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met hoxy- 2- pyri m di nyl ) urea denonstrates a superi or mar gi n of safety
toward crop plants, especially rice pl ants, while concomtantly
control ling broadl eaf weeds 10 and._sedges....l.1.-has..now-been found that
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(o-NITROPHENYL)~2=-FURANOL USEFUL AS INTERMEDIATES
IN THE PREPARATION OF A CROP-SELECTIVE HERBICIDE
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5 The crop-selective herbicidal agent i1-{[o-
(cyclopropylcarbonyl)phenyl]sulfamoyl}~3-(4,6~-di-
methoxy-2~pyrimidinyl)urea demonstrates a superior
margin of safety toward crop plants} especially rice
plants, while concomitantly controlling broadleaf weeds

10 and sedges. It has now been found that 4-hydroxy-

' 2/-nitrobutyrophenone or tetrahydro-2-(o-
nitrophenyl)-2-furanol or mixtures thereof are useful
in the preparation of 4-halo-2/-nitrobutyrophenone
compounds, important intermediates in the preparation

15 of the crop—-selective herbicidal agent 1-{[o-(cyclo~-
propylcarbonyl)phenyl]sulfamoyl}~3-(4,6~-dimethoxy~-2~
pyrimidinyl)urea.

The present invention describes 4-hydroxy-2’/-
nitrobutyrophenone and tetrahydro-2-(o-nitrophenyl)-2-

20 furanol and mixtures thereof and their use in a method
for the preparation of 4-halo-2/~-nitrobutyrophenone
compounds.

4-Hydroxy~2/-nitrobutyrophenone or tetra-
hydro-2-({o-nitrophenyl)=-2-furanol or mixtures thereof
25 may be prepared by reacting dihydro-3-(o-nitrobenzoyl)-
2 (3H)~furanone with an acid such as sulfuric aciaq,
phosphoric acid or acetic acid, in the presence of a
solvent such as water or mixtureé of water and an
- organic solvent. The reaction is carried out prefera-
30 bly from about 4o°c to about 130°c, more preferably



'propyl carbonyl ) phenyl ] sul f Aoyl ) - 3- (4, 6-di met hoxy- - )

“pyrimdinyl)urea. The present invention descri bes

4- hydr oxy- 2' - nltrobutyrophenone and tetrahydro-2-(o-nitrophenyl)-2-
20 furanol and m xtures thereof and thejr_use in a nethod - for the
preparation of 4-halo-2'-nitrobutyrophenone conmpounds.

4- Hydr oxy-2' - ni trobut yrophenone or tetra- hydr o- 2- (o-nitrophenyl)
-2-furanol or mxtures thereof 25 may be prepared by reacting

di hydr o- 3- (0- ni gxeheasext) s0% to 868L) - f¥hanpagcvish 28 SabWnsishraow

sul furic acid, bi ngﬁsphoric acid or acetic acid, in the presence of a
.sol vent such asPHagE& *m xtures of water and an organi ¢ sol vent.
The reaction is'carried out prefera- 30 bly fromabout 40[err]C to about
130 C, nore preferably -2- :
from about® 50C to 90[err]C. The reacti d:0HsDIAERAR T 1 Fl ow Di agram | .
5 FLOW DI RGRRM | [err]

0 0

0 + Hp80, —>

0 H
OH 0
+

15 A mixture of 4-hydroxy-2‘/-nitrobutyrophenone
and tetrahydro-2-(o-nitrophenyl)=-2-furanol may also be
prepared by reacting a cl-c4 alkyl 2-(o-nitrobenzoyl)-
acetate compound with at least one molar equivalent of
a 2-haloethanol, preferably 2-chlorocethanocl or 2-bromo-

20 ethanol, in the presence of an agqueous base such as
agqueous sodium hydroxide or sodium carbonate, and a
phase transfer catalyst, and in the presence of a
solvent such as water or a mixture of water and an
organic solvent. Typical phase transfer catalysts

25 include benzyltrimethylammonium hydroxide, tetraethyl-
ammonium hydroxide and tetrabutylammonium hydroxide.
The reaction is carried out preferably from about 25%
to 130°c, meore preferably from about 50°¢ to 90°c. The
reaction is illustrated in Flow Diagram II. '



15 A mixture ‘of 4- hydr oxy-2' - ni trobut yr ophknone and

t et rahydr o- 2- (o-ni trophenyl)-2-furanol may al so be prepared by
feacting a CJerr]-Cerr] alkyl 2-(o-nitrobenzoyl)- acet at e conpound
with at | east one nolar equival ent of - 3 & 2-haloethanol, preferably
2-chl or oet hanol or 2-brono- 20 ethanol, 1 n the presence of an aqueous
base such as aqueous sodi um hydroxi de or sodi um carbonate, and a
phase transfer catalyst, and in the presence of a sol vent such as
water or a mxture of water and an organi ¢ sol vent. Typical phase
transfer catal ysts 25 I ncl ude ben% ri hyl anmoni um hydr oxi de,
tetraet hyl - anmoni um hydr oxi de yl amoni um hydr oxi de.
The reaction.is carried out preferaply fromabout 25[err]C to 130

[err]C, nore preferably from alpput ;pO[err]C to 90[err]C. The reaction

is illustrated in Flow D
FLOW Sl FRIRRARN 1P| ] &1EHCHL0H

-3-

5 NO,

base,
phase transfer catalyst

0 OH

OR
10 0
_ +
NO, NG,

Alternatively, a tautomeric mixture of
4-hydroxy-2/-nitrobutyrophenone and tetrahydro-2-
(e~nitrophenyl)-2-furanol may be prepared by reacting a

15 C,-C, alkyl 2-(g—hitrobenzoyl)acétate compound with at
least about one molar equivalent of a 1,2-dihaloethane
compound in the presence of a base such as sodium
hydroxide and a phase transfer catalyst such as benzyl-
trimethylammonium hydroxide to form 1-(o-nitrobenzoyl)~-

20 cyclopropanecarboxylic acid which is reacted with
sulfuric acid to form the desired butyrophenone/furanol
mixture. The reaction scheme is shown in Flow Diagram
III wherein X is Cl, Br or I.



‘Alternatively, a tautonerig mxture of )

4- hydr oxy-2' - ni t robut yrophenone and tetrahydro-2-

¢o-nitrophenyl)-2-furanol may be prepared by reacting a 15 C[err] derr]
al kyl 2-(o-nitrobenzoyl)acetate conpound with at | east about one~
nmol ar equi val ent of a 1, 2-di hal oethane < 4 “conmpound irkis §i3& HAl BIER cg{ a
base such as sodi um hydr oxi de and a phase transfer

benzyl - tri met hyl anmoni um hydroxide to form 1- (o &E 1"4

cycl opropanecar boxylic acid which is reacted with

formthe desired butyrophenone/furanol m xture. The reaction schene
is shown in Flow D agram 111 wvheleplsray Gr Br or |
0 0
0-¢(C4C4 alkyld + XCHpCHoX
5 -~
NO,
base,
phase transfer catalyst
10
0
CO,H
NO,
15
H,S0,
0
: OH
20 :
OH 0
+ .

As illustrated in Flow Diagrams I, II and

25 III, the reaction product obtained is a tautomeric
mixture of 4-hydroxy-2(-nitrobutfrophenone and tetra-
hydro-z-(g-nitrophenyl)-é-furanol. The tautomeric
ratio formed is dependent upon the solvent system used.
For example, in the absence of a solvent or in the

30 . presence of an non-aqueous, organic solvent system such
as chloroform, methylenechloride, methanol, ethanol,
tetrahydrofuran or toluene, the ring-closed furanol
tautomer is predéminant. However, in the presence of
an aqueous solvent system, i.e. water or mixtures of

35 water and a water miscible organic solvent such as
methanol, ethanol, acetone, acetonitrile or tetrahy-
drofuran, the formation of the open-chain



FLOVDIAGRAM I 11 [err] ) oy

“illustrated in Flow Diagrans |, |l and 25 11, the reaction pr oduct

obtained is a tautoneric m xt ure of
4- hydr oxy- 2'-n|trobutyrophenone and tetra- . _
hydr o- 2- (0- ni-t rophenyl ) - 2-furanol . The t auPoreri c

10

15

20

25

30

hydroxybutyrophenone tautomer is favored. 1In solvent
mixtures of water and non-miscible organic solvents

such as toluene, chloroform or mgthylene chloride where
the partition coefficient favors the organic phase, the

ring~closed furanol tautomer is favored, while the
amount which remains ih the aqueons phase will be in
the open-chain tautomeric form.

Advantageously, the tautomeric mixtures of
4-hydroxy=-2’-nitrobutyrophenone and tetrahydro-2-
(o-nitrophenyl)~-2-furanol may be used to prepare 4-
halo-z'-nitrobutyrophenone compounds, useful as crop-
selective, herbicide intermediates. The compounds,
4-hydroxy~2’~nitrobutyrophenone or tetrahydro-2-
(o-nitrophenyl)~-2~-furanol or mixtures thereof may be
treated with a hydrogen halide such as hydrogen

- chloride, hydrogen bromide or more préferably

concentrated hydrochloric acid, optionally in the
presence of a solvent or mixture of solvents such as
water and/or an organic solvent such as aromatic
hydrocarbons, chlorinated hydrocarbons or ethers pre-
ferably at a temperature of from about 40°c to about
130%, to give the desired 4-halo product as shown in
Flow Diagram IV wherein X is halogen. The preferred
solvent systems are water, toluene and mixtures of
water and toluene. In a preferred embodiment, an
excess of the hydrogen halide is employed, in other
words, the molar ratio of the hydrogen halide to the

4-hydroxy~2/-nitrobutyrophenone, tetrahydro-2-(o~-nitro-

phenyl)~-2-furanol or mixtures thereof is greater than
one.

This Sheet Has Been Reilaced

HIIIIII ||III| [l
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-ratio fornmed is dependenfhﬁpon t he sol vent systen1u§ga. . For
“exanpl e, in the absence of a solvent or in the 30 presence of a

non- aqueous, organi c solvent system such as chloroform nethyl ene
chl oride, nethanol, ethanol, tetrahydrofuran or toluene, the

ri ng-cl osed furanol tautonmer is predom nant. However, in the
presence of an aqueous solvent system i.e. water or m xtures of
35 wat er and a water m scible organic solvent such as met hanol
et hanol , acetone, acetonitrile or tetrahy- ~drofuran, the formation
of the open-chain hydr oxybut yr ophenone tautoner is
favored. In solvent m xt ur es FQfga EAcrRmME DPen- m sci bl e organic
solvents - such as tol uene, chtoroformmor—methyl ene chl ori de where

the partition coefficient favors the organic phase, the 5 ring-cl osed -
furanol tautomer is favored, while the amount which remains in the
aqueons phase will be in t he open-chain tautoneric form

Advant ageousl y, 't he tautoner?c m xt ures of

4- hydr oxy-2' -nitrobutyrqphenggne gQd t g ahydro-2- 10

(o-nitrophenyl)-2-furg@ d to prepare 4-

hal o-2' - ni trobut yr op conpounds, useful as crop- sel ecti ve,
her bi ci de i nternedi at & eygonpounds, ' 0

4- hydroxy 2'-n|trobutyrophenon% or tetrahydro-2-

X
H
5 and/or ——ﬁ——>
NO,
HO

0

NO,
10 The compounds of the invention or hixtures

thereof may also be used to prepare o-aminophenyl
cyclopropyl ketone, a key intermediate in the manu-
facture of the crop-selective herbicide 1-{[o~(cyclo~
propylcarbonyl)phenyl]jsulfamoyl}-3-(4,6-dimethoxy-2~

15 pyrimidinyl)urea, as shown in Flow Diagram V wherein X
is halogen.



f(o-hitrophenyl)-2-furanoF‘@r m xtures thereof may bé )5 treated with a

“ hydrogen halide such as hydrogen chl oride, hydrogen brom de or nore
.preferably concentrated hydrochloric acid, optionally in the
presence of a solvent or m xture of solvents such as wat er and/or an .
organi ¢ solvent such as aromatic 20, h?d?dﬁarbons, chl ori nat ed
"hydr ocarbons or ethers pre- ferably at a tenperature of from
40[err]c to 130[err]C, to give the desired 4-halo product as shown in
. Flow Diagram IV wherein X is halogen. The preferred - sol vent systens
are water, toluene and m xtures of 25  water and toluene. 1In a preferred
enbodi ment, an excess of the Myl qaoEisRm®t ivle i s enpl oyed, in other
words, the nolar ratio of the hydrogemrtattde—tothe 4- hydr oxy- 2
-ni trobut yrophenone, tetrahydro-2-(o-nitro- phenyl ) - 2-furanol or
m xtures thereof is greater than 30 one.
FLOWDIAGRAM |V [err] 0
OH
5
: X
HX - ‘
andsor —_— o
NO,
HO
10 0
base
NGO,
0 0
15 Ha
P =
catalyst
NHz NG,

_ In order to facilitate a further under-

standing of the invention, the following examples are

20 presented primarily for the purpose of illustrating
more specific details thereof. The invention should
not be deemed limited thereby except as defined in the
claims. The term HPLC designates high performance
ligquid chromatography. The terms l1gaMr ana 13cxmr

25 designate proton and carbon-13 nuclear magnetic reso-
nance, respectively. Unless otherwise noted, all parts
are by weight.



10 The conpourfdd of the invention or nixt{ifes _ thereof may
al sp be‘used to prepare o-am nophenyl cycl opropyt” ketone, a key
internmediate in the manu- facture of the crop-selective herbicide
1-{[o-(cycl o- propyl carbonyl ) phenyl ] sul f anoyl } - 3- (4, 6- di net hoxy-2- 15
pyri mdinyl)urea, as shown in Flow D agrama\/ “Wherein X I s hal ogen.

- | FLOW DI RG]
Preparation of 4-Eydroxy-2’-nitrobutyrophenone and
tetrahydro-2-(o~-nitrophenyl-2-furanol

Q- - _ H .
10 | OH 0
: . +

A nmixture of dihydro-s-(grnitrobenzoyl)-
2 (3H) ~furanone (5.6 g, 24 mmol) and sulfuric acid (7.3
g, 96% real, 70 mmol) in water (20 mL) is stirred at
559—91°c for 2-3 hours, cooled and extracted with
methylene chloride. The combined organic extracts are
concentrated in vacuo to give a mixture of the title
20 products (6.1 g) which is identified by 1H and 3cnMr

analyses.

15

EXAMPLE 2
Preparation of 4~Chloro-2’-nitrobutyrophenone

OH

25 NO, 0

Cl
HC1

and —

NO,



-In order to facilitate a(?brther under - standi nfg Yof the invention, the
foll owi ng exanples are 20  presented primarily for the purpose of

tllustrating nore specific details thereof. The invention should

not be deemed limted thereby except as defgned in the clains. The
term HPLC desi gnates high perfornmance . | i qui d chromat ography. The terns
[err] HNMR and [err] CNHR 25 desi gnate proton and carbon-13 nucl ear
magneti c reso- nance, respectively. Unless otherwi se noted, all parts
are by weight. o A solution of the mixture obtained in Example

1 (0.5 g) in toluene (2 mL) and 5 mL of 37% HCl is
heated at reflux temperature for 1-2 hours and cooled
to glve the title product, 90% pure by HPLC analysis.

5
EXAMPLE 3
Preparation of 4-Hydroxy-2’/-nitrobutyrophenone
0 0
10 OCHpCHy + CLCH,CHoOH + NaOH +
NO,

0
15 o, OH
CeH5CHaNCCH3) 3"0H ———»
N0,

2 mixture of ethyl 2-(o-nitrobenzoyl)acetate
(11.9 g, 0.05 mol), 2-chloroethanol (8 g; 0.1 mol), 50%
20 sodium hydroxide solution (8.8 g, 4.4 g real, 0.11 mol)
and 40% benzyltrimethylammonium hydroxide solution (4.2
g, 1.7 g, real, 0.01 mol) in water (50 mL) is heated at
50°-65°C for 4-8 hours, coocled and extracted with
methylene chloride. The combined organic extracts are
25 concentrated in vacuo to give the title product,

identified by 1gnMR ana 13cnur analyses.




‘EXAMPLE 1 - Preparatiofi pf 4- Hydr oxy- 2'-n|trobutyf.bhenone and
t et r,ahy@r,833- (0- ni t rophenyl-2-furanol [err]

A m xture of dihydro-3-(0-nitrobenzoyl)- 15 2(3FD-fura QA 5 6 g 247
mmol ) and sul furic acid (7.3 ° g, 96%gpeal, 70 mmol) in nRepl mh&
stirred at 55[err]-91[err]C far. 2-3 hours, cool ed and

nmet hyl ene chl ori de. The conbi ned organic extracts are

vacuo to give a mxture of the title 20 - products (6.1 Q) mhlch S
identified byr[etAIM:and [err] CNVR anal yses.

1. 4-Hydroxy-2’/=-nitrobutyrophenone.
2. Tetrahydro-é-(g—nitrophenyl)-2-furanol.

3. A method for the preparation of a 4-
halo-z'-nitrobﬁtyrophenone compound having the struc-
tural formula

NO,
wherein X is halogen;
which is characterized by reacting 4-~hydroxy-2’/-nitro-
butyrophenone or tetrahydro-2-(o-nitrophenyl)-2-furanol
or a mixture thereof with a hydrogen halide optionally
in the presence of a solvent or solvent mixture to form
the 4-halo~2/-nitrobutyrophenone compound.

4. The method according to claim 3 wherein
the hydrogen halide is hydrogen chloride or hydrogen
bromide; the solvent is selected from the group
consisting of water, an aromatic hydrocarbon or
mixtures thereof; and the temperature of the reaction
mixture is about 40°c-130%c.

5. The method according tc claim 3 wherein an
excess of the hydrogen halide is employed.

6. The method according to claim 4 wherein
the solvent is a mixture of water and toluene.

A
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St
"EXAMPLE 2 Pfeparatidﬁ?of 4- Chl oro-2' -nitrobut??bphenone

ferr] - - 9- A
sol ution of the m xture obtained in Exanple 1 (0.5 g in toluene (2
m.) and 5 nmL of 37% HC1 is heatedtlat~refl ux tenperature for 1-2
hours and cool ed to give the.title product, 90% pure by HPLC
analysis. 5 EXAMPLE 3 Preparati on of

4- Hydroxy-2 -n|trobutyrophen ethod for the preeratlon of a 4-

halo=-2/-nitrobutyrophenone compound having the struc-
tural formula

NO,
wherein X is halogen,_
which is characterized by reacting a compound of the
formula

0-R

N0,
wherein R is cl--c4 alkyl,
with a 2-haloethanol compound of the formula

xcnzcnzon
wherein X is chlorine or bromine,
in the presence of an aqueous base and a phase transfer
catalyst, optionally in the presence of an organic
solvent to form 4~hydroxy-2’/-nitrobutyrophenone or
tetrahydro—z-(grnitrophehyl)-2-furanol or mixtures
thereof and further reacting the 4-hydroxy-2’/-nitro-
butyrophenone or the tetrahydro-2-(o-nitrophenyl)-2-
furanol or the mixture thereof with a hydrogen halide
‘to form the 4-halo-2’/-nitrobutyrophenone compound.

A, DR
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"A m xture of ethyl 2-(0-&?Drobenzoyl)acetate ?(31.9 g, .0.05 mol ),
~2-chl.oroethanol (8 g, 0.1 nol), 50% 20 sodi um hydr oxi de solution (8.8
‘g, 4.4 greal, 0.11 nol) and 40% benzyl tri met hyl anmoni um hydr oxi de
solution (4.2 g, 1.7 g, real, 0.01 gpl3 in water (50 n.) is heated
at 50[err]-65[err]C for 4-8 hours, cooled and extracted with

net hyl ene chl ori de.- The conbi ned organic extracts are 25 concentrated

in vacuo to give the title product, - identified by [err] HNMR and
[ err] CNMR anal yses. 8. The method according to claim 7(Qwherein etAl M

1. 4-Hydroxy-2;0Lkr gHut ¥b9RECRGHSvalent of the F~haloethanol
Tetrahydro-2-(o-ﬁ?tropﬁenyl?-Z-EQ?ano}. 3. A nethod for the
preparation of gompound is employed; the phase transfer catalyst is

' benzyltrimethylammonium hydroxide; and the agqueous base

is sodium hydroxide.

9. A method for the preparation of a 4-
hydroxy-2/-nitrobutyrophenone or tetrahydro-2-(o-nitro-
phenyl)-2-furanol or mixtures thereof which is
characterized by reacting dihydro-~3-{o-nitrobenzoyl)-

2 (3H)~-furanone with an aqueous acid selected from the
group consisting of sulfuric acid, phosphoric acid and
acetic acid, optionally in the presence of an organic
solvent. |

10. A method for the preparation of
4-hydroxy—2'-nitrobutyrophenone or tetrahydro~2-
(o-nitrophenyl)-~-2~-furanol or mixtures thereof which is
characterized by reacting a compound of the formula

\o

0-R

NO»
wherein R is 01-04 alkyl,
with a 2-haloethanol compound of the formula

xcnzcnzon

wherein X is chlorine or bromine,

in the presence of an aqueous base and a phase transfer
catalyst, optionally in the presence of an organic
solvent to form 4fhydroxg-2'-nitrobutyrophenone or

tetrahydro-z-(Q-nitrophenyl)-z-furanol or mixtures
thereof.

N



balo 2' gﬁtd§gnnyrophenéﬂa conmpound having the strugtytural fornul a

[err] wherein X is hal ogen; which is characterized by reacting

«4- hydr oxy-2'-nitro- butyrophenone or tetrahydro-2-(o-nitrophenyl)-2-furanol
or a mxture thereof with a hydrogen halide optionally in the presence of a
solvent or solvent mxture to formithe 4-hal o-2'-nitrobutyrophenone
conpound. . 4. The method according to claim3 wherein the
‘hydrogen halide is hydrogen chloride or hydrogen bronmide; the solvent is
selected fromthe group consisting of water, an aromatic hydrocarbon or

m xtures thereof; and the tenperature of the reaction mxture is

40[ err] G 130[err] C 5. The nmethod according to claim3 wherein
an excess of the hydrogen halide is enployed. .6. The net hod
according to claim4 wherein the solvent is a mxture of water and tol uene.

4~HYDROXY~2 ?=NITROBUTYROPHENONE AND TETRAHYDRO-2-
(o~NITROPHENYL) -2-FURANOL USEFUL AS INTERMEDIATES
IN THE PREPARATION OF A CROP-SELECTIVE HERBICIDE

ABSTRACT OF THE INVENTION

There are provided 4-ﬁydroxy-z'-nitrobutyro-
phenone and tetrahydro-2-(o-nitrophenyl)-2-furanol and
mixtures thereof, important intermediates in the
preparation of the crop-selective herbicidal agent
1-{[o-{cyclopropylcarbonyl)phenyl]sulfamoyl}=-3-(4,6-di-
methoxy~2-pyrimidinyl)urea. Also provided is a method
for the preparation of 4-halo-2’/-~-nitrobutyrophenone,
useful as an intermediate in the preparation of 1~
{[Q—(cyclopropylcarbonyl)phenyl]sulfamoyl}-s-(4,6-
dimethoxy-2-pyrimidinyl)urea.



7. A nmethod for the preparation of a 4- %02850-0 ztos
wﬂ+%+9QuLyrophenone compound having the struc- tural fornula
ﬁheﬁg4n X I8: halogen which is characterized by reacting a

{8 U ' [err] wher ei n
-conmpound of the formula

FLOH DIAGRAH III

0-¢C,C, alkyl) + XCH,CH,X

NO,
base,
phase transfer catalyst

10

COH

NO,

15

20 OH

OH

NO, NO,
As illustrated in Flow biagrams I, II and
25 IIX, the reaction product obtained is a tautomeric
mixture of 4-hydroxy-2{-nitrobuﬁiiophenone and tetra-
hydro-2~(o-nitrophenyl)~-2-furanol. The tautomeric
ratio formed is dependent upon the solvent system used.
For example, 1n the absence of a solvent or in the
30 presence of a non-aqueous, orgamc solvent system such
as chloroform, methylene chloride, methanol, ethanol,
tetrahydrofuran or toluene, the ring-closed furanol
tautomer is predominant. However, in the presence of
an agqueous solvent system, i.e. water or mixtures of
35 water and a water miscible organic solvent such as
methanol, ethanol, acetone, acetonitrile or tetrahy-
drofuran, the formation of the open—cﬁain



XCH err]err]OH  wherein X is chlorine or bronmine, in the presence of an
aqueous base and a phase transfer catalyst, optionally in the presence of
an organi c solvent to form 4-hydroxy-2'-nitrobutyrophenone or
tetrahydro-2-(o-nitrophenyl)-2-furanol or mxtures thereof and further
reacting the 4-hydroxy-2'-nitro- butyrophenone or the

t et rahydro-2- (o-nitrophenyl)-2- furanol or the m xture thereof with a
hydrogen halide to formthe 4-hal o-2'-ntt8obut yrophenone conpound.

- 12 - 8. The method according to claim7 wherein at |east one
nol ar equi val ent of the 2-hal oet hanol conpound is enployed; the phase
transfer catal yst is benzyltrinmethyl ammoni um hydroxi de; and the aqueous
base i s sodi urhydxhxyhueyrophenone ta@tomeneim(ﬁ:h\fwe#he Prepoltuentn of a

4- hyd 2'
AroXY 2 SO YEPRRERRSant RELLANAIOG SRBS Sotventa

phenyl ) -2-furano ures thereo
di hydr o- 3- (o- Mugl s Zeglygengy 3w1¢mmeowm¢tmmeqhkpmdq ¥bheret ed

fromthe groupyonsi iE@oﬂfcéHfﬂ'?iéné‘cvaof@W%fﬁaﬁfédpﬁ‘QEe CEhRC
acid, optionally in t resence_of an organic
5 rxng-close furanol tautomer is favored, while the
amount which remains in the aqueons phase will be in
the open-chain tautomeric form.
. Advantageously, the tautomeric mixtures of
4-hydroxy-2/-nitrobutyrophenone and tetrahydro-2-

10 . {(o~nitrophenyl}-2~furanol may be used to prepare 4-
'halo-z'-nitrobutyrophenone éompounds, useful as crop-
selective, herbicide intermediates. The compounds,
4-hydroxy-2/~-nitrobutyrophenone or tetrahydro-2-

. (o~nitrophenyl)~2-furanol or mixtures thereof may be

15 treated with a hydrogen halide such as hydrogen
chloride, hydrogen bromide or more préferably
concentrated hydrochloric acid, optionally in the
presence of a solvent or mixture of solvents such as
water and/or an organic solvent such as aromatic

20 hydrocarbons, chlorinated hydrocarbons or ethers pre-
ferably at a temperature of from 40°% to
130%, to give the desired 4-halo product as shown in
Flow Diagram IV wherein X is halogen. The preferred
solyent systems are water, toluene and mixtures of

25 water and toluene. In a preferred embodiment, an
excess of the hydrogen halide is employed, in other
words, the molar ratio of the hydrogen halide to the
4-hydroxy-2'Qnitrobutyrophenone, tetrahydro-2-(o~nitro-
phenyl)-2~-furanol or mixtures thereof is greater than

30 one.



sol vent . 10. A nmethod for the preparation of

4- hydr oxy-2' - ni trobut yrophenone or tetrahydro-2- (o-nitrophenyl)-2-furanol
or m xtures thereof which is characterized by reacting a conpound of the
formula [err] wherein Ris (err]-Cerr] alkyl, with a

2- hal oet hanol conpound of the formula '

XCH err]CH err]OH  wherein X is chLogpne or bromne, in the presence of an
aqueous base and a phase transfer catalyst, optionally in the presence of
an organi c solvent to form 4-hydroxy-2'-nitrobutyrophenone or
tetrahydro-2-(o-nitrophenyl)-2-furanol or m xtures thereof.

I CLAIM:
1. 4-Hydroxy~-2/-nitrobutyrophenone.
2. Tetrahydro-2-(o-nitrophenyl)-2-furanol.

3. A method for the preparation of a 4~
halo-z'-nitrobﬁtyrophenone compound having the struc-
tural formula

NO,
wherein X is halogen;
vhich is characterized by reacting 4-hydroxy-2/-nitro-
butyrophenone or tetrahydro-2-(o-nitrophenyl)-2-furanol
or a mixture thereof with a hydrogen halide optionally
in the presence of a scolvent or solvent mixture to form
the 4-halo~-2/-nitrobutyrophenone compound.

4. The method according to claim 3 wherein
the hydrogen halide is hydrogen chloride or hydrogen
bromide; the solvent is selected from the group
consisting of water, an aromatic hydrocarbon or
mixtures thereof; and the temperature of the reaction
mixture is 40°c-130°c.

5. The method according to claim 3 wherein an
excess of the hydrogen halide is employed.

6. The method according to claim 4 wherein
the solvent-is a mixture of water and toluene.

I



