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Synthesis and Polymerization of Monomers Carrying Isothiocyanate Moiety
and Their Application to Functional Polymers Synthesis
Based on Its Reaction Selectivity
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Isothiocyanate is a useful functional group for post-polymerization modification by reaction with amine,
alcohol, and thiol. Isothiocyanate-group-containing monomers, 4-vinylbenzyl isothiocyanate (VBIT), 2-
isothiocyantoethyl methacrylate ITEMA), and 2-isothiocyanatoethyl acrylate (ITEA) were synthesized, and
their radical polymerizations were examined, respectively. VBIT was synthesized from 4-vinylbenzyl chlo-
ride without using highly toxic reagents such as thiophosgene. ITEMA and ITEA were synthesized by ad-
dition of carbon disulfide to 2-aminoethyl methacrylate or 2-aminoethyl acrylate, followed by treatment with
ethyl chloroformate. Radical polymerization of the obtained monomers were carried out in a usual organic
solvent using 2, 2-azobisisobutyronitrile (AIBN) as an initiator to obtain the corresponding polymers. The
obtained polymers were characterized by 'H NMR, “C NMR, and IR spectra, and analyzed by thermogravi-
metric analysis (TGA), and differential scanning calorimetry (DSC). In contrast to the isocyanate group, the
isothiocyanate group was relatively tolerant to alcohols and carboxylic acid. This character enabled us to
synthesize copolymers of isothiocyanate monomers and 2-hydroxyethyl methacrylate (HEMA) or meth-
acrylic acid (MAA). The copolymers were transformed into networked polymer by addition of 1, &
diazabicyclo [5. 4. 0] undec-7-ene (DBU) or heating to form thiourethane or amide linkages.
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Figure 1 Chemical structures of
isothiocyanate containing
MoNnomers.
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Scheme 1 Synthesis of VBIT.
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Table 1 Results of Radical Polymerization of VBIT

Reaction Conversion® Yield

Bty mivetw) (%) (%) M M/MS
1 1 19 13 12,000 1.91
2 3 24 17 12, 200 1.95
3 6 39 41 14, 400 2.02
4 12 62 61 13, 600 2.25
5 24 82 77 15, 300 2.73

* Estimated from 'H NMR. * Estimated by GPC
(eluent = THF, polystyrene standards).
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Scheme 3 Synthesis of ITEMA and ITEA.

Wibxz20a v (3)bLAIE LT Z7Vu v (4) 73/
Iy — VRN A MR, 80 CTAa#ET AL
TIATFIMEL, 273/ TF) AF7)5—MEREE (5) B
X272 FNT oS- NERI (6) 2 AL 7. 1%
N7BBLUBII A bk Bx S SE Y FF AV NIV B
EEWRLIZOL, SSHIZ70u0FBIFVERISSEHIE
W&o TIF NN IV IR ~NEE, B RICE-T

R
=S=O AIBN (2 mol%) ‘[CHZ /t_ |
o —_— o

R
0 n
MEK, 60 °C 2

N=C=S N=C=S
R = CHs: ITEMA R = CH3: poly-ITEMA
R=H:ITEA R = H: poly-ITEA

Scheme 4 Homopolymerization of ITEMA and

ITEA.
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Table 2 Results of Radical Polymerization of ITEMA and ITEA

Monomer Isolated
Run  polymer  Conversion(%) Yield(%) M, M, M.J/M, T.(C) Ts(C)
1 poly-ITEMA 95 62 35,900 123,400 3.4 55 277
2 poly-ITEA 96 84 16,900 52,900 3.1 2 269
3  poly-ITEMA® 97 93 14,600 57,700 3.9 = =
4 poly-ITEA® 98 95 11,000 31,900 2.9 = =

* Polymerized in water containing MEK (10wt% of water containing). ® Not measured.
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Scheme 5 Addition of nucleophiles to polymers
having isothiocyanato groups.
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Scheme 6 Cross-linking of poly-ITEMA with a dia-
mine or a diol.
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Figure 2 Photographs of poly-ITEMA in THF (171g/L) before (a) and after cross-linking with a

diamine (b) or a diol (c).
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Figure 3 IR spectra of (a) poly-ITEMA, (b) cross-linking with a diamine, (¢) cross-linking with
a diol (ATR, 293K).
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Scheme 7 Copolymerization of VBIT and HEMA.
Table 3 Results of Copolumerizations of VBIT and HEMA

. 0/ a e 0/ )ab
R Feed Ratio(mol%)* Copolymer Composition (mol%) Isolated Me Mo M)

VBIT/HEMA VBIT/HEMA Yield (%)"
1 75/25 68/32 28 21,100 41,600 1.97
2 50/50 45/55 28 30,800 87,200 2.83
3 25/75 27/73 14 49,900 194,100 3.89

* Determined by 'H NMR. * Methanol-insoluble part. ¢ Determined by GPC (eluent = THF, poly-
styrene standard).
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Scheme 8 Copolymerization of ITEMA and HEMA.
Table 4 Results of Copolymerization of ITEMA and HEMA

Feed Ratio Copolymer Composition

Run  (mol%)* (mol%)* éi‘l’éa&d)b M: My MJMS T.(C)* Tu(T)e
ITEMA/HEMA  ITEMA/HEMA

1 88/12 88/12 79 24,500 82,000 3.35 68 281

2 49/51 51/49 8 24,100 90,100 3.74 78 253

3 16/84 11/89 85 44,400 118,500 2.67 100 247

* Determined by 'H NMR. * Diethyl ether-insoluble part. ¢ Determined by GPC (eluent = DMF, poly-
styrene standards). ¢ Determined by DSC. ¢ Determined by TGA.
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Scheme 9 Copolymerization of ITEMA and MAA.
Table 5 Results of Copolymerization of ITEMA and MAA

Copolymer Composition

Run Fef;ﬁig}ﬁg? i (mol%)* Ylii‘l’(lf(t;%b M: MS MJMS T.(C)* Tu(C)r
ITEMA/MAA
1 88/12 91/9 73 36,100 121,000 3.35 91 236
2 49/51 49/51 83 27,300 88,000 3.22 — 185
3 11/89 10/90 94 45,600 151,000 3.31 — 201

* Determined by 'H NMR. * Diethyl ether-insoluble part. © Measured after methylation of the carboxyl
groups and determined by GPC (eluent = DMF, polystyrene standards). ¢ Determined by DSC. ¢ Deter-

mined by TGA. ' T, could not be determined by DSC.
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Scheme 10 Formation of networked polymer by
the addition of DBU.
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Figure 4 IR spectra of poly (VBIT-co-HEMA) be-
fore (a) and after (b) cross-linking with
DBU (KBr, 293K).
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Figure 5 TGA and DSC curves of poly ITEMA-co-
HEMA).
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Scheme 11 Cross-linking of poly ITEMA-co-HEMA)
by heating.
2.7 IN#IC K Bpoly(ITEMA-co-MAA)D RykT—
21k

poly ITEMA49-co-MAA51) D Tuid185 C TITEMA
BIOMAADFER)T—DT, 277 T, 250 TIZILIKL
TREUKFLZ(FK5). RNIRL7ZTGALDSCO M &
K Rm ALEERIRA DA HE TR INT
WBRZENS, MBUIXS>THEHD AV F 4 7 F MRV
REVEOHTMOD RIS A EITL 22 EDTRESH
7z. ZZTC, poly(ITEMA49-co-MAAS51) %% > 7 IV ik
AN, Ayb7L =1 1200 CTLO4 M IN# 3 %
L, 9.2%0ERFAVBEIN, [BONTEARITE B

CH
O-H

-HCH2 / CHy
Q%‘ Qé"]
o? o}
N=C=S OH

poly(ITEMA-co-HEMA)

Transmittance [%)]

N=C=S

IAEERD, DMSOIK LTI 2288 sl s 7z
(AF—212). MEHZEOITFR)<—DIRAXRY MV 2l 5E
T5E, AVFFTTFED2100 cm " OWILAS AL,
TIFREED1660 cm ' OWIAH -1l s /-2 e h
5, RIS—WSHDOAVFF T TFNEEVKRF I EDIK
ISL, ALV R =V O RS TT INKE G DTS
NBZEDRBEN, Ao T—7fLL7zbDEEZLND
(118, 9)*®, 72721, 1800 cm 'fi dLIZF A AN N3
VR OC=0 " HEREAICI DRI IS 2L
25, 200 C, 105 M OMELTIZT A AN NI PR K
WP ETHRETEOTIIRS, HIIUIFRAEL TWED
DEEZHNS.

3 BbhbOIC
AVFATTF— Mgz &€/ —L L TVBIT,
ITEMA, ITEAZZNZNAGHL, AIBNZBIHHIES
57V ANVEEIZEST, MBIIAVF AT T F—MiEEE
FoR)~w—%1572. AVFFTT7F—MIfkAL KA
BOB$ 57280, BT HIMMIE->THESIHE A28 A
FTHIEDWUFETH o7z, BT, AVFF T T7F—MIK
XU TR AR N 720, B/ —BLU R~ —32%
SR TORDH AW EETHY, KeFAZHERETLE
BHUEeTH otz AVFFTTF—b OIS EEFHL
T, RUR=IZVT7IVHLLUIVF— Vel N2 5L 41

RIS ELTL TR NI =2 R )z =2 bih 72,
BB, AVFFTTF ORI EREZFHL C

C=0

C=0

4000 3500 3000 2500

2000 1500 1000 500

Wavenumber [cm-1]

Figure 6 IR spectra of poly ITEMA51-co-HEMA49) before (a) and after
(b) cross-linking by heating at 200 C for 10min (KBr, 293K).
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Figure 7 TGA and DSC curves of poly ITTEMA49-
co-MAA51).
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Scheme 12 Cross-linking of poly (ITEMA-co-MAA) by

heating.
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Figure 8 Speculated reaction mechanisms of isothiocyanate and carboxylic acid.
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Figure 9 IR spectra of poly ITEMA49-co-MAA51) before (a) and after (b) cross-linking
by heating at 200 C for 10 min (KBr, 293K).
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