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Preparation of Acrylic Monomers Containing Phosphinic and
Phosphonic Segments and the Characterization
of Weatherproof Copolymers

Jooo*ggooougaon

Masashi SUGIYA* Yoshiko INABA, and Yoshifusa HARA

Acrylic monomers containing phosphinic and phosphonic segments were synthesized with a high yield starting
from sodium hypophosphite. Optical filters were prepared by copolymerization of the above compounds with methyl

methacrylate. These filters were found to exhibit excellent weatherproof characteristics under conditions of high

temperature and humidity.
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Scheme 1 Acrylic monomers containing phosphinic or
phosphonic segments. R = H, alkyl ; R' = H,
CHa.
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Scheme 2 Preparation of monomers containing phosphinic or phosphonic acid segments. i) olefin, tert-butylperoxy
2-ethyl hexanoate (radical initiator) ii) HCI iii) allyl alcohol, tert-butylperoxy 2-ethyl hexanoate iv) acrylic
acid, p-toluenesulfonic acid, tributylhexadecylphosphonium bromide (PTC), p-methoxyphenol v) allyl
alcohol, tert-butylperoxy 2-ethyl hexanoate vi) H,O, vii) (meth)acryloyl chloride, p-methoxyphenol viii)
(meth)acryloyl chloride, NaOHagq, p-methoxyphenol.
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2. 3.1 Butylphosphinic acid (1a)
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IH-NMR(CDCl38 ) 093(t, J = 7.3Hz, 3H), 1.37-1.49(m, 2H),
151-1.65(m, 2H), 1.71-1.82(m, 2H), 7.08(td, J = 1.9 Hz, J = 539.7
Hz, 1H), 1219(s, 1H); 3P-NMR(CDCl35 ) 37.8(md, J = 539.7
Hz), FT-IR(O O ,cml) 2946, 2885(C-HO O ), 2610(POOHD O ),
2335(P-H0 0 ), 1160(P=00 0), 975(P-0-HO O ); FAB-
MS(Pos,m/e) 123[M+H]*

2.3.2 Octylphosphinic acid (1b)
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IH-NMR(CDCl,,8 ) 0.88(t, J=7.2Hz, 3H), 1.21-1.75(m, 14H),
7.08(d, J=537 Hz, 1H), 11.56(s, 1H); 3!P-NMR(CDCl;5 )
379(md, J = 537 Hz), FT-IR(O O cm) 2925, 2856(C-HO O),
2600(POOH ), 2340(P-HO O), 1170(P=00 O ), 975(P-O-H
0 O ); FAB-MS(Pos.m/e) 179[M+H]*

2. 3.3 (3-Hydroxypropyl)butylphosphinic acid (2a)
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IH-NMR(CDCl,8 ) 090-095(m, 3H), 11.40-183(m, 10H), 366(t,
J =49 Hz, 2H), 901(s, 1H); 3'P-NMR(CDCI,; ) 580(m)

2. 3.4 (3-Hydroxypropyl)octylphosphinic acid (2b)
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IH-NMR(CDCl35 )088(t, J = 69Hz, 3H), 1.27-1.37(m, 10H),
152-218(m, 8H), 371(t, J = 59 Hz, 2H), 688(s, 1H); FT-IR(O
O cm?) 3305(-0H0 O), 2974, 2925, 2860(C-HO ), 2640(-
POOHD O), 1472(-CH,-0 O), 1220(P=00 O ), 1059(P-O-HO
0), 1012(C-00 O), 718(P-Cc O)

2.3.5 (3-Acryloyloxypropyl)butylphosphinic acid (3a)
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!H-NMR(CDCl;5 ) 093(t, J = 66Hz, 3H), 1.20-240(m, 8H),
399-437(m, 2H), 266-270(m, 2H), 584(dd, J = 104 Hz, J =
15Hz, 1H), 612(dd, J = 104Hz, J = 174Hz, 1H), 641(dd, J =
17.1Hz, J = 15Hz, 1H), 11.61(s, 1H): 3!P-NMR(CDCl, )
762(m); FT-IR(O O cm™) 2950, 2885(C-HO O0), 2565(-POOH
00), 1722(C=00 0), 1622(C=C0 O ), 1458(-CH,-0 ),
1408(=CH,0 0 0 0), 1260(C-00 O ), 1175(P=00 O ), 970(P-
O-HO O), 895(=CH,0 0 0 O)

2.3.6 (3-Methacryloyloxypropyl)octylphosphinic acid (3b)
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21H), 399-4.37(m, 2H), 551(d, J = 18Hz, 1H), 608(d, J = 18Hz,
1H), 11.28(s, 1H); FT-IR(O O ,cm) 2920, 2852(C-HO O),
2552(-POOHD [0 ), 1704(C=00 0),1632(C=C0 0 ),1450(-CH,-
00), 1410(=CH,0 0 0 0), 1278(C-00 0), 1150(P=00 ),
978(P-O-HO O), 890(=CH,0 0 0 O)
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IH-NMR(CD;0D ) 1.70-196(m, 4H), 368(t, J = 56 Hz, 2H),
5.84(s, 1H), 7.06(d, J = 543Hz, 1H); 3P-NMR(CD;0D5 )
319(td, J = 134Hz, J = 543Hz), FT-IR(O O cm?) 3250(v -
OH), 2950, 2880(v -CH), 2760(v -POOH), 2370(v -PH),
1145(v -P=0), 952(v -P-OH)
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IH-NMR(D,0, ) 1.74-202(m, 4H), 360-3.68(m, 2H), 540(d, J =
6.1Hz, 2H); 31P-NMR(D,0,5 ) 31.9(s) ; FT-IR(0 O cm?)
3290(v -OH), 2910(v -CH), 2760(v -POOH), 1140(v -P=0),
970(v -P-OH)
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!H-NMR(CD;0D,5 ) 1.82-2.04(m, 4H), 4.19-4.25(m, 2H),
584(dd, J = 104Hz, J = 15Hz, 1H), 612(dd, J = 104Hz, J =
174Hz, 1H), 641(dd, J = 17.1Hz, J = 15Hz, 1H), 1096(s, 2H);
FT-IR(0 O cm?) 2920(v -CH), 2730(v -POOH), 1715(v -
C=0), 1630(v -C=C-C=0), 1170(v -P=0), 975(v -P-OH)

2.3.10 3-Methacryloyloxypropylphosphonic acid (6b)
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IH-NMR(CD;0D3 ) 1.77-230(m, 7H), 4.09-4.23(m, 2H), 5.62(d,
J = 18Hz, 1H), 5.82(s, 2H), 6.09(d, J = 1.8Hz, 1H); 3IP-
NMR(CD;0D,3 ) 29.9(s); FT-IR(O O cm) 2900(v -CH),
2735(v -POOH), 1720(v -C=0), 1155(v -P=0), 975(v -P-OH)

2. 3. 11 Bis(3-hydroxypropyl)phosphinic acid (7)
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IH-NMR(D,0,8 ) 145-1.82(m, 8H), 337(m, 4H), 4.65(s, 1H); 3P-
NMR(D,0,8 ) 526(s); FT-IR (O O ,cm?) 3330(v -OH), 2940,
2880(v -CH), 1150(v -P=0), 950(v -P-O-(H))

2.3.12 Bis(3-acryloyloxypropyl)phosphinic acid (8a)
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IH-NMR(CDCl3 ) 1.73-206(m, 8H), 4.20-4.24(m, 4H), 585(dd,
J =102Hz, J = 15 Hz, 2H), 613(dd, J = 102 Hz, J = 174Hz,
2H), 642(dd, J = 174Hz, J = 15 Hz, 2H), 9.12(s, 1H); 3Ip-
NMR(CDCl35 ) 498(s); FT-IR (O O ,cm) 3430(v -OH), 2960,
2880(v -CH), 2300(v -PH), 1730(v -C=0), 1150(v -P=0),
950(v -P-O-(H))



2 . 3. 13 Bis(3-methacryloyloxypropyl)phosphinic acid (8b)
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420-424(m, 4H), 551(d, J = 1.8Hz, 2H), 608(d, J = 1.8Hz, 2H),
9.28(s, 1H); 3IP-NMR(CDCl,,8 ) 49.3(s); FT-IR (O O cm)
3420(v -OH), 2950, 2880(v -CH), 2310(v -PH), 1732(v -C=0),
1155(v -P=0), 945(v -P-O-(H))
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Scheme 3 Preparation of bifunctional phosphinic acid, which is useful for imparting flame retardant properties and

antistatic properties to fibers, plastics and the like.
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Table 1 Effect of changing reactant ratio in reaction
of ally alcohol and sodium hypophosphinate.

Mole ratio Product distribution, relative 9%*
NaH,PO,/allyl alcohol 4 7
10 84.3 157
12 95.2 48
15 995 05

*measurement by 3P-NMR
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Scheme 4 Phosphorus monomers employed for optical
filter.
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Table 2 Base-monomer composition for optical filters.

Monomers Weight parts
Methyl methacrylate 117
Diethylene glycol dimethacrylate 4.0
a -Methylstyrene 0.3
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Table 3 Additive ratio of phosphorus monomers and copper benzoate.

Weight parts

Components Sample-1 Sample-2 Reference-1 Reference-2
Base-monomers 20.0 20.0 20.0 200
Phosphorus monomer* 8a 8a pP-2M P-2M
40 40 40 40
Copper(1l) benzoate 0.36 12 0.36 2.8
Radical initiator** 04 04 04 04

* 8a; Bis(3-acryloyloxypropyl)phoshpinic acid, P-2M; Methacryloyl-oxyethyl acid phosphate (Kyoeisha Chemical)
** tert-Butylperoxy 2-ethyl hexanoate (PERBUTYL O; NOF)

Table 4 Measurement of turbidity and transmissivity.

Sample-1 Sample-2 Reference-1 Reference-2
Turbidity(HAZE) 3.58 414 4.88 2.72
Total transmissivity (T.t) 62.07 4324 84.66 62.14
Diffusion transmissivity (Dfs) 222 179 413 1.69
Parallel transmissivity (P.t) 59.85 41.45 80.53 60.44
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Fig. 1 Transmissivity curves of plastic optical filters.
measuring wavelength; 250-900 nm.
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Fig. 2 Results of weathering test. Conditions; temp.8000 , relative humidity 90%, e ;
sample-1, O ; sample-2, O ; reference-1, O ; reference-2.
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