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Synthesis and Surface Anchoring Property of Partially Fluorinated Hockey
Stick-Shaped Reactive Mesogens
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ABSTRACT : In order to apply electro-optical properties of liquid crystals (LC) to practical devices, uniform alignment of directors is an
essential requirement. Recently, it has been reported that introducing a reactive mesogen (RM) can improve the anchoring energy for surface
alignment. So far, studies on the azimuthal anchoring energy of the planar alignment mode related to rod-like RMs have been mainly reported. In
this study, the effect of introducing an asymmetric bent-core RM, i.e., a hockey stick-shaped RM, on the polar anchoring energy of VA (Vertical
Alignment) mode was investigated. The structure of the obtained RM was confirmed using 'H-NMR, FT/IR spectroscopy and elemental
analysis. Their mesomorphic behavior was characterized by DSC and POM. The VA-mode cells were fabricated by spin-coating a mixture of
RM and VA agents, injecting LC with a negative dielectric constant, and photocuring by UV-irradiation. And then their electro-optical properties

were evaluated.

25 JHLO AH7ETA EAES A& AAC Hgr] AMMT FAe] wdd dFe] agdrh. #HZ LC
Ao A wigEke] W LANUAE FEA7I7] flste] v HEARME =4 Bt v AStAE HdE
RMe] i e Adg B9z aguA e #e A Bavk FHE o] FQUT B AP vdAg F&3
RM, & 371283 RM9 E¢¢] FAuZHVA) 2= HAF mAHNYA Y mxE 9GS AT 43 RM
BAEY F2E H-NMR 2 FT/IR #4997 94848 AHgste]l 24830t DSCE AHgstel Aol 7Ed
zAbstal, BFEV B POME AR&stel FehxAs #Esiglnh. & AT 712" d RMol H5 ageld e
vAE dEFS 2ASE] flskel, RMIE 4 wFgAe] E3ES 2dIYA F 59 §H1E AFE e LCE
Tt FAstE A VA-mode cell& AZeE F 1 171334 EAS W7kl
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SgE 19 #4

Ao 4 DCC (6.76 g, 32.8 mmol), DMAP (0.40 g, 3.28 mmol) % 3-hydroxybenzaldehyde (4.00 g,
32.8 mmol)E dichloromethane (DCM) 200 mloll E3iA = 3087 wWHHAHG. o7
4-(benzyloxy)benzoic acid (7.48 g, 32.8 mmol) 21 Ao 24A7+Eet WHEAZTH WS F3 &
od}sle] ureas AU, FHFTE 33 Aol I uread AATAY. SulE TS HFAA 42 FHES
oete 7 AAgste] WA uA RIS ATt $55: 81.2%; IR (KBr pellet, cm™): 3065 (Aromatic C-H
stretch), 2936, 2854 (Aliphatic C-H stretch), 2854, 2750 (C-H aldehyde), 1723 (Conj. C=0 stretch),
1606, 1512 (Aromatic C=C stretch), 1461 (-CHy— C-H bend), 1261, 1172, 1071 (C-O stretch); '"H NMR
(200 MHz, Acetone-ds, § in ppm): 10.09 (s, 1H, CHO), 8.20-8.14 (d, 2H, Ar-H), 7.88-7.64 (m, 4H,
Ar-H), 7.52-7.50 (d, 2H, Ar-H), 7.44-7.39 (t, 3H, Ar-H), 7.25-7.20 (d, 2H, Ar-H), 5.29 (s, 2H,
~0-CHy-Ar).

3HE 29 F4

A0 A resorcinol (1.16 g, 10.6 mmol) ¥ 3-formylphenyl 4-(benzyloxy)benzoate (2.73 g, 8.20
mmol)E THF 100 mlel] &3} A F t}h. Sodium chlorite (4.26 g, 47.2 mmol)9} sodium phosphate monobasic
monohydrate (3.40 g, 24.6 mmol)E FHF 40 mlol &23] &ahAZ 5, o]xle] Egg Mo 3| (10E
ol A ietdA, HAAVF ETISE AdRelA 24AbEF wHl A|AFAY. A7 AgESE QkE
A M w=gdo=z wWaglt. Rk TR T ITHES AUYSTHFAA EL FHES THT

AR o]% pH 2= & w7px] HClE 3] Ariste] 2HdsiAziah. abdsizt dggda5 gk
TEES e A Aotk o3 F o uA FAHES FHRTFE o2l ¥ Aol pH 57F 2 w7bA
FIAAFTAL. A7 F Aozl AAES G2 AZAAs WA 334 BL4S AT F58: 87.6%; R
(KBr pellet, cm™1): 3032 (O-H stretch), 1721 (Conj. C=0 stretch), 1610, 1514 (Aromatic C=C stretch),
1456 (-CHo— C-H bend), 1260, 1170, 1075 (C-O stretch); 'H NMR (200 MHz, Acetone-ds, § in ppm):
8.19-8.14 (d, 2H, Ar-1), 7.96-7.54 (m, 41, Ar-1), 7.52-7.50 (d, 2H, Ar-H), 7.43-7.37 (t, 3H, Ar-1D),
7.25-7.19 (d, 2H, Ar-H), 5.29 (s, 2H, ~O-CHaz-Ar).
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3E 339 A

Ar75 B9V F2oA  3-(4-(benzyloxy)benzoyloxy)benzoic acid (2.00 g, 5.74 mmol),
2,3—difluorophenol (0.75 g, 5.74 mmol), DCC (1.19 g, 5.74 mmol), DMAP (0.40 g, 0.57 mmol)& DCM
100 mloll &3IAIZtE ol%F 247 F<t o WHRA[A FAT v TR T oH}3] uwreaE AU,
SHTE 33 Aol ol wurea® AT &viE AY FFAIZIAL, CHCl; 9d8&wE Hi&u=
AMgste] AdIZutE g E AAEgY. &9E Y SRA7I 8o {ES CHCl3/CHsOHS
Suj/ugu] Ao Apgate] AMAAA WA 1A BBS AUTE F5F: 67.2%: IR (KBr pellet, cm™)):
3079 (Aromatic C-H stretch), 2936, 2873 (Aliphatic C-H stretch), 1724 (Conj. C=0 stretch), 1607, 1509
(Aromatic C=C stretch), 1447 (-CH2- C-H bend), 1242, 1218, 1174, 1065 (C-0, C-F stretch); ‘H NMR
(200 MHz, Acetone—dg, § in ppm): 8.21-8.09 (m, 4H, Ar-H), 7.72-7.70 (d, 2H, Ar-H), 7.51-7.42 (d, 2H,
Ar-H), 7.39-7.37 (m, 3H, Ar-H), 7.35-7.31 (m, 3H, Ar-H), 7.25-7.20 (d, 2H, Ar-H), 5.29 (s, 2H,
-O-CH2-Ar).



33HE 3be A

Quantities: 3-(4-(benzyloxy)benzoyloxy)benzoic acid (2.00 g, 5.74 mmol); 2,4-difluorophenol (0.75 g,
5.74 mmol); DCC (1.19 g, 5.74 mmol); DMAP (0.40 g, 0.57 mmol). A& WHE 3}E 3a2] FAlol thsf
7%g wpel BTk 58 65.0%; IR (KBr pellet, em™): 3089 (Aromatic C-H stretch), 2962, 2880
(Aliphatic C-H stretch), 1731 (Conj. C=0 stretch), 1605, 1508 (Aromatic C=C stretch), 1445 (-CH2-
C-H bend), 1263, 1218, 1191, 1063 (C-0, C-F stretch); 'H NMR (200 MHz, Acetone-ds, 6 in ppm):
8.20-8.14 (d, 4H, Ar-H), 8.12-8.07 (d, 2H, Ar-H), 7.74-7.69 (d, 2H, Ar-H), 7.55-7.50 (m, 3H, Ar-H),
7.43-7.37 (m, 3H, Ar-H), 7.25-7.20 (m, 3H, Ar-H), 5.29 (s, 2H, ~-O-CH2-Ar).

SHE 3co A

Quantities: 3—-carboxyphenyl 4-(benzyloxy)benzoate (7.60 g, 21.8 mmol); 3,4,5-trifluorophenol (4.97 g,
21.8 mmol); DCC (4.50 g, 21.8 mmol); DMAP (0.26 g, 2.81 mmol). A& WH-2 3135 339 Aol tisf
71%" v} 7k 458 89.0%; IR (KBr pellet, cm ™ Y): 3067 (Aromatic C-H stretch), 2948, 2896
(Aliphatic C-H stretch), 1727 (Conj. C=0 stretch), 1605, 1530 (Aromatic C=C stretch), 1243, 1231, 1169
(C-0, C-F stretch); 'H NMR (400 MHz, CDCl3, § in ppm): 8.17-8.13 (m, 2H, Ar-H), 8.06-8.03 (m, 1H,
Ar-H), 7.98-7.97 (m, 1H, Ar-H), 7.56 (t, J = 8 Hz, 1H, Ar-H), 7.52-7.51 (m, 1H, Ar-H), 7.50-7.32 (m,
5H, Ar-H), 7.10-7.04 (m, 2H, Ar-H), 6.95-6.90 (m, 2H, Ar-H), 5.18 (s, 2H, O-C-H).

33HE 3de FA

Quantities: 3-carboxyphenyl 4-(benzyloxy)benzoate (4.00 g, 11.5 mmol); 2,4,6-trifluorophenol (2.62 g,
11.5 mmol); DCC (2.36 g, 11.5 mmol); DMAP (0.14 g, 1.50 mmol). A% WH 3}3E 332 Aol tis)
7149 ule} 2ol 55 67.2%; IR (KBr pellet, cm™): 3081 (Aromatic C-H stretch), 2946, 2895
(Aliphatic C-H stretch), 1728 (Conj. C=0 stretch), 1604, 1518 (Aromatic C=C stretch), 1250, 1210, 1169
(C-0, C-F stretch); 'H NMR (400 MHz, CDCl3, § in ppm): 8.17-8.14 (m, 2H, Ar-H), 8.11-8.09 (m, 1H,
Ar-H), 8.04 (t, J = 1 Hz, 1H, Ar-H), 7.60-7.51 (m, 2H, Ar-H), 7.50-7.32 (m, 5H, Ar-H), 7.08-7.04 (m,
2H, Ar-H), 6.68-6.15 (m, 2H, Ar-H), 5.18 (s, 2H, O-CHy-H).

3E 429 FA

Ao A 2 3-difluorophenyl 3-(4-(benzyloxy)benzoyloxy)benzoate (1.50 g, 3.26 mmol)E& THF 100
mloll &3 AAE o37]e] 10% Pd-C (0.35 g, 3.26 mmoDE ¥ 4 7145 &vlo]l 2% bubbling#
FASHHA 12435t A2 o2 WA AT W T8 § oiste] s ASSH AlA 2REAES
At} CHCls/hexanes &ufj/H]&uf Ao 2 ALg3le] AR AAIA WA 14 B4 AU 55 88.4%;
IR (KBr pellet, cm 1) 3417 (O-H stretch), 3082 (Aromatic C-H stretch), 1746 (Conj. C=0 stretch), 1590,
1510 (Aromatic C=C stretch), 1259, 1217, 1163, 1082 (C-0O, C-F stretch); 'H NMR (200 MHz,
Acetone-ds, 6§ in ppm): 8.16-8.08 (m, 4H, Ar-H), 7.76-7.70 (m, 2H, Ar-H), 7.39-7.32 (m, 3H, Ar-H),
7.05-7.00 (d, 2H, Ar-H).

SIRE 4b9 FA

Quantities: 2,4-difluorophenyl 3-(4-(benzyloxy)benzoyloxy)benzoate (1.50 g, 3.26 mmol); 10% Pd-C
(0.35 g, 3.26 mmol). A7 WP SFE 4a°] Al dial] 7=R viet 2ok 55 98.2%; IR (KBr
pellet, cm™): 3376 (O-H stretch), 3082 (Aromatic C-H stretch), 1746 (Conj. C=0 stretch), 1591, 1508
(Aromatic C=C stretch), 1246, 1192, 1166, 1075 (C-0, C-F stretch); 'H NMR (200 MHz, Acetone-ds, &



in ppm): 'H NMR (200 MHz, Acetone-ds, § in ppm): 8.14-8.06 (m, 4H, Ar-HD), 7.74-7.68 (d, 2H, Ar-H),
7.56-7.29 (m, 3H, Ar-H), 7.05-7.00 (d, 2H, Ar-H).

E 4c9 A

Quantities: 3-(3,4,5-trifluorophenyl carboxy)phenyl 4-[4(benzyloxy)benzoyloxylbenzoate (8.00 g, 13.4
mmol); 10% Pd-C (0.35 g, 3.26 mmol). 4d WH2 335 4a2] Ao 3] 7|&d viet 2o =585
88.4%; IR (KBr pellet, cm 1): (KBr pellet, cm }): 3073 (Aromatic C-H stretch), 2925, 2878 (Aliphatic
C-H stretch), 1725 (Conj. C=0 stretch), 1607, 1522 (Aromatic C=C stretch), 1275, 1252, 1163 (C-0,
C-F stretch); '"H NMR (400 MHz, DMSO-ds, § in ppm): 10.626 (s, 1H, O-H), 8.25 (d, J = 8 Hz, 2H,
Ar-H), 8.08-8.01 (m, 4H, Ar-H), 7.77-7.72 (m, 2H, Ar-H), 7.58-7.50 (m, 4H, Ar-H), 6.95 (d, J = 12 Hz,
2H, Ar-H).

3 E 449 A

Quantities: 2,4,6-trifluorophenyl 3-[4-(benzyloxy)benzoyloxylbenzoate (7.45 g, 9.41 mmol); 10%
Pd-C (0.35g, 3.26 mmol). 2% WHE 33L& 4a9 A s 7l v} 2o 5% 68.2%; IR (KBr
pellet, cm™D: 3534 (O-H stretch), 3070 (Aromatic C-H stretch), 1754 (Conj. C=0 stretch), 1609, 1509
(Aromatic C=C stretch), 1289, 1258, 1212, 1165 (C-0, C-F stretch); 'H NMR (400 MHz, Acetone-ds, &
in ppm): 9.47 (S, 1H, O-H), 8.16-8.08 (m, 4H, Ar-H), 7.77-7.70 (m, 2H, Ar-H), 7.25-7.18 (m, 2H, Ar-H),
7.04-7.00 (m, 2H, Ar-H)

S4E 5co A

Ax715 4718k A2ddA DCC (4.04 g, 19.6 mmol), DMAP (0.23 g 194 mmol) %
3,4,5—trif1uorophenyl 3-[(4-hydroxy)benzoyloxy ]benzoate (7.60 g, 19.6 mmol)Z DCM 300 mlel
LA Z, 3087 WHEAIF T o]F o 79 4—(benzyloxy)benzoic acid (4.47 g, 19.6 mmol) ¥l
2ol A 24 X3¢ J o WA AT 9 TR o Ete] uread AulUla, THRFE 33 Ao 3]
urea® AAS. & A Al7IAL, DCMES @Y /R wiE Abgste] AfaRvtEaduE
AAIEIA T o] &ulE TAFHFAA 2 FFES DCM/CH;0HE &vl/n] &) o2 sho] A AAIA
WA ) Bre Al $E%: 78.0%; IR (KBr pellet, cm™Y): 3073 (Aromatic C-H stretch), 2925, 2878
(Aliphatic C-H stretch), 1725 (Conj. C=0 stretch), 1607, 1522 (Aromatic C=C stretch), 1275, 1252, 1163
(C-0, C-F stretch) 'H NMR (400 MHz, CDCls, § in ppm): 8.29-8.25 (m, 2H, Ar-H), 8.17-8.14 (m, 2H,
Ar-H), 8.08-8.06 (m, 1H, Ar-H), 8.01 (t, J = 2 Hz, 1H, Ar-H), 7.59 (t, J = 8 Hz, 1H, Ar-H), 7.55-7.52 (m,
1H, Ar-H), 7.45-7.34 (m, 7H, Ar-H), 7.08-7.05 (m, 2H, Ar-H), 6.95-6.92 (m, 2H, Ar-H), 5.16 (s, 2H,
O-CHz-H).
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3158 5d9 4

Quantities: 2,4,6-trifluorophenyl 3-[(4-hydroxy)benzoyloxylbenzoate (2.50 g, 6.43 mmol); DCC (1.46
g, 6.43 mmol); DMAP (0.07 g, 0.64 mmol); 4-(benzyloxy)benzoic acid (1.46 g, 6.43 mmol). 2 & "y
3}3HE Baol Aol t] 7]<E wiel Bk £5%: 88.4%; IR (KBr pellet, cm™): 3082 (Aromatic C-H
stretch), 2956, 2927 (Aliphatic C-H stretch), 1734 (Conj. C=0 stretch), 1604, 1510 (Aromatic C=C
stretch), 1258, 1211, 1163 (C-0, C-F stretch); 'H NMR (400 MHz, CDCls, § in ppm): 8.29-8.26 (m, 2H,
Ar-H), 8.16-8.11 (m, 3H, Ar-H), 8.06 (t, J = 2 Hz, 1H, Ar-H), 7.62-7.55(m, 2H, Ar-H), 7.53-7.33 (m,
7H, Ar-H), 7.08-7.04 (m, 2H, Ar-H), 6.82-6.77 (m, 2H, Ar-H), 5.16 (s, 2H, O-CHy-H).



33HE 6c9 FA

Ab2-o)| A 3-(8,4,5-trifluorophenylcarboxy)phenyl 4-[4-(benzyloxy)benzoyloxylbenzoate (8.00 g, 13.4
mmol)E THF 250 mldl &siAAY. o7]e] 10% Pd-C (0.35 g, 3.26 mmoDE Y¥il, oA FA1E
S vllell bubblingAl7] 23 FAstdA 6A3Fs<t B WA WS FE F celited] oJFste] Pd-CE
AAST dojd AfAgA] §ulE FASTHFAIA FFES It THF/hexanes §ulj/v]&v] o2 3o
AAAAA WA 7H RS Ak 55 88.4% IR (KBr pellet, cm™): (KBr pellet, cm™): 3073
(Aromatic C-H stretch), 2925, 2878 (Aliphatic C-H stretch), 1725 (Conj. C=0 stretch), 1607, 1522
(Aromatic C=C stretch), 1275, 1252, 1163 (C-0, C-F stretch); 'H NMR (400 MHz, DMSO-ds, § in
ppm): 10.626 (s, 1H, O-H), 8.25 (d, J = 8 Hz, 2H, Ar-I), 8.08-8.01 (m, 4H, Ar-H), 7.77-7.72 (m, 2H,
Ar-H), 7.58-7.50 (m, 4H, Ar-H), 6.95 (d, J = 12 Hz, 2H, Ar-H).

33HE 649 A

Quantities: 3-(2,4,6-trifluorophenylcarboxy)phenyl 4-[4-(benzyloxy)benzoyloxy ]benzoate (2.00 g, 3.34
mmol); 10% Pd-C (0.35 g, 3.26 mmol). 48 WH2 335 6¢9 Ao 3] 7I&d niet 2o =585
71.0%; IR (KBr pellet, cm ): 3534 (O-H stretch), 3068 (Aromatic C-H stretch), 1743 (Conj. C=0
stretch), 1613, 1509 (Aromatic C=C stretch), 1255, 1219, 1166 (C-0, C-F stretch); 'H NMR (400 MHz,
DMSO-dg, § in ppm): 10.6 (s, 1H, O-H), 8.27-8.24 (m, 2H, Ar-H), 8.15-8.12 (m, 2H, Ar-H), 8.03-8.01
(m, 2H, Ar-H), 7.83-7.81 (m, 2H, Ar-H), 7.79-7.51 (m, 4H, Ar-H), 6.96-6.94 (m, 2H, Ar-H).



