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INTRODUCTION

Although the study of plant growth regulators is not
a particularly new field of endeavor, this area of work has
received its greatest attention during relatively recent
yvears. Proof of this statement is realized when one con-
siders that the number of publications on the subject has
increased from fifty in 1930 to a few hundred in 1950.l
Academic, governmental, and industrial groups all have con-
tributed to this increased interest in the field.

The first attempts to determine the chemical nature of

plant growth stimulators were made by Fitting 253

more than
forty years ago. Howsever, the chemistry of these substances
received little further study for a number of years.

Today the available literature on the subject of plant
growth substances has reached tremendous proportions. Some

of the many general references, including books and review

lF. Skoog, "Plant Growth Substances," University of
Wisconsin Press, Madison, Wisconsin, 1951.

°H. Fitting, Z. Botans., 1, 1 (1909).
3H. Fitting, ibid., 2, 225 (1910).



articles, may be cited.l’4’5’6’7’8’9’10’11’12’13’14’15’16

So great is the volume of the original literature, however,
that no attempt has been made in most of the general works

to include all the sources of original work which have con-
tributed in one way or another to the over-all knowledge of

plant growth substances. Because of the magnitude of the

4F. W. Went and K. V. Thimann, "Phytohormones,'" The
Macmillan Company, New York, N. Y., 1937.

K. V. Thimann and J. Bonner, Physiol. Revs., 18, 524
(1938).

6F. A, Gilvert, Chem., Revs., 39, 199 (1946).

7K. V. Thimann in G. Pincus and K. V. Thimann, "The
Hormones: Physiology, Chemistry, and Applications,"
Academic Press, Inc., New York, N. Y., 1948, Vol. 1, pp. 5,
75+

8A. G. Norman and R. L. Weintraub, Natl. Research
Council, Natl. Acad. Sci., Washington, D. C., Chem.~-Biol.,
Coordination Center, Pub. No. 206, 45 (1951).

%. G. Norman, C. E. Minarik, and R. L. Weintraub,
Ann. Rev. Plant Physiole., 1, 141 (1950).

10¢. £. Blackman, W. G. Templeman, and D. J. Halliday,
ibid., 2, 199 (1951).

115, Bonner and R. S. Bandurski, ibid., 3, 59 (1952).

=,

127, van Overbeek, ibid., 3, 87 (1952).

134, veldstra, ibid., 4, 151 (1953).

144, s, crafts, ibid., 4, 253 (1953).

15y. H. Freed, J. Agr. Food Chem., 1, 47 (1953).

. L. Weintraub, ibid., 1, 250 (1953).
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- available literature, the present work will often contain
references to general works rather than original works
unless the original work has special significance in thé
discussion at hand. Very often the original work, though
quite helpful, did not assume its present importance until
later workers tied together the more or less isolated facts
~to give a somewhat integrated picture from a broader view.
Certainly the present discussion is in no way meant to be
complete, although emphasis will be placed on more recent
developments which are of greatest interest from the point
of view of the chemist.,

The choice of compounds whose syntheses were carried
out or attempted in the present work was based on the rela-
tionship of certain structural features of the desired com-
pound to those of substances of known plant growth activity.
The selection of compounds fell into three main categories,
First, it was aimed to prepare some entirely new types which
might be particularly effective. Second, some syntheses
were carried out using models of known types but making
alterations which were calculated to enhance appreciably
the activity. Third, an examination was initiated of some
types to throw light on the essentiality of some fuﬁctional

groups.
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HISTORICAL
Types of Action and Test Methods

When a plant is treated with one of the many plant growth
ﬂﬁﬁstangaa, it may respond in any one of a number of ways,
or it may respond in several ways at the same timﬁ.atlB
These responses may be observed a&s stimmlation of cell elone
gation, initiation of roots, induction of parthenocarpy,
modification of organs (formative effects), control of ab-
sclssion or of bud development, and inhibitlon of root growth
or of sced germination, As it 1s generally belleved that
gstimulation of cell elongation represents the simpleSt
morphologleal effect of the growbth regulators, this type of
action has been more extensively studled than have the other
types.

When one compares the activities of different compounds,
it is essentlal that the comparison be made of results obw
tained from the same test method, Fallure to consider the
type of response from which the results were taken can only
lead to confusion, as the effects brought about by a group
of compounds in one type of test may not parallel those
observed in another test.

Fur%hérmar@,’it is important to keep in mind in

expressing the results of a glven test method that the
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quantitative response teo a stimulating agent is described
by an activiby curve with a maximm, for the action at
highér concentrations always becomes an inhibitory one.
However, this maximal response is not atitained b& all com-
pounds at the same cconcentration. Therefore, i% is often

- desirable that the activities be wmeasured at a series of
concentrations in order to deteruine an activity curve.
Sometimes it is more Important to know relatlve activities
than absolute activitles; then 1t is particularly important

that the tests be carried out under identieal conditions,
Structural Requirements for Activity

A critical study of the structural features of a physiw-
alagicaily active compound may prove very fruitful from two
points of view., In the first place, the study may lead %o
some interesting answers, or at least sgpeculatlions, as to
the node of action. Secondly, such study ls of great sssist-
ance In the search for a compound whileh has even more desire
able characteristics to £ill the needs of the problem at
hand, Fortunately, ccmparad‘ta %ﬁ@ sibuation which exists
in nmost sueh studies, the compounds to be studled and the
methods by whilch they are tested are relatively simple, and

thus lend themselves to analysis rather nieely. However,



in spite of such enconragement, the present state of the
study leaves much to be learned,

Following some earlier invagtigaﬁ&mnalB on the relatlion
bebtween structure and activity, Koepfll, Thimann, and W&nt17
formulated the five structural requirements for stimulatlon
of cell elongation wﬁiah~hava become so well-known, These
requirements consist of (a) a ring system as mucleus; (b) a
double bond in this ring; (e} a zide chain; (d) a carboxyl
group (or a structure readlly converted to & carboxyl group)
on this side ohain at least one carbon atom removed from the
ring; and (g) a particular space relationshlp between the
ring and the carboxyl group. Since the formulation of these
requirements for activity, & large numbsr of compounds have
been tested, and the reguirements have been restated in dif-
ferent farms‘8*lg The restatements had thelr basls in the
fact that some compounds which met the requirements were
inactive, whereas certain other compounds which falled to
meet them were active.

In 1944 Veldstral? condensed the five requirements as

set up by Koepfli and co-workers inteo two:r (I) a basal

1734 B, K(‘)ﬂ"pfli e Vo mm&m; and ¥, W, Went, ::LL Blol,
Chem., 122, 763 (1938) - S—

lﬁﬂ. Je ﬁﬁﬁ&%, Blol. Revs, Cambridge Fhil. Soc,, gg,
51 (1949} . . |

194, Veldstra, Inzymologia, 11, 97, 137 (19h%).

*
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ring system with high surface activity [{ﬁ} and {b) in the
earlier theory|; and (II) a cerboxyl group (or its dipole)
in a very definlte spatial positlon with rvespect to this
ring system {out of its plane) [(Q), (d), and (¢) In the
earlier theory].

A few years later Veldotra and ﬁeaijgg restated the
requirenents as: (A) a basal ring system (nonpolar part)
with high interface activity; and (B) a carboxyl group (polar
part), in general a group of acidie character, in such a
spatial ﬁcaiﬁian with reaspect to the ring systenm, that on
adsorption of the actlve molecule to a boundary {the nonw
polar part plaving the most important role), thils functional
group will be situated as peripherally as possible. Requirew
ment (4) was formulated on the basls of the behavior of most
active compounds upon polarcgraphic assays Such assays indie-
cated that the nuclear double bond probably played no part
in o reversible oxidatlon-reductlon process and that all
highly active growth substances possess a hlgh surface activ-
1ty as measured by thelr suppressicn of the oxygen maximum.
The basis for the formulation of vequirement (B) was the fact

that, along wlth other supporting evidence, cis~cinnamilc

20y, Veldstra and H. L. Boolj, Blochim, et Biophys. Acta,
3, 278 (1949). _—
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acid shows actlvity, whereas the lsomeric trans form does
not, IHach of the bases for requirements (A) and (B) will
be discussed individually.

In ecomnectlon with requirement (A), 1t was belleved,
because highly active growth substances show high inter-
facial activity, that tha‘rimg system functions largely in
the adsorption of the active molecule to the site of actiond
Supycrt of this view was glven by the fact that known growth
substances contaln within the molecule a nonpolar (lipo=-
philie) skeleton (L) carrying a polar (hydrophilic) carboxyl
group {H)s. The amphipatic structure of low chomical re-
activity which results from this asymmetric distribution of
1lipophilic and hydrophilic portions misht well be expescted
to exert some actlon atbt such a phase boundary as a protein
{enzyme) surface,. |

In order to study the accumulation of anphipatic sub-

21 carried out polaro-

stances at an interface, Paleg and Muir
graphic experiments simulating to some extent the primary
active sites in the plant c¢ell, In these experiments the
accumnlation of substances at the boundary between the rather
nonpolar mercury droplet and the polar agqueous sclution was

studied through measurement of the extent of suppression of

(195 ‘?3*3:,. ¢. Paleg and R. M. Mulr, Plant Physiol., 27, 205
1952) . —
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the oxygen maximum., These sbtudies showed that there was no
correlation of surface aétivity as measured in this way with
the activity of compounds as plant growth regulators.

However, although the polarographie method cannot be
depended upon to distingulsh between active and 1ﬁa¢tiva
compounds, an analysis of the results obtained by this method
for a series of struecturally related aomngnds of different
growth activities shows withoubt exception that the substances
having the highest growth aaﬁiviﬁy are the ones having the
highe&tyinterfacial aetiviﬁy,ls

Boolj and V@lﬁstraza,yin a search for a set of condi-
tions mér@ nearly aéuivalﬁmt to those praaent in1biol¢g&cal
structures, replaced the polarographic test Wiﬁﬁ%thﬁ intgi«
action of erowth substances with oleate mlicelles in an }
- oleate coacervate, The results of the téats carried out in
‘this manner indleated that the surface activity of the mole-
cule of the substance most active in plant grmwth‘n@gulaﬁian
is such that there is a deflnite balance between the hydrow
philic carboxyl group and the lipophilic ring systems, Ac-
cording to thls theory, any upset of the optimal H/L balance
results in decreased activity, If the side chain i& made

too hydrophille, the compound will prefer the aqueous phase}

22y, 1, Booij and H. Velﬁ&tra, Bloohim, et ]
Aﬁt&, é, 26}6 (1?1;.9}&
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i1f the ring system is made too lipophilie, sites other than
the primary ones will claim the mal@aalef An upset of the
.gfgxbalanca in any other way would have the same effect.
For example, the decrease In amphipatic nature resulting
from replacing a benzone ring with a pyridine ring, or from
introduction of a nuclear hydroxyl group, will lead to
decreased growth activity If the original structure had an
optimal H/L balance.

A comparlson of the effebt on the ovleate coacervate of
the serlies of normal fatby acids with that of srowth subw
stances (R-COOH) makes it possible to estimate the "all-
phatic lipophily equivalent!" of the various R reaidues.13’23
In this way 1t was found that 7~indole~3«butyric acid, le
naphthalensacetic acld, and 2,li-dichlorophenoxyacetic acid
were équ;valsnt to octancic acid; thus, one may say that the
indole=3-propyl, l=naphthylmethyl, and 2,h~dichlorophenoxy~
methyl groups corresrond to the n-heptyl radiaal,gh Of the
compounds so far studied in the oleate cocacervate, the R
group of the active ones has been found to have a lipophily
equivalent of Cg~Cg, with a maximum at 07. However, the

method does not differentiate, for instance, between the

g33¢ L. Bool] and H. G. Bungenberg de Jong, ibid., 3,
22 (1949).

2ﬁﬁ, Veldstra, Bull, soc. chim, biol,, 31, 59 (1949).
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active 2,3,6~trichlorobenzoic acld and the inactive 2,l,6=
ﬁrichlarabenzaia acid;gg

Requirement (B) as glven by Veldstra and Baoijge was
formulated on the basis of the great difference in plant
growth activity exhibited by the isomerle ¢ls- and trans-
cinnamic ami&silg Only the gis Torm is active; In fact,
~although the trans isomer is inactive as an auxin, 1t is
effective 1In decreasing the growth response brought about

by the cis isnmar‘26

A study of molecular models indicates
that, in contrast with the trans acld, the ¢is acid cannot
assume a flat form because of steric hindrance involving

the hydrogen atoms in the ortho positions. The trans isomer
tends to btake on a flat form because of conjugation eff@atsqa?
The ¢ls acld shows less activity in the oleate coacervate
than does the trans lsomer; Veldstrald concluded that the
greater plant growth activity of the cls compound was due
to its partiecular spatlal structure. BSBimllarly, c¢ls~tetra-
lideneacetic acid and gis~l-naphthaleneacrylic acid were

found to be active, wheress their trans isomers are
e o

ESH‘ Veldstra, Rec. trav. chim., 71, 15 (1952).

EaJQ van Overbeek, R. Blondeau, and V. Horne, Am, J.
Botany, 38, 589 (1951).

27G* W. Wheland, "The Theory of Resonance,” 3rd. ed.,
John Wiley and Sons, Inc., New York, W, Y., 1947, p. 92,
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inackéve.ls’lg Havinga and mivard®® showed by means of
ultraviolet absorption spectra that the carboxyl groups of
the acids probably are not in the plane of the rings.

The observed activity of 1,2,3,h~tetrahydro~lenaphtholc
acld and gis-2-phenyleyc lopropane~l-carboxylic acid lend
further support to the three~dimensional amphipatic struce
ture propesed as a reqguirement for aativity*13 The activity
of 2,3,6~trlichlorobenzolic aei&gg also supports this view,
for ultraviolet spectra have shown that di-ortho substitu-
tion causes the carboxyl group to rotate oub of the plane
of the ring.ag Thias, of course, does not account for the
inadtivity of 2,h,56=trichlorobenzoic acid,

Thimannt has raised the objection that on the basis of
the three-dimensional amvhipatic structure, one would expect
a subsbance such as gls~cimmamic aeid, with the carboxyl
eroup fixed outside the plane of the ring, to have greater
actlvity than a substance sueh as Indoleacetic acld, 1n
which the side chaln 1z free to rotate inte any one of
numerous positions. Thus, the carboxyl group would spend
less time in the desired position perpendlicular to the ring

in clg-clinnamic acid. However, VeldsﬁralB has maintained

38@. Havinga and R. J. P, Nivard, Rec, trav, chim., Qz,
86 (1948). '

295, 4. Bentley, Nature, 165, hL9 (1950},
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that the fact of the matter may be that the carboxyl group
occuples the ideal position a failr share of the time when
this group is not fixed; there may well be an attraction by
the active sites in the cell to ald the carboxyl group in
&htaining this ideal position, Perhaps the flexibility of
the group enables it to assume a position which is even
more ideal than the posltion occcupled by a group which 1s
ripidly held ocutaide the plane of the ring systenm,
Although an indole, naphthalene, or benzene ring con-
stitutes the nueleus of the most active compounds, activa‘
subs tances are knéwm with a wide variety of ring systenms,
among which should be mentioned eyelopentense, ecyelohexene,
anthracene, acenaphthene, fluorene, indens, indane, benzo~-

8

furan, coumaran, and thianaphthene. The activity of com-
pounds containing these rings 1s greatly Influenced, of
course, by any ring substituents, It appears that the area
of the naphthalene or indole ring system ls wmost favorable;
to some extent the area of certain substitubted benzene rings
seems to be equally favorable, Usually increasing or de-
ereasing the slize of the ring system results In decreased
activity, which may be ascribed to an upset of the more
nearly optimal H/L balance. When the ~NH~ group in the
active Indole-~3-acetic acid 1s replaced with an oxygen atom

or a methylene group, the resulting coumarcne~3-acetic acid



ﬂ-]lg_fu

or indene-3-acetic acid is found to have only 15% or 20%,
respectively, of the activity of indole-3-acetic acld (pea
test), Apparently, the -NH~- group is highly desirable in
this type of ring system, Pyridine-3-acetic acid is inace
tive; perhaps the introduction of lipophilic ring substitu~
ents would bring about aativihy.lz

Thas far, unsaturation in the ring system has been
found to be essentlal., It appears that when only one double
bond is present; 1t must assume a position next to the side
chain,30 |

Most growth substances have within the side chain & car-
boxyl group, or other group readily converted to carboxyl by
chemical means, whiceh 1s either attasched directly to the
ring or atbached to the ring through such a link as the -CHp-
or ~0CHp~ group. When there is more than one methylene group
in the side chain, there 1ls often an oseillation in the active
ity of the homologous compounds, depending upon whether there
is an odd or even number of methylene groups,3#13:17 In the
naphthalene- and indoleacetic acid series, the compounds
having an even number of carbon atoms in the side chain are

more actlive than those having an odd number. Also, Synerholm

3%, w. went, Arch. Blochem., 20, 131 (1949).




and Zimerman®' found that with the 2,l-dichlorophenoxy-
alkanole aclds and 2-naphthoxyalkancie acids, the propionie
acids were inactive, whereas the acetic and butyric aclds
were actlve, They suggesbed that parhaps‘tha higher homo-
logues might be inactive as such, but that by PB-oxidation
the aclds having an even mumber of eavhoﬁ atoms might be
converted to the active aryloxyacetic aclds, Subsequent
worksa has glven support to thils view, On the other hand,
Bw~oxidation of the aclds having an odd number of carbon
atoms would lead to unstable aryl carbonabaa;31

| Substitution of & methyl group for one of the hydrogens
in the alpha position of the amcetic acid derivatives has
relatively little effect, whereas replacement by a phenyl
group often causes thes acid to lose its activity. Substi-
tutlion of both glpha hydrogens by organic radicals usually
results in loss of activity. Perhaps the reduction or loss
of aeﬁlvity brought about by these substitutions is caused
by thelr preventing the molecule from assuming a satlsfactory

spatial ccnfiguratien413

: 31Mn Es« Synerholm and P, V. ”immemman, Contribs. Boyce
Thompson Inst,, U, 369 (19L7).

32¢, H, Fawcett, J. M. A. Ingram, and R, L. Wain,
Nature, 170, 887 (1952),
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Types of Compounds Showing Aectivity

Aryloxyalkanole scids and related compounds.~ 4s the

present work 1s primarlly concerned with aryloxyalkanolc
acids and some of thelr derivabtlves, or substances struc-
turally similab, the discussion of these compounds will be
given more consideration than will be given the other types
of substances exhlbiting physiologieal aectivity in plants,

So great has been the practical imporbance33 of 2,l-
dichlorophenoxyacetic acid (2,44-~D) and 2,l,5-trichlorophen~
oxyacetic acid (2,1;,5~T) that the synthesls and testing of
structurally related compounds has assumed vast proportions,
3535 The results of these extensive tesbts have led to
various theorles regarding the structural reguirements and
mechanism of msction of these compounds,

Phenoxyacetic éaiﬁ, having no formative activity, may
be thought of as having four sites of specificity: the ring,
the ether oxygen, the methylene group, and the carboxyl gmoupgﬁ

In regard to nuclear substlitution, replacement of

hydrogen by halogen in certain positions glves rlse to

33R. ®. Beatty, J. Agr. Food Chem., 1, 178 (1952).,

BQﬁ. Be Thompson, ¢, P, Swanson, and A, G, Norman,
Botan, Gaz., 107, L76 (1945).

35R. L, Welntraub, J, W. Brown JﬁJSQ ¥ickerson, and
K. N. Taylor, ibid., 113, 348 (19525,
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compounds having growth activity, The introductlion of sube
stituents other than halogen has little or no activating
effect on the molecule, Among the halogen substituents,
fluorine and chlorine are approximately equal In their acti-
vating influence, bromine is less effective, and lodine is
even less amtiv&tingq Haiogeﬂ substitution is most effec-
tive in the li-, 2,h«, and 2,3,L1~ paaiﬁianaglé Héwavev, trl -
halogen substitution in which both the 2~ and 6~ positions
are occupied results in loss of all activity*36337

When the ethév oxygen of 2,li~dichlorophenoxyacetic acid
is replaced by nltrogen, the formative activity drops to
about 1% of its former value; all formative amctivity is lost
upon replacement by awlfur‘lé In a different test where the
ether oxygen was replaced by sulfur, the sulfide showed
weasker activity than 2,Li~D; all activity was lost upon oxi-
dation to the sulfoxide or sulfome¢13‘38 There may be
physiologleal significance in the fact that the sulfur atom

in the sulfide has twe unshared pairs of electrons, whereas

E& Bgéﬁz Mig%uir, U+ Hansch, and A. H., Gallup, Flant Physiol,,
L1 9 {191 »

37%. Es Synerholm and P. W. Zimmerman, Contribs. Boyee
Thompson Inst., i, 91 (1945).

336. Wilske and H, Burst»bm, Physliol, Plantarum, 3, 58
(1950). -
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in the sulfoxide 1t has only one such pair, and in the
sulfone it has no unshared electrons,

A5 was stated in the preceding section, replacement of
one of the hydrogen atoms in the methylene group by a methyl
radical has virtually no effect on the activity of 2,l-~di-
chlorophenoxyacetic acldy replacement by an ethyl or larger
radical produces a marked decrease in aativity,13'lé Re~
placement of both methylene hydrogens by methyl radicals
results In an inactive compound, These facts Iindicate that
perhaps the presence of an alpha-hydrogen 1s essential for
activity. However, as was menbtloned earlier, there is a
- distinet possibility that the reduction or leoass of activity
resulting from the substitution of organie radicals in the
methylene group may be due to a sterie hindrance which pre-
vents the molecule from assuming the desired a?ati&l con-
figpuration. Certainly the pﬁesaﬁa@ of an glpha-hydrogen 1is
not a requirement for activity in all ring-type plant growth
substances, for Oe.methylensephenylacetic acid 1z as actilve
as phenylacetic acid, and 2,3,6-trichlorobenzoic acid shows
muech activity.

A consliderable amount of work has been done in an
effort to determine, for practlcal and theoretlical reasons,
the effect of substituting various groups for carboxyl in

the aryloxyalkanoic aclds, The various functional
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derivatives whiech have been studied include the ester,
amide, anllide, ureide, hydrazlde, hitril&, and acld echlo-
ride, Such derivatives do notb necessarily have lower
activity than the parent aclidy in fact, the activity is
sometimes greaters It 1s generally belleved that they are
hydrolyzed to the free acid, and that the free acid is the
species which 1s directly responsible for the observed
activity, However, in most instances there is no direct
evidence to ﬁu%sﬁantiét@ this view. BSupport for the argu-
ment that preliminary hydrolysils occurs is found in studies
of the amctivitles of optical iﬁ@mer& of a series of N~

ié,?@ In general,

(2,&»ﬂiahlerapheméxyaaéﬁyl)amina aclds,
the D=-isomers were found to be inmactive, whereas the L~, or
natural, isomers have about the same activity as 2,li-D.

The DL~derivatives are about one-hslf as active as the L~
igomers. This mizht be interpreted as an indlecation that
cellular hydrolytic enzymes readily effect hydrolysls of the
amide bond of the nabural amino aclds, bub that a greater
resistance of the unmatural forms to enzyme hydrolysis pree-
vents thelr cleavage to give the active 2,l1-D. On the other
hand, if the argument raised by Thimann in regard to the

observed activity of l-naphthaleneacetamide 1s wvalld, and

393. We Wood and T. D. Fontaine, J. Org, Chem., 17, 891
(1952).
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if it may be ecarried over to amides of aryloxyacetlc aclds,
there exists the possibllity that such derivatives micht be
active as such, without the formatlon of ths free aeld,
This will be dlseussed further In the section dealing with
the arvlialkancic acids,

Funetional derivatives of 2,hi~dichlorophenoxyacetic
acid which ean be converted to the free acid only thréugh
oxidation usually have much less formative activity than
2,u~®*16 However, a root inhlbition test showed 2,li-di-
c¢hlorophenoxyethanol to have an activity of the same order
of magnitude as that of the acid, although it was only
slightly active in producing epinastie r@aponaaa*kg A4 study
of a large number of substituted Bephenoxysthylamines as
inhlbitors for seed germination revealed that selective ace
tivity 1s assoclated with the same benzene substituents as
produce activity in the phenoxyacetic acid serieaﬁhl' As &
whole, however, the activities are lower than those In the
acid series, Posslbly the activity results through converw
sion of the amine to the acids wuaternary derlivatives of

appropriately substituted 2-phenoxyethyl bromides with

&Oﬁg B. Carroll, Contribs. Boyce Thompson Inst,, Eé,
409 (1952).

hlﬁ. s Jones, T, P, Metcalfe, and W. A. Sexton,
Biochem. J, (Londen), L5, 143 (1949).
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hexanethylenetetramine are active as inhibltors of seed
germination; possibly these compounds give rise to elther
aldenydes or amines in the praceas,al

Several mechanisms based on structure-activity relation-
ships have been advanced in an effort to explain the primary
reaction which leads to plant growth &ativityalé

On the basis of their work with mono~, di-, and tril-
ehlorophenoxyacetic aclds, Leaper and Bishﬂpﬁg have supgested
a mechanism in which the active phenoxyacetic acid is oxi-
dized to a substituted quinone. According tc this view, 1t
1s essentlal that there be two unsubstituted positions para
to each other. (Previously other wmrkers36’&3 had sug-
gested that the requirements for activity as set up by
Koepfll and eo«wapk&r&l? should include a free positich
ortho to the side c¢hain.) In the course of plant metab~
olism the active compound might be oxldized to a quinone.
The resulting quinone would then elther btaks part directly
in the oxidation-reduction systems that are generally asso-
clated with grewth to effect the observed response, or be

subjected to further degradative oxldation to glve a

- 425, wm, P, Leaper and J. R. Bishop, Botan. Gaz., 112,
250 (1951). ‘

( ?36. Hanseh and R, M. Mulr, Plant Physiol,, 25, 369
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substituted malelic acld which would then act as the primary

agent,
OCH2COOH ., OCH,COOH
71 03y c1 H-C-CO0H
— > ~ee—>
20 ¢1-C~CO0H
c1 c1

However, 1t appears unlikely that this mechanism offers a
valid éxplanatimn, for appreciable formative actlivity is
shown by a number of halogenated phenoxyacetle aéi&a which
do not have unsubstitubed para positions, In disagrecment
with the mechanlsm is the observed activity of 2,3, h=tri-
ehloro-, 3,h,5-~tricihloro~-, h~chloro~3,5-dimethyl-, 2,3,6~
trichloro-, 2,l,6«trichloro~, 2,3-dichloro-, and 2,6«

16 Purther evidence against this

diechlorophenoxyacetic acid,
mechanism comes from the fact that no formative aetivity
was shown by a numbavsaf guinones which were tested. Also,
although chloromaleliec acid itself has not been tested, the
‘anhydride and hydrazide were found to be Inactive.
A second mechanism has been postulated on the basis

that an unsubstituted position ortho to the side chain is

a2 requirement for activity¢3é'h3 In this mechanism there

are two ways of explaining the inactivating effect of a
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second ortho sub@tituent¢1é This substituent may block a
reasctlon at the ortho position itself, or it may prevent a
reaction at the side chain through steric hindrance, Muilr
and co~workers36sll prefer the flrst explanation, for they
believe that in active compounds a chemiecal reactlion ococurs
at the ortho position. In addition, they belleve that re-
actlion ococurs at the carboxyl group., According to this
hypothesis, the compound first may react with an amino group
of a protein substrate to glve a substltubted ammonium salt
or a substituted amide. Subsequently reaction might occur
at the ortho position with another part of the proteln,
‘such as a sulfhydryl group, to give a so-called ecyclic
armonium salt or a cyclic amide, When 2,l~dlchlorophenoxys-
scetic acid is the growth substance, these products may be

deslignated as

0 0
. 4
0 Protein and

Ccl 3// Cl S///

cl Ccl

Uhir, M, Muir and C. Hanseh, ibld., 26, 369 (1951).



However, thls mechanlsm probably does not present the true
picture, for some compounds substituted in both ortho
positions do exhiblt activity.hg Furthermore, certain
functional derivatives of some dl~-ortho-halogenated phen=-
oxyacetic acids have relatively high activity. Mulr and
ao«workers36 have suggested that because the actlivity of
2,1, 6-trimethylphenoxyacetic acid in cell elongation is not
less than that of the unsubstituted phenoxyacetic acid,
reaction of the substituted compound with the substrate
may occur through a methyl group or by removal of a methyl
grouD.

In regard to the general requirement that there be at
least one hydrogen atom attached to the methylens carbon
in phenoxyacetic acida,lBalé it is important to bear in
mind that when one of these hydrogens is substituted by an
alkyl group, an asymmetric carbon atom results, Numerous
studies have been made of the rslative plant growth active-
| ity of the optical isomers formed because of this asymmetry.
13,46,17,18 1rese studies have indicated that there is a

45k, ¥, Thimann, ibid., 27, 392 (1952).
46R. L. wain, J, Sci. Food Agr., 2, 101 (1951).

h7M; S. Smith and R. L. Wain, Proc, Roy. Soc. (London}),
B139, 118 (1951). T '

48y, s. Smith, R. L. Wain, and ¥, Wightman, Nature,
169, 883 (1952}). '
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stereochemical specificity in’bhe action of these compounds
as plant growth subsbances, This has led to the formulation
of a mechanism involving a threse-point attachment of the

growth regulator to the aubstrataalé’h7

__<<:::>_wawc -C=0 ——<i:::>——«@~aﬁ -C=0

SUB&TRATE TRAﬁEEW

Active Inactive

However, Veldstral> contends that the stereochemical spec-
iflcity emphaslzes the Imporbance of spatial configuration,
as discussed earllier, rather than gives information about

the nature of the contact between the growth substance and

1ts receptor,

Avylalkancic aclds and related compounds.- The activ-
ity of vhenylacetic acid is little affected by the replace=
ment of one of the hydrogens in the methylene group with a
methyl radical, wheveas substitution of both hydrogens by
methyl groups resulbts in Inactivation of the malacul&¢17
These are the same results as were dlscussed earlier in
regard to 2,Li~dilehlorophenoxyacetle acid, Substitution of

both hydrogens by a methylene group, however, results in
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little change of activity, Thimann's view that steric
factors are probably responsible for these findings 1s supe
ported by the observation that whereas DL~ Q-p-propyl- and
Q=allyphenylacetic aclid are more active than the parent
acid, the Q~isopropyl compound is practieally iﬁactivm,hg
To aseribe these observed results to changes in the lipo-
phlly of the molescule is hardly justified, for studles of
effects in the oleate coacervate show the lsopropyl group
to be of intermediate lipophilic charaatar*13

Although lhenitro- and 2,h-dinitrophenylacetic acld are
inamtive,us 2-nitrophenylacetic acid 1s as active as the
parent acld, and the 3-isomer is even more active. L-Bromo~
phenylacetic acid is much more active than the non~halogen-
ated compound. This indicates that L~nitrophenylacetic
acld owes 1ts inactivity chiefly to the nature of the nitro
group rather than to the li-~position which 1t occcuples.

The introduction of a methyl group In the li~position
of ¢ls-cinnamlic acld has little effect on the activity,
whereas the presence of chlorine in the 2- and li-positions
increases thils activitys In the same range of concentra-

tiong 2- and hi-nitro-cis-cinnamic acld are inaativa,13 A

49, veldstra and ¢, van de Westeringh, Rec. trav,




study of e¢is- and irans-l-phenyleyclopropane-2-carboxylic
acld, related iIn a spatial sense to gis- and trans-cinnamic
acid, revealed that, Jjust as with the cinnamic aclds, only
the cis isomer 1s a@tiv@;gg

Beecause both naphthaleneaceble acids possess much active
ity, and 1n the event that the low activity or inactivity of
some naphthaleneproplionic and ~butyric acids might be due
to their rather great livophilie character, a second carboxyl
group was introduced in the side chain in order to sec if
the reduced lipophily would result in more active substances,
However, such substitution led to lnactive aompeunds‘IB
When a double bond was introduced into the wealkly active
T={l«naphthalene}butyrlic acid to give 7 «(lenaphthalene}- -
~ isocrotonie aéid, related by vinylogy to l-naphthaleneacetic
acid, all aectivity was 1@3%,51 This loss of activity may
have been the result of restriction of free rotation of the
side chain.

In general, arylacetic aclds of ring systems larger than
that of naphthalene possess lower activity than do the raphe

thaleneacetiec acids, Phenanthrene~2-acetioc acid is inactive,

(19§1foﬁi Veldstra and C, van de Westeringh, ibld., 70, 1127
Adfow )

S5, Mentzer, Bull, soc. chim, blol., 30, 384 (1948).
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its 3= isomer is very slightly active, and the ~9-
isomer ls somewhat more active, TFPluorene~9-acetic acid Is
inactive, and carbazole~9-acetic acid is very weakly activegﬁ
A considerable amount of study has been made on the
indole-3-alkanolc acids, Alkyl substitutlon in the
pyrrole nmucleus of indole~3-acetie acid greatly reduces the
activity; the activity is less sensitive to substitution In
the benzene ring. Other work gives further support to the
observation that substitution in the hebero ring brings about
reduced activitys hﬁlﬁg%ﬁ‘ﬁﬁbﬁtiﬁutian in the lj=-, 5=, or
b-position causes only a slight decrease or even an incr@ase
in activity, whereas Iintroduction of a substituent In the
7-pos tlon usually results in @ muech lower aativity‘52’53’gu
Findlay and Bﬂugb&rtysg found that introduction of a meth-
oxyl group into the B~, 6-, or T-position of indole-3-
acetic acid resulbted In no loss of actlivity. On the other
hand, the high activity of Beindole-3-propionic acid was

53F» J. Stevens, J. Sci,, 22, 79 (1947).

53@@ J« Stevens and 3., W. Fox, J. Am. Chem, S0Ce, 70,
2263 (1948). - |

SuA« L. Hoffwann, S, W. Fox, and M, W. Bullock, J.
Biol. Chem,., 196, L37 (1952).

(195 ?sé, P. Pindlay and G. Dougherty, ibid., 183, 361
1950
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lost upon substitution of a methoxyl group in the 5=,
b=, or ?apasitianqlY

It is iInteresting to note that whereas lengthening of
the side chaln in the naphthalene seriles results in low
activity, (@-indole-3-propionic acid and 7-indole3e
butyric acid are highly active. The explanation has been
advanced that perhaps the lipophllic character of indole=-
3-~gcetic acid is below maximal.lB The complete inactivity
of 2-carboxy derivatives of indole-3-alkanoic acids lends
some support to this view,

Just as with the aryloxyalkanoice aclds, the question
arises as to whether certaln functional derivatives of
arylalkanole acids are active as such or whether their
activity depends on the formatlon of the free acid. (en=
erally it is believed that conversion to the free acid is
essential for activity, although usually there is no direct
evidence for this, Salts are usually less active than the
free acld, Methyl esters have about the same activity as
the corresponding acld, whereas ethyl esters are usually
less active, Although Kbgl and Kos bermans?© belleved the
lower activity of the higher esters of indole-3-acetie acid
to indicate that hydrolysls to the acld was a prerequisite

§6F~ KBgl and D. G. P, B, Kostermans, Hoppre-3eyler's
Zs physiol., Chem., 235, 201 (1935).
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for the growbth responsc, @him&mna takes a different view.
He belleves that hydrolyals ls only nesessary for transport
of the substance and that, for primary aetivity, the ester
is actlve as suchs Also, Thimann believes that hydrolysls
of anides is not a requirement for ackivity. Hls reasoning
la based on the fact that although lepaphthalensacetamide
possesacs lower activity than the free acid, the curve vre-
lating activity and concentratlion of the amide 1s qulte
different than that of the asld, The bwo curves would be
expected to be parallel if hydrolysis were involved. In
addition, at the optimum consentration of the amide no trece
of armonla could be dotecteds V@lﬁﬁ%ﬁ&,aﬁ however, gquestlions
Thimannts sonolusion in regard to the activity-concentratlon
curves on the basls that they would be parallel only 1f the
degrees of convorsion of amide to aeld is independent of the
soncentration, Because the sonversion ocours inslde the
sell rather than in the solution, and transport must take
place, 1t is gquite possible that the anouwnt of aeld formed
varies with the soncentratlion, thus giving a curve which
dlfTers from that of the aelds Veldstra further arsuves that
the w@msm&& formed In the cell mipght not be detected, for
1%t iz not necessarily exercbed Into the sclubions

A eonslderable amount of work has besn done In an

effort to detormine the rols of indols«3-acetaldebyde in
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plant grawth;ls’g? Until recently 1t was uncertain whether
or not the aldehyde is active as such., However, in 1952
Brawn,‘ﬁenbeaﬁ, and anasggfsg showed that the activity of
this compound in the Avena straight growth test ls equal bto
or less than that which would be expected from the amount
of acidic material formed in the sclutlon In the presence
of eoleoptlile sectlons, indlcating the aldehyde to be elther
inasctive or inhibltory. Lavaenég found the activity of
l-naphthaleneacetaldehyde in the Avena test to be about

11 per cent that of lenaphthaleneacetic aclds phenylacets
aldehyde was found to be 7.3 per cent as actlve as phenyl-
acetic acid, There is some evlidence that the aldehydes

may undergo a Cannizzaro reaction to give the active acid
and the inactive alechol. On the other hand, differences
in the activities of the neutral aldehydes and thelr
corresponding aclds may be due to differences in rate of

penetration and diﬁtri%ution;RB

S7P Larsen ’A ' i
« LA ni. Rev. Plant Physiol., 2, 169

583. Be Prown, H, B. Henbest, and 5. R. H. Jones,
Nature, 169, 335 (1952).

SQJ‘ Be. Brown, H, B. Henbest, and E. R« H. Jones,
Js Chem, Sos., 3172 (1952).

60p, Larsen, Plant Physiol., 26, 697 (1951).
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More study will be required before it can be stated
with certainty whether or not conversion to acids is of
great lmportance in determining the activity of certain
nitrilea.lg 0f considerable significance in this regard
was the ldentification by Jones and ee~w0rkersél of the
neutral compound from cabbage which is highly active in
the Avena stralght growth test as indﬁle~3wa@@tunitrilé.
This finding disproved the bellef of those who consldered
indole~-3-acetaldehyde to be the only neutral growth-
promoting substance present in plant extracts,

| Both indole-3~ethanol and l-naphthaleneBthanol are
weakly active,ld Indole-3-ethylamine shows a delayed
action, and 2-(l-paphthalene)ethylamine shows distinet
activity., It ia quite possible that the activity of these
alcohols and amines results through transformation to the
corresponding aclds,

&rglaarbagglic acids and related compounds.- Since

the introductlion of substituted benzole aclids into rescarch
on plant growth subsbances by Zimmerman and Hitohcoek®? in

1942, a great amount of study has been made of thils type of

51E¢ R« Hs Jones, H. B, Henbest, G, F. Smith, and
J. A. Bentley, Nature, 169, 485 (1952).

_6Z§. We Zimmerman and A. H, Hitehcoock, Contribs,
Boyee Thompson Inst., 12, 321 (1942). '
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compound having a carboxyl group attached directly to the
ringu13 These studies have shown that the hydrophilie
hrdroxyl and smino groups do not glve astivity to the benzols
aclds, whereas activity may result upon introduction of the
lipophilie shloro, bromo, iodo, and methyl substituents.
The effest of the nitro group depends upon 1lis position in
the ring, the greatest Influence usually belng shown by the
substituent in the 3-position, Althouph sebivity iz shoun
by certaln ortho substituted benzolc acids, di-ortho sub-
stitublon resulbs in greater actlivity, provided the zroup
is no larger than chlorine or methyls The 2,3,6etrisube
stituted aclds are oven more active, Substitution in the
mnosition resolts in inactivity, These general effects
of substltution are intercsting, for they are very much in
- disagreement with the influences of similar substitution in
the aryl~ and aryloxyalkancie acld serles. Purthornore,
for the most part, the activity of such compounds as 2,3,6«
$richlorobenzole acld is not accounted for by the theorles
which have been appliesd to the substituted alkancole acids,
Mulr and dansehl extended the concept that growth
awtiwity deponds on a chomleal preactlion at the posltion
ortho to the slde chaln by assuming that in the arylear-
boxylie acld series an electronepabive ortho substituent

sueh as shlorine bakes part in the veactlion wlth the
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substrate, Some support for thls view was found by Hansch,
Mulr, and %atzenbarg‘é3 who showed that the release of
chloride ion accompanies the increased elongation of Avena
coleoptile sections caused by 2,6-dlchlorobenzoic acid,
However, other warkerﬁé@ have guestloned that this last
evidence warrants the conclusion that the release of chlo=
ride ion 1ls essentlally assoclated with growth activity,
Actually, chloride ion is released with the inaétiv@ zgu‘
dichlorobenzoic acid, Also, the ortho reaction concept
would lead one to expect the inactive a,éwaihxamahanzaim
acld to be active, In addition, 2,6wéimﬁ%hyiﬁenzoie acid
18 very sllghtly active, BWnitrena,6wdim®bhylhanzaic acid
is active, and 3~chloroe, 3-bromo=, and 3~10doe2,b-di-
methylbenzole acld are hipghly active, These facts show 1t
is unlikely that reaction occcurs between the plant sube
strate and the inert ortho substituent to give the growth
TeSPONS e, o

13,25

Veldstra belleves that the orthe reaction ceﬁéapﬁ
breaks down, too, in that it ﬁoeﬁ not take into account the
fact that the orthe position 1s not the same distance from

the reacting carboxyl proup in the variocus classes of growth

636, Hansch, Re M, Muir, and R. L. Metrzenberg, Jr.,
Plant Physiol., 26, 812 (1951).

6hﬁa Veldstra and C. van de Westeringh, Rec., trav,
ehimae z_%, 318 (1952)¢




substances, He contends that the active bhenzole acids

owe thelr activity to a much more specific property. Come
parison of the ulbtraviolet absorptlon apectra of the actlve
and inactive acilds inﬁia&téé that in active compounds sube-
stituted in the 2- and 6-~positlions, the dl-ortho substitu-
tion suppresses the conjugatlion bestween the carboxyl gsroup
and the nueleus, Thus, whereas the carboxyl group in
benzoié acld tends to be coplanar with the ring, the car-
hoxyl group in the active benzoie acids is rotated out of
the plane of the ring. Therefore, these acids assume, _
or are pobtentially able to assume, the same general spatial
sonfiguration as is charscteristic of the aryl- and aryl-
oxyalkanoice aclds, In this way one can explain the actlvity
of lenaphtholc acid and its 1,l-dihydre and 1,2,3,li-tetra-
hydro derivatives. Similarly, the theory would predict
2=chloro-l=naphthoic acid to be more active than the non=
halogenated acid; thls pra&ietian has been verified.
However, the theory does not explain the inactivlity of
2,h-dibromobenzoic acid, Therefore, the explanation has
been off@reéén that perhaps the larger bromine atoms mask
the carboxyl group, preventing it from ecarrying out 1ts
functions This same factor might account for the inactivity

of 2,6~dimethoxybenzoic acid.
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Veldstral3225 nas concluded that the activity of the
arylearboxylic acids, just as that of the other plant growth
substances, depends on a aaﬁiﬂfaeterngza‘balance and a
three~dimensi onal amphipatic structure, The fact that the
activity of the active substituted benzole acld, which re-
sults upon substibtubtion of two lipophilie groups not larger
than methyl or chlorine in the btwo ortho positions of
benzols acld, is inereased upon introduction of a third
group in the 3-position, indicates that the lipophily of
the dlsubstlitubed compound is not sufficlently sgreatb.
However, this does not explain the inactivity of 2,l,6«
trichlorobenzoic acids Apparently, unknown factors are in
operation,

As with the aryle and aryloxyalkanoic aclds, deriva-
tives of arylgarbnxyzim acids have received same abttention
as plant growth gubsﬁamn&s.IB The activity of 2,3,6~
trichlorobenzaldehyde has been reported over a range varying
from very weak to greater than that of the corresponding
acid, 2,6~Dichlorobenzaldehyde has been found inactive,
There are indications that aryl aldehydes are not active as
sueh, but only after conversion to the acid, Possibly
their inherent activity is more of an inhibitory one, How-
aver, ﬁhﬁ problem is not settled. 1«{Hydroxymethyl)naphe
thalene and l-{aminomethyl)naphthalene are inactive. On the
obther hand, 2,3,6«trichlorobenzyl alcohol has an activity of
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the same order of magnitude as that of the corresponding
acid, Of interest here is the activity of l-(nitromethyl)-
naphthalene; in 1ts acl-form this compound has an acld
group lsosteric with a aarngylslg

Other compounds.~ A wide variety of active compounds

are known whleh do not it Into any one of the three types
of growth substances just ﬁiaauas&d.ﬁf@OlG’lh’lg'65 Many
of them are best lmown as herbleldes, some of which act
through contact rather than by a true hormone mechanlsm.
Ho attempt will be made to discuss these substances in

this work.

65p. ®. Wolf, J, Agr. Food Chem., 1, 181 (1953).
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EXPERIMENTAL

All melting points were determined in a ecopper block,
A1l melting points and boiling points are uncorrected,
Infrared spectra were taken of all new compounds and of some
compounds previously reported. Thanks are due to Dr. V. A.
Fassel and Messrs. M. Margoshes, R. Kross, and R, M, Hedges
for taking and interpreting these spectra.

~Chloroguaiacol.~ In general, the procedure used for

the preparation of this inbtermediate was that used by Frejka
and aouﬁarkeraﬁé for the preparation of lj~chlorocatechol.

To a solution of 101.5 g« (0.82 mole) of gualacol in 200 ml,
of dry ether in a 500-ml. three~necked flask equipped with
stirrer, reflux condenser, dropping funnel, and nitrogen
inlets was added, with stirring, 110.7 g. (0.82 mole) of
sulfuryl chloride at a fast drip. The solution refluxed
spontaneously during the addition, The sulfur dloxide and
hydrogen chloride which were liberated were permitbed to
escape into a hood through a vacuum adapter placed in the
nitrogen line. After the addition was completed, the yellow
solution was stirred for 1 hour. Fcllowing distillation of

the solvent in a nitrogen atmosphere, the product was

65J. Frejka, B. §afrének, and J. Zika, Collection
Czechoslov, Chem, Commun., 9, 238 (1937). '
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distilled, also under nitrogen, to give 113.1 g« (87%) of

a pale yellow, slightly turbid lignid bolllng over the range

235#2k9°. This liquid was redistilled through a Vigreux

column to give 96.7 ge (Th¥) of colorless product bolling

at 75-82° (0,9~1.2 mmu.), g?lﬁ 1,5556, The boiling point of

hh=chloroguaiacol has been re?artadé?*és

239-241.5° (757.7 mm. ). |
2«%@ﬁhﬁgy»nwahloroph@naxyae&tiﬂ aclidy» This synthesis

previously to be

was carried out by the general method used by Hayses and
Braﬁehaég To 20,0 g, (0.50 mole) of sodium hydroxide dla-
solved in 100 ml, of water in a 250-ml, flaslk equlpped with
reflux condenser were added I0.,0 g. {0.25 mole) of lj=
ehlorogualacol and 23.6 gz (0.25 mole) of chloroacetic acid.
The resulting light red solution was refluxed for 6 hours;
the color of the sdlution became lighter during the period
of refluxing. Upon cooling, the nixbure became a nearly
white solid mass. Upon transference to & beaker, 100 ml,

of water was added, followed by the addition of 50 ml, of

1:1 hydrochloric acid. The mixbure, acld to Congo Red, was

67ﬁ. Peratoner and G. Ortoleva, Gazz, chim. ital,, g@,
I, 197 (1898) [Chem, Zentr., 69, I, 105 (1898)1.~

681, Jona and ¢. B, Pozsi, ibid., 41, I, 722 (1911)
[C. A., 3, 3805 (1911)]. e L

694, v, Hayes and G. E. K, Braneh, J. Am, Chem. 50c.,
f’ér 1555 (1943).
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extracted several times with a total of 1600 ml, of ether,
The ethereal solution was extracted with 7500 ml. of 5%
sodium carbonate, the sodlum salt of the acld being only
8lightly soluble in the alkaline solution, Upon ascidiflica-
tion of the alkaline solution with 1200 ml, of 1:1 hydro-
chlorie acid, the free acid preecipltated., Filtration gave
35,8 ¢, (664) of nearly white solid melting at 134-110°,
Recrystallization from 3000 ml, of water, wlth the aid of
Norit, gave 29.4 g. (5h%) of white platelets melting at
1:0-113%, Another recrystallization from 2500 ml, of water
gave 27.2 g. (508) of product melting at 1hl~1L3°,

Anal, Oaled. for GgHgClOp: O1, 164375 neut. equiv.,
217, TFound: €1, 16.17, 16.33; neut. equiv,, 218, 218,

In an earlier run purification of the acid by recryss-
tallization from a 5:1 water«-95% ethanol solution was attempte
ed, This resulted in a marked lowering of the melting point
and a breoadening of the melting range, presumably because of

s8light esterification through interaction with the solvent.

aﬁﬂyﬁroxyunnshlersphﬁnexyaaatic aclde~ Ladar@r70 has

reported the preferential cleavage of the unsubstituted methyl
group in awmﬁthoxyphanaxYaaatia acld, by treatment with
hydroehloric asid or hydrobromle acid, to glve 2«hydroxy-

7GL,VLad@rer, German Patent 108,241 [Chem. Zentr., 11,
I, 1116 (1900)],




- 1O =

phenoxyacetic acid, the carboxymethyl group remalining
intact,

Accordingly, a suspension of 2,17 g. (0.010 mols) of
2-methoxy-l~chlorophenoxyacetic acid in 100 ml, of concen=
trated hydrochloric aeld (37-38%) was refluxed in a hood
for I hours. A small amount of bhe solid did not dissolve
in the refluxing sciution. Upon cooling, whilte needles
geparated, Flltration through an scid-resistant filter paper
gave 1.62 g, (75% vecovery) of material meltimg at 127-133°
with preliminary softening, ldentified as 2-methoxy-li-
e¢hlorophenoxyacetic acld by a mixed melting point.

Subsequent small-~scale runs indicated that hydrobromic
aclid, under similar conditions, did effect ocleavare of one
of the ether linkages, Therefore, the cleavage by hydrobromlce
acid was repeated on a larger scale.

To 2147 g« (0.10 mole) of 2emethoxy-li~chlorophenoxy-
acebic acld was added 150 ml, of QB% hydrobromic acids (The
hydrobromic acld had been distilled previously to glve a
nearly colorless solution boliling at 123~126“*) Upon
heatling, the organic acid dissolved. The solution was ree
fluxed for 5 hours, during which time it darkened to a
reddish brown. The whlte solid whiceh separated from the
solution on cooling was flltered through aclde-resistant

filter paper to give 15.6 g« (77%4) of crude product melting
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over the range 75«90°, Four raaryst&lliagtioas from guane
titles of water varylng from 100 to 200 ml. gave 11l.3 g.
(36%) of white crystals melting at 12-126%, It appeared
that the solvent, perhaps as water of hydration, clung
tenaciously to the erystalss for withovt rather prolonged
drying over calclum chloride, the weight was too great and
the melting point was far low.
| A comparlson of the infrarad spectra of this product

and the starting material used in its preparation Indicated
the presence of a phenolic hydroxyl group in the molescule of
the product which was absent in the molecule of the sbarting
compound.,

Anal, Caled. for OgHyCl0y: C1, 17.50. Found: ©1,
17.89, 17.84.

Lactone of 2~hydraxy~hﬂehlnrophﬂnﬁxyaaatia acid.~ A

15 x 125 mm. test tube containing 2.126 g. (0.,010L9 mole)

of 2-hydroxy-h-chlorophenoxyacetic acid was heated for 1%
hours in an oil-bath maintained at 150-155°, A gas rose
through the liguid as the materlal melted, and continued to
be liberated during most of the heating periocds A colorless
liguid condensed near the top of the bube; the ligiid at the
bottom became yellowlsh orange. The tube was then placed
in an oven at 105-110° for 2 hours, and finally allowed to

cool and solidify in a deslcecator containing caleium chloride,.
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The contents of the tube weighed 1,938 g., revresenting a
100.1% yiélﬁ of the lactone, and melted at 58-61° with pre-
liminary softening. This solid was digested with 50 ml,
of petroleun ether (b.p. 60-70°) and filtered hot to remove
0,16 g of undissolved tan solld melting at 11L-119°, iden~
tified as 2«hydroxy-li~chlorophenoxyacetic acid by a mixed
melting point. The filtrate was cooled, and fram the cold
solution was filtered 0.82 g. of white flakes melting at
63~65° with preliminary softening. Concentration of the
mother liguor to aboub 10 ml., with subsequent cooling and
filtering, gave an additional 0.56 g. of white flakes melting
at 65-67°, Thils brought the total yield of recrystallized
product to 71%. Another recrystallization of the second
erop from 5 ml, of petroleum ether (b.p, 60-70°%) raised the
nelting point to 67-69°,

Anal, Caled, for 68H56103= ¢l, 19,2« Pound: Ci,
19.6, 19.5.

li=Chloros~gephonylenedioxydiacetic acid (attempted) =

The synthesis of this compound was attempted by a modification
of the methodl+s72 gescribed earlier for the preparation of

m~phenylenedloxydlacetic acid.

Mg, gabriel, Ber., 12, 1639 (1879).
725, V. Alphen, Rec, trav, chim., L6, Ik (1927).
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To 1.58 g. (0.,0078 mole) of 2-hydroxy-l~chlorophenoxy=
acetic acid was added 1.2 g. (0.031 mole) of sodlum hydroxide
dissolved in 10 ml, of water. The acld dissolved, giving a
yellowish orange solution. Then 0,74 g. (0.0078 mole) of
shloroacetic acild was added, and the mixture was heated over
a free flame to concentrate 1t to a thin paste, Upon the
dropwise addition of 1l:1 hydrochlopie acid‘to the warm
paste, a firmer mass was formed, A btotal of 3 ml. of 1l:1
hydrochloric acid and 20 ml. of water was added to give a
white s0lid in a colorless solution having a pH of about 3.
This solld was filtered to give 1,19 g. of material melting
at 128-135° with pre! iminary softening; frothing of the
material occurred at the melting point. A mixed melting
point showed the material was not 2-hydroxy-li=eirlorophenoxy«
acebic aclds Recrystallization from a small amount of water
gave 0,40 g. of white solid which began to melt at about
128° with mueh preliminary softening. It appeared that a
froth was gradually formed and remained until the temperature
reached aboutb 1556, at which time the froth settled to gilve
a wet white solid which began to turn brown without melting
at about 2§QG¢ ¥o further work was done with this product.

3-Chloro-2enaphthoxyacetic acid.~ This synthesls was

sarried out by the method used by ﬁaakalberg73 for preparing

731, Haskelberg, Js Org, Chem., 12, 126 (1947).
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similar compounds from the corresponding phenol, Subsew
gquent te its preparation as given here, James and Woodcock Tl
reported the preparatlon of 3~chloro-2-naphthoxyacetic acild
by essentially the same method,

To & cold sclution of sodium ethoxide prepared from 60
ml. of absolute ethanol and 0,92 g. (ﬂ,G&G g. atom) of sodium
in a 250-ml. two-necked flask equipped with sbtirrer and
reflux condenser fitted with a caleium chloride drying tube
was added 7.2 g (0,010 mole) of 3-chloro-2enaphthol (pur-
chased from Cphemicals Procurement Company)s To the dark
solution was added 6.7 g. (0.040 mole)} of ethyl bromoacetate,
and the mixture wag‘refluxa& with stirring for 2 houras. A
solution of 5.6 g. (0,10 mole) of potassium hydroxide dis-
solved in 20 mig.ar water was added, and refluxing and stire
ring were continued for 30 minutes., The alurry was dis-
- solved in about 120 ml; of hot water; the resulting solution
was aclidifled with 15 ml, of 1:1 hydroechloric acid, where«
upon coplous precipitation occurred. As the solid did nob
dissolve upon the additiéu of 100 ml. of hot waber, the
mixture was cooled and filtered to give 9.5 g. (100%) of
gray soliﬁ melting at 175#180°, The solid was dissolved in
a solution of 150 ml. of dioxane and 30 ml. of water,
treated with Norit, and filtered hot. Water (560 ml,) was
added to the hot solutlion to effect inelpient cloudiness,

74P, M. James and D. Woodeoeck, J. Chem. Soc., 3418 (1951).
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The mixture was cooled and filtered to give 7.8 g. (82%) of
light tan solid melbing at 1%2~1&ha. Another recrystalliza-
tion from a solution of 60 ml. of dioxane and 80 ml. of
water, with the aid of Norit, did not improve the purity of
the produet, probably largely due to the great tendency of
the product to separate as an oil, Therefore, the product
was recrystallized from a solubion of 100 ml, of benzene and
10 ml, of dioxane to glve 3.l gz« {36%) of whibe crystals
melting at 183-185°,

Anal, Caled. Tor CypHgClO3: €, 60.90; H, 3.83, Found:
¢, 61,08, 61,08; H, 3.95, 393
| James and wgudﬁoak?h reported the melting polint of 3=
chloro-2-naphthoxyacetic acld as 182-183°,

6-Bromo-2-napvhthoxyacetic acid.~ 7This compound was

prepared by the msthod of Haakelbarg?3 except that ethyl
chloroacetate was substituted for ethyl bromoacetate,

In a 100-ml, flask equipped with reflux condenser and
ealeium chloride drying tube were placed 25 ml, of absolute
ethanol and 0,69 g. (0,030 g. atom) of sodium, To the cold
solution were added 6.7 g. (0,030 mole) of b-bromo-2-naphe
thol (kindly provided by Dr. J. B. Campbell of £, I. du Pont
de Nemours and Company) and 3.7 g. (0.030 mole) of ethyl
ehloroacetate., The mixbure was heated, with occaslonal
shaking, on a steam-bath for 1 hour, To the mixture was

added 1.2 g. (0.075 mole) of potassium hydroxide dissolved
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in 10 ml, of water, The resulting white paste was dissolved
in 250 ml, of boliling water, and the free acld was precipi-
tated by acidification of the hot solutlon with 20 ml, of
1:1 hydrochlorie acld, From the cold solution was filtered .
8,1 g. (96%) of slightly pink solid melting at 208-214° witm 
preliminary softening. The solid was digested with 300 ml.
of xylene and filtered hot, giving a slightly cclored solid
residue weighing 4.0 g. and mslting at 223-228° with pre-
liminary softening. Prom the cold filtrate was flltered 2.2
ge of slightly colored solid also melting at 223-228° with
preliminary softening, As a mixed melting point Indicated
these two solids to be the same, they were combined and disw
solved in 50 ml. of hot dioxane; the product was vreciple
tated by the addition of 100 ml, of water to the hot solution,
Filtration of the cold mixture gave 5.9 g. of slightly
colored product melting at 225.228°, This solid was recrys-
tallized by dissolving 1t in 50 mig of hot dioxane and adding
just sufficient water (50 ml.) to cause the formation of a
precipitate, From the cold solution was filtered 5.8 g.
(69%) of white solid melting at 226-229°9,

Anal, Caled. for CyyHgBrOs: €, 51.27; H, 3.23.
Found: €, 51,05, 51.18; H, 3.32, 3.30,

Eaak&lb&rg73 reported an 884 yleld of bebromo-2-
naphthoxyacetic acld melting at 210°,
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In order to compare the preparation of the aryloxyacetle
acid through its esber as given above with the direct prepara-
timnég employing a haloacetlic acld, 6-bromo~2-napnthoxyacetic
acid was synthesized by a second method,

Po 6,7 g. (0,030 mole) of Lebromo-2-naphthol and 2,8 g.
(0.030 mole) of chlorocacetic acid was added 2.h g. (0.060
mole) of sodium hydroxide dissolved in 60 ml, of water,

Most of the solld went into solutlion upon heating the mixture
to the reflux temperature, The mixbture was refluxed for 1
nour, coplous preeipitation occurring early in the reflux
period, The mixture was then heated on a sbeam-bath for 2
hours. The resulting mixture was dlssolved in 350 ml, of
hot water; the alkaline solutlon was treated with Norit and
filtered hot. The free acild was preciplitated by acldifica~
tion of the warm solution with 20 ml, of 1:1 hydrecchlorie
acid, From the cold solution was filtered 6.3 g.(75%) of
white solid melting at 188+216° with preliminary softening
and darkenings Reerystallization from 60 ml, of a 1:2
water-dioxane solutlon gave l.3 g {51%) of nearly white
solid melting at 225-228°, A mixed melting point showed the
product to be the same as the b-bromo-2-naphthoxyacetic acid
prepared through the ester.

1,6~-Dibromo~2-naphthoxyacetic acid (attempted).~ 7o
9.1 g, (0.030 mole) of 1,6~dlbromo~2-naphthol (kindly provided
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by Dr. J. Be Campbell of E. I. du Pont de Nemours and Cone-
pany) and 2.8 g. (0.030 mole} of chlorocacetic acld were
added 50 ml. of ethanol and 3,h g. {0.060 mole) of potas-
sium hydroxide dissolved in 50 ml, of water. A clear, dark-
colored solution resulted upon heating the mixture to the
reflux temperature. The mixture was refluxed for 3 hours to
give a cloudy solutlon whiech was treated with L0 ml. of 50%
¢thanol, heated with Norlt, and filtered hot. To the warm,
eolored filtrate was added 1% ml., of 1l:1 hydrochloric acid;
a dense red oll separated, No effort was made to purify
this oll., ; ,
Easkelberg73 prepared 1,6-dibromo-2~naphthoxyacetic
acld through 1ts ethyl ester by the reaction of 1,6-dibromo-
2~naphthol with ethyl bromoscetate in a solubtion of sodium
ethoxlde, He reported a crude yleld of 85%; the melting
point of the recrystallized product was 178%,

2-Carboxy-h~chloronaphthoxyacetic acid (attempted).~

To a solutlon of sodium ethoxlde preparsed from 1.8 g. (0.080
g. atom} of sodium and 60 ml. of absclute ethancl were added
8.9 g« (0,0L0 mole) of lh~chloro-l~hydroxy-2-naphthoiec acid
and 9.8 g. {0,080 mole) of ethyl chloroacetate. The mixture
was refluxed, with occaslonal shaklng, for 1 hour, Following
the addition of 11.2 g. (0.20 mole) of potassium hydroxide

dissolved in 30 ml, of water, the mixture was heated on a
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steam-bath for 30 minutes. The hydrolyzed mixture was
poured into 100 ml. of hot water, and bto the resulting warm
solution was added 30 ml, of 1l:1 hydrochlorie acid., The
acidic mixture was cooled and filtered to give 9.6 g.

(108% crude re@avary).ef nearly white solld melting at 217°
with gas evolution, identifled as l-chloro-l-hydroxy-2-
naphtholic acld by a mixed melting point,

In a $aaond effort to synthesize thils aryloxyacetilc
aaid, an attempt was made to force the reaction by employing
the higher~bolling solvent, methyl ecellosolves The reaction
mixture was maintalned at the reflux temperature of thié
solvent for 2% hours; however, the starting phenolic com-
pound was obtained in a 90% aradé recovery following hydrol=-
yals, acidification, and filtration, |

A third attempt was made to prepare the naphthoxy come
pound, this time using the higher-beiling methyl cellosolve
and employing the more reactive ethyl bromoacetate instead
of ethyl chloroacetate., The reaction mixture was refluxed
for 1 hour, hydrolyzed, acidified, and filtered to glve a
101% erude recovery of starting material.

The only reference to the preparation of 2-carboxy-l-

ehloronaphthoxyacetie acid is the work of Bull and Fuscn,75

753¢ A+ Bull and R. C. Fuson, J. Am, Chem., S50C., EQ,
736 (193L). ‘
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who prepared the compound by oxldation and ehlorination éf
2-acetonaphthoxyacetic acid, by oxidation of li=chloro-2-
acetonaphthoxyacetic acld, and by chlorination of 2~carboxy-
naphthoxyacetic acid.
L'-(2,h-Dinitrophenylamino)phenoxyacetic acid (attempt-
ed)e= To 5,50 g« (0.020 mole)of 2,hi~dinitro«lit-hydroxydi-

phenylamine (kindly provided by Dr. J. B, Dickey) and 1,89
e (0,020 mole) of chloroacetic acld was added 1,60 g.
(0,040 mole) of sodium hydroxide dissolved in 60 ml, of water,
The dark red mixture was heated on & steam-bath for 3 hours,
then aclidified with 10 ml, of 1:1 hydroechloric acid. From
the acidified mixture was filtered 6,16 g. of red solid
melting over the range 14)-150°, If this is assumed to be
the dezired aryloxyacetlc acld, the yleld of erude product
was 93%., However, one would expect the melting point of

the aryloxyacetic acld to be higher than that of the parent
phenol, so it is unlikely that the product was the desired
compounds When the solid was dlssolved in a hot solution of
35 ml., of dioxane and 15 ml, of water, no sﬁcond phase
separated upon cooling., The addition of 20 ml. of water
resulted in the separation of a dark oll heavier than the
solvent, No further work was done with this oil,

l-Aminoanthraquinone~ii-oxyacetic aclid (attempted).-

To the cold sclution prepared from 0.23 g. (0.010 g. atom)
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of sodium and 20 ml. of methyl cellosolve were added 2,39 g.
(0,010 mole) of leamino-li=hydroxyanthraquinone (kindly pro-
‘vided by Dr. J. B. Dickey) and 1,23 g. {0,010 mole) of ethyl
chloroacetate, The mixture was refluxed for 3 hours. To
the deep red mixture was added 1.l g. (0,025 mole) of potas=-
gium hydroxlde dissolved in 10 ml, of wabter; the resulting
purple mixture was heated on a steam-bath for 30 minutes,
Acidification with 15 ml. of 1:2 hydrochloric acid, followed
by coollng and flltration, gave 2.36 g. (99% recovery) of
dark brown solid melting over the range 187-193° with pre-
liminary softening, identified as l-amino-l~hydroxyanthra~
guinone by a mixed melting point.

In a second attempt to prepare l-amincanthraquinonesli-
oxyacetic acld, methyl lodoacetate was substltuted for ethyl
chlorcacetates {(The methyl iodoacetate was previously purie
fled in a manner similar to the method used by Aronstein and
Kr&mps«7é Using essentlally the same procedure for carrying
out th@ reaction and isolating the product as was used In
the first attempt, there was obtalned an 89% recovery of
crude starting material, identified by a mixed melting point.

Flavone-3-oxyaceble acid (attempted).- To a cold

solution prepared from 0.6 gz. (0.020 g. atom) of sodium
and 60 ml. of methyl cellosolve were added LL.76 g« (0.020

761, Aronstein and J. M. A, Kramps, Ber., i, 60k (1881),
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mole) of 3-hydroxyflavone and 3.3L g. (0,020 mole) of

ethyl bromoacetate., The mixture became homogeneous upon
heating bo the reflux temperaturs. The solublon was refluxed
with stipping for 2 hours, Then 2.8 g. (0.050 mole) of
potassium hydroxide dissolved &ﬁ 20 wl, of water was added,
ﬁmd the solutlion was refluxed for 20 minutes, The solutlion
was cooled and acidified with 20 ml, of 1:2 hydroechloric
acld, TFiltration of the resulting mixbure gave 1.06 g.

(229 recovery) of pale yellow solid melting at 163-166°,
identifled as 3-hydroxyflavone by a mixed melting polnt.

The filbtrate was diluted with 100 ml, of water, and the mix-
ture was extracted with two 100-mli. portions of ether. The
sonbined ethereal extracts were washed with 50 ml. of watepr
and dried over sodium sulfate, The solvent was distilled
over a steam-bath, the last traces under the vacuum of a
water asplirator, to glve a liguid residue whiech partially
solidified on standing. Alter prubbing on a porous plate, a
sanple of the reslidue was found to wmelt over the range 107-
129°, Wher mixed with a sample of 3-hydroxyflavone, the
material began to melt at 90°, The semi-solid residue was
dissolved in 150 ml, of a refluxing 1:2 bensene-petroleum
ether (b.p. 77-115%) solutiony the hot solubtion was decanted
from a smail amount of undissolved liquid residus. Filitration

of the cold mixture gave 0.83 g, of pale yellow solid melting
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at 83~90°; further heating caused the liberation of a gas,
- Although work was discontinued on this material, it seems
unlikely that it was the desired oxyscetic scid in view of
the faect that 1lts melting point was far below that of the
parent hydroxy compound.

3-Pyridineoxyacetic acid (attempted).~ Subsequent to

the attempted synthesis of thils compound as given here,
?arkins77 reported the preparation of 3«pyridinecxyacetic
acld hydrochloride monochydrate by the reaction of 0.1 mole

of 3=hydroxypyridine with 0.12 mole of ahlareaceﬁié acid

and 0.2l mole of sodlum hydroxide in water, followed by
acldification of the reactlon mixture, 3=-Pyridinsoxyacetic
acid was prepared by dissolving the hydroehloride monohydrate
in an equimolar solution of sodium hydroxide, with subsequent
concentration. The 3J«pyridineoxyacetic acid hydrochloride
monohydrate decomposed without melting at 118° and melted

at 180-185° (decompn.)s The 3-pyridineoxyacetic acid melted
at 170° (decompn.). However, Kir§a17§ previously had carried
out the reaction of 1 mole of 3-~hydroxypyridine with 2 moles
of shlorcacetic acid in alcohol to give a product melting at
185° (decompn.) to which he assigned the formula

77a P. Perkine, U, 8. Patent 2,55 | ~ ,
o« Pu S f 559,546 [C. 4 6
1052 (19513)]“ L B ’ 2 e ¥ .’.‘.‘L.”

78-&. " Kirpal, Monatsh, P gﬁ«g L}.?l ( 19(}8) -
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To & cold solution prepared from 2,3 g, (0,10 g, atom)
of sodium and 30 ml. of methyl cellosolve was added 9.5 g.
(0,10 mole) of 3~hydroxypyridine; most of the hydroxypyri-
dine dissolved, with the liberation of & small amount of
heat, to glve a pink solution, Upon the addition of 16.7
ge (0,10 mole) of ethyl bromoacetate, an orange mixture re-
sulted, and much heat was liberated. The mixbture was heated
on a steam~bath, with stirring, for 2 hours, whersupon the
color became brown, Followlng the addition of 1.0 g.
(0,25 mole) of potassium hydroxide dlssolved in L0 ml. of
water, heating on a steam-bath, with stirring, was continued
for 20 minutes, The dark mixture was cooled and treated
with 60 ml, of 1:1 hydrochloric aclids. The acidle solution
was extracted three times with 50-ml. portlions of ether, and
the combined ethereal extracts were washed with 30 ml. of
water, then dried over sodium sulfate. Distillation of the
ether gave a small amount of orange liquid residue whiech did
not solidify on standing. A similar extraction of the

agqueous layer with ethyl acetate also separated a small
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amount of liquid residue, The agqueous layer was then
concentrated, cooled, and filtered to glve 8.1 g. of nearly
white solid which darkened but did not melt when heated to
1o0%, The solvent was dlstilled from the filtrate over a
ateam~bath under the vacwum of a waber asplrator to give a
brown residue, This resldue was digested with 100 ml, of
refluxing ethanol, the mixture was ccoled, and the solid

was filtered to give 13.6 g« of nearly white solid which did
not melt when heated to aaee. The filtrate was concentrated
to give, upen cooling, a dark, somewhat viscous liguid émnw
taining a amallxaméunﬁ of 1igh$”3010?$ﬁ gollid, When an
attenpt was made to vacuum~distill this mixture, decomposi-
tion was observed to have begun by the time the bath.
temperature had reached 190°,

Bthyl 3-pyridineoxyacetate.~ This ester was synthesized

by the general method used in the atbtempted preparation of
the acid, the saponification not being carried out, of course,
To a cold solution of sodium ethoxide prepared from 18.4
ge (0,80 go atom) of sodium and KOO ml, of absolute ethanol
in a l=liter thres-necked flask equipped with stirrer, drop~
ping funnel, and reflux condenser fitted with a caleium chlo-
ride drying tube, was added 76,1 g. (0,80 mole) of 3«hydroxy-
pyridine. The 3-hydroxypyridine dissolved upon stirring; to
the resulting solution was added with stirring, over a period
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of about 7 minutes, 13 g, (0,80 mole) of ethyl bromoacetate,
During this addition the solution became orange, ruch white
solid precipltated, and much heat was liberated. The mix-
ture was refluxed with stirring for I} hours, during which
time the supernatant llquid became wine red. The solvent
was distilled from the mixbure over a steam-bath under the
vacuun of a wabter asplrator, and‘the residue was stlrred
with a mixture of [ 00 ml. of ether and h00 ml, of 5% sodium
hydroxide, The aqueous layer was separated and extracted
twice with 200-ml, portions of ether, The combined ethereal
layers were washed twice with 100-ml, portiocns of water and
dried over socdium sulfate. Following removal of the sclvent
‘over a steam=bath, the residue was dlstilled to give 17.6 g.
(124) of golden-colored liguld boilling at 96-98° (0.1 muie).
Redistillation gave 15.1 g. (11%4) of colorless ligquid bolling
at 97-98% (0,2 mm.), 2% 1.5053, a% 1.3
Anal, JGaled, for CgHjjNO3: C, 59.66; H, 64125 N, 7.73;
MRy77 45,67, Found: ©, 59.l4k, 59.503 H, 6.16, 6.24; N,
7.82, 7.923 MRp, 46459,
Woen the molar refraction was calculated through use of
the molur prefraction of pyridine as determined experimentally,
the calculated value of MRy was increased to 1j5.82.

T9¢caloulated from the values for atomic vefractions
given in A, Welssberger, "Physical Methods of Organie
Chemlstry," 2nd ed., Interscience Publishers, Inc., New
Yﬁrk, He Yeu 192&93 Vole 1; Pe 11630
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1,2-Dihydro-2~keto~lwquinolineacetic acid.~ To a cold

solution of sodium ethoxide prepared from 2.3 g. (0.10 g.
atom) of sodium and 100 ml. of absolute ethanol were added
14.5 g, (0,10 mole) of 2-hydroxyquinoline and 12.3 g. (0.10
mole) of ethyl chloroascetate. The mixture was refluxed on

a steam-bath, with occasional shaking, for 1 hour. At no
time did a clear solubion result, To the reaction mixbture
containing a white solid was added 11,0 g. (0.25 mole) of
potassium hydroxide dissolved in 30 ml. of water, and the
resulting mixture was refluxed on a steam~bath for 10 min-
utes, The warm mixture was acidified with 15 ml. of 1l:l
hydrochloric acid, PFrom the cold solubtlon was filltered 20,1
2s (99%) of white solid melting with gas evolution at 275°
with preliminery softening and darkening. The solid wﬁs
digested with a refluxing solution of 140 ml. of dioxane and
110 ml. of water; the mixture was cooled and fllbtered to
give 10,5 g. (529) of white solid melting with gas evolution
at 280° with preliminary softening and darkening. The prod-
uct was then digested wlith a refluxing solution of 10 ml,
of dioxans and 250 ml. of nitrobenzene. The mixture was
filtered hot to give 5.5 g. of undissolved white solid melting
with gas evolution at 282° witn preliminary softening and
darkoning. The filtrate, upon cooling, yielded L.2 g. of

- white solld als o melting with gas evolution at 282° with
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preliminary softening and darkening, thﬁs bringing the yield
of pure material to 8%, The melting point of the l.2 g,
of solid was not increased upon an additlonal recrystalliza-
tion from a 1:2 dioxane-nitrobenzene solution,

Anal, Caled, for cllﬂQEGS: C, 65.02; H, h.hoés
N, 6,89, Found: €, 64.75, 6lL.70; H, L5, k.03 N, 6.98,
7+00, -

Although this reaction was carried out wlith the hope of
preparing 2-quinolineoxyacetic acld, the infrared spectrum,

rkﬁg,gl on similar compounds, indi-

together with related wo
eates that the produect probably exists as the zwitter lon
of 1,2~dihydro-~2«keto«l~quinolineacetic acid, However, its
strueture has not been proved,

8~quinolineoxyacetic acid and its hydrochloride

(atbempted) s~ Attempts were made to earry out these syn=
theses by ths method of ﬁagel,ga using a simplified method
for the isolation of the intermediate hydrochleride,

In a 500-m1l, three-necked flask equipped with stirrer,
reflux condenser, and dropping funnsel were placed 9.2 g.

(010 z« atonm) of sodium and 100 ml, of absclute ethanol,

804, R, surrey, J. Am. Chem, Soc., 70, 2190 (1948).
81F¢ Wa Eargsﬁrﬁm, Chem. Revs ., 4_3‘5: 7? (19}-{»2-!»)#
820, Nagel, Monatsh., 18, 31 (1897).
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After all the sodium had reacted, 29,0 g. (0,20 mole) of
8~hydroxygquinoline in 150 ml, of absolute ethanol was added,
The mixtur@‘amntaining much solid was refluxed on a steam-
bath for 30 minutes, The solld was all dlssolved by the
slow addition of 20 ml, of water to the stirred, refluxing
mixture, To the resulting orange solution, with stirring
and refluxing, was added 18,9 g. (0,20 mole) of chloroacetic
acid dissolved in 30 ml, of 95% ethanol, The mixture was
nr@flmxsd for 6 hours to give an orange scdlution containing
a considerable amount of sollid, Most of the ethanol and
water was distilled over a steam-bath to give, upon coolling,
an orange solid cake as a residue. One hundred milliliters
of water was added, and the mixture was warmed to effect
solution. The soclution was c¢coled, and 70 ml., of 1:2 hydro-
chloric acid was added to give a solution having a pH of 2,
This solution was extracted with 100 ml, of ether, causing
the aqueous layer to become a firm mass. The ether was
poured off. The aqueous layer was filtered, and the solid
was washed first with a 1:1 water-ethanol solution, then

- with ethanol, and finally with ether., The yellow solid
welghed 31.l g, (66%, calculated as B-quinolineoxyacetic
acid hydroenhloride) and began to soften at wlLout 178%, be-
coming darker aﬁd finally melting at 218° with pgas evolution
and formation of a dark red liquid, Nagel reported that
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Bequinolineoxyacetic acld hydrochloride turns brown at BQSﬁ
and melts at 2169,

The yellow solid was dlssolved in 120 ml, of hot water
and treated with an excess of freshly precipitated silver
oxide {prepared by the reaction of sodium hydroxide with
s 1lver nitrate), The mixture was stirred while heating on
a steam~bath for 2 hours. The solid material, presumably
ailver oxlde and silver chlorlde, was filtered from the hot
éclutiani However, only a trace of solld, believed to be
the unreacted hydrochlorlde, separated from the solution
upon cooling, and neither extraction with ether nor removal
of the water led to significant amounts of solid, Further-
more, digestion with bailin@ water of the residue containing
the si1V&f compounds was of no avall, HNHagel reported the
melting point of J-quinolineoxyacetic acid to be 1760.

In a second attempt to prepare 8-quinolineoxyacetic
acid, the intermediate hydrochloride was prepared in the
same way except that sodium hydroxide was substituted for
metallliec sodium, and a 3:2 water-95% ethanol solution was
used as solvent. In this way there was obtained a 96% yleld
of the supposed hydrochloride which began to turn bLrown at
about 210° and melted at 228° with gas evolution and formation
of a red liquid. Thls material was treated with silver oxide
in the same way as in the previous trisl, This time the



filtrate from the removal of the silver compounds was treated
with ethanol following its concentration, resulting in the
geparation of a small amount of light yellow solld melting

at 181° with gas evolution and formation of & red liquid,
&lthﬁugh‘it& melting polint was in falr agreement with that
reported by Nagel for 8~quiﬁalineexyaaetie acld, the infra-
red spectrum showed no carbonyl band,

A third preparation of Be-guinolineoxyacetic acld hydroe
chloride was attempted, this time %y the same method as was
used in the second trial. The yleld was 79% of yellow
solid which began to turn brown at about 220° and melted at
230° with gas evolution and formation of a red melt., Recrys-
tallization from a 13l waber-95% ethanol solution gave a
61% yileld of light yellow solid which began to turn brown at
about 205° and melted at 22&a with pas evolution and forme~-
tion of a red liguid. An analysis of this maﬁ&vial gave
these results: €, 51.91, 51.76: H, 1.89, 5;00; Cl, 10437,
10.148; N, 5.63, 5.57. Neglecting oxygen, this would require
the formula 01Ga79H12¢38310,7kﬁi*00‘ Ap@&remtly the compound
was not pure, The infrared spectrum showed the presence
of a carbonyl group as would be expected. |

In a fourth trial employing ethyl chloroacetate instead
of chloroacetic acid and sodium ethoxide instead of sodium

hydroxide, thus proseeding through the ester, there was
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obtained a S4% yield of the hydrochloride melting at 222°
with gas evolution and formation of a red melt, and with
preliminary darkening.

Methlodide of 8-guinolineoxyacetic acid (atbempted).-

In general, the method employed was that used by Melsenheimer
and ncd0n0w83 in thelr preparation of the methiodide of
guinoline,

In a 250-ml, three-necked flask equipped with stirrer,
reflux condenser, and droppling funnel were placed 100 ml, of
90% ethanol and 12,0 g. (0.050 mole) of the supposed 8-
quinolineoxyacetic acid hydrochloride prepared in the third
trlal above., To the suspension was added slowly wiih stir-
ring 7.8 g.(0.055 mole) of methyl iodide dissolved in 20 ml,
of 904 ethanol. Mo heat effect was observed., The mixture
was then refluxed with stirring for 2 hours, Some of the
hydrochloride dissolved upon heating the mixture; beflore it
had all dissolved, precipitation of another substance began.
jore solid precipitated upon cooling. Filtration gave 8.0
ze (L6%, calculated as the desired methiodide) of short
yellow needles melting at 203° with gas evolution and pre-
lininary darkening., Recrystallizatlon from 90 ml. of a
1:ly water-ethan ol solutlon gave 6.5 g« of yellow solid

(191 ?35. Meisenhelmer and J. Dodonow, Ann,, gﬁg, 13
911). m—
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melting at 205% with gas evolution and preliminary darkening,
A mixed melting point with the starting quainalin@cxyacetia
acid was 1?&? (decompn.}s« A qualitative test gshowed the
presence of lodine; however, the infrared spectrum showed
the absence of a carbonyl group. Analysis of the materlal
gavé these results: €, 48,06, L8,05; H, 3.97, 3.90; N, 5.23,
5,18, Neglecting oxygen and lodine, this corresponds to the
formula 810

Q?é 1Q~bl 1QOG
Monohydrate of the methiodide of E«hydrexgguinolineaw

Brmploying the same method as was us@d in the preceding exper-
iment, 7.8 g. {0,055 molel of methyl iodide dissolved in 20
ml, of 90% ethanol was added slowly, with stirring, to 7.3
2s (0,050 mole) of Behydroxyquinoline in 100 ml. of 90%
ethanol, The sclution was refluxed wilth stirering for 2 hours,
As no solid separated from the orange solution on cooling,
most of the &elveﬁt was distilled. From the cold concentrated
mixture was flltered 3.7 g. of yeliaw solld melting over the
range 70=110°, The solid was digested with 50 ml., of benzene
and'filt@r@& hot to give 1,91 g. (13%) of yellow material |
melting at 169*1719 with gas evolution, Recrystallization
from 45 ml., of a 1:2 @th&ﬁmlmbanzane solution gave 1.61 g.
(11%) of yellow product melting at 168% with gas evolution
and preliminary softening.

Anal, Caled. for CqnH,,INO5: C, 39.363 H, 3.96; N,
1,59, Found: C, 39.54, 39.46; H, 1L.06, L.Oh; W, L.59, L.62.



Claus and Hawitzs& carrisd out the preparation of the
methiodide by heating the reactling materlals In a sealed
tube in a water-bath without a solvent; they reported the
product to darken above 1&00, melting with gas evolution at
170°, Upon heating B-hydroxyquinoline with methyl iodide in
| methanol at 100° in a saai@ﬁ tube, Lippmann and Fleiasn&rsg
obtained a substance melting at 143° (decompn.) which they
consldered to be a complex conslsiting of a molecule of the
methiodide of 8~hydroxygquinoline assoclated with a molecule
of the hydroiodide of 8-methoxyquinoline and two molecules
of water.

In an earlier preparation of this methlodlids, a 0,39%
vield (mixed m.p,) was obtained by the dropwise addition of
a toluene aalutién of methyl l1odide to a refluxing solution
of Bwehydroxygquinoline in toluene,

5,7=Dichloro-B~quinolineoxyacetic acid.~ To a cold

solution prepared from Odi6 g. (0,020 g+ aton) of sodium and
30 ml, of methyl cellosolve were added .28 g, {0,020 nole)
of S;?*diehlarmuﬁnﬁydfonyuinnlim@ and 2.6 g+ (0,020 mole)
of ethyl chloroacetates The mixture was refluxed for 3

hours, treated with 2.8 g. (0.050 mole) of potassium hydroxide

4 Sriisaincs W

‘ 8l + Claus and H, Howitz, J, prakt, Chem., [2], 2, 222
(1890). | '

(1889?5E* Lippmann and F, Fleissner, Monatsh,, 10, 665
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dissolved in 10 nl., of water, and heated on & steam~bath
for 30 minutes, Twenty milliliters of 1:i2 hydrochloric
acld was added, and, after cooling, there was filiarea h;l&
ge (76%) of light gray solid melting at 208-212° with gas
evoluﬁion and formation of a dark liquid. Three rec?y&ﬁal»
lizations from 100~150 ml, of & 112 water-dioxane solution,
with the aid of Norit, gave 2.13 g. (39%) of white needles
melting at 219° with gas evolution, with preliminary
gsoftening and formation of an orange melt.

 Anal, Caled, for CyyHpClpNO3: C, L8.55; H, 2.59; N,
5.15; €1, 26,06, Found: ¢, L8.53, 48.,50; H, 2.66, 2.60;

N, 5.1, 5,123 €1, 26,19, 26410,

Q An earlier attempt to carry out the synthesis by refluxe
ing for 5 hours a mixture of ﬁ,7~ﬁieh1ar0~8mhyd§oxyquim@line,
ehloroacetic acid, and sodium hydroxide in a 1:1 water-95%
ethanol solution led to a 954 ar&d@ recovery of the quinoline
compound, Also, in an effort to prepare the oxyacetic acid
by the methed used in the succezsful synthesls described
above, but with substitutlon of absolube ethanol for methyl
cellogolve as the relluxing solution, there was obtained a
929 erude recovery of the hydroxyquinoline.

5, 7=Dibromo-8-quinolineoxyacetic acid.~ Using the pro-

cedure by which the corresponding dichloro compound was

prepared, 12.1 g. (0.0h0 mole) of 5,7-dibromo=-B-hydroxye
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quinoline and 4.9 g. (0.040 mole) of ethyl ehloroacetate
were added to a solution prepared from 0.92 g. {0,040 g,
atom) of sodium and 60 ml. of methyl cellosolve. The mix=
ture was refluxed for 1 hour, treated with 5.6 g. (0.10
mole) of potassium hydroxide dissolved in 20 ml. of wéter,
and refluxed for an additional 20 minutes. Acidification
with L0 ml. of 1:2 hydrochloric acid and filtration gave
12.1 g. (84%) of 1light gray solid melting over the range
15541§5Q (Gecompn, ). One recrystallization from 140 ml. of
a 1:6 water-dioxane solution, followed by three recrystalw
lizations from 100-200 ml, of & 131 benzene~dioxane solution,
gave 3.2 g. (22%4) of white needles melting at 222-22),° with
gas evolution and formation of an orange melt; there was
preliminary softening and darkening.

Anal, Caled, for Cy;H,BroNOs: €, 36,595 H, 1.95; N,
3,88, Pound: €, 36.86, 364993 H, 2,01, 2.00; H, L.05, 3.9%h.

\ Hagalﬁa reported the compound to melt at 203° (darkening);
he obbained it as orange-yellow nesdles from ethanol followlng
its preparation by treatment of Beguinolineoxyacetic acld
with bromine water.

5, 7-Diiodo-B=quinolineoxyacetic acid.,~ To a cold solu-

tion prepared from 0.92 g. (0.040 g. atom) of sodium and 60
ml. of methyl cellosclve were added 15.9 g. (0.040 mole) of
5, 7=dliodo-8~hydroxyquinoline and 6.7 g« (04040 mole) of

ethyl bromoacetate. The mixture was refluxed with stirring
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for 1 hour, then treated with 5.6 g. (0,10 mole) of potassium
hydroxlde dissolved in 20 ml, of water, and refluxed with
stirring for ancther 10 mimubtes, After cooling and acidi-
fying with JO ml. of 1:2 hydrochloric acid, there was filtered
10,5 g, (58%) of rown solid melting at 161° with gas evolution,
The so0lld was digested with 300 ml. of dioxane, and the mix-
ture was filtered hot to remove a small amﬁunt 0f brown solid
which dld not melt ha}awvﬁﬁﬂ°. The filtrate was treated with
¥orit, and water (300 ml.) was added to the refluxing orange
solution to effect ineiplent cloudiness., Filiration of the
cold mixture gave 6.1 ge (34%) of brownish pink solid melting
at  179° (decompn.)}. Recrystallization from 150 ml. of a 1:2
petroleun ether (byps 77-115°)~dioxane solution gave 5.0 g,
(284) of slightly colored solld meltlng at 199° with gas
evolution, formation of a red liquid, and preliminary darkw
ening. Another rﬁcrystéllizatian, with the aid of NWorit,
from the same solvent palr gave a nearly whlte solid with
the same déoampa&itimn point, ,

Anal, Caled. for Oq9HyIpNO3: C, 29.04; H, 1.55; N,
3.08, Found: ¢C, 29.13, 29.20; H, 1,70, 1.65; N, 3.29, 3.31.

5«8ulfo-7=1odo=8equinolineoxyacetic acid (attempted).-

To the cold solution prepared from 1.8 g. (0.080 g. atom) of
sodium and 60 ml. of methyl cellosolve were added 1.0 g.
(0.040 mole) of B-hydroxy-7-ilodo-S-guinolinesulfonic acid
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and 13.Lk g« (0,080 mole) of ethyl bromoacetate, The mixture
was refluxed with stirring for 1 hour, and 11.2 g. (0,20 mole)
of potassium hydroxide dissolved in L0 ml., of water was added,
The clear red solutlion was refluxed for 10 minutes, cooled,
and acidified with 50 ml, of 1:1 hydrochlorie acid, ¥No pre-
clpitate formed upon cooling, so about hall of the solvent
was distilled over a steam~bath under the vacuum of a water
aspirator., Filltration gave 17.9 g. of orange solld melting
at 231-234° (decompn.)s The solid was dissolved in a solu~
tion of 70 ml, of water and 160 ml, of dioxane, The addltion
of 110 ml. of acetone caused the separatlon of o3 g of
vellow solid which darkened and softened but did not melt
below }00°, Concentration of the filtrate gave 2,8 g. (274,
calculated as the dinydrate of E-hydroxy-S~guinclinesulfonie
acidaé) of yellow-orange solid melting at 310-313° (decompn,).
Two recrystallizations from 90 ml. of water, with the aid of
Horit, gave 1.28 g. (12%4) of yellow crystals melting at 326-
328° with gas evolution and formation of a dark melt,

Apal. Caled, for QQHTﬁﬂhscéﬂgﬂz C, 41.37; H, L2l
My, 5.36;3 8, 12.27, water of hydeation, 13.79. Found: C,
B1.59, L1.713 H, he50, haoli33 N, S.41, S 8, 12.20, 12,233

86

A, Claus and S. Baumann, J. prakt. Chem,, 53, U457
(1897)., r L ZEat Sosta 25




né?m

water of hydration (100° in vaocuo over phosphorus pentoxide),
13451, 13.50,

Conecentration of the filtrate from the separation of
the solid melting at 310-313° (decompn.) gave 3.3 g. of brown
solid melting at 230-~235° with gas evolution, This solid
was not inveatigated further.

In a previous atbtempt to prepare the desired oxyacstic
acid through the use of ethyl chlorocacetate instead of ethyl
bromoacetate, 36% of the B-hydroxy-7-iodo-5-gquinolinesulfonic
acid was recovered.

Q«(2,i-Dichlorophencxy)palmitic acid.~ To a cold solu-

tion of sodium ethoxide prepared from 0,69 g. (0,030 g.
atom) of sodium and 60 ml, of absclute ethanol were added
4.9 g+ (0.030 mole) of 2,h~dichlorophenol and 10,9 g. (0.030
mole) of ethyl Q«bromopalmitate. The clear solution was
refluxed with stirring for 3 hours, during which time a
white solid separated. Four and two-tenths grams (0.075
mole) of potassium hydroxide dissolved in 20 ml. of water
was added, and the mixture was refluxed for 20 minutes.
Pollowing cooling and acidification with 25 ml. of 1:2
ﬁyﬁraahloric acid, there was filtered 12.2 g. (98%) of white
solid melting at 73«76° with preliminary softening. An
abttenpt to recrystallize this solid from a 1l:2 water-dloxane

sqlutien resulted in an oil which could not be made Lo
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cerystallize, so the oll was recovered by extraction with
etﬁ&r* Following removal of the ether, the solid was recrys-
tallized from 300 ml, of a 1:3 water-95% ethanol solution

to give 9.2 go (7Th#) of white solid melting at 75-76° with
preliminary softening.

Anal, Caled. for GEEHBnCIQGES ¢, 63.30; H, 8,21; C1,
16,99, Found: €, 6150, 6L.53; H, 8.85, 8.90; €1, 14.90,
.95,

The lack of close agreement between the calculated and
experimental values in the analyses shows that the product
was not pufa‘_ However, the two derivatives preparsd from
this orude acid as described below gave good analyses,

& -(2,h-Dichlorophenoxy)palmitamide.,~ By a standard

prmaﬂﬁur$87 for preparing amides ,.10 ml., (0.1l mole) of
thionyl chloride was added to 2,09 gz. (0.0050 mole) of ecrude
L O={2,h~dichlorophenoxy)palnitic acld, Protescted from mois-
ture, the mixture was heated on a steam-bath for 30 minutes,
cooled, and poured into 30 ml. (0,45 mole)} of concentrated
ammonium hydrozide in an ice~bath. Filtration gave 6.3 g

of white solld which softened and darkened on heating but did
not melt below L00°, Recrystallization from 350 ml. of & 2:5

a7R. Lo Shriner and R. C. Fuson, "The Systenmatic
Identification of Organic Compounds,” 3rd ed., John Wiley
and Sonsg, Inc., New York, N, Y., 19L8.
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water-95% ethanol solution gave 1.L0 g. (67%) of white solid
melting at 78-81° with formation of a cloudy liguid, The
s0lid was dissolved in 50 ml. of ethanol and filtered hot
to remove a small amount of white sdlid., Following the
addition of 17 ml. of water to the hot golution, and cooling,
the mixture was filtered to give 1,17 g. (56%) of white
solid melting at 77*?9Q;
Anal, Caled. for CppH3gClaNOp: €, 63.45; H, 8.47; W,
3.36. Found: ©, 63.47, 63.32; H, 8,63, 8.69; N, 3.06, 3.01.
A~(2,h-Dichlorophenoxy)palmitanilide.~ Using a standard

prmcedur367 for the preparation of anilides, L0 ml. (0.055
mole) of thionyl chloride was added to 2.09 g. (0.0050 mocle)
of ecrude O=(2,li-dichlorophenoxy)palmitic acids The mixture
was heated on a stsam~bath for 30 minutes and cooled, A
solution of 1.0 ml. (0.0h). mole) of aniline in 60 ml, of
benzene was added, and haating on the steam-bath was con-
tinued for 10 minutess The s0lid waz filtered from the cold
benzene solution, and the solutlon was washed successively
with 10 ml. of water, 10 ml. of 5% hydrochloric acid, 10 ml.
of 5% sodium hydrexidé, and 10 ml, of water. Distillation
of the solvent gave a residue which was recrystallized from
110 ml, of a 1:10 water«95% ethanol solution to give 1.00 g.
(41%) of white solid melting at 72-77° with preliminary
softening, Two additional recrystallizations from 35«45
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ml, of a 1:10 water-95% ethanol solution gave 0.65 g,
(26%) of white solid melting at 81-83°,

Anal, Calcd. for CpgHygClpNOp: €, 68.28; H, 7.98;
N, 2,84, PFound: €, 68,28, 68,163 H, 8.09, 8.13; N, 2.6lL,
2470,

Ethyl g-phenylenedioxyacetate,~ This synthesls was
aarriad out by a slight modification of the method of
ﬁhrisﬁianaan and Dolliv@r.ﬁg

To a cold ethanolie scolution of sodium ethoxide pree
pared from 16,0 g (2.0 z. atoms) of sodium and 1500 ml, of
absolute ethanol in a 3-liter three-necked flask equipped
with stirrer, reflux condenser, dropping funnel, and nitrogen
inlets was added 110 g. (1*9 mole) of catechol, To the dark
mixture was added 157 g (1.0 mole) of ethyl dichloroacetate,
with stirring, over a period of 20 minutes. After 1 hour
of stirring at room temperature, the mixture was stirred for
6 hours with refluxing. The solvent was removed over &
stean«bath under the vacuum of a water aspirator, and the
residue was stirred with a mixture of 600 ml, of ether and
300 ml. of 5% sodium bicarbonate. The layers were separated,
and the sthereal layer was extracted with an additional 300
ml. of 5% sodium bilearbonate, then washed with 100 ml,. .of

88y, . christiansen and M. A, Dolliver, J. Am. Chem,
Soe., 66, 312 (194l). o
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woter., A considerable amount of tar-like material (see
DISCUSSION) remained undissolved and was separated with the
agueous layer, The ethereal solutlion was dried over sodium
sulfate, the solvent was removed, and the dark resldue was
distilled to give 68,1 g. of material boiling at 81-89°
(0,3 mme)e This material consisted of a colorless liquid
containing sane white solid identified as catechol by a
mixed melting point. The distillate was extracted with two
30=-ml, portions of 5% sodium bicarbonate to remove the
catechol, and the organic layer was washed once wlth 30 ml,
of water, Distillation gave 53.lL g. (28%) of colorless
liquid bolling at 79-61° (0,3 mu.), n?y 1.5127,

In a previous itrial the ethereal extract of the ester
was washed with 5% sodiun hydraxidagg instead of 5% sodium
bilcarbonate., Subsequent distillation of the solvent in a
run of the same size as that described above gave only 18,6
ge of a red liquid residue. Therefore, the agueous layer
(containing some ethanol) remalning from the ether extraction
was acldified with 1l:1 hydrochloric acid., The dense, dark
red o0il which separated was removed, the agqueous layer was
extracted with ether, and the oll and ethereal extracts were
combined and dried over sodlum sulfate. Following removal
of the solvent, the residue was vacuum-distilled to give

about kB g. of pale yellow liquid boiling over a wide range.
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Redistillation through a small Todd colunn fitted with a
spiral packing without a core gave 20,0 g. (10%) of colorless
liquid boiling at 92-94° (0,7 mm.), 023, 1.508L.

Anal, Caled, for CygHyg0u: €, 61.85; H, 5.19; mol,
wb., 194, Found: €, 6141, 61,38; H, 5.26, 5.36; mol. wt.
(cryoscopic in benzene), 169, 175,

Christlansen and Dolliver reported the beiling point
of ethyl owphenylenedioxyacetate to be 115-117° (12,5 mm.),

g-Fhenylonedloxyacetamides~ A mlxture of 3.9 g«.(@.ﬂao

mole) of ethyl o-phenylenedloxyacetate and 20 ml, (0,30
mole) of econcentrated ammonium hydroxlde was shaken vigor-
ously for 10 minutes; a solid formed very quickiy alter the
shaking was begun, and heat was liberated., Filtration, upon
cooling, mave 2,63 g, (80%) of white solid melting at 110~
112°, Recryatallizatiwm'fr@m ue ml, of water gave 2.12 g.
of wnlte flakes still melting at 110-112°,

Anal, Caled. for CgH,NO3: C, 58,185 H, h.27; N, S.48.
Found: €, 58,18, 58.18; H, .25, 1..32; N, 8,52, 8,53,

Q&Phan;zlem&ioxyawthyﬁmsmaw In accordance with a

general proeeﬁune,87 1140 mls (0.C82 mole) of hydrazine

nydrate (99-100%) was added to 3.9 g« (0.020 mole) of ethyl
o-pvhenylenedioxyacetate., A hite solld formed immedlately,
The mixture was heate@ for 10 minutes on a steam-bath; then

sufficient 95% ethanol (40 ml,) was acdded to give =
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homogeneous refluxing solution. Upon cooling, 2.15 g.
(60%) of white solid melting at 182-185° was obtained.
Recrystallization from 70 ml. of ethanol gave 1,80 g. (50%)
of white needles melting at 185~187%, Another recrystal-
lization from ethanol did not raise the melting point.
Anal, Caled., for CgHgly03: C, 53.33; H, L.U8; W,
15.55. Tound: €, 53.26, 53.37; H, L.L9, b.51; N, 15.61,
15.63. |
’grPhﬂnxieneﬁiaxyanetanilid&.w The procedure employed

by Hardy89 was used for the preparation of this derivative»
To a cold solution of ethylmagnesium bromide prepared
from 1.0 ge (0,041 g atom) of megnesium, 5.0 g. (0.0L6 mble}
of ethyl bromide, and 30 ml. of anhydrous ether, was added
slowly 1.0 g+ (0,043 mole) of aniline. When the evolubion
of ethane ceased, 3.9 g. (0.020 mole)} of ethyl o-phenylenedl-
oxyacetate was added; the mixture was warmed on g steam-bath
for 10 minutes and cooled. Following acidification with 40
nl., of 1:2 hydrochloric acid, the ether was distllled over
| a steam-bath, Upon cooling and filtering the acidlc mixture,
there was obtained 3.99 g+ (837%) of nearly white solid
melting at 118-128°, Recrystallization from 100 ml. of a
2:3 water-95% ethanol solution gave 3.29 g. (69%) of white

89E¢ V. N. Hardy, J. Chem, Soce, 398 (1936).
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flakes melting at 13§~13?0. Another recrystallization from
the same solvent did not ralise the melting point.

Anal, Caled. for GmHusz: Cs 69,703 H, L1603 N,
5.81, Found: €, 69.71, 69.70; H, L., L.72; ¥, 5,89,
5.85,

n-Butyl g-phenylonedioxyscetate.~ A solution of 15,5

g+ (0,080 mole) of ethyl o~phenylenedloxyacetate, 46 ml.
(0,50 mole) of n~butyl aleohol, and 2 drops of concentrated
hydroechloric acld was refluxed for 2l hours. After removal
of the solvent over a steam~bath under the vacuum of a
water aspirator, the residue was distilled to give 1.0 2.
of colorless material boiling at 84~102° (0.3 mm.). This
distillate contained some white solld identified as catechol
{mixed msp.), which was removed by extraction with two 5S-nl.
portions of 5% sodium bicarbonate., The organic layer was
washed with 5 ml., of water, dried over calecium chloride, and
distilled to give 10.0 g (56%) of colorless liguid bolling
at 100-102° (0.3 mu.), n27) 1.4907, _%aan 1,125, |
~ Apal, Caleds for Cypfly)0p: C, 644855 Hy 64353 ;%33;79
56476s Found: €, 611430, 611,393 H, 6456, 6.52; MRps 57.19.
& - {g-Phenylenedlioxy)caproic acid (attempted)s.~ During

one of the preparations of ethyl o-phenylenedioxyacetate,
there had been some evidence suggesting that the hydrogen
atom on the carbon alpha bto the carbethoxyl group might be
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sufficiently acidie to form a salt in an agueous alkaline
solution, as indicabted by the inabillity of ether extraction
to remava‘th@ ester from an aqueous ethanolic solution cone-
taining sodiuwm hydroxide. Therefore, an effort was made to
see 1f ethyl gyphﬁnylanadiaxyaaatata might underge a reaction
of the malonic ester typeg The procedure used was that
employed by Adams and Famn?° for their preparation of sthyl
n-butylmalonate, except that here an attempt was made to
hydrolyze the ester which might be formed,

To a cold solution of sodium ethoxide prepared from
016 g (0,020 g atom) of sodium and 20 ml, of absolute
sthanol was added 3.9 g» (0,020 mole) of ethyl o~phenylene-
dioxyacetate, The dark mixture was treated with 2.7 g.
(0.020 mole) of n-bubyl bromide, and then heated on a steam-
bath for 3 hours. A solution of 2.8 z. (0.050 mole) of
potassium hydroxide In 20 ml, of water was added, and the
mixture wazs refluxed for 30 minutes., Cooling and acidifi-
cation gave two llquid phases, but no solid acid‘aa had ﬁeam
hoped. No further study was made of this reactlon,

-Chlorocatechol.~ One preparation of this Iintermediate

was carried out by the method of Frejka and co~wnrkars*66

In this synthesls a 33% yleld of li-chlorocatechol melting

QOB‘ Adams and R. M, Kamm, Org, Syntheses, Coll. Vol,
1, 250 (19h1). o
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at 8?*69a was obtained by the reaction of catechol with
sulfuryl chloride. Frejka and co-workers reported a 33%
yleld of product melting at 88°,

Another preparation of L~chlorocatechol was carried
out by the method used by Wrede and Miinlroth, 7t They oOb=
tained Li~chlorocatechol as a by-product in thelr synthesis
of 3«chlorocatechol from catechol and sulfuryl éhlnride,
but did not glve any melting point or yleld of the lechloro
compound. The procedure used in this Labaratary differed
chiefly in that the erude lj-chlorocatechol corresponding to
the material they obtained as a by-product was recrystal-
lized from a l:1 benzene-petroleum ether (b.p. 609703)
solution to give a 51% yield of product melting at 88-90°,

The ehief difference in the reaction conditions used in
the two preparations was a matter of temperature., The 33%
yleld of li-chlorocatechol was obtalned when the sulfuryl
chloride was added to the ebhereal solution of catechol at
the reflux temperature; the 517 yleld was obtained when the
addition was carried out at -1° to +35°,

Ethyl h-chloro=g-phenylonedioxyacetate«~ The method of

synthesls and isolation was that whish was found more suc-

cessful 1in the preparation of ethyl o-phenylenedloxyacetate;

9lp, urede and 0, Hihlroth, Ber., 63, 1931 (1930).
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it consisted of a slight modification of the method of
Christiansen and ﬁelliverﬁga

To a cold solution of sodlium ethoxide prepared from
16,0 ge (2.0 go atoms) of sodium and 1500 ml, of absolute
ethanol in a 3-liter three-nscked flask equipped with stirrer,
reflux condenser, dropping funnel, and nitrogen inlets, was
added 5 ge (1,0 mole) of li~chlorocabtechol, To the dark
mixtu@e was added 157 g (1.0 mole) of ethyl dichlorodcetate,
thh stirring, over a period of 20 minutes, After stirring
at room temperature for 1 hour, stirring with refluxing was
conbirmed for 6 hours. The solvent was removed bv&r a
steam~bath under the vacuum of a water aspirator, and the
dark residue was stirred with a mikture of 800 ml, of ether
and 100 ml. of 5% sodlum biecarbonate, The ethereal layer
was separated and extracted with another L00-ml, portion of
5% sodium bicarbonate, washed with two 200-ml, portions of
water; and dried over sodium sulfate, The solvent was re-
moved, and the dark residne was distilled through a Vigreux
column to give 81.l ge (364) of yellow liguid distilling at
108-109° (0,14=0,5 mm.), 17y 1.5331, 820, 1.325.

Anal, Caled. for CygHOl0y: Cl, 15.51; MRy, 7% 52.39.
Found: €1, 15,1, 15.14; MRy 534564

Ethyl l-chlorophenacyloxyacetate (attempted).~ To 9.2

o (Qﬁhﬂ ge. atom) of sodium and 100 ml. of dry benzene in a
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500=-r1l. three-necked flask equipped with stirrer, dropping
funnel, reflux condenser, and nitrogen inlets was added
dropwise, with stirring, 41.6 g, (0,40 mole) of ethyl
glveolate, After the aéditiam wes completed, the reaction
rate was increased by refluxing the mixture, which became
darker, When most of the sodlum had reacted, 93.6 g. (0.0
mole) of L~chlorophenacyl bromide suspended in 200G ml, of
dry benzene wasg added in small portiénm. Vigorous gas
evolution took ylasa, and refluxing occurred spontaneocusly,
The reddish brown mixture was then stirred at room btempserge
ture for 12 hours. Water was added to dissolve any sodium
bromide, and the benzene layer was separated and dried over
soaiam;ﬁalfateg Removal of the solvent gave = dark liguid
r@aiﬁﬁa whiech, upon distillation, ylelded 3.5 g. of a nearly
ecolorless liquid of pleasant odor bolling over the range
1122912 (0,2+0.3 mn.} and 10.8 g, (12% crude recovery) of
li~ehlorophenacyl bromlde (mixed m.p.) bolling at 103-112°
(0.4=0,8 mme)s As there was some decomposition, the

distillation was discontinued.

1-Nitro-2~(p-chlorophenoxy)ethane (attempted).- The
1l-bromo-2-{p~chlorovhenoxy)ethane (m.p. 38«41°) used in
this attempted synthesis was prepared in 58% yield by

egsentlially the same method as that used by Gagnon and
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92 The bromide was allowed to react with ailver

co=workers,
nitrate by a slight modification of the method of Reynolda
and Adkins,?3

In a 300-ml, three-necked flask equipped with stirrer,
reflux condenser, and dropping funnel were placed 15,2 g.
(0,30 mole) of silver nitrite and 60 ml, of dry benzene,
| To the suspension in an ice~bath was added, with stirring,
59.0 g» (0425 mole) of l=bromo-2-{p-chlorophenoxy)ethane
dissolved in 40 ml. of dry benzene over a period of 2 hours,
The nixture was stirred for an additional 3 hours while yet
in the ice-bath, then refluxed gently for 6 hours, Some
reddish-brown fumes (probably nitrogen dloxide) were given
off durirg the refluxing, A4 gray solid weighing L9.1 g.
was flltered from the cold solution, which was then ex-
tracted with three 150-ml, portions of 5% sodium hydroxide.
The agueous solution was washed with benzene; then carbon
dioxide gas was passed into the alkaline solution for 6
hours. By extraction with benzene, about 6 grams of an
orange liquid, which was not investlgated, was obtained
from the carbonated solution. Acidifieation with 1l:1 hydro-

ehloric acid, followed by further extraction with benzens,

92? Be Gagnon, J. L, Boilvin, and J. Giausre, Cans Je
Research, ”33, 35& (1950},

93n. B. Reynolds and H. Adkins, J. Ag, C 5
« . ® Y Hme Bl OC 4 g i’
279 (1929). ’
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gaveyna appreclable material upon removal of the solvent
from the benzene extract.

Distillation of the solvent from the benzene solution
which previously had been extracted with sodium hydroxide
gave an orange liquid rosidue weighing 45 g. This residue
was distilled to glve 18,0 g. of yellow liguid boiling at
99~110° (1.1 mm.) and 13.4 g. of yellow liquid bolling at
110-120°% (1.1 mm.)s A gualitative test? for a primary
nitro compound was only falntly posltive for each of these
distillates . Hach distlllate gave positive tests for chlorine
and nitrogen; neither gave a positive test for bromine,
Probably each fraction contained & number of by-products
such as nitrite, nitrate, alcohol, and ketone ordinarily

obtained in this type of reaction,’>*?70s97,99

ghﬁ‘ Demole, J. Chem, Soc., 28, 561 (1875).

@EHQ B. Hass and E. ¥. Rlley, Chem. Revs., gg, 373
(191.3). '

9%y, Kornblum, N. N. Lichtin, J, T. Patton, and D. C.
Iffland, J. Am, Chem, Soce, 69, 307 (1947).

97%; Kornblum, J., 7. Patton, and J, B. Hordmann, ibid,,
70, 746 (1948).

19 /s
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2,hnnimhlcraph@naxyac@t&l&@hyd@ diethylacetal.~
3ubsequent to its preparation in this Laboratory, Drakagq
reported the preparation of 8;uw&iahlarophaamxyaaetalﬁehyée
diethylacetal by the reactl on of eguimolar quantities of
2,-dlehlorophenol, chloroacetal, ahd éedium\methaxida dige
persed in ethanol heated under autogenous pressure at 150°
for 18 hours.

One hundred fourteen grams (0,70 mole) of 2,l~dichloro-
phencl was dissolved in 200 ml, of diethylene glycol in a
1-liter three~necked flask equipped with stirrer, dropping
fannel, nitrogen inlets, and reflux condenser through which
wad hung a thermometer dipping into the reaction mixture.
After the addition of 17.3 ge (0.75 g« atamn) of sodium,
heating with stirring was carried out cauvtiously until all
the sodium had reacted. To bthe mixture maintained at 195~
200° was added dropwise, with stirring, 103 g. (0.67 mole)
of chlorocacetal over a period of 35 minutes, The dark solu-
tion containing much solid was then stirred at 195-200° for
15 hours. {In a subsequent preparation it was shown that 3
hours of heating and stirring was sufflcient.) Upon cooling,

200 ml. of 5% sodium hydroxlde was added, and the mixture

9L, R. Drake, U. S. Patent 2,553,555 [C. A., 46,
532 (1952} 1«
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was extracted with three 200-ml, portions of ether, The
combined ethereal extracts were washed with two 200-ml,
portions of water and dried over sodium sulfate. After
removal of the solvent, the product was distilled through
a Vigreux column to give 138 g. (7h#) of nearly colorless
liquid boiling at 123-127° (0.5-0.,7 mm.). Redistillation
gave 126 g. (67%4) of colorless liguid distilling at 106-
108° (0,2 m.), nP* 1.5065, 426, 1,190,

Anal, Caled. for CypHyeClp03: C1, 25.105 MR, 77
68,68, TFound: 1, 2,88, 24915 MBps 69.76.

Drake reported no yleld but gave the physlcal consbtants
231; 1.2095,

5% 1.5069, &
A previous attempt to carry out the synthesis in bolling

n
water by the method of Marvel and4§anenbawmlao resulted in

a 67% recovery of chloroacetal.

2,i=Diehlorophenoxyacetaldehydes~ The hydrolysis of

2,li=dichlorophenoxyacebaldehyde dlethylacetal was carried
cut by the method of Allen and rdens 10t in thelr proparation
of phenylpropargylaldehyde.

100¢, s, Marvel and A. L. Tanenbaum, Org. Syntheses,
Coll, Vol, 1, 435 (1941).

101, p, H, Allen and C, O. Zdens, Jr., ibid., 2
92 (1945). » Jr., ibid., 25,
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A two-phase system of 97.7 g« (0.35 mole) of 2,li-
diehlorophenoxyacebaldehyde diethylacetal and 350 ml. of
water containing 25 ml. of concentrated sulfuric acid was
refluxed with stirring for 1 hour, /The mixture was then
steam-distilled for 17 hours; even after thils long period
of distillatlon, product was still coming over, From the
distillate was Tiltered 38.5 g. (4,9%, calculated as 2,4~
dichlorophenoxyacetaldehyde manahy&ratelﬂa} of white solid
nelting at 72-77°. This solid was dissolved in 260 ml, of
a 2:1 benzene-petroleum ether (b.p. 60-70°) solution; a
small amount of a colorless liguid heavier than the bulk
of the solution w&s separated and dlscardsd when 1t was
found to be miscible with water. As no solld separated,
the solvent was removed to leave a white solid melting at
53-508° with preliminary softening. Two recrysballizations
from petroleum ether (b.p. 60-70°) gave 18,0 g. (25%) of
white product melting at 57-60°,

Anal, Caled. for CgH,C7-05: €1, 34,59, Found: C1,
3lte39, kb5,

Pomﬁrana,laz in his preparation of phenoxyacetaldehyde,
steam~distilled the hydrolyzed acetal to give phenoxyacet-
aldehyde monohydrate, which was converted to the anhydrous

aldehyde by distillation under reduced pressure.

3“0“'?‘(3.. Pomeranz, Monatsh., 15, 739 (1891.) .
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In a second preparation of 2,li~dichlorophenoxyacet«
aldehyde by the same method as that used 1n the flrst trial
there was obtained a 37% yileld of product melting at 58~
61° with preliminary softening and formation of a cloudy
melt which became clear at 66°,

An attempt to prepare the aldehyde by aclid hydrolysis
of' the acetal, removal of the aqueous solutlon, treatment
of the residual white paste with sodlum blsullfite reagent,
and isolation and decomposition of the bisulfite addition
compound gave an 18% erude wvield, calculated as 2,li-dichloro-
phenoxyscetaldshyde monohydrate, of white solld melting at
6&w?ea to give a turbid liquid.

2,i~-Dichlorophenoxyacetaldshyde semlcarbazone.~ In
general accordance with a standard prcc@dur@,87 1.90 g
{0,017 mole) of semlcarbazide hydrochloride and 2.85 g
of sodium acetate were added to 3.08 g. (0,015 mole) of
2,li~dichlorophenoxyacetaldehydes The mixbture was refluxed
for 30 minutes, cooled, and Tiltered to give 3490 g. (99%)
of whilte solid melting at 176~180° (decompn. ). Two recrys-
tallizations from 50-60 ml, of a 1:2 water=-95% ethancl
solution gave 2,62 g. (67%) of product melting at 181~
183° with gas evolution and formabion of an orange liguid,
o Anal. Caled. for CglgClpla0p: C1, 27,06, Found:
c1, 26,98, 27.07.
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2;g~niahlaraph&nax§aaetal&ahzde thiosemicarbazone =~

is derivative was prepared by the method of wilasn and
Burns 0 from 3.08 go (0,015 mole) of 2,~dichlorophenoxy-
acetaldehyde and 1.55 g, (0,017 mole) of thiosemicarbazide
in a solution of 50 ml, of sthancl and 3 ml, of water, The
mixture was refluxed for 1 hour, cooled, and filterecd to
give 3.1 g. (75%) of white solid melting at 151-156°, Re-
erystallization from 30 ml. of a 1:5 water~ethanol solution
gave 2,73 g. (65%) of product melting at 155-157°,

Anal, Caled. for CgHyCl,N408: C1, 25.49, Founds
Cl, 25.33, 25.L43.

2sli-Dichlorophenoxyacetaldenyde 2,h-dinitrophenyl~

hydrazone.~ In a modification of the method of ﬁllan,leh
5.6 go (0,020 mole) of 2,li~dichlorophenoxyacetaldehyde di-
ethylacetal and l1.0 g (0.020 mole) of 2,Lh=dinitrophenyle
hydrazine in 200 ml, of etharol were heated to boiling.
The mixture was cooled élightly, and i ml., of concentrated
hydrochloric acld was added. Upon heating to reflux, the
solid went iInto solutlon, The mixbture was refluxed for 1
hour, a coplous amount of orange solid preclpltating early

in the reflux period, Filtration, upon cooling, gave 7.1 g.

103?; Jo Wllson and R, Burns, J. Chem, S0C., 121,
870 (1922),

1{}&{}-' P, ﬁg .ﬁll@n, _&2_: Am, Cheme 3@3*; _S..‘_?:t 2955
(1930).
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(924) of product melting at 169-173°, Recrystallization
from a solution of 100 ml, of ethanol and 220 ml. of ethyl
acetate gave 5.3 g. (69%) of orange solld melting at 172~
174°,

Anal, Caled. for Glh§1Q613Hk05= €1, 18.41, Found:
¢1, 18.32, 18,31,

2,h=Dichlorophenoxyacetaldehyde L-nitrophenylhydrazone,.=

A mixture of 5.6 g (0,020 mole) of 2,)i~dichlorophenoxyacet-
aldehyde diethylacetal and 3.1 g. (0,020 mole) of l~nitro=-
phenylhydrazine in 200 ml, of ethanol was heating to boliling
to give a clear solubion. After slight cooling, L ml, of
concentrated hydrochloric acld was added. The solution
was refluxed on a steam~bath, with stirring, for 10 minutes
with no precipitation. The steam~bath was then replaced
with a cold water«bath, and stirring was continued for an
additional 50 mimutes. The orange solid whiech separated
during this cooling was filtered to give 2,62 g. (39%) of
material which partially melted at about 175°, Two recrys=
tallizations from ethanol-ethyl acetate solutions, each time
with filtration of a small amount of insoluble red solid
from the hot solution, gave 1.15 g. (17%) of orange solid
melting at 184-186°,

J Anpal. Caled. for 0q)HyiC1pN305: €, L9.13; H, 3.26; W,
12,35, Found: €, }49.16, 49.28; H, 3.40, 3.34; W, 12.29,
12,10,



-89 -

In an sarliier atbempt bo prepare the lie-nlirophenyle-
hydrazone, the reaction was carricd out in the same nmannoy
as that for the vreparation of the 2,h-dinitrophenylhydras=
rone except that the hydreehlorie acid was added bofopre
heating was begun, From this reaction was obtained & 66%
ernde yleld of glyoxal ﬁiﬁ{%ﬁﬂiﬁ?ﬁ?ﬁﬁﬁ?&k&@?&ﬂﬁﬂﬁ)algg
This product, after digestion with a hot ethanolesthyl
eacetate solublion and with hot diozane, was recrystalllzed
from nitrobenzene to glve a dark red solld melbting at 316°
with gas evolution and formation of g dark liguid, and
1dentified as glyoxal bis{h-nitrophenylhydrazone} by a mixed
melting polrt with an authentic apesimen,

In another trial, ueing reaction conditions ldentiecal
with those employed for the preparation of the 2,h-dinitrow
phenylhydrazone, there was obbained a 524 yield of crude
glyozal bis{lenitrovhenylhydrazone) (mixed mep.) melting at
3062 (decompna ).

By the same procodure as was used in the presction above
where a 667 yield of the bls- compound was obtalned, chlopro-
acetal was allowed to react with henitrophenylhydrazine in
ethanol in the presence of hydrochloric acid to give a 664

105, wohl and €. Neuberg, Bers, 33, 3095 (1500).
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vield of erude glyoxal bis(l~nitrophenylhydrazone)(mixed
mepe) melbing at 307° (decompn.).

In the event that 2,hj-dichlorophencl might be a cleavags
product formed in the preparation of glyoxal bis(L~nitro-
phenylhydrazone) from 2,l-diehlorophenoxyacetaldehyde di-
ethylacetal and l~-nitrophenylhydrazine, an attempt was made
to find phenolic materlal in the solution from which the
bige ammﬁaunﬁ was first isolated in 66% yield, Thls was
done by‘ﬂiluﬁing the filtrate with water, extracting it with
ether, extracting the ethereal solution with 5% sodium
hydroxide, and acidifying the alkaline solution with hydros
chloric acid, BExtraction of the acidic solution with ether,
followed by drying and removal of the ether, gave a dark
red ligquid residue which did not solidify on sbanding in an

ice-bath, A comparison of the Infrared spectrum of this
liguid with that of 2,li~dlchlorophenol showed that the two
substances were nbt the same, The spectrum of the liquid
also showed that no aldehydic or kebtonle ecarbonyl group was
present.

2,h~Dichlorophenoxyacetaldehyde 2,l,6~trichlorophenyl-

hydrazone {attempted).~ In an effort to prepare this hydra-

zone by the same method as that used for the synthesis of
the 2,li~dinitrophenylhydrazone, except that the hydrochlorie

acid was added before heating was begun, there was obtained
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a 12% orude yleld of glyoxal bls(2,l;,6~trichlorophenyl=.

hydrazane)leé

melting over the range 167-178°, Recrystale
11zation from a 3:h ethanolwethyl acetate solution gave pale
yellow erystals melting at 189*191?ﬁ ldentified as glyoxal
hia(E,h,6*triahl@rephanylhyﬁraééna) hy a mixed melting ycint
with an authentic specimen,

2,A»Qiahlmrophgnpxyaaataldoﬁim& (attempted)s~ By a

standard praa&dare,aY‘a mixture of 3,08 g. (0,015 mole) of
2,h~dichlorophenoxyacetaldehyde, 7.0 g (0.10 mole) of
hydroxylamine hgdrochloridaj;B.G g« {0,075 mole} of sodiunm
hydroxide, 70 ml., of wabter, and 100 ml, of ethanol was re-
fluxed gémtly, with stirring, for 1 hour, As no solid
separated upon cooling, the galution was concentrated, again
cooled, and filtered to zive 2,47 g. (759, calenlated as the
‘ﬁesirad compound) of whiﬁa s0lld melting at 102-106°, Con-
centration of the mother liguor gave an additional 0.58 g,
of white solld melting at 9398% with preliminary softenings
the meiting point was increased upon admixture with a sanmple
of the first crops The two crops were combined and recryse
tallized from 260 mls of a 1:3 ethanolewater solution ta‘
glve 2,51 g+ of white solid melting over the range 66*103a¢

Another recryatallization from the same solvent pair gave

166?; Ds Chattaway and L. He. Farinholt, J. Chem, 50C.,
9l (1930},
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2,05 g. of white solid melting over the range 69-98°,
This material was not studied further.

In another attempt to prepare the oxime, a two-phase
system of 5.6 g. (0,020 mole) of 2,lj=dichlorophenoxyacet-
aldehyde diethylacetal, 100 ml. of water, and 1 ml, of
hydrochloric acid was refluxed with stirring for 2 hours,
The thin white paste formed upon sooling was extracted with
ether, Following removal of the ether, the colorless liquid
residue was refluxed with stirring for thaurs in a mixture
of 9.0 g (0.13 mole) of hydroxylamine hydrochloride, 1.0
ge (0,10 mole) of sodium hydroxide, 50 ml, of water, and
50 ml. of ethanol, Filtration of the cold mixture gave
2,95 g. {67%, calculated as the desired oxime) of white
solid melting at 99-105°, Recrystallization from 110 ml.
of a 2:9 benzene-petroleum ether (b,p. 60-70°) solution
gave 1.2 g, of white solid melting at 103-105°. Concen-
tration of the mother liquor gave an additional 0.76 g.

of white so0lid melting at ?0w750; a nixed melting point with
| g sample from the first crop extended over the range 7Q-920.
The solid melting at 103-105° was recrystallized from a
solution of 100 ml, of petroleum ether (b.p. 60-70°) and 10
ml. of benzene to glve 1*19 g+ 0f long white needles melting
at 113-116°. Another recrystallization from the same solvent

palr caused the melting point of the solid (1.1l g«) to drop
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to 111-116°. Recrystallizatlon from 140 ml, of a 1:3
ethanol-water solutlion gave 1,02 g. of white needles melting
at 110-115°,

Recrystallization of the solid melting at 70-75° from
15 ml, of petroleum ether (b.p., 60-70°) gave 0,65 g, of
white sclid melting at 73-750. Another recrystallization
from the same solvent gave 0.58 g. of material melting
chiefly at 73-75° with preliminary softening; however, some
of the solid did not melt untll the temperature reached
96°, 4 final recrystallization from 80 ml., of a 1:3 ethanol-
water solution gave 0.51 g, of white soclid melting over the
range 71-95°,

An infrared spectrum of each of these two final products
(maps 110-1158° and MePs 71-95°) dlssolved in carbon tetra-
chloride indicated them to be the same, However, a compari-
son of the spectra of the two substances in a Nujol mull
showed they were not the same, This would suggest that the
two substances might be dimorphic forms of the same cam§¢und;
th@ spectra did not indlcate the substances to be gyn-anti
isomers,

Other derivatives of 2,lh«dichlorophenoxyacetaldehyde

(attempted)s- An effort was made to prepare a number of
other aldehyde derivatives, but it waa found impossible to

1solate a product from any of these reactlions., An attempt
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to prepare the unsubstituted hydrazone from the free alde~
hyde by the method of Dutecher and Wintersteinerl®? met with
no sueccess., Similarly, efforts to prepare the unsubstituted

108

pbenylhydrazone,87 the hydantoin, and the bls(carboxy-

109 each time through hydrolysls of the

methyl)mercaptal,
acetal without isolation of the intermediate aldehyde, were
unsuccessful, Also, an attempt to condensse nitromethanelll
with the hydrolysis product of the acetal met wlth fallure,

li-Chlorophenoxymethyl 2-thienyl ketone (attempted).-

li-Chlorophenoxyscetyl chloride was prepared by the method

111 except that the reaction mixture

of Minton and Stepten,
was heated for 3 hours instead of 1% hours, to give a 9%
yield of very pale yellow liguld boiling at 120-121° (8wm,).
The Friedel-Crafts type reaction was then carried out by a

modification of the method of Johnson and May;lla

1073. D, Dutcher and 0. Wintersteiner, J. Am. Chem.

IOGH. R, Henze and R. J. Speer, ibid., _&, 522 (1éu2>'

1095, 5. Ritter and M. J. Lover, ibid., 7h, 5576
(1952).

1104, p, Philiips, ibid., 70, 452 (1948).

1llr, H, Minton and H. Stephen, J., Chem. Soc.,, 121,
1598 (1922).

1123« R, Johnson and G. E. May, Org. Syntheses, Coll,
Vol. 2, 8 (1943). ‘
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To a solution of 41.0 g, (0.20 mole) of l~chlorophen=
oxyacetyl chloride, 16.8 g, (G‘ZQ mols) of thiophens, and‘
200 ml, of dry thiophene-fres benzene, maintalned at>0»19,
was added dropwise with stirring 52.2 g, (0.20 mole) of
anhydrous stannic chloride over a perlod of 1 hour, The
ice-bath was removed, stirring waz continued for 2 hours,
and the solution was allowed to stand for 12 hours, Although
the color had become purple, there had been no evidence of
the evolution of hydrogen chloride; so the mixture was re-
fluxed with stirring for 12 hours, and then hydrolyzed with
1:9 hydrochloric acid, A gray solid weighing 36.4 g. whieh
softened but did not melt when heated to J00° was filtered,
and the benzene layer was separated, washed with water, and
dried over calecium chloride. Distillation of the solvent
gave a dark solid which was recrystallized from 250 ml., of
ethanol, with the ald of Norlt, to glve 10.9 g. (32%4) of

111,113 45 & white solld. Re-

5~chloro-3(2H)~benzofuranone

erystallization from 100 ml., of ethanol gave 10.2 g, {30%)

of the white crystalline product melting at 118-120°,
Anal, Caled. for CgHgClOp,: C, 564995 H, 2.99.

Found: C, 56951; 56&!&93 H, 3&39: 3:3&&

13y, 1., Kalinowski and L. W. Kalinowski, J. Am. Chem.
Soc., 70, 1970 (1948),  Ams, C
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In another trial the reaction was carried out the same
way except that only one~tenth as much stannic chloride was
used, and the entire reaction was carried out wlth stirring
at room temperature for a period of 5 days., Upon working
up this mixture in the way described above, there was ob~
tained a small amount of lj~chlorophenoxyacetic acid (mixed
m.pe) and a dark liquid residue having the odor of an acid
chloride,

~-Chlorophenoxymethyl 2«furyl ketone (attempted).- By
I

essentially the same method as that used in the first attempt-
ed preparation of the aarréspanding ﬁhienyl gompound, but
with substitution of furan for the thiophens, there was oOb=
tained a 10% yleld of S5-chloro-3{2H)-benszofurancne (mixed
m.p.) melting at 11-117".
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DISCUSSION
Synthesls of Compounds

Standard procedures, often wlth slight modiflcations
when tha need exlisted, were used in most of the preparations
and attempted preparations which have been ﬁascribed,
Occasionally, such procedures were found to lead to unex-
pected results,

Most of the oxyacetle acids of the aromatie and
heterocyclic compounds were prepared by one or both of two

general procedures, In onﬁég

of the procedures one part of
the phenolic~type compound was refluxed wlth one part of
ehloroacetic acid and bwo parts of sodium hydroxide in
aqueous s olutlion for three to six hours, In the other pro-
cedur&73 one part of the phenoliec~type compound and one part
of the alkyl haloacetate were added to a solutlon of one
part of the sodium alkoxide In the alcohol from which the
alkoxide was prepared. The mixture was heated at, or near,
the reflux temperature of the alcohol for one to three hours.
Two and one-hall parts of concentrated agueous potassium

hydrazide were then added, and heating was continued, usually

for ten to thirty mlnutes,
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In the second procedure described above, the reaction
temperature was determined by the cholee of solvent, 1In
one synthesis, the preparation of S,7~diahlof0~8~qainoline~
oxyacetie acid, a 76% crude yleld was obtained in refluxing
methyl cellosolve, whereas in refluxing absolute ethanol
there was obtained a 924 crude recovery of 5,7-dichloro-f-
hydroxyquinoline. The alcohol chosen in most of the trials
was based on the predlcted or observed reactivity of the
phenolic~type compound,

Although there were not a sufficient number of oxy-
acetic acids prepared by both procedures to make possible
an accurate comparison, the procedure using the ester gave
the higher yleld of a purer product in the preparation of
b=-brono=-2-naphthoxyacetic acid., Also, a procedure using
the ester was successful in the synthesis of 5,7~dichloros«
8equinolineoxyacetic acid, whereas the procedure employing
the acid in an aqueous ethanol solution gave a 95% crude
recovery of 5,?adiehlurofﬁwhydraxyquinolime; Of course, the
higher temperature employed In the procedure using the ester
is a factor which must be considered. The results obtalned
in the attempted preparation of B~guinolineoxyacetic acid
are not such as to warrant a comparison. |

Another advantage of the method employing the ester 1s
that, if the intermediate saponification step 1s not carried
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out, the product may be isolated as the ester instead of
the free mcid, This may be of partlcular value In the
preparation of an oxyacetate the free acid of which is
amphoteric. Thus, in this Laboratory ethyl 3-pyridine~
oxyacetate was prepared when an effort to synthesize the
free acid falled.

No successful control trials were made to compare the
effects of chlorine, bromine, and iodine as the ha logen
in the acld or ester.

Althourh no cleavage product was isolated upon boiling
2«methoxy=-li~chlorophenoxyacetic acid with concentrated
nydrochloric acid, refluxing L84 hydrobromie acid did erfset
selective cleavage to give 2«hydroxy-li~chlorophenoxyacetic

aciﬁ,70

It was not surprising that heating the hydroxy
compound would lead to the lactone; Carter and Lawreneellh
have reported that dlstillatlion of 2«hydroxyphenoxyacetic
acid, or its ethyl ester, gives the corresponding lactone.
In view of the fact that o-phenylenedlioxydlacetic acld has
heen @repareallu in & similar manner fran the disodium sali
of catechol and sodium chloroscetate, 1t was disappointing
to find that treatment of 2~hydroxy-li~chlorophenoxyacetle
acid with chloroacetic acld in alkaline sclublon did not

11“w; Carter and W. T. Lawrence, J, Chem, Soc., 77,
1222 (1900). ‘
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result in a product which could be identified as lj-chloro~
o~phenylenedioxydlacetic acld.

Although the structure of the product from the reaction
of 2-hydroxyquinoline with ethyl chloroacetate and sodium
ethoxlide was not proved, the infrared spectrum and related
wnrkga'al would suggest the material to be 1,2-dihydro-2-

keto~l=quinolineacetic acld in its zwitter lon form.

N
1+ =0
~ 1\‘f\ -
H T CHHC00

This structure would account for its high melting point and
low solubility In organic solvents, as well as some of the
absorption bands in the infrared spectrum that could not be
explained 1f the substance were an oxyacetic acld.

Attempts to prepare 8-gquinolineoxyacetic acld by
medificatimﬁs of the method of ﬁag&lga proved unsuccessful,
In one trial there was obtained a small amount of product
melting 50 above that reported by Nagel, but the infrared
spectrum showed the material to contalin no earbonyl group.
Furthermore, the supposed 8~quinolineoxyacetic acid hydro-
chloride prepared as an intermedlate did not give proper

analyses, although its infrared spectrum did show the presence
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of a carbonyl group. An attempt to prepare the mathiodida
of 8-guinolineoxyacetic acid from the supposed hydrochloride
led to a compound which not only gave analyses not 1ln agree-
ment with those required for the methiodide but also con~
tained no carbonyl group, as determined from the Iinfrared
spectrum,

The monohydrate of the methiodide of ﬂéhydraxyquinoline
was prepared from 8-hydroxyquinoline and methyl iodide in
refluxing 90% ethanol, The melting point of the product
thus obtained was in elasa‘agre@mant with that reported
earliergh as prepared in a sealed tube 1n the absence of
solvent, It melted considerably higher than did the com~
plex product obtalined by Lippmann and Fleissn&r,sg who
carried out the reaction in methanol,

The formation of 8-hydroxy«5«quinolinesulfonic asid in
the attempieu preparation of Sﬂaulfo~7*iodawﬂnquinolinéoxym
acetic acid was not greatly surprising, for earlier werk@rsgé
had reported that 1t resulted upon heating In water the
sodlum salt of 8-hydroxy-7-iocdo~S-quinolinesulfonic acid,

Although O «{2,i=dichlorophenoxy)palmitic aclid was not
prepared in pure form, two derivatives made from the crude
material gave good analyses.

An attempt to prepare ethyl o~phenylenedloxyacetate

88

by the method of Christiansen and Dolliver =~ met with little
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guccess, It was later found that ether extraction was not
successful in removing the ethyl o~-phenylenedioxyacetate
from a 5% aqueous solutlon of sodium hydroxide containing
some ethanol, for acldification of the alkaline solution,
followed by ether sxtraction and distillation of the sol=
vent and product, gave a 10% yield of the desired ester,
This would indicate that the hydrogen on the carbon alpha
to the carbethoxyl group is so acidlec as to permit salt
formation in the alkaline solution. Although one would
oxpect thls hydrogen to be guite "active", such a great
acidity would hardly be predicted. WNevertheless, 1t was
found that the ester could be extracted by ether from a
5% sodium biecarbonate solution to glve, upon distillation,
a 289 yield of product.

In view of the apparent acidity of ethyl o-phenylene~
dloxyacetate, an experiment was carried out to see 1f it
might undergo a malonie ester type of reaction, Although
the results of the trial did not indicate such a reaction
to have occurred,; they were not sufficiently conclusive to
rule out the possibility that the reaction might have taken
place, |

In line with the observed acldity of ethyl o-phenylene~
dioxyacetate, it was found that the ethoxyl group could be

replaced by other groups with great esase. No difficulty was
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encountered in preparing the amide, hydrazide, anllide, and
n-butyl ester, The fact that the amide formed in a matter
of aaécndﬁ, whereas prolonged periods of time are usually
required for amide formatlion under these conditions, 1is
particularly indicative of the ease of replacement of the
ethoxyl pgroup in this ester,

Ethyl li=ehloro-o-phenylenedioxyacetate was prepared in
higher yleld (36%) than was the nonwchlorinated compound
(28%). The higher yleld of the echloro compound probably
resulted from stablilization of the catechol brought aboutb
byythe presence of the ehlorine atom in the molecule, The
relatively low ylelds of each of the o-phenylenedioxyacetates
may be caused to a significant extent by the attachment of
a wGHGlCOQGaﬁg group to an oxygen in one catechol molecule
with subsequent reaction of the O&«chloro aater‘thus formed
wlth another molecule of the catechols This, upon further
condensation, would result in eyclic or linear pdlymars.

An attempt was made to prepare ethyl li~chlorophenacyl-
nyacéﬁatﬁ, with the plan to use 1t as an intermediate in
the synthesls of l~ehlorostyryloxyacetic acid, a vinylog of
li=chlorophenoxyacetie acid, It was hoped that once the
phenaayl compound had been prep&réé, subsequent reduction,
dehydration, and hydrolysis would lsad to the desired li-
chlorostyryloxyacetic acid. However, no ethyl lj~-chloro-
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phenacyloxyacetate was isolated from the reaction of l-
chlorophenacyl bromide with ethyl glycolate and sodium,

This mipght well have been predicted, for Wiémanlls

has
reported that phenacyl chloride reacts with sodium methoxlde
and with sodium ethoxlide in an unexpectedly complex manner
to gilve o= and A-chlorodiphenacyls, More recently,
Beraanll& has postulated that the O« and P-bromodiphenacyls
formed by treatment of phenacyl bromide with sodium ethoxide
are produced through self-condensation of the phenacyl broe
mide in a normal Darzens bype of reaction, 17

As is usual in that type of reaetian,qg#96tg7398 the
attempted synthesis of l-nitro-2-(p-chlorophenoxy)ethane
from l-bromo-2-(p-chlorophenoxy)ethane and silver nitrite
resulted in a mixture of products which probably ineluded
such compounds as nitrite, nitrate, alecohol, and ketone, as
well as the desired nitro compound. The simple distillation
which was made was notb auffigient to separate the mixture
‘into its Individual compounds.,.

When an attempt was made to prepare 2,li~-dichlorophen=

oxyacetaldenyde dlethylacetal from 2,li-dichlorophenol and

115¢, Widman, Ann., 400, 86 (1913).
1165, A. Berson, J. Am, Chem. Soce, Th, 5175 (1952).
117y, ﬁ*'&@wman, Org. Reactions, 5, 1113 (1949),
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ehlorocacetal in a refluxing agueous solubion of sodliunm
hydroxide by the method of Marvel and Tanenbaumi®C, 67% of
the chlorocacetal was recovered, and none of the desired
product wag lsolated. These results are similar to those

obtained by Autenrieth, 8

who observed that very 1llttle
sodiunm chloride was formed when sodium phenoxide and chloroe
acetal were refluxed for a long time in ethanolic solution,
However, Autenrleth found that the desired phenoxyacetalde~
hyde diethylacetal was formed upon heating an ethanolic
scolution of sodlum phenoxide and chloroacetal in a sealed
tube at 160° for two days. Similarly, Pomeranzl®? heated
thess same substances in a sealed tube at 200° for eight
hours to obtain a 704 vield of the mcetal., More recently,

Rotbartil? and Deylaﬂ

prepared phenoxyacetaldehyde diethyl=
acetal from sodium phenoxide and bromoacetal.

" As 1t was not convenlent to ecarry out a relatively
large-scale preparation of 2,li=dichlorophenoxyacetaldehyde
diethylacetal under pressure, the higher temperature desired
was obtained by use of a high-boiling solvent, In this way
the reaction of sodium 2,l~dichlorophenoxide with chloro-

acetal was carried out at atmospheric pressure in diethylene

118y, Autenrieth, Ber., 2l, 159 (1891).
1191&,,@' Ef}tbart, Ann, ﬂhimtp [ll]; 3;3 2"3'39 (1{?3}-1—);
1205, W, pey, Je Chem, Soc., 1057 (1937).
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glysol maintained at 195-200° for about three and one-half
hours to‘give a 67% yi@l& of thé expected purified acetal,
Subsequently, Brak@gg has prepared 2,l~dichlorophenoxyacet-
aldehyde dlethylacetal by heating at 150° for 18 hours,
under @uﬁaganoua presaure, equimolar quantities of 2,
dichlorophenol, ¢hlorcacetal, and sodium methoxide dispersed
in ethanol,

In the present work, 2,i-dichlorophenoxyacetaldenyde
was prepared by acid hydrolysis of the acetal, followed by
steam distillation of the aldehyde. Experimental evidence,

together with the earlisr work of Pomeranz 102

on phenoxyw
acetaldehyde, indlicates that the product obtained from the
distillate was probably the monohydrate of 2,hi~dichloro~
phenoxyacetaldehyde, Although thils water of hydration was
removed by recrystallization from a hydrocarbon solvent, it
may be that 1t could have begen removed more satisfactorily
by vacuun distillation of the aldehyda‘102

An attempt to lsolate the aldehyde from the hydrolyzed
acetal by formation of the sodium bisulfite addition com-
pound, followed by acid decomposition of the addition product,
led to what was probably an 187 yield of crude 2,li~-dichioro-
phenoxyacetaldehyde monohydrate, This low yield of product
might be due to a resistance of the acetal %o hydralyﬁia;
Rotbarttl? nas reported that phenoxyacetaldehyde diethylacetal
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is much more resistant to hydrolysis than is the diethyl-
acetal of cyelohexyloxyacetaldehyde, Also, Rosenmund and
?aﬁzsahelgl have rapurteﬁyﬁhaﬁ phenoxyacebaldehyde, prepared
by reductiont? nf phenoxyacetyl chloride, reacts with
sodlium bisulfite to give an édﬁitién product corresponding
tc a 72% yield of the regenerated aldehyde. There is, of
course, the possibility that an acld~catalyzed aldol con=-
densation might have occurred during the acld hydrolysis of
the acetal used in the present work, and that some proocess
such as steam distillation was required to shift the equilibe
rium between aldehyde and aldol by eontinuous removal of

the aldehyde as 1t was formed.

Although no difficulty was encountered 1n the preparation
of the semicarbazone, thiosemlecarbazone, or 2,h-dinitrophenyl-
hydrazone of E,hn&ichla?ophanaxyaa@t&lﬁehy&a, difficulty or
failure was experienced in atbtempis to prepare a number of
other derivatives. Attempts to prepare the hydraszone,
phenylhydrazone, hydantoin, bis{carboxymetnyl)mercaptal,
and condensation proeduect with nltromethane all ended in

fallure., With the exception of the unsubstituted hydrazone,

(1923?21}12‘ Ws Rosenmund and F, Zetzsohe, Ber., 36, 1461

122g Mosettig and R. Mozin , Re
. , M go, Org, Reactions, |
362 (1948). | ’ » b
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each of these preparations was attempted, following hydrolysis
of the acetal, without lsolatlon of the intermediate aldehyde,
Attempts to pfepara the oxime, wlth or without isolation of
the intermediate aldehyde, led to a product which appeared
to become more Impure upon recrystallization, Indeed, it
appeared at Tirst that two products were being formed that
micht be found %o be the gyn and antl lsomers of the aldoxime,
However, the infrared spectra indicated that these products
were not lsomers, although they might have bsen dimorphic
Torms of the aldoxinme,

Although the l-nitrophenylhydrazone could be prepared
by carefully controlling the period of time during which
the acetal was refluxed with L-nitrophenylhydrazine in ethanol

eontaining hydrochloric acid, a longer period of refluxing,

such as that used for the vreparation of the 2,lj~dinitro«

phenylhydrazone, led to the formation of the bis{ly-nitro-
phenylhydrazone) of glyoxal,  As 1%t is known that ketones
having a halogen atom on the carbon alpha to the carbonyl
group do sometimes react with phenylhydrazines to give bils~
rhenylhydrazones of substituted glyoxal&,123ilgh it was
thought that psrhaps the phenoxy group might play the same
1235, Bodrorss, Ber., 72, 168 (1939).

(195 ?21% Campbell and E, B, MeCall, J. Chem, Soc,, 2870
1950) .
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role as a halopen atom, On this basis, it was expected
that 2,lp~dlchlorophenol would be formed as a cleavage
product, However, no evidence of its presence could be
found.

As chlorecacetal has been shown to react with phenyl~
hydrazine to glve glyoxal hisphanylhydra%&n&,lg; it was
fully expected that it would form the bis(l~nitrophenyl-
hydrazone) with li-nitrophenylhydrazine; this expectation
was borne oub,

When the raéctian of 2,h~dichlorophenoxyacetaldehyde
diethylacetal with 2,l,6-trichlorophenylhydrazine was carried
out, glyoxal bis(2,li,6~trichlorophenylhydrazone) was isolated,

Although suffilclent study was not made of the reactions
of 2,hi-dichlorophenoxyacetaldehyde dlethylacetal with the
substituted phenylhydrazones to warrant an unquestioned cons
clusion, it may well be that the 2,li~-dinitrophenylhydrazone
of 2,li~-dichlorophenoxyacetaldehyde owes 1ts preater stabllity,
relative to the h~nitro and 2,hL,6-trichloro derivatives, to
the greater electron-attracting character of the two nitro
groups . |

“When an attempi Qa@ made to prepare li~chlorophenoxy-
methyl 2-thienyl ketone by refluxing a mixture of equi~
molecular quantities of li-chlorophenoxyacetyl chloride,

125}3« Fischer, Ber., ‘%@, 92 (189’3)u
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thiophene, and snhydrous stanniec chloride in benzene soluw
tion, the only substance isolated was the Friedel-Crafts
intramolecular eyalizatian product of the acid chloride,.
‘Eha same compound was obbtained upon substitution of thio-

- phene with furan. Yo product of a Priedel-Crafits reaction
was isolated when an attempt was made to prepare the thienyl
compound, using one-tenth as much stannic chloride, by
carrying out the reaction at room temperature for a period

of Tive davs.
Testing of Compounds

The compounds which were prepared in this work were
tested, or are being btested, for farm&tivé activity. The
procedure used for carrying out these tests has been described.
126 An effort has beéa made to have starting materials as
well as the final produects tested in the event that this
added information mipght prove useful in finding the minie
mum structural requirements for activity. Probably some
of the compounds have been btested previously, possibly by
a method similar to the one used in this study.

Given in Table 1 ig a list of compounds which have

been, or will be, made available for testing for formative

L8 (32235 We. Brown and R, L. Weintraub, Boban. Gaz., 1ll,
1950) ., ‘
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; Table 1
Activities of Compounds

Compound activitya
Guaiacol N
h=Chloroguaiacol Inactive
2-Methoxy=l~chlorophenoxy= Virtually no

- acetic acid activity
2=Hydroxy=li=chlorophenoxys Activity about
acetic acid 1% that of
3,13.*13
Lactone of 2-hydroxy-li= Inactive
shlorophenoxyacetic
acid
3=Chloro=2enaphthol -
3-Chloro=2enaphthoxyacetic -
- acid
6~Brama~2~naphtholb PO,
b=Eromo-2-naphthoxyacetic ' Inactive
acid
6=Bromo-2«hydroxynaphthole Inactive
acld

8mhose compounds for which no activity 1ls given either
have not yet been submitted from this Laboratory or have
not yet been tested for formative activity.

bﬁinﬁly provided by Drs J. Be Campbell of &, I, du
Pont de Nemours and Company.
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Table 1 {(Continued)

Compound Activity®

24l =Dinltro-l t ~hydroxy~ -—
diphenylamine

Pelitrowliechlorowt- N
hydroxydiphenylanine

L~Amino=lj~-hydroxyanthra- | J—_—
guinone

1,5-Di{dimethylanino)=l, 8- —
dihydroxyanthraquinone

1-Hydroxy«li-{(Q =cyancpropyl- -——
aminoYanthraguinone®

3=Hydroxypyridine B

Ethyl 3-pyridineoxyacetate -

2~Hydroxyquinoline .

1,2-Dihydro=2~keto=1« Inactive
quinolineacetlic acid

8=Hydroxygquinoline ' o

Product from attempted o

preparation of Beguino=
lineoxyacetic acid
hydrochloride

Product from abbempbed -
preparation of the
methiodide of Beguino-
lineoxyacetic acild

Crhis eompound, in addition to the five compounds which
precede it in this Table, was kindly provided by Dr, J. B.
Dickey.
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Table 1 {Continued)

Conmpound

Activity®

Monohydrate of the methlodide
of 8-hydroxyquinoline

5, 7=Dichloro~B8-hydroxy«-
guinoline

5,7~Eiah1aro~8~quinolinam
oxyacetic acld

5, 7Dibromo~8«hydroxy~
gquinoline

5, 7=-Dibromo=~8-quinoline~
oxyacetic acid

5, 7=Diiodo=8=hydroxy~
guinoline

5, 7=Dilodo~B8squinoline-
oxyacetic acld

BmHydroxy=T=1000m5=
gquinolinesulfonic acid

Dihydrate of 8-hydroxy-5-
quinolinesulfonic acid

& -{2,l~-Dichlorophenoxy) -
palmitic acid™

o -(2,li~Dichlorophencxy) -
palmitamide

ox -(2,li=Dichlorophenoxy) =
palmitanilide

Catechol

&G
CLmpUre .

W -

-

Inactive

e i -

o~ -
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Table 1 {Continued)

Compound Activity?
Ethyl o-phenylenedioxy- Zome activity
acetate
o=-Puenylensdioxyacetamide —_—
o~Phenylenedloxyacet- -——
hydrazide
o~Phenylenedioxyacet~ I
anilide
n-Butyl o-phenylenedi- S
oxyacetate
hi=Chlorocatechol Inactive
Ethyl h-chloro~p=phenylenc- Activity 19
d%oxy&aatate that of 2,&~D
Product from attempted Active

preparation of l-nitro-
2~(p-chlorophenoxy)-
ethane®

Product from attempted Active
premaration of l-nitroe«
2m gyaflnrﬂyhanaxy)~
ethane

2,li-Dichlorophenoxyacet- | .
aldehyde dlethylacetal

®3.pe 99=110° (1.1 mm.); chlorine and nitrogen present,
bromine avsent,

fB;p. 110-120° (1.1 mm.); chlorine and nitrogen present,
bromine abaant.
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Table 1 {(Continued)

Compound _Activity®

2,li=Dichlorophenocxyaceot- -
aldehyde :

2,i=Dichlorophenoxyacet- Activity 13%
aldshyde semlicarbazone that of 2,4-D

2,li~Dichlorophenoxyacet- Activity 4%
aldehyde thiosemiw that of 2,Li-D
carbazone

2,i=Dichlorophenoxyacet« -
aldehyde l~nitrovhenyl-
hydrazone 7

2,i=Dichlorophenoxyscet~ Inactive
aldehyde 2,li~dinitro-
phenylhydrazone

2,i=Dichlorophenoxyacetald- -
oxime (?2)8

2,&wﬁichloropggﬁoxyaaa%alﬁw -
oxime (?)

Glyoxal bis(li-nitrophenyl- ——
hydragone)

Glyoxal bis(2,l,b6~trichloro- -

vhenylhydrazone)

SeChloro«-3(2H)~benzofuranone .

gnaw«m%lting product, m.p. 71959,
hyipher-melting product, m.p. 1101159,
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activity, At the time of this wrlting relatively few of

the resulbs of these tests have been recelved. Some of

the results glven were obtalned in preliminary or orlenting
tests. Further tests will probably lead to more quantl-
tative results of greater rellability.
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SBUMMARY

A brief survey has been made of some of the more recent
literature concerned with correlations of chemlcal structure
and plant prowth activity of several types of organic come
pounds.

A nunmber of new compounds, most of whleh bear a sbruce
tural resemblance to the aryloxyalkanoie aclds, have been
synth&aiz&é to be tested for formative activity in plants,
Included among these substances are derivatives of sowme
heterocyeliec compounds, as well as of aryloxyalkanoic
and arylenedioxyalkanoliec aclds. In some of these compounds
the functional carboxyl group has been replaced by some
other group in order to study the effect of such a sub-
stitution on the compound as a nlant growth regzulator.

A ligt of compounds is given which have been, or
| will be, submitted for testing for formative activity.
Those results which have bsen received at the time of
this writing are included.

Attempte to acylate thlophene and furan with l-chloro-
phenoxyacetyl chloride were found to result in intramolec-
ulay cyclization of the acyl chloride. |

Although some derivatives of 2,li-dichlorophenoxyacets-

aldehyde were prepared satlsfactorily, difficulty was
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encountered with others. Attempts to prepare certaln
substituted phenylhydrazones of this aldehyde led to
glyoxal blsphenylhydrazones, possibly through ecleavage of
the ether linkage.
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