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Abstract

A closed-system algal toxicity test was applied to
evaluate the toxicity of 26 propargylic alcohols, 15
a,p-unsaturated easters (6 acrylates and 9
methacrylates) and 16 a,p-unsaturated ketones to
Pseudokirchneriella  subcapitata. Dissolved
oxygen production, final yield and growth rate
based on cell density were used as the response
endpoints. Reactivity  assays employing
glutathione (GSH) as a model nucleophile to
quantify ~ the  electrophlie  reactivity  of
a,pB-unsaturated chemicals, in terms of kgsy and
RC50, the rate constant of reaction between
electrophlie and GSH.

Among all endpoins and other species, final yield
was most sensitive to all chemicals in this study.
The quantitative structure-activity relationship
(QSAR) for primary propargylic alcohols was
developed well by 1-octanol/water partition
coefficient (logKow) (R®=0.81-0.92). For the
secondary propargylic alcohols, the model has a
good fit (R* = 0.85-0.93) with the logKow and
Eiumo except three outliers that alkynyl attached to
1-position. The comparison for methacrylates was
developed well by IogKow, except highly reactive
vinyl methacrylate (R“ = 0.88). For (meth)acrylates,
QSAR was modeled well by logKow and log kesn
(R? = 0.91), the predictive power enhanced without
outlier, 2-Hydroxyethyl acrylate, which log kow
value is negative(R?> = 0.95). AE, logKow and
RC50 values were used as parameters to related to
log(1/EC50) of a,B-unsaturated ketones and the
regressions were also good for the above results.
The predictive power R? for algal toxicity in
this study to predict the toxicity of Pimephales
Tetrahymena  pyriformis  were 0.736  for
(meth)acrylates and 0.916 for o, 5 -ketones.

Keywords: a,B-unsaturated alcohols,
a,B-unsaturated easters, o,B-unsaturated ketones,
Pseudokirchneriella, reactivity, glutathione, QSAR
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Table 1 50%- effects toxicity, low-concentration-effects toxicity and descriptors of chemicals

Chemical Log ELumo Enomo ECso EC10 NOEC RCeo |og
w (V) (V) DO FY GR FY FY KasH
Primary propargylic alcohols
2-propyn-1-ol -04 17 25.15 289 558 874 2.56 - -
2-butyn-1-ol 04 16 4984 472 675 1862 <516 - -
2-butyn-1,4-diol -0.7 14 1141 464.2 1214 1044 <55.67 - -
2-pentyn-1-ol 09 16 76.2 425 1095 9.2 2.41 - -
2-hexyn-1-ol 1.4 16 68.12 32.2 86.5 547 2.43 - -
2-heptyn-1-ol 20 16 62.91 384 2852 21 <499 - -
2-octyn-1-ol 25 1.6 25.07 244 786 152 <249 - -
2-nonyn-1-o0 30 16 97 7.8 213 168 <053 - -
2-decyn-1-ol 35 16 17 14 36 0.3 <025 - -
Primary homopropargylci alcohols
3-butyn-1-ol -0.2 138 367.8 262.3 2263 16.71  9.22 - -
3-pentyn-1-ol 03 17 1421 1585 492.1 1139 <128 - -
3-hexyn-1-ol 09 17 77.78 378 89.7 10.01 <6.17 - -
3-heptyn-1-ol 1.4 17 1715 83.6 5252 5.16 3.82 - -
3-octyn-1-ol 19 17 71.66 40.8 1405 4.19 1.24 - -
3-nonyn-1-ol 25 17 2142 101 168 3.7 <136 - -
3-decyn-1-ol 3.0 17 588 48 101 131 <051 - -
Secondary propargylic alcohols
1-hexyn-3-ol 1.2 17 271 17 59 0.28 <0.48 - -
1-pentyn-3-ol 0.7 17 074 05 10 011 0.06 - -
3-butyn-2-ol 0.1 138 827 36 404 0.12 0.20 - -
3-hexyne-2,5-diol -01 14 6.09 14 95 0.08 0.05 - -
4-heptyn-2-ol 1.2 20 93.83 64.1 218.7 855 <1225 - -
4-heptyn-3-ol 1.7 1.7 85.74 409 96.0 11.31 9.56 - -
4-hexyn-3-ol 1.2 17 19.28 8.0 233 1.65 1.48 - -
3-hexyn-2-ol 1.2 17 16.26 58 21.9 090 <124 - -
2-methyl-5-octyn-4-ol 27 1.6 37.92 17.7 400 3.12 3.92 - -
5-methyl-1-hexyn-3-ol 16 17 558 3.2 140 0.20 0.08 - -
Acrylate
Methyl-acrylate 0.73 0.177 562 4.05 653 154 1.00 35.211.11E06
Ethyl-acrylate 1.22 0.199 713 181 6.02 0.221 <0.712 39.351.55E06
Propargyl-acrylate 0.94 0.266 0.98 0.647 0.916 0.288 0.146 12.995.65E06
Isobutyl-acrylate 2.13 0.320 251 0.759 252 0.110 <0.232 40.251.90E06
Hexyl-acrylate 3.18 0.204 0.183 0.0942 0.582 0.00561 0.0103 53.59 2.48E06
2-Hydroxy-ethyl-acrylate -0.25 0.134 2.40 0.883 2.79 0.120 0.0917 35.18 3.59E06

Methacrylate




Methyl-methacrylate 1.28 0.222 486 256 521 60.1 31.3 0.70 5.13E03
Ethyl-methacrylate 1.77 0.243 158 101 173 289 18.9 6.27E03
Vinyl-methacrylate 1.63 0.125 490 325 7.68 0.876 0.376 0.019 1.51EQ5
Allyl-methacrylate 2.12 0.216 624 132 331 231 2.40 © 1.20E04
Butyl-methacrylate 2.75 0.248 11.0 114 160 6.12 <711 3.60E04
Isobutyl-methacrylate 2.67 0.244 23.2 235 309 149 10.7 3.24E04
2-Ethoxy-ethyl-methacrylate 1.49 0.254 240 203 373 828 80.0 1.59E04
Tetrahydrofurfuryl-methacrylate 1.80 0.299 230 168 316 53.9 52.5 1.66E04
Benzyl-methacrylate 2.98 0.191 339 364 515 201 2.37 - 6.47E04
Ketone

3-Butyn-2-one -052 - - 0.013 0.008 0.014 0.003 0.003 0.059 -
3-Hexyn-2-one 017 - - 0.21 0.14 030 0.03 0.05 0.089 -
2-Cyclopenten-1-one 0.71 0.132 -10.424 9.35 5.02 872 155 1.38 0.55 -
2-Methyl-2-cyclopenten-1-one  1.26 0.091 -9.871 153.7 129.8 196 64.95 38.22 8.77 -
3-Methyl-2-cyclopenten-1-one  1.26 0.144 -10.117 406.9 334.6 466.3 162.96 124.2 19.12 -
3-Penten-2-one 0.52 0.120 -10.408 5.18 2.73 4.00 0.84 1.27 052 -
3-Methyl-3-penten-2-one 1.37 0.159 -9.972 58.45 58.16 72.11 35.73 28.05 4.84 -
4-Methyl-3-penten-2-one 1.37 0.160 -10.044 180.7 144.0 2135 64.89 2526 20.99 -
4-Hexene-3-one 1.31 0.269 -10.311 3.40 2.76 421 1.16 0.77 0.158 -
5-Hexen-2-one 1.10 0.920 -10.227 129.4 74.06 180.2 13.48 23.29 28.78 -
5-Methyl-5-hexen-2-one 1.65 0.988 -9.919 269.0 202.1 384.9 60.87 99.71 36.24 -
3-Heptene-2-one 1.80 0.131 -10.399 3.74 255 331 1.05 098 0.294 -
6-Methyl-5-hepten-2-one 2.06 0.917 -9.590 71.85 69.79 126.3 16.57 44.00 - -
3-Buten-2-one 0.41 0.103 -10.568 0.10 0.07 0.09 0.04 0.04 0.076 -
3-Octene-2-one 2.29 0.137 -10.388 4.12 1.88 4.09 047 0.68 0.26 -
3-Nonene-2-one 2.79 0.133 -10.383 1.00 6.03 15.88 1.18 196 0.291 -

ECso ~ NOEC ~ ECy Unit : mg/L; log kesy Unit; (mg/L)*min™; * no data
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= F1* Dunnett's test #7 & {¥ ca NOEC & 12 2 ]
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1 2
logKow

Figure 1. Correlation between baseline and
observed toxicity. Baseline toxicity:
log(1/EC50 ry) = 0.9 logKow 1.4 (Tsai and Chen,
2007)
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Table 2 Multiele linear regression for Eroeargxlic alcohols, acrzlates and ketones based on final xield

Equation n R Q S F outliers
Primary propargylic alcohols
(1) log(1/EC50) = 0.47 logKow - 0.09 9 081 078 036 29.04
Primary homopropargylic alcohols
(2) log(1/EC50) = 0.62 logKow - 0.46 7 092 090 023 5526
All primary propargylic alcohols
(3) log(1/EC50) = 0.51 logKow - 0.23 16 083 081 032 66.26
Secondary propargylic alcohols
3 1-hexyn-3-ol - 1-pentyn-3-ol -

4) log(1/EC50) = -0.28 logKow - 2.08 Ejymo + 4.83 7 08 - - - 5-methyl-1-hexyn-3-ol
(5) log(1/EC50) =2.13 logKow - 1.10 Ejymo - 1.52 logKow*Ejyme+3.41 7 093 - - ) é-rrf;)rzr;li?;exylnfj;-rglyn o
Methacrylate
(6) log (1/ EC50) = 1.09 log Kow—1.78 8 088 081 0.268 457 vinyl methacrylate
Acrylate & Methacrylate
(7) log (1/ EC50) = 0.93 log Kgsn + 0.51 log Kow + 0.28 15 091 0.84 0.335 605
(8) log (1/ EC50) = 0.90 log kgsn + 0.66 log Kow - 0.05 14 095 092 0.266 94.3 2-Hydroxyethyl acrylate
9) log(1/EC50)=0.91 logkgsn + 0.57 logKow - 3.71E umo + 1.01 15 094 0.89 0.278 60.9
Ketone
(10)  log (1/EC50) = -0.65A E + 0.98 Log(1/RC50) - 5.80 13 091 0.87 0.328 58.6
(11)  log (1/EC50) = -0.38 logKow +1.08 Log(1/RC50) + 1.68 15 0.88 0.82 0470 1.68
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Table 3. Substance classification for environmental effects and comparisons of algal toxicity test results with other species

Chemical Algae(ECso) Fathead minnow® Water flea® Ciliate®  Hepatocyte" Classification’
(DO) (FY) (GR)  (LCs) (ECso) (1GCs0)  (LCs0)
Primary propargylic alcohols
2-propyn-1-ol 25.15[2] 28.9([3] 55.8[4] 1.53[1] - 658.7 [5] - R51
2-butyn-1-ol 49.84 [3] 47.2[2] 675[4] 10.1[1] - 519.0[5] - R52
2-butyn-1,4-diol 1141 [3] 464.2[2] 1214[4] 53.6[1] - 6530 [5] - R52
2-pentyn-1-ol 76.2[2] 425[1] 109.5(3] - - 3146 [4] - R52
2-hexyn-1-ol 68.12[2] 32.2[1] 86.5[3] - - 2376 [4] - R52
2-heptyn-1-ol 62.91[2] 38.4[1] 2852[4] - - 1735[3] - R52
2-octyn-1-ol 25.07[2] 24.4[1] 786[3] - - 81.0[4] - R52
2-nonyn-1-0 9.7[2] 78[1] 21.3[3] - - 3144 - R51
2-decyn-1-ol 170381 14[2] 36[4 1.07[1] - 158 [5] - R51
Primary homopropargylci alcohols
3-butyn-1-ol 367.8 [3] 262.3[2] 2263[4] 36.1[1] - 4849 [5] - R52
3-pentyn-1-ol 142.1[1] 1585[2] 492[3] - - 1273 [4] - -
3-hexyn-1-ol 77.78[2] 37.8[1] 89.7[3] - - 1028 [4] - R52
3-heptyn-1-ol 1715[2] 83.6[1] 525.2[4] - - 234.3[3] - R52
3-octyn-1-ol 71.66 [2] 40.8[1] 140.5[4] - - 1205[3] - R52
3-nonyn-1-ol 21.4213] 10.1[1] 16.8[2] - - 64.1[4] - R52
3-decyn-1-ol 588[2] 48[1] 10.1[4] - - 588[2] - R51
Secondary propargylic alcohols
1-hexyn-3-ol 27102] 1.7[1] 59[3] - - 21.5[4] - R51
1-pentyn-3-ol 0.74[2] o05[1] 1.0[3] - - 1273[4] - R50
3-butyn-2-ol 827[2] 36[1] 404[3] 11.63[4] - 176.1 [5] - R51
3-hexyne-2,5-diol 6.09[2] 141] 95[3] - - 329.2[4] - R51
4-heptyn-2-ol 93.83[2] 64.1[1] 218.7[3] - - 467.6 [4] - R52



4-heptyn-3-ol 85.74[2] 409[1] 96.0[3] - - 120.2 [4] - R52
4-hexyn-3-ol 19.28[2] 8.0[1] 233[3] - - 152.0[4] - R51
3-hexyn-2-ol 16.26[2] 58[1] 219[3] - - 30.3[4] - R51
2-methyl-5-octyn-4-ol 37.92[2) 17.7[1] 40.0[3] - - 55.8 [4] - R52
5-methyl-1-hexyn-3-ol 558[2] 3.2[1] 14.0[3] - - 269[4] - R51
Acrylate

Methyl- 5.62 4.05[2]* 6.53 - 221[1]  244[3] 243[4] R51
Ethyl- 7.13 1.81[1] 6.02 251 [2] 437[3] 31.0'[4] 159[5] R51
Propargyl- 0.98 0.647 [1] 0.916 - - 9.59"[2] - R50’
Isobutyl- 2.51 0.759 [1] 2.52 2.08[2] - 65.6 [3] 1410 [4] R50!
Hexyl- 0.183  0.0942[1]0.582  1.11[2] - 28.4[3] 1330 [4] R50/R53
2-Hydroxy ethyl- 2.40 0.883[2] 2.79 4.84[3] 0.784[1] 23.7°[5] 12[4] R50!
Methacrylate

Methyl- 486[4] 256[2] 521[5] 259 (3] 69.2[1]  21907[6] 5250 [7] R52
Ethyl- 158 [2] 101[1] 173[3] - - 983[4] 3530 [5] -
Vinyl- 490[2] 3.25[1] 7.68[3] - - 466 [4] - R51
Allyl- 62.4[5] 13.2[2] 33.1[4] 0.98[1] - 600 [6] 14 3] R50 !
Butyl- 11.0[1] 11.4[2] 16.0[3] - 31.8[4] 264[5] - R52
Isobutyl- 23.2[1] 235[2] 30.9[3] 32.6°[5] 31.8[4] 270[6] 4010[7] R52
2-Ethoxy ethyl- 240 [3] 203[2] 373[4] 27.7[1] - 951 [5] - -
Tetrahydrofurfuryl- 230[3] 168[2] 316[4] 34.7[1] - - - -
Benzyl- 3.39[1] 3.64[2] 5.15[4] 4.64[3] - 395[5] - R51
Ketone

3-Butyn-2-one 0.013[2] 0.008[1] 0.014 [3] - - 0.73[4] - R50
3-Hexyn-2-one 0.21[2] 0.14[1] 0.30[3] - - 2.98[4] - R50
2-Cyclopenten-1-one 9.35[3] 5.02[1] 872[2] - - 11.42[4] - R51



2-Methyl-2-cyclopenten-1-one
3-Methyl-2-cyclopenten-1-one
3-Penten-2-one
3-Methyl-3-penten-2-one
4-Methyl-3-penten-2-one
4-Hexene-3-one
5-Hexen-2-one
5-Methyl-5-hexen-2-one
3-Heptene-2-one
6-Methyl-5-hepten-2-one
3-Buten-2-one
3-Octene-2-one
3-Nonene-2-one

153.7 [3]
406.9 [2]
5.18 [3]
58.45 [2]
180.7 [3]
3.40 [2]
129.4 [3]
269.0 [2]
3.74 [3]
71.85 [2]
0.10 [3]
4.12[3]
10.00 [2]

129.8 [2]
334.6 [1]
2.73[1]
58.16 [1]
144.0 [2]
2.76 [1]
74.06 [2]
202.1[1]
2.55 [1]
69.79 [1]
0.07 [1]
1.88 [1]
6.03[1]

196 [4] -
466.3 [3] -
4.00[2] -
72.11[3] -
213.5 [4] -
42111 -
180.2 [4] -
384.9 [3] -
3.31[2]
126.3 [3]
0.09 [2]
4.09 [2]
15.88 [3] -

18.89 [1]
70.14 [4]
644 [4]
2.15 [1]
2022 [4]
5.28 [1]
1355 [4]
11.53 [4]
428 [4]
2.17 [4]
217 [4]
832 [4]

R52

R51
R52
R51
R51
R51

R51
R52
R50
R51
R51
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