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HERBICIDE INTBRHEDI!EB o~NITROPHENYL CYCLOPROPYL
A OD FOR THE PRE T REOF

The crop-eelective, herbieidal agent 1-{[o-
(eyelopropylcarbonylSphenyl]sulfamoyl}—s-(4,6-dime-,
thoxy-z-pyrimidinylju:ea is described in U.S. Patent
5,009,699. This unique sulfamoyl urea derivative
demonstrates a superior margin of safety teward3erop
plants, especially'riee plants, while concomitantly
controlling troublesome broadleaf weeds and sedges.

The present invention relates to o-nitro-
phenyl cyclopropyl ketone, a key intermediate in the
manufacture of the crop-selective herbicidal agent
1~ {[o~(cyclopropylcarbonyl)phenyl]sulfamoyl}-3-(4,6-di-
methexy-z-py:imidinYI)mrea, a method for the prepara-
tien_therecf, and a method for the preparation of

- o-aminophenyl cyclopropyl ketone.

Advantageously, this key intermediate,
o-nitrophenyl cyclopropyl ketone, may'be prepared in an
efficient and integrated process from readily eveilable
starting materials, dihyﬁ:o-seaeetyl-z(33)-furanene and
o-nitrobenzoyl haiide.' In accordance with the method
of invention dihydro-séaeetyl-z(33)-furanone is reacted
with about 0.5-1.0 molar equivalents of magnesium |
c1 c4a1kox1de at about 0%-25% to form an intermediate('m
the intermediate is reacted with at least one molar ;?‘

equivalent of o-nitrobenzoyl halide in the presence of -'

a solvent at about 15 =35 c to form a seeond 1nterme-

diate, the seeond 1ntermediate is heated in the
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presence of water to form dzhydro-s-(o-nitrobenzoyl)-z-
(3H)-furanone, the furanone is reacted with a hydrogen
halide to form 4-ha1°-z'—nitrohutyrephenene and the
butyrophenene is cyclized in the presence of a base to
give o-nitrophenyl cyclopropyl ketone. The. reaction
sequence using o-nitrobeénzoyl chloride as the o-nitro-
benzoyl halide starting material is illustrated in Flow
Diagram I wherein X designates halogen.

FLOW DIAGRAM I

0
c1 1. Mg(0Cq-Cgalkyl);
+ 2. Hy0 l
NO,
0 0
0
NO,
]Hx
0
base
B as—
NG,

Beneficially, the o-n;trophenyl cyclopropyl
ketone may be reduced in the presence of hydrogen and a-
catalyst to give o-aminephenyl cycloprepyl ketone.; The
reaction is shown in rlow Diagram II. L
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FLOW DIAGRAM II

0 0
_fe

' . talyst |

NO, catalys ~ TNH

Solvents suitable for use in the method of

the invention are those sdélvents which are immiseible

in water such as aromatic hydrocarbons, dialkyl ethers,
halogenated alkanes and the like, preferably aromatic
hydrocarbons. When such solvents are used, for example
toluene, xXylene, etc.; the reaction steps may be inte-
grated such that the reaction products may be carried
on to the subsequent steps as a solution in the organic
phase without time-consuming and potentially wasteful
isolation prooedures; Among the magnesium alkoxides
which may be used in the inventive method are magnesium
c1 c4 alkoxides preferebly those which are readily
available such as magnesium methoxide or magnesium
ethoxide. similarly, the o-nitrobenzoyl halides and
hydrogen halides which may be employed in the inventive
method include those most commonly evailable such as
chlorides or bromides.

_Among the bases suitable for use in the
cyclization step of'the inventive method are those
haV1ng a pKa greater than, or equal to, . 10, such as

organio amines, alkali metal carbonates or alkali ‘metal . -

hydroxides, preferably alkali metal hydroxides such as

_ sodium hydroxide and potassium hydroxide. Hydro-

genation eatalysts inelude those well-known in the art
such as platinum on carbon or palladium on carbon.
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_ The rate of the decarboxylation/halogenation
step is_direetly_releted te the concentration of the
reagents, i.e. the more concentrated the organic
solvent solution of dihydro-s-(o—n;trobenzoyl)-:(sn)-
furanone and the more concentrated the hydrogen halide
solution, the faster the reaction rate. Therefore,
increased concentration of reactants yields increased
reaction rate and produetivity.

It is a feature of this invention that the
indiv1dual preparative steps may be integrated by the
use of a single, suitable, water-immiscible solvent
such as toluene. The advantages of this feature include
the elimination of costly, potentially wasteful and
time-consuming isolation procedures.

The invention is further illustrated in the
Examples set forth below and is not to be deemed
l1imited thereby, except as defined in the claims.

The terms TLC, HPLC and LC designate thin
layer chromatography, high performance liquid chro-
matography and liquid chromatography, respectively.
The terms 1HNHR and 130NMR designate proton and
carbon-13 nuclear magnetic resonance, respectively.
All parts are parts by weight unless otherwise noted.
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EXAMPLE 1
Preparation and isolation of dihydro-3-(o-nitro- -
ngggx;:ziéglzzg;saggg

0 o 0
N1 s 1 ngmzt)a>
+ 2. Hz0"
NO,

3. NH,OH

A mixture of ug(OEt)z (30 9 g, 0.27 mole) in
toluene is treated with' dihydro-s-acetyl-z(sn)-furanone
(77 g, 0.55 mole) at s%-10 c, stirred for 1 hour at
zs°—3o°c, treated with a solution of o-nitrobenzoyl
chloride (92.8 g, 0.50 mole) in toluene at 30°-35%,
stirred at 25°-35°¢ for 1-2 hours, heated at 60°C for 1
hour, cooled to 3o°c; treated with water and 96% xzso‘
(15 g) and stirred for 0.5 hour. The phases are
separated and the aqueous phase iS'extracﬁéd with ethyl
acetate. The orginic phases are combined, treated with
agqueous NH on, stirred for 5-10 mznutes and separated.
The organic phase is further extracted with aqueous
NH OH. The aqueous phases are combined and acidified
to PH 5.5 with 96% H 280, at 14 ©-20°. The resultant
precipitate is removed by filtration to give the title
product as a white solid, 91.3 g, (77 7% yield), 85-96%'
pure by NMR analysxs, identified by bt and 3enir.
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EXAMPLE 2
Pre ation and isolatio of 4-0 loro-27=nit

ghenone

a m1xture of dihydro-3-(o~nitrobezoyl~2(3H)~-

furanone (2.0 g, 8. 5 mmole) in 10 g of 37% HC1 solution'
is stirred at 70°c until reaction is complete by TLC,:
cooled to room temperature and extracted with toluene.
The organic extracts are combined and'concentrated'ig
vacuo to give the title product as a golden oil, 1.84 g

- {95% yield), 99% pure by HPLC analysis, identified by

MR,

Using essentially the same procedure and
employxng 48% HBr, 4-bromo-2'-nltrobutyrophenone is
obtained as a brown solid, identified by HNMR and HPLC
analysis.

EXAMPLE 3
Preparation and isolation of o-nitrophenyl cyclog EZ

' ketone
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A stirred mixture of 4-bromo-2/-nitrobutyro-
phenone (3.44 g, 0.013 mole) and NaOH (0.76 g, 0.019
mole) in water is'heatedtit reflux temperature uniil
reaétion is complete by TLC, cooled to room tempé:&ture
and extracted with diethyl ether. The ether extracts
are combined, dried over Na,80, and concentrated in
vacuo to give a dark brown liquid residue. The residue
is taken up in diethyl éther, filtered through silica
gel and concentrated in vacuo to give the title product
as a yellow oil, identifled by 1mnMR.

Using essentially the same procedure but
ehploying 4-chloro-z'-nitrobutyrophenone as the start-
ing material, the title product is obtained as a yellow
oil in 98% yield and 99% purity by HPLC analysis, -
identified by Loamr.

EXAMPLE 4
Preparation of o-aminophenyl cyclopropyl ketone

0 | 0

NH

A mixture of o-nitrophenyl cyclopropylaxetone
(100 mg, 0.52 mmole) and a catalytic amount of 10% Pd
on carbon in methanol is stirred under hydrogen at
atmospheric pressute until reaction is cémplete by TLC.
The reaction mixture is filtered and the filtrate is -

. concentrated in vacuo to give a bright yellow oil.' The
- 0il is flash chromatographed to give the title product
‘as an off-whxte crystalline solid, 72 mg (85% yield),,ilfﬁfj:f

identified by ° HNMR
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paratxon of dxhydro-s-(o-nztrobenzoxl)-z§3n)-
anone t r te st o

1. Mg(OEL),
2. Hg0"

Y

A mixture of xg(ozt)z (63 g, 0.55 mole) in
toluene, under Ny, is treated with dihydro-3-acetyl-
2 (3H)-furanone (141 g, 1.10 mole) at 7°-10°C over a 15
minute period and stirred at 25°-30°% for 2 hours. The

resultant reaction mixture is treated with a solution

of o-nitrobenzoyl chloride (185.7 g, 1.0 mole) in

toluene at 25°-35°C over a 45 minute period, stirred at
ambient temperatures for 1.75 hours, treated with 400
mL H_ O and heated at 60°-75° until reaction is complete

2
by LC analysis. The resultant reaction mixture is

'cooled to room temperature and'the phases are separated

to give the title product as a toluene. soluticn, 875 g,

_18% desired product by LC analysxs (67% yield). The

product sclution is used as is in Example 6.
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EBXAMPLE 6
Pre aration of 4-chloro-2'-n1trohut ophenone

_gIntegrated step 2) '

NOz

The 18% solution of dahydro-s-(o-nitroben-
zoyl)-2(3n)furanone in toluene obtained in Example 5
(450 g, 0.34 mole furanone) is treated, with st;rring,
with 37% HCl (48 g, 0.60 mole HCl), heated at reflux
temperature for 6-11 hours, until reaction is complete
by LC analysis, cooied to 35°-45% and allowed to
settle. The phases are separated to give the title
product as a toluene solution, 425 g. The product
solution is used as is :in Ekample 7.

EXAMPLE 7
Pg;paration of o-n;troghenxl gzclogrogxl ketone
In ated step 3

NO, NOp

The 13.8% toluene solut1on of 4-chloro-2'-

_ nltrobutyrophenone obtained in Example 6 1s treated,

-\\-

1This Sheet Has Been

o N



10

15

20

25

30

(:)' o - : {T)“

THS&EH&ﬂSBﬁﬁ\
REPLACED |

with stirring, first with 90 mL water and second with
50% NaOH (48 g, 0.6 mole Naon). The resultant reaction
mixture is allowed to oxotherm, then is heated at .
85°-90 ¢ for 2-3 hours, cooled to room temperature and
allowed to settle. The phases are separated and the
organic phase is washed with water. The agueous phases
are combined and washed with toluene. Theiorganic
phases are combined and concentrated in yvacuo to- give
the title produot as a toluene solution, 235 g, 23.6%
title product by LC enalysxs (91% yield from furanone).
The produot'solution is used as is in Example 8.

- <10 -

EXAMPLE 8
Preparation of o-—aminophenyl cyclopropyl ketone
In ated step 4)

0 0
——e
PdsC

NO, - NH,

A mixture of the 23.6% toluene solution of
o-nitrophenyl cyclopropyl ketone obtained in Example 7
(232.3 g, 0.286 mole ketone) and 2.86 g of 5% Pd4/C
catalyst is placed under Hz at 32-56 psig 'in a Parr
hydrogenator. The hydrogen uptake is monitored and
when the reaction is complete, the reaction mixture is
filtered and concentrated in vacuo to give the title
product, 39.5 g, 86.3% pure by HPLC analysis (73.9%

yield).

, :iThns Sheet Has Been R

T Illl




o Sheet Has Been Replacec , T
. |
.31,906-00 Hl“”“‘“ 1l ﬂ AR O N A
| Pk [ L M S *

- 11 =

WHAT IS CLAIMED IS:
1.. grnitrophenYIIcyclopropyl ketone,

2. A method for the preparation of o-nitro-
phenyl cyclopropyl ketone which is characterized by
reacting‘dihydro—s-acetyl-z(3!)-furanone with about
0.50-1.0 molar equivalents of magnesium'c1 c alkoxide
at about 0°-25%% to form an intermediate, reacting said
intermediate with at least one molar equivalent of o-
nitrobenzoyl halide in the presence of a solvent at
about 15°-35 c to form a second intermediate, heating
the second intermediate in the presence of water to
form dihydro-s-(grnitrobenzoyl)-z(38)-furanone,
reacting the furanone with a hydrogen halide to form
4-halo-z'-nitrobutyrophemone and cycliging the
butyrophenone in the presence of a base to give
o-nitrophenyl cyclopropyl ketone.

3. The method according to claim 2 wherein
the solvent is an aromatic hydrocarbon, the magnesium
C,-C,alkoxide is magnesium methoxide or magnesium
ethoxide, the hydrogen halide is hydrogen chloride or
hydrogen bromide, and the base is an alkali metal
hydroxide.

4. The method according to claim 3 wherein
the solvent is toluene and the alkali metal hydroxide
is sodium hydroxide or potassium hydroxide.

5. A method for the preparation of o-amino-
phenyl cyclopropyl ketone which is characterized by
reacting dihydro-s-acetyl-z(3!)-furanone w1th about
0.50-1.0 molar equivalents of magnesium C -c alkoxide
at about 0°-25 c to form an 1ntermed1ate, reacting said
intermediate with at least one molar equivalent of



.,
R
YA

-

e

L\

THIS SHEET HAS BEEN
" REPLACED

-12 -

o-nitrobenzoyl halide in the presence of a solvent at
about 15°-35°C to form a second intermediate, heating
the second intermediate in the presence of_watq: to
form dihydro-3-(o-nitrobenzoyl)~-2(3H)-furanone, react-
ing the furanone with a hydrogen halide to form 4-
halo-z'-nitrobutyrophenohe, cyclizing the butyrophenone
in the presence of a base to give o-nitrophenyl cyclo-
propyl ketone and hydrogenating the nitréphenyl ketone

~in the presence of a catalyst to give o-aminophenyl
- eyclopropyl ketone.

6. The method according to claim 5 wherein
the solvent is an aromatic hydrocarbon and the base is
an alkali metal hydroxide.

7. The method according to claim 6 wherein
the solvent is toluene and the alkali metal hydroxide
is sodium hydroxide or potassium hydroxide.
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