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The conformation of the side chain of indol-3-yl-acetic acid conjugates with amino acids
(L-alanine, glycine, L-i-leucine, L-o-aminobutyric acid, pL-aspartic acid, pr-phenylalanine, and
S-aminovaleric acid) has been studied by 'H-NMR-NOE-difference spectroscopy. Comparison
with the conformation in the solid state is given in the light of structure-activity relationships.

Introduction iological or pharmacological effects, so far difficult to
define, which appear to be caused by the conjugates

Since the structure of the plant growth hormone ) i
themselves [6]. More detailed knowledge on their

indol-3-yl-acetic acid (IAA, natural auxin) was es- ) . :
=ablished in 1934 [1], considerable efforts have been ~ Molecular structures, in the solid state and in solu-
devoted to the subject of auxin activity [2]. The pres- UOI_]’ may provide thej Clu‘? to their me.chamsm. of
ence of bound auxin in the seeds of cereals was first action. To produce a biological effect auxin must first
demonstrated by Cholodny in 1935 [3]. The deriva- be attached to some receptor. There are experiments
tives themselves were described by Cohen and Ban-  Suggesting that one of the receptor sites is a glycopro-
durski [4]. To date, bound auxins or auxin conju- tein connected to the plasma membrane [2]; in this
gates have many times been found in plant material ~S€s€ IAA conjugates are model compounds. At
of various origin where they are frequently more present structural and stereochemical data on IAA,
abundant than the free hormone [4]. As far as iden- its conjugatc:s al}? chemically related compounds are
tified, they mostly contain IAA linked by ester, gly- ~ S¢arc¢: Th? H, C_NMR.and IR data for m_d‘oly]ace-
cosidic, or amide bonds to a host of compounds in- tic acids with the side chain attached to position 1, 2,

cluding even biopolymers. Naturally occurring con- 20 3 of the aromatic ring (7], some other 3-substi-
jugates of IAA are supposed to be storage forms tuted lndc?le derivatives [8—10], .and N, -acetyl-N,-
which are hydrolyzed to the free hormone as re- 1AA-L-lysine [11] have been published. NMR spec-
quired for concerted plant development [4]. Non- tral assignments for other IAA-amino acid conju-
natural conjugates have been used as slow-release ~ 8ates have not been reported. Moreover, nothing is
sources of auxin to manipulate growth and differenti- ~Known about the conformational behaviour of the

ation in plant tissue culture [5]. There are also phys- Side chain in these compounds which must play some
biological role [2, 12]. Systematic analysis of struc-

tural parameters and electronic properties of IAA
amino acid conjugates may help to understand their
widely different biological activities. The conforma-
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1: IAA-L-Ala: R =CHj
2: IAA-Gly: R=H
3: IAA-L-lle: R = CH(CH3'%)CH,'2CH,!?
4: JAA-L-Abu: R = CH,CH,'?
5: JAA-DL-Asp : R = CH,COOH
6 : IAA-DL-Phe : R = CH,Ph
o o
10 12
N OH
| 1 13
\ H
N
\
H 7: IAA-8-Ava

Fig. 1. Formulae of amino acid conjugates of indolyl-3-
acetic acid (1-7).

Experimental

A general method to prepare amino acid conju-
gates of IAA is the aminolysis of the mixed an-
hydride formed from indol-3-yl-acetic acid and ethyl
chloroformate [13]. According to the extension and
modification [5] of this method most of the common
L-amino acid conjugates have been synthesized [6].
Syntheses of IAA-pL-Asp (5) and IAA-3-Ava (7)
were performed according to those in references 14
and 15, respectively.

NMR spectra were obtained at ambient tempera-
ture on a Bruker AM-400 spectrometer operating at
400.1 MHz ("H) equipped with an Aspect 3000 com-
puter. Sample concentrations were about 0.1 to
0.3 M in dimethylsulphoxide-ds. All chemical shifts
were referenced to the solvent (8=2.49). Samples
were not degassed.

The steady-state NOE-difference spectra were
measured using a standard pulse sequence in which
the subtraction is done by 0°/180° phase shifts. We
used the minimal decoupler power required to ob-
serve a maximal magnitude of NOE enhancements
with an irradiation time of two times the proton
relaxation time T;('H) and a delay five times the
T,(*H) of the proton of interest. At these conditions
minimal artifacts (SPT-effects) were also observed.
Typical parameters were a 4500 Hz spectral width,
32 scans for each position of irradiation and 16 K
data points. The NOE magnitude is the ratio (in per
cent) of the positive integral intensity relative to the
negative one at the irradiation position observed in
NOE-difference spectrum. The signal-to-noise ratio
was sufficient to obtain NOEs within an experimen-
tal error of +1%.

Preliminary T;('H) values were determined using
the standard inversion recovery pulse sequence with
a 10 s delay between the transients. The pulse inter-
vals varied incrementally from 0.1 s to 15 s. The 90°
pulse width was 12.5 us. The data acquired were
analyzed by the computer.

il

Results and Discussion

Conformation of the side chain in the solid state
(X-ray data)

The X-ray structure analysis of IAA-L-Ala (1,
Fig. 2), TAA-L-Ile (3, Fig. 3), IAA-pDL-Asp (5,
Fig. 4) and IAA-0-Ava (7, Fig. 5) has revealed the
conformation of the side chain [16]. Torsion angles,
defining its conformation, determined from X-ray
and NMR data are given in Table 1.

Fig. 2. Perspective view of 1 illustrating the conformation
in the solid state.
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Table I. Torsion angles (deg) in some IAA-amino acid conjugates; X-ray (1. entry) and
NMR* data from this work (2. entry).
1 3 5
6, C2-C3-C8-CO —111.2/-80%10 110.3/%90 —113.0/=90
6, C3—C8-CO—-NH 6.9/0 & 180 — 18.7/#0 & 180 20.9/0 & 180
6; C8—CO—-NH-C10 174.6/180 177.2/— —174.0/—
6, CO-—NH-C10-COOH — 76.3/—80 — 78.4/-80 —158.5/—160
H9-NH-C10-H10 —155/0—-40 151/=150 180/—
* Signs are derived from the molecular model.
z
N

Fig. 3. Perspective view of 3 illustrating the conformation
in the solid state.

Fig. 4. Perspective view of 5 illustrating the conformation
in the solid state.

Fig. 5. Perspective view of 7 illustrating the conformation
in the solid state.

In these structures the side chain is close to be
perpendicular to the indole ring plane (8, in Table I)
with some slight tilt towards the benzene ring (for 1,
3, and 5). The NH-amide group faces the indole ring
(above C3 atom, —18.7° < 6, < 20.9°), while the
carbonyl group is in the opposite direction (C3—
C8—C9—0 torsion angle being —179.7° for 1,
—162.9° for 3 and —160.2° for 5). However, in the
crystal structure of 7, the conformation about 6,
(—135.3(5)°) is different. The orientation around 6;
is trans (E) (Table I, Fig. 2 and 6—9). The in-
tramolecular hydrogen bonds in the crystal structures
of TAA-L-Ala (1) and IAA-pL-Asp (5) reduce the
flexibility along the NH—C10 bond: in the crystal
structure of 1the O=C—-OH --- O=Ctype andin§
the NH --- O=C— OH type involving the peptide
nitrogen [16].

'H NMR measurements

The 'H NMR spectral assignment was performed
on the basis of chemical shifts, signal intensities, mul-
tiplicities and NOEs. The results are given in the
Tables 11— VIII.
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Table II. '"HNMR data (8, J, T, and NOE) of IAA-L-Ala (1), in DMSO-d.

Proton  Chemical  Coupling Relax.  Nuclear Overhauser
shift constant time effects™®
d[ppm]  J[Hz] T,[s]  NOE [%]
H1 10.82 B 1.0 10 (H2), 5 (H7)
H2 7.18 2:3 (H1) 2:1 2 (H8,8").8 (H1)
H4 155 7.8 (HS) 1.5 17 (HS)
HS 6.96 7.8 (H4), 1.5 8 (H6). 10 (H4)
1.1 (H7),
9.8 (H6)
H6 7.05 8.1 (H7), 1.6 2 (H5), 8 (H7)
1.2 (H4),
9.8 (HS)
H7 7.32 8.1 (H6) 2.4 10 (H6), 4 (H1)
HS, 8’ 3.52 1.8 (H2) 0.5 5 (H2). 6 (H4),
8 (H9)
H9 8.23 7.3 (H10) 0.6 5 (HI11), 7 (HS8, 8'),
5 (H10), 2 (H4).
2 (H2)
H10 4.20 7.3 (H11, H9) 1.8 3 (H9), 8 (H11)
H11 1.26 7.3 (H10) 0.5 5 (H9). 12 (H10)

* NOEs observed for the signalsindicated when the proton at the left-hand
side of the row is irradiated.

Table III. '"H NMR data (8, J, T, and NOE) of IAA-Gly (2), in DMSO-dq.

Proton  Chemical  Coupling Relax.  Nuclear Overhauser
shift constant time effects®
d[ppm]  J[Hz T.[s]  NOE [%]
H1 10.86 - 0.9 12 (H2), 7 (H7)
H?2 7.20 2.3 (H1) 2.1 10 (H1), 2 (H8, 8'),
1 (H9)
H4 7.54 7.9 (HS) 1.9 3 (H8, 8'), 15 (H5)
HS5 6.94 1.1 (H7), 1.5 14 (H4), 12 (H6)
8.1 (H4, H6)
H6 7.04 0.7 (H4), 1.4 7 (HS), 11 (H7)
7.9 (HS5, H7)
H7 7.33 8.1 (H6) 2.2 5 (H1), 10 (H6)
H8, 8 3.56 - 0.5 8 (H2), 7 (H4),
7 (H9)
H9 8.16 5.8 (H10) 0.8 1 (H2),2 (H4),
5 (H8, 8'),
9 (H10, 10)
H10,10 3.74 5.9 (H9) 0.6 8 (H9)

* NOEs observed for the signals indicated when the proton at the left-
hand side of the row is irradiated.
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Table IV. '"HNMR data (8, J, T, and NOE) of IAA-L-Ile (3), in DMSO-d.

Proton  Chemical  Coupling Relax.  Nuclear Overhauser
shift constant time effects™
d [ppm]  J[Hz] T,[s]  NOE [%]
H1 10.82 - 0.9 9 (H2).5 (H7)
H2 7-17 22 H1D 1.9 6 (H1), 2 (HS, §8),
1 (H13, 14)
H4 7.55 8.0 (HS) 10 8 (HS5), 4 (H8. 8').
1 (H13. 14)
H5 6.95 8.0 (H6), 1.4 10 (H4). 4 (H6)
8.0 (H4),
1.0 (H7)
Ho6 7.06 7.9 (HS), 1.5 9 (H7).9 (H5)
7.9 (H7),
0.9 (H4)
H7 7:32 8.1 (H6), 2.2 9 (H6), 3 (H1)
0.7 (H1)
HS 3455 14.8 (H8'), 0.4
0.5 (H2) 3 (H9)., 2 (H4)**,
2 (H2)
H8’ 3.62 14.8 (HS), 0.4
0.5 (H2)
H9 8.04 8.5 (H10) 0.5 6 (H8, HY'),
S(HI13,14), 1 (H2),
1 (H4), 2 (H10)
H10 4.19 8.5 (H9), L.l 5(H13,14),5(H11),
6.0 (H11) 2 (H9)
H11 1.77 i 0.7 9(H13,14),4(H10).
3 (H9)
H12 1.16 M 0.4 10 (H11),5(H13,14),
6 (H12')
H12' 1.39 o 0.4 2(H13.14),7 (H12)
H13,14 0.82 7.6 (H12) 0.6 14 (H12), 12 (H12),

16 (H11), 10 (H10),

2 (H4)

* NOE:s observed for the signals indicated when the proton at the left-

hand side of the row is irradiated.
** Simultaneous irradiation of both H-8.
*** Multiplets are not analyzed.

NOE techniques are unique in their ability to de-
tect interactions between nuclei through space inde-
pendent of the number of bonds between them.
However, in reality, NOE conformational studies
are complicated by numerous experimental difficul-
ties [17]. Therefore, in the case of flexible molecules
the prospects for a quantitative analysis are rather
pessimistic.

The approach used in this study was confined to
the consideration of NOEs as an information about
which spins are close to each other. On this basis, it
was possible to identify qualitatively conformations
existing in the solution in considerable amounts, but
it is extremely difficult to rule out the presence of
small proportions of other conformers. It was advan-
tageous that most of the compounds studied here
showed restricted side-chain mobility.
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Table V.'HNMR data (9, J, T;and NOE) of IAA-L-Abu (4).in DMSO-d.

Proton  Chemical  Coupling Relax.  Nuclear Overhauser
shift constant time effects™
d[ppm]  J [He] T,[s]  NOE [%]
H1 10.84 = 0.8 4 (H7). 8 (H2).
1 (H12)
H2 7:19 - 1.9 6 (H1), 3 (HS. 8"),
1 (H9)
H4 7.57 7.9 (HS) 1.6 13 (HS5), 2 (H8, 8")
HS5 6.91 7.8, 7.9 1.3 9 (H6), 11 (H4)
(H4, H6)
H6 7.06 8.0 (H5,H7) 1.4 14 (HS5). 11 (H7)
H7 7.33 8.1 (H6), 2.0 4 (H1), 12 (H6)
0.7 (H1)
HS. 3.55 14.9 (H8") 0.4
4 (H2)™*,
4 (H4).7 (H9)
Hg’ 3.60 14.9 (H8) 0.4
H9 8.18 7.7 (H10) 0.5 2 (H4),2 (H2),
3 (H10), 6 (H8, 8'),
3 (H12), 2 (H11),
1 (H11)
H10 4.14 i 1.3 4 (H11). 4 (H11'),
4 (H12), 2 (H9)
H11 1.63 . 0.4 S(H11"), 11 (H12),
3 (H10), 2 (H9)
H11’ 1.73 e 0.4 10 (H11), 9 (H12),
4 (H10). 1 (H9)
H12 0.86 7.4 (H11) 0.8 8 (H11), 8 (H11"),

2 (H1). 8 (H10)

* NOE:s observed for the signals indicated when the proton at the left-

hand side of the row is irradiated.
** Simultaneous irradiation of both H-8.
#** Multiplets are not analyzed.

IAA-L-Alanine (IAA-L-Ala, 1)

There is a strong evidence for the trans-(E-)config-
uration of the side chain around the C9—N bond
(torsional angle 65, Fig. 6) in this molecule (as in all
others 2 to 7) in solution: strong and mutual NOE
enhancements (Table II) are observed between HS8/
H8 and H9 (NH) (7—8%) but not between H8/HS8’
and H10 as well as not between H8HS8' and H11,
i.e. the methyl protons of the alanine residue (see
Fig. 6). Moreover, the NOE observed between HS8/
H8" and HY is consistent with a torsional angle of
0,=ca. 180° (i.e. opposite to the crystal structure,

Fig. 2). On the other hand, the observed NOEs be-
tween H9 and H2 (ca. 1%), H9 and H4 (ca. 2%).
H8HS8 and H2 (2—-5%), and H8H8" and H4
(5—6%) can only be accommodated in another con-
formation with 8; (C2-C3-C8-C9) = ca. |90°
and 6, (C3—C8—C9—-N) = 0° (i.e. the same one
which was observed in solid state [16], cf. Fig. 2).
The observed *J(H9—H10) value of 7.3 Hz. the sig-
nificant NOE between H9 and H10 (3—5%). as well
as between the methyl protons and H9 (5%) are in
agreement only with a 6; (C9—N-C10-C11) ar-
rangement as depicted in Fig. 7:
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Table VI. 'H NMR data (8, J, T, and NOE) of IAA-pL-Asp (5), in

DMSO-dq.
Proton  Chemical = Coupling Relax.  Nuclear Overhauser

shift constant time effects™

d[ppm]  J [Hz] T,[s]  NOE [%]
H1 10.83 = 0.8 5 (H7).7 (H2)
H2 717 2.0 (H1) 1.8 6 (H1), 2 (HS, 8"
H4 7:51 7.9 (HS) 1.7 13 (HS). 2 (H8. 8")
HS 6.95 8.0 (H4, H6) 1.3 7 (H4), 5 (H6)
H6 7.03 8.1 (H5,H7) 1.4 4 (H5), 10 (H7)
H7 7.32 8.1 (H6), 2.1 4 (H1),9 (H6)

0.7 (H1)
HS, 8 3.54 = 0.6 3 (H2). 3 (H4).
3 (H9)

H9 8.26 7.9 (H10) 0.5 3 (H8,8), 3 (H10),
H10 4.54 7.1 (H11,H9)1.2 2 (H9)
H11 2.59 16.6 (H11') 0.3 21 (H11"), 3 (H9)
H11’ 2.69 16.6 (H11), 0.4 18 (H11)

5.6 (H10)

* NOEs observed for the signals indicated when the proton at the left-

hand side of the row is irradiated.

NOE

Indolyl

Fig. 6. Stereoprojection of partial structure of 1—7.

H,C
NOE /
H® (6]
\
NOE / COOH
HIO

IAA-L-Ala (1), conformer with 8, = 180°

Fig. 7. Newman projection of 1 (conformer with 6, =180°).

Here, the torsional angle between H9 and H10 is
appr. 0° to —40° (for the conformer with 6, = 0°)
according to Bistrov’s equation [18], a value of 6,
which is close to the observed one in the solid-state
structure of 1.

The above results show that IAA-L-Ala (1) in
DMSO-ds exists in a conformational equilibrium
consisting mainly of two forms as a result of a rota-
tion around 6, (= 0° and 180°, respectively). How-
ever, it should be noted that our results do not allow
to decide whether 6, is ca. —90° (like in the solid
state, Fig. 2) or +90° (rotation of the indolyl moiety
by 180° with respect to the side chain). We assume
that only these conformers are well-defined ther-
modynamically by virtue of steric and electrostatic
(dipole-dipole) effects caused by the interactions be-
tween the mobile side chain and the indole moiety.

The observed NOEs in IAA-L-Ala in D,O solution
are qualitatively and quantitatively identical with
those in DMSO-d¢ except that conversion of NH to
ND cancels the respective NOE effects. This tends to
support the conclusion that the conformations of
IAA-1L-Ala in the two solvents are identical.
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Table VII. '"H NMR data (8, J, T, and NOE) of IAA-pL-Phe (6), in

DMSO-d,.
Proton  Chemical  Coupling Relax.  Nuclear Overhauser
shift constant time effects™
5[ppm]  J[Hz] T.[s]  NOE [%]
H1 10.79 - 0.8 8 (H2),5 (H7)
H2 7.05 - 1.7 4 (H1D
H4 7.39 7.8 (HS) 1.7 18 (HS)
HS 6.90 7.9 (HS), 1.3 9 (H6), 9 (H4)
7.1 (H6)
H6 7.02 8.0 (H7), 1.5 8 (H5), 8 (H7)
0.9 (H4)
H7 7.30 8.1 (H6), 2.4 3 (H1), 12 (H6)
0.6 (H1)
HS8, H8" 3.49 - 0.4 4 (H9), 2 (H4),
3 (H2)
H9 8.14 8.12 (H10) 0.5 3 (H8, H8")
H10 443 L 1.0 1 (H11), 1 (H11"),
3 (H9),4 (H12)
H11 2.86 9.3 (H10), 0.3 4 (H11'), 1 (H10)
13.8 (H11")
H11’ 3.03 4.8 (H10), 0.3 11 (H11), 1 (H10)
13.7 (H11)
H12 7.16 o 1.3 il
(ortho)
H13 7.19 s 1.3 A
(meta)
H14 7.16 = 1.6 e
(para)

* NOE:s observed for the signals indicated when the proton at the left-

hand side of the row is irradiated.
** Multiplets are not analyzed.

*** The resonances within the phenyl ring are too close to each other to

display any NOE.

IAA-Glycine (IAA-Gly, 2)

From the observed NOEs (Table III) it appears
that the conformational behaviour of this molecule in
DMSO-dg solution is the same as that of 1.

IAA-L-1le (3)

The NOEs and coupling constants monitored in
DMSO-d¢ (Table 1V) give evidence for a higher flex-
ibility of the mobile side chain in comparison with 1.
The observed *J(H10,H11)=6 Hz can be inter-
preted as an averaged value caused by a rotation
around 6s. There is also some evidence for different

rotational properties of 3 with respect to the torsion-
al angles 8, and 6,. Thus, NOEs between H2 and
H13/14 as well as H4 and H 13/14 suggest that 0, is
different from | 90° | and 6, different from 0° or 180°,
namely 6, = —30° and +150°, respectively. Thus, in
contrast to 1, here we have an experimental proof
that in solution the indolyl moiety may adopt two
different orientations with respect to the asymmetric
side chain. The weaker H9—H 10 NOE enhancement
in comparison with 1 and a *J(H9—H10)=8.5 Hz
suggest the torsional angle 6, between H9 and H10
to be in the range of 90°—180° instead of 0°—90° as
observed in 1 (see Bistrov’s equation [18]). So. this
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Table VIII. 'H NMR data (9, J, T, and NOE) of IAA-8-Ava (7), in
DMSO-dg.
Proton  Chemical  Coupling Relax.  Nuclear Overhauser
shift constant time effects™®
d[ppm]  J [Hz] T,[s]  NOE [%]
H1 10.83 = 0.9 4 (H11, 117),
4 (H10, 10"), 8 (HS),
8 (H2), 8 (H7)
H2 7.16 2.3 (H1) 2.0 3:(H11, 11', 12,12"),
2 (H8,8"),7 (HI1),
1 (H10, 10")
H4 7.53 7.8 (HS5) 1.7 14 (H5), 2 (H8, 8')
HS 6.95 7.93 (H4, H6), 1.4 11 (H6), 12 (H4)
1.0 (H7)
H6 7.05 8.0 (H5, H7), 1.5 8 (HS), 12 (H7)
1.1 (H4)
H7 7.32 8.1 (H6), 22 12 (H6), 4 (H1)
0.8 (H1)
HS, 8’ 3.47 - 0.5 3 (H13), 4 (H2),
4 (H4), 7 (H9),
3 (H10), 5 (H11)
H9 7.87 5.5 (H10) 0.6 7 (H10), 4 (H11),
5 (H8, 8'),
2 (H13, 13")
H10, 10" 3.02 5.5(H9) 0.5 4 (H13), 8 (H12),
7 (H11), 5 (H9)
H11, 11" 1.40 ¥ 0.5 9 (H13), 16 (H10),
4 (H9)
H12, 12" 1.47 = 0.5 17 (H13), 13 (H10),
1 (H8, 8"),2 (H2)
4 (H9)
H13, 13’ 2.18 7.2 (H12) 0.7 8 (H11, 11, 12, 12')
* NOE:s observed for the signals indicated when the proton at the left-
hand side of the row is irradiated.
** Multiplets are not analyzed.
torsion angle can be estimated to be ca. —150° COOH 6y~ -160° 110
(Fig. 8a), the same as in the crystal structure of 3 6, = -80° HOOC
[16].
H’ ——=0 HY —0
IAA-L-a-Aminobutyric Acid (IAA-L-Abu, 4) R
The conformational features of the side chain in 4 HI0
;g : : 150° CH,COOH
are similar to those in 3 (Fig. 8a). The NOEs (Ta- 2
ble V) between H9 and H2 (1-2%) as well as H9
and H4 (1—2%) suggest some rotational freedom - B
around the torsional angles 6,, 6,, 64, and 6s. The IAA-LTE () IAALAsp (5)

H9-H10 NOE effect (2—3%) and the value of
3J(H9—H10)=7.7 Hz render the torsional angle 6,
ca. —150° like in the case of 3 (Fig. 8a).

IAA-L-Abu (4)
Fig. 8. Newman projections, (a) 1 (6,=0°), 3 and 4, (b) 5.
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IAA-pL-Aspartic Acid (IAA-DL-Asp, 5)

Similar to the situation in the case 1, a conformer
with 8; = 90° is present because significant NOE of
2—3% are found for the pairs H8§—H2, H8—H4.
Overhauser effect are present between H9 and HS
(3%) proving the existence of a trans-arrangement
for B,, a finding again in contrast to that in the solid
state (Fig. 8). The presence of the respective cis-con-
former cannot be ascertained by our experiments.

The molecule shows some conformational restric-
tion about the torsional angles 6, and 65 with pre-
dominance of the conformation observed by the X-
ray analysis (Fig. 8b). There are two vicinal coupling
interactions between the H10 and the two H11 pro-
tons (6.8 and 5.6 Hz) and the value of *J(H9—H 10)
is 7.8 Hz.

IAA-DL-Phenylalanine (IAA-DL-Phe, 6)

As for 5, NOEs were detected between H8/HS’
and H2 (3%), H8/H8" and H4 (2%) as well as H8/
H8" and H9 (3—4%) but not between H9 and H2 or
H9 and H4 suggesting that 0, is predominantly ca.
90° and 6, ca. 180°. In addition, weak NOEs are
observed between H10 and the two anisochronous
H11 protons. The vicinal coupling constant
3J(H9-H10) is 8.2 Hz and two different °J were
measured between H10 and the two H11 protons

Indolyl

H'!'" NH(CO)

COOH

(9.8 and 4.8 Hz). Moreover, no NOEs were ob-
served between the protons of the two benzene rings
(from the side chain and the indole ring) but a shield-
ing effect is present for H4 and HS. All these data
can be related to a conformationally restricted struc-
ture of 6 in solution, without any hydrogen-bonding
between the CO and COOH groups as shown in
Fig. 9.

IAA-0-Aminovaleric Acid (IAA-6-Ava, 7)

The NOEs H8/H8" and H2 (3%), H8/H8' and H4
(3%) as well as H8/H8" and H9 (5—7%) suggest
again a preferred conformational behaviour about
0,, 6,, and 65 similar to that of 1, 5, and 6. This time,
those findings are consistent with the conformation
obtained in solid state (Fig. 5).

However, there are significant NOE signal en-
hancements for the pairs H9 and the two H10
(5=7%) as well as H9 and the two H11 (4%). The
first indicates a cis-arrangement around 6,, the sec-
ond a trans-arrangement for the same fragment. Ad-
ditional NOEs between the atoms H9, H11, H12
and H 13 confirm the flexibility of this part of the side
chain.

Structure-activity relationships

IAA amino acid conjugates promote growth in
plant stem sections, and they influence callus prolif-

Fig. 9. Newman and stereoprojections
of 6.
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eration and organogenesis in plant tissue culture [5,
6, 19]. The different steady state concentrations of
free auxin formed by enzymatic hydrolysis of the
individual conjugates appear to be the main factor
determining their physiological activities, which
depend on both their structures and the plant system
[5, 20]. A further step towards the growth response
would be binding of the IAA liberated to one or
more of the auxin receptor proteins, three types of
which have so far been described [2]. Competition of
free and conjugated IAA at the receptor sites is a
possibility rarely considered, although it would read-
ily explain the specific interaction of free and bound
auxin in some plant systems [6, 21].

Because of this complex mechanism of action, it is
difficult to correlate the structures and physiological
activities of IAA amino acid conjugates. A further
obstacle is the fact that the seven compounds studied
here have not been assayed in the same plant system.
In Solanum nigrum callus [6] IAA-Ala was most ac-
tive, while the concentrations necessary to achieve a
comparable physiological response (half-optimal cal-
lus weight) were about 10-fold for IAA-L-Abu, 30-
fold for IAA-Gly and TAA-8-Ava, and 100-fold for
IAA-L-Ile. In soybean cotyledon callus [19], 200
times the amount of JAA-Asp was required to match
the effect of IAA-Ala, while the two conjugates were
of equal activity in Avena coleoptyles [19]. IAA-Phe
was very inactive (numerical values not provided) in
both systems [19].

This work is only a first attempt to obtain some
insight into structure-activity relationships for IAA
conjugates. It appears that, in solution, the hydro-
phobic tails of the long-chain aliphatic amino acids
tend to cluster around the indole ring while the
—CONH- and COOH groups tend to converge into
a hydrophilic pole, thus rendering the molecules ex-
ceedingly amphipatic. Such conjugates would then
tend to concentrate in lipoid-aqueous phase bound-
aries rather than in aqueous solution, such as in the
cell vacuole, which may compartementalize them
away from hydrolytic enzymes. This could explain
their poor physioiogical activity. Also, at the active

W

3

site of an enzyme which can optimally accommodate
the relatively water-soluble IAA-Ala, an additional
energy input may be required for the higher amino
acids to achieve the orientation at the protein surface
required for cleavage of the amide bond. The ben-
zene ring in IAA-Phe, although not too close to the
indole moiety, is still on the same side of the
molecule in solution. It is apparently locked in that
position, and it is more rigid than an aliphatic side
chain. So this compound may well be the most am-
phipatic, as it is the least active of the conjugates
studied here. IAA-Asp is normally formed by plants
to regulate endogenous auxin levels. So its hydrolysis
should be the task of special housekeeping enzymes,
which may well be different from those cleaving the
other amino acid conjugates considered in this work.

Another way to look at the data obtained would be
to view IAA amino acid conjugates as models for
IAA bound to a receptor protein. There are indeed
good reasons to assume that the carboxyl group is a
primary binding site (most active auxins are acids),
although no amide bond is formed at the receptor
(binding is reversible). The hydrophobic tails of the
binding and neighbouring amino acids would then
tend to cluster around the indole ring in specific pat-
terns, as they do in IAA conjugates with i-leucine
(Ile), a-aminobutyric acid (Abu) and 6-aminovaleric
acid (6-Ava). This could, at least in theory, be the
way how a receptor site recognizes IAA, while many
structurally related compounds could also be
adopted with relatively low energy input for defor-
mation of the flexible aliphatic tails of the respective
amino acids.
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