A PROCESS FOR THE PREPARATI ON [ 1, 4, 5] - OXADI AZEPI NE DERI VATI VES The present
invention relates to a novel process for the preparation of [1,4,5]-

oxadi azepines and to their use as internediates in the preparation of

her bi ci des of the tetrahydropyrazol odione type. According to WD 03/051853,
[1, 4, 5] - oxadi azepi nes can be prepared by reacting various N,N -diacyl ated
hydrazi nes wth, for exanple, 2,2'-dichlorodiethyl ether in a polar solvent
to form4,5- dlacyl [1,4,5]- oxadlazeplnes and then renoving the two acyl
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the preparation of [1,4,5]-oxadi azepine derivatives can be further inproved
by carrying out the conversion of 4,5-diacyl-[1,4,5]-oxadi azepines into the
correspondi ng [1, 4, 5] - oxadi azepi nhes using a base. The present invention
accordingly relates to a novel process for the preparation of [1,4,5]-

oxadi azefhsgréint ebhtitselayed Bacidvenpetess ér ﬁregjréﬁa/rbndiritoﬁ[n al,5j0xadi azepi ne
with a base in a polar salvent and at el evate erature. Preferred
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er Cl1- Csaldrphalic #speci al |y nethyl. R3 and R4 are preferably hydrogen.

Surprisingly, it has now been found that the preparation of [1,4,5]-oxadiazepine derivatives
can be further improved by carrying out the conversion of 4,5-6iacyl-[1 ,4,5]-oxadiazepines
into the corresponding [1,4,5]-oxadiazepines using a base.

The present invention accordingly relates to a novel process for the preparation of [1,4,5})-
oxadiazepine derivatives by reaction of a 4,5-diacyl-1 ,4,5]-oxadiazepine with a base ina

polar solvent and at elevated temperature.

Preferred 4,5-diacyl-[1,4,5]-0xadiazepines correspond to formula |

wherein R, and R; are each independently of the other hydrogen, C;-Csalkyl, C;-
Cshaloaikyl, C.-Csalkenyl, Cx-Csalkynyl, phenyl, alkylphenyl, halophenyl, alkoxyphenyl,
benzyl, alkylbenzyl, halobenzyl, alkoxybenzyl, C,-Csatkoxy-C:-Csalkyl or C;-Cecycloalkyl, or
Ry and R, together are C,-Cialkylene, 1,2-phenylene or 1,8-naphthylene, and R; and R, are
each independently of the other hydrogen, C;-Csalkyl, C4-Csalkoxy-C,-Csalkyl, phenyl,
alkylphenyl, halophenyl, alkoxyphenyl or benzyl.

Preferably, R, and R; are each independently of the other hydrogen or C,-Csalkyl,
especially methyl. R, and R, are preferably hydrogen.



WD 20061045587 PCT/ EP2005/ 011432 -2 The 4, 5-di acyl -[ 1, 4, 5] - oxadi azepi nes .of
formula | used according the invention as starting materials are known and
can be prepared in a nmanner known per se, for exanple in the manner

descri bedwighWfd&834-051853. The yield of such starting medefipdshdsbe
i mproved in the case of the reaction of N, N -diacylated hydrazines wth,

for exanple, 2,2' dichlorodiethyl ether, by using hydroxides of alkali

metal s and al kaline earth metals as the2base and by carrying out the
reaction with the addition of a phase transfer catalyst, such as, for

exanpl e, TBACI (tetrabutyl anmoni um chloride), TBABr (tetrabutyl amoni um
brom de), TMACI (tetranethyl amoni um chloride) or TMABr (tet rabutyl anmoni um
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the monoacylated hydrazine, adding an acyl anhydride to the highly concentrated aqueous-
alcochoiic reaction mixture. The solvents can be removed completely from the reaction
mixture, for example by concentration by evaporation, and the residue can be used further
without being further purified.

The alkyl radicals in the substituent definitions of the compounds of formuia 1 contain from 1
to 5 carbon atoms and are, for example, methyl, ethyl, propyl, butyl or pentyl or branched
isomers thereof, Alkoxy radicals are derived from the mentioned alkyl radicals. Alkenyt and
alkynyl radicals each have from 2 to 5 carbon atoms and are, for example, ethenyl,
propenyl, ethynyl and propynyl and branched isomers thereof, and also butenyl, butynyi,
pentenyl, pentynyl and also branched and di-unsaturated isomers thereof. The phenyl
radicals may furthermore be mono- or poly-substituted by halogen, alkyl or alkoxy, for
example each of which has from 1 to 4 carbon atoms, which preferably occupy the ortho or
meta position or ortho and para positions. Halogen is preferably fluorine, chlorine or

bromine.

The reaction according to the invention is carried out in polar solvents, preferably in water or
alcohols that preferably have a boiling point above 100°C, such as, for example, n-butancl,
n-pentanol, cyclohexanol, phenol, benzyl alcohol and especially glycol, diethylene glycol,
glycerol and C,-Caalkoxy-C;-C,alcohols, such as methoxyisopropanol and ethoxyethanol,



The reaction according to the invention is carried out in polar solvents,
preferably in water or alcohols that preferably have a boiling point above
100C, such as, for exanple, n-butancl, n-pentanol, cycl ohexanol, phenol,
benzyl al cohol and especially glycol, diethylene glycol, glycerol and

Cl- C4al koywo GoefsBTohol s, such as net hoxyi sopropanol aneceeEPmsyetihanol , WO
2006/ 045587 PCT/ EP2005/ 011432 -3 and al so DMSO [ (CH3) 2SO, sul fol ane

[(CH2) 4SC2] , NWP [(CH2) 3CONCH3], DVA  [[GHBCON(CH3) 21 or DMF [ HCON(CH3) 2] or
m xtures thereof, with preference being given to NW, DMSO and, especially,
water. It is also possible to use two-phase systens that contain, for
exanpl e, water and an aromatic solvent, such as tol uene, chl orobenzene,
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Aliquat, the reaction can be further inproved in terns of vyields. Bases
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hydr oxi des, _carbonates and al cohol ates of alkali nmetals and al kaline earth
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is especially suitable. Preferably, from1l to 2 equivalents, especially
from1l to 1.3 equivalents, of base are used per acyl group to be renoved.
The base Tbaneastionsan alse begtaried entrunder prgssuse pressiresolsdn (ot ildraripreferadiof  t he
hentionegemglﬁgdsol vents, for exanple in water in a concentration of from 10
to 70% préferably from40 to 65% The yields of isolated

[1, 4, 5] -oxadi azepi ne are generally from60 to 95% The purity of the

By adding a phase transfer catalyst, such as, for example, TBAC! (tetrabutylammonium
chloride), TBABr (tetrabutylammonium bromide), TMACI (tetramethylammonium chioride) or
TMAB- (tetrabutylammonium bromide), or benzyl-triethylammonium chloride or benzyl-
triethylammonium bromide or Aliquat, the reaction can be further improved in terms of

yields.

Bases suitable for the reaction according to the invention are preferably hydroxides,
carbonates and alcoholates of alkali metals and alkaline earth metals, with alkali metal
hydroxides being preferred. Potassium hydroxide is especially suitable. Preferably, from 1
(' to 2 equivalents, especially from 1 to 1.3 equivalents, of base are used per acyl group to be
removed. The base can be used in solid form or can be used in solution in one of the
mentioned polar solvents, for example in water in a concentration of from 10 to 70%,

preferably from 40 to 65%.

The yields of isolated [1,4,5]-oxadiazepine are generally from 60 to 95%. The purity of the
[1,4,5]-oxadiazepine is usually about 90%.

in the synthesis of [1,4,5]-oxadiazepine derivatives, the usual procedure is to introduce 4,5-
diacyl-[1,4,5}-oxadiazepine into the polar solvent and heat the mixture. A stoichiometric

amount or a suitable excess of base is then added and the reaction mixture is maintained at
the selected temperature for approximately from 1 to 10 hours, preferably from 2 to & hours.

The reaction mixture is extracted using an aromatic solvent that has poor miscibility with the



[1, 4, 5] - oxadi azepine is usually about 90% In the synthesis of

[1, 4, 5] - oxadi azepi ne derivatives, the usual procedure is to introduce 4,5-
di acyl -[1, 4, 5] - oxadi azepine into the polar solvent and heat the m xture. A
stoichionetric anmount or a suitable excess of base is then added and the

reacti on wWodods/eussg mai ntai ned at  the sel ected tenperatpErEebosniig:
approximately from1l to 10 hours, preferably from2 to 6 hours. he

reaction mxture is extracted using an gromati c solvent that has poor
mscibility with the WD 2006/ 045587 PCT/'EP2005/ 011432 -4 reaction medi um
such as chl orobenzene, at a tenperature of from20 to 100C, preferably in
the range from60 to 80C, thus yielding a solution conprising the
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5] -

oxadi azeFrPBatiq sphenkehhe extragliqn gan qrg%:[ QAtibgatehyyise H%C?S}"BH%'Y a salt that
Is inert towards the reaction m xture and soluble therein can be added
thereto. The salt used for that purpose is preferably the sanme salt as that
obt ai ned Inparciplp.chansyern d@rip aisoipossielade aeterdmthe 4.8 Q'QﬁYi‘Eﬂy“ ahoxadazepine f or
exanpl e t gretchy 1 k1 ect
separ atloﬁégﬁéﬁgéﬁg%qﬁfo n@ﬁ(earl ge%{gtglangsggrﬁglbn&t%hat 45%%cgpgéﬂ?]«;ved. The
process axedimgpite.t o the invention can be carried out conti nuously or in
bat ches (discontinuously, batchwi se), with the batch procedure being
preferred. The reaction times are generally from1 to 10 hours. The
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- hlgher vol unetric yields can be achieved since, in the case of the
react i on QXample potassium acetate. At a suitable salt concentration, direct separation of the [1,4,5]-

oxadiazepine can in that way be achieved.

The process according to the invention can be carried out continuously or in batches
(discontinuously, batchwise), with the batch procedure being preferred. The reaction times
are generally from 1 to 10 hours. The batchwise reaction procedure is preferably carried out
in a stirred vessel, and the continuous reaction procedure, for example, in a stirred vessel

cascade.

Compared with the known removal of the acyl groups using hydrohalic acid, the process

according to the invention has the following advantages:

- higher volumetric yields can be achieved since, in the case of the reaction using
hydrohalic acid, a viscous crystal suspension comprising the hydrohalide of the
[1,4,5])-oxadiazepine in gquestion is formed which, at a certain concentration and
above, seriously impairs the stirrability of the reaction mass

- by metering in the base and/or the 4,5-diacetyl-[1,4,5]-0xadiazepine, the reaction can
be controlled in a simple manner

- the addition of the readily soluble salts enables extensive extraction of the [1,4,5]-
oxadiazepine to be carried out

- reliability of the process is improved, because the thermal stability of the {1,4,5]-
oxadiazepine derivatives is far better than that of the corresponding hydrohalides
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hydr ohal i des the.cycle tine preci ably shorter The [1, 4, 5]-oxadi azepi ne
derivatives prepwietimadscanmiesigply shares i nvention are used especially as

I nternmedi ates in the preparation of herbicides of the

t et rahydr opyrazol odi one type, which are described, for exanple, in WO

99/ 47525 .Thele 4i5lokadiarapinedenyhtiesiprepdred acddrdisgtathe hhentionveeusedh. Exanpl e
1: Preparation of [1.4 - oxadi azepi ne 96.6 g .qof .

4.5 ncaehiofly s irgednied Ve Bt neuticds oLine tpiaERRERFRTNEom 75
to 80C ityfepwaichaireltibsuribed, 67 exantplofin wald ®@0/4msd5100 g of pot assi urnacet ate.

Then, at the sane tenperature, 134.4 g of aqueous 50% pot assi um hydroxi de

solution are added dropwise in the course of 30 mnutes. The reaction

m xture e lidRWINREKLMIES hrinkr fiiQmdthetifveHiBh, for 4 hours. After cooling to
from50 to 75C, extraction is carried out with chl orobenzene (1 x 200 g, 2 X

00 g). The conbi ned chl orobenzene extracts contain 33.4 g of [1,4,5]-
xadi aze@xaﬁgbvxh_im@p&gﬁdregqq)pﬁ-o&gdgazéﬁi@ d of 65% Exanple 2: Preparation of

[1, 4, 5] - oxadi azépi ne 96.6 of 4,5-diacetyl-[1, 4,5]-oxadi azepi ne (content
96. 5% aP6.8 hohbershacgtyHh ,ﬂ.%bomﬁzggmgf(content 6.5%) are introduced at from 75 to

80°C into a solution of 67.2 g of water and 100 g of potassium-acetate; Then, at the same
temperature, 134.4 g of aqueous 50% potassium hydroxide sdlution are added dropwise in
the course of 30 minutes. The reaction mixture is then maintained at from 90 to 100°C for
4 hours. After cooling to from 50 to 75°C, extraction is carried out with chlorobenzene

(1 x 200 g, 2 x 100 g). The combined chiorobenzene extracts contain 33.4 g of [1,4,5}-

oxadiazepine, which corresponds to a yield of 65%.

Example 2: Preparation of {1,4,5]-oxadiazepine
96.6 g of 4,5-diacetyl-[1,4,5]-oxadiazepine (content 96.5%}) are introduced in the course of

( 15 minutes, at from 80 to 85°C, into a solution of 10.8 g of water, 100 g of potassium
acetate and 123.2 g of aqgueous 50% potassium hydroxide solution. The reaction mixture is
then maintained at from 90 to 100°C for 4 hours. After cooling to from 50 to 75°C, extraction
is carried out with chlorobenzene (1 x 200 g, 2 x 100 g). Thé combined chlorobenzene

extracts contain 41.3 g of [1,4,5)-oxadiazepine, which corresponds to a yield of 80.9%.

Example 3: Preparation of [1,4,5]-oxadiazepine

ggt_gb_t A mixture consisting of 47.2 g of water, 110 g of 98% potassium acetate and

111.0 g of 4,5-diacetyl-[1,4,5]-oxadiazepine {content 92.1%) is prepared at from 90 to 95°C
and, in the course of one hour, 118.2 g of aqueous 60% potassium hydroxide solution
which has been heated to from 75 to 80°C are added dropwise. The reaction mixture is then
maintained at from 95 to 100°C for 4 hours. Alter cooling to from 70 to 75°C, extraction is
carried out with chlorobenzene (first extraction: 1 x 225 g, second and third extraction each



15 mnutes, at from80 to 85C, into a solution of 10.8 g of water, 100 g of
potassium acetate and 123.2 g of aqueous 50% pot assi um hydroxi de sol uti on.
The reaction mxture is then maintained at from90 to 100C for 4 hours.
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chl orobenzene (1 x 200 g, 2 x 100 g). The conbi ned chl orobenzene extracts
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the extract, corresponding to 94.1% of theory. Exanple 4. Preparation of

[1,4,5]- [ r of water, 205 g of chl orobenzene,
100 g of X ie?urﬁggaﬁ[éﬂ [g‘gslffg( égzé)'o? 4, 5-di ace't yl -[1, 4, 5] - oxadi azepi ne
(96. 5% canmimirg of 35.Rapofaskten 206 @mf&ﬁlombe%éhe AtOOtdheftpotassium acetate and 96.6

g of 4,5-diacetyl-{1,4,5]-o0xadiazepine (96.5% content) is heated to from 90 to 95°C. At that

temperature, 107 g of aqueous 60% potassium hydroxide solution which has been heated

to from 75 to 80°C are added dropwise in the course of 10 minutes. The reaction mixture is
then maintained at from 90 to 100°C for 4 hours. After cooling to from 70 to 75°C, the
phases are separated and the aqueous phase is then extracted twice using 100 g of
chiorobenzene each time. Yield: 42.8 g of [1,4,5]-0xadiazepine in the extract, corresponding
to 83.8% of theory.

Example 5: Preparation of 4,5-diacetyl-{1,4,5]-oxadiazepine

A mixture consisting of 792 g of dimethyl suifoxide, 140 g of N,N'-diacetylhydrazine (content
99.5%), 33 g of potassium carbonate, 142 g of potassium hydroxide (content 95%) and 6.6
g of tetramethylammonium chloride is prepared at from 80 to 85°C and evacuated to from
20 to 40 mbar. Under that vacuum and at the same temperature, 258 g of 2,2'-dichloro-
diethyl ether are added dropwise in the course of 2 hours and the reaction mixture is then
maintained under those conditions for 3 hours. During the dropwise addition and the
maintenance period, the water formed under the reaction conditions is removed by
distillation. After cooling to from 20 to 25°C, inorganic salt is filtered off, the filtrate is
concentrated by evaporation and the residue is crysiallised from 1-pentanol. 125.6 g of
4,5-diacetyl-{1,4,5)-oxadiazepine having a content of 93% are obtained, which corresponds
to a yield of 52.3%.
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obt ai ned V%fﬁﬁgl%%ré gg@g&g%ls/to a yield of 52.3% WD 2006/ 045587

PCTI EPZOB%V €'6: Preparation of N, N -diacetyl hydrazine In
the course of 3 hours, at from40 to 45C, 191 g of acetic anhydride are

nmetered pnto of .a f 133. 4 g of nonoacetyl hydrazine, 3.8%
N, N - agﬁ@?ﬁéd?)é%%%m”f?gj ﬂ\v@ a%ﬁpefr? t he remai nder being et hanol / et hyl
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tenperature for vent is then distilled off vmthagradual
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N, N - di acetyl hydra2| ne, whi corresponds to a yield
: maintained at that temperature 0.50 g of water is then ad ed After a further addmon of
8.0 g of potassium hydroxide (95%) over a period of two hours, the reaction mixture is
maintained at constant temperature for a further three hours. The reaction mixture is then
cooled to room temperature and filtered, and the residue is subsequently washed with
sulfolane. The sulfolane filtrate obtained (weight 214.9 g) has a content of 1.74%, which

corresponds to a yield of 3.74 g/100% or 38.1% of theory.

Example 8: Preparation of [1,4,5)-oxadiazepine

A mixture of 10.7 g of 4,5-dipropionyl-{1,4,5}-oxadiazepine (100%) and 2.0 g of water is
prepared at from 95 to 100°C. 12.9 g of potassium hydroxide (50%) are metered in over the
course of one hour and the mixture is then stirred for two hours.

In order to complete the reaction, 0.27 g of tetramethylammonium chloride is added, a
further 8.0 g of potassium hydroxide (95%) is metered in and then stirring is carried out at
from 95 to 110°C for five hours. 7.0 g of chlorobenzene and 10.0 g of water are then added
to the reaction mixture at 90°C and the phases are separated at 70°C.

Aqueous phase: 32.5 g having a content of [1,4,5}-oxadiazepine of 2.82%, which
corresponds to a yield of 18.0% of theory.

Chlorobenzene phase: 13.0 g having a content of [1,4,5])-oxadiazepine of 10.45%, which

corresponds to a yield of 26.6% of theory.

Exampie 9: Preparation of [1,4,5]-oxadiazepine



Exanple 7: Preparation of [1,4,51-oxadi azepine A m xture of 18.6 g of _
4,5-di acetyl -[1, 4, 5] - oxadi azepi ne (100%, 0.54 g of tetranethyl- ammoni um
chloride and 100 g of sulfolane is heated to Ti=120-125C. In the course of

30 mn., Wohole@dss@ot assi um hydroxi de (95% are added ang-#Bo5EAGhI0N
mxture is nmai nta| ned at that tenperature. 0.50 g of water is then added.

After a further addition of 8.0 g of p$ta55| um hydr oxi de (95% over a
period of two hours, the reaction mxture is maintained at constant
tenperature for a further three hours. The reaction m xture is then cooled
to roomtenperature and filtered, and the residue is subsequently washed
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m xture at ases are separated at 70C. Aqueous phase: 32.5 g
havi ng aPowhttiitratef 2768 4, Ne)Ving aactingerd of Hed ,6]-oad@Agpinghefdh62%pwhiessponds to a

yield of 18 0% t heory nzene phase: 13.0 g having a content of
[1,4,5]- Og(rr%ﬁpégﬁ O'leg{d 0{89%5}8) gﬁo% corresponds to a yield of 26.6% of
t heory. Exanple 9 Preparation of [1,4,5]- oxadl azepi ne WD 2006/ 045587

PCTI EP2005/ 011332 5.53 g N
4, 5-di beMﬁrﬁarq}%Cﬂﬁgégﬂ LR %e and 168.0 g of water is prepared
at from Amikird 803.64.d1 67, @ﬁOﬂ@t?étﬁ}&fd—'%hé’-@éqnhftﬁa;(a%%h@}itﬁ[bqfﬁpﬁﬂﬂbddl and

t hen stlrrln is carried out for one hour. In order to conplete the
reacti on51d —chneQ( 16P%) 8pd /¥ ;i water is prepared at from 95 to 100°C and 6.78 g of

potassium hydroxide (95%) are metered in over the course of several hours. In order to
complete the reaction, 0.27 g of tetramethy!lammonium chloride is added, a further 13.56 g
of potassium hydroxide (35%) is metered in over the course of several hours and then
stirring is carried out at from 95 to 110°C for a further five hours. In order that the reaction
mixture remains stirrable, altogether a further 25 g of water is added.

For working up, 28.0 g of chlorobenzene and 45 g of water are added at 95°C. The
emuision formed is cooled and is analysed without being separated.

Chiorobenzene / water emulsion: 152.8 g having a content of [1,4,5)-oxadiazepine of
1.95%, which corresponds to a yield of 58.4% of theory.

Ex‘amgle 11: Preparation of [1,4,5]-oxadiazepine

A mixture of 210.9 g of pentanol-moistened 4,5-diacetyl-[1,4,5)-oxadiazepine {(186.2 g -
100%} and 42.9 g of water is heated to Ti=100-105°C. Under vacuum, all the water and
1-pentanol is distilled off. At the same temperature, 184.0 g of sodium hydroxide solution
(50%) ar:: added in the course of 1 hour. During the sodium hydroxide addition, in parafiel
36.8 g of water are added in order to keep the reaction mixture in solution. After a
subsequent stirring time of one hour, the reaction mixture is cooled to Ti=90-95°C, 4_10 gof
chlorobenzene are added and the phases are separated at Ti=90°C.

Agueous phase: 420.0 g having a content of [1,4,5]-oxadiazepine of 5.38%, which
corresponds to a yield of 22.1% of theory.



ammoni um chl oride is added, a further 18.34 9 of potassium hydroxide (95%
is metered in over the course of several hours and then stirring is carried
out at from95 to 110C for a further five hours. The reaction mxture is
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WD 2006/ 045587 PCT/ EP2005/ 011432 -9 Chl orobenzene phase: 484.0 g having a
content of [1;4,5]-oxadi azepi ne of 10.91% which corresponds to a yield of
51. 7% of theory. Exanple 12: Preparation of [1,4,5J-oxadi azepine A m xture
of 210.9 g of pentanol -nnoi stened 4, 5-di acetyl -[1, 4, 5] - oxadi azepine (186.2 g
- 100% and 42.9 g of water is heated to Ti =100- 105C. Under vacuum. all the
water and 1 -pentanol is distilled off. 10st the same tenperature, 550 g of

| ithium hydroxide solution (10% are added in the course of one hour. After
a subsequent stirring tinme of nine hours; the reaction mxture is cooled to
Ti =90-95C, 410 g of chl orobenzene are added and the phases are separated at
Ti =90C. mﬁﬂﬁeous FW%@B 708.4 g having a content of [1,4,5)-oxadi azepi ne of
1.18% 3 ISonds to a yield of 8.2% of theory. Chlorobenzene phase:
424.0 g having a content of [1,4,5]-oxadi azepine of 12.34% which
corresponds to a yield of 51.296of theory. -10- What is clainmed is: 1. A
process for the preparation of a [1,4,5]-oxadi azepi ne derivative, which
conpr i sesl. Arpacddgsrigr thefrépatatiarydf-4 [, 445pdxalicadpine eferivativei, which doarpeisésr a pol ar

I t d at t di t laim 1,
et oi n dreetBa e STy A ST R Rendn HhRie RIS EoNes AR BLECUIEDr ol ng

to clai midmp¥faaigi N the reaction is carried out in the presence of a salt
‘that is squbIe in the reaction m xture.
2. A process according to claim 1, wherein the base used is an alkali metal hydroxide.

3. A process according to claim 1, wherein the reaction is carried out in the presenceofa .7~
salt that is soluble in the reaction mixture.



