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 Sutmmnary. The analyisis of substituent constants foir the lipophilic and electronic
 Xactors in the auxin activity of substituted phenylacetic acids in elongation of coleoptile
 ;egments shows that these factors parallel those for the phenoxyacetic acids but assign
 reactivity in growth promotion to the meta position of phenylacetic acid. The inhibitory
 effects with supra-optimal concentrations are highly dependent on the lipophilic character
 of the molecules.

 The auxin activity of pheavlacetic acid has been
 known for a long time 6, 2i) and has merited con-
 siderable study (2, 23, 24) but only 1 comparison of
 the effects of single ring substituents has been pub-
 lished (19). In this study Melnikov et al. (19)
 observed that halogen subst:tution in the ring in-
 creased auxin activity while methyl substitution de-
 creaised auxin activity, and subst"tution in the 3- or
 4-positions of phenylacetic acid lhad opposite effects
 to substituents in the 3- or 4-positions of phenoxy-
 acetic acid. These observations were based on onlv

 a few substituents and an incomnplete series so their
 signi,ficance has been somewhat limited.

 Our success in relating structure and activity in
 mono-ring-substituted phenoxyacetic acids by the usa

 of stibstituent constants (9, 10) sugggested that a
 similar analysis should be applied to phenylacetic acids.
 The analysis is based on the hypc.thesis of a 2-point
 reaction of the growth regut'ator with the plant sub-
 strate, first through the carboxyl group and then at
 a position on the aromatic ring (20). Initially the
 evidence indicated that the pos'tion on the ring ortho
 to the tside chain carrvyng the carboxyl group was the
 site of the se,cond reaction, but later the experimental
 evidence (21) required that the position of attachmient
 on the ring would depend on the 'particu'ar combina-
 tion of steric and electronic factors. It is now clear
 (10) that a sutbstituent in a particular biologically
 active molecule may induce important changes of a
 steric, electronic and lipophilic character.

 Very little information can be assembled oln the
 steric factors in auixin activity; empiricalily it is

 apparent that functions of modest size in the 3-position
 and very smalil functions in the 4-iposition have little
 steric effect. The electronic effect can be measured
 by the use of the substituent constant, a-, which has
 been developed for the benzene ring (15). The
 lipoiphilic effect of the substituent can be evaluated
 by the utse of a new substituent conistant, x, for hydro-
 phobic bonding (5, 11, 12,14). a is a measure of the
 lipophilic-hydrophilic character of the substituent and
 is defined as the logarithm of the ipartition coefficient
 between l-octanol and water of a derivative minus the
 logarithm of the partition coefficient of the parent
 compound. The electronic effect of a substituent is
 diistinguished from its lipophilic effect as being a
 small change in electron density which would aeffect
 the rate or equilibrium constant of a highly specific
 chemical action or charge-transifer ccmplex, but would
 not make a significant difference in a.

 Materials and Methods

 Pronmotive and inhibitive effects on elongation
 were deteinmined with segments of Avena coleoptile
 tissue 3 mm in length. The oats of the cultivar
 Victory were grown in sand in total darkness at 24?
 and 85 % relative humidity. When the coleoptile was
 2 to 2.5 cm long, the apical 2 mm were removed and
 2 hours later an apical segment was ex2iscl. AX
 maniipulations were carried out under red light. ', lTe
 segments were then floated on 25 ml of solution in a
 covered iPetri dish in darkness. The solution con-
 taining the growth regulator also contained 2.5 mAi
 potassium maleate at pH 4.5 and 0.09 M sucrose since
 these constituents have been shown to maintain con-
 stant growth rates (18). After 24 hours the length
 of the segment was measured to, the nearest 0.05 mm
 under the binocular microscope. In comparing the
 auxin activity of the phenylacetic acids, the concen-
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 1520 PLANT PHYSIOLOGY

 tration of the substituted compound was (letermined
 which induced the same amount of e'ongation as did
 phenylacetic acid at 10 Am which was tisually 10 %
 over the control. The inhibitory effect of the growth
 regulators was compared by determining tlle concen-
 tration which redluced elongation by 5 % below the
 control.

 The phenyi'acetic and phenoxyacetic acids used in
 this investigation were synthesized by mnethods which
 liave been reported except for 3-n-'propy'"phe-l1-acetic
 acid. This compound was prepared by adding 200 mg
 of sulfur to 1.1 g of 3-n-propylacetophenone (3) in
 6 ml of morpholine. The mixture was refluxed for
 12 hours on an oil bath at 1200 after which time 5 ml
 of glacial acetic acid and 10 ml of 48 % hydrobromic
 acid were added and refluxing was contintued for
 4 hours. Most of the acetic acid was then removed
 by vacuum evaporation and the residue was diluted
 with water and extracted with ether. The ether was
 washed with water and extracted with sodiuim bicar-
 honate solution. The bicarbonate layer was then
 acidified and extracted with ether. The residue from
 evaporation of the ether was vacuum-distilled. Yield:
 0.4 g, b.p. 132 to 1330/2 nm. After recrystallization
 from pentane the product melted at 53.5 to 54.50.
 Analysis calculated for C,1H,4O,: C. 74.13; H, 7.92.
 Found: C, 73.99; H, 7.92.

 The values assigned to it in this study are based
 on mieasurements of the partition coefficients of
 phenylacetic acid (PAA) and phenoxyacetic acid
 (POA) and their derivatives between purified
 l-octanol and distil!ed water. The C, H and 0 ratio
 of octanol is approximately that of the nattural
 oleates. The ipartition coefficient is calculated as

 Coctanol
 P = , where a is the degree of dissocia-

 CH20 (i-a)
 tion of the acid in the water iphase (10) and the
 partition coeffi,cient refers to the unassociated and
 non-ionized acid. The determination of the concen-
 tration in the water phase was made coulometrically
 (10) or spectrophotometricallv (5). The concentra-
 tion in the octanol phase was found by difference.

 All solutions of the growth regulators were pre-
 pared in water (glass-dilstilled) heated to boiling and
 cooled just before their auxin activity -was assaved.
 The pH of the solutions was adjusted to 4.5 with
 NaOH.

 Results
 and Discussion

 The auxin activity of phenylacetic acid in the
 elongation of subapical segments of Aventa coleoptiles
 is shown in figure 1. The values plotted are the
 averages of 3 trials with tissue from plants grown
 at different times. The activity is typically that of
 a weak auxin with a limited effect over a small range
 of concentrations.

 The concentrations of the mono-substituted phenyl-

 acetic acids inducing an elongation greater by 10 %
 than the percent elongation taking place in the con-
 trols are given in table I along with the parameters
 for substituent effects on relative electron density on
 the ring, a-, and ro,, and the lipophilichvdrophillic
 character of the substituent. -t. The electron.c effect
 of the suibstituent, X, on the ortho position in deter-
 miniing the relative auxin activity is represented by

 o-a. Here, as shown below for I, o-, is o-n for a
 substituent in the 4-position, and as shown for II, a-
 is o-P for a substituent in the 3-position. The arrows
 indicate the positions for which o- is a measure of the
 relative electron density (15). It is assumed that the
 substituent affects the positions ortho to it in much
 the same way that it affects the position para to it.
 For o-, the electronic efifect of the substituent, X, is
 greatest on the meta position and the position of
 attachment of the side chain. As shown for III, cr9
 is orP for a substituent in the 4-position and, as shown
 for IV! o-, is r for a sutbstituent in the 3-position.

 CH2COOH CH2COOH

 *t ~~~~~~~\ X
 x

 I II

 CH COOH CH2 COON

 0)~\X

 x

 III IV
 Of course, electronic effects of the substituents

 change the electron density of all of the atoms in the
 molecule. Howvever, short of quantum mechanical

 'ONOO 1I0 W

 c- 0 1 p ,0 1 S-? I ' I O- 0-

 \~~~~~~~~~~~~~~~~~~~~~~~1 WW

 \ / '~~~~~~~~~~~~~0

 -1 7

 9,0

 -90

 FIG. 1. Effect of phenylacetic acid on the growth
 of subapical segments of Ave1ia coleoptiles.
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 calculationis of relative electron densities for each
 atom (and it is unlikely that such calculations for
 molecules as ,complex as those in table I would yield
 results superior to those found with -), o- seems to
 be the best parameter for relative electronic effects
 n;ow available. The arrows in I to IV simply indicate
 the pointsi of greateist electronic effect of X for each
 of the 2 possibilities of reaction on the ring.

 By means of regression analysis it is possib,le to
 make a quantitative analysis of su;bstituent effects on
 the biological activity of the series of growth regula-
 tors and to compare the importan,ce of electron density
 as represented by a-1 at the positions ortho to the
 position of attachment of the side chain with that
 represented by cr., at the ipositions meta to the side
 chain. The following equations were derived from
 the data of table I by the method of least squares
 using an IBM 360/40 computer. The number of
 points used in the regression analysis is represented
 bv n, r is the multiple correlation coefficient and s is

 Equations derized wT:th01 n r

 1 n r s
 log 0.93Ojr + 5.405 16 0.690 0.637 (I)

 C

 log C= 0.919jT + 0.935(r + 5.256 16 0.784 0.568 (II)
 C

 log -0.7507t2 + 1.528iT + 0.836a- + 5.433 16 0.845 0.509 (III)
 C

 log 0=-O.835-j2 -P 1.404m-+ 0.672a- + 1.474(crtr) + 5.456 16 0.908 0.416 (IV)
 C

 log -C -0.851lc2 ? 1.439;r -' 0.336&r2 + 0.532o- + 1.479(no-) + 5.430 16 0.909, 0.435 (V)

 Equations derived with (2:

 log -C- = 0.832zT + 1.390o- + 5.140 16 0.829 0.512 (VI)

 log - = -0.5572 ? 1.300m 4- 1.16lo + 5.304 16 0.858 0.488 (VII)
 C

 log C -O./03n2 -F 1.084z -' 1.122a- + 2.020(nao) + 5.259 16 0.941 0.337 (VIII)
 C

 log 1- --0.812ai2 H- 1.249j-r -I- 0.948&- + 0.652ar + l.996 (-mo) + 5.245 16 0.945) 0.341 (IX)
 C

 the standard deviation.
 The higher correlations and lower standard devia-

 tions for equations IV and VIII indicate that these

 fit the data best in terms of C- and r. Equations V
 and IX were derived to check the possibility that the
 dependence of activity on u- might not be linear. In
 neither instance does the inclusion of the (r2 term
 give an improved correlation. (Compare values of s
 with those of equations IV and VIII). The 2 best
 equations are equations IV and VIII in which there
 is included the interaction term, no-, a refinement in
 the inethod which has recentlv been investigated (13).
 The considera!ble reduction in the variance obtained
 with equation VIII over that with equation IV indi-
 cates that a decrease in electron density (positive
 coefficient with a-) at the meta position of phenyl-
 acetic acid is more important for greater biological
 activity than a decrease at the ortho position. We
 have also investigated the use of the parameters o'
 and a-- (16) in equations of the above type and found
 that these do not give as good correlations as o-.

 For the sulbstituted phenoxyacetic acids in which
 the decrease in electron density at the ortho position
 appears to be more important (10), the equations

 with electron density as represented by o-, and .,
 corresponding to equation IV and VIII respectively
 are:

 'I

 n r s

 1g C- -1.977j2 + 3.242x + 1.865a- + 4.162 21 0.881 0.484 (X)

 log i =-1.54872 + 2.665x + 1.466or + 4.277 21 0.795 0.633 (XI)
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 Talble 1. Corre'cla1tioII of Strtuchire of Pheniylacetic Acids with Activity in Promoting Eiongation

 AMolar conlcni Obsd Calcd***
 1 1

 Functioni 7* for +10 % effect log log -

 3-1 0.28 0.35 1.22 5 X 10-S 7.3 6.79
 3-CF, 0.55 0.42 1.16 2 X 10- 6.7 7.03
 3-Br 0.23 0.39 0.91 2 X 10- 6.7 6.82
 3-Cl 0.23 0.37 0.68 3 X 10- 6.5 6.59
 3- SCH. -0.05 0.14 0.62 4 X 10 - 6.4 5.99
 3-NO., 0.78 0.71 -0.01 7 X 10- 6.2 6.03
 3-CH. -0.17 -0.07 0.49 2 X 10-6 5.7 5.47
 4-F 0.34 0.06 0.14 2 X I0-f; 5.7 5.48
 3-F 0.06 0.34 0.19 3 X 10-6 5.5 5.95
 3-CN 0.63 0.68 -0.28 3 X 10- 5.5 5.28
 3-OCH, -0.27 0.12 0.04 5 X 10-6 5.3 5.45
 H 0.00 0.00 0.00 10- 5.0 5.26

 3-COCH3 0.52 0.31 -0.28 2 X 10-3 4.7 5.07
 3-OH -0.36 0.00 -0.52 2 X 10--, 4.7 4.51
 4-OH 0.00 -0.36 -0.61 4 X 10- 4.4 4.38
 3-ni-Pr -0.12 -0.04 1.43 10- 5.0 5.21

 * From reference 15.
 ** From reference 5.

 * Calculated tusing equation VIII.

 Addition of (n3-) and (r2 terms to equations X and
 XI did not yield equatiions givinlg better corre'ations.
 The significance of the (nw-) terlmn in equations IV
 and VIII and its lack of sig-nificance for equations
 X and XI is not immediately apparent and warrants
 further study. Equation X accounts for about 15 %
 more of the variance in the data than does equation
 XI and indicates that the model of electronic effects

 shown in (1) and (2) for o-, best represients the
 phenoxyacetic acid series. In the 2-point reaction
 mechanism the meta position of thle phenylacetic aci(d
 molecule could be the favored reaction site hecause
 of the molecular geometry. With 1 less atom in the
 side chain, the ring formed by a 2-point reaction
 involving the meta position of phenylacetic acid wou'd
 be more similar to the ring formed at the ortho
 position of phenoxvacetic acid.

 The coefficients assoc.ated with o- in equations
 II to IX are, in general, smaller than those in equa-
 tions X and XI, indicating a greater dependence of
 biological activity on electron withdrawal in the POA
 series. This is probably caused in part by the elec-
 tron-releasing effect of the ether oxygen linkage.
 The lower electron-releasing effect of the acetic acidl
 side chain in PAA would thus account in part for the
 auxin activity of PAA being 30 times that of POA.
 Of course, the geoimetry of the 2-point attachment of
 the 2 systems must also be considered.

 One of the characteristic iproperties of the auxin
 mnolecule which has been recognized for a long ti;me
 is its capacity to inhibit, as weil as promote, elonga-
 tion. An optimal concentration exists for the promo-

 tive effect and at hiigher concentrations lesser elonga-
 tion takes place. With increasing concentrations a
 point is reachlied where the auxin will inhibit the
 elongat.on taking place in tissue. The inhibiti;on of
 elongat:on by atlxins has been examineId both experi-
 mentally (1, 2) and theoretically (4) with the latter
 treatmenit being based on a 2-point reaction mecha-

 nism. In our earlier studly of the roles of a- and it
 in the POA derivatives pronmoting elongation, we
 found that for the more lipophilic molecules the in-
 hi'bitorv effect appeared at concentrations well below

 those predicted to promote elongation (10). In the
 PAA series the 3-n-propyl derivative, the most lipo-

 philic analog, has lesser promotive effects than many
 hydrophilic analogs (table I). These observations
 suggest that inhibition develops with accumulation at
 the site of reaction causing ultrastructure aberrations.

 The pssibility that a change in ultrastructure is
 responsL -le for the transition from prolmiotive to in-
 hibitory effects is currently under investigation.

 The inhibitory action of auxins of the POA series
 was analyzed for dependence on electron density at
 the ortho position and it using concentrations which
 give elongation 5 % less than the control tissue (C1).
 The regression analysis showed no dependence on
 electron density in the ring. The substituent effect
 on the side chain was then examined and the data are
 given in table II with values of c- referring to the
 position of attachment of the side chain rather than
 the ortho position and values of a as recentlv deter-
 mined (5). Equations XII and XIII were derived
 from the data in table II.

 4,

 n r s

 log C = 0.778x + 2.912 22 0.928 0.225 (XII)

 log - = 0.800x + 0.222o- + 2.845 22 0.933 0.223 (XIII)
 C.
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 Table 11. Corr(clation! of Strhctcure of Phenoxyacetic Acids with' .4ctivity in Itnhibiting Elo-nigatio

 MIolar conicn Obsd Calcd**
 1 1

 for -5 % effect log C log
 Functioni7r C1 C

 3-C6H5 0.22 1.89 6 X 10-5 4.2 4.38
 3-n-Bu -0.04 1.90 7 >K 10- 4.1 4.39
 3-I 0.35 1.15 10-4 4.0 3.81
 3-n-Pr -0.04 1.43 1.1 X 10-4 3.9 4.02
 3-Br 0.39 0.94 1.5 X 10-4 3.8 3.64

 3-CF3 0.42 1.07 2.0 X 10-4 3.7 3.74
 3-Cl 0.37 0.76 2.5 X 10-4 3.6 3.50
 3-Et -0.04 0.97 3.2 X 10-4 3.5 3.67

 3-CH3 -0.07 0.51 5 X 10-4 3.3 3.31
 3-F 0.34 0.13 7 X 10-4 3.2 3.01
 3-OCH, 0.12 0.12 8 X 10- 3.1 3.01
 H 0.00 0.00 i0- 3.0 2.91
 3-NO9 0.71 0.11 1.4 X 10-2 2.9 3.00
 3-COCH9 0.31 -0.28 2.5 X 10- 2.6 2.69
 3-CN 0.63 -0.30 3.3 X 10-? 2.5 2.68
 3-OH 0.00 -0.49 10-2 2.0 2.53
 4-I 0.28 1.26 5 X 10- 4.3 3.89
 4-Cl 0.23 0.70 2 X 10-4 3.7 3.46
 4-CHo -0.17 0.52 6 X 10-4 3.2 3.32
 4-F 0.06 0.15 7 X 10-1 3.1 3.03
 4-COCH, 0.52 -0.37 10-9 3 0 2.62
 4-NO 0.78 0 24 10-3 3.0 3.1

 * See table I.
 Calculated using equation XII.

 Equation XII shows that the inhibitory effect depenlds
 entirely on; the lipophilic character of the substituent;

 the larger the value of 7, the lower the concentration
 required for inhibition. The slight reduction in vari-
 ance obtained with equation XIII is not significant.

 Since the promotion of elongation by the PAA
 series was found to be deipendent on a decrease in
 electron density at the meta position, the inhibitorv
 activity was also examined for dependence on this

 electron effect and 7r. The data are given in table
 III. Tihe slight differences in concentration of the
 auxin causing promotion and inhilbition of elongation

 are well illustrated by 3-iodophenylacetic acid which
 at 1.5 X 10-4 M gives elongation that is 12 % over
 the control, while at 1.7 X 10-4 M reduceis elongation
 to 5 % less than the control.

 Equations XIV and XV \were derived from the
 data of table III.

 1

 n r s

 log O.584t + 3.166 20 0.761 0.315 (XIV)
 c C

 log = 0.562;t ? 0.624o- + 3.038 20 0.872 0.245 (XV)
 C.

 An F test shows the additional term in equation XV
 to be significant at >0.99 level of significance. Even
 though the correlation is improved by the inclusion of
 the cr term in equation XV, it is still not nearly as
 good as the correlation obtained with equation XII
 for the POA series without the o- term. An inspec-
 tion of the data shvows that 2 points are very poorly

 0

 fit, the 4-NO2 and the 4-OCH3. Omitting these 2
 points, wve obtain equations XVI and XVII.

 I1

 n r s

 log I = 0.731b + 3.017 18 0.971 0.114 (XVI)

 log c - 0.705t + 0.234kx 4- 2.988 18 0.983 0.092 (XVII)

 Although the additional ternm in equation XVII is
 statistically significant (F1,15 = 8.92) with the set
 of derivatives in hand, only a very small im-provement
 in correlation is obtained.
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 Table IlI. Correlation of Structure of Phenylacetic Acids with Activity in Inihibitinig Elongation

 Molar concn Obsd Calcd**
 1 1

 Function a* 7 for -5 % effect log log C
 3-n-Pr -0.04 1.43 10-' 4.0 4.06

 3-CF:I 0.42 1.16 10-4 4.0 3.87
 3-I 0.35 1.22 1.7 X 10-4 3.8 3.91
 3-Br 0.39 0.91 2 X 10-4 3.7 3.68
 3-Cl 0.37 0.68 3.1 X 10-4 3.5 3.52
 3-CH3 -0.07 0.49 5 X 10- 3.3 3.38
 3-NO2 0.71 -0.01 5 X 10- 3.3 3.01
 3-F 0.34 0.19 7 X 10-4 3.2 3.16
 H 0.00 0.00 10-3 3.0 3.02
 3-CN 0.68 -0.28 1.25 X 10- 2.9 2.81
 3-OCH. 0.12 0.04 1.3 X 10-- 2.9 3.05
 3-OH 0.00 -0.52 3 X 10-s 2.5 2.64

 4-NO2 0.78 -0.04 10-4 4.0 3.92
 4-I 0.28 1.23 10-4 4.0 2.99
 4-COCH, 0.52 -0.37 2 X 10- 3.7 2.75
 4-Cl 0.23 0.70 3 X 10-4 3.5 3.53
 4-CH3 -0.17 0.45 5 X 10- 3.3 3.35
 4-F 0.06 0.14 6 X 10-4 3.2 3.12

 4-OCH3 -0.27 0.01 1.1 X 10-3 2.9 3.03
 4-OH -0.36 -0.611 2.2 X 10-2 2.6 2.57

 * See table I.
 '* Calculated using equation XVI.

 The studies of both promotive effects and inhibi-
 tive effects show clearly that while POA and PAA
 have a great deal in common in their mechanis.m of
 action at the molecular level, the inti-mate details of
 the fit of substrate onto the sites of action differ.
 The 4-position in PAA seems to be more sensitive to
 substitution in a more complex way than POA. It
 would appear that the 4-substituents in each series
 find themselves in a different milieu at the receptor

 site than the 3-substituents. The fact that the PAA

 derivatives se-em to consummate their 2Vpoint attach-
 ment at the meta position rather than the ortho may
 mean that the substrate-receptor complex in the PAA
 series is shifted in a lipoprotein matrix so that electro-
 static and steric effects of 4-substituents in the PAA
 series become more important. Aberg ( 1 ) found that
 larger substituents in the para position of phenoxy-
 acetic acid progressively diminished the promotive

 Table IV. Relationshlip of StrUctire of 2- (anid 4-Stubstituted Pheniylacetic Acids anid ictivity in Promnoting Elongation

 Molar concn Obsd Calcd**
 1 1

 for +10 % effect log log
 Function 7* r* IC

 2-I 0.28 1.22 6 X 10-7 6.2 6.54
 2-Br 0.23 0.91 3 X 10- 6.5 6.34
 2-Cl 0.23 0.68 7 X 10- 6.2 6.24
 2-CH -0.17 0.49 1 X 10-(; 6.0 5.25
 2-CN 0.63 -0.28 5 X 105 5.3 5.25
 2-OCH. --0.27 0.04 5 X 1Or6 5.3 4.98
 2-OH -0.36 -0.54 1 X 10-5 5.0 4.46
 2-COOH Inactive
 4-Br 0.23 0.91 1 X l0- 5.0 6.34
 4-Cl 0.23 0.70 3 X 10G 5. 6.26
 4-CH3 -0.17 0.45 1 X 10-5 5.0 5.26
 4-COOH Inactive
 4-CN
 4-I

 4-NO2
 4-COCH'
 4-NHCOCH.

 * See table I. Except for 2-OH function, r is that value for the function in the 3-positionI. Although 7r for the
 functions in the 2- and 3- positions of POA differs somewhat, this effect is mulich less in the PAA series.

 ** Calculated tusinlg equation III.
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 effect while such was not true for subst:tuents in the
 meta position. Large groups in the para position will
 eliminate 'promotive effects on elongation regardless

 of values for o- or iT (10). A similar effect exists
 for the phenylacetic acids, as shown in table IV. where
 the para position appears to be even more sensitive.
 The difference between the observed and calculated
 values for 4-BiMPAA is 1.34 while that for 4-BrPOA
 (10) is only 0.64 and the difference for 4-CIPAA is
 0.76 wihile that for 4-CIPOA is only 0.25. The fact
 that the 4-CH3 derivative is not poorly predicted may
 indicate that the repulsive forces in the steric effect
 are highly electrostatic in nature since the methyl
 group is not much different in size from chWloro. This

 :s in line with the poor prediction for inhibitory action
 of the highly polar 4-nitro and 4-acetyl PAA functions.

 In substituted benzoic acids the inactivating effect
 of large groups in the para position is even more
 pronounced. Although 2,5-dich'orobenzoic acid pro-
 mlotes elongation, 2,4-dichlorobenzoic acid is com-
 p!etely inactive (20). Since o- and it are only slightly
 different for chlorine in the 4- or 5-position, the
 inactivity of the 2,4-isomer must the due to a steric
 effect.

 The evidence from the data for the phenoxyacetic
 acids, phenylacetic acids and benzoic acids indicates
 that the shorter the side chain holding the carboxyl
 group, the more suscept:ble the para position is to

 steric infhibition of the promotive efifect on elonggation.
 The effect of the 4-suibstituent in the inhibitory

 action of the auxin may be in part determ ned by the
 length of the side chain holding the carboxyl group.
 For the phenoxyacetic acids the longer side chain
 places the 4-substituent in such a position that only
 hydrophobic bonding is possible. For the phenylacetfc
 acids, with a shorter side chain, the 4-substituent is
 positioned so that electrostatic effects increase the
 degree of inhibitory action.

 The inhibitory action of 2,4-dichlorophenoxyacetie
 acid has special interest in this connection. The sum
 of the a values for the 2 halogens in the molecule is
 1.38 and substitution of this value in equation XII
 gives a calculated value of 3.99. The observed value

 for log is 4.0 and thus the inhibitory effect of

 ci
 the molecule is qualitatively the samie as for other
 POA derivatives.

 It is of interest to compare the slopes an-l inter-
 cepts of equations XII and XVI. The values are
 extremely close indicating, as long as very highly
 polar substituents are absent in 4-PAA derivatives,
 precisely the same mechanism of action is involved.
 It is worth comparing these equations with those found
 for the inhibition of a variety of processes which are

 dependent on oxidative metabolism (13). Since t is
 defined as t =- log'P- logPI, Where Px is the parti-
 tion coefficient of a derivative and PH that of a parent
 molec-u!e, we can place equation XII on a logP basis
 since IogP1H for POA = 1.21. Substituting nt =
 logPx- 1.21 into equation XII vields equation XVIII.

 log = 0.7781ogPx + 1.971 (XVIII)

 Equation XVIII can then be compared with equation
 XIX found (13) for the 50 % inhibition of cell
 divi-sion in Arbacia egtgs bv barbiturates.

 n r s

 log -= 0.801logP, + 1.076 19 0.960 0.171 (XIX)
 c i

 The slopes indicating dependence on lipophilic char-
 acter are strikingly close. The intercepts cannot be
 compared since in 1 case the effect is 50 % inhibition
 while in the other it is 5 % (inhibition. For molecules
 which are isolipophilic, less is needed to bring about
 the result covered by equation XVIII than that
 covered by equation XIX. The similarity of equa-
 tions XVIII and XIX and, in fact, the similarity of
 equation XVIII to many other equations (13) corre-
 lating inhibitory effects in biological systems suggests
 that supra-optimal concentrations of auxins inhibit
 electron transport in oxidative metaibolism (13).

 The 2-substituted phenylacetic acids were not in-
 cluded in the regression analysis of the promotion of
 elongation because of possible steric hindrance of the
 substituents with the side chain. It is well estab-
 lished that linear free-energy relationships often fail
 with ortho substituents (15) and, in the 2-substituted
 phenoxyacetic acids, the promotive effect on elonga-
 tion was unpredictable. The data for the 2-substi-
 tuted phenylacetics in table IV shbow, however, that
 6 of the 7 compounds promoting elongation give
 just as good correlation as the meta and para sub-
 stituted derivatives of table I on which the regression
 analysis was based. Thus it must be the interaction
 between the 2-substituents and the oxygen of the side
 chain of the POA derivatives which is not -predicted
 by substituent constants, and in the PAA derivatives
 there is much less interaction of the 2-sutbstituent and

 the inert - CH, - of the side chain. The lack of a
 steric effect by the 2-I function in PAA is impressive
 considering the large size of iodine.

 Recent measurements of the infra-red stretch fre-
 quency in substituted indole-3-acetic acid molecules
 and its correlation with a- (22) support the long-
 standing hypothesis (7) that electron-withdrawing
 substituents activate the aromatic nucleus for auxin
 ef fects. When steric and lipophilic factors appear to
 be constant, promotive activity of the indole com-
 pounds parallels increased positive values of o-.

 The electronic and lipophilic effects of single sub-
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 stituents in phenoxyacetic acids, phenylacetic acids and
 indoleacetic aeids can be assessed with some degree of
 reliability. Now, using substituent constants, it will
 be possible to evaluate the steric ef fects in auxin
 molecules.

 Literature Cited

 1. ABERG, B. 1961. Some new aspects of the growth-
 regulating effects of phenoxy conmpounds. Plant
 Growth Regulation. Iowa State University Press.
 Ames, Iowa. p 219-32.

 2. ABERG, B. 1963. Studies on plant growth regula-
 tors XIX. Phenylacetic acid and related sub-
 statnces. Lantbrukshogsk. Ann. 29: 3-43.

 3. BADDELEY, G., G. HOLT, AND W. PICKLES. 1952.
 Initeractioni of aromatic ketones with aluminum
 chloride. J. Chem. Soc. 1952: 4162-66.

 4. FOSTER, R. J., D. H. McRAE, AND J. BONNER. 1952.
 Auxini-induced growth inhibitioin a natural conse-
 quteince of 2-point attachment. Proc. Natl. Acad.
 Sci. U.S. 38: 1014-22.

 5. FUJITA, T., J. IWASA, AND C. HANSCH. 1964. A
 niew substituent constant, 7-, derived from parti-
 tion coefficients. J. Am. Chem. Soc. 86: 5175-
 80.

 6. HAAGEN-STMITH, A. J. AND F. \V. WENT. 1935.
 A physiological analysis of the growth substance.
 Proc. Koninikl. Ned. Akad. Wetenschap. Proc. 38:
 852-57.

 7. HANSCH, C. AND R. M. MUIR. 1950. The ortho
 effect in plant growth regulators. Plant Physiol.
 25: 389-93.

 8. HANSCH, C. AND R. M. MUIR. 1961. Electronic
 effect of substituents on the activity of phenoxy-
 -acetic acids. Plant Growtlh Regulation. Iowa
 State Uniiversity Press. Ames, Iowa. p 431-41.

 9. HANSCH, C., P. P. MALONEY, T. FUJiTA, AND R.
 M. MUIR. 1962. Correlation of biological activity
 of phenox-acetic acids with hamlmett substituent
 const,ants and partition coefficients. Nature. 194:
 17840.

 10. HANSCH, C.. R. WI. MIUIR, T. FUJITA, P. P. MA-
 LONEY, F. GEIGER, AND MI. STREICH. 1963. Thc-
 correlationi of biological activity of plant growtl
 regulators anid chloromycetin derivatives with
 liammiiiett constants and partition-i coefficients. J.
 Amii. Chem. Soc. 85: 2817-24.

 11. HANSCH, C. AND T. FUJITA. 1964. rho-sigma-pi
 Anialysis. A method for the correlation of bio-
 logical acti\vity and chemical structure. J. Am.
 Chem. Soc. 86: 1616-26.

 12. HANSCH, C. AND S. M. ANDERSON. 1967. The
 effect of intramolecular hydrophobic bonding on

 partitioin coefficients. J. Org. Chem. 32: july.
 13. HANSCH, C. AND S. WI. ANDERSON. 1967. The

 structure-activity relationship in barbiturates and
 its sinmilarity to that in other narcotics. J. Med.
 Chem. 10: September, 1967.

 14. IWASA, J., T. FUJITA, AND C. HANSCH. 1965.
 Substituent constants for aliphatic functions ob-
 tained from partition coefficients. J. Med.
 Pharm. Chem. 8: 150-53.

 15. JAFFE, H. H. 1953. A re-examination of the ham-
 mett equation. Chem. Rev. 53: 191-261.

 16. LEFFLER, J. E. AND E. GRUNWALD. 1963. Rates
 anid equilibria of organic reactions. John XViley
 and Sons, New York, New York.

 17. MCRAE, D. H. AND J. BONNER. 1953. Chemical
 structure and auxin activity. Physiol. Plantarum
 6: 485-510.

 18. MCRAE, D. H., R. J. FOSTER, AND J. BONNER. 1953.
 Kinetics of auxin initeractioin. Plant Physiol. 28:
 343-55.

 19. MELNIKOV, N. N., R. KH. TURETSKAYA, Yu. A.
 BASKAKOv, A. N. BOYARKIN, AND M. S. Kuz-
 .NETSOVA. 1953. The structure and the physio-
 logical activity of substituted phenylacetic and
 naphthylacetic acids. Doklady Akad. Nauk.
 SSSR 89: 953-56.

 20. MUIR, R. M. AND C. HANSCH. 1951. The relation-
 ship of structure and plant-growth activity of
 substituted benzoic and phenoxyacetic acids. Plant
 Physiol. 26: 369-74.

 21. MIUIR, R. M. AND C. HAN\SCH. 1955. Chemical
 constitution as related to growth regulator action.
 Ann. Rev. Plant Physiol. 6: 157-76.

 22. PORTER, W. L. AND K. V. THIMIANN. 1965. Mo-
 lecular requirements for auxin action-I. Halo-
 genated indoles and indoleacetic acid. Phytochem-
 istry 4: 229-43.

 23. PYBUS, M. B., R. L. WAIN, AND F. .> IGHT.MAN.
 1959. Studies on plant growth-regulating sub-
 stances. XIV. Clhloro-substituted phenylacetic
 acids. Ann. Appl. BIiol. 47: 593-600.

 24. VELDSTRA, H. 1956. On1 the form and fulnctioni of
 plant growtlh substances. In: The Chemistry and
 Mode of Action of Planit Growth Substances.
 R. L. Wain and F. Wightman, eds. Butterworth
 Science Publ., Lonidon. p 117-33.

 25. ZIMMERMAN, P. WV. AND F. WILCOXON. 1935.
 Several chemical growtlh substances which cause
 initiation of roots alnd other responses in platnts.
 Contrib. Boyce Thompson Iinst. 7: 209-29.

This content downloaded from 79.18.238.222 on Fri, 16 Apr 2021 17:10:59 UTC
All use subject to https://about.jstor.org/terms


	Contents
	1519
	1520
	1521
	1522
	1523
	1524
	1525
	1526

	Issue Table of Contents
	Plant Physiology, Vol. 42, No. 11 (Nov., 1967), pp. 1465-1652
	Front Matter
	The Expression of Interionic Relationships in Pinus elliottii [pp. 1465-1471]
	Relative Activities and Characteristics of Some Oxidative Respiratory Enzymes from Conidia of Verticillium albo-atrum [pp. 1472-1478]
	Phytochrome and Seed Germination. III. Action of Prolonged Far Red Irradiation on the Germination of Tomato and Cucumber Seeds [pp. 1479-1482]
	Calcium Inhibition of Potassium Absorption in Corn Roots [pp. 1483-1488]
	Effects of Metabolic Poisons on Rice: The Comparative Sensitivity of Aerobic and Anaerobic Modes of Germination [pp. 1489-1492]
	Germination of Excised Fraxinus ornus Embryos with and without Phleomycin [pp. 1493-1496]
	Studies on Ribosomes from Barley Leaves. Changes during Senescence [pp. 1497-1503]
	The Effects of Light on a Circadian Rhythm of Conidiation in Neurospora [pp. 1504-1510]
	Floral Inhibition of Biloxi Soybean during a 72-Hour Cycle [pp. 1511-1518]
	Structure-Activity Relationship in the Auxin Activity of Mono-Substituted Phenylacetic Acids [pp. 1519-1526]
	Biosynthesis of (--)-Kaurene in Cell-Free Extracts of Immature Pea Seeds [pp. 1527-1534]
	Properties of Higher Plant Mitochondria. III. Effects of Respiratory Inhibitors [pp. 1535-1544]
	Physical Nature of Irreversible Deformation of Plant Cells [pp. 1545-1552]
	Flowering Responses of the Long-Day Plant Lemna gibba G3 [pp. 1553-1561]
	Aspects of Clock Resetting in Flowering of Xanthium [pp. 1562-1568]
	Immunochemistry of Biliproteins [pp. 1569-1586]
	Gluconeogenesis from Amino Acids in Germinating Castor Bean Endosperm and Its Role in Transport to the Embryo [pp. 1587-1595]
	Gibberellic Acid-Induced Synthesis of Protease by Isolated Aleurone Layers of Barley [pp. 1596-1600]
	Studies on the Biochemistry and Fine Structure of Silica Shell Formation in Diatoms. Chemical Composition of Navicula pelliculosa during Silicon-Starvation Synchrony [pp. 1601-1606]
	Studies on the Biochemistry and Fine Structure of Silica Shell Formation in Diatoms. Photosynthesis and Respiration in Silicon-Starvation Synchrony of Navicula pelliculosa [pp. 1607-1611]
	Preparation of Radioactive Gibberellin A and Its Metabolism in Dwarf Peas [pp. 1612-1618]
	Photosynthetic Reactions of Ghloroplasts with Unusual Structures [pp. 1619-1621+1623+1625-1632]
	Carbohydrate and Lipid Metabolism during Germination of Uredospores of Puccinia graminis tritici [pp. 1633-1642]
	An Electron Spin Resonance Study of Manganese in Wild-Type and Mutant Strains of Chlamydomonas reinhardi [pp. 1643-1647]
	Short Communications
	Ethylene and Auxin Participation in Pollen Induced Fading of Vanda Orchid Blossoms [pp. 1648-1650]
	Fucosterol Reduction to Clionasterol in vivo by Chlorella ellipsoidea [pp. 1651-1652]

	Back Matter



