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Additivity as the Birth of QSAR
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Response = Average + Xi + Yj

“The proposed models should not be criticized as ignoring the combination of several 
substituents that produce a biological response in excess of the additive estimation. 
Such results will appear in some analog series.”



Free-Wilson Modifications
Fujita-Ban (1971)

• -log A = µ + Xj + Yk
• Modified Free-Wilson by using log units and making µ the activity of 

unsubstituted core, X and Y are the activity contribution of the 
substituents in two different positions on the core.

• X and Y are determined empirically for a specific biological system and 
position on the core. 

Bocek and Kopecky (1965)
• A = Avg + Xj + Yk + ejek

• SAR was not always additive so they introduced the concept of an 
interaction term.

ejek = pKi – (µ + Xj + Xk)

CORER

µXj Yk

R'



We Usually Assume Additivity by Inference

We analyzed 500 SAR papers (JMC, BOMCL, ACSMCL) 
and found only 4 where the additive assumption was checked!! 
Most papers follow a standard progression of linear SAR:
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Assuming Additivity by Inference

We analyzed 500 SAR papers (JMC, BOMCL, ACSMCL) 
and found only 4 where the additive assumption was checked!! 

I think chemists are aware of the possibility that non-additivity 
exists, but they are so comfortable with the assumption that they 
don’t think it is important to check. 

I will contend that checking additivity not only prevents chemists 
from missing good compounds but also highlights critical changes 
in SAR.



What are we assuming with linear SAR?

JNJ SAR of Orexin Antagonists
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Chart1

		5		5.2218487496		5.2218487496		5.6989700043		6.2839966564		5.3979400087

		6.3372421683		7		6.1307682803		6.4559319556		6.6197887583		5.7958800173

		6.0705810743		5.6989700043		6.7695510786		6		6.6020599913		6.5086383062

		6.1191864077		7.3187587626		6.7958800173		6.8538719643		6.6575773192		6.5228787453

		6.2076083105		7.0861861476		7.2218487496		7		7.0043648054		6.638272164

		6.3665315444		7.3372421683		6.6989700043		7.193820026		6.8239087409		6.920818754

		6.2596373105		7.1487416513		6.9586073148		7.2365720064		6.920818754		7.0757207139

		7.5686362358		8.096910013		8.3979400087		9.096910013		9.3979400087		10.6989700043
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pKi = µ + Xj + Yk : Additive

This is a visual quantitative representation of assuming additivity.

What are we assuming with linear SAR?
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Orexin Linear matrix_output

		Column1		Column2		Column3		Column4		Column5		Column6

		Real Activities:

				C1		C2		C3		C4		C5

		R1		6.6		7		6.1		6.5		5.8						R2C1		6.6

		R2				5.2												R1		-1.8

		R3				5.7												R3		-1.3

		R4				7.3												R4		0.3

		R5				7												R5		0

		R6				7.3												R6		0.3

		R7				7.1												R7		0.1

		R8				8.1												R8		1.1

																		C2		0.4

																		C3		-0.5

		Predicted Activities:																C4		-0.1

				C1		C2		C3		C4		C5						C5		-0.8

		R1		6.6		7		6.1		6.5		5.8

		R2				5.2

		R3				5.7

		R4				7.3

		R5				7																predicted

		R6				7.3												C1		C2		C3		C4		C5

		R7				7.1										R1		4.8		5.2		4.3		4.7		4.8		4

		R8				8.1										R2		6.6		7		6.1		6.5		6.6		5.8

																R3		5.3		5.7		4.8		5.2		5.3		4.5

																R4		6.9		7.3		6.4		6.8		6.9		6.1

		Deviations:														R5		6.6		7		6.1		6.5		6.6		5.8

				C1		C2		C3		C4		C5				R6		6.9		7.3		6.4		6.8		6.9		6.1

		R1		6.57E-14		0		8.88E-15		1.42E-14		1.15E-14				R7		6.7		7.1		6.2		6.6		6.7		5.9
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What if your data looks like this?
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2 other Orexin libraries showed a similar lack of additivity.
…in 500 medchem papers we only checked additivity 4 times!!!

Non-Additivity ejek = 3 log units!!!
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Why do we assume additivity?

It starts from the fundamentals of our chemistry training (Anchoring effect).

 Thermodynamics: ∆H = Σ∆H(bonds broken) – Σ∆H(bonds formed) or ∆S = ∆Strans + ∆Srot + ∆Svib

 clogP: adding contributions of every atom based on its atom type

 tPSA = Σ Polar fragments

J.Med.Chem, 2000, 43, 3714



Ligand Protein Interactions are not Bulk Physical Properties

Entropy, fit, and strain all play key roles in our thinking about additivity.

Jencks, PNAS, 1981, 4046

=/ +

How would you respond if I said that a phenyl ring contributed the same amount of energy to all 
ligand-protein binding events, regardless of context?

Yet that is exactly how we treat a phenyl ring when we calculate physical descriptors? 
(clogP, TPSA, MW, MolVol, ∆H of formation).

…and yet we expect that simple physical properties can predict biology data?  



How general is additivity in SAR?
• Janssen data mining exercise.

• 19 SAR data sets
• Sets had 40-178 members
• At least 2 variable groups
• Range of data values >2 log units
• Sets were 80-66% complete

4 Clearly non-additive 10 Mostly additive

Patel, J. Med. Chem. 2008, 51, 7552



Where does this leave us?

• Additivity is an attractive assumption and useful when true.

• However, we know that for ligand-protein SAR the assumption of 
additivity is tenuous at best.

• …but we never seem to actually check when we do SAR? 

• Is there a way to conduct and analyze our SAR differently?



Matrix Synthesis is Practical

Yet we still don’t do it 95% of the time!

Since 1990s we have the tools to make all the compounds in a matrix.



Visualizing Additivity in SAR

R'

R
CORE

Kubinyi, J.Med. Chem., 1976, 578.
Kramer, J. Chem. Inf. Mod., 2015, 483 

pKi = µ + Xj + Yk : Additive

µ

pKi – (µ + Xj + Yk) = ejek =
Nadd = non-zero

Xj Yk

Xj + Yk
Nadd

Therefore eXeY is a term that can be calculated for a system
and is equal to the degree of non-additivity in the system.
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																AR1 (Ester)

										A		B		C		D		E		F		H

								ClogP		3.4		2.9		2.7		2.3		2.4		2.1		3.4

								PSA

								Sigma				0.25		-0.2		0		-0.25

								Pi				0.7		0.5		0		0

																AR2 (Pyrazole)

										1		2		3		4		5		6		7		8

																CCK2

										1		2		3		4		5		6		7		8

								A		5.64		5.99		5.54		5.91		5.54		5.44		5.80		5.60		5.68

								B		5.24		5.94		5.64		5.74		5.74		5.44		5.30		5.40		5.56		Cl

								C				6.04		5.44		5.34		6.24				5.30		5.4		5.63		Me

								D		4.94		5.74				5.34		5.54		5.14		5.10		5.10		5.27		H

								E		5.00		5.00		5.00		5.00		5.34		4.94						5.05		Ome

								F		5.00		5.64		5.14		5.24		5.74		5.54						5.38

								H		5.44		6.34		5.64		6.04		5.54		5.24						5.71

										5.21		5.81		5.40		5.52		5.67		5.29		5.38		5.38

																CCK1

								A		7.25		6.9		7.34		8.24		7.86		7.31		7.4		7.4		7.46

								B		7.04		7.36		7.38		7.81		7.67		7.28		7.9		7.5		7.49		Cl

								C				6.87		7.28		7.74		8.41				7.6		7.4		7.55		Me		pi-sigma

								D		7.64		6.61				7.14		7.41		6.5		7		6.9		7.03		H

								E		6.79		6.75		7.02		7.42		7.88		7.12						7.16		OMe

								F		7.02		7.01		7.35		7.93		7.85		7.1						7.38

								H		6.78		6.35		6.68		7.58		7.02		6.35						6.79

										7.09		6.84		7.18		7.69		7.73		6.94		7.475		7.3

																Selectivity

								A		1.61		0.91		1.80		2.33		2.32		1.87		1.81

								B		1.80		1.42		1.74		2.07		1.93		1.84		1.80

								C				0.83		1.84		2.40		2.17				1.81

								D		2.70		0.87				1.80		1.87		1.36		1.72

								E		1.79		1.75		2.02		2.42		2.54		2.18		2.12

								F		2.02		1.37		2.21		2.69		2.11		1.56		1.99

								H		1.34		0.01		1.04		1.54		1.48		1.11		1.09

										1.88		1.02		1.78		2.18		2.06		1.65		Average

																Reorganized by activity

																CCK1

																Pyrazoles

										5		4		7		8		3		1		6		2

								C		8.1		7.74		7.6		7.4		7.28						6.87

								B		7.67		7.81		7.9		7.5		7.38		7.04		7.28		7.36

								A		7.86		8		7.6		7.4		7.34		7.25		7.31		6.9

						Esters		F		7.85		7.93						7.35		7.02		7.1		7.01

								E		7.6		7.42						7.02		6.79		7.12		6.75

								D		7.41		7.14		7		6.9				6.5		6.5		6.61

								H		7.02		7.58						6.68		6.78		6.35		6.35
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MBD0017A905.cdx



MBD001DE14A.cdx



MBD001DE6D3.cdx
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How to determine additivity?
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How to do the Math?

6

6.5

7

7.5

8

8.5

Ar1

pKi

Ar2

ApKi (jk) = µ + Xj(Ar1
j) + Yk(Ar2

k)

Solve for Xj and Yk by best fit regression using the 42 
equations generated.
Examples:

6.3 = 6.5 + X1 + Y1 6.3 = 6.5 + X1 + Y1
6.7 = 6.5 + X2 + Y1 6.3 = 6.5 + X1 + Y2
7.1 = 6.5 + X3 + Y1 6.7 = 6.5 + X1 + Y3
7.0 = 6.5 + X4 + Y1 NA = 6.5 + X1 + Y4
7.4 = 6.5 + X5 + Y1 NA = 6.5 + X1 + Y5
7.0 = 6.5 + X6 + Y1 7.6 = 6.5 + X1 + Y6

7.0 = 6.5 + X1 + Y7 ect…

N N

Ar1
Ar2

O

OH

O

µ = 6.5 (X0 = 0; Y0 = 0) 

6 + 7 = 13 Variables
6 x 7 = 42 Equations
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Additive Analysis using Free Wilson

Cl

O
O

O O
O

O Cl
Cl

Cl

Cl
Ph

Free-Wilson predicted activity (ApKi)

Additive Correlation

N N

Ar1
Ar2

O

OH

O

In this case the additive model works!

Through linear regression we find the best possible value for each Xj and Yk with the actual data.
Then plug those values back in to get the ApKi for each compound = µ + Xi + Yk

McClure, et.al. Bioorg. Med. Chem. Lett. 2006, 16, 72
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		7.41178		7.4253		7.4203						6.94262

		7.34771		7.36123		7.35623		7.2605		7.04717				6.67717

				7.35109		7.34609		7.25036		7.03702		6.86841		6.66702

				7.20776		7.20276		7.10702		6.89369		6.72508		6.52369

		7.05077		7.0643		7.0593		6.96356		6.75023		6.58161		6.38023
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		-0.466372		0.287153		0.0921531		0.00642027		-0.236913		0.0644719		0.253087

		0.169342		0.112867		-0.322133		-0.107865		0.188801		0.300186		-0.341199

		0.0367764		-0.249698		0.0453016						0.16762

		0.0117764		-0.0746984		0.0203016						0.0426204

		0.0677065		-0.0187683		0.0162317		-0.0895011		0.0271656				-0.00283442

				0.311091		0.096091		0.230358		0.247025		-0.77159		-0.112975

				-0.0722423		-0.107242		0.00702491		-0.226308		0.225077		0.173692

		0.180771		-0.295704		0.159296		-0.0464369		0.000229789		-0.0283853		0.0302298





matrix_output B

		Column1		Column2		Column3		Column4		Column5		Column6		Column7		Column8		Column9

		Real Activities:

				C1		C2		C3		C4		C5		C6		C7		C8

		R1		8.41		7.74		7.6		7.4		7.28						6.87

		R2		7.67		7.81		7.9		7.5		7.38		7.04		7.28		7.36

		R3		7.86		8.24		7.6		7.4		7.34		7.25		7.31		6.9

		R4		7.85		7.93						7.35		7.02		7.1		7.01

		R5		7.88		7.42						7.02		6.79		7.12		6.75

		R6		7.41		7.14		7		6.9				7.64		6.5		6.61

		R7		7.02		7.58						6.68		6.78		6.35		6.35

		Predicted Activities:

				C1		C2		C3		C4		C5		C6		C7		C8

		R1		7.94363		7.90934		7.63678		7.41178		7.34771						7.05077

		R2		7.95715		7.92287		7.6503		7.4253		7.36123		7.35109		7.20776		7.0643

		R3		7.95215		7.91787		7.6453		7.4203		7.35623		7.34609		7.20276		7.0593

		R4		7.85642		7.82213						7.2605		7.25036		7.10702		6.96356

		R5		7.64309		7.6088						7.04717		7.03702		6.89369		6.75023

		R6		7.47447		7.44019		7.16762		6.94262				6.86841		6.72508		6.58161

		R7		7.27309		7.2388						6.67717		6.66702		6.52369		6.38023

		Deviations:

				C1		C2		C3		C4		C5		C6		C7		C8

		R1		-0.466372		0.169342		0.0367764		0.0117764		0.0677065						0.180771

		R2		0.287153		0.112867		-0.249698		-0.0746984		-0.0187683		0.311091		-0.0722423		-0.295704

		R3		0.0921531		-0.322133		0.0453016		0.0203016		0.0162317		0.096091		-0.107242		0.159296

		R4		0.00642027		-0.107865						-0.0895011		0.230358		0.00702491		-0.0464369

		R5		-0.236913		0.188801						0.0271656		0.247025		-0.226308		0.000229789

		R6		0.0644719		0.300186		0.16762		0.0426204				-0.77159		0.225077		-0.0283853

		R7		0.253087		-0.341199						-0.00283442		-0.112975		0.173692		0.0302298
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Deviation from additivity = Dadd = pKi – ApKi = eXeY

McClure, et.al. Bioorg. Med. Chem. Lett. 2006, 16, 72
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		R3		0.0921531		-0.322133		0.0453016		0.0203016		0.0162317		0.096091		-0.107242		0.159296

		R4		0.00642027		-0.107865						-0.0895011		0.230358		0.00702491		-0.0464369

		R5		-0.236913		0.188801						0.0271656		0.247025		-0.226308		0.000229789

		R6		0.0644719		0.300186		0.16762		0.0426204				-0.77159		0.225077		-0.0283853

		R7		0.253087		-0.341199						-0.00283442		-0.112975		0.173692		0.0302298






Chart2

		-0.2		0.287153		0.0921531		0.00642027		-0.236913		0.0644719		0.253087

		0.169342		0.112867		0.25		-0.107865		0.188801		0.300186		0.28

		0.0367764		-0.249698		0.0453016						0.16762

		0.0117764		-0.0746984		0.0203016						0.0426204

		0.0677065		-0.0187683		0.0162317		-0.0895011		0.0271656		0.0271656		-0.00283442

				0.311091		0.096091		0.230358		0.247025		-0.2		-0.112975

				-0.0722423		-0.107242		0.00702491		-0.226308		0.225077		0.173692

		0.180771		-0.295704		0.159296		-0.0464369		0.000229789		-0.0283853		0.0302298





Chart1

		7.94363		7.95715		7.95215		7.85642		7.64309		7.47447		7.27309

		7.90934		7.92287		7.91787		7.82213		7.6088		7.44019		7.2388

		7.63678		7.6503		7.6453						7.16762

		7.41178		7.4253		7.4203						6.94262

		7.34771		7.36123		7.35623		7.2605		7.04717				6.67717

				7.35109		7.34609		7.25036		7.03702		6.86841		6.66702

				7.20776		7.20276		7.10702		6.89369		6.72508		6.52369

		7.05077		7.0643		7.0593		6.96356		6.75023		6.58161		6.38023





matrix_output B

		Column1		Column2		Column3		Column4		Column5		Column6		Column7		Column8		Column9

		Real Activities:

				C1		C2		C3		C4		C5		C6		C7		C8

		R1		8		7.74		7.6		7.4		7.28						6.87

		R2		7.67		7.81		7.9		7.5		7.38		7.04		7.28		7.36

		R3		7.86		8.24		7.6		7.4		7.34		7.25		7.31		6.9

		R4		7.85		7.93						7.35		7.02		7.1		7.01

		R5		7.7		7.42						7.02		6.79		7.12		6.75

		R6		7.41		7.14		7		6.9				7.64		6.5		6.61

		R7		7.02		7.58						6.68		6.78		6.35		6.35

		Predicted Activities:

				C1		C2		C3		C4		C5		C6		C7		C8

		R1		7.94363		7.90934		7.63678		7.41178		7.34771						7.05077

		R2		7.95715		7.92287		7.6503		7.4253		7.36123		7.35109		7.20776		7.0643

		R3		7.95215		7.91787		7.6453		7.4203		7.35623		7.34609		7.20276		7.0593

		R4		7.85642		7.82213						7.2605		7.25036		7.10702		6.96356

		R5		7.64309		7.6088						7.04717		7.03702		6.89369		6.75023

		R6		7.47447		7.44019		7.16762		6.94262				6.86841		6.72508		6.58161

		R7		7.27309		7.2388						6.67717		6.66702		6.52369		6.38023

		Deviations:

				C1		C2		C3		C4		C5		C6		C7		C8

		R1		-0.2		0.169342		0.0367764		0.0117764		0.0677065						0.180771

		R2		0.287153		0.112867		-0.249698		-0.0746984		-0.0187683		0.311091		-0.0722423		-0.295704

		R3		0.0921531		0.25		0.0453016		0.0203016		0.0162317		0.096091		-0.107242		0.159296

		R4		0.00642027		-0.107865						-0.0895011		0.230358		0.00702491		-0.0464369

		R5		-0.236913		0.188801						0.0271656		0.247025		-0.226308		0.000229789

		R6		0.0644719		0.300186		0.16762		0.0426204		0.0271656		-0.2		0.225077		-0.0283853

		R7		0.253087		0.28						-0.00283442		-0.112975		0.173692		0.0302298
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Chart1

		7.9		7.8		7.5		7.7		7.4		8

		8.1		7.6		8		7.6		7.6		7.2
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CCK1 Binding

CCK1 FLPR



Sheet1

		

												CCK1 Binding																						CCK1 Flpr

										Pyrazole																								pyrazole

								1		2		3		4		5		6				Avg						1		2		3		4		5		6				Avg

						1		7.5		7.7		7.9		7.4		7.8		8.0				7.7				1		7.6		7.6		8.7		7.3		6.9		7.2				7.6

						2		7.8				8.1		7.6		7.9		7.1				7.7				2		8.1				5.5		7.9		7.9		5.2				6.9

						3		8.0		7.6		8.1		7.6		7.6		7.2				7.7				3		8.2		7.6		8.2		7.7		7.5		5.5				7.5

						4		7.5		7.5		7.8		7.5		7.9		7.8				7.7		Acid		4		7.4		6.7		7.7		6.6		7.6		5.5				6.9

						5		7.9		7.7		8.0		7.9		8.2		6.7				7.7				5		7.7		6.8		7.6		7.1		7.9		5.5				7.1

						6		7.3		7.0		7.5		7.1		7.4		7.0				7.2				6		7.1		6.2		7.1		6.7		6.5		5.5				6.5

				Acid		7		7.2		7.1		7.4		7.0		7.4		6.4				7.1				7		6.6		6.1		6.9		5.8		6.5		5.5				6.2

						8		7.1		7.2				6.9		7.5		6.6				7.1				8		5.5		5.8		6.2		5.5		5.5		5.5				5.7

						Avg		7.54		7.40		7.83		7.38		7.71		7.10										7.3		6.7		7.2		6.8		7.0		5.7

												Ordered By activity

																																		Ordered by activity

								3		5		1		2		4		6										1		3		5		4		2		6

						1		7.9		7.8		7.5		7.7		7.4		8.0								1		7.6		8.7		6.9		7.3		7.6		7.2

						3		8.1		7.6		8.0		7.6		7.6		7.2								3		8.2		8.2		7.5		7.7		7.6		5.5

						5		8.0		8.2		7.9		7.7		7.9		6.7								5		7.7		7.6		7.9		7.1		6.8		5.5

						2		8.1		7.9		7.8				7.6		7.1								2		8.1		5.5		7.9		7.9				5.2

						4		7.8		7.9		7.5		7.5		7.5		7.8								4		7.4		7.7		7.6		6.6		6.7		5.5

						6		7.5		7.4		7.3		7.0		7.1		7.0								6		7.1		7.1		6.5		6.7		6.2		5.5

						7		7.4		7.4		7.2		7.1		7.0		6.4								7		6.6		6.9		6.5		5.8		6.1		5.5

						8				7.5		7.1		7.2		6.9		6.6								8		5.5		6.2		5.5		5.5		5.8		5.5

								7.83		7.71		7.54		7.40		7.38		7.10

										Range -benzyl = 8.2-6.9
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For this assay σ = 0.2
p = 95% when Dadd > 2σ = 0.4


Chart1

		8.00408		7.94097		7.76597		7.65703		7.60347		7.32847

		7.97075		7.90764		7.73264		7.62369		7.57014		7.29514

		8.02075		7.95764		7.78264		7.67369		7.62014		7.34514

		7.97549		7.91238		7.73738				7.57488		7.29988

		7.95408		7.89097		7.71597		7.60703		7.55347		7.27847

		7.50408		7.44097		7.26597		7.15703		7.10347		6.82847

		7.37075		7.30764		7.13264		7.02369		6.97014		6.69514

				7.34179		7.16679		7.05784		7.00429		6.72929





CCK lib 2 output 062104

		Column1		Column2		Column3		Column4		Column5		Column6		Column7

		Real Activities:

				C1		C2		C3		C4		C5		C6

		R1		7.9		7.8		7.5		7.7		7.4		8

		R2		8.1		7.6		8		7.6		7.6		7.2

		R3		8		8.2		7.9		7.7		7.9		6.7

		R4		8.1		7.9		7.8				7.6		7.1

		R5		7.8		7.9		7.5		7.5		7.5		7.8

		R6		7.5		7.4		7.3		7		7.1		7

		R7		7.4		7.4		7.2		7.1		7		6.4

		R8				7.5		7.1		7.2		6.9		6.6

		Predicted Activities:

				C1		C2		C3		C4		C5		C6

		R1		8.00408		7.94097		7.76597		7.65703		7.60347		7.32847

		R2		7.97075		7.90764		7.73264		7.62369		7.57014		7.29514

		R3		8.02075		7.95764		7.78264		7.67369		7.62014		7.34514

		R4		7.97549		7.91238		7.73738				7.57488		7.29988

		R5		7.95408		7.89097		7.71597		7.60703		7.55347		7.27847

		R6		7.50408		7.44097		7.26597		7.15703		7.10347		6.82847

		R7		7.37075		7.30764		7.13264		7.02369		6.97014		6.69514

		R8				7.34179		7.16679		7.05784		7.00429		6.72929

		Deviations:

				C1		C2		C3		C4		C5		C6

		R1		0.104085		0.140972		0.265972		-0.0429739		0.203472		-0.671528

		R2		-0.129248		0.307639		-0.267361		0.0236928		-0.0298611		0.0951389

		R3		0.0207516		-0.242361		-0.117361		-0.0263072		-0.279861		0.645139

		R4		-0.12451		0.0123775		-0.0626225				-0.0251225		0.199877

		R5		0.154085		-0.00902778		0.215972		0.107026		0.0534722		-0.521528

		R6		0.00408497		0.0409722		-0.0340278		0.157026		0.00347222		-0.171528

		R7		-0.0292484		-0.0923611		-0.0673611		-0.0763072		-0.0298611		0.295139

		R8				-0.158211		0.0667892		-0.142157		0.104289		0.129289






Chart2

		0.104085		0.140972		0.265972		-0.0429739		0.203472		-0.671528

		-0.129248		0.307639		-0.267361		0.0236928		-0.0298611		0.0951389

		0.0207516		-0.242361		-0.117361		-0.0263072		-0.279861		0.645139

		-0.12451		0.0123775		-0.0626225				-0.0251225		0.199877

		0.154085		-0.00902778		0.215972		0.107026		0.0534722		-0.521528

		0.00408497		0.0409722		-0.0340278		0.157026		0.00347222		-0.171528

		-0.0292484		-0.0923611		-0.0673611		-0.0763072		-0.0298611		0.295139

				-0.158211		0.0667892		-0.142157		0.104289		0.129289





Chart1

		8.00408		7.94097		7.76597		7.65703		7.60347		7.32847

		7.97075		7.90764		7.73264		7.62369		7.57014		7.29514

		8.02075		7.95764		7.78264		7.67369		7.62014		7.34514

		7.97549		7.91238		7.73738				7.57488		7.29988

		7.95408		7.89097		7.71597		7.60703		7.55347		7.27847

		7.50408		7.44097		7.26597		7.15703		7.10347		6.82847

		7.37075		7.30764		7.13264		7.02369		6.97014		6.69514

				7.34179		7.16679		7.05784		7.00429		6.72929





CCK lib 2 output 062104

		Column1		Column2		Column3		Column4		Column5		Column6		Column7

		Real Activities:

				C1		C2		C3		C4		C5		C6

		R1		7.9		7.8		7.5		7.7		7.4		8

		R2		8.1		7.6		8		7.6		7.6		7.2

		R3		8		8.2		7.9		7.7		7.9		6.7

		R4		8.1		7.9		7.8				7.6		7.1

		R5		7.8		7.9		7.5		7.5		7.5		7.8

		R6		7.5		7.4		7.3		7		7.1		7

		R7		7.4		7.4		7.2		7.1		7		6.4

		R8				7.5		7.1		7.2		6.9		6.6

		Predicted Activities:

				C1		C2		C3		C4		C5		C6

		R1		8.00408		7.94097		7.76597		7.65703		7.60347		7.32847

		R2		7.97075		7.90764		7.73264		7.62369		7.57014		7.29514

		R3		8.02075		7.95764		7.78264		7.67369		7.62014		7.34514

		R4		7.97549		7.91238		7.73738				7.57488		7.29988

		R5		7.95408		7.89097		7.71597		7.60703		7.55347		7.27847

		R6		7.50408		7.44097		7.26597		7.15703		7.10347		6.82847

		R7		7.37075		7.30764		7.13264		7.02369		6.97014		6.69514

		R8				7.34179		7.16679		7.05784		7.00429		6.72929

		Deviations:

				C1		C2		C3		C4		C5		C6

		R1		0.104085		0.140972		0.265972		-0.0429739		0.203472		-0.671528

		R2		-0.129248		0.307639		-0.267361		0.0236928		-0.0298611		0.0951389

		R3		0.0207516		-0.242361		-0.117361		-0.0263072		-0.279861		0.645139

		R4		-0.12451		0.0123775		-0.0626225				-0.0251225		0.199877

		R5		0.154085		-0.00902778		0.215972		0.107026		0.0534722		-0.521528

		R6		0.00408497		0.0409722		-0.0340278		0.157026		0.00347222		-0.171528

		R7		-0.0292484		-0.0923611		-0.0673611		-0.0763072		-0.0298611		0.295139

		R8				-0.158211		0.0667892		-0.142157		0.104289		0.129289
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Sehon, et.al. Bioorg. Med. Chem. Lett. 2006, 16, 77.

One small change in Ar1 and you have to start all over understanding Ar3!


Chart1

		7.87188		7.8044		7.6294		7.52743		7.4669

		7.99188		7.9244		7.7494		7.64743		7.5869

		8.15188		8.0844		7.9094		7.80743		7.7469

		8.02874		7.96125		7.78625				7.62375

		7.85188		7.7844		7.6094		7.50743		7.4469

		7.47188		7.4044		7.2294		7.12743		7.0669

		7.43188		7.3644		7.1894		7.08743		7.0269

				7.37237		7.19737		7.0954		7.03487





CCK lib 2B output 062104

		Column1		Column2		Column3		Column4		Column5		Column6

		Real Activities:

				C1		C2		C3		C4		C5

		R1		7.9		7.8		7.5		7.7		7.4

		R2		8.1		7.6		8		7.6		7.6

		R3		8		8.2		7.9		7.7		7.9

		R4		8.1		7.9		7.8				7.6

		R5		7.8		7.9		7.5		7.5		7.5

		R6		7.5		7.4		7.3		7		7.1

		R7		7.4		7.4		7.2		7.1		7

		R8				7.5		7.1		7.2		6.9

		Predicted Activities:

				C1		C2		C3		C4		C5

		R1		7.87188		7.8044		7.6294		7.52743		7.4669

		R2		7.99188		7.9244		7.7494		7.64743		7.5869

		R3		8.15188		8.0844		7.9094		7.80743		7.7469

		R4		8.02874		7.96125		7.78625				7.62375

		R5		7.85188		7.7844		7.6094		7.50743		7.4469

		R6		7.47188		7.4044		7.2294		7.12743		7.0669

		R7		7.43188		7.3644		7.1894		7.08743		7.0269

		R8				7.37237		7.19737		7.0954		7.03487

		Deviations:

				C1		C2		C3		C4		C5

		R1		-0.0281226		0.00439655		0.129397		-0.172567		0.0668966

		R2		-0.108123		0.324397		-0.250603		0.047433		-0.0131034

		R3		0.151877		-0.115603		0.00939655		0.107433		-0.153103

		R4		-0.0712644		0.0612548		-0.0137452				0.0237548

		R5		0.0518774		-0.115603		0.109397		0.00743295		-0.0531034

		R6		-0.0281226		0.00439655		-0.0706034		0.127433		-0.0331034

		R7		0.0318774		-0.0356034		-0.0106034		-0.012567		0.0268966

		R8				-0.127634		0.0973659		-0.104598		0.134866
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Chart1

		-0.0281226		0.00439655		0.129397		-0.172567		0.0668966

		-0.108123		0.324397		-0.250603		0.047433		-0.0131034

		0.151877		-0.115603		0.00939655		0.107433		-0.153103

		-0.0712644		0.0612548		-0.0137452				0.0237548

		0.0518774		-0.115603		0.109397		0.00743295		-0.0531034

		-0.0281226		0.00439655		-0.0706034		0.127433		-0.0331034

		0.0318774		-0.0356034		-0.0106034		-0.012567		0.0268966

				-0.127634		0.0973659		-0.104598		0.134866
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		Column1		Column2		Column3		Column4		Column5		Column6

		Real Activities:

				C1		C2		C3		C4		C5

		R1		7.9		7.8		7.5		7.7		7.4

		R2		8.1		7.6		8		7.6		7.6

		R3		8		8.2		7.9		7.7		7.9

		R4		8.1		7.9		7.8				7.6

		R5		7.8		7.9		7.5		7.5		7.5

		R6		7.5		7.4		7.3		7		7.1

		R7		7.4		7.4		7.2		7.1		7

		R8				7.5		7.1		7.2		6.9

		Predicted Activities:

				C1		C2		C3		C4		C5

		R1		7.87188		7.8044		7.6294		7.52743		7.4669

		R2		7.99188		7.9244		7.7494		7.64743		7.5869

		R3		8.15188		8.0844		7.9094		7.80743		7.7469

		R4		8.02874		7.96125		7.78625				7.62375

		R5		7.85188		7.7844		7.6094		7.50743		7.4469

		R6		7.47188		7.4044		7.2294		7.12743		7.0669

		R7		7.43188		7.3644		7.1894		7.08743		7.0269

		R8				7.37237		7.19737		7.0954		7.03487

		Deviations:

				C1		C2		C3		C4		C5

		R1		-0.0281226		0.00439655		0.129397		-0.172567		0.0668966

		R2		-0.108123		0.324397		-0.250603		0.047433		-0.0131034

		R3		0.151877		-0.115603		0.00939655		0.107433		-0.153103

		R4		-0.0712644		0.0612548		-0.0137452				0.0237548

		R5		0.0518774		-0.115603		0.109397		0.00743295		-0.0531034

		R6		-0.0281226		0.00439655		-0.0706034		0.127433		-0.0331034

		R7		0.0318774		-0.0356034		-0.0106034		-0.012567		0.0268966

		R8				-0.127634		0.0973659		-0.104598		0.134866
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Possible change in binding mode



Library Three
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N NR1

R2

O

OH


Chart1

		6.21		6.67		6.91		7.53		8.03

		6.92		6.91		7.07		7.72		7.33

		6.47		6.58		6.81		7.43		7.64

		6.32		7.09		7.47		7.17		7.71

		6.73		7.48		8.19		7.38		7.48

		6.69		7.31		7.39		7.21		8.27



R1

pKi

R2



Sheet1

		7.53		7.72		7.43		7.17		7.38

		6.21		6.92		6.47		6.32		6.73

		6.91		7.07		6.81		7.47		8.19

		8.03		7.33		7.64		7.71		7.48

		6.67		6.91		6.58		7.09		7.48

				6.21		6.92		6.47		6.32		6.73		6.69

				6.67		6.91		6.58		7.09		7.48		7.31

				6.91		7.07		6.81		7.47		8.19		7.39

				7.53		7.72		7.43		7.17		7.38		7.21

				8.03		7.33		7.64		7.71		7.48		8.27
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pKi
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summarized data

		6.21		6.92		6.47		6.32		6.73		6.69

		6.67		6.91		6.58		7.09		7.48		7.31

		6.91		7.07		6.81		7.47		8.19		7.39

		7.53		7.72		7.43		7.17		7.38		7.21

		8.03		7.33		7.64		7.71		7.48		8.27





summarized data

		





1st fit

		6.21		6.92		6.47		6.32		6.73		6.69		4-PhO		Y4

		6.67		6.91		6.58		7.09		7.48		7.31		3-Cl		Y3

		6.91		7.07		6.81		7.47		8.19		7.39		piper		Y2		7.69		-0.08		0.04		-0.17		0.30		0.22		-0.34		-0.44		-0.74		-1.19

		7.53		7.72		7.43		7.17		7.38		7.21		3,4-diCl		Y1		mu		X1		X2		X3		X4		X5		Y1		Y2		Y3		Y4

		8.03		7.33		7.64		7.71		7.48		8.27		2-Nap		Core

		Pip		t-bu		MeSO2		2-Cl		2,4-diCl		Cyclo

		X1		X2		X3		Core		X4		X5

														Free Wilson				Reference compound = D5

												Compound		mu		X1		X2		X3		X4		X5		Y1		Y2		Y3		Y4

										3		A1		1		1																1		6.21

										3		A2		1		1														1				6.67

										3		A3		1		1												1						6.91

										3		A4		1		1										1								7.53

										2		A5		1		1																		8.03

										3		B1		1				1														1		6.92

										3		B2		1				1												1				6.91

										3		B3		1				1										1						7.07

										3		B4		1				1								1								7.72

										2		B5		1				1																7.33

										3		C1		1						1												1		6.47

										3		C2		1						1										1				6.58

										3		C3		1						1								1						6.81

										3		C4		1						1						1								7.43

										2		C5		1						1														7.64

										2		D1		1																		1		6.32

										2		D2		1																1				7.09

										2		D3		1														1						7.47

										2		D4		1												1								7.17

										1		D5		1																				7.71

										3		E1		1								1										1		6.73

										3		E2		1								1								1				7.48

										3		E3		1								1						1						8.19

										3		E4		1								1				1								7.38

										2		E5		1								1												7.48

										3		F1		1										1								1		6.69

										3		F2		1										1						1				7.31

										3		F3		1										1				1						7.39

										3		F4		1										1		1								7.21

										2		F5		1										1										8.27





residual

																														1

								7.69		-0.08		0.04		-0.17		0.30		0.22		-0.34		-0.44		-0.74		-1.19

								Free Wilson				Reference compound = D5

						Compound		mu		X1		X2		X3		X4		X5		Y1		Y2		Y3		Y4				Pred		Err		Err(SD)

		6.21		3		A1		1		1		0		0		0		0		0		0		0		1		6.21		6.42		0.21		0.76		8.07						1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1

		6.67		3		A2		1		1		0		0		0		0		0		0		1		0		6.67		6.87		0.20		0.72		6.89						1		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		6.91		3		A3		1		1		0		0		0		0		0		1		0		0		6.91		7.17		0.26		0.93		7.85						0		0		0		0		0		1		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		7.53		3		A4		1		1		0		0		0		0		1		0		0		0		7.53		7.27		-0.26		-0.92		6.52						0		0		0		0		0		0		0		0		0		0		1		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		8.03		2		A5		1		1		0		0		0		0		0		0		0		0		8.03		7.61		-0.42		-1.50		7.47						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		1		1		0		0		0		0		0

		6.92		3		B1		1		0		1		0		0		0		0		0		0		1		6.92		6.54		-0.38		-1.34		8.07						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		1		1

		6.91		3		B2		1		0		1		0		0		0		0		0		1		0		6.91		6.99		0.08		0.29		7.19						0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0

		7.07		3		B3		1		0		1		0		0		0		0		1		0		0		7.07		7.29		0.22		0.79		7.34						0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0

		7.72		3		B4		1		0		1		0		0		0		1		0		0		0		7.72		7.39		-0.33		-1.16		6.19						0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0

		7.33		2		B5		1		0		1		0		0		0		0		0		0		0		7.33		7.73		0.40		1.42		6.51						1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0

		6.47		3		C1		1		0		0		1		0		0		0		0		0		1		6.47		6.34		-0.13		-0.47		6.52

		6.58		3		C2		1		0		0		1		0		0		0		0		1		0		6.58		6.79		0.21		0.74		6.54						30		5		5		5		5		5		6		6		6		6

		6.81		3		C3		1		0		0		1		0		0		0		1		0		0		6.81		7.09		0.28		0.99		7.20						5		5		0		0		0		0		1		1		1		1

		7.43		3		C4		1		0		0		1		0		0		1		0		0		0		7.43		7.19		-0.24		-0.86		8.03						5		0		5		0		0		0		1		1		1		1

		7.64		2		C5		1		0		0		1		0		0		0		0		0		0		7.64		7.53		-0.11		-0.41		8.09						5		0		0		5		0		0		1		1		1		1

		6.32		2		D1		1		0		0		0		0		0		0		0		0		1		6.32		6.50		0.18		0.66		7.18						5		0		0		0		5		0		1		1		1		1

		7.09		2		D2		1		0		0		0		0		0		0		0		1		0		7.09		6.95		-0.14		-0.48		6.68						5		0		0		0		0		5		1		1		1		1

		7.47		2		D3		1		0		0		0		0		0		0		1		0		0		7.47		7.25		-0.22		-0.77		7.42						6		1		1		1		1		1		6		0		0		0

		7.17		2		D4		1		0		0		0		0		0		1		0		0		0		7.17		7.35		0.18		0.66		7.68						6		1		1		1		1		1		0		6		0		0

		7.71		1		D5		1		0		0		0		0		0		0		0		0		0		7.71		7.69		-0.02		-0.07		7.47						6		1		1		1		1		1		0		0		6		0

		6.73		3		E1		1		0		0		0		1		0		0		0		0		1		6.73		6.80		0.07		0.27		8.04						6		1		1		1		1		1		0		0		0		6

		7.48		3		E2		1		0		0		0		1		0		0		0		1		0		7.48		7.25		-0.23		-0.80		7.97

		8.19		3		E3		1		0		0		0		1		0		0		1		0		0		8.19		7.55		-0.64		-2.26		6.45						0.3333333333		-0.2		-0.2		-0.2		-0.2		-0.2		-0.1666666667		-0.1666666667		-0.1666666667		-0.1666666667				216.12						7.6913333333

		7.38		3		E4		1		0		0		0		1		0		1		0		0		0		7.38		7.65		0.27		0.98		6.34						-0.2		0.4		0.2		0.2		0.2		0.2		0		0		0		0				35.35						-0.082

		7.48		2		E5		1		0		0		0		1		0		0		0		0		0		7.48		7.99		0.51		1.82		6.44						-0.2		0.2		0.4		0.2		0.2		0.2		0		0		0		0				35.95						0.038

		6.69		3		F1		1		0		0		0		0		1		0		0		0		1		6.69		6.73		0.04		0.13		6.70						-0.2		0.2		0.2		0.4		0.2		0.2		0		0		0		0				34.93						-0.166

		7.31		3		F2		1		0		0		0		0		1		0		0		1		0		7.31		7.18		-0.13		-0.47		6.98						-0.2		0.2		0.2		0.2		0.4		0.2		0		0		0		0				37.26						0.3

		7.39		3		F3		1		0		0		0		0		1		0		1		0		0		7.39		7.48		0.09		0.31		6.49						-0.2		0.2		0.2		0.2		0.2		0.4		0		0		0		0				36.87						0.222

		7.21		3		F4		1		0		0		0		0		1		1		0		0		0		7.21		7.58		0.37		1.30		6.88						-0.1666666667		0		0		0		0		0		0.3333333333		0.1666666667		0.1666666667		0.1666666667				44.44						-0.3366666667

		8.27		2		F5		1		0		0		0		0		1		0		0		0		0		8.27		7.91		-0.36		-1.27		7.49						-0.1666666667		0		0		0		0		0		0.1666666667		0.3333333333		0.1666666667		0.1666666667				43.84						-0.4366666667

																																										-0.1666666667		0		0		0		0		0		0.1666666667		0.1666666667		0.3333333333		0.1666666667				42.04						-0.7366666667

		2.06																								Range		2.06		1.65		1.15		4.08		1.89						-0.1666666667		0		0		0		0		0		0.1666666667		0.1666666667		0.1666666667		0.3333333333				39.34						-1.1866666667

		0.52																								SD		0.52		0.44		0.28		1.00		0.62

		7.204																								ave		7.204		7.204						7.155569552

																						mu		7.69

																						X1		-0.08

																						X2		0.04

																						X3		-0.17

																						X4		0.30

																						X5		0.22

		8.43																				Y1		-0.34

		7.93																				Y2		-0.44

		6.65																				Y3		-0.74

		6.56																				Y4		-1.19

		7.85

		7.79

		6.86

		6.76

		7.51

		7.53

		6.67

		6.03

		7.54

		6.11

		6.35

		8.03

		6.64

		7.67

		6.95

		6.21

		6.53

		7.58

		6.84

		8.15

		6.95

		7.76

		7.93

		8.44

		6.70

		6.43





residual

		



Predicted pKi

Measured pKi



error analysis

		



Measured pKi

Error (in SD units)



random analysis

		

										Free Wilson Model of Data														Actual CCK1 data														Difference

						6.4		6.5		6.3		6.5		6.8		6.7				6.21		6.92		6.47		6.32		6.73		6.69				-0.2		0.4		0.2		-0.2		-0.1		-0.0

						6.9		7		6.8		7		7.3		7.2				6.67		6.91		6.58		7.09		7.48		7.31				-0.2		-0.1		-0.2		0.1		0.2		0.1

						7.2		7.3		7.1		7.3		7.6		7.5				6.91		7.07		6.81		7.47		8.19		7.39				-0.3		-0.2		-0.3		0.2		0.6		-0.1

						7.3		7.4		7.2		7.4		7.7		7.6				7.53		7.72		7.43		7.17		7.38		7.21				0.2		0.3		0.2		-0.2		-0.3		-0.4

						7.6		7.7		7.5		7.7		8		7.9				8.03		7.33		7.64		7.71		7.48		8.27				0.4		-0.4		0.1		0.0		-0.5		0.4





random analysis

		



Ar2

FW pKi

Ar1



variable analysis

		6.21		6.67		6.91		7.53		8.03

		6.92		6.91		7.07		7.72		7.33

		6.47		6.58		6.81		7.43		7.64

		6.32		7.09		7.47		7.17		7.71

		6.73		7.48		8.19		7.38		7.48

		6.69		7.31		7.39		7.21		8.27





		



Actual pKi - FreeWilson



		

				-2.26

				-1.50

				-1.34

				-1.27

				-1.16

				-0.92

				-0.86

				-0.80

				-0.77

				-0.48

				-0.47

				-0.47

				-0.41

				-0.07

				0.13						-2.5		1		1

				0.27						-1.5		4		4

				0.29						-0.5		9		10

				0.31						0.5		13		10

				0.66						1.5		3		4

				0.66						2.5		0		1

				0.72

				0.74

				0.76

				0.79

				0.93

				0.98

				0.99

				1.30

				1.42

				1.82





		



CCK1 library FW error

normal distribution

SD deviations

Number of measurements



				Uniform random numbers

				sample 1		sample2

				0.43		0.26								6.21		-1.9057968613				-2.5		0		5		1

				0.35		0.31								6.32		-1.6948937881				-1.5		5		5		4

				0.18		0.31								6.47		-1.4072986883				-0.5		9		5		10

				0.25		0.29								6.58		-1.1963956151				0.5		14		5		10

				0.27		0.29								6.67		-1.0238385552				1.5		2		5		4

				0.24		0.27								6.69		-0.9854925419				2		1		5		1

				0.54		0.39								6.73		-0.9088005153

				0.35		0.26								6.81		-0.7554164621

				0.31		0.19								6.91		-0.5636863956

				0.48		0.22								6.91		-0.5636863956

				0.2		0.43								6.92		-0.5445133889

				0.55		0.43								7.07		-0.2569182891

				0.35		0.52								7.09		-0.2185722758

				0.25		0.15								7.17		-0.0651882226

				0.31		0.35								7.21		0.011503804

				0.43		0.27								7.31		0.2032338705

				0.2		0.32								7.33		0.2415798838

				0.27		0.29								7.38		0.3374449171

				0.25		0.39								7.39		0.3566179237

				0.29		0.29		total						7.43		0.4333099503

		ave		0.33		0.31		0.32						7.47		0.510001977

		sd		0.11		0.09		0.10						7.48		0.5291749836

														7.48		0.5291749836

														7.53		0.6250400169

														7.64		0.83594309

				Uniform random numbers										7.71		0.9701541366

				sample 1		sample2								7.72		0.9893271433

				0.43		0.11								8.03		1.5836903495

				0.42		0.31								8.19		1.8904584559

				0.54		0.3								8.27		2.0438425092

				0.21		0.49

				0.39		0.22								7.204

				0.28		0.3								0.5215666057

				0.33		0.19

				0.2		0.18

				0.3		0.37

				0.2		0.34

				0.08		0.35

				0.39		0.44

				0.29		0.44

				0.28		0.32

				0.42		0.21

				0.12		0.17

				0.34		0.36

				0.25		0.28

				0.38		0.41

				0.36		0.36		total

		ave		0.31		0.31		0.31

		sd		0.11		0.10		0.11





		





		

				This table summarizes the effect of leaving out one variable and fitting the rest . . .

				all		-x1		-x2		-x3		-x4		-x5		-y1		-y2		-y3		-y4		Ave:		SD				leave out X4, Y2 combination:

		mu		7.7		7.6		7.8		7.7		7.8		7.6		7.7		7.6		7.7		7.7		7.7		0.06				7.7

		X1		-0.1		-		-0.1		-0.1		-0.1		-0.1		-0.2		0.0		0.0		-0.1		-0.1		0.06				-0.1

		X2		0.0		0.0		-		0.0		0.0		0.0		-0.1		0.1		0.1		-0.1		0.0		0.08				0.0

		X3		-0.2		-0.2		-0.2		-		-0.2		-0.2		-0.3		-0.0		-0.1		-0.2		-0.2		0.07				-0.2

		X4		0.3		0.3		0.3		0.3		-		0.3		0.3		0.2		0.3		0.3		0.3		0.04				0.1

		X5		0.2		0.2		0.2		0.2		0.2		-		0.3		0.3		0.2		0.2		0.2		0.03				0.2

		Y1		-0.3		-0.3		-0.5		-0.4		-0.4		-0.2		-		-0.3		-0.3		-0.3		-0.3		0.08				-0.3

		Y2		-0.4		-0.3		-0.5		-0.4		-0.7		-0.3		-0.4		-		-0.4		-0.4		-0.4		0.10				-0.6

		Y3		-0.7		-0.6		-0.8		-0.7		-0.9		-0.7		-0.7		-0.7		-		-0.7		-0.7		0.08				-0.7

		Y4		-1.2		-1.1		-1.3		-1.2		-1.3		-1.1		-1.2		-1.2		-1.2		-		-1.2		0.08				-1.2

		RMS error		0.28		0.27		0.26		0.29		0.23		0.28		0.27		0.25		0.29		0.29								0.24

		MASTER

		Compound		mu		X1		X2		X3		X4		X5		Y1		Y2		Y3		Y4				Pred		Err		Err(SD)

		A1		1		1		0		0		0		0		0		0		0		1		6.21		6.42		0.21		0.76

		A2		1		1		0		0		0		0		0		0		1		0		6.67		6.87		0.20		0.72

		A3		1		1		0		0		0		0		0		1		0		0		6.91		7.17		0.26		0.93

		A4		1		1		0		0		0		0		1		0		0		0		7.53		7.27		-0.26		-0.92

		A5		1		1		0		0		0		0		0		0		0		0		8.03		7.61		-0.42		-1.50

		B1		1		0		1		0		0		0		0		0		0		1		6.92		6.54		-0.38		-1.34

		B2		1		0		1		0		0		0		0		0		1		0		6.91		6.99		0.08		0.29

		B3		1		0		1		0		0		0		0		1		0		0		7.07		7.29		0.22		0.79

		B4		1		0		1		0		0		0		1		0		0		0		7.72		7.39		-0.33		-1.16

		B5		1		0		1		0		0		0		0		0		0		0		7.33		7.73		0.40		1.42

		C1		1		0		0		1		0		0		0		0		0		1		6.47		6.34		-0.13		-0.47

		C2		1		0		0		1		0		0		0		0		1		0		6.58		6.79		0.21		0.74

		C3		1		0		0		1		0		0		0		1		0		0		6.81		7.09		0.28		0.99

		C4		1		0		0		1		0		0		1		0		0		0		7.43		7.19		-0.24		-0.86

		C5		1		0		0		1		0		0		0		0		0		0		7.64		7.53		-0.11		-0.41

		D1		1		0		0		0		0		0		0		0		0		1		6.32		6.50		0.18		0.66

		D2		1		0		0		0		0		0		0		0		1		0		7.09		6.95		-0.14		-0.48

		D3		1		0		0		0		0		0		0		1		0		0		7.47		7.25		-0.22		-0.77

		D4		1		0		0		0		0		0		1		0		0		0		7.17		7.35		0.18		0.66

		D5		1		0		0		0		0		0		0		0		0		0		7.71		7.69		-0.02		-0.07

		E1		1		0		0		0		1		0		0		0		0		1		6.73		6.80		0.07		0.27

		E2		1		0		0		0		1		0		0		0		1		0		7.48		7.25		-0.23		-0.80

		E3		1		0		0		0		1		0		0		1		0		0		8.19		7.55		-0.64		-2.26

		E4		1		0		0		0		1		0		1		0		0		0		7.38		7.65		0.27		0.98

		E5		1		0		0		0		1		0		0		0		0		0		7.48		7.99		0.51		1.82

		F1		1		0		0		0		0		1		0		0		0		1		6.69		6.73		0.04		0.13

		F2		1		0		0		0		0		1		0		0		1		0		7.31		7.18		-0.13		-0.47

		F3		1		0		0		0		0		1		0		1		0		0		7.39		7.48		0.09		0.31

		F4		1		0		0		0		0		1		1		0		0		0		7.21		7.58		0.37		1.30

		F5		1		0		0		0		0		1		0		0		0		0		8.27		7.91		-0.36		-1.27

																						Range		2.06		1.65		1.15		4.08

																						SD		0.52		0.44		0.28		1.00

																						ave		7.20		7.20		0.00		0.00

																						RMSE						0.28

		-X1

		Compound		mu		X2		X3		X4		X5		Y1		Y2		Y3		Y4				Pred		Err		Err(SD)

		B1		1		1		0		0		0		0		0		0		1		6.92		6.59		-0.33		-1.22						1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1

		B2		1		1		0		0		0		0		0		1		0		6.91		7.03		0.12		0.45						1		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		B3		1		1		0		0		0		0		1		0		0		7.07		7.35		0.28		1.00						0		0		0		0		0		1		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		B4		1		1		0		0		0		1		0		0		0		7.72		7.34		-0.38		-1.38						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		1		1		0		0		0		0		0

		B5		1		1		0		0		0		0		0		0		0		7.33		7.65		0.32		1.15						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		1		1

		C1		1		0		1		0		0		0		0		0		1		6.47		6.38		-0.09		-0.32						0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0

		C2		1		0		1		0		0		0		0		1		0		6.58		6.83		0.25		0.91						0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0

		C3		1		0		1		0		0		0		1		0		0		6.81		7.14		0.33		1.20						0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0

		C4		1		0		1		0		0		1		0		0		0		7.43		7.14		-0.29		-1.07						1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0

		C5		1		0		1		0		0		0		0		0		0		7.64		7.44		-0.20		-0.72

		D1		1		0		0		0		0		0		0		0		1		6.32		6.55		0.23		0.83						25		5		5		5		5		5		5		5		5				0.36		-0.2		-0.2		-0.2		-0.2		-0.2		-0.2		-0.2		-0.2				180.77				7.6072

		D2		1		0		0		0		0		0		0		1		0		7.09		7.00		-0.09		-0.34						5		5		0		0		0		1		1		1		1				-0.2		0.4		0.2		0.2		0.2		0		0		0		0				35.95				0.038

		D3		1		0		0		0		0		0		1		0		0		7.47		7.31		-0.16		-0.59						5		0		5		0		0		1		1		1		1				-0.2		0.2		0.4		0.2		0.2		0		0		0		0				34.93				-0.166

		D4		1		0		0		0		0		1		0		0		0		7.17		7.30		0.13		0.48						5		0		0		5		0		1		1		1		1				-0.2		0.2		0.2		0.4		0.2		0		0		0		0				37.26				0.3

		D5		1		0		0		0		0		0		0		0		0		7.71		7.61		-0.10		-0.37						5		0		0		0		5		1		1		1		1				-0.2		0.2		0.2		0.2		0.4		0		0		0		0				36.87				0.222

		E1		1		0		0		1		0		0		0		0		1		6.73		6.85		0.12		0.43						5		1		1		1		1		5		0		0		0				-0.2		0		0		0		0		0.4		0.2		0.2		0.2				36.91				-0.304

		E2		1		0		0		1		0		0		0		1		0		7.48		7.30		-0.18		-0.67						5		1		1		1		1		0		5		0		0				-0.2		0		0		0		0		0.2		0.4		0.2		0.2				36.93				-0.3

		E3		1		0		0		1		0		0		1		0		0		8.19		7.61		-0.58		-2.12						5		1		1		1		1		0		0		5		0				-0.2		0		0		0		0		0.2		0.2		0.4		0.2				35.37				-0.612

		E4		1		0		0		1		0		1		0		0		0		7.38		7.60		0.22		0.81						5		1		1		1		1		0		0		0		5				-0.2		0		0		0		0		0.2		0.2		0.2		0.4				33.13				-1.06

		E5		1		0		0		1		0		0		0		0		0		7.48		7.91		0.43		1.55

		F1		1		0		0		0		1		0		0		0		1		6.69		6.77		0.08		0.29

		F2		1		0		0		0		1		0		0		1		0		7.31		7.22		-0.09		-0.34

		F3		1		0		0		0		1		0		1		0		0		7.39		7.53		0.14		0.51

		F4		1		0		0		0		1		1		0		0		0		7.21		7.53		0.32		1.15

		F5		1		0		0		0		1		0		0		0		0		8.27		7.83		-0.44		-1.60

																				Range		1.89		8.49		2.55		1.55

																				SD		0.49		0.40		0.27		1.00

																				ave		7.23		7.23		0.00		0.00

																										0.27

		-X2

		Compound		mu		X1		X3		X4		X5		Y1		Y2		Y3		Y4				Pred		Err		Err(SD)

		A1		1		1		0		0		0		0		0		0		1		6.21		6.35		0.14		0.49						1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1

		A2		1		1		0		0		0		0		0		1		0		6.67		6.89		0.22		0.78						1		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		A3		1		1		0		0		0		0		1		0		0		6.91		7.22		0.31		1.09						0		0		0		0		0		1		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		A4		1		1		0		0		0		1		0		0		0		7.53		7.21		-0.32		-1.15						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		1		1		0		0		0		0		0

		A5		1		1		0		0		0		0		0		0		0		8.03		7.69		-0.34		-1.21						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		1		1

		C1		1		0		1		0		0		0		0		0		1		6.47		6.26		-0.21		-0.74						0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0

		C2		1		0		1		0		0		0		0		1		0		6.58		6.81		0.23		0.80						0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0

		C3		1		0		1		0		0		0		1		0		0		6.81		7.13		0.32		1.15						0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0

		C4		1		0		1		0		0		1		0		0		0		7.43		7.12		-0.31		-1.09						1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0

		C5		1		0		1		0		0		0		0		0		0		7.64		7.61		-0.03		-0.12

		D1		1		0		0		0		0		0		0		0		1		6.32		6.43		0.11		0.39						25		5		5		5		5		5		5		5		5				0.36		-0.2		-0.2		-0.2		-0.2		-0.2		-0.2		-0.2		-0.2				180.17				7.7712

		D2		1		0		0		0		0		0		0		1		0		7.09		6.97		-0.12		-0.42						5		5		0		0		0		1		1		1		1				-0.2		0.4		0.2		0.2		0.2		0		0		0		0				35.35				-0.082

		D3		1		0		0		0		0		0		1		0		0		7.47		7.30		-0.17		-0.61						5		0		5		0		0		1		1		1		1				-0.2		0.2		0.4		0.2		0.2		0		0		0		0				34.93				-0.166

		D4		1		0		0		0		0		1		0		0		0		7.17		7.29		0.12		0.42						5		0		0		5		0		1		1		1		1				-0.2		0.2		0.2		0.4		0.2		0		0		0		0				37.26				0.3

		D5		1		0		0		0		0		0		0		0		0		7.71		7.77		0.06		0.22						5		0		0		0		5		1		1		1		1				-0.2		0.2		0.2		0.2		0.4		0		0		0		0				36.87				0.222

		E1		1		0		0		1		0		0		0		0		1		6.73		6.73		-0.00		-0.00						5		1		1		1		1		5		0		0		0				-0.2		0		0		0		0		0.4		0.2		0.2		0.2				36.72				-0.482

		E2		1		0		0		1		0		0		0		1		0		7.48		7.27		-0.21		-0.74						5		1		1		1		1		0		5		0		0				-0.2		0		0		0		0		0.2		0.4		0.2		0.2				36.77				-0.472

		E3		1		0		0		1		0		0		1		0		0		8.19		7.60		-0.59		-2.10						5		1		1		1		1		0		0		5		0				-0.2		0		0		0		0		0.2		0.2		0.4		0.2				35.13				-0.8

		E4		1		0		0		1		0		1		0		0		0		7.38		7.59		0.21		0.74						5		1		1		1		1		0		0		0		5				-0.2		0		0		0		0		0.2		0.2		0.2		0.4				32.42				-1.342

		E5		1		0		0		1		0		0		0		0		0		7.48		8.07		0.59		2.10

		F1		1		0		0		0		1		0		0		0		1		6.69		6.65		-0.04		-0.14

		F2		1		0		0		0		1		0		0		1		0		7.31		7.19		-0.12		-0.42

		F3		1		0		0		0		1		0		1		0		0		7.39		7.52		0.13		0.47

		F4		1		0		0		0		1		1		0		0		0		7.21		7.51		0.30		1.07

		F5		1		0		0		0		1		0		0		0		0		8.27		7.99		-0.28		-0.98

																				Range		2.06		1.81		1.18		4.20

																				SD		0.56		0.49		0.27		0.96

																				ave		7.21		7.21		0.00		0.00

																										0.26

		-X3

		Compound		mu		X1		X2		X4		X5		Y1		Y2		Y3		Y4				Pred		Err		Err(SD)						1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1

		A1		1		1		0		0		0		0		0		0		1		6.21		6.40		0.19		0.66						1		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		A2		1		1		0		0		0		0		0		1		0		6.67		6.91		0.24		0.87						0		0		0		0		0		1		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		A3		1		1		0		0		0		0		1		0		0		6.91		7.23		0.32		1.13						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		1		1		0		0		0		0		0

		A4		1		1		0		0		0		1		0		0		0		7.53		7.22		-0.31		-1.09						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		1		1

		A5		1		1		0		0		0		0		0		0		0		8.03		7.59		-0.44		-1.58						0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0

		B1		1		0		1		0		0		0		0		0		1		6.92		6.52		-0.40		-1.44						0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0

		B2		1		0		1		0		0		0		0		1		0		6.91		7.03		0.12		0.44						0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0

		B3		1		0		1		0		0		0		1		0		0		7.07		7.35		0.28		0.99						1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0

		B4		1		0		1		0		0		1		0		0		0		7.72		7.34		-0.38		-1.34

		B5		1		0		1		0		0		0		0		0		0		7.33		7.71		0.38		1.34						25		5		5		5		5		5		5		5		5				0.36		-0.2		-0.2		-0.2		-0.2		-0.2		-0.2		-0.2		-0.2				181.19				7.6684

		D1		1		0		0		0		0		0		0		0		1		6.32		6.48		0.16		0.56						5		5		0		0		0		1		1		1		1				-0.2		0.4		0.2		0.2		0.2		0		0		0		0				35.35				-0.082

		D2		1		0		0		0		0		0		0		1		0		7.09		7.00		-0.09		-0.33						5		0		5		0		0		1		1		1		1				-0.2		0.2		0.4		0.2		0.2		0		0		0		0				35.95				0.038

		D3		1		0		0		0		0		0		1		0		0		7.47		7.31		-0.16		-0.57						5		0		0		5		0		1		1		1		1				-0.2		0.2		0.2		0.4		0.2		0		0		0		0				37.26				0.3

		D4		1		0		0		0		0		1		0		0		0		7.17		7.31		0.14		0.49						5		0		0		0		5		1		1		1		1				-0.2		0.2		0.2		0.2		0.4		0		0		0		0				36.87				0.222

		D5		1		0		0		0		0		0		0		0		0		7.71		7.67		-0.04		-0.15						5		1		1		1		1		5		0		0		0				-0.2		0		0		0		0		0.4		0.2		0.2		0.2				37.01				-0.362

		E1		1		0		0		1		0		0		0		0		1		6.73		6.78		0.05		0.17						5		1		1		1		1		0		5		0		0				-0.2		0		0		0		0		0.2		0.4		0.2		0.2				37.03				-0.358

		E2		1		0		0		1		0		0		0		1		0		7.48		7.30		-0.18		-0.65						5		1		1		1		1		0		0		5		0				-0.2		0		0		0		0		0.2		0.2		0.4		0.2				35.46				-0.672

		E3		1		0		0		1		0		0		1		0		0		8.19		7.61		-0.58		-2.06						5		1		1		1		1		0		0		0		5				-0.2		0		0		0		0		0.2		0.2		0.2		0.4				32.87				-1.19

		E4		1		0		0		1		0		1		0		0		0		7.38		7.61		0.23		0.81

		E5		1		0		0		1		0		0		0		0		0		7.48		7.97		0.49		1.74

		F1		1		0		0		0		1		0		0		0		1		6.69		6.70		0.01		0.04

		F2		1		0		0		0		1		0		0		1		0		7.31		7.22		-0.09		-0.33

		F3		1		0		0		0		1		0		1		0		0		7.39		7.53		0.14		0.51

		F4		1		0		0		0		1		1		0		0		0		7.21		7.53		0.32		1.13

		F5		1		0		0		0		1		0		0		0		0		8.27		7.89		-0.38		-1.35

																				Range		2.06		1.57		1.07		3.80

																				SD		0.52		0.43		0.29		1.04

																				ave		7.25		7.25		0.00		0.00

																										0.29

		-X4

		Compound		mu		X1		X2		X3		X5		Y1		Y2		Y3		Y4				Pred		Err		Err(SD)

		A1		1		1		0		0		0		0		0		0		1		6.21		6.44		0.23		0.81						1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1

		A2		1		1		0		0		0		0		0		1		0		6.67		6.83		0.16		0.56						1		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		A3		1		1		0		0		0		0		1		0		0		6.91		7.05		0.14		0.48						0		0		0		0		0		1		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		A4		1		1		0		0		0		1		0		0		0		7.53		7.33		-0.20		-0.72						0		0		0		0		0		0		0		0		0		0		1		1		1		1		1		0		0		0		0		0		0		0		0		0		0

		A5		1		1		0		0		0		0		0		0		0		8.03		7.71		-0.32		-1.13						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		1		1

		B1		1		0		1		0		0		0		0		0		1		6.92		6.56		-0.36		-1.29						0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0

		B2		1		0		1		0		0		0		0		1		0		6.91		6.95		0.04		0.13						0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0

		B3		1		0		1		0		0		0		1		0		0		7.07		7.17		0.10		0.34						0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0

		B4		1		0		1		0		0		1		0		0		0		7.72		7.45		-0.27		-0.97						1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0

		B5		1		0		1		0		0		0		0		0		0		7.33		7.83		0.50		1.78

		C1		1		0		0		1		0		0		0		0		1		6.47		6.35		-0.12		-0.41						25		5		5		5		5		5		5		5		5				0.36		-0.2		-0.2		-0.2		-0.2		-0.2		-0.2		-0.2		-0.2				178.86				7.7936

		C2		1		0		0		1		0		0		0		1		0		6.58		6.74		0.16		0.58						5		5		0		0		0		1		1		1		1				-0.2		0.4		0.2		0.2		0.2		0		0		0		0				35.35				-0.082

		C3		1		0		0		1		0		0		1		0		0		6.81		6.96		0.15		0.54						5		0		5		0		0		1		1		1		1				-0.2		0.2		0.4		0.2		0.2		0		0		0		0				35.95				0.038

		C4		1		0		0		1		0		1		0		0		0		7.43		7.24		-0.19		-0.66						5		0		0		5		0		1		1		1		1				-0.2		0.2		0.2		0.4		0.2		0		0		0		0				34.93				-0.166

		C5		1		0		0		1		0		0		0		0		0		7.64		7.63		-0.01		-0.04						5		0		0		0		5		1		1		1		1				-0.2		0.2		0.2		0.2		0.4		0		0		0		0				36.87				0.222

		D1		1		0		0		0		0		0		0		0		1		6.32		6.52		0.20		0.71						5		1		1		1		1		5		0		0		0				-0.2		0		0		0		0		0.4		0.2		0.2		0.2				37.06				-0.384

		D2		1		0		0		0		0		0		0		1		0		7.09		6.91		-0.18		-0.64						5		1		1		1		1		0		5		0		0				-0.2		0		0		0		0		0.2		0.4		0.2		0.2				35.65				-0.666

		D3		1		0		0		0		0		0		1		0		0		7.47		7.13		-0.34		-1.22						5		1		1		1		1		0		0		5		0				-0.2		0		0		0		0		0.2		0.2		0.4		0.2				34.56				-0.884

		D4		1		0		0		0		0		1		0		0		0		7.17		7.41		0.24		0.85						5		1		1		1		1		0		0		0		5				-0.2		0		0		0		0		0.2		0.2		0.2		0.4				32.61				-1.274

		D5		1		0		0		0		0		0		0		0		0		7.71		7.79		0.08		0.30

		F1		1		0		0		0		1		0		0		0		1		6.69		6.74		0.05		0.18

		F2		1		0		0		0		1		0		0		1		0		7.31		7.13		-0.18		-0.63

		F3		1		0		0		0		1		0		1		0		0		7.39		7.35		-0.04		-0.14

		F4		1		0		0		0		1		1		0		0		0		7.21		7.63		0.42		1.50

		F5		1		0		0		0		1		0		0		0		0		8.27		8.02		-0.25		-0.90

																				Range		2.06		1.66		0.86		3.07

																				SD		0.52		0.46		0.24		0.84

																				ave		7.15		7.15		0.00		0.00

																										0.23

		-X5

		Compound		mu		X1		X2		X3		X4		Y1		Y2		Y3		Y4				Pred		Err		Err(SD)

		A1		1		1		0		0		0		0		0		0		1		6.21		6.43		0.22		0.78						1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1

		A2		1		1		0		0		0		0		0		1		0		6.67		6.85		0.18		0.63						1		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		A3		1		1		0		0		0		0		1		0		0		6.91		7.19		0.28		1.00						0		0		0		0		0		1		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		A4		1		1		0		0		0		1		0		0		0		7.53		7.35		-0.18		-0.65						0		0		0		0		0		0		0		0		0		0		1		1		1		1		1		0		0		0		0		0		0		0		0		0		0

		A5		1		1		0		0		0		0		0		0		0		8.03		7.54		-0.49		-1.75						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		1		1

		B1		1		0		1		0		0		0		0		0		1		6.92		6.55		-0.37		-1.32						0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0

		B2		1		0		1		0		0		0		0		1		0		6.91		6.97		0.06		0.20						0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0

		B3		1		0		1		0		0		0		1		0		0		7.07		7.31		0.24		0.85						0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0

		B4		1		0		1		0		0		1		0		0		0		7.72		7.47		-0.25		-0.90						1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0

		B5		1		0		1		0		0		0		0		0		0		7.33		7.66		0.33		1.17

		C1		1		0		0		1		0		0		0		0		1		6.47		6.35		-0.12		-0.44						25		5		5		5		5		5		5		5		5				0.36		-0.2		-0.2		-0.2		-0.2		-0.2		-0.2		-0.2		-0.2				179.25				7.62

		C2		1		0		0		1		0		0		0		1		0		6.58		6.76		0.18		0.65						5		5		0		0		0		1		1		1		1				-0.2		0.4		0.2		0.2		0.2		0		0		0		0				35.35				-0.082

		C3		1		0		0		1		0		0		1		0		0		6.81		7.11		0.30		1.05						5		0		5		0		0		1		1		1		1				-0.2		0.2		0.4		0.2		0.2		0		0		0		0				35.95				0.038

		C4		1		0		0		1		0		1		0		0		0		7.43		7.26		-0.17		-0.60						5		0		0		5		0		1		1		1		1				-0.2		0.2		0.2		0.4		0.2		0		0		0		0				34.93				-0.166

		C5		1		0		0		1		0		0		0		0		0		7.64		7.45		-0.19		-0.66						5		0		0		0		5		1		1		1		1				-0.2		0.2		0.2		0.2		0.4		0		0		0		0				37.26				0.3

		D1		1		0		0		0		0		0		0		0		1		6.32		6.51		0.19		0.68						5		1		1		1		1		5		0		0		0				-0.2		0		0		0		0		0.4		0.2		0.2		0.2				37.23				-0.192

		D2		1		0		0		0		0		0		0		1		0		7.09		6.93		-0.16		-0.58						5		1		1		1		1		0		5		0		0				-0.2		0		0		0		0		0.2		0.4		0.2		0.2				36.45				-0.348

		D3		1		0		0		0		0		0		1		0		0		7.47		7.27		-0.20		-0.70						5		1		1		1		1		0		0		5		0				-0.2		0		0		0		0		0.2		0.2		0.4		0.2				34.73				-0.692

		D4		1		0		0		0		0		1		0		0		0		7.17		7.43		0.26		0.92						5		1		1		1		1		0		0		0		5				-0.2		0		0		0		0		0.2		0.2		0.2		0.4				32.65				-1.108

		D5		1		0		0		0		0		0		0		0		0		7.71		7.62		-0.09		-0.32

		E1		1		0		0		0		1		0		0		0		1		6.73		6.81		0.08		0.29

		E2		1		0		0		0		1		0		0		1		0		7.48		7.23		-0.25		-0.90

		E3		1		0		0		0		1		0		1		0		0		8.19		7.57		-0.62		-2.20

		E4		1		0		0		0		1		1		0		0		0		7.38		7.73		0.35		1.24

		E5		1		0		0		0		1		0		0		0		0		7.48		7.92		0.44		1.57

																				Range		1.98		1.57		1.06		3.76

																				SD		0.52		0.43		0.28		1.01

																				ave		7.17		7.17		0.00		0.00

																										0.28

		-Y1

		Compound		mu		X1		X2		X3		X4		X5		Y2		Y3		Y4				Pred		Err		Err(SD)

		A1		1		1		0		0		0		0		0		0		1		6.21		6.36		0.15		0.53						1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1

		A2		1		1		0		0		0		0		0		1		0		6.67		6.81		0.14		0.49						1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		A3		1		1		0		0		0		0		1		0		0		6.91		7.11		0.20		0.71						0		0		0		0		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		A5		1		1		0		0		0		0		0		0		0		8.03		7.54		-0.49		-1.73						0		0		0		0		0		0		0		0		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0

		B1		1		0		1		0		0		0		0		0		1		6.92		6.46		-0.46		-1.63						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		1		0		0		0		0

		B2		1		0		1		0		0		0		0		1		0		6.91		6.91		0.00		0.00						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		1

		B3		1		0		1		0		0		0		1		0		0		7.07		7.21		0.14		0.50						0		0		1		0		0		0		1		0		0		0		1		0		0		0		1		0		0		0		1		0		0		0		1		0

		B5		1		0		1		0		0		0		0		0		0		7.33		7.65		0.32		1.13						0		1		0		0		0		1		0		0		0		1		0		0		0		1		0		0		0		1		0		0		0		1		0		0

		C1		1		0		0		1		0		0		0		0		1		6.47		6.28		-0.19		-0.68						1		0		0		0		1		0		0		0		1		0		0		0		1		0		0		0		1		0		0		0		1		0		0		0

		C2		1		0		0		1		0		0		0		1		0		6.58		6.73		0.15		0.53

		C3		1		0		0		1		0		0		1		0		0		6.81		7.03		0.22		0.78						24		4		4		4		4		4		6		6		6				0.375		-0.25		-0.25		-0.25		-0.25		-0.25		-0.1666666667		-0.1666666667		-0.1666666667				171.68				7.7375

		C5		1		0		0		1		0		0		0		0		0		7.64		7.46		-0.18		-0.62						4		4		0		0		0		0		1		1		1				-0.25		0.5		0.25		0.25		0.25		0.25		0		0		0				27.82				-0.1925

		D1		1		0		0		0		0		0		0		0		1		6.32		6.55		0.23		0.82						4		0		4		0		0		0		1		1		1				-0.25		0.25		0.5		0.25		0.25		0.25		0		0		0				28.23				-0.09

		D2		1		0		0		0		0		0		0		1		0		7.09		7.00		-0.09		-0.32						4		0		0		4		0		0		1		1		1				-0.25		0.25		0.25		0.5		0.25		0.25		0		0		0				27.5				-0.2725

		D3		1		0		0		0		0		0		1		0		0		7.47		7.30		-0.17		-0.60						4		0		0		0		4		0		1		1		1				-0.25		0.25		0.25		0.25		0.5		0.25		0		0		0				29.88				0.3225

		D5		1		0		0		0		0		0		0		0		0		7.71		7.74		0.03		0.10						4		0		0		0		0		4		1		1		1				-0.25		0.25		0.25		0.25		0.25		0.5		0		0		0				29.66				0.2675

		E1		1		0		0		0		1		0		0		0		1		6.73		6.87		0.14		0.51						6		1		1		1		1		1		6		0		0				-0.1666666667		0		0		0		0		0		0.3333333333		0.1666666667		0.1666666667				43.84				-0.4366666667

		E2		1		0		0		0		1		0		0		1		0		7.48		7.32		-0.16		-0.56						6		1		1		1		1		1		0		6		0				-0.1666666667		0		0		0		0		0		0.1666666667		0.3333333333		0.1666666667				42.04				-0.7366666667

		E3		1		0		0		0		1		0		1		0		0		8.19		7.62		-0.57		-2.02						6		1		1		1		1		1		0		0		6				-0.1666666667		0		0		0		0		0		0.1666666667		0.1666666667		0.3333333333				39.34				-1.1866666667

		E5		1		0		0		0		1		0		0		0		0		7.48		8.06		0.58		2.06

		F1		1		0		0		0		0		1		0		0		1		6.69		6.82		0.13		0.46

		F2		1		0		0		0		0		1		0		1		0		7.31		7.27		-0.04		-0.15

		F3		1		0		0		0		0		1		1		0		0		7.39		7.57		0.18		0.63

		F5		1		0		0		0		0		1		0		0		0		8.27		8.00		-0.27		-0.94

																				Range		2.06		1.78		1.15		4.08

																				SD		0.57		0.50		0.27		0.97

																				ave		7.15		7.15		-0.00		-0.00

																										0.27

		-Y2

		Compound		mu		X1		X2		X3		X4		X5		Y1		Y3		Y4				Pred		Err		Err(SD)

		A1		1		1		0		0		0		0		0		0		1		6.21		6.49		0.28		0.99						1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1

		A2		1		1		0		0		0		0		0		1		0		6.67		6.94		0.27		0.95						1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		A4		1		1		0		0		0		0		1		0		0		7.53		7.34		-0.19		-0.68						0		0		0		0		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		A5		1		1		0		0		0		0		0		0		0		8.03		7.67		-0.36		-1.26						0		0		0		0		0		0		0		0		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0

		B1		1		0		1		0		0		0		0		0		1		6.92		6.60		-0.32		-1.14						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		1		0		0		0		0

		B2		1		0		1		0		0		0		0		1		0		6.91		7.05		0.14		0.49						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		1

		B4		1		0		1		0		0		0		1		0		0		7.72		7.45		-0.27		-0.97						0		0		1		0		0		0		1		0		0		0		1		0		0		0		1		0		0		0		1		0		0		0		1		0

		B5		1		0		1		0		0		0		0		0		0		7.33		7.78		0.45		1.62						0		1		0		0		0		1		0		0		0		1		0		0		0		1		0		0		0		1		0		0		0		1		0		0

		C1		1		0		0		1		0		0		0		0		1		6.47		6.41		-0.06		-0.22						1		0		0		0		1		0		0		0		1		0		0		0		1		0		0		0		1		0		0		0		1		0		0		0

		C2		1		0		0		1		0		0		0		1		0		6.58		6.86		0.28		0.99

		C4		1		0		0		1		0		0		1		0		0		7.43		7.26		-0.17		-0.61						24		4		4		4		4		4		6		6		6				0.375		-0.25		-0.25		-0.25		-0.25		-0.25		-0.1666666667		-0.1666666667		-0.1666666667				172.28				7.6375

		C5		1		0		0		1		0		0		0		0		0		7.64		7.59		-0.05		-0.16						4		4		0		0		0		0		1		1		1				-0.25		0.5		0.25		0.25		0.25		0.25		0		0		0				28.44				0.0375

		D1		1		0		0		0		0		0		0		0		1		6.32		6.45		0.13		0.47						4		0		4		0		0		0		1		1		1				-0.25		0.25		0.5		0.25		0.25		0.25		0		0		0				28.88				0.1475

		D2		1		0		0		0		0		0		0		1		0		7.09		6.90		-0.19		-0.67						4		0		0		4		0		0		1		1		1				-0.25		0.25		0.25		0.5		0.25		0.25		0		0		0				28.12				-0.0425

		D4		1		0		0		0		0		0		1		0		0		7.17		7.30		0.13		0.47						4		0		0		0		4		0		1		1		1				-0.25		0.25		0.25		0.25		0.5		0.25		0		0		0				29.07				0.195

		D5		1		0		0		0		0		0		0		0		0		7.71		7.64		-0.07		-0.26						4		0		0		0		0		4		1		1		1				-0.25		0.25		0.25		0.25		0.25		0.5		0		0		0				29.48				0.2975

		E1		1		0		0		0		1		0		0		0		1		6.73		6.65		-0.08		-0.30						6		1		1		1		1		1		6		0		0				-0.1666666667		0		0		0		0		0		0.3333333333		0.1666666667		0.1666666667				44.44				-0.3366666667

		E2		1		0		0		0		1		0		0		1		0		7.48		7.10		-0.38		-1.37						6		1		1		1		1		1		0		6		0				-0.1666666667		0		0		0		0		0		0.1666666667		0.3333333333		0.1666666667				42.04				-0.7366666667

		E4		1		0		0		0		1		0		1		0		0		7.38		7.50		0.12		0.41						6		1		1		1		1		1		0		0		6				-0.1666666667		0		0		0		0		0		0.1666666667		0.1666666667		0.3333333333				39.34				-1.1866666667

		E5		1		0		0		0		1		0		0		0		0		7.48		7.83		0.35		1.25

		F1		1		0		0		0		0		1		0		0		1		6.69		6.75		0.06		0.21

		F2		1		0		0		0		0		1		0		1		0		7.31		7.20		-0.11		-0.40

		F4		1		0		0		0		0		1		1		0		0		7.21		7.60		0.39		1.38

		F5		1		0		0		0		0		1		0		0		0		8.27		7.94		-0.34		-1.19

																				Range		2.06		1.53		0.84		2.98

																				SD		0.53		0.47		0.25		0.90

																				ave		7.18		7.18		-0.00		-0.00

																										0.25

		-Y3

		Compound		mu		X1		X2		X3		X4		X5		Y1		Y2		Y4				Pred		Err		Err(SD)

		A1		1		1		0		0		0		0		0		0		1		6.21		6.47		0.26		0.94						1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1

		A3		1		1		0		0		0		0		0		1		0		6.91		7.22		0.31		1.11						1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		A4		1		1		0		0		0		0		1		0		0		7.53		7.32		-0.21		-0.74						0		0		0		0		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		A5		1		1		0		0		0		0		0		0		0		8.03		7.66		-0.37		-1.32						0		0		0		0		0		0		0		0		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0

		B1		1		0		1		0		0		0		0		0		1		6.92		6.56		-0.36		-1.27						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		1		0		0		0		0

		B3		1		0		1		0		0		0		0		1		0		7.07		7.31		0.24		0.87						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		1

		B4		1		0		1		0		0		0		1		0		0		7.72		7.41		-0.31		-1.09						0		0		1		0		0		0		1		0		0		0		1		0		0		0		1		0		0		0		1		0		0		0		1		0

		B5		1		0		1		0		0		0		0		0		0		7.33		7.75		0.42		1.49						0		1		0		0		0		1		0		0		0		1		0		0		0		1		0		0		0		1		0		0		0		1		0		0

		C1		1		0		0		1		0		0		0		0		1		6.47		6.39		-0.08		-0.28						1		0		0		0		1		0		0		0		1		0		0		0		1		0		0		0		1		0		0		0		1		0		0		0

		C3		1		0		0		1		0		0		0		1		0		6.81		7.14		0.33		1.18

		C4		1		0		0		1		0		0		1		0		0		7.43		7.24		-0.19		-0.67						24		4		4		4		4		4		6		6		6				0.375		-0.25		-0.25		-0.25		-0.25		-0.25		-0.1666666667		-0.1666666667		-0.1666666667				174.08				7.6575

		C5		1		0		0		1		0		0		0		0		0		7.64		7.58		-0.06		-0.22						4		4		0		0		0		0		1		1		1				-0.25		0.5		0.25		0.25		0.25		0.25		0		0		0				28.68				0.0025

		D1		1		0		0		0		0		0		0		0		1		6.32		6.47		0.15		0.54						4		0		4		0		0		0		1		1		1				-0.25		0.25		0.5		0.25		0.25		0.25		0		0		0				29.04				0.0925

		D3		1		0		0		0		0		0		0		1		0		7.47		7.22		-0.25		-0.89						4		0		0		4		0		0		1		1		1				-0.25		0.25		0.25		0.5		0.25		0.25		0		0		0				28.35				-0.08

		D4		1		0		0		0		0		0		1		0		0		7.17		7.32		0.15		0.54						4		0		0		0		4		0		1		1		1				-0.25		0.25		0.25		0.25		0.5		0.25		0		0		0				29.78				0.2775

		D5		1		0		0		0		0		0		0		0		0		7.71		7.66		-0.05		-0.19						4		0		0		0		0		4		1		1		1				-0.25		0.25		0.25		0.25		0.25		0.5		0		0		0				29.56				0.2225

		E1		1		0		0		0		1		0		0		0		1		6.73		6.75		0.02		0.07						6		1		1		1		1		1		6		0		0				-0.1666666667		0		0		0		0		0		0.3333333333		0.1666666667		0.1666666667				44.44				-0.3366666667

		E3		1		0		0		0		1		0		0		1		0		8.19		7.50		-0.69		-2.46						6		1		1		1		1		1		0		6		0				-0.1666666667		0		0		0		0		0		0.1666666667		0.3333333333		0.1666666667				43.84				-0.4366666667

		E4		1		0		0		0		1		0		1		0		0		7.38		7.60		0.22		0.78						6		1		1		1		1		1		0		0		6				-0.1666666667		0		0		0		0		0		0.1666666667		0.1666666667		0.3333333333				39.34				-1.1866666667

		E5		1		0		0		0		1		0		0		0		0		7.48		7.94		0.45		1.62

		F1		1		0		0		0		0		1		0		0		1		6.69		6.69		0.00		0.01

		F3		1		0		0		0		0		1		0		1		0		7.39		7.44		0.05		0.19

		F4		1		0		0		0		0		1		1		0		0		7.21		7.54		0.33		1.19

		F5		1		0		0		0		0		1		0		0		0		8.27		7.88		-0.39		-1.39

																				Range		2.06		1.54		1.15		4.08

																				SD		0.55		0.46		0.30		1.07

																				ave		7.25		7.25		-0.00		-0.00

																										0.29

		-Y4

		Compound		mu		X1		X2		X3		X4		X5		Y1		Y2		Y3				Pred		Err		Err(SD)

		A2		1		1		0		0		0		0		0		0		1		6.67		6.93		0.26		0.91						1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1

		A3		1		1		0		0		0		0		0		1		0		6.91		7.23		0.32		1.12						1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		A4		1		1		0		0		0		0		1		0		0		7.53		7.33		-0.20		-0.73						0		0		0		0		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		A5		1		1		0		0		0		0		0		0		0		8.03		7.66		-0.37		-1.31						0		0		0		0		0		0		0		0		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0

		B2		1		0		1		0		0		0		0		0		1		6.91		6.90		-0.01		-0.04						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		1		0		0		0		0

		B3		1		0		1		0		0		0		0		1		0		7.07		7.20		0.13		0.46						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		1

		B4		1		0		1		0		0		0		1		0		0		7.72		7.30		-0.42		-1.50						0		0		1		0		0		0		1		0		0		0		1		0		0		0		1		0		0		0		1		0		0		0		1		0

		B5		1		0		1		0		0		0		0		0		0		7.33		7.64		0.31		1.08						0		1		0		0		0		1		0		0		0		1		0		0		0		1		0		0		0		1		0		0		0		1		0		0

		C2		1		0		0		1		0		0		0		0		1		6.58		6.76		0.18		0.63						1		0		0		0		1		0		0		0		1		0		0		0		1		0		0		0		1		0		0		0		1		0		0		0

		C3		1		0		0		1		0		0		0		1		0		6.81		7.06		0.25		0.87

		C4		1		0		0		1		0		0		1		0		0		7.43		7.16		-0.27		-0.98						24		4		4		4		4		4		6		6		6				0.375		-0.25		-0.25		-0.25		-0.25		-0.25		-0.1666666667		-0.1666666667		-0.1666666667				176.78				7.7375

		C5		1		0		0		1		0		0		0		0		0		7.64		7.49		-0.15		-0.52						4		4		0		0		0		0		1		1		1				-0.25		0.5		0.25		0.25		0.25		0.25		0		0		0				29.14				-0.075

		D2		1		0		0		0		0		0		0		0		1		7.09		7.00		-0.09		-0.32						4		0		4		0		0		0		1		1		1				-0.25		0.25		0.5		0.25		0.25		0.25		0		0		0				29.03				-0.1025

		D3		1		0		0		0		0		0		0		1		0		7.47		7.30		-0.17		-0.60						4		0		0		4		0		0		1		1		1				-0.25		0.25		0.25		0.5		0.25		0.25		0		0		0				28.46				-0.245

		D4		1		0		0		0		0		0		1		0		0		7.17		7.40		0.23		0.82						4		0		0		0		4		0		1		1		1				-0.25		0.25		0.25		0.25		0.5		0.25		0		0		0				30.53				0.2725

		D5		1		0		0		0		0		0		0		0		0		7.71		7.74		0.03		0.10						4		0		0		0		0		4		1		1		1				-0.25		0.25		0.25		0.25		0.25		0.5		0		0		0				30.18				0.185

		E2		1		0		0		0		1		0		0		0		1		7.48		7.27		-0.21		-0.74						6		1		1		1		1		1		6		0		0				-0.1666666667		0		0		0		0		0		0.3333333333		0.1666666667		0.1666666667				44.44				-0.3366666667

		E3		1		0		0		0		1		0		0		1		0		8.19		7.57		-0.62		-2.19						6		1		1		1		1		1		0		6		0				-0.1666666667		0		0		0		0		0		0.1666666667		0.3333333333		0.1666666667				43.84				-0.4366666667

		E4		1		0		0		0		1		0		1		0		0		7.38		7.67		0.29		1.04						6		1		1		1		1		1		0		0		6				-0.1666666667		0		0		0		0		0		0.1666666667		0.1666666667		0.3333333333				42.04				-0.7366666667

		E5		1		0		0		0		1		0		0		0		0		7.48		8.01		0.53		1.89

		F2		1		0		0		0		0		1		0		0		1		7.31		7.19		-0.12		-0.44

		F3		1		0		0		0		0		1		0		1		0		7.39		7.49		0.10		0.34

		F4		1		0		0		0		0		1		1		0		0		7.21		7.59		0.38		1.34

		F5		1		0		0		0		0		1		0		0		0		8.27		7.92		-0.35		-1.24

																						1.69		1.25		1.15		4.08

																						0.44		0.32		0.29		1.04

																						7.37		7.37		0.00		0.00

																										0.29

		-compound E3

		Compound		mu		X1		X2		X3		X4		X5		Y1		Y2		Y3		Y4				Pred		Err		Err(SD)

		A1		1		1		0		0		0		0		0		0		0		1		6.21		6.45		0.24		0.87				1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1

		A2		1		1		0		0		0		0		0		0		1		0		6.67		6.90		0.23		0.83				1		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		A3		1		1		0		0		0		0		0		1		0		0		6.91		7.05		0.14		0.48				0		0		0		0		0		1		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		A4		1		1		0		0		0		0		1		0		0		0		7.53		7.30		-0.23		-0.80				0		0		0		0		0		0		0		0		0		0		1		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		A5		1		1		0		0		0		0		0		0		0		0		8.03		7.64		-0.39		-1.38				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		1		0		0		0		0		0

		B1		1		0		1		0		0		0		0		0		0		1		6.92		6.57		-0.35		-1.23				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		1		1

		B2		1		0		1		0		0		0		0		0		1		0		6.91		7.02		0.11		0.41				0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		1		0		0		0		0		1		0

		B3		1		0		1		0		0		0		0		1		0		0		7.07		7.17		0.10		0.34				0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		0		0		0		0		1		0		0

		B4		1		0		1		0		0		0		1		0		0		0		7.72		7.42		-0.30		-1.05				0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		1		0		0		0

		B5		1		0		1		0		0		0		0		0		0		0		7.33		7.76		0.43		1.53				1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		0		0		0		1		0		0		0		0

		C1		1		0		0		1		0		0		0		0		0		1		6.47		6.37		-0.10		-0.35

		C2		1		0		0		1		0		0		0		0		1		0		6.58		6.82		0.24		0.86				29		5		5		5		4		5		6		5		6		6				0.335		-0.2		-0.2		-0.2		-0.21		-0.2		-0.1666666667		-0.175		-0.1666666667		-0.1666666667				207.93				7.7231

		C3		1		0		0		1		0		0		0		1		0		0		6.81		6.96		0.15		0.54				5		5		0		0		0		0		1		1		1		1				-0.2		0.4		0.2		0.2		0.2		0.2		5.4080004363577E-17		5.8691477603882E-17		5.44992292036047E-17		5.44992292036047E-17				35.35				-0.082

		C4		1		0		0		1		0		0		1		0		0		0		7.43		7.22		-0.21		-0.75				5		0		5		0		0		0		1		1		1		1				-0.2		0.2		0.4		0.2		0.2		0.2		5.34660035543167E-17		5.52189872774091E-17		5.39042494850898E-17		5.34660035543167E-17				35.95				0.038

		C5		1		0		0		1		0		0		0		0		0		0		7.64		7.56		-0.08		-0.29				5		0		0		5		0		0		1		1		1		1				-0.2		0.2		0.2		0.4		0.2		0.2		5.36773006995109E-17		5.55607147591429E-17		5.41481542144189E-17		5.36773006995109E-17				34.93				-0.166

		D1		1		0		0		0		0		0		0		0		0		1		6.32		6.54		0.22		0.77				4		0		0		0		4		0		1		0		1		1				-0.21		0.2		0.2		0.2		0.46		0.2		5.58580959264532E-17		0.05		5.82867087928207E-17		5.34294830600857E-17				29.07				0.1094

		D2		1		0		0		0		0		0		0		0		1		0		7.09		6.99		-0.10		-0.37				5		0		0		0		0		5		1		1		1		1				-0.2		0.2		0.2		0.2		0.2		0.4		5.18104078158406E-17		4.99600361081321E-17		5.18104078158406E-17		5.18104078158406E-17				36.87				0.222

		D3		1		0		0		0		0		0		0		1		0		0		7.47		7.13		-0.34		-1.22				6		1		1		1		1		1		6		0		0		0				-0.1666666667		5.55111512312578E-17		5.66676335485757E-17		5.55111512312578E-17		6.35456599620978E-17		5.55111512312578E-17		0.3333333333		0.1666666667		0.1666666667		0.1666666667				44.44				-0.3366666667

		D4		1		0		0		0		0		0		1		0		0		0		7.17		7.39		0.22		0.77				5		1		1		1		0		1		0		5		0		0				-0.175		6.31439345255558E-17		6.40112962635442E-17		6.31439345255558E-17		0.05		6.38378239159465E-17		0.1666666667		0.375		0.1666666667		0.1666666667				35.65				-0.5955

		D5		1		0		0		0		0		0		0		0		0		0		7.71		7.72		0.01		0.05				6		1		1		1		1		1		0		0		6		0				-0.1666666667		5.55111512312578E-17		5.66676335485757E-17		5.55111512312578E-17		6.2450045135165E-17		5.55111512312578E-17		0.1666666667		0.1666666667		0.3333333333		0.1666666667				42.04				-0.7366666667

		E1		1		0		0		0		1		0		0		0		0		1		6.73		6.65		-0.08		-0.30				6		1		1		1		1		1		0		0		0		6				-0.1666666667		5.55111512312578E-17		5.66676335485757E-17		5.55111512312578E-17		6.2450045135165E-17		5.55111512312578E-17		0.1666666667		0.1666666667		0.1666666667		0.3333333333				39.34				-1.1866666667

		E2		1		0		0		0		1		0		0		0		1		0		7.48		7.10		-0.38		-1.37

		E4		1		0		0		0		1		0		1		0		0		0		7.38		7.50		0.12		0.41

		E5		1		0		0		0		1		0		0		0		0		0		7.48		7.83		0.35		1.25

		F1		1		0		0		0		0		1		0		0		0		1		6.69		6.76		0.07		0.24

		F2		1		0		0		0		0		1		0		0		1		0		7.31		7.21		-0.10		-0.36

		F3		1		0		0		0		0		1		0		1		0		0		7.39		7.35		-0.04		-0.14

		F4		1		0		0		0		0		1		1		0		0		0		7.21		7.61		0.40		1.42

		F5		1		0		0		0		0		1		0		0		0		0		8.27		7.95		-0.32		-1.16

																						Range		2.06		1.57		0.82		2.92

																						SD		0.50		0.43		0.25		0.87

																						ave		7.17		7.17		-0.00		-0.00

																						RMSE						0.24







Analysis of Library Three
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Lessons Learned from 3 Libraries
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Additive Relationship between B- and C-rings

Additive relationship between A- and C-rings

Non-Additive
(In most cases, shift in binding mode?)

(Probably R-Group interactions
on the ligand)
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B
C

Even within a single series there are non-additive parts and additive parts of the SAR!



PDE2 Case Study

Phosphodiesterase 2 (PDE2) inhibitors for the treatment of memory disorders

+ 0.3

8.9

✗

+ 0.6

+ 0.9

 Evidence for non-additive SAR early (< 10 analogs)

 Can this data provide insights into ligand-protein interactions?

2

4



C. Kramer, J. Chem. Inf. Mod. 2015, 55, 483.

Non-additivity = (pA3-pA4)-(pA2-pA1) = eXeY = pKi – (µ + Xj + Yk)

It’s all the same equation!
However in the Kramer case one is looking at each individual set of 4 compounds.

In the linear regression method additivity is measured against a theoretical average of all compounds.

New Mathematical Method Solved Problems

This method allows determination of additivity in sparse matrix’s 
where you might have missing data.



Non-Additivity Analysis

26% of the matrix is non-additive (p = 97%)
Largest Dadd is 3 log units from additive!

They happen when R1 = Large and R2 = Large



_ =

Systematic Deviation from Additivity

Actual DataPredicted Data

54% of the data is non-additive (99% confidence)



The Cause of Non-Additive SAR

Common reasons for non-additive SAR:

 Interactions between substituents 

 Different binding modes



Crystallography and Structural Characterization

 All compounds adopt a similar binding mode (RMSD values ≤ 1 Å,a) 
 Ligand rearrangement in the binding site is not the explanation for non-additivity 

Root-mean-square deviation (RMSD) values between structures



Leu770 works as a molecular divider that distributes ligand binding volume 
between R1 and R2 pockets.

First documented case of large non-additive SAR effects being confirmed as 
resulting from changes in protein conformation.

Protein Conformational Changes!



Conclusion

 We too often assume additive SAR when we should be checking.

 Non-additive effects can be very large (>3 log units).

 The presence of non-additive effects can lead to understanding of changes 

in binding modes or ligand conformation.

 Doesn’t the first step in building a QSAR model have to be determining 

additivity in the data set?
 When non-additivity exists can there be a meaningful correlation of biological effects with additive 

bulk physical properties (cLogP, tPSA, ect.)?



Where can we go?

Additivity in ADME properties?
Additivity can predict changes in binding mode, how about 
changes in function (i.e. agonist/antagonist switch)?
In phenotypic screening can non-additivity suggest change in 
mechanism?
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