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N-Substituted 2-acetylamino-2-ethoxycarbonyl-3-(2-furyl)propanamides (8) were synthesized through the
reaction of amines (13) with 2-acetylamino-2-ethoxycarbonyl-3-(2-furyl)propanoic acid (3b), which was prepared
via condensation of 2-(bromomethyl)furan (10b) with diethyl acetamidomalonate, followed by partial hydrolysis
of the resultant diethyl ester (3a) in the presence of barium hydroxide. However, bulky amines such as zer-butyl-
amine or 2-trifluoromethylaniline did not afford the corresponding diamides (8).

The biological activity of the prepared diamides (8) as root growth modulators was examined by germina-
tion assay using rape and leek seeds. N-(5-Bromo-2-thiazolyl)- and N-(4-chloro-2-benzothiazolyl)-2-acetylamino-
2-ethoxycarbonyl-3-(2-furyl)propanamides (8h, i) both potently inhibited the root growth of rape seedlings, but
were less effective in the case of leek seeds. The herbicide 2,4-dichlorophenoxyacetic acid completely inhibited

root growth in both cases.

Key words

Herbicides and plant growth regulators are widely used in
crop production to improve productivity.” Repeated use of
the same herbicide or herbicides with the same mechanism
of action, however, can lead to the appearance of weed
species with tolerance to the applied agrochemicals, such
as sulfonylurea-resistant paddy weeds or triazine-resistant
weeds.? Therefore, the continued development of novel her-
bicides and plant growth regulators is essential to supplement
the current limited treatment options for resistant weeds."
We are interested in furan-containing structures, since it has
been reported that 1-3-(2-furyl)alanine (1)* used as a 500
mg/l spray on tomatoes completely prevented infection by
Phytophthora infestansa,*® and L-3-(3-furyl)alanine (2) has
fungicidal activity. These compounds (1, 2) were prepared
from 2-(2-furylmethyl)- and 2-(3-furylmethyl)-2-acetylamino-
propanedioic acid diethyl esters (3a, 4), respectively.

In addition, 3-(2-furyl)propionic acid (5) was proven to be
a weak growth accelerator by Tamari.”’ On the basis of this
report, Kato ef al. examined the phytogrowth-inhibitory ac-
tivity of 3-(2-furyl)propionates (6) and 3-(2-furyl)propi-
onamides (7). However, they did not show a remarkable her-
bicidal activity.®

In this study, we examined the possibility that 2-acety-
lamino-2-ethoxycarbonyl-3-(2-furyl)propanamides (8)” hav-
ing one ester group and two amide groups at the same car-
bon, might have plant growth-regulatory activity. We report
herein the preparation of the diamides (8), and their testing in
germination assays using rape and leek seeds.

Preparation of N-substituted 2-acetylamino-2-ethoxy-
carbonyl-3-(2-furyl)propanamides (8) The synthetic route
reported here was designed to prepare a series of test di-
amides (8) from the half acid (3b) obtained via the diester
(3a),Y as shown in Chart 2. Compound 3a has been synthe-
sized from the reaction of diethyl acetamidomalonate with 2-
(chloromethyl)furan (10a), itself obtained from the reaction
of 2-furylmethanol (9) with thionyl chloride in the presence
of pyridine.” However, 10a is extremely unstable and decom-
poses during purification by distillation to give hydrogen
chloride, which catalyzes polymerization of the furan ring
with explosive violence.'” To avoid this difficulty, we used 3-
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(bromomethyl)furan (10b)'" as an equivalent of 10a. An im-
portant consideration is that the procedure for the preparation
of 10b does not require a base such as pyridine as a scav-
enger of hydrogen chloride.''®

First, 2-furylmethanol (9) in THF was allowed to react
with phosphorus tribromide at 0°C for 1.5h to yield the
corresponding bromo compound (10b), which could be
extracted from the reaction mixture with ether, and used
without further purification. Then, 10b was directly treated
with diethyl acetamidomalonate at 70 °C in the presence of
sodium ethoxide as a base to afford the corresponding diethyl
ester (3a) in 81% yield. The success of this reaction using
the bromo compound (10b) in place of the chloro compound
(10a) allowed us to develop a convenient method of prepara-
tion of the title compounds (8).

Attempted partial hydrolysis of the diethyl ester (3a) ac-
cording to the reported procedure, using 10% sodium hy-
droxide*>'? for 1h at room temperature, gave a mixture of
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(i) SOCl,, pyridine for 10a; PBr; for 10b, (ii) condensation with diethyl acetamidomalonate
using ODI to give the diester (3a), and partial hydrolysis using Ba(OH), to form the half acid
(3b), (iii) activation using ODI (iv) amines (13), (v) decarboxylation using ODI in acetonitrile.

Chart 2

the half acid (3b) and full hydrolysate, the dicarboxylic acid
(3c¢). These products are difficult to separate from each other
by chromatography or recrystallization. However, we could
obtain the half acid (3b) in 87% yield when the partial hy-
drolysis of the diethyl ester (3a) was carried out with barium
hydroxide'? instead of sodium hydroxide. This may be be-
cause the diethyl ester (3a) is hydrolyzed to afford the barium
salt of the half acid (3b), which is sparingly soluble and pre-
cipitates from the solution.

Next, the carboxyl group of the half acid (3b) was acti-
vated with 1,1’-oxalyldiimidazole (ODI)!¥ to form an imida-
zolide intermediate (11), which reacted with amines (13) to
afford the corresponding diamides (8) in 51—71% yield.
Since the average yield of 8 is about 60%, it seems that the
carbonyl group of the imidazolide intermediate (11) is not
readily amidated, presumably because of steric crowding by
the nearby quaternary carbon atom and imidazole ring. Ap-
plication of the activation—amidation methodology for the re-
action of the half acid (3b) with tert-butylamine or 2-(trifluo-
romethyl)aniline, having a bulky alkyl group around the
amino group, did not afford the desired diamides (8), but
provided 2-acetylamino-3-(2-furyl)propanoic acid ethyl ester
(12) instead. In addition, decarboxylation of the half acid
(3b) occurred to form 12 in 66% yield accompanied with the
formation of tarry matter when a mixture of 3b and ODI was
heated without any amine (13) at 60 °C for 1.5 h. The mecha-
nism of the formation of 12 is unclear, but we speculate that,
as the reaction to afford the diamides (8) does not proceed
readily, prolonged heating of the imidazolide intermediate
(11) results in C'-C? (quaternary carbon) bond and C'-N'
(imidazole) bond cleavages accompanied with the transfer of
a proton from an unidentified source to the C? carbon to form
12.

All nine of the prepared diamides (8a—i), as well as the
diethyl ester (3a) and the half acid (3b), were tested for plant
growth-modulating activity.

Root Growth-Modulating Activity This activity was
assayed according to the reported procedure'” using seeds of
rape, Brassica campestris L. (Brassicaceae), as a dicotyledon
and leek, Allium tuberosum RotTLER (Lilliacea), as a mono-
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cotyledon. The root length (in millimeters) of the seedlings
was measured and averaged in each group. The herbicide
2,4-dichlorophenoxyacetic acid (2,4-D; 14) was used as a
positive control. The results are summarized in Tables 1 and
2.

The half acid (3b) showed 66% inhibition for rape and
47% inhibition for leek at the concentration of 1.0X 10 3 M,
whereas the diethyl ester (3a) showed little activity. Among
the N-substituted amides (8), neither the N-butyl derivative
(8a) nor the N-phenyl derivative (8b) was inhibitory. How-
ever, the N-(4-chlorophenyl) derivative (8¢) showed 49% in-
hibition for rape, and 29% inhibition for leek. Interestingly,
we found that the N-(2-furylmethyl) derivative (8d) and N-
(2-thiazolyl) derivative (8e) inhibited root growth of rape, but
promoted that of leek. We therefore examined the effect of
substituent groups on the heterocycles. The (5-nitro-2-thia-
zolyl) derivative (8g) showed 94% inhibition activity for
rape, and 54% inhibition for leek. Thus, the nitro group on
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Table 1. Plant Growth-Modulating Activities of 2-Acetylamino-2-ethoxycarbonyl-3-(2-furyl)propanamides (8)
Dicotyledoneae Monocotyledoneae
Rape; Brassica campestris L. Leek; Allium tuberosum ROTTLER
Compd. N'-Subs. groups Growth (mm)® Growth (mm)®
Inhibition (%)” Inhibition (%) Promotion (%)”
Control  1.0X1073 (M) Control ~ 1.0X1073 (m)

3a Diethyl ester 57+10.5 42+£8.2%* 26 23+3.3 22+4.5 4
3b Half acid 60+11.3 20£1.4%* 66 21x3.7 11+1.0%* 47
8a n-Butyl 51+14.5 46154 9 24+6.0 23+4.0 4
8b Phenyl 57+8.8 55+10.6 3 39+4.7 36+4.1 7
8c 4-Chlorophenyl 61*+13.3 31+10.5%* 49 31+5.8 22+5.6%* 29
8d 2-Furylmethyl 59+9.0 51+8.6* 13 21%5.5 24+6.3 14
8e 2-Thiazolyl 49+53 23+£9.2%* 53 25+2.6 34+1.8% 36
8f 2-(5-Methylthiazolyl) 4794 18+5.0%* 61 26+5.3 15+3.5%* 42
8g 5-Nitro-2-thiazolyl 53*+8.8 3+£3.3%* 94 33+44 15+1.2%* 54
8h 5-Bromo-2-thiazolyl 48+5.1 0** 100 30x3.7 13x1.1%* 56
8i 4-Chloro-2-benzothiazolyl 56*5.2 0** 100 30+5.2 9+ 1.5%* 70

14 2,4-D9 64+25.7 0** 100 24+6.2 0** 100

a) The values represent mean=S.D. of 40 seeds after seven days (4. tuberosum; 10 d). Significant differences from the corresponding control level are indicated, * and ** indi-

cate significant differences with p<<0.05 and p<<0.01, respectively. Quantity of light: 127 ymol-m

seeds/group. 2 groups.
resents a promotion effect, and when P has a negative value, this corresponds to inhibition.

~2.57!. Temperature 25 °C. Relative humidity of 60%. Experimental size: 20

b) [(mean value of control—mean value at the concentration (M) of 1.0X 10~*)/mean value of control] X 100=P (%); when P has a positive value, this rep-

¢) 2,4-Dichlorophenoxyacetic acid (2,4-D; 14) was used as a positive control.

Table 2. Concentration Dependence of Plant Growth-Modulating Activities of Compounds 8h, 8i and 14
Dicotyledoneae Monocotyledoneae
Rape; Brassica campestris L. Leek; Allium tuberosum ROTTLER
Compd. N’-Subs. groups Inhibition (%) Inhibition (%)

1.0X1073 (M) 5.0Xx107* (M) 1.0X107* (m) 5.0Xx1075 (m)

1.0X1073 (M) 5.0X107* (M) 1.0X107*(m) 5.0X107° (m)

8h 2-(5-Bromothiazolyl) 100 98 80
8i 4-Chloro-2-benzothiazolyl 100 91 50
14 24-D" 100 99 98

21 56 53 50 30
41 70 50 10 10
98 100 100 99 97

a) See footnotes a) and b) of Table 1.

the thiazole ring markedly enhanced the inhibitory activity.
Similarly, the bromo derivative (8h) and the chloro derivative
(8i) showed complete inhibition of rape root growth and sub-
stantial inhibition of leek root growth. The positive control
(2,4-D; 14) completely inhibited root growth of both species.
In conclusion, the condensation reaction of (2-bro-
momethyl)furan (10b) with diethyl acetamidomalonate, with
subsequent partial hydrolysis of the adduct (3a) with barium
hydroxide, has been shown to be a convenient general
method for the preparation of the half acid (3b), and applica-
tion of traditional activation—amidation methodology to 3b
smoothly afforded N-substituted 2-acetylamino-2-ethoxycar-
bonyl-3- (2-furyl)propanamides (8). Evaluation of 8 for plant
growth-modulating activity revealed that the N-(5-bromo-2-
thiazolyl) and N-(4-chloro-2-benzothiazolyl) derivatives (8h,
i) completely inhibited root growth of rape seedlings and par-
tially inhibited that of leek seedlings. These findings suggest
that the compounds (8h, i) show selective phytotoxicity to-
wards germination of dicotyledons. A halogen group such as
bromine or chlorine on the heterocycles seems to play an im-
portant role in the appearance of the selective toxicity.

Experimental

Diethyl acetamidomalonate, oxalyl chloride, imidazole, dimethyl sulfox-
ide (DMSO) and amines (13a—i) were purchased from commercial sources
and used as received. 2-(Bromomethyl)furan (10b) was prepared by the re-
ported procedure.!'?¥

b) 2,4-Dichlorophenoxyacetic acid (2,4-D; 14) was used as a positive control.

Melting points were taken on a Yanagimoto melting point apparatus. All
melting points are uncorrected. IR spectra were measured on a Hitachi
model 270-30 IR spectrophotometer. NMR spectra were measured on a
Bruker DPX-400 spectrometer (400 MHz) using tetramethylsilane as an in-
ternal reference, and chemical shifts were recorded as J-values.

2-Acetylamino-2-(2-furylmethyl)propanedioic Acid Diethyl Ester (3a)
Diethyl acetamidomalonate (8.2 g, 38 mmol) was dissolved in a sodium
ethoxide solution [prepared from 0.85 g of sodium (0.037 g-atm) and 100 ml
of absolute ethanol]. To this stirred solution, the ether solution (ca. 200 ml)
containing crude 2-(bromomethyl)furan (10b) prepared from the reaction of
2-furylmethanol (9) (4.9 g, 50 mmol) with phosphorus tribromide (4.9 g, 18
mmol), was added in a single portion. The mixture was distilled rapidly at
atmospheric pressure until about 160 ml of ether had been collected, and the
remaining reaction mixture was refluxed at 68—72 °C for 2 h. The ethanolic
solution was concentrated in vacuo, the residue was poured into ethyl acetate
(50 ml), and the resultant mixture was filtered to remove insoluble materials.
The filtrate was washed with 3% HCI and water, then the ethyl acetate layer
was dried over anhydrous Na,SO,. The organic solvent was evaporated in
vacuo to give crude 3a, which was chromatographed on a silica gel column
(50 g, 70—230 mesh) with ethyl acetate/toluene=3/7 to give the product
(3a) (9.1 g, 81%). Recrystallization from ether/petroleum ether gave an ana-
lytical sample of 3a, mp 80—83 °C (lit., 81—82°C).%

2-Acetylamino-2-ethoxycarbonyl-3-(2-furyl)propanoic Acid (3b) A
mixture of an ethanol solution (5ml) of 2-acetylamino-2-(2-furylmethyl)-
propanedioic acid diethyl ester (3a) ( 5.9 g, 20 mmol) was added to 50 ml of
4% Ba(OH), solution. The resulting mixture was stirred at room temperature
for 24 h. The precipitated product was collected by filtration. The precipitate
was suspended in water (50 ml). The aqueous mixture was acidified with 5%
HCI, and extracted with ethyl acetate. The organic solution was washed with
brine, followed by drying under Na,SO, and evaporation of the solvent
to afford 4.7g (87%) of the crude product (3b). Recrystallization from
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toluene/ethanol gave 3b of mp 141—144 °C (lit., 120—121°C).% IR (KBr)
em™': 3324 (N-H), 1730 (ester CO), 1609 (amido CO). 'H-NMR (DMSO-
dg) 6: 1.17 (3H, t, J=7Hz, -CH,CH,), 1.92 (3H, s, -COCHj,), 3.52 (2H, q,
J=15Hz, furan-CH,), 4.14 (2H, q, /=7Hz, -CH,CH,), 6.0—6.1 (1H, m,
furan-4H), 6.2—6.3 (1H, m, furan-3H), 4.7—7.5 (1H, m, furan-5H), 7.98
(1H, s, NH). Anal. Caled for C,H;;NOg: C, 53.53; H, 5.57; N, 5.20. Found:
C, 53.67; H, 5.64; N, 5.37.

Decarboxylation of the Half Acid (3b) Leading to 2-Acetylamino-3-(2-
furyl)propanoic Acid Ethyl Ester (12) A solution of oxalyl chloride (1.1
g, 8.6 mmol) in acetonitrile (5 ml) was added dropwise to an ice-cold, stirred
solution of imidazole (2.4 g, 35 mmol) in acetonitrile (50 ml). The mixture
was stirred at room temperature for 15 min, then 2-acetylamino-2-ethoxycar-
bonyl-3-(2-furyl)propanoic acid (3b) (2.1 g, 8 mmol) was added rapidly in a
single portion. The mixture was stirred at 60 °C for 1.5h. The solvent was
removed in vacuo, and the residue was poured onto ice-water and extracted
with ethyl acetate. Washing of the ethyl acetate extract with 5% hydrochloric
acid and water, followed by drying over Na,SO, and evaporation of the sol-
vent left 1.2 g (66%) of crude product (12). Distillation using the Kugelrohr
apparatus gave 1.0 g of pure product (12) of bp 210—215° at 1 mmHg. IR
(KBr) cm™!: 3296 (N-H), 1740 (ester CO), 1660 (amido CO). 'H-NMR
(DMSO-dy) 6: 1.16 (3H, t, J=7.1Hz, -CH,CH,), 2.01 (3H, s, -COCH,),
3.46—3.57 (two 1H, each d, /=15 Hz, furan-CH,), 4.11—4.17 (2H, q, J=7
Hz, -CH,CH,), 4.79—4.86 (1H, m, -CH,—CH=), 6.04 (1H, m, furan-4H),
6.27 (1H, m, furan-3H), 7.31 (1H, m, furan-5H), 7.98 (1H, s, NH). 4nal.
Caled for C,;H,;sNO,: C, 58.66; H, 6.66; N, 6.22. Found: C, 58.53; H, 6.78;
N, 6.20.

Preparation of N-Substituted 2-Acetylamino-2-ethoxycarbonyl-3-(2-
furyl)propanamides (8) General Procedure A solution of oxalyl chlo-
ride (1.1 g, 8.6 mmol) in acetonitrile (5ml) was added dropwise to an ice-
cold, stirred solution of imidazole (2.4 g, 35 mmol) in acetonitrile (50 ml).
The mixture was stirred at room temperature for 15min, then 2-acety-
lamino-2-ethoxycarbonyl-3-(2-furyl)propanoic acid (3b) (2.1 g, 8 mmol) was
added rapidly in a single portion. The mixture was stirred at 45°C for
40 min, and then a solution of an appropriate amine (13a—i) (8.8 mmol) in
acetonitrile (2ml) was added dropwise at room temperature. The resultant
mixture was stirred for 1.5h at 55°C. The solvent was removed in vacuo,
and the residue was poured onto ice-water and extracted with ethyl acetate.
Washing of the ethyl acetate extract with 5% hydrochloric acid and water,
followed by drying over Na,SO, and evaporation of the solvent, left the
crude product (8), which was chromatographed on a silica gel column (50 g,
70—230 mesh) with ethyl acetate/toluene=3/7 to give the product (8).

N-Butyl-2-acetylamino-2-ethoxycarbonyl-3-(2-furyl)propanamide
(8a) 8a was prepared as above through the reaction of the half acid (3b)
(2.1 g, 8 mmol) with n-butylamine (13a) (0.6 g, 8.8 mmol) in 51% yield. mp
74—77°C (cyclohexane/ethyl acetate). IR (KBr) cm™': 3350 (N-H), 1742
(ester CO), 1690 (amido CO), 1642 (amido CO). 'H-NMR (DMSO-d,) &:
0.83 (3H, t, J=7Hz, <(CH,),CH,), 1.14 (3H, t, J/=7Hz, -CH,CH;), 1.13—
3.10 (6H, m, |(CH,);CH;), 1.90 (3H, s, -COCH;), 3.54—3.64 (two 1H,
each d, J=15Hz, furan-CH,), 4.04—4.16 (2H, m, -CH,CH;), 6.05—6.10
(1H, m, furan-4H), 6.2—6.3 (1H, m, furan-3H) 7.4—7.5 (1H,m, furan-SH),
7.75 (1H, s, NH), 8.05 (1H, t, J/=5.7 Hz, NH). 4nal. Calcd for C,(H,,N,Os:
C, 59.25; H, 7.46; N, 8.64. Found: C, 59.01; H, 7.25; N, 8.57.

N-Phenyl-2-acetylamino-2-ethoxycarbonyl-3-(2-furyl)propanamide
(8b) 8b was prepared as above through the reaction of the half acid (3b)
(2.1 g, 8 mmol) with aniline (13b) (0.8 g, 8.8 mmol) in 69% yield. mp 163—
165°C (toluene). IR (KBr) cm™': 3412 (N-H), 1740 (ester CO), 1714
(amido CO), 1652 (amido CO). 'H-NMR (DMSO-dy) &: 1.16 (3H, t,
J=7Hz, -CH,CH,), 1.96 (3H, s, -COCH,), 3.60—3.82 (two 1H, each d,
J=15Hz, furan-CH,), 4.11—4.24 (2H, m, -CH,CH;), 6.0—6.1 (1H, m,
furan-4H), 6.3—6.4 (1H, m, furan-3H), 7.5 (1H, m, furan-5H), 7.10 (1H, bt,
J=7.4Hz, phenyl-4H), 7.34 (2H, d, J=7.4 Hz, phenyl-3, 5H), 7.54 (2H, d,
J=7.4Hz, phenyl-2, 6H), 7.96 (1H, s, NH), 9.79 (1H, s, NH). 4nal. Calcd
for C,gH,,N,O4: C, 62.79; H, 5.81; N, 8.14. Found: C, 63.06; H, 5.88; N,
8.11.

N-(4-Chlorophenyl)-2-acetylamino-2-ethoxycarbonyl-3-(2-furyl)-
propanamide (8c) 8c was prepared as above through the reaction of the
half acid (3b) (2.1 g, 8 mmol) with 4-chloroaniline (13¢) (1.1 g, 8.8 mmol) in
50% yield. mp 225—229 °C (toluene/AcOEt). IR (KBr) cm™": 3443 (N-H),
1738 (ester CO), 174 (amido CO), 1652 (amido CO). 'H-NMR (DMSO-d)
6: 1.15 (3H, t, J=7Hz, -CH,CH,), 1.96 (3H, s, -COCH,), 3.58—3.78 (two
1H, each d, J=15Hz, furan-CH,), 4.11—4.23 (2H, m, —CH,CH,), 6.07—
6.10 (1H, m, furan-4H), 6.33—6.36 (1H, m, furan-3H), 7.50—7.52 (1H, m,
furan-SH), 7.37—7.61 (two 2H, each d, J=7.4Hz, phenyl-2H, -6H and
phenyl-3H, 5H), 7.99 (1H, s, NH), 9.95 (1H, s, NH). Anal. Calcd for
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CsH,,CIN,Os: C, 57.07; H, 5.06; N, 7.39. Found: C, 56.88; H, 4.89; N,
7.35.
N-(2-Furylmethyl)-2-acetylamino-2-ethoxycarbonyl-3-(2-furyl)-
propanamide (8d) 8d was prepared as above through the reaction of
the half acid (3b) (2.1 g, 8 mmol) with 2-furylmethylamine (13d) (0.9 g,
8.8 mmol) in 71% yield. mp 75—78°C (toluene/AcOEt). IR (KBr) cm™':
3388 (N-H), 1738 (ester CO), 1690 (amido CO), 1652 (amido CO).
'H-NMR (DMSO-dj) &: 1.20 (3H, t, J=7Hz, -CH,CH,), 2.00 (3H, s,
—COCH,), 3.6—3.7 (two H, each d, J=15Hz, furan-CH,), 4.15—4.26 (2H,
m, =CH,CHj,), 5.18 (2H, d, J=5Hz, furan-CH,), 6.0—7.2 (three m, each
1H, furan-3H, 4H and 5H), 6.2—6.6 (three m, each 1H, furan-3H, 4H
and 5H), 6.64 (1H, t, J=5Hz, NH), 8.01 (IH, s, NH). Anal. Calcd for
C;H,(N,Oy: C, 58.61; H, 5.79; N, 8.04. Found: C, 58.54; H, 5.79; N, 8.00.
N-(2-Thiazolyl)-2-acetylamino-2-ethoxycarbonyl-3-(2-furyl)propan-
amide (8e) 8e was prepared as above through the reaction of the half acid
(3b) (2.1 g, 8 mmol) with 2-aminothiazole (13e) (0.9 g, 8.8 mmol) in 68%
yield, mp 228—231°C (EtOH/toluene). IR (KBr) ecm™': 3256 (N-H), 1746
(ester CO), 1698 (amido CO), 1652 (amido CO). 'H-NMR (DMSO-d;) &:
1.16 (3H, t, J/=7Hz, -CH,CH,), 1.96 (3H, s, -COCH,), 3.59—3.81 (two
1H, each d, /=15 Hz, furan-CH,), 4.13—4.25 (2H, m, -CH,CH,), 6.08 (1H,
m, furan-4H), 6.34 (1H, m, furan-3H), 7.50 (1H, m, furan-5H), 7.10 (1H, d,
J=3 Hz, thiazole-5H), 7.32 (1H, d, /=3 Hz, thiazole-4H), 7.54 (1H, s, NH),
7.96 (1H, s, NH). 4nal. Caled for C,;H,;N;0,S: C, 51.28; H, 4.84; N, 11.96.
Found: C, 51.20; H, 5.05; N, 11.83.
N-(5-Methyl-2-thiazolyl)-2-acetylamino-2-ethoxycarbonyl-3-(2-furyl)-
propanamide (8f) 8f was prepared as above through the reaction of the
half acid (3b) (2.1 g, 8 mmol) with 2-amino-5-methylthiazole (13f) (1.3 g,
8.8 mmol) in 66% yield. mp 176—179 °C (EtOH/toluene). IR (KBr) cm™':
3304 (N-H), 1746 (ester CO), 1700 (amido CO), 1664 (amido CO). 'H-
NMR (DMSO-dy) 6: 1.12 (3H, t, J=7Hz, -CH,CHj), 1.93 (3H, s, thiazole-
CH,), 2.31 (3H, s, -COCH,), 3.59—3.72 (two 1H, each d, /=15 Hz, furan-
CH,), 4.12—4.09 (2H, q, J=7Hz, -CH,CH,), 6.02 (1H, m, furan-4H), 6.32
(1H, m, furan-3H), 7.10 (1H, m, furan-5H), 7.45 (1H, s, thiazole-4H), 8.05
(1H, s, NH), 12.3 (1H, s, NH). 4nal. Calcd for C,(H,,N;0,S: C, 52.50; H,
5.20; N, 11.50. Found: C, 52.48; H, 5.12; N, 11.52.
N-(5-Nitro-2-thiazolyl)-2-acetylamino-2-ethoxycarbonyl-3-(2-furyl)-
propanamide (8g) 8g was prepared as above through the reaction of the
half acid (3b) (2.1 g, 8 mmol) with 2-amino-5-nitrothiazole (13g) (1.3 g, 8.8
mmol) in 62% yield. mp 182—185°C (ether/AcOEt). IR (KBr) cm™': 3408
(N-H), 1738 (ester CO), 1706 (amido CO), 1640 (amido CO). 'H-NMR
(DMSO-dy) ¢6: 1.15 (3H, t, J=7Hz, -CH,CH,), 1.97 (3H, s, -COCH,),
3.58—3.73 (two 1H, each d, J=15Hz, furan-CH,), 4.14—4.23 (2H, m,
—CH,CH,), 6.15 (1H, m, furan-4H), 6.35 (1H, m, furan-3H), 7.53 (1H, m,
furan-5H), 8.17 (1H, s, thiazole-4H), 8.65 (1H, s, NH), 13.33 (1H, s, NH).
Anal. Caled for CsH,(N,O,S: C, 45.45; H, 4.04; N, 14.14. Found: C, 45.65;
H, 4.24; N, 13.88.
N-(5-Bromo-2-thiazolyl)-2-acetylamino-2-ethoxycarbonyl-3-(2-furyl)-
propanamide (8h) 8h was prepared as above through the reaction of the
half acid (3b) (2.1g, 8 mmol) with 2-amino-5-bromothiazole (13h) [2-
amino-5-bromothiazole monohydrobromide (2.3 g, 8.8 mmol) was neutral-
ized with triethylamine (0.9 g, 8.8 mmol) in acetonitrile (5 ml)] in 63% yield.
mp 198—200°C (ether/toluene). IR (KBr) cm™': 3402 (N-H), 1750 (ester
CO), 1696 (amido CO), 1686 (amido CO). 'H-NMR (DMSO-d;) &: 1.14
(3H, t, J=7Hz, -CH,CH;), 1.95 (3H, s, -COCH,;), 3.57—3.75 (two 1H,
each d, /=15 Hz, furan-CH,), 4.18—4.14 (2H, m, -CH,CH,), 6.10 (1H, m,
furan-4H), 6.33 (1H, m, furan-3H), 7.50 (1H, m, furan-5H), 7.60 (1H, s, thi-
azole-4H), 8.05 (1H, s, NH), 12.52 (1H, s, NH). Anal. Calcd for
CsH,(BrN;O,S: C, 41.87; H, 3.75; N, 9.77. Found: C, 42.09; H, 3.71; N,
9.76.
N-(4-Chloro-2-benzothiazolyl)-2-acetylamino-2-ethoxycarbonyl-3-(2-
furyl)propanamide (8i) 8i was prepared as above through the reaction of
the half acid (3b) (2.1 g, 8 mmol) with 2-amino-4-chlorobenzothiazole (13i)
(1.63 g, 8.8 mmol) in 63% yield. mp 154—157 °C (ether/AcOEt). IR (KBr)
em™': 3420 (N-H), 1780 (ester CO), 1720 (amido CO), 1660 (amido CO).
'H-NMR (DMSO-d,) &: 1.16 (3H, t, J=7Hz, -CH,CH,), 1.99 (3H, s,
—COCH,;), 3.60—3.82 (two 1H, each d, J/=15Hz, furan-CH,), 4.15—4.24
(2H, m, -CH,CH,), 6.15 (1H, m, furan-4H), 6.36 (1H, m, furan-3H), 7.53
(1H, m, furan-5H), 7.55 and 8.00 (each 1H, each d, /=8 Hz, benzothiazole-
5H, 7H) 7.33 (1H, t, J=8 Hz, benzothiazole-6H), 8.05 (1H, s, NH), 12.85
(1H, s, NH). Anal. Calcd for C,H sCIN;O,S: C, 52.35; H, 4.13; N, 9.64.
Found: C, 52.32; H, 4.12; N, 9.52.
Plant Growth-modulating Activity Test This test was carried out ac-
cording to the method reported by Inamori et al.'® A DMSO solution
(1.0 ml) containing an amide derivative (8a—i) or DMSO alone (1.0 ml) as a
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control was diluted in 100 ml of sterilized agar (0.8%, Nacalai Tesque, Inc.)
to give concentrations of 5X107 M, 1.0X10*m, 5X10 %M and 1.0X1073
M. Agar containing a test chemical or DMSO as a control was poured into a
sterilized 500 ml culture jar. Then 20 seeds of each plant species, sterilized
with 70% ethanol and 1% NaClO, were put on the agar and left for seven
days (4. tuberosum; ten days) at 25 °C under a relative humidity of 60% and
a light intensity of 127 umol-m~2-s™!. The plant growth-inhibitory activity
was expressed as the root length of the seedlings in millimeters. The results
are summarized in Tables 1 and 2.

Acknowledgment We thank the Japan Private School Promotion Foun-
dation for partial financial support of this research, which was carried out as
a part of a project at the High Technology Research Center.

References and Notes

1) Alexieva V, Georgiev G. T., Kavanov E., Toncheva V., Comptes rendus
de I’Academie bulgare des Sciences, 49, 95—98 (1996).

2) TItoh K., J Pesticide Science (Nippon Noyaku Gakkai), 25, 281—284
(2000).

3) a) Kretzschmar G., Hoppe H. U., Wicke H., Schlinmann M., Keller R.,
Sachse B., Ger. Offen. DE 3 820 302 (21 Dec., 1989) [Chem. Abstr.,
113, 236775 (1990)]; b) Chenault H. K., Dahmer J., Whitesedes G.
M., J. Am. Chem. Soc., 111, 6354—6364 (1989); ¢) For details of bL-
3-(2-furyl)alanine: Watanabe H., Kuwata S., Nakajima S., Koshida K.,
Hayashi M., Bull. Chem. Soc. Jpn., 38, 1461—1464 (1965).

4) Kretzschmar G., Wicke H., Sachse B., Ger. Offen. DE 3 829 451 (1
Mar., 1990). [Chem. Abstr., 113, 1158625 (1990)].

5) Tamari K., J Agr. Chem. Soc. Japan (Nippon Nogeikagaku Kaishi), 17,
321—335 (1941) [Chem. Abstr., 41, 4545i (1947)].

6) Kato S., Suyama T., Takematsu T., J Synth. Org. Chem. Japan (Yuki
Gosei Kagaku Kyokaishi) 56, 221—227 (1998) [Chem. Abstr., 128,
214349 £(1998)].

7) Each of the prepared diamides (8) in this study is a racemate.

8) a) Bladon C. M., J. Chem. Soc., Perkin Trans 1, 1990, 1151—1158; b)

9)

10)

11)

12)

13)

14)

15)

339

Herz W., Dittmer K., Cristol S. J., J Biol. Chem., 171, 383—386
(1947).

a) Kirner W. R., J Am. Chem. Soc., 55, 1955—1961 (1928); b) “Syn-
theses of Heterocyclic Compounds,” ed. by Mndzhoian A. L., Vol. 1,
Consultants Bureau, Inc., New York, 1959, pp. 58—61; ¢) Tarrago G.,
Marzin C., Najimi O., Pellegrin V., J Org. Chem., 55, 420—425
(1990).

Divald S., Chun M. C., Joullie M. M., J. Org. Chem., 41, 2835—2846
(1976).

a) Kitagawa T., Akiyama N., Chem. Pharm. Bull., 45, 1865—1866
(1997); b) New D. G., Tesfai Z., Moeller K. D., J. Org. Chem., 61,
1578—1598 (1996); c) Kotha S., Brahmachary E., ibid., 65, 1359—
1365 (2000).

Leading reference on hydrolysis using potassium hydroxide: a) ref. 8a;
b) Plummer M. S., Shahripour A., Kaltenbronn J. S., Lunney E. A,
Steinbaugh B. A., Hamby J. M., Hamilton H. W., Sawyer T. K., Hum-
blet C., Doherty A. M., Taylor M. D., Hingorani G., Batley B. L., Ra-
pundolo S. T., J. Med. Chem., 38, 2893—2905 (1995).

a) Singner R., Sprecher P, Helv. Chim. Acta, 30, 1001—1004 (1947);
b) Durham L. J., McLeod D. J., Cason J., Org. Synth., Collective Vol.
1V, ed. by Rabjohn N., John Wiley and Sons Inc., New York, 1963, pp.
635—638.

a) ODI was easily prepared from the reaction of imidazole with oxalyl
chloride in acetonitrile according to the method reported by Murata.
The suspension of this reagent in acetonitrile was directly used in the
reaction: i) Murata S., Chem. Lett., 1983, 1819—1820; ii) Murata S.,
Bull. Chem. Soc. Jpn., 57, 3597—3598 (1984); b) Walter W., Radke
M., Justus Liebigs Ann. Chem., 1979, 1756—1767. As mentioned in
the literature, ODI can be synthesized on a laboratory scale by the re-
action of 1-(trimethylsilyl)imidazole [Birkofer L., Richter P, Ritter A.,
Chem. Ber., 93, 2804—2809 (1960)] with oxalyl chloride in benzene
at room temperature.

Inamori Y., Muro C., Osaka K., Funakoshi Y., Usami Y., Tsujibo H.,
Numata A., Biosci. Biotech. Biochem., 58, 1150—1152 (1994).



