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This invention relates to new antiparasitic agents,
related to the milbemycins and avermectins and to '
processes for their preparation and compositions thereof.

The évermectins are a group of broad spectrum
antiparasitic agents referred to previously as the C-076
compounds. - They are produced by fermenting a strain of
the micro-organism Streptomvces avermitilis under aerobic
conditions in an agueous nutrient medium containing
inorganic salts and assimilable sources of carbon and
nitrogen. . The isolation and the chemical structure of
the eight individual components which make up the C-076
complex is described in detail in British Patent
Specification 1573955.

The C-076 complex comprises eight distinct but
closely related compounds described as C-076 Ala, Alb,
A2a, A2b, Bla, Bib, B2a and B2b. The "a* series of
COmpouﬁds refers to the natural avermectins wheréin the
25-substituent is (S)-sec-butyl and the "b" 'series to
those wherein the 25-substituent is isopropyl. The
designations "A"' and "B* refer to avermectins wherein the
5-substituent is methoxy or hydroxy, respectively, and

) the numeral "1" refers to avermectins wherein a double
bond is present at the 22-23 position, and numeral *"2" to
avermectins iacking the 22-23 double bond and having a
hydrogen at the 22-position and hydroxy at the 23
position.

In our Eu;opéaﬂ Patent Applications 0214731,
0284176, 0317148, 0308145, 0340832, 0335541 and 0350187
there are described preparations of compounds related to
the avermectins_but having a group at the 25-position
other than the isopropyl or. (S)-sec-butyl groups found in
the original avermectin compounds disclosed in British
Patent Specification 1573955. Such compounds may be
prepared by fermentation of particular strains of
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are produced by fernenting a strain of the mcro- organlsn18tre to
avermtilis under aeroblc condltlons i n alR-aqueous nutrle L
contalnlng_lngﬁuan & S and_assi n1|ab| sour%%%ngg % organlc iy
The isol ation—a

or derivatives thereof. Productlon of such avermectins

is described in Journal of Antibiotics (1991), 44, No. 3,

pp 357-365.

The milbemycins form another group of related

macrolides which are distinguished from the avermectins
in lacking a sugar residue attached at the C-13 position.
Examples of such compounds are described in UK patent
1390336, and European patent publications 170006, 254583,
334484 and 410615. In addition to these fermentation
products a large number of publications describe
compounds derived semisynthetically from these
fermentation products many of which possess useful
antiparasitic activities. Some of this chemistry is
reviewed in Macrolide Antibiotics, Omura S., Ed.,
Academic press, New York (1984) and by Davies, H.G.,
Green, R.H. in ma;ugal_p;ggug;_ggng;;a (1986), 3, 87-121
and in Chem. Soc. Rev., 1991, 20, 271-339.

It has been found that certain compounds
synthe€ically derivable from known avermectins and
avermectin derivatives possess unexpected beneficial
biological properties. _

According to one aspect of the invention there are
provided compounds of formula (I):
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the eight individual conponents which nmake up the G 076 c-'c-)"r'rlg'ls EY HAS BEEN

described in detail in British Patent Specification 1573955. E876
conpl ex conprises eight distinct but closeiy related coM%MMEﬁI"'MF as
G076 Ala, Alby 223y TR b%lo ‘en jl:n.neBzaatI: 611:@1% I%2213—2 -Iiahoes:.tn.;m represents '
an optional bond and either this bond is present and R* is
absent or this bond is absent and R* is H, OH, oxo or
oximino optionally substituted by a C, -C, alkyl group, R?
is a C,~-C, alkyl, C,-C, alkenyl or C,-C, cycloalkyl group,
or a 3- to 6- membered heterdcyclic ring containing a
sulphur or oxygen atom, said ring being saturated or
fully or partially unsaturated and optionally substituted
by one or more CI-C‘ alkyl groups or halogen atoms,
R® is H or OH, and
R* is H or a group capable of being hydrolysed in vivo to
vield a compound in which R* is H,
R® is OH, optionally substituted with a group capable of
being hydrolysed in vivo to yield a compound in which.Rs
is OH. . :
and R® is H or C,-C, alkyl, or R® is H and R® is amino,
optidnally substituted with at least one group selected
from C,-C, alkyl and acyl (which may be alkanoyl) groups.

Unless the context otherwise requires, all alkyl and
alkenyl substituents having 3 or more carbon atoms may be
straight or branched-chain. The term "aryl®" includes
phenyl which may be substituted by at least one C,-Cs
alkyl, hydroxy, C,~C, alkoxy, halo, nitro or CF, group.
In the present invention the term "alkyl®" is intended to

) . indicate those alkyl groups of from 1 to 8 carbon atoms
such as methyl, ethyl, propyl, isopropyl, butyl, pentyl,
hexyl, and the like, either straight or branched chain.
The term “"alkanoyl® is intended to include those alkanoyl
groups of from 1 to 8 carbon atoms such as formyl,
acetyl, prop:.onyl, ‘buytryl, pentanoyl, hexanoyl, and the
like.

The term "carbamoyl" is intended to indicate the
group -CONR,R, where R, and R, are the same or different
and are H, alkyl, aryl, heterocaryl or from a 4-8 membered
ring containing 1 or more O, N, or S atoms.

The above structural formula is shown without a
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conpounds refers to the natural avernectins wherein the 25-substituent i

(S)-sec-butyl

and the "b" series to those wherein the 25MHSBHEET HABBEEN

S

i sopropyl . The designations "A" and "B" refer to avernecti nREMASCEPh t he

5-substi tuent

i s methoxy or hydroxy, respegtively, and n
refers to avernectins wherein a double !Em!ﬂ ﬂ
definitive stereochemistry. However, durl urse

of the synthetic procedures used to prepare such
compounds, the products of such procedures can be a
mixture of stereoisomers. In particular, the
stereoisomers at the 4"-, 4'-, 5, 13- and 23-positions
may be oriented either &- or B-representing such groups
being below or above the general plane of the molecule,
respectively. 1In each of such case both the &- and B-
configurations are intended to be included within the
ambit of this invention. In certain cases the term "epi*
is used to distinguish the stereoisomer being of opposite
configuration to the natural compound at one specific
asymmetrical carbon atom.

Groups hydrolysable in vivo to yield corresponding
compounds in which the group is replaced by H are well
known in the pharmaceutical art in general and a wide
variety of such groups are suitable for use in the
compounds of this invention. Examples of such groups are
C,-C, alkanoyl, aroyl, carbamoyl, C,-C, alkoxycarbonyl
groups, and dicarboxylic acid and amino acid residues.
Particular groups are identified in the Examples below.
Preferred compounds are those in which R? is a straight or
branched C,-C, alkyl or cycloalkyl group, such as
cyclohexyl, isopropyl or sggrbutyl, R’ is H, and the
optional bond at the 22-23 position is present or this
optional bond is absent and R is H or OH.

(R

This Sheet Has Been Rei aced




bond is present at the 22-23 position, and nuneral "2" to avernectins

| acki ng the 22-23 doubl e bond and havi ng a hydrogen at tﬂ'é"sz?gkggaﬁﬁ'fﬁnd
hydroxy at the 23 position. In our European Patent Applicati Ly 731,

0284176, 0317148, 0308145, 0340832, 03355_451_ and 0350187 WE‘E‘H“I“ I“"i“l"
The oxime monosaccharides in which R® a‘nd R* are H
are particularly preferred.
Individual compounds within the invention are
described in the Examples given below.
| The most preferred compound is 5-oximino-22,23-
dihydro-_zs-—cyc’lohexyl avermectin Bl monosaccharide.
According to another aspect of the invention, there
is provided a process for preparing such a compound which

comprises the steps (1) of oxidising a compound of
formula (II):

wherein the broken line, R*, R?, R® and R®* are as defined
above and R® is as defined above or R® is g&-oleandrosyl
oxy and R® is H to yield a compound of formula (III):
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there are described preparations of conpounds related to thergsy{ERsHARSBEEN
but having a group at the 25-position other than the isopropyl OREPLACED
(S)-sec-butyl groups found in the original-@vernmectin corrpounds

st R Soe e elopbioon o mas, v AT
with a compound of formula R‘-O-NH, where R' is as defined
above and where R® is @-oleandrosyl oxy. hydrolysing the
compound obtained to yvield a compound of formula (I).
and (iii) if necessary replacing group R* when the latter
is H with said group capable of being hydrolysed in vivo
to vield a compound in which R* is H,
if necessary, the process further comprising one or more
of the following steps before or after steps (i), (ii)
and (iii),
(iv) substituting groﬁp R® when the latter is OH with said
group capable of being hydrolysed in vivo to y:Leld a
compound in which R® is OH,
{(v) oxidising group R* when the latter is OH to oxo,
(vi) reacting the compound obtained from step (v) with
hydroxylamine optionally substituted by a C,~-C, alkyl
group to yield a compound in which R* is optionally
substituted oxo, | |
(vii) hydrogenating the compound to reduce a double bond
at the; 22-23 position to a single bond,
(_viii) oxidising a compound in which R® is H to a compound
in which R® is OH,
(ix) oxidising a compound in which R® is OH and R® is H to
a compound in which R® is oxo and R® is absent, and
) either:
(x) reducing the compound obtained from (ix) to produce a-
compound in which R® is an epi-OH grdup, or
(xi) reacting the compound obtained from (ix) with a
Grignard reagent to yield a compound in which R® is OH and
~R® is alkyl, or - -
(xii) subjecting the compound obtained from (ix) to
reductive amination to yield a compound in which R® is an
amino or alkylamino group, and if necessary acylating the
compound obtained, any free OH groups being protected if
necessary during any of the above steps.
Preparation of compounds according to the invention is-
discussed, by way of illustration, below.
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-2- Streptonyces avermitilis in the presence of organic agh§SHBET HAS BEEN
derivatives thereof. Production of such avernectins REPLACED

U A

The compounds of the present invention may be
prepared starting from the compounds of formula (iv),
which may themselves be prepared as described in the

~ above-mentioned patent publications.

Compound IIa Double bond present, R absent.
Compound IIb Double bond absent, R = H.
Compound IIc Double bond absent, R* = OH.

) The semisynthetic modifications required to provide
the compounds given by formula I may require sequential
reactions at the positions -4', 4", 4a, 13, 22, 23, 25
and 5 and the exact order in which these transformations
are performed may vary.  -In addition, during the
oxidation and certain substitution reactions described
below, it is necessary to protect the 5-hydroxy group to
avoid substitution or oxidation at that position. With
this position protected, the reactions may be carried out
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I s described in Journal of Antibiotics (1991), 44, No. 3, 307-365,
m | benycins form another group of related nacrolides mhichpgv%gHEéPHASEEEN

di stingui shed fromthe avernectins in | acking a sugar residue att athEd at
the C 13 position. Exanples of such conpougds are descri beﬁégmmmﬁﬂ'ﬁn“l

at the 4"-, or 4'-positions without affecting the
remainder of the molecule. Subsequent to any of the
above-described reactions, the protecting group may be
removed and the unprotected product isolated. For
compounds of this invention, conversion of the 5-hydroxy
group to a ketone or ketoxime is preferably performed
after substitution at the 4', 23 and 4a positions. The
protecting group employed at the 5-position is ideally
one which may be readily synthesized, will not be
affected by the reactions at the 4"- and 4'-positions and
may be removed without affecting any other functionality
of the molecule. One preferred type of protecting group
of the avermectin type of molecule is the tri-substituted
silyl group, preferably the tri-loweralkyl silyl group.
One especially preferred example is the tert.-
butyldimethylsilyl group. The reaction preparing the
protected compound is carried out by reacting the hydroxy
compound with the appropriately substituted silylhalide,
preferably the silylchloride in an aprotic solvent such
as methylene chloride, benzene, toluene, ethyl acetate,
'tetrahydrofuran, dimethylformamide and the like. In
order to minimise side reactions, there is included in
the reaction mixture a base to react with the acid

) released durihg the course of the reaction. Preferred
bases are amines such as imidazole, pyridine, or
triethylamine. The base is regquired in amounts equimolar
to the amount of hydrogen halide liberated; however,
generally several equivalents of the amine are employed.
The reaction is stirred at from 0°C to the reflux
temperature of the reaction mixture and is complete in
from 1/2 to 16 hours. The silyl group is removed by
treatment of the silyl compound with anhydrous pyridine-
hydrogen fluoride in tetrahydrofuran. The reaction is
"complete in from 3 to 24 hours at from 0 to 25°C.
Alternatively, the silyl group may be removed by stirring
the silylated compound in methanol'catalyzed by an acid

-
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1390336, and European patent publications 170006, 254583, 3§ﬁ§ ﬂE@ﬁﬂAsBEEN
410615. In addition to these fernmentation products a |large nu PLACED

publications describe conpounds derived sesdsynthetically fromthe
errentaton gegiuelgy P it i g ssnasriadeai oo AT
: toluenesulfonic ac1d monohydrate. The reaction is

complete in about 1 to 12 hours at from 0 to 50°C.
Compounds having a 23-hydroxyl group (or a protected
derivative) may be converted to either the corresponding
22,23-dihydro compound or altermnatively to the
corresponding compound having a double bond at the 22-23
position using methods described in US patent 4328335.
The latter compounds may also be hydrogenated to the
22,23-dihydro compounds using Wilkinson's catalyst under
conditions described in US patent 4199569.

The preparation of the compounds of the invention
can be accomplished by first converting the
aforementioned disaccharides IIa, b and ¢ into their
corresponding monosaccharides by hydrolysis. An
alternative method of preparing the monosaccharides
comprises a direct fermentation procedure starting from a
corresponding aglycone as described in European Patent
Application 463677. The 5-hydroxy position is then
protected to avoid substitution at this position so that
reaction may be carried out at the 4', or 23 positions.
The 4'-hydroxy is more reactive than the 23-hydroxy,
hence additional suitable protection at C-4' allows
selective reaction at C-23.

Alternatively, the compounds of the invention may be
prepared by carrying out the above synthetic
manipulations on the disaccharides IIa, b or c and
finally hydrolysing them to the desired monosaccharides.

When desired, hydroxy groups may be acylated to give
esters using reagent such as acid anhydrides or acid
chlorides and amine bases according to general procedures
known to those skilled in the art. Hydroxy groups may be
cénverted to oxo groups by oxidation with manganese
dioxide or tetrapropylammonium perruthenate. The oxo
compound may be treated with hydroxylamine or an O-

substituted aﬁalogue thereof to produce the correspond:ng
oxime. '
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reviewed in Macrolide Antibiotics, Owra S., Ed., Academc HHISSHEEWS%%
(1984) and by Davies, H G, Geen, RH in Natural product RepoREMLACEDS0),

3, 87-121 and in Chem Soc. Rev_., 1991, 2ﬂ0-27_1- 339._Thu_s fmuﬁmmym
EP- A 0519731 di scl gses. dassubst] fut g aver st Lo, dsriyat] y¢ Fibil:

suitably S5-protected derivatives by firstly hydroxylating
the 4a methyl group using a procedure described in the |
Japanese Patent Laid-Open Patent Application No. 83-
59988.

Compounds in which R® is an amino Qroup optionally
substituted by one or more alkyl or acyl groups, may be
prepared by reduction amination of é corresponding -
compound in which R® is oxo, for example by reaction with
an ammonium salt or amine salt and sodium
cyanoborohydride in known manner. The amino group may
then be further substituted, by acetylation, for example
using acetic anhydride. |

Compounds in which R® is an epi-OH group may be made
by reduction of such an oxo compound. The oxo compound
may be converted to a compound in which R® is OH and R°® is
alkyl by reaction with a Grignard reagent in known
manner.
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4' and 4"-substituted avernectin derivatives and EP—A—04282§% LACED

EP- A- 0480693 di scl ose avernectin derivatives nodified at the C 24
positions. EP-A-0379341 and EP-0110667 di-<ldi-ose aver mact in ﬂ@d
derivatives respectinells \ﬂrﬂﬂs 61 r_u&lm{?] se
prior art patents exenpll aver mect1 n nonosacchari1 des haV|ng -OXIﬁE

treating a varlety of conditions caused by endoparasites
including, in particular, helminthiasis which is most
frequently caused by a group of parasitic worms described
as nematodes and which can éause severe economic losses
in swine, sheep, horses and cattle as well as affecting
domestic animals and poultry. The compounds are also
effective against other nematodes which affect various
species of animals including, for example:-~ Dirofilaria
in dogs and various parasites which can infest livestock,
companion animals such as cats and dogs and also humans
including gastro-intestinal parasites such as
Enterobius and parasites which are found in the blood or
other tissues and organs such as filarial worms and the
extra intestinal stages of Stronavloides, Toxocara and

The compounds are also of particular value in

treating ectoparasité_infections including particular

' arthropod ectoparasites of humans, animals and birds such
as ticks, mites, lice, fleas, blowfly, biting insects and
- migrating dipterous larvae which can affect cattle and
horses. | |

i The compounds are also insecticides active against

household pests such as the cockroach, clothes moth,
carpet beetle and the housefly as well as being useful
against arthropod pests of stored grain and of
agricultural plants such as spider mites, aphids,
caterpillars and against migratory orthopterans such as
locusts. We have discovered that compounds within the
scope of this invention are both safe and have
unexpectedly high potent systemic activity against fleas
and other important arthropod parasites of cats and dogs.

- T




substi tuent.
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The compounds of formula (I) may be administered as
a formulation appropriate to the specific use envisaged
and to the particular species of host animal being
treated and the parasite or insect involved. The
compounds may be adﬁinistered by injection, either
subcutaneocusly or intramuscularly, alternatively they may
be administered orally in the form of a capsule, bolus,
tablet, chewable tablet or ligquid drench, or they may be
administered as a topical formulation or as an implant.
For topical application dip, spray., powder, dust, pour-
on, spot-on, jetting fluid, shampoos, collar, tag or
harness may be used. Such formulations are prepared in a
conventional manner in accordance with standard
veterinary practice. Thus capsules, boluses or tablets
may be prepared by mixing the active ingredient with a
suitable finely divided diluent or carrier, additionally
containing a disintegrating agent and/or binder such as
starch, lactose, talc, or magnesium stearate. A drench
formulation may be prepared by dispersing the active
ingredient in an aqueous solution together with _
dispersing or wetting agents .and injectable formulations
may be prepared in the form of a sterile solution or
emulsion. Pour-on or spot-on formulations may be
prepared by dissolving the active ingredient in an
acceptable liquid carrier wvehicle, such as bdtyl'digol,
liquid paraffin or non-volatile ester with or without
addition of a volatile component such as isopropanol.
Alternatively, pour-on, spot-on or spray formulations can
be prepared by encapsulation to leave a residue of active
agent on the surfaée of the animal. These formulations
will vary with regard to the weight of active compound
depending on the species of host animal to be treated,
the severity and type of infection and the body weight of
the host. The compounds may be administered
continuously, particularly for prophylaxis, by known
methods. Generally for oral, parenteral and pour-on
administration a dose of from about 0.001 to 10mg per kg
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possess unexpected beneficial biological properties. Accordin
aspect of the invention there are provi dedi3zenpounds of f ol

HIR A
of animal body weight given as a single dose % i

divided doses for a period of from 1 to 5 days will be
satisfactory but of course there can be insﬁances where
higher or lower dosage ranges are indicated and such are
within the scope of this invention.

As an alternative the compounds may be administered
with the animal feedstuff and for this purpose a
concentrated feed additive or premix may be prepared for
mixing with the normal animal feed.

For use as an insecticide and for treating
agricultural pests the compounds are applied as sprays,
dusts, pour-on formulations, emulsions and the like in

accordance with standard agricultural practice.

For human use the compounds are administered as a
pharmaceutically acceptable formulation in accordance
with normal medical practice.

The'preparation of compounds according to the
invention are illustrated by the following Examples.
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-4- wherein the broken line at the 22-23 position representgmgﬁmgﬁggéﬁﬂEEN
bond and either this bond is present and Rerr] is

e 1 AR O

22 Z3-D:'m:d29§::§megtin Bla EQHQEQCQLIQEJ dg

22,23-Dihydroavermectin Bla (50g) was dissolved in a
mixture of isopropanol (100ml) and sulphuric acid (1ml)
and stirred at room temperature under a nitrogen
atmosphere for 48 hours. The reaction mixture was poured
onto crushed ice and extracted with dichloromethane (2 x
200ml). The combined extracts were washed with aqueous
saturated sodium bicarbonate solution (100ml), dried over
-anhydrous magnesium sulphate and concentrated under
vacuum to give white crystals (l14g) which were removed by
filtration. Mass and NMR spectra were fully consistent
with the proposed structure.

The Blb analogue was obtained by an identical method
starting from'22,23-dihydroavermectin Blb.

EXAMPLE 2
22,23-dihydroavermectin Bla monosaccharide (14g) was
dissolved in diethyl ether (200ml) and activated
manganese dioxide (1l4g) added. The mixture was stirred
at room temperature for 4 hours, filtered and evaporated
to dryness under vacuum to yield the title product

) (11.4g) whose NMR spectrum was fully consistent with the
proposed structure. '

The Blb analogue was obtained by an identical method
starting from 22, 23-dihydroavermectin Blb monosaccharide.
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absent or this bond is absent and Rlerr] is Hor OH Rerr] is a

Clerr]-Cerr] alkyl, or Cerr]-Cerr] cycloal kyl group; andTié SHEEHAS BEEN
group capabl e of being hydrolysed in vivo to yield a conpound i RERUNOED

Rlerr] is H Unless the context otherwiLgg_requires, all alkyl., |i nm
substituents having 3 or nore carbon atomsE may be .iZﬁl :ﬂrﬁlﬂl" Tr |
' -Oximino-22,23-dihy in B1
. 5-0x0-22, 23-dihydroavermectin Bla monosaccharide

(1g) was dissolved in dry pyridine (25ml) and

hydroxylamine hydrochloride (1lg) added. The stirred

reaction mixture.was heated under reflux for 4 hours and

after cooling poured onto crushed ice and extracted with

dichloromethane (2 x 50ml). The combined extracts were

dried over anhydrous magnesium sulphate and evaporated

under vacuum to give a crude gum (1.lg). This material

was purified using high pressure liquid chromatography on

2 Dynamax (trade mark) column (41.4 x 250mm, 8um, ODS-

silica, Rainin) eluting with methanol - water 83:17 at

42ml per minute. Appropriate fractions were combined and

evaporated to dryness to yield the Liﬁ;g_n;gdng; as a

white solid, melting point 180-190°C. Mass and NMR

spectra were fully consistent with the proposed -
structure.

5-0Oximino-22, 23-dihydroavermectin Blb was prepared.by an
identical method starting from 5-oxo-22,23-
dihydroavermectin Blb monosaccharide.
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strai ght or branched-chain. The term"aryl" includes pheny N
‘substituted by at least one (Jerr]-([err] al kyl, hydroxy, erg&;gﬁ?&%éﬁé
al koxy, halo, nitro or CF[err] group. In the present invention
"alkyl" is intended to indicate those ajgyl groups of frorhiﬁmm“"m'mml
atons such as nethyl, ethyl, propyl, |soEfo pyl, butyl, penﬂ
-Di -25- i
monosaccharide
25—Cyclohexylavermectin Bl (9.9g) was dissolved in
toluene (1 litre) and Wilkinson's catalyst | '
(tris (triphenylphosphine)rhodium(I) chloride) (9.25g) was
added. The solution was hydrogenated on a large Parr
(trade mark) shaker at room temperature at 50 psi
hydrogen pressure. After 3 hours'the reaction vessel was
depressurised and allowed to stand for 12 hours before
addition of a further portion of catalyst (5g) and
hydrogenated as before for a further 2 hours after which
no starting. material remained. The solution was
filtered, evaporated to drYness under vacuum and the
residue chromatographed on silica eluting with
dichloromethane then dichloromethane:methanol 9:1. The
crude product_was then chromatographed again on silica
(200g) eluting with dichloromethane:methanol 19:1 to give
after evaporation of the solvent under vacuum impure
.22,23~-dihydro-25-cyclohexylavermectin Bl és a‘brown foam
(10g). This material was dissolved in a mixture of
isopropanol (200ml) and sulphuric acid (2ml) and the
brown solution was stirred at room temperature for 15
) hours then poured into a mixture of ice and water (500ml)
and extracted with dichloromethane (3 x 200ml). The
organic layer was washed with saturated agqueous potassium
hydrogen carbonate solution (100ml), water (2 x S0ml)
dried over anhydrous magnesium'sulphate and evaporated
under vacuum to give a. crude gum which was
" chromatographed on silica (100g) eluting with
dichloromethane then dichloromethane:ethyl acetate 2:1 to
give the title compound (8.2g). Mass and NMR spectra
were fully consistent with the preposed structure.
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hexyl, and the like, either straight or branched chain. The term "al kanoyl "

Is intended to include those al kanoyl groups of from1 L Orpffs 6 @pnAngEﬁ
such as fornyl, acetyl, propionyl, buytryl, pentanoyl, hexan@gp sdgf e
| i ke. The term "carbamoyl"” is intended_ig_indicat

e the :
EXAMPIE 5 TN RN

monosaccharide
22,23-Dihydro-25-cyclohexylavermectin Bl

monosaccharide (8.2g) was oxidized to the 5-oxo
derivative using manganese dioxide in anhydrous diethyl
ether according to the procedure of Example 2. The crude
product was purified by chromatography on silica (50g) to
give the 5-oxo compound (3.22g) as a yellow foam. This
was dissolved in anhydrous pyridine (60ml) and
hydfoxylamine hydrochioride (3.22g) was added. After
stirring for 15 hours at room temperature a further
aliquot of hydroxylamine hydrochloride (3.22g) was added
and the solution heated to 50°C until no starting
material. remained. The soiution was poured into water
(50ml) and extracted with diethyl ether (3 x 50ml). The
organic. layer was washed with water, saturated sodium
chloride solution, dried over anhydrous sodium sulphate
and evaporated to dryness under vacuum. The crude
product was chromatographed on silica (25g) eluting with
dichloromethane: ethyl acetate 4:1 and finally purified
by high pressure liquid chromatography using a Dynamax
(trade mark) column (41.4 x 250mm, 8um ODS-silica,

1 Rainin) eluting with methanol:water 9:1 at 65ml per
minute. Appropriate fractions were combined and
evaporated under vacuum to give the title compound

{(1.53g). Mass and NMR spectra were fully consistent with
the proposed structure. '
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group -CONR[err]R err] where Rerr] and R err] are the sanme or different

and are H, alkyl, aryl, heteroaryl or forma 4-8 nenber ng 1
or nmore O, N, or S atoms. G oups hydrolysable in vivo teﬂﬂ$qﬁgffﬂﬂéﬁbah

cor fespond: g corpouns 1 n uhi i the arpyp | s 1 el aced ‘“au\illlllllllinlﬂ
| EXAMPLE 6

25-Cvclohexvlavermectin B2 monosaccharide

25-Cyclohexylavermectin B2 (10g) was suspended in
isopropanol (100ml) and a solution of sulphuric acid
{(2ml) in isopropancl (100ml) was added. After stirring
at room temperature for 24 hours the clear solution was
poured into ice (600g) and extracted with
dichloromethane (2 x 100ml). The organic layer was dried
over anhydrous sodium sulphate and evaporated to dryness.
The residue was dissolved-in tetrachloromethane and the

. solution stored at 4°C. The crystals which separated

slowly were periodically removed by filtration and found
to be the pure ;;;;g_ggmggggg Mass and NMR spectra were
fully consistent w1th the proposed structure.

Using the procedures of .Examples 2 and 3, 25-
cyclohexylavermectln B2 monosaccharide was converted to
the title compound. Mass and NMR spectra were fully

consistent with the proposed structure.
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vari ety of such groups are suitable for use in the conpounds of this

I nvention. Exanples of such groups are CJerr]-Cferr] alk I .
carbanoyl, Cerr]-(err] al koxycarbonyl groups, and dica?ﬂﬁgﬁggﬁigéBgEng
am no acid residues. Particular groups jgy.e identified in the anp

es
bel ow. Preferred compounds are those inwhich Rlerr] is C)ﬁ’iﬂmmfml I”“I
| | EXAMPLE 8 . il

25-Cvclohexvlavermectin Bl monosaccharide
25~-Cyclohexylavermectin Bl (209) was dissolved in

tetrahydrofuran (250ml) and a ﬁixture of tetrahydrofuran
(250ml1), water (10ml) and sulphuric acid (10ml) was
added. The mixture was stirred at room temperature for
15 hours then poured into a mixture of ice (500g) and
water (1 1) and extracted with dichloromethane (2 x
500ml). The organic layer was washed with saturated

agqueous sodium chloride solution, dried over anhydrous
sodium sulphate and evaporated under vacuum to give a
foam. This was chromatographed on silica (150g) eluting
with ethyl acetate - dichloromethane 1:1 to give a crude
product (13.3g). PFinal purification was achieved by
reverse phase hplc using a DYnamax-(trade mark) column
(41.4 x 250mm, 8um ODS-silica, Rainin) eluting with
methanol-water 4:1 at 70ml per minute to give the pure
Litle compound. Mass and NMR spectra were fuily
consistent with the proposed structure.

Oximino-25-cyclohexvliavermectin Bl monosa Y
Using the procedures of Examples 2 and 3, 25-
cyclohexylavermectin Bl monosaccharide was converted to
the title compound. Mass and NMR spectfa were fully

consistent with the proposed structure.
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and the optional bond at the 22-23 position is absent and Rerr] is H

- 5- THIS SHEET HAS BEEN
REPLACED
G AR 08
EXAMPLE 10
-O-t - 3 -25- -22 -

22,23-diﬁydro—25—cyclohexyl—avermectin B1
monosaccharide (Example 4) (12.1g) and imidazole (7.2g)
were dissolved in dry dimethylformamide (10ml). To this
solution at room temperature was added t-
butyldimethylsilyl chloride (7.9g). After 18 hours the
mixture was poured into ice-water (200ml) acidified to
pH2 with 2N HCl and extracted with diethyl ether (2 x
80ml). The combined.extracts were washed with saturated
aqueous potassium bicarbonate solution (50ml) and water
(50ml), dried over anhydrous sodium sulphate and
evaporated under vacuum to give a crude product (14.9g).
This material was further purified by'chromatography on
silicé (Kieselgel 60, 230-240 mesh, Merck) (300g) eluting
with dichloromethane - ethyl acetate 9:1. Appropriate
fractions. were combined and evaporated to dryness to give
the title product (8.35g). The NMR spectrum was fully
consistent with the proposed structure.

EXAMPLE 11
S-Oxo-avermectin Bla

) Avermectin Bla (2.4g) was dissolved in diethyl ether
(SOml).and activated manganese dioxide (2.0g) added. The
mixture was stirred at room temperature for 18 hours,
filtered and evaporated to dryness under vacuum to yield
the title produgt whose NMR spectrum was fully consistent
with the proposed -structure.
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The oxime nonosaccharides in which Rlerr] is H are parti coHe $HEETTHASBEEN].
| ndi vi dual conpounds within the invention are described in t h&EEkACED es

oy o3 eyel onoyl bver moet i n' Bhogmmssseabar e -2 -t R NNLNN

5-Oximino- in BI

5-Oxo-avermectin Bla (800mg) (Example 1l1l) was
dissolved in pyridine (10ml) and hydroxylamine
hydrochloride (800mg) added. After stirring at room
temperature for 1 hour the mixture was poured into an ice
(SOg) and water(50ml) mixture, acidified to pH 4 with
concentrated hydrochloric acid and extracted with
dichloromethane (3 x 30ml). The combined extracts were
washed with water (20ml), dried over anhydrous sodium
sulphate and evaporated to dryness under reduced pressure
to vield a crude material (lg). This material was
chromatographed on silica (Kieselgel 60, 230-400 mesh,
Merck) (100g) eluting with dichloromethane: ethyl
acetate 2:1 and finally purified by high pressure ligquid
chromatography using-a Dynamax (trade mark) column (41.4
x 250mm, 8um ODS-silica, Rainin) eluting with
methanol:water 85:15 at 70ml per minute. Appropriate
fractions were combined and evaporated under vacuum to
givé the-title compound (290mg). Mass and NMR spectra
were fully consistent with the proposed structure.
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preparing such a conpound whi ch conprises the steps (
conmpound of forrmula (I1): [err] wherei r22Re broken line, Rerr err]

e el o samzss (AR
- ¥ 3 - i

5-Oximino-avermectin Bla (50mg) (Example 12) was
dissoclved in a mixture of isopropanol (1 ml) and
sulphuric acid (10 pl) and stirred at room temperature
under a nitrogen atmosphere for 48 hours. A saturated
agueous solution of sodium bicarbonate (1 ml) was then
added and the product extracted with ethylacetate (2 x 5
ml). The combined extracts were dried over anhydrous
magnesium sulphate and concentrated under vacuum. The
resulting crude product (25 mg) was purified using high
pressure ligquid chromatography on an Ultrasphere (trade
mark) column (24 x 250 mm, 5 microns, ODS-silica,
Beckman) eluting with methanol: water 85:15 at 20 ml per
minute. Appropriate fractions were . combined, to give the
Litle product. Mass and NMR spectra were fully
consistent with the proposed structure.

Accordi ng to anot her aspect of the invention, there is praqyj
for i i - ‘i’f}"*s"? gé ﬁﬁ%ﬁ
an

5-0-t-Butyldimethylsilyl-25-cyclohexyl-22,23-
dihydroavermect in Bl monosaccharide (Example 10) (216mg)
was dissolved in dichloromethane (25ml) containing
pyridine (400mg). Acetic anhydride (255mg) in
‘dichloromethane (5ml) was added slowly to this solution
at room temperature and the reaction mixture was allowed
to stand for 72hr. The solution was poured into water
(20ml), the organic layer was washed with aqueous citric
acid solution (20%, .2'.x 10ml), saturated agueous
potassium bicarbonate solution (2 x10ml), dried over
anhydrous sodium sulphate and evaporated to dryness under
vacuum. This crude product was chromatographed on silica
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and Rlerr] is OHor Rerr] is [err]-ol eandrosyl oxy to yras@HEETWSREEN of
formula (111): [err] REPLACED

25 RN

(25g) eluting with dichloromethane - ethyl acetate 9:1.
Appropriate fractions were combined and evaporated under
vacuum to give 4'-O-acetyl-5~-O-t-butyldimethylsilyl-25-
cyclohexyl-22,23-dih ydroavermectin Bl monosaccharide
which was dissolved in methanol (20ml) containing p-
toluenesulphonic acid (230mg). After stirring at room
temperature for 1 hr, saturated aqgueous potassium
bicarbonate solution (5ml) was added and the product
extracted with diethyl ether (2 x 10ml). The combined
organic extracts were dried over anhydrous sodium
sulphate and evaporated to dryness under vacuum to give
the title product as a white powder (139mg) whose NMR
spectra were fully consistent with the proposed
structure. This material was used in the following
example without further purification. . -

4'-0-Acetyl-25-cyclohexyl-22,23-dihydroavermectin Bl
monosaccharide (139mg) (Example 14) was oxidised to the
5-oxo-derivative using activated manganese dioxide
{(140mg) in diethyl ether (20ml) according to the method

) described in example 2. To & solution of this 4'-0-
acetyl-s—oxo-z5-cyclohexy1—22,23—dihydroa§ermectin Bl
monosaccharide in a mixture of methanol - dioxan 1:1
(20ml) was added a solution of hydroxylanmiine
hydrochloride (176mg) dissolved in water (5ml). This
mixture was stirred at. 40°C fo; 3 hr before quenching with
the addition of $o0lid potassium bicarbonate (200mg) and
diethyl ether (50ml). The organic extract was washed with
saturated aqueous sodium chloride solution (10ml), dried
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-6- and (ii) allow ng the conpound of formula (I111) to “¢m§§Hﬁtfn E
conpound of fornula Rierr]-O-NHerr] where Rlerr] is as def iqdppga 95 Mnd
where R err] is [err]-ol eandrosyl oxy, hgdrol ysing the congound obtai ned t

yield a conpound of fornula (1), and (iii) if necessary ﬂHlHlHﬂmHmp

R err] when the latter
over anhydrous sodium sulphate and evaporated to dryness

under vacuum to give the crude product. This material was
then purified by chromatography on silica (Kieselgel 60,
230-400 mesh, Merck) (10g) eluting with dichloromethane
- ethyl acetate 4:1. Appropriate fractions were combined
and evaporated to give the desired compound which was
further purified using high pressure liquid
chromatography on a Ultrasphere (trade mark) column (10 x
250mm, Spm, ODS-silica, Beckman) eluting with
acetonitrile:methanol:water 71:14:15 at 5ml per minute.
Appropriate fractions were combined and evaporated to
dryness to yield the title product as a white solid
(46mg). Mass and NMR spectra were fully consisted with
the proposed structure.

- 5-0-Butyldimethylsilyl-25-cyclohexyl-22,23-
dihydroavermectin Bl monosaccharide (Example 10) (1.4g)
was dissolved in dichloromethane (300ml) at room -
temperature togéther with N-methyl morpholine-N-oxide

) (3.14g) and tetra-n-propylammonium perruthenate {233mg) .
. Powdered molecular sieve, 4A (187mg) was added and the
mixture stirred. After 1 hour aqueous sodium sulphite
solution, (50ml, 5%) was added and the separated organic
phase washed with a second portion of aqueous sodium
sulphite (50ml, 5%).. water (2 x 50ml), saturated agueous
sodium chloride solution (2 x 50ml) and dried over
anhydrous SOdium sulphate. Evaporatioﬁ of the solvent
under vacuum followed by chromatography on silica
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is Hwith said group capable of being hydrolysed in vivo tpgdpHed HAS BEEN
compound in which Rlerr] is H and if necessary, (iv) hydrogergpPLACED he

compound to reduce the double bond at +2%-22-23 position to

Preparati on of conmpounds according to the invention is 1@\\Mﬁ\ﬂi\
(Kieselgel 60, 230-400 mesh, Merck) eluting w:.th
dichloromethane - ethyl acetate 9:1 and combination and
evaporation of appropriate fractions, gave the title

n;gdug; as a solid (857mg). The NMR spectra were fully
consistent with ;he proposed structure.

4'-ox0-5-0-t-Butyldimethylsilyl-25~cyclohexyl~
22,23~dihydroa vermectin Bl monosaccharide (200mg) was
dissolved in methanol (10ml) at 0°C and sodium
borohydride (20mg) added portionwise with stirring.

After 15 minutes the mixture was poured into water,
extracted with diethyl ether (2 x 3051) and the combined
organic extract washed with water (20ml), saturated
aqueous sodium chloride solution (20ml) and dried over
anhydrous sodium sulphate. Evaporation of the solvent
under vaduum.afforded the title product as a white solid,
1l4lmg. Mass and NMR spectra were fully'cdnsistent with
the proposed structure.

~ 4'-epi-5-0-t-Butyldimethylsilyl-22,23-
dihydroavermectin Bl monosaccharide 1l4lmg, was dissolved
in methanol (20ml) containing p-toluenesulphonic acid
{(200mg). After 18 hours the reaction mixture was
basified by adding saturated agqueous potassium
bicarbonate solution (20ml) and extracted with diethyl
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di scussed, by way of |Ilustrat|on”ng$éﬁgghé 8ﬁggpomds ofL¥%§§gﬁTHASPEEN
I nvention may be prepared starting unds of formula (|v
which may thensel ves be prepared as deszér e in the above- menmgémﬁjiHNIent
pltcations. [or T ——
' ether (2 x 50ml). The comblned extracts were washed with
water (20ml), saturated agueous sodium chloride solution
(20ml), dried over anhydrous sodium sulphate and
evaporated under wvacuum to yield the crude product.
Chromatography of this material on silica (Kieselgel 60,
230-400 mesh, Merck) (2g) eluting with dichloromethane -
ethyl acetate 4:1 and combination and evaporation under
vacuum of appropriate fractions, afforded the title
product (100mg). Mass and NMR spectra were fully
consistent with the proposed structure.

4'-epi-25-Cyclohexyl-22,23-dihydroavermectin Bl

monosaccharide (196mg) was oxidised with activated
manganése dioxide according to the procedure described in
"Example 2. The MMR spectrum of the product (160mg) was
fully consistent with the proposed structure.

\ 4'-epi~-5-0x0-25-cyclohexyl-22, 23~-dihydroavermectin
Bl monosaccharide (160mg) was treated with hydroxylamine
hydrochloride (150mg) in a methanol - dioxan - water
mixture 1:1:0.5 (25ml) and the product extracted,
according to the procedure described in Example 15.
Purification was achieéved using high pressure liquid
chromatography on a Ultrasphere (trade mark) column (10 x
250mm, 5u, ODS-silica, Beckmann) eluting with
acetonitrile - methanol - water, 61:14:25 at 4ml perx
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sQ ALIF Conpound Ila Double bond present , R err] absenﬁHﬁGﬂﬁgﬁ' BEEN
Doubl e bond absent, Rerr] = H Conpound Ilc Doubl e bond ab&E err] =

o 7 | R AR

minute. Appropriate fractions weré combined and
evaporated under vacuum to give the fitle product as a
solid (25mg). Mass and NMR spectra were fully consistent
with the proposed structure. |

- = =25~ ] = et b1 roav in B
monogaccharide
To a solutioniof 25-cyclohexyl-22,23—
dihydroavermectin Bl monosaccharide (Example 4) (5g) in
dichloromethane (150ml) was added a solution of selenium
dioxide (370mg) and t-butylhydroperoxide (70%, 3.7ml) in
dichloromethane (50ml) and the whole stirred at room
temperature for 48 hours. A futher solution containing
selenium dioxide (370mg) and t—butylhydroperoxidé (70%.,
3.7ml) in dichloromethane (50ml) was added and stirring
"continued for 24 hours. After addition of water (20ml)
the reaction mixture was extracted with dichloromethane
(2 x 25ml) and the combined extracts washed with.10%
aqueous sodium bicarbonate solution (20ml), and water
(20ml), dried over anhydrous sodium sulphate and .
evaporated under vacuum to- yield the crude product as a
yellow foam, 4.5g. This material was further purified by
3 chromatography over silica (Kieselgel 60, 230-400 mesh,
Merck) (120g) eluting with dichloromethane - methanol
97:3, taking 200ml fractions. Material eluting in
fractions 21-24 was combined and evaporated under vacuum
to vield the title compound as a white powder. Mass and
NMR  spectra were fully. consistent with the proposed
structure. ) '
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THIS SHEET HAS BEEN

-7- The sem synthetic nodifications required to provide the coggpusskn glven
by formula I may require sequential reactions and the exact
these transformati ons are perforned nayagary. l“ﬂ“‘ﬁ“““ﬂl |
EXAMPLE 22
Jihvd in B1 harid

4a—Hydrcxy-25-cyclohexyl-22,23—dihydroavermectin Bl
monosaccharide (1.26g), triethylamine (0.2ml) and 4-
dimethylaminopyridine (26mg) were dissolved by stirring
in dry dichloromethane (120ml) and t-butyldimethylsilyl
chloride (0.32g) added portionwise. The whole was
stirred under a nitrogen atmosphere for 18 hours after
which further qQuantities of triethylamine (0.4ml), 4-
dimethylaminopyridine (252mg) and t-butyldimethylsilyl
chloride (0.64g) were added and stirring continued for 3
hours. An aqueous solution of sodium bicarbonate (10%,

. 100ml) was added to the reaction and the organic layer -
separated, washed with water (100ml), dried over '
anhydrous sodium sulphate and evaporated under wvacuum to
give the crude product. This material was purified by
chromatography on silica (Kieselgel 60, 230-400 mesh,
Merck) (120g) eluting with dichloromethane - methanol,
98:2 collecting 130ml fractions. Material eluting in
fractions 12-14 were combined and evaporated under vacuum
to yield the title compound as a white solid, (l1.lg).
Mass and NMR spectra were fully consistent with the

proposed structure.

4a-t ~Butyldimethylsilyloxy-25-cyclohexyl-22,23-
dihydroaverme ctin Bl monosaccharide (l1.1g) was oxidised
with activated manganese dioxide (l1lg) in ether (10ml)
according to the method described in Example 2 to give
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Conmpounds having a 23-hydroxyl group (or a protected der ity SNEIT MRY BEEN
converted to either the correspondi ng 22, 23-di hydro conpound REPLACED

alternatively to the correspondi ng comp2fsd havi ng a dou t
22-23 position using nethods described in US patent 4328F‘iﬁ|lﬁimmﬂmm
conpounds may al so be hydrogenated to the

the title compound (0.9g) whose NMR spectrum was fully

consistent with the proposed structure.

4a-t-Butyldimethylsilyloxy-5—oxo-25—cyclohexyl-

22,23~-dihydro avermectin Bl monoéaccharide (0.9g) was
dissolved in a methanol-dioxan (1:1 mixture , 36ml) and
hydroxylamine hydrochloride (0.9g) dissolved in water
(18ml) added. This reaction mixture was stirred and
heated at 40°C for 1 hour then concentrated to
approximately 20ml by evaporation under vacuum and the
product extracted with diethyl ether (2 x 50ml). The
combined extracts wére washed with agueous sodium
bicarbonate solution (10%, 30ml),.water (50ml), dried
over. anhydrous sodium sulphate and evaporated under
vacuum to.yield the crude product. This material was
chromatographed on silica .(Kieselgel, 60, 230~-400 mesh,
Merck) (50g) eluting with dichloromethane-methanol
gradient 99:1 to 96:4 collecting 50ml fractions over 1.5
hours. Fractions 50-54 were combined and evapofated
under vacuum to give material which was further purified

) by high pressure liquid chromatography on an Dynamax
(trade mark) column (24 x 250mm, Sum, ODS-silica, Rainin)
eluting with methanol-water 80:20 at 20ml per minute.
Appropriate fractions were combined and evaporated under
vacuum to yield the title compound as a white powder.
Mass and NMR spectra.Were fully consistent with the
proposed Structure.f
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22, 23-di hydro conpounds using WI ki nson's catal yst undeTHISGHEET IHASBEEN
described in US patent 4199569. The preparation of the conpBERIRCESF t he
i nvention can be acconplished by first-I®nverting the

di saccharides Ila, b and c into their corresponding no

hydrol ysi s.

: Il RO

EXAMPLE 25 :

22.23-d ihvdroavermectin Bl monosaccharide _

4'-0x0-5-0~t-butyldimethylsilyl-25-cyclohexyl-
22,23-dihydroa vermectin Bl-monosaccharide (Example 16)
(174mg) was dissélved in dry ether (15ml) and cooled to
0°C under a nitrogen atmosphere. To this solution was
added a solution of methyl magnesium bromide (115pl, 3M
in diethyl ether) dropwise, and stirring continued for a
further 1 hour. After quenching, by adding an'aqueous
solution of ammonium chloride, (10ml, 10%), the organic-
layer was separated, washed with water (2 x 10ml), dried
over anhydrous sodium sulphate and evaporated under
vacuum to give the crude product. This material was
chromatographed on silica (Kieselgel 60, 230—400‘mesh;
Merck) (20g) eluting with dichloromethane-ethyl acetate
9:1. Combining appropriate fractions, and evaporation -
under vacuum afforded the product which was used without
further purification.

4'-Methyl-5-0O-t-butyldimethylsilyl-25-cyclohexyl-
22,23-dih ydrbavermectin Bl monosaccharide (74mg) _
(Example 25) was dissolved in methanol {20ml) containing
p-toluenesulphonic acid (36mg) and stirred at ambient

temperature for 2 hours. After this time solid potassium
bicarbonate (50mg) was. added and the mixture diluted with

water (20ml) and extracted with diethyl ether (2 x 20ml).
The combined extracts were washed with water {20ml),
saturated équeous sodium chloride solution (10ml), dried

M
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alternative nmethod of preparing the nonosaccharides conpri sesISSSHEETOAS BEEN
fermentation procedure starting froma co§responding agl ycone agedescED bed

i n European Patent Application 463677. 7 ernatively, the cqu f

i nvention nmay be prepared by carrying out the above synt het'llml‘mmlmmﬂr
over anhydrous sodium sulphate and evaporated under
vacuum to yield a crude product. This material was
chromatographed on silica (Kieselgel 60, 230-400 mesh,
Merck) (10g) eluting with dichloromethane-ethyl acetate
4:1. Appropriate fractions were combined and evaporated
under vacuum to give the product which was further
purified by preparative high pressure liquid
chromatography on an Ultrasphere (trade mark) columm (10
x 250mm, 5pm, ODS-silica, Beckmann) eluting with
methanol-water 85:15 at 5ml per minute. Appropriate
fractions were combined and evaporated -under vacuum to
vield the title product as a white powder. Mass and NMR

spectra were fully consistent with the proposed
structure.

4'-Methyl-25-cyclohexyl-22,23-dihydroavermectin Bl
monosaccharide (255mg) was oxidised with act#vated
manganese dioxide (250mg) in-diethyl ether (50ml)
according to the procedure described in Example 2 to give
the title compound (208mg) whose NMR spectrum was fully
) consistent with the proposed structure.

To a solution of .4'-methyl-5-oxo-25-cyclohexyl-
22,23-dihydroavermectin Bl monosaccharide (208mg) in a
mixture of methanol:dioxan 1l:1 (40ml) was added a
solution of hydroxylamine hydrochloride (416mg)
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mani pul ati ons on the disaccharides Ila, b or ¢ and fi nal ryisS,gHEETIHAS BEEN hem
to the desired nonosaccharides. Wen desired, hydroxy groupsRERYAGED

acyl ated to give esters using reagent s8th as acid anhydrgjﬁ
chlori des and am ne bases according to general procedures: ﬂm“ ‘E “M
skilled in the art. Hydroxy groups may be
dissolved in water (10ml). This mixture was stirred at
room temperature and a further amount of hydroxylamine
hydrochloride (208mg) was added after 3 hr and stirring
continued at 50°C for 5 hr before quenching with the
addition of saturated agqueous potassium bicarbonate
solution (20ml) and diethyl ether (50ml). The organic
extract was washed sequentially with water (20ml) and
saturated agqueous sodium chloride solution (20ml), dried
over anhydrous sodium sulphate and evaporated to dryness
under vacuum to give the crude product. This material was
then chromatographed on silica (Kieselgel 60, 230-400
mesh, Merck) (10g) eluting with dichloromethane: ethyl
acetate 4:1. Appropriate fractions were combined and
evaporated to give the desired compound which was further
-purified usihg high pressure liquid chromatography on a
Dynamax (trade mark) column (10 x 250mm, 5um, Ultrasphere
. {(trade mark) ODS-silica, Beckman) eluting with
acetonitrile:methanol:water 63:12:25 at 5ml per minute.
Appropriate fractions were combined ahd evaporated to
dryness to yield the title product as a white solid
(63mg). Mass and NMR spectra were fully consisted with
the proposed structure. ‘

cvclohe xXvlavermectin Bl monosaccharide

Method 1. 5-Oximino-22,23-dihydro-25-
cyclohexylavermectin Bl monosaccharide (5.93g) (Example
5), t-butyldimethylsilyl chloride (2.11g) and imidaZoie
(1;9g) were dissolved in dichloromethane (20ml) and the
mixture stirred at room temperature for lhr. Further
amounts of t-butyldimethylsilyl chloride (2.11lg) and
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converted to oxo groups by oxidation wth nmanganese leXVﬂWSQHEETHASBEEN
t et rapr opyl anmoni um perrut henate. The oxo conpound nmay be tr eEpeacrDt h

Qg?:gé&ﬁm 23 g)r(l ?rg 0- substituted anal-ggue thereof to IO gﬂhﬁ“‘ﬂﬁ“l““l

imidazole (1.9g) were then added and the reaction mixture
stirred at 40°C for another 0.5hr. The mixture was washed
with water (2 x 20ml), saturated aqueous potassium
bicarbonate solution (10ml), dried over anhydrous sodium
sulphate and evaporated to dryness under vacuum to give
the crude product. Purification was achieved by
_chromatography on silica (Kieselgel 60, 230-400 mesh,
Merck) (250g) eluting with dichloromethane: ethyl
acetate 9:1. Appropriate fractions were combined and

. evaporated to give the fitle compound as a white powder
(4.0g) .

Method 2, 22,23-Dihydro-25-cyclohexylavermectin Bl
monosaccharide (Example 4) was oxidized to the 5-oxo '
derivative using manganese dioxide in anhydrous diethyl
ether according to a procedure of Example 2. The 5-oxo-
22,23~-dihydro-25-cyclohexylavermectin Bl monosaccharide
(5.0g) was dissolved in dichloromethane (200ml) and O-(t-
butyldiméthylsilyl)-hydroxylamine (2.5g) and glacial
acetic acid (10ml) were added. The reaction mixture was
stirred at room temperature £or 18 hrs and then washed
with water (50ml), saturated agueous potassium
bicarbonate solution (50ml), dried over anhydrous sodium

) sulphate and evaporated to dryness under vacuum to give
the crude product. Final purification was achieved by
chromatography over silica (Kieselgel 60, 230-400 mesh,
Merck) (250g) eluting with a gradient of hexane:diethyl
ether 2:1 changing to l1:1. Appropriate fractions were
combined and evaporated to give the title compound as a
white powder (3.9g).
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-8- The conpounds of the i nvention are effective in treating a variety of

condi ti ons caused by endopara5|tes i ncl uding, in parti quissHERTHAS BEEN asi s
whi ch is nost REPLACED

S |1

The NMR spectrum of the products from the two methods
was fully consistent with the proposed structure.

To a solution of 5-0O-t-Butyldimethylsilyloximino-

- 22,23-dihydro-25-cyclohexyla vermectin Bl monosaccharide
(620mg) (Example 29) in dichloromethane (40ml) were added
tetrapropylammonium perruthenate (100mg) and N-
methylmorpholine N-oxine (600mg). The reaction mixture
was stirred at room temperature for 1 hour and then

applied to the top of a silica chromatography column
(Kieselgel 60, 230-400 mesh, Merck) (30g). Following
elution with dichloromethane, appropriate fractions were
combined and evaporated to give the 4'-oxo-derivative
which was used directly in the next step by dissolution
in metharol (10ml), adding ammonium acetate (1.0g)
followed by sodium cyancborohydride portionwise until TLC
indicated complete reduction. The solvent was then
removed by evaporation under reduced pressure, the
residue taken up in dichloromethane (10ml) and

) : triethylamine (5001) and acetic anhydride (2001l) were
added. After 1 hr TLC indicated that the reaction was
complete. The mixture was evaporated under reduced
pressure, the residue taken up in methanol (10ml) and
solid p-toluenesulphonic acid added until the solution pH
was 3.0. After 1 hr TLC indicated that deprotection was
complete and the reaction mixture was poured into a
mixture of aqueous sodium bicarbonate solution and ether
1:1 (20ml). The organic layer was separated, dried over

This Sheet Has Been Re

R

laced




frequently caused by a group of parasitic worns descri bedHESSHEETEHASIBEENMING
whi ch can cause severe econom ¢ | osses in swine, sheep, hors®PoACERatt| e

as well as affecting donestic aninmals agd-poultry. The co SO
- effective agai nst other nematodes which affect various sdmﬂimf“mmml S
i ncluding, for exanple:- Dirofilaria
~anhydrous sodium sulphate and evaporated to dryness under
vacuum to give the crude product. Purification was
achieved by high pressure liquid chromatography on an
Dynamax (trade mark) column (24 x 250mm, 5um, ODS-silica,
Rainin) eluting with methanol-water 85:15 at 20ml per
minute. Appropriate fractions were combined and
evaporated under vacuum to give the product which was
further purified by high pressure ligquid chromatography
on an Dynamax (trade mark) column (24 x 250mm, 5um, ODS-
silica, Rainin) eluting with methanol-water 82:18 at 20ml
per minute. Appropriate fractions were combined and
evaporated under vacuum to vield the title compound as a.
white powder (50mg). Mass and NMR spectra were fully
consistent with the proposed structure. '

E PLE
~Oximino-25- h
25-Cyclohexylavermectin B2 (50g) was oxidised to its
5-oxo~derivative with activated manganese dioxide (2 x
50g) in diethyl ether (500ml) according to the method
described in Example 2. Further reaction with
hydroxylamine hydrochloride (53g) in an aqueous methanol
- dioxan - water mixture (1:1:1) (900ml) was carried out-
3 according to the procedure described in Example 28. The
Litle product was isolated from the reaction by pouring
into water (500ml) and extracting with diethyl ether (3 x
500ml). The combined organic extracts were dried over
anhydrous magnesium sulphate and evaporated to dryness
under wvacuum to give the product (53g) which was used
directly in the next example without further
purification.
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I n dogs and various parasites which can infest |ivestock, THI®DOREET RAS 8BENRI S
such as cats and dogs and al so humans i ncl udi ng gastr o- intesuﬂmmhcaarasites

such as Ancyl ostoma, Necator, Ascaris,-3bfongyl oides,
Capill aria, Toxocara, Toxascarl S, Té_*ﬁﬁiﬁl_z'z”t erobl us il ﬁ IlIHlﬂhl ch
are found in the bl ood or

5-Oximino-23-oxo-25-cyclohexvlavermectin B2

-— - -—

monosaccharide
A mixture of 5—Oximino—z5—cyclbhexylavermectin B2
(500mg) and pyridinium dichromate (1.87g) in
dimethylformamide (25ml) was stirred at room temperature
under a nitrogen atmosphere for 18 hrs. The reaction
mixture was then poured into an ice (25g) and (50 ml)
mixture and extracted with diethyl ether (2 x 50ml). The
combined ether extract was washed with 2N hydrochloric
acid {(20ml), water (50ml), dried over anhydrous magnesium
sulphate and evaporated to dryness under vacuum to give a
residue (350mg) which was dissolved in isopropanol (25ml)
containing 1% sulphuric acid v/v. After stirring this
reaction mixture for 18 hrs under a nitrogen -atmosphere
it was poured into an ice-water mixture (50ml) and the
product extracted with dichloromethane (2 x 30ml). The
combined organic extracts were dried over anhydrous
magnesium sulphate and evaporated to dryness under vacuum
to give the crude product (300mg) which was purified by
high pressure liquid chromatography on a Zorbax column
(21.2 x 250mm, 8um, ODS-silica, Rainin) eluting with
methanol - water 78:22 at 9ml per minute. Appropriate
_ fractions were combined and evaporated under vacuum to
) yvield the title compound as a white powder. Mass and NMR

spectra were fully consistent with the proposed
structure.
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other tissues and organs such as filarial worns and the extHigshBtLRASBREN
stages of Strongvloi des, Toxocara and Trichinella. The conpoundgmncggalso

of particular value in treating ectopat¥3site infections |r @ H l
o, S
h..j!d

particul ar arthropod ectopara3|tes£8&gﬂag£2§1 ani mal s and

monosaccharide
To a solution of 5-oximino-23-oxo-25-

cyclohexylavermectin B2 monosaccharide (300mg) (Example
32) in dioxan (150ml) containing sodium acetate (320mg)
and methoxylamine hydrochloride (370mg) was added glacial
acetic acid (10ml). The reaction was stirred at room
temperature for 18hrs then poured into water {(200ml) and
extracted with dichloromethane (2 x 200ml). The combined
extracts were washed with saturated aqueous sodium
bicarbonate solution (2 x 100ml) and water (100ml), dried
over anhydrous magnesium sulphate and evaporated to
dryness under vacuum to give the crude product which was
chromatographed on silica (Kieselgel 60, 230-400 mesh,
Merck) (10g) eluting with a gradient of hexane:diethyl
ether 1:1 changing to 0:1. Appropriate fractions were
combined and evaporated to give the product (98mg) which
was further purified by high pressure liquid
chromatography on a Zorbax .column (21.2 x 250mm, 8um,
ODS-silica, Rainin) eluting with methanol - water 82:18
at 9ml per minute. Appropriate fractions were combined
ahd evaporated under vacuum to yvield the title compound
as a white powder (60mg). Mass and NMR spectra were

\ fully consistent with the proposed structure.
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as ticks, mtes, lice, fleas, blowfly, biting insects and nT@?é%%ﬁ_HASBEEN
di pterous |arvae which can affect cattle and horses. The conpou EE al so

i nsecticides active agai nst househol d pg%ts such as the cockriy (tm“ml(ﬁn‘ﬁ
not h, carpet beetle and the houseflé gi Eﬁlégas bei ng usef ul_ ;5

= -di

To a solution of 5-O-t-butyldimethylsilyloximino-
22,23-dihydro-25-cyclohexyl- avermectin Bl monosaccharide
(Example 29) (530mg), diisopropylethylamine {(770mg) and
4-dimethylaminopyridine (73mg) in dichloromethane (50ml)
was added succinic anhydride (3.6g). The resulting
suspension was sonicated for 10min and stirred at room
temperature for 18hr then washed with water (2 x 10ml),
dried over anhydrous sodium sulphate and evaporated to
dryness under vacuum to give the crude product which was
chromatographed on silica (Kieselgel 60, 230-400 mesh,

. Merck) (20g) . eluting with a gradient'of dichloromethane
.= ethyl acetate 9:1 changing to 4:1. Approptiate '
fractions were combined and evaporated to give a solid
which was slurried with dichloromethane (mel), filtered
. and the filtrate evaporated to dryness under wvacuum to
give the crude product which was further purified by
high pressure liquid chromatography on a Dynamax (trade
mark) column (41.4 x 250mm, 8pm, ODS-silica, Rainin) -
eluting at 9ml per minute with a methanol - water 90:10
mixture changing to 95:5 after 40 mins. Appropriate
-fractions were combined and evaporated under vacuum to

) vield the title compound as a white powder (407mg). Mass
and NMR spectra were fully consistent with the proposed
structure. '
NI



agai nst arthropod pests of stored grain and of agrlcultdﬁﬁﬁ séﬁ@” as
spider mtes, aphids, caterpillars and against mgratory ort gns such
as locusts. W have discovered that coapgudnds within thej Wrmlmm‘
invention are both safe and have quggﬁﬁﬁg_ﬁg hi gh potengigﬁgﬂ vity
agai nst fleas

A solution of 4'-0O-succinoyl-5-0O-t-
butyldimethylsilyloximino~-22, 23-dihydro -25-cyclohexyl-
avermectin Bl monosaccharide (Example 34) (50mg), and p-
toluenesulphonic acid (50mg) in a dioxan - water mixture
10:1 (1lml) was stirred at room temperature for 2hr. This
reaction mixture was then gquenched by the addition of
saturated agqueous potassium bicarbonate solution (5ml)-
and water (10ml) and the product extracted with diethyl
ether (3 x 20ml). The combined organic extracts were
washed with water (3 x10ml), saturated aqueous sodium
chloride solution (5ml), dried over anhydrous sodium
sulphate and evaporated to dryness under vacuum to give
-the crude product which was chromatographed -on silica
(Kieselgel 60, 230-400 mesh, Merck) (0.5g) eluting with
ethyl acetate. Appropriate fractions were combined and
evaporated to give a solid (46mg) which was further
purified” by high pressure liquid chromatography on a
Utrasphere. column (10 x 250mm, 5Sum, ODS-silica, Beckman)
eluting. at 5ml per minute with a methanol - water 80:20
mixture changing to 85:15 after 20 mins and to 90:10
after 40 mins. Appropriate fractions were combined and

\ evaporated under vacuum to yield the potassium salt of
the title compound as a white powder (32mg). This
compound was dissolved in diethyl ether (10ml), washed
with an agueous citric acid solution (20% w/v, 5ml),
dried over anhydrous sodium sulphate and evaporated to
dryness under vacuum to give the title compound as a
white powder (25mg). Mass and NMR spectra were fully
consistent with the proposed structure.
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and ot her inportant arthropod parasites of cats and dogs '““Ssﬂﬁﬁjg S BEEN
conpounds of formula (1) nmay be adm ni stered as

-3- i%a%\%\\ L

A solution of 4L—o-succ1noyl -5-0-t~ _
butyldimethylsilyloximino-22,23-dihydro -25- cyclohexyl—
avermectin Bl monosaccharide (Example 34) (50mg), and p-
toluenesulphonic'acid (50mg) in methanol (10ml) was

- stirred at room temperature for lhr. This reaction
mixture was then quenched by the addition of saturated

aqueous potassium bicarbonate solution (2ml) and water
(10ml) and the product extracted with diethyl ether (3 x

. 10ml). The combined organic extracts were washed with
water (3 x5ml), saturated agqueous sodium chloride
solution (2 x 5ml), dried over anhydrous sodium
sulphate and evaporated to dryness under vacuum to give
the crude product which_Was chrcmatographed on silica
(Kieselgel 60, 230-400 mesh, Merck) (1g) eluting with
dichloromethane - ethyl acetate 9:1. Appropriate
fractions were combined and evaporated to give the title
compound as a white powder. Mass and NMR spectré were
fully consistent with the proposed structure.

To a solution of 4'-O-succinoyl-5-0-t-
butyldimethylsilyloximino-22,23-dihydro -25-cyclohexyl-
avermectin Bl monosaccharide (Example 34) (100mg), 1-
nydrokybenzotriazole-(15mg) and 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide (24mg) in dry
N,N-dimethylformamide (5ml) was added and N-
methylpiperazine (llmg) and the mixture stirred at room
temperature for 1l8hr. After pouring into water (20ml) the
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a formul ation appropriate to the specific use envi saged af#iSSHEER AgBEEN
particul ar species of host.animal being treated and the paras$§P FDi nsect

i nvol ved. The conpounds may be adni ni stéfed by injection, @i m\llL
subcut aneously or intramuscularly, alternatively they rray”a“lg%“ma“m d
orally in the formof a capsule, bolus, '

'~ product was extracted with diethyl ether (3 x10ml). The

combined extracts were washed with water (3 x5ml),
saturated aqueous  sodium chloride solution (2 x 5ml),
dried over anhydrous sodium sulphate and evaporated to
dryness under vacuum to give a material which was
chromatographed on silica (Kieselgel 60, 230-400 mesh,
Merck) (10g) eluting with dichloromethane - methanol
95:5. Appropriaﬁe fractions were combined and evaporated
to give a material (85mg) which was dissolved in methanol
(10ml) containing p-toluenesulphonic acid (85mg) and the
‘whole stirred at.room temperature for lhr. This reaction
mixture was quenched by adding saturated aqueous
potasgium bicarbonate (5ml) and water (20ml) and the
product extracted with diethyl ether (3. x 10ml). The
combined.organic extracts were washed with water (3
x5ml), saturated aqueous sodium chloride solution (2 x
5ml), dried over anhydrous sodium sulphate and
evaporated to.dryness under vacuum to give the crude
product which was chromatographed on silica (Kieselgel
60, 230-400 mesh, Merck) (10g) eluting with
dichloromethanéu- methanol 95:5. aAppropriate fractions
were combined and evaporated to give the title compound
és a white powder (52mg). Mass and NMR spectra were fully
) _ consistent‘with'thé proposed structure.
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tabl et, chewable tablet or liquid drench, or they may b7éHl§cﬁHEﬁT§1A%r%EcFNas a
topical fornulation or as an inplant. For topical applicatiB spray,

powder, dust, pour- on, spot-on, jettingifluid, shanpo ‘[mm\or
harness may be used. Such fornul ations are prepared inogﬂuﬂﬁ “
manner in accordance wth standard P .

' —O= (3= f A in

AMino—25— _ _
monosaccharide

To a solution of 4'-0O-succinoyl-5-0O-t-
butyldimethylsilyloximino-22,23-dihydro -25-cyclochexyl-
avermectin Bl monosaccharide (Example 34) (100mg), 1-
hydroxybenzotriazole (30mg), 1l-(3-dimethylaminopropyl)-3-
ethylcarbodiimide (48mg) and diisopropylethylamine
(39mg) in dry N,N-dimethylformamide (5ml) was added 4-
aminopyridine (21lmg) and the mixture stirred at room
temperature for 18hr. After pouring into ethyl acetate
{20ml) the resulting solution was washed with water (3 x
10ml), saturated agueous sodium chloride solution (2 x
5ml), dried over anhydrous sodium sulphate and
evaporated to dryness under vacuum to give a material
{90mg) which was dissolved in methanol (10ml) containing
p-toluenesulphonic acid (20mg) and the whole stirred at
room temperature for lhr. This reaction mixture was
quenched by  adding saturated agueous potassium
bicarbonate (5ml) and water (20ml) and the product
extracted with diethyl ether (3 x 10ml). The combined
organic extracts were washed with water (3 x 5ml),
saturated aqueous sodium chloride solution (2 x 5ml),

b} dried over anhydrous sodium sulphate and evaporated to
dryness under vacuum to give the crude product which was
chromatographed on silica (Kieselgel 60, 230-400 mesh,
Merck) (5g) eluting with ethyl acetate. Appropriate
fractions were combined and evaporated to dryness under
vacuum to give the- title compound as a white powder
(29mg) . Mass and NMR' spectra were fully consisterit with
the proposed structure.
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veterinary practice. Thus capsul es, boluses or tablets RS BREET ePSBEENDY
m xing the active ingredient with a suitable finely d|V|ded HEPuRQED or

carrier, additionally containing a di siagegrating agent uch
as starch | act ose, talc, or magnesium stear gte A drench%%’\ “ﬂ “
be prepared by dispersing the activ P

To a solution of N,N'-bis-(9-
flﬁorenylmethoxycarbonyl)lysine (1.32g) in
dichloromethane (250ml) was added
dicyclohexylcarbodiimide (230mg) and the mixture stirred
at room temperature for 1 hr. The resulting suspension
was then sonicated for 0.5hr then filtered through a
layer of Hyflo (trade mark) and the filtrate concentrated
under reduced pressure to a volume of approximately 100
ml to give a solution of the desired N,N'-bis-(9-
fluorenylmethoxycarbonyl) lysine anhydride. To this
solution was added 5-O-t-butyldimethylsilyloximino-22,23-
dihydro-25-cyclohexyl- avermectin Bl monosaccharide
(Example 292) (670mg), diisopropylethylamine (294mg) and
4-dimethylaminopyridine (185mg). The reaction mixture was
stirred at room temperature for 90hrs then concentrated
to dryness under reduced pressure to give a residue'which
was chromatographed on silica (Kieselgel 60, 230-400
mesh, Merck) (200g) eluting with dichloromethane
changing to dichloromethane - ethyl acetate 9:1 after 11

b} had been collected. Appropriate fractions were combined
and evaporated to dryness under vacuum to give the title
compound as a white powder (850mg). The NMR spectrum was
fully con51stent with the proposed structure.
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ingredient in an aqueous solution together w th dispersing or wetting
agents and injectable fornulations may be prepared in the1{m§§géérﬁh§gggmle
sol ution or emulsion. Pour-on or spot-oformlations my be weppacen

di ssolving the active ingredient in an acceptable liquid canm
such as butyl digol, EXAMPLE 40 s“ “ﬁ“‘n inﬂ

-5- imino-25-
= -di in '
4'-0-(N,N'-bis-(9- -
fluorenylmethoxycarbonyl) lysinyl)-5-0O-t-bu
tyldimethylsilyloximino-25-cyclohexyl-22,23-
dihydroavermecti n Bl monosaccharide (850mg)'(Example 39)
was dissolved in methanol (20ml) containing p- |
toluenesulphonic acid (20mg) and the whole stirred at
room temperature for 2hrs. This reaction mixture was
quenched by adding saturated aqueous potassium
bicarbonate (5ml) and water (20ml) and the product
extracted with diethyl ether (3 x 10ml). The combined
organic extracts were washed with water (3 x5ml),
saturated aqueous sodium chloride solution (2 x 5ml),
dried over anhydrous sodium sulphate and evaporated to
dryness under vacuum to give the crude product which was
chromatographed on silica (Kieselgel 60, 230-400 mesh,
Merck) (25g) eluting with dichloromethane - ethyl
acetate 9:1 changing to 4:1 after 200ml of eluate had
been collected. Appropriate fractions were combined and
évaporated to dryness under vacuum to give the title
compound as a white powder (274mg). The NMR spectrum was
\ fully consistent with the proposed structure.
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liquid paraffin or non-volatile ester with or without addit TieiS SHEER HAS BEEN
vol ati|l e conponent such as isopropanol. tAl ternatively, pour-on, REPACE or
spray fornul ations can be prepared by -ggcapsul ation to | eavgsgan i@l

active agent on the surface of the_aninmal. These fornul atloﬂm\m\mﬂmm‘
with regard to the weight of activEXeSRLEt '

4'-0-(N,N'-bis~ (9-
fluorenylmethoxycarbonyl) lysinyl)-5-oximin o0-25-
cyclohexyl—zz,23fdihydroavermectin Bl monosaccharide
(274mg) (Example 40) was dissolved in acetonitrile (30ml)
containing piperidine (150mg) and the mixture stirred at
room temperature for 8 hrs. This was concentrated to
dryness under vacuum to give the crude product which was
chromatographed on silica (Kieselgel 60, 230-400 mesh,
Merck) (25g) eluting with dichloromethéne - methanol -
0.880 ammonia solution 80:20:1. Appropriate fractions
were combined and evaporated to dryness under wvacuum to
give the title compound which was freeze dried from t-
butanol to yield a white powder (157m§). Mass and NMR

spectra were fully consistent with the proposed
structure. '

EXAMPLE 42
3ihvd tin BI harid
To a stirred solution of 5-oximino-25-cyclohexyl-
_ 22,23-dihydroaverme¢tin Bl monosaccharide (Example 5)
) . {(50mg) in dichloromethane (2ml) at room temperature was
' added triethylamine (721) followed by trimethylacetyl
chloride (801). After leaving to stand for 18 hrs an
aqueous citric acid solution (10% w/v, 2ml) was added and
the organic layer separated, washed with saturated
aqueous sodium chloride solution (2ml), dried over
anhydrous sodium ‘sulphate and evaporated to dryness
under vacuum to give the crude product which was
chromatographed on silica (Kieselgel 60, 230-400 mesh,
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dependi ng on the species of host aninmal to be treated, therageHEET HASREEN
type of infection and the body wei ght of the host. The conpounfEPUABEDbe

adm ni stered continuously, particul arly4a6er prophyl axis, q .
Generally for oral, parenteral and pour-on adm nistration éa ““ﬂ
about 0.001 to 10ng per kg

Merck) (5g) eluting with diethyl ether.

Appropriatefractions were combined and evaporated to

dryness under vacuum to give a material (53mg) which was

further purified by high pressure liquid chromatography

on a Dynamax (trade mark) column (21.2 x 250mm, 5pm, ODS-

silica, Rainin) eluting at 20ml per minute with a

methanol - water 95:5 mixture. Appropriate fractions

were combined and evaporated under vacuum to yield the

title compound as a white powder (18mg). Mass and NMR

spectra were fully consistent with the proposed
structure.

-{B 3 i -25~ - 23 -
3invd in- Bl harid
5-oximino-25-cyclohexyl-22, 23-dihydroavermectin Bl
monosaccharide (Example 5) (70mg) in dichloromethane
(30ml) was reacted with triethylamine (501) and benzoyl
chloride (1001) and the desired product extracted in a
manner identical to that described in Example 42.
Purification was achieved by high pressure liquid
chromatography on a Dynamax (trade mark) column (41.4 x
2somm, 8um, ODS-silica, Rainin) eluting at 45ml per
\ minute with a methanol - water 90:10 mixture.
Appropriate fractions were combined and evaporated under
vacuum to yield the title compound as a white powder
(28mg). Mass and NMR spectra were fully consistent with
- the proposed structure. |
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-10 - of aninmal body weight given as a single dose or de;&-IEEé'd"PeﬁD)%Fe%Nfor

AT :-;‘;\ﬁiiﬁﬁ\\\\i\\n\

1ihvd tin Bl 1 id
To a stirred solution of 5-oximino-25-cyclohexyl-

22,23-dihydroavermectin Bl monosaccharide (Example 5)

' (106mg) in dichloromethane (10ml) was added methyl

- isocyanate (151) and the mixture stirred fdr ihr. A
further amount of methyl isocyanate (301) was then added
and the reaction stirred for another 72 hrs before adding
saturated aqueous sodium chloride solution (10ml) and
ether (30ml). The organic extract was dried over
anhydrous sodium sulphate and evaporated to dryness
under vacuum to give the crude product (150mg) which was
purified by high pressure liquid chromatography on a
Dynamax (trade mark) column (41.4 x 250mm, 8um, ODS-
silica, Rainin) eluting at 45ml per minute with a
methanol - water 91:9 mixture. Appropriate fractions
were combined and evaporated under vacuum to yield the
Eitle compound as a white powder (80mg). Mass and NMR

" spectra were fully consistent with the proposed
structure.

) To a stirred solution of S5~oximino-25-cyclohexyl-

' 22,23-dihydroavermectin Bl monosaccharide (Example 5)
(50mg) in dichloromethane (2ml) at room temperature was
added triethylamine (721) and 4-dimethylaminopyridine
(lmg) followed by N,N-dimethylcarbamoyl chloride (581).
After 3hrs further N,N-dimethylcarbamoyl chloride (581)
was added and the reaction left to stand for 18 hrs. An
agueous citric acid solution (10% w/v, 2ml) and diethyl
ether (20ml) were then added and the organic layer

This Sheet Has Been RTlaced




satisfactory but of course there can be instances wher eTHISEWEETHAS BER
dosage ranges are indicated and such are within the scope oREPKAGED

i nvention. As an alternative the conpouys may be adninily f ' e

ani mal feedstuff and for this purpose a concentrated fee@g% m“

prem x may be prepared for =
separated, washed with saturated agueous sodium chloride
solution (5ml), dried over anhydrous sodium sulphate and
evaporated to dryvness under vacuum to give the crude
product which was purified by high pressure liquid
chromatography on a Dynamax (trade mark) column {(21.2 X
250mm, 5Sum, ODS-silica, Rainin) eluting at 10ml per
minute with a methanol - water 90:10 mixture.
Appropriate fractions were combined and evaporated under
vacuum to yield the title compnound as a white powder
{(18mg). Mass and NMR spectra were fully consistent with
the proposed structure.

To a stirred solution of N-methylpiperazine (0.65ml)
and triethylamine (1.3ml) in toluene (25ml) at 0°C was
added dropwise a solution of phosgene in toluene (20% ,
5.1ml) over a period of 15 min. The reaction was allowed
to warm to room temperature, stirred for 3hr, filtered
and concentrated to approximately 10ml under reduced
pressure to give a solution of l-chlorocarbonyl-4-
methylpiperazine which was reacted with 5-oximino-25-
'cyclohexyl-zz,23—dihydroavermectin Bl monosaccharide
(Example 5) (300mg), triethylamine (1101) and 4-
dimethylaminopyridine (5mg) in dichlprcmethane (10ml) at
room temperature according to the method described in
Example 45. Purification of the desired material was
achieved by chromatography on silica (Kieselgel 60, 230-
400 mesh, Merck) (35g) eluting with dichloromethane.
Appropriate fractions were combined and evaporated to
dryness under vacuum to give a material (53mg) which was
further purified by high pressure liquid chromatography
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mxing with the normal animal feed. For use as an i nsecTHISI SHEEAAS BEEN
treating agricultural pests the conpounds are applied as spRERIACERst s,

pour-on formul ations, enulsions and thegddike in accordanggmw rd
agricultural practice. For human use the conpounds are ad lmi Hﬂ a
on a Dynamax (trade mark) column (21.2 x 250mm, Sum, ODS-
silica, Rainin) eluting at 20ml per minute with a
methanol - water 95:5 mixture. Appropriate fractions

were combined and evaporated under vacuum to yield the
title compound as a white powder. Mass and NMR spectra
were fully consistent with the proposed structure.

EXAMPLE 47

To a stirred solution of 5-oximino-25-cyclohexyl-
22,23-dihydroavermectin Bl monosaccharide (Example 5}
(60mg) and triethylamine (501l) in dichloromethane (5ml)
at room temperature was added t-butyloxycarbonyl
anhydride (60mg). After allowing to stand for 48hrs the
reaction was evaporated to dryness under vacuum to give a
residue which was dissclved in dichloromethane and
chromatographed on silica (Kieselgel 60, 230-400 mesh,
Mexrck) (5g) eluting with dichloromethane. Appropriate
fractions were combined and evaporated to dryness under
vacuum to give the title compound as a white powder
(45mg) . Mass and NMR spectra were fully consistent with
the proposed structure.
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pharnaceutically acceptabl e fornmulation in accordance w th

practice. The preparation of conpounds according to t NEMP Ry
illustrated by the foll ow ng Exanpl es..goxanples 13 to 24 ar

ﬁk] %iigsdgﬁy cal

corpounes "l S R T2 S < g

~ S=(N-(4-Formvlphenvl) -carbamovloximino) -25-

ohexvl-— 3 -dihvdroaverme in Bl monosa haride

4—Formylphenylisocyanate was prepared according to
‘the method described in J. Med. Chem., 32(10), 2354,
(1989) and was reacted with 5-oximino-25-cyclohexyl-

22,23-dihydroavermectin Bl monosaccharide (Example 5)

(500mg), in dry dichloromethane (50ml) at room

temperature for lhr according to the method described in

Example 43. Purification of the desired material

was

achieved using chromatography over silica (Kieselgel 60,
230-400 mesh, Merck) (125g) eluting with a gradient of
hexane -~ ether 1:1 changing to 20:80. Appropriate

fractions were combined and evaporated to dryness under

vacuum to give the title compound as a white powder
(300mg). Mass and NMR spectra were fully consistent with

the proposed structure.

4-Diethylaminomethylbenzoyl chloride was prepared
according to the method described in United States Patent
) publication US-4623486 and was reacted with 5-oximino-25-
cyclohexyl-22, 23~-dihydroavermectin Bl monosaccharide
(Example 5) (100mg), in dry dichloromethane (50ml)
containing triethylamine (4501) and 4-
dimethylaminopyridine (126mg) at room temperature for'lhr

according to the method described in Example 45.

Purification of the desired material was achieved using
chromatography over silica (Kieselgel 60, 230-400 mesh,

Merck) (5g) eluting with a gradient of methanol
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EXAMPLE 1 22, 23-Di hvdr oaver nectin Bla nonosacchari de THIS SHEET HAS BEEN

22,23-Di hydroavernectin Bla (50g) was dissolved in a m xtur eREILACEBpr opano

-(100m ) and sul phuric acid (1nl) and stkored at roomtenper ggﬁ!ﬁmlmﬂ"

ni trogen. 3t IoeRlS Snblhatd AO40Y HIBJISRS L IToY e Ve
Appropriatefractions were combined and evaporated to.

dryness under vacuum to give the title compound as a
white powder (llmg), Mass and NMR spectra were fully

; : : . THIS SHEET HAS BEEN
consistent with the proposed structure. REPLACED

EABMELE S0 L I

4~ (4-Methylpiperazin-1-ylmethyl)benzoyl chloride was
prepared according to the method described in United
States Patent publication US-4623486 and was reacted with
S-OXimino-25-cyclohexyl-22,23—dihydroavermectin Bl

monosaccharide (Example 5) in a manner identical to that

described in Example 48. The title compound was obtained
as a white powder (18mg). Mass and NMR spectra were
fully consistent with the proposed structure.

To a stirred solution of nicotinamide (4.88g) in dry
'1,2-dichlorocethane (500ml) was added dropwise oxalyl
3 chloride (5.24ml). The mixture was heated under reflux
for 4.5h then cooled, filtered and the resulting solution
containing nicotinoyl isocyanate (50ml) was reacted with
5-oximino-25-cyclohexyl-22, 23-dihydroavermectin Bl
monosaccharide (Example 5) (500mg), in dichloromethane
(10ml) at room temperature. After allowing to stand for
18hr further nicotinoyl isocyanate solution (25ml) was
. added and the mixture left at room temperature for a
further 18hr before evaporating to dryness under wvacuum

ThlS Sheet Has Been Replac
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and extracted with dichloronmethane (2 x 200m ). The coanWt?(? C@gt% wer e
washed wi th aqueous saturated sodi um bi carbonate sol ution (1 dried

over anhydrous magnesi um sul phat e and -gancentr at ed undemMImmt
white crystals (14g) which were renoved by filtration. ctra
were fully consistent with the proposed

to give a residue which was purlfled by high pressure
liguid chromatography on a Dynamax (trade mark)
column({41.4 x 250mm, 8um, ODS-silica, Rainin) eluting at
45ml per minute with a methanol - acetonitrile - water
20:65:15 mixture. Appropriate fractions were combined
and evaporated under vacuum to yield the title_ compound
as a white powder. Mass and NMR spectra were fully
consistent with.the proposed structure.

To a solution of nicotinic acid hydrazide
dihydrochloride (2g) in water (10ml) was added a solution
of sodium nitrite (1.6g) in water (10ml), keeping the
temperature below 20°C. Diethyl ether (50ml) was then
added ‘and the mixture basified by the careful addition of
solid sodium bicarbonate. The organic layer was
separated; washed with water (20ml), dried over anhydrous
magnesium sulphate and evaporated to dryness under vacuum
to give nicotinyl azide (1.l1g) m.pt. 54°C. This azide
(1.1g) was stirred in dry toluene (i0ml) and heated at
100°C under a nitrogen atmosphere for 8hr to give a
solution containing 3-pyridyl isocyanate. A portion of
this solution (1ml) was reacted with S5-oximino-25-
cyclohexyl-22, 23-dihydroavermectin Bl monosaccharide
(Example 5) (100mg), in toluene (10ml) at room
temperature for 1lhr before pouring into a diethyl ether -
water mixture (l1:1, 30ml). The organic layer was
-separated, dried over anhydrous magesium sulphate and
evaporated to dryness under vacuum to give a residue
(130mg) which was purified by high pressure ligquid
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structure. The Blb anal ogue was obtai ned by an identicgﬁ'ﬁmgﬁwng

lEl:.. uli

chromatography on a Dynamax (trade mark) column (41.4 x
250mm, 8um, ODS-silica, Rainin) eluting at 45ml per
minute with a methanol - water 85:15 mixture, changing
to87:13 after 15 mins. Appropriate fractions were
.combined and evaporated under vacuum to yield the title
compound as a white powder (52mg). Mass and NMR spectra
were fully consistent with the proposed structure.

EXAMPLE 53

1ihvd tin BI harid
5-oximino~25-cyclohexyl-22, 23-dihydroavermectin Bl

monosaccharide (Example 5) (500mg) was reacted with allyl
isocyanate (108mg) in dichloromethane (50ml) according to
the method described in Example 43 to give the title
compound as a white powder (352mg). Mass and NMR spectra
were fully consistent with the proposed structure.
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- 11 - EXAMPLE 2 5- Oxo-22, 23- di hvdr oave LN Bl a nonosacchari de
22, 23-di hydr oaver nectin Bla mnosacchar%%) was di BH#9BHEET HAS BEENNY |
ether (200ni) and &cti vat edmpaugdnesefdirmuilde ({14g) added. RERAARERt ure was

stirred at room s U A O

wherein the broken line at the 22-23 position represénts
an optional bond and either this bond is present and R! is
absent- or this bond is absent and R' is H, OH, oxo or
oximino optionally substituted by a C,-C, alkyl group, R?
is a C,-C, alkyl, C,-C, alkenyl or C,-C, cycloalkyl group,
or a 3- to 6~ membered heterocyclic ring'containing a
sulphur or oxygen atom, said ring being saturated or

N fully or partially unsaturated and optionally substituted
by one or more C,-C, alkyl groups or halogen atoms,
R® is H or OH, and
R* is H or a group capable of being hydrolysed in vivo to
yield a compound in which R* is H,
R® is OH, optionally substituted with a group capable of
being hydrolysed in vivo to yield a compound in which R®
is OH, and R® is H or C,-C, alkyl or R® is H and R® is
amino, optionally substituted with at least one group
selected from C,-C; alkyl and acyl groups.

" This Sheet Has Been RTIIaced
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tenperature for 4 hourﬁmnmummmuﬂmﬁ a}_&orat ed to dryne.g-é'SSH ETHASBEE%to
yield the title produc MR “spect rum was fuII consi s
with the proposed structur®e. ‘“Th& Bib *anal ogue was obt ain @L@‘”ﬂﬁiﬂ! al
method startigg fram.gensdnd Q¥AL2AYAETES! A aBhP 1”0%5%
groups capable of beihg hydrolysed in _vivo are
independently substituted or umnsubstituted C,-C, alkanoyl,
aroyl, carbamoyl, C,-C, alkoxycarbonyl, dicarboxylic acid
or amino acid group. '
3. A compound according to Claim 2, in which said group
capable of being hydrolysed in vivo is an acetyl, t-
butylcarbonyl, t-butyloxycarbonyl, benzoyl,
methylpiperazinecarbonyl, N-methylcarbamoyl, N,N-
dimethylcarbamoyl, formylphenylcarbamoyl, N-{4-
diethylaminomethylphenyl)-carbamoyl, N-(4-methyl-1-
piperazin-methylphenyl)-carbamoyl, N-(3-pyridylcarbonyl)-
carbamoyl, N-{3-pyridyl)-carbamoyl, allylcarbamoyl,
succinoyl, methoxysuccindyl, 4—methylpiperazinésuccinoyl)
pyrid-4-ylaminosuccinoyl, lysinyl or a N, N*-bis(9-
fluorenylmethoxycarbonyl)lysinyl grbup.

4. A compound according to Claim 1, 2 or 3 in
which R* is an alkyl or cycloalkyl group.

5. A compound according to Claim 4, in which R? is
cyclohexyl, isopropyl or sec-butyl.

6. - A compound according to any preceding claim, in
which R® is H and the optional bond at the 22-23 position
is present or this optional bond is absent and R* is H or
OH.

) 7. A compound according to claim 1 which R?® and R!

are H. |
8. Any one of the following compounds: .

5-oximino-22,23-dihydroavermectin Bla monosaccharide,
5-oximino-22, 23-dihydro-25~-cyclohexylavermectin Bl
monosaccharide, ..
5-oximino-25-cyclohexylavermectin B2 monosaccharide,
5-oximino-25-cyclohexylavermectin Bl monosacccharide,

44-ep1-5 -oximino-25-cyclohexyl-22,23- dlhydroavermectln B1
monosaccharide,

4a~-hydroxy-5-oximino-25-cyclohexyl-22,23-
dihydroavermectin Bl monosaccharide,
5-oximino-25- (4-tetrahydropyranyl)-22, 23~

i This Sheet Has Been RT
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5- Oxi m no- 22, 23-di gmmﬁmmmfﬂuwlnﬁa non saccharl de

5- Ox0- 22, 23-di hydr nosact harl de (1g) wagHtH SHEETUAS BEENIr y

pyridine (25m) and hydroxyl &nihe *hydrochl oride (1g) added. REBLAGERred

e o YL iESr VSRR 1081 el éefﬁ%a%ﬁpor;ze?ﬂznf*mmmﬂ ]
4'~-0O-Acetyl-S5-oximino-25~cyclohexyl-22,23~
dihydroavermectin Bl monosaccharide,
4'-methyl-5-oximino-25-cyclohexyl-22, 23-dihydroavermectin
Bl monosaccharide,
4'-acetylamino-4'-deoxy-5-oximino-22, 23-dihydro-25-
cyclohexylavermectin Bl monosaccharide,
5-oximino-23-oxo-25-cyclohexylavermectin B2
monosaccharide, '
5-oximino-23-methoximino-25~cyclohexylavermectin B2
monosaccharide,
4'~-0O-succinoyl-5-oximino-25-cyclohexyl-22,23-
dihydroavermectin Bl monosaccharide,
4'-0- (3-methoxycarbonylpropanoyl) -5-oximino-25-cyclohexyl-

. 22,23-dihydroavermectin Bl monosaccharide,

4'-0- (3~ {4-methylpiperazin-1-yl)carbonylpropanoyl)-5-
oximino-25~cyclohexyl-22, 23-dihydroavermectin Bl
monosaccharide,
4'-0-(3-(pyrid-4-ylamino) carbonylpropanoyl)-5-oximino-25-
cyclohéxyl-22, 23-dihydroavermectin Bl monosaccharide,
4'-0-(N,N'-bis- (9-fluorenylmethoxycarbonyl) lysinyl) -5-
oximino-25-cyclohexyl-22,23-dihydroavermectin Bl
monosaccharide,
4'-0-lysinyl-5-oximino-25-cyclohexyl-22,23-

y dihydroavermectin Bl monosaccharide,
5-(trimethylacetyloximino)-25-cyclohexyl-22,23-
dihydroavermectin Bl monosaccharide,
5-(benzcyloximino)-25—cyclohexy1-22,23-dihydroaVermectin
Bl monosaccharide,
5~ (N-methylcarbamoyloximino) -25-cyclohexyl-22,23-
dihydroavermectin Bl monosaccharide,
5—(N.N;dimethylcarbamoyloximino)-25—cyciohexy1-22,23—
dihydroavermectin Bl monosaccharide, '
5-{4-methylpiperazinyl-1l-carbonyloximino)-25-cyclohexyl-
22,23-dihydroavermectin Bl monosaccharide,

5- (L-butyloxycarbonyloximino) -25-cyclohexyl-22,23-
dihydroavermectin Bl monosaccharide,
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50nm ). The conbined extracts were dried over an umuml“mummm slc-c{erspﬁgltﬂé

and evaporated under vacuumto give a crud& gum (1.1g)" mat er,
purified usi ngshlWh(4s+Esemyphenul f-echrbanbpoziminon- asDwy&mifﬁ‘~

ot hanol et 28 83 4R e fesher Ui HP SonsERssRR e, ©
5~ (N-(4- (dlethylamlnomethyl)phenyl) carbamoyloximino)-25-
cyclohexyl-22, 23-dihydroavermectin Bl monosaécharide,
5~ (N- (4~ (4-methyl-l1-piperazinyl-methyl)phenyl) -
carbamoyloximino) -25-cyclohexyl-22,23-dihydroavermectin
Bl monosaccharide,

5- (N~ (3-pyridylcarbonyl)-carbamoyloximino) -25-cyclohexyl-
22, 23-dihydroavermectin Bl monosaccharide,

5- (N~ (3-pyridyl)-carbamoyloximino)-25-cyclohexyl-22,23-
dihydroavermectin Bl monosaccharide,

5~ (N~-allylcarbamoyloximino)-25-cyclohexyl-22,23~
dihydroavermectin Bl monosaccharide.

Q. A pharmaceutical or veterinary composition,
comprising a compound according to any preceding claim
and a pharmaceutically acceptable carrier or excipient.

10. A compound according to any one of claims 1 to
8 for use in animal or humah medicine.

11. A compound according to any one of claims 1 to
8, for use as an antiparasitic agent.

12. Use of a compound according to any one of
claims 1 to 8 for making a medicament for treatment or
prophylaxis of flea infestationms.

13. A method of treatment or prophylaxis of
parasitic infections, which comprises administering to an
animal or human an effective amount of a compound
according to any one of claims 1 to 8.

14. A compound of formula (III).

This Sheet Has Been Replaced
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fractions were conbi ned and evaporated to_dryness to yi (’;:-/uﬂ“ ﬂu“ (ﬂl‘ M!IL
product as a white solid, nelting point 180-190[err]C. . L a
were fully consistent with the proposed structure.

5- Oxi m no- 22, dr G S pee sap._.lLdenti . t hod
starting from oxoxbf%%ﬁ (tﬂ’lroal\l?eérjrr\g% R pﬁf%q,&))h drb°&d hg%lln@a
in claim 1, or R’ is a—oleandrosyloxy and R®* is H.

15. A process for preparing a compound of formula
"(I):

THIS SHEET HAS BEEN
REPLACED

T

wherein the broken line at the 22-23 position represents
an optional bond and either this bond is present and R* is
absent or this bond is absent and R* is H, OH, oxoO or
oximino optionally substituted by a C,-C, alkyl group, R?
- is a C,-C, alkyl, C,-C, alkenyl or C,-C, cycloalkyl group.
) or a 3- to 6- membered heterocyclic ring containing a

sulphur or oxygen atom, said ring being saturated or
fully or partially unsaturated and which may optionally
be substituted by one or more C,~-C, alkyl groups or
halogen atoms,

R® is H or OH, .

R* is H or a group capable of being hydrolysed ;:L_um to
yield a compound in which R® is H,

R® is OH, optionally substituted with a group capable of
being hydrolysed in_vivo to yvield a compound in which R®
is OH, and R® is H or C,~-C,alkyl or R® is H and R® is
amino, optionally substituted with at least one group
selected from C,-C; alkyl and acyl groups.
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Vb monosaceharide e BAPEA AR T D
% ¢ L Mo s

which comprises the steps (1) of oxidising a compound of

formula (II):
- THIS SHEET HAS BEEN
REPLACED

00 AR

wherein the broken line, R, R?*, R® and R® are as defined
above and R® is as defined above or R® is 2-g;-
oleandrosyloxy and R® is H to yield a compound of formula
(III):

This Sheet Has Been Rerlaced




22, 23- Di hvdr o- 25-cvcl o 1 nonosacchari de TH'SSHEETHAS BEEN
25- Cycl ohexyl aver nect i ”mmnmw I ssol ved in tol uene (1 II:(l t re and
W ki nson's catal yst (tfis{tr'iphenyl pFlosph-|7r+e)rhod| un( I) chI R“ g)
i e 5 b O (AU
with a compound of formula R*-O- NH, where R* is as defined
above
and where R® is a—oleandrosyloxy, hydrolysing the compound
obtaJ.ned to yvield a compound of formula (I),
and (iii) if necessary replacing group R* when the latter
is H with said group capable of being hydrolysed in vivo
to yield a compound in which R* is H,
if necessary, the process further comprising one or more
of the following steps before or after steps (i), (ii)
and (iii),- _
(iv) substituting group R® when the latter is OH with said
group capable of being hydrolysed in vivo to yield a
compound in which R® is OH,
(v) oxidising group R* when the latter is OH to oxo,
(vi) reacting the compound obtained from step (v) with
hydroxylamine optiénally substituted by a C,-C, alkyl
group to yvield a compound in which R* is optionally
substituted oxo,
(vii) hydrogenating the compound to reduce a double bond
at the 22-23 position to a single bond, _
(viii) oxidising a compound in which R® is H to a compound
in which R® is OH,
(ix) oxidising a compound in which R® is OH and R® is H to
) a compound in which R®* is oxo and R® is absent, and
either: _
(x) reducing the compound obtained from (IX) to produce a
compound in which R® is an epi-OH group, or
(xi) reacting the compound obtained from (IX) with a
Grignard reagent to.yield a compound in which R® is OH and
R® is alkyl, or '
(xii) subjecting the compound obtained from (IX) to
reductive amination to yield a compound in which R® is an
amino or alkylamine group, and if necessary acylating the
compound obtained, any free OH groups being protected if
necessary during any of the above steps.
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hydr"ogen pressure. After 3 hours the reaction vessel was depressurised and
allowed to stand for 12 hours betore addi:tion of a further portion of

catal yst (5g) and hydrogenated as' bef opgdn@iacae further 2 fter WhICh
no starting material remained. The solution was filtered, &%&:ﬂ@

dryness under vacuum and the residue

Antiparasitic compounds of formula (I): ﬂmu I"I" ml m Illl

R OCH;
4'

BC ©

wherein the broken line at the 22-23 position represents
an optional bond and either this bond is present and R! is
absent- or this bond is absent and R* is H, OH, oxo or |
oximino optionally substituted by C,-C, alkyl group, R? is
C,-Cs alkyl, C,-C, alkenyl or C,-C, cycloalkyl‘ group, Or a
3- to 6- membered heterocyclic ring containing a sulphur
or oxygen atom, said ring being saturated or fully or
partially unsaturated and optionally substituted by one
or more C,-C, alkyl groups or halogen atoms,

R®> is H or OH, and '

R* is H or a group capable of being hydrolysed in vivo to
yield a compound in which R* is H,

R® is OH, optionally substituted with a group capable of
being hydrolysed _Ln_y_m to vield a compound in which R®
is OH, and R® is H or C,-C, alkyl or R® is H and R® is
amino, optionally substituted with at least one group
selected from C,~C, alkyl and acyl groups.
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chronatographed on silica elutlng wi th di chl or onpt ,;ucla%ﬂ ,m;QQ'\ s
di chl or onet hane: hAs crude product Mﬁyvm:{ bhf@ﬁgfb§5§|ﬁﬁfég£%
again on silica ( gg W|th di chl oromathartgﬁrg 6£ I %ag‘éj

after evaporation of the so under vacuum i np d| Aol q3%§ aged ...
cycl ohexyl averrrec“m“ﬁ“ﬂﬁ“ ﬁ wn foagm (10g). Thi Absfrad pagc{ ..... paged .=

This invention relates to new antiparasitic agents,
related to the milbemycins and avermectins and to
processes for their preparation and compositions thereof.

The avermectins are a group of broad spectrum
antiparasitic agents referred to previously as the C-076
compounds. They are produced by fermenting a strain of
the micro-organism Streptomvces avermitilis under aerobic
conditions in an agueous nutrient medium containing
inorganic salts and assimilable sources of carbén and
nitrogen. The isolation and the chemical structure of
the eight individual components which make up the C-076
complex is described in detail in British Paterit
Specification 1573955.

The C-076 complex comprises eight distinct but
closely related compounds described as C-076 Ala, Alb,
A2a, A2b, Bla, Blb, B2a and B2b. The "a" series of
compounds refers to the natural évermectins wherein the
25-substituent is (S)-sec-butyl and the *b" series to
those wherein the 25-substituent is isopropyl. The
designations "A* and *B* refer to avermectins wherein the
5-substituent is methoxy or hydroxy, respectively, and
the numeral "l1" refers to avermectins wherein a double
bond is present at the 22-23 poéition, and numeral "2" to
avermectins lacking the 22-23 double bond and having a
hydrogen at the 22-position and hydroxy at the'23
position.

In our Europegn Patent Appllcatlons 0214731,
028417s6, g%&7148 -5368145 i03i08§3 p335§41 and 0350187
there are described preparations of compounds related to
the avermectins but having a group at the 25-position
other than the isopropyl or (S)-sec-butyl groups found in
the origihal avermectin compounds disclosed in British
Patent Specification 1573955. Such compounds may be
prepared by fermentation of partiéular strains of

" This Sheet Has Been Reilace
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material was di ssolved in a mixture of isopropanol (ZOOMWSSMEEM HEE'NC
acid (2nm) and the brown solution was stirred at roon1tenpe REPLACERor 15

hours then poured into a m xture of ice and water (500 d

wi th dichloronethane (3 x 200nt). The. ogganic |ayer ma iﬁﬂ n

sat urated agueous pot assi um hydr.o en carbonate sol uti ter
the presence © ganlc acids

or derivatives thereof. Production of such avermectins
is described in Journal of Antibiotics (1991), 44, No. 3,
pp 357-365.

The milbemycins form another group of related
macrolides which are distinguished from the avermectins
in lacking a sugar residue attached at the C-13 position.
Examples ©0f such compounds are described in UK patent
1390336, énd European patent publications 170006, 254583,
334484 and 410615. In addition to these fermentation
products a large number of publications describe
compounds derived semisynthetically from these
fermentation products many of which possess useful
antiparasitic activities. Some of this chemistry is
reviewed in Macrolide Antibjiotics, Omura S., Ed.,
Academic press, New York (1984) and by Davies, H.G.,
Green, R.H. in Natural product Reports (1986), 3, 87-121
and in Chem. Soc. Rev., 1991, 20, 271-339.

It has been found that certain cbmpounds
synthetically derivable from known aveimectins and
avermectin derivatives possess unexpected beneficial
biological properties.

According to one aspect of the invention there are
provided compounds of formula (I):

R‘ CH3
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(2 x 50m ) dried over anhydrous magnesi um sul phat e and evapor ated under
vacuumto give a crude gum whi ch was chromat ographed on sSTHIESHEETPAS)BEEN
eluting with dichloromethane then di chl oromet hane: et hyl acet aREPLACEDt 0 gi ve

the title conmpound (8.2g). Mass and NVR spectra were fuII mlﬂmmmiﬁmr\nth

t he proposed structure. 3
wherein the broken line at the 22-23 position'represents
an optional bond and either this bond is present and R! is
absent or this bond is absent and R* is H, OH, oxo or
oximino optionally substituted by a C, -C, alkyl group, R?
is a C,-C, alkyl, C,-C, alkenyl or C,-C, cycloalkyl group,
or a 3- to 6- membered heterocyclic ring containing a

sulphur or oxygen atom, said ring being saturated or
fully or partially unsaturated and optionally substitﬁted
by one or more C,-C, alkyl groups or halogen atoms,
R® is H or OH, and _
R* is H or a group capable of being hydrolysed in vivo to
vield a compound in which R* is H, '
R® is OH, optionally substituted with a group capable of
being hydrolysed in vivo to yield a compound in which R®
is OH. - '
and R® is H or C,-C, alkyl, or R® is H and R’ is amino,
optionally substituted with at least one group selected
from C,-C, alkyl and acyl (which may be alkanoyl) groups.

Unless the context otherwise requires, all alkyl and
alkenyl substituents having 3 or more carbon atoms may be
straight or branched-chain. The term *aryl® includes
phenyl which may be substituted by at least one C,-C,
alkyl, hydroxy, C,-C¢ alkoxy, halo, nitro or CF, group.
In the present invention the term ®"alkyl® is intended to
indicate those alkyl groups of from 1 to 8 carbon atoms
such as methyl, ethyl, propyl, isopropyl., butyl, pentyl,
hexyl, and the like, either straight or branched chain.
The term “alkanoyl® is intended to include those alkanoyl

~groups of from 1 to 8 carbon atoms such as formyl,

acetyl, propionyl, buytryl, pentanoyl, hexanoyl, and the
like. o '

The term “carbamoyl®” is intended to indicate the
group -CONR,R, where R, and R, are the same or different
and are H, alkyl, aryl, heterocaryl or from a 4-8 membered
ring containing 1 or more O, N, or S atoms.

The above structural formula is shown without a

REPLACEMENT SHEET
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EXAMPLE 5 5-Oxi m no 22, 23-di hydr o- 25- cycl ohexvl avernectin Bl

THIS SHEET HAS BEEN
REPLACED

‘ U0 O

definitive stereochemistry. However, during the course
of the synthetic procedures used to prepare such
compounds, the products of such procedures can be a
mixture of stereoisomers. In particular, -the
stereoisomers at the 4"-, 4'~, 5, 13- and 23-positions
may be oriented either @- or B-representing such groups
being below or above the general plane of the molecule,
respectively. In each of such case both the &- and B-
configurations are intended to be included within the
ambit of this invention. In certain cases the term "epi"
is used to distinguish the stereoisomer being of oppoéite
configuration to the natural compound at one specific
asymmetrical carbon atom. .

Groups hydrolysable in _vive to yield corresponding
compounds in which the group is replaced by H are well
known in the pharmaceutical art in general and a wide
variety of such groups are suitable for use in the
compounds ¢f this invention. Examples of such groups are
c,-C, alkanoyl, aroyl, carbamoyl, C,-C, alkoxycarbonyl
groups, and dicarboxylic acid and amino acid residues.
Particular groups are identified in the Examples below.
Preferred compounds are those in which R® is a straight or
branched C,-C, alkyl or cycloalkyl group, such as
cyclohexyl, isopropyl or sec-butyl, R® is H, and the
optional bond at the 22-23 position is present or this
optional bond is absent and R*® is H or OH.
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monosaccharide 22, 23-Di hydro-25-cycl ohexyl avermectin Bl nonosacchari de
(8.29) was oxidized to the 5-oxo derivative using mangane54S 8HERT HASIBEEN
anhydrous diethyl ether according to the procedure of Exanpl REPLAGER crude

product was purified by chromatography on silica (509) t@gmgnﬁalnﬂiﬁmno

conpound

5 el

The oxime monosaccharides in which R® and R! are H

B

are particularly preferred.

Individual compounds within the invention are
described in the Examples given below.

The most preferred compound is S5-oximino-22,23-
dihydro-25-cyclohexyl avermectin Bl monosaccharide.

According to another aspect of the invention, there
is provided a process for preparing such a compound which
comprises the steps (1) of oxidising a compound of
formula (II):

¢ OCH,
Rs
‘.

Hy

wherein the broken line, R?, R?, R?® and R°® are as defined
above and R® is as defined above or R® is &-oleandrosyl
oxy and R* is H to vield a compound of formula (III):

REPLACEMENT SHEET
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(3.229) as a yell ol REPAACF *rhis SwakT di ssol ved i n anhydrous pyridine (60m)

and hydr oxyl am ne pygrochl oride . J2g) was added. Aft eMHISXSHBEHTHAS BEENS

hours at room tenpgrpat grega . f t?',*h r lali quot of hydroxyl am n®ERYARER NI ori de
tro

(3.22g) was added gnd the sol . g;lbregdtionfg[%{]erc ngg‘amgmummmng

materi al renmi ned.
and (ii) allowing the compound of formula (III) to react
with a compound of formula R*-0-NH, where R* is as defined

—.

above and where R® is &-oleandrosyl oxy. hydrolysing the
compound obtained to vield a compound of formula (I},

and (iii) if necessary replacing group R* when the latter
is H with said group capable of being hydrolysed ipn vivo
to vield a compound in which R* is H,

if necessary, thé process further comprising one or more
of the following steps before or after steps (i), (ii)

and (iii),

(iv) substituting group R®* when the latter is OH with said
group capable of being hydrolysed in vivo to vield a
compound in which R® is OH,

(v) oxidisin_g group R* when the latter is OH to oxo,

(vi) reacting the compound obtained from step (v) with
hydroxylamine optionally substituted by a C,~-C, alkyl
group to yield a compound in which R* is optionally
substituted oxo, '

(vii) hydrogenating the compound to reduce a double bond
at the 22-23 position to a single bond,

(viii) oxidising a compound in which R® is E to a compound
in which R*® is OH,

(ix) oxidising a compound in which R® is OH and R® is H to
a compound in which R® is oxo and R® is absent, and
either: _

(x) reducing the compound obtained from (ix) to produce a
compound in which R® is an epi-OH group, or

(xi) feacting the compound obtained from (ix) with a
Grignard reagent to vield a compound in which R® is OH and
R® is alkyl, or : '

(xii) subjecting the compound obtained from (ix) to
reductive amination to yield a compound in which R®* is an
amino or alkylamino group, and if necessary acylating zhe
compound obtained, any free OH groups being protected :&
necessary during any of the above steps.

Preparation of compounds according to the invention :i:
discussed, by way of illustration, below.
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(50mM ) and extracted with diethyl ether (3 x 50m ). The organic |ayer was
washed with water, saturated sodi um chloride solution, drils SHEET HABBEENUS
sodi um sul phat e and evaporated to dryness under vacuum The crRRRAABEBduct

was chromat ographed on silica (25g) eluting with dichloro
acetate 4:1 and finally purified by 7 nm‘ m‘“"m‘ nli

The compounds of the present invention may be
prepared starting from the compounds of formula (iv),
which may themselves be prepared as described in the
above-mentioned patent publications.

OH

Compound IIa Double bond present, R* absent.
Compound IIb Double bond absent, R*

H.
Compound IIc, Double bond absent, R? OH.

The semisynthetic modifications required to provide
the compounds given by formula I may require seguential
reactions at the positions -4', 4", 4a, 13, 22, 23, 25
and 5 and the exact order in which these transformations
are performed may wvary. In addition, during the |
oxidation and certain substitution reactions described
below, it is necessary to protect the S5-hydroxy group to
avoid substitution or oxidation at that position. With
this position protected, the reactions may be carried out

REPLACEMENT SHEET
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hi gh pressurd hﬁl clrorat-000 pHWS§bw ﬂ & (trade mark)

col

(41.4 x 250 efr]"ﬁNbﬂEng vmthTHiStS\-tﬁEﬂ'lHAﬁa*BEﬁN9 1
at 65m per ute Apﬁroprlpt fra rrbl ned andREFLARERL ed
under vacuumjt |tIe conpoun

fully consisfeft WI he propbsed Stg ucture Mass anﬁ‘mi‘m“m“ |vvere

at the 4"-, or 4'-positions without affecting the
remainder of the molecule. Subsequent to any of the
above-described reactions, the protecting group may be
removed and the unprotected product isolated. For
compounds of this invention, conversion of the S-hydroxy
group to a ketone or ketoxime is preferably performed
after substitution at the 4', 23 and 4a positions. The
protecting group employed at the 5-position is ideally
one which may be readily synthesized, will not be
. affected by the reactions at the 4*- and 4'-positions and
may be removed without affecting any other functionality
of the molecule. One preferred type of protecting group
of the avermectin type of molecule is the tri-substituted
silyl group, preferably the tri-loweralkyl silyl group.
One especially preferred example is the tert.-
butyldimethylsilyl group. The reaction preparing the
protected compound is carried out by reacting the hydroxy
compound with the appropriately substituted silylhalide,
preferably the silylchloride in an aprotic solvent such
as methylene chloride, benzene, toluene, etpyl acetate,
tetrahydrofuran, dimethylformamide and the like. In
order to minimise side reactions, there is included in
the reaction mixture a base to react with the acid
released during the course of the reaction. Preferred
bases are amines such as imidazole, pyridine, or
triethylamine. The base is required in amounts equimolar
to the amount of hydrogen halide liberated; however,
generally several equivalents of the amine are employved.
The reaction is stirred at from 0°C to the reflux
temperature of the reaction mixture and is complete in
from 1/2 to 16 hours. The silyl group is removed by
treatment of the silyl compound with anhydrous pyridine-
hydrogen fluoride in tetrahydrofuran. The reaction is
complete in ffom 3 to 24 hours at from 0 to 25°C.
Alternatively, the?éilyl group may be removed by stirring
the silylated compound in methanol catalyzed by an acid



he yl avermectin B2 nonosacchar i18s SHEET HAS BEEN
REPLACED

000

preferably a sulfonic acid monohydrate such as p-
toluenesulfonic acid monohydrate. The reaction is
complete in about 1 to 12 hours at from 0 to 50°C.
Compounds having a 23-hydroxy1.group (or a protected
derivative) may be converted to either the corresponding
22,23~-dihydro compound or alternatively to the
corresponding compound having a double bond at the 22-23
position'using methods described in US patent 4328335.
The latter compounds may also be hydrogenated to the
22,23-dihydro compounds using Wilkinson's catalyst under
conditions described in US patent 4199569.

The preparation of the compounds of the invention
can be accomplished by first converting the
aforementioned disaccharides IIa, b and ¢ into -their
corresponding monosaccharides by hydrolysis. An
alternative methdéd of preparing the monosaccharides
comprises a direct fermentation procedure starting from a
corresponding aglycone as described in European Patent
Application 463677. The 5-hydroxy position is then
protected to avoid substitution at this position so that
reaction may be carriéd out at the 4', or 23 positions.
The 4'-hydroxy is more reactive than the 23-hydroxy,
hence additional suitable protection at C-4' allows
selective reaction at C-23. '

Alternatively, the compounds of the invention may be
prepared by carrying out the above synthetic
manipulations on the disaccharides IXIa, b or c and
finally hydrolysing them to the desired monosaccharides.

When desired, hydroxy groups may be acylated to give
esters using reagent such as acid anhydrides or acid
chlorides and amine bases according to general procedures
known to those skilled in the art. Hydroxy groups may be
converted to oxo groups by oxidation with manganese
dioxide or tetrapropylammonium perruthenate. The oxo
compoungsmay be treated with hydrokylamine or an O~

substituted analogue thereof to produce the corresponding
oxime.
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25- Cycl ohexyl avernectin B2 (10g) was suspended in isopropanol (100m ) and a
sol ution of sulphuric acid (2m) in isopropanol (100m ) waHISEBHEET HAS BERN
stirring at roomtenperature for 24 hours the clear solution REBLASRR ed

into ice (600g) and extracted with dichloronethane (2 x ni c
| ayer was dried over anhydrous sodi uggsul phate H“m mmﬂr

Compounds in which R® is OH are prépared from
suitably 5-protected derivatives by firstly hydroxylating
the 4a methyl group using a procedure described in the
Japanese Patent Laid-Open Patent Application No. 83~
59988. |

Compounds in which R®* is an amino group optionally
substituted by one or more alkyl or acyl groups, may be
prepared by reduction amination of a corresponding
compound in which R® is oxo, for example by reaction with
an ammonium salt or amine salt and sodium
cyanoborohydride in known manner. The amino group may
then be further substituted, by acetylation, for example
using acetic anhydride.

Compounds in which R® is an epi-OH group may be made
by reduction of such an oxo compound. The oxo compound
may be converted to a compound in which R® is OH and R® is
alkyl by reaction with a Grignard reagent in known

. manner.
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and evaporated to dryness. The residue was dissolved in tetrachl oromethane

and t he sol uttor 3 -4y & The crystal s whi ch separgiggHstPMAY sREKE
periodically r%g%_éggl{ﬁb@ t%h{'figt ion and found to be the pure fgriheeponpound.

Mass and NVRjspectra were fu

ha N ][]

L___Jﬂanxm@é&n&E of the invention are effective in
treating a variety of. conditions caused by endoparasites

including, in particular, helminthiasis which is most
frequently caused by a group of parasitic worms described
as nematodes and which can cause severe economic losses
in swine, sheep, horses and cattle as well as affecting
domestic animals and poultry. The compounds are also
effective against other nematodes which affect various
species of animals including, for example:- Dirofilaria
in dogs and various parasites which can infest livestock,
companion animals such as cats and dogs and also humans
including gastro-intestinal parasites such as
Ancvlostoma, Necator, Ascaris., Strongvioides,
Trichinella, Capillaria, Toxocara, Toxascaris, Trichuris,
Entercobius and parasites which are found in the blood or
other tissues and organs such as filarial worms and the
extra intestinal stages of Stronavloides, Toxocara and
Ixichipella. .

The compounds are also of particular value in
treating ectoparasite infections including particular
arthropod ectoparasites of humans, animals and birds such
as ticks, mites, lice, fleas, blowfly, biting insects and

- migrating dipterous larvae which can affect cattle and
horses. '

The compounds are also insecticides active against
household pests such as the cockroach, clothes moth,
carpet beetle and the housefly as well as being useful
against arthropod pests of stored grain and of
agricultural plants such as spider mites, aphids,
caterpillars and against migratory orthopterans such as
locusts. We have discovered that compounds within the
scope of this invention are both safe and have
unexpectedly high potent systemic activity against fleas
and other important arthropod parasites of cats and dogs.
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T SHEET
EXAMPLE 7 5-CxREPLACEM§N ye-ehiekyl aver nectin B2 nonosacchari de Using the

procedur es of xanales and 3] 25- cycl ohexyl aver nect i AHESHRETAASRERN i de
was convert ed ound. Mass and NWVR spectra V\/@FEL"}QﬁQy

| consi stent wiltH the propose S ructuag lﬂﬂi“ﬂlﬂ““iﬂlﬁﬂ

The compounds of formula (I) may be administered as

a formulation appropriate to the specific use envisaged

—

and to the particular species of host animal being
treated and the parasite or insect involved. The
compounds may be administered by injection, either
subcutaneously or int:amuscularly, alternatively they may
be administered orally in the form of a capsule, bolus,
tablet, chewable tablet or liquid drench, or they may be
administered as a topical formulation or as an implant.
For topical application dip, spray, powder, dust, pour-
on, spot-on, jetting fluid, shampoos. collar, tag of
harness may be used. Such formulations are prepared in a
conventional manner in accordance with standard
veterinary practice. Thus capsules, boluses or tablets
may be prepared by mixing the active ingredient with a
suitable finely divided diluent or carrier, additionally
containing a disintegrating agent and/or binder such as
starch, lactose, talc, or magnesium stearate. A drench
formulation may be prepared by dispersing the active
ingredient in an agueous solution together with
dispersing or wettingfagents and injectable formulations
may be prepared in the form of a sterile solution or
emulsion. Pour-on or spot-on formulations may be
prepared by dissolving the active ingredient in an
acceptable liquid carrier wvehicle, such as butyl digol,
liquid paraffin or non-volatile ester with or without
addition of a volatile component such as isopropanol.
Altermatively, pour-on, spot-on or spray formulations can
be prepared by encapsulation to leave a residue of active
agent on the surface of the animal. These formulations
will vary with regard to the weight of active compound
depending on the species of host animal to be treated,
‘the severity and type of infection and the body weight of
the host. The compounds may be administered
continuously, particularly for prophylaxis, by known
methods. Generally for oral, parenteral and pour-on
administration a dose of from about 0.001 to 10mg per kg
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-15- EXAMPLE 8 25-Cycl ohexyl avernectin Bl monosacchari de

THIS SHEET HAS BEEN
REPLACED

1 A

of animal body weight given as a single dose or in
divided doses for a period of from 1 to 5 days will be
satisfactory but of course there can be instances where
higher or lower dosage ranges are indicated and such are
within the scope of this invention.

As an alternative the compounds may be administered
with the animal feedstuff and for this purpose a
concentrated feed additive or premix may be prepared for
mixing with the normal animal feed.

For use as an insecticide and for treating
agricultural pests the compounds are applied as sprays,
dusts, pour-on formulations, emulsions and the like in
accordance with standard agricultural practice.

Far human use the compounds are administered as a
pharmaceutically acceptable formulation in accordance
with normal medical practice. .

The preparation of compounds according to the
invention are illustrated by the following Examples.

REPLACEMENT SHEET -

27 MAR 1996

ThlS Sheet Has Been RT

L]




25- Cycl ohexylavernmectin Bl (20g) was dissolved in tetrahydrofuran (250m)
and a m xture of tetrahydrofuran (250m ), water (10m ) apgk SyeaTwWaS BEENRI d
(10m ) was added. The m xture was stirred at room tenperat urePLACEDS hours

then poured into a m xture of ice (500g) and water (1 1 t W th
di chl oromet hane (2 x 500m ). The orgaaic \‘im ‘lmmmi“

EXAMPLE 1

22,23~Dihydroavermectin Bla (50g) was dissolved in a
mixture of isopropanol (100ml) and sulphuric acid (1lml)
"and stirred at room temperature under a nitrogen
atmosphere for 48 hours. The reaction mixture was poured
onto crushed ice and extracted with dichloromethane (2 x
200ml). The combined extracts were washed with agqueous
saturated sodium bicarbonate solution (100ml), dried over
anhydrous magnesium sulphate and concentrated under
vacuum to give white crystals (l4g) which were removed by
filtration. Mass and NMR spectra were fully consistent
with the proposed structure.

The Blb analogue was obtained by an identical method
starting from 22,23-dihydroavermectin Blb.

EXAMPLE 2

22,23-dihydroavermectin Bla monosaccharide (14g) was
dissolved in diethyl ether (200ml) and activated
manganese dioxide (l4g) added. The mixture was stirred
at room temperature for 4 hours, fiitered and evaporated
to dryness'under vacuum to yield the title product
(11.4g) whose NMR spectrum was fully consistent with the
proposed structure.

The Blb analogue was obtained by an identical method

starting from 22,23-dihydroavermectin Blb monosaccharide.
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| ayer was washed with saturated aqueous sodi um chloride solution, dried
over anhydrous sodi um sul phate and evaporated under vacu to give a foam
Thi s was chromat ographed on silica (150g) eluting with eﬂﬁb§S§EEIHAsBEEN

di chl oronethane 1:1 to give a crude product (13.3g). Final pﬁ%?*ﬁ@émion was

cch oved by Toverse t RO A 0

EXAMPLE 3

5-0x0-22, 23-dihydroavermectin Bla monosaccharide
(lg) was dissolved in dry pyridine (25ml) and
hydroxylamine hydrochloride (lg) added. The stirred
reaction mixture was heated under reflux for 4 hours and
after cooling poured onto crushed ice and extracted with
dichloromethane (2 x 50ml). The combined extracts were
dried over anhydrous magnesium sulphate and evaporated
under vacuum to give a crude gum (l.lg). This material
was purified using high pressure liquid chromatography on
a2 Dynamax (trade mark) column (41.4 x 250mm, 8um, ODS-
silica, Rainin) eluting with methsnol - water 83:17 at
42ml per minute. Appropriate fractions were combined and
evaporated to dryness to yield the title product as a
white solid, melting point 180-190°C. Mass and NMR
spectra were fully consistent with the proposed -
structure.

5-Oximino-22, 23-dihydroavermectin Blb was prepared by an
identical method starting from 5-oxo-22,23-
dihydroavermectin Blb monosaccharide.

This Sheet Has Been Reilaced i
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phase hplc using a Dynamax (trade mark) colum (41.fyx a er
ODS-silica,” Rainin) eluting with nmethanol -water 4 1 at qﬁP ute to
give the pure title conpound. Mass and NWR spect
with the proposed structure. EXAMPLE 9 ”'ﬂ"l"lﬂ”"gﬁl:w
: 16 fal
EXAMPLE 4
monosaccharide

25-Cyclohexylavermectin Bl (9.9g) was dissolved in
toluene (1 litre) and wWilkinson's catalyst
{tris{triphenylphosphine) rhodium(I) chloride) (9.25g) was
added. The solution was hydrogenated on a large Parr
-(trade mark) shaker at room temperature at 50 psi
hydrogen pressure. After 3 hours the reaction vessel was
depressurised and allowed to stand for 12 hours before
addition of a further portion of catalyst (5g) and
hyd:oggnated as before for a further 2 hours after which
no starting material remained. The solution was
filtered, evaporated to dryness under vac@um and the
residue chromatographed on silica eluting with
dichloromethane then dichloromethane:methanol 9:1. The
crude. product was then chromatographed again on silica
{(200g) eluting with dichloromethane:methanol 19:1 to give
after evaporation of the solvent under vacuum impure
22,23~-dihydro-25-cyclohexylavermectin Bl as a brown foam
(10g). This material was dissolved in a mixture of
isopropanocl (200ml) and sulphuric acid (2ml) and the
brown solution was stirred at room temperature for 15
hours then poured into a mixture of ice and water (500ml)
and extracted with dichloromethane (3 x 200ml). The
organic layer was washed with saturated agqueous potassium
hydrogen carbonate solution (100ml), water (2 x 50mi)
dried over anhydrous magnesium sulphate and evaporated
under vacuum to give a. crude gum which was
chromatographed on silica (100g) eluting with
dichloromethane then dichloromethane:ethyl acetate 2:1 to
give the title compound (8.2g). Mass and NMR spectra
were fully consistent with the proposed structure.
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Exanpl es 2 and 3, 25- cycl ohexyl avernectin Bl nonosacc rted
to the title conpound. Mass and NVR spectra were fully con mﬁth t he

proposed structure. BUNPLE 10 B 1

5- Oxi m no- 25-cvcl ohexvl aver necti n Bl nonosacchari de US|n th%iérocggéges of

monosaccharide

22,23-Dihydro-25-cyclohexylavermectin Bl
monosaccharide (8.2g) was oxidized to the 5-oxo
derivative using manganese dioxide in anhydrous diethyl
ether according to the procedufe of Example 2. The crude
product was purified by chromatography on silica (50g) to
give the 5-oxo compound (3.22g) as a yellow £foam. This
was dissolved in anhydrous pyridine (60ml) and
hydroxylamine hydrochloride (3.22g) was added. After
stirring for 15 hours at room'temperature a further
aliquot of hydroxylamine hydrochloride (3.22g) was added
and the solution heated to 50°C until no starting
material remained. The solution was pbured into water
(50ml) and extracted with diethyl ether (3 x 50ml). The
organic. layer was washed with water, saturated sodium
chloride solution, dried over anhydrous sodium sulphate
and evaporated to dryness under vacuum. The crude
product was chromatographed on silica (25g) eluting with
dichloromethane: ethyl acetate 4:1 and finally purified
by high pressure liguid chromatography using a Dynamax
(trade mark) column (41.4 x 250mm, 8pm ODS-silica,
Rainin) eluting with methanol:water 9:1 at 65mi per
minute. Appropriate fractions were combined and
evaporated under vacuum to give the title compound

(1.53g). Mass and NMR spectra were fully consistent with
the proposed structure.
M e
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5- Oxo-avernectin Bla Avernectin Bla (2.4g) was dissolved in diethyl ether
(50m ) and activated manganese di oxi de (2.0g) added. ThaHB SHEETCHASBEEN
stirred at roomtenperature for 18 hours, filtered and evap@®eaL&CED O

dryness under vacuumto yield the title product whose I ;
fully consistent with 18 H @ng ”Wénggj

EXAMPLE 6

25-Cyclohexylavermectin B2 (10g) was suspended in
isopropancl (100ml) and a solution of sulphuric acid
(2ml) in isopropanol (100ml) was added. After stirring
at room temperature for 24 hours the clear solution was
poured into ice (600g) and extracted with
dichloromethane (2 x 100ml). The organic layer was dried
over anhydrous sodium sulphate and evaporated to drvness.
The residue was dissolved in tetrachloromethane and the
solution stored at 4°C. The crystals which separated
slowly were periodically removed by filtration and found
to be the pure fitle compound. Mass and NMR spectra were
fully consistent with the proposed structure.

EXAMPLE 7
Using the procedures of .Examples 2 and 3, 25-
cyclohexylavermectin B2 monosaccharide was converted to
the title compound. Mass and NMR spectra were fully
consistent with the proposed structure.
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tructure. 16 - EXAMPLE 11
the proposed structure 6 THIS SHEET HAS BEEN

REPLACED

1 R 0

EXAMPLE 8
25=Cvclohexvlavermectin Bl monosaccharide

25-Cyclchexylavermectin Bl (20g) was dissolved in
tetrahydrofuran (250ml) and a mixture of tetrahydrofuran
(250ml), water (10ml) and sulphuric acid (10ml) was
added. The mixture was stirred at room temperature for
15 hours then poured into a mixture of ice (500g) and
water (1 1) and extracted with dichloromethane (2 x
500ml). The organic layer was washed with saturated
agqueous sodium chloride solution, dried over anhydrous
sodium sulphate and evaporated under vacuum to give a
foam. This was chromatographed on silica (150g) eluting
with ethyl acetate - dichloromethane 1:1 to give a crude
product (13.3¢g). Final purification was achieved by
reverse phase hplc using a Dynamax (trade mark) column
{41.4 x 250mm, 8pm ODS-silica, Rainin) eluting with
methanol-water 4:1 at 70ml per minute to give the pure
title compound. Mass and NMR spectra were fully
consistent with the proposed structure.

EXAMPLE 9
Using the procedures of Examples 2 and 3, 25~
cyclohexylavermectin Bl monosaccharide was converted to
the title compound. Mass and NMR spectra were fully
consistent with the proposed structure.
M-. PR
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5- Oxi m no-avernectin Bla 5-Oxo-avernectin Bla (800n) (Eﬁ@
di ssolved in pyridine (10m ) and hydroxyl am ne hydrochl %E ; added.
After stirring at roemtenperature for 1 hour the m xture was ﬁoured into

ﬁgdlrgghl(g??é and wat er (50m ) mi xturezoam dified to pH Aﬂmg“lﬁﬁ Eﬂn‘j—at ed

22,23-dihydro-25-cyclohexyl-avermectin Bl
monosaccharide (Example 4) (12.1g) and imidazole (7.29g)
were dissolved in dry dimethylformamide {(10ml). To this
solution at room temperature was added t-
butyldimethylsilyl chloride (7.9g). After 18 hours the
mixture was poured into ice-water (200ml) acidified to
pH2 with 2N HCl and extracted with diethyl ether (2 x
80ml). The combined. extracts were washed with saturated
agqueous potassium bicarbonate solution (50ml) and water
(50ml), dried over anhydrous sodium sulphate and
evaporated under vacuum to give a crude product (14.99g).
This material was further purified by chromatography on
silica (Kieselgel 60, 230-240 mesh, Merck) (300g) eluting
with dichloromethane - ethyl acetate 9:1. Appropriate
fractions. were combined and evaporated to dryness to give
the title product (8.35g). The NMR spectrum was fully
consistent with the proposed structure.

EXAMPLE 11
5-Oxo-avermectin BEla

Avermectin Bla (2.4g) was dissolved in diethyl ether
(SOml) and activated manganese dioxide (2.0g) added. The
mixture was stirred at room temperature for 18 hours,
filtered and evaporated to dryness under vacuum to yield
the title product whose NMR spectrum was fully consistent
with the proposed 'structure.
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acid and extracted with di chloronmethane (3 x 30ni). Thx?ngcgﬂgEAg%asz@Er@cts

were washed with water (20m), dried over anhydrous sodiUnkg e and
evaporated to dryness under reduced pressure to yield a crude mat er

resh, Ner ok (1000 2?&?25"5&&%ﬁgéf‘é’ﬁfgrﬁﬂefhghéa éfhiﬁﬁ‘%ﬁﬁ%ﬁ%\ﬁ?@ 400

EXAMPLE 12
5 —Oximino- in Bla

5-Oxo-avermectin Bla (800mg) (Example 1l1) was
dissolved in pyridine (10ml) and hydroxylamine
hydrochloride (800mg) added. After stirring at room
temperature for 1 hour the mixture was poured into an ice
(50g) and water(50ml) mixture, acidified to pH 4 with
concentrated hydrochloric acid and extracted with
dichloromethane (3 x 30ml). The combined extracts were
washed with water (20ml), dried over anhydrous sodium
sulphate and evaporated to dryness under reduced pressure
to yield a crude material (lg). This material was
chrométographed on silica (Kieselgel 60, 230-400 mesh,
Merck) (100g) eluting with dichloromethane: ethyl
acetate 2:1 and finally purified by high pressure liquid
chromatography using a Dynamax (trade mark) column (41.4
x 250mm, 8um ODS-silica, Rainin) eluting with
methanol :water 85:15 at 70ml per minute. Appropriate
fractions were combined and evaporated under vacuum to
give the-title compound (290mg). Mass and NMR spectra
were fully consistent with the proposed structure.
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acetate 2:1 and finally purified by high pressure |iquigd égg@y
using a Dynamax (trade mark) colum (41.4 x 250mm 8[err]nh |ca
~Rainin) eluting with nmethanol:water 85:15 at 70m per mnute.

fracti ons were conbined and evaporated under vacuumto““mHi““ATgt m
conpound (290ng). Mass and NWVR spectRa were fully

EXAMPLE 13

S-Oximino-avermectin Bla (50mg) (Example 12) was
dissolved in a mixture of isopropanol (1 ml) and
sulphuric acid (10 pl) and stirred at room temperature
under a nitrogen atmosphere for 48 hours. A saturated
agqueous solution of sodium bicarbonate (1 ml) was then
added and the broduct extracted with ethylacetate (2 x 5
ml). The combined extracts were dried over anhydrous
magnesium sulphate and concentrated under wvacuum. The
resulting crude product (25 mg) was purified using high
pressure liquid chromatography on an Ultrasphere (trade
mark) column (24 x 250 mm, 5 microns, ODS-silica,
Beckman) eluting with methanol: water 85:15 at 20 ml per
minute. Appropriate fractions were combined, to give the
title product. Mass and NMR spectra were fully
consistent with the proposed structure.

5-O-t—Bupyldimethylsilyl—25-cyclohexy1—22,23-
dihydroavermect in Bl monosaccharide (Example 10) (216mg)
was dissolved in dichloromethane (25ml) containing
pyridine (400mg). Acetic anhydride (255mg) in
dichloromethane (5ml) was added slowly to this solution
at room temperature and the reaction mixture was allowed
to stand for 72hr. The solution was poured into water

(20ml), the organic layer was washed with aqueous citric
acid solution (20%, 2 x 10ml), saturated aqueous
potassium bicarbonate solution (2 x10ml), dried over
anhydrous sodium sulphate and evaporated to dryness under
vacuum. This crude product was chromatographed on silica
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consistent wth the proposed structure. EXAMPLE 12 5- Oxi m no-avernectin Bla
nmonosacchari de 5-Oxi mi no-avernectin Bla (50ng) (Exanpl HISISHERISHAS BEEN Ved
in a mxture of isopropanol (1 m) and sul phuric acid (10 REPLACED and

stirred at roomtenperature under a ® (91 |58
| 2 TG 0

(25g) eluting with dichloromethane - ethyl acetate 9:1.
Appropriate fractions were combined and evaporated under
vacuum to give 4'-O—acetyl—s-o—t-butyldimethylsilyl—zs-
cyclohexyl-22,23-dih ydroavermectin Bl monosaccharide
which was dissoclved in methanol (20ml) containing p-
toluenesulphonic acid {230mg). After stirring at room
temperature for 1 hr, saturated agueous potassium
bicarbonate solution (5ml) was added and the product
extracted with diethyl ether (2 x 10ml). The combined
o;ganic extracts were dried over anhydrous sodium
sulphate and evaporated to dryness under Qacuum to give
the title product as a white powder (139mg) whose NMR
spectra were fully cdnsistent with the proposed
structure. This material was used in the following
example without further purification. .

4'-O-Acetyl-25-cyclohexyl-22,23-dihydroavermectin Bl
monosaccharide (139mg) (Example 14) was oxidiséd to the
s-oxo-derivative using activated manganese dioxide
(140mg) in diethyl ether (20ml) according to the method
described in example 2. To a solution of this 4'-0-
acetyl-s-oxo-25-cyclohexyl-22,23—dinydroa§ermectin Bl
monosaccharide in a mixture of methanol - dioxan 1:1
(20ml) was added a solution of hydroxylamine
hydrochloride (176mg) dissolved in water (5ml). This
mixture was stirred at. 40°C foE 3 hr before guenching with
the addition of so0lid potassium bicarbonate (200mg) and
diethyl ether (50ml). The organic extract was washed with
saturated agqueous sodium chloride solution (10ml), dried
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ni trogen atnosphere for 48 hours. A saturated aqueous solution of sodium
bi carbonate (1 m) was then added and the product extractrad SMEET HAS BEEN
ethylacetate (2 x 5 m). The conbi ned extracts were dried oveEPoadBOlr ous

magnesi um sul phate and concentrated under vacuum The r
product (25 ng) was purified using high pressure |iquid T I ”ﬂﬂ"nﬂ ﬁm

over anhydrous sodium sulphate and evaporated to dryness
under vacuum to give the crude product. This material was
then purified by chromatography on silica (Kieselgel 60,
230-400 mesh, Merck) (10g) eluting with dichloromethane
- ethyl acetate 4:1. Appropriate fractions were combined
and_evapdrated to give the desired compound which was
further purified using high pressure liquid |
chromatography on a Ultrasphere (trade mark) column (10 x
250mm, Sum, ODS-silica, Beckman) eluting with
acetonitrile:methanol:water 71:14:15 at 5ml per minute.
Appropriate fractions were combined and evaporated to
dryness to yield the title product as a white solid
{(46mg). Mass and NMR spectra were fully consisted with
the proposed structure. '

5-0-Butyldimethylsilyl-25-cyclohexyl-22,23-~

dihydroavermectin Bl monosaccharide (Example 10) (1.4g)
was dissolved in dichloromethane (300ml) at room
temperature together with N-methyl morpholine-N-oxide
(3.14g) and tetra-n-propylammonium perruthenate (233mg).
. Powdered molecular sieve, 4A (187mg) was added and the
mixture stirred. After 1 hour agueous sodium sulphite
solution, (50ml, 5%) was added and the separated organic
phase washed with a second portion of aqueous sodium
sulphite (50ml, 5%).. water (2 x 50ml), saturated agqueous
sodium chloride solution (2 x S0ml) and dried over
anhydrous sodium sulphate. Evaporation of the solvent
under vacuum followed by chromatography on silica
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chromat ography on an U trasphere (trade mark) colum (24 x 250 nm 5
m crons, ODS-silica, Beckman) eluting with nmethanol: WiSE&HEESHAS BREN2O i
per minute. Appropriate fractions were conbined, to give RERAGED e product.

Mass and NMR spectra were fully consiZ;tent with the T\ﬁmmlmﬂmwe

(Kieselgel 60, 230-400 mesh, Merck) eluting with
dichloromethane - ethyl acetate 9:1 and combination and
evaporation of appropriate fractions, gave the title
product as a solid (857mg). The NMR spectra were fully
cohsisEent with the proposed structure.

EXAMPLE 17

22.23-dihvd tin B : i g

4'-0x0-5-0-t~-Butyldimethylsilyl~-25~cyclohexyl-
22,23-dihydroa vermectin Bl monosaccharide (200mg) was
dissolved in methanol (l0ml) at 0°C and sodium
borohydride (20mg) added portionwise with stirring.
After 15 minutes the mixture was poured into water,
extracted with diethyl ether (2 x 30ml) and the combined
organic extract washed with water (20ml), saturated
agqueous sodium chloride solution (20ml) and dried over
anhydrous sodium sulphate. Evaporation of the solvent
under vacuum.afforded the title product as a white solid,
l4lmg. Mass and NMR spectra were fully consistent with
the proposed structure.

4'-epi-5-0-t-Butyldimethylsilyl-22,23-
dihydroavermectin Bl monosaccharide 141lmg, was dissolved
in methanol (20ml) containing p-toluenesulphonic acid
(200mg). After 18 hours the reaction mixture was
basified by adding saturated agqueous potassium
bicarbonate solution (20ml) and extracted with diethyl
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EXAMPLE 13 5-(Trimet hyl acetyl oxi m no) - 25-cycl ohexyl - 22, 23-

% 0 L

ether (2 x 50ml). The combined extracts were washed with

water (20ml), saturated agueous sodium chloride solution

(20ml), dried over anhydrous sodium sulphate and

evaporated under vacuum to yield the crude product.
Chromatography of this material on silica (Kieselgel 60,

230-400 mesh, Merck) (2g) eluting with dichloromethane -

ethyl acetate 4:1 and combination and evaporation under

vacuum of appropriate fractions, afforded the title

product (100mg). Mass and NMR spectra were EUlly'ﬂﬂSSHEETHASBEEN
consistent with the proposed structure. REPLACED

ExaueLe 10 O

4'-~epi-25-Cyclohexyl-22,23-dihydroavermectin Bl
monosaccharide (196mg) was oxidised with activated
manganese dioxide according to the procedure described in
Example 2. The NMR spectrum of the product (160mg) was
fully consistent with the proposed structure.

4'-epi-5-0Oxo0-25~-cyclohexyl-22,23-dihydroavermectin
Bl monosaccharide (160mg) was treated with hydroxylamine
hydrochloride (150mg) in a methanol - dioxan - water
mixture 1:1:0.5 (25ml) and the product extracted,
according to the procedure described in Example 15.
Purification was achieved using high pressure liguid
chromatography on'a Ultrasphere (tréde mark) column (10 x
250mm, 5n, ODS-silica, Beckmann) eluting with
acetonitrile - methanol - water, 61:14:25 at 4ml per

REPLACEMER™ /7%
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di hydroavernmectin Bl nonosaccharide To a stirred sol ution of

5- oxi m no- 25-cycl ohexyl - 22, 23- di hydroavernmecti n B1 nongsacchari de (Exanpl e
5) (50nmg) in dichloronethane (2m ) at roomtenperature AS BEEN
triethylamne (72[rtt]l) followed by trinethylacetyl chlori %rr]l).

After leaving to stand for 18 hrs an?23queous citric ““m““'""l”i”“l

minute. Appropriate fractions were combined and
evaporated under vacuum to give the title product as a
solid (25mg). Mass and NMR spectra were fully consistent
with the proposed structure. '

monosaccharide

To a solution of 25-~cyclohexyl-22,23-
dihydroavermectin Bl monosaccharide (Example 4) (5g) in
dichloromethane (150ml) was added a solution of selenium
dioxide (370mg) and t-butylhydroperoxide (70%, 3.7ml) in
dichloromethane (50ml) and the whole stirred at room
temperature for 48 hours. A futhexr sqlution containing
selenium dioxide (370mg) and t-butylhydroperoxide (70%,
3.7ml) in dichloromethane (50ml) was added and stirring
continued for 24 hours. After addition of water (20ml)
the reaction mixture was extracted with dichloromethane
(2 x 25ml) and the combined extracts washed with 10%
aqueous sodium bicarbonate solution (20ml), and water
(20ml), dried over anhydrous sodium sulphate and
evaporated under vacuum to. yield the crude product as a
yellow foam, 4.5g. This material was further purified by
chromatography over silica (Kieselgel 60, 230-400 mesh,
Merck) (120g) eluting with dichloromethane - methanol
97:3, taking 200ml fractions. Material eluting in
fractions 21-24 was combined and evaporated under vacuum
to yield the title compound as a white powder. Mass and

NMR spectra were fully consistent with the proposed
structure. ' '
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acid solution (10%w v, 2m) was added and the organic |ayer separated,
washed with saturated aqueous sodiumchloride solution (2m ), dried over
anhydr ous sodi um sul phate and evaporated to dryness undéiS SHEETUHAS BEEN ve
t he crude product which was chromatographed on silica (Ki eREPYRCERO,

A0 Mo M) The) e eting wRg TN gl I N

EXAMPLE 22

Jihvd . ] ool id

4a—Hydroxy-25-cyclohéxyl-zz.23-dihydroavermectin Bl
monosaccharide (1.26g), triethylamine (0.2ml) and 4-
dimethylaminopyridine (26mg) were dissolved by stirring
in dry dichloromethane (120ml) and t-butyldimethylsilyl
chloride (0.32g) added portionwise. The whole was '
stirred under a nitrogen atmosphere for 18 hours after
which further quantities of triethylamine (0.4ml), 4-
dimethylaminopyridine (252mg) and t-butyldimethylsilyl
chloride (0.64g) were added and stirring continued for 3-
hours. An aqueous solution of sodium bicarbonate (10%,
100ml) was added to the reaction and the organic layer
separated, washed with water (100ml), dried over
anhydrous sodium sulphate and evaporated under vacuum to
give the crude product. This material was purified by
chromatography on silica (Kieselgel 60, 230-400 mesh,
Merck) (120g) eluting with dichloromethane -~ methanol,
98:2 collecting 130ml fractions. Material eluting in
fractions 12-14 were combined and evaporated under vacuum
to yield the title compound as a white solid, (1.1q).
Mass and NMR spectfa were fully consistent with the
proposed structure.

4a-t-Butyldimethylsilyloxy-25-cyclohexyl-22, 23~
dihydroaverme ctin Bl monosaccharide (l.l1g) was oxidised
with activated manganese dioxide (lg) in ether (10ml)
according to the method described in Ekample 2 to give
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Appropri.atefractions meré conbi ned and evaporated to dryness under vacuum
to give a material (53ng) ‘which was further purified BHHISBHEEDHAS BEEN
| i qui d chromat ography on a Dynamax (trade nmark) col um (2IREPLACEBONM

5[errlm ODS-silica, Rainin) eluting at 20m per m nu ' nol -
water 95:5 m xture. Appropriate fragtions were conbi mﬂmu IQ%H Ht ed

the title compound (0.9g) whose NMR spectrum was fully
consistent with the proposed structure.

4a-t-Butyldimethylsilyloxy-5-ox0o-25~cyclohexyl-
22,23-dihydro avermectin Bl monosaccharide (0.9g) was
dissolved in a methanol-dioxan (1:1 mixture , 36ml) and
hydroxylamine hydrochloride (0.9g) dissolved in water
{(18ml) added. This reaction mixture was stirred and
heated at 40°C for 1 hour then concentrated to
approximately 20ml by evaporation under vacuum and the
product extracted with diethyl ether (2 x S0ml). The
combined extracts were washed with agqueous sodium
bicarbonate solution (10%, 30ml), water (50ml), dried
over anhydrous sodium sulphate and evaporated under
vacuum to yield the crude product. This material was
chromatographed on silica .(Kieselgel, 60, 230-400 mesh,
Merck) (50g) eluting with dichloromethane-methanol
gradient 99:1 to 96:4 collecting 50ml fractions over 1.5
hours. Fractions 50-54 were combined and evapofated
under vacuum to give material which was further purifiéd
by high pressure liquid chromatography on an Dynamax
(trade mark) column (24 x 250mm, S5pm, ODS-silica, Rainin)
eluting with methanol-water 80:20 at 20ml per minute.
Appropriate fractions were combined and evaporated under
vacuum to yield the ftitle compound as a white powder.
Mass and NMR spectra. were fully consistent with the
proposed structure.

———
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under vacuumto yield the title conpound as a white powder (18ng). Mss and
NVR spectra were fully consistent with the proposed structure. EXAMPLE 14

5- (Benzovl oxi m no) - 25- cycl ohexyl - 22, 23- di hydr oaver necTHIS SBEEFbASRERMar i de
REPLACED

K U R

4'-Ox0-5-0-t-butyldimethylsilyl-25-cyclohexyl-
22,23-dihydroa vermectin Bl-monosaccharide (Example 16)
{174mg) was dissolved in dry ether (15ml) and cooled to
0°C under a nitrogen atmosphere. To this solution was
added a solution of methyl magnesium bromide (115ul, 3M
in diethyl ether) dropwise, and stirring continued for a
further 1 hour. After quenching, by adding an agueous
solution of ammonium chloride, (10ml, 10%), the organic-
layer was separated, washed with water (2 x 10ml), dried
over anhydrous sodium sulphate and evaporated under
vacuum to give the crude product. This material was
chromatographed on silica (Kieselgel 60, 230-400.mesh;
Merck) (20g) eluting with dichloromethane-ethyl acetate
9:1. Combining appropriate fractions, and evaporation
‘under vacuum afforded the product which was used without
further purification.

4’'-Methyl-5-0O-t-butyldimethylsilyl-25-cyclohexyl-

22,23-dih ydtoavermectin Bl monosaccharide (74mg)

(Example 25) was dissolved in methanol (20ml) containing -
p-toluenesulphonic acid (3émg) and stirred at ambient
temperature for 2 hours. After this time solid potassium
bicarbonate (50mg) was added and the mixture diluted with
-water (20ml) and extracted with diethyl ether (2 x 20ml).
The combined extracts were washed with water (20ml),.

saturated agqueous sodium chloride solution (10ml), dried
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5- oxi m no- 25-cycl ohexyl - 22, 23-di hydr oavernectin Bl nonosacchari de (Exanple
5) (70nmg) in dichloronethane (30m) was reacted with tri THIS\GHBETMHAS BEEN
(50[err]l) and benzoyl chloride (100[err]l) and the desired BEBAGHED

extracted in a manner identical to that described in Ex .
Purification was achieved by high pr8§sure liquid chronq umgr}él@%l
Dy namax -

over anhydrous sodium sulphate and evaporated under
vacuum to yield a crude product. This material was
chromatographed on silica (Kieselgel 60, 230-400 nesh,
"Merck) (10g) eluting with dichloromethane-ethyl acetate
4:1. Appropriate fractions were combined and evaporated
under vacuum to give the product which was further
purified by preparative high pressure liquid -
chromatography on an Ultrasphere {(trade mark) column (10
x 250mm, 5S5um, ODS~silica, Beckmann) eluting with
methanol-water 85:15 at 5ml per minute. Appropriate
fractions were combined and evaporated -under vacuum to
yield the title product as a white powder. Mass and NMR
spectra were fully consistent with the proposed
structure.

4'-Methyl-25-cyclohexyl-22, 23-dihydroavermectin Bl
monosaccharide (255mg) was oxidised with activated
manganese dioxide (250mg) in diethyl ether (50ml)
according to the procedure described in Example 2 to give
the title compound (208mg) whose NMR spectrum was fully
consistent with the proposed structure.

To a solution of . 4'-methyl-5-oxo-25-cyclohexyl-
22,23~-dihydroavermectin Bl monosaccharide (208mg) in a
mixture of methancl:dioxan 1:1 (40ml) was added a
solution of hydroxylamine hydrochloride (416mg)
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(trade mark) colum (41.4 x 250mm 8[err]m ODS-silica, Rainin) eluting at
45m per mnute wth a nethanol - water 90:10 m xture. Ap{Ps SHEERHAS BEEN
fractions were conbi ned and evaporated under vacuumto yi el (REFhACEDt I e

conpound as a white powder (28ng). Mass and NWVR spectra
consistent with the proposed structurg2 lmﬁ!ﬁﬁgm“"gﬁ‘ﬁa

dissolved in water (10ml). This mixture was stirred at
room temperature and a further amount of hydroxylamine
hydrochloride (208mg) was added after 3 hr and stirring
continued at 50°C for 5 hr before quenching with the
addition of saturated aqueous potassium bicarbonate
solution (20ml) and diethyl ether (50ml). The organic
extract was washed sequentially with water (20ml) and
saturated aqueous sodium chloride solution (20ml), dried
over anhydrous sodium sulphate and evaporated to dryness
under wvacuum to give the crude product. This material was
then chromatographed on silica (Kieselgel 60, 230-400
mesh, Merck) (10g) eluting with dichloromethane: ethyl
acetate 4:1. Appropriate fractions were combined and
evaporated to give the desired compound which was further
purified using high pressure liquid cﬁfomatography on a
Dynamax (trade mark) column (10 x 250mm, 5pm, Ultrasphere
(trade mark) ODS-silica, Beckman) eluting with
acetonitrile:methanol:water 63:12:25 at 5ml per minute.
Appropriate fractions were combined and evaporated to
dryness to yield the title product as a white solid
(63mg). Mass and NMR spectra were fully consisted with
the proposed structure.

EXAMPLE 29

cvclohe xXviavermectin Bl monosaccharide
Method 1. 5-Oximino-22,23-dihydro-25-
cyclohexylavermectin Bl monosaccharide (5.93g) (Example
5), t-butyldimethylsilyl chloride (2.l1lg) and imidazole
(1.9g) were dissolved in dichloromethane (20ml) and the
mixture stirred at room temperature for lhr. Further
amounts of t-butyldimethylsilyl chloride (2.11g) and
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-18 - EXAMPLE 15 5- (N Met hyl car banmoyl oxi m no) - 25- cvcl ohexvl - 22, 23-

THIS SHEET HAS BEEN
REPLACED
il

s T

imidazole (1.9g) were then added and the reaction mixture
stirred at 40°C for another 0.5hr. The mixture was washed
with water (2 x 20ml), saturated agueous potassium
bicarbonate solution (10ml), dried over anhydrous sodium
sulphate and evaporated to dryness under vacuum to give
the crude product. Purification was achieved by
chromatography on silica (Kieselgel 60, 230-400 mesh,
Merck) (250g) eluting with dichloromethane: ethyl
acetate 9:1. Appropriate fractions were combined and
evaporated to give the title compound as a white powder
{(4.09).

“Method 2. 22,23-Dihydro-25-cyclohexylavermectin Bl
monosaccharide (Example 4) was oxidized to the S5-oxo
derivative using manganese dioxide in anhydrous diethyl
ether according to a procedure of Example 2. The 5-oxo-
22,23-dihydro-25~cyclohexylavermectin Bl monosaccharide
(5.0g) was dissolved in dichloromethane (200ml) and O-({t-
butyldiméthylsilyl) ~hydroxylamine (2.5g) and glacial
acetic acid (10ml) were added. The reaction mixture was
stirred at room temperature for 18 hrs and then washed
with water (50ml), saturated aqueous potassium _
bicarbonate solution (50ml), dried over anhydrous sodium
sulphate and evapqrated to dryness under vacuum to give
the crude product. Final purification was achieved by
chromatography over silica (Kieselgel 60, 230-400 mesh,
Merck) (250g) eluting with a gradient of hexane:diethyl
ether 2:1 changing to 1:1. Appropriate fractions were
combined and evaporated to give the title compound as a
white powder (3.9¢).°
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di hydroa vernectin Bl nonosaccharide To a stirred solution of

5- oxi m no- 25- cycl ohexyl - 22, 23- di hydr oaver mectin Blrnwmﬁ%gﬁﬁﬁy éﬁ%ﬁﬁp
5) (106ng) in di chl or omet hane (10m) was added nethyl |socy§qu%

and the mxture stirred for lhr. A further anmoun r | SOC

(S0t er) 1) s hen' aeaana v’ resgg o <t11 e ot T
B

The NMR spectrum of the products from the two methods
was fully consistent with the proposed structure.

To a solution of 5-O-t-Butyldimethylsilyloximino-
22, 23-dihydro-25-cyclchexyla vermectin Bl monosaccharide
(620mg) (Example 29) in dichloromethane (40ml) were added
tetrapropylammonium perruthenate (100mg) and N-
methylmorpholine N-oxine (600mg). The reaction mixture
was stirred at room temperature for 1 hour and then
applied to the top of a silica chromatography column
(Kieselgel 60, 230-400 mesh, Merck) (30g). Following
elution with dichloromethane, appropriate fractions were
combined and evaporated to give the 4'-oxo-derivative
which was used directly in the next step by dissolution
in metharnol (10ml), adding ammonium acetate (1.0g)
followed by sodium cyanoborohydride portionwise until TLC
indicated complete reduction. The solvent was then
removed by evaporation under reduced pressure, the
residue taken up in dichloromethane (10ml) and
triethylamine (5001) and acetic anhydride (2001) were
added. After 1 hr TLC indicated that the reaction was
complete. The mixture was evaporated under reduced
pressure, the residue taken up in methanol (10ml) and
solid p-toluenesulphonic acid added until the solution pH.
was 3.0. After 1 hr TLC indicated that deprotection was
complete and the reaction mixture was poured into a
mixture of aqueous sodium bicarbonate solution and ether
1:1 (20ml). The organic layer was separated, dried over
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anot her 72 hrs before addi ng saturated aqueous sodi um chl oride sol ution
(10m ) and ether (30m ). The organic extract was dried over anh drous
sodi um sul phate and evaporated to dryness under vacuum tH#S é B5l¥de

product (150ng) which was purified by high pressure |iqui to raphy

on & Dynamx (trade mark) col um (41.f5x 0 0N 01

anhydrous sodium sulphate and evaporated to dryness under
ﬁacuum to give the crude product. Purification was
achieved by high pressure liquid chromatography on an
Dynamax (trade mark) column (24 x 250mm, 5um, ODS-silica,
Rainin) eluting with methanol-water 85:15 at 20ml per
minute. Appropriate fractions were combined and
evaporated under vacuum to give the product which was
further purified by high pressure liquid chromatography
on an Dynaméx (trade mark) column (24 x 250mm, Sum, ODS-
silica, Rainin) eluting with methanol-water 82:18 at 20ml
per minute. Appropriate fractions were combined and
evaporated under vacuum to yield the title compound as a
white powder (50mg). Mass and NMR spectra were fully
consistent with ﬁhe proposed structure.

EXAMPLE 31
25-Cyclohexylavermectin B2 (50g) was oxidised to its

5-oxo~derivative with activated manganese dioxide (2 x
50g) in diethyl ether (500ml) according to the method
described in Example 2. Further reaction with
hydroxylamine hydrochloride (53g) in an aqueous methanol
- dioxan - water mixture (1:1:1) (900ml) was carried out:
according to the procedure described in Example 28. The

";iglg_n:gdng; was isolated from the reaction by pouring
into water (500ml) and extracting with diethyl ether (3 x
500ml) . The combined organic extracts were dried over
anhydrous magnesium sulphate and evaporated to dryness
under vacuum to give the product (53g) which was used

" directly in the next example without further

. purification.
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250nm 8[err]m ODS-silica, Rainin) eluting at 45m per minute with a
met hanol - water 91:9 mxture. Appropriate fractions mequﬁ$ é g@%?gEN
0Sé

evapor at ed under vacuumto yield the title conpound as a
(80ngy). Mass and NWVR spectra were fully consistent with the p f

Eruebin B o . e

EXAMPLE 32

A mixture of 5-Oximino-25-cyclohexylavermectin B2
(500mg) and pyridinium dichromate (1.87g) in
dimethylformamide (25ml) was stirred at room temperature
under a nitrogen atmosphere for 18 hrs. The reaction
mixture was then poured into an ice (25g) and (50 ml)
mixture and extracted with diethyl ether (2 x 50ml). The
combined ether extract was washed with 2N hydrochloric
acid (20ml), water (50ml), dried over anhydrous magnesium
sulphate and evaporated to dryness under vacuum to give a
residue (350mg) which was dissolved in isopropanol (25ml)
containing 1% sulphuric acid v/v. After stirring this
reaction mixture for 18 hrs under a nitrogen ‘atmosphere
it was poured into an ice-water mixture (50ml) and the
product extracted with dichloromethane (2 x 30ml). The
combined organic extracts were dried over anhydrous
magnesium snlphate and evaporated to dryness under vacuum
to give the crude product (300mg) which was purified by
high pressure liquid chromatography on a Zorbax column
(21.2 x 250mm, 8um, ODS-silica, Rainin) eluting with
methanol - water 78:22 at 9ml per minute. Appropriate
fractions were combined and evaporated under vacuum to
vield the title compound as a white powder._Mhss and NMR

spectra were fully consistent with the proposed
structure.
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5- (NN- Di net hvl car banovl oxi mi no) - 25- cvcl ohexvl -22 23- di hy droavernectin Bl
nmonosaccharide To a stirred solution of 5-oxim no-25-cyqHESXsHT KA BBEN
di hydroavermectin Bl nonosaccharide (Exanple 5) (50ng) in dirgRLacemet hane

(2m) at roomtenperature was added triethylamne (72[e
i=dimiytan nopyt e (1m) [T

EXAMPLE 33

monosaccharide

To a solution of S5-oximino-23-oxo0-25-
cyclohexylavermectin B2 monosaccharide (300mg) (Example
32) in dioxan (150ml) containing sodium acetate (320mg)
and methoxylamine hydrochloride (370mg)} was added glacial
acetic acid (10ml). The reaction was stirred at room
temperature for 1l8hrs then poured into water (200ml) and
extracted with dichloromethane (2 x 200ml). The combined
extracts were washed with saturated aqueous sodium
bicarbonate soclution (2 x 100ml) and water (100ml), dried
over anhydrous magnesium sulphate and evaporated to
dryness under vacuum to give the crude product which was
chromatographed on silica (Kieselgel 60, 230-400 mesh,
Merck) (10g) eluting with a gradient 6f hexane:diethyl
ether 1:1 changing to 0:1. Appropriate fréctions were
combined and evaporated to give the product (98mg) which
was further purified by high pressure ligquid
chromatography on a Zorbax .column (21.2 x 250mm, 8Sum,
ODS-silica, Rainin) eluting with methanol - water 82:18
at 9ml per minute. Appropriate fractions were combined
and evaporated under vacuum to vield the title compound
as a white powder (60mg). Mass and NMR spectra were
fully consistent with the proposed structure.
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foll omed by N, N-di net hyl carbanoyl chloride (58[err]l). After 3hrs further
N, N-di met hyl car bamoyl chloride (58[err]l) was added and theghgact] B hﬁft
to stand for 18 hrs. An aqueous citric acid soluti.on (1096M%¥phggé§.5

di ethyl ether (20m) were then added and the organic |

: TN

To a solution of 5-0O-t-butyldimethylsilyloximino-

22,23-dihydro-25-cyclohexyl- avermectin Bl monosaccharide
(Example 29) (530mg), diisopropylethylamine (770mg) and
4-dimethylaminopyridine (73mg) in dichloromethane (50ml)
was added succinic anhydride (3.6g). The resulting
suspension was sonicated for 1l0Omin and stirred at room
temperature for 1l8hr then washed with water (2 x 10mlj},
dried over anhydrous sodium sulphate and evaporated to
dryness under vacuum to give the crude product which was
chromatographed on silica (Kieselgel 60, 230-400 mesh,
Merck) (20g) eluting with a gradient of dichloromethane
-~ ethyl acetate 9:1 changing to 4:1. Appropriate
fractions were combined and evaporated to give a solid
which was slurried with dichloromethane (20ml), filtered
and the filtrate evaporated to dryness under vacuum to
give the crude product which was further purified by
high pressure liquid chromatography on a Dynamax (trade
mark) column (41.4 x 250mm, 8um, ODS-silica, Rainin)
eluting at 9ml per minute with a methanol - water 90:10
mixture changing to 95:5 after 40 mins. Appropriate
‘fractions were combined and evaporated under vacuum to
vield the title compound as a white powder (407mg). Mass
and NMR spectra were fully consistent with the proposed
structure.
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-19 - separated, washed with saturated aqueous sodi um chHES ST BEEN

(5m),

dri ed -over anhydrous sodi um sul phate and evapor at ed Repgiogm®sS under

vacuumto give the crude product

(AR

A solution of 4‘'-0-succinoyl-5-0-t-
butyldimethylsilyloximino-22,23-dihydro -25-cyclohexyl-~
avermectin Bl monosaccharide (Example 34) (50mg), and p-
toluenesulphonic acid (50mg) in a dioxan - water mixture
10:1 (1lml) was stirred at room temperature for 2hr. This
reaction mixture was then quenched by the addition of
saturated aqueous potassium bicarbonate solution (5ml)
and water (10ml) and the product extracted with diethyl
ether (3 x 20ml). The combined organic extracts were
washed with water (3 x10ml), saturated aqueous sodium
chloride solution (5ml), dried over anhydrous sodium
sulphate and evaporated to dryness under vacuum to give

- the crude product which was chromatographed on silica

(Kieselgel 60, 230-400 mesh, Merck) (0.5g) eluting with
ethyl acetate. Appropriate fractions were combined and
evaporated to give a solid (46mg) which was further
purified” by high pressure liquid chromatography on a
Utrasphere column (10 x 250mm, 5um, ODS-silica, Beckman)
eluting at 5ml per minute with a methanol - water 80:20
mixture changing to 85:15 after 20 mins and to 90:10
after 40 mins. Appropriate fractions were combined and
evaporated under vacuum to vield the potassium salt of
the <title compound as a white powder (32mg). This
compound was dissolved in diethyl ether {(10ml), washed
with an aqueous citric acid solution (20% w/v, 5ml),
dried over anhydrous sodium sulphate and evaporated to
dryness under vacuum to give the title compound as a
white powder (25mg). Mass and NMR spectra were fully
consistent with the proposed structure.
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whi ch was purified by high pressure |iquid chromatography on a Dynamax

(trade mark) colum (21.2 x 250nm 5[err]m ODS- silica, vhidighr 1lsdeeny at
10m per mnute with a nethanol - water 90: 10 m xture. ApproREPBAGED

fracti ons were conbi ned and evaporated under vacuumto yleld
conpound as a white powder (18ny). I\/%s and NWVR spectra mlmmﬂl

A solution of 4'-O-succinoyl-5-O-t-
butyldimethylsilyloximino-22,23-dihydro -25-cyclohexyl-
avermectin Bl monosaccharide (Example 34) (50mg), and p-
toluenesulphonic acid (50mg) in methanol (10ml) was
stirred at room temperature for lhr. This reaction
mixture was then quenched by the addition of saturated
aqueous potassium bicarbonate solution (2ml) and water
{10ml) and the product extracted with diethyl ether (3 x

. 10ml). The combined organic'extracts were washed with
water (3 x5ml), saturated aqueous sodium chloride
solution (2 x 5ml), dried over anhydrous sodium
sulphate and evaporated to dryness under vacuum to give
the crude product which was chromatographed on silica
(Kieselgel 60, 230-400 mesh, Merck) (1lg) eluting with
dichloromethane - ethyl acetate 9:1. Appropriate
fractions were combined and evaporated to give the title
compound ‘as a- white powder. Mass and NMR spectra were
fully consistent with the proposed structure.

To a solution of 4'-O-succinoyl-5-O-t-
butyldimethylsilyloximino~22,23-dihydro -25-cyclohexyl-
avermectin Bl monosaccharide (Example 34) (100mg), 1-
“hydroxybenzotriazole (15mg) and 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide (24mg) in dry
" N,N-dimethylformamide (5ml) was added and N-
methylpiperazine (llmg) and the mixture stirred at room
temperature for 18hr. After pouring into water (20ml) the
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consistent with the proposed structure. EXAVPLE 17
5- (4- Met hyl pi perazi nyl - 1- car bonyl oxi m no) - 25- cycl ohexyl nﬂsswggrgégBEEN
22, 23-di hvdroavermectin Bl nonosaccharide To a stirred solutl&ﬁ HA

Bligﬁ ]h)c/:I \%ge;gégge (0.65m ) and tri et:lyl amne (1.3m) in t\mmmmm'm““at

product was extracted with diethyl ether (3 x10ml). The
combined extracts were washed with water (3 x5ml),
saturated aqueous sodium chloride solution (2 x 5ml),
dried over anhydrous sodium sulphate and evaporated to
dryness under vacuum to give a material which was
chromatographed on silica (Kieselgel 60, 230-400 mesh,
Merck) (10g) eluting with dichloromethane - methanol
95:5. Appropriate fractions were combined and evaporated
to give a material (85mg) which was dissolved in methanol
(10ml) containing p-toluenesulphonic acid (85mg) and the
whole stirred at . room temperature for lhr. This reaction
mixture was qQuenched by adding saturated agqueocus
potassium bicarbonate (Sml) and water (20ml) and the
product extracted with diethyl ether (3 x 10ml). The
combined organic extracts were washed with water (3
x5ml), saturated aqueous sodium chloride soclution (2 x
5ml),. dried over anhydrous sodium sulphate and
evaporated to.dryness under vacuum to give the crude
product which was chromatographed on silica (Kieselgel
60, 230-400 mesh, Merck) (10g) eluting with
dichloromethane - methanol 95:5. Appropriate fractions
were combined and evaporated to give the ;i;lg;ggmngung
as a white powder (52mg). Mass and NMR spectra were fully
consistent with the proposed structure.
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dropwi se a solution of phosgene in toluene (20%, 5.1m ) over a period of
15 min. The reaction was allowed to warmto room tenper ahysdHeet HASEEENor
3hr, filtered and concentrated to approxi mately 10m under rgeri@EDpressure

S o 85 cyet vyt 22,25y i

monosaccharide _

To a solution of 4'-0O-succinoyl-5-0O-t-
butyldimethylsilyloximino-22, 23~-dihydro -25-cyclohexyl-
avermectin Bl monosaccharide (Example 34) (100mg), 1-
hydroxybenzotriazole (30mg), 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide (48mg) and diisopropylethylamine
(39mg) in dry N,N-dimethylformamide (5ml) was added 4-
aminopyridine (21lmg) and the mixture stirred at room
temﬁerature for 18hr. After pouring into ethyl acetate
(20ml) the resulting solution was washed with water (3 x
10ml), saturated agqueous sodium chloride sclution (2 x
5ml), dried over anhydrous sodium sulphate and
evaporated to dryness under vacuum to give a material
(90mg) which was dissolved in methanol (10ml) containing
p~-toluenesulphonic acid (20mg) and the whole stirred at
room temperature for lhr. This reaction mixture was
guenched by’ adding saturated agueous potassium
bicarbonate (5ml) and water (20ml) and the product
extracted with diethyl ether (3 x 10ml). The combined

- organic extracts were washed with water (3 x 5ml),
saturated agqueous sodium chloride solution (2 x 5ml),
dried over anhydrous sodium sulphate and evaporated to
dryness under vacuum to give the crude product which was
chromatographed on silica (Kieselgel 60, 230-400 mesh,
Merck) (5g) eluting with ethyl acetate. Appropriate
fractions were combined and evaporated to dryness under
vacuum to give the title compound as a white powder
{29mg) . Mass and NMR spectra were fully consistent with
the proposed structure.
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di hydroavernectin Bl nonosacchari de (Exanple 5) (300ng), triethylam ne
(110[err]l) and 4-di net hyl am nopyri dine (5nmg) in dichloronmethane (10m) at
roomtenperature according to the nmethod described in Exanple 16.
Purification of the desired material was achi eved by chnﬁﬁ%jﬁﬁ%&%@ggﬁEN
silica (Kieselgel 60, 230-400 nmesh, Npyck) (35g) eluting wt

A
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To a solution of N,N'-bis-(9-
fluorenylmethoxycarbonylilysine (1.32g) in
dichloromethane (250ml) was added
" dicyclohexylcarbodiimide (230mg) and the mixture stirred
at room temperature for 1 hr. The resulting suspension
was then sonicated for 0.5hr then filtered through a
layer of Hyflo (trade mark) and the filtrate concentrated
under reduced pressure to a volume of approximately 100
ml to give a solution of the desired N,N'-bis-(9-
fluorenylmethoxycarbonyl) lysine anhydride. To this
solution was added 5-O-t-butyldimethylsilyloximino-22,23-
dihydro-25-cyclohexyl~- avermectin Bl monosaccharide
(Bxample 29) (670mg), diisopropvlethylamine (294mg) and
4-dimethylaminopyridine (185mg). The reaction mixture was
stirred at room temperature for 90hrs then concentrated
to dryness under reduced pressure to give a residue which
was chromatographed on silica (Kieselgel 60, 230-400
mesh, Merck) (200g) eluting with dichloromethane
changing to dichloromethane - ethyl acétate 9:1 after 11
had been collected. Appropriate fractions were combined
and evaporated to dryness under vacuum to give the title
compound as a white powder (850mg). The NMR spectrum was
fully consistent with the proposed structure.
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di chl oronet hane. Appropriate fractions wer e combi ned and evaporated to
dryness under vacuumto give a material (53ng) which was further purified

by high pressure liquid chromatography .ﬂ“S%ggiﬁgégBEEN
” 5
EXAMPLE 40

4'~0-(N,N'~bis- (9~
fluorenylmethoxycarbonyl)lysinyl)-5-0-t~-bu
tyldimethylsilyloximino-25-cyclohexyl-22,23-
dihydroavermectiln Bl monosaccharide (850mg) (Example 39)
was dissolved in methanol (20ml) containing p-
toluenesulphonic acid (20mg) and the whole stirred at
room temperature for 2hrs. This reaction mixture was
quenched by adding saturated agueous potassium
bicarbonate (5ml) and water (20ml) and the product
extracted with diethyl ether (3 x 10ml). The combined
organic extracts were washed with water (3 x5ml),
saturated agqueous sodium chloride solution (2 x 5ml),
dried over anhydrous sodium sulphate and evaporated to
drvness under vacuum to give the crude product which was
chromatographed on silica (Kieselgel 60, 230-400 mesh,
Merck) (25g) eluting with dichloromethane - ethyl
acetate 9:1 changing to 4:1 after 200ml of eluate had
been collected. Appropriate fractions were combined and
evaporated to dryness under vacuum to give the title
compound as a white powder (274mg). The NMR spectrum was
fully consistent with the proposed structure.
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-20- on a Dynamax (trade mark) colum (21.2 x 250mm 5[err]m ODS- silica,
Rainin) eluting at 20m per mnute with a nethanol - water 13 SHREXHAS BEEN
Appropriate fractions were conmbi ned and evaporat ed under vacuurRgrbAgERI d

the title compound as a s A A

4'-0-(N,N'-bis-(9-
fluorenylmethoxycarbonyl)lysinyl)-5-oximin o-25-
cyclohexyl-22, 23~dihydroavermectin Bl monosaccharide
(274mg) (Example 40) was dissolved in acetonitrile (30ml)
containing piperidine (150mg) and the mixture stirred at
room temperature for 8 hrs. This was concentrated to
dryness under vacuum to give the crude product which was
chromatographed on silica (Kieselgel 60, 230-400 mesh,
Merck) (25g) eluting with dichloromethane - methanol -
0.880 ammonia solution 80:20:1. Appropriate fractions
were combined and evaporated to dryness under vacuum to
give the tfitle compound which was freeze dried from t-
butanol to yield a white powder (157mg). Mass and NMR
spectra were fully consistent with the proposed
structure.

To a stirred solution of 5-oximino-25-cyclohexyl-
22,23-dihydroavermectin Bl monosaccharide (Example 5)

. {50mg) in dichloromethane (2ml) at room temperature was
added triethylamine (721) followed by trimethylacetyl
chloride (801l). After leaving to stand for 18 hrs an
agqueous citric acid soclution (10% w/v, 2ml) was added and
the organic layer separated, washed with saturated
aqueous sodium chloride solution (2ml), dried over
"anhydrous sodium sulphate and evaporated to dryness
under vacuum to give the crude product which was
chromatographed on silica (Kieselgel 60, 230-400 mesh,
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white powder. Mass and NVR spectra were fully consistent with the proposed
structure. EXAVPLE 18 5- (t-Butyl oxycarbonyl oxi mi no) -25-cytti§ T HAS BEEN

di hydro avernectin Bl nonosaccharide To a stirred sol ution
of . 5- oxi m no- 25- cycl ohexyl - 22, 23-

46

Merck) (5g) eluting with diethyl ether.

REPLAGCED

AN O 0

Appropriatefraétions were combined and evaporated to

dryness under vacuum to give a material (53mg) which was

further purified by high pressure liguid chromatography

on & Dynamax (trade mark) column (21.2 x 250mm,

Sum, ODS-

silica, Rainin) eluting at 20ml per minute with a

methanol - water 95:5 mixture. Appropriate fractions

were combined and evaporated under vacuum to yvield the
title compound as a white powder (18mg). Mass and NMR

spectra were fully consistent with the proposed
structure.

5-oximino-25~-cyclohexyl-22,23~-dihydroavermectin Bl
monosaccharide (Example 5) (70mg) in dichloromethane
(30ml) was reacted with triethylamine (501) and benzoyl
chloride (1001) and the desired product extracted in a
manner identical to that described in Example 42.
Purification was achieved by high pressure liguid

chromatography on a Dynamax (trade mark) column

(41.4 x

250mm, 8um, ODS-silica, Rainin) eluting at 45ml per

minute with a methanol - water 90:10 mixture.

Appropriate fractions were combined and evaporatéd under

vacuum to yvield the gtitle compound as a white powder
(28mg). Mass and NMR spectra were fully consistent with

the proposed structure.
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di hydroavernmectin Bl nonosaccharide (Exanple 5) (60ng) and triethylam ne
(50[err]l) in dichloronmethane (5m ) at roomtenperature wasisasiEEr HAS BEEN
t - but yl oxycarbonyl anhydride (60ng). After allowing to stand REPLAGERS t he

reaction was evaporated to dryness under vacuumto give a rg was
di ssol ved in dichl oronet hane and chro&ptographed on j“ﬂﬂl iﬂ |

EXAMPLE 44

To a stirred solution of S-oximino-25-cyclohexyl-
22, 23-dihydroavermectin Bl monosaccharide (Example 5)
(106mg) in dichloromethane (10ml) was added methyl
isocyanate (151) and the mixture stirred for lhr. A
further amount of methyl isocyanate (301) was then added
and the reaction stirred for another 72 hrs before adding
saturated aquecus sodium chloride solution {(10ml) and
ether (30ml). The organic extract was dried over
anhydrous sodium sulphate and evaporated to dryness
under vacuum to give the crude product (150mg) which was
purified by high pressure liquid chroﬁatography on a
Dynamax (trade mark) column (41.4 x 250mm, 8um, ODS-
silica, Rainin) eluting at 45ml per minute with a
methanol - water 91:9 ndxtﬁre. Appropriate fractions
were combined and evaporated under vacuum to yield the
ritle compound as a white powder (80mg). Mass and NMR
spectra were fully consistent with the proposed
structure.

To a stirred solution of 5-oximino-25-cyclohexyl-
22,23~-dihydroavermectin Bl monosaccharide (Example 5)
{50mg) in dichloromethane (2ml) at room temperature was
added triethylamine (721) and 4-dimethylaminopyridine
(lmg) followed by N,N-dimethylcarbamoyl chloride (581).
After 3hrs further N,N-dimethylcarbamoyl chloride (581)
was added and the reaction left to stand for 18 hrs. An
aqueous citric acid solution (10% w/v, 2ml) and diethyl
ether (20ml) were then added and the. organic layer
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silica (Kieselgel 60, 230-400 nesh, Merck) (5g) eluting w th
di chl oronet hane. Appropriate fractions were conbi ned and By8RAEET HASIBEEN
dryness under vacuumto give the title conDound as a white poRERUACEDSNT) .

Miss and NMR spectra were fully consjgstent with the proposiﬁ“mi‘ mimml
i

separated, washed with saturated agueous sodium chloride
solution (5ml), dried over anhydrous sodium sulphate and
evapora_t:ed to dryness under vacuum to give the crude
product which was purified by high pressure liquid
chromatography on a Dynamax (trade mark) column (21.2 x
250mm, 5um, ODS-silica, Rainin) eluting at 10ml per
minute with a methanol - water 90:10 mixture.
Appropriate fractions were combined and evaporated under
vacuum to vield the title compound as a white powder
(18mg). Mass and NMR spectra were fully consistent wit_:h
the proposed structure.
EXAMPLE 46
- - i b4

To a stirred solution of N—-methylpiperazine (0.65ml)
and triethylamine (1.3ml) in toluene (25ml) at 0°C was
added dropwise a solution of phosgene in toluene (20% ,
5.1ml) oveér a period of 15 min. The reaction was allowed
to warm to room temperature, stirred for 3hr, filtered
and concentrated to approximately 10ml under reduced
pressure to give a solution of l-chlorocarbonyl-4-
methylpiperazine which was reacted with 5?oximino-25-
cyclohexyl-22,23-dihydroavermectin Bl monosaccharide
(Example 5) (300mg), triethylamine (1101) and 4-
dimethylaminopyridine (5mg) in dichloromethane (10ml) at
room temperature according to the method described in
Example 45. Purification of the desired material was
achieved by chromatography on silica (Kieselgel 60, 230~
400 mesh, Merck) (35g) eluting with dichloromethane.
Appropriate fractions were combined and evaporated to
dryness under vacuum to give a material (53mg) which was
further purified by high' pressure liquid chromatography
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-21- EXAMPLE 19 5- (N (4-Fornyl phenyl)-carbanoyl oxi m no) - 25-cycl ohexyl - 22,
23-di hvdroavernecti n Bl nonosacchari de

THIS SHEET HAS BEEN
REPLACED

49 AT

on a Dynamax (trade mark) column (21.2 x 250mm, S5um, ODS-
silica, Rainin) eluting at 20ml per minute with a
methanol - water 95:5 mixture. Appropriate fractions
were combined and evaporated under vacuum to yield the
title compound as a white powder. Mass and'NMR spectra
were fuliy consistent with the proposed structure.

EXAMPLE 47

To a stirred solution of 5-oximino-25-cyclohexyl-

- 22,23-dihydroavermectin Bl mbnosaccharide (Example 5)
(60mg) and triethylamine (501) in dichloromethane (5ml)
at room temperature was added t+butyloxycarbonyl
anhydride (60mg). After allowing to stand for 48hrs the
reaction was evaporated to dryness under vacuum to give a
residue which was dissolved in dichloromethane and
chromatographed on silica (Kieselgel 60, 230-400 mesh,
Merck) (5g) eluting with dichloromethane. Appropriate
fractions were combined and evaporated to dryness under
vacuum to give the :i&lﬁ_sgmnéund_as a white powder
(45mg). Mass and NMR spectra were fully consistent with
the proposed structure.
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4- For nyl phenyl i socyanate was prepared according to the nethod described in

J.

Med. Chem, 32(10), 2354, (1989) and was reacted with

5- oxi mi no- 25- cyclohexyl 22,23- di hydroavernmectin Bl nDno§ﬂ§éﬁ§ETMéSBEEN
(Exanple 5) (500ng), in dry di chl or omet hane (50m ) at room t®

lhr according to the nethod describedsén Exanpl e 14.

4-Formylphenylisocyanate was prepared according to
the method described in J. Med. Chem., 32(10), 2354,
(1989) and was reacted with 5-oximino-25-cyclohexyl-
22,23-dihydroavermectin Bl monosaccharide (Example 5)
(500mg), in dry dichloromethane (50ml) at room
temperature for lhr according to the'method described in
Example 43. Purification of the desired material was -
achieved using chromatography over silica (Kieselgel 60,
230-400 mesh, Merck) (125g) eluting with a gradient of
hexane -~ ether 1:1 changing to 20:80. Appropriate
fractions were combined and evaporated to dryness under
vacuum to give the fLitle compound as a white powder
(300mg). Mass and NMR spectra were fully consistent with
the proposed structure.

4-Diethylaminomethylbenzoyl chloride was prepared
according to the method described in United States Patent
publication US-4623486 and was reacted with S5-~oximino-25-
cyclohexyl-22,23~-dihydroavermectin Bl monosaccharide
{(Example 5) (100mg), in dry dichloromethane (50ml)
containing triethylamine (4501) and 4-
dimethylaminopyridine (126mg) at room temperature for 1hr
according to the method described in Example 45.

‘Purification of the desired material was achieved using

chromatography over silica (Kieselgel 60, 230-400 mesh,
Merck) (5g) eluting with a gradient of methanol -

re for
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Purification of the desired material was achieved using chr omat ogr aphy over

silica (Kieselgel 60, 230-400 nmesh, Merck) (125q) eIutlngﬂWEQQEngmghgsn
of hexane - ether 1:1 changing to 20:80. Appropriate fracti ONRgpeNCED

conbi ned and evaporated to dryness under vacuumto give the t|t|
as a white powder (300ng). Mass and NMR spectra ‘“ﬁ m(mmr

dichloromethane 0:100 changing to 10:90.
Appropriatefractions were combined and evaporated to
dryness under vacuum to give the f£itle compound as a
white powder (llmg). Mass and NMR spectra were fully
consistent -with the proposed structure.

4-(4-Methylpiperazin-l-ylmethyl)benzoyl chloride was
prepared according to the method described in United
States Patent publication US-4623486 and was reacted with
5-oximino-25~cyclohexyl-22,23-dihydroavermectin Bl
monosaccharide (Example 5) in a manner identical to that
described in Example 48. The title compound was obtained
as a white powder (18mg). Mass and NMR spectra were
fully consistent with the proposed structure.

To a stirred solution of nicotinamide (4.88g) in dry
1,2-dichloroethane (500ml) was added dropwise oxalyl
chloride (5.24ml). The mixture was heated under reflux
for 4.5h then -cooled, filtered and the resulting solution
containing nicotinoyl isocyanate (50ml) was reacted with
5-oximino-25~cyclohexyl-22,23-dihydroavermectin Bl
monosaccharide (Example 5) (500mg), in dichloromethane
(10ml) at room temperature. After allowing to stand for
18hr further nicotinoyl isocyanate solution (25ml) was
added and the mixture left at room temperature for a
further 18hr before evaporating to dryness under vacuum
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were fully consistent with the proposed structure. EXAMPLE 20 5- (N
(4- (D et hvl am nonet hyl ) phenyl) -carbonyl oxi mno) - 25 N
-cycl ohexyl - 22, 23-di hydroavernmectin B1 nonosacchari de 'nﬂsigngHASBEE

descr bed 10 United Staies Fatent gy

to give a reSidue which was purified by high pressure
liguid chromatography on a Dynamax (trade mark)
‘column(41.4 x 250mm; 8um, ODS-silica, Rainin) eluting at
45ml1 per minute with a methanol - acetonitrile - water
20:65:15 mixture. Appropriate fractions were combined
and evaporated under vacuum to yield the fitle compound
as a white powder. Mass and NMR spectra were fully
consistent with the proposed structure.

To a solution of nicotinic acid hydrazide
dihydrochloride (2g) in water (10ml) was added a solution
of sodium nitrite (1.6g) in water (10mi). keeping the
temperature below 20°C. Diethyl ether (50ml) was then
added and the mixture basified by the careful addition of
solid sodium bicarbonate. The organic layer was
separated, washed with water (20ml), dried over'anhydrous
magnesium sulphate and evaporated to dryness under vacuum
to give nicotinyl azide (1.1g) m.pt. 54°C. This azide
(1.1g) was stirred in dry toluene (10ml) and heated at

. 100°C under a nitrogen atmosphere for 8hr to give a
solution containing 3-pyridyl isocyanate. A portion of
this solution (iml) was reacted with S5-oximino-25-
cyclohexyl—zz,23—dihydrpavermectin Bl monosaccharide
(Example 5) (100mg), in toluene (10ml) at room
temperature for lhr before pouring into a diethyl ether -
water mixture (1:1, 30ml). The organic layer was
separated, dried over anhydrous magesium sulphate and
evaporated to dryness under vacuum to give a residue
(130mg) which was purified by high pressure liquid
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publication US-4623486 and was reacted w th 5-oxi m no-25-

cycl ohexyl - 22, 23- di hydr oavermectin Bl nonosacchari de (Exanple 5 10019)
in dry di chl or onet hane- (50m ) containing triethylanine {4

4- di met hyl am nopyridine (126ng) at roomtenperature for 1hr R E

t he met hod described in Exarrpl e 16. nglflcatlon of the: d%”lﬂ““ﬂmrllm

..sah

chromatography on a Dynamax (trade mark) column (41.4 x
250mm, 8um, ODS-silica, Rainin) eluting at 45ml per
minute with a methanol - water 85:15 mixture, changing
to87:13 after 15 mins. Appropriate fractions were
combined and evaporated under vacuum to yield the title
compound as a white powder (52mg). Mass and NMR spectra
were fully consistent with the proposed structure.

EXAMPLE 53
5-oximino-25-cyclohexyl-22, 23-dihydroavermectin Bl
monosaccharide (Example 5) (500mg) was reacted with allyl
isocyanate {(108mg) in dichloromethane (50ml) according to'
the method described in Example 43 to give the title
compound as a white powder (352mg). Mass and NMR spectra
were fully consistent with the proposed structure.
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230400 moh, Ner ck) (59) el ut i ng. ﬂlllﬂfﬂmﬂmﬁlﬂlﬁlllllca o Ak vas BE

di chl or omet hane 0: 100 changi ng to 10*90¢ Appropfl afefractlo bgDco i ned
and evaporated to dryness under vacuumto give the title co
whi te powder 54 3 FT i‘i‘
| il i
CLAIMS

1. A compound of formula {(I).

OR*

wherein the broken line at the 22-23 position represents
an optional bond and either this bond is presént and R* is
~ absent-or this bond is-absent and R* is H, OH, oxo or
oximino optionally substituted by a C,-C, alkyl group, R?
is a C,-C, alkyl, C,~-C, alkenyl or C,-C, cycloalkyl group,
or a 3- to 6- membered hetero_cyciic ring containing a
sulphur or oxygen atom, said ring being saturated or
fully or partially unsaturated and optionally substituted
by one or more C,~-C, alkyl groups or halogen atoms,
R® is H or OH, and
R*' is H or a group capable of being hydrolysed in wvivo to
yield a compound in which R* is H, A
R® is OH, optionally substituted with a group capable of
being hydrolysed in vivo to yvield a compound in which RS -
is OH, and R® is H or C,-C, alkyl or R® is H and R® is
amino, optionally substituted with at least one group

selected from C,-C, alkyl and acyl groups.
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2. A compound accordlng to Clalm 1,_1n whlch sa;gm“

groups capable of belng hydrolysed in vivo are
independently substituted or. unsubstituted+CoEC “ET¥ENoy 1,
aroyl, carbamoyl, C,-C, alkoxycarbonyl, dicarboxylic acid
or amino acid group.

3. A compound according to Claim 2, in which said group
capable of being hydrolysed in vivo is an acetyl, &~
butylcarbonyl, t-butyloxycarbonyl, benzoyl,
methylpiperazinecarbonyl, N-methylcarbamoyl, N,N-
dimethylcarbamoyl, formylphepylcarbamoyl, N- (4-
diethylaminomethylphenyl)-carbamoyl, N-(4-methyl-1-
piperazin-methylphenyl)-carbamoyl, N-(3-pyridylcarbonyl)-
carbamoyl, N-(3-pyridyl)-carbamoyl, allylcarbamoyl,
succinoyl, methoxysuccinoyl, 4-methylpiperaiinesuccinoyl,
pyvrid-4-ylaminosuccinoyl, lysinyl or a N, N*-bis (9~
fluorenylmethoxycarbonyl)lysinyl group. ..

4. A compound according to Claim 1, 2 or 3 in
which R* is an alkyl or cycloalkyl group.

5. A compound according to Claim 4, in which R?® is
cyclohexyl, isopropyl or sec-butyl. '

6. - A compound according to any preceding claim, in
which R’ is H and the optional bond at the 22-23 position
is present or this optional bond is absent and R®* is H or
OH.

7. A compound according to claim 1 which R® and R*
are H. ' |

8. Any one of the following compounds:
5-oximino-22, 23-dihydroavermectin Bla monoséccharide,
5-oximino-22, 23-dihydro-25-cyclohexylavermectin Bl
monosaccharide,
5-oximino-25-cyclohexylavermectin B2 monosaccharide,
5-oximino-25-cyclohexylavermectin Bl monosacccharide,
4'-epi-5-oximino-25-cyclohexyl-22,23-dihydroavermectin Bl
monosaccharide, '
4a-hydroxy-5-oximino-25-cyclohexyl-22,23-

dihydroavermectin Bl monosaccharide,

5-oximino-25- (4-tetrahydropyranyl)~22,23- | This Sheet Has Been Replaced

[ lII




EXAMPLE ZH—5—¢ - t hyl - phenyl) -
car bonyl XBMMEQMO exvl - 22 mﬂmlﬂg’ W| tin Bl nonosaccharide
¢ Chloni de

4- (4- Met yllpi per azi n-1-yl thyl)benzoy was preﬁﬁﬂ%GHéﬁbﬂﬁﬂﬁﬁgNto

(ne metndh feauhaRamRg nied States T

dihydroavermectin Bl monosacccharide.
4'-0-Acetyl-5-oximino-25-cyclohexyl-22, 23~
dihydroavermectin Bl monosaccharide,

4’-methyl-5-oximino-25~cyclohexyl-22, 23-dihydroavermectin
Bl monosaccharide,
4‘-acetylamino—4'-deoxy—s-oximino—zz,23—dihydro-25—
cyclohexylavermectin Bl monosaccharide,
S-oximino-23-oxo-25-cyclohexylavermectin B2
monosaccharide,
5-oximino-23-methoximino-25-cyclohexylavermectin B2
monosaccharide, ’
4'-O-succinoyl-5-oximino-25-cyclohexyl-22,23~
dihydroavermectin Bl monosaccharide;
4'-0- {(3-methoxycarbonylpropanoyl) -5-oximino-25-cyclchexyl-
22,23-dihydroavermectin Bl monosaccharide,
4'-0-{3-(4-methylpiperazin-l1-yl)carbonylpropanoyl)-5-
oximino-25-cyclohexyl-22,23~-dihydroavermectin Bl
monosaccharide,
4!-0—(3-(pyrid-4-ylamino)carbonylprobancyl)-5-oximino-25-
cyclohexyl-22, 23-dihydroavermectin Bl monosaccharide,
4'-0-(N,N'-bis~ (9-fluorenylmethoxycarbonyl) lysinyl) -5~
oximino-25~-cyclohexyl-22,23-dihydroavermectin Bl |
monosaccharide,
4’'-0-lysinyl-5-oximino-25-cyclohexyl-22,23~
dzhydroavermectln Bl monosaccharide,
-{trimethylacetyloximino) -25- cyclohexyl ~-22,23-
dlhydroavermectln Bl monosaccharide,
5-(benzoyloximino) -25-cyclohexyl-22,23-dihydroavermectin
Bl monosaccharide,
5- (N-methylcarbamoyloximino) ~-25-cyclohexyl-22, 23-
dihydroavermectin Bl monosaccharide,
5~ (N,N-dimethylcarbamoyloximino)-25-cyclohexyl-22,23-
dihydroavermectin Bl monosaccharide, '
5-({4-methylpiperazinyl-l-carbonyloximino)-25-cyclohexyl-
22,23-dihydroavermectin Bl monosaccharide,
5—(;—butyioxycarbonyloximino)-25-cyclohexz;322,23-
dihydroavermectin Bl monosaccharide,

- This Sheet Has Been RTlace
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Pat ent publication US-4623486 an : S BEEN

oxi m no- 25- cycl ohexyl - 22, 23- di hy ﬁqm@!wg Fonosacc %PISHE% e 5)

in a manner identical to that desc* 19. The t|tIe co

was obtained as a white powder (18ng). Mass and NI\/R spectlr Ba‘ rﬁmr
D

consistent with the proposed-structurg
5-{N- (4-formylphenyl)-carbamoyloximino)~25-cyclohexyl-
22,23-dihydroavermectin Bl monosaccharide,
5- (N- (4~ (diethylaminomethyl)phenyl)-carbamoyloximino)-25-
cyclohexyl-22,23-dihydroavermectin Bl monosaccharide,
5-(N- (4~ (4-methyl-l-piperazinyl-methyl)phenyl)-
carbamoyloximino)-25-cyclohexyl-22, 23-dihydroavermectin
Bl monosaccharide, |
5- (N- (3-pyridylcarbonyl) -carbamoyloximino})~25-cyclohexyl-
22,23-dihydroavermectin Bl monosaccharide,
5- (N- (3-pyridyl)-carbamoyloximino)-25~cyclohexyl-22,23-
dihydroavermectin Bl monosaccharide,
5- (N-allylcarbamoyloximino)-25-cyclohexyl-22,23-
dihydroavermectin Bl monosaccharide.

9. A pharmaceutical or veterinary composition,
comprising a compound according to any preceding claim
and a pharmaceutically acceptable carrier or excipient.

10. A compound according to aﬁy one of claims 1 to
8 for use in animal or human medicine.

11. A compound according to any one of claims 1 to
8, for use as an anﬁiparasitic agent.

12. Use of a compound according to any one of
claims 1 to 8 for making a medicament for treatment or
prophylaxis of flea infestations.

13. A method of treatment or prophylaxis of
parasitic infections, which comprises adminiétering to an
animal or human an effective amount of a compound
according to any one of claims 1 to 8.

14. A compound of formula (III).
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' SHEET
eapLe 22| SR (HiiLa
22, 23-di hviir paver mectin Bl

ni coti nam ¢le} (4L BMAR 1996dr
oxal yl chl eride (5.24m).

rbonyl) ) - 25- cvcl ohexyl -
nosacc Hm Hﬁ Iﬁl‘“rﬂnfed sol uTlﬂlSrSHEET HAS BEEN
deBERKASIRN S

, 2-di ch etthame §$500m ) was ad

h mxturesglas heat ed under refI‘mmm“““mmw

wherein the broken line, R?, R* R’ and R® are as defined
in claim 1, or RK® is @-oleandrosyloxy and R® is H.

15. A process for preparing a compound of formula
(I):

wherein the broken line at the 22-23 position represents
an optional bond and either this bond is present and R* is
absent or this bond is absent and R® is H, OH, oxo or
oximino optionally substituted by a C,-C, alkyl group, R*
is a C,-C, alkyl, C,-C, alkenyl or C,-C, cycloalkyl group,
or a 3~ to 6- membered heterocyclic ring containing a
sulphur or oxygen atom, said ring being saturated or
fuliy or partially unsaturated and which may optionally
be substituted by one or more C,-C, alkyl groups or
halogen atoms, '

R* is H or OH,

R* is H or a group capable of being hydrolysed in vivo to
yvield a compound in which R* is H,

R® is OH, optionally substituted with a group capable of
being hydrolysed in vivo to yield a compound in which R®
is OH, and R® is H or C,-C, alkyl or R® is H and R® is
amino, optionally substituted with ai: leést one group
selected from C,~C, alkyl and acyl groups.
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4.5h then cooled, filtered and the r contalnln ni coti noyl
i socyanat e (50mM ) was reacted with 5ﬁ“ﬂ|”|mﬁmﬂ|m[mm THIS SH [EET HAS BEE
oxi m no- 25- cycl ohexyl - 22, 23- di hydr oavér nect'i n "B1 *nohosacchar i dB ‘éﬁ’fr?pl e 5)

(500mg), in dichloronet hane (10m ) at roomtenperature. Aft ml“ﬁ
stand for 18hr further nicotinoyl isogyanate solution (25mﬁ1 Iﬁm d

which comprises the steps (1) of oxidising a compound of
formula (II):

wherein the broken line, R*, R?*, R® and R* are as defined
above and R® is as defined above or R® is 2-&-
oleandrosyloxy and R®* is H to vield a compound of formula

(III):
RS
Hy
REPLACEMENT SHEET
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the mxture left at roomtenperatur .Iltg_ﬁg Eééﬁlng
to dryness under vacuumto g| ve a rgmmmﬂuxm H“mu pur| %%YABE
pressure I|qU| d chromat ography on a Bynamax g
250mm 8[err]'m ODS-silica, Rainin) eluting at 45rr1 pe ”“m "“M“Hi“m
met hanol - acetonitrile - water 20: 65’6{)5 m xt ure.
and (ii) allowing the compound of formula (III) to react
with a compound of formula R*-O-~NH, where R* is as defined
above
and where R® is &-oleandrosyloxy, hydrolysing the compound
obtained to yvield a compound of formula (I),
and (iii) if necessary replacing group R* when the latter
is H with said group capable of being hydrolysed in vivo
to yield a compound in which R* is H,
if necessary., the process further comprising one or more
of the following steps before or after steps (i), (ii)
and (iii),
(iv) substituting group R® when the latter is OH with said
group capable of being hydrolysed in vivo to yield a
compound in which R® is OH,
(v) oxidising group R* when the latter is OH to oxo,
(vi) reacting the compound obtained from step (v) with
hydroxylamine optionally substituted by a C,-C, alkyl
group to yield a compound in which R* is optionally
substituted oxo,
(vii) hydrogenating the compound to reduce a double bond
at the 22-23 position to a single bond,
(viii) oxidising a compound in which R® is H to a compound
in which R® is OH,
(ix) oxidising a compound in which R® is OH and R® is H to
a compound in which R®* is oxo and R®* is absent, and
either:
(xX) reducing the compound obtained from (IX) to produce a
compound in which R® is an epi-OH group, oOr
(xi) reacting the compound obtained from (IX) with a
Grignard reagent to.yield a compound in which R®* is OH and
R® is alkyl, or
(xii) subjecting the compound obtained from (IX) to
reductive amination to yield a compound in which R® is an
amino or alkylamine group, and if necessary acylating the
compound obtained, any free OH groups being protected if
necessary during any of the above steps.

REPLACEMENT SHEET

This Sheet Has Been Relplaced ) ' 27 MAR 1996

L




Appropriate fractions were conbi ned and evaporated under vacuumto yield

the title conmpound as a white powder. Mass and NMR sp § WeENM
consistent with the proposed structure. eﬁhé%;ﬁgéo ,

ANTIPARASTTIC AGEITS U L

Antiparasitic compounds of formula (I):

)
OR*

wherein the broken line at the 22-23 position represents
an optional bond and either this bond is present and R! is
absent. or this bond is absent and R is H, OH, oxo or
oximino optionally substituted by C,-C, alkyl group, R? is
C,-Cs alkyl, C, -C alkenyl or C,-C, cycloalkyl group, or a
.3- to 6- membered. heitei'ocyclzc "}:.x; g’ontaining a sulphur
or oxygen atom, said ring be"fng saturated or fully or
partially unsaturated and opt:.onally substituted by one
or more C,~-C, alkyl groups or halogen atoms.

R® is H or OH, and

R* is H or a group capable of being hydrolysed in wvivo to
vield a compound in which R* is H,

R® is OH, optionally substituted with a group capable of
‘being hydrolysed ;.n_mm to yield a compound in which R®
is OH, and R® is H or C;-C, alkyl or R® is H and R® is
amino, optionally substituted with at least one group
selected from C,-C, alkyl and acyl groups.
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-1- DATE OF RECEIPT ..!.‘t.QEIf.i‘!.'!.

ANTIPARASITIC AGENTS

This invention relates to new antiparasitic agents,
related to the milbemycins and avermectins and to
processes for their preparation and compositions thereof.

The avermectins are a group of broad spectrum
antiparasitic agents referred to previously as the C-076

- compounds. They are produced by fermenting a strain of

the micro-organism Strentomypes avermitilis under aeroblc
conditions in an aqueous nutrient medium - -containing
inorganic salts and assimilable sources of carbon and
nitrogen. The isolation and the chemical structure of
the eight individual components which make up the C-076
complex is described in detail in British Patent
Specification 1573955.

The C-076 complex comprises eight distinct but
closely related compounds described as C-076 Ala, Alb,
A2a, A2b, Bla, Blb, B2a and B2b. The "a" series of
compounds refers to the natural avermectins wherein the
25-substituent is (S)-sec-butyl and the "b" series to
those wherein the 25-substituent is isopropyl. The
designations "A' and "B" refer to avermectins wherein the
S5-substituent is methoxy or hydroxy, respectively, and
the numeral "1% refers to avermectins wherein a double
bond is present at the 22-23 position, and numeral *2" to
avermectins lacking the 22-23 double bond and having a
hydrogen at the 22-position and hydroxy at the 23
positidn. |

In our- -European Patent Applications 0214731,
0284176, 0317148, 0308145, 0340832, 0335541 and 0350187
there are described preparations of compounds related to
the avermectins but having a group at the 25-position
other than the isopropyl or (S)-sec-butyl groups found in
the original avermectin_compéunds disclosed in British
Patent Specification 1573955. Such compounds may be
prepared by fermentation of particular strains of



di hydrochloride (2g) in water (10m) was added a solution of sodiumnitrite
¢1.69) in water (10m ), keeping the tenperature below 20[err]C D et hyl
ether (50mM ) was then added and the m xture basified by the careful

addi tion of solid sodium bicarbonate. The organic |ayer was separ at ed,
washed with water (20m ), dried over anhydrous nmagnesi um sul phate

-2 -

Streotomvces avermitilis in the presence of organic acids

or derivatives thereof. Production of such avermectins
is described in Journal of Antibiotics (1991), 44, No. 3,
po 357-365. _ .

The milbemycins form another group of related
macrolides which are distinguished from the avermectins
in lacking a sugar residue attached at the C-13 position.
Examples of such compounds are described in UK patent.
1390336, and European patent publications 170006, 254583,
334484 and 410615. In addition to these fermentation
products a large number of publications describe
compounds derived semisynthetically from these
fermentation products many of which possess useful
antiparasitic activities. Some of this chemistry is
reviewed in Macrolide Antibiotics, Omura S., Ed.,
Academic press, New York (1984) and by Davies, H.G.,
Green, R.E. in Natural product Reports (1986), 3, 87-121
and in Chem. Soc. Rev., 1991, 20, 271-3389.

Thus for example EP-A-0519731 discloses 4a-substituted
avermectin derivatives; EP-A-0506331 and EP-A-0411897 disclose
4' and 4”-substituted avermectin derivatives and EP-A-0428286
and EP-A-0480693 disclose avermectin derivatives modified at
the C-24 and C-25 positions. EP-A-0379341 and EP-0110667
disclose avermectin and milbemycin derivatives respectively
having a 5-oxime substituent however none of these prior art

patents exemplify avermectin monosaccharides having a 5-oxime

substituent.
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and evaporated to dryness under vacuumto give nicotinyl azide (1.1g) mpt... ..
H4[err]C. This azide (1.1g) was stirred in dry toluene (10m ) and heated at
100[ err] C under a nitrogen atnosphere for 8hr to give a solution containing
3-pyridyl isocyanate. A portion of this solution (1m) was reacted with

5- oxi m no- 25- cycl ohexyl - 22, 23- di hydr oaver nectin Bl

-3~

It has been found that certain compounds
synthetically derivable from kncwn avermectins and
avermectin derivatives possess unexpected beneficial
biolcgical properties. |

According to one aspect of the invention there are
provided compounds of formula (I):

OCH,

REPLACEMENT SHEET
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-nonosacchari de (Exanple 5) (100ng), in toluene (10m ) at rqofitenperature

~for 1lhr before pouring into a diethyl ether - water m xturgq (}1: 44 6
" The organic | ayer was separated, dried over anhydrous nagedi m sul pha
evaporated to dryness under vacuumto give a residue (130ng

N

purified by high pressure liquid

_4‘_
wherein the broken line at the 22-23 position represents
an optional bond and either this bond is present and R! is
absent or this bond is absent and R! is H or OH;

R? is a C;~Cg alkyl, or C,-C, cycloalkyl group; and

R!' is H or a group capable of being hydrolysed in vivo to
yield a compound in which R' is H,

Unless the context otherwise requires, all alkyl and
alkenyl substituents having 3 or more carbon atoms may be
straight or branched-chain. The term "aryl® includes
phenyl which may be substituted by at least one C,-C,
alkyl, hydroxy, C,-C, alkoxy, halo, nitro or CF, group.

In the present invention the term ®"alkyl" is intended to
indicate those alkyl groups of from 1 to 8 carbon atoms

. such as methyl, ethyl, propyl, isopropyl, butyl, pentyl,
hexyl, and the like, either straight or branched chain.
The term "alkanoyl" is intended to include those alkanoyl "
groups of from 1 to 8 carbon atoms such as formyl,

acetyl, propionyl, buytryl pentanoyl, hexanoyl, and the
like.

The term "carbamoyl" is intended to indicate the
group -CONR,R,; where R, and R, are the same or different
and are H, alkyl, aryl, heteroaryl or form a 4-8 membered
ring containing 1 or more O, N, or S atoms.

Groups hydrolysable in wvivo to yield corresponding'
compounds in which the group is replaced by H are well
known in the pharmaceutical art in general and a wide
variety of such groups are suitable for use in the
compounds of this iﬁvention. Examples of_such groups are
C;-Cq alkanoyl, aroyl, carbamoyl, C,-Cs alkoxycarbonyl
groups, and dicarboxylic acid.and amino acid residues.
Particular groups are identified in the Examples below.
Prererred'compounds are those in which R?* is cyclohexyl,

and the opéiqnal bond at the 22-23 position is
absent and R! is H.



chromat ogr aphy on a Dynamax (trade nmark). colum (41.4 x 25

ODS-silica, Rainin) eluting at 45m per mnute with a nethan

85: 15 m xture, changing to 87:13 after 15 mns. Appropriat
conbi ned and evaporat ed under vacuumto yield the title co
powder (52ng). Mass and NWVR spectra were fully

_5_
The oxime monosaccharides in which R! is
particularly preferred.

YA

racti ons were

pourtid LCTa 19 t

PLACARENTMSHEET

D

hfe

Individual compounds within the invention are

described in the Examples given below.

The most preferred compound is 5-oximino-22,23-

dihydro-25-cyclohexyl avermectin Bl monosaccharide.

According to another aspect of the invention, there

is provided a process for preparing such a compound which

comprises the steps (1) of oxidising a compound of

formula (II):

‘'wherein the broken line, R* and R® are as defined above

and R® is OH or R® is «-oleandrosyloxy to yield a

compound of formuia (IIX):




cohsistent wth the proposed structure. EXAVPLE 24 5-

(N-Al'l yl car banoyl oxi m no) -25-cycl ohexyl -22,23- di hydroa vernectin Bl
monosacchari de 5- oxi m no- 25-cycl ohexyl - 22, 23- di hydr oaver nectin Bl
nonosacchari de (Exanple 5) (500ng) was reacted with allyl

-6 -
and (ii) allowing the compound. of formula (III) to react
with a compound of formula R*-0-NH, where R* is as definsd
above and where R® is a-olsandrosyloxy, hydrolysing the
compound obtained to yield a compound of formula (I),
and (iii) if necessary replacing group R! when the latter
is H with said group capable of being hydrolysed in wvivo
to yield a compound in which R* is H, and
if necessary, '
(iv) hydrogenating the compound to reduce the double bond
at the 22-23 position to a single bond. '
Preparation of compounds according to the invention is
discussed, by way of illustration, below.

The compounds of the present invention may be
prepared starting from the compounds of formula (iv),
which may themselves be prepared as described in the
above-mentioned patent publications.

Compound IIa Double -bond present, R! absent.
Compound IIb Double bond absent, R! = H.

Compound IIc Double bond absent, R® = OH. : ' REPLACEMENT SHEET

14 OCT 997




i socyanate (108ng) in dichloronethane (50m ) according to -24 - CLAI M5

-7 -

The semisynthetic modifications required to provide
the compounds given by formula I may require segquential
reactions and the exact order in which these
transformations are performed may vary.

Cgmpoundé hévihé a 23-hydroxyl group (or a protected
derivative) may be converted to either the corresponding
22,23-dihydro compound or alternatively to the
corresponding compound having a double bond at the 22-23
position using methods described in US patent 432833S.
The latter compounds may also be hydrogenated to the
22,23-dihydro compounds using Wilkinson’s catalyst under
conditions described in US patent 4199569.

The preparation of the compounds of the invention

. can be accomplished by first converting the
aforementioned disaccharides IIa, b and ¢ into their
corresponding monosaccharides by hydrolysis. An
alternative method of preparing the monosaccharides
comprises a direct fermentation procedure starting from a
corresponding aglycone as described in European Patent
Application 463677.

Alternatively, the compounds of the invention may be
prepared by carrying out the above synthetic _
manipulations on the disaccharides IIa, b or ¢ and
finally hydrolysing them to the desired monosaccharides.

When desired, hydroxy groups may be acylated to give
esters using reagent such as acid anhydrides or acid
chlorides and amine bases according to general procedures
known to those skilled in the art. Hydroxy groups may be
converted to oxo groups by oxidation with manganese
dioxide or tetrapropylémmonium perruthenate. The oxo.
compound may be treated with.hydroxylamine or an O-
substituted analogue thereof to produce the corresponding
oxime.

" REPLACEMENT SHLE]
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1. A conpound of formula (I). [err] wherein the broken line at the 22-23
.position represents an optional bond and either this bond is present and
Rlerr] is absent or this bond is absent and Rlerr] is Hor OH Rerr] is a
Cerr]-Cerr] alkyl, or Jerr]-Cerr] cycloal kyl group; and
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The compounds of the invention are effective in
treating a'variety of conditions caused by endoparasites
including, in particular, helminthiasis which is most
frequently caused by a group of parasitic worms described
as nematodes and which can cause severe economic losses
in swine, sheep, horses and cattle as well as affecting
domestic animals and poultry. The compounds are also
effactive against other nematodes which affect various
species of animals including, for example:- Dirofilaria
in dogs and various parasites which can infest livestock,
companion animals such as cats and dogs and also humans
including gastro-intestinal parasites such as
Ancvlostoma, Necator, Ascaris, Strongvloides,
Trichinella, Capillaria, Toxocara, Toxascaris, Trichuris,
Enterobius and parasites which are found in the blood or
other tissues and organs such as filarial worms and the
extra intestinal stages of Strongvloides, Toxocara and
Trichinella.

The compounds are also of particular value in
treating ectoparasite infections including particular
arthiopod ectoparasites of humans, animals and birds such
as ticks, mites, lice, fleas, blowfly, biting insects and
migrating dipterous larvae which can affect cattle and
horses. '

The compounds are also insecticides active against
household pests such as the cockroach, clothes wmoth,
carpet beetle and the housefly as well as being useful
against arthropod pests of stored grain and of
agricultural plants such as spider mites, aphids,
caterpillars and against migratory orthopterans such as
locusts. We have discovered that compounds within the

' scope of this invention are both safe and have
unexpectedly high potent systemic activity against fleas
and other important arthropod parasites of cats and dogs.

-REPLACEMENT SHEET
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The compounds of formula (I) may be administered as
a formulation appropriate to the specific use envisaged

and to the particular species of host animal being
treated and the parasite or insect involved. The
compounds may be administered by injection, either
subcutaneously or intramuscularxly, alternatively they.may
be administered orally in the form of a capsule, bolus,
tablet, chewable tablet or liquid drench, or they may be
administered as a topical formulation or as an implant.
For topical application dip, spray, powder, dust, pour-
on, spot-on, jetting fluid, shampoos, collar, tag or
harness may be used. Such formulations are prepared in a
conventional manner in accordance with standard
veterinary practice. Thus capsules, boluses or tablets
may be preparéd by mixing the active ingredient with a
suitable finely divided diluent or carrier, additionally
containing a disintegrating agent and/or binder such as
starch, lactose, talc, or magnesium stearate. A drench
formulation may be prepared by dispersing the active
ingredient in an aqueous solution together with
dispersing or wetting agents and injectable formulations
may be prepared in the form of a sterile solution or
emulsion. Pour-on or spot-on formulations may be
prepared by dissolving the active ingredient in an
acceptable liquid carrier vehicle, such as butyl digol,
liquid paraffin or non-volatile ester with or without
addition of a volatile component such as isopropanol.
Alternatively, pour-on, spot-on or spray formulations can
be prepared by encapsulation to leave a residue of active
agent on the surface of the animal. These formulations
will vary with regard to the weight of active compound
depending on the species of host animal to be treated,
the severity and type of infection and the body weight of
the host. The compounds may be administered
continuously, particularly for prophylaxis, by known
methods. Generally fcxr oral, parenteral and pour-on
administration a dose of from about 0.00L to 10mg per kg



di et hyl car banoyl, N-4-(fornyl phenyl)carbanmoyl, N (4- , ~ e
di et hyl ami nonet hyl phenyl ) -carbonyl, N (4-nethyl-1- | Sﬂ%ﬁgﬁwﬂﬂ'&ﬁiT
pi per azi n- et hyl phenyl ) -carbonyl, N (3-pyridylcarbonyl)- ¢agbanoyl, N (
-pyridyl) -carbamoyl or N-allylcarbanoyl group. 3. A cofpdunti4 aCPgey o
to Cdaim1, in which Rerr] is
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of animal body weight given as a single dose or in
divided doses for a period of from 1 to 5 days will be
satisfactory but of course there can be instances where
higher or lower dosage ranges are indicated and such are
within the scope of this invention.

As an alternative the compounds may be administered
with the animal feedstuff and for this purpose a
concentrated feed additive or premix may be prepared for
mixing with the normal animal feed.

For use as an insecticide and for treating
agricultural pests the compounds are applied as sprays,
dusts, bour-on formﬁlations, emulsions and the like in
accordance with standard agricultural practice.

For human use the compounds are administered as a
pharmaceutically acceptable formulation in accordance
with normal medical practice. '

The preparation of compounds according to the
invention are illustrated by the following Examples.

Examples 13 to 24 are examples of compounds in which
R* is a group hydrolysable in vivo.

EXAMPLE 1
22,23-Dihvdroavermectin Bla monosaccharide
22,23-Dihydroavermectin Bla (50g) was dissolved in a

mixture of isopropanol (100ml) and sulphuric acid (1ml) and
stirred at room temperature under a nitrogen atmosphere for
48 hours. The reaction mixture was poured onto crushed ice
and extracted with dichloromethane (2 x 200ml). The
combined extracts were washed with agqueous saturated sodium
bicarbonate solution (100ml), dried over anhydrous magnesium
sulphate and concentrated under vacuum to give white
crystals (14g) which were removed by filtration. Mass and
NMR spectra were fully consistent with the proposed
structure.

The Blb analogue was obtained by an identical method
starting from 22,23-dihydroavermectin Blb.
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EXAMPLE 2
5-0x0-22,23-dihvdroavermectin Bla monosaccharide

22,23-dihydroavermectin Bla monosaccharide (l4g) was
dissolved in diethyl ether (200ml) and activated manganese
dioxide (14g) added. The mixture was stirred at room
temperature for 4 hours, filtered and evaporated to dryness
under vacuum to yield the title oroduct (1l.4g) whose NMR
spectrum was fully consistent with the proposed structure.

The Blb analogue was obtained by an identical method
starting from 22,23-dihydroavermectin Blb monosaccharide.

EXAMPLE 3
5-Oximino-22,23-dihvdroavermectin Bla monosaccharide
5-0x0-22,23-dihydroavermectin Bla monosaccharide (1g)

was dissolved in dry pyridine (25ml) and hydroxylamine
hydrochloride (1g) added. The stirred reaction mixture was
heated under reflux for 4 hours and after cooling poured
onto crushed ice and extracted with dichloromethane (2 x
S0ml). The combined extracts were dried over anhydrous
magnesium sulphate and evaporated under vacuum to give a
crude gum (1.1g). This material was purified using high
pressure liquid chrométography on a Dynamax (trade mark)
column (41.4 x 250mm, 8um, ODS-silica, Rainin) eluting with
methanol - water 83:17 at 42ml per minute. Appropriate
fractions were combined and evaporated to dryness to yield
the title vroduct as a white solid, melting point 180-190°C.
Mass and NMR spectra were fully consistent with the proposed
structure.

5-Oximino-22, 23~dihydroavermectin Blb was prepared by an
identical method starting from 5-oxo-22,23-dihydroavermectin
Blb monosaccharide.
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EXAMPLE 4

22,23-Dihvdro-25-cvclohexvlavermectin Bl monosaccharide
25-Cyclohexylavermectin Bl (9.9g) was dissolved in

toluene (1 litre) and Wilkinson’s catalyst
"(tris(triphenylphosphine) rhodium(I) chloride) (9.25g) was
added. The solution was hydrogenated or a large Parr (trade
mark) shaker at room temperature at 3.45 bar(50 psi)
hydrogen pressure. After 3 hours the reaction vessel was
depressurised and allowed to stand for 12 hours betore
addition of a further portion of catalyst (S5g) and
hydrogenaﬁed as before for a further 2 hours after which no
starting material remained. The solution was filtered,
evaporated to dryness under vacuum and the residue
chromatographed on silica eluting with dichloromethane then
dichloromethane:methanol 9:1. The crude product was then
chromatographed again on silica (200g) eluting with
dichloromethane:methanol 19:1 to give after evaporation of
the solvent under vacuum impure 22,23-dihydro-25-
cyclohexylavermectin Bl as a brown foam (10g). This
material was dissolved in a mixture of isopropanol (200ml)
and sulphuric acid (2ml) and the brown solution was stirred
at room temperature for 15 hours then poured into a mixture
of ice and water (500ml) and extracted with dichloromethane -
(3 x 200ml). The organic layer was washed with saturated
aqueous potassium hydrogen carbonate solution (100ml), water
(2 x 50ml) dried over anhydrous magnesium sulphate and
evaporated under vacuum to give a crude gum which was
chromatographed on silica (100g) eluting with
dichloromethane then dichloromethane:ethyl acetate 2:1 to
give the title compound (8.2g). Mass and NMR spectra were
fully consistent with the proposed structure.
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EXAMPLE 5
5-Oximino 22,23-dihvdro-25-cvclohexvlavermectin Bl
monosaccharide
~ 22,23-Dihydro-25-cyclohexylavermectin Bl monosaccharide
(8.2g) was oxidized to the S5-oxo derivative using manganese
dioxide in anhydrous diethyl ether according to the
procedure of Example 2. The crude product was purified by
chromatography on silica (50g) to give the S-oxo compound
(3.22g) as a yellow foam. This was dissolved in anhydrous
pyridine (60ml) and hydroxylamine hydrochloride (3.22g) was
added. After stirring for 15 hours at room temperature a
further aliquot of hydroxylamine hydrochloride (3.22g) was
added and the solution heated to 50°C until no starting
material remained. The solution was poured into water
(50ml) and extracted with diethyl ether (3 x SOml). The
organic layer was washed with water, saturated sodium
chloride solution, dried over anhydrous sodium sulphate and
evaporated to dryness under vacuum. The crude product was
chromatographed on silica (25g) eluting with
dichloromethane: ethyl acetate 4:1 and finally purified by
high pressure liquid chromatography using a Dynamax (trade
mark) column (41.4 x 250mm, 8um ODS-silica, Rainin) eluting
with methanol:water 9:1 at 6€5ml per minute. Appropriate
fractions were combined and evaporated under vacuum to give
the title compound (1.53g). Mass and NMR spectra were fully
consistent with the proposed structure.
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EXAMPLE
25-Cvclohexvlavermectin B2 monosaccharide
25-Cyclohexylavermectin B2 (10g) was suspended in
isopropvanol (100ml) and a solution of sulphuric acid (2ml)
in isopropanol (100ml) was added. After stirring at room
temperature for 24 hours the clear solution was poured into
ice (600g) and extracted with dichloromethane (2 x 100ml).
The organic layer was dried over anhydrous sodium sulphate
and evaporated to dryness. The residue was dissolved in
tetrachloromethane and the solution stored at 4°C. The "
crystals which separated slowly were periodically removed by
filtration and found to be the pure title coﬁnoung. Mass
and NMR spectra were fully consistent with the proposed
structure.

EXAMPLE 7
5-Oximino-25-cvclochexvlavermectin B2 monosaccharide

Using the procedures of Examples 2 and 3, 25-
cyclohexylavermectin B2 monosaccharide was converted to the
title compound. Mass and NMR spectra were fully consistent

with the proposed structure.
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EXAMPLE 8
25-Cvclohexvlavermectin Bl monosaccharide
25-Cyclohexylavermectin Bl (20g) was dissolved in

tetrahydrofuran (250ml) and a mixture of tetrahydrofuran
(250ml), water (10ml) and sulphuric acid (10ml) was added.
The mixture was stirred at room temperature for 15 hours
then poured into a mixture'of ice (500g) and water (1 1) and
extracted with dichloromethane (2 x 500ml). The organic

layer was washed with saturated aqueous sodium chloride
solution, dried over anhydrous sodium sulphate and
evaporated under vacuuh to give a foam. This was
chromatographed on silica (150g) eluting

with ethyl acetate - dichloromethane 1:1 to give a crude
product (13.3g). Final purification was achieved by reverse
phase hplc using a Dynamax (trade mark) column (41.4 x
250mm, 8pm ODS-silica, Rainin) eluting with wethanol-water
4:1 at 70ml per minute to give the pure title comoound.

Mass and NMR spectra were fully consistent with the proposed
structure.

EXAMPLE 9
5-Oximino-25-cvclohexvlavermectin Bl monosaccharide

Using the procedures of Examples 2 and 3, 25-
cyclohexylavermectin Bl monosaccharide was converted to the
title compound. Mass and NMR spectra were fully consistent
with the proposed structure. ' )

EXAMSLE 10
5-Oxo-avermectin Bla’

Avermectin Bla (2.4g) was dissolved in diethyl ether
(50ml) and activated manganese dioxide (2.0g) added. The
mixture was stirred at room temperature for 18 hours,
filtered and evaporated to dryness under vacuum to yield the
title product whose NMR spectrum was fully consistent with
the proposed structure.




di hydr oaver nectin Bl nonosaccharide, 5- (N (4-fornyl phenyl} RE?LAOEMEW SHEET
- car banoyl oxi m no) -25-cycl ohexyl - 22, 23-di hydr oaver mectin
nonosaccharide, 5- (N (4- (diethylam nonethyl) phenyl) -ca b)nﬂgw WI
-25- cycl ohexyl - 22, 23-di hydroavermectin Bl nonosaccharide, Pb- }(

(4- (4-net hyl - 1- pi perazi nyl - nethyl)phenydg

EXAMPLE 11
5-Oximino-avermectin Bla
5-Oxo-avermectin Bla (800mg) (Example 10) was dissolved
in pyridine (10ml) and hydroxylamine hydrochloride (800mg)
added. After stirring at room temperature for 1 hour the
mixture was poured into an ice (50g) and water(50ml)
mixture, acidified to pH 4 with concentrated hydrochloric
acid and extracted with dichloromethane (3 x 30ml). The
combined extracts were washed with water (20ml), dried over
- anhydrous sodium sulphate and evaporated to dryness under
reduced pressure to yield a crude material (1g). This
material was chromatographed on silica (Kieselgel 60, 230-
400 mesh, Mexck) (100g) eluting with dichloromethane: ethyl
acetate 2:1 and finally purified by high pressure liquid
chromatography using a Dynamax (trade mark) column (41.4 x
250mm, 8pm ODS-silica, Rainin) eluting with methanol:water
85:15 at 70ml per minute. Appropriate fractions were
combined and evaporated under vacuum to give the title
compound (290mg). Mass and NMR spectra were fully
consistent with the proposed structure.

EXAMPLE 12
5-Oximino-avermectin Bla monosaccharide

5-Oximino-avermectin Bla (S50mg) (Example 11) was
dissolved in a mixture of isopropanol (1 ml) and sulphuric
acid (10 pl) and stirred at room tempefature under a
nitrogen atmosphere for 48 hours. A saturated agueous
solution of sodium bicarbonate (1 ml) was then added and the
product extracted with ethylacetate (2 x 5 ml). The
combined extracts were dried over anhydrous magnesium
sulphate and concentrated under vacuum. The resulting crude
product (25 mg) was purified using high pressure liquid
chromatography on an Ultrasphere (trade mark) column (24 x
250 mm, 5 microns, ODS-silica, -Beckman) eluting with
methanol: water 85:15 at 20 ml per minute. Appropriate
fractions were combined, to give the title product. Mass
and NMR spectra were fully consistent with the prqposed
structure. '
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EXAMPLE

acetvloximino) -25-cvclohaxv] -22,23-

dihvdroavermeccin Bl monosaccharids

To a stirred solution of S5-oximino-25-cyclohexyl-22,23-
dihydroavermectin Bl monosaccharide (Example 5) (50mg) in
dichloromethane (2ml) at room temperature was added
triethylamine (72pul) followed by trimethylacetyl chloride
(sopl). After leaving to stand for 18 hrs an agueous citric
acid solution (10% w/v, 2ml) was added and the organic layer
separated, washed with saturated aqueous sodium chloride
solution (2ml), dried over anhydrous sodium sulphate and
evaporated to dryness under vacuum to give the crude product
which was chromatographed on silica (Kieselgel 60, 230-400
mesh, Merck) (Sg) eluting with diethyl ether.

Appropriatefractions were combined and evaporated to dryness
under vacuum to give a material (S53mg) which was further
purified by high pressure liquid chromatography on a Dynamax
(trade mark) column (21.2 x 250mm, Spm, ODS-silica, Rainin)
eluting at 20ml per minute with a methanol - water 95:5
mixture. Appropriate fractions were combined and evaporated
under vacuum to yield the title compound as a white powder
(18mg) . Mass and NMR spectra were fully consistent w1th the

proposed structure.

_ EXAMPLE 14

5-(Benzoviloximino) -25-cvclohexvl-22,23-

dihvdroavermectin Bl monosaccharide

S5-oximino-25-cyclohexyl-22,23-dihydroavermectin Bl
.'monosaccharide (Example 5) (70mg) in dichloromethane (30ml)
was reacted with triethylamine (soul) and benzoyl chloride
(10041) and the desired product extracted in a manner
identical to that described in Example 13. Purification was
achieved by high pressure liquid chromatography on a Dynamax
(trade mark) column (41.4 x 250mm, 8pm, ODS-silica, Rainin)
eluting at 45ml per minute with a methanol - water 90:10
mixture. Appropriate fractions were combined and evaporated
under vacuum to yield the title compound as a white powder
(28mg) . Mass and NMR spectra were fully consistent with the
proposed structure.
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EXAMPLE 15

5- (N-Methvlcarbamovloximino) -25-cvclohexvl1-~22,23-
dihvdroa vermectin ‘Bl monosaccharide

To a stirred solution of S—oximino-zs-cyclohexyl-zz,23F
dihydroavermectin Bl monosaccharide (Example 5) (10é6mg) in
dichloromethane (10ml) was added methyl isocyanate (1spl) and
the mixture stirred for 1hr. A further amount of methyl
isocyanate (30p1) was then added and the reaction stirred fof
another 72 hrs before adding saturated aqueous sodium
chloride solution (10ml) and ether (30ml). The organic
extract was dried over anhydrous sodium sulphate and
evaporated to dryness under vacuum to give the crude product
(150mg) which was purified by high pressure liquid
chromatography on a Dynamax (trade mark) column (41.4 x
250mm, 8um, ODS-silica, Rainin) eluting at 45ml per minute
with a methanol - water 91:9 mixture. Appropriate fractions
were combined and evaporated under vacuum to yield the title
compound as a white powder (80mg). Mass and NMR spectra
were fully consistent with the proposed structure.

. EXAMPLE 16
S- (N . N-Dimethvlcarbamovlioximino) -25~-cvclohexvl-22,23-
dih&gdfoavermectig Bl monosacchaxride

To a stirred solution of S-oximino-25-cyclohexyl-22,23-
dihydroavermectin Bl monosaccharide (Example 5) (50mg) in
dichloromethane (2ml) at room temperature was added
triethylamine (72p1) and 4-dimethylaminopyridine (1mg)
followed by N,N-dimethylcarbamoyl chloride (58ul). After 3hrs
further N,N-dimethylcarbamoyl chloride (58ul) was added and
the reaction left to stand for 12 hrs. An aqueous citric
acid solution (10% w/v, 2ml) and diethyl ether (20ml) were
then added and the organic layer
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' separated, washed with saturated aqueous sodium chloride
solution (Sml), dried over anhydrous sodium sulphate and
evaporated to dryness under vacuum to give the crude product
which was purified by high pressure ligquid chromatography
on a Dynamax (trade mark) column (21.2 x 250mm, Sgm, ODS-
silica, Rainin) eluting at 10ml per minute with a methanol -
water 90:10 mixture. Appropriate fractions were combined
and evaporated under vacuum to yield the title compound as a
white powder (18mg). Mass and NMR spectra were fully
consistent with the proposed structure. .

| ' EXAMPLE 1
_ 5-(4-Methvlpiperazinvl-l-carbonyloximino) -25-
. gvclohexvl- 22,23-dihvdroavermectin Bl monosaccharide
‘To a stirred solution of N-methylpiperazine (0.65ml)

and triethylamine (1.3ml) in toluene (25ml) at 0°C was added
dropwise a solution of phosgene in toluene (20% , 5.1iml)
over a period of 15 min. The reaction was allowed to warm to
room temperature, stirred for 3hr, filtered and
concentrated to approximately 10ml under reduced pressure to
give a solution of l-chlorocarbonyl-4-methylpiperazine which
was reacted with 5-oximino-25-cyclohexyl-22,23-
dihydroavermectin Bl monosaccharide (Example 5) (300mg),
triethylamine (i1i10pl) and 4-dimethylaminopyridine (Smg) in
dichloromethane (10ml) at room temperature accoxrding to the
method described in Example 16. Purification of the desired
material was achieved by chromatography on silica (Kieselgel
60, 230-400 mesh, Merck) (35g) eluting with
dichloromethane. Appropriate fractions were combined and

' evaporated to dryness under vacuum to give a material (53mg)
which was further purified by high pressure liquid
chromatography |
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on a Dynamax (trade mark) column (21.2 x 250mm, Sum, ODS-
silica, Rainin) eluting at 20ml per minute with a methanol -
water 95:5 mixture. Appropriate fractions were combined and
evaporated under vacuum to yield the Qig;g_ggmggﬁgg'as a
white powder. Mass and NMR spectra were fully consistent
with the proposed structure. '

EXAMPLE 18
S-(t-Butvl carbonvioximino) -25-cvcloh xvl 22,23~
dihvdrs avermectin Bl wmonosacchaxride
 To a s;;rred solution of, 5-oximino-25-cyclohexyl-22,23-
. dihydroavermectin Bl monosaccharide (Example 5) (60mg) and
triethylamine (soul) in dichloromethane (5ml) at room
temperature'was added t-butyloxycarbonyl anhydride (60mg).
After allowing to stand for 48hrs the reaction was
evaporated to dryness under vacuum to give a residue which
was dissolved in dichloromethane and chromatographed on
silica  (Kieselgel 60, 230-400 mesh, Mexck) (5g) eluting
with dichloromethane. Appropriate fractions were combined
and evaporated to dryness under vacuum to give the title
compound as a white powder (45m§). Mass and NMR spectra
were fully consistent with the proposed structure.
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EXAMPLE 19

S-(N-(4-Formvliphenvl) -carbamovlioximino) -25-cvclohexvl -

22, 23-dihvdroavermectin Bl monosaccharide

4-Formylphenylisocyanate was prepared according to the
method described in J. Med. Chem., 32(10), 2354, (1989) and
was reacted with S-oximino-25-cyclohexyl-22,23-
dihydroavermectin Bl monosaccharide (Example S) (500mg), in -
dry d*chloromethane {50ml) at room temperature for 1lhr
according to the method described in Example 14.

Purification of the deSLred material was achieved using
chromatography over silica (Kieselgel 60, 230-400 mesh,
Merck) (125g) eluting with a gradient of hexane - ether 1:1
changing to 20:80. Appropriate fractions were combined and
evaporated to dryness under vacuum to give the title
compound as a white powder (300mg). Mass and NMR spectra
were fully consistent with the proposed structure.

EXAMPLE

5- (N-(4-(Diethvlaminomethvl)phenvl) -carbonyloximing) -

25 -cvclohexvl-22,23-dihvdroavermectin Bl monosaccharide
4{biethylaminomethyvbenzoyl chloride was prepared

according to the method described in United States Patent
publication US-4623486 and was reacted with 5-oximino-25-
cyclohexyl-22,23-dihydroavermectin Bl monosaccharide
(Example 5) (100mg), in dry dichloromethane (50ml)
containing triethylamine (4501) and 4-dimefhylaminopyridine
(126mg) at room temperature for lhr according to the method
described in Example 16. Purification of the desired
material was achieved using chromatography over silica
(Kieselgel 60, 230- 400 mesh, Merck) (5g) eluting with a
gradient of methanol -

dichloromethane 0:100 changing to 10:90.
Appropriatefractions were combined and evaporated to dryness
under vacuum to give 'the title compound as a white powder
(1lmg) . Mass and NMR spectra were fully consistent with the
proposed structure.



<27 - wherein the broken line, Rlerr] and Rlerr], are as defined above and

R err]

Is OHor Rerr] is L-[err]-oleandrosyloxy to yield a conpound of
formula (111): [err]
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EXAMPLE 21

S-(N-(4-(4-Methvl-1-piverazinvimethyllphenyl) -
carbonvioximino) -25-cvclohexvl-22,23~dihvdroavermectin Bl

monosaccharide

4-(4-Methylpiperazin-l-ylmethyl)benzoyl chloride was
prepared according to the method described in United States
Patent pﬁblication US-4623486 and was reacted with 5-
oximino-25-cyclohexyl-22,23-dihydroavermectin Bl
monosaccharide (Example 5) in a manner identical to that .
described in Example 19. The title compound was obtained as
a white powder (18mg). Mass and NMR spectra were fully
consistent with the proposed structure.

EXAMPLE 22

5- (N~ (3-Pvridvlcarbonyl) -carbamovloximino) -25-

cvclohexyl- 22,23-dihvdroavermectin Bl monosaccharide

Td a stirred solution of nicotinamide (4.88g) in dry
1,2-dichloroethane (500ml) was added dropwise oxalyl
chloride (5.24ml). The mixture was heated under reflux for
4.5h then cooled, filtered and the resulting solution
containing nicotinoyl isocyanate (50ml) was reacted with '5-
dximino—zs-cyclohexyl-22,23-dihydroavermecﬁin Bl
monosaccharide (Example 5) (500mg), in dichloromethane
(10ml) at room temperature. After allowing to stand for 18hr
further nicotinoyl isocyanate solution (25ml) was added and
the mixture left at room temperature for a further 18hr
before evaporating to dryness under vacuum

to give a residue which was purified by high pressure liquié
chromatography on a Dynamax (trade mark) column(41.4 x
250mm, 8um, ODS-silica, Rainin) ‘eluting at 45ml per minute
with a methanol - acetonitrile - water 20:65:15 mixture.

~Appropriate fractions were combined and évaporated under

vacuum to yield the title compound as a white powder. Mass
and NMR spectra were fully consistent with the proposed
structure.



and (ii)

all owi ng the conpound .of forrmula (I1l) to react wth a conmpound of

dormula Rerr]-ONH err] where Rlerr] is as defined above and where R err]

- ol eandr osyl oxy, hydrol ysing the compound obt ai ped. ta yield-a

is [err]
conpound of formula (1), and (iii) if necessary replaci hgngr aupReSHEEWwhen
the latter
: 7
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EXAMPLE 23 -

5-(N-(3-Pvridvl]j~-carbamovloximino) -25-¢vc Shexvl-

22,23-df\hvdroave:mectin Bl monosaccharide

To a solution of nicotinic acid hydrazide
dihydrochloride (2g) in water (10ml) was added a solution of
sodium nitrite (l1.6g) in water (10ml), keeping the
temperature below 20°C. Diethyl ether (50ml) was then added
and the mixture basified by the careful addition of solid
sodium bicarbonate. The organic layer was separated, washed
with water (20ml), dried over anhydrous magnesium sulphate
and evaporated to dryﬂess under vacuum to give nicotinyl
azide (1.1g) m.pt. 54°C. This azide (1l.1g) was stirred in
dry toluene (10ml) and heated at 100°C under a nitrogen
atmosphere for 8hr to give a solution containing 3-pyridyl

isocyanate. A portion of this solution (iml) was reacted

with 5-oximino-25-cyclohexyl-22,23-dihydroavermectin Bl
monosaccharide (Example 5) (100mg), in toluene (10ml) at
room temperature for lhr before pouring into a diethyl ether
- water mixture (1:1, 30ml). The organic layer was

. separated, dried over anhydrous magesium sulphate and

evaporated to dryness under vacuum to give a residue (130mg)
which was purified by high pressure liquid

chromatography on a Dynamax (trade mark) column (41.4 x
250mm, 8um, ODS-silica, Rainin) eluting at 45ml per minute
with a mgthanol - watear 85:15 mixture, changing to87:13
after 15 mins. Approériate fractions were combfned and
evaporated under vacuum to yield the title comoound. as a
white powder (52mg). Mass and NMR spectra were fully

~ consistent with the proposed structure.

EXAMPLE 24

5~ (N- A;lvlcargamovlgx;migo) =25-cvclohexvl - 22,2;-
dihvdrod® vermectin Bl monosaccharide

S-oximino-25-cyclohexyl-22,23- -dihydroavermectin B1
monosaccharide (Example S) (500mg) was reacted with allyl
isocyanate (108mg) in dichloromethane (50ml) according to



I's '"Hwith said group capabl e of being hydrolysed in vivo to
conpound in which Rerr] is H and if necessary, (iv) hydro

compound to reduce a double bond at the 22-23 position to a &ingyl & b&nd?

ML

*
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CLAIMS
1. A compound of formula (I).
_1
OCH,
HO
4'
H
3 H

OR*4

wherein the broken line at the 22-23 position represents
an optional bond and either this bond is present and R* is

absent or this bond is absent and R! is H or OH

-
:

R? is a C,-Cy alkyl, or C,-Cs cycloalkyl group; and
R* is H or a group capable of being hydrolysed in vivo to

yield a compound in which R* is H.

2. A compound according to Claim 1, in which said
group capable of being hydrolysed in wivo is an acetyl,

t-butylcarbonyl, t-butyloxycarbonyl, benzoyl,

methylpiperazinecarbonyl, N-methylcarbamoyl, N,

N-

dimethylcarbamoyl, N-4-(formylphenyl)carbamoyl, N-{(4-

' _ diethylaminomethylphenyl)-carbonyl, N- (4-methyl-1-

piperazin-methylphenyl) -carbonyl, N-(3-pyridylcarbonyl) -
carbamoyl, N-{(3-pyridyl)-carbamoyl or N-allylcarbamoyl

group.

‘3. A compound -according to Claim 1, in which R? is

cyclohexyl.
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4 ‘A ‘compound according to any preceding claim, in

which the optional bond at the 22-23 position is absent

and R* is H.
5. Any one of the following compounds:

§-oximino-22,23-dihydroavermectin Bla monosaccharide,
§-oximino-22,23-dihydro-25-cyclohexylavermectin Bl
monosaccharide, '
5-oximino-25-cyclohexylavermectin B2 monosaccharide,
.5-oximino-25-cyclohexylavermectin Bl monosacccharide,
5-oximino-avermectin Bla monosaccharide

6. The compound 5-oximino-22,23-dihydro-25-
cyclohexylavermectin Bl monosaccharide.

7. A compound as claimed in claim 1 wherein the group R*
is a group hydrolysable in-vivo and said compound is:
5-(trimethyiacetyloximino)-25-cyclohexy1-22,23-
dihydroavermectin Bl monosaccharide,

5- (benzoyloximino) ~25-cyclohexyl-22,23-~dihydroavermectin
Bl monosaccharide,
5- (N-methylcarbamoyloximino) -25-cyclohexyl-22,23-
dihydroavermectin Bl monosaccharide,
5- (N, N-dimethylcarbamoyloximino) -25-cyclohexyl-22, 23-
dihydroavermectin Bl monosaccharide,
5- (4-methylpiperazinyl-l-carbonyloximino) -25-cyclohexyl-
22,23 -dihydroavermectin Bl monosaccharide,
5- (£-butyloxycarbonyloximino) -25-cyclohexyl-22,23-
dihydroavermectin Bl monosaccharide,
5-(N-(4-formylphenyl)-carbamoyloximino)-zsiéyclohexyl-
22,23-dihydroavermectin Bl moncsaccharide,
5-(N-(4-(diethylaminomethyl)phenyl) -carbonyloximino) -25-
cyclohexyl-22,23-dihydroavermectin Bl monosaccharide,
5-(N-(4-(4-methyl-1-piperazinyl-methyl)phenyl) -
carbonyloximino) -25-cyclohexyl-22,23-dihydroavermectin
Bl monosacchafide,
5-(N-(3-pyridylcarbonyl)-carbamoyloximino)—25-cyclohexyl~
22,23 -dihydroavermectin Bl monosaccharide,
.S-ﬁN-(3-pyr$dyl)-carbamoyloximino)-25-cyclohexyl-22,23-



- 26 ~

dihydroavermectin Bl monosaccharide,
S5-(N-allylcarbamoyloximino) -25-cyclohexyl-22,23-
dihydroavermectin Bl monosaccharide.

8. A pharmaceutical or veterinary composition,
comprising a compound according to any preceding claim
and z pharmaceutically acceptable carrier or excipient.

9. A compound according to any one of claims 1 to
7 for use in animal or human medicine.

10. .A compound according to any one of claims 1 to
7, for use as an antiparasitic agent. '

11.. Use of a compound according to any one of
claims 1 to 7. for making a medicament for treatment or
prophylaxis of flea infestations.

12. A process for preparing a compound of formula
(I) as claimed in claim 1 wherein R, R?, R’ R* and R® are
as previously defined which comprisaes the steps (1) of
oxidising a compound of formula (II):

OCH,

13
4
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wherein the broken line, R! and R2?, are as defined above
and R® is OH or R® is L-a-oleandrosyloxy to yield a

compound of formula (III):

and (ii) allowing the compound of fo;muié:"(III) to react
with a2 compound of formula R*'-O-NH, where R* is as defined
gbove

é.nd where RS is a-oleandrc;syloxy, hi}drolysing the compound
obtained to yield a2 compound of formula (I),

and (iii) if necessary replacing group R' when the latter
is H with said group capable of being hydrolysed in wivo
to yield a compound in which R* is H, and

if necessary, .

. (iv) hydrogenating the compound to reduce a double bond
at the 22-23 position to a single bond.
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ANTIPARASITIC AGENTS

ARSTRACT

REPLACEN\ENT SHEET
Antiparasitic compounds of formula (I):

wherein the broken line at the 22-23 position represents
an optional bond and either this bond is present and R' is
absent-or this bond is absent and R' is H, OH, oxo or
ox:.nu.no optionally substituted by C,-C, alkyl group, R’ is
C,-Cs alkyl, C,-C, alkenyl or C,-C, cycloalkyl group, or a
.3- to 6£- membered heterocyclic ring containing a sulphur
or oxygen atom, said'ring being saturated or fully or
partially unsaturated and o;.:tionally substituted by one
or more C,~-C, alkyl groups or halogen atoms,

R’ is H or OH, and

R* is H.or a group capable of being hydrolysed in vivo to
vield a compound in which R* is H,

R® is OH, optionally substituted with a group capable of
being hHydrxolysed J.n__m.m to yield a .compound in which RS
is OH, .'and R® is H or C,~C, alkyl or R® is H and R® is
amino, optionally substituted with at least one group
selected from C,-C, alkyl and acyl 'groups.



