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Summnary. The analysis of substituent constants for the lipophilic and electronic
lactors in the auxin activity of substituted phenylacetic acids in elongation of coleoptile
segments shows that these factors parallel those for the phenoxyacetic acids but assign
reactivity in grow-th promotion to the rneta position of phenylacetic acid. The inhibitory
effects with supra-optimiial concentrations are highly depenident on the lipophilic character
of the molecules.

The auxin activitV of plhenyvlacetic acid has been
known for a long time (60 25) 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 Mlelnikov et al. (19)
observed that halogen subst tution in the ring in-
creased auxin activity wvhile metliv]. substitution de-
creal,ed auxin activitv. and sublt.tution in the 3- or
4-positions of phenylacetic acid hiad opposite effects
to substituents in the 3- or 4-pcs.tions of phenoxy-
acetic acid. These observations X-ere based on onlx
a few substituents and an incom-plete series so their
significance has been somewhat limlited.

Our success in relating s-tructure and acti-itv in
mono-ring-substituted phenoxyacet.c acids by the use
of substituent constants (9. 10) su-gested that a
similar analysis should be app'iecl to phenvlacetic acids.
The analysis is based on the hypothesis of a 2-point
reaction of the growvth regu'ator with the plant sub-
strate. first througIh the carboxyl grou;p and then at
a position on the aromatic ring (20). Initially the
evidence indicated that the pos<tioin on the rin. ortho
to the side chain carrying the carboxyl group was the
site of the seconid reaction, btut later the experimental
evidence (21) required that the position of attachment
on the ring would depend on the particul,ar conrbina-
tion of steric and electronic factors. It is now clear
(10) that a substituent in a particular biologically
active molecule may induce imiiportant changes of a
steric, electronic and lipo,philic character.

Very little information can be assembled oln the
steric factors in auxin activity; eimpirically it is
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apparent that functions of modest size in the 3£poSition
and very small functions in the 4-ipositioin have little
steric effect. The e!ectronic effect can be measured
by the use of the substituent constant, a-, whch hlas
been developed for the benzene ring (15). The
lipophilic effect of the substituent can be evaluated
b- the use of a new substituent constant, t, for hydro-
phobic bonding (5, 11. 12,14). a is a measure of the
lipopphili-lhvdroplhilic character of the substituent and
is definedI as the logarithmii of the partition coefficient
bet\-een l-octanol and water of a derivative minus the
logarithlml of the partition coefficient of the parent
conmpound. The electronic effect of a substituent is
ditinguished from its lipophilic effect as being a
small chanige in electron (lensity which would afffect
the rate or equilibrium constant of a highly specific
chemical action or charge-transfer complex, but w-ould
not miiake a significant difference in r.

Materials and Methods

Promiioti-e and inhibitive effects on elongation
wvere determined w,vith segments of Avcna coleoptile
tisstue 3 mmii in length. The oats of the cultivar
Victory- were -rown in sand in total darkness at 240
and 85: % relative humidity. When the coleoptile was
2 to 2.5 cm11 loing, the apical 2 mm were remioved and
2 hoturn later an apical segment was ex2i.sc 1l. All
manipulation, wvere carrie(d out under red liglht. ihlec
segments were then floated oli 25 ml of solution in a
covered Petri dish in darkness. The soltutioni con-
taining the growth regulator also contained 2.5 m\i
potassitumi miialeate at pH 4.5 antd 0.09 M sucrose since
these constituents have beeni shown to maintaini con-
stant growth rates (18). After 24 hours the length
of the segment w-as 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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tratLon of the stilbstittuted comiipountid wx as (leterminied
which indCluced the samile aniount of e'longatioln as did

1lhenlvlacetic acid at 1() ,oi which waIs tiually 10 %
over the control. Irhe inhibitorv etffect of the grow\th
r-egulators xwas compared by determijnin- thll coniceni-

trcation which re(luced elongation l)v blieloxx the
c*( )11trol.

Pihe pheiiv'acet;C and pihenoxyacetic ac (l> tiSed in

tli> investigatio werc svnthesized )v imiethio(d hich

have beenireported exce,pt for 3-in-propvyI)lhelyl-acetic
acid. 'IThiis compound was I)replared by ad((Ing(- 2)00 mg1-

of sulfur to 1.1 g of 3-n-propylacet(phenone ( 3 ini
nil of morpholine. Trhe mixture a rtefltxe(d for

l2 hlours oni an oil batlh at 1200 after which timne ml
or glacial acetic aacid anld 10 mil of 48 % hlvdirobromlic
atci(l were added andcl refluxing xw a> coltinued for

4 hour>. M_Nfost of the acetic acid wx a> thleni remioevd
1)v vacuum evap)oration atId the residut xNva> dluted
With water anid extracted with ethler. Thle etlher was
vashed with water and extractedl wxith sodituii hicar-

l;onate soliitioni. The bicarlbonate la er vas thleni
acidi,fied and(I extracted xvith etlher. The residtie frolmi
evaporation of the ether was vactutuml-d'stilled. Yiel(d
f*.4 g, h.p. 132 to 133°/2 minm. After recrs>tallization
from pentane the product melte(d at 53.5 to 54.50.

Analysi,s calculated for C1 H,1 O.: C. 74.13:1H. 7.92.
Found: C, 73.99: H, 7.92.

The -valuie> assigned to in tli..> .ittidv arC l)ased

on nieasureimienits of the part tion coefficienits of
phlenylacetic acid (P AA) and phenioxvacetic acid
t POA) and tlheir derivatives hetx-xeeon )urified
l-octanol and distil'ed xvater. 'rhe C. H andcl 0 ratio
of octanol is approximately that of the niatuiral
Ileates. Tlhe partition coefficieltit calculated as

Coctaiiol
p wxhere a is the degree of dissocia-

(CHno (1-a)
tion of the acid in the wxxater pha.e 1) ) an(d the
partition coefficient refers to the utia>vociated andl
ioln-ionized acid. 'The determinat:on (If the concen-

tration in the xvatlr plase xxwas made c )m(lomietrically
10) or spectrophotometrically ( . H'lie con-entra-

tioni in the octacnol phalse xxasa foLnd hx (lifference.
All soltitiolns of the growth regutlators xxere pre-

pared ini wvater (-glass-distilled) hleate(d to boiling al(l

cooled just before their auxinl activity wxas assaved.
Thle phl of the >oltitions xxa> adltu>ted to 4.5 xvith

NaC)H.

Results
and Discussion

h'lec auxini activity of phenxylacetic acid in the
elonigation of >ubapical segment> of -Izviia coleoptiles
is >ho,xvn in figure 1. TIhe altues plotted are the
axverages of 3 trials xxrith tisue frIotim plalnts grovn

at different times. TIhe activity is typically that of
a xeak auxin xvith a limilited effect o)xer a s>miall range

of concentratiens.
The concentrations of the mono-b>h>tittited phen>

g- 01

'ON0 bt10 w

f 01

1 V

FIG. 1. Effect of phenyl o1cetic acid oni the groxoth
of subapical segmiienits of . Cul( coleoptiles.

acetic aCi,dls illdtLCiiig an elon-ation --reater by l(
than thle percenlt elongation taking place in the con-
trols are given ini table I along xvith the parameters
for suibstituenit effects oIn relative electron dens>:tv on

the ring, or, and( o.,, and thle lipo philichvdroplllic
character of the Substituent. -r 'I'lTe electronic effect
of the substituient. X, on the ortlho position in deter-
mining the relative autxin activity is represenlted by
a,. Here, as shoxvn belox for I. a>1 is (ro-l for a

suhbtituent in the 4-position. antd as shoxx-n for II. ,

is o-r for a substitnient in the 3-position. The arr-ows
in(Ecate the positions for xhich oT is a measure of the
relative electron density- ( 15). It is assunmed that the
substhttient affects the po>itionll ortho to it in miuch

the same ay that it affects the l)osition para to it.

FIor o-., the electronic effect of the substituent X IS
greatest on the meta position1 anid the position Of
attaclhmiienit of the si(le chaini. As shown for IfI, o-

is 0'p, for a subh,tittuent in the 4-position and, as sho-x n

for IN' (T. is> cr, for a substituent in the 3-positioin.
CH2COOH

x

I

CH2COOH

"x v \Ile
t'~ /,'o,

II

Cl -i C20HUt~1 2.O

';~\1

\\ / \-1

t
X

C Fl-co u:I

\A
1

I~\1

III IV
Of cours>e, electronic effect> of the suhstituenlt>

chanlge tlhe electron dens>it of all of the atomiis in thle
molecuile. Hsliever. short of quantumii mechanical

1 52()
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calculations of relative electronl densities for each
atom (and it is unlikely that suclh calculations for
molecules as complex as those in table I would yield
results superior to those found wvith r). C- seems to
be the best parameter for relative electronic effects
now available. T-he arrows in I to IV simply iindicate
the points of greatest electronic effect of X for each
of the 2 possibilities of reaction oni the ring.

By means of regression analysis it is possilb'e to
make a quantitative analysis of substituent effects on
the biological activity of the series of growth regula-
tors and to compare the importance of electron density
as represented by ci-, at the posit olus ortlho to the
position of attachment of the side chaini rwith that
represented by -.- at the positions mieta to the side
chain. The following equations w-ere derived from-1
the data of table I by the method of least squares
using an IBM 360/40 comiiputer. The ltumber of
points used in the regression analysis is represenite(l
by n, r is the mnultiple correlation coefficienlt anid s is

I
biqiuxtiouls (I. riZ 'L'(l .zitl ,:

log
I

fit the data best in terms of c- and -. Equations V
and IX were derived to check the possibil'ty that the
dependence of activity on a- might not be linear. In
neither instanice does the inclusion of the 9 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, ac, a refinement in
the inethod which has recently been investigated (13).
The considerable reduction in the variance obtained
with equation VIII over that with equation IV indi-
cates that a decrease in eicztron density (positive
coefficient with c-) at the meta position of phenyl-
acetic acid is more imiportant for greater biological
activity than a decrease at the ortho position. We
have also investigated the use of the parameters r-_
and ci- (16) in equations of the above type and found
that these do not give as good correlations as a-.

For the substituted phenoxyacetic acids in whiclh
the decrease in electron density at the ortho position
appears to be more imloportant ('10). the equations

n r s

16 0.690 0.637:O.9)30.T + 5.405 (I)

log
I
- '.919a -+ 0.935c- -' 5.256)

C
I I 16 0.784 0.568

0.750 T2 + 1.528mT - 0.8r36o- 5.433 16 0.845 0.509

log 1 = - 0.835c P 1.404. -U-v.62ci--r 1.474(ztcr) + 5.456
C

16 0.908 0.416

-0.85 l2 -' 1.439-...-'0.336cr2 + 0.532o- + 1.479(-ro- ) - 5.430 16 0.909 0.435

Eqiuationi7s deriz (Id withlI a-.,:

log - 1.832;- + 1.390o- 15.140

log - = O.-°57 ± 1.300, - 1.16lr -- 5.304

loo C 0.7
-

0T7 2 L 1.084T . 122_- .020 ('T) + 5.259loc
1

log

16 0.829 0.5).12

16 0.858 0.488

16 0.941 0.337 ( VITh

-- 0.812:; e- 1.24Q);r !- (9.(480cr2 + 0.652r -+ 1.996( yTcr) - 5.245 16 (04.4 0.341

thle standlardl dtviatioll. xith electron density as reprepseited b)y- a-, andI c..
The higher correlaticiis and low er st-lndard de-:a- corresponding to equiation IV and(I VIII res,pectively

t:c,ins for equatiomi IV and VlII inidicate that these are:
I

n r s

log -. =-1.9/-7r2 + 3.242u + 1.86c5i + 4.162 21 0.881 0.484

log = -1.548;12 + 2.6657t + 1.466cr _L 4.27 21 0.79.5 0.633

log C

log -C-

(II)

(III)

(IV)

(V)

(VI)

( XII)

( Ix)

(X)

1 121

(XI)



Table I. Correlationi of Structure of Pheniylacetic Acids with -4ctivity ill Promiiotinig Eiouigattion

7T** for +10 % effect

0(.35 1.22
0.42 1.16
0.39 0.91
0.37 0.68
0.14 0.62
0.71 -0.01

-0.07 0.49
0.06 0.14
0.34 0.19
0.68 -0.28
0.12 0.04
0.00 0.00
0.31 -0.28
0.00 -0.52

-0.36 -0.61
-0.04 1.43

*** Calculated using equation \-III.

Addition of (aw-) and 0.2 terms to equations X and
XI did not yield equations giving better correlations.
The significance of the (no-) ter-m in equations IV
and VIII and its lack of significance for equations
X and XI is not immediately apparent and warrants
further study. E.quation 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 represents the
phenoxyacetic acid series. In the 2-point reaction
mechanism the meta iposition of the phenylacetic acid
molecule could be the favored reaction site because
of the molecular geometry. With 1 less atom in the
side chain, the ring formed by a 2-point reaction
involving the meta poisition of phenylacetic acid wou'd
be more similar to the ring formed at the ortho
position of phenoxyacetic acid.

The coefficients associated w-ith C- in equations
IL 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 linkagc.
The lower electron-releasing effect of the acetic acid
side chain in PAA would thus account in part for the
auxin activity of PAA being 30 times that of POA.
Of course, the geometry of the 2-point attachment of
the 2 systems must also be considered.

One of the characteristic properties of the auxin
molecule which has been recognized for a long time
is its capacity to inhibit, as wveil as promote, elonga-
tion. An optimal concentration exists for the promo-

5

2

2

3
4
7
2
2
3
3

2
4

X 10-3
X 10-7
X 10-7
X 10-7
X 10-7
X 10-7
X 10-6
X 106-i
x 10-6
X 10-a)
X 10-C
10-

X 10o
X 10-5
X 10

10 o

Obsd
1

log C

7.3
6.7
6.7
6.5
6.4
6.2
5.7
5.7
5.5
5.5
5.3
5.0
4.7
4.7
4.4
5.0

Calcd***
I

log

6.79
7.03
6.82
6.59
5.99
6.03
5.47
5.48
5.95
5.28
5.45
5.26
5.07
4.51
4.38
5.21

tive effect anid at higher concentration3s lesser elonga-
tion takes place. With increasing concentrations a

point is reached vhere the auxin will inhibit the
elongation takinig place in tissue. The inhibition of
elongationl by auxins has been examnined both experi-
mentally (1,2) and theoretically (4) with the latter
treatment being based on a 2-point reaction iimecha-
nisnm. In our earlier study of the roles of a- and :t
in the POA derivatives promoting elongation, w-e
found that for the more lipophilic molecules the in-
hibitory 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 analogn, has lesser promotive effects than manv
hydrophilic analogs (table I). These observations
suggest that inhibition develops witlh accumulation at
the site of reaction causing ultrastructure aberrations.
The possibility that a change in ultrastructure is
respon:sible for the transition froin promotive to in-
hibitorv 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 a using concentrations which
give elongationi 5 % less than the control tissue (Cl).
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- referrinlg to the
position of attachmient of the side chain rather than
the ortho position and values of as recentlv deter-
mined (5). Equations XII and XIII were derived
from the data in table II.

log C- = 0.7/8x + 2.912

n r

22 0.928 0.225 (XII)

log = 0.800x + 0.222o- 2.845 22 0.933 0.223 (XIII)

Functioin a,

Molar collcIn

3-1 0.23
3-CF, 0.5'5
3-Br 0.23
3-Cl 0.23
3 SCH. -0.05
3-NO., 0.78
3-CHR -0.17
4-F 0.34
3-F 0.06
3-CN 0.63
3-OCHI. -0.27
H 0.00
3-COCH3 0.52
3-011 --0.36
4-OH 0.00
3-ni-Pr -0.12

* From reference 15.
** From reference 5.
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Table IJ. CMorrclltion of Strutctu-tre of Phenoxyacetic Acids wit i in Iiiluzbitinig LlOiig(itlO)i

Molar concI1

for -5 % 'fftv

6

1.1
1.5

2.0
2.5

3.2

7

8

1.4
2.5
3.3")

5

7

' 10-;

10-4

X 10-4
x 10-
X< 10-4
X 10-4
/ 10-4
X 10-4
X 10-4

10-
X 10-

x 10-:
X 10-

10 -0

X 10-

10->\' 10-4

10-10
10-'

Obsd

log-

4.2
4.1
4.0
3.9
3.8
3.7
3.6
3.5
3.3
3.2
3.1
3.0
2.9
2.6
2.5

2.0
4.3
3.7

3.2

3.1
30
3.0

Calcd**

log i

4.38
4.39
3.81
4.02
3.64
3.74
3.50
3.67
3.31
3.01
3.01
2.91
3.00
2.69
2.68
2.53O

3.89
3.46
3.32
3.03
2.62
3.10

* See table I.
*- Calculated using equation XII.

Equation XII shows that the inhibitory effect depends
entirely on the lipophilic character of the substituent;
the larger the value of r, the lower the concentration
required for inhibition. The slight reduction in vari-
ance obtained with equation XIII is not significant.

Since the ipromotion of elongation by the PAA
series was found to be dependent on a decrease in
electron density at the meta position, the inhibitory
activity was also examined for dependence on this
electron effect and x. The data are given in table
III. The slight differences in concentration of the
auxin causing promotion and inhibition of elongation

An F test slhows the additional term in equation XV
to be significant at >0.99 level of significance. Even
thoughI the correlation is improved by the inclusion of

tke a' termii in equation XV, it is stilil not nearly as

good as the correlation obtained with equation XII
for the POA series without the C- terml. An inspec-
tion of the (lata show%s that 2 points are very poorly

0

fit, the 4-N\O., and the 4-OCH3. Omitting these 2

points, wve obtain equations XVI and XVII.

log - 0.731~T 3.01-

log =0.705 + 0.234o- -- 2.988

are well ililustrated 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 mt reduces elongation
to 5 % less than the control.

Equations XIV and XV w-ere derived from the
data of table III.

n

log -0.584zT + 3.166 20 0.
C.

log = 0.562:t + 0.624a- + 3.038
C.

n r s

18 0.971 0.114 XVI)

18 0.983 0.092 (XVII)

Althoughl the additional term in equation XVII is
statisticallv significant (F1, 15 = 8.92) with the set
of derivatives in hand, only a very small imnprovemenit
in correlation i; obtained.

r s

761 0.315 (XIVj

20 0.872 0.245 (XV)

Ftuinctiotn a*

3-CC-,Ho
3-in-Bu
3-I
3-n-iPr
3-Br
3-CF3
3-Cl
3-Et
3-CH3
3-F
3-OCH,
H
3-NO,
3-COCH,
3-CN
3-OH
4-I
4-Cl
4-CH.
4-F
4-COCH3
4 -NO.,

0.22
-0.04

0.35
-0.04

0.39
0.42
0.37

-0.04
-0.07

0.34
0.12
0.00
0.71
0.31
0.63
0.00
0.28
0.23

-0.17
0.06
0.52
0.78

7*

1.89
1.90
1.15
1.43
0.94
1.07
0.76
0.97
0.51
0.13
0.12
0.00
0.11

-0.28
-0.30
-0.49

1.26
0.70
0.52
0.15

-0.37
0.24
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Tablc I11. Cori/clation ut Stricturc of Phenylacetic A1rids with Activity in I/hiNitiluy Liol yaluf~~ ~ ~~~~~~~~~~~~~ _0/
M olar cohlcn

FunIctioln

3-ii- Pr
3 -CF,

3-hr
3-Cl
3CH-
No.,

3 F
11
3 CX

4- No.,
4-1
4-C()CH.
4 Cl
4-CR.
4-F
4-OCRH.
4-01 -1

See talble I.
(alculbted t1Sill")

for- -5 % effect
U,r

-0.04
0.42
0.35
0.39
0.37

-0.07
0.71
0.34
0.00
0.68
0.12
0.00
0.78
0.28
0.52
0.23
0.17
0.06
0.27
0.36

1.43
1.16
1.22
0.91
0.68
0.49

-0.01
0.19
0.00
0.28
0.04

-0.52
-0.04

1.23
-0.37

0.70
0.45
0.14
0.01

-0.61

1.7

3.1
1)

7

1.25,
1.3

3

1.1
22^

10 1
10 4
\s 10'

10-4
X 10

)<10 1
10::

0Io-

10
>' 108

x lo-

10 -4

10-4
X 10 1

/'10

" 10

10
> 104
, 10

,(utiationi \VI.

Tlhe studies of both promotive effects anid ilhibi-
tive effects show clearly that while POA anid PAA
have a great deal in common in their nimechlansirn of
act:on at the molecuilar level. the intmnate details of
the fit of substrate onito tlhe s tez of action (liffer.
'I'lle 4-position in PB-AA seems to b)e imore sensitive to
substitution in a more complex wxay thanl PCOA. It
would appear that the 4-stuhstAtuente. inl eaclh series
Pind( themselves in a (lifferenit militiu at thle receptor

Tahle IV-\ cr/;.ouship of Sti ctct.c )-j oud 4-S.S'ubstitl

site than the 3-substituents. 'I'lhe fact thlat the PA.A
derivatives seem to consummiate their 2-point attach-
ment at the meta positioin rather than the orthio imay
mean that the substrate-receptor complex in the PAA
series is shifted in a lipoproteini matrix so that electro-
static and steric effects of 4-stibstituents in tle 1.A\
series become more im,portant. Aberg (1 ) fotiiid that
larger substituents in the para positioni of phenox-,
aceti- acid progreciv-elv- diminisheld thel)r motive

lt (d Pl/lcilvo ci i( . I' is 11(0 . ci.'itti ind/IProul1otlly Eloli/(11fi0oll

M?\olar coIncnl

a..

0.28
0.23
0.23
-0.17
0.63

-0.36

0.23

0.23
-0.17

for +10 % effect

1.22
0.91
0.68
0.49

-0.28
0.04

-0.54

0.91
0.70
0.45

3

7

(1

i

X/

10 7

10

10- 7

10

10

Io I;

/ 10

\// 10 ';

X- 10)

Obsd

C

6. 2

,.2
()

5.))
,

jj(
l Wi \' ('
5.6
3.3

5.6

Calcd
C

(
(

().,-)4
6.34
6.24
5.2-
5.2 I)
4.98
4.4,

().34

6).2')

See table I. Except for 2-OH fuilctio 7j s that -altic foi thle ft ;11 tl c 3-1politiol. .\lthtuIgthl ,, for the

fctIctionls in tme 2- anid 3- position)is )f PO0 (liffers somewbhot. this eflect is miuiicih less in the P.\A\ scrit S.
* alcuhattdl nsing ctu.ttion VII.

Olsd

10'lo c

4.06
4.()
3.83.S
1)
,.,;1-
3.3

3.2

2.9
2.9
2.5
4.)'
4.0

3.,;

3.3

3.)
2_.9

2.()

Caldcdl*

1log-

4.00
3.87
3.91
3.68
3.52
r33
3.01
3.10
3.02
2.81

2.64
3.92

2.795

3.35
3.12
3).03,
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2-1

2-C 11

2-( CH
2-()CHH
2-C( )( )H
4-Ii1-
4-Cl
4-CH.,

4-CN
4-1
4-N.,
4-COCH.
4-NIHCOCH.
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effect wvhile such was not true for subst:tuents in the
meta position. Large groups in the para pos tion will
eliminate promotive effects on elongation reggardless
of values for cr or r (10). A similar effect exists
for the pheny!acetic acids, as shown in table IV. w-here
the para position appears to be even miiore sens tive.
The difference between the observed and calculated
values for 4-BrPAA is 1.34 while that for 4-BrPOA
(10) is onlv 0.64 and the difference for 4-ClPAA is
0.76 while 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 hig,hly electrostatic in nature s nce the methyl
grouip is not much different in size from chI!oro. This

dependent on ox:lative imietabolismii (13). Since a iv
define(d as -loP=IgP;P-1 where Px is the parti-
tion coefficient of a derivative and PH that of a parent
molecul!e, can place equlation XII on a logP basis
since 10-oPH for POA = 1.21. Substituting i =

logP\- 1.21 into eqtlation XII y-ie'ds equation XVIII.

log -= 0.778logP. + 1.971
C.

(XVIII)

Equation XVIII can then be comupared with eqtuation
XIX fotund ('13) for the 50 % inhiibition of cell
dlivision in Arbacia egg byh arhiturate.
1s

u1 r s

19 0.960 0.171 ( XIX)log C = 0.80110lPx 1.07/;,!)C.i11

is in line vith the poor prediction for inhi}bitory 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 nmore
pronoulnced. Although 2.5-dich!orobenzoic ac.d pro-
miiotes elongation, 2,4-dichlorobenzoic ac.d is com-
pletelv inactive (20). Since (r andl rc are only slightly
different for chlorine in the 4- or 5-position, the
inactivity of the 2,4-.sonlmer miiust he due to a steric
effect.

The evidence from the (lata for the phenoxyacetic
acids, phenylacetic acids and benzoic ac:ds indcates
that the shorter the side chain hloding the carboxyl
group, the more suscept'ble the para position is to
steric inh.bition of the promotive effect on elongationl.

The effect of the 4-Substittient in the inhibitorx
actioni of the auxin mav be in part determ:ned by the
lengtth of the side chain holdng the carbox-d group.
For the phenoxyacetic acids the longer jside chain
places the 4-substituent in such a position that only
hydrophobic bonding is possible. For the phenvlacetec
acids, with a shorter side chaini, the 4-substituent is
positioned so that electrostatic effects increase the
degree of inhibitory action.

The inhibitory action of 2,4-dichlorophenoxyacete
acid has special interest in this connection. The sumii
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 valuie

for log is 4.0 and thus the inhibitory effect of
ci

the milolecule is qualitatively the same as foi other
POA derivatives.

It is of interest to compare the slopes an -I inter-
cept.s of equations XII anid XX I. The values ar-
extremely close indicating, as long as very highl
polar substituents are absent in 4-PAA derivatives.
precisely the same mechanism of action is involved.
It is worth comiiparing these equations with those found
for the inhibition of a variety of processes which are

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 metabolism (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
substtuents 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 showv, 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
betwveen the 2-stbstituents 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-sulbstituent 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-
quen-cy in substituted indole-3-acetic acid molecules
and its correlation \with c- (22) support the long-
standing hypothesis (7) that electron-withdrawin-
substituents activate the aromatic nucleus for auxin
effects. When steric and lipopthilic factors appear to
be constant, promotive activity of the indole com-
pounds parallels increased positive values of a-.

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