I'MPROVED PROCESS FOR . + ANTI PARASI TI C AGENT

Thi.s invention relates to an inproved process for the preparation of an
anti par asi MQ994J&t derived from doramectin, and internmedi atRGI/EPRS0493r .
Doranectin is a widely enpl oyedIMPaothabcm #eR i ved anti parasitic agent,

" active against a wide variety OINTIBARASIAZC AGENArt hr opod parasites in sheep
and cattle. According to the specification of our International patent
-application WO 94/ 15944 we describe and claima variety of avermectin
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di scovered that by performng the reaction sequence Tn a different order,

with the hydr dyedesdribeddn duneadieriapplicatiqrs tiis dompuoemdfis pséparttdroniesul ti ng
novel i nternedi a% (25S) - 25-cycl ohex\‘?é'§ 5- demet hoxy- 25-de( 1-
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facilitat diydrbigsé dpkaifities CAng! a%lébﬁdﬁb%ﬂ(l Qﬂ:u@& to give the corresponding
monosaccharide derivative. This product is then oxidised to give the 5-oxo
20 derivative which is finally reacted with hydroxylamine hydrochloride to yield the 5-
oxime.

However, like most of the avermectins, all of the intermediates involved in
this process are obtained as gums or amorphous solids which require purification
by chromatography and the process is thus not readily amenable to scale-up. We

25 have now surprisingly discovered that by performing the reaction sequence in a
different order, with the hydrogenation and oxidation steps performed first, the
resulting novel intermediate, (25S)-25-cyclohexyl-5-demethoxy-25-de(1-
methylpropyl)-22,23-dihydro-5-oxoavermectin A1a (25-cyclohexyl-22,23-dihydro-5-
oxoavermectin B1) can be crystallised from an aqueous lower alkanol such as

30 methanol or isopropanol and this greatly facilitates the isolation and purification of
this intermediate. We have further discovered that reaction of this intermediate

with hydroxylamine hydrochloride to give the 5-oxime and the hydrolysis step to
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this intermediate. W have further discovered that reaction of this :
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for preparing 25- 25 cycl ohexyl di hy ro- 5- hydr oyxi m noaver ct| n Bll

nmonos ac c hamediayipropyl)avemnectiasA td althbegh itis :more generally described in the

previous publications as 25-cyclohexyl avermectin B1. Similarly the compound -
25-cyclohexyl-22,23-dihydro-5-hydroxyiminoavermectin B1 monosaccharide is
more correctly referred to as (52, 255)-25-cyclohexyl-4'-O-de(2,6-dideoxy-3-O-
20 methyl-a-L-arabino-nexopyranosyl)-5-demethoxy-25-de(1-methyipropyl)-22,23-
dihydro-5-hydroxyiminoavermectin Ala. For the sake of clarity and brevity the
short form of nomenclature will continue to be used in the present specification
although both names are included in the experimental section.
According to the present invention the overall process for preparing 25-
25 cyclohexyl-22,23-dihydro-5-hydroyximinoavermectin B1 monosaccharide

comprises the steps of:



3 (i) W8%@>7¥*ic hydrogenati on of dorarreg:"ti n in an orgapepEpolaent to
yield 25- *yYCl ohexyl - 22, 23- di hydr oaver nectin Bl. (i1) oxidising

t he above pr.oduct w th manganese dioxide in an organic solvent to 5 vyield
25-cycl ohexyl - 22, 23-di hydr 0-.5- oxoavermecgin Bl and if desired crystallising
t he product. (tii) reacting the above product w th hydroxyl am ne

hydrochl or(jyde dataigtic Agtegenation of Horhectiminv@nbrganic sélvent onfield 281 y
crystallisi nP t he Broduc_t from tol uene and/or nethanol. 10 The novel
i nt er medi Ryslaexyl22 2Redibydayermmestingi o- 5- oxoavermectin 81 is al so
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the product.

(i) reacting the above product with hydroxylamine hydrochioride in an aqueous

organic solvent.

(iv) optionally crystallising the product from toluene and/or methanol.

10 The novel intermediate 25-cyclohexyl-22,23-dihydro-5-oxoavermectin B1 is
also active in its own right as an antiparasitic agent as well as being a key
intermediate in the present process.

The process is shown in the following reaction scheme:
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[I' e first woepoimithe above process is general |y perfor med Eﬂﬁ@’%fﬁ@?bne as
sol vent and using WIkinson's catalyst (tris(triphenylphosphine)rhodium (1)
chloride). Hydrogenation is effected at a pressure of 3 to 4 bar and is.
generally '5 conplete after "a period of ®-10 hours at 20- 30[err]C. The
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The oxidation step is again generally performed in acetone in the presence
of manganese dioxide at room temperature but other organic solvents may also
be used. Reaction is generally complete after 1 to 3 hours and the reaction

10 mixture is filtered, the solvent replaced by isopropanol or methanotl under reflux
and water added. On cooling 25-cyclohexyl-22,23-dihydro-5-oxoavermectin B1
(W) crystallises from solution and is collected and dried.

The final $tep of the process is performed by treating the above 5-oxo

intermediate with hydroxylamine hydrochioride. The reaction is generally

15 performed in aqueous isopropanol at a temperature of from 30°C to reflux
temperature, preferably at 40-50°C. Formation of the 5-oxime and hydrolysis of
the terminal C-13 saccharide group proceed concurrently and the reaction is
monitored, for example by high pressure liquid chromatography, until complete.
Water immiscible organic solvents, e.g. toluene and f—butyl methyl ether are

20 added, the organic layer washed, typically with dilute sodium bicarbonate and
brine, dried if needed and the solvent removed. The crude product can be further
purified by crystallisation from toluene and is obtained as a variable solvate which
collapses to an amorphous powder on drying under vacuum. Alternatively the
product (1V) is crystallised or recrystallised from methanol and is obtained as a

25 white crystalline solid, again as a variable methanol/water solvate.

The following Examples illustrate the process of the present invention, the
preparation of the intermediate 25-cyclohexyl-22,23-dihydro-5-oxoavermectin B1
and its use in the preparation of 25-cyclohexyl-22,23-dihydro-5-hydroxyimino-
avermectin B1 monosaccharide. Yields are quoted based on the activity of the

30 doramectin starting material, and of the product.



The final step of the process is perfornmed by treating the above 5-0x0
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chloridg (4169 9099, 10 added and the reaction hydrogenated at 3.45 bar
(50 psi) hydrogen pressure at roomtenperature. After 8 hours, the
reaction was conplete and the reaction m xture was filtered to renove

i nsol ubles. The resulting |iquor was égg@gﬂérat ed to dryness under
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20 ave in Ala [ 25-cyclohexyl-22 23-dihvdro-5-oxoavermectin B1

(255)-25-cyclohexyl-5-O-demethyl-25-de(1-methylpropyl)-22,23-

dihydroavermectin A1a (200g) was dissolved in acetone (1600 ml). Activated

manganese dioxide (483g) was added and the resulting slurry stirred at room
25 temperature. After 1-2 hours, the reaction was complete and the mixture was

filtered through a clarcel pad to remove the manganese dioxide.



and oven-dried at 50[err] C under vacuumto yield the title a
cream sol W0 3¥07724 169, 90%) . Bé’P&HS%m@%XANPLE
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25 tenperature. After 1-2-hours, the reaction was conplete and the mxture

was f necessady) wntid then reflux temparatse was 82 foieguivalentio thambeilingl peint of .
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reacti on vmollnvas saislet = thejraattich aliowéd tartooliy réemttemperature]ivetierelipdn on,
or by adding addjtional isopropyl alcohol, and ref]ux stopped. Water (7

m) was adieiprasyct aystallised fpmaaldieny 11s Was grepulateehpyermaht at feam
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washed 10i t Bvés aped Rt 508¢ apider vabdurhGo yile héltitle Braduck8s QFSﬁdl@yéﬂélﬁf vacuum
to yield the title product as a pale yellow solid(152.5°g, 81.3%.

H P.L.C Noolitiak2& 9.c8k3%dr k) C18, 150nm - 3. 9nm col umm, nobil e phase

acitonitrile, water (80:20 v/v), flowrate 1.0 m/mnute, retention tinme 19
m nutes. 15

H.P.L.C: Novapak (trade mark) C18, 150mm - 3.9mm column, mobile phase

acitonitrile, water (80:20 v/v), flow rate 1.0 ml/minute, retention time 19 minutes.
15
M.S: (positive ion electrospray) MNa® = 923.3.

N.M.R: spectrum fully consistent with the assigned structure.

20 EXAMPLE 3

25 avermeétin B1 monosaccharide] _
(25S)-25-cyclohexyl-5-demethoxy-25-de(1-methylpropyl)-22,23-dihydro-5-oxo- .
avermectin A1a (15g) was stirred with isopropyl alcohol (120 ml) and water (15 ml)
to give a pale yellow slurry. Hydroxylamine hydrochloride (4.67g) was added and
the reaction heated to 40-45°C, whereupon a solution formed. After 14 hours, the

30 reaction was complete and was allowed to cool to room temperature, tert-butyl
methyl ether (60 mi), toluene (60 ml) and water (30 ml) were added and the



M'S: (positive ion electrospray) MNa[err] = 923.3. N. MR spectrum
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(5Z. 25S) - 25-cycl ohexyl - 4' - O de( 2. 6- di deoxy- 3- O net hyl - a- L- ar abi no- -
hexopyr anosy) - 5- denmet hoxy- 25-de(| - net hyl propyl ) -22. 23-di hydr o- 5-

hydr oxyi m no-avernectin Al a:[ 25-cycl oheEi(yI -22. 23-di hydr o- 5- hydr oxyi m no-
25 avernmectin Bl nonosacchari de]
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(15 m) orgamcgayer veasowbehe@ Withvé % |wivraquebug isodiuina bicaebdnate sohitioni(6e

(4.679) was added o reacti on heated to 40-45[err] C, whereupon a
sol uti orP f &rbrapd th?'f' 80 /qw/mbua% solutien460 relhc 1 he finabergapisdayerxwas diskilied

[ dt I 60 m),
fol ene. ( 80 vhflshE R GBEE e, ¥ fsflnion was cortidd (aBbiRg mbre ™)
t f 0 h
oaul 11 g (ONEAE 40aid whoR rieBeStdrNaN the SN IshiRtatife SRS FE (ofing"e
bi car bonat epomtl afttolueneﬁOThé rea()tlommblmmerwﬁ)ﬂ'ienl adjlhstedebo 480uni mnfufiher nm ) .
The fi nal g(anl c layer was distille to | ow vol ume and tol uene added.

The di st | | chistillgtioneer %a@qllng@aidetm mjumﬁ and the reagtiga wasaben allowes o

of ¢ ot uihe 3B rdoif sfri b AR 3%%?@%8?’@2%%%@@%@% SQfton, T, ™
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allowed to 10 “cool to roo nper at ur e5|re

crystalli seamdfwasmerbmmltoluenéhiosyleld the inal gmimnt ai@vstaﬂmerscyﬂt aﬁh tolvene
terrperature theo? duct col | ected b%‘ filtratio

solvate of variable stoicheometry. The product was dried under vacuum at 50°C
to yield the title product as a white amorphous powder (9.9 g, 77%).

15

dihydro-5-hydroxyiminoavermectin A1a

20 The process is the same as above as far as the isolation of the toluene
crystallised material. In the alternative process this solid is not oven dried, but is

dissolved in methanol.

Toluene-crystallised solid (121g) was dissolved in methanol (525 ml) and heated
25 to reflux. Solvent was removed by distillation until the product started to crystallise

from solution. The reaction mixture was allowed to cool to below the reflux

temperature and water (31 ml) added. The solution was then allowed to cool to

room temperature to allow crystallisation and allowed to granulate overnight.

The product was collected by filtration, washed with methanol and oven dried at
30 50°C under vacuum to vield the title product as a white, drystalline solid.

(88.15g, 68.6%). The product was obtained as a methanol/water solvate of

variable stoicheometry.
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under vacuum at 50[err] ¢ o yiefd the title product as a white

armor phous powder (9.9 g, 77%. 15 Al ternative Recrystallisation of-
(5Z. 25S) - 25- cycl ohexyl - 4' - O de( 2. 6- di deo®y- 3- O '

nmet hyl -[ err] - L-ar abi no- hexopyr anosyl ) -&- t hoxy-25-de(1

- met hyl propyl ) - 22. 23- di hydr o- 5- i m noavernectin Al a 20 The

process isqt heA?p?a_eewfoalnwEraﬁréﬁén af26e9clonekyit 2003 2fihydre-5-RydieRitino-
crystallised material. In-the alternative process this solid is not oven
dried, butavermectin Bi smanoseccharideswhiohotomprises reatting @decycloherail-22.23d sol i d
(1219) s,di ssolved i n nmethanol (525 .m ) and heated 25 .to reflux. Solvent
was § emBvctMygrabapioAvarTESHL B Wit RuGxyatte BFicEBIFTEs b AnacHedse

from sol ut emnid8gveRACt i Oon m xture was allowed to cool to below the reflux
tenperature “and water (31 nl) added. The solution was then allowed to cool
to rodm t Amrecedsias claimed limclaimylswheteis the solvantisalduesas isapropgnul at e
over ni ght . The product was collected by filtration, washed wt

net hanol aA@oBYkn dried at 30 50[err]C under vacuumto yield the title
product as,a It crystalline spli . (,88.15 68. 6% . The, product
was obt ai ngd as Pﬁﬁ%ﬁéﬁ&%ﬁ%‘/ﬁaé’? C%Hh%‘ygefﬁm ﬁhe prﬁ?é%?%@%?@ﬁ& metry.

9 10. temperature of from 40-50°C. CLA MBS 1. A process for the
preparation o‘f) 25-cycl oohe;(‘yl -022, 23-di hydr o- 5- hydr oxi m no- avernmectin Bl

nonosaccha4j deAvirocéss asplairmed in ang onemfZtaimsc] tthdwHeréin, thé-product is
di hydr o- 5- oxoavernectin Bl wi th hydroxyl am ne hydrochloride in an aqueous
organi ¢ sofvystallised from tolugngranddaicmgthanohi med in claim 1 wherein the

sol vent | S5.aqungt?ycilosi%(ryw%!23-dihy&rlogg-%%avermectin B1.

6. A process for preparing 25-cyclohexyl-22,23-dihydro-5-oxoavermectin B1

15 which comprises oxidising 25-cyclohexyl-22,23-dihydroavermectin B1.
7. Aprocess as claimed in claim 6 wherein said process is performed with
manganese dioxide in an organic solvent.
8. A process as claimed in claim 7 wherein the solvent is acetone.
9. A process for preparing 25-cycliohexyl-22,23-dihydro-5-

20 _ hydroxyiminoavermectin B1 monosaccharide from doramectin which comprises
the steps of-;
(i} catalytic hydrogenation in an organic solvent,
(i) oxidation with manganese dioxide in an organic solvent and, if desired
crystallising the product,

25 (iii) reaction with hydroxylamine hydrochloride in an aqueous organic solvent.
(iv) optionally recrystallising the product from toluene or methanol.
10. _Crystalline 25-cyclohexyl-22,23-dihydro-5-hydroxyiminoavermectin B1
monosaccharide toluene solvate obtained by recrystallising 25-cyclohexyl-22,23-
dihydro-5-hydroxyiminoavermectin B1 monosaccharide from toluene.

30



3. A process as clained n the process is perforned at a

10. tenper aWQO0IR1 f r oM 4Hmﬂlmllnml "’lﬂ”m A process as clgdEsbsioaonny

one of clains 1 'to 3 wherekn the proddct *i s crystallised fromtol uene

and/or met-hanol . 5. 25-Cycl ohexyl - 22, 23- di hydr 0- 5- oxoaver necti n Bl.

6. A process for preparing 25- cyclohexybﬁyz 23-di hydr o- 5- oxoavernecti n” Bl

15 whi ch oxi di si ng 25-cycl ohexyl - 22, 23-di hydr oaver necti n Bl.
LEP AR 2 Suoena 2. abdiion :

A proc eHclohgxyir %&"@yq{osﬁihmdmmseavm'nmmcﬁhed wi th

: | d
rengenes, ngdt e SBSRaly elne corgfe  HARERFOLI b
25- cycl ohexaa, 23-2!,:!%1’&5:Mr0xﬁmla@avérm€cﬁhmW&QEM%@ r&th W cchari de

ytic

fron1dor mect mﬂlch conpri ses the steps of-

hydr oge tﬂBﬁh?ﬁ n organi c sol vent, (i) oxidation mnth manganese

di oxi de in an organic sol vent and, i f desired crystallising the
product, 25 (iii) reaction with hydroxyl am ne hydrochl oride in an aqueous
or gani ¢ sol vent. (iv) optionally recrystallising the product from

't ol uene or nethanol . 10. Crystalline

25-cycl ohexyl - 22, 23-di hydr o- 5- hydr oxyi m noavernectin Bl nDnosaccharide

tol uene sol vate obtained by recrystallising 25-cycl ohexyl -22, 23-

di hydr o- 5- hydr oxyi m noaver mectin Bl nonosaccharide fromtol uene. 30

10 11. Crystalline 25-cycl ohexyl -22, 23-di hydr o- 5- hydr oxyi m noaver nmecti n
B1 nmonosacchari de net hanol /wat er sol vate obtained by crystallising

25- cycl ohexyl - 22, 23-di hydr o- 5- hydr oxyi m noaver necti n Bl nonosacchari de
from aqueous 5 net hanol .



