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A recently proposed method called quantitative topological molecular similarity (QTMS) generated a model
for the computation of the relative substituent effects on the bond dissociation enthAlBiEg$) for a set

of 39 phenols. The data set includes a diverse set of substituents with monosubstituted and poly-substituted
derivatives that exhibit different electronic and steric effects. Many share common structural features with
already well-established antioxidants. QTMS reveals the active region of the substituted phenols and identifies
the electronic descriptors that best explain the rangeBIDESs observed. For substituents in the 4-X position
(para) we find that our model requires a correction for radical stabilization enthalpy (RSE). Application of
the QTMS methodology yields an unrivalled QSAR with= 0.98 andg? = 0.85 for the bond dissociation
enthalpies of this phenolic antioxidant data set.

Introduction it is the rate constant that determines the outcome. Theoretical
analysis of model systems of eq 3 lead to a deeper understanding
! S of the mechanism than can be obtained by experiment. The
caused by peroxyl radical initiation (eq 1) followed by a former provides access to details of the underlying mechanism

chemical reaction with molecular oxygen to generate more .
peroxyl radicals (eq 2). This process, known as autoxidation, that are not a"a"‘?‘b'e from the Iat}‘éHowever, becaus_e of t.he.
approximations in the calculations, where possible, it is

can propagate and generate more peroxide and free radicals. . - . .
propag g P important to compare theoretical results with experimental

The degradation of carbon-based materials (RH) is usually

Chain Propagation results. Recent studies using variational transition state theory
showed that theoretical rate constants of the reaction of
ROO + RH— ROOH+ R’ 1) o-tocopherol with hydroperoxyl showed good agreement with

available experimental rate constants restitn contrast to
employing transition state theory to determine the rate constants,

. ) _ thermochemistry provides a useful look at the problem and is
It is well-known that phenols can operate as chain-breaking computationally much less demanding.

and peroxyl radical-trapping antioxidants, which inhibit the Quantum thermochemical calculation of the-B bond

perpx@atlon of carbon based matenals..Thtla study of phenolic dissociation enthalpy (BDE) is known to be successful for
antioxidants has generated much attention in recent years, due

) ) : o tharacterizing antioxidant activity for a large number of
to their use in the pharmaceutical and chemical indusirige - .
phenol donates a Eydrogen atom and in the process te?minate antioxidants* 10 There are many experimental methods devel-

the propagation of further radical reactions as outlined in e SS%Ded for the determination of the ‘34 bond dissociation
andp4 pag q enthalpy (BDE) of phenols. Quantum calculations of the bond

dissociation enthalpies can reproduce experimental BDEs to a
good chemical accuradySubstituent additivity scales based on
the relative bond dissociation enthalpies to pheN&DE) show

R +0,— ROO )

Chain Termination

ArOH + ROO — ArO® + ROOH 3) that electron donating groups introduced on the phenol ring
. ) enhance the antioxidant activity. However, there are cases where
Ar0’+ ROG — nonradical products (4)  quantum thermochemical calculations are poor, especially when

steric and intramolecular interactions océur.

One other method to determine tABDEs of phenols is
based on quantitative structure activity/property relationships
(QSAR/QSPR). Many authors have attempted to elucidate the
QSAR of phenolic antioxidants by using a plethora of different
descriptors. QSARs based on energy parameters such as
ionization potential, proton dissociation energies and highest
occupied molecular orbital energies have been repdH&d.
Others have used structural based descriptors such as the number
of hydroxyl groups, topographic electronic index, ZX shadow
etc13715 Finally, there are some QSARs based on interpreting

* Corresponding author. E-mail: pla@manchester.ac.uk. Telephone: the electron density featuring comparative molecular field
+44-161-3064511. Fax:+44-161-3064559. analysis CoMFA® Recent CoMFA analysis utilizes the 3D grid

The role of an antioxidant is to intercept a free radical before
it can react with a substrateThe rate constant for the H atom
transfer (eq 3) must be much higher than the rate constant for
eq 1, i.e. ks > k;. For antioxidant activity, the derived radical
(ArOr) after hydrogen abstraction should be stable, eventually
decomposing to nonradical products.

Developments in computational power and progress in
guantum chemical calculations, particularly in density functional
theory (DFT), are making the study of these reactions eéster.
Ideally, we would calculate the activation energy for eq 3 since
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Figure 1. Representation of the electron densipy &t the BCP. The
arrows show the direction of increasipgThe BCP is a special point
called a saddle point. It appears at a minimum in the electron density
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Figure 2. Common molecular skeleton for the phenol data set.

A%t while level B refers to HF/6-31G(d)//HF/6-31G(d). This
standard notation of Gaussian basis sets describes a geometry
optimization at the HartreeFock level using the 6-31G(d) basis

set followed by the wave function calculation at this same level.
Finally, for level C calculations, we employ the B3LYP hybrid
DFT method, with the 6-3tG(d,p) basis set. All geometry

on the axis lying between the associated nuclei and at a maximum in optimizations were carried out with GAUSSIANO3W suite of

the plane perpendicular to this.

superposition of electron density to highlight the active site
around the lone pair oxygen and around the 4-X (or para)
substituent” The CoMFA analysis shows that a decrease in
electron density around the lone pair of the oxygen atom, in
conjunction with an increasing electron density at substituents
on the 4-X position, correlates with a weakening of the D
bond. Most, if not all the QSAR work reviewed here employ
semiempirical methods.

In this study, we employ a computational technique called
guantum topological molecular similarity (QTMS), which makes
use of electron density analysis of the wave function of
optimized phenol$® The approach we use correlates bond
critical point properties (BCPs) with th@BDEs of 39 phenols
taken from Bordwell et alt? as measured in DMSO. QTMS
has been applied before in a wide variety of activities and
properties, such as antitumor activity of phenylbutendhes,
mutagenicity of furanones and triazeréssteroid binding
affinity and antibacterial activity of nitrofuran derivativés,
activity of 1,4-dihydropyridine calcium channel blockétqK,
of phenols, anilines and carboxylic aci&s;omputation of ester
hydrolysis rate constant§,and toxicity of polychlorinated
dibenzop-dioxins (PCDDsY’ It was also proven that QTMS
can substitute for the appropriate Hammett consténts.

Computational Method

programs®? The wave functions obtained at levels-& are
read in by a local version of MORPHY98, which locates the
BCP and evaluates all the topological properties required for
this study?3?

When modeling BCP properties we havl ariables (X)
whereN is the number of bonds. The PLS method is imple-
mented using SIMCA-P and is used to find a relationship
between the observedvariables (BDEs) and th¥ variables
(AIM descriptors and bond lengths). The PLS méelée able
to manage a large numberXfvariables, and can handle noise,
collinear and even multilinear variablés As a supervised
method PLS combines linear least-squares with principal
component analysis and constructs linear combinations of the
X-variables, called latent variables (LV). For AM1 level of
theory, unreliable topologies are produced in that BCPs may
not be present due to the absence of core orbitdts general
BCP properties cannot be used in conjunction with semiem-
pirical methods without explicit and artificial addition of core
densities a posteriori. Therefore, we only use bond lengths as
our X variables at this level. At the higher levels of theory where
AIM descriptors are better defined, we use four components
all evaluated at the BCPp(r), V2o(r), €, K(r)). The first
descriptor is the electron densipfr). The Laplacian of the
charge density, the quantif§?p, has the important property of
determining where electronic charge is locally concentrated
(V2p(r) < 0) and locally depleted\?o(r) > 0). The ellipticity,
€, of a bond is one measure of itscharacter, as determined

To understand the QTMS technique, one must envision the by the extent to which charge is preferentially accumulated in

molecule as a collection of atomic “attractors” (nuclei) sur-

a given plane. It is defined ds/A, —1 wherel; < A, < 0 are

rounded by a sea of charge density. Between each pair of bondedhe two negative eigenvalues of the Hes¥jat the BCP. The
atoms there exists a pathway of charge density called a bondfinal AIM descriptor we consider is a type of local kinetic energy

path. Somewhere along this path there is a minimum point of
electron density in the plane of the bond path, but a maximum
in the plane perpendicular commonly known as a saddle
point22-3°This saddle point is called a BCP and is illustrated in
Figure 1.

densityK(r). This density, denoted by KJ, is defined a¥(r)

= —Y,N sdt’ [y* V& + pV2p*], wherey is the many-electron
wave function andfds’ denotes an integration over the spin
coordinates of alN electrons except one. InterpretingriK(n
chemical terms is not straightforward although useful formulas

Properties are evaluated at each BCP for each of thedescribing its link to the Laplacian and the more “classical”
molecules in the data set that share a common molecularkinetic energy G() can be found elsewhefg.
skeleton, see Figure 2. A multilinear regression technique called After constructing the matrix of descriptors we perform a
partial least squares (PLS) is then performed in order to derive partial least-squares analysis with thesevariables and the

a relationship between the BDE and the BCP properties.
Initially we used the semiempirical AM1 method to optimize

all the phenols in this study and generate the wave functions.

In accord with our other QTMS work this is referred to as level

activities,Y, which in this case is the BDE values of the phenols
taken from Bordwell et al? The quality of the models is
assessed by several regression statistics. (i)rflwerrelation
coefficient measures the quality of the fit produced. (ii) The
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Figure 3. VIP plot for all phenols from the PLS analysis calculated at level C. The abbrevidfior®, ell, andlap refer to the kinetic energy
density, the electron density, the ellipticity, and the Laplacian of the electron density, respectively. The location of the bond is markedylig four di
that should be read as two consecutive pairs, each pair referring to an atomic label in Figure 2.

g%, also known as the cross-validatel measures the internal  Results and Discussion
predictivity, based on SIMCA-P’s default “leave one-seventh
of the data out” rather than the “leave one out”, which is thought
to be problematié® Note thatg? is an estimate of the predictive

ability of t_h? mo_del, and calculated by cross-validation. The The electron density and kinetic energy descriptors at the BCP
data are Q|V|ded into 7 part.s (by default) and each one-seventhof C,—Os, are the most important followed by the ellipticity
_remov_ed in turn. A model is built o_n the six-seventh data left descriptor at the @—His bond. Although we do not show the
in, while the left-out data are predicted from the new model. vp piots for other levels, they share almost identical trends
This is repeated Wlth each one-sevgnth of the data until all the \yiih that of level C. We see in the VIP plots a sharp drop off
data have been predicted. The predicted data are then comparegter the first three descriptors. This indicates that the active
with the original data and the sum of squared errors calculatedsite is centered mainly near the;-€0;, bond and extends
for the whole data set. This is then called the predicted residual through to the ellipticity €) of the O.—H13 bond. One would
sum of squares (PRES®)The better the predictability of the  expect with chemical intuition that the active site will be directly
model, the lower this value will be. For convenience one centered on the ©H bond but this is not the case. The BDE
converts the PRESS int to resemble the scale of thé (iii) model is affected by the stabilization of the phenols due to
The overall quality of the model is assessedrint) and g2 delocalization of the lone pair on the oxygen by 4-X substituted
(int); to safeguard against correlations determined by chancephenols!® This delocalization of lone pair electrons is likely to
these two statistics are calculated via a randomization validationbe most prominent on the;€0;, bond. The kinetic energy
test. The test estimates the probability that a good fit will be descriptor associated with this bond, denoted by K0112, shows
obtained after random reorganization of the dependent variables @n extremely collinear relationship with the rho0112 parameter
That is, the wrong activity is associated with the wrong at the active site, as shown in Figure 4.

electronic descriptors. Each ando? generated is then plotted There is strong evidence linking the bond order of @
against the absolute value of the correlation coefficient betweenPonds with the Kinetic energy descriptor at the bond critical
the original set of activities and its permutation. Lines are drawn POINt, suggesting that the bond order may be an appropriate
through ther2 and ¢? values and the intercepts examined. A des_crlptor in cha_lracterlzmg the activity of antioxidafft$or
model is deemed valid if theXint) < 0.4 andg¥(int) < 0.05. all intents we gllscard Fhe .K0112 parameter because of the
redundancy in information it shares with the rho0112 values.

The variable importance plot (VIP) plot, for the level C BCP
model implicates two bonds,;€0;, and Q,—H33 as the most
significant in the model, as shown in Figure 3.

The randomization test must be performed at least 10timesto_|_h tical studies indicate that i ing the electron densit
ensure that a good model is not merely the result of pure chance. eoretical studies indicate that increasing the electron density

Together these statistical measures provide a rigorous framework, N€ Qz—Has bonding region correlates with an increase in
9 P 9 he bond strength. Recent work has confirmed this to be*rue,

to assess the quality of the models constructed. We do nOthowever, no direct relationship can be found between the

explicitly report these statistics but guarantee that all models tho1213 and the ©H bond strengths of phendts.Our work
passed this Va|ldatIOI-‘l test. _ is in overall agreement because we do not find the rho1213 to
To detect the active center we use SIMCA-P’s variable be important in the model, as it appears only in the seventh
importance plot (VIP). A VIP value above 1 for any variable is  position.
deemed significant to the model and anything below 1 is  There are some outliers, all of which occupy the 4-X position;
regarded as unimportafft. There are no rigorous statistical see Figure 5 and Table 1. The electron donors 4;MFNMe,,
criteria to determine the active site but in some cases the data4d-OMe, and 4-Ph are poorly fitted by our equation, and it is of
lends itself to detecting it easily, as we see below. interest to understand why this is so. Similarly three electron
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0455 TABLE 1: Observed vs Computed ABDE? Values (kcal/
045 mol) Calculated at Level C
substituent (X)  exptABDE (kcal/mol)  predABDE (kcal/mol)
0.445 H 0 —1.24
0.4 | 2-Me -1.65 -2.51
3-Me —0.45 -0.4
0435 4-Me -1.15 -1.45
g 3,5-Me; -0.75 -0.92
0.43 A 2,6-Me —4.35 —4.39
4-t-Bu -1.15 -1.17
0425 2,64-Bu; ~7.75 —6.26
2,4,64-Bus ~7.65 —6.26
0421 4-PP —2.25 0.63
0.415 | 2-MeO —3.85 —2.58
' 3-MeO 0.35 —-0.7
0.41 , , , , 4-OH —8.35 —-7.78
3-NH; —1.85 —3.49
027 0275 0.28 0.285 0.29 0.295 3MeN _195 o
p(r) 4-NH» —12.55 —5.96
Figure 4. Plot of the kinetic energy density, K\, vs electron density, 4-NMey° —9.55 —3.28
o, at the G—0y;, bond critical point calculated at level C. 2-Cl 0.15 0.79
3-Cl 1.95 1.74
8 4-Cl 0.45 —-0.73
| 3,5-Ch 4.05 3.29
6 ks 3.4,5-Ch 3.25 36
47 4-MeCO 4-Br 0.85 0.27
= *4rhco 3-Ck 3.95 2.14
E 4-CRP 5.45 2.09
E [ ! 3-MeCO 1.95 1.23
= -10 5 4-MeCO 2.95 5.13
2 3-NO, 4.45 3.57
< 4-NO, 4.85 3.97
z 4-OMe —5.25 —8.25
H 24 4-PhCO 2.65 4.7
‘ 4+-NMe; 3-MeSQ 2.45 3.85
-10 7 4-MeSQ 5.15 4.26
+NH, a2 3-CN 4.05 2.03
: 4-CN 4.35 4.05
i 1-NpOH —-5.85 —-5.65
Pred ABDE (kcal/mol) 4-O0- —16.85 —19.02
Figure 5. Plot of experimentaABDE values vs computed ones, ggpg'—l\'IpOH _122 _ggg

calculated at level C. The outliers are marked with triangles and
substituent name. The 4-Gsubstituent is not shown here. aABDE = BDE(X-phenol) — BDE(phenol); Np = naphthol.
b Qutliers in the model.
withdrawing groups, 4-Cf 4-MeCO, and 4-PhCO, are found
also to be outliers. TABLE 2: Computed ABDE Values Corrected with Radical
Radical stability has usually been equated to the bond Stabilization Enthalpies’
dissociation enthalpy. However, in this case the bond dissocia- substituent (X) ARSE® ARSE ARSE' ABDE® ARSHE

tion enthalpy is the difference in the heat of formation of the 4-NMe, -82 —81 ~6.9 33 -6.3
radical and the initial parent molecule, and therefore it cannot  4-NH, -7.2 -7.6 -8.8 -6.0 —6.6
solely be attribute to only electronic effects. Dust and Arnold 4-OMe —-44  —-43 34 —83 3.0
advocatetf the use of a dual Hammett parameter relationship 52" 41 —ag  or 90 2O
for radical reactions: 4-Me 17 53 0.2 15 03
. 4-Cl -1.8 -0.7 -0.7 1.2

ABDE = po" + poe 5) 4-Br -0.9 0.3 0.6

4t-Bu 0 —-1.2 0

We have demonstrated before that the QTMS procedure offers  4-MeCO - - -15 51 -21
a good substitute for Hammett substituent constéhesnd 4-PhCO - - —2.6 47 =20
therefore, the first part of the equation is well accounted for in igg _(2)'513 %-g _01-89 42-11 0?;34
this study. However, the component energy due to the delocal- 4-NO, 01 31 58 4.0 0.9
ization of the spin density is not taken into account in this work. 4-MeSQ 4.3 0.9
We can compute this energy by subtracting the observed value 4-0- -19.0 -22

from the predicted aValues in italics refer to the seven outliers identified in Figure 5.

(6) The bold values refer to phenols showing a discrepancy of more than
2 kcal/mol with any of the alternativARSE values (columns 2, 3 and

. o . 4).®Values taken from ref 415 Values taken from ref 43! Values

where RSE are the radical stabilization enthalpies. taken from ref 44¢ Predicted by our model (see Table fiThis work,

Other authord“4344have also estimatedRSE values, each  from eq 6.

of which obtained by different procedures, occasionally involv-

ing large differences. Their values and our own, based on eq 6,dominates over delocalization for all substituents except those

are listed in Table 2. It appears that lone pair delocalization in the 4-X position.ARSE is expected to feature strongly for

ARSE= ABDE,,; — ABDE, .



6502 J. Phys. Chem. A, Vol. 110, No. 20, 2006 Singh et al.

TABLE 3: PLS Statistics for ABDE Models Using the bond dissociation enthalpies, using descriptors drawn from
Pruned? Phenol Data Set realistic wave functions. A rigorous statistical treatment permits
model level of calculation descriptors L¥s r2 o2 the extraction of important features that best describe the activity
1 level B BCP properies 4  0.96 0.76 being modeled. In analyzing the common skeleton_, we suc-
2 level C BCP properties 4 0.98 0.85 cessfully use the QTMS method to highlight the most important
3 level A bond lengths 2 086 061 bonds that are responsible for tABDE. The G—0O;, bond is
4 level B bond lengths 2 082 055 gselected as the most important bond represented by the VIP
° level C bond lengths 2 082 051 piots for both the bond length and BCP models. We find that
aSeven outliers, marked by triangles in Figure 5 have been taken radical stabilization is important for 4-X substituents and propose
out.® Number of latent variables. that any future models should include this correction factor.
such compounds. This is why we calculated &RSE values Increasing the level of theory significantly improves our model,

of all 16 4-X phenols in this study and compared them to three with the best being achieved at a modest B3LYP/6-G1d,p)
alternative values. Only two substituents (4-OMe and 4-OH) level of theory.
show a discrepancy of more than 2 kcal/mol between the current

ARSE values and any of the three alternativRSE values. Acknowledgment. We thank the EPSRC for their financial
Discarding these, the average mean absolute error amounts t¢upport, group members Michel Rafat and Michael Devereux,
0.6 kcal/mol. and Arjun Singh for their help in preparing Figure 1.
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t-Bu, in the gas phase (76.5 kcal/mol) yielded a discrepancy (3?) Espinosa-Garcia, Them. Phys. Let2004 388 274.

with experiment (82.8 kcal/mol) amounting to about four times (4) O'Malley, P. J.J. Phys. Chem. 2002 106, 12331.
our discrepancy (1.5 kcal/mol). It should be recognized thatthe  (5) O'Malley, P. J.Chem. Phys. Let2002 364, 318.
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OH group and the aromatic plane, and thereby influence the 2001 123 1173.

BDE. For example, a recent stlycombining’H NMR and (10) Wright, J. SChem. Br.2003 February, 25.

medium level ab initio calculations on a complex of 2,6-di- _ (11) Van Acker, S. A. B. E.; Koymans, L. M. H.; Bast, Rree Radical
tert-butyl-4-methylphenol (BHT) and carboxylic acid esters Biol. Med. 1993 15, 311.
y yip Yy (12) Zhang, H.; Sun, Y.; Wang, XI. Org. Chem2002 67, 2709.

confirmed this effect. To the best of our knowledge no ab initio  (13) Lien, E. J.; Ren, S.; Bui, H.; Wang, Rree Radical Biol. Med.
calculations have taken into account solvent effects on the BDE 1999 26, 285.

of sterically hindered phenols, However, computational stud- ggg Posque, Ry ,SS""l'ﬁ]S'YJ-N?f‘;?ér:”f-GC%ngﬁeﬁ%’gjggi o
ies*®*47 on nonhindered phenols show that hydrogen-bond ¢ Remzog’q 19,375 SR T ' '

forming solvents increase the BDE. One might expect similar _ (16) Yamagami, C.; Akamatsu, M.; Motohashi, N.; Hamada, S.;
PCM or semicontinuum models to raise the BDE of 2, Tanahashi, TBiorg. Med. Chem. Let2005 15, 2845.

as well (above 76.5 kcal/mol), thereby reducing the discrepancy ; Sjin\tﬁﬁ’gh g;ﬂ%%ga;gs,lg/li; Shen, J.; Pearlstein, R.; KominofD.

with experiment. . (18) O'Brien, S. E.; Popelier, P. L. Al. Chem. Inf. Comput.S2001,
The AM1 bond lengths produce models that, surprisingly, 41, 764.
deteriorate in quality when using higher level calculations; see ~ (19) Bordwell, F. G.; Cheng, J.-B. Am. Chem. S0d.991, 113 1736.

. . (20) Popelier, P. L. A. Quantum topological molecular similaripast,
Table 3. However, all bond length models identify the-©i» present and future. IEEuroQSAR 2002: Designing Drugs and Crop

bond as the most important descriptor. The observation that levelprotectants: processes, problems and solutj&itsd, M., Livingstone, D.

A bond |engths perform better than the h|gher levels B and C J., Dearden, J., van de Waterbeemd, H., Eds.; Blackwell: Blackwell, Oxford,
. . . . G.B., 2003; p 130.

can be rationalized by comparing EXpe”.mem@_olz bond (21) O’Brien, S. E.; Popelier, P. L. Al. Chem. Soc., Perkin Trans. 2

lengths to those calculated here. We find that the reported 2002 47s.

experimental ¢-Os, phenol (1.375 A) bond lengths are at level (22) Popelier, P. L. A.; Chaudry, U. A.; Smith, P.J].Comput.-Aided

A (1.377 A), level B(1.353 A), and level C (1.372 A). The AM1 MO'-deggntﬁOO; 36- ;09- ior P. L AL of Comput.Aided Mol.Des
C1—01, bond length is the closest to the experimental value 20(()4 )18 Tge - ropelen B b A of omptl-Auded Malbesign

indicating that the AM1 geometry optimization may be adequate  (24) Chaudry, U. A.; Singh, N.; Popelier, P. L. A Quantitatie
for the geometry optimization of phend‘%. gltru?(ture—Acrt:uig Relati'onthip 0)‘ 1,4—Dihygrop)gi%ineQCalcium ((::r;]ann_el |

The models constructed from BCP properties are superior to Blockers with Electronic Descriptors produced by Quantum Chemica

. ) S Topology Labbe, A. T., Ed.; Kluwer: Dordrecht, The Netherlands, 2006.
the bond Iength mpdels with greatly improved statistics. The ?ZS)Qg:haudry, U. A.; Popelier, P. L. Al. Org. Chem2004 69, 233.
best model is obtained at level @ 0.98,¢% = 0.85). One (26) Chaudry, U. A.; Popelier, P. L. Al. Phys. Chem. 2003 107,
must consider that level C is adequate in terms of results. It is 4578 , _
common now to define how good a QSAR model is by , (27) Popelier, P. L. A; Chaudry, U. A.; Smith, P.Jl. Chem. Soc.,
e

. o . . rkin 11 2002 1231.
comparing ther? and ¢ statistics. On this basis these results ~ (28) smith, P. J.: Popelier, P. L. ®rg. Biomol. Chem2005 3, 3399.

are excellent and improve upon other reported motfels. (29) Bader, R. F. WAtoms in Molecules. A Quantum Thep@xford
University Press: Oxford, U.K., 1990.
Conclusions (30) Popelier, P. L. AAtoms in Molecules. An IntroductigrPearson

. . . L Educ.: Harlow, U.K., 2000.
Because of ever increasing computing power, it iS NOW (31) pewar, M. J. S.; Zoebisch, E. G.; Healy, E. F.; Stewart, J. J. P.
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