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n-Butyl 5-Chloro-2- 

pyrimidoxyacetate-a Plant 
Growth Regulator Analog 

Since the first demonstration of plant 
growth stimulation by substituted phen- 
oxyacetic acids (1), much attention has 
been directed toward this series of com- 
pounds in an attempt to correlate the 

position and type of substituent with ob- 
served growth promotion. The results of 
the many investigations aimed at the 
elucidation of the mechanism of growth- 
regulator action have been resolved into 
three general theories. 

One of these theories (2) supposes 
that there is a chemical reaction be- 
tween the regulator and appropriate 
groups, probably nucleophilic, on some 
plant substrate, resulting in the forma- 
tion of new convalent bonds. It has been 
shown that the most likely point of at- 
tack on the ring is at the positions ortho 
to the ether oxygen. Another theory (3) 
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Fig. 1. Structural formulas. 
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gives major importance to the shape of 
the regulator molecule and the spe- 
cificity of its "fit" onto some receptor 
within the plant. In this case, the 
benzene nucleus with its substituents 
acts as a whole at the locus or point 
of attachment, and chemical reactions 
at the ring are considered unlikely. 
The third and most recent theory, 
unlike the other two, is not concerned 
with the relations of the regulator with 
an "active site," but suggests that the 

growth-regulating activity of a com- 
pound is primarily associated with its 
ability to chelate metal ions, such as 

Mg++ (4).:' 
In order to make a comparative test 

of these theories, we have prepared the 
butyl ester of 5-chloro-2-pyrimidoxyace- 
tic acid (Fig. 1, II) (5). This compound 
is almost identical with the very active 
growth regulator, butyl p-chlorophenoxy- 
acetate (Fig. 1, I) in its size, shape, ring 
planarity, molecular weight, halogen 
and ester reactivity, and also in those 
physical constants which were measured. 
However, the pyrimidine offers no possi- 
bility of nucleophilic reaction in the po- 
sitions ortho to the ether oxygen (posi- 
tions 1 and 3), and an aromatic type of 
substitution has never been observed to 
occur in positions 4 or 6 of the pyrimid- 
ine nucleus. 

The plant growth regulatory activity 
of compounds I and II (Fig. 1) was 
measured by use of the oat coleoptile, 
wheat coleoptile, oat first-internode, and 
slit-pea curvature bioassays. In each 
case, the phenoxy ester was shown to be 
a highly active growth stimulator, while 
the pyrimidoxy ester was completely in- 
active. 

An example of this difference in ac- 
tivity is shown in Fig. 2. For these tests, 
4-mm sections of first internodes of dark- 
grown oat seedlings were rotated at pH 
5.0 in citrate-phosphate buffer containing 
2 percent sucrose and the compound 
under investigation at concentrations of 
10-3 to 10-7M (6). After about 20 hours, 
the oat sections were removed, their 
length was measured, and the data were 
subjected to statistical analysis. Results 
similar to those presented in Fig. 1 were 
obtained at pH 7.5 in 0.067M phosphate 
buffer, but were less clearly defined be- 
cause of a diminished difference in 
growth between the treated sections and 
controls under alkaline conditions (6). 

Consideration of the structure of com- 
pound II (Fig. 1) shows that it should 
be a chelating agent in the ways pro- 
posed for indole-3-acetic ester and for 
derivatives of phenoxyacetic acid. In ad- 
dition, chelation could occur through 
the two nitrogens as it does in similar 
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Fig. 2. Growth of oat first-internode sec- 
tions at pH 5.0. Values above the broken 
line, represent statistically significant pro- 
motion. 

ureas and pyrimidines. Regarding the 
specificity of its "fit" onto a receptor, 
the molecule is spatially almost indistin- 
guishable from that of compound I 

(Fig. 1) and while the pyrimidine ring 
would be expected to be more hydro- 
philic than the benzene ring, the recent 
descriptions of the high degree of plant 
growth stimulation by 2-pyridoxyacetic 
acid (Fig. 1, III) (7) indicate that lipo- 
philic character may not be as impor- 
tant as previously suggested. Conse- 
quently, the inactivity of compound II 

(Fig. 1) does not substantiate two of the 
current theories, and it leads us to con- 
clude that the ortho positions may in- 
deed bear an important relation to 
biological activity in the phenoxy acid 
series (8). 

DONALD G. CROSBY 

A. J. VLITOS 
Research Department, Union Carbide 
Chemicals Company, South Charleston, 
West Virginia, and Boyce Thompson 
Institute for Plant Research, 
Yonkers, New York 

References and Notes 

1. P. W. Zimmerman and A. E. Hitchcock, Con- 
tribs. Boyce Thompson Inst. 12, 321 (1942). 

2. R. M. Muir and C. Hansch, Ann. Rev. Plant 
Physiol. 6, 157 (1955). 

3. H. Veldstra, ibid. 4, 151 (1953). 
4. 0. V. S. Heath and J. E. Clark, Nature 178, 

600 (1956); E. J. Johnson and A. R. Colmer, 
ibid. 180, 1365 (1957). 

5. A paper describing the preparation and struc- 
ture proof of this compound is in preparation. 

6. J. P. Nitsch, in The Chemistry and Mode of 
Action of Plant Growth Substances, R. L. Wain 
and F. Wightman, Eds. (Butterworths, Lon- 
don, 1956), p. 3ff. 

7. H. Veldstra, ibid., p. 130; C. J. Gorter, Phys- 
iol. Plantarum 10, 858 (1957). 

8. The assistance of R. V. Berthold and I. D. J. 
Phillips is greatly appreciated. A paper giving 
further details of this work is in preparation. 

160 

s 1 40 
C __t 
0 
0 

2mioo 

2,4-D 4-CIP 5-CIPY 

80 

3456 3456 3456 M 
- Log Concentration 

Fig. 2. Growth of oat first-internode sec- 
tions at pH 5.0. Values above the broken 
line, represent statistically significant pro- 
motion. 

ureas and pyrimidines. Regarding the 
specificity of its "fit" onto a receptor, 
the molecule is spatially almost indistin- 
guishable from that of compound I 

(Fig. 1) and while the pyrimidine ring 
would be expected to be more hydro- 
philic than the benzene ring, the recent 
descriptions of the high degree of plant 
growth stimulation by 2-pyridoxyacetic 
acid (Fig. 1, III) (7) indicate that lipo- 
philic character may not be as impor- 
tant as previously suggested. Conse- 
quently, the inactivity of compound II 

(Fig. 1) does not substantiate two of the 
current theories, and it leads us to con- 
clude that the ortho positions may in- 
deed bear an important relation to 
biological activity in the phenoxy acid 
series (8). 

DONALD G. CROSBY 

A. J. VLITOS 
Research Department, Union Carbide 
Chemicals Company, South Charleston, 
West Virginia, and Boyce Thompson 
Institute for Plant Research, 
Yonkers, New York 

References and Notes 

1. P. W. Zimmerman and A. E. Hitchcock, Con- 
tribs. Boyce Thompson Inst. 12, 321 (1942). 

2. R. M. Muir and C. Hansch, Ann. Rev. Plant 
Physiol. 6, 157 (1955). 

3. H. Veldstra, ibid. 4, 151 (1953). 
4. 0. V. S. Heath and J. E. Clark, Nature 178, 

600 (1956); E. J. Johnson and A. R. Colmer, 
ibid. 180, 1365 (1957). 

5. A paper describing the preparation and struc- 
ture proof of this compound is in preparation. 

6. J. P. Nitsch, in The Chemistry and Mode of 
Action of Plant Growth Substances, R. L. Wain 
and F. Wightman, Eds. (Butterworths, Lon- 
don, 1956), p. 3ff. 

7. H. Veldstra, ibid., p. 130; C. J. Gorter, Phys- 
iol. Plantarum 10, 858 (1957). 

8. The assistance of R. V. Berthold and I. D. J. 
Phillips is greatly appreciated. A paper giving 
further details of this work is in preparation. 

31 March 1958 31 March 1958 

_j^r3r _j^r3r 

SCIENCE, VOL. 128 SCIENCE, VOL. 128 480 480 


