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The Need for Reliable Physicochemical Properties

= High-throughput models have been

developed to estimate exposure and
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dose of substances from near-field

sources
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Continuous Updating of QSPR Models

Select New Chemicals for Perform Experimental
Estimation Inside and | Estimates of
Outside of QSPR . ", . . Physicochemical
Applicability RS Properties

Domains

Evaluate Estimates
and Inform Models

" New measured data are needed for improving QSAR applicability domains




Process for Selecting Pilot Chemicals for Testing

= It we select the same chemicals in current
training set (PHYSPROP), then we get a nice
comparison, but we get no expansion of
chemical space

= If we select all new chemicals, then we get no
comparison, but an expansion of chemical
space

= For the pilot, 200 chemicals were submitted
for measurement of 5 properties:
" Logiol,,
= Henry’s Law constant (HLC)
= Vapor pressure (VP)
= Water solubility (WS)
Acid dissociation constant (pK)
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Summary of Successtul Measurements
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= Log, K, returned the greatest number of measurements and WS, the least
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Success for Compounds in Existing Training Set

! ! ! ' e 5 ! ) Y
A | ! o ¢ W, ;' -
T 105 e m e e e e oo 5 ! . 5
2 ' . . ¢ |
I o' 100..____-._____i_____a.___________ A T
@ 1 1 1 I} ™ 1
5 wfp-4----------- s SRR A - ! e % .
2 L | . e |
= g e e ® |
4 I N ] I
3 .
o E ! 109 -——--1-—-—- .—————.—! ————————————————————
-g.’ =] A S L/ P N S [ .
>0 v A | 3 ]
o [
= | 10°°
E 1 L} ‘I -
Rl i i S L
-:IE:.’ L ] e :. 10— m e e e e ——
I A o A RO AU log(Kow) | log(VP)
1.00 1;3; 10¢ 153 uI)* 16" 1{; 8 ].0l & 10I 4 102 107 10¢
0 : f 1 e ‘.
- C L] wep-Ds -t
o= 1 1 »® ’ L ]
T S S O ! ! ! !
£ i A BTIE) (SR S e e LT _UNP AR N
E | '. 1 1 1 1
I.?'I | L] .
10 L i 10 eh---- - Bt e (o e e
] .". - P, Py @
= e® | le
"5’ 10 ] ‘ S - 10 ‘ . -
_{C__-‘L o
o L) ] S et A B e el
5 107y
;C_.I . i R L e
T s -L® Lo
9 . | 10 14 I I
T ) ! I —— —
log(WSs) I log(HLC)
107°F > ; | ' -
L 1 1 L 1 1 L 10-! i I i 1 : |I I
10 107t 107 1077 107 10° 10* 1071 107 107 107 1077 107% 107 107f
PHYSPROP Values PHYSPROP Values

= Correspondence between new measurements and those previously reported
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QSPR Tools and the Property Predictions Used

= ACD/Labs
= Advanced Chemistry Development, Inc.
" Log, K, ., WS, and pK,
= ChemProp
® Chemical Properties Estimation Software System (UFZ)
" Log, K., VP, and WS
= EPISuite

= Estimation Program Interface

" Log, K., VP, WS, and HLC

= NICEATM
= NTP Interagency Center for the Evaluation of Alternative Toxicological Methods
= Log, /K., and WS

= OPERA

* OPEn (quantitative) Structure-activity Relationship Application
" Log, K., VP, WS, and HLC ,

ow?



Trends Across Modeling Tools

RMSE
N ACD/Labs ChemProp* EPISuite NICEATM OPERA PHYSPROP
LogK,w 32 8.30E-01 7.91E-01 8.02E-01 7.75E-01 7.36E-01 7.71E-01
VP 33 - 1.44E+02 1.38E+02 - 1.36E+02 1.38E+02
HLC 23 - - 5.99E-04 - 8.77E-05 8.96E-05
WS 36 1.20E+00 2.33E-01 3.07E-01 2.28E-01 5.07E-01 1.67E+00
pKat 76  6.15E+00 - - - - -

" Root mean squared errors (RMSE) are reported to emphasize average deviations
between new values and previous or predicted values.

= The trends are as follows:
= Log,K,,: OPERA < NICEATM < ChemProp < EPI Suite < ACD/Labs
=  VP: OPERA < EPI Suite < ChemProp
= WS: ACD/Labs < NICEATM < ChemProp < EPI Suite < OPERA
= HILC: OPERA < EPI Suite

8
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OPERA Trends

w
=
m
| ] ! | | | o ] | ] .__ . m
N [ D IS —1 ]z N_o-® L_____ [ d_____ — 1 7
N T o N B R (SN & )
gl |1 2 "Ne | e T 2
||“|| L g-u.U | .l_ ° | | 1| — a
“ e . 2T | Ng ™ Bl w8
e L ! d_ geee | 1= ]pe ¢ &
—do L R S S =) | ., _‘ o | e =] =
] ] ﬂ.— I — | I e g | o o] I
P "8 °© i T %% ® o | > 2
1 e ®®% ] ol ! ! o e o I8 = o u
.._f ._r ..T L # i e =1 | | & .l ‘l__ S ..m m O
i i By X SR N i i ®a ’*_o o | c o bl
e eBgge e Lol e, dRateow 2 ¢ >
| 1 | 1 .. B 8 — | 1 e | © | -] | @ <m T e
S R e e e e e L L I
| I I j | ° 1L i i i % o 0.
S T N B | | I | X O
® | ] | .
. - “ ! “ ool | Lu 1m
} i _ ] } ) 415 R R [P A - . S -
B . W Nt - =
i i i i i i i i i i
N . . o ]
L e 1& Q| ‘e e i £
| | | | | o - | | | | | P
I I L L L L L 1 I L I I I e D)
n ™ — - - n [~ @ e s a @ E ]
S 5 3 L L L L L 5 L L L 3 < c
— — — - — - — — — m w
[+
|||||| Y S W ——— Y ] ] | | | | | @ h
Ree % | | | (= Bho ol (= = =
l ° l | l I W . ] l | [ [ v = ..m O
e o SR (X1 1 A 2l & .0
e . B I A RS B = 1S IR -
“ . | v | o " e | | | o n > O
SRR A IR e SR PR, - PRI el 0 RN SR
| ® | | | l I T | T 11e 3 =
| ‘9 L - e o o | I v
e 1 o8 “.4|||_||||_|||._.||||m | m I i i T = .m.. n
| ® | L o | [ A fke hteied T s@g € T2 s
| L Pl | | | g | r'a | [N = T O
| e 9 | | | . | | L e | | i} o y—
T | e O IR NN 4~ :- S AR B
| | ﬁ e o | ] | I el ﬁﬂuﬂ | N m [ ] @)
] | @ K | ) ] ] | I ™ | H o v—
BEEEREESIE - - SRS O NS N S S D~ I S = e
i i 6 _o @ i i ] | i ® | 2 o O
| et Ry 8 &
Lo _ 1L e ‘ed o_1___Jdx | [ R R B T r = [
! A R B N A i L o
| RN - Lo g\ e M
Fo————— B it S e e s = it el phabels dtis bbbl it St it = To0ndu by P4
- I ] I ] I | =1 L i | I I I =
T T T S T - 1| T I 0 N O S N SO VY 4 0
Il Sl Mt s S M —" — L L 1 1 I L L 1 1 hY =
2 & & & & & & T T = &5 T T T 7 T P
2 8 3 2 8 8 35 g =% 895855 ¢85
sanjeA PaIPaId YHIdO saN|eA PaYIPA.d VHId O
[
©)
o
w
o v
3
®
|



il et i il e

A PHYSPROP measurements
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RA Log, K Trends and Applicability Domain
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RA Log, K . Trends and Applicability Domain
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RA Log, K Trends and Applicability Domain
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Structure Similarity for Failures based by Property

( Measurement Failures

VP (1 chemical)

Kow & HLC & VP & pKp (1 chemical)
Kow (1 chemical)

Kow & WS & HLC (2 chemicals)

Kow & pKa (2 chemicals)

WS & HLC & VP & pKa (5 chemicals)
HLC & VP & pKa (8 chemicals)

All Failed (8 chemicals)

Kow & WS & HLC & pKpa (10 chemicals)
HLC & VP (10 chemicals)

WS & HLC & pKa (22 chemicals)

WS & HLC (24 chemicals)

pKa (44 chemicals)

K ===l None Failed (62 chemicals)

:

200 chemicals
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= Chemotypes were used to seek patterns in measurement failures across properties b



Structural Similarity F

DTXSID3042261
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DTXSID2020428
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DTXSID1026665
DTXSIDA020458
DTXSIDT024902
DTXSIDE021062
DTXSID4020248
DTXSID0024761
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DTXSIDA0Z0961
DTXSID1026792 |
DTXSID6021872 )
DTXS51D9021398
DTXSID5027061
DTXSIDE021793
DTXSIDO021834
DTXSID1025148
DTXSID9024063
DTXSID4024062
DTXSID1022053

DTXSID1026792
DTXSID9021398
DTXSIDE04B200
DTXSID6E042521
DTXSID5037579
DTXSIDZ034338
DTXSID4020539
DTXSIDE041638
DTXSIDI041362
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New vs Previous Values

DTXSID7024902
DTXS5ID4020458
DTXSID1040295
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DTXSID0021834
DTXSID1025148
DTXSID9024063
DTXSIDA024062
DTXSID1022053

DTXS5ID7024902
DTXSID8021062
DTX5ID3024316
DTXSID3024154
DTXSID6024206

DTXSIDGE0A1638 |

DTXS5ID2034338
DTX5ID5034723
DTX5ID7021106
DTXSID0024761
DTX5ID7024532
DTXSIDB020961

DTXSID1026792 |
DTXSID6021872 |1

DTX5ID9021398
DTXSID5027061
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Structural similarity between chemicals from PHYSPROP and those with new measurements

14



Odds Ratios for Successful Measurements

chain:alkaneLinear_butyl_C4

bond:C=0_carbonyl_generic
bond:COH_alcohol_aliphatic_generic
bond:C=0_carbonyl_ab-unsaturated_aliphatic_(michael_acceptors)
bond:COH_alcohol_generic
bond:COH_alcohol_pri-alkyl
bond:C=0_aldehyde_generic
bond:COH_alcohol_ter-alkyl
chain:alkaneBranch_isopropyl_C3
chain:alkeneLinear_mono-ene_2-hexene
chain:oxy-alkaneLinear_ethyleneOxide_EO1
chain:alkeneLinear_mono-ene_allyl
chain:alkenelinear_diene_1_2-butene
bond:C=0_carhonyl_ab-unsaturated_generic
chain:alkaneLinear_ethyl C2_(connect_noZ CN=4)
chain:alkeneLinear_mono-ene_ethylene
chain:alkeneLinear_mono-ene_ehtylene_terminal
bond:COH_alcohol_sec-alkyl
chain:alkaneLinear_propyl C3
chain:alkaneLinear_ethyl C2(H_gt_1)

chain:alkaneLinear_hexyl_C6

chain:alkeneLinear_mono-ene_ethylene_generic
bond:COC_ether_aliphatic

EE Presence
. Absence

1
40 50

Odds Ratio
= (Odds Ratio give the odds that a substructure contributes to failure of all measurements
= Odds Ratio > 1 = positive association
= (dds Ratio = 1 =2 no association
= Odds Ratio < 1 = negative association

= There were 21 substructures with positive associations
15

=" 'There were 2 substructures with ne%ative associations



Conclusion

* [ive physicochemical properties have been measured in a high-

throughput fashion

* A selection process was implemented that allowed for diverse selection of
200 compounds for measurement

* Results from the new measurements were compared against both
previously measured values and a collection of QSAR models that predict
these values

* These new measurements can help improve chemical space covered by
QSAR thus improving parameters for exposure and dose models
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