374 NOTES

Sl
P § N R

cis-5-Dodecen-1-0l Acetate (4a),--A solation of .0 g (1.024
nole) of 3a, 28 ml of AcOTI, and 7.0 ml (0.008 mole) of AcCLwas
rofluxed for 7 e and then allowed 1o stand overnight.  The
=olittion wax poured onta ice diluted 1o abont 200 1l with sntn-
rited NaCland extracted three times with ether. The combinod
cther hivers wore washed (three times with TLO and with 37,
N0z and then twice with NaC1), and the ether extraet was
dried (NSO and distilled to vield 74 g (92900 of colorless
Hoguid: bp 78-83° (0,06 min); n®*p 1.4422; ir absorption at 2020
(CHD), 1740 and 1230 (primary acetale), and af 20 ¢n™ (eis-
CIE=CI). A weak baud at 965 ein ™ represented (rans double
bond fmparity.  Gas chromatography revealed n single sharp
peak, retention time 54 =ec at 130° nud 40 ce of Ny/min.

Anal. Caled for CuHyOy: C, 74280 H, 1155 Fouud:
AT H, A4S,

frans-5-Dodecen-1-ol Acetate (4b).-—Reaction between 3b and
AeCEby the procedure nsed ta ablain 4a gave the destred produet
(0, ), bp TE-T4° (0,05 i), n®%n 14419, The ir spectram wis
iderdical with that for 4a except for w more intense Hans donble
bond sihsorption at 970 e~ awd a less infense double boud jb-
=orptian at 720 e U that represented efs impurity. Gas chro-
nutography =showed a =ingle sharp peak, retention time of 54 see
gt 150° and 55 e of No/min,

cbnd. Caled for CollwQ: C, TR28: 1, LS,
sy L PETO.

Caled for (‘rn“:n()--i Fonad: (l,

C, T6.06; T 1202,

[Found: €,

Acknowledgments.——A{tractancy tests were con-
dueted at wvarious laboratories of the Entomology
{escarch Division under the supervision of J. W,
Balock, Mexico City, Mexico (A, ludens)y; T.. 17
steiner, Honoluln, Hawail (. capitata, D. dorsalis,
D. cucurbitaey; A, L. Sparks, Tifton, Georgia (S.
frugiperda); 1B, . Butt, Yakima, Washington (C.
poionella); X, N. Kishabp, Riverside, California
(1. n8); M. T, Ouye, Browusville, Texas (P. gossypiella):
and by C. W. Collicr, Plant Pest Control Division,
Ialmouth, Massachusetts (P. dispar).
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2,4-Dichloroplhienoxyacetic  acid  (2,4-D) and  its
derivatives, whose phytohormonal activity s as iu-
tense ag that of indolebutyric acid or even greater,?
cffectively promote plant growth and also appear to be
the most important organic herbicides acting through
growth regulation rather than through necrotic or toxic
cffeets.? 2-Curboxy-6,8-dichloro-y-chromone (I) struc-
tnrally related to 2,4-D and some derivatives have been
prepared  nud  tested for phytohormonal activity.?
There :we three differences in 2,4-D and I.  One is the
presence of the acrylie-type unsaturation; second, there
is the presence of the keto group; and third is the fact
that in I the molecule should be largely planar and the
O-C-CO;H chain is “tied” down by being part of u

1 AL Gilbere, Chene, f2ev., 89, 194 (1946) .

2y 17, ML Hiddebniadd, Sedener, 103, 165 (1046).

i3y Phytohonuoral assavs were perforaed Ly LI Voresel, Faenlonl sie
Agroromis v Veterinaria, Didversidad de Buenvs Aires.,
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vng. In 2,4-D the molecule is not planar and the
OCH.CO:H is free to rotate.  The geueral process of
syvnthesis is showu in Scheme I
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Biological Activity.— Phvtoactivity ussays of 1, V.
and VI were carried out on stflower, wheut, yellow
maize, and grain sorghum. I was neutralized with 0.1
N NaOH in order to increase its solubility. VI could not
be tested because of its ingolubility in water.

Tests were performed ag follows,  (a) lor tests on
germinating seeds, in INoenig germinators, Hoagland
nutrient solution was used with addition of the test
substance at a concentration of 20 or 40 mg/100 ml
(b) Germination tests were performed on seeds in the
conditions described above, with 24 hr of previous souk-
ing in Hoagland nutrient solution with the addition of
the test substance at 2 concentration of 20 or 40 mg,/ 100
ml.  (¢) Tests were made on seeds treated us in b, then
plurted, and the young plants were sprayed with the
same solution in aerosol form.

The compounds tested showed no phytohormonal
netivity.,  In tests on wheat, slightly less development
wus seen in the initial growth phase, as compared with
controls. However, no significant difference wug ob-
served during later development.
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Experimental Section*

The physical properties, yields, and analyses ave listed in
Table I.

2-Carboxy-6,8-dichloro-v-chromone (I).—A mixture of 11.8 g
(0.080 mole) of ethyl oxalate and 15.0 g (0.075 mole) of 3,5-
dichloro-2-hydroxyacetophenone® in 200 ml of anhydrous Et;O
was added, over a period of 30 min, to a vigorously stirred
suspension of NaOEt (13.6 g, 0.2 mole) in 100 ml of anhydrous
Et;0. The mixture was kept at 20-23° for 0.5 hr, heated under
reflux for 2 hr, cooled, and filtered. The sodium salt was sus-
peuded in 360 ml of a mixture of AcOH-coucentrated HCI
(5:1) aud heated under reflux for 2 hr. The reaction mixture
was cooled aud the insoluble solid was collected. Recrystalliza-
tion from AcOH gave 10.5 g (569) of white needles.

Esters. General Method.—Concentrated H,SO, (2 ml) was
added slowly to a suspension of I (2 g) in 20 ml of the appropriate
alcohol. The mixture was refluxed for 4 hr. The ester, which
precipitated on cooling, was collected and washed (NaHCOs,
H,0).

6,8:Dichloro-v-chromone-2-carbonyl Chloride (VII).—The
acid I was suspended in a mixture of 5 g of SOCI; and 6.0 ml of
1,2-dichloroethane and heated with occasional shaking under
reflux for 7-8 hr. The hot mixture was filtered and the residue was
extracted twice with hot petroleum ether (60-80°). The filtrate
and the ethereal extracts were pooled and evaporated in vacuo.
The residue was recrystallized from petroleum ether; yield 240
mg (69,) of pale yellow prisms.

2-(N,N-Diethylcarbonamide )-6,8-dichloro-v-chromone (VI).—
Diethylamine (0.5 ml, excess) was added to a cold suspension
of 140 mg of VII in 3 ml of anhydrous C¢Hs. The mixture was
kept at room temperature for 30 min and then refluxed for 30
min. The solvent was removed, and the residue was treated
with H,0, filtered, and washed (H:0). The solid, recrystallized
from EtOH, gave 100 mg (64%,) of white needles.

Acknowledgment.—The author wishes to thank
Professor Dr. Armando Novelli for his many helpful
suggestions. This work was carried out with a grant
from the C. N. 1. C.y T.

(4) All melting points were taken in capillaries and are uncorrected.
Where analvses are indicated only by symbols of the elements, analytical
results obtained for those elements were within =0.49, of the theoretical
values.

(5) A.B. Sen and P. M. Blargara, J. Indian Chem. Soc., 26, 366 (1949).
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In the first paper of this series! we reported some
observations concerning the in vitro inhibitory action of
several o-dihydroxy compounds and various simple
phenylalanine derivatives on the enzyme, phenylalanine
hydroxylase. Esculetin (6,7-dihydroxycoumarin) and
4-fluorophenylalanine were found to be the most ef-
fective inhibitors, confirming the work of other
investigators.?? Phenylalanine-derived alkylating
agents, designed to be irreversible inhibitors, were
further explored without success as reported in a second

(1) J.I. DeGraw, M., Cory, W. A, Skinner, M. C. Tlheisen, and C. Mitoma,
J. Med. Chem., 10, 64 (1967).

(2) S. B. Ross and O. Haljasmaa, Life Sci., 8, 579 (1964).

(3) D. D. Watt and J. P. Vandervoorde, Fed. Proc., 23, 146 (1964).
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communication.? The subject of this paper is a further
investigation, both ¢ vitro and ¢n vive, of hydroxylated
coumarin compounds related to esculetin.

We began our structure-activity investigation by
preparing various 3- and 4-substituted 6,7-dihydroxy-
coumarins, We found that, in vitro, the 4-methyl, -
n-butyl, and 4-phenyl analogs were more potent in-
hibitors of phenylalanine hydroxylase than esculetin,
The 4-ethyl-, n-propyl-, and isopropyvl-substituted com-
pounds were about as active as esculetin, while the
activity was considerably diminished for the 3-methyl
and 3,4-dimethyl analogs (Table I).

TapLe 1

In Vitro INHIBITION OF RAT LivER
PHENYLALANINE HYDROXYLASE®

Ratio of

sahstrate:

Substituted coumarin ¢, inhib inldbitor
6,7-Dihydroxy- (esculetin) a0 100:1
Esculin 16 1:1
4-Methyl-6,7-dihydroxy- 77 200:1
34 1000:1
4-Ethyl-6,7-dihydroxy- 55 100:1
4-n-Propyl-6,7-dihydroxy- 58 100:1
4-Isopropyl-6,7-dihydroxy- 33 100:1
4-n-Butyl-6,7-dihydroxy- 64 200:1
4-Phenyl-6,7-dihydroxy- H4 200:1
3-Methyl-6,7-dihydroxy- 41 50:1
3,4-Dimethyl-6,7-dihydroxy- BY:! 30:1
5,6-Dihydroxy- 52 10:1
7,8-Dihydroxy-4-methyl- 44 10:1
6,7,8-Trihydroxy-4-methyl- 55 100:1
5,6,7-Trihydroxy- 50 5l
5-Hydroxy-4-methyl- 16 1:1

2 See ref 1 for biological procedures.

We also investigated the effects of varying the posi-
tion and number of hydroxyl groups while retaming
either hydrogen or methyl at the 4 position. Both 5,6-
dihydroxycoumarin and 7,8-dihydroxy-4-methylcou-
marin were poor inhibitors as was 5,6,7-trihydroxy-
coumarin. 6,7,8-Trihydroxy-4-methylcoumarin was as
potent as esculetin, but considerably less than 4-
methylesculetin,  5-Hydroxy-4-methyleoumarin  was
a very poor inhibitor.

Two of the more active compounds, namely, 4-
methyl- and 4-phenylesculetin, were selected for in
vivo studies (Table II), Since esculin (the 6-glycoside

TapLe II

In Vivo INHIBITION OF Rar L1VvER
PHENYLALANINE HYDROXYLASE®

Time of

sacrifice

after oral

adininistration,
Compd Yo inlily hir

Eseulin 82 0.5-1
4-Methylesculetin 70 3
4-Pheunylesculetin 68 3

e Three 42-50-g Sprague-Dawley rats were used for each com-
pound. Compounds were given orally as aqueous suspensions
(pH 8-9) at 2 mmoles/kg. Animals were sacrificed at various
intervals. The specific activity of the control liver phenylalanine
hydroxylase in several experiments ranged from 0.113 to 0.193
winole of tyrosine formed/hr per mg of protein.

{(4) J.I.DeGraw, M. Cory, W. A. Skinner, 3. C. Theisen, and C. }itoma,
J. Med. Chem., 11, 225 (1968).



