Appl. Chem. Eng., 27, 195-198 (2016).

. J. C. Kim, Y. Ryu, and S. C. Kim, Practical process development

of AMCA from recyclable source MFB, Appl. Chem. Eng., 27,
508-511 (2016).

. K. Weber and C. Luethi, Styryl compounds, process for their man-

ufacture and their use, US Patent 3,825,534 (1974).

. A. E. Siegrist, P. Liechti, H. R. Meyer, and K. Weber, Aromatic

compounds containing ethylene double bonds, processes for their
manufacture and use, US Patent 3,991,049 (1976).

. L. Guglielmetti, H. R. Meyer, D. Reinehr, and K. Weber, Mixtures

of fluorescent whitening agents, US Patent 4,867,906 (1989).
Perry, Diisopropyl methyl-
phosphonate, Org. Synth. Coll. Collect., 4, 325-327 (1963).

P. A. Buckowork, and F. O. Holcombe,
Preparation of esters of 4-alkyl-2,4-pentadienoic acids by the phos-
phonate modification of the Wittig reaction, J. Org. Chem., 32,
2938-2941 (1967).

H. P. Siebel, R. Schwen, and W. Stilz,
Macromolecular substances optically brightened with 1,4-bis-styr-
yl-benzenes, US Patent 3,177,153 (1965).

W. Stilz and H. Pommer, Production of compounds of the 1,4-di-
vinylbenzene series, US Patent 3,177,208 (1965).



