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Abstract: Polyacrylates with pending alkylsulfur groups were prepared to examine the changes in refractive index (RI)
induced by sulfur oxidation. Four methacrylate monomers having cyclic alkylsulfur groups, such as 1,3-dithiane and 1,3-
dithiolane derivatives, and 3,6-dithiacycloheptanol were developed. The monomers were copolymerized with methyl
methacrylate through a radical polymerization. Oxidation of the prepared sulfur-polymers by O; and 3-chloroper-
oxybenzoic acid led to the formation of the corresponding SO and SO,-polymers, respectively. The selective trans-
formation of sulfur occurred completely and confirmed by FTIR and 'H NMR analysis. The RI of the polymer increased
and decreased due to the formation of SO and SO,, respectively. The SO,-polymer exhibited a RI comparable to a poly-
mer that was prepared using a sulfone-monomer. The Abbe number of the polymer increased after oxidation. The RI dis-
persion over various wavelengths was compared before and after oxidation.

Keywords: cyclic alkylsulfur, polyacrylate, selective oxidation, sulfone polymer, refractive index.
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Aot A stetpx BN, 2 Ao A18-H methacrylic
anhydride, methyl methacrylate, 1,3-dichloroacetone, 1,2-
ethanedithiol, epichlorohydrin, 2,5-dihydroxy-1,4-dithiane, 2-
chloroethanol 5-2] A]¢F2 Sigma Aldrich Chemical AF] A]
ofo 2 o] AA| HHS AXA FaL ARSIt Fr
1 tetrahydrofuran(THF )= 24 27 sllld 4 YEES
Hol ebds] @Al A ARSI Th v silica gel plate
(Merk 5715)5 A8 thin layer chromatography® 41315
o 2] W 9 panisaldehydeE o= Ld-g o
ot oz IRIsITE E=e] wElok A= ATt
Al (Merck, 250-430)y2 ]85t ¥ AZntE 192 1833
o E AR BkshE S42 VARIAN AR] Mercury
300 MHz NMRS AH&-81%10H, CDCLE §v 2 W+ 7]

T BEE AREste] S5t i At vieke] 24 E 24
< 98 2ZFE HE (cargille laps, np=7.85)2 A&
FHELS opFE A (DR-M4, ATAGO)S AR&-3lo] =731
t}. FTIR 2= EH LS MAGA-IR 750 spectrometer(Nicolet
Instrument Co., USA)E AME-3IATh aLEAFe] HA}Fe
GPC(Agilent PL-200)5 AM-31913L 81l THF, X522
Z2]2ERE ARESISIT) 22 PC57-10(0Ozonetech, Korea)
O 2 5B YAIA ABsREgel] ARg-siiT)

24321, 1a) 4. 1,3-Dichloroacetone(95%, 2.67 g, 20.0
mmol)7} 1,2-ethanedithiol(1.71 mL, 20.0 mmol)& CH,Cl,
(MC, 60 mL)oll <91 &lof 22 F7ke] Et;N(6.14 mL)yS ¥

_/
_I_4

ol oX

2o 1247 ﬂ*&é}ﬁiv‘r. HHS- g-ollo] MC(200 mL)
o] H#31 & &= 23] A3tk 77155 7 MgSO,=
Elﬁbl Aol X &ri= Xﬂ Adte FFsloit. o] s

ERS(60 mL)°ll THA] 50] 37 NaBH,(380 mg)S Aol
5&'—7& A7Fsted A7 IRkttt 5% HCl 5~8-94(5 mL)

1t & AYS|AWR7|E o]-gste] A Fu)7t 173 2
o) 7k2] FFAIZ] T ethyl acetate(EA)E 200 mLE 2o &
gt} o] &5 == 23] AU F715S 7 MgSO=
Agstal AelA GuiE AAsI w3t A7k 2
HazrtEagyz A" 52 1228 g, 76%)S #2513
o}, 'H NMR(300 MHz, CDCL;, ppm): & 4.23 (m, 1H),
3.17-3.14 (dd, J=4 Hz, 15 Hz, 2H), 2.93 (s, 4H), 2.92-2.87
(dd, /=4 Hz, 15 Hz, 2H), 2.60 (br, 1H); “C NMR(75
MHz, CDClL;, ppm): & 71.5, 39.8, 37.7. IR (KBr, cm):
Umax 3300 (-OH).

E7Z 1(0.75 g, 5.0 mmol)= AcOH(5 mL)°ll =291 & H,0,
(30%, 2.5 mL, 22 mmol) ¥ 120 °ClA 2047+ 71E 3
o} Loz 23 U8 MCE &3 ¥ NaHCO; 5892}
=2 27 Aok 17152 7 MgS0, 2 A2Jsial A
ellx & AASI sFaAnh ekl ZHazntE
a9 Z 52 1a(0.70 g, 65%)S 33tk 'H NMR(300
MHz, DMSO-ds, ppm): & 592 (m, 1H), 432 (m, 1H),
3.78-3.59 (m 8H). IR (KBr, cm™): L. 3350 (-OH), 1335
(SO,), 1165 (SO,).

2FZ(3) M. Cyclohexanone(5.15 mL, 48.3 mmol), 1,3-
dimercapto-2-propanol(6.0 g, 48.3 mmol), p-toluene sulfonic
acid(TsOH, 0.45 gy& WA (150 mL)yl| =°]3. molecular sieve
(MS, 13 gy Fo] A2ollA 3A17F wukelsith. MSE 28

A A8 3 EAQR00 mL)Z 3 3 NaHCO; 893 &=
AGLh §715S 5 MgSO,2 Aol Agelr gl s

AASte FEs. delrbd APAaETRN R 32
3(3.85 g, 40%)S 2k th. 'H NMR(300 MHz, CDCls,
ppm): 6 3.90(m, 1H), 3.56-3.51 (d, 1H), 3.19-2.66 (m, 4H),
2.09-1.85 (m, 4H), 1.63 (s, 4H), 148 (d, 2H); C NMR
(75 MHz, CDCl;, ppm): & 69.6, 50.6, 37.7, 36.8, 25.7,
22.7, 22.4, 21.2.

M{o|Z(5) &HM. 1.4-Dithiane-2,5-diol(25.4 g, 166.6 mmol),
1,2-ethanedithiol(26.6 mL, 333.2 mmol), TsOH(0.70 g)S
A (480 mL)°ll =Tt Dean-stark x|} 7742 1%—% <
24X 7F F<F 7t st SRAIZT §HES A3 F EA
(200 mL)Z #73]3. NaHCO; 783 &2 At 7715
< 7 MgSOE AFstaL AgoA & AAst 55
siath AE7Hd ZEazEad gz Aolg 5(50 g, 98%)
£ Ea519th '"H NMR(300 MHz, CDCls, ppm): & 4.61 (t,
1H), 3.25 (s, 4H), 2.82 (t, 2H), 1.91 (t, 1H); *C NMR (75
MHz, CDCl;, ppm): & 56.8, 38.6, 34.3.
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24A=2(6) BM. Mol 5(1.0 g, 6.56 mmol), 2-chloroethanol

(0 67 mL, 9.85 mmol), NaOH(0.45 g} oe-2-(4 mL)l =<1
% 50°ColA 13A17F RESIATE WHES 23 & NH4C1

*&0“ S H7kete F3HA171aL EAR FE3819 f71%
T MgSO,Z Aol Agtolr & A Azt & }

u} A7 AQagetE Tz U= 6(0.98 g, 76%)S
2] 3H4 th 'TH NMR(300 MHz, CDCls, ppm): & 4.69-4.65
(t, 1H), 3.79-3.73 (m, 2H), 3.31-3.22 (m, 4H), 2.93 (d, 2H),
2.83 (t, 2H), 2.29 (m, 1H; “C NMR (75 MHz, CDCl,
ppm): & 60.7, 53.7, 41.4, 38.7, 36.0.

2AAEB, 9) M. ¢F& 52.0¢ 13.1 mmol), epichlo-
rohydrin(1.1 mL, 13.1 mmol), E;N(1.0 mmol)2- &-2-(13 mL)
o 351 F AF2olA 15A17F ATt AStelA G A
Aste] B¢ ¥ AYARnE IR SIS 8Q24g,
91%)< H2lstith A E 82.4g 9.8 mmol) #olL
5(1.49 g, 9.8 mmol)Z T I%iEO}ﬂ}OlC(DMF 30 mL)ol)
o] K,CO42.7 g, 19.6 mmol)E 3 713ked 100 °ColA 20

]7J HESAJZATE, o] &0 & 150 mLE ¥ ELOE A

‘E‘ ﬁo].giq_ 54 _Q_ou 0 %ﬁ 1 xio]—oﬂ/\i _Q_HHE
A Azt &3t érﬂﬂ@ AHARETIYIRE 4F
8(2.9 g, 82%)& EE] kAt

8: 'H NMR(300 MHz, CDCls, ppm): & 4.66(t, 1H), 3.96
(m, 1H), 3.67(t, 2H), 3.26(m, 4H), 3.22(d, 1H), 2.94(t, 2H),
2.80 (t, 2H); *C NMR(75 MHz, CDCl;, ppm): & 70.3,
53.6, 47.8, 42.3, 38.8, 37.0.

9: 'H NMR(300 MHz, CDCl;, ppm): 84.67(t, 2H), 3.84
(m, 1H), 3.24(m, 8H), 3.21(s, 1H), 2.88 (t, 4H), 2.70 (m,
4H); *C NMR(75 MHz, CDCl;, ppm): & 69.8, 53.7, 42.3,
38.8, 38.7.

CH2ER| M (2, 2a, 4, 7, 10). LHHE BAM2): B2 1
(1.50 g, 10.0 mmol)®} methacrylic anhydride(94%, 1.9 mL,
12.0 mmol)Z & MCB0mL)ol| =91 F Et,N(1.67 mL,
12.0 mmol)9} 4-(NV,N-dimethylamino) pyridine(60 mgye <=}
HoZ Yo 5 A2ofA] 12417 wnkeldt. WES-8--e MC
(200 mL)Z &3l & =2 23] AUt 77152 5 MgSO,
2 Agstar AgtellA Gl E A Ast sFsIt £&
1l ethyl acetate/hexane(1/7, viv)S ©]-&3t= A2]7Pd AH
AzrtE TR ofmd WA} 2(1.84 g, 84%)E H-2I51
oh AR AP S Bl of2d ©EANQ2a, 4, 7, 1005
skt

2: 'H NMR(300 MHz, CDCl;, ppm): & 6.13 (s, 1H), 5.60
(s, 1H), 5.31 (m, 1H), 3.33 (dd, J=5 Hz, 15 Hz, 2H), 3.12
(dd, /=5 Hz, 15 Hz, 2H), 2.99 (s, 4H), 1.94 (s, 3H); °C
NMR(75 MHz, CDCl;, ppm): & 166.3, 136.1, 126.0, 74.9,
60.3, 38.6, 36.4, 182. IR (KBr, cm™): L 1720 (CO),
1665, 1120.

Zan, 41404 A35, 20163

2a(74% <~&): 'H NMR(300 MHz, CDCl;, ppm): & 6.10
(s, 1H), 5.57 (s, 1H), 5.44 (m, 1H), 4.41-4.00 (m, 4H),
3.95 (s, 4H, 1.95 (s, 3H). IR (KBr, cm™): vy 1725 (CO),
1660, 1340 (SO,), 1164 (SO,), 1115.

4(87% 4~&): 'H NMR(300 MHz, CDCl;, ppm): § 6.12
(s, 1H), 5.60 (s, 1H), 5.13 (m, 1H), 3.04-2.77 (m, 4H),
1.93 (s, 3H), 2.13-1.83 (m, 4H), 1.62 (t, 4H), 1.45 (d, 2H),
BC NMR(75 MHz, CDCl;, ppm): § 166.2, 136.2, 126.2,
70.2, 50.6, 37.8, 26.8, 29.1, 26.0, 22.9, 22.5, 18.5.

7(78% <~&): 'H NMR(300 MHz, CDCl;, ppm): § 6.13
(s, 1H), 5.60 (s, 1H), 4.68 (t, 1H), 4.30-4.34 (t,, 2H), 3.26
(m, 4H), 2.96 (d, 2H), 2.89 (t, 2H), 1.94 (s, 3H); “C NMR
(75 MHz, CDCl;, ppm): & 167.1, 136.0, 126.0, 64.0, 53.7,
41.9, 38.7, 31.0, 18.4.

10(74% <%&): 'H NMR(300 MHz, CDCl;, ppm): § 6.13
(s, 1H), 5.62 (s, 1H), 5.14-5.10 (m, 1H), 4.71-4.66 (t, 2H),
3.30-3.25 (m, 8H), 3.01-2.98 (t, 4H), 2.96-2.90 (m, 4H),
1.96 (s, 3H); “C NMR(75 MHz, CDCl,, ppm): & 166.8,
136.0, 126.4, 73.1, 53.7, 42.2, 38.7, 34.9, 18.4.

B5E 12X &M(P1, P2, P3, P4). ola P olE &
2} 2(0.300 g, 1.37 mmol)$} =1l 2] azobisisobutyronitrile
(AIBN, 27 mg, 2 mol%)S ﬂn—ﬁro] A Zefade) Wil
A Z2AS fA39 . 74 THFG4mL)E Y3
methyl methacrylate(MMA, 0.75 mL, 7.00 mmol)E -2
A A 7]xﬂe _9_0_11-1 203 1087 ’gg:] | AAE
AsIA T W& M-S il bath(65 °C)ol A 12417} BES-A]
o} 2o = 23 THFO S-S WEkE (30 mL)S ]85}
3] A JEARS Bof THFel| =o]aL
o oA g i 1MD}. FEZHE o83l A=
RSk o5 Z1FE(50 °C)elM 12417 Axste] 353
olzd Yol E I 22} P1(0.85 g, 85%)S AUttt 'H NMR
(300 MHz, CDCl;, ppm): 65.07 (m, OCH), 3.60 (s, OCHj3),
3.28-3.06 (m, SCH,), 2.99 (s, SCH,CH,S), 2.0-1.65 (m), 1.42
(m), 1.01 (s, CH;), 0.84 (s, CH;). GPC (THF, polystyrene
standard): M,=22.4 kDa, M,=43.5 kDa.

P2: 'H NMR(300 MHz, CDCl;, ppm): & 4.95 (m, OCH),
3.60 (s, OCH;), 3.02-2.88 (m), 2.88-2.65 (m), 2.14 (m),
2.00-1.35 (m), 1.06 (s, CH;), 0.83 (s, CH;). GPC (THF,
polystyrene standard): A,=25.0 kDa, M,=44.8 kDa.

P3: 'H NMR(300 MHz, DMSO-d,, ppm): & 4.74 (m,
SCHS), 4.06 (br, CH,0), 3.55 (s, OCHs), 327 (s,
SCH,CH,S), 3.96 (s, SCH,), 2.89 (s, SCH,), 1.99-1.62 (m),
092 (s, CH;), 0.75 (s, CH;). GPC (THEF, polystyrene
standard): M,=18.0 kDa, M,=35.1 kDa.

P4: 'H NMR(300 MHz, DMSO-d;, ppm): & 4.82 (br,
CHO), 4.72 (br, SCHS), 3.56 (s, OCH;), 3.31 (s, SCH,CH,S),
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2.96 (s, SCH,), 2.05-1.60 (m), 0.94 (s, CH;), 0.75 (s, CHj3).
GPC (THF, polystyrene standard): M,=19.5kDa, M=
32.1 kDa.

IEXte| MsHEE, 724 P1(0.50 gy CH2C12(20 mL)°]
0|3 A2(-78 °Cys FAIEATE. o] gello] oF JIAE &
& 2A1ZF E9F WESAIFITE AR 2R E %E% AR
A8t §& 2ES 7ISAIA AA OP Atk &iE SEAIA
SEA7IAL HghEe] AEARE AT folil RS

AFEQE(50 °ClA] 12417 AZ3l] Atslel 253 o}=d
GolE 7E2} P1-S0(0.35 g)= AAT}.

SRR P1(0.50 gy $Rde] At ZEkaao] ¥
THF(10 mLyY =3t} 3-Chloroperoxy benzoic acid(m-CPBA,
77%, 091 g)= 718t & 2d20llA 1A7F WA F L), o] 8-
o] Rk 25 Eo] 70°ColA AIZE WhEAIZTE o2
23] &S S E AN SEAIA A F ks
o]gate] AEAE MESAIZATE HFe] AksiA|ef Wizt
< 8] AAsE] flste] LEAE THFOl =<1 5 wghe
of oAl AEAA BAEAT folxl AEAE T
(50 °CellA 12717F sl Atshe 353 ol g o|E 1L
2} P1-S02(0.48 )= AT}

P1-SO2 (or P1-a): '"H NMR(300 MHz, DMSO-d,, ppm): &
5.20 (m, OCH), 3.93 (m, CH,S0O,), 3.77 (s, SO,CH,CH,SO,),
3.55 (s, OCHj3), 1.92-1.58 (m), 0.91 (s, CH3), 0.74 (s, CHs).
IR (KBr, cm™): vy 1730 (CO), 1336 (SO,), 1263, 1134,
1111 (SO,), 984.

P2-SO2: 'H NMR(300 MHz, CDCl;, ppm): & 5.39 (m,
OCH), 3.95-3.50 (m, CH,SO,, OCHj3), 2.45-2.21 (m), 2.20-
1.35 (m), 1.02 (s, CH;), 0.85 (s, CH;). IR (KBr, cm™): Uy
1725 (CO), 1445, 1350 (SO,), 1262, 1145 (SO,).

P3-S02: 'H NMR(300 MHz, DMSO-ds, ppm): & 5.21
(m, SO,CHSO,), 4.26 (s, SO,CH,CH,S0,), 4.08 (br, CH,0),
4.00-3.75 (m, CH,S0,), 3.53 (s, OCHj;), 1.99-1.65 (m), 0.91
(s, CH3), 0.75 (s, CH;). IR (KBr, cm™): vy 1722 (CO),
1450, 1341 (SO»), 1257, 1142 (SO,).

P4-SO2: 'H NMR(300 MHz, DMSO-ds, ppm): & 5.50
(br, OCH), 5.15 (m, SO,CHSO,), 423 (m, SO,CH,CH,SO,),
4.15-3.92 (br, CH,S0,), 3.54 (s, OCH;), 1.99-1.62 (m), 1.17
(m), 091 (s, CH;), 0.73 (br, CH;). IR (KBr, cm™): Ly
1720 (CO), 1300 (SO,), 1270, 1240, 1185, 1140 (SO,).

SHE X, 7EAE DMSO(10-15 wi%)dl] eH43] =<l
T npo]Z2HE(PTFE Y H, 1.0 yum)E S3A|A ol &2
< AAsIA o] 895 dE S48 1=2E T2 (np>2)
o] TR F A7 A2(80°C, 02 tom)dte] ¥k Ao
™ gleke] FAE 0.5-1.0 mmE 223t} Abbe refractor
meterS ©]-8-3le] FHES FH=E 24319t} Monobromo-
naphthaleneZ 7|15=E2=Z 486, 546, 589, 656 nmol|A] ZFz}e]

o o

FHEL 24le] /|53

L | |

t

||

E

IFEES 7 ofaE IEAE 47 Y8l S xS
= 28% =48 F43k Tt 1,3-Dichloroacetone 2} 12-
ethanedithiols WH&AIA 7-2ta28] Al (1) 76%2] &
st o] B SAAA 1Y 22 dEES °é91
32 methacrylic anhydride®} HE-g-0l] ]3] oA o|E whE
A (2)E QAT EdEE 1) s E ARk At
Z710A dES R st la?%‘ A7E (1a)2 HIEA
3L o]E oAyl EAY RS Fal WHEAt QayE: 4
stk E e 18y 24 -7#1?47‘%7} AR = AL
cyclohexanone®] thioketal FENZ 72K R IRFSS 718
st FstE vEFxE A stk 1,3-Dichloro-2-
propanolZ 78 $H/J ¥ 1,3-dimercapto-2-propanol2}H* cyclo-
hexanoneg TsOH vl slollA] Aeld F2]shke-S B3l &

oa gt (e 2 (Y

ll

O

1a (x250,) 2 (o807
SIS *O: =00 o
3
o . m
J‘V” 7

Ay &M [h}w

6

Reaction conditions:

(i) 1,2-ethanedithiol, Et;N (ii) NaBH,, methanol (i) H,O,, AcOH,
120 °C (iv) methacrylic anhydride, Et3N, cat. DMAP (v) cat.
p-TsOH, benzene reflux (vi) CICH,CH,OH, NaOH, Ethanol reflux
(vii) Epichlorohydrin, NaOH, EtOH (viii) 5, K,CO3, DMF

Figure 1. Synthesis of sulfur containing cyclic acrylate monomers.
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= AATH. o] ZHY 6-2tare] 3= ok
2% 43 asKele, 52178 BB 2] skl
droxy—l 4-dithiane ethanedithiolZ} WH-AA #lo]LS
3L 2-chloroethanolz} &3} Wkg- 2 ol H 3} Wb
}0:1 5-zFare] ofad wEAl ()2 s &
7 HH O 2 MpolE (5)F epichlorohydrin}
o gﬁl—/\]ﬁ o]—:vQ (9)__ -d—/ﬂtﬂ— 5 9}1\9}\1 O]i

= & e e oY |@EAk (10ye skt
(Figure 1).

T35 I EAE SIS $l8ke] ©HER) olm Eo|E )
9} methyl methacrylatea(MMA)E ZFZ} 30%2F 70%2] &5+
2 THF £ (25% =)l iﬁl@‘]—oir/]- —?@'7H7\]Xﬂi AIBN
@ mol%)e F71ele] Bl v A Az 35
7 Pl A3nh 2 WhgES ARt 3E R J%
2} 4, 7, 102 ARESle] MMAS} 3/79] THYE 355 2
E2HP2, P3, P4)E SIS AEAT TR} 2a0] A9
= MMAS} 36%:63%2] 3PS AH&-ste] 355 of=E
S Pt aslch ol G0 del S7h 1)
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Figure 2. Synthesis of copolymers from sulfur containing methac-
rylates and polymer oxidation.
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Figure 3. FTIR spectra of polymers (P4, P4-SO, P4-S02).
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Figure 4. '"H NMR spectra of polymers (P4, P4-S0O2).
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Table 1. Refractive Index and Abbe Number of the Prepared Polymers
“S” Content Refractive index (17 °C)
Polymer Monomer B Vo'
(7o) 486 nm 546 nm 589 nm 656 nm nt
P1 2 8.8 1.5352 - 1.5296 1.5218 1.5055 39.2
P1-SO 1.5348 - 1.5289 1.5213 1.5049 39.2
P1-SP2 1.4931 - 1.4851 1.4813 1.4669 41.1
Pl-a 2a 1.4921 - 1.4849 1.4810 1.4675 43.7
P2 4 7.1 1.5277 1.5249 1.5211 1.5135 1.4962 36.7
P2-S0O2 1.5024 1.4981 1.4951 1.4904 1.4758 41.3
P3 7 10.9 1.5552 1.5479 1.5439 1.5409 1.5235 38.0
P3-SO 1.5573 1.5518 1.5442 1.5426 1.5506 37.0
P3-S02 1.5015 1.4977 1.4935 1.4892 1.4742 40.1
P4 10 13.5 1.5775 1.5725 1.5684 1.5631 1.5456 39.5
P4-SO 1.5788 1.5736 1.5693 1.5641 1.5462 38.7
P4-SO2 1.5421 1.5384 1.5324 1.5292 1.5135 41.3

“Sulfur content was determined based on 30 wit% copolymers. "The refractive index at an infinite wavelength was estimated from the simplified
Cauchy’s formula. “Abbe’s number represents the dispersion of n according to wavelength.
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Figure 6. Refractive index at an infinite wavelength of polyacry-
lates and their oxidized polymers.
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