“AD-A189 276 DETERMINATION OF THE PﬂRTlTlON COEFFICIENTS OF
CONPOUNDS. > BATTELLE COLUH'US LABS
35

TRIANGLE PARK NC S E KRIKORIAN ET A F/

RESERARCH
UNCLASSIFIED CRDEC-CR-88015 DARG29-81-D-0180




, -- _ Ve rmrirn ; A RNkl ) OOTTLTs
. " o e a7 S ey l\-l.-\ . T -if ’rf.\u«. S-..\--Ist ‘s h.-;
- a d ; P x B P S5 8 _ L : . M

un.Lm"uuﬂ i . sﬁ"ﬂ&ﬂ&h&&kmn-@ﬂumﬂ 3 MNIﬁﬂwnnmn-m_m“Luﬂnm PPN bnlhulmlls . - s A WS WD - = Ay 5% 5% %

ChoaTh gth % 0¥ a%h oAtV 0% ¢

A ptA gV ¢4 g% Sh

4

bug*s

Hlxlf.llnln'l(!lfl'j.a?{l.... y
. ,S.E 2% OE
. N o~ nlb
:M =

@® o~
i o
2§ © 3- w_

RE EERTTITE

‘A a0 9t gth o'k,

[}

|_'=8_
16

I
il
I

1.4

)

.

2
~ ]

S

125
{

.-

MY )
\

20 8070,

900700

\ .
RS KIRS AN

FOUISIUCT U

rt oY,




. e T ream” . Y
et et e A N ™ Ry . N o 00, ¥ haa'Aed "t g h 0" ‘.- 0 0o’ hat’ $ap At L N ) A Aol 2 S8 tal b to),
-2 el A i ST LS VRt \ 5 .

[ {o]
™~ :
N | )
oy CHEMICAL ot FILE COBx
00 RESEARCH,
E 'DEVELOPMENT & e
" ENGINEERING
. EI CENTER CRDEC-CR-88015

DETERMINATION OF THE PARTITION COEFFICIENTS
OF ORGANOPHOSPHORUS COMPOUNDS
USING HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY

by S. Edward Krikorian
Trevor A. Chorn

UNIVERSITY OF MARYLAND
Baltimore, MD 21201

and James W. King, Ph.D.

Michael W. Ellzy
RESEARCH DIRECTORATE

December 1987

DTIC

ELECTE
JAN 2 71988°¢
U.S. ARMY
Ce ARMAMENT
) QH MUNITIONS
CHEMICAL COMMAND

Aberdeen Proving Ground, Maryland 21010-5423

DISTRIBUTION STATEMENT A
Approved for public release;
v e it Unliraited

-------------- PV I P N T L P FO S \-.\ -., P \-_‘. -\{\.‘\’t-(;--_
[ _‘.(-_:.f AN r__.'_:,- Ny ~.~.{#_‘),\f\¢_ y \I\J\M.\Isu'.‘f\‘«\(\-"‘J"J'_.-',‘_ LT \. N

LA PR

WP Iy -'i:

R '. ’,‘l,q_:.-.‘,s ..Y.('.'}'_(-ll,{ . .-' 'f -_‘

. 5,
IAAARPLH
P

AT TATARIAAS )



s . At . A LA Al A A’ .
(X XN RWNY 2N pAaate ™ ¥\ WU U UW DM DL Sphatal,t Y e A Al R OA s A Aiint S A A gt il g \

»
n, N
Z) .
y
[ ]
L]
l
\
o
)
¥
i
»
\J
. Disclaimer
The findings in this report are not to be construed as an official Department
of the Army position unless so designated by other authorizing documents.
d
P
5
3
L)
)
Distribution Statement
p \J
Approved for public releasec; distribution is unlimited. )
! .
i
4
o
.. 0
X .
)
’
4
L
4
by .
\ .
L]
»
J
: s
)
R [of
’
»
’ .
) . '
I N O L R N I M A I W L e A N e T T W T T L N E e TR I P N I I . N
AR T e Y .,'.q_'ﬂ._ IO RS -4.%_.\_..-,,. Y e S A N AL Y TNt




‘.utirrl‘oi‘l'-\'o PO YOO A K 1N 12° 202 2% a*a a' B0 000 balt a8’ 1 Y nad et St 788" . cate A% A'2 ' < Maa o

UNCLASSIFIED e
SECURITY CLASSIFICATION OF THIS PAGE ‘
REPORT DOCUMENTATION PAGE .
1a REPORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS . "
UNCLASSIFIED !
2a SECURITY CLASSIFICATION AUTHORITY 3 DISTRIBUTION/AVAILABILITY OF REPORT
-
Approved for public release; distribution
| L . .. o
2b. DECLASSIFICATION / DOWNGRADING SCHEDULE is unlimited. -
4 PERFORMING ORGANIZATION REPORT NUMBER(S) ‘5. MONITORING ORGANIZATION REPORT NUMBER(S) ::
CRDEC-CR-88015 TCN §5-049
6a. NAME OF PERFORMING ORGANIZATION 6b OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION '
(If applicable) . B
University of Maryland U.S. Army Research Office D,
6¢ ADDRESS (City, State, and 2iP Code) 7b. ADDRESS (City, State, and ZIP Code) :‘
School of Pharmacy P.O. Box 12211 -
Baltimore, MD 21201 Research Triangle Park, NC 27709-2211 ®
’
B8a. NAME OF FUNDING / SPONSQRING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER f.
ORGANIZATION (if applicable) o A
CRDEC SMCCR-RSC-0 DAAG-29-81-D100 -
B8c. ADORESS (City, State, and ZIP Code) 10 SOURCE OF FUNDING NUMBERS E
PROGRAM PROJECT TASK \N(%’égm%wTNo
Aberdeen Proving Ground, MD 21010-5423 ELEMENT NO  INO NO. A
1L161101 A71A

11 TITLE (Include Security Classification)
Determination of the Partition Coefficients of Organophosphorus Compounds Using
High-Performance Liquid Chromatography

12 PERSONAL AUTHOR(S)
Krikorian, S. Edward, Chorn, Trevor A., King, James W., Ph,D., and Ellzy, Michael W.

13a. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) |15 PAGE COUNT
Contractor FROM 85 Mar 710 85 Sep 1987 December 23

16 SUPPLEMENTARY NOTATION The work was performed under Contract No. DAAG-29-81-D-0100 through
a Scientific Services Agreement issued by Battelle, Research Triangle Park Office, 20U Park
Drive, P.O, Box 12297, Research Triangle Park, NC 27709. (continued og reverse)

17 COSATI CODES 18 SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GROUP $SUB-GROUP Capacity factor log P
07 04 HPLC log P vs. log k'correlations
Hydrophobic fragmental constant

—

Y3 ABSTRACY (Continue on reverse if necessary and identify by block number) \ <. _. .
‘Octanol/water partition coefficients (log P) for a series of d1alkyl alkylphosplmndu s,
dialkyl alkylphosphonothionates, and an alkyl alkylphosphinate have been estimated usm;,
reversed-phase high-performance liquid chromatography. The test compounds proved to be
readily amenable to the chromatographic procedures employed, although the more lipophilic
compounds appeared to be more tolerant to variations in the chromatographic conditions an'! .
methods of data handling than were the less lipophilic compounds with repard to the .
precision and accuracy of the log P values obtained from the retention data. The methodoloyd 2
was validatedby carrying out shake-flask experiments with two of the test samples. The

X BAARAAANE VY "'-"’h’-’.’-’(/‘/l

. rank order of log P values obtained was reasonably predictable, based on the sizes of the -
alkyl substituents present. The enhancement of lipophilic character attributable to :
replacement of oxygen by sulfur in the ?0 group 8 also evident from the results The dat., X
for the phosphonates permit the calculation of a value for the hydrophobic fraymental ~
constant for the OPO; group f = =2.79) . ’

- L]

20 DISTRIBUTION / AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION J
B unciassisieounumiten [ SAME AS RPT 1 BTIC USERS UNCLASSTFTED -
222 NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE (Include Area Code) | 22¢ OFFICE SYMBOL -y
SANDRA J. JOHNSON (301) 671-2914 SMCCR-SPS-T g

DD FORM 1473, 84 maR 83 APR edition may be used until exhausted SECURITY CLASSIFICATION OF THIS PAGE -
All other editians are obsolete - et e °

UNCLASS LD «

\J‘\c'_-f " .-"

»

Ay



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE

K} 16. SUPPLEMENTARY NOTATION (Continued)

" Contracting Officer's Representative: Dr. James W. King, SMCCR-RSC-O0,
" (301) 671-3482, Contract Delivery Order No. 1409,

y &
Py of g ol W & )

o]

» 'U'...,

2 UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PALL

R 3 SN AT TN O T IO £t

R S A A AN SN R SO o,

3 R Dol 3




o L L Py P

M

R R Y U LW R R IR RS TR IR T U T O R R} $ak' 0al 0ot 028 Uatt 0a0 8an 60 6ot 08 b 0" 0un'd 2t L ea-aNAY RAc gat §ab gas g o

PREFACE

The research documented herein is the result of a collaborative effort
between investigators at the University of Maryland and CRDEC. The adminis-
trative and fiscal aspects of the work were facilitated by the U.S. Army
Research Office under Contract No. DAAG-29-81-D100 through a Scientific
Services Agreement monitored by Battelle, Research Triangle Park Office,
Research Triangle Park, NC. The work was authorized under Project No.
1L161101A71A, Chemistry and Physics of Surfaces. This work was started in
March 1985 and completed in September 1985.

The use of trade names or manufacturers' names in this report does
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‘Qﬁ DETERMINATION OF THE PARTITION COEFFICIENTS OF ORGANOPHOSPHORUS COMPOUNDS
h{ USING HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY

)

’;:.;: 1. INTRODUCTION

B 1.1 Background

o

3‘ Octanol /water partition coefficients (P) of drugs have been shown to
“ be very useful for correlating molecular structure with biological ac-

3? ' tivityl!. Since their determination by classical "shake-flask" procedures
3 can be very tedious, many attempts have been made to determine the values
e of log P, which provide the necessary correlations, using rapid and con-
ﬁa ' venient chromatographic methods designed to approximate the phase

&: relationships inherent to the definition of the parameter. Among these
_}5 methods, reverse—-phase high performance liquid chromatography (HPLC) is
ﬁ' an obvious candidate, since it requires distribution of an analyte

‘- between a less polar organic (stationary) phase and a more polar aqueous
.- (mobile) phase, just as does the classical experiment.

.

:' Most HPLC methods examined have employed columns packed with octyl-

silane or octadecylsilane (ODS) chemically-bonded phases or ODS coated
with l—octanolz, to mimic the organic phase, and water modified with or-
ganic solvents, such as methanol or acetonitrile, as the mobile phase to
mimic the aqueous phase of the shake-flask experiment. The chro-

- e e

o

ﬁ matographic parameter most often determined to provide a measure of log P
i is the capacity factor, k', of the analyte (equation 1), where tg is the
{
- tr~to
bl k' = — (1)

™ to

g retention time of the analyte and t, is the time for a non-sorbed solute
,4 to elute from the column (a measure of the void volume of the column).
Sa Unfortunately, the accurate and precise measurement of t, can be very
‘ difficult to achieve3, and therefore experimentally determined values of

k' will be subject to variation dependent upon the methnd chosen for to

" measurement. In some cases authors have claimed an advantage to deter-
_: mining values of k' in 1007 aqueous mobile phases by extrapolation of
P linear plots of log k' vs. percent organic modifier, as a means of ob-
vi taining more meaningful measures of log P.45 1In either case, log k' or
’ Toon and Rowland's Rq value2»b {(equation 2) are the functions most usual-
. ly found to be linearly related to log P, and thus it is their correla-
;Q tions with log P which have been sought and employed.

~
::' . tr—to

; Rq = log ——— (2)

! ty

A J

s In the usual experiments, values of log k' or Rg, in a specified HPLC
, system, are determined for a series of reference compounds whose log P
Y
e values are known experimentally or have been calculated using the sub-
,Q stituent constant’ or fragmental constant8 approaches. Log P of the com-

pound of interest is then deduced by measuring its log k' or Ry value
under the same experimental conditions and applving the linear regression
equation corresponding to the log k'-log P correlation ohtained from the

o

MY

s
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calibration compound measurements. This method requires very careful
selection of the reference compounds used for calibration, however, since
subtle physicochemical effects, such as the hydrogen-bonding capability
of certain compounds, can alter partitioning mechanisms and result in
serious deviations from log k'-log P correlations 9,10, Therefore,
ideally reference compounds chosen for generation of the log k'-log P
standard curves should be as chemically similar to the test samples as
possible.

‘- - . -'Qn;

1.2 Statement of the Problem

FeLssY

A review of the literature has revealed that the above described HPLC
methodology does not appear to have been applied to the determination of
log P values for organophosphorus compounds. More than that, log P
values from any source for compounds in the alkylphosphonate and alkyl-
phosphinate ester functional group classes and their derivatives are un-
D available from the literature and major compendia7. Neither have any
studies relating to the HPLC analysis and characterization of these clas-
ses of compounds been reported.

< A

a L‘J

The purpose of the present study then is to determine the feasibility
of employing the HPLC techniques described above to estimate previously
N undetermined log P values for a series of representative organic alkyl-
phosphonate and alkylphosphinate esters.

1.3 Description and Scope of the Investigation

4 ‘ ll‘ ‘l ‘. ‘I ‘

The reverse-phase HPLC behavior of eleven compounds which are esters
of alkylphosphonic or alkvlphosphiniec acids or their sulfur analogs
(Table A~1) are explored. For each, the experimental conditions required
to permit accurate measurements of their retention times for subsequent
conversion to log k' and Rg values were determined (column packing,
mobile phase composition and flow rate). For conversion of these
parameters to log P values for each of the eleven compounds, measurements
of log k' and Rp for three or four reference compounds, having known log
P values but unrelated chemically to the test compounds, were employed to

F o Pt

p A

: prepare calibration curves from which sample compound log P's could be

" estimated. Since no shake-flask log P values for the organophosphorus
compounds were available to us, two of the test compounds were subjected

' to a shake—-flask procedure to determine log P's which could be compared

’ to values obtained by the HPLC procedures, in order to assess the accura-
cy of the latter.

: Tn all, estimated log P values are reported and compared for the

-~ cleven test compounds using three to four different chromatographic svs-

: tems and two methods of data handling ior each.

)

) . MATERTALS AND METHODS

- S HPLC Instrumentation and Experimental Conditions

»

, -

: The Beckman Model 345 Liquid Chromatograph consisting of a Model 421

. svstem controller, Model 112 pump, and Model 210 gsample injection valve
fitted with a 20 UL sample loop was employved, together with a Waters Mod-

’ el 401 differential refractive index detector and a Hewlett-Packard Model

’.

v,
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3392A reporting integrator for recording chromatograms and retention
times.

The column was 150 X 4.6 mm stainless steel filled with a 5 ym parti-
cle size chemically bonded octadecylsilane (ODS) packing (Alltech Econo-
sphere). As required, this column was saturated with l-octanol by in-
jecting 5 X 20 uL of the pure alcohol onto the column while maintaining
flow of octanol-saturated water through the system (cf. ref. 2). The
original ODS packing could be regenerated by stripping the l-octanol from
the column by flushing with pure methanol. The column survived several
cycles of being coated and stripped with no apparent adverse effect on
the integrity of the packing.

The mobile phases employed were all premixed, degassed by suction
filtration, and pumped through the system using a single pump. This pro-
cedure was required to eliminate a noisy baseline generated by the
refractive index detector when the eluent was formed in a mixing chamber
using the dual pump system. The flow rates employed were 2.0 mL/min of
octanol-saturated water for runs involving the octanol-saturated 0ODS
column and 1.0 mL/min of CH30H/water, CH3CN/water, or l-propanol/water
mobile phases for all other experiments.

Chemicals and Reagents

The eleven organophosphorus test compounds (of unspecified purity) and
l-octanol (99%) were provided by Dr. James W. King. Water for mobile
phases was purified using the Millipore water purification system.
Methanol (MeOH), acetonitrile (MeCN) and l-propanol (PrOH) used as or-
ganic modifiers for the aqueous mobile phases were all reagent grade
(J.T. Baker). Chemicals used as reference compounds were ohtained com~
mercially and were of reagent quality.

Shake-Flask Experiments for Determination of log P

Approximately 0,25 g of the test compound was weighed into a 60-mlL
separatory funnel and partitioned between 10.0 mL of l-octanol and 10.0
ml, of water bv swirling gently. After separation of phases, the quantity
of the analyte {n the octanol layer was determined by HPLC analysis (0ODS
column, 607 MeOH/40%Z Ho0) using a calibration curve (peak height vs.
welight of analyte/10.0 ml, of octanol) prepared by analyzing known solu-
tions of the analyte in the same way and which contained 0.08-0,26 ¢ of
the analvte in 10.0 mlL of octanol.

For determination of log P of nitrobenzene, an ultraviolet
spectrophotometric method was used to quantify the nitrobenzene in the
octanol laver. The absorbance of an aliquot of the layer was measured in
a 1.00-cm cell at A 252 nm. The concentration was then read off a Beer's
law plot prepared by measuring three standard solutions covering the con-
centration range 0,21-0.28 g/10 mlL in octanol.

The concentration of the analvtes in the aqueous phases  of the above
experiments was determined by taking the difference between the amount
found in the octanol layer and the original amount weighed out for analv-
sis. Log P conld then be calculated from log (C,/Cy).

9
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3. RESULTS

Z¥

rs

All of the log P values resulting from this study have been expressed

~‘ to an accuracy of two decimal places. This accuracy, of course, is
~ governed by the accuracy of the calibration curve data available (litera-
: ture values and measured log P's) and the accuracy of the chromatographic
o retention data measured (tg to). The latter could routinely be
X reproducibly measured to the one~hundredth of a minute, so that the
reliability of the subsequently calculated log k' and RQ parameters was
; limited to two—decimal-place accuracy. Since the accuracies of the
available log P values employed were of a similar magnitude, there ap-
peared to be no justification on experimental grounds to reporting the
o™ estimated log P values to any more than two decimal places.
: Based on exploratory HPLC runs using both the ODS and octanol-
e saturated ODS columns, it was obvious that it would be unreasonable to
expect to be able to obtain retention data for all eleven test compounds
V3 under a single set of experimental conditions, because of the wide range
-+ of polarities (lipophilicities) they represent. It was found rather that
: compounds 1-6 could be conveniently considered together as a "less
: lipophilic” series and compounds 7-11 as a "more lipophilic™ series.
3.1 Determination of log P for the Less Lipophilic Compounds (1-6)
ﬁ Retention data for this series were successfully obtained using both
, the octanol-saturated ODS system and the ODS column employing mobhile
" phase compositions of 60% MeOH/407 water, 40% MeCN/60% water, and 25%
' PrOH/75% water. Acetone, 2-butanone, acetanilide, nitrobenzene, and ben-
- zene (log P values = -0.24, 0.28, 1.16, 1.84, and 2.15, respectiVely)7
g were employed as the reference compounds for establishing the necessary
i log k" or RQ vs. log P calibration curves for this series, since their
o, log P values encompass the range of values observed for the test com-
: pounds and they yielded well-correlated linear plots under the HPLC con-
k ditions employed.
‘ Tables A-2 through A-5 summarize all of the log P values obtained for
:~ the six test compounds under the four different sets of chromatographic
- cronditions, based on the respective calibration curves plotted from the
: data for the reference compounds (also given in the Tables). A measure
. of the influence of the choice of t, marker on the results was also ob-
* tained for two of the chromatographic sywtems (Tables A-2 and A-5).
o .2 Determination of log P for the More Lipophilic Compounds (7-11)
~ -
b This series gave unreasonably long retention times on the octanol-
~ saturated ODS column but were successfully managed using the ODS column
> and mohile phase compositions of 85% MeOH/15% water, 757 MeCN/25% water,
- and 507 PrOH/S07 water, with water being used as t, marker. Benzophenone,
N naphthalene; and biphenvl (log P values = 3.18, 3.37, and 4.06, respec-
v tivvlv)7 were employed as the reference compounds for establishing the
:} necessary log k' or Ry vs. log P calibration curves (Table A-H), although
:: the log P for compound 10 appears to he outside this range as seen {rom
the data in Table A-7. The value for the latter compound must thercefore
N he considered to be less reliable than the others in this table. A
) reference compound having a log P near H-7 and good chromatographic
a
K 10
s |
‘A
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i characteristics, which would be required to extend the calibration curve

g to include the higher value, was not able to be found and measured in

» time to be included in this study.

A 3.3 Determination of log P of Selected Compounds Using the Shake-Flask
Procedure

O _—

a: In order to assess the accuracy of the log P values generated by the
HPLC methods and to help to choose the HPLC conditions, of the several

N tested, which would be expected to yield the most accurate values for the

ay less lipophllic series of test compounds, the log P's of compounds 2 and

5 were determined using the classical shake-flask procedure. The values
) obtained were 0.91 and 0.65, respectively. The validity of the par-
: titioning procedure employed for these determinations was confirmed by
‘ determining the log P for a control compound, nitrobenzene, using the
ﬂ' same procedure. The experimentally determined value of 1.84 for the lat-
L ter matched the average literature value’ exactly. Thus, the values for
2 and 5 would appear to represent reliable measurements.

Y- 4, DISCUSSION
The importance of correctly choosing the reference compounds which
) were to be used to generate the calibration data for the log P determina-
tions was borne out early in the investigation. The linearity of the log
~ k' or Rq vs. log P curves depended upon testing and choosing among

several reference compounds whose log P values would encompass the ranges
to be encountered among the two series of test compounds to be examined.
The excellent correlation coefficients observed for the respective cal-

[N}

v ibration curves obtained from log k' data (Tables A-2A, ~5A, and -6)
confirmed the suitabhility of the reference compounds so chosen. The Rp-

: dependent data were less impressive in this regard, although the coeffi-

~ cients still appeared to be acceptable.

)

LY

.: The sensitivity of the magnitude and precision of the log P values

determined to the methodology employed appeared to decrease with increas-
) ing lipophilicity of the compounds, i.e., measurements of compounds
-~ having the larger log P values (>2) appeared to be less affected by a
change in chromatographic conditions, the t, marker employed, or the
method of calculation. This is especially evident from an examination of
Tables A-5B and A-7, where the excellent method-independent
reproducibility of log P values for comounds & and 7-11 contrast with the
behavior of the log P values for compounds 1 and 6, for example, which
o have negative log P's (more water soluble). On the other hand, it is
X clear from the tabulated data that excellent precision, if not accuracy,
3 can be achieved within any of several sets of experimental conditions and
' methods of data handling as long as reference and test compounds and the
) resultant data are handled identically. For example, the two scets of log
P data of Table A-5B clearly show that the log P values determined for
A compounds 1-6 are independent of the t, marker employed, although their
. magnitudes do depend upon the method of calculation. On the other hand,
the log P's determined for 7-11 were found not to be dependent upon
either the chromatographic system or the method of calculation employed.

]

Can9’

4 Still needing to be addressed is the question of which set of ex-
perimental conditions and method of data handling of the several examined

11
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in the present study has resulted in the determination of the most accu-
rate, as well as precise, values of log P for eleven organophosphorus
compounds tested. The log P values for 2 and 5 which were determined by
the shake-flask method provided us with independent and reliable values
which we could compare with the HPLC-derived results. The best match
found among the data of Tables A-2B,-3,-4, and -5B for the values,
respectively, of 0.91 and 0,65 for 2 and 5 were for the 0ODS/MeCN-water
and ODS/PrOH-water systems using the log k' data (Tables A-5B and A-4,
respectively). Comparison of the remaining data in these two tables
shows that the log P values for 3 and & also correlate well between the
two HPLC systems. However, the values for the two least lipophilic com-
pounds, 1 and 6, correlate poorly. This may be attributed to the dif-
ficulty we encountered generally in measuring low k' values accurately
and reproducibly, because of the especial semsitivity of the latter to
variations in measuring tgp-t, when this difference is small, compared to
the smaller errors to be expected when tg>>,. The octanol-saturated ODS
column system could be considered a third~ranking system of choice for
determining the log P's based on a comparison of the data of Table A-2B
with those of A-4 and A-5B. However, the lack of any apparent improve-
ment in the reliability of the log P values attributable to use of this
system would tend to obviate the extra trouble required to prepare the
column necessary to use it.

Based on comparison of the results of the shake-flask experiments with
the HPLC data, log k' correlations appear to have resulted in more reli-
able (accurate and precise) values of log P than have correlations of Rq
with log P for the less lipophilic series of compounds, 1-6. For the
more lipophilic series, 7-11, however, the agreement between the log k'-
and RQ—derived values of log P is excellent, since application of the t-
test showed that there is no significant difference in the average values
obtained from each of the five compounds using either method of
calculation.

Table A-8 summarizes our "best” HPLC-derived log P values for the
eleven organophosphorus compounds examined in this study. For compounds
1-6 the values represent an average of the results obtained from the log
k' data of Tables A-2B,-4, and —-5B. For the compounds 7-11 the values
are an average of all six values tabulated in Table A-7. The rank order
of log P values observed (Table A-8) was in general predictable based on
the structures of the compounds and the relative polarities of the sta-
tionary and mobile phases employed to serve as a model for the octanol/
water partitioning svstem. A further point worthy of note is the fact
that substitution of sulfur for oxygen appears to increasc the
lipophilicity of a compound. For example, 5, which contains one less
methvlene group than does 3 but contains a P-SCyH5 in place of a P-0C)oHyg
grouping, has the same log P value as 3. The effect of replacing P=0
with P=S appears to be even a greater factor in increasing lipophilicity,
as can be seen by comparing log P values of 4 vs. 3, &4 vs. S, & vs. 2,
and 7 vs. 11,

CONCLIISTONS

a. The log P's of the eleven test organophosphorus compounds have heen
successfully estimated using readily availabhle HPLC methodology. A




X

N

;: commercial chemically-bonded octadecylsilane (ODS) column, when em~

' ployed with an appropriate mobile phase, provided very reasonable log
D P values showing excellent precision.

N

b. For the less lipophilic series of analytes, the mobile phase of choice
was the MeCN/water system, with any one of four different void volume
B\ (ty,) markers being employed to provide the required retention

< parameters.

.‘.]

4 ’ For the more lipophilic series, aqueous mobile phases modified by

K addition of either MeOH, MeCN, or PrOH (water as t, marker) all pro-

. vided log P values of comparable magnitude.

4

'j Especially for the less lipophilic series, the use of log k' vs.

1 log P correlations yielded consistently superior results (better ac-
iQ curacy and precision) than did Rq vs. log P treatment of the calibra-
. tion and sample data.

D c. It is essential that the reference compounds used to generate calibra-
N tion curve data be chosen carefully in order to ensure that linearity

of retention parameter-log P correlations is achieved and that the
range of log P values to be measured is encompassed.

b=, d. The availability of more shake-flask-derived log P values for the or-
N ganophosphorous compound classes studied here would have been helpful
g in validating the HPLC-derived values obtained. Nonetheless, even the
. two shake-flask values measured as part of the present work provided
-: excellent corroboration of the validity of the proposed HPLC methodol-
p ogy for providing accurate measures of log P simply and conveniently.
~ e. The two-decimal-place accuracy to which log P values are reported is

N consistent with the accuracy of the HPLC data and reference parameters
. which were measured in this study.
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§ APPENDIX
3
TABLES
)
! Table A-1. Test Compounds Included in This Study
! Number Name Formula Structure
!
1 0
1 i
: 1 Dimethyl methylphosphonate C3HqO3P CH3-P(0OCH3)»
o
0
» il
§ 2 Diisopropyl methylphosphonate C7H,704P CH3-P[OCH(CH3)2] >
0
i
3 Diethyl ethylphosphonate CeHy503P CH3CHo-P(0OCoH5 )0
s
7 I
¥ 4 Diethyl methylphosphonothionate CgH}30,PS CH3-P(0CyHg)?
‘g
i
5 0,S-Diethyl methylphosphonothionate  CgH|303PS CH3—F-OC2H5
S SCoHs
', 0
\ "
6 Ethyl methylphosphinate C1HqOyP CHy-P-0CHHy
> L'
. 0
\ 1]
[ 7 Dibuty?! methylphosphonate CgHy 03P CH3-P(0OC4Hg)»
0
. ]
. 8 Dipentyl methylphosphonate CyHos03P CH3=-P(OCsH) ) n
r 0 CHy
N L P
9 Dipinacolyl methylphosphonate Cj13H29019P CH3-P [0CH-C(CH 3) 1
; 0
! . "
‘A 10 Dioctyl methylphosphonate Cy7H3704P CH3-P(OCKH|7)0
o] -~
S
1
: 11 Dipropyl methylphosphonothionate C7H)70,PS CHy=P(OC 317>
”
:
o
?
2
. 17

3 |
h)
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Table A-2A. Calibration Curve Data from Reference Comgounds for Less
Lipophilic Series on 0Octanol-Saturated ODS/Octanol-Saturated
Water System

Linear Regression Equations*

t o Marker from log k' plot from Rq plot
CH30H log P = 1.04 log k' + 0.29 (0.998) log P = 2.26 Ry + 1.15 (0.956)
KNO 2 log P = 1.17 log k' - 0.12 (0.999) log P = 6.32 Ry + 1.70 (0.920)

*Correlation coefficients in parentheses

Table A-2B. HPLC-Derived log P Values for the Compounds 1-6 Using the
Octanol-Saturated ODS/Octanol-Saturated Water System

Compound t, Marker log k' Rg from lqg__iégfp from R
1 CHA0H -1.08 -1.11 -(1.82 -1.15
KNO» -0.17 -0.40 -0.732 ~0.79
2 CH40H 0.78 -0.067 .10 Lo
KNO9 1.20 -0,027 1.2R 1,512
3 CH30H 0,44 -0.13 0.75 TN
KNO9 0.90 -0.052 0.93 I
4 CH30H 1.99 -0.011 1.94 Lo (
KNOj I .80 ~0.007 1.9 Lont
5 CHA0H 0.54 —0.11 0K Y '
'
KNO2 0.95 ~( ik .99 D!
6 CHA0H -0,95 ~-01,99 —1) hY 1.9
KNO9 0,42 -1, 9h —11, 6 Puw
,
\PPENDIX ;
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Table A-3. HPLC-Derived 10§ P Values for Compounds 1-6 Using the ODS/MeOH-

Water System and KNOj

as t, Marker

log P*_
Compound log k' Ry from log k' from Rp
1 -0.64 ~-0.73 -0.,37 -0.50
2 0.31 -0.17 1.73 .81
3 0.12 -0.25 1.31 1,48
4 0.46 -0.13 2.06 1.98
5 0.10 -0.25 1.27 1.48
6 -0.61 -0.71 -0.31 -0.41

*From calibration curve for
log P = 2.2] log k' +
log P = 4,12 RQ + 2.5

reference compounds:
05 (r=0 997)
1 (r= 981)

Table A-4. HPLC-Derived log P Values for Compounds 1-6 Using the ODS/PrOH-

Water System and Wate

r as t, Marker

log P
Compound log k' RQ from log k' from R
1 -0.077 -0.3%4 -0.29 -0.,57
2 0,58 -0.10 1.05 1.45
3 0.40 -0.14 0.69 1,09
4 N.95 -0.046 1.81 1.92
5 0,43 -0.14 0.75 .15
6 -0,045 -0.132 -0.,213 -0,43
*From calibration curve for reference compounds:
log P = 2.04 log k' - 0,13 (r= 0, E

log P = B.413 RQ + 2.30 (r= 0, 995)
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Table A-5A. Calibration Curve Data from Reference Compounds for Less
Lipophilic Series on ODS/MeCN-Water System

Linear Regression Equationg™

t, Marker from log k' plot from Ry plot

2.13 log k'+ 0.70 (0.998) 1log P

Water log P 4.76 Rq + 2.43 (0.978)

MeCN  log P = 2.07 log k'+ 0.76 (0.997) 1log P

4,43 Rq + 2.38 (0.972)

D0 log P = 2.26 log k'+ 0.46 (0.998) 1log P = 5.69 Rq + 2.42 (0.985)

KNO», log P = 2,41 log k'+ 0.25 (0.999) 1log P = 6.76 Rq + 2.47 (0.988)

* Correlation coefficients in parentheses

Table A-5B. HPLC-Derived log P Values for the Compounds 1—6 Using the
ODS /MeCN-Water System

Compound t, Marker log k' Rq from log k%ogfiom Rp
1 Water *
MeCN *
D70 -0.64 -0,73 -0.99 -1.73
KNOo -0.46 -0.59 -0.86 -1.51
2 Water N.15 -0.23 1.02 1.32
MeCN 0.13 =0.24 1.04 1.32
D70 0.24 -0.20 1.01 1.31
KNO .30 ~0.18 0.99 [.28
3 Water -0.036 ~0.,32 0.61 0.91
MeCN -0.053 -0.33 .65 (.94
D70 0.074 -0.26 .63 1,91
KNO 0,14 -0,213 0,60 1.8K
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Table A-5B (Cont.) HPLC-Derived log P Values for the Compounds 1-6 Using the
ODS /MeCN-Water System (Cont.)

Compound t, Marker log k' Rg from log k'lo%erABQ
4 Water 0.67 -0.084 2.13 2.03
MeCN 0.66 -0.086 2.12 2.00
D70 0.72 -0.076 2.09 1.99
KNO»7 0.76 ~-0.069 2.09 2.00
5 Water ~-0.006 -0.30 0.69 (.98
MeCN ~0.016 -0.31 0.72 1.01
D50 0.085 -0.26 0.65 0.94
KNO 0.16 -0.23 0.62 0.91
6 Water *
MeCN *
D70 ~0.62 -0.7) -0.94 1.6
KNO -0.44 -0.58 -0.81 K

*Test compound eluted too close to t, marker to permit accurate measurement.,
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Table A-6. Calibration Curve Data from Reference Compounds for More Lipaophilic
Series on ODS Column

Linear Regression Equations*

) Mobile Phase from log k' plot from Rq plot

:: MeOH-H20 log P = 3.83 log k' + 3.87 (0.980) log P = 7.01 Rq + 5.98 (0.972)
” MeCN-Hp0 log P = 5.21 log k' + 2.70 (0.973) log P = 12.7 Rq + 6.46 (0.964)
;5 PrOH-H)0 log P = 2.45 log k' + 2.78 (0,879) log P = 6.80 Rq + 4.75 (0.847)
.

¢ *Correlation coefficients in parentheses

'

; Table A~7. HPLC-Derived log P Values for the Compounds 7~11 Using ODS Column
: log P

\ Compound Mobile Phase log k' Ry from log k' from Rq

E 7 MeOH-H»0 -0.27 -0.46 2.83 2.78

. MeCN-H0 ~0.012 -0.131 2.64 2.54

A ProH-H20 0.053 ~-0.28 2.91 2.88

: 8 MeOH=Ho0 -0.040 -0.32 3.72 3.73

3 MeCN=H»0) 0,20 -0,21 3.73 3.73

N PrOH-H»0 0.23 -0,20 3.35 31.138

3 9 MeOH-H»0 0.099 -0.26 4.23 4,19

: MeCN=190) 0.36 -0. 16 4,57 4,44

g ProH=H»0 0,34 -0,16 3.60) 3.63

{ 10 MeOH~H-0 0.A9 -0,081 6.50 5.42
MeCN=H 0 0.95 -0,046 7.65 5.87

: PrOH=HA0 0.73 -0.,074 4,57 4,24
':' T MO~ 50 0,18 -0, 34 3.18 3.60
S MeCN=H 0 Nn.13 -0.24 3.37 3.37

. PrOH=-H»0 .20 -0.21 3.27 1.30

: APPENDIX
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Table A-8. Summary of "Best"” HPLC-Derived Average log P Values for the Eleven
Organophosphorus Compounds

Compound log P (m ¥ s.)
1 ~0.66 + 0.15 (n=5)
2 1.07 + 0.04 (n=7)
3 0.70 + 0.04 (n=7)
4 2.02 + 0.04 (n=7)
5 0.75 + 0.05 (n=7)
6 ~0.66 + 0.12 (n=5)
7 2,76 + 0.06 (n=6)

8 3.61 + 0.08 (n=6)

9 4.11 + 0.17 (n=6)

10 5.71 + 0.52 (n=6)

11 3.35 + 0.06 (n=6)

Rank Order of log P Values

1= 6< 3= 5<2<4<7<11- 8910

APPENDITX

U e et e
P T Tl S Ll S e o e S e P L e e S




T

BP0 E '8, 0%0 2" 278 454 ]

LY




